DESCRI PTI ON METHOD FOR SYNTHESI ZI NG THE NUCLEI C ACI D Technical Field The
present invention relates to a nethod of synthesizing nuclig )

conposed of a specific nucleotide sequence, which is usefJ@NﬂM'@N’ "WWd of
anplifying nucleic acid. Background Art An anal ysis nethod base ol
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conplenmentarity of a nucleic acid nucleotide sequence can -anal ysz9 genetic
traits directly. Accordingly, this analysis is a very powerful neans for

identification of genetic diseases, canceration, rﬁcroorgaj“ﬁ”ﬂﬂMMﬁmmm&
Further, a gene itself is the objegkc@fprdeiecti on, and thu ng
and cunbersone procedures such as in culture can be omtted i n*®@wo® cases.
Neverthel ess, the dedmedp ofomsavRieni IEeNeLPIeseié tacppvery small

anount in a sanple is not easy in general so that 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) method is
known (SCiI‘%Eﬁﬁic%ﬁo’ 1e3350-1354, 1985). Currently, the PCR nethod is the
nost popular et og as a technique of anplifying nucleic acid in vitro.

This nethod wa i fioem n_excel l en etecti met hod by
virtue of high 28%2#%#%;%538318% ]faefijfé%e?sf E&a et gio%gﬁtyin%ﬁeflzmg
anplifi Caglhgr]].éiléuarzébgrdom%onsceed E)?ea %g%lcliffi%a}uhggegggggcstecﬁ?ennce, which

is useful as a method of amplifying nucleic acid.

Background Art

An analysis method based on complementarit};' of a nucleic
acid nucleotide sequence can analyze genetic traits directly.
Accordingly, this analysis is a very powerful means for
identification of genetic diseases, canceration,
microorganisms etc. Further, a gene itself is the object of
detection, and thus time-consuming and cumbersome procedures
such as in culture can be omitted in soﬁe 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 reaétion) method is known (Science, 230,
1350-1354, 1985). Currently, the PCRmethod is the most popular
method as a technique of amplifying nucleic acid in vitro. This
method was established firmly as an excellent detection method

by virtue of high sensitivity based on the effect of exponential
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met hod of synthesizing nucleic acid by a 2 ligase is also practically used.

The LCR mgﬂﬁgquW@ﬁsgngng$s of the amplification reaction causes a

problem in quantification; and samples and reaction solutions
are easily contaminated from the outside to permit nucleic acid
mixed in error to function as a template.

As genomic information 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 nucleotide sequence contains SNPs. That
is, whether a 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 erroneous 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

a



reaction, Laffler TG Garrino JJ; Marshall RL; Ann. Biol. din. (Paris),
51: 9, 821-6, 1993) is based on the reaction in which two adjacent probes
are hybridized with a target sequence and |igated to each other by a
ligase. The two probes could not be ligated in the absence of the target
nucl eoti de sequence, and thus the presence of the ligated product is
indicative of the target nucleotide sequence. Because the LCR nethod al so
requires control of tenperature f or separation of a conplenentary chain

froma tenplake ;Lhers, %rria%%ﬁ.ctagﬁ_%sa?%%ap{)}?ﬁleeTﬁsmiegh&ggg@rq%%en%%gg% aggir g

LCR, there iI"'s also a report on I MProvi ng pEC l:_(:lty ; n
the step qof i di .b j acent .an i ng,.t.he gap by
a DNA pol 35& gg\eéfn’ Q%fmg%/%?&qﬂhg %gﬁoﬁg}’e Sgépgé?iqﬁf’t %PE‘ Ju‘?jfi d*fet hod i s

specificit Ly, dothese stil enmai ns a problemin that .conyﬁg of
t enper at ur(éa?rgs¥éq§15—r' 8d.§éﬁr€helrén9oi)e,lsu &S5E PRe“Padth a5 ot Bh ll"I eads
to an inc%easedhn co§t. A#nnthoth%!L%P t he SD neéhod éstrand dlsplacgnent
anpl i fi catonfFeBPER" REYPSS Ay RYSEFidigea wagh aghamapt ng@lz?cnce[ ﬂI&@i‘ eic
Acid. Res., 22, 1291-1686, 6992 is also known as a nethod of anplifying
DNA havi ng1§3586udRc82EBnBERRENP Y § %bg%setaﬂﬁﬁ%t%@h&%ﬁ@@%a§?§l@eﬁ9¢ate. I'n
the SDA nethod, a special DNA polynerase is used to synthesize a .
conpl enenPir y1EREPA l%t%??i%@ﬁ?ﬁ%ﬁn%ﬁ[ﬁhQnﬁanﬂﬁﬁﬂmﬂﬁ%ﬂQﬁ%ﬁq<§eQM@HSE,-S|de
of a certain nucleotide sequence while displacing a double-stranded chain
3 if any &RdihBusitbgirresgnaheisthgehtoated phedpeesimtindicative of
the target nucleotide sequence. Because the LCR method also
requirescontrol of temperature for separationof a complementary
chain from a template, there arises the same problem as in the
PCR method. For LCR, there is also a report on a method of
improving specificity by adding the step of providing a gap
between adjacent probes and filling the gap by a DNA polymerase.
However, what can be expected in this modified method is
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, 392-396, 1992]
[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, a special
DNA polymerase is used to synthesize a complementary chain

starting from a primer complementary to the 3’ -side of a certain

nucleotide sequence while displacing a double-stranded chain



specification, the sinple expression "51-side" or "3'-side" refers to that
of a chain serving as a tenplate. Because a double-stranded chain at the
51-side is displaced by a newly synthesized conplenentary chain, this
technique is called the SDAmethod. The tenperature-changing step essenti al
in the PCR nethod can be elimnated in the SDAnet hod by previously
inserting a restriction enzynme recognition sequence into an anneal ed
sequence as a prinmer. That is, a nick generated by a restriction enzyne

gi ves a 3'~§}1 o] actin ,Q§j%pe origin of synthesis _ of conplenentary
chai n, and‘theg%rggioﬁé?ngyﬁ% é%i%édeg%nﬁ?%%%ﬂ?ﬁry éﬂhiﬁgﬁsﬂaﬁﬁﬁﬁéd as a
si ngl e-stranded .chai.n by .strand.displacenent synthesis, and then utilized
agai n as fﬁe@%lﬁ%lfo&’ Fiss Sgee LA 10T0f X ol e rfttary? cIfdide” thi s
manner , theigggplica ed control of tenperature essential in the PCR nethod
is not red@T®ed it? (RESHE FetHALD IFPAHNBHS et HP Loty decaure a
restriction enzyne generating a nick spou[d be used in addition to the
strand difgRdEsRERENARse CORATPEIy FBPaderSTRARSL f edippbaeed Byra tiewly
addi tional enzyme is a major cause for higher cost. Further, because the
restricti GYPSFARE S COBPpEMgaEaTriotha b, dihday fgshndiqusot i el -tdter anded
chains but for introduction of a nick (that is, cleavage of only one of
t he chai n®PA mathipdpP d&e tarpesatygehchsngingistaiNgPsehblied ibetbs&CRas a
substrate for synthesis "to render the other chain resistant to digestion
with the aeihes canpeedidiinglted irheheagpRinfd tdatd oy ppevdoast Ly nSBAtiagy a
-di fferent
a restriction enzyme recognition sequence intoc an annealed
sequence as a primer. That is, anickgeneratedbya restriction
enzyme gives a 3'-OH group acting as the origin of synthesis
of complementary chain, and 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 requirement 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 of 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 chain resistant todigestion with the enzyme.



structure fromthat of natural nucleic acid, and there is alimt to

cl eavage with restriction enzynes or application of the anplification
product to gene cloning. In this respect too, there is a major cause for
hi gher cost. In addition, when the SDA nethod is applied to an unknown
sequence, there is the possibility that the same nucleotide 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
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DNA pol ynefase —1h the'p c f‘ﬁpgg :ﬁNﬁsa§§a-a£Fé}%§cﬁt«r§?§dtqv“§ ?th}FzObe
havi n a 7 pronpter added thereto, an e product s .
secong pr5&%%%é%f%f%ﬁﬂnﬂ%@%??éﬁ&é@e@ﬁaFﬁPnﬂéﬁhowéﬁ_%@lstr%ﬁﬁﬁﬂﬁ[ﬁQQWIby T7
RNA pol ymerase with the formed double-stranded chain as a tenplate to
ampli fy a 1 'ge 18BURR I OHICaNeR £RAL Dishessmsl- g2 agdgtyon, NASBA trtexjui r es
sone heat _ denaturation stegs until doubl e-stranded DNA is conpleted, but
the subsedqif¥ht™&tReRcEs paPp afdr BaceRoHniyoWR REAUsTIogEtAsee [rsoageads
under isothermal conditions. However, a conbination 5 of plural enzynes
such as r dRSSPilidsthapthesamNavel et DN sequence as the restriction
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.

NASBA (nucleic acid sequence-based amplification, also
calledtheTMA/transcriptionn@diatedamplificatiénn@thod)is
known as a method of amplifying nucleic acid wherein the
complicated control of temperature is not necessary. NASBA is
a reaction system wherein DNA is synthesized by DNA polymerase
in the presence of target RNA as a template with a probe having
a T7 promoter 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, 1991). 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



pol ynerase and T7 RNA polynerase is essential, and this is unfavorable for
cost simlarly to SDA. Further, because it is conplicated to set up
conditions for a plurality of enzyne reaction, this method is hardly

wi despread as a general analytical nethod. In the known reactions of
anplification of nucleic acid, there remain problens such as conplicated
control of tenperature and the necessity for plural enzynes as descri bed
above For these known reactions of synthesizing nucleic acid, there are
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Genetics, L9, .225-232, July, 1998) In RCA, a padlqck probe having 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 sacrificiﬁg
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 padlock probe can be synthesized continuously
in the presence of a target hucleotide sequence (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 oligonucleotide constitutes
an adjacent probe in LCR is utilized. Then, the continuous
reaction of synthesizing complementary chain with the padlock
probe as a templatewhichwas ligated and cyclized in the presence
of a target nucleotide sequence is triggered by combination with

a polymerase catalyzing the strand displacement-type reaction



acid having a structure of a series of regions each consisting of the sane
nucl eotide sequence is thus formed. A prinmer is further annealed to this
singl e-stranded nucleic acid to synthesize its conplementary chain and a
hi gh degree of anplification is thus realized. However, there stil

remains the problemof the necessity for a plurality of enzynes. Further,
triggering of synthesis of conplementary chain depends on the reaction of
ligating two adjacent regions, and its specificity 1is basically the sane
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been linked is realized in PCT/FR95/00891. In this nethod, however, the
step in wiYHReR 2% i falCAEHENN YR BRRLRNGW t B tHah coppreaembary

chain and base pairing is constituted again in the sanme chain is
essent i al .2MRL i Gadriighidsdthpatreat szed ep Hopeyesedshaspesiti by memainsubt | e
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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’ -0H, there is a known method
in which a nucleotide sequence is provided at the 3’-terminal
with a sequence complementary thereto and a héir 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 sequence has been
linked is realized in PCT/FR95/00881. 1In this method, 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 equilibrium state at the terminal

of mutually complementary nucleotide sequences involving base



pairing wth a conplementary chain and base pairing in the same chain is
utilized and the only chain annealing to the nucleotide sequence in the
same chain serves as the origin of synthesis of a conplenentary chain.
Accordingly, it is considered that strict reaction conditions should be
set to achieve high reaction efficiency. Further, in this prior art, the
primer itself fornms a |loop structure. Accordingly, once a prinmer dinmer is
formed, anplification reaction is automatically initiated regardless of

whet her a target, hughgqtide se I S.present or not d, an _uynspecific
synt heti c %r o]%luc RS t%%uisgf g?lrregj.mﬁ'ﬁ?%l%rgﬁ%sge r%tajsrét??%%gg%w@ﬁ\% t her,
formation ; Qﬁ% Il di_mer__an subsequent . consunpti pn of the prinmer by
unspeci fi CES)JS%/%Jt '?’lll(‘;'geér SSCE ST Y 8ﬁalpeadlﬂ:gia§ﬁ P FHRI dfpFPei 3388 on
pe ! . . .

eff|C|encX: of the d.SJr%? r q&{lon Besides, there is a report that a
regi on notC AR ARd Gt 26 @H%I RORGY ThePPRELaBE tRShaIYGIARE ide
realize.a _31 -termnal structure annealing to the sane chain (EP713922)
This repori®HTEhdD (he SARE FrebPeaPa¥ernaPCIREROS DDBRE suprhedis
respect of the utilization of dynam c equilibriumat the termnal or the
possi bi | i t3F &f CORBPEELPLATYyRRabR i ¢ Acarudiswlvud tt sf opnatderedfthatdi ner
primer. Further, a special region not serving as a tenplate for DNA
pol yrer aseS Whidilt Bedet ppogandd tigasshmilebe setirtchachiéne haghotes o igmal
anplification reactions to 8 which the principle of NASBA described above
is applie®ffiriency. Further, inthispriorart, the primer itself forms

a loop structure. Accordingly, once a primer dimer is formed,

amplification reaction is automatically initiated regardless

of whether a target nucleotide sequence 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 (EP713922).

This report also has the same problem as in PCT/FR95/00891 supra

in respect of the utilization of dynamic equilibrium at the

terminal or the possibility of unspecific synthetic reaction

due to formation of a dimer primer. Further, a special region

not serving as a template for DNA polymerase should be prepared

as a primer.

Further, in various signal amplification reactions to



ol i gonucl eotide having a hairpin structure at the termnal thereof is
often utilized to supply a doubl e-stranded pronoter region (JP-A 5-211873)
. However, these techniques are not those permtting successive supply of
31-OH for synthesis of a conplenentary chain. Further, a hairpin | oop
structure having a 31-termnal annealed in the sanme chain is utilized for
the purpose of obtaining a DNA tenplate transcri bed by RNA pol ynerase is
utilized in JP-A 10-510161 (W96/17079). In this nethod, the tenplate is

anplified . Iclrlllls 'tth%%s E:rnré.{ﬁh%g%il%io@ NAYER c%q.%etc{ QWRe 4l %?P}ﬁ.“ef ,ib%.rlll from

RNA to owever, t'he rTeaction system 0]

consti tut W t . ination of.a plurality of enz s.. Disclqsure of
the | nventfa :Elol t{%lioet%("‘i'elgéng'\‘avtaj‘nne('; pt e%%h?pfrﬁvgﬁf\lcdﬁufg 85 é%%Vit(?én& hod
of synthesi zing nucl ei.c acid.based on a novel pripciple. Ampre specific
obj ect is%&rﬁgd:\n/?ﬁeo LS thad 148 aB?esué?quyeﬁl ?5%36? Era%%r?ﬁ’éﬁn?t@fr
nucleic acid ,depgggi ng gn éﬁguence efficiently at |ow costs. That is, an
obj ect of HE9&OFr e8Bt 2 FAVEAL) on HVEWET pEBORPEE s vGs 259 RBES herse
achieving the synthesis and  anplification of nucleic acid by a single
enzyme evE@RLMAEANG sTHFERHBI VS e8EPPON hddt reHs fomnotethebiecefof t he
present invention is to provide a method of synthesizing nucleic acid
whi ch can coaRliereriiagly eheénfi dusthiyf pcidirpin dovpeveriat ¢he ha viimgin
reaction principle of nucleic acid synthesis, as well as a nethod of

anpl i fyi ng¢ slcteraiagild abyleéésldyiihgtgai samgnehein cls utilized for the
purpose of obtaining a DNA template transcribedby RNApolymerase
is utilized in JP-A 10-510161 (WO96/17079). 1In this method,
the template is amplified by using transcription into RNA and
reverse transcription fromRNA to DNA. In thismethod, however,
the reaction system cannot be constituted without a combination

of a 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. A more
specific object is to provide a method capable of realizing the
synthesis of nucleic acid depending on sequence efficiently at
low costs. That is, an object of the present invention is to
provide a methbd capable of achieving the synthesis and
amplification of nucleic acid by a 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



met hod. The present inventors focused their attention on the fact that the
utilization of a polynerase catalyzing strand displacenent-type synthesis
of conplenmentary chain is useful for nucleic acid synthesis not depending
on conplicated control of tenperature. Such a DNA polynmerase is an enzyne
utilized 1in SDA and RCA. However, even if such an enzyne is used, another
enzyne reaction is always required for supplying 3 -OH as the origin of
synthesis in the known neans based on priners, such as SDA. Under these
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reaction,nknﬁﬁﬁpy conpl eting the present invention. That is, the present

invention relates to a method of synthesizing nucleic acid, a method of
anplifying nucl e i d_ by .applyin ai d t hod of . synthesizing nucleic
acid and a novel%lh%I %%%%%?é&%&%og%a ??lﬁﬁg§§£e&rnﬁﬁ 51oR O HRE SRSt 10 1.
A et hod qf _synthesi zj ng, nuc| ei ¢ id having conpl enentary  nucleotide
sequences%mﬁﬁke ﬁlt%?hg}%?El?% éggiﬁglggiygﬁﬁﬂgg HeA Y 2 FhpSitaang:  a)
the step of, %jvin nucleic acid which is provided at the 31 -term nal

t her eof wi QQ§i%ﬁ#‘¢¥9@a5XBFEe§FSaﬁﬁe%?mmbem%Ptary chain is useful

for nucleic acid synthesis not depending on complicated control
of temperature. Such a DNA polymerase is an enzyme utilized
in SDA and RCA. However, even if such an enzyme 1s used, anothe;:
enzyme reaction is always required for supplying 3’-OH as the
origin of'synthesis in the known means based on primers, such
as SDA.

Under these circumstances, the present inventors examined
supply of 3’-0OH from a completely different viewpoint from the
known approach. As a result, the present inventors found that
byutilizinganoligonucleotidehavingaspecial structure, 3’ -0H
can be supplied without any additional enzyme reaction, thereby
completing the present invention. That 1is, the present
invention relates to 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:

10



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 capable of. base
pairing, b) the step of perform ng synthesis of a conplenentary chain
wherein the 31 -termnal of FI having annealed to Flc serves as the origin
of synthesis, c) the step of annealing, to a region F2c, of an

ol igonucl eotide provided with the 3 -termnal thereof with F2 consisting
of a sequence conplenentary to the region F2c, followed by synthesis,

wi th said 10l hoRoLgLEA 4 %S'a etsrlgi?{%ghe&&&sxgi&gp 191 L%O?“,Pé-gegfﬁ%l&%r ntary

chain by a polynerase c yzing stran ace f
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chain J Sikaged dshan.g). (o be ready for bae paring of o
ol | oned ) SR HEER SAY I8 FOF Zh AR SR T SEeGt 5o Aehesi o,
i spl acomenr ORI COP TP UGy P nEea ebnbl cHapAALy o SRR NG dospl ace
the conpl enent ar;g chain synthesized in step C 2. The method according to
item 1, wiePaith FiCstBpthP sampechriyiand grhighturen enneal ingyicdh the
present at the 31 -termnal in the sane chain and capable of annealing to
a regi on MegiomnBl 40/Bp is capable of forming a loop centaining a region
F2c capable of base pairing,
b) the step of performing synthesis of a complementary chain
wherein the 3’'-terminal of Fl having annealed to Flc serves as
the origin of synthesis,
c) the step of annealing, to a region F2c, of an oligonucleotide
provided with the 3’-terminal thereof with F2 consisting of a
sequence complementary to the region F2¢c, followed by synthesis,
with said oligonucleotide as the origin of synthesis, of a
complementary chain by a polymerase catalyzving 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 for base pairing, of a polynucleotide
providedat the3’-terminal thereofwitha sequence complementary
to an arbitrary region in said chain synthesized in step <),
followed by synthesis, with said 3’-terminal as the origin of

synthesis, of a complementary chain by a polymerase catalyzing

thestranddisplacement reactionof synthesizingacomplementary

11



contai ning the region R2c capable of base pairing is fornmed by annealing
Rl to Rlc. 3. An oligonucleotide conposed of at |east two regions X2 and
Xlc below, and Xlc is linked to the 51-side of X2, X2: a region having a
nucl eoti de sequence conplenentary to an arbitrary region X2c in nucleic
acid having a specific nucleotide sequence, and Xlc: a region having
substantially the sane nucl eoti de sequence as in a region Xlc |located at
the 51 -side of the region X2c in nucleic acid having a specific

nucl eoti d (of =3 t r.di dtem wherein the nucleic
acid in g:t%gqgj%gi glgé%%% erhrg%l% lgegn%%'t%r vFé‘%&nﬁyP}lﬁBe%F?gv&%Qf teps:
i) the St%ﬁFOf annealing, to a region F2c in nucleic acid serving as a

tenpl at e, a region F2 in the oligonucleotide described initem3
wherein the ion. X2, 1S _a_r,egiaqn Fﬁ and the region X c is a regiaon Flc,
1Y the stept B TEHIGLERSPRITHD Rt LF it el KSEP T HIVPREP &) mEGE SEIGE
sequence c%ﬂple ntary,to the template wherein F2 in the oligonucleotide
serves as YThEYBFDGSH Sof SsPntdER R priesefite adt Epeod T*’e?nﬁ@%‘il?lg Hhitrary
region in the f irst nucleic 12 acid synthesized in step ii) ready for base
pairing, a&%re FOPLPRNQIGEPS CaRfcaierl B0 319 goresi edthlde hadi adapp
nucl eotide sequence conplenmentary to the region made ready for base
pairing iGPYHRE NG ERRUEPST RN Al chRabilepofityse peditimgedsbioeyed fasi zi ng
second nucleic acid with said oligonucleotide as the origin of

annealing Rl to Rlc.

3. An oligonucleotide composed of at least two regions X2 and

Xlc below, and Xlc is linked to the 5’-side of X2,

X2: a region having a nucleotide sequence complementary to an

arbitraryregionX2cinnucleicacidhavinga specificnucleotide

sequence, and

Xlc: a region having substantially the same nucleotide sequence

as in a region Xlc located at the 5’-side of the region X2c in

nucleic acid having a specific nucleotide sequence.

4. The method according to item 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 F2¢ in nucleic acid serving

as a template, of a region F2 in the oligonucleotide described

in item 3 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 complementary to the template wherein F2

in the oligonucleotide serves as the origin of synthesis,

iii) thestepofrenderinganarbitraryregioninthe firstnucleic

12



synthesis and rendering F1 at the 31 -term nal thereof ready for base
pairing. 5. The nethod according to item4, wherein the region enabling
base pairing in step iii) is R2c, and the oligonucleotide in step iv) is

t he ol igonucl ectide described in item3 wherein the region X2c is a region
R2c and the region Xlc is aregion Rc. 6. The nmethod according to item4
or 5 wherein the step of rendering base pairing ready in steps iii) and
iv) is conducted by the strand displacenent synthesis of conplenentary

S et R0 UARIRN AR Ay AP WIS S S BALeTRNIRACH Lo (e

synt hesi zi ng conpl éementary chain whérein an out
r_annealing.to the 3

31-si de of, in.the tenplate _and an.outer I
-side of t%éz%%%gﬁ%u%%aﬁggaﬁﬁggoaﬂ aiﬁgOBPcéﬁﬁ%ﬁg‘air&aVﬁW%?é’b’ ]\‘F)Or:‘flgre t he
first nucleic acid serve as, the origin of synthesis. 7. The methaq
accor di ng FEYTER FOTRMEPRT AT Or%}?%girﬁglpér%éﬁieﬁﬁ?@y for Bagppairing i
ol i gonucl eotjde and its conpplementary region in _the tenplate used in the
reaction i {"Iﬁe Hé%ﬁ%ﬁfﬂg aCcat R SR L Lndal kowe Shvs yathesgedag:
(outer prinmer/region at the 3' -side in the tenplate) :!~ (F2c/F2 13 and
R2c/ R2) : $eCEnd BRCARUCRCI R thgsatf o M Mir Rk dR 7§ theammidhe off itens
4 to 7, wherein the nucleic acid serving as the tenplate is RNA, and the
synt hesi s SYS{hesHs et mendeding Rliat shepd' 19erminvhdheres fhyeady dezyme
having a reverse transcriptase activity.

base pairing.

5. The method according to item 4, wherein the region enabling
base pairing in step iii) is R2c, and the oligonucleotide in
step iv) is the oligonucleotide described in item 3 wherein the
region X2c is a region R2c and the region Xlc is a region Rlc.
6. The method according to item 4 or 5, 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 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. Themethodaccordingtoitem6, 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
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9. A nmethod of anplifying nucleic acid having conplenentary nucleotide
sequences linked alternately in a single-stranded chain by repeatedly
conducting the follow ng steps: A the step of providing a tenplate which
is provided at the 31- and 51-terminals there of with a region consisting
of a nucleotide sequence conplenentary to each termnal region in the
sane chain and whi ch upon annealing of these nmutually conplenentary

nucl eoti de sequences, fornms a | oop capabl e of base pairing therebetween,

B) the step pof perfqrm t he..synt hesi s,_qQf conplenmentary chain wherein the
B GPIRA el Laftcardt

3 -term )the same chain serves as the
origin of ;synthesi ). the step . of _annealing, to the | gop portjon, of an
ol i gonucl esz't ?hg I%?%Q/?‘gea ce(&rqslﬁ%g%f %%r%%é’{% Hﬁ@?‘@o‘r B ?h SIS Fent ary

nucl eoti de sequence.to a | pop which anong said _|oops, is |ocated at the 31
-t erni nal ”é’icﬁ%.lcf BFE SR B 3 iR ﬁg‘ﬁ Eemp{pte khENHi §BAUERR Yinddesd & he

origin of synthesis, of a conplenentary chain by a polynerase catal yzing

the stran®t GOTPHEREREATYr EREENOAN 0P L8P NE hbst $i FRPIN G| TeaTt &NZYEISAI n t O
di spl ace the conplenentary chain synthesized in step B) to nmake 14 the
3' -t er mi n&2VHEG Sofr VEIBF LRSI DFase RELivid D) the step wherein the
chain with the 31 -termnal nmade ready for base pairing in step C) serves
as a new tPendl &ethor ofTrapidtfyddcacamrldiing aadd themisg weepdiemeritary
ol igonucleotide in step C) is provided at the 5 -terminal thereof with a
nucl eot i d®ucleotide 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 region in
the same chain and which upon annealing of these mutually
complementarynucleotidesequences,formsaloopcapableofbase
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
oligonucleotide provided at the 3’-terminal thereof with a
complementary nucleotide sequence to a loop which among said
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
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sequence conplenentary to the 31 -termnal serving as the origin of
synthesis in step B). 11. The nethod according to item 10, further
conprising the step where a conplenentary chain synthesized with the

ol igonucleotide in step C as. the origin of synthesis is used as a
tenplate in step A). 12. The nethod according to item9, wherein the
tenplate in step A is synthesized by the nethod described in itemb5. 13.
The nethod according to item1 or 9, wherein the strand displ acenent

react | on i oSl 70 AR VA S b SAIEH QY i n the

presence of a nelting tenperature regul ator according to

item 13, erein | t enper.ature.requl afor is,betaine. 15. The
net hod acc r&?lr?gs%(g)si ‘?E%ﬁl:ﬁgg %ee;%aﬁ‘rb.wl%ht §H§ go’ﬁfﬁ’&f%‘?‘%éﬂaf@s 83%ed to
be present_in,the react.ion . olytio 16. A method of detecting a target
nucl eot i d& Feqiierc &3 L% dtpisEeP 3&% FGTHAS S r’t?é“rfttﬁn}ﬂiﬁd:ean
anplificatjon t haod described in any ope of itens 9 to 15 and observing
whet her ar%odngﬂgfl?ec 9 ﬁCCPEE&PEoF-P EJFSH‘UQI W?’ser&éﬁepé?é&l&orﬂ’(ﬁl.eoﬁquhe
met hod accordjn 510 item,1q6, wherein a probe containing 15 a nucleotide
sequence c’ﬂh’iﬁ%&r@ £ERF G492 586 3’ s tedded &l hare o awpth pintitliast ideact i on
product and hybridization therebetween is observed. 18. The nethod

accor di ng YNGR TYTPHRBRREATY 1€ BReE Ttenmipalegervingas toe @ igia

aggregation reaction occurring upon _
of synthesis in step B).

11. The method according to item 10, further comprising the step
whereacomplementarychainsynthesizedwiththeoligonucleotide
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 5.

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 to item 14, wherein 0.2 to 3.0 M betaine
is allowed to be present in the reaction solution.
l6.Amethodofdetectingatarget nucleotide sequence inasample,
which comprises perfoiming an amplification method described
inanyoneof items 9 to 15 and observing whether an amplification
reaction product is generated or not.

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

15



hybridi zati on i s observed. 19. The nethod according to item 16, wherein an
anplification nethod described in any one of itenms 9 to 15 is conducted in
the presence of a detector for nucleic acid, and whether an anplification
reaction product is generated or not is observed on the basis of a change
in the signal of the detector. 20. A nethod of detecting a nutation in a
target nucl eotide sequence by the detection nethod described in item 16,
wherein a nutation in a nucl eotide sequence as the subject of

Consti Ut im0 ERECKear TS Aot o Derned b5 Rad, 80 FBOBETN Rokied 0F i i o

hai n. - conE e T FEPFBRER uruieh R b ot hE B F 4B A T R | bed

in iten13.mhe&§in the region F2c in nucleic acid as a tenplate is X2c, and
Flc | ocat ed at--SHe 51-side of F2c is Xlc; ii) an oligonucleotide

containin cl eqti de sequence, conplenentary to an arbitrary region in a
conpl enent 'ygﬁﬁéﬂe%tho%?ﬁ%’é&z%%%% } e - IR oMt FBBIRIRPS #S dabededy
prinmer; 16 iii& an, ol i gonucl eoti de having a nucl eotide sequence

conpl enent¥ry RAF @ GRTF on?®3c PEEARLEATAPN hEe3ELioNde OFCUERE NGegiURPR F2¢ i n
the nucleic acid serving as a tenplate; iv) a DNA pol ynerase catal yzing the
strand di PRFdHeRtiqpe s RRARLVEH of synt hesi zi ng conpl ementary chain; and

19. The method according to item 16, wherein an amplification
method described in any one of items 9 to 15 is conducted.in
the presence of a detector for nucleic acid, and whether an
amplification reaction product is generated or not is observed
on the basis of a 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 one of complementary
chains constituting the amplification method.

21. A 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 is X2c, and Flc located at
the 5'-side of F2c¢ is Xlc;

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;
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v) a nucl eotide serving as a substrate for the elenent iv). 22. The kit -
according to item 21, wherein the oligonucleotide inii) is the

ol i gonucl eoti de described in item 3 wherein an arbitrary region R2c in a
conpl ementary chain synthesized with the oligonucleotide in i) as the
origin of synthesis is X2c, and R c located at the 51 of R2c is Xlc. 23.
The kit according to item 22, further conprising: -vi) an oligonucleotide
havi ng a nucl eoti de sequence conplenentary to a region R3c |located at the

ol i gonucl corie Th 1 8% RET e Pyta” CRBLSHEN 8 L FUR LR "R AR o

ol i gonucl eoti'de 1 n i orrgirn o

of a targe cl eot.i de. sequence onprising a _detector fo etectjon of a
product oféon c eel?ecntaacﬁ}agogyﬁ%ﬁ? g%ﬁ&#&&%ﬁ&?‘?i%n’eﬂ%ﬁ ?%t ©i]9d¥s5cri bed
in any on of, items 21 to 23. .-The nucleic acid having conpl enentary

nucl eot i d?z%édheﬁ%%§9?% AFLBrIRAEIRE 137 £ SRR/ anded chain as the
obj ect of gynthﬁifs in the gresent i nyention nmeans nucleic acid having

mut ual |y coffplPeAt BPy YRGERES: FAE2s¥aLBACERS | $HRaRd sFirpLasenenfe yPa

si ngl e-stranded chain. Further, in the present 17 invention, it should
contain a TRRGEART RE SHHUIRE 3619 eama Rrent d o hsitweand he conpl enent ary
chains. In the present invention, this sequence is called the |oop-formng
sequence. VITHe Mifleqtdld i P Eidihesd Ao B uBs ttat riaverthd milemdron iw) .
conposed substantially of nutually conplenmentary chain's |inked via the
22. The kit according to item 21, wherein the oligonucleotide
in ii) is the oligonucleotide described in item 3 wherein an
arbitrary.region R2c in a complementary chain synthesizéd.with
the oligonucleotide in i) as the origin of synthesis is X2c,
and Rlc located at the 5’ of R2c is Xlc.
23. The kit according to item 22, further comprising:
vi) an oligonucleotide having a nuclectide sequence
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.
24, A'kit for detection of a target nucleotide sequence,
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
object of synthesis in the present invention means nucleic acid

having mutually complementary nucleotide sequences linked side

by side in a single-stranded chain. Further, in the present
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| oop-form ng sequence. In general, a strand not separated into 2 or nore
nol ecul es upon di ssoci ation of base pairing is called a single-stranded
chain regardl ess of whether it partially involves base pairing or. not. The
conpl ementary nucl eoti de sequence can form base pairing in the sanme chain.
An intranol ecul ar base-paired product, which can be obtained by

permtting the nucleic acid having conplenmentary nucl eotide sequences
linked alternately in a single-stranded chain according to the present

i nvention i é% -ngeagagﬁ I .Sa hai.n, ,gives region constituting
an apparently doubl’e-st raﬁgle%l%o(%{%lﬁl and‘lcgl?%otolpde?\&e » \%&ev?%ﬁnﬁoof%‘@"}?ai ring.
That is, the | el i_d ving ¢ | epent ary nucl eotide . sequences |inked
al ternatelac %ﬁb’é ge%gl%%bsté}gendggmgﬁgﬁﬁngg&or%ﬁaﬁﬁst'o ti}% Epgsgarﬁeqer{&enti on
cont ai ns c%lé mentagﬁ. nucleotide,se%ginceghcgfablefof annealing in the
same chain; s PRARe AP BUC PO T CodathEP Get PARTE RENER H FI AN Sded
nucl ei c ag&d con tituthggia H%%§1no i nvol ving base pairing at a bent
hi nged port1oRICAEHEEFEGTIAENERHZRS Y FHSIRFATIE SeytRhERN leGAARARSS ar y
thereto can anneal, to the | oop not involving base pairing. The
| oop- f or mi SHP Egtfeiice e 8% BRLBAL AY 1 IRRbsmery: 3 Ideiinge L sBhaEtER thee
| oop-form. ng sequence is capable of base pairing so as to initiate the
synt hesi s GfORT fMINshBREEL)CE chaltharBprrals i aEsapAMOtaREPRE2pedVinded
preferably with a sequence distinguishable froma nucl eotide sequence
| ocat ed i r? OFHeCHR RO ecgiesnupen sHderoaia tdeii efebape pisflird ngnhealdligd For
a single-stranded chain regardless of whether it partially
involves base pairing or not. The complementary nucleotide
sequence can form base pairing in the same chain. An
intramolecular base-paired product, which can be obtained by
permitting the nucleic acid having complementary nuclectide
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 involving base pairing at
abent hingedportion. Anucleotidehavinganucleotide sequence

complementary thereto can anneal to the loop not involving base

pairing. The loop-forming sequence can be an arbitrary

18



exanple, in a preferred enbodi nent, the | oop-form ng sequence contains
substantially the sane nucl eoti de sequence as a region F2c (or R2c)

| ocated at the 31-side of a region (i.e. Flc or R c) derived fromnucleic
acid as a tenplate and annealed in the same chain. In the present

i nvention, substantially the sane nucl eotide sequence is defined as
follows. That is, when a conplenentary chain synthesized with a certain
sequence as a tenplate anneals to a target nucl eoti de sequence to give the

origin of synt d 7] | enent _g?ainq this certain seguence is
substantially the (fséa%%qgs?%;&%g t'g}sgefg%uc TOTHE S FhETcE® Fre ﬁ%r?pq e,
subst anti ugnce .as F2 .includes not | y_absol utely the
same nucl ?o %edéggggﬁgﬁ%i%g’sggﬁ%%uﬁataﬁ Ebeas%%‘%%ﬁ 8?@&5@@%&%‘91 e of
functionin enplate givipng a_nucl eoti de, sequence capabl e of
anneal i ng 5ﬁ§kgf%%dgggP?ﬁ§gggn£hea i gith BFCEVAE e?F?%ﬁﬁaBgﬁpW&ﬁQnﬁhry
chain. The tern1"'an£eal".ig Egeé?resent i hvention nmeans formation of a
doubl e- st PR SG AhEFAPEYSPIADL P O™ &) JUEHR OLLPE FasuIeRse LAgat8dsidd on
the | aw of Watson-Crick. Accordingly, even if a nucleic acid chain
consti t ut iTf PASEARPPLAG 1R AW hieashisige8PeRALAC aBnadhindy i nFadtcur s
if intranol ecul ar conpl ementary nucl eotide sequences are base-paired. In
the prese@*aMRieht ina RERENTSTY embed impiniti, dE2at 1 oep hEwenine serwenmEani ng
in that the nucleic acid constitutes a double-stranded structure through
base pairidfjitamins puhbeanbiapiy theosanemidemitiale/sagubrotiatea seguiamces

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 is defined as follows. That is, when a

complementary chain synthesized with a certain sequence as a

template anneals to a target nucleotide sequence 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 F2

includes not only absolutely the same nucleotide sequence as

F2 but also a nucleotide sequence capable of functioning as a

template giving a nucleotide 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

adouble-stranded structure of nucleic acid throughbase pairing

basedon the law of Watson-Crick. Accordingly, evenif anucleic

acidchainconstitutingbasepairingisasingle-strandedchain,

19



constituting the nucleic acid according to the present invention is at

| east 1. According to a desired node of the present invention, it may be 2
or nore. In this case, there is theoretically no upper linmt to the nunber
of pairs of conplenentary nucl eoti de sequences constituting the nucleic
acid. Wien the nucleic acid as the synthetic product of the present
invention is constituted of plural sets of conplenentary nucleotide
sequences, this nucleic acid is conposed of repeated identical nucleotide

sequences-anm%m]%y g:ir?%él@@j qthwt@%gfﬁgggucrg%ntc% ylghﬁe'n%%tfgg%gca%%m es

i nked al ternate si ngl e-str ain esl z y ‘the present

i nvention ] structure as naturally.occurring.nucleic
acid. It iss r?gl\%rt?st a?ebglgg_ggﬁgﬁéot%tecylge%evsaeﬂ Jén}’gngiga’ggna?ag‘&ggtrate
when nucl ei ¢ cid,is nt hesi zed by the action of. a ol ynerase,, a
nucero gochfEFfobfa b Lot ARYSEELs Rhmece St n e TlT Sbm BRCHETe Rl

used i ncludes nucl eotides |abeled with a radi oi sotope or. nucl eot,i de
derivati v&S™® g‘l“&?svft © fg— ' V&‘?%éﬁd’“ﬁ&?eaggrg}‘%ik?ﬁﬁ P@Lgdxn. These
nucl eoti de derivatives can _be used_to |label nuclei ¢ acid derivatives as
the product. Al tr&f4f 9T B4 5 of IGRIRISImERt ARl Peet pabidasequssgess a
substrate, the nucleic acid_as the product can be a fluorescent

deri vat i vEOTISHTHELRT §1f BUFLBAGAC I CRRI @i RGEL NP BE SRR 1 TeInEH oBne i s
formed is determined by a conbination of the structure of a primer, the
type of aisulist rkgast ok pdigarnding ioh andepbredempgat pénthe present

invention, it may be 2 or more. In this case, there is
theoretically no upper limit to the number of pairs of
complementary nucleotide sequences constituting the nucleic
acid. When the nucleic acid as the synthetié product of the
present invention is constituted of 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 naturally occurringnucleic 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
nucleotide derivatives labeled with a binding ligand such as
biotin or digoxin. These nucleotide derivatives can be used

tolabelnucleicacidderivatives asthe product. Alternatively,
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reagents for carrying out polynerization of nucleic acid. Synthesis of the
nucl ei ¢ acid having the structure described above can be initiated by use
of a DNA pol ynerase having the strand displacenent activity and nucleic
acid which is provided at the 3 -termnal thereof with a region F1 capable
of annealing to a part Fic in the same chain and which upon annealing of
the region FI to Fic, is capable of formng a loop containing a region F2c
capabl e of base pairing. There are many reports on the reaction of

synt hesi zu%&&&%@ggg&@ﬁycfe%aedﬂaeswgfgqiggaa 0 (Pca0R | nd FER AN @

sanpl e sequence Irts I's used as a whi e i'n the

i nvention r h p| 0Q vi ded MAth

capabl e oP’ gggg %éﬁ) ﬁﬁ; uck g her@ ?%u8r§898P f %E{N%;%ﬁFlul %ﬁ%ﬁ Ton of
this region in synthesizin nple tary use of this region as
the origi ror §§8¥H8§| rgayabeg&,}% ﬁﬁg (}:H\;{' 88§I VA "F‘F&llzsed with
a sanple s quence | elf as a, tepplate is displaced. Then, a region R c
(arbitrar @&F‘Hﬁ’)edt Eéfcﬁt%%f“%{n?%ng Ofette’ter’rﬁﬁé cEPrenef i RAiRST CR&in is
in a state ready for base-pairing. A region having a conplenentary
sequence t/Pehi <t RRc SUOsEERES echrt he? LYWL} 231 @1 ngnPn HodnetiigatiProf t he
nucleic acid (2 nol ecul es) having a nucl eotide sequence extending fromFl
to R ¢ andSa@en¢ESmAEmaRaini "eh Ut Dok r igatdiomatod] yugle ich@didop- f or mi ng
sequence. In the present invention, the arbitrary region such as R c above
can be sel ect ed Syatibiesdisr i 0% ﬁh@vﬂ‘d@ﬂ-alh'at actdcareanhkel et uctare

pol ynucl eot i de
described above canbe initiated by use of a DNA polymerase having

the strand displacement activity and 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 F1 to Flc, is capable of forming a loop
containing a region F2c capable of base pairing. There are many
reports on the reaction of synthesizing complementary chain
wherein a hairpin loop is formed and a sample sequence itself
isused as a template, while in the present invention the portion
of the hairpin loop is provided with a region 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 a sampie 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 thereto, resulting in formation
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havi ng a nucl eoti de sequence conplenentary to that region, and that a
conpl enentary chain synthesized with the polynucleotide as the origin of
synt hesi s has necessary functions for the present invention. In the
present invention, the term'"nucleic acid" is used. The nucleic acid in
t he present invention generally includes both DNA and RNA. However,
nucl ei ¢ acid whose nucleotide is replaced by an artificial derivative or
nodi fied nucleic acid fromnatural DNA or RNA is also included in the

nucl ei ¢ aci# . nQf Ef p Nt ol ] Lhsofar_as Lt net L,ons_ as_ a
tenpl ate éor sy%ﬁ1 68| ée%%r}%:éﬁpnﬁﬂg%gﬁg?%/p?haa‘ﬁ'nrf&‘?hguﬁ%?gf‘geasc?(ﬂ‘l%?cﬁ he
present inventjon is:gen |l ntai ned in_a biological anpl e. tge
bi ol ogi cale’gg;enljf) R nfc’iqﬁ%:%fa%%l < ‘?Jrfgnltdt%rc?ﬁ‘ %?IgtfaIEYS b Linksg,
cul tures any excretjons O% ex racL% t herefrom The biol ogical sanple of
the preserfts iFRAHtT 0h THR1 GBEs 1OPRIEQEBLPEl SPEIES i dTy iREEHMor RNA
such as virus or, nycoglﬁig?. The nucleic acid _of the present invention my
be deri ved 5 Mrc FBP @ Thdi T adnt 89 e Srhsd BLBianys eal beatmiectedor
exanpl e, cDNA %é?thesized,fron1nRNA or nucleic acid anplif ied on the
basis of RIAEHERCIYPEEVided thatoit e be sregiadad bo aperriciectide pi cal
exanmpl e of the nucleic acid of the present invention. The nucleic acid
char act er iFaVEns R puelppeidatsqananag eamphenehtasyproihdddragiohe 81d
-terminal thereof with a region FI capable of annealing to a part Flc in
t he sanme cithasgemphementary chain synthesized with the polynucleotide
astheoriginofsynthesishasnecessaryfunctions for thepresent
invention.
In the present invention, the term “nucleic acid” is used.
The nucleic acid in the present invention generally includes
both DNA and RNA. Howeve:, 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 insofar as it functions as a template
for synthesis of complementary chain. The nucleic acid of the
presentinventionisgenerallycontainedinakﬁologicalsémple.
Thebiological sampleincludesanimal, plant ormicrobial tissues,
cells, cultures and excretions, or extracts therefrom. The
biological sample of the present invention 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 biological sample.

For example, c¢DNA synthesized from mRNA, or nucleic acid

amplifiedonthebasisofnucleicacidderived fromthebiological
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upon annealing of the region FI to Flc, is capable of formng a |oop
containing a region F2c capable of base pairing can be obtained in various
nmet hods. In the nost preferable enbodi nent, the reaction of synthesizing
conpl enentary chain utilizing an oligonucleotide having the follow ng
structure can be used to give the structure. That is, the useful

ol igonucl eotide in the present invention consists of at |east two regions
X2 and Xl c below wherein Xlc is ligated to the 51-side of X2. X2: a region

naving a SHEEToY Lo b e AR ERc: ok ufeSe} B oA/ Fing heliirine 211

t he sane Tﬂge%gfép sequence as a region Xlc |located at the 51 -side of
t he region C i'n nucleic acid having a specific nucl eotide sequence.

Here, the nuclei acid, having ecific,nucleofide sequence by which the
structure of th PBS?\%F@%C@@? ofC ﬁélsgﬂﬁ itg‘ﬁ PECRRR B AAVFEF 1% ers to
nucl eic acid serving as a tenplate when the oligonucleotide of the present
i nvent i on WSy d8dPASVAdRH; Akrthe B e g lothesesdt vohh o TREI &laci d
based on the synthetic nethod of the present invention, the nucleic 23

‘aci d havi fFRERN SOt PRNABLLRGE @ Paglichte it thegeemet Fhaln anpthish
nucleic acid derived fromthe detection target. The nucleic acid having a
speci fi ¢ MRAedNNgelisguefickhe efegion Fingel Eile, agi cepweleiof fodmag a
part of the nucleotide sequence is revealed or predictable. The part of

t he nucl ect il@ePsegqneataingvaaregiion F2c capable of base pairing can be

obtainedinvariousmethods. Inthemostpreferableembodiment,
the reaction of synthesizing complementary chain utilizing an
oligonucleotide having the following structure can be used to
give the structure.

That is, the useful oligonucleotide in the present

inventionconsistsofat least tworegionsX2andXlcbelowwherein
Xlc is ligated to the 5’-side of X2.
X2: a region having a nucleotide sequence complementary to a
regionX2cinnucleicacidhavinga specificnucleotide sequence.
Xlc: aregionhavingsubstantiallythe same nucleotide sequence
as aregionXlc locatedat the 5’ -side of the region X2c innucleic
acid having a specific nucleotide sequence.

Here, the nucleic acid having a specific nucleotide
sequence by which the structure of the oligonuclectide of the
invention is determined refers to nucleic acid serving as a
template when the oligonucleotide 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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is the region X2c and the region Ic located at the 51 -side thereof . It
can be supposed that these 2 regions are contiguous or |ocated apart from
each other. By the relative positional relationship of the two, the state
of a loop forned upon self-annealing of nucleic acid as the product is
determ ned. The di stance between the two is preferably not very apart from
each other in order that nucleic acid as the product is subjected to

sel f-annealing preferentially over internolecular annealing. Accordingly,

t he positi_on % iopship.of the two is preferably that they are
cont | guousaé\}'fgahés ﬁétaa %cg?lﬁgﬁlgﬁle)?tddlteos PeEhaces @ %3@9%}9}4 Ga4F99te
formation of aﬁb}oog al;%/lcgsl f-,anH;a Iing descri bed below, there can be the
case wher €75 Yok §44V& %@6 berdeteehi pmtiadigedt alPedpiGieis
desired stat,eci hat, the two are too close to each other. In the |oop, there
is a need Ford 23PN PuPBeCLIoF BHRALBPEAFeoFeURRGE oF ¢ ERPRII@AUMEIEhd f or
readily initiating the strand-displacenent reaction of synthesizing a
conpl ement3FiA Whet i R eeSitR BR T BAtdIeyi¢ RO Bkde RRTBERgR A Sofevealadhesi s.
More preferably, the distance between the region X2c and the region Xl c
| ocat ed atof paestictgipde .of T Past ddsithseducioobide sequaichasemsalest e
desirably 10 to 70 bases. This nunerical 24 value shows a |ength excluding
Xl ¢ and XZs UheragibeXlefanshishe regbas Xilcutdans adwet phets’ ofs ideltdogrdcst . hat  of
this length plus a region corresponding to X2. Both the terns ""sane" and
" conpl enenfitacgh hesedpposed cthatathese 2ateqivnd atrbeconicd guodu sle r legissreee
constituting the

apart fromeach other. By the relative positional relationship

of 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 order

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

are contiguousviaadistanceof usually0to 100bases. However,

in the formation of a loop by self-annealing described below,

there can be the case where it would be disadvantageous for

formation of a loop in a desired state that the two are too close

to each other. 1In the loop, there is a need for a structure

forannealingof anewoligonucleotide and for readily initiating

the strand-displacement 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 Xlc located at the 5’ ~-side of X2c is designed

tobeOtol00bases, moredesirably1l0to70bases. Thisnumerical
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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 eoti de sequences capable of annealing to a certain sequence. On the
other hand, the conplenmentary sequence neans a sequence capabl e of
anneal i ng under stringent conditions to provide a 31 -termnal serving as
the origin of synthesis of conplenentary chain. Usually, the regions X2

4 X . . Li ; i i f h
and Xc copstid dhihg é'l%lsugf:tlﬂf gge;ggggg'tg:gce ahd L8 Prageqt, bIYeOE b The

nucl ei ¢ aci aving a sequence are

The. nool et Calie A8 BaBERe EaRR i py 04RSP o Bt 2

t he nucl eo eque € tWo can be par

shoul d funceti.oon asoaéori% it sﬂﬁzgld al ways be a 3l-termnal. On the
other hand,°RP SHAFHE ST difction of a priner as described bl ow to

the 31 -termnal, of a conplementary chain synthesized with the nucleic
acid as a tenpl %P ahdSt SI™S| ¢ S#RE | BBCYar reRiyRtPBR Nt ey B1usedr f9%al . The
conpl enentary chain obtained with this oligonucleotide as the origin of
synt hesi s Cfg%?%i&%%atal%r% &he rBfleghifdesseaveneemgprsiehidringidien in 25
the reverse direction in the next step, and finally the part of the
ol i gonuc| BtiRNBILade 45 Bagat ambkaPresend toyertl or donaterprateeing o a
conpl enentary chain. The 3'-termnal generated by copying has the
nucl eot i dARIQIGRIY Xhe sRMelPr ahpedrsels odmrlemerke mane Thiaai hst cHfeorm a
| oop.

P same sequence as a certain sequence includes sequences

complementary ﬁo nucleotide sequences capable of annealing to
a certain sequence. On the other hand, the complementary
seduence 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
oligonucleotide 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 sequences, the two 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
of aprimerasdescribedblowtothe 3’ -terminal of acomplementary
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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In the present invention, the oligonucleotide neans the one that satisfies
the 2 requirenents, that is, it nust be able to form conpl enentary base
pairing and give an -OH group serving as the origin of synthesis of

conpl enentary chain at the 3 -termnal. Accordingly, its backbone is not

necessarily limted to the one via phosphodi ester |inkages. For exanple,
it may be conposed of a phosphothioate derivative having Sin place of P
as a backbone or a peptide nucleic acid based on peptide |inkages. The

bases may t ca f. C Lenent ary_pase ikin In.the nature,
there are %F%a%gée?rsﬁgﬁ@ie?ﬂ&n ggpjl"%e %gﬁ{ﬁds ,pbu?}??h * %%Jeyc e

anal ogue su as hr.onodegxyuyr.idine. . The oligonucl eotide used in the
present in e% eor?q‘rl@r?&‘ﬁcgr?\é% &eef’gr EBFyPHSFegﬁI yrEEn h‘énojr?g‘?‘?{”o?CE &t hesi s
but al so as t |late for synthesis of conplenentary chain. The term

pol ynucl edt i ggmpﬁ%ﬁe Heleft ¢ RTMEFRE| GHELR ol | éBﬁu?? eotg 2 lThe
term "polynucleotide"is used in the case where the chain Iength is not
limted, WHINFRIRA tRY FoPYIRgoRas| EBEi Bucleotised sedueacsr ¥%lo &t eoti de
pol ymer having _a relatively short chain |ength. The oligonucl eotide

accor di ng 3RS regert ihvidift ihe st defarremilParength as to be
capabl e of base pairing with a conplenentary chain and to nmaintain

necessary speci filcithy RREBEENT tinventvion erbhier oAdoanuicherhédeanéans theact i ons
of synthesi zin nucl eic acid described below. Specifically, it is conposed
of 5 to 20 bass patisfieprtderefequbtemants o thatbase Pamust Bhable
to form complementary base pairing and give an —OH gréup serving
as the origin of synthesis of complementary chain at the
3'~-terminal. Accordingly, its backbone is not necessarily
limited to the one via phosphodiester linkages. For example,
it may be composed of a phosphothicate derivative having S iﬁ
place of P as a backbone or a peptide nucleic acidbased on peptide
linkages. The bases may be those capable of complementary base
pairing. In the nature, there are 5 bases, thaf is, A, C, T,
GandU, but the base 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 complementary chain. The term
polynucleotide in the present invention includesl
oligonucleotides. Theterm™“polynucleotide” isusedinthe case
where the chain length is not 1limited, while the term
“oligonucleotide” isusedtorefertoanucleotide polymer having

a relatively short chain length.

The oligonucleotide according to the present invention
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chain length of a primer recognizing the known pol ynerase catalyzing the
sequence- dependent nucleic acid synthetic reaction is at |east about 5
bases, so the chain length of the annealing part should be | onger. than
that. In addition, a length of 10 bases or nore is desired statistically
in order to expect specificity as the nucleotide sequence. On the other
hand, preparation of a too |ong nucl eotide sequence by chem cal synthesis
is difficult, and thus the chain | ength described above is exenplified as
a desired range. .The chain.length exemplified, .here refers fo, the chain

| engt h of haaasp%r?}Chaﬁngéfif‘ﬂgl?%g 3% e ERAPIENSE NP RE RRSTHIDIE Whi ow,

t he oligonucleoiide accobdingﬁ%f t he, present invention can anneal finally

to at | eastCOBPTERTRNRTY HARVR ARG GMa WAbRI RPRGRY SAFY SHIRGHTd B YISt 0od
that the chain. length exqulifLed here is the chain Iength of each region

consti t ut T GRESH FYBHERTRYRT d& thEridetous Feagtigesuek evintdhe Hicddrdi ng t o
the present invention can be |abeled with a known |abeling substance. The
| abel i ng JtFsifc8Ciifciesiesiprddiede i g@rasisierlay  dilyds aompesediatin,
enzymes, fluorescent substances and | umi nescent substances, and
r adi oi sot op&®. 2FAeL2 R A fifos "o er pprieragla 27 tadd besstbairsng The
ol i gonucl eotide by a fluorescent anal ogue are also known (W95/05391,
Proc. Natl|chatdgndlemsgih 0fAa Jirimes4re 66981z 1994 heOkinemwnol paglgmentass | des
raccording to the present invention can also have been bound to a solid
phase. Al teatelyaigiy, the sequence-dependent nucleic acid synthetic
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 other hand,
preparation of a too long nucleotide sequence by chemical
synthesisisdifficult, and thus the chain length described above
isexemplified as adesired range. The chain length exemplified
here refers to the chain length of a part annealing to a
complementary chain. As described below, the oligonucleoctide
accordingtothepresentinventioncanannealfinallytoatleast
2 regions individually. Accordingly, 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

biotin, enzymes, fluorescent substances and luminescent

substances, and radioisotopes. The techniques of replacing a
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arbitrary part of the oligonucleotide my be |labeled with a binding |igand
such as biotin, and it can be imvbilized indirectly via a binding partner
such as imobilized avidin. Wen the i mobilized 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
separ ated product can be detected by a nucleic acid-specific indicator or
by hybridization with a | abeling probe. The target nucleic acid fragnents

) 2 . ik 1 (ricti
EﬁQéﬁLZT’ %ﬁ%ﬁ?ﬁgfﬁﬁg%{ﬁl%?%t&éﬁgnfgﬁffgggﬁ%é‘éé@ff?l ZE%?%?E?V gqﬁz\| ei
cid servi

20an enent%?eyaa?h% N havi ngqgaﬁr{uoz%/%go ‘| (SJE! O%‘edﬁ%‘e%ﬁﬁf&? a{‘f%}"t &l‘a’he

tenpl ate L i gg@ﬁ a chain corresponding to the tenplate, but the
“rel ationsh ‘$€é¥§§£nqt,e two is nerely relative. That is, a chain

synt hesi zed as t conpl enent ary, chain can,function again as a tenpl ate.
TKat is, the céﬂﬁ] ﬁf%??u%ﬁ%?%lg%ﬁaﬁéeﬁ%ng 4:hhe RrEsepfgnvention

ol i gonucl eotide useful jn the present inventionis not limted to the 2
regions destti RBEGePERR RAMNL AR & §o2ddaRrhaaEi t | DR rralgivmly Wl e X2
and Xlc are arranged at the 31 - and 51-term nals respectively, an
arbi trary SRjeiRe Carthet theeppégenurhersbeevsal. PEotakbsiedl evitlt acan be
a restriction enzyne recognition site, a pronoter recognized by
RNApol ynerkisidingr lbpandogiugy far piobiymeanBy iusi ogni beasimmatesltirdent i on
enzyme indirectly via a binding partner such as immobilized avidin.
When 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 product can be detected by a nucleic acid-specific
indicatarorbyhybridizationwithalabelingprobe. 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
sequence complementary to the template has a meaning as a chain
correspondingtxnthetemplate,buttherelationShipbetweenthe
two is merely relative. That is, a chain synthesized as the
complementary chain can function ag;ain 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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recognition sequence, the nucleic acid having a conplementary sequence
alternately linked in a single-stranded chain as the synthetic product of
the present invention can be cleaved into double-stranded nucleic. acids of
the sane length. By arranging a pronoter sequence recogni zed by RNA

pol ynerase, the synthetic product of the present invention serves as the
tenplate to permt further transcription into RNA. By further arranging
DNA coding for ribozyne a systentmhere the transcriptional product is

sel f-cl eav, e T cI eoti de se enc .6 those
functi oni nagpaptaéﬁ or ?Lre%e?l%]ﬁe g’ &eﬁ%h‘%ﬁ%an Sngﬁﬁa{/ when
the single ty,anded . | el ¢ _aci d x| COI’dI ng to the present invention has
forned a ainodts)pé,’ t eerérelr% R o oY o lﬁtbtgq]iﬁ%tr IRAYACE FRQ iRh

until the n clelcegf g S elon ated_and annealed in the absence of a | oop
to a chain & ﬁﬁ?gﬁﬁﬁ? Py niRF &G Sgedlicrie P WP rBmdtter i s
conbi ned with the ol |l§;pnucl epti de based on the present invention in such a

di recti on HEYY DRCMFTLE1TRASERT FRIPATE R FRCQFt FRIPY BHARRY e rasfy

reaction product based on the present invention where the sane nucl eoti de
sequence 9sPNaRRA P £oy) Rz Hne: gﬁlyyuewgéteﬁ’é C Faﬁ‘ééi‘-flbtpbrﬁaﬂzﬁ%t em
29 By conbining this systemw th a suitable expression system translation
into a prA&APNS A seAEasCEl ethetcisic risd Shevény eaerpd andrtiazad for
transcription and translation into protein in bacteria or animal cells or
in vitro. SERI&IGyeAGErastiedy dinkad pr esedngileventiaodedachagntde the
synthetic product of the present invention can be cleaved into
double-stranded nucleic acids of the same length. By arranging
a promoter sequence recognized by RNA polymerase, the synthetic
product of the present invention serves as the template to permit
further transcriptionintoRNA. By further arrangingDNA coding
for ribozyme, a system where the transcriptional product is
self-cleaved 1is realized. These additional nuclleotide
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 do not function
until the nucleic acid is elongated and annealed in the absence
of a loop to a chain having a complementary nucleoctide sequence.
When a promoter is combined with the oligonucleotide based
on the present invention in such a direction as to permit:
transcription of the synthesized region, the reaction product

basedon thepresent inventionwhere the same nucleotide sequence

is repeated realizes a highly efficient transcriptional system.
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structure descri bed above can be chem cally synthesized. Alternatively,
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
the reaction of synthesizing nucleic acid according to the present

i nvention Biggove E&% ttg?é_lséeg tee'?t?%viﬁ[ho aFis%;;j:a(%lteo o gr-ler%i%lni ol cl eotide

descri bed anneal s at corresponding t to
nucl ei ¢ aci e t.Q . i.de the origin ynt hesi s of
conpl enenﬁge{%fasslc%tgioﬁﬂ {EF‘%]‘?E%JF?}Q%?%S%P%%%R%?% C hgﬁlﬁ%sﬁﬁ ﬁggisi’éc’&eﬂ om FA
as the origin, of synthesis is_displaced by synthesis of conplenentary
chain (descgarnl Bgd‘l§ ?lcﬁ/véfffo mgﬁ?\nﬁgfﬁgb??r?é}alzclgéf’s,lattlf?nfb’? é’rrg%eln
si ngl e-str,anded .chain (Fig., 5-A en synthesi s of conplenentary chain to
t he resulﬁfh}%ﬁﬁﬁﬁ éﬁvﬂ@HmQ$ﬁl§‘*%ﬁﬁhéﬂiﬁﬁhducted, the 31 -terninal
of nucleic acid ynt?esized as,conplenentary chain in Fig. 5-A has a
nucl eoti de sequémCe®le8RPRERERFAFG ©5 Thfe PEEISETUENEBRE RN JI2 YT Fhesent
invention. 30 That is, because the 5' -termnal of the oligonucleotide of
the preséftFUGireR i BRSAELPERe aaWe sealeRee aBemirayipn synthesized.
(corresponding to Flc) , the 3' -termnal of the nucleic acid thus
synt hesi zdd teaat e emafigey) sughesceaxid(Pry I clenwdbwsith eatg -t he
conpl enentary chain synthesized fromRlL as the origin
restriction enzymes and modified so as 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 oligonucleotide described
above in combination with DNA polymerase having the strand
displacement activity in the reaction of synthesizing nucleic
acidaccording to the present invention is describedby reference
to Figs. 5 to 6. The oligonucleotide 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),
to 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

as complementary chain in Fig. 5-A has a nucleotide sequence

complementary to the oligonucleotide of the present invention.
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of synthesis is displaced by synthesis of conplenentary chain by prinmer R3
as the origin of synthesis. once the 31 -termnal portion is nade ready
for base pairing by this displacenent, Xl (FI) at the 31 -terninal anneals
to Xlc (Flc) in the sane chain, and elongation reaction with itself as a
tenpl ate proceeds (Fig.  5-B). Then, X2c (F2c) |l ocated at the 31-term nal
thereof is left as a loop not involving base pairing. X2 (F2) in the

ol i gonucl eoti de according to the present i nvention anneals to this |oop,

and a conpj ar yn Lz Lt h sai cleot as the
ori g of Uk nee teFRRbE it EReRIE c& S BgrBnetEa s ofar b
synthetic reaction.,w th the reV|o%sLé ntheS|zed product as a | at e

i s displ ac?e(fsoegpﬁ he SPPERET diadol BB re%%‘??%’?\c%oatghaai rEIften ready
for base pair the b cons |on ne kind, of
ol i gonucl e@“tcﬁfeegspaod{ddﬂﬂ Eﬁ%ﬁ&%t'htéh%% g& S Lt QRGErtdME
reverse pri c%ﬁgg e of con uctlng nuclelc acid s%nthe5|s where a
conpl enment ¥ F%ﬁl AL SPPRGSRPPRELY (L BI§ oMl Ebt) de B - a shawfer i s
used as a teqplate flurallt of nucleic acid synthetic products as
shown in Gh@aﬁ"%@ ePeAr Ael Chadre gynthesdeged Fromi gs she @)Lgid the
desired nuclelc acid product 31 of the invention having conplenmentary
nucl eot | d®ksyBEhes gl Lerdhsrlyced rhae@ymﬁh@sgﬁngnfec@mpgm@mtmaiqhamce
converted into a single-stranded chain by treatnment such as heat
denat ur at itah preReroRhers phedasi gt E)oSerwddiengyai.n @sca thep atternfioralf or ni ng
(D) . If the product (D) as nucleic acid in the form
portion is made ready for base pairing by this displacement,
X1 (Fl) at the 3’ -terminal anneals to Xlc (Flc) in the same chain,
and elongation reactionwith itself as a template proceeds (Fig.
5-B). Then, X2c (F2c) located at the 3’ -terminal thereof is
left as a loop not involving base pairing. X2 (F2) in the
oligonucleotide according to the present invention 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 of conducting nucleic acid synthesis where a
complementary chain synthesized with said 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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of a doubl e-stranded chain is converted into a single-stranded chain by
heat denaturation, annealing occurs within the same chain at high
probability without form ng the original double-stranded chain. This is
because a conpl enentary chain having the sanme nelting tenperature (Tm
undergoes intranolecular reaction preferentially over internolecul ar
reaction. Each single-stranded chain derived fromthe product (D) anneal ed
in the sane chain is annealed in the sane chain and returned to the state

of (B) , a(?fi eggh -gl%irt-fglrt}ﬂae‘;. | VES ul f ) .an éE
respectively. Ey rlepe:?t |lr?g t esjér% s?é%g?gﬁ?g?éggogg%eg&?gesusgec L%%rﬁ/eel y
synt hesi ze_ |G . id.lF ving conpl enentary nucl eqtide sequences
| i nked al leé:eﬁrag ei%/f* %lgigldnlg %és &%ﬁ%ggéfﬂ%?%& e PSFeC%‘gE’f
product formed in 1.cycle_are increased exponentially, thus naking the
reaction V&ty° effi %f‘%ﬁ?? ﬁ'gr?ré%?éz Sl s%ggt A = LA s(uﬁ??" JaBhd9Hitially
synt hesi zecg conpl enent ar cha%n should, in at |east the portion to which
the rever SLHIWA e dRE CERSTIRF I Geddy) FOFVBARIAHhAS Ad-empdatast ep
can be achjeved by an arbitrary nmethod. That is, an outer priner_ (F3),
whi ch anned?’s TPE™LRE P} st Itfeﬁ%ﬁa@@zctatwé F2Fue efgcagidiimethe-foue of
the region F2c to which the oligonucleotide of the present invention
anneal s, i%f éeparhiergtrandedddiin fsteprverted intiordrsingleett zanderk
origin synthesis to synthesize a conplenentary chain by a pol ynerase
cat al yzi ngfhahe bit hasd dlespitacerdon.t ppaesyinbestsuss ¢bbhirnem ssamehai n,
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 derived 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
one 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.
To realize the state of Fig. 5(A), the initially
synthesized complementary chain should, in at least the portion
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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the conpl enentary chain synthesized fromthe F2c as the origin of
synthesis in the invention is displaced, and as a result the region Rc to
be annealed by Rl is made ready for base pairing (Fig. 5) . By utilization
of the strand displacenment reaction, the reaction up to now can proceed
under isothermal conditions. Wen an outer priner is used, synthesis from
the outer prinmer (F3) should be initiated after synthesis fromF2c. In

t he nost sinple nmethod, the concentration of the inner primer is nmade

hi gher thap the gqneepsrati f J{g} t riner. Specificall he
priners are Gase(?%at usual%yoig@gt:%o -C?é'm"?,r tl?lﬁr gfg‘grlggl ggg-t?o&ibé-/}? oqthbe
di fferent t r3$ he .reacti.on can oceed as e ct ed.
Furt her, t?c%ceiwc{lﬁegdt%{hzen%g&g’te %e%ernﬁ o epgﬁéogu?%r?e T &P ﬁespasreﬂ)%pet be
| ower than Eathe T O&ftﬁﬁ'gl corresgondinﬂ tg F1 and R1l),in the inner
primer WRABRF She ik ihS SEEEPREREE THASEE 2AToPF A FHAERSS 1S (outer
primer F3t§ F3c% 5 FZC/F%? < Fic/Fl) or (quter rimer/region at, the
3'-side i T3 RE EEAPIELEY einpéx@%tef%ta% CBaiRy a PR ymeFRPe Catifel ¥adddbn for
(F2c/F2) <_ (Flc/Fl), is for annealing between Flc/Fl1 prior to annealing of
F2 to the TSoptrateifmiadsna) bdirserYrraeeisiaf gampherarbrer WaiNeact i on
and 33 may thus proceed preferentially at high probability. However, it is
meani ngf uithe ceprderentamy ahatdayntdiegizedrbiremdele rRar asebleiarigin
conditions. As a matter of course, similar conditions should be considered
even in t I gysthssas intdheeisveptinpris ddpplsiceg,santl as rerasubngitie,
statistically ideal reaction

region Rlc to be annealed by Rl is made ready for base pairing

(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 F2c. 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 outer primer is set to be lower than

the Tm of the X1 (corresponding to F1l and R1) in the inner primer

whereby the timing of synthesis can be controlled. That is,

(outer primer F3 : F3c) £ F2c¢c/F2) £ (Flec/Fl) or (outer

primer/region at the 3’-side in the template) < (X2c : X2) <

(X1c : X1). Here, the reason for (F2c¢/F2) £ (Flc/Fl) is for

annealing between Flc/F1l prior to annealing of F2 to the loop.

The annealing between Flc/Fl is an intramolecular reaction and
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conditions can be achieved. If other conditions are fixed, nelting
tenperature (Tn) can be theoretically calculated by a conbination of the
| ength of an annealing conplenmentary chain a nd bases constituting
base-pairing. Accordingly, those skilled in the art can derive preferable
conditions on the basis of the disclosure of this specification. Further,
t he phenonenon cal |l ed conti guous stacking can also be applied for
controlling timng of annealing of the outer priner. Contiguous stacking

[ h [ ' i l.eot t bl e _of neal i ng
| ndependeniy Sl s B2 s e g s o SRR S6R Q&atflsvetrd the
f . .dqubl e- st, ded, chai ' B i-Nicoletti et al., Bio
Techni quest 19, 57314330 01502500° Sqh a8 cRRETohPeR Br TRRS 1455 kias gned
b g . F2 X2 d to b ble .t al |
ndependertd4F LIS GOPR S8R S arbd FAGCSF Thectuser SphiheF SRES Hiansocour
until F2c éﬁg%?dzanneals, and thus the annealing of F2c (X2c) occurs
ti ;

preferen BF RESFESTEDLLEVEPniE BRENEEBLEN Phe? BRVRITES RIHge Bt ti ng
of the nuc] eotide seq#ence of an oligonucl eotide necessary as a priner for
a series Rf oY OASD Fhrslatépnehapal ssad sadivaddy ddspldereaalriar on 34
under heating or with a DNA helicase. If the tenplate nucleic aqld havi ng
F2c (X2c) qanRAonsheanthg e@tieved. 51 Athem sl tioneatediigd,a diff
rent nethod. For exanple, if this RNA chain is deconposed, R is nade
ready fomedldsingpiiempegatirgt (Te) &@nikse gheealedd cad 1F2calouRaidedrioy a

combination of 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

also be applied for controlling timing of annealing of the outer

primer. Contiguous stacking is a phenomenon in which an

oligonucleotide not capable of annealing independently is made

capable of annealing upon being contiguous to the part of 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 F2¢ (X2c) and not to be able

to anneal independently. By doing so, annealing of the outer

primer does not occur until F2c (X2c) anneals, and thus the

annealing of F2c¢ (X2c) occurs preferentially. On the basis of

this principle, the Examples show setting of the nucleotide

sequence of anoligonucleotide necessary as aprimer for a series

of reactions. This step can also be achieved by denaturation
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a conplenentary chain is synthesized as DNA by a reverse transcriptase.
The RNA serving as a tenplate is deconposed by alkali denaturation orby
enzymatic treatment with a ribonucl ease acting on RNA in a doubl e-stranded
chain of DNA/ RNA whereby the DNA synthesized fromF2 is fornmed into a

si ngl e-stranded chain. For the enzyne sel ectively deconposing.RNA in a
doubl e-stranded chain of DNA/RNA, the ribonuclease activity of RNase H or
some reverse transcriptases can be utilized. In this manner, the reverse

[ ed t ; d l.e. of basepairing. Accordingly,
pri mer Ca%prklf‘enlgpﬂa}%aél% F&lﬁﬂ*%fm&a%ge@:fc

t he outer or rendering C ready or Dase pai ring becones
ranseri pt ase can BCurTT e PEPIERs ol M Grnr aconcry) oy fin dher
Const 1 1 ut SFBYF 81 Sbdr 05 PYaREn 3t B8t Ak § St * 1L TEEPRG Tawkosk
conpl erent iy ERERTCr G #5L SR BPPRY 15 dAOTRPToe Famp A REAY
Syt hosi & ST CATHGAIEI Mohe FBRRI b8, a2t HE SMSEIER O FIR @b and |
si mul t aneousl y di splace 35 the prgviouslg synt hesi zed conpl enmentary chain.
Wien the & eGeFRECTERARREY| Fhads Pt f aymshenbzedassi AN Pofbyyat mesiedisey a
conplementary chain with DNA as the tenplate, all the reactions of
synt hesi zitRESHPIRGRER ar FhenBihsambingpage ttemmphattchdsi decafpased by
conplenentary chain with Rl as the origin of synthesis
alkalidenaturationorbyenzymatictreatmentwitharibonuclease
acting on RNA 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 decomposing RNA in a double-stranded
chain of DNA/RNA, the ribonuclease activity of RNase H or some
reverse transcriptases can be utilized. In this manner, the
reverseprimer canbe annealedtoRlcmade capable of basepairing.
Accordingly, the outer primer for rendering Rlc ready for base
pairing becomes unnecessary.
Alternatively, the strand displacement activity of
.v;"everse transcriptasecanbeutilizedforthestranddisplacement
by an outer primer as described above. In this case, a reaction
systemcan 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
annealingtoF2cinthetemplateandtosynthesize a complementary

chainfromtheouterprimerF3asthe origin of synthesisannealing

toF3clocatedatthe3’~sideof F2candtosimultaneouslydisplace
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annealing to Ric in the displaced conplenmentary chain as the tenplate, the
synthesis of a conplenentary chain with R3 as the origin of synthesis
annealing to R3c located at the 31 -side of R ¢ and the sinultaneous

di spl acenent reaction, proceed by the reverse transcriptase. If it is not
possi ble to expect that the reverse transcriptase exhibits the DNA/ RNA
strand displacenent activity under given reaction conditions, a DNA

pol ynmerase having the strand di spl acenent activity described above may be

conbi ned. . Of t ai ni LS i ngl e- st randed nucleic idwth
RNA as a tt-eIHrfLel;l¥%€3§u%ggcr§:}'gl§§gsgﬁg\% c“{:ocr)nr@tel"%urte:ceasrya p%?‘%rabhg’eﬁ‘og%‘eof t he
present i tion he., ot her hand, if a DNA pol rase_such as Bca DNA
pol yner ase%/ee‘;k;édjvslenérgggﬁgré’f?’;cgﬁg 8?£§?5‘E%r¥é?ﬁ ra?@ﬁ%ﬁ%nﬁ”%%?%@ng a
transcriptase .activity is_used, .n only synt hesis of first ,

si ngl e- st rcaoﬁ%ﬁgc?n}ﬁfcqae‘%/yccgé?a "\”rtd"f’rﬁ %%rpeat%%p %B%e@@gther’?éﬁﬁl@rﬁl% th
DNA as a tenplate cgn ,proceed simlarly by the same enzyme. The reaction
syst em destr ISHEFRGSFE "G FREE LEBSHE TN FBRdNS viRFhed g thmaekhesis he
present invention by utilization of .the reverse prinmer having a specific
st ruct ur e e GRIRLSTEIHFRE GRAL Y AHitdY B 3% tdes @uigden v wnthestis s, the
ol i gonucl eotide constituted as described in [5] is used as the reverse
primer inaeadng &@vRicadsotiBendiispbicedecomplementany eshd ion.asTHae

ol igonucleotide in [5] is an oligonucleotide wherein arbitrary regions R2c
and R ¢ i fenRlafs efbAtsyythemisnof a complementary chain with R3 as the

origin of synthesis annealing to R3c located at the 3’-side of
Rlc and the simultaneous 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 displécement activity described
above may be combined. The mode of obtaining a first
single-stranded nucleic acid with RNA as a template as described
above constitutes a preferable mode of the present invention.
On the other hand, if a DNA polymerase such as Bca DNA polymerase
having both strand displacement activity and reverse
transcriptase activity is used, not only synthesis of a first
single-stranded nucleic acid from RNA but also subsequent
reaction with DNA as 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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synthesized wwth F2 as a prinmer are X2c and Xlc respectively. By use of
such a reverse priner, a series of reactions for formng a loop and for
synt hesi zi ng and di splacing a conplenentary chain fromthis |loop occur in
both the sense and antisense chains (forward side and reverse side). As a
result, the reaction efficiency f or synthesis of the nucleic acid having
conpl enentary nucl eotide sequences linked alternately in a single-stranded
chain according to the present invention is greatly inproved while a

seri es of reactj re feasi nder, i.sof hermal ., conditions.
Her ei nafteéré,@ |ls\?e‘?m ea(')cirlssfat ggcrﬁ%edg%gcgﬁggdde?%l ¢v- by,?ké‘?gr ehte P%“:Fi gs. |
to3\/\/neret.hc_%fsn de .i.s, sunmar n the foll i nds _of

ide

i,zed. | 0W,Nng de, 2 ,
oIigonucIégt é%%&fd%mgopﬁgléngéh?si QE%Qﬁﬁﬂ%Pe[gféﬁhFéﬁé gyrthe
explanationeé t hese _are designated FA and RA. The r%%%oqi constituting FA
and RA are A ToIRoMREE XoXk1CFADH @ R o 95 e dnfssiintary
nucl eoti de, sequence to a region F2c in nucleic acid as the tenplate. R2 is
a nucleoti%ﬁyéhﬁﬁ%mteTﬁ? EggﬁpﬁﬁﬁﬁFSFﬁd?olan[é}b+§r%ﬁ3p#¥ﬁﬂQ#Fh§E:ﬁﬁhtained
in a conplenmentary chain synthesized with F2 as a priner. Flc and Ric are
arbi trary "HRISG pgliscqaantedirpe Ra aaswWRiarin fr epmplopenharrRzhain

respectively. The distance between F2 and R2 may be arbitrary. Even if its
length is %}Hb‘ihesllqéﬁ),"\’lé:@f flcpem primer are X2c¢ and Xlc respectively.

By use of such a reverse primer, a series of reactions for forming
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
efficiencyforsynthesisofthenucleicacidhavingcomplementary
nucleotide sequences linked alternately in a single-stranded °
chain according to the present invention is greatly improved
while a series of these reactions are fe.asible under isothermal
conditions. Hereinafter, ﬁhis mode is described inmore detail
by reference to Figs. 1 to 3 where this mode is summarized.

In the following mode, 2 kinds of oligonucleotides based
oﬁ the present invention are prepared. For explanation, these
are designated FA and RA. The regions constituting FA and RA
are as follows:

X2 Xlc
FA F2 Flc
RA R2 Rlc

Here, F2 is a complementarynucleotide sequence toaregion

F2cinnucleicacidas the template. R2is anucleotide sequence
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synthesis is feasible under suitable conditions, though depending on the
synthetic ability of DNA polynerase to perform the synthesis of a

conpl ementary chain. Specifically, when Bst DNA polynerase is used, the
desired product is certainly synthesized if the distance between F2 and
R2c is 800 bp, preferably 500 bp or less. In PCR involving tenperature
cycle, the reduction in the enzyne activity by the stress of tenperature
change is considered to reduce the efficiency of synthesis of a |ong

nucl eoti d pr fe | de of .the esent tion, the
t enper at ufce g Léi(?[{éch:shaIltspe@gteg1 o%‘%gﬁgﬂ["?% dg St g?ﬁ accqncﬁl'g’eﬁgt Peduired,
and thus the synthesis ar élcatl n_of even | ong nucl eoti de
sequence can Sleme@eratréz o l&crﬁ?al\‘-l a°+¢f s‘t’lt%%n’% A P§l§ﬁﬁeaIFEJCF #&%hucl ei ¢
q
acid as a t.emlate i origin of synthesis of a conplenentary
chai n. Tﬁé‘%&ﬁ?e&ﬁ?ﬁftrﬁéé{cwﬁ eQFéﬁ% BREPPDERY. LACUgd At S diemas i n
t he preVIO#ﬁé ng ri bed basic nndeé} ig. 5) in the present invention. The
sequence arfifedNEdRss F—%SP?FF?- ely. (AGhs §ltsﬁé“§@t betvwgennt? RS 4 ey above.
q
A DNA pol ynerase for conductlng the strand displ acement-type synthesis of
a conpl e FEPIGFATY -wi EReB8LEni s pkemekh aks takowt i hikbrof ssyifilisdsing i s
used so that the conplenentarﬁﬁchaln synthesi zed from FA is. displaced and
made readW e Bdselpai FeagibmenREr | surhablecadyndbrivase pdiovigny in
(4), RA as a reverse priner anneals thereto in the conbination of R2c/R2.
depending on the synthetic ability of DNA polymerase to perform
the synthesis of a complementary chain. Specifically, when Bst
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 PCR involving 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. In apreferable 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 F3 inFig. 1(2) is the outer

primer described above. A DNA polymerase for conducting the

stranddisplacement-type synthesisof acomplementarychainwith
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Synthesis of a conplenentary chain with this site as the origin of
synthesis proceeds until the chain reaches Flc at the 51-term nal of FA
Following this reaction of synthesizing a conplenentary chain, the outer
primer R3 f or displacenent anneals thereto to synthesize a conplenentary
chain, during which strand displacenent al so proceeds so that the

conpl enentary chain synthesized fromRA as the origin of synthesis is

di splaced. In the conplenentary chain thus displaced, RAis |located at the

" -sj . | EA i I t t .th
D11 or mi el T B CMENGE: GORPOETEDRERLpnS) B5.1PereR tZLt@ea& d
i i , F1 I t to Fl int sane
chain. "'Fi%Iozn%ﬁﬁﬁmye‘na%r@a@aﬁss%?ﬁgﬁﬁgwadé%;& ?ﬁéﬁeﬁ%ésyﬁaﬁ ﬁdatn@%e o
hesi f I tar,y ,chain. n the 1 -term na anneal s to
synt hesi sgoeégf}%cfgogib%rren ar,y ,chain e

Flcin th 5% B¥dp"%ontaining F2c is formed. As is al so evident
fromFig. 2-(7) the part of this |oop remains ready for base pai ring.

The ol i gonucl eI REE &F PRES | FRAMN I PARN§a4 tinel &8t (A, SRRy amee
conpl ementary to F2c anneals to the part of this |oop and acts as the
ori gin of ZYIRIRESPY 18 Ta2pBRpILENEREERYOCHRI Bhe YombBRSion MGIRZWR2
conpl ement ary chain fromthe |oop proceeds while the reaction p[oquct in
the previ GUSIGRESHIS PAtegoBBAsMentArar ghathalithsghi Resite Asoph € briigin
di splaced. As a result, the conplenmentary chain synthesized with itself as
t he tenpl &fe s¥ntheses r paagerds budd lpathé nghagai restchdmwe Blet etnithad . Thi s
5’'~terminal of FA. Following this reaction of synthesizing a
complementarychain,theouterprimerR3fordisplacementannealé
thereto to synthesize a complementary chain, during which strand
displacement also proceeds so 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 sequence 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. F1l rapidly anneals to Flc in the same molecule to
initiate synthesis of a complementary chain. When the
3'~terminal (F1l) 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 paiting. The
oligonucleotide FA of the invention having a nucleotide sequence

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

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

39



31-termnal is provided wwth a region R capable of annealing to Rc in
the sanme chain, and the two are anneal ed preferentially due to the rapid
i ntramol ecul ar reaction. The same reaction as the. above-described
reaction starting fromthe 31 -termnal synthesized with FA as a tenplate
proceeds in this region as well. As a result, the nucleic acid having
conpl enentary nucl eotide sequences linked alternately in the sane

si ngl e-stranded chain according to the present invention is continued to

e hoel o SRR o 8% EBROTLALKESy RN, Bohiitne kb IbOBLaDYRo DS Ve

synt hesi s a conplenenta nd subSequén ereof .

Because i | 0 i ned_.in_the.l oop forned i ntranol ecul ar ,
anneal i nngtg}e ?ﬁ%c)éggﬁ-qrg?é%cﬁdalmlﬁ?e £AE Vo104 @Hui%?ggf?%dﬁ?&)ﬂﬁf‘tﬁﬂ%&ﬁ with
R2 anneals, to the |oop.at the 3l-termpnal in the sybsequent reaction. Wen
attenti on 3k ﬁy?thﬁgi:?ei ¢ OBti ot syt h%s?%llre%ceag cg‘ﬁplaenﬁﬁ'?‘éﬁ*ﬁ' cH&i& from
the ol i gonucl eoti de anneali.ng to the |oop in the_single-stranded nucleic
acid el oné‘ﬁ@g%etr&airtysEﬁﬁlna%y?%eﬁﬁﬁé)étﬁ&h $YREhEAS tHE tERPHRES dit aci d
having conp| ementary_nucl eoti de sequences |inked alternately in the sane
si ngl e- st cFec?dgi A AW RO N TR At ThvedtTERrmNat so idceeds
here. That_jis, synthesis of a conplenmentary chain fromthe loop is

conpl et ed WP EHinceadfeBr RELARAeW1fh Frirggipn Ri7gapabipf amnes kimg

nucl eic acid displaced by this nucleic acid synthesis initiates synthesis
of conpl edEhRagyicHae $afiE ghalin. apg)theéwpena honerdadinee fidnentdsd whi ch

was once the origin
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
nucleotide sequences linked alternately in the same
single-stranded chain according to 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 thereof. Because R2c is always
contained in the loop formed by intramolecular annealing of the
3’-terminalR1l, theoligonucleotide (RA) providedwithR2 anneals
to the loop at the 3'-terminal in the subsequent 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 of the nucleic acid having
complementary nucleotide sequences linked alternately in the

same single-stranded chain according to the present invention

40



of synthesis, and displacenent is initiated again. In this manner, the
nucleic acid initiated to be synthesized fromthe |oop is also displaced,
and as a result, the 3 -termnal Rl capable of annealing in the sane chain
is obtained (Fig. 3- (10) ) . This 3l-termnal R anneals to Rlc,in the
sanme chain to initiate synthesis of conplenentary chain. This reaction is
the same as in Fig. 2- (7) except that F is used in place of R
Accordingly, the structure shown in Fig. 3- (10) can function as a new

nucl ei c [ $h' tinues f.-el ongation and new nucleic_acid .
For mat | on SLP BaEePER0r 8 ne RasF S vaEterEe B2 s B REERaREar P aliodrme
nucleic acid SP in Fig. 3- %%1 auses_elo tion from _the 31-term na
F1 as the tld:rcinb ﬁ\é\gfooﬁﬁf%eoﬁpsl,(e]t ‘6%585%%6‘:{}?%33 A& DT i8s A (géd above.
That is, in the present inventjon, ,as one_nuclejic acid is %:qngated t he
reaction of %unt ré}etQPE SrfyaaifedtRePERE Ry Fhilsi tuglieds &Gfyati on
separately proceeds, Further, as the chain is elongated, a plurality of
| oop- f or m T ifileh ot bt $% otgREDaBbet CRoCoBRILEMENARY BedmalFidbut al so
in the sane chain. Wen these | oop-formng sequences are nmade ready for
base pairidm(By + hBestealel e Sgrsdesehie 4oy nhhehiwas eace bhe arigin
oligonucleotide anneals thereto to serve as a base for the reaction of
fornmi ng a qfeveyifdiegic.acand dsrlrgenerit | ks elnivhptedizarinon iIn ddtiseved by
the synthetic reaction starting not only at the ternminal but also in the
chai n. Theramglid okl aycildécRACbdsiod intdd tr beeaynitheehzednt fem ddrebi ned

lcopisalsodisplaced, andasaresult, the3’-terminal Rl capable

of annealing in the same chain is obtained (Fig. 3-(10)). This

3'-terminal Rl anneals to Rlc in the same chain to initiate

synthesis of complementary chain. This reaction is the same

asinFig. 2-(7) except that Fisusedinplaceof R. Accordingly,

the structure shown in Fig. 3-(10) can function as 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 reactiondescribedabove. Thatis, inthepresentinvention,

as one nucleic acid is elongated, the reaction of continuing

to supply a new nucleic acid initiating elongation separately

proceeds. Further, as the chain is elongated, a plurality 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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as the reverse priner as described above whereby el ongati on and subsequent
formation of a new nucleic acid occur. Further, in the present invention,
this newy fornmed 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 _
anplification of nucleic acid. In addition, the reaction in the present

i nvention can be conducted under isothermal conditions. The reaction
products thus ,accunul atgd ossess, a structur havirl T{3’(!Jenucl eoti de sequence
between IS ARHT L GRS PESON € GRET bHEMR AT Lo Qbtie ABRFLAKKE SR S P RATYE

t herein. Fbme¥§r, fbo%g t he terningls of, the repeating unit have a region
consi sti nd*® B3t Y0 ELESH A AP & SFOFTE "SRy BEN B L Fac Eo o -Frtihhetnd

R2- R1 (R2c-15| c). For x%r_rpl e, in Fig. 3(&%%< t he sequences .

(R2- F2c) - (Fit Ny REPRLELCAEIORES BfFeleVekdy thet RYRthetite readmame
5'-side. This is because_the anplification reaction based on the present

i nvent i on Srardedts "GOt PR YpRENERDI e tinal (it eddst itonths ehainat &hef rom F2

(or R2) with an oligonucleotide as the origin of synthesis and then a
conpl enent@rhgunig ke qtsidp RY bagateen Biha paesemthénventéant i oredmmimed  (or
RI) with the. 31-termnal as the origin of synthesis. Here, in the nost
pr ef er abl egrsbie, reve xpmpsiosti desieREAribed &powe clvadiahy edonbet porserd
invention were used as oligonucleotides annealing to the part of a | oop.
However, edrsequent 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. 1In addition, the reaction in

- the present invention can be conducted under isothermal

conditions.

The reactionproducts thus accumulated possess a structure
having a nucleotide sequence between Fl1 and Rl and its
complementary sequencé linked alternately therein. However,
both the terminals of the repeating unit have a region consisting
of the successive nucleotide sequences F2-F1 (F2c-Flc) and R2-R1
(R2c-Rlc) . For example, in Fig. 3-(9), the sequences
(R2-F2c)-(F1-R2c)-(R1-Flc)~- (F2-R2c) 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 (or R2) with an oligonucleotide

as the origin of synthesis and then a complementary chain is
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if these oligonucleotide having a limted structure are not used, the
anplification reaction according to the present invention can be carried
out by use of an oligonucleotide capable of initiating the synthesis of a
conplementary chain fromthe loop. That is, the elongating 31 -term nal
once di splaced by a conplenentary chain synthesized fromthe | oop, gives
the part of a |oop again. Because the nucleic acid having conpl enentary
nucl eoti de sequences linked alternately in a single-stranded chain is

al ways used as t | ate i_n Ee compl enment ary_chaj S Qesis st,arting
fromthe Ieglooéga?ﬁeale@e\%i (?er‘?tyn;t gFlFngﬁg%ngc¥r8@i E?dé%%/p% Vi the T esent
i nvention gan be synthesized. However, ﬁé% nucl eic acid thus synthesized
perforns s n_tncr%’g?ls’}/arhofasa t@b‘?’rﬁ%ﬁ%ﬂ aPrl{/ e %‘?sdyg'form ng a | oop after
di spl acenent, ut there is-no 31 -term nal availabl e for subsequent
formation of a 9%y, EndPEnleSFtPEGRRBELHEMBRFON LIPS §Xiies £A
Accordingly, the product in this case, unlike nucleic acid initiated to be
synt hesi zetPby RBA RFCERLIRANAST BRe eFESEaF t nveRt&RPoaRS alF§damf i fi ed.
Fromthis reason, an oligonucleotide having the structure of FA or RAis
~useful forol HYHIGLeFTidgeannephinagdicstlor PagEl @f & lndrt bHewaven . t4werpr esent
43 invention. A series of these reactions proceed by adding the follow ng.
conponent st § Bhegpagildoonugdged idediasiinaeldmas ed stamnpdtaire and notheed,
incubating the m xture at such a tenperature that the nucleotide sequence
const it ut ive Bapdid iRAtdam Feantionbiecdading to the present invention '

can be carried out by use of an oligonucleotide capable of

initiating the synthesis of a complementary chain from the loop.

That 1is, 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 complementary

nucleotide sequences linked alternately in a single-stranded

chain is always used as a template in the complementary chain

synthesis starting from the loop, 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 a loop after displacement,

but there is'no 3’ -terminal available for subsequent formation

of a loop, and thus it cannot function as a new template.

Accordingly, the product in this case, unlike nucleic acid

initiated to be synthesized by FA or RA, cannot be expected to

be exponentially amplified. From this reason, an

oligonucleotide having the structure of FA or RA is useful for

highly efficient synthesis of nucleic acid based on the present
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pairing with its conplenentary nucl eoti de sequence while the enzyne
activity can be nmaintained. 4 kinds of oligonucleotides: FA, RAJ, outer
prinmer F3, and outer primer R3, DNA pol ynerase for performng the strand

di spl acenent-type synthesis of conplenentary chain, an oligonucleotide
serving as a substrate for DNA polynerase. Accordingly, tenperature cycle
such as in PCRis not necessary. The stable base pairing referred to
herein neans a state in which at |least a part of an oligonucl eotide

pr esent iihééﬁﬁgéﬁ““ion system can give the origin of synthesis of

conpl enentary chai'n. For exanple, the desired condition for bringing about

stabl e base pairjng is t et lower than nelti t erature (Tm, .
General |y, nelt iph%gfje%’?)gga@'lﬁsee foRytians Pé&&?&gg’yagggﬁ’égttﬁé‘ﬁpé?%{};]é‘%t

whi ch 50 % of nucl.ei ¢ aci,ds .havin mut ual |y ,conpl enmentary nucl eoti de
sequences %W%tspgior é&.ngl§e'tsttir%§’dgp RECLRAG BEhPefst Bree At AN %Ess i s
not an essential 44 condition in the present invention, but is one of the
reaction i % P PetRonBi HELES £Br SHEhaiRniLRFOSTGH UaTs ithiagn Gheof
synthesis. If nucleic acid to be used as a tenplate is a double-stranded
chain, th@HAIICnEPAUSAEEI RN it ing SR and Régran farmAtahlethase

ol i gonucl eoti de anneal s, be nmade ready for

pairing with its complementary nucleotide sequence'while the
enzyme activity can be maintained.
e 4 kinds of oligonucleotides:

Fa,

RA,

outer primer F3, and

outer primer R3,
® DNA polymerase for performing the strand displacement-type
synthesis of complementary chain,
®* 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 oligonucleotide 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) is
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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base pairing. For this, heat denaturation is generally conducted, and this
may be conducted only once as pretreatnent before the reaction is
initiated. This reaction is conducted in the presence of a buffer . giving
suitable pH to the enzyme reaction, salts necessary for annealing or for
mai ntai ning the catalytic activity of the enzyne, a protective agent for
the enzyne, and as necessary a regulator for nelting tenperature (Tn). As
the buffer, e.g. Tris-HC1L having a buffering action in a neutral to weakly

| kaline r i ; i J d ndi | ymer ase
Used. A (REH 54 thchne UGS TafRhtThe, SRLLDE B2, river 1%
mai ntain t tivity of the enzyne.apd to regulate the tin
t enper at urcg)%(ﬁfhl_oo %&c%gi Egggﬁéfgr?ﬁe&ﬁ? o?%%??@%n%g'éjrﬁm fedm"r%lﬁ”ﬁse%cé’nffne_
makes use 0f Quine sgﬁyﬁ1ah§unln or sgga%§.1fur her, glneiggl §uIEPX|de
'EDMSO) ?r Tor CﬁéBI gg‘h“éﬁf Tthz il(:;:e%l or If-fefor Ljalr?lt%grg fgp erzt irﬁg (Tm
enper at ur : . ] ,
IRl A ool
enperature conditions. . , N,
totraal ky I~ SEHBhEany3hEh %OEFQSHEFﬁ-éeFFQé dRnedhpr HF Mgdenesady ifditency of
strand 45 di spl acenent by virtue of its isostabilization, By addin ,
betai ne i P3AF aRBURENSF 0.20% o thig MDprkf deamityprationo issaanerglie
reaction solution, its pronoting action on the nucleic acid anplification
of the pré@sastudtadenangntleh Mey bgpeendicte@ardus enchede prsfuleatoentf or

ornelting tenperatuact for |owering
before the reaction is initiated.

This reaction is conducted in the presence of a buffer
giving suitable pH to the enzyme reaction, salts necessary for
annealingor formaintaining the catalyticactivityof theenzyme,"
a protective agent for the enzyme, and as necessary a reqgulator
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, KC1l, NaCl, (NH4),S04 etc. are suitably added
tomaintaintheactivityof the enzyme and to regulate themelting
temperature (Tm) of nucleic acid. The protective agent for the
enzyme makes use of bovine serum albumin or sugars. Further,
dimethyl sulfoxide (DMSO) or formamide is generally used as the
regulator formelting temperature (Tm) . By use of the regulator
for melting temperature (Tm), annealing of the oligonucleotide
canberégulatedunderlimitedtemperatureconditions. Further,
betaine (N,N,N-trimethylglycine) or a tetraalkyl ammonium salt

is also effective for improving the efficiency of strand
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melting tenperature, those conditions giving suitable stringency and
reactivity are enpirically determned in consideration of the
concentration of salts, reaction tenperature etc. An inportant feature in
the present invention is that a series of reactions do not proceed unless
the positional relationship of a plurality of regions is naintained. By
this feature, unspecific synthetic reaction acconpani ed by wunspecific
synt hesis of conplenentary chain is effectively prevented. That is, even

if a certaj.n unspecific reaction occurs, . th aQssibility fqr the, product
to serve as - LELsat éafl%einntgcbn%t‘é?’]fg © P% the 5?8522(1?8’@%112%%’% c%tyi cﬁ?edﬁr}agp is
m ni mzed.,_ Further,, _the reqgul ati on, of hp ogr ess o% reacti ons, by pany
regi ons b SHGUE ﬁ@oﬂggs?%itﬁ)i%f? at?o @Ir'dglrggﬁrﬁ lé’y@tén’f%a]pa%% of
strict identification of the desired product, i n anal ogous nucl eoti de
sequences Tk 5e TEAGEEPRr PPYUELMRL i 11} SFOMAHING 85EGPE €ANCHR MHGYSEd for
detection of, putations .in a gene. In the npde of the invention where the
outer pri st a@Riddd cat oy pér §het RABSPRE PN¥ERBLODr FRRIRe ARPEEYRY ner s
consi sting of the oligonucleotides of the present invention, 46 are used.
That i s, @B Hee se reghoasorsAeaintld iny terparabrrgantdogdidwissingor k as
designed, the synthetic reaction of the present invention do not proceed.
I n particiektinhe tempegrenicese of these' - condilfidbnsf @doting i gonidekdat i de as
the origin of synthesis of conplenentary chain and of the 51 -term na
stringency and reactivity are empirically determined in
consideration of the concentration of salts, reaction
temperature etc.

An important feature in the present 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 of complementary chain is effectively
prevented. Thafis,evenijacertainunspecificreactionoccurs,
the possibility for the product to serve as a starting material
in the subsequent amplification step is minimized. Further,
theregulationof theprogressof reactionsbymany regionsbrings
about the possibility that a detection 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 mutations
in a gene. In the mode of the invention where the outer primer

is used, 4 primers, that is, 2 outer primers and 2 primers

consisting of the oligonucleotides of the present invention,
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of the Xlc region where the conplenentary chain serves as the origin of
synthesis are inportant. Hence, these inportant sequences is designed so
as to correspond to a nmutation to be detected, and the synthetic reaction
product of the present invention is observed whereby the presence or
absence of a nutation such as base deletion or insertion, or genetic

pol ynor phi sm such as SNPs can be conprehensively anal yzed. Specifically,
bases estimated to have a mutation or pol ynorphism are designed so as to
correspond . to the,viginity of the 3 -termnal, of an olﬁgo uplqﬁggde as

e

Yi
the origi mot SX71 hediré foft SoMHERen S & ARIIPNDHICHLEFTEG Gty 4 her eof
when a conpl enent r¥ chain is the origin of synthesis. If a msmatch is
resent atCPHPIUALSIHIRWORE AfeI55igRRder EEFNERRENCLLE ERApT ERRMGEr y
Pr € LT S LETT ; s
chain or inits V|C|nLt¥, the reaction of synthesizing a conplenentary
chain to rdtd PESSRRH LBVEPGAPRI GontISE | REPBRERd. FR PREticedes, the
invention, a high degree of_ anplification reaction is not achieved unless
the structIFBFICTHe: i il LNk lic@agh okigenurieetiideat it brings
about repeated reactions. Accordingly, even if erroneous synthesis occurs,
conpl enent@Figinpbisynsnscis Scenpienent any chaphnigntaf ithe 'edcrimimals
always 47 interrupted in sone of the steps, and thus a high degree of
anpl i fi catdforrheeXdci sagdonswimere dowucamp terengeesecbe iof sarvassamtttie As a
result, the msmatch effectively inhibits anplification reaction, and an
accur at e rasiginieffspathgsbsoagkt imphattantThatHengse,i ttheare himsatichrithat t he
anplification reaction
sequences is designed so as to correspond to a mutation to be
detected, and the synthetic reaction product of the present
invention is observed whereby the presence or absence of a
mutation such as base deletion or insertion, or genetic
polymorphism such as SNPs can be comprehensively analyzed.
Specifically, bases estimated to have amutation or polymorphism
aredesignedsoastocorrespondtothevicinityofthe 3’ -terminal
of anoligonucleotide as theoriginof synthesis of 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 initsvicinity, the reaction of synthesizing a complementary
chaintonucleicacidissignificantlyinhibited. Inthepresent
invention, a high degree of amplification reaction is not
achieved unless the structure of the terminals of a product in
the 1initial reaction brings about repeated reactions.

- Accordingly, even if erroneous synthesis occurs, complementary

chain synthesis constituting amplification reaction is always
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of nucleic acid based on the present invention has a highly conpleted
mechani sm for checking the nucl eoti de sequence. These features are an
advant age hardly expectable in e.g. the PCR nethod where anplification
reaction is perforned in nere 2 regions. The region Xlc characterizing the
ol i gonucl eotide used in the present invention can serve as the origin of
synthesis after a conplenentary sequence is synthesized, and this

conpl ement ary sequence anneals to the sequence Xl in the same newy

synthesizq$ﬂﬁﬂ§% MheriePy; Qﬂgt' r tjo i th jtself. .as t empl.ate
pr oceeds. erefore, elvensﬁent e Eshge- csgclaﬁcpeéd p%rn:,&nei}]dsélianer}l%idc%ﬁes? SFt en
probl emati ¢ i .% rior t.4s forned this ol igonucl eoti de does not form
a | oop. AE%E%QH%Q%$&OQHE§§§E*?q:éﬁ&ﬁi??%a??%ﬁrai rFﬁﬁt&EF@ePSetﬁ Bri mer
di mer cannot ccur theoretically, and thus the present oligagnuycleotide
contributggﬁméﬁébﬁ %v@nﬁﬁFW%?%réb%p@%Fm?E?Pye %eFﬁéVFéﬁcﬁdﬁibqﬁﬁther
according to Lhecpresent i nvention, the outer priners shown as F3 (Fig. 1-
(2) ) or REFRIFG.CaLIqEyeICHIN cRRBRASEC U ShTS 4l s &f ifd8adf YiFOUMdct i ons
descri bed above can be conducted under isothermal conditions. That is, the
present i MRS -onTh8tpkdviideSan hiebRbE Brataihe apphyf hoet bpe resiat Isavi ng
conpl ementary sequences |inked alternately in a single-stranded chain,
whi ch corfdr insksl qife agichPariuet rtha emepeovi@ivant iidn dagetehdd,ghly
tenperature conditions where stable annealing occurs between F2c/F2,
bet ween RZTOTRA elsst vieeghdlisr] foandHeatiown e/ Rucdeeotide sequence.

These features are an advantage hardly expectable in e.g. the

PCR method where amplification reaction is performed in mere

2 regions.

The region 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 sequence anneals to the sequence X1 in the same

newly synthesized chain whereby synthetic reaction with itself

as atemplate proceeds. Therefore, evenif the so-calledprimer

dimer which is often problematic in the prior art is formed,

this oligonucleotide does not form a loop. Accordingly,

unspecificamplificationattributabletothe primer dimer cannot

occur theoretically, and thus the present oligonucleotide

contributestoanimprovement inthe specificity of the reaction.

Further, according to the present invention, the outer
primers shown as F3 (Fig. 1-(2)) or R3 (Fig. 2-(5)) are combined

wherebyaseriesof thereactionsdescribed above canbe conducted

under isothermal conditions. That is, the present invention
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sel ected, and preferably F3c/F3 and R3c/R3 are set up to be anneal ed by
t he phenonenon of contiguous stacking facilitated by annealing of F2c/F2
and R2c/ R2, respectively. In the present invention, the ternms "synthesis"
and "anmplification" of nucleic acid are used. The synthesis of nucleic
acid in the present invention neans the elongation of nucleic acid from an
ol i gonucl eoti de serving as the origin of synthesis. If not only this
synthesis but also the formation of other nucleic acid and the el ongation
a series of these

reaction of thhg forngﬁ ng;leicﬁfcjd occur, continuoysly,
reacti ons P TEiH? BREASA P 3R I HNpF 1§ 1 ¢ AEL Bha ViRg ORI eflan tatitied
nucleic acid which is provided at the 3l-termnal thereof with a region Fl
capabl e of SEHHREHIGSHhdIPEC R PR INFIRLY ANt & e atdhandaddchaien Wsh
anneal ing of the region F1 to Flc in the sanme chain, is capable of form ng
a loop CcOARMRTHSRP FhediiPTFRITHpabt el tgm bsebpes ri g it i nietdmd ant
el ement of the present invention. Such a single-stranded nucleic acid can
al so be sUFPIRSE®ROH & FondEItioRisnyherienetpbée amhaaling edeusymdipsien of a
conplementary chain is allowed to proceed on the basis of a prinmer having
the fol | oviid®y B2r betuween RACHR2 - HeategieonFXe/ Bhneaid hg tiveeneRl o/RXlard ocat ed
in primer] - [loop form ng sequence ready for base pairing]- [region
Xl cl -[regissledtad ngrad sempEed lgoideffEhtard R3xR3 e ade] 3l tAs Bdhe
region having a sequence conplenentary to a tenplate, two nucleotide
sequences ,arrterl ddé byathagpplemiomknqe@feseat i gubierstacking facilitated

by annealing of F2c/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 oligonucleotide serving as the origin of
synthesis. If not only this synthesis but also the formation
of other nucleic acid and the elongation reaction of this formed
nucleic acid occur continuously, a series of these reactions
is comprehensively called amplification.

The single-stranded nucleic acid which is provided at the
3’ -terminal thereof with a region F1 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
containing a region F2c capable of base pairing is an important
element of the present invention. Such a single-stranded
nucleic acid can also be supplied on the following principle.

That is, the synthesis of a complementary chain is allowed to

proceed on the basis of a primer having the following structure.
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FA) complenentary to FI and a nucl eoti de sequence (prinmer RA)
conplenentary to Rlc, are prepared. The nucl eoti de sequence constituting
nucleic acid to be synthesized contains a nucleotide sequence extending
fromthe region F1 to the region Rlc and a nucl eotide sequence extendi ng
fromthe region R having a nucleotide sequence conplenentary to this
nucl eoti de sequence to the region Flc. XIc and X1 capable of annealing in
the inside of the primer can be arbitrary sequences. However, in a region

bet ween prd,ne FA a #5 e uence of the region, Xl ¢c/Xl _Js .made
pr ef er abl yEI’ di l;]TSe {:én R‘f |$%?%f%%€%gjyﬁ?ﬁégpsx%f q‘gcégr%jl %ﬂe‘?ﬁ]ﬁ[}ef]ch%or?poy t he
pri mer Féffranlthe region Fl.in tenplate nuclejc acid is canducted.
Then. . 1 he aliish SRER TR o R Sy miebr 2B RbRpP Sheht a9 OR AGIGH 1 & e Gidtie r eady
f or base airing# to which the other primer is annealed _to formthe
origin of s SEILEHI SNSRI &R 1° thdemPLlat&lnidial of the
conpl enmentary chain synthesized in this step has a nucl eoti de sequence
conpl enent ary % R rBELRBMAVA NI BSERENERRPIHESN Laty B adlermsfl atse
initially synthesized chain, so it has been provided at the 31 -termna
t her eof witt#P pPHeleehida sequengiesh Hirteabs & puEheot bde 68 eE Conl tiagnesane
chain to formso a | oop. The characteristic 31 -termnal structure
accor di ng B coreLsmesdtryi iveht iand iss nulsdeopridei deduennd {heimehRFguent
"reaction constitutes the reaction system shown previously as the nost
pr ef er abl econmleemeTheany itgoRicl, eetredprapaeabi ngthe niheleqoide aeamfertdee | oop
is provided at the 31 -termnal thereof with
constitutingnucleicacidtobesynthesizedcontainsanucleotide
sequence extending from the region F1 to the region Rlc and a _
nucleotide sequence extending from the region Rl having a
nucleotide sequence complementary to this nucleotide sequence
to the region Flc. Xlc and X1 capable of annealing in the inside
of the primer can be arbitrary sequences. However, in a region
between primers FA and RF, the sequence of the region Xlc/X1
is made preferably different.
First, the synthesis of a complementary chainbythe 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 origin of synthesis of complementary chain. The
3'-terminal of the complementary chain synthesized in this step
has a nucleotide sequence complementary to the primer FA
constitutingthe5’-terminal of theinitially syn'thesized chain,

so it hasbeenprovidedat the 3’ -terminal thereof with the region

X1 which anneals to the region Xlc in the same chain to form
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the region X2 conplenentary to the region X2c located in the |oop and at
the 51 -termnal thereof with the region X1. In the previous reaction
system primers FA and RA were used to synthesize a chain conplenentaryto
tenpl ate nucleic acidthereby giving a |oop structure to the 31 -term nal

of the nucleic acid. |In this nethod, the termnal structure characteristic
of the present invention is provided by the short prinmers. In this node,
on the other hand, the whole of a nucleotide sequence constituting a |oop

is provided a i , ng nthesis of this |longer priner is necessary.
If a nucl (;%og‘?gg' s%%%%@gr%c? Fi?iﬁittﬁﬁ %es‘f‘f’}f%ﬁ%ﬁ s&ﬁi&%ﬁrper 2COYRF RS egi ons
is used as.,a reverse priner,.a different_ nod ccorgbn to the present
invention%§§1Qﬁf%ﬁﬁ%ﬂ+?YﬁQ§ﬁoﬁhés EéﬁﬁtPSHvﬁﬁﬁa'aaP §%§éﬁﬁh%ﬁ§&ent
containing a restriction_ enzy recogniti on sequence is specifically
descri bedgﬁcﬁf‘qtéfoé‘r é:ﬁélé(%ﬂGutlgisg.%hS. COREhiRNgSYBLERIRWR AT IQWLY &%hick i s
generated hy a restrictiaon enzynme corresponding to a restriction enzyme
recogni ti diiS&PPat R afife atdferede pr iThe clfgenyel aaaidaiameaddisnto thepe
9! o = StraRs” Tl type.
reaction of synthe5|2|ng conplementary chain is initiated fromthis nick
as the oriRAGFIEM et sioor Bernpdd BH ehehedérserpingdr hereof addthed at
both the termnals of a double-stranded nucleic acid constituting (D) ,
t he reactitde gegiopnXResrrpagmenipkgntat bhy céaioniX2albucadred ilat edhef rom
both the term nals. Though basically based on the SDA nethod described as
the prior laap anHeathudleedf Ftersigadnde serfiwighashe region X1. In the
previous reaction system, primers FA and RA were used to
synthesizeachaincomplementarytotemplatenucleicacidthereby
giving a loop structure to the 3’ -terminal of 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 of a nucleotide sequence
constituting a loop is provided as a 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 canbe constituted. The
reaction with a reverse primer containing a restriction enzyme
recognition sequence ié 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 1in the reverse primer. The strand

displacement-type reaction of synthesizing complementary chain

isinitiated fromthis nick as the origin of synthesis. Because
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a tenplate has a structure having conplenmentary nucl eoti de sequences
alternately linked according to the present invention so that the nucleic
acid synthetic systemunique to the present invention is constituted. A
part serving as a conplenmentary chain of the reverse prinmer to be nicked
shoul d be designed to incorporate a dNTP derivative such that it is
rendered nucl ease resistance to prevent cleavage of the doubl e-stranded
chain by the restriction enzyne. It is also possible to insert a pronoter

f or RNA into the reverse_pri,ner. . Transcription fromboth the

t er mi nal s%é’nﬁé‘%‘%? &‘Irllrgéﬁ%r?ﬁ? g°syed ﬁﬁAb&ﬁy%&‘reag@thqu%aAt hi s
ronmoter in this case top similar to the previous node where the S

ﬁet hod mas&%ﬁ%?éscﬁraﬂf%ecﬁﬁblé}e&caﬁbd SPRShediFeR Y APt hé sy 88eREIPRVINL i on
is a single-stranded chain but is conposed of partial conplenentary

sequences,gs @%%%é%ﬁmwa&w héde déqadReesnafbatedskromikaid By
use of this feature, the synthesized product can be detected. By carrying

out the metodtBFM3PALResi AZNREIMmuee el ea bty dbasedr digthe SRE e
invention in the presence of a fluorescent pignent as a doubl e-stranded

chai n- speci95erigzed asekkalritiar such bkegtutliamds crictenceYBRrGiegrad or
Pico Geen, the increased density of fluorescence is observed as the
product & templasedhaByanstirveting having icomppssidr tmnyo nucicsott ive
real -time synthetic reaction in a closed system Application of this type
of det ect isrgwsrstemriberhet PUR Inetleatlacsoadisng to the present invention
so that the nucleic acid synthetic system unique to the present
invention is constituted. A part serving as a complementary
chain of the reverse primer to be nicked should be designed to
incorporate a ANTP derivative such that it is rendered nuclease
resistance to prevent cleavage of the double-stranded chain by
the restriction enzyme.

It isalsopossible 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
promoter in this case too similar to the previous mode where
the SDA method was applied. |

The nucleic acid synthesized in the present invention is
a single-stranded chainbut is composed of 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 invention in the presence

of a fluorescent pigment as a double-stranded chain-specific
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considered, but it is deened that there are many probl ens because the
signal fromthe product cannot be distinguished fromsignals frompriner
dimers etc. However, when this systemis applied to this invention, the
possibility of increasing unspecific base pairing is very |low, and thus
hi gh sensitivity and | ow noi ses can be sinultaneously expected. Simlar to
use of the doubl e-stranded chain-specific intercalater, the transfer of
fluorescent energy can be utilized for a nethod of realizing a detection

systemin a unifaorm system Tgﬁ{ t had of, n%g izin ucleic acid
ateor di ng {6 THE L PIEREHCT PRFIGHT & Shfor BoRRET SR ERR 56 SR s e
catalyzinqa}the strangﬁfis_lace Fg%%%ype reaction for synthesis of
conpl enentwtS *BREFASE qqﬁ}ﬁ%@ ST RSt F POF CANEFAS AheRERAYSh step
not necessari| requirin% the strand displacenent -type polynerase is also
cont ai ned.lsi-ldx/%q}ifra‘,sq;%r ¥ RPPLEPEAPPoRT of 1R £BrROFELRIONE? Yearperthaand in
an econom cal_ viewpoint, it is advantageous to use one kind of DNA
pol yner asec€a st g SYth@tef PRACHSPYNER as€loske PBFLOM nPRMAGRS. QF e
known. Further, various nutants of these enzymes can be utilized in the
present irRfenthbh tykefaf detepbyonasysbemhtohéehs3 BS&ymetdwd deperident
activity for synthesis of conplenentary chain and the strand di spl acenent
activity. Gdresimemed sbutédfteis ddemedndrai hhenelardenahy peobdemsgardysa
structure bringing about the catalytic activity required of the enzyne or
t hose wi tthemdpghriaiiomshe proataltytamnatcbievdl gt isdgabshéd from signals
from primer dimers etc. However, when this system is applied
tothis invention, thepossibility of increasingunspecificbase
pairing is very low, and thus high sensitivity and low noises
can be simultaneously expected. Similar to use of the
double-stranded chain-specific intercalater, the transfer of
fluorescent energy can be utilized for a method of realizing
a detection system in a uniform system.
The method of synthesizing nucleic acid according to the
present invention is supported by the DNA polymerase catalyzing
the strand displacement-type reaction for synthesis of
complementary chain. During the reaction described above, a
reaction step not necessarily requiring the strand
displacement-type polymerase is also contained. However, for
simplification of a constitutional reagent and in an economical
viewpoint, it is advantageous to use one kind of DNA 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

53



thernostability by e.g. nutations in am no acids. Bst DNA pol ynerase Bca
(exo-)DNA pol ynerase DNA pol ynerase | Kl enow fragnent Vent DNA pol ynerase
Vent (exo-)DNA pol ynerase (Vent DNA pol ynerase deficient in exonucl ease
activity) Deep Vent DNA pol ynerase Deep Vent (exo-)DNA pol ynerase (Deep Vent
DNA pol ynerase deficient in exonuclease activity) 029 phage DNA pol ynerase
M5- 2 phage DNA pol ynerase Z-Taq DNA pol ynerase (Takara Shuzo Co., Ltd.)

KOD DNA pol ynerase (Toyobo Co., Ltd.) Anmong these enzynes, Bst DNA

pol ynmerase and Bca (exo- DNA pol ynmerase are particularly desired enzynes
because t REAYHEfE TR %ﬂ?1%ﬁ£ﬁ Cof ?ﬁePHB§R§5F?iF¢ SR yti c
activity. The reaction of this invention can be carried isothermally in a

pref er r ed @i #BAL Eisut SheRRYsdispleremead (attientt v nBhei mytadifer at ure

(Tm etc., it is not always 54 possible to utilize tenperature conditions
desired fdrefareredstabereiy igichude eheyebavApgmmdinglsyruict vire onaaing he
desired conditions that the enzyne is thernostable. ‘Al though the
. i sot her m@bqwaditheogaitalvsdsi bicdivhsat rdgnaradacf obheagnbgne conducissl t o
provide nucleic acid as a first tenplate, and in

with modifications to catalytic activity, stability or

thermostability by e.g. mutations in amino acids.

Bst DNA polymerase

Bca (exo-)DNA polymerase

DNA polymerase I Klenow fragment

Vent DNA polymerase |

Vent (exo-)DNA polymerase (Vent DNA polymerase 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

Z2-Tag DNA polymerase (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 thermostability and high catalytic

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
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this respect too, utilization of a thernostable enzyne broadens selection
of assay protocol. Vent (exo-) DNA polynerase is an enzyne havi ng both
strand displacenent activity and a high degree of therno stability. It is
known that the conplenentary chain synthetic reaction involving strand

di spl acenent by DNA polynerase is pronoted by adding a single strand

bi nding protein (Paul M Lizardi et al. , Nature Cenetics, 19, 225-232,
July, 1998). This action is applied to the present invention, and by

addi ng the_single strangd..bindin rotein, the.effect of .pr i.ng.the
synt hesi sepo Ss%’olﬁl%?re%?%%%%h‘é?ﬂp§5%£83éee?ﬁé@f‘ga.onﬁoFeéigﬁ%ngfo%%}beene 32
is effective singl.e strand bindin rotein for Vent (exo- .

pol ymer aseS© asl%&"%%‘f@ﬁ&é’é‘er-re§°8?9§§?%53’e>80%&é| %%%é’fgf:ﬁ?\fﬁiﬁre her e
is a known phenonenon where the synthesis of conpl egentar chain does not
stop at ttﬁgﬁlt%%% HARTofDg ¢ “ﬁel,erE‘EFF‘ngabflﬁ'geﬁﬁrté‘ﬂu@H dfhey

one- base protrusion. In the present invention, this Ehenonenon i's not

pr ef er abl e HRERRIER WnER2SHEPRedSs fasiRd e icorppenBRPAEYTERAPR FEICHRS t he

termnal, the sequence of the 3l-terminal leads to initiation of next
synt hesi s ¥INBF AP RERVAAP BRELAICHWY &S bddgssetampastey ' a1d N added
at high probability to the 3'-termnal by the DNA pol ynerase, the
sequence nHyihEesereEtaP suthlinatirheoBprithrgics faloke eheymng braadanml
starts at "A", so that there is no problemif an additional base is added
er r oneous| selgctiorP. ofFiasdry , pevErTol .

Vent (exo-) DNA polymerase is an enzyme having both strand
displacement activity and a high degree of 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
appliedtothepresentinvention,andbyaddingthesinglestrand
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 (exo-)
DNA polymerase.

For DNA polymerase free of 3’-5’ exonuclease activity,
there is a knownphenomenonwhere the synthesisof complementary
chain does not stop at the 5’ -terminal of a template, resulting
ingenerationof aone-baseprotrusion. Inthepresentinvention,
this phenome.non is not preferable because when synthesis of the

complementary chain reaches the terminal, the sequence of the

3’ -terminal leads to initiation of next synthesis of
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if the 31 -termnal is protruded during synthesis of conplenmentary chain,
the 31-->51 exonucl ease activity can be utilized for digesting the
protrusion to make it blunt-ended. For exanple, since natural Vent DNA
pol ymerase has this activity, this enzyne my be used as a m xture with
Vent (exo-) DNA polynerase in order to solve this problem Various
reagents necessary for the nethod of synthesizing or anplifying nucleic
acid according to the present invention mybe previously packaged and

provi ded i 1. ifically kit .is provided fort.the_present
i nvent i on,aéoc rrl&r%esr}tng §Ha§3‘§ E?Hgge’éf B¢ EoRTc &5t5%ded néﬁe%ii‘?@a?fs
primers far, synthesis,.of conpl exgntary.chain and outer priners for
di spl aceng}ﬁg,sty p&éﬁlbé&lgysg%s ea5§ %Sf%é?ﬁﬁh%¥%&%$§@o%fmgﬁ?%‘?y Hfain, a
DNA pol ynerase for _caryying.out the strand di spl acenent -type synthesis
of conpleﬁﬁﬂ%ﬁ%F%ﬁEﬁ%,gé 5%#@8 ogi VU s '%%nge ESRArERSAs HEE™ Hd%enzyne
reaction, and as necessary regents, necessarg for detection of synthetic
reaction ptodiRing sStEH%S @ af” 't H8 BBaFt FBALST 15 chgarEeblem ecadsary
during the reaction_ in a preferable node of the present invention, and
thus the 3¥hdend hdddss disy adgedopErpagerisdl BredAlppl i Burditer S&n
pipetted into reaction vessel, whereby the reaction can be initiated by
addi ng onldf Bheghptermppaddsnuatinuday dueirg exnthasihiodcanml ereerdta mn
product can be detected in situ in a reaction vessel by utilizing a
| um nescenthasimgnather 3a—¥3'ucexsTentessgnattivityi sanobenenddsared tfpmwpen
and shut the vessel after reaction.
digesting the protrusion to make it blunt-ended. For example,
since natural Vent DNA polymerase has this activity, this enzyme
may be used as amixture with Vent (exo-~) DNA polymerase in order
to solve this problem.
Various reagents necessary for the method of synthesizing
or amplifying nucleic acid according to the present invention
may be previously packaged and provided as a kit. Specifically,
a kit is provided for the present invention, comprising various
kinds of oligonucleotides necessary as primers for synthesis
of complementary chain and as outer primers for displacement,
dNTP as a substrate for synthesis of complementary chain, a DNA
polymerase for carrying out the strand displacement-type
synthesis of complementary chain, a buffer giving suitable
conditions to the enzyme reaction, and as necessary regents
necessary for detection of synthetic reaction products. 1In
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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This is very desirable for prevention of contam nation. The nucleic acid
havi ng conpl enentary nucl eoti de sequences alternately linked in a

si ngl e-stranded chain, synthesized according to the present invention, -has
e.g. the follow ng usefulness. The first feature is use of an advantage
resulting fromthe special structure having conplenentary sequences in one
nol ecul e. This feature can be expected to facilitate detection. That is,
there is a known systemfor detecting nucleic acid wherein its signal is

vari ed dependin on_base pajring with_a conpl enmentary nucleoti de sequence.
For  examh B2S 0y e Lo Rat PORCOPE RV PRES ket UG 6P AeRFon can be

doubl e- stranded cq?in-s lfic intercal ater as a detector as described

above, a dBtETIIO K% EHTRLING % & B2 Sof BReCORRRF RBELR 2 TESHAM ¢ he

synthetic froduct f the present invention can be realized. If the

synt heti c %HE%FB&%&%%% 130 PEREURE S8@rie dpRoehefAdm skt whba FRagtdrmat ur ed

in said detection systemand returned to the original tenperature,

i nt r anol ecfSFehRN&HHAF NG hrsippacentsligaalyor fdd ysaesaenitngignal,

conpl ementary sequences to be rapidly base-paired. If there are unspecific

reacti on Y eukPE NAIRSEaTN Eonepe @yl shifit By vesqmedneéternredet i ecul e

57 so that after separated by heat denaturation into 2 or nore nolecules,

t hey canncthismiesli ey el rabr e ntelr tpretenorémi oil cortmnn reetstaranded chai n.

By providing the step of heat denaturation before detection, noises

acconpanyi ng t helhaingpecidic raaict i dmewion becomsllershtd fy t heud NS pidey mer ase

not
sequences alternately 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 detection. That is, there is a known system for
detecting nucleic acid wherein its signal is varied depending
on base pairing with a complementary nucleotide sequence. 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
characteristicsofthesyntheticproduct of thepresentinvention
canberealized. Ifthesyntheticreactionproductofthepresent
invention is once heat~denatured in said detection system and
returned to the original temperature, intramolecular annealing
occurs preferentially thus permitting complementary sequences

to be rapidly base-paired. 1If there are unspecific reaction

products, they have not complementary sequences in the molecule
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resistant to heat is used, the step of heat denaturation has the neaning
of termnation of the reaction and is thus advantageous for the control of
reaction tenperature. The second feature is to always forma | oop capable
of base pairing. The structure of a |oop capable of base pairing is shown
in Fig. 4. As can be seen fromFig.- 4, the loop is conposed of the
nucl eoti de sequence F2c (X2c) which can be annealed by the priner and a
nucl eoti de sequence intervening between F2c-Flc (Xlc) . The seguence
bet ween FZC-FIc,éor bet ween 2c: Xl c.in a nmore universal

5 9

: f EQ is a
nucl eot i dé® Uerted HetuetRA T aRGT G Hed q{éaii%ttja?rb.l%c%ggr hdFeif a
probe having a __.conplenent ar nucleo.i%gase uence i%ﬁy bridized\Mtéithis
regi on, , .chlrﬁ)?%ees-'sﬁggiyf?%n%%? elérﬂet#}ai lfyeggilfﬁ%‘.lrl? i@dF}P?(ﬂﬁl%ﬂ
region is al S re%%%ingr ase pairing, and therefore, heat denaturation
rior to i SEEEET AT HecessHf y Prave diMiec| é5€i detsRquehcdieat
P Lo . ecessal . (
constituting a loop in the anplification reaction product in the present
i nvent i on $RRA AL D affiq%s v detarfitien Ac AR iBay| VCGIMRRIHING z4theon with
a probe is desired, a region to be annealed by the primer and a region to
be hybri difetPeByf kh&egesBonacan 2 Frgugesepat attdig DN pebymarasagiqt
conpetition, 58 whereby ideal reaction conditions can be constituted.
Accor di ng 1ep R dralblegtmige ustdy hehpr esept of nveat | denatutariges mawer of
| oops capabl e of base pairing are given in a single strand of nucleic
aci d. Thi sthrpansanhay aof atgemimatséon obf pridizesreant benhydind digedwig h one
nol ecul e of nucleic acid
advantageous for the control of reaction temperature.
The second feature is to always form a loop capable of
base pairing. The structure of a loop capable of base pairing
is shown in Fig. 4. As can be seen from Fig. 4, the loop is
composed of the nucleotide sequence F2c (X2c¢c) which can be
annealed by the primer and a nucleotide sequence intervening
between F2c-Flc (X1lc). The sequencebetweenF2c-Flc (orbetween
X2c-Xlcinamoreuniversal form) isanucleotide derived sequence
derived from the template. Accordingly, if a probe having a
complementarynucleotide sequence ishybridizedwiththis region,
-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 a loop in the amplification
reaction product in the present invention may have an arbitrary
length. Accordingly, if hybridizationwith a probe is desired,

aregiontobe annealedby the primer and a region tobe hybridized

by the probe are arranged separately toprevent their competition,
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to permit highly sensitive detection. It is thus possible to realize not
only the inprovenent of sensitivity but also a nethod of detecting nucleic
acid based on a special reaction principle such as aggregation. For
exanpl e,
is added to the reaction product of the present invention, the aggregation

of | atex

a prob

parti

e inmmobilized onto fine particles such as pol ystyrene | atex

cles is observed as the hybridization of the product with

t he probe proceeds. Highly sensitive and quantitative observation is

ti.cal I h . h, of h ion. B
BRI OB RS, e ne B e Ton

system not usin
Furt her,

feasi bl e
t he aggre

| abels to b
chr omat ogrta

the re

tical [ devi I be consti tuted.
AP PEFERECIFSEATE Gnybft PERe She AR T hrany

bound t heret er nucleic_acid  nolecule enables ,
Sﬁr@edé]t“@‘gteiroﬁ% PAoPReCRPRPYS op PaFRIRASSHRT 3P SR ildal

nmet hod (i nmunoc ronatogragﬁy) using ,a chromatographic nmediumutilizing a

vi sual | y defeBEABISIRP

principle that sal ' |
a chromatfgPASRIEE RaRI ben RE &4 285k Wt rapniebBayecaAE ehaumraiataad b9
| abel ed conponent is washed away. The reaction product of the present
i nvent i on YfaResmilki BighlKcspnelbbpeidetRetion anditydssthes prsdidile 4 d.

That

is,

a | abe

Uclpdiapidet | Bal § jreans shakehbares mEREF on t he

an anal yte is sandwi ched between an _anti body i mmobilized on

| ed probe toward the part of a loop is prepared and

i mobi | i zetkadnitze Bot endiyet vy Lmphprenedt wifi s¢ws pt bpat v ba tcald aiaimeg hodobe f or
trappi ng thereby permtting

of detecting nucleic acid based on a special reaction principle
such as aggregation. For example, a probe immobilized onto 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 quantitative
observation is feasible by optically measuring the strength of
the aggregation. Because the aggregation can also be observed
with the naked eyes, a reaction system not using an optical
measuring device can also be constituted.

Further, the reaction product of the present invention
permitting many labels to be bound thereto per nucleic acid
molecule enables chromatographic detection. In the field of
immunoassay, an analytical method (immunochromatography) using
a chromatographic medium utilizing a visualiy detectable label
is used practically. Thismethod is based on the principle that
an analyte is sandwiched between an antibody immobilized on a

chromatographicmediumand a labeled antibody, and the unreacted
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anal ysis in the chromatographic nedium As the capturing probe, a sequence
conplenentary to the part of the loop can be utilized. Since the reaction
product of the present invention has a |large nunber of |oops, the product
binds to a | arge nunber of | abeled probes to give a visually recognizable
signal. The reaction product according to the present invention always
giving a region as a | oop capable of base pairing enables a w de variety
of other detection systens. For exanple, a detection systemutilizing

f I i i b I d he f h I i
S R e LA o L
doubl f t t fl t
dou o UL SRR | tIesc@arI%q%Ie“Bfa;%gaégagg:%cseanat

positively utilize the b|| t he _nucleic ac nth sized b the
present i eﬁyl&ﬁltan6?n1ai?%km%%@ﬁh&@é edfIpREE ﬁaF¥Wﬁ§ the RAN Ofe 31 -
and 5'-sidei. Far exang 0 e | 00 |s deS|%ned to have a conmon
nucl eoti dé SBARETRL BREFELR 11173/L0BRA 2 SATABABPRERPRYBECANM e t he
other loop is designed to enerate a difference therebetween. It is
possi bl e t@?<ﬂﬁ%9ﬁrﬁu@eCaptéﬁapacpé@bgtf%rah%#9@4@gsﬁhﬁ%ﬁhy:pammuﬂtuﬂ@e
presence of a gene 60 is confirnmed by the probe for the common portion
whi | e t he Fradslriceln sheghrgmadiaaranhi d medoemi r fesdthe cepsusthgmpnaigi on.
Because the reaction of synthesizing nucleic acid according to the
present i rivéagience aemulementecaeto ithetbrer tralfl the Lbopscan ket iliimear.t ant
advantage that real-tinme analysis can be effected by

Since the reaction product of the present invention has a large

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

probes to give a visually recognizable signal.

The reaction product according to the present invention

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

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

detection system utilizing surface plasmon resonance using an

immobilized probe for this loop portion is feasible. Further,

if 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 also possible

topositivelyutilizetheabilityof thenucleicacidsynthesized

by the present invention to form a loop capable of base pairing

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

to have a common nucleotide sequence 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 a gene
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a general fluorescent photoneter. Heretofore, the structure of nucleic
acid to be annealed in the same chain is knowmn. However, the nucleic acid
havi ng conpl enentary nucl eoti de sequences linked alternately in a

si ngl e-stranded chain obtained by the present invention is novel in that
it contains a |l arge nunber of |oops capable of base pairing with other

ol i gonucl eoti des. On the other hand, a | arge nunber of | oops thensel ves
given by the reaction product according to the present invention can be

used as pr I i,n DNﬁ chi robes should _,be accunul at ed
at high de%?‘?r}ffﬁrﬁ%‘???%%dmabreeg‘?r|t e;?r"é‘gfi?ﬁ{)?"‘ffejc%%%ﬁb § ERERERAENC] he
nunmber of c%i on¥§k§otﬁq%§ whi%h gan ae.ingﬁbiri ed in a certain area i s
limited. Fendd BV ULTE6-Y e SPRAGEMER plolOEt ObReF nESPH+@RentBSGAMSR i on, a
| ar ge nurrb(_,(la;%aa of probes capabl e of annealing,can he i nmobilized at high
density. tr?iék%?Re?gaEY? Re§+6ﬂﬁ%thEEgF8iﬁ&lganﬁ€r€ﬂ§§eﬁP itheent i on
maybe i mmobilized ,as prqobes on a DNA chip. After anplification, the
reaction t Shé& LOMNGBRI #2239 BEPRRA Heathegied Whnows 18 tMeeyart, or
the i mmobilized oligonucleotide is utilized as_ the oIiEFnucIeotide in the
anpl i fi catiRPE Ak PONaBEagRe e deml —tilmpeatpbKs s ezan Pengf fecteddat i ng
the inmmobilized reaction 61 product. By use of the probe thus immobilized,
a | arge ningenergfl £inprespRAs phatbmehgbri dieretéfore/ itha et raaireand as
a result, high signals can be expected. Brief Description of the Draw ngs
Fig. 1 is dmutclesepattdr of annpatedin)thosémd chhinhies keaehi oowever,

the nucleic acid having complementary nucleotide sequences

linked alternately in a single-stranded chain obtained by the

present invention is novel in that it contains a large number

of loops capable of base pairing with other oligonucleotides.

On the other hand, a large number of loops themselves giv'en

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. 1In present

technology, however, the number of oligonucleotides which can

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

the reaction product of the present invention, a large number

of probes capableof annealingcanbe immobilizedat highdensity.

That is, the reaction product according to the present invention

may be immobilized as probes on a DNA chip. After amplification,

the reaction product may be immobilized by any techniques known

in the art, or the immobilized oligonucleotide is utilized as

the oligonucleotide in the amplification reaction of the present

invention, resulting in generating the immobilized reaction
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principle in a preferable node of the present invention. Fig. 2 is an
illustration of a part (5) to (7) of the reaction principle in a preferable
node of the present invention. Fig. 3 is anillustration of a part (8) to
(10) of the reaction principle in a preferable node of the present
invention. Fig. 4 is an illustration of the structure of a |loop fornmed by
the single-stranded nucleic acid according to the present invention. Fig.
5is an iIIustration of a part (A) to (B) in a basic nopde of the present

i nvention. ratlo of, a part to, (D).,in a basic nbde
of the prd¥H Cﬁ“ﬁwe%tyl 8ﬁe ?—%13 67ng ‘aﬁ\n%“%zﬁjft RelPBEs (HuMRE L
rel ati onshi of ea nucl eoti d equence constltutlng an ol i gonucl eoti de
in the tatgeldiRIE sdé:aé"e&i’@ E‘é’ roflgesShphed Figitediarea phrdg@aph
showi ng the result of agarose el ectrophoresis of a product obtained by the
met hod of F&MthedtHGmgTignite-aan frieKRRRI®Ic acid with M3npl 8 as a
tenpl ate according to the present invention. 62 Lane 1. XV size marker
Lane 2: 1 fnol ML3npl8 dsDNA Lane 3: No target Fig. 9 is a photograph
showi ng the result of agarose gel electrophoresis of a restriction
enzyne- di isiel Peeatiotiobted fde iDrawagd e 1 by the nucleic acid
‘synthetic reaction

Fig.lisanillustrationofapart (1) to (4) of thereaction

principle in a preferable mode of the present invention.

Fig.2isanillustrationofapart(5)to(7)ofthereactioh
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. 4 isan illustration 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
mode of the present invention.

Fig. 7 is a drawing showing the positional relationship
of each nucleotide sequence constituting an oligonucleotide in
the target nucleotide sequence of M13mpl8.

Fig. 8 is a photograph showing the result of agarose
electrophoresis of a product obtained by the method of
synthesizing single-stranded nucleic acid with M13mpl8 as a

template according to the present invention.
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according to the present invention. Lane 1: XIV size marker Lane 2: BanH
digest of the purified product Lane 3: Pvull digest of the purified
product Lane 4: Hindlll digest of the purified product Fig. 10 is a
phot ogr aph showi ng the result of agarose gel electrophoresis of a product
obtai ned by the nmethod of synthesizing single-stranded nucleic acid
according to the present invention using ML3npl8 as a tenplate in the
presence of betaine. 0, 0.5, 1 and 2 indicate the concentration (M of

bet ai ne ag?ed t.o, t%ﬁxreaction ol ution. Ni ndicatesthenegative control, and
Z21 i ndi cat¥E thhie cEMEFalP6if%f0- 21 nol of tenplate DNA. Fig. 11 is a

drawi ng showi ng th osi;tigQnal .relationship of each nucl eotide sequence
ARG o1 Loano iR’ 43b

constituti ‘ol iTg §Atarget nucl eoti de sequence derived
fromHVB. Fig. 12 is a photograph showi ng the result of agarose gel

el ect r ophdt®E 3 'of N9 5386& obtai ned by the nethod of synt hesizi ng

si ngl e-stranded nuclei¢c acid according to the 63 present invention wherein
HBV- ML3np18i nt egricded i aVPhoirgraRy Shewdngsthe tmafils of aagarose ga size
mar ker Lane 2: 1 frnol HBV-ML3npl8 dsDNA Lane 3: No target Fig. 13 is a
phot ogr apte R aRNAtRS Fesgift af restriction enzyme-digested product

obtainéd in Example 1 by the nucleic acid synthetic reaction

according to the present invention.

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 agarose gel

" electrophoresis of a product obtained by the method of

synthesizing single-stranded nucleic acid according to the

present invention using M13mpl8 as a template in the presence

of betaine. 0, 0.5, 1 and 2 indicate the concentration (M) of

betaine addedtothereactionsolution. Nindicatesthenegative

control, and-21 indicates the concentration 107?*mol of template

DNA,

Fig. 11 is a drawing showing the positional relationship
of each nucleotide sequence constituting ah oligonucieotide in
a target nucleotide sequence derived from HVB.

Fig. 12 is a photograph showing the result of agarose gel
electrophoresis of a product obtained by the method of

synthesizing single-stranded nucleic acid according to the
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el ectrophoresis of an al kali-denatured product obtained by the nmethod of
synt hesi zi ng singl e-stranded nucleic acid according to the present
invention. Lane 1: Hindlll-digested fragnent from | anbda- phage Lane 2: The
reacti on product in Exanple 1. Lane 3: The reaction product in Exanple 3.
Fig. 14 is a photograph show ng the result of agarose gel electrophoresis
of a product obtained by the nethod of synthesizing single-stranded

nucl eic acid according to the present invention wherein the concentration

of ML3npl rle d | ower, .ph raphs show

Che  reoulr b ATk MR nEE R S hm e SO « PRCgERERD UL BER R R oo

dsDNA 1x10-15, nol / t ne 2 ML3npl1l8 dsDNA 1x10-16 nol /tube Lane 3:

ML3np18 dSP8R AL %f‘“}%/ Sube Lane 4: ML3npl8 dsDNA 1x10- 18 nol/t ube

Lane 5: NﬂBnpl%.dsDNA 1x10- 1%Ngnlltube Lane 6: ML3npl8 dsDNA 1x10-20

mol / t ube 3% 17: %ﬁgnﬁiéedg €¥x10-21 nol /tube 64 Lane 8: M 3npl8 dsDNA

| XI 0-22 nol /tube Lane 9: get Lane 10: XIV size marker Fig. 15 is a

draw ng sH&Wieng it hé S@@ﬂtﬁéﬁ Hi3§pﬁﬁtﬁﬁpﬂﬁ and the positional relationship

of each region toward a target nucleotide sequence (target) . Underlined
guani ne i dangpl3celo target .

Fig. 13 is a photograph showing the result of gel
electrophoresis of an alkali~denatured product obtained by the
method of synthesizing single-stranded nucleic acid according
to the present invention.

Lane 1: HindIII-digested fragment from lémbda—phage
Lane 2: The reaction product in Examplé 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 to the
present invention 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 dsDNA 1x107'7 mol/tube
Lane 4: M13mpl8 dsDNA 1x107*® mol/tube
Lane 5: M13mpl8 dsDNA 1x10°*° mol/tube
Lane 6: M13mpl8 dsDNA 1x1072° mol/tube

Lane 7: M13mpl8 dsDNA 1x10°?' mol/tube
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by adenine in the nutant. Fig. 16 is a photograph show ng the result of
agarose gel electrophoresis of a product according to the anplification
reaction of the present invention. M 100 bp | adder (New Engl and Bi ol abs)
N:. No tenplate (purified water) WI: 1 fnol wild-type tenplate ML3npl 8 MI
1 frol nutant tenplate M 3npl8FM Fig. 17 is a drawi ng show ng the
positional relationship of each nucleotide sequence constituting an

ol i gonucl eotide in a nucl eotide sequence coding for target mRNA. Fig. 18

is a photagr Shgw h ukt .@f:cagargse, el ectrophoresis of a product
obt ai ned g%”%ﬁg'neﬁmggg%% 8§§ﬁ§h2§9§ingﬂgﬁngB?stranded nucl ei ¢ acid
MRNA

according _tq the ﬁéeﬁent i_nvention using as a target. Best Mdde for
e

Carrying QRS He | fF8R* Example 1. Anplification of a region in M3npl8
The met hod of syqthesizing t he pucleic acid having 65 conpl enmentary chai ns
al t er nat el%#18 nided 'AVaSiFRgMar&eranded chain according to the present
i nvention was attenpted, usin ML3nmpl8 as a tenplate., Four Kkinds of
primers, that i<tavi3pals Mcgm{lrmm,mmtmms;ﬂ%% o el Myt attien
experiment. ML3F3 and ML3R3 were outer primers for displacing the first
nucl ei c &Y tHBtRY fibEil oRabe@liakdionshiitthofieFrh ey iMrsRAvasdthdangstgi n of
synthesis. Because the outer priners are priners serving

nucleotide sequence (target). Underlined guanine is replaced

by adenine in the mutant.

Fig. 16 is a photograph 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)

WIr: 1 fmol wild-type template M13mpl8
MT: 1 fmol mutant template M13mplB8FM

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

Fig. 18 is a photograph showing the result of agarose
electrophoresis of a product obtained 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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as the origin of synthesis of conplenentary chain after synthesis wth
ML3FA (or ML3RA) , these were designed to anneal to a region contiguous to
ML3FA (or ML3RA) by use of the phenonmenon of contiguous stacking.. Further,
the concentrations of these primers were set high such that annealing of
ML3FA (or ML3RA) occurred preferentially. The nucl eoti de sequence
constituting each priner is as shown in the Sequence Listing. The
structural characteristics of the priners are sunmari zed bel ow. Furt her,

t he positi onal relationggﬁ_ rd the target nucl eotide

i.p of ;each regqgion,.t , (
sequence (THHRRG L% A aléi'ecﬁ.rn‘?ﬁegﬁ’i Eépﬁgg?-’&na A1 B LIERAES egi on
at the 3'-side ML3FA The sa as region Flc in conplenentary chain
synthesizéﬁ“ﬁ?‘ﬁﬁﬁ@ Lot FaPﬁngnFebPBﬁntéeni%aﬁméﬁﬁﬂmPtWQBRWJmhe same
as region Rlc in conplenmentary chain synthesized by ML3RA/ conpl enentary to
regi on RRMIFPIHAS 8 iedREFEShaifRudy ki Rdsi o P Iy eMSIFANRESTS, CHAFRement ary
to F3c contiguous to the 3'-side of 66 region F2c in M3npl8 ML3R3
Conpl ementt&rIRA0 MEF HomndyM3dRyowerne 8sedsidetbe expgrbmere IMIL3EF3
conpl ementary chai n synthesi zed by MLI3FA By such primers, nucleic acid
wherei n a ¥egMEPRexwendi agtef romme s tfoRdd spd akliBgptBe fhdst traicleic
conpl ementary nucl eotide sequence, are alternately linked via a
| oop- f or manj delprerdeed ceapachinglF2eith Ml 3iMgret MBRAded ciaiorigin
synt hesi zed. The

of synthesis. Because the outer primers are primers serving
astheoriginof synthesis of complementarychainafter synthesis
with M13FA (or M13RA), these were designed to anneal to a region
contiguous to MI13FA (or MI13RA) by use of the phenomenon of
contiguous stacking. Further, the concentrations of these
primers were set high such that annealing of M13FA (or M13RA)
occurred preferentially.

The nucleotide sequence constituting each primer is as
shown in the Sequence Listing. The structural characteristics
of the primers are summarized below. Further, the positional
relationshipofeachregiontowardthetarget nucleotide sequence
(target) is shown in Fig. 7.

Primer Region at the 5’-side/region at the 3’-side
M13FA The same as region Flc in complementary chain
synthesized by M13FA/complementary to region F2c in M13mpl8
M13RA The same as region Rlc in complementary 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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conposition of a reaction solution for the nethod of synthesizing nucleic
acid by these priners according to the present invention is shown bel ow
Conposition of the reaction solution (in 25 ~tL) 20 nM Tris-HC1 pH8.8 10
mM KCL 10 nM (NH4) 2SO4 6 MM MgS04 0.1 % Triton X-100 5% di net hyl sul f oxi de
-(DVSO) 0. 4 mM dNTP Priners: 800 nM MI3FA/SEQ ID NO1 800 nM ML3RA/ SEQ
ID NO2 200 nM ML3F3/SEQ ID NO.3 200 nM ML3R3/SEQ I D NO 4 Target: ML3npl8
dsDNA/ SEQ I D NK)S REaction The above reaction solution was heated at 95 67
Cfor 5 m rPeq was denatured into a single-stranded
chain. The' T |on SO was transferred to ice-cold water, and 4 U of

Bst DNA p ase (N GLAND _ Bi ol was, added thereto and he 1 Xxture

was react %ﬁlﬁ% 65 C EN[mpﬁ I%ar;é(f 8a]p<$géa%cfr?tolngu?"?‘r°e ttoeﬁg ot

term nated at, for neﬁn1]1_nutes and transferred again to |ce coI d water.
reactq M1

Conf i r mat i T th“r?ec SMENTa b Fhifg bk R eRdszed by M13FA

By such primers, nucleic acid wherein a region extending
from Flc to R1¢ in M13mpl8, and its complementary nucleotide
sequence, are alternately linked via a ioop—forming sequence
containing F2c in a single-stranded chain, is synthesized. The
compositionof areactionsolution for themethodof synthesizing
nucleic acid by these primers according to the present invention
is shown below.

Composition of the reaction solution (in 25 upL)
20 mM Tris-HCl pHS8.8
10 mM KC1
10 mM (NHy) 2S04
6 mM MgSOy,
0.1 % Triton X-100
5% dimethyl sulfoxide (DMSO)
0.4 mM dNTP
Primers:
800 nM M13FA/SEQ ID NO:1l
800 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 NO:5

Reaction: The above reaction solution was heated at 95
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added to 5 1 of the above reaction solution, and the sanple was

el ectrophoresed for 1 hour at 80 mV on 2 % agarose gel (0.5 % TBE). As a
nol ecul ar-wei ght marker, XV (100 bp | adder, Boehringer Mannhei n) was
used. The gel after electrophoresis was stained with SYBR G een |

(Mol ecul ar Probes, Inc. ) to confirm the nucleic acid. The results are
shown in Fig. 8 The respective |lanes correspond to the follow ng sanpl es.
1. XIV size marker. 2. 1 fnol ML3npl8 dsDNA. 3. No target. In lane 3, no
band was Q,En;'érrre exce@tc that the ﬁnreact ed primers were stajned. In |ane
2 in the presehce “of M+RBESr gtN? {RE pF3EURE s et e d€BALPERED BREA 1Pow si ze
band | adder,, as sneared s%alnin at high size and ,as a band hardly

el ect r ophGrOGE IS T aRE GEN A Aot ® K& WS 581BRAHAR, Wamfdanst emred
vicinity of 290 by and 450 by agree with the products estimted in the
synt heti c £ &58FFEAhdoYatRF s ?‘Pﬁe‘ﬁtq 64, BERaPNA poameraset (N EFGERNDns of

SEQ I D NCS: 11 and 12 (correspondi ng to doubl e-stranded chains 68 fornmed as
shown i n Bigdabs) waps gdded- thepptp and bheimprleuse reaslattaciied mtof65SEQ I D
NO 13 (corresponding to the long single-stranded chainin Fig. 3- (9) and
it was thi§ fonfl hewd .t haftehergasicidomon ther veeetls caswas petrecha tdd \sas
estimated that the el ectrophoresis results of the sneared pattern at high
si ze and tBfe°Gafwl rldt mieeetsr ephot espdfaer edbagapht t @hiord- drdehwse etrhi s
reaction was basically a continuous reaction to permt varying nol ecul ar
Confirmation of the reaction: 1 pl loading buffer was

added to 5 ul of the above reaction solution, 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 stained with SYBR Green I (Molecular Probes, Inc.) to confirm

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. In lane 2 in the presence of the target,

the products were confirmed as a low size band ladder, as smeared

staining at high size and as a band hardly electrophoresed in

the gel. Among 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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wei ghts of the reaction product and further because the product has a
conplicated structure having a partially single-stranded chain and a
doubl e- stranded conpl ex. Exanple 2. Confirmation of the reaction products
by digestion wth restriction enzynes For the purpose of clarifying the
structure of the nucleic acid having conplenentary nucl eoti de sequences
linked alternately in a single-stranded chain obtained in Exanple 1
according to the present invention, the digestion of the products wth

restricti enzynes. . was co uctg?; { fragn are _theoretically
gener at ed%g’f“}ﬁ RIS R FEFE W T ﬁJZ é‘é‘tdra?gff@ﬁ) aé‘r‘?z?r‘?&élg&ﬁdsgirﬁﬂ‘ﬂe eousl y
t he snmear pat.ter ﬂ% 5. Lze and the band nqt el ectrophoresed as
observed i aé?a?rglsgbl ?’ aﬁabegﬁ?“%w%%aﬁtﬁ? i@f’? et'l"f’z}traé‘?ilfdof
t hese prodyct,s are . the nucleic acid having conpl enentary sequences |inked
al t er nat el§P3H H F&igng?'etji)t)r'aﬁa«gd’-*cﬂaﬁﬁ%?ﬂ@gﬁ%d%ﬁlﬂﬁge@&tﬂﬁ@
present invention. The reaction solutiqna&foo ~tl) from8 tubes in Exanple
69 1 was PFEACEEHRE PEPEFERE - byl § Veaesddmakiedht bHehbE edRE t rPPEGISiSt&t | on
with ethanol. The resulting precipitates were recovered and dissolved
again in ZBGWYYs PE Shef emeazad pataernapt qubyh wabzeliapedttde dangl7 not for 2
hours with restriction en zynmes BanmH , Pvull, and H ndlIlIl respectively.
The di gestelwss ragihgutasgshyessedrboght abont dbe@a@setivis Xeacigamovesgel (0.
5 %WBE) . As a nolecular marker, Super Ladder-Low (100 bp | adder) (CGensura

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 tothepresent invention, thedigestion of the products

with restriction enzymes was conducted. If fragments are

theoretically generated by digestion thereof with restriction

enzymes and simultaneously the smear pattern at high size and

the band not electrophoresed as observed in Example 1 disappear,

thenit canbeestimated that any of these products are the nucleic

acid having complementary sequences linked alternately in a

single-stranded chain synthesized according tc the present

invention.

The reaction solution (200 pl) from 8 tubes in Example
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Laboratories, Inc.) was used. The gel after electrophoresis was stained
with SYBR Geen | (Ml ecular Probes, Inc. ) to conf irm the nucleic acid.
The results are shown in Fig. 9. The respective |anes correspond to the
following sanples. 1. XIV size marker 2. BanH digest of the purified
product 3. Pvull digest of the purified product 4. HindlIl digest of the
purified product It is estimated that nucl eoti de sequences constituting
relatively short anplification products are those of SEQ ID NOCS:13, 14, 15

and 16. Fr es eqQti de geence t he stipated ,size of _each
fragment di g]é"ga?e ?ngfrj%ét %téjd?egﬁﬁgf‘ia(gn%yengﬁﬁgmﬁg a§”§tﬂ‘bv\ﬁgﬁﬁogfatﬁréj 1. "L"
in the table indicates that its paqsition in e|lectrophoresjs is not

est abl i she%r%céjc%htsa:tioni %a{l & . ctﬂ?a?‘ﬁ?‘ﬁ CANY Jobe TR hed ke S tWetivled
chain). Table 1. Restriction enzyme-digested fragments of the

anpl i fi cat¥FPHRRAUGRY SESHUiving Badme 1pr 888ntli Fsehef bar sEd O N@BanH
PVU I Hindll] 70 13177 +L56 +L147 +L 1415+101 +L142 +L 15171+101 +L56
+L147+161 atiqwatwas dizsehessyt 37 P425a8 haqursuwibh yes0r 1T 0n3N BEH2B7

BamHI, PvuIl, and HindIII respectively. The digest was
electrophoresed for 1 hour at 80 mV on 2 % agarose gel (0.5 %TBE) .
As amolecular marker, Super Ladder-Low (100 bp ladder) (Gensura
Laboratories, Inc.) was used. The gel after electrophoresis
wasstainedwithSYBRGreenI(MolecularProbes,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 chain).
Table 1. Restriction enzyme-digested fragments of the

amplification products according to the present invention

SEQ IDNO BamHI Pvull HindIII
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142,147,161, 170 (11, 15; not confirned) Because al nost all bands before
di gestion were changed into estimated bands, it was confirned that the
obj ect reaction products were anplified. Further, it was al so shown that
there were no or |less unspecific products. Exanple 3. Pronotion of
anplification reaction by addition of betaine An experinment for exam ning
the effect of betaine (N N N-trinmethylglycine, Sigm) added to the
anplification reaction solution on the anplification reaction of nucleic
acid was condUct @ Synt Nes7s+oT [Ne Neel §LC acl d NavuRosL CONprenent ary
chains alternatelydinkedi+#i10a stngl e-stranded chainiagcerding to the
present inventionMas conddeled #Ising WME3AP1l8 as ailuempbat«a simlarly in
Exanple 1 in the preesendd@+101+2¥Hl+i ne a23Vadli ous condemLv@t+mons. The
primers used inSthwarwexpkdl Mo, 20er e i deftdddal t olehobel usediim Exanpl e 1.
The anpunt _of The tenplate DNA Was I0-ZI nbl (VL3NMp1g) anad water was used
as the negbtindedicdlt gtonfBamadle was added at concentrations of 0, 0.5, 1
and 2 Mto the reaction solution. The conposition of the reaction solution
is shown bel ow. Beses Eilowsst alBebpadet befosel di gost {om ¥ idjang@@ v
Tris-HCL pH8.8 71 4 MM MySO4 0.4 nM dNTPs

into estimated bands, it was confirmed that the object reaction

products were amplified. Further, it was also shown that there
were no or less unspecific products.
Example 3. Promotion of amplification reaction by addition of
betaine

An experiment for examining the effect of betaine
(N,N,N-trimethylglycine, Sigma) added to the amplification
reaction solution on the amplification reaction of nucleic acid
was conducted. Synthesis of the nucleic acid having
complementary chains alternately linked in a single-stranded
chain according to the present invention was conducted using
Ml3mpl8 as a template similarly in Example 1 in the presence
of betaine at various concentrations. The primers used in the
experiment were identical to those used in Example 1. The amount
of the template DNA was 1072 mol (M13mpl8) and water was used
as the negative control. Betaine was added 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 ML)

20 mM Tris~-HCl pHS8.8
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10 MM KC1 10 WM (NH4) 2SS4 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: ML3npl8 dsDNA/ SEQ I D NO. 5 The pol yneri se, reaction
conditions, and conditions for electrophoresis after the reaction were
identical to those described in Exanple 1. The results are shown in Fig.
10. In the reaction in the presence of betaine at a concentration of 0.5
or 1. 0O M the anobunt of the anplification product was increased. Further,

if its CO$CM§4?M was increased to 2.0 M no anplification was
observed. 1t 9¥Hus shown that the anplification reaction was pronoted
in the presence of hetaine at a suitable concentration. The esti mated
reason that: % ! m of the anplification product was decreased when the
concentratjon of betaine was 2 Mwas that Tmwas | owered too nuch. Exanple
4. Anplifiht®bRGF HBV gene sequence The method of synthesizing nucl eic
acid according to the 72 present invention was attenpted wherein ML3npl8
dsDNA havﬂﬁbfgﬁ PYH 8P4 sequence of HBV gene integrated therein was used as

0.1% Triton X-100
Primers:
800 nM M13FA/SEQ ID NO:1
800 nM MI13RA/SEQ ID NO:2
200 nM MI13F3/SEQ ID NO:3
200 nM M13R3/SEQ ID NO:4
Target: M13mpl8 dsDNA/SEQ ID NO:5

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

The results are shown in Fig. 10. In the reaction in the
presence of betaine at a concentrationof 0.50r 1.0 M, the amount
of the amplification product was increased. Further, if its
concentration was increased to 2.0 M, no amplification was
observed. It was thus shown that the amplification reaction
was promoted 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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a tenplate. Four kinds of primers, HB65FA (SEQ ID NO 6) , HB65RA (SEQ ID
NO 7) , HBF3 (SEQ ID NO 8) and HBR3 (SEQ ID NO 9) , were wused in the
experiment. HBF3 and HBR3 were outer prinmers for displacenent of the first
nucl ei c acid obtained respectively wth HB65FA and HB65RA as the origin of
synthesis. Because the outer priners are priners serving as the origin of
synthesis of conplenentary chain after synthesis with HB65FA (or HB65RA),
t hese were designed to anneal to a regi on contiguous to HB65FA (or HB65RA)

by use of the phenonenon of contjguous stacking. Further, the _
cgncentratﬁr&?g NESE LHP W@Fsag\g?ﬁﬁﬁa ‘f%i‘%ﬁeéﬁcrﬁmrﬁﬂ’ﬂaq PR iaYg ner

HB65FA (or_ HB65RA) occurred preferentially. The target sequence (430 bp)
in this efaPfréladePPARANFROM HRY SoRCedPacedatadMiBRESEN Wa&s dHRRMh aisn SEQ
I D NO 10. The nucl eoti de sequence constituting each priner is shown in the
Sequence 15 SePR§2tehe EQWukineaIck Eﬁf-iﬂ?ésofHBe%d‘H\ PPERED NO 56 b umiRH5RAed
bel ow. Further, the positional relationship of each region toward the
target nuclE& iI@eN@égbeH'é%Fit(&E@eﬁP ¥Q: 8 shswh HBRIFi(§EQ1ID N® i %hier wRewi on at
the 5 -side/region at the 3' -side HB65FA The same as region Fic in
conpl ementufed dhathe eypehiméned WBBHIBESKAHBBAPWenentEtyr tr inegiofok2ci n
HBV- ML3npl B HB65RA The sane. as region R c in conplenentary chain
synt hesi zeti spj adBEERA/ odnphenéntat yntol e bgi ani dR2sbt 2l ik aempleed@vedry chain
synt hesi zed by HB65FA HBF3 Conpl ementary to F3c contiguous to the 31 -side
of with HB65FA and HB65RA as the origin of synthesis. Because the

outer primers are primers serving as the origin of synthesis

of complementary chain after synthesis with HB65FA (or HB65RA),

these were designed to anneal to a region contiguous to HB65FA

(or HB6S5RA) by use of the phenomenon of contiguous stacking.

Further, the concentrations of these primers were set high such

that annealing of HB65FA (or HB65RA) occurred preferentially.

The target sequence (430 bp) in this example, derived from HBV

integrated in M13mpl8, is shown in SEQ ID NO:10.

The nucleotide sequence constituting each primer is shown

in the Sequence Listing. The structural feature of each primer

is summarized below. Further, the positional relationship of

each region toward the target nucleotide sequence (target) is

shown in Fig. 11.

Primer Region at the 5’ -side/region at the 3’ -side

HB65FA The same as region Flc in complementary chain

synthesizedbyHB65FA/complementary to region F2¢c in HBV-M13mp18

HBG65RA The same as region Rlc in complementary chain

synthesized by HB65RA/complementary to region R2c in
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region F2c in HBV-M 3npl B HBR3 Conpl enmentary to R3c contiguous to the 31
-side of region F2c in conplenentary chain synthesized by HB65FA By such
prinmers, nucleic acid wherein a region extending fronFlctoR cinM 3npl 8
(HBV-M 3npl B) having a partial sequence of HBV gene integrated therein,
and its conpl enentary nucl eoti de sequence, are alternately linked via a
| oop-form ng sequence containing F2c in a single-stranded chain, is

synt hesi zed. The reaction was conducted under the sanme conditions as in
Exanple 1 exc %}1' t hat t%l_‘e?@réi nmers descri bed above were used, and the

reacti on sGYTRTURCWNaREn SRS RY B% D horesis. The results are
shown in Fié:). 12. The respective |lanes correspond to the follow ng
sanpl es. 1MBEJ Vv size rfiRbemEntARYEL FRY- AAmHAYEOWS eAthe33’ npldarakt
Simlar to Exanple 1, the \zroducts were confirmed only in the presence of
the targetT2@ie | B4F st HBArl Iefbfer, as smeared staining at high size and
as a band hardly el ectrophoresed in the gel (lane 2) . Anong the | owsize
bands, barfBR3n the vikamplemersaryl¢obB3ancbm8lybpuagresha 8h-hée pybduct s
estimated in the synthetic reaction of this invention, that is,
doubl e- st reggieen Bhai bz ofmSRMe Y NGS: cHAL amnlyritthe sk d tbywassd9rrs confi rmed
that 74 the reaction proceeds as expected. As described in the results in
Exanple 1, it wey esichnptbderbanudieismeat ddiipaté e abghbghextending
fromFlctoRlcinM13mp18(HBV—MleplB)havingapartialsequence
of HBV gene integrated therein, and its complementary nucleotide
sequence, are alternately linked via a loop-forming sequence
containing F2c 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 solutionwas analyzed by agarose 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 products 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 (lane?2). Amongthe low-sizebands, bands inthevicinity
of 310 bp and 480 bp agree with the products estimated in the

synthetic reaction of this ihvention, that is, double-stranded

chains of SEQ ID NOS:17 and 18, and it was thus confirmed that
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size and the band not el ectrophoresed were caused by the structure of the
synthetic product characteristic of the present invention. Fromthis
experinment, it was confirned 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
the structure of the nucleic acid synthesized according to the present
invention, its length was anal yzed by el ectrophoresi s under

al kal i -denaturing, _conditions, 1 ~Ll| | kal i ne |, oadi guf % er_was ,added to
5 <Ll of cdthTPERELOBIPRITIRIDA® TIPTHE bt coerREooF PR W BEC ST ibtanpl ¢ 1
or 4 and el ectrophoresed at 50 mA.in 0,7 % agarose gel (50 mM NaCQH, 1 nM
EDTA) T or i EXRORIS. LAt HES R etA A BAGhE G T ARe kDAL CAFRGRT kg
-di gested Janbda-ghage fragnents were used. The gel after electrophoresis
was neut r ati ZFPM R PEIR 19T 8 lephraPhnne sed Ve can 1 By BReGtediFure
(Mol ecular Probes, Inc. ) to conf irmthe nucleic acid. The results are
shown i n Rithasynthetieggeciicrchanaas e atiespbhlie Poeska tiigiventilag -
sanples. 1. Hndlll-digested fragnents from | anbda-phage. 2. The reaction
product i rfoMmERLeexpeZimens, rida¢a s sanpioneadithat Ehappeseat iwventiion
reacti on product was el ectrophoresed under 75 al kali-denaturing conditions,
its size igrmbsi pgeetscedmieeh dtfated LhHig xemie seonfenoeedtakyenasi s ardfdd ned
that the sizes of

for 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 loadingbufferwasaddedto5ul of eachreactionsolution

inthepresence of the target inExample 1 or 4 and electrophoresed

at 50 mA in 0.7 % agarose gel (50 mM NaOH, 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 SYBRGreen I (Molecular Probes, Inc.) to confirmthe nucleic

acid. The results are shown in Fig. 13. The respective lanes

correspond to the following samples.

1. HindIII-digested fragments from lambda-phage.

2. The reaction product in Example 1.

3. The reaction product in Example 4.

When the reaction product was electrophoresed under
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the maj or products in both Exanple 1 (lane 2) and Exanple 4 (lane 3) were
within 2 kbase. Further, it was revealed that the product according to the
present invention had been extended to have a size of at |east 6 kbase or
nmore within the range capable of confirmation by this analysis. In
addition, it was confirned again that bands not el ectrophoresed under
non-denaturing conditions in Exanples 1 and 4 were separated in a
denatured state into individual single-stranded chains of smaller size.

Exanpl e 6. f.irmation .of anplj.fi.cation depending on the_ concentration of
a targetiQi%%%§7§§%ﬁqH5ﬁﬂq(ﬁgﬁﬁlE%QQQﬁ(ﬁ?%rFlWﬂf&hﬁi?kﬂQQQWﬂqqiﬁﬂﬁgcﬁ a
varyi ng concentration of a %arge& on . the nethod of s%nthesizing nucl ei c
aci d accorthiff €O ePFr 6SR-hE FMeAventt HiRsnaSnsbEBedetNatheNdetivRP O

synt hesi zing nuc¢leic acid according to theéEresent i nvention was carried

out under TfeM2dgr@ SRS RPN ERAERARPI élanedephd Bramplived didvdet of
ML3npl 8 dsDNA as the target was 0 to 1 fnol and the reaction tinme was 1

hour or 3 HoWgke withilnay kpasExafmeher t Hewsamsivieadkesl thavthemiosivesed in 2
% agarose gel (0. 5 % TBE) and stained with SYBR Green | (Ml ecular
Probes, | r&Eoondingbifa tivet heeaadkeinventidn Wad dbeeh ezt endesd 2o mavieer, XV
(100 bp | adder, Boehringer Mannheim was used. The results are shown in
Fig. 14 (uppere of-soureasdact kbasebet ovmrSwidiwinr €aet ranye . cadebregyfect i ve
| anes 76 correspond to the follow ng sanples: 1. ML.3npl8 dsDNA 1x10-15
nol / t ube. confirmation by this analysis. 1In 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 region in

M-13mpl3

The influence of a varying concentration of a target on

the method of synthesizing nucleic acid according to the present

inventionwas observed. Themethodof synthesizingnucleicacid

according to the present invention was carried out under the

same conditions as in Example 1 except that the amount of M13mp18

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

electrophoresed in 2 % agarose gel (0.5 % TBE) and stained with

SYBR Green I (Molecular Probes, Inc.) to confirm the nucleic

acid. Asamolecular sizemarker, XIV (100 bp ladder, Boehringer

Mannheim) was used. The results are shown in Fig. 14 (upper:

l-hour reaction, below: 3~-hour reaction). The respective lanes
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2. ML3npl8 dsDNA 1x10-16 nol/tube. 3. ML3npl8 dsDNA 1x10-17 nol/tube.

ML3npl18 dsDNA 1x10-18 nol /tube. 5. ML3npl8 dsDNA 1x10-19 nol /tube. 6.
ML3nmpl8 dsDNA 1x10-20 nol/tube. 7. ML3npl8 dsDNA 1x10-21 nol /tube. 8.

ML3np1l8 dsDNA 1x10-22 nol/tube. 9. No target. 10. XV size marker. A

common band anong the respective | anes appears in a lower part in the

el ectrophoretic profile and shows the unreacted stained priners.
Regardl ess of the reaction tine, no anplification product is observed in

t he absence of the rget. tai,ni ng pattern, depending on the
concentratqoorrfeosfpcinr?te%toa?%@t ,fAO Wi HlSSCati on product was obt ai ned
e presence of the target. Further, the anplification product
omji%“ﬁg@ ﬁsql‘g\/\gﬁ‘]@oncé‘}ﬂlr&"’i% as the reaction time was
increased. Exanple 7. Detection,of a point mutation (1) Preparation of
NIlSnplSFM?(-nIM%BNT NAmesda
ML3np1l8FM (nutant) . For the construction of the nutant ML3npl 8FM LA
?gaKdﬂéugﬁuzo Co., Ltd.) was used to 77

only int
coul d be

PCRTM i n

At M IRl eediiAs Tgl0”

5 DAy gl (DA Mede/F Wes ML3Np18 (wi | d-type) and

repl ace one nucl eotide for nutqggon. Thereafter, the sequence was
confirmed %y Mepraic idsPNATH& 1Idequenede’ tafbet.he FI region is

5. M13mpl8 dsDNA 1x107'° mol/tube.
6. M13mpl8 dsDNA 1x1072° mol/tube.
7. M13mpl8 dsDNA 1x1072! mol/tube.
8. M13mpl8 dsDNA 1x10722 mol/tube.
9. No target.

10. XIV size marker.

A common band among the respective lanes appears in a lower
part in the electrophoretic profile and shows the unreacted
stained primers. Regardless of the reaction time, no
amplification product is observed in the absence of the target.
Astainingpattern,dependingontheconcentrationofthetarget,
of the amplification product was obtained only 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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shown bel ow. W d-type: CCGEGGATCCTCTAGAGICG (SEQ I D NG 19) Miutant:
CCGGGEGATCCTCTAGAGTICA (SEQ I D NO 20) (2) Design of primers. The FA priners
used for the wild-type and the nutant were provided at the 5 -term nal of
the Flc 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 experinent was conducted to exam ne

whet her ten};gilr at e-sgeci fic i.fication, reaci,’[j 0N _0ocgcurs '

I ng a
conbi nat i oo $p&E fr?%cjp‘?cf%er?% LORJIA- Dt Gl by hF&e d%]!S %I?ge?ﬁ]ﬁ%type)
d ML3npl8FM ) i . Pri t f i ] d-t |ification
Pada agdresrsons TRl BE SLaiSiSing,, The SRoneRrestt Soe EAVBTLIRdE F3,

R3 The nucl eoti de sequence of each primer is as follows: FAd4 :

CGACT CTAGRBSAFORCE@YT TTTTGTTGTGTGGAATTGTGAGCGGAT (SEQ | D NO 21) FAMI4:
TGACTCTAGAGGATCCCCGGTTTTTGITGT TTGTGAGCGGAT(SEQ | D NO 22) RAd4 :
CGTCGT GACTEAEAAMRECCLEREREH BREEICECTREAMER Q1A | D NO 23)

Mutant: CCGGGGATCCTCTAGAGTCA (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
differentnﬁcleotidesequences,respectively. The location of
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
combination of specific primers shown below by use of M13mpl8
(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 nucleotide sequence of each primer is as follows:
FAd4 : CGACTCTAGAGGATCCCCGGTTTTTGTTGTGTGGAATTGTGAGCGGAT (SEQ

ID NO:21)

FAMd4: TGACTCTAGAGGATCCCCGGTTTTTGTTGTGTGGAATTGTGAGCGGAT (SEQ

ID NO:22)

RAd4 '@ CGTCGTGACTGGGAAAACCCTTTTTGTGCGGGCCTCTTCGCTATTAC (SEQ
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F3: ACTTTATGCTTCCGGCTCGTA (SEQ I D NO 24) R3: GITGEGAAGGECGATCG (SEQ I D
NG 25) (4) Detection of the point nmutation in M3npl 8 The conposition of
the reaction solution is as follows: D2WB. 75 gLFinal concentration 10X
Therno pol buffer(NEB)2.5 gL20 mM Tris-HCL pH 8.8 10 mM KC1 10 nm ( NH4) 2S04
6 MM MyS04 0.1 % TritonX-100 2.5 nM dNTP4 ~M400 Ji M 100 MM MgSH0.5 ~tL 4 M
Bet ai ne6.25 ~LL1 M ML3FAd4 prinmer (10 pnol/gL) or 2 ~LL800 nM ML3FAMI4
prinmer (10 pnol/gL) ML3RAd4 priner (10 pnol/gL)2 jiL800 nM ML3F3 prinmer (10
anI/gL)OtﬁithggﬂnNINHBRB prinmer (10 pnol/gL)0.5 gL200 nM Total anount .22
gL 1 fnol of the target ML3npl 8 or NIlSrrpI 8FM was added to the :
reacti on sol ut or utes whereby the target was
denat ur ed ﬁo%‘t éﬁ%%ﬁm %HéQ 'IIH% NrTO1r 2734(:)“ on sol ution was
transferredto c I wat er an 1

: GT GG GG GATCG SEQ f% NO 25)

(4) Detection of the point mutation in M13mpl8
The composition of the reaction solution is as follows:

Final concentration

D2W 3.75 pL
10X Thermo pol buffer (NEB) 2.5 uL 20mM Tris~-HC1l pH 8.8
10 mM KCl1
10 mM (NHy4)2S0,
6 mM MgS0O,
0.1 % TritonX-100
2.5 mM dNTP 4 pL 400 uM
100 mM MgSO, 0.5 ML
4 M Betaine 6.25 ML 1M

M13FAd4 primer (10 pmol/pL) or

M13FAMd4 primer (10 pmol/uL) 2 ML 800 nM

M13RAd4 primer (lO pmol/uL) 2 ML 800 nM

M13F3 primer (10 pmol/pL) 0.5 ML 200 nM

M13R3 primer (10 pmol/pL) 0.5 pL 200 nM
Total amount .22 UL

1 fmol (2 pl) of the target M13mpl8 or M13mpl8FM was added
to the reaction solution and heated at 95 °C for 5minutes whereby

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

reaction solution was transferred to ice-cold water, and 1 pl
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(8 Uy of Bst DNA pol ynerase (NEW ENGLAND Bi ol ab) was added thereto and
reacted for 1 hour at 68 C or 68.5 C After reaction, the reaction was
terminated at 80 C for 10 nminutes, and the reaction solution was .
transferred again to ice-cold water. As shown in Fig. 16, when FAd4 for
wild type was used as the FA priner, effective anplification was observed
only in the presence of the wild-type tenplate. On the other hand, when
FAMJ4 for nutant was used as the FA prinmer, effective anplification was
observed o ce of t i].d- e, [sic tenpl ate. Fromthe
results de@c% 6’3&5%58@ W\ﬁ&éS?thw%HgPE\%ﬁ@l%%W%PQ@PG&WW be
detected efficiently by use of the nplification reaction of the present
i nvent i on. 3k &RCE S8, LAl hPpEaRt P r%ét,ﬂc B8n50iC MRAAt s Beackien, e net hod
of synthesi zing nucleic acid accordi ng to the present invention was

at t enpt ed LEAGHG IRNAS & nigatadyet 8K épc 1widutde, mprephhe nerettiarget

MRNA, prostate cancer cell Tine LNCaP cells (ATCC No. CRL-1740) expressing
prostate SfRATR wah itgaryiEgredvacain xed Meatedid oritemyel oi d | eukeni a
cell line K562 cells (ATCC No. CCL-243) as non-expressing cells at 1 :

106 to 100 : 10&s BbbwWowed Big exitrawheonFbd4 ther votlal tRNA bys wsed afs an

RNeasy M ni kit from Q agen (Germany). Four kinds of priners, that is,

PSAFA, PSARE FRIAR3nendcPSARS L vesanep LisEika t i we sedipes rved ton 1RSHr 3 hand

PSAR3 are outer primers for displacing the first nucleic acid obtained

respecti veinesmeride & the wild-type template. On the other hand, when
FAMd4 for mutant was used as the FA primer, effective
amplification was observed 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'8. Amplification reaction of mRNA as a target

The method of synthesizing.nucleic acid according to the
presentinventionwasattemptedusianRNAasthetargetnucleic
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
of primers, that is, PSAFA, PSARA, PSAF3 and PSAR3, were used

in the experiment. PSAF3 and PSAR3 are outer primers for

displacing the first nucleic acid obtained respectively with
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PSAFA and PSARA as the origin of synthesis. Further, the concentrations of -
these primers were set high such that annealing of PSAFA (or PSARA)
occurred preferentially. The nucl eotide sequences constituting the
respective priners are as follows. Prinmer: PSAFA:
TGTTCCTGATGCAGTGGGCAGCTTTAGICTGCGECGGTGITCTG (SEQ ID NO  26) PSARA:
TGCTGGGTCGGCACAGCCTGAAGCTGACCTGAAATACCTGECCTG (SEQ D NO  27) PSAF3:
TCGCTTGTGECCTCTCGTG (SEQ I D NO 28) PSAR3: GGGTGTGGGAA GCgGlIGI ( SEQ ::Drl\lﬁ).er
29) The st ral .f res of the priners are summarized bel ow. Fu ,
th)e poSi ti%%%?gr angt ﬁ% p?%ft%%cﬁgbgi'-ﬁferoft SN aTis . DN i ot thie
sequence coding for the target nRNA and recognition sites of restriction
enzyne Sau%%@cg?5r§ﬁbﬂﬁsp §Fe PATme R PRER SREgh bath suchitdBlanseakinggi on
at the 31 _Ei de _PSAFA The same as region Flc in conplementary cha! n _
"synt hesi zeW* BySPEARGT AR te Roaur nesl pagifeneRzd alld vt heThargetleotideot i de
sequence PSARA The sanme as region Rlc in conplenmentary chain synthesized
by PSARA/ c¥Ppienent £an o tidgineh tRBcr ¢ specohpe eueitersy acleabs Synidwesi zed by
PSAFA PSAF3 Conpl enentary to F3c contiguous to the 31 -side of region F2c
in the targeimenc] eoti de sequence 81

PSAFA: TGTTCCTGATGCAGTGGGCAGCTTTAGTCTGCGGCEGTGTTCTG (SEQ ID
NO: 26)
PSARA: TGCTGGGTCGGCACAGCCTGAAGCTGACCTGAAATACCTGGCCTG (SEQ ID
NO: 27)
PSAF3: TGCTTGTGGCCTCTCGTG (SEQ ID NO: 28)
PSAR3: GGGTGTGGGAAGCTGTG (SEQ ID NO: 29)

The structural featuresof theprimersare summarizedbelow.
Further, the positional relationship of each primer toward the
DNA nucleotide sequence coding for the target mRNA and

recognitionsitesofrestrictionenzymeSauBAIareshowninE&g.

17.
Primer Region at the 5’-side/region 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/complementary to region R2c in
complementary chain synthesized by PSAFA

PSAF3 Complementary to F3c contiguous to the 3’-side of

region F2c in the target nucleotide sequence
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PSAR3 Conpl enentary to R3c contiguous to the 31 -side of region R2c in
conpl enentary chain synthesi zed by PSAFA The conposition of a reaction
solution for the nmethod of synthesizing nucleic acid according to the
present invention is as follows: Conposition of the reaction solution (in
25 ~tL) 20 mM Tris-HC1 pH 8.8 4 MM MyS04 0.4 nM dNTPs 10 mM KC1 10 mm
(NH4) 2SO4 0.1 % Triton X-100 0.8 Mbetaine 5 mM DIT 1600 nM PSAFA & PSARA
prinmer 200 nM PSAF3 & PSAR3 prinmer 8 U Bst DNA pol ynerase 100 U Rever Tra

Ace (Toyo , Ltd.,. Japan 5 4g total RNA Al ingredients were m xed
on ice. Iﬁ%ﬁ% experict?é‘mq',e STARRL Y § 01 RF econs ity tonkhR) 3| ssidedfas a
target . , and thus the step of making single-stranded chain by heat
denat ur at i GBI Brft e QIRibsmentas y iy esiras thatl RRARS' C for 45
mnutes, and the reaction was termnated at 85 'C for 5 mnutes. After
reaction, 5 ~LI Tfe cpraprpeattrancEd ueioh inassel et onphor bednéthd@ of

synthesizing nucleic acid according to the present invention
is as follows:
Composition of the reaction solution (in 25 ML)
20 mM Tris-HCl pH 8.8
4 mM MgSO,
0.4 mM dNTPs
10 mM KC1
10 mM (NHy) 2S04
0.1 % Triton X-100
0.8 M betaine
5 mM DTT
1600 nM PSAFA & PSARA primer
200 nM PSAF3 & PSAR3 primer
8 U Bst DNA polymerase
100 U Rever Tra Ace (Toyobo Co., Ltd., Japan)
5 ug total RNA
All ingredients were mixed on ice. 1In this experiment,
mRNA (single-stranded chain) is used as a target, and thus the
step of making single~stranded chain by heat denaturation is
not necessary. Thereactionwasconductedat 65°Cfor45minutes,
and the reaction was terminated at 85 °C for 5 minutes. After

reaction, 5 pl of the reaction solution was electrophoresed in
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2 % agarose and detected by SYBR G een |I. The results are shown in Table
18. The respective |lanes correspond to the followi ng sanples. Lane 1 2 3
Bst RTNumber of LNCaP cells/ 106 K562 cells - +0 - +10 +0 + -10 + +0 + +1 +
+10 8 Sau3Al digest of 1 L aliquot of the reaction solutionin Jlane 6 9
Sau3Al digest of 1 L aliquot of the reaction solution in lane 7 10 Size
maker, 100 bp | adder (New Engl and Bi ol abs) In the absence of either Bst DNA
pol ymerase or Rever Tra Ace, no anplification product couIF Pe obt ai ned

| anes 1 t.0 In the e nc bot h the enzymes, an anplification
E)r oduct S c?’egca'«é:cc’[é':bla(’1p e(?fﬂy i ERNATRST vied from LNCaP was present.
RNA extracted fr.om one LNCaP ceII/one nllllon K562 cells could be detected
(1 ane 6). Wen t%@ LRPPLFP S SR Podnctaled 18. The respective lanes

correspond to the following samples.

Lane Bst RT Number of LNCaP cells/10° K562 cells

1 - + 0
2 - + 10
3 + - 0
4 + - 10
5 + + 0
6 + + 1
7 + + 10

8 Sau3AI digest of 1 pL aliquot of the reaction solution in

lane 6
9 Sau3AI digest of 1 pL 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 amplification product could be obtained (lanes 1 to 4).
In the presence of both the ehzymes, an amplification product
was detected (lanes 5to 7) ifRNAderivedfromLNCanaspresent.
RNA extracted from one LNCaP cell/one million K562 cells could
be detected (lane 6). When the amplification product was
digested at the restriction enzyme site Sau3Al located in the
inside of the target, the product was digested into a fragment

of estimated size (lanes 8 and 9).
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digested at the restriction enzyne site Sau3Al |ocated in the inside of
the target, the product was digested into a fragnent of estimated size
(lanes 8 and 9). 83 Fromthe results described above, it was confirned that
the desired reaction product can be obtained in the nethod of synthesizing
nucl eic acid according to the present invention even if RNAis used as a
target. Industrial Applicability According to the novel oligonucleotide
according to the present invention and the nmethod of synthesizing nucleic
acid by using id i gonucleotide, there.is prqvyided a nethod, of
synt hesi zi ng nu§ﬁ§Wh%hgiﬁeﬁﬂé§ﬁ %%ﬁﬁﬁ%ﬁéﬁ?ﬁ%?gn& I@GFiﬂ%SF%QHﬂE$a%¥Iinked
alternately in a.ingle-stranded ¢hain, w thout  requiring any conplicated
control of N RSSHHET S5aR" HCOnBTRHERT 37 RER taRereanz tle Y IR &L
oligonucleotide as a priner, based on the present invention serves as the
origin of SHSRANNGUS TG é64H aREATELDIChAi FhaiR¥e IRt Fnvandd@mal of
said synthesized chain as a tenplate. This is acconpanied by formation of
a | oop calVely ehdH} iify Wiet afed prakaat. and a  product of the reaction of
synt hesi zi ng conpl enentary chain with the previously synthesized chain as
a tenplate is displaced again by synthesis of conplenentary chain fromthe
| oop and nade ready for base pairing. The thus obtained nucleic acid
synt hesi zekhdugtti gk Falimakd tidnpl ate is conbined with e.g. a known
nucleic acid synthesizing nmethod such as SDA, to contribute the

According to the novel oligonucleotide 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 linkedalternatelyinasingle-strandedchain, without
requiring any complicated control of temperature. A
cbmplementary chain synthesized with the oligonucleotide as a
primer based on the present invention serves as the origin of
synthesizing a new complementary chain with the 3’ ~terminal of
said synthesized chain as a template. This is accompanied by
formation of a loop causing annealing of a new primer, and a
product of the reaction of synthesizing complementary chainwith
the previously synthesizedchainasatemplate isdisplacedagain
by synthesis qf complementary chain from the loop and made ready
for base pairing. The thus obtained nucleic acid synthesized
with itself as a template is combined with e.qg. 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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i nprovenent of efficiency of nucleic acid synthesis. According to an
additional preferred node of the present 84 invention, there is provided a
novel method of synthesizing nucleic acid, which achi eves the inprovenent
of efficiency of the known nethod of synthesizing nucleic acid, does not
require conplicated control of tenperature, can be expected to attain
hi gh efficiency of anplification and can achi eve high specificity. That
is, the oligonucl eotide based on the present invention is applied to a
tenplate chain and it conpjenentqg*ﬁghain ereb nucl ei ¢ aci d havi ng

conpl enent HFFEARNEE TS MEPERY t2I3PVeh BEtheR ¥ SYHRRSE I n can
be successiv%h%gfynthesi ed This reaction continues theoretically until
the starti™f EG s VRECBSAER{ETSF Wi iAesoyeneaterfiapEi bt eney iafy whi ch
new nucleic acid initiated to be synthesized fromthe |oop continues to be
formed. THeKBRYRTH I O FYethe s hoing nesiliede ambdi Mpemnetl zatitiod he
| oop perfornms strand displacenment for supplying 3'-0OH for elongation of
| ong si ngl MR ¥EFRIRE F@EIt&od Chctempenziture, garcbel experteravd raf e iur al
pairs of conplementary chains linked therein). On the other hand, the
3' - OH of tiHegh ¢bhgcsengy efampdiddécatciminmrpbedmanbieie highctpenri fifcity.
synt hesi zing conplenentary chain with itself as a tenplate whereby its
el ongat i orfhat dshi ehredlidyanugl edti icle hasew conplepeesany theent i vhase
synthesis is initiated fromthe loop is displaced. Such an anplification
reacti on sapglimdtectsempdarei sivd treramal it s artiglienes tayy ehadhnidrdbig hi gh
specificity.
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 loop
continues tobe formed. Theelongation fromthe oligonucleotide
having annealed to the loop performs strand displacement for
supplying 3’ -OH for elongation of long single-stranded nucleic
acid(thatis,nucleicacidhavingpluralpairsofcomplementary
chains linked therein). On the other hand, the 3’-0OH of the
longsingle-strandedchainperforms the reactionof synthesizing
complementary chain with itself as a template whereby its
elongation is achieved, during which a new complementary chain
whose synthesis is initiated from the ldop is displaced. Such
an amplification reaction step proceeds under isothermal
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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The ol igonucl eotides in the present invention can, when two contiguous
regions are arranged as designed, function as 85 priners for the reaction
of synthesizing nucleic acid according to the present invention. This
contributes significantly to the preservation of specificity. By
conparison wwth e.g. PCR where unspecific anplification reaction is
initiated by wunspecific m ssannealing regardless of the intended
positional relationship of 2 primers, it can be easily explained that high
resent .inventiqgn. This feature can be

specificity can be expected in the , , ,
GLilized (R AR EOBNAE FPBRFJOReHs FTLBFS 1 AARY TR R 8FYQ ap@Tding
characterizing feature of the present invention lies jin that such reaction
can be easiq YISt RI&FER Ty NYCPELPTsi npPeS CHMEERWESD S Nty toor
exanpl e, the oligonucleotide according to the present invention has a
speci al stTRPFEESTHAC1o0NPS $Re@lfbgikey - oYX eraprrdsonf whtieledli BER
P e~ . . g .
sequence, and it is a sinple olqunuc!eotlde as substance. Further, in a
pref erredfotfe, UngPecdddci opmpbhl peatbed bieantiiora DNA polyhaetede by
catalyzing the strand displacenent-type reaction of synthesizing
conpl ementwrspatid it mEapeheeal ihgttagardsssd of itheehntended peeriiiechadut with
RNA as a tenplate, a DNA pol ynerase such as Bca DNA pol ynerase having both
reverse tramisriqustsiep 0odc ipriime randistaaantedd spi By expit-dhypet NA higlhy ner ase
activity is used so that all enzyne reactions can be conducted by the
si ngl e enzpexifihe tyeasn dre pripedtde of tleal pZésHgne Ihedntegs ee 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 to the present invention has a special structure, but
this is a matter of selection of nucleotide sequence, and it
is a simple oligonucleotide as substance. Further, in a
preferredmode, the reaction can proceed by only a DNA polymerase
catalyzing the strand displacement-type reaction of
synthesizing complementary chain. Further, if the present
invention is carried out with RNA as a template, a DNA polymerase
such as Bca DNA polymerase having both reverse transcriptase
activity and strand displacement-type DNA polymerase activity
is used so that all enzyme reactions can be conducted by the
singleenzyme. Thereactionprincipleof realizingahigh degree

of nucleic acid amplification reaction by such simple enzyme

reaction is not known. Even for the application of the present
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of nucleic acid anplification reaction by such sinple enzyne reaction is
not known. Even for the application of the present 86 invention to a known
nucl eic acid synthesizing reaction such as SDA, no additional enzyne is
necessary for their conbination, and such a sinple conbination with the

ol i gonucl eoti de based on the present invention can be applied to various
reaction systens. Accordingly, it can be said that the nethod of

synt hesi zi ng nucleic acid according to the present invention is also
advant ageous in respect of cost. As:described above, the nethod of

synt hesi zidy SIA® £© &ckROYBCBPEL B§Ct 3CEHeS YrieRewt 2 iy iR B Ah S udhe

ol i gonucl eotide therefor provide a new principle of sinultaneously solving
a plural iasySBR/ dix @it ioprbneyBesirk hegssepsvaion shess cqmbemedrimur e
control is not necessary), inprovenent of efficiency of synthesis,

econom zatdnsh susid ahsgRpdpeepmbinayiog 7w N8 dligommetlent iofe Hameresi zi ng
nucl ei ¢ acid having conplenentary nucl eotide sequences |linked alternately
in a singlan sthearsberdhdinverddmy icsimdne appliedtep wrigiud ngeautdlosi ¢ aci d
which is provided at the 31-termnal thereof with a region Fl capabl e of
anneal i ng systempar tAEtcrdinghe, sdne «mi be asd ighitHa tupoine anaeabdngfof t he
region FI to Flc, is capable of formng a | oop containing a region F2c
capabl e ofsyjradeqiadirigigucleic acid according to the present invention

is also advantageous in respect of cost.

As described above, the method of synthesizing nucleic
acid according to the present invention and the oligonucleotide
therefor provide a new principle of simultaneously solving a
plurality of difficult problems such as operativeness
(temperature control i1is not necessary), improvement of

efficiency of synthesis, economization, and high specificity.
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b) the step of perform ng synthesis of a conplenentary chain wherein the
3" -termnal of FI having annealed to FIc serves as the origin of
synthesis, c) the step of annealing, to a region F2c, of an oligonucleotide
provided with the 31 -termnal thereof with F2 consisting of a sequence
conplementary to the region F2c, followed by synthesis, wth said

ol i gonucl eotide as the origin of synthesis, of a conplenentary chain by a
pol ynmerase catal yzing the strand displacenent reaction of synthesizing a
conpl ementary chain to displace the conplenentary chain synthesized in
step b), and d) the step of annealiﬁéﬁgﬁ§ the conpl enentary chain
displaced _in step c) to be ready for base pairing, of a polynucleotide
provi ded at ﬁh@eﬁﬁodt%ﬁ fiYihasigiaw niclieis seddeheelromirananantaryt o an
arbitrary region in said chain _synthesized in step c), followed by

synt hesi s Nigkepisidel seouanaed Adnked ahbeonpagehyoin ayainelsi-sstminded

conpl enentary chain by a pol ynerase catal yzing 88 the strand di spl acenent
reacti on ofhasiymt eipriaing:conpl enentary chain to displace the

conpl ementary chain synthesized in step C) 2. The method according to
claim1, whergie steste)d gvide mrdlgpic afidwhihesiis imravidgl et Rhepr esent
at the 31 -terminal in the sane chain and capable of annealing to a region
Rlc, and &'l-dogrmicorit aibdmegf e thegi 28gR3a FapPadbEoDE HRSENRATimy S
formed by annealing R to Rlc. 3. An oligonucleotide conposed of at | east

two regions p&tamdc in the same chain and which upon annealing of the
region Fl to Flc, is capable of forming a loop containing a region
F2c capable of base pairing,
b) the step of performing synthesis of a complementary chain
wherein the 3’ -terminal of Fl having annealed to Flc serves as
the origin of synthesis,
c) the step of annealing, to a region F2c, of an oligonucleotide
provided with the 3'-terminal thereof with F2 consisting of a
sequence complementary to the region F2¢, 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 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 for base pairing, of a polynucleotide
providedatthe 3’ -terminal thereofwitha 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 by a polymerase catalyzing
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Xlc below, and Xlc is linked to the 51-side of X2, X2: a region having a
nucl eoti de sequence conplenentary to an arbitrary region X2c in nucleic
acid having a specific nucleotide sequence, and Xlc: a region having
substantially the sanme nucl eoti de sequence as in a region Xlc |located at
the 5 -side of the region X2c in nucleic acid having a specific
nucl eoti de sequence. 4. The nethod according to claim1l, wherein the
nucleic acid in step a) is second nucleic acid provided by the follow ng
steps: i)_.the step of annealing, tqg.a region F2c,in nucleic acid serving
as a temmEﬁ%ﬁtB?nngEB?SHeEEHE%%ﬂﬁikﬂﬁ ﬁMEFESFFaén9é§EWFHéHEQQ?§ﬂeﬂn13
wherein the region X2 is a region F2 and the region Xl c is a region Flc,
ii) the st Jd? t&ﬂ%ﬁeiﬁiﬁnbh?q ISP IR & Ya S @ LRaSYAGRES L ARE | HotStRp
sequence conplenentary to the tenplate wherein F2 in the oligonucleotide
serves as 4're origin of synthesis, 89 iii) the step of rendering an
arbitrary region in the f irst nucleic acid synthesized in step ii) ready
for base pai FRAFetdnd a¢¢9rdirg Seepl aim Anndeteaiq am sseipgbnuthewttidgr rhavi ng
a nucl eotide sequence conplenentary to the region nade ready for base
pairing i9f ty@athesist iguel e¢gieriRl ipresteey iiti Fhe Bbttemetndy wyrtheesi zi ng
second nucleic acid with said oligonucleotide as the origin of synthesis
and renderdang Fhaan #he Gpakle pifnahneéhbi vofta eatdygion Rlkgsanpad Nicegp 5.
The met hod according to claim4, wherein the region enabling

containing the region R2c capable of base pairing is formed by

annealing Rl to Rlc.
3. An oligonucleotide composed of at least two regions X2 and
Xlc below, and Xlc is linked to the 5’-side of X2,
X2: a region having a nucleotide sequence complementary to an
arbitraryregionX2cinnucleicacidhavinga specificnucleotide
sequence, and
Xlc: a region having substantially the same nucleotide sequence
as in a region Xlc located at the 5'-side of the region X2c in
nucleic acid having a specific nucleotide sequence.
4. The method according to claim 1, wherein the nucleic acid
instepa) is secondnucleic acidprovided 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 described
in claim 3 wherein the region X2 is a region F2 and the region
X1lc is a region Flg,

- 1i) 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,
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base pairing in step iii) is R2c, and the oligonucleotide in stepiv) is
the ol i gonucl eotide described in claim3 wherein the region X2c is a
region R2c and the region Xlc is a region Rlc. 6. The nethod according to
claim4 or 5, wherein the step of rendering base pairing ready in steps
iii) and iv) is conducted by the strand displacenent synthesis of

conpl enentary chain by a polynerase catalyzing the strand di spl acenent
reaction of synthesizing conplenmentary chain wherein an outer priner
annealing to the 3'-side of F2c in the tenplate and an outer priner

anneal i ng 1ot & ke §tePQIKkeRAeting pRETHA Lyay negianel nEgifd rsgmugdaiwsis in

step iv) for the first nucleic acid serve as the origin of synthesis. 7.

The net hoP &S TR INRETRRT ditm B-ericheitpradie fast thare nainparat wrad of each
ol igonucl eotide and its conplenmentary region in the tenplate used in the
reaction ikV) AheHtarf anineg 190 an slilgesiics eotdee harel sarmst rdatgetey :
(outer primer/region at the 31 -side in the tenplate) :5 (F2c/F2 and
R2c/ R2) : ~S§Wedd candleRnenreyy t® tHde agetonada de cerdiynip t baaspaone raf
clainms 4 to 7, wherein the nucleic acid serving as the tenplate is RNA
and the syim hbeiBirsif nookphermmichiy sty hiih, sfellldwed by eruhetied hy an
enzyme having a reverse transcriptase activity. 9. A method of anplifying
nucl ei ¢ acietdralinngledepi et@ntizrty saddcd BOgotecseatieas s khakegiglh eymatel y
in a single-stranded

synthesis and rendering F1 at the 3’ -terminal thereof ready for

base pairing.

5. The method according to claim 4, wherein the region enabling

base pairing in step iii) is R2c, and the oligonucleotide in

step iv) is the oligonucleotide described in claim 3 wherein

the region X2c is a region R2c and the region Xlc is a region

Rlc.

6. The method according to claim 4 or 5, 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 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. The method according to claim 6, wherein the melting

temperatureofeacholigonucleotideandits complementary region

in the template used in the reaction is in the following
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chain by repeatedly conducting the follow ng steps: A the step of
providing a tenplate which is provided at the 3'- and 51-term nals thereof
with a region consisting of a nucleotide sequence conplenentary to each
termnal region in the sane chain and whi ch upon annealing of these

mutual Iy conplenentary nucl eoti de sequences, f ornms a | oop capabl e of base
pairing therebetween, B) the step of perform ng the synthesis of

conpl ementary chain wherein the 31-term nal of said tenplate annealed to

t he sane Ic%%li n, serves as.the oricﬁgi n of synthesis, C) the step of

anneal i ng, "t 6" THE 150D BT oS GFeh STOTiRRRRRY ot i de provided at the
3l-termnal thereof wth a. conglenentary nucl eoti de sequence to a | oop
whi ch anontPsE8 % Pri86E< regd onozhittde af ~shde3in ther hiemplatet eS fF2t/R8ed by
synthesis, wth the oligonucleotide as the origin of synthesis, of a
conpl ementay Rl Re byE al st Afveraast Rlat/Aly)zi ng the strand 91 di spl acenent
reaction of synthesizing a conplenmentary chain to displace the
conpl enent®r Y et hofhaieesradad sosasy Bhet of nekeims heé 3d-1erwtiewdirt her eof
ready for base pairing, and D) the step wherein the chain with the 31
-term nal WhelBuréadg achicrsesmpas tihegt émp 54 ep i ERNEr aed ths syt dienpl at e.
10. The nethod according to claim9, wherein the oligonucleotide in step
C) is proviebnpleantentEiry todedinndn shepeot ) wi s hconduct edthgean semignree
conplenmentary to the 3 -termnal serving as the origin of synthesis in
step B). having a reverse transcriptase activity.

9. 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 region in

the same chain and which upon annealing of these mutually

complementarynucleotidesequences,formsaloopcapableofbase

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

oligonucleotide provided at the 3’-terminal thereof with a

complementary nucleotide sequence to a loop which among said

loops,islocatedatthe3’—terminalsite,followedbysynthesis,

with the oligonucleotide as the origin of synthesis, of a

complementary chain by a polymerase catalyzing the strand
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11. The method according to claim 10, further conprising the step where a
conpl enentary chain synthesized with the oligonucleotide in step C as the
origin of synthesis is used as a tenplate in step A). 12. The net hod
according to claim9, wherein the tenplate in step A is synthesized by
the nethod described in claim5. 13. The nethod according to claim11 or 9,
wherein the strand displacenent reaction of synthesizing conplenentary
chain is <carried out in the presence of a nelting tenperature regul ator
14. The ne hoggle%accordi n% to.claim13, wherein the nelting tenperature
regul at or $S°REANHNL F5ackrenRt Hud taesdzdingga (PR EMANIA L YnaBRRNE®D. 2 to
3. 0O Mbetajne is allowed to be present in the _react.i on sol ution. 16.
Anmet hod of VRRERSS ﬁ&eac?%ﬁjg%ﬁe%%ﬂé§ﬁadél s¥ttkeetz¢d ia sheplH, towdish
conpri ses perfo,r m ng an anplification nethod described in anyone of clains
9 to 15 arfd®b¥ertaiiylviettarent amgedy i oot ikes® Paiedotd orampt oduct s
generated or not. 17. The method according to claim16, wherein a probe
cont ai ni ngP) &hsuéltept verséyuene echeainplwergntaey 3t etébhreihadmade addaily t o t he
anplification reaction product and hybridi zati on therebetween is observed.
18. The netdwdane @aliming drclstiep X7, sehwred md he mawheens dwabel ed  on
particles and aggregation reaction occurring upon hybridization is
observed. 1I®. THeenetetdtbadcaccotdgng ¢Darh 3i, WHEre WhereidL aybraimlddticat | on

instepC) isprovidedat the5’-terminal thereofwithanucleotide

sequence complementary to the 3’ -terminal serving as the origin

of synthesis in step B).

11. The method according to claim 10, 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).

12. The method according to claim 9, wherein the template in

step A) is synthesized by the method described in claim 5.

13, The method according to claim 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 claim 13, wherein the melting

temperature regulator is betaine.

15. Themethod according to claim14, wherein 0.2 to 3.0 Mbetaine

is allowed to be present in the reaction solution.

16.Amethodofdetectingatargetnucleotidesequenceinasample,

which comprises performing an amplification method described

inanyoneofclaims 9tol5andobservingwhether anamplification
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met hod described in any one of clains 9 to 15 is conducted in the presence
of a detector for nucleic acid, and whether an anplification reaction
product is generated or not is observed on the basis of a change in the
signal of the detector. 20. A nethod of detecting a nmutation in a target
nucl eoti de sequence by the detection nethod described in claim16, wherein
a nutation in a nucleotide sequence as the subject of anplification
prevents synthesis of any one of conplenentary chains constituting the
anplification method. 21. A kit for_i%gthesis of nucleic acid having

conpl enent@3FH IHLIML W e riutIRL I3 HHE RS M si ngl e- stranded chai nt
conprisin the follow ng el erents: i) the oligonucleotide described in
clai m 3 whel el ReMRFIUGREROTEERItP ALEEB; k6 avhEraina peapra@ taiNyg and
Flc located at the 51-side of F2c is Xl c; ii) an oligonucleotide
cont ai ni ng® AURLEPESLRIRE SRR COMPS caemFleavehe drhe Looani mdsidedaty ttegyi on i n
a conplenentary chain synthesized with the oligonucleotide in (i) as a
primer; ianplidh itigphuepesipoeo heduely anal hybkédizdeiseguenosbetween
conpl ementary to a region F3c located at the 31 -side of the region F2c in
the nucl eils adiskrsesd.i ng as a tenplate; iv) a DNA pol ynerase catal yzing the
strand di spl acenent-type reaction of synthesizing conplenentary chain; and
v) a nucl €idti e gerthionip aso rd supsbcdtad nf DT, wherelarsi piobhe 1s2Abelihas Ki t
according to claim21, wherein the oligonucleotide

on particles and aggregation reaction occurring upon

hybridization is observed.

19. The method according to claim 16, wherein an amplification

method described in any one of claims 9 to 15 is conducted in

the presence of a detector for nucleic acid, and whether an

amplification reaction product is generated or not is observed

on the basis of a 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 claim 16, wherein

a mutation in a nucleotide sequence as the subject of

amplification prevents synthesis of any one of complementary

chains constituting the amplification method.

21. A kit for synthesis of nucleic acid having complementary

chainsalternatelylinkedinasingle~-strandedchain, comprising

the following elements:

i) the oligonucleotide described in claim 3 wherein the region

F2c in nucleic acid as a template is X2c, and Flc located at

the 5’ -side of F2c¢ is Xlc;

ii) an oligonucleotide containing a nucleotide sequence
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inii) is the oligonucleotide described in claim3 wherein an arbitrary
region R2c in a conplenentary chain synthesized with the oligonucleotide
ini) as the origin of synthesis is X2c, and R c located at the 51 of R2c
is Xlc. 23. The kit according to claim22, further conprising: vi) an

ol i gonucl eotide having a nucleotide sequence conplementary to a region R3c
located at the 3'-side of the arbitrary R2c in a conplenmentary chain

synt hesi zed with the oligonucleotide ini) as the origin of synthesis. 24.

o ot O RS Bt 2080 L 08 SRR PO 2L 10 8 et oo
In a kit dseysn(;crhiebs(:idzeic{1 wai q:r}lee o%.fig%ln%ic eoztjic{[eo :'L2r13'(i9)4 as a primer;
iii) an oligonucleotide having ‘a nucleotide sequence
complementary toaregionF3c located at the 3’ -side of the region
F2c 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).
22. The kit according to claim 21, wherein the oligonucleotide
in ii) is the oligonucleotide described in claim 3 wherein an
arbitrary region R2c in a complementary chain synthesized with
the oligonucleotide in i) as the origin of synthesis is X2c¢,
and Rlc located at the 5’ of R2c is Xlc.
23. The kit according to claim 22, further comprising:
vi) an oligonucleotide having a nucleotide sequence
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.
24. A kit for detection of a target nucleotide sequence,
comprising a detector for detection of a product of nucleic acid
synthetic reaction additionally in a kit described in any one

of claims 21 to 23.
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