; €3e4N6T4 METHOD OF DETECTI NG NUCLEOTI DE POLYMORPHI SM 5 Techni cal Field
The present invention relates to a Nucleotide (an oligonuc I 0 bhe
used for the method of the present invention) useful for dﬁﬁ@%ﬁﬂ@ﬁ“ﬁWMﬁse
substitution in a gene, a nethod for detecting a base subs

gene 10 using said Nucleotide, and a kit Tor the same. Backgrotiit¥2Art It is
known t hat genetic codes contai ned in genones of organi smindividuals

bel onging to the sanme 15 species are not identical each ere
are differences in base sequences called pol ynor phi sns. mmmmmmmmmmwmp one
to tens of bases) is (are) del eted @ESORI®TIEN ones in mhicnwﬁyspecific
base sequence is duplicated and the |Iike are known as pol ynorphisnms. One in
20 whi ch one base is replaced by another base is called a single nucleotide
pol ynorphism (SNP). It is said that single nucleotide polynorphisns exist
at a rate of about emgHIEr OWUDHTEET ING NUELEHOIUTENGARIRRPHAGHOr di ngly, the
nunber of SNPs present on a human 25 genone is estinated to be three to ten
mllion. Attentions 2 are paid to SNPs as indexes for searching for genes
related to di seases, or for having information about differences in
suscepts bi | itki-@$ i@ 1diFs@ases or sensitivities to drugs (actions or side
effects). Methods for detecting SNPs are 5 under study. Conventional neans

for detecting SNPs ar @ngepekalent Ghaesithiced rell@«aned hased1@Btide (an
hybri di zati on, ones based on prinmer extension and ones utilizing substrate

speci ficitiesighnelZewRsdelddhBePiR2eNCE P tReDARE LU # t HhEOR e ent
detected by neans of hybridization of a probe to a nucleic acid sanple in a

hybri di zat | QRvERILRGH) ARCORE NGoLO dte JBPds bhskS RGasSSAYLdP g8t @rm ne
a probe and hybridization conditions so that hybridization is influenced by

a 15 differg%ﬁ%,i% Hgg*fogwﬁ%f%éﬁfhgiéthésgiEﬁBEHEEuEQOﬁSEﬁbﬁi n@

hi ghly reproduci bl e detection system A nethod for detecting a nutdtion
usi ng cycl.e:proohe.re i desgld Qe ;in Ao es Patent No.

5. 660988 iggelglgrr%%ilfil e s LT igdq%rtobe hét?l%n?aﬁ‘%zo readi | y

cl eavabl e binding is hybridized to a nucleic acid nolecule of interest in
the nmethod. If the nucleic acid nolecule of interest does not have a base
substitutio bg.is cl eaved, whereas if the nucleic acid nol ecul e
has a base ?883???@ |o%fkthe probe is not cleaved. A base 25 substitution

I's then detected by d%&ecﬁgngkﬁggnqu@ﬂgkfy&éﬁbtic codes contained in

genomes of organism individuals belonging to the same

15 species are not identical each other, and there are

differences in base sequences called polymorphisms. Ones

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

inserted, ones in which a specific Dbase seguence 1is

duplicated and the like are known as polymorphisms. One in

20 which one base 1is replaced by another base 1is called a
single nucleotide polymorphism (SNP).

It is said 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



3 the degree of generation of a fragnent rel eased fromthe cleaved probe.
However, if a trace anobunt of a target nucleic acid is to be detected
according to this nmethod, there nay be a considerable tine lag until
reaching a level 5 at which one can detect a cleavage product fromthe
probe because the anmount of the cleavage product is small. A nethod for
detecting a nutation using the TagMan nethod as described in United States
Pat ent Nos. 5,210,015 and 5, 487,972 exenplifies another nmethod. A 10 TagMan
probe to which a fluorescent dye and a quencher are attached is used in

t hi s nmet hod.arbvpairdbes JNIe acontredaary) Bobasenstthiatg tids oyersarl Adileatoddier
contai ning no base substitution) are used as the TagMan probes. The probe
is hybridizen tdiseaned,eicxr and mastieoyl i ff rmant ievre sthoultd dinff er ardeaneerin s
extended fromthe upstream The probe is cleaved due to a 5 ->3'

exonucl ease sactdepttip idfi ta £3NA ool videeasesonby i fehbetiuttees are d dmigscul e
of interest does not contain a base substitution. A base substitution is

t hen det ect ehdiioind ent i spdeneffedt§) vor Mechbas. £3@ Hewevering mmetdad has
probl ens because the nethod requires a polynerase having a 5 -.3

exonucl®ase meidrvigtiadyd PCR using a | abel ed nucl eoti de bl ocked at the
3'-termnus and a strict tenperature adjustnent, and it requires a |long

tinme for detection. 2%FdyRidMdiordl WhineBnan efgy e deteditinigzedsips! udge 4

met hods in which a DNA polynerase is used. Such nethods are further

classified iganeddiriee ArauHasrias fioldPWhied Hased 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 is necessary to determine a probe and hybridization
conditions so that hybridization is influenced by a

15 difference in one base. Therefore, it is 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 is exemplified. A nucleic acid probe having a

20 readily cleavable 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 Dbase

25 substitution is then detected by detecting and quantifying



met hods in which a base substitution is detected based on the presence of a
primer extension reaction using a priner 5 of which the 3'-term nus anneal s
to a base portion for which a base substitution is to be detected as
described in United States Patent No. 5,137,806; (2) nethods in which a
base substitution is detected based on the presence of a priner extension
reaction using a prinmer 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 at thee dedeedf oifntgErestataih tb8 hasramdrite seleased debmr miheed by
di stingui shing a base incorporated into a 15 prinmer using a prinmer of which
the 3'-tem nllszaremkapsobe.a bHsweBeradjiateat Hraddeahasntf @f wai dtamydiase
substitution is to be detected. Methods in which a DNA |ipase is used are
known. Accomiidigiid ddedmeshah e bdseestibslt idaddmiinis tet entied m-Hmbed on
the presence of ligation of a probe to an adjacent probe. The term nal
portion of tdiery eke o resendddrapiie thase 1y irdi If feadtiGly & basel
substitution is to be detected. A nethod in which a DNA pol ynmerase or a DNA

25 |lipagse | atusadidmyonet chg akkedto £xarddvaget gebdactl $#BhChe piASAEEN
a primer (or a probe) and a target nucleic acid due to a base substitution.

Speci fical | pechifde aheeRabTRTRYE itHd Al Iy PHMRIdLC ilseagidian even if the
prinmer or the probe has a m smatch, providing erroneous results. 5 Because

of a possible false posi et oUe £bo agcCEELNRQGUSa ANRERA + I\6h baiyaen aHar get
nucleic acid and a prinmer or an error nmade by a |igase or a polynerase to

be used, it TaS;M&%Peﬁéﬁlﬁbfdt%scoﬁééehbéé rigacth 9RegOtidicaNsphtBnpandLul ar,
the reaction tenperature) and the like very 10 strictly, and there is a

probl em coneernig@itsne .h@Pr 9dugh boyht Yexéﬂ?ﬁltiﬁfleémtaﬁ‘l%%e'r” whigBgan engyme
having an activity of recogn|2|ng and cleaving a specific structure in a

doubl 0’St raﬁ%‘é‘ﬂil ghedh?e A% Ayt St h | HEQréEEQnE%&E%%ﬁ anvadel-Ht hod as

descrl ed in States Patent No. 5,846, 717 afe include A cleavase is

known as such anighzyng Iﬁ%éé TﬁgSl@flget iosgghgat a basgg S?}r%gb:ﬂetéjt'

exam ni ng cl eavage of a pro pro esr gned such It forns a

structure I ee0gnzad Y Lhes enzyibe LLuei 30 DASE AUPSLHLUL IR s plnesen (or

absent). However, su od in an enzynme having an activity of

eco 0 CES%‘%EE?%%%%E&%%%né‘é%%i?%%ﬁ;?% b epses gl <
si gnal SUfﬂﬁy§H§ Orhybridized to a nucleic acid molecule of interest,
15 and a primer is extended from the upstream. The probe is
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 problems 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 requires a long

time for detection.

25 Methods in which an enzyme is utilized include



25 detection of a base substitution cannot be obtained froma 6 trace
anount of a nucleic acid sanple since one signal is generated froma
distinct target nucleic acid nol ecule according to the nethod. It is
natural ly possible to enhance the signal by repeating the probe cl eavage
reaction, 5 although it is necessary to aqmwplify 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 nethod, there rmay
be a considerable tine lag until reaching a | evel at which one can detect a

10 cl eavagenptBddet iff ofhidle Br ot hesppterdide asowrleddf theck! eadvasds
product is small. Since the nethods have several problens as described

above, a nekhed faihdancbgsysedelio ioacttiyralet gebupsbase sobséwsutian has
been desired. 15 Objects of Invention The main object of the present

i nvention i getBodel Ve tWei @boyeprBat isemed iRiARlens Ande tOcPEQVHESea BRANS
for detecting a base substitution (e. g., an SNP) exactly 20 wth excell ent

reproduci bi kihky p@¥@Rnice 1 r@‘i?rﬁﬁ@b‘néx@énéil&‘x'cfébétﬁ&hdui%ﬁ@' 8 pyiteed.
Summary of Invention In order to solve the problens as described above, 25

a nethed thagt gan be ysed so0-gXARilYsdelfda1d b8Se a2 base portion for
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 1s detected based on 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 as described in WO
01/42498; and (3) method in which the presence of a
mutation at the site of interest and the base at the site
are determined by distinguishing a base 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 known.
According to the method, a base substitution is detected

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



substitution and obtain results as intense signals is desired. The present

i nventors have prepared a Nucl eotide. The Nucl eotide is capabl e of
annealing to a target nucleic 5 acid for which a base substitution is to be
detected. A DNA extension reaction fromits 3'-term nus by a DNA pol ynerase
is not initiated if the Nucleotide is in &n intact state. C eavage of the
Nucl eotide by a nuclease is influenced by the base sequence of the anneal ed
tenplate 10 strand. Furthernore, the present inventors have established a
nmet hod that can be used to detect a base substitution in a target nucleic

aci d exact| ypaduderhighrisensi (dwid Yoresddlg drie Nued redt deac TS, ad e Qresent
i nvention has been conpleted. 15 The present invention is outlined as

fol lows. The.d i4 sbagspeebsefitliigonr,esedded Meddl Of, r ehah eant @na iRt had, f or
detecting the presence of a base substitution at a specific base in a

target nucl eirfi taGtd dRNechBiRAEieOMUdM NG SPeh 1) fMHNJpAi §8FAPLE the
containing a target nucleic acid with a Nucl eotide, wherein the Nucl eotide

(A) is nodi fdrbathdhe %ii‘én%rﬁﬁmu?r%iﬁimitﬂ@te%r%&ié)r\:é:{ﬂn&é.he termnus by
a DNA pol ynerase does not occur; 25 (B) has a base sequence capabl e of

anneal ing 8 t0 a I e LA A NaNGEs SRS f E618a5dsN ik t@hgetonug] ei ¢
acids and (C) contains a sequence in which if there’is a m smatch between

the specifi a3 anpd Qnﬁéﬁiﬁ%g‘i-{)e][t‘%:t%ﬁéeﬁ‘d&“g:é&é enﬁgﬁte%t:i GbAseahl tdhe

Nucl eotide in a conpl ex conpos Nucl eot1 de an e target nucleic

aci d. Lhe Nyl o |3 nokrstoauad Wi b AU £%5P sapdahebbste dos g0

m smat ch between the specific base and a base correspo to the specific

égngfzteeig %%Pf%g?%ﬁﬁﬁgeéé&ﬂ&?' B8t Il rdaC! pRved Wil of NGl EASEHES

(in particular, the reaction temperature) and the like very

10 strictly, and there is a problem concerning the
reproducibility.

Lastly, methods in which an enzyme having an
activity of recognizing and cleaving a specific structure
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 included. A cleavase is known as such an
enzyme. It is possible to detect a base substitution by
examining cleavage of a probe. The probe is designed such
that it forms a structure recognized 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



(2) treating the mxture with the nucl ease and the DNA pol ynerase; and (3)
detecting the presence of cleavage of the 15 Nucleotide with the nucl ease.
The follow ng nmethods exenplify the method for detecting a base
substitution of the first aspect: a nethod wherein the nuclease is a

ri bonucl ease H, and the Nucl eotide contai 6s a ribonucleotide in the region
20 containing the base corresponding to the specific based and a net hod
wherein the nuclease is a restriction enzyne, and the Nucl eotide contains a
recognition sequence for the restriction enzyne in the region containing
the base corgresponghagnt oothe speQidic wise. sahpldesspreendnaspdenaf ide
present invention 9 relates to a nethod for detecting a base substitution
in a target guidweitedciféont he retdothEOMdrydiy: nhtleficXi 8gid@ TP Aile
containing a target nucleic acid with a Nucl eotide, wherein the Nucl eotide
S (A) is mdddadiag t ke 3théemEdiid suchithats exa@nsaan f resssherEerdd nus
by a DNA pol ynerase does not occur; (B) has a base sequence capabl e of
anneal i ng t @rihdrRH AhE WA M Fshad frif haseidbd he daraat Adhdwdgi ¢
acid; and (C) contains a sequence in which if there is no m'smatch between
the spegi fi GiRasi@Ndi @ PasSReeRE583RONY Ndnd Pi £P€a SREELEILC RRSQ I &y

Nucl eotide in a conpl ex conposed of "the Nucl eoti de and"the target 15
nucl ei ¢ aci G ddiRHMHd e i Shead s POt obtedNednWitiReBse 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 detect a
10 cleavage product from the probe because the amount of the
cleavage product 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 object 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) exactly
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



nucl ease, and if there is a m smatch between the specific base and a base
corresponding to the specific base in the Nucleotide, the Nucleotide is

cl eaved with a nuclease to generate a new 3'-termnus; 20 (2) treating the
m xture with the nucl ease and the DNA pol ynerase; and (3) detecting the
presence of cleavage of the Nucleotide w th the nucl ease. A nethod wherein
the nuclease is a msmatch 25 specific nuclease exenplifies the detection
met hod of the 10 second aspect. The Nucl eotide used in the detection

met hod of the first or second aspect nay have a sequence in which if there

i's no base sdilysdd it ivh | didde dotlzdet Réehieie agkd, iaténBsksMBighals nod
generated in the conpl ex conposed of the Nucl eotide and the target nucleic
acid, or it y@myifhwyve a sequence in which if there is a base substitution in
the target nucleic acid, a msmatch is not generated in the conpl ex

composed of the Nucl eotiale,anskiinor el Uckl il atidl 2 TeoTadd and ng

nmet hods exenplify enbodinents of the first or second aspect: a netho
wherei n the esanerdide bAsecaphei bt BE @Anka198Lend ned hagad Qc1de

presence
5 acid for which a base substitution is to be detected. A
DNA extension reaction from its 3'-terminus by a DNA
polymerase 1is not initiated if the Nucleotide is in an
intact state. Cleavage of the Nucleotide by a nuclease 1is
influenced by the base sedquence of the annealed template

10 strand. Furthermore, the present inventors have
established a method that can be used to 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 nucleic acid, the method
comprising:

20 (1) mixing a sample containing a target nucleic
acid with a Nucleotide, wherein the Nucleotide

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

25 (B) has a base sequence capable of annealing



of an extension product generated by the action of the DNA 15 pol ynerase
and a net hod wherein the presence of a base substitution is determ ned
based on the presence of a fragnent of a 3' portion released fromthe

Nucl eoti de generated by the action of the nuclease. Furthernore, an
extension product or a fragnent of a 3' p®rtion of the 20 Nucl eoti de can be
detected utilizing a | abel attached to the Nucleotide. A fluorescent
substance may be used as the | abel. Furthernore, a Nucleotide to which a
fluorescent substance and a substance capabl e of quenching fluorescence are
attached, whereird he féyDseSe6A€R1hSnGMal tepfbdifdit 25a 4 eanagdebytdRet

nucl ease or DNA extension subsequent to the 11 cl eavage nmay be used. In

t he enbodi ment i mueshicGlt tata ;| weygescence | abel ed Nucl eotide is used, a

fl uorescence pol arization nethod may be utilized for detection. In regard

to the Nucleotide used in tlhs RGN ORI N6 wHIdge iFURdridtiison of
the first or second aspect, the nodification of the Nucleotide at the

3" termnus is exgnpliiki@¢chy pRAWEEnat A ObpbBeriydroxyd oLoup At e
3-position of ribose. The Nucleotide used in the nethod for detecting a
base sgpstituti oRcRd R i@ Mo 1@%%@@&&@%%#@@ Bhd M 1eRddide
anal og and/or a nodifiéd nucleotide. Although it is not intended to limt

the present inventi gncd 1&%2@3@ A0 tﬂﬁfdl%ﬂﬂl‘?ilé“égcﬁﬁtﬂéj@oar%et

deoxyri bouracil nucleotide or t I ke may be preferably used as a

nucl eot i de anal 0g, 410 ANa2as) o kBONUGLESL! A8 BY: PRIRESIS aRl ¥y used as
a nodi fied ribonucleotide. Furthernore, the nethod of the first or second
aspect may furth ri se st cleLc g ifi cat i in j ch
an extension pro Egﬁgbeﬁgra?ga Bﬁpt%éeggtig% 5?§tﬂé§%%kc%0I€%%€§%% ﬂ%ﬂ%sed
as a tenplate. 2 nj S t _of_ _the pr i ion.relat .Q, a
met hod Fgr anal y%ip-r%%%éfage%%[%p%%o aark])aa éi%éﬁ%%ﬁ%onr%lt o?oco%r?ﬁr!%e%gl%
detectigng a base WMDY (9 R TRINAGOT 4 18 Jdvedt e

St.i t
second aspect. Tﬁ%%%bapt# aspect © prese I nventi on relates
Nucl eotide used %pﬁd%Téggg 9, %e%%%%te a new 3'-terminus;

(2) treating the mixture with the nuclease and

the DNA polymerase; and
(3) detecting 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 1is a ribonuclease H, and the
Nucleotide contains a ribonucleotide in the region

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

25 The second aspect of the present invention



12 substitution at a specific base in a target nucleic acid, which (A) is
nodi fied at the 3" -term nus such that extension fromthe term nus by a DNA
pol ymerase does not 5 occur (B) has a base sequence capable of annealing to
a region containing a specific base in the target nucleic acid; and (O
contains a sequence in which if there is @ 10 m smatch between the specific
base and a base corresponding to the specific base in the Nucleotide in a
conpl ex conposed of the Nucl eotide and the target nucleic acid, the

Nucl eotide is not cleaved with a nuclease, and if there is no m smatch

bet ween t he rsleddd ccdhasenetitod basedébectlingspobaiseg sibstthieuspes firnc dase
in the Nucleotide, the Nucleotide is cleaved with a nucl ease to generate a

new 3' ter myage tThtd1dlowdial Nut e atd tdrsd ecamiiding:he Nucl eotide of the
fourth aspect: a Nucleotide which 20 contains a ribonucleotide in the

region containing the hasenfe1k@SRORGMPI o tdritea SPiaed f & C thageti midieiar get
nucl eic acid, wherein if there 1s no msmatch between the specific base and

the base corf8PRAFHNG MudINGSRES! fulfe RASE dHe thg N ieRt i de in a conpl ex
conposed of the Nucleotide and the 25 target nucleic acid, the Nucleotide
is cleaved with a 13 ribopyclieasgdiriad A4 Nud eptida-whifh G aifs: 2
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
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



recognition sequence for a restriction enzynme in the region containing the
base corresponding to the specific base in the target nucleic acid, wherein
if there is no msmatch 5 between the specific base and the base
corresponding to the specific base in the Nucleotide in a conplex conposed
of the Nucleotide and the target nucleic &@id, the Nucleotide is cleaved
with the restriction enzyne. The fifth aspect of the present invention
relates 10 to a Nucl eotide used for detecting a base substitution at a
specific base in a target nucleic acid, which (A) is nodified at the

3' -term nus suend leedpestt.ension fromthe term nus by a DNA pol ynerase does
not occur; 15 (B) has a base sequence capable of annealing to a region
cont ai ni ng a speci fi c TiaseNualebeitar getednuih eitheacdet e@nibr{ Guethptiaios a
sequence in which if there is no m smatch between the specific base and a
base correspidifiggsA) dO sdeosPpesspeetbnag haveha Neefueaiceddn mia ctonp ex
conposed of the Nucleotide and the target nucleic acid, the Nucleotide is
not cl eaved tMdre a 9uE easa Albiiftdthiene s thdrtmjath heieien ddiel, a
specific base and a base corresponding to the specific base in the

Nucl eotg de, rfignadfrHNUCE eabirdeydrferd ey edn With adisll@as€ohpo geAebat erde new
3 14 term nus. A Nucleotide wherein if there is a msmtch between the
Nucl eoti de anftitds il 0@hd NUBkeitard@td hilcPe LONMREEY, COFOSEIMAY hRGe a
Nucl eotide and the target nucleic 5 acid, the Nucleotide is cleaved with a
m smat ch- spe@Edudhddicl gagRiexend ifn&se t he NMudend i dgpetithieibaf ik asRect.
The Nucl eotide of the fourth or fifth aspect may have a sequence in which
if there ismefasengabsitt WdiQ) 18 th@nkakaet; Huabel Q{él’?é].dat@d My amalh is
not generated i'n 10 the conpl ex conposed of the Nucl eotide and the target
nucl ei ¢ aci or@y1dd BRpIAVE 8rSeRUeNGRIdbtMHL g LRET @ah$e? ARSI cic
substitution in the target nucleic acid, a msnmatch is not generated in the
conpl gy conpesed of the Nucleotide and the target nucleic acid. 15 The

Nucl eotide of the fourth or fifth aspect may have a | abel ed conmpound bei ng

attached. The positi OrTHEﬂyfgﬁlei]ﬁlgp%é’&%? Kemp 1l tQﬁbﬁH?ﬁéﬁﬁE@ die

for the nucl ease. For exanple, a uorescent substancé may be used as the

| abel ed comeunds; Byt TYET BEECAK! ATYRE 2 SURSLBSGCwherein the presence

of a base substitution is determined based on the presence
of an extension product generated by the action of the DNA
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
generated by the action of the nuclease. Furthermore, an
extension product or a fragment of a 3' portion of the
20 Nucleotide can be detected utilizing a label attached to
the Nucleotide. A fluorescent substance may be used as the
label. Furthermore, a Nucleotide to which a fluorescent
substance and a substance capable of quenching fluorescence
are attached, wherein the fluorescence 1is emitted upon

25 cleavage by the nuclease or DNA extension subsequent to the



20 capabl e of quenching fluorescence, a Nucleotide fromwhich the
fluorescence is emtted upon cleavage by the nucl ease or DNA extension
subsequent to the cl eavage nmay be prepared. In regard to the Nucl eotide of
the fourth or fifth aspect, the nodification of the Nucleotide at the 3'25
termnus is exenplified by nodification otlthe hydroxyl 15 group at the
3-position of ribose. The Nucl eotide of the present invention nmay contain a
nucl eoti de anal og and/ or a nodified nucleotide. Although it is not intended
tolimt the present invention, for exanple, a deoxyriboinosine 5

nucl eoti de, cd edeaxyy | hayr dsd | used.eot ilde ahet hembodkimaraty de pwlefehalihe used
as the nucleotide analog, and an (a-S) ribonucleotide may be preferably
used as the fdiddsedndebonubkeeti deucldet sdxt haaspeet, ofat e yyreseEnce
invention relates 10 to a kit used for detecting a base substitution in a
target nucl gjodzadizht W Glete@d aldis Bhartiucl e ifde: efetdtifoaurth or fifth
aspect. The following kits exenplify the kit of the sixth aspect: a kit

which contains a nucl gaseragsf@r ta e 1Rupokyaraasaised kid whkChdurdder
contains a reagent for detecting the presence of DNA extension; and a kit

whi ch faurt hedo rC i 0d 618y I aGRIde | Oib S8l £t 16n OBE &HWICELF6t a@'rd_second
anplification nethod. 20 Brief Description of Drawings Figure 1 illustrates

resul ts for defRati opnal Aobasecatbshi téf i ahd NNachdBRAggengracems dizng- to
t he met hod for detectlng a base substitution of the present invention.

Figure 2 il ldesidighRs !i§5l!el>$e'inﬁ10ffiqéﬁ egll o £ fc201 DRSS FSUBRET Hiid Uk yIN @

human gene according to the nethod
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 1is not intended to 1limit the
present invention, for example, a deoxyriboinosine

nucleotide, a deoxyribouracil nucleotide or the like may be
preferably used as a nucleotide analog, and an (a-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



16 for detecting a base substitution of the present invention. Figure 3
illustrates results for detection of a base substitution in a hunan gene
according to the nmethod for detecting a base substitution of the present

invention. 5 Figure 4 illustrates results for detection of a base
substitution in a human gene according tol2he nethod 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 accordi ng 10
to the nethod for detecting a base substitution of the present invention.
Figure 6 il |susistatted irces dtt saf epedeffect bakeofira dasergabshucldieian daaidg
human gene according to the nethod for detecting a base substitution of the
present invesiicdn. 15 Figure 7 illustrates results for detection of a base
substitution in a human gene according to the nethod for detecting a base

substitution of the pri@ggentisi nedifosed FHiguree8 B -ustmahes restht sHOr
detection of a base substitution in a hunman gene according to the nmethod 20
for detectirgtanRaee stishi tHe aerefif}e By esemNA YEINh&Fase does not

5 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 a

10 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 nucleic acid, the
Nucleotide is not cleaved with a nuclease, and if there is
no mismatch between the specific base and a Dbase

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
corresponding 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



Det ai |l ed Description of the Invention As used herein, "a base substitution”
refers to replacenent of a base at a specific site in a nucleic acid 25 by
anot her base. The base substitution results in a 17 difference in genetic
i nformation anong organi smindividuals. The difference in genetic
information is called a polynorphismor al¥ariation. The base substitutions
as used herein include base substitutions in 5 polynorphisns and

vari ations. The base substitutions also include base substitutions
artificially introduced into nucleic acids. There is no specific limtation
concerni ng thi®onwdlerasef sEpst iahdt ech baNeslienttide bagg tubstohtaing. X
There may be one or nore substitutions. The present invention is

particul ar| yesuigndhlien eddeimet ifdtr of re gt polepmmzhiismtele &egion
variation, in particular, a single nucleotide polynorphism (SNP) in a gene.
15 The presepintiaivahy dthd Sb&esCebkedspBndehai ltdetiow. spddifhe Ndekeatn de
of the present invention The Nucl eotide of the present Invention has a base
sequence capall ecDtganngabiBgct @A d,eUrdr£&Ont aiknith@rd 20s Shbe riknd ticly get
nucl eic acid for which a base substitution is to be detected. The

NUC! eo_t5i d_e %@%&e@?ﬁ ther \é%e%'iﬂdmﬂa"é%r alny t@@%%&%s@br@i@&“t@?'ﬂf@r ase
if it isin an intact state, and it can serve as a prinmer only if it is

cleaved by apauglase,addieig ithNansPRAiidge | LR tAtdQip Pox COBREHBERY dihe
| ength of thé Nucleotide as long as 1t has 18 the properties as described

above. Both g iAUYGlROLMAe ad BaPOLYNHEEER LG GAN BB USRI 1RAAL NY

to the present invention. An oligonucléotide of usually 8 to 50 bases,

preferably 1Q 1.9 A4QPS8%h TR Reh8railon %%_é?FQO bases 5 is used as the

Z
Nucl eotide of the present invention. Thé Nucleotide of the present

jvention is usually aoold;gepuel:aaldds oAl eyl eales.

Optionally, it may contain a ribonucl eoti an anal og or erivative
(”Dd'ﬁbcat'%B)aoku%l%B%H%%thg%d @@% detecting a base substitution at a

specific base in a target nucleic acid, which

(A) 1is 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 Dbetween the specific base and a base
corresponding to the specific base in the Nucleotide, the

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



10 exanpl e, a nucl eoti de anal og having a base such as inosine or
7-deazaguanine as its base noiety or a nucleotide anal og having a ri bose
derivative can be used as a nucl eoti de anal og. Exanples of nodified

nucl eoti des include an (a-S) nucleotide in which the oxygen atom attached
to the 15 phosphate group is replaced by B sulfur atom and a nucleotide to
whi ch a | abel ed conpound is attached. Furthernore, the Nucl eotide of the
present invention nmay contain a peptide nucleic acid (PNA) as described in
Nat ure, 365:566-568 (1993). Although it is not intended to limt 20 the
present i nveririmdmust.ne nucl eoti de anal og or derivative is preferably
incorporated at a site at which the incorporation does not influence the
action of a nuclease (o Nacusedidenceanpeeahi onrof tigereicl £t idle mARAad@h Nt o
the Nucl eotide of the present invention is effective in view of 25

suppr essi onpeftwicgihefhor dalc 1sbrueieUréhd OrRBt ity fft tABclei18 MNuécleothde
itself and stabilization of annealing of the Nucleotide to a target nucleic

aci d. Thus, cbhe1lic|@atddsiedrByr Cenbanmca daugldeotdrde enal edrghd/ fucdeic
nodi fi ed nucleotlde as long as the function as the Nucl eotide that 5 can be

used im thea%ﬁEPOdtﬁ@rNﬂ%H%%%hGQ 8 Pageeayhat ity 08 @fi & dW-2pRIM fic
invention is retained. The Nucl eotide used according to the present

i nvention hag ke skolk@ind MAPeh &% fl%tq‘anee%tf' Q'EeOffl%tl?la%%P%léQSti tution
at a specific base in a target nuclelc 10 acid: (A being nodified at the

3'-terninus such that rext ml%tflrmdéﬁetﬂ@rm@y@hbaraf%lehpgl %s%rtamydoes
not occur; (B) having a base sequence capable of annealing 15 to a region

containi ng ga%Red féé% 2 Ot hR 1 EAM 96t ﬂnécﬂee'fs agh dp,aad sﬁ@stq%tq')w ng a

sequence in which if reis a nlsnatch If there Is no m snat

b?t ween t he; ﬁpec?n:)f 'tcargqae;ae J?'{(% :% OréeﬁPQfR%’cBH 9 h Qﬁ%‘r%'t%dbfi%e

(i.e., 20 that etmeen t he speci ase inthe

il iy e, (et EORBLBY Mg ot f“% pRhchest e cas Hie trgetaplel

m smat ch (OBucleE%e éiebr it may have a sequence 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 may
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 fluorescence 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 modification of the hydroxyl



m smat ch) between the specific base and a base 25 corresponding to the
specific base in the Nucleotide, the 20 Nucleotide is cleaved with a
nucl ease to generate a new 3'termnus. A fragnent of a 5 portion of the
Nucl eoti de cleaved with a nucl ease can remain annealed to a target 5
nucl ei ¢ acid. Since a hydroxyl group exislts at the 3position of ribose or
deoxyri bose at the 3' -term nus of the fragnent of the 5 portion of the
Nucl eotide, a DNA can be extended fromthe term nus by a DNA pol ynerase.
Thus, the Nucl eotide serves as a precursor of a prinmer if it has a 10 base
sequence t hatroup clteavab| B-povsht BomuokeasbosAs deBuos | edl aboide bdfiethe
Nucl eotide of the present invention is nodified at the 3'-term nus such
that it canpetskeatutinviengd chomasy RN tExirensi vacteatidenahylagDhiAd/or a

pol ymerase. There is no specific [imtation concerning the 15 neans of
nodi fi cat i omods fliedg nag liclot ialeqv e-Alytduytedi tobi #chst cantbadadhitevéadmit
Exanpl es thereof include addition, at the 3 -term nus, of a dideoxy

nucl eoti de, thenugkesthde wdehteenat fde hysnpad, graoupledikyiri®o3npesnk on
of ribose, or a nucleotide with nodification that interferes with 20

ext ensison byua1BPdAigel yaedasgy#iBoli@astier hacheBdiaacer Ahkyhakieomagr bet her
known nodification nethods can be utilized as a nethod for nodifying the

hydroxyl grewerakrable 3upesi tdsontBE rboseofdd nrualieet,i dgndFan exarshe, a
DNA ext ensi on reacti on can be prevented by am noal kyl ation. 25 The

Nucl eotide efpbhachessede | A¥ONtHEN HESFerabPy Rases semiensr Capaklre cof
anneal i ng, under conditions used, to a region in a target nucleic acid for

whi ch a baseisdbgthbuyiier.is to be detected. The Nucl eotide has a seqguence
that is substantially conplenentary to a target 5 nucleic acid, and need

not have a base sequenge g9RhehebkceonR! eRRNbakYch® EB@eh%&Bﬁtr@q%E%%C_
acid as long as the detection of a substitution at the base of interest is
not 19 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
detecting 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



di sturbed. Wien the Nucl eotide of the present invention is 10 annealed to a
target nucleic acid and incubated in the presence of an appropriate

nucl ease and an appropri ate DNA pol ynerase, cleavage of the Nucleotide is

i nfluenced by the presence of a base substitution in a target nucleic acid,
that is, the presence of a mismatched sitk6in a double 15 stranded nucleic
acid fornmed by annealing of the Nucleotide to a target nucleic acid. DNA
extension using the target nucleic acid as a tenplate occurs only if the
Nucl eotide is cleaved to generate a new 3'-term nus. Therefore, one can
have i nf or mfildroriesta@mttiriche fyagse ad Ofi tartiicsimaific theopddesen0 iprvesericom .of a
base substitution based on the presence of DNA extension. According to the
present invention, it Figyyaessd bigltietpeepar ecshg thiucieot ddeesttbnt b&t aa

m smatch is generated if there is a base substitution to be detected, 25
and it is alxegpasgdetitoign epar a hitaNudja | slecsrdimghad thd?2 metHsimat ch
is not generated if there is a base substitution. Furthernore, one can have
i nformati on fR0We Hda: iIe L e Ofsudb AR tSWis o ff WHeO b ravykrithe Hvepet iohn .t he
substituted base at the sanme tinme as follows: four types of Nucl eotides
each 5gaving one of frawurdeypesiviubasesepl aeedlals arposiétoOt LORr egpandi ng
to the base of interest are prepared; and the type of the base contained in
the priner thate rasd sl @xt SASEOMumant MtheXadtfedind\stdeshel b rppve,

t he Nucl eotide of the present 10 invention is converted into a prinmer that
is capabl e G DA SRR AN %A SaHitudidy eavage Wrldyaatyshras8.onlhe
portion of the Nucleotide 5 to the cleavage site for the nucl ease serves
as a primer for DNA extiepsions iThefeqigpRot8ReCfhashti-ditbat iy aercerdy ng
the nuclease as long as it 15 cleaveS (or does not cleave) the Nucleotide

dependi ng Oy RATRS IS Ghade MhSHBE L EToR JQURI BuRkhanded S Eimei d
formed as a result of annealing of the Nucleotide to a target nucleic acid.

Exanpligs t heieotpbngldide, & ELRONUC &ASEJ a2 BESLT Istisn 12REYWIE 880 e
m smat ch20 specific nucl ease.
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



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 no msmatch can be prepared by placing a 23 ribonucleotide at a site
in the Nucl eotide corresponding to the base for which a substitutionis to
be detected. There is no specific |imtation concerning the ribonucl ease to
be used according to the present invention 5 as long as it has an activity
of recogni zing a doubl e stranded nucl eic acid conposed of the Nucl eotide of
t he present differtenee contrai nidgeneatic boninfeshatitoand ambhg corplgamdmtar y
thereto and selectively cleaving at the ribonucl eotide portion. For

exanpl e, a rindaruciease H fTigen ) fishwidechia cobhet D& ainfdaammicl @asd sH
froma thernmophilic bacterium belonging to genus Bacillus, a bacterium

bel ongi ng t eagards Ther Pod.ymdrphdlsar | Ubr belaongvaeid0igenhus PyTREOCEESe a
bact eri um bel ongi ng to genus Thernotoga or a bacterium bel ongi ng to genus

Ar chaeogl obigsibgan the ibaspref arsdd Yhes@rh asn§vele aBa g8z B s tALLRAYER iith iS
not intended to limt the present invention, the ribonuclease H preferably

exhi bitss a RodRmeehMishs WHEevd e tsids I eaghb 02 88N EibL@ASES 0hBOSE 0l A
DNA pol ynerase to be used at the sane tine. If the Nucl eotide of the

present invandio@el SpéQet Osﬁﬁs’e'?f@@ti@ngo@f@@ﬁi@fal/\l% 1%1&&&@@@1 agingo
anplification reaction, it is preferable to use a ribonucl ease H that

exhibits |t§u@q%h%|g£l@@der conditions under which the reaction is carried
out. For exanple, it is advantageous to use a heat-resistant ribonuclease H

if a nucleic acid 25 apaldsl i £atingn £686i 08 tlri?:{flt'a@i%veéoﬁcéﬁ@fﬁckth%r
24 treatnment at a high tenperature (e.g., PCR) is to be utilized.

exanpl e, a pifpayc! gasechbkiomBag Ihysesal dot anax, b%»geocmlfﬂﬁreﬁus

Pyrococcus horikoshii, Thermococcus litoralis, Thernmptoga maritima,

Ar chag@gl obyg o3.of WGl s o WR%@%%‘&%%&&%’%&%&@ can be used as a

heatrési stant ribondclease H. A Testriction enzyne is an enzyne that

recogni zes a specifi CTE’l@%?&Qé’:‘?EC%n(v%fntﬁotno ?Fba%gf‘%lé‘g%s R%As%’lcia eeaves

at a position within or around the sequence rtion

phich a Substhl Wdelldid % Peadgbaehed p%;igad At b2 £e6aghht]on Sqqluence

for a restriction enzyne, a ot to includet seglience can

be used forp@%%ﬁ%hh%Q,Of 61§¥§E% SuRsSLi LUEL QB- ﬂJl§horphlsm (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 invention has a
base sequence capable of annealing to a region containing a
20 site 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



m smatch i s generated between a Nucl eotide and a target 15 nucleic acid,
cleavage with a restriction enzyne does not occur. One can have information
about the presence of the base substitution based on the results. If such a
Nucl eotide is to be used, it is necessary to nmake the target nucleic acid

i nsusceptible to cleavage with the 20 restg8iction enzynme. It is possible to
confer resistance to the restriction enzyne specifically to the target

nucl eic acid, for exanple, by nmethylating the specific bases using a

nodi fication nethylase corresponding to the restriction enzyne to be used.
25 An enzymehkhtropecthderiszes akdctlid®avdesbavia.SnmBoth an?lliejoneen edtiiadleget
nucl eic acid and a Nucl eoti de unlike the above-nentioned tw types of

nucl eases mandbe ysetynidiledt Dde t ben! bke Uy ecdseiiras sochhanperzwme. The
Nucl eoti de of the present invention is 5 cleaved with the nucl ease, a new
3" -term nus inyeg@iehat edanand ig¥AueeoRsiden d5 t8ea1li g aiedshr eAslelhs
termnus. There is no specific limtation concerning the DNA pol ynerise
used in thipretferadsyl Ay &5 Ld bsseadpabeOfpldWd r@BIgNSIDNLr 30 Hhages
3'-termnus of a primer depending on 10 the sequence of the DNA as a

tenpl ate. BExanpkes tRereef Nukdlwds d&seerhehbegahic PhieR@liWREr i se |,

Kl enow fragnment, T7 DNA pol ynerise, DNA polynerises fromthernophilic

bacteria bel ongi ng torgenusnBadddite (Bt DN popysBehee, iBe@nPMBn  is
pol ynmerise), DNA polynerises frombacteria 15 bel onging to genus Thernus

(Tag DNA polymgn I%?e anfbd ihoatd 13k Re @Uﬁt@?fﬂ%r §28% vir' FOnRALIRR R C

ar chaebacteria (Pfu DNA pol ynerise, etc.). t he Nucl'eotide of the present

i nvention igtqoRg18%ed i Iggggirc&ta%g@ﬂ W bR Gene AMRd 1 GAL LAN Jgaely on,

20 a DNA pol ynerise Suitabl e gene anplitication reaction Is

sel ected fop.usg. Actfagpept Ofm@d§fi<rp%’fi-ﬂ’ﬁ fsthe 1%&%1.01‘ they

present i nvention gener at ed as a resu of cl eavage wt a nucl ease can

remai g Sﬁn{lteekégglp%g,aatzgﬁﬁqtemﬁeeia%ﬁ%gaq&&iﬁg 14 bgs&ULhER! 88! i%os90Q
or 7-deazaguanine as its base moiety or a nucleotide analog
having a ribose derivative can be used as a nucleotide
analog. Examples of modified nucleotides include an (o-8)
nucleotide in which the oxygen atom attached to the

15 phosphate group 1is replaced by a sulfur atom, and a
nucleotide to which a 1labeled compound 1is 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



rel eased fromthe target nucleic acid if it is short. If a DNA pol ynerase
havi ng a strand di spl acenent activity is used, the fragnent is dessoci ated
fromthe target nucleic acid upon DNA extension by the DNA pol ynerase. If a
DNA 5 pol ynerase having a 5 -.3" exonucl ease activity is used, the fragnent
i s degraded by the DNA pol ynerase. Althouy® it is not intended to limt the
present invention, for exanple, an oligonucl eotide having a structure
represented by the follow ng general fornmula can 10 be used as the

Nucl eoti de of the present invention in case where a ribonuclease His used
as a nucl eadmclEatdrdd foselfaark] - disablibidbtidhn- 3 f (@nnaaliimigegef dfhell or
nore; b: an integer of 1 or nore; c: O or an integer of 1 or nore, dN
deoxyri bonugtuedteodd,del Td\ a rtdogeic| gatlidee dkbida naaueot itthe ndilfdotd dauch
that extension by a DNA pol ynerase does not occur). The portion represented
by Nb in theaagenesahtdDi nuba COId BédiSide baghatoyr espaiing 40 hteiilEsel as
the subject of substitution detection. Furthernore, the 20 Nucl eoti de may
contain a nuglcgeidtdeicana 0o®g asdehievahire ilch ngli thed Nodalkeetdée)tas | ong
as the function of the Nucleotide is not spoiled. A Nucleotide that is a
chi nerisc ol icgeniel eRlddla nr efplce RHRIA Bo1t kR teenamy J ya8d auderiaidtiNnis a
nodi fi ed 25 deoxyri bonucleotide, a is an integer of 11 or nore, b=l to 27
3, ¢=0 to 2drs e tdslan®d.i nkheeita drs R0 r&ReGinfds | imtation concerning the
base corresponding to the base as the subject of the base substitution

detection as long as ithd Snledabedden LH8aPOLELORIIRET esentiath by Nyerdtn One
5 enbodi nent of the present invention, for exanple, a Nucleotidé in which

the length ahylhe iRer HAD £80 888MbRANBY N ided Srdhr gerbasesnang @ base
corresponding to the base for which a base substitution Is to be detected

Is located gfddhesdhsthofod NPy t4,on- 1 £t egeabed by, Npaegat 18 i

preferably used. Such a Nucleotide eXhibits a good specificity in regard to
det ectjipon of, g yoase substitution. Detection of a fragment of a 3' portion
rel eased fromthe Nucleotide of the present invention by cleavage with a

I b duGt t L | '
nucl ease or by & Prodyeh GRIGIA!f0quReRAA PN §XLE0SHDMNL CREEO LRt

subsequent to the cleavage (an extension p uct) can Itated and
t he presenc f .has Sti Lutd : CQNVRpI ir b
appropriate%?%ﬁggggﬁhgfﬁﬂg kﬁ%lg%%?ﬁggﬂ%ﬁ§¥egis no%§%£ I f%g%i§§§§t¥§#
concer ni ng E%P§Q met hod for | abeling a Nucleotide. For exanple,

radi oi sot opes _iP, etc.), dyes, fluorescent substances, |um nescent
s Lo BT e SRR, £ AR A0 O
confinmed by a detection mebhog syidall e Lo e 1akek £ @} target
nucleic acid; and
(C) containing a sequence in which if there is a
mismatch (or if there 1s 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 base and a base

25 corresponding to the specific base in the Nucleotide, the



| igand that cannot be directly detected nmay be used in conbination with a
| i gand- bi ndi ng substance having a detectable | abel. For exanple, a target
nucleic acid can be detected with high sensitivity by using a product from
a 5 ligand-I| abel ed Nucl eotide in conmbination with an enzynel abel ed
anti-ligand anti body and anplifying the s2@gnal. Exanples of enbodi nents of
fl uorescence | abel ed Nucl eotides include a Nucleotide | abeled wwth both a
fl uorescent substance and a substance having an action of 10 quenchi ng
fluorescence emtted fromthe fluorescent substance with appropriate

spaci ng. Sutiucd eptiicer idoed eastedemitthf lauonedeasee id genearsten aamawnt3det
state. However, it emts fluorescence if it is cleaved with a nucl ease, and
t he fl uorescermiswzst ance and the quenchi ng substance are 15 placed at a
di stance. Since such a Nucleotide emts fluorescence at the sane tine as
the initiation of a DNA exhgnshen deaeti bh, pyrican b&vethafl eusldoibout
the presence of a base substitution by directly observing a reaction

m xture duricn@awedeagit®na AidLdaddecant hathdit dahealkng td basearget
substitution of the present invention The Nucl eotide of the present

i nventison agudasald bgdidn (13iReeve | Bydssfyl N Jritepreshost oratdetet izng a
base substitution of the present invention and the nmethod 25 conpri ses:

29 (1) m Xi p@satIdMPloE GAMoBENIHY ddxdird@lo AU EIthed i 'd teridi it of the
Nucl eotide; (2) treating the m xture with a nuclease and a DNA pol ynerase;
and 5 (3) detQeiiddd JTe HHLSPNCso Of i 6k e8¥ afRe ORutheo gL fOLI BRANR tHhe
nucl ease. The presence of a base substitution is determ ned based on the

presence of sgheawage fond el oth gy & PNA! BBIGmaea8Edi NGHi@ T hge
characteristics of the Nucleotide of the present invention 10 as descri bed

in (1) abOVﬁudig%it&Qﬂee-sféf@éﬁjer Of Ul apeled ?)%h%irc el ge (D8 o

RNA) can be used as a target nuclei¢ acid in the nethod for detecting a

base gubsti buliconQfackhe REgteNls i1eaRHAR WRepending 13 ddhe nucl ease to be

used, it nmay be 15 ditficult to use an RNA as a target nucleic acid. In

this case, a base subgld ANy ARV G2 RRALARGRI B 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 the 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



preparing a cDNA using the RNA as a tenplate and using the cDNA as a target
nucl ei ¢ acid. According to the present invention, a sanple 20 containing a
target nucleic acid can be used for a detection reaction. Any sanple that

may possibly contain a nucleic acid or an organismsuch as a cell, a tissue
(a biopsy sample, etc.), a whole blood, &kerum a cerebrospinal 25 fluid,
a semnal fluid, a saliva, a sputum a urine, feces, 30 a hair and a cel

culture may be used without limtation. Although it is not intended to
limt the present invention, the test sanple may be subjected to the method
of the prespakel RRlcnR @b ¥f afhwéalings appeoptoadekyohsphseassed,
for exanple, after it is converted into a formw th which one can carry out
a reaction ¥si ng FeQOnPoly ey aggrgSHCchurRGassasibnctddewhyshs #f baseel |
as well as extraction and purification of a nucleic acid froma sanple. 10

According tgubleirpihed f o5 d&J egkl Ndefeb88Q. SUDSHE! UkheNe6F i 88€ HYLSaNt
i nvention, the presence of a base substitution is determ ned based on the

presence of sghiaanage wiat NYCl LMWt 08, U§8ﬂ;|>_§8ﬂeﬁﬁ§r9r€t%en§e t@frg@ tDNA
extension reaction subsequent to the cleavage. There 15 is no specific

limtaki on gARGERRI AGilNe ARf htkd C}go’é W@a@'@tyﬁiafgét s@ucAld Ko RARS Of

anal yzing a nucleic acid can be used. Exanples of nethods for determ ning

the presencgoﬂgégm%a%_t%i eﬂgre@a&&j&@ hiehude t?& oLkowipg: @smehaod in

whi ch a genera extenSion product 1's 20 separated for confirmation by gel

el ectr ophor gsics tagar gse 0el il wasior Al dengebase! 6e) 1At ocaBt! har hot

el ectrophoresi’s an met ho I ncrease in [engt an extension
product is HE@%HESdey mass spectronetry. |In another enbodi nent, a nethod
in which incorporation of a 25 nucleotide into an extension product is

determned is 31 eX%EBH fﬂh%d-N&éh(%@{fdéT%?o% eo%&%@a!ﬁvéﬁﬁgéﬂgtﬂson

about an anmount of a synthesized éxtension product” as an anoun

nucl eql de Lebaiasahate havingean aRpnont abe;labsly | neacporated | g

nmacr ool ecular “ext ens! on e anount O _ enerated ‘extension
lnr oact ed- nEEFESrAeS Dy b MR IR BT AP one 87 gRid o Be APBORBr e . DA
onction | SPROVHEL 88Ce B SASTIELT £ RoME 168y THE dSod” TACRILATRE Y 6 Fhe
det ect] on TeLod o e prsenl Lpuention g or ension pLoduet mxbe
SUbst i ut | oAB2Yar’ Yus LRBCRAS SR SR M EGIA Gt AGGE. 1 whi EFUR 16 mor
o UoQd as ERESROEPTECIEEd Zmf FOEBAoR U GRCEral T Dot NRTSPIARe For
exanpl e, 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 information about the presence of a mismatch, or the
20 presence of a base substitution based on the presence of
DNA extension.
According to the present invention, it 1is
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



20 known anplification nethods such as Pol ynerase Chain Reaction (PCR,
United States Patent Nos. 4,683,195, 4,683,202 and 4, 800, 159), Strand

Di spl acenment Anplification (SDA, JP-B 7-114718), Self-Sustai ned Sequence
Replication (3SR), Nucleic Acid Sequence Based Anplification (NASBA, 25
Japanese Patent No. 2650159), Transcri pti2h-Medi ated 32 Anmplification
(TMA), and Isothermal and Chineric prinerinitiated Anplification of Nucleic
acids (1 CAN, WO 00/56877) can be used. A base substitution in a target

nucl eic acid can be detected by using the Nucleotide of the 5 present
invention as aipmefeh fisr nsyngkesratetl dfDiAecenilsesebbary subsaibNaishr.and
as a tenplate in such a nethod. If the nethod for detecting a base

substi t uti oFueththtopeesene canehbiven infocaatied abbutt ithieziprgsktheeldf
above-nentioned nucleic acid anplification nethod, the Nucl eotide of the
present invanbbhee ksbeseduasocat ahgasheohgpef oifhéhpr istBs: itseed Bakbeat

met hod, and a nucl ease suitable for the Nucleotide is included in the

reaction syshemsaAGCot thadako Adle piectb@p efypashase subsébtudéoned2h
utilizing a nucleic acid anplification reaction as described above, the
presenge of havhage snbsbict Utd N €gpele slet eaReRed Dasedl af gengbaticaanof a
specific anplification product by the reaction. Al though it is not intended
to limt theopiresgbhdinyelbl @Re bakee¥EMRheer@st 29cebeebheRrgr 8silds the
hybridi zati on using a probe having a sequence conplenentary to the
a”D"f'Cat'QQPB”HEK%heabBEHP%%ﬂ%@MH%dK&@ftKétE&ﬁﬂ@ﬂfEKb@ttééélﬂQ dn
fluorescence I abel ed Nucl eoti de, the TagMan nethod and the |i ke can be used

for the gengigatgdiappkif keahi eRaRAedHCt . I n addition, 25 detection
reactions suitable for the respective gene 33 anplification nethods can

be also utilized. If Ré‘s@eé%!?ibieh%ioB%,artﬁtet Rube BRALKLZ B¢ :E%iet”%gte\%‘%

. t
detection nethod of the present invention at a genomc | evel, Pune of

the regcti Oﬂn%gﬁft%h”% an%Q‘Eeﬁ $HRL! ar p20fled FRaRS ;Qf c:agfzégﬁgsio'%g pitggr ee

of integration may be used in conbination in order to ana arge

nurber - of b@§%eﬁ§%ﬁ”%%5-a'°‘r@s%r1°&gh$f’ %hé%@a?%v“-w h?%eigl\fﬂreaajsecent iRt er s

square to fingertip on which the basic processes o etection nethod or

the anal ysi Sofesdad of ot (Agreeeal LOVeRtion. (o by, GXISACLT 0B 0krg DA

froma cell; a nucleic aci lcation reaction, detection o

| nterest, ehﬁcgeags %QE@QE% da“?k’i‘ﬂe?”fBB‘ %Rﬁateﬁt%gri%qm?g?%%o@s no

t echni que nmay pbe used I n conpl natl on as such a neans. tio processes

of gl or caBLLLatL 15gheatiaphoresls And Pubr haaLian W tg, dglegti on

probe may b ine uch a sys i'sC a mcrochip,

T or 038201 | LALX BLeciy.oPhoresia (B ghLp 9hea MANGH e AlLONS] £)C cacl d

anpliglcation reacti e utilized T’h suCh a system as ng-as t R8¢ DNA

fragent of ;20 iyergslel 8 Al i LLad s ng, the gegcilon  AlAROUIN L s not

i ntended to e present invention, Tor exanp od in i'¢h a
Tot hod can BEL0r SPEFRR §ouscetIRE COmBrASETaR weth EOCNOSIRELAS G225
stmplify the sygtemand d S very Ry ef erably yyild zed Lo kN jhciude  a
ribonuclease H, a restriction enzyme and a mismatch-
20 specific nuclease.
A ribonuclease H (RNase H) is an 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 Dbe prepared by placing a



34 above-nentioned integrated system Furthernore, a nore highly integrated
system can be constructed utilizing the techniques according to the present
invention. The specificity of detection of a base 5 substitution can be

i nproved by including a nodified nucleotide in the Nucleotide of the
present invention and/or by appropriately2®djusting the reaction
tenperature in the nmethod of the present invention. The Nucl eotide of the
present invention having a 10 | abel as described in (1) above can
facilitates confirmation of the presence of a DNA extension reaction, and

i s useful feribbhecrebltedef at delsetll NG &hkasikiclddItidleltioate@hbohldg ngr ésent
invention. In this case, the presence of an extension reaction is confirmnmed

by detecti nghéSbaskafel-edhsehbsbaredsderieedn§ nemrbhdeNdeleetede by a net hod
suitable for the | abel as descri bed above. For exanple, if the Nucleotide

of the present inventirgarko ¥ el ashésDf BSCANMiITURILANCECOMSe AiiBgh@tel S TO
be used and if the |abel is attached to a portion that 20 is utilized as a

primer, an exheRsk98aROFCh<Lalkde Aetordtrlyutsl LRENGrebent! YorReGabee. |f
a label is attached to a portion 3' to the cleavage site for a nuclease in

a Nucl got i dgg theprgsence AhsAMaRXLRRIvaRy eaet i:8BoGRN 6 qde] ceing hased
on dissociation of"a 3" 25 fragnent fromthe target nuclei ¢ acid,
conversion @k bRBed 3Micleic acid composed of the Nucleotide of the
present 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, or 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 Dbe
15 preferably used as such an enzyme,. Although it is not
intended to limit the present invention, the ribonuclease H
preferably exhibits a high activity under the same reaction
conditions as those for a DNA polymerase to be used at the
same time. If the Nucleotide of the present invention is
20 to be used in combination with a nucleic acid amplification
reaction, it 1is preferable to use a ribonuclease H that
exhibits 1its activity under conditions under which the
reaction is carried out. For example, 1t is advantageous

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

25 amplification reaction that involves a reaction or



fragment into a smaller nolecule due to a 5 -.3" exonucl ease activity of a
DNA pol ynerase or the like. A fluorescence polarization nethod is
preferably utilized for such an enbodi nent that involves change in

nol ecul ar weight of a 5 fluorescence | abel ed Nucl eotide. If the Nucl eotide
of the present invention which is | abel edy attaching a fluorescent

subst ance and a substance having an action of quenching fluorescence
emtted fromthe fluorescent substance such that the 10 fluorescence is not
emtted is to be used, the fluorescence is enmtted at the sane tine as the
initiation erealmextenstonar agcfH oempleagigee, (a8.gase BoRpt iidt iten dan be
very readily detected. In the above-nentioned respective enbodi nents, by 15
utilizing Nyeheetkdes eae)r haxhpglagen neifdhucdyaes B (Hom gwaRING uss) ,
thymne (T) or uracil (U at a position corresponding to the site for which

a base substilidbitenaks t @yhecoetast eduas obtls, aPyaodiosicRguihgakloshii,
different | abel, one can have information about fhe presence of a base 20

substituti O@he&rﬂlotcbechxépqquoﬁmssubﬁ}séfmew.e&gé)aﬁgr%mbe 2909 gl oy oplie

Nucl eoti de of the present invention can be used in a PCR for detecting a
base SBbSt'EHHbQQus'%ﬂ*N@%HEﬁEboéJE%P%@hﬁQ&hﬂecﬁﬁ b@exﬂk§§%ﬂ£ hnyeaklon is

used in 25 placCe of one of PCR priners, and a nucl ease suitable for 36

the Nucl eot i-dgik8afhUr thepnaddedstoga normal reaction mxture for PCR A
base substitution can be detected with high sensitivity by selecting a

nucl ease that is not A”i’-%%‘t&é%%@oﬂ”@ﬁ"zy%n@e190%' Eh%}ﬁgf %a‘th%e@%nlée.@e' I's

of higher animals including humans are-usually dipl ol haV|ng palr

chr onosones far bs ug i r cisfiiqC
base on o Cﬁrggéc%ﬂce dfca ngﬁéﬁEH {d4 ul ‘EB By, £XL S§ flﬁ aB'd

SONE, ere ar ree possi bl'e cases as onnzygote

(horo-type) hEﬁW@EC%tboé hEﬁEE‘BHBEO%%h‘l\%\)n é‘xﬁ %9085&' +4Q %Cgc}dbad’

substitution; honozygote {honotype) ase substitutions are present

on bot j Chr?ﬁgg%@%agég‘é‘gﬁt %92%8%3 GNELBLR1 EYRG L' BsWREC R OBl 228 4O

chr onbsones e substituti

overlaps with a recognition sequence for a restriction
enzyme, a Nucleotide prepared to include the sequence can
be used for detection of a Dbase substitution. If a
mismatch is generated between a Nucleotide and 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 1is 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



It is possible to exam ne whether the genotype of 15 a diploid cell or an

i ndi vidual having the cell is honotype or hetero-type for a specific base
in a gene by applying the nmethod for detecting a base substitution of the
present invention to a nucleic acid sanple prepared fromthe cell. Al though

it is not intended to limt the 20 presertinvention, for exanple, if the
nmet hod of the present invention is carried out using Nucl eotides that
correspond to four types of bases and are cleaved if there is no m smatch,
signals are detected as a result of cleavage of the Nucl eotides for two of
t he Nucl eot bdesetar a2X arqutcl ehcl @t dasddphbadder iNecl dotoida arlikef thki ch
t he 37 genotype is hetero-type. On the other hand, a signal is detected
for only onebefethenhblicheat itges thpesa cludrilcacid waybe desdvedvbtom a
cell of which the genotype is honotype. In addition, it is possible to

si mul t aneouskythedet Rennag Woetbed tBeshervahypazhas.or does not have a
base substitution. As described above, the nethod of the present invention

is useful for detecti gReof Nachase igebstdft utdran ipradert | elgvehBlodheilit
used for detecting a base 10 substitution of the present invention The

preseng i nventhoBdPWAthdehed KidldesRd fOrnélpt ectiopmohua PasgepdRatielyti on
according to the present invention as described above. In one enbodi nent,

the kit conpahnspidie Mieneaionde; 8f p&%&%ﬁ%t'elavef'%ﬁn tHd WB¥midusQntain
a set of Nucl eotides each containing one of four types of bases that can be

used to deteppi-Be tihe pieseBpe-PEia baseituksbint Utdatandidfe txype ofat he
substituted base at the sane tinme. Furthernore, the kit may contain a

nucl ease supbabherbge NG e@ﬁigest%PD% pobygeraser & LO0-spbsisabe for

t he DNA pol ynerase (dNTP), a buffer suitable for the reaction and the |iKke.

Al ternativepys EQEehE&oﬂa}erﬁ”Eﬁb”Ba -keagenhst gk Qeta‘f‘fcfalaﬁ?”dg eflding on

pl’l mer - ext ensi on proau contal ning a reagen preparing a

ECLAE T SV SARsAdeTon bUe) ke, ol SRR e AR B O t
with a nuc'fhglaadescherlchla 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 Dbacteria
15 belonging to genus Thermus (Tag 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
reaction 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 1f it 1is sufficiently 1long, although it may be



anplification nmethod. Exanples The follow ng exanples further illustrate
the 5 present invention in detail but are not to be construed to limt the
scope thereof. Referential Exanple 1: Coning of Pyrococcus furiosus RNase
H I gene (1) Preparation of genom c DNA from Pyrococcus 10 furiosus 2 L of
a nmedium containing to Tryptone (Difco La&®ratories), 0.5% yeast extract
(Difco Laboratories), 1~ soluble starch (Nacalai Tesque), 3.50 Jamarine S
Solid (Janmarine Laboratory), 0.5~ Jamarine S Liquid (Janarine 15
Laboratory) , 0. 003 MyS04, 0. 001% NaCl, 0. 0001 FeS04 7H20, 0.0001
CoS04, 0.00@%k1caCked frUROthe. @GRYeZnHl4lelcl appa €FSA4 isH2O0r®.. Ifppm KAl
( S04 ) 2, 0. 1 ppmH3B04, 0 . 1 ppm NazMb04 2H20 and 0.25 ppm N .d z
6H20 was pl amad pél Pn@risdetiavingot &| ety | HizpdaabméROC dei Py Ayt es,
and 20 bubbled with nitrogen gas to renove dissol ved oxygen. Then,
Pyrococcus figedosuhe perodnsetl iksodeBeulsaltedSaadnngthy 0fabykt oangariisnen
DSM3638) was inocul ated into the nediumand cultured at 95C for 16 hours

wi t hout shakihd. wdrerpall ek¥ahk98n ®§ lthavepRacpbl oabedsby centriaf pgation
25 The resulting cells were then suspended in 4 ml 39 of 250 sucrose, 50

MM Tri s- HClpopkm@r@ke Badifly af 5230 @Qbﬂhché%@éYH%tQQhQ&'QQ ubeeal &he
Tesque) aqueouS sol ution was added thereto . The m xture was reacted at 2 0

C for 1 houkrafhkak &%a@Eande&4b tﬁE @Nﬂ!ﬁbqyﬁegaggalnlng 150 "M 5 Nadl,
1 nmM EDTA and 20 nM Tris-HC1 (pH m “of 20 ng/m proteinase K

(Takara Shuzo), and 2pfknefigd 1Q-~ 1%0%64;”1 iﬁ&%ﬂdeé uthai endguequs tp%‘éls'étn'ton
were added to the reaction m xture. The m xture was i ncubated at 37C for

hour. After ihgagkhign, th& M Xbisoy@s SWRj eciethdrit i Reno! -ﬁm%eforam
extraction followed by et hanol preC|p|tat|on to prepare about 1 ny of

genom ¢ DNAs+(4)-+(hr@nirg Qfs Bhse %@n@f"é‘?mfﬁrﬁﬁﬁ] epgy of
Pyrococcus horlkoshll was publishe [DNA Resear 95- 76 (1998) 15 The
exi st egce o glefctel I

genome uas. Reoverees 1B MU Rt S1e 8 ; 1 shEERED0) AL i

Technol ogy %HQrEVQ'EQBbBBclg%EE h’%@M%EEheaQOalﬂﬁkiease:

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 substitution detection. Furthermore, the

20 Nucleotide may contain a nucleotide analog or a derivative
(a modified nucleotide) as long as the function of the
Nucleotide is not spoiled.

A Nucleotide that is a chimeric oligonucleotide

represented by the general formula wherein N' is a modified

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



Honol ogy between the PH1650 gene (SEQ ID NO:1) 20 and the partially
publ i shed genom ¢ sequence of Pyrococcus fvriosus (the hone page of
University of Utah, Utah Genone Center

htt p: / / www. genome. ut ah. edu/ sequence. ht ) was searched. As a result, a

hi ghl y honol ogous sequence was found. 252 iners 1650Nde (SEQ I D NO:2) and
1650Bam (SEQ ID 40 NO: 3) were synthesized on the basis of the honol ogous
sequence. A PCR was carried out in a volune of 100 ul using 200 ng of the
Pyrococcus fvriosus genonmic DNA obtained in 5 Referential Exanple 1-(1) as
a tenpl ate, 3andc20 pmel of 1650Mstempnd f28dpnol ghel@50Bam as psbeeisic
TaKaRa Ex Taq (Takara Shuzo) was used as a DNA pol ynerase for the PCR

according toihheadtbackedcriraiagokheThasBCBoWRSspahHiag eut tas bakkows: 30
cycles of 94C for 30 seconds, 55C for 10 30 seconds and 72C for 1 m nute.

An anpl i fi edhBNAubra@renst ofh@bbikeO stibkk iWat idngesdettiidh dkleloagdaBant
(both from Takara Shuzo). The resulting DNA fragnment was inserted between
the Ndel site and 1beaBagHinsiti: | Poat PbAS Fehréaehdedd BlBanbNovaggnbhnko
make a plasm d pPFU220. 15 (3) Determ nation of base sequence of DNA
fragmegt cophBbAiREnRNagE HunhdengJha hasesaguesice ofot heehipleagmant
inserted into pPFU220 obtained in Referential Exanple 1-(2) was determ ned

accor di ng tﬁuél@b@@@éYﬂHﬁwﬁEbhZQh@nQEﬁﬁkﬁ Qff e dsbef bRed BagscpeaUence

reveal ed an open reading frame presumably encodi ng RNase HI I. The base
sequence of w{,heqpper ieadi ng, fJa08 d s%pd% 192 SEQ.) ~4nafhs 8/ Rpeaci d
sequence of qse HII)de uced fromthe base se%uenceg%gggﬁ%mﬁ ?n g%% FD

N5, 25 Esgheei goha 6ol bnIWLO% 0 anshargedeubhh they 4L Rlesm dgPEUR20

i s designated an ndi cated as Escherichia co

deposit od onoBaPLENIEr the H0Q.R JAQLOALLRRL, PaLEL L 0a8! B RBPRSHLarY:

National Institute o vance stri al Cl ence a chnol o

Tsukuby Cenppaly 6 de by 1 gash 1- Guose,  Tapkubarsie Lbatgkisken 385:8566,

Japan under “accessi on n at International Pate

O gani sm Degﬁg'l:&ﬂ}éitgzﬁhogégﬁ%gf‘c' tﬂk/ﬁggfc;éﬁﬁ%{?ggfgkgg“%fa%i‘&tﬁ%%ﬂ?e and

Technol ogy UNhdér "accession n E ransm ssion to

[t ernatTonal deposi { LY AVLNATLYY o Weln 200)c o (A ProparaLign gl

purified RNase HI | preparation EScherichma coli Novagen
transfornmed_w.th pPF 0 l,hed d n . Ref Lal .Ex l.e 1 (2)...Th
resul ting Eggﬁ}gr it(%ﬁi ;E%%}.?g%%?%fﬁe hgggggﬁﬁg lp?ﬁ%ﬁ%ﬂﬁnmléyi ﬁ)égaﬁgﬁsd
into 2 L of Lghnedium (Nngglﬂ ng 100 ug/nid%f angicilgtn and cuIturBﬁAyﬁth
shaking at $7EPf o TEHSGRTS RfFt eFYcuft t FVRAUST, d8PPE2EGHI R By
centri ugatiogemegg s#%geg?eg iﬂ 66. 0 n% ﬁé % songcation 0 bufferS.SO mM
Tris-HCL (pBF8E0y;°% EbTRE SURRFERERYI MRt FRReSIFFSRYE fPlorrdefsant
soni cated. A_sypernatant obtained by centrifuging the sonicated suspension
at 12000 1 pRFPBRCTO Nkt B8 WS hbntarat 266 E'FoP BSSAYTt 8E. 3 SRAS t hen
Centr'queds%Bs%%gggiggnhggrbe conveniently confirmed by appropriately
labeling the Nucleotide.
There 1is no specific limitation concerning the
20 method for labeling a Nucleotide. For example,
radioisotopes (*P, etc.), dyes, 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



25 10 mnutes again to collect a supernatant. Thus, 6/.5 m 42 of a
heat ed supernatant was obtai ned. The heated supernatant was subjected to
RESOURSE Q col umm ( Anersham Phar maci a Bi otech) equilibrated with Buffer A
[50 MM Tris-HC1 (pH 8.0), 1 nmM EDTA] and 5 chromat ographed usi ng FPLC
system (Aner sham Pharmaci a Bi otech). As &&esult, RNase HI flowed through
the RESOURSE Q colum. 60.0 m of the rom#through RNase HII fraction was
subj ected to RESOURSE 5 col urm (Amer sham Pharnacia 10 Bi ot ech) equi | i brated
with Buffer A and eluted with a linear gradient of 0 to 500 mM NaCl using
FPLC syst emligahdacthan cemnhaitnilg RNasetdlyl déétéetedi tMayabbat Wkl mihNaC
was obtained. 2.0 mMl of the RNase HII fraction was concentrated 15 by
ultrafiltratoobinasitngnCentirtihcore 10l {gmad-dnmnd b usulodtihee cohaehhgat @ was
subj ected to Superdex 200 gel filtration colum (Amersham Pharnaci a

Bi ot ech) eqdekebtabed Wabkel30 nkbdr egamPle( pd &dhgeromuweeing 46904 nvaNaCl
and 0.1 mM EDTA and eluted with the same buffer. As a result, 20 RNase Hi |

was el uted bBe depesttdonichr heghosdhBgtioigaynbyeasliay webgbtinet ¥¥fom a
ki | odal ton. This nol ecul ar wei ght corresponds to that of RNase HI'l in a

form ot a nmngaRE-1dhelelutidt Isiaidd Enwasomsiathtaicord RidhRNaseehlklme-
preparation. An RNase H activity was neasured using the 25 thus obtained

Pfu RNase HihbpleparationigantokheWsody 43d18mpMiFyiagHERe( BHgBaB), 1 nMM
dithiothreitol (Nacalai Tesque), 0.003 bovine serumalbumn (fraction V,

Sigma), 4~ glycerol, ﬂQaﬂgdéb R yéddda{ ARt Sham PhaisBes SOt @gRb1aRd 30
ug/ m poly(rA) (Anershan1 harmaci a Biotech) 5 were m xed together. The

m xture wasnhpeHbaigdsat igéfubiar 40 m:pukesiand uspdiag awswhstbatR a
solution for measuring an RNase H activity. 1 ul of 1 MMCZ was added to

100 ul of tbﬁuéyegaéates%wslﬂah% 2Hte & XLHE@aWBE MAGMBRY &th ahcdD6n A% 10
appropriate dilution of the Pfu RNase HI| preparation was added to the

mxtuig t0 pRbhERIAGA LA I Herdid OF h8RELNY AEot0C iy 3@\%%9%@%&0 ul
of 0.5 M EDTA was added thereto to termnate the reaction. or bance at
260 nm was LHBH+ARASULEPh 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:



15 As a result, the value of absorbance at 260 nmfor a reaction mxture in
which the Pfu RNase HI'l| preparation was added was hi gher than that for a
reaction mxture in which 10 ul of 0.5 M EDTA was added before the addition
of the Pfu RNase HI| preparation. Thus, it was 20 denonstrated that the
preparation had an RNase H activity. (5) 2asurenment of activity of
purified RNase H (a) Preparation of reagent solutions used Reaction m xture
for determning activity: The follow ng substances at the indicated final
concentrations 25 were contained in sterile water: 40 MM Tris-HCL (pH 7.7
at 44 37C), 4 nmM nadnésimimicty osi damplendoiERii¥03a BSArgdt glugderial and
24 uM pol y(dT). Poly[8-3H adenylic acid solution: 370 kBg of a

pol y[ 8- 3H|] adenyl wd tacitties tiudtlicon iv@3 di ssol ved in 200 ul of 5 sterile

wat er. Pol yadenylic acid solution: Polyadenylic acid was diluted to a
concentration of 3 mM(g)t trdtring dher agwteinsatel th Eazyne1dddd i gnd a
solution: The follow ng 10 substances at the indicated final concentrations
were cont ai pRA bbBlghetklse ;wahar: 25 MM Tris-HCL (pH 7.5 at 37C), 5 nM

2- mer capt oet hanol, 0.5 mM EDTA (pH 7.5 at 37C), 30 nM sodi um chl ori de and
50~ gl ycerol . Preparatizon @étdeaingendlaur geesahtet s A gdS OO0 tg Of
calf thynmus DNA was suspended and allowed to swell in 100 m of TE buffer.

The sol uti ogueascéibdt editR aHoONeeRtedkkon OfrHe MprElsew-bh sterd | 8ase
ul trapure water based on the absorbance nmeasured at W260 nm The dil uted

sol uti on wasuheatedtabnl00G f Qfe ke eSHAdKh t hep ZQhéapPQE)éePE@' edg n an
ice bath. (b) Method for neasuring activity 7 ul of the poly 3H]

sdonlc scctsbal on vadiestle Sl opion sl e b
37C for 10 phawheserdsuhcaf ooltadanydl @l ¥BSthe 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. 1In 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,



45 added to the m xture to make the final concentration to 24 }.~. M The
m xture was further incubated at 37C for 5 mnutes . Thus, 1000 ul of a
poly [ 8-3H rA-poly-dT reaction m xture was prepared. 200 ul of the
reaction m xture was 5 then incubated at 30C for 5 mnutes. 1 ul of an
appropriate serial dilution of an enzyne 3bl uti on was added thereto. 50 u
each of sanples was taken fromthe reaction m xture over tine for use in
subsequent mneasurenment. The period of time in mnutes fromthe addition of
the enzyne 10 to the sanpling is defined as Y. 50 ul of a reaction mxture
for total CBMharid andlankebds cpléeparechdyy weldusgd lwithofitt Admdnayien.
dilution solution in place of an enzyne solution. 100 ul of 100 nM sodi um

pyr ophosphaperhblghl ief ishaockheahtdadetured 1dalift thenmes cBNAtS dnwtenedoand 300
ul of 15 10s trichloroacetic acid (300 ul of ultrapure water for neasuring

total CPM weee wglshed satmdike magplse Ehgjdicxldr ecyvasHaCciubahed adf O€hkor 5
m nutes, and then centrifuged at 10000 rpmfor 10 m nutes. After

centrifugat peBsedd0 Uhvehtibg rgsetéiagl gupeffat antt Was Plappedphiiateliyal .
10 m of 20 Aquasol-2 (NEN Life Science Products) was added thereto. CPM

was megsur egrbae@sleaquiﬂérscéﬁzﬁﬁll@,ti@ﬂté@umteri-s (convedtead athed af famid S
Unit value for each enzyne was cal cul ated according to the foll ow ng

equation. 2{ibni twRich {dm@assed Gy Bhanka CPMaxt dor™ us By X al 0BRAX
46 dilution rate} 200 (ul) / (total Mx Y (mn.) x 50 (ul) x 9**) 1.2*:

Amount i n ”?Bhyﬁ%ragby[SsﬁéhrérB%E%s@E captayred yish st etral, EBYhPRS R@14l . S
9**. Correction coefficient. Referential Exanple 2: Coning of RNase H

gene from Agghagoglohus, U!aﬂhdllﬁn(i]ﬁid%rﬁ%{ abeon, of, 980081 GJMA FX oM

Ar chaeogl obus fulg.i1dus 10 Cel I's of Archaeogl obus ful gi dus (purchased from
Deut sche Sagghﬂmg.von M kr oor gani snmen and Zel | kul turen

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
cleavage 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 1is

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 1is determined 1is



GrbH, DSMA139) collected from8 m of a culture was suspended in 100 ul of
25~ sucrose, 50 MM Tris-HC1 (pH 8.0). 20 ul of 0.5 M EDTA and 10 ul of a 10
ng/ M |lysozynme 15 chloride (Nacal ai Tesque) aqueous sol ution was added
thereto. The m xture was reacted at 20C for 1 hour. After reaction, 800 u
of a m xture containing 150 mM NaCl, 1 mEDTA and 20 nM Tris-HCl1 (pH 8.0),
10 ul of 20 ng/mM proteinase K (Takara Shuzo) and 50 ul of a 100 sodi um 20
| auryl sul fate aqueous sol ution were added to the reaction m xture. The

m xture was incubated at 37C for 1 hour. After reaction, the m xture was
subj ect ed t exphgndlrdlldar of arn extisaché tiod £t anrol cphechvé atiindd raiad ion
air-drying, and then dissolved in 50 ul of TE to obtain a genom c DNA 25
solution. akéut2)arC enbligt ObrRNaseyhithegened Thatemisics gersdiE: sgeguemce of
t he Archaeogl obus ful gi dus has been published [Klenk, H P. et al., Nature,

390: 364- 370 and29?) lof Thengxilebenge Q:f gﬂﬂbﬂﬂfﬁeerl@&ﬁi an5 AppFed e eof
RNase HI | (EFOGZl)caas kﬁown (SEQ | 19 an>a o

http: // ww. i bgk]0k GcbeboeMREbt %If&bma%ﬁ&lr%ﬁllali@%lﬁtﬂ Bt IR prjide (SEQ
| D NO: 14) and AfuBam (SEQ I D NO: 15) were synt hesi zed on the basis of the

sequenge of thke ARBARAE g6Be (1BEQ ddhdadey . kb dhdXdh Wasr deidt edaut Hasi ng

30 ng of the Archaeoglobus ful gi dus genonlc DNA prepared in Referenti al

Exanpl e 2- ﬁe%ekmﬁ%e@ %%Rlﬁﬁéml gind 20¢ afﬁHfH& 8nd gRoRuek Giroff uBam
as prinmers in a vol ume of 100 uI ﬁyro est pol ynerase (Takara Shuzo)
was used asyarENAtRAl YREEE&H ARL9" b P&a@ccg&@c&gltt%t ag atgached,

pr ot ocol . The PCR was carried out as | ows: 4 cyc es o 94C

seconds, s and 7 nut e %gqg ragnment
of about 0. gl%%%ﬁéghg?gggged mnthgﬁﬁiﬁégﬁﬁ anHI (bot ro $9kara ﬁ%&o)

e TS5 A B ST A o OB I e e g
In PTYBION 43+ GRS b§9eh Bl Ral iNAfk Rt fhyf BMRkE 42 Pl asm d pAFL204.

According to the detection method of the present
invention, the extension product may be further amplified
using a known nucleic acid amplification reaction. Such 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 1limitation. 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
(38R), Nucleic Acid Sequence Based Amplification (NASBA,

25 Japanese Patent No. 2650159), Transcription-Mediated



(3) Determ nation of base sequence of DNA 25 fragnent contai ning RNase Hi
gene 48 The base sequence of the DNA fragnent inserted into pAFU204
obtained in Referential Exanple 2-(2) was determ ned according to a di deoxy
met hod. Anal ysis of the determ ned base sequence revealed 5 an open readi ng
frame presumably encoding RNase H I. The 3tase sequence of the open reading
frame is shown in SEQ ID NO:16. The am no acid sequence of RNase H

deduced fromthe base sequence is shown in SEQ ID NO:17. Escherichia col
JMLO9 transformed with the 10 plasm d pAFU204 is designated and indicated
as Escheri chingle6ticad/ba9/ piEL204 anandr steflosihel andFettiimeyi @2 praf@t-at

I nternational Patent O ganism Depositary, National Institute of Advanced
Industrial $atieneeeand ARSI @gyiol SHETSukbEe {@Nnt kalide, 1¢tIcAN gasi

1- Chone, Tsukuba-shi, 15 | baraki-ken 305-8566, Japan under accessi on nunber

FERM P18221 pandeatl 7h nteimabé oraledRat ent KIHANkERPePAEEbAr Yin Nat iteRdlet
Tnstitute of Advanced Industrial Science and Technol ogy under accession

nunber FERM,BR1£681acdat eadf pkr aBEBLE8HOBY! QsiiRGekRAt NoRalkodgRes bifakie
authority: August 20 2, 2001). (4) Preparation of purified RNase Hi

prepar gtion E%EQE'E' Chh el bn IMHI avag riikaist eppeds phthe SAEUZOA bt @inaed i n
Ref erenti al Exanp e 2-(2). The resulting Escherichia coli JMLO9 harboring

PAFU204 was -2p. tL@ﬂ%H'téE:?d $8t @ 2pla Ofs B R diUm LomlaaidiinG: 108 ugisd @f
49 anp|C|II|n and cultured with shaking at 37C for 16 hours. After

cul tivationg %Ps coll ected by centrifugati on were suspended in 37.1 m of
a sonlcatlon bu [50 mM Tris-HCL (pH 8.0), 1 nM EDTA, 2 nM

phenyl met hanesul f onyl rf Lkg{ Jtlff’oé‘”go:?o’Ei'ect%tc‘f&(ingA f“ﬂﬁé%ats%%tst%h@l%%d by
e or

centrlfuglng the sonlcat suspensi on at 12000 r m nutes was

heated at 70 IS s dertad hey centeiLyosdel 2000, £ gl 10

m nut es aga| n tO CO ect a supernat ant eat

supe! AR ant WBseoRLALaeflsal0pthe eat ol aUpgﬁ§aggggﬁwggnsugb%%ggd {Qne

RESOURSE Q c ners arnacia Biote rate Buffer A

50,10 11! LRl O cAcrb DAL stk e opguied g ER gt o

RESQURSE Q 89|¥ﬁg'prlmers 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 nucleic acid amplification reaction as
described above, the presence of a base substitution can be
determined based on generation of a specific amplification
product by the reaction. Although it is not intended to
limit the present invention, for example, gel
20 electrophoresis, hybridization using a probe having 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 product. In addition,

25 detection reactions suitable for the respective gene



The flowthrough RNase HI I fraction was subjected to RESOURSE S col um
(Ammer sham Pharmaci a Bi otech) equilibrated with Buffer A and chronat ographed
usi ng FPLC system ( Aner sham Pharmaci a Bi otech). As a result, RNase 20 Hi

fl owed through the RESOURSE S columm. 40.0 mi of the flowthrough RNase HI
fraction was subjected to three rounds of3%lialysis against 2 L of Buffer B
(50 MM Tris-HC1 (pH 7.0), 1 nM EDTA) containing 50 mM NaCl for 2 hours.
40.2 m of the dialyzed enzyne 25 solution was subjected to H Trap-heparin
colum (Amersham 50 Pharnmacia Biotech) equilibrated with Buffer B
Cont ai ni ng a2op1VifiaG iahd melthioeld Wahhba lailzeanitdriadieent of 50 to 550 nmM
NaCl using FPLC system As a result, a fraction containing RNase H| eluted

with about 240 nM NaClfwasaobt aubeditbtioBsmawd tbe JNaggattedir actingn was
concentrated by ultrafiltration using Centricon-10 (Am con). Four portions

separated f R -t Wetdfod her cOmE ept & 9éet WeheefitbbaCched at gcbpaicose 6
gel filtration colum (Amersham Pharnaci a Biotech) equilibrated wiwth 50 mM

Tris 10 HO 16RHE17- Okneont @i whed JH0 tHd Nagh2Rdn0. 4yEMeEDIy @ndhel waed Wi th

the same buffer. As a result, RNase H I was eluted at a position

corresgondi Rg,19 & FRIEGU Ln@ran‘éle 0@t n@k- e%@ 1A KideQE@lt &F 1 hitled iRl 16U haly
wei ght corresponds to that of RNase HIl in a formof a nonomer. 15 The

RNase HI I el ethap deseshbedaehoneinas iesd @5 aaryie RNAsErHel number
preparation. An enzymatic activity was nmeasured as described in Referential

Exanpl e 1- (9)r usidlg LhguLhHSsObt al nRd-AbLnRNase Add fuwpagat Hhon se%real
result, an RNase H activity 20 was observed for the Afu RNase HI |

preparatlon i e atrzres S i f OWILLY
Exanpl es vvageggl%nﬁl\%trgd ggsql?a!]hf £o Ifghagtrtggay%rﬂ;\) @?i%gl y?%jl'l?') (both from

Arer sham Phat iReIa 8l alre gk \H%%e@'ti%?ll ¥ednod brmen@t A1 E kil 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. Optionally, 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.

Any nucleic acid amplification reaction may be
utilized in such a system as long as the DNA fragment of

20 interest is amplified using the reaction. Although it 1is
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



25 (pH 7.7) containing 1 mM EDTA to prepare a poly(rA) 51 solution and a
pol y(dT) solution. The poly(rA) solution (to a final concentration of 20
ug/mM) and the poly(dT) solution (to a final concentration of 30 ug/m)
were then added to 40 MM Tris 5 HCL (pH 7.7) containing 4 mMwMd z, 1 nM
DTT, 0.003% BSA and 4% glycerol. The m xti4e was reacted at 37C for 10

m nutes and then cooled to 4C to prepare a poly(rA) poly(dT) solution. 1 ul
of an appropriately diluted enzyne solution was added to 100 ul of the
poly(rA)-poly(dT) 10 solution. The m xture was reacted at 40C for 10

m nut es. 10 abbveFmenT iMnEdTAinesgadtded thestedm. t 0 Frertheaheréhe 4 eaoirdeon.
Absor bance at 260 nm was then neasured. As a control, 10 ul of 0.5 M EDTA
was added tbighe yr datidgratiaXt siyetemheanhesid teagstixdted® waslieanyedhat 40C
for 10 15 m nutes, and the absorbance was then neasured. A val ue

(di f f er ence tedhabgRekaneebrdahgohbai-hed py seubt fatkentgonhhe absorbance for
the control fromthe absorbance for the reaction in the absence of EDTA

Thus, the concentrati ahneof Bgekbegitcdeyrel sasedidtost Dohy(rdy - pal Y( ®hke
hybrld by the 20 enzymatic reaction was determ ned on the basis of the

di fference isppahgenkanee. cene vait iebravedNasy Hiwes wdeh Fne% a&o@afa@@unt
of enzynme that increases Azso corresponding to rel ease of 1 nnol

r'bonUC|90thﬁ%lb6tl@e”‘@Hteﬁhe“hNG@l&@§1&é|Qﬁ&aﬁﬁﬂaaiﬁﬂﬁﬂhﬁg Eav%%%lon
foll owi ng 25 equati on: 52 - [Difference in AbSorbance x Reaction

Vol une (n1)hn6/9r0%§2abﬂééﬁyﬂéﬁély<é&jﬁ%tpm%R@E§ EéﬁEEHSnlteQ?%%%%hg% of

base substitution in human c-Ki-ras gene 5 Preparation of tenplate DNA

fragnents e%ﬁhtﬂévh%%h%dS%%U%R%e @EEeﬁ@ﬂxhveﬁ%IoﬁArg) , TGT (Cys) or AGT
(Ser) for codon 12 in human c |-ras exon 1 were prepared. Briefly,

anplification product@hgb%@€?@$g@ﬂePQﬁ§.%%%ggﬁéggﬁﬁ2§§Y§$§§Oﬁo§5@§ggngjng

10 to the above-nmentioned codons i n ras

Tak Sh d St T
(Takapg Shuzgyeqn £§ST$%%%: 1%%gvaggh)c(ggﬂsa§£&@e( ay a %Q%%ﬁhﬁgﬁfé

cloned into a vector usi ng the thus obtaine

;:Eg?b'”a”tcBhﬁighQ%lgi LR 58080 M3 R I dTeh%a Mk 2BHs RYn ( BRLRGQM

and is useful for the method for detecting a base
substitution of the present invention. In this case, the
presence 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, 1if 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 utilized as a primer, an extension product can be
detected utilizing 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



15 Shuzo) were carried out. The resulting anplified fragnents were
recovered and designated as tenplates 12G 12R 12C and 12S, respectively.
(2) Detection of base substitution Three chineric oligonucleotides having
base 20 sequences of SEQ ID NOS:7 to 9 as forward Nucl eotides for
specifically detecting the tenplate 12G wére synt hesi zed on the basis of

t he base sequence of hunman c-Ki-ras exon 1. The hydroxyl group at the
3-position of ribose noiety of the nucleotide at the 3' end of each
chimeric 25 oligonucl eotide was nodified wi th am nohexyl. Each of the 53
Nucl eot i desfhadmanteduénce coaplementdeguiie the base Ségdénesovfichesar
c-Ki-ras exon 1 in which codon 12 encoded Ay. An oligonucleotide having a
base sequeneaetafriBEQAD eNIDXA Wwaslgyatassi ped the dnilaent | skngéupreseenter
nucleic 5 acid anplification. A reaction mxture of a total volune of 5 ~1
cont ai ni ng pOlpphkatdoch afiethedf dravapdefecabity detAbiizéte Zort | sercde pni nmer,
1 ul of a 0.25% propyl enedi am ne aqueous solution and 1 pg of one of the

t enpl at es 12fdod2fient2Rhatd 1AvdPEeas caaherpl i emvdscpl epamed.ghtheof oawar d
Nucl eoti de and the antisense prinmer were annealed to the tenpl ate by

heating at 88uoteboendeniabteésdaNdcllbenide.53 C in Thermal Cycl er Personal
(Takara Shuzo). 20 ul of a m xture containing 0.625 nM dNTP m x, 40 nM

Hepes- KOH buffer (pH 1§ #nd) Nubd=otVdeotars sthen peesahe, 1hveait iegnaaii ¢
acetate, 0.01250 bovine serum al bumi n, 1.25% di nethyl sulfoxide, 16 U of

Pfu RNase Hik apailesedi hof iattBehament hal rExerdseedt SibdtnicBcaBest aDNA
pol ynerase (Takara Shuzo) and sterile Water was added to the heated m xture

to nake thegfpbBaknd@ VolaIRgt 0 22D Wetildie react heanshxhyr e riasrieBedhated at
53C for 1 hour. After reaction, 5 ul each of the reaction m xtures was

subj ected t gneteelr opPemeSktBeONrIubreddah@SesdBktanbBe 858ht StARE SRgwn in
Figure 1. The reaction mxtures in which the tenplates 12G 12C, 12R and
12S wehe  fluorescence is not emitted is to be used, the fluorescence
is 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 presence of a base
20 substitution and the type of the substituted base at the
same time.
The Nucleoctide of the present 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



25 used were applied to lanes 1 to 4 in the agarose gels as 54 shown in
Figures 1-1, 1-2 and 1-3, respectively. Figures 1-1, 1-2 and 1-3 show
results for the reactions in which the Nucleotides of SEQID NCS:7, 8 and 9
were used, respectively. 5 As shown in Figure 1, using the Nucl eotides of
SEQ I D NCS: 7-9, anplification products wel®e observed only when the tenplate
12G was used, that is, when the target nucleic acid encoded Ay for codon
12. These results show that a base substitution in a target nucleic acid
can be 10 distinguished by using the Nucl eotide of the present invention.
Furt her nor ethiet Wasleomfidenedst hatrsheei f addadpltdi cat immrnedul d-daetingr oved
by using a Nucl eotide containing inosine. Exanple 2: Detection of other

al | el es for mdxKurkb fieas RARlon A2b&asedubntihetiesubta bk Bxarpltedlwith
chimeric oligonucl eotides having base sequences of SEQ ID NOS: 10 to 12 were
synt hesi zed hdghNuskeastiitded tyapbbl eselespénif i gsaldycésdé ngthiasthi nig t ethases
of codon 12 in 12R, 12C and 12S 2 0 prepared in Exanple 1- ( 1) . SEQ TD

NOS : 10, 1linardivatshiowndirse thequemcds ioars EepontiencrQ al l el es in which
codon 12 encodes Cys, Arg and Ser, respectively. The hydroxyl group at the

3-posi i on of ribose weilalsy ef theghuel eghidelat ihelddiend inBachare
Nucl eoti de was nodified with am nohexyl. 25 Reactions were carried out

usi ng theseubuehegt idigsl it h&eing 58 PaliirS IS EcRF bii®soRés SEQTHR ANF R eynder
reaction conditions as described |n Example 1- (2) . After reaction, 5 u

each of thejreacthde NEUbLE ESUVBSH SHBleekadtt T et §9ORDF£S1 5288 3n0a
agarose gel. The results are shown in Figure 2. 5 The reaction m xtures in

whi ch the tempbabesmbsG thdke l2R anthrklS pBkeiWsed &\@é@s an@, | gd1tQusanes 1
to 4 in the agarose gels as shown in Figures 2-1, 2-2 and 2-3,

(AR e\ icP RS Zplend PRR R Shou S bpgttpegees ot
respegipi Vel %e1l do not have a base substitution; homozygote (homo-
type) in which base substitutions are present on both
chromosomes; and heterozygote (hetero-type) in which only
one of chromosomes has a base substitution.
It is possible 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 invention 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



As shown in Figure 2, specific anplification products were observed only
when the Nucl eotides of SEQ ID NOCS: 10, 11 and 12 were used in conbination
with the tenplates 12C, 12R and 12S, respectively. Thus, the 15 Nucl eoti des
of the present invention could exactly distinguish the bases of interest.
Furthernore, it was confirnmed that specif3T anplification could be inproved
by using an oligonucl eotide containing inosine. Exanple 3: Allele-specific
DNA anplification of 20 genom c DNA Reactions were carried out under
conditions as described in (2) above. In the reaction, 150 ng or 30 ng of a
human genomgenbApeC it kehgréotyybl ch od tied bedarcoerhd,med shghatoden 12
in c-Ki-ras exon 1 encodes Ay 25 (GGI), the Nucleotides of SEQ ID NCS: 7,
10, 11 and H2tec%ed( @i @3PYNBnRY offo tHey NuGi B0 tAR saFd rSer nalcleadoncid,
respectively) which had been denonstrated to be able to specifically detect

the four al lsehgsef Aeraamon f7om Na Exalm! &£l aid?, t1s yehdt@sSet he awvhiosense
primer of SEQID 5 NO:6 were used. After reaction, 5 ul each of the

reaction m xkiees WasnSUliEEt een} 0 £t ecid O LY 1% 03 @YadamesRugel. The
results are shown in Figure 3. The reaction mxtures in which the

Nucl eotsi de @b teERihR NQEtherl@nelhoaBdtideeag bsedoWR 802PRlvRd at Bals@nes
10 1 to 4 in the agarose gels as shown in Figures 3-1 and 3-2,

respectivel y,pEkgues ofr, 1 anfs3- 3o SAPYLEGSULESVE 0T {he RAGILNS A Nyl ch
150 ng and 30 ng of the human genom c DNA were used, respectively. As shown

in Figure 3 ificat, : a; [a t ve nl t he

Nuclegtide SF%%EEF|Dﬁ%8?%%¢§§ uégyAPéggp&Igggqbfw%ﬁgggagﬁnt%g? Fﬁewﬁﬁ%an

genom ¢ DNAg,, %E%ﬁ%'%ﬁpﬁbfkﬁfkﬁggl%f a DNA fragnent was not observed using
u

ot her Nucl eotides. These results confirmed that the method for detecting a

b bstituti ft 20 i 1 | d t t
sgzgi??csailglgo?noa égﬁoniEﬂ%ﬁgfﬂéigggﬁg&h?nég?gct?gﬁeﬁgfﬁ% Ségsoﬁggﬁﬁase
H f i ' i t i : b bstituti
descriBed | FOERarerE Tongs SranPreqeigs tavedtiBe B % o Rbse H | g
described in 57 Refgpential EXamlgeh QoM 8 RESES I R RMaSE Hop

derived from Met hanococCus™Jannashi, prepared escribe ucture,
nder condi DRS4S TAE ISR 11 bBA° P “LEERAR Ao g THE NGBl BBF B SERGEQ | D
ant | semse pRPHBPULR @ ettt sSovBach ot Tt TURCFBR i xbaFed Ve
subjected to %Iegtro hQ{ i S, on 3 QT goarose eIhEThe Qggyjts are,_shown in
Figure 4. TRETT6 PEaction M SaUrEes | AE wAPEh e P iR 198, 13E, PE9R and
Figur a8 4- 1CHRISAR2 S TESpedts VIRY CH s eatH SRH AI oW 1os ot SOL8T the
R T S B e
That i s, wheh PhBoFar SUPSratie  Eragnd SRboddE Sy AOF BRRoH TATen e
results showthat a base 3ybsti tuL9nihR. A" 9he MEE! i htlibe o
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



20 di stingui shed using these RNase Hs. Exanple 5: Detection of SNP using
DNA anplification reaction system (PCR) that requires denaturation step The
nmet hod of the present invention was exam ned 25 using a DNA anplification
reaction systemthat requires a 58 denaturation step. A chineric

ol i gonucl eotide of SEQ ID NO: 25 was synt h#&i zed as a sense Nucl eotide for
specifically detecting the tenplate 12G on the basis of the base sequence
of human c-Ki-ras exon 1. The hydroxyl group 5 at the 3-position of ribose
noi ety of the nucleotide at the 3' end of the Nucleotide was nodified with
am nohexyl . sAbptit®tilkdavi ngnt he dda®d nsedvence widft hSEQal D Micl@iwas acid

synt hesi zed as an antisense priner as well. A reaction m xture of total

vol ume of 24mpll iFariadiidnneheTB ool each of 10 the synthetic Nucleotide and
the prinmer (the sense Nucl eotide and the antisense prinmer), 2.5 ul of Ex
Taq buffer (Takara Shgz@jplésul of 2.5 mM dNTP mix, 50 U of Afu RNase HI|
and 0.625 U of Ex Taq DNA pol ynerase (Takara Shuzo) was prepared. 1 ul of a

10 ng/ul solution of whe 1¥chesniaye dRGnpleSs AZRdr 123 RIARIRD ithe
Exanple 1 was added to the reaction mxture. A PCR was carried out using

Ther mals Cycheesehdkahdenltdaq) ids detldianWgut2oa s 30 cysl 8 ebn2teubar t2
seconds, 59C for 2 minutes and 72C for 5 seconds. After reaction, 1 ul each

of the reachian+2@ngl xtypestM@sednal yzed using Agilent 2100 H oanal yzer
(Hew ett - Packard). The results are shown in Figure 5. Figure 5 is a graph

that illustrates the WRL$ £Qf 18Rk 'Z:‘?L%“ qn p"c‘i@&‘ﬁ%@ b ”tf%fr%%%gfc?{s the

respective tenplates. The vertical axis represents t anount "o

anplificatigy fr Cknak el Rtrer and the horizontal axis 59 represents
t he PCR cyc?@ ng%%gr.Nﬁgesﬁgwn%%%eFigure 5, specific anplification of the

DNA of interest was oQggrvﬁgﬁggigtﬁggnO%hgg%%§mi@t%m&@(%rg$ ﬁghﬁﬁ%ﬁJ%?SThus

all el e was consistent wth the priner use det ecti on, was-used.
it magoconfgﬁgggsh%at the nethod of the present invention was al so
effective for a anplification reaction systemthat requires a step of

CeraL 0 RS B0 5 B LS cEIeT e o LB RoRlee, s
Laboratories), 0.5% yeast extract (Difco Laboratories), 1%
soluble starch (Nacalai Tesque), 3.5% Jamarine S Solid
(Jamarine Laboratory), 0.5% Jamarine S Liquid (Jamarine

15 Laboratory), 0.003% Mgso,, 0.001% NaCl, 0.0001% FeSO, = 7H,O,
0.0001% Coso,, 0.0001% cCaCl, = 7H,0, 0.0001% znsSO,, 0.1 ppm
Cuso, * 5H,0, 0.1 ppm KAl(SO,),, 0.1 ppm H;BO,, 0.1 ppm
Na,MoO, * 2H,0 and 0.25 ppm NiCl, * 6H,0 was placed in a 2-L
medium bottle, sterilized at 120°C for 20 minutes, and

20 bubbled with nitrogen gas to remove dissolved oxygen. Then,
Pyrococcus furiosus (purchased 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



exam ned. Specifically, DNA fragnents each having a sequence CAA (du) (
AAA (Lys) or GAA (A n) for codon 61 in human c-Ki-ras exon 2 anplified by
PCRs using the DNA 15 prinmers of SEQ ID NO5:19 and 20 were cloned into the
vector pT7-Blue. The vectors into which the DNA fragnents were cloned were
purified according to a conventional neth®2 and designated as 61Q 61K and
61E, respectively. Based on the results of Exanple 1-(2), chineric

ol i gonucl eoti des of SEQ 20 ID NCS: 21, 22 and 23 were synt hesized as

Nucl eoti des for specifically detecting the respective vectors 61Q 61K and
61E on the lbasixsofstdeobasesseane e HfHAMpH c8KD)Y L as ,exomP. ofhe 10
hydr oxyl group at the 3-position of ribose noiety of the nucleotide at the
3" end of eaefymlucl ol wre 26h1esigedi (Naed Wit T egquehexglieclbe soqhitdwnng
reacti on was 60 carried out using the Nucleotide as a sense prinmer and
the primer @hasSEQddd Nh@de s, anTaB! inS @A%E ePidEIredf&BCAE 0RONTXFYEE 10f a
total volume of 5 ul containing 50 pnol each of the synthetic

ol i gonucl eotictle: .pr ARy (SRR oANd 273 ANt ioTe RS ikt Lonthitin®f 1300 5%
propyl enedi am ne aqueous solution and 10 pg of one of the tenplate DNAs
61Q 6LK angiselE wasnprenes efndThe RM MEfis-weie $ﬂﬂe@l@ﬂ,t@.thﬁltgﬁpb®te by
heating at 98C for 2 nminutes and then at 53C in Thernal Cycl er Personal
(Takara Shuzng)(mﬂ rdltc@hael & Nivdkae GARERNNI R0 640 Y ANIBYM96q 14 MM
Hepes- KOH buffer (pH 7.8), 125 nM potassium acetate, 5 nM magnesi um

acetate, 0. %%é:@b%\dlrfeat%er&&n@é@r@&uéi&?%é’fémmaéds tbf @hledealh 1drof
Afu RNase HI'l (Takara Shuzo), 5.5 U of BcaBest DNA pol ynerase (Takara

Shuzo) and gtighijie Waigl Wakch?20ded iheuble aealed Micxtayne 1t g mke the
final volume to 25 ul. The reaction m xture was I ncubated at 58C for 1

hour. After reaction, a3l eaghoehiohhe pRAcCt PP Fi Xt YiLs vam-iLeted to
S :

el ectrophoresis on 3.0% agarose gel. The resu?? are shown | I gure

Fi gur g o6A i h%ﬂoan%h%E%E% oresE?Fggk%?ég tha%oifg&géentgi esul s, fQn ,

det ection u§|ng the primer of SE for detecting . Lanes 1,

and 3 repr e?%%%i@%i‘é&&%p"&}og%;}g%é%%i I9oie 4 &’8"0‘? %ggﬂng’cp%.a”d 61E as

tenpl ates, réspectively i s an el ect’roph ern that

represents 25 results(Egrcq§%§%§i%% %ﬁg@% hﬁ% g%ggpr of SEQ I D NO: 22 for
an res

61 detecting 61K Lanes’1, r epresent Ul't s obtained using the

tenpl ates 61Q 61K an& 61E, rgsgectivel " Figgre 6C i s an eIg;tQp Qpresis
pattern that represen geresﬁ? 5 For TEES on°56tERREd d%?ng e é%fﬂﬁ% of

bt ai ned us TR0 (RS et o BIGSPET LRV o TS PaS et P Lty S Ad 1 i n
of i neSr oot e EoR AN Ty T AR PoRELOBA i SIOM H TR spboRIPecy 8 Hanner
'he bresont PAVEREY orthatier ettt 1185 ¢ AR o9 o bt Ame LIl vas
changed. Ex%rarl]%lee o7f ﬁlaltglo%_aip%r;:sféictu eet eg iQInecq'Ino \Q?gzycj'gx(lg?’@valuation:
http://www/nite.go.jp/).
Homology between the PH1650 gene (SEQ ID NO:1)

20 and the partially published genomic sequence 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



15 (1) A detection nmethod for distinguishing genetic hono-type from

het ero-type was exam ned. The allele for the 636th base in human CYP2C19
was sel ected as a subject. First, DNA fragnents in which the 636th base in
human CYP2C19 was G or A anplified by PCRs using DNA priners of 20 SEQ ID
NCS: 26 and 27 were cloned into the vectord®@T7-Blue. The plasm ds into which
these DNA fragnents were cloned were purified according to a conventi onal
met hod and designated as plasm ds 636G and 636A. The plasnm ds 636G and 636A
as well as a plasmd 25 636G A prepared by m xing the plasm ds 636G and
636A at 1:1N0:83 weeeeuseghitises La@d ates. thee phassi dsf 63f(s ahdndIGhoner ved
as nodels for genetic hono-type, whereas the plasm d 636G A served as a
model for geeglietclet ero-type. Next, Nucleotide of SEQ ID NCS: 28 and 29
were synthesized as 5 Nucleotides for specifically detecting the 636G and
the 636A, respectivel v pErewhel lcawiried eagt iion aWaD 1&@iel iofd 100t pusizg nighe
Nucl eotide as a sense prinmer and the prinmer of SEQ ID NO:30 as an anti sense
primer. A rea@otin &F XtHEe Rfrodolcetdl At BuPIgéndthi € OPNAI BbREiRBIPTR
each of the 10 synthetic oligonucleotide primers (sense and anti sense
priners), 1lRrdlfe@lntiB10%:pAMPYe enednamdy aqueaks s, ut had a2od dney eff one
of the plasm ds 636G 636A and 636G A as a tenplate DNA was prepared. The

priners veregsapngRl ethd @4 éfnelfatl%sl@xéaﬁe%té N e 28, OraﬁaRa E‘anta%ﬁ and

then at 15 53C in Ther mal cl er Personal (Takara Shuzo). 20 ul of
m xture cont@hRi,pg Osrﬁ?z‘% M, d8TR JH X, 240 am%r!d@pﬁél rBUET &7 PERS - %)oR 125
nNIpotaSS|un1acetate mM magnesi um acetate, 0.012y bovi ne serum al bum n,

1.25 dinet h)é'cg%'f'd&%?é‘ df‘o e U a%ftaég%g?l}!?ﬁc#d%egt ﬁ’(lj;\lé @CPBC@§§SEag}‘Ae%1ﬁ

pol ynmerise and sterile water was a m xture to nake

final vol ung,t0 ;g5 f&llgﬁée rﬁf‘cé%?ﬂeﬂ‘&(f us g+ ¥agoinsgbakednak, 535 ool

hour. After reaction each reaction m xtures was subjected to
and 7B F gire TRp R AR e ot B Ol ARt oy g e A
osul (3 obt A ASCEE Ry TR o8t GEPETBE “HEEA ek oot Iogk " PhanrarRgeeen
respectivel yge%lﬁ%re 17&33(&?? agh‘%g tro %r gé%alﬂﬁltﬁri Bqﬁhgg_, ﬁggé@s%tss

results for tection usin eot i represent

I b
eepectsve UG R :e?g%?%“ﬁ% | .?l. é‘&%ﬁiﬁ%@ﬁﬁ: |5
Nucl eot | des BLESL %%Esghe ERgrrc RAZRE ﬁu%@d Rk, = BhgrAce P?F%%%par.son
W th Ii%‘R RFLP for anal 15 %escma t:}'rpa{tnl was ed Ou%‘%?e dgscrl Qed dNt}_ (1)

above “Usi ng 150 ng of N genonlc 51t ec as a tenplate The
results are _shown |n Fl ur.e . 7C.ﬁ§%%ur?ﬁéc i S a el ectrophoresis pattern that

represents FE?SPF ﬁﬁnﬁ§ﬁ anen genom ¢ DNA. Lanes 1 and 2
d t It bt gi ned [ th t 36G 636A
respect i vel y. 20 As iﬁﬁxﬁﬁ%%ﬁ Gardnts” th kA8 'Eﬁ‘ﬁéﬁmm%ﬁ | ARG s
det ect ed I wh l.eot j de. 636G he 636th
base in CYPSEES iﬁPﬁﬁZ-?@Zﬁ%ﬁac‘rﬁ%m Heerrnialt o BE Rt Ly HY (855 &

On the ot her, hand, yp|n S carrled Q t b PCR%5 RFLP using the hunan
genoni ¢ DNASCACPERTRES 2 %éw%é& %P 2 deoky

20 Analysis of the determined base sequence revealed

an open 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



64 using 150 ng of the genom c DNA and priners of SEQ ID NOCS: 26 and 27. The
resulting PCR anplification product was treated with BanH and the reaction
m xture was subjected to el ectrophoresis on 3. Co agarose gel. The results
are 5 shown in Figure 7D. Figure 7D is an el ectrophoresis pattern that
represents results for typing by PCR-RFLRILsi ng the human genomic DNA as a
tenplate. Lanes 1 and 2 represent results for the PCR anplification product
and the PCR anplification product digested with BanmH , respectively. 10 As
shown in Figure 7D, the PCR anplification product was conpletely digested

w th BanmH . plhusid pPrald2e el d aded hgn H868 hah@sendDc&YPACRS imxdHre-igeiia C
DNA was al so determ ned to be hono-type (636G G by PCR- RFLP. It was
confirned thailit MISPHIUXIT i fiedl Heppeitbe BR! Mubtdmbey Slet eobongta
base substitution of the present invention were consistent with those

obt ai ned usitpgetrh@téonuent i agnalenI\P tophagi &y PCBeBbEPtatd) Usivagilohel
pl asm ds 636G 636A, 636G A prepared in (1) above, a detection nethod was

exam ned 20 1ag$ifute OSNOMMRANnRkda NedBiee0as GliieneesonBnd The dheddligy) was
carried out as follows. First, the Nucl eotides 636G and 636A havi ng

f | uor egcencarlsabalss ies (G%BiﬁraalndGFaﬂl(ABHigBQhﬂglathéﬁlE‘?d Taukilba-shi,
5 -term ni which are distinguishable each other were synthesized. A m xture

containi ng egdah 1S kA0 WYSS fed, Nerdddipraseencecéabel 64 husbeot el \was
used. 65 Detection was carried out as described in (1) above. After

reaction, ajpephi 0OAnQf £BChILEALAALTLMA Xt WH MRS VHYLGIRH DRpositary,
eIectrophoreS|s on 3.0~ agarose gel to fully separate the anplification

product from.tRenUAr eaglked thiyor e%ceﬂe%aﬁc@ebelxe@uﬁt&%ll%qt ' @eleﬁfcfeer and

el ectrophoresis, the agarose gel was analyzed using FMBIO Il Milti-View

(Takara Shuz@}ynggo re&’r‘ééf 418 'ﬁﬁﬁﬂ:QrGﬁiﬁ‘%ﬂ"a FUEO@@S (Gafemylat e,

only the quorescengg si gna ron1the | uoresce X was o served

when tie pl %%Eh‘é%n? ARt U ‘Ee%?‘ 168! %%%os&@ag@z' é&%?'% r%

S|gnal fromthe Gor escent am was observe en the
plasm d 636Gy was used as a tenplate, the fluorescence S|gnals from both
Rox and Fan1mere ‘observed. Based on these results, it was confirmed that

e oL o o e B 387! pkaueaLiaBRY 1AL s EMNRLLNg e o be

used to anal yze the gen type hetero nmol" ogous
20 A genoni ¢ DA was. BPERReR L8 ngC T‘°E‘eﬁﬁ€ﬁﬁﬁ%ﬁx§?? PR o 5%6"8?
cach,of ol e RLRdRTRLER rBuoal BRtad, Lo SR s e
EXATPLE 1 (hegusL 9000 Ol DEIEEPECRT, 020001 By PH0,353) 2,1 %&fﬁ’r'l%tge "
o't BT S B R L i bl
results for Lypingy cantiem Pt 2Radeastlied W dReampliids (1 49-89 cor
16 hours. After cultivation, cells collected by
centrifugation were suspended in 66.0 ml of a sonication
20 buffer [50 mM Tris-HCl1 (pH 8.0), 1 nmM EDTA, 2 mM
phenylmethanesulfonyl fluoride] and sonicated. A
supernatant obtained by centrifuging 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



5 genom c DNAs extracted fromthe blood sanples 1-6 as tenplates. Lanes 1
and 2 represent results obtained using the Nucleotides of SEQ ID NO:28 (for
detecting 636G and SEQ I D NO:29 (for detecting 636A), respectively. Based
on the patterns of anplification products as shown in Figures 10 8A-F, the
alleles of the respective blood sanples f4@ the 636th base in CYP2C1l9 were
typed as follows (1. GA 2. dG 3; GA 4. GG 5, dG 6: GG. On the
ot her hand, typing by PCR-RFLP was carried out as described in Exanple
7-(2) using the sane genomic DNA as a tenplate. The results are 15 shown in
Figure 8G bifgur &e3Gelds sapeehetbhephaisesbtapakidern that represents results
for typing by PCR-RFLP using genom c DNAs prepared fromthe bl ood sanples

1-6 as tenpl ates. Langpel Heatepy eSgidriasdit swabt Qﬁlﬂ?’éctléiinﬂot e seeRSm C
DNAs extracted fromthe bl ood sanples 1-6 as 20 tenpl ates, respectively.

Based on the rgsuhhs Ofared@HdrOPPRLeHaTidS BNEVEChN F L e B 1 Chyithows
the cl eavage pattern of the PCR anplification products obtained using the

DNAs prepar%@f&%@”‘hheéG©SpﬁEiiW%iQLﬂ@q sappl e a3 ,t enpl ghesgpirag alhgl es
for the 636th base in CYP2Cl19 25 were typed as follows ( 1 : GA 2: GG

31 GA 4 chEbffategraphbdd Gsitg Gipnc WGl dRr e (BRBSERLANT pwatr&afcgfase as

descri bed above. As "descri bed above, it was confirned that the nmethod of

the present BiiBé‘%@hi)on W a'asor%.fsglgg,i VeNwhen gre PERGIdEaltlduyralplest

sanpl e was use I'ndustrial Appli I'ity The Nucl eotide of the Ppresent

i nvention aﬁﬁsgﬂﬁsﬁebhgglhﬂh.dEtECti”9 a base substitution using said 10
Nucl eoti de as descri bed above are useful for detecting a naturally

occurring or artifici%b[b Hﬂfr8QUQ§ﬂebff§w§yﬁg%%§ﬂth%%seA9§f¥dEQ%cE90%Pe

present invention, the presence of a base su ution 1h atarget nucleic

acid can be,la dgélﬁfgéggeg onv$ niR%gHU)f{S\E LE r@%’f%ﬁr’g’ﬁi (?nLértéﬁamTh%ll'x%hg%q_aOf

the present 1 nven n can be rea y conbi née nown nucleirc acid
anpl i fiycati g d, u o] b ) (tuti.Qn with

hi gh fsllgnsi t?@f’?&%@ur?%@?ﬁ%@g"f"?gﬁ ﬁ‘giujtn% ﬁ%ﬁgeg‘{u g‘esgﬁgvi%?%%%ryp%haté 20
sequences iR, i nati it ds,possthhe e jnfo ion th
presence ofEéﬁgggegghqg#WHHQ%npaﬁﬁ Fﬁé F@gggb t4é}%gigg¢¢u§2§8%%ée at the
sanme tine. e _present i nventiop.can used.far detectin r.id ifying a
base substi EOGFOHOTe CgntLRe o aNEER, BT BT55o] yethnrkolRalor B Meghni om
such as a pol¥nDBEthn1or a 68 variation. Thus, the present invention is
useful in fI'&Fd8 F185H0nic drug devel opnent and genom ¢ nedi ci ne for

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 Superdex 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 a

molecular weight of 17 kilodalton. This molecular weight
corresponds to that of RNase HII in a form of a monomer.

The eluted RNase HII was used as a Pfu RNase HII

preparation. An RNase H activity was measured using the

25 thus obtained Pfu RNase HII preparation as follows.



searching for a disease gene in humans, analysis of drug resistance or the
like. 5 Sequence Listing Free Text SEQID NO:1 . a gene encoding a

pol ypeptide having a RNaseH | activity from Pyrococcus hori koshii SEQ I D
NO: 2: PCR prinmer 1650Nde for cloning a 10 gene encodi ng a pol ypepti de
having a RNase HI activity from Pyrococaus furiosus SEQ ID NO: 3: PCR
primer 1650Bam for cloning a gene encodi ng a pol ypepti de having a RNaseH
activity from Pyrococcus furiosus 15 SEQ ID NO: 6: Chineric oligonucleotide
primer to anplify the DNA of a portion of human c-Ki-ras gene. "nucl eotides
18 to 20 are ribonucl egtiges-othergducl@st i des) pr e depxyuiibanveheatiikdes”
SEQ ID NO:7: Chineric oligonucleotide to detect 20 the nucl eoti de

substitutionNgRaRHRBR Skl 2% IR bAHHLL NG dBotRidd (8b8ction v,
ri bonucl eoti des- ot her nucl eoti des are deoxyri bonucl eotides and the 3'-COH

roup of the: l eotyigd ‘and 4 j j '\ _SE
group 81ighagh ¢ %'%ggrﬁiclegfg%’ dGZOBr%P%éﬁyMW Qﬂ}ngﬂ?sﬂgfﬁybhggrﬁ'é@la Q

I D NO:8: Chinéric oli precursor to detect e

nucleotde BYBSELLY'LAR 30 NYIRR po1yG2aKl (AR ERAR PHAYALEOL! H38cleniO 19

are ri bonucleotides, nucleo I nOSsi ne- ot nucl eoti des ar

deoxyrgbonug,tgﬁgt Mﬁada@ggltefege%i-Qﬁggr@%g;:%&ﬁbpgf,n%ﬁkﬁgskga ?Fc 37epd £,3

protected w am no hex roup S Imeric oligonucleotide

to detect the guelequ da pubstatuLian SR, c3dd o A5y 9POF. mauglent des

14 and 15 are ribonucl eoti des-other nucle es are deoxyribonuc

and the 3 -¢CH g&%é% ﬁgahgngggleotide at 3'end is protected with am no

hexyl 10 group™ . . Chiner!c oligonuclgotide to detect the

"1 bomicl eot | des- ot her el o8t destal Beotf bEERH oot bl abd (46 $heCH

260 o no: 1558APRERT 808 FaBhac) B8P BaPBThcres: FrECALEFogtr 45 c-" A

"1 bontl eot FEBLCBERBEen LTt oBes by B Bebior MBREe Bt | RESPAFAC AR ¥2Son

260 T No: 13938, nEpT CHAT T gBHEEFEDT 11 B UE the “radltegrige ATeer

i bonucl cot P8BS THEcPdor| Us: 17°F SPGB helt itk 88t ads ThrEPTA was

deoxyribonughgg&igﬁgrggg %geterminate the reaction. Absorbance at 260
nm was then measured.

15 As a result, the value of absorbance 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 pl of 0.5 M EDTA was added before the
addition of the Pfu RNase HII preparation. Thus, it was

20 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 at the indicated final concentrations

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



25 3'-CH group of the nucleotide at 3'end is protected with 70 am no
hexyl group” SEQ I D NO: 13: Base sequence of AF0621 gene from Archaeogl obus
ful gidus. SEQ ID NO:14: PCR primer AfuNde for cloning a 5 gene encoding a
pol ypepti de having a RNaseH | activity from Archaeogl obus ful gidus. SEQ I D
NO: 15: PCR prinmer AfuBam for cloning a gene encoding a pol ypeptide having a
RNaseHI | activity from Archaeogl obus ful gidus. 10 SEQ I D NO: 16: Base
sequence of ORF in RnaseH | from Archaeogl obus ful gidus. SEQ ID NO: 17:

Am no acid sequence of RNaseHI | from Archaeogl obus ful gi dus. SEQ I D NO: 18:
Desi gned PCR7pci pers tiM afBbhbyiamlzhioriiden of sMKiDTTas mrommenesexonsl SEQ
| D NO: 19 Designed PCR priner to anplify a portion of human c-ki-ras
oncogene exghy2e®ER bRANG420M Peskgaed .PCR primer to anplify a portion of
human c-ki-ras oncogene exon 2 20 SEQ I D NO: 21: Chineric oligonucleotide to

detect the nucl eoti depgalgiltufd@h P AURRA L-Kb1hASoNENS 70 NUBLEeQS# dgs 13
to 15 are ribonucl eoti deS-other nucl eoti des are deoxyri bonucl eot’i des and

the 3'-OH fs ti y i it i h |
e gg%w%@ ﬁﬂf‘dé}gif@ d8Ed abo BIEIGh | Fa Pl Q1 866 SFeMi tH ggbng% ey

group” 25 S NO: 22: imeric oligonucleotide to detect t

nucl eoti de gupstihLtutben,.on human c-Ki-ras gene. "nucleotides 13 to 15 are
ri bonucl eoti des-ot her nucl eoti des are deoxyri bonucl eotides and the 3'-COH

group of the nucl eot | gg134ba3neadd 3REOLBELEdoH: t BoAGLEBNIEXK! AB1AURLSS SEQ

| D NO: 23: Chimeric oligonucle e to detect t nucl eot | substitution on

human c- Ki - €4~ NUC i 0,353ares i u hde
nucIeotidesagﬁggggo;§ﬁF%o%ﬁ@#%%??%%go%ng%tﬁe 3 -W grgtg9%¥gtﬁégkggpggtide

at 3'end is prat.ected with am no hexyl group” 10 SEQ ID NO:24: Chineric
oligonucleoyl € fo detect the nucleotide substitution on human c-Ki-ras

gene. "nucl eoti des 17Eé%¥&?Dah%$gg39%%gleogggg§ighper éeot%gﬁzoaagg s

deoxyri bonucl eoti des” i meric oligonucl eotide t etée
are T BonucPEBP L ABECSt EF nibFeot FARSSEFE AGORyt| DERIEEOSERGSE A PRE
3'- O group gl Lhg.Quehegibds 8t 38R bs RiCrEshedc {BraH, BOReXYH gy oup”
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 in 100 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
20 rapidly cooled in an ice bath.
(b) Method for measuring activity
7 1l of the poly[8-°Hladenylic acid solution was
added to 985 ul of the reaction mixture for determining

activity prepared in (a) above. The mixture was incubated

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



SEQ I D NO: 26: Designed PCR prinmer to anplify a 20 portion of human CYP2C19
gene SEQ I D NO: 27: Designed PCR priner to anplify a portion of human
CYP2C19 gene SEQ I D NO: 28: Chineric oligonucleotide to detect the

nucl eoti de substitution on human CYP2C19 gene. 25 "nucleotides 13 to 15 are
ri bonucl eoti des- ot her nucl eoti des 72 arss deoxyri bonucl eoti des and the
3'-CH group of the nucleotide at 3'end is protected with am no hexyl group”
SEQ I D NO: 29: Chineric oligonucleotide to detect the nucl eotide
substituti on on human CYP2C1l9 gene. 5 "nucleotides 13 to 15 are

ri bonucl eot kd@sdqotlbe - nalGl igahirde st Arka ke ok i bonst! eshidasradiohheo3240H
group of the nucleotide at 3'end is protected with am no hexyl group"” SEQ

| D NO: 30: ChMnericrid | gomuelr@ot e PriuFBket O i@ e Bert3phc offdwingn
CYP2C19 gene. "nucleotides 19 to 10 21 are ribonucl eoti des-ot her

nucl eoti desyapat+dgQXYriRANUC] @96 | @eSor al DMl rnlpRRbAd ek cdgbact i ng

the presence of a base substitution at a specific base in a target nucleic

5 acid, thepmethod coPriSifiredl) Bby¥i 9 dSa e-£08E AR A9xAutar 9kl
nucleic acid with a Nucl'eotide, wherein the Nucleotide (A) is nodified at

the 3' gtermpus SEEFE%QEEdEXEE”SBQﬂCfrﬁgith§ “ﬁ%ﬂgﬂ%?'by a DNA pglgymgpase

does 10 not occur; as a base sequence cap annealing to a region

ggghgingie“?né\gﬁ??%&ﬁ%ﬁfﬁgrﬁgiﬂ 4heuiabgeh snug! 8hs A8l 481309 ohClaGoRkields a
thereto. 50 ul 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 ul of a reaction
mixture for total CPM or for blank was prepared by adding 1
nl of the enzyme dilution solution in place of an enzyme
solution. 100 ul of 100 mM sodium pyrophosphate, 50 npl 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 0°C for 5 minutes, and then centrifuged at
10000 rpm for 10 minutes. After centrifugation, 250 upul of
the resulting supernatant was placed in a vial. 10 ml of

20 Aguasol-2 (NEN Life Science Products) was added thereto.
CPM was measured in a liquid scintillation counter.

(c) Calculation of units
Unit wvalue 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



15 a m smatch 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 nucleic acid, the Nucleotide is not cleaved with a nucl ease, and
if there is no msmatch between the 20 specific base and a base
corresponding to the specific base in thed®ucl eotide, the Nucleotide is
cleaved with a nuclease to generate a new 3'-termnus (2) treating the

m xture with the nucl ease and the DNA pol ynerase; and 25 (3) detecting the
presence of cleavage of the 74 Nucleotide with the nuclease. 2. The

met hod accordilng iber &ladien Roowherei iy tetalcloFas e ivs @im.horudoeasa )Hx and
the Nucl eotide contains a ribonucleotide in the region containing the base
5 correspondi*rg to the specific base. 3. The nethod according to claim1,
wherein the nuclease is a restriction enzyne, and the Nucl eotide contains a

recogni tion sequence fiQp t:he prsint ctirOn @FYNMEcE N pHEy [ M2 yH1d-aTg
t he base corresponding to the 10 specific base. 4. A nethod for detecting

the presencecgftadnRasenskthilt dipMopeat 53 gpecific base in a target nucleic
acid, the nethod conprising: (1) mxing a sanple containing a target

nucl ei g 15 acid wi th axNucleeti-de i opheirifFitdieanNucl eotide (A) is nodified
at the 3'-term nus such that extension fromthe term nus by a DNA

o e e Seme oy RS2 B s hghann ST ook pupkenangeng 20
from Archaeoglobus fulgidus
(1) Preparation of genomic DNA from Archaeoglobus
fulgidus
10 Cells of Archaeoglobus fulgidus (purchased from
Deutsche Sammlung von Mikroorganismen und Zellkulturen
GmbH; DSM4139) collected from 8 ml of a culture was
suspended in 100 pl of 25% sucrose, 50 mM Tris-HCl (pH 8.0).
20 pl of 0.5 M EDTA and 10 ul of a 10 mg/ml lysozyme
15 chloride (Nacalai Tesque) adqueous solution was added
thereto. The mixture was reacted at 20°C for 1 hour.
After reaction, 800 ul 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 pl 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 ul of TE to obtain a genomic DNA

25 solution.



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

Nucl eotide 25 in a conpl ex conposed of the Nucl eotide and the target 75
nucl eic acid, the Nucleotide is not cleaved with a nuclease, and if there
is a msmatch between the specific base g a base corresponding to the
specific base in the Nucleotide, the Nucleotide is cleaved with 5 a

nucl ease to generate a new 3'-termnus; (2) treating the mxture with the
nucl ease and the DNA polynerise: and (3) detecting the presence of cleavage

of the Nucleotide withztheigughgase. ritBsa. Hihegerthod according to claim4,
wherein the nuclease is a m smatch-specific nuclease. 6. The net hod

according to claim1l @hedentheeeiderddit NUSdQOinLe HAStASAGTERRERI1BHMI Ch
if there is no base substitution’in the target nucleic acid, a msmatch 15

I's not ge”eﬁfﬁﬁlggdhg & COBPh epubTRAREd Fﬁléﬂ"l@ NHCbeC’te'tdeaf‘”d NB%uE:@rQEt

nucl eic acid The met hod according to cl aim1l of 4, whereih t

et ol e b actsaanuason ol afrustes & by il it amintne
of thegNucl g8hbd8que of RNase HII (AF0621) was known (SEQ ID NO:13,
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 carried out wusing 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 as primers in a volume of 100 pl. Pyrobest
DNA polymerase (Takara Shuzo) was used as a DNA 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 inserted between the Ndel site and the BamHI
site in a plasmid vector pTV119Nd (a plasmid in which the
NcoI 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



and the target nucleic acid. 8 The nethod according to claim1l 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 pol yneri se. 76
9. The nethod according to claim1l or 4, wherein the cleavage of the

Nucl eotide is detected based on the presergce of a fragnment of a 3' portion
rel eased fromthe Nucl eotide generated by the action of the nuclease. 5 10.
The net hod according to claim1l or 4, wherein the cleavage of the

Nucl eotide is detected using a | abel ed conmpound attached to the Nucl eoti de.

11. The nmethod accordiRg tasE ak8ydfncaherel thd henhabet Leh&GOPOHBE E8d
attached to the Nucleotide in a 10 portion 3' to the cleavage site for the

nucl ease. 1ZntdheoAmidedl anrerididry g charsrdfribergidndine laheledyas
conpound is attached to the Nucleotide in a portion 5 to the cleavage site

for the nuchepsemiAdd gbéoBélﬂﬁdtéc80&§589x90m€£3b8110 wherein 15 the
| abel ed conpound attached to the Nucleotide is a fluorescent substance. 14.

The net hod acpording Aﬂa$%§i§1é§ tH@eathrﬁlﬁHésbégges8@9@9&@ 9Ev85§88h'n9
fluorescence is further attached to the Nucl eoti de, the fluorescence is

emtted 20 yoBoeheavas iy #ind Usteesfaniy. ge'adm% @gqa%%cgfldi ng gReclaim

13, wherein th eavage Of et ect y a uorescence
Phe mod; 1 coetenooruehSenGoT SO GRRE SERE £yl Ak dndim Cin 2Rl EEE! on
Yo ol aim 1 e a0 ndBel el VpOPE bhaleBbel ot Mask n i g 008 BESR G o
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 JIM109/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 Industrial Science and
Technology under accession number FERM BP-7691 (date of
transmission 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



5 a nodified nucleotide. 18. The nethod according to claim17, wherein the
nucl eoti de anal og i s a deoxyri boi nosi ne nucl eoti de or a deoxyri bouraci

nucl eotide, and the nodified ribonucleotide is an (a-S) ribonucl eotide. 10
19. The method according to claim1 or 4, further conprising a step of
nucleic acid anplification in which an exteensi on product generated by the
action of the DNA polynerase is used as a tenplate. 20. A nethod for

anal yzing a genotype of an 15 allele, the nmethod conprising detecting the
presence of a base substitution at a specific base in a target nucleic acid
according tgmphei Meihodndetnedrby Giahmshdkidl £ NMrieotodel gspgutsr
detecting a base substitution at a specific base in a target nucleic acid,
20 which (Artérmedilfii®drabnt e 14 e£B1 NEEL8HC B hadn Xt ANgd 010 r REYENhe
term nus by a DNA pol ymerase does not occur; (B) has a base sequence
capabl e of ahpgehéBsd IR 872D hEUbBNaCOBhBEALNEnaLEPEELT [SobRgeTHAsLhE)
target nucleic acids and (C) contains a sequence in which if there is a
m smat ch be?%ﬁe@.bb9 spemy fEpTRase apfl ShOAFEnCOLLASPONEL ARG t e1LBBigRgCI ficC
base in the Nucleotide in a conplex 5 conposed of the Nucleotide and the

targetsnucl ghg 36hdcatha . NuGl eRidde dis 0t Laved H@L@eﬁtf’i‘fﬁ&fﬁé’ tged if

there 1s no msmatch between theé specific base and a base corresponding to

the specifigopasgeig Lheolighantideiobhis Mgl gLl d8 hnbleavagsvhtheaa

nucl ease to generate a new term nus. e Nucleotide according to

claim 21, “Q{CVOGE”E%Enﬁéaﬂi Iea%&d%agn%H%axégﬂéyhfﬁgg&ﬂg%ng%bgg base

correspondi ng to the Specific base, erern i ere 1I's no msnatc et ween

the speci fi g hasg,ang the, hase 15, 6orLespandeng Lo Jie.spaclli c bagsein the

Nucl eotide T a conpl ex conpos cleoti ar'get nucleic

acid, the h%5!$°&id§£igmﬁ%gﬁggdSﬁééPngtgﬁpoﬂgg!??EgiEEdZB' The Nucl eoti de

according to claim contarns a recogni Tron sequence for a
{ﬁ;”i&“ on enzyme inpgQ {0g:L§9'0REANALR WL d NRWASG &PT{ §SRRBBLRYE! ©
Q column (Amersham Pharmacia Biotech) equilibrated with
Buffer A [50 mM Tris-HC1l (pH 8.0), 1 mM EDTA] and
chromatographed wusing FPLC system (Amersham Pharmacia
Biotech). As a result, RNase HII flowed through the
15 RESQURSE 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 HITI 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



specific base, wherein if there is no msmtch between the specific base
and the base corresponding to the specific base in the Nucleotide in a
conpl ex conposed of the Nucleotide and the target nucleic acid, the

Nucl eotide is 25 cleaved with the restriction enzyne. 79 24. A Nucl eoti de
used for detecting the presence of a basggsubstitution at a specific base
in a target nucleic acid, which (A is nodified at the 3'-term nus such
that 5 extension 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 thepharagti AUl 8t EcRFI Squalth it &) wiONt B NS SedyePgeniRgWboch if
there is no msmatch between the specific base and a base corresponding to

the specifigubgaeli Bnbhe IN#EEQtitde 4 N1 fnEQPPLERaSEAROSEd 50f Hdesdiciugot i de
and the target nucleic acid, the Nucleotide iS not cleaved with a nucl ease,

and if thergat$s d9ifgFENRLsPsPehVeeRstherspectfis PASEr BB 8oRBSEning
corresponding to the specific base in the Nucleotide, the Nucleotide is

ol eaved wi tRya Ut £aseytoq ARDEE kot NERO S tRE] Wes dBraTiieqNuct eoti de

according to aim24, 20 wherein 1t there 1s a msmatc et ween the

Nucl eogide and the tay 9§tmfu8%e£ﬁea1§ﬂr sé”lﬁgl Kﬁc é@forgcmgss 8&1%9%:?

Nucl eotide and the target nuclelrc acid, t eotide 1s cleave

et R b ST S R SRR
portions separated from about 600 pl of the concentrate
were subjected to Superose 6 gel filtration column
(Amersham Pharmacia Biotech) equilibrated with 50 mM Tris-
10 HC1l (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 wvalue of a heat-resistant RNase H in the
following Examples was calculated as follows.
1 mg of poly(rxrA) 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)



80 substitution in the target nucleic acid, a msmatch is not generated in
the conpl ex conposed of the Nucleotide and the target nucleic acid. 27. The
Nucl eoti de according to claim21 or 24, 5 which has a sequence in which if
there is a base substitution in the target nucleic acid, a msmatch is not
generated in the conpl ex conposed of theshucl eotide and the target nucleic
acid. 28. The Nucl eotide according to claim?21 or 24, 10 to which a | abel ed
conpound is attached. 29. The Nucl eotide according to claim28, wherein the
| abel ed conmpound is attached to the Nucleotide in a portion 3" to the

cl eavage sit&1h0{ohhenAug! £85¢(aBP- sder Mgl eotide according to claim 28,
15 wherein the | abel ed conpound is attached to the Nucleotide in a portion

5 to the cleavage SiTﬁefBBlghﬁAWU@cﬁQﬁtﬁror§1§tJ hg NGOt Lee-acerieifg Lo
claim 28, wherein the | abeled conpound is a fluorescent substance. 32. The

Nucl eot i de gcos gli ngyff £1 8k 3Lend © 201 Whieh assubstaace capabl ecofa)

quenching fluorescence 1s further attiached, wherein the fluorescence is

enitted Upo&ﬁéﬁﬁe’f‘%'@ﬁ{ &geseuggf@m %%ﬁéﬂeQaagaziab%%qthfpsi he

cl eavage. 33. The Nuc?eotl e ac Ing to clarm 21 or , 25 wherein the

nodi figati pf (Eﬁe 7|\Ju;g| eg%ﬂg%%ﬁ?%ggoﬁﬁr% 7 term wﬁgbaﬂm.idd%gté% of

the hydroxyl group at the . . os€! 34. . cleoti
according gl QAL AL, WbRENLIaRLaLns A el oLy dgconaleo Al g5 2

nodi fied 5 nucl eoti _ clet € accor _ aim herein
e nucl eoth g, 081 A Refleoxyr b8! 9! ecuel R e 3 depiyfkpuract|
whi ch cont ATReY {BE) NERTEot e dbrThed b3 of bl B S gH e co it fmd ! ©
1536, The TToGkdb, i3t e50che Erai 1956, Fanian Far Her S6mhrngt 4 MEEESen:
36, wil ch FUTLREToRont ShRem A< BhBeREST G ehery ity B A ool Gt Ak 20 -
anplificatiﬂg ﬁﬁtqu'O.S M EDTA was added thereto to terminate the
reaction. Absorbance at 260 nm was then measured. 2As a
control, 10 ul of 0.5 M EDTA was added to the reaction
mixture, 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 concentration
of nucleotide released from poly(rA)-poly(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 Ry
corresponding to release of 1 nmol of ribonucleotide in 10

minutes, which was calculated according to the following

25 equation:
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25 oligonucleotide was modified with aminohexyl. Each of the
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Nucleotides had a sequence complementary to the base

sequence of human c-Ki-ras exon 1 in which codon 12 encoded

Gly. An oligonucleotide having a base sequence of SEQ ID

NO:6 was synthesized as an antisense primer for nucleic
5 acid amplification.

A reaction mixture of a total volume of 5 ul
containing 50 pmol each of the forward Nucleotide and the
antisense primer, 1 pl of a 0.25% propylenediamine aqueous
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 Shuzo). 20 uyl 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 acetate,
0.0125% bovine serum albumin, 1.25% dimethyl sulfoxide, 16
U of Pfu RNase HII as described in Referential 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 ul. The reaction 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 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
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SEQ ID NOS:7-9, 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
10 distinguished by using the Nucleotide of the present
invention. Furthermore, 1t was confirmed that specific
amplification could be improved by using a Nucleotide
containing inosine.
Example 2: Detection of other alleles for c-Ki-
15 ras codon 12
Based on 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 128
20 prepared in Example 1-(1). SEQ ID NOS:10, 11 and 12 show
base sequences corresponding 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
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The reaction mixtures in which the templates 12G, 12C, 12R
and 12S were used were applied to lanes 1 to 4 in the
agarose dgels 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
and 12 were used, respectively.

As shown in Figure 2, specific amplification
products were observed only when the Nucleotides of SEQ ID
NOS:10, 11 and 12 were used in combination with the
templates 12C, 12R and 12S, respectively. Thus, the
Nucleotides of the present invention could exactly
distinguish the bases of interest. Furthermore, it was
confirmed that specific amplification could be improved by
using an oligonucleotide containing inosine.

Example 3: Allele-specific DNA amplification of
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 that codon 12 in c¢c-Ki-ras exon 1 encodes Gly

(GGT), the Nucleotides of SEQ ID NOS:7, 10, 11 and 12
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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: Detection 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
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104 [ [ 310%& {9 1098 dde carried out under conditions as described in
5 Example 1 using the Nucleotide of SEQ ID NO:7 as a forward
Nucleotide and the oligonucleotide of SEQ ID NO:6 as an

antisense primer. After reaction, 5 wul each of the

reaction mixtures was subjected to electrophoresis on 3.0%

agarose gel. The results are shown 1in Figure 4. The

10 reaction mixtures in which the templates 12G, 12C, 12R and
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 HII and Mja RNase HII were used, respectively.

15 As shown in Figure 4, using Afu RNase HII 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



104| 104| 104| &9$10%}| & ()- @ 79! 10%}| & ()- , 510%}| & () - RNSSTTTTz[ 9b@
10410, ) $10%wW& ()-9' : 109G& () - 396$109G& ()-! L$SL09& ()-! $109GGE () - ! QP$LOYE
() - TUYMWMWVWW ¢~ 104! | VE$109& ()-0, 109%&& ()- 10G 10G

10G, ) $1096G& ()-!V, ) $109%& ()-!,) $10%EGE () - WAKYZ\ A\ B\ wlUB+:

10Z&$109%Z& () - 0! Q&$10%&' () - 0! QR$S10%&' () - BlgQ_RSL0%& () - 0! V

&$109%&' ()- 0! &$10%&' ()-0B\C\D\G\\ % c]] mV

10968 () - S$1096G& ()- & ! 109G& ()-M 1096G& ()-: ! 109G& ()- 109G& ()- 10Z
10Z] ) A28AA Y[ <N/

&'(;V' 10%33&' &éné@@%&/@@@t@b A0 o i'o ' LOGEERE {d 6 B4l Q6% s ()sHg 180N

%&’! %?fyﬁﬁ‘ag%? % ;g@/ﬁ‘ ()sygsit(r)l(%%ﬁ; a Ifl & $10%K e | Rrub@YEEH() - £ M 10%

$10% | & () - 13%&%%%%%&%%&&% tﬂé’%&ﬂ&&?@?%og/ﬁ%ﬁé'ﬂagfgiof the

f1fnfnfofz[
base sequence of human c-Ki-ras exon 1. The hydroxyl group

5 at the 3-position of ribose moiety of the nucleotide at the
3'" end of the Nucleotide 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 Tag
buffer (Takara Shuzo), 2 pul of 2.5 mM dNTP mix, 50 U of Afu
RNase HII and 0.625 U of Ex Tag DNA polymerase (Takara
Shuzo) was prepared. 1 pl of a 10 ng/pl solution of the

15 template 12G, 12C, 12R or 125 prepared in Example 1 was
added to the reaction 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 1is 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
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specific amplification of the DNA of interest was observed
only when the template 112G, o0f which the allele was
consistent with the primer used for detection, was used.

5 Thus, it was confirmed that the method of the present
invention was also effective for a DNA amplification
reaction system that requires a step of denaturing a
nucleic acid as a template.

Example 6: Allele-specific detection of K-ras

10 codon 61
Detection of another Dbase substitution was
examined. Specifically, DNA fragments each having a
sequence CAA (Glu), AAA (Lys) or GAA (Gln) for codon 61 in
human c-Ki-ras exon 2 amplified by PCRs using the DNA
15 primers of SEQ ID NO0S:19 and 20 were cloned into the vector
pT7-Blue. The vectors into which the DNA fragments were
cloned were purified according to a conventional method and
designated as 61Q, 61K and 61lE, respectively. Based on the
results of Example 1-(2), chimeric oligonucleotides of SEQ
20 ID NOS:2t, 22 and 23 were synthesized as Nucleotides for
specifically detecting the respective vectors 61Q, 61K and
61lE on the basis of the base sequence of 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

25 was modified with aminohexyl. The following reaction was
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primer of SEQ ID NO:24 as an antisense primer. A reaction
mixture of a total volume of 5 pl containing 50 pmol each
of the synthetic oligonucleotide primers (sense and
5 antisense primers), 1 ul of a 0.05% propylenediamine
aqueous solution and 10 pg of one of the template DNAs 61Q,
61K and 61E was prepared. The primers were annealed to the
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% bovine 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

1l. 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 1is an
20 electrophoresis 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 6lE as templates, respectively.
Figure 6B is an electrophoresis pattern that represents

25 results for detection using the primer of SEQ ID NO:22 for
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using the templates 61Q, 61K and 61lE, respectively. Figure
6C is an electrophoresis pattern that represents results
for detection obtained using the primer of SEQ ID NO:23 for

5 detecting 61E. Lanes 1, 2 and 3 represent results obtained
using the templates 61Q, 61K and 61lE, respectively.

As shown in Figures 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 the method of the present invention was
effective 1f the objective base substitution was changed.

Example 7 Allele-specific detection of
CYP2C19(636)

15 (1) A detection method for distinguishing genetic
homo-type from hetero-type was examined. The allele for
the 636th base in human CYP2Cl9 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
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10Z&$10%Z& gre 1(6BQAYs! t@pOHESs() - THRZ pliddmids 636G and 636A served
as models for genetic homo-type, whereas the plasmid 636G/A
served as a model for genetic hetero-type. Next,
Nucleotide of SEQ ID NOS:28 and 29 were synthesized as
5 Nucleotides for specifically detecting the 636G and the
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 ul containing 50 pmol each of the
10 synthetic oligonucleotide primers (sense and antisense
primers), 1 pl of a 0.05% propylenediamine 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 ul of a
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% bovine serum albumin, 1.25% dimethyl
sulfoxide, 11 U of Afu RNase HII, 5.5 U of BcaBest DNA
20 polymerase and sterile water was added to the heated
mixture to make the final volume to 25 ul. The reaction
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
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Figure is an electrophoresis pattern that
represents results for detection using the Nucleotide 636A.
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 was
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 is a electrophoresis
pattern that represents results for SNP typing of the human
genomic 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 CYP2C19 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
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$10%6& () - 'N6S:26 and 27. The resulting PCR amplification product was
treated with BamHI and the reaction mixture was subjected
to electrophoresis on 3.0% agarose gel. The results are
5 shown in Figure 7D. Figure 7D 1is an electrophoresis
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 CYP2Cl9 in the dgenomic 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 present 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.
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0%r& ()- to electrophoresis on 3.0% agarose gel to fully separate
the amplification product from the unreacted fluorescence
5 labeled Nucleotide. After electrophoresis, the agarose gel
was analyzed using FM-BIO II Multi-View (Takara Shuzo). As
a result, when the plasmid 636G was used as a template,
only the fluorescence signal from the fluorescent label 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
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636A. The results are shown in Figures 8A-F. Figures 8A-F
are electrophoresis patterns that represent results for
typings carried out as described in Example 7-(1) using
genomic DNAs extracted from the blood samples 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
8A-F, the alleles of the respective blood samples for the
636th base in CYP2Cl9 were typed as follows (l1: 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
shown in 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
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 prepared from the respective blood samples
as templates, the alleles for the 636th base in CYP2C19

were typed as follows (l1: G/A, 2: G/G, 3: G/A, 4: G/G, 5:



10's' M 109G& ()-s! $109G& ()-!Vs! $109& ()-y: ! 109%G& () - s$10%GE () - ! SS$L0%& ()
-<}"SH=0G 10 10G 10G

10Gs9109%G& ()-!11°110% /& ()-11 1 109%G& () -1 +$109%5& ()-! Q +$109%& () -} A<SH=0G
| 10! 0ss$10%& () -

| 109@2& () -f109%Z& ()-! S@Q$109%Z& ()-! QLG () - @O0%Z& () - $1caBSH=0G

10! 0f 59! 109@& ()- s3109&Z& () -

| 1L109%2& ()-f/ @O%& ()-1+:!1109%& ()-!9l ¥%10%& ()-5678; & br P109$109%&& () -

11 [ >9$109%& ()- 1!L9$10% ()- 1@ 109%&Z& ()- 10ZZ 10ZZ

10ZZ! VI 7$1009&& 6) - @ﬁ@rz{k}li[:ﬁ\ 788 L0KEEstint1Q€cA02nd0E 98108 E&r(hagl! V
9$109& ()- 19$1092& (

above.
As described above, it was confirmed that the
method of the present invention was also effective when a

5 practical clinical test sample was used.

Industrial Applicability
The Nucleotide of the present invention and the
method for detecting a base substitution using said
10 Nucleotide as described above are useful for detecting a
naturally occurring or artificially introduced |Dbase
substitution.
According to the present invention, 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 readily combined with a known
nucleic acid amplification method, and can be used to
detect a Dbase substitution with  high sensitivity.
Furthermore, by using Nucleotides having appropriate
20 sequences in combination, it is possible to have
information about the presence of a base substitution and
the type of the substituted base 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
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0%& ()-yY& ¥ariation. Thus, the present invention is useful in fields
of genomic drug development and genomic medicine for
searching for a disease gene in humans, analysis of drug

resistance or the like.

Sequence Listing Free 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 encoding a polypeptide having a RNaseHII activity from
Pyrococcus 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 deoxyribonucleotides"
SEQ ID NO:7: Chimeric oligonucleotide 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-
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nucleotide 17 is inosine-other nucleotides are
deoxyribonucleotides and the 3'-OH group of the nucleotide
at 3'end is protected with amino hexyl group"

5 SEQ ID NO:9: Chimeric oligonucleotide to detect
the nucleotide substitution on human c¢~Ki-ras dene.
"nucleotides 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:11l: 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

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, nucleotide 17 is
inosine-other nucleotides are deoxyribonucleotides and the

25 3'-OH group of the nucleotide at 3'end 1is protected with
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SEQ ID NO:13: Base sequence of AF0621 gene from

Archaeoglobus fulgidus.

SEQ ID NO:14: PCR primer AfuNde for cloning a

5 gene encoding a polypeptide having a RNaseHII 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 3'end is protected with amino hexyl group"

25 SEQ ID NO:22: Chimeric oligonucleotide to detect
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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"

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 the nucleotide substitution on human c¢-Ki-ras gene.
"nucleotides 16 to 18 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:26: Designed PCR primer to amplify a

20 portion of human CYP2Cl9 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
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SEQ ID NO:29: Chimeric oligonucleotide to detect
the nucleotide substitution on human CYP2Cl9 gene.
5 "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:30: Chimeric oligonucleotide primer to
amplify a portion of human CYP2C1l9 gene. "nucleotides 19 to

10 21 are ribonucleotides~other nucleotides are

deoxyribonucleotides"
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1. A method for detecting the presence of a
base substitution at a specific base in a target nucleic
5 acid, the method comprising:
(1) mixing a sample containing a target nucleic
acid with a Nucleotide, wherein the Nucleotide

(A) is modified at the 3'-terminus such that

extension from the terminus by a DNA polymerase does
10 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

15 a 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
nucleic acid, the Nucleotide is not cleaved with a
nuclease, and if there 1is no mismatch between the

20 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



@5100/<Z&' ()-"nnn zXJ<:0G ! 10zz

10zz! " 3$10%ZZ&T()-|V 3$10%&T()-|ns $109%&' ()-!s-$10%2Z& ()-1+

10%Z& () - n aa( bboP. : i #$10%m& ()-! 10%r& () -
}10%r& () -! $10%m& ()-'[ $109%& () - flO%ﬁ& () 10ZZbncddddddd{\;!i #
[9$10%& ()- 1, 10%!t| & ()- 10m 10m

10nM#$10%m’ ()-'n#$10@&f()-!n#$10@&f() d"ee+fszgmLB{\;!!9$10@&|4|&T()-
1'd9$10% | & ()- 1'd9$10% | & ()- 1! Co%109% W & ()- 1!'k9$10% | & () -

11 CO$109M W & () - 1gsgghiiiiizodY:!! @O0%& ()- 104| 104| 104| 9%$10%| & () -
1! d9$10% | &lh31edtVASIOWEh&LLY- nhE Q0830 | & () -

2. The method according to claim 1, wherein the
nuclease is a ribonuclease H, and the Nucleotide contains a
ribonucleotide in the region containing the base

5 corresponding to the specific 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 mnethod 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) 1s modified at the 3'~terminus such that
extension from the terminus by a DNA polymerase does
not occur;
(B) has a base sedquence 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
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base in the Nucleotide, the Nucleotide is cleaved with
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 cleavage 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 <claim 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 <c¢laim 1 or 4,
wherein the Nucleotide has a sequence in which if there is
a base substitution in the target 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.
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10Z 10z 9. The method according to claim 1 or 4,
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nF $10% & (rhe presence of a fragment of a 3' portion released from
the Nucleotide generated by the action of the nuclease.

5 10. The method according to claim 1 or 4,
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 1is 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 site for the nuclease.

13. The method according to claim 10, wherein

15 the labeled compound attached to the Nucleotide 1is a
fluorescent substance.

14. The method according to claim 13, wherein a
substance capable o0f 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 13, wherein
the <cleavage of the Nucleotide 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'-
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wherein the Nucleotide contains a nucleotide analog and/or
5 a modified nucleotide.
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 (x-S) ribonucleotide.

10 19. The method according to c¢laim 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 used for detecting a base
substitution at a specific base in a target nucleic acid,

20 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

25 region containing a specific base in the target nucleic
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5 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 Dbase and a Dbase

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 base and the  Dbase

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 i1f there is no mismatch between the
specific base and the base corresponding to the specific
base 1in the Nucleotide 1in a complex composed of the
Nucleotide and the target nucleic acid, the Nucleotide is

25 cleaved with the restriction enzyme.
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24. A Nucleotide used for detecting the presence
of a base substitution at a specific base in a target
nucleic acid, which

(A) 1s 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 specific base 1in the ©Nucleotide 1in a complex
composed of the Nucleotide and the target nucleic acid, the
Nucleotide is not cleaved with a nuclease, and 1f 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.

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 1is
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
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substitution in the target nucleic acid, a mismatch is 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 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.

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

29. The Nucleotide according to claim 28,
wherein the labeled compound is attached to the Nucleotide
in a portion 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 site for the nuclease.

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

32. The Nucleotide according to claim 31, to
which a substance capable of quenching 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 is modification of the hydroxyl group at the 3-
position of ribose.

34. The Nucleotide according 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 1is a deoxyriboinosine
nucleotide or a deoxyribouracil nucleotide, and the
modified ribonucleotide is an (o-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 according to claim 36, which further
contains a reagent for carrying out a nucleic acid

amplification method.



