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Field The present invention relates to a nethod of synthesizing nucleic
aci d conposed of a specific nucleotide sequence, which is useful as a

met hod of anplifying nucleic acid. Background Art An anal ysis nethod based
on conplenmentarity of a nucleic acid nucleotide sequence can anal yze
genetic traits directly. Accordingly, this analysis is a very powerfu

means for identification of genetic di seases, canceration, mcroorgani sns
etc. Further, a gene itself is thggebkestrief; detection, and thus

ti me-consum ng and cunbersome procedures such as in culture can be omtted

in some cases. Nev t Yot O present in a
very snmal |l anount W%@%Re %%%a%@iﬁ%@%%@f%oﬂ?ggt anplification

of a target gene itself or its detection signal is necessary. As a nethod
of anplifying a target gene, the PCR (polynerase chain reaction) nethod is
known (Sci ence, 230, 1350-1354, 1965). Currently, the PCR nethod is the
most popufafhngeehodigsda techni que of anplifying nucleic acid in vitro.
This nmethod was established firmy as an excellent detection nethod by
virtue of high Seagindsdantyibusetion ndiateis sota o tERFonE FyindineF 1E 189VAR
2001 anplification. Further, since the anplification product can be
recover ednasl BhNA ad¢id sompicked 6§ appkiced iwi detyeasida sapornant which

is useful as a method of amplifying nucleic acid.

Background Art

Bn analysis method based on complementarity of a nucleic
acid nucleotide sequence can analyze genetic traits directly.
Rccordingly, this analysis is a very powerful means for
identification of genetic diseases, canceration,
microorganisms etc. Further, a gene itself is the cobject of
detection, and thus time-consuming and cumbersome procedures
such as in culture can be omitted in some cases.

Nevertheless, the detection of a target gene present in
a very small amount in a sample is not easy in general so that
amplification of a target gene itself or its detection signal
is necessary. As a method of amplifying a target gene, the PCR
(polymerase chain reaction) method is known (Science, 230,
1350—1_354, 1985). Currently, the PCRmethod is themost popular
method as a technique of amplifying nucleic acid in vitro. This

method was established firmly as an excellent detection methed

by virtue of high sensitivity based on the effect of exponential



t ool supporting genetic engi neering techniques such as gene
structural determnation. In the PCR nethod, however, there are the
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problem in quantification; and samples and reaction sclutions
are easily contaminated from the cutside to permit nucleic acid
mixed in error to function as a template.

As genomic informaticon is accumulated, analysis of single
nucleotide polymorphism (SNPs) comes to attract attention.
Detection of SNPs by means of PCR is feasible by designing a
primer such that its nuclectide seguence contains SNPFs. That
is, whether z nucleotide sequence complementary to the primer
ispresentornotcanbeinferredbydeterminingwhetherareaction
product is present or not. However, once a complementary chain
is synthesized in error in PCR by any chance, this product
functions as a template in subsequent reaction, thus causing
an erronecus result. Inpractice, it issaidthat strict control
of PCR is difficult with the difference of only one base given
at the terminal of the primer. Accordingly, it is necessary
to improve specificity in order to apply PCR to detection of
SNPs,

On one hand, a method of synthesizing nucleic acid by a
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two adj acent probes are hybridized with a target sequence and Iigquﬂng ;
each other by a ligase. The two probes could not be ligated in the 'abs h@&
of the target nucl ectide sequence, and thus the presence of the |igated
product is indicative of the target nucl ectide sequence. Because the LCR
met hod al so requires control of tenperature f or separation of a
conplenentary chain froma tenplate, there arises the sane problemas in
the PCR nethod. For LCR, there is also a report on a nethod of inproving
specificity by adding the step of providing a gap between adjacent probes
and fillihgoehe gaplne arBNAlpelyyeraee: & methat chrddRe egddted in
this nodified nethod is specificity only, and there still remains a

probl em i petbat on¢c e £ Hle TG ebper ato il ;i Barehuil ikl ; Funt. hetrobr €1imse of
the additional enzyne |leads to an increase in cost. A nethod called the

SDA net hodpgst kands di spl @eerentl o @mpliisf beatidoph theoceadgidn Acathichei .
USA, 89, 392-396, T9921 (Nucleic Acid. Res., 20, 1691-1696, 19921 is al so

known as a,, ,nethod.f anpbé{ VNG HNA 1RAVING 3 : SeJUENESe € MM AR aly to a

target sequence” as a tenplate. In’the SDA nethod, a special  DNA pol ynerase
conpl ementAsy b8 Ehetabn BPREE R B daR ! i e LR WA e
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the target nucleotide sequence. Because the LCR method also
requirescontrolof temperature forseparationofacomplementary
chain from a template, there arises the same problem &s in the
PCR method. For LCR, there is also a repcrt on & method of
improving specificity by adding the step of providing a gap
between adjacent probes and filling the gap by & DNA polymerase.
However, what can be expected in this modified methed 1is
specificity only, and there still remains a problem in that
control of temperature is required. Furthermore, use of the
additional enzyme leads to an increase in cost.
A method called the SDA method (strand displacement
amplification) [Proc. Natl. Acad. Sci. USA, 89, 352-39%6, 1582]
{Nucleic Acid. Res., 20, 1691-1696, 1992] is also known as a
method of amplifying DNA having a sequence complementary to a
target sequence as a template. In the SDA method, & special
DNA polymerase is used to synthesize a complementary chain
starting from a primer complementary to the 3’ -side of a certain

nucleotide seguence while displacing a double-stranded chain
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se for higher cost. In addition, when the
a restriction enzyme recognltlon sequence into an annealed

sequence as a primer. That is, anick generatedby arestriction
enzyme gives a 3'-OH group acting as the origin of synthesis
of complementary chain, énd the previously synthesized
complementary chain is released as a single-stranded chain by
strand displacement synthesis and then utilized again as a
template for subsequent synthesis of complementary chain. 1In
this manner, the complicated control of temperature essential
in the PCR method is not required in the SDA method.

In the SDA method, however, the restriction enzyme
generating a nick should be used in addition to the strand
displacement-type DNAIpolymerase. This regquirement for the
additional enzyme is a major cause for higher cost. Further,
because the restriction enzyme is to be used not for cleavage
of both double-stranded chains but for introduction cof a nick
(that is, cleavage of only one of the chains), a dNTP derivative

such as a-thio dNTP should be used as a substrate for synthesis

to render the other chainresistant todigestionwith the enzyme.
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SDA method is applied to an unknown sequence, there is the possibil1fyMAR 2004
that the sane nucl eoti de sequence as the restriction enzyne recognition
sequence used for introducing a nick may be present in a region to be
synthesized. In this case, it is possible that a conplete conplenentary
chain is prevented from being synthesized. NASBA (nucleic acid

sequence- based anplification, also called the TMAM transcription nedi ated
anplification nethod) is known as a method of anplifying nucleic acid
wherein the conplicated control of tenperature is not nece ar NASBA i s
a reacti oRCEPICEmAIMMer ENF DRl 15185 REABSPLREIBY IONR oG Andr €580% he
presence of target RNA as a tenplate with a probe haV|n% a T7 pronoter
added t hesgtroctand fhempheduef niag iredeec W i ¢ ag1ds czohd hprebes antiania
doubl e-stranded chain, followed by transcription by T7 RNA pol ynerase with
the fornedo ddm@vagﬁrwﬁmhxkeharhca$oa tepphate otro agpdliicly ianl arfgetraarount
of RNA (Nature, 350, 91-92, 1991). NASBA requires sone heat denaturation

steps unt |a'mpd@ﬂi'<ﬁé‘t$drﬁﬁﬁi@dhﬂ‘%tbs geagpkebadnghut Inttiei s ubsgswentt oo,
transcriptional reaction by T7 RNA pol ynerase proceeds under isotherna
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enzyme recognition sequence used for introducing a nick may be
present in a region to be synthesized. In this case, it is
possible that a complete complementary chain is prevented from
being synthesized.

NASB2Z (nucleic acid sequence-based amplification, also
called the TMA/transcripticonmediated amplification method) is
known as a method of amplifying nucleic acid wherein the
complicated contrel of temperature is not necessary. NASBA is
a reacticn system wherein DNA is synthesized by DNA polymerase
in the presence of target RNA as a template with a probe having
a T7 promcter added thereto, and the product is formed with a
second probe into a double-stranded chain, followed by
transcription by T7 RNA polymerase with the formed
double-stranded chain as a template to amplify a large amount
of RNA (Nature, 350, 91-92, 1981). NASBA requires some heat
denaturation steps until.double-stranded DNA is completed, but
the subsequent transcriptional reaction by T7 RNA polymerase

proceeds under isothermal conditions. However, a combination



nucleic acid, there remain problens such as conplicated control of 13 MAR 700t
tenperature and the necessity f or plural enzynmes as described above For

t hese known reactions of synthesizing nucleic acid, there are few reports

on an attenpt for further inproving the efficiency of synthesis of nucleic
acid without sacrificing specificity or cost. For exanple, in a nethod
called RCA (roll-ing-circle anplification), it was shown that

si ngl e-stranded DNA having a series of nucleotide sequences conplenentary

to a padl ock probe can be synthesized continuousl i_n_th resen of a
t ar get nu@&eBEPﬁ%fs%ﬁﬁg%%% %#%ﬂna%wreffffﬁdFragfcggPFaﬁgfu?ggagngtﬁ@%ﬁ 19,
225-232, July, 1996). In RCR, _a padl ock probe having specj al_,structure
wher ei n eRERYBETERE apd @ﬁmﬁ@ﬁ-E%ﬁﬁ?%éf%eoFSae§Fﬁ§Féa§Pi&&ﬂuﬂ@%ﬁ-%%e
constitutes an adjacent probe in LCRis utilized. Then, the continuous
reacti on ehfgynrhbdiezfoy cosiplsémannary chabbhw tinathephadecekseptbbe as a
tenpl ate which was ligated and cycli zed in the presence of a target

nucl eoti deompeguaned it tgdtgger ecobyicbobs ndbiroa wiltdrald fyolofmeresene
catal yzing the strand di spl acenent-type reaction 6 1 ~ VAR 2004 of

synt hesi zi-ag -6 Qppl, eNERt ar et i Si nglrerist r andedpruetieias acigekdwing a
structure of a series of regions each consisting of the sane nucl eotide

sequence ia%agggﬁc%qrﬂgghoé‘, Pri®hel BnokHridigr: annealednpoi Ehkstion of
si ngl e-stran nuclerc acid to synthesize its conplenentary chain and a
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of temperature and the necessity for plural enzymes as described
above

For these known reactions of synthesizing nucleic acid,
there are few reports on an attempt for further improving the
efficiency of synthesis of nucleic acid without sacrificing
specificity or cost. For example, in a method called RCA
(rolling-circle amplification), it was shown that
single-stranded DNA having a series of nucleotide sequences
complementary to a padlcck probe can be synthesized continuously
in the presence of a target nucleotide seguence (Paul M. Lizardi
et al., Nature Genetics, 19, 225-232, July, 1998). 1In RCA, a
padlock probe having a special structure wherein each of the
5'- and 3’-terminals of a single oligocnucleotide constitutes
an adjacent probe in LCR is utilized. Then, the continuous
reaction of synthesizing complementary chain with the padlock
probe as a template whichwas ligatedandcyclized inthepresence

of a target nucleotide sequence is triggered by combination with

a polymerase catalyzing the strand displacement-type reaction



triggering of synthesis of conplenentary chain depends on the reactthMgﬁsz
ligating two adjacent regions, and its specificity 1is basically the sane
as in LCR For the object of supplying 3 -OH, there is a known nmethod in
whi ch a nucl eoti de sequence is provided at the 3" -terminal wth a
sequence conplenentary thereto and a hair pin loop is fornmed at the
termnal (CGene, 71, 29-40, 1988) . Synthesis of conplenentary chain with a
target sequence itself as a tenplate starts at the hairpin loop to form

si ngl e-stranded nucleic acid_conposed of the conplenentary nucl eotide
sequence. cFotyeXanpl 2l ng £ strlamaite 1h Rt 8h a%h%‘él?ﬁﬁ“é%%%?@ NYF4HE same
chain at the termnal to which a conpl enentary nucl eoti de sequence has
been |inkeddisaveadized iuctRECEH BROS/CGO8%FS offnredi snaet ot cHBISems t he
step in which the term nal cancels base pairing with the conplenentary
chai n andcbaseepakmengutic60nati butedragaip thust hersade chagminer is
essential. It is estimated that this step proceeds depending on a subtle

equi l i brigmeshate Mndde-derpi nalis Ofsig%&ua_glt)faﬁ@ml eMRtéedy Bueheatd de
sequences involving base 7 1 Q NAIR 2 pairing. That is, an equilibrium

State maiglaingd betveen base) ARG WARiA COMPl gnEnigr yaghas and base

pairing in“the same chainis utilize only chain annéaling to the
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Accordingly, once a prinmer dinmer is forned, .
triggering of synthesis of complementary chain depends on the
reaction of ligating two adjacent regions, and its specificity
is basically the same as in LCR.

For the object of supplying 3’ -COH, there is a known method
in which a nuclectide sequence is provided at the 3’-terminal
with a sequence complementary thereto and a hair pin loop is
formed at the terminal (Gene, 71, 29-40, 1988). Synthesis of
complementary chain with a target sequence itself as a template
starts at the hairpin loop to form single-strandeld nucleic acid
composed of the complementary nucleotide sequence. For example,
a structure in which annealing occurs in the same chain at the
terminal to which a complementary nucleotide seguence has been
linked is realized in PCT/FR95/00891. In thismethod, however,
the step in which the terminal cancels base pairing with the
complementary chain and base pairing is constituted again in
the same chain is essential. It is estimated that this step

proceeds depending on a subtle equilibriumstate at the terminal

of mutually complementary nucleotide segquences involving base



anplification reaction is automatically initiated regardless of whetthas Ao.
target nucl ectide sequence is present or not, and an unspecific synthetic

product is thus formed. This can be a serious problem Further, formation

of the priner dinmer and subsequent consunption of the prinmer by unspecific
synthetic reaction lead to a reduction in the anplification efficiency of
the desired reaction. Besides, there is a report that a region not serving

as a tenplate for DNA pol ynerase was utilized to realize a 3' -termna

structure anneal ing,_ ﬁo t he sane chajn (EP7139221%1Fl ThIS port | so has
the same Probl&%-as i PcT BREES LSHpsE 3 T e R Pkl tNﬁ@ $$% zation

of dynamc equilibriumat the termnal or the pOSSIbI|Ity of unspecific
synt het i c Peéadidotil tBue COBPLEMFRTiEGY BF2aNdiHePage ittt 1Plrihéhe saBpeci al
region not serving as a tenplate for DNA pol ynerase should be prepared as
a prinmer. charitrthes utiin dzed ens Wiganlyarpif koakkroanpeacthensatbe@t 1d® MAR
7014 which the principle of NASBA descri bed above is applied, an

ol i gonucl eetguede chadimghe Bamepchashraetkuee at the teftginabf shetieofiss
often utilized to supply a doubl e-stranded pronoter region (JP-A 5-211873)

However ot Besemp BERBhEHES E&i MOt AQseii e til RY susseaskue shppl y of
3'-CH for synthesis of a conplenentary chain. Further, a hairpin | oop

structure shavicigre &cBiokh %%@%hoa@@qﬁilﬂdﬂ L8 stemecos%%gbelh%grﬁrégeua@d for
the ~purpose of obtaining a DNA tenplate transcri pol ynerase is

utilized i slRRQ7 S1@101 HEV0E/ L4045 Jinabh %h@eﬁpﬂ%r itself forms

a loop structure. Acccrdingly, once a primer dimer is formed,
amplification reaction is automatically initiated regardless
of whether a target nuclectide seguence is present or not, and
an unspecific synthetic product is thus formed. This can be
a serious problem. Further, formation of the primer dimer and
subsequent consumption of the primer by unspecific synthetic
reaction lead to a reduction in the amplification efficiency
of the desired reaction.

Besides, there is a report that a region not serving as
a template for DNA polymerase was utilized to realize a
3'-terminal structure annealing to the same chain (EP713822).
This report also has the same problemas in PCT/FR95/00881 supra
in respect of the utilization of dynamic equilibrium at the
terminal or the possibility of unspecific synthetic reaction
due to fcrmation of a dimer primer. Further, a special regicn
not serving as a template for DNA polymerase should be prepared
as a primer.

Further, in varicus signal amplification reactions to



the tenplate is anplified by using transcription into RNA and revers$e MiR 7004
transcription fromRNA to DNA. In this nethod, however, the reaction
system cannot be constituted without a conbination of a plurality of
enzynmes. Disclosure of the Invention The object of the present invention is
to provide a nethod of synthesizing nucleic acid based on a novel

principle. Arore specific object is to provide a nethod capabl e of
realizing the synthesis of nucleic acid depending on sequence efficiently

at low costs. That is, an.object aqf the present invention Is .t rovide a
met hod capBbFi BFeaEﬁF8§Fﬁ&etﬁ%-§y @ﬁe§f§cgﬁ%e aﬁaﬁﬂ%<%%{%ﬂﬁa STt

of Hucleic
acid by a single enzynme even under isothernmal reaction ndi tions. _Anot her
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nucleic acid which can realize high specificity difficult to achieve in
the 9 1GVthZkkoknowo fteactitén ipeidntd pluprefy auddeh e att BRRYPE RSO teds wel |
as a nethod of anplifying nucleic acid by applying sal d synthetic

met hod. ThegRbaSETR-A BveDLeT3) f ocused ¢ hetheattienthininues ¢ henbadthcsehat t he
utilization of a polynerase catalyzing strand displacenent-type synthesis

of conpl epenharyichaidudsesispal subgl ynued eBc-ari doyynt hesiss hiot odependi ng
on conplicated control of tenperature. Such a DNA pol ynerase is an enzyne

utilized ipoS0neand Bl HOWSUAL: 102N ol fo SHS T ABAZY Bt Erisedsimanol her
enzynme reactron 1s always required for supplying 3'-OH as the origin of

Synthesisaig,LQgrggggﬂ g%%@%lgésﬁg Qﬂepggﬂgréha§HCDs utilized for the
purposeofobtainingaDNAtemplatetranscribedbyRNApolymerase
is utilized in JP-A 10-510161 (W096/1707%). In this method,
the template is amplified by using transcription into RNA and
reverse transcripticn fromRNA to DNA. Inthismethod, however,
the reaction system cannot be constituted without a combination

of & plurality of enzymes.

Disclosure of the Invention

The object of the present invention is to provide a method
of synthesizing nucleic acid based on a novel principle. Amore
specific object is to provide a method capable of realizing the
synthesis of nucleic acid depending on seguence efficiently at
low costs. That is, an object of the present invention is to
provide a methcd capable of achieving the synthesis and
amplification of nucleic acid by & single enzyme even under
isothermal reaction conditions. Another object of the present
invention is to provide a method of synthesizing nucleic acid

which can realize high specificity difficult to achieve in the



as SDA. Under these circunstances, the present inventors examned s
of 3 -OHfroma conpletely different viewpoint fromthe known appr
As a result, the present inventors found that by utilizing an
eotide having a special structure, 3" -OH can be supplied w thout
any additional enzyne reaction, thereby conpleting the present invention.
the present invention relates to a nethod of synthesizing nucleic
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anneal i ngmébhcd.part Flc in the sane chain and whi ch upon annealing of the
to Fic, is capable of formng a | oop containing a region F2c

capabl e of baseTpaigriagwEnthintvhetste afupst toaedirngt symt hesios ofie fact
conpl ementary chain wherein the 3' -termnal of FI having annealed to Fic
serves asthhhe ©fd givtofi Swdiesio¥. &) pdeyséensof amnerling; tsarardegi on
F2c, of an oligonucleoti de provided wth the 3'-termnal thereof with F2
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sal
for nucleic acid synthesis not depending on cemplicated contrel

of temperature. Such a DNA polymerase is an enzyme utilized
in SDA and RCA. However, even if such an enzyme is used, anothe_r
enzyme reaction is zlways required for supplying 3'-CH as the
origin of synthesis in the known means based on primers, such
as SDA.

Under these circumstances, thepresent inventors examined
supply of 3’ -OH from a completely different viewpoint from the
known approach. BAs a result, the present inventors found that
byutilizinganoligonucleotidehavingaspecial structure, 3'-CH
can be supplied without any additicnal enzyme reaction, thereby
completing the present invention. That 1s, the present
invention relates tc a method of synthesizing nucleic acid, a
method of amplifying nucleic acid by applying said method of
synthesizing nucleic acid and a novel oligonucleotide enabling

said methods, as follows:
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of synthesizing a conplenentary chain to displace the

tary chain synthesized in step b), and d) the step of anneali ng,

npl ementary chain displaced in step c) to be ready for base

of a polynucleotide provided at the 3' -termnal thereof with a
conplenentary to an arbitrary region in said chain synthesized in

foll owed by synthesis, with said 3" -termnal as the origin of
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gfé g}heg(%%%;z_ WO 16QinN$ 8 AR a ML Woalow, i Atk oXicides dd nked to
irtear 1 i- i n:nuclel i.d i S i i de

O i N s s e A LR

[ ' Xlc_| d he 5, - : ' [
B RRAVIHG A"ShOEi FEESnURT chi 18 EHTAAEsT AT et hoa Arcor i ng

, Wherein the nucleic i
region 'l to Flec, gs capa%

edo%r}orming a loop containing a region
F2c capable of base pairing,

b) the step cof performing synthesis of a complementary chain
wherein the 3’ -terminal ¢f F1l having annealed to Flc serves as
the origin of synthesis,

c) the step of annealing, to a region F2c, of an cligonucleotide
provided with the 3’-terminal therecf with F2 consisting of a
sequence complementary to the region F2c, followed by synthesis,
with said oligonuclectide as the origin of synthesis, of a
complementary chain by a polymerase catalyzing the strand
displacement reaction of synthesizing a complementary chain to
displace the complementary chain synthesized in step b), and
d) the step of annealing, to the complementary chain displaced
in step c) to be ready fcr base pairing, of a polynucleotide
providedatthe 3’ -terminal thereofwitha sequencecomplementary
to an arbitrary region in said chain synthesized in step cj,
followed by synthesis, with said 3" -terminal as the crigin of

synthesis, of a complementary chain by a polymerase catalyzing

the stranddisplacement reactionof synthesizingacomplementary

11

a regi on having a nucl eoti de sequence conpl enentary



step a) is second nucleic acid provided by the follow ng steps: i) the MAR 200
step of annealing, to a region F2c in nucleic acid serving as a tenplate,

of a region F2 in the oligonucl eotide described in item3 wherein the

region X2 is a region F2 and the region Xlc is a region Flc, ii) the step

of synthesizing first nucleic acid having a nucleotide sequence
conplenentary to the tenplate wherein F2 in the cligonucleotide serves as
the origin of synthesis, 1iii) the step of rendering an arbitrary region in

the first _pucleic 12 ~] VAR 7004 acid _synthesized in step,ii) ready for
base pat r FHO" R S19514%% Qb OF ST REarENG AR 1015 BONGEt £00 1 e Tredi g &
nucl eot -i de sequence conplenentary to the region nmade ready for base
pairing Fn-the first nucleic acid in step iii) , follcwed by synthesizing
second nucleic acid with said oligon-Liclectide as the origin of synthesis
and rendefi rFrneahodhc @@ rding fonklen Rerevrebady $oep dDasehpaindicig. 5.
The nmet hod according to item4, wherein the region enabling base pairing
in step ibf)systRReisans 4 healarngBduprkeenitdeti bhe si'eptexninal tire the

ol i gonucl eotide described in item3 wherein the region X2c is a region R2c
and the regmenchd nishdicaegbon & @nndnl ithe teed hosh amc ®idi, ngntica iltcaim 4 or
5, wherein the step of rendering base pairing ready in steps iii) and iv)

i s conductedtaRy:hbersé nadwh cH spl-agspept eSyNtes $:0% 169Mpk ef@iad yychain
by a polynerase catalyzing the strand di spl acenent reaction of

synt hesi zLpg.coapLeaERNLar 1ghai n wherein an outer prinmer annealing to the
3'-side of F2c 1n"the tenplate and an outer

3. An oligonuclectide composed of at least two regions X2 and
Xlc below, and Xic is linked to the 5'-side of X2,

¥X2: a region having a nuclectide sequence complementary to an
arbitraryregionXZ2cinnucleicacidhavingaspecificnuclectide
sequence, and

Xlc: a region having substantially the same nucleotide sequence
as in a region Xlc located at the 5’ -side of the regicn XZ2c in
nucleic acid having a specific nucleoctide sequence.

4, The method according to item 1, wherein the nucleic acid in
step a) i1s second nucleic acid provided by the fcllowing steps:
i) the step of annealing, to a region FZ2c in nucleic acid serving
as a template, of a region F2 in the cligecnucleotide described
in item 3 wherein the regicon X2 is a region F2 and the region
Xlc is a region Flc,

ii) the step of synthesizing first nucleic acid having a
nucleotide sequence complementary to the template wherein F2
in the oligonuclectide serves as the crigin of synthesis,

iii) thestepofrenderinganarbitraryregioninthe first nucleic

12



primer an
synt hesi s

synt hesi s.

tenperatu
tenpl ate
same stri
(F2c/F2 1
accordi ng
the tenpl

is conducted by an enzyne having a reverse transcriptase activity. 9. A

met hod of
sequences

nealing to the 3" -side of the region used as the origin ﬁ q MAR 2004
in step iv) for the first nucleic acid serve as the origin of "

7. The nethod according to item 6, wherein the nelting
re of each oligonuclectide and its conplenentary region in the
used in the reaction is in the followng relationship under the

ngency: (outer priner/region at the 3'-side in the tenpl ate)
3 19 2004 and R20/R2) :5 (Flc/FI and Ric/R). 8. The nethod

to any one of itens to 7, wherein the nucleic acid serving as

5

aEed; SYRNASSARECH R §§fﬁPhé§| regfye GRgl SRR A5 TR&in aN step i)

iwhplhef gt apg afughreslaspdrhaviagreohpbehdattaryinnadiigdtgade de

| inked alternately in a single-stranded chain by repeatedly

conduct i ngetthenteldom gnatepsy tA)thidiecgt ep mofdeprewddi ity hasenpliatiegahi ch
ed at the 3'- and 5 -termnals thereof with a region consisting

is provid

of a nuchgatideisequance: CORRIeMMNakrY 10i pAEh INENBY Jwedirdtiizing he

same chai
nucl eoti d
B) the st
31-termn
origin of

n and whi ch upon annealing of these mutually conplenentary

Ee36 Hper? eif L0453 thooR: gapal %&ﬁl&?@ﬁ:e Ral £hBG L Ner ghat ween,

conpl enentary chain ~wherein the

ég E:ﬁ§§sda11i %teef %@gff'aecdth% he s ?ﬁ@ﬁe&e%%wgg?gsfo@e

ep o ornlng the synthesis

of anné 0op por

|ng,
base pairing.

5. The method according tec item 4, wherein the region enabling
base pairing in step iii) is R2c, and the oligonucleotide in
step iv) is the oligonuclecotide described in item 3 wherein the
region X2c is a regicn R2c and the region Xlc is a region Rlc.
6. The method according to item 4 or 5, wherein the step cof
rendering base pairing ready in steps iii) and iv) is ccnducted
by the strand displacement synthesis of complementary chain by
a polymerase catalyzing the strand displacement reaction of
synthesizing complementary chain wherein an outer primer
annealing to the 3’-side of F2c¢ in the template and an outer
primer annealing to the 3’ -side of the region used as the origin
of synthesis in step iv}) for the first nucleic acid serve as
the origin of synthesis.

7. Themethodaccordingtoitemé, whereinthemelting temperature
of each oligonucleotide and its complementary region in the
template used in the reaction is in the following relationship
under the same stringency:

(outer primer/region at the 3’-side in the template} £ (F2c/F2

13
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ol i gonucl eotide provided at the 3'-terminal thereof with a conplenentiaiy 1004
nucl eoti de sequence to a | oop which anong said |oops, is |located at the 3
-terminal site, followed by synthesis, wth the oligonucleotide as the
origin of synthesis, of a conplenentary chain by a pol ynerase catal yzing
the strand displacenent reaction of synthesizing a conplenmentary chain to
di spl ace the conpl enentary chain synthesized in step B) to nake 14 1 D

1, 1AF ?N4 the 31-term nal thereof ready for base pairing, and D) the step

wherein the chai ith t 3 _.-term_nal de ready for base pairing in
step O 58P9eg‘§2R2%ngVN?§ﬁﬁF&tQﬁdggacfﬁg?nethod according to item 9,
wherein the ¢ligcnuclectide  .instepQ is praovided ap the 5" -term.nna

Eher cof wht hBE ARG SO St h o LB I b Rent GE9° tb Eohd - ST Er MU
serving as the origin of synthesis in step B). 11. The nethod according to
item 10, PUFLBAE 26hPrisT Wy 9 RS sheptenpbe e d < SN efBAL NS SoRdingsis

synt hesi zed with the cligonuclectide in step C as the origin of synthesis
is used asfacteppkacatiary shepnAin $RepThe) net howh@eciordilng aro anzeme,
wherein the tenplate in step A) is synthesized by the nethod described in

itemS. 13avihe nmetrhedraecandineg tigptiztsematktdrvidy.wherein the strand
di spl acenent reaction of synthesizing conplenentary chain is carried out

in the presencecohcd W tinia itFRRY atuyle reqdiat Wavinkd.cokitd gimirned y
according to item 13, wherein the nelting tenperature regulator is

bet ai ne. 15.1The iRt heduaseesdl pgkte LiesrddreWpeIfid Bnd d-Ostdaridd

bet ai ne
chein by repeatedly conducting the fcllowing steps:

L) the step of providing a template which is previded at the
3’~ and 5'-terminals thereof with a regicn consisting of a
nuclectide sequence complementary to each terminal region in
the same chain and which upon annealing of these mutually
complementarynucleotide sequences, forms a loop capable of base
pairing therebetween,

B) the step of performing the synthesis of complementary chain
wherein the 3’-terminal of said template annealed to the same
chain serves as the corigin of synthesis,

C) the step of annealing, to the loop portion, of an
cligonucleotide provided at the 3’-terminal thereof with a
complementary nuclectide segquence to a loop which among said
loops, is located at the 3’ -terminal site, followedby synthesis,
with the oligonuclectide as the origin of synthesis, of a
complementary chain by & polymerase catalyzing the strand
displacement reaction of synthesizing a complementary chain to

displace the complementary chain synthesized in step B) to make

14



is allowed to be present in the reaction solution. 16. A nethod of 10 MAR 7904

detecting a target nucl eotide sequence in a sanple, which conprises

perform ng an anplification method described in any one of itenms 9 to 15

and observing whether an anplification reaction product is generated or

not. 17, The nethod according to item 16, wherein a probe containing 15 19

MAR 7004 a nucl eoti de sequence conplenentary to the loop is added to the

anplification reaction product and hybridi zati on therebetween is observed.

18. The nethoq,according t% ite¥117, mh%rei t he pr.ohe iszégfeled cn

parti cl es *8fd 34g5FEFaTFen tPEXEOToRk S8 UM NG G Fo R e Hy i3 di® %t i on i s

observed. 19. The nethod according to item 16, wherein an_anplification

met hod de®ér Fhedst ep arlye onien 6the ﬁgﬁ§99wﬁéh15h?sibb%%ﬁﬁ%%ﬂlimﬁ & H¢3esence

of a detector for nucleic. acid, and whether an anplification reaction

product i $cgeberat ediaingotin steps€lvedrverl tise shasivs tempd adi®ange in t he

signal of the detector. 20. A nethod of detecting a nutation in a target

nucl eot i de (o .sEglieRGe dyatberdetecid anenet hathedesar thedliiydmemieks,idsher ei n

a nutation in a nucl eotide sequence as the subject of anplification

prevents gynihast s i afp rdm qeles Of he eMplerenbhany hahes 81 chasiidlddtigid he

anplification nmethod. 21. A kit for synthesis of nucleic acid having

conpl enent.apyentRAL 0% abheh gl pl Lhled ddrrd rsinek evshiandedechaiqin
olTo e

conprising ‘the ing e nts: 1) the oligonucl eotide described
Item 3 “h%%e%@nk%%sﬁ%gﬁ%nstep B).

11. The method according to item 10, further comprising the step

>

where a complementarychain synthesizedwiththeoligonucleotide
in step C) as the origin of synthesis is used as a template in
step A).

12. The method according to item 9, wherein the template in step
A) is synthesized by the method described in item 3.

13. The method according to item 1 or 9, wherein the strand
displacement reaction of synthesizing complementary chain is
carried out in the presence of a melting temperature regulator.
14, The method according to item 13, wherein the melting
temperature regulator is betaine.

15. The method according tc item 14, wherein 0.2 to 3.0 M betaine
is allowed to be present in the reaction solution.
16.Amethodofdetectingatargetnucleotidesequenceinasample,
which comprises performing an amplification method described
huanyoneofitems9tx:15andobservingwhetheranamplification
reaction product is generated or not.

17. The method according to item 16, wherein a probe containing

15



F2c in nucleic acid as a tenplate is X2c, and Flc |located at the 5' -sideAR 700
of F2c is Xlc; ii) an oligonucleotide containing a nucleotide sequence
conplementary to an arbitrary region in a conplenentary chain synthesized
with the cligonucleotide in (i) as a priner; 16 19M Ar711 @iii) an

ol i gonucl eoti de having a nucl eoti de sequence conplenentary to a region F3c
| ocated at the 3' -side of the region F2c in the nucleic acid serving as a
tenplate; iv) a DNA polynerase catal yzing the strand di spl acenent-type
reaction of synthesizing conplenentary chain; and v) a nucleotide serving
as a subs® MHt% §UridhECENERERt CPNYLemontarhd ktheakedR disngdesdi temhel,
wherein the oligonucleotide inii) is the oligonucleotide described in

i tem 3 whemelhfanatapbiteatlioregironuRcand favizompl zateinratyechkdietween
synthesi zed with the oligonucleotide ini) as the origin of synthesis is
X2c, andiRl sbtecatdd at the 5 of R2c is Xlc. 23. The kit according to
item 22, further conprising: vi) an oligonucleotide having a nucl eotide

sequence 1g0MpLHBOhBA Y\ dcd & IR0t &1 tRIC1 T el iaf thdQ r3oesi e a0k 1tle
arbitrary R2c in a conplenentary chain synthesized with the

ol i gonucl goti da vk hksas e ofdgidh Ol SYNthest 084, oAckikihar ?_fo%Cti on

of a target nucleotide sequence,” conprising a detector for detection of a
pr oduct oﬂyggih?%%E§852i53¥§§Q§¥h8_react|on additionally in a kit described

in any one e nucl ei c acid having conpl enmentary
nUC|eOtidf9. The method according to item 16, wherein an amplification
method described in any one of items ¢ to 15 is conducted in
the presence of a detector for nucleic acid, and whether an
amplification reaction product is generated or not is cobserved
on the basis of 2 change in the signal of the detector.
20. A method of detecting a mutation in a target nucleotide
sequence by the detection method described in item 16, wherein
a mutation in a nucleotide sequence as the subject of
amplification prevents synthesis of any cne cf complementary
chains constituting the amplificaticon method.
21. B kit for synthesis of nucleic acid having complementary
chainsalternatelylinkedinasingle-strandedchain, comprising
the following elements:
i) the oligonucleotide described in item 3 wherein the region
F2c in nucleic acid as a template i1s X2c¢, and Flc located at
the 5’-side of FZc is Xlc;
ii) an oligonuclecotide containing a nucleotide seqguence

complementary to an arbitrary region in a complementary chain

synthesized with the oligonucleotide in {i) as a primer;

16



sequences |linked alternately in a single-stranded chain as the object of
synthesis in the present invention nmeans nucleic acid having nutual Iy MAR 7004
conpl ementary nucl eoti de sequences linked side by side in a

singl e-stranded chain. Further, in the present 17 I _q MAR 20l N i nventi on,

it should contain a nuclectide sequence for formng a | oop between the

conpl enentary chains. In the present invention, this sequence is called

the | oop-form ng sequence. The nucleic acid synthesized by the present

invention is conposed  substantially of nutually conpl enep-ta.-y chains

| i nked vi &1itihe ﬂﬂmnﬁ%%@%?%%1%%Eh%%cehthngenérmQuéE%ﬂT%é%irﬁﬁa%ﬁﬂﬁﬁaied
into 2 or nore nolecul es upon dissociation of base pairing is called a
si ngl e- st campddretndiar ¥ bgarkh Bisxy BBcWesehed at tharliaiide of Af6 V% Pase
pairing or not. The conpl enentary nucl eotide sequence can form base

pai ring i macharsane chailreidrciichtyeanmlrer d sara Beweebetieed product, which
can be obtained by permtting the nucleic acid having conpl enentary

nucl eoti dev)sequencpesllinakedecatteshatehy the assiagh edsdp backedechat yoe
according to the present invention to be base-paired in the same chain,

gi ves a reqi:0n :cnstd tiliig Al appaieiflemdloubhe-etd andeshd chain and a | oop
not involving base pairing. That 1s, the nucleic acid having conplenentary

nucl ecti g, sequences Jdnkerkaldernatelyd A4Sl nol e sig antad ghaip

according t present -i1nvention contalns conplenmentary nucleotide

sequences | e, of anneal.ing in.t me LE d_q duct
cagube de#&ﬂggggsk%in%?%9§?%% d%gJj%%%?gfcwgg?gggoEggi?{é?%€@§f€%§%d%2? o

IhVOIVInngF%%)p%gr%g %&igonucleotide described in item 3 wherein an

arbitrary region R2c in a complementary chain synthesized with
the oligonucleotide in i) as the origin of synthesis is XZc,
and Rlc located at the 5’ of R2c is Xlc.

23. The kit accecrding to item 22, further comprising:

vi) an oligonucleotide having a nucleotide sequence
complementary to a region R3c located at the 3'-side cf the
arbitrary R2c¢ in a complementary chain synthesized with the
oligonucleotide in i) as the origin of synthesis.

24. A kit for detection of a target nuclectide seguence,
comprising a detector for detection of a product of nucleic acid
synthetic reaction additionally in a kit described in any one
of items 21 to 23.

The nucleic acid having complementary nucleotide
sequences linked alternately in a single-stranded chain as the
cbject of synthesis in the present invention means nucleic acid
having mutually complementary nuclectide sequences linked side

by side in a single-stranded chain. Further, in the present
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a bent hinged port ion. Anucleotide having a nucl eotide sequence 1.0 MAR 7004
conpl enentary thereto can anneal to the | oop not involving base pairi‘ng'g.‘u
The | oop-fcrm ng sequence can be an arbitrary 1B 1 ' CAl 2N nucl eoti de
sequence. The | oop-form ng sequence is capable of base pairing so as to
initiate the synthesis of a conplenentary chain for displacenent, and is
provi ded preferably with a sequence distinguishable froma nucl eoti de
sequence |l ocated in the other region in order to achieve specific

anneal i ng.. For  exanple, i preferred enbodi nent, the | oep-form.n
sequence l@é’ﬁpéilﬁ&gg‘bs?ké?ﬂﬁcglclw%ﬁﬁél §M%Jer% isﬁgugél&&eﬁ‘gre tL:?tc"srrﬂalrg-]t-:*gi on
F2c (or R2c) located at the 3 -side of aregion (i.e. Flc. or R ¢ erived
fron1nucI@(ﬁQRﬁdb§§waeﬂeﬁ&%uéoﬁﬁ@eﬁﬁﬁEéFédqu§qumas%%etgﬁmﬁfe &% he
present invention, substantially the sane nucl eotide sequence is defined
as fol | owsnvEnations, thihensaguennplemeatided thai hosynf WESI 22 FIAUHGE certain
sequence as a tenplate anneals to a target nucl eotide sequence to give the
ori gi n of Teemelsd zd Agid scomleaneredivy tohairgsdrit sneent abn i sseepuerisd | s
substantially the same as the target nucl eotide sequence. For exanpl e,

subst ant i alg ke 1SaNR; sEqMencelas dchpl aednidesy noiaiord v iakedl uielyhd he
sane nucl eoti de sequence as F2 but also a nucl eotide sequence capabl e of

funCtipniﬁ%dﬁifﬁrﬁg?g%éﬁﬁe95¥lngh@g@ﬁ%k%@ﬁhﬂ%t&%ﬂ@%ﬂﬂ?s@@ﬂ@@k%&ﬁnto
annealing to" F2 and "acti'ng as the origin of synthesizing conplenentary

chain.  The term . ganeal Jdi,Log ﬂ%adéir%r‘?'a@ Ds JBaNs- frQf FBtEoMad  a

doubl e- st FaRded st ructure of nucleic acid t rough base pairing
&z single-stranded chain regardless of whether it partially
involves base pairing or not. The complementary nucleotide
seguence can form base pairing in the same chain. An
intramolecular base-paired product, which can be obtained by
permitting the nucleic acid having complementary nucleotide
sequences linked alternately in a single-stranded chain
according to the present invention to be base-paired in the same
chain, givesaregionconstitutinganapparentlydouble-stranded
chain and a loop not involving base pairing.

That is, the nucleic acid having complementary nucleotide
sequences linked alternately in a single-stranded chain
according to the present invention contains complementary
nucleotide sequences capable of annealing in the same chain,
and its annealed product can be defined as single-stranded
nucleic acid constituting a loop not invelving base pairing at
abent hingedportion. Anucleotidehavinganuclectide sequence

complementary thereto can anneal to the loop not involving base

pairing. The loop-forming seqguence can be an arbitrary

18



based on the | aw of Watson-Crick. Accordingly, even if a nucleic ack&hﬂ‘“”m
chain constituting base pairing is a single-stranded chain, 19 | Pi ‘”Tfl
2 1~ 0 ~ annealing occurs i-f intranol ecular conplenentary nucl eoti de
sequences are base-paired. In the present invention, annealing and

hybridi zati on have the sanme neaning in that the nucleic acid constitutes a
doubl e- stranded structure through base pal', ring. The nunber of pairs of
conpl ementary nucl eoti de sequences constituting the nucleic acid according
to the present invention is at least 1. According to a desired node of the
present vérmcitdme seqmapcee 2The Iarre- farming Secasaca Aéreapable of
theoretically no upper Iimt to the nunber of pairs of conplenentary

nucl eot i deazequeneeagcomsisi tatiimg itshtee hbel eyicthasi g.o Waerorilkeermarct a2rye aci d
as the synthetic product of the present invention is constituted of plural

sets of ceomplignesdaryispuskenthde sequencesrothiisdnpek€ieezdgivd wisrcanposed
of repeated identical nucleotide sequences. The nucleic acid having

conpl ementaly. e 8oLt dequseaUBNEes: di BKed: 8t e fatRlJhditA18LRELA- S randed
chain synthesized by thé present invention may not have the same

structure t%%eg%ﬂr ?LL¥18SCH£ Ldf@ef'ucccl %ic%i%ged\%ﬁtekiifickgﬁﬂgayg?é. i igﬁoxa

nucl eot i de rivati vé*i's uséd as a substrate en nuclelrc
synt hesi zed by .t he action of a ol.ynerase, a,nucleic .acid derivative
oan be Sy BRI AL P T TR e GBI ebe ok BHOT AR FriES TRATEATT des
- labeled with a radi oj sotope or nucleotide derivatives |abeled with a
bi ndi ng | icg?éﬁ&lé’ifcﬁu}%taﬁ?b?E]llyd'fhed?@@?irﬁ".c}ﬂfé?éf%ﬁéﬁé‘c?flf:ﬁea%é‘ﬁ%%]t?@es can

be used
F2c (or R2c) located at the 3'-side of a region (i.e. Flc or
Rlc) derived from nucleic acid as a template and annealed in
the same chain.

In the present invention, substantially the same
nucleotide sequence i1s defined as follows. That is, when a
complementary chain synthesized with a certain sequence as a
template anneals to a target nucleoctide seguence to give the
origin of synthesizing a complementary chain, this certain
sequence is substantially the same as the target nucleotide
sequence. For example, substantially the same sequence as 2
includes not only absolutely the same nucleotide seéuence as
FZ but alsc a nucleotide sequence capable of functioning as a
template giving a nuclectide sequence capable of annealing to
F2 and acting as the origin of synthesizing complementary chain.
The term “anneal” in the present invention means formation of
& double~stranded structure of nucleic acidthroughbase pairing
bzsed on the lawof Watson-Crick. Accordingly, evenifanucleic

acidchain constituting basepairing isa single-strandedchain,
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to label nucleic acid derivatives as the product. Aternatively, 20,1} 57,
VAR 7,904 if fluorescent nucleotides are used as a substrate, the nLéWéPéma
acid as the product can be a fluorescent derivative. Further, this product
may be either DNA or RNA. Wiich one is forned is determned by a

conbi nation cf the structure of a priner, the type of a substrate for

pol yneri zati on and polynerization reagents for carrying out polynerization
of nucle-4c acid. Synthesis of the nucleic acid having the sturcture

descri bed_above. can be initi-at b a I s [ t he
strand di §BP3§gh’éHt OHETF Vi Iiy éﬁgrﬁ}é%#éf%%?%éi 8%9%%%62‘3%?@\?!&%8@%% he 31
-termnal thereof with a region F1 ;ﬁr | e of nnealigg?to a paﬁt Flc in
the same SRAVANGRA 4HF RASTHOR: T Snne ﬁge&feﬁﬁé‘ LYV ONFP"t 6 FEE S
capable of formng a loop containing a regjon F2c capable of pase pairing.
There ar eaniybriahicratsi Ghhere FrenseRemeAn SyhiResi 3T hgeconpt &hedtafy chain
wherein a hairpin loop is forned and a sanpl e sequence itself is used as a
t enpl at e, cohitétitheshe dudslentstinaralad e rulké uper thoaughfbasfe PRAITESION | oop
is provided with a region capable of base pairing, and there is a novel
feature on util TEati@bedf of hiss r sr €ficomplrereyrtsrgshac hgotddplsemprenaey chai n.
By use of this region as the origin of synthesis, a conplenentary chain

previ ousl y-5¥pt PESk 280 i hhc e 5aBR)EG SEEENDEy tbsHd passeant iemplraten s
di spl aced. Then, a reégion Rlc (arbitrary region) |located at the 3

-termnal ;of .the displaced, Ghaidids 4 & §tafpear g8dy ber thaseriaieritng. A

regi on having a conplenmentary seduence to this Rlc is anneal ed thereto,

reSUltingiinQeRQE%t’ioinc may be 2 or more, In this case, there is
theoretically no upper limit teo the number of pairs of
complementary nucleotide sequences constituting the nucleic
acid. When the nucleic acid as the synthetic product of the
present invention is constitutedof plural sets of complementary
nucleotide sequences, this nucleic acid is composed of repeated
identical nucleotide sequences.

The nucleic acid having complementary nucleotide
sequences linked alternately in a single-stranded chain
synthesized by the present invention may not have the same
structure as naturallyoccurring nucleic acid. It is known that
if a nucleotide derivative is used as a substrate when nucleic
acid is synthesized by the action of a DNA polymerase, a nucleic
acid derivative can be synthesized. The nucleotide derivative
used includes nucleotides labeled with a radioisotope or
nuclectide derivatives labeled with a binding ligand such as

biotin or digoxin. These nucleotide derivatives can be used

tolabel nucleicacidderivatives as theproduct. Alternatively,
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21 19 MAR i TN of the nucleic acid (2 nol ecul es) having a nucl ectide

sequence

extending fromFl to Ric and its conplenentary chain |inked

alternately via the | oop-form ng sequence. In the present invention,

arbitrary region s-,ach as Rlc above can be selected arbitrarily provided
an be annealed to a r)clynuclectide having a nucl eotide sequence
conplenentary to that region, and that a conplenentary chain synthesized

pol ynucl eotide as the origin of synthesis has necessary functions

that it c

with the
f or the
acid" is
i ncl udes
repl aced

present invention. In the presen |nvenh§ the term "nucleic
&ée’@-uo%%c%%lnéﬁccl%weisna fiel §ért =\ éﬁtaltém %éﬁ%%e}c

both DNA and RNA. However, nucleic acid whose nuclectide is

by idnaartlig peicalucdespvdtd el bropparened kLT 2F EVaci duFth&® nat ur al
DNA or RNA is also included in the nucleic acid of the present invention

i nsof ar ashiitt fnodticonsz pda etiemelrabE2 ¢orRNYyNt Miesich ofiecoapf ermesd drsy

chain. Th
a biolcgi
orm cr obi

e nucle4c acid of the present invention is generally contained in

gak cganpkea. by Thecdriol gl cah sanpleeskpobudes afi agyinptmntthe
al tissues, <cells, cultures and excretions, or extracts

therefr Othf}S@e o 9' @%@%lra%@ﬁm@f of oI NG PL £SENGN | BM@nty:lderrﬂe&C:leéiQ%n

intracel |

u

The nucl ei of: venti i iy l eic acid
cont ai ned %ﬁﬁggg BFgP%aigja% aouﬁ %%1E3%1g3§$3%3 QQBQ%&g§ifﬁg¥¥¥§d from
PﬁglA,bi glr Ogiugl,;l é{n%lh%51%rrplff %g é)ag _sLdthar%%ge' Ehgc'sdcrqgtfu\(reed from

described above canbe initiated by use of a DNApclymerase having
the strand displacement activity and nucleic acid which is
provided at the 3’-terminal thereof with a region F1l capable
of annealing to a part Flc in the same chain and which upon
annealing cf the region F1 to Flc, is capable of forming a loop
containing a region F2c capable of base pairing. There are many
reports on the reacticn of synthesizing complementary chain
wherein a hairpin loop is formed and a sample sequence itself
is used as a template, while in the present invention the portion
of the hairpin loop is provided with a regicn capable of base
pairing, and there is a novel feature on utilization of this
region in synthesizing complementary chain. By use of this
region as the origin of synthesis, a complementary chain
previously synthesized with & sample sequence itself as a
template is displaced. Then, a region Rlc (arbitrary region)
located at the 3’ ~terminal of the displaced chain is in a state
ready for base-pairing. A region having a complementary

sequence to this Rlc is annealed theretoe, resulting in formation
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11 'q ~! AA"%'i~l~ sanple, is a typical exanple of t-he nucleic acid 9fysm ay
the present invention. The nucleic acid characteristic of the present "
invention which is provided at the 3 -termnal thereof with a region F1
capabl e of annealing to a part Flc in the same chain and which upon
annealing of the region F1 to Flc, is capable of formng a |oop containing
a region F2c capabl e of base pairing can be obtained in various nethods.

In the nost preferable enbodinent, the reaction of synthesizing

conpl enmentary chain utilizin ol i gonucl eoti de having the follow n
structure Géa% hgeise’t ¢ ¢Cigl 33 PREECSEr Bt g}ae““l%ét nPEE 85%285%‘?%?8“9 )

aligonucleotide in the present invention consists of at |east two regions

X2 and X1é&xpenheinshérmsim FIX1te iRl iagm ek el Sreriarey ofhadn Mnked regi on
havi ng a nucl eoti de sequence conplenentary to a region X2c in nucleic acid
havi ng a speeirhiacedycleot | tee séqopnfermiXgc segueagicon Havitig substential |y

t he sanme nucl eoti de sequence as a region Xlc |located at the 51 -side of

the regi onn¥deatikoucheiagbiatiad vyt Ngn dushend Rile aninlectn e selpened.
Here, the nucleic acid having a specific nucleotide sequence by which the

structure aq%ltt%ﬁlllﬂgfaﬁisealtdéwit the bé BVeRLIQY 6 08d Byiidesbt &iers to
nucleic acid serving as a tenplate when the oligonucl eotide of the present

L DVErtl ON %1 S Eh @81 do PLALRIouldh deofi iem%_tg%ge&é'mto eByehei maci d

based on't et1c met e pr sent i nvention e’nuclfeic 23 1 ~
~ MAP, th%t;a complementary chain synthesized with the polynucleotide

astheoriginof synthesishasnecessary functions for the present
invention.

In the present invention, the term “nucleic acid” is used.
The nucleic acid in the present invention generally includes
both DNA and RNA. However, nucleic acid whose nucleotide is
replaced by an artificial derivative or modified nucleic acid
from natural DNA or RNA is also included in the nucleic acid
of the present invention inscfar as it functions as a template
for synthesis of complementary chain. The nucleic acid of the
present invention is generally contained inabicological sample.
Thebiological sample includesanimal, plantormicrobial tissues,
cells, cultures and excretions, or extracts therefrom. The
bioclogical sample of the present inventicn includes
intracellular parasitic genomic DNA or RNA such as virus or
mycoplasma. The nucleic acid of the present invention may be
derived from nucleic acid contained in said biclcgical sample.
For example, cDNA synthesized from mRNA, or nucleic acid

amplifiedonthebasisofnucleicacidderived fromthebiological
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acid having a specific nucleot ide sequence is a detection target or 1qh
nucl eic acid derived fromthe detection target. The nucleic acid haV|ng
speci fic nucl eoti de sequence refers to nucleic acid wherein at |east apart
of the nuclectide sequence is revealed or predictable. The part of the
nucl eoti de sequence revealed is the region X2c and the region Xlc | ocated
at the 5 -side thereof. It can be supposed that these 2 regions are
contiguous or located apart fromeach other. By the relative positional

relati O”S@' o8 {%9% tt%’lctaﬁee§£ fe s @ 'eogggcigw%dcfwggef ‘;onrae'?s’?eh%' ing of

nucl ei c aC| Pas uct ernlne e di stance etw is
pr ef er abl not Lery apart fromeach other in order that nucleic acid as

t he produgp StdQhected to sel f-annealing preferentially over

i nternol ecul ar anneal i ng, Accordingly the positional rel ationship of the

two is prefer ablTPet’P\‘é‘fl?h%fCJéjr%hEBﬁFfl@Eé%lﬁ%féhﬁl E%%ﬁ%@tdfmiﬁfallqw 0to
100 bases. However, in the formation of a | oop by self-annealing described
bel ow, t WBA€hcaR BEovhdedaale Witerd itewimlad Bhedroddvank ag et dorr
formation of a loop in a desired state that the two are too close to each
ot her. |ncepeblleopf aheealisgd neegatorFacstin ddteusemnef cheiamedlviniglof a
new cligonur-lectide and f or readily initiating the strand-displacenent
reacti on abosnyahhesilihngeaé tleonmdementEr rocFaicn wst dasaid te od § gonucingpt | de
as the origin of synthesis. Mre preferably, the distance between the
region X2aclasg &beteeging Xleedigatred akpahe SofshdeeobaX2ing scalesiegned
to be O to 100 bases, nore desirably 10 to 70 bases. This nunerical 24 |
~ VIAR 204ptained invariousmethods. Inthemost preferable embodiment,

the reaction of synthesizing complementary chain utilizing an

oligonuclectide having the following structure can be used to

give the structure.

That 1is, the useful oligonuclectide in the present

inventionconsistsofat leasttworegicnsX2andXlcbelowwherein
Xlc is ligated to the 5'-side of X2.
X2: a region having =z nucleotide sequence complementary to a
regionX2c innucleicacidhavingaspecificnucleotide sequence.
Xlc: aregionhavingsubstantiallythe samenucleotide sequence
asaregionXlc locatedat the 5" ~side cf the regicn XZ2c innucleic
acid having a specific nuclectide sequence.

Here, the nucleic acid having a specific nucleotide
sequence by which the structure of the oligonucleoctide of the
invention is determined refers to nucleic acid serving as a
template when the oligonuclectide of the present invention is

used as a primer. Inthe case of detection of nucleic acid based

on the synthetic method of the present invention, the nucleic
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val ue shows a length excluding Xlc and X2. The nunber of bases T4 Mah 2004
constituting the part of a loop is that of this length plus a region
corresponding to X2. 'Both the terns "same" and "conpl enentary” used for
characterization of the nucl eotide sequence constituting the

ol i gonucl eoti de based on the present invention do not nean being

absolutely the sane or absolutely conplenentary. That is, the sane

sequence as a certain sequence includes sequences conplenentary to

nucl ecti de sequences capabl g. of anneal.ing to. _a certain uence, t he
ot her handSIEn CoTpr e by - Pobqueaca e TS e o HEE e ah s T
anneal i ng under_stringent c¢onditions to provide a 3'-term_pal serving as
the origi REOFUCLSHE RESGABE L¥BAPI e AR&IGF T8k Fo B8da8 Ty, ?H@ Teyiors X2
and Xlc constituting the oligonucleotide of the present invention f or the
nucl ei ¢ agicdcd haviing a specifi¢c nhucleotide sequence aeferdcar edicleic
contiguously wthout being overlapped. If there is a conmon part in both
-t he nucl ectiddenesagireat ésasthepd moof ahcbmaparati add yequentaild.reBecause X2
shoul d function as a prinmer, it should always be a 3" -terminal. On the
ot her handr ¥tessbeubdegi vEné hea Fftunrat the notlaptidersasuaeseridas lddw to
the 3' -termnal of a conplenentary chain synthesized with the nucleic

acid as ajteifd pé&ioRRdclasthd ?e%h@hklb@@d@@ﬁ?ﬂtﬁb srhe 1Bk tHerddmal . The
conplementary chain obtained with this oligonuclectide as the origin of

synthesi s 14SeIygs aspgodphate e SHUIIESS a0k LHMPE QIR 8V Shialdy i n 25
1 9 MAR 2004 the reverse direction in the next step, and finally the part
apart fromeach other. By the relative positional relaticnship
cf the two, the state of a loop formed upon self-annealing of
nucleic acid as the product is determined. The distance between
the two is preferably not very apart from each other in crder
that nucleic acid as the product is subjected to self-annealing
preferentially over intermolecular annealing. Accordingly,
the positional relationship of the two is preferably that they
arecontiguous viaadistancecfusually0tol00bases. However,
in the formation of a loop by self-annealing described below,
there can be the case where it would be disadvantagecus for
formation of a loop in a desired state that the two are too close
to each other. In the loop, there is a need for a structure
forannealingof anewoligonucleotide and for readily initiating
the strand~dispiacement reaction of synthesizing a
complementary chain with said oligonucleotide as the origin of
synthesis. More preferably, the distance between the region

X2c and the region X1c located at the 5’ ~side of X2c is designed

tobe0Otol00bases, mcredesirablyl1l0tec70bases. Thisnumerical
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of the oligonucleotide of the present invention is copied as a tenplial &R 200
into a conplenentary chain. The 3'-term nal generated by copying has the
nucl eoti de sequence Xl, which anneals to Xic in the sane chain to forma

| oop. In the present invention, the oligonucleotide nmeans the one that
satisfies the 2 requirenents, that is, it nmust be able to form

conpl enentary base pairing and give an -OH group serving as the origin of
synt hesi s of conplenentary chain at the 3 -termnal. Accordingly, its

backbone 'v%l%%t sﬂgﬁgzras%re:nltéﬁrkrua%k?éﬁggn % ihergngoVvi arphospied 68tk ses

| i nkages. For "exanp osed of a phosphot hi oate derivative

having S in l.ace .of as_a_backb . i > el i on
pepti de ﬁoﬁﬁgdggilfﬁbgggsgsrﬁaégbgqﬁﬁjségkgﬁgglg%o?Hg%n%ggﬁg%S%$$§ggse
pairing. In the nature, there are 5 bases, that is, AL C, T, Gand U, but
the base E&YIPE SPTHFARSHE U &% bromodeoxyuri dine.  The ol i gonucl eot i de
used in the present invention functions preferably not only as the origin
of synthesis buBodiisothe &ermsml ad®e | ornsynt HrIeR SEBF0 bahp | engfCaryPThai n.
The term polynucleotide in the present invention includes _

ol i gonuc! edtzirdes.erite ttismmdfpehgnnobéeptdde sscusedei poRfelEabENgviHER e t he
chain length is not limted, while the term "oligonucleotide" is used to
refer to aliueirentlicte: ipd paeedhavthg pra seeitat ivehyisheia nehaiesn ehigih. The
ol i gonucl eoti de according to the present invention 26 1 9 VIA R 2081 has
such a chairdiengtlhy asect ahe cxapBbbeuet i hasenphémémoe wy t h Tree tcospl Bment ary

chain and to nmai ntain necessary specificity under
same seguence as a certain sequence includes seqguences
complementary tc nuclectide sequences capable of annealing to
a certain sequence. On the other hand, the complementary
sequence means a sequence capable of annealing under stringent
conditions to provide a 3’/ -terminal serving as the origin of
synthesis of complementary chain,

Usually, the regions X2 and Xlc constituting the
oligonuclectide of the present invention for the nucleic acid
having a specific nucleotide sequence are located contiguously
without being overlapped. If there is a common part in both
the nucleotide seguences, the twc can be partially overlaid.
Because X2 should function as a primer, it should always be a
3’-terminal. On the other hand, Xlc should give the function
ofaprimerasdescribedblowtothe3’—terminalofacomplementary
chain synthesized with the nucleic acid as a template, and thus
it shallbearrangedat the 5’ -terminal. Thecomplementarychain

obtained with this oligonucleotide as the origin of synthesis

serves as a template for synthesis of complementary chain in
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the given environnent in the various reactions of synthesizing nucl el & MAR 1004
aci d described below. Specifically, it is conposed of 5 to 200 base pairs,
nore preferably 10 to 50 base pairs. The <chain length of a priner

recogni zing the known pol ynerase catalyzing the sequence-dependent nucleic
acid synthetic reaction is at |east about 5 bases, so the chain | ength of
the annealing part should be longer than that. In addition, a length of

10 bases or nore is desired statistically in order to expect specificity

as the nucl eotide sequence. .On the, other. hand preparation Qf. _a | ong
nucl eot i de* 52 UEHRRES By IR &THCR lnsf/ﬁ? hagts ?ntsé%l’l fafr?cgﬁjtn,a%'?’d%thﬁugtagﬁe chain
| engt h descri bed above is exenplified as a desjred range. The .chain |length
exenpl i fi R i ©GBNCIESLIRE BhaFhe| RAGE N bI LW HAF 1CA A9HES 65a

conpl ementary chain. As described bel ow, the oligonucleotide according to
the presem itewpdiiten tafe aAneedmpienantiand ghafBast Ther gjidggminal

i ndividually. Accordingly, it should be understood that the chain |ength
exenpl i fi egeherastéd bhecoppimg| kagt hhef nuedehtidgi spauensei tlti nditche

ol i gonucl eotide. Further, the oligonucleotide according to the present

i nventi on gamedes | obetbd m tthe damemcHaabelionf caubst drooge. The | abel i ng
subst ance i ncludes binding ligands such as digoxin and biotin, enzynes,

fl uorescent subst@anreRspaBdehtM MesSCEidn, StRsbangesucandtiddimésmd apes. The
techni ques of replacing a 27 11 9 MAR 2001 base constituting an

ol i gonucl egtd d&, 3y sa+h L uQEesqRND ?&?ﬁ?ﬂé&ﬁ‘en@éﬁ t&a%01 K Nown nf WE95E Q3L
Proc. Nati. Acad. Sci. USA 91, 6644-6648, 1994).

to form complementary base pairing and give an —-OH group serving
as the origin of synthesis of complementary chain at the
3’ -terminal. Accordingly, its backbone i1s not necessarily
limited to the one via phosphodiester linkages. For example,
it may be composed of a phosphothicate derivative having S in
place of 0 as a backbone or a peptidenucleic acidbased onpeptide
linkages. The bases may be those capable of complementary base
pairing. In the nature, there are 5 bases, that is, A, C, T,
Gand U, but thebase canbe an analogue such as bromodeoxyuridine.
The oligonucleotide used in the present invention functions
preferably not only as the origin of synthesis but also as a
template for synthesis of complementgry chain. The term
polynucleotide in the present invention " includes
oligonucleotides. Theterm“polynucleotide” isusedinthecase
where the chain length is not 1limited, while the term
“oligonucleotide” isusedtorefertoanucleotidepolymerhaving
a relatively short chain length.

The oligonucleotide according to the present invention
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Qt her oligonucleot ides according to the present invention can a|8ﬁgh@MQML
been bound to a solid phase. Alternatively, an arbitrary part of t

ol i gonucl eotide nay be | abeled with a binding |igand such as biotin, and
it can be immbilized indirectly via a binding partner such as immbilized
avidin. Wen the immobilized oligonucleotide is used as the origin of
synthesis, nucleic acid as the synthetic reaction product is captured by
the solid phase, thus facilitating its separation The separated pr oduct

can be detected by a nucle ica bridi ation
Wth a | SBERi FUCH: Bbe e Ther £ GbiES HibE CaREPA T PAGRRRE Pouiid b Tt
recovered by digesting the product mnth arbitrary restriction enzynes. The
term "t enpl” QEﬁﬁﬁﬁﬁy@%el%ﬁégé@ﬁ@¥We%¥iBﬁcﬁ§§ﬁ§ySE@@P§P€1§&QP vi ng
as a tenplate for synthesizing a conplenentary chain. A conplenentary

chai n havithg ainecleotidsnnseyuientbe conpl @aremeacy (oo st pé awnpletieings a
meaning as a chain corresponding to the tenplate, but the relationship

bet ween t hecliewe asideted gyrilmddbicedew.Thabecsfiaatha) nisynt bespzeddast t he
conpl ementary chain can function again as a tenplate. That is, the

conpl enentaty Zhaigh Lapdieconoaet papkatebl ¥heo add gonvekeope desusefid in
the present inventionis not limted to the 2 regions descri bed above and

can contaihz3B I ch MW oDz afy 13ddi 110084n 1 20h QN n¥NidrR w2 id/md s €

arranged at the 3" and 5 -termnals respectively, an arbitrary sequence can

be int er%%%%qeﬁ%gebeweegb Eatceﬁag@é eﬁt 91%1%%@ LEShriLhi okt gnzyme

recognitions i pronnter recog RNA pol ymer ase,

reaction is at least about 5 bases, so the chain length of the
annealingpart shouldbe longer thanthat. Inaddition, alength
of 10 bases or more is desired statistically in order to expect
specificity as the nucleotide sequence. On the cther hand,
preparation of a too long nucleotide sequence by chemical
synthesisisdifficult, andthusthe chain lengthdescribedabove
is exemplified as adesired range. Thechain lengthexemplified
here refers to the chain length ¢f a part annealing to a
complementary chain. As described below, the cligonucleotide
accordingtothepresentinventioncanannealfinallytoatJeast
2 regions individually. BAcceordingly, it should be understood
that the chain length exemplified here is the chain length of
each region constituting the oligonucleotide.

Further, the oligonucleotide according to the present
invention can be labeled with a known labeling substance. The
labeling substance includes binding ligands such as digoxin and
bictin, enzymes, fluoreseent substances and luminescent

substances, and radicisctopes. The techniques cof replacing a
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or DNA coding for ribozyme. By using it as a restriction enzyne 10 MAR 2004
recogni ti on sequence, the nucleic acid having a conplenentary sequence
alternately linked in a single-stranded chain as the synthetic product of
t he present invention can be cleaved into double-stranded nucleic acids of
the sane length. By arranging a pronoter sequence recogni zed by RNTA

pol ynerase, the synthetic product of the present invention serves as the
tenplate to permit f urther transcript ion into RNA. By further arrangi ng
DNA codin for ribozyng, a sy enlmh re the transcri tlonal duct is
self-clea ééel%OQ%%}?%%Hng?ﬁb?ilQBBPFr%HEFdﬁJEYécgf e§%ﬁﬁ§ GHE t hose
functioning after formed to a double-stranded chain. Accordingly, when the
si ngl e- st pARd&d Soneicane (HESH /AESELdi Fgaco e Lpr dsadt- |5rﬁﬁentq5tga°n s for ned
a |oop, these sequences do not function. They do not function wuntil the
nucl ei ¢ ac¢ikd 4-$edlBond&tSdd .and anneal ed in the absence of a loop to a chain
havi ng a conpl enentary nucl ecti de sequence. When a pronoter is conbi ned

wi th the cligongeheetdlde;drassieotonidhecpsedent tiomeanprenehn isueh@ on
direction as to permt transcription of the synthesized region, the

reacti on peaddeto RaSEUH&N tHu @geht sbnYanpheBe Wk Br d Hea SaEl yWureot | de
sequence is repeated realizes a highly efficient transcriptional system

29 19 NEé@b%Jcl—% BY% r¢oBpi EH@goib{;@nﬁ%%@&%tﬁag SUi { abLecgXpyLogsion
system transl atlon into a protein is also feasi . That is, the system

can be utblbaedofof: dLADSCOLRIAN @Ngk 14 anshal Lan £ oplr Otgidb: 14y RACt er i a

or ani mal “¢elTs Vitro. The olT1gonucl eoti the present 1nvention

havi ng thendlrectly via a binding partner such as immobilized avidin.

When the immebilized oligenucleotide is used as the origin of
synthesis, nucleic acid as the synthetic reaction procduct is
captured by the solid phase, thus facilitating its separation.
The separated product can be detected by a nucleic acid-specific
indicator or by nybridizationwith a labeling probe. The target
nucleic acid fragments can also be recovered by digesting the
product with arbitrary restriction enzymes.

The term “template” used in the present invention means
nucleic acid serving as a template for synthesizing a
complementary chain. Acomplementarychainhavinganucleotide
segquence complementary to the template has a meaning as a chain
corresponding to the template, but the relationship between the
two is merely relative. That is, a chain synthesized as the
complementary chain can function agéin as a template. That is,
the complementary chain can become a template.

The oligonucleotide useful in the present invention is

not limited to the 2 regions described above and can contain
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structure descri bed above can be chem cally synthesi zed. AlternatiVﬁhyWN\mm
natural nucleic acid nay be cleaved with e.g. restriction enzynes and '
nodi fied so as to be conposed of, or ligated into, the nucl eotide sequence
descri bed above. The basic principle of the reaction for performng
synthesis by utilizing the useful oligonucleotide described above in

conbi nation with DNA pol ynerase having the strand displacenent activity in
t he reaction of synthesizing nucl ei ¢ acid according to the present

i nvention_is ribe refer Ilgp £otide
descri bed?® Qb%g %#ﬁni‘ ]gon 5) %ﬁnea#g CSJ?&C('(3‘:%(F9raersrpao |(§1)g G oﬂg%

nucl ei ¢ acid as a tenpl.ate, to provide the origin of nt hesi s of

conpl enenf&fy > cﬁﬁrﬁ‘lnlarisﬁ’ifs?@créw@c}ﬁbl e R e rF Hesi 8l 3% om FA

as the origin of synthesis is displaced by synthesis of conplenentary

chai n (desetierp@sissl shfrePorvantout Ber Frifirl e F3) can e arggtriction
singl e-stranded chain (Fig. 5-A) . Wen synthesis of conplenentary chain
to the resulztymeg st et ai e chginerict e Xf xeeden 1 conbiydi@dotyee Fs¢.er mi nal
of nucleic acid synthesized as conplenmentary chain in Fig. 5-A has a

nucl eot i de rsequeReE noc 60p|eitend arey. t @yt helndiigoasd eestdécot ohhen prmesent
invention. 30 19 Kill 21141 That is, because the 5 -term nal of the

ol i gonucl &@Tclo@%ﬁflotm@ecgéﬁ&@ntth@vramwlrb has 4 hevsagea sesENaeefiSa By I egi on
Xlc (corresponding to Flc) , the 3 -terminal of the nucleic acid thus

synt hesi zed has & cORRLEARRNY YiaRaAYENCE XEnbhlk) st rEindle D cBROWSastdal the
conpl enentary chain synthesized fromRl as the origin of synthesis is

di spl aced s?f%t%)é'%t r&eﬁkgdBEtcgmh%QEQE}ﬁtCM@nt1on can be cleaved into

double-stranded nucleic acids cf the same length, By arranging
a promoter sequence recognized by RNA polymerase, the synthetic
product of the present invention serves as the template topermit
further transcriptionintcRNA. By further arranging DNA coding
for ribozyme, a system where the transcriptional product is
self-cleaved 15 realized. These additional nucleotide
sequences are those functioning after formed into a
double-stranded chain. Accordingly, when the single-stranded
nucleic acid according to the present invention has formed a
loop, these sequences do not function. They dec not function
until the nucleic acid is elcongated and annealed in the absence
of a loop to a chain having a complementary nucleotide segquence.

When a promoter is combined with the cligonucleotide based
on the present inventicn in such a direction as to permit
transcription of the synthesized region, the reaction product
based on the present invention where the same nuclectide sequence

is repeated realizes a highly efficient transcriptional system.
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by prinmer R3 as the origin of synthesis. Once the 31 -term nal port] OmAR SN
made ready for base pairing by this displacenent, X (FlI) at the 3
-terminal anneals to Xlc (Flc) in the same chain, and elongation reaction
with itself as a tenplate proceeds (Fig. 5-B) Then, X2c (F2c) | ocated at
the 31 -termnal thereof is left as a |oop not involving base pairing. X2
(F2) in the oligonucleotide according to the present invention anneals to
this | oop, and a conplenentary chain is synthesized with said

ol i gonucl goti de, as.the origin of synthesis (Fig., 5-3) A pr.oduct  of

Coml ementir §OERATHIG, SEHET S LEACVIGH # B RO SO T gHE s s ed
product as a tenplate is displaced by the strand displacenent reaction so
that it isTABAESFASAYFiOT 2 PASE SPAI +F AGSCBRATERAS ¢ 35ﬁ§t3i3cfu*€b6r$y&§ieﬁg one
ki ndof ol igonucl eotide according to the present invention and an arbitrary
reverse PENMS Uapgdlsias dprconaiuety Het heelagid taendlsyarhesi s Wiete ia

conpl enentary chain synthesized with said oligonucleotide as a priner is
used as aihehpktateizaopl andhiafly cefl lsuclreiiq aditdo.synthetic products as
shown in Fig. 6 can be obtained. As can be seen fromFig. 6, (D) is the

desired nucl ei cThei 61 pyoduct e31ide MR tA0b reBenitnyenéhofchaydvighg the
conpl enentary nucl eoti de sequence alternately linked in a single-stranded

chain. OngerGeRyeet efbséPived Sbbeke-sik andedogbal Bz Dyyt rgafMRRl 2dch as
heat denaturation, the other product (E) serves again as a tenplate for

forming (B)ierhlihe 1r ofuel-6b) nas1 BUel SLeaatlyl 18 dheformiof g,

doubl e- st rande ain“is converted I1nto a single-stranded chain by heat

denaturatgggtrggggghiggzg%%grgnﬁﬁﬁgégfggg 88"%s to be composed of, or

ligated into, the nucleotide sequence described above.

The basic principle of the reaction for performing
synthesis by utilizing the useful cligcnuclectide described
gbove in combination with DNA pclymerase having the strand
displacement activity in the reacticn of synthesizing nucleic
acidaccordingtothepreéentinventionisdescribedbyreference
tc Figs. 5 to 6. The cligonucleotide described above (FA in
Fig. 5) anneals at X2 (corresponding to F2) to nucleic acid as
a template, to provide the origin of synthesis of complementary
chain. In Fig. 5, a complementary chain synthesized from FA
as the origin of synthesis is displaced by synthesis of
complementary chain (describedbelow) froman outer primer (F3),
te form a single-stranded chain (Fig. 5-A). When synthesis of
complementary chain to the resulting complementary chain is
further conducted, the 3'-terminal of nucleic acid synthesized
2s complementary chain in Fig. 5-A has a nucleotide seguence

complementary to the cligonucleotide of the present invention.
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chain at high probability wthout formng the original double-stranded
chain. This is because a conplenentary chain having the sanme nel t1agR 70
tenperature (Tm) undergoes intranolecular reaction preferentially over

i nternol ecul ar reaction. Each single-stranded chain derivea fromthe
product (D) annealed in the sane chain is annealed in the sanme chain and
returned to the state of (B) , and each chain further gives one nolecule
of (D) and (E) respectively. By repeating these steps, it is possible to

successively synthesize the nucleic  acid having.conpl enentary nucleotide
sequences TFiEfked: QﬂQ%Hﬁﬁﬂﬁgeyg?ﬁtﬁr@FﬂﬁheQ£ﬁ¥§hgé&98 &Fg% ﬁg%t%ﬁﬁﬁﬁie and
the product forned in 1 cycle are increased exponentially, thus making
the react boesesty Eivertbpt. NE6 rida i S6MENSSIURECHT 25 ¢ SEAROPt HELC
initially synthesized conplenentary chain should, in at |east the portion
to which t{emresposdipm veFlainetls 3’ sheurdnsd stady Twrldbasecigditimg.
This step can be achieved by an arbitrary nethod. That is, an outer priner
(F3), whi gynamreadlzedt vzt hecbinpientanpkatee@ride MAR(PDPL &tig Bedicors F3c at
the 3" -side of the region F2c to which the oligonucleotide of the present

i nventi on ¢anRReahs, ooty BERS 8 &) ehrepghetesti kebhf SoaW ek spthevirigirused as
the origin synthesis to synthesize a conplenentary chain by a pclynerase

catal yzi nge Lhe.sLta0d: gl Al ACRIBAY KR SKALICE EScohp CORB ERBRIaA chal N,

t he conpl enentary chain synthesized fromthe F2c as the origin

synthesi s inptogctiyentd anel s, dhohl A2y and 5 achesuthetde cdgpian R c to
y i's made ready”tor base palring

portion is made ready for base pairing by this displacement,
X1 (F1) at the 3’ -terminal anneals to Xlc (Flc) in the same chain,
and elongation reaction with itself as 2 template proceeds (Fig.
5-B). Then, X2c (F2c) located at the 3’-terminal thereof is
left as a loop not invelving base pairing. X2 (F2) in the
oligonucleotide according to the present inventicn anneals to
this loop, and a complementary chain is synthesized with said
oligonucleotideastheoriginof synthesis (Fig. 5-B). Aproduct
of complementéry chain synthetic reaction with the previously
synthesized product as a template is displaced by the strand
displacement reaction so that it is made ready for base pairing.

Bythebasicconstitutionusingonekindofoligonucleotide
according to the present invention and an arbitrary reverse
primer capable cof conducting nucleic acid synthesis where a
complementary chain synthesized with szid oligonucleotide as
a primer is used as a template, a plurality of nucleic acid

synthetic products as shown in Fig. 6 can be obtained. As can

be seen from Fig. 6, (D) is the desired nucleic acid product
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(Fig. 5) By utilization of the strand displ acenent reacti on, Qf q actlon
up to now can proceed under isothermal conditions. Wen an out dr BP

used, synthesis fromthe outer primer (F3) should be initiated after
synthesis fromF2c. in the nost sinple nethod, the concentration of the
inner primer is made higher than the concentration of the outer prinmer.
Specifically, the primers are used at usually 2- to 50-fold, preferably 4-
to 10-fold different concentrations, whereby the reaction can proceed as

expected. Furiher, t\,ﬁﬁtr_{%ht;ﬂgqnf&cfgs%%sn&; ofchine QUier s EldREe | S

set- to be ower Than  Tthe orres |ng to FI and R') in the

i nner priner i mi ng_ of nt hesi a coptr.al IS,
(outer pri te%pg& ’ecngJfE:)aF%nggg ﬁ%‘?rﬁ%g blgiuter%cgr%%g‘ﬁ r{e%lE on at
the 3 -S|de|r1the t enpl at e) . t.he
reason foﬂfUFQCFFzﬁlngl?F?E???@e@s‘ﬁE?J‘ %&eaﬁ?% t%%?ﬁeéﬂhﬁicfﬁlﬁﬁ?qu to
anneal ing of F2 to the |loop. The annealing between Flc/Fl is an

i nt r anol ecler@atueHctdon thgdoBlel I MR T7(6G FEYVERAIPIDESed PiBREhtial Iy
at high probability. However, it is neaningful to consider Tmin order to
gi ve nore ftesifpedinges) i ol fcondigiahsst AD) aa sratcare iof agddrigethei e ymar
conditions should be considered even in the design of a reverse priner.

By using sikh actlel at sonshilpgd Hatri dti cahtvyridealntreactinplecongindens can
be achieved. If other conditions are fixed, nelting tenperature (Tnm) can
be theor etdrgald Yo\ e @Te@ﬁt@taQ1o¢19nhlnﬂétallaﬂg0f3ctbes| enghhnofhansamaeal i ng

conpl enentary chain

chain at high probability without forming the original
double-stranded chain. This is because a complementary chain
having the same melting temperature (Tm) undergoes
intramolecular reaction preferentially over intermolecular
reaction. Each single-stranded chain derivea £from the product
(D) annealed in the same chain is annealed in the same chain
and returned to the state of (B), and each chain further gives
cne molecule of (D) and (E) respectively. By repeating these
steps, it is possible to successively synthesize the nucleic
acid having complementary nucleotide sequences linked
alternately in a single-stranded chain. The template and the
product formed in 1 cycle are increased exponentially, thus
making the reaction very efficient.

Tc realize the state of Fig. 5(R), the initially
synthesizedcomplementarychainshould,jjlatleasttheportion
to which the reverse primer anneals, should be ready for base

pairing. Thisstepcanbeachievedbyanarbitrarymethod. That

is, an outer primer (F3), which anneals to the first template
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and bases constituting base-pairing. Accordingly, those Skill%glgﬂlﬁﬂF art
can derive preferable conditions on the basis of the disclosur s
specification. Further, the phenomenon called contiguous stacking can also
be applied for controlling timng of annealing of the outer priner.

Conti guous stacking is a phenonenon in which an oligonucl eotide not
capabl e of annealing independently is nade capable of annealing upon being
contiguous to the part of a double-stranded chain (Chiara

Borghesi -Ni coletti et _al., Bio _Techniques, 12, 474-4 (299 . That is,
the out er 3pr PneROiLen §éSi ghedPsc a1 B &oft F§ESEE géCFE‘B %%é%ﬁ t}hed not
to be able to anneal independently. By doing so, annealing of the outer
primer does igerusdeat ife pF theco1s@e)t aRNears Cnafen s R eRmed g of
F2c (X2c) occurs preferentially. On the basis of this principle, the
Exanpl es shewaseidt.i ngfofhiheuier poihde 1 seqadnee tdfe aniohngumidiests de
necessary as a priner for a series of reactions. This step can al so be
~achi eved hky denahdpateon cipl eheVAR 2004atindey sheal ymgresevid te by DNy
helicase. If the tenplate nucleic acid having F2c (X2c) is RNA, the state

of Fig. 5+nAreaRdd: s RR-aRAId-288dYvAtHEEEL 8rentonplBedntakgrciexanpl e, if
this RNA chain is deconposed, R is made ready for base pairing. That is,

F2 is annegled [,8)Eqenid BNA, ang s_l}ﬂﬂﬁ%g)ilzeé@'ﬂr%ﬁwytﬁgaﬂ‘% Iz syBthesized as
DNA by a reverse” transcriptase. The RNA serving as a tenplate is

GeCOMR0s20 DY o BhERb RIS BLLARACE 1Y MM, LoSUIRIL AR e
the region Rlc to be annealed by Rl is made ready for base rsiring
(Fig. 5). By utilization of the strand displacement reaction,
the reaction up to now can proceed under isothermal conditions.
When an outer primer is used, synthesis from the outer
primer (F3) should be initiated after synthesis from Fzc. In
the most simple method, the concentration of the inner primer
is made higher than the concentration of the outer primer.
Specifically, the primers are used at usually 2- to 50-fold,
preferably 4- to 10-fold different concentrations, whereby the
reaction can proceed as expected. Further, the melting
temperature (Tm) of the cuter primer is set to be lower than
the Tm of the X1 (correspending to F1 and R1) in the inner primer
whereby the timing of synthesis can be controlled. That ls,
(outer primer F3 : F3c) £ F2c¢/F2) = {(Flc/F1) or [outer
primer/region at the 3’-side in the template) = (XZc : X2) £
(Xlc : X1). Here, the reason for (F2c/F2) < {(Flc/Fl) is for

annealing between Flc/Fl prior to annealing of F2 to the loop.

The annealing between Flc/F1 is an intramolecular reaction and
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DNA synthesized fromF2 is formed into a single-stranded chain.j g FaR Jhe
enzyne sel ectively deconposing RNA in a doubl e-stranded chain of DNA/ RNA
the ribonucl ease activity of RNase H or sonme reverse transcriptases can be
utilized. In this manner, the reverse priner can be annealed to R ¢ nade
capabl e of base pairing . Accordingly, the outer primer for rendering Ric
ready for base pairing becones unnecessary. Alternatively, the strand

di spl acenent activity of reverse transcriptase can be utilized for the
strand di spl acenent by an outer priner as described above. In this case, a
reacti on meystews qurdredpasifierenddaby vas  daitsprobans bt Fpt adtowaNsL, That
is, using RNA as a tenplate, it is made possible by a reverse

transcri ptigse st nesynhbésil zecaccospientsim dry celiaim tbr ghvE2noammesdimgi t o F2c
in the tenplate and to synthesize a conplenentary chain fromthe outer

primer F3rasdierocbgtintobnsynidesinstannest icegirsteg E3gpilecai@tiadidie 3’
-side of F2candto sinultaneously displace 35 19 MAR 20N t he previously

synt hesi zegh cANPL-RMeRLAL YR BveWheR the qE8YEhSErts ansedi o aseimer forms
the reaction of synthesizing a conplenentary Chain with DNA as the

tenpl ate, g?i 'Sustigf‘g react i 9ns. 19k 18¥%A E‘?Si %it%%i%&@@aﬂ_ tiafds chal sy 4 el udi ng

the synth ~a conplenentary cha h Wth as the origin of synthesis
comeal 19 S o L, AFrLope Sl suay SR 05,0 e LErgat . (e
ameal 09,49 JBe Logaleg, oL e, ool gL BiG ANd f Reysluliangoue
possi bl e Egmﬁégﬁﬁgxip%& the length of an annealing complementary chain

and bases constituting base-pairing. Accordingly, those

skilled in the art can derive preferable conditions on the basis

of the disclosure of this specification.

Further, the phenomenon called contiguous stacking can
alsobe applied for controlling timing of annealing of the outer
primer. Contiguous stacking is a phenomencen in which an
cligonucleotide not capable of annealing independently is made
capable of annealing upon being contiguous to the part cf a
double-stranded chain (Chiara Borghesi-Nicoletti et al., Bio
Techniques, 12, 474-477 (1992)). That is, the outer primer is
designed so as to be contiguous to F2c¢ {X2c) and not to be able
to anneal independently. By doing so, annealing cf the outer
primer does not occur until F2c (X2c) anneals, and thus the
annealing of F2¢ (X2c) occurs preferentially. On the basis of
this principle, the Examples show setting of the nuclectide

sequence of an oligonuclectide necessary as aprimer for a series

of reacticns. This step can also be achieved by denaturation
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the reverse transcriptase exhibits the DNA/RNA strand displace?ﬁ 704
activity under given reaction conditions, a DNA pol ynerase havi 3&$h
strand di spl acenment activity described above may be conbi ned. The node of
obtaining a first single-stranded nucleic acid with RNA as a tenplate as
descri bed above constitutes a preferable node of the present invention.
on the other hand, if a DNA pol ynerase such as Bca DNA pol ynerase having
both strand displacenent activity and reverse transcriptase activity is

used, not onl ynt hesis of .a.fi.r i ngl e-stranded nucl eic acid from RNA
but al so EG%?%q%@ﬁ%lnﬁéégtﬁ&%kvftﬁhﬁNE%; “4%%npl ate can proceed sinilarly
by the sane enzyne. The reaction_system descr,i bed_abgve brin about
various vari at Fonsh¢ MBS S RUERELBraSEhE &VivEnt £6n' 43F utiSl F¥at IO of
the reverse priner having a specific structure. The nost 36 19 MAR YO-

ef fecti ve statieadf did s Sdd&dr et Ut b ahbizeg Pt RedlEf e penbdisddcicte
constituted as described in [5] is used as the reverse priner in the nost
advant agedus epdepde, t he Priss & chavent s ciecdi id gdiucEentdelesaty{ 5] is
an oligonuclectide wherein arbitrary regions R2c and Ric in a

conpl ementrary Hehai BaigyRghesTzed st hr F2i asarengilemri@aree X2m anh Xial
respectively. By use of such a reverse priner, a series of reactions for

forming a |&9ﬂ3?&9eﬁi9ér%¥@hh@ﬁi Zigngs pieh &ls spEAckhRy mNcoppl enerwarysechai n
fromthis | oop occur in both the sense and antisense chains (forward side

Thd e EE e = TRl R P 25CketarpsyE g < o
alkalidenaturationorbyenzymatictreatmentwitharibonuclease
acting on RNAZ in a double-stranded chain of DNA/RNA whereby the
DNA synthesized from F2 is formed into a single-stranded chain.
For the enzyme selectively decompesing RNA in & double-stranded
chain of DNA/RNA, the ribonuclease activity of RNase H or some
reverse transcriptases can be utilized. In this manner, the
reverseprimer canbeannealedtoRlcmade capableofbasepairing.
Accordingly, the ocuter primer for rendering Rlc ready for base
pairing becomes unnecessary.

Alternatively, the strand displacement activity of
reversetranscriptasecanbeutilizedforthestranddisplacement
by an cuter primer as described above. In this case, a reaction
system can be constituted by a reverse transcriptase only. That
is, using RNA as a template, it is made possible by a reverse
transcriptase to synthesize a complementary chain from F2
annealingtoF2cinthe templateandtosynthesize acomplementary

chainfromtheouterprimer F3asthecriginof synthesisannealing

toF3clocatedat the 3’ -sideof F2candtosimultaneouslydisplace
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nucl ecti de sequences linked alternately in a single-stranded ng”@P 0
according to the present invention is greatly inproved while a eH%@@ of
these -reactions are feasible under isothermal conditions. Herein after,
this node is described in nore detail by reference to Figs. 1 to 3 where
this node is summarized. In the follow ng node, 2 kinds of oligonucleotides
based on the present invention are prepared. For explanation, these are
designated FA and RA. The regions constituting FA and RA are as foll ows:
X2x1c FAF2FI ¢ RAR2RIc Here, F2 is a conplenmentary nucl eoti de sequence to a
regi on FXE8 PHREH P8l AcPdnasethaé efe ARRENSEHL LY aCRadNeot e sdeiknce |
9 vm 2004 conplenentary to an arbitrary region R2c contained in a

conpl enentr&AE iSiTat Hagperhesiesedrar fArFe e ggadbimm ofleyahbesRetnarae
arbitrary nucl eotide sequences | ocated downward from F2c and R2c

respect i velomp I'Brerdizstyanbe ihet e DNR2: aind eRPempyat be alrbihearyacEvams i f its
| ength is about 1 kbp, sufficient synthesis is feasible under suitable

condi ti ongf ishouglk sidependonglenchharsybhbehisCi abl Ll ¥gof nONA/ POl e ase to
perform the synthesis of a conplenentary chain. Speci?ically, when Bst

DNA pol ymgrrase detnpistitbntld1s, desd ired, ipdiuctad soerd @iy o sysyhesized if
the di stance between F2 and R2c is 800 bp, preferably 500 bp or less. In

PCR i nvol vi t-e rat gre cyc - 3! j n actimity by
t he streséng%aﬁé eﬁgiﬁﬁg E%hgﬁged?gs%éﬁg?dééggl%@e%ggﬁgeégﬁgne?%i%%%mcy of

synt hesi St%fmplate, the synthesis of a complementary chain with R3 as the

origin of synthesis annealing to R3c located at the 3’ -side of
Rlc and the simultaneocus displacement reaction, proceed by the
reverse transcriptase. If it is not possible to expect that
the reverse transcriptase exhibits the DNA/RNA strand
displacement activity under given reaction conditions, a DNA
polymerase having the strand displacement activity described
above may be combined. The mode of obtaining a first
single-stranded nucleic acidwith RNA as 2 template as described
above constitutes a preferable mode of the present invention.
On the other hand, if a DNA polymerase such as Bca DNA peolymerase
having both strand displacement activity &and reverse
transcriptase activity is used, not only synthesis of a first
single-stranded nucleic acid from RNA but alsc subsequent
reaction with DNA &s a template can proceed similarly by the
same enzyme.

The reaction system described above brings about various
variations inherent in the present invention by utilization of

the reverse primer having a specific structure. The most
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a long nucl eotide sequence. In a preferable node of the present 1gqmﬁqmmon,
the tenperature cycle in the step of anplifying nucleic acid is not
required, and thus the synthesis and anplification of an even |ong

nucl eoti de sequence can be certainly achieved. First, F2 in FA is anneal ed
to nucleic acid as a tenplate and used as the origin of synthesis of a
conpl enentary chain. The subsequent reaction steps until Fig. 1 (4) are
the sane as in the previously described basic node (Fig. 5) in the present
invention. The sequence annealed as,F3 in Fig.. 1 (2) is,the outer [imer
descri bed e&ﬁh&F VR DNAIpGIYEr asé f BF°CONAGLt i%egl%e STRARG YS! el

di spl acenent -type synthesis of a conplenentary chain with 38 I Q

Z L'J 0 #himicsvsdiandcss conRetorngrA of %%I’Srﬂqﬂﬂééﬁdslips[gie%f 5echaf %
conpl ementary chain synthesized fromFA is displaced and made ready for
base pai rineyendfeepRZe] sidde memly ddrabaEe g Meke i9f (We e
reverse prinmer anneals thereto in the conbination of R2c/R2. Synthesis of
a conpl enemtvamy: ieirai nTivet hlthbsusilketaset he 0B gis awfokyguhesisoprdeeeds
until the chain reaches Flc at the 51 -terminal of FA. Followng this
reacti on ehexitrhesbzikrarg cogpbesE@ARY.cCRat M n thecppl eneptppreiRBid or
di spl acenent anneals thereto to synthesize a conplenentary chain, during
whi ch strang:rdisplacensnt ral 89 procerds 5@ khat ahhextonp aFy1ghain
synt hesi zed fromRA as the origin of synthesis is displaced. 1In the

conpl ementgy y. chai é}?'é%é@@lpé@ﬁg%miege‘lai Selocatgd @it fens For shAgitder eof

and a sequence conplenentary to ocat ed

Ai'’

a loop and for synthesizing and displacing a complementary chain
from this loop occur in both the sense and antisense chains
(forward side and reverse side). As a result, the reaction
efficiency forsynthesisofthenucleicacidhavingcomplementary
nucleotide sequences linked alternately in a single-stranded
chain according to the present invention is greatly improved
while a series of these reactions are feasible under isothermal
conditions. Hereinafter, this mode is described in more cdetail
by reference to Figs. 1 to 3 where this mocde is summarized.

In the following mede, 2 kinds of oligenucleotides based
on the present invention are prepared. For explanaticn, these
are designated FA and RA. The regions constituting FA and RA
are as follows:

X2 Xlc
FA F2 rlec
RA RZ Rlec

Here, F2 is a complementarynucleotide sequence toa regicn

F2c innucleic acid as the template. R2 is anuclectide sequence

37



at the 3' -termnal thereof. At the 31 -side of the single-strandﬁq%ﬂMﬁ@@ic
acid thus displaced, there is a sequence F1 conplenentary to Fl¢ in the
sanme chain. F1 rapidly anneals to Flc in the sane nolecule to initiate

synt hesi s of aconpl enentary chain. Wienthe 31 -termnal (FI) annealsto Flc
in the sane chain, a loop containing F2c is f orned.As is also evident f
rcmFig. 2-(7) , the part of this |loop remains ready for base pairing. The
ol i gonucl eoti de FA of the invention having a nucl eotide sequence
conplementary _to F2c anneals to the part of this Igop and acts, as the

ori gin of COYRLREENE2EY ate ol eﬁ%ﬁ%%ﬂg?%ha’ﬁeﬁl@% RZQ9 SPTg-ax ¥ 1 112604
Synthesis of a conplenmentary chain fromthe | oop proceeds while the
reaction progicmentagiyecpréli suBtyephrefal v domsiseeRE ARG T - chat G 28¥ht hesi s
fromFl is displaced. As a result, the conplenentary chain synthesized
with itseRflcasreharbinphayenislenhiléer eadyefioes bbhses pad rdownvwiged fram t he
3'-termnal. This 3 -termnal is provided with a region Rl capabl e of
anneal i ngr2toaRicrR2 B tdhepsatevehai n, Trandiitsharioso bare@eanneal dd R2 may
preferentially due to the rapid intranolecular reaction. The sanme reaction

as the abgwezdeseri:bed reacki on stariéngehromimhens' 1 -tes magdriSyenthesi zed
with FA as a tenplaté proceeds in this region as well. As a result, the

nucl ei ¢ a%@t'%@éii%g cONMPE ENBIM ALY AN eQhiidapsequepsest t bnked @ldmat el y

in the sa si ngl e-stranded chain according to the present Invention is

continued {0 be ext £04§d %Erﬁ%&i S e S§ et b A ie s d BE pe do&f M nal

by successive synthésis of “a conplenentary chain
the synthesis of a complementary chain. Specifically, whenBst
DNA polymerase is used, the desired product is certainly
synthesized if the distance between F2 and R2c is 800 bp,
preferably 500 bp or less. In PCRinvolving temperature cycle,
the reduction in the enzyme activity by the stress of temperature
change is considered to reduce the efficiency of synthesis of
a long nucleotide sequence. Inapreferable mode of the present
invention, the temperature cycle in the step of amplifying
nucleic acid is not required, and thus the synthesis and
amplification of an even long nucleotide sequence can be
certainly achieved.

First, F2 in FA is annealed to nucleic acid as a template

and used as the origin of synthesis of a complementary chain.
The subsequent reaction steps until Fig. 1(4) are the same as
in the previously described basic mode (Fig. 5) in the present
invention. The sequence annealedas F3inFig. 1(2) isthecuter

primer described above. A DNA polymerase for conducting the

stranddisplacement-type synthesiscf acomplementarychainwith
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and subsequent displ acenent thereof. Because R2c is always contained in
the | oop fornmed by intranol ecul ar annealing of the 3'-terminal RI1YtAe;0
ol i gonucl eotide (RA) provided with R2 anneals to the |oop at the
3'-termnal in the subsequent reaction. Wien attention is paid to nucleic
acid synthesized as conplenentary chain fromthe oligonucl eotide anneal i ng
to the loop in the single-stranded nucleic acid elongated with itself as
the tenplate, synthesis of the nucleic acid having conplenentary

nucl eoti de sequences linked alternately in the sanme single-stranded chain
accor di ngthést be ipeasamt Ghivertiom 407 19WppRepis APsySElocedsidterel® That
is, synthesis of a conplenentary chain fromthe |oop is conpleted when it
r eached Raocinplemengarfi gha2n ¢y thdhened i tihe inudi eptaaet e Sficgced by
this nucleic acid synthesis initiates synthesis of conplenentary chain
(Fig. 3-re8py forheaxeaghiieninweaches the | oop which was once the origin
of synthesis, and displacenent is initiated again. In this manner, the

nucl eic. acid ighthaked {8 MeiswHdesizadhenchieinkoep is) al o ki spl aced,
and as a result, the 3 -termnal Rl capable of annealing in the sane

chain is Qg%ﬁkg%d peEh@r §nﬁégls)thelgt§ ig t%@réEﬂEﬂnigiéﬂ"E¥“R2éﬁkﬂq cin

the sanme chain to nltlate synthesis of conplenentary chain. This reaction

is the Salggrnt%%sﬂé c%mg6 gﬁeﬁ%ﬁ?ﬁtﬁtx é«Ft'{x Sgﬁgdsi @lsa‘f‘efeq;rl%ln

Accordi ng thé structur own 1| can function as a new

oo B LA TR e o R el AL gl
5’ -terminal of FA. Following this reacticon of synthesizing a
complementarychain,theouterprimerRBfordisplacementannealé
theretoto synthesize a complementary chain, during which strand
displacement also proceeds sc that the complementary chain
synthesized from RA as the origin of synthesis is displaced.
In the complementary chain thus displaced, RA is located at the
5’ -side thereof and a seguence complementary to FA is located
at the 3’-terminal thereof.

At the 3’-side of the single-stranded nucleic acid thus
displaced, there is a sequence Fl complementary to Flc in the
same chain. F1 rapidly anneals to Flc in the same molecule to
initiate synthesis of a complementary chain. When the
3/ -terminal (Fl) anneals to Flc in the same chain, a loop
containing F2c is formed. As is also evident from Fig. 2-(7},
the part of this loop remains ready for base pairing. The
oligonucleotide FA of the invention having a nucleotide sequence

complementary to F2c anneals to the part of this locp and acts

as the origin of synthesis of a complementary chain (7).

38



the nucleic acid shown in Fig. 3-(10), causes elongation from the
3'-termnal FIl as the origin of synthesis, as opposed to the r eact B & 1004
descri bed above. That is, in the present invention, as one nucleic acid is
el ongated, the reaction of continuing to supply a new nucleic acid
initiating elongation separately proceeds. Further, as the chain is

el ongated, a plurality of |oop-form ng sequences are brought about not
only at the termnal but also in the sanme chain. Wen these | oop-form ng
sequences . are made ready for base _pairing_by the strand_displ.acenent 41 1
OIND L SaREFeda hb e CORRLETPBne T R BT ntE U S anr e S e e e to
serve as abase for the reaction of form ng_anew nucleic acid. Further

ef fi ci ent THAPYE3F E0PT GF AN Cc AN SR PEE VERE Sdynt Rkt 1 & PR AT FRERERY ng not
only at the termnal but also in the chain. The oligonucleotide RA based
on the prebenn isweré¢shs i Sroontiheds abl athegaer s&Spra nBESHS tdesérd bed
above whereby el ongati on and subsequent formation of a new nucleic acid
occur. Fucthedsment atiyeche bsetntilmaimddmithhi ssagflas toeneegmplieteiics aci d
itself 1is elongated and brings about subsequent formation of a new

nucl ei ¢ agizde Acseli erofbddese incact iansircod itue 3theeretngll | yThis
permanently to achieve very efficient anplification of nucleic acid. In

addi tion, 3the Lea¢kI10Rsi Prothe=gresEnta irdvarii an eapabee condiaiad iunger
i sothermal conditions. The reaction products thus accunul ated possess a

structure, haying @,Hugheoti de, sequencerhstarennfiaand e andkdd Sy

conpl enentary sequence |inked alternately therein. However,
due to the rapid intramolecular reaction. The same reaction

as the above-described reaction starting from the 3’'-terminal
synthesized with FA as a template proceeds in this region as
well. As a result, the nucleic acid having complementary
nuclectide segquences linked alternately in the same
single-stranded chain according tc the present invention is
continued to be extended from Rl as the starting point at the
3’ -terminal by successive synthesis of a complementary chain
and subsequent displacement therecf. Because RZc is always
contained in the loop formed by intramolecular annezling of the
3'-terminalRl, theoligonucleotide (RR) providedwithRZ anneals
te the loop at the 3'-terminal in the subseguent reaction.
When attention is paid to nucleic acid synthesized as
complementary chain from the oligonucleotide annealing to the
loop in the single-stranded nucleic acid elongated with itself
as the template, synthesis o¢f the nucleic acid having
complementary nucleotide sequences linked alternately in the

same single-stranded chain according to the present invention
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both the termnals of the repeating unit have a region consisting of the
successi ve nucl eotide sequences F2-Fl (F2c-Flc) and R2--Rl (R2c- REQYAR 2Fbr
exanple, in Fig. 3-(9), the sequences (R2-F2c) - (FI-R2c) - (R1-Flc) -
(F2-R2c) are linked in this order fromthe 5 -side. This is because the
anplification reaction based on the present invention proceeds on the
principle that the reaction is initiated fromF2 (or R2) with an

ol i gonucl eotide as the origin of synthesis and then a conpl enentary chain

is 42 1 q VIIIAPI '110,04 elopngated by the synthetic reaction fraom.El (or
R1) Wi L EHE0 BHOGRTR Rateas FRAE f ot Ure SR Ees PO BT 8 CPR VT8 ost
pref erabl e node, oligonuclectides FA and RA according to the Q{esﬁnt
i nvent i on fweret i@ d@0Rs1 s ATHGRICEbReN ddsT 8ARBER iYL E & thel par t¢ of Y& | oop.
However, even if these oligonucleotide having a limted structure are not
used, th&hampl iWhegattilon meattionzacdofdFRgacsdt ke phéSemIGlnientdorfl can
be carried out by use of an cligonuclectide capable of initiating the

synt hesi s sgfnthesdnplienentareys channhés bm the choppemeThat vi sshatime @ligngati ng
3" -termnal, once displaced by a conplenentary chain synthesized fromthe

| oop, gives (ghe ,paré rafcial dapaageisnt hBacasent bl wakeloeice Bce dhiayimg
conpl enentary nucl eotide sequences linked alternately in a single-stranded

chain is gmayshead 84S shd i ft £&-drikdthel £onpl erenéarygehai n Irsynihesi s
starting fromthe loop, it is evident that the nucleic acid desired in the

present i 'Pn\é%@lteiﬂ” +&@NnPe1sYRt heskzad: ¢ 1 HNEUY pet BOnBHEL €L EaaET bn IS
synt hesi zed perforns synthesis of a conplenentary chain by formng a | oop
after diSHkﬁﬁﬁﬂ?QRSOdisplaced,andasearesult,the3’hterminalR1capable
of annealing in the same chain is obtained (Fig. 3-(10}}. This
3’ -terminal R1 anneals to Rlc in the same chain to initiate
synthesis of complementary chain. This reaction is the same
as inFig. 2-(7) except that Fisusedinplaceof R. Acccrdingly,
the structure shown in Fig. 3-{10) can function 2s a new nucleic
acid which continues self-elongation and new nucleic acid
formation.

The reaction of synthesizing nucleic acid, initiated from
the nucleic acid shown in Fig. 3-{(10), causes elongation from
the 3’-terminal Fl as the origin of synthesis, as opposed to
the reactiondescribed abcve. Thatis, inthepresent invention,
as one nucleic acid is elongated, the reaction of continuing
to supply a new nucleic acid initiating elongatiocn separately
proceeds. Further, as the chain is elongated, a plurelity of
loop-forming sequences are brought about not only at the terminal

but also in the same chain. When these loop-forming sequences

are made ready for base pairing by the strand displacement
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but there is-no 3' -term nal available f or subsequent formation of a
locp, and thus it cannot function as a new tenplate. Accordinglysdpg
product in this case, unlike nucleic acid initiated to be synthesized B
FA or I RA, cannot be expected to be exponentially anplified. Fromthis
reason, an oligonuclectide having the structure off FA or RAis useful for
highly efficient synthesis of nucleic acid based on the present 43 19 MAR
200~ invention. A series of these reactions proceed by adding the fo |

ow ng conponents .to sing)e-stranded nucle-lc acid a tenpl ate and then
ncubat | g PR SR T & SORUER G TaTIt U 6% RADSENE T Kot P e ‘Sdquence
constituting FA and RA can f orm stable base pairing with its

conpl emen€&ry/PAGEITETT e réeGldnee® WAPKBiNEa NeR AN H@ Foify dairher

mai nt ai ned. e 4 kinds of oligonucleotides: FA, RA outer priner F3, and
outer ; or el cRBNIDNAPPOEYAREASR foragidrfmrdribygthResgithgbic reaction

di spl acenent-type synthesis of conplenentary chain, an oligonucl eotide
servi ng astarsubst natecfidy DNAlpoltyeeriase. buAcedrsdi ngl ghet enpen at Uite cycl e
such as in PCRis not necessary. The stable base pairing referred to
herei n means goaustialct iide Whikhsed dreasie @rpaentof nasnclbgchsicd eodirdas

present in the reaction systemcan give the origin of synthesis of

as the reverse primer as described above whereby elongation and
subseguent formation of a new nucleic acid occur. Further, in
the present invention, this newly formed nucleic acid itself
is elongated and brings about subsequent formation of a new
nucleic acid. A series of these reactions continue
theoretically permanently to achieve very efficient
amplification of nucleic acid. In addition, the reaction in
the present invention can be conducted under isothermal
conditions.

The reacticnproducts thusaccumulatedpossessastructure
naving a nucleotide seguence between Fl and Rl and its
complementary sequencé linked alternately therein. However,
both the terminals of the repeatingunit have a region consisting
of the successive nuclectide sequences F2-F1 (F2c-Flc) and R2-R1
{(R2c-Rlc). For example, in Fig. 3-(%9), the seguences
(R2-F2c) - {F1-R2c)-(R1-Flc)- (F2-R2¢c) are linked in this order
from the 5'-side. This is because the amplification reaction
based on the present invention proceeds on the principle that

the reactionis initiated fromF2 {ocr R2) with anoligonucleotide

as the origin of synthesis and then a complementary chain is
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conpl enentary chain. For exanple, the desired condition for bringip@“@bewg
stabl e base pairing is to set |lower than melting tenperature (Tn). '~ A
Generally, nelting tenperature (Tn) is regarded as the tenperature at

whi ch 50 % of nucleic acids having nutually conpl enentary nucl eoti de
sequences are base-paired. Setting at nelting tenperature (Tm or less is
not an essential 44 1 9 M?? 2004 condition in the present invention, but
is one of the reaction conditions to be considered for attaining high
efficiency _of synthesis. If nucleic acid.to be us S enpl.ate.is a
double-stﬁ&ﬁ@é&t@ﬁapﬁ,tgﬁeSHBEﬁﬁFécaﬁ?ﬂc h88|8?°?nfgta?£:§#)gﬂj?égﬁgh to
whi ch the oligonucl eotide anneals, be nade ready for base pairing. For
this, heat’ dégamingtli ¢ itdegeddan vI coRdd@ed - and this may be conduct ed
only once as pretreatnment before the reaction is initiated. This reaction
i s conducted i nHelre,piestheemoft spbaféreblyinddry sutiabreckPiiehdenzyne
reaction, salts necessary for annealing or for nmaintaining the catalytic
activity ahd herenmudira prot etié veragent fonvéeéheienzywese andeds as
necessary a regulator for nelting tenperature (Tm. As the buffer, e.qg.
Tris-HCl chaviomg A datfifryd agnesl ing tionc e peutral atimomeakHpwakkal, ieer ange
is used. The pH is adjusted depending on the DNA pol ynerase used. As the

salts, KCLfNale of Nghhu290btekie harigwsalll i abkydaddad c e gpé mcairsddie
activity of the enzyme and to regulate the nelting tenperature (Tm of

Cer um al Ut AT AL aar e P TRy et LT oo (XBO) or Tor hani de

s generalclayﬁ lfaseedcgfr_{gg out by use of an oligonuclectide capable of
initiating the synthesis of a complementary chain fromthe loop.
That is, the elongating 3’-terminal, once displaced by a
complementary chain synthesized from the loop, gives the part
of a loop again. Because the nucleic acid having cemplementary
nucleotide sequences linked alternately in a single-stranded
chain is always used as a template in the complementary chain
synthesis starting from the loocp, it is evident that the nucleic
acid desired in the present invention can be synthesized.
However, the nucleic acid thus synthesized performs synthesis
of a complementary chain by forming & loop after displacement,
but there isno 3’ -terminal available for subseguent formaticn
cof a loop, and thus it cannot functicn as a new template.
Accordingly, the product in this case, unlike nucleic acid
initiated to be synthesized by FA or RR, cannot be expected to
be exponentially amplified. From this reason, an

oligonuclectide having the structure of FA or RA is useful for

highly efficient synthesis of nucleic acid based on the present
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regulator for nelting tenperature (Tm) . By use of the regul ator fem pap 00
nmelting tenperature (Tm, annealing of the oligonucleotide can be

regul ated under limted tenperature conditions. Further, betaine

(N, NN-trimethylglycine) ora tetraal kyl ammoniumsalt is also effective
for inproving the efficiency of strand 45 1 9 NEAR 200 di spl acenent by
virtue of its isostabilization. By adding betaine in an anount of 0.2 to
3.0 M preferably 0.5 to 1.5 M to the reaction solution, its pronoting
action on the nucleic acid anplification of the present invention can be
expect ed. *BEHIE these regulators for nelting tenperature act for
lowering nelting tenperature, those conditions giving suitable stringency
and reactivity dfeeBhpF PEAI9SE Het ek hPREFIOTE SIS REELARIIOIF BRLtping
concentration of salts, reaction tenperature etc. An inportant feature in
t he preseronmveTtiond sinigde-gt reerdess npfc Liedgc BicoAs ado2 notnpt deeadndinl ess
the positional relationship of a plurality of regions is maintained. By
this featiltey imspesiing syathektoreeatt isochaceogradmEdine tUrspedidic
synt hesi s of conplenentary chain is effectively prevented. That is, even

if a certaiyrnspesd tequesaet dons OLEUE Sng FEheng@gstchinl 1dym sesblhebgsoduct
to serve as a starting material in the subsequent anplification step is

m ni m zed., Rurther,: o he o eghbathentalyt hacheedhass setukaact kpDSe byhdany
regions brings 4about the possibility that a detection system capabl e of

strict i ' écéagtlbjio‘?lr,% i‘féma weshd g progyct in anal ogous nucl eoti de

sequences ca e ar y constitut ed.

e 4 kinds of coligonucleotides:

FR,

RA,

outer primer F3, and

cuter primer R3,
¢ DNA polymerase for performing the strand displacement-type
synthesis of complementary chain,
e an oligonucleotide serving as a substrate for DNA polymerase.

Accordingly, temperaturé cycle such as in PCR is not

necessary. The stable base pairing referred to herein means
a state in which at least a part of an coligcnucleotide present
in the reaction system can give the origin of synthesis of
complementary chain. For exaﬁple, the desired condition for

bringing about stable base pairing is to set lower than melting

temperature (Tm). Generally, melting temperature (Tm} 1is
regarded as the temperature at which 50 % of nucleic acids having
mutually complementary nucleotide sequences are base-paired.

Setting at melting temperature (Tm) or less is not an essential
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This feature can be utilized for detection of nutations in a gene. hn gAhen,
node of the invention where the outer prinmer is used, 4 priners, that is,
2 outer prinmers and 2 priners consisting of the oligonucl eotides of the
present invention, 46 ? G MAR 2@J are used. That is, unless the 6 regions
contained in the 4 oligonucl eotides work as designed, the synthetic
reaction of the present invention do not proceed. In particular, the
sequences of the 3" -term nal of each oligonucleotide as the origin of

synt hesi s of | epentary chain an f.the &' _-1ermnal f the Xl ¢ region
where the c%@r?%ﬁg%éln”gréﬁ% arlcenS%sne“r vgg’eglg “The é%Fi lgsl w6 ggy%}?%ellsﬁas{:taﬁo@

i nportant. Hence, these inportant eguences | s, designed . as to

cor T espondorE & RAEAtRoRSt BOBELOEEACE BF, < nel § HS SYREhet & TR Gif
product of the present. invention is _observed whereby the presence or
absence ofYAThegtisti od suthc sibazeldel 8t P6n Wied nderéi 6RMPOR CHeddt i

pol ynor phi sm such as SNPs can be conprehensively anal yzed. Specifically,
bases est deaed 56 Headeda chatiar i bhe orupbt yProrpid shovdide daségnesBsb aas to
correspond to the vicinity of the 3 -termnal of an oligonucleotide as

t he ori gi megficsynthasish atheconpbeneniaryidehanmea b, dfe Badet eeainalont her eof
when a conplenentary chainis the origin of synthesis. If a msmatch is
present. alaskhepaBriherm nedr ashtibe orégtn defnaymdidsirs 08 camiwemEnt ary
chain or inits vicinity, the reaction of synthesizing a conplenentary
chain to RugleickeaCH Hnkistisi 9mihi santdyaghahe®idads chiet e dHeas@Mrment

i nvention, a high degree of anplification reaction is not achi eved unl ess

the structyse Qf thite ALIJHNA] S Ofi A Rradect in

This reaction is conducted in the presence of a buffer
giving suitable pH tc the enzyme reaction, salts necessary for
annealingor formaintaining thecatalyticactivityof theenzyme,
a prctective agent for the enzyme, and as necessary a regulator
for melting temperature (Tm). As the buffer, e.g. Tris-HCl
having a buffering action in a neutral to weakly alkaline range
is used. The pH is adjusted depending on the DNA polymerase
used. As the salts, KC1, NaCl, (NH;):504 etc. are suitably added
tomaintainthe activityof theenzyme and toregulate themelting
temperature (Tm) of nucleic acid. The protective agent for the
enzyme makes use of bovine serum albumin or sugars. Further,

dimethyl sulfoxide (DMSQO) cr formamide is generally used as the

regulator formelting temperature (Tm) . Byuseof the regulator

for melting temperature (Tm), annealing of the cligonucleotide

canberegulatedunder limited temperature conditicns. Further,
betaine (N,N,N-trimethylglycine) or a tetraalkyl ammonium salt

is also effective for improving the efficiency of strand
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the initial reaction brings about repeated reactions. Accordingly,1%wwijL
erroneous synthesis occurs, conplenentary chain synthesis constituting
anplification reaction is always 47 19 MAR ZOO interrupted in sone of the
steps, and thus a high degree of anplification reaction does not occur in
the presence of a msmatch. As a result, the msmatch effectively inhibits
anplification reaction, and an accurate result is finally brought about.
That is, it can be said that the anplification reaction of nucleic acid

based on the_present .invention has.a.highly .c l.et ed mechani sm {.or
Checki ng FHEFNGERIB de S CHleTe % ThbSa JFRATaro Fd Lo -adodh tinsE Near di y
expectable ine . g . the PCR nethod where anplification reaction is

per f or med YRR aFBLe 1128 P efPOMRT Fhe regir - ¥ ¥:cRaFaEFEPLYi Agothe 1-°0 M

ol i gonucl eotide used in the present invention can serve as the origin of
synt hesi s toafher raaeohph evfehit B¥n sddife meeriof iognaRésdcredn el nusileic
conpl enentary sequence anneals to the sequence X1 in the sane newy

synt hesi zedichamplufiecebyosynthehecpreaent onnwerhidh sedd basxpadcrd.at e
proceeds. Therefore, even if the so-called priner dinmer which is often

pr obl emat Becianskhehgyd pegal 4t o8s formed,t 1 ridhi ammd i gonte b eotficdte. cdeasi mpt f orm
a |l oop. Accordingly, wunspecific anplification attributable to the priner

di ner canpelti@ecur: drijeoratiaal | yehass tbusdi hecpseseitvielg gaonuedLatd de
contributes to an inprovenent in the specificity of the reaction. Further,

accor di ng sk ihRRRRESEAL | FWEAL] Ik vt RE OULRE: YRERNEBLS SOOMANBSe&3 i(Fig. 1-
(2) ) or R3 (Fig. 2- (5) ) are conbined
consideration o©f the concentration o©f salts, reacticon
temperature etc.

An important feature in the p;esent invention is that a
series of reactions do not proceed unless the positional
relationship of a plurality of regions is maintained. By this
feature, unspecific synthetic reaction accompanied by
unspecific synthesis cof complementary chain is effectively
prevented. Thatis,evenife;certainunspecificreactionoccurs,
the possibility for the product tc serve as a starting material
in the subsequent amplification step is minimized. Further,
the regulationof the progressof reactionsbymany regionsbrings
about the possibility that a detecticn system capable of strict

identification of the desired product in analogous nucleotide

sequences can be arbitrarily constituted.

This feature can be utilized for detection of mutaticns
in a gene. In the mode of the invention where the cuter primer
is used, 4 primers, that is, 2 outer primers and 2 primers

consisting of the oligonuclectides of the present invention,
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whereby a series of the reactions described above can be conducted _under
i sothermal conditions. That is, the present invention 48 1 9 VKAR 7 BOMAR 2004
provi des a nethod of anplifying nucleic acid having conpl enentary
sequences |linked alternately in a single-stranded chain, which conprises
the steps shown in item9 above. In this nethod, tenperature conditions
wher e stabl e anneal i ng occurs between F2c/F2, between R2c/R2, between
Flc/FlI, and between Ric/Rl are selected, and preferably F3c/F3 and R3c/R3

are set up 0 R@q.anngakedshy uhh%s@hQ%W%%for@@dr%&lu%@tﬁp ki 4
facilitated by annealing of F2¢c/E2 and Rec/ R2, respectively. In the

present '%‘i%@to'n%%’letdﬁéeesr MR riSUBt Best Sneandineagplifbcati of Ofonup eic
acid are used. e synthesis of nuclerfc acid In the present invention
nmeans the gl ongation o L e] C .aci r | i gopucl_eqt.i er i as
t he origi%%gf sf% esﬁgvgﬁgkﬁgtd%nfgﬂ{h§§5§€% hes?g ﬁﬁ%éfggaﬁﬁe1#g$nation
of other nucleic aci nd the .el ongation.reaction of this fornmed ucl ei c
aci d occurse(%]ﬁﬁcr‘:rlfo@% &hea i‘e-rqeeré“ ak I‘Pefseearcg'écq i UG Tt etensivel y
called anplification. The single-stranded nucleic acid which is provided at
the 3' -t &5 Ot AEFEESHSIN SOTRYFBH: B X X 5paBPeé Ut Cankéal i'ntgertrgmaal par t
Flc in the sane chain and whi ch upon annealing of the region FI to Flc in
the same ¢Haithe Xsccapabbe wickorifisngoariesgntesm ghailAgSarvesi ®h Bk
capabl e of base pairing is an inportant el enent of the present invention.
Such a si mgligrist rehdevnthesi ei sraciitpeartaaltso Bensgppltited contreperfasil owi ng
principle. That is, the synthesis of a conplenentary chain is allowed to
sequences 1s designed so as to correspond to a mutation to be

oo |

detected, and the synthetic reaction product c¢f the present
invention is observed whereby the presence or absence cf a
mutation such as base deletion or inserticn, or genetic
pelymorphism such as SNPs can be comprehensively analyzed.
Specifically, basesestimated tohave amutation or polymerphism
aredesignedsoastocorrespondtothevicinityocfthe 3’ -terminal
of anoligonuclectideastheoriginof synthesisof complementary
chain, or of 5’ -terminal thereof when a complementary chain is
the origin of synthesis. If a mismatch is present at the
3’ -terminal as the origin of synthesis of complementary chain
or inits vicinity, the reaction of synthesizing a complementary
chaintonucleicacidissignificantlyinhibited. Inthepresent

invention, a high degree of amplification reacticn is not

achieved unless the structure of the terminals of a product in
the initial reaction brings about repeated reactions.
Accordingly, even if erroneous synthesis occurs, complementary

chain synthesis censtituting amplification reaction i1s always
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proceed on the basis of a priner having the follow ng structure. 49 % %ﬁﬁ
2ul 5 - [region X1 annealing to region Xlc located in primer] - [Ib%g R
form ng sequence ready for base pairing]-[region Xlc]-[region having a
sequence conplenentary to a tenplate]--3" As the region having a sequence
conplenmentary to a tenplate, two nucleotide sequences, that is, a

nucl eoti de sequence (priner FA) conplenentary to FI and a nucl eoti de
sequence (primer RA) conplenmentary to Ric, are prepared. The nucl eoti de

sequence .constituting nucleic id t synt i.ze Nt ai eoti de
sequence é)?t%grﬁiuﬁ NN grlﬁ the éjgi?g% Isotte%est’hgaq}%gcﬁ‘loﬁs CF% gﬁ%yg Cgbsg%ué;rbgéoti de
sequence extending fromthe region R having a_ nucleotide sequeng
conplenen@gFgl&G '%?Wnﬁﬁ%ﬁﬁﬁéﬁe%%ﬁ%éﬁg% Ogﬁufhénrégﬁoﬁﬁﬁﬁ?ﬁ%ﬁlé’aﬁb X
capabl e of annealing in the inside of the pripmer can he arbitrary,
sequences Niggwdedy. iAﬁaﬁré@ﬁ@ﬁtrbé#%keﬂlﬁW?ﬁﬁPseﬁﬁeéﬁévﬁﬁyt%ﬂb%%ﬂﬁ%nce of
the region Xic/X1 is made preferably different. First, the synthesis of a
conpl enentapy idHaiat oy 14rcprémesnd BEA Sacomatiter ¢ Bt bas FR niad Lydmn wghe
nucleic acid is conducted. Then, the region Rlc in the synthesized

conpl ementaoytchafhatsis madecarady skod Hase thai ahpyi£{oawhbohradret otrher
priner is annealed to formthe origin of synthesis of conplenmentary chain.
The 3' -t erinh@llcafc tdhe & egdenent ame ghadgersty nirhasiziegh ited e shislepy has a
nucl eoti de sequence conplenentary to the priner FA constituting the

S' -term nalonfy ey iRd&hah] ¥mSyBthesizad hatRe nselicbthae baenugieyi ded at
the 3' -termnal thereof wwth the region X1 which anneals to the region
Xic in the sane -chalRel0-L0rM advantage hardly expectable in e.g. the
PCR method where amplification reaction is performed in mere
2 regions.
The regicn Xlc characterizing the oligonucleotide used
in the present invention can serve as the origin of synthesis
after a complementary sequence is synthesized, and this
complementary seguence anneals to the sequence X1 in the same
newly synthesized chain whereby synthetic reaction with itself
as a template procceeds. Therefore, evenif the so-calledprimer
dimer which is often problematic in the prior art is formed,
this oligonucleotide does not form a loop. Accordingly,
unspecificamplificationattributable tctheprimer dimer cannot

occur theoretically, and thus the present oligonucleoctide

contributes toan improvement inthe specificityof the reaction.

Further, according to the present inventicn, the outer
primers shown as F3 (Fig. 1-(2}) or R3 (Fig. - (5)) are combined
whereby a series of the reactions describedabove canbe conducted

under iscthermal conditions. That is, the present invention
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50 1 9 MAR 70ULL a | oop. The characteristic 3' -termnal structure
according to the present invention is thus provided, and the subsequeMtk 71
reaction constitutes the reaction system shown previously as the nost

pref erabl e node. The ol igonucl ectide annealing to the portion of the |oop
is provided at the 3' -termnal thereof with the region X2 conpl enentary
to the region X2c located in the loop and at the 5 -termnal thereof with
the region X1. In the previous reaction system priners FA and RA were
used to synthesize a chain conplenentary to tenplate nucl eic acid thereby
gi ving a o8y stesabareode gl st Biltflé}Iﬁ?%@%ﬁ%ﬁ@%%@@“&%@&?ntqwt hi s
method, the termnal structure characteristic of the present invention is
provi ded e ause astfol L npednetse rnat e hy 1 avde1 9 laT St wiae chRand, whieh whol e
of a nucl eotide sequence constituting a loop is provided as a priner, and
synt hesi s cafmprtilies [tongestqys neroWs h@ckﬂsmr?.abbva.nubﬁebhiﬂGMSEMMﬁnCe
containing restriction enzyne recognition regions is used as a reverse
primer, a tdinffearanire ool iacdeordiig ricosthe]lpr efank 1l AYeattons cear ieen
constituted. The reaction with a reverse prinmer containing a restriction

enzyne recQomid i gBraegueRnse/ ks, sRaGiddcahky rdesgrdhad Jued efierance-& o
Fig. 6. Wen Flg 6--(D) is conpleted a nick is generated by a restriction

enzyme cordf | NG 4P @éﬁﬁa'ﬁb%wﬁd £ 8LPgRI éf@“sé&t@%'{bt

reverse primer ie str cenment-type reaction of synthesizing

comp! ementaby. aﬁ%% | By End wéﬁ&ﬁéﬁgnf JOUHRLF LG sBEkREGOFL O] 1 Of e

syntheS|s
by annealing of F2¢/F2 and R2c/R2, respectively.

In the present invention, the terms “synthesis” &and
“amplification” of nucleic acid are used. The synthesis of
nucleic acid in the present invention means the elongation of
nucleic acid from an cligonucleotide serving as the origin of
synthesis. If not only this synthesis but also the formation
of other nucleic acid and the elongation reacticn of this formed
nucleic acid cccur continuocusly, @ series of these reactions
is comprehensively called amplification.

The single-stranded nucleic acid which is provided at the
3"~terminal thereof with a region Fl capable of annealing to
a part Flc in the same chain and which upon annealing of the
region Fl to Flc in the same chain, is capable of forming a loop

contalnlng a region FZc capable of base palrlng is an 1mportant

element of the present invention. Such a 51ngle stranded
nucleic acid cean also be supplied on the following principle.
That is, the synthesis of a complementary chain is allowed to

proceed cn the basis of a primer having the following structure.

43



19 MMAR'Nn'" the reverse priners are |located at both the term nals of ﬁ "
doubl e- stranded nucleic acid constituting (D), the reaction of 13 MAR 2001
synt hesi zi ng conpl enentary chain is also initiated fromboth the

term nals. Though basically based on the SDA nethod described as the prior
art, the nucl eotide sequence serving as a tenplate has a structure having
conpl enentary nucl eoti de sequences alternately |inked according to the

pr esent invention so that the nucleic acid synthetic systen1unique to the

pr esent ventign is.constituted. A part ser as Ienen chain
b “the. reverde TR LIS e 1tk ed CRBAPD DE* GEREGRH TG THEbr pbraAR: o

dNTP derivative such that it is rendered nucl ease reS|stance to prevent

cl eavage GPONHAMSEEHENSEr B [HalAsSByPat hend est Feei POt enyEedian s

al so possible to insert a pronoter for RNA polynerase into the reverse
priner. Thavserd gt iseradfarcm semp tementtamy fal ¢ temfHiakels=2 (D) is perforned
by a RNA pol ynerase recognizing this pronoter in this case too simlar to
t he previous nmadgethvdeeeiohhavSY arethodnwascappldredh t ekhet auct enel aod ,d
synthesi zed in the present invention is a single-stranded chain but is

conposed afucpaidl &bt LoapkeenRtasy SeMieB¢esnuandot his skla ci@jeold tymed t hese
sequences are base-paired. By use of this feature, the synthesized product

can be detregt edmpBrmeatayiNgoont dhe anahl&q@oqfld%yQéa@éhébngprwéieuc aci d
according to the present invention in the presence of a fluorescent

pi gment  as. AR 8-Sty anded cchai-a- gpeskibe . 52rde MM 2004ke sequence
constitutingnucleicacidtobesynthesizedcentainsanuclectide
seguence extending from the region Fl to the region Rlc and a
nuclecotide sequence extending from the region R1 having a
nucleotide seguence complementary to this nuclectide sequence
to the region Flc. Xlcand X1 capable of annealing in the inside
of the primer can be arbitrary seguences. However,' in a region
between primers FA and RF, the sequence cof the regien Xlc/X1
is made preferably different.
First, the synthesis of a complementary chainby the primer
FA from the region Fl in template nucleic acid is conducted.
Then, the region Rlc in the synthesized complementary chain is
made ready for basepairing, towhich the other primer is annealed
to form the corigin ¢f synthesis of ccmplementary chain. The

3" -terminal of the complementary chain synthesized in this step

has a nucleotlde sequence complemertary to the primer FA
constitutingthe 5’ -terminaloftheinitiallysynthesizedchain,
so it hasbeenprovidedeat the 3’ -terminal therecf withthe region

X1 which anneals to the region Xlc in the same chain to form
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intercal ater such as ethidium brom de, SYER Green | or Pico G een, égzg.
i ncreased density of fluorescence is observed as the product 1is iﬁ%y .
By nmonitoring it, it is possible to trace the real-time synthetic reaction
in a closed system Application of this type of detection systemto the
PCR nmethod is also considered, but it is deened that there are nmany

probl enms because the signal f romthe product cannot be distinguished f
romsignals fromprinmer dinmers etc. However, when this systemis applied
to this invention, the possibility of,increasing unspecif ic base pairing
is very | Gw-O3Rd tHifs Cﬁiagﬁ‘:%@ﬁ%ﬁt%\?i% AP O MSSES U EACRRTIINg O

si mul taneously expected. Simlar to use of the double-stranded

chai n- speéife ehgRItcalmteitiehel $ r Bgf eProV i dEduocast érte ey IRAYEH: be
utilized for a method of realizing a detection systemin a uniform system
The net hodesfctsynmt hesisziingtreckbecrasttdiaoscoydiayg slhovheprgriesenty iasventi on
i's supported by the DNA pol ynerase catalyzing the strand di splacenent-type
reacti on fore myst pasife relblecoopd emeltcany ighatnlePut dagdtea rieactbarhe

descri bed above, a reaction step not necessarily requiring the strand

di spl acenpiir t-itorpe s poley Te6ba3es IS Al isk L adtEi18d - cHowavern, thetecf with
sinplification of a constitutional reagent and in an econom cal vi ewpoint,

it is advamplageeysnt ®usemgnenkhnd -of t DNALPOLYIBERSE e AScdtid i ndhof DNA

=

pol ynerase, the™f ollow ng enzynmes are known. ~Further, various nutants of
these enzynes can @@t‘r&%é'Z@Qrﬂnﬂnaifkgaﬂ&%@%thni’ﬁ&tf ‘érﬂ%‘if.ar%ﬁ‘scﬁé‘ey
have both the 53 19 M W Nh sequence-dependent activit or synthesis of
conpl enmen FNious reaction system, rimers FA and RA were used Lo
P
synthesizeachaincomplementarytotemplatenucleicacidthereby
giving a loop structure tc the 3’ -terminal c¢f the nucleic acid.
In this method, the terminal structure characteristic of the
present invention is provided by the short primers. In this
mode, on the other hand, the whole ¢f z nucleotide sequence
constituting a loop is provided as & primer, and synthesis of
this longer primer is necessary.

If a nucleotide sequence containing restriction enzyme
recognition regions is used as a reverse primer, a different
mode according to the present invention can be constituted. The
reaction with a reverse primer containing & restriction enzyme

recocgnition sequence is specifically described by reference to

Fig. 6. When Fig. 6-(D) is completed, a nick is generated by

a restriction enzyme corresponding to a restriction enzyme

recognition site in the reverse primer. The strand
displacement-type reaction of synthesizing complementary chain

is initiated fromthis nick as the origin of synthesis. Because
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chain and the strand displacenent activity. The nutants referred tpgkerein
i ncl ude those having only a structure bringing about the catalytic
activity required of the enzyne or those wth nodifications to catalytic
activity, stability or thernostability by e.g. nutations in am no aci ds.
Bst DNA pol ynerase Bca (exo-)DNA pol ynerase DNA pol ynerise | Kl enow
fragnment Vent DNA pol ynerase Vent (exo-)DNA pol ynerase (Vent DNA

pol ynmerase deficient in exonuclease activity) Deep Vent DNA pol ynerase

Deep Vent (exo- Dlg@ ol é{%ﬁg veni . DNA S fi ier}{ i
exonucl eagtglea(%’ivw t% %%{%Ti%ge Op‘(;:)ﬁycrlner as§81tbg?§%pﬁaegrgnq‘ﬁﬁzspo fyrfil\;r ase
Z- Tag DNA p%neras%@gl%ﬁara Shuzo %[))ﬁﬂ L%d;) .KGD QEIA ol ynerase_(Toyobo
Co. . 'Lt d. FORRTG THESE BhEyres.C Bt DRSOyt 49 Shel Bl TER0-5" TRA
pol ymerase are particul ar lpﬁ desired enzymes because th_eg havg a certain
degr ee of SYRSHSSIZABIA COPFARTSRICGH Yo SUART LE 24801 ¥Rt VIAHRR TEARTV of
this invention can be carried isothermally in a preferred enbodi nent, but
because ofthehete s} nalsrent Toousdl thawl saker hegrd (O tlee c SCA e gibt
al ways 54 19VO, possible to utilize tenperature conditions desired for the
st abi | i ty defscrfidbeghagnehe Aociarmdangl, ythe tnicl eotel &f seheedesi sedving as

a template has a structure having complementary nuclectide

sequences alternately linked according to the present invention

so that the nucleic acid synthetic system unique tc the present

inventicn is constituted. A part serving &s a complementary

chain of the reverse primer to be nicked should be designed to

incorporate & dNTP derivative such that it is rendered nuclease

resistance to prevent cleavage of the double-stranded chain by

the restriction enzyme.

It isalscopossible to insert a promoter for RNA polymerase

into the reverse primer. Transcription fromboth the terminals

in Fig. 6-(D) is performed by a RNA polymerase recognizing this

promcter in this case too similar tc the previous mode where

the SDA methced was applied.

The nucleic acid synthesized in the present invention is

a single-strandedchainbut is composedof partial complementary

sequences, and thus the majority of these sequences are

base-paired. By use of this feature, the synthesized product
can be detected. By carrying out the method of synthesizing
nucleic acid according to the present inventicn in the presence

of a fluorescent pigment as a double-stranded chain-specific
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conditions that the enzyne is thernostable. Al though the isothermm i
reaction is feasible, heat denaturation may be conducted to provhdéMARmU'
nucleic acid as a first tenplate, and in this respect too, utilization of
a thernestabl e enzyne broadens selection of assay protocol. Vent (exo-)
DNA pol ynmerise is an enzyne having both strand displacenent activity and a
hi gh degree of therncstability. It is known that the conplenentary chain
synthetic reaction involving strand displacenent by DNA pol ynerase is

pr onot ed [ ' tr i1 ndj p [ P c L | et

B N e Eared S8 T e e DR R e e B e o
t he present invention, and, addi.ng the single strand , bindin ot.ei n,
Lhe of f oot gt B B TP GEtis Ty B RAOE C3F Nt SREREARS TharR Ear Be
expected. For exanple, T4 gene 32 is effective as a single strand binding
protei n fdr VesEeeses) BONACPoFGheRdset  FoF BRACDIFIme? as §rakes dftbs' - 5
exonucl ease activity, there is a known phenonenon where the synthesis of
conpl ementrgayl -taoivel Aydobstact reaopian tthe 5loseer avphbrof APRer tetan
resulting in generation of a one--base protrusion. In the present

i nventionof ttiis phemnehodetschodtnpegfeerblte haeaS® wedrhsynitshesliso of t he
conpl enentary chain reaches the termnal, the sequence of the 3'-termna

| eads to iduirtdiaterenl,ofubexti syathegithaf thbréd a3 e\thény 2xd bt enmpl ment s y
chai n. However, because a base "A" is added at high probability to the 3

-term nal e & henPNA R ViR HsRudth€anSeE BeNeEs Ty besisel eebadcs Siredl 4 hat
the synthesis fromthe

from primer dimers etc. However, when this system is applied
tothis invention, the possibility of increasingunspecificbase
pairing is very low, and thus high sensitivity and low noises
can be simultanecusly expected. Similar to use c¢f the
double-stranded chain-specific intercalater, the transfer of
fluorescent energy can be utilized for a method cf realizing
a detection system in a uniform system.

The method of synthesizing nucleic acid according to the
present invention is supperted by the DNA pclymerase catalyzing
the strand displacement-type reacticn for synthesis of
complementary chain. During the reaction described above, a
reaction step not necessarily reguiring the strand

displacement-type polymerase is also contained. However, for

simplification of a constitutional reagent and in an eccnomical

viewpoint, it is advantageous to use one kind of CNA polymerase.

As this kind of DNA polymerase, the following enzymes are known.,
Further, various mutants of these enzymes can be utilized in

the present invention insofar as they have both the
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3'-termnal starts at "A", so that there is no problemif an additional
base is added erroneously by dATP. Further, even if the 3' -ternindl5 W& 780k
protruded during synthesis of conplenentary chain, the 3" -+5 exonucl ease
activity can be utilized for digesting the protrusion to nake it

bl unt - ended. For exanple, since natural Vent DNA pol ynerase has this
activity, this enzyne nmay be used as a mxture with Vent (exo-) DNA

pol ymerase in order to solve this problem Various reagents necessary f or
t he net hod of s nt hesi zi or anmplifying nuc |c .aci d. accor to t he
bresent | RRGROTEE SRR T ST GCt b pECRagua Sha g OV dei a4y
Specifical ly,. a kit is provided for the present |nvention, conpr|S|ng

vari ous I%ihﬁ’dlé1 of D@l iGEnutt EBRT des SREESTENY AT HeY s f GPesyTi i S

conpl ementary chain and as cuter priners for displacenent, dNTP as a

subst r at e Hegie AR e beg caf iduipldanehe 8@ P aghaiorsn &y E)I‘QAI%‘GIW@%Jfl’U}
carrying out the strand displacenent-type synthesis of conplenentary
chai n, a lfcfiuar tdievicagadyittiabketdondivt rensitredt hé eheyapzymacty djosnd as
necessary regents necessary for detection of synthetic reaction products.

I n particuliat, theelidfddiattiiemsof theagentiyitscnegessatyydursngbi hetyreacti on
in a preferable node of the present invention, and thus the reagents

necessary trafyme dreactd obyare, uppldad afd efn Smind l4ciddD, ! pipetted
into reaction vessel, whereby the reaction can be initiated by adding only

a sanpl e. g@k(ﬁyﬁnﬁgggmégbggsysten1 n which the reaction product can be
detected in situ in a reaction vessel by utilizing a | um nescent signal or

a fluoreseent &, @Nalpna poiymerase

DNA polymerase | Klenow fragment
Vent DNA pelymerase
Vent (exo-)DNA polymerase (Vent DNA pclymerase deficient in
exonuclease activity)
Deep Vent DNA polymerase
Deep Vent (exo-)DNA polymerase (Deep Vent DNA polymerase
deficient in exonuclease activity)
®29 phage DNA polymerase
MS-2 phage DNA polymerase
Zz-Tag DNA poclymerase (Takara Shuzo Co., Ltd.)
KOD DNA polymerase (Toyobo Co., Ltd.)
Among these enzymes, Bst DNA polymerase and Bca (exo-)

DNA polymerase are particularly desired enzymes because they

have a certain degree of thermostablllty and hlgh catalytlc
activity. The reaction of this invention can be carried
isothermally in a preferred embodiment, but because of the

adjustment of melting temperature (Tm) etc., it is not always

54



it is not necessary to open and shut the vessel after reaction. This is
very desirable for prevention of contam nation. The nucleic acid hayigrnen ;0
conpl ementary nucl eotide sequences alternately linked in a single-stranded
chain, synthesized according to the present invention, has e.g. the
foll owi ng useful ness. The first feature is use of an advantage resulting
fromthe special structure having conplenentary sequences in one nol ecule.
This feature can be expected to facilitate detection. That is, there is a

known system f.or etecti nucleic_acid wherei.n.its sjgnal js_vari.ed
dependi ngpoc?r?lg%see Qai??%gthﬁenép%ﬁ%WéﬁeﬁPE “HGEPe %gsdleresdeq{i)e%c%}.’e For
exanpl e, by conbination with the nethod of utiljzing a d ugle-stran ed
chai n- spe&Hae lilrfttePeal bt &M Z48%a GREEEEBrnadY” desde BRg bo &, 925 et @ct i on
system making full use of the characteristics of the syntheticproduct of

t he presemonditdmrisonthegbntbe ree@yigedis | fthepacsyabheti ¢ Alda@idn product
of t hepresent invention is once heat-denatured in said detection system and
returned tiecttie mnalgi nadct enper at Uree s lilnita ,anbé @t ukbienaanmedliong reqr Urs
preferentially thus permtting conplenmentary sequences to be rapidly

base- pai r ebndudcddiere previnspectietcreact iam a gieductemplhey, have ot
conpl enentary sequences in the nolecule 57 so that after separated by heat

denat ur at itfy § BEOpdcertd®r ariMbkeeciibas f bhaye SRd¥Oib1 seedivalead Yobger £t ur ned
to the original double-stranded chain. By providing the step of heat

denat ur at iQn hefone detacdd o rNoiges acconpanying the unspecific reaction
can be reduced. If the DNApolynerase not resistant to heat is used, the

step of heat deralyr aLign, has polymerase is an enzyme having both strand

displacement activity and a high degree cf thermostability. It
is known that the complementary chain synthetic reaction
involving strand displacement by DNA polymerase is promoted by
adding a single strand binding protein (Paul M. Lizardi et al.,
Nature Genetics, 19, 225-232, July, 1998). This action is
applied to the present invention, and by adding the single strand
binding protein, the effect of promoting the synthesis of
complementary chain can be expected. For example, T4 gene 32
is effective as a single strand binding protein for Vent (exc-)
DNA polymerase.

For DNA polymerase free of 3’'-5' excnuclease activity,
there is a known phenomenon where the synthesisof complementary
chain does not stop at the 5’ ~terminal of a template, resulting

ingenerationof aone-baseprotrusicn. Inthepresent invention,

this phenomenon is not preferable because when synthesis of the
complementary chain reaches the terminal, the seguence of the

3’ -terminal leads to initiation of next synthesis of
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the neaning of termnation of the reaction and is thus advantageouzqfﬁmjm,
the control of reaction tenperature. The second feature is to always f'6i" W
| oop capabl e of base pairing. The structure of a | oop capabl e of base
pairing is shown in Fig. 4. As can be seen fromFig. 4, the loop is
conposed of the nucl eotide sequence F2c (X2c) which can be annealed by the
primer and a nucl eoti de sequence intervening between F2c-Flc (Xlc) . The
sequence between F2c-Flc (or between X2c-Xlc in anore universal form is a
nucl eoti de detived, sequence derived fromthe tenplate,., Accordjn if a
Dt obe. havFAGE bENEBHBEANERESR y it S0t B S ARREn GoDF S Shybr | o ZSHHAN B ¢ hi <
region, tenplate-specific detection is feasible. In addition, this region
is al V\/ayshiiggc@/ﬂfl%ﬁbhh’s@’ﬁéi ERRgS " anermbed &fof éhenalif PAMRLASR 4 6RSpri or
to hybridization is not necessary. The nucl eotide sequence constituting a
| oop in thegaapkef imeat imn sebetieon produdhain the preteasisnienni shemy
have an arbitrary |length. Accordingly, if hybridization with a probe is
desired, 3a-tegidnatosberasneal eH” pyss hehpt i theerants ana egicdrl eno ilfean
hybri di zed by the probe are arranged separately to prevent their

conpetiti gAdi®8cha® MABe7ik shesebyrieeabuseachy o TNdiftirangGarvee
constituted. According to a preferable node of the present invention, a

| ar ge nun‘@@rthséh'I%ﬁ@@pbégr@hg@%@dqlaairdgﬁgy@megiy@@ dofpl@rgintahe strand
of nucleic acid. This nmeans that a |arge nunber of probes can be

hybri di zed, wi t h |ecul e of nycleic acid, it highl iti
detecti oncfe s RS paeet BE b R (28 et P 0TS (ke PhatavaRent ol

SenSItIVIEng% i%gst g}ﬂﬁ%ﬁ%&%ion to make it blunt-ended. For example,

since natural Vent DNA pclymerase has this activity, this enzyme
may be used as a mixture with Vent (exc-) DNA polymerase in order
tc sclve this problem.

Various reagents necessary for the method of synthesizing
or amplifying nucleic acid according tc the present invention
may be previocusly packaged and provided as a kit. Specifically,
a kit is provided for the present invention, comprising various
kinds of oligonuclectides necessary as primers for synthesis
of complementary chain and as ocuter primers for displacement,
dNTP as a substrate for synthesis cf complementary chain, a DNA
polymerase for carrying out the strand displacement-type
synthesis of complementary chain, a buffer giving suitable

conditions tc the enzyme reaction, and as necessary regents

necessary for detection of synthetic reaction products. In
particular, the addition of reagents is necessary during the
reaction in a preferable mode of the present invention, and thus

the reagents necessary for one reaction are supplied after
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of detecting nucleic acid based on a special reaction principle s gm S
aggregation. For exanple, a probe inmobilized onto fine particles didh {as
pol ystyrene latex is added to the reaction product of the present

i nvention, the aggregation of |atex particles is observed as the
hybri di zati on of the product with the probe proceeds. Hi ghly sensitive and
quantitative observation is feasible by optically neasuring the strength
of the aggregation. Because the aggregation can al so be observed wth the

ked . ti t i \ I
Al so biyﬁidnlsaae rtee[%cdf@ﬁ%f¥%5gﬂ?ﬁew%§§§?r ongesy athe%'“{’ié‘éﬂp%”%gen A e ent on
pernittin <£ s bo nd thereto per nucleic_a nol ecul e
enabl es c fi A FR efleéﬁ 3] ﬁﬁﬂﬁbags%y?y%ﬁem

anal yti cal nethod |nnunochronato graphy) using a chrongt ographi c nedi um
utilizi ng 3 vpseRthg rcPe%fecJt%Péwﬂ%aca%e d8eaChPEC) 2atY ¢ FTRFRC e hod i s
based on the principle that an analyte is sandw ched between an anti body

i mobi | i zetk e laby siiddiatiographrenaedbumsandsd ¢abdl e ERIBTdF: Iant, t he
unreacted 59 1 MAR 2COG | abel ed conponent is washed away. The reaction
product ofitt He npt essTEs Samenbi gpe mekes shhitstipe ives g3 le adppli cabt el on.
analysis of nucleic acid. That is, a | abeled probe toward the part of a

| oop is prepas etk andry miedi tdlzed oot @ wdntoimt ogf apdn camedaubeont o prepare
a capturing probe for trapping thereby permtting analysis in the

chr omat ogr aphi cne@i uUnudAsetdhie Layd Urh 4 iy obeomp Bersefitienge soppéeressary to

the part of the loop can be utilized. Since the reaction product of the

present inueptdpdagidehabg9ely linked in a single-stranded chain,
synthesized according to the present invention, has e.g. the
following usefulness. The first feature is use of an advantage
resulting from the special structure having complementary
sequences in one molecule. This feature can be expected to
facilitate detecticn. That is, there is a known system for
detecting nucleic acid wherein its signal is varied depending
cn base pairing with a complementary nucleotide seguence. For
example, by combination with the method of utilizing a
double-stranded chain-specific intercalater as a detector as
described above, a detection system making full use of the
characteristicsofthesyntheticproductof thepresent invention

canberealized. Ifthesyntheticreactionproductofthepresent

invention is conce heat-denatured in said detection system and

returned to the original *emperature :Lntramolecular anneallng
occurs preferentially thus permitting complementary sequences
to be rapidly base-paired. If there are unspecific reaction

products, they have not complementary sequences in the molecule
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nunber of | oops, the product binds to a | arge nunber of |abeled probes to
give a visually recogni zabl e signal. The reaction product accordhngwgﬁlmpe

present invention always giving a region as a |oop capabl e of base'pairing
enables a wde variety of other detection systens. For exanple, a
detection systemutilizing surface plasnon resonance using an imobilized
probe for this loop portion is feasible. Further, if a probe for the | oop
portion is | abeled with a doubl e-stranded chain-specific intercalater,
nore sensitive flugrescent analysis can be conduct ed. Alternativeky, it is
al so possiSBl éhafo 3Fd&iTt is\?éﬁ}fal}ﬁ“%/i e NEfd AFNETYF i Thet it 1 38T
synthesi zed by the present invention to forma |oop capable of base
pairing &elecuh eshetBey-cab Binrgiddas e lyope esctipieed et oy 1% nddsi gned
to have a common nucl eoti de sequence between a nornmal type and an abnorm
type, whi ldeuthe-etthendegbpchsidesi giiad pocgememat etha deféer emte heat

t herebetween. It is possible to constitute a characteristic analytic

syst em i n dahizeh rizhe opr eseifes cof datgend B  IndilAR 2GR deneonfingredHey t he
probe fort he conmmon portion while the presence of an abnormality is
confirmed yn gehe ratheeakegbancaBecausauckhe reacdionNef psyphbestaimg:

nucl eic acid according to the present invention can al so proceed

i sot her mal doy,; ety ieS £ WeRY skmpeehantnadyaatage foat d&aledi e @nalysis can
be effecteg by a general fﬁuorescent phot oneter. Heretofore, the structure

of nuclei ¢, aci d.10; g frapgﬂe%@ﬂihgt&@ﬁ SGTE HRAI Dol Sc KBQWLr J1OWRV Al { N

nucl ei ¢ aci'd having co enent ary nucl eoti de sequences |i1nked alternately

'na SInmégﬁgﬁﬁygg%%§j¥gg1é§gE%J%%%Jﬁl&gu%eaction temperature.

The second feature is to always form a loop capable of
base pairing. The structure of a lecop capable of base paliring
is shown in Fig. 4. As can be seen from Fig. 4, the locp is
composed of the nucleotide seguence Fzc (X2c) which can be
annealed by the primer and a nucleotide sequence intervening
between F2c-Flc {X1lc). TheseguencebetweenF2c-Flc (orbetween
X2c-¥lcinamoreuniversal form) isanucleotidederived sequence
derived from the template. Accordingly, if a probe having a
complementarynucleotide sequenceishybridizedwiththisregion,
template-specific detection is feasible. In addition, this
region is always ready for base pairing, and therefore, heat
denaturation prior to hybridization is not necessary. The

nucleotide sequence constituting & loop in the amplification

reaction product in the present invention may have an arbitrary

length. Accordingly, if hybridizationwith a probe is desired,
a region tobe annealedby the primer and a region tobe hybridized

by the probe are arranged separately toprevent their competition,
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present invention is novel in that it contains a |arge nunber ofJgggFnnr
capabl e of base pairing with other oligonucl eoti des. On the other 'haht: ‘a
| ar ge nunber of |oops thenselves given by the reaction product according
to the present invention can be used as probes. For exanple, in a DNA
chi p, probes should be accunulated at high density in alimted area. In
present technol ogy, however, the nunber of oligonucl eotides which can be
immbilized in a certain area is limted. Hence, by use of the reaction

product of ,the present invention, a l.arge nunber of prahe pabl e of
Bneal | ngUkAhY EREghi FREGH 50 FrgRLdante, o Pl 7ot e Fanct i on
product according to the present invention nmaybe inmobilized as probes on
a DNA chip. AftB8FCaFPILNEi eatd BreIERaLr8aERFD P Ipr BB S HRlyT BE ViSATIH/i zed by
any techniques known in the art, or the immobilized oligonucleotide is
utilized aslarbe ohingenucfebebdei papdelanpf i $3 tatbon ¥EAET DY GET A&
present invention, resulting in generating the inmmobilized reaction 61
product. Bysis®lefsttriaedpe b dlwis &omdbi | Tizedmeanlsar lyet rubbege rofmbsanpl e
DNAs can be hybridized in a limted area, and as a result, high signals
can be expgcpedbeBrieh desnHpidiordivittheoReanbbgsuegof niislainc acid
illustration of apart (1) to (4) of the reaction principle in a preferable

node of the peesedthigNeptionNsit g .dedddiah | llsipathon pisaipar tt5) to
(7) of the reaction principle in a preferable node of the present

i nventi on..g Qe i §naY did Eﬁfsﬁ?%éﬁ@n@fofas&@éiti@%t§%uﬁ:lé}_l)s&_ﬁ ridi®oq

reaction principle 1n a preferable node of the present invention. Fig. 4 is

an illust %%téé)@eggiﬁg%u%tlreli(\ct Qégd(gasaecl 88Ps fs%re@i%l reacticn principle

such as aggregaticn. For example, a prcobe immobilizedonto fine
particles such as polystyrene latex is added to the reaction
product of the present invention, the aggregation of latex
particles is observed as the hybridization of the product with
the probe proceeds. Highly sensitive and guantitative
cbservation is feasible by optically measuring the strength of
the aggregation. Because the aggregation can also be observed
with the naked eyes, a reactiocn system not using an optical
measuring device can also be constituted.

Further, the reaction product of the present inventicn
permitting many labels to be bound thereto per nucleic acid
molecule enables chromatographic detection. In the field of

immuncassay, an analytical methed {immunochromatography) using

a chrgﬁégbgraphic:nediunlutilizing a visually cetectable label
is used practically. Thismethed isbased onthe principle that
an analyte is sandwiched between an antibody immobilized on a

chromatographicmediumand a labeled antibody, and the unreacted

59



by the single-stranded nucleic acid according to the present
Fig. 5is an illustration of a part (A to (B) in a basic node of N
present invention. Fig. 6 is an illustration of a part (C) to (D) in a
basic node of the present invention. Fig. 7 is a drawing show ng the
positional relationship of each nucleotide sequence constituting an
oligonucleotide in the target nucl eotide sequence of ML3npl8. Fig. 8 is a
phot ograph showi ng the result of agarose electrophoresis of a product

e nethod of

R R

i nvent i &[‘l?m{l

nt hesi | e-stranded nuclelc gC|d W t h
612 gy r eSBNtS T R o9EsTt oy kAt

2J11i ; Lane 1. XV size marker Lane 2: 1 f ol ML3npl8 dsDNA Lane 3: No
target Fi §TS6ENS aBRBE OGP IPRKSHGoW iy PEHE CLEdE ﬁpefllégaﬁ-ss%Oge'}alYSls

el ectrophoresis of a restriction enzyne di gested product obtained in
Exanpl e 1°ByntRecagepeid . acikpsyift/het ilebedacst bopbeatewrdiinghe aatte Qo esent
i nvention. Lane 1. XV size marker Lane 2: BanmH digest of the purified
product kaheoRBisRvidpaxigest gimdbhel jmad bned producbtoganehdr ndicudin |

di gest of the purified product Fig. 10 is a photograph showi ng the result
of agaroseogekecekeet eophptesisgobraberbduct r Obt ahgethdye he amiihad rof

analysis in the chromatographicmedium. Asthecapturingprobe,

a sequence complementary to the part of the loocpcanbeutilized.

Since the reaction product of the present invention has a large

number of loops, the product binds to & large number of labeled

prebes to give a visually recognizable signal.

The reaction product according tc the present invention

always giving a regicn as a loop capable of base pairing enables

a wide variety of other detecticn systems. For example, a

detection system utilizing surface plasmon resconance using an

immecbhilized probe for this locop portion is feasible.

Further,

1f a probe for the loop portion is labeled with a double-stranded

chain-specific intercalater, more sensitive fluorescent

analysis can be conducted. Alternatively, it is alsc possible

topositivelyutilize theabilityof thenucleicacidsynthesized

by the present invention to form a l1oop capabkle of base pairing

at both the 3'- and 5’ -sides. For example one loop is designed

to have a commcn nucleotlde seguence between a normal type and

an abnormal type, while the other loop is designed to generate

a difference therebetween. It is possible to constitute a

characteristic analytic system in which the presence of z gene
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synt hesi zi ng si ngl e-stranded nucl eic acid according to the presepggmgmm
i nvention using M3npl8 as a tenplate in the presence of betaine. 0, 6.5,
1 and 2 indicate the concentration (N) of betaine added to the reaction
solution. N indicates the negative control, and -21 indicates the
concentration 10-21 nol of tenplate DNA. Fig. 11 is a drawing show ng the
positional relationship of each nucl eotide sequence constituting an

ol i gonucl eotide in a target nucl eotide sequence derived fromHVB. Fig. 12

i s a photagr aph, show he r su#t of agarose gel., el c&r horesis of a
pr oduct OBEHT U BYST HE TR 070~ SYRCRAEICH 7ig St HoP B2SE EhRGRT T i ¢
acid accoragn% to the ?3 pr esent %nvention m?erein HBV- M. 3np18 i nt egrated
in M3npl&irad! GO8@TEE 14 Wenpl SPEILERRE 17 XY SFRRTnafREPILaREBUSE f nol
HBV-M 3npl B dsDNA Lane 3: No target Fig. 13 is a photograph show ng the
result of 'd@ redcdciepphbr 8¥rshesiaknal Rapiea@naﬁaﬁe@%dﬁéw obst ditfed by
the nmethod of synthesizing single-stranded nucleic acid according to the
present i mprEsendninvanditn Bendél$o dinestet ifscadgreme flnomitaibda-yHiage
Lane 2: The reaction product in Exanple 1. Lane 3: The reaction product in
Exanpl e 3.irkogxtabd edvanphotogiaphresiowing thelyesnldamibeagifeseegedy
el ectrophoresis of a product obtained by the method of synthesizing
si ngl e- st aRded rucleneragcdnacgpedongtte .t Neeretofore, the structure

of nucleicacidtobeannealedinthe same chain is known. However,

the nucleic acid having complementary nucleotide sequences

linked alternately in a single-stranded chain cbtained by the

present invention is novel in that it contains a large number

of loops capable of base pairing with other oligonuclectides.

Ontheotherhand,alargenumberofloopsthemselvesgivén

by the reaction product according to the present invention can

be used as probes. For example, in a DNA chip, probes should

be accumulated at high density in a limited area. In present

technology, however, the number of oligonucleotides which can

be immobilized in & certain area is limited. Hence, by use of

the reaction product of the present invention, a large number

of probes capable of annealingcanbe immobilizedat highdensity.

That is, the reaction product according to the present invention

may be immobilized as probescona DNAchip. Afteramplification,

the reaction product may be immobilized by any technigques known
in the art, or the immobilized oligonucleotide is utilized as
the oligonuclectide inthe amplification reactionof the present

invention, resulting in generating the immobilized reaction
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present invention wherein the concentration of ML3npl8 as a targetlwai
vari ed. The upper and | ower photographs show the result of the rieagfi oh:
for 1 and 3 hours respectively. Lane 1: M 3npl B dsDNA 1x10-5 nol/tube Lane
2: ML3npl8 dsDNA 1x10-16 nol/tube Lane 3: ML3npl8 dsDNA 1x10-17 nol/tube
Lane 4: ML3npl18 dsDNA | xI 0" 18 nol /tube Lane 5: ML3npl B dsDNA 1x10-19

nol /tube Lane 6: ML3npl 8 dsDNA 1x10-20 ntl/tube Lane 7: M 3npl 8 dsDNA
1x10-21 nol /tube 64 Lane 8: ML3,-npl B dsDNA 1XI O 22 nol/tube Lane 9: No

target La weXl Vgjge marker Fig. 15 is a draw ng showing the position
of a nutatfaﬁgh%%h t euggs?{5§W%PrgQFaFPBﬁ§HWﬁﬂE¥ﬂ%%i%fFbéﬁéﬁeféﬁﬂzﬂfg
target nucleotide uence %%Prget) Under | i ned_guanine is replace y
adeni ne i fﬁ?Wﬁh%ﬁﬁﬁ Fign PYbighéegiaph Showtag eneas esnfitasfa
agarose gel el ectrophoresis of a product according to the anplification
reacti on OfeIhe prici@Entsidvent ican Be @qeedipedadder (New Engl and Bi ol abs)
N: No tenplate (purified water) W: 1 frol wild-type tenplate M3npl8 MI
| frmol nutant tenplate ML3npl BFM Fig. 17 is a drawi ng show ng the
positional relationship of each nucleotide sequence constituting an
ol i gonucl éotiefe Deascmipticireaid dehes empanceycodi ng for target nRNTA
Fig.lisanillustrationcfapart (1) to (4) of the reaction
principle in a preferable mode of the present invention.
Fig. 2isanillustraticnofapart (5) to (7) of the reacticn
principle in a preferable mode of the present invention.
Fig. 3 is an illustration of a part (8) to (10) of the
reactionprinciple inapreferablemode of the present invention.
Fig. 4isanillustration of the structure of a loop formed
by the single-stranded nucleic acid according to the present
invention.
Fig. 5 is an illustration of a part {(A) to (B) in a basic
mode of the present invention.
Fig. 6 is an illustration of a part (C} to (D) in a basic
mocde of the present invention.
Fig. 7 is a drawing showing the positional relaticnship

of each nucleotide sequence constituting an cligonucleotide in

the target nucleotide sequence of M13mplS8.

Fig. 8 1s a photograph showing the result of agarose

electrophoresis of a product obtained by the method cf
synthesizing single-stranded nucleic acid with M13mpl8 as a

template according to the present invention.
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Fig. 18 is a photograph show ng the result of agarose electrophoresis of a
product obtained by the nmethod of synthesizing single-stranded nmughkel ¢
acid according to the present invention using nRNA as a target. Best Mbdde
for Carrying Qut the Invention Exanple 1. Anplification of a region in
ML3npl 8 The net hod of synthesizing the nucleic acid having 65 conpl enentary
chains alternately linked in a single-stranded chain according to the
present invention was attenpted using ML3npl8 as a tenplate. Four Kkinds of
primers, that i.s, Q&ﬁFA“ ML3RA, ML3F3, and ML3R3, were used in the
exper i ment2L3F3 d SMESRBSR&ERE outer primers for displacing the first
nucl eic acid aobtained respectively with ML3FA and ML3RA as the origin of
synt hesi s.LaBécdise 1t RBCSuerTBABnEESNEre priners serving as the origin of
synt hesi s of conplenentary chain after synthesis wth ML3FA (or ML3RA)

t hese wer éadesignetiot 6aggr&al to a region contiguous to MI3FA (or ML3RA)
by use of the phenonenon of contiguous stacking. Further, the
concentrations dfig.héses pprhoengrephesselihygthsucdsiiltat fangeabsagaf ML3FA
(or ML3BRA) occurred preferentially. The nucl eoti de sequence constituting

each primeldct raphahais | Bt he Sequence ildrst EAgymdhaigbEdeEUr@l oduct
characteristics of the priners are summari zed bel ow. Further, the

posi ti onaloptelald ansixRngh ceachyregiontovard the f@rgels nucleotide,
sequence (target) is shown in Fig. 7. Primer Region at the 5 -side/region
at the 3'h%d3%dﬁ4§ﬁﬁ>ﬁhﬁa%ﬁ%%é%%'ﬁ%ﬂékaﬂﬁ{i” conpl ementary chain
Lane 1: XIV size marker
Lane 2: BamHI digest of the purified product
Lane 3: Pvull digest of the purified product
Lane 4: HindIII digest of the purified product
Fig. 10 is a photograph showing the result of agarocse gel
electrophoresis of a product obtained by the method of
synthesizing single-stranded nucleic acid according to the
present inventicn using Mi3mpl8 as a template in the presence
of betaine. 0, 0.5, 1 and 2 indicate the concentration (M) of
betzineaddedtothereactionsclution. Nindicatesthenegative
control, and-21 indicates the concentration 107 mol of template
DNA.

Fig. 11 is a drawing showing the positional relaticonship

cf each nucleotide seguence constituting an cligonucleotide in

a target nuclectide sequence derived from HVB.
Fig. 12 is a photograph showing the result of agarose gel
electropheoresis of a product cbtained by the methoed of

synthesizing single-stranded nucleic acid according to the
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synt hesi zed by ML3FA/ conpl enentary to region F2c in ML3npl 8 I\/IlSRAn'ljl‘nr@mslane

as region Rc in conplenentary chain synthesized by ML3RA/ conpl ement ar y to

region R2c in conplenmentary chain synthesized by ML3FA ML3F3 Conpl enent ary
to F3c contiguous to the 3'-side of 66 1 J MAR ZUO region F2c in M3npl B
ML3R3 Conpl enentary to Ric contiguous to the 3' -side of region F2c in
conpl enentary chain synthesized by ML3FA By such prinmers, nucleic acid
wherein a region extending fromFic to Ric in M3npl8, and its

conpl ement ary_nucl eoti de sequence, are alternately linked via a
o0p- f or M KUt CER BRI 1 a1 FBE-Vn 8P SP gi e i tamion Moo 8 vas

synt hesi zed. The conposition of a reaction solution for the nethod of
synt hesi zi”rrcged rﬂﬁ:l%i‘@”&?ﬂi%%y these prinmers according to the present
invention 1is shown bel ow. Conposition of the reaction solution (in 25 L)
20 v Tri s+34@1 JpH8 X8 V16 1wl KElrke® nmm (NH4) 2SO4 6 mM MySO4 0.1 % Triton
X-100 5% di net hyl sul foxide (DMSO 0.4 nmM dNTP Priners: BOO nM ML3FA/ SEQ
ID NO1 8G0henM:MLIRAMSEQHED-MOD32p18 dsDNA

Lane 3: No target

Fig. 13 is a photograph shcwing the result of gel
electrophoresis of an alkali-denatured product ocbtained by the
methed of synthesizing single-stranded nucleic acid according
to the present invention.

Lene 1: HindIII-digested fragment from lambda-phage
Lane 2: The rezction product in Example 1.
Lane 3: The reaction product in Example 3.

Fig. 14 is a photograph showing the result of agarose gel
electrophoresis of a product obtained by the method of
synthesizing single-stranded nucleic acid according tc the
present inventicn wherein the concentration of M13mpl8 as a
target was varied. The upper and lower photographs show the
result of the reaction for 1 and 3 hours respectively.

Lane 1: M13mpl8 dsDNA 1x107'° mol/tube

Lane 2: M13mpl8 dsDNA 1x107*® mol/tube

Lane 3: M13mpl8 dsDNZ 1x107Y mol/tube

Lane 4: MI13mpl8 dsDNA 1x107*® mol/tube
Lane 5: MI3mplB dsDNA 1x107!° mol/tube
Lane 6: M13mpl8 dsDNA 1x107%° mol/tube

Lane 7: M13mpl8 dsDNA 1x107?! mol/tube
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200 nM ML3F3/SEQ ID NO3 200 nM ML3R3/SEQ ID NO 4 Target: M 3npl8

dsDNA/ SEQ I D NO'5 Reaction: The above reaction solution was heat ed; gt B 67
19 MW 7", Cfor 5 mnutes, and the target was denatured into a

si ngl e-stranded chain. The reaction solution was transferred to ice-cold
water, and 4 U of Bst DNA pol ynmerase (NEW ENGLAND Bi ol abs) was added
thereto and the m xture was reacted at 65 C for 1 hour. After reaction,
the reaction was termnated at 80 C for 10 m nutes and transferred again

to ice-cold ywater. il i f the.reactign: 1 | |oading buffer was
added to 5 of the a’é%éﬁg%%c |gﬁccg?uf? j”gﬁﬂ the sanple was
electrophqigsed for.1 hour at 80 nV on 2 % agarose gel (0.5 % TBE). As a
mol ecul ar -weight - markerir38% (100 bp | adder, Boehringer Mannheim was
used. Thejgel after electrophoresis was stained with SXBR G een
(Mol ecul arEPitobe%: e, 9ia% MegfeT m the nucleic acid. The results are
shown in Fig. 8. _The respective |anes correspond to the follow ng sanples.
1. XV size marKe¥g. 25 Lsf goHra3npl8hdeDNA thS pdNd thiargetf. al mutapneos, no
band was confirmed except that the unreacted priners were stained. In |ane
2 in the ﬁﬂ@bé@@epoﬁitheneérgelatimm@hppQﬁuéh&hmpé@i@@ﬁﬂﬁkﬂﬁﬂaaﬁaﬁgé@“/Size
band | adder, as sneared staining at high size and as a band hardly
el ect r ophoresleshtiirie sequence {target). Underlined guanine is replaced

by adenine in the mutant.

Fig. 16 is a photegraph showing the result of agarose gel
electrophoresis of a product according to the amplification
reaction of the present invention.

M: 100 bp ladder (New England Biolabs}
N: No template (purified water)

WT: 1 fmol wild-type template M13mpl$§
MT: 1 fmol mutant template M13mplB8FM

Fig. 17 is a drawing showing the positional relationship
of each nucleotide sequence constituting an oligonuclectide in
& nucleotide seguence coding for target mRNA.

Fig. 18 is a photograph showing the result of agarose
electrophoresis of a product cbtained by the method of

synthesizing single-stranded nucleic acid according to the

present invention using mRNA as a target,

Best Mode for Carrying Out the Invention
Example 1. Amplification of a region in M13mpl8

The method of synthesizing the nucleic acid having
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the gel. Anong the |owsize bands, bands in the vicinity of 290 hp. and..450
bp agree with the products estimated in the synthetic reaction of this! "™
invention, that is, double-stranded chains of SEQ ID NGCS:11 and 12
(correspondi ng to doubl e-stranded chains 68 fornmed as shown in Figs. 2- (7)
and 2- (10) ) and a single-stranded chain of SEQ ID NGO 13 (corresponding
to the long single-stranded chainin Fig. 3- (9)) , and it was thus
confirmed that the reaction proceeds as expected. It was estinated that

the el ectr ' 1s. of red.pattern at _hi si ze and the
band not el @ctﬁép or e;g:%ﬂc@rsg a&&%ud%[ 3 og n%@égﬁgeat ﬁ?’@grﬁéﬁw%‘j%s
basically continuous. reaction to pernmt varying nolecular weights of the
reaction p[%oadlﬁ{gta%hécf q%lﬂgi %eor %@cgﬁgéelnlrre lBF’SBLY&&P% Was arEshpredatetng
structure viqgaa partiaIL% singl e-stranded chain and a doubl e-stranded
conpl ex. é@%ﬁﬂ 35 EorfThHat§ on (S K nAsaef i it bRludis thy sdi BsTA on

wWth restriction enzynes For the purpose of clarifying the structure of the
nucl ei ¢ &I R aiiig Dok eiRany weurel eseiddenseheereesrliinked 13RI natel y
in a single-stranded chain obtained in Exanple 1 according to the present

i nvent i onantchdldifgewerencot et her imadticier Adist alcd Sty keki 6Dr AZYNESe WaS
conducted. |If fragnents are theoretically generated by digestion thereof

with rest @icitd ot aenzygines spadtsivalit anenusl yra hesmBarpatt ere @tihigh size
and the band not el ectrophoresed as observed in Exanple 1 disappear, then

it can be cestiymahed itshat 3aB¥uek theseubsPdYElSe AL €2t He, PULL Bl Cs o AR g, havi ng
conpl enentary sequences linked alternately in a single-stranded chaln
SyntheSiZ%@1&&9@&@5&@dﬂ%?ﬁ@h@éP§@@%omplementarychainaftersynthesis
with M13FA (or M13RA), these were designed to anneal te & region
contiguous to M13FA (or MI13RA) by use of the phenomenon of
contiguous stacking. Further, the concentrations of these
primers were set high such that annealing of MI3FA {(or M13RA)
occurred preferentially.

The nuclectide seguence constituting each primer is as
shown in the Sequence Listing. The structural characteristics
of the primers are summarized below. Further, the positicnal
-relationshipofeachregiontowardthetargetnucleotidesequence
(target) is shown in Fig. 7.

Primer Region at the 5’-side/regicn at the 3’ ~side
M13FA The same as region Flc in complementary chain

synthesized by M13FA/complementary to region F2c¢ in M13mpl8

MI13RA The same as region Rlc in cecmplementary chain
synthesized by MI13RA/complementary to region R2c in
complementary chain synthesized by M13FA

M13F3 Complementary to F3c contiguous to the 3’ -side of
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i nvention. The reaction solution (200 1) from8 tubes in Exanple 69 19VMAR 1
was pooled and purified by treatnment with phenol and preC|p|tatro@Nmﬁﬂm

et hanol. The resulting precipitates were recovered and dissolved again in
200 1 TE buffer, and 10 I aliquot was digested at 37 Cfor 2 hours with
restriction enzynes BanH, Pvull, and H ndl Il respectively. The digest was
el ectrophoresed for 1 hour at 80 nmV on 2 % agarose gel (0.5 %BE) Asa

nol ecul ar mar ker, Super Ladder-Low (100 bp | adder) (Gensura Laboratories,

Inc.) was used,, Tﬁg g | ectrophoresis was stained with SYBR G een
I (I\/blecular&Pr%besc %cﬁ éI‘?Hélgonflrrn the nucleic acid. The results are

shown in F| ? The espective | anes corresgond to the foll owi ng sanpl es.
1. XIV siZé %% ker STty 3P RA€ BERFEPEAVEr BRlUdte 33- siiel pLdi gest
of the purified product 4. Hindlll digest of the purified product It is
esti mat ed ?%%&O%U%Q%O%Wd%o%%hﬁmﬁ%%%rhoﬁh@imu@ynghesetaﬁlbglml%ﬁbrt
anplification products are those of SEQID NOS:13, 14, 15 and 16. From

t hese nucIeotidé%S@@GéMEéémerﬁeIﬂB%hdhaEeddsWherein&a&bgﬁb@gﬁﬁﬂéndiQ?Sted
with the restriction enzynes is as shown in Table 1. "L" in the tab

i ndi cat es f¥vat Flia Sopddidt ilonMiBrneléct baphoteStsmpSeNOht s agub§@ggl@§cause

L is a fragnent containing a | oop (single-stranded chain 70 1 MAR 2004
seguence, are alternately linked via a loop- formlng seguence
containingFchjlasingle—strandedchain,issynthesized. The
compositionofareactionsolutionforthen@thodofsynthesizing
nucleicacidknrtheseprimersaccordingtx:thepresentinvention
is shown below.

Composition cf the reacticn soluticon (in 25 Bl
<0 mM Tris-HC1l pHS8.S8
10 mM KC1
10 mM (NHy) .50,
6 mM MgSO,
0.1 % Triton X-100
5% dimethyl sulfoxide (DMSO)
0.4 mM dNTP
Primers:
800 nM MI3FA/SEQ ID NO:1

800 nM MI3RA/SEQ ID NO:2

200 nM M13F3/SEQ ID NO:3
200 nM M13R3/SEQ ID NO:4
Target: M13mpl8 dsDNA/SEQ ID NO:5

Reaction: The above reaction solution was heated at 95
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Table 1. Restriction enzyne-digested fragments of the anplificationgmapi
products according to the present invention SEQ |I D NOBanHl Pvul | H ndl |
13177 +L56 +L147 +L 1415+101 +L142 +L 15171+101 +L56 +L147+161 +L
1611+101+230+L237 +L142+170 +L Summaryl01, 177, 23056, 237142, 147, 161, 170
(11,15; not confirned) Because alnpost all bands before digestion were
changed into estimted bands, it was confirned that the object reaction
products were anplified. Further, it was also shown that there were no or

| ess uns i fleg. prod anple 3., Pronotion of anplification reaction by
additionpgﬁi ngai%eﬂﬁéﬁgfgérrﬁﬁﬁtTFB? %ﬁéﬁ@%lnﬁcfhf_%HQE%¥e%flﬁﬁfalﬁe

N, N, N-trigd I Ci he i_gma) ded to the anplification reaction
gol ution ogn:L #11?%1%1) allw]%%tq%&grnr'ea@g?oﬁe%?th%Iséldl%ic,qrdW_a\ﬁ/aEIé@ﬁd@ér'é@.

Synt hesi s ,of ,the nuc|eic acid having conplenmentary chains alternately
Iinked in % SiGgI% <t MahGdd 2BRaf P &icéisdi AYAL Bot ipeprese MNER ERGLAND Was

conducted usin ML3npl8 as a tenplate simlarly in Exanple 1 in the
presence %Olt?g%—"di e 2B AFEd ddisredic entr AheomsxtThe prEmeescusedatngs he
experinment were identical to those used in Exanple 1. The ampbunt of the

tenpl ate DNAfemsl 1021 noRLEM3npa8)ieand wed efeawas d#seds asrhhgspegati ve
control. Betaine was added at concentrations of 0, 0.5, 1 and 2 Mto the
reaction $dl GCi boxr ThenieormasianidORransferred again to ice-cold water,
Confirmation of the reaction: 1 pl loading buffer was
added to 5 pl of the above reaction soluticn, and the sample
was electrophoresed for 1 hour at 80 mV on 2 & agarose gel (0.5 %
TBE) . As a molecular-weight marker, XIV (100 bp ladder,
Boehringer Mannheim) was used. The gel after electrophoresis
was stainedwith SYBR Green I (Molecular Probes, Inc.) toconfirm
the nucleic acid. The results are shown in Fig. 8. The
respective lanes correspond to the following samples.
1. XIV size marker.
2. 1 fmol M13mpl8 dsDNA.
3.’No target.
In lane 3, no band was confirmed except that the unreacted
primers were stained. 1In lane 2 in the presence of the target,
theproductswereconfirmedasaalowsizebandladder,assmeared

staining at high size and as a band hardly electrophoresed in

the gel. BAmong the low-size bands, bands in the vicinity of
290bpand450bpagreewiththeproductsestimatedinthesynthetic
reaction of this invention, that is, double~stranded chains of

SEQ ID NOS:11 and 12 (corresponding to double-stranded chains
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of the reaction solution is shown bel ow. Conposition of the reactio
solution (in 25 pL) 20 mM Tris-HCL pH8.8 71 4 MM MgSO4 0.4 nM d'N-T%éR )
mM KCL 10 mm (NH4) 2S04 0.1% Triton X-100 Prinmers: 800 nM ML3FA/ SEQ I D
NO1 800 nM ML3RA/SEQ ID NO 2 200 nM ML3F3/SEQ ID NO'3 200 nM ML3R3/ SEQ
I D NO 4 Target: ML3nplB dsDNA/ SEQ I D NO. 5 The pol ynerase, reaction
conditions, and conditions for electrophoresis after the reaction were
identical to those described in Exarrple 1. The results are shown in Fig.

o) 10 M ICEIRE 40 I8 pRILOENTE) UnDELELOS) Tncha SNEAU TR D

or 1.0 M the amount o n product was | crease

i f d

;bs'eise;"%t%a%;é%ﬁg&a@ﬁmﬂ:@f%hseéom%m U TR LIS D B
t t bl

0 he b esence, oL betalpe Ao oM Labls,, concentiation. The SIS

concentration of betaine was 2 Mwas that Tmwas | owered too nuch. Exanple
4. Anp||f@€QMQQ$&ﬁSPBQE§§ﬁé Seﬁggﬁééstlmatedthattheelectrophove51s

results of the smeared pattern at high size and the band not
electrcphoresed were brought about because this reaction was
basically a continuous reaction to permit varying molecular
weights of the reaction product and further because the product
has a complicated structure having a partially single-stranded
chain and a double-stranded complex.
Example 2. Confirmation of the reaction products by digestion
with restriction enzymes

For the purpose of clarifying the structure of the nucleic
acid having complementary nucleotide sequences linked
alternately in a single-stranded chain obtained in Example 1
according tothe present invention, thedigestionof the preducts
with restricticn enzymes was conducted. If fragments are
theoretically generated by digestion therecf with restriction
enzymes and simultaneously the smear pattern at high size and
the band not electrophoresed as ocbserved in Example 1 disappear,
thenit canbeestimatedthat anyof theseproductsarethenucleic
acid having complementary sequences linked alternately in a
single-stranded chain synthesized according to the present
invention.

The reaction solutien (200 pl) from 8 tubes in Example
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The met hod of synthesizing nucleic acid according to the 72 1 9 MAR 2004
present invention was attenpted wherein M3npl18 dsDNA having a pat tiMdh 700
sequence of HBV gene integrated therein was used as a tenplate. Four kinds
of priners, HB65FA (SEQ ID NO 6) , HB65RA (SEQID NG 7) , HBF3 (SEQ ID
NO 8) and HBR3 (SEQ ID NGO 9) , were wused in the experinment. HBF3 and
HBR3 were outer prinmers for displacenent of the first nucleic acid
obt ai ned respectively wth HB65FA and HB65RA as the origin of synthesis.
Because the outer priners are prinmers serving as the origin of synthesis
of conpl ederta? y podied adndr payifhesi sbwi tthredBGERA (withBGIRMol bhase were
designed to anneal to a region contiguous to HB65FA (or HB65RA) by use of

t he phenopEBompdtatmohigmbhseﬁh&ﬁﬂdJugTheFuEEthin@hgréemgéﬂhﬁéki98§e0f
these prinmers were set high such that annealing of HB65FA or HB65RA)

occurred i ; r : SE 4 i.n tAhi anpl e,
Goriveq 1 EcepREeRl; Ahlydl sSoPred AT SHINAE WL1ER, BAkeeh, DoRE TR

nucl eot | dg 50UERAS §9SLELNLENY 43D BPAJEL, 3 cRhown i) Lhe Sequence

Li sting. The structura ature of each pr :
AR L L O B s I P 4
cor! erene2Fy ERanRPEsn iRt Dol PRCERR AR5 G SyPBRE E2ci n
HBV- ML3np18 . HB65 The sane region Ric_in conpl enmentary chain
synt hesi z%?l ab@gf%%%%ﬁ%ﬁéwﬁﬂ% L?ad?EQFBH bp ladder) (Gensura
Laboratories, Inc.) was used. The gel after electrophbresié
wasstainedwithSYBRGreenI {Molecular Probes, Inc.) toconfirm
the nucleic acid. The results are shown in Fig. 9. The
respective lanes correspond to the following samples.
1. XIV size markef
2. BamHI digest of the purified product
3. Pvull digest of the purified product
4. HindIII digest of the purified product
It is estimated that nucleotide sequences constituting
relatively short amplification products are those of SEQ ID
NOS:13, 14, 15 and 16. From these nucleotide sequences, the
estimated size of each fragment digested with the restriction
enzymes is as shown in Table 1. “L” in the table indicates that

its position in electrophoresis is not established because L

is a fragment containing a loop (single-stranded chéin).
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731 ~MARZ21 "1 G ~ conplenentary chain synthesized by HB65FA E
Conpl enent ary to F3c_contiguous to the 3' -side of region F2c in 13 MAR 2004
HBV- M 3npla 14BRal ConfrEekE ek 9N t IR TRt gfilotd | sExagment 8’ ofi dehof
region F2c in conplenentary chain synthesized by HB65FA By such priners,

nucl ei ¢ ampd MHierat o pxeg:llmtsemcemtrdﬂglg ftrcomer erasRitt 1imMIBpd8
(HBV- M 3npl B) =hawisa—apartial—csegyen BEe HBV.—gene-4integrated therein, and

its conpl ement BHYIRNE| eot |B(m1HIseguencePVaIé alter naﬂ-hlgi]]ﬂmked via a
| oop-formi ng sequepce—containing F2c in a_single-stranded chain, is

synt hesi zed. The 1jeacti ori”\R/aéLconducte?f dfkder the salfe/ ¢énditions as in

Exanple | except1 hat tAethH fidrs descried above wet¥ dded, and the
reaction sol uti on S a ]Vﬂ@g aga fsdlel ecl k- 14}*&&40#’@& s. The
results are shoglvn n Fqul resp g i¥e I anes Jc‘%?r rlddhdkd to the
foll owi ng sa :43 . 3. No

target Simlar.to . e products Wer e conflrrred only in the
presence g}i lli'lg ‘18P Egaglgrh?%ﬂ/ si ze band | adder, as sneared staining at
hi gh size and as a band hardly el trophcresed i.n the gel (lane 2) . Anobng
the | ow size baP@SaUPRMYYIPF t gﬁaa% pgfoge digessisndvese sbaagﬁéie Wit h
the products estinated in-the synthetic reaction of this invention, that

i s, doubl E35? estdantachhands ofl tokas | genfdgmed; thag tlge C@Fh]diqft reastinns

confirmed that ~4
.- products were ampllfled. Further, it was also shown that there

were no or less unspecific products.
. Example 3. Promotion of'amplification rreaction by addition of
betaine
An experiment for examining the effect of betaine

(N,N,N-trimethylglycine, Sigma) adéed to the amplification
reaction solution on the amplification reaction of nucleic acid
was conducted. Synthesis of thg nucleic acid having
complementary chains alternately linked in a single-stranded
chain according to the present invention was conducted using .
M13mpl8 as a template similarly in Example 1 in the presence
of beﬁaine at various concentrations. The primers used in the
experimentwereidénticaltothoseusede1Example]u The amount
of the template DNA was 102! mol (M13mpl8) and water was used
as the negative control. Betaine was addéd at concentrations
of 0, 0.5, 1 and 2 M to the reaction solution. The composition
of the reaction solution is shown below. |

Composition of the reaction solution-(in 25 pL)

20 mM Tris-HCl pHB.8
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9 VAR 21pi the reaction proceeds as expected. As described in the regylg
in Exanple 1, it was estimated that the snmeared pattern at high sizé and

t he bandnot el ecl C-rophoresed were caused by the structure of the

synt hetic product characteristic of thepresent invention. Fromthis
experinment, it was conf irnmed that the present invention can be practiced
even if a different sequence (target) is used for anplification. Exanple
5. Confirmation of the sizes of the synthetic reaction products To confirm
t he strucgu&g pf,shhe nucleic acid synthesized according to the present
invention, Its Pen@th was anal yzed by el ectrophoresis under

al kal i -de a%ur'ngrg nditions. I Pl alkaline |oading buff er was added to 5
~t1 of eabh?rBHcHPdR®solution in the presence of the targetin Exanplel or4
and el ectrophoresed at 50 mA in 0.7 % agarose gel (50 mM NaOH, 1 nmM EDTA)
for 14 hoélr8" ASlthe nol ecul ar-wei ght size marker, Hindlll-digested

| anbda- phage fragnents were used. The gel after electrophoresis was
neutrali zég Wit HNE«MS@4i s, pH 8 and stained with SYBR Green | (Ml ecul ar
Probes, Inc. ) to conf irmthe nucleic acid. The results are shown in Fig.
13. The réspécfreschaied COcorrespond to the foll owi ng sanples. 1.

Hi ndl || -di gested fragnents from | anbda- phage. 2. The reaction product in
Exanpl e 1Pr3mefBe reaction product in Exanple 4. Wen the reaction product
was el ectrophcresed under 75 1 9 MAR

800 nM M13FA/SEQ ID NO:1
B0OC nM M13RA/SEQ ID NO:2
200 nM M13F3/SEQ ID NO:3
200 nM M13R3/SEQ ID NO:4
Target: M13mpl8 dsDNA/SEQ ID NC:5

The polymerase, reaction conditions, and conditions for
electrophoresis after the reaction were identical to thcse
described in Example 1.

The results are shown in Fig. 10. In the reaction in the
presence of betaine at a concentraticnof 0.5¢cr 1.0M, the amount
of the amplification product was increased. Further, if its
concentration was increased teo 2.0 M, no amplificaticn was
cbserved. It was thus shown that the amplification reaction
was promcoted in the presence of betaine at a suitable
concentration. The estimated reason that the amount of the
amplification product was decreased when the concentration of
betaine was 2 M was that Tm was lowered too much.

Example 4. Amplification of HBV gene sequence

The method of synthesizing nucleic acid according to the
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d be
confirnmed. It was confirned that the sizes of the major products MAG (2
Exanple 1 (lane 2) and Exanple 4 (lane 3) were within 2 kbase. Further, it
was reveal ed that the product according to the present invention had been
extended to have a size of at |east 6 kbase or nore within the range
capable of confirmation by this analysis. In addition, it was confirnmed
agai n that bands not el ectrophoresed under non-denaturing conditions in
Exanples 1 and 4 were separated in a denatured, state .into _individual
Singl e- ot PARAGA Al RECLPDSHaF | & eTg s EXeRmi b (GRS 67 voha
anmplification depending on the concentration of a target in the
anpl i fi caRiBRrbica FEYIOICT 1P MEV3AE1S TRECUARRFEENERe LR WaT WsRg &5
concentration of a target on the nethod of synthesizing nucleic acid
accor di ngattenhe i esdptr kinwenoifanr wasr obsetwed. (IPe Insitot) oHEE5RA
synt hesi zing nucleic acid according to the present invention was carried
out under (EB@ IBaie TiondiBfi2oMSEQSI D VEx@npine HBRBC¢PEQt AatNa:He ,anmeurt of
ML3nmpl8 dsDNA as the target was O to | fnmol and the reaction tinme was 1
hour or 3ubedr$n Shendagedimdn@nphers, shhessRBPIeryas: t &t eatimeoresed in 2
% agarose gel (0.5 % TBE) and stained with SYBR Green | (Mol ecul ar Probes,
Inc.) to goBpikREhBELNYEl €he faEdH.niSE IDIRGH dbtSliZz@ dTREKEE XY 1(,100 by
| adder, Boehringer Mannheim was used. The results are shown in Fig. 14

(iupper: #1 BAWE & LAC LA B SR AW o ?h@?&%icjﬁ?‘%ltfi O0)+ 108: LeSRRGLI V& LaRes 76

| 1,,sti correspond to the follow ng sanpl es?
outer primers are primers serving as the origin of synthesis

al kal i -denaturing conditions, its size in a single-stranded stat ei Igloul

of complementary chain after synthesis with HB65FA (or EB65RA),
these were designed to anneal to a region contiguous to HBESFA
{or HBESRA) by use of the phenomenon of contiguous stacking.
Further, the concentrations of these primers were set high such
that annealing of HBE5FA {or HB65RA) cccurred preferentially.
The target sequence (430 bp) in this example, derived from EBV
integrated in M13mpl8, is shown in SEQ ID KNO:10.

The nucleotide sequence constituting each primer is shown
in the Sequence Listing. The structural feature of each primer
is summarized below. Further, the positicnal relaticnship of
each region toward the target nucleotide sequence (target) is
shown in Fig. 11.

Primer Regicn at the 5'-side/region at the 3’ -side
HBESFA The same as region Flc in complementary chain
synthesizedby HB65FA/complementaryto regicnF2c in HBV-M13mpl8
HB&5SRA The same as region Rlc in complementary chain

synthesized by HB6SRA/complementary to regicn R2c in
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1. ML3npl8 dsDNA 1x10-15 nol/tube. 2. ML3np18 dsSDNA 1x10-16 nmol/tube., 3.
ML3np18 dsDNA 1x10-1? nol/tube. 4. M3npl8 dsDNA 1x10- 16 nol /tube.  BH L0
ML3nmpl8 dsDNA 1x10-19 nol/tube. 6. ML3npl8 dsDNA 1x10-2 nol/tube. 7.
ML3nmpl8 dsDNA 1x10-21 nol/tube. 8. ML3npl8 dsDNA 1x10-22 nol /tube.
target. 10. XV size marker. A common band anong the respective | anes
appears in a lower part in the electrophoretic profile and shows the

unr eact ed

stained primers. Regardl ess of the reaction time, no

anplificatd %’n@}}p&tr)’{ S1pbser }{&H@dﬁﬁgf . pf the target. A st

pattern,

depén

I'ng on the concentration o arget, of the

anplificaty pr oduct tai. nly-in_ the. presence . of .the. tar

Further, t é??anplificé%ﬁ%ﬁ%%F%H%ggrgSuyacb%anb£$??ﬁe &S dwer=ae ot

concentration as ere ' i was increased. Exanple 7. Detecti
ﬁ? éﬁﬁh*ﬁﬂﬁ%

a poi nt mit&i%h

)P

was ML3npl8 (wild-type) and ML3npl8FM (nutant) . For the constructio
the nut ant?3ME3np1BFM ICAPEREMETLR 1Y tPoRMat SRehegreuKitto CTgkar as SRzt
Ltd.) was used to 77 1 replace one nucleotide for nmutation. Thereafte

sequence IRES QOFAG rEd YNISleguAETIC Iy . CHRNen seypueiesl pfd tihe HBE6TRgion is

By such primers, nucleic acid wherein a region extending
fromFlctoRlcian3m§18(HBV-MleplS)havingapartialsequence
of HBV gene integratedtherein, and its complementarynuclectide
seguence, are alternately linked via a loop~forming seguence
containing F2¢c in a single-stranded chain, is synthesized. The
reaction was conducted under the same conditions as in Example
1 except that the primers described above were used, and the
reaction scluticonwas analyzed by agarcse electrophoresis. The
results are shown in Fig. 12. The respective lanes correspond
to the following samples.

1. XIV size marker
2. 1 fmol HBV-M13mpl8 dsDNA.
3. No target

Similar to Example 1, the prcducts were confirmed only
inthe presence of the target as a low size band ladder, as smeared
staining at high size and as a band hardly electrophoresed in
thegel (laneZ2). ZAmongthe low-sizebands, bandsinthevicinity
cf 310 bp and 480 bp agree with the products estimated in the
synthetic reaction of this ibvention, that 1s, double-stranded

chains of SEQ ID NOS:17 and 18, and it was thus confirmed that

74

9. No

ai ni ng
t.

on of

f ML3npl8FM (nmutant) The target DNA used

n of
Co. ,
r, the



shown bel ow. W d-type: CCGEGGATCCTCTAGAGICG (SEQ ID NG19) Mitant: .
CCGGGGATCCTCTAGAGTCA (SEQ ID NO 20) (2) Design of primers The FA pWHéR gl
used for the wild-type and the nutant were provided at the 5 -term nal of
the Fic region thereof with different nucl eotide sequences, respectively.
The | ocation of the nutation and the positional relationship of each
region toward the target nucl eotide sequence (target) are shown in Fig.
15. (3) Anplification reaction An experinment was conducted to exan ne

whet her - (N Lfigcatl reacti C usj
Corbi nat | G ot SSREETT PE Brar b R B8 By Cee SN AEAS R ENE. 1y pey
and ML3npl8F mut ant) .as priners. Priper_set for wld-type anplif.ication:
FAda, RAda" BRSPS SRR ARR e ottt (IS bR BRI BAGE F3.
R3 The nucl eotide sequence of each priner is as follows: FAd4 :
CGACT CTAGRSRE PO P E ARSI G G R T TR BER T (5189 DY BIRG I B tEAR 4
TGACTCTAGAGGATCCCCGGTTTTTGT TGTGTGGAATTGTGAGCGGAT (SEQ |ID NO 22) RAd4
CGT CGT GACPEHEAAWCUTT I II P Cr S0cCCOETET FECCFATTAC {ISERr 2 enb iNFeZd) oF3:
ACTTTATGCTTCCGGCTCGTA (SEQ I D NO 24) R3: GITGGGAAGGEGCGATCG ( SEQ | D NC. 25)
(4) Det ecttirom wfig aeppoinentutiatwancon MiB8aptdat the present invention

can be practiced even 1f a different sequence (target) is used

fer amplification.

Example 5. Confirmation of the sizes of the synthetic reaction

products

To confirm the structure of the nucleic acid synthesized
according to the present invention, its length was analyzed by
electrophoresis under alkali-denaturing conditions. 1 pl
alkaline lcadingbufferwasaddedtobSpl of eachreactionsolution
inthe presenceof the target inExample 1 or 4 and electrophoresed
at 50 mA in 0.7 % agarose gel (50 mM NaCH, 1 mM EDTA) for 14
hours. As the molecular-weight size marker, HindIII-digested
lambda-phage fragments were used. The gel after
electrophoresis was neutralized with 1 M Tris, pH 8 and stained
with SYBR Green I (Molecular Prcbes, Inc.) toconfirmthe nucleic
acid. The results are shown in Fig. 13. The respective lanes
correspond to the following samples.

1. HindIII-digested fragments from lambdza-phage.
2. The reaction preoduct in Example 1.
3. The reaction product in Example 4.

When the reaction product was electrophoresed under
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The conposition of the reaction solution is as follows: Final concm %§
D2WB. 75 L 10X Therno pal buffer(NEE)2.5 L20 nM Tris-HCL pH 8.8 10 R
mM (NH4) 2S0Q 6 nM MgSO4 2.5 nM dNTP4 LO. 1 % TritonX-100 400 M 100 W

MySH40.5 L 4 M Bet ai ne6. 25 pL1 M ML3FAd4 prinmer (10 pnol/L)or
prinmer (10 pnol/gL)2 gL800 nM ML3RAd4 priner (10 pnol/L)2 gL800 nM ML3F3

(10 prol /L)0.5 L200 nM ML3R3 prinmer (10 prnol/L)0.5 .iL200 nM Tot al
anount 1 fnol (2 1) of the target I\/[L3rrp18 or ML3npl8FM was added to the

primer

ML3FAMI4

IOﬂ

o

reaction ST utlon and heated at 95 C for m nut es whereby the target was

denat ur ed 3o

15 AENRGHIEST &aed i S lﬂﬁa S ¥%&acithi ¢h wqhﬁ-

transferred to ice-cold water, and 1 1 79 1 'i MA 5 2004 (8 U) of Bst DNA
pol ymer as & LENBWCENEEARD Bpof abjctins dddes chaféroecahtiateblbecsitor df hour
at 68 Cor 68.5 C. After reaction, the reaction was termnated at 80 C for

10 m nut es}heanal] ¢ he rnoelacttisonn bsactliruEkampﬁNasl t tansfar eed Eaganpld 6 {leerecol d
As shown in Fig. 16, when FAd4 for wild type was used as

wat er .

3)werewithinZ kbase. Further, itwas revealedthat theproduct
acéording to the present inventicn had been extended to have
2 size of at least & kbase or more within the range capable of
confirmation by this analysis. In addition, it was confirmed
again that bands not electrophoresed under non-denaturing
conditions in Examples 1 and 4 were separated in a denatured
state into individual single-stranded chains of smaller size.
Example 6. Confirmation of amplification depending on the
concentration of a target in the amplification of a regicn in
M-13mpl3

The influence of a varying concentration of a target on
the method of synthesizing nucleic acid according to the present
inventionwasobserved. Themethodof synthesizingnucleicacid
according to the present invention was carried out under the
same conditions as in Example 1 except that the amount ¢f Mljmp18
dsDNA as the target was 0 to 1 fmol and the reaction time was
1 hour or 3 hours. Similar to Example 1, the sample was
electrophcoresed in 2 & agarcse gel (0.5 % TBE) and stained with
SYBR Green I (Molecular Probes, Inc.) to confirm the nucleic
acid. Asamclecular sizemarker, XIV (100 bp ladder, Boehringer
Mannheim) was used. The results are shown in Fig. 14 (upper:

l-hecur reaction, below: 3-hour reaction). The respective lanes
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the FA priner, effective anplification was observed only in the presepge-:

(NN

of the wild-type tenplate. On the other hand, when FAMI4 for nutant was
used as the FA priner, effective anplification was observed only in the
presence of the wild-type [sic.] tenplate. Fromthe results described
above, it was shown that the point nutation could be detected efficiently
by use of the anplification reaction of the present invention. Exanple 8.
Amplification reaction of nRNA as a target The nethod of synthesizing

nucl ei ¢ achd ACeandi g ol e 1RLeSeNt venti on was attemted using mRNA
Cc

as the target n eic acid. To prepare the target nRNA, prostate cancer

cell line,; L P |1 T 15 -1740) expressing prostate specific
BA) THEF GBI O o S et

antigen ( chro oid leukem a cell line K562
cells (AT hg C&%'§4%%$ﬁ nrexpressing cells at 1 : 106 to 100 : 106,
fol l owed By BxtFRLEi 65 ﬁﬁg%totgplﬁNRbﬁy use of an RNeasy Mni kit from
Q agen (Gbrnané). Four kinds of priners, that is, PSAFA, PSARA, PSAF3 and
PSAR3, wefe Hdearlfndshdledpdfi meROl/PYRE3 and PSAR3 are outer primers for
di splacing the first nucleic aghd obt ai ned respectively with 80 f E . 1lilti
L~u4 PSAFA.aHd3RSARACE®NFhE xd0 gi medf/ teypet.hesi s. Further, the
concentrations of these priners were set high such that annealing of PSAFA
(or PSARAp.ontGmped pseiar amtlioal? ywolThebeucl eoti de  sequences constituting
the respective priners are as follows. Priner: PSAFA
TGTTCCTGARGCCACT sBEAGE TREAGKETCCCRICBEEGEECTG (SEQ | D

7. M13mpl8 dsDNA 1x107% mol/tube.

8. M13mpl8 dsDNA 1x107%? mol/tube.

9. No target.

10. XIV size marker,

A common band ameng the respective lanes appears ina lower

part in the electrecphcretic profile and shows the unreacted

stained primers. Regardiess of the reaction time, no

amplification product is observed in the absence of the target.

Astainingpattern, dependingonthe concentrationof the target,

of the amplification product was obtained cnly in the presence

of the target. Further, the amplification product could be

confirmed at lower concentration as the reaction time was

increased.

Example 7. Detection of a point mutation

(1) Preparation of M13mpl8FM (mutant)

The target DNA used was M13mpl8 (wild-type) and M13mpl8FM

(mutant). Forthe constructionof themutant M13mpl8FM, LA PCR™

in vitro Mutagenesis Kit (Takara Shuzo Co., Ltd.) was used to
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NO 26) PSARA: TGCTGGGTCGGCACAGCCTGAAGCTGACCTGAAATACCTGGECCTG (SEQJ&)J«ﬁmﬁ
JSQE

27) PSAF3: TGCTTGTGGCCTCTCGTG( SEQ | D NO: 28) PSAR3: GGGTGTGGGAAGCTGT(("SE
NO 29) The structural features of the primers are summari zed bel ow.
Further, the positional relationship of each prinmer toward the DNA

nucl eoti de sequence coding for the target nRNA and recognition sites of

restriction enzynme Sau3Al are shown in Fig. 17. Prinmer Region at the
5'-side/region at the 3'-side PSAFA The sane as region Flc in

e Ssane asS region

COMP! SMEnt 6 SERA0 M. (NS S D, RAPALOTRL R | 90E AN FAP |

t he target “nucleotide Sequence

n

conpl enent ary chg%gmgéﬁgt hesi zed .b PSé conpl ementgré tgfl;e ion R2c in

conpl enent’4ry“&H HeSiDET By PSAFAS PEARS = Cotpt S 8B Tokd

contiguous to the 3 -side of region F2c in the target nucl eoti de sequence

81 PSAR3 GHMMeRSAtCH¥ry to Ric contiguous to the 3'-side of region R2c
conpl enentary chain synt hesi zed by PSAFA The conposition of a reaction
sol uti on fiér crisapest REGCHCATEITHEGSGFATRE nddleild ati'd Hccording to the
present invention is as follows: Conposition of the reaction solution
25 jL) 20udsn®ri s- HCCGH¢@ B UMOBOf (SEQ ID NO:20)
(2) Design of primers
The FA primers used for the wild-type and the mutant were
provided at the 5'-terminal of the Flc region thereof with
different nuclectide sequences, respectively. The locationof
the mutation and the positional relationship of each region
toward the target nucleotide sequence (target) are shown in Fig.
15.
{3) Amplification reaction
An experiment was conducted to examine whether
template-specific amplification reaction occurs using a
combinaticn of specific primers shown below by use of MI13mpl8
(wild-type) and M13mpl8FM (mutant) as primers.
Primer set for wild-type amplification: FAd4, RAd4, F3, R3
Primer set for mutant amplification: FAMd4, RAd4, F3, R3
The nuclectide seguence cof each primer is as fecllows:
FAd4 : CGACTCTAGAGGATCCCCGGTTTTTGTTGTGTGGAATTGTGAGCGGAT (SEQ
ID NO:21)
FAMd4: TGACTCTAGAGGATCCCCGGTTTTTGTTGTGTGCAATTGTGAGCGGAT (SEQ

ID NO:22)

RAEd4 : CGTCGTGACTGGGAAAACCCTTTTTGTGCGGGCCTCTTCGCTATTAC (SEQ
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mM DTT 1600 nM PSAFA & PSAFA prinmer 200 nM PSAF3 & PSAR3 pri ner
DNA pol ynmerase 100 U Rever Tra Ace (Toyobo Co., Ltd., Japan) 5 g tot
Al'l ingredients were mxed on ice. In this experinment, nmRNA
(single-stranded chain) is used as a target, and thus the step of making
singl e-stranded chain by heat denaturation is not necessary. The reaction
was conducted at 65 C for 45 mnutes, and the reaction was term nated at
85 C for 3 nlqg)utz%ﬁ After reaction, 51 of the reaction solution was
el ectroph P d“i'n 82 2 % agarose and detected by SYBR Geen |I. The results

are shown_i_n Tahle 18. T ective | anes rrespond to the follow ng
sanpl es. Eane ACE T3PS GETH Gﬁ%ﬁ%ﬁ’fy@r (?qu_I‘E@aIHchI‘II)s/ 106 K562 cells - +0

R3: GTTGGGAAGGGCGATCG (SEQ ID NO:25)

0.4 mM dNTPs 10 nM KC1 10 nM (NH4) 2S04 0.1 % Triton X-100 OBMbeL%,I ehr
5
al RNA

(4) Detection of the pcint mutation in M13mpl8
The composition of the reacticn seclution is as follows:

Final concentration

D2W 3.75 uL
10X Thermo pcl buffer (NEE) 2.5 pL 20mM Tris~HC]l pH B.8
10 mM KC1
10 mM (NHy4) 230,
6 mM MgS30,
0.1 % TritonX-100
2.5 mM ANTP 4 uL 400 uM
100 mM Mgso, 0.5 pL
4 M Betaine : 6.25 pL i

M13FRd4 primer (10 pmol/uL) or

M13FAMd4 primer ({10 pmol/pL) 2 UL 800 nM

M13RAd4 primer (10 pmol/pL) 2 uL 800 nM

M13F3 primer (10 pmol/uL) 0.5 uL 200 nM

M13R3 primer (10 pmol/ul) 0.5 uL 200 nM
Total amount 22 uL

1 fmel (2 pl) of the target M13mpl8 or M13mplBFM was added

to the reaction soluticn and heated at 95 °C for Sminutes whereby

the target was denatured into a single-stranded chain. The

reaction soclution was transferred to ice-cold water, and 1 Ml
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- +10 +0 +10 + +0 + +1 + +10 8 Sau3Al digest of 1 L aliquot of thq mgg@b%g
solution in lane 6 9 Sau3Al digest of 1 L aliquot of the reaction sofut

in lane 7 10 Size maker, 100 bp | adder (New Engl and Bi ol abs) In the
absence of either Bst DNA pol ynerase or Rever Tra Ace, no anplificat
product could be obtained (lanes 1 to 4) . In the presence of both t
an anplification product was detected (lanes 5 to 7) if RNA

enzynes,

derived from LNCaP was present. RNA extracted from one LNCaP cell/on

111 on K507 cels ol g b et ected Clage, Bla: e Lle amaliicaty o

product was ~digeste

e restr Ion enzyne ocate

i on
he
e

n
n the

n
n

inside of the target, _th r oduct digested, into a fragnent of

esti mat ed aéjidzée(—"f:gﬁgsf%r;ng‘og)r. a%%@?%rﬂrt %é -Pedul t $TFESCFFREHI @BoV® it was
confirmed that the desired reaction product can be obtained in the nethod
of synt hé§izAtdgmuep dissmadial estebridi ngfes theippésentanichibaticnrt iave
RNA is used as a target. Industrial Applicability According to the no
ol i gonucl| éstlivdd e e i s atied mrggsenttd nvantdwot aridethe et hod of
synt hesi zi ng nucleic acid

As sheown in Fig. 16, when FAd4 for wild type was used as
the FA primer, effective amplification was observed only in the
presence of the wild-type template. On the other hand, when
FEMd4 for mutant was used as the FA primer, effective
amplification was ocbserved only in the presence of the wild-type
[sic.] template.

From the results described above, it was shown that the
point mutation could be detected efficiently by use of the
amplification reaction of the present invention.

Example'B. Amplification reaction of mRNA as a target

The method of synthesizing nucleic acid according to the
present invention was attempfed using mRNA as the target nucleic
acid. To prepare the target mRNA, prostate cancer cell line
LNCaP cells (ATCC No. CRL-1740) expressing prostate specific
antigen(PSA)wéremixedwithchronicmyeloidleukemiacellline
K562 cells (ATCC No. CCL-243) as non-expressing cells at 1
10% to 100 : 10% followed by extraction of the total RNA by
use of an RNeasy Mini kit from Qiagen {Germany). Four kinds
cf primers, that is, PSAFA, PSARA, PSAFr3 and PSAR3, were used
in the experiment. PSAF3 and PSAR3 are outer primers for

displacing the first nucleic acid cbtained respectively with
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by using said oligonucleotide, there is provided a nethod of syntqe§ zi g
nucl ei ¢ acid having conpl enentary nucl eoti de sequences |inked alternéf “V
i n asingle-stranded chain, without requiring any conplicated control of
tenperature. A conplenentary chain synthesized with the oligonucl eotide as
a prinmer based on the present invention serves as the origin of

synt hesi zi ng a new conpl enentary chain with the 3" -termnal of said

synt hesi zed chain as a tenplate. This is acconpanied by formation of a

| 00p CaUSIERGANNGA | BOnRh BsNEWPIdIRS sy A0 QynphAdugt OfpLhgcleaghion of
aln wt

synt hesi zi ng conpl enentary ch he previously syn "ResitZéd Ciai n as
a tenpl at [ n nt hesi s _of .co ementary chain fromthe
'oop. and %aéﬁe%etzﬁﬁ%%%ﬁ%% BTG S Tk PRGL G B NBd P A G Se iy

th npl at nbi ned_wi th Kk
ucl oo Gdi BUbbh 1BE: ZrAREhep RoR SRENPHET SERE 1 oL bt (TSt 10e

i nprovenent of efficiency of nucleic acid synthesis. According to an

addi t i onaPSErENéfreacTBletbF 1P ACT R eRERC T4 e grimers gretas Foljows.
invention, there is provided a novel method of synthesizing nucleic acid,
whi ch achPsigerthe i nprovenent of efficiency of the known nethod of

synt hesi zi ng nucleic acid, does not require conplicated control of
tenperatuPéAFéanT@Qﬂ@@&@ﬂﬂ&iﬁﬂfGﬂﬂﬂﬂG@TﬂﬁHﬂTGﬂ@ﬁ&ﬂ&ﬂﬂﬂﬂﬂﬁCﬂﬂnﬂﬂE@ iI¢ati on
and can achieve high specificity. That is, the oligonuclectide based on
the present:iaéention is applied to a tenplate chain and its conplenentary
chai n whereby nucleic acid having conpl enentary sequences |inked

al ter nat ebgarhn BGSTOGEEcSECANAEdCThARNCe@AChecENEeRESTRELY TEY M hesized.
NC: 27)
PSAF3: TGCTTGTGGCCTCTCGTG (SEQ ID NO: 28)
PSAR3: GGGTGTGGGAAGCTGTG (SEQ ID NO: 28)
Thestructural featuresoftheprimersaresummarizedbelow.
Further, the positional relatiocnship of each primer toward the

DNA nucleotide seguence coding for the target mRNA and

recognition sites of restriction enzyme Sau3AI are shown in Fig.

17.
Primer Region at the 3’ -side/regicn at the 3’ -side
PSAFA The same as region Flc in complementary chain

synthesized by PSAFA/complementary to region F2c in the target
nucleotide sequence

PSARA The same as region Rlc in complementary chain
synthesized by PSARA/ccmplementary to region R2c  in
complementary chain synthesized by PSAFA

PSAF3 Complementary to F3c contiguous to the 37 -side of

region FZc in the target nuclectide sequence
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This reaction continues theoretically until the starting materials e ann)
necessary for synthesis are exhausted, during which new nucleic acid ™
initiated to be synthesized fromthe | oop continues tobe formed. The

el ongation fromthe cligonuclectide having annealed to the | oop perforns
strand di spl acenent for supplying 3 " -OH for elongation of |ong

singl e-stranded nucleic: acid (that is, nucle-ic acid having plural pairs
of conplenmentary chains linked therein) . On the other hand, the 3" -OH of

the 1ong | e-stra ded chain _perfor t he r.eaction of sy thesL2| g
conplenen?%ﬁ@gchaln PwpﬁﬁengaEg 2° i ICATE A Shy 0 £ |%n is
achi eved, during which a new conplenmentary chain whose syntheS|s IS
|n|t|atedrﬁﬁéﬁptﬁéclé@pQQ@D&e§6Pa@éH cogdR samtapRligace i GiPAFéact i on step
proceeds under isotherrmal conditions while maintaining high specificity.
The ol i gonucl eofheescipos heliprasent réagehtn oye bani omifer thaoneontd gdous
regions are arranged as designed, function as 85 1 9 MAR 2CE priners for
t he react isgntbksignnhesivzilegcnack éi ecastdiagcos ding pAasdrite iprveseniion
invention. This contributes significantly to the preservation of

speci fici ig. zBy feanpati:son with e.g. PCR where unspecific anplification
reaction is initiated by wunspecific nissannealing regardl ess of the

i nt ended @gﬁ BSQEQBn el ati-onship ;ef, %Ogrkq%rs N %@@,Qe easily expl ai ned

t hat high ecificity can be expected in the resent invention. This

feature cap gﬁ gti;ls_zed ? @ getgect SNPs hi ghly sen5|t|vely and accurately.
The characterizing feature of the present invention lies

4 mM MgSO,
0.4 mM dNTPs
10 mM KC1
1C mM (NH,) 2804
0.1 % Triton X-100
0.8 M betailne
5 mM DTT
1600 nM PSAFA & PSARA primer
200 nM PSAF3 & PSAR3 primer
8 U Bst DNA polymerase
100 U Rever Tra Ace (Toycbe Co., Ltd., Japan)
5 pg total RNA
All ingredients were mixed on ice. In this experiment,
mMRNA (single-stranded chain) is used as a target, and thus the
step of making single-stranded chain by heat denaturation is
nct necessary. Thereactionwasconductedat 65°Cfor45Sminutes,
and the reacticn was terminated at 85 °C fcr 5 minutes. After

reaction, 5 pl ¢of the reacticon solution was electrophoresed in
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in that such reaction can be easily achieved by a very sinpl
of reagents. For exanple, the oligonuclectide according to
i nvention has a special structure, but this is a matter of
nucl eoti de sequence, and it 1is a sinple oligonucleotide as

e constitution
t he przgé“ﬁiw

sel ecti on of
subst ance.

Further, in a preferred node, the reaction can proceed by only a DNA

pol ynerase catalyzing the strand di spl acenent-type reaction
synt hesi zi ng conpl enentary chain. Further, if the present

of
nvention is

carried ogtgm%ggéggé %%dad%%@BE%Eeb a DN polynerase such as Bca DNA

pol ymer asé havFng bot A reverse traiscriptase activity and s

trand

eact | ons. Can DECEORERELEN T ERE T N1 Tete e, THE TEaRTTon iyl e of

realizing a high degree of nucleic acid anplification react
si mpl e enZPHECSPEAEL i6n the Gt LRWIWE. SBVER SFor the applicat i

ion by such
on of the

present 86 1 9 MAR 2G4 invention to a known nucleig aci d synt hesi zi ng
reacti on 8ok BStSDARTno aluimbesnaf eHzgheckslAdebssir§efeelipeir

conmbi nation, and such a sinple conbination with the oligonu
on the présent Fnvention can be applied to valious reaction
Accordingly, it can be said that the nethod of synthesizing
accordingzto the present invention is also atl¥antageous in
cost. As described above, the nmethod of synthesizing nucleic
according3to the present invention and the ol ggonucl eoti de

provide a new principle of simultaneously solving a plural

probl ens guch as operativeness 10
5 + + 0
6 + + 1
7 + + 10

cl eoti de based
syst ens.
nucl eic acid
respect of
aci d
t her ef or
ty of difficult

8 Sau3Al digest of 1 pL aliquot of the reaction solution in

lane ©

9 Saul3AIl digest of 1 uL aliquot of the reaction solution in

lane 7

10 Size maker, 100 bp ladder (New England Biolabs)

In the absence of either Bst DNA polymerase or Rever Tra

Ace, no amplificaticn product could be obtained (lanes 1 to 4).

In the presence of both the enzymes, an amplification product

was detected (lanes 5to7) if RNAderived from LNCaP was

present.

RNA extracted from cne LNCaP cell/one million K562 cells could

be detected (lane 6}. When the amplificatiocn product was

digested at the restriction enzyme site Sau3AI located in the

inside of the target, the product was digested into &

of estimated size (lanes & and 9).
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(tenperat

synt hesi s,

A et hod
sequences
the step

ure control is not necessary), inprovement of efficiencyjafy-»

econom zation, and high specificity. 87 i 9 MBAR 2004 CLAINE

of synthesi zing nucleic acid having conplenmentary nucleotide
linked alternately in a single-stranded chain, conprising: a)

of giving nucleic acid which is provided at the 3'-term nal

ZJQL&

thereof with a region FI capable of annealing to a part Flc in the sane

chain and which upon annealing of the region F1 to Flc, is capable of

(orming 21000 SOMLALRLn9eR,T £ o ERtecapae O, Base_RALLLD, Bl he

of Fl having annealed to Flc serves as the orlgln of ¥nthe3|s

-term nal
c) the st
with the

é&eoPeéﬁﬁgélFﬁ@CtEBHaPF%ﬁPﬁh B borbifingd gontth bRt
3'-termnal thereof with F2 consisting of a sequence

conpl ementsanyhes e o egicd iF2eCitorFenedinpyt syhinast ssent tinwidion
eotide as the origin of synthesis, of a conplenentary chain by a
eveat dlfy ANfg 1 ¢ hesest reenck disspdedtenrent reacti on of synthesizing a

ol i gonucl
pol ymer as

conpl ementary chain to displace the conplenentary chain

step b),

displaced in step c) to be ready for base pairing, of a polynucleotide

provi ded

and d) the step of annealing, to the conplenentary chain

synt hesi zed in

ptlovi ded

atndulRe 3'=1t esppInalayinerqof with a sequence conplenentary to an
arbitrary region in said chain

According to the novel cligenucleotide according to the
present invention and the method of synthesizing nucleic acid
by using said oligonucleotide, there is provided a method of
synthesizing nucleic acid having complementary nucleotide
sequences linkedzalternatelyinasingle-strandedchain, without
requiring any complicated contrel of temperature. A
complementary chain synthesized with the oligonuclectide as a
primer based on the present invention serves as the origin of
synthesizing a new complementary chain with the 3/ ~terminzl of
said synthesized chain as a template. This is accompanied by
formation of a locp causing annealing cof a new primer, and a
product of the reaction of synthesizing complementary chainwith
theprevicusly synthesizedchainasatemplate isdisplacedageain
by synthesis of complementary chain from the loop and made ready
for base pairing. The thus cbtained nucleic acid synthesized
with itself as a template is combined with e.g. a known nucleic
acid synthesizing method such as SDA, to contribute the
improvement of efficiency of nucleic acid synthesis.

According to an additional preferred mode of the present
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synthesized in step c), followed by synthesis, with said 3 -ternnngvﬁﬁﬁm
the origin of synthesis, of a conplenentary chain 88 1 9 W"' "90~ ik) by a
pol ynmerase catal yzi ng the strand di spl acenent reaction of synthesizing a
conpl ementary chain to displace the conplenentary chain synthesized in
step c). 2. The nethod according to claim1l, wherein in step d) , the
origin of synthesis is a region Rl present at the 3 -termnal 1in the sane

chain and capable of annealing to a region Rlc, and a |loop containing the
regi on R2¢ Caggble of base_pairing is formed by annealing Rl to Rlc.

The met hod™d&

F8fing T8 dimPECY

second nucl eic acid provided by the followng steps: i) the step of
anneal i ngNUCdeacr @giBn 2ECh mHUEE T thE dmpseremesgtasi e fbhpleney off a
region F2 in the oligonucleotide conposed of at |east two regions F2 and
Fl ¢ bel owthandh$dre med hdd akedttdietier 5ig sidéedt #21d F2loes negiramuiand ng a

nucl eoti de sequence conpl enentary

aci d havi ngmglispeecf connuol eof itdenreqgitance, camdbEl €xpact egion dtaiing

substantially the same nucl eotide

the 51-si degheff ke orRgi ®NaldtifncAdebeizgcatd a bave P nd csRgEdifGicity.
nucl eoti de sequence, ii) the step of synthesizing first nucleic aC|g havi ng

That is, the oligonuclectide based on the present invention is
applied to & template chain and its complementary chain whereby
nucleic acid having complementary sequences linked alternately
in a single-stranded chain can be successively synthesized.
This reaction continues theoretically until the starting
materials necessary for synthesis are exhausted, during which
new nucleic acid initiated to be synthesized from the lcop
continues tobe formed. Theelongaticnfromthecligonucleotide
having annealed tc the lcop performs strand displacement for
supplying 3’ -OH for elcngation of long single-stranded nucleic
acid (that is, nucleic acid having plural pairs of complementary
chains linked therein). Cn the other hand, the 3'-CH of the
longsingle-strandedchainperforms the reactionof synthesizing
complementary chain with itself as a template whereby its
elongatiocn is achieved, during which a new complementary chain
whose synthesis is initiated from the loop i1s displaced. Such
an amplificaticn reaction step proceeds under iscthermal
conditions while maintaining high specificity.

The cligonucleotides in the present invention can, when

two contiguous regions are arranged as designed, function as
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a nucl eoti de sequence conplenentary to the tenplate wherein

step i

ol i gonucl eoti de having a

i)

ready for base pairing, and iv) the step of annealing an

made ready for base pairing in the first nucleic acid in step iii),
foll owed by synthesizing second nucleic acid with said oligonucleotide as

the origin_of synthesis and rendering Fl1 a
for base %ﬁf%' 52%%8

he 3' -termn t her eof

parfieag. fre” Yot hod! &

hgs t 6&69 éﬁ%,e%'éFéglr?ctor?é’drié@ on

F2 in tNeup

ol i gonucl eoti de serves as the origin of synthesis, iii) the step of
rendering an arbitrary region in the f irst 89 nucleic acid synthesized in

nucl eoti de sequence conplenentary to the region

r eady

enabl ing base pairing in step iii) is R2c, and the oligonucleotide in step
iv) is thé&%FP§oRGEBFEBE 4eVeDRbeEed B S ftonteadiuisw el iohiscaRt lahd oRi ¢

below, and Ric is linked to the 5'-side of R2, R2: a region having a
nucl eot i déhsepueneevebapheptraraci L@ tan alBi ceapprieghnoni R2ceiq. MIR ei c
acid having a specific nucleotide sequence, and Ric: a region having
subst ant i ahkyet hensaaei filcl eotp def 1 seguencecastimra fegi omiRl £tédcatyed at
-side of the region R2c in nucleic acid having a specific
nucl eot i densgguerce. mbs sdmee MELhodeaecaldisigof @ hel ahfes3de8 rhsiwierein the
rendering base pairing ready in steps iii) and iv) is conducted

by the stranddicsRhagesent psynthesi st by KoM Mentany -¢hakn: by: & ign
_polynerase catal yzing the strand

the 5'

step

of

specificity can be expected in the present invention. This
feature can be utilized to detect SNPs highly sensitively and
accurately.

The characterizing feature of the present invention lies
in that such reaction can be easily achieved by a very simple
constitution of reagents. For example, the oligonucleotide
according te the present invention has a specizl structure, but
this is a matter of selection of nucleotide sequence, and it
is a simple oligonucleotide as substance. Further, in a
preferredmede, the reaction can proceed by cnly a DNA polymerase
catalyzing the strand displacement-type reaction of
synthesizing complementary chain. Further, 1if the present
invention is carried cut with RNA as a template, a DNA polymerase
such as Bca DNA polymerase having both reverse transcriptase
activity and strand displacement-type DNA pclymerase activity
is used sc that all enzyme reacticns can be conducted by the
singleenzyme. Thereactionprinciplecfrealizingahighdegree
of nucleic acid amplification reaction by such simple enzyme

reaction is neot known. Even for the application of the present
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di spl acenent reaction of synthesizing conplenentary chain mherelq @P pHﬁFr
primer annealing to the 3' -side of F2c in the 90 tenplate and an ‘ou @f
prinmer annealing to the 3'-side of the region used as the origin of
synthesis in step iv) for the first nucleic acid serve as the origin of
synthesis. 6. The method according to claimb5, wherein the nelting
tenperature of each oligonucleotide and its conplenentary region in the
tenplate used in the reaction is in the follomjng rel ati onship under the
sane strin c ter |ner ion at. th Loside in th tenp ate) <_
(Foo/ £z AR ﬁ‘z‘&?&z? PlolErde & e Stane hoe SR it o any
one of clains.3 to mhereln the nucleic acid serving E@g tenplate is
RNA, and t‘ﬂﬁesDpyyﬁ?t?élﬁlstﬂd?fnaclo%%%msa‘??c%ﬁ%?ﬁy fﬁ’rs’flé?ol F}Wi Pédr@iet ed by
an enzynme having a reverse transcriptase activity. 8. A method of

anpl i fyi ngnAugPelca agimp have ¢eP Eeoripl @heri i y han g aenuge s #é$ &G nked
alternately in a single-stranded chain by repeatedly conducting the

f ol | owi ngost &ps: pARsens dtepnef opr owindbgg aprtlémd dte valfiichsi $egrcdioded at
the 3 - and 5 -termnals thereof with a region consisting of a nucleotide
sequence sgppkasent &rgedmolisacty t eim palh regi saidn thishe Sasremebhod afd whi ch
upon anneal ing of these nmutually conplenentary nucl eoti de sequences, forns

a |l oop Caﬁyhkae@ﬁzﬁ@@enu@aemngcme&@@@m\m«ﬂ , t Bt H g rsisep tofi npeiftarsm ng the
synt hesi s of conplenentary chain wherein t 3" -termnal of said tenplate

anneal ed t@ theg %@@%n@@%b%u%eﬁ%e§e§§ehﬁeerb%%@.Of synt hesi s,
As described above, the method of synthesizing nucleic
acid according to the present invention and the oligonucleotide
therefor provide a new principle of simultaneously soclving a
plurality of difficult preoblems such &as operativeness

(temperature contrcl 1is not necessary), improvement of

efficiency of synthesis, economization, and high specificity.
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C) the step of annealing, to the loop portion, of an 91 i. t n" | nn 11~
t G4 oligonucleotide provided at the 3'-terminal thereof with a 194 MR 200
conpl ementary nucl eoti de sequence to a | oop which anong said |oops, is

| ocated at the 3'-terminal site, followed by synthesis, wth the

ol i gonucl eotide as the origin of synthesis, of a conplenentary chain by a
pol yneri se catalyzing the strand displacenent reaction of synthesizing a
conpl ementary chain to displace theCéédpISenentary chain synthesized in
step B) to make the 3" -term nal thereof ready for base pairing, and D) the
st ep wher€li.n t hé odbhod wiftdyrtte 3t z irteenut hal c madd hawwadycdopleaset palri ng
in step C serves as a newtenplate. 9. The nmethod according to claimS8,
wher ei n t hexcladdtgatwicleapidroesd 1 isikep Gl tiexnpreldiydéd atsihglé&-steandedl
thereof with a nucl eotide sequence conplenentary to the 3 -term na

serving ascHdig orddgigrodirsynthesis in step B). 10. The nethod according to
claim9, further conprising the step where a conplenentary chain

synthesi zed wit iyt hee akigopdchepihdenidnsierdq agildie ier pgbRiakasypt hesis
is used as a tenplate in step”A). 11. The nethod according to claim8,

wherein thgd %m't%&%iLno%dl $hep uﬁtﬁygt%ﬁ‘%&%lb%ab@m@eb@ogngémhagd in

claim4. 12. The net according to cl 1 or 8, wherein the stran

O P aCerSih oL REL 0 oy AR D 2000 AV Rl Ao AR R LS o
accor di ng rteogiCc!nai“T]t]ozFlg\'p%.rseci:QpéQfe %‘%l érnrging a loop containing a region
F2¢c capable of base pairing,

b} the step of performing synthesis of a complementary
chainwherein the 3’ -terminal of F1 having annealed to Flc serves
as the origin of synthesis,

c} the step of annealing, to a region F2c¢c, o©of an
oligonucleotide provided with the 3’ -terminal thereof with F2
consistingofasequencecomplementarytotheregionF2c, followed
by synthesis, with said oligonucleotide as the origin of
synthesis, of a complementary chain by a polymerase catalyzing
the strand displacement reaction of synthesizing a
complementary c¢hain to displace the complementary chain
synthesized in step b), and

d) the step of annealing, to the complementary chain
displaced in step c) to be ready for base pairing, of a
polynucleotide provided at the 3'-terminal therecf with a
sequence complementary to an arbitrary region in said chain
synthesized in step c¢), followed by synthesis, with said

3’-terminal as the origin of synthesis, of a complementary chain
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tenperature regulator is betaine. 14. The nethod according to claim13,
wherein 0.2 to 3.0 M92 | ~ M |' "1 9 4 betaine is allowed to be pnesgntpy
in the reaction solution. 15. A nethod of detecting a target nucl eotide
sequence in a sanple, which conprises perform ng an anplification nethod
described in any one of clainms 8 to 14 and observi ng whether an
anplification reaction product is generated or not. 16. The nethod

accor di ng 22 dPe} YRALE SeusaTA Ly 2 5F B8 SR AidiSR] A SRt e dERGE 188gvEnce
conpl ementary to the loop is added to the anplification reaction product
and hybri divzatiesi ziteer ebet weedmp belpez ed. CRAINThe aretFHetP LaEdr dFhg to
claim 16, wherein the probe is |abeled on particles and aggregation
reacti on eooplemgtigeon chador i shirrdté oiredd obserareds) 18. The net hod
according to claim15, wherein an anplification nethod described in any
one of cla.ms 8 The héthed soondndierd ta dllzdnpileseneeedh in cetegctor the

nucl eic acid, and whether an anplification reaction product is generated

or not i srohger vwedsgathbeibasksa of el SR e elite agi ghal 30ftéheidel ect or.
19. A method of detecting a mutation in a target nucl eotide sequence by

the det ectiiypRnEesE oSG ial?l%ldcja%aﬁl@icﬁf banewhen®j Bo & rayidd @lc, and
i nanucl eoti de sequence as the subject of anplif ication prevents synthesis

of anyone foqj(y“rp E aF Y .chakn trbyt i pibBecanphidigat - 0RgMet hod.
20. A kit a?(%r syn%ﬁgglg%ﬁg%{gngi}%e?%ﬁggﬁdkhgvéi:ﬁlgacorrp?errent ar]'ys/ cha?ns

al t er nat elfyoﬂrdéH(%q, ia{})r?ea's]!iq‘% g ptyangdgd chain,

3. The method according to claim 1, wherein the nucleic acid
in step a) is second nucleic acid provided by the following
steps:

i) the step of annealing, to a region F2c¢ in nucleic acid
serving as a template, of a region F2 in the oligonucleotide
composed of at least two regions F2 and Flc below, and Flc is
linked to the 5'-side of F2Z,

F2: a region having a nucleotide sequence complementary

to an arbitrary region F2c in nucleic acid having a
specific nucleotide sequence, and

Flc: a region having substantially the same nucleotide

sequence as in a region Flc located at the 5’ -side
of the region F2c¢ in nucleic acid having a specific
nucleotide seguence,

ii) the step of synthesizing first nucleic acid having
a nucleotide sequence complementary to the template wherein F2
in the oligonucleotide serves as the origin of synthesis,

iii) the step of rendering an arbitrary region in the first
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conprising the follow ng elenents: i) an oligonucl eotide conposed of at
least two regions 93 r " "} “r n4 F2 and Flc below, and Flc is |inked o
the 5 -side of F2, F2: a region having a nucl eoti de sequence conpl enmentary
to an arbitrary region F2c in nucleic acid having a specific nucleotide
sequence, and Flc: a region having substantially the sanme nucl eoti de
sequence as in .a region Flc | ocated at the.5'-sid§¥ ?;Ft e region, F2c in

nucl ei ¢ adtFifad AgE SYEGENGSE 288l e Stele 1ddqhER ) PancoFf §ohliBt eot i de

cont ai ning a nucl eoti de sequence conplenentary to an arbitrary region in a
conplenenﬁﬁF& chain synthesized with the oligonucleotide in (i) as a
primer; iii) an oligonucleotide having a nucleotide sequence conplenentary
to a region F3c ivdcathed sften ref Anngafeing aheclieepenl F2eida hasindgcheic
acid serving as a tenplate; iv) a DNA pol ynmerase catal yzing the strand
di spl acenentcltegid deesetiuencef ceypl twsntany toopkeenedt anyadshaieadyahdrv) a
nucl eotide serving as a substrate for the elenent iv). 21. The kit
accor di ng Haseclpaiimi2@, iwhehei fitbe nwotlgonuctiebtindetep Li))i, sfohdowed
ol i gonucl eotide conposed of at least two regions R2 and R c below, and Rlc
i's |inkeddystiyAeheB'izindesetoRd, nk2l e fcragidwikayvsagdac higteotldet seguence
conpl enentary
as the origin of synthesis and rendering F1 at the 3’ -terminal
thereof ready for base pairing.

4. The method according to c¢laim 3, wherein the region
enabling base pairing in step iii) is R2¢, and the
oligonucleotide in step iv} is the oligonuclectide composed of
at least two regions R2 and Rlc below, and Rlc is linked to the
5 -gide of R2,

RZ2: a region having a nucleotide sequence complementary

to an arbitrary region R2c in nucleic acid having a
specific nuclecotide sequence, and

Rlc: a region having substantially the same nucleotide

sequence as in a region Rlc located at the 5’-side
of the region R2c in nucleic acid having a specific
nuclectide seqgquence.
5. The method according to claim 3 or 4, wherein the step
of rendering base pairing ready in steps iii) and iv) is
conducted by the strand displacement synthesis of
complementary chain by a polymerase catalyzing the strand

displacement reaction of synthesizing complementary chain

wherein an outer primer annealing to the 3’-side of FZ2c¢ in the
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to an arbitrary region R2c in nucleic acid having a specific nucl eot

sequence,

and 94 Ric: a region having substantially the sanme nucl eoti

18%0 e

sequence as in a region Ric located at the 5 -side of the region R2c in
nucl eic acid having a specific nucleotide sequence. 22. The kit according
to claim?21, further conprising: vi) an oligonucleotide having a

nucl eoti de sequence conplenentary to a region Ric |ocated at the 3' -
of the arBfintH@te ROE 3R @S PerERrary ERdiLRds Rt KBS 3edSwihothehe
oligonucleotide in i) as the origin of synthesis. 23. A kit for detec
of a targetegirsl eseides sdguentein chepnitsiesd salaatenm ov) for déretirdh of a
product of nucleic acid synthetic reaction additionally in a kit des
in any onewudfeicd aigmsd 2eitwe 225 @% 1@rigin | o SEQPENGE1$ STING <110> Ei ken
Kagaku Kabushi ki Kai sha <120> Met hod for Synthesizing The Nucl ei c Aci
<130) E2- M1PC/Thel4fthocd ddecstdOng PES/ $PAIM0ES 1 vhvelielin 11999- 141 08ng<160)
29 <170) Patentln Ver. 2.0

temperature of each oligonuclectide and its complementary
region in the template used in the reaction is in the following
relationship under the same stringency:

{outer primer/region at the 3’ -side in the template) < {(F2c/F2
and R2c/R2) < (Flc/Fl and Rlc/R1).

7. The method according to any one of claims 3 to &, wherein
the nucleic acid serving as the template is RNA, and the
synthesis of complementary chain in step ii) is conducted by
an enzyme having a reverse transcriptase activity.

8. A method of amplifying nucleic acid having complementary
nucleotide sequences linked alternately in a single-stranded
chain by repeatedly conducting the following steps:

A) the step of providing a template which is provided at
the 3’- and 5’-terminals thereof with a region consisting of
a nucleotide sequence complementary to each terminal regicn in
the same chain and which upon annealing of these mutually
complementary nucleotide sequences, forms a loop capable of base
pairing therebetween,

B} the step of performing the synthesis of complementary
chain wherein the 3’ -terminal of said template annealed to the
same chain serves as the origin of synthesis,

C) the step of annealing, to the loop portion, of an

9l

si de
tion
cri bed

d.



<210> 1 <211> 62 <212> DNA <213> Artificial Sequence <220> <223>

Description of Artificial Sequence:Artificially synthesized priner %éﬁ

Lretyonn

Uens

<400> 1 cgactctaga ggatccccgg gtactttttg ttgtgtggaa ttgtgagegg at (210> 2
_ <212> DNA <21,3> Artificial Sequence 52 <220> <223) Description
of Artificial Sequence:Artificially synthesized prinmer sequense <400> 2

<211> 51

acaacd! c0l. 9361900309, ARCCLI{ {1 & 0500DRE! 5 Lhegghatha & AL P10P 3 o <211>

21 <212>
Artificial

actttatgct®

_ I C! a equence < _ Descri ption o

Feencs A LG SIS A PL TBLSHHYERSEnS#002a P
loops, is locatedat the 3’ -terminal site, followed by synthesis,
with the oligonucleotide as the origin of synthesis, of a
complementary chain by a polymerase catalyzing the strand
displacement reaction of synthesizing a complementary chain to
displace the complementary chain synthesized in step B) to make
the 3'-terminal thereof ready for base pairing, and

D) the step wherein the chain with the 3’ -terminal made
ready for base pairing in step C) serves as a new template.
9. The method according to «c¢laim 8, wherein the
oligonucleotide in step C) 1is provided at the 5'-terminal
thereof with a nucleotide sequence complementary to the
3'~terminal serving as the origin of synthesis in step B).
10. The method according to claim 9, further comprising the
step where a complementary chain synthesized with the
oligonucleotide in step C) as the origin of synthesis is used
as a template in step A).
11. The method according to claim 8, wherein the template in
step A) 1is Synthesized by the method described in claim 4.
12. The method according to claim 1 or 8, wherein the strand
displacement reaction of synthesizing complementary chain is
carried out in the presence of a melting temperature regulator.
13. The method according to claim 12, wherein the melting
temperature regulator is betaine.

14. The method according to claim 13, wherein 0.2 tc 3.0 M
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<210> 4 <.211> 17 <212> DNA <213> Artificial Sequence <220> <223> .....
Description of Artificial Sequence:Artificially synthesized priner é%%ﬁ@hs@i
<400> 4 gttgggaagg gcgatcg 17 <210> 5 <211> 600 <212> DNA <213>
Bact eri ophage ML3npl 8 <400> 5 gcgcccaata cgcaaaccgc ctctccccge gecgttggecg
attcattaat gcagctggca 60 cgacaggttt cccgactgga aagcgggcag tgagcgcaac
gcaattaatg tgagttagct 120 cactcattag gcaccccagg ctttacactt tatgcttcc

gct cgt at gt%ett@tlgjtegde?atalﬂ%’eq FYRfe R ToHcadt th d&ﬂ:%b’d%&as%gﬁg{%? gag
catgattacg aattcgagct 240 cggtacccgg ggatcctcta gagtcgacct gcaggcatgc

aagct t ggcd ot ggéceehosoot deteathng @ ttehIfdciy§ SEFUGEGEt ABcRa

acttaatcgc cttgcagcac 360 atcccccttt cgccagctgg cgtaatagcg aagaggcccg
caccgat cgsargtltesc oduicc 200mpyi s g goayg focmgadt ggc ayrltigigiceretien geetiygdt
t ccggcacca gaagcggtgc 480 cggaaagctg gctggagtgec gatcttcctg aggccgatac
ggt cgt cgt deceatidaandin B4y oggcadatdeamsgft tacyat agdgelesateinaceetaeyt
aacctatccc attacggtca 600 <210> 6 <211> 63 <212> DNA <213> Artificial
Sequence an amplification reaction product is generated or not.
le. The method according to c¢laim 15, wherein a prcbe
containing a nucleotide sequence complementary to the loop is
added to the amplification reaction product and hybridization
therebetween is observed.
17. The method according to c¢laim 16, wherein the probe is
labeled on particles and aggregation reaction occurring upon
hybridization is observed.
18. The method according to claim 15, wherein an
amplification method described in any one of claims 8 to 14 is
conducted in the presence of a detector for nucleic acid, and
whether an amplification reaction product is generated or not
is observedon the basis of a change in the signal of the detector.
19. A method of detecting a mutation in a target nucleotide
sequence by the detection method described in claim 15, wherein
amutationinanucleotidesequenceasthesubjectofamplification
preventssynthesisofanyoneofcomplementarychainsconstituting
the amplification method.
20. A kit for synthesis of nucleic acid having complementary
chains alternately linked in a single-stranded chain,

comprising the following elements:

i) an oligonucleotide composed of at least two regions
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<220> <223> Description of Artificial Sequence:Artificially synthesized
primer sequence <400> 6 ctcttccaaa agtaaggcag gaaat gt gaa accagat cgt 4 b 7004
aatttggaag acccagcatc 60 cag 63 <210> 7 <211> 43 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial

Sequence: Artificially synthesized priner sequence <400> 7 gtggattcgc

actcctcccg ctgatcggga cctgcecctcgt_cgt, 43 r bra’~ ‘1 <21 <211>
16 <212> @N@”@zfgﬁ /5&'9(]1‘-’1“"{@@&}09 elrfcel@%% ta s EDes%]rqlept‘?g %r
8

Artificial Sequence: A«tlflClaIIy synt hesi zed prinmer sequence. <400
gccacct ggg t gggdd 1@ ¥ggdsnohavdnqgsa ppcleptisiepgpguence complementary

to an arbitrary region F2c in nucleic acid having a
specific nucleotide sequence, and

Flc: a region having substantially the same nucleotide

sequence as in a region Flc located at the 5'-side
of the region F2¢ in nucleic acid having a specific
nucleotide sequence;

ii) an oligonucleotide containing a nucleotide sequence
complementary to an arbitrary region in a complementary chain
synthesized with the oligonucleotide in (i) as a primer;

iii) an oligonucleotide having a nucleotide sequence
complementary to a region F3c located at the 3'-side of the
region F2¢ in the nucleic acid serving as a template;

iv) a DNA  polymerase catalyzing the strand
displacement-type reaction of synthesizing complementary
chain; and

v} a nucleotide serving as a substrate for the element
iv).

21. The kit according to «c¢laim 20, wherein the
oligonucleotide in ii) is the oligonucleotide composed of at
least two regions RZ and Rlc below, and Rlc is linked to the
5'-side of R2Z,

R2: a region having a nucleotide sequence complementary

to an arbitrary region R2c in nucleic acid having a

specific nucleotide sequence, and
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<213> Artificial Sequence <220> <223> Description of Artificial

Sequence: Artificially synthesized primer sequence <400> 9 ggcgagggad 3 MAt 12k
ttcttcttct ag 22 <210> 10 <211> 430 <212> DNA <213> Hepatitis B virus
<400> 10 ctccttgaca ccgcctctgc tctgtatcgg gaggccttag agtctccgga acattgttca
60 cctcaccata cagcactcag gcaagctatt ctgtgttggg gtgagttaat gaatctggcc 120

acct gggt gg gaagt aattt ggaagaccca gcatccaggg aattagtagt cagctatgtc 180
aatgttaata tgggldtdad A80&RFabaN1BgartEE @9tﬁﬁéé¥aFP?cS%T%c%Y? %?t?gﬁ

tttggaagag aaactgtttt ggagtatttg gtatcttttg gagtgtggat tcgcactcct 300
cccgcttaca gaccaccaaaeﬂye®@@taﬁcintarﬁﬁhbatfﬂﬁbé@g@%&@ facEEt Yt TS BEY
agacgacgag gcaggtcccc tagaagaaga actccctcgc ctcgcagacg aaggtctcaa 420

t cgccgegt ¢ 430 <210>oFlthe2ddei @OR2 <2 h2rudNAL « 203bd Aawviifniac RaspSetfiedice
<220> <223> Description of Artificial Sequence:Artificially synthesized
sequence <400> 11 acaaeglegti dgaclegg@aas.accctttttg tgcgggectc ttcgetatta

cgccagctgg 60
22. The kit according to c¢laim 21, further comprising:

vi) an oligonucleotide having a nucleotide seguence
complementary to a region R3c located at the 3’-side of the
arbitrary R2c in a complementary chain synthesized with the
oligonucleotide in i) as the origin of synthesis.

23. A kit for detection of a target nucleotide seguence,
comprising a detector for detectioﬁ of a product of nucleic acid

synthetic reaction additicnally in a kit described in any one

of claims 20 to 22.
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Ccgaaaggggg
gacgttgtaa
ccccgggt ac
tatccgctca
<211> 293

Artificial
ggat ccccgg
acagct at ga
t gcaggcat g
ggcgttaccc
gaagaggccc
<211> 459

Artificial
gact gggaaa
gt t gggt aac

atgtgctgca aggcgattaa gttgggtaac gccagggttt tcccagtcac 120§ o oy
aacgacggcc agtgccaagc ttgcatgcct gcaggtcgac tctagaggat 180
cgagctcgaa ttcgtaatca tggtcatagc tgtttcctgt gtgaaattgt 240
caattccaca caacaaaaag tacccgggga tcctctagag tcg 293 <210> 12
<212> DNA <213> Artificial Sequence <220> <223> Description of
Sequence: Artificially synthesized sequence <400> 12 cgact ctaga
gtactttttg ttgtgtggaa ttgtgagcgg ataacaattt 60 cacacaggaa
ccatgattac gaattcgagc SEQBMCACIdETINgggat cctct 120 agagtcgacc
caagcttggc actggccgtc gttttacaac gtcgtgactg 180 ggaaaaccct
aacttaatcg ccttgcagca catccccctt tcgccagctg 240 gcgtaat agce
{PYdacdbheaa dgalhg K eliutiodd Kaftheacgacgt tgt 293 <210> 13 19g"t); 264
<212> DNA <213> Artificial Sequence <220> (223> Description of
Sequence: Artificially synthesized sequence <400> 13 acaacgt cgt
<afe Methadt fprt Jotpgente The Yadagydog. at gt gct gca aggcgatt aa

<130> E2-001PCTZ

<1402
<1415

<150> PCT/JP99/06213
<161> 1999-11-08

<160> 29
€170> PatentIn Ver. 2.0

210> 1

<211> 52

<212> DNA

<213% Artificial Sequence

<2205
<223> Description of Artificial Sequence:Artificially

synthesized primer sequense

400> 1
cgactctaga ggatcecccgg gtactttttg ttgtptgeaa ttgtgagegg at 52

210> 2

{211> 51

{212> DNA

€213> Artifieial Sequence

2205



gacgttgtaa aacgacggcc agtgccaagc ttgcatgcct ccccgggtac cgagctcgaa 19y
ttcgtaatca tggtcatagc tatccgctca caattccaca caacaaaaag tacccgggga -
ggcatgcaag cttggcactg gccgtcgttt tacaacgtcg ttacccaact taatcgccett
gcagcacatc cccctttcgc aggcccgcac aaaaagggtt ttcccagtca cgacgttgt <210> 14
<211> 458 <212> DNA <213> Artificial Sequence ttcgctatta cgccagctgg 60
gccagggttt tcccagtcac 120 gcaggtcgac tctagaggat 180 tgtttcctgt gtgaaattgt
240 tcctctagag tcgacctgca 300 tgactgggaa aaccctggcg 360 cagctggcegt

aat agcgaag <420 mEOrip2R20>t £228)kiDesshbReieRiQl; Afificial
Sequence: Art|f|§%§6§§: synt hesi zed sequence <400> 14 cgactctaga ggat ccccgg

gtactttttg ttgt té?ﬁﬁﬁéﬁ@“ﬁf%acaattt 60 cacacaggaa acagct atga
ccatgattac gaattcgagc tcggtacccg gggatcctct 120 agagtcgacc tgcaggcatg
caagcttgge, @% ccgtc gttttacaac gtcgtgactg 180 ggaaaaccct ggcgttaccc
aact t aat cg %gcagca catccccctt tcgccagetg 240 gcgtaat agc gaagaggccc

gcacaaaaagaggtitckt geasgiaacgacgtttt fanaacgat3®atta ¢ 51

210> 3

211> 21

<212> DNA

<213> Artificial Sequence

2207
<223> Description of Artificial Sequence:Artificially

synthesized primer sequense

400> 3
actitatget tceggetegt a 21

{210> 4

211> 17

<212> DNA

213> Artificial Sequence

<2205
<223> Description of Artificial Sequence:Artificially

synthesized primer sequense

<400> 4
gttegggaagg gegateg 17

<210> 5

{211> 600

<212> DNA

<213> Bacteriophage M13mpl8

<400> 5



cggccagtgc caagcttgca tgcctgcagg tcgactctag aggatccccg ggtaccgagc 360 g« o
tcgaattcgt aatcatggtc atagctgttt cctgtgtgaa attgttatcc gctcacaatt 420" Pt
ccacacaaca aaaagtaccc ggggatcctc tagagtcg 458 | 9 ti', A 2004 <210> 15

<211> 790 <212> DNA <213> Artificial Sequence <220> <223> Descri ption of
Artificial Sequence:Artificially synthesized sequence <400> 15 acaacgtcgt
gact gggaaa accctttttg tgcgggcctc ttcgctatta cgccagctgg 60 cgaaaggggg
atgtgctgca aggcgattaa gttgggtaac gccgtggttt tcccagtcac 120 gacgttgtaa

aacgacggee agbeaeaagiatidgakoncle 4o aonkeang aft%a%ga%ggg%ggcfoa cccgagt ac
cgagct cgaa gtac%}égattca t%%tcat agc tgtttcctgt gtgaaattgt: 240° tatccgctca
caattccaca CaacaanastfstaerT GoRFEeEcEE CErrcarag erejamdt deagt30Bt ggcat gcaag

cttggcact g goegitcagt gaactﬁ@g@@gﬁtagckgagggggg@? g@@c%ggggggﬁggg%m : 1khacccaact
acatc cccctttcgc cagctggcecgt aatagcgadg 74 aggcccgcac

taatcgcctt gcage

aaaaagggt t %ﬁﬁ%&éﬁt aa“%ﬁé&‘gf‘fﬁ?%“%é%ﬁjg%@g% et tpee @atrcd80t 240t gcat gec
t gcaggt cga wEticagaggmttacct gagt@cet kidk@itg aggttgg%étcwgcﬂgg ﬁ&;@agc@l@lat a
acaatttcac.ﬁggggg%aggt%%gatggccg tgattacgaa ticgagctcg 600° gt acccgggg
atcctct aga gtcegacct gé aggea 6@3§°Bgﬁﬂﬁ§%§6%a@@é@@ﬁ%gﬁﬁwaﬁéc3ﬁ@acaacgtc
gt gact ggga dascettiggregictac coaaestd aakggect cb@eagsacaitc/al. sggccctttcg

ccagct ggc cccoca caaaaa t tttcccagtc 780 acgacgttgt 790
C5160 070 10LROERRARRRCCRRER. S SARRRIN | [LGSSERLELTS, 3500
cggaaagclg gotggagtge gatcttcetg aggecgatac ggtcgtegte cectcaaact 540

ggcagatgca cggttacgat gegeccatet acaccaacgt aacctatcce attacggtca 600

210> 8

{211> &3

<212> DNA

<213> Artifieial Sequence

<2205
<2235 Description of Artificial Sequence:Artificially

synthesized primer sequence

<400> 8

ctcttecaaa agtaaggeag gaamatgtgaa accagatcgt aatttggaag acccagecatc 60

cag 63

210> 7

<211> 43

<{212> DNA

(213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Artificially

synthesized primer sequence

400> 7

gEtggattcge actcctceceg ctgatcggga coctgectegt cgt 43



<212> DNA <213> Artificial Sequence <220>
Sequence: Artificially synthesized sequence <400> 16
cgactctaga ggatccccgg gtactttttg ttgtgtggaa cacacaggaa
ccatgattac gaattcgagc agagtcgacc tgcaggcatg caagcttggc
ggaaaaccct ggcgttaccc aacttaatcg ccttgcagca gcgtaatagc
gcacaaaaag ggttttccca cggccagtgc caagcttgca tgcctgcagg
tcgaattcgt aatcatggtc atagctgttt cctgtgtgaa ccacacaaca aaaagtaccc
ggggat cct ¢ ©2agagt cgac cactggccgt cgttttacaa cgtcgtgact gggaaacccc
ctattacgcc(ggg}g cgaa agggggat gt gctgcaaggc gggttttccc agtcacgacg

tt gt aaaacg gctagtg gtcgactcta gaggatcccc gggtaccgag ctcgaattcg
tcctgtgtga aalx gia at c cgctcacaat tccacacaac ctagagtcg <210> 17 <211> 310
<212> DNA 1f|c Sequence ttgtgagcgg ataacaattt 60 tcggtacccg

<
gggatcctct‘%i%’Art%¥?3 %@ Ytcgt gact g 180

<223> Description of ArtlﬁupJal
9 MAR 2004 ’
acagct at ga
actggccgtc
gaagaggccc
tcgactctag

[t

220>
<223> Description of Artifieial Sequence'Artificially

synthesized primer sequence

<400> 8
gecacctgge tgggaa 16
<210> 9

211> 22

<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence:Artificially

synthesized primer sequence

400> 9

ggcgagggag ttettettet ag 22
<210> 10

<211> 430

<212> DNA

<213> Hepatitis B virus

<400> 10

ctecttgaca
cctcaccata
dcctgggtgg
aatgttaata
tttggaagag

cecegettaca

ccgeetetge
cagcactcag
gaagtaattt
tggécctaaa
aaactgttitit

gaccaccaaa

tctgtategg
graagetatt
ggaagaceca
aatcagacaa
ggagtattig

tgececetate

gaggecttag agtcetecgga acattgttca 60
ctgtgttgge gtgagttiaat gaatctggee 120
gcatccaggg aattagtagt cagctatgte 180
ctattgtggt ttcacattic ctgecttact 240
gtatcttttg gagtgtegat tcgeacteet 300
ttatcaacac ticcggaaac tactgtigtt 360



catccccctt tcgccagctg 240 gtcacgacgt tgtaaaacga 300 aggatccccg ggtatgs{.\:_,g;;.:alg;kgtl
360 attgttatcc gctcacaatt 420 ctgcaggcat gcaagcttgg 480 tttttgt gc]g-"‘“‘ bl
ggcctcttcg 540 gattaggttg ggtaacgcca 600 ccaagcttgc atgcctgcag 660
taatcatggt catagctgtt 720 aaaaagtacc cggggatcct 780 789 <220> <223>
Description of Artificial Sequence:Artificially synthesized sequence <400>
17 gtggattcgc actcct Cccg ctgatcggga cctgectcgt cgtctaacaa cagtagtttc 60
cggaagtgtt gataagatag gggcatttgg tggtctgtaa gcgggaggag tgcgaatcca 120

cact ccaaaa galzaqagaatzeacdce CRgarta Akt Gt edct c1Cearaaolaat ggsaggaaat 180

gt gaaaccac taat a%tgtc tgatttttag gcccatatta acattgacat agct gact ac 240
taattccctg GHtY t@ggt cttccaaatt acgatctggt ttcacatttc ctgc t% act 300
tttggaagag <210> 18 <212> DNA <213> Artificial Sequence 310 1 9

MAR 20014 ?gﬁgﬁj

<211> 465

<211 293
<212> DNA

213> Artificial Sequence

{220

{223> Description of Artificial Sequence:Artificially

synthesized sequence

<400> 11
acaacgtcgt gactgggaaa accctitttg tgegggeetc ttegetatta cgecagetgg 60
cgaaageggeg atgtgetgea aggegattaa gtigggtaac gecagggttt tcccagtcac 120
gacgttgtaa aacgacggec agtgecaage ttgecatgoet geaggtcgac tctagagegat 180
ccoceggptac cgagetcgaa ticgtaatca tggtecatage tgtttcetgt gtgaaattgt 240
tatccgetca caattccaca caacaaaaag tacccgggga tcctctagag teg 293
<210> 12
211> 293
<212> DNA
<213> Artificial Sequence.
220>
223> Description of Artificial Sequence:Artificially

anthesized sequence
<400> 12
cgactctaga ggatccccgg gtacttttteg ttgtgtggaa ttgtgagegg ataacaattt 60
cacacaggaa acagctatga ccatgattac gaattcgage tcggtacceg gggatcctct 120
agagtcgace tgcaggeatg caagettgge actggecgte gttttacaac gtegtgactg 180
ggaaaaccct ggegttacce aacttaatcg ccttgesgea catcccectt tcgecagetg 240
gcgtaatage gaagaggecc gcacaaaasg ggttttceca gteacgacgt tgt 293

210> 13



<223> Description of Artificial Sequence:Artificially synthesized sequen
<400> 18 gtggattcgc actcctcccg ctgatcggga cctgectcgt cgtctaacaa cagth&ﬁ% gﬁh
60 cggaagtgtt gataagatag gggcatttgg tggtctgtaa gcgggaggag tgcgaatcca 120

cact ccaaaa gataccaaat actccaaaac agtttctctt ccaaaagtaa ggcaggaaat %38

gt gaaaccac aatagttgtc tgatttttag
taattccctg gatgctgggt cttccaaatt
tttggaagag aaactgtttt ggagtatttg
cccgcettaca @accascaaa tgcccctatc
agacgacgag cg atcagcggga
<212> DNA

<211> 48

L5838

<220>

(223> Description of Artificial Sequence:Artificially

synthesized sequence

<400> 13

acaacgtegt
CEaaagggee
gacgttigtaa
cccegggtac
tatcegetea
ggcatgcaag
ttacqcaact

aggccegeac

<210> 14
<211> 458
<212> DNA

gactgggaaa
atgtgetgea
aacgacggece
cgagctcgaa
caattccaca
citggcactg
taatcgectt

aaasagggtt

accctttttg
aggegattaa
agtgcecaage
ticgtaatca
caacaaaaag
geegtegttt
gcagcacatce

ticcecagtcea

<213> Artificial Sequence

<2207

tgcggecete
gttgggtaac
ttgcatgcet
tgetcatage
taccceggga
tacaacgtcg
cecectttege

cgacgttgt

ttcgetatta
geccagggttt
gcaggtegac
tgtttectgt
tcetetagag
tgactgggaa
cagetggegt

<223> Description of Artificial Sequence:Artificially

synthesized sequence

<4005 14

cgactctaga
cacacaggaa
agagtcgace
ggaaaaccct
gcgtaatage
cggecagtge
tcgaattegt

ccacacaaca

ggatceecgg
acagctatga
tgcaggeaty
ggegttaccee
gaagaggececo
caagcttgca
aatcatggte

aaaagtaccc

gtacttittg
ccatgattac
caagecttgge
aacttaatcg
gcacaaaaag
tgecetgeagg
atagectgttt

gEgggatccete

ttgtgtggaa
gaattcgagc
actggcegtce
ccitgeagea
ggttttccea
tcgactctag
cctgtgtgaa
tagagtcg

tigtgagegs
tcggtacceg
gitttacaac
catceceett
gtcacgacgt
aggatcceecg

attgttatee

cgccagetgg
tcecagteac
tctagaggat
gtgaaattgt
tcgacctgea
aaccctggeg

aatagcgaag

ataacaaiit
gggatcctct
gtcgtgactg
tcgecagetg
tgtaaaacga
ggtaccgage

getcacaatt

gcccatatta acattgacat agctgactac
acgatctggt ttcacatttc ctgccttact
gtatcttttg gagtgtggat tcgcactcct
ttatcaacac ttccggaaac tactgttgtt
ggagt gcgaa tccac 465 <210> 19

3npl8 <400> 19 ccggggatcc tctagagtcg <210> 20

60

120
180
240
300
360
420
459

60

120
180
240
300
360
420
458

300
360
420
<211> 20

<211> 20

<212> DNA <218>aMiBnpiBsemdtart <400> 20 ccggggat cc tctagagtca <210> 21
<212> DNA <213> Artificial Sequence 20



20 1 5 MAR 2D04 <220> <223> Description of Artificial NAR 200
Sequence: Artificially synthesized priner sequence <400> 21 cgactcta]g%v'“-‘‘U
ggatccccgg tttttgttgt gtggaattgt gagcggat 48 <210> 22 <211) 48 <212> DNA

<213> Artificial Sequence <220> <223> Description of Artificial

Sequence: Artificially synthesized primer sequence <400> 22 tgactctaga
ggatccccgg tttttgttgt gtggaattgt gagcggat 48 <210> 23 <211> 47 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial

Sequence: Artificially synthesized prinmer sequence <400> 23 cgtcgt gact
gggaaaaccc &ﬁé;&gtgcg ggcctcttcg ctattac 47 <210> 24 <211> 21 <212> DNA

211> 790
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Artificially

synthesized sequence

<400> 15

acaacgtcgt
CEAa2EERRE
gacgttgtaa
ccecegggtac
tatccgetcea
ggecatgeaag
ttacccaact
aggcccgeac
cttgcatgee
tgagcggata
glacccggesg
ttacaacgtc
cceceettteg

acgacgttgt

<210> 18
<211> 789
<212> DNA

gactgggaaa
atgtgctgea
aacgacggec
cgagctcgaa
caattccaca
cttggeactg
taatcgectt
aasaagggtt
tgcaggticga
acaatttcac
atcctectaga
gtgaciggga
ccagetggee

accettittg
aggcgattaa
agtgccaage
ttcgtaatea
caacaaasag
geegtegttt
gecageacatce
ttceccagtca
ctctagagga
acaggaaaca
glcgacctge
aaéccctggc

taatagcgaa

<213> Artificial Seguence

220

tgcgggeete
gtigggtaac
ttgcatgecet
tggteatage
tacccgggga
tacaacgtcg
ceecctttege
cgacgtitgta
tcececggeta
getatgacca
aggcatgecaa
gttacccaac

gaggececegea

ticgetatta
gecagggttt
geaggtegac
tgtttcctgt
tectetagag
tgactgggaa
cagctggegt
éaacgacggc
cttttitgttig
tgattacgaa
getiggeact
ttaatcgecet

caaaaagggt

<223> Description of Artificial Sequence:Artificially

synthesized sequence

<400> 16

cgecagetgg
teccagicac
tctagaggat
gtgaaattgt
tcgacctgea
aaccctggeg
aatagcgaag
cagtgccaag
tgtgegaattg
ttcgageteg
ggecegtegtt
tgcagcacat

tttceccagte

120
160
240
300
360
420
480
540
600
660
720
780
790



<213> Artificial

Artificial

actttatgct tccggctcgt a 21 <210> 25 1> 1
<223> Description of Artificial

synt hesi zed prinmer sequence <400> 25 gttgggaagg gcgatcg 17 <210> 26
<212> DNA <213> Artificial

Sequence <220>

44

Artificial
tgttcctgat Qeagtgdosa-Aetst

<212>

DNA

Sequence 1 9 ; API

21 L <220>

<211>

Sequence <220>

17

<223> Description oﬁ

X ificially synthesized primer sequence <400> 24"
Do et y 52 <212> DNA <213> Artificia

Sequence: Artificially

<223> Description of

Sequence: Artificially synthesized prinmer sequence <400> 26

AL AL GCBge ALY

tacacaggaa acagctatga ccatgattac

agagtcgacc
ggaaaaccet
gcgtaatage
cggecagtge
tegaatteogt
ccacacaaca
cactggecegt
ctattacgce
gegttttcecc
gtcgacteta
tectgtgtpa
ctagagtcg

<210> 17

<211> 310

<212> DNA

tgcaggeatg
gegcgttaccee
gaagaggcce
caagcttgea
aatcatggtc
aaaagtacce
cgttttacaa
agciggegaa
agtcacgacg
gaggatccee

aattgttate

caagettggce
aacttaatcg
gcacaaaaag
tgectgeage
atagectgttt
gegggatcctc
cgtegligact
aggegggatgt
ttgtaaaacg

gggtaccgag

cgcteacaat

<213> Artificial Sequence

<2202

Baattcgage
actggecgte
ccttgeagea
ggttttecea
tcgactetag
cctgtgtgaa
tagagtcgac
gggaaaacee
gctgcaagge
acggccagtg
ctcgaatteg

tecacacaac

tctg 44 <210> 27

ttetgdagcgg
tcggtacceg
gttttacaac
catcceectt
gtcacgacgt
aggatccceeg
attgttatce
ctgcaggeat
tttttgtecg
gattaagttie
tcaagetige
taatcatggt

aaaaagtacc

<223> Description of Artificial Sequence:Artificially

synthesized sequence

<400> 17

gtggattcge actceteeeg ctgatcggga cetgeectegt

Cggaaglgtt gataagatag gggcattigg tggtetgtaa

cactccaaaa gataccaaat actccaazac agtttetett

gtgaaaccac aatagttgte tgatttitag geccatatta

taattcecctg gatgetgggt cttccaaatt acgatciggt

titggaagag

<210> 18
211> 465
<212> DNA

213> Artificial Sequence

cgtctaacaa
ECEgEaggag
ccaaaagtaa
acattgacat

ttcacattte

ataacaattt
geggatcctet
gicgtgactg
tcgecagetg
tgtaaaacga
ggtaccgage
gcteacaatt
gcaagecttgg
ggeetetteg
ggtaacgceca
atgcectgeag
catagetgtt
cggggatect

cagtagtttc
tgcgaatccea
gegcaggaaat
agctgactac

ctgeettact

60
120
180

<211> 45

240

300
360
420
480
540
600
660
720
780
789

60

120
180
240
300
310

Zq AR 2004

<211>



<223> Description of Artificial quRzm&
Se.quence. Artificially synthesized prinmer sequence <400> 27 tgctggdtcd
gcacagcct g aagctgacct gaaatacctg gcctg 45 <210> 28 <211> 18 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Artificially synthesized prinmer sequence <400> 28 tgcttgtggc
ctctcgtg 18 <210> 29 <211> 17 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence:Artificial2y synthesized priner

sequence <400> 29 gggtgtggga agctgtg 17

<213> Artificial Sequence <220>

<2207

<223> Description of Artificial Sequence Artificially

synthesized sequence

<400> 18

gtggattege
cggaagtgtt
cactccaaaa
gtgaaaccac
taattcectg
tttgegaagag
cccgettaca

agacgacgag

<210> 19
<211> 20
<212> DNA

actceteceeg
gataagatag
gataccazat
aatagttgtc
gatgetgggt
aaacigtttt
gaccaccaaa

geaggtceceg

<213> M13mpl8

<400> 19
cCEgggratce

210> 20
<2l1> 20
<212> DNA

tctagagteg

<213> M13mpl8 mutant

<400 20
cecggggatee

210> 21
211> 48
<212> DNA

tctagagtca

ctgatcggga
gggcattigg
actccaaaac
tgatttitag
cttecaaatt
ggagtatttg
tgceeetate

atcagcggga

{213> Artificial Sequence

cetgectogt
tggtctgtaa
agtttetett
gcccatatta
acgatetggt
gtatctitty
tiatcaacac

ggagtgcgaa

cgtctaacaa
EBCEBEagEag
ccaaaagtaa
acattgacat
ttcacattitc
gagtgtgegat
ttccggaaac

tcecac

cagtagtttce
tgcgaatcea
ggcaggaaat
agetgactac
ctgeettact
tcgeactect

tactgttgtt

120
180
240
300
360
420
465

20

20



<2207
<223 Description of Artificial Sequence:Artificially

synthesized primer seguence

<400> 21
cgactctaga ggatecccgg tttttgttgt gtggaattgt gageggat

<210> 22

<211> 48

<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence:Artificially

synthesized primer sequence

<400> 22
tgactctaga ggatcccogg tttttgtigt gtggaattgt gagegeat

210> 23
211> 47
<212> DNA
<213> Artificial Sequence

220>
223> Description of Artificial Sequence:Artificially

synthesized primer segquence

<400> 23
cgtcgigact gggaaaaccc tttttgigeg ggcctetteg ctattac

210> 24

211> 21

<212> DNA

{213> Artificial Seguence

15 MAR 2004

48

48

47



220>
<223> Description of Artificial Sequence:Artificially

synthesized primer sequence

<400> 24
actttatget tceggetegt a

210> 25

Q211> 17

<212> DNA

{213> Artificial Sequence

<2207
(223> Description of Artificial Sequence:Artificially

synthesized primer sequence

<400> 25

gttgggaagg gegateg

<210> 26

Q11> 44

<212> DNA

<213> Artificial Sequence

<220>
<223 Description of Artificial Sequence:Artificially

synthesized primer sequence

<400> 26
tgttectgat goagtgggea getttagtet Bcggecgegtgt tetg

<210 27
CC211> 45
€212> DNA
<213> Artificial Sequence

18 MAR 7004

21

17

44



<2200
(223> Description of Artificial Sequence Artificially

synthesized primer sequence

400> 27
tgetgggteg geacagectg aagetgacct Eaaatacctg geetg 45

<210> 28

211> 18

<212> DNA

<213> Artificial Sequence

<2207
223> Describtion of Artificial Sequence:Artificially

synthesized primer sequence

<400> 28
tgettgtgge cictegtg 18

<210> 29

211> 17

<212> DNA

<213> Artificial Sequence

<2207
<223> Description of Artificial Sequence:Artificially

synthesized primer sequence

<400> 29
ggetgtgegga agetgty 17



