*166166* 28 February—2006 ANNEALI NG CONTROL PRIMER AND | TS USES
BACKGROUND OF THE | NVENTI ON  FI ELD OF THE | NVENTI ON The present invention

rel at es“mmﬂW"‘Wﬂmml ng control primer and its applications...More ‘5 -
particu ) esent invention relates to an annealing control prinmner
for inprovingteeanneal ing specificity in nucleic acid anplification and its
apptications—to—att-fields of nucleic acid anplificatia®febrmpol 3Pee

t echnol oqy. | PTION OF THE RELATED ART Nucleic acid anplification is a
pi voHlMﬂNlﬁmH@m ’ﬁiihf or a wide variety of methods in nolecular 10 biol ogy, so
t hat | i1 calynak ATENBACONTRUE PRESHERPASPATSEUsEROr exanple, Mller,
H |. ewog: (WD 89/06700) disclose a nucleic acid sequence anplification

based on the hybridization of a pronoter/priner sequence to a target
singl e-stranded DNA ("ssDNA") followed by transcription of nmany RNA copies
of the sequence. Ot her known nucleic acid anplification procedures include

transcri pt igQrieee tnNd'OF T’ iENTIBXSt ens (Kwoh, D. et al., Proc. Arad. 15
Acad. Sci. USA., 86:1173(1989); and G ngeras T.R et al., WD 88/10315).

Schenmes baf&LRAFI THARLNGENGION W0 or nore ol i gonucl eotides in the presence
of nucleic acid havi ng t he sequence of the resulting "di-oligonucleotide",
ther eby anpl i f§i FGEhEVHo" & L%otﬂ&e|ﬂ@es’—f*hlwe€°na?levrgr°§an%mmhzams- Mo et

al ., Oi Pi Sy o8R £l pal f o dshgatd ain_Reaction”
(LCR) = %%r\qu’ff?’/ 'cé’geﬁ‘lﬁ‘?)’%”%d“r@’@p‘ggﬁ@ﬁif.ﬁ%A‘%%%ﬁs b el e %9, 822)

di scl ose aamudingispecdEitg in @uielci dcidcatpliGntipit emtssapphsatibis tagil e¥ial bealclelt

synt hesi zi ng, si ngl e-stranded RNA ("ssRNA"), ssDNA, and doubl e-stranded DNA
(dsDNa) . TH& %@Hﬁ%ﬂati%"r&"*"ﬂ CtheRRY| ate for a first primer ol i gonucl eoti de,
which is elongated by reverse transcriptase (RNA-dependent DNA

pol ynerase). The RNA is then renoved fromresulting DNA: RNA dupl ex by the
action of BBSCRIRINON @EFHEHREINONEEDPART t ant ssDNA is a second tenplate for a
second priner_, whick i ncludes the sequences of an RNA pol ynerase

promot er. Thi SUgsS ‘?ngr%l’ i%faﬁ‘?ﬂ ISAR R REPOBY fW“%t‘ﬂ“ﬁW@fﬁ@?“ﬁ@@B%ﬂ%g as a
dout 5 088U e CHATN A Fenke s B TSR MR, 1
one end, actapGREPOL7 WM diswdere @ nudltif scipsecarmptermpidguien bset anthbigybrigiedioby t he
appropri atoet' 'B %n%?érf}grr{ggri sse?qué[nge %08 athrloggtuggéfe-sztggged DNA ("ssDNA") followed by
transcription of many RNA copies of the sequence. Other known nucleic acid amplification
procedures include transcription-based amplification systems (Kwoh, D. et al., Proc. Natl.
15 Acad Sci U.S.A., 86:1173(1989); and Gingeras T.R. et al., WO 88/10315).
Schemes based on ligation of two or more oligonucleotides in the presence of nucleic acid
having the sequence of the resulting "di-oligonucleotide", thereby amplifying the di-
oligonucleotide, are also known (Wu, DY et al., Genomics 4:560 (1989)), which are called
“Ligation Chain Reaction” (LCR). _
20 Davey, C. et al. (European Pat. Appln. Publication No. 329,822) disclose a nucleic acid
amplification process involving cyclically synthesizing single-stranded RNA ("ssRNA"),
ssDNA, and double-stranded DNA (dsDNA). The ssRNA is a first template for a first primer
oligonucleotide, which is elongated by reverse transcriptase (RNA-dependent DNA
polymerase). The RNA is then removed from resulting DNA:RNA duplex by the action of
25  rbonuclease H. The resultant ssDNA is a second template for a second primer, which also
includes the sequences of an RNA polymerase promoter. This primer is then extended by DNA
polymerase, resulting as a double-stranded DNA ("dsDNA") molecule, having a sequence

identical to that of the original RNA between the primers and having additionally, at one end, a

promoter sequence. This promoter sequence can be used by the appropriate RNA polymerase to



2 produce many RNA copies of the DNA. These copies can then re-enter the
cycle leading to very rapid anplification. The nost predom nant process
for nucleic acid anplification known as pol ynerase chain reaction
(hereinafter referred to as "PCR'), is based on repeated cycl es of
denaturation of 5 doubl e-stranded DNA, followed by oligonucl eotide priner
annealing to the DNA tenplate, and priner extension by 28DNiuptlYPbher ase
(Mul'lis et al. U S Pat. Nos. 4,683,195, 4,683,202, and 4,500, 159; Sai ki

et al. 19S5). The oligonucl eotide prinees used in PCR are designed to
anneal  to QpRESKLS, RNASIRS OF kDM eseANdic 8L & RASILLRPEE SO, LhaL, [he DNA
pol ymer ase cat al yzed exténsion product of one priner can ServeaE e

t enpl at e stwegndpifi emplifivetiot her primer. The PCR 10 anplification process
results in the_exponential increase of discrete DNA fragnents whose |ength
i s defined by YRSt PIEGRIENagE PIOSFSS K9 Niglsic RibyTRl Gisaton ks as pplenesasceieiss i n

t he nucl ei ! kL I A rii r lLification, relies on
t he speci flqgié'g ?/;{j\(/}\? {EEJa\st\ﬁi ’%ﬂe“é&)g"? anelitl{: nlgegﬁiéhgoﬁ I §&t§ gﬁ‘i@?csles[ %f(r:‘?f@?mr(a%ﬂ‘?a“ not

non- t ar get )dosigerstandeisDNAFolldwedbe fobigorudlotids plifi@@kiealitg th eheTMVA Mirphitel HidS

nol ecul ar interaction, Whether a priner can _anneal 15 only to its perfect
conpl enent PHMERFLFsOn Y & Hadnrabanariia Myllivet abRjES. Sat. Nos. .689 4 Wt 6hB2, aldpends
critically Red. ' - .ln er t he hi gher the
R S g e T b T e R T

perfect natebpmsiteesmphdit 6f aHONK ahd Greositibeed soltkar thd BRI fudRskREL conlxgt ar get
sequence anplification can be acconplished. The |ower the tenperature, the

nore ni smattRSONPERGRES, ORRTINEA £ SATVE aHRF Femplatessiranscfor W ethertreicher. TsaBTRig to 20
i ncreaggd L4 Lligatd of- Adj ust,] the anneal i ng

t enper a?ur g\q@éﬂ;\ég teljpgég% ﬁ{gmg p@é?’??’%ﬁ?ﬁgﬁ H%%???%Sls%etf \?\ée%‘g%aérﬁﬁ’ltsa‘f“ &nd

pri mer. Folengthasqefies byithe §' bedsef the oh@nla@tdeprimdrle tenperature nay be too
hi gh and can be reduced. If there are products in control where only one

primer is predanucceshinsthe pepldicidamppifications in pariguiar BERamtplificatiom melias émg t o

nore than WoJaP : - lL.n.1hi e, the annealin

t enper at ur gﬂgﬁgﬁgl&pg’gh %gfrx2%&%&?{%&?;t%g}ggtu(%zﬁﬁ?%n%nf &t seﬂ'r‘méﬁ’?%%dal i ng
t enper at ur éesferp itiigEnpogam da bptyzs eondleauiar ynteradnion. eV helnRiapsimar Gdnradigl need
for an. ann aii. % ortltrol ri mer s stemm/;grc i s capable of controlling
pri mer—ann&aY |°n‘8s CHE %%E%?’geélﬁ%reas\ﬂ/i ‘%/sr?qléfﬂﬁeé 3 PRy© CRTRS S105t TsERtehss.<lepradc e

pri mer annelchigupeR efei shhdilihg/temBGRLE! Bgenedl, thihibhe the ARG texhgl: Addigd on to
anneal i ng tenperature, several "prinmer search paraneters™ s ch as pri mer
30 | engt h, m&E spemficesnezding oPCR novmst tecits peefaejtrint¢hBil efriplarehandiso alie grbater tHe095)

ShouL 0% SRl AR LRSI 85 b, P o
speci fi ed, temBértitute| @ rhdie lihatohedbebv e BmpPdd) BCHIRR carPbe RiARI leading to
20  increased amplification of non-target sequences. Adjusting the annealing temperature can alter
the specificity of pairing between template and primer. For examples, if there is no product, the
temperature may be too high and can be reduced. If there are products in control where only
one primer is present, this indicates that the single primer is annealing to more than one region
of the template. In this case, the annealing temperature should be increased. Considering such
25  effect of annealing temperature on primer annealing specificity, there remains a strong need for
an annealing control primer system which is capable of controlling primer annealing in
accordance with annealing temperature to enhance primer annealing specificity regardless of
primer design.
In addition to annealing temperature, several “primer search parameters” such as primer
30  length, GC content and PCR product length (Dieffenbach et al., 1995) should be considered for
primer annealing specificity. If a primer, which satisfies all such parameters, were employed,

primer annealing would be specified, resulting in the significant enhancement of primer



28 February 2006 3 annealing specificity during target DI VA anplification
and the freedomfromthe problens such as backgrounds and non-specific
products arising frompriners used in the experinents. It is wusual that
wel | - desi gned priners can hel p avoi d non-specific annealing and backgrounds
as well as distinguish between cDNAs or genomic tenplates in RNA-PCR. 5
Many approaches have been devel oped to inprove priner aAMERMAESDecificity
and therefore acconplish the anplificagion of the desired product.
Exanpl es are touchdown PCR (Don et al.; 1991), hot start PCR (D Aquila et
al ., 1991) anmabigged iy (dititd bigecMdA kablftaton and 8 Hee @M HA GRIpEILIRER L RUaNO
et al., 1959). Another alternative approaches have been also reported that
various ' eﬁﬁg#&éﬁ"“dé SR SerERsiER AR KT HEetioe eriveses Ricdiin fheckperigRus. Thie
anneal  ng ey TROWRE Sed el Hee AETER sRoily R et ABREn Srder i S
commer ci al kel ayaiktinabiske bét@egeDNs ol"@éf\ﬁ:‘,ix&l’tem;ili't&riﬁm-m.' magi c'  additive
that will ensure the success in every PCR and it is very tedious to test
differeht addapy ARroashaehavsi heer rdsyrioned reliimproves pEmeh ansaling rspedifiaity and
oD oL Skt IR R BRSNS B So R, B e e L S
f undament albyh &al.a180), Hot @ikt POR (DNRqUIE RDLIENS9 B hckied PR QIR infBLSosed i N
the PCR anplification, such as non-specific products and hi gh backgrounds.
In many cad¥y) aheoosier RER (Begaehele 1988 sAmsher aliertitive apreoaghgsdmfectotn dempl enent
per fect |y PR FAER S ank B B8 B igeae BBl SEP TR e BHBFS ¢ he
regi om®f tdipopridsimiude xhenmetthd)indrdace RNEFFR M eYiiRE 288 e AP atu of e kddQlogf Or e the
most i nportant for ensuring the specificity of annealing to the correct
target sefdénbedingReotdns dcrommerdidlypvhiimble teagente sBowaypw theamis ron'mdgit™er mi ni ng
carry addi VB PESR ettt B hO%s FLdBh BATR" T 385 &b b ebr=Sequences
that are neiditvesgHderd féradt fodRiontiSuch @iRnadling (MpBaARFS AlthdpH VR dpfibach&000) -
This notion is adapted to the design of the annealing control priners of
thi s i nventdveionEbutedgo tedmpropernh ef Riiiner prRel g SBeFifciY Fiioqseseseh aler hinsen |
wi del se Li kGt dPf. sequence hyt al so
for s)éliauentxiq:ct ?%Esggdgui){%in%tg?\gggrsglkgt %g@e P‘Ir(\’blt@tﬁgeasglgltﬁa%ﬁ‘meﬁ o dglél 55 iiand
nmedi cal  rasgddicgionsucthasasn-Revidic peductaard highpradgeulisR (RT- PCR), Differenti al
Di splay PCR ( PCR) , oni ng of kngown or unknown genes by PCR, Rapid
anplificati onB?f‘a"é{[%ﬁfsegﬁé’“(“ﬁ%iﬁ)‘“éﬁ °§df°bmﬂt5%§5a RSEFAS o EPlament yas fhs
I(DI\C/tRPher is_ontef\ﬁlgte Wejub:Re , THQE AN of FGridel !h&%mbcaﬂeﬁ'eé?@lrﬁétchgftgrﬂﬁﬁgrr)ptla% jsves of
appl i cations.

the 3’-end because this end is the region of the primer extended by the DNA polymerase and is

20  therefore the most important for ensuring the specificity of annealing to the correct target
sequence. The 5’-end of the primer is less important in determining specificity of annealing to
the target sequence and can be modified to carry additional sequence such as restriction sites
and promoter sequences that are not complementary to the template (McPherson and Moller
2000). This notion is adapted to the design of the annealing control primers of this invention as

25  described below.

PCR-based techniques have been widely used not only for amplification of a target DNA
sequence but also for scientific applications or methods in the fields of biological and medical
research such as Reverse transcriptase PCR (RT-PCR), Differential Display PCR (DD-PCR),
Cloning of known or unknown genes by PCR, Rapid ampliﬁcation of cDNA ends (RACE) and

30 PCR-based genomic analysis (McPherson and Moller, 2000). The followings are only
representatives of PCR applications.

Techniques designed to identify genes that are differentially regulated by cells under



Techni ques designed to identify genes that are differentially regul ated by
cells under 28 February 2006 4 various physiol ogical or experinental
conditions (for exanple, differentiation, carcinogenesis, pharnacol ogical
treatment) have becone pivotal in nodern biology. One such nethod for
screening differences in gene expression between various cell types or
between different stages of cell developnent with the %ﬁ/%ﬁbﬂmgq%ﬂ of PCR
is knowmn as Differential Display PCR (DD 5 PCR), described by Liang and
Pardee in 1992. This method uses conbi gati ons of 10-mer arbitrary priners
wi th anchored cDNA priners and generates fragnments_that originate nostl
fromthe peRosmbviiglpgical QF PR BFHR SBUIHONE O ﬂkﬁcﬁgﬁrﬁ“&éi%ﬁ FPesT s By
conmbi ning 3 i T i : L rebYer s,
The subseriusfRfpRtd eableh B heclin, BEE) Ao ok, Oh e A
fragment s safeeniggediferahdey insgepaeateadoroietwben adrions oel) tpeb yaztwdeadiffdtengeigesand 10
vi sual i zed aut oradi ographically. Al though this thod is_sinple d rapid
and only rége ri@@log%rrw‘“%m‘taéﬂbwPBF%*? IsqawT a éé]fée'léfllz%ﬂ%%%fﬁ%f

di sadvant LNk ' t L bR bandi ng
pat ot o, S0Pl (MU PR e BT TR A wiF Rofba BBl e
arbitrary apitcdf@ prisers withadnclioedycDNib orimére andegenbrares frivgmokndi thitiotigingty mognly
obtaining reproducible results with these nmethods. 15 It has_been shown

that at | st thagolydy) Whmdaripresion: 40P pudiouth Wyt haNaemairies Aotnchored
repr oduci ﬁleﬁgggﬁﬁvé\ﬁtﬁ? ﬁr?dxsﬂgﬁ 5 nﬁﬁ&?rv?“ng}?,' thk $06els oF Eh@'ugx?sgdﬂaﬂgﬁe %{?}@Hﬁ& el al.,

1994). Fu e pattern 0 ferential expression o n cannot be
r epr oduci hherentdiosiNe fiaglabrd sre gatkrdlly cepeatadamt degauridg payaeykmidl geandosi ti ves
can arise up to 90%&Sorrpayrac et al., 1995). As a nodification used for

an al £8r natisuglized pReradiggapiicallynger random priners of, e.g. 20 bases in

| ength does NQkaath HRlelod i Qhbleind RbiGnd by NaBRl:SH:Ahmb &N SIUEINA Ly (110

et at, 1994). e are anot actors responsib e relatively | ow
repr oduci Qhdré by Dfiuntdler PCRsRluMingasinahe taserftibaal iDEINPCR mthuids.(fhe differemtialng
material and very |ow concentratjon of dNTP (2-5 1M enpl oyed to prepare the
di ff er ent beedies PrRYeHa LT OftA% ORI XBRF!Y ZFRIOJUER SHS (P the W @f shortarbitary PEEEFOf £ i cul t

to detect fAkfny fb@RSREIHRYShaBIditRcdlt) AP ebtaihd @B dUM resid tith teyeaiiods. 1998) .
In addition, because the cDNA 25 fragnents obtained from DD-PCR are short

(typi aal | it 1:8®eS0Mhonp thab atdeasb e opbndiffersntiably displayesfeindsf are het repooruciblnat

represent mainly the 3' untra at regihon, the lly do not contain a

| ar ge por t9FBHFeH “PEREEELHR Y ngkﬂﬂe%q’fﬂdggg?uﬂ %l,a_lﬂt ﬁgﬂfﬁrg} TRofe dpsralE™

ful 1 -1 engtdp 4gfNAris X HERIoRBfécaniif 86l RGrodiRiiRE sn NbrtHain! tGaRid hesHARRAEE: dTonDI 0gy,
information for gene classification and prediction of function Is obtained

(Mat z and thask fedsq ositivies 9B) arisgop B F0fe(Sempavadc ehils fPYY- Aot medifcagemusedfary use
radi oact | Vag gt%ltngg\'gei, (%l?c B&CQPiloq,lég-smH oimn%rimers of, e.g. 20 bases in length does not
20 satisfactorily solve the problem of reproducibility (Ito et al., 1994). There are another factors
responsible for thé relatively low reproducibility of DD-PCR such as an insufficient amount of
starting material and very low concentration of dNTP (2-5 uM) employed to prepare the
different banding patterns (Matz and Lukyanov, 1998). It is also difficult to detect rare
transcripts with these methods (Matz and Lukyanov, 1998). In addition, because the cDNA
25  fragments obtained from DD-PCR are short (typically 100-500 bp) and correspond to the 3’-
end of the gene that represent mainly the 3’ untranslated region, they usually do not contain a
large portion of the coding region. Therefore, the labor-intensive full-length cDNA screening is
needed unless significant sequence homology, information for gene classification and
prediction of function is obtained (Matz and Lukyanov, 1998).
30 Differential Display methods generally use radicactive detection techniques using

denaturing polyacrylamide gels. The radioactive detection of the reaction products restricts the

use of this technique to laboratories with the appropriate equipment. Relatively long exposure



denaturing polyacrylam de gels. The radi oactive detection of the reaction
products restricts the wuse of this technique to | aboratories with the
appropriate equi pnment. Relatively | ong exposure 28 February 2006 5 tines
and problenms with the isolation of interesting bands fromthe

pol yacrylarnide gels are additional drawbacks of Differential D splay

t echni que. Al though nodified non-radioactive DifferentPafeaapl net hods
have recently been described, which include silver staining (Gottschlich
et al. 1997; Kociok et al., 1998) fl uorescent -1 abel ed ol i gonucl eot i des
(Bauer et thoet al.
1997) , theﬁl‘lﬂgseg’g?& flims %ﬁh g%e‘gél%’r" ?'er’gfﬁ’ster&?’%trgﬁggt& B e p °1§§°§%¥%§P% & al .
1993; Rosokdd@ttonal drawti@ROf anjfdreetzdilldspm dacl-mrmdeklshoagmedda‘@arn%&dwg:ﬁts (Rorrpf
and Kahl, 1997; Jefferies et % Gronova et al ., 19(9)%), t hese

met hods hakderaie’ QipiRy SFAMPds bave E&cngllé’&%’sges"‘?qfdt Waich dadudeonlverr §¥iet s coul d
be sinply d results
wer e reprogjl?(‘;lg fg,pg%g lgééﬂKgEPmm Q%) ﬁdﬁ égsféggﬁ dg{g&%@%&?@%é@@ﬁeepgpeed of
DD- PCR 5anal 983 ko @ntl 18%piLdeliriee euaielm Sraich nabtu997)t the ufnadtbluginyl RedRpdarsse d
approach call ed targeted dlfferentlal di spl ay uses. an ol igonucl eotide

primer t hafom ¢tabt 994 Heesmmls f ?9éa]f‘?581ﬁ°td¥ lr?ﬂ@taP‘bé‘H@‘%tﬁP’I“Sﬂeﬁ%WB‘é?gsmw th
conserved pigd 8(3}%{1@ ORI 1597, FERGe aqr 11988 R e?%l??/%%f), & e%?%sethv\é} Rl are

often functi y characterize particu unct
under t akerméywitthenlghinaedsuoeksc Ithe &a&xoﬁ@kdduaﬂebuwmwhmﬁlyrdmttbu al Etmdnlaﬁ have

one or nore conserved regions (domains) in comon. Exanpl es of gene
fanilies imemidgetaingdasxppgchingd B sl everrorrRug il Ffé’rﬁelh}bl?ﬁs}t vieuld graaglyf ur t her

transgri pt | ¥ C nd gl obi n gene
fam | ﬁgs allﬁggaéggjr%ﬁs oI?b C?Sma&gﬁ\ntdgr%és%hguslgh&g;%rd c?gl?vt“g Dat abase provides a
| i st of proteAmshet RAR- Haauepmmlllddomtmdnﬁﬁéat&edhu;ﬂﬂcl&em blfgBrucltbrfe

ol i gonucl eotide used in the PCR can either be a specific primer that is
used at a BB i SHFTheotrRliRiben &f modisghe fagdly merhsisewith canervateretaise, a

degener at %omalng%enm fchiee arE %fou? 2 a%}xeshdvig&egre oftk hﬂ&?oﬂgllye&ar(aégr? a n d

Wharton, 1994). However, I ons usl ng degenera
sonet i nes #@emplﬁbbrbenﬁf‘aﬂetlfamdldmycrr bqlth rgelqmvdumszalalcglm and tvhucs stnn:}ncnﬂltv ant to

keep nnealln t enper gt ure h ossi bl |d ext nsive
nonspégl f "8 2t i actmrﬁc))eﬁv egﬁ%wgs 85’5’“30‘? "3?“ ?ﬁﬁ?}ﬁes °gg fiesdustuda g 5
starting ttl@dmﬁjST-B&Qnd tHe HORBS¥eRd family ad Wellls eirkter trinsériptil® EBrol m,es Whe 25
because degenerate priners should be designed on the basis of amno acid

sequences cgelin, ptakias wedl eebiaenesienilien eesexamplgs 9f guediveli intensst. Tha Roosdter to
generat e Eba?a%tasle é)\ggcsraefxsqtolf ﬁ) eugspthatbh Q'e ccgz"rrrll'ncgzi e?&&aﬁ%&»agngﬁgé%ﬁéa%{}% ﬁnneal | ng

tenperature n th Fequired Eont rol
pri mer V\hloﬁborﬁlaleottdeh&rdaﬁ &ethDR @hkiﬁfeﬂﬂéd@eclﬁé prafidilak isBed KAMRN Ahnbdlige

part g gl artclu){pepaltugr!:1 oE eargpg rrggrg rogens ltJh(c.:’.hcagj}:s a6d8c§:enrexggza;r>r9rrlle?sn§1xt?;e Rrr Iusrst’.eerlt lgghsel' .,

stringencies (Stone and Wharton, 1994). However, amplifications using degenerate primers can
sometimes be problematic and may require optimization. It is important to keep the annealing
temperature as high as possible to avoid extensive nonspecific amplification and a good rule of
thumb is to use 55°C as a starting temperature. In general, it is difficult to keep this rule

25  because degenerate primers should be designed on the basis of amino acid sequences or
conserved domain sequences as a precondition. In order to generate a satisfied relationship
between degenerate primer and annealing temperature in this approach, it is required to use an
annealing control primer which can tolerate the alternation of annealing temperature,
particularly high temperature such as 68°C regardless of primer design.

30 Still another PCR-based technique is arbitrary primed PCR (AP-PCR) for RNA
fingerprinting. One great strength of AP-PCR methods is their simplicity (Welsh and
McClelland, 1991; Williams et al., 1990). AP-PCR uses a single primer or a pair of primers,



30 Still another PCR-based technique is arbitrary primed PCR (AP-PCR) for
RNA fingerprinting. One great strength of AP-PCR nethods is their
sinplicity (Wlsh and Mdelland, 1991; WIllians et al., 1990). AP-PCR
uses a single prinmer or a pair of primers, 28 February 2006 6 wherein the
prinmers are 10-nmers or 18-nmers as longer primer. This nethod has previously
been used to provide DNA fingerprints of hybrid cell |R&hEebreargdl¥étter et
al ., 1990) and particular genomc regions (Wlsh and McC elland, 1990;
Wllianms et al., 1990). It provides a very useful tool for genonme anal ysis
i n bact eri avhefeingd prhés B ' el ' i.on. studies, 5 where
i ndi vi dual isol ates can Sgoﬁ%&nﬁﬁ?gfeﬁsﬁ?? g/}.pﬁ%grr'qggglllr%fog?mt%%vflouéléﬁécﬂe used
as a tool teed taesvidef PNpafitgogents obhytridecid tiosr(Ledveser @k 2ardn)Caak 3hrigfid-ai ns or
pat hot ypes. Conmonl % V@P— PCR ‘IFS a_ si n\%l_ e primer to initiate DNA

synt hesi s BFYM E&PEHEVYih aﬁdf@ﬁ% lapde 193V Bliamsest flr. i ARD. It praviddseyeivagséil f ect | y .
In order f i : Loy td al S..haye to b erfornmed at | ow
Stri ngencygt{oég(%}fu%gr?e \r%g{lynsgl {n;}% ?t'(e)llr‘l'21 tfh@ll £ ?%/g{aﬁfﬁdé\}gﬁﬁ%ng eag,g p&ﬁila@ﬁ“ aPFeins

pri mer [nnedérk irgividual Golatwp eanftecdmpirtdxapitilyr Parghongle, e g€ BONRd aslDBol to
stringency. ) s.tlghep i ncr e&ged (55C) _as .for standard PCR anplification and
the reacti BfinH% PATPESHRET 16 HEnsE Af PITtsiAr stomasass nathietypes. Capmpr ARSPGROt
recomende Isi i -1 iy CAL b QNS r Qi sting where

imequi vocal e Er Pt SRR BN BN 87 L o s S e e

occasi onal iytcipss Gaiprs fedtly. Ah bhietifyh thad mwmt:mwieitw&ycﬁmvan@wg&mﬁe& £&wdi ng
nested AP-PCR have_been devel oped (McC elland et al., 1993; 3.5 Ral ph et

al ., 1993)STREESY] §§1§8 O MPERIBRIChHItFS e jcgcles; which gillows iprimerompenting tdOne
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procedur e l,for anE‘]j’di {?i catjon of l(:DNA regi ons corresponding to the 5 - or
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pol yA t ai |PCS¥ aprrpdehasonededing sested AXPERitedbecasiceelqped fMoQleBdnti et LI 19PER

anpl i fi.catj on. R e.conyerted .into c using reverse transcriptase
and afrlllso i%ag"-q’a“?alprl}luéén%r &R ﬁ?‘ﬂ%H“‘IPR% ‘%?‘B.%SFHB’ YRIYET Qe goncemiEshat 8 t hen be
directly Relkraidy vahefor 3kyne day GHRArPSUY (&, £ Bhid iR t hat
anneals to the polyA 25 regi %’n. The sane (prl n%i pl em aggdsén@%ég%a%pl ies to
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5' -end of i §f t et Fr t- Raci t al.,
1992;n sghé%?”g%'lgég;ﬁ%? gﬁ’gidé‘%l ffgi s",r‘pq%ﬁg)q .°P %@f‘(‘%é%ﬁ‘ngg’é%@d% o Whs-5  RACE

such or 3’-end of mRNA (Frohman et al., 1988) and it has been used to isolate rare transcripts

20  successfully. The gene-specific primer may be derived from sequence data from a partial
cDNA, genomic exon or peptide. In 3’ RACE, the polyA tail of mRNA molecules is exploited
as a priming site for PCR amplification. mRNAs are converted into cDNAs using reverse
transcriptase and an Oligo-dT primer as known in the art, The generated cDNAs can then be
directly PCR amplified using a gene-specific primer and a primer that anneals to the polyA

25  region.

The same principle as 3' RACE applies to 5° RACE but there is no polyA tail. Thus, §°
RACE is made by tagging the 5'-end of a ¢cDNA by means of different methods (Fromont-
Racine et al., 1993; Schaefer, 1995; Franz et al., 1999). Most approaches for the 5’ RACE such
as homopolymeric tailing and ligation anchored tailing require a set of enzymatic reactions after

30  completion of first strand cDNA synthesis (Schaefer, 1995). Each enzymatic step has the
potential to introduce failures and to destroy the integrity of the cDNA. Recently, an altemative

has been introduced, the so-called CapFinder approach (Chenchik et al., 1998: Chenchik et al.



-as honopol yneric tailing and ligation anchored tailing require a set of
enzymatic reactions after 30 conpletion of first strand cDNA synt hesis
(Schaefer, 1995). Each enzymatic step has the potential to introduce
failures and to destroy the integrity of the cDNA. Recently, an alternative
has been introduced, the so-called CapFi nder approach (Chenchik et al.,
1998; Chenchik et al. 28 February 2006 7 U.S. Pat. NosZ8 Beboepy, 2008 and
5,962, 272). The technique relies on dual_functions of the reverse

transcri ptases: one is the term nal trarfsf er ase activity to add

non- t enpl ated. PACN&O5 96ES7 Itadd 5/962,23) -1 kchiiqr afdon ang fJnleﬁongépt?m s the
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not be freem ahegmsenbaskxgﬁr@mde&f R eshHE (SchRRidPMA ; f.rom the
contami nation of the CapFinder Hé{ér?ld é%el gofscT pr | rre\rﬁ@y\/\k%?%k%lrsg%%aég]

cDNA synt haliqvs therrepriificitiontof fhll- lcngtgg@\IAsEbceause abd VUBLYV RTOiAE & @ildaehese
primers res a both ideally fit to all cDNAs
present i n? r!téltuéen#@e?'attc’l ontbrh%(&ﬁ%gﬁerf “aBRf g 'l"?gﬁwﬁ"sammla&nd full-1ength cDNA

anpl i ficat i onHBaver,1ée tdh@Flﬁ@é?QppﬁgéﬁgfoQQnﬂA@EO&hgmnguc%ultdonott nt$ B’éam nation
of primers used for cDNA synthesis in which ey generate non-§

product s i prekRTRINdgaeRl¢rassugiGlsd MM ikeae erisirlg. froml@O8IntariNeiton SRS CAERES akd
overcone t ens above hav. ently introduced. One approach is
st ep- out %%oo‘hogll'merrs e‘gﬁs%ghuﬁr\ﬁé'ﬁ?ﬁa @% g’ﬁ fé’e’(%“i aby 1996), Evellggsyéuabut it
has been pohduh&hf teisé pfifdds résditSn 3 Mgk !

s s oty ST ETS,,

rather than a single DNA (Schrammet al ., 2
i s i ntrodREEIDHE rFastenmpdprg. &n dditigaed’ é‘eﬂchPﬂﬂtﬁdélengﬂDbWA SIylpitﬂ’daﬁtl&a\&nd

procedqul esyd Q% nts use hesi s (Schramm et
al ., 2000). but gst%e%“?rg}”°&g‘§% %ﬁc ¢ QTR on E%’H‘h‘i‘iq‘tfgé] #05 CRUYA Exihesinig

ti me- cons uvhmgtﬂey gengate rmmgpecnsfolprﬁuﬁ@&ﬁ@&%tﬁﬂ%%é}h}% e@@ﬁ fo9%) {69
procedures refore, nore effective, sinple, rapid |nexden5|ve

strat egi esap%fP%%Fsef?u‘i"’Fﬁamf Seqarhiias oy @lVF heanarecenty mbb@n@ @né sipngci isom 25

cont am natgtegRuPp M@@ nder prinmer used for
cDNA synt ﬁggl s, ¢ S@B{eﬁn}aﬁtgggggéﬂg&tﬂﬁw%l E%S%EL dﬁ'tfaéﬁ‘fentpé’(‘}ﬁﬁol ogi es

for CDNA |outheirtlys gpmga{ch sl seomains a sthear of DHAd&hﬁftha@QB&@lew(SEﬁarQﬁ etal.,
under 2b€P". s&ﬁnhggher app% Qv?chw lgtulm(')orc]ilsxcederica'gcr::c%lltllyylsmgegss sglxd-phase cDNA
synthesis and procedures to remove all contaminants used in cDNA synthesis (Schramm et al.,
2000), but the major drawback of this technique is costly and time-consuming by requiring
solid-phase cDNA synthesis and following procedures. Therefore, more effective, simple, rapid
and inexpensive strategies are required to completely eliminate problems arising from
25  contamination of the primers such as Oligo-dT or CapFinder primer used for cDNA synthesis.
In addition to RACE technologies, in current technologies for cDNA library construction,
the 5'-ends of genes tend to be under-represented in cDNA populations, especially where a
poly(dT) primer is used during first cDNA strand synthesis and the starting material is limited.
Although a number of different approaches have been developed to overcome this problem,
30  most suffer from common limitations producing full-length cDNAs or S’-enriched cDNAs with
a number of inherent problems. These approaches are complex or costly and time-consuming

by requiring multiple enzymatic steps and/or are not pronounced sensitive (Caminci et al
!



pol y(dT) prinmer is used during first cDNA strand synthesis and the starting
material is limted. Although a nunber of different approaches have been
devel oped to overcone this problem 30 nost suffer fromconmon limtations
producing full-length cDNAs or 5 -enriched cDNAs with a nunber of inherent
probl ens. These approaches are conplex or costly and tine-consum ng by
requiring multiple enzymatic steps and/or are not pronotffcadeiases(9bti ve
(Carninci et al., 28 February 2006 8 1997; Suzuki et a'.., 1997; Guegler
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mul tiplex reaction. Since the pOSEibiIity. f non-specific primng increases
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ar e augneniuededopnitian qyrhees. RRCRse ig inmuidtiplaxRERd i pfimeeshodd be desighad spithdtdes of

unequal |y S0pl L1 pd2a Cloament s ane eopercerlwLh csch ol o s, e
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20  calculated to some degree, the conditions generally have to be empirically determined for each
multiplex reaction. Since the possibility of non-specific priming increases with each additional
primer pair, the conditions must be modified as necessary as individual primer sets are added.
Moreover, the artifacts that result from competition for resources (e.g., depletion of primers)
are augmented in multiplex PCR, since the differences in the yields of unequally amplified
25  fragments are enhanced with each cycle. Thus, the optimization of the reaction conditions for
multiplex PCR can become labor-intensive and time-consuming. Since the different multiplex
PCRs may have unique reaction conditions, the development of new diagnostic tests can

become very costly.

Therefore, there is a need in the art for primers that allow multiplex PCR reactions to be
30  designed and carried out without elaborate optimization steps, irrespective of the potentially
divergent properties of the different primers used. Furthermore, there is a need in the art for

primers that allow multiplex PCR reactions that, under the same reaction conditions,



PCRs may have uni que reaction conditions, the devel opnent of new di agnostic
tests can becone very costly. Therefore, there is a need in the art for
prinmers that allow nultiplex PCR reactions to be 30 designed and carried
out without elaborate optim zation steps, irrespective of the potentially
divergent properties of the different primers used. Furthernore, there is a
need in the art for primers that allow nultipl ex PCR r8f@rems2%®at, under
the sane reaction conditions, 28 February 2006 9 sinultaneously produce
equi val ent anounts of each of nany aanPfication products. Single
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vari ous pa ents an Bubl ications are referenced and citations are provided
i n parent heseas dekeibed saboesuale théset hethedspahentchn@ngd pivblvingahiclis acid t heir
entitiés are

amplification, in particular PCR amplification, could not be completely free from the
limitations and problems resulting from the non-specificity of primers used in each method,
20  such as false positives, poor reproducibility, high backgrounds and so on, although improved
approaches to each method has been continuously introduced. Therefore, there remains a need
of novel primer for improving annealing specificity and methods, which can give rise to true

results.

25 Throughout this application, various patents and publications are referenced and citations
are provided in parentheses. The disclosure of these patents and publications in their entities are
hereby incorporated by references into this application in order to more fully describe this

invention and the state of the art to which this invention pertains.

SUMMARY OF THE INVENTION
30 Endeavoring to resolve the problems of such conventional primer and various methods

involving nucleic acid amplification, the present inventor has developed a novel annealing



hereby incorporated by references into this application in order to nore
fully describe this invention and the state of the art to which this

i nvention pertains. SUMVARY OF THE | NVENTI ON 30 Endeavoring to resol ve the
probl ens of such conventional prinmer and various nethods involving nucleic
acid anplification, the present inventor has devel oped a novel annealing 28
February 2006 10 control primer that can pernit nucl ei® Zrgn:8fificati on
wi th rmuch higher specificity and its upnlimted applications in all fields
of nucleic acid anplification-based teﬁﬁnology. Accordingly, it is an

obj ect of {daksi drivveeMiat O defmiP LV IR i P mAIRBABH Witg rBRATIAEr PEJifBHY shdDits

i nproving annealing specificity in nucleic acid anplification. 51t is

anot her obyrdigtitedfpplibatons imad dieidopf nusleigagd priplifpatnnt herd teahnolagpl i fyi ng a
nucleic acid , se ence f ronb.a t%@l@gor a_ .mxt urvedco;‘1 nucl.ei c chs as,
tenplate. It {EOEVTEY: 'YRAE RBF OB BEI St Fgollnve“n%r}n(‘?)ar}mﬁgo%o 08¢ 'Y net hod
for sel ecti¥alvhoaialihydpBdfidry it ALBR aclibGpBiiGtiaci d sequence froma DNA or a
m xture of nucleic acids as tenplate It is further object of this invention

to prow de a It dmothef ofjecs of gt investign tengrbyideyd mgthad ferraglifying(r rustsicedcd aci d
sequence from an i is still further object of this invention to
provi de a Sﬁ‘é‘teﬁ%fg&?%? a‘ét%@t'?'ﬁrérelﬂl(ﬁucﬁeécoﬁs?é% 'Sy to di fferentially
expressed NMRNA 11 MO objaRI08 tHidiabedtién BGkdlide AMRRR. fo delebSvefNRIpNBMgAb] ect of
this invention to provide a nmethod for rapidly anplifying a target cDNA
fragment cegpmusiiageid seDbire fregiadNA ora mypordinpgeit eciddrs t@ipland regi on of an
MRNA. 15 It js still .another object of this.invention to provide met hod
for ampi i fyi b AoasF GcEt GLRA TP SREHROBSTTRETNGT SHCPRY Fupaye o rsd

cor r espond},pgicbeidsbfiere ORI mENLON of an MRNA. It is further object of this
invention to provide a nethod for anplifying a population of full-length

doubl e- st r andeds s@NAsrtico mbjeetmether jnvensiopFRsovidet airs?tqui for detgetingdPNabj ect of
doubl o- ot FARBEE-TRNAS EERBUEHT SR B0 AutE o PP e AR EMO0R; ect of this
'nﬂ\é e 2; 't 0 get 2 expfs%ml@r @jeaﬁ&mﬁ infveitiof ® piokk '3Qje’fﬂ%ﬂ%ﬁrQﬂBlyQngl_ifyhgragﬂEet _
quence sinultaneously, It is still another object of this
i nvent i on Py ApfaspiediecomPrBrshidePN 4 Feapn GaTREPITYINg DRA3 -fridmegaanf pmRYA- gDNA. 25
[ et L SRR A BB G 0L 8 AAR A A
cDNA fragment comprising a cDNA region corresponding to the 5’-end region of an mRNA.
It is further object of this invention to provide a method for amplifying a population of
full-length double-stranded cDNAs complemertary to mRNAs.
It is still further object of this invention to provide a method for amplifying 5’-enriched
20 double-stranded cDNAs complementary to mRNAs.
It is another object of this invention to provide a method for amplifying more than one
target nucleotide sequence simultaneously,
It is still another object of this invention to provide 2 method for producing a DNA
fingerprint of gDNA.
25 It is still another object of this invention to provide a method for producing a RNA
fingerprint of an mRNA sample.
It is further object of this invention to provide a method for identifying a conserved
homology segment in a muitigene family.
It is still further object of this invention to provide a method for identifying a nucleotide
30 variation in a target nucleic acid.

It is another object of this invention to provide a method for mutagenesis in a target

nucleic acid.



It is further object of this invention to provide a nethod for identifying
a conserved honology segnent in a nultigene famly. It is still further
object of this invention to provide a nethod for identifying a nucleotide
30 variation in a target nucleic acid. It is another object of this
invention to provide a nethod for nutagenesis in a target nucleic acid. 28
February 2006 11 It is still another object of this i nifrabruery 3086 provi de a
kit conprising an annealing control prinmer. It is further object of this
invention to provide kits for a varietyllof nethods involving nucleic acid

amplification. ki .hs L 1. .opject .of this i.nvention to provide a
use of an annéé?ﬁhga@%ﬁ?%gf&ﬁiP%%E%%ggﬂb%ﬁﬁﬁgéégngWU8T%ThﬁmﬁﬁE$@?Edacid
anplificatipimer.Qt her obj ects and advant ages of the present invention wll
becone apparent fromthe detailed description to follow taken in

conj ugati on wilt K bRk HBiseRfchis drvantins tamepvisie dok Miersa varenyBR) EFhIIESGRIVAEI ON OF
THE DRAW N ! .and | B show schenmatic representations for selectively
anplifyingggﬂgggggF%éﬁg%T%?c acid of doubl e-stranded DNA (1 A) or nRNA (1B)

usi ng the ACPI0F stiihfrtidr @BRétlof this N RAfidnQH prokikiés usedat e AlRe SHHRM M?f@t i c
representations for identifying differentially expressed” 15 genes using
the ACP of 2Pfsessivebing nuplgie aeifl emplificp@n. 3 shows a schenmmtic representation
for anplifying a target cDNA fragnment conprising 3'-end region
corresponding to the 3 -end of mMRNA using the ACP of the present

i nvention. Fl Ggher 4hjeafdnd! Bdvaramws € e Rtdert nGRESS SN @Lcjogigsap{)a(?ént %Bl tl‘lé ying a
target cDNA fragnment 20 conprising 5 -end region corresponding to the

5 -end of ﬁﬂNl&dggﬁcﬁgnan@fq&w tafen infrenipgatisrewith the aprendddohimsTane d@wirgo AT ( 4A)
or random prinmer (4B) is used as a first-strand cDNA synthesis priner.
FIG 5 shows a schematic representation for amplifying full-length cDNA

nol ecules BRODPDESERIPTION OFtTHEE DRARVIN@secul es using the ACP of the present
invention. 25 FIG 6 shows a schematic representation for anplifying 5

enri ched cDNAFIHSI & 1AnslB chnvpFeampticatepreseptatiore foRMAectivdle onplifying amargesi ng t he
5 -end inf QIR LD oH %E)u%gc-tnqucé\cE)Ngf(lA) or mRNA (1B) using the ACP of the present

invention.

FIGs. 2A and 2B show schematic representations for identifying differentially expressed

15  genes using the ACP of the present invention.

FIG. 3 shows a schematic representation for amplifying a target cDNA fragment
comprising 3'-end region corresponding to the 3’-end of mRNA using the ACP of the present
invention.

FIGs. 4A and 4B show schematic representations for amplifying a target cDNA fragment

20  comprising 5’-end region corresponding to the 5’-end of mRNA using the ACP of the present
invention. The Oligo dT (4A) or random primer (4B) is used as a first-strand cDNA synthesis
primer.

FIG. 5 shows a schematic representation for amplifying full-length ¢cDNA molecules
complementary to the mRNA molecules using the ACP of the present invention.

25 FIG. 6 shows a schematic representation for amplifying 5’ enriched ¢cDNA molecules
complementary to the mRNA molecules comprising the 5’-end information using the ACP of
the present invention.

FIG. 7A shows a schematic representation for detecting single nucleotide polymorphism
(SNP) using the ACP of the present invention.

30 FIG.- 7B shows another schematic representation for detecting single nucleotide

polymorphism (SNP) using the ACP of the present invention.



the present invention. FIG 7A shows a schematic representation for
detecting single nucleotide polynorphism (SNP) using the ACP of the
present invention. 30 FIG 7B shows another schematic representation for
detecting single nucleotide polynorphism (SNP) using the ACP of the
present invention. 28 February 2006 12 FIG 8 is an agarose gel photograph
to show the effect of a deoxyinosine group positioned %%W%Oﬁg 3'- and
5'-end portions of ACP. The cDNA was anplified using total RNA isol ated
from conceptus tissues at E4.5 (lanes 1and 4), E 11.5 (lanes 2 and 5), and

E 18.5 (lanes g@; 8nthnGharol Ehn 8% ~Y! .SEG | D NO. _29) and
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NO 30) andbeAGRAOhq Bares A=) porties nECACH effhy .cDNAGwad ainplifdd 93T QSERUE!

phot ogr aph ,t(g show the effect of_ deoxyi nosine residues positioned between
the 3'- andSB2EEFY" pYICERTGTSSUST 2AGP (apesdsad ). & 1-dlangs 2land bk amd B ISr5@lzaiasn of

nunber of i gsi e ' 0, §P 4. 6, and 8 represent

t he nunber o%(a(y?e[’o‘xyl nosfﬁﬂéhf@ﬁ%& h@eﬁ%&?ﬁfln\%’l\ > 10,(¢pngy b?) (%5ﬁui)é\‘p n

agar ose 5gel !3plaod 0gt afxhe 81,8 0B I SBGEDNNG. B0Y £1d KICPL 0Qariet 38§ RER5vapp! i fications
for Esxl wusin %S%s(_et of EsxN7 and EsxC6 pri rrersmzl ane 1) and a set of
EsxN7- ACP and Eski&s aashes! phstegraphshdowyhe effeqsof deoRyinasiranmesidyey msigonge|

phot ogr aph .Q, Wt he 1 ~ Wo-pstage .PCR anplificatigns for Esxl

usi ng EsxNI (Iealirtr}fe?l 13),&&353%}5“% é%fé OBZ. : Pamsagstomfl)t’fmE"‘él ¢ ACH2 P pasp of 15

(lane 3), aleckymosiet dufng BORNThAGResa0)d, £S5 Gt AR BrdstRR ﬂnber&eo%ﬁk§ an
agarose gel photograph to show the results of two stage PCR anplitications

for Esxl us§HyesaresRsFlivsly- EsxN3 and EsxCS (lanes | and 2) and a set of ESxN3-
ACP anggyEsxC5 3 I [ S.a r asoe | phot ograph to show
fo P14 A0 \2}\%’“5% ?gcia p%ﬁ%r%ﬁl b %%IW }?ecfﬁ%?l ngpf“éf? 8% 1P si ng t he

the results of non-stop t 0 anpl’i

pri mer Esxhthplfficativas Tr, EsE5 xR a(deBSTEsRYT ardl RRCH prQﬁcrE@A&{\JJ{iqmia ESKEING] ane 3)
and a pair % E;xN 1- ACP and EsxC2-ACP (lane 4). FIG 11 Ais a pHot ogr aph
of agar oseAg 1289 E¥CorYvh Reimsriiaee 2of t he ACP used for detecting

differential |l yigex RIS Hgurd ygni c .devel opnent using different
st ages of m)uscg &Bﬁziggus t ségleé#&(%ﬁagﬂg{?)hl%ngéhrceméﬂﬁl ??i“é‘ﬁ st#85 AGRt ot al
RNA i sol at edplfficgivne tmEeptusoe ESN i (e &)s EaC2B4nd2)( 4 anef BN A cPlan? gidcane 2) ,

bands Thar Gaeaingd s Por Tl Pead ke P ribod agment s ami ified from

FIG. 10C is an agarose gel photograph to show the results of two stage PCR
amplifications for Esx/ using a set of EsxN3 and EsxC5 (lanes 1 and 2) and a set of EsxN3-
ACP and EsxC5-ACP (lane 3).

FIG. 10D is an agrasoe gel photograph to show the results of non-stop two stage PCR

20  amplifications for Esx/ using the primer EsxN1 (lane 1), EsxC2 (lane 2), a pair of EsxN1 and
EsxC2 (lane 3) and a pair of EsxN1-ACP and EsxC2-ACP (lane 4).

FIG. 11A is a photograph of agarose gels to show examples of the ACP used for detecting
differentially expressed mRNAs during embryonic development using different stages of
mouse conceptus tissues. The cDNAs were amplified using total RNA isolated from conceptus

25  tissuesat E4.5 (lane 1), E11.5 (lane 2), and E18.5 (lane 3), with a set of ACP3 (SEGIDNO. 3)
and dT,o-ACP1. The bands indicated by arrows represent the cDNA. fragments amplified from
differentially expressed mRNAs. The numbers of the arrows indicate the cDNA fragments used
as probes in the Northemn blot analysis of FIG. 13.

FIG. 11B is a photograph of agarose gels to show examples of the ACP used for detecting

30  differentially expressed mRNAs during embryonic development using different stages of
mouse conceptus tissues. The cDNAs were amplified using total RNA isolated from conceptus

tissues at E4.5 (lanes 1-2 and 7-8), E!1.5 (lanes 3-4 and 9-10), and E18.5 (lanes 5-6 and 11-



differentially expressed nRNAs. The nunbers of the arrows indicate the cDNA
fragnments used as probes in the Northern blot analysis of FIG 13. FIG 11
B is a photograph of agarose gels to show exanples of the ACP used for
detecting 30 differentially expressed nRNAs during enbryoni c devel opnent
using different stages of nouse conceptus tissues. The cDNAs were
anplified using total RNA isolated from conceptus tiss3&sbaeryR40% (| anes
1-2 and 7-8), E11.5 (lanes 3-4 and 9-10), and EI 8.5 (lanes 5-6 and 11 28
February 2006 13 12), with a se; of AGP5 (SEG ID NO 5) and dT, o- ACPlI (the

raspect i veiy WAL B akks BER MO R A (B 1 A et

anpl i fied &egnndndf e matdm AgPeHRce Ty réspRNNAS . ThENRinawIBREed bphrdwie arrows
indi cate the cDNA fragnents used as probes in the Northern blot analysis of

FIG 5 13sprEk the dDXA ifpgaentagenlidisé figm| difientialyr eypressed refidods. The numstsi f i ed

(Ea. 50 | e RN B s "B e S AR 1o B e B RGeS FY Ui ng a

set of sACR310 and dT10-ACP priners. FIG | IDis an agarose gel photograph
to show the anplified cDNA products obtained 10 fromdifferent stages of
mouse conceptRiS. B&mslaegdrese. &1 phosgeeaph fo aliey the amplifieds:DN A peoducgs dmmcd E 1
S.5: | anes 1 1 i, mer G 12A
s an agarBELeBEE SO e e Dl T EA M dint k! BEORRES b ai ned
from di f f 61188t 1.5 3988 6)AfingRUSRf ACPAPRHWT  SAMYridfecs E4. 5 lane 1; E11.5: |ane
2; E18.5: lane 3) by one-stop two-stage PCR anplification using a set of
ACP 10 and JY@5- MDsis:ap@Rarpse E'Fépfptogl@hm QOM%Bamsll%d@a%QQéW@ﬁecbbtmét ogr aph

use Honddp, JLceapra AR g rs miaRand L Ener LR,

non- st op tMQsSlhxf&eaEmL@mphlsétlomtpmnammg:m pslerersof ACP 10 and JYC5- T15- ACP
prinmers. FIG 13 shows Northern blot analysis of six cDNA fragnents

anmpl i fied fr &he.di2if lemenmraiels}l phosgsraph %wommmdtﬁfﬂr?@wwm qbtained

devel opne 32R- | abeledfra ro in FIG
11 vverg urs}ré’a1 d&&”fﬂﬁﬁééess ¥ PRI R MR oS §4n§alqansel sk?q‘?]qx%erzfg\}\gg lnwé)

5, and 6 akenddusg twolstage PAB Anpliflokiian u(siEgﬁssetIzSRd;moDEdazY(:FlrQAda@nersDECB (FI G
13D), DEGS (FIG  13E), and DEG/ (FIG 13F), respectively, wherein the
resul 8 of t KEG-DEB is @ aBATesS gﬁh%h°§P§Ta§héPr@°W§h%?1mplifﬁdTQB‘IAePfEd“CBE@E‘“G‘SEG ID
NO. 31) a I e a 5 ik k80l e 2).
The contro panefr{éF%eolpln{(?%ech%gg ﬁgg\a Ws pgﬁg l) ﬁls gavyrgacﬁwgﬁr‘% ?ore 25
bl otting, bghei-nerkwaistage Etr:hadplu'rcntlmnmmgle sanﬂAﬁhmtmgﬂ‘a@Md Aﬁmbeﬁnetd\/ l'i ght,

denonstratin
%IG 13 shows Northern blot analysis of six cDNA fragments amplified from differentially

expressed mRNAs during embryonic development. The six 2p_jabeled fragments indicated by

20  arrows in FIG. 11 were used as probes for Northem blot analysis. The arrows 1, 2, 3, 4, 5, and
6 are DEG1 (FIG. 13A), DEG3 (FIG. 13B), DEG2 (FIG. 13C), DEGS (FIG. 13D), DEGS (FIG.
13E), and DEG7 (FIG. 13F), respectively, wherein the results of the DEG sequence analysis are
shown in Table 1. DEG2 (SEG ID NO. 31) and DEGS5 (SEG ID NO. 32) are turned out as
novel genes (Table 2). The control panels (the lower part of each panel) show each gel before

25  Dblotting, stained with ethidium bromide and photographed under UV light, demonstrating
similar levels of 18S and 28S rRNA as a loading control.

FIG. 14 shows the expression patterns of a novel gene, DEGS, in a full stage of mouse
conceptus. Northem blot analysis was performed using the radio-labeled DEGS c¢DNA
fragment as a probe. Total RNA (20 pg/lane) was prepared from mouse conceptuses at the

30  gestation times as indicated. The control panel at the lower part shows a gel before blotting,
stained with ethidium bromide and photographed under UV light, demonstrating similar levels
of 18S and 28S rRNA as a loading control.



simlar levels of 18S and 28S rRNA as a |oading control. FIG 14 shows the
expression patterns of a novel gene, DEG5, in a full stage of nopuse
conceptus. Northern blot analysis was performed using the radi o-1abel ed
DEGS cDNA - fragnent as a probe. Total RNA (20 jig/lane) was prepared from
nouse conceptuses at the 30 gestation tines as indicat ed%e;ghe cztr)q%r ol panel
at the |ower part shows a gel before blotting, stai nedMi®HEt4PYi um
brom de and phot ographed under UV light, denonstrating simlar |levels of
18S and 28S rRNA as a | oadi ng control 2428 February 2006 14 FIG 15 is an
agar ose gel t 190 SONS: SRS SHoRNBNE HerbRle WeRRed i caromeaAl 'onal 3’ -
RACE (| ane 1?@&39{ %g&,&(gge-bag%xd %ﬁ RACE (I aneerZ) with regard to beta-actin
3' - RACE. RIABE (e il pand mheay@l-bsed JeHAQH (o @) aphregad shisie-achie IdRAERT ence

bet ween CapFi nder nethods and ACP-bascd rre%_gfods f.or m#sg.%dgnB Idgmes I
and 2) and b&lG-18d% pmamrosrRgbphytpERRlde shose digierrnce pepyegn AR EISIEHEF onal
primer (lanes-i Gl Bsed) ARh)4hd bALSRRGE RUCEY1afdsGand 7 IS an
agar ose gé’l’g%ﬁ%tb%g?ggﬁhogﬂgrsﬁov@ctjke g?cﬂ?ferenge bet ween CapFi )rgdaers met hods

and ACP- bayeshgths fvadtiboil privaergiand3l RnC3)enp AL PHlandRAGEC ¥k resgectivedy convent i onal
primer (lane 1) and ACP (lanes 2, 3, and 4),_ respectively. FIG 18 shows
the results &IGWITrs Undgarese £ @hgiossrt g Show ‘Bﬁ/d'tffﬁ"én‘ifg’ﬁﬁcﬁ‘agf’%ﬁpéjfrh'ﬁﬁ@%ﬁr ACP-
10 based net hods 1.9 AR s PERIC A2 8F RABHSSing tHelcolvaRiind) pEABDHENE DNA.
FIG 19 sAY egé?ﬁ%éﬂeéhgg p %%Sgggggjhagﬁfo show tﬁ% recgul ts ofp geﬁgrri C

fi nger pri n§ ida0ECHOfianés 2, P4 e), séspeciselyisi ng two different sets of arbitrary
ACPs. FI G 20 shows agarose gel photographs to show fhe anplifi products
of multipl ex FEEARS sb«gw&th@reééﬁ\?éﬁf%Mﬁg%f%fyaggme %P*‘A%é-“}i &P éthods (B)
for the amplifigaldon LR%GR o EheDE NdSs. FIG 21 shows

agar ogg g SC%WS%’S%%@HR%%@%%&?V#&S arrpFi ?%?ed products of multiplex PCR by
t he conventi gr@l19RRiVEagsroseAr! hbtof@Phshased therkdvdtelsf defomin dingeyprinbngs vhe
anplification of four target nuclejc aéi gs. The ACP-based multi pl ex was
conduct ed meysectrnsgsiap Y Eieent seih O AYFATY AFFst wo- st age PCR anpli fication. 20
FIG 22 sho L 3 DPh AR 1 AR ifidarddRsty bi Mul@flex PCR

al | el e-speci F@'%gﬁg‘h %’gct%c(])@tb?og?&a SNP in exg{ﬁ 49p(;f t he hu%cﬁx TP53 gene
usi ng ACPby FheGron2éhtisted westieix (Alger 4SR-baged methodsod) dphide wipkr24amotd thse resul ts
of allele-specific ,aalrrpl ifications using ACPs for six additional SNPs each
preseh? i MATERPILESHI%Sgene such as Beta- 2 adrenergic receptor (ADRB2) (A),

Chenoki ne (CggGMtshws 4808P¢PphaRogh4pERb)shévBlhe alplifdd| peodiutts of multiplex PCR
by the conventional methods (A) or ACP-based methods (B and C) for the amplification of four
target nucleic acids. The ACP-based multiplex was conducted by one-stop (B) or non-stop (C)
two-stage PCR amplification.
20 FIG. 22 shows an agarose gel photograph to show the results of allele-specific
amplification for a SNP in exon 4 of the human TP33 gene using ACP.
FIG. 23 shows six agarose gel photographs which show the results of allele-specific
amplifications using ACPs for six additional SNPs each present in different gene such as Beta-
2 adrenergic receptor (ADRB2) (A), Chemokine (c-c motif) receptor 5 (CCRS3) (B), Interleukin
25 13 receptor (C), Leukocyte adhesion molecule-1 (LAM-1) (D), Tachykinin receptor 3
(TACR3) (E), and Interleukin 1, beta (IL1B) @®).

DETAILED DESCRIPTION OF THIS INVETNION
The present invention is generally directed to (a) an annealing control primer for the
specificity of nucleic acid amplification and (b) its applications. The annealing control primer
30  of this invention (hereinafter referred to as “ACP") allows primer annealing to be controlled in

association with annealing temperature, such that the specificity of nucleic acid amplification



25 13 receptor (C), Leukocyte adhesion nolecule-1 (LAM1) (D), Tachykinin
receptor 3 (TACR3) (E), and Interleukin 1, beta (ILIB) (F). DETAILED
DESCRI PTION OF THI S I NVETNI ON The present invention is generally directed
to (a) an annealing control prinmer for the specificity of nucleic acid
anplification and (b) its applications. The annealing control prjimer 30 of
this invention (hereinafter referred to as "ACP") all o@r}gﬁpﬁuﬁ’éfrzog neal i ng
to be controlled in association with annealing tenperature, such that the
specificity of nucleic acid anplificat?on 28 February 2006 15 (in

particul ar, PCR be si gni.tLcant i WV, - ABE 6400, thhe ACP i s
based on @‘h@am%‘)@r‘r’;%)tcf%ﬁc of" Igha“g??%%%\h(%%t;?glgm%ﬁg J\E{"vaﬂng 3'- and
5'-ends dishidGdn A% biiQAScI&RRApARathatiyg 3'abnd Basts dstacupoitioey satratphye or
non-di scrimnatory base. The present inventor has discovered th t he

uni ver sal atbas@nopniveonl iss et tonrdistiBmgopeE- JRORBpdRTPIh RS ¢ SHUE ' the 3'-
and 5' - end 5 portions plays.as requ ¢ I €. BEd d@nneal i ng
%E?é:;bésie or dl@p-g}/scrlmnggg e %Tgﬁoé)é\?s%tﬁngpw&h thd§- Bhd 5®En

to a tenpﬂh&f‘é"’ n ssocCi a anneal i ng tenperature during

nucl eist agi thralyk hi Gabiudilor Ah@nPSRGEPERErafnealing wes satpldaseleor acd in

non-di scri mnatory base residue group positioned hetween Fhe 3' - d 5 -
end por tissoiatadneidr puselingt emperateEatynag nyfFleic rasidsemplfigatiog,y Tho Aresfes, Bl | as
limts primer annealing. to the 3 -er riL.0n. i 23 L}

t enper at u\“\é‘,’efiﬁh‘?aé%°’r”8§'glsf'§min%°‘arb§s°rre{ s{gqgle %ﬁ)ﬁb g%ﬁ@%‘% &g\?ée%ﬂga?’n E{gg?i Fl%ag

speci fi i f oA ¥R RPlnnbiARe o OO SPend @5itibh eell hdimiserimehandling anit 5' - end
portions © ACP I's designed to define each portion, For these reasons, the
ACP i's fundadeotiahlay cetia enmesling FRERTRMReVBgh FSHES B f5FmasF | RRPXeRR: Plor s of
the function for inprovin riner b &:Cl g : rticul ar
stri ﬂébnc?‘“&”éﬁé?ﬂ?‘gﬁ‘g ' G\W\gﬁ%afﬂbﬁé %?\% %g)%}lég&gr?ﬁtﬁ’?%ﬁg%%l %’?\dys 'lf'ﬁkgwgé%sgt? this

i nvent i onab$ iSdedidhddits adtine kadf forrtoni R tiesckendone the Alicie Sgidbhatalp diffiehei ¢ aci d
15 anplification-based applications. Al sq, various problens rel a{ied to

pri mer anfieal thagospriongl pimers in ferh e BT AY| MBEENBRIIIT 1B " ¥an be

fundanmental | y sol ved by. t he ACP. N ae-Y eI ik 4 8d LbiBeaeht ai ned from the
use of th¥eH tydﬁ‘ﬁ'f'ﬁé’aﬁﬁﬁlr"’ésl“éngﬁ%ﬁyggrgd#p@% ?‘.“é“g? i[}g%& %égarrit?iiJ cularl y PCR) are as

fol l ows: ()T RCBof ;A ifveasenis sigaficamly afficties gl wildly eccessiblede Budiotfis

positioned between the 3'- and 20 5 -entﬂ or]ti ons rest rie;ﬁltnss;%xj lﬁgy
anneal3 ngamplifichtsn-bessd pprlicationg oy KPP B OV IHEET B CHP EShETTT ORs R the
3'-end portjon oavrqu{%%lcﬁsf’&g tgggﬁiqggmk%emnéahﬁn@ﬂ}n&mddr@ GHEQLEMN (e Gfaird pri mer
can be pfnem se?y controlled, which nake it possible to design a primer
With a deséneRd tobsdbeiinedfromatheeslof thy AlPydveing auclqiq agidsargpiifigatiey, (Paricylalis ef ul
when an annealing portion of a prinmer has to be l|limted (e.g., single
nucl eot i dBCBb?f%%)wasém (SNP) genotyping, DNA m croarrary screening,

(a) since the presence of an universal base residue group positioned between the 3'- and
20  5'-end portions restricts primer annealing portion to the 3’-end portion under such conditions
that the 3’-end portion anneals to the template, the annealing sequence of a primer can be
precisely controlled, which make it possible to design a primer with a desired number of
annealing sequence. It is particularly useful when an annealing portion of a primer has to be
limited (e.g., single nucleotide polymorphism (SNP) genotyping, DNA microarrary screening,

25  and detection of differentially expressed genes);

(b) since the presence of an universal base residue group positioned between the 3’- and
5’end portions interrupts the annealing of the 5’-end portion to the template under such
conditions that the 3’-end portion anneals to the template, eventually the 5’-end portion not
involved in the annealing provides the 3'-end portion with primer annealing specificity;

30 (c) the specificity of primer annealing is highly sensitive enough to detect even a single-

base mismatching. Thus, it is particularly useful for the identification of a nucleotide variation



25 and detection of differentially expressed genes); (b) since the presence
of an uni versal base residue group positioned between the 3'- and 5'-end
portions interrupts the annealing of the 5 -end portion to the tenplate
under such conditions that the 3'-end portion anneals to the tenplate,
eventually the 5 -end portion not involved in the annealing provides the
3'-end portion with priner annealing specificity; 30 (c¥8Espeuaspe®Pficity of
prinmer annealing is highly sensitive enough to detect even a single- base
m smat ching. Thus, it is particularly iseful for the identification of a
nucl eotide variation.28.Fehk y y Y I

i ncl udi ng,mf‘q'of1 r"gtxrzlfrcrgll“e?mgiI%é@ghﬂoggggﬁ%gh'ﬁglI@%{%@%ﬁ?’glﬁ‘@d g'Jrkl1 h‘%é?%%g“t

nmut at i ons; mehonACP i s capabl e of providing a priner with a high tol erance
in "primer search paranmeters” for prinmer design such as prinmer |ength,
anneal i ng t erf@eAdPuisecapaiits @HRIQifing & mames Wik pish dolgrnqceiigtmimer sprcACP
system provi des two-st : 1 fi I I dygts to be
excl uded fpraf)ar‘ﬂ‘nn':(r)sn\-%s)r enénfe??%f%?rrg %Jéée?%hw?% é@phéﬂgﬁ Ha@}lgétr?lgicog{eﬂP%g{

anpl i f iscatAcRprb&uct lBgdugased, which nmakes it easier to detect rare nRNAs;
and 10 (g) the reproducibility of PCR products is increased, which saves a
great amount (of AEP mesterm pepvidesivo-sage RERAMplifsatiogspvhish glow e podicioP bEhi s

i nvention, there is provided nneal i ng control primer for inproving
anneal i ng °§f)lé‘§°|d%°8’i q03'°?%°‘ﬁ°uagfp§ﬁ%a%3%i d anplification, which conprises: (a) a
3'-end 15 poptihosribiaydynd PaRMIiGichZh ROndiescdde FhicH tmak8qtieniectosiehatranat i al |y
conplenentary to a site on a tenplate nucleic acid to hybridize therewth;
(b) a 5'-emRNaoverd on having a pre-selected arbitrary nucl eotide sequence;
and ( a regul ator por.ii.on it . sai - r . and

sai d g)o end gért FOR" clcl)crh)ll}llg'solfl?fgiapir 6ﬁ91gtggstl9§%a\§gﬁ%|h§g?%§$a Egg%mg?rq e

non-di scrisggpgt.ory base anal og, whereby said regulator portion is capable
of regulating an annealing portion of 20 said primer in association with
anneal i ng tenperature. The principle of ACP is based on the conposition of
an oli gonu.tpl. eotli d Q:r' mer having 3'- and 5'-end distinct portions

separ at ed -#%‘lﬁggé%{ or portion conprising at |east one wuniversal base or
non- di scri m nataae yaspas ©f akiel itvsetief fileerd isoprovided reguicaling cqopt pdmerofor t he 3’ -
and 5" -end portions in the_oli,. onLic_I eQEi de.tpri.rrer " The E)r,es_e ce of ,the
regul at or lﬁaliot/inéﬁnnealmg specificity il nucleic acid amplification, which comprises: (a) a 3’-end

15  portion having a hybridizing nucleotide sequence substantially complementary to a site on a

template nucleic acid to hybridize therewith; (b) a 5’-end portion having a pre-selected
arbitrary nucleotide sequence; and (c) a regulator portion positioned between said 3’-end
portion and said 5’-end portion comprising at least one universal base or non-discriminatory
base analog, whereby said regulator portion is capable of regulating an annealing portion of
20  said primer in association with annealing temperature.
The principle of ACP is based on the composition of an oligonucleotide primer having
3’- and 5'-end distinct portions separated by a regulator portion comprising at least one
universal base or non-discriminatory base and the effect of the regulator portion on the 3°-
and 5’-end portions in the oligonucleotide primer. The presence of the regulator portion
25  comprising at least one universal base or non-discriminatory base between the 3’ and 5°-end
portions of ACP acts as a main factor which is responsible for the improvement of primer
annealing specificity.
The term “template” refers to nucleic acid. The term “nucleic acid” js a
deoxyribonucleotide or ribonucleotide polymer in either single or double-stranded form,
30 including known analogs of natural nucleotides unless otherwise indicated. Therefore, the ACP

of this invention can be employed in nucleic acid amplification using single or double-stranded



25 conprising at |east one universal base or non-discrimnatory base
between the 3'- and 5 -end portions of ACP acts as a main factor which is
responsi bl e for the inprovenent of prinmer annealing specificity. The term
"tenplate"” refers to nucleic acid. The term"nucleic acid" is a

deoxyri bonucl eoti de or ribonucl eotide polynmer in either_single

doubl e-stranded form 30 including known anal ogs of nattr®d aﬁﬁ%b%otides
unl ess otherw se indicated. Therefore, the ACP of this invention can be
enpl oyed in nucleic acid anplificationldsing single or double-stranded 28
February 208G, i3NARMAREDNAREILARNG @S, LRARLALEY hIRE, £ SbMARY kb . used
herein in Conjunction with the prinmer of this invention refers to a

nucl eot i depsmeudnoeinsepan sfestoynutlaaide egubmat edpaart biy Ge. regliidor pb@&bINTHS' - end
portion" or "5 -end porfion" refers to a nucleotide sequence at the 3'-end
or 5' - end®BF fhEIFCIREY Of 8 BTy aFie &h? MR IAVREFS 3t thehd ' eend prsS -

separ at ed : el i ! ~ ol " as, used herein
refers to gﬁcﬁpﬁéﬁﬁggwg%gfggﬁk&ﬁggﬁggdgggﬂéﬁg%Emﬁgbgfgffvmhgfp%W%ﬁuced
synt hetd cal | yThaainctpringer'ta peda hereof refassito goligsnudlepideNwh@her bétutring hhn@mlLof
synthesis when placed under conditions in which synthesis of priner

ext ensi on Prrseryetd spihetiralls whichripsagrtineaenetas agoint ef iajtistiencdf dynghesiamtien

(tenpl ate) iS4l ed ka8 o 1 ence of nucleotides and,an agent
for pol yne%léc%dat Pgdghrcs%réﬂhcg{s% W%%*%Fgﬁegéeogﬁg "at 20T P “Ctld"qfcé‘rrb’er ature
and pH  Thenptdneary o prekeiabiy ssingengisandeadudea) i MBX] MeMpeftdcoency in
anplification. Preferably, the prinmer is an oligodeoxyribonucl eotide. The
primer of Ru§ieatides 2pd3p; 8RNt dah PRAMEAEPT SisA asfDNAt Rebvancrage @nd a r i sniggblENVP

(i.e.,qdA ' L otide or n- nat ur al

nucl eoti dZE m%’%&ea}%ra?%'?gg A :slékc')\{{ E%feﬁﬁgﬂglﬁlﬁg%%ggeg riraaécérf’u'ﬁ'ﬁg-‘%ﬁf“iyn‘ér nust
be suf fi ciaamplifiyatiomnBrefeeabpy; ithee ptifher Sy i BEFIdSox@Fiboandledtiae. OThel BridirOgfUGLS i n the
presence of the agent for polynerization, The exact |ength of the primers
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r ef er ence “anngalmgl’ pripriming(i gedseh bereinrefers imtbaappofitdn dflae ofigddemynuckotdefof i ci ent |y
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under t he "H2EF JRA('24 EARESIURES @8‘rqd?“'ﬁ?%tﬁssmdsa@8‘?f‘ on enables the polymerase to

polymerize nucleotides into a nucleic acid molecule which is complementary to the template

20  nucleic acid or a portion thereof,

+ The 3"-end portion of ACP has a nucleotide sequence substantially complementary to a
site on a template nucleic acid molecule. The term “substantially complementary” in reference
to primer is used herein to mean that the primer is sufficiently complementary to hybridize
selectively to a template nucleic acid sequence under the designated annealing conditions, such

25  that the annealed primer can be extended by polymerase to form a complementary copy of the
tenplate. Therefore, this term has a different meaning from “perfectly complementary” or
related terms thereof. It will be appreciated that the 3’-end portion of ACP can have one or
more mismatches to template to an extent that the ACP can serve as primer. Most preferably,
the 3'-end portion of ACP has a nucleotide sequence perfectly complementary to a site on a

30 template, i.e., no mismatches.

The 3'-end portion of ACP may have a wide variety of nucleotide sequences depending on

its applications as well as template sequence. For example, where the ACP is applied to the



25 that the anneal ed primer can be extended by polynerase to forma

conpl enentary copy of the tenplate. Therefore, this termhas a different
meani ng from"perfectly conplenmentary” or related terns thereof. It wll
be appreciated that the 3 -end portion of ACP can have one or nore

m smatches to tenplate to an extent that the ACP can serve as %rb r. Most
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3'-end; i rF%hi CRTVEs CorlODEFECIRY FroHT R g‘fr‘@uﬁ"‘t:‘éﬁﬁ?f‘%s_ﬁ‘ieng“ofﬂ°‘hef
deoxyadenashidgimede BX¥EY 10 HinflBucdh Beox REANURALANISHBE hadifs Noi §; RS Rl ECt €d.
fromthe group consisting of deoxyadenosi ne, deoxythym di ne, ‘deoxycyti di ne

and deoxygukieioyi neene Fgletthd firvor e grdver @nsistiog ACRedxyadenpiney debxidytidinghrdf i cati on
of a targef nuclei.c acid, 15 seqyence i':Tél 3'-end portion conprises a
nucl eot i de™°SFIERVE" sts Mart P2 | %}ecé??nﬁf”@ AtEPYP cositing gf geaxvadsppsidhce; in

di fferentigbxyl iR d& Aheahdidokfuinosiaguence substantially conpl enentary
to a site in )ghy?%&l\llA frﬁ%}gn r?RNA; |f18%Rr:AdE a gene-specific sequence

subst ant i al | FuresHpIcerieltcaty 46F ds simpleyedingampiisationorhi anaradRNslei racid
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nucl eofi des”su antl a enen s 1n
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substantially conplenentary to a consensus sequence found in a gene famly

or degener@tiesSeubiEdA dereet RN 4ot BABEUR dent-speafic cuapicn atbsontallyf
P ) SRR £ SRR A PR IS o g
nucl ei ¢ acardpmaequence of at least six nucleotides substantially complementary to sites in mRNAs; in
20  identification of conserved homology segment, a nucleotide sequence substantially
complementary to a consensus sequence found in a gene family or degenerate sequence
selected from a plurality of combinations of nucleotides encoding a predetermined amino acid
sequence; in identification of a nucleotide variation (e.g., allelic site) in a target nucleic acid, a
nucleotide sequence comprising a nucleotide complementary to the corresponding nucleotide of
25 a nucleotide vanation; and in mutagenesis, 2 nucleotide sequence comprising at least one
mismatch nucleotide to a target nucleic acid.
The term “arbitrary” nucleotide sequence is used herein to mean the nucleotide sequence
that is chosen without knowledge of the sequence of the target nucleic acids to be amplified.
The term arbitrary should not to be confused with “random” in reference to primer which
30  connotes a primer composed of a random population of primers each of different and random
sequence. The term “degenerate” sequence in conjunction with ACP for identification of

conserved homology segment refers to the nucleotide sequence that is deducted from armino



nucl eoti de sequence conprising a nucl eotide conplenentary to the
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It has been widely known that nucleotides at some ambiguous positions of degenerate

20  primers have been replaced by universal base or a non-discriminatory analogue such as

deoxyinosine (Ohtsuka et al, 1985; Sakanari et al., 1989), 1-(2’-deoxy-beta-D-ribofuranosyl)-3-

nitropyrrole (Nichols et al., 1994) and 5-nitroindole (Loakes and Brown, 1994) for solving the

design problems associated with the degenerate primers because such universal bases are

capable of non-specifically base pairing with all four conventional bases. However, there has

25 not been any report that this universal base or a non-discriminatory analogue such as

deoxyinosine, 1-(2'-deoxy-beta-D-ribofuranosyl)-3-nitropyrrole and S-nitroindole is used to
increase the specificity of primer annealing during PCR.

The presence of universal base such as deoxyinosine, 1-(2’-deoxy-beta-D-ribofuranosyl)-

3-nitropyrrole and 5-nitroindole in a primer generates low annealing temperatures due to its

30  weaker hydrogen bonding interactions in base pairing. As an extension of this theory, the

present inventor has induced that the presence of the contiguous universal bases between the

3’-end and 5’-end of a primer could generate a region which has lower melting tempera ture,
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di stinct anneghd 0@ SP@fildrdaCibiy rediduas derted ihem'mrtdws'a@dgdaﬂﬁsaldemn&eeﬁper ature
during nucleic acid antgl ification, e.g. PCR 20 According to a preferred
embodi ment considered;as a/ sqystarturp A te Fresend MVENt9e Prorpssdt erpyidesea postival @gand t he

regul ator portion 1 AchLrSSeAa0%liRAR il Sssodidh8S WlE an Fnf8RE RrderaURUMINIOST NE,

2-aza-
nucleic acid amplification, e.g. PCR.

20 According to a preferred embodiment, the universal base or non-discriminatory base
analog in the regulator portion includes deoxyinosine, inosine, 7-deaza-2’-deoxyinosine, 2-aza-
2’-deoxyinosine, 2'-OMe inosine, 2'-F inosine, deoxy 3-nitropyrrole, 3-nitropyrrole, 2'-OMe 3-
nitropyrrole, 2'-F 3-nitropyrrole, 1-(2’-deoxy-beta-D-ribofuranosyl)-3-nitropyrrole, deoxy S-
nitroindole, 5-nitroindole, 2-OMe .S-nitroindole, 2-F  S-nitroindole, deoxy 4-

25  nitrobenzimidazole, 4-nitrobenzimidazole, deoxy 4-aminobenzimidazole, 4-
aminobenzimidazole, deoxy nebularine, 2'-F nebularine, 2'-F 4-nitrobenzimidazole, PNA-5-
introindole, PNA-nebularine, PNA-inosine, PNA-4-nitrobenzimidazole, PNA-3-nitropyrrole,
morpholino-5-nitroindole, morpholino-nebularine, morpholino-inosine,  morpholino-4-
nitrobenzimidazole, morpholino-3-nitropyrrole, phosphoramidate-5-nitroindole,

30  phosphoramidate-nebularine, phosphoramidate-inosine, phosphoramidate-4-
nitrobenzimidazole, phosphoramidate-3-nitropyrrole, 2'-0-methoxyethyl inosine, 2'0-

methoxyethyl nebularine, 2'-0-methoxyethyl S-nitroindole, 2'-O-methoxyethyl 4-nitro-



2' -deoxyi nosine, 2'-0Ove inosine, 2'-F inosine, deoxy 3-nitropyrrole,
3-nitropyrrole, 2'-Ove 3- nitropyrrole, 2'-F 3-nitropyrrole,

1-(2' -deoxy-beta-D-ri bofuranosyl )-3-nitropyrrole, deoxy 5- nitroindole,
5-nitroindole, 2'-Owve 5-nitroindole, 2'-F 5-nitroindole, deoxy 4 25

ni t robenzi m dazol e, 4-nitrobenzi m dazol e, deoxy 4-am nobenzi m dazole, 4-
ani nobenzi ni dazol e, deoxy nebul arine, 2'-F nebul arine, 28 Ffefruary 2006
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20 preferably, from 20 to 25 nucleotides in length. The entire ACP is preferably from 35 to 50
nucleotides in length, and can be up to 100 nucleotides in length.

The 5’-end portion of ACP has a pre-selected arbitrary nucleotide sequence substantially.
not complementary to any site on the template nucleic acid and this nucleotide sequence can
serves as a priming site for subsequent amplification. The term “pre-selected arbitrary”

25  nucleotide sequence used herein refers as any defined or pre-selected deoxyribonucleotide,
ribonucleotide, or mixed deoxyribonucleotide sequence which contains a particular sequence of
natural or modified nucleotides. In some embodiment, the pre-selected arbitrary nucleotide
sequence of the 5’-end portion can be composed of a universal primer sequence such as T3
promoter sequence, T7 promoter sequence, SP6 promoter sequence, and M13 forward or

30 reverse universal sequence. Using a longer arbitrary sequence (about 25 to 60 bases) at the 5°-
end portion of ACP reduces the efficiency of ACP, but shorter sequences (about 15 to 17 bases)

reduce the efficiency of annealing at high stringent conditions of ACP. It is also a key feature
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unl ess thelom)é\FPiﬂéldﬁdcﬂﬁ%d“é‘bW|5%‘F?b't"ﬁ§°‘%fd9‘a WgRdhot PR ROREPCaN °°8’P“S"S

| mpr overment,, Isl? ogengt%?elol B9y SR G Gitk] Bk WectioRor RSBAM 65 ackfIfie® proBidd. NREHIE ON can
conpri ses a sequence or sequences recogni zed by a restriction

endonucl ease Socludehbut morntikasl iof ﬂfxcﬂfexsmbbls ecltqmpbctrgsnehttnhémanrpderst rresnefscr oduct

into suitable vector. In addition, de -en portlonf an cogrsp Sgs
| eastl®neparticleeHicHatORTS: WSy 1"‘lb515’éll°°?‘6‘r B PATE 1Y T BT SBPEPT o S Dl i f| ed

product. Suit aP%]% ha}:épsefqas/ NGL L Chind Mt paAlrs, e M dneribdy, sftlleb{Q\Fxﬁlﬂ higstRs ,
re

chrom)pho nge um nescefs, magnetic 10 partl cl es, radi oi sotopes, nass
| abel s, elgetigaih dmslﬁblmgtgrmipeﬁ"he éhzradrrwtorcelfswpmprsses dedtesiopkage RNor
enzymes and haptens having specific binding partners, e.g., an antibody,
streptavi d?lmmefBiedlf?‘?Ptcrrﬁﬁ‘?jbX| genin and chel ating group. The 5'-end portion

al so conpri sag.hacs & ineRPhagfedRidodiR@htyoTRA B eflca) 1t e(CH Bgippiied AECBI di ng t 0
the preferred enbodi nent of this invention, the ACP is applied to PCR 15

Mor e 15 ef dtaabpyferablyethP®RR is prréarnet nder afrgiednd 4 sefond f’““éﬂﬂ‘géﬂ%@aﬁﬂ “fnneal i ng
tenperatur %ﬁﬂ’éﬁggp{ﬁf%‘ng%g‘rm c];ng r’ﬁ-{]tfirsﬁ t.a{:u{e QLm&?ﬂﬁk Ha 'gé e tht% of 1dwif

anneal i ng“f e equal to or Lecond anneal i ng

t enper at UkRn aRdsdesRf Shadhny ,terﬁﬂ&&nﬁeﬁmﬁcﬁfWEakm rsgconé mmeamtguemparaure hs gher
than the first annealing tenperature, |In_the PCR groce S perfor under

two diffehigher tharthefits mgeaisafsapapel the PER procts PEt: W “?“ end of
ACP i's | n\z{r?rlxc\a/l?n% trlenrllpe?‘a resall . ngvoastags p@R the 3’-end of ACP is involved in annealmg at the

20 first annealing temperature and the 5’-end of ACP incorporated into anplified product of first
amplification stage serves as a priming site at the second annealing temperature. In this case,
the advantages of ACP will be demonstrated in accordance with the following assumptions:

(1) since a regulator portion of ACP is composed of at least one universal base or non-
discriminatory analogue which has lower T, than other portion in ACP due to its weaker

25  hydrogen bonding interactions in base pairing, the regulator portion of ACP is not favorable in
annealing to the template nucleic acid under the conditions that the 3’-end portion of ACP
anneals to a site of the template at a first annealing temperature. Consequently, the presence of
a regulator portion comprising at least one universal base or non-discriminatory analogue
between the 3’- and 5'-end portions of ACP restricts primer annealing portion to the 3 '-end

30  portion at first annealing temperature;

(2) the 5'-end portion which is not involved in the annealing under the first annealing

temperature keeps bothering the annealing of the 3’-end portion to the template;



20 first annealing tenperature and the 5 -end of ACP incorporated into
anplified product of first anplification stage serves as a primng site at
t he second annealing tenperature. In this case, the advantages of ACP w ||
be denpbnstrated in accordance with the follow ng assunptions: (1) since a
regul ator portion of ACP is conposed of at |east one unlv rsal é)oﬁge or non-
di scri m natory anal ogue which has | ower Tmthan ot her |, ACP due
to its weaker 25 hydrogen bonding interactions in base palrlng, t he

regul ator portion of ACP is not favoraBPe in annealing to the tenpl ate

nucl ei ¢ acid L{E})qgus PQ@E&%% cv‘u@ln§*e§pt}@1tﬁc Erm:e‘alﬁlo e 3 QI o%%n 5€ Axcc:foccﬁafgneal S
to a site of the tenplaté at a first anneall g terrperff ture. nsequently,

t he presenceretifivelnsraged thdncthe peength onwhiolrper-geafic atnedipgstc@Nendenity gissal base
or non-discrimnatory analo ue between the 3'- and 5 -end portions of ACP
restricts PSS ERNEHFFNYIFOEIIBH ‘PB‘W%@’@"“@EE‘”%@%MS oeciBaity pf thet

anneal i ng tegg%ep;ai]we (2) the 5" -end portion which is not involved in the
anneal i ng under the first annealing tenperature keeps bothering the

anneal i Bg of {(Heviite thad'-parortion compriseea perplateib@Bryhrblsat ¥eRRE he3 (3)
thus, the strength in which the specific annealing of the 3'-end portion
sequence o®BUPESerYes a5 | PRGN 2k SerARLINNEINRR taTparagye, efigahhis high whiingshey

non- speci fi t eaI i rature,

whi ch esul TR e, B SEEN B nRd Shac B8 ek Mhent AP REReisl, (PORES R e

3' -end por hmﬁirﬁcaﬁon(é)ca\ndilmrpeodﬁxhegex&rat&rﬁbnpﬁméd 1A akdOIXEnEISESE tRe PLAd pRliGCt ed
arbitrary nucl eoti de sequence, the portion serves as a primng site at a
second ann&sP§iSg @enperature, which is high stringency conditions and al so

houl d, h he § t b
ol 11 0at i on COFOPaRer Do e e R Ao R g R RS s on of

the 3'-end3pottioaivn sqeuencs; beairtblitidd Chye &oms&Hd:besﬁt:dlyoptxﬁﬂxlnYofwﬁwoff@ﬁCt' on
product generated from annealing and extension of the 3 -end portion
sequence cHfCHE OBRPFf f°éaacéll’8§éyct’?)“ftdﬁféh% wedanncaling tepreratim of a two-fol d

increase of p . ecand anneal i
t enper at ure. ergr%otpge)f °$’ﬁ§&35- en %Etoﬁg/q‘%qfnte%%éé nh tﬁpé}a%gt ﬂéf%ﬁgal ing
site to thontainglteatperagire arighd §rept poalnmeéht:ﬁgs tsedrpes a:tnurng sAdgt thd@cdnd- end

[ site at the second 15 annealing

portion of ACP is use primn

t enpertt ur BNFAPS fwe@%%éa@émb%ﬁ? PRpliAio Pt dhe Rrefuctgenpied byponestiiged by
cont act i NGand@RehdErg RO GG pbriibn & xENE tRQEHJIQN Oof ACP to the tenplate. It may
be appreciated that the A&P the present invention is very useful in a

variety of pitimepe mwmm éleek@cwfdhwrpﬂenrfxn@amnom verpudeddsn i nektydifng t he

met hods of rl\r/lnclr kms[:d ml.l_:l:'leicl: hcié yf%liﬁcation methods including the methods of Miller, H. I. (WO

89/06700) and Davey, C. et al. (EP 329,822), Ligase Chain Reaction (LCR, Wu, D.Y. et al.,
20  Genomics 4:560 (1989)), Polymerease Ligase Chain Reaction (Barany, PCR Methods and
Applic., 1:5-16(1991)), Gap-LCR (WO 90/01069), Repair Chain Reaction (EP 439,182), 3SR
(Kwoh et al, PNAS, USA, 86:1173(1989)) and NASBA (U.S. Pat. No. 5,130,238), but not

limited to.

25 In another aspect of this invention, there is provided a kit comprising the annealing control
primer or the annealing control primer set according to the present invention. According to one
embodiment of this invention, this kit further comprises a primer or a primer pair having a
nucleotide sequence corresponding to the 5'-end portion of the ACP; in case that the 5’-end
portion comprises universal primer sequence, it is more preferred that the kit comprises the

30  universal primers. The present kits may optionally include the reagents required for performing
PCR reactions such as buffers, DNA polymerase, DNA polymerase cofactors, and

deoxyribonucleotide-5'-triphosphates. Optionally, the kits may also include various



89/06700) and Davey, C. et al. (EP 329,822), Ligase Chain Reaction (LCR
Wi, D.Y. et al., 20 Genom cs 4:560 (1989)), Polynerease Ligase Chain
Reaction (Barany, PCR Methods and Applic., 1:5-16(1991)), Gap-LCR (WO
90/ 01069), Repair Chain Reaction (EP 439,182), 3SR (Kwoh et al., PNAS,
USA, 86:1173(1989)) and NASBA (U.S. Pat. No. 5,130,238), but not Ilimted
to. 2 5 In another aspect of this invention, there is pfodhaACEHEY HOKi t
conprising the annealing control prinmer or the annealing control priner
set according to the present invention24According to one enbodi nent of
this inventi,on 11.s kit further conprises.a prinmer or a primer pair having
a nucl eot ngnuscgég%nrggei%?’rré‘s/epr)stfn%’qinﬁcgjg {asbe’ tHEUS! yfg?{ PoreEy ’N?TW&%JQ@P; in
case that theidieDNA polhi-aR LOWD ITHe il thalChSA indlde 'TRlpe MO IUENGS: fokt 15
more preferred that the kit conprises the 3 0 universal priners. "The
present ki pgformipg opuiti§read nsgatigsprithbreadiions. Oayenitagionrts af reggdnt arbepsdfios ni ng

PCR reactions such as .buff.er DNA . pol.yne e, .po rase cofactors,
and deoxyFi Bonucl ed |b§erga‘gﬁx ?dr“frﬂ’ﬁ‘(ggg%g‘%élg{l%ha%”%/&’g%ﬁ%ff@ WEPt al so
i ncl udes vagisasssre2 Bhd BRI HalN1y2 08RG dapdél B RbMAHGH §Rhiale PBLES W ESmpEYRL S
transcriptase, various buffers anﬁeagents, gér?l’d aaﬁ%ai blédlges thhat x?nhi bi t
DNA pol ynethasenstwerits/dfprg.desthieedki t s may al so i ncl ude reagents necessary for
perform ng positive and negative control reactions. Optiml amounts of
reagents to be used in a given reaction can be readily determ ned by the

skil'led arti sem AGV6ME: ubfcthBRRidnicadbe dpPfedGslh LEREy o ndliISELASHEQincARE. Ki TS,

typically, are adapted to contain in separate packaging or conpartnents
t he const i hasrariednelpireReresentitive @xantiies toy@pveghe ¢ffrst flfRae: | nventi on can be
appl i q_% to a v?rA"i ety .Qgtor;%ci. i c aci.d an$l i fication- based technol ogi es.
Repr esent at i ve- éXBIGIEECEEPRYEEE "FHEC &7 ¥a¥U6F ACP are: 10 1. Application

to anplifying a Aspikfion i@shdlisheiienRetuclkl aci@RRubgation to anplifying a
target nucleic acid sequence; 111. Application to multiplex DNA

anpl i fi cati on; I} ¥pplgaper teauitiplexNA preplifidationi fi cation of differentially
expressed genes; , V.. A icati 0 rapid amplification of cDNA ends
(RACE): 15 VI .R’ASBFH‘%‘Q?’? {S’ﬁhet‘%engﬁ%ﬁt“f’? %a ‘ﬁgﬂ‘f'ﬁ‘{;ﬁ! POFSIcH 8IS, Wi 1.

Appl i cati on t ovasplicdtivhngrapid-amplific@li@tbfeDNA; endMIRACE)Appl i cation to DNA or
RNA fingerprinting; |X lication to the identification of conserved

I X, Appl I C¢
honol &9y segmeht §PPhfafen Pirgrkf¥ing flkepgtinaDNA;
V1. Application to amplifying 5'-enriched cDNA,;

VIII. Application to DNA or RNA fingerprinting;
IX. Application to the identification of conserved homology segments in multigene
families;
20 X. Application to identification of a nucleotide sequence variation;
XI. Application to mutagenesis; and

XII. Other applications.

1. Application to Amplifying a (target) Nucleic Acid Sequence

In still another of this invention, there is provided a method for amplifying a nucleic acid

25  sequence from a DNA or a mixture of nucleic acids, comprising performing an amplification
reaction using primers, characterized in that at least one primer is derived from any one of ACP
described above. Preferably, the primer according to the structure of ACP is one having at its

3’end portion a hybridizing sequence substantially complementary to a region of the nucleic

acid sequence to hybridize therewith,



20 X. Application to identification of a nucl eotide sequence vari ation;

Xl. Application to nmutagenesis; and XlII. Qther applications. 1. Application
to Anplifying a (target) Nucleic Acid Sequence In still another of this
invention, there is provided a nethod for anplifying a nucleic acid 25
sequence froma DNA or a m xture of nucleic acids, conprisjn orm ng an
anplification reaction using priners, characterized iﬁsfﬁQFgggﬁééast one
prinmer is derived fromany one of ACP _described above. Preferably, the
primer according to the structure of ACP is one having at its 3 end
portion a hybii dispédify SRSHIEMEE oSthRShaRdd, dleteyis RO EREREY uliy Bvols@gé on of
the nucleic acid sequence to hybridize therewth. 28 February 2006 25 In
a speci fi c 2mpblrgiionsfer anplifying a maglpie @cid tspraerce feonpp AN ed 2 anivetehafdudsé ng t wo
st age anpkhéégg%hg&%r&gg anplifying a nucleic acid sequence froma DNA or
a mxture 8FnUCITerE™PEE ds, which conprises: (a) performng a first-stage
anpl i ficati on@heddititUChiltagd ainfliReKHIITER @kleR abidls8ueARNER kD Shneabng
tenperature conprising at |east two cycles of prinmer annealing, priner

ext endi fig tamperapiemn &OMPTiSEg, 2tulsRN g heyelss | afertinpsai annesfing ngrironeexerhdingrend\CP
descri bed gbhove each having at. its 3'e p i,on_a hybridi zjng sequence
Subst ant | Al HERRF AR APOFT 26" 3f Faiet! S Ko SRR e e e Rg dete + o
hybri di ze 8haugeibha Hybd@sing Qqolintd QBSKadtAINRIIerRAGH, Rrd ABibn 3NREAlRiL O the
region of the nucleic acid sequence, whereby the anplification product of
t he nucl ei ecidedqdencd (o bxhyiden cerdvgthgender eanddionsaindviih) eagk pfimemanneplsto the

second-stage. ampl. fi cation, of the i ficatian product genperated from
step (a) a g‘&“g’gé*é%n’c‘r” Mn&A feﬁﬁenfcen%g&gi’ Lﬁcea,‘mR}\ﬁf%’r%“ipéc’dl’thg‘% 8% pyoiRyeARd

condi t®NSseqGdbPk giehedabnd | €ast one cycle of prinmer annealing, primer
extendi ng and denaturing, using the same priners as used in step (a) or a
primer pair e herfommeiasicerpdatapy anglidicatoned therapiptificatign predice genecteed f'eguence 15
correspondin 0 each '-end portion of th ri.ners used in ste a),

inder - bondih Ghe:  FEeaen B8 R Rich i L S BRER eordons, farpe SRl of

t he anpl i f jegs@abheddycRIB@HEES anhESRE GhiméCdxyend it @AEMMatudik}e uﬁﬁ@ihk fsdnfeaﬂn'nf@ﬂ pr oduct
is re-amplified. Wiere the nmethod is applied to the anplification of a
target nuctsertd iasFR(ad 8L RIHRSE PAIE 7eh COmIPTiRag 2 PXisFletiedaibifany nugledtidassegrenssnd

por o & bl el b ot ot SOTBIGTBIL Ay, 151 o,
further asqelcpriodr ahitals to theSiand 5 -ertdb ef e amplificatiincdectiuet, resjebdlyf @hereby
selectivel y ARt don podict i Lo B! &1 ©
Where the method is applied to the amplification of a target nucleic acid sequence, the
primer pair used has at its 3’-end portion a hybridizing sequence substantially complementary
20  to a region of the target nucleic acid sequence to hybridize therewith. Therefore, in a further
aspect of this invention, there is provided a method for selectively amplifying a target nucleic
acid sequence from a DNA or a mixture of nucleic acids, wherein the method comprises
performing an amplification reaction using primers, characterized in that at least one primer is
derived from the ACP described above. Preferably, the primer according to the structure of
25  ACPisone having at its 3’end portion a hybridizing sequence substantially complementary to a
region of the target nucleic acid sequence to hybridize therewith.
In a specific embodiment of this method, there is provided a method using two stage
amplifications for selectively amplifying a target nucleic acid sequence from a DNA or a
mixture of nucleic acids, which comprises:
(a) performing a first-stage amplification of the target nucleic acid sequence at a first

annealing temperature comprising at least two cycles of primer annealing, primer extending

and denaturing, using the primer pair of any one of the ACP described above each having at its



acid sequence froma DNA or a m xture of nucleic acids, wherein the nethod
conprises performng an anplification reaction using priners,
characterized in that at |east one prinmer is derived fromthe ACP

descri bed above. Preferably, the prinmer according to the structure of 25
ACP is one having at its 3" end portion a hybridizing sequence sub%tantially
conplenentary to a region of the target nucleic acid s%%ﬁ%ﬁ%%ygw hybri di ze
therewith. In a specific enbodinent of this nethod, there is provided a

nmet hod using two stage anplificationg®or selectively anplifying a target

nucl ei ¢ agi gh SEHUENE 8y PN B MR OubRentiB XEddpRnRhraAUG] £1GioAGE d urdhli Ch
conprises: (a) performng a first-stage anplification of the target nucleic
aci d sequandeic atid seqfiercs to hyandieatherngith, engse rattpers 1o griyohi egéhrgimaet arnesdsstd t wo

cycles of prinmer annealing, priner extendjng and denaturing, uUsi t he

or i Mot paii® EESAHGICOHHE BHCH o Wem o i FTRGHEE R Each R v g i s 28
February %chlgnce%%egératg@qn&)orti on a hybridi zi ng sequence substantially

conpl ementaty to a region of the target nucleic acid sequence to hybridize

t her ewst h, unelgierforatiol 4 se@nsd-dtage whipficagarcdf thy amprficaimeaddict generitedfrénar get
nucl eoti de seéuence, whereby the anplifi c,a%i gn F)r oduct . of the target

nucl eot i dé&tep §8dhaRend aNGEHBISTRILU GG € ()87 SEFBTT FPRY1 s SERBHRIES age
anpl i ficagj AR e SRl HindeQENG: HERCKAIGE, dsingThe ShERiha) at a
second an?néggﬁngféycg%ﬁfper a%ﬁédé,lg%hﬁch ies hi ggh stri ngeg’t Scngndei ti o%g,

conpri si ngs akd inl sepsgi) opaerimycdas eath cpmpmisdg agpmeeddcied grbitpaury meleotéde s@peticng and

denaturing, using the sanme primer as used ,i.n st ) or.a priper pair
each coon?’ﬁsP@d’&g&fE-cgél ‘é%f‘é’&‘%r"gfhﬁpa?’?s Hffé!“éﬁ?q ég “é‘%ﬁﬁ@‘ﬂ‘é‘@“s ‘Eﬁg‘f?lé_sppndi ng
to eagh 5'%chg;gigﬁp%£A1% tﬂés't.Qfdpreh&@afsh%ﬁiﬁmogmau&,% URHErwkQBi ti ons

in which primer anneals to the 3'- and “ends of the anplification
product, treapptfidatied yrodwharedyplifiethe anplification product is re-anplified.

Wiere the tenplate for anplification is mRNA the pr tion of cDNA is
required pri g%e“’t%e Eiﬂ’ﬁ\_afefr?ig’c%i‘fal‘gf‘ﬁ“°‘1’ I‘féF'éW‘értgé,A prP%“‘@P’?P‘IO H Fﬁ@f“r%?é’_ﬁ@{:_t of
this i nveﬂ{in%iﬁcit{&ﬁ.rﬁxclre?orgriﬁ)%lﬂﬁij(h@ aBRE W ehis InPEntSRHRES is YRIbe A REMbY 1 NT 2
target nucleic acid sequence froman nRNNA, wherin the nmethod 15 conpri ses
rever se t fanslestively pgplifyengrantRidet muagicpeidfsotusiqsgroanammBiNAG waerin thametdedt | on
using.  _priners, characterized in that at |l.eas n riner is .derjved from
the AEP dE¥RYIHE Hio %ﬁscnqﬂ?gefhérrﬁ%‘{lyg,a"? érfcf)rrmuli ?" g’@ 6¢°aﬁ‘°rﬂ‘gf° BRHRE St ructure

of ACP i s, @h&sahReriAl ih et & 1886 oiOfrirked s derivey RbhdheZ AUD dSRABLANGEVe.
substantially conplenentary to a region of the target nucleic acid

sequence Prfdubly; ithti prisner laegordiia . theogruptrepf EECH Pne havinsaditrd ged pITtiQng s
| nvent | Onhybtn ?zEn% sieaue[x')xléc:o \étixtgggtiaqu rrc%“ﬂggle}iﬁéyntg & ‘Q%io'%t G0k target nucleic acid
sequence to hybridize therewith.

20 In a specific embodiment of this invention, there is provided a method using two stage
amplifications for selectively amplifying a target nucleic acid sequence from an mRNA which
comprises:

(a) contacting the mRNA with an oligonucleotide dT primer which is hybridized to polyA
tail of the mRNA under conditions sufficient for template driven enzymatic deoxyribonucleic

25  acid synthesis to occur;

(b) reverse transcribing the mRNA to which the oligonucloetide dT pirmer hybridizes to
produce a first DNA strand that is complementary to the mRNA to which the oligonucloetide
dT pirmer hybridizes;

(c) performing a first-stage amplification of the target nucleic acid sequence from the first

30 DNA strand obtained from step (b) at a first annealing temperature comprising at least two
cycles of primer annealing, primer extending and denaturing, using the primer pair of ACP

described above having at its 3’end portion a hybridizing sequence substantially



anplifications for selectively anplifying a target nucleic acid sequence
froman nRNA which conprises: (a) contacting the nRNNA with an

ol i gonucl eotide dT primer which is hybridized to polyA tail of the nmRNA
under conditions sufficient for tenplate driven enzynmatic deoxyri bonucl eic
25 acid synthesis to occur; (b) reverse transcribing the nRNA tgo which the
ol i gonucl oeti de dT pirner hybridizes to produce a fi r s£8 TR $99Rd that is
conplementary to the nRNA to which the xl)l i gonucl oetide dT pirnmer

hybridi zes; (c) performng a first-stage anplification of the target

nucl ei ¢ aciothpagu@nce o fegidh oh eheftirgtnucld0 abiReduibicansl hddeNRde JifmOmast ep (b)
at a first annealing tenperature conprising at |least two cycles of priner
anneal i ng, SopifipRsr ineWhieh diaely PERE aadl U ithgarstistualgodseseprdnpe rwipadty thef ACP
descri bed abeye hayi iLts 3" en ortion a hybridizing sequence
substanti ai%lp;wgaélgﬁgﬁ’rgg%{%;mﬁ&fé%ﬂ%nﬁog%%ﬁ Een %%PS’/‘XF% agd ¢ egion of the target
nucl ei ¢ aci d (BppHiRRERS LG cRYBElagl ZBpliHIRIROF tHB amPRGkion 5BAM LiARd hmWhi ch
each prinmer anneals to its target nucl eotide sequence, whereby the

anpl i f Pcatst@rch ghgeandnngahies eapefetrenybicle &t HighesWraguterodtiors, cpempesiog #d; and

(d) perform . nd- st age..ampl.ificati.on of . the.anplification product
gener at ed l@?ﬂ%"%ﬁagtg gf)m(‘?:r)ang?tahrég’ SECHNT %3?1%5% %&ﬂ?%ngﬁ"}ﬂ FEMSHFER i s high
stringent a€aadid dt€(s) oreQfitlel fdin@ciadompHaAs] preR@ectiiGhirRf nkidohEY seqBReal i ng,
primer extending and denaturing, using the sanme priners as used in step
(c) or a [FPreRendpdite cachOn cadperiomseiiiky ramsrsassiah step e uaddp condatioys inwdickot | de
sequence correspondin o.each.p' -e or,tion of the prinmers used in step
(c), undercaccoprrllé:ie? igisals ?ongh\%ﬁi'ca ‘l‘]’e‘%{‘é*h@g‘f %@théﬂlr?g£f°§m?t0r°$pﬁ‘é“"3"hW%TFF Y5' - ends
of t heoamme ahriptinédtion pREGAUGE-ampesdaect i vel y, whereby 10 the anplification
product is re-anplified. Since the anplification nethods of this invention
enpl oys the ACP of this invention, the comobn descriptions between them
are omtted ign er to avoid,the conpl exit f thi speci.fication |eading
to undue mul trp Plciafn 3‘/’?18“1 l°ﬁ'ﬁ’fts}1°é;s‘p°|c§ﬁ}|“€§%' FoR %rgllﬁ??ﬁ t%éc%f’&?’ﬁé“vﬁtﬁﬂnetgf

i nvent i on cemorp dextipttona beiwdpt teatadBinied fhosrder 261061 N bomAsRY I )kiog 2
target nucleic acid sequence froma nucleic acid or a mxture of nucleic
aci ds ( DNAPSGICHHRRATRES ‘DIFOPHIUREC Hucl ei ¢ acid anplifications, preferably,

PCR. 1§i nce trh:% aﬁ;lfcgtgn @fng&@ cﬁ{tﬁkvéu?ﬁé it‘i\!gx’?cioﬁ%m/ &%h@m%g%%m&ﬁo o; h primer

anneal 1 ng specificity regardless of "priner search par ers or primer
desi gn sustlecaslprinpkfyingengirde; nadleie atid nequzde tfenmp e rmatleic acid G £ mded1bf and
product | glrllc%ich éciést (Dix\?A %ra [;r&!i_NCALilbayr;!e forrrrﬁx?gonuc cﬂ:da%gd grx?pli%ggio}lst]%reégg)ly, PCR.
Since the effect of ACP provides the conventional primers with primer annealing specificity
regardless of “primer search parameters” for primer design such as primer length, annealing
20  temperature, GC content and product length, it is particularly recommended to use the ACP
when the conventional primers used to amplify a target nucleic acid fragment are too sensitive
to such parameters to generate specific nucleic acid amplification products.
A schematic representation for selectively amplifying a target nucleic acid of double-
stranded DNA using novel ACP system as described above is illustrated in FIG. 1A. FIG. 1B
25  illustrates a schematic representation for selectively amplifying a target nucleic acid of mRNA
using novel ACP system. Referring to FIGs. 1A and 1B, the present methods will be described
in more detail.
The present methods for amplifying a nucleic acid sequence may be carried out in
accordance with various primer-based nucleic acid amplifications known in the art. Preferably,
30  the methods are carried out according to the two stage amplifications developed by the present
inventor, more preferably, the amplification is performed by polymerase chain reaction known

in the art and most preferably, hot start PCR method.



when the conventional prinmers used to anplify a target nucleic acid
fragnment are too sensitive to such paraneters to generate specific nucleic
acid anplification products. A schematic representation for selectively
anplifying a target nucleic acid of double- stranded DNA using novel ACP
system as descri bed above is illustrated in FIG IA FIG |IB 2

illustrates a schematic representation for selectively ahpfayay %é"sa t ar get
nucl eic acid of mMRNA using novel ACP system Referring to FIGs. | A and 113,
the present methods will be described28 n nore detail. The present nethods
for ampl ifyi ng.a, 6!l 6 e ACld: SRAHENER ABYERE 2 GRUELE §d QluelcR caf cQudance
with various priner-based nucﬁ elc acid anplitications known in the art.

Pr ef er abl yo am@{¥y bhiedcneddmaclsic acie moktuié. Sdchoudlecate ongbagtheoDNAe@r Riva. Bfeage
anplifications devel oped by the present inventor, mre preferably, the

anmpl i fi catfasgulesmdyePs ot FikFr Hyd%’éfésﬁﬁﬁ}da%éf SREFATIEE {98 PRASHY: 4oBPl-he art
and nost Q&%EFJ_%PAJG thp%clé\#ﬁgasegﬁng%ggg'is c?o%blF—%pJn'd@c{,yt 'ggrgén’cc?t% re];gg‘ met hods
of the présent ‘inventron, for anplifying a nucleic aci d equence can be
used 50 atEpiwiof yrami3yinid essingddlstraddddeorcpaaiaily simpleagarded, (Ge Mendde Ghdwarstonmay be
either DI NA or RNA. The nolecule may be in _either a doubl e-stranded or

si ngl e- st sePABEdsTaBdsinclydest Bytaiot Jimiterh i heatingt 3isptig Surnamisler wea Aed BFKdi ¢ aci d
as startin eri S | e- - S L P - - 5 the
Fao st ande e ez pERle g S RE RSy b bBE BLEELE ol RukEb 00

Met hods Kp@watibo canSPahrvel Bl FangSati tafideeBes ranghp fat 80°notieskd Gendiat i ng,

al kali, formam de, urea and gl ycoxal treatnent, enzymatic nmethods (e.g.,
hel i case aethpénipr assamplishingilys Fraynem as Provéfed Ph dessicRambseakatidl. Me/prafeat i on can
be achj ev b in t . ' \;’még C C. eral

met hogg fg?"”é't 'cgerr%?’f's?%”ﬁgIa%ﬁtggé‘%l?tgg{“%eﬁ?rggjr@ﬁ{a% i ded” %’%Jscl?gée%ﬁmggﬂbr ook,
et al., Mplegobeyxy 10 Coning, A Laboratory Mnual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y.(2001). Were a niRNA is

enpl oyed as ¥Yhsrad mBNAeis epplayedias staiting material 4er agRlilicptipt AP B HTARSARRELT pt i on

5L o B b AR S S it gl g o,
Spri ng HaMobrulwalloriagot Yaleragy Md3es/dCEpSprg Hdbdidrbroatory Nress, (2005 ipg and
U anoks i pEedf Sor CopDoBRReEn Kok <t RRe A=Ay B DI60 WO Ry 1ai 1 of
MRNA 1S Us&feriphBR anWrigSRRIGHRQET fined HytPikiizhBH F\O/L?%lycﬁ B SRNRTs WddMge one or
nore of which may be replaced with other dNWPs so |long as the dT primer
can ser veoligonmidories dT Remerriseomprisgdd dTHP$ one erarerdef wuttemayietreplaged witler se
}_|r anscri pgtﬁesredl\}x\nlast soqg'nsg gl\tlﬁlesgr ll;lrirfafccrtciar\x/ ge%'as Ipfimgrr]ﬁevl’clrssg%rar?‘s@ri&g%%gn%ehd%\r{ei: ng Rhase
with a reverse transcriptase that has RNase H activity. If one uses an enzyme having RNase H
20  activity, it may be possible to omit a separate RNase H digestion step, by carefully choosing the
reaction conditions.
The present methods do not require that the molecules to be amplified have any particular
sequence or length. In particular, the molecules which may be amplified include any naturally
occurring procaryotic, eukaryotic (for example, protozoans and parasites, fungi, yeast, higher
25  plants, lower and higher animals, including mammals and humans) or viral (for example,
Herpes viruses, HIV, influenza virus, Epstein-Barr virus, hepatitis virus, polio virus, etc.) or
viroid nucleic acid. The nucleic acid molecule can also be any nucleic acid molecule which has
been or can be chemically synthesized. Thus, the nucleic acid sequence may or may not be
found in nature.
30 The ACP used for the present invention is hybridized or annealed to a region on template

so that double-stranded structure is formed. Conditions of nucleic acid hybridization suitable

for forming such double stranded structures are described by Joseph Sambrook, et al.,



20 activity, it may be possible to omt a separate RNase H di gestion step,

by carefully choosing the reaction conditions. The present nethods do not

require that the nolecules to be anplified have any particular sequence or
| ength. In particular, the nolecules which may be anplified include any

naturally occurring procaryotic, eukaryotic (for exarrp%J r ot ans and
parasites, fungi, yeast, higher 25 plants, |ower and hi iF?UQ%ﬁW%@BS,
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viroid nucleic acid. The nucleic acj | ecul,e, can. al so be eic acid
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so that daphbecisRiapged dshingoyeCi @980r Thedequersedif theotsengfronige loéfeP aci d

hybri di zation suitable for form ng.sych douhl t rand structures are
descr i bednsgs IG S HHIBPBTH EFFR™P We%?r}q’@éangﬁﬁaﬁgor Sﬂ&%‘ ‘gl?'QCOWBﬁrenénﬁ r

A oning, A Laborat oy QoLigh1SREHMstaRdR Qfrudad OTRLs O Bdpaflir@SEom Col d
Spri ngg Har Begp%cﬁlt@b)(lz%%&)a%ﬂn& Hafyrres, B. I?) ,e et al., thclaebiac Aci%l

Hybri di zatérste Aoplaptitarty areApmosible, sd Rhg By ek depratures et on sufbeigrt ¢ 1985) .
The sequence of the 3' -end portion of A needs not .exhi bi eci se
conpl emeneamRlggly Pfﬁﬁtudﬁéélﬂ‘d&‘}ﬁ?f‘ 't°of°‘5‘éa§%’g? Sgﬁ?‘{% Iswng%r%?%&r‘éaﬁ‘?%upg/\@ﬁi n
sequence E ¥ rl%eior?‘ grll %R%;Pat% QJcmicaaclﬁit iélglpf':‘ereq_gi's.'ilikI for ﬁttéﬁﬂﬁt_Qer%hﬁéA%dJ%&riza-ﬁthS,

departuresoq‘r m Cco ete conplenentarity are perm ssible, so |long as such
depar t ur esiarRlyrRfassuFhitens gt Joeph Samjxoek, et yil. p¥feletdmteC/byihg, iAdlot@rd#em to form

a doubl e-stranded structure. Hybridizat] of regi on tenplate
nucl el@® adfauq!sCold SpetedgtiPYil@ROTpIgR fress ¢°2‘£§ﬁr§§ %@béﬁﬁ@@ F)p?ﬂ% Fi>2at i on
wi th pol y%.aﬁgsakfamgl%zgrfcitf Z&%zd%zgtp hy Sﬂmif:go)ﬁppr&{ch,m1 PMQ', %dllliﬂﬁonq oni ng,

A Labor at 0r'y’ nual, Co pring Harbor Laboratory Press, Cold Spring
Har bor, NDYC.(12891)whicndffedaytheedase Baiig, ofACPalo, its amplemnentany ingclpig peiddli zat i on,
A Practical Approach, IRL Press, hi ngton, D.C.(1985)), whi fect the
base pai rF%C%F“‘W@fefbp’i“f‘g‘grfgﬁ?\%cf“éﬁvgﬁl"a’i“\gle?ﬂfél°8V’8°Sér§’|na°§ R%gjﬁaé’eéfpl}étn fy affect
prim ng effieiRRCH whidhGnReaGhEQ bptiifal GRITRasotd cama fidct ISGRntare fRdidnegt  t he
tenperature at which annealing 1s optimal and therefore can_ affect its
prining effi & emew. ofl DNA pelyinerases hn prasqdoinythe paBlHicatolnsteReofbe 5550t t he
anplification, st of the presen ne Gh. ] 8S, 1 &1%@&%
fragment gethgds. 6"§P‘Th 1%@50&;%\?/;5&3@? ?r& tagP?flgorl}An@s\I%a%{bg&lr%gwi apE) ymerase and
bacteri opmeggl\i%mg}a 20 ydIREasRge PV AKX ablyyerateh @rafdbjyyelieasdyniesasa is a

t her nost abl e pol ymerase such as may be obtained from a var [ ety of
bacteri al ttsp'eq;iaélg,DNA polymerase such as may be obtained from a vanety of bactenal speci€s,
including Thermus aquaticus (Taq), Thermus thermophilus (Tth), Thermus filiformis, Thermis
20 flavus, Thermococcus literalis, and Pyrococcus Sfuriosus (Pfu). Many of these polymerases may
be isolated from bacterium itself or obtained commercially. Polymerase to be used with the
subject invention can also be obtained from cells which express high levels of the cloned genes
encoding the polymerase. When a polymerization reaction, is being conducted, it is preferable
to provide the components required for such reaction in excess in the reaction vessel. Excess in
25  reference to components of the amplification reaction refers to an amount of each component
such that the ability to achieve the desired amplification is not substantially limited by the
concentration of that component. It is desirable to provide to the reaction mixture an amount of
required cofactérs such as Mgz*', and dATP, dCTP, dGTP and dTTP in sufficient quantity to
support the degree of amplification desired.

30 All of the enzymes used in this amplification reaction may be active under the same

reaction conditions. Indeed, buffers exist in which all enzymes are near their optimal reaction
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Pyrococcusfuriosus (Pfu). Many of these pol ynerases may be isolated from
bacteriumitself or obtained commercially. Polynerase to be used with the
subj ect invention can also be obtained fromcells which_express %'gh | evel s
of the cloned genes encoding the polynerase. Wen a po?@F P29 én
reaction, is being conducted, it is preferable to provide the conponents
required for such reaction in excess i¥Dthe reaction vessel. Excess in 25
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sufficient_quantity to . su rt the.degree applification desired. 30 All
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near their optimal reaction 28 February 2006 30 conditions. Therefore, the
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reaction volunme w thout any chan canditians such as. addition of
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ACPs used ai"{}}“g&go&t ep of the first- stage anplification could conprise
0

i denti cal Ifferent sequences; if they are identical, 5 one priner
cor r espondi Nk erésére iseomnodudst ab altenmtide proeass fon selpdtivelh @mplsfpidg artargdte st ep

of -t he second- st age angl'fi cat i'on, whereas if .t hg ar e diffe:D?nt. t WO
or i mend edCHE AFE ABSBRMI T § 81 HE i St BEEE BFRRACR. Whessity 58 PERCSF  ACPs
Wi Il be usgoiidind DE ATPERAA cdnb&uishE QRRteSEAdR usedTR] inkifFatanRlcaftess, €sent

invention includes an alternative process for selectively anplifying a
target 10nsreadloéiacenct ACP.rHgrtemt “fanwemtionahaumer” cused hateiprefers nd atyugranensi ng

ACP, wherein a set of priners risi .an _ACP.and a conyentional primer
can be usd&@Hh2 AT Péf%“"é‘ﬁfﬂ’i“f‘gégg%s%eﬁm@’géﬁ,temf ﬂgﬁ‘éa%“?f‘lce 8y§'§feg5P%ACP. The
t er m " conygaibh @aradiniRf uAErsal Yssedin NKiE €dst) thedoavatibral ftierid AdTBS onlhawv iy a
structure different from ACP, especially, in ternms of the presence of the
regul afor ampbficatiemstemithithsi AeF asfl Yrdy anel Pressrdested jappitaRy BrimgSatrespepding to
conventional.,pri,ner. i lyyopt: f bl i ith the
AP and onfy o Thish3oEEEEr AR Rk Kb SRR PR o
-end port ieaBodiRept e alteddatidrgrodesicain e askd exhen pach Ae-pswionnfh paimpifiAidPaabe on st ep.
In preferred enbodi ment, the alternpative rﬁr ocess ca&pbe used when each 3'

-portion ofeddnghg firstmphdieatiop st has dikgyent gefring temperapurey(lo). ; "in 2867319 8% ep has
di fferent té@c‘éhﬂgattmerfaﬁ{twp%n(egiare dnnealelito the (a?ge?fcﬁioﬂ.o the
20 Two amplification steps of the present methods (in case of amplification from mRNA,
including reverse transcritptation) are separated only in time. The first-stage amplification
should be followed by the second-stage amplification. It would be understood that the first-
stage amplification reaction mixture could include the primers corresponding to the 5 -end
portion which will be used to anneal to the sequences of the 5’ -end portions of the ACPs in the
25  second-stage amplification, which means that the primers corresponding to the 5’ -end portion
can be added to the reaction mixture at the time of or after the first-stage amplification step.

As an alternative process, in the second-stage amplification step the complete sequences
of the ACPs used in the first-stage amplification step, instead of the primers corresponding to
the 5 * -end portions of the ACPs, can be used as primers at the high stringent conditions for re-

30 amplifying the product generated from the first-stage amplification step, wherein the 3’ - and
5'-ends of the product from the first amplification step which is generated from annealing and

extension of the 3’ -end portion sequence of the set of ACP to the template nucleic acid at the



tenperature at which half the prinmers are annealed to the target region. 20
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second- st@geofkfe ®MEld forteatse@ienceAC A@Pdviliglet:amige e ameplingftangendirefbadi ment ,
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20  for the first-stage amplification. :

According to the present methods, the first-stage amplification under low stringent

conditions is carried out for at least 2 cycles of annealing, extending and denaturing to improve

the specificity of primer annealing during the first-stage amplification, and through the

subsequent cycles, the second-stage amplification is processed more effectively under high

25  stringent conditions. The first-stage amplification can be carried out up to 30 cycles. In a

preferred embodiment, the first-stage amplification is carried out for 2 cycles. In another

embodiment, the second-stage amplification under high stringent conditions is carried out for at

least one cycle (preferably, at least 5 cycles) and up to 45 cycles to amplify the first-stage

product. In a more preferred embodiment, the second-stage amplification is carried out for 25-

30 35 cycles. High and low stringent conditions may be readily determined from the standard

known in the art. “Cycle” refers to the process which results in the production of a copy of



first-stage anplification. For exanple, in case that ACP conprises 10
arbitrary nucleotides at the 3" -end portion, preferably, the annealing
tenperature will be about between 45C and 55C 20 for the first-stage
anplification. According to the present nmethods, the first-stage
anplification under low stringent conditions is carried BHebfury 28b6 | east 2
cycles of annealing, extending and denaturing to inprove the specificity
of primer annealing during the first-stage anplification, and through the
subsequent cycl es, the second-stage anplification is processed nore
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results in the production of a copy of 28 February 2006 32 target rucleic
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known in the art to achjeve a specific aim For exanple, the isolation (or
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for cloni ng. Fui'nt h(?r nore, the )
ector. In order to express the amplified product, one would prepare an expression vector that

)
1

20  carries the amplified product under the control of, or operatively linked to a promter. The
promoter is originated from the vector itselt or the end portion of the amplified product, which
may correspond to 5‘-end portion of the ACP. Many standard techniques are available to
construct expression vectors containing the amplified product and
transcriptional/translational/control sequences in order to achieve protein or peptide cxpress;on

25  in a variety of host-expression systems. The promoter used for prokaryotic host includes, but
not limited to, pLA promoter, trp promoter, lac promoter and T7 promoter. The promoter used
for eukaryotic host includes, but not limited to, metallothionein promoter, adenovirus late
promoter, vaccinia virus 7.5K promoter and the promoters derived from polyoma, adenovirus
2, simian virus 40 and cytomegalo virus. Certain examples of prokaryotic hosts are E. coli,

30  Bacillus subtilis, and other enterobacteriaceae such as Salmonella typhimurium, Serratia
marcescens, and various Pseudomonas species. In addition to microorganisms, cultures of cells

derived from multicellular organisms may also be used as hosts. In principle, any such cell



anplified product of this invention may be expressed in suitable host

har bori ng expression vector. In order to express the anplified product,
one woul d prepare an expression vector that 20 carries the anplified
product under the control of, or operatively linked to a pronter. The
pronoter is originated fromthe vector itselt or the end 2eebiuen 2066 t he
anplified product, which nmay correspond to 5 -end portion of the ACP.
Many standard techniques are available §g construct expression vectors
containing the anplified product and transcriptional!translational/control
sequences i FUBFEVOFlgblscwictize frpmoerdbratan: ipepittirate g @ssidann 2bmimnaiavari ety

of host - expg Lan. tens he .pranpt e sed for prokaryotic host

i ncl udes, bu I§’S¢’§F ml%?{%le fragt (fc-(ll)i,sy %{r%‘s ’g%ftf)‘{r’ﬁﬁbﬁc?mﬂbt"ﬁ“ YBisERIssion ¥estapr(oent er
and T7 pr ontdceloviruk}) &nP hRADEE lsydiROinfebod wak kQbMGhik tagludes, but not
linmited to, metallothionein pronoter, adenovirus | av?gssgx lr'eg%%'i‘écft,oh\;‘é%ci ni a
virus 7.5K gebittesmesaid e tobaoemmesss ders) ve trafstontd olifioRPombadanasinidls 2,
siman \drug 4851. ngccfo?/sh@ne alo virus.. Certain exanples of prokaryotic hosts
are E. coli; P30 Baci B (bR CORAINgG 1R PT HOIE SRS EauATEese Bhecexprassi as

Sal nonel | a goyyBhtitie okl kit ardRiffedbicluct FRY 6ESGERR LQUs. Pseudononas
species. In addition to n[iﬁgrgo?galrx]ci srrg, %ul tuyr%%mg?@élaﬁ'gm%%rﬁ“{?&fsf"r om

mul ti cel | ul 3&eordangaith the methpd Shaya ingeased as hosts. In principle, any such
cell 28 Febr ugry &Qegg e3{3 ﬁgﬁl ture is warkabl e whether fromvertebrate or

i nvertebrate cUFFUPe2SAeR 44t YR Semanprayidege kibfor pucleiq apidamplificationtef | nsect
cel | syst entfe indhRCh R i BdicitRe QRURRNL wildd UindBXRr £S Si Q. wectors (e. g.,
bacul ovirus); and plant cell s?fst emspi“r/lf ected w ttﬁégﬁenggh | AT pf?f“f"u‘g

expr es$Pon apesstieg epnirel pyimer st tudicated sheee. nosai ¢ virus, tobacco nosaic virus)
or transforne L.th reconbinapt plasm d 5 expression vectors (e.g., Ti

pl asni d) cont g? \r%\glll;]‘gignog}%as(g?dﬁg&‘és ‘B‘ffﬂf’?{’gﬂ?ifdﬁé‘i?(‘f’é%‘! a ey for selpgtive srmplification

pol ypept i deffar arget ReclabMkidf dgenl BIMCHNABYRS yoRupified with a
variety of purposes in accgﬁ\%gnce With the né‘tg?%g{oﬁ}%gv\% 0 cpRRsey the |
anot her asparealingfcontlprimaneannealing dohtol rimer spriadicakichbaveki t for nucl eic acid
anplificationgof .the i nst ant. i nvention desgri bed previously, which

conpri ses the annealiRg control pri Her PVt SithEarsirry e smkifsttiopef per set

i ndi cat®d adogev suclditiacid selqbencd b GRNIS @86 Ibe®pretiBiishy, WRILE Rbh AL &é‘%sf‘ali‘ng
provided a kit for selective anplification of a target nucl ef ¢ aci
sequence fF%°bNIS“H@§&‘F‘i°ﬂ@&CW@Pmlsv}nmleéhqurrpri ses the annealing

control prinmen.Qhq4; [ ontreh. primer set indicated above, In further
aspect of this i rrl\;g%{%?%%e &?%cgr?ée]’tlfgmpsr%v@? éfé‘d'i‘gell(‘it?{j“f‘g?r CQUEPrAES 3 Rrigmer or 2

anpl i fi cat puimerqhir aach}avihgs geleondiakichicebirtipGatieen®e st LapdiNAs feaep bed
previously, Wniélh tl(iorrpri ses the annealing control primer or anneafpf ng
control pr @ gt the o eRdpatipn9mpEses universal primer sequence, it is more preferred that

20  the kit comprises the universal primers. The present kits may optionally include the reagents
required for performing PCR reactions such as buffers, DNA polymerase, DNA polymerase
cofactors, and deoxyribonucleotide-5’ -triphosphates. Optionally, the kits may also include
various polynucleotide molecules, reverse transcriptase, various buffers and reagents, and
antibodies that inhibit DNA polymerase activity. The kits may also include reagents necessary

25  for performing positive and negative control reactions. Optimal amounts of reagents to be used
in a given reaction can be readily determined by the skilled artisan having the benefit of the
current disclosure. The kits, typically, are adapted to contain in separate packaging or

compartments the constituents afore-described.

30 II. Application to Multiplex DNA Amplification

This application using ACP of the subject invention can also provide an improved method

for amplifying more than one target sequence using more than one pair of primers in the same



According to one enbodi ment of this invention, these kits further conprises
a primer or a prinmer pair each having a nucl eoti de sequence correspondi ng
to the 5° -end portion of the ACP; in case that the 5 -end portion
conprises universal priner sequence, it is nore preferred that 20 the kit
conprises the universal priners. The present kits may optigFasduby 2008! ude
the reagents required for performng PCR reactions such as buffers, DNA
pol ynerase, DNA pol ymerase cofactors, gnd deoxyribonucl eotide-5'
-triphosphates. Optionally, the kits may al so include various

pol ynucl eot irchstioro[regenkel jt 15 evremslg diffieultge sdt pp AR conditions tSaplfff elofe tando
reagents, and antibodjes that inhi lﬁit DNA pol ynerase activity. The kits
may al so i n(f‘?'ﬁ‘aémr%aéaglét?ﬁa%'éé’é%‘ﬁ?@ S reagtionh S TFHHTRT ty2 PRIy evepeongsricifiegat i ve
control reaggd - ' MU r t d.in a given
reaction ca(rql(;gggquﬁgggplsdf, ”%EF %Eﬁr%n ﬁ\'}egm%tst ﬁgg%{gitﬁ?sg%e%(rgrtcl}%gnwnﬁ’a%vﬁgagkf"ﬁ’@d
benefit of tvitiplax RGRelmtve tadsto wosiuliaed to Dipimige tiBir sysyemisCBihteyannédlify AcdaPb alle t O
contain Ln separate_packaging or conpartnments the constituents

af or e- descr ipg‘é‘bl*.lt aspffigientyRet Emperapre faRlioty) the Rriest DOMsDNHpmatehcs ot doom irthé
application i f e ' A nyent an.,als rovide an. i nproved
met hod for rﬁ%@?%}eﬁﬁp%tﬁ% Sfuﬁ}aéﬁ] @ﬁgém{t”g}réglg%ﬂ g’rgah%e élguzlfglo'gﬁp%ﬁ"@lefﬁ) one
pair of pri mwplificaiiont e wairefud@iokelfimproying AEspedfcityestCimMiicaron. JaRaFA - it
is extrenel giﬂfficult to set up PCR conditions to anplify nore than 10
targets in %5 alef afedhsreueirsy ‘B‘-‘pi‘i"‘l‘r‘éf‘l"ean:N“Pléf&é‘thr’o?f mytipley DNAgdrgeto inanpl i f y
even one speghiti A\ : pecific by-products, so that those
researchersg&%gbﬂmggggﬁ?&%ﬂgHm ti)‘?)l elié' PCR have had to work hard to
optim z&0 t hei r Isyidit feniger aGietrod tain sedtionghére édgroti@edt Anethbd R AHP1iffng Fore
sufficiently high tenperature to allow the perfect DNA-DNA nmatches to occur
in the reag‘ﬁ‘ 8y, tang Suplegsidg sequence sipyjtanepuslyriiyieg mogmthpnsonedaigjof primarhia the

optim zati og@f i P % £ ' o, function of
i mprovi ng t%g{E srgsegéll!m?’i ciiw?i;no arer%f?fc %%ﬂg% ?%h&&ﬂ'%?tl pie 5(1%‘:196?!':“%0%%%’3 her ei n
refers to tprimss, whirtcerizedis tharplt idaitont pimerol defivet ifprLany NA of ACE e ribda @

single poly ra§e fcr\ﬁi n_reaction é_PCR m xture. 10 In still further aspect
of this i nvERYT oRe FHErBe PEMHT o77HEE A NFeHEYe 6 ASENISI I yRYieg poifse’ endhan one

target ygicl gRbdndehybaaLRg %equﬁﬁc@éhﬁs?aﬂﬁf&ﬂ%%piéﬁrﬂ%y L ‘?«%&%} tf?entgré?(farigx:;:ll%%f

priners in the sane reaction, wherein the nmethod comprises p ng an
anpl i fi cat i % seeugnteito hytuidizagheremithner s, characterized in that at |east one

D1 i mor accor di Ha P RGEIE Q/ne BFeTAED e BT Mgretodieos sveisels
portion a hyplificitishd)GheRAsERREs: Subst antial |y conpl ementary to a region of
the target nucleic acid sequence to hybridize therewth.
(a) performing a first-stage amplification of more than one target nucleotide sequence at
20  a first annealing temperature comprising at least two cycles of primer annealing, prifner
extending and denaturing, using the primer pairs of any one of ACP above in which its 3 end
portion each of the primer pairs has a hybridizing nucleotide sequence substantially
complementary to a region of the target nucleic acid sequence to hybridize therewith, under
conditions in which each of each primer pair anneals to its target nucleotide sequence, whereby
25  the amplification products of target nucleotide sequences are generated; and
(b) performing a second-stage amplification of the amplification products generated
from step (a) at a second annealing temperature, which is high stringent conditions, comprising
at least one cycle of primer annealing, primer extending and denaturing, using the same primer
pairs as used in step (a) or primer pairs each comprising a pre-selected arbitrary nucleotide

30  sequence cormresponding to each 5'-end portion of the primer pairs used in step (a), under

conditions in which each of each primer pair anneals to the 3'- and 5'-end sequences of the



In a specific enbodiment of this invention, there is provided the nethod
using two stage anplifications, which conprises: (a) performng a
first-stage anplification of nore than one target nucleotide sequence at

20 a first annealing tenperature conprising at |east tw cycles of priner
anneal ing, prinmer extending and denaturing, using the pesAesrugppa0os of any
one of ACP above in which its 3 ' end portion each of the priner pairs has
a hybridi zi ng nucl eoti de sequence substgntially conplenentary to a region
of the target nucleic acid sequence to hybridize therew th, under

condi t i ons FwifiFftieh PERAAS ofenealeh o wisp (@hi espasiivelyl svhewsby tthe taamgiktion
nucIeot|deIﬁ&ﬁagg%gﬁmwmgkggﬁgcé?g%@gﬁgnpl|f|cat|on products of target

nucl eoti de 'sequences are ra and (b) perform ng a second-stage

anpl i fi cati on Sifce tieapphgatibd dsaftthOACP b OB GlventBe R Ae8Gut ih hARIGELER K e At a
second anneal ing tenperature, which is high stringent conditions,

conpri si ng Present (megheds & amplitation pf pideretcidsmesabs ngviopsly disrused] exeit fig and
denat ur gng,, \Usi ri : airs as, used in ste a) or prinmner
pairs egch ué‘g "Ar%%sfh%g ogea%?géPg%ﬁ@%é et arbi ?r'rda?'ri/meﬁtfélrﬁé{"? g‘@'&'?%‘ <eSEHREMSe

cor r espondibegyetnOtheCle Smitte@ Al oftier tol HBidOhe LHBPIBN fy G thRAbESHdSENehdhoSheP (a),
under conditions in which each of each pr?ﬁ%r 1tp})’air an?]ealls toe%cﬂlés%' - and

5' -end sequeftcawltiplicibhe 28 February 2006 35 anplification products

generated from st a), respectively er epy, the |jfication roducts
are re-anpl i f?]%rd ml%ﬁm héh%é:?r%l&’rsglé’gt?n n%‘“@ﬁcg ﬁ#Ps ”?fgg?’? Hhei Eﬁﬁ‘dlﬁ‘g?sng" the ACP
of this i nuepiiticaon] Sre @aMrof Bet@ddn thid pAz6 EAME Srabrd Mheltds foP Erﬂﬁlﬁg:tatioqeotfhc’ds
for anplification of nucleic acid sequence previously discussed, except for

5 usi nt® noPeelaingi Gavenseprgaquslyfiscesstd de sequence and prinmer pairs, the

comon descriptio . are om tted i.n order .to_avoid the

conpl exity of B} hi %@%ggi;’éﬁ?&;dé%?ngnn} eH0 ?1?6& tpE)(%u WP SeAty Ph farget nycleqtige
instance, §daBenc@pOs fféretiin Srekoiubseglidat smaRkis ACP used and the conditions for
anplification, are conmmon between this process and the present nethods for

anpl i fi cat i onAgfording)ton g drrefereedgmbedisnent, drecemplificatioo umbducti efcmsispiek takget a

preferred i Wi rooducts from,each of target nucleotide
sequences g‘lr%gg?eﬁ; ﬂ’&egﬁs Q’?ﬁgg?'lf ! Z%O(e;tgmgﬁ}bsslzee(f teh no'éirr?e{'fﬁléfle §°.parﬁfé‘i‘,‘o°gﬂ‘i’ﬁ§°’f 0 a
preferred smedotimednsing khariayo ifethod khawn jarthel o, Sictohs eedrobik@% thidked

nucl eoti de sequences nmay be anal yzed through size separation. The size
separ ati onP Yj’ﬂ’a PHEOsF! Matnx o 38310 8F | FRATHGRNE npgleptide\seqyrenging: Abel nidkotide i n t he

art, such agueti é:HaW?J'EQEﬁgl}' Salridli QHORitR an 9&5%&&%@%‘?%&{%& 3L iva)r('iogsr
agarose gel matrix and nucl eoti de sequenci ng. nucl ot g
manufacturor.

As exemplified in Example below, the ACP of this invention permits the final amplified
products to be free from the background problems as well as non-specificity arising from the
conventional primers used in multiplex nucleic acid amplification methods known in the art.

The advantage of the multiplex amplification is that numerous diseases or specific

15  nucleotide sequence alterations (e.g., single nucleotide polymorphism or point mutation) can be
assayed in the same reaction.

The number of analyses that can be run simultaneously is unlimited; however, the upper
limit is probably about 20 and is likely to be dependent on the size difference required for
tesolution and methods that are available to resolve the amplified product.

20 In another aspect of this invention, there is provided a kit for amplifying more than one
target nucleotide sequence simultaneously in the same reaction, which comprises the annealing
control primer or annealing control primer set described above. According to one embodiment
of this invention, these kits further comprises a primer or a primer pair having a nucleotide

sequence corresponding to the 5‘-end portion of the ACP; in case that the 5’ -end portion



sequencing may be rapidly carried out with an automati c sequencer avail able
fromvarious nmanufacturor. As exenplified in Exanple bel ow, the ACP of
this invention permts the final anplified products to be free fromthe
background problens as well as non-specificity arising fromthe
conventional primers used in nmultiplex nucleic acid anpl k8 Femtarppooset hods
known in the art. The advantage of the nultiplex anplification is that
nuner ous di seases or specific 15 nucl gti de sequence alterations (e.qg.,

si ngl e nucl eoti de pol ynorphi smor point-nutation) can be assayed in the
same react ¢oaiprissENei BBMRTm@ beq@ERE YIS B Indrd ple fefrad tHALthE W cSinprived MBQBMEY | S
unlimted; however, the upper |imt is probably about 20 and is likely to
be dependemtm@n Tfhlqé’r§F12téﬂfdlrl‘Fab’eqpéﬁl@éy F@MF rﬂé,fdfeﬁaﬁrlls requarod diari porforaming AR hods

that are avag | able to resolve oduct. 20 In_gnot her aspect
of this inVentr onSL‘CEl &fe 'S }ferfjr o gpﬂr giﬁgnﬁf’{yfr?faﬁeg ey héﬂgone
target nuCleaRirivdRucRBEULNCRiphosEIidsanOsionilly, | et ks SAITE A1RAGHIRE, viMaleh

conprises the annealing control prinmer or annealing control priner set
descri I$ed }a)l!wweleotldemuuhg resroriansnbiedi meieus buffers dndsreagemenani angbodibese kits

further co rimer o . r.pair n nucl eoti de ence
cgrrespon g FE @RS‘LOIW‘?&?C&SP‘B%H%E % Iﬁ’éayA%9l qgwg%égage”t%a‘lf“fsﬁé quu-end
portion 28fhi 5651&99&1 neafive 5ol &s&mmoymalmm mEag&ﬁﬂfd%@Gﬁd ind 1S

nore preferred that the kit conprises the universal priners e present
kits may cgmtqnamtxdnycan tbe Faadity deteemimedippethe slo}iaécpmsnrehlavtrxgrthqommromhagurﬁﬁl?

reactions h as b fers ase | y ase cofactors, and
Gooxyr | borfTeaYF: BE . Vot BB GRG0 ot ghaP Ry FeHBERE FLCOmy aTeD

i ncl ud® Vvahd YhstirenROlkRdE Bl de nol ecul es, reverse transcriptase, various
buffers and reagents, and anti bodies that inhibit DNA pol ynerase activity.
The kits may wemthoni@hmueofrtb@gmmnweMmrby an‘iubied tophe diagnosingf genxsic sidve and
negative cotlntrol reactio 1 up ga'%éqsﬂtob used in a

O Son 1 eadtitIP R SRRS: BRAR PSR #EITBH HPeT HEDSRAPY SRS esh havi ng t he
benefit of the current disclosure. The kits, typically, are adapted to
contain in separate packag| ng or conpar t ment s 10 t he constituents

af or e- desdii- hed O tonkaie neiidi-atie ‘ ypressedrpeniesyvent i on nay be applied
to the diagn s of genet | t.i ous di seases ender det nati on,
genetic i nkglg’é PRk a4 il %Smga‘}\%pdfcglr“esﬁ'{’ it AR aWprﬂdEﬁg?n TIPS "‘gh )

I denti fi cabi @fechig dﬁﬁfcfcﬁmgrtbf\l&lskymﬁ&ﬂérﬁﬁﬁ&ﬁhn@é’tﬁﬁllﬂ_ EpPesR PARNRLh ®Fb &tSi g ACP
of the subject invention can also provide an inproved method for detecting
and cl oni rigprempieic scishsamaleent ary to differentially expressed nRNAs in two or

15 In still further aspect of this invention, there is provided a method for detecting DNA

complementary to differentially expressed mRNA in two or more nucleic acid samples,
wherein the method comprises reverse transcribing the mRNA and performing an amplification
reaction using primers, characterized in that at least one primer is derived from any one of ACP
described above. Preferably, the primer according to the structure of ACP is one having at its
20  3’end portion a hybridizing sequence (more preferably, arbitrary sequence) substantially
complementary to a region of cDNA strands generated from reverse transcription.
In a specific embodiment of this invention, there is provided the method using two stage
amplifications, which comprises:
(a) providing a first sample of nucleic acids representing a first population of mRNA
25  transcripts and a second sample of nucleic acids representing a second population of mRNA
transcripts;
(b) separately contacting each of the first nucleic acid sample and the second nucleic
acid sample with a first primer of any one of ACP described above, in which the 3’ -end

portion of the first primer comprises a hybridizing nucleotide sequence substantially



nmore nucleic acid sanples. 15 In still further aspect of this invention,
there is provided a nethod for detecting DNA conplenentary to
differentially expressed nRNA in two or nore nucleic acid sanples, wherein
t he met hod conprises reverse transcribing the nRNA and perform ng an
anplification reaction using prinmers, characterized i n2gRedruay 2008ast one
primer is derived fromany one of ACP _described above. Preferably, the
prinmer according to the structure of ACP is one having at its 20 3' end
portion a duyipldntthabyn® & Geueinc é thedifterguiafyee@izhsed naRNOA tto duyhridie @it
substanti al | conpl enment ar)t{ to a region of cDNA strands generated from
reverse trendsceangitipesnsutficieny Tos serenlate dngsmisaamptin geQypribamueleic 3gid sthasis R here i s
provi ded tglc% ret hod using two stage anplifications, which conprises: (a)
providing a Tirst sanple of nucleic acids representing a first popul ation

of MRNA 25 tangvensd transailiing ths elifferehtaiyTpipeesell rmRNAetbowdeh the fireppriggent i ng a
second popul ation of MRNA transcripts; (b) separately contacting each of
the fiBst hbodie¢scto pradycesafifst popalstion nfeﬁréeé&)‘r’dswﬁaéq tatare semplementasy Bt th a

first pri of . any one of .descki pe bove, | ich.the 3" -end

portion o%ffffémfaﬂ?{ sef‘p'ﬁ?sf‘fré'f"égr‘r% ?tlws érsfp 3‘9 lc;?/‘:o (rgcll% is%!flé\l%%r]l ﬁ'@’r‘ % o{ﬂf (5%“ FBfdence
subst ant i alyb¥idizd, E@@E%@é’oﬁﬁ&@aﬁo?ﬂofcﬁ}mm BiaRAY tHab aik doripldmefitatyCtoi the t he
differentially expressed to hybridize therewith, wunder conditions

suf fi ci entdifferentiayrskpresseddmRINéningthe yerard rucktecoscyd ampirutel whieh teifust pimehesi s to
occur; (c) &)eﬁigr_se transcribing the differentially expressed rnRNA to which
the first ]H' AT 5 hybridizes to produce a first popul ation of first cDNA

strandg that @ ep&png ap® Qhatifyidgleatef theifirdt Qhe Bécord bopubiprsesTIRg (DRMA i n the
first nucleic acid sanple to which the first prinmer hybridizes, and a

second popswaadsi on of first cDNA strands that are conplenentary to the

differentially, ex essedEnRNAint. secqond .n eLc, agid s le to ich
the first pri ﬁﬁ-rpgf%\ﬂﬁai fétgfagiﬁmflg%a%%r(quefﬁhno aeng'shaunarff W@ip J a@%ﬂwgf t he
first and SeCORA sReRid|oBlaired Sroffstdpl (AP ht LM ann&ilif@ Beperafufd) corprifity & 108t a

first-stage anplification of each of the first and second popul ation of
first DNA stercaelelsf mimeziannedlig; prmerteaisnding and desatring,susing mrsecond primerfiprst at ur e

ComDY 43 "ol 4BV B B RS B FabEggg o0
havi ng at {¢dnfplemen@Rdo BeEcohdsitedn thy Airst shidAedond seplatiers of AisTINKstiafds| ynder
conditions in which the second primer anneals to the second site in each population of the first
cDNA strands, whereby first and second populations of second cDNA strands are generated;
(f) performing a second-stage amplification of each second cDNA strand generated from
20  step (e) at a second annealing temperature, which is high stringent conditions, comprising at
least two cycles of primer annealing, primer extending and denaturing, using the same first and
second primers as used in steps (b) and (e), respectively, or a primer pair each comprising a
pre-selected arbitrary nucleotide sequence corresponding to each 5 -end portion of the first and
second primers used in steps (b) and (e), respectively, under conditions in which each primer
25  anneals to the 3’- and 5°-end sequences of each second cDNA strand, respectively, whereby
amplification products of the second cDNA strands are generated, and
(g) comparing the presence or level of individual amplification products in the first and
second populations of amplification products obtained from step (f).
Since this application using the ACP of this invention employs the present methods for
30  amplification of nucleic acid sequence previously discussed, the common descriptions between

them are omitted in order to avoid the complexity of this specification leading to undue

multiplicity.



conplenmentary to a second site in the first and second popul ati ons of first
cDNA strands, under conditions in which the second priner anneals to the
second site in each population of the first cDNA strands, whereby first
and second popul ati ons of second cDNA strands are generated; (f) perform ng
a second-stage anplification of each second cDNA strand 2geesiatyedod rom 20
step (e) at a second anneal i ng tenperat g%e, whi ch is high stringent
conditions, conprising at |east two cytFes of prinmer annealing, prinmer

ext endi ng and Aau@tratic regresansatiogfot hﬁntﬂ’ﬁﬁgdifféxfeﬁﬂallﬁe,{brcs§é%lcéém uﬂﬁé A&eSACHS used
in steps (b_éi@rrsl%t(e,), respectively, or a prinmer pair each conprising a

pre-sel ect € ’fq"ﬁlF)&G'r?uAcl eoti de sequence corresponding to each 5 -end

ortion of thepfi d i : sed in steps (b), and (e
Pospecti vely Tk preslmedfi MnRIAIEGP AR ePsfhitBE (opbiafis of pRe 3 -

and 5' - end rsesuipnaes befobmired feeconiie oy SF bRRGical ARBELL iIﬁ/?J.anaI "iﬂeﬁrgtby
anplifi ﬁati on products of the second cDNA strands are genefated, and (g)

conpari Ag tWE'e5rasEesiEBlesomPBEs MRYA jexprpssedinad fieshrpdli dnidthe secomdpmuaibiecici i n t he
first and 4,0 f.anplification products obtained fromstep
(f). Since S? ﬁ?lggg%%ﬁlg%a [ oAné} ?lgsﬁ%%ta}'nsécoﬂ&f’g}% Raf#% g‘f :‘hféfﬁtinbﬂe‘%?ﬁj‘ll #iplet he

present metchmpidset RN ASékpaRgetliid 4 celttat ® ArsOdevaIUsh&itat stafel ld ﬁ@%‘%@?&cﬂﬁﬁé&o”s Iy
di scussed, the common descriptions between themare omtted 1n order to

avoi d t he CYURRIFExRripeMRNA exprspsedinf4 esHal osechrsladdvelgpricatalingbiecin aguitisn, i Ci ty.

28 Februar .38, e L.cr esentation for identifying
di fferenti g?%%ggﬁlﬁr%glgééﬁsgeﬁgmﬁgi RGN SRAFSSACB a fumorigenisegell pd dhe secami G 2A.

I n t helpr eseditic a@mweﬁh@ﬁmmme?ﬁéadmﬁaﬂcawesenti ng a popul ation of
ni RNA transcripts _can be obtained froma w de variety of biological

materials. | nSEahé)and (Dipd thy subject applinatioremey awimlinsasipgle hoe mpikg SiRSsaRNA

expressed | fi; . the second nucl eic acid sanple conprises nRVA
expr essed }’Jr%ﬂgons&eué%#d&g%{tIf&n%rjlmf)sap 1€ J1ARS "3t iy f"?é’i‘d fL¥re asperatgdiogly dmnpl e
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devel opmentdded &g thgaeaction Bigire Righe timp of of affes the servhé EDNACkrahdssgihbses. BOAP! | SES
MRNA exepr eprefetted RmBodikem! kid SiHnters &4 f €0 q> 10 nucleic acid sanple
conprises MRNA expr essed | nelg nor nﬁes@eﬁré r&gtm%pg ?‘e PUHR %% )a&!gﬁ ‘Pﬁb" subj ect
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except for e?(gi mar@ whi,ch neans that steps (e) and (f) are separated only
in tine. { 'Woc Béndnder st ood that the prinmers corresponding to the 5
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ACPs used in steps (b) and (e), respectively, could be identical or different sequences; if they

20  are identical, one primer corresponding to the sequence of 5’-end portion will be used in the
step (f), whereas if they are different, two primers each corresponding to the sequence of each
5 -end portion of ACPs will be used in the step (f). In a preferred embodiment, the 5’ -end
portion sequences of the first and second ACPs used in steps (b) and (e) are. different and thus,
two primers each corresponding to the sequence of each 5’ -end portion of ACPs are used in

25  step (D).

As an alternative process, in step (f) the complete sequences of the first and second ACPs
used in steps (b) and (e), respectively, instead of the primers corresponding to the 5’ -end
portions of the ACPs, can be used as primers at the high stringent conditions for amplifying
each second DNA strand obtained from step (e), wherein the 3/- and 5’ -ends of the second

30  DNA strands which are initially synthesized using the second ACP comprise the sequence of
the first ACP and the complementary sequence of the second ACP, respectively, and also serve

as perfect pairing sites to the first and second ACPs. In this view, this alternative process is



15 preferred enbodi nent, the prinmers corresponding to the 5 -end portion
are added to the reaction mxture right after step (e) is conpleted,

foll owed by subsequent PCR anplification of second cDNA strands. It would
be al so understood that the 5 -end portion sequences of the first and
second ACPs used in steps (b) and (e), respectively, caslFdorh&yi20@mnti cal or
different sequences; if they 20 are idepntical, one priner corresponding to

t he sequence of 5" -end portion will be Used in the step (t), whereas if
they are digréferdriecausemhefris iRfed Radd thaogrinaspandipaadihdtotthes Se@upneas &f each
5" -end portion of ACPs will be used in the step (f). In a preferred
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25 step (f)alterAsiveproabdsefattatabote. process, in step (f) the conplete sequences
of the first and second ACPs wused in steps (b) and (e), respectively,

i nst eadSof t hdhpmiethodf tley Jublspicrnpliqationt for detecting diffgredees p gericompressfontules ACPs,

can be used_as pri at .t he hi Stri conditi faor anplifying
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the second ACP conprise the sequence of the .first ACP and the

conpl enent @riginaledjiferantal displah anetod ontlingdChy Liang pad tHaxde¢ yn 1282 tvedl@oanslearve  as
perfect pair.l rell_?3 g‘i,téecs t%tdhe fir st and.secg}nd ACPs. I.n this vi e¥]v this

al ter nat i vEBFEFaLOeR Wwdpced, 1 he anchop primers for Sxample, having,a seanence oh Bz s no
need t9oadevhbReMRY ANE! & Gahd RSPANG] Gbr tTO plobed twel RIEpLAE Ebnng;&%&atiome_ ACPs
to the reaction mxture at the tinme of or after flrsg-stage reacti on.

FIG 2B i [Recestly,anadified anehior pamers haveheersprapased kynalfenng the emniber pf mepleotides
differentially expressed genes by the_, alfernative process stated above. 5
The. met hod ST E® SLBFCCE G gY et B3+ 74 HRERcer MARHFA ot tsateats I Bene
expr essi on jHesatelpBF Yo thePolyIA GilCTPNRNALYr IE?%ktSndi}_fé dBhiodal Rcidolides lat AER) T O
react wwth nmRNA, unlike conventional Difrerential D splay PCR which

requi res mahd wpile ragdnipg shenPliges{ddaneheil rpaultingis at |east t2h ewuclpetidgs imalength

differgpti W&Q?@E’l“@g‘ aggf@&%oﬁ%tlag Jet=y 2}6@“ ang and Pardee in 1992, twelve

anchor ~pri ave been’in uced. e anchor priners for exanple,
havi ng a sequ&heaubgkt hichtibn doncdrfls th @mbodichénts of, theCACP iseGirdthil Méthad s the, G or
T, produced twelve separate cDNA popul ations. Recently, nodified anchor

primers haddsnifsairppbpidiseatialy cxpresr Irﬂ@}‘ef’h‘éh%mﬁ@r fissy AGH isebini dems ®)dich as
o s Sy ekl o5 et B B
ext endi ng &ohel déoxgritnudiestidespA ] 0,63, aa(l; 8Yids dxegulator portion comprising universal bases
20  responsible for the main function of the ACP associated with alteration of annealing
temperature during PCR; dT is a T deoxyribonucleotide; p, q, and r represent an integer,
respectively; dX, represents the 5’ -end portion and contains a pre-selected arbitrary nucleotide
sequence; dY, contains at least 2 universal bases; dT, represents the 3’ -end portion; the
nucleotide sequence of the 3’-end portion should have lower T, than that of the 5§ -end
25  portion. The formula (2) basically follows the rule of formula (1). The 3'-end portion of
formula (2) consists of the sequences capable of annealing to the poly A tail of mRNA and
serves as a cDNA synthesis primer for reverse transcription of mRNA.
In a preferred embodiment, the 3’ -end portion of the first ACP used in step (b) contains at
least 6 T nucleotides in length, which is considered a minimal requirement of length for primer
30  annealing. More preferably, the 3’ -end portion sequence is from 10 to 20 T nucleotides and
can be up to 30 T nucleotides in length. Most preferably, the 3 ‘-end portion sequence is about

15 T nucleotides in length. This primer is named dTs annealing control primer (dT;s-ACP). In



end while retaining the digo (dT)9.12 MN tail resulting in at |east 21
nucl eotides in length 15 (Villeponteau et al., 1996, Conbates et al.,
2000). The subject invention concerns the enbodi ments of the ACP used in
this method for the identification of differentially expressed genes,
wherein the first ACP used in step (b) is represented I»g Rebaiafydob®W ng
general fornmula (2): 5 -dXp-dYq .dTr 3' wherein dX is one of the four
deoxyri bonucl eotides, A, C, G or T; d¥0is a regulator portion conprising

uni versal bases 20 responsibl.e for the main,functien, t hg, Al associ at ed
Wt h el ter SEBG A RBA WG Tt e 1 Lol HAG bR S A
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of formula consi sts of the sequences capable of annealing to the poly
A tail of miRFAstamikecsdpopdatans of oBNWs.synt hesis priner for reverse

transcription_of nRNA., In referred epbodi , the 3' -end portion of
the Tirst ACPA@EGTPRISERp ey OORPAPRar BE P Acg: st i SepcPlty fakin
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the 3'_ -end portion sequence ilg about 5 T nucl eoti de ,i‘p l.ength, .This
pri mertd s AShEREYPELB QAR ‘!“ﬁt?g ?fd‘ﬁ?‘?‘ﬂf'_ rTREF G TOTRERY . Y # ‘ﬁg A Bar y
2006 40 6\59% fz\fer{) 6 Tfegéa&gi'm&he V\%rb@p EdnkiSfingPot dPBkyaB@Rsife, PRGERdink AhaUI @ Of
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substantially caonplenmentary to the first and,secon opul ati ons  of NAS;
dY repres¥fcld g ‘ﬁ%é‘i?f‘%{%fs‘sﬁ’&‘{]ﬁdéﬁ‘y& AT 1505 %‘%Bgﬂﬁi‘\?@?yg‘gfmb‘ﬁ?@ or
non- di scri f;NedQLN¥cRPGEn the@Rib QOistiANSF dddxyh @REBREMORytRAGRAL, WEBAQMSidine
deoxyt hym di ne capabl e of annealing to the first site in the first and

second poparidadeoryeyanesingliag praferatdn dheedibend nagion sequsaceof theokivgt HEP usedrn of t he
first ACP L{SE&) LN step (ol%h may contain at |east one additional nucleotide
at the 3 'SR b“%"ﬁaé‘is c¥n nybridize to an nRNA sequence which is

i medi at el y upst prefefre® Embdtimén)| tididsténtire AOR isaBolitts0an alclevtidtsaNidngianat t he
3" end of the first 10 ACP nay be up to 3 in length. For exanple, dT may
further cosqmprises &Fisat\thead’ -pridspogtion, éﬁu;s at the Sniene RoryoR andohs bsewear thed ' f rom t he

0P, Conei B PR BRI SR gl PR,
20  primer is exemplified by SEQ ID NOs: 30, 39, 57 and 61-63.

The first ACP described herein is hybridized to the poly A tail of the mRNA, which is
present on all mRNAs, except for a small minority of mRNA. The use of the first ACP used in
this invention results in only one reaction and produces only one cDNA population, in contrast
to at least 3 to 64 separate cDNA populations generated by the conventional anchor primers of

25  Differential Display technique. This greatly increases the efficiency of the method by
generating a substantially standard pool of single-stranded ¢cDNA from each experimental
mRNA population.

In the step (d), the standard pools of cDNAs synthesized by the first ACP should be
purified and then quantitated by techniques well known to those of ordinary skill in the art such

30 as spectrophotometry. This step is necessary to precisely control their inputs into the
amplification step and then compare the final amplified poducts between two or more samples.

Preferably, the amount of cDNA produced at this point in the method is measured. It is more



selected fromthe group consisting of deoxyadenosi ne, deoxycytidi ne and
deoxyguanosine and N is one selected fromthe group consisting of
deoxyadenosi ne, deoxythym di ne, deoxycytidi ne 15 and deoxyguanosi ne. Most
preferably, the 3 -end portion sequence of the first ACP used in step (b)
contains dT15 only. In a preferred enbodi nent, the first8&ebiuag 206 | S
about 40-45 nucleotides in length and conprises dT15 at the 3' -end
portion, dX 0.25 at the 5 -end porti orfhind dYs between the 3' - and 5'

-end port i qeferclintRat fihik Gdte@iiatib@isAaBe Geiy Lb@avwl)cttsﬁbc&woﬂl;@lltlﬁgéﬂ $Sulddd ength.
The first 20 priner is exenplified by SEQ ID NGs: 30, 39, 57 and 61-63.
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to 64 separate cDNA popul ations generated by the conventi onafy ancho

pri mersSof thgetpief thee@NAI qukntity sanl teystandacdized dpetaveeriTor agnogg emtples in felfasg t he
ef ficiency of [achg nmet hod by generating a. substantially standard pool of
si ngl e- st r SARRECAEPNA2Bm each experinental nRNA popul ation. In the step
(d), the stanqgtfsperkis ofthe HANADNAYIKLIBUsiE the Rt stt A, fuke" s%onﬁ‘QBN%hs%F“dg be
purified and then quantitated by techniques well known to those of ordinary
skill in t e synthessaad lusing Cheagcap edIP mimeo undre tawy stridgentscoadidpns| by mdestsamary t o
precisely control their inputs ipto the ane'Q”if.i cation step_and then conpare
the final AWST FITPEYNR Je3008 FBRSREUE NG REMER SXIsBT o, Whersindhe resubians figst éY4 t he
amount 1 9f GERMAs Bt QdGE ndiatdshi S point in the nmethod is nmeasured. It is nore
28 February 2006 41 preferred that this determ nation is made using
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can be st anubedinenddhd@t wed potion afrthegesmd A Qs canrhavé Eofno8 ko Agrleotides in
anplifjcati r i ALt ar, i irst. c trands using the
iTst hop, WReNARE R e U BbGE e B Sb g R PiiBBi Ace
primer und®hgthow stringent conditions, by at |east one cycle conprising
denat uri ng, anneal.i ng and primer extension, wherein the resultant first
CDNA 10 straf@®rdipg:tos gerfensd emhedimenssthe yaeendsACB hes thepetszal ifarmbilayof 561 | ows

the rule OEXL_(,)O[MJNQ!A.QS 'a}%eieﬁnsdﬁ Ircp'n%ms 9%£$:Jy890nuclcotide and comprises a pre-

selected arbitrary nucleotide sequence not substantially complementary to the first and second

20  populations of the first cDNA strands; dY represents the regulator portion comprising 2-10
universal bases or non-discriminatory base analogs; dZ represents a hybridizing arbitrary
nucleotide sequence capable of annealing to the second site in the first and second populations
of DNA strands. More preferably, the entire second ACP is about 40-45 nucleotides in length
comprising dZy, at the 3’ -end portion, dXy.2sat the 5’ -end portion and dY; between the 3 -

25 and 5’-end portions. The second entire ACP can be up to 100 nucleotides in length. The
second primer is exemplified by SEQ ID NOs: 1-9, 13-18 and 20-23.

The second ACP described herein is different from a so-called long arbitrary primer, as
used in the known modified Differential Display technique. For example, the conventional long
arbitrary primers as described by Villeponteau et al. (1996) and Diachenko et al. (1996), having

30  at least 21 or 25 nucleotides in length, comprise of only arbitrary nucleotides in the entire
sequences. These conventional long arbitrary primers will hybridize in a non-predictable way

under the low annealing temperature (about 40°C) which is required to achieve arbitrary



conprises a short arbitrary sequence, which preferably has | ower Tmthan
that of the S -end portion. This priner is naned an arbitrary annealing
control primer (AR-ACP). In a preferred enbodinent, the 3' -end portion of
the second ACP can have from8 to 15 nucleotides in 15 | ength. Most
preferably, the 3 -end portion of the second ACP cont akasetabaytods0

nucl eotides in Ilength. According to a preferred enbodi nent, the second ACP
has the general formula of 5 - dXi 5-3Q2dYa-,0-dZ3.is-3 "' , wherein dX
represents a deoxyribonucl eotide and conprises a pre- selected arbitrary
nucl eot | dePRBHESHERF FoY Kb ¥l thaj ‘deﬁ‘P%ﬁ%’gﬁtfari?s’% aTRRIEFRRtEe et second
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in length, conprise of only arbitrary nucleotides in the entire sequences.
These ¥bnvetickaea!l of shrgcoaresrienah fope primess ugdagilow stripbant gonditionnasgused in the

non- predi ct ahl e er |.ow anneal i ng tenperature (about 40C) which
i's requi re‘%fgl %usaﬂc}ﬁ?rg\'fga?gfstg{a%?egl?ri}qufB February 2006 42 primng in the early

PCR cycl e, suth idhadlingttemperitiipQséd Br @hd OmbREs G0 setohi® MNES 8idnal LiRr SR Of
primers rationally. Furthernore, many of the bands represent the sane nRNA
due to t hestringgpdyckqnditions ugl inowigp (5 iifrereseratiie abaws dtweam dP°G te 65°K, Inre

stringency, a ol 4 et nod.for dtuci,
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t he se&soncdundikP Diffeirencial Displag exdtiohtuséCiAnkdling esipgraadest etwdeh B54C indesseqynreal i ng of
the second ACP to its 3' -end portion sequence, not to its 5 -end portion
sequence, InAealiag lFAPSRfuERohiPY SriRgFRERsoRAiforsaein dhe subicctaprlicatio i relatitely

anneal i ng el e iRsitkd inthmobh %QEs&E?&?'eﬂhg\N@%D%@Dﬁa& Bﬁ%z&%feﬁngﬁpso\fi | ble to

design a representative set of priners rational e use of
t he seconduti@ryahimerss avoi di ng fal se positive problens caused by the 10

"Stickiness" of the conveniional |o ri rs under | ow stringent
conditions a }EB qu{chém} signiticant E%ﬁs of the subﬂ:ct application for gdetecﬁng

20  differentially expressed genes is to amplify only the initially synthesized second DNA strands
by the subsequent amplification, wherein the 3’- and 5’ -ends of the second DNA strands
which have been initially synthesized using the second ACP comprise the complementary
sequence of the first ACP and the sequence of the second ACP, respectively and thus, the entire
sequences of the first and second ACPs, or only their 5 -end portion sequences of the first and

25  second ACPs, are used as 3’ and 5’ primer sequences for the amplification of the second DNA
strands.

Since the ACP in the subject application leads to the amplification of specific products, it
can be possible to fundamentally eliminate the cause of major bottleneck problems, such as
false products and poor reproducibility, which result from non-specific annealing of the

30  conventional arbitrary and dT primers to first and second DNA strands as well as to amplified

products during PCR in the known Differential Display methods.



previous Differential D splay technique. The annealing tenperature used for
the synthesis of second DNA strands under |low stringency conditions used
in step (e) is preferably about between 40C to 65C, nore preferably, about
bet ween 45C and 55C and the nost preferably, about 50C. However, 15 unlike
Differential D splay, which uses annealing tenperatures2deéhmeen2®@6C and
45C, the annealing tenperature of |low g{ringency conditions used in the
subj ect application is relatively higher than those used in the known

cl assical or dnhandetedBinfoioémentt thesynliesipbbsecdnd dhvrh strreds inistdp (e)as birted anty
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positive rate, poor reproducibility and possible under-representation of minor mRNA fractions

20  in the analysis which are the main problems of the known Differential Display. In this view,
there is a significant difference between this subject method and the conventional Differential
Display methods despite the fact that they are in common to use the same primers for high
stringent conditions as well as for low stringent conditions.

In a preferred embodiment, the annealing temperature of the amplification for high

25  stringent conditions used in step (f) is preferably about between 55°C and 72°C. Most
preferably, the annealing temperature used for the high stringent conditions is about 65-68°C.

In a preferred embodiment, the amplification under high stringent conditions used step (f)
is carried out by at least 10 cycles and up to 50 cycles to amplify the resultant second DNA
strands synthesized by step (€) during PCR. Most preferably, the PCR amplification is carmried

30  outby40-45 cycles.

The second-strand cDNA is preferably synthesized by PCR, more preferably, hot start

PCR method in which the procedure is to set up the complete reactions without the DNA.



pairing sites to the first and second ACPs. However, it is interesting that
the first and second ACPs are not involved in any other annealing to the
tenpl ate nucleic acid, except the annealing and extension of the 3" - and
5 - ends of the second DNA strands as a reaction unit at such a high
stringent condition because their 3' -end portions requi2B€esrebrgt2ddeel y | ow
anneal i ng 15 tenperature and the high stringent conditions do not allow
themto anneal to any site of the tenfi%ate, except the 3' - and 5 -ends
of the secopf N Sl iANYse HEABEEH URMdrNal cONeNGcdrbIdting inididd A&iuPiRoPdep CP,
which is capable of selectively annealing to the tenplate in associ ated
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a

I
under hi gh st ﬁ“rf@‘é‘ﬁ?l“'é’éﬂlﬁiSf‘i%‘th%@s%“%i)’éB’ei‘? gnd thessubseapsng gmplificatipp ofthe| east

10 cyclgs Vi - . j . S 4 t rands
syt ey 5o BBt ONRYLRR of LR Kkt By pESHLA R e e o8 T on
i s carrieds: 30d pattionsyof 43 fikS a6 edcarl AQMsas sendanal-witierandfoll&NAg tamditionst e abl y
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procedur e PeoRhDYA stiapdstase syRthaTiTed BAGT AAY: FiFiRgFat SARHIERH DY 9ne crgetthe ishr uar y
2006 44 p . j he dL [ her oal.
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t ubes at anfienfeebathining thd) GuestrAOCcDNANRBCR paco@r budfee (eagipavailabledffonoRAche),

pol ynmer ase ¢ b i petted, i.nto . the reacti referred emnbodi nent,
the adtfti Sﬁ%poﬁ“stﬂpfe‘%b‘?"fi 5 pishetitathey Rg‘_{bs wﬁgfeﬁei F RO CPEHNPAES ¢ he
reaction MgtibnGni@futedt ab&IR 9P CRALS Bymerss@ /L] HRiBle HIAERSGEHdadRl frRdhe CDNA
synthesis is also carried out under denaturation tenperature such as >90C.

Then, whi | eeabt@indhningrd; tiee RCReectmns are tag fiyblowsitane sydh ol A4°Q ForC. mint HPC for 3
appropri ate.anoupi, he priners for the second-stage anplification can be
pi petted i Aty af“ﬂgi dr){?éit’?‘ﬂ%ﬁ%ﬁdZ’%a?ﬁ‘balngmﬁfthctmﬂg%%%gmﬁ\‘fgg‘sdt“rgrf‘gms fit hesi s
and the subsgsiete Réac@siobf the 6eabrddDNAS stiakk® synthesis in step (e), 5’ pre-selected arbitrary

20  primer and 3'pre-selected arbitrary primer are added to the reaction mixture and then the
second stage amplification is conducted as follows: 40 cycles of 94°C for 40 sec, 68°C for 40
sec, and 72°C for 40 sec; followed by a 5 min final extension at 72°C,

An alternative example of the second DNA strand synthesis and the subsequent
amplification of the resultant second DNA strands in a single tube using the complete

25  sequences of the first and second ACPs used in steps (b) and (€), respectively, instead of the
pre-selected arbitrary sequences of the 5’-end portions of the first and second ACPs, is
conducted under the following conditions: the second DNA strands are synthesized under low
stringent conditions by one cycle of the first-stage amplification comprising annealing,
extending and denaturing reaction; the reaction mixture containing the first-strand cDNA, PCR

30 reaction buffer (e.g., available from Roche), dNTP, the first ACP (dT;s-ACP), and the second
ACP (AR-ACP) is pre-heated at about 94°C, while holding the tube containing the reaction

mixture at about 94°C, Taq polymerase (e.g., available from Roche) is added into the reaction



10 resultant second DNA strands in a single tube using the pre-selected
arbitrary sequence of the 5" -end portions of the first and second ACPs is
conducted under the following conditions: the second DNA strands are

synt hesi zed under | ow stringent conditions by one cycle of the first- stage
anplification conprising annealing, extending and denat w8 fegyruageaodé on; t he
reaction mxture containing the first- %trand cDNA, PCR reaction buffer
(e.g., available from Roche), 15 dNTP, %3nd the second ACP is pre- heat ed at
about 94C, niRkiutee tHrAGR rRecticheart RGN LAY BicBGf BIFE fof €adh,i DPC Mor Bthihenat about
94C, Taq poI nmerase (e. avai |l abl e from Roche) is .added into the
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anplification. amount of the second ACP use is too
low, the r W&-dnanlw:mfm ucéhne;dc presgaially ingpogant rothe soeqening wep b ¢he verificaoot r ast ,

the exg 8 S5 o? trlT11c) %A%ag}npn%s ent1 u:::sj by%jlgizrenua(;Dzsplat he step (e)

The step of comparing the presence or level of amplification products obtained from step

(f) may be performed in accordance with various methods known in the art. In a preferred
embodiment, each of the first and second populations of amplification products of step (f) are
resolved by electrophoresis to identify differentially expressed mRNAs, More preferably, the
25  resultant PCR c¢cDNA fragments are detected on an ethidium bromide-stained agarose gel.
Another prominent feature of this subject application is the use of ethidium bromide-stained
agarose gel to identify differentially expressed mRNAs. In general, the conventional
Differential Display methods use radioactive detection techniques using denaturing
polyacrylamide gels. However, according to the present method, the significant amount of the
30 amplified cDNA fragments obtained through two stage amplifications allows to use an
ethidium bromide-stained agarose gel to detect the amplified cDNAs, which results in

increasing the speed and avoiding the use of radioactivity.



gener ates backgrounds such as DNA snear during PCR In a preferred

enbodi nent, the 10 concentration of the second ACP used in the step (e) is
about between 0.1 FBI and 1.0 M Most preferably, the concentration of the
second ACP as well as the first ACP is about 0.2 W In a preferred

enbodi ment, the concentration of the primers used in the28Fepudrf p0dés about
between 0.1 Mand 1 M nost preferably, about 0.4 M Another significant
feature of the subject application to $he identification of differences in
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ACPs to
20 trained hands to conduct this method, and i) allowing the rational design of a representative set

of primers.

In further aspect of this invention, there is provided a kit for detecting DNA
complementary to differentially expressed mRNA, which comprises the annealing control
primer or annealing control primer set described above (the first and second primer). According
to one embodiment of this invention, these kits further comprises a2 primer or a primer pair
having a nucleotide sequence corresponding to the 5 -end portion of the ACPs; in case that the
5'-end portion comprises universal primer sequence, it is more preferred that the kit comprises
the universal primers. The present kits may optionally include the reagents required for
performing PCR reactions such as buffers, DNA polymerase, DNA polymerase cofactors, and
deoxyribonucleotide-5 ’ -triphosphates. Optionally, the kits may also include various
polynucleotide molecules, reverse transcriptase, various buffers and reagents, and antibodies

that inhibit DNA polymerase activity. The kits may also include reagents necessary for



detect or analyze the anplified products (Bauer, et al., 1993). Consi dering
the features of ACP in this subject application, the present nethod for 10
detecting and cloning differentially expressed genes differs fundanentally
fromthe previous Differential D splay techniques as described above. In
conclusion, the use of the ACP in this nethod nakes it pa&Bédnhaey 2006al | ow
the anplification of only second DNA s‘g ands and the use of the sufficient
anount of starting materials as well a$ the high concentration of dNTP,
resul ting iperfolngéngd pdsitovambnepive tornd! rest}ionkDOptied] SRAGINRTH fPEagERY to BB MeRiniang
specificity, b) elimnating the problemof false positives which requires
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rational degign ocf %gntﬁ.é e set o of. pr I (B3 In further aspect of
this inventi : TRde R SERRRALE) g DNA  conpl ementary to
di fferenti al | yh@eppraaatusiEe ADPoCHe GO hd@8ot H8 PAARENIRECANRE

primer or annealing control prinmer set described above (the ?lrst and
second pri derrpeidipamptifinggrDNApensls cso sptted RARFtechoblogias. Foi bewsperificothe ACReEe Kit s

further conpr.l [Lner. or ri i r. havjng a.nucleotide seguence
cor respond %gs T@g& ¢ ﬁ’ég%ﬂon-lseaﬁi &P tf)%? ?’?"Jq‘?‘%ﬁ tg%ﬂghﬂfjﬁ!ate? P itherof S h=andffrend, 5' - end
porti ons CORFM Elfififatedhy BEci@loustl proBIEmS RANRCERom kHe pritePOsEa B &l %nrv&qior?a:l" at the
kit conprises the universal primers. The present kits may optionally

i ncl ude t h&ACEdepbnelegieequi red for perform ng PCR reactions such as

buffers, DNA pol.: r.ase ol ynerase cofactqrs, a ) .

deoxyri bonucl gnostnlYl(rJ&qe&r-ﬂ%‘r aspE créi%ﬁ' s“b%ﬁ?"é‘st.%er@bstqr%‘ﬂé?ﬁ Iaﬁ’,‘et}t°ﬁg°rl€i’1{‘§y AERlfEngD

i ncl ude vak@uSDNAOkasRIE] @RphislRs FBDRAULASH cdrRYRASRg td ﬁQ%Gfehcpk?%ﬁ of Yt 1 0us
buffers and reagents, and anti bodies that inhibit DNA polynerase activity.
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CDNA Ends (RAdmenttA) & 4 pgni‘ﬁj\;' etdiil Bml-G f the subject. invention
can pr ovi deﬁgn 0 WD-E?OVG%Rrret OdAQ € mr rs'g‘g:nsgnpnon anc§or Jne aving at its
37 -end portion a hybridizing nucleotide sequence substantially complementary to poly A tails

15 of the mRNAs.

In a specific embodiment of this invention, there is provided the method using two stage
amplifications, which comprises:
(3) contacting mRNAs with a first primer of any one of the ACP described above, in
which the 3’-end portion of the primer comprises a hybridizing nucleotide sequence
20  substantially complementary to poly A tails of the mRNAs to hybridize therewith, under
conditions sufficient for template driven enzymatic deoxyribonucleic acid synthesis to occur;
(b) reverse transcribing the mRNAs to which the first primer hybridizes to produce a
population of first cDNA strands that are complementary to the mRNAs to which the first
primer hybridizes;
25 (c) performing a first-stage amplification of the first cDNA strands at a first annealing
temperature comprising at least one cycle of primer annealing, primer extending and

denaturing, using a second primer of any one of the ACP described above having at its 3/ -end



for rapidly anplifying cDNA ends, so called RACE technol ogies. To be
specific, the ACP of the subject application is adapted to the RACE

technologies related to either of 3' - and 5 -end, 5 and elimnates the
background problens resulting fromthe priners used in the conventi onal
RACE technol ogies. In still further aspect of this inventsbeprudriieoos i s

provided a nethod for rapidly anplifyi n% a target cDNA fragnment conpri sing
a cDNA region corresponding to the 3" - thd region of an nRNA, wherein the
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or £ on o GEHIS, SR BTG BFTAr 31410 OBt b0 At B Sehue s ety
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gene-specific hybridizing nucleotide sequence substanti y conplenentary
to a site amplifipagonodf nupleic éid sequerthresibushndissussed, thelxpinttion deschytibsybetveen Under

a site i . Pspindion desheouBeiee
one of - Ena Ff 4P Gl PREE R SERb-AR0R s Ry ARG BRGf 5 o1 1 ana

i S gener at edlltipi¢ie). 5 (d) perform ng a second-stage anplification of the
gene-specific second eDNA strand generated fromstep (c) at a second
anneal i ng t enPetBiTAtS reRipscriAtiqnsion amplifiyng B rigestcDMen firgrieoh somprising 37 -end

region corresponding to the 3’ -end of mRNA using novel ACP system, called as ACP-based
3’ RACE, is illustrated in FIG. 3.

20 Steps (c) and (d) of the subject application may occur in a single tube using the same
reaction mixture except for primers, which means that steps (c) and (d) are separated only in
time. It would be understood that the primers corresponding to the 5’-end portion could be
added to the reaction mixture at the time of or after second ¢cDNA strand synthesis. In a
preferred embodiment, the primers corresponding to the 5’-end portion are added to the

25  reaction mixture right after step (2) is completed, followed by subsequent amplification of
second cDNA strands.

As an alternative process, in step (d) the complete sequences of the first and second ACPs,
instead of the primers corresponding to the 5 -end portions of the first and second ACPs, can
be used as 3’ and 5 primers for amplifying the second-strand cDNA obtained from step (c),

30  wherein the 3’ - and 5’ -ends of the second-strand cDNA which are initially synthesized using

the second ACP comprise the complementary sequence of the first ACP and the sequence of

the second ACP, respectively, and also serve as perfect pairing sites to the first and second



conprising at |east two cycles of prinmer annealing, primer extending and
denaturing, using the sane first and second priners as used in steps (a)
and (c), respectively, or a primer pair each conprising a pre-selected
arbitrary nucl eoti de sequence corresponding to each 5° -end portion 10 of
the first and second priners used in steps (a) and (c), Rréspwoaiyvelddy, under
conditions in which each priner anneals,to the 3'- and 5 -end sequences
of a gene-specific second cDNA strand, ‘Fespectively, whereby an
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conplexity of this specification leading to undue nultiplicity. A

schemati c represesf dgiificanf featuresol kHeypratent anveaticgertor S DNACE RaRER Me &QMNYE Si NY
3" -end region corresponding to the 3 ' -end of nMRNA using novel ACP
system Scal OERPrisEE AeTRay4E srquenge sybaentially complemestayatodgly] A tafl b mRINA BOis&t eps
(c) and (d),o0 ' ._appl j i in.a.,singl e tuhe ing the
sane react ?Soafnc%@%sgrygésgi’ }:13% ?%dotﬁ%érh? ?Fesg%}{t %ﬁarﬁgg?\célytuﬁ%t aséf“é“ﬁﬁest@) and
(d) are sepabsiedt @iiplificafion twihiBut dry sdditonkl DRirifleution St do triadvet fAe cDNIAMEr S
corresponding to the 5 -end portion could be added to the reaction

m xture at YREEYSRTENSSf or after second cDNA strand synthesis. In a
preferred enbogj - ' rr di-pg.to th ' .-en ortion are
added to the gglc?%g%%lfl%ﬁﬁ#‘?%k g? ? rt?:g ett&%?a?%rw‘gt% 5;1)“?“(31)089?“’&%&@5‘5&”

fol | owad byhsefigesfurategalatol pirtierpén @& 3 0fand SELANFLrEdNDE HeARTFSiderAlatily
alternative process, in step (d) the conplete sequences of the first and
second ACPdhigh stHageah qonshitianf és slesorbeds inc e rrsgpiple RIndCP.0As haeresult, thengibjeetr t i ons
of the fir n : d,5 prinmers for

anpl i fyi ng%%ﬁ@g%rifé%g:gf‘ré% pé%%%%%? 'glyﬁgo alﬁ%é)n? rsnt%l'!g’Bds(SD(,y) ',%d%cﬁlgvfﬁeesrt?l o the 3
- and 5' - geificaibn bltcalsp eRdEPsistdindhecdibiécraplieition dBesidot invalld te S3cREBBAI zed
using the second ACP conprise the conplenentary sequence of the first ACP
and the seduehiees brcause ike aneging i 3 r-erdoprtionyis| specifigd byaths prasence of the

per f ectgpai rEét{l‘:ﬁorsdo}t?o% ﬁo@itfbm Hehwhedh 12 28006 %_%rtﬁﬁ’p{n%é %C%?,?\&ereé? tHeCPS -

FIG 3 also illustrates a schematic representation for anp ing a target
cDNA f r agnentventanahb cDYiAn gynBiesis eunichersegyicio ras d@iigo el pprirakirs) dort ' -RACE3generatad of

MR- NA by the alternati.ve ocess stated ove. One of significant features
of the pr egé‘?ﬁg“i“HQ/se%f‘f“Eﬁl %D(Eﬁ" ﬁﬁ’cb Rﬂcﬁ“fsge“%%atpmph‘?és'f APOpdinECre &5 pesdFsEi si ng
nucljeOt | de efPaMRBRE tHR UBSLANbE Bk fitst AT IR MRNIINA sfrithePiO oy AeliflnlicaPto FRNA 1S
use

forrnula (2).

20 When a gene-specific primer is used as 5* primer, the first amplification of a target cDNA
fragment containing a 3‘-end sequence in step (c) is carried out in accordance with
conventional PCR methods as known in the art. The term “gene-specific” in reference
sequence used herein refers to a partial sequence of a specific gene or complement thereof that
has been generally known or available to one skilled in the art. Therefore, the gene-specific

25  primer means one comprising the gene-specific sequence.

The generated second cDNA strand is amplified by the second-stage amplification which
is used in the application of the present invention for amplifying a target nucleic acid sequence
above. Since the ACP described in this invention can generate stable T, in a primer and also
tolerate “primer search parameters” for primer design such as primer length, annealing

30  temperature, GC content, and PCR product length, it is useful when the gene-specific primer

sequences have low T, or are too sensitive to such parameters to generate specific products.



as a eDNA synthesis priner and then the resultant cDNAs are directly used
as tenplates for subsequent anplification w thout any additi onal
purification steps to renove the cDNA synthesis prinmer. The annealing of
the first ACP to the tenplates will be interrupted during subsequent by 10
the effect of the regulator portion on the 3' - and 5 - e8édetpodarye@sés of the
ACP under relatively high stringent c &ditions as described in the
principle of ACP. As a result, the suﬁfect application to 3" -RACE
sinmplifies thg ganMaRtd-OsRhisRiVemidH tHirds plyided s wethag fohapidlyenplifyng a
purification and also, the ACP used in the subject application does not

i nvol ve t hargltadNgricgment qomphisiesrs cB¥Aasien coreespandag|te Mg vr-endregign o amng

portion is specified t he,presence of the 15 requlalQr. portdion positioned
bet ween t A, W ﬁﬁ'“S‘Eé/-"@ d SOPPISSHLEVFTe E'ﬁ%cms‘gv%ﬁgaaggt%léém&rgna\?enti onal
CDNA synt Mﬁcdﬁ% PREsonSNmB pRithed dHdRcEdzeRlid {HeY & 126 ond prime e SR &Rt €

S

backgr oun uring PCR, which is non-specific products. Accordi ng to a
pr ef er 5ed angwhoai ABRstdesdried sovenPrederafly, theeprimer sqcorl®R to e strhature PNACE 5nt hesi s

may be identical to the fornula (2).. hen a_genesspecific. priner is
used as 5'OPpPPYIRE 2t ISHS-epd P%Ifm’éﬁﬁf"i(cfsg’%céf%iqgﬁ}b‘gfm%n%%f’%%et LR SuP‘gﬂ‘E;%E’nt
contai ni ngcof?xp%hueﬁt% £ SRUE PSR Igbnesdt&itrdnfrevdrse tafdckipesh. Out in accordance with
conventi ona CR nmet hods as known in the art. The term "gene-specific" in
reference sdfuepetficusaddirenedfithis givention,tthereispagvided [thesmetheduesmgdwo stagepeci fi c
gene or conplement thereof that has been generally known or available to
one ski | | eFPiificatiges. pich COFPRIISEY or e, t he gene-specific 25 primer means one .
conpr 'f1,%' ng the 9gRRaERGARTASWREMSINRRcIIRR AR RiabeAnSRS PiiHerGPRADRAr and is
anplified by t’he second-stage anplification which is used in the
appl i cat i cmtbésist prienep uedes wonditone sefficientffor templatei driyemepzamati dpokyrivamiclsicc aci d
sequence above. Since the. ACP. get crihed i thhi s. inventi.on acgq?ﬁ ener at e
" pard

stabl e T, ,2cidj fYiegs et tndp Ay e P i BN SREPERTS s" for
pri mer de%lugl@otr‘décie Eiicd SibiBAtialIF NGhPlemeitit9 b | N eeghia b2 BD MARNA!NtE hybKdizeont ent
and PCR product Ie%gth, it is useful when the gene-specific priner
sequences thaweth;ow T", or are too sensitive to such paraneters to generate
speci fic products. 28 Februar I . eqt i
i nventiPon, t HBF eeFEse ARG (g e rret ﬁg’dg ?'Sraquegslg gg"g I y‘?’@négh %pc I?ﬁget DNA
fragment cQpRésisS pRfierd hgbkdires i podeer 4 gopaRIbhNEE fiest tdDNA' strapisdthaiegieon of an
MRNA, wherein the nethod conprises reverse transcri bi nﬂgt he nRNA and
per f or mi nceomplemsniprlyi P hey g awhich fhey PN synthesisy Rrimeg Hiybadizesr WhEePYi n t hat
at least o riQEr._i.s I .5 any one of ACPs described above.
Pr ef er abl f?‘at"ﬁ'éb% %5?“%?%45% eéernt%ﬁ’t he structure of ACP is

(c) permitting cytosine residues to be tailed at the 3 -ends of the first cDNA strands in

20 the form of the mRNA-cDNA intermediates by the terminal transferase reaction of reverse
transcriptase; |

(d) contacting the cytosiné tails at the 3/ -ends of the first cDNA strands generated from

step (c) with an oligonucleotide which comprises a 3’-end portion 'and a 5'-end pértion

separated by a group of universal base or nen-discriminatory base analog, wherein the 3’ -end

25  portion comprises at least three guanine residues at its 3 -end to hybridize with the cytosine

tails at the 3’ -ends of the first cDNA strands and the 5’ -end portion comprises a pre-selected

arbitrary nucleotide sequence, under - conditions in which. the 3-end portion of the
oligonucleotide is hybridized to the cytosine tails;-

(e) extending the t;ailed 3’ -ends of the first cDNA strand§ to generate an additional

30 sequence complementary to the oligonucleotide using reverse transcriptase, in which the

oligonucleotide serves as a template in the extension reaction, whereby full-length first cDNA

strands are extended,;



one having at its 3' -end portion a gene-specific hybridizing nucl eotide
sequence substantially conplenentary to a site in cDNA generated from
reverse transcription. In a specific enbodinment of this invention, there is
provi ded the method using two stage anplifications, which conprises: 10
(a) contacting mRNAs with an oligonucl eotide dT priner onrgrapden2pre mer as
a cDNA synthesis prinmer under conditigns sufficient for tenplate driven
enzymati ¢ deoxyri bonucleic acid synthéSis to occur, in which the cDNA

synt hesi s pri (fer peforping ackrstatapy bplificationgpf tieufoll-depihdestsoBNre saadssetagkedant i al |y
conplenmentary to a region of an nRNA to hybridize therewith; 15 (b)
reverse trEPBERP () A FREnRRNpgempeRlyE campaing (8én¢ filAstdllppiase, to which the
cDNA synthesis [ ri,di . ce. .af | fir DNA
strands that ar ew c%qn{)ﬁsgé&ngﬁ%g%éfe?gﬁ#ﬁ%{e r&ég\%ﬁﬂ%ﬁﬁ %gjeg gsu%%%esis
primer hybri di zefst pMiser ebiiprisiigNAuciediide seghafcenditaitially asmplgfdanpdost;3’  C)
permtting cytosine residues to be tailed at the 3 -ends of the first cDNA

strand$ in 20 t¥d seeuepsesiof thicfuliteuathciny e srarduindee sondifiopnia whiththal
L1 anst orase T aChyPRRE shES' S e 1 BRRRTHFIONK ki GARARKLRN 1 DY 051 e

tails at the 3 strands generate

with an ol i gonucthegist premettaiteals GOMPBT S@ds of the full-RAgthFiest tDNA s@idls avhereby end
portion separated by a group of universal base or non-discrimnatory base
anal og, wher ei n fulidength seeand cDNAsgpnds @r¢ seeigied ses at | east three guani ne
residues at its,3 -.end to hybridize with the cytosine .tails at_.the 3
-ends of the fi pgt af:%ﬂ%\ogf PaT sflpélﬁn r 5&"5’& En(%6¥’go'}dlf’fgo%d38 f1g ddns g
pre-saloect ed  agdebdd gHnver Vi GhyEsieiof Qlaf RIS Kefing UNHET -6 Ydinton @ pend-dpeaifi Ch the
3-end portion of the oligonucleotide is hybridized to the cytosine tails;
(e) extending t héridigingespqaence sybgigntiplly ccpmplemensary doAegior andwe b thgefiBr at e an

addi ti onal 30 sequence,cC | enent ary, t t@e ol.i gonucl eot.i de usi reverse
transcri pt ase, feﬂgﬁﬁf%oﬁdtcgéﬁ‘ %Tafl%soﬁ)u Ibléé))lﬁ gc‘é"edF’\%L@er’geracsor’%a?rﬁr%lwg‘fcg “h the

extensi on react kbnd pifdraliealsud b gbrengdifid dite Dh ofdDFthe RlllllaMpESseadd cONAENdeEd;
28 February 2006 51 (f) performng a first-stage anplification of the

full-1ength firsrandimhersby agrae-seesifigicRbd standipgenerpsd(asil at a first annealing
br i Tor-Sanneal Ehor o ag Eseflfuisr e ol gk ipdinel A% s0UR £ 2
conpri si NGednd ahaalig tenpeaoins vaibels iskisgasitingehl yondiiol, eomprisiigyat tieast ke 3’
cycles of primer annealing, primer extending and denaturing, using the same first and second
primers as used in steps (f)-(i) and (f)-(ii), respectively, or a primer pair each comprising a
nucleotide sequence corresponding to each S’ -end portion 6f the first and second primers as
20  used in steps (f)-(i) and (f)-(i1), respcétively, under conditions in which each primer anneals to
~ the 3’- and 5'-end sequences of a gene-specific cDNA strand, respectively, whereby an
ampliﬁcation product of a gene-specific cDNA strand is generated.
The schematic representations for amplifying a target cDNA fragment comprising 5' -end
region corresponding to the 5 -end of mRNA using novel ACP system, called as ACP-based
25 5’ RACE, is illustrated in FIGs. 4A (using oligonucleotide dT primer) and 4B (using random
‘primer). . _
The descriptions of the oligonucleotide dT primer used in step (a) is identical to those used
in the present method for amplification of a target nucleic acid sequence from an mRNA.
Alternatively, when the size of a target mRNA is so large that the reverse transcriptase falls off

30  before reaching the 5’ complete sequences, the random primer is used as cDNA synthesis

primer.



5 end sequences of the full-length first cDNA strands under conditions in
which the first prinmer anneals to the full-length first cDNA strands, under
conditions in which the first priner anneals to the 3' - ends of the
full-length first cDNA strands, whereby full-length second cDNA strands
are generated; (ii) at |least one cycle of prinmer anneali BgFetpuarfred06
extendi ng and denaturing using a 10 second priner of any one of clains
1-25 having at its 3' -end portion a géﬁe specific hybridizing sequence
subst anti al | y sc@hihe fE B bhad tMrdd e nthodiSdhtO : t econd
CcDNA strands to hy&$|d|§§{¥%ergﬁftﬁgmuﬁeg?pggﬁ§9%?§E§c?ﬁ&&krgﬁ&%ﬁgbésecond
primer annealtdsxs1pc1fmgdamehesmmnq‘eloémmgamsownone of the full-length second

cDNA strands e ne eC|f|c cDNA strand is generated; and 15 (Q)
performng a §t8350&i1 @@S@gﬁﬁﬁ ﬁl 5t @RPCBIPAIPaY PFEUTHB fesiagle SbF jusing HRAES r and at
a second ﬁMﬁﬁ'nhﬂﬁrcte‘i%?T@tdﬁﬁﬁrs wﬂbmeaxﬁ tﬁyz&@p Anaqg)ﬂére S@Me oﬁl
conprising at least two cycles of priner anneal |ng and
denat urS ngtimeidi wgzld breurglerstood thetsthe primtr(slpsedinl eaqhrstepf) andi@) tuned added &itﬁ?d)s
(f)-(i) and E 5@2 respectively, or a prinmer_pair each conprising a
nucl eot i de'® %‘i(-f-'ﬁ Seateas th grﬂbﬁfjf” °f GRCE SR B‘”aP’éf?ETC‘bé‘F‘quéfﬁe”éfthQ pemer(s) st and
second pri; f t|ve

under cond?ﬁ%ﬁ‘gﬁ? n fceg w&elgnclﬁ&%?%ﬂtl(aaﬁ Lra%hgeg QC&Q hf‘t%uci f@towe?%p%xggquen

sequences Rﬁngﬁ'meampﬁsecfond:chaaﬁsr and, respectlvel y, Wwhereby an
anplificatio wgr oduct of gene-specific cDNA strand is generated. The
p

schematic re %‘bﬁlg&‘tei's(ﬂ?f‘é B"r‘meér’ri)}‘?"fi)?f‘ Ag PEMeR tifctmplificption of g taseat cB¥Ar i si ng
5 A9 I EOham EARRERA UnRleduthck h\est%ét) e bul TR ! oD Yl (usi ng

system call'ed as ACP-base 1S 1 I ustrat
ol i gonucl eott¢cdedancE mmdmn)mmdP@Bm(enhsdsﬁglcﬂmdﬁ)mc aﬂ]’l nmer). The descriptions
of the ollgonucleotlde dT prinmer used_in ste Is identical to those

used in the IBRPEdsFed ﬁﬁlbﬂ?iﬂ‘e‘l“o? tacgtAONA ﬁéﬁf?‘ﬂﬁ"%?a’“&'gtaasr ‘g seqyericeiincsterci d
sequence f‘*’?ﬂ*’aﬂ ﬁiggelyg\l a QYA do \é@hyl?%%ggé%%gg&ég?cggt e §aL et rrRNA IS so

| ar ge t hat reverse {ranscri pt ore teac ?he 5'

conpl et e $8quenegsPCR beplifradaswhich mrus¢dslnu&&rﬂp1aﬁmﬁm%e?#mﬁmﬁkx&mn%rl mer. 28
Febru 200 52 Accor erred nbo the step (c),

per i £61 ng Ry DA HAEF Bt el S Spe T A oot et @bence of
nManganese defdate bR T (ih)a pHdskr G a1 tolenfle Sphihé Ghar@PPird @l O cHTRY pr‘i}ﬁv\ﬁ ina
singl e tube using the same reaction m xture except for priners i ch
means t hatdesige gemgrisingaprienet lgnathragnes igtempesaturaFG canfent, and PCR product length,

it is particularly useful when the gene-specific primer sequences have low T, or are too
sensitive to such parameters to generate specific products. The formula of the second ACP is

20  identical to the formula (1) in which the 3’ -end portion contains a gene-specific sequence.
The oligonucleotide for the step (d) is similar to CapFinder primer (Chenchik et al., 1998;
Chenchik et al. U.S. Pat. Nos. 5,962,271 and 5,962,272) in the senses both of them comprise at
least three guanine residues at its 3/ -end and use them as a template switching primer for the
3’-end extension of the first cDNA strand by reverse transcriptase, whereas they are clearly
25  different from each other in terms of the function of a switch in controlling primer annealing to
a template nucleic acid in associated with annealing temperature during PCR. CapFinder
primer does not comprise univeasl base residue group which is responsible for regulating
primer annealing in ACP, so that the CapFinder PCR method for 5’ -RACE (Chenchik et al.,
1998) can not be free from a high background such as DNA spear arising from contamination
30  of the primers such as the CapFinder and Oligo-dT primers used in cDNA synthesis during
PCR. On the other hand, the universal base resiude group of the first ACP plays a key role in

regulating primer annealing, so that the subject method does not provide any cause for the



5 tine. It would be understood that the priner(s) used in each step (f) and
(g) can be added to the reaction mxture at the tinme of or after each step.
In a preferred enbodi ment, the primer(s) is(are) added to the reaction
m xture right after each step is conpleted, followed by subsequent PCR
anplification of second cDNA strands. When a gene-speci fi26 Fpbruamgi006s used
as 5 priner, the anplification of a target cDNA 10 fragnent containing a
5' -end sequence in step (f) is carri et out under hi gh stringent conditions
I n accor d%ggggﬁnggr&wmg B@seqBédR PORL Jﬁ%ﬁc@ﬁn;kﬂﬂﬁ}’mﬁkﬁ‘y teAQreadfithe AOP @
preferred enpodi nent, a target c fragnent containing a 5 -end sequence
in step (dpplicasiorawysl’ -RAGHE. usi ng a second ACP conprising a gene-specific
sequence at the 3' -end portion, by tw stage P i fdcations.which are
used in the aApPhFERES erngetAﬁg %F’E@éﬁ?ﬂt W%??so%gﬁ?%é%%m&gﬁét ™ target
nucl ei ¢ acldGEauenCERlavRe PSS AGOFeBRRGH HER o't tlidphiVNA on can
generate s able Tmin a prlrrepr and al so tolerate "primer search paraneters”
such as préyAtesis sdgrepedure which danigeep iritruduced @ngn hiteraative aethod to eampes alt ure, GC
content, and PCR product_length, it is an{ti 8@' arly useful when the
gene- speci fopeminanisiseddn giAcELhesis (Rehrapp ¢ 270U e too  sensitive to such
paraneters t it f i gngh) ACP s
D0 | dent | cal Pa R erB Rl fie B e e &
gene- speci fot §' -RAQESHi¢h hal haintlar gruonee te ACOPgwhdrein thehmbigertueleot{dd )is represnted | ar t o
CapFi nder priner (Chenchik et al ., 1998; Chggchi khf't .al gﬁ Pat . Nos.
5, 962, 271 e Sllowme zenaral; farmuia 3k 3 d¥es ssBY riodf-o-Retit o dhyPict EXgepreseiiys
t hr ee ;,guanj ' cat it o g i t wi t chi ng
pr et or' (AR ASHHERGR et Grrecs S0 HhARRAHE B B, Bl
transcri ptRgatomhRet@ascdnipeiying2€l 0oinbarshlyta@és dfi fohalissnminaognbaseemmlegshd? i n
terms of the function of a switch in controlli n& rr'k,mer' anneal i

Pt

- \ ng to a
tenpl at e nigeEENE aadqogyTitenudeodds adeePmErises LiPRES e¥divdfe aa‘g Grhg PCR

CapFi nder rLRN gRupri se univeasl base residue group which is
r esponsi blrggﬁg'berqgrﬂggcﬁtﬁz_iv?%%m primer annealing in ACP, so that the CapFi nder

PCR net hod f oxoh' prefltARlly, (HehTredi portitn *huence #D %8 hbawh 2-3nwxicleotide rimdenfgthom a

hi gh background. such as.,. ar_arising.fro. nt am nat Jj he
or rors s R i 976 STRREFRe PE g™ LTI By T P e leolized 1o o
during PGR , fhrildf eRddiéledsand, the universal base resiude group of the
first ACP plays a key role in regulating prinmer annealing, so that the

subj ect net holhedGes maptbepthesgi td fivgrjboguanings fop deqiyguapmes: <p ra, gampimagiors of 53

background probl ens during subsequent P LW i on; <t his I ey
feature of™ %“W“da%ﬁf’frg’gﬁaﬁ‘ﬁe‘t 0 BT ﬁ%&%ﬁptﬁbﬁh@%?& GV;]]:gnp'lf%se%ﬁ&C(:P of
the presentpdoliiidt hiftiorle YedryRBbgudhide (r(GRACE)-3 OFhow br@Yably, thrdeSiboguanines.

20 When the gene-specific primer in step (f) is used as 3 primer for 5/ -RACE, a target

cDNA fragment containing a 5’ -end sequence is ampliﬁéd under high stringency conditions by '
conventional PCR methods as known in the art.
In a preferred embodiment, a target cDNA fragment containing a 5’ -end sequence is
amplified using a second ACP which comprises a gene-specific sequence at the 3/ -end portion,
25 by two stage PCR ampliﬁcations which is conducted in the application for amp]if'ying a target
nucleic acid sequence in the present invention. Since the ACP described in this invention can
provide stable Tr, in a primer and also tolerate “primer search parameters” for primer design
such as priincr length, annealing temperature, GC content, and PCR product length, it is useful
when the gene-specific primer sequences have low Ty, or are too sensitive to such parameters to
30  generate specific products. The formula of the second ACP is identical to the formula (1) in

which the 3/ -end portion contains a gene-specific sequence.



unnecessary to conduct the process of physical separation such as a

sol i d- phase cDNA 5 synthesis and procedures which has been introduced as
an alternative nmethod to renove all contam nants used in cDNA synthesis
(Schrammet al., 2000). In a preferred enbodi nent, the oligonucleotide to
forma base-pair(s) with the cytosine tail for 5 -RACESWkhiredty RS a
simlar structure to ACP, wherein the oligonucleotide is represented by
the following general formula (3): 5 2#Xis.30-dY:-l10-dZ, .i0-G3.5-3" , in
whi ch dX repregels ot Oa@p AR ORXCE PRIMGlEP I AficANY SRPFRGES 8 ImpYofe; SEe ect ed
arbitrary sequence; dY represents a regulatory portion conprising 2-10

uni ver sal doasmsoml RAGHE-te¢hmclogins walt cyrd bathe amplificaten of EDNA epls @s ddstribedh _
deoxyri bonuycl eqti de and co ises a pre-selected arbitrary sequence; and
G3.s repri¥8¥nt et"l‘f?‘le‘g“l”ﬁ ‘gﬁ{%’es‘gﬁﬁh’i"%@. ‘SI\VBEF fi5F £vomy %Ibﬂ‘fkygf%d B'°ﬂ9‘8§1d
portion s ] Sp 2= 3 : ; } in one
Ebod mentCFpar B e e dped b WaeRl KRR b & Eotkequchly THE il

r ecognisz eesdoipediharas ki et ae effertd o) essies dsse labdihietefilBveSartdaryiorb eeptddtdiisle than f i ve

ri boguani nes or, deox% uani nes, or a conbination of riboguanine and

deoxyr i bog@armHenal Ry gﬁﬁ“‘éh%?-ef erred enbodi ment, the G3_5 conprises two

ri boguani nes and one deoxyri boguanine (r(Q2-d(G-3" ), nost preferably,
three riboguani nes. 20 Wien the gene-specific primer in step (f) is used ds
3" primer forin5till ofRARdr,aspect 6off hRtinveafidiAtereaig privided arkitafontapiglycaniplifyirgrad _
sequence is anplified under high stri ngenCé condi ti ons by conventional PCR

met hods adaFGMNA [Fagment spmprising 3 -ndgespt eimBRe dhisb fompaEses thepapeakingna

f ragnent i RTEAC) {0 S ST ACP
whi ch corr;c)crgﬁédgé a gé’ﬁ'é“-”gﬁ%“& %?gag‘eque%%edegctn b?ﬂgeggﬁsggﬂ?%&(}%t tﬁ%%ﬁ?s? by two
st age PCR sasall ipfined! Aeosiinghtd ofe énsbodimeaisitiisl inventioh,cthedp Rits fathdr Osmprisés a

anplifying a target nucleic acid sequence in the present invention. Since
the ACP desiEir Bed prifet pairshaying @ furlgefide seauensr GoTRonding de the !’ -end portien of | ner

and al so t & "Rld al - i s 198 ; h as
prinmer | entg‘li ﬁ@%’nﬁe‘%ﬁ ﬁgtrtthérgfpggglpgt?]éﬁ égsntéﬁgpg%rgyﬁééggér%gu%?“ engt h,
it Is usefpidferratitiat theiit @axipeises pleCirdiveesalprinied. TEE pre@ACIES nisg\optidnally thtlude Or are
t 00.sensitjve to such ra er.s 30 gener at e.specif.i r oduct The
formula of ‘iﬁ@g@ﬁ‘c‘ﬁﬂﬂmg\?ﬁ ﬂ%‘i"ﬂ%i’@%é‘?“&&%‘l‘f #8}‘:3{5?’&51%@?8%“3%{3@# the 3'
-end por tc:ggl}nﬁ%é Bdfiktors! ad€ Bxsrdabdlddtds SAHPACBhatedSOFtRIREINA MY KEORE alpd The
use of ACP iI'n RACE technology significantly sinplifies and inproves the

convent i oriedludeAGHouscrphymo¢lengide solocules, reyerae Harseriptdse vangysibiuffers aidomagshts,e DNA
fe P g: ? f O?neagﬁ gnglgo%ked ?tgzﬁ\éghxbxir%% :Ptggll'nezageagctgi%%y. Qlthet lgtes rﬁa%'bngoC Enc u ;[ rr1e(ajlgeultss to be
necessary for performing positive and negative control reactions. Optimal amounts of reagents

to be used in a given reaction can be readily determined by the skilled artisan having the benefit
of the current disclosure. The kits, typically, are adapted to contain in separate paékaging or
compartments the constituents afore-described.

In further aspect of this invention, there is provided a kit for rapidly amplifying a target -
cDNA fragment comprising 5’ -end region of mRNA, which comprises the annealing control
primer or annealing control primer set described above (including the oligonucleotide dT
primer and random primer for cDNA synthesis, the oligonucleotide to form a base-pair(s) with
the cytosine tail, the first primer and the second primer). According to one embodiment of this
invention, these kits further comprises a primer pair each comprising a nucleotide sequence
corresponding to each 5 -end portion of the first and second primers as used in steps (f)-(i) and
(D-(i)); in case that the 5'-end portion comprises universal primer sequence, it is more

preferred that the kit comprises the universal primers.



arising fromthe priners used in conventional RACE nethods. Consequently
this method .5 described herein can be nore effective, easier, |ess

| abor -i ntensive, and nore reproduci ble than conventional RACE nethods. In
still another aspect of this invention, there is provided a kit for rapidly
anplifying a target eDNA fragnent conprising 3' -end reg@86ebrodry aREA, which
conprises the annealing control prinersgr annealing control primer set
described previously (including the first and second priner). According to
one enbodi n¥nApplicatipn to Amplifvingdull-ledgtiseDXAt s further conprises a priner or

a primer pair I a nu otide sequence corresponding to the 5 -end

portion of t hglaiﬁh&g;asqeﬁt ‘?é@%mtvﬁg‘fm’tt ¢ §providadja HGFhPiiéfﬁ agplipyingsgmpulaiov er sal

primer sequen@el-lehdth | doubRIsRandfd RDNAsCLhniphal inﬁ}hﬁﬂ'pr. ses the universal
i on 'ﬁmﬁra%ggk the r'e‘glfécé%? §lt’°r é‘ﬁ‘?}f’ ed for

prinmers. The present kits may optionally inc
per form ng FERrESaeydremansedtingathe buRkNarasd pRAmi yireimpisReatidaNRactRR LERET ase
cof act orss, &ghqergec%_xcrté bg ucg]eoti de-5' -triphosphates. Optionally, the kits
may al s6  inchude Varrsis "hBrVA eastdt iPHEerS| derYAdcEom ey enesef AGEadesaribecht ase,
various buffteve Reerab®aARN biSmer isRdieSet i nhi bi t. DNA po).ynerase
activity. The kits ma? al sgﬁrinncmgatﬁéeastgentg%fnlge?eslgsa(’?%/%f‘a’?g 5&38‘84’4\‘(!‘?%19

posi tive ar¥clsetifisistquencesnbstantiallycanplemergary Gyiolymaile 6PMRNAs Of reagents to be
used in a gi vep rseac‘fti on é.an P"? readily determned by the skilled artisan
havi ng the benefiR i MR TERff Hyi invrrten, Begreprovided thé method oppiprises] y, ar e

adapted to co | ddniabti kRN SPARK 2 G . [t s, the constjtuents
af or e-descri bgg)'a I n fuﬁer aspsect %?}spg?@&ﬁﬁg%?%ﬂﬁ@hgfsén?ﬁg ag?"(‘i'\/i“ded a
kit f oftOr apthiehthedperd nprtiey od the dirsy ptimer iINAhybY Aiging Rlicl AP ieh thitSubstanti )]
regi on of QRNA],C V\/ql ch coqprl selgo%;hﬁ anneal i ng control primer or annealing
control priREp e te -y LYy Bl Rfe fiwmf%gm’ﬂéuoqhtrgwﬁuaméﬂtéodéﬁdﬁ
primer and sifeRMTolEmpRte db &%- i 1 he. ol hgonucl eotide to forma
base-pair(s) with thgﬁcﬁgé‘i ne tg?}{%&?@hﬁ?é{@dﬁy{'ﬁgﬁmtﬁr‘?ﬁf“’f’he second
primer). Accoili rgverss tomecribingatié mRNAspfisidghi Sevedse wamiciigike, loGIS&, Ik s f Ur t her

conprises a_.priyer..pair each conprising a nucl eotide sequence

corres pondi%ﬁgleli by 5%112?19 tg'prgdéffd&bg%‘#aaﬁrf Bf firstfONA prondsthet aseompibmentyss s as
used i35 st ésmithfs (io) wael thé fprinie [ BybridifhsC 8GN HRNAIEDRA ififitedRls L ion
conprises universal prinmer sequence, it is nore preferre At he ki t
conpri ses EFE A ver sal prinmers. 28 February 2006 55 V. Application to

Ampl i fyi ng Fuldy- : [0 er_.aspect of this invention, there is
provi ded a maH)loé #orlnﬁgg%eyl?sﬁ%&ég{opgﬁﬂﬁgﬁ §ﬁ3 '(‘3Fésfq.§lﬂf°-ffr§ﬁ8yﬁ. strands in
doubl e- st r adenh oDHASIRIGARDOAE fitcthiidtd ByRM SormBLk s Rrabd oadieh 3P e GOTPY | SES

C - © €
reverse trannségrgpltats)l ng the nRNA and performng an anplification [ eacti on
€

)

usi ng

20 (d) contacting the cytosine tails at the 3’ -ends of the first cDNA strands generated from

step (c) with an oligonucleotide which c'omprises 2 3'-end portion and a 5’ -end portion

separated by a group of universal base or non-discriminatory base analog, wherein the 3’ -end

portion comprises at least three guanine residues at its 3 -end to hybridize with the cytosine

tails at the 3’ -ends of the first cDNA strands and the 5' -end portion comprises a pre-selected

25  arbitrary nucleotide sequence, under conditions in which the 3-end portion of the
oligonucleotide is hybridized to the cytosine tails;

(¢) extending the tailed 3’ -ends of the first cDNA strands “to generate an additional
sequence complementary to the oligonucleotide using reverse transcriptase, in which the
oligonucleotide serves as a template in the extension reaction, whereby full-length first cDNA

30  strands are extended; and
() performing an amplification of the full-length first cDNA strands generated from step

(¢) comprising at least two cycles of primer annealing, primer extending and denaturing, using



5 prinmers, characterized in that at | east one priner is derived from any
one of ACP described above. Preferably, the prinmer having the structure of
ACP is one having a hybridizing nucleotide sequence substantially
conplenmentary to poly Atails of mMRNAs. In a specific enbodinent of this

I nvention, there is provided the nethod conprises: (a) cphfexidrngoobhe NMRNAS
wth a first prinmer of any one of ACP dﬁgcribed above, in 10 which the 3
-end portion of the first primer has a hybridi zi ng nucl eoti de sequence
subst ant i al 4 pimaeapE@ireomprisnganuplebtide deduérick Sorftkpontiflg N Sante Gird Yidr dh ©
therewith, under conditions sufficient for tenplate driven enzymatic
deoxyri bonu@PgQP‘EleﬁE s Hetsrs (P end B urespegtiyplyr enaeprimertpaimeaatrdotprisngtahe

MRNAs, UuSi Ng,cRofiRY 8EcSiEnde lRLase, ich the firs rimer hybridizes
to produce tﬁeoﬁopulqgt?on%ﬁegﬁn?%? @Dﬁ&gs\ﬁ?gﬁdspoﬁwgt °€1rt£° cfgﬁpP’é’ﬁfénF'éjry to
15 the r nR\Agotwsleatidecised mestgps (4yand (W edpedtid ey, undbredof RN odd NMRSEPNAR vrimer -

I nternmedi ates are ~generated; (c) permtting cytosine residues t8be tailed
at the 3 ' 2BFAdStodke 3 freandi ' sgnd seayances phathe Sull-langth Fiest EDNA strhinds, respadidy,c DNA

i nter medi atgs..Jp ' t sf.ena action of reverse '
transcriptase, SL’P@?J”@%’Q%F%@?%“&@#%@ a°|°f"§1%5‘me‘Pfé° %em-%é“of t he
first cDNA getaratedls generated from step (c¢c) with an ol igonucl eoti de which
conprises a 3'_-end portion and a 5' -end portion separated by a group of
uni versal baseWE hisAPRICaEN; yring dhoAGP 96 dis wention emplhysr igipringiple ti presemd
portion coqpiui.ag : € ani resi dues at its 3' -end to

hybri di ze w tdL tﬁfg'até‘fl‘%’gﬁgﬁih‘é& Q’? a“ﬁ‘F'g‘l‘!a?mfﬁ%‘*“?‘c"-Péﬁ"d%“s £ disgyasedsi the ¢ commep

st r and30andetchiptidns beteeh heintar®Bmited Y bra® 0 Avdl Cre BBk o2R; b Y
nucl eoti de seguence, under conditions in which the g elﬁ}goporst%lgégintﬁo@ﬁthe

ol i gonucl edfari8 tp Ingie mpltiplicity. fnyadditioncthe AGH desrilied tboyeein ebittetheli Ngend he
tailed 3" - f 1 st rands .t enerate an additional
sequence cgrgrﬁﬁtzlr}%nat P@dli&gé? \Elcée%d i GOnuc sélgitﬂnggglfgm MERIRRE IROLYE A 4448 810 pt ase,
i n whi ch t penciglt idgatival toethe ifiebe pARAENVRE the prederd: FEMod S I RAGE ﬁ%’:ﬁ&@&# Offle
reaction, whereby full-I ength first cONA 30 strands are exten eé’; and (f).
per f or ni ng °4gPnusieatids tocfarm @ hasgpair(Rlevith the cytasing t4il and the primBiyAirssadants sgener at ed
- fromsiep (f &k itpHRpISHAFicAlo HB&Sbr §- WRAEY ifentRh npealing, primer
ext endi ng g?ld clieﬁg{atfrilng,wus? ng 28r Fe rua?{/tﬂ%gg%mﬁéggg&%er%ia F pair each
conprising a Aushestticdeprssguatior for aoplifyngdhliiength toDNA Gok3TB §fi thé brektnf Mer and
ol i gonucl eoti de as useddlﬂ{}%@tgps (a) and (d), respectively, or a priner

pai r each 5‘5?‘&5‘:01‘5%&“3&_ edti de sequence corresponding to each 5 -end
portion of thend st ARPIsiEREficARY simplifies and improves the conventional technologies- with

regard to the amplification of full-length cDNAs as described above. The vital feature of the
20  subject method is to be free from the background problems arising from the primers used in
conventional methods. Consequently this method described herein can be more effective,

easier, less labor-intensive, and more reproducible than conventional methods.

In still further aspect of this invention, there is provided a kit for amplifying a full-length

25  double stranded cDNA complementary to mRNA, which comprises the annealing control
primer or thg annealing control primer set described above (including the oligonucleotide dT
primer, the oligonucleotide to form a base-pair(s) with the cytosine tail, the primer(s) used in

the step (f)). According to one embodiment of this invention, these kits further comprises a
primer pair each comprising a nucleotide sequence comesponding to each 5 -end portion of the

30  primer and oligonucleotide used in steps (a) and (d), respectively; in case that the 5 -end
portion comprises universal primer sequence, it is more preferred that the kit comprises the

universal primers. The present kits may optionally include the reagents required for perforrning



ol i gonucl eotide used in steps (a) and (d), respectively, under conditions
in which each priner, 5 anneals to the 3' - and 5 -end sequences of the
full-length first cDNA strands, respectively, whereby anplification
products of full-length cDNA strands conplenentary to the nRNAs are
generated. Since this application using the ACP of this 2&Wwebniarprooenpl oys
in principle the present nethods for agplification of nucleic acid
sequence preyjously discussed, the cormon 10 descriptions between them are
onmtted i n bfBefattinavtrl sshautésspPYAI pylywerasehi BNapealyhtast icoRchaghdd t O

undue mul ti gl GidoXucidoRaA8d} L] the  ACP described above in which the 3
~end portion has a ﬁg%c??dﬁ?l% haﬁﬁbl%%??ﬂ@' stgﬁugltfcémé’ut?ésf’amcﬂhdhl yarious

conpl enent apalyriuclequdk YnofecuRk, | 1évekss tlaRscriptiseNariBLEbur ' the first
primer for the, present met hod for 3' ﬂRACEI Furt%gs%%g’!geétfgemd antivodics

ol i gonucl edP#tdBhibth PRArRolymsaase -apdity( The Wit knay halsocintiosd Pgdnd hecadasly et
primer gair j step.. 15 (f) are | rinciple identical to those
for 5 - m&@@?#ghgg%én e?%‘r‘{e &qn&?jﬁfgﬁ’sa 8‘@.1 amountsiof ragangs to bpusediant at i on
for anpl i f ygiveg réadlidn-da® B tdadiG AN HRE kiRl ati bhendrpyeRLion is
illustrated in FIG 5. The use of ACP signi ffclgﬁtrﬁgﬁgﬁgngf?eﬁf 8§tgﬁﬁlﬂe‘?trrpr oves
the conventdssiRatre. (e Hets| wpjFadly, aw adapted eyeanairt in steate patkidin gt doRiPar@iients
full-Iengt thc%[;@?ucgéa ges_ccmrsir egl above. The vital feature of the 20 subject
nmethod is to be free fromths background problens arising fromthe prinmers
used in conventional nethods. Consequently this nmethod described herein can

be nore effective, -easier, less |abor-intensive, and nore reproducible

t han cofvertdi Applicatipn ta Amplifying § adreDfYey aspect of this invention, there
is provided aypkit .f ifying.a full-length 25 double stranded cDNA
conpl ement ar y"ﬁé‘t"‘%‘&%ﬁ!’&gﬁf‘\eﬁ)ﬁb"a Pi e Isprdsth 4 msthorh fpr emplifyiok 2 pppulaties or t he
anneal i ng oNsTt-érBichddrdodblE-sSMledNAS BRFHARAPNA ? the oligonucl eotide
dT priner, the oligonucleotide to fo?nm a quge{e%{g%)# lg?s%\%l; Wt?ﬂ‘é%cﬂ%si ne
tail, the F8iREEf g!)lgﬂé%awmqnem tthee methe comprises Aoverse dia@ribilg ARE nRADOGidTENt  OF
this invengj .t h its further .conprises a primer pair each conprising
a nucl eot i %%grgaggﬁgﬁp ll({:#(l)clii 6‘3’5’&?518‘? W&&%ﬁcﬂ@‘mgﬁﬁ’ thatat least ooé priirhe i30

pri merlsnddaivedjoomehy otd aACE aelcribed S66P.Préfchblf e fisbher Ha%ﬁtéﬁ,%ts&a\.é% o N Case
that the 5 -end gportion conprises universal primer sequence, P nore
preferred £HRtUSthErEINA sopthssisels ang chavingjay éts S tengrriortionsat 1843E siRTr@sdoRt ki t S
may opti Onﬁ_{c]e&iaer}g&ddﬁl&s_t he reagents required for perform ng 28 February
2006 57 PCR reactions such as buffers, DNA pol ynerase, DNA pol ynerase

- cofactors, anldasprsificyrriblodinint of ¢iis ieenfion, thereii DR OE A STemdRbignal| V. the kits
may al so include variou BOI‘\;S/%I eotide nol ecul es, reverse transcriptase,

various buff &5 SeRictingthe afistt ipiwer of any one of ACP described above under
20  conditions sufficient for template driven enzymatic deoxyribonucleic acid synthesis to occeur,
wherein the 3 -end portion of the first primer has at least six random nucleotide sequences;;
(b) performing the steps (b)-(e) of the method for amplifying a population of full-length
double-stranded cDNAs, whereby 5 -enriched first cDNA strands are extended;
(c) performing an amplification of the 5 -enriched first cDNA. strands generated from
25  step (b) comprising at least two cycles of primer annealing, primer extending and dénaturing,
using a primer pair each comprising a nucleotide sequence corresponding to each 5’ -end
portion of the primer and oligonucleotide used in steps (a) and (b), respectively, under
conditions in which each primer anneals to the 3’- and 5/ -end sequences of the 5/ -enriched
first cDNA strands, respectively, whereby amplification products of 5/ -enriched ¢DNA strands
30  are generated.
Since this application using the ACP of this invention employs in principle the present

methods for amplification of nucleic acid sequence previously discussed, the common



that inhibit DNA polynerase activity. The kits may al so include reagents
necessary for 5 performng positive and negative control reactions. Opti nal
anounts of reagents to be used in a given reaction can be readily

determ ned by the skilled artisan having the benefit of the current

di scl osure. The kits, typically, are adapted to contai n e®F&epdy 2008
packagi ng or conpartnents the constituents afore-described. 10 VI.
Application to Amplifying 5 -Enriched CBNA I n anot her aspect of this
invention, theimiohsbiweni thes 2@ IFERADH F@F t@ERE fY Ropuylation of 5
-enri ched doubl e-stranded cDNAs conpri si ng@?%D:]\?A&%/ég?%?\’ggc%ﬂr“&%%ﬁﬁ“ﬂﬁ to
the 5 - end!®3qiRgiogHdumulirligir, Inddition, the blegoneicatdl 1© GORT & SR5-phiRPH R the
transcribin nRMA ghd. berfor mi.ng an lification reaction using
priners, ch%?éasgl? &t zecfg‘?%m?ﬁgf ’rgfeqi%ﬁ‘é’tmﬂgp"b’r 1 peipciple idegtiepbtof thesd firiSom any
one of ACP RIeSE of thdneh@radisci¥sed Aodd! y, the prinmer having the structure of

ACP used for cDNA synthesis is one having at its 3' -end portion at |east
six random nulIseictie repersentation dor the methogp dari AniptifiengOdeRAdd &ubleRirSided
invention, - fRE(E&o] rovi ded e.net hod, conprises: (a) contacting the nmRNAs
with a first prsﬁﬂgﬁleglf a 3°‘5‘ﬁg‘1‘5fsqﬁﬁgaﬁ$§‘cgr}8b@d above under 20 conditions
sufficient forstedipciddecDNA Y eafeNBYATREAiBcale i | i, _acid synthesis to
occur, wherein the 3 '-end portion o%dltchae ?ﬁéﬁ%@?%ﬁ%&@“ﬁ‘eﬁmﬂw si x
random nucl°@¥eindee Bedeesifie sequench infprratian nf thy S’ hed B ERSMRNAS (Fon @hidt e et hod
for anpli f¥8ﬂ%s§re%‘88“' ation of full-length double-stranded cDNAs, whereby
5" -enriched first CBIQA strands are extended; (c) performng an .

anpl i f Leat i on Thé fdrmelaf theddt ipEMeds Tdehiar 6 AW enepased from 25
step (b) conprising at Ieast_lptwo éygl es of p?ﬁﬁn%fngﬁn‘%é{}\t%? 'f}?‘{ﬁ?ﬁ}"“

ext endi ng AMEPTHESARIRDIqmBcleotids seguencep i apeeferpai ambedigBntCOEP! esd Rekicd offie! eot i de
sequence c i 0 ch 5' -end portion of the priner and

ol i gonucl eglgslE @Bﬁgfe;a@ ?’nstt%pt(gggonfaéff aéﬁfﬁ“ ) randopidseyribmircigotiden de r prefamedii t i ons
in which easbodiéniBle SNERVofioh Bf thh ErsBprimer A D stes cpyences of fhe 5
-enriched first cDNA strands, respresgpt)ri"?/eél v, wﬁeeprg y znr?p P54 ERHEPG b oduct s
of 5' - enr ISEFrOENIZEONA agestrintion endgaucimase. gener at ed. Since this application

usi ng 1he ACPred cdnlbriiohd] ifiMd Syl rinciple the present mnethods
for anplification of nuclei cddggﬁqggghe%ﬁeeﬁ%pg tgrag’?ﬁéé’ugs F'}“cgi’%%@éé@nlecﬂhé conmon
28 Febr uar son0@ntafs todths GHRNA infodulee tHAR €Xe idb{&ea ﬁérﬁodOGQcLJsEghe‘ an%ﬁ&{a to

avoi d the cot[‘r%)%exi ty of this specification eading to undue nulti p} icity.
In addi t i ofFMYHSHICSORIRARBI praers avhichrde net bersdhe finctios )of wbithlling rimeyt 0Si ne

| i ; . . ey ncipleli cal
E ﬁ'oseapgr tigﬁcd?xﬁk.rfﬁﬁ:orm%t,r thid S8 edt theld§ 1sscto§£de£a%}y £ Simple and effective Fazpperoalctcxi Sglet real o

to the function of regulating primer annealing generated by the effect of a universa] base

20  residue group in ACP.

In still another aspect of this invention, there is provided a kit for amplifying 5’ -enriched
double-stranded cDNAs complementary to mRNAs, which comprises the annealing control
primer or the annealing control primer set described above (the first primer, the oligonucleotide
25 toforma basc-pair(s).with the cytosine tail). According to one embodiment of this invention,
these kits further comprises a primer pair each comprising a nucleotide sequence conésponding
to each 5’ -end portion of the primer and oligonucleotide used in steps (a) and (b), respectively;
in case that the 5’ -end portion comprises universal primer sequence, it is more preferred that
the kit comprises the upiversal primers. The present kits may optionally include the reagents
30  required for performing PCR reactions such as buffers, DNA polymerase, DNA polymerase
cofactors, and deoxyribonuclcotide-s'-triphosphatcs. Optionally, the kits may also include

various polynucleotide molecules, reverse transcriptase, -various buffers and reagents, and



RACE of this invention discussed above. 5 A schematic representation. for
the nmethod for anmplifying 5 -enriched doubl e-stranded cDNAs conpl enentary
to nRNAs is illustrated in FIG 6. "5 enriched cDNAs" refers to a
significant portion of the cDNA constituents which contain the nucleotide
sequence information of the 5 -end of the nRNAs from whegFRetrliey 200BNAsS ar e
derived. 10 The fornula of the first pr4ggrer is identical to the formula (1)
in which the 3' -end portion conprises a random nucl eoti de sequence. In a
preferred entenfiandit inhibitdDBA polgmeragsactivinThsfkits gy alsé irgtudpreagants ndaastyi N st ep
(a) contai at.lea i.X . random deoxyri bonucl eotides. In a preferred
enbodi nent T}gﬁqféfog‘%ng éorfﬁwf)g'r’ ?eéﬁlvﬁforftﬁ?gmﬁt‘f’gst BB?T?JréFmE%‘éﬂf'Fﬁ%‘f ke el can

i ncl udes a i§ @GRAGECHidAan te Feadff 0AEHTRE bh ¥heidIRE biishi ﬂa@@xg%ﬂ'ed%é' Glogage. 15
The conventional nethods require nore steps to anplify enr1 ched CDNA

mol ecul es  cuwens| diseiaserar Fhe dits, hepidiAarroidaped ¢s cotrain inheepsrdis] Rekagptdaod
becausesth% coanven%iﬁ)nal i me{ hﬁ)ds usrﬁgé he conventional prinmers which do not
have thd fSREPIEHASHCCORSEPSPIOF 9555 e  annealing. In contrast, this

subj ect nethod is considerably a sinple and effective approach due to the
function of regulating priner annealing generated by the effect of a

uni versal 46 ndo BYA RN pFingerf€iRting n stil|l another aspect of this
invention, there is.provided it for anplifying 5 -enriched

doubl e-str and%‘séfﬁ%ﬁgm’é’dﬁﬁ‘ﬁé‘}@n‘l é}FV“gJBCtﬁ%&",“ CHhPeKde ahimpreved methed fanneal i ng

control  puitRing PblykbOhARE 4R kérBRicONA r(ﬁNAPﬁAgEE’BH%r&gS oI5 S{téscﬁﬁﬁ%dﬁﬁggﬁé (the

first primer, the oligonucleotide 25 to forma base-pair
cyt osi ne t a¢rieexpresson iinRY At (BN fmgeptimahighent of this invention, these kits
a nucl eoti de sequence

furth conprises.a priner. pai.r each_ conpri sin

corr e_g:;[:)%ndi ngkn fughgragsﬁe%.of -ﬂgflénvf)'BP_f"i @Ffeg‘? pmgle i Ehodafor perduciem e ONot i de
used in St 8Rgnirid oP RONADIwhefcS BE Ghiiidl dbmpriked eSS M obfificRion RRHPO L1 ON
conprises universal primer sequence, it I's o CREe ™RY ki t

re pr erre
conpri ses bdieg prirmersrchatactpridedsn ghat Thizagprops eritnerkist derivealy fre@ptahp8ad by ACPE! ude

the reagents 30 .requiyed for, perform.ng PCR reacti ons such as buffers, DNA
pol yner as e‘f’es dﬁ‘%ﬂ%‘r‘?&? 5‘3&1" %*g?%ﬁ’ ?‘gr,’gg the, Sruats,a) A dneneihavng #dts §' -end

-t r'i phosphpdréen an@tiitrarh akdlaotidé $equdbd Sabsi@itial®y cmipleRichtttyfo sikebr ME'SDNA.
pol ynucl eoti de nol ecul es, reverse transcriptase, various bufférs and
reagentys, andnsprefie erbadiment of thisanveptianp e dsprovided thamethod usBigAwp stagener ase

activity. id&t}oﬁs,wch%?\?ﬁ%egcl ude reagents necessary for performng
positive and negative contfol reactions. Optinmal anmounts of reagents to be

used in a gi@pnperiaainganfintdagecnitificiiby of SeeDNANSGRYint Richki bledo@r ti san
havi ng the benefit of the
discrete DNA segments characteristic of genome, from the gDNA at a first annealing
temperature comprising at least two cycles of primer annealing, primer extending and -
20  denaturing, using the primer or the primer pair of any one of ACPs described above, wherein
cach primer has at its 3’-end portion an arbitrary nucleotide sequence substantially
complementary to sites on the gDNA to hybridize therewith, under conditions in which .the
primer or the primer pair anneals to the gDNA, whereby the set of discrete DNA segments
_ characterized as a DNA fingerprint is produced; and
25 (b) performing a second-stage emplification of the set of discrete DNA segments
generated from step (a) at a second annealing temperaturé, which is high stringent conditions,
comprising at least one cycle of primer annealing, primer extending and denaturing, using the
same primer or primer pair as used in step (a) or a primer or a primer pair each comprising a
nucleotide sequence corresponding to each 5/ -end portion of the primer or primer pair used in

30  step (a), under conditions in which the primer or each of the primer pair anneals to the 3’ - and



current disclosure. The kits, typically, are adapted to contain in separate
packaging or 5 conpartnents the constituents afore-described. VII.
Application to DNA or RNA Fingerprinting This application using ACP of the
subj ect invention can provide an inproved nethod for detecting

pol ynmor phi sns in genonmic DNA (DNA fingerprinting) or for2sdabeaty 2006
differential gene expression in mRNA (ENA fingerprinting). 10 In further
aspect of this invention, there is provided a nmethod for producing a DNA
finger pri nt3‘otndgEmanceniof theiset af iéscretst IS4 segmmeprsi gsesatpd frbmrstebITg), ARSpectively,
anplificat i%\aerbe %tSLtoor}d. us@ wri mers, characterized in that at |east one
priner is derived rrom any . FEmaRtps re-yaRlttie ped above. Preferably, the
primer having the structure of ACP is one having at its 3 -end portion an
arbitrary nucl eotide sequence substantially conplenentary to sites on the
gDNA. 15 | n a Ispétffther aspisodi tisritveotiont thes: is proeidéd omethbdil%r?)réd%ciﬁ)é PRNged the
nmet hod psi t wo stage |'i fications, which conprises: (a) performng a
first-s agfrs}g‘é?‘FBrl“ftquc P&%‘TABF“‘EPA% ORI ithsgBethed FRMPrigRs eeerss transemttingodnd

di screte fSREHERRAL - FoSt ki 2 romthe gDNA at. a first
anneal i ngDMtérerrper at ur é’ﬁgﬁgﬁgﬂf‘f"‘rﬁ’gt“g‘?g P‘fgg%t?’rl?%m%{/zg g’sthgc}fat %?ﬁtﬁ‘éerp%@al i ng,
pri mer ext derdved goardy 20e ofohCRsUPrefeeably g pOmediecddding B thO§trubile dPAICFES opeai I Of
any one of ACPs descrihed above, wherein each prinmer has at its 3' -end
portion an arti Ttrlfiﬁy"’ﬁ‘ PEISP 20 &R Byrisetide I59yearn sulptansially: compllemesntyapy t o

sites on t BeesPNONA sttvbs b t 1 itions in whjch the :
primer or the priner pai£rbgiﬁﬁggld;bﬁ%w%r%]emg%‘,%r\‘/\%gdr?ogbofe?’ﬁ‘@n%%qtl\égf Biscrete
DNA s e¥frenpertion hhytaistizing muttodds saqudhik substpeislpyr ¢ofiplénfenafyol yoBdA 129 9f &5 (D)

per form ngp?%‘second-stage anplification of the set of discrete DNA segnents
gener at ed r‘ﬁsstep (a) at a second annealing tenperature, which is high
stringent congjfi it S : ; ) of .primer annealing,
primer extending pa?lér}ge érgﬁgﬁgfdit ﬁgﬁgdg‘??gﬁ?ﬂ[éwqg rr?g'%gér &'ﬁl'anre P UNPE HOStagS r as
used i n st appl{fstions, whighrdomprisesr a priner pair each conprising a nucleotide
sequence corresponding to each 5 -end paortion of the primer or priner pair
used in 30 st Z f%ta,cugﬁg’ér frofemplsHgith # i ipermer RE gy precef ACPsedesdribed t he
pri merispai sboad) nakich Othk Nfrs primeA s 28 h i e afld sequences
of the set of discrete DNA sggrrents geng?*aazig%r#%%ggﬁ esg&(’%)", su‘r%es §a ively,
wher eby t heompiamegarydp pelyeh dailpfithe aefiem sampile tor ybridipd thérewith, uhder Sérditond Ur t her

aspect of i S | i .there is provided a thod for producing a RNA 5
fingerpri n%%?cngﬁyﬁ%k?ggw %Wgrdg?wlbﬂ’é'glﬁ’ét‘%‘éay’%ﬁ'ﬁfq UWEW; r ever se

transcribi ng @ndreverse transcribing the mRNA sample to which the first primer hybridizes to

produce a population of first cDNA strands that are complementary to the mRNA sample to
20  which the first primer hybridizes;

(©) perfoxming a first-stage amplification of the population of first cDNA strands
generated from step (b) at a first annealing temperature comprising at least one cycle of primer
am_xcaling, primer extending and denaturing, using a second primer or primer pair of any one of
ACPs described above, wherein each primer has at its 3 -end portion an arbitrary nucleotide

25  sequence substantially complementary to sites on the first cDNA strands to hybridize therewith,
under conditions in which the primer or primer pair anneals to the mRNA sample, whereby a
set of discrete cDNA segxhents characterized as a RNA fingerprint is produced; and

(d) performing a second stage amplification of the set of discrete cDNA segments
generated from step (c) at a second annealing temperature which is high stringent conditions,

30  comprising at least one cycle of primer annealing, primer extending and denaturing, using the
same primer or primer pair as used in step (c) or a primer or primer pair each comprising a

nucleotide sequence corresponding to each 5‘ -end portion of the primer or primer pair used in



perform ng an anplification reaction using primers, characterized in that
at least one priner is derived fromany one of ACPs. Preferably, the
primer according to the structure of ACP is one having at its 3' -end
portion an arbitrary nucl eoti de sequence substantially conplenentary to
sites on cDNA strands generated fromreverse transcri pti28ifebmaly@ooéone
having at its 3' -end 10 portion a hybrgdi zing nucl eoti de sequence
substantially conplementary to poly Atails of the nmRNAs. In a specific
enbodi ment  FP (hivadsr GoAdifianpin Whithatheprimer or eagh dtdie pimensir hogkals o thg 3t-and st age

anplification ' o rises: ) ntacting the sanple with a
first pri me? '?) d %&gﬁé’?o Sﬁf@gsd ls‘(?l‘(ec{;écc Pl?\%escfgmi‘gs g“lﬁ’&?fif‘ PR SR Eh Tespre Y st
priner has ahdistyithale?dfMscRCIDNY icdRemiSdHaRRliisbSt antial |y  conpl ement ary
to poly Atails of the nRNA sanple to hybridize therewith, under conditions

sufficient for tenplate driven enzymatic deoxyribonucleic acid synthesis to
occur; (?) reverse,t raanlscr.i bi n%tt?]hz‘cgﬂ}lﬁ}ll,san'gl e to which the first priner
hybri di 7es to >BrodtiCRPUCA IR the) ACH oL this Tiventiop&meioys iyiBrinciple the present

conpl ement amdthéde fob GaripiiiAisANE?! RucleR® ak® Whliefld braGiofs L hybri di zes;
(c) performng a fi rgﬁﬁstége arrplcifigat i%&ryeof %hemff)sll pﬁlfsé f%‘ﬁ ‘77 cDNA

strands’ gedesariptions bepvpam sheaparg oinitted imorier totavaid nisad anfpexitg 6P i sodpkdiftation
conpri sing ,at,.l east ,one cyecl.e of priner neal i ng, primer extendi ng and
denat ur i ng, SHEnS “5"%%6‘8%%% Ffbf‘PdEthmp?hF ré\?“"_ BEFPIOTING Y PEAGPID ffollogerhe
described ghavmmende s dteegDNK Edilentafinab ldilffei-‘en?fﬂ'lgl'& ssQPﬁkagn an

e

arbitrary nucl eotide 25 sequence substantially co ntary to sites on
the fiddt cDNAhstierantgenomic)BAY @b uwsd héreinaefersitg a peitition GHODNA tthad BsmpribesWhi ch
the pri rrerlfﬁirb\wpr'errer gtair annealfs to.th]e nRNA sanpl e, whereby a set of
discrete c e E I PRI b & BEFicss Ths BRIRG RYArsorprises ths compldtasesd; and
(d) perforgfigned pp@eNg aSprad@ectddiPdpbdidsC fthd e of discrete, cDNA
segnent s ger?gratpgd from lgtep (c) pg{lésa?géeg%}?%&%tﬁﬂe%flsq%ncgs %ean%?g%%stﬁra]esomhi ch
i s high st referareie axganeme.iThaterm DA or®RiVsy I Engarprinting” ais sted hereinesfers & 2kt gpr i mer

anneal i ng, pri xtendi ng an enaturi.ng, Musing the sane priner _or prinmer
pair as usé céegeélfxgpm(p@gcac?gn 3"%’”? n}f'“%{mﬁgi Ofeh BEME OF 3 cSHt Fetes¢NA o
nucl eolbde segreuBRbzacoisticaacatdple gf RN&AGivelyend portion of the prinmer or

primer pair used in 28 February 2006 61 step (c), under conditions in
whi ch the pri fthe grevieusabigprily pamed PR fingsarintsega PER, shbre ordbng-artdimaly 5’

(0, Toepebirum piv el Mgt ik BB et B Ry e donees i R "
re-anplifi enplificaGmbreadskiadlowapphdaliny feMperattteng réqiRed YoFacRikve Hbiary r}:\‘iﬁﬂ;gi, on
enpl oys in sm&linlﬂ?a(t: Ia Ellgglﬁtcrn% pgr;igx? gfnitsolated fragments is not still reproducible although effective

20  amplification proceeds in the following cycles under high stringent condition.

In contrast to AP-PCR, the ACP-based PCR for fingerprinting increases the specificity of
primer annealing during PCR due to the function of a universal base residue group positioned
between the 3’ - and 5' -end portions of ACP, wherein the universal base residue group restricts
the annealing site to the 37 -end portion of the ACP and also allows this 3’ -end portion to

25  annecal at a relatively high annealing temperature. Thus, the ACP-based PCR for fingerprinting
completely eliminates false positive-prodﬁcts and significantly increases reproducibility.

In a preferred embodiment, the ACP contains an arbitrary sequence at the 3/ -end portion
with at least 6 nucleotides in length. More preferably, the 3’-end portion contains 8-15
nucleotides in length, most preferably, about 10 nucleotides in length.

30 A single ACP or a pair of ACPs can be used for detecting polymorphisms in DNA
fingerprinting. Preferably, a pair of ACPs is used for DNA fingerprinting because a pair of

ACPs produces more products than a single arbitrary ACP does.



met hods for anplification of nucleic acid sequence previously discussed,
the comon descriptions between themare omtted in order to avoid the
conplexity of this specification |eading to undue nmultiplicity. In
addition, the RNA fingerprinting in principle follows the present nethod
for detecting DNA conplenentary to differentially expresserebiidry 4086 10 The
term" genom c DNA" as used herein refer@to a popul ation of DNA that

conprises the &Mm%%%fg%ﬁﬁhcﬁ& Nsin fA(ﬁ’ i%Qgr%u%tsed Bw? é{genonkﬁgs The

conprises the conplete set of genés presefit in a pre- d&v BS sk

conpl ete setamgﬁf Qgemyndqnﬁa:fslfhﬁnnga@ndxaoral aﬁplxﬁEﬂifoﬁEe"aE@bnE Bre RO MRer 130€ term
DNA or flnc% f)‘Elrlntln as used herein refers to a set of I screte DNA
anmpl i fi catl SHRETbEARdton o mvo ey elps fithecfirgstage @Eﬂ(&ﬁ@?mnlﬁam@ﬁlmgﬁexmnm@rmﬂe cDNA

15 segnent s4GhRLAS t&EESE | S res ctl In the
previous arbitr a?iEI y %oﬁ (e Pja%% f’?ﬁmécrecé)"ltaﬁ g8 génoﬂ’ @ ﬁ&reagqlﬂﬁ‘rtt“fféfr | ong

arbitrary MeCheiNTRZUATR eOTPLEGTP auﬂdmﬁ@paxs&tffkmqafxc%ﬁ?d trkcgélﬁﬁc%e early
2-5 cycles of %%R %gllflcatlon because a | ow annealing ténp ure is
required toS389RAdRIR the reactionymixtuss; theiPG R, f°a°§wwetmef@nmd,§p@weﬂlbgamamﬁqm on of

i sol ated fraguipR d | e h e ctlve
anplification pr%tg)ge gaﬁ] %} Hﬂoﬁr ﬁgfe?e }égcéggloé%%ﬁﬁg%aﬁﬁ é & |Png%§Hﬁt°d
condi ti on. drbitrexyryrinas tyYQs dbﬁe@aamg fbethAGP-ebdl%GﬁonGR theDACP 3:9%9&! :Bt:hé‘g
i ncreases the sEecl fi CI primer annealing during PCR due

function of S3HGHMATE 3D %&"s@eFeégﬂdcﬁ?éeﬁgl?)ampkb@silqnlaomducttﬂet ween the 3 - and

5' -endgporti in ni.versal resi due group restricts
t he an%gal i ngqgl%PselIl% ?Qpnﬁwg{a? ?lrép or fegﬁatgf‘ ?tbgégcﬁ URY 2 Pssiugg PYMs t hi s

3" -end porﬁngmprnh@gZHtMnﬁahtmmaACBhﬁtfob\Ycﬁw YhelYe&itarR ARSAAdd ure.
Thus, the ACP-based PCR for fingerprinting conpl etgHls (lal |rptrh§n&t%eh§{s?gl se

positive probirerdusbla 1o prrast, é%%’qcvslan’ewzéa% s 4«61bgm¢msthathgtoyndslsnc1aas

preferred a%odieR trar nce at the 3' -end
portion wth at I?gg{lyp nué‘? sgl?ﬁr’l 59 %‘Ba‘bqﬂeq?é?%ﬁ?@w 3bge 3
-end port i datweemd.aiuNsar@-2| M. Mmbaawb@emeb@ckme&%f:ﬁmﬁépi@ L6ufl 2Ry, about
10 nuc& oti deinl n Ienc%setqbﬁ 0 A single ACP or a pair of ACPs can bé used for

det ecti ng pol yiBPFHFE PR thﬁcﬂ‘@’é’i“fﬁ"%f’f ﬁgP“‘P?f#E’F-‘amd}ﬂg to thya§‘rendf ACPS
is used fop o%of&@ﬁ@i’?fs'a%dt'ﬂ&wpﬁcoap afid ?%m%%pﬁe%abiya o @g%ﬁ mor €

products than a single arbitrary A oes *An exanpl e
of the DNA fingedps gmqrmglmsﬁ eyl ARNAI simples ahug the cobiynet VoS b 38@Svasitty RER
anplificat |bons

under f ol conditions: anplification reacfions are
per f or med un eafmnl d%‘f"?lt hf’ ?G%Blie’t‘gfi’n@a)bkf ‘{W“éwaftﬁ apimpel (hima) - st age
PCR conpri snng;cmamulﬁa,g,dlg*g,gmg;,ﬁ&ap&gm,s%nat uring reaction; the reaction
m xture_containing genom c DNA, PCR reaction buffer, 5 Mg, 2dNTPs (dATP,

dCTP, #&TP andbeimpified proshirts cat ber@Rlyzidsbypged elempliesisT Rrjorie Rirb6nat Sthe
resulting PCR products can be also detected on a denaturing polyacrylamide gel by
autoradiography or non-radioactive detection methods such as silver staining (Gottschlich et
al., 1997; Kociok et al., 1998), the use of fluoresenscent-labelled oligonucleotides (Bauer et al.
1993; Ito et al. 1994; Luehrsen et al., 1997; Smith et al., 1997), and the use of biotinylated

25  primers (Kom et al., 1992; Tagle et al., 1993; Rosok et al,, 1996).

In still further aspect of this invention, there is provided a kit for producing a DNA
fingerprint by use of gDNA or mRNA, which comprises the annealing control primer or
annealing control primer set described above. The descriptions of the kits for the amplification

30  of nucleic acid sequence and for detecting DNA complementary to differentially expressed

mRNA of this invention can be applied to the present kit.



is added into the reaction m xture; the PCR reactions are perforned,

foll owed by denaturing the anplification product; after the conplete
reaction of the first-stage PCR, the pre-selected arbitrary prinmer JYC4
corresponding to the 5 -end portion of the ACPs are added to the reaction
m xture and then the second stage PCR anplification is ascmedtatyedos 10 |t
shoul d be noted that a proper concentratfifon of ACP is used to produce DNA

fingerprintivigl. AgplicAttor2 6@ UidntifitatiodCof CBndefvell CBom Oy (SAGnLES Ul tANL
anplified PCR products are not reproduci . ; .
amount of tKamili®® generat es backgrounds such as DNA smear during PCR In a
preferred enboc:}ihlrgent1 t he cog‘%%ntrati on of the ACP is about between 0.1 M
and 2 M Nost prareRisaiQn uspg ACE O de spbiect iyentigh canipdso megvidegn imbyroned beod M 15
In a pref er ERaheABRGHERALE cohlteved ARREBL BLhaf ; j mer corresponding to
the 5 -end portion of th‘fao ACIgs S a%gu?hﬁl%tl%ngfﬁg%eggrﬂ'ﬁsand 2 pM nost
preferably, abbutnotiegadprct B thisgieraridrs tHabiAs preatidedRime RO Hbra8eniBngBneRt Al Ned
froma w dehvaorli et%/ of hiomaterials and conditions. For exanple, they may
be obt ai ned " TTOM pIgRER's 18,4 Mmiifeens famiy Fomman mPRd¥A isamplanehdreinmhedinéthet ent
i ndi vi dual  eynghiésS Pverse Crat REbiAE Rk f defrmf cl.spean be anal yzed by gel
el ect rophoresr?g‘. In one enbodi rent ,ﬂet he ﬂfgguaﬁlhﬁgmﬁ%ﬁcaﬁ‘%’b&&‘f‘% RBEfShe al so
det ect ed oncharadierizedunitheg aplshsy ace plirmeri islderiyed oy angWno bR AICPY ARG QE ve.
non-r adi oac]%{i ye, B,eiect Lon nethods such as silver staining (Gottschlich et
al ., 1997; KSEr8k M pymer hagagthe spuctuiecof ACP fiy gap bayingsa difst3’+ad qiottied a
ol i gonyuol ecdybH&sing BediRhceCdubsiintiall i al . 1994: Luehrsen et al.,
1997; Smith et alln.é, ?d{Sch) , and. tyﬁ%%%seéd c{l)t%y Etlgoat %oﬁ‘cﬂﬁn%utségque% Bt F8FEKom et
al ., 1992; stausnes erpoding amib®88d sdfosk o4 camberved HABlogy bddmsiti dnl cDNA LBEL aspect
of this inventiato ,ﬁ.there is provided a kit for producing a DNA fingerprint
by use of JORAGT “HRNEY S FERC oA ARLE ong having, acisy 3 frendcpantionod hybridizing oOr
anneal i Ng GREkstRAle sefueARsussahtids S6hbRG J criptions of the kits
for the anplifi cati&{)n BOmof rlﬂlgl eiﬂ(’: a%“?@é’éﬁé‘n@gs%ﬁ%%&ﬁet ecting DNA
conpl ement ar y In@ spécificesnehodimahd of teix piversion dhereTf¥fovirfed tHei rfethod (Sing b sedg@n be
appliedgto a;nhgﬁprigse&;ﬁcgict. 28 February 2006 63 VIII. Applicationto
I dentifTcation of  Conser V&Sl ogy Segnents in Miultigene Famlies This
appl i cati on ugiNGoAGERinRfthd HRNAYRERE tvith DEROLHEAE of &1 Ak Lge an i mproved
method for the identification ofﬂco_nserlvegl honol g""?/l §§%§r‘é‘g¥g§{iﬂhw&ﬁ%| ti gene
fam|ies. 50qFstasendes abyadizingmuelpitide saquanae substantialip cemplandafagvi 36§ £ met hod
f i denti £ ARKF l, 0Q ts | ti famly f
rﬂ%rNAI sggp: é%“sv\rbgetgée) fiIR tmvggnr%{]ﬁoggyb%gge %%%Q, Endlernco%dxrtrilgns _s!u?fﬁ:?e?xt fo?rtncmp>l/ate roman
driven enzymatic deoxyribonucleic acid synthesis to occur;

20 (b) reverse transcribing the mRNA sample to which the first primer hybridizes to
produce a population of first cDNA strands that are complementary to the mRNA sample to
which the first primer hybridizes;

(c) performing a first-stage amplification of the population of first cDNA strands
generated from step (b) at a first annealing temperature comprising at least one cycle of primer

25  annealing, primer extending and denaturing, using a second primer of any one of claims 1-25
having at its 3 end portion a hybridizing sequence substantially éomplementary to a consensus
sequence or a degenerate sequence encoding amino acid sequence of a conserved homology
segment on the first cDNA strands to hybridize therewith, under conditions in which the second
primer anneals to the consensus sequence or degenerate sequence of first cDNA strands,

30  whereby 3/-end cDNA segments having the consensus sequence or degenerate sequence are

generated; and



conprises reverse transcribing and performng an anplification reaction
using primers, characterized in that at |east one prinmer is derived from
any one of ACPs described above. Preferably, the primer having the
structure of ACP is one having at its 3 -end portion a 10 hybridi zi ng
sequence substantially conplenmentary to a consensus SequERruary 2006
degenerate sequence encodi ng am no aci d4sequence of a conserved honol ogy

segnent on c St rated fromreverse transcription and/or one
having at it%) -Je(:ink?ilﬂpﬁr(l)gr ?S%ﬁ“@“ﬁ%fbﬂp 163tqg of ﬁ‘ﬁél'e"@flic@émstGMecmrated
subst ant i al IfpmeospI(teie BécBAY arn@ali@ hetnphraht &S ciPh Ig?%gmﬁiﬁ%’}?&@gg ﬁé,geci fic

enmbodi nent of this invention, there'is provide TR3est age
15 anpl i fi c&tF¥hsvo wklet pf primasmineaking, prither catehding dndQlehdd@ing RNt SRATRE Akt h @
first primeg, of. &y, one aof cl ai tmsij%-ZQ, in which the first primer has a
hybri di zi ng hucT ot H& L8 BB SR BL 119{E) o1 RFmMEpR%T easle aomprising @ muolkafidé
tails ofst hequdbcasgthing & daybsi-dig ' der condi tions |
sufficient for tenpl g@t%: n%ri ven enz?gng%?gf %&%@E%ﬁﬁ%?@??sﬁfﬁﬂl%‘%@%esi s

to occur; 28d((e) respectivelp undemmoditibrisrig whivt eatiNAirse HRAQIst Y ChhRe_fd T St

primer hybrjdizes px oduce popul ation of first cDNA strands that are
conpl enent a%@“%g“t %tgt e'édaﬁBﬁé eRthi TEPPestivalYf ivhereby thendt -ehd) rohseliveds;  ( ¢)

per f or ni ng KorfoldgyDNAAGEnEMSYrd fhsidka On Of the popul ation of first cDNA
strands generated fromstep (b) at a first annealing tenperature

conprising at Thiaspecifiaesmbpdimentofolipws ire princiifie, ale) pitbenh hetHdt | S - Relcggl ng and
denat uriyng, ;. US| ng a se ond i mer of any one of clainms 1-25 having at its
o"9. gi ??SF%gE&

3' end 1portlsocﬁssgl P8P 2F eRoRLPEIgs&seant i al |y conpl enentary to a

consensus sequence or a degenerate sequence encodi ng am no acid sequence
of a conserved honol ogy segnment on the first cDNA strands to hybridize
t herewi t h, undameneberdpecifisrembbdimedtiof thig ineensiar; st is Provided tha RRAAA §sin§39mt he

consensus n or degenerate sequence of first cDNA strands, 30 whereby
3' -end c%%gy%gé%ﬁtfoé‘s'ﬁg% §™PH¥*consensus sequence or degenerate sequence

are, generaL ot apsoAlnd SR AWe Bkt BSHURLIY BohRSSE Shgoe

anplification of the C segnents gen at a

second¥ann&QYRIsTErandsd N tivherchifull flenigth cBNgVstrstdsiareggemdratedyndi t i ons, conpri si ng
csi ng- e sand") 1ap gl nOEERROU oL ol FBterith 5o Faposemaned) o o
pri mer pai foeestd (NP filssirhgaling RupkARE, d«sicﬁ_c&ﬁ‘ﬁfd@srtﬁ%ééb%ﬁ esponding to each
5' -end portion gfé gtge first agd sec_(:nda ori mers used’in st eps (a) apd_ (c),
respectively, unfratdeastine;cyele of primgsianteakinge primer iemendingnand alesaniring ukifg 3 and
5 -end first primer comprising a nucleotide sequence substantially complementary to the 3’ -
.20 end scquénces of the full-length first cDNA strands under conditions in which the
first primer anneals to the full-length first cDNA strands, under conditions in which
the first primer anneals to the 3’ - ends of the full-length first cDNA strands, whereby
full-length second cDNA strands are generated; and
(if) at least one cycle of primer annealing, primer extending and denaturing using a
25 second primer of any one of claims 1-25 having at its 3 end portion a hybridizing
sequence substantially complementary to a consensus sequence or a degenerate
sequence encoding amino acid sequence of a conserved homology segment on the
full-length second cDNA strands to hybridize therewith, under conditions in which the
second primer anneals to the consensus sequence or degenerate sequence of full-length
30 second cDNA strand.s, whereby 5‘-end cDNA segments having the consensus

sequence or degenerate sequence are generated; and



sequences of the 3" -end cDNA segnents, respectively, whereby the 3' -end
conserved honol ogy cDNA segnents are anplified. This specific enbodi nent
follows in principle, the present nethod for 3' RACE as 10 di scussed

previ ously except for the second priner used. In another specific

enbodi ment of this invention, there is provided the netl20debsary@0o08Mo St age
anplifications, which conprises: (a) persfsorm ng steps of (a)-(e) of the
met hod for anpliyf WeAsman PORLAS L full -1 th 15 doubl e-stranded cDNA,
wher eby full-| e(rgg%b'ﬁ cDNAgost raondstgéa]’raggpé%%ag%f’gg‘,g (b‘)“%r?QINF\)FW@‘Szenmted

first- st age framptepfib)caiserond hnriedling tatgerah@ngiibh f hfedltsf Hpds obtai ned
from step (aQ at a first_annealing tenperature, g\%]\/ni c ég&n%létﬁgggmf‘%’émgteps
of (i) at I|B&4§% B‘f?ecye{?éptépwermem. B EKlending qndi demturing! S tHe)same Grst

denat uri ng M8 868 prid: L,.CORPL{ sing a. nucl eotide sequence
substantiall'y. c.o_rrplperrerrlfgsr gsre{i gr?ftﬁ%s @T’B)H a”.%?'&ﬂd"’é@&%h’c@é agFimeh gair each:
enneal o To the Tl Lol engrh T et Soranangloas o pUFof By o eibeol o
the first prIHEs Ussh i sters @b} and (B)-(iD), respertivels, untier dotuditiorls & @thith fehdhShimeONA
2t Toast onaren et shFEAL SRR bR S S PN amenthgearivasnatmni ng
using a 23hsoemitopservedhomblo@eDNIGegRbn:CA R MBIfkg25 having at its 3 end
portion a hybrjdizin sequence substantially conpl enentary to a consensus
sequence or a deyHs 1§t anbodigqutefollews inc priticiply, alni preseAt ndths€ GHEHC RALE 4
conserygd heuapl he full-length second cDNA strands to
hybri di ze theresgv%ng%fﬂ,ﬁ&%yd;ei%pg%ﬁgfﬁc8ﬂ‘gmwr th the second priner anneals
to the consensus sequence or degenerate sequence of full-length 30 second
cDNA strands, whereby 5 -end cDNA segnents having the consensus seguence
or degener at e '8 8tjleheseeds of thissineantion dhereais ra¥Ble e bnattaidyforA0Hify S cdnberved
per form ng g l.j.fication.of t 5 -end cDNA segnents
gener at ed h?rpglﬁng)g?géﬁg) S’a?r%m{é%eg%ﬁﬂm n R, 1+ dherein athe rracthd edmpriseshi gh
stringent pefidinirnganamplifichion feadidn usthg préRed, chatfiien rimer annealing,
pri mer, ext endi ng_ and denat uri n‘g_, .usign% the same 11 r@?ha?gtr}gasé%cgﬁﬂmp'ﬁi mer s
gs used in RN °r(“E‘PY ("f‘;%ﬁhﬁps( yeripeq gbove: Bsemdb_ﬂ)i. @B![P]i,mcohaga%gph& mgmﬂaa.f{ eachf
conpri Si AGP3s sHéhawRg htdfs 3° LHYHIH G2 L] Leach 5 -end portion o
the first and second épri Mers Eds}gﬁ’ fﬂlbégéggseﬁﬁfi"-gfT@s%GHXWPE"F‘Fme

respect i vet gonsenseiesequanpnionta degenerare salpieadt caesaihgRinEicid QARG & 4t 3 -
and 5' -engo sgguences of hyg]SNil -end cDNA segnents, reg%ecttl’?\?ecpglsfeng%ereby

ITI0 segment on t

In a specific embodiment of this invention, there is provided the method using two stage
20  amplifications, which comprises:

(a) performing a first-stage amplification of the conserved homology segments from the
gDNA at a first annealing temperature comprising at least two cycles of primer annealing,
primer extending and denaturing, using the primer or the primer pair of any one of ACPs
described above, wherein each primer has at its 3’end portion a hybridizing sequence

25  substantially complementary to a consensus sequence or a degenerate sequence encoding
amino acid sequence of a conserved homology segment on the gDNA to hybridize therewith,
under conditions in which the pn'mef or the primer pair ﬁnneals to the consensus sequence or
degenerate sequence of gDNA, whereby genomic DNA segments having the consensus
sequence or degenerate sequence are generated; and

30 (b) performing a second-stage amplification of the genomic DNA segments generated
from step (a) at a second annealing temperature, which is high stringent conditions, comprising

at least one cycle of primer annealing, primer extending and denaturing, using the same primer



the 5 -end conserved honol ogy cDNA segnents are anplified. This specific
enbodi nent follows in principle, the present nethod for 5 RACE as 10
di scussed previously except for the second prinmer used. In further aspect
of this invention, there is provided a nethod for identifying conserved
honol ogy segnents in a nultigene famly from gDNA, wher e28Febherymebhod
conprises performng an anplification rggaction using priners,
characteri zeog in.n t hat at #east {1e primer is 15 derived fromany one of
ACPs descri Bef B0V 2P15&t B Ut ) o% 1B jof@ PriFgy Paiteach somprisirgt aifeleafde ACP
I S one havi Rgquddicel cb®esdondi rdi ) hdi zi ng sequence substantjally
conpl enment ars1 to a c%%%%uggggse p@e%qu%ﬁ@gmg;r{gfa{hg(gagﬁe?raﬁrgmé@ﬁ‘ﬁé??éé“ 8Frc@i ng
ami no aci d sedpeprsision$ inawhidntbe prreet or el 0@ YrimEPFRNThn QR th AL ﬂ%s%ﬁlda
specific embodi nent. of this invention, there is provided the nmethod using
two stage JOVHINH Ph ‘?‘E &E1°7Ps DN seamertsoseperntsd fom(step (e rdspactively whefeby @ik - St age
anplificati %s%eéﬂbﬁlo?&?§%oﬁﬁgdsegﬂmi o]s)VR sﬁ%?érent s fromthe gDNA at a first
anneal i ng tenperature comnprising at Teast o cycles of prinmer annealing,
priner extendi dbe aresend ewesttodrfoligyys insSprivgiple)) the Pirbser m&hod BE 4, ilig,gr,'g Paide, of any
one of ACPs gescr.' bed abfcr)ve, wherein each prinmer has at iIts end” portion
a hybri di zi B Qetfifetiternosianp DNAasdisryssed pravipnenersert fyr thoprimes astdensus
sequence or a degenerate sequence encoding am no acid sequence of a
conserved honol ogy segnent on the gDNA to hybridize therewith, under
condi tions in Sikcecthistappliqatiomesingothe WP JTrhiseivetdh lemPRYSH ﬁrir%%'l&tﬂ? &&gfensus
sequenclteohor ﬁ%ge@eratpgi sequence of gDNA, whereby genomc seamen S
havi ng the PEA¥ENORSMRUSEANSR Y Bicleire 3dt spanerces rgriewshe disnwssglenier asnetisn and 30
(b) perfor ngengi i Iy .1 jan_of .t he nom ¢ DNA segment s
gener at ed d;dgwr%agltﬁgg (a) i%?lg %e gg@ghdﬁ g%%retgﬁvﬁs qee??H%feél%PgEmWF%ﬁFaﬁl@ hi gh
stringent thigt to omdye moltiplidityi Igadditibn, |vi@fet anORRNA Vi€ Li&d ' l'i ng,
WR4% sgrg el 6% 66

primer extendin n enaturing, using the sanme prinmer 28 F

or prinmner p"é‘fsf“tggeaﬂif?g’ég°fi H %ft%’pﬂ(\‘a“ﬁ ag; In priggipla@pplisd totherprevent nmettiods faafe

conpri sing j BRb ( ingo.,.each 5 -end portion of
mp 9 idenfH6driBRbE &ﬁsen?eﬂ%ga?% sgﬂgré%,g(%,g&nﬁlgﬁ,ﬁ Afugach S p

the prinmer or prinmer palr use ons in which the
primer18r eacHhefforriila frAGHefor paiidentfivatial of comeivebhddiology 36knehts in Rlfgene
sequences t.he. genom QNA se nts nerated fromstep (a),

respect i vel(}%r,“ﬁlg%lér eeﬂé)é% ﬁ(’e ¢ ?@B‘gg@r‘%’&gﬁm 0%y pgaian of 6C§élghembsidiamg
anplified. sdduender asaititialFtcbRPlenhthriPWS 4 RoREAsQE] the present. nethod for
anplifying a target nugiiaei cggci dﬂrgequenge l#’sr%:)rsh ug’BﬁlAlQaas BT (i efF 2

previ ous| y de8ERPIE s§ayence lgrcoding Aminoaeid skquence of a conserved homology.

There are two principle approaches to the design of degenerate primer: (a) using peptide

20  sequence data obtained from a purified protein; and (b) using consensus protein sequence data
&om alignments of gene families. If orthologs of the gene of interest have been cloned frorﬂ
other organisms, or if the gene is a member of a gene family, it will be possible to generate
protein sequence alignments.

' These may reveal appropriate regions for the design of degenerate primers, for exammple,

25  from consensus sequence of highly conserved regions. Amplifications using degenerate primers
can sometimes be problematic and may require optimization. The first parameter is annealing
temperature. It is important to keep the annealing temperature as high as possible to avoid
extensive nonspecific amplification and a gocd rule of thumb is to use 55°C as a starting
temperature. In general, it is difficult to keep this rule because degenerate primers should be

30  designed based on amino acid sequences as a precondition. However, the ACP of the present
invention does not have to satisfy this requirement because it allows a8 high annealing

temperature such as 65°C at the second stage of PCR amplification regardless of primer design.



Since this application using the ACP of this invention enploys in principle
the present 10 nethods for anplification of nucleic acid sequence

previ ously di scussed, the commbn descriptions between themare omtted in
order to avoid the conplexity of this specification |eading to undue
multiplicity. In addition, where an nRNA is used as st ar t28ifgbmaty@pétal , t he
present nethods for 3" or 5 RACE are imeprinciple applied to the present
met hods for the, identjf]cation o onserved hono| ogy segnents in nultigene
famlies. 15 TH“é“?‘%’r“M%A fetf"A'éﬁe %PS‘FF{E' PR eYitanF i REREF o 3 ook s pmere gach

honol ogy segs®Rprising d\ddptretdt@RG@nce Blktkd £8m b $1ut A8 Y%A uclk &t formila (1) in
which the 3' -end portion of aACP has a hybr%i dai ?ir%]g gé%ﬁ?%%%%“ﬁﬁ%f%i ally
conpl ement argidsequence ofitheensenssesgguence in a gene fanily or a degenerate

sequence encodi am po_aci d seqyence of a conserved honol ogy. There are
two principle éfégrt%gt’c hcé’gsefvégt'?%‘g‘dégg&?’%cha’@&élﬁerca‘iséwﬁﬁ ragion: of (aagenaidi mg

pepti de 520 rpafFdaamiltedsas Aok Yo s hof b in:.. and (b). using
consensus prqtgign squenceé%gt a ?Fsg%ggelgﬁém%{cle%g#%geg%g&fde{ﬁigf'iee"g."?“f"?

ort hol ogs otcid peguensnef aprotait Batds sighibeethpamilarbemretmEmbm ofjfehefamPled aRE SNS,

or if the ggne I s a menber of ene famly, it wll be gossi ble to
generate proteif SEBGESHER Vé‘ﬁ'gh qases -fhircLonserugd regians Aill he fentisel betveer egi ons
for the deshgfilyQienthede ' : 25.fr consensys
sequence of hi é’hl y conggﬁéggasgigﬁ%?h&ﬁ%?%?a& sg 5 ’sffc o &éb‘é‘ﬁé?“ga%
primers cafer govnst dcidesegiventy thab hre rrapservedi hetwaamyfamily triefrBer® T He &Rt coBnsusl NE
first Ra anet er i.S annggling fterrperature. It is inportant to keep the
anneal img t SAPEFat BrEeASeRINgRICESto fhrs base mogt 9fter, fupd abanyegivimmositiomsperci fi ¢
ampl i fi cati @mpanth Alage Admbatlofsimflactallilbdiak §eqh91lc<:é§.se 55C as a starting
tenperature. In general, it is dlfflcuﬁt to keep this rul e because
degener at e pr i Aiiersativbly.thel ptosenBethias ifgniscidemisiedion bf eikeed A6mbloSERRRAGES as a
precondi ti on. wever.,. t.he A&:ﬁﬁP of, the Br esent  invention does not have to
satisfy thi €"PRAIS tomHined vt sbay fog detecting fiffsrentially expressedmBNARg  t enper at ur e
such as 65C at the second stage of PCR anplification regardl ess of priner
design. 28 February 2006 67 According to a preferred enbodi nent, the
second 1fri ner Ingtilh fysdher aspect pf thisapventiqnc there doprpyifeii gt for degEyiey atasaaguence

selected fr I | | of .the nucleotide ing for amno acid
sequence ofﬂﬁ?goggos er?‘s@s/a St é‘(l:lnﬁ%“r?c{é’?"q’fﬁ% "fe_e?ér?‘ﬁ@gn‘g &Y vhishi comprissh dhenor e
speci f i cal |ainaliog|s@trdBptiti? GF Bhesling GoGAN Britét 8 deSoribtl 1oWeAGe fRMk s &S USed
herein refers_to a segnent of nucleotide sequence of a gene or "famno acid

sequence ofth&kity fr dhe, amplification of myrieiq ecidhseqpense,ni’| RACEeinde®n RAEBhe thisof gene
famlies. -Emwi&xe&ﬁﬁgapgwflir@%'ﬁu:'\é&ie&ddtca” vary. In sone cases the conserved
Il al” betwveen

regi ons w be 1 denti

20 IX, Application to Identification of a Nucleoti_de Variation

This application using ACP system of the subject invention can also provide an improved
method for identifying a nucleotide variation in a target nucleic acid.
In another aspect of this invention, there is provided a method for identifying a nucleotide
variation in a target nucleic acid, wherein the method comprises performing an amplification
25  reaction using primers, characterized in that at least one primer is derived from any one of
ACPs described above. Preferably, the primer having the structure of ACP is (a) a first primer
one having at its 3"-end portion a hybridizing sequence substantially complementary to a pre-
selected sequence at a first site of target nucleic acid, wherein each of the first primer and the
first site comprises an interrogation position corresponding to the nucleotide variation, and/or

30 (b) a second primer having a hybridizing sequence substantially complementary to a pre-

selected sequence at a second site of target nucleic acid.



famly nmenbers. In sone cases the nucl eotide sequence may vary
significantly but still encode for am no acid segnents that are conserved
between fam |y nmenbers. The term "consensus 10 sequence" as used herein
refers to the bases nbost often found at any given position when conparing
a large nunber of simlar nucleotide sequences. Alternat2s/mdbyyaritd066 pr esent
met hods for the identification of consef®ed honol ogy segnents can be al so
conmbi ned with {hatrefiBE el ' i centially e ssed NMRNAs. 15 In
still further aspect of tg‘f??‘gé’ﬁlt ﬁg%’%t‘{“%ﬁ‘,r‘“t ﬁ‘éﬁ”és g@"‘ﬁ%ﬂgf gEHod uging twostage

i dent i f yi ngaraplfost®as, weikh compideigy segnment in a nultigene famly by use of
MRNA or gDNA, X\Ini ch_conprises the annealing control priner or annealing
control pri mer(2ePerpEaing adEd-sugvvrenlifision deprodice bifion DNA strdnB Corkplbenfaly t he
anmpl i ficatign,of I L eguence, 3. RACE and 5' RACE of this

i nvention can ‘ﬁé"éaégg‘}“?ée‘ﬁa‘?@"ﬁﬁé‘“@ﬁ@‘sa‘ﬁie°i&‘ﬁ vangipn) af a Instannealing demperature

| dent i f iSc atdoomprisifig &t 1Bhs€ biOdyc RS YafreR hnnedling NWrtne? RREAGARS 1.3 US Ng ACP system
of the subjgct invention can also provi dgggﬂn inprov@@téngedteﬁao g 3

i denti fyi nd"$ RIYREF @bemoeneved AGRsidsseribed aboveahaying atis Beiead pertieh a hpbrgigher

aspect of tl,Sqd I : here i s provided met hod for identifying a
nucl eot i de - d\‘/‘%?‘%eg)té?%%\h?lﬁ, Pl zfrmgeé’{aryn@cﬁ %’F'é‘sﬁ:éq%oﬁeq‘bﬁﬁ@r%ianﬁpﬁh%te P ttirecarget

conpri ses macléioaditl RohydFdideBbred it tHeR R a%frmg i ' iers. .
characterized in that at |east one priner is gfﬁ@éwg%rﬁ’%ﬁ ©BWRNEE AcPs
descri bed &BJVETOSNAY Bestion\romeshendingi wethe tradldotidy Vdriatic, iwheieby heOfirstASIFAT S ()

a firsgqapri ing.at its 3'.-end portion a hybridizing sequence

subst a%?i af@‘*égﬁ%‘?gﬁ@% é"?&*/“’. :‘aﬁgeé\nb% qacé‘g‘f‘gﬁ‘{‘%ﬁjmé Biflfotidevagiation if generatedi t e of

target nucmaercthattdrogaivR pBiitlon@a6deusitd by tfe édn{p%nema}y%gl{:ﬁﬁgo tg?e Q{if irst site
e nu

conprises an_interrogation. position corresponding’to n tRripsr

vari at i on, '%fifrEespamignucigotide obihd fipt sittpmdhavi ng a hybri di zi ng sequence

substanti al | ysgonpleenent Q. a pre-. sele eg sequence at a second site of

target nucl ei gﬁag’lpé. % ala:% TRIE g’ﬁ‘g’gcat’é’g °?§?e “éBgéi sfterd genswed fiomstepf t hi s

i nventi on, (a) ersecdnd afealrigd@fipetdt@e, Wi dhQehipis ittisheh M3 ndif; lifications,

whi ch conprises: (a) performng a first -g'fa“g'gg anpf‘?éc?‘g’ch’fngrﬁn}%{g&gepﬁ?%’&uce a

first DNA st randVcotipiaeAenRE¥S/Of Rriner Rractling (rimen sxtbraling aad idehaiuriag usiighg t he

nucl eoti de vari aliddB fHmed of biySbne®FR@hs MVl SMRELALUr e 5 conprising at

| east one cycle of primer anr@a‘]ei ng'?é%réqegn%?ege@?@%"ﬂé ah He 3aearomionly,  usi ng

a first primer diybadiyingsejuefce AQhtantstyCiopReheg\E athVkﬁ&téatse{;Jeﬁce?’;t L end

portion a hybridi zi gg seguence substantial ly conplenentary to a

pre-sel ected sedGENEa Y i Pstapcler peid orhybridize therepeith undercbmiitioninivehidho

Qgg}i) :’ :jlsz g ther ewhd fcotthGir Rk lo e &lBalshd SF the 'tarGet nud 29 act:icrltewl]:elre%ita site

- 20 second DNA strand complementary to the first DNA strand including the nucleotide

variation is generated; and

(ii) at least one cycle of primer annealing, primer extending and denaturing using the

same first and second primers as used in steps (a) and (b)-(i) or a primer pair each

having a hybridizing sequence complementary or corresponding to the 3’- and §5°-

25 ends of the second DNA strand generated from step (b)-(i) to hybridize therewith,
under conditions in which each primer anneals to the 3’ - and 5/ -end sequences of the
second DNA strand, respectively, whereby the second DNA strand which comprises
the first and second sites of the target nucleic acid at its 3’ -and 5/ -ends is amplified
so that a short target nucleotide segment corresponding to the second DNA strand

30 containing the nucleotide variation is generated.



an interrogation position corresponding to the nucleotide variation,
whereby the first DNA 10 strand conplenentary to the target nucleic acid

i ncluding the nucleotide variation is generated when the interrogation
position is occupied by the conplenentary nucl eotide of the first priner
to its correspondi ng nucleotide of the first site; and (28)Feperfy@00d ng a
second-stage anplification of the fi rst®HNA strand generated fromstep (a)

at a second argig@l thRGpbIRERGT @itdl Be AWPI SThhis SnvBht®A cHipldyd G BlincHRN Bk bhieRs
conprising the steps: 15 (i) at |east one cycle of prinmer annealing,
primer ext enehadg fndmpbification i afgnuskiongeid ssewored previondy difcuedy ther@omxfionACPS

decri bed abpve. havi.ng at .its 3'-end.portion a bri di zi ng sequence

subst ant i al ef/m@B?ﬁﬁlbéﬁ‘éFﬁ? e 35 05‘“59«%‘? §@Fret9taé{8‘dstg{v]ﬁ‘5ﬁg@“%t°?§“s PEEEREOS| t e of
the target 1044lg@b Gnde nfditdpBicifybri di ze therewi th under conditions in which

t he second prinmer anneals to the second site of the target nucleic acid,
wher eby Sa 20 stecenhem®idA refresamtaticnowp| e spexific tembbdimedti faxt sipld atidldndk

i ncludi ng the nucl eot varjation is erated; and (ii) at |east one

cycle of erﬁEngﬁﬂkéh?ﬁ&mBPﬁ“%?f‘%‘}&Vélﬁgﬁr:ﬁ ‘@‘ﬁ‘ﬁatﬁ’e‘ﬂzﬂ%&fﬂg using the sane
first and secomd fiuiEIrA St EE detkdion bEPRucleBlidedVAHaddR) is (dehtif oYl P T
each having a hybridizing sequence conplenentary or corresponding to the

3' - and 5'(1)ig-whichnd S’ eehd phrtios eanapridesRNbs diriag stquene subktentially compiéneptatyb) - (i)
to hybridize thereie\r/?vi tdh, under cono?i tions in which each prinmer anneals to
the 3" - afti2Pre-iqlsied SERIGBITCES Ui AR LAk BYFIFDRIT &3 Puhvidize thesqsatbrvhicdl y

wher eby ot hgoRgiO Ml IMRofdd %Qti%}'@ﬂ}réﬁpm{jh%feﬁﬁdct Btrebpdntih ﬁlpghe: :R0fkeSi tes

of the target nucleic acid at its 3 -an -ends 1's a I SO that a
short t ar getriatign lasbits chenpdagpniant neteotidesqf oirdAGE) otcmpy reinseerogdtidn pbsftiosf THend 30
cont ai ning the ucb.eoti de. vari at_i‘ﬁn ibsf\gener abtqioll 69 28 February 2006

Si nce t hi s PESPYiferdpis GPPUTRYR]S F4TEed b by £Wq fipae HGR amplifisationsingythe eqomici nci pl e
the presenppNRLhemsd keh arblkd Sdchak p2enPblobd 6! £ikort& ertt ol e L1 A ously
di scussed, the common descriptions between themarée omitte IRoorder to
avoi d t he odusblimkideya Bfget mickotidsorridtion.dihe dnterestiogolicimytidecsampld way baibttdinedi ci ty.

5 A schematic representation of this specific enhodi nent for single

nucl eo??deﬁ°ﬁ’d’|“§7§{5?f)‘ﬁ?‘§?ﬁ’% gﬁlﬁ)’ °Ef§ﬁ'5’f‘§}ﬁf)??§ CEsF ﬁ‘bg‘%&}%s d8p95°i s il lustrated in
FIG 7A The fae ndbtRod fusib@Pivditage NBCR EiiificRbn®f fof dekehgOLihsle Makbdki on, is
identical to the fornula (1) in which its 3' -end portion conprises a
hybri di zi ngomgwbhsmcSYED gewivping| hagicallyrfpilavrcthe aropess usedafop pwplifishe 6 ttaget

AR N ICRREE B SRRk BT R R
to the nuchfipled®NA amplification can be adapted to this application.

20 To use a short segment of the sample DNA including a target nucleotide variation as a
starting material for the above process, it is preferable that the target short segment is pre-
amplified prior to step (2) using a primer pair in which each has a hybridizing sequence
substantially complementary to the sample DNA to hybridize therewith. Furthermore, more
than one target nucleotide segment each including a SNP can be prepared by the multiplex

25  DNA amplification as described in Application II to be used as a starting material in the subject
invention for multiple SNP screening.

The first ACP used in step (a) for the detection of a polymorphic base is an allele-specific
ACP which contains an interrogation position within its 3‘-end portion occupied by a
complementary nucleotide to the corresponding nucleotide of the nucleotide variation in a

30 target nucleic acid. Preferably, the interrogation position of the first primer is in the middle of

its 3’ -end portion. In a more preferred embodiment, the interrogation position of the allele-

specific ACP is within about 10 bases of the 3'-end nucleotide. More advantageously, the



variation and its conplenentary nucl eotide of the ACP occupy an
interrogation position. The process for this application is carried out by
two stage PCR anplifications using the genonmic DNA obtained from sanples
such as patient blood or a short segnent of the sanple DNA,  which includes
a target nucleotide variation. The interesting nucl eoti dersmo@leoosay be
obtained 15 from human nucleic acid and,an organi smthat can cause an

i nfectious di sease. The nmethod using two-stage PCR anplifications for

det ecti ng simggtogationcpositiph dé th allslerspepific SACK B\R)thigeivoliy Bi Bagesbe¥rSine ak leyd
follows the process_used for anplifying a target nucleic acid sequence

usi ng genom“@“l?ﬁﬂ& 85 s dlelerprois Adferln arother prefererdt srehodimente the otsemgatibror

mul ti pl ex i £l dhb GALIb n : - s application, 20 To use a
short segnEDir’\ﬁalto t he sgr}%?%c%%ﬁ(?ﬁé S‘ﬁ%“gq’ghﬁaé°g‘é’t° "sngcalngo 8% bes 59 on as
a starti ngnuwidogde. Mosf grefeiably, b aMETORIKVAGDS on of théalﬁre%?aﬁﬁéokép tsBdatel e

t ar get s%rt segment is pre- anplified prior to step (a) using a priner

pai r i n Jwhi BHIRECHTaEE S repA mpcieosids The degmedc end gugdestideft vsad horein oefpt @rvent ar y
to the sanmp) 1A & ¥l e urthernore, nore than one
target nucl eoti de slg%%ﬁ%gl&eugéﬁati%r}g u\gl}j%gA%ESNP can be prepared by the

mul ti pl ex 25 DiNfnatipd érhbodiriengnhed” -eSguridacs! thdalNRpEGA WOP Jsbd fouddqapised as
a starting material in the subject invention for nultiple SNP screening.
The first APRinsatleash6nuglgotides inflength, waich s aminiros reuirement bof) lengthy Fir pribese i s

an allele-s | €h L tnterr i 0 sition wthinits
3" -end por?ﬁgarl]&%c@éeufé?‘g& %/féen 3’%&%*‘3?%‘%’[ Sy ?ﬂﬁéﬁggé {“ﬁg“’ﬁ%s {nHgneth. Most |
cor r espondi preferablg) €@t 3 dendportitie setjuerc@ Ofk ia86ut VA hidtldoBdlesi il Rngd idcla@flanNUC! € C
acid. Preferably, the interrogation position of the first prinmer rs in the
m ddl e of PEEoEHonRRHIBortion. In a nore preferred embodi nent, the

i nterrogation L Lol t | . P fhc ACP s W thin apout 10 bases
of the 3" <ertShe Bty & BafohElne R 5 S it anPiades 6 70

i nt err ogat i prtionosfl ACBNusitfg tulieeral Ibadeeors petdifckitirAtRy iafialvd ik my&Q%HIbm@dsbaS es
of the 3" -end nucleotide of the allele-specific ACP. In another preferred
enbodi ment ,Mipiselly ity #lbfowr ibases vihewttstesiy disruptipe ofi theaPNAsdplek f Althad@Pthe s

| ocat edsw tdakin h i i almi I P 135 oF : I j.de. St

or of cr apl y.Pof e hd bRl Rt a5 debiharip on ERfEomBlE B fis giRed

| ocat ed i n that ghesinisimeteh Sutleaite tih eubStantiabiy ddjacent thotinteteogatidaepdsi@brvf e firend

nucl eoti de" used herein refers to a nucleotide which is positioned at the
3' -end of PAB" In another enmbodinment, the 3' -end portion of the
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| ength, which is a mnimal requirenment of |length for priner anneal i ng.

Pr ef er abl y,withizdat@! for detettionprtisadatiosequence i s about 8 to 20 nucl eotides in

| engt hzol\/bst

According to a preferred embodiment, the first DNA strand including nucleotide variation
in step (a) is generated by one cycle of primer annealing, primer extending, and denaturing. It is
preferred that the second DNA strand including nucleotide variation in step (b)-(i) is generated
by one cycle of primer annealing, primer extending, and denaturing. Preferably, the second
DNA strand including nucleotide variation in step (b)-(ii) is amplified by at least § cycle.s of

25  primer annealing, primer extending, and denaturing.

In another speciﬁc embodiment of this invention using amplified short DNA strand
fragment containing the nucleotide variation, there is provided the method using two
individual amplifications of a first and a second amplifications in which the second

30  amplification is performed using two stage amplifications, which comprises:
(a) performing the first amplification to produce a short DNA strand fragment

containing the nucleotide variation between its ends comprising at least two cycles of primer



10 preferably, the 3'-end portion sequence is about 10 nucleotides in

| ength including an interrogation position. In one enbodi nent, at |east
one artificial msmatch can be also placed within the 3." -end portion of
ACP usi ng universal base or non-discrimnatory anal og that hydrogen-bonds
mnimally wwth all four bases wi thout steric disruption asfFebhuerylI06 dupl ex.
Al t hough the 15 position of the artificigl msmatch can vary dependi ng on
experimental designs, it is preferred that the m smatch nucleotide is
subst ant i al lagnealijgapeinter tXrending adrdegaidogNuifsh priger plir tRE Hrinfe?t:om;f}rsﬂ.n r. In
a preferred enbodiment, the first or second priners conprise at 1eaSt one
nucl eoti de Mpridizing fequrace fubstaptially complamentary dop atersslscted Seqhercenti sig of thea
preferred e [ e [ . tyand.ipcl udi nucl eoti de vari ation
in step (a) @%q gg‘ﬂg%gfltggﬁg% %’ﬁ%‘“@g@f’% the ““ﬁ#??%%r vatiafich, ¥ RPgitionsd; hepyeen the
extendi ng, arekedeadisequemgs, it twhich at idagf @ peichet Bﬁmetphﬁxeﬁ‘é‘&%gnwé oFlalcpad

i ncl udi ng nucl eotide variation in step (b)-(i) is generated y one cycle
of priner affrsdbed APove, having atcits: Bread pgrtioarte Mebmidizingi sequenty, oftereapltye, shbie

second DNApgtar ' 1.ng..n eotide variation in step (b)-(ii) is
anpl i fied b?ﬂﬁ%ats’{ﬁ‘%ug{?@ﬁemﬁg# nuglgo bdr‘ivﬁféa#”%h?{&&?"i 'ﬁj}f%? g'ﬁ@’rﬁe@xt endi ng,
and denat uri ng(b)l pedo@tings fispasdelfantpligedtion bimetecofd EHKBlﬁic%ltfb\ﬁ‘?& o8k ¥ ik 9

anplified short DNA strand fragnent containing the nucleotite variation,
there is prBYAdesnd femplameadnute thg shom DN A dtrarddiregmeamicludingahé audectifie a

first and a | £ Lons in which.the second 30 anplification is
per f or med u‘éa?ﬁg&?%oaa@;{géa%gnékagﬂ TTHRCEAES EPMIPTISg 2K frag Sp cYde of primer apgsalings ni ng

the fi it apitherfekeatinglnd OenBlufiblafing aStial rin@hor 8y GHAChe ACHRRknes A3 A1 i O
the nucleotjde variation between its ends conprising at [east two cycles of
priner 28 PAYiNgHAtyjts30end portiom arhyhridiriag seaupnee sulbstantisll)i ergnphemtbntienat 4ipreng,

using a pri | | OBr [ Si a. bri.di zi ng sequence

subst anti al %&Etggrgréb ug?r?g% %1?{/5! {I% Ogﬁ% ;H;rgest 8\“’3%% acd gyera E%%E‘ethﬁ‘gwﬁh'é‘lhf’@‘wd’t he
target nuclefithe fist pritiérchad tieamvet site Qifiprisbedn faftfroghitioh %%iii&eco)’x@srpkﬁéiﬁg@ theS
posi ti oned between the pre-selected sequences, in which at | east one
primer of tHeleptidernariation; wherebyrthe first DA stamd c@npleraantary cthe beseendeeid 220 at i t S

3' - end 180T tjhQfdib e MUNEIHE 7arblos idon iR SL{@nd
fragnent cont ailné|1n§ the nucl eot %ggu@tg&riigdavtv%ﬁﬁ 'g%é\r/{é ﬁO?Fés)sr‘t'e‘)rqd?c’lc plified;

(b) per f or rthe\gomaplémensary stcleptide nthe ffirst ptiinentodts cofrespsalinwlicRBidel Jeifefirkon t O
produce a first  DNA strand conplenentary to the short DNA strand fragnent
i ncl udi ng t¥& Afcl eotide variation at a first anneal i ng tenperature

conprising at (P askfoRfifig & b Rge Rinp it b 8R! sbdd8 amplification of the first DNA
strand generated from step (a) at a second annealing temperature, which is high stringent

20  conditions, comprising at least one cycle of primer annealing, primer extending-and denaturing

using a primer pair in which amongst the primer pair one is the same as the primer of any one

of ACPs used in step (a) the other is the same as the first primer used in step (b), or a primer

pair each having a hybridizing sequence complementary or corresponding to the 3’- and 5°-

ends of the first DNA strand generated from step (b) to hybridize therewith, under conditions in

25  which each primer anneals to the 3'- and S5'-end sequences of the first DNA strand,

- respectively, whereby the first DNA strand is amplified so that a short target nucleotide

segment corresponding to the first DNA strand containing the nucleotide variation is generated.

A schematic representation of another specific embodiment for single nucleotide
30  polymorphism (SNP) genotyping using novel ACP is illustrated in FIG. 7B. Since this specific

embodiment is carried out in a similar manner to above embodiment, the common descriptions



10 primer extending and denaturing, using a first priner of any one of ACPs
descri bed above having at its 3 -end portion a hybridizing sequence
substantially conplenmentary to a pre- selected sequence at a first site of
the target nucleic acid to hybridize therewith, wherein each of the first
primer and the first site conprises an interrogation posighebnaydop@&spondi ng
to the nucleotide variation, whereby tt}g first DNA strand conplenentary to
the target nucleic acid 15 including the“nucleotide variation is generated
when the i nbevragthenaere poisied iiwnrdes toowoidpthe dorylex ity tﬁ@"EFéc‘?ﬁEEt'anal’é%’din to |
nucl eoti de ofdthe tf i.r.st primer to its correspondi ng nucl eotide o tghe first
site: and (¥JBBMBETPhg a second-stage anplification of the second
anplification of the first DNA strand generated fromstep (a) at a second
anneal i ng tenperature, which is high stringent 20 conditions, conprising
at | east one cYhkd mesht pethoeeandangplied nga vﬂ{&mnuepébtﬁﬁqjaﬂﬂ’foﬂpgmﬁ&ﬂggi%g ng
using a rime[ ﬁ%ir in which anpngst the prinmer pair one is the sa as the
primer of a8 p°l¥f"°§$§" YdPqint mutatien{sybsttutionedealgtion and imsertiva).sane as t he
first primer ug Lol jy er air .each having a hybridizing
sequence conpl e}?r?garﬂﬂgﬁ 3& g‘:adé:éggr ?agg%c?ﬁﬂ%g@?&elt%é%gp@”éﬁ £one cphefimest, there
first DNA gesuting BERepradiets baroibe sl détbded: n hy REdadlingg ISJT%E?YXH)JE ge‘l'“%er
conditions in f2§15 vvh'Lch each pripner anneals to the 3'- an -end”sequences
of the firdt BEAPPY, Ay non-fagdigprtixe feteqtion methedsetph aheilver steininPBotstHliamet | S
anplified sp 11 @i g j.de nt. corresponding to the
FITst DNA ort g ok et JoHDRL W o ks en TR OB e seer Beea:
schemaflifc rl@p¥dwesttahtliood Infehamodt iy 19PLSihitt e #8TiDoyd) NERE byl d%%jg? biggylyﬁted
nucl eoti de %Cgﬁgglo%rmr phism ( SNP) genotypi ng using novel ACP rs rllTustrated

in FIG 7B 15F & d 3 Tpgle et abrki§8%i ctpls 18%@)ried out in a sinilar

manner to abo i SCl i ons,.28 Fehruary 2006 72
bet ween t hem ?g%%ﬂ?%ﬁﬁ%c%? ee{ig:g 0 ga‘\'}g@a‘% @ 8WB]|‘€‘3?F?’S/ %fm'-tlgﬂlg SNP

speci fi cat isorenirgaginrbg compared ticughghet §if2) defdrition of g ﬂB&ﬁEPhJ‘}?{ehsgg n be
applied to a vari et, f nucleotide variations including single

nucl eot i de *HBPAS d%:iag%ﬁ Rfrderped nhy eleetzapherasiy Slwbugh taat agarnse el @hdnen cand

i nserti1®n) pol 1ahiat okl MekriRoP irfot I I ect rophqresi s.
In one _enbgdiwr?g’l'ﬂt, tﬁe resul ?%@%ﬁ%@&ﬁ‘%ﬁs*@% t?‘eeé’ %%t(?gb%tﬂé’c‘fséd’. on a
denat ur i ngfiperEseasestiabellettoligotuctrytidequitrorsdoti anpmapdynalysisnon- r adi oact i ve
detection net digcg@u‘cig as ai | ver . st ai ni gtg (Gottschlich et al., 1997;

Koci ok et al., 1598 ™ERLLLPEYaqn| a5 use heeBAelersApahs dngativhiafanspetibot i des
(‘Bauer et mdcleofie BaO6f intekddt Withifh - ylei f al .o, 1907 4 h et
al ., 1997), and the use of bioti r@%ﬁ?é&elé#?&%f%a?@&ﬁﬂé? o \?ﬂ?‘? °€ : Tagl e
et al., 19@3;“1mkhqgtpogjtipg" ngtg@)a,rget nucleic acid is in position what would be different

20  from wild type. The interrogation position also includes the location of nucleotide sequence of

1

a primer which is complementary to an interrogation position of the target nucleic acid. The

Interrogation position of the targef nucleic acid is opposite the interrogation position of the
primer, when the primer is hybridized with the target nucleic acid.

The term "polymorphism" as used herein refers to the presence of two or more alternative

25 genomic sequences or alleles between or among different genomes or individuals.

"Polymorphic” refers to the condition in which two or more variants of a specific genomic

sequence can be found in a population. A “polyinorphic site” is the locus at which the variation

occurs. A single nucleotide polymorphism, or SNP, is a single base-pair variant, typically the

substitution of one nucleotide by another nucleotide at the polymorphic site. Deletion of a

30 single nucleotide or insertion of a single nucleotide, also give rise to single nucleotide

polymorphisms. Typically, between different genomes or between different individuals, the

polymorphic site may be occupied by two different nucleotides. The term "allele” as used



The anplified products generated by multiplex DNA anplification for
multiple SNP screening can be conpared through the size separation of the
products. The size separation conparison is also performed by

el ectrophoresi s through an agarose gel matrix or 15 pol yacryl am de gel
matri x or sequencing. The products can be al so det ect ed 28yFebiuary29e6 of

fl uoresenscent -1 abel | ed oligonucl eotide prinmers for autonmatic anal ysis. The
term"interrogation position" as used herein refers to the location of a
speci fic nhekiaoefedea rpenifiomembtreofes tcolldctitri nf aattatigetcumtig SiqGend€ iviHansOr
exanple, in,the analysis of. SNPs, . the "interrogation position” in the
target nucl QCE“Q@F&" g’ﬂ‘?pﬂﬁ%qntq%ﬁﬂ“ﬂéq‘é@%lﬁffcﬁlfﬁée%ﬂ@‘f lofesr mrekes.r om wi | d
type. The inte } i td.0o0; i - ation.of nucl eotide
sequence of a%ﬁ?%?ﬁahﬁgﬁt ?ﬂsﬁggﬁﬁ@%%%# ?%&egﬁ k‘lh(r??ré??“g@é'fgi aoW%ﬁﬁ%@Fti on
of the tar getriatiorcingi wrgecigtleicTived, whivhebmpgses tharnpatihg ¢AfoOprided 8r bAEMRE

nucl-eic acid is opposite the interrogation position of the prinmer, when
the primer FRURVASIREESS &gelidipgthe fest padrsgeond primere) descaibediabot dhe daseriptions of

" pol yrnor phi i j fers_ f ence of t or re
alot e)r/ nat !Ov e&méqSt@%é lr?%?ng%& @gﬁt’g 0 (E; ggﬁ%g aéé(? feép%gp é@?‘ﬁé’é‘ﬁméorn ¢ \é\g’ﬁ dpﬂ’irg?f%q‘% nt

genones or praghnkitdual s. " Pol ynorphic" refers to the condition in which two
or nore variants of a specific genomc sequence can be found in a
popul ation. A "polynorphic site"” is the |ocus at which the variation

occurs. A sj('r}:gdn@icmltg%&tgggnpm ynor phism or SNP, is a single base-pair
variant, typica ution of one nucl eotide by anot her

nucl eotide at THieappli¢ayiomugig ACB of the subfzttsihveRtiordan alss ProSidb & fnphdved RGhédde or
insertign of a single nucleotide, also give rise to single nucleotide

pol yror hi SR MupgesEss, The AGRsbasedo RCR ipravisies an exselianirios! & nivtageweeis, idélddimg ent

i ndi vi dual ; - ' j t . ied by two different
nucl eot i de?eleill' ] g‘?ﬁ@?fﬁh‘%ﬂ%’sﬁ%@ nglgole—‘g%ﬁﬁg%w% C nyCReodeseng theef ers a -
speci fi ¢ nmeamiem mftatibn@ hhcdtidoseqeehcarat ural | y occurring sequence variants
(detectable wi thin a popul ation of individuals) at a specific genornic

| ocus or mar kép furthsr aspeqt of thisgnyration, isesds Povidedia methed) fon miutagenesif aractatget

provi ded a pgtibic aoi8, & Link Bk i hat:ton.i [ arget. nucleic
aci d, which conpri seﬁheggnﬁgﬁg%gﬁgﬁ%ﬁ %’}‘?{rﬁ’%?’g‘*&‘? B%}Hig‘%gcf.’%rﬁc ea'b‘zﬁdo‘rﬁ‘t rol
primerl8et tifatatleastiong primer fsi desivedafrom sey ond o) ACHE tesprititd ab6vebPRfepdBEY the The
descri ptions. of thggki ts for. the an;pLi fication of nucleic acid sequence of
this i nventr'Bi tayineshe sipsiuref A 11ae haymgabis 37qnd porsion abyiridizing seawencs

Mut agenesi subshGalBPBdrhiéhdnely US| f j i tion cap al so
provi de an i npr ovlgd rre?hod%% }éod:g%ﬁégé%é‘??‘é%eg‘i{ﬁ?ﬂﬁ%u “%Efﬁnpp‘(gvi des
an excel | ehybridining sequenpa haa g ewdeitids seiquentardspogsible for mutagenesis.

In a specific embodiment of this invention, there is provided the method using two stage
15  amplifications, which comprises:

(a) performing a first-stage amplification of the target nucleic acid sequence at a first
annealing temperature comprising at least two cycles of primer annealing, primer extending
and denaturing, using a primer pair of any one of ACPs described above each having at its
3’ end portion a hybridizing sequence substantially complementary to a region of the target

20  nucleic acid sequence to hybridize therewith, wherein the hybridizing sequence has at least one
mismatch nucleotide to generate site-directed mutation, under conditions in which the primer or
primer pair anneals to its target nucleotide sequence, whereby an amplification product
containing site-directed mutation site is generated; and

(b) performing a second-stage amplification of the amplification product generated from

25  step (a) at a second annealing temperature, which is high stringent conditions, comprising at

least one cycle of primer annealing, primer extending and denaturing, using the same primers



deletion, or insertion of sequences, the alteration of one or a few
specific nucl eotides, and the random nutation ofnucl eotide sequence. In
further aspect of this invention, there is provided a nethod for

mut agenesis in a target nucleic acid, conprising performng an
anplification reaction using prinmers, characterized. in28fepr4ann2008t | east
one prinmer is derived fromany one of ACPs descri bed above. Preferably, the
primer having the structure of ACP is dife havi ng at its 3'-end portion a
hybri di zi ngs 626 uesngaa) cralsin@npditdaticompATH g Rl ehdched bibitary AlleBiieQbutRE 9t
nucl ei c acid sequence, wherein the hybridizing sequence has a nucl eotide
sequence r ¥FERYIARISEC a5k Serdengeivaf the primers ussg éc$tén (), endro dinditings iofhichi S

i nvention, [ QVI » the.meth usi ng two stage 15 anplifijcations,
whi ch corrpf%cggjg&el(' 33'851%}/ %fggfr?&ae%' itisr"’st}-lcsat?élg“g‘ﬂ‘bﬁ@l"gdﬁpﬁﬁwﬂ% WIREDY ar get
nucl ei ¢ ackd aARUACIKGE pRUud crtdifikg siRARER Mlarlof BRSE ALUMHREPNPr i sing at | east
two cycl es ofﬂgriner anneal i ng, priner extending and denaturing, using a

primer dair offhigspeciirembpdimemselatesio sitdrbivéctabmutagesesih having at its 3' end
portion a hybgidizi.n equence sub Lal.ly conplenmentary to_a region of
Phe target  20Hck il SrrDErte” SaRn AR 0 G ipvieoB e matios SnpRIiP e PSR  he
hybri di zi ngef6g eRCemplda@n bEaGeiONGId hSHEL &%Uﬁ*%hgﬁi, iR IGRGLAL €
site-directed nutation, under conditions in ich the primer or prinmer
pai r anneaflescripions betwegngthem prscdmitied id erdse tpuavidethe wimpletity of thisspetififatierat i on
pr oduct cgg&igi trcl)iug esi tke-ldirect ed nutation site is generated; and (b)
perform ng-a SN -sr{“éd%métﬁ‘pl ification of the anplification product

gener ateed fr oThe Rensth 6PACRforFCROmSBRARE iﬁi@&ﬁi@ilit@&ctf@rm%lr(ﬂw ichffaich i's
e of primer

high stringent conditions, conprising at |east one cyc
anneal i ng, endiportion cempresssid spguenneifod siteatirestédmytagesdsisgr fdneandammuptionier s 28
February 2006, . used in step (.a) .or .a priner pair each conprising a
pre-sel ect ed I&‘r%‘ﬂj{ % asf’i’ﬁ‘él%&“l ‘a‘zenéﬂéﬁﬁﬁdépll%@s&’eb‘ggqﬁm%ﬂw B RS - end
portion ofniclee fid, WHich eb@Rlisdsnthé hidalingdcontté GRinerC @R Sorkdl %\@h&r}et each
primer anneals to the 3'- and 5'-ends of the anplification product,
respect i vedegcribathabavpyThetdgecriptigns of the kit fonthp pwplifcatiomorfinadleic agd sqtaedofr ect ed
mut at i1@n Skl enveftidnGa@ BPhdolitEd th g Speci fic enmbodinent relates to
site-direct egn r?utl é‘genes%@.l gancegx%ﬁ-{tglt'appl ication using the ACP of this
invention enploys in principle the present nethods for anplification of
nucl ei ¢ acid sequence previously discussed, the cormmbon descriptions
bet ween t L 1S 3n order to avoid the conplexity of this
speci ficati onpl b Bhe lsQpitkp EFel Yol . formul a of ACP for PCR
mut agenesis i s i gent ?cgl o ?‘ﬁgnd;sgrc %{uwadl%l syflmn&%‘l;ggﬁwtoﬁgmﬁesies fivolhing

nucleic acid amplifications, particularly, PCR. For example, the processes include mixed

oligonucleotide-primed amplification of cDNA, long-range PCR, linear PCR, inverse PCR,
20  quantitative PCR, touchdown PCR, sequencing, in situ PCR, vectorette PCR and thermal
asymmetric interlaced PCR. The general procedures for these methods can be found in Joseph
' Sambrook, et al., Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y.(2001) and M.J. McPherson, et al., PCR, Springer-Verlag New

York Inc., N.Y.(2000).
25 . Therfore, the present invention encompasses all uses of the primer according to ACP for

process involving nucleic acid amplification, particularly PCR.

The ACP of this invention is significantly effective and widely accessible to nucleic acid
amplification-based applications. Also, various problems related to primer annealing specificity

30 remained in the previous nucleic acid amplification techniques can be fundamentally solved by



end portion conprises a sequence for site-directed nmutagenesis or for
random nmutation. In still further aspect of this invention, there is
provided a kit for nutagenesis in a target nucleic acid, which conprises

t he annealing control primer or annealing control primer set described
above. The descriptions of the kits for the anplificath&q:ﬁf n bgic acid
sequence of 15 this invention can be applied to the present aRit.>X . O her
Applications The ACP of the subject inwention can be also useful in a
variety of processes involving nucleic acid anplifications, particularly,
PCR. For efifndtRand the msthadsaf skespresart|inisation; Xeegmaip beng6itsue be obtaided foni tie d

anmplificatig, g@\[ﬁ[- -range PCR . |ineal ,PCR inverse PCR 20

guantitati \L/Ieen%%&, ouch gg\n%elé%ﬁga@%enﬁ%?rﬁﬁf FO|HﬂW§'i tu PCR, vectorette PCR

and thermal &9 yinsehe presentd offalrg@Rtbr Rzton pbbifio/#aBekatn Bt PC LN d{a}q?ﬁong hese
A

met hods can be found in Joseph Sanbrook, et al., Ml ecular ohi ng,
Labor at or y re9&i§i§primereanngalmg morign tathe 3r-eddapvticatwdsr suélr emsitioSathat Y ieAd)

Har bor ,= N. . J. Pherson, et al., PCR, ri nger-Ver| ag New
Tor e 1 i oGP ol B0 i BERRETR tecitngor s rime tambecaresdi:sompalisios ol |
uses of t hehiehinmkes AGRANITE 1 déshmACRrHE capBbI0 G2 Havihgd VALV BGirDHGhef oACH d

amplification, particularly PCR The ACP of this invention Is significantly
effective HIHENRF enedlech(or @assibls|te desienrppsimer capallf df cautrplling arc ainkading harsad

applicatio , [ oplens rel.ated.to pri.ner annealin

speci fi ci t@gmg@‘ I?lgr?aa%‘%uéar?*j‘?\se@ngeﬁrag\?%eﬂ nE RPEYoR;of 3 pEmer basye bey W‘E‘é@gi(‘b&»

t echni quesSNRBend8ping IISARIradrtaly ssrREMBL arm/de?e&i(ﬁe&mfﬁt?e}ﬁtiﬁmﬁpr WA %H@s ACP and
the nethods of the present invention. The main benefits'to be o ta?’ned from
the ude of t e simeptheupreirgcenols asanlataripdrtionyropifipnedttiebvremmiee a's aholst-ems: (a)

since the | at or rtion.positioned between the 3'- and

5' - end porﬁrgﬁg %g’é@gsr tlﬂ% E lgg%}n?r?grthegsgﬁré%f’?rﬂ%‘ %’o‘h &&?Fafeo“”ldﬂes“@ CERiGORor t i on
under suchtharahd’ tehdpsitibrhaineald 16 the tengpldle, evenfielly the 5 -l REAbS ndt hvbiIEa h@EP! at e,
the anneal i ng sequence of a priner can be precisely controlled, which nmakes
it possi bl&®NEAENgRrOviges the Jrendeertiemysituprirecr aanelingisprsifisityy a desired number of
sequence anne i I ri.ner capabl e of controlling an
anneal i ng por %%ﬂ sée?{lﬁg?yggﬁrme?? lnrx|(gaslg%§1ér %lghclgls%rsinggﬁnsoggﬂﬁc’ Jﬁﬁgrf"%fha SlEal i ng
porti @3 ofbase prismatchirigadt tiv pesichlanty wemdul( for guingle BMTedtied GolyRioRHismEISINPs)

m croar rar%/ scr.eeni ng, and detection of differentially expressed genes); 10
(b) since &A% NPP&sence of a regul ator portion positioned between the 3'-
and 5'-end the UCP is"daBabldI B ot ' i ce partion to the
tenpl ate undg(rQr such c_ondlsti onsp':f t%g% Q?EEQB%SS&%%?EX%%C g‘ﬂﬁ”&% s” ag:ﬂt he

t enpl at e, PetAEwstersd Iforyprintee debignench gs@rimieplengilntannealing temgeratare} G€ content, and

PCR product length;

20 (e) the ACP provides two-stage nucleic acid amplifications which allow the amplified
products to be excluded from non-specific amplification;

(f) the efficiency of nucleic acid amplification is increased, which makes it easier to detect
rare mRNAs; and

(g) the reproducibility of nucleic acid amplification products is increased, which saves a

25  great amount of time and cost.

As much as the nucleic acid amplification technology such as PCR has influenced the
biotechnological field, the use of ACP fundamentally alter the pﬁnciples of the current existing
nucleic acid amplification methods, as mentioned above, by exhibiting unlimited applicability,
and have them significantly upgraded at one time. In consequence, the ACP and its various

30  applications described herein provide a tuning point to open a new biotechnological era since

the introduction of nucleic acid amplification technology.



anneal ing provides the 3" -end portion with prinmer annealing specificity;
(c) the specificity of prinmer annealing is highly sensitive enough to
detect even a single- 15 base m smatching. It is particularly useful for

si ngl e nucl eotide pol ynorphi sns(SNPs) genotyping; (d) the ACP is capable
of providing a primer with a high tolerance in "priner g?a?r q 5 ramet ers"
for primer design such as priner |ength, annealing te vl content,
and PCR product length; 20 (e) the ACR provi des two-stage nucleic acid
anplificationg which allow the anplified roducts to be excluded from
non- speci fic Q?prP’i ™ ‘E&iﬂcﬁ‘ﬁc e’(affﬁ’leﬁ Br& “é‘?“fi?dc@gﬁdys@ﬁvmmhcehzenami zhd should

and (g) RS PetRshEiae AR wbakb MR ERerkibn SIRBRG o B i Btucr s 1 6
i ncreased, which saves a 25 great anmount of tinme and cost. As much as the

nucl ei ¢ acid anplification technologé such as PCR has influenced the
bi ot echnol ogi cal field, the use of anentally alter the principles

Sbove. Shy excrin e iR MELEIE AR, e R o raea gt M cant |y
upgr aded ginoRAEmM Oﬁxllxhﬂa@@ﬂ&?ﬂ!&@cﬂﬁo@ar) %W&aﬁ@p@@crbb&néﬁaﬁé ﬂ'}dﬁogto’ﬁqs) 1

appllcatlons descri bed herein provide a turning t'o open a
bi ot echnol(BgTsbaml erililiserpie ¢l (miseolitend.r ¥ lﬁ@gtce rCeoflgrm&: I Erpmegic(}'dnmgp Idof | cation

t echnol |
i ﬁf ezgeggma%% i F’?Ag? thn %\%Qg%aﬁﬁgeﬁn%ag 8ﬁsn%ﬁg’p§‘ﬁ pgAf g es Fnst rued
as limti r‘l]ga@bﬂlcs,(MHmﬂh@ﬁl Gmanﬁ\@acﬁmQﬁmmMEdﬂﬂ&na@&ﬁ&ﬁ@d Cl ai ns.

EXAMPLES 5 In the experinental disclosure which follows, the foll ow ng
abbr evP at i T5AErimess psediinthe gubiqchigyensiyn arpahopmiin Tableol.ar ), M (mi cronol ar), g
(gram, g (mcrogranms), ng (nanograms), 1 (liters), m (mlliliters), |

(mcroliters), C (degree Centigrade); Pronega (Pronega Co., Madison, USA);

Cl ont ech (EXANIPEEH: Ee&mﬂainarijﬁs/grsmena@emmm ABP); Roche (Roche
Di agnostics, Mnphei m Ger y);. QACGEN (Q AGEN GrbH, Hilden, Germany). 10

The primers Jée fo?% of H‘é"%’ﬁb]"’é& fcsidH‘ifé’ﬁﬁ‘F%‘ﬁd h?téfc@ﬁbﬂ/\h -iand Téﬁshdapmxons BXAMPLE 1:

resi dues positioned bef ween the 3 - and 5 -end portions of ACP was
eval ub® ed by TREL FER was isolpteddiomehacanticaptagstuses sfru@se strain ICR at the day of 4.5,
11.5 and 18.5 during gestation period using either Tri-reagent (Sigma), or the LiCl/Urea
method (Hogan et al., 1994) as previously described (Chun et al.,, 1999; Hwang et al., 2000).
Two individual experiments of cDNA amplifications using ACP were performed to examine
the effect of universal base, particularly, deoxyinosine residues positioned between the 3 / - and
20  5'-end portions of ACP as follows: A. The effect of deoxyinosine residues positioned between
the 3 - and 5’ -end portions of ACP in comparison with ACP and the conventional primer not
containing a dexoyinosine group; B. The effect of deoxyinosine residues positioned between
the 3’- and 5’-end portions of ACP in association with the alteration of number of
dexoyinosine.
25 These experiments were conducted based on the following assumptions:

(i) the presence of universal base residues which have lower Tr, than other portions in ACP
due to their weaker hydrogen bonding interactions in base pairing would not be involved in
annealing to the template nucleic acid under the conditions that the 3‘-end portion of ACP
anneals to a site of the template at a first annealing temperature.

30 (i) the presence of at least one universal base residue between the 3’- and 5’ -end
portions of ACP would be capable of interrupting the annealing of the 5 -end portion and

restricting a primer annealing portion to the 3’ -end.



15 Total RNA was isolated fromthe entire conceptuses of nouse strain ICR
at the day of 4.5, 11.5 and 18.5 during gestation period using either
Tri-reagent (Sigma), or the LiCl/Urea nethod (Hogan et al., 1994) as
previ ously described (Chun et al., 1999; Hwang et al., 2000). Two

i ndi vi dual experinents of cDNA anplifications using ACP_were ormed to
exam ne the effect of universal base, particularly, d§8£§WW3§§%& resi dues
positioned between the 3' - and 20 5 -end portions of ACP as follows: A
The effect of_de%x Lnosine_residueiwfositioned between the 3' - and 5
-end porti ons(iBk Badp-ah Peiap af ASBrvand 40t ATP 2ancinhéating pordentd BBadmpREd Mer not
cont ai ni ngqg;,de¥pyi nosi ne group; B. The effect of deoxyinosine residues
positioned between the 3' - and 5 -end portions of ACP in association

with the alt ottt -ail pocishol IDACP deitRYd dISoRfrisifl FRARRoSAREL) HERLS were
conducted based on the followi ng assunptions: (i) the presenc ¥ “Uni ver sal
base resi dQ¥mipPia thesgreplatenysieichridt han ot her portions in ACP due to their

weaker ghydr o Aol ' raehi,ons in base pairing woul d not be involved
in anneali ng@?% tﬁgéx{bgh%?gﬁ&“a\%g?eéing PARTHEC YW dérS rradics andar higharetlivgt t he 3
-end portitempedturACP anneals to a site of the tenplate at a first annealing
tenperature. 30 (ii) the presence of at |east one universal base residue
between the 3'- and 5 -end portions of ACP woul d be capabl e of
interrypting,{hﬁe@ﬂafagkgiigﬁmép%dSI.:fﬂg_fortjon_%qd“ rg§trictjng a prinmer
anneal i ng porti© 0 s —Eend. 20~ Feot tary 03" -4nil portips

portion ofACKGRc BorAith AOP WitRthe BridEy 1At dnBthif A dek ok e LAE, tENPl at e

durin? PCR. giv, the 3' -end portion o - H%QW$‘§QH1§EE¥?% conprising 10
T nuctBot i deddE € T, to bind the tenplate nucleic acid. 5 (v)
consequent |y 47t B€c8 - ¢ éﬁp 2@¥HE§§H§IOdUCtS under hi gh
anneal i ng tenﬁeraturgq 'Ggﬁgig gtégfg?aégﬁ ifd PESFERBEINDGSS) t i oned
bet ween t ke d¥i-4@BI 55 -- GOUTEACTACGATALTGRGEGANTEPFRAT TP M th@ with the
pri mer no&,gﬁptaining a _dexoyi nosi ne group 10 (a) First-straﬁ

synt hesi s NPP® ¥35459d & a DN PHegSIROBATACTGTGOGA - 3' (SEQ | D NO 29)  or

dT, 0- ACP1 5" 1ndh I AP ARIGRT + 3 I 1 30) was used as a cDNA
synthesi s priner. Thr ee mtcrogra%gd?l °f b‘f%@%ﬁy&%‘gf P MG oSBT 0- JYC2
or 10'M dpmepinedrn a @@ mé final volume. The solution was heated at 65°C for 10 minutes, quenched

on ice, and microcentrifuged to collect solvent at the bottom. The following components were

added sequentially to the annealed primer/template on ice: 0.5 pl (40 units/ul) of RNasin
ribonuclease inhibitor (Promega), 4 ul of 5x reaction buffer (250 mM Tris-HC), pH 8.3, 375
mM KCl, 15 mM MgCl,, 50 mM DTT; Promega), 5 ul of 2 mM each deoxynucleotide mix
20 (dATP, dCTP, dGTP, dTTP), and 1 ul of Moloney-murine leukemia virus (M-MLYV) reverse
transcriptase (200 units/ul; Promega). The 20 pl of reaction mixture was incubated at 37°C for
90 min, microcentrifuged,- and placed on ice for 2 min. The reaction was stopped by incubation

at 94°C for 2 min.

25 (b) cDNA amplification using ACPs
The dT-ACPl was used to examine the effect of a deoxyinosine group positioned

between the 3‘- and 5’-end portions during PCR. The dT,,-JYC2 not containing a
deoxyinosine group was used as a control.
The ACP10 5’- GTCTACCAGGCATTCGCTTCATIIMIGCCATCGACC -3’ (SEQ D
30 NO:13) wasused as 5’ primer for this experiment.
The PCR amplification was conducted in a 50 pl volume containing 50 ng of the first-

strand ¢cDNA, 5 pl of 10 x PCR buffer, 1 pl of 10 MM 5 primer (ACP10), 1pl of 10 110



15 conbined in a 20 | final volunme. The solution was heated at 65C for 10
m nutes, quenched on ice, and mcrocentrifuged to collect solvent at the
bottom The foll ow ng conponents were added sequentially to the anneal ed
primer/tenplate on ice: 0.5 gl (40 units/.tl) of RNasin ribonuclease

i nhi bitor (Pronega), 4 | of 5x reaction buffer (250 mvl'g:ﬁ'éﬁ-HCI boé)H 8.3,
375 mM KO, 15 nM MyCl 2, 50 nM DTT; Pronega), 5 | of 2 AT

deoxynucl eotide m x 20 (dATP, dCTP, dG4, dTTP), and | Al of Mol oney-nurine
| eukem a vj rus (MN]I»}& reverse transcriptase (200 units/|l; Pronega). The
20 .tl of 1'@EEET Ghum%ReF ehiwASPind ubef28 MMMECEG Rlof 2 MOYAMNIR, 0.5 ulof Tag

m crocentr| a I or 2 mn., The reacti on was staopped by

i ncubat i or115 Oﬁ%%?gig ; oF R‘@ ' ?ﬁﬁeﬁ?&gga((qb%f; “c”iﬂmmg'ﬁgﬂ Yq%ﬁra@f g)ﬁbffg‘ig (FgRdaeRs; SThe

dT, 0- ACP1 miaait Q& €ifolloweX By 0G/cled 6f BFE &6 | @ifn, 34°CLRXY IO SIBS 1Y QYR nit%}Si tioned
0

between the 3'- and 5' -end portions during PCR The dT,0-JYCZ n
cont ai ni ngobpvedebk @i AoBim&nyr eignsignsat UBRG Acwhifieh ptadudts Wiine afdBiRed By5' -

GICTA ﬁg@ Tdo -3 ..(S [ . 30. NO 13) was used as 5'
pri n'ef:gf\or tcﬁc;[s exlggﬁ%h%%%ﬁg@%gg%%@iﬁga%%r@ﬁe mgm%ondu)ct ed in a 50 |
vol ume cont aiAs awgsul) FI Sahowdatithe S1,;-ASPT adnehi co@iﬁési&gr&g _ngodgc@ﬁe buf fer,

11 of 10 M5" priner ACPlO}, 11 of 10 M 28 February 2006 primer
(dT, a- JYCA!reast porprod anes 4-9), |whereap e g1l €2 2pt ®nlaingig Ldavkyindsife grodp5 d of

Taq poly ( ' : CR reagtio re conducted under the

fol I owi ng%ﬁ%ﬁﬁ‘%ﬁ?méf‘/"lﬁqhﬁ“gpg@gé‘?"b‘ﬁf fitnsti ), Copsiacp Pt ouraswmetanor 1 i n,
54C for 1 tid resultsciearF2iGditae thht thé Beoxyifiddine @MRE pBYtiRePbdvéen ithd P _arst %g@i on at
72C. Anplified products were anal yzed by el ectrophoresis 1n a 2% agar ose

gel f 6P oretionsAfissth theiannsahineefi thred ‘stand A Aest pottions of the AT 4-AQP! t&theGemitanss t hat

t he dT, O- Lin§ I Nosi ne oup prodyced al npst no products
(1 anes 4- é?ﬁ;&vwl%l g%sggﬂl i%g ‘%‘F%‘%&"ﬁ’f’% ot r&%k?éi"hﬁ% §'°g“°8 ELBEhEhEPoYF oup
produced asspinptical ity of anplified cDNA products, (lanes 1-3). Consistent
Wi th our assunption, the results clearly indicate that the deoxyi nosi ne
group positioned between the 3' -and 5' -end 10 portions affects the
anneal i ng of gt fig %ect'of%ggvélosiﬁqus"?dugp Jslng% bQIwe;[:xb 9]_-’ a(r)u-:! C-Fc)nc} S t“ohe enpl at e
cDNA under such high anneall ng tenperature, 1 as

st at ed i nACHdn 2s80¢ia ofnuritire ofafek @irosiaé deoxvi nosi ne resi dues

o Y14 gLy i
positjoned b n. t he ' -.and 5 -end portions of ACP in association
with jt%e al t a&ﬁﬁ-@%—g‘f&—ﬁf’h%b—w angeD €% dexoyi nosi ne

The first-strand cDNA was synthesized from total RNA of mouse concentues using dT -

JYC2 as a cDNA synthesis primer as the above.

(b) cDNA amplification using ACPs

20 This experiment used four ACPs each comprising different number of deoxyinosine
residues as follows, to examine the effect of deoxyinosine residues positioned between the 3/ -
and 5'-end portions in association with the alteration of number of deoxyinosine, under a
particular stringency conditions. |
ACP16 5'- GTCTACCAGGCATTCGCTTCATIGCCATCGACC -3 (SEQID NO:20);
25 ACP17 5'- GTCTACCAGGCATTCGCTT CATIIIIGCCATCGACC—B '’ (SEQ ID NO:21);
ACP18 5’ - GTCTACCAGGCATTCGCTTCATIIMIGCCATCGACC -3* (SEQ ID NO:22);
ACP19 5’'- GTCTACCAGGCATTCGCTTCATIIMUIGCCATCGACC -3¢ (SEQ D
NO:23); and
CRP2I0 5'- GTCTACCAGGCATTCGCTTCATGCCATCGACC -3’ (SEQ ID NO:19) not

30  containing a deoxyinosine group was used as a control.



15 (a) First-strand cDNA synthesis The first-strand cDNA was synt hesi zed
fromtotal RNA of nouse concentues using dT10- JYC2 as a cDNA synthesis
prinmer as the above. (b) cDNA anplification using ACPs 20 Thi s experi nent
used four ACPs each conprising different number of deoxyinosine residues
as follows, to exanmine the effect of deoxyinosine residyes p05| tioned
between the 3' - and 5 -end portions in association wth PAENA08r ation of
nunber of deoxyi nosine, under a partigglar stringency conditions. ACPl6

5' - GICTACCAGGCATTCGCTTCATI | GCCATCGACC -3' (SEQ I D NO 20); 25 ACP17 5' -
GTCTACCAGGCAT Tesaestfent fir W%AT@M@@esated(fsEthjAmﬂmcb)mmpA@mﬁ pbe-selected

GTCTACCA - T L C - CP19

GTCTACCA i g&# f W&&“&g °FB¥“%\R3‘1 P“”&hﬁ’ @RP21 0 5
- GTCTACCASGRAITIEATTAZG SLASTCRACGA --3" (SS@@II&DW&Q%S;J&%% %thg)ngﬁy ning a
deoxyi nosi ne . group was used as a control. 28 February 2006 79 The

resul tant P of dhedd A CH RS Ltj%ﬁ%ﬁatpéﬂelfrom step (A), which conprises the
pre-selected r ACP at i.ts 5 -end, was used
as a tesrerpl at e-nge %ﬁ %EIYﬁc‘si&q’ uc%‘a e Si"f“‘ar gagfmd“ 8rst-(SEQ I D

NO. 10) Costiass pONA] ﬁg.zlto(ﬁ 1bheP(5R buﬂ@dl uPorf 10 QM of Ankte(ﬁlaip?s A¢P1 §&}56d as
3" primer. 5 The PCR anplification was conductedpln a
cont ai ni ngC%Q)’-IWgUBPfiWﬁ prammer (BEG2ydd! ef P anMMeGl, S o OELIJdeKIFR bﬁmfcﬁ‘r |1

of 10 gM 0 CRP2 , M 3" primer
(ovez) &3 aploBBlass St Hhe PO feacibng Pl siomiegecdtng miyar D4 folowesitl 1 se (5
units/1). I0heclBCR 946@ i I0RE, SECEFoC DARY, kiS®T°0ffor Brlll; olRvedffa an?J\ H? ped by

30 cycles of 94C for | nin, 57C for | nmin, and 72C for 1 mn owed by a
5 ni n M0j naAeRRonR TRHS | Aplified progductsavese raalyzed by eleriopkoresisrio adfahgarsecigdly

el ect roDh%ﬁ%ﬁ&?@tgﬂmﬁlfgt@Q%Qfﬁgﬁe foll owed by ethidium brom de staining.

As a result CRP2I 0 not contai ning any deoxyi nosi ne

residues protuseduly FIGUDahowsy thetf tha RPRI0l @ c6Ad¥Aing laf¢! WedxSincsiel 8 s t he ACPs
cont ai ni ng at | east two _ deoxyinosi ne residues generated the significant

reduct i on PEtAucESA Plpmaliyy of praplifisd s rrodusisdwhaseas WienA GRy eontaining a6@@stcwat ai ni ng
ei ght deowam,%s,n@rgsﬁsésdgéﬁéatg{ ad Lgfgg.qicmt TR EdA R Oi’g Sona GBS LSLent w th

our assunption, the results clearly Indicates that the ann “ﬁb 8 the 3'
-end 15  even more, the ACP containing eight deoxyinosine residues produced almost no products.

=]

Consistent with our assumption, the results clearly indicates that the annealing of the 3’ -end
portion of ACP to the template could be separated from the 5’ -portion since a group of
contiguous deoxyinosine residues separates the annealing of the 3’ -end an& 5'-end portions
under high stringent conditions due to the property of deoxyinosine such as its weaker

20  hydrogen bonding interaction in base pairing.

EXAMPLE 2: Method for Amplifying a Target Nucleic Acid Sequence Using ACP

The ACP of the subject invention was applied to amplify target nucleotide sequences of

mouse placenta-specific homeobox gene Esx! cDNA. The process and results for the

25  amplification of the target nucleotide sequences of Esx/ cDNA using ACPs are described

herein. Total RNA (3 pg) obtained from mouse 18.5-day-old placenta was used as a starting

material. First-strand cDNAs were prepared under the same conditions as used in the cDNA

synthesis of Example 1, except that Oligo-dT,s was used as the first-strand cDNA synthesis
primer.

30  Oligo-dT,s 5’ -TTTTTTTTTTTTTTT-3" (SEQ ID NO:54)




portion of ACP to the tenplate could be separated fromthe 5 -portion
since a group of contiguous deoxyi nosi ne resi dues separates the annealing
of the 3 '"-end and 5 -end portions under high stringent conditions due to
the property of deoxyinosine such as its weaker 20 hydrogen bondi ng
interaction in base pairing. EXAMPLE 2: Method for Anpl ifyjn Jar get
Nucl ei ¢ Aci d Sequence Using ACP The ACP of the subject%?ﬁé@ﬁ??%ﬂ s
applied to anplify target, nucl eotide sgequences of nouse pl acenta-specific

homeobox gene_Esx|l .cDNA. The process and results for the 25 anplification
of the tar geterhﬁur(?f“é%‘?ti ﬁ’ét'%”éﬂ%éﬁglé*é Bire BEsd ag ppplyes ) amelfy trest N4 i bed

herein. TofghetNr £37 Ghing AlCPL PEse JxB%\r%@D%chnéngteé -hg(?é%gelr g%fé%glg fa was used

as a starting material. First-stran were p “Re sanme
condi t i onsvhash isgedf umqedfeatarBINA thegyasemtémiestionf Exanpl e 1, except that

A igo-dT,s was used as the first-strand cDNA synthesis prinmer. 30

Qi go-dT" 5 'Iheqonventiopadpamersof fsxd used spthe Exampleare:2006 80 The resul t ant

first-5tr 29de DS AENEYRSCABRALRIRC SRebI ALY v target cDNA' fragments

of Esxl using ACPs. These experinents c stage PCR
anpl i fi catEsxifs, SWHARCCATGREICHGANTGO®-3f ¢SRQIDENOe!5):t he present invention.

The conventional _pri . Esx]l used in the Exanple are: 5 EsxN7 5'

- GOOGGTT CERBHAGCACAR %‘%{3"%‘%‘&6%1& TA3ELSRPIENOABRACCATGTTTCTGAATGOC- 3

(SEQ I D NgstD) ; 5%G§ATGM@I@6@%§6@(§E&@I@4@SEQ ID NG 48);  EsxC
1 49) 5 SX !

5' - GATGCATGGGACGAGGCACC- 3" (SEQ I D
- CGCCCCAAEBTRT CCECEOA I CABRITCTECEIGCAP; (SEQINOB X @ad 5'

- GATGCAT CA- 3 2).-,,Three primer sets, EsxN7 and EsxCg,
EsxN ngﬁg§§g§,gdﬁfﬁﬁéﬁiﬁ%ﬁéﬁ%ﬁbéﬁﬁa WEF@DB$EH5$ﬂ t he Exanpl e because
they are known figed BEm@' eflBE NS taid Wk L0 ackgrounds as wel |
as non-specific p?o%ﬁgtseih %onven??S%gFggggéﬁiﬁﬂ% Sgggg%ﬁg%ﬂ?ﬁﬂgﬁhe art.
r 15 Accoweiernged o thé Hytraplt deqgee tRGRurs ksdvermss, thp prifer setsVivhibh géndiateatighTel ti ng
tenperatures (T, houl d be_chosen. However, a prinmer set of EsxN (Tm
50, 70y angReRERESS b e 45 G P i BOSkal o oy oREoH HEH Febedias 0w inghe

t enper at ugres between them and a priner set of EsSxN3 (Tm

-

15 According to single-target PCR systems, primers with similar melting temperatures (T,)
should be chosen. However, a primer set of EsxN1 (T, 50.7°C) and EsxC2 (Tm 71.9°C) shows
about 20°C of different melting temperatures between them, and a primer set of EsxN3 (T
86.9°C) and EsxC5 (T 66.2°C) both has high melting temperatures. Also, a primer set of
EsxN7 (T 68.2°C) and EsxC6 (T, 61.2°C), which has relatively similar melting temperature,
20  areselected to observe the effect of ACP.

The ACP of the subject invention was applied to these three conventional primer sets to
demonstrate if the ACP system can overcome the main problems arising from these
conventional primer sets, such as background and non-specific products.

The following ACPs comprise the sequences of the above conventional primers at their

25 . 3'-end portions and were used as Esx/ gene-specific primers for the first-stage PCR
amplification:
EsxN7-ACP 5’ primer 5/ -GTCTACCAGGCATTCGCTTCATIIIIGCCGGTTGCAGAAGC
ACC-3' (SEQ ID NO:46);
EsxC6-ACP 3’ primer 5'- GCTTGACTACGATACTGTGCGAIMMNIGAACCATGTTTCT
30 GAATGCC-3’ (SEQID NO:47);
EsxN1-ACP 5’ primer 5’ -GTCTACCAGGCATTCGCTTCATIIIGAATCTGAAACAACT
TTCTA-3’ (SEQ ID NO:50);



86.9C) and EsxC5 (Tm 66.2C) both has high nelting tenperatures. Al so, a
primer set of EsxN7 (Tm 68.2C) and EsxC6 (Tm 61.2C), which has relatively
simlar nelting tenperature, 20 are selectéd to observe the effect of ACP.
The ACP of the subject invention was applied to these three conventi onal
prinmer sets to denonstrate if the ACP system can over cone btmgg %%n

probl ens arising fromthese conventional prinmer sets, suc 5y ackgr ound
and non-specific products. The foll owigg ACPs conprise the sequences of the

above conventio pri.nmers é'}hei r 25 3" -end portions and were used as
Esx| gene- Eﬁ‘éﬂgi‘?&l& pr‘Wé‘ri & e AETACEATACT G ECOMIIGAECATCECAGRAG
EsxN7- ACP ébm@mgg'm@gACCACIBCATTCGCT TCATI | MGCCGGTTGCAGAAGC  ACC- 31
(SEQ I D NO 46); EsxC6-ACP 3" primer 5 -

GCTTGACTACEBXNAEKET GCGAInter | ISGANUIARKENGEIA TRICCGAATIENEGCEGERARNEG47) ;
EstI-ACPNd§' &i ner g - GICTACCAGGCATTCGCTTCAT1L GAATCTGAAACAACT  TTCTA- 3
(SEQ I D .%6§,Az38 EERM %3306 81 EsxC2-ACP 3' prinmer 5

- CCTTGACT AR GRS AP 4L %{?&5& ACC 3 ( SEQ
EsxN3- ACP 5' priner 5 -rGTCT%FCA% oces Yoo

(SEQ | D NGBG@):3 ' (REQ B BEXHE- ACP 3' pri mer 5'
- GCTTGACTACGA@@ [GT T GATGCATGGGACGA GGCA- 3 @‘SSEQ I D NO 56). The 5'
-end portion glgéeﬁ‘ @OTIGR SRAHENcOPINGALRS WIE sarvedas nse-eelesteH atbiteady minkErt r ar y

primer seguRR&ess ol Yo t € dpgh a - &b cat j on;~JYC2 and
JYCA 5 - GICTACCA ngr%r&T%%"A“'?%?age E’EEQQF’BE%@? at Eflt)) A ’ﬁ’gc“i] hsgz
first-stadelPACCAPGCATTEECDICAT he' (SEQIPING:¢2). of EsxN7- ACP and EsxC6- ACP
was lrjrérﬁd as §' anchS' primers, respectively, to generate the 520-bp
fragneft of tPHEnELhe firstestagmnPCR gmplifications the primer setef RpNAGEPaand BEsH6RCRCP was

used as 5 ,e I L S pri L viel y, e e the 784-bp. . fragnment
of the Es x“llagl(r:a'lg DCN%TS gngﬁﬁ]ep%nrl{rﬁ:r?s%gﬁvmg’f% é&iﬁi@gﬁﬁﬁatgﬁm%ws s used
as 5 and cBNAprthavprimer see 9p ESANIVACE and EsERNACRIvas tus@] 488+ RRd 31 ddeasgment  of
the Esxl cDNA.. é).]ri ng the s7ecc%nd-sta e PCR anplification, JYC4 and JYC2
were used r%lsgecbxy y,égg%elfa.gothc 84-bp fragment of the Esx/ cDNA, and the primer set of EsxN3-

ACP and EsxC5-ACP was used as 5’ and 3‘ primers, respectively, to generate the 433-bp
15  fragment of the Esx] cDNA.

During the second-stage PCR amplification, JYC4 and JYC2 were used as pre-selected
arbitrary 5 and 3' primers, respectively (PROTOCOL A). As an alternative, the complete
sequences of the ACPs, instead of the pre-selected arbitrary primers such as JYC4 and JYC2,
can be used as 5* and 3 primers for the second-stage PCR amplification at the high stringent

20  conditions. In this case, it is not necessary to add the pre-selected arbitrary primers to the

reaction mixture at the time of or after the first-stage PCR reaction PROTOCOL B).

PROTOCOL A: One-stop two-stage PCR Amplifications

(A) First-stage PCR Amplification
The first-stage PCR amplification was performed by hot start PCR method in which the

25  procedure is to set up the complete reactions without the DNA polymerase and incubate the
tubes in the thermal cycler to complete the initial denaturation step at >90°C, Then, while
holding the tubes at a temperature above 70°C, the appropriate amount of DNA polymerase can
be pipetted into the reaction,

The first-stage PCR amplification was conducted by two cycles of PCR consisting of

30  anncaling, extending and denaturing reaction; the reaction mixture in a final volume of 49.5 pl

containing 50 ng of the first-strand cDNA, 5 pl of 10 x PCR reaction buffer (Promega), 5 pl of



arbitrary 5 and 3' priners, respectively (PROTOCOL A). As an alternative,
the conplete sequences of the ACPs, instead of the pre-selected arbitrary
prinmers such as JYC4 and JYC2, can be used as 5 and 3' priners for the
second-stage PCR anplification at the high stringent 20 conditions. In this
case, it is not necessary to add the pre-selected arbity ri s to the
reaction mixture at the time of or after the first-stagf@aglséﬁg?y@g@{ion
(PROTOCOL B). PROTOCOL A: One-stop tvwgy stage PCR Anplifications (A
First-stage PCR Anplification The first-stage PCR anplification was

per f or med by™HotieCkgr 1! obERIREL mbearh dORP. I TPHG TR STEPo L 88lut of §'sAGR(Iset up

pe | | S incubate the tub
e Conpl &) FRACH ﬁ%?sWAtéPngl %\{1)21? Pﬁg‘é?gg%tyiﬁé,a‘ésmﬁg?@%g{gq ¢ B g?smafn&ggcés

in the thernal cycler to co nitial

Then, whi | tee reaaiod intighutelae th: OBES 0at ul Af TLHRyrdrase @S@QQN@PMga)tibE%imH{oom iate
amount of DNA pol ynerase can be pipetted into the reaction. The
first-stadBe msesion spxnme; e PLB Teagdans somprigtteel cysiestofiB4°S fot 48 sef 6PCRYGONSI St i ng

of  30sanngal,j t . turing reaction; the reaction mxture
n o rnade oot 980 oAt B Bk RGh bt RostalFAEEL T and conar 5
of 10 x PCR reaction buffer (Pronega), 5 | of 28 February 2006 82 25 mM

MyCl2, 5.tl o NTP. (2 mM each dATP, dCTP, dGTP, dTTP), 1.35 1| of 5 ACP (1
M and 1.35 I M@M&l@%pre- heated at 94C, while holding the

t ube containi t ] t 4Co 0.5 |..of. Ta | ymer ase
(5units/ 4l; Igr%grrrggla tFgﬁgddé%cﬁf?%%fRgh’rcef{a}gfslgéﬁngxafq?k’gfanPﬁégP@x eactions
conpri se tgene-pycficACRS wAdiEnamplifid by @, foltiWend Réond BtagSPEIE Groplfagtioh el OF 40
sec; foll d by denaturing the anmplification product at 94C. (B)

Second- St g!%erp@sa PEEMPSTRIUE; dfter thecomplation of the frstigaspPCRI awplifisatine atlet! by t he

firstigta I 5 L, QF e ~gpecific ACPs was then
anpl i %?edg‘&?PﬁmH %&m&%hggré‘ n@@?rgmégml FRE &dded into Aapeteactipg gher
anneal i ng ntixmpebaintd fom Afet ferst-stahe PCR Bppleficativh, @fdet fathiingStmpdr-AGe sRER
anplification 10 Al_of 10 Mpre-selected arbitrary priners, JYCA

ach | .
and JYC2, aﬁﬂ?é‘éclaﬁ‘aé‘if°i‘%‘%£°t?ﬁé‘ TeacHen Vesias follows: 3 sydestof PHEGfof 400ser, t6AX for

first-stagesRGR1IM bof AERL Bilbowel BYEE nLLRA Wil rature such as at
94C. The se?:(‘):nd stagg- PCR Tt eact | og was g‘%q?’g%"?%ﬁéﬁ%‘g cycles of 94C for 40

sec, 68C for Thagnpified praduttsrgee fnalyzeddy skectrophorkdinine@%bagamsdgelrind deiettad
nal yzed by el ectrophoresis

extension,at, 72C. .Th ljifie oducgt s e
in a 2% agar BEEESY e:tlﬁ%{;%et’r@?fugd%ﬁ§s V'gsﬁ Hf‘ﬁ@cwat"hbeeilfﬂ tRtestd g de. The
resul ti ngddeRring pelyietyfaniagdd 8y ali6@dishsg 8 donRdRBacive BaL b &QmQ&LsMéIFr yl am de

gel by aut or adi ogr_aphé or non-radi oactive detection nethods suc
as silver staining (Gottschlich et al., 1997; Kociok et al., 1998), the use of fluoresenscent-

labelled oligonucleotides (Bauer et al. 1993; Ito et al. 1994; Luehrsen et al., 1997; Smith et al.,
1997), and the use of biotinylated primers (Korn et al., 1992; Tagle et al., 1993; Rosok et al,,
20  1996).

As shown in FIGs. 10A-C, the one-stop two-stage PCR amplifications for Esx] using each
primer set of EsxN7-ACP and EsxC6-ACP, EsxN1-ACP and EsxC2-ACP, and EsxN3-ACP
and EsxC5-ACP generated a single band which corresponds to the expected size, 520-bp (FIG.
104, lane 2), 784-bp (FIG. 10B, lane 4), and 483-bp (FIG. 10C, lane 3) of Esx!/ cDNA

25  fragments, respectively. Subsequent cloning and sequence analysis of the clones confirm that
the band is Esx/ cDNA fragments. In contrast, the conventional primer sets, which contain the
sequences corresponding only to the 3 -end portions of each ACP sets, produced non-specific
products as well as high backgrounds such as DNA smear (FIG. 10A, lane 1; FIG. 10B, lane 3 ;
FIG. 10C, lanes 1 and 2). Since the PCR products using a ACP set comprise the pre-selected

30  arbitrary sequences at their 5 - and 3’ -ends, additional 54-bp sequences corresponding to the

pre-selected arbitrary sequences and deoxyinosine residues were found.



as silver staining (Gottschlich et al., 1997; Kociok et al., 1998), the use
of fluoresenscent- |abelled oligonucleotides (Bauer et al. 1993; Ito et al.
1994; Luehrsen et al., 1997; Smith et al., 1997), and the use of
biotinylated priners (Korn et al., 1992; Tagle et al., 1993; Rosok et al.,
20 1996). As shown in FIGs. 10A-C, the one-stop two-sta age PCR
anplifications for Esxl using each prinmer set of Esx N73 Repugiy d048s x os- ACP,
EsxN - ACP and EsxC2- ACP, and EsxN3- ACB3z and EsxC5- ACP generated a single
band whi ch corresRonds to the expected size, 520-bp (FIG 10A, |ane 2),
784-bp (FI G FIOBOAsaNes thy amplifiad slgApppdpgty gEnersigEDdy ﬂ‘arﬁ@b&om&ﬁe‘SEémceﬂDNA 25

cl ones. coRry pRaL 4 PR R R ! SN ALE S BREERCR IR 2L o

convent i Ofeattida Uik the Edrentiofil ghmezwat BEsxN7 biCEsxS8 MeRNEI8IIdWR! § BRPRGCNg only
to the 3' -end l|Joort| ons of each ACP sets, produced non-specific products

as vel | aflarehbirelenefitdiC fordhsea SOTRRT doreearand F1°G fou 40sec;|falloaved by 45 G. | OB,

| ane 3 n and 2). Since the PCR products using a ACP set
conpr ?%e E}h{lq-mar‘g'e¥;e',~:n§°81 {sﬁd&BO arbitrary sequences at their 5 - and 3

-ends, addit anabB SHoviathe exiplified @ DNAOProd8(e @estirdde By0a §ilgle pRiGr 14l @Rl d
arbltrary sequences and deog%/l nosi ne resi dues were found. 28 February 2006
83 FIG 1o %@M&W% e RS B8 soNisxp?.ovne tsed e frapsal and byretph@vtlml 4 oW ng

t f
sngsN7OACgEda EEE%% 'ﬁ aneﬁfwng‘%& Fr?’éea S’l(%irj\lg asulésl)c% aﬂ?%' (SS‘H‘?/ éﬁ[) i onal
prinmer s eEsx&X[N?P A EskSA AP Weretusedin fldik 4OWHen Deofidhriaal &%r seff Bhhowed by 30

cycles of 94C for 40 sec, 60C for 40 sec, and 72C for 40 sec; followed by a
5 53 n Fekdl wesasehandn high ama@hnﬂeeperam of 9% rtometaﬁqatarg%t mmm product s

ted f t h
Zex N antopel 3 shohlcl B o hellet 1% £iR31 AR apa R cp R Gona Rt nat i on

of EstI - BxP2 mdusea,ru/ﬁfgt-t spedfic fRodudtds WetDeSAonebecills fddidl wab Sfiplitied 0 ACPs
EsxNI - ACP and EsxC2- ACP._were used in |ane 4. \Wen a conventional priner
set, EsxNP tagrpnspecliichinding pfthe ropyentiongpriopsr &ﬁ"%n@?éaﬁ) Fgweenperas d@ of 60C,
no speC|f Iy t r i sing one
AP Bax N A e o s Spe e s M) Gk TE iy BE P

t ar gét5- sptbe ACP of {he suhjrst :mnmrbwe\s prioersSyithgoléraree oy Wﬂesvgalp&aﬁ&a‘l”i fied due
to the non-specifi.c bindin o conventional primer EsxC2 (lane 3).
However, WRER Qmoipes t°§‘8?“‘9\%§° ’é‘ﬁa PEES ’%“%ﬁtﬁqé?ré‘“ﬁgrtgéf‘ FCBesgstemne pr oduct
Was arrpl i Fi eptg( h@nenais: the\thifiiied BONAGGRct Ig@tkmaeﬁ B e R 10\31 EIHQJ e
invention provides prinmers with tolerance to "priner es| gn p Panet er

rel at ed tsstsnaset offigxN2 ppsilEsa€lwessused indrapet arld 2panidrasetof EexNBRACR ehdf EskCS-

single-t a&@ﬁ '\['vasPquRéd 1Sn aneejrrFCR reactions using the conventional primer set of EsxN3 and EsxC5

20  were as follows: 5 min at 94°C followed by 30 cycles of 94°C for 40 sec, 58°C for 40 sec, and
72°C for 40 sec; followed by a 5 min final extension at 72°C (lane 1). The conventional primer
set was also compared with the ACP set by conducting the same two stage PCR amplifications
as used in the ACP, such that its annealing temperature is increased from 60°C to 68°C (lane
2). These results also indicate that although the conventional primers including ones having

25  high Ty are used in the same two stage PCR amplification, they could not be free from the
problems of non-specific products and background, whereas the ACP of the subject invention

can help overcome such problems arising from these conventional primers.

PROTOCOL B: Non-stop two-stage PCR Amplifications
Altemnatively, the complete sequences of the ACPs, instead of the pre-selected arbitrary

30  primers such as JYC4 and JYC2, can be used as primers for the second-stage PCR

amplification at the high stringent conditions. In this case, it is not necessary to add the pre-



FI G 10C shows the anplified cDNA products generated by using the follow ng
primer sets: a set of EsxN3 and EsxCS was used in lanes 1 and 2, and a set
of EsxN3- ACP and EsxCb5- ACP was used in lane 3. PCR reactions using the
conventional primer set of EsxN3 and EsxC5 20 were as follows: 5 mn at
94C foll owed by 30 cycles of 94C for 40 sec, 58C for 40 sec, and 72C for 40
sec; followed by a 5 nin final extension at 72C (| ane PF.Fef#evé8fRentional
prinmer set was also conpared with the_ACP set by conducting the sanme two
stage PCR anplifications as used in t Rd ACP, such that its annealing

t enper at ur ¥lécted jarhitrarn petiess o theGe4Ctivw mbiGe @t BB &me2df: or HASS fe rﬁ‘?&-‘ﬂaé{ﬁ’@é SO

i ndi cate that. al though the conventional priners including ones having 25

hi gh Tm ar'§®{8%d in the sane two stage PCR anplification, they could not be

free from theTheDPpRbdse B R nHBRL: i1 Coppoducts and background, whereas
the ACP of the esgbj ect invent ?gﬁwgét%\éehgﬁg %“f@?‘&”éﬁﬁs 4. Opian ieaties] & i si ng

f rom t hesePrelosnl énexapethat phe AGFss | PRGFQUER (18: MRSt AR -stage, PCR

Anpl i fiscataidgergilsa Al ter nat Il%/&aX t he conplete spequence"g o?wﬁ@ (i@ﬁ»;f? st ead
of t he pr &95% % He dist SiAg5 plifigefiogangyie secandctnea FCR idplifiaton MGkdiaeBN be
used as prioMeRYsShd Bst dtdpe PERCAMA TSI . ahplification at the high
stringent conditi ons. 1n t%ﬁ% égﬁlgggﬂl{%%nynﬁ 2y Pecausestiees isng sigpfaddingor e 28

February 200%lec@dabtapcpronersar bitrary primers to the reaction mixture at the
time of or g&ther tlhtf: first-stage PCR reaction. The process of the non-stop
two- st age PCRISAPPYed Pradpess, werp analyzed bysgleorophoesnisiinc al% mgarodreltand diectd €XCept
that the AReinidk with e@didn bAhad 1% i\ | q0f 3 ACP (10 pM, are 5
added at the firggst steagé PCR ellrrplji?lfiréczsglé}llnggelaz OGS cap bprso Seseted TR

anpl i #9 cad¢wrperpeltacatishide 0| by auerddivgraphy Grinof AR AR inﬁét}‘éﬁ% Lp Wi t hout
any del ayﬁgpvgygte thzée i@&go 5}3& of adding pre-select ed "ar bl rary
prinmers. ThE"SnpPiPeddolroifict &l weldd Kok stealh, 9983 the useogfuorsinscentn a 2%
agar ose ghbelrAdligRlaedtREs (BR i 1 i 1h gL hi di um broni de. The resul ting
PCR product s cangﬁe al so (ge%/eégﬁag'd@gﬁr}qg% alolééxe‘%‘fehﬁsf%ﬁa dPYaSMthatalde gel by
aut or adi oéft%3hiagd te usoef hietitylatd primersqicoraet QN9 tragns st g.u%‘%aﬁos%j( Lver
staining { tschlich et al., 1997; Kociok et al., 1998), the use bf

fl uoresenscent- | abelled oligonucleotides (Bauer et al. 1993; Ito et al.

1994;19 uehr SEE. ¢0D shows HOIGlHSIEHRA SFodalk and fhe use of
biotinylated, priners (Kom ept] l_al - 13902; t%g%ﬂe%ggtag e.n,on'fgﬁ ,°'F§6§319Ret al .,
1996) . ~ 15°EPkicatiens using ke foewinensinigte mriine DNA. il pait; Sthe) PRAEREREN DYnd Ne

non-st op £Mes %’ficati ns usi the follow ng single priner or
a priner psai r %?ﬁ%e%@%ﬁgg g’xrﬁﬁe%{‘ﬁ’ +a pair of BsxN! and EsxC2 was used in lane 3;

and a pair of EsxN1-ACP and EsxC2-ACP was used in lane 4. When a conventional primer set,

EsxN1 and EsxC2, was used, no specific-target product was produced. However, when a ACP

20  set was used in non-stop two-stage PCR amplifications, only a single target-specific product

was amplified (lane 4), which is consistent with the results of one-stop two-stage PCR
Amplifications (FIG. 10B).

These examples illustrate that the ACP permits the products to be free from the

background problems as well as non-specificity arising from the conventional primers used in

25 PCR methods as described in the art. It could be also understood that the ACP allows the

generation of the specific products regardless of the design of gene-specific primers.

EXAMPLE 3: Identification and Characterization of Differentiall! Expressed mRNAs

during Mouse Embryonic Development Using ACP

The ACP of the subject invention has been applied to detect differentially expressed

30 mRNAs in embryonic developments. Specifically, three different procedures and results using



EsxC2 were used in lane 1 and 2, respectively; a pair of EsxN and EsxC2
was used in lane 3; and a pair of EsxNl- ACP and EsxC2- ACP was used in | ane
4. \When a conventional prinmer set, EsxN and EsxC2, was used, no

speci fic-target product was produced. However, when a ACP 20 set was used
in non-stop two-stage PCR anplifications, onIy a si nglegtfa ﬁ@ 5 cific
product was anplified (lane 4), which is consistent wi 48T PREM AR t s of
one-stop two-stage PCR Anplificationsgd FIG 10B). These exanples
illustrate that the ACP permts the products to be free fromthe

backgr ounddi,fifﬂeivlséﬁts @sorwa?ﬂlls tetsl RoAs- a3 paiing imaietiyls aneidgdcribedfte@im. Theprmers
conventi onal pr iﬁc F’ ) s% C%ggetlhods as described in the art. It
coul d be afssbHMiAEpSE d‘bvﬁni’%a?fe REACB” 81l ows the generation of the
specific products regardl ess of the design of gene-specific priners.
EXAMPLE 3: Identification and Characterization of Differentially Expressed
ni RNAs  duki. BBOREDUREANHr yoni ¢ Devel opment Usi ng ACP The ACP of the subj ect
i nvention ha\s}S been .a pI i ed detect differentially expressed 30 nmRNAs in
enbryoni c de Sl (g 2 ¥/ three different procedures and

resul ts usi ngrhz&uﬁaasdwmﬁ&o@&e pfeparél frdeF BB tanid @&ﬁﬁmﬁ’sf aCRIE ALY SR @l

R NAs as starting nmaterials are descri bed herein. e priners used in the
subj ect i yrthasisor Exaraple A owing ithe dTabA@P11or JXICS- TPJMWJREDNAStyﬁpes(st)amer

First-st T f t t d d
Che: sane. dORAFEIH SDNES s PRIET % 1o e S per et Kin REAGENIdP g ¢ he
dT10- ACP1 (&hové ¥rrrers I@NTHCREGe 8bdvEbilgendeN tfbefﬁbésapf fo{?@{fomqag&%ﬁt%ﬂgtsé t CDNAs

were purified by a spin colum (PCR purification enove
prinmers, @NIPto heddeterminativovef the ahdids ondentrition veing I8l spactfpedcp@ratnai he

purifjgcati ste §ior to the det f the cDNAs concentration
usi ngiﬁ %\9 S?B‘éep‘fflzgs%p?'ezifm%ﬂ""fﬂt @6@@?‘5%‘?8‘@3 5%’6 Yaspsed i cempaEng nount  of
CDNAs froma&aaﬁ{phﬁadﬁaﬁpmeaﬁuyﬁgetﬂekepsys&m)&sdrmedh&é}ﬁlr anplification patterns
using the ACP system described herein. Step (2): First-stage PCR

anplification using ACP The follow ng ACPs were used as arbitrary ACPs

(AR-ACPs) for, t - catjon: ACP3 5'-
GTCTACCAGGCAT FRECTHEATARHC A 01D NO3); ACP5 5 -
GTCTACCAGGCAT];&:@@TMMGPIW@@S arb3trarﬁ SEQSI m\l@c@g for AP %rs?' PCR
GTCTAQCAGGCATTCGCTTCATI | 111 CTOOGATGCS -3 (SEQ | );

amplification:
ACP3  5'-GTCTACCAGGCATTCGCTTCATIIIGCCATCGACS -3’ (SEQ ID NO:3);
ACP5 5'-GTCTACCAGGCATTCGCTTCATIIIAGGCGATGCS -3/ (SEQ ID NO:5);
ACP8  5'- GTCTACCAGGCATTCGCTTCATIINICTCCGATGCS -3/ (SEQ ID NO:8);
ACP10 5'-GTCTACCAGGCATTCGCTTCATIIIGCCATCGACC-3 (SEQ ID NO:13);
20 ACP13 5'-GTCTACCAGGCATTCGCTTCATIMIIAGGCGATGCG-3' (SEQ ID NO:16);
and
ACP14 5’ -GTCTACCAGGCATTCGCTTCATIMICTCCGATGCC-3 (SEQ ID NO:17).
The 5’-end portion sequences of the dTio-ACP1 and AR-ACPs serve as pre-selected
arbitrary primer sequences only for the second-PCR amplification. The pre-selected arbitrary
25  primers are JYC2 and JYC4.
The first-strand cDNAs produced from step (1) were amplified by the following first-stage
PCR amplification using one of AR-ACPs (ACP3, ACP5, ACP8, ACP10, ACP13, or ACP14)
and the dTo-ACP1 as 5* and 3’ primers, respectively. The first-stage PCR amplification was
conducted in a 50 ul volume containing 50 ng of the first-strand cDNA, 5 ul of 10 x PCR
30 reaction buffer (Promega), 3 pl of 25 mM MgCl,, 5 ul of dNTP (0.2 mM each dATP, dCTP,
dGTP, dTTP), 5 pl of 5’ primer (1 puM), 5 ul of 3’ primer (1 uM), and 0.5 ul of Taq



ACP10 5' - GTCTACCAGGCATTCGCTTCATMHGCCATCGACC-3' (SEQ ID NO 13); 20 ACP13
5" - GTCTACCAGGCATTCGCCTTCATI I 111 AGGCGATCCG 3' (SEQ I D NO 16); and ACPl14 5'
- GTCTACCAGGCATTCGCTTCATI | | QCTCCGATGCC- 3" (SEQ ID NGO 17). The 5° -end
portion sequences of the dT10-ACP1 and AR ACPs serve as pre-selected
arbitrary prinmer sequences only for the second-PCR anpl,j Egatl ?9 The
pre-selected arbitrary 25 primers are JYC2 and JYCA. UPY %G[rand
CcDNAs produced fromstep (1) were anplgisfi ed by the foIIovvl ng first-stage
PCR arrpllfl ation_usi ng one of AR ACPs (ACP3, ACP5, ACP8, ACP10, ACP13, or
ACP14) aff Yf“ﬁ’és"a(’?‘ifﬁtsxieglffma’s%a)sm he, RER ?aC%PPP Weteas followpctminas |99°C fpliaved

first-stage, o d n,a.s ont ai ni ng
50 ng of TRa T arr ek Can ikl or fRBHETAL bhahup pButtega o o

(Pronega) ,e\ctaniont726 n1v| I\/gClzl 5 1 of dNTP (0.2 nM each dATP, dCTP, dGIP,
dTTP), 5 | %_ P 3" primer (1 M, and 0.5 | of Taq 28
February 200841€ ep‘Ebf ‘9?7151’5&%“(%P@&llﬁcanqﬂr%ﬂrégaynedﬂqeenmOneha:typasroﬁ were as
follo 50C for |
min, gﬁd ganchlégo?‘grl%gﬁfe Pl ol 1 og’cgp%))t;%% fnﬁﬁﬁfag'{?h?ca%e’&twé’ﬁcsI’%ﬂr}&t ™M The
cycl e of tdmeedtusrsamplet age PCR anplificati on can be vari ed dependi ng on the
types of 5 sanples. For exanple, the 20 cycles of the first PCR
anplification were used for nouse conceptus sarrpl es. Step (3):

Second- st agesPéFR(z?”Fﬁeded

correspondi ng , - (AEDILary  prim
cDNA pr oden gioe eqhithresif dQPe- anpl i fi ed bythefollovmng
catlon using two pre-selected arbitrary priners,

seco stag r@g}gpi &%&

Jyca Hhd Jvck PPEYPYFE PIRGUED froResep () gade- wltﬂeéhy decfalbrwings of

AR- ACP an t I ge a catl on
was condu%tc %}I]]lér%é\ge Rlamﬂlﬁi%&ﬁ‘r;rgm}égrﬁ a nfér%gc@fgg%qgﬁ b ”” i n‘g% ified
cDNA pr odeach sor(cﬁﬁondm tbth¢ 5 DéndlidrtionRédienceaott AR-ACPUAE GT.O(AIEIPQ %&@&twel} | of 25
15 mM My of 2 mM dNTP, 11 of 5" prinmer (10 M, 1 pl of 3" priner
(10 M, a sef?“%‘sﬁag‘b?cpf éﬁ“"b‘éﬂa?%‘f’?ss”én‘t“ﬁﬁﬁﬂ $pQp VOIUWHngrSeM hens wer e
as fol | oWgrst anpiihidh @ Gdu ofbutt! r(fchr 65C for |
as fol ] oW Tpm' N&% thﬁsbﬂgwpx%ng#&%%lﬁnﬁ £ en5|go)h3§} 825> po"
PRG:E@URE“M MgCl,, § p.l on ‘mM dNTP, 1 pl ofS’ primer (10 uM), 1 pl of3 ! primer (10 pM), and

0.5 pl of Taq polymerase (Sunits/ul). The PCR reactions were as follows: 5 min at 94°C

followed by 30 cycles of 94°C for 1 min, 65°C for 1 min, and 72°C for 1 min; followed by a 5

min final extension at 72°C.

A2. PROCEDURE 2
20 The alternative procedure comprises the following steps of:

(a) providing a first sample of nucleic acids representing a first population of mRNA
transcripts and a second sample of nucleic acids representing a second population of mRNA
transcripts;

(b) contacting each of the first nucleic acid sample and the second nucleic acid sample

25 with a fist ACP, wherein the first ACP has a hybridizing sequence substantially
complementary to a region of the first and second population of mRNA transcripts to hybridize
therewith;

(c) reverse transcribing the mRNA to which the first ACP hybridizes to produce a first
population of DNA strands that are complementary to the mRNAs in the first nucleic acid

30 sample to which the first ACP hybridizes, and a second population of DNA strands that are



20 The alternative procedure conprises the follow ng steps of: (a)
providing a first sanple of nucleic acids representing a first popul ation
of rnRNA transcripts and a second sanple of nucleic acids representing a
second popul ation of rnRNA transcripts; (b) contacting each of the first
nucl eic acid sanple and the second nucleic acid sanple _ 25 wt first
ACP, wherein the first ACP has a hybridizing sequence s%%%f’%ﬂﬁﬁyi%&?y

conpl enentary to a region of the firstggnd second popul ation of nRNA
transcripts to hybridize therewith; (c) reverse transcribing the nRNA to
whi ch the foREEMAREEY hy el BRMNAsint the peavddi meclec fatid ssampleop Uit @ faf AANA
strands thgtbrfgrzg,corrpl enentary to the nRNAs in the first nucleic acid 30
sanple to whi CEYhe first ACP hybri di zes, and a second popul ati on of DNA
strands that inEQhd Bah¥F/ia g{g}!, n he MRNA in, t he
second nucl ei ?I)g‘ér%g garrp?% t% ghg?ccﬁ glﬁgl fi r?th E%W%dru%‘bdleaféé‘fsuf‘&f;]hc

puri fyi ng wMesereasaripfion siep the conpl enentary DNA strands produced as a

result of the ,reverse transcription step (c); 5 (e) synthesizing a second
DNA st rsgnd co%ls)g’;éécﬁ'tzﬁ‘lgf T°8°"§a®ﬁ}‘osfmidh‘é’ plemeRtany g %@b@ga‘e fise pod sachwshs  of
DNA st r andsopUisfishg oBDNAC@E-sAGK: 41886Hd AWirdbl 1w S8R eaf"%??i%xi}s%gyia{t 10y ot | east

one PCR cycle conprising denaturing, annealing a ension,
wherein t eXsémePmROPing [fenatuging vdan¢ating amicprireq exterc®ns wheatia e atdny ACP

conpl enent,ary . to.fhe first a econd popul ations, of ~DNA strands; 10 (f)
anpl i fyi ngﬁééé‘ﬁbr‘s‘%&“ TR %*Fgﬁ'a‘?yowﬁffsaﬂw%?hcm 374 eerondrpgeylationgef
stringent DNAB@dds;ons, by at | east one PCR cycle conprising denaturing,
anneal i ng and priner extension to generate first and second popul ations of
anpl i fOcat i or(fprrorlifiing eaahi segondWON A strawd: bseinestd fram bitdpr @) Yindep rhighsnsnge@c

conprisin Se n arr onding to each 5' -end portion of the first

and seco%ag%{ﬁ%"géﬁ%ia%“géﬁﬂ% cyﬁﬁeicﬁ@pgs%ngaﬁaanﬁxg(we B POREr axteasiempunt  of

| ndi vi dualgeamm fifst gidlsknd Poratussr bplltichipricr ehe366 80 HOPLA AL O O
d cIBNAs y g

amplification products. The first-stran are synthesized usi

JYC5- T15- REPEE' CiCTORILSNEGCRSBCCAUFAREATE (Beach SEQnd Poftich 6 the fiktamd’ - end
portion seguengs .af, tcglgmq (24105 ACP serves as a 3' pre-selected arbitrary
20 primer sequence £0 be ’

_ _ se on‘ily for the second stage of PCR
anpl i ibcat i orfg) comparing the amount of individual amplification products in the first and second

populations of amplification products.

The first-strand cDNAs are synthesized using JYCS-T,s-ACP 5/ -CTGTGAATGCTGC

GACTACGATIIIOTTTTTITTITTTTTT-3 (SEQ ID NO:61).
The 5 -end portion sequence of the JYCS5-T,s-ACP serves as a 3’ pre-selected arbitrary
20  primer sequence to be used only for the second stage of PCR amplification:
JYCS 5-CTGTGAATGCTGCGACTACGAT-3’ (SEQ ID NO:60).
Step (1): Eirst-strand cDNA synthesis

1. Combine 3 pg total RNA and 2 pl of 10 uM JYC5-T,s-ACP in a sterile 0.2 ml

microcentrifuge tube.
25 2. Add sterile H;O to a final volume of 9.5 pl. Mix contents and spin the tube briefly in a
microcentrifuge.
3. Incubate the tube at 80°C for 3 minutes or use a thermocycler for the same purpose.
4. Cool the tube on ice for 2 minutes. Spin down the contents of the tube briefly in a
microcentrifuge.
30 5. To the same reaction tube add the following reagents: 4 pl 5x First-strand buffer
(Promega), 5 ul dNTP (2mM each dATP, dCTP, dGTP, dTTP), 0.5ul RNasin inhibitor (40
units/ul, Promega) and 1 pl M-MLYV reverse transcriptase (200 U/ul).



JYCS 5' - CTGIGAATGCTGCGACTACGAT-3' (SEQ ID NO.60). Step (1): First-strand
CDNA synthesis 1. Conbine 3 tg total RNA and 2 | of 10 M]YC5-T1s-ACP in a
sterile 0.2 M mcrocentrifuge tube. 25 2. Add sterile H2ZOto a fi nal
volume of 9.5 1. Mx contents and spin the tube briefly in a

m crocentrifuge. 3. Incubate the tube at 80C for 3 an%t(e!:s or L@S a

t hermocycl er for the same purpose. 4. Cool the tube on 4%¢&°F8F 2% nutes.
Spi n down the contents of the tube brigfly in a mcrocentrifuge. 30 5. To
the same reaction tube add the follow ng reagents: 4 | 5x First-strand

buf fer ( Pronfgdix comtets gdmpin(tiRrivbecaicfly dATEsrock@FugedGTP, dTTP), 0.5/ RNasin
i nhi bitor (40, wnits/l, .Pro d 1 g@ MMV reverse transcriptase (200
ul). 28 Febra'al??'lbﬁtﬁggm"éfét?%&%nc@ﬁtents and spin the tube briefly in a

m crocent ri f ugdncubate theMteRpdsd BE? Lithes @]Etgrﬁiaxag ffr&rstr%gl sg}.tf' sis.?" Incubate the
syn

tube at 94 Cfor 2 mnutes to termnate first-stran esis. 9. Place

t he tube on i2&l4cetheubgion iceBorominPurify the resultant cDNAs by a spin
col um A PCR puf igf I. ion Ki ACEN) to renmpve priners, dNTP, and the
above rs(eagentg{' Jﬂ&%ﬁ?ﬁ?&e%@@f‘%%ﬁe‘p’éoﬁ n@&& Rifiggtion Hkdt, QOABENUtSI ng t he

W spect r ogmoryprikier BNTRRE@ R BYE redfend®0 NM 12. Process to step 2. 10
Step (2): Second-strand cDNA synthesis using ACP The sane anount of cDNAs

from each sanpl &ewagneasies] thegrongenwation rop dlrei VA Dfisibgh eierUV apRtrbdcbBadti aan
patterns u%isor}gmwgf.,%gps descri bed herein. The second-strand cDNA was

synt hesi zed usi ng ar f‘f"rary ACP10 by hot start PCR nmethod in which the
procedure is 120PH6dss tofdep2. t he conpl ete reactions w thout the DNA pol ymerase
and incubate the tubes In the thermal cycler to conplete the initial

denat dfati on step at >90C. Then, while holding the tubes at a tenperature

e 0G| o PR SR UA g B Yreraoe oo be i petted [t
m crocentrifuge ski®@modf.df cDNAk fddf each sample was used for the comparison of their
amplification patterns using the ACPs described herein. The second-strand cDNA was
synthesized using arbitrary ACP10 by hot start PCR method in which the procedure is to set up
15  the complete reactions without the DNA polymerase and incubate the tubes in the thermal
cycler to complete the initial denaturation step at >90°C. Then, while holding the tubes at a
temperature above 90°C., the appropriate amount of DNA polymerase can be pipetted into the
reaction.

1. Combine the following reagents in a sterile 0.2 ml microcentrifuge tube: 49.5 pl of the

20  total volume containing 1 ! of first-strand cDNA (50 ng/pl) prepared by step 1, 5 ul of 10 x
PCR buffer (Roche), 5 ul of 2 mM dNTP, 1 pul of 10 uM arbitrary ACP (5’ primer) and 37.5 pl
of sterile dH,0.

2. Mix contents and spin the tube briefly in a microcentrifuge.

3. Place the tube in the preheated thermal cycler at 94°C.,

25 4. Add the 0.5 pl of Taq polymerase (Sunits/ul; Roche) into the reaction, while holding the
tube at the temperature 94°C.

5. Conduct PCR reaction under the following conditions: one cycle of 94°C for 5 min, 50
°C for 3 min, and 72°C for 1 min; followed by denaturing the first amplification product at
94°C.

30
Step (3): PCR_Amplification of the second-strand cDNAs using pre-selected arbitrary

primers corresponding to the 5’ -end portion sequences of ACPs




20 total volume containing 1 pl of first-strand cDNA (50 ng/pl) prepared by
step 1, 5 pl of 10 x PCR buffer (Roche), S 1 of 2 mMMdNTP, | gl of 10 M
arbitrary ACP (5" priner) and 37.5 1 of sterile dH, O 2. Mx contents and
spin the tube briefly in a mcrocentrifuge. 3. Place the tube in the
preheated thermal cycler at 94C. 25 4. Add the 0.5 | of2 TF??gQPOIZ\éE%r ase
(5units/l; Roche) into the reaction, while holding the

tenperature 94C. 5. Conduct PCR reacti gg under the follow ng conditions:
one cycle of 94C for 5 min, 50 C for mn, and 72C for | mn; foll owed by
denat uring t hé. Aftershe complatibn ofithé Ginst pugeAOR arAiilific AR, widR h%tdﬂ-% tﬁ?’?ubes RER
Arrpllflcatlon of the second:strand cDNAs using pre sel ect arbitrary
primers cof §rﬁ8ﬁd§bﬁ§°§ bG rid Trl of QM Y ER @rd ge&eétﬂ:e&t BfCSAGPshihSeaBlebr uar y
2006 89 1lcorREdonds bhg- €0 { lificatjon,

whi l e hol di ng L%Oﬁe tugeeg g]tRi @Hl& n@l c?%ltg ﬁ?éétggofg& 34%(?5%”2 fvelys intpghav Jvca
and 2 Al ofeact@n Mixh€ssediinstefn(2bh each corresponds to the 5 -end portion
sequences of h.5' and 3' ACPs, respectivel into the reaction mxture
used i step %m‘d’“gt ?“WMEIEFRé@éW uaden the f@éwmgesacdmmswumdesrofpm

follow ng Gpagiet | So for 40 sec, and 72C
for 40 sec; foll o“\i/g@folgéggée ﬂd% for?(fl r{)lgo:]“gﬁg IWEE?C"‘%‘MPF@(%DURE 3 As
an alternative process, in the step (f) of PROCEDURE 2 the conplete

sequences 185 M and second ACPs used in the steps (b) and (e) of

PROCEDURE the pre- 10 sel ected arbi trary sequences of the 5
-end porti onsafdh altétfarfve bedcesANA 128 'EISRE 2 as_ 3

prinmers, respectively, gt ‘t:he hi gﬁsg?irl ngent condi |°(°)“ﬁ%°tF5°rq"%ﬁ‘if§I°?fh§| ng each
second Dl\@istsm# arrdnd BCES meed ift thenstdpk €b) siné [fe) (of )PRUCEDRBEFD IR 24 1of‘{l43%¥ee' n the
3 DNA strands which were initial

synt heS| 264 leﬁ%‘faﬁ%qrﬁéeqé"é'bc%‘%tbf%?"'(E‘SRE}F‘P%‘é’ Ethedurst aukpaennd ACBS, carhie u[scdrast ACP
and the camingne tHebs, RBIE oh ectivel 15 and al so
serve as perfect r}Jrc’)lal ri ngﬂglﬁﬁatoe?]%g @;‘,;.94@@0 secoér?g’pﬁ §°z“¥‘ns RS case,
it is not DNa"eéf@séahtyntdﬁmdleﬁhe(epn@mmmzmmﬁrr @é Y’ i FRERIs bPmt he

r eaf:t I on Xté‘l lb%l s w%chEwe(x?tI 1n?t¥all)?' fS)t’netll‘;CSlZIdI lrxssleg 31;[3 asgc%ncli:) %Pr eaction. St P
(1): Fi rstostrand c synt h comprise the

sequence of the first ACP and the complementary sequence of the second ACP, respectively

15  and also serve as perfect pairing sites to the first and second ACPs. In this case, it is not

necessary to add the pre-selected arbitrary primers to the reaction mixture at the time of or after

first-stage PCR reaction.
Step (1): First-strand cDNA synthesis

The first-strand cDNAs were prepared under the same conditions as used in the cDNA

20  synthesis of PROCEDURE 2 using the JYCS5-T,5-ACP as a ?:DNA synthesis primer.

Step (2): Second-strand cDNA synthesis and amplification using non-stop two-stage PCR

The same amount of cDNAs from each sample was used for the comparison of their

amplification patterns using the ACPs described herein. The second-strand ¢DNA was

25  synthesized using arbitrary ACP10 by hot start PCR method in which the procedure is to set up

the complete reactions without the DNA polymerase and incubate the tubes in the thermal

cycler to complete the initial denaturation step at >90°C. Then, while holding the tubes at a

temperature above 90°C, the appropriate amount of DNA polymerase can be pipetted into the
reaction.

30 1. Combine the following reagents in a sterile 0.2 ml microcentrifuge tube: 49.5 ul of the

total volume containing 1 pl of first-strand cDNA (50 ng/ul) prepared by step I, 5 ulof 10 x



The first-strand cDNAs were prepared under the same conditions as used in
the cDNA 20 synthesis of PROCEDURE 2 using the JYC5-T,s-ACP as a cDNA
synthesis prinmer. Step (2): Second-strand cDNA synthesis and anplification
usi ng non-stop two stage PCR The sane anount of cDNAs from each sanple was
used for the conparison of their anplification patterglg usin hgﬁe ACPs
described herein. The second-strand cDNA was 25 synt he<PZE8V8YiHY arbitrary
ACP 10 by hot start PCR method in whichlthe procedure is to set up the
conpl et e rPER bisfed SRovhE)NO UL oft2EMIINA i g the tubes in the
thermal cycler t?) co) Igte t he iniPF?g?/ﬁg%%&rrg{gtqffo@?Z% ﬁ?mgég(’f?“srhen,

whi | e hol d Q‘ig\ffﬂiﬁit'fubgi’ @t pamer) empH ptlwf eterilbdl.90C, t he appropri ate anount

of DNA poly e can be . pi.petted.info the reaction. 30 1. Conbine the
fol | owi ng rgg{ggﬁ &9 eﬁtsaa“g?pégﬁfé“%ﬁpﬁéﬁhmPri"l&“r’%%‘f“\%F-f uge tube: 49.5 Al of the

total vol ume LeREAMEEWBYid thdbrelthted | c(g)NA (50 ng/l) prepared by

step 1, 5 Al of 10 x 28 Feﬁéu@r?étzh(%%%&ﬁ%%ﬁ uf fer (Roche), 51 of 2 nM

dNTP, B | of 416.ddths 0Ll ofifag paPREA S Gunigiul;Rathe) into fk re@étion bhile hdllng the

JYC5- T15- A 2 {%t ri rrg‘r%gﬁgd 36.5 1 of sterile dH2O. 2. M x contents and
g BF ISR Y

spin the t'Y mcrocentrifuge. 3. Place the tube in the

preheat ed t her wBhduel BER keadionAther tRe fhlloda s 2nk e LRGSR rase
(5units/.tl; Roche) into at hog ree{ctei on,0 mgicF'tew%ogf'cﬂnﬁgcyﬁlﬁé)Fﬂ% gbggyg?““bhe

t enper at urS&°OHC3 ndn, a@bTRIGEer IRGR, foliawediby A0 ayutks bf 94te £6:0l0l vV 5P oodid | ons:
one cycle o for 1 m 5QC f or. mn, and 72C for 1 mn; followed by
40 cycl es agé7%%%?@#%6“@5@8‘,’“@%@1‘56?‘" prlegensionahR°€oC for 40 sec: and
followed by a 5 min final extension at 72C. 10 B. Separation of anplified

PCR products by el ectroph
di f f et8nt BalSeyaration (f amplifig

el ectrophq[fsl s lf Nidla g/ 294r se gel and det ect ed by staini ng th ethidium
brom de. gmraq‘lrra]poi—%a'rmgs differentially expressed during enbryonic
devel opnent ([hlarplified prbd&ets werélarallBodby YRk EphSRYi EinlaS9; | tracted
fromthe 15 gels usi ng GENECLEAN thdy o (Bl O 101). %%%*"?%%ﬁ?ﬂd?d%%“%&

product s Euritagingavith ciludismt kramisla. Seversbmeaiarr bands Piffexcatallyl expiesed giabindy

autoradi o o i ! i hods,such as silver
i i g TPt fivelbihert OB 4 481 LS S WelIEL BT30S ohachd rmsia
f 1 uor &S engdewsing GENROLEAN 0 KitdBIQ 00 13 (Tthe ekt PR pro@icts@hn be]a‘?s%?ﬂéteétéfone t al.

1994; Luehrsen et al., 1997, Smith et al., 1997), and the use o
bi ot i nyl af 8@%'?%0'5@“@!&6}#%@'% autoragépgrephyrerqiop-ragioative det¢@iogmeRoscictet al . |

as silver staining (Gottschlich et al., 1997; Kociok et al., 1998), the use of fluoresenscent-

labelled oligonucleotides (Bauer et al. 1993; Ito et al. 1994; Luehrsen et al,, 1997; Smith et al.,

1997), and the use of biotinylated primers (Kom et al., 1992; Tagle et al., 1993; Rosok et al.,
20 1996).

C. Re-amplification of the recovered bands
The bands obtained from step B were re-amplified using the same pre-selected arbitrary
primers and PCR conditions as used in PROCEDURE 1, 2 and 3.

D. Cloning and sequencing of the re-amplified fragments

25 Each amplified fragment was cloned into the pGEM-T Easy vector (Promega) and
sequenced with the ABI PRISM 310 Genetic Analyzer (Perkin Elmer Biosystem) using BigDye
Terminator cycle sequencing kit (Perkin Elmer). Computer-assisted sequence analysis was

carried out using the BLAST search program (Basic Local Alignment Search Tool).



20 1996). C. Re-anplification of the recovered bands The bands obtai ned
fromstep B were re-anplified using the sane pre-selected arbitrary
prinmers and PCR conditions as used in PROCEDURE 1, 2 and 3. D. Coning and
sequencing of the re-anplified fragnents .25 Each anplified fragnment was
cloned into the pGEM T Easy vector (Pronega) and sequ % g W&)@ éhe ABI
PRI SM 310 Genetic Analyzer (Perkin Elner Biosystem usi gFe

Ternmi nator cycle sequencing kit (Perki @ ner). Conputer-assisted sequence
anal ysi s W&ESNofilgfd inglsi9ut usi ng the BLAST search program (Basic Local
Alignment Search Tool ). 28 February 2006 91 E. Northern analysis Twenty
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screen at for 80Gnin iR 1Fk 8¢, b1 ®§hﬁwcg%?fergiﬁ e ?ag%‘iy%r TFW“ere' n

nouse conceptus sanpl es obtained from 5 ed by
PROCEDURE miergbriey Wefreexppseriee KodtksX dmnat IXK-1 G with SEiji @fendGR3 saaeh 4T 0- ACP1
for the lapgs 1-3 of FIG | I A, a set of ACP5 and dT,o- ACP 1 for the | anes
1-6 and of G 11B and a set of ACP8 and dT, o- ACPI for the | anes 7-12 of

FIG 10B, resgestiMebYshowd e anblifeEERA SIS results of t he
anplified cDNA pr oducts 15 gea#ér at ed bstPu5| néa‘gﬁlgé%%er SRCPNERIS S BlSs. 116D

shows t he baned fiomy differsttisaess gerrearertlified by PRCDQEDQINEV\D u@ﬁg R prigRt Ser0fs t he

ACPI O and 0 ACPI 1 d. Al T, 0- (Fl G 11 D),
respect i ve’?‘}"‘“wﬁw ° ﬁ;j ?’ré ‘ﬁ"a‘f“?ﬁl @Rg’?i’é@seggﬂ Figs 114» “eﬁ%‘ﬁé‘&l’rﬁagd dfiage wer e
obt ai ned, mm%ﬂmeﬁnésﬂt@anhbemi\é IndPRYor MR P8 Ahd 4158 Et%)rthe"f‘ gﬂ, enced.

Sequence analysis reveals that all of the clones are nown xcept
two novel Fgen  (ETReptiel2FIG. Th%alz(t)sf@wpp@mmndmcspMGfarMpMéd&mmﬁrbdmd by

Nor t hegn BLQta:aN8] Ml Sndthidr S epLus sta gl ot (Seegene, Inc.
Seoul | Ko?ea) FI'G ?%2\ %%ﬁ@ﬁeﬁg%q 788 E%ﬁ,@\g’ﬁ Hipef prpducts gepsrasd by nous e
oncept us usiagpie prifricd skts of the ACP10 and dT,,-ACPI1(FIG. 11C), and ACP14 and dTo-
ACPI(FIG. 11D), respectively. Many differentially expressed bands in a specific stage were

obtained, subcloned into the pGEM-T Easy vector (Promega), and sequenced. Sequence
analysis reveals that all of the clones are known genes except two novel genes (Table 2). The

20  expression patterns were confirmed by Northern blot analysis using mouse conceptus stage blot
(Seegene, Inc., Seoul, Korea).

FIG. 12A shows the amplified cDNA products, wherein mouse conceptus samples (E4.5:
lane 1; E11.5: lane 2; E18.5: lane 3) obta_ined from different stages were amplified by
PROCEDURE 2 using a set of ACP10 and JYCS-T,s-ACP. Many differentially expressed

25  bands in a specific stage were obtained, subcloned into the PGEM-T Easy vector (Promega),
and sequenced. Sequence analysis reveals that all of the clones are known genes except one
DEG 2 (Table 2). The expression patterns were confirmed by Northern blot analysis using
mouse conceptus stage blot (Seegene, Inc., Seoul, Korea).

FIG. 12B shows the amplified cDNA products, wherein mouse conceptus samples at the

30  different stages of (E4.5: lane 3; E11.5: lane 4; E18.5: lane 5) were amplified by non-stop two-
stage PCR amplifications using a set of ACP10 and JY C5-T15-ACP as above mentioned in
PROCEDURE 3. When a set of ACP10 and JYCS-T,;-ACP (lanes 3-5) was used, the resultant



lane 1; El 1.5: lane 2; E18.5: lane 3) obtained fromdifferent stages were
anplified by PROCEDURE 2 using a set of ACP10 and JYC5-T, s- ACP. Many
differentially expressed 25 bands in a specific stage were obtained,
subcloned into the pGEM T Easy vector (Promega), and sequenced. Sequence
anal ysis reveals that all of the clones are known gene§8? &ggg Q% DEG 2
(Table 2). The expression patterns were confirnmed by NO Rern % t anal ysis
usi ng nouse conceptus stage bl ot (Se@dene, Inc., Seoul, Korea). FIG 12B
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of the cl t QHIGHR a1l of BHS 10 only
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el i m nat eThid) éhe pr@ropredoces om‘lsatcsewpmdmmouﬁnﬁfal%oshmwmlemms thht s oOf
Nort hern hl ot bridizatiqgn for.the ex reSS|on of DEGS during nouse
errbryﬁ%i cgﬁé%fg]% C(S%heﬁ&c PP ned out as a novel gene by
sequence  angfy Si4Sshowh @iSresuilts o INSFREH bIvE hfbHAIBS R HeAxbREska of BHA A
strong expression appeared in the early pregnancy stage (E4.5), its

expr essi oduml@lﬁhﬁquyc 4%‘6@!@@6‘ PEGE Hehigh i fpmed §'Pte@§é§°“&hzfne bosegieaerual | y
i ncreased aqai n,in the 7 ).. JLhese
resul ts i At CAat %h°wﬁaafl "t“ﬁr Bt 5§ S@E%"K 2 s'(rlﬁislgo ng%(gn %fcgrlgrt\ S al | y
expr essed early pregnancy stage (E4.5), its expression was gradually reduced in the middle stages and

20  gradually increased again in the late development stage (E17.5 and E18.5).

These results indicate that the method using ACP for isolating différcnﬁally expressed
genes produces only real PCR products and completely eliminates false positive products.
Freedom from false positives which have been one major bottleneck remaining for the previous
Differential Display technique allows avoiding the subsequent labor-intensive work required

25  for the verification of the cDNA fragments identified by Differential Display.

EXAMPLE 5: Method for Rapid Amplification of 3’-Ends of cDNA (3’-RACE) Using

ACP
The present example compares the ACP-based 3/ -RACE and the conventional 3 -RACE
in order to demonstrate if the ACP of the present invention can exclude such background

30  problems arising from conventional oligo-dT primers used in cDNA synthesis.



genes produces only real PCR products and conpletely elimnates fal se
positive products. Freedomfromfalse positives which have been one nmgjor
bottl eneck remaining for the previous Differential Display technique
al l ows avoi di ng the subsequent | abor-intensive work required 25 for the
verification of the cDNA fragments identified by Differ gr?:te ] ?g'oseol
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condi tions as'IOHSEHTSE-FT2pheDYARKere paRemd undsr the samenopditiord asissed in 1Bk DA

VdT1s- ACP Egg,,o,gg ?gpl Vis A Cor
G as a CD%,‘AhcsS%Ehesl séprl néggg e 5 d| rcﬁﬁggﬁégﬁﬁéapﬂm Ifor the
subs equentﬂ]l’mm 3 'O(SEQI mrmm)t(ms AT bfG)aah cORA swhérs%nmm&t he
renoval of h@ﬁﬁ&%ﬁégnt hesis priner. For the conventional

first-str&8 “’E’?meﬁgg|&2°éﬁbsﬁ§*eﬁ'gpqlh@nplfﬁsmoo\mmngutam\#hrﬁmbmes| s
primesy CRgp fok WeIemoval ofﬁﬂ_T CATG (dT) 30-VN-3' (SEQ I D
NO35) (Vis A Cor G N7i's T or G. 15 This cDNA synthesis

priner, CDS fmu@ convmuahsSet-RMSE e [firitaBindf mmybe@q%ﬂ&sr?%mg the
anplifi cat&)lg)éy1 PCR anpljfication was conducted in a 50 p.1 volune

cont ai ni n %Yﬂ@esr YL strand cDNA, 51 of 10 x PCR buffer

G bitrary o ‘EP. R G N R R L R G e R ol 2 P

Mgl 2, 5 A isgf, Qor@yantNYi3 A,GC, T oAlG).Taq pol yrrerase (Sunits/gl; Promega). The

PCR r ctlon : ed u he f condltlons 5 mn at 94C
foll of\/\s;d by S?@@?‘é‘f“%@*’ YRrmer Qﬂgfﬂ}% Was6 P%? Prifem for syhseqport BGR 1 ni n:
fol |l owed hyplificetioni n final extension at 72C.

The PCR amplification was conducted in a 50 pl volume containing 50 ng of the first-
strand cDNA, 5 pl of 10 x PCR buffer (Promega), 1 ul of a gene-specific S’ primer (10 uM),
1pl of pre-selected arbitrary 3 primer JYC2 (10 uM) or CDS III/3* (10 M), 3 ul of 25 mM
20  MgCl, 5 pl of 2 mM dNTP, 0.5 pl Taq polymerase (Sunits/pl; Promega). The PCR reactions
were conducted under the following conditions: 5 min at 94°C followed by 30 cycles of 94°C
for 1 min, 65°C for 1 min, and 72°C for 1 min; followed by 2 5 min final extension at 72°C.
Amplified products were analyzed by electrophoresis in a 2% agarose gel followed by ethidium
bromide staining. The resulting PCR products can be also detected on a denaturing
25  polyacrylamide gel by autoradiography or non-radioactive detection methods such as silver
staining (Gottschlich et al,, 1997; Kociok et al,, 1998), the use of fluoresenscent-labelled
oligonucleotides (Bauer et al. 1993; Ito et al. 1994; Luchrsen et al., 1997; Smith et al., 1997),

and the use of biotinylated primers (Korn et al.,, 1992; Tagle et al., 1993; Rosok et al., 1996).
FIG. 15 shows the results of beta-actin 3' -RACE. The conventional 3’ -RACE (lane 1)
30 was compared with ACP-based 3‘-RACE (lane 2). The conventional 3'-RACE method
produced non-specific products as well as DNA smear background, whereas the ACP-based

3' -RACE produced only a single band, which is the expected size of 348-bp. These results



Amplified products were anal yzed by el ectrophoresis in a 2% agarose gel
foll owed by ethidium bromde staining. The resulting PCR products can be
al so detected on a denaturing 25 polyacrylam de gel by autoradi ography or
non-radi oacti ve detection nethods such as silver staining (Gottschl ich et
al ., 1997; Kociok et al., 1998), the use of fl uoresensczggt %{J

ol i gonucl eoti des (Bauer et al. 1993; Ito et al. 1994; L ﬁPréJng 8

1997; Smith et al., 1997), and the use4of biotinylated priners (Korn et

al ., 1992; I t. a 1993; k et al 15 sho he

results of’“gégﬁﬁﬁgfqen‘l‘? 'basﬁi&%“@oﬁ\?l@m th%Q%E%‘“fPigﬂﬁmf PR PNA 30 was
conpar ed Wrtdir MFRoR8sRHicProqubi)CE (1 ane 2). The conventional 3'-RACE nethod
produced non-specific products as well as DNA smear background, whereas the

ACP-based 3' -RACE produced only a single band which is the expected size

ST 312 2P e JUgaR £oH

non-speci fignAy Agp EXAIVPLE 6: Met hod for Rapl d Arrpl i fication of 5 -End
(5" -RACE)"an ] ength cDh' As Using ACP 5 The ACP of the subject
i nvent iSon wasThel 66Pur§eldie tsobjeatphvehtiort es Blso usaddte afiplifiDbR 5 f-ermig fF DA The

first-strand c sized u a.i ACP, or Random dN6-
ACP: O i g?%‘?{“é-- %*S“a’éd%;% %ﬁt‘%&?ﬁi&ﬁ‘& d‘&TSrAC{’ SEReRdomN 5 7) |
wherein V gap be A, C, or G 10 Random dN6- ACP 5'

- GCTTGACTACGATACTGTGCGAI | | I | NNNNNN-3' (SEQ IDNO: 58), wherein N can be A
C, G or TOligtf ¥dTistHeP c IrgbETECAGTABCATACHETGHEAIIFRITISTT AN KINX-38equences

present in f nR rmedi at es, cytosine residues are
tailed at ISEQ%QN%L%?(? ‘5]?°r'f‘ﬂ§%|ai’ENAé’t°f hd cDNA sequences by the term nal
transher aSI@anH@rﬁ“aN's-ﬁ@POfS ¢ -GE?TGRCTA@G%Q‘ACWG@G@GMHW?” 8
manganese. The 3'-ends of the first strand cDNAs were extended usi ng t he

first streﬁiiGinﬂdmNsanbeeth éxvehdi ng ACP (r G3- ACP, r &- ACP, or dG3- ACP) and

then, directly.used as | at es f t he s uent PCR anpl.i fj cat n
i mout oo A S odipient SRR SF i M N SR oo e ol i (o

-end ext engkng.--B8R a&nmaidtesa@z&she &b aSé/tBﬂJaQSdh§3p-Exind'@|’the ﬂheuﬁ,aquﬁnces of
the first-strand cDNA 3" -end extending ACPs are: 20 rG3-ACP 5'

- GTCTACCAGETISTorEaY THe Aqrmine] repsiqrasextyacgon ofSpayers tRgsergsase in tisppregepcesof.
GFCFAQQA%E%M%U:MS ot He{PHard CDR A Q&%EQxleQdelqmﬁg hfe first strand cDNA

3’-end extending ACP (rG3-ACP, rG2-ACP, or dG3-ACP) and then, directly used as

templates for the subsequent PCR amplification without a purification step for the removal of
the first strand cDNA 3 -end extending ACP as well as the cDNA synthesis primer.
The sequences of the first-strand cDNA 3 * -end extending ACPs are:

20 rG3-ACP5’-GTCTACCAGGCATTCGCTTCATIIIGGr(GGG)-3' (SEQ ID NO:36);
rG2-ACP 5 - GTCTACCAGGCATTCGCTTCATIIIGGr(GG)-dG-3’ (SEQ ID NO:37);
rG1-ACP 5’ - GTCTACCAGGCATTCGCTTCATIIGGHG)-d(GG)-3* (SEQ ID NO:59); or
dG3-ACP 5’'- GTCTACCAGGCATTCGCTTCATHIIGGd(GGG)-3' (SEQ ID NO:38)

(wherein r and d represent ribonucleotide and deoxyribonucleotide, respectively).

25 A. First-strand full-length cDNA synthesis

PROTOCOL A: First-strand cDNA synthesis using the ACP of the subject invention
1. Combine the followings in a sterile 0.2 ml microcentrifuge tube: 3 pg of total RNA
and 2 pl of 10 pM of Oligo VdT,s-ACP or random dNs-ACP.



r@d-ACP 5' - GICTACCAGCCATTCCCTTCATIIIITIGH (G -d(G9-3" (SEQ ID NO59); or
dG&3- ACP 5' - GICTACCAGGCATTCGCTTCATI 1 GEd(GEG -3" (SEQ I D NO 38)
(wherein r and d represent ribonucleotide and deoxyri bonucl eoti de,
respectively). 25 A First-strand full-length cDNA synt hesis PROTOCO_ A
First-strand cDNA synthesis using the ACP of the subje % mven%to%
Combine the followings in a sterile 0.2 nil mcrocentr GgRuRy 3 g of
total RNA and 2 | of 10 M of C]igo Vd9$ s- ACP or random dN6- ACP. 28

February 2006, e, f nal_volume of 10 |I. M x
contents and sp‘?‘% t nlA?QL frnal lunlml 0ntllgl’fflm 8’%3}%iﬂ%fsaﬂé{*c wbe predyiB e t he
tube i n a fabfoceatifge. bat h for 15 mnutes or use a thernmocycler for the sane
purpose. 5 4. Cool the tube on ice for at least 2 mnutes. Spin down the
contents of thdntubpte thyy fubs ina 637C vataribathdereht minfitgger u®. 2 erthotyeter fvltheowi ng
reagents tg Lgﬁpﬁém reaction tube: 4 1 of 5x first-strand buffer
(Inwtrogensn f 0.1 MDTT, 21 of BSA (Ing/m), 2 Al of dNTP (10 nmM

each dATP, dCTRol tH&liBe orflitd RY at 1€astd2 Jmnﬁfes %?Qx daivh Mlgbgtetﬁpgf the mbe lﬁ]ﬂﬂ}‘as' n

inhibitor (40 units/l, 10 Pronega). X contents and spin e tube
briefly HP‘EBCWF@%@%tnfuge 7. Incubate the tube at 42C for 2 mnutes in

bat t
[ ansor i pt ase (B0REATPLIE To4Rsyf be Bpewye Seesn RELR AT ar Skt sEaac for 1

hour in anmvindgadt DLl 680.1 BEDTDCY Gl &TBSAL S,,MVA strand
cDNA 3 -gnd egt}g’nd;ﬁpw lrrGS ,%\CPBS an%&ﬂ) égg OltldN?i)A fi“‘i{&% 0.3 1
t

of Super SAGTBt 4GPy afhh%’rthMs@’ em)@SMmft@«asm ihhibritdr (40D enity/pl, 12.
| ncubgge tﬁp&m{gg)be at 42C for 30 mnutes in an incubator or thernocycler.
13. Incubate e tube at 70C for 15 minutes in an incubator or thernocycler

t o term nat e 6. Bk dontehits-afd spiditle BPObHEY iBa mifocedtlifage t he tube on ice or can
be stored at -20C. PROTOCOL B: First-strand full-length cDNA synthesis by
CapFi nder met/hBgubatri{be fubg 4t 4HiCrigr pminuier in anrirsubatadr themtdepcl€€apFi nder net hod

SCAJA %gg e %Aﬁm &&%@%&ﬁ&ﬁ%@m&se (200 units/p1; Invitrogen).

9. Incubate the tube at 42°C for 1 hour in an incubator or thermocycler.
15 10. Add 1 pl of 10 pM first strand cDNA 3 -end extending ACP (rG3-ACP, rG2-ACP, or
dG3-ACP).
11. Add 0.3 pl of SuperScript II reverse transcriptase (200 units/pl; Invitrogen).
12. Incubate the tube at 42°C for 30 minutes in an incubator or thermocycler.

13. Incubate the tube at 70°C for 15 minutes in an incubator or thermocycler to terminate

20 first-strand synthesis.
14. Place the tube on ice or can be stored at -20°C.

PROTOCOL B: First-strand full-length cDNA synthesis by CapFinder method

The following primers are used in the CapFinder method (Clontech):
SMART IV™ Oligonucleotide 5’-AAGCAGTGGTATCAACGCAGAGTGGCCATTACG
25 GCCr(GGG)-3’ (SEQID NO:33); and
5' PCR primer 5'-AAGCAGTGGTATCAACGCAGAGT-3 (SEQ ID NO:34), and CDS
I/3* PCR primer.
1. Combine the followings in a sterile 0.2 ml microcentrifuge tube: 3 ug of total
RNA, 1 pl of 10 M CDS II/3° PCR primer (Clontech) and 1 pl of 10 uM SMART IV
30  Oligonucleotide (Clontech).

2. Add sterile H,0 to a final volume of 5 pl. Mix contents and spin the tube briefly in a

microcentrifuge.



25 CCOr (G5 -3 (SEQ ID NG 33); and 5 PCR primer 5'

- AAGCAGTGGTATCAACCCAGAGT-3" (SEQ ID NG 34), and CDS 111/3' PCR priner. 1.
Conmbine the followings in a sterile 0.2 m mcrocentrifuge tube: 3 gg of
total RNA | | of 10 iiMCDS 111/3" PCR primer (Contech) and 1 | of 10 pM
SMART N 30 digonucleotide (Clontech). 2. Add sterile HBOto a final
volume of 5 1. Mx contents and spin the tube briefly 4P fFgbruary 2006

m crocentrifuge. 28 February 2006 96 36 | ncubate the tube at 72C for 2

m nutes. 4. o} d or m nutes. Spin down the contents of
the tube brie [ig)c.%bgééﬁé‘@ng%agg%g&” J& 5. Add the followi ng reagents to

t he sanme reacti Gooltthibeibe bR ide fof 2 nfRuttsOBa L d¥ | Qb gkiedy Wl , Of SX
first-strand buffer (Contech), | ul ofﬁZO %M%%?'F?éri&?{&%ﬂ%ﬂ(%bam
each dATP, MFEqPNTidEsP, dTTP) and | Al of PowerScript Reverse Transcriptase

(Contech). 6 optents and spin the tube briefly in a mcrocentrifuge.
7. lIncubate the 9‘?(15% gotnc’?@é PR t‘h&?rsag’.‘: rﬁ“&%“{bﬁ3e“¥lh‘b@f(§h? fotab vgime an be

stored st eok@ning A dB.5x AR sedwR bl frdr ¢Ebh 2D Ry jon, of a
target 5 -end chl\& fragnent usi ngq%@@{shg/'sqﬂ or comgﬁjt]f)f)‘#gfﬁ@& - RACE

met hod The®ih E4ERICAR adfpT B dEEMzad é ol effRowerScrim Rievetaiirhnsctgitash (ClofRARE

t echnol ogy an - ed 5' RACE nethod, wherejn the current CapFi nder 5'
- RACE t echnol gd\@g;g%ﬁ?ngssaﬁ%twm né%cbf‘ﬁ@%mtaﬁ’écrﬂ?c@ﬁ‘ﬁb%ckground due to residual
amount of the7. [iidubae the Qibe a2t 1Bb@CESS. I n order to denonstrate if the
-ACP of the present invention can elimnate such background probl ens

ari si ng from $hriaeths tubgen icger eande Saptane®fC.pri mer, SMART |V O i gonucl eoti de
(G ontech), and cDNA synthesis primer, CDS 111/3" PCR priner (d ontech),
used in cDNA synthesis, both the ACP-based 5 -RACE and the CapFi nder 5’

- RACE1or B.[PE€Raamplifiédtient i on of 5 -ends of 20 nouse JunB and beta-actin
cDNAs were conducted in the sane conditions. The nouse JunB nRNA is a

rel ativel fkr%%cqlré:r‘l plification ofca, sasget §' nd| 4 fragyhent @sitgh ARINA;
mouse betc@ﬁ@g{ignglj,sﬁgggic% jvely abundant. 1. Combine the follow ng
reagents in a sterifte U. m crocentrifuge tube: 50 pi of the

The present example compares the current CapFinder 5’ -RACE technology and ACP-

based 5’ RACE method, wherein the current CapFinder 5'-RACE technology could not
15  exclude the high background due to residual amount of the primers during the process. In order
to demonstrate if the ACP of the present invention can eliminate such background problems
arising from primers such as the CapFinder primer, SMART IV Oligonucleotide (Clontech),
and cDNA synthesis primer, CDS II/3 * PCR primer (Clontech), used in cDNA synthesis, both
the ACP-based 5’ -RACE and the CapFinder 5'-RACE for the amplification of 5’ -ends of
20 mouse JunB and beta-actin cDNAs were conducted in the same conditions. The mouse JunB
mRNA is a relatively rare transcript in mouse 18.5-day-old placenta RNA, whereas mouse
beta-actin is a relatively abundant,
1. Combine the following reagents in a sterile 0.2 ml microcentrifuge tube: 50 pl of the
total volume containing 1 pul of first-strand cDNA prepared from Protocol A or B, 5 plof 10 x
25 PCR buffer (Promega), 5 pl of 25 mM MgCl,, 5 ul of 2 mM dNTP, 1 ul of 10 UM gene-
specific 5’ -RACE primer, 1 pul of 10 pM JYC2 or 5 PCR primer (Clontech), 0.5 pl of Taq
Polymerase (5 units/ul; Promega) and 31.5 pl of sterile dH,0.
2. Mix contents and spin the tube briefly in a microcentrifuge.
3. Conduct PCR reaction under the following conditions: 5 min at 94°C, followed by 30
30  cycles of 94°C for 40 seconds, 58°C for 40 seconds, and 72°C for 1 min 30 sec; followed by a

S min final extension at 72°C.



total volune containing Il of first-strand cDNA prepared from Protocol A or
B, 51 of 10 x 25 PCR buffer (Pronega), 5 Al of 25 mMMyCd 2, 5 41 of 2 nM
dNTP, I Al of 10 PM gene specific 5 -RACE prinmer, | ul of 10 uMJYC2 or 5
PCR priner (Contech), 0.5 1 of Taqg Polynerase (5 units/ul; Promega) and
31.5 1 of sterile dH2O 2. M x contents and spin the tu %,ﬁeﬁrlegq in a

m crocentrifuge. 3. Conduct PCR reacti?(;? under the foll tions:
mn at 94C, followed by 30 30 cycles 94C for 40 seconds, 58C for 40
seconds, and F2&ndlye tHe amplifidd poaacts byotibaropkbrdd iA a B4 I’{kzﬂosfel ﬁpkollgmwl on at
72C. 28 Febé‘gary 2006 97 4. Analyze the anplified products

el ect r ophofBfud bramide sainingar ose gel fol | owed by et hi di um brom de st ai ni ng.

The resul tingth cted, on a depaturing

pol yacryl ani de ‘g‘egf‘m@’@ au 8&% |%grb§|%laydcgerc ﬁé’ﬂ r%ﬂ?“&?@t?@é“&@?‘é‘étﬁ@ﬁ net hods
such as si aweadiegraphpion gor-@ibictiod bétedkoP ineth8dsdduch asl FVer stmﬁé %ot@é i@l o 1998),
t he use of fI uoresenscent - | abel | ed ol i gonucl eoti des (Baue 1993; Ito

et al . 2199%- 19 {ekpdenetal. 19P8), thggwfﬂmspmﬁcm lahel]ed omgmmqu;otammmeause of

bi oti nyl at r et .a 2. Ta t al., 1993; Rosok et al.
1096) e Szl MRl 0 ook Sife 39D 088 thotiee’ Howmasinc
bet a- act i rprﬁners(ms&raussmn@eetai 1@¢Rm§dkr€e£1 ﬁ@s?nt ech) and the

gene-specific prl nmer Eroduced backgrounds 0 such as DNA snear (| anes
| and 3) as deSEPMBEYFIS, 1hwthg Cr § o¢theds frahane finB antl bata-actinl 9ORACH/AL 2 et

al ., 1999; i) . , as_t ACP- RACE of the
pr esent iuﬁvgﬁi on %%a arat gg’gg%fn%\ﬁgigenefsgccgkgr?d‘%w(‘?a”c%?Whé%ﬁﬂé‘déach to
t he exdpectsech SIIZPéAiﬁEar [flane3r and 39aﬂlsdﬁ%e&@'ﬁﬁxy&%§c‘&@{@ex&xk% al746%¢
beta-actin (Il ane end cDNA fragnent, respectively. Thesé exanples

i |1 ustrat M#thst alt'H 99Aé#“eraw g5 &l 2080), rvbermrtum@ﬁtbasew RACE nfithe pSensuch
backgr oun I a1 am nati.on ri rrers used during cDNA
synt hesi sqn&l\r/‘\n&?hggﬂ&atﬁgﬁ%ﬂ%lélg Qﬁdﬁ%ﬁ] St msP?ndS eafcﬁép $’§ RRFEFd $7e 135 PP8F s used
i n the cDNAS-by rifhresise .Jukl @anél 2) &S@uﬂﬁmaitﬁaﬂa&h@ SChoEpiRersHbiect

i nvention permts the non-specific products not to be formed, which are
gener at ed "BPEHKEY-AR5E srawplenilpsial that dieeAGE canTheoused FOsﬁmdastentalhdclmmdk was
synt hesi zegth&atdgeiundyrobieRs: iﬂd@rﬁoﬂﬁbmqmﬁtlxd’i\rb?pﬁcrgﬁ bﬁgdwgtjl anes 2, 3,
20 and 4) and then, directly used as tenplate In th eque

anplifi c atHiputthspurifieation stem fot @etmwtlpf(mqmrmsedm tRIdBNA @hmbbas 5 -RACE. The

PLP- C al pha- ic 5 PLP-C al p
- GAGAGGA'?’AGTT%A@G@& S‘é”“’s( %5"? D*‘#\%" 8)° subjggt ‘PY‘?‘E?“ gf@éﬁdhe rqoNpecific - end
ex ? ggdi Ng pAAiRAs A IPbé Fokrfig, Shich e dehérR by PO TAMAREL SethbdBart ek ARE 2

strand cDNA was synthesized either by CapFinder method (lane 1) or ACP method (lanes 2, 3,

20  and 4) and then, directly used as template in the subsequent PCR amplification for mouse
prolactin-like protein PLP-C alpha 5 -RACE. The PLP-C alpha-specific 5’ -RACE primer is:
PLP-C alpha 5'-GAGAGGATAGTTTCAGGGAC-3‘ (SEQ ID NO:40). The first-strand
cDNA 3 -end extending ACPs comprising either three riboguanines (rG3-ACP; lane 2), three
deoxyriboguanines (dG3-ACP; lane 4), or a2 combination of two riboguanines and one

25  deoxyriboguanine (rG2-ACP; lane 3) at the 3/ -end generated 5’ -end cDNAs so that a single
band which corresponds to the expected size 506-bp of mouse PLP-C alpha 5'-end ¢cDNA
fragment was produced from the ACP-based PCR for PLP-C alpha 5/ -RACE.

PROTOCOL D: Amplification of 5 enriched cDNA fragments using ACP
The first-strand cDNAs are synthesized using Random dN;-ACP in Protocol A. The PCR

30  amplification was performed by hot start PCR method in which the procedure is to set up the

complete reactions without the DNA polymerase and incubate the tubes in the thermal cycler to



deoxyri boguani nes (dG3- ACP; |ane 4), or a conbination of two riboguanines
and one 25 deoxyri boguanine (r&-ACP; lane 3) at the 3 -end generated 5'
-end cDNAs so that a single band which corresponds to the expected size
506- bp of nouse PLP-C al pha 5 -end cDNA fragnment was produced fromthe
ACP-based PCR for PLP-C al pha 5 -RACE. PROTOCOL D Arrpllfl catign of 5
enriched cDNA fragments using ACP The first-strand c DNAS PePagiAliPfiesi zed
usi ng Random dN6-ACP in Protocol A TH® PCR 30 anplification was perforned
by hot st r j i npl et e
reactlonsacr lpﬁout EQP% W%%ratéggo gn ?%E%O@l%g&géﬁhﬁgga?e%ﬂﬁégt her mal
cycl er to ab8veeRbC uwgppéwﬂﬁe aﬂ&nCWk‘pcﬂyﬁ:h&elcmfbd;ﬁ;bcttﬂ@ﬁl&itﬂé’n%ﬁdt{bﬁl step at
>90C. Then, while holding the tubes at a tenperature above 70C, the
appr opri at e aheUrhineghe ﬁruAWE’@IfWé’ﬁsa%‘é steaitf %%%F}b%?‘i"é@ﬁigﬁt@et‘}?es ulodgei on.

. Combi ne tgtfalﬁ olx.?ne co alngqguﬁ%aigo%qir -S&M%Dﬁﬁeﬁr%??%ﬂﬂd?@dﬁr RE%@BI&I&E t ube:

49 5 Al of con arnin ran repared by
Randomsd NGy AGR of M0 PPCRuerEr (PFmAga)Ss Honﬁ mMMgCRCRubetf F @M dNAreoggse)io 5 Al of
25 mM MC12, 5 Al of 2 nM dNTP, | of 10 MJYC2 (3 g%rrer) 1 41 of 10
dvl JYCA (M T¥F3 Hepymerhd %Oilwg‘!@r prigerjpp3 1.5l stm*kd tents and spin
the tube brief r the tube in the preheated
t hermal cycl ?r%e{l éo&f@ aﬁé %rAlgﬁgﬁ'#eb%?lg?%mgé{oc%aq Bl ynerise (5units/p.|;
Pronega) i nt @. P& thembé inQlie priviehattdthbralaldyolgr at 94°Q.he tube at the tenperature
94C. 5. Conduct PCR reaction under the follow ng. conditions: 5 mn at 94C
fol | owed by mAdéy’epésul@f Taypolymsrase (fusisGdnfreme B mtq e reagiosatleddldingnd 72C
for n a 5 mn final extension at 72C. 6. Anal yze
t he arlrgll i fﬂl’g(elnc'lbsﬁpar?81 l'l{";ep\%\fg9‘P}e§ctrophor esis in a 2% agarose gel followed by

15 et hi di um I3r geadier BIRAteattivg .unde éher folidwihig Etgdiﬁﬁﬁ 9 meie WE H4° CTaAlbwRE bRBE O
detected on a denaturing pol yacryl am de g z aut or adi ogra hy or

non- r adi o&¥el§sal 9¢&: foe 49 Ersondeto’del §Q|§FI\1°"§§ 3§1j 7%&r fosi giimthsc: (foltawed bnii ch et

al ., 1997, Ig Clsidh at 7208998) , the use of fluoresenscent-|abelled
O|IgOI’lUC|€Or{§H§ES ?%&fﬁeraet al. 1993; Ito et al. 1994; Luehrsen et al.

1997 Smith &t Aablyze the 9mplifiedrptodutte by skctedphivesid inny R%t gpdrose2gk] [foliowed By ( Kor n et

et, a 1993; Rosok et al., 1996). PROTOCOL E:
Arrpl |i catefhb‘ﬁ‘gBEmf“EﬂeISLFrg%th enri ched cDNAs using ACP The first-strand
CDNAs are synhbesilgRsPOR iphiiudd Edibe \Ukd kereAbdord ma&ra&haggélya%rylaﬂh& ?@R/

anplification was perfornmed by hot start PCR nethod as 1n Protocol
autoradiography or non-radioactive detection methods such as silver staining (Gottschlich ct

al., 1997; Kociok et al., 1998), the use of fluoresenscent-labelled oligonucleotides (Bauer et al.
1993; Ito et al. 1994; Luehrsen et al., 1997; Smith et al., 1997), and the use of biotinylated
20  primers (Komn et al., 1992; Tagle et al., 1993; Rosok et al., 1996).

PROTOCOL E: Amplification of full-length enriched cDNAs using ACP
The first-strand cDNAs are synthesized using Oligo VdT,s-ACP in Protocol A. The PCR

amplification was performed by hot start PCR method as in Protocol D.
1. Combine the following reagents in a sterile 0.2 ml microcentrifuge tube: 49.5 pl of the
25  total volume containing 1 pl of first-strand cDNA prepared by Oligo VdT,;5s-ACP in Protocol A,
5 pl of 10 x PCR buffer (Promega), 5 ul of 25 mM MgCl,, 5 pul of 2 mM dNTP, 1 pl of 10 uM
JYC2 (3’ primer), 1 pul of 10 pM JYC4 (5 primer) and 31.5 pl of sterile dH,0.
2. Mix contents and spin the tube briefly in a microcentrifuge.
3. Place the tube in the preheated thermal cycler at 94°C.
30 4. Add the 0.5 pl of Taq polymerase (Sunits/ul; Promega, Madison, USA) into the

reaction, while holding the tube at the temperature 94°C.



1. Conbine the follow ng reagents in a sterile 0.2 m mcrocentrifuge tube:
49.5 Al of the 25 total volune containing 1 Al of first-strand cDNA
prepared by digo VdT,s-ACP in Protocol A, 5 Al of 10 x PCR buffer
(Promega), 5 Al of 25 MMM 2, 5 Al of 2 MM dNTP, I Al of 10 M JYC2 (3
prinmer), 1 Al of 10 pMJYC4 (5 primer) and 31.5 Al of sterile dH20O 2. M X
contents and spin the tube briefly in a mcrocentrifuge8Fe8uam8% t he tube
in the preheated thermal cycler at 94G9 30 4. Add the 0.5 Al of Taq

pol ynerase (5unit s/l »~Rrong i saon, . USA) .intqQ the i on, ile

hol di ng the tﬁb%eo%g e Fﬁgr?aérlr%gl#ng rurce?ogﬁ%f’ggg)dﬁlgﬂsrﬁanﬁlﬁ aﬁ%%a}%g@”eg.bygnduct
PCR react i gles! B0RIC tfdta0 ketbhd3)689Q £6:010GbdohddNgid 72°07ion 1 Min 96 Cecf Rlidvaga by 30
cycles of 94C for 40 seconds, 68C for 40 seconds, and 721C for 1 min 30
sec; fol | ovein finpl extensonst{29G. nal extension at 72C. 6. Analyze the anplified
products by el egct resi.s_ i 9 . fqgblowed b et hi di um
broni de st ai nél'n/gn.afy%(tah%.raeihﬁﬁ ‘%8&156@ Serg%ggpzhtg léeggénna%é’ WLs° aétfg‘i‘t‘vé%%n a
denat urs ngetpduaesnbieddisieg.gel by aut or adi ography or non-radi oactive
detection nethods such as silver staining éGottschI_i ch et al., 1997,

Koci ok et al .Theresgling PCReproglyets 63n e qlegrdsteatad ew pdeniapiviat peldacatlimjdnget beot i des
(Bauer et al_ . .. 1993 o et al. 4. L sep et .al . . .1997. Spith et al.,
1997), and ukoﬁaedlo sagé}z)f) J {‘)olnor?cl}l?la?{“éct %?F%n%m%&?c{rsmmrmsh a(slftl)l‘r'fﬁ sgf“"?ﬂ &’P@%&;et Tagl e et
al ., 1993;al ROBOKK &fiokaet al,, 19989 Ghe usEof Mwadstiateat-lab@le€ bl dofhcddEes Phaukte aimet hod
using ACP in the anplification of full-length cDNAs, the full-length cDNAs
anpl i fi ed B§3:dfa et 1P [aphseea o pbcl@8TirSmaithat a9 Pe anvotie wse efthiotindeted ent
CapFi pder t - r’r}a@t& ane (Amershani United

St at es% BifoC e&%ﬁgégﬁ)ﬁ S}l%% ﬁ%ﬁeségbﬁgg%?“g{%gg%ﬂes- g phosphat e dehydr ogenase

( GAPDH) ¢ DNA Twasvallibte | tebettigiéhciot the[mdtipldausiag AIGPGHRhd shpl@icatioh R dQPkdgapel i ng.
kit (Roche Diagnostics Co, Indianapolis, USA) and used as a probe. As
shown in FEDYAsige fWllensthgbipsemmbifiss bysiherdhecabeeprogedirgs 9Ff ACB asthodypr thth

corresponds . ' f - . As
expoct o, TRe SepE HREh RE=idRe b ZHORA b S E R, o

met hod (| aBiech2hicul rhe Swuer glycefabiebydes-3-phgphatet deapirédasaso (RAPIND) dDNA Res

CapFi nder od (Il ansg, Thj s ex illustrates that the ACP npethod of
Cho. presertoeis i G PHrTE ok a HarB opei thirht Bhewsia gl bese. cDuas

t han t he - Gabhi.Rdlgsed BEL ftoyt. does.  EXAMPLE 7: Genomi c Fingerprinting Using

ACP- based Arbitrarily Primed PCR
As shown in FIG. 18, the GAPDH cDNA probe detected a single band which corresponds

to the expected size 1.3-kb of full-length GAPDH cDNA. As expected, the signals of the PCR

products generated by the above ACP method (lane 2) were several fold stronger than the ones
20 by the CapFinder method (lane 1). This example illustrates that the ACP method of the present
invention much more effectively amplifies full-length cDNAs than the CapFinder method does.

EXAMPLE 7: Genomic Fingerprinting Using ACP-based Arbitrarily Primed
PCR
The ACP of the subject invention has been applied to detect polymorphisms in mouse.
25 The genomic DNAs of mouse strains C57BL/6]J, CBA, BALB/cJ, NOR, SPRETUS,

PANCEVO, and Korean Wild Mouse were used starting materials. Genomic DNA was

prepared from the liver of mice using the QIAamp Tissue Kit (QIAGEN, Hilden, Germany).

The arbitrary ACPs used in the subject invention are:

ACP101 5'-GTCTACCAGGCATTCGCTTCATIMICCGGAGGATC-3 (SEQ ID NO:64);
30 ACPI09 5'-GTCTACCAGGCATTCGCTTCATIIIICTGCAGGACG-3* (SEQ ID NO:65);

and



The ACP of the subject invention has been applied to detect pol ynorphisns
in mouse. 25 The genom c DNAs of nouse strains C57BLJ6J, CBA, BALB/cJ,

NOR, SPRETUS, PANCEVO, and Korean WIld Muse were used starting materials.
Genomic DNA was prepared fromthe liver of mce using the Q Aanp Ti ssue
Kit (QAGEN, Hilden, Germany). The arbitrary ACPs used in the subject

i nvention are: ACP 101 5' - GTCTACCAGGCATTCGCTTCATI I 111 COEEREEATEYS (SEQ I D
NO: 64); 30 ACP 109 5' - GTCTACCAGGCATHEECTTCATUI | CTGCAGGACG 3' (SEQ I D

NO 65): andpP2f FssmeaT)xcemGGCAW@GG@PPM@[H@GGAGCATCC (ss ID NO:66

- GTCTACCAGGCATTCGCTTCATI | 1 1 | CGGAGCATCC- 3" (SEQ | D NO 66) %\ ? c?f
arbitrary ACP$ set/sz@wbmny ABRS, ACPL0108d 691’@9 (IGA) 9A)oor AIR 01Gdd 40RY 1AGRG 116

(FIG 19B u rs for nom c_fingerprinting. The PCR
anpl i ficat Jom)"0e “5%8 & BrROF b PO BRI (IRERPITOE 1 he BOR dé@bﬁqab@dW@Sn

Exanmpl e 2. «:Tfaﬂn@ie@om@a&lpm&l&hbdﬁsl&gc | B mpeR |

st ages of I%CR I'i fications under théé?d(;?ll%em ng Cgﬁal“gf[é’rl%%ﬂ‘ﬁg la timgfl cation
reacti éns %ﬁ*res ﬁépmtedhﬂéﬁ'o stapes of FGRgrapiificatonslividents fbl}b“/&ng&oﬁmfdnes of the
first- stagg hf ool tl;ol gl ng nne(il1 d\‘}% ext endi n and denaturi ngsr eaction;
the reactiofn OFETTRe fée P TERET oy §°’1“§'dﬁ’t’z§}'cr'ﬁ5r?§ ﬁfshg of the
genomi ¢ DNAg e$CRc6ﬁ1 :hs nitafing, @a6idingAnd

MyCL2, 5 | of dNTP ?2% e dATP, r@dCTaI;efngdG‘lgPrQP aty Pi?a&““‘?’h‘%‘fg‘”?g?‘

pai r of ACdmal (@mpfﬂe S contaimngSOmeat the ge:torr@aamrAvmunmb;oPdRmcttdﬂ@uﬂféﬂbe

containin e .react. 94C, 0.5 of Ta neri se
(5units/I g(Pf-9r oﬁ\ggsg')% fgggﬁ\g&gkrrﬁe*g °%FWF6%?WXFG?% %[Tﬁei gchact i ons
are asof ol @vFa phivef BYe¢ Qschoff [ nd. 72C for |
mn; foll ov\gd lgypadenat ur fé?lcg toh%%%ﬁlﬁe?tgda??gzc gﬁgaﬁglﬁmgt eggi% /TR the

corrpl ete rtb%lffﬂqneh "@fnu!:hethﬁ p4°§ OéwgéT@Cﬁlymralse Ghunitshe; roMegaplseddeadntar bitrary
pri mer JYCr‘ﬁ r(‘:a 10n I}QI &F %ﬁf@on’d' s 5' -end portion of the ACPs are
added to the feac 1|'xonc % actiqps arg efﬂl "t“f*fe“”é’é:éfﬂffcf’fgt‘éb@fméﬂﬂfor i cation

i s conductiedingsmdf0dd WS mif Golowel & dé?xfa nd & sec, and
72C for 40 sec; foll owegubyoa 5 mjin fina ext%ﬁg?tg)‘rﬁ%é%dugggjghpqc ‘1h| cation
product s \ierelefeaesstioroef the drstrstageyBARI 40y of Ittecrire-eqddved etittary PriderIYT4qgar ose gel
whi chygas gpal d hed The resu t| ng PCR
broduste daeBgTpthigto The3 Mt BolloR T R A B RGPS Hoiof Ttk S0 by

aut or adi ogieaplieyseand stage- FCRIirmlification ischohdueted @9 fol®h N A6IS,cRY 6194968 £t igh ‘éé%r
hlich et al 1997 Kociok et al., 1998), the use of

st ai ni ng S
f1 uor esenggoé%{“ L35813ne 42°GH frt9rse Flloppdinee { Binfiorl extension at7093: 1to et al .
1994; Luehr s@iing@ticaion proddcdWere refdived aﬁ& arﬁfy_zlgggb}'%%é%dpg@ngs 8 U aggrogefge_l

biotinylated priners (Korn et al.
which was stained with ethidium brormde and photographed. The resulting PCR products can

20  be also detected on a denaturing polyacrylamide gel by autoradiography or non-radioactive
detection methods such as silver staining (Gottschlich et al., 1997; Kociok et al., 1998), the use
of fluoresenscent-labelled oligonucleotides (Bauer et al. 1993; Ito et al. 1994; Luehrsen et al.,
1997; Smith et al., 1997), and the use of biotinylated primers (Korn et al., 1992; Tagle et al.,
1993; Rosok et al., 1996).

FIG. 19 shows the results of an experiment in which a pair of arbitrary ACPs were used to
amplify segments of genomic DNA from a variety of mouse strains. To examine the
reproducibility of genomic fingerprinting, the fingerprinting of each mouse strain was
duplicated using two different sets of ACPs. The ACP -based PCR amplification produced
several DNA segments from each set of primers and the results were reproducible. The
polymorphisms were apparent between mice stains, indicating that mice stains can be

distinguished through polymorphisms in genomic fingerprintings generated by ACP-based



1993; Rosok et al., 1996). FIG 19 shows the results of an experinent in
which a pair of arbitrary ACPs were used to anplify segnents of genomc
DNA froma variety of nouse strains. To exam ne the reproducibility of
genornic fingerprinting, the fingerprinting of each nouse strain was
duplicated using two different sets of ACPs. The ACP - Bgz g CgJ
anplification produced several DNA segnents from each o8 5ricmer s and
the results were reproduci ble. The pdP¥norphisns were apparent between
m ce stai Ngyinhdldi GARdNICRNEh,dT HE AERIJSE AlniRR mgéng]lbt L@ﬁg ht@ ugh
pol ynor phi sms i h ‘genorni;c fingerprintings génerate A ased

February manorﬂkﬁblnsandbcmmtarctge;nemrmmd PCR. Thus, the ACP of the subj ect
invention is useful to detect pol ynorphisns and const ruct genetic maps.
EXAMPLE 8: Multiplex PCR Using ACP-based PCR To denonstrate the application

of ACP in ﬂk{@gh@@( led PER RBIk A PSh £8Pk NI NY singl e nucl eotide

pol ynor phi sns of WE@%UWW‘&EE%% ecule | (ELAML) and human p53
(TP53) genes I)tedemoasmtei the epplivatibt o£ACP ér melaplee ACR Othe borfibsTB®fi@ineE sibgl. The
process and results for the nulti El ex PCR anplification using ACPs are

descr i bed WeFRda Polparhisms phiuman deukocyte gghesion aylervle M AMP 3pd hemantpd The

conventio i o anpl e are:
ELAM NI Q%ST}? &ﬁé@#ﬁ%@c@&ﬁ% WE%“%EE%Q §4§§ dﬂ” E“ﬂl\‘?‘f’%’fg@
- TTATTGAT@GT@I@M@@@APGR atnBEQatidh MDEOATPs T alewbsehdrtiRBNAREMSIRE waf OF €xon

10 of ELAM 1 (Q:% used in the Exanple are: 10 ELAM N2 5'
- CCACT&AGPPEIRA W(‘I“@““R@E@al D NO 69); and ELAMC2 5

- CTGAAACACTT 16058 | {] Loers for exon4
of TP53 (349bipi§ééu;isieg;l “a&’ E‘ sfire ww%’f@?%%@%*?@% GCTCTI TTCAC- 3
(SEQ I D N(BL?W,IL'NlandS HHM%CTMMGFMTW 87), 4n8EQ I D NO 72). 15
The conventi on priimers for _exons/-8 of TP53 (750b g used in the Exanple
are: P53r§£~A%“ ITGC?’ OEFEFEISTARAEN 3 BS é’)dp 8nd P53C2 5

- COACTCCTACHHAGAhal bl kd?eMl@é‘éELJM?&%@?ﬂééﬁWhQﬁﬂ i%u{”s used in

t he Exanple are known asS the priners that erate non- eC| i ¢ products
i n coh¥enELANAINZNUL i5 pIGEA RCRA GRECAFISATRC- ]kh(S\EQIDrNCD 69; adt . 20 The ACPs of

t he subj e%}‘Am\eﬂzntl QH%WWCIA%A@?S&EB% &963vent| onal priner sets

to

The conventional primers for exond of TP53 (349bp) used in the Example are:

PS3NI 5 -CCTCTGACTGCTCTTITTCAC-3' (SEQID NO:71); and
P53Cl1 5'-ATTGAAGTCTCATGGAAGCC-3' (SEQ ID NO:72).
15 The conventional primers for exons7-8 of TP53 (750bp) used in the Example are:
P53N2 5" -TGCTTGCCACAGGTCTC-3' (SEQ ID NO:73); and
P53C2 5'-GCAGTGCTAGGAAAGAGG-3' (SEQ ID NO:74).

These conventional primers used in the Example are known as the primers that
generate non-specific products in conventional mutiplex PCR methods as known in the art,

20 The ACPs of the subject invention were applied to these four conventiona! primer sets to
demonstrate if the ACP can overcome the problems such as non-specific products resulting
from the use of these conventional primer sets for multiplex PCR.

The 3’ -end portions of the ACPs comprise the sequences of the above conventional
primers as follows and thus the size of ACPs is 26 bp or 27 bp bigger than that of the

25  conventional primers:

ELAMINI-ACP 5'-GTCTACCAGGCATTCGCTTCATIIITTGCACACTGTTGATTCTA
A-3' (SEQ ID NO:75);



denonstrate if the ACP can overcone the probl ens such as non-specific
products resulting fromthe use of these conventional priner sets for

mul ti pl ex PCR The 3' -end portions of the ACPs conprise the sequences of

t he above conventional primers as follows and thus the size of ACPs is 26
bp or 27 bp bigger than that of the 25 conventional prjners: %Eo%lN | - ACP
5' - GTCTACCAGGCATTCGCTTCATI | | | | TTGCACACTGTTGATTCTA A- 38 F@%’E‘@yl 1 75); 28
February 2006 102 ELAM C1- ACP 5’ 102

LA Ko A B O e A A R A A T ORI P AR b 1

NO 77); 5 ELAWRAID-NEP6S' - TCACAGAAGTATGCCAAGCGAI | | | | CTGAAACACTTCCCACAC 3
(SEQ I D NQ 78) ; P53N1- ACP_5' -

GT CTACCAGEPYEEATEATS | QICBAFEAGREAI FEFT FALBIHCCAC TR AGTECNBCADT C-

P53C1- ACP 5 mgéAGTATGCCAAGCGN | | | | ATTGAAGTCTCATGGAAGCC-3' 10 ( SEQ
| D NO 80); PERE * - GTCTACCAGGCATTCGCTTCATI | | | TTGCTTGCCACAGGTCTC- 3!

(SEQ | B NEBAYICARACPPS53CICACATAAGTATGCCAAGCGAIMNNIICTGAAACACTTCCCACAC-
TCACAGAAGTATGCCAAGCGAI | 111 GCAGTGCCTAGGAAAGAGG- 3" (SEQ ID NO 82). 15 The
5 -end porti GEQIBIEAPes of the ACPs conprise and serve as pre-sel ected

arbitrary i I eq f I j-cation:
NG 5 TR A AR e g R R Ry R O ach e
GTCTACCACGSBEQIOMOETHAT -3' (SEQ ID NO 12). Ml tiplex PCR anplifications
wer e conducted by one-stop or_non-stop two-stage PCR 20 anplifications,
which is &Rt ¥ e AHNATTATEFeABRECARTENE TOM GTRECATRCAASLCS cat i on
was H%rfg(ggﬁ\i\q%@sq. t start PCR nethod as described in Exanple 2. PROTOCOL

A. (Oné-st ‘ade PCR anplifications (A) First-stage PCR Anplification
The fi r st -EBNGATPCR SanplGTCTACCAGGOATTOGOTICA HIIMGCTTGCCKChesTETCBCR
conpri si ng_of
(SEQ ID NO:81); and
P53C2-ACP 5’'- TCACAGAAGTATGCCAAGCGAHIIGCAGTGCTAGGAAAGAGG-3’
(SEQ ID NO:82).
15 The 5’-end portion sequences of the ACPs comprise and serve as pre-selected arbitrary
primer sequences only for the second-stage PCR amplification:
JYC3 5'-TCACAGAAGTATGCCAAGCGA -3’ (SEQID NO:11) and
JYC4 5'-GTCTACCAGGCATTCGCTTCAT -3'(SEQ ID NO:12).
Multiplex PCR amplifications were conducted by one-stop or non-stop two-stage PCR

20  amplifications, which is a unique feature of the present invention. The PCR amplification was

performed by hot start PCR method as described in Example 2.

PROTOCOL A: One-stop two-stage PCR amplifications

(A) First-stage PCR Amplification

The first-stage PCR amplification was conducted by two cycles of PCR comprising of

25  annealing, extending and denaturing reaction; the reaction mixture in the final volume of 49.5
pl containing 50 ng of human genomic DNA, 8 ul of 10 x PCR reaction buffer (Promega), 7 pl

of 25 mM MgCl,, 5 pl of ANTP (2 mM each dATP, dCTP, dGTP, dTTP), each 0.5 ul of each

5 ACP (10 pM) and 3* ACP (10 pM) set is pre-heated at 94°C, while holding the tube
containing the reaction mixture at the 94°C, 0.5 ul of Taq polymerase (Sunits/ul; Promega) is

30 added into the reaction mixture; the PCR reactions are as follows: two cycles of 94°C for 40



25 anneal i ng, extending and denaturing reaction; the reaction m xture in.
the final volune of 49.5 | containing 50 ng of hunman genom c DNA, 8 | of
10 x PCR reaction buffer (Pronega), 71 of 256 mMMCl Z, 5 .d of dNTP (2 nM
each dATP, dCTP, dGIP, dTTP), each 0.5 1| of each 5 ACP (10 M and 3" ACP
(10 pM set is pre-heated at 94C, while holding the tube containing the
reaction mxture at the 94C, 0.5 | of Taq pol ymerise (BAAFYE?Y 200 omega) is
30 added into the reaction mixture; tR€3PCR reactions are as follows: two
cycl es of Q4Gk 4 b 0 60C for .40 sec, .and 72C for
40 sec; fol Iél'c%\/?e%l?ol;ygdsgcﬁgtdﬁ?i gg&%aﬁégé?r%lf%?&g%?%%m %6"(1?1"&1‘ g3ton grpguct gtp)
Second- st a%8CPCR anplification The resultant products generated by the

first-stage PCR_a ification using nultiple sets 5 of the ACPs were then
anplified by S t §AHIBt age PCR anplification under higher

annealing te r | £ he.first-stage. PCR
anplificati o?@égggﬁ&g prdlﬁn%féef%gﬁ/ld E’?g}g stg{téggceﬂs%%%ﬁfé%ﬁ’? Lﬁf’ﬁgrﬁ’gﬁ%"f‘; §%¥C3 and
JYC4, was ddbedCPrtverd Hen mepbifiddoby theifsllawisy sbindistigel POROSMSIIRaddoh Sber St 20€
PCR anpl i fié_‘ati on,. under denaturing tenperature such as at 94C. The second
st age- PCR VESLIPGHing ropgrature, Pier fe completipn pidhe fgst-soigCPER amplificstion, ca@8Z for 10
40 sec, ang of Mord-sdfdche y ' i nal tensi on at 72C. The
anpl i fi edrugr oggc}{hg p\f\é?cleﬂacgﬁaaF@J{Jerg\ﬁﬁgmg’l Je‘i?f%!{g‘h&ééts s iaﬁ&é& ‘?t%‘g"géff“i?g'é gel and
detected nytustotairicd Gromi théfimtduigel PORabmplifidaclen, uikiee ddneHhg feRferRld sRWQEUCt S can
be al so detﬁg%;e_ﬂﬁon a, denat uring pol yacryl am de gel by autoradi ography or
non- r adi 0db11 Vel WSERE sasr-TfeR Fradion ¥atds foligws40/oyeles of 941G ond) eGaBIG PN | ch et
al ., 1897:40Kacifk? F——— J . scent 15 | abelled

ol i gonucl eoti des (E%SOZ# mé?’*?ﬁ’%iS%%?"’?‘f@”“@%"‘%‘%‘g%gg " Luehrsen et al.,

1997; Smith &he ahplified pBATYS were shatyzed hysstecobphbriesis inny2v6d ebsPidl BT Grebtkd™ et

al ., 1992; Tg&l.e et al.,, 1%93;_ Rosok et al . 1996). FIGs. 20 and 21 show
the resul £% SEInS KU eibidimg brogide, The, mswfing PER prasiufts gan be oifo gatéctedram 2 wer e

used L0 auRlaiukifg BAlddEias B Ahidrlop 4R nin NG Alve ARELEACH O ThE

convent i onal priner sets generat n-specitic pr
speci f i c- easilyst stpinind (Gogschlichrat ahr B97;sKécok( dtlaG. 1 B8 AtheOise fod Whors@hsedtFl G 21A)

of pr r t he thr, ets (Fl G 20B) or four sets FIG 21B)
of ACHS" pbelled ol B (s . Ba S 0% ol Lot a, RSBttt stine

subj ect  i1997Enkd € waSS BieinyRed phifkrs(RemaPA!, 192t Tofe &fal MYol.i 1Rl 8%t PER
PROTOCOL B: Non-stop two-st agepPCR tzgarrpl ificati onésgnCZS aNn%Hgé’nIg’ts:a{/%Iag? t he
conpl ete é%c’éhences of each ACP set, instead of the pre-selected

FIGs. 20 and 21 show the results of experiments in which three or four sets of primers

were used to amplify mutiplex segments of genomic DNA at one reaction. The conventional

20  primer sets generated non-specific products as well as specific-target products from three sets
(FIG. 20A) or four sets (FIG. 21A) of primers. In contrast, the three sets (FIG. 20B) or four sets

(FIG. 21B) of ACPs produced only mutiplex target products. Thus, the ACP of the subject

invention can be used for the application of multiplex PCR.

PROTOCOL B: Non-stop two-stage PCR amplifications
25 Alternatively, the complete sequences of each ACP set, instead of the pre-selected

arbitrary primers such as JYC3 and JYC4, can be used as primers for the second-stage PCR
amplification at the high stringent conditions. In this case, it is not necessary to add the pre-
selected arbitrary primers to the reaction mixture at the time of or after the first-stage PCR
reaction,

30 The process of the non-stop two-stage PCR amplifications is basically identical to

Protocol A, except that the second stage PCR amplification should immediately'fo]low first



arbitrary prinmers such as JYC3 and JYC4, can be used as priners for the
second-stage PCR anplification at the high stringent conditions. In this
case, it is not necessary to add the pre- selected arbitrary primers to the
reaction mxture at the time of or after the first-stage PCR reaction. 30
The process of the non-stop two-stage PCR anplifications is basically
identical to Protocol A except that the second stagezﬁéRb%ﬂﬁ‘ﬁflzp?q cation
shoul d i mredi ately follow first 28 Felwodary 2006 104 stage PCR

anplificatj i : because there is no step of adding
pre-sel ect kétsd)él %%P?’Pg}%%ﬂr ?ﬁiéor%)s/ 2 néﬂ?aty?\baffauf%g“'(‘?dﬁé’érﬁﬁpa‘tfi a9ding foreewlettedACP set ,

each | Al abitsty phiers(zhO tHat tidbdncaaBtion 3t cAPRCP L. %‘%}b $ Fx} ofsi'SA&F’ﬂthMt Bs

first stage PCR amplification. The anplified pr cls Wwere a

el ect r ophot €48 (101M) sstgsaddadss the fest stagadCRatmplifieation. 5 by staining with

et hi di um br om : ting PCR.products can be al so detected on a
denat uri ng pgT }%ga{:n F &ngnﬁ(rgeu %Jéé‘im%f)aléﬁfl 8¥ é&“i”@@?‘ﬁ?ﬁﬁ;}“ & P Yorhgrrosecad] andleteope

det ect iSon byetthinidg waticdthidiam irbrhMer Thetrédullind PORGHLASRNL t al.. 1997,

Koci ok et cgl ., .1998), the use of fl uorlleggnscgﬂ?- Fsa agl eagsoo‘?“iteé%ﬁﬁlaeoti des
(Bauer et pauggpelyacyygmide ggl by augmatiogtaphhprsmm-radiosative, deledfch mSHod bugt al . |,

1997), and,t ; 1O | e rpners (Komet al., 1992; Tagle et al.,
1993; Ros%fé ngﬂgﬁﬁf’g&d&ﬁ%@ﬁd_ﬂ%ﬂ%ﬁs BHOK 6 ' 1098 e ot Meskesomeent op
t wo- st age 1B€R briuicle6tideks erh1G1993; . 6Ya- - &o39E .

g dantigbriukcleoridel (Biser(ebAIGi993:11td% al. M6YA: BhARen L4P %i%@%@s (FlG 2

anplification also produced only target nultiplex specifi’c

1C).  Thes&®@xafshecise iof bigttylaedeprineest (KoGRt phrigd2; Taglbet 41, agose Resok@t e T ree
fromgpe Qggkground problenms as well as non-specificity arising fromthe
conventional "primers used in nmultiplex 15 PCR nmethods as known in the art.

EXAMPLE 9: | diondistdnit @dth tt@fiesalts dEQRSASpARE-skHI PR o1 SRS i | tigene
Fanmilies Using ACP The ACP of the subjsect i nve%??gtnmp sG'aip;lB AR det ect
and cl one "HRER Ermrbifeation piso redurehenty fargermultiplgespecifiapolicRIFIG. picyhe

present exgaapl ! pers .were designed to 20 detect homeobox
sequences. Theﬁar\rgxgre&g@g%ta geeﬁélgkgr & e%ﬁ?‘é%?@ﬁi‘“ﬁ%ﬁ? frge &omste \backemead bp
nucl eot i deroblegseneell ks auwnspasifitiearisnFBOROKe LRI NCARES s goxiﬁﬁpIQ(NA

In

bi ndi odonmi n. To. isol ate homeobox genes involve nouse enbryo
develg%negﬁgenfeg‘togﬁﬂasmwnﬂﬁ?%ﬁ“ned fromthree different stages of conceptus

devel opnment, nouse 4.5-, 11.5-, and 18.5- day-old conceptuses, was used as
a starting material. First-strand cDNAs were prepared under 25 the sane

condi t i onBXAMRIFe: Identificati serveelSH om 6th b8 i3, MRS FamdifGD- Tt S- ACP

was Using ACP

The ACP of the subject invention was applied to detect and clone conserved homology

'scgments in multigene families. In the present example, degenerate primers were designed to

20  detect homeobox sequences. The homeobox genes are characterized by a conserved 180-bp
nucleotide sequence known as the homeobox, which encodes a 60-aa DNA. binding
homeodomain. To isolate homeobox genes involved in mouse embryo development, total RNA
obtained from three different stages of conceptus development, mouse 4.5-, 11.5-, and 18.5-
day-old conceptuses, was used as a starting material. First-strand cDNAs were prepared under

25  the same conditions as used in the cDNA synthesis of Example 3, wherein JYC5-T,5-ACP was
used as the first-strand cDNA synthesis primer.

The following ACPs comprise the degenerate sequences for homeobox sequence at their
3'-end portions and were used as degenerate homeobox-specific primers for the first-stage PCR
amplification:

30 JYC2-HD1 5°-GCTTGACTACGATACTGTGCGAIMIGTNCRRGTGTGGTT.3’ (SEQ D
NO:83);



used as the first-strand cDNA synthesis prinmer. The follow ng ACPs conprise
t he degenerate sequences for honmeobox sequence at their 3'-end portions
and were used as degenerate honeobox-specific prinmers for the first-stage
PCR anmplification: 30 JYC2-HD 1

5' - GCCT7GACTACGATACTGIGCRAI | nGTNCRRGTGTGGT7- 3" (SEQ 1D NO 83); 28 February
2006 105 JYC2-HD2 5' - GCCTTGACTACGATACTGIGCGA I\/GTNCRRGT@?@@*P*F?@"ZOQ%EQ | D

NO 84); and JYC2-HD3 5' - GCTTGACTACGATAGRGTGCGAI | | | | GTNCRRGTTTGGTT- 3" ( SEQ

ID NO 85)ryépfibe PABcerghetheahird i rt POR met hod
as described in Exanple 2 and congag?ggg y onﬁ%%T%féﬁﬁgst(éEQt%-stage
PCR anpl i fN@a4)iemd. The following is an exanple of the process of one-stop

t wo- st age | Lfl j . _Conbine the following reagents in a
sterile 0. ﬁﬁlﬂ? c# oééﬁ#ﬁﬁ%@%@? GEGCGAIIIGBFCRR{GT T EQG EI-3' gSEQVEID
cont ai ni ngNd:g8ky.of first-strand cDNA (50 ng/l), 51 of 10 x PCR buffer
(Roche), 10 51 of 2 mMdNTP, 1 | of one of 10 pMJYC2-HD 1, JYC2-HD2, or

JYC2- HB3 (5 PreiPkramplificatioh wes petOrmhdd by Gt SEHPORGRetod a5 REdAB I BRpRG- 5 Pl Of
sterile dHZ .co%uctré%% contents and SR{,I’I the tube briefly in a
microcent rituge. 3.7 PINSCEP PhaE%T-BiRR Msteas P amplificatipns. iBhenfallowiyrisen at 94C.

4. Add 0. Zxsngi oftBSIpraedsy SBnas8p fwihdlgk PCR into the reaction while
hol ding the 15 tube at the terr,rperatghre 95@?&&8@?5' Conduct PCR reaction

under the folll Goibige therfollavingreagents én cyterile0.0im! déodedtiflge Wb, 49 PAGriQr 3 Ni N,
and 72C f%tallvfd n; fto.l | Ovieéx? 40 cycl es of 94C for 40 sec, 65C for 40 sec,
and 72C for > 40MTEEOEREE o PLINEFTBYE PMA (F0mefidn ikl el sPEIRuffat (RFHE), The

anpl i f0ed spneHymVEdNEP 8 ARAbYZRY r%g;& b 88bS Y% agar ose gel and
detected 20 by staini ng"awith etg%ﬁ}ni ro%ggggﬁﬂ%emr@ér}ﬁ?%g F’G‘F}ar oduct s
can be al da! aEl0adM EUCHT seACRIGhprtiruer) ang 3951,y aftsterileadd,de gel by aut or adi ogr aphy

or non-r adi oac%xvc%ndgttseg i onth rreé%&%)dﬁ such, as silver staining (CGottschlich
et al., 1997 KEPBRMEAnd,pn the yheknefly fra microcentrifiga,or esenscent - | abel | ed

ol i gonucl eot BRsce (HRaLY in &l prtheatddIR3mall Qe ok, 1994; Luehrsen et al .,
1997; Smth et al., 1997), and the usé of BI ofinylated prinmers (Korn et

al ., 1992; Téghdd @f wiof Taq 9gBnerRos Hlaitelil; Rloche) in?dthd 986 on while holding the
15 tube at the temperature 94°C.

5. Conduct PCR reaction under the following conditions: one cycle of 94°C for | min,
52°C for 3 min, and 72°C for 1 min; followed by 40 cycles of 94°C for 40 sec, 65°C for 40 sec,
and 72°C for 40 sec; and followed by a 5 min final extension at 72°C.
The amplified products were analyzed by electrophoresis in a 2% agarose gel and detected
20 by staining with ethidium bromide. The resulting PCR products can be also detected on a
denaturing polyacrylamide gel by autoradiography or non-radioactive detection methods such
as silver staining (Gottschlich et al., 1997; Kociok et al., 1998), the use of fluoresenscent-
labelled oligonucleotides (Bauer et al. 1993; Ito et al. 1994; Luehrsen et al., 1997; Smith et al,,
1997), and the use of biotinylated primers (Korn et al., 1992; Tagle et al., 1993; Rosok et al.,
25  1996).
Many differentially expressed bands in a specific stage were obtained, subcloned into the
PGEM-T Easy vector (Promega), and sequenced. Sequence analysis reveals that some of the
clones contain homeobox sequences. Northern blot or RT-PCR analysis shows that the clones
are identical to the results of the expression patterns observed by the electrophoresis. These
30  results indicate that the method using the ACP of the present invention for isolating conserved
homology segments in multigene families produces only real PCR products. Freedom from

false positives, which is one major bottleneck remaining in the previous PCR-based techniques



Many differentially expressed bands in a specific stage were obtained,
subcloned into the pGEM T Easy vector (Pronmega), and sequenced. Sequence
anal ysis reveals that sonme of the clones contain honeobox sequences.

Nort hern bl ot or RT-PCR analysis shows that the clones are identical to
the results of the expression patterns observed by the glectro esi s.
These 30 results indicate that the nethod using the A(Ig%éé%%ﬁﬁgﬁésent
invention for isolating conserved honbbé&gy segnents in nultigene famlies
produces onply.r P [ ts. Freedomfrom false posjtives, which is
one maj or g%rt fsf)gﬁLegc ﬁ%@&rﬁ?%ﬁ%ﬁ% Sf%rl%r QVPB&C“ISCEE’BIEEEBhQ“@chW%eQ‘C 28
February 2@6Hequiftfatopintdnsiot FbikRghuieBLhY 0&iMammlopaY aSEgHRNDY ifPargHéHr}i gene
famlies, allows avoiding the subsequent |abor-intensive woﬁk equi'red for
the verification of the anplified cDNA fragnents. EXAMPLE 10: Single

Nucl eoti de Pol ynor phi sm Genot ypi ng Usi ng ACP-based PCR 5 To denonstrate the
appl i cat i oFXMPP 10 Single Nueleatide Polymorjshiymm Gen g ' [

containing a s l.eot i e: oly_ | hi s (. NP-taf Hu n€p53 (TP53) gene
was apr%l ifi e§°\?ﬁ%§“5§% ﬁhe"r"pl%%ﬁ%‘g“n AR SB‘FIPrPé‘ae?ffde PYSOPRISM ZERAEE: And
resul ts foportibe cédthing) & B Riuclgotids ipﬂ?mﬁgﬁﬁmqsmﬂ@ﬂﬁfﬂﬁ%g% eS8y E’-’gﬁw

00 a I n exon

tenpl ates were_ obtained from human b sanpl es which have

4 of the TmsBlifigdrith Tithes coryentinpplpprimen drsSAGK pFhesprectsnsndaresdl® fBr ahe4SNF O
substitutign . anm.n i d posi.ti.qon .7 replacing Gwith C. A 349 nt
sequence Bar %g?%ﬂ%ﬁ@% Fﬁgesﬂt@ﬁ%ﬂﬁw?f)@%é@ﬁs "t’%‘g”f%‘@ fparumaaBlogdl i fi ed
from each iayiptes @hichttaved SNR idkor4 $€the TP53 ffe. fTRls| RWOEhRH T B 5

- CCTCTGACTGCTCTTTTCAG- 3 (SEOQ 1D NO. 86) aénbglle Pas EO Bt i essf 40R)

- TCACAGAAGKTIR TR T ATStNLPY BY axTrGRATSiion TEBAXBEBONS'G withh C( 85@9 hisehi@anss7) . The

lified t Aok SNP_b t hei d
ol at os_fespehBcR B, 3o dhe BrACHDe opf aPplicoiime 50 Ve Plovs.
P53N1A- ACRefplate b hGIAPHAGHoANEGFamersCATI | | 1 1 CCCCGCGTGG-3' (SEQ 1D NO 88),

20 P53N1B- ACP 5' - GICTACCAGGCATTCGCTTCATI || | | COCCOCGTGG-3' (SEQ I D
NO 89), P5BNPA- ACP '5CCTEFARTCATEERT T T(RQ 10 NP BECOEGCGTG 3' (SEQ I D

NG 90), PosyEBR AP 5 reaASARGRAFEEALAGEE AR AA S EE GadeciPER | D

25 NO 91),
15~ (SEQ ID NO:87).

The amplified products containing the SNP between their ends were used as templates for
detecting the SNP using allele-specific ACPs as follows:
P33N1A-ACP  5'- GTCTACCAGGCATTCGCTTCATIIIICCCCGCGTGG-3' (SEQ ID

NO:88), _
20 PS3NIB-ACP  5'- GTCTACCAGGCATTCGCTTCATIIIICCCCCCGTGG-3* (SEQ ID
NO:89),
PS3N2A-ACP  5'- GTCTACCAGGCATTCGCTTCATIIITCCCCGCGTG-3* (SEQ ID
NO:90),
PS3N2B-ACP  5'- GTCTACCAGGCATTCGCTTCATIIITCCCCCCGTG-3* (SEQ ID
25 NO:91), '
PS3N3A-ACP  5'- GTCTACCAGGCATTCGCTTCATIIICTCCCCGCGT-3’ (SEQ ID
NO:92),
PS3N3B-ACP  5'- GTCTACCAGGCATTCGCTTCATIMICTCCCCCCGT-3* (SEQ ID
NO:93),

30 PSIN4A-ACP  5'- GTCTACCAGGCATTCGCTTCATIIIGCTCCCCGCG-3* (SEQ ID
NO:94), |



PS3N3A- ACP 5' - GICTACCAGGCATTCGCCTTCATI |1 UCTCCCCGCGT-3" (SEQ I D NGO 92),

P53N3B- ACP 5' - GICTACCAGGCATTCGCTTCATI I CTCCCCCCGT-3' (SEQ ID NG 93), 3
0 P53N4A- ACP 5' - GICTACCAGGCATTCGCTTCATI 11 GCTCCCCGCG3' (SEQ ID NO 94),
28 February 2006 107 P53N4B- ACP 5' - GICTACCAGGCATTCGCTTCATM | GCTCCCCCCG 3'
(SEQ ID NGO 95), P53N5A- ACP 51- GTCTACCAGGCATTCGCTTCATIé%FI | GCT 3" (SEQ
ID NO 96), and 5 P53NSB-ACP 5 ' - GICTACCAGGCATTCGCTTEATEH#Y & Fcccoc- 3!
(SEQ ID NO 97). The pol ynor phi ¢ ba3@7i s underlined at the 3' -end portion
of each ald,ghgRReCi {1 Coftha8afloctATTRGRTICATINIGATILBLOGD! ASEQ ase 1S
consi der an-1n erroga ion position. The interrogation position is placed

at sever alo®sfferent positions fromthe 3' -end of allele-specific ACPs in
order 10 to determ ne the_ nost c cificity
(or e sOUPMGAE Sie TR SabatRepErebbifiord FREEPL, WedBEr 1o <
P53C- ACP ned of P53NI A- ACP, P53N2A- ACP, P53N3A- ACP, P53N4A- ACP and
P53N5A- Al e used for wild-type A genotyping. P53C-ACP and one of

P53NI B- AQ&BNE’E&N&’B AGP, GPSBABBABGPATEESKABCARTRIGERC G ANSB(SHPDMR e used
for variant-type B genotyping. The 5 -end portion 15 sequences of the ACPs
were serV¥d as pre-selected arbitrary prinmer sequences for the second-
stage PCR anpll L eabholkes iy hehined ot M CAGMGTST GEGMEIRRAR Il ABERd D NO
11) and Nar °ly%‘%@i‘%?°&ﬁ%{ PYCECTICAT -3 (SEQ ID NO' 12). 20 (A)

Fi r st - st ag& p&¥ieion Afrleipblyaiphirbadeie cérisidered st amtperoRORN gogsion mamemgams

ducted b I f P t d
Ganat ur | epeWienBplest o e} GHRER GRRTAS EAT TGOt AU VBT ITACBn 195 |

cont n| ng .l | A6, fSEGIRMe tROSIRI Ni ng t he SNP
in etdn ﬁgftel{rrﬁ&fth@rggg%m?éal Bdsg‘ nﬁlgéﬂ%%mgﬁgm 1fyeactl on gbtuffer (Pronmega), 5

41 of 25 mM MgGi2le- sﬁeciﬁco&cmm:-&weszs'nwirmszmmxmhamof&wm -4¢8P) . and |
| of f allel i ted gt 94 iyl
ol di ng ( HENBAACR SRNIAAGE: EravaALE i PR P 7o el ol ©

genotyping. PS3C-ACP and one of P53N1B-ACP, P53N2B-ACP, P53N3B-ACP, P5S3N4B-

ACP and P53NSB-ACP were used for variant-type B genotyping. The 5’-end portion

15  sequences of the ACPs were served as pre-selected arbitrary primer sequences for the second-

stage PCR amplification:

JYC3 5 - TCACAGAAGTATGCCAAGCGA -3’ (SEQID NO:11) and
JYC4 5'-GTCTACCAGGCATTCGCTTCAT -3’ (SEQ ID NO:12).
20 (A) First-stage PCR Amplification

The first-stage PCR amplification was conducted by one cycle of PCR consisting of
annealing, extending and denaturing reaction; the reaction mixture in a final volume of 49.5 ul
containing 1 pl of the amplified target genomic segment containing the SNP in exon 4 of the
TP53 gene, 5 pl of 10 x PCR reaction buffer (Promega), 5 pl of 25 mM MgCl,, 5 pl of ANTP

25 (2 mM each dATP, dCTP, dGTP, dTTP), and 1 !l of one of allele-specific ACPs (10 uM) is
pre-heated at 94°C, while holding the tube containing the reaction mixture at the 94°C, 0.5 ul
of Taq polymerase (5 units/pl; Promega) is added into the reaction mixture; for the allele-
specific ACPs having 10 nucleotides at its 3/ -end portion, the PCR reactions are as follows:
one cycle of 94°C for 40 sec, 55°C for 40 sec, and 72°C for 40 sec; followed by denaturing the

30  amplification product at 94°C; for the allele-specific ACPs having 8 nucleotides at its 3¢ -end

portion, the PCR reactions are as follows: one cycle of 94°C for 40 sec, 50°C for 40 sec, and



of Taq polynmerase (5 units/l; Promega) is added into the reaction m xture;
for the allele- specific ACPs having 10 nucleotides at its 3 -end portion,
the PCR reactions are as follows: one cycle of 94C for 40 sec, 55C for 40
sec, and 72C for 40 sec; followed by denaturing the 30 anplificati on
product at 94C; for the allele-specific ACPs having 8 nu Ieotlg@% its 3
-end portion, the PCR reactions are as follows: one c ‘?é’r‘&ﬁ’y for 40
sec, 50C for 40 sec, and 28 February 2886 108 72C for 40 sec; followed by
denaturl ngzb@qoﬁmmlsécf it t&n rod ct is a
first DNA strand conpl e%ekvﬁ??%fdghl%éﬁ% %rrgﬁ}lgfan-gg cgén&gygte rré E#

Second- stag@iumRaﬁrspDNﬁs@atdc@mprEmmtzrgmha @kt ga:hmdxu@égngﬁnerat ed by the
first-stage PCR anplification was then anplified 5 by the follow ng
second-stage PCR anplification at a higher annealing tenperature than the
first anneal |(Bgsgcgﬁao§5¥tpgk%ﬁﬁfﬁ:§{mt he conpletion of the first-stage PCR
anplification, T . pre-selected arbitrary prinmer, JYC3, was
added into t Hderesaltant produrt gensrated biyttize firstektdge ®CR mkpeﬁéarwoﬁtmsmgemﬂﬁed

anplificati nder denaturi tenperature such as at 94C. The second

st age- |i;"CRtbly ggécp?i?)‘ﬁmﬁé%c%‘gft?%rlﬁgﬁ ‘Eémf’ BloR 3ha higher wpealing tesipeniue thaythao sec,
68C for 4§ 88nealinkedpidantd A fe? thedtd final, extension
at 72C. Thlé angri"%‘qu&g? oductstv'\:/errenﬁla‘:a:lfr;l0 {/fcz?jgJ ﬁgpgaé??g?r%n rpﬁ é‘gfg’flﬁ’?a 2%

agar ose gD pihpte-deectat abitrarp primeral YOI grasnaddid mtohhdtewﬁobhﬁmudabtaﬂibﬂefr&nesm ting
PCR produgt | so, . detecte n a . denaturing gol yacr | am de gel by

can b«i; g g
aut or adi OS}P AR a8F PhBAmPLfiratan iindes depafusing impenare By a%a'c?i“’ akhes¢dond
stai ni NG (k- BIE Raltio vods paformed S60ilowsO80 K1 o b CecOf
fl uor esens%%rr-lt 15 al abel | gd %nlmfgonuccl’ eot | %e@%&%grfo&?}q% 68 (gg%%ﬁcb et al.
1994 19 uelandBAC éar 44 sec; f0119®6dby$rﬁmih fipt] eafension 2t 9FT) , and t he use of
bi oti nyl at ed e.et al,, 1993; Rosok et al.

1996). FI G sWo\fgd g’ 'f?gucl; & ?’glyaelj‘i%ﬁle}eétf@ﬂgrﬁﬁﬁ‘inﬁzc/" 3EA7955 89 andrdetsfiedusi ng
ACP. The B)’illstramﬁfg Wit SthidiRE brofMidePERd febltifdCRSR @Pcﬁﬁ&?éhd 2180 Ferde Eﬁ%m'bécp)
generated a specific target product only from 20 the sanples having
honozy goudenaiurie P‘g}m%@@gm by puteradipgrepdy @z ygrauéxogetnc)tigtgntmg methadsaud) , but

not from Z r | ane 5).
The pair of eoEIRLE (BN EREIHER Kokl ALK ool i reient)
generxa edlahelbﬂebgdrmdedhﬂésgmhuer gtrahd093; Itoed 4. 1094 DukkieenTR AN |165. B &4,
honozygous_variant-ty (I ane 6) or het er oz gous genotyplng (1 ane 4),

but not .f FOIR taﬁ%t'?éEFFp‘Pfe@”F?&lﬁcﬁ@mﬁffﬁﬂi%ﬁﬁ WHdTaglpe ap, YOhRoseki ¢1gl.25 (| ane
2). Thesejggsul ts indicate that the ACP of the subject invention can be
applied as an easy and econonic nethod for detecting the genotype of SNPs
since the uskElG22 fHows theseseltstof Blle-specific amplification using ACP. The pair of wild-type

A-specific ACPs (P53N2A-ACP and P53C-ACP) generated a specific target product only from
20  the samples having homozygous wild-type A (lane 1) or heterozygous genotyping (lane 3), but
not from the samples having homozygous variant-type B genotyping (lane 5). The pair of
variant-type B-specific ACPs (P53N2B-ACP and P53C-ACP) generated a specific target
product only from the samples having homozygous vadant-type B (lane 6) or heterozygous
genotyping (lane 4), but not from the samples having homozygous wild-type A genotyping
25  (lane 2). These results indicate that the ACP of fhe subject invention can be applied as an easy
and economic method for detecting the genotype of SNPs since the use of fluorescent DNA
probe nor post-PCR processing is not required in this approach. The allele-specific ACPs each
having an interrogation position at its 3-end portion showed improvement of annealing
specificity. Moreover, when the allele-specific ACP has an interrogation position at the position
30 5 from the 3’-end (e.g., PS3N2A-ACP and P53N2B-ACP), the annealing specificity is most

critically accomplished.



probe nor post-PCR processing is not required in this approach. The

all el e-specific ACPs each having an interrogation position at its 3' -end
porti on showed i nprovenent of annealing specificity. Mreover, when the

al I el e-specific ACP has an interrogation position at the position 30 5 from
the 3' -end (e.g., P53N2A- ACP and P53N2B- ACP), the annealing specificity is
nost critically acconplished. 28 February 2006 109 |rf8 &FB@?W@BO%H fy if
the position 5 fromthe actual 3' -end@ the allele-specific ACP is the

MSt  appropri g'fcﬁ'dér% vérnﬁlftﬁ}ap%glgxgrgﬁhbﬂr?hepagﬁlﬁj n.d o? Célzzlgg}%lcmﬁéﬁcger | ment s

wer e conducte usin rocess as use fates

wer e obt ai mest zfppmgmhu rf&nthbhﬂ&ﬁbgatﬁoi\nﬁﬂsﬁSn Vﬂuﬁxhnahl%mee@e%ts Weré SiiEdkd genom ¢
fragments containing SNPs were anplified 5 using each different priner set

as foll O\NS“S“?&)@NS?S"C- PIRCEY P G3APNATEMpRtes werR@btaneN@ogshurantlo&M7 03C

S' - TCACAGHAGIA Q 1 D NQ,! 9 for
Bet a-2 adren glc receptorﬁmgeﬁm%mewe;?ﬁ 3" (SEQ

BD NO 5102)sirgredchldiffabhi28iGebset as follows:
TCACAGAAGTATGCCAAGCGAS f i | CAGGAAGGATGAGCATTI ' AG - 3' (SEQ ID NO 103) for
Chenoki ne (BNc ot i- AT TEEEAFEHTGT GCAGESITG 69 638Q IENO: 9RIGIAAAACCAGAGGCAGCTT

ACCACAAACOMRERACAT A CAG AN T GGAGG AR ECAIATA 088 Yecept o

15 679N 5' QEQEMMMEEE@RR&pt&m@ NG 110) and SM679C 5' -
TCACAGAGTATCCAAGCA |1 1 1 TCAGTAAGAAGCCAGGAGAG -3' (SEQ 1D NGO 111) for
Leukocyt e ¥dNesi oh - RETEECTFECETTEARFETTT B3P PER ID NOIOMB®AGGCTAACAT - 3' (SEQ

lg (Ng 114%“?18%@'@?%%“\ %CEA%Z %f@lgél n recepq%@%“‘(‘“ﬁ%Ag N 5'

CTTCCACCAATEEQIDING T3 £8 Chiefaind aacmanmr&&)xoam ERGSOC : 5
TCACAGAAGTATGCCAGCGALI T1'1 GCATACACA &:QQEQ | D NGO 119) for
I nterl euki$fX;: bet’ aAE}IAﬂAB)AC%@AQ%ﬁF}mﬁ dﬁ@@d@t@ #2d ni ng the SNP

bet ween t 95ENGS_ HEL e ﬂkﬁf&!}ﬁﬁ A€ gé :F; t Ps
wher ei n alkﬁ%kfe spec |§Aﬁ§§%rGg applie as%?dﬁ ows&E 8§ %EA??N
GT CTACCAGGCASEUBLNDCAT) fot InteSenkiOAGEspor,3" ( SEQ | D NO  100)

15 679N 5'- CTAGCTGCAAGTGACATCTCT -3’ (SEQ ID NO:110) and

SM679C  5'- TCACAGAGTATCCAAGCGIIITCAGTAAGAAGCCAGGAGAG -3'(SEQ

ID NO:111) for Leukocyte adhesion molecule-1 (LAM-1),

832N 5'- TTTTGGGTGGAGGCTAACAT -3’ (SEQID NO:114) and

SM832C : 5’- TCACAGAAGTATGCCAGCGAIIMAACGATGCAGACACCACCA -3'(SEQ
20  ID NO:115) for Tachykinin receptor 3 (TACR3), and

880N 5’- CTTCCACCAATACTCTTTTCC -3’ (SEQ ID NO:118) and

SM880C : 5’- TCACAGAAGTATGCCAGCGAII GCATACACACAAGAGGCAGA -

3’(SEQ ID NO:119) for Interleukin 1, beta (IL1B).

The amplified products containing the SNP between their ends were used as

25  templates for detecting the SNPs wherein allele-sp;:ciﬁc ACPs were applied as follows:

SM703-A 5°- GTCTACCAGGCATTCGCTT CATIIIIIGGTACAGGGC -3’ (SEQ ID NO: 100)

and SM703-B 5’- GTCTACCAGGCATTCGCTTCATIIIGGTACCGGGC -3’ (SEQ ID

NO:101) for Beta-2 adrenergic receptor (ADRB2),

SM028-A 5’- GTCTACCAGGCATTCGCTTCATIIITCCAAACCAA -3’ (SEQ ID NO: 104)
30  and SM028-B 5’- GTCTACCAGGCATTCGCTTCATIIITCCAACCCAA -3’ (SEQ ID

NO:105) for Chemokine (c-c motif) receptor 5 (CCRS),



and SM703-B 5' - GTCTACCAGGCATTCGCTTCATI |11 GGTACCGGGEC -3' (SEQ ID NO  101)
for Beta-2 adrenergic receptor (ADRB2), SMD28-A 5'-

GTCTACCAGGCAI TCGCTTCATI | | | | TCCAAACCAA -3' (SEQ ID NO 1M 30 and SMD28-B
5' - GTCTACCAGGCATTCGCTTCATI || | TCCAACCCAA -3' (SEQ ID NO. 105) for
Chenokine (c-c notif) receptor 5 (CCR5), 28 February 20 g:bllo % 95-A 5' -
GTCTACCAGGCATTCGCTTCATI | 111 CCATTTTAGG - 3' (SEQ 1D NO I JEorUAH £ 95-B 5' -
GTCTACCAGGCATTCGCTTCATI 1111 CCATTGTAGG:%' (SEQ ID NO 109) for

I nt er | euki BMB85-AECeRTCTACEABEOA KT SGET T LTAGONARATTIGE RT G 1D b HpGAACTTT
-3' (SEQ ID NO 112) 5 and SM679-B 5' -
GTCTACCA CAFIICTACEARGRATTPECTICATBECCATTRDAGE-3) (SEQID Leukocyt e

?@Z&&#ﬁéﬁé&@@ﬁf v 32_A,/:A5I-é' (SEQ ID N1 16) and SVB32-B 5' -

GTCTACCAGEMETLEST TFTTAd CACHCA AT AT C Bt MIEERCKRAYPT -3¢k NaNaghyki nin
receptor 3 (TACR3), and 10 SMB80O-A 5' -
GTCTACCAGHHSMGBrLAFTCTACCARKCATACAATI SATHECCAGACE TTIDG) (SEQd SVB8O- B 5' -

GTCTACCAG(?éT ny 1] ﬁAA ATAA -3 (SEQ I D NO 121) for Interleukin
1, beta (I 11T§§ . rﬁ%&y%fdié A0S eﬁlgerlgé‘g]r{flg’ of allele-specific

anpl i fi cat $}eR-AG6r- GICT ATTAGGCAR CENAT AcamhGAESGRTRIANG’ (sRQdbNEgnt gene
such as Beta-2 adrener%i c receptor (ADRB2) (A), TChernokine (c-c tif)
recept or SANAEMEP-BB) CTCRACEACHKARTEECTECA BTG ACTGA TAAK S¢ (SEQ Idhesi on

nmol ecul e- ( - [} eceptor 3 (TACR3) (E), and Interleukin
1, beta (Ilf(ilzlﬁ;rﬁ(’\{bﬁa‘:ﬁy@)nﬁ%?;g%%? (—%%f)tﬁg results of FIG 22, the annealing
speci flioci tSMB%-4& 51- GTCTAGCATBTATTIGITICATIEIA A AGECAIThAl -8~ 8RO &H NcF1 26CP has an
interrogation position at the ‘gosition 5 fromthe 3' -end. The pairt 20 of

wi | d-type B4 SHEEPB; - GEPEAG MG G ERCGCTHATIIAAALIGIATAAN SUSEQ BNl y from t he
sanpl es hayhig; fg}q_?r(ggé{&%ﬁsb%gggf#)ype A (lane 1) or heterozygous genotypi ng
ot fromthé sanple i

(lane 3), but es havi ng honbzygous variant-type B
genotyping (lane 5). The pair of variant-type B- specific ACPs generated a
specific targFEE} r oduct Onl% fromthe sanples having honbzygous

vari ant - t ype BO( #howe)theotesyie ob psisygeritic aaplificstionn &or (sixaadditiadal SHBS eaglt fr om

t he sagpl %?CSE%W? @Qferﬁ5g&n}f§@WQ%—%&&&@(@EC%I&QW% F@h ,H"?’E&%ng)(‘f Having

described 'a preferre odi nent of the present inven 0 be
under st oodnotitheeceptaars €IGRS) 4B Intertbukin ddtreceper (e Ledkocyta hdliefigh Wolekildl t he

spirit of &Rﬁl-i)nﬁ,n tljagxr)]'ldq%yrcgcep o?n;e (TACR3) (E), and Interleukin 1, beta (IL1B) (F).
Consistant with the results of FIG. 22, the annealing specificity is critically accomplished when
the allele-specific ACP has an interrogation position at the position 5 from the 3’ -end. The pair

20  of wild-type A-specific ACPs generated a specific target product only from the samples having
homozygous wild-type A (lane 1) or heterozygous genotyping (lane 3), but not from the
samples having homozygous variant-type B genotyping (lane 5). The pair of variant-type B-
specific ACPs generated a specific target product only from the samples having homozygous
variant-type B (lane 6) or heterozygous genotyping (lane 4), but not from the samples having

25  homozygous wild-type A genotyping (lane 2).

Having described a preferred embodiment of the present invention, it is to be understood
that variants and modifications thereof falling within the spirit of the invention may become
apparent to those skilled in this art, and the scope of this invention is to be determined by

appended claims and their equivalents.



apparent to those skilled in this art, and the scope of this invention is
to be determ ned by appended clains and their equivalents. 28 February
2006 111 TABLE 1 SEQ I D NO Designation Sequence Information 5 1 ACPI

5' - GTCTACCAGGCATTCGCL7CATI | I I | CAGGAGTGG- 3" 2 ACP2

5' - GTCTACCAGGCATTCGCTTCATI | | I | GBGCGACGATS-3' 3 ACP3

5' - GTCTACCAGGCATTCGCTTCATI | | | | GCCATCGACS- 3' 4 ACP4 28 February 2006

5' - GTCTACCAGGCATTCGCTTCATI | I 1 1 AGATGCCELW 3' 5 ACP5
|
[

[
5' - GTCTACCAGGCATTCGCTTCATI 1111 AGCCGA ¥R 8' 10 6 ACP6
5'-GWCTACCAGGCATT TCATITTTTTCTCCCGEGTS-3" 7 ACPY

5' - GTCTACCHSECATTOGCTTCATE=GTGECGES- 3' 8 ACPS
5' - GTCTA TCATI I 111 CT g}m&,Acpg
B
5 - GTCTA%@H FCATI |11 CCT tl10 Iy 5 -
GCTTGACTAGEA : : 12

JYC4 5 - GTCTCCAGGCATTCGCTTCAT 3 1
- GTcPAacchcacARPbaeTTCAT ﬁTFIf(’s@@A?é@&@@C@m GEATE@E&QGAGTGG 3’

| ST R otk icpncon

5' - GTCTACCAGGCATPEGCTTCATI- GWCTAGC@GGC@GIBCGC’I‘TEZTMTCGACS 3’
5' - GTCTACCAGGCATTCGCTTCATI | | | | CTCCGATGCC- 3 18 ’
5' - GTCTACCAGGCAFPECCTTCAPI-FTF TS CARRFATECSCTT W@TGCCCGW -3

g: : ggﬁ£%¥MTm$%% 3" %gﬁAi%GFCGATGCSG ’

5'-Gﬁ@ﬁACGﬁGECAEFEEfTTCAILGTCEKCBKGGQ@ETBGCTIQA%HEHEICCCGGTS3'

5' - GTCTACCAGGCATTOGCTTCAT] LI || | GOCATOGACC: 3
S - GTCTACCAGICARY CCT TCATESEAS SRREEAA TCORTTGA TIRETGTGGCaGS 3

5 - CACAGA? ﬁ%%p‘ch@f@rICC&GGC%QTééCﬁCAi(@ICTCCGATGCS 3

° ACP9 5'-GTCTACCAGGCATTCGCTTCATIMICCTGCGGGTW-3'

10 Iyc2 5’- GCTTGACTACGATACTGTGCGA -3'

15 11 JYC3 5'- TCACAGAAGTATGCCAAGCGA -3°
12 JYC4 5'- GTCTACCAGGCATTCGCTTCAT -3’
13 ACPI10 5'-GTCTACCAGGCATTCGCTTCATIIMIGCCATCGACC-3’
14  ACP11 5'-GTCTACCAGGCATTCGCTTCATIMGCCATCGACG-3’
15  ACPI2 5’-GTCTACCAGGCATTCGCTTCATIMMAGGCGATGCC-3’

20 16 ACP13 5’-GTCTACCAGGCATTCGCTTCATIIMAGGCGATGCG-3’
17 ACPl4 5'-GTCTACCAGGCATTCGCTTCATIICTCCGATGCC-3"
18 ACPIS5 5’-GTCTACCAGGCATTCGCTTCATIICTCCGATGCG-3’
19 CRP20 5'-GTCTACCAGGCATTCGCTTCATGCCATCGACC-3'
20  ACP16 5'-GTCTACCAGGCATTCGCTTCATIGCCATCGACC-3*

25 21 ACPI7 5'-GTCTACCAGGCATTCGCTTCATIMGCCATCGACC-3'
22 ACPI3 5'-GTCTACCAGGCATTCGCTTCATIIIIGCCATCGACC-3'
23 ACPI19 5'-GTCTACCAGGCATTCGCTTCATIIIIGCCATCGACC-3*
24 dT-JYC3 5'.CACAGAAGTATGCCAAGCGACTCGAGTTTTTITTIT

TTTTT-3'

30 25 dT-JYC2 5'-GCTTGACTACGATACTGTGCGATTITTTTITITITITTIT-3
26 JYC2-T13C 5’- CTTGACTACGATACTGTGCGATTTTTTTTTTITIC-3'
27  JYC2-T13G 5’-GCTTGACTACGATACTGTGCGATTTTTTITTITTITTG-3’



26 JYC2-T13C 5' - CTTGACTACGATACTGIGCGA C-3' 27 JYC2-T13G

5' - GCTTGACTACGATACTGTGCGA G-3' 28 February 2006 112 TABLE 1-continued 28
JYC2- T13A 5' - GCTTGACTACGATACTGIGCGATT I TI' TTTITI 1TA-3' 29 dT, 0- JYC2

5' - GCTTGACTACGATACTGTGCGATT' PT=TT-3' 30 dT,0-ACP 1 5'

- GCTTGACTACGATACTGIGOGA! | | I TTTTTI "I T1' T-3' 5 31 DEG 2 . 2006
GCCATCGACCCGTTTCTCTAGCCCCATCTTCATGTGT ebruary
TTTAATGAGATGATATTAATTCATTACATTCATGGAT 112

AATATGT CCCTGATIACARIGTAATCTAGATTTAACT  TCAAAAAAAAAAAAAAAAA 32 DEGH
AGGCGATGCGGGCTGTACT CTGEGTGGCTGCCACAGT 10
CTCATGAGAARECAARGEIAAAGCACCRATTHNEPKE GATACTGTGCGATTTTTTTTTTITTA-3'

GGT mmm | TCAACCATCCTAA  TGTTGTGACCTMAATACAGI TCCTCATGITGTG
TGA | ? 'qCEFqAWWG GOMMARFINANASASAAAAAAAAA 15 33

SMART 11V, 530 AN AT OGNS R SR c I e 34 5 PR
Primer 5'- AAGCAGI GGTATCAACGCAGAGT- 3 ¢ )
5' - ATTGTA GATATCEACBOGTYRC3CTRECBECATBTAERTGTGT

5' - GTCTACCAGGCATTCGCTTCATI 111 G (G39) -3' 37 rG2- ACP
5' - GTCTACCAGGCATTCGCTTCATI FF FAES L GATGATATTAATTCATTACATPCATGGAT

5 GCTTaACTACTATACTTGCoN T Ta T AERAr AT AR E s nacs oo

5' - GAGAGGATAGI TTCAGGGAC- 3' T@ ACGCCTGCTTTCTC-3' 42 p

-actin 1 5'7-T CCCACATA GIC-3" 43 3 -actin 2 5 - CTAAGAGGAGGATGGICGC- 3!
44 EsxN7 53-_ GCAGAGOA ( §ATGCGGGCT GTACTCTGGGTGGCTGCCACAGT
10 CTCATGAGAAACCAAGGGCAAAGGACCAAGGAAAAG

GGTCTCAGGCCCCTAAAGCAGTGGCTTTCAACCATCCTAA
TGTTGTGACCTTTTAATACAGTTCCTCATGTTGTG
TGACCCCCCAACCATAAAATGATTTTTGTTTICTACTTC

15 33 SMART IV 5’-AAGCAGTGGTATCAACGCAGAGTGGCCATTACG
GCCr(GGG)-3°
34 5°PCR Primer 5’-AAGCAGTGGTATCAACGCAGAGT-3'
35 CDS /3’ 5’-ATTCTAGAGGCCGAGGCGGCCGACATG-(dT)s

VN-3'
20 36 rG3-ACP 5'-GTCTACCAGGCATTCGCTTCATIMIGGHGGG)-3’
37 1G2-ACP 5'-GTCTACCAGGCATTCGCTTCATIIIGGHGG)d(G)-3’

38  dG3-ACP 5-GTCTACCAGGCATTCGCTTCATIIMIGG(GGG)-3’
39 OligodT,-ACP 5"-GCTTGACTACGATACTGTGCGAIINTTTTTITTIT

TTTTTTTIT-3"
25 40 PLP-Ca 5'-GAGAGGATAGTTTCAGGGAC-3"
41 JunB3 5*-CTCCGTGGTACGCCTGCTTTCTC-3"
42 B-actinl  5TCGTCACCCACATAGGAGTC-3’
43 PBactin2  5.CTAAGAGGAGGATGGTCGC-3'
44 EsxN7 5'-GCCGGTTGCAGAGCACC-3’
30 45  EsxCé 5-GAACCATGTTTCTGAATGCC-3’

46 EsxN7-ACP  5’-GTCTACCAGGCATTCGCTTCATIIIGCCGGT
TGCAGAGCACC-3'



30 45 EsxC6 5' - GAACCATGITTCTGAATGCC- 3' 46 EsxN7- ACP

5' - GTCTACCAGGCATTCGCTTCATI I 11 GCCGGT  TGCAGAGCACC- 3' 28 February 2006 113
TABLE 1-continued 47 EsxC6- ACP 5' - GCTTGACTACGATACTGIGCGAI DI | GAACCAT
GITTCTGAATGCC- 3' 48 EsxN 5' - GAATCTGAAACAACTTTCTA-3' 5 49 EsxC2

5' - GATGCATGGEGACGAGECACE- 3" 50 EsxNI - ACP 28 F 5

5' - GTCTACCAGGCATTCGCTTCATI | ||| GAATCT  GAAACAACTTTCTA- 3' 28 feepryayad

5' - CGCCGCACCCCTGECCCECA- 3" 52 Esx(Co 5' 1GATGCATGCGACGAGECA- 3" 10 53 EsxN3- ACP
5' - GTCTACCAGGCATTCCCTTCATI [ MCGCCGC  ACCCCTGCCCCCA-3' 54 digo-dTis 5 - -3

55 EsxC2- AABEE IepntintadTACGATACTGTGCGAI | 1| | GATGCA  TGGGACGAGGCACC-3' 15 56
EsxG- ACP &' - %LEE%T ACGAGAPTEA BFROGATACPATEEG ATHRSRREARECA- 3' 57

O i goVdT, s- ACP b' - GCTTGACTACGATACTGTGCGAEMIT Lill  TTCTTI"ITV -31 58

dN6- ACP 5' - GCTTGACTACGATACTGTEIGTGAATGEE-B9 rG | - ACP

5' - GTCTACCAGGCAL7CGCTTCATI LI | 1 3 (G %@-3' 60 JYC5

5' - CTGTGAABGCTERACTACGAT-SAAG ¢ THHAMCAACTARE TA-3

5 - CTGIGARTCCTEORACTACCATL LR FRTHEBRCAAAde o7~ 3 62 IYC5- T, 5V- ACP

5' CTACGATU I I TITTTTT 25 TTTTTTITV-3" 63 JYC5- Ti sVN- ACP
5' - CTGTGAAD FI-GTCTATTAGIGCATTCGZTTCATERIGAATEGE ACP 101
5' - GTCTACCAGGCATTCGCTTCATI | LI 1 CCCGAGGATC- 3!
GAAACAACTTTCTA-3’
51 EsxN3 5'-CGCCGCACCCCTGCCCGCA-3’
52 EsxC5 5'-GATGCATGGGACGAGGCA-3’
10 53  EsxN3-ACP  5’-GTCTACCAGGCATTCGCTTCATIIICGCCGC
ACCCCTGCCCGCA-3’

54 Oligo-dT,s S-TITTITTTITTITTTIT-3
55 EsxC2-ACP 5’-GCTTGACTACGATACTGTGCGAIMMGATGCA
TGGGACGAGGCACC-3-'
15 56 EsxC5-ACP 5'- GCTTGACTACGATACTGTGCGAIMIGATGCA

TGGGACGAGGCA-3'
57  OligoVdT,s-ACP 5'- GCTTGACTACGATACTGTGCGAIITTTTTT
TTTITTTTTV -3’
58  dNs-ACP 5-GCTTGACTACGATACTGTGCGAIIINNNNNN-3’
20 59 rGI-ACP 5'-GTCTACCAGGCATTCGCTTCATIMIGGH(G)d(GG)-3’
60 JYCS 5".CTGTGAATGCTGCGACTACGAT-3’
61 JYCS-T;ssACP  5’-CTGTGAATGCTGCGACTACGATIIOTTTTTT
TTTTTTTTT-3’
62 JYCS5-T;sV-ACP  5-CTGTGAATGCTGCGACTACGATHIITTTTTTT
25 TTTTTTTTV-3’

63 JYC5-T;sVN-ACP 5'-CTGTGAATGCTGCGACTACGATIIIOTTTTTT
TTITTTTTTVN-3'

64 ACP10! 5’-GTCTACCAGGCATTCGCTTCATIMMICCGGAGGATC-3’
65 ACP109 5'-GTCTACCAGGCATTCGCTTCATINIICTGCAGGACG-3’

30 66 ACP116 5'-GTCTACCAGGCATTC GCT.TCATIIIIICGGAGCATCCJ ’
67 ELAMINI 5'-TTGCACACTGTTGATTCTAA-3'

68 ELAMIC! 5'-TTATTGATGGTCTCTACACA-3’



65 ACP 109 5' - GTCTACCAGGCATTCCCTTCATI 1111 CTGCAGGACG 3" 30 66 ACPl116

5' - GTCTACCAGGCATTCGCTTCATI | I 1 | CGGAGCATCC- 3" 67 ELAM NI

5' - TTGCACACTGITGATTCTAA-3' 68 ELAM 1 C 1 5' - TTATTGATGGTCTCTACACA- 3' 28
February 2006 114 TABLE 1-continued 69 ELANI1 N2 5 - CCACTGAGICCAACATTC 3
70 ELAM C2 5' - CTGAAACACTTCCCACAC-3' 71 P53NI 5' - CCTCTGACTGCTCTTITTCAC-3' 5
72 P53Cl 5' - ATTGAAGTCTCATGGAAGCC- 3' ZL/?L P53N2 5' TGCTTEEERRAENPEY - 3¢ 74
P53C2 5' - GCAGTGCTAGGAAAGAGG- 3' 75 ELAME N

5' - GTCTACCRABILAT-takrinE@ATI | | | | TTGCACACTGT TGATTCTAA— 3" 10 76 ELA: MLC1- ACP

5' - TCACAGAAGTATGOCAAGCGAI | 111" | TATTGATGGT CTCTACACA-3' 77 ELAM N2- ACP
5' - GTCTA GGCAﬁ-éé@H?oATl PI-FEACRehGAESFAACATREATTC- 3' 78 ELAM C2- ACP

5' - TCACA GTAT ﬁ% CAC- 3' 79 P53N1- ACP
5' - GTCTA CATI F # %&C‘%‘%ﬁ TCAC- 3 80 P53C 1-ACP
5' -TCACAGMGTATWAGCGA. | 3" 1QCTAET A&CAAGCC- 3" 20 81 PS3N2- ACP

5' - GTCTACCAGGCATTCGCTTCATI | |11 TGCTTGOCACA  GGICTC-3' 82 P53C2- ACP
5' - TCAGAGARGTATESHAAGCGAI |5 1ATEEASKISTAAT Gk @233 83 JYC2-HD 1 5

B

74 P53C2 5'-GCAGTGCTAGGAAAGAGG-3’
75 ELAMINI-ACP 5’-GTCTACCAGGCATTCGCTTCATIIITTGCACACTGT
TGATTCTAA-3’

10 76 ELAMICI-ACP 5'-TCACAGAAGTATGCCAAGCGAIIUOTTATTGATGGT
CTCTACACA-¥’
77 ELAMIN2-ACP 5'-GTCTACCAGGCATTCGCTTCATIIMCCACTGAGTCC

AACATTC-3’ |
78 ELAMIC2-ACP 5'-TCACAGAAGTATGCCAAGCGAIIICTGAAACACTT
15 CCCACAC-3’
79 P53NI-ACP  5’-GTCTACCAGGCATTCGCTTCATIIICCTCTGACTGC
TCTTTTCAC-3’
80 PS3CI-ACP  5-TCACAGAAGTATGCCAAGCGANIIATTGAAGTCTC
ATGGAAGCC-3'
20 81 P53N2-ACP  5’-GTCTACCAGGCATTCGCTTCATIIITGCTTGCCACA
GGTCTC-3*
82 P53C2-ACP  5-TCACAGAAGTATGCCAAGCGAIIIGCAGTGCTAGG
AAAGAGG-3’
83 JYC2-HD1 5’-GCTTGACTACGATACTGTGCGAIIIGTNCRRGTGTG
25 GTT-3’
84 JYC2-HD2 5’-GCTTGACTACGATACTGTGCGAIMGTNCRRGTCTG
GTT-3’
85 JYC2-HD3 5’-GCTTGACTACGATACTGTGCGAIIIGTNCRRGTTTG
GTT-¥
30 86 PS3N 5'-CCTCTGACTGCTCTTTTCAC-3’
87 P53C-ACP 5'-TCACAGAAGTATGCCAAGCGAIIATTGAAGTCTC

ATGGAAGCC-3’



85 JYC2-HD3 5' - GCTTGACTACGATACTGIGCGAI | I'1 | GTNCRRGTTTG G T-3' 30 86 P53N
5' - CCTCTGACTGCTCTTTTCAC- 3" 87 P53C ACP

5' - TCACAGAAGTATGCCAAGCGAI | | | | ATTGAAGTCTC  ATGGAAGCC- 3' 28 February 2006
115 TABLE 1-conti nued 88 P53NLA- ACP 5'-

GTCTACCAGGCATTCGCTTCATI | | | | CCCCGCGTGG 3' 89 P53N1B- ACP 5
GTCTACCAGGCATTCGCTTCATI | | | | CCCCCCGTGG 3' 90 P53N2A- Acﬂ%Febfuafy 2006
GTCTACCAGGCATTCGCTTCATI | 11 | TCCCCGCGTG 1B 5 91 P53N2B- ACP 5' -

GTCTACCA TCATI I 1 | | TCCCCCCGTG-3' 92 P53N3A-ACP 5' -

GTCTACCAG'i FEATI 1111 CTCCCCEOGT-3' 93 P53N3B- ACP 5' -
GTCTACCAGEEATTCEGNIGAER | | § CECECREEREG ATTESCPTE NAAIISSRCGGEGTGGY
GTCTACCAGGCATTCGCTTCATI | 111 GCTCCCCGCG- 3' 95 P53N4B- ACP 5 -

GTCTACCAGEZATTCEINIBMTE MGETGTCTACCAGGCAGTOECPEGABIINGEACCGTGG-¥

ggﬁcm TT [ﬁTZ% N % :-%ébcﬁcgggﬁé&ﬁﬁ m{‘iﬁmwﬁme
-3" 99% SWP3C 5P53N2§Q€@%@ﬁmﬂtbtﬂm@@b€@ oFAGA -3' 15
100 SMFO3°A 5' - GICTACCAGGCATTCGCTTCATI | 111 GGTACAGEES- 3"~ 101 SMP03-B 5' -

GICT ACCAC@ZATTCIISNBGAHKH’ | | §’'SCTARCACCEGUCATTCEO2 TGASNIK TCCACGI@ ST GCTTGATGC=

-3' 103 S) 2 TTTAG -3' 20
104 SMD28? §53§%W{:%W@C 5 SMD28- B 5
- GTCTACCWATFWTW | | 51 GTEFACEREBBATICGCTBEA BRI T ceccGeG-3

AGAAAAACCAGAGECAGCTT -3' 107 SMB95C 5'
- TCACAGAAGT. ATCII;SGN@B@MZRI | § ACTRTABBEGAAATRCACREACTIINGCTOCCOGECENG95- A 5 -

g g @ Eg%ﬁ%@' ¥ mﬁgﬁgﬁré&%ﬁ%ﬁcmc-y

97 PS3N5B-ACP 5'- GTCTACCAGGCATTCGCTTCATIIIGCTCCCCC-3’

98 703N 5’ - ATTCTGATGGTGTGGATTGTG -3’
99 SM703C 5'-TCACAGAAGTATGCCAAGCGAIIMIACCCTGGAGTAG
ACGAAGA -3
15 100 SM703-A 5'- GTCTACCAGGCATTCGCTTCATIIIGGTACAGGGC-3*
101 SM703-B 5'- GTCTACCAGGCATTCGCTTCATIIIIGGTACCGGGC -3’
102 028N 5'- CCTTCTGTGCTTGATGCTTTT -3
103 SM028C 57-TCACAGAAGTATGCCAAGCGAIMMCAGGAAGGATGA
GCATTTAG -3/
20 104 SM028-A 5/- GTCTACCAGGCATTCGCTTCATIIITCCAAACCAA -3’
105 SM028-B 5- GTCTACCAGGCATTCGCTTCATIIITCCAACCCAA -3*
106 695N 5/ - AGAAAAACCAGAGGCAGCTT -3-
107 SM695C 5’ - TCACAGAAGTATGCCAAGCGAIMMAGCACAAACCAA

AGACACAGT -3’
25 108 SM695-A 5’ -GTCTACCAGGCATTCGCTTCATIOI CCATTITAGG -3¢
109 SMé695-B 5'-GTCT ACCAGGCA'I'I'CGCTTCATII]]I CCATTGTAGG -3’
110 679N 5’ CTAGCTGCAAGTGACATCT CT -3’
111 SM679C 5'-TCACAGAGTATCCAAGCGIIIITCAGTAAGAAG
CCAGGAGAG -3
30 112 SM679-A 5'- GTCTACCAGGCATTCGCTTCATIIMCCAGAACTTT -3/
113 SM679-B 5’ - GTCTACCAGGCATTCGCTTCATIMCCAGACCTTT -3
114 832N 5’ - TTTTGGGTGGAGGCTAACAT -3'



110 679N 5' - CTAGCTGCAAGIGACATCTCT -3' 111 SM679C 5' -
TCACAGAGTATCCAAGCG || I | TCAGTAAGAAG CCAGGAGAG -3' 30 112 SMB79-A 5' -

GTCTACCAGGCATTCGCTTCATI | | 11 CCAGAACTTT -3' 113 SM679-B 5' -
GTCTACCAGGCATTCGCTTCATI | I 11 CCAGACCTTT -3' 114 832N 5' -
TTTTGGGTGGAGGCTAACAT -3' 28 February 2006 116 TABLE 1-continued 115 SMB32C
5' - TCACAGAAGTATGCCAGCGAI | | | | AACGATGCAG ACACCACCA -3' 48 bBebgiassdf o -
GTCTACCAGGCATTCGCTTCATI I 11| GACTGGTAAALLE 5 117 SMB32-B 5' -

GTCTACCA ( ;;F@lel |11l GACTGATAAA -3' 118 880N 5' -

CTTCCACCAA I -3'" 119 SmB80C 5' -

TCACAGAAGTHFGCCASME3AA | | I5GCRIACACARST ARGACAGAGATHBAATZATEAGO- A 5' -
GTCTACCAGGCATTCGCTTCATI | | | | AAAGCCATAA -3' 10 121 SwmB80-B 5' -

GTCTACCAGGCATTCGCTTCATI 1111 AAA GA-35 = Gor CWAorT V=A G or

Cc
C 15 N= A G raTL,i | ' ' | | eqxyri bose 20
Taele > Oifie esﬁi‘?%"?‘y E‘p@@gﬁy‘%%ﬁ%%%%f@gﬁggggymgACP of the
Presents | nment i aMsIdBrens!-GTOTACCKIBAA FradomcoymOeEGTEATARRARY0SI N 2
(beta) Mouse 92% DEG 2 Novel Novel 25 DEG 3 %pot hetical protein (Tes
gene) Musd899%880NG 4 PHoldASEACCMTSETOITTITEEG3S Novel Novel

119 SMB880C 5’'-TCACAGAAGTATGCCAGCGAIIMIGCATACACACA
AGAGGCAGA -3
120 SM880-A  5’- GTCTACCAGGCATTCGCITCATIIMAAAGCCATAA -3*
10 121 SM880-B  5'- GTCTACCAGGCATTCGCTTCATIMIAAAGCTATAA -3’

S=GorC

W=AorT

V=AGorC
15 N=A,GC,orT

I is deoxyinosine

r is ribose

d is deoxyribose

20 TABLE 2
Differentially Expressed cDNA Fragments Cloned by the ACP of the Present Invention

Nomenclature Identity Homology
DEG ! Tropomyosin 2 (beta) Mouse 92%
DEG 2 Novel Novel

25 DEG3 Hypothetical protein (Tes gene) Mouse 99%
DEG 4 Protease-6 Mouse 92%
DEG 5 Novel Novel
DEG6 Cytochrome ¢ oxidase, subunit Vb Mouse 99%
DEG 7 Hydroxylacyl-Coenzyme A dehydrogense (Hadh) Mouse 98%

30 DEGS Troponin T2, cardiac (Tnnt2) Mouse 94%
DEG 9 RNA binding motif protein, X chromosome Mouse 96%
DEG 10 Peroxiredoxin 6 (Prdx6) Mouse 89%

DEG 11 11 days or 13 days embryo cDNA Mouse 98%




DEG 6 Cytochronme c oxidase, subunit Vb Mouse 99% DEG 7

Hydr oxyl acyl - Coenzynme A dehydr ogense (Hadh) Mouse 98% 30 DEG 8 Troponin T2,
cardiac (Tnnt2) Mouse 94% DEG 9 RNA binding notif protein, X chronosone
Mouse 96% DEG 10 Peroxiredoxin 6 (Prdx6) Muse 89% DEG 11 11 days or 13
days enbryo cDNA Mouse 98% 28 February 2006 117 References nonymous
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mul tiplex conpetitive PCR of HV-1 DNA in a single reaction tube.

Bi oTechni ques 21, 480- 484. Zou, S., Stanfield, C, Bridge, J. (1998)
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transcription-PCR and the heteroduplex mobility assay. J. Cin. Mcrobiol.
25 36, 1544-1548. 28 February 2006 123 What is claimed is: 1. An annealing
control prinmer for inproving anneali % specificity in ?ﬁj'(_:‘?bé‘faéy 4%y
anplification, which conprises: (a) B33 -end portion having a hybridizing
nucl eoti de sequence substantially conplenentary to a site on a tenplate
nucl ei C\ﬂﬁitgs RyRtidize therewith; (b) a 5 -end portion having a
pre-sel ecte trary nucl eoti de sequence; and (c) a regulator portion
posi ti ohed /’bletdmeehn&ia:pmrtﬁ prongt foor trmrmWdenwling Speafidityp or triuolniccmid)ri si ng
at | eas n ory .base. a wher eby
sai d re%rﬂ{’lgggtr]%ggv\rﬂ? ?’%ﬁh 5&%:@ 2&5 &'19&0 Alok egu i % brl&{z’%ﬂ‘é\%o{}ﬁe S"g%?‘f‘f on of
said pr su’mﬂantlarﬂyassph:mamtanynowstth oaraneraﬁlatngxud:le:maemab hyleridize. thdrbeitgbeal i ng

cont rol 5P cor l,ai,m 1 selected arbitrary
nucl eot i d“'ren ds"e“%?é‘néé‘“g sal d arbl nE %8 °c5‘ ¢ Sequ%'lfﬁs‘{)ngﬁf %TeIgS?IaWBP“BO“

conpl emmitamgd tbetwaery saidt B-ead postmndaxtdemnd 6t-end’lpﬁt|’ueh Ccoaptising it 1dhe nadineal i ng
control WL;rneli,aaccrorrlodl nmnarcg % l\/\/ner nbsalcﬁg1g lrr?)l ate nucleic acid is
gDNA, ¢ RNA A S HE Hne arse Ba &t Ie DA HERYBIT BPEPINSPHA%r ei n
sai d ngiAeglIlatm@MamEaMgng)hﬁmmf said prirher-in Sstsé(ﬁzndﬁdwml\dﬁneaﬁng tthperdfureal i ng
control primer according to claim1l, wherein said nucleic acid
anplification is perfornmed under a first and a second anneal i ng

t enper a2 urks. anealiif @osrul gainicn gewatiig @l clpim mpwmemo@radi fg-stlacted aibittady Wher ei n
said firs nneal i e rature. in said ei c Cld anplification is
aent | cBBE e of SRS - Hernnc B a1k GO EmpuRA Ay S orne
anneal i sad emplateaiucieiciacidr according to claim5, wherein said 3'-end portion
is involved in annealing at said first annealing tenperature and said
5'-end portion serves as a primng site at said second annealing

t enper aB.uMe afheallitpecortioleginmdd Gecpding @ clpifi Whe%iﬁ@d’xﬁilté'hg)lit@ nedi@t B2i@.is Wher ei n

said re t rt i's capable of restricting sa anneal i ng portion of
sai d pr?&LI2 q%N‘galﬁ'hgﬂend portion at said first 28 February 2006

4. The annealing control primer of claim 3, wherein said gDNA or ¢cDNA is single or double-
stranded DNA.

5. The annealing control primer according to claim 1, wherein said nucleic acid amplification

1s performed under a first and a second annealing temperatures.

6. The annealing control primer according to claim 5, wherein said first annealing temperature
in said nucleic acid amplification is identical to or lower than said second annealing

temperature.

7. The annealing control primer according to claim 5, wherein said 3’-end portion is involved
in annealing at said first annealing temperature and said 5’-end portion serves as a priming site

at said second annealing temperature.

8. The annealing control primer according to claim 5, wherein said regulator portion is capable

of restricting said annealing portion of said primer to said 3’-end portion at said first



124 anneal ing tenperature. 9. The annealing control priner according to
claimb5, wherein said first annealing tenperature is between about 30C and
68C. 10. The annealing control prinmer according to claimb5, wherein said
second annealing tenperature is between about 50C and 72C. 11. The
anneal ing control primer according to claim1, wherein %?&% ann |ng
control prinmer has a general formula of 5 -Xp-YQg-Z -3

represents said 5 -end portion having said pre-selected arbltrary

nucl eoti de sequence substantially noti2aonpl enentary to any site on the
tenpl ate nucleic acid; Yq represents said regulator portion conprising at
| east two universal bases or non-discrimnatory base anal ogs; Zr

r epr esentmesl@igderdper#id. porti on having a hybridi zi ng nucl eoti de sequence
substantially conplenmentary to a site on the tenplate nucleic acid to
hybridize therewi th; wherein p, g and r represent the nunber of

nucl eot i deshe ﬂﬂdalm%@titﬁil Briffer abcérifg 4o ¢18inCS WhEFeiPD@ UGS ERhdHR Q:'Enperamre

ri bonucleotide. 12. The annealing control primer according % laim11,
wher ei n $deivegnakout 305€ 2pd6¥Cor non- di scrimi natory base analog i s capable
of form ng base-pairs with each of the natural DNA/RNA bases with little
discrinlnatlon bet ween sai d natural DNA/ RNA bases. 13. The anneal i ng
control PYi nee aeeadingqetreloprémeri secardingviieetlaiim 5.s whereinnsaide serahd Bamesling non-
di scrim p Q&Mupggg“ggﬁgg& oq:§&£ﬁgged fromthe group consisting of

deoxyi nosi |n05|ne - eaza eoxyi nosi ne, 2-aza-2'-deoxyi nosine,

2' - Ok i nosi ne, -F inosine, deoxy 3- nitropyrrole 3- nitropyrrole 2' - Owe
3-nit |
‘1 bof L?Q’AL%M@F el PABYCEEuBe o ST 8% Bmipe sormbpEmen e

5- ni t r oi hadal geperd formuba ofi’ {X,,quH?:iél ,ayhedreme represérity sahieﬁmd'pdmm h&ving said

4-nitrob 4-am n n dazol e oben2|n1 azol e,
deoxy negulzsgp%t%agrg'fgty R:BXﬁle Trine, B gRs é"tm“?‘l Pt %%rh%’ﬁ‘hg@é o, SHRA

i nt r oi ndenplatePiN&leedmid; 8 naprpseﬁtslAsandnmgulater pdriibh donfiprising lae ﬂbfastrmdamnlefsal
PNA- 3- nlgase rrol e, i no-5-nitr.oi ndol e ol i.no-n | ari ne,

. hol eb
nor phol i AG-T (r)srllorr%éhscﬂgl}rﬁﬁo i035° nalggs; brgﬂrff’emsdéafi)pﬁ'end portion- having &
nor phol i W@‘ngt’*“dwf‘kGb@e"@mhmﬂm@aﬂm@w tor 0$itechn| the template nucleic

phosphor har at e- dat

Febr uar y?crgogoa%%f@?g E@nvg?%ggﬁ) %{H pﬁ?éesﬁ"gﬁgm Pg (gslgucf?@éns’r S e,

2' - O net whetgia X\l andﬂosdmyn@noclecmdt hooﬂ;patnﬂgdtxdnebul arine, 2'-0 nethoxyet hyl
5-nitroindole, 2'-0O nmethoxyethyl 4-nitro- benzim dazole, 2'-0O nethoxyethyl

3-nitropyrrol e, and conbi nati ons thereof.
12. The annealing control primer according to claim 11, wherein said universal base or non-

discriminatory base analog is capable of forming base-pairs with each of the natural DNA/RNA
bases with little discrimination between said natural DNA/RNA bases.

13. The annealing control primer according to claim 11, wherein said universal base or non-
discriminatory base analog is selected from the group consisting of deoxyinosine, inosine, 7-
“deaza-2’-deoxyinosine, 2-aza-2’-deoxyinosine, 2'-OMe inosine, 2-F inosine, deoxy 3-
nitropyrrole, 3-nitropyrrole, 2'-OMe 3-nitropyrrole, 2'-F 3-nitropyrrole, 1-(2’-deoxy-beta-D-
ribofuranosyl)-3-nitropyrrole, deoxy S-nitroindole, S-nitroindole, 2'-OMe S-nitroindole, 2'-F 5-
nitroindole, deoxy 4-nitrobenzimidazole, 4-nitrobenzimidazole, deoxy 4-aminobenzimidazole,
4-aminobenzimidazole, deoxy nebularine, 2'-F nebularine, 2'-F 4-nitrobenzimidazole, PNA-5-
introindole, PNA-nebularine, PNA-inosine, PNA-4-nitrobenzimidazole, PNA-3-nitropyrrole,
morpholino-5-nitroindole,  morpholino-nebularine,  morpholino-inosine,  morpholino-4-
nitrobenzimidazole, morpholino-3-nitropyrrole, phosphoramidate-5-nitroindole,

phosphoramidate-nebularine, phosphoramidate-inosine, phosphoramidate-4-



14. The annealing control prinmer according to claim 11, wherein said

uni versal base or non- discrimnatory base anal og i s deoxyi nosi ne,

1-(2' -deoxy-beta-D-ribofuranosyl)-3-nitropyrrole or 5-nitroindole. 15. The
anneal ing control primer according to claim 11, wherein said regul ator
portion conprises contiguous nucl eoti des having univer base. or
non-di scri m natory base anal og. 16. The anneal i ng contr%ﬁ*%?%ﬁ@%ﬁgccording
to claim 11, wherein said deoxyribonucleotide is naturally occurring dNWP,
nodi fi ed nucl eotide and non-natural nugleotide. 17. The annealing control
prinmer according to claim1l, wherein p represents an integer of 15 to 60.
18. The annealing control primer according to claim11l, wherein q is at

| east 3. ; re ealyl ol _pri acgor di laim 11, erein q
a1 eRubRpet el e el n bRl VA Biiba AT

wher ei n enethopyashyd ningbudarinent 2'demetbéxyethylt o3:-bitroidlole Th2!-0ametbarlyiethgl cénitrool

primer a o] I o £l a \ in,r.represents an i.nteger of 6 to 50.
22. The g%%ead%%ée’ goﬁ%‘%@%&? %@ﬁg&%}ed%a‘ga‘%tm (;%m(? '%Illsr%ﬁeﬂcff' wherein p is an
integer of 15 to 60, g is an integer of 2 to 15 and r is an integer of 6
to 30. 2 gl | cont rol imer according to.claimi1l, wherein XP
conpri s e?'a%lﬁ ?@é?@% éog%?li p?r'e i< gg&ﬁdénrgctg .CI%qgeBbﬂgp ?algd’@gersi%sﬁ 9r NOfiRe
anneal i ngiscriminatoty ase mealogaodzoxlyimgink 01 -2’ aleonyltieta-Diribo Rirdhoxd)-3 -Aidopdesie a
sequence of ..sequences recogni zed by a restriction endonucl ease or
restriction endonicl eases. 25. The anneal ing control priner according to
claim1l, wherein XP conprises at |east one nucleotide with a |abel for
detectioqsor %sokg%ion. %q. The anngal%nqwﬁonhfol Ftiner acgording to claim
it Ot PRHRSTEERAERE L0 ST CH > Ry 52id Fegyjator, portion

11, wherein Zr 1's A RUe!
pol yadenoempréses qntigudus hildotidds havingrinhibersaP Base dhsonadisteiatinatgy 6aeafddg, pri mer
according to claim26, wherein Zr conprises at |east 10 contiguous
deoxyt hym di ne nucl eoti des. 28. The annealing control primer according to
cl ai m 26.16.WiTh¢ anrealifig contig) priges acbrdingas tlakh) 11,00Kkrdig s08 eskoa¥oHublsiddi in e

nucl eoti des havi ng. 3' - t its.3' -end; in which Vis gne selected fromthe
gr oup coﬂ%tf“?p?' ﬂ@c@?g&&%@msﬁfsgm eotife g nepagral Buclsn 8?Jeoxyguanosi ne. 29.
The annealing control primer according to claim26, wherein Zr conprises at

least 10 17. The annealing control primer according to claim 11, wherein p represents an integer of 15

to 60.
18. The annealing control primer according to claim 11, wherein q is at least 3.
19. The annealing control primer according to claim 11, wherein q is at least 4.

20. The annealing control primer according to claim 11, wherein q represents an integer of 2
tol5.

21. The annealing control primer according to claim 11, wherein r represents an integer of 6 to
50.

22. The annealing control primer according to claim 11, wherein p is an integer of 15 to 60, q

is an integer of 2 to 15 and r is an integer of 6 to 30.

23. The annealing control primer according to claim 11, wherein X, comprises a universal

primer sequence.



conti guous deoxythym di ne nucl eotides having 3'-NV at its 3 -end; in which
Vis one selected fromthe group consisting of deoxyadenosi ne,
deoxycyti di ne and deoxyguanosine, and Nis one selected fromthe group
consi sting of deoxyadenosi ne, deoxythym di ne, deoxycyti di ne and
deoxyguanosi ne. 30. The annealing control priner accord'ggk&65§4d%%n1ll,
wherein Zr is a nucl eotide sequence 3gbstantially conplenentary to a
target sequence in the tenplate nucl € acid. 31. The anneal i ng control
primer according to claim1l, wherein Z, is a random nucl eoti de sequence.
32. The gnnealing control primer according to ¢claim21l, wherein Zr is a
nucl eot i g% %E‘?]?J‘H‘%%‘g‘g cOpER PEEF AF9oYAIRE iR e AhereinoXainglydesehieguense Qlience
found i NsuéRBGredapiizbd/by 2RstHEUneadohudiese or festfiction endbtficieaveeal i ng control
primer according to claim1l, wherein Zr is a degenerate nucl eotide
sequence selected froma plurality of conbinations of nucl eotides encoding
a predet 85 MrReahneRAHInREl Hink? AERERe to3aim! PE VHRRGAK], REMHRBY h0lkasP bhdTET
accordi ng to_cla]n1f1, wherein Z, conprises at |east one ribonucleotide.
35. The Byfielfe Wigh & lshelden defsetionear igdadiondi ng to clai m 11, wherein Zr
conprises at |east one nucleotide conplenentary to allelic site. 36. The
anneal i ng control primer according to claim1l, wherein Zr conprises at

| east onéd. Thesaraealme sortrad primgeaccerdingttaclaim 1huvhessie Zaisi adnucleptidaseavsarresi s.

37. A ki TNy ] Dl t according to any one of
cl ai ns 1?5%9%1.(@%1% tk%‘ﬁol%géﬁ f%ﬂ){‘{o)q?rgﬂiam g?,ﬁ'\/\,her ein the kit further
conprises a prinmer or a prinmer pair having a nucl eotide sequence
correspog4li o of.L.d [, Chea i iqrer
accordi ngﬂt gﬂ %tﬁ&%ﬁﬁegd %@ugfgﬁpr% %E%gﬂggéﬁih Cr?gt E’g oirl'gkg%%ﬂg{‘s%lt rllegalptgldgﬁcl eic
aci d seqgeentigeous denxythymidivegwclgotidest ur e of nucleic acids, wherein said

met hod conprises performng an anplification reaction using priners,
characterized in that at | east one priner has the same structure as the
pri mer of8.afdye ennealyfg cantrai premer- REordm@ to Thm 26t Wbereimc othiprisgstad leabtalOm 39,
wher ei n I IS oY . ifieatl i ch
conpri segﬁtlggﬁgtg%}bfﬁgﬁgg é&ge?@getsfﬁ éi{lg g gon%ﬁtlg? :Elg?ﬁ’ ?‘gﬁ’l"lé@ Vs:gsi dgggglgﬁ%gl]c acid
sequencefram the greypensisiing Af daegyaderasiner depxcatidinhndidspryguanesipeast two cycl es
of prinmer annealing, prinmer extending and

29. The annealing control primer according to claim 26, wherein Z, comprises at least 10
contiguous deoxythymidine nucleotides having 3’-NV at its 3’-end; in which V is one selected
from the group consisting of deoxyadenosine, deoxycytidine and deoxyguanosine, and N is one
selected from the group consisting of deoxyadenosine, deoxythymidine, deoxycytidine and

deoxyguanosine.

30. The annealing control primer according to claim 11, wherein Z, is a nucleotide sequence

substantially complementary to a target sequence in the template nucleic acid.

31. The annealing control primer according to claim 11, wherein Z, is a random nucleotide

sequence.

32. The annealing control primer according to claim 11, wherein Z, is a nucleotide sequence

substantially complementary to a consensus sequence found in a gene family.



denaturing, using the prinmer pair of any one of clainms 1-25 each having at
its 3 end portion a hybridizing sequence substantially conplenentary to a
regi on of said nucleic acid sequence to hybridize therew th, under
conditions in which each primer anneals to said region of said nucleic
aci d sequence, whereby the anplification product of saig nucleig acid
sequence i s generated; and 28 February 2006 128 (b) pe ?5?%?%& Qpé
second-stage anplification of said anplification product generated from
step (a) at a second annealing tenperi@7ure, which is high stringent

condi tiops, .conpri.sin t .1 east one cycle of priner annealing, primer

ext endi ngia %Eﬁ%‘f‘ﬁ F?w?vwgfr@cqrﬁgg Lofkam Y, ?”H&F’é‘ y %&éﬁ“eﬁﬁe g‘ﬂcé%t‘fl"a) or a
primer pedquerzactiea@Ppomsi fligrakity pf @ombingdng @f atdiédtidey dhcodiHE b §Rédedeminesiuence
correspondin%.to each 5 -end portion of said primers used in step (a),
under coRBIPPSASEIE Ghi ch each primer anneals to the 3'- and 5' -ends of
said anplification product, respectively, whereby said anplification
product | -ampljfied. 41, A nethod for selectively anplifying a target
nucl ei c éﬂzl é-ﬁg Q%Q%CWFM’H“WC%‘?‘“&m frigt L evhsreim de FRTRIIsaT 2tdl6ast Whker ei n
sai d net Apshuclestide! Ses perform ng an anplification reaction using priners,
characterized in that at |east one priner has the sane structure as the
prinmer of any one of clainms 1-25. 42. The nmethod according to claim41l,
wher ei n 3qi ¢hérahdiahgl GonB6Y fritherBigcoidhg® Edh $1,a0RreiR PPbdrhirsed 1ABR: othi Ch
conprises: (a) performng a first-stage anplification of said target

nucl ei ¢ Bisl@tdeepmplrerentsry 19 aflelicsite. anneal i ng tenperature conprising at | east
two cycles of priner annealing, prinmer extending and denaturing, using the
primer pair_of any one of clainms 1-25 each having at its 3 end portion a
hybri di z8hgTheamnsaling conBek ringr Arsapding tflaime hi. ayheraim Zacompgisematdtast aned

target nychftch nddlkdlide r@neenlRic i thith#Saehfidy €W th, under conditions in
whi ch each prinmer anneals to its target hucl eoti de sequence, whereby the
anplification product of said target nucleotide sequence is generated; and
(b) performig c@m?%ﬁ%rlﬁié SirAG Or AE Bk &%E&ngfto Iofle 8 Bhilkh Gt | on product
generated from step (a) at a second anneal i g ténperature, which is high
stringent conditions, conprising at |east one cycle of prinmer annealing,
prinmer exd enkd 190acdtding @8 athi 37) Sshelétl tHOKit ARhEA T Rprilds! dBiinter 37 a PR pdir Step
(a) or a primer pair each conprising a pre-selected arbitrary nucleotide
sequencehVHBr RIS spabence SeTFFsBonding o sid 157 6P portiam of s3id PWP%"&MHOH n step
(a), ungiaherGediidihd @8y bik ditlaihs £8¢h prinmer anneals to the 3'- and 5'-ends
of said anplification

39. A method for amplifying a nucleic acid sequence from a DNA or a mixture of nucleic -
acids, wherein said method comprises performing an amplification reaction using primers,

characterized in that at least one primer has the same structure as the primer of any one of

claims 1-25.

40. The method according to claim 39, wherein said method is performed using two stage

amplifications, which comprises:
(a) performing a first-stage amplification of said nucleic acid sequence at a first annealing
temperature comprising at least two cycles of primer annealing, primer extending and
denaturing, using the primer pair of any one of claims 1-25 each having at its 3’end portion
a hybridizing sequence substantially complementary to a region of said nucleic acid
sequence to hybridize therewith, under conditions in which each primer anneals to said
region of said nucleic acid sequence, whereby the amplification product of said nucleic

acid sequence is generated; and



product, respectively, whereby said anplification product is re-anplified.
43. A nethod for selectively anplifying a target nucleic acid sequence from
an nRNA, wherein said nethod conprises reverse transcribing said nRNA and
performng an anplification reaction using priners, characterized in that
at | east one prinmer has the sanme 28 February 2006 129 structure as the
primer of any one of clainms 1-25. 44. The nethod accor difAgerye¥Ra9%n 43,
wherein said nethod is performed using two stage anplifications, which
conprises: (a) contacting said nmRNA wogh an oligonucl eotide dT primer which
is hybridized to polyA tail of said nmRNA under conditions sufficient for

t enpl at e dr {b) ererfonpipga secend-glagpamnlibiesion|of said amplifiostien preducs gensrardciiam  ( b)
reverse tra b b ' ' i [ I e L: r

hybri di zes {}(g)ﬂ"%?ﬂoﬂ%?:%ﬁaﬂ?éugrﬁs[%t i MR i nidh |Sgﬂg%*ﬁn6?r§£n%%§a%§pﬁ%’£€gl d
MRNA t 0 whi @Heashiprg cyslei of cminer ernepling, difmen extending yabd iddiateing, (sing thersioe ni ng a
first-stage ifi W) sali : . |l el ¢ .ac] fir sai d
firot ona P any edl iEhe o) £ phftbhi BHE! Eobufh 3 BETRRHEF Bl 8 C
conpri si ng micldotidessequanpmcariesponding to gach feendaportenl df najd ppmerseisedintsepda)ng and
denat uri ng, | he. pri.ner |k Of ,0f .Gl ai 1-25 each .havi ng at
its 3'end p%drﬁt%% é(‘)b?ildglgﬁsy@rﬁ%ﬁzﬁaﬁgﬁi%%ﬁg?\%gxo g‘lr}gjs't %1855 i al Sy“é%’ﬁrﬁ“@ﬁﬁ?ﬁl%’} y to a
regi on of sprioduct,aespedtivelycwigireby agid dmpkfipagorcmodust isybamplifred. t her ewi t h, under
conditions in which each primer anneals to its target nucl eoti de sequence,
whereby the anplification product of said target nucl eoti de sequence is
gener at ed}. andethdd foreseleotivalygmplifgng antdrget agpleia agd iséquendei fiom af DNAI ¢ a
anplificatj .ge ted. from, ste c) .at .a seco nneal |.n

t enper at ﬁlﬁ’leu?]@v(\)kg %‘gﬁé{‘? ém%l’ g" ﬁgrénrsf"ﬁi J&h °dc°8rr1118'|q?e|g 8 %rsf(,’mé% 1"@%5310&“%@%& one
cycl e of upng prémers,ich@radtenvgd irpthatnat leastxine pdmmghaaniet Geeatructurags thegiringr bhe sane
primers Qéyo%%%fjclians tRp (c) or a primer pair each conprising a pre-selected
arbitrary” nucl eéotide sequence corresponding to each 5 -end portion of said
primers used in step (c), under conditions in which each primer anneals to

the 3' - d.5' -ends of sai | i,ficati.on. prqodyct, respectively, whereby
o 0 amplt ¢ TR TRORR sRceitink t SR ALitror syd Piellod 3t pediRRe Sk Sud ol ng Dlua
conpl eneamplificatiensovifleeampriset | y expressed mRNA in two or nore nucleic acid
sanpl es, whekej i nod . ' verse transcribing said and
e Tor i ng. - bElflg SRR CMMALIGS of S8 rf 808 i ibaife ALY, 1ot

at | east onenneglimgrtempemsire kempasieg st rieast twe cyslet lod primeresnnedlingnprimee  of

clainms 1- 25éxtending and denaturing, using the primer pair of any one of claims 1-25 each having at

its 3’end portion a hybridizing sequence substantially complementary to a region of said
target nucleic acid sequence to hybridize therewith, under conditions in which each primer
anneals to its target nucleotide sequence, whereby the amplification product of said target
nucleotide sequence is generated; and

(b) performing a second-stage amplification of said amplification product generated from
step (a) at a second annealing temperature, which is high stringent conditions, comprising
at least one cycle of primer annealing, primer extending and denaturing, using the same
primers as used in step (a) or a primer pair each comprising a pre-selected arbitrary
nucleotide sequence corresponding to each 5°-end portion of said primers used in step (a),
under conditions in which each primer anneals to the 3’- and 5’-ends of said amplification

product, respectively, whereby said amplification product is re-amplified.

43. A method for selectively amplifying a target nucleic acid sequence from an mRNA,
wherein said method comprises reverse transcribing said mRNA and performing an

amplification reaction using primers, characterized in that at least one primer has the same



46. The net hod according to claim45, wherein said nethod is perforned
using two stage anplifications, which conprises: 28 February 2006 130 (a)
providing a first sanple of nucleic acids representing a first popul ation
of MRNA transcripts and a second sanple of nucleic acids representing a
second popul ation of nRNA transcripts; (b) separately contactln each of
said first nucleic acid sanple and said second nucleic EFH”%&ﬁg}e wth a
first primer of any one of clainms 1-29, in which the 3'-end portion of

said first primer conprises a hybridiizong nucl eoti de sequence substantially
complenentary to a first site in said differentially expressed nRNA to
hybri di ze therewith, under conditions sufficient for tenplate driven
enzymat i smetanexys thoprithes lo€ary one oflclsiynatltpssi s to  occur; (c) reverse
transcribing said differentially expressed nRNA to which said first priner
hybridi zes to produce a first population of first cDNA strands that are
conpl enend.amye infethod akébréihf teElai 43 Wherdi R4i€ Sieefdd TRPGdrihed Abitlg ftivé Shagdruc! ei c
acid sanple . to which said first prinmer hybridizes, and a second popul ati on
of first 2BPRgKaLMSwRieh ¢omprisesi ¢ conpl enentary to said differentially

expr essed nﬁ)lAcbdiaoﬁﬂg dala SRIOVA vvmphrebﬁgcﬁ.guebtﬁerm* Fih& mbﬁ:lfs mgdr@lzeé f[tJ st g
sal I rs an

primer hybridi zes; (% urlfbe% and quanti each of

second popuP@¥forRl offsaid pRN. r %PQ‘WSS“W%S“‘% o tegpiate grivenf przymatg age
anplificati ggbxgﬁb&@gacgé,dgﬁm@ufsw&gmand second popul ation of first DNA
strands obtained fromstep (d) at a first annealing tenperature conprising

at | east offd 'EYEIdrapteripig st mEAY LR Whieh sajshaliganuclortiderdthi pigneshybrifiasataur i ng,
using a secgiducePh i fife DMA 3R¥ndOfBt ¥ cohAbMEntdy 2R SAY IIENAL 1ol WhicR &
portion a hybr|d|2|ng sequence substantially conplenentary to a second
site in sai Bigpdecidndl pemeybpdipes ations of first cDNA strands, under
condi tions (d? wfoﬁhm§§' filst %%Afaﬂ?ﬁﬁdaﬂ&{ oPRNEAl Rt hiRk1edPheid %ﬁ%g frglnt &id N _each
popul ation of said frrst c rands erebzﬁflrst and 'second popul ati ons
of second E&DKRNé strapgiebtained m@m&bw a firgt pnpealingempergiure composing yileage

anpl i ficati g, Qfles8fpHmeaRRdli ng?c‘ﬂjm gﬁ@&&%ﬁqn%rugl ﬂ%lpa?l?%:%galr g 2

second anneal i g tenperature, Which stringe
conpri si ng 24t e tCiRS ’C%/scleé%!‘ BT"“?ﬂr |*‘Fné‘|s %ﬁ?fb@PT“ﬁg dwbmdizing se@ufdteng and

denat uri ng, subsiamlly REmpleMEntar ité 5treg@d?xct;f%ﬁaQé}getnxhblgeraad%éqdéﬁé’eﬂlo'h?bﬁ&:f‘eos (b)

and (e), respectjvely, or a prinper pair eac
therewith, undeér conditions'in which each primer anneals to its target nucleotide sequence,

whereby the amplification product of said target nucleotide sequence is generated; and

(d) performing a second-stage amplification of said amplification product generated from
step (c) at a second annealing temperature, which is high stringent conditions, comprising
at least one cycle of primer annealing, primer extending and denaturing, using the same
primers as used in step (c) or a primer pair each comprising a pre-selected arbitrary
nucleotide sequence corresponding to each 5’-end portion of said primers used in step (c),
under conditions in which each primer anneals to the 3’- and 5’-ends of said amplification

product, respectively, whereby said amplification product is re-amplified.

45. A method for detecting DNA complementary to differentially expressed mRNA in two or
more nucleic acid samples, wherein said method comprises reverse transcribing said mRNA
and performing an amplification reaction using primers, characterized in that at least one

primer has the same structure as the primer of any one of claims 1-25.

46. The method according to claim 45, wherein said method is performed using two stage

amplifications, which comprises:



conprising a pre-selected arbitrary nucl eoti de sequence corresponding to
each 5 -end portion of said first and second prinmers used in steps (b) and
(e), respectively, under conditions in which each prinmer anneals to the
3'- and 5' -end sequences of each second 28 February 2006 131 cDNA strand,
respectively, whereby anplification products of said secgnd cDNA rands
are generated, and (g) conparing the presence or |evel &P FERHEY2E
anplification products in said first second populatlons of
anplification products obtained fromstep (f). 47. A nethod for rapidly
amplifying a target cDNA fragment conprising a cDNA region corresponding
to the 3'-efd peyyiding ffirdsamplsief nipleiceicids sepresenting o first popildtion ©f meRNA s
transcribin on tion using

pr i mor s, charagtils MY &8thd Rt Bt HEIAR sBEEkipkes bt AL BAE BURRAE TE e
as the prlnmﬁub$namWHMﬂe of clalns 1-25. 48. The net hod accordlng to claim

47, mherein aol-NE ing two. . sta fIC qas, whi ch
conpri ses: %égfey?&dﬁﬂéﬁﬁs o S?ﬁ fJ%S%fnluff‘::’lg £ a5, Sﬁ’é‘ﬁ‘%o"f‘ggﬁﬁ 58??8 ?:Fal ns
1-29, in whlac:lu séthple Shthe:rﬁtst m'ondrloﬁm)odinesxilctiuml -B%rin &Kh[ththSR’Serﬂ postioaiodi zi ng
nucl eoti de stanti I nt ar A tails of said
nRNAs to hy %arel8 ??S?@?T ré:lrge\RAnfeh a%&'{a%d zm%rd chf F& oﬁ’?g“é(‘g‘iﬁ“f’?%’r‘éﬂ%' cqraplem ate
dr iven eBzyltratal firstl sitex y |shmdnm&b1enmllacc)¢res;eﬂt RBIAS mtsd; @ymnmlte& Ithe(d:.ﬁtgx{) eﬁﬁ 3 Ece .
ranscribing_ s irs |
popul ati on g?n tS"iEW gol’r %{négtet‘ﬁ'af" PR h‘f’é‘?{?’ct i ymip to
whi ch said o&mrst prlner hybri di zes; (c) perfornlng a flrst st age
anplificati of sai st C. st rapds_at t an erature
e LIl h F R el ) g
enaturin s & e st poptilaton st tha®bare ¢ t
3'-end po?tlo ecific br|d|z anIe i de se 2 ce,
subst anti al '} gg%%ﬁ%nf’g’fvsﬁdd“%ﬁ j ipgaid “S?Ré’c el5raciLsagplg 'r°qf’ ‘@'DF\%!@ 8t ands to
hybri di ze t pamevhybhidizespaet a oot fdpolagon afmhlc@rmsataddmmwd cwéﬁt@nneal S
to a gene-s ecHI sitg on onedof rst str$n s,1 eﬁe & gene-
specific seloff UBRANWIY FXpresse é‘lﬁ@g ygieicyaaiq sampletp whichsaidhy- st age
anpl|f|cat|ﬁmtmmnsaWUﬁ@ane speC|f|c second cDNA strand generated f&on1step
c) at a se nd neal i.n ich.s hi itions
f:orrpr i si ng g‘ﬁ g Ang qga%ﬁggg i ?te%mﬂa ﬂ’éiaﬁef‘ﬂ’& °B %EQ{E% r?ﬁ?%g and

denat uri ng, smds)g the sanme first and second priners as used in steps (a)
and (c),

(e) performing a first-stage amplification of each of said first and second population of
first DNA strands obtained from step (d) at a first annealing temperature comprising at
least one cycle of primer annealing, primer extending and denaturing, using a second
primer of any one of claims 1-25 having at its 3’end portion a hybridizing sequence
substantially complementary to a second site in said first and second populations of first
¢DNA strands, under conditions in which said second primer anneals to said second site in
each population of said first cDNA strands, whereby first and second populations of
second cDNA strands are generated;

(f) performing a second-stage amplification of each second cDNA strand generated from
step (€) at a second annealing temperature, which is high stringent conditions, comprising
at least two cycles of primer annealing, primer extending and denaturing, using the same
first and second primers as used in steps (b) and (e), respectively, or a primer pair each
comprising a pre-selected arbitrary nucleotide sequence corresponding to each 5’-end
portion of said first and second primers used in steps (b) and (e), respectively, under

conditions in which each primer anneals to the 3’- and 5’-end sequences of each second



respectively, or a primer pair each conprising a pre-selected arbitrary
nucl eoti de sequence corresponding to each 5 -end portion of said first and
second priners used in steps (a) and 28 February 2006 132 (c),
respectively, under conditions in which each primer anneals to the 3" - and
5'-end sequences of a gene-specific second cDNA strand, respectively,
whereby an anplification product of a gene-specific cDﬁRFSE’BaﬁEW
generated. 49. A nethod for rapidly anplifying a target cDNA fragnent
conprising a cDNA region correspondimg to the 5 -end region of an nRNA,
wherein said hod corrori.sFS &ever se . transcrj bi ng sai d nRNA and

per f or mi ng zﬂj@ﬁrﬁﬁ“fii TEEFGIETYy HRTEPATRIC RPN Produets OF saidy sacard ePNAghands n ¢ hat
at | east onearggdnemtedfwrd t he same structure as the prinmer of any one of
clains 1-25. 50. The net hod acc?r ding to claim49, wherein said nethod is
performed usPh§OPRRINg hEResesEAr| ‘?"Fh"a‘gi“?ﬂ‘l‘g‘,‘al wrphficatiomprofuctsin spid)firstend act i ng
MRNAs Wi t h ascdali pgguldifohestanafichlioR bloliRdts dbiaifcd T Y (TEr as a CDNA

synt hesis prinmer under conditions sufficient for tenplate driven enzynmatic
deoxyri bonucl ei ¢ acid synthesis to occur, in which said cDNA synthesis
primer canprA $Rshodafol YapidiF bmbing UC ' sml(rjﬁ HRA! Xoi
conplenentary to a reé#gdrgpg%blggmwgmﬁebri |§g€t{%§§\%ﬂtﬁﬁ?ﬁf‘b§¥g‘%verse
transcri SPFEFPRding torAS -eod regipnaofy any aRAVA.t Whaneje rshidt method comprkses keveme d ¢ DNA
synt hesi sraiNcHbRE sd1d HRINA b Brmi : Welp g trands
that are conpl %rrent ary %@Sps?ai d ‘Wgﬁﬁ?ﬁ@g‘? %&Wégﬁcbﬁg@%@” mer
hybri di zd%thatghlsagiepe prrpuiag theisame et s the@smar of agp arg eftcdaims {23, permitting
cytosine residues to be tailed at the 3' -ends of said first cDNA strands in
the formof said nMRNA-cDNA internediates by the term nal transferase

react i on48f Thednethadeaceording do icloin 4&; whetgin seid taathadnig petfermey tusing two tstagt s at

the 3' - enpplifdatiSRl @hich EehprEENA strands generated from step (c) with an

ol i gonucl eoti de whi ch conprises a 3'-end portion and a 5'-end portion

separ at ed by@)acptasting BRNAysiwidrashist isinse obanyrane ofi¢leionsi Il ért whigh tessé-eahal og,
wher ei n t he 3rtione rik LSes - i.ne sidues at
its 3'-end tpgmﬁnb?ﬁjéﬁgeﬁ%ﬂ?hgﬁﬁéf?y#gﬁﬁd&]e ?i’lmf]ggt@? %H‘Z&gg-sél%s 081 sai d
first cDNA §P‘i"‘a')f‘/iﬂ'§“%rﬁd° PR A5 tails 9f s3id MRNAS ©dnpridise therewithy endse faditiogs

arbi trary nygffigieht foteplRiARTE enPAfI d@&&ﬂb&iu@lgﬁ Ca%/i'ta ggmhééﬂ to 3%%{;32 g)nd portion

of said olilgonucleotlde is hybridized to sal Ine tal

ext endi ng t kY feyFISe franpenling)said MR sfo which saidfiust primes habridizes de peadutesa an
addi ti onal population of first cDNA strands that are complementary to said mRNAs to which said
- first primer hybridizes;

(c) performing a first-stage amplification of said first cDNA strands at a first annealing
temperature comprising at least one cycle of primer annealing, primer extending and
denaturing, using a second primer of any one of claims 1-25 having at its 3’-end portion a
gene-specific hybridizing nucleotide sequence substantially complementary to a site in one
of said first cDNA strands to hybridize therewith, under conditions in which said second
primer anneals to a gene-specific site on one of said first cDNA strands, whereby a gene-
specific second cDNA strand is generated; and
(d) performing a second-stage amplification of said gene-specific second cDNA strand
generated from step (c) at a second annealing temperature, which is high stringent
conditions, comprising at least two cycles of primer annealing, primer extending and
denaturing, using the same first and second primers as used in steps (a) and (c),
respectively, or a primer pair each comprising a pre-selected arbitrary nucleotide sequence

corresponding to each 5’-end portion of said first and second primers used in steps (a) and



sequence conplenmentary to said oligonucl eotide using reverse transcriptase,
in which said 28 February 2006 133 oligonucleotide serves as a tenplate in
t he extension reaction, whereby full-length first cDNA strands are
extended; (f) performng a first-stage anplification of said full-length
first cDNA strands obtained fromstep (e) at a first a lin

tenperature, which conprises the steps of. (i) at IeastggﬁgmﬁﬁgggpQﬁ primer
anneal i ng, priner extending and denaturing using a first primer conprising
a nucl eoti de sequence substantially cmzl enmentary to the 3'- end sequences
of said fuII-IengtP ﬂirst CDNA strands under conditions in which said

first prinmefOaRREpEely.Jndefeconditions mewhich gagh primer|anneslsgionthe 3-sand Tirgnd

strands, wheequbices bfd genkSp@trit s5@HARDNAIMNANGS réPEASeIG PrI@RShADficdibh) at
| east one c¥cl e of. prinmer annealing, prinmer extending and denaturing using

a second pPlfHft obp BEffsPEfiRC SHNA sEandds genemgteflaying at its 3'-end portion a
gene-specific hybridizing sequence substantially conplenentary to a region
on one of said full- |ength second cDNA strands to hybridize therew th,
under cofdi H’r‘i’gm_fj oy aaplHying @ctanset efPN Afregmenicemprisivgaa ofdNA-rsgieri f i C
site on edespindfdl fd the!lstedPRGIR SCHOBBRNADNhereih s %ethd S8 efreverse
gene-speci fic cDNA strand is generated; and (g) performng a second-stage
anpl i f i cHEMSERPIRE sahmBNGeand psyieraing an armilificationaerstien using praweon dhasstekd ng

t enper at {#tBat ay¥ehst Bnd Srinr Gk Bé §dn§lgﬁ'ﬂémﬁqggk:ﬁyhﬂxg§%f aﬁ? BRI dr3la}ds fibs | east two
cycles of prinmer annealing, primer extendl ng an enat uring, uUsing the sane
first and second prinmers as used in steps (f)-(i) and (f)-(ii),

respecti y@! Yne HettRdRcédiBihg RRLILin® 38 \heb @RAiH $ i goce
correspondi n etg each 5'-%nd pbrtfon 0 HE%P%*?%F?fggﬁﬁﬁgéégﬁ §£§5?ﬁ%rs as
used in ¥PRIHEaliqns. whish eomprises) - (i i), respectively, under conditions in which

each pri nmer (3nasksnd ARNAS with : 1enc £ [ 2 1,fic cDNA
st rand, reg%ectjveﬁi, mhere%jmgﬂggﬁgFﬁgﬁggfPgﬁaﬁggaﬁgwﬂg%ﬁg%§§%§§gbecific
CDNA st r andsynéhesige PEfmSE egnder 1 comitians hsufficisnt afepl itémyplatg riperp U tredymeatic of

ful I -1 engt hadryBbsuatit aaﬁ%t&%‘%%ccgg@ﬁg?FWNég {s pﬁm"é‘?ﬁcérﬁ;gﬁessa' d

met hod conprises reverse transcribi ‘ perform
anpl i fi cat i ®RAYR ARG WRleptidesgausngeprbsiantipliygomplementapiojamegioreaf aamRNASL  one
priner has hjRidsRMRrewithuct ure as the prinmer of any one of clainms 1-25. 52.

The nmethod according to_claim51, wherein said nmethod conprises: 28
February 20 reverse transcribing said mRNAs, using a reverse transcriptase, to which said cDNA

synthesis primer hybridizes to produce a population of first cDNA strands that are
complementary to said mRNAs to which said cDNA synthesis primer hybridizes, whereby
mRNA-cDNA intermediates are generated;

(c) permitting cytosine residues to be tailed at the 3’-ends of said first cDNA strands in
the form of said mRNA-cDNA intermediates by the terminal transferase reaction of
reverse transcriptase;

(d) contacting the cytosine tails at the 3’-ends of said first cDNA strands generated from
step () with an oligonucleotide which comprises a 3’-end portion and a 5’-end portion
separated by a group of universal base or non-discriminatory base analog, wherein the 3’-
end portion comprises at least three guanine residues at its 3’-end to hybridize with said
cytosine tails at the 3’-ends of said first cDNA stfands and the 5’-end portion comprises a
pre-selected arbitrary nucleotide sequence, under conditions in which said 3-end portion of
said oligonucleotide is hybridized to said cytosine tails;

(e) extending the tailed 3’-ends of said first cDNA strands to generate an additional

sequence complementary to said oligonucleotide using reverse transcriptase, in which said



134 (a) contacting said mRNAs with a first prinmer of any one of clains
1-29, in which the 3' - end portion of said first prinmer has a hybridizing
nucl eoti de sequence substantially conplenmentary to poly Atails of said
NMRNAs to hybridize therewith, under conditions sufficient for tenplate
driven enzymatic deoxyribonucleic acid synthesis to occg%' &ﬂ% LEVEr se
transcribing said nmRNAs, using a reverse transcriptase, ge ¥ROL5i d first
primer hybridizes to produce said population of first cDNA strands that are
conplenmentary to said nRNAs to which gaid priner hybridizes, whereby

MRNA- cDNA i nternedi ates are generated; (c) permtting cytosine residues to
be tailed at the 3'-ends of said first cDNA strands in the formof said
MRNA- CDNA i tigsriveldotiiessrvey ad Beenifdteimte ekieAdis] RaARA, WRAEHY RM-1&{gth HiRVET se
transcrlptasg (%I))? ontacting the cytosine tails at the 3'-ends of said
first cDNA SPM4N "{feaﬁ"e?"é"t"& sfrom step (c) with an oligonucl eotide which
conprises a(f§ pefofmig atfirettstadd dmplifcari66F RN full M gthSERAN £ drdi¥s gpt%&ilp of
uni versal base or non-di scrimnatory base anal og, wherein the 3" - end
portion comprrsep (g} atp s anneplingdemgpeaginrgavhighqompasesghe staps o' - end t o
hybri di ze W t h(i$ adt GeastCote @§1 ! i i \eflatfuidfeSdsi
strands and tht(a§5' -end pg?tfggb?gﬁ?@gaggagprﬁﬁg@g@xg%@gdeg?ﬁrﬁasrm
nucl eoti de seqllEhBREMeT GRHBFisig A @neleatide sqauensp substantially complethentanytto the ¥ sai d
ol i gonucl eot i dgnd &qhehbés &tiszia Fuii- I st QNS | kS, ) ext ' t he
tailed 3'-ends _of gai d fi rstqglmg'gtf?gnd_s t%ﬂg%stn‘g{rdglts%ongﬁ%%sg i‘ﬁ[}%{n%
sequence conpl 8k ATmeRanerls ko e 3(-i eadh ok saib fulldengtls firsty cPNestrardst wherslayr i pt ase,
in which said MLiGRNCORINDNIE sERLYES odirafedl €MPI ate in the extension
reaction, whereby full-length first %DNA strands are extended; and (f)
perforning an @htileastceneicyele of Pemercanhealing,| Reimst kxténding andetatwringasihg a

gener ated 17 Oreadr@brinief b &A70e o? Ll 24 AR &t 10 30%H %o%i&f a BnettBlcific
anneal i ng, priner extending and denaturing, - using a primer palP each
conpri sing a nysridiging sequsees ahetentielly cemplometitary t¢ @ regien oarmpe fof rsaitl fulbr i ner
and ol i gonucl j j t ) e ively..or.a primer
pair each coer#géélﬂg?eﬁgﬁda&?]ﬁglégg?‘?c}gmztgg%ntgge}g%@g rugg%é:ﬁgﬁﬁ%nstl vé‘éc@hsa -end
portion of saiHPEMERNRHEE to gracERecHiSHile Prons efsaidSelitlengthstaopé cDMA and
(d), respecti v@hyds, WRE&y aGRdigetiBRSDNA smdciﬂgé?@ﬁned; i mer anneals to the
3'- and 5'-end sequences of said full-length first c st rands,
respectivel (8 REEITEIAE atptondsiage ponlifinateruef sidietespecific dBNA stiNA astar ands

conpl ement agetond fneAing teHPARurd vhidEE ‘ﬁfgﬂtsﬁﬁlnger@ goﬁﬁ%k‘,acmﬁpggggfs at least two

cycles of primer annealing, primer extending and denaturing, using the same first and

second primers as used in steps (f)-(i) and (f)-(ii), respectively, or a primer pair each
comprising a nucleotide sequence corresponding to each 5’-end portion of said first and
second primers as used in steps (f)-(i) and (f)-(ii), respectively, under conditions in which
each primer anneals to the 3’- and 5’-end sequences of a gene-specific cDNA strand,
respectively, whereby an amplification product of a gene-specific ¢cDNA strand is

generated.

51. A method for amplifying a population of full-length double-stranded cDNAs
complementary to mRNAs, wherein said method comprises reverse transcribing said mRNA
and performing an amplification reaction using primers, characterized in that at least one

primer has the same structure as the primer of any one of claims 1-25.

52. The method according to claim 51, wherein said method comprises:



135 53. A nmethod for anplifying 5 -enriched doubl e-stranded cDNAs
conplenentary to nRNAs, wherein said nethod conprises conprising reverse
transcri bing said mRNAs and performng an anplification reaction using
primers, characterized in that at |east one primer has the same structure
as the priner of any one of clains 1-25. 54. The nethodﬁgﬁégrdi?%mto claim
53, wherein said nethod conprises: ( contacting said Uy a first
primer of any one of clains 1-25 unde 4conditions sufficient for tenpl ate
driven enzymati c deoxyri bonucleic acid synthesis to occur, wherein the
3'-end port%ﬁn of said first prinmer has at |east six random nucl eotide

sequences: (3)copRFyngsaid ﬁ%‘%gb & iest ppmer of pny pnecqfaims b-29.ip ahighyshe 3'-

5" -enrichededd pértios INAaR FRNPEmRF Bas @XhyBRERMAE Atleohi® QLR %uBRantially
anplification Qf said 5 -enriched first cDNA strands generated from step

(b) conpri sPFHEP'EGTCNANER Pelgt Ejle b said mRYAsnierhyhidiemhierey ithpunder conditicandi ng
and  denat Ugiffidlent féritétfplate BiveREhzfdic d6 béraliele!afid ntiesii|G |o€c‘3¥;' de sequence
corresponding to each 5 -end portion of said prinmer and ol 1gonucl eotide
used in steffd ex§rsefapsembing sqid MRNAS, waing a rayeser transriptase, dn svhiich sefd fist each
primer anneghsed QybhBzes Shuee - &R g?@‘ NGHS ' =l first
cDNA strandg+ ?ésgectfvef)3ﬂmhe$eby_éﬁ%ﬁl jcggigﬁi %?ggug¥gﬁgfh§p?g%riched
cDNA st r andeompiemeniane foasaeimRYZ\s to\whishiseid pirioner Ayhidizes;i whgraby mRNAaBNane
target nuclﬁghgggmaggyggﬁgmﬁinultaneously using nore than one pair of
primers in the sane reaction, wherein said nethod conprises perfornming an
anpl i fi cati G ReEaktingsytasioe mesidyey techestailedtat thecy’ endszafchaidrfirsthedN Astrindaist  one
primer has fhensa%% ﬁt&ﬂﬁ y ﬁ& ' f 0 f.clainms 1:25. 56.
The net hod accgrdingéto C %ﬁ%ﬁ%@ﬁn& eﬂg%%mgéyg ﬁ@@ﬁ%&ﬁﬁéggé? %?ﬁ%ﬁoﬁsing
two stage EENPPE FaneaiPiaskis, which conprises: (a) performing a first-stage
anplificati @y QhabfieGhd QRMIRNGIL RS RUCIRAGIHS ¢ %ﬂ\“&{g‘ﬁ& ?e'[ner%tedfﬁ!ognSt o
anneal i ng tenperature conprising at |least two cycles of prrier annealing,
primer ext#erl(chyvithran digpricleptideywhigk cemgprisaea 3i-emdporper arsl 26 -emiypartian of
clainms 1-25] [ ' " ti _-gﬁP. h, pri nmer. pai as a
hybri di zi ngseh%gﬁé@%f?%&ég&ﬁrgﬁéggal 28 esok gﬁf ?‘a ;}94‘8’3’3’% eerréfr?g’a‘m ?l?)h?r}r'egi on of
sai d t ar get SROFtiNCCOmPrisEs Sk lad iree gpning residiiey at ilsg3’ et ) hybyid2@ G6th shR6
therew th, ynsifle t5RAEIHeI30BRs0P sdfP D ' g ' nneals to
its target nucfeotide sequgnpg, dﬁz$§§§QFﬁ§sgﬁ%ﬁF?rﬁﬁfégﬁﬁbﬁﬁ‘ﬁ%%? of

tar get nuclEet¢lededsasbitrany aueleotide sequence, under conditions in which said 3-end portion of

said oligonucleotide is hybridized to said cytosine tails;

(¢) extending the tailed 3’-ends of said first cDNA strands to generate an additional
sequence complementary to said oligonucleotide using reverse transcriptase, in which said
oligonucleotide serves as a template in the extension reaction, whereby full-length first
cDNA strands are extended; and

(f) performing an amplification of said full-length first cDNA strands generated from step
(e) comprising at least two cycles of primer annealing, primer extending and denaturing,
using a primer pair each comprising a nucleotide sequence corresponding to the same first
primer and oligonucleotide as used in steps (a) and (d), respectively, or a primer pair each
comprising a nucleotide sequence corresponding to each 5’-end portion of said first primer
and oligonucleotide used in steps (a) and (d), respectively, under conditions in which each
primer anneals to the 3’- and 5’-end sequences of said full-length first cDNA strands,

respectively, whereby amplification products of full-length cDNA strands complementary
to said mRNAs are generated.



are generated; and (b) perform ng a second-stage anplification of said
anplification products generated from step (a) at a second anneal i ng
tenperature, which is high stringent conditions, conprising at |east one
cycle of priner annealing, prinmer extending and denaturing, using the sane
prinmer pairs as used in step (a) or primer pairs each c sin
pre-selected arbitrary nucleotide sequence correspondi %81%?%”3%(%33% -end
portion of said prinmer pairs used in step (a), under conditions in which
each of each prinmer pair anneals to ti8 3'- and 5 -end sequences of said
anplification products generated fromstep (a), respectively, whereby said
anplification products are re-anplified in the sanme reaction. 57. A nethod
for prodédi Agmethdd\br implifeing5i-airichéd ddubl;strafded @DNAS 2bSipRBERNAE 16 HRNAS €S
perform g an a ation reaction usin acterized in that
at | east Wgﬁrgmpsra? n‘g?tg?ldcg‘)m‘i"ﬁ‘és CRRLsoe f‘?)’&sﬁgréﬁ)sﬁggggﬁéa‘ﬁfm S Y1 RERPTRR of
clai ms 1le5mplifitatidheadtivh ueilg primerspihagiclefized| inithik 2t/leasVBRY Srirfer 3@t thetBhbiod i s
performed u WO . St a Ilcha1 ons, which conprises: (a) performng
a first- §‘F§§“é %ﬁ%‘f?’f’f‘?é’??‘@'ﬂ°“§f°f§%‘i“?§ fingerprint, which is a set of

di screte DNA segnents characteristic of genone, from said gDNA at a first
anneal i n ure conpri.sing | east two cycles of primer annealing,
pri mer g‘f ﬁ(ﬁﬁﬁﬂo}rﬁcmﬁﬁﬁ Mg wﬁ??’ﬂéa‘f’ Fethed ForBRTISES: t he primer pair of
any one of ¢d)ajofifactingd@id MIICASivith 8 &t prilér dTRhy BtSof@laithd 523 undeP CorARiohd ON an
arbitrary nucleoti de sequence substantially conplenentary to sites on said

gDNA to hybft Fisys forjem °tdﬁ"°'1ﬁﬁ‘6€'f‘at{9(9ﬁﬁﬁ3?‘l’°6‘ﬁ§1cicrfclﬂﬁb'%thcms‘aPﬂc%rwmn or said

primer pair thnnesd ﬁorﬁ&l Sfahid f@bﬁneﬂ’ﬁ?ﬁﬁb&ét siRtatldérR huddotidd &ﬁﬁéﬂ:@s DNA
segnents characterized as a ngerégrlnt i s produced; and (b) perforning

a second- st SYePEIPPTRE thet5Ps r(lb)c(F) %fﬁladfn t Wharehy| %ﬁﬁ‘é‘tbéd BretcBNdnsirands are
generated feqeadegep (a) at a second anneal ing tenperature, which is high
stringent agnd i ons, conprising at |east one cycle of priner annealing,

primer exte OIS aﬂeﬁ‘fﬁ’t“ﬁﬂtﬁ@ of 58l Rerrirbed; firfk CPNAngiandsr eoperated fropwi r as

used in stepep qb) bmprisiig Meleafdtwd EYcleSEdf prﬂﬁérraxﬁ@eﬁl{ﬂ CBHBE:’ é*tgtg.‘lll‘% Qe eoti de
Sequence Corresgondl n to each 5'-end portion of Sal primnmer primnmer

pair used i ficP@EPS(UTE A RTHRST PRI Sarh SOBmESing, a\M‘fF‘E‘I’f’%éF‘dj‘em‘ﬁ ‘??EFSR%d‘E&Em of 28

Febr uary 20edh ﬂ.?cﬁdsyiﬂrﬁbnpbf REE Rihdr MANSlAHoRudICild @isedl in @Qgs Qa)‘ equences
of said set of crete segnent s generated from step

respecti vel VSP"\%H %b‘f}’dg cepaitions dT‘ Whieh CarhePIRGL angiggjsrdpiithe |3g‘ %"Ld armpnd fi ed.

sequences of said 5’-enriched first cDNA strands, respectively, whereby amplification

products of 5’-enriched cDNA strands are generated.

55. A method for amplifying more than one target nucleotide sequence simultaneously using
more than one pair of primers in the same reaction, wherein said method comprises performing
an amplification reaction using primers, characterized in that at least one primer has the same

structure as the primer of any one of claims 1-25.

56. The method according to claim 55, wherein said method is performed using two stage
amplifications, which comprises:
(a) performing a first-stage amplification of more than one target nucleotide sequence at a
first annealing temperature comprising at least two cycles of primer annealing, primer
extending and denaturing, using the primer pairs of any one of claims 1-25 in which its
3’end portion each of each primer pair has a hybridizing nucleotide sequence substantially

complementary to a region of said target nucleic acid sequence to hybridize



59. A nethod for producing a RNA fingerprint of an nRNA sanple, wherein
said nethod conprises reverse transcribing and perform ng an anplification
reaction using priners, characterized in that at |east one prinmer has the
same structure as the priner of any one of «clainms 1-25. 60. The nethod
according to claim39, wherein said nmethod is perforned t age
anplifications, which conprises: (a) contacting said nRI%K% grgar&\(g&\)/ast h a
first primer of any one of clainms 1-29, in which said first prinmer has a
hybri di zi ng nucl eoti de sequence substldatially conplenmentary to poly A
tails of said nRNA sanple to hybridize therewith, under conditions
sufficient for tenplate driven enzymatic deoxyribonucleic acid synthesis
to occur; (eravétheusder tooadisersi i wigjcls @adh ofRbdid saa‘maf @air0 antehls tosias drdet r st

pri mer hybr| di,z roduc 0 on_of o strands that are
Dol ermons aPgrids sfeften RaE R SRELAHRE pSduditsOF ferdel N ShER epeteta soe.
(c) perfor Mategererited; ahd St age anplification of said population of first cDNA
st rands rat d from st afl st, anneal i ng tenperature

Somort o noC 05 RuRing R ad: ot hotnh Sl B rion SIS SURAAY and
denat uri ng, stp ()Gt Ascacmbdntledding Mariperaturg) il is Righ ktringént 36NAiUAS, dinpfising NS

1-25, wherein each ggbong has at ts 3' -end nﬁortlgr}gan arbitrar

nucl eoti de BE§ELARS RO &1“?':9 %Hﬂ?‘@’?@ﬁ? PRI ISIREGTE STPE st cDNA

strands to phmarpzms:ae uﬁdaahewpt(hp ortpmbe:f pﬁﬂ'ldich lcOmprising AVpieGBlestad drbtfaryrer or
primer pair 8Is to said ng ereby a_ set of .discrete cDNA
segnent s chav aﬂ ??%8?1’0%0’55?8%‘“31‘9??@ Pp?f}drnort}og S R Paifs ysed 4y step

perform ng ga)sesden CorditRge i Which fehéhabfl €4oh himReApSlr aftealfto dhéS T1-&in@ SCLINA
segnents generated_ fromste %U% secon annealin era%ure whi ch

i s high strSRYENEs oCBitiFPRiiate ﬂ%ﬂssaeﬂaa'a@ PELEEP Ghd s\yetr lyn #herePYrer
anneal i ng, pdid mllmﬁ@rﬁbm@tsafuie-aﬂxgnﬂédmltm:gamelsaaa@nt he sane priner or
prinmer pair as used in step (c) or a prinmer or primer pair each conpr|5|ng

a nucl eoti de sequence corresponding to each 5 -end portion of said priner

or prinmes7.pal meths® dorl frodilcRg A DNA ﬁﬂg@%nﬁeﬂngAOWEexhﬁ ¥ BBth6d@ kmpHisesrer or
each of said priner pair anneals to the 3 and 5' -end sequences of said

set of dPSEFBINE 28 ERRFEUPREPUSE Y 200 > SB R gHEN Yy Sl R LBUPTPOS t ep

(c), respreihyahiurediakieimes af shyoaé ofdflaifh 305et e cDNA segnents is
re-anplified. 61. A nethod for identifying conserved honol ogy segnents in a
mul tigene famly from an

58. The method according to claim 57, wherein said method is performed using two stage

amplifications, which comprises:
(a) performing a first-stage amplification of said DNA fingerprint, which is a set of
discrete DNA segments characteristic of genome, from said gDNA at a first annealing
temperature comprising at least two cycles of primer annealing, primer extending and
denaturing, using the primer or the primer pair of any one of claims 1-25, wherein each
primer has at its 3’-end portion an arbitrary nucleotide sequence substantially
complementary to sites on said gDNA to hybridize therewith, under conditions in which
said primer or said primer pair anneals to said gDNA, whereby said set of discrete DNA
segments characterized as a DNA fingerprint is produced; and
(b) performing a second-stage amplification of said set of discrete DNA segments
generated from step (a) at a second annealing temperature, which is high stringent
conditions, comprising at least one cycle of primer annealing, primer extending and
denaturing, using the same primer or primer pair as used in step (a) or a primer or a primer
pair each comprising a nucleotide seqlience corresponding to each 5’-end portion of said

primer or primer pair used in step (a), under conditions in which said primer or each of



nMRNA sanpl e, wherein said nethod conprises reverse transcribing and
performng an anplification reaction using prinmers, characterized in that
at | east one prinmer has the sane structure as the priner of any one of
clainms 1-25. 62. The nethod according to claim®6l, wherein said nmethod is

performed using two stage anplifications, which conpri X tacting
said nRNA sanple with a first prinmer of any one of clai§§%fm%§&2p%9mhlch

said first prinmer has a hybridi zing nucl eoti de sequence substantially
conplenmentary to poly Atails of saild7nRNA sanple to hybridize therewth,

under conditi.ons _suff.icient driven e onuclelc
aci d synt he$f's PPBh Bﬁ'ﬁflme(’lﬁ)m?}éev% gg)tsr 5?1%&?‘1?3]%590@&2{%&%:&&9 ﬁ%bﬁo whi ch
said first pegnitat feyibaiedi Z@n step (a)r fedptetvely, PRIt s2d sof of idissitetec DNA St r ands
that are coq%%fnentar aisald NMRNA sanple to which said first priner

hybri di zes; SEEFB&FE a first-stage anplification of said popul ation
of first cDNA strands generated fromstep (b) at a first annealing

tenperature co ing at | east one cycle of rimer_annealin pri me
ext endi n3§ g‘@?éf Grirorycing @i KA fingerpdpicrfni Aoﬁﬁma}?ywaﬁémoﬁm% Bfheds 1- 25

havi ng atonhgrises3 r@Rfe PRnbdrdihgd akt PerfsHning @n SAGPHECS NS HASTANLdiR Iphimers,

conplenentary to a consensus sequence or a degenerate sequence encodi ng
am no acF}Hmcéé'a‘iﬁeWc‘Ba‘d‘F e3So 1S SENRFE o iR B ricsyfrah theohyimesj of apy Pag of DNA
strands @gindMbss di ze therewi th, under conditions in which said second
prinmer anneals to said consensus sequence or degenerate sequence of first
cDNA strands, whereby 3'-end cDNA segnents having said consensus sequence

or degengg. afffe sRMHIBRESrERE (BRI 89, Whierdi daid etidAlil Perfdriid %snﬁ?@»%‘@ta age
anpllflcatlon of said 3'-end cDNA segnents generated fromstep (c) at a

second aPfRRHICRYRPSt WHEETOMPLSS: whi ch i s hi gh stringent conditions,

conprising g éoﬁaéﬁng:]m rﬁmqk%ﬁnaéwwarmgtpameeaun%m BF diffRks 1% eReliiet and
denaturing, "usin e same first and second priners as used in steps (a)

and (c) or aaubrfm@rm}sams e Ayhridiziegpycleotide) seguence |substantiallys eqmupiqmpeatary to
corr espondi ayt@taﬂ@shsaﬁimmﬁga&5klt9m mdlz%ath&e\m %Ldeﬁegndlﬁﬁ&mm@ﬁt'faﬁrs used

in steps (a c), respectively, under conditions In which each 28
Febr uary ZOEYG‘P"’I% "ﬁf‘F'F@F“a%\ﬁ?f'é’é}'réb"f’ff"t‘ﬁéc‘%symhﬁﬂﬂt°5’°°‘€nd sequences of said

3' -end cDNA( egmfktesﬁansd‘r@ aaid MRNW sadpd RPWhitdl sdid3firse PAmEORsbRidiLes tdr0mol ogy
cDNA segnensé are anplifi 63. The nethod accordi ng F clgﬁﬁ|61 wherein

sai d met hodPiodusseRopklaAgERn qmr-ﬁ §DONAostrandglat a%ErFﬁF‘PFP’E’éF?Wdﬂ gaid RNAsamplfor i ses:

to which said first primer hybridizes;

(c) performing a first-stage amplification of said population of first cDNA strands
generated from step (b) at a first annealing temperature comprising at least one cycle of
primer annealing, primer extending and denaturing, using a second primer or primer pair
of any one of claims 1-25, wherein each primer has at its 3’-end portion an arbitrary
nucleotide sequence substantially complementary to sites on said first cDNA strands to
hybridize therewith, under conditions in which said primer or primer pair anneals to said
mRNA sample, whereby a set of discrete cDNA segments characterized as a RNA
fingerprint is produced; and

(d) performing a second stage amplification of said set of discrete cDNA segments
generated from step (c) at a second annealing temperature which is high stringent
conditions, comprising at least one cycle of primer annealing, primer extending and
denaturing, using the same primer or primer pair as used in step (c) or a primer or primer
pair each comprising a nucleotide sequence corresponding to each 5’-end portion of said
primer or primer pair used in step (c), under conditions in which said primer or each of

said primer pair anneals to the 3’- and 5’-end sequences of said set of discrete cDNA



(a) performng steps of (a)-(e) of claimb52, whereby full-length cDNA

strands are generated; (b) performng a first-stage anplification of said
full-length first cDNA strands obtained fromstep (a) at a first annealing
tenperature, which conprises the steps of: (i) at |east one cycle of priner

anneal i ng, primer extending and denaturing using a fir§k§%&hgﬁéo&9nprising

a nucl eoti de sequence substantially conplenentary to th sequences
of said full-length first cDNA strands under conditions in which said
first primer anneals to the 3'- ends 168 said full-length first cDNA
strands, whereby full-length second cDNA strands are generated; and (ii)

at |l east one cycle of prinmer annealing, prinmer extending and denaturing
using a seedpEnprgerEttedf frounstepn@), Okspettdielys wherby haMi &g oIt didckéie 3DRII
portion a hgbridizin% EFqgence substantially conplenentary to a consensus
sequence or “HFBYEEPIPE S equence encodi ng amino aci d sequence of a
conserved honol ogy segnent on said full-length second cDNA strands to

hybridi ze therewith, .under conditions in which said second priner anneals
to said g‘on?‘e‘ﬁ% %‘} @édéjfé‘ﬂg'é“go‘f‘mﬁéb“@ 98y SeHPRECIB pmultigene. famdy dfom &econd
CDNA st raRMRA sihsle.ciertin- Qi nidNG SRAGPIBE! Fevbidd/ ItRBschiBing £RANS&ILEMMg SFJUENCE
or degenerate sequence are generated; and (c) performng a secong st age
anpl i fi cHPRHigatn wagtign jising pgmersyahasesiamized i Bah#rlsisbqne prwes Bascpe same at a
second agiReakd 4Ghd BIRE 0AdHY Re WhdISRs125hi gh stringent conditions,
conprising at |east two cycles of prinmer annealing, primer extending and
denaturing, using the sane first and second priners as used in steps

(b) - (1) &NdThOhmefol JaccorBRPRLEIANEL Y, - wiRFein SailkrelBE i0pérforRed NsifP WY §@p19 a
nucl eoti de sequence corresponding to each 5 -end portion of said first and
second pPMmRiHicationsevhichrogpEpss: (b)- (i) and (b)-(ii), respectively, under
condi tions () ddhiabithg@aianIOVA REhp12OMNE 2 fst PAmEDSE ay on@Bfk1ams $19, Asignces of
said 5 -end _cDNA segnents, respectively, whereby said 5 -end conserved
homol ogy cDRid §ist PERES hasas Bybridiang m@&fpnéasenwa swbstantidly compiengataryatonet hod
for Jaentif yino GANGELIEHRNA aARMo AAFERA ierd il uildh LhARRRS betfilibat bt O

gDNA, wherein said method conprises performng an anplification reaction
usi ng pri mefFEPACHYFD eRRXmRYCEFox ibopugleisicid YREESIHROCHH mer has t he same

structure ag)t RéveRE ivaRécriBing 38 MRRAOfampfed & WhicH sdid- fir®Oprimi&tenybRERE 0

according to ¢laim64, wherein said nethod is perforned u5|ng two stage
produce a population of first cDNA strands that are complementary to said A sample

to which said first primer hybridizes;

(¢) performing a first-stage amplification of said population of first cDNA strands
generated from step (b) at a first annealing temperature comprising at least one cycle of
primer annealing, primer extending and denaturing, using a second primer of any one of
claims 1-25 having at its 3’end portion a hybridizing sequence substantially
complementary to a consensus sequence or a degenerate sequence encoding amino acid
sequence of a conserved homology segment on said first cDNA strands to hybridize
therewith, under conditions in which said second primer anneals to said consensus
sequence or degenerate sequence of first cDNA strands, whereby 3’-end cDNA segments
having said consensus sequence or degenerate sequence are generated; and

(d) performing a second stage amplification of said 3’-end cDNA segments generated
from step (c) at a second annealing temperature which is high stringent conditions,
comprising at least two cycles of primer annealing, primer extending and denaturing,
using the same first and second primers as used in steps (a) and (c) or a primer pair each
comprising a nucleotide sequence corresponding to each 5’-end portion of said first and

second primers used in steps (a) and (c), respectively, under conditions in which each



anplifications, which conprises: (a) performng a first-stage anplification
of said conserved honol ogy segnents fromsaid ¢gDNA at a first annealing
tenperature conprising at |east two cycles of primer annealing, priner
extendi ng and denaturing, using the prinmer or the primer pair of any one of
claims 1-25, wherein each primer has at its 3'end portuggegug%g%bg|2|ng
sequence substantially conplenentary to a consensus sequence or a
degenerat e sequence encodi ng am no acid sequence of a conserved honol ogy
segnent on said gDNA to hybridize thé3®w th, under conditions in which
said prinmer or said primer pair anneals to said consensus sequence or
degener at e sequence of gDNA, whereby genom c DNA segnents having said
consensus piifidredRalorto dehgelterand €5’ sad uequacar of gaidel adndd¢DINAd sdghents,
perform ng a second-stage applification of K sai enonm ¢ DNA s nts
enerat ed” FRNERa s HEESY st b <ot LR S RE e SO BEPT PE Am R | 5 hi gh
stringent conditions, conprising at |east one cycle of prinmer annealing,
primer extendi ng and depaturing, using. the s _priper or priner pair as
used in %t ephq mfthed aceo 'i'%ﬂé’rc'ﬂ% @Wﬁ%ﬁ‘r saﬁjgw&ggéﬁpergeﬂﬁﬁf P%'?%B"“as cl eoti de
Sequenc eanghiticffoRs) WhidhGolprigdch 5' -end portion of said primer or priner
pair used in step (a), under conditions_in which_said priner or each of
said primer(@ paf"gm'ﬁ‘ﬁ‘ﬁe%l‘f’@ plo(apffa of claimy, 3¢, whezeby ulldengt sONGY swasdyy afenoni ¢
DNA segnment gngigre@y ated fromstep (a), respectively, whereby said conserved
honol ogy genomi c_ segnents are anplified. 66. A nethod for identifying a
nucl eot i de PArReHPI¥RE P Airst-stegs yaplificatianent said fylllengih firgt icPN&, stepnds Qhta

conpri ses pﬁ&rf)@fe?'(d)gt SfirsBdiRbdlihg feipe@tird, QAkchicompriseh thg siepd 6T s, characteri zed
in that at |east one priner has the sane structure as the priner of any
one of claims (- 2tleagspne gyele ofrinesy anrealing PHFet exiding Ang slenafirinedisitegai d

met hod i s perfQiRined ShRfidingoa MicRBfde RFRhEd dubRhntRANP complembnta9 PiHeses: . (a)
performng a first-stage anplification to produce a first DNA strand

conpl enentary g smsmaro%]sggéél-lemﬁbeclé%IﬁoFﬂmﬁsg@tierrfeeqhew@ ig Yhirhi s udi ng
sai d nucl eoti dgWah&lahRRidh Re 31 efds ANBRNINMGheth! SEPATNA Wirnds ORREERY Ng at

| east one cycle of prinmer annealing, priner exFendlng and denaturing,

using a first i s5Fond FPNArapds 4 gsperetedavd having at its 3' -end portion
a hybri di zi ngjip a0 1a8Gae Sy bgtirhed ahyeahiRiPHABE Bltéidihgt M d Aeiit@ngalsigtaed
sequence at a first site. of said tarqet nucl ei ¢ acid to. hybridjze

therew th, wh&FOné PEEEHOLENYaePlilaims Tia5i haging ghdfs 3cerd Poptignst hyndizing, npr i ses
an interrogat isgfuefRS hlbs@itial9" dofipRAediaRdtd @ SoRbdhsitlsdqBaick A8 a degenerate

sequence encoding amino acid sequence of a conserved homology segment on said
full-length second cDNA strands to hybridize therewith, under conditions in which
said second primer anneals to said consensus sequence or degenerate sequence of full-
length second cDNA strands, whereby 5’-end cDNA segments having said consensus
sequence or degenerate sequence are generated; and
(c) performing a second stage amplification of said 5’-end cDNA segments generated
from step (b) at a second annealing temperature which is high stringent conditions,
comprising at least two cycles of primer annealing, primer extending and denaturing,
using the same first and second primers as used in steps (b)-(i) and (b)-(ii), respectively, or
a primer pair each comprising a nucleotide sequence corresponding to each 5’-end portion
of said first and second primers used in steps (b)-(i) and (b)-(ii), respectively, under
conditions in which each primer anneals to the 3’- and 5°’-end sequences of said 5’-end
cDNA segments, respectively, whereby said 5’-end conserved homology cDNA segments

are amplified.



vari ation, whereby said first DNA strand conplenmentary to said target

nucl eic acid including said nucleotide variation is generated when said
interrogation position is occupied by the conplenentary nucl eoti de of said
first prinmer to its corresponding nucleotide of said first site; and (b)
perform ng a second-stage anplification of said first DI\#OB'_S%r andzoggner at ed
fromstep (a) at a second annealing tenperature, which stringent
conditions, conprising the steps: (i) at |east one cycle of priner

anneal i ng, priner extending and denatmoi ng using a second prinmer of any

one of clg &%M at its 3 -gnd] ortion bl‘lldIZi nfg .seguence

subst ant © II g fying gpngerysdehamg t?—?émg’gﬁd’éﬁc‘é“lgﬁené BIYAPRi t e of
sai d t ar gBINA) WHefirt sad ifdtho® coibrides bZt%ﬁnh‘%r SNrhpli lBEHRA re€@iofl iuking® Peimers, Whi ch
sai d second primer anneals to said second site of the target nucl e| c acid,

wher eby SaREBiFEd PR UilpashencoRS AT R HESPTe SBUHF @S fhe MG 38y oaR 4

i ncl udi nglagd dosiucl eotide variation is generated; and (ii) at |east one
cycle of prinmer annealing, priner extendi ng and denaturing using the sane
first and second priners as used in steps (a) and (b)-(i), respectively or

a priner gspajye rﬁ‘ét‘ﬁd& Q@Mﬂiﬂg t@ IR 6it K Ker&if) s5i8 GhERIASIs g:@i@mrﬁti‘%@ifn gtWo Qlage
corresponding to the - and 5 -ends of said second DNA strand generated

from st egmph CBPPT}S Wb‘chy‘%’ﬂﬁfdi’sze therewi th, under conditions in which each

primer anne%)spérﬁmjhﬂg adirst- sﬁEéiarE’pllfﬁﬂfi)n of ?ﬁd‘@&ﬁ%e@{m&%ﬁ seifRdr i ft r and,
respectively, Whereby said Second DNA strand which conprises said first

and second #PNSsatgrfirsianpealing (gaperayte comprigieg ef least twosydles efpiin®r annepling, i s
anplified S‘an%PExtéhdﬁg%& dLRABRE WIME ltiﬁ:%-}n{i? oSRE PRAEr fR JraRP oMb Ghihe sai d

second DNA strand alning sard nucleotide variation Is generated. 68.
The net hod dctdomdiensty qaph etlai:rntxae@t itpAend ipprtioniachyhedinog spaneprer ubsansiallysi ng

two i ndivi dygbledBRhly it GaohQRsus ggqau@née'd}%tdegé]ﬁra?e SRERE e%ﬁingfahﬁ&t ARds In

whi ch said second 28" February 2 42 anplification is perforned using

two stage anpquenqedétaicemwedihp@doeomm@@@ sar(da)Dlﬁbeth lybridizg thergwithf pndst
anpli ficati Qg LG iPAHEE séld ER&EJorQNg\ ﬁ%r Jnix@a@s“i%% cGiBhsRl Bg U&hcéﬁi d

nucl eoti de vari ati on bet wee i SIng east two cyc es of

pri mer anneakgsmgrtegrausare ehalditi W’e&ﬁc&e’é@ﬁ‘aﬂﬂ’i FR}men'éihﬁg‘"&S%ii CPRSENSBRI r each

primer CO”REdu%h&%réeééMQﬁtl:@éq%bﬂ%Qaé%%k?ﬂ&ﬁa&lbﬁ antially conplenmentary to a
pre-sel ected ence at a site of said target nucleic acid under

condi ti ons t(hatrederminga,sqcarst-stage amplification of said genomic DNA segments generated
from step (a) at a second annealing temperature, which is high stringent conditions,

comprising at least one cycle of primer annealing, primer extending and denaturing, using
the same primer or primer pair as used in step (a) or a primer or a primer pair each
comprising a nucleotide sequence corresponding to each 5’-end portion of said primer or
primer pair used in step (a), under conditions in which said primer or each of said primer
pair anneals to the 3’- and 5’-end sequences of said genomic DNA segments generated
from step (a), respectively, whereby said conserved homology genomic segments are

amplified.

66. A method for identifying a nucleotide vanation in a target nucleic acid, wherein said
method comprises performing an amplification reaction using primers, characterized in that at

least one primer has the same structure as the primer of any one of claims 1-25.

67. The method according to claim 66, wherein said method is performed using two stage
amplifications, which comprises:

(a) performing a first-stage amplification to produce a first DNA strand complementary



variation is positioned between said pre-selected sequences, in which at

| east one prinmer of said prinmer set is any one of clainms 1-25 having at
its 3'-end portion said hybridizing sequence, whereby said short DNA
strand fragnment containing said nucleotide variation between its ends is
anplified; (b) performng a first-stage anplification of Ld s d
anplification to produce a first DNA strand conplenenté?3%bwa?§§§?short
DNA strand fragnent including said nucleotide variation at a first

“anneal ing tenperature conprising at llgast one cycle of primer annealing,
primer extending and denaturing, using a first prinmer of any one of clains
1-25 having at its 3" -end portion a hybridi zi ng sequence substantially
conpl ement afoy sdid targftl fucksd QEidethcReimp €Akl nadlectidé | vafibtionl b€ aOfirss ahrkaligy get
nucleic acid to hybridjze tqeremﬁth, wherein eacq,of sai d f%%g; n{ner and
said first SMpg? TRISWE A leash 0BG FYIL LT BHMBLAMERING: PHFFR £F gngn o said

nucl eoti de yehatuphg, @Ring \WREEGRNCE AF anyf orfeSAf cldahi\1 26 Mavidg GOAPS edm@Portion & 0 sai d
target nucleic acid including said nucleotide variationis generated when

sai d i nt er r BEECIZEE SpANENGE ybstaNallcompleRenByy ©ogre-sMeRd SRBISRSE A 2 B Filot | de of

sai d first §fdaiPlardePnidicic 884 t& BRRHAHE MBerEMe, QBkiefiCeath of 8didl firdt iphifder 8dd €, and
(c) performng a second-stage anplification of said second anplification of

said first SNArS: fiEnePIpEISe AR dBICTPE3HPT; tPORtioh ComEsPeNding: ¢ daid neHslertidey

t enper at ur eyarhbd Nwikebebl)| @R fisk 'ONW SRtnd HHbIEMEISy 16 QAR tafded Guatic! KAST one
cycle of prinmer annealing, primer extendin and” denaturing using a prinmer
pai r in whi®pluding rfgisk nucleoside vargtionpigj genefted | whenhgrids dpterrogations FpHUNY fisrer of

any one of &l.ahie® b}-the dplmeRas! fRidoade 3P aill NGrsOpdiiBEr ic5 it} RenrapBRIRS Sai d
first prinmer used in step (b), or a priner pair each having a hybridizing

sequence coivlobideefisaid firgsitesard esponding to the 3'- and 5'-ends of said
first DNA sghalRtomdfSe Eéﬁ:ﬁ)ﬁtﬂstgéeoamp?ih%oﬁ Bk sati@;[inlﬁg ﬁghfyugxﬁddéégﬁrraﬁﬂ"ﬁtoﬂr stapnder

conditions I n which each priner "anneals to _ 1d” 5" -end sequences of
said first (Na ssecentdanneadng dempevasyrg, whigheisdigh stringent congitensppempsising fbe | s
anplified sg.ishat a short target nucleotide segnent 28 February 2006 143
corresponding to said first DNA strand contai ning said nucl eotide variation
is generated. (069t least 98¢ RYsde PloPrTTATRIHS PSMER it IFTRIIEIECISHIgI A,

conpri sing perdeedndl grineRdf aRP biel bCim®N-25" Rk 2P fts YSed¥pdafidn ' hbridizing
characterized in that at |east one priner has the sanme structure as_the
primer of any SSAYENEH subptantially fomplementary to a pre-selected sequence at a second site of

said target nucleic acid to hybridize therewith under conditions in which said second
primer anneals to said second site of the target nucleic acid, whereby a second DNA
strand complementary to said first DNA strand including said nucleotide variation is
generated; and

(ii) at least one cycle of primer annealing, primer extending and denaturing using the
same first and second primers as used in steps (a) and (b)-(i), respectively or a primer
pair each having a hybridizing sequence complementary or corresponding to the 3’-
and 5’-ends of said second DNA strand generated from step (b)-(i) to hybridize
therewith, under conditions in which each primer anneals to the 3’- and 5’-end
sequences of said second DNA strand, respectively, whereby said second DNA strand
which comprises said first and second sites of said target nucleic acid at its 3’-and 5°-
ends is amplified so that a short target nucleotide segment corresponding to said

second DNA strand containing said nucleotide variation is generated.

68. The method according to claim 66, wherein said method is performed using two

individual amplifications of a first and a second amplifications in which said second



70. The nmethod according to claim69, wherein said nutagenesis is
site-directed and uses two stages anplifications, conprising the steps of
(a) performing a first-stage anplification of said target nucleic acid
sequence at a first annealing tenperature conprising at |east two cycles
of primer annealing, prinmer extending and denaturing, a ropair
of gny one of clai ?ns E 25 each havi nggat its 3'end gorﬁ%o'%ggja yolblgﬂél Zi ng
sequence substantially conplenmentary to a region of said target nucleic
acid sequence to hybridize therew th,l48herein one of the said hybridizing
sequences has at |east one m smatch nucl eotide to generate site-directed
mut ati on, under conditions in which said priner or prinmer pair anneals to
i ts tar gemplificatiaoisipedorsed using eyo stageamplifications mhichfcompiiseen pr oduct

containing siite-directed. mtation. S|te|s nerat erformng a
second- stagg)an‘f)ﬁrﬁlowlgﬁtﬁabﬂyéﬁ? amplificafion, °f? “1°o‘h E?%o@gg ﬁ%‘ﬁé Iggng "t rom
step (a) at cmta&mgrsﬁidamaleaidengnhtﬁﬁmmu 18, endédiiprisinghit PastStiwiol dygIRe b

condi tions, risi nr?gn | east . one \H/FI e of prinmer anneali ng} rimer

ext endi ng aﬁH ﬁeﬁ egy @”"ﬁéleﬁtém{‘%a atuging, \Sing 8 Primeg payr fa eﬁm("a) or a
primer pai rc@a@:ﬁsucgorzphymdmga s@juenceehibetarichligr Edniplé@hshtarpuel £0iredalect@iuence
correspondi ng to each F portion of said é)rir;‘térs used in step éezsi),
under condi PTYREEH *Wﬁ’fecﬂ &g Harget pHsleic, Agd inder pigns; that spig ’B“’le@H of

sai d anpl i f v&itioR s popitioféiCietwden SHE Gid-36Rlched s¥uSRcRE)Yin w&l aarm&tlom: pAkON

pr oduct contg %nmte directed, nutation site is -anmplifi 28
February 208 sa‘AlW erset iy RRy pRs HGIPITEY L ARVIRS #tdtsSy -avw%maazdhmdla@ 50,

56, 58, 60, séydenc®3whdébytaid shBR DN A stbanid GragREnt BhtaMRgl saldSRElebfideSwkidtion
first-stage anplificatijon |§e(€ conbi nati on of an annealing control prinmer
I

sel ect ed fr BFEHBISSAHis2EPY aims 1-25 and an conventional primer. 72. A

kit for nucttgl ﬁerﬂ;emﬁkgarmttsidge thﬁﬁatx%bpﬁxd?&%ﬂd'&%ﬁ%ﬁ%ﬂ@@ﬁ%ﬁde@ﬁﬁp ntrol
prinmer set described in claim39 or 40, 73. A

pri mer anneal i ng _cont r ol
kit for sel DA \ﬁga'aqgmomemsaan tofsaid sharydiNMueraed clragmept saejuding esaid om DA,

whi ch  conphig&sidt ReriaidAeRlal Mgt HRE5HNG! te ersmfe &ﬁnp‘?l@ﬁ@ehlt i10Gt S&néfc‘fkl ofPr i mer
set described in claim4l or 42, 74. A sel ective anplification of

a target nuB‘i"é’F’ca"é‘E?lH‘gsB’E]‘ﬂ%’n‘B‘émF“r“ér?i"ﬁﬁﬁf)—?t“%ﬁt E”ﬁ“g & SRY Prignss of ARy gpmekl i ng
control pri gRimsOrN-ZnadngNg GONSLaId bmxaﬁraswbndﬁﬁgr s@fdendeN sGHsBinfAIAS Of
44. 75. A kit for detecti n I enment Ifferentially expressed
MRNA,  whi ch°°r8‘blﬁ'ﬁ?‘}t%r§s‘° taI‘R§ %eggmesﬁ't ? grsy ¢ 5He HgF‘“@)rtar "ﬁﬁ’é‘&’lelcn%f‘%g’nt rol
primer set Hgslidehhétewith, C\bl&ﬁrd‘m eé’&n of said first primer and said first site comprises an
interrogation position corresponding to said nucleotide variation, whereby said first
DNA strand complementary to said target nucleic acid including said nucleotide
variation is generated when said interrogation position is occupied by the
complementary nucleotide of said first primer to its corresponding nucleotide of said
first site; and
(c) performing a second-stage amplification of said second amplification of said first
DNA strand generated from step (a) at a second annealing temperature, which is high
stringent conditions, comprising at least one cycle of primer annealing, primer extending
and denaturing using a primer pair in which amongst said primer pair one is the same as
said primer of any one of claims 1-25 used in step (a) and the other is the same as said
first primer used in step (b), or a primer pair each having a hybridizing sequence
complementary or corresponding to the 3°’- and 5’-ends of said first DNA strand
generated from step (b) to hybridize therewith, under conditions in which each primer
anneals to the 3’- and 5’-end sequences of said first DNA strand, respectively, whereby

said first DNA strand is amplified so that a short target nucleotide segment



or 46. 76. A kit for rapidly anplifying a target cDNA fragnent conprising a
CcDNA region corresponding to the 3' -end region of an nRNA, which conprises
the annealing control primer or annealing control priner set described in
claim47 or 48. 77. A kit for rapidly anplifying a target cDNA fragnent
conprising a cDNA region corresponding to the 5 -end r?g'eq of @% MRNA,
whi ch conprises the annealing control prinmer or anneal 5 c%ﬁ{? primer
set described in claim49 or 50. 78. A kit for anplifying a popul ati on of
full-1ength doubl e-stranded cDNAs congbenentary to nRNAs, which conprises
the annealing control primer or annealing control primer set described in
claim51 or 52. 28 February 2006 145 79. A kit for anplifying 5" -enriched
doubl e- stranded cDNAs conpl enentary to the 5 -end regions of nMRNAs, which
conprises the anneal ing control primer or annealing control primer set
described in EIEEPAgmEoto spd figet DNAjstrandy contsiping f spidh gueteetidet yraiatiomes t ar get
nucl eoti de segdeped. si nul taneously, which conprises the annealing control
primer or annealing control priner set described in claim55 or 56. 81. A
kit for producing a DNA fingerprint by use of gDNA, which conprises the
anneal i ngd. & fRiHo@orMhuitdBRhesRri ' .k (idgg, i n
claim 57 0r 56 65 A kit &??E”?%%b%?ﬂ;ﬁﬁ%&b?ﬁéﬁ%ﬁﬁ% g SRR
whi ch coffitios dsing REMSHSnehwracterjzedcin that @f lepst ione primer kzas teesamegstrucmteras|thepr i mer
set descpih@@df bty dnkdF fhimg 1995. 60. 83. A kit for identifying a conserved
honol ogy segnent” in a nultigene famly by use of nRNA, which conprises the
anneal ing control prinmer or annealing control primer set described in
cl aim 61 r : KL S identifying a
Conser vy ha et iceci g RAA 00, S0P skl dthendintl Qs N SR MR O
conpr i sedagehamplifisatons,rgmpusing BE stepiafer or anneal ing control primer set
described ¢ L o ALK i LEvin. nucl eott de
variation i %ya&jltrig?ggggnfggtl Sgd:ég aag}lg‘én\%%%ﬁ%(t)a#r%r??ééelzslxtaﬁg sglﬂl;{‘r‘;"r]lce“:a‘?iantli Scontrol
primer or asnealingnigmperatureo compprisingr ats daastd b cydesd of rprimieai amnéfling,6primer 68. 86.
A kit for ”&J&&Qﬁ@%ﬁa aedafﬁﬁﬂg,tu%ggtpriﬂllécl!aa?lj St afly bk of M50 SO TR, having L

anneal ing control o
3’end portion a hybridizing sequence substantially complementary to a region of said

target nucleic acid sequence to hybridize therewith, wherein one of the said hybridizing
sequences has at least one mismatch_nucleotide to generate site-directed mutation, under
conditions in which said primer or primer pair anneals to its target nucleotide sequence,
whereby an amplification product containing site-directed mutation site is generated; and

(b) performing a second-stage amplification of said amplification product generated from
step (a) at a second annealing temperature, which is high stringent conditions, comprising
at least one cycle of primer annealing, primer extending and denaturing, using the same
primers as used in step (a) or a primer pair each comprising a pre-selected arbitrary
nucleotide sequence corresponding to each 5’-end portion of said primers used in step (a),
under conditions in which each primer anneals to the 3°- and 5°-ends of said amplification
product, respectively, whereby said amplification product containing site-directed

mutation site is re-amplified.



priner or annealing control priner set described in claim69 or 70. 87. Use
of the prinmer according to any one of clainms 1-36 for a process involving
nucleic acid anplification.
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71. The method according to claim 40, 42, 44, 48, 50, 56, 58, 60, 62, 63, or 65, wherein said
primer pair used in said first-stage amplification is a combination of an annealing control

primer selected from the primers of claims 1-25 and an conventional primer.

72. A kit for nucleic acid amplification, which comprises the anneéling control primer or

annealing control primer set described in claim 39 or 40.

73. A kit for selective amplification of a target nucleic acid sequence from DNA, which
comprises the annealing control primer or annealing control primer set described in claim 41 or

42.

74. A kit for selective amplification of a target nucleic acid sequence from mRNA, which
comprises the annealing control primer or annealing control primer set described in claim 43 or

44,

75. A kit for detecting DNA complementary to differentially expressed mRNA, which
comprises the annealing control primer or annealing control primer set described in claims 45

or 46.

76. A kit for rapidly amplifying a target cDNA fragment comprising a ¢cDNA region
| corresponding to the 3’-end region of an mRNA, which comprises the annealing control primer

or anneéling control primer set described in claim 47 or 48.

77. A kit for rapidly amplifying a target cDNA fragment comprising a cDNA region
corresponding to the 5’-end region of an mRNA, which comprises the annealing control primer

or annealing control primer set described in claim 49 or 50.

78. AKkit for amplifying a population of full-length double-stranded cDNAs complementary to
mRNAs, which comprises the annealing control primer or annealing control primer set

described in claim 51 or 52.
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79. A kit for amplifying 5’-enriched double-stranded cDNAs complementary to the 5’-end
regions of mRNAs, which comprises the annealing control primer or annealing control primer

set described in claim 53 or 54.

80. A kit for amplifying more than one target nucleotide sequence simultaneously, which
comprises the annealing control primer or annealing control primer set described in claim 55 or

56.

81. A kit for producing a DNA fingerprint by use of gDNA, which comprises the annealing

control primer or annealing control primer set described in claim 57 or 58.

82. A kit for producing a RNA fingerprint by use of mRNA, which comprises the annealing

control primer or annealing control primer set described in claim 59 or 60.

83. A kit for identifying a conserved homology segment in a multigene family by use of
mRNA, which comprises the annealing control primer or annealing control primer set described

in claim 61, 62, or 63.
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84. A kit for identifying a conserved homology segment in a multigene family by use of
gDNA, which comprises the annealing control primer or annealing control primer set described

in claim 64 or 65.

85. A kit for identifying a nucleotide variation in a target nucleic acid, which comprises the

annealing control primer or annealing control primer set described in claim 66, 67 or 68.

86. A kit for mutagenesis in a target nucleic acid, which comprises the annealing control

primer or annealing control primer set described in claim 69 or 70.

87. Use of the primer according to any one of claims 1-36 for a process involving nucleic acid

amplification.



