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1 DESCRI PTI ON METHOD OF OBTAI NI NG GENE TAG 5 Techni ca
Field The present invention relates to nethods for
obt ai ni ng gene tags and nmethgds for anal yzing gene
tags. Background Art 10 Cells can be characterized by
conpari ng gene expression patterns anong vari ous
cells. Specifically, cell catal ogs can be prepared,
in which cellular states are represented by gene
expression patterns. W OESIKIPTI@Nal ogs, cells can be
speci fied based on their gene expression patterns.
Conversely, genes characteristic of each cell can be
identified by COFTMODOREOBTAINRIGESSNBTAG! t er ns
bet ween cells. For exanple, genes whose expression
| evel s are altered upon 15 an artificial treatnent can
Techrid&l Figdht i fi ed by conparing gene expression patterns

be en notnal . l.s and I ect ed oth

o T Pt i Eaion s B e bels BrHEbEREGe 1 oA oshogs for
analydfggadeltegeed as a result of the artificial treat ment .

‘Li kew se, genes associated with a di sease can be

identified by corrpari ng gene expression patterns
Backdmemmbtenn patient's cells and cells of healthy donors. .

y glaﬁr d:é %gg?ﬁg%dsﬁ{ %EIS?%{H%P%%‘% é}?pgéss on gxga%nl%% a%xeotn\éﬁr%ﬂous cells.
Specxﬁothwﬁﬁleﬂtalwgsmeh lbs prepasedpar whichi beltulartstetes dyy rquesentei by gene
cxpre%gogﬁ)e %X%ésigoyuﬁﬁ %tgf )gg,i cefls a[rﬂ'g retl:lkf’%g tbggeg\r/o% théir %Qtjtel &%ressmn
patterhe dboroksglyegerfes nhzgewta‘lst@)qf rcectséabircan be ligegitified Egj [comparing gene

t
e o 5, O S 45 NIRRT B oo
an al‘ti’fmahﬂeaﬁmm\wm bebdentifed: byz‘@mpaung geneeaxpreshion ipafiéray befmigen normal
cells and %B'l?st dull teﬁq% jtlire(%ﬁ'ﬁj?%{%l ét%@ﬂﬁ:ﬁ&t ”Ek#&t@?ﬁo@%vﬁ BFﬁﬂh WS drdaltered asa
result aﬁﬁje)amﬁ;aal traatnénsd iﬂlf@(gtﬂsq, genes ﬁﬁg@pﬁ@d@@ﬁl@g dwnaﬁgé:an be identified by
comp%ﬁ% ggﬁé b%}eé ﬁemsfge%e&gﬂ%ﬁ&t%% hhPEALsi %e&lthy donors.

rent® ori I'n rec ears, nucleotid

s eGomparéng wbey anal dxpression Mgl g@nﬁthﬁtmendtellg ﬁﬁ@%ghfas’élausﬁve
analyéi’se eRls %@?% A &ls i gar'ﬁ@tﬁlﬁr ik c%ﬁfpaﬂﬁ@ genehexpressmn patterns as

qgressn yses been achi ved usi n
describefbahowe isralled & mmrqsm@ prlysivn. Thepreetist erppytecimalogies for gene

expregtdhaaymfy%hnol ogy has allowed for inproved effici ency
I n_DNA arraﬁW tens_of thousands of gene probes ar
|

ar Farrfgample: theipethedvisflpymepase ean diveloped & elatecgeneg fhose

expreé%fontlg@ll@ﬁ'@@?ﬁ&@nﬂﬁﬁ?&n@Nﬁﬁb@fe@' ned simultaneously
in a single experinment using a single
- Differential display and

- Subtraction library.

These methods have been used in practice for a relatively long time. Both are analytical
methods for identifying genes whose expression levels differ among ¢DNA libraries of different
origins. In recent years, nucleotide sequence information from a vast number of genes has been
accumulated, and more efficient gene expression analyses have been achieved using the nucleotide
sequence information. Specifically, DNA array technology has allowed for improved efficiency.
In DNA array, tens of thousands of gene probes are arranged at high density. Expression patterns
of tens of thousands of genes can be obtained simultaneously in a single experimént using a single
DNA array. It is estimated that the total number of human genes is 30,000 to 40,000. Thus, DNA
array has been used widely as a powerful tool to analyze human gene expression. In addition,
DNA array has proven to be useful in the discovery of therapeutic targets and the development of
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DNA array. It is estimated that the total nunber of
human genes is 30,000 to 40,000. Thus, DNA 35 array
has been used widely as a powerful tool to analyze
“human gene expression. In addition, DNA array has
proven to be useful in the discovery of therapeutic
targets and the devel opnent of 2 candi date conpounds
for pharnmaceuticals (Nature Genetics, volunme 32,
candi8atl bR pBHds P pHadadebifcals QROZE Gdﬂ@ﬁiﬁy%lMeG?.gﬂlp@Ieaiem pp. 547-552,
ﬁrobes constituting DNA array have been desi gned based
2002%n known nucl eot i de sequence information. Therefore,

t hitfovetawt, ﬁﬁ%n&raﬂ Jpasleg dadisgitdting DNAlaatay hav&imeddehgﬁeddﬂlsed on known

L O T T RN ERT
geneso IRt eSiate f]DNAVHﬂta@h c@endyaedileicm the hmrkma:tedlmimistohhm& derived

om Bfegtetis SN R R R inia Pl IR g B Aelifutaed. For
e
e S e

Antﬂ\&:erﬂﬁe(ﬁéhelagarﬂr@mp)nemwnan (Human Genoms Focus

use Expression Set 430
and%}éﬂ?ﬂy (Bmsﬁéké{fd%?ﬁ)nas%%%baerugl nosa CGenone Array),
15-E. &alf (X, RaizAﬁnpwrssﬂenmnSénrmo and such), and -
Yea erf orm DNA
arr%ﬁmé @&gagﬁe%g%&%g)sgl on J&h for other
speMces¢ (]MsvesesEprs&smntSeeﬁ%(éambw g},epar e the DNA
ar [ BSdoHRAO( RSB S GRhorib By NET Wi s€, I L 1S

necessary ray custom
preﬁat&bhtﬂﬂpms&enSeﬁ%Ola@dduﬂi)lmﬂt to prepare DNA

arr equence i nformati on of
spe?%%sg??&gg%ﬁrﬁggﬁge%% ?s i nsuffici en ene sequence
datla petforrs OMNsh@Eay-based genawrirgssion asnlygesifer ethpr wpseies isers must
t
e DRSRALPOREES:0R, BB AL OBEAOIED B spry s
have themorap xpstewgireparedh dilgwever, (IS deficelt taprepare agrgys based on gene
sequefzEd mf&%latl%g %ﬂ;}%ecﬁA% WRicR tHeB& ﬁ"ihéﬂﬁm né @ecﬁ’l@ﬁ&:‘ data.

gene- ecCl and to car rﬁ out aust Ive
an§ £ gsegpl arﬁbfswé |SERS FXPECSSIOH b%ﬁd%?@n @f@ﬂo asgfgchnigue that enables

the 1soEﬁ@1?of' ﬁ‘[ﬂdedtﬁieﬁ 28RNl HAHRE Bificidnd %& LPrdisiol %ﬁﬂyﬁ?? (SCIENCE Vol.
ene. In eneral pr.ohabi | it

270, 4]‘3,41-4&375 Q,q,{ 2@6 },%‘%)5 BAGE ig a technique use to obtam gene-s ec1 c tags and to catry
out exhaustive analysis of the nucleotide sequences of the tags. A “gene tag” is a gene fragment

" that can be used as a label for the genie. In general, the probability that different genes share a

completely identical nucleotide sequence of about 10 to 20 consecutive nucleotides is low. For
example, in theory, one can discriminate among 262,144 (or 4%) types of genes using fragments of
only 9 nucleotides. Thus, fragments of such length are useful as gene tags.

In the human genome sequence, the frequency of occurrence of a tag sequence consisting
of 18 to 21 nucleotides and the probability that the tag sequence is specific to the nucleotide
sequence of a gene can be calculated as follows:

- 18: once per 268,435,456 nucleotides (89.43%),

- 19: once per 1,073,741,824 nucleotides (97.24%),

- 20: once per 4,294,967,296 nucleotides (99.3%), and

- 21: once per 17,179,869,184 nucleotides (99.83%).

Thus, in theory, a tag sequence of 18 nucleotides can be presumed to have about 90% or
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conpl etely identical nucleotide sequence of about 10
to 20 consecutive nucleotides is low. For exanple, in
t heory, one can discrim nate.,anong 262, 144 (or 49)
types of genes using fragnenés of only 9 nucl eoti des.
Thus, fragnents of such length are useful as gene
tags. In the human genone sequence, the frequency of
occurrence of a tag sequence consisting of 18 to 21

highePpYobSKlitydR % mfldotidsc il bpdcifidto biighe, bhea Ea%@e@&ﬁbl@@icﬂ) nucleotides
i's specific to the nucleaqtide aﬁ qguence eng%gene can

can by pregumed fo-fiaye abautP8Ya enideher prababibie as e agiepegspecific to a

gene, rlMﬁhﬁ@&tidé%%qﬁe%@e %ﬁc toa ILQM %eﬁ@i’s réfeﬂ@@to@k]f a82fque nucleotide
nucl eoti deg . gnee .p 24 967, 296

sequepgr.pidhe g‘é‘?s e saqqaexg:lg wh Gfi Bﬂ?’@yﬁ pécurrehce in the genome is
presurhéd 1086 8 ﬁsgreﬂe%&dl’w 6d ‘@quiﬁﬁndc%uaé %0queddrelis the gbnbhﬁor Y,

quence of 18 nuc eotl es can
P o AR RS are ST e AU ) el g wisdsage, Such type
IIs en&@ﬁfbwatgee B @endrate tdge uﬁSQ@EQée f’df@i}']e’ﬂ thag“raggte Besmna. Mhereas a type
nucl.eot | resune 0 ave a
I endglee sl Bao N D 6 B0t Fefe i d Red R Eigase leaves
DNA &pa Bosig@€partAroin itk ebisidios seienee Bpetisthncee betwen recognition

e L SRS S 5 P 5o o

cIeavésr]BNAeiﬂ e mfsfm)ﬁ Suo 118 maeledtides hpary o omies ﬂeeo@ntmrﬁsseqme tiod generates

st1cky e[rlldﬁ h@abeé‘ﬁ.ger d ?yqe&ﬁsgg@mcé uni uaiaggusgl.‘lp grtgzgecﬁe gue ectﬁe gollowing
enzynhdsd Sayal ski, Geno#0:A 69,1985 ): Béve Bﬁﬁfﬂi,lﬁzhh &okl, Hgat Ht, rMboII Mnll, SfaNI,

ucl eases t hat generate tags in SAGE are
Taqﬂ’raé]aeﬁ&glglnto as "tagging enzyne". \Wereas a type Il

endfmalch gas éIseInémkaaﬁH\lAleamsHDNAj dt 8 positiog 2D mirclnotides apart from its
u I
recogm*%gpt%?% ehceg(a MR omélfj;&%ﬂ&lsﬁaet% 8, ﬁiegg,"\?oﬁ 1573 #Lo7 1995). A

N a recogni
methmﬁ cfteaprssibe axwpsis, by oduei tgool Z@n@wmdntammm Mmel as a

s R0 ORISR Ao R NI 9K v e
also reforredtoascileng $ASE” afhe prifciplmaf typiead édgiﬁ tsi suymmsigad helew.
anﬁlrgte@lﬁf\@t ?%11 eStbli G o etﬁﬁ? II egdgﬁcléﬁgé’vﬁﬁdg}?eqssdlﬁﬁ%ﬁagmem is

endonucl eases aV|n ar_activity in

recovérefl] SWlienghe waegniton %@zmlfgkihe tymsrié endpnieBaseg@syists of 4 nucleotides,

the c[%?)il uﬁﬁﬁf_&xj& CIQ.{V%% m,ltg %%TFIF@ @lllcgy Higg hucl%]:ﬁiek gf?’hﬂ’ér' example, the Nlalll

recogrifign Aeavereensists 05 ¢ aucleptileat “alep@BNA @nmbﬂﬁ’@d abifs 2fe% 3’ end onto

a soln?ﬁﬁ’{ E tFE Eeghltﬁl@ 5 659 ghfeh%oﬁ%a@%ggc@%ﬁ Qacifgi%};ego%red easily. The

recovergd RBA Asfarethen é@@de(dnm@ﬁawgacaon ﬁxﬁt%s énd thedgepatmenp described below is

cme&%ﬁiﬁ?%&&ﬁ%a&%ﬁs?&eﬁbt ai ned using Mrel as a tagging
enzyne, 1s described in U S. Patent No. 6,498,0

paiAtﬂi adaptar is ligae te therrgd piegcoyered sDMA Fegvlang dgm ggl,eavage
Nucleoti@&kq ﬁ@t%s arrﬂg%d BY thBadapi& 2 ad fERbHF|a nabEBtilEsequence for a primer for
PCR a?ng&?ﬁacral‘ugr? gt on% e?l\cliv an anchoring enzyme recognition sequence in the middle; and a
type IIs endonuclease (tagging enzyme) recognition sequence at the other end, which is to be
linked to cDNA. The ¢cDNAs divided into two pools are separately linked with an adapter having
a distinct nucleotide sequence for a primer. When a type IIs endonuclease is reacted after adapter
ligation, the type IIs endonuclease recognizes the cDNA end and cleaves the cDNA at a position
apart. Thus, a tag is generated, composed of a fragment from the position cleaved by the type II
endonuclease up to the position cleaved by the type IIs endonuclease. The resulting tag has the

adapter ligated.
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20 First, cDNA is digested with a type |

endonucl ease, and the resulting fragnent is

recovered. \Wen the recognltupn sequence for the type
1 endonucl ease consists of 4 nucl eotides, the cDNA
is, in theory, cleaved into fragnents every 256
nucleotides (44). For exanple, the Nlalll recognition
sequence consists of 4 nucleotides. Wien cDNA is

i m‘lth@ltég Zeftkdtend bénePate@thrSighQhél cloi¥@e vathht tyjhe IRABGonuclease is

convirifd 15 blisk SHLPRA+ S0 polyHeph éég%rgﬁtﬁ%ﬁwﬁb@e%@ reaction

systeinB ﬁé]scﬁb&’d sifhe lafd li—gatéon @B tat Eth Dt end , A@debstlf@he two tags are linked

treatnent de cr| d carried out
topethioRrPg faa Ehe i AV Ba AP ar T r R gat SR reRe A iy ends. The

ligater cﬁ’QllfLB/@\F(ﬁgg&@Mefre@tdi dsi“dfad Olzjhetchﬁg éd @ﬂpdﬁgﬂ by PCR and cleaved with an
Nuc eoti de. se S alrran I N e a er ar S

anchq G G AR G rEN: T8 en e daneete o (8 A B e B3p the PCR

prodL&Ew INIdxit,a¢ disdpsatithenethe peimen Be@iRBHR ralrmml@ﬁzuygsaner to generate ditag

conc i8R ThL b ISR b T 2 G R <SRl

t he\ mirhiesr of nocleatiecbguchcésofiizene tags Kedvaddranbiwiultipib genes can be

ident ieR il S trdiale B8 SiRefih STRAEF LY suh s, fu hoor. by
bnngﬁxgrto@ﬂmr |nne]|eot1dﬁmquemce yferrhiticanfon eoheteneers sbtaimad frech a cDNA

11brary ag d%aﬁle ga£ nfoﬁléla 6‘]}5&@? gﬂgAgﬁgl%&tu}e{%\g é‘.gls ﬁrndg | g)t%%gn ed. Expression

analyﬁﬂx&lall bereaddpachievellthyssongatiag thestag enfemadtiod obtaompos eldswibed above

betwe%n Rgnent fromthe position cleaved by the type Il 35
5bnuc|ease up to the position cleaved by the type

| | g‘xcemdohtedl merkotidefrguerss ihformegfianaig ebrestial fer DiNdogutayrbased

exprek I 51s ﬂﬁ@t%%&cﬁh#’ %5%1&%8@?&3{33& e lilﬁﬁ%r{hééégmm some

eava ts en clease Is conver

specigspsuchisis Llnnmae;mow R, Paicordingly do adthies, DNAgeralrhased gene
expre%;ﬁgn T 059 o m}%ﬁ# 5&1@? Eeﬂag% crci')ésﬁag @@%:@ﬁ%g EEQI%NQ%%% af)ﬁIA arrays use

a resul

probes mth@g@déna&edl cinrifm@m nuglyetidesequengasiinfyrmation Qrtc{lfmedeAs as probes.
There%}g' IB%I'ﬂ S?tlrlg Rirs A (ﬁﬁﬂ&’&fﬂi‘f%& @ﬁésa'ﬁg?&tﬁtst taRicient

ate o e two ta IS re erred to as
accurmgptioaoet. nmrh*@tldn geqyencs naﬂwmawre@omﬁems aplAncehstagledn carrying out

SAGRAhdlySd) m3aRRh! S‘ﬁGg%ir R rd%?gé‘bé %ﬁ&ﬂHeref&ﬂ%?sP {NANBH isolating

sequences at the en d fromthe
unideptifiedl @08S. Next, the ditags without the priner

SEeQQIRGES atﬁ:‘b?dlﬁég e ptRSRINR: SWGIRNERaNhEy (ﬂah'ﬁcﬁged cDNA is digested

concatemers. The concaterrers thus prepared-are
with 4 fesleicteenayg. suhbrier sgmpasedaia type By epdopugiease recogmtlon sequence

is lml&‘dca't Rl 0SB THAE, 1HERRUICHER efBmdREodifA sequence used in
enes can be 10 identified S|nultaneo%sly by

mul tiple
SAGEpastbs; Sﬁ@gt Hebeigeo Bofineedueing & 8 &esHfCtoRENEBRR bt @H(L-C-» a rare cutter),
most &IDNIA@ Al Yot BY cledVed W itRYeARaRE Metus NMéb@Rigl td RnSRE WAGE, no tag is

nf f[omc sobtalnedfroma cDNA
86“@% ?%%ﬁ\l‘%g!atg%i?é %E%W&Lﬁéﬁtsﬁﬁ%’f CIZPINAS .
co let ddatiple)@ r&ﬁﬁcﬁdntur@pme Cstidh ke mﬂnaﬂfae&co@ﬁsesﬂmmes, is

hi "
expecfeﬁftgryoagﬁli n@gg&(ﬁd natgle(g%,sz%&éﬁ @g t%EIIC rl}git to?%llé[ﬁgrecogmtlon
sequence when its length is 4* (=256) nucleotides or more. Although the probability that there
exist transcripts of 256 nucleotides or less may be low, all cDNAs constituting a library do not

necessarily include the Nlalll recognition sequence. Specifically, even when the length of cDNA
is 256 nucleotides or more, there is a possibility that a tag will not be generated. In fact, a report

evaluating SAGE using nematode genes as a model has shown the existence of genes for which no
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between cells. 15 Accunul ated nucl eoti de sequence
information is essential for DNA array-based
expression analysis. Thus, c rcially avail abl e DNA
arrays are limted to those from sonme species, such
as human, nouse, and yeast. Accordingly, to achieve
DNA array-based gene expression analysis for many

ot her species, one has to prepare new DNA arrays. DNA

tag 1s%%ﬁé‘r¥fédld%€ to e CRRSFEN MBS/ 8hiRASRusHe KB&WIne Res. 2003 Jun.
nuc eot| de sequence information or cloned cDNAs as

13/6/}39- $)-20 Therefore, in general, it is difficult to
fi nhiiaduitl&e  RidsfobBEhBRNES thik Procestar@filcledtias ldécilieﬁb&rhﬁj acent to the

restnc&g;qgsg;]él :I%rauﬁgmgc 3&1%%{1%%}0!% gq)el}:';%e e nfpﬁj& glgfsrmn%fgl etug grechct where the
resm@ml ensiise rdcd gﬁ@iﬂh hécfaenc&éﬁs maHetDEA ofan Rhidketifi@hgtne. Spemﬁcally,

s e 5 0 A APLISTLL L2 05085 o e

mthupﬂ@&@NAy practiced, cDNA is digested 25 with a

[+ O St o BAEDLR AfFioRe kS AR e P R oomais

immdbﬂ&ed laeay sigadposnds] @speclifiely, Hobeveretips perteraied eladlisprocess are

compp g aF BeuEPi RSBt eileees o 2 SAcPItT CHATR A fdogeled in the " or

reg101h thgm(dDIéA Ireoth@rveords) tieesepuenceisthe aidlAstideiskduencd adjscent to the 5°- or

eav Thus, accaor.di i ng kno : .
45 pdenclses B vty “Hone o B bP KRBT RER: Spocificaty
it is um:lté:r vehere terreaitirgmehayide seq@@ndeofizll ewithinl the nacleotide sequence of
DN estriction enzyme, such as N alll, that recognizes 4

lucl eotides, is expected to be suitable for SAGE. In
t héogsne expreRiibn headyses, Wieibesit isore soihportifit fibml wiich region of cDNA the

nucle&t?cfeios%gl{léngg Eons?ﬁﬂ%%%e %'hsn V%&,ti%]gg%ir Q%%eg?r?hﬁ?éd: \%ﬁl{aétl portion of cDNA
the nuckeetide seguieste dfitbmtagrcopstiutes, (RS6tliy of thettaglweuldrbd regrkedly increased.

( I t
oo PRl RN Moo n i
[Non-gpieni dldcamiehyZ] SOENGHH ol 27 488 (gl hOgif 2@,098535 is 256

[Non B FRICAER: S SABAIRG, BRRE B:A80. 308900 L Ll et g
[Non-patest dasumgn rifamb@ﬂeklgﬂénbﬁeas Val. Mot ep- SHa‘%?f $9¥wn t he
[NOH?éﬂeﬁﬁﬁﬂlﬁﬁleE{ f gﬁﬁﬁﬁ@ s, OLRN@/PA1863-15 generated due

I'ac al[1 recognition sequence (CGenone
[Patergalocurped ] HinPatert $488018203- 15) . I n addition, tags
obt ai nable via this process are nucl eoti de sequences
adjacent to the restriction site in the nucleotide
Disclegtrg efifhe [nvenpden t uting cDNA. It is inpossible to

pr %9’1' cﬁa‘jecm@ bEthk Bfesemt ihP&HtIohGE {040 BAE WFhJd8 $ALHihPB gene tags and
uencte exists'in the cDNA of "an unidentjfied gene.

m_ethogﬁ @ galyZinggeng tagﬁswleﬂﬁb ﬁ’é’o‘?%@fb% a norrd PEDEIRE- sequence

| NAQIIEEH 1R a&ﬁveamt QUGB P8 PYrakii@ N SEotide sd@idnk€ekjacent to a

within the cDNA
restriction enzyme recognition sequence is generated as a tag Because of this, the relationship

between the nucleotide sequence of the tag and the full-length cDNA sequence is difficult to

‘understand. In addition, the problem of generating no tag for cDNA without such a restriction

enzyme recognition sequence remains to be solved.

The present inventors conceived that the objectives described above would be achieved if
tags could be produced independently of the presence of such a restriction enzyme recognition
sequence. For example, if a tag is produced by using the 5’ end of mRNA, the nucleotide sequence
of the tag can be expected to have various utilities. Thus, the inventors focused on the CAP
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U S. Patent No. 6,498,013 discloses that 5 and 3
tags are obtained when cDNA is imobilized at its 5
and 3' ends, respectively. FQuever tags generated via
this process are 10 conposed of a nucleotide sequence
adj acent to an endonuclease (Nlalll) site located in
the 5° or 3" region within cDNA |In other words, the
sequence i s the nucl eoti de sequence adjacent to the

- structire th@had $eed #dche ﬁ‘i‘ﬂlﬁﬁocﬁﬂag SHisds %@clﬁl@k@h& leXarfiink@ its applicability in

anong restriction It contained 1n

1solatgjfgé_r@p¢ tags| 4\§,a respit, vered %ébeéu{c#@upl@ gqﬂugquednfonnauon from the
end’é{%m démmwﬁﬁ&i dsalth® and tHs eoﬁlbewauﬁé ﬁl@&ér@ ﬁwenﬁon Specifically,
ence.of _cDNA. . 1 gene_e |on anal
the PigpgHf VERtiqLreldgs 19 1S %Bewwe@ ERIREFES ijyses phoch tags
1solatb<i18y tHRugdthedsl de sequence const i tut | ng the tag is -
deri ve if, i.t can be ne ortion
[11 Athad ot podicias é@&’ﬂf‘eﬁ& fryQtie a«éff S Bich; copprises 'LF\ gteps of:
(1 Imliimg art INOf likag chagrivay |adyﬁl£II§Ta{d©ﬁd&1¥ase REJo@aRdd sequence, to the CAP

atent docunent 1] Nature Genetics volune 32
site 0 ifbg}\]%’rent pp 547-552, 2002 [ Non-patent docunment 2]

(2) sybthekibkig,a cWAZIZﬁg tKeBrésl Brig R&H of @0 as 4 Biplatetand

3 re%c,{&g ﬂgat e m%i gléﬁg(ﬁi@) \}v téa Iis‘ﬁndgxeucief%sg %& 6%@1‘29&]?21:76: recognition
sequepe BthORNAIRNEr, dnllaiergst gonkratiag tinegune $dg. Genonme Res.

2003, J [, t.dqecunent 1] S Pat ent
12) TR A SR TPt EONALE RS oY JFF 2P ect | ve. of
6)] symthesupngs andt stravkoft the cDNg\ ustogor prith ekethatertnineal s tcfmrarbitrary region of the
RNAZ tai ni ng gene tags and nethods for anal yzi ng gene

t'ags, which are based on a novel principle. As
(ii) prejperingi dodeaiblbsizended cDSAGE systhesiemgrt seyorpr sichd o€the cNA using a

prime 5 S5, 2 OG0 A G e 530 R S o e
as a t¢rhplate. t he rel ati onship 30 between the nucl eotide

) TSR ]. 0 IEEP G SRS b

synthesizedawimgahe R Anlonkeags & templDilhaswi ialboutlha‘sbmds tg a solid phase or is
1mmo§§%% gﬁ%ﬁ%é11d ‘j)ﬂééé”ﬁrhéx%ﬁﬂ%@ indelil & gxgilﬁ\%%&e s’c‘é?‘?;'fﬁéco‘if&&ethe

ent 1 nventors con ed th
doubletsfranded ¢ BN A % cecoveringibe velidphiset be achi eved if tags

[4] T%Sgﬁtﬂ%@ §fe qgl‘rl&@iﬂ thd) ﬁlgéaenits Iré/co%reﬂ I%@i;:gogé §S81E GefRtion with the type

riction enzyre recognition sequence. For
IIs endomlspes. if a tag is produced by using the 5 end of

[5] THERMhod [i ERQﬁé?&h'tﬂ@Rﬁ@HHﬁd%P seE Q%{#@aﬂ eﬁ(ﬁ(fhu@%ase recognition

expecte have vari ous ut|
sequepgpyent ors focused on the CAP 6 structure that had been

[6] THESRE OO 1%1&%&11&96 method B&ﬁbﬂé&%&%%e%ﬁ@a@ﬂg by linking the

its appl|cab| ity in __i1solating gene

end ok agenp fag dlepypd By &%vmlébeqdﬁaw@%e tHidie p%@f ?H’@ﬂ?é qe@ﬁeecleaved by the
type Ilﬁnﬁbﬁmﬂéa@é‘. fromthe

[7] The method of [6], wherein the method comprises the step of amplifying the ditag using a
primer that anneals to the RNA linker.

[8] The method of [1], wherein the method further comprises the step of ligating an adapter having
an arbitrary nucleotide sequence to the end of a gene tag cleaved by the type IIs endonuclease and
amplifying the gene tag using primers that anneal to the RNA linker and the adaptef.

[9] A method for producing a concatemer of gene tags, wherein the method comprises the step of
llinking multiple gene tags generated by the method of [11.

[10] A method for producing a concatemer of gene tags, wherein the method comprises the step of



5" end of nRNA could be obtained as a tag, and thus
conpl eted the present invention. Specifically, the
present invention relates to _the follow ng methods for
obtai ning tags and uses of such tags 5 isolated by the
met hods. [1] A nethod for producing a gene tag for
eukaryotic cells, which conprises the steps of: (1)
linking an RNA |inker, conprising a type Its

mklr% &ﬁqiéw to the CAP site of

: mﬁ%&lfﬁggynt gé{i;?j;z{lh%% Esn ng the resulting

[11] Ammathed forietersnining éhﬁmwle@tldgmume(cg‘)a genatag wgereinethe method

compﬁ?ecs%é 526 of ARk g%ﬂe Wcidbtife s¥RRndd 5t RO SHMRh aﬁ@scnbed in [9] or
hat recognl zes thé recognition sequence I n the RNA

10]. | i nker, and thereby generating the gene tag. [2] The

[12] mefagé}ﬁ 1&ffo£ bﬂodué’iﬂ?ﬁ%bﬁb ttag%ﬁ&é!ﬁthékﬁx&hpﬁ@sz ed by the

st eps. of synthesizihg a first strand of the cDNA

(a) angN Adméi%‘ihﬁh%}mnfﬁé% anpligoaneleeiideonprising aiype He gndnnuglease

recog{]jﬁgnsg%?ygmc@nd 15 (ii) preparing a doubl e-stranded cDNA
synt hesi zi ng second strand of the cDNA using a

- (b) a Bhact for Fkina AR BN A liger itbeshe b Fovicrah@nBNAL st rand
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(©a pMih&ffof@Nh%Sébnﬂ)é& hAEShAREHs Lkﬂu@ﬂ cér\i}ﬁn% bii leoB&e Mat anneals to
erein the primer

nef hod of
“Dl#"hélfmg [u§1ng t r%?ateﬁé’?ﬁr%]@ strand whi ch has
(d)a fosmmﬁzﬁ%gu%%ﬁtgeﬁgwe RNiA Lll nker as a tegpl ate
[13] ﬁﬁgﬂﬁa LT 2Enereitng peg rﬁﬁ%\if’gﬁ'r% Simihies et fiom the group
consiftgRIi ses the step of recovering the double-stranded
. _ C by recovering the solid phase. [4] The nethod of
(l)arf’%?nﬂ%@f”éi n the solid phase is recovered before or
(11)anafltg©rd'ﬂ‘1§x&gbﬁ @.ﬁldvvith the type |Its endonucl ease. [5]

() o PFeT FroBrsioR actibelieduder romensaldy fl afeibipsad,

[14] Aetthod fof oltdihingwhexkpiessibhprofitd Sfdgaerip euleegotichrells tvérein the
era itag by linking the end of a gene

metho(%c %bﬂr]esgﬁlé'ﬁ %V Pﬁe type Its endonucl ease to the end of
(1) pradimirpes ggerteg batheahathvdbof [y, t he type Its

ndonuc ase od of erein the
©) aeRBNE UETS1eotidd sslencEls OB e i 0 i he a1 ag
(3) obtmmng tlee e}@@espnon pesfile batel;!mgethb geteominké nRNéotiderdeguencE 8] its
freque;mﬁ,gfrgénﬁ’gpﬁé [1], wherein the nmethod further

rrses € step of ligating an adapter having an
[15] Aatatatasaol/geane ckpesiidepmétpsenssricted yercemuubfing infemsatioagf gene
t : cl ease and anplifying
P re{skog@é:gﬁleg%b{aﬂ?ed b&%e J]:'Eﬁrrlt(e)rgsr(]’ gfﬂﬂt anneal to the RNA
[16] A inethed fm@abzhmg@ape@ression profiles, wherein the method comprises the step of

obtaining gene expression profiles from different types of cells by the method of [14], comparing

- the gene expression profiles and selecting a gene tag whose frequency of occurrence differs among

the cells.

[171A method for determining the franscriptional start site of a gene, wherein the method
comprises the steps of:

(1) producing a gene tag by the method of [1];

(2) determining the nucleotide sequence of the gene tag of (1); and

(3) mapping the determined nucleotide sequence onto a genomic nucleotide sequence and
identifying a region where the nucleotide sequences match as the transcriptional start site of the
gene.

[18] The method of [17], wherein the primer for cDNA first strand synthesis comprises a



10

15

20

25

30

35

[9] A nmethod for producing a concatener of gene tags,

wherein the nethod conprises the step of 35 |inking

nmul ti pl e gene tags generated by the nmethod of [1].

[10] A nethod for producing concat ener of gene tags,

wherein the nethod conprises the step of 7 Iinking

mul tiple ditags generated by the nethod of [6]. [ 11 |

A nethod for determ ning the nucleotide sequence of a
nuclegﬁ'&bes ﬁ&hce‘é@@ B4 ﬁoﬁ{iﬁ Q&fhe sggﬁg%é §)fe§ P&B@ul% ¢Ofherein the

ning the nucl eot e sequence he contat emer

meth@bmprw@sj detprmpiging dhe trqmﬁgl]lpt@a{ gtat site pEthgEme. kit for :
[19] &Rﬁﬁhéﬁe@ Qar%]ﬁ\e@ zs WhEERI the f)ﬂﬁe}‘éett cEAPREs 885 prith) that anneals to

1 nker t nprlses an ol 1 gaonucl eot i de

an arbigpgyrmosiionofa @%é aaé agnpewgefos éstetheaar@esag gPNAggpmprising a nucleotide
sequeﬁ@eq be ﬂfeeo Og@ém&tir? égﬁﬁhcé ﬁE:reltd raléteﬁanieh By 'ﬁ%“stéﬁsﬂife r

a prl mer for cDNA
(1) prgé%%agmeaiﬁgjbgmm@h%o Mﬂuséﬂ conprl ses an

2) de@érhﬂﬁiﬁ? %&ﬁkle‘%ﬁd& E@heﬁi&%@@hesgén% taghOF @).C DNA sy nt hesi zed

i nker as _a tenpl ate; and &1 pri nmer
[20] %rprwe? c?frté?la ghereinthe 9nplﬂ@§x ig selected fropibe vgrqupcﬂonflstmg of:
(i) an bfbo dMRM@N the primer for cDNA first strand-

synthesjs is sel ectﬁd fromthe group consisting of

(i) Se(‘ﬂ-‘?ncﬁ Wfﬁﬁa%ﬁﬁnﬂ?qf%@? fepgmeny; 284 "ol i go dT priner; and
(iii) aﬁahhie} c@mprisii@ihe %ﬁ@]ﬁéﬁ&l sBguchcd tifié |té§ad§‘pﬁﬁﬁﬁ6¢l& type Il endonuclease

npl enentary. to riicul r nmet hod for
'reCOgB’&‘Palsﬁql‘W&C%\W té% éﬁﬁe PSH@FY ¥ B%‘I‘F% t@”ﬁ

[21] fethetHod Gbt @nﬁﬁbﬂzﬁmg aMhHJ’l@ig‘ﬂh tDBA, Fetehad ﬂ@lﬁ@thb@&ﬁnﬁﬁ@s the steps of:

@ coph o gl B e S e A% 4 BB Bl and ving o
3 pn@éﬂﬁnrﬁﬁ@uﬁﬁ ad dligo ﬂ‘ﬁnﬁ&) andbi pﬂm&g forRenibugiriag s icDINA compnsmg a
mtoBi LR ThELa A S LI 00 QUL sobids seuense.

ge(B pruduchssd genepagdby the snethedbof Ugtaad by accunul ating

S NN M R T
(b) regmreing apyrthesizod PNASas tesfullvbegthicDNAe net hod conpri ses
1 B Sy OB IR SR EIARS, o 2T O
[23] Acpoipperitidg combrsige ar axmipr asd sapmereahicddes torttle S8l-leogthrofpNA of [22].
[24] £h B8RS ab 3% K08 Snl S AT pePliad§F 4] ence differs among
[25] A vector carrying and capable of expressing the coding region of the full-length cDNA of
[22]. '
[26] A transformant comprising and capable of expressing the vector of [25]. ,
[27] A method for producing the polypeptide of [23], wherein the method comprises the step of
culturing the fransformant of [26] and collecting an expressed product.

* [28] A method for producing the polypeptide of [23], wherein the method comprises the steps of:

(i) contacting an element supporting in vitro translation with a DNA construct comprising the
coding region of the full-length cDNA of [22] operatively linked to a promoter; and

(ii) collecting an expressed product.

[297 A method for synthesizing a cDNA comprising a nucleotide sequence from the 5° end of an
mRNA, wherein the method comprises the steps of:

(a) carrying out complementary strand synthesis using an RNA or cDNA as a template and using a
3’ primer comprising a nucleotide sequence complementary to an arbitrary region of an mRNA of

interest and a 5’ primer for synthesizing a cDNA comprising a nucleotide sequence, or the
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the cells. [ 17] A method for determ ning the
transcriptional start site of a gene, wherein the

nmet hod 30 conprises the ste% of (1) producing a gene
tag by the nethod of [ 1 (2) “determ ning the

nucl eoti de sequence of the gene tag of (1); and (3)
mappi ng the determ ned nuel eoti de sequence onto a
genom ¢ nucl eoti de sequence and identifying a region

complA&ihngar} E@aﬂ&%ﬁér@fat H&&wﬁﬁ@&ﬁf‘ﬁﬁ%@%@h as the
transcrlptlona Start site€ of t 35 gene. [ 18] The

nef hagodicing agane taghat e matked ¢flilkepdf or cDNA first

st (Z)Qﬂte?ﬁﬁﬂﬁﬁgeﬁﬂe%u&%ﬂi’dé éﬁﬁe@e @f E.Hécéeﬁ@ Ea!g(iﬁ' peauence
sel'écted fromthe nucl eoti de sequence of a artlcul

(b) regpuieing isEptaesizedfANA #&fh%@l%ﬁﬁmpgagg aanedeetids @uqnﬁ@ﬁom the 5” end
of an W{F@Q&cCri ptional start site of the gene. [19] A priner

set far c synthesis, wherein the priner set
(301 Ae&%wﬁg%%‘?‘gg@m%g > npglgetideriaugnee phan mRNA.pikereipyhe method

compHYsith®§te®bf detGMing Atk MacRotiné ‘sé’@l%ncflef 1R/ EIINBTEddveekddy the method
DNA conprising a nucleotide 5 sequence, or the

Df[29'jorrpl enmentary sequence thereto, determ ned by the
steps of: (1) producing a gene tag by the nmethod of

[1]. and determn t he ucI eqtj de sequence of
&h@ Bxﬁaécnc eg?wr( Rl)owc{egg} %rr qbtalping a5 g tF.g_Sg e nucleotlde
sequenbRiofithe 3°lRads3of rﬁRNmr The 53 ehdet ARNA 19 @sh‘hﬁl.@l’ shu&d by all mRNA of

TN L IR o T iy

nucle@tﬂimq@dnﬁ@ of iemRINA. el dcﬂ&agﬁmelﬁﬁﬁs@f mﬁhl Qﬁ@wh @ﬂncnple provides as a
nt t e endonucl .eas ec

tag 2 Gl arAsertRo ¢ AEUIGRR P TR GBI b1 LFS 8By e pucleotide

sequehdesdombiitmtifg themRNAEbEIOdes M restyibtireaizzine gedd gfmioln sitengietvannot

obtairgagg@;’f?rr\%g Eé%l}er.] n el tgeﬁg%g%}tgﬁ) 1'812 %Ss ; hﬁ(ﬁ%@;{ Er?e 8,11 grh ﬁ1at it ensures

that td@kl&@rb@h@n@lsfoaaﬂ pemEkat e and using a 15 3 pr i mer

Sy Aed e B 4 ol S it o Bk B el ppobtened from
mRNAfragimentso |R;N feimehblgicabsmueecis atwaes et nsk ﬁbetlegradznm ﬂ:x;m various

caused, ]I?ﬁtt% Egﬁtlgrfl ?Eslﬁlg)&tog :Vrgn"qﬁli% ésq'g%{lg &?e?de@%ﬁrggagﬁséogh? cDNA

largely I:iqaegdm en thegooditipd pf A s(dne)ger dakavdsd, i SACEY geieigy mdy not be
oy 18 AL AL o R e 00 B

c oHpWEwrng:calrdnmﬁonbe wethwdd dhesprezentinvorten, e T Iqed of mRNA is
obtainklhd 3 {aﬁﬂ%ﬂh&% &b bk %&tlcessfully obtained even in the case of fragmented mRNA,
so long as the 5° end structure is intact. Thus, the method is hardly affected by mRNA storage
conditions. This feature increases the reliability of gene expression analysis.

Furthermore, the nucleotide sequence of a tag obtained according to the present invention
includes the nucleotide sequence from the 5° end of mRINA. Thus, the nucleotide sequence
information of the tag which can be obtained according to the present invention is applicable in
various fields. For example, the tag of the present invention may newly realize the following uses:

- Identification of transcription initiation sites in the genome,

- Providing primers for full-lerigth cDNA synthesis, and

- Evaluation of cDNA library for the completeness.

It is unclear which region of mRNA corresponds to the nucleotide sequence of a tag
isolated by SAGE based on the known principle. Therefore, such tags are not applicable to the

uses described above.
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[24] An antibody which recogni zes the pol ypepti de of
[23]. [25] A vector carrying and capabl e of expressing
the coding region of the full:length cDNA of [22]. 25
[ 26] A transfornmant conpri5|o8 and capabl e of
expressing the vector of [25]. [27] A nmethod for
produci ng the pol ypeptide of [23], wherein the nethod
conprises the step of «culturing the transformnt of

g%eﬁ%veﬁ%h P&at@é"to%?rﬁ&'h@&ssﬁg fb‘dﬁgﬂg tgene[ ﬁgg foft eukaryotic cells,
roduci ng the pol ypep |de 0 wherei n

which Wélqﬁiéthﬁd%ll@mrsl@%@ft he steps of: (i) cont acting an
el ek RPRN i 1Rtet ﬁhclﬂdﬁ (?8& Hpans Eﬁddnﬁﬁlekﬁéet@cc%gxgm sequence to the

construct conprising the ¢oding region of
f ulGAR ﬁ@g%NA of [22] operatively linked to a

pr fhes@iﬂ cDNA ﬁsﬁ?tﬂe@@ﬁlﬂﬂ(@% RN BIEERS nd' oduct
net hod f.or Syn hesi zi n rsing

nu &%)gg@qt@g tgee@;gﬁ@é (rwith a H@egls e@ﬁgpqc}ea% ammgmzes the recognition

Vm@écﬁieﬁcé iAghdRNRAOchKeR FRY bERMcinB e #heRs iffludiny (eaefydntd from the 5°
out nEHement ary strand synt hesi's using an RNA or

errpl ate and using a 35 3' prinmer

corme Wnﬁ@ﬁltﬁ@tﬁtﬂm& @ﬂ@tﬁth@ srmidejmmmmdemecaﬁom eukaryotic
arhitrar n of annR

cells G Y1 shs Fou88 FUMERTE CHIS nOBIS U IbS o A st s
-meﬁ@lghi@lﬁtfsﬁle 10iked REthShe Snm[fﬁﬁ tnaélyotﬁief(ﬁf msRINAai®h 6 to 5’-triphosphate

crosslbxgcagﬁmrﬂ%&ﬁ%t%gﬁfeﬁr% o~ o %%p@ %g,ﬁ | ngqyﬁSegf Cotifase activity,
Usingul@dcapping ensep) ﬁ[&@AsttIﬁdS’teregﬁQEbd Rghootd frﬂ))n. mBRINA {ha) has outlived its
cover n as.the ¢ CO s 20
usefulgE B aelicn Sa ook Farh thege shins SR TR £57-
exomjcBke @a@‘ademd ef alr, mehﬂm 1t M@?Ilﬁ%,ﬂ@ﬁ&ﬁ CTteof ABatructure is understood
er.ei met h G S
to be SRR S enf At ANGG B et O oot BORR bt .

c DiVAe metimdeofalie prgsdrit énventitwihcluds fh2 $iep of tinking apriRiSadinker to the
cap SRR K TR AL A B Ry e
invenfibn.eNibr@$penifidally, st ia pessibie tanee miak(e0l RINA ahd totdRRANAf Moreover, it is
por IS PGB B s st
whoss eRieAbas e GAEstn:RNAc In contrast, SAGE based on the

k n %‘N‘A B AUnE viRh SRS 'ng[%éugsu@h £ cﬂlcrc%ﬁb Q@R i e@%% structure.

ares r|c Ion enzyne r
Thus,| m theheontext pEDE mmenﬁnmoenRE As omttingtfmm ¢het transeaRpron of gene

mfordl"g%ﬁo ?1% of naﬁc%)%’ub ?Qﬂsegﬁﬂéﬁfd'rﬁgﬂgﬂ 1rfféc?ﬁ’1ﬁ%hk£'got‘?@@eﬂs and gene
mformatummtroducc@ ingo gmkafrmimﬂelly awg%\@l ingJedad in the RNA derlved from eukaryotic
cells. BfiRUehe information infecting eukaryotic cells includes, for example, gene information of
intracellular parasites, such as virus, viroid, and mycoplasma. Such gene information may be
naturally occurring or artificially constituted. The gene information introduced into eukaryotic
cells refers to information of artificially introduced genes via vectors or such. For example, even a
gene of prokaryotic cells which is known to originally contain no CAP structure can be modified to
have the CAP structure, by introducing the gene in a transcribable form into eukaryotic cells.
Accordingly, RNA thus transcribed is also included in the RNA derived from eukaryotic cells in
the context of the present invention.

RNA is extracted from such cells and used in the method of the present invention.
Methods for extracting RNA are known. RNA extraction kits are commercially available and

conveniently used. For example, high purity RNA can be obtained easily using a commercially
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that tags may be obtained for all genes. According to
the tag nethod of the present invention, gene tags can
al so be obtained from nmRNA Hagrrents. RNA in
bi ol ogi cal sanples is always at risk for degradation
fromvarious 20 causes. Thus, isolation of cDNA or
various analysis results yielded using the isolated
cDNA largely depends on the condition of nMRNA
availdbleIERg8ch a{isNAfe&z@ (QIAGERGEWHE REll 138Ss FaRirB@to dract RNA, cells may
gﬁ)al ned, or not be reproduci bl e, when mMRNA '
be lysedl by kpowa megh corrpl etely maintai ned. However,
ac t:pthd |cBﬂtekDoﬂth@pfé§éﬂﬁ advefiod, fig: RNAdaiker obedivkied fo the AP structure

t ai ne a tag, ,and thus .tags
et e B HE g B £ 2T o S e Begh e Bence. The
oligomcagientcelst wistilAs theZﬁ\IA&nkaﬂgaﬁBe Dh&A &¢ RHPLd Tierpiefette®RNA linker is

RNA  The Birice SPaens Cnefbing thel ENA Hk el bE i ucleorliENeduence that

includee heatppd 1Tk yndinuglens: reeqpnétioni soquanoal HsiveverFhe tiyer iisrdpnuclease

s LR b ERBERS e T PR AR T 70 1

sefusndeeddonneltives bleawrd aghositiRhithat Thaifixed inemberof audleatiles apart

from G RS ign s BT el e eirar s rEohiS T g R £ sRE e mrnA o
a tag. VAnisoiti & greferatde thEothe eecagmlﬁen stduentealop pihcadres cpirselydothe 5° end of

mRN%X%é ﬁ?gs%b(?fg a'?ﬁé’ lﬁrﬁgﬂs)én %ns Cr | pet 1139 t?clr{ é%gpi&%ﬁ uxgrﬁrt%h constltutes the RNA
linkert ¢ae bgdnsigesd to nRtdvihdtypg Ibrendmsldasns t6 bé hisddan Qterandm For example,

b f_ t T
N
nucle@uiersegmndss thos airangad predarablp et e end of b RANA tigker3Fhe type IIs
t

endonﬁrlglglri% gérjo t10§{§n§5}1%3§ ?sgafrgaﬂﬁé#]goaﬂégfm g@{ elfsf%rﬂltoﬁuclease cleaves it on the
3’sidelescri bed above. 10 The present invention relates to

TN B SORNRTBALA B Bl o o
Thesemnaleptidk saquennes @i I9Frase m@@r@mmw@ﬁ@r Xhol, atype Il
endonﬁ@[%?%e chb?a% @éfﬁﬁ%}g id Qdéﬁ{l@n to%g?}e (Ifs RboiMsasé meIe) recognition

as a tenpl at
sequeacwc(T@QRA@awﬂﬁngettWé) m%@t tho$’egidth a type Its
_Ohgpgpgggﬁg jat recogni zes the recognition sequence

. In e RNA |inker, and producin ene_tag including
5 -UUUBE@%Q{@%%&WW%C@%%%%%& Crde CAP

5°0ligd ¥ B NG@: 3ye structure present at the 5 end of
& N&BEOI%H ved f)lpom eukaryotic 10 cells_or viruses

S-uuucgEcHEgaaycangRuycpatqeaugierecucoasllCCEAlAB) v the CAP
St THEIntoBuceAPAJ kilié 8 1 used to link the tag and to insert it into a vector.

Furthermore, the nucleotide sequence constituting the RINA linker can also be used as a region to

which a primer for tag amplification anneals. To achieve primer annealing, the region for the
annealing is preferably composed at least 15 nucleotides, typically 20 to 50 nucleotides, for
example, 20 to 30 nucleotides. The nucleotide composition can be designed so that the melting
temperature (Tm) for the primer is typically in the range of 60 to 80°C, for example, in the range of
about 65 to 75°C. The nucleotide sequence to which the primer anneals can be any nucleotide
sequence. Thus, for example, it is possible to use an arbitrary nucleotide sequence giving the
above Tm.

The nucleotide sequence to which the primer anneals may be any nucleotide sequence.

The region constituting the recognition sequences for various endonucleases may overlap with the
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7- met hyl guanosine linked with the 5 -term nus

nucl eotide of NMRNA via a 5 to 5 -triphosphate

crossl i nkage. The CAP struct ige protects nRNA from
degradation by 5 -3 exonucl edse activity. Using a-
decappi ng enzyne, the CAP structure nay be renoved
fromnRNA that has outlived its wusefulness in cells.
As a result, such CAP structure-lacking nRNA is .

regiofd GG abieaind in e RICX ORKE eRSRvEE HHAGRY kyRE 0PRNA linkers are
The CAP structure .is

17:1487- 1496, ,1998)..
a‘fwdw% nt pRmsEs, yugaling wetiffisity candpimproverRy designing them so as not
toovﬁﬁip|ééc§b@@§ of transcription by RNA polynerase Il. The
hod of the present_invention.in¢ludes t{he step of
&Wg’r%?ﬁn It IPME?RNQIFQ@ S@ﬂﬂs éfq 8 ROMACHF spghure. Any method
to lmlé\azy oIIQtﬁﬁlcﬁJonH%\Vb e DAregnbhedt SUAILO! For éiﬁhif ple, l@&liﬁhlfg@-cappmg
methq 1sl51d)|§gﬁe%‘fs n‘g esegr ]ﬁlgqlngngjv ;M fttéé) Eq%lsqqumc;g%entlon 'lthe oligo

cappiMPhRGENs a ettiod délclpmEishbd tﬂe@lz&%Q:DNA |c§nt€fhiﬂg\/tﬁéinﬁdlélfﬁde sequence

from {55 Ryt @N@éﬁ%%aiﬁ%@ Rueort: B B 0z1-092, 1990n 1o the oo

cappinemietted, fulldehgth bmm%%tauﬁ@ tsmglpoey(&g BatRichee £ el 33 end of MRNA
N N N <L AT S T
mRNAwEﬂsm itnpbmpreltelof’ rgeleetidd sre?ﬂdsm?a@ﬁo dﬂ][}! stedtufr¢, oitd RNA linker is not

: r ig cells, gene or mat i nf e

tinked {4551 Vs, ol Tiep SemfiiSiglila 2o s ivaly afFs hilPlspetspNA.

i nThe easlchiol ptindple ef tie ddive capping nethadde deécﬁbemmcﬂh%elow First,
RN R 8 T BBl ph Bl G Bl R b e eroup a
the 5’ienfl of RXA oithodt thc GAPatetturd. dn tkmamaﬁmeas,,mmﬂmat t_he CARP structure
loses e )?ﬂ%seph\é{er aé%]gp iﬂﬁﬂgii GOR] 9&5&11}73{5[% PP?SSH%%G: %‘/:H)l?pr F%Erlm%rﬁg at the 5° end

V" occur PPy of
of fragroersted RiNAs dnitothendyih &NAfapdrsach sremoved ditwegthe RINA is treated with

tobacg)';%t@t? %ngogﬁ?syﬁ %esg%%i RPth %&g[ﬁsete% s%ﬁlate Iink%%e of';he CAP
structerzadysl ageswt enlyRISA Vgéntée @ARmtukmry @paccﬁ@ébf Ihgs thiei5¢ bnd phosphate
grou pknown to originally contain no CAP structure can be

nmodi fied to have the CAP structure, by introducing

t hEhgBNGA linkenistthentirded tretht 8 AR>and TAPoreatdddRY At Tbe RNA linker can be

ligated, %11 &&mﬁ@ 'I'E%H)A A@%\/t ll%ﬁﬂﬁéﬁfhg b[gﬁlgﬁg%%%q%mres the 5° end

phospbﬁé Sew: Hhps., dhe RN& lpkesishigaied wperifiently tRRNA kaving the &t el phosphate
group iftRSREE By Tﬁ!Pl ¥ h@EﬂJ £ L’lﬁ?&r bah {3 b@ﬁ.ﬁlﬂﬂ%ﬁ%\&ﬁf;ﬂﬁ( WHEBRTEAP structure.

i nvent | on or extracti ng ar e "known.
All stapmief ssackaes Wﬁng RN ariereferabbr perfirmpd iy BNastyfree gmaronments

COo8y a8 veMtlohs 'é? £fd-o1ise Eaﬁﬁiﬁ‘gﬁleﬁmdt}iag@ bE’éﬁr ﬂeéé(rtéa'\u?o? g
obt ai ned easily usi ng a corrmerm al Ii/N b I abl e
2

CAP-ipdme peotringesin-beedaetod foppirilym ng &her(eiyb) ﬁv@dure is known

(Edery, ©.. 8417, A€d1. Bé%Blaeiﬂ 336@337?61995/}9% @é{nmmﬁetﬁsa 4] with the CAP
I'n thg cont resent | nvertion, the RNA

e
structyre fgp pe trameéﬂwik%ta S?]&PPWCCRN% havieg theCAP structure can be recovered
by TAP treatment after removing RNA having no CAP structure through washing the solid phase.

The recovered RN A has phosphate groups at the 5° end, and therefore the RN A linker can be linked
thereto without any additional treatment. Accordingly, the method using CAP binding protein

requires no BAP treatment.
Next, cDNA is synthesized using, as a template, RNA linked with the RNA linker. Any
method can be used to synthesize the cDNA. A representative cDNA synthesis method is

described below.
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i ncludes at |east an oligonucl eotide having a type Its
endonucl ease recogniti on sequence. The 5

ol i gonucl eotide to be used Ni the RNA | i nker may be
DNA or RNA. The preferred RNA“linker is RNA The

nucl eoti de sequence constituting the RNA |inker may be
any nucl eoti de sequence that includes the type Its
endonucl ease recogniti on sequence. However, the type

| t 9n @BAGAL @Dﬁﬁsﬁnﬂl%§§ BERst SMvWOREHRNESE dtSnd Eﬁ{tﬁés@@.lﬂ second strand
end of the RNA'II nker

arra at the
synthgiigonie gegéféeldcswe@ees e f&"‘ﬁé‘% IrpRSGRPY PSRN A gs,adgmplate. The

secorilbtiaad iOfyntHesieDk H@mmaREitaGtlh® ByingisteafighubingAs a template the
i nyentjon is, to obtain

first Sl DNE S s Rt FOr AR P, SV FOREiols ags kLB Haeh are

charabfmedbﬁpm@ﬁgmttsta@memueme be pl aced as closely to

end 0SSi The e . lts
o nd i e b e e B S e R bt ysips primer that
annedlhi® INAbitlainegion df amb e DILE!S Bﬁﬂl@ﬂ;ﬁlﬁetha&mmgleﬁry@ﬁaﬂsbﬁptase

cciv EE S A 2o e K e BB P e R ERe e st srand

through pﬂiﬁ?ﬁRéﬁe&md, Wt@lﬂlse@éverﬁtr&sd@tﬁﬂﬂR@@ﬂ&rﬂedm 8GRV, a mutant

ey g B9, S5 ERE S Ao eSS M
mutaste(ﬁumlsmlplt H, Gitca®BRdd tlen 1achametohg1ﬁayRNadeBachw¢p nﬂrelveﬂs €ranscriptase.

a h . sid I
In 2GR oty R EEPOGmer e PRk ORAVSREESing cpeymes bu
also catabyme comipbamentdfi sismndrsyathesis frdm ﬁﬂ@uemp]em arcelsodkmpose WWhen such an
enzyile HREE AL R AR EAE o iE3me Nt e g gem be
SYnthtslmi using thadioglecinepse Pimets)for eDDgniynibesis asalpsenisd below.

( Tfﬁgﬁ@%hgﬁ @%@u@ ﬁnbﬁk%ﬁés%lbgﬁ 5{?&%%98113%%1‘141&5} is g&%rally used in the first

strancssyntimsgg a’l‘wwgthesggﬁ@ﬂdgnah B gdigo T auiner dgwige@amsEoside sequence
comp?eméﬁ ?o olg Qt R Mnd 2F mrRAPA Is used because ¢ hu&rﬁ&ga%d should be

uucaagcuucuaacgauguaccgucgag
synthﬁrsq@edu ﬂmm @td geentl. XMabewise tin thearpnbext of e presenti inkention, thag’ end of

t
foll 136, UNNIRLE cblitdled o e ot e QR PprklE
al Swsaery MT%H@HN@@IWOWDOWQW &e ppd rpifeﬁﬂlflmgth RA. Inthe
conteﬁfgflthé readht ﬁQel?cfHﬁeﬁg§are-Bg‘fa?[géa frorf a@ﬁdr[rﬁglé)?&riﬂcﬁﬁ:ﬁlhg dS end of RNA.

reglon or annea refer
Thus,@ﬁ lwr@a@thI‘éA pyEheynihesiged frym tiba mg}ommcmnmhe S¥end of RN A, it will be

sufficibdé f(ﬁ%é de$e ptRLnt3yENBAP T Bus, %lge iRt $hnh g S@E}hﬂﬁéﬂze—drhﬁr example,

nucl eoti de co osition can bé desi gned so

using gepRdony Primerihat enutast qomlementaryrirapd ﬁmheswsfrw ﬁn@@hltrw position in

RNA Bytlﬁﬁlgra@‘ﬁﬂ&olﬂﬁnﬁﬁr taQaT‘%Q& bd MtaiB¥@ BRInSrorh A ffa%ﬁwhﬁﬁﬁ@se nucleotide
of °, about 65 to e nucl eotide sequence to

. ch
Sequetiwelsm%#e%ﬁh@s|3s%daﬁo Banzasyhe, BAdnsithgeC A?éaueﬁe'e The random

primef RsartifuPdrlyousa il kifgenk lexpesIOS %Ms@s Eééat!tb%@t AdvwATtREsth BE Wbtained from

ucl eot i equence giving the above Tm
abroargier range o ﬁNs a g g

Furthermore, a tag for a particular gene can be selectively obtained using a primer that

includes a nucleotide sequence complementary to the nucleotide sequence of the particular gene in
the first strand synthesis. For example, accordiﬁg to the present invention, even when only a
partial nucleotide sequence of a gene is known but the 5° nucleotide sequence remains unidentified,
its 5° end tag sequence can be obtained. For this purpose, a nucleotide sequence of a primer for the
first strand synthesis is selected from the known nucleotide sequence. With this primer, a region
spanning from the identified region to the 5’ end of mRNA is generated as the first strand of cDNA.
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35 The nucl eoti de sequence to which the priner anneals
‘may be any nucl eoti de sequence. The region
constituting the recognitionlgequences for various
endonucl eases nmay overlap with the 12 region for
primer annealing in the RNA |inker. However, when two
types of RNA linkers are annealed with different
priners, annealing specificity can be inproved by

SincedBs pgmeng stleerl Sonithe AQElcofide RY@Incapf BeartRube kend, fhe first strand is
the RNA |inker s |ink to, the

not g%%%t%agglgt%\]u% éﬁ%}l&%&%}}e ?Jhgj& tanget geng. {I{ﬁusa tRgs ?or such genes are not

genergfetigonucl eotide to the CAP structure can be used. For

reré ?{%&}g faéfjg{efil ﬁi{{iiﬁ-aérf tﬁ%%%]&epfg%&rgﬁ%gi&ﬁq lﬁgtgbg fgg‘@%ggesent invention can

be expevigitbihave, fdihexaniple the fodpwinpoutiiieh OFirdtstha traBdchiptlonal start site of the

gene %a?c/‘tr%glggrﬁg’leefdgeo&i é}%&ﬂl%ﬁ&bﬁ%%qﬁgll\c@\ i_gfé%a Eﬂr}ll %%Réggtained gene tag. The

transdriivny) atan, sit€ iaformBimgain dnp&itant estgaih I81-1dngih AFHA k394garch for the

prombic 17 S0 AORLSTERGE o ko FOBAI SR ANl acona

on thel¥ salectat beobtsinbdodinglthe sesfhehafchofrescneinRbiftidn. r’Wken the translation start

ot RS Ry PN A ) 56 000 S el paer
5’ untganslateduegion (Fd RNAslcomkkete.i s not  |inked to it. Thus,
th . : i f1cal i : o
o SRR A RSP ARt i ren
transceippipial glarbsitbowhich eneslean hdwhtibaliagfihyadieé bapends. rGene tags of the present

v R s St RSS2 e R B9s a

convegiaitlp sedNa calleds mformatipnOaRrasenpgionalestart sitesjoif g1l transcripts of the gene.

If Thu#iﬁ?%?gﬂ%?gga e é’\égté Btﬁﬂ}%neggﬁrea%eg%é g%elqé g.}(+lg ?@?:ﬁ%ﬁﬁulﬁple transcripts

Wi wreptzanscigptionpl siard sitagd iSpgcificallyhthePresenidnvettion provides methods for
detect ARG h bty R BRRAPE dsor el A SHE WhiSh includs the following
stepsipyr ophosphat ase (TAP). TAP hydrol yzes the triphosphate

Il nkage;i i

i O CPRiflhs BAR, e BB P pred B0 o A blingHor cDNA first

ph¥EpHayethoss ebigspectfie tRngeneitake pialezadhen | nked to

t he) BARpadiEkhE ARclbb SRt Rubiiés oﬁtﬂﬁ&%aéé MiEied MBS (1); and

[ St ed, .for exanpl e,  usi n%éi'm RNA |igase. The . .

| ié OesRlingmulirisiragspripts gedediffergns transcripiionsl stai gites when multiple

Phepehet RndiQdRre dddtged.t he RNA linker is |igated

specifically to RNA having the 5 end, phgsphate group

i ntR dg geapgpoe 211 FRORCTIP WSS SR Sit6 AL CACH AraRAGHIRS at be
deternsif€f idih€ Blfbrynatioh lbf tHRQDGAR dsickibed PérR-spd8ifiblphintd @RS nifitiple types of

reactio treating RNA are prefer blﬁiper orned i.n
gene thgfEleciccAeoRYIE B HoRfesent inysApon, o it X Pises g Jeggls of
respedti&g ﬂhﬁ@b éipt%tdﬁﬁ the :&amgaﬂea l%ficdr&ig@ftb gﬁ prfsﬁhg i‘h’ééﬁwn.e,s_pf%ci_ﬁcally, the

AP- bj.ndi ng, pr ot ei ol um- bas nmet hod for i fyi .

preserEgoRtQ Hg YL meRiods for ERHABnE hargigteiop etgpt rutipl transorpts
with défferentManscriptiohalBit0t sited SwhidB el Ake folRNng stBys: Usi ng

t hﬂl? ogt?a}nqggdgengl}l@gsvgcggrdgn%eto (t:{x_}sppresent invention and using a primer for cDNA

first strand synthesis that is specific to a gene to be analyzed;

(2) comparing the nucleotide sequences of the gene tags obtained in step (1); and

(3) determining expression levels of multiple transcripts with different transcriptional
start sites based on the frequency of occurrence of each gene tag.

Furthermore, cDNAs can be intentionally synthesized from RNAs of the same nucleotide
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structure can be imobilized onto solid phase. RNA
havi ng the CAP structure can be recovered 30 by TAP
treatnent after renoving RNARavi ng no CAP structure
t hrough washing the solid phaSe. The recovered RNA
has phosphate groups at the 5 end, and therefore the
RNA |i nker can be |inked thereto w thout any
additional treatnent. Accordingly, the method using

sequénél E&)Maﬁ@leﬁ la@hﬁldg forl fRsEtRAS Sﬁﬁh&@ﬁ?ahﬂ:ﬁ@“eﬁgﬂéc% badeKén a nucleotide
cDNA i s synt ized,using, as.a te te, RNA |inke
sequii Hiaf Rt o RPSE A g CReHIEICE St ugs § Bty conserved
functiyal duesdiz ef 4 mteiﬁ)NA)Nﬁ Sflﬁbﬁ@&ﬁﬁbﬁgitbﬁg pﬂﬁawilssﬂtelyh@ B¢ EDNA of a gene
thod i s .descri bed, bel.o 13 .5 | ener a c DNA. .
encoffip IR e ool feioB oty Cndpleds plo e Bt e Patticular functional
domady cenltesietibemttl s et Sthearpressiymlehels bfa grblop of pérsed having a particular
strand synthesiks i s a.reyerse transcrd ption usi .R .
fonctf R B EXALAEA LG chhoBafiE NS EFimhe B REC DhepB AR hs described
aboveonpl enentary strand synthesis reaction using as a
t enpl first st synt.hesi zed fi,rst. For .
cadh oY G5t Be pit SRhn b EGA Y R AR RG 16 HieSprgpenPlinention
includdsat &s B beridzeni:dbaptide serpresce dovatplsthantarytth cher RINAtlinder. Thus, the second
[ nt i . first rand .cDNA cgan . :
strand ECINRRET ool B8 L lesided i ot B ARA P S ot mealing 1o his
regionr Briorrtarthe sesghdsirapid sRhthesiONN A ysedss tsmplatd fra shaishgrand can be

el SR SIAACH ROE3E, Bt O P T s s

shoulfljbe synthesizeddso aste ghide pt Ieasithetype Blsicodonualvasstreasgnition sequence
includ%f%vlﬁ ‘ﬁ?eeRNgﬂﬂﬁ&f. IRy %&fe‘é %E ﬁgz\%%it Y%sg%% ew\%,\for &a‘iﬂfﬁé} r'cltprimer that

thereof, or such, are N €erse )
startsitheensepleperieesstiand syrdbesis Tomagositighingora ¥ akidaithas a region

corre?réh@iﬁ t&f @I% SeZlg éngbnﬁc!leasgéf%gnejg&rgecﬁlgﬁée a!rﬁﬁg%ﬂt At 3° end of the RNA

. I gl na| las activity of Teverse transcr ase. .
linkery ddfernagivelyelt s passiblesta aise agrimeninoidingshy time dksendomicidase recognition
sequett®€ DNA synthesizing enzymes but also catalyze

conpl enentary strand synthesis from RNA tenplate, are |

al dethouipe sypihepzigermaiementary ggands thyeegh priysenextansion using DNA as

a templafeSdre kRNt SRS, ABoSE6P Eﬁltﬁ@%ﬂé @d]ﬁﬁl@ﬁl%ﬁtméi tARESusing a

can be 15 s§€ hesi zéd using the single enzyme. Priners
templetsrdepepdent it Apalymerse agdasynp dd w%mlymﬁa% dagpolywerase, and the

like cERBPhdRd RIONAGRIGhERGH above, ol igo dT priner is
generally used jn_the first strand synthesis. T

sy AFIRSE thberised Iy It s may {ngHdgan grhifary 111118\?8%3 sgquence. For

examgl!é}?ilt ds6BleSt6 Aise A pAmeE RARhE e RYclbAe R aghMonabgildiBe at its 5° end.

MRNA i s used because, the fir strar%d Sﬂlgelilhgswidely

Additign o %%@Efi"z PR FOREIaE Clonins Stesdaviine & enckplir
been gRfr@xd. of the present invention, the 5 end of 20

U1 engLl SINA can, be obt e 85, B A0 SBAMEES e e
capablavfbibdiag tolpasidase ettante siiedisel Gind ApdimbeinghbbiR¥ onto such a
solid Ilal?asé.hf"he second strand of cDNA can be captured by the solid phase via primers
immobilized thereto. cDNA captured by the solid phase can then be easily recovered.

Any method can be used to immobilize oligonucleotides to be used as the primers onto
the solid phase. For example, a method for covalently linking the 5” end of an oligonucleotide to
plates through use of a cross-linker is described in U.S. Patent No. 5,656,462. Alternatively, it is
possible to introduce molecules having a binding affinity, such as biotin, into nucleotides
constituting the oligonucleotide. The oligonucleotide is captured indirectly by solid phase through
biotin with avidin immobilized onto the solid phase. The position of introduction of the molecule
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context of the present invention, tags are obtained
froma short region including the 5° end of RNA

Thus, as long as cDNA can be gynthe3|zed fromthe
region including the 5 end o it wll be
sufficient for use in the present invention. Thus, the
first strand can be synthesized, for exanple, 25 using
a random prinmer that can start conplenentary strand

with Bi;atitdggﬁﬁﬁlt)f mahe ahigohiblieblidy ¥ é@@ﬁdl‘%lttﬁﬁﬂ nnuta&\lAf By using
r.an rine an e al even I
TR Bt inh fofiihe SEerhd siend Smiken ibiretied with a type s
endoﬁdc&a@e togRfleratentht 9AE tAss dffie: ﬁblls%nhlﬁﬁreﬁﬁ@ @hifthiS btapé, ithi @one tags can be
L, CUl ar
recovgfi3ib3dpan ik Vb egubates sentinef il gs egBRTinker. The soli
phaseahttawh?cdl friroers fex the imd@i stf@ﬂ@?nﬂh@sﬁhlﬁze B¥8n Eﬂil‘mbﬂiz@ fs&hen used to
a La 0 a partlc ene can be sel Ctl ve
recorg ikend lag: NEreifchly ths Eodne Tr fxcauget & e spyne solid phase
The sekdphaseean bﬁ'pécemaﬂcﬁ befprd cﬁrhatﬂ&fe _tremieﬁowitﬂ d&ﬂ@g@H@ edodliclease.
cul ar n. t I-I n synt ..
For BRaHF eflen 8RR ragion e S AU O SR 1T bRl py gerermining
the nwientide sequeace giza ganaltagafthe ptesete isegtiencanpincthogens be ased to

deterts! ll%gg n?\ij(%leottgg sg’ql{eggegof%gglag agg %@)&Zeggﬁ E}rg:%glglﬁq%e of SAGE is useful for the

: eﬁicmﬂjtdatenmhauﬁm pf theinsclpofideosquergenotd et hadebaedgenciegof Specifically,

w19 0 b0 et Gl Lo BRI B honed e
nuclegtidestgiquences phmnitipte tﬁgmmtﬁweietaﬂmnﬂadfsumuﬂtmmguxbyl to the

oo e HTRR0! e BT Tl Afeah ielld Ploghhd A a3 the length of cach

gene fag dd prosuingesl to bggentant oThysh thepantsteatra patg’emeqnstdhsedﬁo b tonstituted by

repeaﬁtdf ﬂ%ﬂc‘feoﬁﬁg tsecﬁﬁﬁlﬁ% g? E&ef tﬁ&@%&i ﬁﬁe Fletl A %18@ &uence

target gene are no
mfong@tmr ofteaeh tag cge thaistbg Qbfamedd“rm thee Img»leatld@ seqyenceg ofithe concatemers,

obtrgLiaede Qﬁné Ozﬁ'h avgmd[hé’fne{ﬂlﬁ fpf &inﬁing‘f&}’xﬁeﬂ&h&@ b5 Hpating tags,

be expect ed for “exanpl e
examples pf whish. arq:ﬁlqsgltlbedth@lpw rBins o3 mpthod m&ngéhQW@II@@m SAGE principle is

describBE HAAR rﬁ&ﬁo@%%‘é‘ﬁg ﬂa%é £id ffrth{EaH&ecoMérq{?Bglg&ﬂe directions to yield a

ned

uence i nformation o
ditag. tlifghf‘s@d 158yl tng fromy chgavags bsethﬁ ﬁymlﬂmnd@ﬁwpigasp msfttcésmenﬂ,dt should be
blunte@kﬁrﬂir@o 13 Step. el lgluﬁt%aﬁrbeta%h§€@cf &dind ‘Pﬁ DNg go ymerase.

o ter. For exanm whe " nucl eoti de Sequence

5T Prgltipl %ﬂﬁ#&s@q}ﬁﬂ@é Fﬂgefheé@ YI@ld@mwer@ws + Fepwparsidifags, a cDNA
librarg @Q:hﬁﬁe@ Bit@hﬁ@ﬁodﬁ 28 tﬁeﬁ%eﬁ@ 1439 dredfrod iR dRFRS @z[b‘h 001 by the same

Efilon he translation start site of
proce b &EYF feé%ﬁlﬁnvaé Ao the gvo gasls afedgea{f%ft@g%ﬁrﬂwemtags At this
stage, kgenmggi aﬁeQ1g@téd|aUﬂk%oMiﬂSﬁ Reerd thétyp'é TIs\AHbRREaS Q6aved. The gene tags

con b SR BRI F ML S HRN AR B UKE. pt s i L h

di Dit&gﬁﬁ&ldbdl aa@ﬁfha%mnoﬁzi@rs&m@uﬁ@s whi ch encode an
i denti cfgaé am no acid sequence. Cene tags of the
present Rnvention for a particul ar target gene may be
(solid phase P ERINArI ey  taigP-rag PRIM sSiakEg € solidastdse)conveni ent |y
used to collect information ]?ﬁ transcriptional start
sites of all transcripts of - Egene
At this stage, the ditags can be amplified by amplification methods such as PCR. When

the nucleotide sequence of the RNA linker is designed to be different between the two pools, only

ditags resulting from ligation of tags from the different pools are specifically amplified, thereby
preventing imbalance in number between tags. In the context of the present invention, the ditag

~ may or may not be amplified.
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If multiple types of gene tags are obtained for a

gene, the gene is likely to have multiple transcripts

with different transcrlptlonQZ start sites.

Specifically, the present invention provides nethods

for detecting nultiple transcripts with different

transcriptional start sites, which include the

following steps: 20 (1) obtaining gene tags according

t 0 Nke rtlgpRHitabdwe Mohiof tabtiRg t@yild d&iﬁéat@lﬁérsC@Nécﬁlbwi&ﬂus goal, for
- rand yntheS|s that is specific to a gene to be
examy iy sRRgnue saseé%ﬁ?,sa&twﬁgeqq«?@cwebf BITeREcddp AéYiRESs Wihin the RNA
linket, haun@[wdlta@g SarOby il dodethe? ?thﬁ ng dﬁg%@@hﬂ&&ﬁ@@iﬂgrtﬁe ditags with

anscrl t W|th di nt cr| t| onal
an endpmgl Bes TN N S AR
/[ﬁg]t[ﬁgt]@ag]?ﬁgﬁpagnm@é]mg]ﬂﬁ quence at the

e ORI, BRPa™ e kT R GF Het IBRbIA809c6 PRt thestructre

is corgpm;ed speminédted cmtagﬁﬁﬁthaméméhintgleﬂﬁ@ldclﬁaﬁ(aﬁéhorﬁg BRznR¢)leavage sites
) detected according to the present invention. In

"addi tion, the expression levels of respective

t r dths conqaitesner @An be mSBmﬁam&"da elonimpdictigr hiahé engreesetibn site. A

oSy PR Pk A BRb bRYSRA. e pyicoria eqenc
of theghgsmthed ¢doming veutais rep/tsle& By vimbhnnhiuig the andleotide sequence of the insert in
the v {1k ke thdfchg ol scichfihet PHAE e iy aplgvs e
determination eSthatutlootidet sequenan th aisingly saqtmnlcngrreetutmnc Bbirexample, the

conc ft%lﬁezrﬁ% ?@d; %& s%é%lélhﬁﬁ 'e%arhﬁi@t in tﬁe %Bg(? jélf) j.[()lctat480 %aigfgﬁ%a@o (_1)1fthe range of

h
50 to BA@bgene tags obt ai negr: n st eS ?g) and ?3?6
KGR A SIS g P LG o i

insteadipf ditegst Feyerample, @ftemp@Hs endraucieassdrhtngatantadgpter can be attached to
a
tho er A ERO0 e pEARREoTh 1, ol AL 08, It BUUBERLE

exanpl ePCErT)rl rrer for first strand synthesis can be
1id 5% leptide sequence that is

(sol ?’ﬁ%&T ed to e an%a no aci d sequence t hat
const|tut es a h| ghI y<c¥aBerved functional domain of a

Pr & Rinthn eﬁ@&!ﬁcfe\é% RESEARGh Hﬁl:lq:&&:e 1y bﬁarf%el : ufha'aﬁalgtbf( Bbth ends of the

to be cDNA of a gene ~encod
tag cap b slepwpthvity dwgmdon emtthggalm wae Hatthe RN A linkeref ditag is digested.

When%ﬁﬂliffﬁlg We tﬁg' iR Q8ak e rﬁ@%h@e %ﬂel%s et W&hﬁj{é{' and adapter may

sel’ec he exp ression |l evels of group of genes

be usgdla I 3By ﬁaﬁ§a‘ia€$ Fedte with dh-endopudlesse e @h@lsﬂdéagesper to yield

concafeMRar TROcnbAcRERIAE Hedbe! iB¥Rled iR a08REnd AG%orabldRicARhe their
as, descri bed above. In any case, the first strand of

nuc}e%tweg‘ﬁlﬁﬁe& zed according to the present invention

| n'@“hél Hpsthabf tatg§ e§c1s b‘ ¢ls %ﬁﬂéﬂﬁle‘é%@ RESsidered to be relatively
enment rtgl ? | nk Thus, the secg nd
constant owever, if tags of variable length resu t and ditags are formed om such tags, the

nucleotide sequences of the tags may not be correctly identified. When the concatemer is
constructed not via the ditag, the nucleotide sequence of tag can be determined accurately even if
the lengths of tags are not uniform.

Various reagents necessary for the method for obtaining gene tags of the present invention
and the method for determining the nucleotide sequences of the obtained tags can be combined
together in advance and supplied as a kit. Specifically, the present invention relates to reagent kits

for producing gene tags, which include the following clements:
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transc

10 strand of cDNA can readily be synthesized using an

ol i gonucl eoti de capabl e of annealing to this region.

Prior to the second strand sggthe3|s RNA used as a

tenplate for the first strand can be renoved through

al kal i ne hydrolysis. In the context of the present

i nvention, the second strand should be synthesized so

as to include at least the type Its endonucl ease

I ¢GRI RN ANink&AHSNEEudds el dHEBAudlsbiidp %aﬁh@a'rbdﬂ@ﬁlﬁon@@quenee fora

achl e ng oaI it is possible to use, for exanple
H%HC %% starts the conpl ement ary strand

sy lﬁﬁ)rmageéﬁ fdiﬂin&ui@ﬁﬁé RINQOIisHR: &vith the CAP sitBdf RATA:€gi on
ggr&{)es on Irfn]gﬂ:glg sgi?o e agﬁli ggﬁs Iaee nsg%?\rilr pﬁﬁ ers|ea:1:10 %Ipltnllc?eotlde that
AI tfidabtto CBINA syrthdsized Q§1§g thesR WA libker & Diemiplite; and
udi n }\t}é ﬂéﬁge | t ﬁ ﬂggcl ease recognition
g{?%gg t fry S%?i} tHESY ng conpl enent ary
St Tae @ of ﬁfegﬂ@i&npihlvaiﬁfonaﬁ&)emﬁilt%haﬂﬁ iritudoNagdats réguifed to prepare

ditags vﬁ?oﬁgztgﬁ ehjgerg oﬁ%ngﬁgﬁ%&oys {1%%@9 : Ihcﬁgl%gfqgl{ts is as described above.
t eFpt tie ditdd lensrestnt DiMAntiml], Ym&m@le@ﬁ@ éﬁtha\lfbllown@pﬁmers described

sto ) HTE R B BRI N e 5Beal 05

syﬁbheandsnmr;memcl ude an arbitrary nucl eoti de
exa it is possible to use a priner
@bng lego dﬁxc]%ﬁn%r se recognition sequence at its 5'
e ndii) a pmadbivinga nocﬁle(mdewemmmt:e dmnplemﬂmetocxparﬁ&mangN A.
cl ROk digy h{n%is GAT% %Q Con?m%fusgc% o] erxgglrate e’% %g%qilcc}én allmRNAina

been per orne ext
samplenetheicontext clrfdhsmnﬂ irstention] tiof randlbm pnm;cr heapmuazlhﬂjomeferred The

randoﬁlgﬂ'ﬂﬁérqs QfseC}th %ﬂg%cﬁe%uﬁess %Lléhd cﬁ%ﬁ%gd & of p Igﬁﬁoﬁ%uc]ﬁoude sequence

esl ze
whosslghptll ipsrysel teThe aeczimmﬂest Fwamﬁalec m@ommleobéesaafmbuufédto 20

nucletpt}’deg hrg%l\%él L?lr (zf d;ﬁ)'& ei %ﬁ%%ﬂmﬁsz gghgrcﬂaeWQ fgsg %11%559.{0%0%1165 are

Synthqse?@d\b&rséwenm thedamr Weewemcleotldm pinhixtuge untﬂ they reach a
| |
desiref lérggf' ggéegr& qg? rat.éngg n&rﬂﬁ&%&ﬁﬁc& glremg%e\,s/sa Qﬂ&ﬁﬁes {:&ﬁplementary to
any klpdm‘{p\q@eth@ ssquesadl of an ol i gonucl eotide to pl at es
th
Aﬁé&%ﬁt&éﬁ? R klg onggﬁesl:hﬂ.'ﬁ%ntioﬁ g[‘\ja@% ﬂtnﬁ’cifegu g &F Oﬂﬁﬁ%rf having a

Pat ent No. Alternativ
nucleqt@eusmqea%%@n%mé@t@w@ armmilwéar Adli 3} gaearien fncqrsam gensiean

| spec1fﬁ§11§9 b@bfdﬁucécfﬁs‘?né#%@x@ts bal8Sc s FRASHALHRNN 1 lﬁﬁ((:jleotlde sequence

I|gonucleot| he ollgonucleotlde i s_capt
variatiopgigtie dgtepipd By campparop RAYE nupletidsseqrnge infompationamangiags obtained

as destr‘IBHd%bVeZ @elnipss dfiiiR &k bt BHEPR indiide RARIPId PRialfs whose lengths are
|ntr tlono té%eqrrglecule 16 with binding affinity
differqhat g ‘FI} dy ortiies @e kit @é thesprazsnt iapytiony Whtqhyis mage pip @f primers having

the nuﬂ@@hcﬂﬁéﬁhﬁtc@ icompiietbneNf 4 pafichiBemROEONS usdfld0 detecting variant
Q?esns is treated wth a type Its ‘endonucl ease t o

3PATCHAT g&e t ags of the present invention. At
t hF st exbi@R, thelket BITS ubcdad coAduchthe method of the present invention may

include the elements listed below. A buffer suitable for a reaction using each element may be
attached to each element. In addition, software for analyzing the nucleotide sequences of gene
tags may be combined with the kit of the present invention.
Elements to ligate the RNA linker:

- BAP, '

- TAP,
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recovered in a formlinked wth the nucl eotide
sequence attached as the RNA |inker. The solid 5 phase
onto which priners for the segond strand synthesis
have been immobilized is then used to recover the
gene tags. Specifically, the gene tags are recovered
as gene tag-bound solid phase. The solid phase can be
recovered before or after treatnent with the type Its
-TeRN@nlugﬂse@e Nucl eoti de sequence information of the
Rﬁ of RNA can be obtained by determning the
échr 8’i'| de sequence of a gene tag of the present
ElemeﬂtyﬁﬁtcimTAsﬁnhesm&tnﬁ@dpamibnbe used to 10 determine the
ucl eoti de sequence of a gene tag. However, the
“re ?F%%‘?IEF%ptS? SAGE is useful for the efficient
- DNatmlymerasd, on of the nucl eotide sequences of a vast
_d}?glgﬁoer of gene tags. Specifically, when nultiple gene
gs are linked together as a concatener and such
-randnmpﬁmfcscm&ﬁtsnmﬂﬂsyhmesmucl eoti de sequences of .
, i.pl.e taas det e dsrrultaneously Due to
'Sg[ﬁléﬁnzi@%t?%ﬂr oFr ?ﬁtxsec C{ssl'{]%aﬁ 0 ut!cl:l?ease used to
- v{mﬁm«tunjagatbéniaggsuchehé l ength of each 15 gene tag is
u pnstant. Thus, the concateners can be
Elem&{tg%%%gmtt t‘rge;g%constltut ed by repeats of the
typmHisemﬁqndelewquences of gene tags having a fixed
t ence information of each tag
Elem%g%% %nellgge O;{nal ne om t he nucl eoti de sequences of
- T4 PMAcligasait eners. There are sonme variations to the
_ I}glld% concateners by ligating tags,
prféﬁ?(% e’ go%@&%agl?e descri bed below. First, a nethod
- DNAipe Eh‘éf“ﬁ’\,rvel | -known SAGE principle is 20 described.
ty]%J]IIteH SffRbod, two gene tags are first ligated
oget er 1n opposite directions to yield a ditag. If
- segyracE8der®BUl ti ng from cl eavage by the type Its
- B BRUhERHAed With aVebHK¥ngnd, it shoul d be blunted
Ewlor to this step. Theé blunting can be achi eved using
- cultyrepngdipg| foribe 1ee: Next, nultiple ditags are |inked
togat Q@Jan@a%eé/ﬁsecb ds€ t@[rﬁ%ﬁ%arér i thE %Pﬂf/s@s ¥ th@8folectide sequence
cDNA library is divided into two pools, and then gene
informatip %r@nﬁﬁt%%éénﬁfﬁ@%aé%ﬁngé‘thetWeﬁeﬁ'@ng%ﬁ@nz sThe nucleotide

sequeREOGRAHBon 6NEFhcal@BRE thATBe AR 6800t ERIMAIB st soRARkSthat can
Ilgatfed together to yield ditags. At this stage,
exec‘-‘&feﬁ%s‘ieﬁ@% are ligated at the p03|t| on where the type
|tSre@&ﬁh it Safeedbpaveflienddte gene tags can be
ed@t et her, e ? &?Ecal with T4

t hégﬁsmk@ls § Byfdeqs IS%HH?%‘PQFHWHQK’/ éﬂleﬁ@DNgFﬁtB aﬁ@ in'the input
St Audédtice se ﬁﬁ&aatg(hnasol id phase) [ RNA

I'inker t aqg] RNA I sol id phase) <-PCR
L g @géluhﬁﬂ@&fa%eﬂa o BT o by
anHetedin, giad mﬁlbdﬂiﬁé BeigncestifmasorPsifer e that (b'ﬁags mcludes for example,

nuclecﬂgfe&gﬁelggg %gﬂ %:ter@ l I n %}ﬁl} link% %g grocess of generating
the tagse SIl‘Hetmlblg dhfaafiay Mg@tﬂchfale @ﬁclteﬁ@@e sfeflﬁéﬁcéh&erﬁxeﬂffﬂfne Bloning vectors. In

‘any ca%e Su%h %lrlt(‘ieotpd%csleallxe%%tlel o ilolnfcorelgitutes prev1o¥lsly known information. Such

additional nucleotide sequence information and nucleotide sequence information of the tag are
arranged in the concatemer in a regular fashion. Therefore, such nucleotide sequences can be
automatically distinguished from the nucleotide sequences of the tag.

Next, nucleotide sequence information identified as the tag nucleotide sequences is

accumulated. When the concatemer is made through ditags, some of the input nucleotide
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35 preventing inbal ance i n nunber between tags. In the
context of the present invention, the ditag nay or
may not be anplified. 17 Nexby nultiple ditags are

| igated together to yield concateners. To achieve this
goal, for exanple, an endonucl ease recognition
sequence may be arranged in advance within the RNA
linker. Miultiple ditags can be |inked together by

| sequdnbmhhjﬂ be dérivad fmmd&tﬁ%ﬁﬁrsﬁehmvl*ﬁ&gefbﬂeﬁuﬁdm%n W'fihb cofplementary
: sequegLB? grf%@d a%l%él']%%??u %lrrfgci%tr \9{161:1 &F%&%ﬁ%ﬁfxﬁé éﬁ erR%{aﬁl using an adapter

not vig g,/ thd aagh c{aﬁl’h@d:]b{léﬂaig]on[e '«Ha'gc}tlon, by. deSipirigfthe addpyor and the RNA linker

o g Sy o gl a0 Tl F

sequedmsags W t h i nterveni ng endonucl ease (anchori ng

T
b g SIS Ry bl S B Bt e P e may

facilitgtet @mpritén ethonyg ihg nueestide saqm&mcemqf dhtEnabtagsy taeeremulation of identical

nuclegfg%éu%ﬁgéeﬁce%%ﬂg%%%?dgggn |B$1 ﬁ% %glf;n o%tf*?elillg , ec%}rlergc% Furthermore, the

Vect
programvesyl fadilitate derparison bﬁ@lenagmrﬁnmtaaon lfmbm élﬁth BNAoéourdee and

extradt#&ﬁ%ﬁtta%sonca@ﬁ'ef’eﬁ?frg&uené &s stoc%{lﬁ' Sde! ed that the |length

ener range that allows the
dePeavidusht ac:@nma;fatqdhefoumeﬂlmfmm@ datahaenmey ba usedsin mgmarmg tag

mfon‘é%giﬁb %g r'ag%‘r }21@,[ 1 r&HlFltan:IPBf;ge)ﬁ@ 'f%s%br Itn? I t1r§§§1'%§ %‘i(g bd ? may be

accumnd@ie@ B ad\gapq:ft@qcpgdmmwtth%mﬁﬁmg@f dfe prwnsmvcm@o Guigh infprmation can
be shéréd ﬁ:l a?@o & @t\%oxg(o ARLRRGORE %ﬁ%ﬁtﬁ)ﬂ%ﬁ?’gfﬁ%lpﬁéd commercially,

to et intag-units nst ea
being ﬁ@ﬁcwéﬁﬁeeaboaweﬁcnb%@agw &itd ol a*eaa@bletgeeatagenformamn may be

compé‘é@ R gend @a?i%fcﬁhfaﬁ&ﬁ‘@&aﬁqﬁd b? Qﬁpﬁg{gel{tﬁrg Ei#ehfs@ﬂfeé romthe

cl eavage his case

oW N
st i he pi¢leotidegrquense inforasigniof ﬂmﬁaﬁ@tﬂ of Rmcnpmsmg\ can be obtained
accordib #9the pré@EERY&ltHon. SEG RN 2B RASOIMGHRBRE of the 57 end is

recogni ti on sequence i s arranged |n t he adapter,_ both
pamcelﬁég IRpoRAR iR Hig contextref gene avalysing For expmIDis, auHetidsaseuence

mfonﬁa‘hohr&' tﬁ@%nﬂ%éﬁ‘@éﬁl Heltt RN AdcBigsig t%zt:hRéjbltsf’:Q‘ﬁlé 'ervaétlon may have the
usi

est e%&@ en anplifying the tag,
Utlhtl la¥aquences of the RNA |inker and adapter may
251:‘&@ uﬁ%sehﬁnaémloﬁ@&@be h?&%ntg@ﬁ@&}@ﬁeéﬂoh"pr&ﬂﬂﬁlg Specifically, the

endonucl| ease can ed, together to
preserf dReRligh Eaics tﬁﬂeﬂg BT QIRBINE SHRFESFiRE ﬁr%‘l@eﬁ Hgspesig eukaryotic cells,

whlc}ﬂmﬂgd@ﬂﬁlfsmmg\é@@g@f to determne their nucleotide
seguences., The Iengt hs _of t&gs excised by a type Ils
RIRAUSHSE AP A28 BHOFHBR My PTEEnT BV artioPel v

(2) determining the nucleotide sequences of the gene tags of (1); and
(3) obtaining expression profiles by relating the determined nucleotide sequences to the

frequency of their occurrence.

In the present invention, the step (1) of producing gene tags may include the steps
described below. Likewise, hereinafter unless otherwise stated, “the step of producing gene tags
according to the present invention” includes the following steps:

(A) linking an RNA linker having a type IIs endonuclease recognition sequence to the

CAP site of RNA;

(B) synthesizing cDNA using the RNA of (A) as a template; and

(C) generating gene tags by reacting the cDNA of (B) with the type IIs endonuclease that

recognizes the recognition sequence in the RNA linker.
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constant. However, if tags of variable |ength result
~and ditags are fornmed fromsuch tags, the 30

nucl eotide sequences of the tags may not be correctly
identified. Wien the concatener is constructed not via
the ditag, the nucleotide sequence of tag can be
determ ned accurately even if the lengths of tags are
not uniform Various reagents necessary for the method

f orln gbiicalnthe gerge R picdgon pfoflldierefirmed st bﬂgﬁﬁtmwma@@tﬂmcludmg

L NG L AR T —.

the expvsaivadevaddlisgipptal, atle genednfoirtnati@petdrk t@lﬂfdtﬁlﬂﬂbﬁlﬁ) specify genes.
o.re

oS ALSTE R Ao BrRTRO% e b e s g
ID Ned. emel riheslikel 8I‘I(eal)unﬂ33r El\@eﬂes idcardet vatheilRels lmdeparﬁmlarly limited. The

L T W TR —

des1rd§|\génbs xfermaticdnméashlee SRRl tofcoRitidnte @R pressiqr prvliesf or

d h [ ud ,
AR R, BN Bl AL AR aon o e 5 e
RNA gan bgjobthimedRriNak iimfoematas faorh RNHA atith; tha@AP(sﬁ')chmqo r Theenucleotide
SequeBQJ m‘f‘@ﬁﬁt&h L 5% beslteia%&fjto mfrhtfﬁc’enﬁy PF ocw& ncdegoyr Oélgjé'lﬁlpg the nucleotide

I nventi on may Fona
sequeneequmfcrremtmm apd é@mﬂgﬁ@mb&t/odndaaﬂmianﬂelw&ﬁ@ sefhences. Expression

[ ution of these conponents is as
pmﬁlg&’e&%tﬁ%ﬁaﬁ%@ﬁl&& For the kit of the present

i néerexprassion profids forphentiwregt off gembecandiel abiiingl whémalt BNAs are used

as thedcﬁ%gfsr ;E[?nglre p%&eﬁﬁgﬁ%tffo één)e t%%& alﬁhé(l# ko ?ig&leﬁﬁe gg)sﬁéci%c gene or a

groupzd gemqs shatingrrienmpen siecture thmasﬂ, Ay oxpiFsspmi pretile it specific gene

theldréb aRbd ykng a nucl eoti de sequence
o es:gcl).rrpa%ifrgenta ?dc?)l% dpart| cular MRNA. Random pri ners or

ol AgBmRImg fhat MENA hrdng edCAD steyestiere ancéuc@e nléml%r@é ekprgpsed in cells, an
exprefidn FFOHR dbhifed &%8&121'1 toltRe n&ll%@c:rﬁ AeBibn B m@él? $&Mcts the pattern

I nventi on, the rando pri 1S partlc
of gengrexpiessian in ool Iy e doniept ofithe proseny inseptiy, when detenmmng the

frequé?llcif 9P Btk RAkd G&eﬁnucfé%ﬁhe CORASE theQatAis g?é}?ﬁ nﬁ%‘teqeds a value

uence vvhose 'S several ten eo1
relatﬂ@&? ﬂé%(ta% pgmbey) qf@@ etl@o%qqa@&eébelag avalysd én zmzcular after the

sequefités heed betasmpliyied b IPCR &f suRRQlanfitatife data Ut %Hahﬁ'@ﬁﬂ Compatison
be .used. These gl i gonucleotides are _synthesized
to the Hgimsfé’&&&ﬁ £a1abg GXDEFtRR {hBroVifle mefgobies e eIUaHER] eot i des
| nAﬂafﬁbﬁieLtfaﬁ b¥ l&bhdtrdcﬂ:ﬁ}frdn@m &p reféﬁgh bﬁ&i‘ﬂ{:s%’tt%xged 4d¥ording to the
can i ng¢l ude nucl eo

eor e ran
preseng g&ﬁ?@ % S E"Giﬁa pg]ﬁg}qg eg%to a set of electronic data including information

constituting expression profiles accumulated as machine-readable data. The database of the

present invention includes at least the nucleotide sequence information of the tags and information

regarding the frequency of occurrence of each of the sequences. Furthermore, the ID No. of each
nucleotide sequence and the origin of RNA whose nucleotide sequence information has been
obtained may also be recorded in the database of the present invention. In addition, relation of the
obtained nucleotide sequence information to that of known genes, results of mapping in the
genome, and the like may be added to the database.

The expression profile database of the present invention can be stofed as electronic media.
Such electronic media include, for example, various disk devices, tape media, and flash memories.

Such electronic media can be shared on a network. For example, a database of the present

‘invention can be shared on the Internet. Furthermore, the above-described software for analyzing



10

15

20

25

30

35

any kind of nucleotide sequence. Alternatively, the
kit of the present invention may be nade up of priners
having a nucl eotide sequence,gonpl enentary to a
particular nRNA. 5 tags for a certain gene can
specifically be produced using priners specific to a
particular mRNA. |f nucl eotide sequence 25 vari ations
are detected in conparison of the nucl eotide sequence

tag Seqm:fméslmhlb@ @rcﬁﬁ&ﬂ’dlgm'lt}ag funehib@ionefér toﬁlﬁafdi‘ﬁﬁﬁblh bede diﬁﬁb@e of the present
mul t 1

vl AT Pin ol aPE el o bihebat P o ferad
accordihgso the ipeeskattinedntioh @aa@ﬂﬁ&ﬁﬂéd tothe dithlse vishthe miksetrade

OPTR? R CettRession are e e ke ool EE Ppressign profiles ofthe

prescrﬁ&ﬂmtlbmgSp@[ﬁ@ﬂy thé pmﬁﬁﬁ Iimm&o:@felﬁemrrﬁetﬁ(bds&br @ﬁﬂﬁmg gene
| s .used to conduct

expre;.?gqqi%raﬁ gﬁ B}c&gig ﬁf?e %tFRIge Baﬁnlﬂ%§enei S ey CE Tl pﬁcgtxles for different
types of elisiahd sélecsirgcgebetagvvwhéséoﬁétit&nc;suﬁ' dcatilrendeqs didferent between cells

throu%ec%% 'a{mg * | & qees?i%g .I{I‘Ofﬁ%-“f g%ﬁé/df%lac%oﬁéﬂa?% F)ﬁg] 41% gl'ee%gnq invention.
Such mnncﬂzedtfmmabfemg@enwlm:fse grpressidralgselsrarg differetrieiwen different cells is

referr%’& ttot}ts %Q]?rﬁﬁlmfoﬁ ha%a.&sr%s g\@ény' g%ﬁ (')roer%/a_@pl eggnets %ﬁgoﬁﬁ}fd with
diseasgs, @ag@beeandbntrﬁe%wougMMh anglysaye The eforessodpNfoSientflibs present
mven@éﬁdcaﬁ%%q{sé& inos[ﬁt:lg1 W@%Yo%rpsrggferaﬁglsrgés' ptase, 5 - DNA

mer for cDNA first
st h)ath@l e&gtﬂﬁtsmrsﬁle anglysis |06thmbmn‘euivgmqmeﬁlef‘drffa:meﬂs" to be

analyz8 %gc{é'qaesaﬁig 3 3%?8{@1%?{ ori 1?2 %tvgn cégl\é'edrgg?%cffgfgﬂﬁlgg?g&% tissue can be the
cells of yipféermtsmand on luiges SeeyHheoten dJé‘femt gembitiensesushas dreaprysesce of
diseasd] 1‘5?&9 ?{ge and $ék. OVfed ESHRBGons to BE tORIder &, d95Mirde®h the purposes for the

cati on,
analys1s are different among cells, such cells are the cells of different origin. When differences in

- conditions are negligible for the purposes of the analysis, such cells are considered to be identical

cells. For example, genes whose expression levels are high (or low) in organs, tissues, or cells can
be selected by comparing expression profiles among different organs, different tissues, or cells
whose origins, culture conditions, or such are different. Examples of combinations of analysis
targets to which the présent invention is applicable are shown below.
Different tissues:

-Adult and fetal tissues,

Tissues of patient and healthy donor,

Tissues from male and female,

Human tissues derived from different races, and

Tissues of individuals belonging to the same species but grown in different environments.
Different cells:

Cells whose types are identical but culture conditions are different,

Cells cultured under the same culture conditions but whose culture periods are different,

and

Cells subjected to a particular treatment and non-treated cells,

More specifically, gene tags characteristic of a cancer can be obtained by comparing the
expression profile between cancer and normal tissues. Alternatively, gene tags associated with

malignancy can be specified by comparing high- and low- malignancy cancers.
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15 - DNA pol ynerase, - type Il endonucl ease, -

sequenci ng vector, - host to be transforned with a

vector, and - culture nediugfor the host. 20 It is

advant ageous to use conputer software in the analysis

of the nucl eotide sequence information on concateners
- generated according to the present invention. The

nucl eoti de sequence information of concatemers nay be

an@ey& &s ob@inablaPdrdings itlibggrss}ﬂ‘nt aesiddiatlu@éthe nucleotide sequence
i

ntorSBtA Tt D% POl Tt 93 s SE5L VA5 e enicn

proteii.nl‘tfuiﬁ ErRli ffegntoh hiey stﬁfd%ﬂe bk SSU'[IR@ gan Bmildéhlibﬁémuﬁﬁ‘erent transcripts in
nucl eot i seguence dat a; -, accunul at i
the exXRISPIOET Qe TR oy 9T BRIGATYAGEES AL s of e present
inventiole heeinmsieed RAbg siRaihetf esinpddnventidnabf AGETntalditionfthe nucleotide
I p—
sequehbeinforaaess obhe gamer atthadf sidd@f fillblehathssDNAe Thu fifll-Bagth cDNA can
al,sa_incl.ude nucl eoti.de seguences, derived fro .
be oy BnE St fopE e B0 AP s BT HERERIP b B oL BB Hs pugteotice
sequencd mforataiion of thesadstabtatseduhenigh exprgssioropotilednatysst iAdternatively, by
om0 P GRS A Ry any
one regiomeigeRNA) cDINA campate nEthe nnclaotidgeqaenck dsini the.5” end of mRNA can
refqre .0 : .

v RT3 o SO A5 FRLSORE S0 Mg

sefgentags that carhlee otdginedacchisding torthe prsentdeventiqu arsbele nucleotide

. : . s h .
sequeh ot ch Bt B BB AL O ER AR SRS henc can be
identified by mappiogeharfucidotide squenceniebegdeomonidenticln segicnesy Specifically,
the prlgsge{lg BlvENRh Ifefa?é% tﬁ RRRR I5 cﬁrté'rﬂl%ﬁg thm%gérgftg)ﬁgluﬁtﬁt %i’ée of a gene,

of mation o e conplenentary -sequenc

whicksinplutle thedollewipgrstapsoBed. When the concatener is
. Cviasd
e R e e e e

L II‘QCtI n esli gni ng t a aptor
anPdstsrriving theloaeleotids seguences of e @are epsaf tgp and

S e?} B dtRhRine@88eledtide] sSqHARECERS BnucRotide sequence of a
accunu e conpl ementary 5 sequences. This analysi’s

g
t
pr &goaa grshidentfsingdr Eansemplianghetent sthe of the epsasipé esgion where the

t hgudE A8 Yes thaeh! | tat e conpari son anong the
nucl eoti de Sequences of qbtained tags, accumnul ation of

i dBrAPEld003nTike bérpationsbiduaae Bsnoma dequsasingAtqnsertigp announced the
co_mpfeﬁ@n bf QUAREM GEndrePriojRE CHEUSEAE foculis hivRANBER M RGuence covering

99% of the entire human genome (2.83 billion base pairs) with 99.99% accuracy is presently
available. Meanwhile, the present invention produces a tag from the 5° end of every mRNA
transcribed in cells. Thus, in principle, almost all transcriptional start sites of genes transcribed in

particular cells can be mapped onto the genome. Mapping transcriptional start sites to the genome
is useful in identifying transcriptional regulatory regions.
For example, a region of 1 to 2 kb upstream of a transcriptional start site can be cloned

* and then used to screen for transcriptional regulatory factors. The nucleotide sequence of this

region may also be analyzed to predict the transcriptional regulatory region. More specifically,
regions where transcription factors bind can be predicted by searching for conserved regions
among recognition sequences of known transcription factors.

Mapping of a transcriptional start site is equivalent to mapping of a gene. Specifically,

the physical positional relationship of genes in the genome can be understood based on a result
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program may facilitate conparison of the tag

information fromdifferent RNA sources and 10

extraction of tags with diffepent frequencies of

occurrence. Previously accunulated information froma

dat abase may be used in conparing tag information.

For exanple, information of gene tags for ngjor

tissues and cell lines may be accunulated in advance _
obtaiaetiey shiapging chet limlelfbﬁﬂd"lﬁduafcetlﬂbrmHm:%ﬁa tiag weaicbaianceSktth the present

iovenln R0 G R el S aie] Bi5 Y EeB Cal B Bighasped withou
nucieoﬁdtma’cpnbmiel igforhbtidrecfiechigh-aality dulf-derigtteclalNAv dlodeesver, itdangtriptional

. t Sch al | .abl format Qn_nm
st R ool e PRl Ry ol PR R g i che presear
invergiope FI'lhmg it @ndetshidribs infesnatidneofrate ebirinde irssguesianes with the present

o3 RSOl IS o AP se
nudh edditice, nseljoidecequentce infatrhasionaf gededads obdaived is accordance with the
preseﬂ?iﬁn%rﬁwnacrab%e 'Motegﬁhafe 2 {:&%@]te?e)ﬁgsso fWﬁ? nomic nucleotide

nuc sequence
Sequann¢&itmtbs@rre®¢al¢d; ea@)us ettdmyxm athn@a helbg negde & ¢lanify cellular functions at

the pl%?ﬁﬁ{? fiel Q(J%egoit Jﬁ@]ﬁ) Q%%?JIZLF E)s V\l/hOﬁY_l% %}81%%1%;{9% fﬁ?Y&ﬁima)NA analysis. In this

tres SCrl

exhaystive fitll-longbcaP Wb analpsds, iganegemxprassgst mspgxtmnlap celisiare eghaustively
obtaLéRF% \Iéﬁ(ﬁ?ké)r}{%lb{e%%neso LB R shMaRs B?é;?étijnﬁﬁ&? To%chieve this go%tl it is

Nning expressi on enes In
impogaK 4e atd ahighidegree olrinapicteness ggwng e ¢b§411r1@ﬂ/\ﬁ>W§Ast eps

Of 1i12P af Lhst PROHIGIoRGe %ﬁg@n&% -@f&l@%rf (jl to specify the ORF.

present I nventi on; etern1n|n nuc eg

urthgrapprent é;smwprtﬁmiéhajéhﬁesegawe af olqt@;ned Hp @p itsy’ Qadtt@idﬁ:nh@ the
trans&?iﬁbﬁﬁssltzﬁf‘sﬁy el Bip E‘fed'e% @dtﬁﬂn&&‘ﬁ)ﬁ@ﬁ Bﬂéﬂ‘%luated to confirm that

nucl eoti de sequences to uency of th elr

the reguizerpemip descriped ahpve ﬁ%%l&'ﬂiedr rT\hé ﬁgﬁ% complgtegessis ¢ pragieter that
represi%'h%qﬁé PRBOBRIMLBRIA SRYIul MG tHE Budl 8RR 8RR IRSRE Sbéﬂl of mMRNA

Hg i kew se herei nafter unl ess ot herw se stated
tOthe'tE’ naphe qffob BrsdstNHes- gene tags  according to the

Pr €@B tags oY ey r@sl%nt inDEHtidAGTo¢ia€ tHeH e RO A sl uﬂ@ﬁ}lation of the 5°

- endo @35\@41 Thén g@(&'&'@%@%@?&%&%@m@ﬁf%to it onuc collection of cDNA

with tﬁb‘ Abélestids s@qmiaééb?ﬁmé g@aettbgst &fhe fes&ﬁ)nx?ﬁtlw ?lﬁtﬁﬁ'e@‘ﬁ%m the same
I 1N ene a LN e C
lbrar X ey bevg oD Ve (s el O SeaPe A pp it ofide sequence

from {He &’ e£E OOMRN ONWARH HRREES the nh&l@otﬁf‘d&ehudﬂé@sr of géhe tdps can be mapped
oo BB B S L P B Oty U el 0 b b tng
Convérséle) widn ieleofide sepipiices sorepondinf 06 pEde taghs daginét be found in the
obtained & T)tl\lhl&sa ttllley ceml?ﬂtr:t%rrlre%ts SF the TINAS {]stprecgcted to be low.

The nucleotide sequence information of gene tag of the present invention can be used to
obtain cDNA composed of the nucleotide sequence from the 5° end of mRNA.. Specifically, the
present invention relates to primer sets for cDNA synthesis, which include a 3’ primer that anneals
to an arbitrary portion of cDNA and a 5° primer for synthesis of cDNA having a nucleotide
sequence, or the complementary sequence thereto, determined by the steps of:

(1) producing gene tags according to the present invention; and

(2) determining the nucleotide sequences of gene tags of (1).

The nucleotide sequence of the 5° primer which constitutes the primer set of the present

invention, includes a nucleotide sequence obtained as a tag or the complementary sequence thereto.
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the expression level. In general, the gene information
refers to information to specify genes. Specifically,
the gene information is madesyp of . nucleotide
sequences of genes, gene nanes, gene 5 I D Nos., and
the like. The nunber of genes included in the list is
not particularly limted. The types of genes included
inthe list are also not |limted. Depending on the
Smcemtag Omg bebbam'eﬂysh Sensc steSkmcbrge ﬁﬂl‘isenéersfeqxiemia& ioQﬁRNB&g the nucleotide

seauehfe BF & AR5 °F i Sorpietoft SafeRo bt RasRl & b Edfgotice sequence of

5’ prieer|fre RDNA syinthienist. i Smcetﬂwﬁhﬁuﬁer iahidtestthe doiipleragnting strand synthesis at

btal nf or.pat i.on RNA wi t.h t he CAl .
the 3O A T g R B s e g e mocleotde
sequdmee Dﬁihaﬁédld with he ekeeptjurnThe taly seqmnbds cheedt” aocipatides Yecause it is

deﬂv%ﬁoﬁ%@? tIf olgﬁeegf‘eﬁ%ggf ﬁzﬁk @{62%1{5]& &gﬂgsgat %Eisn‘go%g Sicleotide “¢” is
“u” iJEbhpD'ésml gquempreaf RINS. can t hus be obt ai ned. An

%ﬁﬁﬂgg éﬁﬁ% %F@ﬁ%%qg%weég ge ‘ﬁ% ? d) mer'?)fn%e 3’ side that

: constttwes thegwimmr seiroféint prosent ¢ ntlcbrag‘éanwy cBNg's dan bgeymthesizd depending

on thd Mf SREGL] ! {!ﬁ) Qﬁ&eTﬁé %a%nlglg’r #5048 bgfus&feﬂ? the ﬁnérrl:g'f &Fthe present

n struc an expressiort profl
mvengf)n invdudepdof ¢Xappes e fotipvwr@prgncnap of genes is

gﬁ %ggoﬁ?%%%g that mRNA having the CAP structure

es a expressed in cells, an expression
pr 6i) sequastse anfomeptionod reDNA flogmiet; prdsent i nvention

iy Sﬁ% Q?ﬁ?ﬂe? ﬁ!ﬁ)ﬁn%ﬁ lrﬁx@feﬁtx&{l?eqﬁ%éeed'f 3 ge?é ta%%ﬁgacent to the type Il

Ion 1nc e context ©
i nyedaupleasaipeagnifionseqiance gr thaeomplenrentue rayiensie theroto in the cDNA.

OC 4, BNRBInSfioR ﬁﬁ%@ ghgs' ATSE ra&eusepﬁ \g}a&x?esizé full-length cDNA.

prefefably accumul ated as a‘va at
Secondythe) prispgrisarthed” sidecdesigned ba@é@uéﬁmcwfmaaﬁap%éENA fragment is

used dsrh Ilﬁﬂﬁéﬂ tﬁlélb&ﬁn thafst 84d febfon STRRIENREAS MAYEs ?&%BSG the pnmer on the 3’
PCR or. such, quantitative

side 1?1%%?% b@ﬁed Oeéhﬁp Anelsefide seguanee of @pﬁpmwseé@ﬁ @él as possible. The

mfonﬁéiﬁﬁx@f%QDNA @fa@h’l'eﬁiﬁnﬂﬁﬂ% DT eRiANem ENA ieH1a0Bn of'a cDNA fragment is
at abase can onstruycted from such expr essi on
obtained ypq YROUS BERS q{)@gys% ot bilengthymicleqtide saqugices aygrolten determined based

on inforM&tn (ﬁ%ucﬁ'ﬁhghéhts aF staxahd ﬁae vdh@fl @1is né&ss%r;sﬁ)tob@fim the nucleotide

eIe i ncl udi n nsti.tut
sequegie ot SR e FOh Tk ok enf o gt T A S st can be
synthéi;@ield usﬁtg %tpﬁmia@ ba@eﬂ{efprédaﬁt inPéRRAN ED%\]NE&EIMMS dt{ﬂﬁ{a@tﬂsﬁPCR cloning
eas en 0 e.S nc or 1on O
or such gt SRR PR RO L1 e ATt e yenp imformation of
cDNAoﬁagmm rRaebe fiefordhas afprinke hasmy anteRotifidiidgieiceRbmpldiitary to a
f each nucleotide sequence and the origin of

partlc% e nucl eoti de sequence information has been 30
obFaithentore it ispessibletonee a the g’ ﬁm&ﬂwpﬂﬁ&ﬁhﬁﬁ@ thd niiddévtide sequence

ofa oisaF AR BT s s Sufiiikieetee dePodin e i ogyor he

comp]lemamarjgmqa&;certbﬁelﬂot dn SfAGﬁa)s{)pmgemtly prdvgice (RTIGNCE, Wed 270, 484-487,
Oct. 2%? ggds S rgglt ﬁg@‘é Igged : £ gﬁ otq%?@gﬁﬁﬂgﬂgggﬁ%g Sé%ne%ated as a gene
tag. Gehe emptemompreﬁtmg)mrd)e@adfoamed based on the nucleotide sequence information of
such tags. ¢cDNA covering a substantial region of a gene of interest may be synthesized using as
the 3’ primer for the same analyte, the nucleotide sequence information of a gene tag selected by
known analytical methods.

Among the primer sets described above, a combination including the oligo dT primer is
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Such el ectronic nedia include, for exanple, various

di sk devices, tape nedia, and flash nenories. 35 Such
el ectronic nmedia can be shargg on a network. For
exanpl e, a database of the present invention can be
shared on the Internet. Furthernore, the
above-descri bed software for analyzing 22 tag
sequences can be provided with a function to refer to

partidubdrlyrprefeirediad o ptlime:c ﬁ&tc&@&ﬁl&sﬂ% il eengthadINA. FullMemith ODNAs are

t he l.nt {
wseful ot 8Gprfe B Biispria AL 5 oo DR e &7l s opeiopiil scanence of
a regipn el iricludey éret 3°end [Hagssém[ahﬂﬂ édentificdtion of atandraipes havingt different

sl 05, E PRI Ol BT TERLR R bp oGP Bin ulienstn

cDNAr Bsdertthis nirantstanve, {Sfidengdth cﬁNﬁysyntHeelspxsmme tag\isformaiion obtained

I f
accorgﬁlg% R Sﬁr@ﬁﬁnﬁ@lﬁﬁ)& %Legﬁ{]cﬁaé le%sg%lé gg?n beb‘;?g?’ntﬁ?sl éfeg%ﬁ énvenhon relates
to meghaals é&ssynﬂnespzmg ifelbdenztr cIINA{ ehimhtincludephs falovdeg B‘@psmﬁ

e L
ex psipg oligmdppoficr es thyehi priatee dnd a5 quoverdansymtiwisizing dIANA that
pr %?c%fﬁes a%@l@&ﬁ&é"ﬁegvérég Nordnd a‘s’gﬁgr eﬁl{a:}ﬁs'é% Aok P46 e rmined

whose expressi on s are wWeen
di threnghithesebs ofiis 10 referred to as expression

Prooct at O Erd e Y08 Yogf SBEER L A U AR Fot 1€ ESent invention; and
t hr ough éﬂ)@lnteamm}@@g nuqihetlti@q@qmsmf genofadsef of), arb
g@er%ovehﬁ‘ ééqjﬁﬁl&h?sqﬂﬂll'léhogﬁ&‘&m Xpr essi on

ana yse expr essi il e anal SIS

f cPh Eﬁﬁ@é@ﬁlzﬁidmﬂm aamtemHi@te %lNAfOétaémﬂd feencstls that 45e likely to
contaﬁﬁﬁk)q%e& IHEYespﬁn@ﬁB[niﬁle laBoR- d&blfxlge%rlﬁ'ﬁﬁer%ﬁf éfhtﬁe p@é@rﬁ invention.

cells derived fromthe sane tissue can

Alterratively, ibis adofossibleito 8 agiariemplte aml@}ﬂzéélbfaﬁﬁybﬁawé Fﬁwl the cells. Those

skxlle@ 'u{ 'ih% fa?crbfan Qﬁitﬁéﬁieodm ADHEd it OEmRILTAR §@qu%£cé3ﬁh§cﬁﬁfaﬁon of the
sex. \When conditions to be tonsi.dered,

prime p%#anfh%@% ﬁDNaf‘eofgmeﬁ&@ tegynthgazeddfinm VA usigg known methods, such
as RTTPCFK EMRMNA %'B?E‘ﬁreﬂo%l’ hed a8 ﬂfé‘RN?J IWhéd £cDRA 188htySs Qbed as a template,

ferent orig n differences in, . conditions are
CDNA% fegeshran lfeo%ynﬁﬁ:él 5@ PpEEEs Ibts alspeoasibleyeuge cogn@ﬁmaﬂy available
cDNAQm,ﬂaﬁegar e considered to be identical «cells. For
enes_whose exp sion levels are hig Qr

@5@) PSSR ayeation rei%ts%@ fuff lenegh Flé NP6 §%$eé iReg above.
Hereﬂ@,yth@ ﬁﬂpﬁhglﬂ@mm FEERItO BDNAQlﬁav'u@gb&H@B@(ﬁ) %@ﬁﬂ@oﬂde sequence

%PL?} differe gﬁgtdpglfues %&Hﬁl@ ¥1\/nose or, i 1

dheparties St‘é‘%ff@ﬁe aF f &Pe REesert iy ‘%‘BP%% algp relates to a
polypmﬂiéleﬂaddedl‘b? faft-leydh giBNS& syheegiobd ﬁb&f:&\ﬂdbﬁ(fé Witle tﬂérpi‘&%ﬁt invention,
i nventio i cabl.e ar own bel o

ORFs, P B Sl vF BaryRg e oS ngie f SDNA. Based on the
1dent1ﬁa’.l ORIFE thamddlhg ad:glbly cﬁoﬂimihtrodiaeéﬁm%xﬁfe@ﬁbmém@n @he present
mventé%mcl%des expresszon v%&%%s cgb%amab gza.éc Elé)sggl edf z;.cb%rvg nWe%%ugﬁ an expression

vector is introduced into an appropriate expression system, the polypeptide encoded by the cDNA
can be expressed and collected as a recombinant.

It is also possible, using in vitro translation, to express and collect as a recombinant a
polypeptide encoded by the coding region of full-length cDNA of the present invention. Methods
of in vitro translation are known. In vitro transiation is also referred to as “cell-free protein
translation”. Specifically, translation into an amino acid sequence can be achieved by contacting a

construct in which DNA encoding an amino acid sequence of interest has been operatively linked
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Ti ssues of individuals belonging to the sanme species
but grown in different environnents. Different cells:
30 Cells whose types are ide fical but culture
conditions are different, Cefls cultured under the
same culture conditions but whose culture periods are
different, and Cells subjected to a particular
treatment and non-treated cells. Mre specifically,

toa p@:ﬁmﬁeﬂ, agth s lbbdnei @lﬁ{ i’tﬁli‘g i@fvztﬁ) §a0RionC 80nRermBbdraitivasl regulatory

: fil
regio%%alcﬁggar IHT?JFS&SI‘Z%I 2 g fsi:ﬂ%.& e guc?n%ge %‘en% gl?p%%xr'tmg invitro

transla$@nie Iaahﬁdlr&\fcbm_ﬁ‘%ll}lgﬂ E&?@ﬁé hBorﬁj@%tlﬁé ﬁﬂ)s’ggtes, amino acids,
. oW nal | anCy cancers. ne .

sibos G BRI Ao B ke B e e R PSRRI FreReolr Botein

translitie], DA thebsmialstandd ide ;smteemethoumfsﬁfgmnum ﬁﬁfctlbﬂibe FNA

polyniifss deoodarn B epR e b RNt o8t P DY ik temptate nto
mRNAtndetthe eomfol bfl&le@rorhﬂfa; Thenitoaudldeaide shbathta&ATP, GTP, CTP, and UTP

e B S AR PPt AR G RO gty e

ribosdnle present 5 invention as conpared to tags obt ai ned

uspn nventi @ | on, .th | eati de
o 0GR bl Bl e rarbiBan e Sfiank Be Rigtiss Bl clfment
supportimgemtvitem trassiaioaf uﬂellkiyeel pretefinf trarslaitlbn krtsgcsluelmas ﬂhese using rabbit

retlcuﬁj%%q?ﬁ?e @]@D@Eét%ﬁ xt%‘%? '(Wdelﬁe %:hcf % Eﬁﬂi{elgsaﬁe Se’tIBedceom%ermally

avaliaebs iA gccslysmnueé inpwitto Etsnwgptlmetrahslgmmb*ystpm meing abalit 30 types of

BB S LARR PP ReA Lo e SBUEIR o b o

prcwwb*fastaéhafmdl (Hbinyizu A al e(rZﬁai) Naglise, Blbgecmlcgmtvohlﬂg 9- 7‘.’5ﬂl €/55) and is

with a prinmer having a nucl eotide
preseﬁlga%'aﬂ?ol@%éﬁ'ﬁ]{tenem ary to any one region of nRNA,

ence co
D%hc PSR s,le@nbﬁn lse rqi@tes ‘eculibedisediatircegriizamch pelyeptides. Such
antibodd ¢ IQ{I O EDRirfedor rtgnutxﬁhé ahitndls @vﬂﬁtﬂtkeibo&e-descnbed

S|gn icant a vantag Of t res I nventi on
recompiigat enpdorazin peptidseaingen aaune ﬂ@d isgqueace srbeqhpdeemitthe translated

amind d@i’c?{éhh&[be' %lﬁé%af‘é&ﬁfb%@feh s béﬁﬂk‘:@ﬁe $on {rﬁ’ﬁhﬁﬂ@? animals. It is also

transcri e transcriptiona

posmb},@ @rq telri ﬁ@l@leoaalgaeﬂboeaﬁbzb@lompg apgeeh-prodecing celtsdpim mmunized

animalsh MEHEdsTBF §HEnBRHNE BB Ib A BBSRE LIVES seéguré& & reactivity, which
sequence, SpeC| fical lggﬁqthe resent I nvention rel

includg grépepng hbHdsmasdhion st efifatibpdihBiodnging epild Wish galls of a cell line,

such a8 ntyR1dtha, ardlefm. Whi ch include the follow ng steps of.
(1) proaauci ng gene tags according to the nmethod of the

present invention; (2) determ ning the nucleotide

Briefbesweﬁ@mf@l%nram@'gnettggs of (1); alﬂdt 20t §]3) mappi ng
eotl ge onto e

ﬁ%ﬁe%%ggﬁ‘g%@éesaw%m mée RIehodi Py otaigingrgene tags
accordnﬁg’:l fsértiaventbal MRINA a9 Hividi iR VvoagublriRi A8 the CAP
structure 0%' mRS\EX was enzymatically replaced with either of two types of synthetic
oligonucleotides containing Mmel, a type IIs restriction endonuclease, and X%ol restriction sites.
Then, oligo-capping mRNA was converted into first strand ¢cDNA with dT adapter primer. Second
strand was synthesized with biotin-bound 5°-primer and dT adapter primer by PCR. The resulting
double strand cDNA was cleaved with Mmel, which cleaves at a position 20 bp away from its

recognition site. After 5°-cDNA was isolated by binding to streptavidin beads, the two pools of

tags were ligated to each other.
- Fig. 2 is a graph showing the distance of 5° SAGE tags relative to mRNA start sites in
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nucl eoti de sequences match. In April 2003, The

- International Human Genone Sequenci ng Consortium
announced the conpletion ofzghe Human Genone Proj ect.
Thus, an accurate human genoite sequence covering 25
99% of the entire human genone (2.83 billion base
pairs) with 99.99% accuracy is presently avail abl e.
Meanwhi | e, the present invention produces a tag from

UniGe#earfl DBTES @éqlﬁ?i@efsy ITHRE%tanbé mgfﬁh?@ ¢hd r[hnﬁftt%h' bfupsﬁ’teaaﬁ (-} and
i nc al_ nos Cri 10 al S|te
downéﬁreag% “Hea‘ﬁ%fér(mé@) ahh Iﬁ%ﬂh Site E’en[ﬁ{”?%&%\ﬁ dsgicted as 0.

Frequﬁﬂ@pﬁtb SAGE tdpds 880 6B theWRpRikNA shialindistindetbetizh tisd didned positions

the enoma useful i.n identifyin .
of eadH b RAGHY (16 1A SPEGTPATBR ForbTDIS 1o G-l ponsisient
with Kr@gimos1 t@hscl’;ph@nﬂ steldt ditps The araseiit iAvdnt@s asdd PhiGenaknd DBTSS
start sit.e

doa e A R e e RSl e i
seffigedea @faphhhmngagacmrm batve@ntfa:qamh@smd BAGE tags and 3’

sAGE[SEE: The 3 FyOE G SRORIAG wt FondbRieeiebbrpiplyotivmed as
described th thasedinvistdiizlt entl bietloda o€ Ekagple@:. Inoiesfguredoth axes are

0 nong recognition sequences of known
eXpre§S%§n golga‘Bﬁjlnbn factors. 35 Mapping of a transcriptional
~ start site is equivalent to mapping of a gene.
Exem Me'd‘é% Farryih gutpcﬁé/fﬂv 101‘poSltl onal relationship of
der st ood based on a
r eShe prezentoitcation ts iBystraglonigtai Helow wlithoefettacs tojtromuses.
information of a tag in accordance with the present
invention. Previously, the transcriptional start site
[Examgfle 4] gene coul d not be mapped without nucl eotide
se [ :
Dﬁé&ﬁfhﬁ%&ﬁ@ie‘) ftr\'?ais gﬁs gﬁe&??% r%%Fle ﬂig? kﬂcg éjé ﬁuél@o@i% Qequence from the

57 endy cefauRNy’& 45 bembisinkdihyi carryingoput rchﬁmxrpatmmt dtls@rahed é@lqvnm accordance

h
_with tgi n&%git%ﬁ n}‘ﬁ%‘ﬁgﬁ?sfﬁ@ ) chbét:cg%é?% ﬁxrr]nerg&hk%d ih Figegn

accordance with the present invention is as val uable
oﬁgog‘:ggélhgtrngtﬁ%n the result obtained using full-length
n addi ti on, nucl eotide sequence information_of
gefa dliggsappipamedipdi modiBed frganibe mathad afidarupsms apg Sugano
(Mardyam@nkl el wsqu%gooca%ﬁi uakﬁnﬁph&%ﬂfogrf@kﬁﬂ&e%ﬁéeap structure of
enom ¢ nucl eotid %éences have
eukarY%véaRglei\s Wit plégesib atTtUéWBfléeSa ne o3, Jdil rig4aees usesl. 5 to 10 ugof
poly(ZHERNAYw &St dattidakith m%ﬁt%%aa{enaaoalkélﬁ@ pﬁéﬁﬂuﬁﬂa& (B8 TaKaRa) in 100

e of such attenpts_is |nvo ves exhausti've

ul of FigiytutecagiamnindOh BATSHE] (P1 8 ki 3 M ¢Haerseptoethanol, and 100 units of
RNasﬁll{Pi'oﬂl P a3 OOy £ inkfdsS ,Aﬁ@ﬁﬁaﬁiﬂﬁr\ﬁ%ﬁ%nbﬂchlorofonn (1:1) twice

ar ar ceI stivel obt aj ned
and et@ lpéﬁtcépl he aﬁa&ﬁﬁ%ﬁ 3@% rfﬂf?%@@ acid
pyropH@pagtaseeQm}t) b $0® QPbf a mfxtin® cohﬁﬂﬁﬁ E@InM QodlaM&cataldl @H 5.5), 1 mM

ED T HER et et Rien o a1 LU AR H & 10k 4 Drinaee: |

r egfef nbpclﬂ@l@ﬁbrﬁye)id&eh%d etBandF BFdcliftation, @ toid pg 6f the BAP-TAP
treatecLﬂ@y @in%]gt h\? Ylﬁ%& > o Soélg a%gtegclzhnpeodol Was tsgpa}atgly subjected to
ligation with an RNA linker (either 5’-oligo 1 or 5°-oligo 2). 5°-oligo 1 and 5’-oligo 2 are RNAs
composed of the nucleotide sequences shown below. Both RNA linkers have X0l and Mmel
recognition sequences.
5'-oligo 1/SEQ ID NO: 1
5-UUU GGA UUU GCU GGU GCA GUA CAA CUA GGC UUA AUA CUC GAG UCC GAC -
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transcriptional start site. The conpl eteness of
obtained cDNA is often evaluated to confirmthat the
requi renents descri bed above,gre fulfilled. The cDNA
conpl eteness is a paraneter ? represents the
proportion of cDNAs including the nucl eoti de sequence
fromthe 5 end of MRNA to the total nunber of
obt ai ned cDNAs. 20 Cene tags of the present invention
3' provide the nucleotide sequence infornation of the 5'

Thus by conparing the nucl eotide
5 011§%g{§§%m an exhaustive col lection of cDNA with
UUIH@U(H G@MW%WUWGWW GfU OA GUC CGAC -3

Car PR hath (R P05 g 10k M Bfdkresclion mixtre

compiosﬁd af P58 vnite ofRINAd (iakl€Ta¥aiar 106 unfts ofRtidzin, 5hd dredolidwing
com nRNA.. Whien nost of the nucl eoti de sequences of gene
ppgt‘grg ‘can be mapped onto the nucl eotide sequences of
50 nalNAss- HED&HH @6) t he obt ai ned cDNAs are likely to be
ength. Conversely, when nucl eoti de sequences
Sn@cjﬂr/ﬂlgggzpondi ng to gene tags cannot be found in the
5 mibl-sieneagitcetiael, the conpl et eness of the cDNAs is
0.5 JBIVF ted to be low. The nucl eotide sequence
ormation of gene tag of the present invention can
25%REG8HW t o obtain cDNA conposed of the nucl eotide
sequence fromthe 5 end of nmRNA. Specifically, the 30

resent invention relates to primer sets for cDNA
MM& whi ch include a 3' prinmer that anneals to

an J 0 . .

sy me é%@?Dﬂ%'\]IfAJr s%erg%}lﬁh F%ot I1?11 lgﬁs%ﬂgﬁNfA Ennched library and a

5’ end Méowm‘?bﬁfbhbrmy Té?@cfu eeth ploN&-enrichied bbmn@ca Iﬁyaltsmch in

t
1R SREOR, clH BN SpGonRaR paEOR RAA & U ing ol
dT adgpigirifeess 1oe Sg@wecﬂl‘é@senafsh%dﬂ)brmowsww& aititlgsized using a random
adaptéelﬁﬁﬁ&c ®yalsidatBe PindBfl 478: tei“w@hﬁx@r CPRE&A istsﬁ)ﬁtﬁés&éaeevféﬁ 'HO fragments

of the present Inve nclu nucl eot 1 de

lackngdfm!ﬁé(ﬁae Gsne tagh Bgreebtaingd §ouy reachef @Eﬁﬁp‘l"%@ﬁ%@ LcDNAs.

SeQ4RPFRndVES 811 Bated RINGA kerd d0A HRY S}Qﬁne@f%@ h@ﬁ%eﬁ free reverse
sense sequence _or, an antlsense seqguence {0 t he

transcgiptase Yyngescrgidh (divee B&L)a Fonde; fpg-éqrgtlquNﬁsemlched 11brary, cDNA was

synth@s@i&'ﬁﬁ%%%’rﬂol%@@l‘l’%ﬁ&ﬁeﬁﬁi’m stwﬁ) E}@ t351%ﬁén9k»%@ha&% to 50 pl of a
sequence of 5' priner ar nt eSIS Since t

reactign l%m?eqonrmg Ated th)éoéléﬁﬁ%l??@rﬁoé)f(ﬁk)é d synt heS| s
dT addpted fitn&' (SEQAD WON&Y synt hesi zed using the priner set

5’-G§f&q§5ﬁr¢%§éhé}@¥ T o B o e

seqHereetivmwhddaducttd ufdglthotdrd@tond esatirenided bﬁ the supplier

. Jderived from IS needless to say that t
(mcu%%@laég?iég oL Dt‘NiAE‘a'rresponds to the nucleotide "t" is

]chFoﬂ tho ShadTDNdnsdsidaibesey 10 JRA of ralyompiper pmaaa%lsﬂiez ID NO: 4)
0 anneal i n as t riner on
was usgd GTECR ot Dot chr 1 e B L R BpotBE R T e

Randune aépteriphiviesn ($10Q IDV@D: ¥us cDNAs can be synt hesi zed
5.GEEPERY B9A GAC GGC CTA TGT GGC CNN NNN NC-3°

cDNA amplification
After first strand cDNA synthesis, RNA was degraded in 15 mM NaOH by incubating at

65°C for 1 hour. The cDNA that is made from 1 pg of oligo-capped poly(A)+ RNA as a template
was amplified in a volume of 100 pl using an XL PCR kit (Perkin-Elmer) with 16 pmol of 5° PCR
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ligated H&eﬁl@bm&ﬁ Hlldéacé’@&lf@ﬁ@ﬁmﬂ&‘f' Bhital

10 on the type of selected 3 prinmer. The 3' primner
that can be used for the prinmer set of the present
invention includes, for exanghe, the follow ng
primers: 15 (i) an oligo dT primer; (ii) sequence
information of a cDNA fragnment; and (iii) a prinmer
havi ng the nucl eoti de sequence of a gene tag adj acent
to the type Il endonucl ease recognition sequence or

prm’ldé had 8AGR ﬁﬂgiﬁﬁlt (GI’ Y3 (3@ @@[ﬂ@ﬁﬂ@ﬁ(:@@: :%DAI TGT—GD‘SEQ IDNO: 7). Asthe 5’
Lrst,, conbina o r|rrer i
PCR ffet, g oh BT hR, S R e BniTigated with 5° oligo-1

andSDo]ungRMlnlﬂeréSre@bcteretgey gned based on sequence

» piBf 0 f is wused as a prinmer to

> ngtpél%er{(ﬁ&gﬁ I\éﬁdgﬁgmﬁ the cDNA. For this

5’ biptin§&&4& TTTHECHIGGE Gccm GtIIAsCBA CHA 60 TTAediAgdred based

s the ' leqtid eguence of the cDNA as close to 5'

> P@E&“@?%@i@i@ﬁg@' %fgioﬁggﬁmti on of a cDNA fragnent

5° biotindGile S TESTAAFTIF € WeGrofTd, CTARGIGATGAAGG-3 cDNA

, ed via various gene anal yses.

3 P{;R%}lgﬂ%% nuc(lt)a@tnl de sequences are often determ ned
G@TGAA@A&GGCI@TAEFGTsﬂch fragnments. For exanpl e,

WhQRdnty dﬁ?ﬂg&? BARTeY f.;agg_ge'at 'ﬂ?e ﬁr'sltesn%}{g gﬁﬁés‘i’se ¢DNA was amplified by

sequence o 'S use
5 to 1DNpclas w%@AC’thhJeomeelgumm 68°¢ ﬁ!reme srtmmanaﬂdé 2°€3t‘mt Hemimades. When a

rando#irc‘édaﬁte?]t)ﬁﬁnle as neg ug{het'ﬂgﬁ shf 1S n%r Izo,r suAh aﬁgﬂﬁed by 10 cycles of

94°C §Qj‘rﬁ@ﬁ imipete FEE fpbommaluﬁe, tahté 72°Q toir R-thigntgshs . Her ei n,
?CR H(ﬁﬂ:?sewél%fe%rﬁaﬁé Qi Ghefbl:c 1ok %cégg cecaﬂaﬁﬁ-precipitated

ri mer having a nuc sequehce

and dtg@ﬁqul éfﬁbrﬁh@&@zd e Hspfaﬁﬂftlp%‘m endonmilggse ﬁdmh@rtﬁ@f @dangk Center for
Techﬂoﬁo g@n 1 SsRlreGHMhsk: Sleolérfd %%UO]E Waggértﬁg'gfég &Eﬁfgeég}?\ﬂl 382 I;;-‘32:101:10[1

eoti de se uene tot

mixtugggeataining hel g R Bk Rist cé@qm@h@@tatea SamManegnesium acetate,

2 mM]B'?T Al Seéfféﬂt)?flﬂieﬂﬁ&ydﬁ@ GRd 4 O M1 STy 2 5 hours. The
sently practl ce (SCIENCE, Vol.270, 484-487, Cct.

dlgestzé 5 womiinl ciNAcjagmenisparsdiound & greptavidiegpated magnetic beads (Dynal,

Oslo, W@ﬁwc Teasad aiths, ﬂﬁ I fHagmBRs %\ﬂ@éhe&nﬁﬁ t@tkgsed'éﬁds 8- directly

expréssion profiling can be perfornmed based on
gNﬁbhgasgl%ﬂnetsggghed buffer at 16°C
forzymscoverl ng a substanti al regl on of a gene of
rest may,, be synt hesji_z using.as the 3' prj
ff ¢ reulEngditagiavsre am 1?1'183 gﬁ EfEoisingethe prmsst @ YGAXTTT GCT 66T

GCA Grrfmmtcmmfc 3’ Ibag0 s®| g tsed Ty 38 KAAMTC AAG CTT CTA

aca 3% SEQBIRbRAE T o MR Pradudig ey ig8 B pobrecibmnide e
electré’;ﬁlo&sﬁé(PAG@fy laad digehed eth gb] aThebaid JoRfaise tHthtags was excised and

ull-length ¢ . Full-length_c
t%mers e concatemers were then c onegl into the Xhol site of

self- hg%[e& P epsrtl) uce long conca
pZero 1.0 (Invitrogen).

Colonies were screened by PCR using M13 forward and M13 reverse primers. PCR
products containing inserts of 600 bp or more were sequenced with the Big Dye terminator ver.3
and analyzed using a 3730 ABI automated DNA sequencer (Applied Biosystems, CA). All
electropherograms were reanalyzed by visual inspection to check for ambiguous bases and to
correct misreads.

The frequency of occurrence of each tag was determined using software prepared for this
purpose. BLAST search (http://www.ncbi.nlm.nih.gov/BLAST/} and human genome database
search (http://www.ncbi.nlm.nih.gov/genome/guide/human/) were performed using as queries the
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useful in the mapping of transcriptional start sites.
Determ ning at | east the nucleotide sequence of a
region that includes the 5 epd is essential for
identification of transcripts having different
structures in the 5 UTR Furthernore, it is generally
believed to be difficult to obtain full-length cDNA
Under this circunstance, full-length cDNA synthesis,
nucledﬁcild’}gqgﬁﬁ:es b@gd sitainsdfroehebiaysied according to the

P ERE Be i na st Sty s eebicl s5hising TP of 16 gehe tags
obtauﬁejdrﬂ*dm 5116’25 re:gd EDNA- hﬁﬁt@t‘:ﬂl Ilbﬁi%syﬂﬂiﬂsﬁd&d usigk titterahfiem adapter primer is

oA, B RGP GO S0 ey

each grsie iy slfoliowetToypthie m&ommhedlaatecﬂ)belmbemg:ﬂmaﬁcatwwm f/”

. Follo‘];vg'lr utg% g'jtéfgl%%artizollnﬂglf Eg%ﬁ? %{;rit?vy_!{ g%%ﬂ;gﬁc as }ﬁt gtqluery sequence is

showrda:tzenentmedr lmﬁ&n@mhm@em@plﬁommaﬁamm)dum ng gene
ta ' hod of the present invention;
! 20RuPEEARELARLAR o TEL .

nucl eoti de sequences of gene
t agEreghierfcy)of oaewirenby of egamedag mbatitvh ¢o iy rivthkrminateed oDbtaiasd gene tags

ful e in

LB G DR L 8 i e

c osrqaienceiREpasteditnbe petbe 5bend; &suhn Qlttsh@eab@meaxgﬁg@}md@ éalbe at the 5’
LIer set of the present invention. Alternatively,

it 1S also ssible to use as a tenplate a cDNA
(SEQIIPBYQr W)db’t&ﬁ?@m(iﬁl&@éﬁ I27 Mhose skilled in the

g1l336@%3 'ﬁtﬁggﬁ?wdgrﬁﬁg f’ﬁgﬁ%gﬁéﬁﬂoﬁﬂxs%@? Sc’&ﬁ@:h?@géﬁ‘?n
(SEQ ¥1)|/QWEEFC@HGEQTM(Eé§2i@d from RNA usi ng
gl|17%@%emm00$9%01%9 s-rﬂﬁexBT"bpgigin r@}t%ui 4, BE ﬁBEJ@{@PBSz;X) mRNA

used I's used
(SEQiRAfPald/ TAGRECET TOATEHERECedRLB& synt hesi zed by PCR.
It |s al so possible to use comrercially available
i braries. The present invention relates to

(SEQ \ﬂaINO% @dﬂ%ﬁ%@%‘ GedGs2®elcri bed above.
<gi|143¢ 98584]}cﬂNM J0abb3 bianGh S sapNG ribe b Shal Proe fINAREVA) NGRNA

nucl eoti de sequence 25 i nformation of

SEQTRN G ST B FCaRUe /6t mRnA, The. pr esent

Homo gaiezﬁ k tRQranSlafbieslohSatdn RAbYP myézjeu &6&?%@ nfRNA
I n CCcordance w
(SEQE# %@éi&cﬁé a}cﬂant ified by

glpssasqaﬂnbp(m% flfHSWGT@G‘R Hemb eapiens SIRNA FaH dytdskagtan g@x%actm (ACT
Based on the identified ORF, the coding region can

Gl gePﬁ%troduced into expression vectors. The present

(SEQ et iyt OTGRGTTEATEXIMGRGAGT /M@gikor s obt ai nabl e as

descri bed above. When such an expression 30 vector is
introduced into an appropriate expression system the
(SEQ o NGely) iV ¢T CAGT0eCIBCTGECAONALO tan be expressed and

s SRR EOR A ACTOER M bl SaRA BTk ohecn act

G1 gengconbi nant a

(SEQ ID NO: 18) / CTTTCACTGCAAGGCGGC/10/0

gi|18314626]gh|BC021993.1] guanine nucleotide binding protein (G protein), beta polypeptide 2-1
ike 1

(SEQ ID NO: 19) / ACGCTGTGACAGCCACAC/9/0

upstream of NM__ 005382

(SEQ ID NO: 20) / GTGACAGCCACACGCCCC/9/x
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pol ypepti de encoded by the codi ng regi on of
full-lTength cDNA of the present invention. Mthods of
in vitro translation are knog? In vitro translation
is also referred to as "cell-free protein 35
translation". Specifically, translation into an am no
aci d sequence can be achieved by contacting a
construct in which DNA encoding an am no acid sequence

g1|35M5|dnﬁﬁ|¥0@@67 hESNPREHuRBE bard 68 hurbfiRieRslt fibuh® MR (INF-M)

sEPLE 2D SRR ERTEAGERETA ¥ Squl at ory  regi ons,

gi|1 8§48 1E b 58 28 HUNMBIHS PAiin REVEHC 3RGETT HBPY(¢ gene (HLA), complete cd
construct. Such an el ement supporting in vitro

translation is a mxture containing RNA pol ymerase,
(SEQrHjoNOUQE)efQ&GmGSMMAGCEEC@m asids, ribosone,

o1 2 g S 2 Foppucoein 4251

(SEQAANOe23y/ARTCCRAGTTAAGGEGGCE] 8/ wi t hout usi ng

w50 BRI P AR Al o o AR BRST Bl St ods

(SEQtBrigDa24e) /|MBTGWGMC@MCCH}§3£W1N ol of the pronoter.

s> BRI SousR i Mo e T o R

(SEQtIDaxiet zj)e’dkfﬂﬁf{frd“(ﬁrmm'ﬁ@fc&e/ Tfxthe ribosonme. 10.

gi{377§qs {;?]N%igeogl%’f ! o%léqe a:?ger]# I}& éa%glgafgpﬁétf ﬁla&lf(‘tl‘ g(ﬁ%jf ) on chromos

ome Xranslation. Cell-free protein translation kits, such

(EQIp 0o NeHORTEidgeTBLEl poYLe |vsate (R,

gl|233(3(3f¢né1!1§@‘ﬁl9lgyl [H34GTCER Homa sapiconsRINA fardyioskelétalr gamma—.actm
(SEQtIP%ﬁ‘]\Z?Q %ﬁ(ﬁﬁ?&ﬁb@@%éﬁe{jﬁ (gsing about 30 types

y enzynes required for transcription,
gi|188484Igb 9&33 1 RUMMHESEY HuonpneiHiE closs, IIINEASP He2 gerk5HLA), complete ¢
ds Previously established (Shimzu et al. (2001) Nature

.Bi ot echnol o vol 751-755) and is presently
(SEQARNP abf)e %%K’RTTCAW@%%N{ﬁvem ion also rel ates

- ) . th ]
%'1'12@2%??‘@%‘%!??9“‘?%#-%%%2?%?3@? BHRhIRRRE SR, BHE Bolypcptide 2
el aninmals with the above-described reconbinant or a

(SEQ@B'mnzggemdﬁ@meee@A@@nm%d sequence sel ect ed

trans]l ated 20 am no,  aci d sequence. Pol ycl onal

g1|40?«éﬂ§ Igbléaﬁw HHFMRP 34 Homocspions ibpsamal Dratein Sdigeae s. |t

(SEQm}&bSm /@%@@b@A@A@éH@@I@@U%@'&naI anti bodi es by
. oni ng antl ﬁ%@i“&ro uci.ng cells from i nmuni zed

gil104 378 fRitgl ks ¥Ro syrer QEBIBRNA fonawtapt beieartin
(SEQ @INbO3he A ARE GO GAGRAGETGRASY bvi ty, which include

gij23 lﬁafﬁ%b@%#@ﬂh‘%ﬁé@ i@hﬁ@"“%‘]ﬂi\g{;@%,&@ derg RP{+{éN13 on chromos

ome h,as nyel oma, are known. 25 Brief Description of

(SEQ D% B A TCGATCGGTAGCGGG / 5/ x

gll37540535|reﬂXM_294582.2| Homo sapiens similar to DNA-binding protein B (LOC347295),
mRNA

(SEQ ID NO: 33) / AGTTCTCGGGCGTACGGC /5 /0

gi[30581134[ref]NM_006306.2} Homo sapiens SMC1 structural maintenance of chromosomes 1-1
ike 1

I(SEQ ID NO: 34) / AGTTGCTTCAGCGTCCCG/5/0

gi|32487|emb[X15183.1|HSHSPS0R Human mRNA for 90-kDa heat-shock protein
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Fig. 1 is a schematic representation illustrating the
nmet hod for obtaining gene tags according to the
present invention. MRNA was gévided into two equal
portions and the CAP structlUre of nRNA was
enzymatically replaced with either of tw types of
synthetic 30 oligonucleotides containing Mrel, a type
Its restriction endonucl ease, and Xhol restriction

(SEQIIAS: 35)TNEITA A COBTARPAGGERNG/ was converted into

) ir n ith dT adapter .priner. . Second )
gil3 35&%3@@%@@@}%&@&?@8@ SR PBOETeHOS BRI piciear rtigra(PGN4 transcript
varia€l2 aaRNAer prinmer by PCR The resulting double strand

sEQgER 5 SRR tabhooct Eenti on o to. After

gi|555853 jpbiiA 3068 1 [HH0/ 13869 Mahidbﬂ)ls@ﬁaﬂ[@NAtcgﬁ:}plewfe@Eﬁir{gﬁﬁﬂs ;
SEQaPNO DR B AR CR P AL A A ance of & SAGE Tags
gi|15T18b88tefdiM DOTBRIFR |H@hd sepiéiiolodl prtielaeSBA (RREI2BTHRNA

SEQ PRI RIS ECL BT LS Rlch eot des (x-axis) .
gi|212M7e08IENACSH1 5849.5% Hoema sapidns avmobamel ERickine RPA$-352K 1, complete seque
Frequency of 5° SAGE tag is given on the y-axis. A

B¢ smal'l distance between the aligned positions of each
(SEQ3D NGO &F BRI G&CCrC@EPaGian] Hgogene i npli es that

. - | i. i th Kk '
a2 AR ORT JAEIMIARD o B8 i SR Bt s Bl Brotein L omoloue,
5‘UTRJEi Ge_n;a and DBTSS t dat abases separately to deternmi Ine
\ 0 . r
g i gf e Jb%lﬁc{hctgﬁ, fél?e @%Iiéémgg \éf?({y%%&g %E 3(5 30%kd ar #@%gpﬁfﬂ&the resuits

rt sites. how ng a sc¢
showdslthataaore than Jaen@LEP) of the 'tagSAGE: tahgdlyaled va! froAGECcleatide sequences at

the 5* L& of cDMAE m%rcﬁn%lgﬁﬁgnﬁgggﬁﬂ s%gl%e%sgsnl? A}?ﬁé@’ énfls of mRNAs can be
genone wer € anal yz as escr 1N e section
obtaingt ine taga Matharigh pebshility astofxegtpltke Presenhinvimtidn. gur e,
both axes are 10 expressed in |logarithm Exenplary
Mode for Carrying out the Invention The present
[Exampde@htion is illustrated in detail below with

re e 1] ' I :

 FREGRA0R B BAER St FARTRL ok ok SEATRE ot
sequercsdfinsh dee T ieadpf mBNA' aceqrdingfto firaessahinyentist iweitnfigy referred to as
“5° S G cHbart Rt B XRRE bBRMedIF oM HEEn Y reinafter referred to as

s o @Ccordance "W th the present rnvention. e procedure
3*SA{eE0r i bed below i s summarized in Fi g. 1. 20

A i go-cappi ng nethod 25 An ol i go-cappi ng net hod

nodi fied fromthe nethod of Maruyama and Sugano
Materialgand\Methodsc | sugano, S., 1994. Qi go-cappi ng: a

Generﬁﬂidméf@,’rmingg;jm}gﬁbﬂgjzace the cap structure of

Total RNA was isolated from HEK293 and mRNA was selected as previously described
(Hashimoto, S.-1., Suzuki, T., Dong, H.-Y., Yamazaki, N. & Matsushima, K. Serial analysis of gene
expression in human monocytes and macrophages. Blood 94, 837-844, 1999). Long SAGE (Saha,
S. ef al. Using the transcriptome to annotate the genome. Nat Biotechnol 20, 508-512, 2002) was
performed with 3 pug mRNA using the standard SAGE protocol with the following modifications,

After Niglll digestion, linker 1A (5°-TTT GGA TTT GCT GGT GCA GTA CAACTA
GGC TTA ATA TCC GAC ATG-3"/SEQ ID NO: 40) and linker 1B (5°’-TCG GAT ATT AAG CCT
AGT TGT ACT GCA CCA GCA AAT CC C7 amino modified-3’/SEQ ID NO: 41) were annealed
together and ligated to half the cDNA population. Linker 2A (5°-TTT CTG CTC GAATTC AAG
CTT CTAACG ATG TAC GTC CGA CAT G-3°/SEQ ID NO: 42) and linker 2B (5>-TCG GAC
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eukaryotic nRNAs with oligoribo-nucl eotides. CGene 138,
171-174.) was used. 5 to 10 g of poly(A)+ RNA was
treated with 1.2 unit of bactﬁri al al kal i ne

phosphat ase (BAP; TaKaRa) in™100 | of a mxture
containing 100 MM Tris-HO (pH 8.0), 5 nM

2- nmer capt oet hanol, and 100 units of RNasin (Pronega)
at 37C for 40 mnutes. After extraction with

GTARENOGTCA G nA® 0]?1( @A{A) Tgw@g} sz} evhaiind modiﬁetdl-qfi’/S(;EQ ID NO: 43)
tatjon, .the + | e .

were i oS paaieR e 5 HBpRb S of<he oy s fosa inkers

contaifiing thei Mindl cogiition fiquendeCrerdligaed tothageémt ¢f A S Linker tag

molefy B S sy R g TERVA B 85 WA o s H R St

(Uniypdrstyadf: Gdunsk Otatenfoe X’b(ffﬁ:@ldg@l’i"ﬁmﬁer,eﬁmm Poland). Digestion was

reci pitatian, 0 of the. BAP-TAP tr.eat
perteBRE0 o Myt ieelip a0 S eatidRanisbep contiRipeahanMIZERES GH 8.0)
2.5 mM pomegianhatehie, Sully endgadsitn acéth@alz (3407 DZAIT n&ro :all\ld\

[ r.¢ei.ther,.5~-0l i 1 or.5%.-pli.go .5 -0oligo
S-adet il 0T 72 B Aot TR UakergPe abd ik St P fhecules were
directe tj peed tgethhnian] Gyel reactioBabitaiiiid 4 kel 4 DNy Bgakb ot thendpplied buffer

| nition sequences. 35 5'-o0ligo 1/ SEQ I D NG
at 16%1--2&%% UUU GCU GEU GCA GUA CAA CUA GEC UUA AUA
CUCTheadeaseltags @er@Bgaed tosoneahother, 24:8E@nhBINGA Rorfd-itdblthe Sphl site
: A A . .
s 45 CHh SRS L AT A S o e

forward andMigueversaprioers] POR prodecis ¢cantainimgyitsgrie of 60@G-bppohader were

i . : :
B
sequenegrd Appli¢hBiopyyms,5CAM Al electrophierdgranswecapaimdized by visual

. 0 is. T .
ey o RMUATE A RERAO EEDA U RE Be RCERBD s i

4.12) sppsestipiqeritly itherbangansa ¢f each18e. 5A fteyreling mivnerflinkeresdquences, other
b BfYaes. AE8H 2 Qaﬁa- ' ibrary is a
POtenlltli br ar%ts’ri ch %n%ﬂe?%lglra%%ﬁgt c%ﬁ%é E%ggztegi ni ng cDNA

synt hesi zed from pol y(A)+ nRNA as a tenplate using

GenefkibRof 593A88aR8¢ Primer. The 5 end cDNA-enriched
[Mhrary contal nS cDNA synt hesi zed using a random
Oligo-capping was performed 4s described by Maruyama and Sugano (Maruyama, K. &

Sugano, S. Oligo-capping: a simple method to replace the cap structure of eukaryotic mRNAs with
oligoribonucleotides. Gene 138, 171-174, 1994) with some modifications (Suzuki, Y.,

- Yoshitomo-Nakagawa, K., Maruyama, K., Suyama, A. & Sugano, S. Construction and
25

characterization of a full length-enriched and a 5°-end-enriched cDNA library. Gene 200, 149-156,
1997).

Specifically, 5 to 10 pg of poly(A)+ RNA was treated with 1.2 units of bacterial alkaline
phosphatase (BAP; TaKaRa) in 100 pl of a reaction mixture containing 100 mM Tris-HCI (pH 8.0),
5 mM 2-mercaptoethanol, and 100 units of RNasin (Promega) at 37°C for 40 minutes. After
extraction with phenol:chloroform (1:1) twice and ethanol precipitation, the poly(A)+ RNA was
treated with 20 units of tobacco acid pyrophosphatase (TAP) in 100 pl of a reaction mixture
containing 50 mM sodium acetate (pH 5.5), 1 mM EDTA, 5 mM 2-mercaptoethanol, and 100 units
of RNasin at 37°C for 45 minutes. After phenol:chloroform exiraction and ethanol precipitation, 2
to 4 ug of BAP-TAP treated poly(A)+ RNA was divided into two pools, and each pool was ligated
with one of the following RNA linkers containing Xhol and Mmel recognition sites: 5°-oligo 1
(5°-UUU GGA UUU GCU GGU GCA GUA CAA CUA GGC UUA AUA CUC GAG UCC GAC
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adapter prinmer. By using the random adapter priner,
CcDNA is synthesized even fromfragnents | acking

pol y(A). Gene tags were obt a'bged fromeach of these
two types of cDNAs. 20 After “Ffenoving unligated RNA

l'i nkers, cDNA was synthesized with RNaseH free reverse
transcri ptase (Superscript I, Gbco BRL). For the
full-1ength eDNA-enriched |ibrary, cDNA was

-3°/SEQMDNeSt ZphduBidligo 2Q5PIRIU oUG ElrdenteUr A Aer CUBEACG AUG

R E B S0 30 e B ac g ing 250 s

of RNENAgasd T Telchaptian 00 il Beh rdaSiéd Bt coﬁiailﬁﬁ%% nf¥CrisTIC] (pH 7.5), 5

M gl G A SRR (i M ATRe DB RGO feand

<and 1-6_0 %mt;r QF RNagin at
20°C fecprnksiteds. by the supplier (incubated at 42C for one

O B b B BB A s BB e v
transdriptash @Slﬁﬂ:rﬂgipﬂ.ﬂmfbnb BRINo WFor giedh’ 424 efuiched RDNYELibiadti 10 pmol of

30 d t ' ,
randof AR PR B CE A K RAARAC B Eia GRS R i Ne-3/sEQ
ID NQf 4)ewasfused tnd hlcabaﬂed:@!\lléc’@ Yant hb@.lrsgncci: BBAC Yarsnoiher la!i_ﬁ.d in

by, i.ncub t .35 r o . .

oo RS RS oA s deEgape in LomEnaDH by Rptbaiing at 65°C

for 1 RA dhe eDNetntbhiais enadediomahplg dfi odigoicapedvmolly(g-+ (RE\IA?@% hmplified in a
' L P ki Per.Ki, n- wmith 1 R '
sl S B Bl LB bR st 0 i
GCT GOT GTA FTR-CAA SHA GGCNITA ATA-ASRNED BO: PERS histieCTG CTC GAA
' ' 6 ,
rrC ARG BFFF 06 ROTAP dbsrd BCRoRUS 1S RiCH B onc aoc
CTA (i}ﬁ-li!é/!SE,Q }QbTﬁb ah PGBI }yirr_leis. PERIPNAmzepatSHRrdugh Mten§ipn using random
i AR ML G (50 610, e o
for 2 winugrs. PCR pisiduets meGTestaTEd @hth REa i@ reTorm A ) A0S, Affanol
. Y ' | 7). (5. - -

il i P S5O\ G o
Center for tIgehrologst Trensfernfdanshs Pedsnd), Digpetionavss peafbiniddesingy40 units Mmel

i SOF R s 308 SRS R 395 S e,
mM ngpesismigetaigs 2 Y D Thend 40 $M Stadanesyhyethionisiest 3ET0NAr 2.5 hours.
weshigdtéd $UteRyinkOcIONA! Bgnfdts were bound to streptavidin-coated magnetic
beads (Dynal, Oslo, Norway). cDNA fragments which bound to the beads were directly ligated
together in 16 ul reaction containing 4 units T4 DNA ligase in the supplied buffer at 16°C for 2.5
hours. The ditags were amplified by PCR using the following primers: 5°-GGA TTT GCT GGT
GCA GTA CAA CTAGGC —3’/SEQID NO: 8 and 5°-CTG CTC GAATTC AAG CTT CTAACG
ATG-3’/SEQ ID NO: 9. The PCR prbducts were analyzed by polyacrylamide gel electrophoresis
(PAGE) and digested with Xhol. The band containing the ditags was excised and self-ligated to
produce long concatemers. The concatemers were cloned into the Xol site of pZero 1.0
(Invitrogen). Colonies were screened by PCR using M13 forward and M13 reverse primers. PCR

preducts containing inserts of 600 bp or longer were sequenced with the Big Dye terminator ver. 3

and analyzed using a 3730 ABI automated DNA sequencer (Applied Biosystems, CA). All

electropherograms were reanalyzed by visual inspection to check for ambiguous bases and to
correct misreads. SAGE 2000 software (version 4.12) was used to quantify the abundance of each
tag. | |
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94C for one mnute, 58C for one mnute, and 72C for 2
m nutes. PCR products were extracted with

phenol : chl orof orm (1: 1) onceget hanol - preci pi tat ed,
and digested with the Ml type Its restriction
endonucl ease (University of Gdansk Center for

Technol ogy Transfer, Gdansk, Poland). Digestion was
performed using 300 pl of a reaction mxture

Asso@@ﬂiﬁ:ﬁbﬂﬁ Y GEYagdMvite PlatesppiliBe O¥nes2. 5 MM pot assi um

ate, acet.at, 2. MM DIT, 40 M .
o Tudisay e st o S AGE B s fenieSioR toretivtona) drtsies, the present
invenﬁ)rS avoddydsalighing 5° SAG@&EM cﬁrﬁiﬂﬁbDNA/E@N&atﬁlﬁa%@,%ﬁh&e the sequences

are n(\zl%%z/\ﬁ sreaé)gﬁgtagslﬂie“ aVI dl 0L 1 §1 dd%%qaggé Z’%gwy the inventors

were ﬁh@gﬂmﬂsthmm:mhn demia sIeQuéri’ﬂ:e (Nea1duiless) zﬁﬂaﬂ&lﬂé lidpm UCSC Genome

Bioingl B g Ekn e e Syl S e Ao ety LIS s

publitived isy thEIﬁ.émV@ﬁtyl dfi ’]Ta:gyeii (thg’&_rr]yr\ﬁgﬂ( m&ﬁ%fbfat&:ﬁyg). UG%EEQC?X mg_’?_c':iled in the

ing.the priners:.5' -

senseFefiibn é@ﬁcﬁﬂd%éﬁd%ﬁﬁ“%a@%' CTC GAA TTC AAG CTT
CTAubfuads ﬁh’f@bﬁéthc(oﬁlﬁ@thelﬁli@meﬁl)iocdfhﬁ oPeRh( da rwhssearched to find

. | L I [ an | h

its col pRpR XA ol REhRARE [ e Wesflfos Enbicr IR Glowee ™

Ogasavarads, Yaamdex iés Mbriahith, Ss&hé Gleng Resirded quatedugeac lamg maps for

transcggﬁ&n"i'é 5‘{@5&% NEQ]% z@(ﬁfisa%gsnﬁ AL én?&fgg:[‘%% y\%ﬂ( & Poq{yo ac.jp/),

a databescad nlegmbﬁ;m equsinnes Mamﬁtmrmmmcea isachis 3 Gemer (Barild 162) (Wheeler,
D.L. D5HBRE ResdlrRs o?‘&lelf}ﬁﬁfé(&j{ﬁf éﬁ&’fﬁ%@it%ﬂﬁf N1l {\@89 RRP. 31, 28-33,

or nore were sequence erm na

2003 YRL. fp://Epackim. g@é@pgatqngflhn@m ABle aajoprableth ®hyhat, due to
reh‘o gd'&t‘éﬁfbﬁr ?gtgjﬂl@guv\;g’lcgﬁé@ oB8% -t Voul £ bd a11l§an with multiple locations,

ropher re réanal 'éhl by vis I nspect
though naal of hetpwergmoncpoding regices Hrislissee waviesdeed by solestig gene coding

locatidiNahh B GRENatRd iPHE Wn%@%‘émfdﬁ% haS& C&nﬁa\%hwaeg@ %gé@m f%he 3°-end

usi ng software prepare I pos

exonss @ sfaghdidtot pecessarily, e the faptraxens. E]@iﬁ/tbtmqh)wmahmﬂ 500 bp

dlstang@ﬁ@ﬂieﬂig ali dRASR posiB&N 6feach 5°-tag,
(http://wwn. ncb| nl m ni h. gov/ genone/ gui de/ human/) were

perfornmed using as queries the 31 nucl eoti de sequences

ConsiSibndya@ith R BeehrkéMAdniEsAfghySi s. Part of the
anil ysi.s.results Tor the nucl eotide sequences of 3000
or

e pg@@en thsiehigpebpasitisms cheachy’ BAGE tag and its corresponding
gene i 2Rf the seshd ik %@hl/y Soidfsiad WHRdhd/Ridveh § RBmE@RARIAUI start site. To
! 1 %g%ﬁ?ﬁnﬂ‘sr IS i zed In _the results ST
calculalg Sy dig Wﬁﬂ@r,sE@q poted glaﬁéleﬁUQP otaggeuligie eANS/E

sequemfe aﬁg&?@%ts g P%e&i@ﬂuélﬁlyfdb'séﬁwgs Pyestilpes dl‘!éfrﬁlhﬂ@&]bl%g To resolve this
di cat ed be

bei rcated with Fol
issue g SRR B UHATE SRS | o st EmRb ﬁme%tﬁ%fhwﬁgag was
selectdd. tTHe\isthieceqpBrae fif@DAMIREBLIVESIT the 5°-tag was located in the upstream region of
its corresponding cDNA. Otherwise, the value was defined positive or zero. In particular, a zero
distance indicates perfect coincidence. To determine the overall distance distribution, the total

number of 5’SAGE tag occurrences of the —500 to +200 nt of mRNA start sites was calculated.

RefSeq, UniGene (GRL), and DBTSS databases were separately used to see the difference of their

coverage of transcriptional start sites.

Results
5’ SAGE



10

15

shown in a next new |ine (GenBank Accession No. and
annotation). - Nucl eotide sequence of gene tag -
Frequency of occurrence of a,gene tag relative to the
total nunber of obtained gené tags 10 - Position of a
known sequence to which the nucl eoti de sequence of

- gene tag hit (o: the hit sequence is expected to be
at the 5 end; x: the hit sequence is expected not to

be Tatobidig compreB&b)ve(iSfnhfbd\Nfr tth@dcripptional start sites, the present inventors

ACAT TEGAG / 27 / 0 ,
develalg%@m%@%mp% magshod. | Theet SAGERBEthed geprpies 19 to 20 bp
tags %THVE?Q _iff@hﬁﬂ}l_ie Suefde @Eﬁ?ﬂ%gbkﬁﬁ&ﬂc& MN@idl# b ahalyzed and matched to genome

. ogih . ,
SRS AT TO BT LTR OO 57 eaY Bisaciied iiistoe SLSAGRMeBRdt o n
S4, X-1inked (RPS4X), nRNA (SEQ ID NO. 12) /
noTACCT%TTGA\TCCTG:C/ 21/ x (SEQ ID NGO 13) /

GCCAGCAG / 20 / o 20 _
<gilUshig/th88ddthed, id HO896 vanidenthatRRirieed 23,6 aamRlipts expressed in

HEK R0t e fost STk e o Ditoated e illi il edname seqenge. Atotal of

Ge

19,898 tagsylcaortlymeichedat genomi@sqoences (dpdse)tingUifsA0dadiffereht tags (Table 1).

o S04 Aok i R R gt g ons. The tags

matclipg oskilesitls igtegenane vere 2A0311@Es: GL. 1§e(dR3 (FEQ0l RN, 8.1% (1090

oo g8 LU ISBEER ST ST s B e oo

loci coSHRCTGERNekIydo setpitenspasRialefrentse yepetitiueel setradnces, or pseudogenes.
gamma-actin (ACT 30 G gene) (SEQ ID NO 18) /
CTTTCACTGCAAGECGEC / 10 / o gill '
8314626i gbl BC021993. 11 guani ne nucl eoti de bi ndi ng
protein (G protein), beta polypeptide 2-1 ike 1 (SEQ
ID NO 19) / ACGCTGIGACAGCCACAC / 9/ o 35 upstream
of NM 005382 (SEQ ID NO 20) / GIGACAGCCACACGECCCC /9
[ x 32 gil 350451 enbj YO0067. 1 HSNFM Human gene. for
neur ofi |l anent subunit M (NF-M (SEQ ID NO 21) /
AACGGCTAGCCTGAGGAG / 8 | X -
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gij 1884871gbl Mp9828. 1 HUMVHHSP Human MHC cl ass |11

HSP70- 1 gene (HLA),
AGTAGCAGCAGCGCCEEG / 8 / o ghb

conplete cd s 5 (SEQ ID NG

14043071 | refl NM

- 031243. 11 Hono sapi ens het er ogeneous nucl ear

ri bonucl eoprotein A2B 1

(SEQ ID NO 23) /

ATTCCTAGITAAGECGEC / 8 1 o
gi | 50200731gbl AF146651. 11AF146651 Hono sapi ens

Tablegl yoxal ase
AATTGIGIT
gi | 220276
famly 3A

HUMVHHSP2
conpl ete ¢
6/ ogill
bi ndi ng pr
1 (SEQID
gi 14023051
protein S4
/I 51 o 25
ACTB nRNA
AGACGCAGAQ
gi 12315183
from cl ong
NO 32) /
gi | 3754053
DNA- bi ndi n

33) / AGTT

- gi 1 3058113
structural

(H3

ofFe
NO:
gbl

ge

gi
f or
T AG
j em

RP
AGT]
5r

«
©
p%

omep]
@)
@
<

=

¥-end SAGE tag tog

gene,
GCCCC |
I refl N 002107. 21 Hono sapi ens H3 hi gt one,

conpl ete cds (SEQ I D NO
71 o

24)

NA  (SEQ ID NO 25) '/

2| X/ x §@il377843771 Fef NRORLY
@étive)-speci fic transcript (X
ID NO 26) / CTCAGICGCCGCT
B 3Gk erril 04098. 1 | HSACTCGR Honp sap
skeg et al Fygammagact | niF (SEQSH D NGB 2

wy

&
cEass |74 HSP20-2 gene (HEA)

3 Q1D NO 28) / CTCTCTTTCACTCCA
P914Jghl BOD00214. 11 guani ne nucl eot
n {G pratein) . beta_pol ypeptide_2-
2% o | ABTTTCTA ACCGG L5 /| &
| 24869, 15HUVRPB4AHoNg sapi ns ri §og
he zngézc};n D NG5 30) & ACCGCCGAGAECC
104378781 dbi | AK025375.11 Honp sap
mut ant beta-actin (SEQ ID NGO 31)
ATTGL 5/ o

bl Z82216. 11 HS75N13 Human DNA sequen
- 75818 gn chranos @ne Xg8L1,
FCEECBEGTAGCGEG / 5 7 x 307
of XM 294582. 21 Honp sapi ens siml g
otei n| B (LOC347295), nRNA (SEQ I L
A\CECC / 5 /70 . o
DOB306. 2F HonoZsapi e@s SMCE

—

pf
n ncg of c@ronosgnes 1gl

1
1
13,404

i

Unique ',@s
penome gv)l

2037 (102)
2,275 (11.4)

13307
19,893 (00)

15,48 (71.7)

Tags mapped to
genome (%)

Tag loci in
genome #
1 loci/genome
2 loci/genome
3~99 loci/genome
>100 loci/genome
Total tag

I x @il 188%89j gbgV6983E 1

(SEQ

22) |

/

64.1 1
| ST)
GCCAA
i ens
7

AGG /
i de
1 ike

onal
CGTCC
i ens

/

=~ 0
— o

Table 1: Experimental matching of SAGE tag to genome
#: Number of tags hit to genome using 18-bp 5’ SAGE tags. Mapping was performed as described
in Materials and Methods. 5,791 of the 25,684 tags sequenced did not match to genome. Relative
expression level was determined by dividing the total number of transcript tags observed in the

library by the number of different tags.

##: Number of tags hit to genome using 20-bp 3* SAGE tags. Mapping was performed as
described in Materials and Methods. 27,162 of 81,211 tags sequenced did not match to genome.
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ke 1 35 (SEQ ID NO 34) / AGITGCTTCAGCGICCCG/ 5/ o
gi | 324871 enbl X15183. 1 | HSHSP9OR Human nRNA for 90- kDa
heat - shock protein 33 (SEQ I%NO 35) /
ATTAAACGGTTGCAGECG / 5 1 x
gi 1 332394501 ref 1NM_182649. 11 Honp sapi ens
proliferating cell nuclear antigen (PCNA)transcri pt
variant 2, mRNA (SEQ ID NO 36) / CCEECCGEEEEECEEECE /
Mapp&g/m@;m\{,glskéﬁﬁ&%lgbl U13369. 11 HSU13369 Human ri bosonal

| et at (SEQ | D.NO 37
T IISCTESFeT BRG0P C8lchals g Tae? LB BYA G s oube ZIRNA star
sites. H ré‘salﬁli iBVentdrs l&@&ﬂl’ﬁﬁe dafabhRk ﬁnﬁa&n@ @Eé%férendﬁ%enéegﬁ@base

(Refsafa%r J%\P S3ep, ?ﬁ@ﬂfﬁ&@@%@ %%%%@Fﬁ AsSepbles g maps that include

inforngdtion @nfRldle@6AH 1n replipdre reiSRGnd alt@m@.ﬁﬁel Shltdet Brabkdripts, and the

DataEg B SF FRREID! P DB e e I

Trans@‘[piioﬁalrﬂthﬁ Sttegmidfalidength cDRNAsONutlel AdliaReetd, Bags31,12082) which

contalfs TP 3 BG HBnen At o R E R S o1 ) 2 SRy distance
distrittusigss, aed @alﬁeﬂlpad:sbly’ts tleruneter fuidihe natid eftthg dmu&equaSmall distance,

indicefihe ab el SALHE 1B M iRt R St g st i

inforngatioh afj sachi databiake rﬂfps M%Idf yaga meapipeld ttgeach ditabaservesse adsigned
. ' Res. Its obt ai ned by gene
mmme?%ﬁ@sm on’ affé? t%rg?‘fg tags including the -
nuiSbiablyl 225 ts é%,a%m["é sm& talge hB'theewmgbtredm médiBnsaafthe diéfingd

uanschgugrg%%ﬁg?&ﬁﬁﬁ ﬁlvtﬁgste' kb 9&?{1 i{[(ﬂ'@(g\;e? rtB% glfegéﬂé %gvagl?orz?é{mned the

npar e 0Se ‘o
nuclecmdnweafcneomdtt ﬂ&&tﬁ bh &t eAGEMgs It Msebrecmbpbﬁectﬂaat thg'nucleotides of the

155 R UTE S AL B 0 B 1 P00 s

(SuzuhtRWetwélewsemﬂa@omi mitiasiogrgvedled dyifredlargeHaaleimapping of mRNA
start siies] Eh/ﬂ?] HlﬁKBSQ_g%S; ?ng éJTHy e ditarob eﬁlg%lrz]@}(ﬁh Q%\éseﬁgf mventors also showed

SIS O

very Sﬁlﬁlﬂ&memamﬁﬁh@gseenfdh twisheatide:. AEI&MGQ&%QLS?GIQM, and T (10%).

Taken 1558 er, thOB9s B6FFag RRARA of the present inventors can precisely identify the TSS.

The data provides the present inventors not only with accurate transcriptional start site information

but also a resource for analyzing promoter usage. Interestingly, 33% of total sequenced tags in 5°

' SAGE in this study did not match to genome matching. Among them, 39% of first nucleotide of 5°

SAGE tags unmatched to genome was also A. Some of tags that did not match to genome can be
considered to hit the regions with single nucleotide mutation or a deletion in genome.
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30 S. et al. Using the transcriptone to annotate the
genone. Nat Bi otechnol 20, 508-512, 2002) was
performed with 3 jig nmRNA usiwg the standard SAGE
protocol with the follow ng nodifications. After
Nl alll digestion, linker 1A (5 -TTT GGA TTT GCT GGT
GCA GTA CAA CTA GCC TTA ATA TCC GAC ATG 3'/ SEQ I D NO
40) and linker 1B (5'-TCG GAT ATT AAG CCT AGI TGT ACT
Table@CA CCA GCA AAT CC C7 amino nodified-3'/SEQ ID NO 41)
were annealed 35 together and ligated to half the
CcDNA popul ati on. Linker 2A (5 -TTT..CTG (ﬁgg( TTC AAG

T

CTT. CTAACG ATG.TAC GTC CGA CAT G 3" 5B y_42) and

| f%_’ﬁ%?cg% %a‘psf‘ée GAC 34 _GTA CAT cgr TAG@AS CTT VC@ES
FREIEREEED ami no miEFAed- 3' / SEBGCRF {§%L)43) S

anneal e oge er an I gate (0] e remal ni ng a 0

the gbla.2oihus, those Bugkens contai mmj) he Mrel 160 (1.6)
recogni ti on sequence were ligated to the 3' end of

eDNA. ,lj nker tag nole were rel ease romthe
ch\IA'%ldsdl'h'g?t he Mrel tyggjifig restri ct?%r@'é%donucl e§§3e(2'5)
5 (University of Gdansk Center for Technol ogy

Tr anst¥~ -IGdansk, PofarRIB8.1Di gest i GPNAd28-B)per f or kS (19.5)
using 40 units Ml in 300 | of a reaction mxture

cont aipni agp 10 mM HEPES7{ @kloB. 0) . %, e73b4. ot assi Yy (70.8)
acetate, 5 nmM nagnesium acetate, 2 mM DIT, and 40 M

S- ad S thioni ne a for 2.5 haur The lin

1 tagglgﬁ)dﬁqllpnker t ag 2§:?£q;g%ul es vvergnlféi?)ectly b @D

Ii%ated together in 16 | reaction containing 4 units

T4 (DRA-28@8se in t he942pBbi8kd buf flaA80 (98.2at 16C PGI36 (96.4)

2.5 hours. The released tags were ligated to one

anot hefotal egiCat enat gg ogap@of! oned {44A (tlé‘tg Sphl %8s (100)

of pZero 1.0 (I nvitro’gengl. Col oni es ‘'were screened by

pol ynerase chaln reaction (PCR) using MLs ftforward and
Tablel B stansrod 6 S G eass roIRiRe forroBOA sart esen shohgiaabes 1

of TR0 B RRHASe LARGH Inc ¢in rﬁf@% tHM § B ddUE Eglll& fI¥E each database

termnator ver. 2 anal 'y sing a 3730
were gnayzed ee desorbed B lgqliencer ” (Appl i ed Bi osystens, CA).
Al'l el ectropherograns were reanal yzed by vi sual
dnspectjon to check for anbi guous bases and to correct
Identificafionefaove gepeooromannitaigd gangsyer si on 4. 12) was used

t OfIbNBE dof i¥ertiFp niRNINARRGE AT &a6d) 5t 8AGEYaE§Were compared with the
elimnation_of” |linker sequences, other potential

genomg seupeRsesReiRag andd Sajniaboses. §ithey 40,700 uriqpe et single locus in the
genonid) 3| Y7Easks wite GeioeTatldiwith @kir%o g8 G¥ne ESTs (Table 3).

d'i go-cappi ng was performed as described by Maruyams
Furth%@f%&g@%dme%% PAIEE tags were assepped “st?ﬁ@owcgﬂewﬁi%’fss- The

3

remaifiing tARR!(€2.0%0) hedcHed theRbRMHS wWilkeh adnTs “UDfkBowh genes or
eukaryoti ¢ wi.th ol | goribpnucl eotjdes. Gene, 138, ]
unchagagierigy ,regi@@"? S Hagomachie e YRFIBHEITegLRT T mainly fo two sites:
Yoghichaipltdigkingaraierised iddisnty a, K., Suyama, A &
SU88 i of ehar Sz B
The evidence of the expression of such genes enables the discovery of the novel genes in
their full-length form by referring 3’SAGE.
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25 characterization of a full length-enriched and a
5'-end-enriched cDNA |ibrary. Gene 200, 149-156,
1997). Specifically, 5 to 10 of pol y(A) + RNA was
treated with 1.2 units of bag?erial al kal i ne
phosphat ase (BAP; TaKaRa) in 100 gl of a reaction

m xture containing 100 MM Tris-HCI (pH 8.0), 5 nM
2- mer capt oet hanol, and 100 units of RNasin (Pronega)

Tableld 37C for 40 mnutes. After 30 extraction with
phennl - chloroform (1' 1) twice and ethanol-

precipitation, the poly(A).t r with 20
units of tobacco acid py‘rﬁ)c])lﬂﬁe?s\%ﬁ M%a E%dé‘%é‘*ef“%ﬁg) ﬂafnsoﬂﬂﬁ cis)
?ToHa %%kkgﬂ(:%ééﬁie cont giguyg 50 nM sodj*wyp@eet ate

units Pﬂfvia[\d@hﬁh(ﬂh’taﬂc for 45 m nutes. Aftér
phenol : chl or of orm extracti on and et hanol

preci py ' to 4 g o JARtreate I
RNA \Napiéh%%gré%le nto two p%’glgé\fl?’aﬁg@each p%gﬁg%éﬁd)
ligated 35 with one of the follow ng RNA |inkers
cont ai Previeusiiounamuptated) recognition sites: 5 -oligo 1

- (5'-UUU GGA UUU GCU GGU GCA GUA CAA CUA GGC UUA AUA
CUC GHntddesl efodhs @htros) / SEQ I5N@13)L) and 5'1;399i (@p142)
(5'-UUJ CUG CUC GAA UUC AAG CUU CUA ACG AUG UAC ccu
CGA C -3'"/SEQ I D NO, e RNA | r e
| ga?é%“% of S@I’P%} I8 3,79 50

using 250 units ase (Takara)
m of a reaction m xture cantaini ng 50 m\/ITris-(Eg ggH
7.5), Botakhv mgal 2, 5 M 2-18ei08438 d8Bhanol 1115 GlATp,
% PE , uni.t . RNasin at 5 20C for 3
Tablegs eaEn o et erdn it B gt bromfy (g0 cowa
wad 0506 tdpe svezeabsigned tdRNAget-pdsitims ) ande), 54 tags were associated with their
r ' uperscript Il1; Gbco BRL). For the 5
cone%ﬁgﬁggﬂrgﬁé%e%% library, 10 pnol of random adapter

prinmer (5'-GCG GCT GAA GAC GGC CTA TGI GGC CNN NNN
NC-3'/SEQ ID NO 4) was used and incubated at 12C for

1 Bﬁtﬂﬁ _ﬁrhd/e{é? Watul %ﬁ%mafmrbf ub&d A l\fa%i_ilnfghﬁl&ha@\tdiﬁﬂﬁmaﬂon on

S esi.s, RN aded i . .
the abidAnGE BF Képsciiplgg dably I e ehof B RARCHEE Profiled feHEK 293 cells.
The n_fdsﬂmplzesgl;ﬂi @dned #ﬂeﬁg&&&?ﬁﬁﬁ?ﬁﬂﬁhﬁb&'ﬁﬁaﬂ@@ﬁ%),&ﬁﬂi arf &8flession
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Table 4: 5° end of transcription profile in HEK293 cells
The top fifty 5°-end transcripts expressed in HEK293 cells are listed herein. The tag

sequences represent the 18-bp SAGE tag. Tags and their corresponding Unigene/ESTs are listed.

Correspondence between 5° and 3° SAGE tag expression

To validate the accuracy of 5° SAGE, the present inventors also performed 3°-Long
SAGE for mRNA in the same cells. In 3’-Long SAGE, the present inventors characterized 81,212
transcript tags expressed in HEK293 cell line. A total of 54,050 tags matched genomic sequences
representing 15,423 different tags (Table 1). 75% (11,613 tags) of 15,423 different tags matched
one site in genome. Furthermore, 8,359 types of 3° SAGE tags were associated with known genes
in UniGene EST (Table 3). The tags matching multiple sites in the genome were as follows: 9%
(1395 tags) to two loci, 13.2% (2,039 tags) to 3-99 loci, and t 2.4% (376 tags) to 100 or more loci.
The percentage of tags that matched multiple sites in the genome was very similar between 5’
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Ref SeqUni Gene (GRL) DBTSS of each database (nt) -500 -
-201349 (3.2)204(1.5)160 (1. -200 - -51887 (8.1)335
(2.4)253 (2.5) -50 - -14,179 (38.1)3,957 (28.8)1,965
(19.5) 0 -+4503,173 (28.9)8,673 (63.2)7,149 (70.8)
+51- +200837 (7.6)311 (2.3)209 (2.1) (-500 - +200)9, 425
(85.8)13,480 (98.2)9,736 (96.4) Total tagslO, 982
exampld) QY AdicH P dr HigbEPo 08, b0 varaddy 6f diffefdnd t@NGPeLind@nvironmental
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- Accuithdation cfiide: iy @esles tHepesbled ol coaé ﬁ@eﬁlce 53%61@ 5’ and 3° SAGE tag

anal yzed as described in Fig. 2. ldentification of
CXPIGHOR genes or unannotated genes In order to identify

the uncharacteri zed genes, 5 SAGE tags were conpared
Di with the genone sequence, RefSeq, and EST dat abases.
=10 he 10, 706 uni que tags with single locus in the 10

gerfaneral @pﬁﬁﬁhdvag@omdehaﬁﬁdmxatawblm (Suzuke VT et al. Diverse

R R0 ARERS g, LGS B o e

388-398n260 1)) andpaISedenyhation eleavargemges agaweglz, 2 Kampahadiy, hen de Graaf,
thin d.otron
S R0, L B SR ool N clewvage stes
mammnh&mmﬁ&”esaqnmbes eglphcailohs for PeNGHE ynalpsis. Wuckid Asids Rd9 29, 1690-1694,
r r.eqgi_ons d...d5 (2 .
2001 FHER RS terkRE RSB BB 28 Riie IR citluBbe TR of the specfic
gene émmmmngmmummsmganﬁ <t eh &b esalytie geliesopassipn 6dr Higtethroughput

analy%? éﬁ@%@gﬁﬁqﬁa@ Fta&@%‘éﬁ)ﬂt %J} éciegﬁﬁgﬂlofn aﬁ'{ﬂ'&}{o{ele usedr % Ilﬂgc Natl Acad Sci
USA b Us7 émd 8481, 2%6&@)6@?& of aheelgoaseps h@ﬁmﬁg ShSA(ﬁat the dlver51ty of TSS

already exists in a cell. Moreover, the data of the present inventors provide direct evidence for the
heterogeneity of TSS and the 3° end region by means of the 5° SAGE and 3° SAGE methods.

For instance, the PPAR binding protein has one TSS and two 3’ SAGE tag sites;
ribosomal protein S4 has 16 TSSs and one 3> SAGE tag site; and calreticulin has seven TSSs and
one 3° SAGE tag site. In addition, alternative mRNA splicing is a pivotal contribution to the
complexity of the human proteome. Recent génome studies have demonstrated that 40 to 60% of
human genes are alternatively spliced (Modrek, B. & Lee, C. A genomic view of alternative
splicing. Nature Genetics 30, 13-19, 2002). It has been estimated that 15% of point mutations
cause human genetic diseases by a mRNA splicing defect (Krawczak, M., Reiss, J. & Cooper, D.N.
The mutational spectrum of single base-pair substitutions in mRNA splice junctions of human
genes: causes and consequences. Hum Genet 90, 41-54, 1992).

Zavolan ef al. have reported that among the transcription units with multiple splice forms,
49% contain transcripts in which usage of an alternative transcription start is accompanied by
alternative splicing of the initial exon (Zavolan, M. ef al. Impact of alternative initiation, splicing,
and termination on the diversity of the mRNA transcripts encoded by the mouse transcriptome.
Genome Res 13, 1290-1300, 2003). The present inventors also found that each mRNA start site of
several genes, such as peroxiredoxin 4 (NM_006406), represents not only a different splicing
variant of mRNA but also a different amount of gene expression. This implies that alternative
transcription may frequently induce alternative splicing.

Recently, a new method to identify the transcriptional starting point using a cap-trapper
system has been reported (Shiraki, T. e al. Proc Natl Acad Sci USA 100, 15776-15781, 2003).
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and.t he, el ongati on actor era

~does B%trfgggncg | %{: clé_grzﬂglkgow 8¢ OL ERIC|SCaETE S, S ]| lpgmedlately allow

indepefdon® talédakion of Adylidtetcak PELRINGIMMS and ideh®Rdation of unannotated reglons In

s RS L ELE L e LR R S e T S

Compiie]ﬁérﬂiﬁe ﬁcﬁenTﬁS@t;onEﬁTth@g@ﬁnf&ﬁcrH%d;f?cﬁm SeksifienRNA spar0tiedsin different
t differ

transcrib f.rom e
types 105y e R Gmerdpalplt RiodbEekelf R or Binetian fomaleity of e hunan
genorhe dnisaisd the didghostichasie fordiatibas @iRbrdéfs suclamsahedd] dieddts of the immune
=1 hese resul ts suggest that individual
5YS e‘PFﬁﬂ&S?ﬁ"Eﬁ%l‘%% P*%P%rt sites are associated with gene
ex [Fireily) taking Smm:leceftmnmfﬂmhvdatﬁ@ﬁxhe fiomd, istvoudd Hefnore appropriate to

' | bed le .
et SR Sam S LRl eSSl B B fessin

obtai ned by conparing the obtai ned gene tag sequences

Indus am ﬁ&%% sequences, while in Exanple 1 the gene
s were not conpared with genomc

sedbepusent ifvensipn evsafuMigobidieing gehetaps. dé goik g duenedeotide
sequeﬂf:? fhadif @&cﬁﬁ'@to’ afsgePg ?‘fﬂlsc ?’J is tﬁo'ﬁghptﬁgtcthe @rteg erﬁcl nf 5%0%{1'61103 ofatagin
a gen@lbbllar)r tedidets nxqu;i levels ofidll gatels eozﬂstﬂuﬁng the 11bra.ry Gene tags are thus
usefuﬁﬁgg 5@{%& o a1 g o ng’ cular ene tz]%ob ametd in accordance with the present
invention are generated based on the 5° end structure shared by all mRNA Thus, results of gene
expression analysis using tags that are generated according to the present invention are more
reliable.

Tags of the present invention include nucleotide sequence information from the 5° end
region of mRNA. Thus, transcriptional start sites in the genome can be identified based on the
nucleotide sequence information of tags generated in accordance with the present invention,
Furthermore, oligonucleotides designed based on the nucleotide sequence information of tags of”
the present invention can be used as primers for full-length cDNA synthesis.

All the prior art documents cited herein are incorporated herein by reference.
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Hono sapi ens GCTGTGACAGCC4428671346 NM
005382neurofil ament 3 Hs ACACGC. (150kDa nedi um
(NEF3), nRNA CTTTTCCTGTGGl:%lZ%I\/UI tiple hit to genone
CAGCAG CTCTTTCCTTGC11127Mul t1'pl e hit to genonme CTAACG
CTCTTCCGECCGT14120Hs. 75309NM 001961eukar yoti c

transl ati on CGTCCCel ongati on factor 2
TACCTGGTTGAT12117Mul tiple hit to genome CCTGCC
CTGGTTGATCCT1689Mul ti pl e hit aAtasgenone GCCAGT Hs.
2744021H AACGGECTAGCCT2183s. 75452 NM 005345, Nvheat
shock 70kDa Hs. 8 GAGGAG 005346 protein 1 A 0288-

AGTASaAIER Pfo@ﬁ@iﬁg AQRHS t4a6 Qkaryobe et AhRhidades the steps of:
cl eopratein Hs. 232400 A2/ Bl

(1) Iirgg%gl\%; oo £5 ézg%grlppg edypg s ¢ 0&&9}% recognition sequence, to the CAP
site of an RNA;

(2) synthesizing a cDNA using the resulting RNA of (1) as a template; and
(3) reacting the resulting cDNA of (2) with a type IIs endonuclease that recognizes the recognition
sequence in the RNA linker, and thereby generating the gene tag.

2. The method of claim 1, wherein step (2) comprises synthesizing a cDNA by the steps
of:
(i) synthesizing a first strand of the cDNA using a primer that anneals to an arbitrary region of the
RNA; and '
(ii) prepaﬁng a double-stranded cDNA by synthesizing a second strand of the cDNA using a
primer that anneals to a region of the first strand which has been synthesized using the RNA linker

as a template.

3. The method of claim 2, wherein the primer that anneals to a region of the first strand
which has been synthesized using the RNA linker as a template has a label that binds to a solid
phase or is immobilized onto a solid phase, wherein the method further comprises the step of
recovering the double-stranded cDNA by recovering the solid phase.

4. The method of claim 3, wherein the solid phase is recovered before or after reaction

with the type IIs endonuclease.

5. The method of claim 1, wherein the RNA linker further comprises a type 11

endonuclease recognition sequence.

6. The method of claim 1, wherein the method further comprises the step of generating a
ditag by linking the end of a gene tag cleaved by the type IIs endonuclease to the end of another
gene tag cleaved by the type IIs endonuclease.

7. The method of claim 6, wherein the method further comprises the step of amplifying
the ditag using a primer that anneals to the RNA linker.

8. The method of claim 1, wherein the method further comprises the step of ligating an
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GCCTGC Honmo sapi ens GIGACAGGCACA206671346 NM
005382neurofil ament 3 Hs CGCCCC. (150kDa nedi um
(NEF3), nmRNA AGTTCGATCGGT:%Z% Itiple hit to genone
AGCGGG Honmo sapi ens ACGCTGT GL956Hs. 71346NM
neurofi |l anent 3 005382 CCACAC (150kDa nedi um (NEF3),
MRNA CTTTTTCGCAACA 55Multiple hit to genonme 5 GGGITT
AATTTCTACGCGR2954Hs NM 001007ri bosomal protein $4,

adaptéiGREE dnbidiay rcldJike SeeheI I ANAGIATRRS 1£:28938d BMe type Is

actin 001101bet a GCGICCs. 510444, guani ne nucl eoti de
endorgsp eptemr CE S g ke Z6 323 RSIVPTHTSTA (g 2pResd (4 the RYA linker and the
adapt&06098

9. A method for producing a concatemer of gene tags, wherein the method comprises the
step of linking multiple gene tags generated by the method of claim 1.

10. A method for producing a concatemer of gene tags, wherein the method comprises the

step of linking multiple ditags generated by the method of claim 6.

11. A method for determining the nucleotide sequence of a gene tag, wherein the method
comprises the step of determining the nucleotide sequence of a concatemer produced by the

method of claim 9 or 10.

12. A reagent kit for producing a gene tag, wherein the kit comprises:
(a) an RNA linker that comprises an oligonucleotide comprising a type IIs endonuclease

recognition sequence;

- (b) areagent for linking the RNA linker with the CAP site of an RNA;

(c) a primer for cDNA second strand synthesis, which comprises an oligonucleotide that anneals fo
a cDNA synthesized using the RNA linker as a template; and

{d) a primer for ¢cDNA first strand synthesis.

13. The kit of claim 12, wherein the primer for cDNA first strand synthesis is selected
from the group consisting of:
(1) a random primer;

(ii) an oligo dT primer; and |

| (iii} a primer comprising a nucleotide sequence complementary to a particular mRNA.

14. A method for obtaining an expression profile of a gene in eukaryotic cells, wherein the
method comprises the steps of:
(1) producing a gene tag by the method of claim 1;
(2) determining the nucleotide sequence of the gene tag of (1); and
(3) obtaining the expression profile by relating the determined nucleotide sequence to its

frequency of occurrence.

15. A database of gene expression profiles constructed by accumulating information of
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GGCGEC509234 _protein), beta polypeptide 2-1ike 1 Hono
sapi ens X ATATTTCTTACT2548(i nacti ve)-specific

CTCTCG ranscript (XIST) on cg{)om)sorre X 43
CTCAGTCECCCC1743Hs. 14376, Hsactin, gammua 1

TGCCAG 500737 ATTCCTAGITAA GGCGEC2342Hs. 268849NM
006708gl yoxal ase | AATTGIGITCGC2437Multiple hit to
genone AGCCGC CCTCCTCATCAC4637Hs. 15589NM PPAR bi ndi n

ene BEAdsERE: RRODIE bbtaiNePbPthe RIthdLEELIRIAST4737Ml ti pl e hit
¢ ?}Eoiﬂ.genorgg GGACGC TAF15 RNA NM AGTACAGCTCCGD03487

pol ynerase |1, TATA NM _  GCCGCC4835Hs. 402752, box
bi n@j Athedticd Bi Analyfd ferle ERBMYes€6:5 poifiddse hherein the method comprises the

step of obtaining gene expression profiles from different types of cells by the method of claim 14,
comparing the gene expression profiles and selecting a gene tag whose frequency of occurrence

differs among the cells.

17. A method for determihing the transcriptional start site of a gene, wherein the method
comprises the steps of:
(1) producing a gene tag by the method of claim 1;
(2) determining the nucleotide sequence of the gene tag of (1); and
(3) mapping the determined nucleotide sequence onto a genomic nucleotide sequence and
identifying a region where the nucleotide sequences match as the transcriptional start site of the

gene.

18. The method of claim 17, wherein the primer for cDNA first strand synthesis
comprises a nucleotide sequence selected from the nucleotide sequence of a particular gene,

wherein the method comprises determining the transcriptional start site of the gene.

19. A primer set for cDNA synthesis, wherein the primer set comprises a 3° primer that
anneals to an arbitrary portion of a cDNA and a 5° primer for synthesizing a cDNA comprising a
nucleotide sequence, or the complementary sequence thereto, determined by the steps of:
(1) producing a gene tag by the method of claim 1; and
(2) determining the nucleotide sequence of the gene tag of (1).

20. The primer set of claim 19, wherein the 3’ primer is selected from the group consisting
of:

" (1) an oligo dT primer;

(ii) sequence information on a cDNA fragment; and
(1ii) a primer comprising the nucleotide sequence of a gene tag adjacent to the type I endonuclease
recognition sequence in the cDNA or the complementary sequence thereto.

21. A method for synthesizing a full-length cDNA, wherein the method comprises the
steps of:

(@) carrying out complementary strand synthesis using an RNA or cDNA as a template and using a

3’ primer comprising an oligo dT primer and a 5’primer for synthesizing a cDNA comprising a
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factor, 68kDa CACCTGITTGCAnyosi n, heavy

GECTGEC4934Hs. 146550pol ypepti de 9, non-nuscl e guani ne
nucl eoti de CTCTCTTTCACTHSs. 56?? Hs. bi nding protein (G
GCAAGE2833509234NM 006098pr ot'ei n), beta pol ypepti de
2-1i ke 1 AGTTGCTTCAGC3430Hs. 446579, HNM 005348heat
shock 90kDa GICCCGs. 449634protein 1, al pha SMC1
structural AGTTCTCGGGCC3329HS NM 006306mai nt enance of

nucleé%&@ udAeCHihe Be@ e bk tﬁeréﬁgi%it%ﬂmiued lt) thelste ps of:
calreticulin
Mmgmg z?@s‘e@ﬁg Sé Emtg@l@e ATTTCGTCTTAG
het(ey dgemnanins ﬂﬁﬁhﬁicﬁs%hdég_éﬁ-ﬁ%e of the gene tag of (1); and

® SR isdBg Bl RGEHs

AGTGEECGGACC5325Hs NM 003299t unor rej ecti on anti gen
22. A full-length cDNA obtained by the method of claim 21.

23. A polypeptide comprising an amino acid sequence encoded by the full-length cDNA
of claim 22.

24. An antibody which recognizes the polypeptide of claim 23.

25. A vector carrying and capable of expressing the coding region of the full-length
cDNA of claim 22.

26. A transformant comprising and capable of expressing the vector of claim 25.

27. A method for producing the polypeptide of claim 23, wherein the method comprises
the step of culturing the transformant of claim 26 and collecting an expressed product.

28. A method for producing the polypeptide of claim 23, wherein the method comprises
the steps of:
(1) confacting an element supporting in vifro translation with a DNA construct comprising the
coding region of the full-length cDNA of claim 22 operatively linked to a promoter; and

(if) collecting an expressed product, -

29.A method for synthesizing a cDNA comprising a nucleotide sequence from the 5° end

of an mRNA, wherein the method comprises the steps of:
(a) carrying out complementary strand synthesis using an RNA or cDNA as a template and using a
3’ primer comprising a nucleotide sequence complementary to an arbitrary region of an mRNA of
interest and a 5° primer for synthesizing a cDNA comprising a nucleotide sequence, or the
complementary strand thereto, determined by the steps of’

(1) producing a gene tag by the method of claim 1; and

(2) determining the nucleotide sequence of the gene tag of (1); and
(b) recovering a synthesized DNA as the cDNA comprising a nucleotide sequence from the 5° end
of an mRNA,
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GCGCGG (gp96) 1 CCCAATTTCTACS5425Hs. 446628NM
i bosomal protein S4, GCGCAC X-1inked

CTCGTTGCGCAGE525Hs. 380118, HRNA bi nding not i f

TAGTGCs
005566|

.460941protein, X-1inkéd GIGCTGCAGCCGHE625Hs NM
act ate dehydrogenase 2795 CTGCCG A

CATTTCGICTTAhet er ogeneous nucl ear

GCCACGH

724Hs. 202166r i bonucl eoprotein HL (H)

CTCTTTCCCTAA5824Mul tiple hit to genome GCAGAC 44

GACTAAT
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001428e

ACC pol'ypeptid Ccr 123Mul tiple hit
‘TGGACG AGTATCTGTGGG6222Hs. 433455, HNM
nol ase 1 (al pha) TACCCGs. 331035,

CAATTTCTACGC6322Hs NM 001007ri bosonmal protein $4,

446628



GCACCG. X- | i nked GCACACAGCCAT6422Hs NM
006158neurofilanment , light 1 07600 CCATCC. pol ypepti de
68kDa AGIGACGCGTATHs. 75337 nucl eol ar and Hs
TGCCTG6519, NM 004741coi |l ed-body 467172

. phosphoprotein 1 CTCTTTCCAGCC6619Multiple hit to

genonme AGCGCC CTTTTCCGCCCGE unor

pr ot ei n,

CTCCCC6719Hs. 374596NM 0032937 2&ns! ational |y
-controlled 1 GCGICTTGTTCTNM 181696, NM _

TGCCTGBSlQFB.180909ﬁ#§ﬁg§7 ?&%ﬁgﬁeroxiredoxin 1 2574
ATATAGAGGECTG6918Hs dhdi | poprotein 427152

GGGGTG bi nding protein (vigilin)

ATTAAACGGTTG3518Hs. 78996, Hs002592 proliferating cel
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CTGACC Table 4: 5 end of transcription profile in
HEK293 cells The top fifty 5 -end transcripts
expressed in HEK293 cells are listed herein. The tag
sequences represent the 18-bp SAGE tag. Tags and their
correspondi ng Uni gene/ ESTs are |isted. Correspondence
between 5' and 3' SACE tag expression To validate the
accuracy of 5 SAGE, the préééht inventors also
perforned 3'-Long SAGE for nRNA in the sane cells. In
<4§q> ng SAGE, the present inventors characterized
transcript tags expressed in HEK293 cell |ine.

uuﬁé%ﬁ?%@' et sy PR NS ATRe HAPER TSy, =

(11,613 tags) of 15,423 different tags matched 10 one
site in genone. Furthernore, 8,359 types of 3' SAGE
tags were associated with known genes in Uni Gene EST
(Table 3). The tags matching nultiple sites in the
<2¥gpoge were as follows: 9% (1395 tags) to two |oci,
2% (2,039 tags) to 3-99 loci, and t 2.4% (376 tags)
<2ﬁ?>1g% or nore loci. The percentage of tags that
netched multiple sites in the genone was very simlar
<2E§; 5" 45 SACGE and 3' SAGE (Table 2). On the other
SAGE tags were very heterogeneous as
d MAt 3" SAGE tags. Saha et al. have al so
<2?§ﬁ3ﬁrf 5t g gs present at nore than 10 copies per
genone are nore highly expressed on average than
those present at only one copy per genone (Saha, S. et
<2%g Nat 5 Biotechnol 20, 508-512, 2002). The data
talned by the present inventors also denonstrated
the .r. Iat| essi on el,was _higher in 3 to
<287 ghi S Ras BpReree B OREHT R oA sAe
and 3' SAGE libraries. This is due to the nmechani sm of
correl ati on between gene expression and gene
<4Fﬁpllcat|on t hrough retrotransposition. To estimate
xtent of simlarity between two libraries, the
g{ar son of the expressed enes bet ween 5' SACE and 46
“‘“éc“ 8fg SREE VRS 18 85?%%‘8 SCUSPRE ' THRE s’ and 3
tags are randomy sanpled fromthe 5 and 3' ends
separately, the probability that the 5 tags are
associated with a particular full-length cDNA sequence
is expected to coincide with the probability that the
<2f gs are matched to the cDNA,. However, due to the
%Eo lete collection of full-length cDNA sequences or
<9 ter atively spliced transcripts, it is not 15
ra| htforward to determ ne the exact correspondence

B t the 5 and 3' tags even though these tags
<2ﬁ$§ﬁ§ﬁ@e originated fromthe sane codi ng region. One

om,sj approach would be to put together EST
<zgﬁﬁgﬁﬁ%ﬁg§lgﬁat share exons in common, treat such a
cluster as a gene coding

<220>

223> an artificially synthesized primer sequence
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| ocus, map the 5 and 3' SACE tags to these clusters
and their upstreamregions, and uncover a
correspondence between 5 and 3' SACGE tag expression.
In this way, the present inventors 20 counted pairs of
3" (horizontal axis) and 5 (vertical axis) tag
occurrence nunbers for each gene coding region, and
Fig. 3 presents all the pai P€2{n two-di nensi ona
pl ane. Conparison of the expression patterns reveal ed
that nost genes were expressed at simlar |levels
between both Ilibraries. However, several transcripts
were expressed at significantly different |levels, and
Pearson correlation coefficients of 5 and 3' SACE
¢ohbPraries showed noderate simlarity, at 0.36. 25 The
reason for the noderate correlation is due to the
ofispepsion of frequency fromthe 5 and 3' SACGE
[Mbraries. There are several possibilities for
<2?Qpe§mrnce of these tags, such as sequences derived
rom (1) a PCR anplification error in 5 SAGE and 3
o PAE; : mal | nunber of genes that would be
<2expec %§%¥%agppropriate the Nlalll restriction 30
site in 3 SAGE; (3) a small nunber of genes that
woul d be expected to appropriate the Xhol restriction
¢o5h3 €s in 5 SAGE; (4) an unknown splicing variant of
NA in 5 SAGE and 3' SACGE; and (5) an annotation
or_f . t i pl.e m.c loci or EST
<2§%ao€gt%@ng??%#ﬁ§3gﬂﬁﬁféﬂﬁ%ng%@%rTﬁgﬁﬂ%fﬁdy identified
only a fraction of the genes expressed in HEK 293
cells as an 46 exanple. A nmuch | arger nunber of tags,
obgem a variety of different cell types and
environnental conditions, would be required to

2 ﬂpr%g%pu%ag&§¥ribe t he conpendi um of expressed genes.
ccunul ation of data may resol ve the probl em of
r n e between 5 and 3' SAGE tag expression.
<2%2{ngﬁgéﬁ§2? Several groups have reported that nRNA
<2§§>_af_t”n5£:§ es (%?%gruléi , Y. et al. Diverse transcriptional
Initiation teveal éd by fine, |arge-scale mappi ng of
MRNA start sites. EMBO Rep 2, 388-393, 2001) and
pol yadenyl ati on cl eavage sites (Pauws, E., van Kanpen,
H , van de Graaf, 10 S. A, de Vijlder, J.J. &
<4 >S_ %t

al pers, C. Heterogeneity in polyadenyl ation

e sites  in manmal i an MRNA sequences:
gc%‘?‘%%%%%ﬁcgﬁgc%a&rg %ﬁng?% §7§i s. Nucleic Acids Res 29,
- 1690- 1694,
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2001) show heterogeneity. Al though Shiraki et al.
reported the difference of TSS of the specific gene
during an organization (Shiraki, T. et al. Cap
anal ysi s gene expression for high-throughput analysis
of transcriptional starting point and identification
of pronoter usage. Proc Natl Acad Sci 15 USA 100,
15776- 15781, 2003), the dat#/8f the present inventors
show that the diversity of TSS already exists in a -
cell. Mreover, the data of the present inventors
provi de direct evidence for the heterogeneity of TSS
< gg the 3' end region by neans of the 5 SAGE and 3'
GE nmet hods. For instance, the PPAR binding protein
T. d two 3" SAGE tag sites; ribosonal
<2%?gt§ﬁﬁcfé%%§§ggl6 TSSs and one 3' SACE tag site; and
ret;sculjyn has seven TSSs and 20 one 3' SAGE tag
<%??%e ﬁ?h'ggdition, alternative nRNA splicing is a
Lyot tribution to the conplexity of the human
'<2%?%té%#ggqg@%%%t genone studi es have denonstrated that
40 to 60% of human genes are alternatively spliced
(Modrek, B. & Lee, C. A genomc view of alternative
<46&Li§ ng. Nature Cenetics 30, 13-19, 2002). It has
beéen estimated that 15% of point nutati ons cause
h n.gepetic. di seases a,mMRNA splicing defect
otk T ket i AL MY Aeoper 7D N 35 The
mut ati onal spectrum of single base-pair substitutions
in MRNA splice junctions of human genes: causes and
consequences. Hum Genet 90, 41-54, 1992). Zavol an et
al . have reported that anong the transcription units
<2T6§hfyultiple splice fornms, 49% contain transcripts
in which usage of an alternative transcription start
<22§>a%§onpanied by alternative splicing of the initia
xon“(Zavolan, M et al. Inpact of alternative
<2%Q;tk@ﬁion, splicing, 30 and term nation on the
r've ty of the nRNA transcripts encoded by the nouse
<2%59n29%%3&8nﬁ. Genorme Res 13, 1290-1300, 2003). The
fesént 11VEntors al so found that each mRNA start site
of several genes, such as peroxiredoxin 4
(NM_006406), represents not only a different splicing
Y@ iant of nRNA but also a different amount of gene
Xpression. This inplies that alternative
anscri pt.i.on, frequently induce alternative
A T T S PRI Go R4 et Ty ¢ he
transcriptional starting point using a cap-trapper
system has been reported (Shiraki, T. et al. Proc Natl
9 ad Sci USA 100, 15776-15781, 2003). 47 However, the
ficiency of identification of mapping nRNA start
jite is t _promnent by this nethod. The 5 SAGE
<2%§ih8as%3%8F$%%d in the study of the present inventors
2 cilhiatgi an exact mapping of the TSS and al so
ta sh the frequency of gene expression. In
¢ n_c:"u‘?iog)i #he use of 5' SAGE nethod can considerably
ci [FP%: &P annotation of 5 genomes. Since 5 SAGE
represents one of the few high throughput discovery
approaches t hat

<400> 6
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does not depend on an a priori know edge of gene
sequences, such data will imrediately allow
i ndependent wvalidation of in silico gene predictions
and identification of unannotated regions. In
addition, the 5 SAGE nethod wll be useful for
finding SNPs in 5 UTR/ pronoter regions.
Conpr ehensi ve i dentification/8f the gene transcri bed
fromspecific nRNA start sites in different 10 types
not only provides novel insight into the expl anation
of functional conplexity of the human genone but al so
¢<A1Be di agnostic basis for various disorders such as
cancer, diseases of the inmune system and
<gq?yrqhogical di seases. Finally, taking consideration
of the diversity of the 5 end, it would be nore
<2399rqﬁ@iate to performb5 SAGE than 3' SAGE for the
etermnation of the frequency of gene expression. 15
<2%§>|0€%?%ﬂﬁﬂh Applicability The present invention is
usefu or obtaining gene tags. A gene tag is a
nucl eoti de sequence that is specific to a gene. Thus,
it is thought that the frequency of occurrence of a
<2§?g in a gene library reflects expression | evels of
all genes constituting the library. Gene tags are thus
ful. Lo p ' ' rticular,
o e RN T AR oo oot
i nvention are generated based on the 5 end structure
shared by all nRNA Thus, results of gene expression
<4@ﬁglwsis using tags that are generated according to
the present invention are nore reliable. Tags of the

I ' i ncl ude nucl eoti de sequence
gc?%?%%%%t+%¥£gﬁ% %he 5" end 25 region of nRNA. Thus, 21
transcriptional start sites in the genone can be
identified based on the nucl eoti de sequence
informati on of tags generated in accordance with the
present invention. Furthernore, oligonucleotides
<2g§§i@ned based on the nucl eoti de sequence informtion
of tags of the present invention can be used as
<2P{§n2§s for full-length cDNA synthesis. Al the prior
art docunents cited herein are incorporated herein by
<2[£;ebﬁﬂce. 30 48 CLAIM5S 1. A nethod for producing a
gene tag for eukaryotic cells, which conprises the
p s: 2(4) linking an RNA |inker, conprising a
<2?§§eir?%ﬁgﬁé%nuclease recogniti on sequence, to the CAP
5 site of an RNA;

<220>
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(2) synthesizing a cDNA using the resulting RNA of (1)
as a tenplate; and (3) reacting the resulting cDNA of
(2) with a type Its endonucl ease that recogni zes the
recognition sequence in the RNA.linker, and thereby
generating the gene tag. 10 2. The nethod of claiml1,
wherein step (2) conprises synthesizing a cDNA by the
steps: of: (i) synthesizing6d2first strand of the cDNA
~using a prinmer that anneals to an arbitrary region of
<2&T§ 2I?NA; and (ii) preparing a doubl e-stranded cDNA by
syht hesi zing a second strand of the cDNA using a 15
' that anneals to a region of the first strand
<2@%%gﬁﬁﬁas been synt hesi zed using the RNA |inker as a
l,ate.. 3., The nmethod of claim2, wherein the priner
<2§ﬁgPA§%H@§F§1to a region of the first strand which
has been synthesi zed using the RNA | inker as a
tenpl ate has a | abel that binds to a solid 20 phase or
<2'?@Pinm)bilized onto a solid phase, wherein the nethod
rther conprises the step of recovering the
bl e- st r.anded ,cDNA recovering the solid phase. 4.
<2 R R R S P sl i phase | <
recovered before or after reaction wth the type Its-
endonucl ease. 25 5. The nethod of claim1, wherein the
<45§A l.i nker further conprises a type Il endonucl ease
coanition sequence. 6. The nethod of claim1,
wherein the thod further conprises the step of
Ctﬁ%ﬁ@?ﬁ?f%ﬁa%gﬁéﬁ #%8448by linking the end of a gene
tag cleaved by the type Its endonucl ease to the end of
anot her gene tag cleaved by the type Its
endonucl ease. 7. The nmethod of claim®6, wherein the
nmet hod further conprises the step of anplifying the
<9 @;aqousing a prinmer that anneals to the RNA |inker
8 "The met hod of claim1, wherein the nethod
<2L rtﬁgr conprises the step of ligating an 49 adapter
Vi an arbitrary nucl eoti de sequence to the end of
9 eﬁﬁ tag cleaved by the type Its endonucl ease and
gﬁ%l @ing the gene tag using prinmers that anneal to
< £@ NA | i nker and the adapter. 5 9. A nethod for
odt¥Fhg* B CGncat emer of gene tags, wherein the
nmet hod conprises the

<400> 10

acatctgacc tcatggag

<210> 11

- <211> 18
<212> DNA

<213> Homo sapiens

<400> 11

27

18



step of linking multiple gene tags generated by the
nmet hod of claiml. 10. A nethod for producing a
concat ener of gene tags, wherein the method conprises
the step of linking nmultiple ditags generated by the
met hod of claim®6. 10 11. A nethod for determ ning the
nucl eoti de sequence of a gene tag, wherein the nethod
conprises the step of deterf&7ng the nucl eoti de
sequence of a concatener produced by the nethod of
I m r 10, 15 12. A reagent kit for producing a
m%éﬁgxﬁgg&u:a%?%in the kit conprises: (a) an RNA |inker
t hat conprises an oligonucl eotide conprising a type
Its endonucl ease recognition sequence; (b) a reagent
for linking the RNA linker with the CAP site of an
RNA; (c) a primer for cDNA second strand synthesi s,
<2\11\/8'3(E)El&corrpris.es an ol i gonucl eoti de that anneals to 20
ac synt hesi zed using the RNA |inker as a tenplate;
<2?ﬂg &%) a prinmer for cDNA first strand synthesis. 13.
e Kit of claim12, wherein the priner for cDNA first
<2§E£aQ®,synthesis is selected fromthe group
consis#ing of: 25 (i) a randompriner; (ii) an oligo
priner; and (iii) a prinmer conprising a nucleotide
<2§%ﬁu£%@%%%ﬁﬁ?%nentary to a particular nRNA. 14. A
net hod for obtaining an expression profile of a gene
in eukaryotic cells, wherein the 30 nethod conprises
<4b$§ ﬁ&eps of : (1) producing a gene tag by the nethod
of"claiml1; (2) determ ning the nucl eotide sequence of
th ne tag of (1); and (3) obtaining the expression
taﬁ?g‘%giql%% %chéf%ti ng the determined nucl eotide sequence
toits frequency of occurrence. 35 15. A database of
gene expression profiles constructed by accunul ati ng
i nformati on of 50 gene expression profiles obtained by
the method of claim14. 16. A nethod for anal yzing
<2?ﬁpe1§xpression profiles, wherein the nmethod conprises
e tep of obtaining gene expression profiles from
<2?i§f?éent types of cells by the nethod of claim 14,

<212> DNA

213> Homo sapiens

<400> 13

cttttcetgt ggcageag

<216> 14
<211> 18
<212> DNA

<213> Homo sapiens

18

18

18



5 conparing the gene expression profiles and sel ecting
a gene tag whose frequency of occurrence differs
among the cells. 10 15 17. A nethod for determ ning
the transcriptional start site of a gene, wherein the
met hod conprises the steps of: (1) producing a gene
tag by the nethod of claim1l, (2) determ ning the
nucl eoti de sequence of the §é%e tag of (1); and (3)
mappi ng the determi ned nucl eoti de sequence onto a
<48 oghc nucl eoti de sequence and identifying a region
er the nucl eotide sequences match as the
ct _€Q§CE| %nal start site of the gene. 18. The 18
ret1iéd Er&fm 17, wherein the primer for cDNA first
strand syntheS|s conprises a nucl eotide sequence
sel ected fromthe nucl eotide sequence of a particular
gene, wherein the nmethod conprises determ ning the
transcriptional start site of the gene. 20 19. A
(2@g nﬁF set for cDNA synthesis, wherein the priner set
ses a 3" priner that anneals to an arbitrary
<2£%&Aﬁgn of a cDNA and a 5 prinmer for synthesizing a
onprising a nucleotide sequence, or the
<2g2ﬁpbﬁgentary sequence thereto, determ ned by the
ep (1) producing a gene tag by the nethod of
<o # ﬁ] ; and (2) determ ning the nucl eoti de sequence
8m%éW81?§b of (1). 20. The primer set of claim
19, wherein the 3" prinmer is selected fromthe group
consisting of: (i) an oligo dT priner; (ii) sequence
<4@%,Oﬁgat|on on a cDNA fragnent; and 30 (iii) a priner
sing the nucl eoti de sequence of a gene tag
: cent to {he type Il endonucl ease recognition 18
© g% BACSEfiCtefe cDNA or the conpl enentary sequence
thereto. 21. A nethod for synthesizing a full-length
cDNA, wherein the nethod conprises the steps of: 35
(a) carrying out conplenentary strand synthesis using
an RNA or cDNA as a tenplate and using a 3' primer
<2 q> S|ng an oligo dT primer and a 5'priner for
sizing a cDNA conprising a 51 nucl eotide
ce, or the conplenentary sequence thereto,
te ned by the steps of:

212> DNA

<2
<213> Homo sapiens

<400> 16

ctggttgate ctgecagt 18

210> 17
211> 18
212> DNA

<213> Homo sapiens



(1) producing a gene tag by the nethod of claim1; and
(2) determ ning the nucl eotide sequence of the gene
tag of (1); and (b) recovering a synthesized DNA as
the full-length cDNA. 22. A full-length eDNA obtai ned
by the nethod of claim21. 23. A polypeptide
conprising an am no acid se%uence encoded by the
full-length cDNA of claim 222710 24. An anti body
whi ch recogni zes the pol ypeptide of claim23. 25. A
vector carrying and capabl e of expressing the coding
region of the full-length cDNA of claim?22. 15 26. A
< bégngﬁornant conpri sing and capabl e of expressing the
4 tor of claim25. 27. A nmethod for producing the
Ct?oLy %gthzecof clai m 23, wherein the nmethod conpri ses 18
fie 0 Eﬁﬁturing the transformant of claim 26 and
col l ecting an expressed product. 20 28. A nethod for
produci ng the pol ypeptide of claim 23, wherein the
“met hod conprises the steps of: (i) contacting an
el ement supporting in vitro translation with a DNA
<2§€?sﬁ%uct conprising the coding region of the
| -T'ength cDNA of claim 22 operatively linked to a
<zgg9n2 er; and 25 (ii) collecting an expressed product.
g nmet hod for synthesizing a cDNA conprising a
© clzﬁ%ide sequence fromthe 5 end of an nMRNA,
er the nethod conprises the steps of: (a) _
rrylng out conplenentary strand synthesis using an
<2§%ﬁ ﬁ#mgﬁﬁﬂ?gg;a tenplate and using a 30 3' priner
conpri sing a nucl eoti de sequence conpl enmentary to an
arbitrary region of an nRNA of interest and a 5
<4§é§n§ﬁ for synthesizing a cDNA conprising a nucl eotide
guefice, or the conplenentary strand thereto,
term ned by the steps of: (1) producing a gene tag
Ctg&%ﬁ?gcrfé’tg%%gcof claim1; and (2) determning the 18
nucl eoti de sequence of the gene tag of (1); and 35 (b)
recovering a synthesized DNA as the cDNA conprising a
nucl eoti de sequence fromthe 5° end of an MRNA 52

<210> 19
<211> 18
<212> DNA

<213> Homo sapiens

<400> 19

acgetgtgac agccacac 18

<210> 20
<211> 18
<212> DNA



30. A nethod for determning the 5 nucleotide

sequence of an nRNA, wherein the nethod conprises the

step of determ ning the nucl eoti de sequence of the

CDNA recovered by the nethod of claim?29. 1/27

SEQUENCE LI STI NG <110> POST GENOMVE | NSTI TUTE CO., LTD

<120> METHOD OF OBTAI NI NG GENE TAG <130> Pd - ACB01Y1P

<150> JP 2003- 402306 <151> P0@3-12-01 <150> JP

2004- 6630 <151> 2004-01-14 <160> 69 <170> Patentln
<%2§%sion 3r}'<210> 1 <211> 48 <212> RNA <213>

i f100r al°P2539> <223> an artificially synthesized RNA

| i nker sequence 2/27 <400> 1 uuuggauuug cuggugcagu

acaacuaggc uuaauacucg aguccgac 48 <210> 2 <211> 46
<46§%2>0RNA <213> Artificial <220> <223> an

a Tﬁ cially synthesized RNA |inker sequence <400> 2

uuucuqgcuc aauuCaagCu ucuaacgau uacgcucga uccgac 46
gtEacageea Catgeece 9 gaug g gag g

210> 21
211> 18
212> DNA

<{213> Homo sapiens

<400> 21

“aacggctage ctgaggag

210> 22
211> 18
<212> DNA

<213> Homo sapiens
400> 22

agtagcageca gegeeggg

210> 23

211> 18

18

18

18



<210> 3 <211> 42 <212> DNA <213> Artificial <220>
<223> an artificially synthesized priner sequence
<400> 3 gcggctgaag acggcctatg tggeccttttt tttttttttt tt
42 3/ 27 <210> 4 <211> 32 <212> DNA <213> Artifici al
<220> <223> an artificially synthesized priner
sequence <220> <221> msc feature <222> (26).. (31)
<223> "n"=a, t, g or c <400b/27gcggct gaag acggcctatg

tggccnnnnn nc <210> 5
i fi.cial <220> 32 <223> an artificially synthesized
<2€?%ni$ﬁsequence 4/ 27 <220>

<213>

<400>

Homo sapiens

23

attcctagtt aaggcgge

<210>
<211>
212>

213>

<400>

24
18
DNA

Homo sapiens

24

aattgtgttic geageege

<210>
211>
212>

213>

<400>

25
18
DNA

Homo sapiens

25

atatttctta ctcteteg

<2106>

26

<211> 33 <212> DNA <213>

<221> m st feature

18

18

18



<222> (1).. (1) <223> Label biotin <400> 5 ggatttgctg
gt gcagt aca actaggctta ata 33 <210> 6 <211> 31 <212>
DNA <213> Artificial <220> <223> an artificially
synt hesi zed priner sequence <220> <221> m st feature

<222> (1).. (1) <223> Label biotin <400> 6 ctgctcgaat

tcaagcttct aacgatgtac g 31 5/27 <210> 7 <211> 21
<212> DNA <213> Artificiall2230> <223> an
artificially synthesized prinmer sequence <400> 7

<2905

213>

<400>

Homo sapiens

26

ctecagtegee gectgecaa

210>
211>
<212>

213>

<400>

27
18
DNA

Homo sapiens

27

aagacggeea gectgagg

210>
211>
212>

<213>

<400>

28
18
DNA

Homo sapiens

28

ctectectttea clgeaagg

<211> 27

ggaag acggcctatg t 21 <210> 8
<220> <223> an artificially

<213> Artificial
Nt BRsi zed primer sequence

18-

18

18



<400> 8 ggatttgctg gtgcagtaca actaggc 27 <210> 9 6/ 27
<211> 27 <212> DNA <213> Artificial <220> <223> an
artificially synthesized prinmer sequence <400> 9
ctgctcgaat tcaagcttct aacgatg 27 <210> 10 <211> 18
<212> DNA <213> Honp sapi ens <400> 10 acatctgacc
tcatggag 18 <210> 11 <211> 18 <212> DNA <213> Honp
sapi ens <400> 11 7/27 ctctti®Eft gcctaacg <210> 12
<211> 18 <212> DNA <213> Honp sapi ens <400> 12
<2t1890t2%gttg atcctgcc <210> 13

211> 18
<212> DNA

<213> Homo sapiens .

<400> 29

aatttctacg cgcacegg : 18

<210> 30
<211> 18
<212> DNA

{213> Homoc sapiens

<400> 30

accgeegaga cegegtee 18

<216> 31
211> 18
<212> DNA

213> Homo sapiens

<400> 31

agacgcagag tagattgt : 18



<211> 18 <212> DNA <213> Honp sapi ens <400> 13-
cttttcctgt ggcagcag <210> 14 <211> 18 <212> DNA
<213> Hono sapiens 18 18 18 8/ 27 <400> 14 ctcttccgcc
gtcgtcgc 18 <210> 15 <211> 18 <212> DNA <213> Hono
sapi ens <400> 15 ctcattgaac tcgcctgc 18 <210> 16
<211> 18 <212> DNA <213> Honp sapi ens <400> 16
ctggttgatc ctgccagt 18 <210¥/27 <211> 18 <212> DNA
<213> Honp sapi ens '

210> 32
<211> 18
<212> DNA

<213> Homo sapiens

<400> 32

agttcgatcg gtagegge

<210> 33
<211> 18
<212> DNA

<213> Homo sapiens

<400> 33

agttctcggg cgtacgge

210> 34
211> 18
<212> DNA

- <213> Homo sapiens

<400> 34

agttgettca gegteccg

18

18

18



9/ 27 <400> 17 ctcagtcgcc gctgccag 18 <210> 18 <211>
18 <212> DNA <213> Hono sapi ens <400> 18 ctttcactgc
aaggcggc 18 <210> 19 <211> 18 <212> DNA <213> Hono
sapi ens <400> 19 acgctgtgac agccacac 18 <210> 20

<211> 18 <212> DNA 10/ 27 gtgacagcca cacgcccc <210> 21
<211> 18 <212> DNA <213> Honp sapi ens <400> 21 18
aacggct agc ctgaggag 18 <210%6/27 <211> 18 <212> DNA
<213> Honp sapi ens

210> 35
Q1> 18
212> DNA

<213> Homo sapiens

<400> 35

attaaacggt tgcaggeg

<210> 36
<211> 18
<212> DNA

213> Homo sapiens

<400> 36

CCEECCEEEE EECEEECE

<210> 37
<211> 18
<212> DNA

{213> Homo sapiens

<400> 37

18

18



<400> 22 agtagcagca gcgccggg <210> 23 <211> 18 18
<212> DNA <213> Honp sapi ens <400> 23 attcctagtt
aaggcggc 18 <210> 24 <211> 18 <212> DNA <213> Hono
sapi ens <400> 24 aattgtgttc gcagcegc 18 <210> 25
<211> 18 <212> DNA <213> Honp sapi ens <400> 25
atatttctta ctctctcg 18 <210> 26 12/27 <211> 18 <212>
DNA <213> Honp sapi ens <400/28 ctcagtcgcc gctgccaa
<210> 27 <211> 18 <212> DNA

cettttgget ctetgace

210> 38
<211> 18
<212> DNA

213> Homo sapiens

<400> 38

ctcagtacag ctceggee

<210> 39
211> 18
<212> DNA

. <213> Homo sapiens

<400> 39

ctetttegge cgegetigg

<210> 40
211> 45
<212> DNA

<213> Artificial

18

18

18



<213> Honp sapi ens %400> 27 aaaacggcca gcctgagg <210>

28

<211> 18 <212> DNA <213> Honp sapi ens <400> 28 18

18 ctctctttca ctgcaagg 18 13/27 <210> 29 <211> 18
<212> DNA <213> Honp sapi ens <400> 29 aatttctacg
cgcaccgg 18 <210> 30 <211> 18 <212> DNA <213> Hono
sapi ens <400> 30 accgccgaga ccgcgtec 18 <210> 31
<211> 18 <212> DNA <213> Hoh87sapi ens <400> 31
agacgcagag tagattgt 18 14/ 27

<220>
<223>

<400>

an artificially synthesized DNA linker sequence

40

tttggatttg ctggtgcagt acaactagge ttaatatccg acatg

210>
211>
<212>

213>

220>

223>

220>
221>
222>

223>

<400>

41
38
DNA

Artificial

an artificially synthesized DNA linker sequence

misc_feature
(38).. (38)

C7—anino—modified

41

tcggatatta agcctagtig tactgecacca gcaaatce

210>

211>

42

43

45

38



<210> 32 <211> 18 <212> DNA <213> Honp sapi ens <400>
32 agttcgatcg gtageggg 18 <210> 33 <211> 18 <212>
DNA <213> Honp sapi ens <400> 33 agttctcggg cgtacggc 18
<210> 34 <211> 18 <212> DNA <213> Honp sapi ens <400>
34 agttgettca gcgtcccg 18 15/27 <210> 35 <211> 18
<212> DNA <213> Hono sapi ens <400> 35 attaaaeggt

t gcaggcg <210> 36 <211> 1818&F12> DNA <213> Honp

sapi ens <400> 36 ccggccgggg ggcgggcg

21

213>

<220>

<223>

<400>

DNA

Artificial

an artificially synthesized DNA linker sequence

42

tttctgeteg aattcaaget tetaacgatg tacgtccgac atg

<210>
<211>
212>

<213>

220>

<223>

<220>
221>
<222>
223>

<400>

43
36
DNA

Artificial

an artificially synthesized DNA linker sequence

misc_Teature
(36). . (36)

CT7—amino~modified

43

-tcggacgtac atcgttagaa gettgaattc gagcag

43

36



<210> 37 <211> 18 <212> DNA <213> Hono sapiens 18 18
<400> 37 16/27 ccttttggct ctctgacc <210> 38 <211> 18
<212> DNA <213> Honp sapi ens <400> 38 18 ctcagtacag
ctccggec 18 <210> 39 <211> 18 <212> DNA <213> Hono
sapi ens <400> 39 ctctttcggc cgcgctgg 18 <210> 40

<211> 45 <212> DNA <213> Artificial 17/27 <220>
<223> an artificially synthEs2Zed DNA | i nker sequence
<400> 40 tttggatttg ctggtgcagt acaactaggc ttaatatccg
acatg 45 ' ‘

<210>
211>
<212>

213>

<400>

44
18
DNA

Homo sapiens

44

getgtgacag ccacacge

210>
<211>
<212>
<21

<400>

45
18
DNA

Homo sapiens

45

ctttttcgea acgggttt

210>
211>
<212>

<213>

<400>

46
18
DNA

Homo sapiens

46

eeteccteate acacgecg

18

18

18



<210> 41 <211> 38 <212> DNA <213> Artificial <220>
<223> an artificially synthesized DNA |inker sequence
<220> <221> mi st feature <222> (38).. (38) <223>
C7-am no-nodi fi ed <400> 41 tcggatatta agcctagttg
tactgcacca gcaaatcc 38 <210> 42 <211> 43 18/27 <212>
DNA <213> Artificial <220> <223> an artificially

synt hesi zed DNA |inker sequd®d <400> 42 tttctgctcg
aattcaagct tctaacgatg tacgtccgac atg 43 <210> 43 :
<211> 36 <212> DNA <213> Artificial <220> <223> an
artificially synthesized DNA |inker sequence <220>
<221> m sc feature <222> (36)..(36) <223>

C7-am no-nodi fi ed

210> 47
211> 18
212> DNA

<213> Homo sapiens

<400> 47

ctttetgeece gtggacge

<210> 48
211> 18
<212> DNA

<213> Homo sapiens

<400> 48

agtacagcte cggeegee

<210> 49
211> 18
<212> DNA

'+ <213> Homo sapiens

- <400> 49




<400> 43 tcggacgtac atcgttagaa gcttgaattc gagcag 36
19/ 27 <210> 44 <211> 18 <212> DNA <213> Honp sapi ens
<400> 44 gctgtgacag ccacacgc 18 <210> 45 <211> 18
<212> DNA <213> Honp sapi ens <400> 45 ctttttcgca
acgggttt 18 <210> 46 <211> 18 <212> DNA <213> Hono
sapi ens <400> 46 eeteetcate acacgccg 18 20/ 27 <210> 47
<211> 18 <212> DNA <213> HdWZTsapi ens <400> 47

ctttctgccc gtggacgc 18 <210> 48

cacctgtitg caggetige

<2105
211>
212>
<2135

<400>

50
18
DNA

Homo sapiens

50

gtcecgtactg cagageceg

<210>
211>
<212>
213>

<400>

b1
18
DNA

Homo sapiens

al

atttcgtett agccacge

210>
<211>
212>

213>

52
18
DNA

Homo sapiens

<211> 18 <212> DNA

18

18

18



<213> Hono sapi ens <400> 48 agtacagctc eggccgec 18
<210> 49 <211> 18 <212> DNA <213> Hono sapi ens <400>
49 21/27 cacctgtttg caggctgc 18 <210> 50 <211> 18
<212> DNA <213> Honp sapi ens <400> 50 gtccgtactg
cagagccg 18 <210> 51 <211> 18 <212> DNA <213> Hono
sapi ens <400> 51 atttcgtctt agccacgc 18 <210> 52

<211> 18 <212> DNA <213> 7sapi ens 22/ 27 <400> 52
aggcattgag geagccag 18 <210> 53 <211> 18

<400>

52

aggcattgag gcagccag

<210>
211>
<2125

213>

<400>

53
18
DNA

Homo sapiens

53

agigggcgga cegegegs

<2102
<Z211>
212>
<213>

<400>

54
18
DNA

Homo sapiens

o4

cccaatttet acgegeac

<2105
<211>
<212>
213>

5b
18
DNA

Homo sapiens

18

18

18



<212> DNA <213> Honp sapi ens <400> 53 agt gggcgga
ccgcgcgg 18 <210> 54 <211> 18 <212> DNA <213> Hono
sapi ens <400> 54 cccaatttct acgcgcac 18 <210> 55
<211> 18 <212> DNA <213> Hono sapi ens 23/27 <400> 55
ctcgttgcgc agtagtgc 18 <210> 56 <211> 18 <212> DNA°
<213> Hono sapi ens <400> 56 gggctgcagc cgctgccg 18
<210> 57 <211> 18 <212> DRW

57 catttcgtct tagccacg 18 <210> 58 <211> 18

213> Hono sapi ens <400>

<400>

55

ctegttgege agtagtge

- <210>
211>
212>

213>

<400>

b6
18
DNA

Homo sapiens

56

gtgetgecage cgetgeeg

<210>
211>
<212>
213>

<400>

57
18
DNA

Homo sapiens

57

catttcgtet tagecacg

<210>
211>
212>

58
18
DNA

18

18

18



<212> DNA 24/27 <213> Hono sapi ens <400> 58 ctetttccct
aagcagcc 18 <210> 59 <211> 18 <212> DNA <213> Hono
sapi ens <400> 59 gactaatttg ttggcggc 18 <210> 60
<211> 18 <212> DNA <213> Honp sapi ens <400> 60
acctcattca tttctacc 18 <210> 61 <211> 18 25/27 <212>

DNA <213> Honop sapi ens <400> 61 cctttctgcc cgtggacg 18

<210> 62 <211> 18 <212> DR#24213> Hono sapi ens <400>
62 agtatctgtg ggtacccg 18 <210> 63

<213>

<400>

Homo sapiens

58

ctcttteect aagcagece

<2107
<Z211>
212>

<213>

<400>

59
18
DNA

Homo sapiens

59

gactaatttg ttggegegce

<210>
<211
212>

213>

<400>

acctecattea tttetace

<210>
<2115

60
18
DNA

Homo sapiens

60

61

18

18

18

18



<211> 18 <212> DNA <213> Honp sapi ens <400> 63
caatttctac gcgcaccg 18 <210> 64 26/27 <211> 18 <212>
DNA <213> Honp sapi ens <400> 64 geacacagec atccatcc 18
<210> 65 <211> 18 <212> DNA <213> Honp sapi ens <400>
65 agtgacgcgt attgcctg 18 <210> 66 <211> 18 <212>
DNA <213> Honb sapi ens <400> 66 ctctttccag ccagcgcc 18
27/ 27 <210> 67 <211> 18 <2887 DNA <213> Honmp sapi ens
<400> 67 ettttccgcc cgctcccc 18 '

<212> DNA

<213> Homo sapiens

400> 61

cctttetgee cgtggace

<210> 62
<211> 18
<212> DNA

<213> Homo sapiens

<400> 62

agtatctgtg ggtacceg

210> 63
211> 18
<212> DNA

<213> Homo sapiens

<400> 63

caatttectac gegecaceg

210> 64

18

18

18



<210> 68 <211> 18

<212> DNA <213> Honp sapi ens <400>

68 gcgtcttgtt cttgecctg 18 <210> 69 <211> 18 <212>
DNA <213> Honp sapi ens <400> 69 at atagaggc tgggggtg 18

<211> 18
<212> DNA

<213> Homo sapiens

<400> 64
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