;ede(|"@N(6(T(7 DESCRIPTION NUCLEIC ACI D AVPLI FI CATI ON METHODS 5
Technical Field The present invention relates to a nethod for detecting a
target nucleic acid which is useful in a field of clinical b a
DNA synthesi s method which is useful in a field of genetic ;{E@MM@H ﬂl The
present 10 invention relates to a nethodlfor anplifying a nuclei S a
tenplate and a nethod for detecting a target nucleic acid anpli fP## usi ng
sai d net hod. Background Art 15 DNA synthesis is used for var S
in studies in a field of genetic engineering. Mst of the DMH‘HM@IH@EW‘E’

wi th the exception of that of a Ssh@ESORIHETIAMNA (e.g., an ol e)
is carried out using an enzymatic nethod in which a DNA pol yner &§®02%s
utilized. An 20 exenplary nmethod is the polynerase chain reaction (PCR)

met hod as described in United States Patent Nos. 4,683,195, 4,683,202 and
4,800, 159 in detail. AngtderI€XadpbeamsLthecareyeNsSRETHEDSCri ption-PCR

(RT-PCR) nethod, which is a conbination of the PCR and a reverse
transcri ptase reaction, 25 as described in Trends in Biotechnol ogy,

10: 146- 152 (1992). 2 The devel opnent of the above-nentioned net hods has
enabl ed t hg appliidiicaticqy of a region of interest froma DNA or an RNA. The
above-nentione synthesis nethods are 5 conducted, for exanple, using a

reaction that consi Stﬁemp%gégﬁgﬁi%ntﬁgﬁldt ghigtgge o aLe A Si & O%for

di ssoci ati ng (denaturing) ubl e-'stran as a tenplaté’in

si ngl e- stranded , DNAs, st ep of neal ing.a priyer _to_the. singl e-str.anded
oA and  CEERCSG i AR g R B e B R cofphEReRtary & M r om
the primer in order to anplify a region a DNA of, interest. ., .

Al ternati vé’lé),cijrfé’faalr emgaﬁﬂbﬁf*e&nﬁ]si%g])&&r egé’&tihﬁlcfeﬂ%%‘?‘idwgé‘:ht He&
shuttle PCR" ("PCR hou sai zensen" (Recent .advances jn PCR net hodol o Q
Tanpakushi 18§ fkdk usRn AKohs61IBxSs at8Re L fr otRI IR NEATSi ¢ 1?)1’1%\ciFtF‘?a'5r?gg
Enzyne, Suppl enment), 41(5):425-428 g19%§%) in which two of the three steps,
t hat 1i0s, tH&vendsoss redatesl iteg & MehoidhEr rardRiid Ydieh SoMusSdedisdiatd Gr e
carried out at the same tenperature. Alternatively, the |igase chain

reaction (EBER2 2emetalrl asddesasithed ifPERISbecBORI pabltieshed avchgie 14,
| 989 or the transcription-based anplification system (TAS) nethod as

descri bed iacieCRrpddtfded s1siAgaderidc metdéosi. nc:, 1990, pp. 245-252 may be
used. The four nmethods as nentioned above require repeating a reaction at a
hi gh 25 tenperature and that at a |low tenperature several tines in
Background Art
15 DNA synthesis 1s used for various purposes in
studies in a field of genetic engineering. Most of the DNA
synthesis with the exception of that of a short-chain DNA
(e.g., an oligonucleotide) 1s carried out using an
enzymatic method in which a DNA polymerase is utilized. An
20 exemplary method is the polymerase chain reaction (PCR)
method as described in United States Patent Nos. 4,683,195,
4,683,202 and 4,800,159 in detail. Another example is the
reverse transcription-PCR (RT-PCR) method, which 1is a

combination of the PCR and a reverse transcriptase reaction,

25 as described in Trends in Biotechnology, 10:146-152 (1992).



3 order to regenerate a single-stranded target nolecule for the next
anplification cycle. The reaction system should be conducted using
di sconti nuous phases or cycl es because the reaction is restricted by the
tenperatures as described 5 above. Thus, the nethods require the use of an
expensive thermal cycler that can strict2y adjust a w de range of
tenperatures over tine. Furthernore, the reaction requires tinme for
adjusting the tenperature to the two or three 10 predeterm ned ones. The
| oss of time increases in proportion to the cycle nunmber. Nucleic acid
anplificat imie redvwldsoridrai cfinthe aebbreemleationhsdt hertimwdsy Haayv ertrddred
devel oped in order to solve the problens. Exanples thereof include the
strand 15 dirsdlaganemiicaidn fdtad | pag{ SPAYFmehbedeas desar abeta pr Rh
7-114718, the self-sustai ned sequence replication (3SR) nethod, the nucleic
aci d sequengg based anplification (NASBA) nethod as described in Japanese
Pat ent No. 2650159, the transcription-nediated anplification (TMA) nethod,
the 20 Qa replicase igdodrdyelnaatiBadd NoNAPADGREEEL &Nnd¥hodd 1340 and
the various nodified SDA nethods as described in United States Patent No.
5,824,517, 1 80 4 ftigs er mal
55 \égcﬁl%!t%%z ]fozy\oegéé%ﬂ: u@?ﬂg\é\% 219%%2%.’8&% gh %8959. 5(?%1

enzymati c synthesi's ‘of 7an o nucl eo n|te t at es

Patent No. (3,916, Jggqragggl JLOTLABLIIRE o 45P00 gk anteAling ol

prinmer to asingle an ensi on oduct (or an orlglna
sequence) fo omed exten |o fron1th i take ce i araIIeI in a
reaction m( Bat@d §P ngOREFQH nggéatﬁ?e @actiSh of

such a met had ot he nucl ei ¢ _aci d lifi atlon or oI| onucl oti de
synt hesi s. Sﬂ:r%ﬁﬁ"ﬁ%e‘ ‘r’é’{ﬁq’nﬁ% BCFEFR &3 (FRRRAL % | BRIREEhods, e SDA
met hod i s an exanpl e of stems in which a DNA is finally anpllfled The
SDA net hod S 93 aTetred Qﬁﬁzﬂﬁﬁl?y?ﬁﬁpaoﬁaﬁg@ﬁhﬁﬁéFéPG @t ensHisice
(and a conpl enmentary strand thereof) in a sanple by displacenent of double
st radds usﬁn@@ﬂjlwqﬁl%ﬁisbrsa%@%df%@me‘éhelEﬂ-@ﬁrehaoﬁﬁéﬁé‘a@ ape infst hod
requires four prinmers used for the anplification, two of which should be
desi gned t @ 15e¢bon apf @ r BEBgWwift | baterestfor Aleerraitively onthatomrs ease.

conducted using a reaction designated as "the shuttle PCR".
("PCR hou saizensen" (Recent advances in PCR methodology),
Tanpakushitsu Kakusan Kouso, Bessatsu, (Protein, Nucleic
15 Acid and Enzyme, Supplement), 41(5):425-428 (1996)) in
which two of the three steps, that is, the step of.
annealing the primer and the step of extending are carried

out at the same temperature.
Alternatively, the 1ligase chain reaction (LCR)
20 method as described in EP 320,308 published on dJune 14,
1989 or the trans.cription—based amplification system (TAS)
method as described .in PCR Protocols, Academic Press Inc.,
1990, pp. 245-252 may be used. The four methods as
mentiéned above require repeating a reaction at a high

25 temperature and that at a low temperature several times in



The nethod requires the use of a nodified deoxyribonucl eotide triphosphate
as a substrate for DNA synthesis in large quantities. An exanple of the
nodi fi ed deoxyri bonucl eotide triphosphates is an (a-S) 20

deoxyri bonucl eoti de tri phosphate in which the oxygen atom of the phosphate
group at the a-position is replaced by a3sul fur atom (S). The probl em of
Tunning cost associated with the use of the nodified deoxyribonucl eotide
tri phosphat e becones serious if the reaction is routinely 25 conducted, for
exanple, for genetic test. Furthernore, the 5 incorporation of the

nodi fi ed nueldeat itke teggnertbe Ga-S)ndleoxyrtdrofud| eatyde) modkautllke for
anplified DNA fragnent in the nethod nay abolish the cleavability of the
anplified DNA fiawgimeahpWi Ehcatiest tiyelleQn erzyneeaépiogxayplten Whesuld is 5
subjected to a restriction enzyne fragnment |ength pol ynor phi sm ( RFLP)

anal ysis. Thae smliddesd SPAI ARt BRd 3% tdesehisbashd Jednbt edyshakeprfahgyd No.
5,824,517 is a DNA anplification nethod that uses a chineric priner that is

conposed ofpan ﬂ@%t%@l 1Q 3R AL DY 3R AerRIeRAs ea!serﬂ'érltorl%eﬁ

structure in which is positioned at |east at the 3' termnus .
nodi f iced SQQOQ%thod as described in WD 99/09211 requires the use of a
restricction enzyne that generates a 3'protruding end. The nodified SDA

. method as described i 9 S e e t | t s

pairs of priners. Théﬁrlrlo\éfﬂ)l #ﬁléad%{ae%i‘ et ho éLsr%detycérl u%d O&Tn %%@%’W
requires the use.of at.least two alr rime nd_a ast _one nodified
deoxyri bon&g’@é@t"“lldecW1’?)1603%’1‘?l 5ﬁl¥er (?r*?alfﬁajt ?hé’”rfget hbd"#6r ° &Y
synt hesi zi ng an 2 ol i gonucl Qtlde as %Eﬁ cribed in Unit St at es Pat ent No.
5,916, 777 d‘% &P OVES Jﬂl& -a BNA GG B8 prififert "1‘?@1 geduires
rlbonucleotlde at the 3' termnus, conpleting a reaction u5|n$ tgﬁl rimer,
i nt roduci ngi&eni ERT berdidet it BpﬁﬂﬁeQERF%ﬁP%%téﬁkﬁp%tF&ﬁh h

prlner-extended strand 25 with an endonucl ease to separate them from each
ot hel,0 @redetermined ones. The loss of time increases in

proportion to the cycle number.

Nucleic acid amplification methods that can be
carried out isothermally have been developed in order to
solve the problems. Examples thereof include the strand

15 displacement amplification (SDA) method as described in JP-
B 7-114718, the self-sustained sequence replication (3SR)
method, the nucleic acid sequence based amplification
(NASBA) method as described in Japanese Patent No. 2650159,
the transcription-mediated amplification (TMA) method, the

20 OB replicase method as described in Japanese Patent No.
2710159 and the various modified SDA methods as described
in United States Patent No. 5,824,517, WO 99/09211, WO
95/25180 and WO 99/49081. A method of isothermal enzymatic
synthesis of an oligonucleotide 1is described in United

25 States Patent No. 5,9816,777. Extension from a primer



digesting a tenplate and recovering the priner to reuse it. It is required
to isolate the prinmer fromthe reaction systemand then anneal it to the
tenplate again in order to reuse the prinmer in the nmethod. Additionally,
the Loop 5 nediated Isothermal Anplification (LAMP) nethod as described in
WO 00/ 28082 requires four primers for amplification and the products
anplified using the nmethod are DNAs having varying size in which the target
regions for the anplification are repeated. 10 Furthernore, an isothermnal
nucleic acid anplification , nmethod using a chineric oligonucleotide
primer, |sehd¢oralantedlChigherfi @ priifer- ith b atied lLavaitrandaid extehsNuel ei c
acids (1 CAN) nethod, as described in WO 00/56877 or WO 02/ 16639 is known.
However, tReoldcgonyent itenaini setikgham! vaehet C seeiudnad! | foTRéWwea mBt hods

still have various problens. Thus, a method for anplifying. a nucleic acid
at | ow runaikRgneash byr¥fi ahe PMArragreRE tdedc&anbephipthgl ggnetd cally
engi neered i s obtained has been desired. 20 jects of Tnvention The main

obj ect 0f R RUGHEAL RN At ol R QIR R il GRhpRiElitine 36 dne
anplification nethod 1n which a target nucleic acid in"a sanple is

speci fzi cal | fi 2 W fh ] sensit i w S a_
corrpossi ti o%%z?%g&g'nki ;89 gl}c}ﬁse‘%i f%‘?ﬁ%%ﬁ; rrcg?hold%o%%%}rnaafiy \gﬁ%lrﬁ"z:nt iagr%dAs a
result of i_ntensiv tudies, .t r : in t Qr.s, have found that an
efficiencyagp%ﬁiﬁg Fiﬁﬁcpgi8lggﬁgggﬁ%%&§9%aﬁpéﬁgﬁgl%ﬁcreased and a
detection sensitivity is inmroved ?é usi&g a onbinatign of .a chiqpric

ol i gonucl eoti de pri ORfd G upSPFRERTBL o DIS Yondct B e HH&R HFReal s
to a portion 3" to a portion 10 in a nucleic acid as a . tenplate_ to_ which
the prinmer "&hhedss they REA BaNDRSt ASd 2Rs erelplenad By S50/ D6 M Ao
02/16639. Thus, the present invention has been conpleted. The first aspect
of the pred¥At Lisnvishtabhy ranptbkied. a FbensdP?s retdirsd i 15 Agm&thRGEl &oF aci d,
the nmethod 15 conprising: (a) preparing a reaction mxture by mxing a
nucl 80c acpdrad fyingnpl at e,taémoxymlggﬁ@@l edGidt t FegHeBpRat e{ard DNA

pol ymerase having a strand di spl acenent activity, at |east one chineric

ol i gonucl ecoimipé epenfrary stxnd ebkerend) upst reasap be kbl idjemlelcemende and
an RNase H, wherein the chineric oligonucleotide priner is a chinmeric

ol i gonucl eoffi dioumrlierstrnarats i1ss subsa abihapbyynenpbenentary e tiiction

nucl eoti de sequence of the nucleic acid as the tenplate and contains a

ri bonucl eoktndenasleelske .25 @heamdtdasi oveguieéectfedrf nomindres gnsaeg for
consisting of a

the amplification, two of which should be designed to
15 contain a recognition site for the restriction endonuclease.
The method requires the use of a modified
deoxyribonucleotide triphosphate as a substrate for DNA
synthesis in large quantities. BAn example of the modified
. deoxyribonucleotide triphosphates is an (x=8)
20 deoxyribonucleotide triphosphate in which the oxygen atom
of the phosphate group at the o-position is replaced by a
sulfur atom (S). The problem of running cost associated
with the use of the modified deoxyribonucleotide

triphosphate becomes serious 1f the reaction is routinely

25 conducted, for example, for genetic test. Furthermore, the



8 deoxyri bonucl eoti de and a nucl eoti de anal og, the ribonucl eotide being
positioned at the 3' termnus or on the 3 -termnal side of the priner, and
wherein the upstream bl ock oligonucleotide is 5 substantially conpl enentary
to a nucl eotide sequence 3' to a region in the nucleic acid as the tenplate
that is substantially conplenentary to the chineric oligonucl eotide priner,
and the nucleotide at the 3' terminus of the upstream bl ock oligonucl eotide
is nodified such that a 10 reaction of conplenentary strand extension by
the action of the DNA pol ynerase does not take placed and (b) incubating

t he reacti dmcdrgiotad iflodr &f Sthéi Glodiitf itddnidl getiriat ee agl pathieon oprgduct .
According to the first aspect, the reaction 15 mxture may further contain
a second clidaaiirg peinuaarietd ierl)i deytey it i i sl T eleRyreis tignti |y
honol ogous to the nucl eotide sequence of the nucleic acid as the tenpl ate.
The reacti qRtHod ULy Ma¥ofl¥Ehhah£0Rt 8k PaBil URGt Leam iy Ogkp@k FgeaUGHREt | de
that has a sequence 20 substantially honol ogous to a nucl eoti de sequence 5
to a regi Orfr'ar&ﬁltelﬂ% MHEREIC GG ia% e e?n‘(??rleé}t & dh Uk A %ﬁ%‘f?&%ﬁﬁsﬁeri c

substanti al I'y "honol ogous to the nucleoti sequence of "t he secon

ol i gonucl e riqrer,._and th .eQt.i de a 3 ] ~of Qﬁ]

upstrgﬁn1b%%%ﬁ%5%eo iggﬁucﬁ%otﬁ'g&ﬁgﬁﬁ%ﬁﬁ%iegngggﬁ th%fgéﬁgggctﬁéﬁlo 9

conpl ement ary strand ext ilQn by -the action of the DNA pol ynerase does not
BoRT AT G

t ake placep HECEECSHT a 5lﬁ?esent invention relates to a .
conposition for the t hod for, anplifying a nucl ei c acid, of t first
aspect, which cont ai eatm?%hé%e%nébg\hi%@?% oFFgéfﬁﬁq@&qchelBrRﬁéTteéﬁd at
| east one upstream bl ock ol i gonucl eatide. The_third aspect of the present

i nvention PéR&eSs Fareitki Yot orr PRE  Rethod fdr DMRpPPPYLhgCatAGR &ethad d of

10 the first aspect, which contains at |east one chinmeric oligonucleotide
primer andt8aY eSS SheChibRTahipek Blffohdcrenrraed he aRo&i¥Ph ashect
of the present invention relates to a nethod for detecting a target nucleic
aci d1015 tlee PR he@dconp®i siasy: af aeseepiiifal nglement geta nstrerkusei dy t he
method for anplifying a nucleic acid of the first aspect and (b) detecting
a target nwhblieihc AW dianpbeitédned 20 tUe@sir ei otize s8bpterminus. The
modified SDA method as described in WO 99/09211 requires
the use of a restriction enzyme that generates a 3'-
protruding end. The modified SDA method as described in WO
15 95/25180 requires the use of at least two pairs of primers.
The modified SDA method as described in WO 99/49081.
requires the use of at least two pairs of primers and at
least one modified deoxyribonucleotide triphosphate. On
the other hand, the method for synthesizing an
20 oligonucleotide as described in United States Patent No.
5,916,777 comprises synthesizing a DNA using a primer
having a ribonucleotide at the 3' terminus, completing a
reaction using the primer, introducing a nick between the

primer and an extended strand in an primer-extended strand

25 with an endonuclease to separate them from each other,



Brief Description of Drawings Figure |: a figure that represents the
results of agarose gel electrophoresis of DNA fragnents anplified 25
according to the nmethod of the present invention. 10 Detail ed
Description of the Invention As used herein, a deoxyribonucleotide (also
referred to as a dN) refers to a nucl eotbde of which the 5 sugar portion is
‘conposed of D-2-deoxyribose. The deoxyri bonucl eoti des include, for exanple,
ones havi ng adeni ne, cytosine, guanine or thym ne as the base portion.

Furt hernore, the deoxyribonucl eotides al so i nclude a deoxyri bonucl eoti de
havi ng a madigieis¢d nease teugll s Ant) rdearaguianpSilee @nidhear to reuse it.
deoxyri bonucl eoti de anal og such as deoxyi nosi ne nucl eoti de. As used herein,
a ribonucl gati de (mdfnref etbedid®lftSe anhl) peimes tfrom nuhkeatdtet iasn whi ch
t he sugar portion is conmposed of D-ribose. The ribonucl eotides 15 incl ude

ones havi ng;y%d:%&ﬂ R THRS idheaQUANH IR Q'hé”tfé@rlﬂlaﬁc% tal’g%lbﬁsﬁl R ddoro The
ri bonucl eotides also. include nodified ribonucleotides such as a nodified

ri bonucl eotyeghed el ghifhBe Qxygene aheeneh. thQA@@9§98ﬁ%fiﬁrOQHeaﬁmk&ﬁ
aposition is replaced by a sul fur aton1(a|so referred to as 20 an (a-

ri bonuc 'eoweﬁg le@N &%o@heg')ua‘ir Aﬂgh@%h%%hves(ﬂi@? chi

oligonucleotide primers used in the present Invention |nclude any chlnerlc

I I ' . th h b d he 3'
Cerminus ofSSnCinads 1 o fona g ZoRRr ] eﬁ%ﬁ"ﬂe&re‘-‘wrp‘)éﬁé‘gﬁéedaﬁ of '

can b
extend a nucl ei.¢.aci,d stran t he net hod of resent _invenfion,
can be cl e&V& lghltcl?téﬁ cﬂutﬁ%a §°dé{1r(f&scaaﬁ“%]el eedd ]tl%“g?fzg? s\{}
di spl acenent re%ftloH As used herein, 3'-ternpginal side refers to a ortlon
fromthe cEFCerPNs t RBVANY: FARYHEY 012 niiB| &fidch the target” regioms

for the amplification are repeated.

10 Furthermore, an isothermal nucleic acid
amplification method wusing a chimeric oligonucleotide
primer, Isothermal and Chimeric primer-initiated
Amplification of Nucleic acids (ICAN) method, as described
in WO 00/56877 or WO 02/16639 is known. However, the

15 conventional isothermal nucleic acid amplification methods
still have various problems. Thus, a method for amplifying.
a nucleic acid at low running cost by which a DNA fragmeht
that can be further genetically engineered is obtained has
been desired.

20
Objects of Invention

The main object of the present invention is to
provide a target nucleic acid amplification method in which
a target nucleic acid in a sample is specifically amplified

25 . with a high sensitivity, as well as a composition and a kit



5 acid such as a priner. Likewise, 5 -termnal side refers to a portion
fromthe center to the 5 termnus of a nucleic acid. As used herein, an
upstream portion refers to an arbitrary portion that is 5 to the 5

term nus of the 10 chineric oligonucleotide primer to be used in the method
of the present invention. In other words7 it is an arbitrary portion that
1"s 3 to the priner in a strand of a nucleic acid as a tenplate to which
the chinmeric oligonucleotide priner anneals. 15 As used herein, an

endonucl ease may be any one that acts on a doubl e-stranded DNA generated by
ext endi ng aigeNdA farorhhiehenedthiareri ¢ ol i gonucl eoti de prinmer which have been
annealed to a nucleic acid as a tenplate, and specifically cleaves it at a
portion of the priner that 20 contains a ribonucl eotide. As used herein, a
DNA pol ynerase refers to an enzyne that synthesizes a DNA strand de novo

usi ng a DNAgdd=anid oFs Tvedifaladt e. The DNA pol ynerases include naturally
occurring DNA polynerases and variant enzynes 25 having the above-nenti oned

activity. For exanpl @s SHChresuil? 8RZYIRSehdicddlde tidA potyaeRASE VI Ng a
strand di spl acenent activity, a DNA polynerase |acking a 5 -.3" exonucl ease

acti vig y a'l‘i‘w%n@%:so%é/\@kgéﬁn@a‘f 3¢ &d eé(Pff@iér‘i%\PSSEi Wa%?%taq{dé’liéiyc or an

endonucl ease activity. 5 used herein, "a strand displacenent activity"

ERErSIo %%%taicxjnyg%it&aéio%’lsef'f e&%tea%e% ra%ﬁ adiaseoéeacc&@{‘ﬁseﬁ]eaéi\}:i]scézthat

1in
can procee icati1on on the basis of the sequence o nucl €1 c

acid as the tenp| ile. di acing_th \_str.and to.release .the .
conpl enent gLrsy 2%“@%‘?‘5% tﬁgt ﬁ%sl%enaan%é)%&attt&%ﬁhe ?%rrpl"‘at eC%sJ’[tHPe:rr%. I n
addi ti on, a . DNA stﬁgngﬁ%gleased.fron1a nuc) eic acid as Q%gglat as .a
result of &SEOPARFIGH S ememE e ef e t o &% "aqﬁéﬁﬁ ds '

herein. Hereinafter, the present invention will be 15 scribed in detail.
: aiigonucleogldé)t at anneafs 0 a portion 9? to a portion

10 in a nucleic acid as a template to which the primer anneals
in the TICAN method as described in WO 00/56877 or WO
02/16639. Thus, the present invention has been completed.

The first aspect of the.present invention relates
to a method for amplifying a nucleic acid, the method

15 comprising:

(a) preparing a reaction mixture by mixing a
nucleic acid as a template, a deoxyribonucleotide
triphosphate, a DNA polymerase having a strand displacement
activity, at least one chimeric oligonucleotide primer, at

20 least one upstream block oligonucleotide and an RNase H,

wherein the chimeric oligonucleotide primer is a
chimeric oligonucleotide ©primer that is substantially
complementary to the nucleotide sequence of the nucleic
acid as the template and contains a ribonucleotide as well

25 as at least one selected from the group consisting of a



(1) Chineric oligonucleotide priner used in the present invention The
primer used in the nethod of the present invention is a chineric

ol i gonucl eotide prinmer that 20 contains a ribonucleotide as well as at

| east one selected fromthe group consisting of a deoxyribonucl eotide and a
nucl eoti de anal og. Such priners also incBude an oligoribonucl eotide priner
that contains an unnodified ribonucleotide and/or a nodified

ri bonucl eotide. 25 A chineric oligonucleotide priner used in the 13

met hod of the present invention is a chineric oligonucleotide priner that
has a nucl eridxde idequeric tsidest andndil | yaconphelrebtaty t o amapait, of Hiwe

nucl eoti de sequence of a nucleic acid as a tenplate. It can 5 contribute to

ext ensi on ofi kil esltiald pedies porditibaes usedthEumhefdmfihu® or on
ri bonucleotide is positioned at the 3 termnus or on the 3 -termnal side

of the chi mad g aldganueieqtiqie ¥ it pril@Mridmy is usually designed such
that it is conplenmentary to a portion upstrean1of the 10 region to be

anplified, that is, fﬂvh‘é‘}retl'rpntﬁe tﬁpEE’?eQHCl}?P(Béﬁle %&fr&%ﬁl&&i{&épg%d' ng

toareglonto be arrpllfledln nucleirc acid as at As use

her ei " L ﬁﬂﬂylﬁﬂﬁﬂ% e a

nucl eg':ftl de s%%}tgg%e ?’hé%/ can annea aa{% g&ﬁﬁggggotﬁgag gtggufg% ? to
reacti on cqond used. heri c gonucl t| | i,n, the
met hod of t kg?gggntfﬁnvee?lgﬁg%gq con?gén %%et%% ?mBi ggf %%59 i

ri bonucl eot | d herei,n, a r|bo ucl.eoti de ma be an un difi.e

ri bonucl eotsug’é;tﬁ/l@i ¥ SRR &?% ™ B:(?m]:?ﬂ 5?1 ]%/ it%%ned
at the 3' termnus or on the 3 i m nal side of a chlnerlc ollgonucleotlde
pri mer and PEHHLL/s P@@ogﬁh%ednﬁﬁ %ﬁt%¢%aﬁﬂﬂ Wteh dan ehBFRURFEaset

ri bonucl eoti des include both of the unnodified ribgnucl eotide and the
modi fi ed ridBpETEEe80t P4ecls akigererioebidsovis Aedddisd: rsegh that a

ri bonucl eoti de, a 14 nodified ribonucl eotide or a conbination thereof
can B usedeBsiticke ochiceEmilemsnitgeiu @teendd e xfensgiorofo H‘élepraélé@rﬂn of
invention as long as it does not abolish the function of the priner.

Exanpl es ofthieh ®Nap giofliveng néisiso gigese atdda k8 ind@lagde anisut are not linited to,
an (a-S) ribonucleotide in which the oxygen atom bound to the phosphate
group i.s replaced by (&®)sul ineuloing anthe r iteemidlceot inExtwrehi €hrt hex
hydroxy group at the 2-position of the ribose is replaced by a nethoxy
group. Suchuf fdlirert ¢ik@ do gemerladet iadergqadtiemn garidaiati.ng a nodi fi ed

ri bonucl eoti de can be produced by using, for exanple, an (a-S)

ri bonucl eoti de tri phesphaiddngwhiteh ithepr eiarsad spedtBt hathdusinghdtion

sul furation reaction reagent (4 en Research) as described in United States
Pat ents No. n3x3@3.097,m&f a Zurther contain a second chimeric
oligonucleotide primer having a sequence . substantially
homologous to the nucleotide sequence'of the nucleic acid
as the template. The reaction mixture may further contain
an upstream Dblock oligonucleotide that has a sequence
20 substantially homologous to a nucleotide sequence 5' to a
region in the nucleic acid as the template that has a
sequence substantially homologous to the nucleotide
sequence of the second chimeric oligonucleotide primer, and

the nucleotide at the 3' terminus of the upstream block

25 oligonucleotide is modified such that a reaction of



15 OWe- RNA- CE phosphoram dite reagent (G en Research). A chineric

ol i gonucl eotide priner that can be used in the anplification nethod of the
present invention nmay be designed to contain a nodified ribonucl eotide that
confers resistance to the cleavage with an endonucl ease. 20 Such a pri nmer
is useful in that one can control the clgavage site wth an endonucl ease
‘during anplification reaction steps. One or two chineric oligonucleotide
prinmer nmay be used in the nmethod of the present invention depending on 25
the desired formof a DNA fragnent after anplification 15

(si ngl e- st rcampderen thoyb| etsandndxtlensSpeci by calhley, aohkoshiaferthe DNA

ol i gonucl eotide prinmer is used when a singlestranded DNA is desired,

wher eas t WeolRimERTaS eaidd a$s @b twterked pdeiddl .e- stranded DNA is desired. 5 There
is no specific limtation concerning the length of the chineric

ol i gonucl eotide prinaheusesbaaiPr ddfed® tHE PEBEENhrbRaRt | AMwrhdidRg as
it has a ribonucleotide at the 3" termnus or on the 3 -termnal side and

it can be ygadtr fdes! CAMJRERAG 1T hehlafe?r@tmi %5'@ s:@%gt%gﬁng a

ol i gonucl eotide priner that can be used is, for exanple, a
nucl eqt i de 100 hu Otd: , ahl.y: abo . pucl eotyi to
aboutq%O nzhkgggggg%?&gn?g Sbgfgﬁg%%y a 06?51gm%ﬂ%Feg%Pégéﬂgonggﬁggﬁb

nucl eot] degpel ¢ chsgtaler ahleciian e S ushegt| e seqyende gl g,

chimeric oli'gonucleotide i's antia onplénentary a nucleic acid
as a tenpl ate. .such at it .anneal s tqo.the nucleic acid as the tenpl ate
under reacPFEEréﬁﬁH%ﬁPS#s°&§§8ﬁuﬁi§ﬁ%%d%br contai ns a sequence recogni zed
by an endonucl ease, ich is utilized 20 in a step,as descr.i bed hel ow, at
the 3' termnus or oﬁgﬁhéhémﬁtéﬁﬁeﬁ 4%(596 B SERIPY e O i, Seot i de
having a structure represented hy the foll ow ng general forpula ¢an be used

in the DNAESy M hktt s TREL Ao® Jretire pfeseriP2s fVivantd oriesesC pAFagr oF

although it is not intended to |limt _ . .
10 the first aspect, which contains at least one chimeric

oligonucleotide primer and at least one upstream block
oligonucleotide.

The fourth aspect of the present invention
relates to a method for detecting a target nucleic acid,

15 the method comprising:

(a) amplifying a target nucleic acid by the
method for amplifying a nucleic acid of the first aspect;
and

(b) detecting a target nucleic acid amplified in

20 the previous step.

Brief Description of Drawings
Figure 1: a figure that represents the results of
agarose gel electrophoresis of DNA fragments amplified

25 according to the method of the present invention.



16 the present invention: General fornmula: 5 -dNa-Nb-dNc-3' (dN:

deoxyri bonucl eoti de and/ or nucl eotide anal ogy N unnodified ribonucl eoti de
-and/ or nodified ribonucl eotide, 5 wherein some of dNs in dNa may be

repl aced by Ns, and the nucleotide at the 3' term nus may be nodified such
that extension fromthe 3" terminus by the action of the DNA pol ynerase
‘does not take place). In the above-nentioned general fornula, ais, for 10
exanple, an integer of 5 or nore, preferably 6 or nore, nore preferably 8
or nore; b is an integer of 1 or nore, for exanple, 1-15, preferably 1-10,
nore preferably 1-7, nost preferably 1-5; and ¢ may be 0 or ¢ nay be an
integer of 1 or nore, preferably 0-5, nore preferably 0-3, although 15 it
i's not interdedlled IDa¥driidid opy @Ferthd MveRintddn Al though it is not intended
tolimt the present invention, exanples of chinmeric oligonucleotide

primers used accor d' G t%éé&? F&E@ﬁ@m 'naenﬁbg&y'rfiﬁbﬁd%l@%id'en Nﬁl% a =
~and b =1 and ¢ 0, b =2 and c = 0, 0, or = 2-3

and ¢ - 0-35 gr}q.ewr@;rgsfgr o) brépde g eeyabwcﬁﬂébeel% S&fhwma}l e

chimeric oligonucleotide prlner can be used in met hod of the present

i nventg on. %?icm ﬁloﬁﬂlggnugb %B%@almdfﬁﬁ u§egeé§%§£ QLding tg

present |nve as a structure 7 an en onuc ease recognl Zes

or cl eaves d(aegxg,rl%t r%nc(ie t%%ded lfnrc rﬁ]dtehe | JTer )%{I}pt Iée actnl valnE%NA

pol yneri se P EXTENded st rana) “ar a S|te Sont A NS a
rlbonucleotkpe whi ch ri bonucl eoti de be|n€h§85|t|oneg at 5 he 3 ternlnus
or on the SOSREAR &Y G THRPTH ner | +3%nacI &BF; é'lsﬁr |pr?§r At hough
it is not intended to limt the present |n enti,on, for. exa when an
RNase H actBroRet Tag gl o BH andEXBRACGBHEL S0EA8F et nEPSLERA T fom a

chimeric oljigonucleotide prinmer represented by the
deoxyribonucleotide having a modlfled base such as 7-

10 deazaguanosine and a deoxyribonucleotide analog such as
deoxyinosine nucleotide.
As used herein, a ribonucleotide (also referred

to as an N} refers to a nucleotide of which the sugar

portion 1is composed of D-ribose. The ribonucleotides
15 include ones having adenine, cytosine, guanine or uracil as
the Dbase portion. The ribonucleotides  also : include

modified ribonucleotides such as a modified ribonucleotide

in which the oxygen atom of the phosphate group at the o-
position is replaced by a sulfur atom (also referred to as

20 an (a-S) ribonucleotide or an (a-S) N) or other derivatives.
The chimeric oligonucleotide primers used in the

present invention include any chimeric oligonucleotide
primer that has a ribonucleotide being positioned at the 3!
terminus or on the 3'-terminal side of the primer, can be

25 used to extend a nucleic acid strand in the method of the



10 general fornula that has been annealed to a nucleic acid as - a

tenpl ate, the chineric oligonucleotide prinmer is cleaved at the

Ti bonucl eotide portion. A double-stranded DNA in which a nick is introduced
bet ween the ol igonucl eotide primer and the DNA strand synt hesized by the
extension is 15 then generated. Then, a strand di splacenent reaction with a
DNA pol yneri se proceeds fromthe nicked site. Thus, any chineric

ol i gonucl eotide priner that can be used to extend a nucleic acid strand
fromthe 3" termnus of the prinmer, that can be cleaved with an

endonucl eaggesand Winventiicgl) car?®bONA eatadBritge staremidmadl sa s, r and

di spl acenent reaction can be used in the nethod of the present invention.

Furthernor gan B GdEHE HAGANUCIA0tEE diidgRIcenintt ke dtasent i nvention
i ncl ude one whose 3' termnus is nodified such that extension by the action

of the DNA pol yneri sg25,6aan0hetake, Pl G e ath ANA BHensbeBrkakes R ace
froma 3 18 term nus generated upon cl eavage by the endonucl ease.

In
addi tion, ?;oglf 'g?xtefrﬁrgqgﬁl@cecetr%e N RNARO! Y TBLaS6 5 R uL%ﬁ\‘ﬂ&%i@ the

5 -termna e of t meric oligonucleotide prinmer.

pol ynmgr ase r enpl Lfi T7 ek as 6 _F al ase.
Furtﬂg%nnrzfgt éQ%%¥n%$i% Sﬁﬁﬁg%ﬁcleo |d§9%¥1nér ﬁ%e 9?%ftﬁggéeﬁﬁ%%ﬂg{ t he
present inyention . contai n a_nucl eqt.i de anal or. ,ot her _substances. That
s, one or Tor 8 it BoTT dd TeHal bOS) TN Po ESnt Aifed | n ERBIBREMSTT ¢ 10

ol i gonucl eoti de .priner, of the present invention as |long as the function of
t he prinerl?ﬁﬁeéFTé5thg a pol ymerase extension reaction fromthe 3'
terminus by the actiaon of a DNA pol ynerase is not abolished. Plural types

of the nucieotide an&Sod©{hMHeE et nUedkbHeAAEL PBALIER KBS Softo1 R he
nucl eotide anal ogs include, but are not limted to, deoxyinosine
nucl eot i de ArBEGERFVAcPPL hleR edtiade, 18 MUcl EOt itde ahhl G THEWISy Af midie i ed
base such as 7 deazaguani ne, a nucl eotide anal og having a ribose derivative
and tlfe | kdimegrichermsionuales tdidempriine20 te ingomseidedni dde meddach athe
present invention may contain deoxynucl eotides, ribonucleotides or
nucl eot i de thealpogsandyiinyardricous nbali étlari wosdsuchtad saddi tanimi tafadyabel ed
portion that is 3' to the primer in a strand of a nucleic
acid as a template. to which the chimeric oligonucleotide
primer anneals.
15 As used herein, an endonuclease may be any one
that acts on a double-stranded DNA generated by extending a-
DNA from the chimeric oligonucleotide primer which have
been annealed to a nucleic acid as a template, and
specifically cleaves 1t at a portion of the primer that
20 contains a ribonucleotide.
As used herein, a DNA polymerase refers to an
enzyme that synthesizes a DNA strand de novo using a DNA
strand as a template. The DNA polymerases include

naturally occurring DNA polymerases and variant enzymes

25 having the above-mentioned activity. For example, such



conpounds as long as they retain the functions as descri bed above. 25

I ncorporation of a nucleotide analog into a 19 prinmer is effective for
suppressing the formati on of highorder structure of the priner itself and
stabilization of annealing formation with the tenplate. A ribonucleotide
may be incorporated into a priner for the2sane purpose. 5 Although it is
'not intended to linmit the present invention, a nodified ribonucleotide such
as (a-S) ribonucleotide can be preferably used in order to prevent the

di gestion of the primer by a non-specific endonucl ease (RNase). The

chinmeric oldrgamed eoihdeugei mes canabe dol pyathesi zedwiaghave desidzel
nucl eoti de sequence using, for exanple, the 394 type DNA synt hesizer from

Appl i ed Bi eewyiifendi: 6ABLYiageordi pHAL Opdl RROSHNOTr aictiing Nt od,3

Al ternatively, any nethods including a phosphate triester nmethod, an

H—phOSphon%t%d?él%%é‘%@ixﬁimfp&%pQOBﬁAep&yﬂé%g)Q@ PRy 1hg ‘ésﬁ:%\{(@rse

synt hesi ze the chineric oligonucl eotide primner. Upst ream bl oc

ol i gonucl eqtide disier AL YAIRG &P SN PIeeRER NS 1.0 4l dypast one

selected fromthe group consisti'ng 20 of a deoxyri e and a

nucl eqti de anal og ca f used L.an tr lL.oc .

oli go%hcl eot i de used%%qf%%&n}g%ﬁ%%%bf hgfcg‘ragger#gﬁ%\?g% |eg‘rJ1C. 3 r%:ll]’&s Y eam
bl ock ol i gonuycl eoti de t hat, .has .a .nucl eoti d equence subst anti.al

conpl enent AR 6 & DB AR THE AT EGTGT SoqUdris o e G c
acid as the tenplate, and is capable of annealing to regign 3'_to a
or t1 on | n Shtuc CEBEF dbaB RTOCRBALA GRHH IR LI o HERPCERS1S OF

ol i gonucl eotide priner as described jn (1) above anneals can be preferably
used in thghﬁbtﬁggugpcghéx%rgggntnuclelc ‘acid as the template while

displacing the DNA strand to release the complementary
10 strand that has been annealed to the template strand. In
addition, a DNA strand released from a nucleic acid as a
template as a result of a strand displacement is referred.
to as "a displaced strand" herein.
Hereinafter, the present invention will be
15 described in detail.
(1) Chimeric oligonuclebtide primer used in the
present invention
The primer used in the method of the present
invention 1is . a chimeric oligonucleotide primer that
20 contains a ribonucleotide as well as at least one selected
from the group consisting of a deoxyribonucleotide and a
nucleotide analog. Such primers also include an
oligoribonucleotide primer that contains an unmodified
ribonucleotide and/or a modified ribonucleotide.

25 A chimeric oligonucleotide primer used in the



5 invention. The oligonucleotide is usually designed such that it is
conplenentary to a portion upstreamof the region to be anplified, i.e., a
portion 3" to the nucl eotide sequence corresponding to the region of the
nucleic acid as the tenplate to be anplified. As used 10 herein, a
"substantially conpl enentary nucl eoti de s®quence" neans a nucl eoti de
'sequence that is capable of annealing to a DNA as a tenplate under reaction
conditions used. As described above, the upstream bl ock ol i gonucl eoti de
according to the present invention is 15 nodified at the 3' term nus such

that it cameehode ultdf i zedhef or pacldhtext amsiedit ilgact iign by t herdeddrar of a
DNA pol ynerise. There is no specific limtation concerning the neans of

modi fi cati @n i3drheN@AS dehe Algke- MiMaItoNeE 0bjeChy QaR theeach ce
Exanpl es theréof include addition, 20 at the 3' term nus, of a D deoxy

nucl eot | de s gpuchaqtinge EpdblLAgneArbhedYEr Qe JbRuRAL LheadgRasid i on

of ribose, or a nucleo cation that inferferes wth extension
by a DNA pql i Se 0 i i .ance.. A_kylati r ot her. k :
oy Do P SUIERCRE Ge 10 PR A0 Gs ey iR,  he Ty Qx|
groupat th .21 pasiti f..riba of e stream bl ock o
o Pobfuct eoprig oeh o8 npRBeRG bR Be, n DM RS o deR SengidienTed by
aninoalkylati%?. Cge qé t Wo upstrea@;blo K L%%ﬁnucleoti e nq¥ bﬁ] used in
the met hod SF e BPESERTTOTSenti o RSBRIoTd B thePQeht TREH o 6% DNA
fragnment after anplification (single-stranded_or doubl e-stranded). |
Speci fi cal By, B%gg%‘ilﬁerqrc B dﬂ?ﬁmﬁé(ﬂg?ﬁ@lﬁﬁilnﬁlcg%dOc’;net%slcﬁ‘éé\ﬁr&cock
ol i gonucl eoti de are used when a single-stranded DNA is 10 desired, whereas
two chi merPd igPRyeAgOtdstsl der refher s ARE RISt A8ariPildkky designed
ol i gonucl eotides are used when a double stranded DNA is desired. There is
no speci fi uchnitthatti gt ciohceamp kgremkieapor €9 oa PArhindchppEraandods the
tenpl ate to which the 15 upstream bl ock ol igonucleotide used in the nethod
of tA& pregentonnveat ot ampddifsesls | thgtasishe sebecstiion o3 't Heo pditie on
results in the maxi mal anplification efficiency which may vary dependi ng on
t he nucl eohiudé esdquienc s asfudnte t argetespmidiing acta, &herkgnghh. tof fdee
region to be 20 anplified, and the portion in the target nucleic acid to
whi ch t he ehpidrfiedolinganuticdetiicdacid mer ausethpilate. As used herein,
"a substantially complementary nucleotide sequence" means a
nucleotide sequence that can anneal to a DNA as a template
15 under reaction conditions used.
The chimeric oligonucleotide primer used in the
method of the present invention may contain one or more
‘modified ribonucleotide. As used herein, a ribonucleotide
may be an unmodified ribonucleotide and/or a modified
20 ribonucleotide that can be positioned at the 3' terminus or
on the 3'-terminal side of a chimeric oligonucleotide
primer and that is recognized by or cleaved with an
endonuclease. The ribonucleotides include both of the

unmodified ribonucleotide and the modified ribonucleotide

25 as described above. An unmodified ribonucleotide, a



conbi nati on anneal s. For exanple, the portion is selected such that the 3
termnus is |ocated at a distance of one nucleotide or nore fromthe 5
term nus of the chineric 25 oligonucl eotide prinmner. 22 The preferable
chain |l ength of the upstream bl ock oligonucl eotide used in the method of
the present invention may be any one as 1é6ng as an effect of increasing
'sensitivity of detecting an anplified fragnent of interest 5 or the like is
achieved. Although it is not intended to limt the present invention, the
| engt h of the upstream bl ock ol igonucleotide is, for exanple, about 6
nucl eot i desnddd fakeut riBOnauL et ddesor paef @smibiyatbont the reed eoahdes to
about 50 10 nucl eotides, nore preferably about 12 nucl eotides to about 40
nucl eoti desisdd ficxr RS eyHRea it &l itferutidAdtdde siemiense tofe e dast ream
bl ock ol igonucleotide is substantially conplenentary to a nucleic acid as a
tenpl ate syelditalon ta@NDEALS a0 {theqhss! 8ot atish Bsh t fke t @R8] funder
reaction conditions used. The upstream bl ock oligonucl eotide used in the
method of ihg Presgl | NVeRKLABIARY GENTAMD GuSWCHRONT A8 ARAIAGAL Qlder
subst ances. e upstream bl ock™ ol I gonucl eoti de according to the present
i nventd on co i n . eot_j de I Plur ki of
nucl eogti dqugré%%giéaé c%;lﬁ:l b%é:%uglé) ilnmclgtr?braljf\éaot’i Sh- (RF{%OUQ%OI U4dlyiseq;raco]tlaelnn%'ended
cleqtide anal og,that can be used

tolimt the.present invention, an
accor di ng t5EHe BPescmTatemtih Peulfentt: M ByoaBbal Pnotios ° s
nucl eoti de, 25 deoxyur aci | | eotide or nucl eoti de. anal havi n 23
Todi 11 ed ISP 2 SRRt 1O oF"8 MucTHOTRIE SAGI SR Rov g
ri bose derivative. The upstream bl ock oligonuycl eotide used in, the present
i nvention & cBABEPKYa dEBRPnRY edthtie 2 POF3dOPeoPEdetB? & HRRT®otiSe
anal og 5 having various nodifications (e. g., addition of a |abeled
conpound) . FEPLESEs) | R¥or pdr atMOMFY a #FAWbt i de aRBFBg idit o FHES stk
oligonucleotide is effective for suppressing the formation of high-order
st rudttur e ofl igeausiliepdrige dnimgr jcoddlafindmd s awidifiad g bemughieedlidey
formation with the tenplate. The upstream bl ock ol i gonucl eotide can be
synt hesi zedano hage desidugducheot ivddngequefice usixegplicor exanpl@-3)he 394
type DNA synthesizer from Applied Biosystens Inc. (ABlI) according to a
phosphor amrdibiosurdicodd.deAl tEipiatisplel ey, anlyicet hedprepekadi by a pleddyitat e
triester nmethod, an H phosphonate nethod and a thi ophosphonate
using a sulfuration reaction reagent (Glen Research) as
described in United States Patent No. 5,003,097, or a 2-

15 OMe-RNA-CE phosphoramidite reagent (Glen Research).

A chimeric oligonucleotide primer that can be
used in the amplification method of the present invention
may be designed to contain a modified ribonucleotide that
confers resistance to the cleavage with an endonuclease.

20 Such a primer 1s wuseful in that one can control the
cleavage site with an endonuclease during amplification
reaction steps.

One or two chimeric oligonucleotide primer may be

used in the method of the present invention depending on

25 the desired form of a DNA fragment after amplification



met hod may be used to synthesize the upstream bl ock ol igonucl eotide. (3)
Endonucl ease used in the present invention Any endonucl ease that can act on
a doubl e stranded DNA generated by DNA extension fromthe chineric

ol i gonucl eotide prinmer as described in (1) above that has been annealed to
a nucleic acid as a tenplate and cl eaves125 the extended strand to effect a
'strand di spl acenent 24 reaction may be used in the present invention.

That is, the endonuclease is an enzyne that can generate a nick in the
chinmeric oligonucleotide prinmer portion of the doubl estranded DNA. Exanpl es
of endonucl @asra d-haireriedecdseibiblid-dthrad@sent | syesifo8alng| udme but
are not limted to, ribonucleases. Anong these, endori bonucl ease H (RNase
H which achsmrian BNAgBankaBteHed gpuhbe- std anded NyakAai Caa@iduqﬁwmosed
of a DNA and an RNA can be preferably used. Any ribonucl ease that 'has the

above- ment is%&%@lo%@ DA 1 65 d0s £AGy PeyREpESEably Wsellel8 BRR RIL¥FRnen

i nvention, including nesophilic and heat-resistant ones. For exanple, an

RNase H fr%ﬁﬁﬁ%%§¥%555ygﬁ&% %ﬁ@?i&ohe%i&ﬁgﬁtion at about 50C to about 70C

in the netho e présent 1 nvention. eat resistant ribonucl ease can
be preferably used in,the h 1 . r dnvent | es of

t he hgﬁt-resistant rﬁ%ﬁ%ﬁ%rgésgg)mg?gél%gﬁ E@ﬁgTe era |§5ﬁggﬁn5ﬁ§rﬁ!éi but
are not limted.to, comercial ly_avail ahl e ribonuycl gase bri daseT.
Thernnstabﬁ?W%@%e ??(E%@ﬁﬂn%ﬁl%%ﬁhﬁol8'%ﬁﬁp%§ ﬁé&ﬁééw Rh* seq§%$%n1a
t her mophi li ¢ bacterium of the 20 genus Bacil,lus, a hacterium,f fhe genus
Ther nus, a FEOFERYM bf (e g@ﬁ%%g%r&@&e&}é,ona BActEiUnfdr 4 ehﬁén??s
Ther not oga, a bacterium of the genus Ar chaeogl obus or the |iKke. ,

Fur t her nor €18 leo tigeur af | hccdir r itegF™HBohuer e¥estBfd I ariesmidadan be -

preferably used. The 25 enzymatic unit of RNase H indicated herein is a
val ue 25 sdasr édsled tac@dr dengisesl £oretthed I6ANE®didchg an enzymatic unit

as described in Referential Exanples. The RNase His not limted to a
specilfd ¢ one as The length of the chimeric oligonucleotide primer

that can be used is, for example, about 6 nucleotides to
about 100 nucleotides, preferably about 10 nucleotides to
about 50 nucleotides, more preferably about 12 nucleotides .
to about 40 nucleotides. It 1is preferable that the
15 nucleotide sequence of the chimeric oligonucleotide is
substantially complementary to a nucleic acid as a template
such that it anneals to the nucleic acid as the template
under reaction conditions used. The primer contains a
sequence recognized by an endonuclease, which is utilized
20 in a step as described below, at the 3' terminus or on the
3'-terminal side.
For example, an oligonucleotide having a
structure represented by the following general formula can
be used in the DNA synthesis method of the present

25 invention as a primer, although it is not intended to limit



long as it can be .used in the nethod of the present 5 invention. For
exanpl e, the RNase H may be derived fromvarious viruses, phages,
prokaryotes or eukaryotes. It nay be either a cellular RNase H or a viral
RNase H. The cellular RNase His exenplified by Escherichia coli RNase H
and the viral RNase His exemplified by V-1 RNase H. 10 Type |, type ||
'or type Il RNase H can be used in the nethod of the present invention. For
exanpl e, RNase H from Escherichia coli,. or RNase HII from a bacterium of
t he genus Pyrococcus or a bacterium of the genus Archaeogl obus is

pr ef er abl e,tha tthewtenti dinvantdren:15 The efficiency of the cl eavage reaction
with' an endonucl ease such as RNase H used in the nethod of the present
invention may vary deperdiald foinille :NUCl-eNa-dn-sr+egdice around the 3

term nus of the prinmer and influence the anplification efficiency of the
desired DNngT.her&écgiﬁik?chdléo%ir@é urahd tor degihgNebBedent iamal ofy;i may: for
t he RNase used. As ‘used herein, the term"introducing a nick" or

"nicking” nRaRY A n@iwng&f@efw&eorﬁaqfoﬂ hgoiye: 84" andS>riRfc1@otide,

doubl e=stranded nucl ei c aci For exanple, an RNase H 25 acts on a hybrid

doubl - str Halll | £ [ (o]agele] f ﬁ»gt d

ri bonﬁ’cl eot%&%%%clgln?f?drﬁ ncngmgt gﬁsgﬁgcﬁa\glbye ?Fe ave %Eekﬁ Ns, and the

ri bonucl eot| de- tal ni ng.strand e r .at_th

ri bonucl eohlu%ge%%gtd%onégt ﬁczlreeg% i %tg?glg&téllgngﬁ%&n?%k In oﬂﬁ&e E?Blrll c}:hat
doubl e- stranded nucl eLc acid. (4) DNA polynerise used in the _pre t _
i nvention ﬁx%ﬁ&s&é’lny IF?Igetg‘gvﬁ]'g %ieg?lf'aﬁa |ysp %%e %tlogctcf%i Fgeom DNA
can be used i.n the present invention. Particularly, a DNA polynerise

subst ant i aPOy YREdEiSkg dees Dot A1&G&d ‘activity can be preferably used.
10 Any DNA pol ynmerises having the strand dj spl acenent activity can be used
in the present inventiforth ey odsd 9fRafdd VahTaite &F ifva for

pol ynmeri ses | acking their 5" ~3" exonucl ease activities derived from

t her i¥phi | ie&apadicer i a0 ofintReegernfs Bad® IMRreuckhrasersbBaci® | 05 %ot enax
(hereinafter referred to as B. ca) and Bacillus stearothernophilus

(her ei naf t oneefrpefaral vs8 Borsmoreds els as liatgoen affreht oFKImQi®y

fragnent) of DNA polynerise | from Escherichia coli (E. coli). Both of
- for example, 1-15, preferably 1-10, more preferably 1-7, .

most preferably 1-5; and ¢ may be 0 or c may be an integer
of 1 or more, preferably 0-5, more preferably 0-3, although
15 it is not intended to limit the present invention.
Although it is not intended to limit the present
invention, examples of chimeric oligonucleotide pfimers
used according to the present invention include ones in

which a = 8; and b =1 and ¢ = 0, b =2 and ¢ = 0, b = 3-5

20 and c 0, or b = 2-3 and c = 0-3. The numbers for a, b
and C may be adjusted such that the chimeric
oligonucleotide primer can.be used in the method of the
present invention.

The chimeric oligonucleotide primer used

25 according to the present invention has a structure in which



mesophilic and heat-resi stant DNA pol yneri ses can be 20 preferably used in
the present invention. B. ca is a thernophilic bacterium having an opti nal
growt h tenperature of about 70C. Bca DNA polynerise fromthis bacteriumis
known to have a DNA dependent DNA pol ynerise activity, an RNA-dependent DNA
25 polynerise activity (a reverse transctyption activity), a 27 5 ~3'
‘exonucl ease activity and a 3'~5' exonucl ease activity. The enzyne may be
either an enzyne purified fromits original source or a reconbinant protein
produced by using genetic engineering techniques. The enzyne may be 5

subj ected 1 EHIILALNE S @S APYY IildBfes A8 Wbr A1 Uh Mg

insertion by using genetic engineering techniques or other neans. Exanples

of JSuch enzyies kel udeiReaBEy B8 polyishi sor (Takaid Szdlersbbchd s Bea

DNA polymerise lacking its 5 ~3'" exonucl ease activity. nown t hat

DNA A j I tivi )
Sotivity hORTRE AR ML EPanal Bhhe ATIRILEY | AT S°cBReRIRSS
t he met hod _of EHF

present inventiion., ln one aspect, .the DNA pol rise my
be used undeP CoRA S tone  nALCaM chr e SRR Heded ot PRORRRr X
e.g., dnt rgsence of M2+ In thig,case .the nethod of the present
nvent on G b5 CORORCIEY 97 (PBUEIEhA’ SHBFELBALOP 1SN Radb e CHARRR L ne
Bca DNA pol yneri se can .exhibit an RNase activity in a buffer containing
M2+ The SHOCOTRGHEIEE dBPUBE s bt EOOUFRmitedi o AHe LRESBReAhd Boa
DNA pol yneri se. DNA pol ynmerises that are known to have an RNase H activity

such as Tt HiDNA JorgneFesent r dRVERELRDs (iR SRS cahebealsBiase tthe

present invention. (5) Method for anplifying target nucleic acid of 25 the
present in@&Hs @ a double-stranded DNA generated by extending a DNA

from a chimeric oligonucleotide primer represented by the
10 general formula that has been annealed to a nucleic acid as
a template, the chimeric oligonuclectide primer is cleaved.
at the ribonucleotide portion. A double-stranded DNA in
which a nick 1is  introduced between the oligonucleotide
primer and the DNA strand synthesized by the extension is
15 then generated. Then, a strand displacement reaction with
a DNA polymerase proceeds from the nicked site. Thus, any
chimeric oligonucleotide primer that can be used to extend
a nucleic acid strand from the 3' terminus of the primer,
that can be cleaved with an endonuclease, and with which a
20 DNA polymerase can effect a strand displacement reaction
can be used in the method of the present invention.
Furthermore, the chimeric oligonucleotide primers of the
present invention include one whose 3' terminus is modified
such that extension by the action of the DNA polymerase

25 cannot take place, and DNA extension takes place from a 3'



28 The nethod of the present invention can be conducted by using at |east
one chineric oligonucleotide priner as described in (1) above, at |east one
upstream bl ock oligonucl eotide as described in (2) above, the 5

endonucl ease as described in (3) above and the DNA pol ynerase as descri bed
in (4) above in conbination. Alternativelg, a DNA pol ynerase having an
'‘RNase H activity can be used under conditions that allow the RNase H
activity to express as descri bed above. 10 dNTPs used for the PCR or the
like (a m xture of dATP, dCTP, dGIP and dTTP) can be preferably used as

nucl eot i de iR PRSP RRINRY altleat Y @133 valRS At ichddiic@da@esi on reaction
in the nethod. In addition, dUTP may be used as a substrate. The dNTPs may

contain a dNTP 15 (dgexyhyReRYeheot hdepishPPesPnatglesbal ofn SUGH akNa
7- deazadGTP, triphosphate of dl 1P or t%e like as Iong as it serves as a

substrate Eo%rlﬁn*é‘}ggéﬁn%g} OE! i‘ﬁ@lﬂé@ﬁ- oft_dsld V?F—iﬁ’é%fxﬁ’fné‘l diTge 0F, 7 (TP

anal og nay-be-useé ri'vative having a functional group such as a dUTP
havi ng an 1. . 20 .ar €,.C i ned. i i | i |_eqt i de
orimer s qodderac et B I AL, Sulh BRR BeTurdR AR sl
usi ng .a DNA synt hesi zer ag¢cordin 0_a_conventi I nt hesi s _nmet hod. The
aounCe of SKEIRCTISA Yo oo PO RE S8 BAcP taRih RS TYBEE SN bi ock
ol i gonucl eotide to be used in 29 .the nethod of _the present .invention may
be adj ust ed dependi ndUSTAETESRSe] ddiT (e URGRERCRLABOPRELESFAEE RECHSTC
acid, the length of the fragment to be anplified and the conposition of the
reaction sy§ﬁéﬂ%ﬁ)?R?L@%HhoﬁoPfe%Qﬁmﬂiég§Qqu#Qﬁﬁﬁﬁ&%nnﬁ?ybéoaﬁﬁé§téd
usi ng the anount of anplification product_as an index. |In other words,
there i s nousgestide 13matedi o Hrer nFEgstRECaApUNt Shat tife cANfed

ol i gonucl eotide prinmer and the bl ock oligonucleotide to be used in the

met hod of tlegepmasdotigly ArEntddit)ascdwnge asonhadngtli tnc&heoshimseduict of
interest is obtained. According to the present invention, there is no
specilfdi ¢ | iodigatugid eotrider pmignethe Motlee peaesendf inkWenthonerisc long as

ol i gonucl eotide prinmer to the upstream bl ock 15 oligonucl eotide to be used
as | ong asthke &@nptifbnateodHn tpreodpetimelr | fiber esf fest Dixg ai anegho llymearaese
enbodi ment of the method of the present invention, the nolar ratio of the
chi meri c olekxgenydlogotriede tHifonTefrdnd tHe Jpsteesaimbs obk ochegantidbeovifde i s,
for 20 exanple, 1 . 0.1 to 1 . 10, preferably 1 . 0.2 to 1 . 5, nore
preferabl ypka Po2hmépade. #s hbtt hgbatibMedy of Hlheagnzyypessesit mahe be
decreased in the course of the reaction, the enzyne can be further added

during thepniRacitalie Ankheg¥eihed vef ulske 3% RaTAMatidvent imxamplilke added
enzynme may be the sanme as
15 the nucleotide analogs include, but are not limited to,
deoxyinosine nucleotide, deoxyuracil nucleotide, a
nucleotide analog having a modified base such as 7-
deazaguanine, a nucleotide analog having a ribose
derivative and the 1like. Furthermore, the chimeric
20 oligonucleotides used in the present invention may contain
deoxynucleotides, ribonucleotides or nucleotide analogs
having various modifications such as addition of 1labeled
compounds as long as they retain the functions as described

above.

25 Incorporation of a nucleotide analog into a



30 that contained in the reaction m xture at the beginning of the reaction
or it may be a different enzyne that exhibits the sane activity. Thus, the
type or the property of the enzynme to be added is not limted to a specific
one as long 5 as the addition during the reaction provides effects such as
increase in the detection sensitivity origncrease in the anount of
‘anplification product. The nucleic acid (DNA or RNA) used as a tenplate in
the nethod of the present invention may be prepared or 10 isolated from any
sanple that may contain the nucleic acid. Alternatively, the sanple may be

used directdyiridy the deedeifv@ctdy aBRbbibsat heN theaGhiria taseol ng dip. t he

present invention. Exanples of the sanples that nmay contain the nucleic

aci d inclu det}Uts@f@cﬂ?%eH)?i t6d G ime} SAADLES LHEMSQLEANIHSTR i3 Crl? s a

whol e bl ood, a serum a huffy coat,” a urine, Teces, a cerebrospina ui d,

a sem nal falnlﬁi %’li%tfakj)}!lﬁ tf‘oﬂi wWith (t_ehe gtemﬁlgﬂgqer O%{S rt:'Libso%"{lec Ay deyrrph
node) and a ce culture ?e. g., a manmal iran cell""cul ture or a bacteri al
cell culture sanmpl es .t hat cgptain 20 a nucleiﬁaachgbsuch as aviroid, a

virus, a bAYerPTimPEOFESGi2tes Rk 2a REHIRT afffar-Hni nAlS SRS -
suspect ed e cont.am.,nated aqr infecfed wi,ith a mcroorgani smsuch as a

Vi rus%or a%oéﬁq?hﬁ 5 §° a}nft(%’&l%i%é’ \éqlg}l(;gl S Gt Rt 1Ry
sanpl es that may contain an organj smsuch 25 as a soil and _a waste water
The sanpl e am@PPeEed BibeREHEFEIdn Sbrtarfi Ag—8&) nddberacad@oFigist giafed by
processi ng the above-nenti oned sanpl es according to a known net hod.

Exanpl es ofoe & qfiegidrlat ivsesl timaordar Bo preyant tihe sheaastiamwdhttihen

include a cell destruction product or 5 a sanple obtained by fractionating
t he produc®rimes myclaen®nasicgdif iichenskompicd.ease dR¥@Fsl)le i n whi ch specific
nucl ei c acid nol ecul es such as nRNAs are enriched. Furthernore, a nucleic
acid such as a DNA oTha&n RMALmdrbE nedlagphifyenyide primer can be
10 synthesized to have desired nucleotide sequence using, for
example, the 394 type DNA synthesizer from Applied
Biosystems Inc. (ABI& according to a phosphoramidite method.
Alternatively, any methods including a phosphate triester
‘method, an H-phosphonate methbd and a thiophosphonate
15 method may be used to synthesize the chimeric
oligonucleotide primer.
(2) Upstream block oligonucleotide used according
to the present invention
At least one selected from the group consisting
20 | of a deoxyribonucleotide and a nucleotide analog can be
preferably used for an upstream block oligonucleotide.used
in the method of the present invention.
An upstream block oligonucleotide that has a

nucleotide sequence substantially complementary to a

25 portion of the nucleotide sequence of the nucleic acid as



nucleic acid contained in the sanple by a known nethod can 10 be preferably
used. The preparation containing a nucleic acid can be prepared fromthe
above-nmentioned materials by using, for exanple, lysis with a detergent,
soni cation, shaking/stirring using glass beads or a French press, 15
without Iimtation. In sonme cases, it is2@dvantageous to further process
the preparation to purify the nucleic acid (e.g., in case where an
endogenous nucl ease exists). In such cases, the nucleic acid is purified by
a know net hod such as phenol extraction, chromatography, ion exchange, 20
gel el ectr @pRORRSIS a®le, domg tis WapdiAR orerintidaudalg o Mhewyiidn i desired
to anplify a nucleic acid having a sequence derived froman RNA the method
of the pregent,iHYSRti1aN Ay ke cgenducti £d 4siNgtasp@ateMIAt fhacADNA e

synt hesi zed by a reverse transcription reaction that 25 uses the RNA as a
tenpl ate. A S i Ny 0; be ed

reverse t r?ﬁéicrl 6t(1| %\l#@a%%%g%@bgflgﬁgfi e%é ?oetg{dhr[ﬁr%% hJ()I?i éﬁt %tladogrregsent

i nvention, _iocl ydi tQt a ' I I h ,
LRNA and T ARACSL Tt 55 SRaner R ST dnhe ERE BT AR BRedT
anneal.s to.an RNA as a npl ate under reaction conditiong used can be used
"0 The revaleNigiser i Prtot OIS THE ol Pt Uty e LT A g a
nucl eoti de sequence that is_conplenentary to _a specific 10 RNA a

Lerpl ate (4PSFect Fi c-r CHUPLEMSRGEYg0LaT 1 dESRF G HES LpPRfero And s
primer having a random sequence, (a randomprimer). In view of specific

anneal i ng, f€RéFendth dte t Rt He9d4 orir@ver s tPAR§EPPpt Pon it prd¥er abl y
6 nucleotides or nore, nore preferably 9 15 nucl eotides or nore. In view of
ol i gonucl edticdeodjfichesPguehie | ePEf RS Pengied ertebl FheooragéProtHeshsr

| ess, nore preferably 30 nucleotides or less. A chineric oligonucleotide
priner cannbelesed acid @i nelhef dempdedesete r HescamptibhedThe Bhi mseidc

ol i gonucl eotide prinmer can be 20 preferably utilized as a prinmer for a
stradd@ di speaedmpnt r"sabsitem tiia lillye copprietenda ranpiuidlyotd de meciueincedci d of
the present invention using a cDNA obtained after reverse transcription as
a tenpl at eme8uch aa npicileert iney seeruameeondatthdts ltapaiiie prfopamnicadsngs to
described in (1) above and that 25 can be used in a reverse transcription
reaction famomNaAn alSNA tempd aAry uedzne ehlvati ohas ol iadions tygseafl. synt hesi zi ng.
a CDNA using an RNA as a tenplate can be used in the reverse transcription

reaction. Exanpl es thgreofdddidikirl r evasSeef r anskei pt apesreamgi naflicag from
vari ous sources such as 5 avian nyel obl astosis virus-derived reverse

transcript ase gohMé1RbAS @l MARPEIMS | R | @B ME Mednits - deRietd Jrevarsse
transcri ptase (MWV RTase) and Rous-associated virus 2 reverse
trangeript 33gi(ERAY 2tREage) It Rddiuls Qhcr@ tA¥A it cannot be utilized
for a DNA extension reaction by the action of a DNA
polymerase. There is no specific limitation concerning the
means of modification as 1long as the above-mentioned
objects can be achieved. Examples thereof include addition,
20 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
extension by a DNA polymerase due to steric hindrance.

Alkylation or other known modification methods can be

25 utilized for modification of the hydroxyl group at the 3-



pol ynerase that al so has a reverse transcription activity 10 can be used.
An enzyme having a reverse transcription activity at a high tenperature
such as a DNA pol ynerase froma bacterium of the genus Thernmus (e.g., Tth
DNA pol ynmerase) and a DNA pol ynerase froma thernophilic bacteriumof the
genus Bacillus is preferable for the 15 present invention. For exanple, DNA
‘pol ymerases from thernophilic bacteria of the genus Bacillus such as a. DNA
pol ymerase from B. st (Bst DNA pol ynerase) and Bca DNA pol ynerase are
preferable, although it is not intended to limt the present invention. For
exanpl e, BegasdMAc20 $P! yiBbase cd0eshdOlpk eabhR e ba SRRNGANGIh e dtordd he
reverse transcription reaction. Furthernore, it can synthesize a cDNA while
suppr essi nardrhes{ Qigted | 08 ofiaa ss@eRdRY Bdddcldl ecgh BR BMAvantad aipl ate
under high-tenperature conditions. Both a naturally occurring one and a
variant 25 of; 138 AZHTRNaVi Ng a reverse transcriptase activity can 34
be used as long as“they have the activity. In another aspect, after

duplicating a DNA or RYA ﬁ%.'tg]%ggf'gaﬁ BTBEEOylggyozﬁggggB%%dteom S be

anplified beforehand, the duplic product nma as a nucleic 5
acid ate ate Lp.the nethod.of.the present,invention, Exanples of the
"ot hods foﬁls%fpﬁl%al&ﬁSn“}ent&o deo,bePea FEEY YRR eREPROA% P uhi ch
an appropriate host_ig transforiyred w vect or into which t, nycl ei c
aci d fragrré:%‘te cgﬁf’éfﬁangﬁflﬁ‘é r‘?ﬁ@om@g 3’@&3&‘?@5 t%]EB%rar?ﬂ}HlfJi 3
inserted, the resulting transformant. is cultured,' the vector_jinto which

the nucl ei d 5389 4 LoRFai R S TETARIDE i de SRREkhteat by be One

anplified is inserted_is extracted therefromand used. Any vectors can be
used as | ofGiHE fey CaigoBtSBrP LSl | PALBATI naRfe PRAt UNGIreEd edodmsike, pUC
series, pBluescript series, pGEM series, cosmd type vectors and phage type
vect ors ar @lpgendicdisiof igeedaranyupedt vheih Be aibvalasstoagdad PNy dan
mai ntain the vectors used. For exanple, the host is exenplified by
Eschéli chi desdlried, wiwhetréas r udi Iophimeniur eoll i @onuel epiotder paspers ehd he
duplication nethod, after an RNA having a nucl eoti de sequence to be
anplified itgot ngssariame th Lusikn @ layoRNA Lea hinkrsa sereanccal mbaneiac dawibd e-
fragnent containing the nucl eotide sequence as a tenplate, the RNA nay be
used as a tsenphaleel DNA tilze demtiredi.of the 25 present invention directly or
after converting it into a
There .is no specific limitation concerning the
portion in a nucleic acid as a template to which the
15 upstream block oligonucleotide used in the method of the
present  invention anneals as long as the selection of the
portion results in the maximal amplification efficiency
which may vary depending on the nucleotide sequence of the
target " nucleic acid, the length of the region to be
20 amplified, and the portion in the target nucleic acid to
which the chimeric oligonucleotide primer used in
combination anneals. For example, the portion is selected
such that the 3' terminus is located at a distance of one

nucleotide or more from the 5' terminus of the chimeric

25 oligonucleotide primer.



35 cDNA by reverse transcription reaction. The nucleic acid fragment
contai ning the nucl eotide sequence to be anplified is not limted to a
specific one as long as it has a pronoter sequence for an RNA pol ynerase.
It may be 5 inserted into a vector having a pronoter sequence for an RNA
pol ymerase, ligated with an adapter or azgassette having a pronoter
‘'sequence for an RNA polynerase at its end or enzymatically synthesized
using a prinmer having a pronoter sequence for an RNA pol ynmerase and an
appropriate 10 tenplate. Thus, a nucleic acid fragnment containing a

nucl eot i de sequence tybe, M idred AN be il i R i e dd) @

formof an RNA using a pronoter sequence for an RNA pol ynerase bei ng

posi tioned As feRI1RRD APWEd AW MREUYthdRb P& - Asd ONgAsh dilsy have

pronoter sequences 15 for RNA polymerases. For exanple, pUC series,

DBl vescr | PSP hES, JFMOSIT % SN Vi, VaBLALS, Sk PI0S 4Bt
For the dustiarion s o ShettiEak: F5nanbllsacd - -00BhE 27 S aeet™
poIymg:)xas_e,o&_'sr'ézcﬁl'e &B%Jynera e, T3, RNA pol ynerase or the |ike can be

pref erabl y or° &GI8 st randed DNA such as a genomi c DNA

i sol ated as descri be ove or,a PCR fra nt and_a 25 singl e-stranded DNA
such as a cDNA prepagéi 99r%ﬁe+%en°£32gg?%ﬂ§5rFBti&WlFe R S5+ a
total RNA aor an nRNA can he preferably used as a tenplate DNA in the
present i nV@VEGHOTFh&hfo gttt odnded® s ineay drloctplal igpapcdiqatiide

denaturing it into single-stranded DNAs or w thout such denaturation. 5

That is, tH&metfd oexemelpr es@boUtnyvent i wichegt btesmytaot aboipri PG

denaturation step. In one enbodi ment of the present invention, if a nucleic

aci d havi ngpugleeqisiese fpoafanalRNA iaboud bkO anplilepeddeanpia f abattorb0

reaction can be initiated by 10 addi ng an RNA-cDNA doubl e-stranded nucl ei c

aci d 1ébt ai mad lipp tickesy,; s endransce f pralohy r ghoctt oh2usucfeat IBNA & abceripl at e
40 nucleotides. It is preferable that the nucleotide
sequence of the upstream Dblock oligonucleotide is
substantially complementary to a nucleic acid as a template
such that it anneals to the nucleic acid as the template

15 under reaction conditions used.

The upstream block oligonucleotide used in the
method of the present invention may contain a nucleotide
analog or other substances. The upstream block
oligonucleotide according to the present invention may

20 contain one or more nucleotide analogs. Plural kinds of
nucleotide analogs can be used in combination. Although it
is not intended to 1limit the present invention, a
nucleotide analog that can be used according to the present

invention is exemplified by deoxyinosine nucleotide,

25 deoxyuracil nucleotide or a nucleotide analog having a



to the anplification reaction m xture of the present invention containing
an RNase H to digest the RNA strand and convert the nucleic acid into a

si ngl e-stranded cDNA. 15 Furthernore, a reverse transcription reaction
using an RNA as a tenplate and a DNA anplification reaction using a cDNA
generated by the reverse transcription rgaction as a tenplate can be
‘conducted with one DNA pol ynmerase in the DNA synthesis nethod of the
present invention. Such a DNA 20 pol ynerase has a reverse transcriptase
activity and a strand di splacenent activity. A nucleic acid is successively

anpl i fied yagareiles0t baserl sgendi hkons-akhesqdenahsl i ngr a Lokl it anded
DNA into single-stranded DNAs or, if an RNA'is used as a 25 tenpl ate,

preparing anGHY (ﬁa§%1{/1§| & sthiapded BNA) v e, 37Th%V§tEL§M§1t:%é§1{?S‘H1i g on

reaction. "Successive means that a reaction proceed out a change in
t he reacti : e Or .t .CO Si.tl f . f ti ) r

used herei %ﬂl?%ﬂ&g)lt toglgia 'usr(reglgr%g1 crggl%dipttrze%%sn%ofl%g}%gu ;%%arﬁn%@aquo)ﬁtt:é&glstagﬁt

t enper at ur _under. i ¢ch an enzyne and a .nucleic acid strand functian in
cach st ep. SPREVRRIAE ISR o ARG AN e 2611 & CRIRG bhisb e dPatRent i on
may be conducted at_a normal tenperature 10 (e.qg.,..37.C) by_usi a

rresop%’l lic D861 YATErT SR ’é‘ﬂéﬁgggakf‘gﬂﬁw (Frggm%ddﬁiil%hnggl Qoq%‘é’ecl(%jduct ed
at a high tenperatyre (e. g., 50C or higher) by using heat-resistant
enzynes (af©® Gﬁﬁgrease and a DNA polynerise). In this case, non-specific
annealing of a prinmer is suppressed, 15 resulting in increase in the

specificity of DNA afBIGORPOAEEAR FAft Her Mdcd eotidlepr 8BREARTOf1BER nithe

secondary structure of a DNA as a tenplate is sol ved,
block oligonucleotide 1is effective for suppressing the

formation of high-order structure of the oligonucleotide
10 itself and stabilization of annealing formation with the
template.

. The upstream Dblock oligonucleotide <can be
synthesized to have desired nucleotide sequence using, for
example, the 394 type DNA synthesizer from Applied

15 Biosystems Inc. (ABI) according to a phosphoramidite method.
Alternatively, any methods including a phosphate triester
method, an H-phosphonate method and a thiophosphonate
method may be used to synthesize the upstream block
oligonucleotide.

20 (3) Endonuclease used in the present invention

Any endonuclease that can act on a double-
stranded DNA generated by DNA extension from the chimeric
oligonucleotide primer as described in (1) above that has
been annealed to a nucleic acid as a template and cleaves

25 the extended strand to effect a strand displacement



resulting in increase in the ability of extension of a DNA polynerise. A
reverse transcription. reaction and the 20 nucleic acid anplification can
be successively conducted in the nethod. In this case, a DNA having a
sequence derived froman RNA can be anplified by conmbining the use of a
reverse transcriptase with the above-nmenjponed reaction or by using a DNA
‘pol yneri se having a reverse transcription 25 activity. 38 I n each aspect
of the present invention, preferably, a chineric oligonucleotide primer and
an upstream bl ock oligonucleotide that are conplenentary to a DNA as a

tenpl ate ang anneal etk Obéh%s@%n?' EHQW%Qe'sten'ts ﬁlMtlh end@ﬂatto lé m t
the present invention. s compl enentary to the DNA as

tenplate (g gﬁﬂ@g r apd %W e_n i.ned
sequence of F% as t%%p gté ﬁ%@qé er%?ﬁ%ggg ?hgl%%?§g}lc

ol i gonucl eqt i r g [ on. p se.l hav ! strand
displacene%%zmﬁ#iﬁ%?ac1% ?§§4%9$d%% éx%%% § ¥E§ﬂﬁtﬁg é%
ollgonucleo de ock d by nneal i ng of the u strea bIock

ol i gonucl eSti & | ‘i s Efj ﬁ?l rt%‘?%%?@rﬁ yERRC o ﬁﬁ%@otqsc?éi
sequence 3', to the region in the nucle acid as the 15 tenp

subst ant i aliffy HpPERERR G f/nf’SnFﬁencPr Hoe o Yo ries eB?FdélB‘fL ﬁ@lr Lo the
nucl eic acid _as the tenplate. result, a tenplate for non-Ilinear

anpl i fi cat ifeROPRGHTESE St- heAIewgrerhh@S&u g%%réla@n%lg@ﬁﬁeﬁ anfdase K
anplified in the early reaction stage in the nmethod of the 20 present

i nventi on. WiHeheaatps a0l pRi BAA Gondast i oh 8t dolpliensteasdedt macleic
anplification efficiency of the nethod of the present invention.
Consequent lagid momymesid ioft § BNAdemectamRNA t aagebenpalediesabdivd ussd.
increased. In one aspect of the present invention, the 25 endonucl ease acts
as a ni cki Agyenzibenthhéasat ihdircesas thed aboketméntideedowdtd-vsitrisgsded
DNA or it alters the structure of the doubl e-stranded DNA conposed of the

chi mani ¢ oldagoniec |peod fedealplry NEsedintint hee DhlAecaenthd nivemtliahe, ialdlweliglhy t he
present invention is not restricted by a 5 theory. A DNA pol ynerase havi ng

a strand dmeploatdmert At inedty-resitdantdsonds PNAFsET ardmpiem &he R¥tase
term nus of the nick introduced in the double-stranded DNA to generate
' H from E. coli can be used for a reaction at about 50°C to

about 70°C in the method of the present invention. A heat-

resistant ribonuclease can be preferably used in the method

15 0of the present invention. Examples of the heat-resistant
ribonucleases which can be preferably used include, but are

not limited to, a commercially afailable ribonuclease,
Hybridase™ Thermostable RNase H (Epicenter Technologies)

as well as an RNase H from a thermophilic bacterium of the

20 genus Bacillus, a bacterium of the genus Thermus, a
bacterium of the genus Pyrococcus, a bacterium of the genus
Thermotoga, a bacterium of the genus Archaeoglobus or the

like. Furthermore, both of naturally occurring

ribonucleases and variants can be preferably used. The

25 enzymatic unit of RNase H indicated herein is a value



a new priner-extended strand while releasing the DNA downstream fromthe 3
term nus of the nick. Thus, the new 10 pri ner-extended strand repl aces the
‘previ ously synthesi zed prinmer-extended strand. The nethod for anplifying a
nucl eic acid of the present invention can be carried out using a pair of
primers and a pair of block oligonucleotpges, i.e., a 15 chineric

‘ol i gonucl eotide prinmer and an upstream bl ock oligonucl eotide that are
conplementary to a nucleic acid as a tenplate and another chineric

ol i gonucl eotide prinmer and anot her upstream bl ock ol i gonucl eotide that are
conpl enent axprhey sedli S@tdE@th$t tand. ndtrHdu Soﬁaﬁéasht:ih% A8 canshgeried that
chinmeric oligonucleotide priners bind to a doubl e-stranded DNA to

synt hesi ze JiiSPeG Ided GABYE BN R 6 rdtands b 14pst ream bl ock
ol i gonucl eoti des anneal to the respective conpl enentary strands, thereby

bl ocki ng anneal i ng ofmt tkye l. ry. str - e ot her
at th; gortionsltg wﬁﬁﬁﬂqyﬁgﬁﬁggt?gaﬁggrgéﬁﬁﬁﬂ%g.% i%o%ﬁg?éggfdgﬁgaéﬁhal.

In addition, it LS copsi ed th tenpl.ate sw ing.reactiaqn als
proceed i nrlﬁélrgtal IL"‘%I fgﬁ t g{e%teenglggﬁ rlelggﬁ%oen. ﬁ'letttnlgs%‘]1 C garéf%agjréasreenacti on
pr odu w t.h _one .primer __can function as enpl ate for. 5 another, priner if .
this ?spectmivsen&slé)&l.' ThOSE FRER nttafbef a%‘&rﬁggf cé‘ta%rpf)rgaﬁéf’efin &X5es in
a non-linear manner_,as the anount of the tenplate increases. Wen the

met hod T or VZELFy g U5 i ARG SSeT BTORATHE (oS S ARRFOREST | < kettuct ed
usi ng a doubl e-stranded 10_DNA as a tenplate, both strands can serve as
tenpl ates O t etREPI iof | €8t 1 Bh2TF e &BWESEN By Afsi Ag Vdhidter RE288i1 donucI®&t i de
primers and upstream bl ock ol igonucl eotides that anneal to the respective
two strand§elifilere Bage i Bniss axamaldifdedipngEacenbreliat cadde as a
tenplate, a. 15 chineric oligonucleotide prinmer, an upstream bl ock

ol i gonucl edtli cand fihe WébRYr RbemecHedtd dexemp bhbisghabesHIUNTPRNasg [ENA

pol ymerase and an endonucl ease are added to a reaction mxture. |If heat

t reatlifent iTypesell, f sypeenak uokng yolee TDUbRN¥aser dhdean D& amsed in the
heat-resi stant 20 enzyne is not used, it is preferable to add the enzyne
after the derthiogr abf orthel nptdieeraspéatent ibhe nuEbei cxampd egnpRN&EeatdIon
nmet hod of the present invention in which a double-stranded DNA as a

tenpl at e, thxonc Msadrerd obliiag@aldl,eer Gelapa MEITS fakth a bacterium of the

genus Pyrococcus or a bacterium of the genus Archaeoglobus
is preferable, without limitation.

15 The efficiency of the cleavage reaction with an
endonuclease such: as RNase H used in.the method of the
present invention may vary depending on the nucleotide
sequence around the 3' terminus of the primer and influence
the amplification efficiency of the desired DNA. Therefore,

20 it is natural to design the optimal primer for the RNase H

used.
As used herein, the term "introducing a nick" or
"nicking" means internally cleaving one of the two strands
of a double-stranded nucleic acid. For example, an RNase H

25 acts on a hybrid double-stranded nucleic acid composed of a



25 two upstream bl ock ol i gonucl eoti des are used, sw tching of 41

tenpl ates may occur anong the tenpl ate-extended strand i nternedi ates during
“the extension reaction fromthe prinmers to generate a doubl e-stranded

nucl eic acid consisting of the synthesized priner-extended strands being 5
anneal ed each other, although it depends2en the reaction conditions or the
Tike. The doubl e-stranded nucleic acid has chineric oligonucleotide priners
at both ends. Then, reactions of extending conplenentary strands conprising
strand di spl acenent can be initiated fromboth of the ends 10 again. As a

result of toaen reaetian, raBoAlBLEbEEaELEBNBEPHYAE hBNANO:d hesdird d@ivesBauence
at one end is generated. Furthernore, if switching of tenplates occurs

during the J18aGid Ofne 2rd8HRLE18bERRACEAYE! Bl A g G aHdT 4Rbnd O tBBE dhat
descri bed above is generated again. 15 The preSent invention provides a

met hod 1 or sad?%!élcfd%’ 'Sa{p\? ﬁu@“fiﬁbﬁu@?&gti"ﬁéch?‘E%ﬁi S%e‘f%ib% i%%d?ﬁ'r}@erase

havi ng a stran acenent actrvity to ect 4 tenpla SW I ng
reaction. In _t.he t. I it chy cty i resenc f a

doubl e-str fnélel%nu%r% gtthgecﬁlybfgmas%éjqﬁgenp%tgt{é&&t&mg&c |eer‘;Lé:r ir}icceio ‘i gonucl eot i de
prinmers and two upstreambl.ock .ol i gonucl eotj des .that are suhstanti.ally
conpl e“lfrent ary to the (rflﬁchgJ@t ipd)el@beai?egﬁcé]sse ltrhé:three%ee&qr&e WY s wel |
as a DNA pol ynerase havj a strand di splacenment activity, t

pri mer - ext ended strag‘dsbgg‘ (0% TPt Qr y' A0 t%het eW%’?‘i éjrlesvﬁl}ﬂﬁ%tzed.
Tenpl ate 42 switching of_each of the priner-extended strands fromthe
tenpl ate t FAHI e pRi A eREBNRE] $EPANd Tt dKe Brgsenuriniptieon.
synthesis of the priner-extended strands. As used herein, a tenplate

swi t chi ng Feddtlicod & lvef es PHRa Ped®ebasen skbehantirhl ¢ ond GFEH ardy

strands are synthesized by strand di splacenent reactions fromthe both side
s of a douBl'e:Xt exededlfadceiactdsiity £apNke preferably used.

10 Any DNA polymerases having the strand
displacement activity can be used in the present invention.
Examples - thereof include variants of DNA polymerases
lacking their 5'-3'" exonuclease activities derived from
thermophilic Dbacteria of the genus Bacillus such as

15 Bacillus caldotenax (hereinafter referred to as B. ca) and
Bacillus stearothermophilus (hereinafter referred to as B.
st), as well as large fragment (Klenow fragment) of DNA
polymerase I from Escherichia coli  (E. coli). Both of
mesophilic and heat-resistant DNA polymerases can be

20 preferably used in the present invention.

B. ca 1s a thermophilic bacterium having an
optimal growth temperature of about 70°C. Bca DNA
polymerase from lthis bacterium is known to have a DNA-
dependent DNA polymerase activity, an RNA-dependent DNA

25 polymerase activity (a reverse transcription activity), a



pol ymerase switches the tenplate and synthesizes a conplenentary strand
thereafter using the other 10 conpl enentary strand newl y synt hesized by
‘anot her DNA pol ynerase as a tenplate. In other words, a tenplate switching
reaction refers to a reaction in which a double stranded nucleic acid as a
tenplate is treated with priners and a DNA pol ynmerase having a strand

‘'di spl acenent activity 15 to generate extended strands conplenentary to the
tenpl ate, wherein a DNA pol ynerase that synthesized the prinerextended
strands actively switches the tenplate fromthe original tenplates to the
ot her pri mey- gt @@@@ﬂtera%@d%dwwiﬂ% R Sy Bhesi exhudled erdad igty,ands.
20 A DNA pol ynerase capable of an effect the tenplate switching reaction
during strapd diesphAcCMRRY NSactdAhd&an be BhelReabbyrieedaf ofrdhe jpiesent
i nvention. For exanple, a variant enzyne of Bca DNA pol ynerase |acking a

5' ~3" exonuygls acd d, i ' r ed.l ' a §¥ﬁ n
enzyne is %gjr%ﬁg?%laﬁtdﬁgg/%i#%b?e?égéﬁgg%agﬁa%ﬁgge BS(E)) %/J%Fagg ( arhag‘ral a
Shuzo). It | so be nrepared f ichiagoli pUL 205 (FERM
BP- 3720) wﬁ%%%Q;%Neé#1f§%e dgﬂe #%Ehgﬁéggézyne é@%%rdgﬁég%% tﬁégnete%d as
described in.Japanese Patent -No.,2978001. 5 In_the a L ficatjon mrethod of
he: present N EaRADrES (LA RAF EERoR G o T oOrPRESpRFHER! o edRIgd G r and
may be cleaved . at a site that cantains the ribonucl eotide such that, the 5
fragment (A9 %Bor t?5n) FEEHHECRY fP¥m 35479 eateRt Hoes SHILTEGTHES t he
10 ribonucl eotide. A priner-extended strand extended fromthe thus

gener at ed PECHELIES i 8% | STRBTI cHEBRS ¢l eaVetP R & SdoriQtea$EZYRE Sy
result, an amplification product having. the primer sequence at its end is
gener at ed. A€ 1gesec BREESIHENE Perd vAwFEsE ddEiker ap ShdFer » 19hdichhddt Base
primer sequence and a product having the prinmer sequences) at one or both
of the enddPNetapodamgarseatledkiima HEsnddSi'c exongcdpglisief iacAtlivdrt Yivet hod of
the present invention. These products are included in the anplification
prodd®ts herein. 20 It the huows cthat dsamsl | PN&apodymestalsed ofiavée aur esent
invention using a chineric oligonucleotide primer, a polymer in which the
regi ons t o cheloampllicfaised aceicboyecteth eash ant hRNasay Hheageirei ay edindEre

pol ymer has a structure in which plural regions to be anplified are 25
repeat ed i pplehe fSane-didiadidrnen. Theclpod yDek spal gmebasevedn bé4 useadn in _
el ectrophoretic anal yses of anplification products as | addered bands. It is

consi der ed thikatmd freo@eser ahieoprafsichipeeypess. | S Imfonenaegeby, t kg egi on
to be anplified, the size of the region, the flanking regions, the 5

nucl eot i de pxadyRNGAHadhanLhiverhse8! 1888¢CLEALE HEoRE! HBELt @1hwised the
reaction conditions and the 1ike. The pol yner as descri bed above contains
pl urglg RNase H activity to express, e.g., in the presence of Mn?'.
In this case, the method of the present invention.can be
conducted without the addition of an RNase H. Thus, the
Bca DNA polymerase can exhibit an RNase activity in a
buffer containing Mn?*. The above-mentioned aspect . is not
20 limited to the use o0of the Bca DNA polymerase. DNA
polymerases that are known to have an RNase H activity such
as Tth DNA polymerase from Thermus thermophilus can be used
in the present invention.

(5) Method for amplifying target nucleic acid of

25 the present invention



regions to be anplified. For exanple, the polymer is useful when detection
of a nucleic acid containing a region 10 to be anplified is intended
“because it hybridizes to a nunber of probes upon hybridi zation using an
appropriate probe and generates a intensive signal. The region to be
anplified or a portion thereof can be obggi ned fromthe polyner as a
mononer by using digestion with a restriction 15 enzyne or the like in
conbi nati on. The DNA pol yneri se used in the present invention should

synt hesi ze an extended strand fromthe 3' termnus of the primer portion

towards the downstreamamined HSPIACT Rhed PrRYeRUs| M ndranded A styeand.
It is 20 inportant that the DNA pol ynerise should not exhibit a 5 -.3

exonucl easRefictddy Bpahsm digeskakhe &téptﬁtﬁgr%r%&qgo%%rcl@mee

Kl enow fragnent, which is an exonuclease deficient variant” of

28' Lol ymr FEa f%?w%nét% s af"% EBB‘%:@%ES%L@%F&?E tﬂ?%%f%#f’@ﬁmm

ca (Tak%;% ?Bu%ﬁ) 6f§§ e a%pcgl 5£%EAW§§I %%%%%Pas%ﬁk 0 and

Sequenase nité ates |ochen1c meri sé and cp29
| ymeri se as .described i 7 13 1? glggé% can also iﬁbe ed A
pol ym%rl seetnﬁié’fmr?drer’?tflel yahsas é;e exjol?“nuc % VFvi f" dca
t he DNA synt esi s nethod of, the resent |nv nt| i f addltl .of an
appr opri at € AMSEESET @énlqﬁﬂq&lgephe 100t 7 %?W' ¥ying a
nucl eic acid of the 1Q present invention nay be conducted at varyin
t enper at ur 84 teETRE 1¥®) Yhe ac MU R TIA TR PAY DY %8 FNA§et é‘rrﬁ&td-t"df s mean
that the reaction tenperatures are changed for respective steps such that
t he change C@®esPfRot UpRfer BBAerw EpndhbieRact Fogs ial ko stheps RNase H
Specifically, varying 15 tenperatures refer to change in tenperature to
that suitabic&ivgity fter ekpagsise asedeiscoibashe®oviegg of a primer, a reaction
of conplenmentary strand synthesis, nicking of a conplenentary strand and a
di spll&cenent reacti odNTGs tusedtiver tHendECR sor hehemlikears tmhxtutriee oZ0
reaction tenperature for each step is unchanged and each step is conducted
at a subst dAfliPal | YCEBRSt ABTPt erper &ATME. kbni sbaatprafetabbel ecded has
tenperature to optimze the reaction conditions in both cases. One feature
of the net hodlkor iakpltfiphgsphates that serve as substrates in the
extension reaction in the method. In addition, dUTP may be
used as a substrate. The dNTPs may contain a dNTP
15 (deoxyribonucleotide triphosphate) analog such as 7-deaza-
~ dGTP, triphosphate of dITP or the like as. long as it serves
as a substrate for the DNA polymerase used. A derivative
of a dNTP or a dNTP analog may be used. A derivative
having a functional group such as a dUTP having an amino .
20 group may be contained. A chimeric oligonucleotide primer
is used in the method. The primer can be prepared, for
example, using a DNA synthesizer according to a
conventional synthesis method.

The amounts of the chimeric oligonucleotide

25 primer and the upstream block oligonucleotide to be used in



25 nucleic acid of the present invention is that the nmethod 46 does not
requi re adjusting the tenperature up and down during the nucleic acid
Synt hesis. Thus, the present invention provides a nethod for isothermally
synt hesi zing a nucleic acid. Many of conventional nucleic acid 5
anplification nmethods require adjusting 2fe tenperature up and down to

di ssociate a target froma synthesized strand. These nethods require
speci al reaction equi pment such as a thermal cycler for this purpose.
However, the nmethod of the present invention can be conducted only using
equi prent 10 hafe t¢y kKegp aneOngranierdte MR ®n Anldesdd bediakawey the
nmet hod of the present invention can be conducted at a single tenperature.
Prefer abl ¥ qdder A rPIAHARI Dl 264 ELLE NGobiEntEaBt! PRt BIRYAL Wit 1At  he
stringency | ével such that non-specific annealing of a prirer is reduced
and 15 such {:hat ] ific ealsto | 1yd a
tenpl ate. %#%ug‘%@t E|{-:‘+sl!::’nr§%t %?ﬁ'fﬂe%édegl[%%mgﬁ% '?ot r]f%ae p%ne‘@%%féﬁvgﬁ?i (;C?ii% t he
nmet hod of t r i ti C e cted.un i gh-t enper at,ur e
conditionscggmﬁgﬁﬁggé'ﬁggﬁg¥%g¥§fgﬁf er yn%ﬁhgﬁﬁég%gﬁ%ﬁg aEEVé. %¥%le’
additicon, it 20 is preferable to conduct .the nethod of .t he present

i nvent)i on &t*%an %%%V%ﬁ?i at8Y enBBr afPEFE subP P ent™F r et 2P hg e
activity of the enzynme used {n order to . maintain the reaction efficiency at
i gh' | evel SRS A OFbdAGBIE s chperltc draers pr Bt oPEBRY. 4506, 26645 about
80C, 25 nore preferably about 30C to about 75C, nost preferably 47 about
50C to abodft 7€ sPERdddie | t1DhtrkioYe ORGSR iYW t Hoe e tifsedf \When t he
reaction is_conducted under high-tenperature conditions in particular, it

i s preferalfhdmegigse acléggarcpepividet hantrhlmerfor ahdeacttifth at kdogd mal 5
tenperature. For exanple, when a reaction tenperature of 55C to 60C or 65C
is used, tldigonmwelegt idleocko obiegontrd edni drausedthod tdfe heehodesfentthe
present invention nay be, for exanple, without limtation, about 6 to about
100 Adcl eotindesntilion ergyt honpr ebersabl| ammbioiicaidi dro phodibotit 050 imicrestt des
in length, nore preferably about 12 to about 40 nucl eotides in |length. An
exanpl e of ief bbdlainedaught by the el evated reaction tenperature is the
solution of a problemof form ng secondary structure of a DNA as a

‘tenpl ate. The el evat addogaldhigontd ether aresentS enahlteiomnpthéteat somof . a
desired nucleic acid even if a nucleic acid having a high GC content is
used as a Lpeplidie FRkumikatAaBhe, cbhcksnshfi | ehey wéigetiverid anmpl idhed ng a
region of a long chain length. Such effect is observed in a range between

about 60 bynamerakouly13QJakR coRaG | ¢alimer20 thet wern abuwrcLeh byianrd about
4.3 kbp, nore specifically about 60 by and about 1500 bp. Use of a DNA

pol ymer ase 3o JofMeISerd r aschbplass aféﬁc;f 5 (En8- arBARBESE IR
pol ymerase) in the nmethod of the present inveniion can nmake the 25
ampl i fi cat Qg @fctd JHG RIS 4 o LYPaRFW which
In one embodiment of the method of the present
invention, the molar ratio of the chimeric oligonucleotide
primer to the wupstream block oligonucleotide is, for
20 example, 1 : 0.1 to 1 : 10, preferably 1 : 0.2 to 1 : 5,
more preferably 1 : 0.25 to 1 : 4.
If the activity of the enzyme used may ' be
decreased in the course of the reaction, the enzyme can be

further added ‘during the reaction in the method of the

25 present invention. The added enzyme may be the same as



48 conprises a step of preparing a cDNA froman RNA (a reverse
transcription reaction), be conveniently conducted using only a single
enzyme. Alternatively, a product obtained by independently conducting a
step of preparing a cDNA froman 5 RNA,L i.e., a cDNA can be used in the
met hod of the present invention as the DhA as a tenplate. In each case, the
Teaction in the nethod of the present invention is repeated until it is
term nated by appropriate neans, for exanple, by inactivating the enzyne 10
or by lowering the reaction tenperature, or until the reaction is deprived

of one of thmitsubsitatesd Thethet bedctobnammkichiyenata thecrig ity off t he
present invention can be used for various experinental procedures that

utilize anplid ixaddbidfoR MICheyCrachdqlF reehitdicn iRt atdtonxH abeld ng
and sequencing of a nucleic acid. Furthernore, the method for anmplifying a

nucl ei ¢ aci, Ofsihe géﬁﬁggﬁ%inv?ﬁhggnﬂﬁanéy?#sgp Eg% EQSE%FE?E%ET &l c

acid anplification net "method’for a yi ng rc acid on a

lid sub Ghi i Ly sl
solid su Stén%eefl@; b?efl a\?ﬂ#@g&ﬁ fp%"rf?:‘ﬁ O ot {BY P aexsﬂ&:fitﬁcc oqlc% %Sar%pq_r}gfi ed.

anplification ural regions are sinultaneous

The upstream bl.ock_ql,i gonucl.eot.i de ,accordi ng. to the present can
be USEd in 2k Searfel D AR ine Ja

i nyentio
TS oo BERHBORRT CAT RO Smet At 1 n

whi ch an aggifgé¥g£§gqin‘%%e detection sensitivity or increase in the
amount of amplification product.

The nucleic acid (DNA or RNA) used as a template

in the method of the present invention may be prepared or

10 isolated from any sample that may contain the nucleic acid.

Alternatively, the sample may be used directly in the

nucleic acid amplification reaction according to . the

present invention. = Examples of the samples that may

contain the nucleic acid include, but are not limited to,

15 samples from organisms such as a whole blood, a serum, a

buffy coat, a urine, feces, a cerebrospinal fluid, a

seminal fluid, a saliva, a tissue (e.g., a cancerous tissue

or a lymph node) and a cell culture (e.g., a mammalian cell

culture or a bacterial cell culture), samples that contain

20 a nucleic acid such as a viroid, a virus, a bacterium, a

fungi, a yeast, a plant and an animal, samples suspected to

be contaminated or infected with a microorganism such as a

virus or a Dbacterium (e.g., a food or a biological

férmulation), and samples that may contain an organism such

25 as a soil .and a waste water. The sample may be a



reaction is carried out using an excess anount of one prinmer relative to
anot her. According to the nethod for anplifying a nucleic acid of the
‘present invention, a single-stranded DNA 5 substantially free of a

conpl ementary strand thereto can be prepared. For exanple, a

singl e-stranded DNA for producing a matesial having an i mobilized nucleic
‘acid such as a DNA chip, a single-stranded DNA probe for detecting a target
nucleic acid, or a mega-priner for the |Iong-chain PCR can 10 be readily
produced in a short tinme. Only a sense sequence or an anti sense sequence
can be sel gatdpealayr iIpl | Eoadalyitgi Ndat heyyrmtdiad okctihe pssEDhedNVEREi ON.
Thus, the present invention is also useful as a nethod for producing a

nucl ei ¢ acift RAESIGh A tIRNIDARIURNGEY e HMY 1N chr SeHanC e hduidi on
of a nucleic acid of interest can be anplified even froma trace anount of

a nucleic gihRE a feapbple By ‘E%dgﬁ[éﬂégf St Oéaﬁhﬁepﬁ%.%ﬁntifb

. a
invention in a buffer of Bicine, Triciné, HEPES, phosphate or tris.

Ut Ner 10 G U O  IPIONO0 & DL o ot D R0

i nvention does not require e reaction equl pnen can

t enperat ur i th IR .ef or |Jfication..reaction
can besacongu\cgtaéng)llen%g%l%;r%%gie?g{ l%’%rloﬁ%gc'&%ggﬁc i r]_,l?r%gé hl}gl,e a e‘raiLL?cI eic
acid (e. g.,.%gr.neq%cal usg can be ind triallﬁ. 50 pro%uced iqﬁ%grge
quant i ti es 2% HhcteF cSaPICanSri A SATE MR hBRI6P CRECHESeiGifiénti on
can produce gn anplification product wth hi%h tigelity t o the nucl eotide
sequence ofCife M ULes | 2% B aYRe ARERERPAequéNEFIEE™O  er 3 n t he
DNA synthesis _in the nethod of the_ present invention was confirned by

anal yzi ng Pﬁélmkﬂ(ﬁﬁH4k§QﬁRnﬁmc%sD§$ PEsAnt RNG appriinetatied ifyddgcts, the
frequency of error found in anplification products obtained by the nethod
of 10 the prededc iadichtuHaddedain vihensamplenhhy By XRAWRCReRhiogh dagt known
to be able to anplify a nucleic acid with: high fidelity. In other words,

t he rhét hodbef priedepaddantusiadent i on has fidelity equivalent to that of the
LA-PCR (6) Kit of the present invention 15 The present invention provides
a kit used for the nfhleodpdeparatplar yontalmirnd ea chucldiof apidsean be

i nvention as described above. In one enbodinent, the kit is in a packed
form and corepared nStomicthenaboegamaintd onleel wsetaxfizd OBy pokyng, aser an
endonucl ease, a chineric 20 oligonucl eotide priner and an upstream bl ock

ol i gonucl eeiagplien a stlyarid di spliatenenta r eacldt@rgedltso, a soirdidadtdton,
contains a DNA pol ynerase having a strand di spl acenent activity, an

endonucl easakahdg/a thuffieln f 0siagst pandsdi sphasensat 4 eatidih | pdUsef,erably
used for the 25 nethod of the present invention. Alternatively, a
15 without limitation. In some cases, it 1s advantageous to
further process the preparation to purify the nucleic acid.
(e.g., 1n case where an endogenous nuclease exists). In
such cases, the nucleic acid is purified by a know method
such as phenol extraction, chromatography, ion. exchande,
20 gel electrophoresis or density-gradient centrifugation.
When it 1is desired to amplify a nucleic acid
having a sequence derived from an RNA, the method of the
present invention may be conducted using as a template a

cDNA synthesized by a reverse transcription reaction that

25 uses the RNA as a template. Any RNA for which one can make



51 commercial ly avail abl e DNA pol ynerase having a strand di spl acenent
activity and/or endonucl ease may be sel ected and used according to the
-instructions. Additionally, the kit may contain a reagent for a reverse
transcription 5 reaction that is used when an RNA is used as a tenpl ate.
The DNA pol ynerase can be sel ected fromzshe DNA pol ynerases to be used in
The present invention as described in (4) above. The endonucl ease can be
sel ected fromthe endonucl eases as described in (3) above. 10
"Instructions” are printed matters describing a nmethod of using the kit,
e.g., a nehegiker RoeRR iRGE ihead ety eT@leUtd G Jcii gt 19 aleth cHisR ageent
reaction, recomended reaction conditions and the like. The instructions
incl ude anynstigiatiicRn ranuaind n.nachosm 8k athe PRSI Oni A diRaldt, a
| abel stuck to the kit, and description on the surface of the package
‘containin ' i n uci,l ons i nc e 4 nf | O 1S sed or
provi ded t%Ptgll}gﬁlig’ltgecﬁ)}g#c%di%ﬂséch%@t le ﬁgerlélcgtg%é k?ltlg%fca]t e
present in ion f h 0 ntai4, a_reacti Qe ff cQnt,ai ni
Bi ci ne, Tr%%&%é, Fggésfﬂgﬁogb a eggr ﬁ%?% as ag%égggggnd%@%nggﬁgh ]g%ﬁ an
anneal.ing solution. Additionally, it may contain a DNA pol ynerase having a
strand di spP&E&MEnt activity and an RNase H. Furthernore, the kit may
contain a nodified 25 deoxyri bonucl eoti de or deoxy. | eoti de tri.phosphate
52 anal 0g. The kit ud2y B nEHbd PBReds: 68t Ty AR arger Pt Sci d
may further contain an approprjate chineric oligonucl eotide prinmer and an
" appropri at #PE6<t AR BT CS S FiRmRicPEBEi §8T e dAPRT f YR nghend VAT
nucl eic acid and a reagent for detecting the anplifjed target nucleic acid
such as a [EEPECAPAdEN: iT@RAtd Ahe i T rREINORSNANdPEhE PEdgedt Lafvgmng
anplification reaction as described above. In addition, the kits of the
present i neemuaedibidecsedecrCcki thadntia reowp tenentinierte ol ispeidisot i de
primer and the upstream bl ock ol i gonucl eotide used in the present invention
and/ &0 t heRpPobesof a hetgmebatie | (@enspeniéiscdeprimbad, abane. oligo-dT
Conmposition of the present invention 15 The present invention provides a
conposi ti ondeseythyminike petimed famd anmplriiimeim daarimec laeir@anaiomd seiquehee
present invention or the nethod for detecting a nucleic acid of the present
invention ga dessdomecbrabmes.. ForIrexatpe,of hepeaiFdsi t awmeaByngonttiien t he
chimeric oligonucleotide prinmer 20 as described in (1) above, the upstream
bl ock ol i goeuetteot isle ashdesasribeslk i Nf62) alwmsrsd heteadopdLhesse ass
described in (3) above and the DNA pol ynerase as described in (4) above.

The conposiglie@R 3@y yf Urd hefucleotides or more, more preferably 9
15 nucleotides or more. 1In view of oligonucleotide synthesis,
the 'length 1s preferably 100 nucleotides or less, more-
preferably 30 nucleotides or less. A  chimeric
oligonucleotide primer can be used as a primer for reverse
transcription. The chimeric oligonucleotide primer can be
20 preferably utilized as a primer for a strand displacement
reaction in the method for amplifying a nucleic acid of the
present invention using a <c¢DNA obtained after reverse
transcription as a template. Such a primer may be any one
that has the properties as described in (1) above and that

25 can be used in a reverse transcription reaction from an RNA.



contain a buffering conponent, a magnesiumsalt, dNTPs and 25 the |ike as
conponents for conducting an anplification 53 reaction. Furthernore, it
-may contain a nodified deoxyribonucl eotide or a deoxynucl eoti de

tri phosphate anal og. Additionally, buffering conponent and other additives
can be used. 5 1In a particularly preferapte aspect, the conposition may
‘contain suitable anobunts of the various conponents as |isted above for the
nucleic acid anplification nmethod of the present. invention. Anplification
reacti on can be conducted only by adding an 10 appropriate tenpl ate,
chinmeric oligonucl eotinde ey ShadthaP Sl ePiiasK o igenudsaatimdeEs) to
the conposition. If the object to be anplified is known beforehand., the
conposi ti orpRrehaidY Yarf oNRI 48 £hisRpi sl EgANHE! adklde Pz vexlid abl e
for anplifying the object. 15 (8) Method for detecting target nucleic acid
of 'the preseahdMeAlioan A4t anl . NUEhehhIad Gl FalRkeyaan R daect ed
by using the nethod for anplifying a nucleic acid of the present invention.
The detecti ri ; (a) i fpr t ucl.ei i d by
he mot hod PP Fyeey s Rauarshd) BB i, BpUELCD ik 38
descrizbed abaove; an ting.the target .nucleic acid anpli.fied in the
Step Shove2U35H (RUELRBl A BREE L U IS R R S R (ne
reverse trgg@ﬁ;hﬂﬁio rggciion and .t he $u | eic acid aggliticgtion reaction
may be con ed 13 Ore SPePY Al ddgh 14T ot Vi htEnd&G1 V6 TRV TSre
present invention, for ex l e, a conbination of AW RTase,  MMLV 5 RTase or
RAV- 2 RTasé&TAREGCELR TARR pﬁ@ﬁ%’r aBEa88h bRPPr AMSIASSUSERIFRE & 1d3Hbi fati on
of a reverse transcriptase and a strand di spl acenment-type DNA pol yner ase.
The nmet hod *f€¥RTEE WHanSEi R Rt éREVo?r qTafd)fy aldpadditdqioneai ANR
sanple. In other words, a specific 10 gene can be detected or quantifijed
fromall skeplyEseragepddiatd abseohbsi it areveree ctieracsiphias adamiNidy an
RNA. Exanpl es of the sanples fromwhich a specific gene can be detected or
quantliof i ed cianc|lele usiegt. ar dmoenkymet etk g sanptege fsemteagsdirdmps ismch as
a whol e blood, a serum a 15 buffy coat, a urine, feces, a cerebrospinal
fluid, a sewtdalitfyl atd, aa Isiadh vaemperassne (wichy. asa acabliBr @od yiiessise -

from a bacterium of the genus Thermus (e.g., Tth DNA
polymerase) and a DNA polymerase from a thermophilic
bacterium of the genus Bacillus 1is preferable for the
15 present invention. For example, DNA polymerases from
thermophilic bacteria of the genus Bacillus such as a DNA
polymerase from B. st (Bst DNA polymerase) and Bca DNA
polymerase are preferable, although it is not intended to
limit the present invention. For example, Bca DNA
20 polymerase does not require a manganese ion for the reverse
transcription reaction. Furthermore, it can synthesize a
cDNA while suppressing the formation of a secondary’
structure of an RNA as a template under high-temperature
conditions. Both a naturally occurring one and.a variant

25 of the enzyme having a reverse transcriptase activity can




or a lynmph node) and a cell culture (e. g., a mammalian cell culture or a
bacterial cell culture), sanples that contain a nucleic acid such as a
-viroid, a virus, a bacterium a 20 fungi, a yeast, a plant and an ani mal,
sanpl es suspected to be contam nated or infected with a m croorgani sm such
as a virus or a bacterium(e. g., a food3or a biological fornulation), and
sanpl es that nay contain an organismsuch as a soil and a waste water. For
exanple, a viroid, a 25 virus, a fungi, a bacteriumor other m croorganisns
in a 55 sanple can be detected or quantified on the basis of the presence

or the contentuseld asspesio & RS URKevedd Mikhiase m croorgani sns as a
target. Particularly, a nmethod for detecting a pathogenic m croorganismis

useful in 5 fields ofipsandtdOnseKbEnVA £ oswestp1 Fost DRy Mar enat ke et hod
of the present invention can be used to distinguish a genotype of an

Or gani Sm ORNf0 @%h%ra%rigzﬁl 2% e’ﬁﬂ%‘i%%it‘l’ae! e‘é%'qtu%fnc% g&Re. H2AT Linpliafilay

detection or confirnati the expression state of a disease-related

gene. o 9: pedehudone LHAELILR SACHALOR G PR 3L ULl A ST el d

of nmedicine.” Bo n can be preferab used "as e nucleic

id he t. I ' he d i on, h , th hod for,
et ecting FCH 88 TATBIFRE I oo T e HRSCRE PRGeRCESH Fart WEHISER as a

15 met hod for typi ng of geneti c, poLynorphismof a target. nucl]ejc acid.
At hough | ExpuRBs” o e hRed R ot e P ChPASERE LRy Sdioad obEheat o
the chineric olj, Qng%4eotide prinmer to be uysed is designed such that, the
3' -t er mi naP9forky 5% t Re Y51 1% PBLFR GePRPTRF 1% hBospediSti ¢
base of the tar&et nucl eotj de sequence to be djstinguished. For exanple, it
i s desi gnedr8uEACTASE aVhBr oyerVHBORF i d7er nWBiBBL weld tHECkREE @fdd he

3'-termnal base of the priner. If a msmatch exists between the nucl eotide
sequence offrgg@ment containing the nucleotide sequence to be amplified

10 is inserted, the resulting transformant is cultured, the
vector into which the nucleic acid fragment containing the
nucleotide sequence to be amplified 1is inserted is
extracted therefrom and used. Any vectors can be used as
long as they are stably replicated in the host. For

15 example, pUC series, pBluescript series, pGEM series,
cosmid type. vectors and phage type vectors are preferably .
used. Any hosts can be used as long as they can maintain
the vectors used. For example, the host is exemplified by
Escherichia coli, which is readily cultured.

20 In another aspect of the duplication method,
after an RNA having a nucleotide sequence to be amplified
is transcribed using an RNA polymerase and a nucleic acid -
fragment containing the nucleotide sequence as a template,
the RNA may be used as a template for the method of the

25 present invention directly or after converting it into a



25 3'-termnal portion of the primer and the nucleotide 56 sequence of
the tenplate, anplification fromthe target nucleic acid does not take

-pl ace and no anplification product is generated using the above-nentioned
chinmeric oligonucleotide prinmer for anplification reaction. 5 Information
concerning a specific base in a gene suchsas a point nutation or a single
“nucl eot i de pol ynorphi sm (SNP) can be obtained using the nethod. Simlarly,

t he nethod of the present invention can be used as a nethod for typing of a
genetic 10 pol ynorphi sm such as a deletion nutation or an insertion

mut ation. TNARSY I eatebkeck rahisagenpelieat i AGEH di NPhbO nike cRlesaitd
i nvention can be used in the nethod for typing of genetic pol ynorphisns as

descri bed iﬁ%@ﬁ%&ﬁ%n@&ﬂéﬁ RIS IRl Riueridte (Y eap bl oy

ol i gonucl eot i according to the present invention rmay be used’in

conbi nation v hira NyE €A1 4 10 &JLNad T gRet YA NGk 9§§etiit0216afl)a

pol ynorphisnms 1n a target nuclelc acid, the nmethod conpri sing:

mxing a s I t aini t arget _nuckghc i i a Nu ot j de, erein
t he Nucl eo%én%(t%)%i ;%e%lgl T ed%g tﬁlg1 Bkﬁ%‘er%é;%g%&%%%%'thaﬁ%xtlﬁe i(%ar/g]from
the term nus by .a ol yner ase daes_not occur.: .25 (B) has a hase
sequente cARTRELES DrRRab mEeros, BaviRY o8 SFORRHEE Tag e ehetPE hase
in the tar nucl.ei c_aci d; C), contains a ggﬁ%ence in which if there

nd
'S a i srateR DBORIBATARE " SpbLPRtECpatE indh BAGE S TooPF eshorfRIREHLE ¢ ho

specific base in the Nucleotide _ .
having a promoter sequence for an RNA polymerase at its end

or enzymatically synthesized using a primer having a

promoter sequence for an RNA polymerase and an appropriate

10 template. Thus, a nucleic acid fragment containing a

-nucleotide sequence to be amplified can be duplicated or

amplified in a form of an RNA using a promoter sequence for

an RNA polymerase being positioned as described above. Any

vectors can be used as long as they have promoter sequences

15 for RNA polymerases. For example, pUC series, pBluescript

series, pGEM series, cosmid type vectors and phage type-

vectors are preferably used. The vector can be preferably

used in its circular form or after being linearized. Any

RNA polymerases can be used for the duplication or

20 amplification method. For example, SP6 RNA polymerase, T7

RNA polymerase, T3 RNA polymérase or the like can be
preferably used.

Both of a double-stranded DNA such as a genomic

DNA isolated as described above or a PCR fragment and a

25 single-stranded DNA such as a cDNA prepared by a reverse




in a conplex conmposed of the Nucleotide and the target nucleic acid, the
Nucl eotide is not cleaved with a nuclease, and if there is no m smatch

-bet ween the specific base and a base corresponding to the specific 10 base
in the Nucleotide, the Nucleotide is cleaved with a nuclease to generate a
new 3' termnus; (2) treating the mxturgswith the nucl ease and the DNA

pol ynerase; and (3) detecting the presence of cleavage of the 15 Nucl eoti de
wi th the nucl ease. In another enbodi nent, the upstream bl ock

ol i gonucl eoti de according to the present invention nmay be used in

conbi nat i on dah s RSt f10dad i Pbm I8NRLILG IPHNATDS PhAS MRRNA @ ahanget

nucl eic acid, the nethod 20 conprising: (1) mxing a sanple containing a

target nuchgidr el pidde MG §ie+ MRZEIH e MR dg et iich.

i
nodified at the 3" t'erm nus such that extension fromthe ternlnuslby a DNA

pol ymer ase Qe 4 1M0s 195H eq px2d i@éoééfaﬁ%z%bﬂigﬁ%s%‘%ﬂ‘é%e: %?e%%%%i‘?fg
annealing to a region containing a specific base 1n the target nuclelt
acids and (,Q) . taj.ns.-a_S e, | i j.f.there is 5 .smat ch

bet ween thel(Esﬁglgcl%f ?gclr}‘r?é@ee Sgc%gl%ar&celgiasd@ﬁg;roﬁggﬁgﬁl&u% dé: ﬁg%%ﬁtﬁafr@@%ﬁase in
t he N%Fleotide in a | ex conposed, .of thg g%cleotidetand th;.targgt
nucl eic acid, the Nuciiotide i ©horeEradve FhPEERGE e dSE E A" M adher e
is a msmtch between the 10 specjfi ¢ base and a base corresponding to the
speci fi c b&%e A I9¢ NFHPEISHE, %%N&"@i §ESPs cleaved with a nucl ease
to generate a new 3' termnus (2), treating the mxture with the nucl ease
and the DNA ponneraé@{Qﬂﬁj%ﬂpqgﬁm%ﬁﬁé%?iE@etH§e5?8§eﬁBEeBF1€Pea@§g@(ﬁ
the Nucleotide with the nucl ease. As used herein, "a genetic pol ynorphisnt
refers to &Udilifier ea€ddi nhavihngl edt i TRIVHiende ot angeR¥Ranbhg thdibdE dual s
in the sane organi sm popul ation. Differences 20 in nucl eoti de sequences
constit uti mgrigdied,c poplidishitdest seaatdon | waned beo dpddiifated obis, but
i ncl ude various types such as "base substitutions”, "deletion nutations”
and 'lionser taidaii ngutaant iRdFs-.CDNPhelodiflfeersdnaamdead gendtdic ianfior méttiadmeids kal so
called a 25 variation. 59 "A base substitution"” refers to replacenent of
a nucl eot i devarse spemddcrisiien | neachilcheusiagi dnbyRNEodben rueripdatede.
"Base substitutions” include "single nucleotide polynorphisms (SNP)." 5 "A
del eti on mticat ithie' raefpdrifilatian | deadtion | MExture of the present

" invention containing an RNase H to digest the RNA strand

and convert the nucleic acid into a single-stranded cDNA.

15 Furthermore, a reverse transcription reaction using an RNA

as a template and a DNA amplification reaction using a cDNA

generated by the reverse transcription reaction as a

template can be conducted with one DNA polymerase in the

DNA synthesis method of the present invention. Such a DNA

20 polymerase has a reverse transcriptase activity and a
strand displacement activity.

A nucleic acid 1s successively amplified under

isothermal condifions after denaturing a double-stranded

DNA into single-stranded DNAs or, if an RNA is used as a

25 template, preparing a c¢DNA (a single-stranded DNA) by a



del etion of a nucleotide sequence at a specific site in a nucleic acid. "An
insertion nutation"” refers to insertion of a nucleotide sequence of an
-arbitrary chain length at a 10 specific site in a nucleic acid. In the
above- nenti oned enbodi nent, the bl ock oligonucl eotide according to the
present invention anneals. to a portion spstream of the Nucleotide in a
target nucleic acid. As a result, detection sensitivity in typing of 15
genetic polynorphisns in a target nucleic acid can be increased |like the
met hod for anplifying a target nucleic acid of the present invention. The

met hod for (dei8Gd NG dc3igRli JHIGRIcE i35 .d of the present invention can be
conducted by anplifying the 20 target nucleic acid directly froma sanple

containing the nucl einggeldsildilyn Speaps. tRAgtchai ned £ndidh oot dr get
nucleic acid to be anplified is not limted to a specific one. For exanpl e,

a region Ofwizc%% Yy of shorfgr. ihf eft%reab'rléa&qQW Qr%x@é(}r_ﬁt%rrei So‘%‘.”ec‘héei ve

for sensitive detection of the target nuclelc ac e target nucleic
60 acid in g samle cp bendelaclad i t g Sensi ALViddedy deslgning
the chinmeric i'gonucl eof’i dé primers of the present invention toresudlt in
the chain l,ength to _he anplified gs, descrihed aboyve, 5 Ln.addition,

{arget nucl SrE Hhe e R tio SRPOUCAPLR. gy o cSHBFEROFLD ovelr PR ¢ r ace
anount of a nucleic acid sanpl.e in the detection nethqd of the present

i nvention Ey?ni?ﬁrﬁézuierélé‘@ts Ton Mg GHs &7 EGFYESh B &4Te e 1fr 3Gtk S HYEpES,
phosphate or tris as a buffering 10 conponent and an anneal i ng sol ution
cont ai ni ng IIPEEHH A€ G2y FHEPenedi anine. In thi's case, the endonucl ease
and the DNA polynerise to be used are not |imted to specific ones. For
exanpl e, a conbi nati dheofnREleNased apvae BEEBESTI PINA LsaIoEhen sefj $he
preferable. It is considered 15 that the preferable units of the

endonucl ea®&esedrtt HOVENK st yiaey i e aeydvaigddeperdnagres theapeysdsinehe
enzynmes. In such a case, the conposition of the buffer and the amounts of
t he éfizymedeadded 3L )bebndjiasnegd ausiamprtic imddNaspol ymeraset sugh as
sensitivity or the amount of anplification 20 product as an index. In the
det ecti on Hatemood ofrtbreptesentIt neent i @hso dWP reyndoetiedcoaporat éddghs a
substrate during anplification of a target nucleic acid. Thus, if dUTP is

used as a subploratterd t(d.Sy.00ss0 It eot ohpyre¥ent biahise ndd hpeti-riesds tdine t 0
carry-over contam nation of anplification 61 products by degrading

anpl i fi cat iegrz yile@ducdrs whibhétNgabeacind N gbNBOPddaR rEdNG).. Knawthigt hods
for detecting a nucleic acid can be used for step (b). Exanples of such
met hods i nglaede Sndet epbtoniel ardeaGtHPnopr adugt-iRayi Nds a ssRRHlsedsi ze by
15 resulting in increase in the specificity ~of DNA
amplification. - - Furthermore, the problem of forming
secondary structure of a DNA as a template is solved,
resulting in increase in the ability of extension of a DNA
polymerase. A reverse transcription reaction and the
20 nucleic acid amplification can be successively conducted in
the method. In this case, a DNA having a sequence derived
from an RNA can be amplified by combining the use of a
reverse transcriptase with the above-mentioned reaction or

by using a DNA polymerase having a reverse transcription

25 activity.



el ectrophoresis, and detection by hybridization with a probe. Furthernore,
a detection nethod in which nagnetic beads are used in conbination can be
-preferably used. A fluorescent substance such as ethidiumbromde is
usually 10 used in the detection by el ectrophoresis. The hybridization with
a probe may be conbined wth the detecti®s by el ectrophoresis. The probe
Tay be | abeled with a radioi sotope or with a non-radi oacti ve substance such
as biotin or a fluorescent substance. Additionally, 15 use of a |abel ed
nucl eotide in step (a) may facilitate the detection of anplification

product into which the | abgtrd nuglRati deri s tHRcorppegtRe, AmvERLi@H)ance
the signal for detection utilizing the |label. A fluorescence polarization

met hod, a e er gy; it [ cap; al be
utilized f%%¥$%§§%§§§ct?gn.£%%é§f§?ge?Pa%%#%%gggé%ggcaggééggetéggedan

aut omat i cal uant i fJ e i n syiia ' stem 1In
addi tion, d tgg{%aglnmwdtc# nak:é’%pr@%‘%é%ﬁf%é hg%% dg%%r g%ﬁ‘?%gbggkbgge?éog can
be prefera sed; Lhonucl i R 0 or hineri.c . 62

ol i gonucl eot de%sgr%bég%l@%r%lggeag%f %gltnr% %oe%iuﬁoﬁ%gﬁ%ﬁ %ﬁtﬁo{l‘%ﬁ it is
deoxyrd bonucl eqti de,, | abel ed wi.th two or re_fluaqgrescen stances

oo 1 Foned St ediast 8% Hdmhte He SrAr R g daTE g et ac IhEn D8 Buadd i n
‘the detection t hod of the present invention. The prohe does not emt

{1 tor 65 conGOMANERAEATYs i Bal Gt 65 (R LA ed & POAme TTErsBRasc] i o
acid that is conplenentary to the prqobe, RNase H digests the probe. The

di stance bétwed)t B heey extendesuBd Rt d&deok e N ISe MRS S Rdr é8Ses,
resulting in the 10 em ssion of fluorescence. Thus, the eni ssion reveals

t he presen®®¥PRofag heheatgaplagel diromctle Bf RIEEE NS sofisthei ghiferdst hod
for anplifying a nucleic acid of the present invention, a target nucleic
aci d can beldgoasicdg¢odiide byr ekl nhyt Hdveprabeion vhe & cBNA| po Lyimeraise. For
exanpl e, a 15 conbi nati on of fluorescent substances, 6-carboxyfl uorescein
(6- FA®) antaNMiNoN g Nstrehdanbtspilac®mesrth oxyt hotayi ne THRAVRAYhe catraad
preferably used for |abeling the probe. The present invention further

provi des aemteneledsedrnam t htheabosleimeni ¢ onelligehhotllebbiddet petimpg a itsar get
20 nucleic acid. The probe of the present invention is not limted to
speci fic oboakedoby annealdany bybrhédl 2@st@eant dlgek BUdbenticaeiotiaey! ified
by the nucleic acid anplification nmethod of the present invention under
nor mal hybkihdichat iig0 casktdrosally Veewp Démspestfi crdet act inRrr1@btde
anplification product, a probe that hybridi zes under 63 conditions, for
exanpl e, k@@gﬁehgethgse ki ldied iBgiBR afh ahdehngi18tti Ngedd iss  the

pr ef er abl e. e stringent hybridization conditions are described in, for

examplse, Tiemplate substantially complementary to the chimeric
oligonucleotide primer, to the nucleic acid as the template.
As a result, a template for non-linear amplification to
which the chimeric oligonucleotide primer anneals is
amplified in the early reaction stage in the method of the
20 present invention. The early amplification reaction stably
increases the amplification efficiency of the method of the
present invention. Consequently, the sensitivity of
detecting a target nucleic acid is increased.
In one aspect of the present invention, the

25 endonuclease acts as a nicking enzyme that introduces a



Mani atis et al. (eds.), Mdlecular Coning: A Laboratory 5 Manual 2nd ed.,
1989, Cold Spring Harbor Laboratory. Specifically, the stringent conditions
-are exenplified by the follow ng: incubation at a tenperature about 25C
| ower than the Tm of the probe to be used for 4 hours to overnight in 6 x
SSC (1 x SSC. 0.15 M Nad, 0.015 Msodiugpl0 citrate, pH 7.0) containing
"0.50 SDS, 5 x Denhardt's (0.1~ bovine serumal bumn (BSA), Olo
pol yvi nyl pyrrol i done, 0.1~ Ficoll 400) and 100 ug/m sal non sperm DNA. A
probe having a | abel as descri bed above nay be used as the probe for
facilitatingde deiectimd ofotbEel st B8hd8MC! BNA asird. i35 Fhedwmt hadhof the
present invention does not require the use of equi pnment such as a thernal
cycler. Thetsehsidda/i tof ofrlet eLdide &t NUNEl Caddb&an J3 idid eased
according to the nethod of the present invention by using a chineric
ol i gonucl eqQt: ri ner: ieNUG) i j
conbi nat i o(ngH eégéjn@l ucql("zaalsréo s?%s@é‘%qﬁ‘ ?rn%lggg%lar]]%% lhégs ?C?ielectgeéd aé:e,
appl i ed to hhe iRl hodyaf EagSsQBESGIﬁ +£‘E’E£ﬁ' 1% hgr eLQ%Eri&PSd”% hoga of
the present i inventi on Can” Dé™pref erabl'y used,” Tor "exanplré, n a T8l & of
genetic te in whic tﬁﬁmpete tion is 25 routinel%gcongugied. The t hod
of the preséfitCiiventto 6RO HYBEFa8E ' ef afbtdtd o P LA H cat i on
product in a sharter tine than the PCR.. Therefore, the thod of the
D osent | NP Yo dh TR ATAT 280 TAG. o6 LIARGTBRE. tioi 31 aharBLRYP! e
met hod for detecting a gene. 5 In genetic_ analysis on a genomc |evel,
attenpts aﬁ?%nﬁﬂ?%(}Qﬁﬂﬁﬂq¢ﬁﬁré%cghﬁnd§9§9€ﬁﬁgﬁﬁpﬂe§n9N ton geded@ e
degree of integration in order to analyze a |arge anmount of nucleotide
sequences. 3An st SRINEY teadendede| Gigancor WHile pridessimng- Fhg | ANRg t he
| atest 10 hyperfine processing techniques in which basic processes for
genome analdpsins tfreamy froaxthhect3'orteginibng forforabee ik .DNAharep| ithiec axevon
reaction, electrophoresis, hybridization, detection of the DNA of interest,
etc. )l0are prtiograteed emdesl rdttraochi pepiacevethe paesieusént isymttdres itzed
fingertip size. 15 Such a systemis called as a mcrochip or a nanochip.
Appl i cat i oprdmetrtexPERdeql tsherasylst em as a gene anplification reaction is
currently consi dered. However, '

: The method for amplifying a nucleic acid of the

present invention can be carried out using a pair of
primers and a pair of block oligonucleotides, i.e., a
15 chimeric oligonucleotide primer and an upstream block
oligonucleotide that are complementary to a nucleic acid as

a template and another chimeric oligonucleotide primer and

another upstream block oligonucleotide that = are
complementary to a displaced strand. In this case, it is
20 considered that chimeric oligonucleotide primers bind to a

double-stranded DNA to synthesize respective complementary
strands, and upstream block oligonucleotides anneal to the
respective complementary strands, thereby blocking
annealing of the respective complementary strands to each

25 other at the portions to which the upstream block



since the PCR requires neans for repeatedly controlling tenperature up and
down over time, the system woul d becone 20 conplicated. By contrast, since
-the systemcan be sinplified using the nethod of the present invention

whi ch can anplify a nucleic acid under isothernmal conditions, the nethod is
quite suitably utilized for the integratgd system as descri bed above. A
highly integrated system can be 25 constructed by utilizing the techni ques
of the present 65 invention. Exanples The followi ng exanples further
illustrate the present invention in detail but are not to be construed to 5

limt the spapphhereafiddef ghgahial Exanpd@qdtidhoniing 0§ R¥ass dddedgene

fron1ArchaeogIobus fulgidus , (1) Preparation of genom c DNA from

Archaeogl olys ff W didlia 240 RliltemhfArdirsaghphis d Wiaidbsy (R ad if rom
Deut sche Sanml ung von M kroorgani srifen and Zel | kul t uren GrbH, DSM4139)

ot s HeE T pH g, 85‘%5%18 R ROt A G 165 ot g AT e
chl ori de 1%%%@& a{i 'EI' saolheg Ql}@(gg_,er nas f%g%gdo}jheég';%m g%ﬁu?ﬂ&urﬁlwas

react ed at our. er reac 1on € contal ni ng

150 nM EDLA d M t HCL, H 10 ul_,of 20

pr ot eimase %O%Peﬂfapglg}‘ﬁafg g%ﬂ%ﬁr%sec& Hsc()glsf(ﬁju J&‘?df&ﬁooﬁ“b%u od)%m
lauryl sulfat re added to the reaction mxture.. The m xture was

i ncubat ed étm lf%oQﬁOd‘A‘F? etDFESEEREN 1Tt He WchJrIee%sm?GBjeéctaésd to

phenol - chl or of orm ext ract| on, ethanol precipitation and air-drying, and
t hen di ssol&P&d amewg qf & qé%%ilﬁl%e@é’ﬁﬁﬂ c DNA solution. 25 (2)

Cl oning of RNase HI| gene 66
When the method for amplifying a nucleic acid of

the present invention is conducted using a double-stranded

10 DNA as a template, both strands can serve as templates in

the amplification reaction by using . chimeric

oligonucleotide primers and upstream block oligonucleotides

. that anneal to the respective two strands. If the reaction

is initiated using a double-stranded DNA as a template, a

15 chimeric oligonucleotide primer, an upstream block

oligonucleotide, four deoxyribonucleotide triphosphates

(dNTPs), a DNA polymerase and an endonuclease are added to

a reaction mixture. If heat treatment is wused for

denaturing the double-stranded DNA and a heat-resistant

20 enzyme is not used, it is preferable to add the enzyme
after the denaturation.

In the aspect of the nucleic acid amplification

method of the present invention in which a double-stranded

DNA as a template, two chimeric oligonucleotide primers and

25 two upstream block oligonucleotides are used, switching of



The entire genom c sequence of the Archaeogl obus ful gi dus has been
publ i shed [ Nature, 390:364-370 (1997)]. The exi stence of one gene encodi ng
-a honol ogue of RNase HII _(AF0621)was. known (SEQ ID NO:1, 5

http://ww. tigr.org/tdb/ CVR/ bt i ht m s/ Spl ashPage. htl m. Prinmers AfuNde (SEQ
I D NO: 2) and AfuBam (SEQ I D NO: 3) were s4nt hesi zed on the basis of the
sequence of the AF0621 gene (SEQ ID NO:1). A PCR was carried out using 30
ng of the 10 Archaeogl obus ful gi dus genom c DNA prepared in (1) as a

tenpl ate, and 20 pnol each of AfuNde and AfuBam as priners in a vol une of
100 ul . PyrebestateNA paekynectse (dmdeda tHeizdemirls tes-adk tasmde DNA trander i se
for the PCR according to the attached protocol. The PCR was carried out as
15 fol | ows:in4@rayeliasedl Wiy IhsSecoptonsbSE foeadlisacomdsmandhs2C for
1 mnute. An anplified DNA fragnent of about 0.6 kb was digested with Ndel

and BanH  (hatfa dsr om J ak@ied «3R20) - 2 TheRuba eflsd3indRAFURZO41 888 canrsiy uct ed
by incorporating the resulting DNA fragment between Ndel and 20 BanH sites

|0 a plasmanuachan b PLLAAN s @t@%gwe@ 2 HRIZCRARR ANl 15 BARYLION

is converted into a e m nation of nucl eoti de sequence

of DN@ fra gg@tlganégéﬂng ﬁ%@se &#fﬁ@% a|n§8HH%|?§§ gﬁes QQQQ% of the

DNA f rragnen |nserte PhAf 0 9 erm ned

accordi ng deaxy Jret.hod naly o) d ti
sequence r@@@%I%&Ogﬁ 6B%n ?%aé%ﬁg fﬁgﬁ% %E%QE%B $§££%€§dPﬁgi %g é&%ﬁﬂl
The nucl eoti de sequence of.the open reading frane,i own_in | D NO: 4.
The ani no éﬁd %1 $$%%%P??F1§%dﬁﬁgﬁerﬁoﬁFt%%1ﬂhc?%%§rde &ence
is shown in SEQ.ID NO:5. Escherjchia colj JMLO9 transforped with . the 10
pl asmi d pAF@2G$1P§sde9an%¥E%n%hHg|rﬁﬁ%ﬁi%ﬁ?%ﬁ?%&c Egﬁgg cQmprising
JMLO9/ pAFU204, and deposited on February, 22, 2001 at | nternational Patent
O gani sm DEFESPCadE SENGGERERL 1GR3 iRt B2 bF1 2eRAnErem| RatBt PralthscieddSe and
Technol ogy, Al ST Tsukuba Central 6, 1-1, Hi gashi 1-chonme, Tsukuba-shi, 15
| bar 40 30808866, Jdanauntiesuhbcexhi dhenurteet FerM R g2Epl iicaddessi t ed
at International Patent Organism Depositary, National Institute of Advanced
| ndust ri al pSedairte havd nte tineo Padpeumdeduances sitoensueber ISERMNBRALESN. (dat e
of request for transm ssion to international depositary 20 authority:
August 2, Z0@therfyelr epfir awiibehohgpurf f terpRilise Kidcyrsepdwaingn the
Escherichia coli JMLO9 was transfornmed with pAFU204 obtained in (2). The
resul ting Esealthiionhi aa calduhlMHS: deardsat | ngcpAECR2 e whs siimgdalrat ol iomteo 2 L
of LB

that described above is generated again.

15 | The present invention provides a method for
~amplifying a nucleic. acid which comprises wusing a DNA
polymerase having a strand displacement activity to effect
a template switching reaction. In the template switching
reaction in the presence of a double-stranded nucleic acid
20 as a template, two chimeric oligonucleotide primers and two
upstream block oligonucleotides that are substantially
complementary to the nucleotide sequences of the respective
strands as well as a DNA polymerase having a strand
displacement activity, two primer-extended strands

25 complementary to the template are synthesized. Template



25 nmedi um contai ning 100 ug/m of anmpicillin and cultured with 68 shaki ng
at 37C for 16 hours. After cultivation, cells collected by centrifugation
“were suspended in 37.1 nl of a sonication buffer [50 mMMtris-HCL (pH 8.0),
1 mM EDTA, 2 nmM phenyl met hanesul fonyl fluoride] and sonicated. A5

super nat ant obt ai ned by centrifugi ng theixoni cated suspension at 12000 rpm
for 10 mnutes was heated at 70 C for 15 mnutes. - It was then
centrifuged at 12000 rpmfor 10 m nutes again to collect a supernatant.
Thus, 40.3 m of a heated supernatant was obtained. 10 The heated

super nat aniswhaghsukj ect esla¢ly RES@HRSH rQnead t8Rt drAtert shiarakiiar feoma thieot ech)
equilibrated wwth Buffer A[50 mMMtris-HCL (pH 8.0), 1 nmM EDTA] and

chromat ogr aphed att®i N FEhE otgieam pAMmRe shagtPhaedaacitaBidt egkes Adaze
result, RNase HII flowed through the 15 RESOURSE Q colum. The fl owthrough

RNase HI I {i3¢higornwas ysubiegsized it @ hREpPUReE-Sxtehdda cArahsRam Phar maci a
Bi otech) equilibrated with Buffer A and chromat ographed using FPLC system

(Arer sham Phar naci a Bisot 86y . Hirdid,eSyl t reldBgee 2 i oped dlbiaugh the
RESOURSE S columm. 40.0 nl of the flowthrough RNase HI I fraction was

di al d [ f : : i S
Cont bl ng SB0CEH NG 1 BP0 ROl 4™ HAB el JATE GeRrenchralyy el
ti . 40.2_n . ial | ut j ect

1 Tr ap- nepdFin SVgieitee P EFEaR HIReAR R oGt ER, FRoh? b, ¢
Buf f er Bcn%inin 50 NaCl an% eI_u%ed \githalinear radi ent, of [ 50 to
550 nmM NaCP® ginél Bc Syst 8m JR¥PAErgIgPPded ¢ PRSHEHN c%ﬁﬁ ini g se Hi |

eluted with about 5 240 mM Nad. obtained. 7.8 nl. of the RNase Hi|
fraction wﬁ’Qﬁé’B‘ﬁ&é‘ﬁFr at%"&lltbf’}??ﬁ t \rlvg?‘]el t r SRR TR | n&néent?Y%@h@ﬁhZ%%m &on) .

Four portions each separated from about 600 ul of the concentrate re
subj ect ed COTBAEBEDLIETY gelSHTART at i bRCIO2ELPEM (&S hantPRar mREPRET
Bi otech) equilibrated with 50 mMtris-HCL (pH 7.0) containing 100 niM NaCl
and 801 mvceppAcERateryt e tipRR t REWdane SHBHPEF1 288 aPies @PTIRNasENAI | was
eluted at a position corresponding to a nol ecul ar weight of 30.0
ki | odal t onpotlymerasieecad ara waiegptl ats -.cor rigs pofliert oWwehds: ofa t emRNade Hi
in the nononeric form The RNase HII eluted as described above was used as
Af u RNase HWwiitghdpar atsamt.lothe affezaretd ca aceagtignofint Wairhuge clovdileed Afu
RNase HI| preparation was neasured as foll ows.

stranded nucleic acid as a template is treated with primers

and a DNA polymerase having a strand displacement activity

15 to generate extended strands complementary to. the template,
wherein a DNA polymerase that synthesized the primer-
extended strands actively switches the template from the
original templates to the other primer-extended strands
during the synthesis of the extended strands.

20 A DNA polymerase capable of an effect the
template switching reaction during strand displacement
reaction can be preferably used for the present invention.

For example, a variant enzyme of Bca DNA polymerase lacking

a 5'-3'" exonuclease activity is preferably wused 1in

25 particular. Such an enzyme is commercially available as



20 100 ul of a reaction m xture [20 nmM HEPES pot assi um hydroxi de (pH 7.8),
0. 01% bovi ne serum al bum n (Takara Shuzo), 1% di nethyl sulfoxide, 4 nM
“manganese acetate, 20 ug/m poly(dT) (Amersham Pharnmacia Biotech), 30 ug/n
pol y(rA) (Amersham Pharnmaci a Biotech)] which had been 25 incubated at 40C
was added to 1 ul of the Afu RNase HII 4370 preparation. The m xture was
reacted at 40C for 10 minutes. The reaction was then term nated by adding
10 ul of 0.5 MEDTA (pH 8.0). Absorbance at 260 nmwas then neasured. As a
result, an RNase H activity was observed 5 for the Afu RNase HI |

prepar at i oBcAdNgT nnmegdﬁy@m - {Qﬁkﬁﬁsantsrﬁi\?&)@. Hwes calcubatgd s

follows. 1 ng of poly(r or poly(dT) (both from Amersham Pharmacr a

ol I'ovs . . | h a =
TV EDTA {00 pr B, &l TR AT T o 5 Dol BLaR) Ced By a0

PO (1 A) - SQildroNcddfafnd | AR g&v&egsggtﬁgg? ng{qzﬁsg%qéegﬁ N Lee Ry (4D

solution (to a final concenfration o

tri 15 H 7.7 L ni 4 ca 2, T, ) BSA d 4
glr;/ier ol . e(et%%dxtaﬁ% g%\%géﬁrb%gjgggd Jrz?ﬂigag%éef 3F%Ieg‘¥rﬁr?ut @gﬂ%g’gﬂt’hen 2gol efi to
4C at | A | dT olution. 1 ~1 of iate diluti

oF an Bneme oo bl L B e DA Oon § meia i Vo ih BB pareEnE

solution. The m xture s reacgted at 4QC for 10 m nutes. 10 ul of 0.5 M
EDTA was ad@¥& tHéret o\@?‘(? t L€ t R 1PORUCLER L LASs o PEdREE ~SX t2edledm was
t hen neasured. As a control, 10 ul of 0.5 M EDTA was added to the reaction
m xture, tBETAESUI MYy Mskt Weeawad r et ed afibs 4bbiator copteiinst esheand

t he absorbance was then neasured. 71 A value (difference in absorbance)
was obt ai nédPBpusEsetade mydthethdsotbandd foragmentopronetr porttion)

resultihg from the <cleavage does not contain the
10 ribonucleotide. A primer-extended strand extended from the
thus generated- primer portion is no longer cleaved by an
endonuclease. As a result, an amplification product having.
the primer sequence at its end is generated.
As described above, an amplification product
15 without the primer sequence and a product having the primer
sequence (s) at one or both of the ends may. be generated in
the nucleic acid amplification method of the present
invention. These products are included in the
amplification products herein.
20 In the nucleic acid amplification method of the
present invention using a chimeric oligonucleotide primer,
a polymer in which the regions to be amplified are
connected each other may be generated. The polymer has a
strucfure in which plural regions to be amplified are

25 repeated in the same direction. The polymers are observed



absorbance for the reaction in the absence of EDTA. Thus, the concentration
of nucleotide released frompoly(rA) 5 poly(dT) hybrid by the enzymatic
-Teaction was determned on the basis of the difference in absorbance. One
unit of an RNase H was defined as an anount of enzyne that increases A260
corresponding to release of 1 nnmol of ridbnucleotide in 10 m nutes
“cal cul ated according to the follow ng equation: 10 Unit - [Difference in
Absor bance x Reaction Volune (m)] / 0.0152 x (110/100) x Dilution Rate
Exanple 1 (1) Design of prinmers and bl ock oligonucl eoti des A conbi nati on of
a chi neri c wWong ¥l eddghia- ekl pranerysewl an Hpplieasnbloak pebidgetdcl=eot i de
which is capable of annealing to an arbitrary portion 3 to a portion in a

nucl ei ¢ acii@cerad i € t atwhi£hcbhsiBerBEEr R Se WBENE¥ AR BARA o fFi I St,
chimeric priners for detecting Chlanydia trachomatis plasm d DNA, CT-BF19-3

(SEQ 20 | DDA BRR3r2e [ SEQAD DY Fhe V0881 SHNEHeSi? Akghasacbepn e

nucl eoti de sequéncé of Chlanydia trachonatis plasm d (GenBank accessi on

humber XO6ERe) Usifg 2 BNAgYNt %%%'&@g{,-aﬁﬂr@étiﬁf %i’n up%te%g:eg??' ogly

ol i gonucl eoti des, CR-FBK (SE CR-RBK (SEQ I D , whic

have' cnucl eot | S 0 I . aC ' I ' d are
72 ca&able%%##%§%§§% ng%ﬁgﬁgg%fiﬁg?§gg%g%ﬁ8%g83BQE§BE§FEF§§ghgnE%ﬁgéﬁhcIeic
acid as the tenplate tq.which the chineric oligonucleoti.de primers anneal,
were synt nS PB0 U3k TRE FERATRCEoI G orae B0 GEE APl ocked at the 3
5 termni by am nati such. that an extensjon . reaction by the action._of a
DNA pol ymer ase does ?the PRPOLYREE  Pe %%%(f’ﬂaké?r‘?lbla%&yeol?%%E%%?%OQW§ICR- FBK
and CR-RBK are sense and anti sense ol i gonucl eotides, respectively. (2)
Prepar at i of 88081 ah) dile psEPLildd efont r ACH0 SX3ERLEmy dFRS pdRI YWE cdrit r ol
plasm d was prepared by PCR-anplification and purification of a 560-by
fragnent c&eedsidomticRy dedestgort odn 2o ug Leiicamfdida cgdte ind e Semesid By SEQ
ID NO 10, insertion of the anplified fragnent into pT7 Blue T vector using
DNA Li0gat i &o Kpe waplifiertakdpa WIEegiied) barguseanst onyREiigh 268 ELocd i
JMLO9. (3) ICAN reaction Reaction m xtures of final volunmes of 25 ul

cont ai ni ngnumplerofofvapsprbas apmyahivbeidoaatdbnomsdrgpl aini arpcoptrdiatieng 102
to 106 copies of the positive 20 control DNA prepared in (2) above, 50 pnol
each of therobemarid ginagomies eat idéepsiner $igmél1100 Thwl regibnotot e
upstream bl ock ol i gonucl eoti des synthesized in (1) above as well as the
foll ow ng wepd ifriegared: a0.foMe@achhetedfTRsn 3Be mMdidtepiersKCEr bf ftdve ( pH
7.8), 100 mM potassium acetate, 25 4.0 mM nagnesi um acetate, 0.01% bovi ne

serum al bumon ymkr0%s a monomer by using digestion with a restriction
15 enzyme or the like in combination.

- The DNA polymerése used in the present invention
should synthesize an extended strand from the 3' terminus
of the primer portion towards the downstream while
displacing a previously extended DNA strand. It 1is

20 important that the DNA polymerase should not exhibit a
5'.3'" exonuclease activity that may digest the displaced
strand. For example, Klenow fragment, which is an
exonuclease-deficient wvariant of DNA polymerase I from
Escherichia coli, a similar fragment derived from Bst DNA

25 polymerase (New England Biolabs), and BcaBEST DNA



73 di net hyl sul foxide, 4.375 U of Afu RNase H and 2.64 U of BcaBEST DNA
pol ynerase (Takara Shuzo). The reaction m xtures were incubated at 60C for
-1 hour using a thermal cycler. A group to which the upstream bl ock 5

ol i gonucl eoti des were not added was used as a control. After reaction, 5 u
each of the reaction m xtures was anal yzgg by el ectrophoresis on 3. 0%
“agarose gel. The results are shown in Figure 1. Figure | A represents
results for the reaction systemw thout the addition of the 10 upstream

bl ock ol i gonucl eotides. Lane 1: 100-by DNA | adder marker; |ane 2: negative

control (WAfmed=ae HorOB. CORI §Fahhheshaml ales ué‘@?uf ad03ueepipes of
the tenpl ate Iane 5: 104 copies of the tenplate; |ane 6: 105 copi es of the

templ ates angh | 0eyde -0, coRl@mdifaddier t oMl %e%ief%e Qur9 4B fEAnEseNt s

results for e reaction syste the addition upstrea
ol i gonucl e 8 y INp ladd 4( ﬁgg ne
contr ol (mg%%q%% l%%@@gémié 92 bpi‘es OF%th§ﬁ§nﬁ%:§%% ane%Rg %écoples of
t he tenplate ane 9 ,copi f.th npl 0 la -y 105 _caopi es of
t he tenpl atp d 455 aneal d%gﬁ%%lge%%o% e téj ejf%tleé Zggé%wsfa'n 'Sgoure 1,
for the group wthou addltlon of tqi strean1f c ollgonu eq} i des,
anpl i cat% ﬂﬁ%‘gbse gd ESING copﬁggPofn?¥E9 Beg 35 't'e
ot her hand, for the oup. with the ad§$t|?¥ﬁgf t he st ream bl ock
prinmers, aﬁﬁloinlulcéﬁal %n fa&igBsyr ven copi eEhﬁf QI}P@ SRABRSE:S Thus,
the sensitivity was increased by two orders of nagnltude as conpared W th
the group Wethest e ableti BAeSBRSed GVantdsm r ekhil t 83dditiqRs 9fcor™ r ned
that the detection sensitivity is increased by using a conbination of a
chi meri ¢ oltppseweliads dahjhiimor oea dmhipdttr dde BIcdAwidvi-gonucl eot i de whi ch
is capable of annealing to an arbitrary portion 3' to a portionin a
nucl eic acid as a terfyleateetiodvhfen enplifyivgi @ Iuoléigvnacidobifdehs i mer
anneal s. Industrial Applicability The present invention provides a nethod
for amfplifyprgeatt drgetintnivgl enay aoe dcondubitedl atr egingr nign tentte nainirest | de
sequence of a target nucleic acid that is suitable for specific
anpl i ficatioan iits el bé | edndiycae®dNAssyhehrail 3y e a®airgri ngs itreghpee radtiurers
ol i gonucl eotide primer and an upstream bl ock oligonucleotide. The present
i nvention meatnherthrtovities are®tbosh f oteflpbestiingsa baegelchanged for .
respective steps such that the change does not interfere
with the reactions in the steps. Specifically, wvarying
15 temperatures refer to change in temperature to that-
suitable for, for example, each of annealing of a primer, a
reaction of complementary strand synthesis, nicking of a
complementary strand and a displacement reaction.
On the other hand, isothermal means that the
20 reaction temperature for each step 1s unchanged and each
step is conducted at a substantially constant temperature.
It is natural to select the temperature to optimize the
reaction conditions in both cases.

One feature of the method for amplifying a

25 nucleic acid of the present invention is that the method



20 nucleic acid conprising a step of detecting a fragnent anplified froma
target nucleic acid obtained by said nethod for anplifying a target nucleic
-aci d. Sequence Listing Free Text 25 SEQ ID NO:2: PCR prinmer AfuNde for
cloning a 75 gene encodi ng a pol ypeptide having a RNaseHI I activity from
Archaeogl obus ful gidus. SEQ ID NO: 3: PCRgprinmer AfuBam for cloning a gene
“encodi ng a pol ypeptide having a RNaseHI | activity from5 Archaeogl obus

ful gidus. SEQ I D NO: 6: Designed chinmeric oligonucleotide primer designated
as CI-BF19-3 to anplify a portion of Chlanydia trachomatis plasm d DNA
"nucl eot i deg,e20 h@tzzré’%@ifé b%ﬁ(‘? faligdesnat hadnguicd ©otd dep aERd1Qown
deoxyri bonucl eotides.” SEQ I D NO: 7: Designed chineric oligonucleotide

primer designated 3&&%@8@@1@ tgcmlg'i}ﬂtr?es%r.tionTﬁﬁsdﬂ di¥esen

trachomatis plasm d DNA. "nucleotides Z1 to 23 are rlbohucieotides-ot er

nucl eoti des .. 1 rd e cl eqtj " -.8: ﬁﬁgi .

oli gonucTe(siLtnl%r(?théLesnl %nat e cags1lél “FB %3?(5 ﬁ%%%& gne oi I gcgkolrﬁ?claeoti de
desi gnat ed _as .CR-RBK, .. .76 CL 1. met I i fyi nucl e

acid, the ﬁ%%ﬂéﬁlggn%?%gfng: QMNE pﬁé%arfﬁé%gkgééggﬁbn %ngﬁg% be: Xing a
nucl eic acid_as tenpl ate, .a deoxyribonucleotjde triphgsphate, a DNA

ol y et ace AL o B TR SEUREHTS afts U E g0 aEhBodembgra b emb o

ol i gonucl eotide priner, at |east one u stre%n1block ol.i gonucl eoti de and an
RNase H, 1GDghé¥h thedtdFretite ofi §BREEFebE PHe FpriiviEgrasd 281§

ol i gonucl eotide priner that is substantially conplenentary to the

nucl eot i de THeFFeMmaEds NeediteT @i ePacli a4l ake2RBLPBNBRHEEMNGRE SYRbaidSs &

ri bonucl eoti de as wel |
thermal cycler for this purpose. However, the method of

the present invention can be conducted only using equipment
10 that can keep a constant temperature. As described above,
the method of the present invention can be conducted at a
single temperature. Preferably, it 1is conducted by
selecting the reaction temperature and the stringency level
such that non-specific annealing of a primer is reduced and
15 such that the primer specifically anneals to a nucleic acid
as a template. Although it is not intended to limit the
present invention, the method of the present invention can
be conducted under high-temperéture conditions by using a
heat-resistant enzyme as described above. In addition, it
20 is preferable to conduct the method of the present
invention at an appropriate temperature for sufficiently
retaining the activity of the enzyme used in order to
maintain the reaction efficiency at high level. Thus, the
reaction temperature is preferably about 20°C to about 80°C,

25 more preferably about 30°C to about 75°C, most preferably



as at |east one selected fromthe group consisting of a 15

deoxyri bonucl eoti de and a nucl eoti de anal og, the ribonucl eoti de being
-positioned at the 3" termnus or on the 3 -termnal side of the priner, and
wherein the upstream bl ock ol igonucl eotide is substantially conpl enentary
to a nucl eotide sequence 3' .to 20 a regy4mn in the nucleic acid as the
“tenplate that is substantially conplenentary to the chineric

ol i gonucl eotide priner, and the nucleotide at the 3 term nus of the
upstream bl ock ol igonucleotide is nodified such that a reaction of

conpl enent aputt rsOtc exberyciut byotdeadehbainofi 25vd hte PNAcpehMBHASH, does
not take placed and (b) incubating the reaction mxture for a sufficient

time to genegrat &nayheaGide). Prafust - the TREaEEIAR i%cceéﬁ&@sté& girﬁiem 1

wherein the reaction m xture further contains a second chineric

d
b | et . . ' antial | w | th
o P PR T R TR ANUEIS B, X PP A A

nucl eotide s e nucleic acl e tenplate.

accordi ng |_ai , i.n.the.reacti ] xture furt.her contains _an

pst ream bitgo R0 Tl h R e PAaT o Thb WAL 2 tedudied Sats At A5
honnlgpoustto a n%pleotidg se%ue%pg 5' ﬁf a region I n_the nuclﬁic acid as

t he tenplatg A HASa s %ﬁe gemg Sétgvﬁﬁﬂ%y ﬁ%ﬁ%%%%oﬁ?mPSrF EffiuQ’eot i de
sequence of_ _the second .chi neri c _qlj ganucl eotj de priner,, and the nuycl eoti de
15 at the 3° ?er%ionurs%%oi%ht RE ufst rdearhsbl 6’(‘?I?dldli ucPEdfiSde °F mbdidSked
such that a _reactiagn of conplenentarﬁ strand extension_by the action of the

DNA pol yneRadgonysd epbideakdiftdcel Ah€onmrsdiachn ¢br the ndassentor

amplifying 20 a nucleic acid defined bﬁ claim1, which contains at |east
one chi mer L&venitdenudasbtiste $9F ne¥xampie at Witheutohdnisstieam bbetk 6
oligonucleotide. 5. A kit for the method for anplifying a nucleic acid
defined by tel @ébaut, M chiekertides ain| tasgtp pnefenphdyi ebobitgdRudiceot i de
prinmer and at | east one 78 upstream bl ock ol igonucl eotide. 6. A nethod
for détectiabgud B58r gaicleotlidies dai dengd, meohred peeferiadiliygabout 12 to
about 40 nucleotides in length. An example of effects
brought by the elevated reaction temperature is the
solution of a problem of forming secondary structure of a
DNA as a template. The elevated reaction temperature
15 enables amplification of a desired nucleic acid even if a
nucleic acid having a high GC content is used as a template.
Furthermore, it 1is similarly effective in amplifying a
region of a long chain length. Such effect is observed in
a rénge between about 60.bp and about 20 kbp, specifically
20 between about 60 bp and about 4.3 kbp, more specifically
about 60 bp and about 1500 bp.
Use of a DNA polymerase having a reverse
transcriptase activity (e.g., BcaBEST DNA polymerase) in

the method of the present invention can make the

25 amplification of a nucleic acid from an RNA, which



(a) anplifying a target nucleic acid by the 5 method for anplifying a

nucl eic acid defined by claim1l;, and (b) detecting a target nucleic acid
-anplified in the previous step. _

A9, AY. AYH. AFA, . A{, . A. . AU AY, . A{. A, . A.AA . A .A .A@. Ah. AS . AS . AYAfL. AYU
@ . AF, . AYS . AFAS . AFf L. ASr. AY{, r. AAr. AF@g AF@ . AY, . AFU@ . AY. S_. AFAS . AF@ . A
Y. S . AY@ AY@ . AFUS . AYA@ . AY{ @ . AYh. AF. A

{SL. AF{ .AY@ . AY. @ . AFA@ A3S_. AF@. AY@ . AYA, r. AFh, r. AF@ . AFU, . AYS . AY{@. A
F, . AF@ AFU@ AYUS . A@ . AY@ . AFSr. A@ . AYAS . AY@. Al A . A{,.AY@. Al . r.AY. AYU. A
YA@ AY@ . ACEPY @AY 2. ABRLLEFZPARGaTIng af cDNA from an RNA (a reverse

}xsni d_Z] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
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primer relative to another. :
According to the method for amplifying a nucleic
acid of the present invention, a single-stranded DNA
5 substantially free of a complementary strand thereto can be
prepared. For example, a single-stranded DNA for producing
a material having an immobilized nucleic acid such as a DNA
chip, a single-stranded DNA probe for detecting a target
nucleic acid, or a mega-primer for the long-chaiﬁ PCR can
10 be readily produced in a short time. Only a sense sequence
or an antisense sequence can be selectively amplified by
using the method of the present invention. Thus, the
present invention is also useful as a method for producing
a nucleic acid having a sense sequence or a antisense
15 sequence.
A region of a nucleic acid of interest can be
amplified even from a trace amount of a nucleic acid as a
template by conducting the method of the present invention
in a buffer of Bicine, Tricine, HEPES, phosphate or tris.
20 Furthermore, the methods for amplifying a nucleic
acid of the present invention does not require the reaction
equipment that can adjust a temperature with the passage of
time. Therefore, an amplification reaction can be
conducted in a large volume of reaction mixture. Thus, a

25 nucleic acid (e.g., for medical use) can be industrially
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high fidelity to the nucleotide sequence of the template
5 nucleic acid. When the frequency of error in the DNA
synthesis in the method of the present invention was
confirmed by analyzing the nucleotide sequences of
fesulting amplification products, thelfrequency of error
found in amplification products obtained by the method of
10 the present invention was equivalent to that by LA-PCR
which is known to be able to amplify a. nucleic acid with:
high fidelity. In other words, the method of the present
invention has fidelity equivalent to that of the LA-PCR.
. (6) Kit of the present invention
15 The present invention provides a kit used for the
method for amplifying a nucleic acid of present invention
as described above. ~In one embodiment, the kit is in a
packed form and contains instructions regarding the use of
a. DNA polymerase, an endonuclease, a chimeric
20 oligonucleotide primer and an upstream block
oligonucleotide in a strand displacement reaction. Also, a
kit that contains a DNA polymerase having a strand
displacement activity, an endonuclease, and a buffer for a
strand displacement reaction is preferably used for the

25 method of the present invention. Alternatively, a
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kit may contain a reagent for a reverse transcription
reaction that is used when an RNA is used as a template.
The DNA polymerase can be selected from the DNA polymerases
to be used in the present invention as described in (4)
above. The endonuclease can be selected from the
endonucleases as described in (3) above.

"Instructions" are printed matters describing a
method of using the kit, e.g., a method for preparing a
reagent solution for a strand displacement reaction,
recommended reaction conditions and the 1like. The
instructions include an instruction manual in. a form of a
pamphlet or -a leaflet, a 1label stuck to the kit, and
description on the surface of the package containing the
kit. The instructions also include information disclosed
or provided through electronic media such as the Internet.

The kit of the present invention may further
contain a reaction buffer containing Bicine, Tricine, HEPES,
phosphate or tris as a buffering component and an annealing
solution. Additionally, it may contain a DNA polymerase
having a strand displacement activity and an RNase H.
Furthermore, the kit may contain a modified

deoxyribonucleotide or a deoxynucleqtide triphosphate
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5 oligonucleotide for amplifying the target nucleic acid and
a reagent for detecting the amplified target nucleic acid
such as a probe in addition to the instructions and the
reagents for amplification reaction as described above.

In addition, the kits of the present invention
10 include a kit containing the chimeric oligonucleotide
primer and the upstream block oligonucleotide used in the
present invention and/or the probe of the present invention
as described above. |
(7) Composition of the present invention
15 The present invention provides a composition used
for the method for amplifying a nucleic acid of the present.
invention or the method for detecting a nucleic acid of the
present invention as described above. For example, the
composition may contain the chimeric oligonucleotide primer
20 as described in (1) above, the upstream block
oligonucleotide as described in (2) above, the endonuclease
as described in (3) above and the DNA polymerase as
described in (4) above. The composition may further
contain a buffering component, a magnesium salt, dNTPs and

25 the like as components for conducting an amplification
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additives can be used.

5 In a particularly preferable aspect, the
composition may contain suitable amounts of the wvarious
components as listed above for the nucleic acid
amplification method of the present. invention.
Amplification reaction can be conducted only by adding an

10 appropriate template, chimeric oligonucleotide primer(s)
and upstream block oligonucleotide(s) to the composition.
-If the object to be amplified is known beforehand, the
composition preferably contains chimeric oligonucleotide
primer(s) suitable for amplifying the object.
15 : (8) Method for detecting target nucleic acid of
the present invention
A target nucleic acid in a sample can be detected
by using the method for amplifying a nucleic acid of the
present invention. The detection method comprises: |
20 (a) amplifying a target nucleic acid by the
method for amplifying a nucleic acid of the present
invention as described above; and
(b) detecting the target nucleic acid amplified
in the step above.

25 In step (a) above, if an RNA is used as a
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1nventlon, for example, a combination of AMV RTase, MMLV

5 RTase or RAV-2 RTase and Bca DNA polymerase can be
preferably used as a combination of a reverse transcriptase

and a strand displacement-type DNA polymerase.

The method can be ﬁtilized to detect or quantify

a specific gene in a sample. In other words, a specific

10 gene can be defected or quantified from all samples
suspected to contain a nucleic acid such as a DNA or an RNA.
Examples of the samples from which a specific gene can be
detected or quantified include, but are not limited to,
samples from organisms such as a whole blood, a serum, a

15 buffy coat, a urine, feces, a cerebroépinal fluid, a
seminal fluid, a saliva, a tissue (e.g., a cancerous tissue

or a lymph node) and a cell culture (e.g., a mammalian cell
culture or a bacterial cell culture), samples that contain

a nucleic acid such as a viroid, a virus, a bacterium, a

20 fungi, a yeast, a plant and an animal, samples suspected to
be contaminated or infected with a microorganism such as a
virus or a bacterium (e.g., a food or a Dbiological
formulation), and samples that may contain an organism such

as a soll and a waste water. For example, a viroid, a

25 virus, a fungi, a bacterium or other microorganisms in a
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these microorganisms as a target. Particularly, a method
for detecting a pathogenic microorganism is useful in
5 fields of sanitation and environment. Furthermore, the
method of the present invention can be used to distinguish
a genotype of an organism or to determine the expression
level of a gene. Particularly, detection or confirmation
of the expression state of a disease-related gene, e.g., a
10 gene related to canceration of cells is useful in a field
of medicine. Both of an RNA and a DNA can be preferably
used as the nucleic acid as the template in the detection.

Furthermore, the method for detecting a target
nucleic acid of the present invention can be used as a

15 method for typing of a genetic polymorphism of a target
nucleic acid.

Although it is not intended to limit the present
invention, for example, the chimeric oligonucleotide primer
to be used is designed such that the 3'-terminal portion of

20 the primer is positioned close to the specific base of the
target nucleotide sequence to be distinguished. For
example, it is designed such that a hydrogen bond is formed
between the base and the 3'-terminal base of the primer.
If a mismatch exists between the nucleotide sequence of the

25 3'-terminal portion of the primer and the nucleotide
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nucleic acid does not take place and no amplification
product is generated using the above-mentioned chimeric
oligonucleotide primer for amplification reaction.

5 Information concerning a specific base in a gene such as a
point mutation or a single nucleotide polymorphism (SNP)
can be obtained using the method.

Similarly, the method of the present invention
can be wused as a method for typing of a genetic

10 polymorphism such as a deletion mutation or an insertion

~mutation.

The upstream block oligonucleotide according to
the present invention can be used in the method for typing
of genetic polymorphisms as described in PCT/JP02/01222.

15 In one embodiment, the upstream block
oligonucleotide according to the present invention may be
used in combination with a Nucleotide in a method for
typing of genetic polymorphisms 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
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-/ xmbC 10! >, 10%&f()'(%9tconta1ns a sequence in which if there is
a mismatch between the specific base and a base
5 corresponding to the specific base in the Nucleotide
in a complex composed of the Nucleotide and the target
nucleic acid, the Nucleotide is not cleaved with a
nuclease, and if there is no mismatch between the
specific base and a base corresponding to the specific
10 base in the Nucleotide, the Nucleotide is cleaved with
a nuclease to generate a new 3' terminus;

(2) treating the mixture with the nuclease . and
the DNA polymerase; and

(3) detecting the presence of cleavage of the.

15 Nucleotide with the nuclease.

In another embodiment, the upstream block
oligonucleotide according to the present invention may be
used in combination in a method for typing of genetic
polymorphisms 1in ‘a target nucleic acid, the method

20 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

25 not occur;
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nucleic acid; and
(C) contains a sequence in which if there is
5 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
nucleic acid, the Nucleotide i1s not cleaved with a
nuclease, and 1if there 1is a mismatch between the
10 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
15 (3) detecting the presence of cleavage of the
Nucleotide with the nuclease.

As used herein, "a genetic polymorphism" refers
to a difference in a nucleotide sequence of a gene among
individuals in the same organism population. Differences

20 in nucleotide sequences constituting "genetic
polymorphisms" are not limited to specific forms, but
include +various types such as '"base substitutions",
"deletion mutations" and "insertion mutations." The
difference in dgenetic information 1is also called a

25 variation.
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nucleotide. "Base substitutions” include "single
nucleotide polymorphisms (SNP)."

5 "A deletion mutation" refers to partial or entire
deletion of a nucleotide sequence at a specific site in a
nucleic acid.

"An insertion mutation" refers to insertion of a

‘nucleotide sequence of an arbitrary chain length at a
10 specific site in a nucleic acid.

In . the above-mentioned embodiment, the block
oligonucleotide according to the present invention anneals.
to a portion upstream of the Nucleotide in a target nucleic
acid. As a result, detection sensitivity in typing of

15 genetic polymorphisms in a target nucleic acid can be
increased like the method for amplifying a target nucleic
acid of the present invention.

The method for detecting a target nucleic acid of
the present invention can be conducted by amplifying the

20 target nucleic acid directly from a sample containing the
nucleic acid. In this cése, the chain length of the target
nucleic acid to be amplified is not limited to a specific
one. For example, a region of 200 bp or shorter,
preferably 150 bp or shorter is effective for sensitive

25 detection of the target nucleic acid. The target nucleic
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designing the chimeric oligonucleotide primers of the
present invention to result in the chain length to be
amplified as described above.
5 In addition, a target nucleic acid can be
detected with more sensitivity even from a trace amount of
a nucleic acid sample in the detection method of the
present invention by using a reaction buffer containing
Bicine, Tric¢ine, HEPES, phosphate or tris as a buffering
10 component and an annealing solution containing spermidine
or propylenediamine. In this case, the endonuclease and
the DNA polymerase ‘to be used are not limited to specific
ones. For example, a combination of Afu RNase H and
BcaBEST DNA polymerase is preferable. It is considered
15 that the preferable units of the endonuclease and the DNA.
-polymerase may vary depending on the types the enzymes. In
such a Case, the composition of the buffer and the amounts
of the enzymes added may be adjusted using the increase in
detection sensitivity or the amount of amplification
20 product as an index.
In the detection method of the present invention,
dUTP may Dbe incorporated as a substrate during
amplification of a target nucleic acid. Thus, if dUTP is

used as a substrate, it 1s possible to prevent false

25 positives due to carry-over contamination of amplification
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uracil N-glycosidase (UNG).
Known methods for detecting a nucleic acid can be
used for step (b). Examples of such methods include
5 detection of a reaction product having a specific size by
electrophoresis, and detection by hybridization with a
probe. Furthermore, a detection method in which magnetic
beads are used in combination can be preferably used. A
fluorescent substance such as ethidium bromide is usually
10 used in the detection by electrophoresis. The -
hybridization with a probe may be combined with the
detection by electrophoresis. The probe may be labeled
with a radioisotope or with a non-radioactive substance
such as biotin or a fluorescent substance. Additionally,
15 use of a labeled nucleotide in step (a) may facilitate the
detection of amplification product into which the labeled
nucleotide is incorporated, or may enhance the signal for
detection utilizing the label. A fluorescence polarization
method, a fluorescence energy transition or the like can
20 also be utilized for the detection. The target nucleic
acid can be detected automatically or quantified by
constructing a suitable detection system. In addition,
detection with naked eyes by a hybrid chromatography method
can be preferably used.

25 A ribonucleotide (RNA) probe, or a chimeric
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#10Y LNHO%%eG&ﬁfiH%ﬁ%dﬁeoﬁgae, labeled with two or more fluorescent

substances positioned at a distance that results in a

quenching state can be used in the detection method of the

5 present invention. The probe does not emit fluorescence.

When it 1s annealed to a DNA amplified from a target

nucleic acid that is complementary to the probe, RNase H

digests the probe. The distance between the fluorescent

substances on the probe then increases, resulting in the

10 emission of fluorescence. Thus, the emission reveals the

presence of the target nucleic acid. If RNase H is used in

the method for amplifying a nucleic acid of the present

invention, a target nucleic acid can be detected only by

adding the probe to the reaction mixture. For example, a

15 combination of fluorescent substances, 6-carboxyfluorescein

(6-FAM) and N,N,N',N'"~tetramethyl-6-carboxyrhodamine
(TAMRA), can be preferably used for labeling the probe.

The present invention further provides a probe

. used in the above-mentioned method for detecting a target

20 nucleic acid. The probe of the present invention is not

limited to specific one as long as it can hybridize to a

target nucleic acid amplified by the nucleic acid

amplification method of the present invention under normal

hybridization conditions. In view of specific detection of

25 amplification product, a probe that hybridizes wunder
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hybridization conditions are described in, for example, T.
Maniatis et al. (eds.), Molecular Cloning: A Laboratory
5 Manual 2nd ed., 1989, Cold Spring Harbor Laboratory.
Specifically, the stringent conditions are exemplified by
the following: incubation at a temperature about 25°C lower
than the Tm of the probe to be used for 4 hours to
overnight in 6 x SSC (1 x SSC: 0.15 M NaCl, 0.015 M sodium

10 citrate, pH 7.0) containing 0.5% SDS, 5 x Denhardt's (0.1%
bovine serum albumin (BSA), 0.1% polyvinylpyrrolidone, 0.1%
Ficoll 400) and 100 ug/ml salmon sperm DNA. A probe having
a label as described above may be used as the probe for
facilitating the detection of the target nucleic acid.

15 The method of the present invention does not
require the use of equipment such as a thermal cycler. The
sensitivity of detecting a target nucleic acid can be
increased according to the method of the present invention
by using a chimeric oligonucleotide primer and an upstream

20 block oligonucleotide in combination. Reagents such as
dNTPs used for PCR and the like can be applied to the
method of the present invention. Therefore, the method of
the present invention can be preferably used, for example,
in a field of genetic test 1in which the detection is

25 routinely conducted. The method of the present invention
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shorter time than the PCR. Therefore, the method of the
present invention can be utilized as a convenient, rapid
and sensitive method for detecting a gene.

5 In genetic analysis on a genomic level, attempts
are made to make the reaction system small and to increase
the degree of integration in order to analyze a large
amount of nucleotide sequences. An system has been
developed for this purpose by‘ utilizing the 1latest

10 hyperfine processing techniques in which basic processes
for genome analysis (e.g., extraction of DNA from cells,
DNA amplification reaction, electrophoresis, hybridization,
detection of the DNA of interest, etc.) are integrated on a
microchip of several square centimeters to fingertip size.

15 Such a system is called as a microchip or a nanochip.
"Application of the PCR to the system as a gene
amplification reaction is currently considered. However,
since the PCR requires means for repeatedly controlling
temperature up and down over time, the system would become
20 complicated. By contrast, since the system can be
simplified using the method of the present invention which
can amplify a nucleic acid under isothermal conditions, the
method is quite suitably utilized for the integrated system

as described above. A highly integrated system can be

25 constructed by utilizing the techniques of the present
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Examples
The following examples further 1llustrate the
present invention in detail but are not to be construed to
5 limit the scope thereof.
Referential Example 1l: Cloning of RNase HII gene
from Archaeoglobus fulgidus
(1) Preparation of genomic DNA from Archaeoglobus
fulgidus
10 Cells of Archaeoglobus fulgidus (purchased from
Deutsche Sammlung von Mikroorganismen und Zellkulturen
GmbH; DSM4139) collected from 8 ml of a culture was
suspended in 100 ul of 25% sucrose, 50 mM tris-HCl (pH 8.0).
20 pl of 0.5 M EDTA and 10 ul of 10 mg/ml lysozyme chloride
15 (Nacalai Tesque) in water was added thereto. The mixture
was reacted at 20°C for 1 hour. After reaction, 800 ul of
a mixture containing 150 mM NaCl, 1 mM EDTA and 20 mM tris-
HCl (pH 8.0), 10 pl of 20 mg/ml proteinase K (Takara Shuzo)
and 50 ul of 10% aqueous solution of sodium lauryl sulfate
20 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 solution.

25 (2) Cloning of RNase HII gene
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fulgidus has been published [Nature, 390:364-370 (1997)].
The existence of one gene encoding a homologue of RNase HII
(AF0621) was = known ~ (SEQ 1D NO:1,
5 http://www.tigr.org/tdb/CMR/btm/htmls/SplashPage.htlm) .
Primers AfuNde (SEQ ID NO:2) and AfuBam (SEQ ID
NO:3) were synthesized on the basis of the sequence of the
AF0621 gene (SEQ ID NO:1).
A PCR was carried out wusing 30 ng of the
10 Archaeoglobus fulgidus genomic DNA prepared in (1) as a
template, and 20 pmol each of AfuNde and AfuBam as primers -
in a volume of 100 nl. Pyrobest DNA polymerase (Takara
Shuzo) was used as a DNA polymerase for the PCR according
to the attached protocol. The PCR was carried out as
15 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). Then, a plasmid pAFU204 was constructed by
incorporating the resulting DNA fragment between NdeI and
20 BamHI sites in a plasmid vector pTV119Nd (a plasmid in
which the Ncol site in pTV119N is converted into a Ndel
site).
(3) Determination of nucleotide sequence of DNA

fragment containing RNase HII gene

25 The nucleotide sequence of the DNA fragment
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inserted into pAFU204 obtained in (2) was determined
according to a dideoxy method.
Analysis of the determined nucleotide sequence
revealed an open reading frame presumably encoding RNase
5 HII. The nucleotide sequence of the open reading frame is
shown in SEQ ID NO:4. The amino acid sequence of RNase HII
deduced from the nucleotide sequence is shown in SEQ ID
NO:5.
Escherichia -coli JM109 transformed with the
10 plasmid pAFU204 is designated and indicated as Escherichia
coli JM109/pAFU204, and deposited on February 22, 2001 at
International Patent Organism Depositary, National
Institute of Advanced Industrial Science and Technology,
AIST Tsukuba Central 6, 1-1, Higashi l-chome, Tsukuba-shi,
15 Ibaraki 305-8566, Japan under accession number FERM P-18221,
and deposited at International Patent Organism Depositary,
National 1Institute of Advanced Industrial Science and
Technology under accession number FERM BP-7691 (date of
request for transmission to international . depositary
20 authority: August 2, 2001).
(4) Preparation of purified RNase HII preparation
Escherichia coli JM109 was transformed with
PAFU204 obtained in (2). The resulting Escherichié coli

JM109 harboring pAFU204 was i1noculated into 2 L of LB

25 medium containing 100 pg/ml of ampicillin and cultured with
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shaking at 37°C for 16 hours. After cultivation, cells
collected by centrifugation were suspended in 37.1 ml of a
sonication buffer [50 mM tris-HCl (pH 8.0), 1 mM EDTA, 2 mM
phenylmethanesulfonyl fluoride] and sonicated. A
5 supernatant obtained by centrifuging the sonicated
suspension at 12000 rpm for 10 minutes was heated at 70°C
for 15 minutes. - It was then centrifuged at 12000 rpm for
10 minutes again to collect a supernatant. Thus, 40.3 ml
of a heated supernatant was obtained.

10 The heated supernatant was subjected to RESOURSE
Q column (Amersham Pharmacia Biotech) equilibrated with
Buffer A [50 mM tris-HC1l (pH 8.0), 1 mM EDTA] and
chromatographed wusing FPLC system (Amersham Pharmacia
Biotech). As a result, RNase HII flowed through the

15 RESOURSE Q column.

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

20 HII flowed through the RESQOURSE S column.

40.0 ml of the flow-through RNase HII fraction
was dialyzed against 2 L of Buffer B (50 mM tris-HCl (pH
7.0), 1 mM EDTA) containing 50 mM NaCl for 2 hours. The
dialysis was repeated two more times. 40.2 ml of the

25 dialyzed enzyme solution was subjected to HiTrap-heparin
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IJKNkan1od¥§d1ent of 50 to 550 mM NaCl using FPLC system. As a
result, a fraction containing RNase HII eluted with about
5 240 mM NaCl was obtained.

7.8 ml of the RNase HII fraction was concentrated
by ultrafiltration wusing Centricon-10 (Amicon). - Four
portiohs each separated from about 600 pl of the
concentrate were subjected to Superose 6 gel filtration

10 column (Amersham Pharmacia Biotech) equilibrated with 50 mM
tris-HCl1l (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

15 corresponds to that of the RNase HII in the monomeric form.

The RNase HII eluted as described above was used
as Afu RNase HII preparation.

The enzymatic activity of the thus obtained Afu
RNase HII preparation was measured as follows.

20 100 pl of a reaction mixture (20 mM HEPES-
potassium hydroxide (pH 7.8), 0.01% bovine serum albumin
(Takara Shuzo), 1% dimethyl sulfoxide, 4 mM manganese
acetate, 20 pg/ml poly(dT) (Amersham Pharmacia Biotech), 30
ug/ml poly(rA) (Amersham Pharmacia Biotech)] which had been

25 incubated at 40°C was added to 1 ul of the Afu RNase HII
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measured. As a result, an RNase H activity was observed
5 for the Afu RNase HII preparation.

Unit number of a heat-resistant RNase H was
calculated as follows.

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

10 (pH 7.7) containing 1 mM EDTA to prepare a poly(rA)
solution and a poly(dT) solution.

The poly(rA) solution (to a final concentration
of 20 wng/ml) and the poly(dT) solution (to a final.
concentration of 30 pg/ml) were then added to 40 mM tris-

15 HCl1 (pH 7.7) containing 4 mM MgCl,, 1 mM' DTT, 0.003% BSA
and 4% glycerol. The mixture was reacted at 37°C for~ 10
minutes and then cooled to 4°C at prepare a poly(rA)-
poly(dT) solution. 1 pul of an appropriate dilution of an
enzyme solution was added to 100 ul of the poly(rdA)-

20 poly (dT) solution. The mixture was reacted at 40°C for 10
minutes. 10 ul of 0.5 M EDTA was added thereto to
terminate the reaction. Absorbance at 260 nm was then
measured. As a control, 10 ul of 0.5 M EDTA was added to
the reaction mixture, the resulting mixture was reacted at

25 40°C for 10 minutes, and the absorbance was then measured.
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()the basis of the difference in absorbance. One unit of an
RNase H was defined as an amount of enzyme that increases
Ays0 corresponding to release of 1 nmol of ribonucleotide in
10 minutes calculated according to the following equation:

10 Unit = [Difference 1in Absorbance x Reaction

Volume (ml)] / 0.0152 x (110/100) x Dilution Rate

Example 1

(1) Design of primers and block oligonucleotides

A lcombination of a chimeric oligonucleotide

15 primer and an upstream block oligonucleotide which 1is

capable of annealing to an 'arbitrary . portion 3" to a-
portion in a nucleic acid as a template to which the primer
anneals was examined. First, chimeric primers for
detecting Chlamydia trachomatis plasmid DNA, CT-BF19-3 (SEQ

20 ID NO:6) and CT-BR23-2 (SEQ ID NO:7) were synthesized based

on the nucleotide sequence of Chlamydia trachomatis plasmid

(GenBank accession number X06707) using a DNA synthesizer.

Additionally, upstream block oligonucleotides, CR-FBK (SEQ

Iﬁ NO:8) and CR-RBK (SEQ ID NO0:9), which have nucleotide

25 sequences of Chlamydia trachomatis plasmid DNA and are
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antisense oligonucleotides, respectively.
(2) Preparation of chlamydia positive control
10 A chlamydia positive control plasmid was prepared
by PCR-amplification and purification of a 560-bp fragment.
corresponding to a portion of a chlamydia gene represented
by SEQ ID NO:10, insertion of the amplified fragment into
pT7 Blue T vector using DNA Ligation Kit Ver. 2 (Takara
15 Shuzo) and transformation of E. coli JM109.
(3) ICAN reaction
Reaction mixtures of final volumes of 25 yul
containing 1 ul of water as a negative control or a
solution containing 10?2 to 10° copies of the positive
20 control DNA prepared in (2) above, 50 pmocl each of the
chimeric oligonucleotide primers and 100 pmol each of the
upstream block oligonucleotides synthesized in (1) above as
well as the following were prepared: 0.5 mM each of dNTPs,
32 mM Hepes-KOH buffer (pH 7.8), 100 mM potassium acetate,

25 4.0 mM magnesium acetate, 0.01% bovine serum albumin, 1.0%
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cycler. A group to which the upstream block
5 oligonucleotides were not added was used as a control.

After reaction, 5 unl each of the reaction mixtures was
analyzed by electrophoresis on 3.0% agarose gel. The
results are shown in Figure 1. Figure 1A represents
results for the reaction system without the addition of the
10 upstream block oligonucleotides. Lane 1: 100-bp DNA ladder
marker; lane 2: negative control (water); lane 3: 102
copies of the template; lane 4: 10° copies of the template;
lane 5: 10* copies of the template; lane 6: 10° copies of
the template; and lane 7: 10° copies of the template.
15 Figure 1B represents results for the reaction system with
the addition of the upstream block oligonucleotides. Lane
1: 100-bp DNA ladder marker; lane 2: negative control
(water); lane 3: 10° copies of the template; lane 4: 10°
copies of the template; lane 5: 10' copies of the template;
20 lane 6: 10° copies of the template; and lane 7: 10° copies
of the template.
As shown in Figure 1, for the group without the
addition of the upstream block oligonucleotides,
amplification was observed using 10° copies of the template.

25 On the other hand, for the group with the addition of the
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increased by two orders of magnitude as compared with the
group without the addition. Based on these results, it was
5 confirmed that the detection sensitivity is increased by
using a combination of a chimeric oligonucleotide primer
and an upstream block oligonucleotide which is capable of
annealing to an arbitrary portion 3' to a portion in a

nucleic acid as a template to which the chimeric

10 oligonucleotide primer anneals.

Industrial Applicability
The present invention provides a method for
amplifying a target nucleic acid in which a region in a
15 nucleotide sequence of a target nucleic acid that is
suitable for specific amplification is amplified by a DNA
synthesis reaction using a chimeric oligonucleotide primer
and an upstream block oligonucleotide. The present
invention further provides a method for detecting a target
20 nucleic acid comprising a step of detecting a fragment
amplified from a target nucleic acid obtained by said

method for amplifying a target nucleic acid.

Sequence Listing Free Text

25 SEQ ID NO:2: PCR primer AfuNde for cloning a
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Archaeoglobus fulgidus.

SEQ ID NO:3: PCR primer AfuBam for cloning a gene

encoding a polypeptide having a RNaseHII activity from
5 Archaeoglobus fulgidus.

SEQ ID NO:6: Designed chimeric oligonucleotide
primer designated as CT-BF19-3 to amplify a portion of
Chlamydia trachomatis plasmid DNA. “nucleotides 20 to 22
are ribonucleotides-other nucleotides - are

10 deoxyribonucleotides."

SEQ ID NO:7: Designed chimeric oligonucleotide
primer designated as CT-BR23-2 to amplify a portion of
Chlamydia trachomatis plasmid DNA. “nucleotides 21 to 23
are ribonucleotides-other nucleotides are

15 deoxyribonucleotides."

SEQ ID NO:8: Designed oligonucleotide designated
as CR-FBK.

SEQ ID NO:9: Designed oligonucleotide designated

as CR-RBK.
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1. A method for amplifying a nucleic acid, the
method comprising:

5 (a) preparing a reaction mixture by mixing a
nucleic acid as a template, a deoxyribonucleotide
triphosphate, a DNA polymerase having a strand displacement
activity, at least one chimeric oligonucleotide primer, at
least one upstream block oligonucleotide and an RNase H,

10 wherein the chimeric oligonucleotide primer is a
chimeric oligonucleotide primer that is substantially
complementary to the nucleotide sequence of the nucleic
acid as the template and contains a ribonucleotide as well
as at least one selected from the group consisting of a

15 deoxyribonucleotide and a nucleotide analog, the
ribonucleotide being positioned at the 3' terminus or on
the 3'-terminal side of the primer, and

wherein the upstream block oligonucleotide is
substantially complementary to a nucleotide sequence 3' to

20 a region in the nucleic acid as the template that is
substantially complementary to the chimeric oligonucleotide
primer, and the nucleotide at the 3' terminus of the
upstream block oligonucleotide is modified such that a
reaction of complementary strand extension by the action of

25 the DNA polymerase does not take place; and



10 10 10! Y .$10%& ()- Suv7l 1!'Y '10%& ()-1 @mo%& ()-10%& () -

T10% & ()-10%& ()-!'v nPdO% ()- Nornmal" "Heading 13]c" "Headi ng 23]c"
-"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Headi ng 83]c" "Heading 93]c"A "Default Paragraph Font>}, G#(, 16;

AVFZK{ P) Vd[ | " ekSp3uzZi . $s&C_ J"$(S- M7<VBEIMM +aPf nkpvY{ "$&( *,

"K+4G>M VaJk7x8[ K O NSHRds] ~ ! "#$9&' () *+, -./0123456Z2=""+0 U !
&(+,).//1485L6X89;

<>ADE"HO KMNO' R| S\ T3VXY[ ] h*[ " a{ ceShi Jkul nq6t “"uv3xz| C~6/ d\\

3/: G0sa") 6R - %yb | COLEASK ihdkbat $8¢ Jxhe, reaction mixture for a
/11236 >@UDFH J"KQWOSPQSSTI VxXYZ bedegQ 1j kimlost vagy| X-VEns789:

>°@\BCDEF£3Hf&@ﬂé&@’@ﬁw\%[ﬁérat@%cqeéagﬂﬂéﬂ BRRAIEE Uvwxyz{ |}~ 6Ti nes
New RomanAri al Courier New'h Root EntryWrdDocunent (

| " HSY& () *+, - ./ 0123456789
<= >’?@\B(C?DEFG|—|I JKLNNO%QST%WMM AGCOFF AT 59 S fruniBsEg iR the

I #PUR' ( 34
<= >’>@\BCDE mmff\r]tkerabcc?ﬁ ahlrjlskl rmopqr sctoﬂlvmp(yz}ﬁ%erlc

5 oligonucleotide primer having a sequence substantially
homologous to the nucleotide sequence of the nucleic acid
as the template.

3. °~ The method according to claim 2, wherein the
reaction mixture further contains an upstream block
10 oligonucleotide that has a sequence substantially
homologous to a nucleotide sequence 5' to a region in the
nucleic acid as the template that has a sequence
substantially homologous to the nucleotide sequence of the
second chimeric oligonucleotide primer, and the nucleotide
15 at the 3'" terminus of the upstream block oligonucleotide is
modified such that a reaction of complementary strand
extension by the action of the DNA polymerase does not take
place.
4. A composition for the method for amplifying
20 a nucleic acid defined by claim 1, which contains at least
one chimeric oligonucleotide primer and at least one
upstream block oligonucleotide.
5. A kit for the method for amplifying a
nucleic acid defined by claim 1, which contains at least

25 one chimeric oligonucleotide primer and at least one
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upstream block oligonucleotide.

6. A method for detecting a target nucleic acid,
the method comprising:

(a) amplifying a target nucleic acid by the
method for amplifying a nucleic acid defined by claim 1;
and

(b) detecting a target nucleic acid amplified in

the previous step.



