e3e~>' 66TYIl 1 ANNEALI NG CONTROL PREVI ER AND | TS USES BACKGROUND OF THE
IN\/EI\FI'I “\“m HE I_N\/El\ﬂ'l ON The present invention relates to an

anneal i mmw imeriand its applications. Mdre 5 particularly, the
present Tnveplien relat es to an anneal i ng control prinmer for inproving
anneallng specificity in nucleic acid anplification and its applications to
al | N& mmmmummml c acid anplification-involved technol ogy. DESCRI PTI ON
OF THEe\ m Nucl eic acid anplifi cgti on is a pivotal process for a
Wi de vari ety met hods in nol ecul ar 10 bi ol ogy, so that various
anplification nmethods haaNBRAEING CODNIRGL PRIMERSNIPITS USEs ler, H 1. et al.
(WD 89/06700) disclose a nucleic acid sequence anplification based on the
hybri di zati on of a pronoter/priner sequence to a target single-stranded DNA
("ssDNA") followed by transcription of many RNA copi es of the sequence.

O her known nucleic acid anplification procedures include

transcri pti OBACKGROUNDIOF THRINVENTIONens (Kwoh, D. et al., Proc. Natl. 15
Acad. Sci. U.S A . 86 1%%&}9%; and G ngeras T.R et al., WO 88/10315).
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synt hesi zi ng,&d A 1@esiohaldf e BMAobewSRNA" ), SsDNA, and doubl e-stranded DNA
(dsDNA). The ssRNA is a first tenplate for a first primer oligonucleotide,
which is elongated by reverse transcriptase (RNA-dependent DNA pol ynerase).

The RNA is t RNAdupIex by the action of 2 5
ri bonucl eaeeﬂﬁgcﬁ‘ﬁgﬂbgg%?&%ﬁm a second tenpl ate for a second
priner, which aNsdeié fid MefSicitidn lmm?ﬁfées@?oraﬂvlmn&? loy FBth8dSn RbREM4ET -
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copies can then re-enter the cycle |eading to very rapid anplification. The
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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, D.Y. 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 2 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 eclongated by reverse transcriptase (RNA-dependent DNA
polymerase). The RNA is then removed from resulting DNA:RNA duplex by the action of

25  ribonuclease 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



primer extension by a DNA polynerase (Mullis et al. U S Pat. Nos.

4,683, 195, 4,683,20Z, and 4,800, 159; Saiki et al. 1985). The

ol i gonucl eotide priners used in PCR are designed to anneal to opposite
strands of the DNA, and are positioned so that the DNA pol ynerase catal yzed
extensi on product of one priner can serve as the tenplate strand for the
other priner. The PCR 10 anplification process results in the exponenti al
increase of discrete DNA fragnents whose_length is defined by the 5 ends
of the oligonucleotide primers. The succéss in the nucleic acid
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with which a prinmer anneals only to its target (and not non-target)
sequences andery hpidgrphificatibn.i s i nportant to optlnlze t hi s nol ecul ar

i nteraction r_can anneal. 15 0 its perf | ement
o 8l 20 t o sequint Bt PR e R AR A% &4 FihifetRn Sl HeniEer Hha |y
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tenperature can alter the specificity of pairing between tenplate and

primer. For &xeipptilesstrands of HerléNﬁsaq#cﬁrﬁ)Mawmd sot et the Py pelymeasgwptalyeed; oo

hi gh and can one
priner is prggerﬁ{(ﬁg&d&gofé]&pﬁg es t rgetaggtﬁq“@la;te ﬂn&%?hn%(r&l}emg%geﬁ??ﬁ% to

nor e t hano onempléfiphiion @bcetshresulte rifp Hateaponkntial hiczeaseaﬁ‘ehscte’weDHAnth@inemg whose
tenperature shoul d be increased. Considering such 2 5 effect of annealing
tenperature %ﬁg%l‘ﬁ %gPedé’Mﬁ}&éI ndgolderlisprucieptde PripetSe 1 emmi ns a strong need
for an anneal i ngpLoRLdOl dif TRl E¥S Hﬁ%?rﬁhm'pﬁnﬁﬁml@arﬂﬁhfﬁ:%hr1‘81148' dag
primer annealing in accordance wth anneal i ng tenperature to enhance primer
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it rtieh

GC content aflFeRERYT BRGEEE o PRYIHEE (Y EHAaLraghony oY BY™E 1537, PEpele
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OT'
probl ens such’a groun non-'sp rompriners

used in the @xdasddentotly fatget Sedusntal axﬁﬂnﬂ&auwldan ctesa@&aﬂlsaéd nn.eswa;n teel p
avoi d non-specific annealing and backgrounds as well as distinguish between

cDNAs or gen#Fperatuigficfoae misnapips. ptpen eﬂmtwarémr@aem@ ﬁ&m&edblse%ms to
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conpounds Capnd AHRMeR %SrdsHiR, tRiP ﬁﬁlc&ﬂeﬁhﬁt}fheosﬁngf)%me;- REnRINANG HoretHanAP RS
i nclude chemcals that increase the effective annealing tenperature of the

reacti on, DNAf tbé tediptage. prﬂ;tseaaesﬂlamdledmgnmpenamtd SJnmald &¢ ingtehsed rGomejdering such
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condi tions S%Qn&ﬁl1@n%§51' PYendr SFREH BHidhe1s A{»&bﬂpyﬂbor&r‘aﬁﬁ@ fp?nlﬂa@f eAfchgg have
contributed to the inprovenent of prinmer annealing specificity in sone
cases, they hepowdarncs vithtanpeabiusstsmperftuiede mnag| driper @maaleelsmcnfeﬁy fagerdieppeof

probl ens ari ﬁhﬂ& f;gr[n prinmers used in the PCR anplification, such as
non-specific prodhc s and hi gh backgrounds. |In many cases, the primer
sequence does nbt additied td mmbmlnatqmpen‘amnd; se?vaﬂp‘fpanﬁﬂseaxtcb paﬂametbne’nmcnhepmauence.

The region of the priner that shoul d perfectly hed to the tenplate
is the 330 enLenggc%‘gg‘é‘tet“ﬁr’g P@ﬁd’r‘?dé“’ttl ?‘r@&ff agjyet P]hgg%sg Shauld beeorsilgred 8y ¢ he
DNA pol yner aﬁﬁmﬁ"}qnéaﬁngzsp@mﬁ I 8TaQfrihel, WicH QRS sfibd BAOK LR PHrarhéddrs, SRRUm) ﬁﬂgre& he
specificity of annealing t he corréect target sequence. The 5' - of the
primer is | egsmcrrrpmethag\twquld e serifichi meyltopanithd significanf cphnesalentngf primérhe

target sequence and can be nodified to carry additional sequence such as

restriction sites and pronoter sequences that are not conplenentary to the
tenpl ate (McPherson and Mol ler 2000). This notion is adapted to the design
of the annealing control primers of this invention as 2 5 described bel ow
PCR— based technl ques have been w deI y used not onI y for arrpl i f| cat| on of a
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Al though this method is sinple and rapid and only requires small anmounts of
total RNA, there are a nunber of disadvantages in the conventional DD PCR
nmet hods. The differential banding patterns are often only poorly
reproduci ble due to the use of short arbitrary prinmer so that nmany

| aboratories have had difficulty in obtaining reproducible results with
these nethods. 15 It has been shown that at |east 40% of the differentially
di spl ayed bands are not reproduci bl e between experinents even in

wel | -trained hands (Bauer el al., 1994).3Purthermare, the pattern of

di fferenti al x8%Ane $5Hc@RitPiuRp tERNDNA RP1ifiABSOM Shette@dM rHIR file nRls@dns and
the percentage of these false positives can arise up to 90% (Sonpayrac et
al ., 1995). msbagkgmemils andanonepeciiisauoduglp avigingafrone primers weed in e oypesimsnts| Higger
random pri nmer.s .0 . 20 bases in,.l engt. t ti '

solve the pr 8%?leﬁ1rﬁto ell?déaﬁlpgc& LP?%?SI ‘}'afl ;}1 el%ﬁgélgeﬁgg'gfefg ﬁh@ f§§% I.lgs %ﬁeb}é&gérugégaén%t her
factors resp@ssaddiginfiish Betvesi EDNAS or@knpnliOemplaes MANA-BCRI ty of DD- PCR such
as an insufficient amount of starting nmaterial and very | ow concentration
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fragment s ob{minnedl.f room), Bor BERPER €D Hynild et(dly pIot R Inkstedl POR GG AYd Blébna,
correspond to the 3" end of the gene that represent nmainly the 3

unt r ans| at ed 1#%4reshboostprelCR, R1ang §t dho 195Y ATOHIFR IRt YeAPRRoH5t PavBReB elihe
codi ng regi Ofn, fRGhE LM R ‘ekﬁhﬁxcér%ﬁ{pﬂﬁdaﬁ ERSIMBvS b Speb@Re) &f#‘c@’.\‘fhé&hﬁﬁal ng Is

needed unl ess significant sequence honol ogy, infornmation for gene

cl assi fil@t i compmmalspuchie chanuealsghat ingreasei treffegtive btrerkingdetipdedture afttie teadtipanov,
1998). 3 0 Differential Display nethqds eral | e radjoactive det,ection
techhi ques. 0N EBHE PG GPPREF A A EP G aregenir kel BRECF 0 BEFEc | on
of the react L iR RAUAT enkBsS tHel sdcBsst il &vbt§ PO arddnit 35 W‘f heHidtd Qo ket different
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| aboratories with the appropriate equi pnent. Relatively |ong exposurc 5
ti mes and pr edsditerasunder differemd comligions fugh aofnnéatingteaperpturg. Hlraigh thessrepprbashes

pol yacryl am de gel s are additional drawbacks .of Dif. =~ erential Displa
Pechnt aue.  ATRGTPSTP AP iRGrs o BT e e Py PLappioBist 25 MR ods
have recent | yotheREbedRBEdmdaRly toktsbRifion fofthe!pleblerd aRing Foa prinfeh usédah iR PRI ch et
al . 1997; Kociok et al., 1998), fluorescent-|abel ed oligonucleotides (Bauer
et al. 5 199amplification; sugh as npogpecific peaduaiegndbighppckgropndy7- Spith et al ., 1997),

t he use of bioti Pt T 3;
Rosok et al., 15'8%1%’%;%835@:%% |urmg B%Hrrarfgé%sﬁogpﬁéagg’agr%gg&gcg%g%%rtr&p?l% and
Kahl, 1997; &eipfaerseqenet Tiwd regionldid; primieotimishoundd begerfectlyHhBched folietempirtt isods
have nmet with gnly limted success. If the reaction products could be

si mply det ecthed -6 bstaseihis sndis iirepdonsf Shepagengpinndedbydhn DRA@obmerateaad 15 s
were re dug l: 1 s Fod j d of
0D POR o0 y SPRIE: QRS thfipaf iof bnolfid e ShERel of Il 036 toip g8
appr oach cal bagderkaThe t behddif tHeqriont is ddss thipepinin detoargining spdcifigoy otdnealingl®

rimer that directs the anplif.icat] of multi.gepe famly nenbers with
Gonser ved pr O diTRCtAEHETeR EnY eaanhe Fadtfebeora gl srgupe bk BSTeRFEn S
often functi maé]rbmotemh@&&& thet 84 oY céingleehiaifodhe {edPRieQMcbhRGh 2R Moller

undertaken by the gene products in a cell and which structurally 15 have
one or nore 8YN3dhisadtioregpdanted fodhmdrsign pf thpanmeating pontrekprinpsieef thif ingention as
famlies 'nchgsdr?beéquI\/ADS- box and the honeogene famly as well as further
transcrizp i oR“fattof fanilies. The cyclin, cytokine and gl obin gene
fam|ies are expOoRibesdtehiipds Bdve bedlviaes hised hbtonky fosardiftifitition bas Rrgdet DMAdes a

list of proteins that have conmon domai ns and sequence notifs. The

ol i gonucl eot PeaBenge b alsp foreieifir appiiqations prapetinds in the Gelds of biglogiqabandimedical; s
used at a lo i g {: ( , a
dogener ate prYanr Rl Eop FaRREUE HCF (RErCRE HifluERPDRMEPCK 1605556
VWhar t on) 199C]oningloflknosmn, or axpbwi genad HydPCR, Rapitd gmplifipeticer cl CENArendssRACERimd

soneti mes_be bl emati c, and, may quire qgptimzation, It s inportant to
keep the*@n nggﬁi%ﬁﬁgt BRYEF ot pEs a@’fcﬁvﬁ‘?‘t’“ a‘g‘?’ pMQﬁzfrb I%éé(ﬁo The, Splpvines ens ioply
nonspeci fic gaipRkdntaticatldr PORAPSlicRidQOd rule of thunb is to use 55C as a
starting tenperature. In general, it is difficult to keep this rule 2 5
because degener dedhnigrgsrgepigned o tidentifyegedessthetnael differantidlyniggulaiedyby aellsnderci d
sequences or conserved domai n sequences as a precondition. In order to
generate a satisfied relationship between degenerate priner and anneal i ng
tenperature in this approach, it is required to use an annealing control
primer which can tolerate the alternation of annealing tenperature,
particularly high tenperature such as 68C regardl ess of prinmer design. 3 0
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15 Ral ph et al., 1993), the issue of reproducibility is still of main
concern. One concern is that the patterns may vary fromday to day or from
lab to lab (see, e.g., Meunier and Ginont, 1993). Still yet another

PCR- based application is RACE (rapid anplification of cDNA end) technol ogy.
RACE is a procedure for anplification of cDNA regions corresponding to the
5'or 3 -end of nRNA (Frohnman et al., 1988) and it has been used to isolate
rare transcripts 2 0 successfully. The gene-specific primer may be derived
from sequence data froma partial cDNA, 4genomic exon or peptide. In 3
RACE, the polyA tail .of | | bie€ i, cdFbiRckefdsise f Or
PCR ampl |1 o Riskgbe! S bRl toiont (B raRple imatungl W
transcript a%ﬁara]am%ﬁbaﬂx&@ﬁcxﬁﬂh@é ibsaatme apvokah dnvmodann bietogar One Tok nepghed rfan ed
cDNAs can then be directly PCR anplified usi ng egltgp}ne- #’\.?Ci Ei C px{sita r and a
primer that semendng differencesiB epns eyptession betwesn YATIOUTf r% |??3|16 eHe e RACE
applies to 3 | ¥aifdBili tigihown R USiferentiaRBsiay BCREDD- by
taggi ng the p@g\%elg&?wgbﬁmﬁggﬁgﬂ%ﬁ%ﬂferent ﬁr;et hods (F}: onont Raci ne
et al., £99PCRSchaafoed by 198 anBrParige gt 1992, Thig gBthpd usgscombipionnehedmeLr t he

5" RACE such as honopol yneric tajling. and ligati taili equire
a set of enARiEY (E“?’éréé‘gﬁhc?ﬁ%h°5fit°§NAﬁp%(Tcﬁsp% 23 efa(t)e(r%r}%gﬁ ?I?ér)él?t doél rgﬁé&g%
synthesis ( Sﬂ?@ﬁﬁ §61 (Aé 995hd eFRRINbER30-68Y riuleside Rpdhasm.Bycombineig 3 achéred

i ntroduce failure gn to destroy the integrity of the cDNA. Recently, an
al t er nat i ve Oligs(dTd primérsbrdetiort &chrbitranepriyers; e sehseteniihs FrasTiPRpSs PRI %henchi k
et al., 1998; Chenchi t. al. U .S ..Pat. : : &72).
The techni qube F%YIF’&CW@GWWW{EFW%BY R ied ee%rr1 gglg?"glég ? 5%?@2%1?)% gcgérsl one
is the tigy mpabith aneh&basshiany.i vity to add non-tenpl ated nucl eotides to
the 3'-end of a cDNA and the other is the tenplate swtchi nﬁg ?C}?I(ljwy to
switch a tenpl adiéhough thisguethodds tiwplp e repid Frd by iegiss sipal] anqypis o & i ng
the retrovirgl life cycle.(Clar , D ho@D The diMeleREY
nurine | euké rﬁafﬁ?ﬂ‘érxt(eﬁ/lpf\é\sf}d%mgd\%srlglg% ?ﬁé“@?‘.’agtb?g’é% I%l'% of ten laqlc?s t hree
to four non-¢@8mk gitemdafd ofefl okly hosiyeproduaible des tottlee tshef Slortarbifranf privesslsy

synt hesi zed cDNAs in the presence_of manganese or high esium ((Sehm dt
and Miel | er, thatogayy labpuajogiesiane ]@P&éiffﬁ‘&lltp'&/\g’gﬁ“l‘%g r&?fﬁ#‘i"ﬁ"%ﬁi“ﬂ%ﬁ‘% cﬁplﬁe&oﬁge?ngt h
CDNAs begausg 1 he M » ok AR FenfdlS TaRbRMA tahds)ard fbt kdpeodadibids | f
conpl et g?ca%&%sﬁeeﬁwggﬁggggg&{ grﬁr%l}agte. nlﬁHo&e%r, tshe Capélgiﬁ)nder
approach f or béwedRAGERrimefte eV well-tainddchandst(Biner £lrabel 394 Fuherrass: St obl ens

h DNA i Si f th tam nati f t i
O oo o | S Bhcenel XRreskics e oot o6 PRSI MoSprierifs SR Aftlod o
Even resi d“alhip?e'@lyé‘ﬁoiitil%s %INAS%S% Wb % BohBkiclet bT) 1899)i 4 hagik@rioundd fecause
c

both ideally Tit to a present in the reaction mxture. |In addition,
3' - RACE and’ fuulalterhamiveyt the oBblaf dogger fandern ipsimetsatfe o285 20 Heses aitelergtl 1897500 d

probl ens_due to_the contam nation of pri d Filh biSrsl N
whi ch t ey géttisfagipaly ﬁ@ﬁg @'ﬁé’ﬁ%ie’f’b&ﬂﬁ%%‘gl@%’ %rﬁ%{@to %@@’ rlg% tion (%hﬂg%%ﬁ?kérét al .,
1998) . New apRERERES thoreRUAlERWReprdtRcipiliyf ODSPERD aik ahaniasulfieint seweiaf] v

i ntroduced. One approach is step-out PCR to_suppress unwant ed PCR pr.oducts
(Matz et al . startid® atdpigh aridi vemn dovh eengenyalion @fddI‘SEPFPZr%&M)t%\?@Yé"EH’r B‘aﬁﬁﬁg &1

remi ns a smear of | DAT alfer han.d Sipabe 190, §ShimRl & dered £:e2000).

Anot her appr §8 oduced nore recently is to use solid-phase
CDNA synt hesiggnsafisls Rith GRes! iethodsOMaenand dLulyano dAYRInrraldition, (hsedsei the DNA

synthesis (Schrammet al., 2000 but. t he maj or ack of thi eghni que
i s cost | §5andragihents ehipiredffomyPB qReﬁﬁf'l}"Fr{B'P’ggiyi I&P'Sh@@g ang\ RO E‘éé‘l"? "and
fol l'ow ng proce gftég ?ene Iﬂ?feﬁie%?%aiggrtfe L IHEALEYE regidh, TRdyusudliRb Hotbddfitain a

i nexpensi ve StT gres are'required to conpletely elimnate problens
arising fromi@edpoetivatod tcradinguegiod. Thérefors theriabar-intenstve Axl-lepatiyeRNY Y sseenB i nder

prinmer used for ¢DNA synthesis. In addition.to RA ol.QQteeSH

current techmgtdse wdess (ﬂgn&ﬁ?\‘ﬂﬁ TeRysPSs PORYRR: r“lljtg) |a(t)1r%E %ﬁ%g% ° g%ggaéop éhednes
tend to be URERELEBNBRABS AlbhRcEBME AORUkaidvOIE). especi al |y where a

pol y(dT) prinmer is used during first cDNA strand synthesis and. the starting
mat eri al 3i0s | i niBiferential tDieniayn methadsnBenerally wge frpdipaghie 3ﬁB$‘8%ctﬁ°@§1qH°5vgs%en
devel oped to pverco t hi.s_nr . 0 IR RestricBithedt | ONS
produci ng f ul9% étgﬁly?:cﬂ\]ﬁgl %ggﬂsﬁﬂ}eﬁrgﬁo%ﬁg%%eﬁmgfﬁetrﬁgcgmn%@mer of inherent
probl ens. Thege oPRR @RS ESo AbOradEBPieKthe ippeapsibtt yquepmknt. iReativelinlougtxpgsuesy
requiring nmultiple enzymati c steps and/or are not pronounced sensitive
(Carninci et al., 8 1997; Suzuki et al., 1997; CGuegler et al. U S Pat.
Nos. 6,083,727 and 6, 326, 175; Hayashizalci. U S. Pat. No. 6) 143,528).
Therefore, there is continued interest in the devel opnent of inproved

met hods for generating full-length or 5 -enriched cDNAs, particularly with
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Therefore, there is a need in the art for prinmers that allow nultiplex PCR
reactions to be 3 0 designed and carried out w thout el aborate optim zation
steps, irrespective of the potentially divergent properties of the
different prinmers used. Furthernore, there is a need in the art for priners
that allow multiplex PCR reactions that, under the sanme reaction

condi ti ons, 9 sinultaneously produce equival ent anobunts of each of nmany
anplification products. Single nucleotide polynorphisns (SNPs), the nost
conmon genetic variations found in the Fuman genone, are inportant markers
for identifyj i 5 ¥ ' HEBoBratt9 3R de e tabtsli €5
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each target SNP. This anpli fol cation is usually necessary because only smal |
anmount s Bf DEPS; darst delMdrhuekrsenct il dR7t §mitloetial c199M) the sesd pptimdatedprisgers t he 10

anplificati i npr.o .kh Lonal.- 0. pai se oat.l f.1he I | ncreasi ng
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anplification is critical in the application of PCR in the SNP genotyping.
Ther ef or e, intet with|oglydimited sadcese. I fhe reactioneprofuety sedd oy simplysietsgipd gn piudium
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free from tNgll Wat Bl e HihuRagH & Rulifk!dehilOmbbOM WAE BRBRER Bk C1 LY
of priners sed i'n each nmet d, 2 0 such as tal'se positives, poo
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entities are hereby. incorporated references into t.hiis _appl ication in
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i nvol vi ng nudigenueleefide asedrip fhie PCRpan either herpesperificsisiymer thatis yeegrat y 0¥ aaepin®ped a
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for inprovi rigmawmesdre PryLesBEE Fdimeay TyaUirR OpHFRiTASPR: Lhie impostap P feepds BRSAIBE | ¢ i s
anot h.er Ob]. g% eQIturE Qé Hgh &Yﬁ%&ﬁﬂbﬁg abdld p}(té?ﬁib@ﬁon@pe@@% mgliéc_gﬁonaaWL h&&ﬁ'r@lg oft

nucl ei ¢ aci s%quence From a or a mxture of nucleic acids as tenpl ate.
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selectively amplifying a targe l ei ¢ acid sequence from.a DNA or a
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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,



It is still further object of this invention to provide a nethod for
detecting DNA conplenentary to differentially expressed nRNA in two or nore
nucleic acid sanples. It is another object of this invention to provide a
met hod for rapidly anplifying a target cDNA fi~agnent conprising a cDNA
region corresponding to the 3 -end region of an nRNA. 15 It is stil

anot her object of this invention to provide a method for anplifying a
target cDNA fragment conprising a cDNA region corresponding to the 5 -end
region of an nRNA. It is further object ®f this invention to provide a

met hod for agpldf e Rﬂm@rs lelt%lqwn?e}é&ris Sers’ad dengér«aﬁg.&hm@meh@a BisHaRRedy s&hAS

conpl enentary to ) Is still further oObject of this invention to
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nucleic acid anplification. is still further bect his i.nvention
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recommended for use in such applications as patemnity testing where unequivocal results are
demanded, because nonparental products are occasionally produced. Although alternative AP-
PCR approaches including nested AP-PCR have been developed (McClelland et al., 1993;
15  Ralph et al., 1993), the issue of reproducibility is still of main concern. One concern is that the
patterns may vary from day to day or from lab to lab (see, e.g., Meunier and Grimont, 1993).
Still yet another PCR-based application is RACE (rapid amplification of cDNA end)
technology. RACE is a procedure for amplification of cDNA regions corresponding to the 5°’-
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, 5’
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 tajling 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 alternative
has been introduced, the so-called CapFinder approach (Chenchik et al., 1998; Chenchik et al.



a process involving nucleic acid anplification. O her objects and

advant ages of the present invention will becone apparent fromthe detailed
description to follow taken in conjugation with the appended cl ai ns and
drawi ngs. 10 BRI EF DESCRI PTION OF THE DRAWNGS FIGS. 1 A and 1B show
schematic representations for selectively anplifying a target nucleic acid
of doubl e-stranded DNA (I A) or mRNA (1B) using the ACP of the present

i nvention. FIGS. 2A and 2B show schemati c representations for identifying
differentially expressed 15 genes using the ACP of the present invention.
FIG 3 showsys, paReBEi062 5ARLES 96, Bi2). Afe feBlini e Rdliel ¥i Rl AndtBhOSH thLONse
fragment conprising 3 -end region corresponding to the 3 -end of mRNA usi ng
the ACP of t henspipgsesnbnd isvlerterminal trﬂstgﬁse ativignty ad® nethtswpbieh endedtides to the

tati f li fyi t CDNA f t 2 5' -end
o o ort oSt AR prh g Mo SRR e SERat B 1 B Realen: ©
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first-strand cDNA synthesis prinmer. FIG shows a schenatic represent ation
for anplifyi plg 18D gldolmgst mu@wumaevmsém M revpren transyriptase (B afiRmadds

nmol ecul es us

schematic re%h?%sent aﬁb%ex%}la&ﬁ?m‘%fl%?t@é?ﬁe rb%aﬁgge% rﬂrgtr:5 h—e‘ﬁi éBE]k?nﬁ%eng %ﬂs

conpl enent ar mm@px’ehﬁcdﬂmﬁnmése@umgb mageitm $Sahenidt Bml Muellaf;d999|).ﬂmisrmbmmh usi ng
the ACP of the present invention. FIG_T7A shows a schematic representation

for detectinglagsne emplifsatien pld BilldensihrsPNAS drsapssnibs NrdfIng RThaddacpresidugshe
present | nveﬁre e%nalgytht e'cgm 1f{o%@§e&%§&g%%seﬁg% B " €presentation for

detecting si e nu usin ne ACP of the present
i nvent i ono lZHHv&er,&hde CapFindef) appcaeh ga smxamgx;ﬁﬁineﬁt@ calldwott beefred fremt of a
deoxyi nosi ne group posrtloned between the 3'- and 5 -end portions of ACP.
The cDNA was w?qdlpéraa %Isﬂﬁ‘aﬁm smeRjyerising from the contammatlon of the CapFinder and

Oligo-dT primers, which are used in cDNA synthesis (Chenchik et al., 1998). Even residual

amounts of these primers result in a high background because both ideally fit to all cDNAs
present in the reaction mixture, In addition, 3’-RACE and full-length cDNA amplification have
15  the same background problems due to the contamination of primers used for cDNA synthesis in
which they generate non-specific products in PCR reaction (Chenchik et al., 1998). New
approaches to overcome the problems above have been recently introduced. One approach is
step-out PCR to suppress unwanted PCR products (Matz et al., 1999) but it has been pointed
out that this approach still remains a smear of DNA rather than a single DNA (Schramm et al.,
20  2000). Another approach which is introduced more recently is to use solid-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 5’-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 (Carninci et al.,



I sol ated from conceptus tissues at E4.5 (lanes 1 and 4), E11.5 (lanes 2 and
5), and E18.5 (lanes 3 and 6), with a set of the dT, o-JYC2 (SEG |ID NO 29)
and ACP 10 (lanes 1-3) (SEG >D NO. 5 13), and a set of the dT, o- ACP1l ( SEG
)D NO. 30) and ACP10 (lanes 4-6), respectively. FIG 9 is an agarose gel
phot ograph to show the effect of deoxyinosine residues positioned between
the 3'- and 5 -end portions of ACP in association with the alteration of
nunber of deoxyi nosine during PCR. The lanes 0, 2) 4, 6, and 8 represent

t he nunberlof deoxyinﬁsine resi dues, redpectively. 10 FIG 10A is an
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be caused by annealing of the primers to sequences which are related to but distinct from the

true recognition sequences. For use in multiplex PCR, a primer should be designed so that its

predicted hybridization kinetics are similar to those of the other primers used in the sample

multiplex reaction. While the annealing temperature and primer concentrations may be

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,



13 12), with a set of ACPS (SEG 11'7 NO. 5) and dTlo-ACP 1 (the | anes 1-6),
and a set of ACP8 (SEG ID NO. 8) and dTlo-ACP1 (lanes 7-12), respectively.
The bands indicated by arrows represent the cDNA fragnents anplified from
differentially expressed mRNAs. The nunbers of the arrows indicate the cDNA
fragnents used as probes in the Northern blot analysis of FIG 5 13. FIG
11 Cis an agarose gel photograph to show the anplified cDNA products
obtained fromdifferent stages of nobuse conceptus sanples (E4.5: lanes 1
and 2; E11.5: lanes 3 and 4; E18.5: |lane$ 5 and 6) using a set of ACP10 and
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anplification of nouse full-length GAPDH cDNA. FIG 19 shows agarose gel
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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



15 target nucleic acids. FIG 21 shows agarose gel photographs to show the
anplified products of multiplex PCR by the conventional nethods (A) or
ACP- based nethods (B and C) for the anplification of four target nucleic
acids. The ACP-based nultiplex was conducted by one-stop (B) or non-stop
(C two-stage PCR anplification. 2 0 FIG 22 shows an agarose gel

phot ograph to show the results of allele-specific anplification for a SNP
in exon 4 of the human TP53 gene using ACP. FIG 23 shows six agarose gel
phot ogr aphs whi ch show the results of alt%l e-specific anplifications using
ACPs for si xoagéliphinenabt cahpemeablei aeid @mplifisatiéH witemesH higen spesificiy asl iBet a 2
adrenergic receptor (ADRB2) (A), Chenokine (c-c notif) receptor 5 (CCRS)
(B), Interl eunkimﬁeck@PﬁQﬂiP@G@p‘i fieldy afpuclqipapidrplificatignbesed iechologtul e- 1 (LAM 1)

(D), Tachykinin,receptot, .3 (TA . | I | D ) (F).
DETAI LED DESCRI ‘ﬁ“ﬁ’%\’ﬁ%ﬁt e °?J%§}rﬁfsgﬁf c?ﬁ‘ge]:‘dtﬁrpg&svg‘{r‘ftaﬂi%ﬁ%%ﬁ%% %%ﬁ{’lgpr{é%lﬁgﬁ ally
directed to jnppovid amiaRa shE@icRo i nudleicptid amplification. he specificity of nucleic
acid anplification and (b) its applications, The annpealing control primer 3
0 of thi$ invenktisotmorepischaf thisrinyeatien toggovids smethogfor ?malﬂfgﬂﬁé‘ yeleigapid
annealing to 0, L0 LAtk Qn: W eal ing tenperature, such
that the spesc?lgl%ngel 1?‘%/&%#3&\12\805 grfl)gﬁlggf*g@%%gﬁdﬁ%g??%% 15 (in particular,
PCR) can be si gnisfstilandthey objegrod thixtinvedtion tp pravile pinettofl forlselegii@ely amplifyingd on

t he conposition of an oligonugl eotjde priner having 3:- and.5' -ends
di sti n(r:r? por W%H‘é‘clﬂﬁﬁﬁlpéﬁgﬁf‘cﬁ ° qu\g%g‘{)a Tﬁ‘ﬁ'é’“tf’gf‘\}cé?g%ﬁ‘dsﬁﬁgg‘p@?e
non-di scri m nat REY RS Bhiect BEMRHRRRIN td FYRAE Pheth@BfoflicRoNEB! Rblifyiila thrige:

uni versal base or non-di'scrimnatory base group positioned between the 3'-
and 5' - ¥nd mucfeirdcideagepdediom ansnRNA.egul ator in controlling priner annealing

to a tenplate nuclei ¢ acid in assqciated. with anneal | t enper.at ur uring
nucl ei ¢ acid anpl* fsf‘ﬁa‘i‘lplll?ﬁ.°bjl°ﬁte°€&€ss5ﬁ oBto PV gé}w@% sg’r od‘r%{cgtlng Bn&
non-di scri m patMr-%nBASE dFRRhEHS cBredddl rIRSA bl HOREmBRIMESD adill Ganples. and 5' -

end portions interrupts the annealing of the 5 -end portion as well as
limts primer ahresiothagoljest pfthis3nventing tp provide s msthod dern rapidly amrbfing Mgaraet

t enper at ur e, ich results. in ti.c i V. f IR%
specificity. C%‘hﬁia%?ni SPHHES éagl?lgrﬁrg°%°g‘s°?€?%§n§%£{hﬁge%“%? Fé&’g& % and 5'-end
portionsyof ACPLiis selPshd@tiRedbjeq dfais ifertiat ho prowide @nmethadr for hapkfying astargst, t he
ACP is fundanentally different fromthe conventional priners in rms of

the functi onchNA fiagmend comngisiog p ARNAZegpporesgondineds the &i-end remenl aa M8 i cul ar
stringency condit.j dyg 21 ej i (T i : is
iventt on i o oi it P S8t S Bl B Ehlon 2 S AER shlol B ARSI ARkl 751
15 anpli fi cahilaengiadrbicapdeCdaINATBmpleinaadry wemRNAs probl ens related to
primer annealing specificity in the cognventignal P echnj. gues, can. be
fundamental | y sgl“ilétﬂl fygther (phieptcob thisrjngentign fp HEH ?P’gtg?%)}oﬁéthb@‘ﬁgﬁe’WP%m t he
use of the AGRAULLAGIBBRASEGniickadPhiriAgat i on (particularly PCR) are as
follows: (a) since the presence of an universal base residue group

posi ti oned bet witenandtier 8bject afi thiingenton tormdoyidsra methed fop gmplifying morg thay one
anneal i ng portion &o _éehe 3' -end,.portion under such conditions that the

3' -end porti GREAIHELRNIE LUePSPURISOUYY%  the annealing sequence of a primer
can be precisely i5QaH laRbthd bbjeehbCtis T¥eRtiont toPR&EIdhL enetidd oS prgducingr DB Wit h
a desired nunber of annealing sequence. It is particularly useful when an
anneal i ng pofirgeprindpf gPNki ner has to be limted (e.g., single nucleotide

of U111 oPent i o Py Hp PRt e SR SRR LOibch Rl s ARUCT "

base resi due figipHnt PORIKRNSanpRet ween the 3' - and 5' -end portions
interrupts the annealing of the 5 -end portion to_ the tenplate under such

. . . p . enm,
condi ti ons t hat It ieurther @hjgetpfrthis deventipnda peovids 4 methpd A9y identilying, & Gonseved, ¢ he
5'-end porti J i¥s .pﬁn@gneal ing provides the 3'-end portion
wth primner %ﬁrﬂgg igﬁ%}{%%gl??ﬂ%e?y; 3°0 (c) the specificity of priner
anneal i ng i s hi @b ytilsfartbértobjeet of touighention Watreside somethodafors idafifing s pucleotide
m smatching. Thus, it i rtic&narly useful for the identification of a

.1t 1s Bq
nucl eot i 38 vFHAEOR fif target nucleic act

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

nucleic acid.



16 in a target nucleic acid) including, for exanple, single nucleotide

pol ynor phi snms and poi nt nutations (d) ACP is capable of providing a priner
with a high tolerance in "prinmer sear ch paranmeters” for priner design such
as prinmer |length, annealing tenperature, GC content, and 5 PCR product

| ength; (e) ACP system provi des two-stage PCR anplifications whi ch al | ow
the products to be excluded from non-specific anplification; (f) the
efficiency of PCR anplification is increased, which nakes it easier to
detect rare nRNAs; and 10 (g) the reprodUhibiIity of PCR products is

i ncreased, Wwhi clt isaiesotBer@bfRRad of BIPkAAnti6H tolprdViieanat @OBtising dnl AfdaRhEeodfroACP Tn
one aspect of this invention, there is. provided an annealing control priner
for |nprOV|n§n@ﬂheaI|ng speC|f|C|ty in nucleic acid anplification, which
comprises: (a) # 8 bie%t BP il ARaliaVio o Aue MR b Chefld), BHELERL i RGAUenCe
substantially conp enen npl'at e nucl ei'c ac

hybri di ze thﬁﬁcﬁemicMan(ﬂﬁﬁcﬁoﬁ -end portion haV| ng a pre-select ed arbitrary
nucl eoti de sequence; and qu regul ator portion p05|t|oned bet ween sai d

3' -end poFtion Enptillfugheso e@her thipinventian a¥RYide#jupryofap apnsaling ceneo! primey &ors al
base or non- wher eby said regulator portion is
capabl e of QB%F%%%{;}@% %ﬁ%ﬂ%ﬁ&%ﬁt%g?? on of 2 0 said prinmer in
association with annealing tenperature. The principle of ACP is based an

the conposition of an oligonucleoti primer. havin and 5' -end distinct
portions separ aPH§ a‘?‘""és P advantages ﬁg&F iPERSETE digREoa; ‘%H%Pm?eeaa”ﬂre’ﬁn@% Hever sal
base or non- digiek! 'dEQcﬂ?bﬁ kY FollEW® BkaNe c&rhfgat@cfnﬂ@ﬁith@ippérﬂ@d O b LEwiRQr tion on
the 3 and 5" -end portions in the ol |gonucleot| e prinmer. The presence of

the regulator portion 2 5 conprising at |east one universal base or

non-di scrim he - d 5 -end portions of ACP acts as
a main fﬁ%to%ﬁﬁ%’ﬁg&@ $ %ﬁﬂ@%?"?‘ﬁ i nprovenent of priner annealing
specificity. Theidsei anuem)km»eschérﬁaft@r:@prsgammk %rcse?eemly dhfis)ifg D targeicl ei c
acid" is a deoxyribonucl eotide or ribonucleotide polyner in either single

or doubl e- st nesliedcid of dpuble-Qranded | RNA r(lgA)kwomRNAr{éBbgsnmthenﬁa@hpélthemmslentot| des
unl ess othermﬁs% |nd|cated Therefore, the ACP

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 lfor 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 representétion 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.



of this invention can be enployed in nucleic acid anplification using
singl e or doubl e-stranded 17 gDNA, cDNA or nRNA as tenplate. The term
"portion" used herein in conjunction with the priner of this invention
refers to a nucl eotide sequence separated by the regulator portion. The
term"3' -end portion” or "5 -end portion" refers to a nucl eotide sequence
at the 3" -end or 5 end of the priner of this invention, respectively, which
is separated by the regulator portion. 5 The term"prinmer" as used herein
refers to an oligonucl eotide, whether odcurring naturally or produced
synt hetical ly, | oh J i ' LRl L@t 4@

synt hesi s when B@ég (Iiatsdei nﬁﬁﬁg#%giorﬁgt? ia%&s) SIiQﬁV l&f}f%ﬁpg; %ﬁgisniogﬂ%%b‘g%éo%g?&h

ext ensi on pr bawesn tiv 3 &hanid s5’-edpdraons rif 4GP tThe aDhidc ves emplified vsing dotal RNA

(tenplate) is jndyced, i.e., in e presen cl egti des agent
for pol yneri E&lﬁeg o GRIpFeRiuS tsRyes btﬁlsﬁn@?‘%ssleanaﬁb%ilg a’éeﬁ?ta’é‘gﬁem%g:‘qﬁg%’é ature
and pH The puhd B witsa R SF fiE @il yyes (@@nﬁo@s@hi@mm@m@ﬁéimmcy in
anplification. Preferably, the priner is an oligodeoxyribonucl eotide. The
primer ofSt hid, indaeestiof th d€arhPé (FRSH NQ X)) arid ACHR10 Klanes ¢-6p gespectively dNVP

(i.e., dAW, d C\VMP and dT i £ ed, nuel eqt.i de._or.__non: nat ur.al

nucl eot i de. Th% ?ﬁsealn aé?iﬂ“&lﬂsl\{)@tf’%gﬁ f}&(saho?v ﬂg%#%?: ogSfogglggs.mefgséduﬁsr}?olrg%sne%ust be
suf fici entl ypdtwed thd3Phahds’-nb Pofisid SFESCT inOdsscRiati Gt the et ddfGlugbéroft he
presence of the agent for polynerization. The exact |ength of the priners
will depend éwxmmefdaémﬁgf,t dingel Ondy 4 6ng9d Barepressnt the pumbeaof daoxnefingour ce
of prinmer. The, term"e&pe aling" or "primng" as used herein refers ~o the

apposi tion ofeS]éhrllesbrﬁpgoJe xynucl eotide or nucleic acid to a tenplate nucleic

aci d) whegeby s®rIG] BERP@Siahi @hrogngéll piotdghuph o showT the eredults ol ywoe sthgee PCR

nucl eotides into a nucleic acid nol ecule which is conpl enent ar%/ to the
tenpl ate 2 Oampldfications £ ifgrlgieing 2 sehof EsAN7 e Eexsio primees (pne Lhand ot of St Acp
has a nucl eot,j $ 19\ stapddyal |y conplenentary to a site on a

tenpl ate nuc?ﬂg?gna%?g@m@gzﬂﬁef( \5#]3 term"substantially conplenentary” in
reference to prFiterldBs iusedghesecgel plotogman to hdibwt the psulterenf two stagef PCRent | y

conplenentary to hybridize sel ectjvely. t tenpl.ate | ej ci d_seguence
indbr th. demelieedns aded s EoHd Ry bnita UE D s A e ared
prinmer caf b endek: BYERRIWPLRAS Rxe-AcP(Ihés)conpl enentary copy of the

tenpl ate. Therefore) this termhas a different nmeaning from"perfectly
conpl ement ary" 8IG.r HiGatiedntaganess géleplotoigraph tto wihbw the rapilis exfi tetoestagehBERL he
3'-end portion of ACP.c ave one r ' t ches t enpl ate t.o, an
oxtent Cnat eREResens g e e sty el S Binper and § s faer ey
portion of AGErhasEachNdraRhé se sequence perfectly conplenentary to a site
on a3 0tenplate) i.e., no msmtches. The 3'-end portion of ACP may have
a wide variety 8G.A0B|izen pgresos gejrhplegraphdlepbo thegresyis pf ronsap e atagvBSRas
wel | as npl nGe., For .exa et i i o0, t-he
18 pr oce£s§ [ ﬁ'\?} l %??tﬁogyﬁoé\%gﬁjsuél Frthgr@(@ Jf% 10 Igeulghgsg(gégg l?efzé’ragﬁﬂ oaf?‘gx |lsa|lo ay
PCR, RACE, ampG2f(iagad)iagda pdir SfEsxN1-20Padd BRMPACP (laged).pri nti ng, :
identification of conserved honol ogy segnent and { he IikeP its 3 -end
portion may hav&G AbA FAcheesr o e8P gela o, Mhe W Fraplss Pihe 6P wgpd fepeletecting

pol yadenosi ng;efpol | d Cdcdbibpmédt ubif@rent sta

deoxyt hym di gleffﬁﬁg'{l:ﬁ“gg%xpﬁggg& ng{Nrrjgspe p e&% {cy egt r?{-ltg,astu 11% deeo>r<lytsh§/er§‘i (gi ne
nucl eot i des atodsetcheeprostissyes.cfhe cANAY wemtampkfFedtusih® totad RNAgisndated eozontdppusi di ne

nucl eoti des. For the_proc i_nvol vi ng_r rse.transcripti ve, in
one enbot? rrgHfs,“cstaﬁg‘"é%?’Eﬁg’slﬁéf?]iaw\soﬂ“gﬂéﬁy ﬁﬁ@%ét“”'i%é‘égtt"_f%&lpgg%ﬁ Bﬂgﬁsﬁ
deoxyt hym di ggy ftChEpt. THle Sanldfihliidfledby a¥rok rdpfeSenBine GDNA. f=8mékls &hpli¥icd &oRNe
selected fromthe group consisting of deoxyadenosine, deoxycytidine and
deoxyguanosi diferentiplly eupreresd mRN A Bherumbens of the arravgdndich(s thanhiN Ay fregments used
deoxyt hym di ne_nucl eot {,des ving 3' - its 3'-end; in which Vis one
sel ected froﬁ??rﬁbéesbnrtg%%o%hgﬁngﬁ‘gt nyﬂs&fp%ég%yadenosi ne, deoxycytidi ne and
deoxyguanosi ne, FERNd1Blid aphotograptedfagiresd gbls @Ehdv exagipies pf tho ACP sikddifer defecting
deoxyadenosi ne, deoxythym di ne, deoxycytidi ne_and deoxyguangsi ne.

e
Furt her ndf e, diffsesntially hespigesed RN, fesiyig Forbmyomispdevelprmant yring different sgese dfucl ei ¢
acid 15 sequ roal i : 4 ; {

Subst ant al | oaseahfustesl B UDNAL R QBASTRRE U RN ER RELRRERS | oy
PCR, an ar bi tissaesyat FéGulanesel -2 akist-YNE1 124 (lanecBHAphd 92 0), andyEL8FH @anss §-6 andillr cDNA
froman nRNA;, in RACE, a gene-specific sequence substantially conplenentary
to a sitein a cDNA froman nRNA; in anplification of 5 -enriched cDNAs, a
random sequence of at |east six nucleotides substantially conplenentary to
sites in MRNAs; in 2 0 identification of conserved honol ogy segnent, a

nucl eoti de sequence substantially conplenentary to a consensus seguence

o s = o o, o o . Y

=




19 acid sequence, so that the degenerate sequence can forma pool of the
nucl eoti de sequences from one am no acid sequence due to degeneracy of
genetic codon. According to a preferred enbodi nent of the ACP, the
pre-selected arbitrary nucl eoti de sequence of the 5 -end portion is
substantially not conplenentary to any site on the tenplate 5 nucleic acid.
According to a preferred enbodi nent, the annealing control priner of this
i nvention can be represented by a general formula ( 1) of 5 -Xp Yq Z~ 3",
wherein Xp represents the 5' -end portid® having the pre-selected arbitrary
nucl eot de 3AUGNE e SHIRHING QFD). SERINGR Tinek 9-63"M4d ishtf HTHghe
tenpl ate nui el 38?6’? q Réé%étgé?rﬂ?gi%rﬁe rwegul at or port?on_ conpri sing at

| east 10 ongpeniny NGk ) Al E,,-ACP D Qlancd i710), i respeitvay y Thsehsadsaindicaieg byzarrows
represents the 3'-end portion havjing .a nycl eotjde seqye substantially
conpl enent arepresant thesDNA Bpgmepis @hﬁfga‘f’l"é‘ ‘ﬁ%"c’F’g‘ia %ﬁ?ﬁﬁ%&ﬁﬂé‘?ﬁ' #E?)r,mné]%eésnd r
represent the, nunber b S Rnts A0 2VBBHR i kheNortheRilot/nd1gsis of FIG.
deoxyri bonu8ﬁ5‘8?rir%ves l%érgéaﬁqgé(:)érﬁ\ﬁgm I de. Tﬁgﬁ?egul ator portion conprising at
| east one unsversal base or non-discrimnatory base 15 analog is

responsi ble for the main function of ACP in associ.at q ion of
anneal i ng t enp&FGaitldFds aupAsanye ﬁﬂcﬂhgﬁogapibﬁocfh‘é‘ﬁ%fci ”f‘fpllg f%ﬂfﬁogg%%r%n@ hed?

"uni ver sal S - i 5l LY Bty saRBRE (R laaes' 1 atfie] Bhesdbnes Bahdns to
one capabl etﬁ% q’lgérrerﬁﬂ(rgl{gag%aseopaicrs @\nﬁthﬁgach of the natural DNA/ RNA bases
with |ittl e Ri8scaiest and 6)asinpeseheACRIend dTi-AGBEriBE®RN Wi del y known t hat

nucl eoti des at sone_amnbi guous posifions, o e . i ; e been
repl aced by unif@rd@is B‘Hgéar%sf’ ggl pﬁ‘(?#?-graﬂ%t@rsﬁ‘%gﬁ%t @&gﬁ%&afﬁﬁ&gﬁg%ﬁﬁé’d’
deoxyi nggi n?ﬁ('rgﬂlm%ta@és AmouseQBRoeptRdaadRE (E4S: lamks | arklOB )1 ].5: lanes 3 and 4;

1- (2' -deoxy-bet a- D-ri bof ur anosyl B -3nitropyrrole (Nichols et al., 1994) and
5- ni t r oi ndolB185leudsé sndfdisiBg &9t of ACRIA NG Br-ALEL PIIMEFSt he desi gn probl ens

associated wit he degener ate pr.i e - U edl €
capabl e of nonﬂ:é%'e&‘b‘f 1S%3Iaﬁvosﬁag§£phﬁam§{a?}h% s\?ﬁ&ﬁ&aﬁﬁﬁ% Sﬁr@b g%npégéﬁgt?gﬁlg? bases.
However, thefg, Dfierer: shefif A toRdtpus @pples (B4alant hj Bl Lfmilane 25B18.Jdmme 3br a
non-di scrim natory anal ogue such_ as deoxyi nosi ne, .

1- (2' - deoxy-Uymnerstbp fWobstrise PER ewplificatinping bir) Pr AT O ¥ CHT v ASEREBIE i s used
to increase the.spegfici foeP 5 | D arfbe® SDRERrodlbe opfa@sence of
uni vers ?’ basee%ébﬁfdag‘ a é‘g%?l&r%géﬂr?g@{af%'&@ggggﬂ%et a-D ﬁ%bof ur anosyl )

3-ni t r opyr r Okden aifereht-shighy efinmled e@néeptu sqmiples€4. T deve 1 aEblsS: [lapg 2B Hen lana §)

tenperatures due to its 3_0Q weaker hydroge jng i actin0 [h base
pai 11 ng. AS TmoEAbB AL S BERPEEHEPE Aot e By EIAE TP TS T nduced
that the presengg pjshgwb?&ﬁ@;nib%ﬂm&d@f MLEIA ﬂ‘@%ﬁdﬁ& aRli i&iefont differéntiattind and

5'-end of a prinmer cou generate a region whic 32has  ower nelting
t enper at ur e, expressed mRNAs during embryonic development. The six P-labeled fragments indicated by

20  arrows in FIG. 11 were used as probes for Northern blot analysis. The arrows 1, 2,3,4,5,and
6 are DEG1 (FIG. 13A), DEG3 (FIG. 13B), DEG2 (FIG. 13C), DEG8 (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 DEG5 (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  blotting, stained with ethidium bromide and photographed under UV light, demonstrating
similar levels of 188 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. Northern blot analysis was performed using the radio-labeled DEG5 ¢DNA
fragment as a probe. Total RNA (20 pg/lane) was prepared from mouse conceptuses at the

30 gestation times as indicated. The control pane] at the lower part shows a gel before blotting,
stained with ethidium bromide and photographed under UV light, demonstrating similar levels

of 188 and 28S rRNA as a loading control.



20 fornms a boundary to each of 3'-and 5 -end portions of the prinmer, and
affect the annealing of each portion, respectively. This theory provides
the basis of the annealing control primers of this invention. In a
preferred enbodi nent, the ACP contains at |east 2 universal base or non5
di scrim natory base anal og resi dues between the 3'- and 5'-end portion
sequences, nore preferably, at |east 3 universal bases or
non-di scri m natory base anal ogs. Advant ageously, the universal base

resi dues between the 3'- and 5' -end pol&i on sequences can be up to 15

residues in lepgth.. Accordi ng t i Lhtaatistal 2= 15
uni ver sal basg:lgrﬁrif)?fhf%ﬁoﬁgﬁ?ﬁ%o?ﬁ ﬁéﬁi@&i}#}eﬁ%ﬂ%?ﬁgﬁl} Mbst greferabl Y,

the uni ver sglchasgd) BRAUNELOP-bied B-RACGEV(thng 2Dwilt reganditophetatactim’ nces are

about 5 residues in length. Wth reference, to._the i_mu j
uni ver sal baseFIGi 16is an Bgarqse el phetogrinhdo fRow %ﬁﬁfftﬁ’iﬁﬂ%&?&"ﬁn ggrﬁ% \&;‘g?r %ﬁt%ggse

residues bet the 3 s Okt | 9S2)@hd BéeRadtis SPRACE (lagd 3iand or der
to interrupf® 'bﬁﬁenenéﬁﬂforqgﬁ’g{réﬁg&% fiend port)i on to the ter‘rPI ate during
nucl ei ¢ saci 4 ygiRPink tordaitiond] peierc(iantsali and Aand AGP{lnes@ A ParesPsivelt i s very
likely that the length of universal base 15 in:the .s ABr dhdnd@ses)
does not nake HGsiyisienpesese Bl PtgyglﬁbtgSﬁwg\fg{}%ﬁﬁcﬁbﬁﬁ%?g?ﬁ’@%@_ The use
of universal base resi WeeR pIdAnia 5*-RACE WBing Gedopeffidnapriser(eaces is
consi dered %%}?‘g‘fﬁe’%@%&?{ﬁ the pr egent i nvention because it provides
each porti op 48 ACPaafks3, 3,anild), rebpetbtivalydi sti nct anneal i ng specificity in
association with an annealing tenperature dyri inGerdfdtifdds or ACP-

anpl i fication, F¥6-48 sw.thezesag%%fa%ﬁa‘i ‘6#?%1 agé%grlse etfr?%g%ﬂenn%odi ment, 1t he

uni ver sal  bases AlmiRRs:FheSiplifitasd SmoukafiR-laphlGPDHCRNe regul ator portion
i ncl udes” deoxyl nosi ne, 1 nosine, 7-deaza-2'-deoxyi ngsi

i NQsi ne o
2-aza2' - deoxyi HIfsilehowa 2gaBive g¢l phejpgiephs to show Fhﬁéeég‘llﬁé’, EeRQpie fingerRrntings 0F 7y o) e
3-nitropyrrole, 2'-Ove 3nitropyrrole,.2 - - ni tropyrrol e,

1-(2' - deoxynﬁéiea?laﬂsPF‘%Wrdétﬁ%%fe)ts-oé?rr?l%Polg?/% ol e, deoxy 5nitroindale,

S-ni troindol e, pgs 20¥kowd dghrbdeQielshotograpiid'to Bhosw-the smpifiad| ploductsod apultiplex ¥ CB

ni t robenzi m dazol e, 4-nitrobenzi m dazol e, deoQ% é ?m Qoberﬁ_i q}og%%%ge

4ani nobenzi by diez ainegntidisb methadshHid) ot AL -based. metheds (B, for fie amplilipa
4-nitrobenzim daz?l_e .‘fNA-Si ntroi ndol e, PNA-nebul ari ne, PNA-i nosi ne,

PNA- 4- n-Pr oSE8S MPIESS4%) PNA-3 nitropyrrol e, morpholino-5-nitroindol e,

mor phol i no- nebuyh@riingdwdapephode potdgrmphs tehownibe phplified prodvats efondtiplexRdaz ol e,
mor phol i no-3-ni tropyrrol e, phosphorani date-5. nitroj L) f
phosphor ani daittes-aqexsntiope] ghods, Hﬁ%ﬁ&?gﬁiega’f@ﬁ‘sﬁ & ntej,%')h“@“m"?hﬁ(‘l“’ltlon of four
phosphor ami dat e- 4ni. enzi REplaZel gultposa @hatteday endstop () opyanrsaipdC)

2' - 0- met hox %rlgﬁﬁua%lzr’u%és??shgﬁé }Zn'zgrret ho;l<ylglt hyl nebul ari ne, 2'-0-nethoxyet hyl

5- ni t r oi ndoltgo-sage BCR®hglidcstinhy| 4-nitro 21 benzi nmi dazol e,

2' - 0-met hoxyet hyl 3-nitropyrrol e an nbi nat i e , o Ylleld@ecikie M t ed
to. Mor@0pref eréﬁl 2 thews (A% G@ans%llgegfl’g@o%?pﬂn{c?n- | sf:ﬂ%i Irinegéri?fast ory ebag;(gma:nal 0g

i s deoxyi nosj nes diof ?&Q?%Xﬁ beh 3 bk hivehIPangeay blin@AGP.t ropyrrol e or
5-nitroi ndole,” nost preferably, deoxyinosine, The preferred,l ﬁggt Qci‘ﬁf an
ol i gonucl eot i deFIpr Rirshowsasix wamebe kst phatosraphs which Shh dhe TeFylts Af 8TgEERcFEY
specificity of annealin d . the ' MG 8Pk Gk sxBetdae
desired spec‘i‘?ﬁl‘f‘i"”tt’yni‘f‘f‘?i% Agc&é f?resa‘uﬁg&gg“%'g% SyﬂgérﬂiI%:I}igs‘zge to tﬁgtegt%grrgl ate. For
exanpl e, an 9biORRHCkLeGtor deDIDsd) IRY, Chémakie (e mothl) radeptoriSYCHBALB prterierkip t han

an oligonucleotide prinmer of 10 nucleotjdes b e th it each
nucl eot iz t 03 aeceptbi GO Ueulkesyiedrdhpsinny @3‘5&@ -1 r@@ﬁi)egh ﬁrga%?’gdr‘r%{e?%f‘ﬁ%%f t he

primer to the t l.at e. lenghhg)ah. the 3'- and 5 -end portion
sequences of &Aﬁ@ﬂﬁ@a dﬁ‘%’é‘%@gé’nﬁ epe%g{)i n part on the objective of each
application using ACP. In a preferred enbodi nent, the 3'-end portion of ACP

is at least 6 nucleotides in |len ] i is.considered a m ni nmal
requi r enent WWWWT*%P%iﬂgngi re preferably, the 3'-end

portion sequenceyl grc%crnp fvdRioh Qs gehefalty liRGUtddAE Ya)pairlameaiink eoutys! pumenfor th
nucl eotides in I'ength. I'n another enmbodi ment, the 3'-end 115 pOI‘t'E_I onm”f ACP
can i ncl ude Epdifinincofantleitasidasplifitationand da)dteyPrlisatinng| T ATRLE CPRTol RUPHe
preferred enbodinment, the 5'-en tiQ f } Andding to he@Rtkollitdin
‘nucl eot i &8s i°ﬁg‘fséﬁ\5f’%°,n (RHF‘B?P"ffse%E‘g%{s‘ﬁaéeggg)Sﬁﬁ%ﬁn‘?}ﬁ’& re u_igr ement_of |ength
for anneal i ng.44ageh indhnsling RESEEOsdL thaothe spersiﬁehtmfaw&yl,c agi @mglification
portion sequence can be up to 60 nucleotides in |length. Mre preferably,
the 5 -end portion sequence is from6 to 50 nucleotides) nost 2 0O
preferably, from20 to 25 nucleotides in length. The entire ACP is
preferably from35 to 50 nucleotides in |ength, and can be up to 100

nucl eotides in length. The 5 -end portion of ACP has a pre-selected

o, o o 4= o o e e v o e




of the present invention to use a pre-selected arbitrary nucl eoti de
sequence at the 5 -end portion of ACP as a primng site for subsequent
anplification. According to one enbodi nent of the present invention, sone
nodi fications in the 5 -end portion of ACP can be nade unl ess the

nodi fications abolish the advantages of the ACP, i:e., 5 inprovenent in
anneal i ng specificity. Far exanple, the 5 -end portion can conprises a
sequence or sequences recognized by a restriction endonuel ease(s), which
makes it feasible to clone the anplifiaed product into suitable vector. In
addition, the 5 -end portion can conprise t | east e i with a
| abel for d@t pticuian RER) cambesignificapity lgm"?‘f iTg‘aP‘b‘P E%J%fﬁ{.‘]" éﬁ??éa%?ééf ‘ﬁ’g%’a s

i nclude, but not . limt t 0, f NRERS . 1% QsHaP BiediRSportidhe sephrted bescer s,
nmagnet i c 10°°ﬁ%§f’?‘i‘°5‘l°g]§rfg?%’&?%?oé%%n%g, rrr%ss | abel's, el ectron_dense
particles, ANGMWERSunitaBBiso6mon dislriinaiorp bask JFhe presetimentar das e wrd Phvi ng
specific binding partners, e€,9,,. an antibody, . | A0 a0 BL@KH-Nnd

di goxi geni nthe reiverpad [bagej GO G%B'.“mf%%%“-gé%“a pﬁ%ﬁél{egﬁgtgv}%ngehconpri Ses

bact eri qphage.,. ! Rih Qe oRing RidieP BrmeAg ab @i tagplute rbleic pridfiar r ed
enbodi nent g?mﬁ%é&?ﬁggﬁ%ﬁﬁm the ACP is applied to PCR #31 Mor e

pref er abl y, adsbuatddCRith ampelifgotempetatumeciuring nagleis acid plificaion, e AerEnce | g
tenperature, i.e., under different stri L diib9Sen tho'® - bdd's3Lend
anneal i ng t BwRsYehPase e TeRyISHEMINYAR) aicéesbdr&gg%é%&g{tﬁ an thecnsecond_ anneal i ng
tenperature &H&rs%%mﬂé YmedlRE oBBE A Boreieimdsiwell o Emfleprivnaramerlingd §ler t han
the first aRnea ing tenperature. In the PCR process performed under & wo

di fferent apnhed panipnt 2 rpesimewesling tmperature, which rgits programafe, MProSig™ ¥ Acp i s
i nvol ved in annealing at the 2 f blteedn GHEDRT Al Br-endPaiohdef 5' - end
of ACP 1AcorpisrinesBeortiftty Aé%ﬁrsfaﬂ@ %?‘%’d’g%?&%? Flrst anplification stage
Serves as a fyp imi&%n&i foGlefile dabiEpcatinORul tasmeabisthe W§Rpefundamegtally differents case,
the advantages of ACP will be denonstrated in.ac or.darrg)c§1 ‘ggntngrtafi'&alfi | owi ng
assunpt i ons frofl jhesionventional SHEE 15 rtemB - ¢t B FFHECHT | BPRIREJEES" 5 at 1 east
one universal base oy nongi scri.ni.nataria0akguscimbiddenidificdionner Tm t han

ot her , port iSB"r?“?’HyK‘dg%iﬁae Jtuga(? l.“s'gc\rllx‘éyacﬁer 12 5 rir?;g?drogen bondi ng i nteractions
in base pairi ngpe e draigsiinaénion Baighifiomtlp Effadre ind widely tosessiblgne Budele aditheal i ng

to the tenplate nucleic acid under the conditio t}gﬁ s endige@r tion
of ACP aBneanwlifiention-biseanghicatipns. ‘E‘lé‘?rﬂ?réﬂ"%prg‘g“ﬁs rfllgfég%o anr‘i:{éa ° %Sgtg%rrﬁgi%t ure.

Consequent| , (0, REGSEAGRRCfeohid B0 WAledhnlhichkion saayi &6 LR cwit one

uni versal base or non-dl scrim na

ory anal ogue between the 3'- and 5'-end
portions of WaHits Bkobained fioh tensaofikeadChduriss qulqs%a%anm‘ﬂg“%“"-’ 8’&8“%‘*‘%‘/
portion at first annealing tenperature; (2) the 5 -end portion which is not
i nvol ved in ?%aﬁrﬁﬁé‘&ﬁ‘”ﬁg under the first annealing tenperature keeps
bot hering the ?ﬁﬁéeitﬁﬁ%ﬁm&hﬁ‘ a3 uni®dI6hl P36 tesidte grourt usitivmedibetreen the 32304 3)
t hus, the streﬁg I'n ich the specific annealjng of. the 3'%%%9 d?t?JnEi on
SequeNce MCCiread ipsrtipws regtiiceprymes Eprsaling POFtion 10 A& - RRFHIP AT SR °RH
non-speci fic_annealing occurs, .U f ik ShneafiRCableng s p@hatodsi @ whi ch
results in tha PedreRtetftie %‘f’éa[ljsrt:gcriggr ‘eg‘ﬁﬁté’afhl ng s%%gi ?i_ci ty at the 3'-end
portion; 5 (4kciieburbi, WhicRnshkpar pdssible 0@ dpsignseprimer prigh- 8 dpered aumber 9t rary
nucl eoti de sequence, the portion serv S aprimng sit - g
anneal i ng t empesling gequen é?H’aF@“]H’ilﬁHseg’? Wg%%%?ea?%g?rﬁ?noﬁsaa&% ' g?sgtg shoul d
be hi gher than.t first al | &P:HQI? apYy &rotybk, DNASE Nty screening,
anplificati oﬁmﬁ?ygga(ﬂn?lgr?a%%g@u ‘?gaener ag ed ?r om anneal i ng and extensi on of
the 3'-epgd pand deRbtichaddifteatialyreprifed gsdessonsequent |y, only the reaction

product generated from anneal i ng and tensi.on o oned Bk 14> Ofhd
sequence can be (Rrpce Y}‘F@EFS@‘Icﬁ)gfea“t‘HWFﬁgifﬁéﬁstl@figE:OaPE)gsgt%oﬁ%m ofegg{et wo- f ol d

i ncrease of %R%%“@Eﬁén?ﬁnt@ PER kb BAL ofUHAE &P -eridforficC onitle aenmied g such

t enper at ur e. Therefore, t 3'-end portion of ACP ac%ail qgl%, ai anngg(l)ti ng
site to the tcoudtiont chanthe t3hend partian aspesbsap it MRAHeTSIMA ¢ "Sht PHESP" ERd
portion of ACP |s. used as.a pri.ni i tonlwiB pSifEOAdealibg SBdRdly] NY

t enper at ur e f“b‘iolvf‘f'lg‘t ARG %P“gér?pra%?ie%ﬁ%o?tgﬁ of ‘the product generated by

contactiRg and gXteghedfcily® pAmercdneleafing is ihighlyoEnsiioP enqyeh ipcdoteetRYPhE gngley  ay

be appreciated that the ACP of the prese invention.ls AN a
vari ety of prhaseemiseiehies. dbes) éFScPaHEPIGrI%‘I‘Fﬁ‘I'r'}f for g’ﬁf&ﬁ%&%@{nﬁgég@dﬁg ?ﬁ%ﬁﬁg&{]he
met hods of MIller, H 1. (W 89/06700) and Davey, C. et al. (EP 329, 822),
Li gase Chain Reaction (LCR, Wi, D.Y. et al., 2 0 Genomi cs 4:560 ( 1989)),
Pol yner ease Li gase Chain Reaction {Barany, PCR Methods and Applic.,

1:5-16(1991)), Gap-LCR (WD 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 limted to. 2 5 In another aspect of this invention,




1. Application to anplifying a target nucleic acid sequence; I11.
Application to nmultiplex DNA anplification; 1V. Application to the
identification of differentially expressed genes; V. Application to rapid
anplification of cDNA ends (R ACE); 15 VI. Application to anplifying
full-length cDNA;, VII. Application to anmplifying 5 -enriched cDNA, VIII.
Application to DNA or RNA fingerprinting;, |X Application to the
identification of conserved honol ogy segnents in nultigene famlies; 2 0 X
Application to identification of a nuclebtide sequence variation; Xl.

Appl i cation.t 1esdid i Xbok - > lsingle Rub16@ide otphisAPphd paiti on to
Ampl i fyi ng a %’Eag%%et %{Iﬁdé(?el?‘%mg‘gi g&ééﬁjﬂgﬁceg?n still gg]rsﬁ;lt]r}?er of tm

i nvention) thatiensj s provi ded a nmethod for anplifying a nucleic acid 2 5
sequence froma DNA or a mxture.of nucleic.ac] i §i Qg ner m ng an
anplification fBaeth &ncﬁgﬁwﬁj’ prgY 2 PRt Y& g%%&&?{lm{eh%t FbglFQfgéag(Jth one
primer is d?éfhﬁ(&&s’f foPEﬁlﬂ&ydeﬁﬁ'?su@ﬁ ad’Yeltnedl @hgih] fQekliah Cviperafire GEr ableyt, artdhe
primer accofding to the structure of ACP Is one having at its 3" end portion
a hybri db zi RGRyemuetengthsubst anti al ly conpl enentary to a region of the

nucl ei ¢ acid sequence to hybridize t ew th ; FdalGs feodi ment
of this net hod?egtﬁ'&%r st pﬁ%b%ﬁ g‘éodsﬁgegkh%%ﬁhﬁg?hﬁaz%\%ﬁgl?ogfggﬁg%l}lﬁ? i cations
for anplifyipaudRd rbehei-eatit snfEdatdace froma DNA or a mxture of nucleic
aci ds, which conprises: (a) performng a first-stage anplifi caﬁsi on of the

nucl ei ¢ aci d séddherefcieney of FGR amplificaion is mgreaseq, yRirb makes & ¥R 8°hieat

| east two CWS. Qrfd primer annealing, prinmer extending and denaturi ng,
using the p *pair of any one of the ACP described above each having at
its 3' epd por {(g)ake @profizitilily 21 PCR preduetsic érceedsd,tveich savdsy grashphambeftizey to a
region of the nucleic acid sequence to hybridize therew th, under

condi ti ons iapd ¢t ch each priner anneals to the region of the nucleic acid
sequence, whereby the anplification product of the nucleic acid 10 sequence
is generated; and (b) perform ng a second-stage anplification of the

anplificati CP_%%@EW_AQIEHGV ated fromstep (a) at a second anneal i ng

t enperat ure, ich is high stringent conditions, conphisin t one
cycle of primerdAMearehy) W ¢ ‘°é?<¥h§‘i‘7d‘is rfﬁ"‘%ﬂe HetH ‘lijlmignc_é)?mﬂ Il”bfge@t e sane
prinmers as qﬁxﬁgving afeaihe( Pleifi %%dlé?@ﬁcid)ﬁi&élifﬂm, @RIBPEoBpriRgs: Gy @riese| ect ed
arbitrary nucleotide sequence 15 corresponding to each 5 -end portion of
the primsrs pestied hiaving & bpbridiging nupldetide sespyenceisehvtantially (AMERMEHEH IR S Hnneal s
to the 3'- and 5'-ends of amm] iyf | ] oduct . J.e t4 YRldecihrer eby
the. anpi | 11 GEPPBR BrBASY (roRpECEserth, O, fEPa horiCRRER'S KR el Er 22

the anplifi catiirR9 mbledtide degRhice b @) @ raguldorsgeticanmaitiotddebeprdenesaid (fdiend used
has at its 3'-end portion a hybridizing sequence, sng%anti&lhch%:, .

conpl ement arpertonGind erich 5'rengi poriiop LomPprising ## las opg ksl base gr R fliEHEL Aoy
hybridi ze therew th. Therefare. . | Ukt . irSall hen,
there is pro %I%"&}oﬁ’ %ﬁ’%&?a'ﬁ 5erg’u?l(t§rl]3§?l|£{ﬂ/£sl J;%E %#g‘ﬁ? %‘?aﬁ‘gééﬁ ?ﬂ anr%i(fq“é1 ‘f)ﬁﬁfgl eic acid
sequenced r ofidpriAinAssodatitn it laénealingnemgetitoe.aci ds, wherein the method
conprises performng an anplification reaction 95%:219 gri rsﬁr.chg\r?acteri zed
in that at | easThecmaciplejoidyCP;is baped prthg cPIBRstioR oF Arelapaudsolife prime Sirune
Preferably, dNG.p5iIRls@GEOPHGN sbirdiPhysh rifulai poRfonZeomphiiiy kS lefienbavi ng
at its 3" end portion a hybridizing sequence substantially conplenmentary to
a regi on of idiersaBbagebr muedierinimrdbase gubthe effecs of (srpahilaier RORPRASRItEHI - | n a
speci fic enbodi ment of. this nethod, there is orovi ' t wo
stage anpl i f #dat 1e8f SORIGRS E’efhécf’ﬁl??}‘é'ﬂelot R RG] péesgrgcggogttﬂﬁh% efog%g@?ﬁ
sequence,d r ogga,khatQEasPor® whivelis Al bide of HEH-@bSinkutdl$ baselbetoRerCtherpF askSend a)
performng a first-stage anplification of the target nucleic acid sequence
at a first apordaisiofhQPesvpersat meie fastomhichiingpspansiplscfer the \mpreyameat ofRrimsy i ner
anneal i ng, priner extending and denaturing, using the prinmer pair of any
one of the Aﬁﬂgg%’é‘%‘f‘ef'@g‘ "above each having at its 26 3' end portion a
hybri di zi ng sequrnGens UHasmipkitd”i atftry @omptleirendidr ht oteamr &gicloiv @fidt hie ear get
nucl ei c acid sequence to hybridize therew th, under. con i%’bons ({n t‘é‘r’?ﬁ ch
each priner deoweshosuciegtider of fibpryelpotide, dlyger dn either glee O A

anpl i ficall P&GBBBgME,BalBé}%fL&&Q% 18HRL RIS SRR ARRRACI. Thaeor| e &dP and 5
(b) perform ng a Second-stage anplification of the anplification product
gener at ed fr efthistiepntioa karetie empyeatin dudeineid immplificasiop vyieg sngls ordpptigstiagdedi gh
stringent conditions, conprising at |east one cycle of prinmer annealing,
primer extending and denaturing, using the sanme prinmers as used in step (a)
or a priner pair each conprising a pre-selected arbitrary nucl eoti de
sequence corresponding to each 5 -end portion of the primers used in step
(a), under conditions in which 10 each priner anneals to the 3'- and

o o,
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15 conprises reverse transcribing the nRNA and perform ng an anplification
reaction using priners, characterized in that at |east one priner is
derived fromthe ACP descri bed above. Preferably, the primer according to
the structure of ACP is one having at its 3'end portion a hybridizing
sequence substantially conplenentary to a region of the target nucleic acid
sequence to hybridize therewith. 2 0 In a specific enbodinent of this
invention, there is provided a nethod using two stage anplifications for
selectively anplifying a target nucl ei cldcid sequence from an nmRNA which
conprises:  (NAC DNAC iINA BEteHRMY. et tnPhoftloh0RR8 Gbreiatih 8y dtdalvithake Whi Ch
is hybridized to polyA tail of the mRNA under conditions sufficient for
tenpl at e dripviger efithiy fnerition mé@xgorar yoleetide ettqeenze Eepareted by arembios perorodbur ;  (b)
e L AR LOLR S DR, TR OB S, PhlBRICLaR G i R BB

hybri di zes t ran 'S CO enentar

to which t heen@bftg@nuﬁdreettﬂsd@zeﬁttanmrpearvetbyMMs #parated By thseergtu%ﬁpdwona
first-stage anplification of the target nucleic acid sequence fromthe

first 3 8 DNA Sthe torve “priveca] rraged hervin wsieesgo 911gatw0b?°t1¢°r whethg Aroyiring gaturally
t t |
egf‘;ﬁgf‘n;r : o ﬁée§ Ja&ﬁﬁéaug%ﬁéhl aﬁé( 8% a%ﬁngg a%g?ﬁfAm n@m Qi f' f’fg‘ggﬁg"g‘%;

havi ng at i tglaced w0ét peiditions i hmbut [ sjmthestng oSeptuﬁmcectaﬁhﬁtpmﬂUcaI\bmch iR7
conplenmentary to a region of the target nucleic acid sequence to hybridize
therewith, (FeERlemen#y|te|HaYclin G Ernd Lempiate) n*iarmda?ﬁ‘iean ip dhe presengg gt

nucl eot i de e AR i Oﬂﬁﬁ{"

nucl eoti de Z@%@ﬁgia? S géﬁéﬂyé‘wﬁ’ ! angdh}){é%g%le%?ggrﬁt acrgs)sgcatgﬁgt tgf%t‘ﬁ%le
anplifi aat i aemetatirbandipH| The pamerois meferdhlgtsmgkermmteecfoﬁ mmmnﬁmsdfﬁmen@g)n at a

second annealln temperature, which is hi h str itions,
conpri si ng APEsaEen. Jyeferably the primerjiaap of ﬂ@&f’lﬂlﬁ&‘% GP?%E%%)PP@FIH Ftéhl%tnd
denat uring, ipahilh eatrebesetrﬁmstrdl SeifrAfy 6@Ang ANMPEQ.e( GAMY, MM ACKEF R I

each conprising a pre-selected arbitrary nucleotide sequence "cor r espondi ng
to each 5' -&MP)parodified mkleptids pr ingenaturals edcléatidst Epe (peiner watledlsoc ialide i ons

in which ls t -ends qf th ficati
broduct | T odipeRietgeiey gk OF RUTHAY PR PR HectmEes & ks O
re-anpl isfsi edyrodib® GEtht bRseabadfi thd Skt o polRieRoMion Ofhe lekicB 1eh il 8Nt pAmEERIIPYS t he

ACP of this invention, the common descriptions between themare omtted in
order to avolegendioa rwwﬁt@rs,tlgcl@ngttmeer@pecapph@mn o sowgelhprimas. Thedign

mul tiplicity, Thi s, L,cat i ubj.e iLhvent.i gn._can
provi de an | r%’?egl\}‘@ OHEP{%@ o FSCQH TEe ?r}%se Y arﬁgf’mton O%anl)hgto x‘értuelﬁ?}lc el c acid
sequence fr ofiiicrididl i iaCterdflbtd ntleid aﬁlfﬂ)(\k'h&&)y&fudrhbﬁdsﬂioﬁ eﬁﬂiled&hc( PIMAnepase ARNA) by
perform ng nucleic acid anplifications, pref erably, PCR Since the effect

of ACP pr owRﬂ’B@ef‘FFemEEﬂ‘&déﬁt‘F‘bﬁan%‘r i"ﬁ*ﬁa?“g egti's whiph isrfémplaﬁ‘ﬁ‘ﬁm’ ihgesprrlatticity
regar dl I rameters” for prinmer design such as priner

| engt h, Pzzfmg'{a %eﬁablgglra errper a%bgre GC content and product length, it is
parti cuI arly r eresrrentadtidnoof USEP bdaa niilebtidh emutive sastautily icomplem@itaryrer 5 used

to anplify a target nuclejc acid fra nt g osen5|t|ve ,0 such
paranet ers t¥°gep&mplat f&‘ﬁ’élfraFliddn‘tlﬁﬁﬁngﬂ% t%e?&leba*ﬁti afly pouag! t'tﬁlttaa? SHUTFEFEee A
schematic regy @ﬁlgms%eaortrélﬁ fo DENEEL Hebrind TP hthicidnRY c8m] staﬁaﬁgry Rfefibige aci d
of doubl est rand usi ng novel ACP system as described above s

il lustrated selctikkgto aﬁmpﬁte@ucliﬁa@d &qu@bumt@ﬂhe@smn@mangtcméporesm ation
for selectiv arc iCc ac of NRNA us

Gyt om Her s apeleaPeaer din b el BB bitoPha Fipte R TEoBe Y o1 1 bed
in nore det akhplatd MEnRITES, etﬁis temt mohsmtfaentaxﬂahmgmdﬂg “gerfedis| &hﬁleﬂﬁﬁtﬂ’y’s gguence
may be carried out in accordance with various priner-based nucleic acid
anpl i fi cati orlgtefl jgsmim thersof Hewillrke apmedisted i the 3'3end portien 9 PEEden Aee waPhed out
accordi ng to, lol gl i deve

i nvent or, nnr%arggqr‘%r agtbtﬁ%%pﬁ{t@ ojghe %@#trtgagﬁeon |ésagllgag %%/prrek%? I\%S"?El%{%}ablryf

chain react i the131-énd @attioh 0f AP hag & nwtndudmtluepdsee;fedbalyl cysmplambnta'yacr A sxRCEh aret hod.
28 The nethods of the present invention, for anplifying a nucleic acid
sequence kanteBBlgd &P BISERISNSSt y any desired nucleic acid nol ecul e. Such

ol ecul es may bg,.ah.LiGSohor REP %avw%1&%@&%&&u£ﬁ@éﬁd@€eqh€hc@s‘d%&%&n§on

doubl e- stranded or single-stranded form preferably, doubl estranded. Were
t he nucl ei ¢ iscipdlications s weil ag)templatsr seqrendes Fetomirhple, stheeeritie ACPiis apptiedtoether r ed
to render 5 the two strands into a single-stranded, or partially

singl e-stranded, form Methods known to separate strands includes, but not
limted to, heating, alkali, formam de, urea and gl ycoxal treatnent,
enzymati c nethods (e.g., helicase action) and binding proteins. For
instance strand separation can be achl eved by heat| ng at terrperature

Y. Y. . A N~ ~ - o o r oy,




The present methods do not require that the nolecules to be anplified have
any particul ar sequence or length. In particular, the nolecules which may
be anplified include any naturally occurring procaryotic, eukaryotic (for
exanpl e, protozoans and parasites, fungi, yeast, higher 2 5 plants, |ower
and higher animals, including manmal s and humans) or viral (for exanple,
Her pes viruses) HV, influenza virus, Epstein-Barr virus, hepatitis virus,
polio virus, etc.) or viroid nucleic acid. The nucleic acid nolecule can
al so be any nucleic acid nmol ecul e whi ch ¥as been or can be chemically

synt hesi zed. prbbuds invéibigg Rivels@irfms@phich SRR UEBEG e difflay FOR, RACH Smb0ttatbnl N
nature. 3 0 The ACP used for the present invention is hybridized or

anneal ed to of fulldength JINA cfingemrintingoidentificatipn df| consstved horaelogyt segmend rapd ithe
formed. Conditions.of .nucleic acid hybridization suitable for form such
doubl e str an!ﬂltéed 18 PP ‘é?"%r%ayd«'? Cr ¥}i§e8u%%9g oéﬁﬂgﬁncéawﬁ‘?]bolﬁ',g“‘gfcsaf°. r&% 29
Mol ecul ar  Cl pélidagnosife GRBOAREAIIOf alyRRNI,, préderhilly SP1ehdd @ ddaxyamidiRddRUcRbAdeY,
Press, Cold Spring Harbor, N.Y.(2001) and Haymes, B. D., et al., Nucleic
Aci d HybrF di 2% rysferably pi least 10 spoxxfmidinenuclpatides mdethe; mosppseferaly.ci lea), 18,
(1985). The .3 i O xhji bi t
preci se comF@ﬂéﬁ’?grﬁf%%h&%ﬁ%énnggg&omgf'f}% '% t(gﬁeb O%E sggiﬁ ?g?‘fe§/sgg%lr}%ﬁgtr?g ntar y 5
in sequence twvieinabhe embodiment) ahes Bakide pottioth|of- ACP aludest Seastutd Woktignduadus,
departures from &)m, lete conplenentarity are perm ssible, so long as such

departures afl®xygmidize ppeleoifes l"taﬁi“j&éf‘rffl B yensh & whigk Yhijime aelscdadi o ths for m
a doubl e STT gBAe doliditlg ! bF SteolMithbile? Ueb Rty Rine ha | RoRy L SRLAD BN hGHR: AL €
nucleic acid is a prerequisite for iIts tenplate-dependent pol’ymerization

wi t h pol }her esesimert et leass 1 ®atgudusdepkytifandincnikcleotides having, 3’ MM 2 6t BagndGnoni ng,
A Laboratory 10 nual , Col d_Sprjng Harbor Laboratory Press, Cold Spring
Har bor, N.Y. t"%’ﬁﬁ%}s %{ﬁosellglﬁtﬁcﬂgg, %e forp &pnsistipg ?Pfixﬁ??,‘}’”@F‘E?S‘AEi @?Wﬁfq“%fi 4t i on,
A Practical Appyfathine,! Rd R 8Ssne VASRUNSSR Nhe Brdup (B8R} Wh&,tlya%@lfo%ﬁ&, the
base pairing of ACP to its conplenentary nucl eic acids Subsequently affect
prim ng ef fi deosythymiding deoxyextidine anfedeoxygpanosing. on of ACP can affect the

t enperature at Lch anneal i i S, optinal .and therefore can affect its

primng effici eﬁ%?mT?’vacéerl t‘lyé%flsoﬁ@%%egl Wnaé?qhg'lg oﬁaoﬁ aog“%fgé‘aﬁflﬁ afife

anpl i fi ceg i Ogeqidned) it9B’-dnd ofdio Setiriséstl dioldstide Wheiie kibsthitRRY confi@namy hhagment

of E. coli DNA polynerise I, a thernostable DNA pol ynerise and

bact er i ophagBressemipeepis diffgentialddisplay BER anerbjtrary seguanes sphwsantislly omplementary

t her nost abl e - ' u ) btained froma vari.ety.of

bact or al splcr o B AN hoblchl BOuA RROE L YllSea FRlanE oty

t her r nophi | usonfpléntthtaryib@sitesia afdDINAf fodri) &1 MRNAK &Y difiptification b S\eHSched BIBRARNGOCCUS

literalis, and Pyrococcus furiosus é_P.f u).. Many of these polynerises may be

i sol at ed fr offPeputteaienertiat loat six ghcleghdessphstintiafnrmriemantay opEesRBRNAS ino” be

used witdpth htioRChe i jjO I bt a f el ahch

express hi ghﬂrlgg#glhgﬁokft%\é&g‘fegng%lrﬁ%}gtr@s@g?\eggd?ng@c;l%g&pcf{é@'{rlfhe%i éléb%tawgﬁ a

pol yneri zat i enmpleaotaryote, a icgnsbrsiin gequomnel dfamnddn ai gene Samilye be dedeheatt gequenei de

t he conponent uired for such.reaction in excess in the reaction vessel.

Bceas | n 2 SEFET dPRAGepd aE BRI obPlnbien RoRrE £ BEFORTIEA AR e o s

to an amount segfiena GlidEHRIRBAHIR 61 a ﬁiéﬁbﬁ&ehﬁﬁatfoﬂge.g%billblﬁé Stte) iR a Mt RYeid D4, geS' red
y

anplification is not substantially limted the concentration of that
conponent . | nucjestidéeseiuenpycemprisingapvélentide eomplementaryde the porrespandingnateotidemfint  of
r equi recg Of?%%?idesléacntliaé aI\/?z+ gand dATPf1 CIP, dGIP and dTTP irln

suffici €t qUARETFSS YB1eLehFEF (i Fiesensg e ‘(‘.?c"ﬂ%pfeﬂ'ﬁn&eaf‘?‘?ﬁ?sﬂﬁﬁ @i.o" 0 ALl
of the enzynpsmaskfuciddtiddto s tiag@hicidica@idl on reaction may be active under the
sane reaction conditions. |ndeed, buffers exist in which all enzynes are
near their opti HiflterezEtifasy nuclsetide seapence dhused honen tof meaa the mpsleetidsséquereat i on
process of t : -l ! i I e I on.%ol unme

W thout any SRaneesarvutthlag A, RN b oS AR SELITS b
under st ood t Hlzt tetnh erbftary ghodldpot to tneonfifsedawitle traodomAGRsefireadd to rpricdes whickp of

the first- stage a ification could conprijse_identical _or different
sequences i‘f°“g%%sfn1%"‘é°r FW?@‘QI“,”@”&@Q" RHORQF PrpgTs Eaé’EBﬂg‘iffﬁﬁmtaBd fapdom
sequence of &quen@NAhpAsrin dgsMerate” REquERRBdn | dOnjltBos WRR ACP FhieidafFonds Trage
anplification, whereas if tﬁey are different, two primers each

cor r espondi nepneesved hemelegy sagment gefers 4 theStucleatidel sgnuertce dhat i5fdeA@iRd fivin bmibe used
in the step of the second-stage anplification. The present invention

i ncludes an alternative process for selectively anplifying a target 10
nucleic acid fragment froma nucleic acid or a m xture using ACP, wherein a
set of priners conprising an ACP and a conventional primer can be used in
the first anplification step, instead of a set of ACP. The term

Y . o o .




As an alternative process, in the second-stage anplification step the

conpl ete sequences of the ACPs used in the first-stage anplification step,

i nstead of the priners corresponding to the 5 -end portions of the ACPs,
can be used as prinmers at the high stringent conditions for re 3 0
anplifying the product generated fromthe first-stage anplification step,
wherein the 3 - and 5 - ends of the product fromthe first anplification
step which is generated from anneal i ng and extension of the 3 -end portion
sequence of the set of ACP to the tenpl afe nucleic acid at the 31 | ow
stringent coRg @A, 66 MR thé SedeliRaté Ss4UEIBE CanOforrk @ FHOIITERY MiclotsRGequsdRs Of ACP
and al so serve as perfect paring sites to the set of ACP. In this view)

thi s al t er naftényenepminaeasisl spaienoe dpeip degengsecy #f gactiqfiodomeed not further add the
primers corresppndi.n t ' o) [ S, 4. tion
m xture at the ‘?‘l’ccr’rlgl fta grp r‘géerfegren%ﬁ&elg?r?%g Mes’?%gﬂcaér%??%@aﬁngﬁ& rs}l tg %%ﬁﬁ IG 1A
al so 5 il usdep@h@Sofahess eadpdriién & SEUsRAERMLY Abti dMpleentae teaiyi site by thRrhplityi ng a
target nucleic acid by the alternative process stated above. Annealing or
hybri di z& i otclei§ aide present nethods is performed under stringent

condi tions that (RO o T s Lo I; nce
and ACP. Such s'?%%"lr?glgr%{) Q%f)en%:ag :C%E@IA?ASEq}g%%ﬁfl%\@g‘oﬁgflﬁnﬂ%gu:@% Grgﬁ%tzo?%ggendent
and vari ed dspepresenigd by a @eanerdl dormplat(d) of 10-Xpa, 0@, evhsreinl X}, fepreseps elgeiitend

nmet hods, the secaond-stage applification is generall _e{for med under hi gher
SCr i ngent - oM IBHAE the Bre-SFifEieq fobiEasy gpclensids spones iabially pof STPPEIERY o
enbodi ment, Ry file'onlincABRRARE hitdeid KIBYL ?erpfes&nsrtﬁmgﬁateﬁrrﬁamoﬂfe risp@Gt fefst 68C
for the first-stage anplification step, nore preferably, 40C to 65C It is
pref errdd t hete universal dese nunaurdistminagryteseraelag; 7 wpresenty e ¥ evhpotiroavisC t o

72C for the second-stage 15 a i fication. According.,to a.nore preferred
enbodi nent , ‘E"i‘iéqu%r%‘ﬂue %é"g’lstf‘ﬁng{hlf 8%@?’5‘?’\% 9e sétalu(’é’lgt oeBPIEE FHEFC At t he

second annealhdibn te P eket Yeesent e InBMBEr NofOiuclEBlidel; Nghdt WRGHA at,Uveand Tz i9f the
3" -end portion sequence of ACP will determ ne the annealing tenperature
for the firsdeoxyribgeuctentideiof ribenusletide.For exanpl e, in case that ACP conpri ses
10 arbitrary nugleotides at the 3. -end parti.on ef erabl.y . the annealing
Lenperat ur e w | TPageiiihofisn c{Barng s ARG bt sk of piiRtaermnitrl B¢

anmpl i fi ciad i OfhalopGLrREfdhdsle P the1Rail RGN tof MEIPHN dsspidthBwith Bigekatitl afnealing
anplification under low stringent conditions is carried out for at |least 2
cycles of antsapsrptag dudne mlgicrigid amalifiration The togn (WoIPIE B PARISHEERAIE ty of
primer anneaﬂds?%aﬁ) b h&g hTCngS I dl’elrs% 61%%3%%}& ! J)ﬁniﬂgqﬁgé ks wit dadnldF 4Gt e
subsequent cycles, “the second-stage ahplification I's processed nore

ef fectivel y DNARNAbagbs withHitdd discrigénationthetvebed thems. The first-stage
anplification can be carried out up to 30 cycles._ In a preferred

ermbodi nent, theItfhf’sr been Jyidely: kngyg) thatnucleq u ?t_ss°‘B€1f’inP1§‘b°u6 S“F‘B‘F 0538%95‘1"%‘%. I n
anot her ayrboginBNtavet fifn %s'pmsmb? tASers@Bakd b 6aoh-AeritBidRbryNindB gt SR GENt
conditions is carried out for at |east one cycle (preferably, at least 5
cycl es) and dmoxyinosit6 (Qlytsikest al, d98bnPakiatiayi et #le 1989),I+(2'sdeaxyebata-Daibefurantsyl)d- nor e

570 35 cycl cRTORPGR BT S Lo A RSB (1 HE haod FRAT S B B i ned
from the stagdghdrdthnashddiated Swidf the d'e@’l@rht@;priﬁr@fseﬁeiads@ shidReunNeAGIEBaResWiHE Ch
results in the production of a copy o 32 target nucleic acid. A cycle

i ncl udes a despatileiof nog-specifjsallyhrseapairag| Withpllsfowrronyentionalhbassst Hawiver therediss

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 temperature,



Jn the nost preferable enbodinent, the anplification is perforned in
accordance wth PCR which is disclosed in U S. Pat. Nos. 4,683,195,

4,683, 202, and 4,800, 159. 5 According to a preferred enbodi nent, when the
first-stage anplification is earned out, the 3 -end portion of the priner
pair of ACP is involved in annealing at the first annealing tenperature and
when the second-stage anplification is carried out, the 5 "' -end portion of
the primer pair serves as a primng sitS Such alteration of the portion to
involve in annealing is mainly ascribed Po the acp itself, in particular,

t he regul at OformR0d BoudirPlo eASHRbT 3-aind N@nd petiantof T3 priedet) @A affdctithe m@galingtodr
portion of ACP is capable of restricting the annealing portion of ACP to
its 3' -end qaok portien, zespacheely This theapyrraeliides dherherip et e aprsalingcopiE SripEss of or

i mprovi ng antﬁ{eqlvierr&% specificity to a target sequence. The present nethods
may be conbi SdWi th many ot her processes known in the art to achieve a
specific aim Fara gx&erdde embddinent GhatACH céogingp et ildastc 2t undve)salobasangy| ndn- ed
product may 15 follow the second-stgl e anplificatjon, This can be

acconpl i §heddlwnb‘@?°%ll’%96tqnﬁlﬁ$16‘i’sél§?ss,‘gYﬁ‘J 3¢ Fﬁ“gnéateﬂ‘brpa’ﬁ‘ﬁﬂ’/',se"é‘ﬂ“ie i TFe

chr omat ogr apé}é’ b1y W okt FelsBMbasek B ﬁ'&xddiicﬁﬂnﬂmto%séﬁmwgg.!marﬁié@aidﬁi thef this
i nvention na e Inserted into suitable vehicle for cloning. Furthernore,
the anplifi ethiyersabhasd resiflues hétwednrihecit andrf’-amd pontionesrqnentss ean berwp i § webiflees host
har bori ng expression vector. In order to express.th lifi,ed product, one
woul d prepar® ]ﬁ?ﬂﬂé%‘%‘gg‘ﬁotﬂ ‘\?&c‘f"@?’g’f‘ﬂﬁ’t 8’5 %’q{:ﬁ? ?“éssf'tlﬁgglgﬁt&lieqafégar B6duct
under the Cogtdlinafiry bRE afdRR redidu¥€ Most proté@bly |l the Aniftir@NbAaEs betien e@rin@r | S
originated fromthe vector itselt or the end portion of the anplified

pr oduct ,10ahi Ekendagrticrosenesaprs At abent 5 residugsdn lsogthi on of t he ACP. Many st andard
techni ques are ilable tq copstruct, expressi vect : t.al ning the
anplified pr odu@l{tﬁléﬁgﬁ?ﬁcéﬁ r‘i’r‘f“u“%ﬁ‘aﬁ"??rﬁ S a?(rt;’ﬁs§1 l/ec';’(;.gr’1 @) eg’stg'%qu"éﬁ'(':“é&s in
order to achjgmRr o @iveisil Kake lR8f: BiRwe WS Sind I3’ -endpdriiond off ACP &4 prefoired in
host - expressi on systens. The prompter used for prokaryotic¢ host incl Hdes,

but not |i mi etder togintersept the, pseging of they 3-65d egsion o thefemplatsndiriag nyclgic p¢
pronoter. The Rr - kG ol SnetPdun R ekal bhdel t ed

to, netall ot ?.*P@hffe%.gﬁé5§§°§*é%§§?f{°9‘§15§n Vlaﬂ%ﬁtﬁ%ﬁ?%$%%%tg%ﬁ vgécci ni a a\l/i rus 7.5K
pr onot er1mndinfthesefieasay e Sasds) dbasaok rhdke asipaifiyantidifferabe noits owrsfufictios imA@RH Vi r us
40 and cytonegal o virus. Certain exanpl es oépqpr,okar yotic hgosts are E coli,

3 0 Bacillus subtq psesof eingrsah pase residuesy broweep dhg et o p%fé‘mSé"r‘ilHﬁ’r‘i%sl Ba
Lyphi ~nur | UM, S0cE R At NBGESCRD Breschl fivctBb] GUiSusERHAREDBRR pBAGE (PSand! 1
addition to m croorgani gms, cultures of cells derived frommulticellular
or gani snms nay’-aldpeitbedisthechnaslitppedfiicity in gssdciatieonpligh ananyeaingthmpredtire durRg
culture is workabl e ther fr vertebrate or invertebrate culture. In

e, Wh
addition to H‘éﬁlr‘ﬂ‘h‘fci“%ﬁ?‘pégfﬂ%‘," “t%h i ncl ude insect cell systems infected
Wi th recpgrbi naniycdrdibks tf ¥ Rrésfeld AbY@mbimt] the (ivgrsal BA3€ ot auni-tiskFinatoigl bpdeant
cell systenms infected with reconbi nant virus expression vectors (e.g.,
caul i f1 ower mdain theireeulator perbiercindudes depryinesineiB9sing 7-4qagid rASPHENPSIRP, 2172e-

reconbi nant R asm.d 5 ssion v Qr s T S ] vid 10 one
or nore codi 2gg@wﬁ%w&»?s"%’f“ﬂa°%‘£p%‘g(si’gs%%‘a&% %e%?égag%’ra%{r;ﬁ &he faghn%?jl}ﬁ ie]d
product may Rgro - 3 V3.ikehyErbied1 -’ idboxg-beRD-Bhofuradosyl)s-pinspsrile) daaxyos-dance
with the nethod known in the art. In another aspect of this invention,

there i s prowvitdindols kpmitfoindolay cRePMe aci-vitreipdals. f | 24t | omiteindelhe AFRY ant-

inventiop_described.preyi ougl e npr i t hey SRRGR;ARaRRNT I 0k
pri mer 025 10nbr?n°élélln}l%6&8’ont %o'?‘mg%%rrr%l?azggt i n%?%at ed above. Tn still another
aspect of t hiaminobeneiftideosle, debveyr sebiriarine; GYF delnhlagind i X'-Ffénitrgtehzimidazote, PNA-5-

anplification of a target nuclej ¢ acid uence from ri.bed

previ ously, \Mﬁ%ﬂ%p%_gt“g@gmt“ﬁep TROSRg: ﬁ"é‘ﬂ‘}%‘m@mﬂzﬁ?@% gﬁ?‘%ﬁ_ﬂt@wfrﬂlﬁ’
control pri W%{ogﬁlgﬁnd.ﬁﬁh&a&&&' 2k Solinb Rebutbinkler nR§MEKHo-iAdsideli Smdrphoand-4-on,
there is provided a kit for selective anplification of a Z 5 target nucleic
aci d sequencaitfobeminm@sledes cr imvediolinodviitsenyirgle, whi ciphesehgsmidateSniv@indalseal i ng

control prinmer oy annealing.control prinmer t .1 ndicated p di ng
to one e odiph@ﬁﬁorwgﬁﬁp?uﬁﬂ(’/ee nti on,‘ﬁ‘f’??ggrgmk%lgtte'sm %F’t her ng%&gfogaeréﬁagé)%” ner
or a priner paicbeRAGihzii8Yi PEbsphofinfidaOd-hitEpyProldl € 2CEnRMbRhPDNdiokige,t 02'0-he 5’
-end portion of the ACP, in case that the 5 -end portion conprises

uni versal pr imeghoxysthyliepetslaring,  2<0-methexypthidf Srpiseinddieat 220-gethopyety BB i ses
the universal priners. The present kits may optionally include the reagents
required for performng PCR reactions such as buffers, DNA pol ynerase, DNA
pol ynmerase cofactors, and deoxyri bonucl eotide-5" -triphosphates.

Optionally, the kits may al so include various pol ynucl eoti de nol ecul es,
reverse transcriptase, various buffers and reagents, and anti bodi es that

o o - B —— - s e o oy




reaction, the ACP of the subject invention is ideal in the optimzation of
mul tiplex DNA anplification due to its function of inproving the
specificity of anplification. "Miultiplex PCR' as used herein refers to the
simul taneous anplification of multiplex DNA targets in a single polynerase
chain reaction (PCR) m xture. 10 In still further aspect of this invention,
there is provided a nethod for anplifying nore than one target nucleotide
sequence simultaneously using nore than one pair of primers in the sane
reaction, wherein the nethod conprises2gerformng an anplification reaction
using prinmers, chara rized j.n 1 h. I rd f, bt nétainkiié@eb.f r om
any one of bsem&@%%?ﬁ% Y 3@8’&72171 'rlgklﬁglaggéérﬁg&g?&nﬂéﬁccordi_ng to the
structure O@Oé%f&%m NG fiVerdabasé or of-dRCrérmiclatdry boseranalog isadeprpinopiae Ar(Rg
sequence substantially conpl enentary to_a r,egi on of tfhewtaar%et oR ecI eic acid
sequence t oddeypbétaDadofivmosii 1 rtronyrol oxfaiEpinfole. MASTETIRANY: GrS™

i nvention, there is.provided.the,pe L 8 ahdterhined&b@ans,

whi ch conpri se&he ?résegf)cg}/‘?‘%gr%fr%%ggg F@%ﬁdijﬁgﬁg lélaélrr\gslﬂﬁ1Ehi€[ga'fi on of nore than
one target RUGLEQbdoRity 0FaREEnRAn@ tHe murber of olignmudlédtides hainsethatdepiesd
conprising at |east two cycles of priner annealing, prime Lag and
denat ur i ng, snesificity thatcargreduired foahybeidige 1o, fhg tﬁ'ﬂég‘t&f ﬁ’g\éﬁg Y E ‘:ﬁ%&ﬂ%ﬁg its 3
end portion_each t N | & SiEBhictoidenginity of ¢0nidetidesquence
subst ant i al Pﬂ}m%ro?rfgoerh%%f’%%/qgflgmg%?éecg}cg@l&of tihgg tar ge?i.hnucl ei ¢ aci d, sequence
to hybridi zgedafi@r @i dddition nifesactc ondidtiderte annoligenucieolidec INcERses 4ot 2PIEPIRS pai r
anneals to its target nucl eotLde equence, whereby 2 5 the anplification
product s of tempergbire of e REtzRer 19 estgla?}étg‘ces are generated; and (b) perfornming a
second- ;6 age ampl icﬁa%tﬁ%f {0030 nd NRn@palidr degithico of e APahay Gored depedd fr om

step (ay at a second annealing tenperature, which is high stri nt
condi ti ons, paRPietHgtiet of eeastppbsatior ysingcAGH. Ipmei m%f?ﬂeérﬁﬁf%ﬁﬁlﬂﬁ'&) 3*85. sk

extendi ng and denaturin usi ng the.sa i er j : LBnskep (a)

o pri Moy paeren BRAFE GRSt SPHIoLS Fogy B Rl A EG Bk 6F

sequence COV]%&P&P&RB&_ IrReBAE M pre@idblyp aiet 3*and pérticcheqpmbersrrqpaild & Zsed in
r co

step (a), un ditions in which each of each prjner ir_apneals.to the
3'- and 5' - endesiiguenices hsfupt fab0 nugkotides in IFP%}é(tIPd‘ﬁ°tb?roe&l?§?‘§’°@eﬁl§?gte§% from

step (a), respecti wher e ' J, Jitl I PboRERBEdss are re-anplified
in the ¢&nme WEE?Bt"féﬁ.wg} l\ﬁ@‘é&tr%%&c{a}g%ﬂ%g%a‘ﬁugga%s?r?lbg? the ACP of this
invention i s caprigfhe yfefdridd aB®OdifianC thevd’tchd trosiopr €s4GE ceplnd @S lgagty 15
anplification of nucleic acid sequence pr.eviousl i scussed or 5
usi ng nore talkotiieeintlenefe whishisicarsidersd 2 U@ﬁﬁ%‘“ﬁ‘ﬁﬂ‘gﬁﬁe@ %ﬁgﬁm ?ésiﬁlgt dee'i'com*rnn
descri ptions _hetween them ar it tedel 586K sdqfendd/ &inthe ip G0 6WiRlcottdet y Of
this speci fil?,’gli ftﬂ?\gef’tecgaiﬁ%nst%ﬁgﬁg&’etﬁ%Ie"tﬂ?gl i Ci ?J;/l "For i rﬁs?ance,, t he

COMpPOSI ti 0N RNehgdH. NIt efersbily, AGPS umé chortionl seduence o &pmi G irs5G Bielegiidssi PPEat i on,

are common between this process and .t he prgsent. e Licf.i. @at i on
o1 10 nUkfef kkoblh SUAONE S PRURORIS B SCBSOUs Mo e ad

embodi ment , t\n:?eoﬁlggglhil%%ﬁig o QHYELStol1 0@McRAtkdes Bilerdga get nucl eoti de sequences
are different™in size for subsequent anal ysis. According to a 1;llbré,_s\ferred
enbodi ment, theTePhend pordivi o AQR basuareseistiedatbitipl wle?%qegéﬁue?fﬁé Brialy

sequences may be anal yzed t hrough _si.ze,.se ] ' i SRBaEnad AN
conpari son i 8OUSEFPIGRAREY (% FW@‘%%&T’%%T%}%)B&#Z% %fgd(;mfﬁ%gﬁ@gr?%?heaﬁt, such as

el ect rophor egé&est;grfp#g{.}m% B! HAGHBEEG BRI Cnplifitationt Thexteon “prpeselosied gditramdt ri x

and nucl eotide sequencing. The nucl eotide sequenci ng nmay be rapidl y..earned
out with2mn autioned sauewe usddersinarefry sty defipsh Qfa‘?’?’%&fﬁmﬁéﬁﬁfyﬁg nﬁg%)&r{fdg’As

exenplified in Exanpl e bel t . he wiiMERbhiasa dlat Seqlidhee 66 nal
anplified pr 6’8%@&?‘% °5ém¥egg8°xﬁ§°r?ﬁq§’g&){)saeé%%oﬁnd p%%bl eﬁgﬁas Wéll | as
non- speci f i CibMraBbi SoMtied hBotidee. Bosme ribodimentpihe persslectsd drbitrrhicleofidee x
nucl eic acid anplification methods known i he .art, The t.aG€. t he
mul tipl ex anptduice 2f ithsrS jead peyen mﬁéﬁaﬂ%°%‘r%¢a“a§‘8%“%‘r PrEE s &%@c@fg&nﬁc "eoti de
sequence al terationg: (6.0 mfikCsciialec 8b6 Geonididr saiiende] sid 13 aiwatd or

mut at i on) caf He ass%yecf’l n ‘t he same reaction. The nunber é)f anal €S t hat
can be ryp Sicestst ameeass kequénse. {ising wilonger: arlfiane saspgnee (#hovt 3 & qtiaﬁﬁgbt at?ﬁ? -
probably about 20 and is |ikely to.be i ktd erans
required for SPeBYeR %&&dﬁ‘é’cﬁé{%%g%m%%f@;gﬁg{%? f]saegﬁtbgcﬁgggor%‘étgol ve the):J

ampl i fied prqguet the 2edichey SRR @ aigR etfingehit donditiorisrof AQPi T iis alsolidyer fyaire
provided a kit for anplifying nore than one target nucleotide sequence
sinmul taneously in the sane reaction, which conprises the annealing control
prinmer or annealing control priner set described above. According to one
enbodi ment of this invention, these kits further conprises a prinmer or a
primer pair having a nucl eotide sequence corresponding to the 5 -end
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The met hod and kit of the present invention may be applied to the diagnosis
of genetic and infectious di seases, gender determ nation, genetic |inkage
anal ysis, and forensic studies. I1l. Application to Identification of
Differentially Expressed CGenes This application using ACP of the subject
invention can al so provide an inproved nethod for detecting and cl oning
CDNAs conplenentary to differentially expressed nRNAs in two or nore
nucleic acid sanples. 15 In still further aspect of this invention, there
is provided a nmethod for detecting DNA2@onpl enentary to differentially
expressed r in.t L ' ird nSAOREER quenttar fie B'-érddgonidh hod
conpri ses r‘g\?}éNeﬁg%se?tr"gn%tg)%it‘g%%gp{}%gller&}gl:\larAﬁgAnrgnperfor mgng an anpl i ?i cation s
reacti on USyfMCHMsiafEimng sité for aubbegnént guplificationat at | east one priner is
derived fromany one of ACP described abgve. .Preferahl . A1 E
according to tfyecortingfe op FnRelmeprfite Rget (AYEIHOD. e??og}ﬁfats)omgmp%%ﬁgrti on a
hybridi zi ng, SequUaNCe GHBE Srafld GHGE b b difediohd svalish REsivange) ot ACE i, al | y
conpl enent a?y 0" a region of cDNA strands generated fromreverse,
transcrigpt i PRprovefent iapenéding spevifody. iamtexgmmple.hihe 5 §ub RTIGH cap FEFRAISEY 2
provi ded the method using two,s e ampl.ificati j ] 5 ()
provi di ng aserpenss °rss<iﬁl‘ﬁ¥‘%"g6"'f°°${’lﬂ7€1§ g?ﬁrezi%'i}gl &P e%lﬁl%lga[é%(?)l’ %{cg%ﬁgg{{% %g%eztloati on

of MRNA 2 5., AP Gb Bed pRIaft 3nts S6@K16 vésiTth Qddifion)ithe 58Erel metiotisan epureis@nt | Ny a
second popufa Ion o

MRNA transcripts; (b) separately contactiing each of
the first naclest onamicttotdenpitea dahel *ghéﬂt%iﬁ&@bﬂfdls?’nw&f@x’ﬁ]&? @%4%% g“’fa%@h a
first primer of a ne of . A egcr hokdd, WMehniininbs8erd magnéitd
portion of Hl?%lsF‘?“?‘éf’otﬂ&in%?m(%nt{g)’r?‘goéipﬂgg%%@ﬁﬁg? zolk ng nuc cot i de saegauence
subst anj  al E){rﬁcles?zadfb%%b@ﬂﬁﬁkﬁ ubdls, lelecteonfdenss parclesperizmmesheofapicrs, sybsatesen v
expressed to hybridize therewith, under condi “tﬁnnix zsg%fi c'ine%goﬁf_lor

tenpl ate dr ievaymes and hrptenchaying sgecifisiRfneRaEnes: £§- & ALHre BEVEER G ¢)

reverse transcribi.n h i ff Nty aled d%-&5§§¢ (_r,{ﬁf;}&eestgacwhblﬂhgd R®IAS i 1 st
primer 5 hy@??ﬁ‘ig%‘%q{‘%c%rl%@%cgg&g' ?‘F?sst éélpopullati on of first CDNA strands
that are cog;giyﬁ,@ﬁggﬁwotéreegim differentially expressed nRNA in the first
nucleic acid sanple to which the first primer hybridi . . nd
popul ati on of fAccerding tesrefarFrd<erbadiment of t@%ﬁﬁf‘éﬁﬁ’n&%ﬁgﬁ t 18% 15.& PR

di fferentially expr PERNA b B EurRiSCOMG: MG !sedofid aiksling ampentird Lohi ch
the fi r%rL’ prl\d%l?&pw%;;%?}iﬁ’g}qzes; Sf’(s)rlﬁj( d) purifying and quanti fyiqullglreach of the
first and sagaadifembtahgennendifionsi Thetfirs Bhikakingrterreseture 81y Be PUBY 1RO (AT

first-stage anplification of each of the first . Laddians of
first DNA stthamtre sengndypristiing HHRCE SR afc{c]?m{ffa%g" Fh?% g‘f(ﬁg%{r?\%gﬂu%ﬁtgﬂger%er ature

conpri sing gk l.Last 1o Rest eMehfigWmpefabi® In MEPER Ipideess pprformed ureiat wrdiiffegentind
denaturing, using a second priner of an% 15 one of
f

; ACP descri qu apt%/e
havi ng at i t@m@lingecpgratutes,on. tvasjage PERz a4 -wd of AHE ds BYPAR Pst g @
conplenmentary to a.second site.|.n RS 0 AnBRfddl Rddue T figk i rst
cDNA str@nds%{rslﬁ’i‘ﬂﬁ’rhn%ﬁﬁlafrﬁmc?ﬁgd h‘ﬁ SV\E-I%C{?I‘I% éng)g%éa?lﬁqpri Irlr‘gr ar??i&eal s to the
second site jngaa{nREAR Ak &a friminp sitef dt et seobhtnrsslingriehperaiie de B #26% st and

second popul atiions of second cDNA strands are generated: .(f farmng a
second- st agethaagiaithges af AGR Wl beglmpRSEHELA ST 3F ébfﬁ@d&%é%%%@“ﬁ"‘?‘%om 270

step (e) at a s 2-”de 92:”613:& no%[ic;neWPairs UbrBposdb1CHR 1dast onk Ghivérial birg @nhon-

condi ti ons, corrgl |l§fng AL PRRSE two cycles of prinmer annealing, priper

ext endi ng angisgpmder iaBgogus Sihiy HabdoveaiTa thir ether odion de d¥® Prei tRdissvakerused
in steps (b) and (e), respectively, or. a _priner pai.r Y To )
pre- sel e edhydreger pending ARfePEgng H@XSSQ&’B%&% g nfaﬁoég 8%1%?%58% %Q)g}a)t% 0'}“z!LS‘D'IiléglPend
portion of the hibSh gdne @%%acip fabiH®hSer WSLEhndifor B She{ H)endportipe pf ACP
respectively, GhdEr condﬁn rons in which each primer 2 5 anpeals to t 3' -
and 5'-end sefisslnmessilebf e tmpteod a first Bealing FWGFFW%QB@E‘E“FVB'P \;? PUFRBF By
anplification products, of the second, cDNA . r ; ) and@lBehe( 9)
conparing t hé TEFUAEROZo8 comRLupE Bt fg?sﬁ P?/Pnz%{aﬁgfgr%l(?f@gg? i&gr%lﬂ%%daa%% in the
first and se¢aQdePapY!-ahi 9NewdqfortRaPbS ACE #dsirion primerambaling iporipm teothé BoeAdst ep
(f). Since this application using the ACP of this invention enploys the
present met heddioh arfird atnealingltérpesdre;on of nucl ei ¢ aci d sequence previously
di scussed, the , descriptj NEsRati &1iRgTidef the ifiist Qfuttalingt O
avoi d the conpl g@%gé?n t%ﬁggé’!b}g@ﬁf P@Iatl ondllggg}%g to undue multiplicity.
38 A schemat itgngepiirekepd theting thomntadieg of thy3 rrgd piorfierete dheteBIIMG expr essed
genes using novel ACP is illustrated in FIG 2A 1In the present nethod, the
nucl ei ¢ acid sanple representing a popul ation of nmRNA transcripts can be
obtained froma wi de variety of biological materials. In general, the first
5 nucleic acid sanple conprises nRNA expressed in a first cell and the
second nucl eic acid sanple conprises nRNA expressed in a second cell. In
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Steps (e) and (f) of the subject application may occur in a single tube
using the sanme reaction m xture except for priners, which neans that steps
(e) and (f) are separated only in tine. It would be understood that the
prinmers corresponding to the 5 -end portion could be added to the reaction
m xture at the time of or after the second cDNA strand synthesis. In a 15
preferred enbodi nent, the prinmers corresponding to the 5 -end portion are
added to the reaction mxture right after_ step (e) is conpleted, followed
by subsequent PCR anplification of secom cDNA strands. It woul d be al so
under st ood t hat (3) s, %he steitth RWHich @ sSQHEQRRBE QS tHeRCerdd gostfon 3dersE6QA” ACPS
used in steps (b) and (e), respectively, could be identical or different
sequences: i fs reln@glystronger than dhersirength in vk nen-speeific cunealingsents, nuder thetfirss

f he h
seauence o Bl SBREAbE Sl el YA SR bl BECERS b L

-end portionsnéndmsnwll be used in the step (f). In a preferred

enbodi ment, the 5 -end ?ortl on sequences of the first and second ACPs used
in steps ¥b) an(f) (dpre ghe g P@Fl@%ﬁor%aﬁ’ae%arms-sel% aphiitramp pusleatidersequspeeehoondi ng
to the seque 0, S 5 ().
As an al terng‘%?vrgéea’r% gggsgnmmgggegtg%%@taﬁ; %mgeﬁﬂ%ﬂngeéh Sfl%ig%gyfl rst
and second AGiditioseshd #lss ‘shbp]ﬂ Hebhigtaen dha ethe ﬁfsesmﬂmgwahpe;aumasﬂoe&dasafueﬂthe
primers corrﬁéﬁﬁn 1ngllf 5 -end portions of the ACPs, can be used as
priners at t fcgfton anﬁt?éﬁf“% ﬁmefafeér?é’mfaﬂ?eaﬁ?ﬁﬁ"flﬁwlﬁ@né’éﬁﬁ35@@d’ﬁﬂl°DNA
strand obt ai gﬁgm@ggﬁ@ step (e), wherein the 3" - and 5 -ends of the second
3 0 DNA strands which are initially synthesized using the second ACP
conpri sel he se)ensaueitlyt dndy the rewtloA@t%dwndemtaedﬁmmphmmgadyxtmmueﬂme of

t he second res ectlvely nd al so, serve erfe t airing sites to
the first anéaé’g nﬁ?éﬂ%"ncel fang R]/"?be"h %It ¢ Py gE adwoifld 39

preferred begguse omea&tfoseaaﬁpaﬁ%ﬁcxéﬁda%smﬁdQaﬂemg%nfpgfaﬁ@épondl ng to the
5' -end portions of the ACPs to t reaction mxture at the tinme of or
after first-stageerdar thedeni pertiordf@CP2gtsiohly asimmerling site te thia ¢ammplaitecat the first

representation for i den ff.erenti essed genes % t he
alternative proce§ fenipetel e%yndgg?/gl g Porfion ¢ ‘!t\{;od“g ?%aep“"" ]’é‘g‘:t 0524t i on
for deters i ngndiling nperese fof the Sliteqau s raﬂﬁl&lc@ﬂibnlb‘fﬂﬁ: pedludt gBnePdtddByQofthiNng
synthesis prinmer (the first ACP) to react with nRNA) unlike conventi onal

Di fferential amiexisndiye thelk-epdpemion e\ tesheremnlatpl e cDNA synt hesi s anchor
rimers. In the f t thod out | | Lla and
o e n 1900 1egiak b Bredlidd GL AL ot BB TERABTe Gitb WRE, et 00

primers for pmaemh@d nbﬂbib ngd amﬁlequmeﬁeﬂmfds htRding Qe, m&JQdMBEMﬂleMH. 3. (Avo C or
Gand Nis A uced twel ve separate cDNA EgEUI ations.

Recent |y, m)&?/?q@@ a&ﬁ&%‘?y’ Er F‘rﬁ%r@P H2%82h ddgese FhspoRestion(LeRe Wi Ry ehds nunber
of nucl id f i f ; Lch can
ybr 1 i 2 1 0GRS 1 (R oyl [HRE i@ Rebdln Bharkllt pCR ML W e
or by ext endApgicaddiis(198), GupdICROFVQ 86/0HIGY), Repab’ @m Rehétion (ER439,182)n 3SR he

Aigo (dT)9. =  Rerr il resulti Lo at .l t nuc) eot | n | ength
T5' (Vi 11 eponfiy sal-ohvAS tath Wray 0 ebd o mafAR et NorSlinaiB b no

i nvention copgmfddts. t he enbodi nents of the ACP used in this nethod for the
identification of differentially expressed genes, wherein the first ACP
used in step (b) is represented by the follow ng general formula (2): 5
-dXP-dYq, dTr 3 n e.of .the fou ri bonycl eot i des, C,
o or Ty i o WSl B B BB i BT e e elsggoiel
responsi bl e fritier o e BiHeRling B0l Priimedfset abiBrafieio 8:8 pREBINCGHIM, WRcAbihElLIhE ON Of
anneal i ng tenperature during PCR dT is a T deoxyribonucl eotide; p) q, and
r represent %@m"é‘g@rtb‘sr"é‘@b@@t fhjselrit, furthex pomprisew 8 Srimer erPePIBnewelnéia‘pféﬁt-l on
and cont ai ns t I d 0, ns at
| east 2 uni v?alrﬁlsea &:ebsg gg& %ﬁeﬁéﬁ&rﬂggéﬁr&ggi{}ig&g&m gftﬁ;g&?qg%asequﬁ% g]nuc eot i de
sequence of pdioniompgsed upiversdl primeheqheticd) dtvie niom/mfeﬁm thitathe kin admpdisest the 5'

-end 2 5 porti.on., The f 2) basically fallo the rule of fornula
(1). The“g “%Y%Faﬁmer eoﬁfesws?%w "(51;2‘)’1“&18?’/}?}“9? te g?gqnﬁée@gw@ht%@n@a@am e

of anneal i ngp¢© fehRioROlsHchA af Autref ﬂ%lﬁ%ﬁs@ebms paBmeras N a¥ 3t RES1 S
prinmer for reverse transcription of referred enbogl ment, the 3
-end port i ondegkyribprucieptidets’ A@hombﬁcﬁ i Aptingly, (e mtraaynsalmt ihobmis t veiolis

nucl eotides in length, which is considered a mniml requirenent of length
for primer 3 0 annealing. Mdre preferably, the 3 -end portion sequence is
from10 to 20 T nucl eotides and can be up to 30 T nucleotides in |ength.
Most preferably, the 3' -end portion sequence is about 15 T nucleotides in
Iength Th| s pr| mer is narred dT s anneal | ng control pri mer (dT~s-ACP). In
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In a preferred enbodinent, the first entire ACP is about 40-45 nucl eoti des
in length and conprises dT,s at the 3' -end portion, dX2o0.2s at the 5 -end
portion and dYs between the 3' and 5 ' -end portions. The first entire ACP
can be up to 100 nucleotides in length. The first 2 O primer is exenplified
by SEQ >D NGs: 30, 39, 57 and 61-63. The first ACP described herein is
hybridi zed to the poly A tail of the nRNA which is present on all nRNAs)
except for a small mnority of mMRNA. The use of the first ACP used in this
invention results in only one reaction 4Ad produces only one cDNA

popul ati on, dofinc@dMilidmblet\Qesdlevér@eSdnsciiptale, G4riohE BRI SndCBAntd ORH Akt gl
generated by the conventional anchor prinmers of 2 5 Differer~.tial D splay
t echni que. Thatsnkjbit BNA/ pplymenases eotivith elhef Kits ghaynelgo drfclude eeagenth pepedsgry for
generating a substanti.ally standard.poal of. single-stranded c f.rom each
exper i nent alP® 858 E)theaatanB?ﬁachnco{’tﬁoé E')eg?t B P@f’fna%ﬁ] e mgtf %ﬁaaéﬁ%s e ggﬁ%‘adb? 2 CDNAs
synt hesi zed dyn tdastichichiSbe robdfly Ibrerlinbd B9 tHelskilibd £sad RebirghBObALRIOE ihe Jluesit DY
techni ques well known to those of ordinary skill in the art such 3 0 as
spect r opRot clisstopyre. Th kis, 4yniqelly, srewsiapied torapntpiy ip seperateaiagkaging or edmpattaents | nput s
into the a i fication.st nd then conpare the final anplified poducts
bet ween t\/\omiéercoﬁ%]r éantssg%ﬁ"gegc.r%ﬁ%eferabl y, the anpunt of cDNA produced at
this point in the nmethod is neasured. It is nore 41 preferred that this
determ nation i s made using ultraviol et Ei;a%e(:t roscopy, although any standard

procedure knowd e CPef isswset yentiongan be arpticd t9 avpRbROfnclgi agis applificitiont | n

the art is ao%&‘aF?écﬁ:gh@giécsﬁiegkbgﬁnafti@{)efaﬁg s 19 prdVO e effé/%m@ﬁ%rg;g the Uv

spectroscopy procedure, a sor bance of "about 260 nmof UV |ight

advant ageous! y i b ApplizdtionBy ampldyineasucieirmeidtsepenceDNA quantity at this step, 5
therefore, the cDNA ﬂuantity ﬁg,n be stan?ardi, ed between or anong sanpl es
in the foll owi ngToBIFAHPR IR FTBHIYING 3 4TBY AuClelg 3cid seqUPAthesi s of the first cDNA
strands using thﬁl.h%ﬁl%tid% mukiPRx BRAADLANG,; St rands are synthesi zed using
t he second ACP priner under |ow stringent conditions, by at |east one cycle
conpri si ng denat IW./Applicationrte eiidegtifmatiomafidiferentallyernsesed gendser ei n t he

resul tant first 10. strands are use te s. The second ACP

basically foll ové%émrtiw °r3?19?‘B$1H§F%°n(°%’&§‘ﬁGHW§§)’- end portion conprises
a short 18r bi tr ar y1, agglitRficero amplifping BIGERIAIINA; has | ower Tm than that of the
5" -end portion. This prinmer 1s naned an arbitrary annealing control prinmer

(AR-ACP). | n a pVBianplieation tarowiifyingtS -enrjebed*DNASnd portion of the second ACP
can have from 8 haes ok 5 lenagth. Mst preferably, the 3
-end portion of %ﬁ]e'%g%l%gﬁ(gﬁgéﬁg‘c%%érllh§°‘5b"(')ﬁg’ 10 nucl eotides in |ength.
According to a ppefapliesios idadiidamtificatibhef Saead HMaBldaRSedntdtstf NRllfdend Or Mul a
of 5 d3~~s-30-d'fz-~0-dZa.~s-3' , wherein dX represents a

deoxyri bonucl eot i dfaBiigS: cor npri ses a presel ected arbitrary nucl eotide
sequencganot subsgt i FeYolns I .and second 2 0

popul at ?8ns of tﬁéﬁﬁ}lﬁlki@t&godﬂ%@%aﬁgﬁ sa?{ Y @%&&%ﬁ@@ﬁ@ regul ator portion
conpri sing 2-10 KhiApplicatidn tb amegendsis; aadh- di scrim nat ory base anal ogs; dZ
represents a hybridizing arbitrary nucl eoti de sequence capabl e of annealing
to the second si%‘b'd"ﬁerta 109M&t and second popul ations of DNA strands. Mre
preferably, the entire second ACP is about 40-45 nucleotides in length
conprising dZ,o at the 3 -end portion, dXzo.zs at the 5 -end portion and
dYs bet ween E Applitati Amplifvihg a (tergdt) Nucleiccheid Seghwencgecond entire ACP can be

up to 100 nucl eot i des ngth.. The secon rinmer.i.s exemlified by, SEQ
SF 7' Nome 170, 28 R AP o g e WeeS B R e DR o eGPTUPEF ARS8 rorent
froma se- cadelﬂgﬂcel fRRDa BINAL brf Akt biHREleic A6idd) SOHpristhg ipBMorki WA apHfiéatiey]
Differential Display technique. For exanple, the conventional [on

arbi trary prresptensusing primsis, dhpraeterizpd iyithat etdenst ang prinser igderivedifomsany snelofA G henko

et al. (199.6 eScriIBgH/ Ab@gzl %re?er%)tl Ith%ﬁ)%: eg&c&?ingg’o t’ﬂggtl—u%%é &e {1 okgﬂ%n?’at%np” S€
of only arbitrary nucleotl ea v ?nhe ent1 e sequences. These conventl onal

| ong ar bi t r asndiortior mshybdidizindyequdnck abstartially cumiplenieatdiyctd abregionmedythel pakdsic t he

| ow anneal i ng, t enper at ure i%a@out, 40C) which is required to achi eve
arbitrary igl spqueRpe i PRdipBerewift- . PCR cycl e, such that it is inpossible
to design a representative set of prinmers rationally. Furthernore, many of
t he bands represent the sane nmRNA due to the "Stickiness" of long priners
when used under such a | ow stringency. The advantages of the present nethod
for detecting differentially expressed genes are 5 predom nantly ascri bed
to the use of the second ACP. Since the second ACP is designed to limt the
anneal ing of the second ACP to its 3' -end portion sequence, not to its 5
-end portion sequence, in association with annealing tenperature, the
resultant annealing will cone out in a predictable way, such that it is
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by the subsequent anplification, wherein the 3 - and 5 -ends of the
second DNA strands which have been initially synthesized using the second
ACP conprise the conpl enentary 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 2
5 second ACPs, are used as 3' and 5' prinmer sequences for the anplification
of the second DNA strands. Since the ACPSi n the subject application |eads
to the anplification of specific products, it can be possible to

fundanent al | y dhianipadfie embalirosnt € thisomethed, olueré)tstnrb\édvdcﬂmpthqﬂ)hslrgstwomh as
fal se products_ and po eproduci bj it whi ch from.non-spegific
anneal i ng ofa“mlig“é‘mg’ g’f)ﬁ Blﬁé'ﬁnéﬁd}“clﬁﬁctffﬁérsﬁﬁl‘?n%?rr@%?%% ﬁﬁf“émft&refq% %ielﬁnd
second DNA sffqandgchdmpRiel: as to anplified products during PCR in the known
Differential Display nethods. 43 In a preferred enbodi nent, the synthesis
of second DNA de)perfdsninga itsepiagecamplificagion of theinusigic 45id saquenezps ¢ first epedliag of
anplification un er | ow .stringent. conditions chi,eve pr.i,m ng)
and t hrodgh FHETLHEOHRERPS égg?aét WG g¥sles Otﬁ’?ﬁ%%ra | odrllﬁg p%fl%céeé%cel gr%{'rie
effectively cieaimﬁd@euﬁﬁg)dhh et d}baﬂrbf%y bﬁbeom@ ulcPalatcris@Cadoce R haingedics under
hi gh stringent conditions used in step 4{3 . Most preferably, the

synt hesi s of3 §é¢9ﬁﬂ°m1§ldﬂwﬁdsqqewe§?‘@tﬁn% ly complementyr ip ppgionyf Bisauelgie| e of
anplificati on nder er nt,

the anplificat ﬂuen?e E%é'%?‘ésu wﬁg@g%n &Bﬁf&s 'Fr geEc [%gx:&z@é oY {yﬂgth
step (e) is ﬁglbri beduemmblcidrndﬂrseliucg& shércbygme tamplfivdiion poductisf thy nitleic aadpl et e
sequences of the first and second ACPs used in steps (b) and (e),

respect il ysequeBossf pFRgRaicd(Pidequences, wherein the 3' - and 5 -ends of the
resul t ant seco O [ st and
second ACPs. @gﬁnﬁ&% q|Il gc%fm?]) et aq?l lﬁgalhgﬁgf th'? ﬁ{gﬁl%f?rgté%% ngﬁgmtts%g%&r}gd fﬁ%‘és are
not i nvol vedstapr(a)aﬂya s&bdtﬂranmahmlempgattnn which tsdrighl s:urfgemwoﬂmtuans,a;omu)suwmept

t he anneal i nl%? and extensi on of ends of second

he
strands as aCtbae el ofRTmerapmeef; p”ém?fl °§H’n§{‘$ ?’}‘ilgd@}lﬂ““g’én‘tﬁ“tgl e &Y ﬁ‘?fé their
3" -end portiQns ik Q8 a) & d fRinidt ba\ﬁeéaMx 4091\1%1ﬁ&@?k%ﬂ&te@ﬁrbﬁ@a@ﬁfcﬁ%ﬁﬂe@e@%et he
hi gh stringent conditions 'do not allow themto anneal to any site of the
tenpl at 6,5 exeompipondieg 8'cach 54 redd Bortioreefdies puimersieedsia stop (), Dfr senditiontsin which

Consequent |y, ow, n fun on .of

sel ecti vl y B Al o e 31 2 P S0 P G wmPated ar iR a vigreoy

t enper at ur e, thgmplﬁmdnfpk@qctpg@q%ﬁﬁedcan be free fromthe problens of the
high false positive rate, poor reproducibility and possible

under - r epr esent Where thegnethadris epptiaiite the amplifisgtorpofp farget tsleigragidysequengniheh ar e
the main proble f 1 Qbridis Wk eis a
signi ficant %ﬁr? "rl]gﬁsce]éeﬁg ‘{sc\tg\egﬂe@ H%gtﬁb? m {ﬁ‘yeacelﬁtc)f i "|e1ycd8n§1 lFo al

Di fferemdd al told regibmyf metdagwl Sudlkes fiid qtidnee foa@brldlkhaﬂlcrbm ThérefoieNinCofirther t O

use the sane priners for h strlngeent conditions as well as for |ow
stringent coffdsct POk, m‘Ieﬁtwé!’ prefisprpdedamabnd entelectyely ampliing afgrestanplel at ur e
of the anplifg | 'D%!A&S kiR HuceRNEid, PRFeit! #RImbbaSeorpriéds)
preferably a{)out B&Qe ﬁgﬁl %5 anda7210 I\/bstcpr ef erab ye,1 t he annea?%?ﬁl ’

t enperat ure plsbdmﬁg) #n arhygifieatiph reat:mqnmgmg pnmcm,obhammrszed m thab oulkasGone Gid@er i n a
preferred e th fi atl ent, condi ti

used step (f er’i" %EPrﬂi“'eﬁ(e‘”Bﬁfn}‘)’B%Fd E‘fcr% &Fcff ré?ﬁ‘]r tp Jhesgrughyee s to
anplify ghe Res haRvise A edd\oridh b AR RIZERE( eI S0EtRIANS b&RbldnRhtaftb LNY
PCR Mbst preferabl y,vnt%e‘le PCeR anpl |f|?:Bgt|z?r$ is carried 3§0&ngut byg‘io 45
cycles. The @e@mnﬂhstarggtmlcleibmdlsmumcef@thW thgrewithesi zed by PCR, nore
preferably, hot_start..PCR he.procedure to set t he
conpl ete reactiBrs® Rﬁfltﬁﬁgmtbrqe R ISI(I&“S mﬁ PSR r‘s“élgééjlindmleérl?gilj ?ge%f h%ipeubes
i n the ther nahpliEgalons forGeleivelyednplifyie 4 mrgdt ahclde A&l WEdquknce Trosd €DNA o220C.
Then, while holding the tubes at a tenperature above 70C., the appropriate
amount of DNRIXFEE ?ﬁ’é‘é‘“éﬁi"i’hlﬁec‘mﬁ%fsﬁ ed into the reaction. In a preferred
embodi ment, the Ok Of i Do $6ANE a3k 30ReRENE bidgat i on
into the reacti Zuam xtu IFHM:ECQ Hﬁ%ﬁ%{ ete 5 F eactlaor"l1 of gﬁele !
second- st r anahnedDiNg temmtames canprising lat Bast &we cyies axﬁprlmndaaneadiemaiﬁmraeﬁtaﬂing

t enperature s ch as. >90C. Then, vvhlle hol dln e tu at a.tenperature
about 90 C.,*HrEnaBEEcsPediee itRTolar TRe i At s e SutBh ¥i%ge
anplification can be pipetted into the reaction. An exanple of the second
DNA strand synthesis and the subsequent anplification of the 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 i s conducted
under the follow ng conditi ons: the second DNA strands are synt he5| zed
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45 m xture; the PCR reactions are as follows: one cycle of 94C for 1 mn, -
50C for 3 mn, and 72C for 1 mn; followed by the second-stage PCR
anplification conprising annealing) extending and denaturing reaction; the
PCR reactions are as follows: 40 cycles of 94C for 40 sec, 65C for 40 sec,
and 72C for 40 sec; followed by a 5 mn final extension at 72C. 5 It should
be noted that a proper concentration of arbitrary ACP (the second ACP) is
used to synthesize the second-strand cDNAs by one cycle of the first-stage
anplification. If the anpunt of the sec®hd ACP used in the step (e) is too
| ow, the resu i biidi LRI Qbmpl &dn@ekI 6 HleBion lof ti@OmigEtast |,

t he excess §ﬁ%&ﬁﬁh€?qﬁh2ﬂ%§§%ﬁﬁaﬂfﬁﬁﬁﬁﬁﬁ iﬂ tH% stgﬁsu e)‘generates

backgr ounds nedieihacisefidAcestrbphiridibe thereyyitRORder|condifiops wfverghegcharrisse PastE 1 t he 10

concentration of the second ACP used in the.ste [ b n 0.1
NM and 1.0 Uterggsdpclpide SPRBnsy: wﬁ?ﬁé’}'c‘bﬁ@glﬁﬁ@gﬁ?ﬁﬂéga toﬁéﬁsggotnﬂﬁk%&as vel |
as the fi rstseqﬁ\%eis%cﬁaé?ﬂé&a& 2 EtM In a preferred enbodi nent, the

concentration of the prinmers used in the step (f) is about betvveerelrgo. 1 ~tM
and 1 ~t%] nosib)pedérerngn secordistsge amplificationjof the psphficatien pradyct gsagrte d9myr e of

t he subject application to the identifi I Al Scdnbbridine gE€NE
expressi on i gg’ﬂé‘t A SRt a‘ﬁ’leé]ﬁ‘g éerﬁpgraaf"iwhgﬁ) f& é&%@?‘ggu&?éé&{ %hgaﬁrgi %JSE)HLEE gh
anneal i ng t eREmB tYHlEoERdr hihesingprife} eitendingasd denbiorng peing the sineyprisfersr i mer
anneal i ng during PCR, which results in elinunat] ngqf | se Eqsi.ﬁi ve fgr oduct s
conpl et el y amused frostepd)ion & Primerpeid gach BPMRTISIE 2 PresSSEHd HPITRARY AFIOBISEATPEY, es
which is one 'majar bottlegn kRl Vi \ifidnS rewitral

Di splay tec ﬁﬂ?ﬁﬁ@gfngl?%%aﬁtégi ng f{—t?)%g{rﬂ% gﬂr{l&?%sc? et@c@’e%ﬂr?iaﬁcg%t ep for the
verificapi ORach Rinkt atnfls GONA3E erisTRNdsof ittberntplification frpdudi, fréspectively, aherEps pl ay .
The step of conparing the presence or |evel of anplification products

obt ai ned f r ¢ha ampdificatipy pregyet ae-paRlfisd-ned i n accordance with various nethods
known i n the ar\%lhen% fi ?engﬁa?af fof £r§ﬂl§€e{m9@ HRIGA, th@ﬁ@&hcﬁén $e®NAl i Sdquiseddbrisecond
popul ati ons of anp Ticatlon products of step (f) are resolved by

el ect r ophor as splifivaiiche Mheréfyrecin filbfughtriasiertyof thipineention| thermingrovigest @ method

preferably, the 2 5 resyltant PCR c fragnents are e

et hi di um br d8i gtsetdyely fyings %ggﬁél’g%ﬁf% eﬁ“éf‘cepﬂ?oén mannrggﬁlAf g"e}?{glrtgggﬁg hi s

subj ect 1%ppld%oﬁ1?1tiée99e\je e lthARscHBiRg &e BRNACindpelo@ritiglen ainplifivetibnagatios esigel to
e

identify dif entially expressed nRNAs. In general, the conventi %nal
Di f f er ent i al privhesy blayactreivduoid shay stleash @neoprimenie detived Eomdbe ACR 1AsCHRRI2PA ng

denaturing pol yacryl am.de gel s. ver.  a ' . ; . hod,
the signifi c%fﬁ%fa ‘afnil*rﬁf’“‘?}?r %%ﬁ%a%g E?b @%ﬁ I f“e?cfc‘ggilil!&%?? ggv’n’gr}a?é@g%tﬁﬁ?ﬁgﬁ?éhr ough
two stage a”ﬂ%ﬁ&i’hiﬁgtskcﬁe&eadubamaﬂyomﬁﬂe@maqt fu diregioh oD thedergst aichdd acigar ose

gel to detect” the anplified cDNAs, which results in increasing the speed
and avoi di ngsenteacats bytsidize ghereyiths i vity. 46 Alternatively, the resulting

CDNA fragments gan be alnsﬂg) dgrgeglfglt f&fl d%n@omdﬁx@ﬁtiy loPdePP i ded Miiivdastgel by

: a specific €
aut or adi‘ogr aphy or PRORS Fadi oact I ve detecton methods such as sl | ver

stai ni ng ( CoirysiEbitioghfoetelatively ARfifyingwigoknueleicarbid seq@®8 fromtan anfiNA which

fl uoresenscent -| abel | ed ol i gonucl eotides (Bauer et al. 1993; Ito et al.

1994; Luehr seaopssesyg| ., 1997; Smith et al., 1997), 5 and the use of

bi otinylated pr aﬁJn%&@ﬁ@mﬁkAﬂi'iﬂoanjoﬂ ucldotigé 8T Fﬁm@'whichl@l%%ﬁdiﬂd&@bol% al .,
enmbodi

199b). In anoth ment, it mght be useful for diagnostic purposes to
use an aut onafliof tRysRNeAUsdet bordisioansuffiviconfer FeopbisAlriyer enamaetic depryyEbonupleifj t h
any distinct |abeling of the ACPs to detect or analyze the anplified

pr oduct s2¥ Ba#fdd ynibesisip 0ccuiig93) . Consi dering the features of ACP in this
subj ect appl i Caéﬂ) Qferst BEnsBEERHARE mRRIANG Gvhidhrthel SligeRicRetiderdT rAmitr Byboidizesto
differentially expressed genes differs fundanmentally fromthe previous

Di fferential piispladistDith siagd det §sompenmtametp AOBRYA tpvhich ik digrmifloctde use
of the ACP in_this t hod makes it possible to allow the anplification of
only second TP INRE%SNd t he use of the sufficient amount of starti ng
materials as weld) paforinhg alfirghtagomeptifitatian bfrhe wfgeCiNTIRjc arid seduerice fomthe et
follow ng benefits: a) 15 increas] ?fg pri n'er%ﬁnnpal i ntg1 sgaeciif.i Cittl st )R

el i m nat 8hg DA praps obiainest frem siep RS ia firdt AanRHRE KOPERTC CEPYHE 2 uBeeqUent

| abor -i nt ensi rk i 1y, ExtBRiGel dn¥ @enatihg | WHNEANS Hrimdr hir abialdPt y and
r epr oduci bi | X c%svlg)phglgfaer}é%ﬁ%é’ prrglgengﬂRNAs”,dng? gene%ati %g |gﬁ3- g,i stance PCR
product s r angkdogbedn a8ive e hdvirgmal 56 [3yertdo portion ki, hybyidiaing osfarRgce Hubstrtallyf

et hi di um brom de-stai ned agarose gel to detect products, g) increasing the
speed of analysis, h) particularly, not requiring well 2 O trained hands to
conduct this nmethod, and i) allowing the rational design of a
representative set of priners. In further aspect of this invention, there
is provided a kit for detecting DNA conplenentary to differentially
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perform ng positive and negative control reactions. Optiml anmounts of
reagents to be used in a given reaction can be readily determ ned by the
skilled artisan having the benefit of the current disclosure. The kits,
typically, are adapted to contain in separate packagi ng or conpartnents the
constituents afore-described. V. Application to Rapid Anuliftcation of
cDNA Ends (RACE) This application using the ACP of the subj ect invention
can provide an inproved nethod for rapighy anplifying cDNA ends, so called
RACE t echnol ogi es. To be specific, the ACP of the subject application is
adapt ed to tdemplmGEary de hmegiangifdke targetanuelgictagidesequende tothyBridize therewiflt, undsnd, 5

and el im nates..the background proble resul tin r the priners used in
the conventi °8ﬂdd1’°“§AE:E”QtP%_b ﬁar?H I péﬁ’eé gmnegly 1 tlfsl ﬁargf U ﬁ?cffkeé’ ﬁéga_gcﬁgg.c % o‘irm'f%?’ stﬁe

i nvention, thefificdion fro@ict SRk argbRblefidé SqudndPis énératidpdnidf Yi ng a target cDNA
fragment conprising a cDNA region corresponding to the 3' -end region of an
mRNA, wher ei n t(Hepenformiingla sesamsi-stage smplificatiancofithesgmendification grodust generated fawe

A ol o i ot thesms Akl
i ot Poackedhet dieions SRichil R Sl 0 Sl Hp L s RREEMRELR TR,

Preferably, leddorerchélebsf privhed antchlghg] srividd exteddingCind denaGfingd\GEing $heGifle piéring at
its 3' -end portion a gene-specific hybridizing nucleotide sequence

subst ant i al |3 veedimsiepfeher apyimerpag eaghcamprisingEgre-glenisd arbdgymusisetide seapase
transcriptio avi ' mers S8R 1 PQEL d Lisz b

nucl eoti de s‘!é’qrgsgﬁ‘@gégg“g%’ gn;é#%r@&ncdcf)?r%lpgﬁgﬁtg %r;l/ éti?c?t %%P@&A&%gﬁlil{”g 1%5&?)}? t he
MRN' As. | n aeaSip@rither iatneelsitotie e ntid Hfendsuifshd ampdifitation protilvg rrespecsivgly, oxtiedteyl t he
met hod using. two stage anplifications, which conprises: (a) contacting
mRNAs wiltth ath??rﬁ‘@‘tﬁcﬁPPH@F“%f“%‘?PlH'}o‘?a' of the ACP described above, in which
the 3" -end portion of the prinmer conprises a hybridizing nucl eotide
sequence 2 0 substantially conplenentary to poly Atails of the nRNAs to
hybri di ze t her e8indehhe ampli§cation melthbdsar shisinvdntion emloysdlre AGRH P this énventioncthe

enzymati ¢ deoxyri bpnucl. ei cid synthesis .to occyr; (.h). reverse .
¥ ansor | bi ng UM HRGAGHeTS eiech S PLTed i ST R PR i BTy 6 it
popul ati on of,editidafidn 164N t6 biRPASItLphGE, are conpl enentary to the nRNAs to
which the first primer hybridizes; 2 5 (c) perform ng a first-stage

2

anpl i fi @&t i on OFhig 4pplidatipsesingAOY eftthexyybiisct anventionjcaws proxiae ammimprgyed matbed 8t ur e
conprising at,l|least one.cycle of pgr.inmer annealdn rLer. extend nd
denat uri ng, ﬁgfthvgﬁ'aanépglgd a&}'ge?ré’?‘agf’ gglﬁfg uﬁg‘%o On?ﬁe&g K lgs&éra} :edggﬁgve
havi ng at i tguclic acBEDNALS nFNA) WpedfodENe miiCicid amplifiostiots, Zrefgality AOROt | de
sequence substanti al I%/ coggﬁlperrpnt ary to a site in one of the first_ cDNA
strands to hSingeithy offect plopeiiptopides the sonvensiqenl PrivEe With Riiee Arnepive SREHIKHY pri mer

anneal s to AreBirllEss %Pegrg%&cse 4t &(rjp%?te?smefmosrirﬁé? ?_eéci%nrnsgﬂth Ehe? tdn@Rdamedtigr €0y a

gene-speci fi c second stran S generate 5 (d) performng a
second- gicagetempghtinkj GQtcomentand ploduct &ngthsip éscpafticolady ecvordmerddii\ tesise diedACP

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.



generated fromstep (c) at a second annealing tenperature, which is high
stringent conditions) conprising at |east two cycles of priner annealing,
prinmer extendi ng and denaturing, using the sanme first and second priners as
used in steps (a) and (c), respectively, or a priner 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),
respectively, under conditions in which_ each priner anneals to the 3' - and
5' -end sequences of a gene-specific set®nd cDNA strand, respectively,

wher eby an anplpyf 'hﬁﬁ&%&m HRIRAHE invetioR, FBEAMLBRRC dickicelblAeqleic@reh beused
generated. Since this application using the ACP of this invention enploys
the present tombplifylsnyfdesired mpdldi¢ doimalesnleoFuch meleetles mayibg eifley DBWE RBe Fhous] y

di scussed, the common, descr,i pti etween 15.1 r 1 i der to
avoi d the cd‘i‘PE Bl Py Bt W@ngdg@?ﬁ?ﬁ Ao ?u?agéed'lqr ﬁg‘lﬁa otgﬁ%glﬁseélﬁﬂr’t ?oﬁﬁeci ty. A
schemati ¢ r qRERSE WiRtd R micRIc 281dR) itinthg\Gatérial Brdgetle-afahidf it R @rfimted compler Si g
3" -end region corresponding to the 3' -end of nRNA using novel ACP system
call ed a§ AR twessrgnds' intRACEDEle-sirapde, 5 tpaie by sipg{e-piyapdedg form. M"%P%p‘gmf’ﬁ)m and
(d) of the subj .ect i eatq - UL ok i : i sane
reaction m XERFFe’ 5&%@%{%‘011“ %cr%’ %lgﬁlﬁg?%lt&cmﬁi Eﬁhﬂ%g}@l’?ﬁgﬁarﬁsl?%%g&%?%é%%&% d) are
separ at ed Ontedtniet, trziaticl hethuds (ek. Hilicancketiat) andibindiag protensJfdr instasce, strand
corresponding to the 5' -end portion could be added to the resa;%t%:'on i Xxture
at the time separation gin bg achiskesny kepypg 2 deranseptus Fngiag from §0RC fo L0%:fePenserl
enbodi nent, t Ll er r i " To i r dto
the 2 5 reacrf“?l(?;orcli ] ?ﬁrx o 8ﬁs?:§nﬁﬁ§ﬁ9§%%érﬁggx%§f)%§ ﬁ)( éosg@cn%ﬁg{og%%? %Iﬁi?oé%\gggby
subsequant aaphiig 4 bdboritorp Maned pOad Shiity Hirbaridboratbry BrassalColdrSpritg Herbpy ocess,
in step (d) the conplete sequences of the first and second ACPs, instead of
the priners lﬁ-gr(?@ébondi ng to the 5° -end portions of the first and second
ACPs, can be US§fleas mRNAMRdmploydd ds BBttifg hdferi@T6H dufplifitifiod, ReeveRE Gacridtioand
cDNA obtained fromstep (c), 3 0 wherern the 3' - and 5 -ends of the
second- st r andepdDhbkessiryy pHoratp emplificeticn) dejails phwhiek pre Sepind &1 fogephifembreels stialacp

conpri se the conpl egent ar, equence of .t first, A t of
t he second A@?Jf’g‘?‘@ v Géf’é"r 9’3’?{9&%{1%’20%15(59 2 l%‘r‘tf)oerr ‘é%%}g?é’ip %?’?S"P&s%g to
the firsts ang, 5800820014 AndXshan, K. & et 81, Ausloic UbidbRés! BS: S 66(1983))C Fattreverse
representation for anplifying a target cDNA fragnment conprising 3' -end
regi on cor r etsmeumigtiony an oligohecledtide Ehprinsr hyimidizably ta paly Altgike 4dS weddes
st at ed above.,. One, of. significa f Q i i Lor 3
TRACE 1 o ¢ hadtepmieide et & Wbl ERCHTE R Mo LB EPRRDE myWesbRAR i S |
conpl ement ar ythdr @NPHs ¥o fonf @b the @T prifibicah Serusacriasr. R eoddidArasseriptivasias bpdineer and
then the resultant cDNAs are directly used as ten"E)I ates for subéﬁﬂ?ﬁgt

h Sie cDNA

anpl i fi cati oWithe Feverse transayiPRerthati asp H 4chYiy 0B UsEt BhZyTE® baX g

synt hesi s, prj et ; e i\ GhiPS sehifie RNGSH AER:Sbtdpl6y daffily BhRSinpite| be
interrup %d %%%yhbt sggggﬁﬁgﬁ?%%%}’tﬁg effecctﬁggf théghl?egul at or pog\’{i on on
the 3" - andrehctionesiditipad.t i ons of the ACP under relatively high stringent

conditions as described in_the principle of ACP. As a [ | t, the.subject
application to Bhe presegtmediodidq 1?°?@§“‘f°ﬁ t?ﬁﬁ%‘?‘ﬁ%ﬁ%‘i‘?é’f’ aﬁﬁ@ﬁ?@‘fﬁﬁﬂﬁgﬂgf}ﬂmj
reducing t hea%geﬁge K e, bf pabitlulal MeARGlecdles Qhich By AEEMIFRE ircudé B amBlIgCt

application es not I'nvolve the background probl ens because the annealing
of the 3' - enduping piocaryitis, eevotic (fut exgmpld @rotezeans aud pasfsitesy &ungls yeasty higheror

portion positjoned between the 3' -and 5 -e Lt L Q.

wher eas %ﬁe B W?/gﬂ‘f’?roar? I ‘%ﬂ\lﬂ“@éﬁt *ﬁﬁg‘ﬁ@ pr %Q@sagg&éﬁggz otjollr%rc@é%gg@?l?fer s
for 3' - RACEnggReviaka, HRCkaekadss| Bpkteg-BaERiruy) Hepdiitis 9 polivpéns, fetc) or
products. According to a preferred enbodi nent, the fornula of the fjrst ACP
for the cDNAvisgihnuweid asidrBle mveleicaeid moleayle ¢as aisp be puyymeieis agid molesulpywiigh hasy
gene-speci fi rinmer,i QAR gL bid I a
target cDNA ?eggorrré’?]r{ bec%‘ﬁ?’gclg% %S’thgm?& %’ heé g%(geé{]%:cgé %eﬁaégtpéag;ai(’ gfl}nihgg%tg{eri ed
out in accor ¢@Ac natuteh conventional PCR nethods as known in the art. The
term "gene-specific” in reference sequence. used herein refers to a rtial
sequence3®f a spBCAFT Eseﬂé?féh%‘?res&%’r‘b‘ie&??éﬁi h)tbﬂi‘F ¥ apealed F‘f’aasreglgléﬂ" tﬁ@ﬁggal ly
known or avaigy gl &ube-s@RBeSitubiuRds Fidmbd) € oRdifions bh RERiOERI hyfbhigiz@RASuitBRCI f i C
2 5 prinmer nmeans one conprising the gene-specific sequence. The generated
second cDNA sdrr farning suchngidublei stdndsyd stiveturse e desgrited yalgsenty Seghrodkn etvidlsch i s
used in the application of the present invention for anplifying a target
nucl ei ¢ acid sequence above. Since the ACP described in this invention can
generate stable Tmin a priner and also tolerate "priner search paraneters”
for primer design such as priner length, annealing 3 O tenperature, GC
content, and PCR product length, it is useful when the gene-specific prinmer

e e . I g =




5 any one of ACPs described above. Preferably, the prinmer according to the
structure of ACP is one having at its 3 -end portion a gene-specific
hybri di zi ng nucl eoti de sequence substantially conplenmentary to a site in
CDNA generated fromreverse transcription. In a specific enbodi nent of this
I nvention, there is provided the nethod using two stage anplifications,

whi ch conprises: 10 (a) contacting nmRNAs with an ol i gonucl eotide dT primner
or random prinmer as a cDNA synthesis priner under conditions sufficient for
tenpl ate driven enzymatic deoxyribonuclk®i c acid synthesis to occur, in

whi ch the cDNA synthesis priner i irdiaBd Y&k, eTld Sigingequence
subst ant i al}gle I@W@n?zﬁ”@"’?@”’aﬁ%g‘g{ gﬁlg(?ﬁ%gtr?xgrr%{%a?%&ﬁ?bri di ze fiﬁlggevm th;
Z 5 (b) revgrss Nﬁgﬁ;@f)i Rid"Hayrits, BRNASet allsiVagieia 4ok Bylridizatienst Pristiede, to
which the ¢ Synthesi’s prinmer hybridizes to rodgw %gpﬁrlu%ﬁisﬁﬁcpf first
CDNA st r andgpprtvet, BLPressrpsbivgton.dd.-¢. (188D nkhe cet% Wi cAtRe ¢

synthesi s priner hybridizes o tg% kdbeSuBRhtiall lemegi@yer at ed;
(c) permi ttp%gsew{ooegcﬁﬁgpegg?%?g@g&?g%% ’talﬁeg)gﬁé'ltt the 3' -e}ﬁ?g@of he first
CDNA st raindg, iuededtd b ablons foral a stabic outistramied sometarenEblsa CeETygs A

term nal transferase reaction of r,e’,\rggerse transc i(pe%)gaﬁe' L& ot CRRRAL tong t he
’ S

cyt osi ne t abdmplefe cormplementarifigg PHFIISSINE: £Y fa0p 43 rands generated from

step (c) with ol + 138 MR NPEiSes studire- ByttidipationicdACENd a 5'
- end portioﬁ°’§p2{)l§¥8{%@@%@@&3?{%5 of universal base or ngn-discrimnnatory
base anal 0gy, MagbebmtchipRtetiucleiendd & Fprgenisito for dbiepplatsedependent gaRmeriZAile
guanine residues at its_3'" -end to hybridiz ' i by at the
3' -ends of wtimenofwne@se%mr%{*%xmgpha%‘bf%& ‘%"W’ é/%(lf% Jggrr t% ?bgﬁl&c%%()zri se? a
pre-sel ect ed ar bi - LidEatct e BN CEld Spfhearb@ NIV (2001 and Hagmesh t he
3-end pgﬁt [ g’(\angq’ éﬂ%gﬁrﬁ{l%galﬁﬁg%ot itﬁg is hybridized to thsP cgt\g,si ne tails;
(e) extendi mpL ke d.aiNudeic 3lcid Bpltidizafion; e Practiasf AppyRachs TRh Fies Y2k at e an
addi tional 3 0 sequence cC lLementary. t o .t .00 W &@hi Widih geidever se
transcri pt aRRCG4 gﬂh‘?’}?}ﬁ’ ?ﬁ%?@l’ﬁng%sﬁw@%g%t?fd‘geggclr)vlgsmélgd a teairﬁryer;inate1 n the

ext ensi on regeti Riky WARE BBMing Wicien@NJhb nhéleditle cBhpusision ahdEParan afreidhtied;

51 (f) performng a first-stage anplification of fg‘?he full -l 1c%tnarfi rst cDNA
strands obt aemgetatire arwlschepnqakig is pptimal arddhereforg gan aiiget 1 BREEBSTGTE ™ onpr i si ng
(i) and (ii) as, foll ows: (i Vg e ShpliFHchtiBR T stepndTeht ipfegent pri mer
ext endi and de&RGY \lglﬁgl\fﬁ%’%l %{L%%?r%;snt gé;rq?ergrer tcorrplii Si ng sa@nucl eoti de

sequence SUQ?&%EJ Bkl ifcRER| 'EIERB A fygrhent bHE. &l BNAmglymesse hceSeFostie
full-length

DII\ILS;Eoly(r:n[gxl'\alée Sa;[)dr %Q:ggioghggee'rﬂ %%Aj Ip(t)llylggrgse! Qrcwdb%}? tllieh&)lymerase isa

thermostable DNA polymerase such as may be obtained from a variety of bacterial species,

including Thermus aquaticus (Taq), Thermus thermophilus (Tth), Thermus filiformis, Thermis

20  flavus, Thermococcus literalis, and Pyrococcus furiosus (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 cofactors such as Mg, 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



first prinmer anneals to the full-length first cDNA strands) under
conditions in which the first prinmer 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 annealing, prinmer extending
and denaturing using a 10 second priner of any one of clains 1-25 having at
its 3 -end portion a gene-specific hybridizing sequence substantially
conpl ementary to a region on one of the 6u| |  ength second cDNA strands to
hybridi ze therewi th, under conditions i+° whi ch the second primer anneals to
a gene- specighiditicht. rBerefdrePthe amblifichdon pttlctss bEhegpresestinantonxBiNbe dune tnrrdsinglenher eby
a gene-specific cDNA strand is generated; and 1? ‘éﬂ%}?& Eﬁgrform’ ng a

second- st ageeaation vofumearithewt awy chemge ofeqnditionscsushras addigqRL aptanty 4t 4 second
anneal | ng terrpg{ \%L‘fllc{ £ u¥Bko0a 5k ld PNerilJohtRISHE 2 £PHEAEPOREY inQRHY GFith at

| east two cycles of primer anneallng, primer extending and denaturi ng,

usi ng the samg- fige ainphfdtiGeoolddomprisasdestiatorutiffaernt neqveneps if(they-afd ientingl,
(f)-(ii), respectively) or a primer pair_each conprijsing a nucleotide
sequence 5corand SHBOHEPeRing© Hh%seq‘-‘e@ﬁ"dm{oso r"i“fc1 RSP “f’h © f’?etds]P rt]'éens ps(gcﬂgen d
priners as I b 15 iffErdmt (tvb brimér® 408 Gértedniing tortaEL
condi tions izsﬁé%\ﬂﬂ?tg%%@gﬁsag[r}?nw&&ggﬁ%gﬁﬁlg t he 3;) - and 5 -lg;rr:d iequences
of a gene- speqichdeCofCERIA 5stendupdtion @f PePs i wibl] b, usah dn dlisystem ofi sl seeandsteson
product of a gene-specific cDNA strand is generated. The schematic

r epr esent ati@ﬁ’gﬁ?aﬁf’“-arrpl ifying a target cDNA fragnent conprising 5 -end
regi on corresp i nclu Qxﬂfemmwb‘éésrfﬂr Sedely Mol etrgecal | ed
as ACP based Zﬁgﬁ%&%&?gﬁ?cﬁdﬁﬁtrat ed in FIG. 4A (using ?Imifgtonucl eoti de
dT prineo) andeiéBcid feigment femdonuctsid aeisk or a mixbrejesing - AGR, i wh§eingg sef pleprimers

ol i gonucl eotide dT priner ysed in.step.(a) 1$.i ' din
the present PEPHEE g‘bf‘@rﬁﬂ?iaﬁo@é P%nﬁFulf“mEl %agiagg&ﬁhctﬁﬂhg{ grgpgﬁ gtgoau%iéegp(’:e from
an nRNA. Al t giaatde\eley of AORNTHeRems Mbvefional prhae tusedRidfein efeotd @y geintehat t he
reverse transcriptase falls off 3 0 before reaching the S'Hét?ggl ete
sequences, tlmeing arstroeture rdiffesant frem ACR) egpscialipuin ymy ﬁ‘g@? Brefrnpepf the regulgtor
According to a.qLI)lr eferred ﬁ&?a?g)&s. tﬂ?“#’{gﬁ 13 SRvehomal RERTd ddafbonfy o Bhshe

resi dues to H&% a@?tglﬁmgémper orne e presence of manganese ion. Steps
(f) and y(:p) ghpliibRiod iep 6t tpREP et dndyorErye-setected arbitrasy primeylcerr¢spindingdo ng t he
same reaction mxture except for primers, which rrganslgi hat st%ﬁ)s {‘%) and
(9) are sepathafeandaerton;spausnceiofie ACP ipRsiedin e SETPRS PER {‘J'_?f“’f‘ﬁﬁf' REHF ner s)
used in each sfen (f %ﬂgm(tlg% Rt%@t@s 06 R dedadb edch 8 Jedieh bOpdid oftACPao 8¢ t he

time of or after eaé%hest ep. a preferred enbodinment, the prinmers) is(are)
added t o theuse@acthe 6irst ampitficationsieg hes difieront msltivh tempeptures (Tob ndme refers & $F | owed

by subsequent PCR anpljfjcatjon, of secon st rands. Wien a
gene- speci fit?mﬁ?rf‘%rr;??vg‘%?i%i’%%’"%m aﬁ??nﬁ%a?fd%wgméﬁ%%ﬁ ?‘cati on of a target
CDNA 10 £ 1 agmenty,6 QnbRbdiifi0idps 3f tie GRfler? RMBACEN bate BF elplficktidnSropemRNAG  Out

under high stringent conditions in accordance with conventional PCR nethods
as known in irkiediag tevelse tmnsoritpfation) exe sepdveted welitin timey Ihe) Srst-sipgqeentRlifigaion

containing a 5' -e sequence in.ste f) isalrml'fi i d ACP
conpri si ng asré’élt‘?et’-egrglé"é'f“gﬁ’?f Q}geeﬁﬂ%qféggféglﬁga@n' - er?gldpbgglp?%%{;&b@mt% ﬁccbﬁg{jage
PCR anpl i fi cghdeOnRslifbitioh radttdonUfiRflrd dduldnificlagerthe prhérs Boredspdntiiag po Bs fritend
invention for 15 anplifying a target nucleic acid sequence%(a%%(r)v(ﬁ%,Si nce the

ACP descr i bedorien whishswillhe aised toypnnes fo theseayenses o5 d| -endmerions A WEd al so
tolerate,-primer, search.naf i The ek B8 HesHRGh P the OTRHd pattidd
priner |%&ngtf °°I§n%a§gf§lﬁl§&?%%g§%g}g &F%‘?%G{Ckhg ntent , e;%d PCR pr oductp%l engt h,

it is parti cdindelaidedieheiteastion mittive atghntimesqfecafer the first-stege avwljficatiomsierhave | ow

Tmor are too sensitive to such paraneters to l%ﬂf,‘nerasée t§$eci itc &e%gelé(:ts'
The fornul a of PREn gkwraye progssy & Bie gecongsyipee Amplhcgton fep the FRIPATS SERUFTH whi ch

the 3' -end i ey L ) bf & HESGRe privhees me@oRdied Ot i de
for the stepBFg‘% A:&?sglgyg‘itl g‘r@%{%s%g%pﬁggﬁb%?fpﬁe%ﬁﬁ(Chenc?‘gi k et al., 1998;
Chenchi k et ale.5’ dnSporRearts.of fio ACPS carolk \@&tas priviers apohigly styingept qopditians &S bot h
of them conprise at |east thre ani.ne. r.esi d Al | her nd, se
them as 30t eABPHYES &f F'Y ftrﬁjneﬁ?%f‘ﬁg?m fhgﬁuitﬁ%g%ygpﬁleﬁ%%mg%%%g’ﬁg}feaeﬁp%? §t haélufi r st
CDNA strand By. myeﬂtﬁ@%rbdm {hp EiRSavplifibaios step Whielyisgereratddcfoon apnédlifig and
different fromeach other in terns of the function of a switch i

control | ing mrension oftheSarendportien sgayeaspt Mesetri YRi e t‘&é?fapl?tﬁ“%ﬁi?o%f?’ai‘&ﬁ with
anneal i ng tenperature during PCR CapPi nder prinmer does not conprise

uni veasl base residue group which is responsible for regulating priner
annealing in ACP, so that the CapFinder PCR nethod for 5 -RACE (Chenchik
et al., 1998) can not be free froma high background such as DNA spear
arising fromcontamnation 3 0 of the priners such as the CapFi nder and

o o e NN . —




Furt hernore, when the ACP of the present invention is used in 5 -RACE
technology, it is unnecessary to conduct the process of physical separation
such as a solid-phase eDNA 5 synthesis and procedures which has been
introduced as an alternative nethod to renpbve all contaninants used in cDNA
synthesis (Schrarnmet al., 2000). In a preferred enbodi nent, the
oligonucleotide to forma base-pairs) with the cytosine tail for 5 -RACE
which has a simlar structure to ACP, wherein the oligonucleotide is
represented by the foll owing general félnula (3): 5'

- 04Xl s- 30- dyg, 'sgin(gczzi'car%i (oRs §6ni:lrise thb SeqibHo€ Br ShihplenihiaS8RuRnctbfACP and also
deoxyri bonu€l'éot rae ancf conpri ses aqpre-sel ected arbitrary sequence;
represents @rveQgpiribiiayingetes ioal seafydPs hnrtis Ried/Othisalteraative probess is praferred
non-di scrim natory base anal ogs; dZ represents a deoxyribonucl.eot and
conpri ses abgsguse @&I‘@E"f%’&ﬁ’&?‘ﬁ?*‘g‘? the primer, é‘é’f‘é‘%@ ﬂ&fé‘;ﬁflé’ lgléseorqﬁ? Atcﬂ:l%ee to
five guanin - r 3 ot ar TH ¢ ARkt eF1gZ 1 Asissbout
2-3 nucl eot ﬁé‘eleshélgﬁ{ofl%ggﬁ.ag%%nﬁro?ﬁre?ﬁu?%rﬁgﬁgﬂgn%lg%]i ment , &?he 5' -end
portion X {tlastraies @l subtenatic sepcpsentation fivaseledtively applifyingedtatppt Buckeicsacid b then
endonucl ease. The G3 s He three to five riboguani nes or deoxyguani nes,
or a conbi n%lfer’aﬂvwwwgg%é ?%e and deoxyri boguanine. In nore preferred
enbodi ment, t hg,(GRus & apRidiaten ih MR pfRPSBedsneserfontbd ander sieingent dondigorani ne
(r(G9z-d(G-3 ), nost preferably) three riboguanines. 2 0 Wen the

gene- speci f that plldwnfor sproific djnding jbetwsen g enhclgatids’ segenepepnds AEP 5Buchrgigngenty

target cDNA fragnmept cont ainj a 5 -end se { | 1. fl r high
st rigngency E?iﬂﬂ’i%f“l ha&ng médﬂbg’ﬁﬁ%ﬁ’ﬁf'dﬁfﬂ e?rtea&ﬁglg!g&lacgg ?ﬁggﬁhiﬁsm a?ﬂt. I g a
preferregd eghadiirenh, thé pheddnd HettoldNinef $coaiTanie aOPlifivatiing gendilly- Eridmssquence

is anplified using a second ACP which conprises a gene-specific sequence at
the 3' -endupisr highm striggest dopditions than thydirperpeamlifitatient i ons which is conduct ed

in the application for anplifyin Lk S&AYEREodctot he
present inventi FiPregirﬁSeeg{gﬁcém %gi%%%g]&giq%ﬁée i se?%\b/%nt‘?jgn can provide
stabl e Tm i BT RF iHeHist3fagk ahificdtioh e intore preferibly, 4036rte B59Caktanpeferred thitor

primer design such as priner |ength) annealing gerrperg(it%reh cC cgntent, and
PCR product theesegend, annealing temaperatire yangss Fora jeiel<hd i 21 9r ReFeoleti®nces

have | oyw.Tm or..are t t Anet 1o ARk IS i
speci fi @I‘r’pr 35’81(1: cg.ﬁo%ﬁ‘gccﬁ%{r?%l %}ﬁgﬁet@ﬁé{'&ggg{gﬁ& ﬁ)’,ETAE\ECZ’ID{L(ﬁiE ?rs{t grg%%i gal to trh(las
formula (1) el WhérClbwirtaanthe seebll gaealing rerpemtiei Hse Engile nemelting temiperaieguence.

54 The use of ACP in RACE technol o jgni ficant sinplifies and inproves
t he convent i(bnff hRACEE PEkAR Feﬁb‘?“é"s%(?%g’me{f&mnf °taﬂ‘é°gg SFrRrarir iq%ﬁﬁg(;f cDNA
ends as des%gt-ggglﬁmmgaﬁol%r Yhdniple, e@ldkhe AUP ddnPrisdd 1D efbitrateinftRdtides at 0 be

free fromthe ground problens arising fromthe priners usoed in_
convent i onalthdAGHd peting gs:ferdiiyn the qursalingyemisragurersillhg gbout between 45°C and 55°C

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-stagel 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



5 described herein can be nore effective, easier, |ess |abor-intensive, and
nore reproduci bl e than conventi onal RACE nethods. In still another aspect
of this invention, there is provided a kit for rapidly anplifying a target
cDNA fragment conprising 3' -end region of nRNA, which conprises the
anneal ing control prinmer or annealing control prinmer set described
previously (including the first and second priner). According to one
enbodi ment of this invention, these kitsg,further conprises a primer or a
primer pair having a nucl eotide sequence corresponding to the 5 "' -end
portion of tthmgetAGHsic acid. dapyele tifvdudes & derBturing step, po nrealingctapp ardsansextendivgr sal
primer sequence, it is nore preferred that the kit conprises the universal
priners. TheSt"‘Bresent kits may optionally include the reagents required for
perform ng PCR 1, QRCHhbR Peef&hild eBodihidnt, 8hies ampANCatRA iy PRFokR& in[loriRtey WRE | S€
cofactors, and deoxyri bonucl eotide-5" -triphosphates. Optionally, the kits
may al so i nAGRiehickais disclgsep drl Y SuRat.ANosi 4683195, 66683,202, andehBBP.3%. t r anscri pt ase)
various huffers, and. reagents,, and . antibpdiges.that inhi:bi.t DNA pol ri se
netivity 2 The SR ErEled SRGARR AR 2Rk e rtdse RiarBER B

posi tive and/n@galoitiod TORé himer SACHi AOB .is WRbivedin ambding St Ge frelgaalisgt o be
used in a given reaction can be readily determned by the skilled artisan
havi ng t he Ueneritge gpd vhen the secastage applifisetion is opriedigud ghe 5" yas1 @antipy of the o
adapted to L0, | i . t, L t.uent s
af or e- descr ﬁ%@o?%{lrnge?‘t’f?? ﬁg%agglﬁgg‘%k%g{ Jt;lﬁlragl[)? ?\f\?tgﬁ? %%%?Btl eoﬁgqflgﬂ%rﬁ%l ilged a
kit for rapimdiplyasgpibed tithg AP tiaglfyért pafilr,fthagpwator weotigardf SAGPY Iibthe pesseht r egi on
of nMRNA, which cogg{fi ses the annealing control, prinmer or annealing control

primer $& dJedhadsgearesirirarottionof bF Hearakls ofretgeiingdheagnseties rertighaf WeF tand

random pri negs §0L,aCH nsambga?gt Sneh i th&agupie%m@ £ Oinf P4 MsfaraRifz PRI 1 S)

with the cytosine tail, the st priner and the second priner Accor di ng
t o one enbodipeafidity of a tatpetssequenent i on, these kits further conprises a priner
pair each corrpr,jfsi ng a nulgol eot | ge sequ nc.g1 correspondi ng .t o eac?l 5' -end
portion of the he rpzesent foethodt 51y O, ceRRIp :: ’B%“é’o"t_ PEYE: knpyn i °_&’ﬁd°
(f)-(ii); i mchidweea §padkic bide For exaﬁEQ, 10 hdolafith @PPRITlcHRR) bidnyfRifisRhrofict FRY
sequence, it is nore preferred that the kit conprises the universal
primersl5 5SHllaw thikpprcousastise remplifigntipn.i This gap Peilafcomplighedh by e clegtropheresire r
aspect of this inyention  there i rovided t hod for lifyi

popul ati on o“fo?"fnﬁ’l ‘i\f’{qnéaﬁoéfal?h é ﬁ“éﬁ@’?&‘gtﬁﬁfglgl Ve bq}%(lzz(%trlfpnr é’n@ﬁ?@?’f&t %mpm,
wherei n the sredubost thie HpehtfRSmdyebetinsefted M Stibldvdhgld fof cloINA FarRerferef e M ng
an anplification reaction using 5 priners, characterized in that at |east
one primer iannlified produot o thisninyendpre mey baCKPrersadcin syitahleghnst karboring Leressiry | t he
primer havi | j .0l Zi l.eoti de
equence subeeah St s K fblinda i, HEXAR i Rirfe i it 0

speci f i @oenbadiessiet amdlified podid weddr ithencontrbiesfeon spepticely dalddtthe prahtaodhe
conprises: (a) contacting the nRNAs with a first priner any one of ACP
descri bed abRYBOteS lﬁf’ri@“%ﬁ%iffﬂ‘?’ thp gector ‘t§°étrﬂ!1.ﬂ}5(9P‘i PetionE ﬂi"‘f?@m%‘?dsﬁrgdb‘?ti Wﬁﬁc{’ has a
hybri di zi ng QUCLRREIAE 16 SLURNE& isH BIS e NP2 Moty GRS FBRIGREY ark QvilRbY 4 tail's
of the mMtNAs 'to hybridize therewth, under conditions sufficient for

t enpl at e dr i eoesirueinz y earéssionl e 0 vgetorh onuhidinngaci the sy ritpiidds  t prodest ur ;and b)

reverse transcribing . .the r .. using a.reverse transcriptase, to which the
rrat pri morEPIaRL D oS Rl oophetih BELE SO PR B kAT Bhds

that ar &sCongl8RBaY 3f Host-Sxpleasibm€ysteiRbArhe hRombfe: Gbd tikirékatyotd hddy RElghs 288

wher eby mRNA-cDNA I nternmedi ates are generat ed; (c% permtting cytosine

resi dues to ttlimited tep skt protheser3irp promdisr, ddc promeotdriand {7 piomotes {Theyprgmotienusete f or m
of the mtNA:C i nt er nedi at e t.he. t.erm t. S eacti of
Feverset r anBtAAPaRE PSSR Sublor it oy Rl SRR BSET s Pl s

-ends of t heprbiéterd vabRNA Gius AR Sragoterand e pforkersSdetiPed £9m Polidinal Bdenovirus

ol i gonucl eoti de which conprises a 3' -end. portion and a §' .-end portion

m . : . I
separat ed by>d@HrbUFSH BHicereso HaseCoRinBRATRPS e RS hostsate & &¥al og,
wher ei n e ByineNdeRer bl BnGOBREbAERridtae! &5 s tﬁbﬁﬁelﬂ“@%ﬁiﬂﬁri&;ﬁ%&%ﬂé at
its 3' -end to hybridize wth the cytosine tails at the’3 -ends of the
first cDNA sheraerdss.and viriegs Bseudogronksppactes.dm adidtivp to missoorgapismas, sdiues béekllp 5
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(e) extending the tailed 3 -ends of the first cDNA strands to generate an
addi ti onal sequence conplenentary to the oligonucl eotide using reverse
transcriptase, in which the oligonucleotide serves as a tenplate in the
extension reaction, whereby full-length first cDNA 3 O strands are
extended; and (f) performng an anplification of the full-length fast cDNA
strands generated fromstep (e) conprising at |east two cycles of priner
anneal i ng, priner extending and denaturing, using 56 a priner pair each
conprising a nucl eoti de sequence corresb nding to the sanme first prinmer and
ol i gonucl eotdullge aSwdikdlt, whetldr oM veRgbraad\6t ifdytebrite syl invadliion Brmadnilibfrer

pair each coq& i sing a nucl eotide sequence corresponding to each -end

v
portion of tog&s fhesedpcludeiinggst cellwysterns ifipied Wit terebinpatevrus prpsgseiprsveciass (@gd (d)

respectivel . 1t L i | TR . t 3 -
ond 5 - enc eHR, Rt LANGelkl MR WA oRb R etk SERSRNL B, U
wher eby anplcailiffoatt mosgir eitlse tabaced riasdit vired) gir raodbbdhed twithdeonbimatl slaseidd ary to
the mMRNAs are generated. Sinc %ﬂés application using the ACP of this

i nventi of erFﬁPngg’niVﬁ“?fF maﬂw@s COIfAULRE e OE TS FOIPG FeauAsts; ThecstPiedsAd of

nucl ei ¢ aci dyBBeHHRRAEm M HipRHS] Oﬁfo&ﬁbﬁﬁd&%%%@neratu?%Mﬂ_a%%ﬂu}&%&s%‘s
between them are omtted in order to avoid thé conplexity of thi's

speci fi cat i owcdrédsach with thomethetllgiownlit thpdrt.ci ty. | n addition, the ACP descri bed
above in which the 3' -end_.portion has a hybridizi.n ucl eot i seguence
Substanti ally dBAEREREL Py BRGSER e bRt {1 g ulEF preemeBetiorar s o
the first pridBktafiQhvehtiéh B@H8N breMBINY FhfchrcodpriseRNeanndaliid Rk riner bhe

ol i gonucl eotide to forma base-pairs) with the cytosine tail and the prinmer
pai r usé@ i rpnndslingqonfsol PHmer set indigat¢dpbpyei nci pl e i dentical to those for 5
-RACE of this inventian discussed above, A.schemati.c representat..on for

arpl 1 yi ng f ul P FEgcies SRET 4E R R et S5 RRERA i o BIEH R Bion

il lustrated dfn bkdet nficleid eidUsgueRde A6 BN A Mieéckibad breyioslyyWHidhi &mprikd thérpr oves
t he conventional technologies with regard to the anplification of

ful | -1 engt h 8Enas wstrel@siger i3 eanealing rentrof pmezsetipdifasd #pgve- of the 2 0 subj ect

nmethod is to bg.f . r LS R L i mers
used in conventetif1 (gLEla %%ﬁj@g I%ﬁ@q@%% @B?E‘Jidganﬁnteﬁ%ﬁ%)%écg%s{:n{r@ 'gbea?ilgﬁgﬂei n can
be nor e 16f f aerfget\nficleie asid edquenc@€fam ndNA ddséribed previeyslyawtichesngpris@plicmtielibg € t han
conventional nethaods. In still further aspect of this invention, there is
provi ded a KRl BrmenAspReglinggonrof pimer sl instiqated abpveoupl e st randed cDNA

compl ement ary t Luclieo W diflofABRIor #5nlchfondRAR Al fAtiné Qthfrilbs PRty o1 Lhe
anneal ing control priner set described above (i1 ncluding the oligonucleotide
dT prinmer, tivimeopairperhiciving tinddedtide fequenteccotyespendpgite thy 5 (vendpartins of the d€IPne

tail, th i in t t £)). A ding to. nbadi f
Lhi's' i nvent i B s U8 37 8 porion FrotRec b el SO eate s FoR RRER 0B i i ng
a nucl el dahé Rifl bREResCtRE LB SRANEYiMNEs. [The @RSt Rits mBNEhtIBMILY lixdude thelrbends O

primer and oligonucl eotide used in steps ggq)f and (d), respectively; in case
that the 5' reqyrgd Surpeifermingoliglk regetiong sich @p Suffers DN polymeassnBNA nolymemserpr e

f $ih . el - i ..Th [
Do bS] e RRRAIE A D MBI bR e PLES Sl 1

reactions sugHo@Spddpiuélestile nidNdules | ryverse afefscriphid, RaionsBUAGS afd raagén®s, and and
deoxyri bonucl eotide-5 ' -triphosphates, Optionally, the kits may al so

i ncl ude var i #tikodjss tphinhibi NAjRolyraqrese astviy. The kit ey alsodnaludeirppeentssriecsssary ous
buf f ers ,and . ol i LNb R BNAA hVity.
The Ki ts? %nay%g?eg%%lﬁ ?ﬁglgc ?’gél&gag‘?'é ganlgélgggs‘: g!r)ﬂén?@lrlﬁ% per Bg)lrf ﬁ"é@g@%‘?‘%ﬁ’/e and
negati ve conhnrgiveneactionodas be @atlilyrddtermimediby thegkilleati@nthavibpthb denefiedf ther a

gi ven reaction ca Bﬁ re;ixgil det.erm ned bé&he skill.ed artisan having the
benefit of tHESEFFUERHET KBS yyRIcally are\3darted ], Goniafp iy, sepgrale ppckpging) of o
contain i N SQRRLBhGsRRCeAMInRELs for@BRBEd, BNt S the constituents

af ore-described. 10 VI. Application to Amulifying 5 -Enriched cDNA In

anot her aspect of this invention, there is provided a nethod for anplifying
a popul ati on_ o ' cenriche |.e-st.randed cDNAs conprising cDNA regions
cor r espaidi ng Beptih Mjfple liget , Wherein the nethod conprises
reverse transcrrhy dpglidatieh WERNACGPYT tHRELY; €% fHvEadioR Eandp ptdvide ak infove@ Aethb®N
using priners, characterized in that at |east one priner is 15 derived from
any one of Aerarplidying Berg thep gnetarepl LAWSREIFRE MOFFEhasy qreBpir AERFIMSE it Fhe same uct ur e
of ACP used for cDNA synthesis is one having at its 3 -end portion at

| east six random nucl eoti de sequences. |lii a specific enbodinent of this
invention, there is provided the nethod conprises: (a) contacting the nRNAs
with a first prinmer of any one of ACP described above under 2 0O conditions
sufficient for tenplate driven enzymatic deoxyribonucleic acid synthesis to

g,




(b) performng the steps (b)-(e) of the nethod for anplifying a popul ation
of full-length doubl e-stranded cDNAs, whereby 5 -enriched first cDNA
strands are extended; (c) perform ng an anplification of the 5 -enriched
first cDNA strands generated from2 5 step (b) conprising at |east two
cycles of prinmer annealing) primer extending and denaturing, using a prinmer
pair each conprising a nucleotide sequence corresponding to each 5 -end
portion of the priner and oligonucleotide used in steps (a) and (b),
respectively, under conditions in whi ch ¥ach prinmer anneals to the 3' - and
5 -end sequabaRs. Migedel ibis extftielycdi@ioulf dofs&ttu Q’@N%oﬁdiﬁ&ﬁ%anaﬁl@ﬁ&@ﬁttﬁaﬁelby,

wher eby anplification products of 5 -enriched cDNA strands 3 0 are

gener at ed. Stargets ip phrellel hedansezan; apimel HGRgreadtion opaquired tio psplify) wesntdne spesifis] oy's
in principle,the present netheds for. gmplification of.nucleic acid sequence
previ ousl y d}og%sugg{é%l, Fhe't S%P%ioy'prqggéﬁesso c{rhlatp PN SSBIPHR Ot HRYS, ﬁgve nitted
in order to auMBipkx POR hawHall eoxwérk hartl td bPtimifelen dyétend, SMbe drpedlihg GecliOtouskdue
multiplicity. In addition, the oligonucleotide to forma base-pairs) with

the cytosq nePlessiat gyfficientis highitorperajies to allave the porfec HANAA matrhes ioceyr ipfhenci pl e
identical to [~pD, Of .t his i t |

schemati c rerﬁa%%gg’ﬁﬁhgﬁcgﬁo% %?g?ﬂ%ft rlrﬁé‘{gﬁ%g lggaﬁegﬁaﬂrlﬁcﬁ? ? bt?ﬁgéﬁg%f gﬁﬁf’%ﬁe@q&

doubl e- st r ansleplifciddAsiue aonits efimeridra of) inippovidg\Bs spepificlty W hmplifieatidnn *Mulfiple. " 5'
enriched c " refers to a significant portiqgn of the cDNA constituents
whi ch cont z\ﬁé%’hés Hﬁse?l&rswira%r%g'&}ﬁém%mw SRR of mkieles DNATREECH( € he
MRNAs  f r om Wi, 880, d16erss R R BCR d0 The formula of the first priner
is identical t% ?h%ﬁ?ornu a élf ?ﬁ gﬁ?@ﬁ the 3" -end portion conprises a
random ruk| eot i Ihestifl optten espect o thas joretien, tede i rpooydlieds mcthakd Her Shplifyéwpdmarer t i on
of the firsth rimer use ig stegyéaélcontgins at |l east six random,

deoxyri bpnucf ’b?’?ed:%rg‘?tnf‘ eafidg, egp g WEREUY (EiRg moter “@epﬁﬁ?fpﬁ&c’isi“bﬁeof t he
first prinersiedadtion, SWiRbeik e Méthod BéthprEQSpfomfifg! 8RN Gplifidtiod RabtRAABREZed by
a restriction endonucl ease. 15 The conventional nethods require nore steps
to anplify 5primers chirecteriz@NA thaslat leadt @ne primgy|ie derived frymtagy oheof M desotitedul es

t han t he subj.ect d because the conyentional hods. use the, .,

convent i onal Lbﬁ?’?'ni{ér%tesraa%ﬁ t(g:?"l‘"c[(':ern%’for 2y e %ﬁﬁesg'\“cguﬁ%f)lf gﬁﬁ)ol °‘é°oﬁ‘tv%“§| §i8g B i ner
anneal i ngs | porfieid hytsidizink Redueod B thtiNe Icb@pleméntP A5 egfon f Yheaargéttigic and
effective approach due to the function of regulating priner annealing

gener at ed byadidsdeeneede hybsidizg thepewithr sal base 2 0 residue group in ACP. In

enerated b SefygRiig laier sal base 2 0 resi d in
ampl i ying 5 - S ek YL lnioh e el e ol e i o

conpri ses t hamglifiogtivhs, Rdichooyrisks: pri mer or the annealing control prinmer set
descri bed above St he first prinmer, the ol itgonucl eotide 2 5to forma

base- pai rs) wi t % t REOE)Ng & fiftstpge; qmplification,efapqseythem ong e sudetideseausaee & hi s
inventiofy t1HeR§ dhdafingd WlphiGhureC BHPSRL St Feall! Wl BlycIRA L Sﬁ&hm&%ﬂg' pHdly a
nucl eoti de sequence corresponding to each 5 -end porflon of the prinmer and
ol i gonucl eot ¢xdending evtl denatutingpusirgthe priroer Phiys, of prsspe e AR apoveiimwhigk @s 8trad t he

5' -end portiop conprises universal . pri .sequence, . it i s nor reterred
Chat “the” ki { PEOHDARBeE! Tite P BRGaPRnF | HEF S HRCIEAE ot Supgppaly
optional Iy i aipii@nialyero 2688160 b5the Baﬁﬁi REHNI BG4 §eqfienBe ol IBLHAIROMEERALE, R84d | ONnS
such as buffers, DNA polynerase, pol ynerase cofactors, and

deoxyr i bonucéditipesen Shich ach phessipprimes pair @pedloiadls tapget nusleotide] sequenraywhetebp

i ncl ude Mari Qus nucl eotid | ecul.es, reverse transcrjptase, various
buf fers 2a%d F 55’6@%05? °né°ﬁ°§i8°ts %@arg%tnflﬁ%"&?%ss?qﬁ%ets afergﬁ?%‘% ’ pol yner ase
activity. The kb S périyming eOsdcotdistigde amPiaEHatidnS ofBE QaHATatSD brop@is SdnfalRd
positive and negative control reactions. %;i mal ampunts of reagents to be
used i n a gi &R SERER tiaghcond Ansaling deamprerafue,) ehish i ighgtringent penditiens, paseprising i san
havi ng the bgngki dne @cléﬁgﬁ&wnﬁ&hng gﬁ&k&mcﬁn ah Qb R, utsaeghﬁ%hy rinfdf ©
adapted to contain I'n separate packagi ng or 5gcorrpartments the constituents
af or e- descr i prird .as Wed.in Alepd) catprimer pairs RA compiit® & precpelested mbitrarg riliblbatide
applicatjon using ACP of .t he subject invention can provide. an inproyed
mothod 1 CREERETE FEFEIRSPHD R fe-end PUEALA B° BRAReY DR PTG PheRst) or
for detecti ngn@iibisah eamhaehcrgﬁreecreﬁmﬁee?ﬁi rtheh1§) to RO - (NS dridneRertcs BE m9) - 10
In further aspect of this invention, there is provided a nethod for

produci ng a DNA fingerprint of gDNA, wherein the nethod conprises

perform ng an anplification reaction using primers, characterized in that

at least one priner is derived fromany one of ACPs descri bed above.
Preferably, the primer having the structure of ACP is one having at its 3
-end portion an arbitrary nucl eoti de sequence substantially conpl ementary
to sites on the gDNA. 15 In a specific enbodiment of this invention, there

o o, o o o, o o




3 0 step (a), under conditions in which the prinmer or each of the priner

pair anneals to the 3" - and 60 5 -end sequences of the set of discrete
DNA segnents generated fromstep (a), respectively, whereby the set of
di screte DNA segnents is re-anplified. In still further aspect of this

invention, there is provided a nethod for producing a RNA 5 fingerprint of
an nMRNA sanpl e, wherein the nethod conprises reverse transcribing and
perform ng an anplification reaction USEQQ prinmers, characterized in that
at |east one priner is derived fromany“one of ACPs. Preferably, the priner
accordi ng t Quiphifcatibd Beddudte goferAédPiom Qee ()Aavdspegticely, i Wikeredy the nghplifidatibion an
arbitrary nucl eoti de sequence substantially conplenentary to sites on cDNA
strands gend¥edueisiart FoaRlifigdindee epgFfaetionpt i on and/ or one having at its 3'

-end 10 porti or; LG Z 4 NG I i : i ;

conpl enent ary trs éﬁﬁg’?{ {/)ali)hﬂétagél’%mg% tﬁﬁdggﬁ@?ﬁpﬁg%ﬁpggﬁ ?lc% %%Lc}%/ﬁ “r/%et@hnt?e of
t hi s i nvent ippdaent infeetodls o8 amplifidatiedoft dveleivaidodqussdengeviously Sisegsed, except for
anplifications, which conprises; (a) contacting the nRNA sanple with a
first prPmerisye mers thamangferssomicleqidecseqysace 2ng PRBIY Bairs; e GAMEAN dpariptions ¢

primer has gyl -glginzairpgmﬂu& |ix|?91tdiaxdf3 @@ﬂt{ﬁ@%ﬁ&%%@%&h aJeLm&mmamg% ary to

poly Atails of t sanple to hybridize therewith, under conditions
sufficient funduetrauitiliattye dri ven enzymati ¢ deoxyri bonucl eic acid synthesis to

occur; (b) reverse transcribing.the NA sa o0 whic he fi.rst priner
obr i di vob to TeDaRAzc. o aPRER B RRPSE BoRKPorh e phaendies B
conpl ement argmplifcatiBe aftRYANRA HRtwBer! tBis prddeséhdthe birSent ineMbdsiol 4HlifiBateh bfli zes;

(c) performing a first-stage anplification of the population of first cDNA
st r ands 1§enawelicdcif pagnense prgvigysly digcussed i r st anneal i ng t enperature conpri si ng

at | east one cycle o i mer .anneal i ng...prinmer ext endi ng d denat uri ng,
using a second 3 R%G% 8? e&% P%Pn’p |era“g?hﬁ§c¥1fmoﬁ%tso mA&gg %’22“&"?83@5% ove,
wher ei n eacheqiehd¥Bire Bffredt inlsizé fod subscéht BAREKON an arbitrary nucleotide 2 5
sequence substantially conplenentary to sites on the first cDNA strands to

hybri di ze t her e¥icerfing Up depreienerd pmbadiment, the pmplificatipn pedugisrof gnulfiplexisrgepai r

anneal s to th S | o) . SCr .
characterized &8s 55"[5'{&@% rﬁﬁe‘"ﬁ%ﬁ*{lﬁyf@“%‘?%‘%?u%%"gé;“%g'nﬁ‘%?‘&? %ra ?%%ﬁulglﬁégrﬁgn second
st age anpl i fis pafinaed afingt d1eariegt ofGhetlitidd@owd & HERA, sely e eltdropenaisaheoghf4¢ om

step (c) at a second annealing tenperature which i s high stringent .
condi ti ons, PBCrUBm{SF iBsh MR T pRAESE BerfRa) errdemts%eobc}ii SEHeNCiRg JAF PRECOtAs | rer
ext endi ng a%@qﬂﬁéﬁﬁt by Qg}apﬂiw Bridd'ut with an automatic sequencer available from various

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 fun simultaneously is unlimited; however, the upper
limit is probably about 20 and is likely to be dependent on the size difference required for
resolution and methods that are available to resolve the ampliﬁéd 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



same prinmer or primer pair as used in step (c) or a primer or priner pair
each conprising a nucl eotide sequence corresponding to each 5 -end portion
of the prinmer or primer pair used in 61 step (c), under conditions in
which the priner or each of the priner pair anneals to the 3 - and 5 -end
sequences of the set of discrete cDNA segnents generated fromstep (c),
respectively, whereby the set of discrete cDNA segnents is re-anplified. 5
Since this application using the ACP of this invention enploys in principle
the present nethods for anplification o¥é nucleic acid sequence previously

di scussed, the comon descriptions .between the r ), b [ - to
avoi d the cBEESSYSYeGR RS Eesqﬁ?(‘ff’f‘%)lé ﬁofeo?{eéeré%drc}}‘%gtﬁq[ lg%or?]i Slgesr% l?‘lq‘%fsﬁlci ty.

I n addi ti onprihlie THYALROGHE Rifaly WplicEIY Mchbé Beirdgenté edqhipstisfol pefopning @R met hod
for detecting DNA conplenmentary to differentially expressed nRNA. 10 The
term" genoreaetiomNAsuchs agsdufferer PINA [ eplymerassy PNsbpaelsneas Aol « At
conprises the conpl et net | f SRECIES alkhUShcRB8E OMpudNA
conpri ses tﬁ&eOx gb%?%iogd%qgt S@p&sféagégg reéaelﬁt tlﬂ?] a%prngd?seaf ect gd specilés. The
conpl et es sepolghucBeiiRSméletulks, SP@ede afiniceptades varioad Buffeestanti aeagents)end amibodiee t er m

DNA or RNA "~ fingerprinting" as used herein refers to a set of discrete
DNA anpl i fi 8wt imsibitoPNAuplEmerpssraghyilyy (The ikits ey 2leFgivde srRsepis et dPscr et e

cDNA 15 segnents. characteri st J i . t he
previ ous ar B ofgrglp?;lt%%iargr%%&%c%uﬁgree?%w r'ﬁ?6 g@%gﬁl}@ﬁs (,;Af?’ %ﬁ?sttb‘ssﬁgérég ldod: | ong
arbitrary pgiveefeaction v teaeddily dadmited by tha skillsl artisan bavingtoribnefit ofithe Porenear | y
2-5 cycles of PCR anplificatjion because a | ow anneali tenperature. is
required t odselRTuEsy e kb BPigAY, gre; adpRig to SOMAM iRy SPARIC R HEPE ggf‘ﬂmpﬁ‘%‘i"ﬂt%n of

i sol at edyf r aQEkifiehts o fdRdesdribld, " €produci bl e al though effective 2 0
anplification proceeds in the follow ng cycles under high stringent
condition. |n Cbateted artikitAPthPERsent ineend@rminchsadpledm the diagriosisef gsnitiaend g

i ncreases the specjficity of pripmer anneal.i duri ng P due, t.o the
function of THeqHApsAseasss g%‘ﬁ’edeteé‘ﬁnﬁﬂi’@’ %Pﬁﬁd‘“ﬁ%g F?ﬁlyﬁﬁgﬁdg(gfr\‘ﬁggﬁud’tcﬁe 3 - and
5" -end portions of ACP, wherein the universal base residue group restricts
the annealing site to the 3 -end portion of the ACP and also allows this
3' -end por tiIoApplizagorttod dentification of Differentially EypriessedhGemeseal i ng t enper at ur e.
Thus) the ACP-hased PCR for fi rintin onmpl et el Lim f e
positive pr odu?[?"s? aBﬂl’f%g?nd‘ﬁ'inF fb‘(c,“g%? ths bice rlgge ﬁ%“”%@ﬁ?sga‘ﬁ"& Bf‘ﬂ“@” @?xﬁm@&?
preferred erhofict®iptand LIBSnAHNAOSnPleRtntasy ta Giffeiehfdlly eSReHIQIARNAS inttve o8’ - end
portion with at |east 6 nucleotides in length. Mre preferably, the 3' -end
portion contearempcRicksidisamplesat i des in | ength, nost preferably, about 10

nucl eotides in . ength, 3 0 A si.no I f ged for
det ecti Lth’ pol ynl%rgtﬂ)qg?ugr?%r ?sﬁecbﬁlik%gcgﬁ%;iﬂ%ﬁ %(fg %Jreg% elpéﬁ?i;foggaﬁ%?% of ACPs
is used for coiNflembm@ertprdifféréntgllb exppesssd MRNAI in twfo ACRBrepmethinc agd vempes,
products than a single arbitrary ACP dogs. 62 _An exanple of t DNA
finger pri nt ivgreirthe@ethescomprises FRYEREE EARsEPng is ’%%é%dﬂffg&?@ W‘*}F‘f“?ﬁ’fi ons
under the f(}%zlcﬁm %91 ?ﬂ&gﬂstdh&gaéﬂz@mltﬁaft hiG&Hsd PP phiR@Gs dPRNEd B8R arldht 6f ABE under
| owt stringent con FErons by two cycles of the first-stage PCR conprising
anneal i ng, edsicribeli abgven Rebfetkabiya therprimgr scearding onthe sthstweaCACR is oné kavinget its

cont ai ni_ng genom ¢ DNA, PCR reaction hpuffer .2, dNTPs (dATP, . dCTP,
dGTP andOdTPPfnd Boren @ lypridiziae SF?°we@H§anéfffa%‘Vgg%m ) f%’s%lgﬁgﬁ into
the reacti Orl:ofﬁb?éxtnl-.’ﬁtﬁ? td 12 giBEY IDRAC {tfa ki Berft Red¥ed RVFRAranicBibliced by
denaturing the anplification product; after the conplete reaction of the
first-stage PCRn atspeifigrembediinentiof thissinirintiora therepis Dmdggﬁhem'b&@ﬁ HERGHMOPFEE t O

t he 5' -endsa?n% .gi on of the ACPs are added to the reaction m xture and then
t he second &caﬁﬁ.’wg’ﬁlbf(i“fppéeéti on i s conducted. 10 I't shoul d be noted
that a proper qencaplidiag b Fst QmpAECBr mfleitSRils trépr@emiiy @efirlWpilatiog &f PENK | ng.
If the anmount of the ACP is too |low, the resultant anpljfied PCR products
are not 25eprtesasseiptsland 2 jsepond prmplesaf nuglpie apidy rRIeseaRR Heccord RopElatinet RN at ¢
backgr ounds t§aﬂ§ch1 f[gs DNA snmear during PCR In a preferred enbodi nent, the
concentration of *'the ACP is about between 0.1 p, Mand 2 ~M Mbst
preferably, thegbyosepaiattlyabitacstingfeachhof tHGRst muckiscastd shmplemniithelcdnd nacleic
preferred enbodi nent

,..the concentration of the pri correspopding to the
5 -end por tacnsapple With A Pflg‘e%lﬁ{)ﬂ‘b’ %tw &Sgnbgg%{"gﬁdl ‘%113{ ﬁl)f' 3n%§{1
preferably, ahaut .Pud Ere l\ﬂnn:ﬂ] CootpH&e £ hw&hﬁﬁﬁj nUERDUIdS dTRleRSe SRMtaRXBily

obtained froma wde variety of biomaterrals and conditions. For exanple,

they nmay be obtained fromplants, aninmal (hunman) and m crobes and from

di fferent individual organisnms. 2 0 The anplified products can be anal yzed
by gel electrophoresis. In one enbodi ment, the resulting PCR products can

be al so detected on a denaturing polyacrylam de gel by autoradi ography or

- . N o o e o, ~ a2




63 VBI. Application to Identlflcation of Conserved Honol o~v Segnents In
Mul tisene Fam lies This application using ACP of the subject invention can
al so provide an inproved nethod for the identification of conserved

honol ogy segnents in nultigene famlies. 5 In another aspect of this
invention, there is provided a nethod for identifying conserved honol ogy
segnents in a nultigene famly froman nRNA sanple, wherein the nethod
conprises reverse transcribing and perform ng an anplification reaction
using priners, characterized in that at3Teast one primer is derived from
any one of AGE o { S Gr R RV H: thEaRFfRLANY Yexpredied RIRNZETo IAAYiHIBE tHeft@ith,
structure of 'S one having at its 3" -end portion a 10 hybridizing
sequence subsdeBérditiohy suffigak éomeentpdatey dtiven anwmﬁqed@wi@mmémv@/ pmthgsis to
degener at e sequence encodi ng am no aci d sequence of a conserved honol ogy
segnent on @PNA strands generated fromreverse transcription and/ or one
having at its 3, - T rhBhl BiGrddsed | EIITA de whedhhe Gifst primer
substantial ly g@ﬁ%ﬁ%%ﬁ%§ﬂ&oﬁsg€éA tlg: Iag’ of the MtNAs. In a specific
enbodi meBt  Gibridides to prodawe & dinst porhulation phfingt RANA stepnetBatEs FREPIFSIHG PR st age

15 anplifications, which ¢o [ Ses:. (a) cont i wiRNAG ith a
first primedifgrentsly gﬁgsﬁg %ﬁ’%%}f é@é miw?])e“i/v%% ﬁ%;é?fi rst p% ?i{:rgg:f’ﬂrﬁg&ds a
hybri di zi ng joiedi 20t dnde &@&ﬁgﬂbﬁﬁa&dbﬁtf&m JDNA yradstiae e ndosmplentntanp b ytheA t ai | s
of the mRNA Sample to hybridize therewith, under conditiagns_sufficient for
tenpl ate dr idifmentinlyyerptessed iV i e erepd pecleit peid Wfﬂ%@s‘f'fg&t the JEL BP0 ()
reverse transcribing the nRNA sanple to which the first primer hybridizes
to produce Yﬁ%‘% ‘ation of first eDNA strands that are conplenmentary to the
NRNA saqpl e to whi shiffikiearkdi qusitifyinig eaeh of yior fireti ané secofd popubatibusrafi fing HNA
first-stage anplification of the population of first cDNA strands generated
fromstep (bands; a first annealing tenperature conprising at |east one
cycle of prinmer 2 5 anneal i ra ' £ @rsfl SUcde btk PBpulddish BY
second pri mer o(F)Zaprff/f%%IE'gg%?&gfm %Hggﬁ?gﬁgﬂ\%ihggfa? ?{s 3' end?g%rti on a
hybri di zi ng SeODIRAGRarkk bbthiast framh btgp () mph Ersk armasting tenpsration sWIPsise selgtence or
a degenerate sequence encodi ng am no ac¢jd sequence of a conser. | ogy
segnent on tome cyqle efprizprpenetling pgnet HGHE F’b‘ﬁ%@%‘% e s,ecoﬁlﬁgreﬁrﬁgrgoofr?mi ons
in which.the I FRENS of B I'RE1 pRASENBbSJiSag senate aubstegliner at e
sequencg%f ?rléfog?‘%?tﬁﬁi\c‘ngﬁ?nds, 3§0 wher eby 3' -?ﬁd CcDNA segrrents havi ng
the consensusngpigusmrydo oscodalginiortae fistondteeond popnlatiopet SrshelaljA stzands, “n%& (d)

performng a second stage anplification of ' ite qﬁ%\;\f S QB test

gener ated f r eARfiEipRsn (V%)" gl”g‘}?’g‘]e‘l’%ea a’érﬁ%%g)lt}lén%g?ngr%ee@%gﬁre t:R’ch i's high

stringent copnshik kiPRds, whOBR firftialWseddndlpBfdtiohs 6T setynd INA ftrapdd anegenermedal i ng,

primer extendi ng and denaturing, usi n_(% the sanme first_and second cg&l ners as
5

used in steps (&) penfdrmfioy a spcond-staes sreplitisation obepelseeendisPNG YFgndEeREIPLEM M de 5
sequence_correspondi ng to each 5' - [ GQE ; | itSths, 2B azoRd
priners ?u%ed“F%Pegtate”p%eg?“g)anﬁ%ﬁng(%T?crﬁgrg'pg@t&% 52{%}/1?%%%2;%%%?“ ohs in which
each priner fpAeA §clefoffitheBanncaliag) grimer exending sqdemterme,ofsing the sgne firstad c DNA
segnents, respectively, whereby the 3’ -end conserved honolaaggo&%a
segnents ar esesams! priveeasas upsd i3 siepn®) PR (L ABBYENEROT £ PP ROpFIRCT Pr e, the

present methgd f ' -{?égﬁl d0elieftoR@FoRE Yd QIS Yerpofidh of e filshendsecond
primer used. pfenselg%t% 1rt()alr pe%i%?i ceglr?bodi meﬁc{ o? this invention) there is

provi ded t he sggBiidystinersisedint staps () age(eh ppéctivantundarsondiiont i eshprer Bramer( q)
O g meats 1 358 - seionss o Gac L2bn P EBNA ke oBRRY! Phirt) O

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.



15 doubl e-stranded cDNA, whereby full-1length cDNA strands are generat ed;
(b) performng a first-stage anplification of the full-length first cDNA
strands obtained fromstep (a) at a first annealing tenperature, which
conprises the steps of (i) at |east one cycle of prinmer annealing, prinmer
extendi ng and denaturing using a first primer conprising a nucl eotide
sequence substantially conplenentary to the 3 2 0 end sequences of the
full-length first cDNA strands under conditions in which the first priner
anneals to the full-length first cDNA st®ands, under conditions in which
the first pri m@rscﬁaﬁhﬁalre%refs&ta&i&efoaidenti%&ff&%mﬁhﬁe)tpbeséeaIg@freghdangfﬂdvatAanNA
strands, whereby full-length second c strands are generated; and (ii) at
| east one cytillestieted prEiFedA.anneal i ng, primer extendi ng and denaturing using
a 2 5 second pri ner 0 |. ai - i (4 . 3 ortion
a hybridi zing %é@%é%@%“@ﬁ%@@gﬁ?ﬁé?%??%gﬁﬁéﬁﬁéﬁ%@%@ﬂﬁ%ﬁzﬁﬁ%%%%hgﬁgﬁﬁghuence
or a degenenrahRrifts GHEHC Ebtied FEbing wade vafiets Of Biokogitulenateridld. If g@ens ake/ it

honol ogy segnment on the full-length second cDNA strands to hybridize
therew t B, w®Hdes apid semale seraprises MRNAIexprsssed iy Hist g7} #rdy the srsand muclels 3ok

consensus s g?@gg gﬁnpgi%cesgﬁa% flsea ?r?ﬂ%ég&ﬁ%elﬂ n f,a?{j]éulak,‘%ﬁkgﬁrg ndolfic 38 Qi DrNA

strands, wh segnen avi ng the cdonsensus sequence o
degener at e z6EpERCARNARxfresal idtacell atarfilst devebphental pRgd mdnhesgeond awldnatidst age
anplification of the 5 -end cDNA segnents generated from step ab) at a
second annedfTRig coEwises BRI sxargssedin p elhgt giiecopd deyglopmenta siaes: Inotdttiopdheor i si ng
al | east {WggYliEs Al RhbEEimARACARNACxpRILIH o Bthdeiithio 9e1ﬁ§lﬂ tﬂ§ BRbM | NO,
using the sanme first and second prinmers as used in steps (b)-(1) and
(b)-(ii}p rasgectdidsimple compasepmRNdrexpraised isaobm®l egllnpri si ng a nucl eoti de

sequence correspondin ch 5' -end portion of. the first and, second
orimor s used | 9T B £ oF B ueet pRepRR ey el di o RS, SO P SE SR ¢ ons
in which eagbchdd MRMureQRRIS prithetsN®hidh meand Mt Seps- @NFAYBAHRERERSeObnly RE S’
-end cDNA segnents, respectively, whereby the 5 -end conserved honol ogy

cDNA segmnenttisneaftevouldpbel dniderstoodThptsthes prisnérs corespobdiog trethe 57 ohd pewtion eoubd benci pl e,
t he present t oglfor.S' RACE é% di scussed prevyi I xcept. for the
Second pr1 maPIoB e PFLPIRES * i 8Bt S LR € FRUGH TN SERTENTE Brbui ded
a net hodsf OrprdfdfbﬁtdnfbﬁﬂiﬂﬁntpQﬁ?ﬁ{n\eﬁbdcdﬁﬁ%haw&cﬁﬂﬁ nenénd poftioa ditIkddegapeand am |y
from gDNA, wherein the nethod conprises performng an anplification
reaction usireAgtignmiresjshtafier sen (6} ip saepleted, follaweddty splssaventdi(R gmmlifigation of 15
derived from,ap ofafCPs described above. Preferably, the priner having
the structure O?d%@%slg one having at its 3 -end portion a hybridizing
sequence subst anwowld by akzo npdessioad ttiat yhet S -and poftive sequencee gfitha diest and gecond
degener at e se%yence encodin% am no acid sequence of a_conserved
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
57 -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 ().
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 57-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



honol ogy segnent on the gDNA. In a specific enbodiment of this invention,
there is provided the nethod using two stage 2 0 anplifications, which
conprises: (a) performng a first-stage anplification of the conserved
honol ogy segnents fromthe gDNA at a first annealing tenperature conprising
at least two cycles of prinmer annealing, primer extending and denaturi ng,
using the prinmer or the prinmer pair of any one of ACPs described above,
wherein each prinmer has at its 3" end portion a hybridizing sequence 2 5
substantially conplenentary to a consensds sequence or a degenerate
sequence encoch i REFROHEE ichoSREBNEE 1o prifeld QBBARPOHERS IOTBIS0GY SREGBIE ON
the gDNA to ‘hybridize therewith, under conditions in which the priner or
the priner phe ACRR e thegedction mixtuo Ashesime of of aber diststeee BGR Tttt Hegtnce of

gDNA, wher eby genom c. DNA segnent s viing..t.h u I th
degener at e s‘ﬁ 35 & KpayR AFFRFH 1;onra}‘;;llrdug 5’1l?%)d&%%?'?%?m&rq%&g&l?g%gnﬁ-tstc age
anmpl i ficati ofjephtidePpocefR@REE ebdwBIA segnents generated fromstep (a) at a
second anneal i ng tenperature, which is high stringent conditions,

conprisi sy at |Eresmetbndeof dheciubieesrapplicating fordgieoting differenses Megon SYREFTEPHYAnd
denaturing, usin h LRI I | | ] (a)
or 2 prinar 7 S0 GRS Tty B (HB P ACRY o TEct W BRAR, HIRE odortbfl

corr espondi NpifeRn@AGbsfizy PER Gvhivhriequires aiiltipleecINA syprthesis gocliongprimpai In theed i n
step {a), under conditions in which the primer or g%ch,oi the priner pair
anneal s to torigirg! diffegentel stisplay epthod uydined 8y dfang #ad Fardefrite 1 P Mg AR
generated from sl e by &@ﬁ&g%ﬂfvﬁ!:%r oL &R ¥xdriiite, BaGiflS Sqi&ke BOTD|QTY
genomi ¢ segnents are arrplrl red. The present nethod follows in principle,
the present whirbidtlisfAQIC, anpland N isdh, &£, Gaor g produpsil dvalveasspatate cGNA mepulttionsn a DNA

as di scussed_previously. except, for, the prinmer,used.. S,nce ihi L cation
usi ng the ACBE"G\“% Wi‘ﬁg‘?ﬁ% ‘frﬁ’B‘ﬁ'e’@r?ﬂY"(I‘)\ifg’P PRPYF ﬁ'cﬁgf’%g {hﬁémrf)l{?%so zﬁ‘?&%‘heﬁet hods

for anplifi C?\%ﬁ Q0 ot or el GisteaddSt tho 2EMEBNCRA RWhRY icIBfbyidide sS4l Scitshee tHaLisCOMDN
descriptions between themare omtted in order to avoid the conplexity of

this specifi mbddguely Bathi thgpdpAusitiefonRAihs oriyiextending additignpl nuclentides o thed'-an

MRNA is used as startin i t he _present .meth f PR 0] AN CE
are in pri ncF@I 8§&pﬁfaf"é'% tggta(j‘ﬁ%%@’é’é@ﬁ ln%f%glésmfat(t)rle%gﬁzel %lecﬁ K}e il%getn on of
conser vegs hopalig@ytesid BENYSs, Combadsei 42080y, ani | i es. 15 The fornula of ACP

for the identification of conserved honol ogy segnents in nultigene famlies

is identical toThhsubfectrinnehtion(concerny therrmbpdimeis of the AGH vt initghmeiiodfepthias
hybri di zing s nce t ant i al LY, gnce in
2 gene 1 am | FOTR R I e abat L cipluRTRaT WAk ARt rd ATRREH S O B
conserved hopdleagyed by RrfelloMirg geddal forintla ()] & -dxpiRalihes whereinhiX islewsi o theof
degenerate priner: (a) using A{ge tide 2 0 sequence data ohtai ned f{om a
purified profer dcoxyrhenydleptides; gff Co By 2 pregleter ROl EREE A Y ko
alignment s of Ge0gel APithd GRin hincdnl Dﬁk}fégicﬁf asbddfatedERfn QAterbiidne b€ ahneliige been
cl oned from other organisns, or It the gene is a nenber of a gene famly,
it wWill be pessehtue thwingcBGR; aileis pr Dideoxyrigmpelentide mld gadre mepseseny [4p Jeicgety

reveal appropriate regions for the desjgn of degenerate pri.ner 3
exanpl e, 2 5TFPEHILHASLHEGEES Eﬁéeﬁegp?fhgmng ﬁ?’g"“%o%%%'ﬁ%%t raébétfa(?agLfCEC?Ede
Anpl i ficati oRg,Mkngy ICRRRRTR1GstPT uiRésal bades; SONREirdREs iR Pr-afal @mMkin cheand

may require optimzation. The first parameter is annealing temperature. It
i s i nport ant nhdedtde pequérse afitheal‘i-eng nosiop shewld hevedeweri T thas thes o€ iths) &' -end avoi d

ext ensi ve_nonspeci .c ifLcation d ood rul t ny - 55C
as a stafPi n§°‘5‘8?rp1tel'\’a$’%$“ia. EZ:) ‘ri’asé‘@ﬁ% oW °gll'ug? %él'#éfﬂlﬁgﬂlt) ﬁo Eeggd étﬁ?&shsgful e
because degenRgfRiagzPédniBE Sf b Qétuchchecagablt stemh@iftobs pely Adntat of ABNGC ml
sequences as a precondition. However, the ACP of the present invention does

not have to sewéses g cRNASYHesis primerdpRIcYsEse Fenserintion of -a high annealing
tenperature suc ; ny sePRbddfid &8 fap@af dl ess
of prinmer desi g%gﬁre%gghA@bgplg@%%ﬁgg gnf)éoe?)gro?glaﬁgﬁbodi ment , @%(ﬁye%ggcond

primer is a peel6 Ducotides irsleresis which isronsidered aaniviegkuequirgment of tpngth & piwFect ed

froma plurality of the nucleotides coding for am.no [ uene f.the

consensudOse ling. MPFFeprPfg?{’llV"‘&fBgs'é? RATISGAUACe 18 mn@(r:tgqg ;Igﬁg?%dgef i

"conserved r %91} SuPh 38 TIRAEoHAE: iR 1engtiUbst BrRffublya iRt BY end@fortisiedqiendeas sbotef er s
0

to a segnent nucl eoti de sequenceé of a gene or am no )
15 T nucleotides in length. This primer is named dT,s annealing control primer (dT:s-ACP). In



acid sequence of a protein that is significantly simlar between nenbers of
gene famlies. The degree of simlarity can vary. In sone cases the
conserved regions will be identical between famly nmenbers. In sone cases

t he nucl eotide sequence may vary significantly but still encode for am no
acid segnents that are conserved between famly nenbers. The term
"consensus 10 sequence" as used herein refers to the bases nost often found
at any given position when conparing a | arge nunber of simlar nucleotide
sequences. Alternatively, the present f hods for the identification of
conserved h SEAIEAL heGRi pRRetas @ gaRpDioRada of § hdXRatdYhardTiei-26t i ng
differenti a?%%egr%?essed r’rRISIAs. p15 In still further aspect  of th{ss,

i nvention, wheeie dksepesents gl debxpritionuclebtide and epranrises aRye-selecisd SRRSO gy
segnent in a nultigene faml use of r MaLE o rGRPAL 99S the
anneal i ng c¥ALES nfgrs}‘t????“%ﬂy °§Wﬁgﬁﬂ%%?°ct8%§g§?n%ps?ﬁm et described above.
The descri pfd,QRsisOhe tdaBlatsh bertibiP GorkpiBing R0 dniverili tasesafr nondiseingnaery ase
sequence, SHP%%ES a?ld%gl'a RRCE of tﬂﬁ?ls inventi on can_be %Egl iEd tto.the
present i t analgs ahdT veprskdntsatcontigues deexthymidine senablg of nnepling, to the first fite m
Variation This, a i cation.usin system of the subject invention can

al so provi d@%ﬁ“?&{ﬁ%‘{?&@%@ﬁ s‘cfﬁlfrﬁla\fs’tlenti fying a nucleotide variation in a
target nucl ei CypgiebmbbMimemOihbar -cad p@tidn dfthd fiisisAChvedtit sep () may eorftain g ovi ded
a method for identifying a nucleotide vari a;}i or&fi n a r},@ﬁget nucl el ¢.acid,
wher ei n t he lesstonoatidisons mhdeatidpattiecy’ rAnd fraheen Bylsicie i 4t FCBREICE I On usi ng
primers, charactenized | A5 2@fiGonR uBRbtides atclRe BV oell éfrReTiANY One
of ACPs desdB %d?%l %rg%lrgﬁ?g]?tepfggltél, thg prinmar having the structure of ACP
is (a) a@ofirAxlp My BEp t0r3ein MagihnEpr ataniple; dB 'mag ferthoneompoise ¥ -Nyabits 3 -adadn

sequence substantially conplenentary to a presel ected seq 2 irst
site of tar gdichnYids ene sdected frafh dhecsr pe‘?fé‘f“'“g'\g ?%50"[5'?‘%&?51“& F{%gg&gg‘he t%éa first

site comprisgs an interragati of mhgHiriikORmBRks B WO RHIYE -¢nd; ibeicANCient | de
vari ati on, ?ﬁ%yg@m%- %]b%aglg&is’gcg%g pri rre;lﬁhavi ng a hybridi zi ng sequence
subst ant i al lsyleqeipone ie kap yorsisting qfidewwhdsnesing, deoxpoutifine and deoxygapesinedpd e of
target nucleic acid. 68 In a specific. enbodi t i ind L@Re there
i s provi ded N ifenistestsd frﬂ%‘it}i‘Fgg"?‘\%g shﬁ%"%ﬁ%’?%?%g}@i %ﬁ%@ﬁ?ﬁ%ﬁ%’g rlla)isees: (a)
perform;gg auh idg&?%u%&gﬁ_ RIS préfir@ay, the3 t-endpgostibel Gsequandei of stie HMMER needdn

conpl enmentary to e target nucleic acid including the nucleotide variation
at a first aodmpeb)dontgint dfpendat ure 5 conprising at | east one cycle of priner
anneal i ng, priner extendi .an e i LS 4k 0 StotiREs ilBdho@fan@ny One
of ACPs descri &%%Wg eﬂﬁ\gﬁhﬂ]&‘gaﬁe ﬁf}is%&éﬂlgg% %Bglgﬁ?on "a hoybrsi di 7 gﬁg
sequence subgiARtds alrl;¥t GO TPleRIBsHIGH, MXioe ofl therse -eae pertive dndsdXpistroen & H-f i r st
site of the target nucleic acid to h&bri di ze therew t ht% wher ein each of the
first primerandrid-enfi@ortionss fThe firse crtismpLF <a% be Hp fon 100 paglgetided, i 15t (12§ 4
correspgonding. to.the I | Jagtd waekgby the first DNA 10 strand
conpl engtt ar TCBI%eﬁ%m@#%Efé%géi?gfég 32’0%985? ficluding the nucl eotide variation
i s generated whem firkeACh H@tdited atienris pysidizedte the pady duteil of theymRNy which is

conpl ementary nucl eotide of the firs riner i corr, i .
nucl eot i de opresepteonfallmiNAS, exceptforg S{'Bgl o?fﬁ‘iﬁwgﬁ‘g g%eoorflgh‘-segﬁ %g‘éﬁ beed in

anpl 1 11 cat! OfiQhvehdidh iadufttn oone e il it Asfily! dnd SDNAGRp(iftion b cantmetc Ond
anneal i ng tenperature, Ich’is high stringent conditions, conprjsi nq_ t he
steps: Z 5 (ioat RistBBaass separate cPNAgopilations graeratahethe conyentions! #ashor B e ing and

denaturing using a second priner of any,one of j a vi ng
at its P ené?’fﬁfﬁ”f“?loﬁ‘sélgﬁﬁ%lﬂ?cziﬂ‘b’ 8% Ueﬁlgreegsgﬁﬁggfnf@?gﬁ gfjggrrp%rgr%n ary to
a pre-sel ect g&ex%ﬁ ENGEuAlalN SRARDDosI bfesigiie-inamied aDYRY fromcéssh exprainentelo
hybri di ze thérew th under conditions in which the second prinmer anneals to
t he second sufR®NAofoptlaeont ar get nucl ei ¢ acid, whereby a 2 0 second DNA strand
conpl enentary t he, first r i i ; 1 e Mhldael ON i S
gener ated; and fhf Sigp (Fﬁgge%ﬁéhg%?gkg’?kﬁr isﬂng}eglgﬁn%gﬁbggf ﬁ;i mer

ext endi ng angufaahdihblgattititedbyt tebnigasyavell knsin ta tossdootirpsilhip thy agsuthsed in
steps (a) and (b)-(i) or a prinmer pair each havi a bridi.zi hg. ence
conpl emed® ar ¢ GPGCBGRhO@%Bhdﬁ% Steg I ecogsary t%r?ﬁ“”osag cfngélle{l%lg lﬁu%t hnzoeg%cond
DNA strand 9eRgigthich ddbaf b2 Borfpk thd dhnal g podliaebetiicen ews bftuore:spcs.
conditions in ich eaCh primer anneals to the 3' - and 5 -end_sequences
of the secon@rdbhubly tirecammbuntr f SPAAt firedabed, at dihepaintiyn ths acthed drigeasied: 4435 30EF whi ch
conprises the first and second sites of the target nucleic acid at its 3
-and 5 -ends is anplified so that a short target nucl eotide segnent
corresponding to the second DNA strand 3 0 containing the nucl eotide
variation is generated. 69 Since this application using the ACP of this
invention enploys in principle the present nethods for anplification of




10 contains the nucl eotide variation, wherein the nucl eotide correspondi ng
to the nucleotide variation and its conpl enentary nucl eotide of the ACP
occupy an interrogation position. The process for this application is
carried out by two stage PCR anplifications using the genom c DNA obtai ned
from sanpl es such as patient blood or a short segnment of the sanpl e DNA,
whi ch includes a target nucleotide variation. The interesting nucleotide
sanpl e may be obtai ned 15 from human nucleic acid and an organi smthat can
cause an infectious di sease. The net hod ing two-stage PCR anmplifications
for detecti ngrefrd@lift this@eRMhihalion RAhad0siR IS id] bRk tra:ed19] Alfhbupl abysturiiatdl Y
follows the process used for anplifying a target nucleic acid sequence

usi ng genoni eropsdaredgown for gyantitying FANArknawn tothpseef prdinappskilt i dhe prtdracseptapls

mul ti pl ex [ £ ' : [ | | j 0 use
a short se% r@ I;réc))#& Hﬁi%%{%@ﬁﬁ%@ ?\rgﬁ%?pg%&ogcoﬁngkég?ﬂﬁh%f%{w? ge \8/%%0{:5“ on
as a starti ngeomah ef Udlliglitadvaniageoasipis @sqdr B e seasinementt ofe TN A nadntity at thizistep,he
target short seqgment is preanplifjed prior, to step (a) usin rjimer pair
in whi ch ®acke °=éh°rﬁRN*f H???‘Wda%@qi‘?é‘ﬁﬁf@z%d&ﬁ%ea’h?’%é‘ﬂné Smﬁ’%ﬁ’éﬁ?l&w‘& o the
sanpl e DNA tgm%@gi(q,irg&ﬁ&per ewith. Furthernore, nore than one target

nucl eoti de seghent each 1 ncluding a SNP can be prepared by the nultiplex 2
5 DNA anpl i fi catifensyathegesftthe HistdcDNA Spgotls wingi thnfirs] ACR) threseoand DB\ grasdsar t i ng

material in the subject .inyentio r multiple SNP screening, The first ACP
Used i st op MR POIEE HNGDE ePROACE P IPURIEY SHPEDHCROPES ot lost o

al l el e- speci {jge &%ﬁm%@éﬁaﬁﬁﬁg AnBling Bnd PHnRF E:3G8H0h, WheRASthd fefikattifhrdicDNIAL S 3’
-end portion occupied by a conplenmentary nucl eotide to the correspondi ng
nucl eot i He oftrandearnused @oteingldtesiar i ation in a 3 0 target nucleic acid.

Preferably, the_interr j on. posi.tion of the.firs iner.is in the mddle
of its 3' -end 33}? tsiw(S’H‘fj-)qATac%El asﬁ’%ﬁye f%irogfe G & 8%%1%“%9 E,aﬁﬁtg fﬁ?ngrgogéoélti on
position of theprakd £hRsesirdry GeqhéRe, vhioh fréterablR R&UbwaOr PR&E that0df thd1s -eid - end
nucl eotide. Mre advantageously, the 70 interrogation position of the

al | el e- speci Ppiiomdhisi psimgf istiiamedinoaibitrgy igansaling gpntroh arimer (ARACH Ul agweferrd of
the all el e-spegifi , | referts i vin L i gation
position of teﬁlg&{éllln né’ﬁgg p'eeg(li ? %MA]gPtthgcog‘gé?g(f%?\%i %&ggstf’tllgglﬁglg%ﬁé{lgl 6
fromthel18' J&pf. Mog bRfrdbike the SDhd portdnef e lsathnd AEP tontats ab@al 0 midleptides ini on of
the allele-specific ACPis located in 5 position 5 fromthe 3' -end

nucl eotide. Twéthterm "3' -end nucl eotide" used herein refers to a

nucl eoti de whi ch LS4 j i he, 3'q - . ,
enbodi ment, t he%b&dﬂgﬁj %g{r%%?g%@%?&d?ﬁeggéﬁ %F%lflg%%fﬁﬂgiﬂéé %&%Qﬁfsoe 1? ﬁf gt ep (a)
contai ns at |d&asi-db. ,ddshedt, iwhesin dX repragénts a dévixgriibonsclentidd midn@imprigeg i prenent

f length f i mer ling. Pref ly.. the 3" -end t] i
Sbout 8 1o 26 A YR AAL P ety ok opnislyfouplaniy 1 s and gegpa 'S
portion $6qUeBGRatioss SO@L first CDNACHBRIS! aiﬁep}eaedtse'iag&éguiaﬁp lpskelb Borfising 2-10

interrogation position. In one enbodi nent, at |east one artificial msmatch
can be al so hixereal bakes hir montdiscr3hinaterycbapropntalogsy & rep@rentssi ybrididingearbisierybase

or non-di scrim.natory anal og.that hydrogen-bonds .m.,ni.mally with all. four
bases. w t houHSGHEY TNRES TIREHG POpeRTes ARAAT % A, L RAP @Rl f on
of the artifighNA WaSd¥BAMGR Hicitablflthe HARABGINACE s HHPILITBRLIBMIdSHI1GHRH) |t
is preferred that the m smatch nucl eotide is substanti al Ié%, adj acent the

H

i nt er rogat i ofopRrising ddm apthe3hend porden, @Xiopsaf the ph-ead pertignsgnd &Y 's beAyeds thedt-) t he
first or,sec ] ORI | ] e ' il b for
det ecti o%gor Qllg&sigl 5%%‘5{30 ' 3‘9 JA%:%%P?.”H% %%15 §B‘B§°e e?dr gg“é‘%ﬁg%qe%rghntﬁ ,ngt?'ﬁgﬂef irst
DNA strand i redohdipritfer tvexbmplified By SEQ ANOart-4, 03-$8 ayd 2023. i S generated by one
cycle of priner _annealj na prier ext_ea_d{ ng, . and de%at:flri r;a)é It is
preferred that tHHesSeon P dgaribed herein is Eretsll oy A geralist 18 APLFATAPTIBT: 30 st ep
(b)-(i) is gep&n 21 B QL Rb ' igng,
nd demat ur | A R B e oA o

vari ati on i n asitegoy grierg asidescribeddoyMilldppreehu lotal. 41 996 rad Didshenke kisd (HIO6R hdvingr i mer

anneal i ng, priner .extendi .and denaturing. .l n anot her i f.ic enhodi ment

of this PRvert 6 20X 7 SHRRIER Lty R oF OPY AP BHRSRECE dh st SR ¢ he

nucl eoti de Vagduaiide® These 6hventiohalNép\ariedy bigerERilNRGritist RO AoNprédieliblel whyal

anplifications of s first and a second an&{ji fications in which the second 3
t

0 anplificat iuaderithe jost peoesling tersperpdure (Rboutt 405€) #hish iif redairqdotesachigys exhitrary
conprises: (a) performng the first anplification to produce a short DNA
strand fragnent containing the nucleotide variation between its ends
conprising at |east two cycles of prinmer anneal i ng, priner extendi ng and
denaturing, using a prinmer pair each prinmer conprising a hybridizing
sequence substantially conplenmentary to a pre-sel ected sequence at a site

Y " o v - b1 D “- o, =




(b) performing a first-stage anplification of the second anplification to
produce a first DNA strand conplenentary to the short DNA strand fragnent

i ncluding the nucleotide variation at a first annealing tenperature
conprising at |east one cycle of prinmer annealing, 10 prinmer extending and
denaturing, using a first primer of any one of ACPs descri bed above having
at its 3 -end portion a hybridizing sequence substantially conplenentary to
a presel ected sequence at a first site of the target nucleic acid to
hybridi ze therewith, wherein each of tH& first primer and the first site
conprises an, interrogati pOsiti gn.cor ke 19 de@ed BGertbied iRt isetCof

vari ation, MB‘P%B}/&‘F%@;W P&étcy e trhgtn%qsc%%g%}%inent ar?/ﬁtoeét?he target nucleic
acid 15 i ncgmgrpgaﬁmmynpﬁhﬁgﬁdrgenmgrdf diel wunds fepgeme tigt saohe whRWA tdue to the
interrogation position is occupied by the conplementary nucleotide of the
first primerStdsinesss oflong primprsniihencsiRiE s4hAdoOHITRETEYs i st site; and (c)
performng a second- st age anpl | £1.Gatd ANePlictdifiy SRERAGIHRbiclsE dbreodre0l t he
first DNA stra Ee @Cg"ﬁlét?%%?é’é%r%’r}sf‘?t@%d‘@% a%t a gsecond aﬁnegl i ng tenperature,
whi ch i sghi ghdshininilg QEribad  thonwidf itersscond drgRr Sisbnthe sccond ASE ibAWIERsEI%e of
primer annealing, prinmer extending and denaturing usin D] | iLroin
whi ch anongéimitirenpealipgof thegepong ﬁh& iR ig écrgﬂ&loﬁg%flﬁlg’ﬁlrg'f tﬁé@?ogﬁ %‘?103@63 ne of
ACPs used 1 13, SERR if Bsodidin Vil BinchiteuiheRBRE 1 Yeshlit irinbling Al doafe dustach | 1
stop (b), o % primer pair eac aving a hybridizi ng sequence .congl enentary
or Cor r espoRgdiRable Gvay@ckthat iafsGodibietd design & fapresentetive SENA psimerariogtvelmat ed
fromstep (b) to hybridize therew th) under conditions i i each
primer anneafiditiong theryse 9f the $pgnd ACE °§%E]‘(?é‘{1?lge§ﬂ8p°i’thv§ pf?b?%r% %{ﬁﬁl? ? ?%fnd,
respect i yel Yoo Wherebye & Nentidistal NG phibedRelddr Jova Bithdehi @lditionstddaisedainsheor t

t ar get F'iécl egfl‘:“!\%(’aessse%(fr%ntmcorlr eas?c})}%gi ng to the first DNA strand contai ni ng
t he nucl eot ipe¥iousDiffetental Displayesvbwigiced. A schenatic representati on of

anot her specifi ¢ enbodi nent for singl e nuc [ | YrREP R MdwoNP)
genot ypi ng usi nge FBYRIMEAEBPFaue ‘fsﬁ@?o gtPeeaynllthgglE—'loggec%%& gl nce this specific

embodi ment isﬁingér{cwc%{#di@d& dsél f SgT(d)aE piekely abaut Abmeen dOUI 6O marhe
common descriptions 72 between themare omtted in order tpg/al}fm d the
ty.

conpl exi ty qfreferbly, sbpeichelveemt4¥h andesE mgd s ey PESTFrRhlY: i 48Pt A0ty HOWFY T esent

met hod can be_appljed taq.a,varje of _nucl i (W= i i 8

si ngl e 35nucinlikr B@%"%M’M!%Wbﬁg é?? aggﬁﬁgqgﬁegiﬁfr%sﬁg%tg? ?:t %Jdtalcdc?;@’ tgel etion
and inserti %)mau;[%‘fémﬁémbiefoifﬁﬁv et loonditivns fsed Arthd gubject apyliogiis is relatively

el ectrophoresis. 1n one enbodi nent, the resultjng PCR r,ogl:yj ts.can he also
det ect ed, orhighetitserathoseiused ip Sleymen slagsisa) ar %?ﬂcﬁyl’%eﬁemaég’f% gﬁB qu§E W
non-radi oactiyve det.ection nmethods such as silver staining (Gottschlich et

al ., 1997; K’(S%lg?ﬂp%l “81., 1998), the use of fluoresenscent-|abell ed

ol i gonucl eot i degndiiRaugiiquet amdl sigdificah® Ffurdst of dhe ahbject FPplicatiore fors defeting 5 . |

1997, Smith et al., 1997), and the use of Dbiot.inylated pri et
al ., 1990 Tdigerentially grpressedggres lﬁsé@Rﬁ&P“‘%“&, ““%‘ dﬁa‘ﬁzégéer?pgﬁ‘??égg%‘%duct s
generat ed by, myl t] O 1% BT o, iRl 8 3 OlndTHH -bihde | of tNRoGArBMAIsrgndsan be
conpar ed thrbug Skﬁé&%?ze slepar ation of the products. The size separation
conpari son i @high Sevepieed dritially sgythesized usingthorseeond ACRr ermmprish e FGRPISTENTE |
matrix or 15 polyacryl am de gel matrix se jng. T Gan be
al so det ect e#papapcy ¢fehe firg AP Wﬁ&tﬁf@é@ﬁ%&@h‘i S-ef(g’ggtlgércfgpc‘fftfvrg%@naﬁgﬁlg%ﬁe e primers
for automat i g Aaleid sl dBhdACPRIoRbAI0gRE S0RPRFIIdI gicnas ol thedrstaxle n
refers to the Tocation of a specific nucleotide base of i ntef%est %ﬁkl n a
target res| escoalAGPs, Fonsedxuiiping 5’ primersequaness 595 the amgplifigpyisn of the gecon
"interrogation position" in the target nucleic acid is in position what
woul d be di f FIEPEht ,

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.



2 0 fromwld type. The interrogation position also includes the |ocation
of nucl eotide sequence of a prinmer which is conplenentary to an
interrogation position of the target nucleic acid. The interrogation
position of the target nucleic acid is opposite the interrogation .position
of the priner, when the prinmer is hybridized with the target nucleic acid.
The term "pol ynor phi sm' as used herein refers to the presence of two or
nore alternative 2 5 genom c sequences or, all el es between or anong

di fferent genones or individuals. "Polyﬁﬁrphic refers to the condition in

whi ch two or n‘am préirteitimbodied, HPGRitetCoeNIDNARGHBIT et @ishartdond in a
popul ati on. "polynorphic site" is the |locus at_which the variatian

occurs. A sWYgﬂt éeaﬁd@Véewallﬁéﬂb%%ﬁ%WsSﬁngw caydjtions tg aghieye Afpites r3b%l’§’é‘*1‘$3ai r
L e ol o st ot 1 SSBHEReh $Elcl Bn b1 UHCH SRILAD M RBLNGY B GO0 de

at the pon 51 "0 SsI ngle nucl eotide or “insertion

of a single eﬂﬁtﬁﬂt‘@ﬁfbﬁ Gﬁthe adsolAnCievdad fDI\E@stiaﬁds&inﬂ@|h%hﬁ&mhmt¢rﬁﬁl0mlsydmrsﬁb' SIS,
Typi cal |y, bet ween different genomas or_between different individuals, the

pol ynor pth ¢ @) Mestrssferly.d esés ob gecondPNA siraaftisteR () fssatricd 0¥ by PRecYFler m
"all el e" as &%%gnﬁca&?n &%&%Q s&fﬁ%&&n@m?ﬁ?c' fic nenber of a collection of

natural |y occurring sequence variants etectable within a popul ation of
i ndi vi dual s) atmaa spp&‘erreﬂl entgdinen, ¢hd ampl:ﬁcaﬁonrmfr the rresultant sse¢dntl Blﬁbtduandsaspect

of this invention, there is provi g |t f.or |dent|% rhtécleot

vari ati on i nsyatht’sé?eﬁé’ﬁ’ the #eRfe 1s@iTigd © ghifrinesyLop é g‘r“f@%f FgMRISH¢ 1 ol
primer Skt beQf?@h{str PLde BRI AEES uJew?lstupé (b ah aﬁJ‘?e),f fegp%&tlvewda§&mad
pri rrers) desc above ?’I éescrl ptions of t

anplificati onqﬁnfncasuwhmm: the i’ e alskf{uends ef thé rastliast semnérﬂl‘iA) strwémprb‘edqalpﬁpﬂeﬂed to
the present kit. X |cat|ont nesi s, This applicat.i on using ACP
of the subj eE”(‘m}grﬂV%tPl ﬁ’éta‘}?déf? ﬁgg%%g’é"e%ﬁﬁ’ i ﬁﬁ?‘?ﬁ?@&g M ﬁ‘Sfﬂﬁ %a?‘g?ecmg

nut agenesi s. AdBeardhR ilRRREEnRERREQM AR 18 theRehtifdid Ridteictadial extapt B UARARREST S,
including deletion, or insertion of sequences, the alteration of one or a
few specifi candu:e;teemn afdhe 3 ‘anad ﬁ‘rr@nd%nfdbﬂﬁemﬂzﬁwo?ﬁa@ﬂs a3 dapastion Wt a sighénce.
In further .. of t hi entlo t.her rQ Vld d

nut agenesi s 5?”6&"“%& FRY% aC| & e ong rqogt}oﬁs %m‘g relgmmé' ! adedhiing
anplificgdi OfémE)&‘aﬁltd #0 tﬁbsﬁxélgstﬁﬁgeﬁiﬁfoﬁalt@ﬁ&lb&ﬁt ﬂrolwztﬁdn Itd’larﬁagalttdﬂaiy st of @@st one
priner is derived from adgl one of ACPs descri bed above. Preferably, the
pri mer havi ntgmplats, excenttheld’ e anst 5 Aaps ptheyseeond N4 girangs. Corsequently gving e thisn

hybri di zi ng uen ub gat al r.get

nucl ei ¢ aci d§“§§queggg% or &) éap‘ibh f%glg& ngylzaﬂ}r(\"gﬁnéet{)q&gﬁﬁréﬁﬁggpgg%ﬁ%?ggﬁ de

sequence I esp@Baling énpefturd]iteaBHEa Fodubts can bepfeei ffancthe phbﬁmm%e bigh fdldes

i nvention) there is provided the nethod using two stag mm i catl ons,
whi ch conpri Besyive rate, poor reproducibility and possible under-rcpresentatlon (V) mmor A 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 (e) during PCR. Most preferably, the PCR amplification is carried

30  outby 40-45 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



(a) performng a first-stage anplification of the target nucleic acid

sequence at a first annealing tenperature conprising at |east two cycles of

pri mer annealing, primer extending and denaturing, using a priner pair of

any one of ACPs described above each having at its 3' end portion a

hybri di zi ng sequence substantially conplenmentary to a region of the target

2 0 nucleic acid sequence to hybridize therewith, wherein the hybridizing

sequence has at |east one m smatch nucleotide to generate site-directed

mut ati on, under conditions in which the4firiner or priner pair anneals to

its target nu f ﬁmlcbeh RRUHQRHR R0 88 ai Ni ng

site-direct gg@m%{%%ﬁﬁggrgﬁggﬁ%gﬂfé%ﬁﬁ@%g?%ﬁ E&c 13perfeorr;‘l ng a secgﬁ% st age

anplificati qn>gm‘°ctmnaamicllbldﬁ@tthmbqsmodmmpergemeabmgdﬂ rtberapRrprige epoynd) at a

second anneal i ng tenperature, whi tr| ng i tiaqQns

conprising &f m\g’a Y‘W%“G%IP"GP‘W‘}C) ?“’%\ ’é PR’ e“ﬁ%‘ FWE glheaqdﬂ@m%nd

denat uri ng, o"f‘clfllxehrkglrﬁepsef& ﬁx@%eo%cil Ef?ét'esamphﬁélatl&? intbSel réaé’ho‘ﬁtnﬁfétu{eab)ﬁepﬁhe Sorfléterer

pair each conpri'sing a pre-se ed arbitrary nucl eoti de sequence

corr esposdi neactien eficthe Seeontiarandr cDMh gyhthesire lqoralsmag'wés@d ingers dengtugatipn  under

conditions in which each i e §

anpl i fi cat i GATPFBHESYCH aﬁgg gnﬁ‘ 1?"'8’%93‘8%‘89 t‘{%ﬁs até‘r%ﬁm?efa czei ?%‘?P@r%ﬁ@gt

contai ni ng Sdg}n%{n‘i'dté ﬁﬁéu%@'om& Blih @8 fo? itheSsebond s@gedmliifitdtiofl carbbelpipetted pRChE | C
r

enbodi nent es to site-directed mutagenesis. Since this application
usi ng the AGeactibn.t hi s i nvention enploys in principle the present nethods

for anplification of leic a u I evi conmon
descri ptions be‘g‘?@@ﬁ‘ Eﬁgmeﬁ@ngm&g TH SD S"\éitt%u%\%%| '%hflﬁlg‘ﬁlﬁgﬁb %{:fﬁ% y of

this speg fieaiithfBedoRRBNAGsthis 4ig ueglauibe u@:hg hé pge,semaedramumrsemme of théCP f or
PCR mut agenesis is identical to the formula (1) in which the 3' end portion

conpri ses a Feedangions ofithefinstand jsgoard é@%?%&%@s‘%ﬂgﬂdﬁ‘e folowing epndiHiPu St i on.
In still further ect a9fre il MRV, fQr

nut agenesi s A" 3@ ds‘nﬁrg Isel%SIa% %ﬁ& s#‘%ﬁ{ &r“.b@%‘g t?hdggg%rllﬁ(éﬁ‘éng scont rol
primer or angigal dnﬂillﬁﬁdﬁﬂﬁ lcompiNirigh@mesiag, dmchng taeau deimbwipg rddetions disc reegiohons  of

the kits for the anplification of nucleic acid uence 5, t hi
i nvention camixpe aqmm%ths dirgrigang cDOk, £CR; rpactioy g“f%‘(lz ‘ﬁﬂb}cﬁ@i‘ll? 3ﬁ%h°)fhe ACP

of the ;lg,b e, BNERE & 1@&; Roreheifta usdbitl ot vhil BEILSE Yoo AlbeREABARS B3

i nvol vi |c acr g ations, particularly, PCR For exanple, the
processes | nﬁ:hcuidﬂ niftture dt mou@armcﬂaq q)blwleraq@r(e gedvaaa’qbd frémh Rathepis added iibNthe

| ong-range PCR, linear PCR__inverse P v, hdown
PCR, sequencleagjion imixtuset the BER re*\FB%’tséFee‘ics:Sguw rféfc t?‘irgl tor E)Wﬁ'ﬂgb g 3
interlaced PCR . Jdpo "8 ﬁain am%saﬂw Eath@g thd @agifRih geEuaansbe; iﬂwﬂﬁ in
Joseph Sanbr ook, et al I'ecul ar d oni ng, A Laborat 05/ Manual , Cold
Spring Har bocorttmifm)riatt@nwf Mpeesggond@}ﬂ@ S‘Sﬁlﬂlsmthsﬁrlbé@ (% . progested@biTmy )
McPher son Kk

Ther f o &80 t REFBFSAr P BHEY B BN DA SR kedd |k Bwton ek A hen e
accordi ng togAGR sfta%é alpIPERGh ib wﬁhetédrb@ folleGk:6d0cyeled af%m)for 10 sdaf 6350 for 40
particularly PCR The ACP of this invention is significantly effective and
wi del y accessiching 72% foudQ sseidoliaied byirp mirt finebextespiongiddd-appl i cati ons. Al so,
vari ous proble dto n r, an | b in

t he previous nggf’eﬁfmé‘cved cxanﬁF| anéI?ft |s%§§gt ec nfsgﬁgsg}@glﬁgl eaﬁd&h%ggn% ally

sol ved by  ZaplifftetioAChF 8@ Ckeduient neeédna AINAfstrnkie ipreesiegit tilevesitg the . coffiplstenai n

benefits to be obtained fromthe
25  sequences of the first and second ACPs used in steps (b) and (e), respectwely, 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 (dT5-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



use of the ACP during nucleic acid anplification are as follows: (a) since
the presence of a regulator portion positioned between the 3'- and 5'-end
portions restricts prinmer annealing portion to the 3'-end portion under
such conditions that the 3'-end 5 portion anneals to the tenplate, the
anneal i ng sequence of a priner can be precisely controlled, which nmakes it
possible to design a priner caplable of having only a desired nunber of
sequence anneal ed (or possible to design a priner capable of controlling an
anneal ing portion thereof). It is parti€®l arly useful when an annealing
portion of ShiktideRE Paﬁ%atcgox% Qrel ds T1oRE: dn cfcle ofHFC SENOKMP56*8: for I \Whin, and

m croarrary screening, an etection of differentially expressed genes); 10
(b) since thee@resents fflowed Bgtieatecondptage iIPOR pudificition ewmiprsing: ennealing, 3' -

and 5'-end portions interrupts th nneal | ng of e S.-en ol th
tenpl at e un@&endingnd deneBring FASOPHET g‘?%éea%tm-n 8 ab%’mﬂ”% 0 eiﬁ%?ﬁg??é& Itcgfgrt 4102 ©
template, eygniieliyuo'she i 7280 fe A0 :! BloviloylaB¥ith 184 ckibnstdi: AROLA! 1 NG
provides the 3"-end portion with priner annéaling specificity; (c) the

speci fi cbty of Ipshbutébe poterbthbtiarpgoriescanpapiritionof prbitra léﬁbmghonslé\’cd’&i%@ed even a

single 15 base m smatchin Lt i articul apl I | tid
pol ymor phi sﬁ%@%ﬁfs?fe g‘@ﬁ&i"g%‘ﬂf&i CPBI%St eongé%c I éf g%g% 'ISté‘Eeg? m%ﬂrﬂgg:!o i ﬁgﬁéaeo e
primer with ol @ tte QERRAACE ubed in e istP (e) TC106 Wiv, Pid restikdne arBplifibd proghucisnaes

design such as priner |length, annealing tenperature, GC content, and PCR
product | engiohrepeodacifle) Int doatrastrhe exsess canpuni,Rf. the sepand ACPeysed i fhy 'step ()

anplifications which, allqw_ the 1 £ Pest §n 1.0 r

non- speci f i cge?fﬁﬁfsi %c@l?lfngsn SUe fﬁlsal?ﬁe s&k?rid ((i:ll[}{é‘ﬁcy d]ﬁn 4 u%‘?%frgd( g%%ﬁgen{’ e

anpl i fi gat i QRndefitrdtios bLAE B6bondVATP fusdiibik €% stép (EPisiabiut berweai @ uM add (EMAS;  and
(g) the reproducibility of nucleic acid anmplification products is

i ncreased, \Mpst brefopablysthe coneentrgtionenf theergnd XE? ag VeHkas rd et AGE 15 pRout QM5 ¢ he
nucl ei ¢ aci d_anpl jf] | OF C |
biotechnologPégﬁf%%éf%%&%%g%gggp%%8%%%§%J%H§ﬁgﬁ§§?F@ﬁékggéu?ﬁgsgiﬁﬂg?pIes
of the curr aptweex0.$ iMnghdn wdd, eiost preferdblg bout Dided.i on net hods, as menti oned

above, by exhibiti unlimted | icabili . Lani fi
oy aden at " onckirihEsEhlBAEYs LR b5l bl SR the RO PR R s
appl i cat1|§n3%eq§%§5re££9_ib@ﬁeehgre] wﬁgﬁ AfncBlidgUHeRipltBuROinNE niefho@P ETghaanR@iling

bi ot echnol odi cal ‘era since the introduction of nucleic acid anplification
t echnol ogy. temfature used in step (f) increases the specificity of primer annealing during PCR, which

results in eliminating false positive products completely and increasing reproducibility.
Freedom from false positives which is one ‘major bottleneck remaining for the previous
Differential Display technique is especially important in the screening step for the verification

20  of the cDNA fragments identified by Differential Display.
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 () are
resolved by electrophoresis to identify differentially expressed mRNAs. More preferably, the
25  resultant PCR ¢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 thrdugh 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.



The follow ng specific exanples are intended to be illustrative of the

i nvention and should not be construed as limting the scope of the

i nvention as defined by appended clainms. EXAMPLES 5 I n the experinental

di scl osure which follows, the follow ng abbreviations apply to: M (nolar),
mM (mllinolar), ItM(mcronmolar), g (gram, pg (mcrograns), ng
(nanograns), 1 (liters), m (mlliliters), ~,1 (mcroliters), C (degree
Centi grade); Pronega (Pronega Co., Madison, USA); Contech (CLONTECH
Laboratories, Palo Alto, USA); Roche (Rothe Di agnostics) Mannheim

Germany); QA GEN GrbH. Hi o réd"er &pMagg i N the
subj ect i nven%ﬁ%v@ysﬁgvﬁsﬁ%n %%Iﬁgnqég'ﬁm%el%&é%%ﬁcgt?ﬁ %19 Uni ver sal
Base Effect p&gaoﬁﬁz?nizr@ gel &y Roradipraghy velcahditiete dessficiumsthpisich snslterbet ween
the 3 - and 5 -end E(_)I‘tl ons of ACP was eval 5at ed by 5‘5 PCR u&@g rgguse
concept us t seiingsGottwhiit ¢l sl RAR7n&scipk 61 &l 9%)r B R &F dhiprereaseeitElittses of
nouse strain,l CR. at. .t day. 0f;qebhn. : r{i i qggperi od
usi ng eit hef’llqﬂn}l@?oé:lg%sretﬁfue(éag'nlg%’?tgre}%l hgggﬁ’l g U?€%q1ée1t9%d$?ﬁo%ggﬁ g%mal .
1994) asspr end @ 8delof Bioas/ldtdiadinelkomet alal 992; TRRSt aliR3gResok efal,, 199600) . Two

i ndi vi dual experinments of cDNA anpli|fi cgﬁ&i ons usi.ng ACP were e_rtf ortmed to
exani ne the ef fimanother exghedinasng m@%@? usgiil for HiAeags ) "r8%58§<}§,\ff‘ﬁ8§ﬁﬁf OP8E dues
posi ti oned Qfstteg%&@h L8 aﬁ%omhﬁ@ﬂﬁﬁ%e&erﬁ'cr t_‘o?‘e!ﬂ'fér R dryAkEind? (abAiE ofthe fa@ipk @S A,

The effect © oxyl nosi ne residues positioned between the 3 - and 5 -end
portions of dAER ok matyeethanmslified piottcts(BRuearetialy B¥3bonvent i onal primer not

cont ai ni ng a dexoyi nosi he_group,; The.effect of. oXy1 | igdues
posi tioned bet «9BRIFRE the fe-gm%fﬁ(ffsgcp- %ﬁ“spfﬂfb{ef’towgil%ﬂgg}l\é& ?%%gg angh?’gtf?%n with
the alt _e._gat 'dg{gca;ﬂ% aRE g ;alfffe@ﬁmwieﬂﬂﬁis&ﬁgengs iffdrt Esdarfonpdly IffoRNthS piteions

conduct ed base n the followi ng assunptions: (i) the presence of universal
base resi duadffabntizhDizplaetettonyues aFdesctilbad abavier portions in ACP due to their

weaker hydrogen bondi ng interactions. n hase i ri iqvol ved

in anneal i ng t d*t9Ag° "Esa%plﬂéﬁ Esen‘gct#’ i;?s:Cﬂa&nl S @?At aggsc}gor%%%lggés a?ﬁzlttﬂé[/he 3

-end porti Orhng,iiﬁé%’n 3N BAR|secohd DNAS itfafidsind ttiiteuse @ teadufictent amdunt of statingal i ng
ficaor

t enperat ure. (ii) the presence of at |east one universal bngs resi due
bet ween t he rBaterialszascivedl! as-the bigh gencensiationoe! P, iseiFee Beihe g‘ﬂlﬁm"é elits: a

interrupting the annealing.of ' - td d b&itvBOwRicPr | Mer
anneal i Bré p%P‘FFa(ﬁWg tpgmtenn.%nngah%g gﬁeg&wéy’ b? ?P?Sn%éhgam?lgﬂd&fg%%t i|x§n of ACP woul d
act only as @qiefessifequealiiopmtensivé erkttenpifatree dositiveg cPDRrovingsplisbhiy 3'
-end portion of dT-ACP which is dT~o conprising 10 il' an eotl%]#s adIP%o has
too | ow Tm tasdpepraduciviity, ehpieteetinentsrg BRNASc PlysenBra{ing) lopgAEEA MY T PrOPHR

dT, o- ACP does_not. i 6LEJT efhidiin BloRRRsial@d agarose

t enper at ur e.ra%mgllﬁgirzgé)??’g%élo to??%(bg?%g%%%thggsi dues positi oned.begt ween t he
3" - and 5' gebRdepEr produes, gfineh@Bing thecperp af rwbysisyih) toartindmlyginetrequiringgralimer not

contai ni ng a dexoynosi ne _gr 0.(a),.First-strand \ ~ .S ~0-JYC2
O A oA TSRO RSP e P i ) ezt T b i3 s TS 0 O 1
- GCTTGACTAC&%A%GTGCGAI I (11 TT~-3" (SEQ 1D NO: 30) was used as a cDNA

r.

synt hesi s pri Three micrograns of total RNA and 2 pl of 10 N M
dT, 0- JYC2 or 10ml firfuerd FspectAGP thimemventian, damibiinaaovided oo Jab for| detecting RNA yne.

The sol uti Onchr\r%?chgtgzt'yeg gi;"fer(esr?n%ll; %{(prg'sgedmnﬂﬂk?%vhicguc%gl&l?s%g the annealing control

primer or annealing control primer set described above (the first and second primer). According

D!

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 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



on ice, and mcrocentrifuged to collect solvent at the bottom The

foll ow ng conponents were added sequentially to the anneal ed
prinmer/tenplate on ice: 0.5 pl (40 units/pl) of RNasin ribonucl ease

i nhi bitor (Pronega), 4 pl of Sx reaction buffer (250 mM Tris-HC, pH 8.3,
375 MM KA, 15 mM Mgd 2, 50 nnM DTT; Pronega), 5w of 2 mM each

deoxynucl eotide mx 2 0 (dATP, dCTP, dGTP, dTTP), and 1 p,| of

Mol oney-rmurine | eukem a virus (M MV) reverse transcriptase (200 units/p,|;
Promega). The 20 pl of reaction m xture®fas incubated at 37C for 90 nin,

m crocentri flugedy gfada,@‘mpé ﬁﬁ%égaaoe doﬁﬁolfr&etm%s Bimaildd@uhts fkdgents Wase usdagpped by
i ncubati on at 94C 2 mn. 5 (b) cDNA anplification using ACPs The dT,
0-ACP 1 was gieedeactionera bt Wedlb'rdeteemfl@@l}’ thﬁSk%ile@I@@?@}llhﬁw ﬂiebwwﬁﬁﬁff@qtoned
bet ween t he

t P
cont ai ni ng ﬁﬁ@&%@?ﬂﬁ%tﬁew@?ag gr pte% g"dcrogg%amc A ‘Facgafwg i&*ﬁf ents
GT CTACCAGGCATT Rl Rad B Hee@AT OGACC - 3' (SEQ i D 3 0 NO: 13) was used as 5'

prinmer for this experinment. The PCR anplification was conducted in a 50 pl
vol une containing 50 ng of the first strand cDNA) 5 pl of 10 x PCR buffer,
1 pl of 10 A2 L 1 Y 3" prinmer (dTlo-JYC2
or dT~o- ACPpS‘JVI : TP, 0.5 pl of Tagq

pol ynerase (5 uigd di)b]’rcaﬁ)m us'ﬂg&hd:’&ﬁ’ bﬁmehubguaslnvmnm 0 pebvizie @l irmprohed niefted
following conditions: 5 mn _at 94C foll owed by 30 cycles of 94C for 1 mn,

54C for 1 mifer repidly WWCQNAT‘FWS @GP‘II"G\BEACP%S‘P‘*H‘@?g‘ﬁ‘i fore seacifisxhe AGPA at
72C. Amplifi L n Ye.ggar ose
gel foll ovve ﬁgsuwc?th%@l cEtrln @°§%§?‘?ﬁtg°é‘“/§is° Elgé {Cfeaggwgﬁ r%éb 8&%%(&5@@'{ hat

t he dT, osACFL{ndeumtxﬁiem thegaaekgdmﬂd(pmhbms resulmgofigm hiequtineescused Mot congensiond uct s
(lanes 4-6), whereas_ the dT~0-JYC2 not containing a deoxyi nosi ne group
produced a p]M %ef’l?"g? 98fS-anpl i fi ed cDNA products (lanes 1-3). Consi stent
with our assu LSthliSinGnBat, kidrel ifEHoRadd thitida hitepigly Smiepmg a ne
group positi om @g{twm%%ﬁasl% he Ig{l l-ngérll‘ -eelnﬁb porti ons‘hﬁ?f gctg”?iﬁ%
anneal i ng of tatghatecTBYA. fragmeht &mprsmd ap@NA BEion @6rr¢smdmmttbthA@P -end region of @npl at e

cDNA under h anpea erat ure u ti.n duct as
Stated i ¢ HERNoyBctsE Ol Bt oo v tapter e GHE A 4 B REPE 4B

posi tiongd bgiyaeich Ractbn usin 'i}gmgrs ch@istered id MiSat Rhst A6 pridleras §@edirbAnN W th
the alteration of nunber of dexovinosine 15 (a) First- st rand cDNA synt hesis
The first- stmmde mmcmby&mﬂo& iPregedatily, the prigtenfcc@Riag & therstushirecef sues
using dTl 0JYC2 a esi

ampl i fi cati offcl@ %atAg:EA efxﬁmfﬁn %geé@'s% rcrélﬁﬁnélmégdnufcgét?dcﬁ%@émgaéu!ﬁs Ball¥r i sing
di fferent nugdaglenhtaeoX ¥itdiaTDNG g’eﬁ&atétuﬁ&n AsverkirdnOinption MdRXaftihaeng fatsef f ect
of deoxyi nosine residues positioned between the 3' and S' -end portions in
associ at i on Hi-end Ropfion & hybridizingprclsptide seapence srbstpatiallyicprmrlpmentary, iRty 4 tails

parti cul aqq gg@%% conditions. ACP16 5 -
GTCTA Tl | GCCATCGACC -3' (SEQ ID N0:20); 2 5 ACP 17 S -

GTCTACCAGGCATTQalspeatild &fBodreaX #i@his diver(tih GhdrdisNbovaikd theAkeitiod uSing two stage
GTCTACCAGGCATTCCCTTCATI L( GCCATCGACC -3' (SEQ Il ~ NO: 22); ACP19 5' -
GTCTACCA(B(BCAWI}I@!@@F’P@AT"I}‘I" BPPRTEESCATCGACC -3' (SEQ ID NO: 23); and CRP210 5' -
GTCTACCAGECATT cohfeoth S0 o st &1%5@0? 93'\5}13 bPhe P Jesllite@BbcethNg a
deoxy| nosi ne gr p was used as a cont ro

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



The resultant first-strand cDNA generated fromstep (A), which conprises
the pre-selected arbitrary sequence of the dT,-ACP at its 5 -end, was used
as a tenplate and the prinmer JYC2 5 - GCTTGACTACGATACTGIGCGA -3' (SEQ ID
NO 10) corresponding to the 5 -end portion of the dT, o-ACP was used as 3
primer. 5 The PCR anplification was conducted in a 50 pl volunme containing
50 ng of the first strand cDNA, 5 p,l of 10 x PCR buffer, 1 w of 10 NMY¥5
primer (ACPl6, 17, 18, 19, or CRP2I0), 1 pl of 10 EEiM3" prinmer (TYC2), 3
p,| of 25 rri\/ll\/g(jz 5 pl of 2 nMdNTP, &8 p,| of Taq pol ynerase (5
units/pl). T Q%e&laeﬁhhe 'ﬂ%)ﬁ’&%r% PRIk §@4;1e&£ s@stlahtnuﬁfcm%ﬁ&mtaal fowgd by 30
cycles of 9 for mn, for 1 mn; followed by a 5
mn final 101nem¢ efthe Girst @NRZ@ndﬁmﬂyblﬁdthgp\@ﬂugn@r vmiﬂelomal“?@b@letﬁycond

el ect rophores 2% agar os, iy m de st | ni ng.
As a result, prfi”FeGam@gl§ lq"t T?é't?‘?? ﬁté wf%‘mﬁgit ‘%gﬁt ?’l?lifs eﬁh’& %Fé‘%xlifc 18si ne
resi dues progb@,qug;Aglugﬁﬁg bdn¥érafdli; aGP! i fied cDNA products, \Wereas the ACPs
containing at |east two deoxyi nosi ne residues generated the significant
reducti orb of anfd) i mr@unmmemmgft amplifipation Bf gheenaipedific sagend BNA srand ni ng

ei ght deoxyi ngsine.res roduced 251 196} t
our assunpti®f: " ?ﬁgo?qeéeﬁldé tﬁg:lseef’z(irr1 ea?i § &4 c%fe WF&?%IE nne t%g’“%q’%" %Mh
-end porti oncoapriéidatlienst 1RO clQeEf ﬁiu@er@ﬁﬁﬂaﬂnﬁ)ﬁmﬁ&ﬁ%ﬁdl@hnﬁ iﬂ&{ﬁuhhﬁ uElng thpor t I on

since a group of contiguous deoxyi nosine residues separates the annealing
of the 3" - ewawafm and secenecPrimgry 3s dea laﬁfee&(aher\sr{c)sfeﬁneﬁfg@m OHPIERE PHREAUE to

t he property Ro)

nter act | on’ TAPEATEE HeRbaPa Bl siediol pUBREELorkuibp L LA el Celn,

Nucl ei ¢ Axi dofSEfgﬁteume sdoorid1ginAfshised et stéfsia)ahd (dhaespedtiyely, tunden ¢arditionsnin waih
applied to anplify target nucl eoti de sequences, of rmus I acent ific
homeobox geneackcgsimeranpgals tqthe 35y 6@éss°n3ﬁ?ﬁ“F’€§mftasg°P"d?P°‘f‘ °“Sl °QHI§‘I ‘i“%"g ation
of the targe ri bed
nercim. ot oK <Fa by S B o trodk b o M Bl NS O B8 e
used as a start8$ing umatappllcaﬂlon using Slie- ACP aﬁﬁhxscnwson/mmoyprtmacsent matheés farhe
sanme condi ti on as. us #n e CDNA s ge I s of tExalrrrrgrll excep t hat
Qi go-dTl s vemPlifeHisn2 MR EAR CUSSy P e %FF%?BPW% cen
digo-dls 5them ol bhitted T brder To IVold the doplpfexiyPoNhisddpkcificaBn Tdaging @5 uhduant
first-strand cDNAs were used as tenplates to anplify target cDNA fragnments
of Esxl| wusi nglulAﬁﬁlsty These exper| ments conducted two stage PCR

anplifications, S one ni f eat ur the present . i on.
The conventi onaf* 5 ﬁ“ﬁ‘gf §ep6e15€"|':‘§l>??lfl %@nyhngt%grgﬁé%l%&p‘?‘e tcgm Em 5‘{;11

- GCCGGT TGCAG%Q@%% ndinPEsdhk [37-ehlD oHARNA BSHEB oV ACGQWEQEHQ‘AGMI@@C- 3
(SEQ )D NO:45); EsxN 5' -GAATCTGAAACAACTTTCTA-3'" (SEQ >D NO:48); EsxC2 5'
- GATGCATGGGAERECEAstugrateddEBIG. B NO: 49): EsxN3 5' - CGOCGCAACCCCT GOCOGCA- 3

(SEQ >D 51); d A 3!
Thr ee pr%%r?er se?sl?s gg’ﬁ?%?;nd hgsxgl%%mimgﬁj@s%@ sélﬁ%sxcs
wer e used i nreadiidn Eﬁﬂﬂiﬁle&cebeﬁ)ﬁpﬁ)&erﬁ hﬂychamankthmmmsc) taiﬁa(cn) aiermparasseltcmlwvhl ch

generate hi gh backgrounds_as non-specifj.c cts i n,conventional
PCR met hods H&eKh¥epdibs “P‘{lfé‘“’t%’tdtthati@’ HKE’F&WH"H?WPJ(BH%{O&B‘Y Rfition %Q’S?st ens,

primers wit h?@kémé fHe rBERtibd Rrtet TP BleArtl 65 o e-llI:ter s&&whmheﬁxaoeﬁmwmver a
primer set o sXNI' (Tm 50. 7C) and EsxC2 (Tm 71.9C) shows about 20C
di f f erent nepieferrgd embpiment,uthe prilnetsvweesporiving toathel Sa-epd ipoxtion Sieet addéd EsﬁNS (Tm

ot Ml QTP YRR $9 A 0] RSP IoBT I G AR, 6

simlar nmeltidgdpmesatsre, 2 0 are selected to observe the effect of ACP.
The ACP of the subject invention was applied to these three conventi onal
primer sets to Aempaltsmativeerocksst instep(dpthepomplae segnengesent ehgrfist pavkseqond ACBR.obl ens
arising fromthese convention et d

non- speci fi cthF aodc'sjpucﬂ?csp e oﬁ’f’%&\?é%tg%}fg enﬁSOElgg %fehtggg%@ Eegﬁ@g%@%’f “The
above convenbé @sséhs Pr andey” Sprivtiers meamplﬂylﬁg tBe secﬁ:[&;htx]am'l’ ¢DNa sbtamdi frvei stepi@®d as
Esxl gene-specific priners for the fi rst st age PCR arrpllf cation: EsSxN7-ACP
5 pr i moT0 5 RS R AR TS P I e SH P PR oA Sghes e D

ND: 46)  ESX Ol AR @ ACPIchiBiie @I@g@@&%{%mﬂ mdltﬁ%g&emﬁﬂ 3
0 GAATGCC 3' LSRG BoNG ATy e 5o brimer 5

- GICT. ACCAGGCAFE‘E@@@G’ Mrespebmwmrm@emeﬁ SECPAEIRY siteSEQhe DrshNands@yond Bl




EsxC2- ACP 3' priner 5 -GCTTGACTACGATACTGIGCGAI Bl | GATGCATGGGACGAG GCACC- 3!
(SEQ I D NO: 55); EsxN3-ACP 5' priner 5

- GTCTACCAGGCATTCGCTTCATI | | BCGCCGCAACCCCTG CCCCCA-3' (SEQ 1D NO: 53); and 5
EsxCS-ACP 3' priner 5 -GCTTGACTACGATACTGIGCGAI | |11 GATGCATGGGACGA GGCA- 3!
(SEQ m NO: 56). The 5' -end portion sequences of the ACPs were served as
pre-selected arbitrary prinmer sequences only for the second-stage PCR
anplification: JYC2 and JYC4 5 GTCTACCQi TTCGCTTCAT -3" (SEQ I D NO:12).
10 During the first-stage PCR anplification) the primer set of EsxN7-ACP
and EsxC6- ACRCPESIG) 3 aRo dRisthitesaRéheatiqrepregenitation faupplifyingaltarget tONgdfnemeatte t he
520-by fragment of the Esx| cDNA, the priner e} Eg;{(NI - ACP and EsxC2- ACP
was used as Smpzpias 37 -epf regiop Sorrgspending e \t}@|3y;en§<9 6&&%% the aljematiyg prReess
fragnent of gt%g 53@ cDNA, and the prinmer set of ESxXxN3ACP and EsxCS- ACP was
used as 5 an % priners, respectively, to generate the 483-by 15 fragnent
of the Esxl cDNBne bluignififahthfeatsrecafintle ptessyeinPiRom fignl 3’ FRAGE iisothat theydst ARH JYC2
were used as pre-selected arbitrary 5 _and 3' priner respectivel
(PROTOOOLS ) comegsai naiecais v, PR el Sy JERDL . BF O RS Ackised
instead of the, ?ﬁA%ﬁtﬁe@fs ! RlathA e REIERIDNMIGRe @fectlyYietd anfmi¥led forcan be
used as 5 and prinmers for the second-stage PCR anplification at the

hi gh st ri ngestbsuét aeamtifitationsvithéut anfi asiditiensab puiificatien sieps tereawsathe tBNAdd t he
pre-selected arbitrary primers to the reaction mxture at the tine of or
after the fi P@hess TPCR reaction (PROTOCOL B). PROTOCOL A: (One-stop
two-stage PCR AR irhbdiial bPRS fifsPACPité b temiph@ie wiChe MNedptupibd Gdinig Gtibsdduent by
first-stage PCR anplification was performed by hot start PCR nethod in

whi ch t he0 2 thepffont efithe eegilstor portiest on the 3 hreand § rpndepastions aEthe S R AgEitveWhe DNA
pol ymerase and, i ncubate t.he tubgs in, the t Jmal e et e t.he
initial denagﬁrl affrfnéﬂ%sctogédg‘g‘? agé%ﬁn 'bﬁ%iannﬁwvdrgﬁlgﬁh%ﬂc%l&hg}i% %ge%3w§ %tﬁ Jegt

t enperat ure ahdvRiod &3 -RACERRFITRS ihatcenvafivnsltRACE Bhifodsyyreducgehcsep défe

pipetted into the reaction. The first-stage PCR anplification vvag c‘g{aduct ed
by two cycl epurificatenmng alse; ithet AGTyused inghesubliseieaplicaipn dessnehidvelys 4 ProsERMur i ng
reaction; the reaction m xt 1N Pk : 49 lor&sEHat 3 pleng 50
ng of the fi |prs°tli’f%rsn ﬁbg‘ﬁ‘ SC?BN&, cghdﬁl Otgt}lé ?O%d é%%a@tg?%% %u?l?epg (Promag;a), 5
p.l of 182 2&uridt MyGbn pbsitichedbetwidd Phe( 2/ -ardl Fagld ARy idtBE A CPdGiiRread THEP) |,
1.35 pl of 5 ACP (1 pM and 1,35 pl of 3 ACP NM i re- ted at 94C,
whi | e hol di ngortVﬁ@lOPﬂb@h&"or?MPﬁlsnﬁ"g% syeh A5t 6’6&?#1 }ZE“@F}/%Té f§rt t‘ﬁ‘é@iéﬁ“‘ﬁ% pl

of Tag poly &gﬁ, UBirtns/ PCR; whicBMRIAdn-dpecifid ReHubi! Actdi@ing 63 Ch | REFedaXt Ur €;
t he PCR rea?t%?o su%dgngérlxnge two cycl es or% pgcic ﬁgr u40 sgc, G%C_ fo_rﬁ40 5 sec)
and 72C for 4fbsdaent,fthé farmeld df phedfinstaACP iforgthe HRNArspithdsiscoayi emidentisd] Ue ttheat

94C. (B) Second- St asge PCR Anplification The resultant cDNA product

gener ated by f?rﬁ?é‘laf(%r_st -stage PCR anplification using Esxl gene-specific
ACPs wasyphen arpleh bigil-sp¥cifid|RindePlshtials srafR e SistailiRédtonsfd thrgéteBNAON
under higher annealing tenperature. After the conpletion of the first-stage
PCR anpl i fi cdtagment wonleining 40/ pnfl squea@ & Mepr(®- ierasiade gutainppecpdinge pithher s,
JYC4 and JYC2, s _ad intg the reaction Qbt.al T Mt
first-stage ﬁ@ﬂ\ggtf?ﬁgli P@ga ?Q}(’?(r%,s qinder” c?i"elﬁhgt %ﬂ%&%@mg%%tsﬁégksu@h%as ?ft 94C.

The second stsa@Rnd@GRAMeRRE feRRA tV\@parfd séqubdcousa spadficgent esconibledidd theorof 4Bt sec,
68C for 40 sec, and 72C for 40 sec; followed by a 5 mn ffgi ngll ext ension at
é*&%%r & &i°

72C. The anpltias besa spresrdly dmewiar ailably tp B¢ sigljeddhn iBfRePHIHC
agarose gel ap ; hkJagrsdoengd hi di um brom de. The

resul ti ng%PCﬁng}egﬁéaggéﬁggﬁg l%}/ga{ﬁ%s%hggjtggét eeg cr)ln a denaturing pol yacryl am de
gel by autor adi ok gafeyatedrsecond eDIAl iswandtis ammplified b the ssvomdesténe dmpkificgtionawhieli | ver
staining (Gottschlich et al.,_ 1997, Kociok et ah , 19&98%’) tlhe use oJ .

f | uor esenscerit PEB & thetppirfigdA REeRtdRentoaforamplifyinga argggyclel payd seauenpe
1994; Luehrsep &t s@le the ALY Gescribadlil #8 indéntion ded%élerat@Ereblé M ik Frirfldr and also
biotinylated priners (Korn et al., 1992; Tagle et al., 1993, Rosok et al.,
2 0 1996). Agolstatswipringer Epa@sh parometds” tiorepries-desig siqloassPripe eupth, annealing

anplifications for Es usi rinmer set .o - I = ACP,
EsxNl - ACP%n c@")‘i"’@ﬁ?’@fm@eﬁggﬁ‘ggﬁg-p%w ant E}stf(sd%-e &g:gh%le‘ﬁggznt@g mgi%g’lﬁgnge e
band whi ch C%%&ﬁ&@ﬁﬁs 1690T | (QresPRadine t6 hutk parodderto gefierd® spe@fc prodrts. 2)
784-by (FIG 10B, lane 4), and 483-by (FIG 10C, lane 3) of Esxl cDNA 2 5
fragnents, respectively. Subsequent cloning and sequence anal ysis of the
clones confirmthat the band is Esxl cDNA fragnents. In contrast, the
conventional priner sets, which contain the sequences corresponding only to
the 3" -end portions of each ACP sets, produced non-specific products as
wel | as hi gh backgrounds such as DNA snear (FIG 10A lane 1; FIG 10B,
lane 3; FIG 10C, lanes 1 and 2). Since the PCR products using a ACP set

- " o o . ”~ o~ o




10 EsxC2, was used under high annealing tenperature of 60C, no
specific-target product was produced. When a prinmer set conprising one ACP
EsxN - ACP and a conventional prinmer of EsxC2 was used, a target-specific
product as well as non-specific products were anplified due to the
non-speci fic binding of the conventional prinmer EsxC2 (lane 3). However,
when a ACP set was used, only a single target-specific product was
anplified (lane 4)) which indicates that 15 the ACP of the subject

i nvention provides primers with tolera®® to "priner design paraneter"
related to neltin e 3 r: kAR hetho & G e ati@d alnblifying a

singl e-target dﬁgtgérs%eﬁéa@{nge%oégglﬁvﬁhoﬁgé?npl ified gﬁDNg\ ifE)I?of(}j,utg:t S

gener at ed bysrgds DNG. frdpshehidompribing a pDNAeegiow teresponding tfhe 5 xamd regie? HBRCS was
used in lanes 1 and 2) and a set of EsxN3-ACP.and.Es 8 in |ane
3. PCR reactiRdWs Whereigthe method FORRRSES FRYPSS, FRTRERomg, e cﬁ‘@? %%‘g&@% s 20
were as fol icardn Thddt et cheided J0thaty last opb pArker i derivéd fioec, 58C
for 40 sec, L%&ﬁic?%&%%?%ﬁg{ségg@#sbﬁ&%md by a 5 mn fi rI:aI extensign,at 72C
(lane 1)5 They @en¥AGPs deseribephave Prefereblyvdhe Rrimss accorderte e fraqire ﬂg““&\%ﬁ set by
conducting the sane twp staqge. PCR anpl idfi.cat. i ' such
that its anfeahavig at 'és\n,\%é?’gt &?n AR ?%%s@g{l 1??%%@8%@%%%% J?Fséa?gﬂ 1!)
These resul E&nﬁ%ﬁéﬁtairﬂ@iacsﬁéﬁcbm cfdritRDidg reivéise tmpuriptidd. onal  pri ners
including ones having 2 5 high Tmare used in the same two, stage PCR

anpl i ficati on, It hepecifioeintiodiroent pthis inventionothere Aeprpyidng) tha gethed W&sﬁ%’ﬁé@?"f ic
products and background, whereas the ACP of the subject invention can help
over come sulfPHBHTE “Q‘rﬁc’g?ﬂsg‘)’s‘fromthese conventional prinmers. PROTOCOL B:
Non- st 0ot WO- S (HURoktkding RN ivathtah @ligonddldatidedl priveéryor randem pumgr asteeD¥¥quences
of the ACPs, instead of the pre-selecte arb'trgrﬁé 3 Osgﬁfigers.s%c .as JYCA
and JYC2, cawnthsispsimgr srdepqndisipas suffjeiept, réﬁ?&?&ﬂ‘&i- 58 FRVTREES on at
the high st racid 980k GO dibduP NS whibh Y SDIGASEmthbdis pSmBAOborRRES & Aybridien@dd t he
pre 84 sel®€t &bl rary prinmers to the'reaction mxture at the tinme of
or after theuflkdtas-sejuege RGRntielc tonplemeftaey pr ecesion of anhERNHntoshybpdize
two-stage PCR anplifications is basically identical to Protocol A except
that the ACRBerewith,]1 of 5° ACP (10 E.~M and 1 ~, 1 of 3 ACP (10 p,M, are 5
added at the fiyst | i 22 Lk a fdveksd BEnsErfRae¢) do SthRtE eheRONA
anplifi é‘gti on i@lmﬁ?%%gﬁﬁg@?%sﬁ%\?%%t stage PCR a?rpl i ficatjon wthout
any del ay begahias biieere hjtsidizes $¢ eyodute adponulgtion of stistecP¥A AFagpt thatyare
primers. The anplified prod s wer.e apal d | SoH 2%
agar ose gel %4A@ eﬂ‘é?t%‘@ttgcfg% itﬁi‘?‘hjc}\/\n&fhébéﬁf)g‘?ﬁﬁ% S)?%{renpgggd%ﬁgé%{ﬂe&s%?ti ng
PCR product s, gRR.--BRASheAndRle 6l @shemiedd 10 denaturing pol yacryl ani de gel by
aut or adi ography or non-radi oactive detection nethods sucth a%é\]si I ve(iﬁ.

stai ni ng (ot t s(chl pechittis catosine esides tadescipilsd apthe 3( -endsiaf gl first gINA siangsen

fl uoresenscent| abel ] ed ali . eot i o ac versk -
193 4: EL?EQir S@ﬁ f(g{n |tﬁe; m%gg% Xt lulc:@&gﬁ ﬂfﬁ%g%%?r%al Bhnsfedadd Foactloh bf §bved

e and the use of
bi oti nyl at edtraqggrgﬁgé (Korn et al., 1992; Tagle et al., 1993, Rosok et al.,

1996). 15 FIG 10D shows the anplified cDNA dyct erated b
non- st op two- st &y ecemtingtht ptqsms tails Ahe ¥-Figs B{fge gﬁ'f ‘f%&%g %nssi %'fﬁfr%tx?o%r?rrgrer or
a primer pai gtép Ecg%viﬂlr %&%@&%ﬁ?%e fiith e\B3€_cHE QBrtioM ah@ RS lend drtidn

respectivel y; *a‘-palr and Esx was used in lane 3; and a pair of
EsxN - ACP angpksn€By Agiupefunivesal tiase dranediderinvitrtory hase grales vherpialthest i90dr set

EsxNI and EsxC2, was used, ng specific-tarqget pro . :
However , 2 SvheBordongomippisey af lepst fhree gpanipe Teﬂa‘f%%t- ‘I& gﬁel}%\%gh@gzg %@gﬂ& Efosine
anplificatiopg, .Y ¥ -&hds bl Brst AO1GL braBLGId theCs PendPustion wasipraad pre-sdebtedl ane
4), which is consistent with the results of one-stopt t wo- st age PCI%

Anpl i ficati oabitlafy GueldddiBy . sedivecee wdermpondisions |ipsywhigh ehe niend pertigeripden t s
the products oltig%m?c eo];;iziee i% h{lbrn%we& t%%he cytosine tails;
(¢) extending the tailed 3 -ends of the first cDNA strands 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,



background problens as well as non-specificity arising fromthe
conventional prinmers used in 2 5 PCR nethods as described in the art. It
coul d be al so understood that the ACP all ows the generation of the specific
products regardl ess of the design of gene-specific prinmers. EXAVWPLE 3:
Identification and Characterization of Differentially Exuressed nRNAs
during Mouse Enbryoni c Devel ounent Usi ng ACP The ACP of the subject

i nvention has been applied to detect differentially expressed 3 0 nRNAs in
embryoni ¢ devel opments. Specifically, thtee different procedures and
results using 8 g PNAS ng
materials are é%s? rg%nfné@h?rﬁetlSﬁd%@%ﬁlglﬂgﬁoﬁg)r@gﬁdﬂélgﬁnétg??t he sub Jtrg@ts %P%\E/%dnt I on
are shown i rfroialtdpefe)lataﬁdst anREAGGiHePEratire Soreprisink)(i) akd (i3 bs-follovend cDNA synt hesi s
5 The first- strang wer e ared under the sanme conditions as used in
the cDNA synt hesi ) oft ‘E88hR5 °§°lg EET“FFQ a’t“’r"ra“’éﬂrﬁﬂeﬁﬁgi“d&f’rg aj“ri AIBE WS s g
CDNA synt hesi s pr 'ﬁE@Pmm@E% é&%ﬁ'a&ﬁ&%mﬁ%ﬁm\é@&ﬁst&wﬂl éo%{ﬁléméntﬁrystmh@ 3e0l um

(PCR purification Ki to renove priners and the above
reagents5 It is nemdammnyesmf tmeﬁaﬂmnmhtﬁrs qRINA #trandg urtdpr @M@pOtprmmhm&ldhEt he
determ nati on of th cent ectrosco t an 10
absor bance of 2607 rlwgeangg#& M[‘m@ﬁ&%&@g‘\fp' oy &“ﬁ)ﬁ%‘ sed

for conparing theige fRaplimkd zﬁxﬁ&als%‘tt@@tIﬁﬂmmﬁhm%n&th%m:ﬂ&én@m&’éw i bed
herein. Step (2): First-stake ,PCR anplification using ACP The foll ow ng

ACPs were used as f\dﬂbngthmcyndﬁ@g\sqmmsmyerﬂw the first PCR 15

anplification: ACE GGCATT TCATI S

NO: 3): ACPS 5' A e R PR “5%@&’?%g aﬁdg‘%s'@ ¢ 53 S):
ACP8 5' 19 GICT ACG%&KMEEE@SQ?EIW)&GTEM%@% it{ SEQdIJortia aGrne-spedld 5’
- GTCTACCAGCCATTCGCTTCATI ~GCCATCGACC- 3" (SEQ m NO: 13); 2 0 ACP13 5

- GTCTACCAGGCATTCAubridiams stquerseskhaipasiaty omplsmentiry 4o qoregign on e ofte fill- 5
- GTCT. ACCAGGCATTCC—E! > GGGA]

portion sequences A Cﬁ}%n Jiﬂ 2 gﬁc}fﬁg}ﬁé i‘ggw}tgelm\%rlio}gd%g&gqg Fee"hle‘:}:i? %g
arbitrary primner @&ﬂd@ﬁﬁﬁﬁa@éﬂlsytofa(g’en& dpecifiesierd-oRERY theflll-lengtindecand. cDNAe

pre-selected arbitrary
strands; whereby a gene-specific cDNA strand is generated; and

.q

15 (g) performing a second-stage amplification of the gene-specific cDNA strand 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 (f)-(i) and (f)-(ii), respectively, or a primer pair each comprising a
nucleotide sequence corresponding to each 5’ -end portion of the first and second primers as

20  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.

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.



2 5 prinmers are JYC2 and JYC4. The first-strand cDNAs produced from step (
1) were anplified by the followng first-stage PCR anplification using one
of AR-ACPs (ACP3, ACPS, ACP8, ACP10, ACP13) or ACPl14) and the dT~o- ACP1 as
5" and 3' priners, respectively. The first-stage PCR anplification was
conducted in a 50 ~,1 volunme containing 50 ng of the first-strand cDNA, 5
pl of 10 x PCR 3 0 reaction buffer (Promega), 3 pl of 25 mM MCl Z, 5 ~1 of
dNTP (0.2 nM each dATP, dCTP, dGIP, dTTP), 5 pl of 5 primer (1 ~tM, 5 p,|
of 3" primer (1'.iM, and 0.5 pl of Tas 86 polymerase (Sunits/pl;

CrOea The. FER-PREN  Sahel il bE1Gh 43 Sefdls Sk UL By 20

mn final eﬁﬂ@d‘ﬁlp&*forﬁlkd Zl&ﬁépraéb@eﬁyﬁh@a&ﬁe fohe first-stage PCR anplification
can be varied depePﬂdl g on the types of 5 sanples. For_exanple, the 20

cycl Fs of the fips E&ﬁﬁﬁcfs}“a%ﬁt |aPR§1°%E’F‘é“"t¥s‘€EPrf‘EP SfRsissube Bvnecht fane
sanples. Ste ) C

arbitrary r"%ﬁ*&?g““é‘?%%g% %?ﬁg‘eﬁbcﬁuﬁ[mkdnfs- en%}b%gp'% ?g?lgsag{qﬁgﬁ%e‘gsﬂfg] CPs 10
The anpl 5f i githeCIOMbulP bothdeisDodthactheominet (s)ausedsit epoh(s@p (t?aami (gkcanibphdded edhdoy t he

fol l owi ng second-stage PCR anplification usjng re-selected arbitrar
primers, Jvegectigngmixipreat the time ofpr aflep gsﬁg it“oaPrﬁ %do grﬂfeiweé uen%:/es

of AR ACP ar}%arg ’d@edgg:gx :l'efactrloenﬁﬂ%;e'r&ﬁé after égbﬁstéﬁlﬁ %]gp']cct cﬁ&ﬁloﬁ%ﬁsﬁ@ch&ehﬁ ation

was conduct | 'ume cont al ni ng the first anplified
cDNA productPER(aS(Bhﬁéa)mn&"sedontbéDmstxanE’CR reaction buffer (Pronega), 3 pl of

2S 15 mM MyCh, of 2 of S ' . 0 E.~ 1 f 3
priner (10 p. M" °§ri‘dg°€? gpepjfic Bf‘m‘l’a‘a “beglaﬁﬁerpé%r’%%ﬁ{l@"%ﬂoy °ffh%g"ﬁéRﬁA 0
reacti ong V"Effa%m@ﬁ‘t c&r@ilﬁlgé’\gf' -ShdSeduedde iP4&p (DA t@NRBUDINI&highykedr@ent BdndBidhs for 1

mn, 6SC for mn Cfor 1 mn; followed by a S nmn final extension
at 72C. A2. 1PR@SIEWREHEcczlve}lh“ﬁmP@RmMas\k@me@@GUre corrprlses t he

o cnen no DS Pherd R o Bk e SR R Pl Sl s,
nucl ei ¢ aci g iy fliesed Tg&Qed%n@ﬁGP e@lnﬁ@mgh@&ﬂecspecmc sadRitvetat ﬁhBSC-Ede;io‘iuon( b)

contacting each of the first nucleic acid sanple and the second nucleic
aci d sanpl e by two stage PCR amplifications which are used in the application of the present invention for

15  amplifying a target nucleic acid sequence above. Since the ACP described in this invention can
generate stable Ty, in a primer and also tolerate “primer search parameters” such as primer
design, comprising primer length, annealing temperature, GC content, and PCR product length,
it is particularly useful when the gene-specific primer sequences have low Ty 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
37 .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 univeas! 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



25 wth a first ACP, wherein the first ACP has a hybridi zing sequence
substantially conplenentary to a region of the first and second popul ati on
of NMRNA transcripts to hybridize therewith; (c) reverse transcribing the
MRNA to which the first ACP hybridizes to produce a first popul ati on of DNA
strands that are conplenentary to the nmRNAs in the first nucleic acid 3 0
sanple to which the first ACP hybridizes, and a second popul ati on of DNA
strands that are 87 conplenmentary to the nRNA in the second nucleic acid
sanple to which the first ACP hybridiz&® (d) purifying and quantifying the
conpl enent B Bfitafiond thid @ Wef YaaruBeofl th@ASET i pti on
step (c); g%‘é%’%ﬁﬁ?ﬁ??“ﬁ%@%gﬁ%gﬂgc% strar?g conpl e?rent ary to each of
the first agsplicstionnd BpCE.ati ons of DNA strands using a second ACP under

| ow stringent conditions, ast ope PCR . I 0 hSi at.uring,
anneal i ng and B\“?Wr%@%’hggéﬁ? °€\ﬁ%?‘§f°ﬁp?’he§g§1elg§%8%A ﬁﬁ%?%@&%??ﬁ%m ng
sequence subSkaRthatd YorRRAPhe FRRésAIdf phosidal@erfatation sauhdass e solidiphpepuDHAi ons  of
DNA strands; 10 (Pﬁi anmpl i fying each second DNA strand obtained fro 1step
(e) undes hiygithesis pacpresedurenywhich hasrheen fnjrogced assa altsmatiyscpethed e demeygdll si ng

denaturing, annealin n rinmer . L.on it nerate first and second
popul at i ons“‘&ﬂ*“%‘ﬁ%‘ﬁ“?‘?‘@&??gﬁ%% gﬁcgaﬁg%al"?S\%?'pr e-selected arbitrary
prinmers each CaPHbRiotnboSitEMaREaligomicleotiean bmg bswo-peiaElwisi the emasingdailt i on of
the first and second annealing control priners; ﬁgd,lS (% con%ari ng the
amount of i a5y FRAGE whintphasfistailer siciredel ACT sWherein The ofigonugleclifg s (axs

popul ati ons  of li.ficati DF O, t Sy, Theof st -8t rangd, wiNASK adpfesents

synt hesi zed bﬁﬁcﬁgﬁ)%eﬁ%ﬁﬁﬁy%@y?%&%z&%%@ ah0 F

GACTACGAF TT ] Tdebiyhibbnuciedilde Tard' confpktdsa hd:solkdted Tibitraly sequerge;pd¥ tieprmseB@fuence
of the JYCS-T15-ACP serves as a 3' pre-sel ected ar bi.t.ra(rnl)g, %seom_{g[oi elz
sequence t o remilatpsegorgen gorprsising el Oivstial Rases I9P- ﬁeﬁmﬁgp i PP ati G “aves s
- CTGTGAATGCT CLACT A T R BRelbctdd arbitrtistsedenc@i end GNA

synt hesi s | .’°Pfﬁﬁﬁ%qgﬁ§§§‘;’6g°"t“§§§ﬁ% %ll\clgpogﬁgl)s? of 10 wM JI?(CS?{FB- ACP in a
sterile 0.2 rgjresaits theeenfive hargest ube. 2 5 2. Add sterile H20 to a final

volume of 9.5 ~1. Mx contents d spin the tube briefdy i.R:a. ; h

m crocentri f ugeMoss .Prqf%‘i,tﬂpbébeegt'ﬁ@n??fﬁ@ %ftqu@ﬁtd?ésr a@um%r?u ugiscgt(l)%s 01 Jength.

t her mocygl er i SIAPGRIMAL, RRSE -end porEP X Chitinéludben Rueneethitds re2ogmizadit es.
Spin do&% thFéJhg%hl%lgﬁ%s of1t1e t ube b?i efly in a mcrocentrifuge. 3 0 5. To

t he sane reastarestridticipendanigletsse f ol | owi ng reagents: 4 pl Sx First-strand

buffer (Pronega), p, | P ( ea 1P, HGIP, or AT IdbinatlorooF |

RNasi n i nhi bi to'%he((tslﬁ Vi g%N/I‘Hﬁ ?%%5‘5%*9@*‘55 °iddg€’8ﬁ7f MV reverse

transcri pt asgnopRithe Yhdlldboxyribdganthe. M Horoptferddseratndinept, thet Ges dompisehrtivef | y in

a mcrocentrifuge. 7. Incubate the tube at 42) C for Q&brgi n. 86 | ncubat e the
£ WSt RFREFTR PR

tube at 94 QiﬁosummeMndwp@écol‘!o’ibp&l\aﬁif‘ﬁﬁ@ﬂl@}é fguagl.nesPl ace
col urm (ES0R pur PR B Ree B ) e B B e
above reagenisNA fragment containing a 5’ -end sequence is amplified 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 amplifying a target
nucleic acid sequence in the present invention. Since the ACP described in this invention can
provide stable Ty, in a primer and also tolerate “primer search parameters” for primer design
such as primer 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.



11. Next, measure the concentration of the cDNAs using the LTV spectroscopy
at an absorbance of 260 nm 12. Process to step 2. 10 Step (2):
Second-strand cDNA synt hesis using ACP The sanme anount of cDNAs from each
sanpl e was used for the conparison of their anplification patterns using
the ACPs described herein. The second-strand cDNA was synthesized using
arbitrary ACP10 by hot start PCR nethod in which the procedure is to set up
15 the conplete reactions without the DNA pol ynerase and incubate the tubes
in the thermal cycler to conplete the i°% ti al denaturation step at >90C.
Then, while hopli G bPAGHRERAUE dechRIIRS" Aftifi@nP QiRp1EOL . and tikgrod@pERpPr i at e
anount of DNA pol ynerase can be pipetted into the reaction. 1. Conbine the
fol | owi ng reagmtiomsl RACE techaologies vothaeserd toiths asenifiegtion gf@DN 4y |sads ag gesgribed]  of

the 2 0 total vaqlunme containin W af first-sir
pr epar ed by*‘%é’i’ee_gljh‘i,W“é1 i 8?91}5%}?%%%5' L‘ﬁdflsego %“F\%%:%g?‘g ﬂ% pfig(rggd%%r?&dé?\rw, 1
W of 10 pMAiR! kdnfibe PMaré Bsett iR coiRAtonal"RIAGE . rfethdds. Ofonséq@eritlyethid Hadhod2. M x
contents and spin the tube briefly in a mcrocentrifuge. 3. Place the tube
in the i ehéeserihgd hérein pan beamst effective, epgier, less Igbar-intongiye,iand moreepspdugible than
pol ynmerase (5uni.tshpal ) into the reaction, while holding the tube at
t he Fenpera%ﬂ?%mgﬁﬁ. ?ng%%gﬁct PCR reaction under the follow ng
?orﬁltlgng: gne cycle of 94C for 5 mn, 50 Cfor 3 rnin) and 72C for 1 mn;
ol l owed by denaturing the first anplification product at 94C. 30 Ste 3):
PCR Anpl i f i cat Inotiillgmothereaspest ofritiis dvealios BERASPRYI SR E&‘é‘lfsf@?l&w@ah&}“siat Iroa§ y)
primers cor ' 0.3 03 &G R b ARNACHMBRCE6S AR im0 1.
After the cf)a?%fjgl?%r@a g@ﬁé‘q‘ﬁs&g{?’ s;tgnaggé?PC%1 anpl ifii?:at [ o%r?%gi/\hi Iagleﬁlélfgdi ng
t1 ge t ubes Cgbonﬁ'ol frifhee I o tatiiealingbaueol pttier ael dle®ribed prefiosly (eMding@e frstla® pl  of
p. MJYCS, in which each corresponds taq t.he 5. -end portion sequences of
?ot h 5 andsegondmemer). AgROFHRE P PRY if‘,’b°3m°6t ‘%ﬁ]@s P@%{E‘P?’gws?%%tﬁﬁ?@r EEESTSH st ep
2). 5 2. Y sSEERPHaiShRBE aRieHestid Gidueide corrifdnding o f18lsl @l Pettion of
conditionsFBﬁ% cygﬁgs o?m94C gr 48 secﬂUGBCcforﬁﬁb gec, and 72%??5? 40
sec; foll owas AYPsaibeast thaf thadl’ -eas pertioh comprises7@dyersal 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 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.

In further aspect of this invention, there is provided a kit for rapidly amplifying a target
¢DNA 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
(f)(ii); in case that the 5’-end portion comprises universal primer sequence, it is more

preferred that the kit comprises the universal primers.



A3. PROCEDURE 3 As an alternative process, in the step (f) of PROCEDURE 2
the conpl ete sequences of the first and second ACPs used in the steps (b)
and (e) of PROCEDURE 2, instead of the prelO selected arbitrary sequences
of the 5 -end portions of the first and second ACPs, can be used as 3' and
5" prinmers, respectively, at the high stringent conditions for anplifying
each second DNA strand obtained fromthe step (e) of PROCEDURE 2, wherein
the 3 - and 5 -ends of the second DNAggrands which were initially

synt hesi zed using the second ACP conpri s€ the sequence of the first ACP and
t he conpl eneiVt Applicationtsopplifying Fell-3anathNACP, respectively, 15 and al so
serve as perfecirhga{’ri n sift es. to .the first and second ACPs. In this case,
it is not necesZuF§IT TGP tivmysntions feeds prgvidedis methad foramplifing & pepulation
reacti on m xXbergl-Rheth NBuble t j < CRULEaGE hon. Step
(1): First-strand C%NA syn?ﬁaggfdsg'?ﬁggfﬁ%&g{e{ngﬁ%ﬁ%%’ wefggﬁperhgprﬁ?t °cci‘ under
the same cone¢ririgessreserseadcribingt the nfDMAaR Perfoyminb esi anplificdlROCEBIRushgUST NY
the TYCS-J1s: ACP as a.c .s%r{th Si S Qri,mar,. St e& 82): Second-strand cDNA
synt hesi s~ anll anpl it cats of §iart|$eaﬁo°r‘f- STy i deived S9w sprRnerREAGR descebrdunt  of
CDNAs from esalsive. SPreRlably\\dife s Ha0mg 1the s ' f i i.fieation
patterns using_ the ACPs descri bed hgrei n@-ﬁﬁegzg?nﬁ-%'{epgﬁ@g?gﬁw&@z5
synt hesi zed Bédsqfdeseieneesuistandrilygomplementars togoty @ik ofetBNAS. i n whi ch t he
procedure is togs . conpl.ete reactjons wt t the DNA pol ynmerase
and i ncubate the ates h es %nh%%fl 'ﬁjgnttoﬁgll’sn"ﬁwn@ c{hgrf 1§R5OR °é’?eg‘°fiﬁ%mi’rf§f’%’i al
denatarati on st@p adntaBflhe TRNAs Wit b Grsh Brirelirn ahyBneCoNQSP dscrdboll GPREN AL UT €

above 90C, the aglpr(,)pri ate anmount of DNA pol ynerase can be pipetted into
the reactd on"high g 3 -epspastioneot e dirst primes ey ghybediging nusleotidecseqyengeisitistantiatly

m crocentrif ; ~ t 0 .contai.ning,1l gl ,of
first-st rand%@g %gﬁéY)&dggp%ft]@& r@%/ﬁ‘lést g°p%?ﬁ*§°§ er%‘?lﬂﬁd’gsl(er ':%5‘5“?-‘9€R

buf f er ( Rochsiffici&t folr tepfplafe driVEERnatit dedxyritthucléic dcid dyhiedi th by ACP 10 (S
primer), 1 p,| 5 10 p. MJIYCS-T15-ACP (3' priner) and 36.5 Pl of sterile
dH O 2. M x cofff eFiV&ssHapsening the ankNfise uting & Fevgrse ranserintase.olocwhieh the disst 3.

Pl ace the tUuR@ndrhytr 5 4. Add the O S pl
of Taq pol ymrasey(%ﬁggﬁgﬁ%g%gtgﬁlg@lﬁf gﬁlﬁ?ﬁég%a?l?%rq?t a\f\%lcqméjgeﬁ’(?ma nt& t he
t ube at lthe thermpRNAs ue evidCiheSpriminbibeitiz3CRhereBye tiRNA -CIDNAT inteh@edidds! @i Ng
conditions: gne cycle of 94C for 1 mn, SOC for 3 mn, and 72C for 1 mn;
fol | owed by %‘6“8&? | es of 94C for 40 sec, 6SC for 40 sec, and 72C for 40
sec._and fol | Ovesl Rmilin cfioind tobiblos 8 bERAAN 1Y ks orlfh i BRACKARAGN OF
anplified PCR products by el ectrophoresis anal ysis and recovery of the

di ff er ent i al thy formsef] thy ek NAasoNA Titermadiptes by 8 tpmidlicesfermse ecactival of zedrsby

el ectrophor egi.s rjp{;sca 2% agar ose gel and detected by staining with ethidium
broni de. Several maj'or bands differentially expressed during enbryonic
devel opzent ( EAd) Sconfactidg théScytaaing tafils dtGhe 5 -gnd¥\6ftRe H:8 BN Lrandeehefich 86
extracted fromthe 15 gels using GENECLEAN Il Kit (BIO 101)." The resulting
PCR pr oduct sS'®aly) Bidth nselisgaicleetide qwhich sonepsisestau? | -arf postigraendyd dfiedd pomsion by

aut or adi ogr < ' | Lon. et hods such as .silyer

Caimi ng. (ot DORERhP ARE Y N TR AR B0 Rl Wik e e

f | uor esenscemttioatveinprisds of leaothre |gemiiictesdueBRURT ' Ghd & hyb#B9S with R ®losiad -
1994; Luehrse, et Sll. , ,1997; Smth et al., 1997), and the use of

bi oti nyl at eota‘gﬁ e sfe(lfﬁ)?fﬁ}_‘ee@r“aﬂm‘{‘”‘ sfegryds-andthe 5-cad postion compg®s amepssolected al .
20 1996p5 C.arbiRardMRlcieblide@lstibned] vhdtf ERGRYET 8 IARI%he 3-end portion of the

oligonucleotide is hybridized to the cytosine tails;

(e) 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
(f) 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



The bands obtained fromstep B were re-anplified using the sane
pre-selected arbitrary prinmers and PCR conditions as used in PROCEDURE 1, 2
and 3. D. doning and sequencing of the re-anplified fragments 2 5 Each
anplified fragnent was cloned into the pGEM T Easy vector (Promega) and
sequenced with the ABI PRI SM 310 Cenetic Anal yzer (Perkin El mer Biosystemn
usi ng Bi gDye Term nator cycle sequencing kit (Perkin Elner).

Comput er - assi st ed sequence anal ysis was_carried out using the BLAST search
program (Basi ¢ Local Alignment Search To®l). 91 E. Northern anal Twenty
i crograms Qfprited flr elNAIpINRgEONEIBRIAY Seqhiénds RRspORdify to AAhME HrsPRtinkte Bt Ur i ng
1% agar ose gel s contai ning formal dehyde, transferred onto nyl on nenbranes
(Hybond- N, Aligonudlentide esgmpd inggieps 163) land (H).respedtivelli, o agimer aie kashl comprisingried  PCR

product in i KBEyb | .ut.jon rat agene., USA) ogverni ght at 58C as

previ ousl y %cs!%olra? esgq‘% furt ectSp%gn,g %98‘5?‘ IS-ME%Q p«gﬁm I‘.’fl, q'fodﬁs}t. PEPS: 8er e
washed at 6%fgdnuél€ntidé Oded RDstéPs Ta)l afd Zd)Xrespestivel§, uber Dokmlitidndhirt WhitlPEack Brifien 1N 1
x SSC, 0.1% SDS, and twice for 20 min in 0.1 x SSC, 0.1% SDS. The nenbranes
wer e exposedmiesls (g xerdhyrendieequenges of the dll-langthy first pIRIA eprdy, ragpeaiivelgen at

80C. 10 FI =), i '

conceptus saast oLl BOR oAt ATRILERAE aS PR AR ARHBL S B afRlSR
PROCEDURE 1gesratag. t he prinmer sets as follows; a set of ACP3 and dT, - ACP1
for the lanes 1:3 qof FIG 11A;, a set_of ACPS and dT, oACP1 for the |lanes 1-6
and of FIG 11BTSHHieROUGRLH uspahe 2&? iy inxesson £RIPloy B Rriffigle the presegf || G
10B, respecty F : q lehdaORaL: f 4t h lified
CcDNA pr oductrdse&%gyg)ernﬁe@!tﬁééﬁgﬁ %g?c%p\gﬁgfsg&eur&d& slg"gs?.s Hllg{:‘%gfa’ i}%cg shows the
anplifi &6 pdeduptioss hetwesn ahena ate yomitssidrig) otdentopavoidehe etplexity of thiz spé&fickfionrand dT,

-ACP 1 (FHI 11 O, d ACP 1 .dT~ O0A FIG., 11.D,. ti ly.
ﬁ/any di f1£er S"ﬁfhflélt‘f @%@?ﬂ%@@gﬁy-ﬁ‘aﬁgghi’w Oéggrﬂ%f°§"geds‘l‘b8§"e Wé’b‘éﬁ gﬁgﬁ%? Y
subcl oned i Bbmiod BA an&?ﬁl}dl-ilengﬁaﬁnéotv&@.&daencé RivesRany donpibhea@AME REIF G taREAMENCE

anal ysis reveals that all of the clones are known genes except two novel
genes (Tabl @ripvple Heuticpl 19 thefiskrrines dorghe preseptsmetradefor RACKe Burthgrodag, ttheer n

bl ot anal ysi s_usi.ng. e conce s.st.age, bl of. gene, l.nc. .. Seoul,
Korea). FI Gc’ﬁﬁQf}ides%ggV\EH? e %ﬁ%‘?|“§(85é‘8‘ﬁ3*5%)§°%’i1"ota‘&ic’l%§,ﬁv et ?lﬁusﬁ%l??ge sLce%)ncept us
sanpl es16E4 (§areligpréncible ifiehiicdd to these Gor37 -RAIEE & thié aveaticn dishtsed swade.f rom
different stages were anplified by PROCEDURE 2 using a set of ACP 10 and
JYCS-T, 5- ACP. Aveshymatici eareseptetion) for amplfyiag féljlenetls cBNAdmolpqyles of fkecpresent st age
wer e obt ai ng nt?oﬂl?scih%'r‘ﬁﬂdiﬂﬁghe pGEM T Easy vector (Pronega), and
sequenced. Sequence analysi's reveals that all of the clones are known genes
except one DEGTRe (iskalf|A€P2)gnifithalyaiapplifiesSin imprakes Gerdnvantiodalceshholsgigsdvithy

Nort hern bl ot agnal ysis_ usin e conceptus staqge. bl ot (Seegene, |nc.,
Seoul , Kor eél‘)*‘i‘“f%ll'—tf’(E_}:}i3 %gmg\gpg‘ﬂ}“ﬁﬁﬁﬂq I%é‘ﬁ dﬁﬁ@%ﬁ%"duﬁé‘,’m e 9 hepuse
concept yg S@ﬁ'ﬂ;?écgﬁleﬁBd 156 b8 fide Abh R GldkerGiind ProdleRh ofifife Rom ¥ WRindrs Jsddin>: | ane

fi
4; E18.5: lané 5) were anplified by non-stop twostage PCR anplifications
usi ng a set cofvertordlOmethefls.) ¥@SeqheBlyAblR methalbdeseribad hereinned henmRGIEDRE 3.

When a set of . A and JYCS- T15- ACP. (lanes 3-5). d) the resultant
02 bands wer S JERIPEEREPEYE Fd HEB GO SRR b Ry PROCEDURE. 5
conprising onestop two-stage PCR anplifications (FIG 12A). However, no
products were generated when a single prinmer, ACP10 (lane 1) or

JYCS- T, 5- ACP ( Imsiid]l fthepaspeci o this infentddn, thewgiivpreddedtarkit for 4veplifyigd 4 fulldengr oduct s
wer e geper at onl ot h 0. an - 1~5- ACP. as.a set..were used
For thefs oBitie RrehpstlEiyg Sofpeieenps el iy v @°of REUIEIFieR) o
hybri di zat i @fimkodr thephefiag con®! prinfer Getf desofibdl abo O fuding itiegolightatleotfie & r ow 1
of FIG 10A, FIG 11) and FIG 12), DE& (C)) DEG3 (B;_arrow 2 of FIG 10A
FIG 11, andrippigthepliponupipatide (oform pybase-ppinty) with the prtesine( el they proner@ wed i G
10A, FIG 1le aidof! Roorink t@f%n@sr%aﬁmﬂ SﬁhQ%?entﬁ)ﬁpmgseW%t? ﬁglthéoco?almgés% zed to

the 10 alternative isoformof Troponyosin 2 (arrow 1' and FI G
12), whi ch weimerpagcecheowpriding arucigotide emjaerce ¢amespondingto e®bris tepd portionwfithe t he
resul ts_qf agaros el l ysis,.Northern.blot anal ysi.s shq t pat the
expr essPin BRForR g EREdE R ek (P AR arBRBvaR T sRE L die bats on

t he agar ose pgfiibs corhpdbCabivertdl pritadr séghdncef it ishBore lpfif@fed Mal tHel WEcoRBRLeS e
products. Thus, the ACP produces only positive products wthout any false
posi tives, whiverrel pemers. Tha axesentkitsiyeny aptionally irflydetteesreagets ravitsd Sonpetforfririgs e
positives. FIG 14 shows the results of Northern blot hybridization for the
expression of DEGS during nouse enbryoni c devel opnent. DEGS, which is
turned out as a novel gene by sequence anal ysis, shows an interesting
expression patterns: after a strong expression appeared in the early
pregnancy stage (E4.5), its expression was gradually reduced in the mddle

o, o



2 0 gradually increased again in the |ate devel opnent stage (E17.5 and
E18.5). These results indicate that the nethod using ACP for isolating
differentially expressed genes produces only real PCR products and
conpletely elimnates fal se positive products. Freedomfrom fal se positives
whi ch have been one major bottl eneck remai ning for the previous

D f,~" eYential D splay technique allows avoiding the subsequent

| abor-intensive work required 2 5 for t verification of the cDNA
fragnents identified by Differential D Splay. EXAMPLE 5: Method for Rapid
Anpl i fi cat i GCRofred8tions - Erbls a0 fouffedADNA -polyReri&l| DNAI pelydéisel hefagtoes and
exanpl e conpares, th - based 3' -RACE and the conventional 3' -RACE in
order to derfSNeTiPay °‘?“%P'tsﬁ?§“}§@:ﬁ%6tf’s tﬂBt‘ seRf N AP diFoc ¢! Llélﬁ’(cl"ﬂ'tfl’éssuch
backgr ound %onﬁHléaﬁéleeﬁﬁleﬁfléssfe%}sef frdAReriptake/ ‘%Mdu?ﬁ@éfcr&ﬁdd%ag@ﬂis Rkt %b%ﬁﬁ&ed in

cDNA synt hesi s. In the conventi onal RACE, the poly(A) tail of nRNA
mol ecul es i shmmxbt Déh‘\ @clymengsei gritivigy. s’iheekltfs onayP@R dnvjule frcagatts m:cessatd bhus t he
ol i go-dT

pri .S or e .conv
Contrast 51 IHEREE AP Tt Bealv B et OBy SRR RATPRRAYS 26 PO hra as
a primng Sidivneabionlctt bd lemiilg BNAmEEa b i skill i drtiddR havird thd e mdPaRAMAaAL PCR 5
anplification. Muse first-strand cDNAs were prepared under the sane
condi ti ons aksclesuse] Tihe kit dyriqain, acs/seapted; foscoptpin i aepplats peekaging gr QmipgomesdsT| s- ACP
5" -GCTTGA TT TV-3' (SEQ ID N0:57) (Vis AL Cor G as
a cDNA synﬂ@s%?@&ur%gr A a“bﬁ‘\en directly used as tenplates for the
subsequent PCR anplifi catl on wt hout the purification 10 step for the
renoval of the cDNA.synt hesi s prlner For t he conventional 3' -RACE, the
first-stPand’TcAnplication tg Auplifyig el cDNARe f o] | owi ng cDNA synt hesi s

primer; CDS |11 » r C D
NO: 35) (V isA é‘f‘ﬁ&t dsRh igg\%ﬁ g % iﬁl S cg%&-g%é] l\sép%gl H@?E%DS
BI/3" , was ofi§ ednra:hedadoubiusmmﬂecf«DNﬁswbmmmDN?ﬁBglmbnéspaﬂurig@mthe Fhend,CR
anplification, was c cte 50 pl vol yme containing 50 ng_of the first
strand cDNAreSSm‘ﬁI of o‘?’ﬁl% g"@k" H‘E‘f fgthod SPRFRSGR yevere rapscpping, ﬂ@feﬁ@&”pé’& fic 5
primer (10 l,ef M or
%S L1173 ﬁ gMgn@%?Q?pgﬁcag?@ggﬁhfﬂG%&gp ?ﬁeps' El{a?a'éﬁéngéd u?{hhm ﬁeaﬁ%ﬁgppr(%\‘g i
Taq pol yher adsléve@wm' any/ope of AGP deseyiz)l. abdﬂeePrE!aablwemc pmmcrshavmg the cuture béd

under the fo copditions: 5 mn at 94C f wed cycles of 94C
For 1 mn. o Pis e ABNA" 5RfiBse 5 Pt gt sy ooy toiett Mk Fepdoa

ext ensi on atnuglg@de&qunbég ed products were anal yzed by el ectrophoresis in a
2% agarose gel followed by ethidiumbrom de staining. The resulting PCR
products can bdn abpseifielembasiment efithis ingentign, dhereig previgedsbe petbod dogmiiste: gel by

sut or adi ogr aphy, or. nonc t adi, 8864 ¥ SR5ES ke Be 5 LROSISA eS8 Hlok Slier

20  conditions sufficient for template driven enzymatic deoxyribonucleic acid synthesis to occur,

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 denaturing,
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 cDNA 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



staining (Gottschlich et al., 1997; Kociok et al., 1998), the use of
fluoresenscent -1 abel |l ed ol i gonucl eotides (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.,
1996). FIG 15 shows the results of beta-actin 3" -RACE. The conventi onal
3" -RACE (lane 1) 3 0 was conpared with ACP-based 3' -RACE (lane 2). The
conventional 3' -RACE nethod produced nog;)8 specific products as well as DNA
smear background, whereas the ACP-based - RACE produced only a single

band, which descriﬁmensequh elibnSarz @mitfed 3t SrdbiPto aVbiE SR doaBlekind of thd4plditithat €
that the ACP-bas can exclude the back%round probl ens such as DNA

snear and no’r?a‘g%'i?lqul‘(‘,” ’B?“BH‘EEY Jn agditignpthe ofjgonygleqiide tq @mmabpﬁecpambmm theat i on
f Lo (a1} al
oy ect oA bk 68 g BB R0 ATR Bl fifffcthe 11°

subj ect invention was al so used to ds o agrrents
The first- stRéﬁHOf:@ﬂAsvemnehsmmgvczed using digo VdTI s- ACP, or Random

dN6ACP: i go Vi A GT I V-3' (SEQ 1D 57
wher ei n an bg Sﬁ\he %D gepr n%% %\%CG@R@ OA@%%g 5* -enriched dgublc?stranded )
GCTTGAUACQBEAGFMﬂy'tJERNMNNWsﬁate&%E%J@ NO 58)) wherein N can be
A C, G or T. After the conplete synthesis of the first strand cDNA

sequences preseit’ ¢michefecONAsh mferSrﬂRNAswﬁﬁMnu pargmnefdhatBNA cpdtiashts evhichsi dues
are tailed a e of thef es by the
termnal tr asnoél%gr %‘gém‘r’lgac i OHEF "? %’ {&5%SC?$A{§§3"§NX§ rempyideiee of

15 nnnganesecbmnaré%aerwed]ds of the first strand cDNAs wer e extended using
the first strand cDNA 3' -end extending ACP (rG3-ACP, rG-ACP) or d&3-ACP)

and t hemP di r ectheyforyaiapfsle fretpsmst is ddentnel torthe fQWB%f’e@h@rwhthGﬁb Hnpidigoitoat i on
t hout he f
e oxt an el sffoRinfifleckf sehdbind BN BeurllenBfimelt 8% 3R Oh s o

the first-st ﬁm)mhmeDthdiin stege ()l caxdimsndilaag sﬁciﬁ’ﬁdo&f &oxﬁlb@nd’c@nd%% 2 preferred
- GTCTACCAGGCATTC TIIn| GF (G -3' (SEQ |1~ NO: 36); rG2-A

GTCTACCAGGCA 3| 1eneRsriqnsf g drs pripesmesd ipstrpapEn; mcit@fssaee@mwsce that
GTCTACCAGGCATT. SEQ 177 NO:59): or dG3-ACP 5' -
CreTACCAGaOnTE &%Prelgﬁt{&) ?‘%@aﬁﬁ ((SEQ 117 N0:38))(vvherei nr and d

represerits ribo nIhpI @otandmlahmdthddmxgtmiebmmsﬂepsomi aalplifyr £'paficHed CDNY) molecules A.
First-strandful | engt hc%sg}gthsi A. First-strand cDNA
synt hesi s us{H§ legptaTxip thy MRAA ules dpan, 'i}i?/éﬂﬁ"l%ﬁ‘etimd Oerspicibe eqpuentignal ovm ngs

in a steril em@holis ke e GoMeRIYnbI Jrtde waﬁ‘d §ot91a€l: fﬂ& R
101. M of A igo VdT~s- ACP or ranljdom dN~ T %ﬂJ sten@%%
final vol unenpfaling Irp¢°ntth,>&hle meehnghtainqc@lpﬂdmhlhe Sltlmb@nibefﬁ&ﬁi/eﬁppmacﬂt due
lngr gcfﬂé; Irrr)tggl%i fu%ct ogro trﬁ%u ﬁn%&%n{ejrugrgngaémg genera%dv@y ﬁ'xe cl?fa tthoffaolrmlversa ar;g tes or

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  to form a base-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 corresponding
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 universal primers. The present kits may optionally include the reagents
30  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



5 4. Cool the tube on ice for at least 2 mnutes. Spin down the contents of
the tube briefly in a mcrocentrifuge. 5. Add the foll ow ng reagents to the
same reaction tube: 4 ~.1 of Sx first-strand buffer (lnvitrogen), 1 p,| of
0.1 MDTT, 2 N,1 of BSA (Inmg/m), 2 ~ 1 of dNTP (10 mM each dATP, dCTP,
dGTP, dTTP), 0.4 ~.1 of 100 MM MnCl 2 and 0.5 ~1 of RNasin inhibitor (40
units/~1, 10 Pronega). 6. Mx contents and spin the tube briefly in a

m crocentrifuge. 7. Incubate the tube aL,42C for 2 mnutes in an incubator
or thernmocycler. 8. Add | pl of Superscfipt Il reverse transcriptase (200
uni ts/ ~1; | axtidodRgMAat)inhibit DNACishadeesd Mvilt)uﬂ‘he kits rday@lso duchile heapentsi neceasary
|ncubator or thernpcycler. 15 10. Add . 1 of 10 ~Mfirst strand c 3
_end ext endifergperiemming rositiyeqnd negadivegeptrol 6?3"6‘@8 -OReipye! amopnts gfjpagsnis tq pe yse

Super scri pt ; t |

| ncubat e t heJlll % & vgyg{a&%lc gf&%%lg’n? %ﬁr{nggtp%nﬂ&gﬁlh?éndc#ﬁsaa? %?M%gtr ﬂif)ggfrg%%f;tge | er.

13. | ncubat ewtrdne dxaqtoexratTWeOﬁtst aypickBy,mireiLadapged b aontdimdulsepatate packaging abcycl er
to termnpate 2 O fir stran nt 14. Place the tube on ice or can
be stored at°°m%@°“15 % %ﬁ r‘gfmbﬂ' and full-length cDNA synthesis
b~CapFi nder net hod The foI lowing primers are used in the CapFi nder nethod
(Contech): SMART IVY Qi gonucl eot | de 5" - AAGCAGTGGTATCAACGCAGAGIGECCATTACG
2 5 GCCr ( GOWH.ApplitHtion to N ; i geEprin prlner 5'

- AAGCAGTGGTAT CGCQ 4 1 3 P

Conbi ne the fol @?nnusg’gﬁﬁrl Iﬂg’ Y- Jﬁé r#w?ﬁ%g F5een uge " %Dﬁéth@%r

total RNA  UemetingQolykidrpistds G fenbiic/ INA mRApﬁrigaﬁﬁnt(ng &n&)ecd@ctmgﬂ@lff&rcnﬁhl Of 10
~.M SMART N 3 0 digonucleotide (Clontech). 2. Add sterile HZOto a final

v_oI ume of 5 gond expisfsiondnPRAMy ENArfngerpriinghe tube briefly in a
mcr Oce'ﬂ)r | f U9§;, furth%p as%mtl d Qfﬁp %v@nt;og,ethwqg p?deZ@g rt'laﬁodzfompfb'dﬁc%% a DNA

fingerprint of gDNA, wherein the method comprises performing an amplification 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 one having at its 3/ -end
portion an arbitrary nucleotide sequence substantially complementary to sites on the gDNA.

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

(@) performing a first-stage amplification of the DNA fingerprint, which is a set of
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
each 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 amplification of the 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 sequence corresponding to each 57 -end portion of the primer or primer pair used in

30  step (2), under conditions in which the primer or each of the primer pair anneals to the 3/ - and



4. Cool the tube on ice for 2 mnutes. Spin down the contents of the tube
briefly in a mcrocentrifuge. 5. Add the follow ng reagents to the sane
reaction tube: 10 pl of the total volume 5 containing 2 ~1 of Sx
first-strand buffer (Clontech), 1 ~1 of 20 nMDITT, 1 pl of dNTP (10 mM each
dATP, dCTP, dGIP, dTTP) and 1 pl of Power Script Reverse Transcriptase
(Contech). 6. Mx contents and spin the tube briefly in a mcrocentrifuge.
7. lIncubate the tube at 42C for 1 hour 8. Place the tube on ice or can be
stored at -20C. 10 B. PCR anplification®ROTOCOL C. Anplification of a
target 5' - esWdedaldRifhehded 9B lset S RGO TN A YeginSits QénefHatd\(RR! #@N\@), répectiRALE

nmet hod The preseﬁ?$zxanp!e conpares the curren? CapFinderﬁg@j-RKCE

t echnol ogy aweerekghersgiof disgrete egpeiogre-amptified- n t he current CapFinder 5

- RACE technol ogy could not 15 exclude the high background due to residual
anount of the prinmers during the process. In order to denonstrate if the
ACP of the preskntill futthendspen ofthis idlentivn/1hére iSptovidddackghal ot ploaRilg@TNAS i Si ng
frompriners_such as_ the CapFi nder primer, SMART |V O igonucl eotide

(C ontecly), SaPEmngl & MRS sanpls,  wherein tegnethqdzeomprises yeyarss  transribing cash) )
used in c : | ; . 2 haradna¥zEd Fi.nder 5'

- RACE fortﬁﬁgééﬁ%ﬂ$%1%§¥?@%£%%g Fﬁggﬁggﬁggﬁgmganﬁuseﬁ?%%éhgﬁﬁﬁggbgggﬁtin
cDNAs wer e cdanidedcfrantlariyront b2ACRBrefeerbiyi, the primer abtvedinptosie siustare SRAGP iisSona
relatively rare transcript in noue 18.5-day-old ola%enLa RNA, whereas nouse
beta-actin i 2VEEAL{S, i‘G’«‘éfRP“&’BLf‘H&é%‘FW ?L‘.’cleeBgFo?eﬂ‘é‘m?%%‘ jtntipysomplemsnigetes in a
sterile 0.2 B bkds f : inki - contapning 1
Bl of 1 rsimsrh SRS el it sl ki gl e WLR GPRUT 29,
PCR buf fl&r (mRritamegaypridiging nucdotidGseqignidymbaintigllyntomplenintaiy td ey, A failevof the 10
E, i M gene spe 'Ric 5" -RACE priner, 1 ~1 of 10 ~,MJYC2 or 5 PCR priner
(Contech), 0. BI of Taq Pol ynerase (5 units/1Zl; Pronega) and 31.5 ~.| of
sterile dH20. 2 aMpecifiOdHibdBinRnteTehiS Pivéhtibd) Shekd H3 Provide® the ¥nettdd Asing two stage

m crocentrifuge. 3. Conduct PCR reaction under the follow ng conditions: 5
mn at 94C, dnenlifieatiens, whicBeonmprigescycl es of 94C for 40 seconds, 58C for 40

seconds, and 72C. for.1.mn 3 ec: followed by.a 5.mn final extensi on at
72C. 97 4. Andl yFBUFHE tﬁ%p“%“?% éaiinp?fr s ‘%Stb‘%)l"“éef L EPH o Barl pibedo,
agar ose 1gel 4boVd, omedhioly thé Hireli pHithd?r Bu¥i lenyBlidizing i@cleotide sequence substantially

complementary to poly A tails of the mRNA sample to hybridize therewith, under conditions
sufficient for template driven enzymatic deoxyribonucleic acid synthesis to occur;

(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

20  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
anpealing, 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. segments 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



The resulting PCR products can be al so detected on a denaturing

pol yacryl am de gel by autoradi ography or non-radi oactive detection nethods
such as silver staining (Gottschlich et 5 al., 1997, Kociok et al., 1998),
the use of fluoresenscent-|abelled oligonucleotides (Bauer et al. 1993; Ito
et al. 1994; Luehrsen et al., 1997; Smth et al., 1997), and the use of
biotinylated priners (Korn et al., 1992; Tagle et al., 1993; Rosok et al.,
1996). As shown in FIG 16, the CapFi nder, nethods for nouse Jung and
beta-actin 5 -RACE using the 5° PCR priQﬁa (Contech) and the

gene- speci f i gte(c), iider Pordilionsel which heQRiedeOorQuesT tHeQrifief Phitimda¥Ao BFBAL odl anes
1 and 3) as described by many researchers (Chenchik et al.) 1998; Matz et
al ., 1999; Séheathssayepcesjof the zﬁ@ﬁshscr%ﬁewé@;emtsmmbfwn Btep (cRAGBeativelyhe
present inve whi ch corresponds each to

t he expectedqé#ggwﬁgﬁﬁg?sggw%?§¥ﬁ§g%?ﬁﬁ%§§% gung (lane 2) or nouse
beta-actin (lane 4) 5 -end cDNA fragnent, respectively. These exanpl es

illustrate that the ACP can be used to fundanentally elimnate 15 such
backgr ound pr obPBffsirAPRCAEPrT YsEh tRoATRST it ysmtien efﬂﬁ’lpﬁéﬁ Pringple theupresag ¢ DNA

synthesi s, WwLfagut forrhagn bdibd Gt S p sed in
t he cDNA synt hesi s. Hlal% aﬁ?odusggvécwﬁé@ nchgﬁ % gsfegugm {ﬁnlﬂ

i nvention pedmrimomsﬁmtwmmmpme bmltted) iroetdertts amad tlrtc(tohxplefuqr ot sﬂ%ifféﬁhoﬁr e
generated by, t Fi nde t | ane 1). The firststrand cDNA was

synt hesi zed }?F‘P '8'&9] &PHEQ dition. ?‘F% fpecgprnipp i princine follawethe2, 3,
20 and 4) a mﬁah d%xra%featk DR EbnifertcRiR) 16 HiffeteRtidil t PCR
anplificati oglq?‘cor m)ouse pr ol rﬁaéctl n- Inﬁfﬁee g{rmg{ el nelngé‘J-lg%)éq?&E RRACE The
PLP- C al pha- spethetemn 5'genoRiIBNAY iasrased herein Péfets ©® apqpoktia of DNA that comprlses

- GAGAGGATAGT SEOQ 1 : 40 The firs tran

ext endi ng A gc%r%ﬁgﬁeﬂc Sog'p%eéxP g[\Ioﬁpé"égsr T‘B‘B&H&m‘%‘é’é‘ fP@“%EgQIA cpigplgte iﬁt
three deoxyr bogaeepretsSin(4FR-sbkdted pRAEs, The coh c C%@e %&r@' deadsi iR @fzmés“ﬁ also

ri boguani nes and one 2 5 deoxyri boguani ne ( lane 3) at the 3' -end

gener at ed 5' refasisd| toapraeme ol he fiiam DINA R ﬂ%ﬁd’rmgé fas ussd hersip oafets totaset die

expected siz a end cDNA fr
produced fi o%sc?%g%bg%%@%ﬁgﬁ 8trg %_%Pe Es'g %fhagg'pme ﬁﬁ&ééta%%f&f\&aﬁ%
Anpli ficesd i osegméntOehambieristib ot PR of MRYAERESclivelyng, ACP The first-strand

cDNAs are synthesj zed usi ngr Random dN6- ACP in Protocol A. The PCR 3 0
anpl i fi cati on wedhgrEsvieys ibdraply pHged BER fingerreintsneallpbP-PAR\HPE br lotaarpireredur e

s to Sel UPniids GRIPhEh® ulefAflab o WilgAULorsBE.OND DBLYIR! B, adplpcubat e

the tubes int cycler to corrp ete enatur ation
step at >90Camplifiestion \h¢ahe ahlbludanngphh@entpuiaase ﬁtre@ré&fﬂ)&hﬂbﬂﬁxﬁxuaboptﬁ&nigc t he

appropriate a qf . an be pipetted into the reaction.

| . Combi ne thﬂ‘n}? a %ﬂﬂ@@éﬁ@@ﬁg‘g ﬁt"% W?ﬂlgn% stall seprogycihle elihqugh; sffgefvet upe:
49.5 ~1 2§ t hepireitdh pieobds® tseqmwmgs@aeslmaar 1 dridpth coafsAd CDNA prepar ed
by Random dNb-'ACP i n Protocol x PCR buffer (Pronega), 5 ~, 1

of 25 nM MyCl 2, Sontrast tgﬂPzPCivatmmm-based—PQR fof ﬁn@rqmmmea(s& thpspesificily)of 1 ~1

of 10 |,iMJIYCA . M X contents and
spin the tub®BF (‘"él}ef’vgl ({H@%g ?‘@gﬁ'{‘f 8 ﬁllerff“i'cd&ré(’fe%umﬁfsgt%set Traldye gronp nesifipned
preheat ed t hggiwah tieel £1d 5alen@fdrtiond of AJE whBRINAhuniversalYase raGdue Yok stﬁét@
(Sunits/pl; Pronega} into the reaction, while holding 10 the tu at the

tenper at ure Hha@me mg@éiﬁ@hﬂ“@ 3perd petien phie AFemdtaise allows tis H crcicmmmi tons: 5
m n at 4 r 40 second
Thd 7oc 5, bR ARGe b gY i el fol: O it REPBER le’ﬁ@?%rﬁ PR g

Anal yze the cupleitely c&ﬂu@t@&l@tpﬁsxﬁ% peddRets ﬁrmpetgafﬂ%&ltri mcl?ea@es & auganiase gel
foll owed by 15 et hidi um brom de staini rgerThe resulting PCR products can be

al so detected oft 2PUEFrdiembrdigensdhs AL eiainsre aghitrary,spquence at the 37 -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.



aut or adi ogr aphy or non-radi oactive detection nethods such as silver
staining (Gottschlich et al., 1997; Kociok et al., 1998), the use of

fl uoresenscent -1 abel | ed ol i gonucl eoti des (Bauer et al. 1993; Ito et al.
1994; Luehrsen et al., 1997; Smith et al., 1997), and the use of
biotinylated 2 O prinmers (Korn 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 synthesiésd using Adigo VdT, 5-ACP in
Protocol A. The PCR anplification was peéfforned by hot start PCR nmethod as
in Protocol D. gh ex@@ploionhet DRA ffinkdrprviting usifp @ERLS candudedShyetwol agls af PER

m crocentrifuge tube: 49.5 pl of the 2 5 total volune containing 1 pl of

first-strandmplifigationsapdar the fdiﬂ“@zi cgeditieny: agpliftgatippyrepgtigusprgperfarmed ugerdgw 10 x

ECII\Q/I ?g{lz:fzez S(SEBF{,TEg rgditm s IBFHWO Y cl;glsoof ’ﬁl\é‘%% féR B&mﬁ sm%)aﬁgéﬁgﬁgg’xt mgjian&)f 10

steril e dH2Qenadurinlyl r&cﬁ&ﬁttﬁé’lfréictibﬁdnﬁﬁlh‘dl confenifig b@oﬁw PNAY POR feaction buffer,
m crocentrifuge. 3. Place the tube in the preheated thermal cycler at 94C.

3 0 4. Aad tM&CIO dTRs AEP, fdE, YR 49892 LD), ¢ BRINPLATES|S Preheatedy Bad nORERSESH, USA)
into the rquﬁddgcpmtom Je%tx?:?{nﬁe %ﬁfc%ﬂr%ﬁorﬁtaretp@ﬁoﬁrﬁmiﬁeu dee%ﬁ&m% the9 S.

Conduct PCR reacti on un ow ng condi'tions: 5 mn at 94C 7ol | owed
by 30 cycl eampfifidén bmﬂud,{)afaeahnctmplcﬁiﬁﬁéaétmn of Ghe Ecspstage, PGR,AthY DE2-delected. i N

30 sec; followed by a n final extensjon.at 72C.. 6. al yze .t he
anplified praﬁlﬂmé’nﬁ‘ﬁ EY(S‘LPW&?B?“B% q\ né "“@‘?%ﬁﬁr%s‘g 6@? f%l ‘1%8?&&? B s

et hi di um br Qgifles kel then BllSedofiithdeire RipALG0N ehinugan be al so det ect ed
on a denaturing polyacrylam de gel by autoradi ography or non-radi oactive

det ecti a0 net hdtshaiic he awtedi thates psdper mmgm(a@nt oE AKIP cshuml tal produe® PNA Koci ok

et al., 1998), the u of flyor ent - Iab ol i ti Bauer
et al. 1993; f)‘ﬁg‘f rIginef e PGt of [EHYIeH 129 0% gﬁ reigtﬂ‘?t a"%‘%f‘ﬁ":@ p%?g“"%s %@97)
and the use pf rdpicaidibly, 13 cEiradt tHe ek ¥Ry SmdukPEMh@ACR! geherdt@IBacketAGUE sih adl -
1993; Rosok et al., 1996). To evaluate the efficiency of the nethod usi ng

ACP in the cPRSAistbasautiogsPGR. In nrefp@wgqmboémthetcﬁ@mwpn PEthg A PCiDmiant
anpl i fi ed bybeteweteg §1 pwanda Y. ¥ St pre erale ,etﬁe O.EICQAQBIO%%&Q%&I’IS &blagt 1.4 uM.

15 In a preferred embodiment, the concentration of the primer corresponding to the 5’ -end

portion of the ACPs is about between 0.1 pM and 2 M, most preferably, about 0.8 M.

The genomic DNA and mRNA samples may be obtained from a wide variety of
biomaterials and conditions. For example, they may be obtained from plants, animal (human)
and microbes and from different individual organisms.

20 The amplified products can be analyzed by gel electrophoresis. In one embodiment, the
resulting PCR productls 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; Tto 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.



cun~ent CapFi nder nmethod were blotted to a Hybond-N nenbrane

(Armersham United States Bi ochem cal). The nouse gl yceral dehydes- 3- phosphat e
dehydr ogenase (GAPDI ~ cDNA was 15 | abeled with [al pha 32P] dCTP using a
random | abel i ng kit (Roche Di agnostics Co, |ndianapolis, USA) and used as a
probe. As shown in FIG 18, the GAPDH cDNA probe detected a single band

whi ch corresponds to the expected size 1.3-kb of full-length GAPDH cDNA. As
expected, the signals of the PCR productg generated by the above ACP net hod
(lane 2) were several fold stronger than ihe ones 2 0 by the CapFi nder

net hod (| ane VIL icatioN atop] deniifidatici lof ! @msdrial HofiR1 eZReAt An O1uitidEne
present invention nuch nore effectively anplifies tull-Tength C an

t he CapFi nde®2mdie8od does. EXAMPLE 7: Genonic Fingerprinting Usins

ACP- based Arbit (IRYE = . . he | ect..inventio s, been
applied to det e(F:I‘tﬁir s 6%‘?“5%@gﬁﬁ%&gﬁf’%‘mﬁ%@@‘%“@J}ﬁ’zﬂg‘*e%r%d%ama?vﬁm%ﬁ se
strai ns C57BifdrGlk idéaBfcatibbiBonsdrvedidmiol dpl ighleitis inRAENE aniitd, Kor ean Wl d
Mouse Werg used_startin mag@ri,al s. Genonic DNA was prepared fromthe |iver
of nmice uRing t feeefanAReotPLbifdnyention( thera dgprovidgd agmethoddar idemtifying Tmeerved

arbitrary ACRSmsMs&dsd ' ek - , .
O O ACCACOC MO sl o 3 4 Biche ?fmf’g%étc’g’gm%%'ﬁgﬁ)%% VRegsip, e grethod
- GTCTACCAGGCATTITISNT REATt BlahCTGRAGRAQS G ming SO anplifMati&5 yeactiondusingl AnaEP116

ar bi 11y ACBESCREELIn i et REEPTER 1 et Fomany o pobCHoksaie Mepe110
(FIG 19B), waSerabh dnePricidri H¥BIng tHfeOstrubldSE LG5 Qbrde damg%mgisnr 'Ba\%orﬁm PCR
eaiIn

anplification was perfornmed by hot start PCR nethod as descri anpl e
2. The gEhonhybridizingesequenast subsignallys¢omplem@Rary So @ovsgntue dedognct wo a eggerateof PCR

anplificatio r. . the follow ng conditions: anplification reactions are
per f or ned ung‘%}‘ éhgg\%] cgéurlg Agent clyger?gfricf ShaCpSFved diomplop. seament on SDNA, stprds 5 g o
PCR conpri si gehenmdeim Rgerse ¥imaibity aRlls} e Madiny higs 3 afl hoton 4 Rfbriafigt | ON
m xture in the final volume of 49.5 pl containing 50 ng of the genomc DNA,
5 p.| of 10x7ysteRtgessadenesPubsantially complementany to psly-A tiledf tIREmRINAMGCI Z, 5 W of

dNTP (2 nim h - . y , h, 10 7, pl. of i f ACP
(eac h( 10 p N;aa;: s mgé}?ﬁgg%%dg%%%& # \%} F‘?ngn’ﬁgﬁ?% (M éovfdﬁ’g t}legﬁeél%ggﬁlfl%f‘?ﬁ fitget fle

reacti onl®n xtmplfications,which4tmprided pl of Taq pol ymerase (Sunits/pl; Pronega)
is added into the reaction mxture; the PCR reactions are as follows: two
cycl es of 94C & aentacting themRNAGample pith s figsh primerof pryrong ofiglpims #-3P) inwhith by
denaturing t G oL IO . : ml| et e reaction of
ho i1 st st e drbpns: b potiabhchichoe «fbece Qo) EobRORLR TORA 20 T
~. M corr esptafsiohthetraRINA esatbple -te hybridize tthepawithf uidee cidionandficacht €6t ttaplhtae
reaction m xarure and tEch(feQ:@%i e secon e PCR anplification is conducted
€S 0

st.a
as follows: 40 CyHE r\‘“&?‘c&ﬂgw&eg%@@“f“&r 40 sec, and 72C for 40
sec; foldmwed bip) ardveldt Rrahdciifthg %t BRNACRmBle t6 Afhict \iR! firkd d ' ts
were resolved and anal yzed by geI ectrophotrngsi S i r%ca 2.0 ag‘g%cr)s b‘g‘{é%g\%ﬁi ch
was stai ned Bioduse @tpapwatiomob fitshFIORA atvahdp Het g cemuiieukntaTihte the RN sampRER
products can %ct ed on a denaturing pol yacryl am de gel by
a

. 0. b | so det >
aut or adi ogr ap| ?chre%ﬁsg%r-"?eégg%l & ve detection nethods such as sil ver

staining (Gottsehl peforingad first-#BR7ampficdiiol @t thélpopulshiBPD¥ . firbi"EONIS Srtlds

fl uoresenscent - | abel | ed ol i gonucl eotides (Bauer et al. 1993; Ito et al.
1994; Luehr s&meraied fpm step §1) 2t a figh anpealing tgmperatyre g@yprising @t ledstonesgelepf primer

bi ot i nylaf ed, REJAE Sy - t al o |993; sok al .,
1996) . 5 CRELE prinef Sichafl F‘?dsd%‘?tg“a%%’ &G }rgéuerg%‘ﬁt"“f“ﬁ‘ Oy ﬁ“éa“ggﬁ“f’s b

arbi trary ACRyingetit 3 setipdriionarigbridisingsegradetssbsahtidliy complemdiity foradhsindgr i ety
of nouse strains. T éexam' ne the reproducibility of genomc fi nger‘pri nting,

the finger pr?eﬂ‘t‘"inﬁegmgaf EHEFNBALECSTIHNE TR BirhPearerreef 1isonsrgvademalosy er ent
sets of ACPSseghbiff of\HE firR SI9ICA st tﬁméfdizh fifelWitf UiEd %{ﬁﬁgnsglﬁ\(ﬁgzﬂ theb¥ond

segnents fromeach set of priners an e results were reproduci ble.” The

pol ynor phi sniFimge ragneals garten corsaswesquentecer ddgeriernts sdqnetice af ifinsy cDNAL strihdsg

fs;[ ﬁlggfpr%?ﬂ ¢ P\ﬁléegébgtéi:,’] %,gg {c@ﬁﬁ%;;ér%%ﬂ%&@ﬁl&%&%ﬂé Eeggexfcenorgcﬁeggnrga?e sequence are
generated; and

an}




101 arbitrarily primed PCR Thus, the ACP of the subject invention is
useful to detect pol ynorphi sns and construct genetic maps. EXAMPLE 8:

Mul tipl ex PCR Using ACP-based PCR To denonstrate the application of ACP in
mul ti pl ex PCR, the portions containing single nucleotide polynorphisns of
human | eukocyt e adhesi on nolecule | (ELAM) and human p53 (TP53) genes were
anplified with either conventional priners or ACP. The process and results
for the nultiplex PCR anplification using ACPs are described herein. DNA
tenpl ate was 5 obtai ned from human plac% ta. The conventional priners for

exon3 of ELAM ?H BhiningS£ ckcbridl sidpe afmfietioh ¢t 3 ELAMIDRA Segments generated
- TTGCACACTGTTG&FT -3'" (SEQIIl~ NO:67); and ELAMILC1 5'

- TTATTGATGGHOTGRAGAGA? secondSmapaling fqmpaayre whish iv Bl errgeairendifions romprisiog

_e)égglc-?-ngrgéQ%%A A gf)l ?%%%gei Eye%@ﬁﬁﬁ%&t@d@%ﬂ@l Mmuls\@g ﬁle same first

- CTGAAACACT hadefriGprithers(aShtedrth Meps/(8) and [¢)@r @ @rivendairaaet copiptisiBg & nficdotiéxon4 of
TP53 (349bp) used in the Exanple are: 15 20 25 P53N1 5
- CCTCTGAET GESSusmPy peeyeepogding geefh T -448 portipn offg firstnngbgecgnd primers used in steps (a)

- ATTGAAGTCT %@%% £ L oh &b iof %aﬂé@& SO SRR Q@lthle'L R 5 e

exons7-8 of used 1 n the Exanple are: P53N

- TGCTTGCCACALuEEEC 0B 'the SEQnd TDNAD se‘gax)mts amespestd eIz v&xercb}G(ﬂﬂ(B’ICﬁTd\@@kM@GG 3
(SEQ )D NO: 74) . These, convention rimers used in the Exanple are known as
t he pr|ners}PWQPa@gHQ?ﬁﬁgmﬁﬁﬁc?ﬂégkglc products in conventional nutiplex

PCR net hods as [0 lﬁ@ ehb&iRdnt folﬂm B GREciRE, hiPresetbinffod] 1Y SNRATE Wer €

applied to these f conventional prifer sets to denonstrate if the ACP
can ovenOormhsbllmeedp:r@luiusiqu;pmdbrthssemdpspmwd c products resulting fromthe
use of these conventional prinmer sets for nultiplex PCR The 3' -end
portions of the ACPs conprise the sequences of the above conventi onal

In another specific embodiment of this invention, there is provided the method using two
stage amplifications, which comprises:
(@) performing steps of (a)-(e) of the method for amplifying a population of full-length
15  double-stranded cDNA, whereby full-length cDNA strands are generated,
(b) performing a first-stage amplification of the full-length first cDNA strands obtained
from step (a) at a first annealing temperature, which comprises the steps of:
(i) at least one cycle of primer annealing, primer extending and denaturing using a
first primer comprising a nucleotide sequence substantially complementary to the 3/ -
20 end sequences 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
(ii) 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 57-end cDNA segments having the consensus

sequence or degenerate sequence are generated; and



priners as follows and thus the size of ACPs is 26 by or 27 by bigger than
that of the conventional prinmers: ELAMLNL- ACP 5'

- GTCTACCAGGCATTCGCTTCATI i || | TTGCACACTGTTGATTCTA A-3' (SEQ I D NO: 75); 102
ELAMLC1- ACP 5' - TCACAGAAGTATGCCAAGCGAI |1l | TTATTGATGGTCTCTACACA3' (SEQ ID
NO: 76) ; ELAMLN2- ACP 5' - GTCTACCAGGCATTCGCTTCATI Bl TCCACTGAGTCCAACATTC3' ( SEQ
I D NO: 77); 5 ELAMLC2- ACP 5' - TCACAGAAGTATGCCAAGCGAI ~CTGAAACACTTCCCACAC3!
(SEQ )D NO: 78); P53N1-ACP 5' -

GTCTACCAGGCATTCGCTTCATI | | TI CCTCTGACTGCTEPTTTCAC 3! (SEQ m NO: 79); P53Cl- ACP
5' - TCACAGAAGT®R) GeeridAkinialskdond &ideGviBTicatioN bEHEeASEnd 2DNM sk bdaetizd 80) ;
P53N2- ACP 5' - GICTACCAGGCATTCGCTTCATI I || TGCTTGCCACAGGTCTC- 3" (SEQ m

NO: 81); and frBBepp hrpt seecand psalmgAprrRiuOr s high sEingrmb GIAtPACCRERENGG- 3'

(SEQ I D NO: 82) . The 5 -.end Ay eq : onpr.i and
Sorve a5 pr ctsde Hifee Bl aRBlb, AmBCAURREE Sucenddioe ok GORE B8 200
PCR anpl i fi caidi sagbnd p¥ifadrsDes used [ ACPELANG) AdSEIARNdspectivzly, (0PREQrimeNphil ¢dchand
JYC4 5' - GTCTACCAGGCATTCGCTTCAT -3" (SEQ ID NO:12). Miltiplex PCR

anpl i ficdti ofEPHERS? Bsirgtida apepss conesPAig toyrach & rreud Roption of theifisgy and=egend
anplificati Lgh | YAl f : ol Lon. . The PCR
anplificatio V\%i@sgr %‘?prsfglc)i) U@yagﬁgot) (@?gr c@t&;}%&, ‘ﬁ%ﬁgﬁlﬁgl?ﬁgdgs@yﬁb%gpﬁm%x anpl e
2. PROTOCOL dmedlite tigt3op andio-atl aggeere@RI eI’ iehi cCBNAGEgIen) reffiectively st izgeby

Anplification The first-sta P | i fication.was conducted by two cycles
of PCR corrpr‘ihE?n'ﬁ"‘{ﬁmsé’“?faéﬁéwgﬁﬁn@%@ﬁﬁ?ﬁ‘p&ﬁgg}denaturi ng reaction; the
reaction m Xt urend Bpdofie dnibB@imemtOfoltoWs A prfhSink, meé:res@ﬂt Rkthéd &r 30 RACRfashuman
genom ¢ DNA, 8 ~1 of 10 x PCR reaction Et’)uflper (Promega), 7 pl of 25 nmM

MyCl Z, 5.0~. 1digsfussed\Fevipslyndwbept fon the AekPnd mifEPysedGTP, dTTP), each 0.5 ~1 of
each 5° ACP (10 NM and 3 ACP (10 ~M set is pre-heated at 94C, while

hol ding the tube containing the reaction m xture at the 94C, 0.5 p,| of Tagqg
pol ymer ase ( Sunint etk aspRbtOIRdinvéntion thkr@f PRfidel bndittA fieR6HREy ton¥drete; the
PCR reactions are as follows: two cycles of 94C for 40 103 sec, 60C for
40 sec, and IrOldgyrseameniedn af wylfigane family domaglNAnghemia Hepngthadcesmpsises
product at 94 B) _Sec - st age,. P mpl.Lfi i T t _.products
gener at ed byl:"?’t(r:%“é"glfl % ?ns%n}@?%%hé) “ﬁ%ﬁ’%‘%@l"? gﬁ%%{%’icgﬁscﬁésgﬁﬁdgﬁﬁrhuaﬁ ? ﬁg%SEegHsaep S e‘gfgof t he
ACPs weriss t h@givedipérh khyesheldy AlORe déserite@wbove Picfarabipl-thd pieer RERgothp bthucfufeadfi ON
under higher annealing tenperature. After the conpletion of the first-stage
PCR anpl i fi cAFP dsypne Bayang apits3 ‘rengfportign g hylaridizing sequence avpsiantisily puvnienpniapelps |

JYC3 and JYC4 [ ' k- ' '

{1 1ot ot age beygtaRuRhes & deknful SAHO it o A0 BB LR, oc
The second shagoglcfgmertmithogDNas as fol | ows: 40 cycles of 94C for 40 sec,

68C for 10 40 sec, angd 72C for in; followed by. mn final extension
at 72C. The anpM arﬁpecaf%p?%*aﬂmegt M@Wﬁ&r’w’@aﬁ wr%'rdgéfsfr SEPE MY stage 0y
agarose 0l andifdgloas WatthRYmSisdd: ni ng wi th et hidi um brom de. The resulting
PCR products can be al so detected on a denaturing polyacrylam de gel by

aut or adi ogr aphy(abr performing d ifioshstageemplifieation ¢fcthe srpsened howology wemeity fram the

stai ning (Cot hiich et al., 1997: Kociok et .al 1998), .the use aof

{1 wor esansceHINAS: poBeialing FGBRALIeCOrPRILE YeBiL oot of PiSe Shg, o
1994; Luehr sgim@texdhding #R0Odenatiig Rsifd thelprimer 8O tht ,prigidfl pdin 6f htCorefof ACP

bi oti nyl at edﬁg?i, r%rs 1?%(om ee'_tnaal gt _5118%2; p'?:inSI e et pzrall p11993;_ _Rosook et saI i,
1996) . FI GS. dagribgdhbove, sthergin: pash rmeingr thas aff Tt 3pend pertions aj hybrifizing, seqverce or
four sets. of i j L. pl i.cC DNA
at one r%actf‘%%t% leccoﬂgnén§§grtlcgﬁ %H%Lgﬁé %é?{%%“céeo ?S%ﬁ%ﬁ?%%“ﬁ%ﬁﬁ%@@?n C
products as umhb add sqpare bi £ cinsdsrgsdthomblogssbmert fof nhet JDNYE tosiBbfidize therewith,

under conditions in which the primer or the primer pair anneals 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



(FIG 20A) or four sets (FIG 21A) of prinmers. 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
anplifications 2 5 Alternatively, the conplete sequences of each ACP set,
instead of the pre-selected arbitrary prinmers such as JYC3 and JYC4, can be
used as prinmers for the second-stage PCR anplification at the high
stringent conditions. In this case, it 8 not necessary to add the

presel ect ed j Y. LR, 4 Ty ey i I fe OF

B tor the i epinkt A lhod Fokp B deiyinGRGl L Bin e thch ki L niteck

t wo- st age PGRuaielcofréspatdingris each Shaead partibny of the piitherar primerRpaint usesbin skp (@x cept

L0t B e ST s 0 PR SR L A 4 o
addi ng pre- %E({u%fféef dr @E %L&o&@é BNRI defRénTs ééﬂ&at%&‘&&mts{%g (g&)pfesﬁsﬁ\reg; wadetyf theach
ul o ~ A CP (10 p, M

ACP set, eac CP (10~ and 3 ~ A set, is added at
the first stcagservRhonaniggyigtnonad segmentsTneanephified.f i ed products were anal yzed by

el ectrophoresis. in a 2% rose gel and. detected 5 t.al ni. i t.h

et hi di um br omi d&® ngltrlgélﬁq {‘)’ﬂﬁwﬁ%@r&m@&g%{espr&s% ’B%tgézgl goa a(%)P c \(,a\éqgar f a
denat uring REE¥RGEN ké.h € fr6la DNA AUisQusaeli paglicusli ¥xdept FOGhe prafibr aeal | ve _
detection nethods such as silver staining (Gottschlich et al., 1997; Koci ok
et al., 1998), the use of fluoresenseentl abelled oligonucl eotides (Bauer et

al. 1993; I1to et _al.. 1994: . Luehrsen v N ﬁﬁﬂ'i ) ef. 4. and
t he use of bi oﬁ[’?ﬁﬂt@f élgp%ﬁ?ﬂloﬁ.élrs ‘g8 o‘lsr“(?lIt Oeﬁ’glu.“?eg‘i%be ; agkf gltmec?dl eaih.e }’%%993;
Rosok ety gal . metAdds 1180 Ginplifeanai of @méleivi defd tdagence previcnslpfdiwnsmed; ttho commost age

PCR amplifications (FIG 21B), non-stop two-stage PCR anplif.icati.on also
produced onldescriatieonstbefieen themeare erpitted inj rdep to,avpid e copplexity1of Hjis spppifigation
exanples illustrate . kSt r -4 t

backgr ound plf %%nghsuné%%ﬁﬁggg%l ggélg%ié(?’? ?ﬁéﬁ%@ ilss‘%relggﬁ‘ %térfﬁnﬁ‘% ﬁ%t@fﬁl, ke
convent i onal prgsehtiimdtiods $&d ‘i ot STURACP kexn pEndiiRappiich wdbe aresdohmethodsrfot the art .
EXAMPLE 9: Identification of Conserved Honol Qg%ﬁ§ee{rents in Miltieene

Fam | i es UsiKeptifiestionpecongsreg homplesyssanentsin MHEERE MMlias applied to det ect
and cl ong consery.ad Nangy QY ros f9 WRRifRalidh JTebdsbrd@N®nlofEy kégdRnts kiimilhigenpr esent
exanpl e,” degenerate priners were designed to 2 0 detect homeobox sequences.
The honeoboxfagéifeess identical hathe darmpla Bdn which theot sead werdion 8DAGY he e bodizing
sequence known as tktg hoqrﬁeobox whi ch_encodes a 9%&%% ill:l)NaA t%ienﬁln{}@ o a
homeodonai n. SEXePnPSs SYO5tERNAY OBBISTCHAN L § FIBTTRY SRS e BT VO

devel opnent, sd,fcale BNMnGEneddRRAMidoRBIdsbfuaRe dF £ doRseprel homelg@s of conceptus
devel opnent, nouse 4.5-) 11.5-, and 18. 5day-ol d conceptuses, was used as a

starting mat er i Bhere #¢ fwe prnciplerappropiiastotke design epdpeeneratpRrimerlalusing peptidse

conditions as used.in_.the .cDNA 5. I LRl dat
It C5- THO ACKURE fptdopraited fom ﬁ%@%@grﬁeg‘hﬁidc%{@fﬁ?sﬁgﬁ\gﬁﬁr Shauence data
fol | owi ng ACRSmGOsmMch&afghe fkalien ef aihelogedfitbngms of mterdsthme besn cheglifome at

their 3'-end portions and were used as degenerate hom?%)ox-sﬁeci fic primers
for the firsothetagpaismererafie geneds s msmberpt@ gynecamyly.it will be possible to generate

5' - GCTTGACTACGATA | GTNCRRGTGITGGIT- 3" (SEQ i D NO: 83) ; 105
Jyc2-1~2 5' M@%@P GCGABI | | GTNCRRGTCTGGTT- 3" (SEQ m NO: 84); and
JYC2- HD3 5' - CCTTRACTHACEATAGT I tateAt i dis GRNRRRGET dOBETnedite PISRT, forNBargEy,. 5
The PCR anplification was perfornmed g‘%/, ot, start %(%R mst.ho% as e%.cmre;sbed in
Exanpl e 25 an§omEaRFRpLIaspocA] bishly spnsgrveqrasow: g‘b‘plf 18P {YeE BRI P
anplificationg, g, @ﬁ?éSQJepoMeﬂg.tié SndBaySrX @R loBtirRizatioR STHRIRE SESmEtEr B BfredlingP

t wo-stage P arrplll ications. 1. Conbine the followi ng reagents in a
sterile 0.2 mdmpetatren dteistimpriagietot ketre the 4gnegling tepperatiye asgwél as\nefsifetoc®idai ni ng

1w of first-strand cDN 5Q..ha/~1) . 5 ~1 qf R f R , 10 5
W of 2 mV dRItESIVE Wspgﬁl}'@%%légkf‘nfgfa %‘? El\ﬁ°3‘t8§? ﬁéﬁ‘,“é‘f}@ Eﬁéjzs)e ¢ Sé a%@gms
(5" priner), iehpetatued, Il Gk, MCSAcLE1A\GRp (tHis nide bevmusy demener@6 phimerk slafuldstieer i | e
dHzO. 2. M x contents and spin the tube briefly in a m&r%ntrﬁlfu e. 3.

Pl ace th20t uldesignad based i erniae ped) seArELFFs aPYRCPRsiition Heprer, Jhe Alfqofdt fgﬂentof Taq
pol ynmerase (5uni.ts/pl. ) A1 DL i el belign fnet UDE
at the tenperlr%n]lllﬁog %ﬁ%nggﬁgﬁotﬁd%%ét}y B@% réqggﬁ.%ng r’i])e%{g%jeeﬁ ;{mﬁe fao?F%\?hﬁ?leé ¢
condi tions: cenperyied @xclohs BAC atlthy sedonistiage of PCR fawplifatidnregazdiess FlGnfepdesinni n;
foll owed by 40 cycles of 94C for 40 sec, 65C for 40 sec, and 72C for 40
sec; and followed by a 5 mn final extension at 72C. The anplified products
were anal yzed by el ectrophoresis in a 2% agarose gel and detected 2 0 by
staining with ethidiumbromde. The resulting PCR products can be al so
detected on a denaturing pol yacryl am de gel by autoradi ography or

- . N o o o o o o o, = ~ 1 1 ' T e




Many differentially expressed bands in a specific stage were obtained,

subcl oned into the pGEM T Easy vector (Pronega), and sequenced. Seguence
anal ysis reveal s that sone of the clones contain honmeobox sequences.
Northern bl ot or RT-PCR analysis shows that the clones are identical to the
results of the expression patterns observed by the el ectrophoresis. These 3
O results indicate that the nmethod using the ACP of the present invention
for isolating conserved honol ogy segnents in nmultigene famlies produces
only real PCR products. Freedom from fal%& positives, which is one ngjor
bott | eneck renaisbioiding Bo b NReffVinbadinRuR HRa%eshdt B#ERPIIAHGH0l ol PfndrP each

i sol ati ng conserved honol ogy segnents in nmultigene famlies, allows

avoi di ng t hecauisngadegensratp sequinge edlpsied omamkurslisnefitheanicieetides ¢oding &riafminvat i on

of the anplif]. Eggp\ LE 10: Single Nucleotide Pol vnoruhi sm
Genot ypi ng U‘é%%%qﬁ\%@%f&fé%%ﬁ%%%ge ocg/grmnst rate the application of ACP in
si ngl e nucl eoti Ue pohy'o&ETsENES fEgigRNaidyiRoe GpectlicAIBl !dofBrve® RdginNdfMed géhe ShAg| €

nucl eoti de pol ?/m)rphi,srp (SNP) of human p53 (TP53) %ene was anplified with
ei ther cohvefultigensfampily" sk psed herpinpeferyipe segrprabefquelpaiide eeguqneeoffagene g emip

genot ypi ng ug; L . (AT .ned
Prom hunan bl 4aer B ot ok BB e il TRUBLE ROV B ENE T,
pol ynor phi smiégseeeof pinglagitytban yargnInlsomé\cases the Romerseduspibisuvill b8 idehti@lrbét@esaci d
position 72 gégfeplaciq% Gwith C A 349 nt sequence between nucl eotide
11991 and 12588lysteniorrs. Brseme epssdhe pyelectids peapence mey vy egnificappit siill angeds| at e
by a set of tRenfif dcRiieBSles HHELS colaratd Rtweel Ehil AT FlTd gnsisocQ | D
NO: 86) and P53C- ACP 5' - TCACAGAAGTATGCCAAGCGAI nl FATTGAAGTCTCA -3 15
(SEQ 1171 NO: &nayencadhas used hérin gefers rto thechasescuost afteni fognd denBigvel positimnwhdnei r
ends were used as teﬁﬁgl a@ fPr. rliete ti&geg the SNP using allele-specific
ACPs as fol | SUEPPTEESREATAEYST §' SIASEE CEERPFCGCTTCATI | 1 1 1 COCCGCGTGG 3!
(SEQ ) T7 NO: 88) Alt&nﬂivﬁ@%ﬁ-ﬁt&@m&hods for the identification of conserved homology segments
GTCTACCAGGCATTCGCTTCATI 1 1 11 CCCCCCGTGG 3" (SEQ | D NO: 89), P53N£X—ACP 5" -

GT CT ACCAGGCATRGeaiFT conntined withdpthodartngdifitremally expresed MRNAs. P5S3N2B- ACP 5' -
GTCTACCAGGCATTCGCTTCATI I 1 11 TCCCCCCGTG 3" (SEQ ID 2 5 NO:91), P53N3A-ACP 5

- GTCTACCAGGCATTCGCTTCAT~I CTCCCCGCGT- 3" (SEQ >D NO: 92), P53N3B-ACP 5' -
GTCTACCAGECAT TORGHTIGAHet hdpbdt bOBEGeRTon3there TER¥iEBRANAGI3) iderBiffngRE@hredCP 5

- GICTACCAGGCATTCGCTTCATI Bt I 1 GCTCCCCGCG 3" (SEQ 117 NO: 94), 107
homology segment in a multigene family by use of A or gDNA, which comprises the

annealing confrol primer or annealing control primer set described above. The descriptions of
the kits for the amplification of nucleic acid sequence, 3’ RACE and 5’ RACE of this

invention can be applied to the present kit.

20 IX. Application to Identification of a Nucleotide 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) 2 second primer having 2 hybridizing sequence substantially complementary to a pre-

selected sequence at a second site of target nucleic acid.



P53N4B- ACP NO: 95), P53NSA- ACP NO:96), and 5' -

GTCTACCAGGCATTCCCTTCATRI i | GCTCCCCCCG 3" (SEQ m 5" -
GTCTACCAGGCATTCCCTTCAT>I | BGCTCCCCG 3' (SEQ m 5 P53NSB- ACP 97). 10 5' -
GITCTACCAGGCATTCGCTTCATI 111 1 GCTCCCCC- 3" (SEQ m NGO The pol ynorphi c base is
underlined at the 3 -end portion of each allele-specific ACP and the
position of the polynorphic base is considered an interrogation position.
The interrogation position is placed at several different positions from
the 3' -end of allele-specific ACPs in &Bder to deternine the nost critical
posi tion in anngalspéericeadbifresi df¥hi§ Plerfies, Bkekd 8 Prdvied BRFethblsing two stage

al l el e-specific ACPs were used as 5 prinmers. P53C-ACP and one of

P53N1A- ACP, amplificatipaihish peoaprises5 3N3A- ACP, P53N4A- ACP and P53NSA- ACP wer e

used for wld-type A ' - ne Qf 3N1B- ACP,

P53N2B- ACP, P5 &5 yﬁrﬁ%ﬂ@é%ﬁ%ﬁﬁ@ﬁg@g&x@ f}\’gtr %ﬁgs?g%ll%f"S‘i”pl\?%?’?‘%rﬁt -type
B genot ypi ngo tdarget nuckidadidintinding HRGUEBERS vafiatibhat AGRS alYREheStefeRsure S
pre-selected arhitrary Pri mer_ sequences for the secondstage PCR

anpl i fic& i oimprisiRsatgeast onecoxeln oh M RONSelingsprimer eitendingand genpjering psinga JyCs
5 - GICTA %]%,TT-'%Q?:. FiLrst - .

Ampl i ficat iC(()}rl? e-gi r st é%%é)éé&ﬁ&& arrp%ai afb{)\%a}gﬁg%lﬁ aﬁscgiﬁoﬁégag@@bﬁ%gcycl e
of PCR consisticng sbstifialBOconplea@hiaryoto acpré-eddeatted Gequante atl@fRft it BYthe @agdti on;
the reaction mxture jn a final volunme of 49.5 pl .containi n% 1l p,I of the
anplified tatgete 3gdipbedze BreHith adiem; eashiy therfizst grper aqd die dist sitefompriges TP5 3
gene, 5 W ofy AQrXoPEREERA doRBspbitd o MiG2. 5 pl
of dNTP (2 nM eacht dATP, dCTP) QSEGTP,%'I#S?%%? il e MY IS

al | el e- sifeci stiand ga@Piemeadry-to Me tirget pndeihasit including e @uclestidd erihtiinds gyetated t ube

containing the reaction.m xture, at the 94C 0.5 of Tag p rase (5
ot ol a1 - pr UiFadE SR A Hh s Stonkr o it ot stelap sl g S Rl e

al | el especi fioGts zRSpoRaiE BstlebBdeuraledRitsfieamat its 3' -end portion, the PCR
reactions are as follows: one cycle of 940 for 40 sec, 55C for 40 sec, and
72C for 40 sec;(®} opdrioweide byecawhiaga pinplificatinn of thelfirst Dk dtiend gancratad fromisted 4.C;
for the all e{a 21 3R&Gd LS edi ROy B NUEL B Seg %@ig' dsS oo "iﬁé‘g st ! On,
the PCR reacti OASTRI ™ aL oI BRE Nty it “oreTntnf P atP eEE e BHE R, 40
sec, ands 108 72@)f @f ledd ofcsclefof bliaswagindaling] rimérbxicAding R RAAkrinkiusiag b on
product at 94C. The resultant product is a first DNA strand conpl enmentary
to the target gendpiord pemaeeftany ory oSACEH decsiberebopriavingoti ifsi ¥4rd sertighe
resul tant product ner.al ' 3 RN ' t hen
ol 11 6d 5 byt ndY AL Faute Wiahdd? o BT PR Rl B
anneal i ng t enper atsedord bitea the It gelt nuicldic idte dybiridiye therepith ahder ondifibhisdii whitk

conpletion of the first-stage PCR anplification, 1 pl of 10 NM pre-selected
arbitrary primer, theyesond,praes agne sit‘?rIB‘B seoqRd sttt the) 8t RdlFiGadish RPIEBY  r om

the firsfystage PGRANPINA inafd EibleméRES o HRRI WNA thrah& TRRUAE HeSulbstie as at
94C. The second stage-PCR reaction was ‘perfornmed as follows: 30 cycles of

94C for 40 sec, 68@idtionisiBnused; akdd) and 72C for 40 sec; followed by a 5 nin

final extension at,72 The anpljfijied products were anal yzed by .

el oot r ophor st s | fiva sk 5 SRR ohEI R RGBS 08 ARG AR di um
brom de. The resukdnhefirst4aR sdoRd Bihsrs G Gsed @ép%q?f%ﬁ‘i‘s)?(ﬁ%r%rbrﬁeﬂﬁﬂﬁ&déﬁi ng
pol yacryl am de gel by autoradi ography or non-radi oactive detection nethods
such as silver st h#vinewyhyhodizing spriuerds cemplernentary 9o gorrepponding tocthe 31 - and159938) |

t he use fl uoresenscent 15 .| | ] ed oligonecl eotide auer et al.. 1993;
lto et a%%T 1994; %deghor%?éenscg?ndaﬁﬁg s&ﬁgﬁm’gﬁ Atq o%tS%glcg),' éltég'#?‘{’zaentherf‘%h’ use of
?9823') nyl at ed pri mefider {dfaitibnsGh waich pach Rer ahaglsdo ik 3al and 51 Bseqiaceler e al . |

-

¢

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.



FIG 22 shows the results of allele-specific anplification using ACP. The
pair of wild-type A-specific ACPs (P53N2A- ACP and P53C-ACP) generated a
specific target product only from2 0 the sanpl es havi ng honozygous
wild-type A (lane 1) or heterozygous genotyping (lane 3), but not fromthe
sanpl es havi ng honbzygous vari ant-type B genotyping (lane 5). The pair of
vari ant-type B-specific ACPs (P53N2B- ACP and P53C- ACP) generated a specific
target product only fromthe sanples hagléong honbzygous variant-type B (Il ane
6) or heterozygous genotyping (lane 4) ut not fromthe sanples having
honbzygous wi | §ite/af a?pl%ﬁ&t MRighBe ACH of lfan@wvation Tinplegs inqsinbipls thenpieeatt e t hat
the ACP of the subject invention can be applied as an easy and econonic

met hod for ohethedst fmgampﬂnécag:emfyxp@lewr aci gqusngscRreYIpNslyy discusteds fgofRTEWnt  DNA
probe nor post rocessin

al | el e- spec ?Sf‘rtpt‘ﬂﬁ:}g Sesh Eheﬁ‘avfr?ﬁm%gtl? %‘t%gﬂrooaggtd |ﬂg)bn‘g pgﬁxﬁfggﬂgfﬁ Blcctﬁ?agon -end
portion shoygging WRh&SHEIicIH. anneal ing specificity. Moreover, when the

al l el e-specific ACP has an interrogation pgsiti at .t pOélth §d05
fromthe53' -eAd sehemgtic TeRSIRIAINCST aféF 1B K@?‘j‘mﬂ{th raffies Fygeee

specificity '1§mé$ﬁémﬁﬂﬁ)§ b&%g@&ﬁ?ﬁ@d ﬁ@legﬂlustré.ltg@in'l?m gnder to verify if

t he p03|t|oﬁ° end of the allele-specific ACPis the
nost appropri atrge foefuls BEACP fee thealgttionof pomletotuhwanatdm isiidyntidal tojthe fewp'éen rrent s

wer e conducted using the same process n FlG

wer e obt ai n€d 1 whigh %ﬂ?rHPPchHBH °§'&HT§F%§§%5‘|H‘5W IEVCREN gﬁé%mg% tleme?‘l enom c
fragnents C?&;B%H—‘égﬁgtecﬁw B o 3P bt fhk 8o nUSIEID i@ a6 MysHdide ahepswithpihieler  set
as follows GATGGTGTGGATTGIG -3 (SEQ I D NO: 98) and SMr03C

5 - Tmmmeﬂmmﬁmwmﬁmﬁm@fm@wﬂmde gorrgsEmding 1ty i nupdgotife

Bet a- 2 adrener rece to CCTTCT ( SEQ
1D NO: 102} AP o 22 Rygepis “?@E}&@&% g‘l‘&&%&é&ﬁ&l ST%M&FGX&ATTTAG
3' (SEQ I D f i N0 fstagh BCRREIificGIGOORE) the GaMic 5' -
AGAAAAACCA ggﬁié%%)fm Sk %({BFEIQ{LD t:ng%m;nag AV T

TCACAGAAGT A TOUCARGREAT b Bammmem@&@d@msh% SeE("SEb’ﬁ e fgFeloPNAs or

NG 110y anl "BSORA & migetRBARte xSRI R R I R e s

m NO 113) fc}fonl—lﬂhﬂﬁﬁﬁt(@lﬁc aﬁmmlaﬁ Brgﬁiﬁhﬁﬂddi @n ﬂ'-auéd.a%Ma&Qt;ouBc’ﬁﬂﬂbbé'
TTTTGGGTGGAGGCTAACAT -3' (SEQ >D NO: 114) and SMVB3

TCAE:AEAAGTATCI:@@@G&!M | using ComTEEACHER Cutifisetions (ng6°‘2°“63 SRS Presotfy,
T SE
N 118) RN B s s o e e oa A

3' (SEQ 117 NioibibRidfsequehdstuging geroinic DNAlme tacstagting hiiterial. In addition, the process for

multiplex DNA 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 (a) 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 a2 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



The anplified products containing the SNP between their ends were used as 2
5 tenplates for detecting the SNPs wherein allele-specific ACPs were
applied as foll ows: SM/03-A 5' - GICTACCAGGCATTCGCTTCATI GGTACA GGCGC -3 (SEQ
| D NO 100) and SMr03-B 5' - GICTACCAGGCATTCGCTTCAT>I | EGGTACCGEEC -3 (SEQ >D
NG 101) for Beta-2 adrenergic receptor (ADRB2), SMD28-A 5'-
GTCTACCAGGCATTCGCTTCATI |1 I 1 TCCAAACCAA -3' (SEQ i D NGO 104) 3 0 and SMD28-B

5' - GICTACCAGGCATTCCCTTCATI ~TCCAACCCAA - (SEQ I'l ~ NO 105) for Chenokine
(c-c motif) receptor 5 (CCR5), 110 SNB"Q% A S' - GICTACCAGGCATTCGCTTCATI I | E
CCATTTTAGG - BiterdoSleieh PBoborl 88 neaRe BB s T AR GORATT GRE THAd>! E
CCATTGTAGG -3' (SEQ I'D NO:109) for Interleukin 13 receptor, SMc/9-A 5' -

GT CT ACCAGGCAmREOHET cfAthe | dIBEEHEAcCGITH. InSinoth8EMefeedNEmbaddpent the dntShdgatdnB 5' -

e on o o of Tl AR . it o TR e RUGHE o e FREH I TR CaT AAA

-3' (SEQ I D héatebfide) MuschrEMEBIZ tRe Riterrofatiol mmnm E6E ARl iR C T AAA
-3 (SEQ 1D NO:117) for Taeh kinin receptor 3 (TACR3), and 10 SMB80-A S -
GTCT ACCAGGCARISa § feon iy ;3Bandateatitsa Thaterm SEendngipolidet usesrigreSNE 86 18 2S' -
GTCTACCA %T‘%@ E@@%C%M\ EQ )D NO: 121) for Interleukin

, beta (IL1 q Lé oWs the -rggéﬂ ?sA((%PfS all el e-specific anplifications
f or six additi ohﬂdnoﬂibP&nlﬁﬂmhbnﬂ,Ehep‘i'eaﬂrﬁortloﬁ ofitiief fleRRPecPRNECB WS iAStePEL)a- 2
adrenergi c receptor (ADRBZI)@, Chenokine (c-c notif) receptor 5 ( S)
(B), |nterl etitainsesleas Oape ?ﬁdeso)l lengthy, wBicl {52 miaieed regpiremeniefjength fo privr1)
(D), Tachyki Binaifng GREEQHI %hé%ggi% S t&gﬁll ) (F).
Consi stant w tnha tnge resu ts of m(o%cquaﬁglsaaﬁ&r}lgg:tl ng ugleétédle%jﬁll yflvriSE
critically apwefersbly dieed’ ik portibre sequkrek as spat i 10i xmckmeblaﬁ lapth hickdibgat | on
position at _,he osltlon 5 fromthe 3' -end. The pair 2 0 of wld-type
A-speci fic ABBEOFMGBPOYYCY a specific target product only fromthe sanples
havi ng homzygoﬁﬁon\é‘eingo&ﬁ‘l&ﬁ a@leﬁit%ﬂ?arﬁﬁalal%lsrﬁh@éh%ﬂﬁy ﬂ%’ﬁa&@%nﬁﬂﬁ'ﬁc@} -dgane
3), but not fromthe sanples havi ng hompbzygous vari ant-type B genotypi ng

(I ane 5). Thporpiet pf dfCR/amammwrsqbéaa& mooﬁ-dlwrmmmm&tlmd hgdregeedbhidsc
target product .o fro es haV| ono o} varjant-type B (I ane
6) or heterow{]@yﬁg}m f?) r&@s"f %h‘ ut4s)t°n° ’f ? &%n&tﬁﬁ fu?&ﬁpé"é}?{ﬁhﬁeng 25
homozygotes V\‘?J)sdrohkspﬁle ArtBRAPIREBE cdnl vARRIegdndingRY kRRrifBRA g, Rishafar ed
enbodi ment of the present invention, it Is to be understood that variants
and nodi fi cathrbths mlwwu0k3m46|lhguw@wln agljaeents thie ripterragptiontgositiory ofi the dhist nay
becone apparg et 0 those skilled in this art, and the scope of this

i nvention i s to be determ ned by appended clains and their equival ents.

111 TABLE 1 SEQHm DprdferrE sgpdathent) theFretuce Reodnd pliériradrm@iie ot 12AChe nucleotide
12ACP23ACP34ACPA5ACPS10 6ACP6  7ACP78ACP89ACP910JYC215

11JYC312J YCA VEhekbe fordetoqtionsaisplationpg 16ACP1317ACP 1418ACP1519CRP21 020ACP
162 5 21ACP17224 256 27ANC2- T13G
- GTCT ACCAGGCATT&%%T%A m%&%ﬂo%%% s &X&%@ﬁﬂﬁ%cﬂ%ﬁ ook

- GTCTACCAGBEGHP [(PBEERTAdd byl MG TEAREr dihealing, primer extending, and denaturing, It is

' : ggﬁCCA T%TCATln% W?cleoﬁm variation in step (b)-(i) is generated

- GTCTACCA %f et b mu%ldmg, and denaturing. Preferably, the second
- GTCTACCA IT Tl 11 BTCT
- G'I'CTACCA@A‘I‘WMTF&E gt'ep (b)-(ii) is amplified by at least 5 cycles of

=

SR e
- GICT R PORTTS £5' . GCTTGACTACGATACTGTGCGA - 3'

- TCACAGAAGTATGCCAAGCGA -3' 5'- GICTACCAGGCATTCGCTTCAT -3

- GTCTACCAGGCATTCGCTTCATE! | | GCCATCGACC- 3'

- GFCFACCA(XBCAII“TQZ@@FWEWH{’PIWG@SEHWMIOH using amplified short DNA strand
:ggﬁg I%;CL:L 1:5\ I |1 | O Ur§€$€¢ tioy], there is provided the method using two

- GICT ACCAGﬁﬁiﬁ(ﬁﬁﬂGﬁﬁfﬂHﬁﬁﬁdnb @TCWTAE@& 3kcond amplifications in which the second

: ggg@ﬁﬂ%ﬁ%@ ﬁ%@@%ﬁlﬁcmmns, which comprises:

- GTCTACCAGGCAGY Ciderkdrtaivly kl@cﬁ;ét-rggﬂ@\{agon to produce a short DNA strand fragment
- GTCTACCAGGCATTCGCTTCATI 1BGCCAT CC- 3

- GTCTACCAGREETEhT Tesiepfidq variptiupdamreeADC®ls comprising at least two cycles of primer
- GTCTACCAGGCATTCGCTTCATI ti ) | GCCATCGACC- 3
- CACAGAAGTATGCCAAGCGACTCGAGTIT' TTT?"TT' TT TTTTT-3'

U101 U1 U1 U1 U1 U1 U1 U1 U1 U1 01 41 0 0 41 0 0 01 0 01



5 - GCTTGACTACGATACTGIGCGATTTTTTTTTITTTITIIT-3" 5' -

CTTGACTACGATACTGTICCGATT TI"TTTCG 3" 5' - GCCTTGACTACGATACTGIGCGATTTTT~G 3'

112 5 10 TABLE 1-continued 28

JYC2- T13A5' - GCTTGACTACGATACTGTGCGATTTTTTTTTTTTTA-3' 29

dT, 0- JYC25' - GCTTGACTACGATACTGTGCGATTTTTTTTTT- 3" 30

dTl o- ACP15' - GCTTGACTACGATACTGTGCGA~TTTTTTTTTT-3' 31

DEG2 GCCATCGACCCGI TTCTCTAGCCCCATCTTCATGTIGI TTTAATGAGATGATATTAATTCATTACATTCATG

%Tﬁi\Tﬁ'ZI'GTBCCCIGAGTACATTCTAATCTAGATTTAAC? 32 15 33 34 35 2 0 36 37 38 39 2 5
4 aﬂ ﬂéeﬂ'&téﬁ@l and denaturing, using a primer pair each primer co 1S1n

AAAAAADEGSAGECGA &aﬁn‘igOG&IIBCT C% GGC%Z GCCKCAPGTCT TGAGA}AACCAAMCI;ACCA

AGGAAAAGGGT B BNBHROROTRANARDA G FARTHCEMGTTCCTC

B e

TTCATI GGr(GGG)S'rACPS' GTCTACCAGGCATTCGCTTCAT) ~Ga ( G3)d( Q) - 3' dG3- ACP5
- GTCTACCAGGUssTibgdabpraiaying statdy sadporiomthegbybridizine Ziewence, ereby) the short

5' - GCTTGACT
ST 3 el Fhedos il et cotids varirign between itsends isampliieds

-3'"~i -actin 15by Tﬁ%ﬁﬁmﬁ&@@%ﬁr ifieaBiop of the tecond amphﬁcation to produce a first
25" - CTAAGAGGAGGATGGTCGC- 3" EsxN75' - GCCGGT TGCAGAGCACC- 3 C65! - GAACCATGITTCT
GAATGCC- 3' ENY -sixamsls compententann &ﬁ&vﬁeﬁ?ﬁtﬂ% @2&&9&‘# EAdEnaRsleptide 113 5
TABLE 1-cont Seed AT %ﬂbﬁﬁm 9 50
51 55 10 o3 HER of it siabieigmerid ekl IR Meding!

10  primer extending and denaturing, using a first primer of any one of ACPs described above

having at its 3’-end portion a hybridizing sequence substantially complementary 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 comprises an interrogation position corresponding to the
nucleotide variation, whereby the first DNA strand complementary to the target nucleic acid
15 including the nucleotide variation is generated when the interrogation position is occupied by
the complementary nucleotide of the first primer to its corresponding nucleotide of the first

site; and
(¢) performing a second-stage amplification of the second 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 5’-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



30 64 65 66 67 68 GITTCTGAATGOC- 3' EsxN

15' - GAATCTGAAACAACTTTCTA- 3' EsxC2S' - GATGCATGGGACGAGGCACS- 3' EsxNl - ACPS5' - GTCTA
CCAGGCATTOGCTTCATI > EGAATCTGAAACAACTTTCTA- 3' EsxN3S' - CGCOGCACCCOCTGOCOGCA: 3' E
SxCS5' - GATGCATGGGACGAGRCA- 3' EsxN3- ACPS' - GTCTACCAGGECATTCGCTTCATI | >T1 OGCOGCAC
CCCTGCCCCCA-3' A i gO-dT,S5I ~TTTT TTTTTTT "¢ TT

f-3' EsxC2- ACP5' - GCTTGACTACGATACT GTGOGAGAT GCATGBGACGAGGCACG: 3' EsxCS- ACPS' -
GCTTGACTACGATACTGTGOGA! | nl GATGCATGGGACGAGGCA- 3' O i goVdTl s- ACP S -
GCCTTGACTACGATACTGTGCCEGA>BI T T1I"T' I"TTTTTTTITTV

- 3" dNb- ACPS' tépledeh e AfeCMiAsdT (16685 t i i i ificati :

L3 1@ - ACPE' - GTCTACCAGOCATTCGLTTCAT) 6 (16 SRS, o1, ispecificption Ieading 0 oact
ACGAT- 3' TYCSHFu8 muttiphieity CTGT GAAT GCTGOGACTACGATT 1~TTTTTTT- 3' JYCS- T~SV- ACP

S' - CTGTGAATGCTGOGACTACGAT~TTTTTTTT | ~1 ' V- 3' JYCS- T~SVN- ACP
S'-CTGTGAATGCTCI:GACTACGAT)S‘*l|||||||||||1'|||VN :

- 3' ACP101S' - GTCTAGzéhiGAEHdaarl bEAblied XA BEn 1 AER O fatiods I MAREARGAT TCCC
TTCAT) ~CTGCAGGACG: 3' ACPL16S - GTCTACCAGGCATTOGCTTCAT 1~ CGGAGCATCC- 3" EPAMLNLS
- TTGCACACT GTsptésmrlvmemhismand peintmtatipy fpirtivfioG Relptimymddnergon). 114 TABLE

3 Tapsanis - oot Chnd pR S v ARt e do B bs 1y sl B e 3P
25" - TGCTTGCCASAIBET BTR- flodubR5 3412 bt -aicAGTEked AGCAANRAGENS' ngm-@%y

5' - GTCTACCAGGCATTCGCTTCAT1I El TTGCACACTGTTGATTCTAA- 3' 1076 ELAMLCIL- ACP5" - TCACA
GAAGTAT GOCAARRSM earaphy AT renarpdicntivodsieotiommathodspsigh asgilvarraining (Gottschlich et

5' - GTCTACCA - 3! - ACPS.-T GAAGTA
ARG (T oo e B 120 e e o o et e
TCTGACT GOT CTT993 CiCe 341 SDDEBIIEAGRS 2l TIRTGSRAAGR AT CROMNGREAE vid JOAMAYREGAT GGAA
GCC-3' 2 .

081P53N2- ACPEHMESEPRTEAlndd9% Tege st A PItResdistleA¥SFCTC: 3' 82P53C2- ACP5' - TCAC
ﬁﬁggﬁ&mmg@ﬁﬁl@ afp i Qﬁ%ﬁ&@@ﬁé@&@%ﬁh@lﬁﬂ%ﬁ%ﬂﬁ%&bﬁ%&%%ﬁ%ﬂéﬁgm
5GTT- 3' 84 YCRIDRE carGRTOGNEAUEARACHGIROEpd »ti5H' HORRESGEECTHe S268Gga¢dan HD35' -
GCTTGACTACGATACTGTGCGAL~GTN TTG%%- 33 . ,
086P53N5' - CCTEFERSTETEXTPFERESS: BY7 SiesEorReisys . Ureghn R ARSRIOFCEA AR IBAIT ATTGAA
GT CTCATGEEAAG dlyadrylamidelfel FABxEorlse Mixﬁsgﬂ 86 SRERAN A R detected by the use of
GTCTACCAGGCATTCGCTTCATI GG 3' 89P53N1B- ACP5' -

GT CT ACCAGCCAfireserpieapirbelled oiipoanizpils: BingoHsGNafORBysis.

GTCTACCAGOCATTCLETFOAT I PRRSSE TR o Pt ieipay e losaion of o specifi

GT CTACCAGU ChrdutfeaXide Hadd ok itdredtWiildn(G target hatloid WEiB- - Bample, in the analysis of SNPs,
GTCTACCAGGCATTCGCTTCATI >1BCTCCCCCCGI- 3' 94P53N4A- ACPS' -
GTCTACCAGGCARY Cinterrpeation ppsifisnt drthedmest udsipadilignaorigon what would be different

ggﬁ%%[@ﬁh& :5% % it n%&%%%&hﬁ%?hﬁclcoﬁde sequence of

GTI CTACCAGGCAT Gz WHidhTis ¢dshEer<ntatto- a3’ i8riéiaiNm positiéd dCGheatgdihbeldd¥sld Ghes
-3'99SMr03C5; - TCACAGAAGTATGCCAAGCGA| | | QACCCTGGAGTAGACGAAGA - 3' 15

100SM703- A5' ‘nterrpgaian pesitiopyeh fieciaigst mualeic ppidagspprogitshe inferiqgatignmositigs of the
GTCTACCA~ TRSGEECAT blidabd raeeengug ‘.~ CCTTCTGTGCTTGATGCTTTT
3" 103SMD28C5 - TCACA éTATI%GCGN T |“é%m§;ﬁg“c;e% GAGCATTTAG -3'2 0
104SMD28- A5' - THECIACOABERATTCRE THOAF ciBeEETANAGREMAce B thd DEMBR AN Bhutive

GTCTA TTCOGCTTCAT~TCCAA _3' 106695N5' - AGAA. A. AACCAGAGGCAGCTT

-3 1075@%5(%”“—“" T&E&@A@T&%ﬁwl or A AHOREA Ajffereah, SeRaRRCAtsTindiyiduals. 5
108SM695- AS' "polyfablphioCreléette thd ChdltibeAM Which @66\ bf nbfeFarias 1P %%C%gﬁ@) ic
GTCTACCAGGCATTOGCTTCAT11TQ CCATTGTIAGG -3' 1 1 O679NS' - CTA SReaTcTCT

- 3' 111SMp79CRquence ranBAionG AT CaatetonGA BolyaaERiosl ch 8le Jariution

112SM679- AS }W \TT TCATI | Bi AGAA JT -3'113SM679-B5' -
GTCTACCAGGCAT 'fca%i‘%fggy%?%m: %‘B%Iiizié%‘tf\‘%g © Dasq-PHT KT R CAT
-3 116 TABbdEintien ofi baemiribotldeSyMIBheDnucteotide at the polymorphic site. Deletion of a

TCACAGAAGTAT I_ér{-AACGATGCAGACACCACCA -3'116SMB32- AS' -
GTCTACCA | OB RICTAR gl mceptidsyglio g risc fo single nucleotide

I AT Y RO S, SR TR T T

- 3' 120SMB80-pafymorphSTHT ACCASGRATPICOGHTICAR ftrbB ANAEKEEAT Ahe @1 QLA LEMREED- BS' -
GTCTACCAGGCATTCCCTTCATI | EI A, A. AGCTATAA -3' S=CGor C W=AorT V=A, GorC 15 N =
A G C or Tl is deoxyinosiner is ribose d is deoxyribose 2 0
Differentiall yTABLE 2 Expressed cDNA Frastnents Cloned by the ACP of the
Present | nventionNonencl aturel dentityHonol ogyDEG 1Troponyosin 2 (beta)Muse
929DEG 2Novel Novel 2 5 DEG 3Hypot hetical protein (Tes gene)Mbuse 99%EG

AP 2 ~n A AN/ r~n1_ S N~ N~ 1 o

P~
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nucleic acid, comprising performing an amplification reaction using primers, characterized in

10  that at least one primer 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 hybridizing sequence
substantially complementary to a region of target nucleic acid sequence, wherein the
hybridizing sequence has a nucleotide sequence responsible 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
37end 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
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15 this invention can be applied to the present kit.

X1. Other Applications

The ACP of the subject invention can be also useful in a variety of processes involving
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
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annealing provides the 3’-end portion with primer annealing specificity;

(c) the specificity of primer annealing is highly sensitive enough to detect even a single-
15 base mismatching. It is particularly useful for single nucleotide polymorphisms(SNPs)
genotyping;

(d) the ACP is capable of providing a primer with a high tolerance in “primer search
perameters™ for primer design such as primer length, annealing temperature, GC 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;

(D) 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 turning point to open a new biotechnological era since

the introduction of nucleic acid amplification technology.



2 5 Ledbetter, S.A, Nelson, D.L.) Warren, S.T., Ledbetter, D.H (1990)
Rapi d isolation of DNA probes w thin specific chronpbsonme regions by

i nterspersed repetitive sequence pol ynerase chain reaction. Genon:ics

6, 475-481. Loakes, D., .Brown, D.M (1994) 5 Nitroindole as an universal
base anal og. Nucleic Acids Res. 22, 4039-4043. 3 0 Loakes, D. The
applications of universal DNA base anal ogues. Nucleic Acids Res. 29,
2437-2447. Luehrsen, K R, Marr, L.L., Van Der Knaap, E., Cunberl edge, S.
{1997) Analysis of 120 differential d7§p|ay RT- PCR products using

fl uorescent pr T@foﬁoﬁﬁ?gﬂ&ﬂ@&&ﬂﬂleﬁ ark inpgided toBe aileedting SiBSindationl®m8shotld Mat z,
M V., Lukyanov, S. A (1998) Different strategies of differential display:
areas of appétibeaeriswied anlimiting the spqpe of the nvengign asgisfineddy appendedilais. | | Shagi n)
D., Bogdanova, E., Britanova, O, Lukyanov, S., D atchenko, L., Chenchik.
A. (1999) Amplification of cDNA ends based on tenpl atesw tching effect and
step out PCR Nucleic Acids Res. 27,EXAMPLES60. McCl elland, M, Chada, K

Vel sh, J., Ralph, D. (1993). Arbitrary prinmed PCR fingerprintin f . RNA
?_ppl ied $o _map§1 the %PWP@L@‘F%‘PSPS? velichy @ﬁ%‘é%l ﬂgfegkl%“?m ﬁ‘%}’ﬁ%@ﬁ iﬂﬂg'ot((')]: Efg DNA

i nger printing; te. e, Sci . r : t
al.). Bir khé’ﬂ‘g%r?’s@glr é@?wﬁgt %ﬁé‘,cd“@%g’tﬁ%‘%@%ﬁqu;.ﬁ%wﬁ%ﬁ@%’éﬁ?%"? .@m ?’P@’r,ﬁ S. G
féogol) bPCR. (ﬁbfjs I:/rgBC(in_ﬁltll‘lit'ei‘s‘b],Culth’ﬂcbrb]iaﬂstex SC Spareen Gentightde)! Rpnidgav (RfomkgaBeo.) i n

| del berg, . uni er R ' PA. D, 93). F ffectj

r epr oduci bi Magison  USi | Glpnter @W%‘Pﬂrﬁmﬂ%ﬁﬁ? rf%)é"i’ gﬁ‘ﬁ; §{.°§}ﬁe§f°°i‘°ng
M crobi ol . %ﬁ%&gébﬁzr%xei%ehﬁﬁy); t%LBGEN k@lARPGmbH Alilded, WRimanppeci T i c
synt hesis o In vitro via a polynmerase catal yzed chain reaction
Met | : 0d%0 EnApepdimerd 86 in3BSsuBfBeY. invehtidni age shpwiBin Table(li ch, H. A, Arnheim N.,

Horn, GT., Saiki, RK, Scharf, S.J. Process for anplifying, detecting,
and/ or cloning nucleic acid sequences. U S. Pat. No. 4,683,195. Date of

EXAMPLE 1: Evaluation of Universal Base Effect in ACP

The effect of universal base residues positioned between the 3’ - and 5 -end portions of
ACP was evaluated by RT-PCR using mouse conceptus tissues.

15 Total RNA was isolated from the entire conceptuses of mouse 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  57-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 Ty, 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 (ii) 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.
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NO:30) was used as a cDNA synthesis primer.

Three micrograms of total RNA and 2 pl of 10 pM dTo-JYC2 or 10 uM dT,,-ACP1 were

15 combined in a 20 pl 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/pl) of RNasin
ribonuclease inhibitor (Promega), 4 pl of 5x reaction buffer (250 mM Tris-HC], pH 8.3, 375

mM KCl, 15 mM MgCl,, 50 mM DTT; Promega), 5 pl of 2 mM each deoxynucleotide mix

20 (dATP, dCTP, dGTP, dTTP), and 1 pl of Moloney-murine leukemia virus (M-MLV) reverse
transcriptase (200 units/pl; Promega). The 20 pl of reaction mixture was incubated at 37°C for

90 min, rnicroccnu'ifuged,' 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;,-ACP1 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 confrol.
The ACP10 5'- GTCTACCAGGCATTCGCTTCATIIIIGCCATCGACC -3’ (SEQ ID
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 ul of 10 pM 5/ primer (ACP10), 1ul of 10 uM
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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

15 (a) First-strand cDNA synthesis
The first-strand cDNA was synthesized from total RNA of mouse concentues using dT;o-

TYC2 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’ (SEQ ID NO:20);
25 ACP175’- GTCTACCAGGCATTCGC’ITCAT]]IIGCCATCGACC-3 ' (SEQID NO:21),
ACP18 5’ - GTCTACCAGGCATTCGCTTCATIIMGCCATCGACC -3 (SEQ ID NO:22);
ACP19 5/- GTCTACCAGGCATTCGCTTCATIIIIIGCCATCGACC -3* (SEQ ID
NO:23); and
CRP2I0 5’ - GTCTACCAGGCATTCGCITCATGCCATCGACC -3’ (SEQ ID NO:19) not

30 containing a deoxyinosine group was used as a control.
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doubl e produced a plurality of amplified cDNA products, whereas the ACPs containing at least two

deoxyinosine residues generated the significant reduction of amplified cDNA products, and
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 and 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 Amplifving 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-dTys 5’ -TTTTTTTTTTTTTTT-3' (SEQ ID NO:54)
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4- am nobenziggioday fldeEsxde YRy 661290 [bathi Hae higR' mdftingatbrtipetdatirae ,AlSY, a forimer set of

4-ni trobenzi m dazol e, PNA-5i ntroi ndoLe, PNA- nehul ari ne P’\ﬁéi nosi ne,

PNA- 4- ni t r oY [ncfiS2SEkand mepCo3(Tni6l 230y Whigh has relatiyelysimilas meltipe Smpeaiiss ndol e)
nor phol i;po- gs?@&le@&&{a%bsc?wt LR AlCPOSi ne, norphol i no-4nitrobenzi m dazol e,
mor phol i no-3-nitropyrrol e, phosphoram date-5-nitroindole,

phosphor ani dat eFheetsiH afrthexaibjeptHneplinn waviagpiied t¢ thesithree conivertiohad pememisgtsdo 4

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/ -enci portions and were used as EsxI gene-specific primers for the first-stage PCR

amplification:

EsxN7-ACP 5’ primer 5’ -GTCTACCAGGCATTCGCTTCATIIIGCCGGTTGCAGAAGC

ACC-3' (SEQID NO:46);

EsxC6-ACP 3’ primer 5'- GCTTGACTACGATACTGTGCGAIMIIGAACCATGTTICT
30 GAATGCC-3' (SEQ ID NO:47);

EsxN1-ACP 5’ primer 5’ -GTCTACCAGGCATTCGCTTCATINIGAATCTGAAACAACT

TTCTA-3' (SEQ ID NO:50),



125 nitrobenzi m dazol e, phosphorarni date-3-nitropyrrole, 2'-0-nethoxyethyl
i nosi ne, 2'Onmet hoxyet hyl nebul arine, 2'-0-nmethoxyethyl 5-nitroindole,

2' - 0- net hoxyet hyl 4-nitrobenzi m dazol e, 2'-0-nethoxyethyl 3-nitropyrrole,
‘and conbi nations thereof. 5 14. The annealing control prinmer according to
claim11l, wherein said universal base or nondiscrimnatory base analog is
deoxyi nosi ne, 1-(2'-deoxy-beta-D-ribofuranosyl)-3-nitropyrrole or
5-nitroindole. 15. The annealing control_ primer according to claim11,
wherein said regulator portion 10 conpri%bs conti guous nucl eoti des havi ng

uni ver sal baEexQrACIB: grifmer § TGORTGAYTRGSATACBRGDGCGAMINGANG@aTEEdAdgagont r ol
primer according to claim11l, wherein said deoxyribonucleotide is naturally
occurring dNGSA i SEQIPANR$Bot i de and non-natural nucl eotide. 15 17. The

anneal i ng CoRtAAl isey . accaf, i i MRS an
i nteger of 15 ){I\g ‘%%é 518§n%e%;1¢1£@;%%£¢:%¢1t ro %I’I nmer a%@gz;@?%\“géﬁgbipai m
11, wherein GCCSCaAL3‘| GEQUDNO:B)&nd9. The anneal i ng control prinmer according

to claim 11, W{érlﬁj}p qis at ,Ig st 3. 20. The annealing control prinmer

accor di ng® t oES AR PHAKE ef 'n §W%FE@%€%6¥A§FGTQF{%@B}IPCB%TQCAW JAQGH 21.

The anneal i n@g@gnj,r@bggbimg@accor ding to claim1l, wherein r represents an
22.

i nteger of 6 to 50. The annealing control prinmer according to claim11,
wherein p i s anThaf ‘el pagionlsBquenseOf the) ACEs wvereiserivery@r profelédtetl arbittangpiiingr i S an

integer of 6_to 30. 30 23. The anngaling contr ri ccording to claim
11, wherein %ﬁu?cg?‘?pr‘ing'es%é g‘ﬁi \%P‘é‘%tagﬁr% wﬁﬁ@ﬁe%mcﬁzendzﬂg‘hé -
anneal i ng COGTCTACPAGBTATECGOTICAT 80 (SH@DWA:12). Wherein Xp includes a
sequence or sequences recogni zed by a restricti'on endonucl ease or

restricti®n endbBhirg e deststag POR anplification dke nrimsr 6ed of EeN7pACRed BxgC®AGPNg t o

claim1l, wh .0 XP <GQnphLl, ses _at_| east, opne nucl ept | it h | abel. for
det ecti on or%sgg %talg)gn.aqgé. p%ﬁ*é’“a’r?s eegtf‘icﬁg%c%fﬁfrPtSﬁ}%p#%%%?\rAﬁW’%rﬂﬁﬁegkf% claim
11, wherein ZDNASth3 piimtet eat fUBXNEACPNER BRCTACRYWAs Ghed @S 5¢ Oanli ¥ primers,

pol yadenosi ne (pol yA) tail of an nRNA. 10 27. The_ annealing control priner
accor di ng t oTsEPeATYRY2 B, senitirip e 1847bp Fapmsnt of ghe Fsx/ (DN and the primer sgiLag FsxN3-

g?g.i)qur;[ géfn %g.;eg :11?]{8: lf‘gﬂ%%%%l? iw;% gseg }p?é%@(???él‘iglgrs,cxg%tegtgrhy,p{oi grggératg‘ %1%04’89-%9 g to
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  annealing, 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



15 conti guous deoxythym di ne nucl eotides having 3'-V at its 3" -end; in
which Vis one selected fromthe group consisting of deoxyadenosi ne,
deoxycyti di ne and deoxyguanosi ne. 29. The annealing control priner
according to claim 26, wherein Zr conprises at |east 10 conti guous
deoxyt hym di ne nucl eotides having 3'-NV at its 3 -end; in which Vis one
selected 2 0 fromthe group consisting of deoxyadenosi ne, deoxycytidi ne and
deoxyguanosi ne, and N is one sel ected frégFthe group consi sting of
deoxyadenosi ne, deoxyt hym di ne, deoxycyti‘di ne and deoxyguanosi ne. 30. The
anneal i ng copsf md MpCl.nfpl AEBAPAR Ayl éach AATP,FACTP) dGTH) ETEP)N1.TS pli oF 5@ ATEC{ieot i de
sequence 2 5 substanti all | enentary to a tanggt sequence in the

co
tenpl ate nucP¥ @ndERyr! of 7 AGle (lan¥ibis prediseted Al 340 Wlr helding dhegub gogtainingc| ai m
11, wherein LSe: ; b ' 32 nn i N
cont ol pri mi RiA HAREATURIE NS o TREHANRGy: trlitd el IBA AR
subst anti al | thecenidnemizturen the RGR @adtiomsempti® tyve qurdnof 94°0Uforl40 sec,2609€ B& 4oam | y.

127 33. The anneal}j contral. pri according to claiml1l, wherein Zr is a
degener at® nifé1 ®8¢ #%"5&&3@%&@%@?@&?%@% i thqﬁ‘t"%P‘i"H]'ff‘t g%Conbi nati ons of
nucl eoti des encoding a predeterm ned am no acid sequence. 5 34. The

anneal ing control prinmer according to claim11l, wherein Zr conprises at

| east one ri bon(®ISeeaniStage BER Amplifieatiencal i ng control primer according to

claim1l, whereipn Z~.c Ises.at |east .o ucl eotjde conplenentary to
allelic site. 1EH§E?“W%SR%H§Eg@ﬁ&g“%%%?}%ﬁﬁﬁﬁ¥ﬁﬁﬁe 8@6?%@%8“?%“8?%@%#11
wher ei n Z~ cgdpishdatie AAPs waafibn 811160 584 following bedsdlstiRe POR ambRHca§dn (MG €1 C
acid for mutagenesis. 37. A kit conprising the prinmer or the prinmer set

accor di ng t ohighs amnalingfteranegatise Aftentbe completign ofithetint-stage EEB maplifipation, edchilm 37,
et oL, 10, b A0SR By PP TR ALk Wi
control mixture obtained from the first-stage PCR amplification, under denaturing temperature such as
at 94°C. The second stage-PCR reaction was as follows: 35 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,
The amplified products were analyzed by electrophoresis in a 2% agarose gel and detected
15 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 (Ko 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.
10A, 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.



primer according to any one of clainms 1-36. 2 0 39. A nethod for anplifying
a nucleic acid sequence froma DNA or a m xture of nucleic acids, wherein
said nethod conprises perform ng an anplification reaction using prinmers,
characterized in that at |east one prinmer is derived fromany one of clains
1-25. 40. The nethod according to claim 39, wherein said nethod is
performed using two stage 2 5 anplifications, which conprises: (a)
performng a first-stage anplification EE said nucleic acid sequence at a
first annealing tenperature conprising | east two cycles of priner
anneal i ng, pri G, WAtsBew ﬂh@axﬁﬂdieﬂleﬂﬁklﬁddﬂ@s gederatB@ b mefmbmrsetpawm&fs, any
one of clains 1-25 each havingn U its 3'end portion a bridi zi ng seqguence
ik

subst ant i al |aysetefifskdTend Byxro i ot off Esshl7-4CE agd 6e4\€1’ Qé‘?edl ReRience

hybri d d d
Sai o regi on EieIaR e e cBNElonf 4rie E R o B ER R Al nPSRC” 1©

product of sagildhed s b@Lyeled 6f HioS &t U BREG0PS fc @0 Sk Ain€ U2°CHBEUO sed; &alo(nba byas
performng a second-stage_anplification of said anplification product

gener at ef f memfistlepension 44¥2°%- second anneal i ng tenperature) which is high
stringent condiggg0 éﬁi%’rﬂfca HﬂedaéDﬂﬁﬁéHuc%"g%n&é’tgdS’y&’ﬁlnﬁélpﬂﬁér&r&%&“g,
priner extending an naturl using the sane priners as used in step (a)
or a priner pamias felbels: the ppmers; EsgNa apd Esx$3) were @skdan thanes arayd 5, mmtta'olyl gde

(o inder  COMBPERE 4 B AL Eriod SonepParme FrsGr ot el o3 3 AL oncte”
of said anplggdie: %@%d gmi%ép whB SR8 % Jaed. Wheﬁ\@%rﬁ%oﬁxﬁ'pﬂm@{mi EhiNAaha ON

product is re-anpli 41. A nethod for selectively anplifying a target
nucl ei c 18ci cEszEuenosed weler bigiDhiMealing deni@ratrirx bL6ECofo specifiefarged prodect vwher e| n

said nmethod co erformng an a atj.o ctlon

char act er i z&tf° uﬁe‘ftﬁﬁ? gtp“fnéra%c 08??5‘5"5'? 5%&&@@&% °H¥°£ﬁ gﬁrérg%fo cl al ns
1-25. 42, Thexaphhoske@aaakslispatific@rodudtiabwdll as RSP RIfR p&?@luds %&fiﬁﬂhﬁéﬁ due
performed using two stage anplifications) which conprises

per form ng dOﬁhqmﬂmcﬁ'génn&imslqffheémﬁewneifpn@a’i EFXF&I(’Q'&”n%‘E’I%FTchQH aASRquence
at a f! rst an{l ealrdsg Pnlx &smé%ttalﬁ"r ecgl‘? 81'0%114”%95 1&13‘1%? ?]Iaﬁeviﬁ \%{gﬂ 1%&%%8 | mer

anneal i ng, pr ring, usl parr of any

one of alsai ne ACBSf Bacdbjddeiviengorirovides pﬂm&mdatmmt&memtoa\phmhrdedg:zpmnmquence
substantially conplenmentary to a region of said target nucleic acid
sequence to nqgatyﬂtqmltenamp@wntcwfzetmépn@%tm@qsfeﬁéorﬁ!ﬁglﬁﬁﬁr&qﬁP%éﬁtw| mer 2 0

anneals to its I 1;/\@5 I
product of sai d{ztar ge %%ct e%p%?géglglg‘ﬁ nce é@ﬁgrbg ﬁB fb E ?g perform ng
a second- st age: asepbf HskNRkid HyxOf wasaisetl i daps lfandaiandua sqambEsfoS Agﬁ?mﬂﬁsﬁw -from

step (a) at a_second a neal i ng tenperatuye, s hi

condi tions, A6RYPY ‘ésFﬁ‘]tj‘ e E%gfca%’ésﬁsﬂgl ql?f“""‘ﬁr“?’“i"r’e‘?“ H’gafﬁ%@l-* 'g‘fﬁﬁ’fgﬁ

ext endi ng angg @&ﬁm’wé 3 Ghin &%45&0%@'&&&3@0%?&& o DAL S40PRc, S8 ’ok B0 st SRa (@) or
a primer” pair each conprising a pre-sélected arbitrary nucl eoti de sequence
cor r espondi nE°Cdoralfcér; Sllowedbyeof mindimaldxtessioncht 3290 fiane 1) Theconyentienaloprineey |

under conditions in which each nmer._annegl s to the 3'- 5' - ends of
ani'd anpl | 1| EADRGAPSPORIE! Vi Be ACE R e PEgye S g EER reifiRie
product is rg-auphidd £Ep, sdcilmddts afnelBiighaithctMlre fah@sdsddviedny 6@Tb 6890 Me @
target nucleic acid sequence froman nRNA) wherein said nethod conprises
reverse trancihise mgulssaalw indthate thacaltheyehshenpanyentipnah piimers inchiding enesekaving on

:JZ Ig n g n 5 rﬂc?rr:g lg gh p an'eﬁlgt tg ég Csianllentwto s?age ?’ER a&%ﬁﬁca@cﬂx? tﬂ%{l 05@5 n!)tsbe%:"cre' ﬁ/o?rg th]:: rom

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
Alternatively, 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-



44. The net hod according to claim43, wherein said nethod is perforned
using two stage anplifications, which conprises: 5 (a) contacting said nRNA
wi th an oligonucleotide dT primer which is hybridized to polyA tail of said
MRNA under conditions sufficient for tenplate driven enzymatic

deoxyri bonucl ei ¢ acid synthesis to occur; (b) reverse transcribing said
MRNA to which said oligonucl oetide dT pirmer hybridizes to produce a first
DNA strand that is conplenentary to said mRNA to which said 10

ol i gonucl oeti de dT pirmer hybridi zes; (c§4perforning a first-stage

anpl i fi cat i ogeldafed aibitthry BrifIEk 16146 lr@lcSorixElrs RAYUE BRHE of bOMS @iedﬁrﬁé-seagé pERA
strand obtained fromstep (b) at a first annealing tenperature conprising
at | east twor@§®Pres of primer annealing, primer extending and denaturing,

using the prine ' f e of clai -25..each having . at its 3 ~ end
portion a hybri g?dg r?éesgé’g]ﬁg%gglp st‘{vjigt?ggﬁ(il‘%lwhﬁ% seﬁet??f‘gar@ deptigal 9g on
of said tar gPiotobslCd, @keepPehitGheSRORL NGBt 0 A{10diIM)%ng M9 818 4 Rp AN, are
conditions in ich each prinmer anneals to its target nucl eotide sequence,
wher eby the %‘}‘?\ééqi‘tl‘]?ecf&ftistﬁﬁe Pribgroelificgtionand te pespngestage BER ewplifitetindumediatelyi s
generated; a ! : P Lifi ion of sapd,..

ool 1 11 at | ooy e BEY (Bl FrbiEARR ELR R AT el E T 1 el Bl gine

t enper at ur e) preds¢lediediagbitrarg brisérs.i ngent conditions, 2 0 conprising at |east
one cycl e of pr%ner ??%Fal'ng, rimer extendi ng and denaturing, using the
same priners as 1 @'?‘ié‘ﬁ ("’65’ 2gplyzed By ¢lpritophorssis a2 2gaseRs g¢lendhdetested

pr e- sel ect edpyakthihink a¥i ; } r J t ' -end
portion of sa}?d pr |§ né?s&ﬁggﬁoér%ﬂggzgﬂ?‘gﬂﬁﬁﬁmr ﬁgﬁﬁgﬁa{;%ﬁg %? ﬁdgéﬂ?&gﬂn &ach
priner difheadesatpring podyagrylamideczebby enmialiagfapby bonoanmdisaktiveadeteotionictebd€ buch
respectively er eby sal lificailion product is re-anplified. 25 45. A
met hod for do8tecti Snaél}gﬁ\%ogt(s)%gﬁbﬁteﬂt é%% %BE‘GIF Pt &p dAT9) ‘Fe‘? yseefiuoresagceHRNA i n
two or nore labulib@blizoriledtices (BuBSet alIDIEk et SR S04TELRAAS GATPIYoSASMEY S S€
transcribing said nRNA and performng an anplification reaction using
primers, chal®4® aiq theuseiaf biotipylated privessEoomes abr 1982 Tagls etidlr, 1995 Rbsokret glny one
of clains 1'%?6 30 46. The nethod according to claim45, wherein said

met hod i s per okned using two stage anplifications, which conprises: 130
(a) provisdi ng aFIGi 16D sipesTHenlifiehUDINA fro@etsdendr@R WSRO hdndGopiwbistagd PCR

popul ation of MRNA transcripts and a second sanple of nucleic acrds

r epr esent i ng EPIHEEENRE upiag theafplleyring singla Rrmen pram srimernair; thelprimsespBedNt ahng
contacting ' j | [ angd.said second nycleic 5
ol d sanple ek e Rln ok Fand b S bhEutf o3u S BB BRFRRES Sef RO W 1o

3' -end port iawd aphir efEsaN{-ACPtand EsxDRrACPOWES lubed 65 lafle 41 WHeh @ cariveitional MGt dele

sequence substgntially conplenentary to a first site in_said differentially
expr essed n%s\ﬁﬁﬁp 8“%&?’& B 35h %’ﬁﬁ‘gﬁfargﬁmﬁ"ﬂ‘c’b‘?ﬂﬁd’quP@ﬁsHWﬁ vhea AED

t enpl at @odr i ¢ERasBREY FBonStod SRS ¥hELROW GhRltafl, DnBY ERRS lafeel. Peci [ 10
(c) reverseiira%scyibing ggid di%ferentﬁalfy ésgﬁggéﬂ%éﬁ%ﬁ%&?%ﬁgﬁﬁgﬁtsaid
first primervasydmnlified €lane @), prhochuisecoasiftint stithpibp ubsalti of ond-stép tvad-stagPNACKS t r ands

that are conpl tar iddifferentially expressed rnRNA in said first
nucl ei ¢ aci %@%ﬁg’nf@m(@ﬁ said first primer hybridizes, and a second

popul ation of finks!t el SiuisBRESmithdt AT pERAD! RIBRIARY t§ e Slelfrom the
differentially expressed nRNA in said second nucleic acid sanple to which
sai d 15 fir ecksrqupdpropyms pyiwelbas; nop-anecifigity #rising gronrthie cpuaentinhia) primere aget iof sai d

sai d 15 1 go Fellsnor e _
Fi1t- 5Page Aol rPRant  SrraRndhe kit aft B uie bRRRoL BB AR B o

first DNA stgesenalion obthespeeitic hrodwatsytgpdldsslpf thd dedigh bf gehe-spBEIReprihds,t enper at ur e
conprising at 2 0 | east one cycle of prinmer annealing, priner extending and
denaturing, using a second primer of any one of clainms 1-Z5 having at its 3
C ond port arxavByRrd; Hagsiiek i BTRAN b blrer SHAR ETSALAE Y
second site'in said fiTst ar : “C R S ETHP
under condi tduning

omseEanbiyonig iDebvelepmmar !
each popul ati on. of id first ¢DNA, strands, whereby first and second

popul ations of %Be 2 C@ﬁ%@%‘a SUPRIA TEPUIER Jlas Rper apfiest tor dstret diffprepiiglly Sxprested a
second- 30agenRNWKH in feinbBonio Bevefopat) SpRERALY, ellNANSéR PR QRRE bRt 2dud Lo St ep
(e) at a second annealing tenperature, which is high stringent conditions,
conprising at |east two cycles of prinmer annealing, primer extending and
denaturing) using the sanme first and second priners as used in steps (b)
and (e), respectively, or a prinmer pair each 3 0 conprising a pre-selected
arbitrary nucl eotide sequence corresponding to each 5 -end portion of said
first and second priners used in steps (b) and (e), respectively, under
conditions in which each priner anneals to the 3'- and 5'-end sequences of

A ~NA



cDNA strand, respectively, whereby anplification products of said second
cDNA strands are generated, and (g) conparing the presence or |evel of

i ndi vidual anplification products in said first and second popul ati ons of
anplification products obtained fromstep (f). 5 47) A method for rapidly
anplifying a target cDNA fragment conprising a cDNA regi on corresponding to
the 3'-end region of an nRNA, wherein said nethod conprises reverse
transcri bing said nmRNA and perform ng ap_anplification reaction using
prinmers, characterized in that at | east3dne prinmer is derived fromany one
of clains 1ﬂg§rent1@a§4§30f cSRRptIBlRORNAS s:Qtactinp Gnateialé kRide3cAled hefeil The prizittsd
nmethod is perfornmed using two stage anplifications, which conprises: (a)
cont acti ng mRNAsthesubiectinpentien arpghopnin Bbledny one of clains 1-29, in which
the 3" -end portion of said priner conprises a hybridizing nucl eotide
sequence substantially 15 conplenentary to poly Atails of said nRNAs to
hybri di ze t hgrerotimpurBder conditions sufficient for tenplate driven
enzynmati c deoxyribonucl eic acid synthesis to occur; (b) reverse

transcri bi ng safed (b frand ¢ d first primer hybridizes to produce a
popul ati gn of i GRNA : | gle XBNAS toO
whi ch salgd fi rfsT!thE Eihtmer ﬁyNA?% ?eém%db%%é)q%%tn? %ﬁéﬂ? %cégit?lgtage

anpl i fi cati eyntiekis 98 Eganiple $ tisingdiNé d5jAQRH or AYCHTHACPt asarohd symthesieprpeerat ur e

Gonat ur 1 ng, s resaiast SBN8R e pinsed By Sy GHERORCH i hision 565 HISCRRI " o
3'-end portign .a ﬁ%ﬁ?‘g‘%‘ , 5&& the db60L xitegg'eﬁtisneis %e]gsﬁ&tté H&foRR HeGRRScation step

substantially co enentary to a site 1n one of Said first c¢cDNA strands to
hybri di ze t Ipeivietsi thl, deternieation arfdthe KDNAs iconceitiatibn ssingl the €2 rsgecRoBopyr atn@r

I's_t - jfig,sit id first cDNA ds, .whereb
" Gone  LocabOBRRE DAL N SATPIRT GNAT APRgeeh e B et PEr R
second- st ageneHlplifitafiad paAmS isisAthACR B REkibédhefeaONd €DNA st rand

generated fromstep (c) at a second annealing tenperature) which is high
stringent conditions, conprising at |east two cycles of prinmer annealing,

primer extendi dFS 0 d%—&% uri% ! i % %#ue same first and second
priners as use%gqpﬂgs Lrsiage L gt{o}fﬁéﬂ 2 ively, or a primer pair each
conprising a prigeSelieehe h@sbivire alsyd Ry Gy JECHe@IBACES) Clof s fiesh diGRy t o
each 5 -end portion of paid first and second prinmers used in steps (a) and
132 (c) 15r egpwtifidatien:y, under conditions in which each priner anneals to the
3'- and 5'-¢ seqye R f4 PRA; s NO:3)
respectivel y‘{& v%hegebg’fg?l‘b‘g%ﬁp% ?ﬁ??gﬁ%ﬁyggg& %?6 g%gene-gsggglﬁ |Oc'3)(’:DNA
strand i s gexepsat &d. GFCRACCAGGEATTAGCTTCABMIAGGCHATACSY-B h(PEQ IDAN@S:; DNA
TRNA,wher e ACER 0" TROACEARBAAISCOP LI LI RERRTPER A CERIP NG and.
MRNA, wher ei ai se 1 »and
perfor m ng_alcAPs. [ AAHAGGGERITEICHUARIIGORTCGACOS AEEQIDRIAN ¢ hat
at least one prinmer 1s derived fromany one of clains 1-25. 10 50. The

met hod 2ocorAtMg t50-GTGTAGCHGGONETCGCT TCATINHAGGEAATECHed T (SR D JNQ:1¢); t wo
stage anplifi gati ons, which conprises: (a) contacting nRNAs with an

ol i gonucl eotd™e dT priner or random priner as a cDNA synthesis prinmer under
condi tions syfdiiyCisebTdNCEAREt A FCGETICNTIRICTICEATGCERX YBEY anNok @).c aci d
synthesis to occur, in which said cDNA synthesis prinmer conprises 15 a
hybri di zi ng nucThect’iad mdipnenaencss lof therdTiahCBl andnpRFa sarvy a8 gregeleetsd on of

an mRNA to hybridize therewi th. (b} r g ibhﬂﬂ Sl T RSy UST NY
a reverse tr%ﬁéw ipB'Enﬁrssé’fluetmées\%}yct&r %%ls%&g% é@ﬂpﬁgiﬁn's pr |r?rgérléé Ay or dizes to
produce 23 PoRiMenddrOrvcfanfiTysd, cDNA strands that are conplenentary to said
NMRNAs t o which said cDNA s&nt hesi s gri mer hybridizes, whereby 2 0 nRNA- cDNA
i nt er nedi at es arhs figseand cBHAs proflugsé from step (g Weiprplifisd by dhe;follppang fisstisiees 5 | ed
at the 3'-enlq§l1 g f L. CIN- [ r 2épd 5Rr1G

i nt er medi at es %’qlﬁghﬁgr‘l%&%g °q rang?gs?@g%g”r'2%%%3?‘8%9’04@@2’\@?2%’ PRA
transcri pt asagd t{eciT;cA0R loasts’ rngd B h @rimets,aespetivelzni The fiest-stageePCR anaplifisatioh weai d
first cDNA strands generated from2 5 step.(c).wth a I i_gQn eat i de

whi ch conpr j copducted 4m ?éﬂd"lﬁ_ﬂll“f"?dﬂ‘_‘tﬁﬁlag 3353-"@&\5 fBﬁTSF‘?“Sr‘PB%‘@ba?_r t°ggbﬁ‘3§(§£jgr oup
of uni vesal e RAsEter 190mAbaS 811 Bt PORN MR SLLATANTS (0. 00X €ich dhlre, &1end
portion conprises at least three guanine residues at its 3'-end to

hybri di ze wi dGTRs @TdP)X Yt idsifne primdr (1 gt Benl -3¢ refimenf(1 ) dard; 9.5 1 eHag
strands and the 5 -end portion conprises a pre-selected arbitrary

nucl eoti de sequence, under conditions in which said 3-end portion of 3 0
said oligonucleotide is hybridized to said cytosine tails;

-—

C




(e) extending the tailed 3" -ends of said first cDNA strands to generate an
addi ti onal sequence conplenentary to said oligonucl eotide using reverse
transcri ptase, in which said 133 oligonucl eotide serves as a tenplate in
t he extension reaction, whereby full-length first cDNA strands are
extended; (fj performng a first-stage anplification of said full-Ilength
first cDNA strands obtained fromstep (e) at a first annealing tenperature,
whi ch conprises the steps of: 5 (i) at I?ast one cycle of prinmer annealing,
primer extending and denaturing using a rirst prinmer conprising a

nucl eoti de SRBMRREE(SSHIRAIIbhe). The POR k@RS dey ob ©lbRe Sdnianptdseqorness of
said full-length first cDNA strands under conditions in which said first
pri mer anneddy0tcelesf §4Cufor 1 mitn §2°F foy | win, dENA G for & g follpigd by & & min finabns i n
whi ch said f anneals to the 3'- ends of said full-length first
cDNA strandséx{e%oﬁbﬁ{iy full-1ength second eDNA strands are generat ed,
(ii) at |east CHe cgsle IoétlﬁfﬁrqmiagnePChlamplalchm cap be veniedalepamdiig rog theentgipes of

3 and por 1 | BRPRoh vt s &0yl Ak 5 20 ARG SEt Ly o

conpl enent argygndBrdsdnfpiisOn on one of said fuI I 'ength second cDNA strands to
hybri di ze therewth, "'under conditions in which said 15 second pri ner

anneals to a gene- speC|f| c site on one of said full-I ength second cDNA
strands, whereb ene G erated; and (
performing a se% ogét RECIGIAS AL e o PR %ﬂﬁr@:ﬁrand

at a second m@%ﬁdlﬁgﬂ@@%@ﬁw@,seﬁ\i_b_h&gofﬁgjsy gh stri ngent condi ti ons,
conprising at least two cﬁ%\?l es of priner annealing, priner extending and
denat ur iy, usiFhy anplifiedeRNA pméwct%mdduzedoﬁ%etem ()] [9?‘1 rmemﬁhﬁpsi hygbaifoflpwigg eps
(f)-(i) and es My

s(e %{aég pckye lﬁéa ug{?%%a@ﬁgé&% rF/ sallléd'S |rét and

nucl eot i de se corre pon
second pri megash edirehtféﬁdng 1o thd 9pa1d(p5r)tio{1 soquénioeh off AR~ ACP )nd dqeos,pemt, respdciivelunder
conditions in which each priner anneals to the 3'- and 5'-end sequences of
a gene- speci Fhecseeonfiatage F%\gamplrf&WmS\?@!dycte%ﬁér@w Vah‘"’ﬁr?ﬁlllti“fnin&étl-ﬁ‘ Gﬁthﬁr oduct
of a gene-spgcificeC f

anpl i fying aFr%tan lﬁ 4%%%%{0 gﬁds?%ﬁ %ggﬁ &ﬁq aﬁ@l‘%’db %&3 4 1I errent ary
t o mMRNAsLs \AthEMgas@ momedeNwa,nmmllosfes pﬁﬁ\’hﬁ(ﬂ&ﬁMI) rlase 81 primer ($@pSD,RNA and
perform ng an anplification reactigon using primers, characterized in that

at |east one®-3 M) opTrerBplymeratredprjds ngﬁyeaaﬁew% pafollgws Sygin #94°G e

met hod accor %&m&m' \%f.llépo%vcv&blef fakr) 651 16k mﬁ,heﬂ R h HiR fonow%@éy § g)
contacting sald nR first pfimer of any one of aims 1- 29,

whi ch t he 3' mufohaleatehsiomatGR°Gaid first prinmer has a hybr| di zi ng nucl eot| de
sequence substantially conplenentary to poly Atails of said nRNAs to

hybri di ze therewith, under conditions sufficient for tenplate driven
enzymati c degx\pride®mumEel ¢ aci d synthesis to occur; 5 (b) reverse

transcri bing said nRNAs, using a reverse transcriptase, to which said first
primer Hridi z8s aﬂtqngtmmm@umompmpthbétﬂiowimgewa‘qfr st cDNA strands that are
conpl ementary t arogt 1é1 Nés RerOfC nugleic acl)d? rcéaresertn{x%/ brﬂrg ﬁogélatlon oef' nﬁﬂé‘

MRNA- cDNA i nt er ate Sine resrdues to
be tail ed atiridi@ip@ ane racbswa& saﬁplaoffﬂumic acidNApfebendngls s¢cﬁncﬂ-ﬁbphlaﬁonf SITRA sai d
MRNA- cDNA i nternedi ates by the termnal transferase reaction of reverse
transcri pt as&ansgys; cont acti ng the cytosine tails at the 3' -ends of said
first cDNA stra i ch
corpri 505 a3 - G ERE BhE br be I 3h 8l bl el uing b B AL

uni ver sads bas#h of ﬁmnAd:iPs owhereinn alieO ifiyst DAGR s ah Clgybridikieg euequchdsbe sﬁbstaﬂfﬁallend
portion conprises at |east three guanine resi gues at_its 3 -end_t

hybri di ze w qMPicaIeRtaEAtP & &58ine of e Iﬁ§9t%‘td spqoad gopu H?f‘s°fd‘?Rb§‘%FﬂlsF‘FHtsstP h}ft?ﬂq}?’
strands and pfRewhn-end portion conprises a pre-selected arbitrary

nucl eot i de sequence under conditions in which said 3-end portion of said
ol i gonucl eot i de(c) svhrgbrindéribing theomBNiAdtootidsthe, irst ACP rybridiges wpreﬁm ﬁg'lﬂtthe
tailed 3'-ends of said.first st rands ne

sequence conﬁ?pgpﬁh?ﬁ gfr]gN’f‘osug%flsg%e c@ﬁﬁ e Jg%hsﬂn%{ag g 2“\/%‘? CslgSt £ a?l“s’ |gpt ase,
in whichy@ai ghnple 1@ Grhith! 18 Tiistl RCB B dteiSzes 2nd 2 €33 pépRlatioh bHBNR6r1AS RN are
reaction, whereby full-length first




cDNA strands are extended; and (f) performng an anplification of said
full-length first cDNA strands generated fromstep (e) conprising at |east
two cycles of priner annealing, primer extending and 2 5 denaturing, using
a primer pair each conprising a nucleotide sequence corresponding to the
sane first prinmer and oligonucleotide as used in steps (a) and (d),
respectively) or a prinmer pair each conprising a nucl eotide seguence
corresponding to each 5 -end portion of said first prinmer and

ol i gonucl eoti de used in steps (a) and (@V, respectively, under conditions
in which eaclympleliBryadNBa RN it BR RcondafidleR’ aceshnpROtocHricls tef fisRACP
full-length 3 first cDNA strands) respectively, whereby anplification
products of Hybfifizésengt h cDNA strands conplenentary to said nRNAs are

gener at ed, i shy 53.. .A et hod..f.or A ' i | e ded
donas compl emerBaryrt RGNS Rk Rl ONA SR S0 A0U VEal o B8

reverse tranggdrictiangriptiondtepd¥NAS and perform ng an anplification reaction
using priners, characterized in_that at |east one priner js_derived from

any one & cl ai {8k synthpsizing assgeond N glrand gomplemsidry o b af dhofiusizand, geeqnd;
sai d net hod | ' : J PG HFRNAS st it 1k of any
one of clai o%?i%@@ §ﬁ%§%%%%rﬁgﬁ%%gg%3%¢%ne nt fsoh‘rmg%ltlia{r%anll1 cg%(gﬁg)?ia\r/eﬁ%m
enzynmati ¢ deRPG kydocunghriging daniudng \antdabg adtpoimer exiensioneresdimthe lsecotd AGRd
portion of said first priner has at |east six rapdam nugcl eotide. 10
sequences; (B 2fepridizing ??Q“P?Fesugitaéﬁ%“y(%w{e@fmw t‘bﬁ‘i?‘i‘ﬁt segnd pasyations of
5'-enriched HhNASkafd@NA strands are extended; (c) perform ng an
anplification of said 5 -enriched first cDNA strands generated from step
(b) conqird sing €} amplifying teach separideBNAf stignd pteineth frem| stapg(e) yndemdighestingerti ng

and 15 denaturin Si a ILYer . pai r _.eac onpri si niel eot |
sequence cor ?%gﬁg%fdﬁ%"d ?%8 Oggg(lfggycldgcﬁ o Tl #8%““0‘;%’ %ngfa?g%%d rer a%&fnggn to

ol i gonucl eot pQeratd SR ahdse5dn8 PEpuliadibnPoTdmpiXicatidngB@iet udisy two prodRbteC bttty Ons
in which each prinmer anneals to the 3'- and 5' -end seguenpes of said

5' -enri ched piimess eschigamprisingnel sequense sergespapding to wprbr B ipd epionsof ¢t fighand
products of 5'-enriched e%\IlA s are generated. 20 55. A nethod for
anpl i fying nBr g taﬂﬁeﬁn%%’% ap{;lg’%{s%gl eoti de sequence simultaneously using
nore thaps one pa) lcoMparipgithieedrfountoft Méividasemptifieatioro prodwiteinethe fistianll seedrdod
conprises performng an anplification reaction using primers) characterized
in that at IE%Pé‘latl_@ﬁé’fﬁPPlfﬁSPt}qn@‘Hlé?tf'ved fromany one of claims 1-25. 25 56.
The met hod aCCP:rﬁ'é Rt-{tQnk 'c%};lms IR g\’x\l‘ﬂé‘sﬁz‘éa Rsim@irdcsel e sacrerbannedraei ng
two stage anplifications, Ich conprises: (a) performng a first-stage
anpl i fi cati oGAGTTAQGAT TNIHATTOTEI YEAITTET TAUCSEQID ¥O:dbquence at a first

i t t i Si I I ' | i
o ot 30 oxt R Sgens BT Ad B USE A TRE BTt ¢ garre AP, o)

clainms 1;¢5 h&n%kf@n&e&éb%se@&@y 301ht kRbndBieh oOFCTEARDNfBAtloREr pair has a
hybri di zi ng hucl eoti de sequence substanti al Isyéé:lg)qn*% enentary to a region of
V4 )

said target MYCS ei &' &CTQATGAHTCEECCEHCRYBEAT NQ:66)-
Step (1): First-strand cDNA synthesis

1. Combine 3 pg total RNA and 2 pl of 10 pM JYCS-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 pl NTP (2mM each dATP, dCTP, dGTP, dTTP), 0.5p] RNasin inhibitor (40
units/pl, Promega) and 1 pl M-MLV reverse transcriptase (200 U/ul).



therewith, under conditions in which each of said prinmer pairs anneals to
its target nucl eotide sequence, whereby the anplification products of
target nucl eoti de sequences are generated; and (b) performng a
second-stage anplification of said anplification products generated 5 from
step (a) at a second annealing tenperature, which is high stringent
conditions, conprising at |east one cycle of prinmer annealing, priner
extendi ng and denaturing) using the sane primer pairs as used in step (a)
or prinmer pairs each conprising a pre-séﬂgcted arbitrary 'nucl eotide
sequence cor r espis ichgerit an@ 88 th2 ube BHefBAA b hitfodehtri®ge.d primer pairs used in
step (a), under conditions in which each of each priner pair anneals to the
3'- and 10 5' - ehdnwbaiebatbsaigl °Cdor®Oamiml i fi cati on products generated from

step (a), respegt \ i,d .anmpl.ificatian, products are
re-anplified i ngtﬁc\gﬁéé%%%gé@?i 82&}2@}& *ﬂ@"ﬁﬂ?}a‘eﬁwﬁﬁf’gﬂ@ Yy a DNA
fingerprint of 9[Dbée thalade enite &dehiet hod conprises perform ng an
anplification rﬁf%ti,gn usi ngﬁ rimers) characterized in that at |east one
primer iz 5 derirvel the sl {/)c%bfaéplai%mm-@@!& pesficatitreKite@HSEENdeor di ng
to claim S57) WG finltyss Bl PP, Thd MOLholySieRfhd OF Med using two stage
anplifications, which conprises: aS %ber'forn‘i ng a first-stage anplification
of said DNA fi njjeNori, mieasurhihe lvoncenteatislof etfe DNAsCisipr e @TVOMACEREIFH N n
characteri stibc gf %;e gne, fromsaid gDNA at a first annealing tenperature
conpri si ng at”t8REY 4tRO™Pycl es of primer annealing, primer extending and
denat uri ng, usirggplrobégsgrsie?g.r or the prinmer pair of any one of clains 1-25,
wherein each prinmer has at its 3" -end portion an arbitrary nucl eoti de
sequencé%ubstantially conplenentary to sites on said gDNA to hybridize
therewith, und C Ltions i ich 2. 5 said priner or said primer pair
anneal s to sai ?tw%eé S5 Bl B gy rete DNA segnents

characterized dbheasaf®lAnoint G CDNAR tronS edeh Q&HNE as AR HPhe REME A BOmEr

second-stage anplification of said set of discrete DNA segnents generated
from step {amplification cnatieres asing:shei AGPs alassuibest bereip. TThe cévondssthand DM iwagent

condi tions, e . le n cl f prinmer..anpeal i ng, . primer
ext endi ng ansggtg& °‘?ilé%%taﬁé‘?%%&’%‘?‘?¥§h"??ym “Eﬁﬁé‘“’g’f’%‘ We‘?(h“g‘rtﬂ‘b?rf"??g‘g" BdP feL ¥R used
in stepilfa) the canglété FEAGtions wath@lit HREEDNAXolynRaAed) afORBbaE | (R nuBes i Ghe Blkinie

sequence corresponding to each 5 -end portion of said prinmer or priner pair
used in stefYelE)to complste thoinitial despyration sien at98%. They; while holding SheHuls at a 137

said primer {pahd.+30B6AL 8040 - gg@ ?ﬁ%}g seguences of .said. set of

di screte DNAE@)egarrents gener’atere%p%%afn S élgt a ,AP(ggrﬁeer%steic%? ,‘pe\%ﬁ‘gwg’otbe sai d
set of discrreacioDNA segnents is re-anplified. 5 59. A nethod for producing
a RNA fingerpri sanpl e, wherein said nethod conprises reverse

int, of. a . . . ( .
transcri bi ng aHdEﬁ‘@{’.’f“b NG WIng TepgERts injacskriledl? mbmicrqcenirifugs tbe: 495 whefshe
char act epi zqgal ; > k i { r any.one. of cl ai ns
120 60 The el ondhiny AR of AFiid A 0 AR ME R SR FLY
per f or med udiGRpuffmo(Roctmlyé 11 6f 2amidl ANTIPC hipli oS N8 pMveitbitedty ACPS /i Srtditer) #hdB7.5 pl
contacti ng S Ltdrﬂg% sanple with a first prinmer of any one of clains 1-29,
in which sai’d®first? primer has a hybridi zing nucl eoti de sequence
substantial |y Qonpl @arRAfk aidspinAhd0babritfly &lal micetengffhigd, MRNA sanple to
hybri di ze therewith, under conditions sufficient for tenplate driven
enzymati ¢ deoxyr Pipsileciubs in thyprefieatsdrtharmalicyclerat ¥C€ur ; 15 (b) reverse

enzymat i c_deoxsh evosicscleat 86Gur; 15 (D) reverse
or aduce 3. popur it ia 97 1 el rAERRRe il RoekD e BetBbfmokBlevaliedts oai o

MRNA sanpl e tibte atthe hp&aaiud HPe.st priner hybridi zes; (c) performng a
first-stage anplification of said 1tl)ogul ation of first cDNA strands
generat ed from st¥uqt B Raeaction yndertheeHerang erpditionspencaayele of YO HariSsingsoat

| east one cyel : ok p 11§ ; i.er extendi and denat uri ng,
using a secoﬁdﬁpsr)i;mrrrérag %?i Eﬁ{ré?&gg?lkd“g? bg%ﬂagﬁgg g}fe heé%}el‘ ﬁTg %?rothtei n
each prinmer 98%5 at its 3'-end portion an arbitrary nucl.eotide sequence
substantjally conplenmentary to sites on said first cDNA strands to
hybridi ze therewith, under conditions in which said prinmer or prinmer pair

anneal s to sai StepTROA PERNRINGficWRAr 6oe Sectitt-su@hd BHRAS @l %a&&i@&%&
characterized as a RNA 2 5 fingerprint is produced; an performng a
second st agBURFRSEYeERoRdIngto the 5’ sopd godign segpendesf ABPe cDNA segnent s gener at ed
fromstep (c) at a second annealing tenperature which is high stringent
conditions, conprising at |east one cycle of prinmer annealing) priner
extendi ng and denaturing, using the sane prinmer or priner pair as used in
step (c) or a prinmer or primer 3 0 pair each conprising a nucl eotide
sequence corresponding to each 5 -end portion of said primer or priner pair

.

=]




61. A nethod for identifying conserved honol ogy segnents in a nultigene
famly froman 5 nRNA sanple, wherein said nethod conprises reverse
transcri bing and performng an anplification reaction using priners,
characterized in that at |east one prinmer is derived fromany one of clains
1-25. 62. The nethod according to claim61l, wherein said nethod is
performed using two stage 10 anplifications, which conprises: (a)
contacting said nmRNA sanple with a first primer of any one of clains 1-29,
in which said first priner has a hybrid8?i ng nucl eoti de sequence
substantial l'y compkee émsistioh of Be s ViAo a@@%

hybri di ze therew t h, undnzﬁr condi ti Ort}?a%ﬁ%ﬁ;%ﬁlﬁﬁ%ogr tenpl ate egtru%e\%earra
enzynmatic démw#ﬂhgﬁbwbéﬂ?c, add & pb yhtthedi ¥ Cé and 2 qiliof IOLEM(MCSr velicteeach

transcribin o which said firs r r bridizes to
produce a pg:pﬁr?sggr 51 K @‘i?"’@tﬂ\ﬁf‘l‘é‘?‘f’a °tPﬁatan§r32‘Atfg'e YF‘é(r‘?t%fbesar d
mMRNA sanpl e r&&udﬂhhﬁhxr@@b&imfstcp@ primer hybrr di zes; (c) perfor mng a

first-stage anplification of said popul ati on of first cDNA strands
gener at e@ fr omZ tepsugtigpeond StegcfHGRsneacameladqrrﬂg follawing cabditiensc4imyclesafiogoGat

ueing 5 Secan st SECtPI g RS R S RIS R P Gl Bl T

portion a hybridizing sequence substantially conplenentary to a consensus
sequence or g nerate sequence encodi ng am no aci d sequence of a
conserved h nt on said first cDNA strands to hybridi ze

therewith, und eals to.said
consensus 2 5 ?[es(?ggﬂég}e&%? %ééﬂ ??‘é@%%ﬂ’ @?éggﬁggﬁgﬁ? T J@ﬁlg%%ﬁec&e?cgﬁgfs ¢
wher eby 3' - dinst apObttomeyGBnsed rathe REYpsSH) dldc@)wsemsmmenﬁacﬁr ofdrﬂﬂﬁr@er ate

sequence are r.at ed; and rm ng a second stage anplification of
said 3 Slgﬁ&e l?—f‘%ﬁetqgenﬁ@r?gihﬁgeﬂnf RBHANS pitpe {rshand gecgndACRsnen SrMEARS ng

t enper at Ur e 3Wng 13/ 'p%rﬂ%fsgﬁspcetatweﬁgﬁ%e I glaﬁéeﬂf" gﬁi i xﬁ‘hﬁgyﬂ'i‘é cggésconc{ Wo
cycles of prinmer annealing, prinmer extendin enat uri ng, FO TS ng the
same first mmmlummfmee step @de’RrQﬁJEﬁwsz whyreramhibS( € ynd¥” -endpsfither pair

each conpri ti uenc pondi ng to each 5' -end portion
of said fi rif%cragd se(i, aﬁgs Elrel?‘r@'r"% [h§“t"“u s“stnﬁ)tﬁj"a?‘r’d°'(dc1xcp P%H@Etﬁevel Y,
under condi tseqBisoe ioh thelirg m@%b the cl;%?leﬁéﬁtaff?rseqﬁélﬁe%i“ ﬁxetséboﬁchRC? rezp@&%elg -end

sequences of said 3'-end cDNA segnents, respectively, whereb end
conser véd h@RbPIsYyyereTmpesisy meiing Sli?setoahﬁpﬁllsf andcsec@d. AQRueInnétsrmsj: d#cismpdi ng to

claim 61, rform srn

anplificat :A@%% %ntég%dqh{)ﬁg Ir;e?‘ﬁgsite"'gs‘irbzqlse 5 é?“ %‘E“é‘b%g‘iffag?‘ﬁ)%mf@;m&ﬁecl ai m
52) wher eby ffrsﬂstbgdmngﬁekbtxaﬁ)NA strands are gener at ed; (b) performng a
first-stage amplifjcation of _said full-length first cDNA strands obtai ned
fromstep (a) ate a)ff—‘f—sﬁ—@aﬁ-ﬁ%ﬁé@ﬂémerature whi ch conpri ses the st eps
of (0 (1) "l heasts 0k GHRA ble AEATR DA AahD Son IR X LERL Bk
denaturing using a first priner rrsing a nucleo de seq

subst an2f al synthesispf RRACHERIRE 2 usirtghtie IV GSHT;-AEP| s EINA Syfnth sl ﬁhxﬂdﬂl | -1 ength
first cDNA strands under conditions in which said first primer anneals to
said full-length first cDNA strands, under conditions in which said first
priner anneal s st (1) Rcohd:stBHEHNN ; 5 ; D) L sEgs, 15
whereby full-length second cDNA strands are genera e; anad east
one cycle of pAhereamegamaal bﬂ@NAﬁrfrmrea@xstampldlwvg mcdjfodehmartmnpaniQnertm a

second pri ngr ny. Qne of . c 5 hayi its 3 ortion a
hybri di zi nggs %%%cepasu B8 U5 |t§? %Cpléo?z‘mr’e’ﬁ% REEy Thfosc‘amé(ﬁﬁ%‘gn s¥juence
or a depenespiltsifAqsiageviteACACH10 Gy A6lsRe PERI HetifRGH G RiEE the brodedatNS RsY

honol ogy segment on said 2 0 full-length second eDNA strands to hybridize

therew t h, cf@P’P]GGrfm"PPfén‘glmw Hhn DA Belyraerase @od dncpbatarihe tehem mths thepmalai d

consensus s 0 | | e ecq

strands, wher %gwgqn%etgﬁg%aﬁlgéﬁﬁﬁegﬁggﬁéﬁ %JO éﬁhﬁn’cqﬁ%% tg%ﬂ*&%,ﬁg or
degener at e muembave@oge,nm @bﬂ:ﬁnataﬁtﬂo@tzc)f IIeA poltieragk dan € pRRkd Hita R
anplification of said 5 -end cDNA segnents generated 2 5 fromstep (b) at a

second anneXPTH%9 t enperature which is high stringent conditions, conprising
at |easjotwo cyddoabirithdolléRhg ﬁ%ﬁt@llﬂ erilPh 2 gﬁ&u&&eﬁﬁﬂl P4 g‘%(f\q? R gl’ i ng,
using the sane first and second primers as used I n st eﬁs k')

(b)-(ii), roHdElvmng eqniaining 1 pl offirsketrang @DNAAR he/pb ppepirsd bygstep hisglledld de
sequence corresponding to each 5 -end portion of said first and second
priners used in steps (b)-(i) and (b)-(ii), respectively under 3 0
conditions in which each prinmer anneals to the 3'- and 5'-end sequences of
said 5 -end cDNA segnents, respectively) whereby said 5 -end conserved
honDIogy cDNA segnents are anplrfred 140 64. A nethod for |dent|fy|ng

o o o o e o s =




5 65. The nethod according to claim®64, wherein said nethod is perforned
using two stage anplifications, which conprises: (a) performng a
first-stage anplification of said conserved honol ogy segnents from said
gDNA at a first annealing tenperature conprising at |east two cycl es of
primer annealing, prinmer extending and denaturing, using the prinmer or the
primer pair of any one 10 of clains 1-25, wherein each priner has at its 3
end portion a hybridizing sequence subst@antially conplementary to a
consensus sequence or a degenerate sequénce encoding am no acid sequence of
a conser ved FRrolffeg(Roskfewitof @ mM dNTP,d Nlaf { pM\aidritrady ACPIh@r eviinkr), 1 pirder

conditions i i I | er or i.d i mer ir anneals to said
consensus se&d’éﬂé‘ggﬁilsﬁaet’%ﬂywégér‘l%gtrsfﬁ‘rr‘? . whereby genom c DNA
segments 15 havj, Mx%&eﬂts@ﬁ@ﬁﬂﬂﬁ&ﬁlb§ﬁ%‘ﬂ9ﬂ‘pﬁnf2focgﬁ%§her ate sequence are

generated; and (b) perform ng a second-stage anplification of said genomc
DNA segnent s geh@laesttedwbtmﬂhmd}satécafheranl eyclemat 047€. anneal ing tenperature,

which is high s 'n ent |t| ast .one pri mer
anneal i ngg,1 pri rf{é %gt"'@t?dﬁ g{j&?a ﬁ?ft(gﬁtfe‘fﬁlskﬁgt ﬂ-ﬂt e Bﬁ?ﬁ‘%&%{h ®pri mer
pair as usedubdutHe@npeAjurd¥4°@, primer or a prinmer pair each O conprising a
nucl eoti de sequence corresponding to each 5 -end portion of sald primer or
primer pair used QOM@EWG%PtIOWdermt@HWB gerstitions: \oh¢ eyelesefi Qf@rﬁprn?emmr each
of said pri Iy o t he n n ces enomi ¢
DNA segment gﬁ’éceﬁﬁra ed” ?ﬁ %fért)le foﬁowed% %? clle\%efigée\?ﬁ{% 65§§ f%faué)éﬁeer ved
honol ogy gemm72°$ﬁg4(maé,&ncafoﬂ0\%m1iylaf5lrﬁﬂﬁnﬁ5xtﬁﬁlonét TeeChod fOl’ identifying a
nucl eotide variation in a target nucleic acid, wherein said nethod
conprises perform ng an anplification reaction using priners, characterized

in that (g Iecagtgpor a7 mﬂmencﬁ rbtEd o' Q0B8R S lsi il {Boviiv2ar the, O 67-

The net hod ac erern sa nethoad s per i ng

two stage a@iﬁMMLWLQSh corrprlses (a) performing a first-stage
lificat t f t t I 141 id
Farget nucl of o e PN PIET G PR DA RS Pt et paddfentsd
anneal i ng teﬁpaalattgrmpemmm%&t st@&aitma&eb&wldﬁfe%umy sse,teseanmhg ng,
n

pri mer extendi ng and denaturing, using a first prinmer of "any one of clains
1- 25 havi ng eabryonis dgvelagmdnt{B4.5,iEd .5 cand Eb8.§ )dvezd w@ctséqmdmwbmt@rﬁqnaﬂaby

corrple to. a - . e at. a st site target
nucl ei c %E: susn%gﬁﬁgcgg,kﬁﬁtﬁg@@ﬂﬂﬁ Fgﬁuwn%g{g%pfﬁdu‘g%‘iaﬂﬁ?ﬁ fe TR R and
said first sidefatG@fipolys@Pladide kel b alktOddibiraihy BPSdntrh@bhchiR d’e%tﬂﬁri'ﬁ@tﬂws feh sai d
nucl eoti de variation, whereby said first DNA strand conplenentary to said

target nucl edscsilueeistiningc(Gegischlichsstia, HSE Keriokies akal998),itbmusesof nrsseasasth- when
said interr u by n ept.i de of
Said firet prriePbiaBRRlch@l et Rofh i b WPaCRIR ARl T SFh R, 12

and (b) per {1997 agl the Geodbidtislageriarpl (Kbinombl,d092 Taglakal | 1995 REDIA S and
gener at ed fromstep (a) at a second annealing tenperature, which is high
stri nge O coltdfh | ons, conprising the steps: (i) at |east one cycle of

pri mer annealing, primer extending and denaturing using a 15 second pri ner
of any one of clalms 1-25 haV| ng at its 3" -end portion a hybridizing
sequence subGiRerumph H recpeertdiys d 0 a pre-sel ected sequence at a second

site of said t ucl ei ¢ acid bri di ethervmth under conditions in
whi ch sai d secgﬁ’g%ﬁ‘?‘{] fain ?ﬁﬁ@aﬁg@@a F‘?ﬂa’% hBsing e sage prerse ?ﬁcéffldét‘ 3 cl ei ¢
aci d, wher eb@fmerssae@peﬂcmﬁmﬁusa@émpﬁ@tmawmh@ said first DNA strand

i ncl ud| ng said nucleotide variation is 2 0 generated; and (ii) at |least one
cycle of priner annealing, prinmer extending and denaturlng usi ng the sane
first and seg. A o B Ser2S %tﬁgrc-am Shé& a).and (b)-(i) or a prinmer pair
each havi ng a%ﬁ‘&ﬂ#n‘g—s%qwrce—&mpﬁ?emr tary or corresponding to the

3' - and 2% - endsEeet aﬁ@h@bdsesgmdt WA clohddainth g NEIEM-FAE sy ORtdE @oradl) @hd tO
hybri di ze therewi th, under 5 conditions_in which each priner anneals to

the 3'- and %R wgaaﬁa%@ysaf 3£Oaﬁaeeceeatyaerm&<eﬁmtﬁ§103¥%ﬁeets Bighye
wher eb t
of sai it ar ourinadt oyl sl ARt Elln ), CpubRhlislel el byBPEO Mls O | °°

short t ar getcarmrigd batasinglthe BEART ndarchprageesp@asic hapal Alignmient Sesdt)Tbtl)DNA strand
contai ning said nucleotide variation is generated. 30 68. The net hod
according to claim66, wherein said nethod is perforned using two

i ndi vidual amplifications of a first and a second anplifications in which
sai d second 142 anplification is perforned using two stage
anplifications, which conprises: (a) performng said first anplification to
produce a short DNA strand fragnent containing said nucleotide variation
between |ts ends corrprl 5| ng at Ieast two cycles of priner annealing, priner

.




5 conprising a hybridizing sequence substantially conplenentary to a
pre-sel ected sequence at a site of said target nucleic acid under
conditions that said nucleotide variation is positioned between said
pre-sel ected sequences, in which at |east one priner of said prinmer set is
any one of clains 1-25 having at its 3'-end portion said hybridizing
sequence, whereby said short DNA strand fragnent containing said nucleotide
variation 10 between its ends is anplifigd; (b) performng a first-stage
anplification of said second anplificati'on to produce a first DNA strand
conpl enent ary. Naptheaiuhlwisort DNA strand fragnment including said nucl eotide

variation at a first anneali erature co rising east one cycl e of
primer anneal i né r’FWaﬁﬁpg&’{fﬁ P RIS P sﬁﬁqwe&’s’ieﬁ’é;veﬁ°1‘9‘?r§?mb$ }%er of

any one of 15.ckaigR éon%%:ﬁ?‘fbxﬂﬁldéﬁyd& t GandferrEd cbn{a,o h{b mémtitet | @B,
sequence substantially co enentary to a pre-sel ected sequence at a first
site of sai dAmenslgiet, Ui49) mdch)ézudidedt Ulthy'ibgfl? bdel wheloredi ROR. pwidut &b IQuikliyh of

said fir n sal rst s PUprises an . jinterrogatio tion
cor r esportdi nsﬁ “tn8n §g}f Effife ééb °H"ém§iétr§a{8 égr?i‘s PWP%%)?"%’&P"& @‘r‘%?‘ %NA(BQW and
conpl enent ar Mwhry ¢s i, JOGOREIEE whié Haktied aPs5PO twiblor 2l i i$ 2k SSOUL1% 8DE ARic O
variation is generat ed when said interrogation position is occupi ed by the

conpl enent arfpr A aniedn |1d'és§€, & e POS; evd tyied f?érZOtT@lnlltlé) hbﬁﬁ@s@é%dﬁil?ﬁg The
nucl eotide o f.0 nd st a
anplificati o%crg@.b%%}d %gﬁ%l?daKng)lé @é}fgfé 1o i S dglfFE ¥t nﬁ(ﬁn%f%?cgﬂ&t -

gener ated frgmcst ep (a) at a second anneal i ng terrperature which is high 2
5 stringent conditions, conprisi ngfat | east one cycle of priner annealing,

pri mer endi n@GéanAd@rFB?‘EPr th gmglifiedgeDNA produts, ﬁﬁ!e'ie“i PIOuRR cenceptnpiagplessai d
5 d
P2 R S S8 Pt RE i B e,

a prinmer pailleeshsdaiAGH3 and iy ACE 1zfonthe SRepUENGEFIGOTIN; elmrdf ACY5 add dTe-
correspondi nds of said and 3 0 enerated

h
from step (B‘?C]%’gf#\?g}af‘ﬁﬁ &é@wgf%l{%aﬂ%ﬁa@f@%mwmcﬁ 1nf°w]ﬁ’ BResdal Pt pr i ner

anneal s to tjhg. 303
respectively) Wheré%@yég%l%?yrlﬁ?%.ﬁ%ﬁgfﬁgangﬁ?;ggg%&?kl QBH;O t dproductho

target rifcl egenérated hegpmgranother AP sstsr FIGs pIORED stgws thesianplifidd prtsluctﬁ)gb@aeﬂted apd

containing said nucl eotide v fo

nut agenesi s TPl et Si‘?ﬁc?ta%ﬁapa@qg ango‘ﬁg’r‘gm é?&brafﬁi ;E&g% and dTye-
anpl i ficati ORCPREW, i1 OD), Usshdtbvdly. VR %ff&éﬁﬁil@csxgxresswgadd@ irl D §fecifit sh§PwtreOne
primer is derived from5 any one of clains . The net hod accor di ng

to claim 69, Omﬂ@ﬂeﬁwcbmddmmjtf&gléi@éﬂs%sg @ptpe(lb‘pmwl, emlldanqheu@és S¢anencst ages
anplificati te perf

anplificati O%§lg?1§%% {%{%ﬂe?ﬁﬁﬁg eesloa(r:egrél aeaﬁ’écﬁg 3tn°vael F'f"ig% ﬁﬁlﬁai(?#‘gal i ng
t enper ataur e ﬁ@ﬁﬁﬁidn&hﬂf@nﬁeré Eonsitmeld\b) Nopthdr@ Blotinalpsis Wiy nivlisdhdePs stidfeiblge
extending and denaturing, using a prinmer pair of any one of clains 1-25
each havi ng &fegeresing, 'é’HHKﬁE?P)u on a hybridizing sequence substantially
conpl ementary t@gagaZEHo! C ridize
Cherew th) - wher oo LEHgRR o ang bl RORARHEN G in Al SIRMENE O ENSD]

nucl eoti de tlenegénBilaf: elamd ﬂ;eEbBi cledec8) obttiadd frop diffitert stagesdivtre cansplified b whi ch

sai d priner (Eéé [ palr ann ls to |c§]s t ar get nucl eoti de sequence,
wher eby an al%:l’ o‘ﬁ‘“ﬁr”oﬁﬁﬁ ALY A T¥e gistA@PdMaéﬁtdéf&r%%lh’t?"Bf?S%ﬂte is

generat ed;  afidad ) PEEALCHIPe WrPobpfated \AbSbiiRd $ntd TR IIGEVE R El e%r 2),
anplification product generated fromstep (a) at a second anne dg
t enper at ur e, andfseainced Semepncesanalysig eavealcthaidillt ofghrsglores pyerknewm genas e:tcepzsdne one

cycle of pri riner exten rin 2 0 the
sane pri mer Hgés 23@]§e zhnlg’f 681“6%? " F °§"sp\°'?rﬁg?nq~5’3?cf§%§18ﬁh Er{‘ﬂ ’-‘/ﬁig uging
pre-sel ect edméisOtdntaptus sRECHIGAS tefiéne SIBEUBRBRIEK &04) espondi ng to each 5'-end
portion of said primers used in step (a), under conditions in which each
pri mer anneal s §I§- {3fshgws t}ﬁﬁH’PBﬁQdéﬁﬁ‘b“ pPdugti Wheseip ImMopseccangentys smplts @t the
respectimgel v, cted
it ot or Coi LAy OR PEEY of e BPSS SOROP ERLSE D RERRALGy BhLERh SRS CF
cl ai rs 40- 70:tagWrP@Reamph§eattdnssmﬂs$toag€Pmmd TYQSaT,5-AQP i eS ab@je adntichedtin | east

5 tines. ccordi t one of clains. 40-70) wherein said
ool 1T cat £ RGeS R sep e R i G- B g P P el iodpastant
reaction. 73. The nethod according to any one of clains 40-70) wherein said
nucleic acid is doubl e




144 stranded and its strand is separated by denaturing. 74. The nethod
according to any one of clains 40-70, wherein said nucleic acid is single
stranded. 5 7S. The nethod according to any one of clains 40-70, wherein
said first annealing tenperature is between about 30C and 68C. 76. The

met hod according to any one of clains 40-70, wherein said second anneal i ung
10 tenperature i s between about 50C and 72C. 77. The nethod according to
any one of clainms 40-70, wherein said first annealing tenperature is equal
to or lower than said second annealing ﬁ@nperature. 15 78. The net hod
accordi ng t o, A8y w8 edeRfical todth&Bardd whidh waktedbiined b PROTEDURE 7 8dmpsikiag ene-
anplification is carried out, the 3 -end portion of the priner pair of any
one of cl ai nstopltwe6tage PCR\aoiplifiaations (Bithd24% Hgwetter, 3aPepdrqtsy Were efiseiad;vign @
tenperature and when | e | 4.f 1 | ' 1 4 t he

S ond por i GEPIERGAGH LTS Aot MLar D AR (et SPeiRed, SRR GG Gyt wg,

met hod accor ghyigied Brodits WEE gxferatddainlybwitt H6h, AGHIOrand IYCHHE, s+ 8T udsat @t wprer ti on
in said priner of any one of clains 1-36 is capable of restricting the
annea:!ng5pov$ﬁ8mﬂ@ﬁsﬁﬁﬁhtﬁﬁ¥W%r to the 3'-end portion at said first

anneal i ng tenpe e 0 Yo T & | @fetient40- 70,
whi ch further c%@%ﬁ?§g?%%ﬁ%;%@ggﬁggggm§qﬁgo g&gﬁé&%QEXQ%%?T@?§§ DNX&groduct
fol | owi ng sakenes eEANDES dgeartsvpll iof FERADANFIGS 11, dhth FIGER) REGEN REGYB; 0

cl ai m 80, which further conprises, the step o ' t | at ed

product i nt oaEw et HE: 18A,F1gol 1, andcF Iﬁelcza’d?ﬁp c&éfﬁﬁ(wg& g&“@ﬁ&b&?@(ﬁmﬂf%&

48, S0) 56, B 169, FRP 11534 PIG. D) a3MiBBeRI TheSBEC Rfob&®as RBb ybifindd ikd1ai d

first-stage anplification 1s a conbination of an annealing control priner

Zgl e_(I:_th edidr (r)]alfjdma'vqoisbfmnsofo’l’ropﬂnariosis 21 (apswahd OérFI(&-oHv@ndiFé‘galu)thWbrWaS 145
. e nmet hod accordipg to any one cl ai ns,,45-46 and. 55- 68, .wh Ln said

primers conpAiseeyere lbyltglgs}’tres e‘XY?B'ETneg‘{oP%séer\'ivi“f’w tge Ir%%lgﬁ of BProTe Y. n? glg’or

i sol ation. 5N§14herrrT91%t mw@@(\j,hﬁ&a%éil 'tﬂb@bxbﬁssﬁn?aﬁ%rﬂﬁof 1) B0 ds RreSidertlicdl itd SHe

nucl eic acid sanple conprises nRNA expressed in a first cell and said

second nucl ebggisad bahds anﬁleagugspmelss'ggicmma all of the clones are true positive products.

Thus, the ACP produces only positive products without any false positives, which means that

15 the ACP eliminates the problem of false positives.

FIG. 14 shows the results of Northern blot hybridization for the expression of DEGS
during mouse embryonic development. DEGS, which is turned out as a novel gene by sequence
analysis, shows an interesting expression patterns: after a strong expression appeared in the
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 différentially 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 thé 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) Usin

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.



expressed in a second cell. 85. The nethod according to claim46, wherein
said first nucleic acid sanple conprises 10 nRNA expressed in a cell at a
first devel opnmental stage and said second nucl eic acid sanple conprises
NRNA expressed in a cell at a second devel opnental stage. 86. The net hod
according to claim46, wherein said first nucleic acid sanple conprises

m RNA expressed in a tunorigenic cell and said second nucleic acid sanple
conprises NRNA 15 expressed in a nornmal cell. 87. The nethod according to
claim46, wherein said first site of saPd mRNA conprises polyA. 2 0 88. The

met hod accor di ng thedcdahaitibhad 8 1 -RMTH, @eMpohRA S tafll STSERNA infBlculRAS EpBRALEAL
formula of 5 dX~s.so-dl' zao-d' f~o0-ao- 3') wherein dX represents a

deoxyr i bonudirieung e R Roamplifipation and tysdhecqlige-tE grimeryp used aga AL etivestiprfbe
sequence not J Vi

opul at i ons S RRAL: ALK JERERETROATEYor i cPAL shehEh BABSRER i of ) 1
uni ver sal basRNAois mpﬁmﬂgssixemﬁiynﬁ;t OhechNA&yﬂBﬁISOIgﬁ noamd tHd silg@uescrirs a
conti guous deoxgt hym di ne capable of 2 5 annealing to said first site in
said first elehd popul ations of nmRNAs. 89. The method according to
claim 48, 52, L5 b d J5i | a of
5'-dX, s_30- dY2Q\ngdfl@g?m%géﬁkaﬂégggﬂird&% ggiéese%tcgﬁgwgsé%ﬁ%onuclﬁgtl de
and conpri sesgnthesfsraf-Exahple tl ading IGbigd VAT y-ATPCS @GCTH&AG’E@O@ATACTIGTGCGAIHII

substanti al | Y repr.esen t he regul at or
portion conﬁﬁﬁﬁ#ﬁﬁy@e&gﬁg%gﬁﬁw S h&nerd 2 Fﬁﬁg‘ﬁ %’&‘% ahal ogs;
and dT repr etﬁ&ﬁhi?ecﬁ GRA%LS & laRes G52 ReSLEREATAH PR ﬁﬁﬁﬁ@itﬁn%th&ﬂ%aduhﬁ&uw poly
A tails of said I&s 90. The nmethod according to clains 88 or 89,

wher ei n 14T fatnptfbrdhemmnwﬂ D’@b@cmﬂmﬁtmmmcz end; in which V is one selected

{rom the 9194 fggh S, £ 0KEE0 3B SR YR8 gt o

further conprileafg DONAYmeHesit bmes; €Nd; 1N Whl ch Vis one selected fromthe
group consi st i n%{/of deoxyadenosi ne, deoq%c |di ne and deox& uanosi ne and N

is one sel ecERYIII3 0fl PASCIAGHAGGESRAGHS AGAE{HOen0%3 hESEQ ID NO:35)
deoxyt hym d| dgox(éc \Ml[q‘]d Recalnd cgeoxyguanosi ne. 10 92. The net hod
according to SRR T erel i said second primer has the general formula

of 5'-~i1% so- d|THIs- cIIN Al Zgnthesis PrimenTDSEIIYS ‘¢ Xaf @spd as ent@ingr e aMsequsmBCR eot | de
and conprises a preselected arbitrary nucleotide sequence not substantially
conpl ement ardmplifcadigng first and second popul ations of said first cDNA

strands; dY r epfh%sf%ﬁ &y lﬁ’i@atfoﬁ%L %rfa{x t&iolqlt i 1GR3 RE! c%htglgmg 56915 nﬁryter sal

bases or non-discrimnatory base anal 0gs; represents 2| ng
arbitrary nustdsbéDdNe, $;ﬂq1ﬂeoad’0Ramﬂh1 @ronfeggnhglodfiangnd-specific d'pmreo(m Mt e in

said first anpﬁl ofspre-segccted arbitrary 3 primer JYC2 (10 pM) or CDS II/3’ (10 pM), 3 ul of 25 mM
20  MgCl, 5 ul of 2 mM dNTP, 0.5 pl Taq polymerase (Sunits/ul; 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 a 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 (Goftschlich 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. 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



popul ati ons of DNA strands. 93. The nethod according to claim46, wherein
said first or second priner conprises a 2 0 sequence or sequences

recogni zed by a restriction endonucl ease or restriction endonucl eases. 94.
The met hod according to claim46, wherein the step (g) conprises resolving
each of said first and second popul ati ons of anplification products by

el ectrophoresis on agarose gel and conparing the presence or |evel of bands
of a particular size. 25 95. The method according to claim46, wherein the
step (g) conprises resol ving each of saftl first , and second popul ati ons of
anpl i ficati guidfeQRi GheSALY-baNe 8 | RAVEOER T Sludenthe bibkprotmd proflerpobughas PINAT de
gel and conparing the presence or |evel of bands of a particular size. 30
96. The net kmehr avrondpesifictpsodety one of clains 50, 52, 54 and 63, wherein
the step of permtting cytosine residues to be tailed is perforned in the
presence of manganese ion. 147 97. The nethod according to any one of
claims 50, FXANHLEGE Medhod\ee Rapid Amplification of SOERG (5 HBRACK) fapd Full-length
.base-pairs) with the cytosine tail has a general fornula of

5' - dXl s_3o0d¥RN -s-3', in which dX represents a

deoxyr | banucl egh} AG-pfl yEOlRlobtSififenflor? Wes &l GhioRirbiley e/ s SGRAYACHNAIY
represents a regulatory portion conprising 2-10 universal bases 5 or

non- di scri mifagheity Thatst-anad d¥As wife syaeszd nsisg OlighebdB)s-AGBm Rerdyni de- and
conprises a pre selected arbitrary sequence; and G3_s represents three to
five guani né¥F:98. The nethod according to claim97, wherein G3.5 is three
tofive ribeghgnigrsack0 99cCTHEATTAROATACTOTACOAUTTIFITITITITIISI N (5 s
is three to Tive deoxyriboguani nes. 104. The nethod according to claim97,
wher ei n G3_ {SEQ IR NOufivhiwhateinoyi canfbe i, Bogyédini ne and deoxyri boguani ne. 15 101.

The met hod according | 3] : fur hRNRERE ' id
anplifiéQtidﬁmgFBéﬂﬁﬁégt%rghgﬁé%iﬁ?@&ﬁﬁhé#ﬁ%ﬁﬁ%gﬂéald anp?iflé%g?§§@
products. 1Q%)“mggmq¢&mqug@ngg&ng to claim101, wherein the size
separation coffparison is performed by electr%ghoresis t hr ough

a
pol yacryl ani de Afer thestompleteosynthesisrafdls gt stiged PPNA soquencgg presepbin s fagm of
according to [ 01 rein.the.si j QN j | HNA
per f or med b]@gﬁ%@?’hﬂn ° 8%%%%%46;8%@?@#@5 %ngggﬂgg%ﬁr |dng to claim
58) wher ei n gaieflces tyMNtle Pedninab Rardferase redotioni dferevense sabalip@scsimthe rpesserpaiof used

in step (a) is 8 to 15 nucleotides in qug
15  manganese. The 3/ -ends of the first strand cDN.

37.end extending ACP (tG3-ACP, rG2-ACP, or dG3-ACP) and then, directly used as

sF vrs]'ére extended using the first strand cDNA

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-ACP 5’ -GTCTACCAGGCATTCGCTTCATIINIGGr(GGG)-3' (SEQ ID NO:36);
rG2-ACP 5 ' - GTCTACCAGGCATTCGCTTCATIIIGGr(GG)-dG-3’ (SEQ ID NO:37);
tG1-ACP 5/ - GTCTACCAGGCATTCGCTTCATIINIGGr(G)-d(GG)-3 (SEQ ID NO:59); or
dG3-ACP 5’- GTCTACCAGGCATTCGCTTCATINIGGJ(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 uM of Oligo VdT;s-ACP or random dNg-ACP.



1 . The nmethod according to claim60, wherein said 3 end portion of said
second priner or said second priner pair used in step (c) is 8 to 15

nucl eotides in length. 3 0 106. The nmethod according to claim5 8 or 60,
wherein said genonmic DNA or said nRNA sanples is fromdifferent individua
or gani sns. 148 107. The nethod according to claim 58 or 60, wherein said
genom ¢ DNA or nRNA sanple source is selected fromthe group consisting of
pl ants, aninmal and m crobes. 108. The nethod according to claim58 or 60,
wherein said genomic DNA or nRNA sanple 5 source is human. 109. The net hod
according to cl 2iAddGerlds, 000 atmal wieieaifN0 fhiMix St kpil e tbedeeflyinGl ai m
62 or 63, or said prinmer or prinmer pair used in step (a) of claim®65
represents a™FERFENtEfERri ners each conprising a degenerate sequence sel ected
froma pluralit of I far . ] i of

t he conserved sg'q]ﬁzeur}f%"g.qhﬁgéﬁ ﬁT%&eﬁerréYaﬁeg Ltgg%roﬁd[l“%gte?éq %?gﬁ%ﬂ%%glgg%g@%
wher ei n sai dsin@rpysosenucl eic acid is a genom c DNA. 15 111. The net hod
according to claims, 67 or 68, wherein said target nucleic acid is a short
nucl eoti de segnfrftoo} {e flhePhige fr atieasbominyiss-SRin Qv Hig contangs of thedubedrigyin
accordi ng t0,glRhddRrifufeOr 68, wherein said target nucleic acid conprises
nore than one target short nucl eotide segnent each including a nucleotide
vari ati on whi ch5iAd@the foliosirgr reekents td thelsamme mactiopitabeadid ofi 5p Ifirdi-steamt] iboffer 113.

T8 simal e nodrabteene  sbes hEMbRndn? B o ey e D UM i BEboa ™"
accor di ng t oget®i &EPSITDr), 6.8 111 Whe6Een FRCH aR4 0/5R0b RISasHAkhiBidr QA0 hidits/pl,

contai ned within human nucleic acid. 115. The nmethod according to clainms 67
or 68, wherePrmsgd)d nucl eotide variation is contained wthin nucleic acid

of an organi sm { cause an .infectiaus .disease. 30 116. The net hod
according to cl §-M§°8‘%°"§1»"‘"§§?‘“€ﬂ%§‘#c°§i Hgfi‘fdl‘amﬁ‘ir?%?m%\%& strand cont ai ni ng
nucl eotide vari athd&Batk the 488 APE thr R iR iCHCh&bLADr RitkelBécyagneal i ng, prinmer
ext endi ng, and

8. Add 1 pl of SuperScript I reverse transcriptase (200 units/ul; Invitrogen).
9. Incubate the tube at 42°C for 1 hour in an incubator or thermocycler.
15 10. Add 1 pl of 10 uM first strand cDNA 3’ -end extending ACP (rG3-ACP, rG2-ACP, or
dG3-ACP).
11. Add 0.3 pl of SuperScript I reverse transcriptase (200 units/ul; 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
/3’ PCR primer.
1. Combine the followings in a sterile 0.2 ml microcentrifuge tube: 3 pg of total
RNA, 1 pl of 10 uM CDS III/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,



149 denaturing. 117. The nmethod according to clains 67 or 68, wherein said
3'-end portion of said first prinmer conprises an interrogation position
occupi ed by a conplenentary nucleotide to the 5 correspondi ng nucl eoti de
whi ch corresponds to a nucl eotide variation. 118. The nethod according to
clainms 67 or 68, wherein said interrogation position of said first prinmer
Is inthe mddle of its 3 -end portion. 10 119. The nethod according to
claims 67 or 68, wherein said 3 -end portion of said first primer is 8 to
20 nucl eotides in length. 120. The neth&ﬁsaccording to clains 67 or 68,
wherei n sai d i ngaficubgéihe abe MORPCE fopP nfutesai d first prinmer is wthin about 10
bases of the 3'-end nucleotide of said first priner. 15 121. The met hod
accordi ng to cl %i®ReL g, tubgayise for 2amiguies (Seiny doyyatthey pongsats of jthentubs brieflydn i r st
priner is Wl '&e&gﬁg‘;_ 6 bases of the 3'-end nucl eotide of said first
primer. 122. The metRod according to claim 121, wherein said interrogation
position of sais§l Add 8 f3lléwvify teaBentsi 1o th® cahe fbatioh it PO Sl tof GRS tofal 3BRR f rom
the 3'-end nucleotide of said first priner. 123. The nmethod according to
claim 128 wrofEng 25i4iof 5% %@W%@#@@&IMM | shpf@p mMA DTy | wleof ANTP (h9rmM s

| ocated wi t hj b Ll r - ; | ' | primer.
25124, "The uat ek ST, See, BOTe) ey Chrof P DR rheoB bl (ol | s
has at its 3'-efddipoerntintaandspinh tha gibe brieflyan & mfcrqerttifuge.smat ch nucl eot i de

substantial |y adjacent said interrogation position of said first prinmer in
whi ch said nisngg%ﬂgﬁﬁ@FE%fWﬁgcggﬁgﬁWges an uni versal base or

non-di scri m nat 9rpyacathe bde 0P R8 Br can bOstdre®at -pb®, Met hod according to claim67,
wherein said second DNA strand including nucl eotide variation in step

(b)-(i) is generated by one cycle of prinmer annealing, priner extending,

and denat ri@q¥¥ 1%@ é?G. The nethod according to claim®67, wherein said
'r

second S ng nucleotide variation in step (b)-(ii) is
anpl i fied byPROTOEES C: SAEMFcATonOdf dtakd¥e s’ AN SBNANFagnidhi 18de ACP system or

conventional 5’ -RACE method

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 /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 pul of the
total volume containing 1 pl of first-strand cDNA prepared from Protocol A or B, 5 pl of 10 x
25  PCR buffer (Promega), 5 ul of 25 mM MgCl,, 5 ul of 2 mM dNTP, 1 pl of 10 uM gene-
specific 5/ -RACE primer, 1 pl of 10 pM JYC2 or 5 PCR primer (Clontech), 0.5 pl of Taq
Polymerase (S units/pl; Promega) and 31.5 pl of sterile dH,O.
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

5 min final extension at 72°C.



extendi ng, and denaturing. 5 127. The nethod according to claim68, wherein
said first DNA strand including nucleotide variation in step (c) is
anplified by at least 5 cycles of prinmer annealing, prinmer extending, and
denaturing. 10 128. The nethod according to clainms 67 or 68, wherein said
short target nucl eotide segnent containing said nucleotide variation is
detected by said first or second priners conprising at |east one nucleotide
with a |abel for detection. 129. A kit f % nucl eic acid anplification)

whi ch conpri ses the annealing control primer or 15 annealing control priner
set described i 4 éhalian tBOamwplifi4d prodeds bihelkittoplopesissielac2® iageeosarggl foflbwed bhyon of
a target nucl §1| ﬁromd% autlence from DNA, which conprises the annealing
control primer fneal| P?d’ tontrol primer set described in claim4l or 42.
20 131. A kit fqrhe &@du PO pratiiths d‘ah%afal 16 taod e i} uence
from nRNA, which corrp?‘lféses Fhe anneal i rslgaecofrt\etdﬁjglaa%rgl m&*rLb%h%‘ﬁﬁt({z}i:;;tile%CIS]S'q
control pri néldtoﬁﬁélpgfeléﬁ’cqf ine-thdiopctiv deteatia® mothodsisuctp absili@2stairing ((Eotlfsdmch et

detectlngDNA i ffer tlaII

conprises>t hé gl(r%%)a %n JP& ] 8‘Fsea§?ﬁ8§4$'ﬁr§ 3%?1’8‘?{?‘? @ﬁ\é"l‘e%%t
descri bed i n 1a98y nereealofwsmt BidhEsertor #16 19928mf et ANUIFS)-e8 thelids of éokﬁﬁatédor
rapidly anplifying a target cDNA fr agment conprising a cDNA region

cor r espondi n@’nfnérs S“aleW(Qz:rTéglFGWI@ 993rRaseingtal. \IBP®Dh conpri ses the

anneal i ng contr T BIE 8! 0 | et. .descri be claim
ARl ,gd COTh] 9 el BImIG 16 AR F‘Q‘% %‘QM"? ‘i"r n‘é;srrg N Y ﬁﬁ‘&%e
conpri si ng austm\uw 5eFiCBrpriver ((Bmhrhnd@etgand-ipeclﬁc prixfid prodgéedhighfbadligrouivA,

whi ch coppri Sei annea& i ng. control prinmer anneal i ng control primer

set descrtbed"§*® Treaollages kapd 3 a2§?§°“b,&d Ib)ﬂf“aﬂb’feseéf?b?fﬁ {&eﬁ@lkaetﬁb &tion

of full-Iengihedgupl egost QMeFMO?%J‘e@@E@ PYbatsc% 57%? prl mg;prcsent

conprises the anneal ing’ control pfiner annea i ng contro set
descri bed i ninvertiomg&teratad obly.a shigle. barkd Whlbh éMsmmpsl eaéhyto g eXpecudisize METIbp or

doubl e- st to t d 10 f mRNAS,
i ch' conpr | SLEP AL NS S REoR ool Fsractn (A Ahio S oAVl SREBRE

respectively. These examples illustrate that the ACP can be used to fundamentally eliminate

15  suchbackground problems arising from contamination of primers used during cDNA synthesis,
without the purification step for the removal of primers used in the cDNA synthesis.
FIG. 17 also shows that the ACP of the subject invention permits the non-specific
products not to be formed, which are generated by the CapFinder method (lane 1). The first-
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 a 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 dNg-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



set described in claim53 or 54. 137. A kit for anplifying nore than one
target nucl eoti de sequence sinultaneously, which conprises the annealing
control primer or annealing control primer set described in claimb55 or 15
56. 138. A kit for producing a DNA fingerprint by use of gDNA, which
conprises the annealing control prinmer or annealing control priner set
described in claim57 or 58. 2 0 139. A kit for producing a RNA fingerprint
by use of nmRNA, which conprises the annealing control prinmer or annealing
control primer set described in claim59%r 60. 140. A kit for identifying
a conserved {apRtQsY infROdRRratith fepBbdoe0enRn, Wil hyldRY tHéSoed bt BN eratidi Ch
conprises the annealing control priner or annealing control priner set 2 5
descri bed i rebeyel0R¢.6he apprppriate arg@mt of PNA miymeazsse canche pingttedgntodheapagtions 134- 13S
or 140, which f er i he .l i i L bed i one of
clai s’ o8- 101,  BoRLTieHE R B B o R EL RE bR eAREE b he sy BFe 10
in a nultigepgl fehithd donthingSENIOSE fEdbifnd WONA prépare by Rasddnh éNAACE & Progesiont r ol
prinmer or annealing@control prinmer set described i aim64 or 65. 1

din cl 52

143. A ki%t 45 MAEA® #PERAY T Gromeedt T ot ¢amMaMeth: § W of 2@ PrLil &file aci d,
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set descri be ?ng?%?ﬁggg}kggfor é?bgglg%a&% dﬁ?ggg%hwgggggnesis in a
target nucl ei ¢ ZAMixl contdniscaihd epommhe ivbe bridfligen amivegéntifygcont rol  pri mer or
anneal ing control prinmer sef described in claim@69 or 70. 145. Use of the
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30 4. Add the 0.5 pl of Tag polymerase (Sunits/ul; Promega, Madison, USA) into the

reaction, while holding the tube at the temperature 94°C.
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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/6J, 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’-GTCTACCAGGCATTCGCTITCATIMICCGGAGGATC-3 (SEQ ID NO:64);
30 ACPI09 5’'-GTCTACCAGGCATTCGCTTCATHIICTGCAGGACG-3' (SEQ ID NO:65);

and
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10 ELAMIN2 5'-CCACTGAGTCCAACATTC-3" (SEQ ID NO:69); and
ELAMIC2 5" -CTGAAACACTTCCCACAC-3’ (SEQ ID NO:70).

The conventional primers for exond of TP53 (349bp) used in the Example are:

P53N1 5'-CCTCTGACTGCTCTTTTCAC-3' (SEQ ID NO:71); and
P53C1 5’ -ATTGAAGTCTCATGGAAGCC-3' (SEQ ID NQO: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 conventional 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'-GTCTACCAGGCATTCGCTTCATIIIITTGCACACTGTTGATTCTA
A-3’ (SEQ ID NO:75);
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10%()-Y (SEQ ID NO:76);
ELAMIN2-ACP 5'-GTCTACCAGGCATTCGCTITCATIIICCACTGAGTCCAACATTC-
3/ (SEQ ID NO:77);
5 ELAMIC2-ACP 5‘- TCACAGAAGTATGCCAAGCGAINNICTGAAACACTTCCCACAC-
3' (SEQID NO:78);
P53N1-ACP 5’- GTCTACCAGGCATTCGCTTCATIIICCTCTGACTGCTCTTTTCAC-3’
(SEQ ID NO:79);
P53C1-ACP 5' - TCACAGAAGTATGCCAAGCGAIINMATTGAAGTCTCATGGAAGCC-3
10 (SEQIDNO:80);
P53N2-ACP 5'- GTCTACCAGGCATTCGCTTCATHIITGCTTGCCACAGGTCTC-3'
(SEQ ID NO:81); and
P53C2-ACP 5’- TCACAGAAGTATGCCAAGCGAIIGCAGTGCTAGGAAAGAGG-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 emplifications 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
ul containing 50 ng of human genomic DNA, 8 pl 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 uM) set is pre-heated at 94°C, while holding the tube
containing the reaction mixture at the 94°C, 0.5 pl 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
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(B) Second-stage PCR amplification
The resultant products generated by the first-stage PCR amplification using multiple sets

5  of the ACPs were then amplified by the following second-stage PCR amplification under
higher annealing temperature. After the completion of the first-stage PCR amplification, each 2
pl of 10 uM pre-selected arbitrary primers, JYC3 and JYC4, was added into the reaction
mixture obtained from the first-stage PCR amplification, under denaturing temperature such as
at 94°C. The second stage-PCR reaction was as follows: 40 cycles of 94°C for 40 sec, 68°C for

10 40 sec, and 72°C for 1 min; followed by a 5 min final extension at 72°C.,
The amplified products were analyzed by electrophoresis in a 2% agarose gel and detected
by staining with ethidium bromide. The resulting PCR products can be also detected on a
denaturing polyacrylamide gel by autoradiography or non-radicactive detection methods such
as silver staining (Gottschlich et al.,, 1997; Kociok et al., 1998), the use of fluoresenscent-
15 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).
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 conirast, 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 follow first
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()- 10\ 10\ two-stage PCR amplification also produced only target multiplex specific products (FIG. 21C).
These examples illustrate that ACP permits the products to be free from the background
problems as well as non-specificity arising from the conventional primers used in multiplex

15  PCR methods as known in the art,

EXAMPLE 9: Identification of Conserved Homology Segments in Multicene Families

Using ACP

The ACP of the subject invention was applied to detect and clone conserved homology

segments 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,s-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-GCTTGACTACGATACTGTGCGAIMMGTNCRRGTGTGGTT-3' (SEQ ID
NO:83);
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1. Combine the following reagents in a sterile 0.2 ml microcentrifuge tube: 49.5 pl of the
total volume containing 1 pl of first-strand cDNA (50 ng/pl), 5 pl of 10 x PCR buffer (Roche),
10 5l of 2 mM dNTP, 1 Kl of one of 10 uM JYC2-HD1, JYC2-HD2, or JYC2-HD3 (5’ primer),
1 pl of 10 uM JYCS-T;s-ACP (3’ primer) and 36.5 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.
4. Add 0.5 pl of Taq polymerase (Sunits/ul; Roche) into the reaction while holding the
15  tube at the temperature 94°C.
5. Conduct PCR reaction under the following conditions: one cycle of 94°C for 1 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 oligonucicotides (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).
Meny 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
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10  Arg => Pro substitution at amino acid position 72 by replacing G with C. A 349 nt sequence
between nucleotide 11991 and 12339 of the TP53 gene was amplified from each type of
template b.y a set of the following primers:

P53N 5'-CCTCTGACTGCTCTTTTCAC-3’ (SEQ ID NO:86) and
P53C-ACP 5'-TCACAGAAGTATGCCAAGCGAIMATTGAAGTCTCATGGAAGCC-3

15 (SEQID 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:
PS3N1A-ACP 5'- GTCTACCAGGCATTCGCTTCATIIICCCCGCGTGG-3' (SEQ ID

NO:88),
20 PS3NIB-ACP 5'- GTCTACCAGGCATTCGCTTCATIIICCCCCCGTGG-3’ (SEQ ID
NO:89),
P53N2A-ACP  5'- GTCTACCAGGCATTCGCTTCATHOITCCCCGCGTG-3' (SEQ ID
NO:90),
P53N2B-ACP  5'- GTCTACCAGGCATTCGCTTCATIIITCCCCCCGTG-3’ (SEQ ID
25 NO:91), '
P53N3A-ACP  5'- GTCTACCAGGCATTCGCTTCATIOICTCCCCGCGT-3’ (SEQ ID
NO:92),
P53N3B-ACP  5'- GTCTACCAGGCATTCGCTTCATINIICTCCCCCCGT-3' (SEQ ID
NO:93),

30 P53N4A-ACP  5'- GTCTACCAGGCATTCGCTTCATIIMNIGCTCCCCGCG-3* (SEQ ID
NO:94),
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The allele-specific ACPs were used as 5’ primers. P53C-ACP and one of P53N1A-ACP,
P53N2A-ACP, P53N3A-ACP, P53N4A-ACP and P53N5A-ACP were used for wild-type A
genotyping. P53C-ACP and one of P53N1B-ACP, P53N2B-ACP, P53N3B-ACP, P53N4B-
ACP and P53N5B-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’ (SEQ ID NO:11) and
JYC4 51. 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 pl
containing 1 pl of the amplified target genomic segment containing the SNP in exon 4 of the
TP53 gene, 5 ul 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 pl 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 pl
of Taq polymerase (5 units/ul; 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
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10  and 72°C for 40 sec; followed by a 5 min final extension at 72°C.
The amplified products were analyzed by electrophoresis in a 2% agarose gel and detected
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-
15  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. 22 shows the results of allele-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 variant-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 the 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., P53N2A-ACP and P53N2B-ACP), the annealing specificity is most

critically accomplished.
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10 SM028C 5’- TCACAGAAGTATGCCAAGCGAINIMICAGGAAGGATGAGCATITAG -
3*(SEQ ID NO:103) for Chemokine (c-¢ motif) receptor 5§ (CCR5),
695N : 5’- AGAAAAACCAGAGGCAGCTT -3’ (SEQ ID NO:106) and
SM695C 5’- TCACAGAAGTATGCCAAGCGAIIT AGCACAAACCAAAGACACAGT -
3’ (SEQ ID NO:107) for Interleukin 13 receptor,
15 679N 5°- CTAGCTGCAAGTGACATCTCT -3’ (SEQ ID NO:110) and
SM679C 5°- TCACAGAGTATCCAAGCGIIIITCAGTAAGAAGCCAGGAGAG -3°(SEQ
1D NO:111) for Leukocyte adhesion molecule-1 (LAM-1),
832N  5’- TTTTGGGTGGAGGCTAACAT -3’ (SEQ ID NO:114) and
SM832C : 5’- TCACAGAAGTATGCCAGCGAIIMIAACGATGCAGACACCACCA -3°(SEQ
20 ID NO:115) for Tachykinin receptor 3 (TACR3), and
880N  5’- CTTCCACCAATACTCTTTTCC -3’ (SEQ ID NO:118) and
SMS880C : 5’- TCACAGAAGTATGCCAGCGAINII GCATACACACAAGAGGCAGA -
3’(SEQ ID NO:119) for Interleukin 1, beta (IL1B).
The emplified products containing the SNP between their ends were used as
25  templates for detecting the SNPs wherein allele-specific ACPs were applied as follows:
SM703-A 5°- GTCTACCAGGCATTCGCTTCATIIIIGGTACAGGGC -3’ (SEQ ID NO:100)
and SM703-B 5’- GTCTACCAGGCATTCGCTTCATIMIGGTACCGGGC -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’- GTCTACCAGGCATTCGCTTCATIINITCCAACCCAA -3’ (SEQ ID
NO:105) for Chemokine (c-c motif) receptor 5 (CCRS),



PFAI"210% Hf H& () - '1"10%4& () - k! "109%KHKH& ()- "' "109%& ()- <}}[9wr1l
10t km' 10\ & ()-!'m10%\ & ()-!'km'10%\ & ()-m10%Z& () -! Xn 10%\ 1\ & () -
10% & ()-\z[PE: 10t! 10\ 10\ 10\S9- 10% & ()-M$!"1098\ 8\ & () -
F~I"10%\& ()- !'p!"10%\& ()- mM10%n & ()-.CJEPE: 10t! 10\yY 109%& ()-vy-
109%& () - s10%& ()-f1l0%& ()-S @10%& ()- 10%& ()-G !dEPE: 10t! 10\
"10%& ()-ys 10%& ()-y 109%& ()- 9s10%& ()-yl09%& ()-!109%& ()-! & dEPE:
10t! 10\. 10%& ()-F - 10%& ()-+-10%& éﬁ- 3 )s10%& ()-&F(109%6& ()-!
10%& ()-(3FdEPE: 10t! 10\9S8"10%& () - é 09%& ()-5- 10%& ()-F
37 109%& () - 15MB9SA 5(-)GRITAGMRGECA TFOMKMCAPIIO CCATTITAGG -3° (SEQ ID NO:108)
T11094& () - 1) 11094HH. () -1 10948 () - 105 105

10 110% () arlld SM695-B 5°- G(I'E?TACCAGGCA(I‘)FCGCT'I‘CATII]]I CCATTGTAGG -3’ (SEQID

NO:109) for Interleukin 13 receptor,

SM679-A 5°- GTCTACCAGGCATTCGCTTCATIIIICCAGAACTTT -3’ (SEQ ID NO:112)

5  and SM679-B 5’- GTCTACCAGGCATTCGCTTCATIIMCCAGACCTTT -3’ (SEQ ID

NO:113) for Leukocyte adhesion molecule-1 (LAM-1),

SM832-A 5°- GTCTACCAGGCATTCGCTTCATIIIIGACTGGTAAA -3’ (SEQ ID NO:11 6)

and SM832-B 5’- GTCTACCAGGCATTCGCTTCATIIIIGACTGATAAA -3’ (SEQ ID

NO:117) for Tachykinin receptor 3 (TACR3), and

10 SM880-A 5’- GTCTACCAGGCATTCGCTTCATIMMAAAGCCATAA -3’ (SEQ ID NO:120)
and SM880-B 5’- GTCTACCAGGCATTCGCTTCATIIMAAAGCTATAA -3’ (SEQ ID

NO:121) for Interleukin 1, beta (IL1B).

FIG. 23 shows the results of allele-specific amplifications for six additional SNPs each
15  present in different gene such as Beta-2 adrenergic receptor (ADRB2) (A), Chemokine (c-c
motif) receptor 5 (CCRS5) (B), Interleukin 13 receptor (C), Leukocyte adhesion molecule-1
(LAM-1) (D), Tachykinin receptor 3 (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.
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5 1 ACP1 5’-GTCTACCAGGCATTCGCTTCATINMICAGGAGTGG-3’

2 ACP2 5°.GTCTACCAGGCATTCGCTTCATIMGGCGACGATS-3’
3 ACP3 5’-GTCTACCAGGCATTCGCTTCATINGCCATCGACS-3’
4  ACP4 5’-GTCTACCAGGCATTCGCTTCATIMAGATGCCCGW-3’
5  ACP5 5’-GTCTACCAGGCATTCGCTTCATIIMMAGGCGATGCS-3’

10 6  ACP6 5’-GTCTACCAGGCATTCGCTTCATIIITCTCCCGGTS-3’
7 ACP7 5’.GTCTACCAGGCATTCGCTTCATIIOTTGTGGCGGS-3’
8  ACPS8 5’-GTCTACCAGGCATTCGCTTCATIMMCTCCGATGCS-3’
9  ACP9 5’-GTCTACCAGGCATTCGCTTCATIIIICCTGCGGGTW-3’
10 JyC2 5’- GCTTGACTACGATACTGTGCGA -3’

15 11  JYC3 5’- TCACAGAAGTATGCCAAGCGA -3’
12 JYC4 5'- GTCTACCAGGCATTCGCTTCAT -3’
13 ACP10 5’-GTCTACCAGGCATTCGCTTCATIMGCCATCGACC-3’
14  ACP11 5’.GTCTACCAGGCATTCGCTTCATIMMGCCATCGACG-3’
15  ACP12 5’-GTCTACCAGGCATTCGCTTCATIINAGGCGATGCC-3’

20 16  ACP13 5’.GTCTACCAGGCATTCGCTTCATIMIAGGCGATGCG-3’
17 ACP14 5’.GTCTACCAGGCATTCGCTTCATIIICTCCGATGCC-3’
18 ACP15 5’-GTCTACCAGGCATTCGCTTCATIIMCTCCGATGCG-3’
19  CRP2I0 5'-GTCTACCAGGCATTCGCTTCATGCCATCGACC-3’
20  ACP16 5’.GTCTACCAGGCATTCGCTTCATIGCCATCGACC-3’

25 21 ACP17 5’-GTCTACCAGGCATTCGCTTCATINIGCCATCGACC-3’
22 ACP18 5’-GTCTACCAGGCATTCGCTTCATINIGCCATCGACC-3’
23 ACP19 5*-GTCTACCAGGCATTCGCTTCATIMIINGCCATCGACC-3’
24 dT-JYC3 5’-CACAGAAGTATGCCAAGCGACTCGAGTTTTTTTTTT

TTTTT-3’
30 25 dT-JYC2 5’-GCTTGACTACGATACTGTGCGATTTTTTTTTTTTTTT-3’

26 JYC2-T13C 5’- CTTGACTACGATACTGTGCGATTTTTTTTTTITIC-3’
27 JYC2-T13G 5’-GCTTGACTACGATACTGTGCGATTTTITTTITITTTG-3’
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32 DEG 5 AGGCGATGCGGGCTGTACTCTGGGTGGCTGCCACAGT
10 CTCATGAGAAACCAAGGGCAAAGGACCAAGGAAAAG
GGTCTCAGGCCCCTAAAGCAGTGGCTTTCAACCATCCTAA
TGTTGTGACCTTTTAATACAGTTCCTCATGTTGTG
TGACCCCCCAACCATAAAATGATTTTTGTTTCTACTTC
AAAAAAAAAAAAAAAAAAAAAA
15 33 SMART IV 5’-AAGCAGTGGTATCAACGCAGAGTGGCCATTACG
GCCr(GGG)-¥’
34 5" PCR Primer 5’-AAGCAGTGGTATCAACGCAGAGT-3’
35 CDS 11/3’ 5’-ATTCTAGAGGCCGAGGCGGCCGACATG-(dT)0

VN-3'
20 36 rG3-ACP 5’-GTCTACCAGGCATTCGCTTCATIIIIGGr(GGG)-3’
37 rG2-ACP 5’-GTCTACCAGGCATTCGCTTCATIIIGGr(GG)d(G)-3’

38 dG3-ACP 5’-GTCTACCAGGCATTCGCTTCATIIIIGGA(GGG)-3’
39  Oligo dT5-ACP 5’-GCTTGACTACGATACTGTGCGAIITTTTITTTIT

TTTTTTTTT-3’
25 40 PLP-Ca 5’-GAGAGGATAGTTTCAGGGAC-3’
41 JunB3 5'-CTCCGTGGTACGCCTGCTTTCTC-3’
42 B -actin 1 5’-TCGTCACCCACATAGGAGTC-3’
43 B -actin2 5’—CTAAGAGGAGGATGGTCGC-3’
44 EsxN7 5’-GCCGGTTGCAGAGCACC-3’
30 45 EsxC6 5’-GAACCATGTTTCTGAATGCC-3’

46 EsxN7-ACP  §’-GTCTACCAGGCATTCGCTTCATIIIGCCGGT
TGCAGAGCACC-3’
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51 EsxN3 5’-CGCCGC CCCCT GCCCGCA-
52 EsxC5 5°-GATGCATGGGACGAGGCA-3’
10 53  BsxN3-ACP  5’-GTCTACCAGGCATTCGCTTCATIIICGCCGC
ACCCCTGCCCGCA-3’

54  Oligo-dTs 5. TTTTTTITTTTTTTT-¥
55 EsxC2-ACP  5’-GCTTGACTACGATACT QTGCGAII]IIGATGCA
TGGGACGAGGCACC-3’
15 56 EsxC5-ACP  5°- GCTTGACTACGATACTGTGCGAIMGATGCA
TGGGACGAGGCA-3’
57  OligoVdT;s-ACP 5’- GCTTGACTACGATACTGTGCGAIIITTTTTT
TTTTTTTTTV -3’

58 dNs-ACP 5".GCTTGACTACGATACTGTGCGAIMNNNNNN-3’
20 59 1Gl-ACP 5"-GTCTACCAGGCATTCGCTTCATIMGGr(G)d(GG)-3’
60 JYCS 5’-CTGTGAATGCTGCGACTACGAT-3’
61 JYC5-Ty5-ACP 5".CTGTGAATGCTGCGACTACGATIITTTTTT
TITTTITTIT-3’
62  JYC5-T;5V-ACP 5".CTGTGAATGCTGCGACTACGATIIITTTTTTT
25 TTITTTTTTV-3

63 JYC5-T;sVN-ACP  5’-CTGTGAATGCTGCGACTACGATIIITTTTTT
TTTTTTTTTVN -3’

64 ACP101 5'.GTCTACCAGGCATTCGCTTCATIIMCCGGAGGATC-3’
65 ACP109 5'-GTCTACCAGGCATTCGCTTCATIIMCTGCAGGACG-3’
30 66 ACP116 5'.GTCTACCAGGCATTCGCTTCATIMICGGAGCATCC-3’

67 ELAMIN1 5. TTGCACACTGTTGATTCTAA-3’
68 ELAMI1C1 5. TTATTGATGGTCTCTACACA-3’



"10% 0& ()-S 10% o0& ()-ij$jt]j&KYKdAE{\="\S, #10% o0& () - S!

10% 0& ()-"10% 0& ()- ~ 10% o0& ()-S10% o0& ()- ~10% o& ()-ykk"I'IIT1\mdE{\=
\'S, 10% o0& ()-SF+ 10% o0& ()- )MO% o0& ()-( 10% o0& ()-Sf& 10% o0& () -

$MLO% o0& () -\ mmwnnoxodE{\ = \ S610% o0& ()-4MLO% 0& ()-S 3 10% o0& ()-@

10% o0& ()-0m'10% o0& ()-S. 10% o0& () -xoo6ppppppgbC \yL 10%K ()-4109%& () -
10'0 10'0 10' 0@; 10% o0& ()-@® 10% o0& ()-8n"10% o0& () - gNssuPuvw} [ <bC
\"10%& ()-"!p"10%HpH& ()-""10%& ()-"1t"10% Ht H& ()-""10%K ()-& a="10%H
aH8 () - &wxAy<z({){*{+{.{zl "PL 109%& ()- 138\ H H 10\ H H

10\H H\ " 10%};&35&1(()0;1“;,@&100/@%% o-"" 10%—1& ()-"TKk"109%HKH& ()-".{]|L~~}[<
ApL T 10%—!& ()-'a"10%HaH&' ()-S"10%4& ()-m\S"10% H\H& () -ns9 " 109448 ()-'s9
" 1094HH& ( Aﬁﬂ_l\/tXJE;I;_AMlNZ Ht HS5'-CCACTGA TCCAACA’ITC 3’

roHe E‘Wﬂ&?om M Vg TR RE O e () L1 10sedir () i L)

10%HH& () - mLePA& (P53N1 -CCTCTGACTGCTCTTTTCAC-B’
10t Ht He) | wu3+1! ~! k1Y" 10%<HkH& ()-Tk1Y" 109 Hk H& l3f "10%H& () -! ~f" 10%-H~H
& ()-11"1D%HR () -FBC11091H8S'¢A IAAGTCTGATAGA - 10%08& ()-@

10% o0& ()-9s1p% o 10% o
10KHKH] 0 dEx¥ ~! k%s(f%% o0& (%%%%Wﬁ% & ()-@ 10% 0& ()- @

10% 0& () - ! 140% 0& L2 szEx%G(':A(@i@D’A@%A&G@}G-S t 10% 0& () -
'10% 0& ()-Ls10% & () - S10% o&', (5100008 ()->1 xdExy: o ket 1008 o&'() y) 10%
' 0& ()-y)1094v& ()EE -B&F()> E@%CS @ESWJECM

1096& ()-3 9s1096& () - 10%3&'() 196RTHOPRA.3

10 76 ELAMICI1-ACP 5'-TCACAGAAGTATGCCAAGCGAIIITTATTGATGGT

CTCTACACA-3’
77 ELAMIN2-ACP 5’-GTCTACCAGGCATTCGCTTCATHIICCACTGAGTCC
AACATTC-3’
78 ELAMIC2-ACP 5’-TCACAGAAGTATGCCAAGCGAIIICTGAAACACTT
15 CCCACAC-¥
79 P53N1-ACP 5’-GTCTACCAGGCATTCGCTTCATIICCTCTGACTGC
TCTTTTCAC-3’
80 P53C1-ACP 5’-TCACAGAAGTATGCCAAGCGAIMIATTGAAGTCTC
ATGGAAGCC-¥
20 81 P53N2-ACP 5’-GTCTACCAGGCATTCGCTTCATIIITGCTTGCCACA
GGTCTC-3’
82 P53C2-ACP 5’-TCACAGAAGTATGCCAAGCGANIIIGCAGTGCTAGG
AAAGAGG-3’
83 JYC2-HD1 5’-GCTTGACTACGATACTGTGCGAINIMGTNCRRGTGTG
25 GTT-¥
84 JYC2-HD2 5’-GCTTGACTACGATACTGTGCGANIMIGTNCRRGTCTG
GTT-3’
85 JYC2-HD3 5’-GCTTGACTACGATACTGTGCGAINIIGTNCRRGTTTG
GTT-3’
30 86 P53N 5’-CCTCTGACTGCTCTTTTCAC-3’
87 P53C-ACP 5’-TCACAGAAGTATGCCAAGCGAIIIATTGAAGTCTC

ATGGAAGCC-%’
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109%%5& () - 9""' [M@LNTBAXE 5. GTCTACCAGGCATTCGCTTCATINICCCCCCGTGG-3”
90  PSIN2A-ACP 5~ GTCTACCAGGCATTCGCTTCATIIITCCCCGCGTG-3’
5 91  PSINZB-ACP 5~ GTCTACCAGGCATTCGCTTCATIIITCCCCCCGTG-3’
92 PSIN3A-ACP 5~ GTICTACCAGUCATTCGCTTCATIIICTCCCCGCGT-3"
93 PSIN3B-ACP 5'- GTCTACCAGGCATTCGCTTCATIMICTCCCCCCGT-3’
94  PSINMA-ACP  5'- GTCTACCAGGCATTCGCTTCATIIIGCTCCCCGCG-3’
95  PSINAB-ACP 5'- GTCTACCAGGCATTCGCTTCATIMGCTCCCCCCG-3’
10 96  P53NSA-ACP  5- GTCTACCAGGCATTCGCTTCATIIIGCTCCCCG-3’
97  P5INSB-ACP  5- GTCTACCAGGCATTCGCTTCATIIGCTCCCCC-3’

98 703N 5/- ATTCTGATGGTGTGGATTGTG -3'
99 SM703C 5'- TCACAGAAGTATGCCAAGCGAIMACCCTGGAGTAG
ACGAAGA -3/

15 100 SM703-A 5/. GTCTACCAGGCATTCGCTTCATIIIGGTACAGGGC-3’
101 SM703-B 5/. GTCTACCAGGCATTCGCTTCATIIIIGGTACCGGGC -3’
102 028N 5/. CCTTCTGTGCTTGATGCTTTT -3/
103 SM028C 5/ . TCACAGAAGTATGCCAAGCGATIIMICAGGAAGGATGA

GCATTTAG -3/

20 104 SM028-A 51 - GTCTACCAGGCATTCGCTTCATIIITCCAAACCAA -3’
105 SM028-B 5/ - GTCTACCAGGCATTCGCTTCATIIITCCAACCCAA -3’
106 695N 5'- AGAAAAACCAGAGGCAGCTT -3’

107 SM695C 5. TCACAGAAGTATGCCAAGCGAIIMAGCACAAACCAA
AGACACAGT -3/
25 108 SM695-A 57~ GTCTACCAGGCATTCGCTTCATIIN CCATTITAGG -3/
109 SM695-B 5. GTCTACCAGGCATTCGCTTCATIIN CCATTGTAGG -3’
110 679N 5'- CTAGCTGCAAéTGACATCTCT -3/
111 SM679C 5/ - TCACAGAGTATCCAAGCGIIITCAGTAAGAAG
CCAGGAGAG -3’
30 112 SM679-A 5/ - GTCTACCAGGCATTCGCTTCATIIMCCAGAACTTT -3’
113 SM679-B 5/ - GTCTACCAGGCATTCGCTTCATIIIICCAGACCTTT -3*
114 832N 5/ - TTTTGGGTGGAGGCTAACAT -3’
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20 TABLE 2
Differentially Expressed cDNA Fragments Cloned by the ACP of the Present Invention
Nomenclature Identity Homology
DEG 1 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
DEG 6 Cytochrome ¢ oxidase, subunit Vb Mouse 99%
DEG 7 Hydroxylacyl-Coenzyme A dehydrogense (Hadh) Mouse 98%
30 DEGS8 Troponin T2, cardiac (Tnnt2) Mouse 94%
DEG9 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%
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amplification, which comprises: (a) a 3’-end portion having a hybridizing nucleotide sequence
substantially complementary to a site on a template nucleic acid to hybridize therewith; (b) a
5  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 said primer in association with annealing temperature.

10 2. The annealing control primer according to claim 1, wherein said pre-selected arbitrary
nucleotide sequence of said 5’-end portion is substantially not complementary to any site on

said template nucleic acid.

3. The annealing control primer according to claim 1, wherein said template nucleic acid is

15 gDNA, cDNA or mRNA,

4. The annealing control primer of claim 3, wherein said gDNA or cDNA is single or double-
stranded DNA.

20 5. The annealing control primer according to claim 1, wherein said nucleic acid amplification

is 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

25  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.

30
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
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9. The amnealing control primer according’ to claim 5, wherein said first annealing

temperature is between about 30°C and 68°C.

10. The annealing control primer according to claim 5, wherein said second annealing

temperature is between about 50°C and 72°C.

11. The annealing control primer according to claim 1, wherein said annealing control primer
10  has a general formula of 5’-X-Y-Z;-3", wherein X, represents said 5’-end portion having said
pre-selected arbitrary nucleotide sequence substantially not complementary to any site on the
template nucleic acid; Y, represents said regulator portion comprising at least one universal
base or non-discriminatory base analog; Z represents said 3’-end portion having a hybridizing
nucleotide sequence substantially complementary to a site on the template nucleic acid to
15  hybridize therewith; wherein p, q and r represent the number of nucleotides; and wherein X, Y

and Z is deoxyribonucleotide or ribonucleotide.

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
20  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-
25  nitropyrrole, 3-nitropyrrole, 2'-OMe 3-nitropyrrole, 2'-F 3-nitropyrrole, 1-(2’-deoxy-beta-D-
ribofuranosyl)-3-nitropyrrole, deoxy 5-nitroindole, S-nitroindole, 2'-OMe S-nitroindole, 2'-F 5-
nitroindole, deoxy 4-nitrobenzimidazole, 4-nitrobenzimidazole, deoxy 4-aminobenzirnidazole,
4-aminobenzimidazole, deoxy nebularine, 2'-F nebularine, 2'-F 4-nitrobenzimidazole, PNA-5-
introindole, PNA-nebularine, PNA-inosine, PNA-4-nitrobenzimidazole, PNA-3-nitropyrrole,
30  morpholino-5-nitroindole, morpholino-nebularine, morpholino-inosine,  morpholino-4-
nitrobenzimidazole, morpholino-3-nitropyrrole, phosphoramidate-5-nitroindole,

phosphoramidate-nebularine, phosphoramidate-inosine, phosphoramidate-4-
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5 14. The annealing control primer according to claim 11, wherein said universal base or non-
discriminatory base analog is deoxyinosine, 1-(2’-deoxy-beta-D-ribofuranosyl)-3-nitropyrrole

or S-nitroindole.

15. The annealing control primer according to claim 11, wherein said regulator portion

10  comprises contiguous nucleotides having universal base or non-discriminatory base analog.

16. The annealing control primer according to claim 11, wherein said deoxyribonucleotide is

naturally occurring dNMP, modified nucleotide and non-natural nucleotide.

15 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 2.
20 19. The annealing control primer according to claim 11, wherein q is at least 3.

20. The annealing control primer according to claim 11, wherein q represents an integer of 2

tol5.

25 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.

30
23. The annealing control primer according to claim 11, wherein X, comprises a universal

primer sequence.



Y.10% & ()-y, 10%4& ()-)10%4& ()-' nf 10%4& ()- yf& 10%& ()- (AxnbCl!!S
10% & ()- 10H 10H 10Hf; F109%4& () - &9Z" 109%44& () - L3109%4& () - L310%4& () - -;

zX6nbCl 111" 100\ & ()-!1"10%\ & ()-S"10% & ()-m yS'10%\ & ()-n & 10%\ & () -
| P& 10%\ & ()-JGHI IJNzodY: ! 11110% & ()- 10\ 10\ 10\S1 10% & ()-!
| " 109%H 4\ & ()-1~1"10%\ & ()-!$l"10%\ & ()-NOJEAY: ! I11f 10% & ()-f,

SAJEAY: 111176 10% & ()-Y. 10% & ()- @10%E& () -

“1TI0% & ()-f10% & ()-&10% & ()-Aw,\dBdY: 1 111 HSy) 10%\\\ & ()- Sy

10%&' ()-S' "10% & ()- @MLO% & ()-S$10% & ()-f"10% & ()-[HAEdY:!!!11s4

10% & () - &3 280K dhealidg dddtlSpriner ScorliORMREIG F, Wheein &K, (idoliBles 4 6dudicé pr

b=\: 11111 p"10% 5] 5& () - sl K" 1000GX5& () - 5! f " 10965558 () - S1096& () - 10\ 10\
10\ 4 sequences recognized by a restriction endonuclease or restriction endonucleases.

10% & ()-RFIWU3~\:!!1 . F"10%f& ()-!pF'10% 5] 5& ()-!~F"10%5k5& ()-!tF"10%5

aS5& ()-!'k"109%5& ()-s!p"109% 5] 5& ()-sI=C wxwmB7!!! 105 105
105&&3" 1696 &5( ) Ti! anSBig Oriirblyssiief pec@tding'td OR:S® &2, (WheteBIKK,' dop9trisps at least one

& -1 F'"109%5& -
a& () nuclec‘?t‘idg zvith a label for detection or isolation.

26. The annealing control primer according to claim 11, wherein Z; is a nucleotide sequence
which hybridizes to the polyadenosine (polyA) tail of an mRNA.,

10
27. The annealing control primer according to claim 26, wherein Z, comprises at least 10

contiguous deoxythymidine nucleotides.

28. The annealing control primer according to claim 26, wherein Z, comprises at least 10
15  contiguous deoxythymidine nucleotides having 3’-V at its 3’-end; in which V is one selected

from the group consisting of deoxyadenosine, deoxycytidine and deoxyguanosine.

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
20 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

25  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.

30 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.
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35. The annealing control primer according to claim 11, wherein Z, comprises at least one

nucleotide complementary to allelic site.

10
36, The annealing control primer according to claim 11, wherein Z, comprises at least one
mismatch nucleotide to a target nucleic acid for mutagenesis.
37. A kit comprising the primer or the primer set according to any one of claims 1-36.

15

38. The kit according to claim 37, wherein the kit further comprises a primer or a primer pair
having a nucleotide sequence corresponding to said 5’-end portion of said annealing control

primer according to any one of claims 1-36.

20 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 is derived from any one of claims 1-25.

40. The method according to claim 39, wherein said method is performed using two stage
25  amplifications, which comprises:
(@) 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 sul;stantially complementary to a region of said
30 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
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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.

41, A method for selectively amplifying a target 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 is derived from any one of claims 1-25.

42. The method according to claim 41, wherein said method is performed using two stage

amplifications, which comprises:
(a) performing a first-stage amplification of said 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 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 (), 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 is derived from
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44, The method according to claim 43, wherein said method is performed using two stage

amplifications, which comprises:
(a) contacting said mRNA with an oligonucleotide dT primer which is hybridized to
polyA tail of said mRNA under conditions sufficient for template driven enzymatic
deoxyribonucleic acid synthesis to occur;
(b) reverse transcribing said mRNA to which said oligonucloetide dT pirmer hybridizes
to produce a first DNA strand that is complementary to said mRNA to which said
oligonucloetide dT pirmer hybridizes;
(c) performing a first-stage amplification of said target nucleic acid sequence from said
first 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
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
(d) performing a second-stage amplification of said ampiification 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 (¢) 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 is derived from any one of claims 1-25.

46. The method according to claim 45, wherein said method is performed using two stage

amplifications, which comprises:
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(a) providing 2 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) scparately contacting each of said first nucleic acid sample and said second nucleic
acid sample with a first primer of any one of claims 1-29, in which the 3’-end portion of
said first primer comprises a hybridizing nucleotide sequence substantially complementary
to a first site in said differentially expressed mRNA. to hybridize therewith, under

conditions sufficient for template driven enzymatic deoxyribonucleic acid synthesis to

. occur,

(c) reverse transcribing said differentially expressed mRNA to which said first primer
hybridizes to produce a first population of first cDNA strands that are complementary to
said differentially expressed mRNA in said first nucleic acid sample to which said first
primer hybridizes, and a second population of first cONA strands that are complementary
to said differentially expressed mRNA in said second nucleic acid sample to which said
first primer hybridizes;

(d) purifying and quantifying each of said first and second populations of first cDNA
strands;

(¢) 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 (¢), 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 (¢), respectively, under

conditions in which each primer anneals to the 3’- and 5'.end sequences of each second
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131
cDNA strand, respectively, whereby amplification products of said second cDNA strands

are generated, and
(8) comparing the presence or level of individual amplification products in said first and

second populations of amplification products obtained from step ().

47, A method for rapidly amplifying a target cDNA fragment comprising a cDNA region
corresponding to the 3’-end region of an mRNA, wherein said method comprises reverse
transcribing said mRNA and performing an amplification reaction using primers, characterized

in that at least one primer is derived from any one of claims 1-25.

48. The method according to claim 47, wherein said method is performed using two stage

amplifications, which comprises:
(a) contacting mRNAs with a first primer of any one of claims 1-29, in which the 3’-end
portion of said primer comprises a hybridizing nucleotide sequence substantially
complementary to poly A tails of said mRNAs to hybridize therewith, under conditions
sufficient for template driven enzymatic deoxyribonucleic acid synthesis to occur;
(b) reverse transcribing said mRNAs to which said first primer hybridizes to produce a
population of first cDNA strands that are complementary to said mRNAs to which said
first primer hybridizes;
(¢) performing a first-stage amplification of said first cDNA strands at a first annealing
temperature comprising at least one cycle of primer anneeling, 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
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sequences of a gene-specific second cDNA strand, respectively, whereby an amplification

product of a gene-specific cDNA strand is generated.

5 49, A method for rapidly amplifying a target DNA fragment comprising a cDNA region
corresponding to the 5’-end region of an mRNA, wherein said method comprises reverse
transcribing said mRNA and performing an amplification reaction using primers, characterized

in that at least one primer is derived from any one of claims 1-25.

10 50. The method according to claim 49, wherein said method is performed using two stage
amplifications, which comprises:
(a) contacting mRNAs with an oligonubleotide dT primer or random primer as a cDNA
synthesis primer under conditions sufficient for template driven enzymatic
deoxyribonucleic acid synthesis to occur, in which said cDNA synthesis primer comprises
15 a hybridizing nucleotide sequence substantially complementary to a region of an mRNA to
hybridize therewith;
(b) 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
20 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
25 step (c) 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 strands and the 5’-end portion comprises a
pre-selected arbitrary nucleotide sequence, under conditions in which said 3-end portion of
30 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
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oligonucleotide serves as a template in the extension reaction, whereby full-length first
cDNA strands are extended;
(f) performing a first-stage amplification of said full-length first cDNA strands obtained
from step (e) at a first annealing temperature, which comprises the steps of:
(@) at least one cycle of primer annealing, primer extending and denaturing using a
first primer comprising a nucleotide sequence substantially complementary to the 3’-
end sequences of said full-length first cDNA strands under conditions in which said
first primer anneals to said full-length first cDNA strands, under conditions in which
said first primer anneals to the 3’- ends of said full-length first cDNA strands,
whereby full-length second cDNA strands are generated;
(i) 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 sequence substantially complementary to a region on one of said full-
length second cDNA strands to hybridize therewith, under conditions in which said
second primer anneals to a gene-specific site on one of said full-length second cDNA
strands, whereby a gene-specific cDNA strand is generated; and
(g) performing a second-stage amplification of said gene-specific cDNA strand at a
second annealing temperature, which is high stringent conditions, comprising at least fwo
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 (£)-(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 is derived from any one of claims 1-29.

52. The method according to claim 51, wherein said method comprises:
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(a) contacting said mRNAs with a first primer of any one of claims 1-29, in which the
3’.end portion of said first primer has a hybridizing nucleotide sequence substantially
complementary to poly A tails of said mRNAs to hybridize therewith, under conditions
sufficient for template driven enzymatic deoxyribonucleic acid synthesis to occur;

5 (b) reverse transcribing said mRNAs, using a reverse transcriptase, to which said first
primer hybridizes to produce said population of first cDNA strands that are
complementary to said mRNAs to which said 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
10 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 (c) 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°-
15 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 strands 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;
() extending the tailed 3’-ends of said first cDNA strands to generate en additional
20 sequence complementary to said oligonucleotide using reverse transcriptase, in which said
oligonucleotide serves as a template in the extension reaction, whereby full-length first
¢DNA strands are extended; and
(f) performing an amplification of said full-length first ¢DNA strands generated from
step (¢) comprising at least two cycles of primer annealing, primer extending and
25 denaturing, using a primer pair each comprising a nucleotide sequence corresponding to
the same first primer and oligonucleotide as used in steps () 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 (2) and (d), respectively, under
conditions in which each primer anneals to the 3’- and 5°-end sequences of said full-length
30 first cDNA strands, respectively, whereby amplification products of full-length ¢cDNA

strands complementary to said mRNAs are generated.
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53. A method for amplifying 5’-enriched double-stranded cDNAs complementary to mRNAs,
wherein said method comprises comprising reverse transcribing said mRNAs and performing
an amplification reaction using primers, characterized in that at least one primer is derived from

any one of claims 1-25.

54. The method according to claim 53, wherein said method comprises:
(a) contacting said mRNAs with a first primer of any one of claims 1-25 under
conditions sufficient for template driven enzymatic deoxyribonucleic acid synthesis to
occur, wherein the 3’-end portion of said first primer has at least six random nucleotide
10 sequences;
(b) performing the steps (b)-(¢) of claim 52, whereby 5’-enriched first cDNA strands are
extended;
(c) performing an amplification of said 5’-enriched first cDNA strands generated from
step (b) comprising at least two cycles of primer annealing, primer extending and
15 denaturing, using a primer pair each comprising a nucleotide sequence corresponding to
each 5’-end portion of said 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 said 5’-enriched first cDNA strands, respectively, whereby amplification
products of 5'-enriched cDNA strands are generated.
20
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 is derived from
any one of claims 1-235.
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
30 extending and denaturing, using the primer pairs of any one of claims 1-25 in which its
37end portion each of each primer pair has a hybridizing nucleotide sequence

substantially complementary to a region of said target nucleic acid sequence to hybridize
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therewith, under conditions in which each of said primer pairs anneals to its target
nucleotide sequence, whereby the amplification products of target nucleotide sequences
are generated; and

(b) performing a second-stage amplification of said 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 sequence corresponding to each 5°-end portion of said primer pairs
used in step (a), under conditions in which each of each primer pair anneals to the 3’- and
5'.end sequences of said amplification products generated from step (a), respectively,

whereby said amplification products are re-amplified in the same reaction.

57, A method for producing a DNA fingerprint of gDNA, wherein said method comprises

performing an amplification reaction using primers, characterized in that at least one priiner is

derived from any one of claims 1-25.

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 (2) 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 (), under conditions in which said primer or each of
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said primer pair anneals to the 3’- and 5'.end sequences of said set of discrete DNA
segments generated from step (a), respectively, whereby said set of discrete DNA

segments is re-amplified.

59. A method for producing a RNA fingerprint of an mRNA sample, wherein said method
comprises reverse transcribing and performing an amplification reaction using primers,

characterized in that at least one primer is derived from any one of claims 1-29.

60. The method according to claim 59, wherein said method is performed using two stage

amplifications, which comprises:
(a) contacting said mRNA sample with a first primer of any one of claims 1-29, in which
said first primer has a hybridizing nucleotide sequence substantially complementary to
poly A tails of said mRNA sample to hybridize therewith, under conditions sufficient for
template driven enzymatic deoxyribonucleic acid synthesis to occur;
(b) reverse transcribing said mRNA sample to which said first primer hybridizes to
produce a population of first cONA strands that are complementary to said mRNA sample
to which said first primer hybridizes;
(c) performing a first-stage amplification of said population of first ¢DNA 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
(@) performing & 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
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segments generated from step (c), respectively, whereby said set of discrete cDNA

segments is re-amplified.

61, A method for identifying conserved homology segments in a multigene family from an
mRNA sample, wherein said method comprises reverse transcribing and performing an
amplification reaction using primers, characterized in that at least one primer is derived from

any one of claims 1-25.

62. The method according to claim 61, wherein said method is performed using two stage

amplifications, which comprises:
(a) contacting said mRNA sample with a first primer of any one of claims 1-29, in which
said first primer has a hybridizing nucleotide sequence substantially complementary to
poly A tails of said mRNA sample to hybridize therewith, under conditions sufficient for
template driven enzymatic deoxyribonucleic acid synthesis to occur;
(b) reverse transcribing said mRNA sample to which said first primer hybridizes to
produce a population of first cDNA strands that are complementary to said mRNA 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
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primer anneals to the 3’- and 5’-end ascquence‘s of said 3’-end cDNA segments,

respectively, whereby said 3’-end conserved homology cDNA segments are amplified.

63. The method according to claim 61, wherein said method is performed using two stage
5  amplifications, which comprises:
(a) performing steps of (a)-(e) of claim 52, whereby full-length ¢cDNA strands are
generated;
(b) performing a first-stage amplification of said full-length first cDNA strands obtained
from step (a) at a first annealing temperature, which comprises the steps of:

10 (i) at least one cycle of primer annealing, primer extending and denaturing using a
first primer comprising & nucleotide sequence substantially complementary to the 3’-
end sequences of said full-length first cDNA strands under conditions in which said
first primer anneals to said full-length first cDNA strands, under conditions in which
said first primer anneals to the 3’- ends of said full-length first cDNA strands,

15 whereby full-length second cDNA strands are generated; and
(i) at least one cycle of primer annealing, primer extending and denaturing using a
second primer of any one of claims 1-25 };aving 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

20 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
25 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

30 conditions in which each primer anneals to the 3’- and 5°-end sequences of said 5’-end

¢DNA segments, respectively, whereby said 5’-end conserved homology cDNA segments

are amplified.
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least one primer is derived from any one of claims 1-25.

30 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
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occupied by the complementary nucleotide of said first primer to its corresponding

nucleotide of said first site; and

(b) performing a second-stage amplification of said first DNA strand generated from

step (a) at a second annealing temperature, which is high stringent conditions, comprising

the steps:

(i) 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 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

(i) 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’-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
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20 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

25 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) 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

30 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
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stages amplifications, comprising the steps of:

%

(a) performing a first-stage amplification of said target nucleic acid sequence at a first
10 annealing temperature comprising at least two cycles of primer annealing, primer
extending and denaturing, using a primer pair of any one of claims 1-25 each having at its
37 end portion a hybridizing sequence substantially complementary to a region of said
target nucleic acid sequence to hybridize therewith, wherein said hybridizing sequence has
at least one mismatch nucleotide to generate site-directed mutation, under conditions in
15 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
20 the same primers as used in step (a) or a primer pair each comprising & 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.
25
71. The method according to any one of claims 40-70, wherein said second-stage

amplification is repeated at least 5 times.

72. The method according to any one of claims 40-70, wherein said amplification is

30  performed in accordance with polymerase chain reaction.

73. The method according to any one of claims 40-70, wherein said nucleic acid is double-
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20  79. The method according to any one of claims 40-70, wherein the regulator portion in said
primer of any one of claims 1-36 is capable of restricting the annealing portion of said primer

to the 3’-end portion at said first annealing temperature.

80. The method according to any one of claims 40-70, which further comprises the step of
25  isolating the amplified DNA product following said second stage amplification.

81. The method according to claim 80, which further comprises the step of cloning the

isolated DNA produect into a vector,

30 82, 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.
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85. The method according to claim 46, wherein said first nucleic acid sample comprises
10 mRNA expressed in a cell at a first developmental stage and said second nucleic acid sample

comprises mRNA expressed in a cell at a second developmental stage.

86. The method according to claim 46, wherein said first nucleic acid sample comprises
mRNA expressed in a tumorigenic cell and said second nucleic acid sample comprises mRNA

15  expressed in a normal cell.

87. The method according to claim 46, wherein said first site of said mRNA comprises

polyA.

20 88. The method according to claim 46, wherein said first primer has a general formula of 5’-
dXy5.30-Y2.10-dT10.20-3°, Wherein dX represents a deoxyribonucleotide and comprises a pre-
selected arbitrary nucleotide sequence not substantially complementary to said first and second
populations of mRNAs; dY represents the regulator portion comprising 2-10 universal bases or
non-discriminatory base analogs; and dT represents a contiguous deoxythymidine capable of

25  annealing to said first site in said first and second populations of mRNAs.

89. The method according to claim 48, 52, 60 or 62, wherein said first primer has a general
formula of 5'-dX;s30-dY2.10-dT10-20-3', wherein dX represents a deoxyribonucleotide and
comprises a pre-selected arbitrary nucleotide sequence not substantially complementary to
30 mRNAs; dY represents the regulator portion comprising 2-10 universal bases or non-
discriminatory base analogs; and dT represents a contiguous deoxythymidine capable of

annealing to poly A tails of said mRNAs.
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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.

10
92, The method aécording to claim 46, wherein said second primer has the general formula of
57-dX5.30-dY2.10-dZg.15-3°, wherein dX represents a deoxyribonucleotide and comprises a pre-
selected arbitrary nucleotide sequence not substantially complementary to said first and second
populations of said first cDNA strands; dY represents the regulator portion comprising 2-10
15 universal bases or non-discriminatory base analogs; dZ represents a hybridizing arbitrary
nucleotide sequence capable of annealing to said second site in said first and second

populations of DNA strands.

93, The method according to claim 46, wherein said first or second primer comprises a

20  sequence or sequences recognized by a restriction endonuclease or restriction endonucleases.

94, The method according to claim 46, wherein the step (g) comprises resolving each of said
first and second populations of amplification products by electrophoresis on agarose gel and
comparing the presence or level of bands of a particular size.

25
95. The method according to claim 46, wherein the step (g) comprises resolving each of said
first and second populations of amplification products by electrophoresis on a denaturing

polyacrylamide gel and comparing the presence or level of bands of a particular size.

30 96. The method according to any one of claims 50, 52, 54 and 63, wherein the step of

permitting cytosine residues to be tailed is performed in the presence of manganese ion.
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98. The method according to claim 97, wherein Ga.s is three to five riboguanines.

10  99. The method according to claim 97, wherein Ga.s is three to five deoxyriboguanines,

100. The method according to claim 97, wherein G;.s is a combination of riboguanine and

deoxyriboguanine.

15 101, The method according to claims 55-60, further comprising comparing said amplification

products through size separation of said amplification products.

102. The method according to claim 101, wherein the size separation comparison is
performed by electrophoresis throﬁgh a polyacrylamide gel matrix or agarose gel matrix.
20

103. The method according to claim 101, wherein the size separation comparison is

performed by an automatic DNA sequencer.

104. The method according to claim 58, wherein said 3’end portion of said primer or said

25  primer pair used in step (a) is 8 to 15 nucleotides in length.

105. The method according to claim 60, wherein said 3’end portion of said second primer or

said second primer pair used in step (c) is 8 to 15 nucleotides in length.

30 106. The method according to claim 58 or 60, wherein said genomic DNA or said mRNA

samples is from different individual organisms.



2" 10%x! b& ()- j AB~CC D*EE|[:vU410 W ! nt 1099x! 9& ()-m ! nt 10%x! b& ()-m
I m' 10941 & ()-m i 10980x! 9&' ()- m' 10%x! O&' () -

Yt 1098x! 9&' () - EFF3GGHHHH| [ NA410109x! 9109x! 9109x! 9 S; 1090x! 9&' () -
k6Z"109®x! 9& ()- @ 109®x! 9& ()- 0109@x! 9& ()- * 109®x! 9& () - HFEHWHHHH;
][ NAA1010 , 10%Re!&& ()- L t10%Re! && ()- ,yl0%Re! && ()- , 10%Re! && () -
L 109%Re! && () - f, 109%Re! &&' () -;111YJJIKeK| [ NAA1010 @ 10%e! &&' () -

@ 10%8e! &8 ()- S ' 10%Re! && ()- ,s 10%Re! && ()-y 910%&e! && ()-
109&e! && () - eKK'LLLM M [: NA41010 0- 109@48&& ()- @ 109%Ke! && () -

%‘}/ggf;gla%&f%) T%ﬁ\?%%el S l%%ﬁ&ﬁ%%&%@(m@g@ig‘ger é{ﬁ%éqn&mlc Ii%&e% Sfmple :

109&e! &&' () soude8 i stieddeetk st prougBdndiikf Sidnté, knimal and microbes.
@10%e! &&' () - NNHOOO>PZP| [ : NA41010 |10% ! & ()- - 10%! & ()-

&3110% ! & ()- 10% ! & ()- S 10% ! & ()- @0% ! & ()-ZPPQTQQRAR] [ : NA41010

Lo 1 & () - et Siondie g B hof l ey Mt gle e PPl o ()

("10% ! 5% (Jourc¥HbRsA.! & ()- # 10% ! & ()- TXUUW_VWVWV| [ NA41010° 1101 10° 1"
, 109%!V& ()- 3: 10%! & ()- 8'10%! & ()- 7 10%! & ()- f5
10% ! & () - WVDWKWZWK| [ : NA41010 109%.!Lé& ()- &3s109%.!L& ()- y 10%.!L& ()-

#1001 Lg % )10 %g%%/g#%é‘%3fd§%§5@ﬂi%‘§f${ 3!%% ‘ége‘i%%?id; Jggoﬁgl;ﬂgiﬂxm‘%sl@%vuiﬁ (0)-

910%.! L& () 624eBNor\shiltipifneiNAbiOdhaR uddd%h btemR(ay f-cloidh 69hepteSints)s popkdf PUlbls &’ ( ) -
9- 109! L& - + 10%.! L& - Y(!10%! L& - PAO"RNS"W* vJ410 .,

10% ! & () éa)cl@@%rxsm&a(dfséf)efeﬁeﬁéqsﬁmﬁ iﬂtﬁ*’e@mgﬂlﬁlyf&hg&f (*)enugl?vﬂ?é%ffﬂf&f‘{)
S5m0 L & & - 10% ! " & - 9- 10%! &
10% ! - 8}O(L)-m%ofc!lS‘%@é@&{m%gﬁ%%%%abl f)%)bc|[ vU410()*100/‘l & ()- E)
10% ! & ()- &10% ! & ()- FUW0% ! & ()- 'MO%! & ()- S

Y061 & () 103G s §7 18 M g ot g gpomic™ ©)” 0

,mMLO%.! L& (hna 10%.! L& ()- ,10%.!L& ()-10°!1°10°1°10° 1" :10%!" &() fIf{f;
grygg| [: vUA10 , 10%! L& ()- ° 109%.!L& ()- "10%L& ()-4 R'10% & ()-4 F
10941 L& ()- 109! L&() g+h hiliii|[:vU410 9-10%.!L& ()- @10%.!L& ()-

| (10%! 1 10941 L& (). o —
 Soont 8 S At The maetied focbiing, f Pl dplds, Fhorin s fasest mpcleic pcid ina hept | o1 (1

@ 10%.! L&njfcleotide sgérg&ﬁ-{nbﬁdﬁlﬁanuc&oﬁ&%aﬁh&fn()- kkkkkl dl I bA410L!'L 9

109%9x! 9&' ()- y- 1098x!9& ()- 109%9x!9& ()- 109@x! 9& ()-

S, 1099x! 9&' () 10L! L1OL! LI m m‘rrmnn| [ A410L!'L 109%©x! 9&' () , 109®x! 9& ()-

109@x! 9&' () )

10%x! 9& () lhzgq#ﬁg%)é%‘g%@%{‘%% {@%”sg‘% %%k‘"gé?“( jaid fepeet nuc/"é"sﬁcédgf‘in)m“se,s&
10%0x! 9&' () motk thOLbhe 't&@ct (short nucledtiiBxgnRt arh irkluding a nucleotide variation which is
109@x! 9& () - - ppp>9qq A410L! L 8"10%0Ox!9& ()- ,f5 109®x!9& ()- 3-

1090x! 9%2 () PfeBafedl@(j@Rlﬁ’g‘&‘cte)c acidgmplifiggliong: ()- L- 109@x! 9& ()-rlrrrrrrrBsvU410
1090x! 9&' ()- @ 109®x!9& ()- S@0%x!9& ()-109x!9109x!9109x!9 ,; 109%®Ox! 9&' () -
, o 109®x!9& ()-Bs]s_sst(tt|[:vU410 L"10%Ox!9& ()- 10%Ox!9& ()- I

109@x! 9&' () 113. 10%® xieh8a @o)oord&ESQ@IKﬁns' &780r(68, whareif »aid &uglyotide weriationis|singleUs 10
F% 109@x! 9& 0%®x! 9& 109@x! 9&' ()- ,10%0x!9& ()- 10%®x!9& () -
1090x! 9&' () ¥ éfz}wﬁ‘?ﬂii% ‘1’"\’7 ’fbm“‘ﬁ“%%axl 98& () . 109@x! 9& ()- +

1090x! 9&' ()- ,* 109®x! 98! ()- ( 10%x!9& () -

1090x! 9&' () - wx Uxxxxxx| [ NA410109x! 9109x! 9109xI 9 ,3:109x!9&' () -

8m' 1090%5 9&'119.- Tieh vethektcodrding to clamy G068 owhefein sald mucleotide variation 1s contained
1090x! 9&' () - @%é’é}é“ @L{v NA41010 S 10%! & () - @10%?' & ()- W 109%?! k& () -
S10%9! & () - JelcACS- 1 00@1 & ()-{D| K| | } D~j ~| [: NA41010 s03 10%! & () -
f& 109! & ()- \Y(I"10%?! p& ()-z fy# 10%?'& () S 10! & ()- S

1098! & () - Zj ~~I{r vU410 f10%! & ()- 10%+! &

, 109+ &' () - 1852 Tpg pythod aqggrding twliamié'b@rfﬁSy@ n sa}@}'@wd&v njation {fjopRieimety
flo%H&() 9 ZlO/oH&()- llo%H&()
Nor mal " Heggi?lgléﬂi ilgif Qé;a Q{—ﬁ{nog%/ﬁm‘&ﬂ%cauye amré%ﬁn%g%sﬁ% Headl ng 43] c"

"Headi ngo53] c" Head| ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Para ) ?5z@KVX | Z CcDNlr, . . -

pV* 51 @KUJ® |1j1 ci’éé)?“%?ﬁ‘% @@g&i & %#@E\?E‘A%‘f%%@?‘ﬁ stranch SRR

TXadkt | Aelﬂ@etfn3§ FitRRbD RO erated by one cycle of primer annealing, primer extending, and

"$&(*, . 02468: <>@DFHILNPRTVXZ\ A" bdf hj | nprt vxz| ~e B8f low<re! U¥%YNt

) S<f | x3! *' 4PYcs6Qup\ | XOBO\ nc4i uouyCD@HOA[ esoxYZ[\ ] ~_" abcdef ghi j kIl mopqgr st uv
wxyz{| } ~_wX@ %+-8059{ ?| COIJNSUY~bdr f Nhj kl noprt | uEwxz| n~n! FJ| ZRT] ! ": <BL+| f np
7${) Z- 38e; nry@C, HWNRX[ " chdmg+vx~Q "} F{C' G ! #% +3579S<=BHLQaTY"

cfiyk\ nxogw. { Mc[ ! X




cPc@&J CB

f<\§/6he! "\ +)"j "' *n-127d<BFhMPQTVXYb\ ] 2abl ef “ hJj Onpssvwwu{ Gk2cV* 3j LPpL@( NAI

; 2" P(-. 01247<==R=f =w======>$>C>; BBKCCC,; DDDFEEEY FFFAGGGHBHHH | | | >JvJJ5KzKK) L
oLLLLMEM MMWN; NNNNNNO&QZOOOOO PcPoPPPP2 QY QQXRRSKk SSSRTTTOU~UU VgWwW

VWP XXYYYY) ZMZZ[ R [\~ bnde<gi j | S5Snuogrt Xvj wxz] | } gP-;

L' Jpl~dweVFDGSx- F8@ ~% * +T35K: >j AEH,

I eKif)%(F;gETVXﬁ Hl _{ acdf gi kl nn- pr Bst gvwia£p~{ " #$UR' ()*+,-./0123456789: ;
<=> FGHI JKLIMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kI mopqgr st uvwxyz ~
" #PUR ()*+%Ha916‘1323456789 l - vt

<=>? @A\BCDEFCHI JKLM\ICPQQSTUVW(YZ[ \]~_"abcdef ghi j kl mopqr st uvwxyz{| } ~6Ti nes
New RomanAri al Courier New'h Root EntryWr dDocunent
| " #$0R () * +117./ The BB6d ggording to claims 67 or 68, wherein said 3’-end portion of said first

X ;;%F‘f??f%%g@%g%%% ' Bositiof RESE:E By KL ARRRARL HMNEL | b The

<=>7 @\BGDEF g3edenMMOMIRDTEMANI ok shond e slmicipbiidelvariatiopqgr st uvwxy z{ | } ~

" H#SUR () *+, -. /%%23456789: : bého g P yztl}

|<..:>;%.BC§)EFG_" JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqgr st uvwxyz{| } ~
+. -

S ecber it bR REPERER R T TR TR £ i

| " #SY&' () * + first pifkhet 3B GreSRIddIe of its 3'-end portion.

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

I"H#$UR' () *+,-./0123456789: ;

<=>? G\BLHEFGH J L MNRGRITLRMME el didims. 6810 @8] Ghdrkitt |SE AREHES horum v dald} first

primer is 8 to 20 nucleotides in length.

120. The method according to claims 67 or 68, wherein said interrogation position of said
first primer is within about 10 bases of the 3’-end nucleotide of said first primer.

15
121. The method according to claim 120, wherein said interrogation position of said first

primer is within about 6 bases of the 3-end nucleotide of said first primer.

122. The method according to claim 121, wherein said interrogation position of said first

20  primer is located within positions 4 and 6 from the 3’-end nucleotide of said first primer.

123. The method according to claim 122, wherein said interrogation position of said first

primer is located within position 5 from the 3’-end nucleotide of said first primer.

25 124. The method according to claims 67 or 68, wherein said first primer has at its 3’-end
portion at least one artificial mismatch nucleotide substantially adjacent said interrogation
position of said first primer in which said mismatch nucleotide comprises an universal base or

non-discriminatory analog base.

30 125. The method according to claim 67, wherein said second DNA strand including
nucleotide variation in step (b)-(i) is generated by one cycle of primer annealing, primer

extending, and denaturing,
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126. The method according to claim 67, wherein said second DNA strand including
nucleotide variation in step (b)-(ii) is amplified by at least 5 cycles of primer annealing, primer

extending, and denaturing.

127. The method according to claim 68, wherein said first DNA strand including nucleotide
variation in step (c) is amplified by at least 5 cycles of primer annealing, primer extending, and

denaturing,

128. The method according to claims 67 or 68, wherein said short target nucleotide segment
containing said nucleotide variation is detected by said first or second primers comprising at

least one nucleotide with a label for detection.

129. A kit for nucleic acid amplification, which comprises the annealing control primer or

annealing control primer set described in claim 39 or 40.

130. 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,

131. 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,

132. A kit for detecting DNA complementary to differentially expressed mRNA, which
comprises the annealing control primer or annealing control primer set described in any one of

claims 45-46, 82, 87, and 89-92.

133. 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 annealing control primer set described in claim 47 or 48.
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134. 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.

135. A kit for amplifying a population of full-length double-stranded cDNAs complementary
to mRNAs, which comprises the annealing control primer or ennealing control primer set

described in claim 51 or 52.

136. 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.

137. 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.

138. A kit for producing 2 DNA fingerprint by use of gDNA, which comprises the annealing

control primer or annealing control primer set described in claim 57 or 58.

139. 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.

140. 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.

141. The kit according to claims 134-135 or 140, which further comprises the oligonucleotide

described in any one of claims 98-101.

142. 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.
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143, 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.

144. 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,

145.  Use of the primer according to any one of claims 1-36 for a process involving nucleic

acid amplification.



