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1 DESCRIPTION METHODS FOR OBTAINING GENE TAGS 5
Technical Field The present invention relates to methods for obtaining
- gene tags and methods for analyzing gene tags. Background Art 10 Cells
can be characterized by comparing gene expression patterns among
various cells. Specifically, cell catalogs can be prepared, in which cellular
states are represented by gene expression patterns. With such catalogs,
cells can be specified based on their gene expression patterns.
Conversely, genes characterl3fi¢ 6RERERBEI can be identified by
comparing gene expression patterns between cells. For example, genes
whose express;j \é%ss It id 1% n.arificial treatment can be
identified by coﬁ%ﬁ% g gZél%%f(% Qﬁﬁ\%a Ehﬂfﬁéﬁéen normal cells
and cells subjected to the artificial treatment. Expression levels of such
TechnicaldERes are altered as a result of the artificial treatment. Likewise, genes

ssociated.with a disease can be i ified by .comparing gene
o SHRLIT A B TE FenR AT EcHE BAHECAT s for
analyzing@enwpagng types and expression levels of genes between cells through
‘ exhaustive 20 analysis of genes expressed in cells in a particular state by
cgmparing gene expression patterns as described above is called "gene
M%sion analysis". There exist various technologies for gene
(&nipressibn dnadysisizEd be ampleitheenethqasStibovpitehaverbergnvarious cells.
SpecificalEVQIRGA @%tsegﬁ@%%mﬁ%mr@aﬁm L%x&@a%er%if@sr&ﬁ&d by genc

between cDNA libraries: I ry.

5 - Differentjal display and - Subtraction i

expressiof RRHEASe MG HAb S Tkt S Ir B ACme i st ary Hrip Srhe clsgission
patterns. Qlensnaiycabneethadefoiidentiiny gehemwhddenefiprebsionrgelss gene

expressiogigﬁiéﬁémmebmr aﬁ&%%ﬂﬂﬁ%[%{%ha%%ﬂb%e'Qgﬁ%@fﬁw‘?@@s arg altered upon

.. .nucleotide sequence information from a vast number of genes has been
an artificighrealmeniIAB PeARENERE BICRIPY LM e ESRA BB ARATEsY R As b ssRMOrmal
cells and adhisubptatsihg the mtidleniideasaguieritepiniaiomiionlsSpeaificatye DiNfaltered as a

result of (AIBAIRTANAAY RS WSS QBRI LIICIBRCY: disease can be identified by
comparing gene expression patterns between patient’s cells and cells of healthy donors.

Comparing types and expression levels of genes between cells through exhaustive
analysis of genes expressed in cells in a particular state by comparing gene expression patterns as
described above is called “gene expression analysis”. There exist various technologies for gene
expression analysis.

For example, the methods following have been devéioped to isolate genes whose
expression levels are different between cDNA libraries:

- 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 ¢cDNA 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 experiment 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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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 ei;periment using a single DNA array.
It is estimated that the total number 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 development of 2

candidalg sAmRgHR¢OAD BRI REMNEEUR AR RS UYR EBA A e SURBIRIRZ SR 247-552,
2002). supplement pp. 547-552, 2002). However, in general, probes constituting

PNASIAYN %%B;gé}odo%?g&%%fgdmg& ?%&%ﬂ%agﬁg@fag d on known

_information. Therefore, this device Is inadequaté for isolating unidentified
nucleotids gegaenqedrirsmigian. DNIraloEs s ety By ardsrted aliégpgidentified
genes. Himtieghiorthone Aderiued ciresntyganismhiefor tvbichfenarsguenin those derived

informa, io_rkt&f\ n suffi 'entllI aulgted, B l& Ag?{ml%tﬂ&% F
from org S esof_) %‘r%ﬁé’ %g%ﬁé% %%r%%glégéeg? - %g [éopssytﬁa ana
example( A/l praeipsis I vdes Bhbhe APy haehiens fesciéiggans Genome

AnaabidbpsisitiflvL D1espib P SATHM S Aiba Arkaygoli (E. coil

Aﬁisea %ﬁf% gpeﬂ%{,r&gm-ﬂll—éwy Human Genome Focus Array and

suc rjn - Mouse (Mouse xpreSS|or|y et 430 and such), - Pseudomonas

(Hrudryitss @éfsrhemyrg)res). Rat (Rat Expression Set 230 and

suchhiR(d zYeasii¥assteanamas88 Array). To perform DNA

array-ba ene.expression analyses for other species, users must

thfe:zﬁn%rsl%flv suﬁ)grlgf)argnt%%fe[%l\? uéglrraygjf Sléfgsg“%:h potter or such. Otherwise, it

isMeues Shlyufsr Ksenestpthaviediie aadaydustom prepared. However, it is

difficultdppraparedoPidiaskays drseed Kr-gene 20 sequence information of

s&g{j}cigif%whéch.these |§31 SU icsieCrE1 gene sequence data. SAGE (serial

a §/ 3 65%5%% e%smn) as' been proposed as a technique that

enzbied YesetiSsizeion 8P 8digenitified genes and highly efficient gene

- gxpegeion BreEm (S akeltdne ¥Rbred dondBAIf &k OCH &, HRSRY, SREEnust

themsehlfgsap}"gggrrg %Je%%gda%?aggt%?n%%ns%g gc(l)g%&gﬂs 8&%}\%&(33@{1}/ is necessary for users to
have the array custom prepared. However, it is difficult to prepare DNA arrays based on gene
sequence information of species for which there is insufficient gene sequence data.

SAGE (serial analysis of gene expression) has been proposed as a technique that enables
the isolation of unidentified genes and highly efficient gene expression analysis (SCIENCE, Vol
270, 484-487, Oct. 20, 1995). SAGE is a techmque used to obtain gene-specific tags and to carry

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 gene. 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 foilows:

- 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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out exhaustive analysis of the nucleotide sequences of the tags. A "gene
tag" is a gene fragment 25 that can be used as a label for the gene. In
general, the probability that different genes share a completely identical
nucleotide sequence of about 10 to 206 consecutive nucleotides is low. For
example, in theory, one can discriminate among 262,144 (or49) 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
higher frebelahty sfousiasnbesof @iag smu@m@ea(gmmma 8@ efdi®tocAdf 20 nucleotides
can be ﬁléglﬁf?@&j?él?ﬁg Q%&R@W%Em%g ﬁﬁd&@t@@é’géﬁﬁgﬁbgspemﬁc to a

nuc gotlc’if sequence of g_.gene can calcu ated as follows: once
5

gene. A,BRoRasSISTE SRR §?é’§3&§*"/"3 ar geng ek f5aied by 74 taisme nucleotide
sequenarucfabtigessD 722436 otR2: eqoerpe rvh2SABGIARG nfloeoticesd 90 BS)enome is

. presum@@?o Ber %%%}9&98%}7%@@%%&&@%8@9&&&%3 AR%knlhls, in

/t eor% a tag sequence of 18 nucleotides can be presumedto have about
7 oluB BOE- Bigir Bt SFaBM As hutingdbriae sy indeRpEE FRIRNH e, Such type
s endandlastag Seguensetotl nutleGitias refnrbe torestimednipdnaymahoWhereas a type

II endcn%?d{%a%r i}e %éWﬁ%%ﬂ%Q JAG %@3&9& s%%ﬂ@ﬁ@ec % %é)f?é: ﬁg égc%n%gﬂgséa‘cleaves

nucleoti seqguence. SpeCIfIC to-a-particular'gene Is réferred-to-as"

- DNA al hpstip At do R dguerRendi tRegaraceA ﬁéﬁfﬁa@eéwwsﬁ%éweon

sequencfeeﬂu!aﬂeyv@ge gouitiende dlnibet gensme fs&w@snmmbtome dxigr Bl IBHFI or Fokl
cleavestﬁﬁi A H{%[% d$ L‘Eﬂﬁ?@ t'?@ i g’uff & |n %ﬁ%‘?{l‘ {s ec %Isieé%eggetgﬁg generates’

are genera sing the activity aty e lts en ontel
sticky e@ﬁaoﬁlﬁérémawgéﬁ%ﬁa@w?ﬁﬁeshwa@%@r?@&‘fﬁh@l@i&é@?bg following
enzymd3gymalsh Itrieasial 5na 98 Snaenu deaeRieRYes DN IWVRINALISBoIL, Mnll, SfaN,
TaglL, agaac% ﬁ)n sequence, a type Its endonuclease cleaves DNA at a position
art omﬁlts recognition sequence. The distance between recognition 10

eédnsd sl enderjersasmicirry adrhdsh abaqaritifor dhencdentidne apwt from its
xecogmﬁksamﬁe@swtmémwz;\(ea@bm@&ﬁae g@ﬁ&l%ﬁﬂﬂﬂ@pﬂwg@tlp@@ A

meth()d e%élr‘%:)sr&cl)tx?st;ee nltg)nﬁsfﬁgﬂ(ince %% gec %E) S StICE %1116% Hgmﬁ]MmeI as a

oﬁu leases ing similar ac Inc

| taggmg@ﬁzymésﬁ(sizwalpg@ igldrie H@ﬂ%@\fqg%%%m anmslnlﬁr Fok{iElgsing Mmel is

also refHEﬁH,tMMIDB@@A@BN | II‘ H@ﬁx‘inﬁ@fkgmlﬁé@ o, ia ReUSized below.
g(s)tn lélﬂﬁ% 1Igegs q?SIt dohic crz;lsje(:: l?zggqﬁe 1288 alrt.tuggog]agment is

recovered.. When the recognition sequence for the type Il endonuclease consists of 4 nucleotides,
the cDNA is; in theory, cleaved into fragments every 256 nucleotides (44). For example, the Nlalil
recognition sequence consists of 4 nucleotides. When cDNA is immobilized at its 5” or 3’ end onto
a solid phase, the resulting 5’ or 3’ fragment from the cleaved cDNA can be recovered easily. The
recovered cDNAs are then divided into two reaction systems, and the treatment described below is
carried out for each reaction system.

An adapter is ligated to the end of recovered cDNA resulting from the cleavage.
Nucleotide sequences arranged in the adapter are as follows: a nucleotide sequence for a primer for
PCR amplification at one end; 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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recognition sequence (5'-TCCRAC-3") (Tucholski et at, Gene, Vol.157,

pp.87-92, 1995). A method of expression analysis, by which tags of 20

nucleotides can be obtained using Mmel as a tagging enzyme, is

described in U.S. Patent No. 6,498,013. In particular, SAGE using Mmel is

also referred to as "long SAGE". The principle of typical SAGE is

summarized below. 20 First, cDNA is digested with a type Il

endonuclease, and the resulting fragment is recovered. When the

rEbo grytioni sley oad gerfomtik thype dh dhd cleaclerseidodsisigrefik endonuclease is
convertdlMEIGHAREn R CRNINA I IEANCIARGINI0 HAATIRNUR RGNS Beaction

nucleotides (44). For example, the Nlalll recognition sequence consists of
systems gesrifastirpey aRitdierisRRES AL BATASRI i drs Estlbibs tygsaes are linked
togetherplaasey thehretidtingldio g idfmenpiian:the)olervedeiiédeanted ends. The
ligate oﬁ&%%%? ?ssllgﬁ.;[,@g t%%sr&ﬁ%%’e%g i A eﬁaq{h%ﬁ’ '98? E%Oaﬁ\ﬂ%ieaved with an

_reaction systems, and the treatment described below is carried out for
anchoringgryamee i ajtelh DePEmesgecnsatad therrads sacarraeysé G BACR
productsieBlatinthbr divafhesithavege philueleeiderses uen ek tapaddrnyiBenerate ditag
concatcrﬁ‘gx%ptfﬁ@&%&%ggﬁgyg%ﬁsgﬂg I%(I) Icg i pn%%xft%& 2l éln%eﬁéggig C\I%ctors.

amplification at one end; @n anchoring enzyme recognition Sequence in
hambsreiinglsosniessaueawsad arte s éﬁ@gﬂ@ggmywéw&g@qﬁﬁ@ﬁn be
identificdeganegeatiihetstbesienggwhichuigdeiae stglkeaciossa vohba&RNAR theory, by
.. divided into two. pools are separately linked with an adapter having a '
eringing L e R SR S R S Mg
library, aY penetiag irferraeigned dghtibneensiipianthedduvancreade relisiide Shpession

analyses@2hPeeBsiand dlesndbiheoaipbiingltR-nasiticonaRasn bBHsaddtaddsscribed above
erated, composed of a fragment from the position cleaved by the type

I ‘endonuclease up to the position cleaved by the type Its
érgonubisedaudipetiesspineneinRsadondapreenidaltéer MNPhertayybased
expressiSHekyIONd. gdﬁli@,&igﬁljbl ﬁiﬂﬁéﬁt}r%gﬁﬁ&m&@ﬁ%@ﬁ&éﬂ ﬁﬂi@eﬁﬂgf%‘sgefﬁﬁﬁ some
. is converted to a blunt e _ polymerase. ags frqm the

species, IR G T ORGSR AR Bl A MG 0 S P Eene
expressigmenabisistientang ethessidse, e kegsarsdhake devofBtdenrfapind ddslarrays use
probes s@iRkBRE B‘@Y:@9%@&%&“@&(@1@%1%&@@@&%@&@f)ﬁﬂ? & probes.
Theref ligate of thf two éaﬁﬁlﬁﬁ refegrrgd to as .ﬁlt % The ditag is amplified by

crefort G eREalc il SHRTAIP BRGRBHI MG REncRs 1P ARG BHIHER"!
accumulgigepehouslantie waderarcinémoutdrrommtizgerRCR nptoaudtstadiex taerying out

'SAGE ahips. Wiheiai §08, Hest Repheuses e dnirideaahe i aaneiaedias,

unidentified genes.

However, according to the protocols for SAGE as presently practiced, cDNA is digested
with a restriction enzyme, and a linker composed of a type IIs endonuclease recognition sequence
is linked at the cleavage position. Thus, the restriction enzyme recognition sequence used in
SAGE must be short. If the recognition sequence of a restriction enzyme is long (i.e., a rare cutter),
most cDNAs will not be cleaved by the enzyme. Thus, according to known SAGE, no tag is
generated for cDNA that is not cleavable with a restriction enzyme.

For example, a restriction enzyme, such as Nalll, that recognizes 4 nucleotides, is
expected to be suitable for SAGE. In theory, a cDNA has at least one unit of Nlalll recognition
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 Nialll recognition sequence. Specifically, even when the length of cDNA

18 256 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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concatemers. The concatemers thus prepared are then inserted into

seqguencing vectors. A number of nucleotide sequences of gene tags

derived from multiple genes can be 10 identified simultaneously by

analyzing the nucleotide sequence of the concatemer. In theory, by

bringing together nucleotide sequence information from concatemers

obtained from a eDNA library, all gene tag information of cDNAs

constituting the library can be obtained. Expression analyses can be

readily achieved by comparing the tag information obtained as described
tag is gegsed Betite bl kelksofim Adelihigramiitucieaterc s égorpe fordAQidhts
13/6A:1@83etjal for DNA array-based expression analysis. Thus, commercially

vaithible DNA ciayshideiintiiegriacthose: inai:satacgpesiesasiacbndto the
restricti Gy BRI ThOWSR]ANHYR38bnACERRGINGHh JoNE Ve PNAABY I8 PRLIRE N ere the
restricti A BRESRIO RIS, (LAY QLR SRRCIGINANGS Iaﬁ%ﬁ(?d@{l@i@i%@g@ﬁgv RQNA ﬁcally, it
is unpre@§@¥te PIAAHEYS HERRIFRTS, %ggh?%egdo ST KON SREECNES

mthm (SegHRNCe | information or clone Asas ro erefore, in
ae eral it is difficult to find unidentified genes. In contrast insufficient

eSS SAREAESHHASISETRIBALY G B PR R GERE SRR is
immobiliped 4t isiay cahyingndutresa dialisigenaiatsasactiefuramerss are
composgitothe, st oitidreforecis e sdfadadnt isodatimgounidientiotdénss: Mowelarthe 5 or 3°
region vaddarcdiigAo thepeptocals, fhe SoyGdnas piesently RideteptneDMfdsnt to the 5°- or
3 -furthéligosteddhwiharaaliotian aRsRsandisnl i camreass abR AYPSESifically,
it is mcﬁap%epé%@egaﬁmu%aﬁw@aﬁen& %\Wlﬁ{aﬂ‘ﬁ&lﬁﬂ@&%@%&@ﬁ‘w of cDNA.
Hﬁ'%r iﬁs%ﬁt@ﬁ ey ’H‘%aﬁ%&é’sq %%?r!sseﬁ}éeﬂcet Used.in o§f“ B en SDNA s

bi the rec ition se a restriction enzyme is ong (. 1 ¢
immobiligs cu& &), oSt CI%P S@v‘i Ybe cI %R/%I%P C %‘e?ﬁ%jﬁ%“ﬁ%ﬂ% or isdlation o s
defined gUglsplilg TSWBer@A‘@E “H{‘? qé igendr AR IIPRBKA BN fbe CDNA at 5
end.  cleavable with a restriction enzyme. 30 For example, a restriction enzyme,

AU éggkomm;g&gwﬁﬁé i# eSS YRR G A }@I%H'abdﬁm the
nucleotiff%rs{?‘@ QOH};?B.{ tﬁ l\laA has at l a%&tone gnlﬁafgziﬁnliaﬂléhr\% nl%ﬂ[‘l of cDNA

nce W en es or

the nuCIGOt Bel?tuefﬁgtot ere s’i‘strlgl i€ ?s 6 % 35%%@@%3? pacreased.
[Non- parsw SoPUBREADl oLt %ﬁHPA}V’&&%é‘(‘pﬁéﬁ‘éﬁ%&m yitichide HENalli
[Non'Pﬂé@d&ﬂHW@édME@%é@%&ﬂ\ﬁ%ﬁ%m tHo K5t of cDNA 35 is
[Non-papmé diselestitiés oy abile, fhexeds: H68088/5ility that a tag will not be

[Non-pagen dratededn FattchaBpoet ab\v@tuativigl SAGEpLESIAE nEdatode genes as a
[Non-pateadeldaseshoyGethenexrstenceofaeres forauhich no

[Patent document 1] US Patent 6498013

Disclosure of the Invention .

An objective of the present invention is to provide methods for obtaining gene tags and
methods for analyzing gene tags, which are based on a novel principle.

As described above, in SAGE as presently practiced, a nucleotide sequence adjacent to a
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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55 tag is generated due to the lack of an Nlalll recognition sequence

(Genome Res. 2003 Jun. 13/6A:1203-15). In addition, tags obtainable via
this process are nucleotide sequences adjacent to the 10 restriction site in
the nucleotide sequence constituting cDNA. It is impossible to predict

where the restriction enzyme recognition sequence exists in the cDNA of
an unidentified gene. Specifically, it is unpredictable where the sequence
information of a tag obtained by l§r1own SAGE is derived within the cDNA.
U.S. Patent No. 6,498,013 discloses that 5' and 3' tags are obtained when

structure tbDNAdibedibuisathinbilinethad fis Syaies¥iapds)XespedivealyindOwenslitansity in

. . nerated, via this,process are ¢ )sed of a nucleotide sequence.
solting SEEEER (8 an eUbHUAIGRSS (NI ST BC e 575t e from the
5’ end of mithiA cDNAb¢rvbtardvword aghedebuenmeibtbbthuplestidérseqtiencSpecifically,
the presenf ARG 10 A TolHRRL RO ERAAPUBIRTF A PIS. 20100 (ags

' restriction sites contained in eDNA. Specifically, itis tnclear where
isolated bydhe mgthedicleotide sequence falls within the nucleotide sequence of

[1] In one GENA; AR SIRIMAET: (BARER BISHAIREIRseS Al 3 30031 R9% R & 11s, which

. obtained when cDNA is immobilized at its 5" and 3' €énds, respectively. In
comprisesiihe $tpiiehtion, capture means for isolation of 5' defined nucleotide

(1) linkingSREHBNLE HRE-WRSIPHAEK GR LT R -GrAbh BE BN A dentaRi W ths-cRNA @ AP
e of 5= end. In gene expression analyses, while it is not so important from
site of an [, region of cDNA the 25 nucleotide sequence constituting the tag is

(2) syntheslefivedc P Aanibe wetextinedRMNCITO ten efrehiNé athe nucleotide
._seguence, of t titufes, the utility of the tag would be markedly
o st R sty Rt e s he rebognition
sequence igUbpRMArie547d3b2cBY @2ridiampsteyedocament 2] SCIENCE,
484-487 .. Qct. 2 95 [Non- t document ybalski, .
(211 one SRRt S e A N R RS X Rtz

the steps offol. 157, pp.87-92, 1995 [Non-patent document 5] Genome Res. 2003

) synthesilﬂﬁﬁ 13168 2985+3nd %B‘i@ﬁ%@:?# DS P ;ﬁﬁ&%&?tﬁ%ﬁ%@r%?é&%%f the

of the Invention 35 An objective of the present invention Is to pro
RNA; andmethods for obtaining gene tags and

(i) preparing 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] In another embodiment, there is provided the method of 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 comprises the
step of recovering the double-stranded cDNA by recovering the solid phase.

[4] In another embodiment, there is provided the method of {3, wherein the solid phase is
recovered before or after reaction with the type IIs endonuclease.

(5] In another émbodiment, there is provided the method of [1], wherein the RNA linker comprises
a type Il endonuclease recognition sequence.

[6] In another embodiment, there is provided the method of [1], wherein the method 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 1Is endomuclease.
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methods for analyzing gene tags, which are based on a novel principle. As
described above, in SAGE as presently practiced, a nucleotide sequence
adjacent to a 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 40 understand. In
addition, the problem of generagarllg no tag for cDNA without such a
restriction enzyme recognition sequence remains to be solved. The
[ 7} In anotlpregebtdiventaiesongeivedethtiethretbbibefiles wbecribdd: asthvelwaenid bes the
step of ampBIIRY PAL i 05 SAUELR-EORHCRIRNGRINCRRY Rfhe presence of such

iction enzyme recognition sequence. For exampfé, if atagis

[8] Tn amothsyouueedimynishgahemsoudddhmmuiodios Hickestd seqwethss et
comprises &E@sﬁéﬂ &ﬁfg%%’%% éplﬁg}{f'g VATRHS: Hﬁél'e-or@&ksséaﬁem\éecﬂt&?end ofa

iJi
focused on'the CAP 5 6 structure that had been used in"a method for

gene tag clegisthyiingrep Npcadenuslsasmaedinpbisieeohe grne st gemecta gt anneal

to the RNAA&@em@I&hmgdﬁg@'@qovered that the nucleotide sequence information from
5" end of mMRNA could be obtained as a tag, and thus completed the

the [ .
(91 In anothgrasprt irIShtiS P Spaes A15 20 WP Heuenein et eTaeects {gs, wherein
the methodfehiapiRgsnietbegs foimtbiainingiagscas thusesmtaveh japs niselatast py).

_ e methods. [1] In one,aspect, there is provided a method for_producing _
10] In ano B A LR R 2 TS HEL P SRR CEFAARI Pl
the method Rdiéplinkethes@poiSing a type Its endonuclease recognition sequence, to

the CAP 15 site of an RNA; (2) synthesizing a eDNA using the resulting
RNA of (1) as a template; and (3) reacting the resulting cDNA of (2) with a
type Its endonuclease that recognizes the recognition sequence in the
RNA linker, and thereby generating the gene tag. [2] In one embodiment,
there is provided the method of [1], wherein the eDNA is synthesized by
20 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) preparing 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



25 template. [3] In another embodiment, there is provided the method of
[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 comprises the step of recovering the double-stranded cDNA by
recovering the solid phase. 30 [4]7In another embodiment, there is
provided the method of [3], wherein the solid phase is recovered before
or_after reaction with the type Its endonuclease. [5] In another

linking m@%%&i%@ﬁ?%@%bﬁr%m%@wd of [11, wherein the RNA linker
[11] In anSQERREEES, AR Providendsipasal REAgRIFNMSEIHENGEelHINBHRIRES of a gene

embodiment, there.is provided method of [1], wherein the meth
tag, wherc 0 R SOISE RN G QF AT Oy IO ESHETEY & e
concatemdagdestetheeddbjSthe fyp&]ts endonuclease to the end of another gene tag

ved b e Its.endanucle 6a In. another embadiment, . .
12 S P B O B S PR e
comprisesstep of amplifying the ditag using a primer that anneals to the RNA linker.

(a) an RN Bl anathess giﬂ%i‘fgénﬁéfeél%i@é Quid Hstltﬂg %&%%@Jnﬁ%@i%mgnﬁion
j

the method further comprises the step of ligating an adapter having an
sequenice: arbitrary nucleotide sequence to the end of a 10 gene tag cleaved by the

(b) a reagd¥PRISRRGARL HepseaRe AMPIHY DA rhasensRe using primers that
anpeal to the RNA linker and the adapter. [9] In another egg?ect, there is

(©) 2 primef lR GRAN2 ARSHRSC TSP rB a2 L5 PRENEYE oIS Eiff appeals to
a ¢cDNA spelibsideciosipgisbs He stepkef linkingnplatipi@@ene tags generated by the
5“881%[% .S[ élt(r) I(rim grﬁ%?er aspect, there is provided a method for

@ aprim%r%&ucmg a concatemer o Efg'ne tags, wherein 15 the method comprises
[13] In on¢handimhrofi20th2s: BEraadedlihkiky oh[1fplevbitagsthepenatetbbydheA first strand
synthesis 0sINQEL OB the group consisting of:

(i) a random primer;

(ii) an oligo dT primer; and

(iif) a primer comprising a nucleotide sequence complementary to a particular mRNA.

In another aspect, there is provided a method for producing a gene tag for eukaryotic cells,
which comprises the steps of:

(1) linking an RNA linker, comprising a type IIs endonuclease 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 Hs endonuclease that recognizes the
recognition sequence in the RNA linker, and thereby generating the gene tag,

wherein the type s endonuclease is any one selected from the group consisting of Mmel,
Bbvl, BbvlL, Binl, Fokl, Hgal, Hphl, Mboll, Mnil, SfaNl, Tagll, and TrAllII,

In another aspect, there 1s provided a method for producing a gene tag for eukaryotic cells,
which comprises the steps of:

(1) linking an RNA linker, comprising a type lIs endonucliease 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,



[11] In another aspect, there is provided a method for determining the
nucleotide sequence of a gene tag, wherein the method comprises the
step of determining the nucleotide sequence of the concatemer described
in [9] or [ 10]. [12] In another aspect, there is provided a reagent kit for
producing a gene tag, wherein the kit comprises: (a) an RNA linker that
comprises an oligonucleotide comiprising a type Its endonuclease
recognition sequence; (b) a reagent for linking the RNA linker with the
. ,CAP site of an RNA; (c) a primer.for cDNA second strand. synthesis, which
wherein % 4 A o PR A S B A RIS B CEA LRSS et i
sequence, thel RiNAliktdoer dstavtemplatgnainch (@)jeepcumerifoleaiddA dirsitismdnd to 20
e%ynthesis. [13] In one embodiment, there is provided the kit of [12],
wherein the primer for cDNA first strand synthesis is selected from the
In further grabslsoeidistthgroigiravalsdom primer; (i) an oligo dT primer; and (jii) a

[14] A me@f@%r%ﬁ{ﬁ%%%{ﬂf%%ﬂ%ﬁﬁg UeHGRROMRIGMSBIR ViR ARRUGHAE method

_ mRNA. In another aspect, thére is provided a method for producing a
comprisesBn &Ry Fbr eukaryotic cells, which comprises the steps of: (1) linking an

(1) produciiiNA dakefa COMBEsiRehadwpellfs endonuclease recognition sequence, to
the CAP site of an RNA, (2) synthesizing NA using the resulting RNA
@ determifi (¢ WA RSP IAEAROTHE e MATLONA of (2) with & type
(3) obtainlig endonuelcasethilerbe agnizrstibelclecogadinncketide ReguishtbacRN Acquency

linker, and thereby generating the gene tag, wherein the type Its
of occurrence . L
endonuclease is any one selected from the group consisting of Mmel,

[15] A datBimst; Elueie BipicRodd, pHoaleHpnstvded bivautuSaling agiraadorthilgtnin
expressimzﬂf?}ﬁﬁrs %?zﬁﬁ&dtﬂg%é%%&\é@_%? Et ‘ethod for producing a gene tag for

karyotic cells, which comprises the steps of. (1) linking an RNA linker,
[16] A meglnd Jeispng sz teanastiaisie aselissoyhiion seqnetud tonhpiseptbe step
of obtainiSHERERRFANAon 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

nucleotid

differs among the cells.
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(2) synthesizing a cDNA using the resulting RNA of (1) as a template; and
(3) reacting the resulting cDNA of (2) with a type Its endonuclease that
recognizes the recognition sequence in the RNA linker, and thereby
generating the gene tag, 7a wherein the type Its endonuclease cleaves
DNA at a position apart from its recdgnition sequence, and the distance
between recognition sequence and cleavage position is 9 to 20
nucleotides. In further embodiments, there is provided: [14] A method for ]
[17] A meghpdifingesraippedbpiaprsationa st @5 RSt EEHEn therasHitdeomprises
the steps dpethod 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
(1) producing 4 gensiiae netsprebedrtdidiile by relating the determined nucleotide
(2) deternfigfiyencaicidrilegsprayc off deeytienag dflg)Aubatabase of gene
.expression profjles consjructed by accumulating information of gene
) mappig She Eietiped mIcIalicSa IR SRR G AP Ha Y6 MR e ot
identifyingnabgiingedenetbx pressitdgsefilescovherein th enonethodipaniplisas: §ie of the
step of obtaining gene expression profiles from different types of cells by
the method of [14], comparing the gene expression profiles and selecting
[18] The megamboflg Wheberfisduenuwef tucditeAdistifiersiamongitherogiiisegl 5
[17] A method for determining the transcriptional 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 10 (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.

gene.
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[18] The method of [17), wherein the primer for cDNA first strand

synthesis comprises a 8 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 eDNA and a 5' primer for synthesizing

a cDNA comprising a nucleotide 5 sequence, or the complementary
nucleotidgsqaernse tetoetns, Gerethrneglpytide sneprnet i) prododimeangendiesitbiie
method cHigpneibaskahilliapehel-detaigtiaing ihenueleptidesaguence of the gene

191 A Ia%ﬁosfr#(]%% [ %th%é)@mer seg of%l , Wherein tthe 3'I¥r|mer S selecte ¢ als t

(191 A prigtih ¥ d g rFap Coataaus Sy A SiBTaT prmePHE M) st QikRgebat anneals to
an arbitranfeenzipaicrcRNBNAdfradmemenfer fithgizing coNisigiheing a nucleotide
sequenceSICIROULS SRANSRES el uopneRe-AiacrAhindne f1Re Herdpnuclease

recognition sequence in.the eDNA or the complementary sequence
(1) produgiag (g.eff‘l‘]ag\%ﬂ ﬁ%ﬁefgpgﬁﬁlﬁg g a full-length eDNA, wherein the

(2) determmeithg the onnpeisedethes stops of th@apom teingfdlil.complementary strand
[20] The PHRBESES 4510 2MRNA EPNARS S SMRIRIE RO HRING Rl AsiRRFESs:
. . comprising an oflgo dT primer and a 5'primer for synthesizing a eDNA
(1) an oligq, ¢ PHIRE A nucleotide sequence, or the complementary sequence
(ii) sequeﬂwrét@;rﬂmﬁﬁnmﬁmsﬂc@th&s@psrﬁf:m(ﬁ) produ_cing a gene tag by the
(iii) a pmﬁ@mgf‘)?ifsﬂb ﬁ@%@%%‘&%&i@ﬂc@&f %@S@Iﬁ%%&ﬁ%ﬁﬂ%{@‘ tryr{?e ¥ onuclease

.tag of (1); and (b) recovering a synthesized DNA as the full-lerigth eDNA.

‘recognition BRI BGtH CONABbRARBICH HE FisHEd S 1DEF 23] A

[21T1A mcﬁh{ﬂ)ﬁmi{jmthemﬂnigmglﬁﬂmgihaﬁh{ASBhamme}emeﬁ@d byrtipeises the steps of:
{(a) carryi%%llf)'@trm QM&@I‘}%&H@@L&%@@%%&W R ELOBRIZES tQﬁam_pla‘m and using a

ypeptide of [23]."[25] A vector carrying and capable of expressing the

37 primer CORRE TE§I6R BFERSTNTIBNG RSN AP B P S5 06T ipa A B fPmprising a
~ nucleotidejuidatng @rttlcapaplentimexpresgingdh thvattgdetdbindd HyAhuethadsfor

88'{{&1 QRS Hrgj(?hg 1{%}%1 \é}/l&@r i ) %?8 method comprises the step

(Ig?%gulturin t%g transé)o mant of 206 anlgﬂgo ecting an expressed product.
(2) determining the nucleotide sequence of the gene tag of (1); and

{(b) recovering a synthesized DNA as the full-length cDNA.

{221 A full-length cDNA obtained by the method of [21].

[23] A polypeptide comprising an amino acid sequence encoded by the full-length ¢cDNA of [22].

| [24] An antibody which recognizes the polypeptide of [23].

[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 transformant 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. |

[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
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[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 30 coding region of the
full-length cDNA of [22] operatively finked to a promoter; and (ii) collecting
an expressed product. [29] A method for synthesizing a eDNA comprising
a nucleotide sequence from the 5' end of an mRNA, wherein the method

- comprises the steps of: (a) carrying out complementary strand synthesis

complemetsing anariNthareDiicaniaddmpthtestupd aSing a 35 3' primer comprising

@?%8M%§§%g&%%%qym;ad{gl@rbitrary region of an mRNA

Interest a 5' primer for synthesizing a cDNA comprising a

R Erterminingihenmsientite ssarenipiehibn esmedaand thertd, determined
(b) recovdiinihe staprafedlppradycirgPenectagrbyrifie metboddefsihnand R)m the 5° end
of an termining the nucleotide sequence of the gene tag of (1); and (b)

recovering a synthesized DNA as the cDNA comprising a nucleotide
[30] A mathad dprcdefrsmitiresbend n@f&?wﬁﬁmﬁw%@ﬁéﬁﬁlg deorhsssnthaigthod
comprise$iBestop CEOtdensatChematiRotIRMAumereinhiheDhetheds camphigeise method
of [29] the step of determining the nucleotide sequence of the eDNA recovered

" by the method of [29]. 10 The present invention provides methods for

- obtaining as gene tags the nucleotide sequences of the 5' ends of

TARPHSent |il@v5n” nfos ﬂfom&éﬂ'ﬁa'&llﬂaﬁﬁﬁﬁt@tﬁaﬁﬁﬁ@bds@% }ﬁé@ N Bficleotide
eukaryatic cells,. Thus,.in prnciple, ta € obtain rgm e
Sequence?é’gaar%l%sgno t%fem%ﬁc &oti éesgoq%%én%qeso |tsgrr11 : Ic?]uégr? r&érsgt?é%gjéhRNA of

eukaryotip geHa. ohhtte ikriuing ik sagfecprobioeiaines iagraapygisncanaaetesd of the
nucleotidbeRigisdionR snRYRRIesodniionsite. Jhereurdbihaoustieoigeiddiple provides as a
ta .se% encet OnStgs t'u&g(;tg% mRNAré%%“"dﬁs 4 %esirﬂcg}tggp %n%%/{t%g nucleotide

[ag & IRl Y RTTON Sife"GRe cannot- obtain atag 1or the gene. 1hus, the presen

~ sequence jpamstitoting SigmRiidipehetesingiiasiiehanicensnrascasaiiggsivagisecannot

obtain a (APRINGH Rhall IBREIhAsRRLINT{eiHeH a0sTBaTHEshAL R ABSER in that it ensures
h inve tio%"@fﬂ% ftaggiican also be obtained from mRNA fragments. RNA in
at tags Wop’gqg ‘% 8598 &fW&Ys at risk for degradation from various 20
 seuzding tubciselanohat eDNAprseatioysitaly sisedegieapialde dashigned from

mRNA fieslateeheDNAiological samples is always at risk for degradation from various

causes. Thus, isolation of cDNA or various analysis results yielded using the isolated cDNA
largely depends on the condition of mRNA storage. Likewise, in SAGE, gene tags may not be
obtained, or may not be reproducible, when mRNA structure is not completely maintained.

However, according to the method of the present invention, the 5° end of mRNA 15
obtained as a tag, and thus tags can be successfully 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 mRNA. Thus, the nucleotide éequence
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 ﬁlll—leﬁgth ¢DNA 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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largely depends on the condition of mMRNA storage. Likewise, in SAGE,
gene tags may not be obtained, or may not be reproducible, when mRNA
structure is not completely maintained. However, according to the method
of the present invention, the 5" end dPmRNA is obtained as a tag, and
thus tags can be successfully obtained even in the case of fragmented
MRNA, 25 so long as the 5' end structure is intact. Thus, the method is
hardly affected by mRNA storage conditions. This feature increases the

rtliapitite of igeastioxprdasion analysds. fbriplveinone gthe nigsleotidearyotic cells,
which miﬁ%etﬂf(’;%q{ %ﬁ% ajgk%igi,d according to the present invention includes
t equenc

e nucleotide seguence from the 5' end of mMRNA. Thus, the nucleotide
EbdirdlHee spdhvatiskesinrbdagars died omelfnse meesrdting s gHence to the
p&Baiiziny@tan is applicable in 30 various fields. For example, the tag of
Egsz J)r%ﬁgsr,}t gﬂv%@ﬁ r‘p@{ﬁr}%v I a(@%ﬁléhaes fé)yowirl'n uses Identification

transcriptiofT initiation sites in the genome, BTV Ing primers for
fa eanspechnal ¥y s vaHba Dpedisanse Bl iy spgoRrings the recognition
seiupiRteieg® MURMen NhEB Fedign0f MRNA iseriaEROMSEdBEce from the 5°
nllljétlepggp sequence of atag 35 isolated by SAGE based on the known

ple.

Enn& erefore, such tags are not applicable to the uses described

AbeeA R otrurarsrisdbasimvenarTvetates teemethd o8 TR Db dativegl deame cukaryotic
cells or Eﬁﬁéﬁbﬁ&@fg{@g@?ﬂﬁc MIIB;hSﬁg&lilﬂ@allﬁf? il PG BIRAR O ddnsiiHkiBgAn -
inker.1nciyain type. lts endonuglease recognifion sequencs to.the
Tt R ) oy BN SR LG4, T HNACOH (18 aiPhcsphate
crosslinkagnplBe; GHB {8y cearctivmgtiets sDADNO¢2) detraalayion hg Shdbexeieakase activity.
Using a dBalgSeR0MZ6 8N enkaCAINitasn SEHUSNGE iehiBOR NAHKRNAN At has outlived its

i opgnf . _
usefulnef R A R o ST ST BHSh A SRCB R

exonucleaskérpbifedaqr ceid JrMRB{dds IfdctiTylddkahiiio. célie. SpBaifiuatiyetisemnderstood
to be added\d SHELSTUIR CATBINIRSA %@%@M&%WA BilRraiHs

Eﬁcleoiﬁle of MRNA via a 5' t0,5'- rlpg{gcfph te crosg inkage. The CAP. th

6 G Bl MR RS 98 545D s SR o he

CAP structure of RNA. Any type of RNA derived from eukaryotic cells can be used in the present
invention. More specifically, it is possible to use polyA(+) RNA and total RNA. Moreover, it is
possible to use cells derived from any species, such as animals, plants, yeast, and Myxomycetes,
whose mRNA has the CAP structure. .

RNA derived from viruses infecting such eukaryotic cells also has the CAP structure.
Thus, in the context of the present invention, RNAs resulting from the transcription of gene

‘information derived from eukaryotic cells, gene information i’nfecting eukaryotic cells, and gene

information introduced into éukaryotic cells are also included in the RNA derived from eukaryotic
cells. The gene 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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Using a decapping enzyme, the CAP structure may be removed from
MRNA that has outlived its usefulness in cells. As a result, such CAP
structure-lacking mRNA is degraded by a 5'-3' 15 exonuclease
(LaGradeur et al., EMBO J., 17:148¥%11496, 1998). The CAP structure is
understood to be added to the 5' end of RNA at an early stage of
transcription by RNA polymerase Il. The method of the present invention
includes the step of linking an RNA linker to the CAP structure of RNA.

- available ARYsHRE FRNe Al (BA BN pURAIYRUCIL B CRTcheitieRE txtheRBbeells may

: invention. Mgre specifically, it is possible to use polyA(+) RNA and total
be Iysed tﬁ 9%%%%1&‘%&3 20 pgssiblerio use cells derli?/e)é ffoZn any species,
Toubh esrgentrefishpRiateny énanber Mg-Rhhdiker tyhedksrkiodhsdsARestructure
includes %fe@sﬁte[ﬂt@hﬁégnﬁgﬂ&ﬂ@éiMﬁdilf_ll@W&fﬁ%ﬁﬂf@ﬁﬂ?&@é@&c@@@ﬁ%@ﬂ@q&%ﬂ&e. The
. also, has the stru ...Thus, in the ex e presentinve . .
igonuc BAE L S A DRI sone. AL EPGH o ik i
RNA. TheukarpoticleetiquarestcomstititiiarihaBihdinkeamasibaany nagkpefidrespguence that
includes #HIQUPATRN AU RRd iR RIFBRNOIG Gelis-arBIaiss actH edhinTiRe RBMuclease

...derived from eukaryotic cells. The geng information.| ting eukaryotic
recogmu?:%ﬁ%%%’ﬂ?ﬁé@Pfgfeeé%srﬂﬁg?ﬁ%ﬁﬁlea’i‘:n%?ﬁ]a?fb%or(’g‘g?ﬁtga%?éleﬁfﬁ?g%arasites,
\ ‘BushlEsendosuviraittsaiehrnaophesitiandbehiye dixadionmixoaimugi¢ntides apart
from the &?Hgéﬁld%%%%{féﬁgeo rﬁﬁ{ttgiiﬁi%lll Té#?ﬂr;@ﬂﬁtﬁﬁ@ %%B%Q;ﬁ%ﬁ@, end of mRNA as
introduced, intg eukaryotic cells refers to informatjon of artjfici .,
s tag. Thihy G BEETEER o ) (EETOBR ST B A BE-E n A St e end of
mRNA appoksibjetidbelly peHiteislknovleate rigigiticocutpinngo, GAR rortiretesiie RNA
linker, ca}t? %J@Qgﬂgﬂglht% HQY%% tﬁﬁé{{xﬁcfﬁﬁé@érﬂﬂb{%ﬁé@é@@aﬁf ABaRAs. For example,
_transcribable form into eukaryotic cells. .Accordingly, hug .
as ceseritpd ROl B RIEBOTY HASRGE Honrad AN oHRoRdns s
nucleotidtheegontext oftthe present refamtibly, RKk & enttaftda RoM suklercdllsedppe I1s
endonuci%%%&é@& methosef thgsgsapl inventiom SR e fanentiactitgves it on the

. are known. RNA extraction kits are commercially available and
3’ side. conveniently used. For example, high purity RNA can be obtained easily

Naigos dosemeneialydTubaaileiRNA liskeh aStiRNAsasy ((QEAGEN)e shown below.

~ These nu%%ﬁggggﬁ%{%}%& 5?9HH&%&Q&%@‘%&%@&H%é@hﬁn@ﬂﬁsﬁoﬂya UV

e context of the present invention, the RNA linker to be

endonuelgte der - CIRAEHIRANIR At PR BatH o IIEBEREM Rg g oenition

sequencelyPECTR £0¢ oapickt dsecrscagniijed setiecdicadlhe

57-oligo 1 (SEQ ID NO: 1):

S'-uuuggaunuugcuggugeaguacaacuaggeuuaauacucgag UCCGAC-3!
5%-0ligo 2 (SEQ ID NO: 2):.

5"-uuucugeucgaauucaageuucuaacgauguacgeucgagUCCGAC-3!

| The introduced XAol site can be used to link the tag and to insert it into a vector.
Furthermore, the nucleotide sequence constituting the RNA 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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5 oligonucleotide to be used as the RNA linker may be DNA or RNA. The
preferred RNA linker is RNA. The nucleotide sequence constituting the
RNA linker may be any nucleotide sequence that includes the type Rs
endonuclease recognition sequenc ?However, the type Ifs endonuclease
recognition sequence is preferably arranged at the 3' end of the RNA
linker. Type lls endonucleases cleave at a position that is a fixed number
of nucleotides apart 10 from the recognition sequence. An aim of the
region foppeisent inverfioniis tie: doEANtles' HodvefmmRMAn fsodytpes dHRN Atliskers are
annealed 9&%{%&@&&@ HIREACGARITIAN SRAYEL gf&ﬁ plagss @&aleg%/sfg;ﬁhg BB as not
of mMRNA as possibie. The type lls endonuclease recognition sequénce,
to overlapiieh Q9R%titutes the RNA linker, can be designed to match the type Us
lanbopticiaasasdaioe, ube R MAmandlyKiskddan ehaRigle CAP describedAny method

to link an%g% ﬁl@o‘%{'&‘@% %%Q@R&U ﬁ\ﬁs %eb'é %eﬁcﬁﬁ%%&ﬁ@ R Bfi@mcl_ﬁﬁng

eotlde sequence IS t arranged preferably at the 3' end o

method isapachiFked. oreidegden lnldpa dhaSdlsdinkenghihe Psseridnrend o dhgerlize
capping rﬁﬁﬁbaﬁifﬁﬂyﬂ@wﬁeﬁﬂﬂgﬁdmﬁiﬁﬁzﬁg it ON theodabifiey (Noohedtiodde sequence

from the %& %cﬁgfﬁ%gﬁg %@%e&%&ﬁ% (peSpr%%ml'@y efipn ﬁ{eﬁegywtn the oligo

equence e composed of a recognition

capping meihadrdd tnghot DN s beo bt i ROl febisquaheroptifisd) ipnd of mRNA
and the n@€lgiiife @qhexb@eﬂfﬁeenﬂmuﬁmﬂmﬁwnelmfewmqu&ﬁw end. Since -
mRNA wg CC%%ng?é%letEbd IS qr%%rr%e%e hel { flag 1%0 P(EQP %’u%lég%e ﬁggégy%er 15 not
-uuug auuugcuggugca gu caacua CuUuaauacuc
linked to 8- dlijges 2ks Eligrapoing)mpthgd lf@i}(ﬁli’@@ Hw&%&é hédNuac
m@m@@ﬁﬁ%ﬁ&ﬁl@&‘ thbelpseAusat xiwhsiecanditbuseaddyibkithe First,

mRNA 1st§1rga ﬁ{ljj tln ert It vect ¢ FH& Qs%rr@fzé%g%ehngﬁl) rf%:)dt?l ﬁﬁ fi group at

const nier an aiso w

the 57 €n¢ﬁﬁﬁéﬂ%ﬂﬁ@ﬁﬁbﬂ%ﬁcﬁ&%@l@T@%&ﬁ%%ﬁ’ﬁ@ﬁﬁ\’fﬁbﬁﬁhéletﬁé’d’ structure
loses the ﬁegmatw dhauppangalneds PRYer i RO MB@sRE e ashilp m@ﬁl@m@eﬁ the 5’ end
of fragmel)ﬁ% ?ﬂ[ﬁ 4 080 5%nu&rlea?t£8$%éf%e8|u8¥ ame lebjtoﬁ:%o nl{ﬁlelge{\p ST a%ed with

nuc e COI’T]pOSEtIOﬂ can ne S e meltin mperature

tobacco agTh)yiophwsprtiee (S HlcalRd dlmbqlaﬁgeibt Wmtefém@’xlﬁﬁﬂﬁ eharAP
structure. (726 ARGRIToRROUNGOWRIY Be- (AP Swslaatdpseauaneadomdichiighosphate

primer anneals can be any nucleotide sequence. Thus, for example, it is

- BIOUP- nossible to use an arbitrary nucleotide sequence giving the

The RNA linker is then linked to the BAP- and TAP-reated RNA. The RNA linker can be
ligated, for example, using T4 RNA ligase. The ligation using T4 RNA ligase requires the 5” end
phosphate group. Thus, the RNA linker is ligated specifically to RNA having the 5’ end phosphate
group introduced by TAP, The RNA linker can thus be linked specifically with the CAP structure.
All steps of reactions treating RNA are prcferably performed in RNase-free environments.

Some variations of the oligo capping method have been reported. For example, a
CAP-binding protein column-based method for purifying RNA having the CAP structure is known.
(Edery, L. et al., Mol. Cell Biol. 15: 3363-3371, 1995). By using this method, RNA with the CAP
structure can be immobilized onto solid phase. RNA having the CAP structure can be recovered
by TAP treatment after removing RNA having no CAP structure through Washmg the solid phase.
The recovered RNA has phosphate groups at the 5° end, and therefore the RNA 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 W1th the RNA linker. Any
method can be used to synthesize the cDNA. A representative cDNA synthesis method is

"~ described below.
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above Tm. 35 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 12 region for

primer annealing in the RNA linker JRlowever, when two types of RNA

linkers are annealed with different primers, annealing specificity can be
improved by designing them so as not to overlap each other. In the

present invention, the RNA linker is linked to the RNA CAP structure. Any
Imethe! xNinkantelgommcisoticirtmthie S AR sttstend ayodnebis amédedtad strand

synthesis YA RIS: (e, 100:6R0YR0, Bacthodiad AtelRsIAUMe R foy dabiga e The

er of the' present invention. The oligo capping method is a

second stigfedtie @EESIEER PraCRRIEAARPCHRAL SRR e ROUSORRS @ template the

* first stran&@ll&@r@&ltff@iﬁd@ﬁﬁteMﬁm,(waemamtﬂémm&gmn,xﬁﬁdﬁeﬁe
'character'lgg 1}16%17% &l%%géf'fdl&th%%ggnpapplng method, full-length cDNA can
€0 y S:

Ined using po sequence at the 3' end of mMRNA 10 and the

Tnubfeprraens dxiraties.chmirst REandie ke Ba s kP i i secr that
anneals tPaR AL BHIGeFANA RIith amiNacpibée Snivthiediiddgeauenedizascriptase

... C ructure, the RNA. linker is.not.. in ity T t ' '
serivity A VR P Rt B R B A Bt s

through privseligseasispinglirdines ievasscdrpegriany Geld dervrd fRmNRLY: a mutant
thereof, oyﬁﬁ’éﬁ%a&‘@lkhﬁaﬁ.e M@H@iﬁ@r@@ﬁ%ﬁb&ﬁ@ﬁ%éEﬁdﬁhﬁb hyeseiyrediatly available
osphate.g e 5 end,of RNA wi . ‘
mutant (RS T ot R O 1 C AP LI Teed iy SR Bopocripiase
In additioat theBnendugpatifidali theobrospraadich gD MG Getiene ehgyaes but
also catal 2 ﬁ{%}%ﬁaggﬁﬁy ;ﬁf@ﬁ%@ﬁm ﬁﬁd&t&hﬁﬁi{@ me\gch Fhesm®hen such an
. IS treated wi acco acli I, 0S TAR). P
enzyme i e S0 e BT TR, e Co o bl s can b,
synthesizRNAindtherglkRstruoturirispecifonohts theteanarp despiead bdow.
I%@é%ﬁﬂ&?c f é'ﬁi&%ﬁé? %&i%@&&ﬁi%ﬁf@%ﬁéﬁﬁ@i@ﬂm in the first
e inker can be, ligated, xample, using T4 RNA i . Th
SR A D T ha i S
complemeneaRNA pirlkeh st e dd apbeffivRN Ao Ripdhesmiganbefiesh atpmdspieatd be

smmesiz%%i%]@%@”ﬁ%? Q%(kg&%g%ﬁ;ﬁélﬂ&ﬂ?%%@@ &?&%ﬁﬂ%ﬁp&fé@&lﬂd of
ucture. Ssteps o1 reactions treatl )
Foll-leng s RN A BF BB NS A, (2o F prime. ™

However, the present invention does not require the use of full-length RNA. In the
context of the present invention, tags are obtained from a short region including the 5° end of RNA.
Thus, as long as cDNA can be synthesized from the region including the 5” end of RNA, it will be

~ sufficient for use in the present invention. Thus, the first strand can be synthesized, for example,

using a random primer that can start complementary strand synthesis from an arbitrary position in
RNA. By using a random primer, a tag can be obtained even from a fragment whose nucleotide
sequénce is incomplete at the 3’ end, so long as the RNA has the CAP structure. The random
primer is particularly useful in gene expression analysis because it allows tags to be obtained from
a broader range of RNA.

Furthermore, a tag for a particular gene can be selectively obtained using a primer that
includes a nucleotide sequence cozﬁpiementary 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 mRINA is generated as the first strand of cDNA.
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Some variations of the oligo capping method have been reported. For
example, a CAP-binding protein column-based method for purifying RNA
having the CAP structure is known (Edery, L. et al., Mol. Cell Biol. 15:
3363-3371, 1995). By using this mekfiod, RNA with the CAP structure can
be immobilized onto solid phase. RNA having the CAP structure can be
recovered 30 by TAP treatment after removing RNA having no CAP
structure through washing the solid phase. The recovered RNA has
Since thepirosphitechraapraiihieeSheneldddstereior e fliecRpMAdinke pear tie first strand is
st pncd R ML SHOORL KSR g 0 e
genefated:;ynthesaed using, as a template, RNA linked with the RNA linker. Any 35
Agthethgdorheuseale sypthesizedbainbiNA. therepthodntidive elabtA invention can

be expect%&ntth S'S S @gd 7 d f?ﬁgvpﬁlow 1]T§es|nlgfa&e{ﬁlé da%s %&Q&%‘éﬂ site of the

COI’]SIS f WO S ’fIrS? rand s n €sSIS an SGCOI’] synt €sIs.

gene canbﬁédﬁ@tf&ﬁaﬁa@yhﬁwke@éqémgecﬁaﬁ@mm s RiNaingd gene tag. The

-transcnptﬁ@ﬁmlarﬁt E@xﬁeﬁ@aﬁ@iﬁa@ﬁﬁwh@%@mlmaaﬁgmwmy siracth for the
. promoter. )fﬂqivtrhg)gaé?neé?cacu In A5 '? Iate Earllleefcl)rfsa gﬁﬁ# eDrlr\llaAf l?r;[.l{] e%%%ed acDNA

Irs (g severa reac ons nown are

onthe 5’ mméﬂz@@aw shamathad ﬂféh%ﬁ’éﬁéﬁf. imvensione Whentha tenslation start
site of a dAe: s Stang s&ﬂéd@aﬁm sysibesizetusingod piimenifal taengristdavhether its
" a} ét%grar}{ e RN A synthesis methods using reverse
T an§ scri é g@?\ﬁ?{/ 8’?3\[3 as a template are known. Specifically,
ﬁ@ﬂ@d@f@r synenesizikpnvebiinn Swaddo probie priileimrsioptswiidrdifferent
uanscrlpﬁ%l%%ﬁf%ﬁéﬁﬂﬁ@ﬁ%@éﬁi%)i@@{ﬁ@@ 4RO MVH-Mgadisdaatche iagg%@fthe present
such, are kn n. Mutant re tran tases inclu commerma y
inventiong{oF A Eea AT LB COBLL B C AL I DAGAF o
conveniciiyassH @aﬂ@%@m@wnmﬁmsﬁwnahm @ﬁemﬁ%h@@msuuﬁmf the gene.

- If multlpfgtﬂrwﬁf %@M\E@g@% m&%@%&m@%@@ﬂg lﬂlﬂyrﬂﬁ%%!tm%ﬁﬁﬂe transcripts

T L

detectingsaobipld DNAcEphphaid)dfaros tansbeptismyintassites udiit ihelsipibe following
steps: €nzyme. Primers for CDNA syntheS|s are descrlbed below. In the oligo

R S e e g e A e 5 e

Hewvidgwaithesle diidassaguinc a gene to be analyzed;

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

(3) detecting multiple transcripts with different franseriptional start sites when multiple

types of gene tags are defected.

The nucleotide sequence at the franscriptional start site of each transcript can be
determined using information of the above-described gene-specific primer and multiple types of

gene tags detected according to the present invention. In addition, the expression levels of

respective transcripts can be compared according to the present invention. Specifically, the
present invention provides methods for comparing the expression levels of multiple transcripts
with different transcriptional start sites; which include the following steps:
(1) obtaining gene tags according to the present 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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complementary to poly(A) at the 3' end of mMRNA is used because the first
strand should be synthesized from its 3' end. Likewise, in the context of
the present invention, the 5' end of 20 full-length cDNA can be obtained as
a tag sequence using the oligo dT pémer. However, the present invention
does not require the use of full-length RNA. In the context of the present
invention, tags are obtained from a short region including the 5' end of
RNA. Thus, as long as cDNA can be synthesized from the region

sequence '@B&‘Bﬁﬂﬂﬁﬁ: % prehef RNAwsit é&ﬁhﬁ%y&ﬂiﬁ@i@ﬂ&ﬁ@d@@ﬂﬁhﬁlﬁhﬁ&&&jﬁ a nucleotide

vention.. T u(f,tthe flrgt strand can gtrllleogl for

m usin
sequence, ﬁ%lgfﬁdb# RatCansan c compf?m ntary s e syn ateé:,‘olase[}1 i Cor%ewed
functionahdoimaiy cﬁ@smot@m FRMA Bynthsipigad mm&ﬁ%mr i iepbate be GDNA of a gene

encoding @i%%&&&ﬁ&?ﬂﬂ%&f RGNSt TheseRYCLabiske; @ﬂﬂgﬁﬁ@ﬁ&ﬂi&ﬂﬁﬂmﬁi@tmml

nd, SO Io the RNA has the C tructure, The ra
dormain e it M B r P CNE BB CSEIo i Heten ey s fgerticuta
function taydecbpmisedi ﬂwd:@nmrmmbadepmgm iR AL g8 aagse@htechbam@esmbed
for a particular gene can be selectively obtained using a primer that

mcludes a otide s com emen to.the n eotld
I8 HWeT e é]f“ﬂgr yﬁgﬁﬁ ‘i’?&é?‘iﬁ%%%%ho %Sregg( inveption
includes atGcodd mgiwnhdqm’eée mqnvmmommeb@n@mmfoﬁhﬁéuﬁérﬁakﬂu cﬁ@wdéle second
strand of ePAYERGH fgaﬁlgeﬂg dsrtnavsa butithean &%ﬁﬁ@%tﬁ?&é&ﬁfﬁﬁé @f'@iﬁl@almg to this

unidentjfied, its 5' end tag sequenc can e obtained Forhﬂgs ose

region. Prigeie RS eeyukHEm g SERimEr &SR Meaid Can e
removed Selecthd kalinéHey&rdwaisn llnlé[ﬁmtalsﬂﬂ]uéﬂiwpmmﬁmfpﬂmmﬂ& ixegionl strand
should bé&ﬁﬂﬂé@&é&’éﬂ N %ﬁﬂ&@%rﬁgﬁ@ﬂ@t%% PN ol eRNA isgenaiaed @fnce

first strand of ¢cD Since the prime : Ff§ selected _from the

included %@@&M gffenta Wﬁ%ﬁ&&ﬁ.@ﬂ%{r ERROTHEAG WareF igxafgple. a primer that
starts the genqﬂatﬁekﬁmmﬁﬁﬁ fonthesisSiother phsimidnertargdt-geleghihagemgs for
correspo E (S, SSRRIBIEH A GRRR R G IRl AJAEHIR tétrﬂﬁzt DEAE of the RNA

e method of the present invention can 5 pected to
linker. Akax;@nfwlwémw#ﬁ@ﬁ&mmgr&%ﬂ?ﬁégd#ﬂ&gm fm&éﬁ.sﬁ A dRaedirgognition
sequenceOf the gene can be identified from the nucleotide sequence information of

l\ﬁleed? ffaya?gy%ﬁ{égﬁg% Ien #ﬁ’[@ﬁﬁ@“&%ﬁt&ﬂoﬂéﬁ Fﬁ?ﬁ@%&%hk?on using DNA as

Important to obtain cDNA or tg search for the promoter. For

a template gaprpie Mh SRERELEA IR cnsdmRis dettanbes B oRIR FaRAlAY strands using a

tempiatc-d@ﬁ@ﬂ&ﬁﬁ@%ﬁﬂ%&ﬁs&ﬁé ksigercandopidhtpiiecheraseg The poégadasé, and the

like can KRS RESERL "fjﬁg} qy}lnveq [.the translation start

above.

Primers to be used in cDNA synthesis may include an arbitrary nucleotide sequence. For

~ example, it is possible to use a primer having an endonuclease recognition sequence at its 5° end.

Addition of a nucleotide sequence containing cloning sites to the 5’ end of a primer has widely

been performed.

In the context of the present invention, the second strand of cDNA may have a label
éap’able of binding to a solid phase or can be synthesized using a primer immobilized onto such a
solid phase. The 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 indirectiy by solid phase through

biotin with avidin immobilized onto the solid phase. The position of introduction of the molecule
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10 site of a gene has already been identified, gene tag information can be
used to evaluate whether its 5' untranslated region (5' UTR) is complete.
Furthermore, some genes have been found to produce multiple transcripts
with different transcriptional start sités which encode an identical amino
acid sequence. Gene tags of the present invention for a particular target
gene may be obtained from various mRNA sources, and 15 conveniently
used to collect information on transcriptional start sites of all transcripts of

with bindifg gamgty kiR dvperelgenatagaaicuoiiainadder a gene, the gene
is likel have mullti ranscripts with,different transcriptional star
e R o L RS o ad g e 1

- endonuclensqtiplgararienpessanntariofthe aessalipricavdiantarh sifds swhisthinghnddags can be

recovered/ig :iqzd_ﬁiﬁi kSRS AL %m@k[?iﬂp\@ Qeqtﬁéktﬁ:%@ﬁéﬁ e ﬁ%}tﬁtﬂlﬁ? lﬂiﬁg}e nl:he solid
invenuon usin rimer 10or IS randg syntnesis that IS, SPECITC 1o i
phase ont R R e SN W RO RAR S SeERBL B didhen vsd t
recover thyegrneaiggobiairatidalbtepd LprartdgSyatstivgeraitigtoctagdoriptd seitid phase.
The solid 'ﬁtﬁg@tBEHZ%S@%@ﬁ&&l%ﬁ%?%{%@ﬁ@@&#ﬂ@'&iﬁyﬁfestt%&ﬁ@?ﬁt%é&ﬁ?m
etecleq. € nucleotide seguence a e criptiona) start sjte o ..
AR EER BAo TR P G G bP P tined by determining
the nucleeiidyecdasusibetiagzms-sppeffiberiraamamientitpleAypesctiiodans tagssed to
determindHIERIRGBHARARAIRS RIRSRNLIN VAR N AL HRN 1B SXREESORke ful for the

. C}Evels_of resp (ﬁgge transcripts can be campared according to the present
. efficient %ﬁﬁ)éldé)

%Féﬁtf&ﬁf.l%sii R SRR R R KOS T SRS ok iiftags- Specifically,
when multgrivgming ipe ez pigssidndethelsas famoitiplertransadiptstBtonitiliffesant cloned, the
nucleotidd SARRIRIQRA R ¢S VAl BINEHIR TG QIOW ALSieRs: (1) obtaining

[?enet gs according to the present invention. and using a primer for cDNA
|

PSSR ALy na e REI SRR I Esg Rt BEOshaR N5 agp) the length of cach

~ gene tag ispnopanied théauctsttide Frogydhcesrofitbageneatdgsabtziaed o staphidituted by

repeats of9d ﬁ%ué%mmé@g&mrsﬁgg% 'ﬁg@ 504 mputRle fanser %Mé@ﬁ@g&%ﬂgm

- transcriptional 35 start sites based on the frequency of occurrence o

information, ofy G852 dhitebRePE RSN Hie BESHhdo Redleag il dsegoncatemers.

hene BisAsmof theistons tiuitlieaticthdbfsedieniey Eaicaxanypie alipames tags,
examplesfgf W AURAD A RGP AR tiﬁrQE %%&Hé@éﬁﬁ@&@@é’iﬂﬁ&&% SAGE principle is
described. In this method, two gene tags are first ligated together in opposite directions to yield a
ditag. If the end resulting from cleavage by the type IIs endonuclease is a sticky end, it should be
blunted prior to this step. The blunting can be achieved using T4 DNA polymerase.,
~ Next, multiple ditags are linked together to yield concatemers. To prepare ditags, a cDNA

| library is divided into two pools, and then gene tags are produced from each pool by the same

procedure. Then, gene tags derived from the two pools are ligated together to yield ditags. At this
stage, gene tags are ligated at the position where the type IIs endonuclease cleaved. The gene tags
can be ligated together enzymatically, with T4 DNA ligase or the like.

Ditags yielded herein have the following structure.

PCR—
(solid phase)}-[RNA linker]-[tag]-[tag]-[RNA linker]-(solid phase)

' —PCR

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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.example e (I%I%Ué

sequence that is predicted to encode an amino acid sequence that
constitutes a highly conserved functional domain of a protein. cDNA
synthesized using this primer is likely to be eDNA of a gene encoding the
particular functional domain. Thus, #&gs of genes having the particular
functional 5 domain can be deliberately selected. The expression levels of
a group of genes having a particular function can be compared by
comparing the expression levels of gene tags obtained as described
Nbay eIy Gass, a&fi&qlﬁawﬁagwl@f gpyié’ldsl}tﬁﬁéafdﬁ@sacﬁpédm@v@tﬁi? goal, for
t invention includes at its 3' end a,nucleotid ence

Crff’gisy {64 %ﬁeﬁﬁerc‘?‘hug ﬁ1e SECEN e‘é 16 stran%lw%thﬁﬁ% RNA
linker. mwleaﬁt@gbéasymﬁaﬁizédqggmgréw &W@mé&pﬁm@m@m&ﬁ@%s with

an endonﬁelﬁa&regﬂyktﬁl@%@oﬁ&ﬁ@a@ﬁ@@ttﬁﬁgi &M%I?ﬁélﬁs dﬁi&ﬁn }agﬁﬁi\{as aI
moved through alkaline hydrolysis.
ol [Tag}[%er? el fé&%@%@ﬁﬁgﬂfﬁmﬁﬁﬁ ‘the second strand should be
Spetifesitipdadoresteitags Hekedl tasthior (Jitee| i§ BadorgtTe as enrevoynitioatructure
is compoSEOMERR A ERELNIRE BNA ke e IR ACHIEME IIRHINR LIS PAsFilRvage sites

5 to use, for example, a primer that 15 starts the complementary strand
7). synthesis from a position more 3'-side than a region corresponding to the
Thpedtscetromcie dednsrtaynitonasdquimrecarvant tnt saniver@tontiof she. A
cloning vgs%% ¢ F% EARLYRMH 4 Q@ﬁ%@ﬂ?ctxﬁllﬂﬁﬁs%@ﬂfgﬁér@:l@@ AR IMBE sequence
ea

Its endoriuclease recognition seguence .Meth ds for synthesizing

of the tags Sp e PRy SRS FBISGPY ATIE B SiSgl SR e deeTs gf the insertin
the vectotemﬁ!qbeeéﬁﬁdmﬂwmhspa(gtltaﬂyhﬂmﬂnmﬁsﬁm symtiiesizimgnge that allows the

OJ

‘ determma%éﬂ%f"ﬁﬁg %@%SH@@%H&@' ) é%'iﬁ l3tes48 gﬁgﬁg%% p?lﬁ’@%ﬂﬁﬁ@ﬁﬁe

known. T4 DNA polymerase, Taq.po ymeras the like can etﬂ

concatemge i S UB R SRAHETaL SRS 1 18 17058 ff 2010400 m i

e range of

. 50 to 300ib@lude an arbitrary nucleotide sequence. For example, it is p055|ble to

N??%g #B‘Esﬁlﬁ@‘éﬁ‘gb%élr?@&%k&{?%%&ﬁ%@&i'BPQQQHSE&%%&%& £ds s

on of a nucleotide se auence containing cloning sites to the 5' en

instead offligagpinker RaLMhlfe faroeyclrrdTERmER, G A Bl be atzched (0
the end ré@ﬁibﬁig)ﬁoihe}mdemﬁgaahdthﬁsaﬁk%thm@hmthd dbidbvaagaintecaire.

bindln éﬁ{a a solid phase or can be synthesized using a primer immobilized

onto such a solid phase. The second strand of cDNA can be captured by

(solid phaseydRdNgnbskeyial 3ainedanistmobilized thereto. cDNA captured by the
' solid phase can then be eag{Rrecovered.

When an endonuclease recognition sequence is arranged in the adapter, both ends of the
tag can be cleaved with the endonuclease in the same way that the RNA linker of ditag is digested.
When amplifying the tag, PCR using the nucleotide sequeﬁces of the RNA linker and adapter may
be used. In any case, tags treated with the endonuclease can be linked together to yield

concatemers. The concatemers can then be inserted into a cloning vector to determine their

nucleotide sequences.

The lengths of tags excised by a type IIs endonuclease are considered to be relatively

~ constant. However, if tags of variable length result and ditags are formed from 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 elements:
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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. Patéht No. 5,656,462. Alternatively, it is
possible to introduce molecules having a binding affinity, such as biotin,
into nucleotides 35 constituting the oligonucleotide. The oligonucleotide is
~ captured indirectly by solid phase through biotin with avidin immobilized
(anto R adlickphase iddiadessitioh ghintledtaicnahthe malgsilen&qiice for a
ingi inity.4n.the oligonucleotide is not particularly limited. The
%ﬁ%g?g%%tga#f (éfg%gIS’NA from the second strand synthesis is treated with a
®be racerdenbisicasdhe e inkemaitothe G4 siterel B¥<ent invention.
@ ﬁﬁ}bﬁiﬁi@g_d ﬁ;rtaemrs,ed@gﬁ s@c_?m@egﬁgmy{f lrﬁ%iiéhﬁll_rf@lﬁmdgﬂ&sﬁgli@ﬁﬁd&%?ﬁdc that
nucleotide uence attached as.t inker. The sali se onto
W F(%S Fimers gﬁ%eglezggﬁl 'S éiﬁ%%gr%emsi%se%%sv%qﬁglg a?ﬁil%%%ailized is
(henniseer tordedlifisesiend sagthesisecifically, the gene tags are
. TReereeheae8st RUhaundrglisiahase iy ecalidphasecRE Rk to prepare

covere

e before.qr after treatment with the type Its endonuclease. .
- ditags an g b e RIS ORROBER L btlsnaibgy bove.

Wuttrerlitting thheresen dudntequincxanplgemy tafjthé ol présgprimers, described
below in [IMREEN-ARYMELIOL RO hessadlerIR seinisina s nuclgotides).

equence of a gene tag. However, the principle of SAGE is useful for the

3 fidigHiBR & ation of the nucleotide 'sequences of a vast number of
(¢¢no tdige. Sppeuificalindwhen multiple gene tags are linked together as a

EONEPIEMENANH SUChERRFRIEREIR AL QanRenilit.ACIeAlids SRIUEREES. .
f multiple tags can.be determined smuléaneousl . Due to'the action of .
AR RPRRE O CH AL RSB A7 OGO SRS ST BRRALAMRATA in &
sample. Igahe tagtisipré senpecstobacmtisrthdtudothe sonadtepactisudarisbpreferred. The
random pEARS! %&%@t@fbﬁié@ﬂ@éi@&ﬁ%@tﬁeé@ﬂ? eaka st RYGIERINR ReIHERGESRlience

le Nucleotide sequence information of each

t havi fi
whose Y e gl Mook st el Tt

~ nucleotidepriyptentip sl dHverteB drel Somel aatiiitionmiothesebtitd fonhptamihaptides are

synthesiz&® E%"%@{ﬂé%{ﬁfﬁw HgALRY {R0RFXARRISS REINMIER 8 Qﬁﬁ%ﬂﬂg%ﬂ@! ?(?é?'hr’each a

desi First, n“% hod using the well-known SAGE principle is 20 describe
esired lefyghy T P i Bl PR R S elFdR SssRReS GiramRigRsntary to
any kind ¢¢ yieldcaiditaggutke. end resulting from cleavage by the type Its .
ANAAMEBASAILA SHEIY SO SNAUILRT MR SHRE 8 B EPh IS,
.. blunting can be achieved using T4 DNA polymerase.
nucleotide sequence complementary to-a particular A. 57 tags for a certain gene can

| specifically be produced using primers specific to a particular mRNA. If nucleotide sequence

variations are detected in comparison of the nucleotide sequence information among tags obtained
as described above, transcripts of the gene are found to include multiple variants whose lengths are
different at the §” end. Thus, the kit of the present invention, which is made up of primers having
the nucleotide sequence complementary to a parficular mRNA, is useful for detecting variant

franscripts of a particular gene.

For example, the kit that is used to conduct the 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,



5

1

o

15

20

25

30

Next, multiple ditags are linked together to yield concatemers. To prepare
ditags, a cDNA library is divided into two pools, and then gene tags are
produced from each pool by the same 25 procedure. Then, gene tags
derived from the two pools are ligaté® together to yield ditags. At this
stage, gene tags are ligated at the position where the type Its
endonuclease cleaved. The gene tags can be ligated together
enzymatically, with T4 DNA ligase or the like. Ditags yielded herein have
- T4 RNRelfedayving structure. PCR-~ 30 (solid phase)-[RNA _
_ MA %pégglg‘]-[tag]-[tag]-[R_l\_lA Iinker]-(s_o_lid phase) <-PCR At this stage, the
_ Itags can be amplified by amplification methods, such as PCR. When the
Elements {ge plgtifessatirsticengsgraRigiinker is designed to be different between
- reversth@dMierhasds, only ditags resulting from ligation of tags from the different
_DNABS Is f:areespecifically amplified, thereby 35 preventing imbalance in
Urhber between tags. In the context of the present invention, the ditag
- dXTPmay or. may not be amplified. 17 Next, multiple ditags are ligated

- randofR@elher 1IN sancatemeISyhthaghieve this goal, for example, an

. +. endpnuclease recogunjtion se ce may be arranged in advance within
-5 o R PRGN S AR kbt toeiber by igating ditag
- avidinepreiy ugttedomagnatafreadisags with an endonuclease. The structure of

ElementsQ8Rigme sefugbtained is shown below. 5 ..../[Tag] [Tag]/[Tag]
I{Ta Taq] [Tag]/[Tag] [Tag]/.... Specifically, taking two tags linked
- type %Sg 8}‘%1 8 "[Tag] [Tag]") as one unit, the structure is composed of
Elementsdorgesetets ditdgsalitte idiegrening endonuclease (anchoring enzyme)
- T4 DN¢leRYage sites ('r,) The concatemer can be inserted into a cloning vector
. at.the same restrijction.site. A 10 cloning vector carrying the concatemer
- primep 1or gape L3¢ AP B %repared. The nucleotide sequence of the tags in
- DNA tlodyoterisg vector is revealed by determining the nucleotide sequence of
- type [RGB dBAGHdRsdhe vector. Itis preferred that the length of the concatemer is
_ within a range that allows the determination of the nucleotide sequence in
- sequencuig g ®nuencing reaction. For example, the concatemer is 500 bp or
- host tshetensforexdwigle aimeitterrande of 20 to 400 bp, typically in the range of

- culture medium for the host.

It is advantageous to use computer software in the analysis of the nucleotide sequence
information on concatemers generated according to the present invention. The nucleotide
sequence information of concatemers méy be analyzed, for example, using software that can
execute the steps of: _

- reading data analyzed by a sequencer;

- distinguishing nucleotide sequence information other than that of tags in the input

nucleotide sequence data; and

- accumulating nucleotide sequence information of tags,

. Herein, the nucleotide sequence information other than that of tags includes, for example,
nucleotide sequence information on the RNA linker and adapter linked in the process of generating
the tags. The input data may also include nucleotide sequences derived from cloning vectors. In
any case, such nucleotide sequence information constitutes previously known information. Such

additional nucleotide sequence information and nucleotide sequence information of the tag are

arranged in the concatemner 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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15 50to300bp. It is also possible to obtain concatemers composed of tags
linked together in tag units instead of ditags. For example, after type Its
endonuclease treatment, an adapter can be attached to the end resulting
from the cleavage. In this case, the38g has the following structure.
PCR--> 20 (solid phase)-[RNA linker]- [tag]-[adapter] -PCR When an
endonuclease recognition sequence is arranged in the adapter, both ends
of the tag can be cleaved with the endonuclease in the same way that the

sequencegh{ﬁyl Wﬁéﬂﬁt%% Aigestedsawiaen %@Wﬂ'@,@lﬁﬁ'@rﬁ@&gxﬁﬁ Hel @&ﬁ@%mentary
t@e enceslof the I%N Sgﬁ nd ada ter may 25 be used

sequence O A Y KLt N A0 A e VPR BE o o on adaptr

not via dm@dﬂ@QJMtemér% cinmedtonergainest anhytidesipeigdbetedaptior arsidhingNA linker

to have dYEEIORIOI SRR RURGNRY. TWEIROHLR SeaUantesdh$ 1839t RidR9S mplementary

excised by a type Its endonuclease are considered to be relatively
SeqUENCTRy hstant. However, if tags of variable length result and ditags are formed

Tlomasalystops g 8ty heleotititisenl énog ot tHotagsumaly, tbt peogram may

facilitate compatkidentifed W heREhE LORCAISING' B AMAHIEIRIEHE N UG GdGidentical

the nucleotide sequence of t n be determined acclrately even if the
neleotic, RS PRafR G HOE AT SIS AT .2 e REEBESAR 1 HaBermore, the

-program maghladi fvate btanpagsgend the sagfitiferprggenfrivmatifiererdRINAesomethodnd

extractio SIS A BEEIE YR RUESeTRRGRRAlhe obtained tags can be

combined 35 together. in advance and supplied as a kit. Specifically, the

Predensingertnh g YA LR AR derrstmand o urkd i omprERg tag
informatingel Ufie thertglloyin@ ekerents:gtde (ap afo RivAdinkeutsatnd ckliiEaamay be

: accumula%@ & H&lzeaﬂﬁg %&%Ymﬂgat(; &G0 91{14{19&11 %?(HH@%‘&%JR{ ﬁ’w@f‘ﬁﬁ)ﬁts Such’ mformat%on can

endonuclease; (b) a re%%ant for linking the RNA linker with the CAP site o
Arealivile Sandcsmrtieaay heRupelisdeogpnercially,
being attaligdriualeociice/thatsribad eadgdot KRN Aushintheititée gesiaghiniddatiokenay be

compméﬁﬁl‘f%@f%l %&E1%%%1181%%48%9%%{%%&%%&%%%&'S :

The nucleotide sequence information of the 5° end of transcript mRNA can be obtained
according to the present invention. Such nucleotide sequence information of the 5° end is
particularly important in the context of gene analysis. For example, nucleotide sequence
information of the 5” end which can be obtained according to the present invention may have the
utilities described below.

First, the present invention can be used in gene expression profiling. Specifically, the
present invention relates to methods for obtaining expression profiles of genes in eukaryotic cells,
which include the following steps of:

(D produt;ing- gene tags according to the present invention;

(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, hereinafier 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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SpecificaBYeRR!

The kit of the present invention may additionally include reagents required
to prepare ditags and/or concatemers. The specific constitution of these
components is as described above. For the kit of the present invention;
for example, any of the following pridlers, described 10 below in (i) to (iii),
can be used as the primer for eDNA first strand synthesis of (d): (i) a
random primer; (ii) an oligo dT primer; and (iii) a primer having a
nucleotide sequence complementary to a particular mMRNA. Random

R BMRES Q! QAR EhT“BRPAEIS I PrléTRE 080 06a1Si G 1R fromh M M BN Ading

T A EI T .

the exprasaich dovabosegeotaldhe gane udlentigéosagiande inthosetiendthsiscify genes.
g&%iﬁfd}ﬁ{éﬁgﬂ@@&éﬂef@@ﬁﬁ@e&i&@%@ﬁ@@@ﬂeﬁ@é’%ﬁé%ﬂes, gene
nucl otfgs, Sg)éca}lg‘ofa out 8to 15 nu lgﬁﬁd s, may be used. These, i
ID Nos., &g dHGAIKGH dAE A R eSS 1SS B A IS BRSOl amiggd. The
types of gemieatideddd a thixtisteatmaistheyt leaded I0egdesitiag enith pinphsoof, atdysis,
desired Ofﬂfﬁﬂ'ﬂé%ﬁ%akﬂﬁw&&fﬁ%%@%%ﬁgﬁﬂﬁg%ﬁﬁ%iﬁwm%to any
f

ind of,nucleg;tjﬁde sequence. Alternatively, the kit of the present invention

A BRI S S RHHR AT SRR Sese egprmation of the 57 end of
RNA carcbengienmedtasya iafpartidaioiR RN A wabhsher@Ade stamtgeneltemucleotide

sequencesﬂﬁmﬂé/nk}%ﬁ fRAUERd L3 %mﬁéﬁ &F g&ﬁ?r@n%@%? %Lﬁﬁf%ﬁf%&i}hg nucleotide

o nucleotide sequence 25 variations are detected in compariso
sequenc

PEBRHOR ARG iR HoRtmsh g idra Brthmnslr g seannsgs. Expression
profiles ainates randeaiptsiof the gene are found to include multiple variants whose

lengihs e, differantat thefiand Trusnthe it of 1S BIesSidRuaER s are used

which_is made up of primers having the nucleotide sequence

as the targgisnfarenparyer HHEHIEDIECRAHRES T4y S40IMG RHREEERA ¥ rseific gene or a
group of gamscstpisef adoarticul atrgemnes. 30 Fas exsanplaihe dsto ptosilasefie specific gene
or the gr&&){pgygglt@gigmm(g‘the present invention may include the elements

listed I

elow. A buffer suitable for a reaction using each element may be

AftEne b EdeR R hreing haGdiorrudnirdrs isteasligaRigAsapressed in cells, an
expressioiugiefilidetssigué aces dinganehtagssnaybecoobinad witoitbs kisfdibehe pattern
of gene &5%@?&5!1”&%&1%” : I_Iélﬁl@ EORQ g@?itl% ;tnqgseRnlyﬁ‘l\Uerﬁeiéﬁ,%v _eE é‘gtémlining the
frequency of occurrence of a nucleotide sequence, the data is preferably accumulated as a value
relative to the total number of nucleotide sequences being analyzed. In particular, after the .
sequences have been amplified by PCR or such, quantitative data is not meaningful. Comparisen
to the total number can be expected to provide more objective evaluation.

| A database can be constructed from such expression profiles obtained according to the

present invention. Herein, a database refers to a set of electronic data inbluding information
constituting expression proﬁlés 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 preéent 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 stored 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
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* according g g BRAR JEVRERB ISR AR iR ES

- TAP, 19 - T4 RNA ligase, and - RNA linker. Elements for cDNA
synthesis and separation: - reverse transcriptase, 5 - DNA polymerase, -
dXTP, - random primer for cDNA first strand synthesis, - 5'-biotinylated
primer for cDNA second strand syn%‘?esis, and - avidin-conjugated
magnetic beads. 10 Elements to generate gene tags: - type Its
endonuclease Elements to generate and analyze ditags: - T4 DNA ligase,
- primer for gene tag amplification, 15 DNA polymerase, - type |l
tag sequerrmanndie aseyidshwithcirfgnediciotp-rbfes tod ifertrankioimea dithbaseadttie present

invention 34 tﬁecﬂl_{%'ﬁ?ew %H%f@iﬁﬁ]%&ﬁgdtoi?ﬁygﬁﬁgﬂ HRIR Hé%z??ﬁé%&%d

software in the analysis of the nucleotide sequence information ©

fvierhsdnteReehucleotide
‘Heguengeinidexpitesiaf parfilatermeiseraayibe analyizgd:ipreesiampiefiles of the

| . using.sof - of - readi d.b
present inXYRHEbRC %@ré%‘lgﬁé}cs%% uigﬁ%ﬁg?n\r ﬁB?Pé%ﬁ{es fg?tqéﬁ%ggﬁxga%%‘%é‘?ﬁg 'génc

~a se%uen . 29 Ing nucleotide sequence InI -
expressiopnplivtiet oriids ek thsuicnt obohitrdu aertexaaasiangrofiles for different

types of callsumiiglnginy glectidessetivansejntenpaderafitagss is different between cells
through comparing the expression profiles generated in accordance with the present invention.

‘Such a method for analyzing genes whose expression levels are different between different cells is

referred to as expression profile analysis. -Many genes, for example, genes associated with
diseases, have been identified through such -analjrses; The exﬁress_ion profile of the present
invention can be used in such expression profile analyses.

In the expression profile analysis of the present invention, the “different cells” to be
analyzed may be any cells of different origin. Even cells derived from the same tissue can be the
cells of different origin, so long as they involve different conditions, such as the preseﬁce of
disease, race, age, and sex. When conditions to be considered, depending on the purposes for the
analysis, 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 c.au
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 present invention is applicable are shown below.

Different ﬁssues:
- 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 charactenstic 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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Herein, the nucleotide sequence information other than that of tags
includes, for example, nucleotide sequence information on the RNA linker
and adapter linked in the process of generating 30 the tags. The input

- data may also include nucleotide s@duences derived from cloning vectors.
In any case, such nucleotide sequence information constitutes previously
known information. Such additional nucleotide sequence information and
nucleotide sequence information of the tag are arranged in the

- GERGaEnestaableauardashienhd basaferensiaivn ualeelidl ths@UUREDS sequence
. .can utomatic isti ished from the nucleotide,seguences of the ..
mformau(%g go_%@e'% d 0? rgfjiw 'ﬁgerestt(])re rYf%rrl%nat]f o@ a c%ergltfffi gv&ugﬂ %ng?aa an 1c|116nt1cal

< .
E‘XE nucleotide sequence’ oni as

protein buhastebifisest fubivcesigureefithal aiddTRvisen ted doidtnd sediffonsatiganscripts in

the expredHRUSR GIEA0BHBTE2EuRE 1S ABRIFAY SIRiidRIZnBeay BNERSIRAY: Ple present
derived frora: antisenge.stBrgnds. Therefore, i

. . . inf jon of the. .

invention g LA 0 e R A A AN B ASe iy e Riplgotde

sequence gdnvatsmeoktheasarcdosidlarpatiaptanvsotiomisvagidhey tisd loaatyenucleotide

sequence HRSIALARE AL By1HeSTORiNG Haiaganiar and ADerRINARINKeH @ cDNA can
) %@ﬁ/ﬁ different clo w:&lf%e nces. In this case,gls unrgf ces %ﬁﬁ% leotid

be casily SRR LR B MLRRA 1 0 A BRI SER BRI Dpees b gycleotide

sequence hefomzdtlitioridhfuagtobtaibed Sxangliexpregsioy rrolinanalasifitatdternatively, by

combining BBERAIAL AARRGHRE NHklaelHe 385 WeRRES Al RIANGE La%8nplementary to any
accumulation of identical nucleotide iec&{gnces, andfgcor ati

. n of the
one region g {of SRRt Fs © HHEUEY A A fed FItS?emRNA can
be obtainebnifasison fofdhe sagpififomt atvanfagn differgmtRMNAssotzes and 10
cRxftasomat @g%xvmg&ﬁtgf%e&é&%a REIRS HIQERUERSBE o TR QS Hcleotide

accumulated information from ti]?ase may be ysed in comparing t
ti

sequences ARG CROPEVARRBISS i SR R PRl Agne can be

identified gl bligas myaydechetine skafeehire adtvaticegrooordimg:teothie mepiod of Specifically,

the preserfl ri?l%@ﬂﬁg}ivleerl]éiégt§ﬂfélﬂ1i5ﬁ9 m&@rﬁﬁﬂiﬁéetﬁg Wﬁgéﬂﬁiﬁﬁﬁ? RUIR site of a gene,

... hetwork. Alternatively, the information may be supplied commercially, 15
which inclide thadalaudng T8ove-described reagent kit. Such available gene

(1agintuintigmmayheccoodipatediwithegantdbthinfersoationvatitained by
(S REaRIE LSRG ISEleS JJ??&%@,?BP%%%%?@P?J%H% of the 5'

end of transcript raRNA can bée gbtained according to the present

(Mvermpresie Haterbptbadeidcecmisrrramncdinrusicqtiflssequence ofa

gpaskcs larlyiifepofiyan indheceniptonilgene dAtadfsis: Fateexainplegion where the

USRS SRAHEN Ratch. N

- In April 2003, The Infernational Human Genome Sequencing Consortium announced the

completion of the Human Genome Project. Thus, an accurate human genome Sequcnce 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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20 information of the 5' end which can be obtained according to the
present invention may have the utilities described below. First, the
present invention can be used in gene expression profiling. Specifically,
the present invention relates to metBtds for obtaining expression profiles
of genes in eukaryotic cells, which include the following steps of: 25 (1)
producing gene tags according to the present invention; (2) determining
the nucleotide sequences of the gene tags of (1); and (3) obtaining

obmined%pﬁmmgpmfﬁaslbwmgdimdﬁfefméﬁed ofcletide:sastdenses/ith the present

fre uen [ UEr r .
s BB DA R B e
11110160’[1“&?9?%‘13?{@? N R A ks BOUbin QR taganseriptional
start site@66QHAHTIIOHN S PEPSE NEINY @A Mom@iﬁdﬁsmtaﬁ@qum@me(ﬁdthnhmgresem

NAJ{nker havi lts ndon cleas nltlon se uencetH)tﬁh

mventlorb Aﬁms 1 %ﬁ%sa(%ﬁynﬁ?esmmmn %t%% cc‘p K3 € present
inventiond izt uablg asthe) @mﬁgébaatw@ b‘fl%ﬁﬂhé@ f (B)

mwumﬁdﬁpﬁi&@m@@wglmmﬂama@%mgwmfLf@ﬂ@@ﬂ@ﬁﬁee with the

RNA er In ra term J'express rofile" refers t
P resent ]ﬂVFD%%%ﬁ%%nlgormét%on wg(l:eug& ngﬂ é\i)f(%l’es BII’] orr%%n eﬁ’?mlc mmf%ghde
sequencesipresbronarifoedatiois aftmnﬁtam@oyab&mgmaﬁ@ﬁ%ﬁéﬁfm gelibar functions at
the proteX we&sl@hl@aﬁbuksh&?ﬂaﬁiﬁds thga %ﬂ@ﬁ%&rg%mame f@@f@@uwpmmi%s In this
ecCltl t e ene Information Is 1l
exhaustigE B A D AR TSRS S b RELC RIS b S pstvely
obtainedmgmibetaofqgenksteigehsdeanih ttlrmrl rirystnotspartidetzmyiieditd. Fiheevy teis goal, itis
importar® kg BRES é?ﬁ%&@ﬁ@g&%ébﬁb %t@ﬁ%@s%t%ﬁgttﬁ{é @@ﬁﬁﬁ@ﬁm\% thlet g
or ana enes ormatl e accu ale

B e BT SIS i LRI G ety the ORE
FurthernrueldbiidienpeguanteinformatoncoisndBiesbiugf Rk camitie dotdifiethas
&anscnp%mf%@ﬂ@n RhEhAiBherGARisth e IsnaHdeatided & confmn that

o 2 S A R

represenmﬁwbmopmdemmlaweondled;agubnwsl@lqdmcmce from the 5° end of MRNA
to the total number of obtained cDNAS.

Gene tags of the present invention provide the nucleotide sequence information of the 5’

end of mRNA. Thus, by comparing the nucleotide sequences of an exhaustive collection of cDNA
with the nucleotide sequences of the gene tags of the present invention obtained from the same
library, it can be determined whether the 5° end of each cDNA includes the nucleotide sequence
from the 5° end of mRNA. When most of the nucleotide sequences of gene tags can be mapped
onto the nucleotide sequences of cDNAs, most of the obtained cDNAs are likely to be full-length.

Conversely, when nucleotide sequences corresponding to gene tags cannot be found in the

- obtained cDNAs, the completeness of the cDNAs is predicted 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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profiles can thus be obtained. An expression profile for an entire set of
genes can be obtained when all RNAs are used as the targets. In the
present invention, gene tags may also be generated for a specific gene or
a 15 group of genes sharing a cordfon structure. In this case, an
expression profile of the specific gene or the group of genes is produced.
Assuming that mMRNA having the CAP structure includes all mRNA
expressed in cells, an expression profile obtained according to the

Since a ta; E§§?BE WM@I@&%@@&JMJ@@E&E&&B@&%@H@U%WASS@ mucleotide
sequence f%%{?fgn E chfz];[reexrt] qf ihe Parﬁli?ee %%%gzﬁ%nr%%n ,bVé/ng?th%t 10 ﬁﬂ&@o %gquence of

e seq ence a IS pre erab .
5’ primer ﬁu&l?ﬁir?awatbesa‘: vaﬁz@cqératﬁ/@wenetat%dmlﬁwe@ﬁﬂ gtrand Synthesw at

the 5’ endsegueo f&&@%@ﬂﬁh@% pRBerticutr ifigretent ﬁﬁ%ﬂﬁﬁﬁ&ﬁdﬁm BeeRucleotide

I|f R or such itative data is not Ani
sequence trgl R FEE5RY t?(inggrhca 18 S¢ u)t(:rt)lézgtlen fin&‘ero \?I cleotldcs because it is

derived frob]m‘we éwmmsﬁnss&mwﬁa%éh@aw@e@tﬂ@s&haﬁe&mﬂ%%%ﬁwgﬁﬁe s

“4” in thepyogﬁg%g@}@gﬁgq)gpg@g@hng to the 25 present invention. Herein, a
database re erg set oielectr ata i cIudlggsn ormation

A TBNBIBERG AEF U593 RR RS PILG on the ) side that

' constituted b gaialonset @m@ Iesseriniyarsioionviadged BY fepeanihe syrieesiord depending

on the typeSSRICENFOrRAlen aihibhe Besanddpiammaliond eaardingthe §aBmAEresent
of occurrence of e ch odpwﬂﬁgwﬁ@ences Furthermore, the ID No. of each

invention Jpelpdssy & °§§§ﬁ’éw #BPRNA whose nucleotide sequence
(inferwiatimdhasioegn 30 obtained may also be recorded in the database

(@) G RRSENRNERTIN1 AgiloR. galationql the obtained nucleotide

sequence information to that Qf known gen s, results %4%1% F8 in the

et kit iy dupe 1
epsbfileciatabasepfitivn pegsentd véhtionnepleiperstoyet gertedtromio in the cDNA.

S0 matcRiSIREAR IGGHA W%ﬁ%e%eﬁgfﬁi%o%%ml%ﬂ%i&&&cDNA

tap & media, and flash memones

uch electronjc media b§ aé
Second, ﬂam%m@%%ﬁ%ﬁﬂ@ns SR OB TR ﬁﬁ’e agment 1s
used as a phiatettonbhennter AttnH ueiennbrbe tﬁé}\ého@dﬁssrpluqobsafbh@pelmﬂ on the 3°

side is dedl rﬁﬁé%%%% t%ﬂes QUERGES ﬂéﬁ%&é?wg%wﬁba@ é%t%@tgﬁgfg p8ssible. The

rmation in atabase of resent invention via the Internet.
mfonnanebmfé%mmma@meﬁ G pRSHBSTielHy GRANAA R Sobhhfigment is
obtained iRutherpresenidnvanties. rfajlbengtoes-teothdedatploasesviee thicintEtesnined based

on information of such fragments. For example, when it is necessary to obtain the nucleotide

" sequence of 5° end of EST that is used as a probe for DNA array, the region of interest can be

synthesized using a primer set of the present invention. cDNA fragments obtained by PCR cloning

- or such are sometimes used to obtain their full-lengths. Herein, the sequence information of a

cDNA fragment can be defined as a primer having a nucleotide sequence complementary to a
particular mRNA. '

Furthermore, it is possible to use as the 3’ primer a primer having the nucleotide sequence
of a gene tag adjacent to the type II endonuclease recognition sequence in cDNA or the
ccmpiementary sequence thereto. In SAGE as presently practice (SCIENCE, Vol.270, 484-487,
Oct. 20, 1995), a region adjacent to a particular endonuclease site in cDNA. is generated as a gene
tag. Gene expression profiling can be performed based on the nucleotide sequence information of
such tags. ¢DNA 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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The analyses of expression profiles can be carried out using expression

profiles of the 5 present invention. Specifically, the present invention

relates to methods for analyzing gene expression profiles, which include

the steps of obtaining gene expressién profiles for different types of cells

and selecting gene tags whose frequency of occurrence is different

between cells through comparing the expression profiles generated in

accordance with the present invention. Such a method for analyzing
particul i PESIRASE QRTassi 8 I@vglﬁtﬁéei@&ffetemdgeﬁvmﬁffﬁﬁja%ﬁgﬂs dBAs are

useful in H¢ erraep%to%a%% eSS'P”rBEOEa% gnaly %:’tel\ldr%%%r% AieaPhe hoR Side sequence of
ssociated w ISeases, have been | roug “suc :

enes

a region fgﬁm§2§b§1€$ﬁeee&§ﬂ&sﬁcﬁsss%mbf@f Wropfrssion Mﬁﬁ%}‘rﬁ@éﬁrﬁ@%&éﬁ%m
saucmreasmﬂaexmemom@f@faﬁr@ah @'Yﬁ@sgdﬁbtﬁﬁsﬁw&éﬁélwtb rgr@aiﬁ‘@aﬁlw%@clflﬂhﬂm -length .

inventio e "differe 1o analyzed ma e '
cDNA. [%lgere%’fongln e%b fl? ﬁ&(ﬁrom eseasllr?fe IS r%ﬁm[%rmféonc’btamed
accordingtd|ghefraifsené i m‘cm@mn,s@ rsnecaaimesefloReeaifierdsit @mm@ imyggiion relates
to memo@@fm%ﬁ{mwﬁgaﬁmﬁeﬁg& éWAa%@ﬂ&éi%&eWk%lmﬂiE%@%Pe

red de engéF%on the for the a SIS afer) ifferent late and

G i S b R SR B AR G AR s A Romgiate an
e 13 amelﬁegﬁgimé forither puﬁwéegmﬁmécamaw@xwgu@@ﬂmbet

ﬁ@ﬂﬁi@@ﬁﬁ%@eﬁﬁd@%@%ﬁ@hc@e% HROERBIARIG SR UM S HRI P SRIRmined
i%velsga‘%e high (of.low) in organs, tissues, or cells can 20 be selected by

' Slon profiles among different organs, different tissues, or
" cells wlﬁb)serod@ng gait@l tegsowditiding m@@mqmﬁmm:@nampmmn, and

combin EPB&&fnﬁ eEﬁI&%BhE& ‘é@@iﬁ&% B P

@iglcable are, show belo ere%ﬁr?ggggg [ a feta tlssues 25
%Qé’%f“p?aw&ﬁ ale and female,

divdars Bsadm@edlwmgmwﬁmmraﬁg ahidifigsires: ekttibiduatdikely to

contain nREPAYPHIO-LEESAME PRGSO LWL EA 9&%%@%@8?@1@5?&%&& invention.
Different cells: 3Q ?ells whose types are % 8 al but culture conditions

Alternativgly. Jits alst ROSTIETG RS A aPRitesy rarE B irR toegdls. Those
skilled indbitume @eriyushanizditfBMeAtbasedion given nucleotide sequence information of the

primers. Specifically, cDNA of interest can be synthesized from RNA using known methods, such
as RT-PCR. mRNA is preferably used as the RNA. When a ¢cDNA library is used as a template,
¢DNA of interest can be synthesized by PCR. It is also possible to use commercially available

- cDNA libraries,

The present invention relates to full-length cDNA synthesized as described above.

.' Herein, the full-length ¢cDNA refers to cDNA having both poly(A) and nucleotide sequence

information of the portion of the CAP structure of mRNA. The present invention also relates to a
polypeptide encoded by full-length cDNA synthesized in accordance with the present invention.
ORFs can be identified by analyzing the nucleotide scquencé of full-length cDNA. Based on the
identified ORF, the coding region can be introduced into expression vectors. The present
invention includes expression vectors obtainable as described above. When such 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 recqmbinant a
polypeptide encoded by the coding region of full-length cDNA of the present invention. Methods
of in vitro transiation are known. In vifro translation 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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Cells subjected to a particular treatment and non-treated cells. More
specifically, gene tags characteristic of a cancer can be obtained by
comparing the 35 expression profile between cancer and normal tissues.
Alternatively, gene tags associated With malignancy can be specified by
comparing high- and low- malignancy cancers. 23 Gene tags obtainable
according to the present invention include the nucleotide sequence
information of the 5' end of MRNA. Therefore, variants of a gene, which

to a pronenegdétniddaticat pretein:ybarerdifierstitioihssineatureefpiienal ERatory

" regions, sQﬁ‘:'HR? identified a5 differan %@%@%ﬁw_ﬂés @&c?xg (ERalS sionp ﬁ%fﬁg%&fgémng in vitro

feature is one of the ma antages 0 resen
tranﬂaﬂ%mm@&mﬁa%w RO mfeqlﬁ. SRS RMC acids,

ribosomeadRiian aﬂalet]rwhl&ntiﬂethsqwﬁme uif ﬂfé@&'it@fhpf)ﬁhﬁtg 86438y @bihRotein
translatioRl SR é@mf. kﬁ 0 iSse il P 'gtég 'eflg%m*zg?uﬁdeot'%& ﬁg‘ﬁ%?g’ns. RNA

information e prlmer att side o
polymeragq irsagrizepla dhayeptesatindayiomets ead sy aribes g 4 rpritaepiate into
mRNA uﬂdikfflﬁfé dﬁﬁi@h@ﬂtb@@ﬁﬂﬂﬂe&hﬂ"ﬁbl clbeHgelc5aas aIsa A A QY UEP, and UTP

are used m C{Pat%éged thrOLﬁel brimer ngﬁn l%mg sqaa¥15 al %lteﬁ-fleag?glﬁ éé@e

comb Ining a primer havmg anuc
1ibosomegomplementary to any one region of mMRNA, cDNA composed of the

@aﬁiﬁﬁﬂéiall%eﬂﬂﬁl&ﬂﬁefmmzm&@%&fx KRNAGA be @etamﬁe hinise

further Si ant ad e of the esent.n ntlon s that c
.supportmge OBtaln s(i 2068 Y,anlt%% ln tél‘ lfélg %%Slﬂg rﬁﬁnt

accordlng resen nven

reticulocgeduierie 6B Fomwheas ssna oxtrari<OWBEh mETcmjslytmwmnpmeiaﬂy
available StAcEHaAGERLERS st idenlbesk kY PaRRBE tRSIAYGIRANG® types of

equence onto.the genome nucleotjde ence, Specifically, the rese
high-p un? vemymh Telates 1 %gr%gﬁ?némﬁ% %t‘léquf ﬂ%@@ﬁﬁ%&%ﬁ?&% Psﬂgs en
prevzousla eiéaelishedi chinaiade/thé (IBWINpswspSiofe¢hhplagiucivigl Bemd 1hehS 5) and is

' presenﬂy@s;ggmjﬁg;gcaqﬁe method of the present invention; (2) determining the

ucleotld ence of the gene tags é and 20 (3 ma pl gthe |
e RGaRenabe i deaniiadss Mrssaan'cs shchae reptides. Such
mtlbomegémh@émn%rﬁvmxgnnéetrémmmmnaigmm Mtthélgehevaaimenbed \

recombink@@NWBsA IR pRHERREE §§ gﬁﬁﬂﬁ eRid %ﬁﬁe;‘f&%@[&%@@ Foh{'Ge translated

Internationa éEﬁ‘tIY an en%%% encm yrtium announced the
amino ack ety it SRR SO RS 5 slso
possible tgaytairersenednoel eotibrdigs by ciomng antibody- producmg cells from immunized
animals. Methods for screening for clones producing antibodies having a desired reactivity, which

~include preparing hybri_domas through fusion of antibody-producing cells with cells of a cell line,
- such as myeloma, are known.

Brief Descrintion of the Drawings

Fig. 1 is a schematic representation illustrating the method for obtaining gene tags
accordmg to the present invention. mRNA was divided into two equal portions and the CAP
structure of mRNA was enzymatically replaced with either of two types of synthetic
oligonucleotides confaining Mmel, a type 1ls 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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25 99%,0f 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 transcrrptlona%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. 30 For example, a region of 1 to 2 kb upstream of a
UniGene tnad 858p8Snabstadsiteltend besalonsdhanc M&Jﬁ&ﬁhlﬁ@r&ﬂ&@ﬂ:lfﬁim 9 and
dowmstredR1HALRRRAIR 3%3%%5 ‘aetmRh0R QA ealds eRanoR aLiis.dodin

also be ana predict t etranscrr tional requlatory region. ore
Frcquencgﬁévérfréér Fé%?ér%‘(ﬁﬁé}%tfr%ﬁséﬁﬁtré’rrsraéﬁ)ﬂé%ﬁﬁe pibgietienasipositions
of each 5'stAGHI &gfmxd:am serxapsading geam@i;gﬂaaﬁgﬂtﬂeﬁ’sm aﬂsastztghkjﬂ@wmstem
with kno&ﬁ?gsﬁfdﬁ 85'8@0%8{ Statps) "49”%&?% ’% 4no&H! o“é’ﬂé‘érf 18 ds ecﬂrg §

to mapping of a gene. Sspecrflc he p ysical posi ional relatiol ipo
databases sep@aiFtHe deRBRiachs BlsHasRRdhoresrmsa0kEansorpbpralsert sites.

. Ry, m&w@gﬁhermwiﬁgmmacemsmwmic&&aﬁ mm@@rg%ehnd 3’
SAGE W'tl"l“ﬁhesp?& t ma/gng%rgl %%/)qﬁl% the tfranscrr tronal start srtef)
Wi

&ne coul be mappée nucleotige s sSeq ence S niormaton o
descnbedmgﬂl@q&myﬁma@h amNHethodrvbEempledotiorhr Sans |h§’§lb®?ﬁ¢s are
expressedrgﬁmjgaﬁgﬂﬁapped using tag information obtained in accordance with the

present 5 invention. Thus, it can be said that information of a tag obtained
in accordance Wrth the present invention is as valuable as that from the
ALl § HONA. In addition, nucleotide sequence
Tﬁ&ﬁf’@@é&ﬁﬂ@feﬁﬁﬂﬁ i@gﬁﬁﬁa&m MACCREARNCA WY HBIRG BRTRSERAmples.
invention can be used to evaluate eDNA completeness. While genomic
nucleotide sequences have been revealed, various attempts are now
[Examplekiérng made to clarify cellular functions at 10 the protein level. One of such

Iﬁﬂiﬂﬁm&fﬁ)@m% Soriasmbyeiblerath cRNARRRYSIR1BthISsequence from the

trve full:| DNA analysrs enes e ular cells

5 end of B R B S S e e e Sar o B eh 2 frdan

~with the pafreedetevnnhenr Tbeaptﬂevéurmd@@aﬂam&eiamwmmhave ia Fighdegree

of completeness among the obtained eDNA. First, at least the nucleotide
ol seﬂuenga af 5'-side of MRNA is required to specify the ORE 15
1206l , it is important that the sequence is obtained up to its 5' end
Ao idgwitpppegranteriptiortifisthftsitdhd e dom pleldnessmh abthfhesno
(MaruyanfDNA s 2418 gV QW?@%&%Bﬁﬁg?ﬁtsimple method to replace the cap structure of
eukaryotic mRINAs with oligoribo-nucleotides. Gene 138, 171-174.) was used. 5 to 10 pg of
poly(A)+ RNA was treated with 1.2 unit of bacterial alkaline phosphatase (BAP; TaKaRa) in 100
ul of a mixture containing 100 mM Tris-HCl (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)+ RINA was treated with 20 units of tobacco acid
-pyrophosphatase (TAP) in 100 pl of a 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.

Aﬂer phenol:chloroform extraction and ethanol precipitation, 2 to 4 pg of the BAP-TAP
treated poly(Ay+ RNA was divided into two pools, and each pool was separately subjected to
ligation with an RNA linker (either 5’-oligo 1 or 57-0ligo 2). 5’-oligo 1 and 57-oligo 2 are RNAs
composed of the nucleotide sequences shown below. Both RNA linkers have Xfol and Mmel

~ recognition sequences.

5'-oligo I/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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the requirements described above are fulfilled. The eDNA completeness is
. a parameter that represents the proportion of cDNAs including the

nucleotide sequence from the 5' end of mMRNA to the total number of
obtained cDNAs. 20 Gene tags of th&present invention provide the
nucleotide sequence information of the 5' end of rnRNA. Thus, by
comparing the nucleotide sequences of an exhaustive collection of cDNA
with the nucleotide sequences of the gene tags of the present invention

3 obtained from the same library, it can be determined whether the 5' end

5'-oligo %g@ﬁﬂ%ncludes the nucleotide sequence from the 5' end of
mRNA. When most of the nucleotide seguences of gene tags can be

5-UUU GldEei S5 oo iR  Abiedabit S HHDNAS, Gfobt 6fAGUC CGAC -3
ohiciadd clabbiswee: likelietbabe deli-RRgth 16aRESRIY oW hesMUeade mixture

e es. cor ding t t annot he found in ined
eempose R R R R TR L PRl
Cﬁmponeﬁﬂﬁileotide sequence information of gene tag of the present invention can

50 mmtieimagzt@wbtgjn cDNA composed of the nucleotide sequence from the 5'
5 mM nelof MRNA. Specifically, the 30 present invention relates to primer sets
6T CHONA synthesis, which include a 3' primer that anneals to an arbitrary
> mM Zogereaptreibaaland a 5' primer for synthesis of cDNA having a nucleotide

0.5 mMsSe&grence, or the complementary sequence thereto, determined by the
159, Pl’:ﬁ%ﬂﬁff' (1) producing gene tags according to the present invention; and
etermining the nucleotide sequences of gene tags of (1). 35 The
nucleotide sequence of the 5' primer which constitutes the primer set of
cDNA svili@dafgsent invention, includes a nucleotide sequence obtained as a tag

B R R A B et R TS A R e ery anc

5%end Cm‘é&u@n&@h@ ﬁhe&gﬁs@hmfﬁlblcugtb leeAtanyisbelibhoeyiay Hbruseddsin
 full-lengterNaleolsRiRaRUaTRe Al RHREMES fRiE PG RYDIRSEs [InGe g P ysing oligo

rimer initiates the_c ementary strand synthesis at the 5" end, cDN
T adsp i 5544 r‘.lrﬁf‘é}fg%%r‘tﬁ@lare%ﬁfl?ﬁ&éméﬂﬁ&ﬁa@g%mg a random
adapter pngeteolideusisg threred afithdabtenttimith nDXXcaptorthdEhe dagyaeGuent@gments

lacking pmwﬁﬁhe%%@%@l%mg&%&%@@&e% pedtdy fsdlgss to
that the nucleotide that corresponds to the nucleatide "t" Is_"u”in the
B proyn n e AN RO AaKRS BAFRANH G BdNese afice reverse

transcriptbeeySegasciiyg PrikitcorBiRE)3' Bidalthitll-length cDNA-enriched library, cDNA was
synthesized using 10 pmol of dT adapter primer (SEQ ID NO: 3), which was added to 50 ul of a

- reaction mixture containing 2 to 4 pg of oligo-capped poly(A)+ RNA.

dT adapter primer (SEQ ID NO: 3)
5°-GCG GCT GAAGAC GGC CTATGT GGC CTT TYT TTT TTT TTT TTT-3°

The reaction was conducted under the conditions recommended by the supplier

. (incubated at 42°C for one hour).

For the 5° end cDNA-enriched library, 10 pmol of random adapter primer (SEQ ID NO: 4)

- was used and incubated at 12°C for 1 hour and 42°C for another hour.

Random adapter primer (SEQ ID NO: 4)
5’-GCG GCT GAA GAC GGC CTATGT GGC CNN NNN NC-3°

c¢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 cligo-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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constitutes the primer set of the present invention. Various cDNAs can be
synthesized depending 10 on the type of selected 3' primer. The 3' primer
that can be used for the primer set of the present invention includes, for
example, the following primers: (i) &% oligo dT primer; (ii) sequence
information of a cDNA fragment; and (iii) a primer having the nucleotide
sequence of a gene tag adjacent to the type Il 15 endonuclease
recognition sequence or the complementary sequence thereto in the

_primer an@¢ BN R @M BIRAGARE WMEAAEAQGETRITRET GB USSHQ D NO: 7). Asthe 57

._synthesize full-l ) i 181 ' b g

PCR prim g B o tom o oA e ot oo B EARINES tigo-
and 5° oligg-3tAnf theks o ABSRS§TF 5% the eDNA. For this purpose, the primer on

5 PCR phisndt (SHE) iFXNsgIgdipasetanthe 'nucleotide sequence of the cDNA as

e : ' ibl e 20in j fragment

> bmtmi'ncﬁjﬁdtegsﬁé%ﬂﬁ%&e?ﬁ%oﬁgéig%%@%m%%nt is obtained

5° PCR mrianga D59 derid @ndlyse s’ dighiéngth nucleotide sequences are often

5 biotindEtesUNEdhasedromiateraeiaaf such ArpgmamssBor example, when

, itis ne ) ohtain the nucleotide sequence of 5' end of EST that is
37PCR Iﬂré%lar@%?@i){g@?gNA array, the region of interest can be synthesized

5°-GCG gxing @ofidrsstefthd HrEsdnd invention. cDNA fragments obtained by
WER _@mt' %@rﬁﬁ@_f‘;@é@ @ﬁ@ﬁ‘ﬂ?@%bg&@%ﬁ@b}ﬁiﬂé&@&;@ﬂg@?&ﬁ_;@mphﬁed by
erel ] guence. Intor ora C ra n efin
5 t0 10 ey B B Tt R (ans w00k 10 Aty When a
random adafNAriPwthermeel inithe Sesitslearslssethesinec B3 Armas atprlifesdran ifbeycles of
94°C for $B8 xﬁ%ﬁh%lézt%@@%ﬁ%ﬂf%iﬁﬁé,gﬁf&?ﬁm&%ﬁﬁ%@éﬁ% type III t
onugiease recognition sequence in or > complementary . .
o e R R R SR b SR
and diges4@anvaBinth«Odin20type I8) restmicfion avfmeantdesa (articrtyesidodemibdsmter for
Technoio%}@%?@ﬁ'%ﬁ b&%ﬂ, msﬁﬁﬁaﬁg%@ﬂséit@gs 9&%%@;@%@;@ G?f?ﬂlmr??ébti{m
. € periorme ot equence intformation sucn tags.
mixture cORATD LAY BELTARELD yioh L SRS Gr RSP M aes s acetae,
2 mM DTy rthedit Sehdsingdmethinsinrimet 40rthissaiiéraialy’d°théonicidaigs. The

digested SHAHaNER @ﬂﬁﬂ‘ﬁ%@&&i@ %ﬂ?ﬂ@&éﬂ?%ﬁ%ﬁ@éicﬁﬁ%@%@ ﬁﬁ?ﬁé‘ﬂ%ea&s (Dynal,
methods. Among the primer set descrlbec{na%ove, a.combinatfi
q(;ﬁ é@gmentsw C

Oslo, Norgy)irg e bgBeIT T {3
ligated together in 16 pl reaction containing 4 units T4 DNA ligase in the supplied buffer at 16°C

for 2.5 hours.

_ The resulting ditags were amplified by PCR using the primers: 5°-GGA TTT GCT GGT
GCA GTA CAACTA GGC- 3’ (SEQ ID NO: 8) and 5’-CTG CTC GAATTC AAG CTT CTA
ACG ATG-3’ (SEQ ID NO: 9). The PCR products were analyzed by polyacrylamide gel
electrophoresis (PAGE) and digested with XAol. The band containing the ditags was excised and

n
bound to the beac?s were directly

self-ligated to produce long concatemers. The concatemers were then cloned into the Xhol site of
pZero 1.0 (Invitrogen).

Colonies were screened by PCR using M13 forward and M13 reverse primers. PCR
products contaihing 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.nebinlm.nih.gov/BLAST/) and human genome database
search (http://www.ncbi.ﬁlm.nih. gov/genome/guide/human/) were performed using as queries the
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particularly preferred as a primer set to synthesize full-length eDNA.
Full-length cDNAs are useful in the mapping of transcriptional start sites.
Determining at least the nucleotide sequence of a region that includes the
5' end is essential for identification éfitranscripts having different
structures in the 5" UTR. Furthermore, it is generally believed to be difficult
to obtain full-length 5 cDNA. Under this circumstance, full-length cDNA
synthesis, using gene tag information obtained according to the present

nucleotidinseniionecisof spaciityibse fubndpeciitdllyisthe present invention relates
0 1ods far synthesizing full-length. which | e the followin
IKS%ES Os%t &e (g?acg?% re%uﬁs kggél nu@l%orhgg) %}ﬁ}r‘g‘l TICES Opgbb% Oll:lgnlﬁrﬁ &661? gags

ucting complementary s synthesis usi

" obained EomAbgs2 tedngRld arngicherhlmgn o besiaddising theprpdernpdppter primer is

summariZdrBelcar Juniesiaing HaMA Barivwk QKo clEde s NuG sptitenseReaeseqlience of
each genet ?-e S 5%@85‘ E)a%%se 1 oe&gzﬁig}lefg ?ﬁ#ce&%re '%Eeﬁ‘ﬁr%%%@& S&e \ (.)‘tf”,

i (31%(0 ucing gene tags according to the method of the present invention;
Following e {picgewiaininfimatierrinilecsy genedeabmgsivtby hefqunarmgpyce is
shown in [LREO¥EHOE IR srRiRsketd BNAASNUl-engihefalidh)15 cCDNA is

thesjzed using, as a template, RNA obtained from cells that are likely
'-SM?IC i {1(?6 S Ce 01 gene ?a
to contain’m of MteFest and using the above-described primer set of

tHecgresentahoepisencAltbreamrdRe ieletivedpssiplal nnodwnel gbtained gene tags
IpoiRIE S s RWHIANY-Abianed iR Mdhe Qelad Reseidbed dndhg: &t (o: the hit

thesi DNA ,given nycleotid inf ti ,
S e B eSS BT R R e
~agsihg known methods, such 20 as RT-PCR. mRNA is preferably used as

(SEQ ID 100 Ry XhepcmebiNAchifrandsused 25 ademplate, eDNA of interest

. b thesized b . It is also possible to use commerciall
ei3369463 A LAy brAae FHEBr BSOS e AT IE
(SEQ ID bIONAISyHeSZENGS TSl Above2 2Harein, the full-length cDNA
gi]l?9811@§ﬁ@1€’bﬁ%dﬁ?ﬂﬁ?ﬂ@&@ éﬁﬁlﬁ(ﬁk@&ﬁd}ﬂtﬂeﬁ%&%@f % &A%Qﬁﬁcgé (RPS4X), mRNA
ormation o cture of m . The presen
(SEQID _ﬁ@é rf £éégéf§§f££é%ﬁ§a%z t8ded by full-length cDNA
synthesized in accordance with the present invention. ORFs can be

(SEQ 1D identifisd Branaiyengiiecralertide seqpesce of full-length cDNA.

Based on the identified ORF, the coding region can be introduced into

<gil165 7985 ia BLHEIRS THE PP ERte RV RRATIACRI ALt kd et VBRI
(SEQ 1D bistaibe €A dasoribe " ahiove TWHeh/difchaan expression

Homo sapiens eukaryotic translation elongation factor 2 (EEF2), upstream of mRNA

(SEQ ID NO: 15)/ CTCATTGAACTCGCCTIGC /11 /0

gi]28338lemb|X04098.1JHSACTCGR Homo sapiens mRNA for cytoskeletal gamma-actin (ACT

- G1 gene)
(SEQ ID NO: 16) / CTGGTTGATCCTGCCAGT /11 /x -

(SEQ IDNO: 17) / CTCAGTCGCCGCTGCCAG/ 16/ ¢

gij28338|emb[X04098.1{HSACTCGR Homo sapiens mRNA for cytoskeletal gamma-actin (ACT
G1 gene)

(SEQ ID NOG: 18)/ CTTTCACTGCAAGGCGGC/ 10/ 0

£i|18314626|gb{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 IDNO:20)/ GTGACAGCCACACGCCCC /9 /x
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30 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 polype %e encoded by the coding region of
full-length cDNA of the present invention. Methods of in vitro translation
are known. In vitro translation is also referred to as "cell-free protein 35
translation”. Specifically, translation into an amino acid sequence can be

£21[35045|echisiiEd &y, Goiihitivdiancongtnecian nehioti i Ane ndediitgvhi(NIRAD acid
| (SEQ ID RRSUENCE intrrest \qe-beemensiagvedy inked 27 to a promoter, with

. an element su}gﬁortln in vitro translation. Some transcriptional regulatory
gil 18848 7ighiNhY &aftc mﬂwt&% D& nehige e d 6T G spmplete cd
s element supporting in vitro translation is a mixture containing RNA

(SEQ ID %%@rﬁﬁﬁggg&g@e%?&@@&% ;ag"r)igo acids, ribosome, tRNA, and

] In't esence of these components necessary for protein 5
gll14043@?&1{@%&%5@%&%@%%@&%%%&5%%wk@mﬂmﬁ@cmmﬁem A2/B1
(SEQ ID Woctichs RNACIBlyITEresG@Cogiizes the above-described promoter

. nd.tr, ihes t late in der the contrgl of the
250200 AL PR A IO e RSB QU T erle SR 48
(SEQ ID Y& thdAatediiptibh CfHtGanSiribdd MRNA is translated into a
2i[220276a0lypennde0r i 7] bosansapléhC B ieteial Y-avai da 1B Fir0) framsiption

'(SEQID @giﬁfﬁ@%m@ﬁ?@ clgrpent 75}111()[porting in vitro translation.

] slation'kits, Stich as'those using rabbit reticulocyte
gil377043y e RR 09 Labrb AL Here sapises ANV@RUNRY PeediriroatsTiatd XIST) on chromos

ome X commercially available. A reconstituted in vitro transcription-translation

(SEQ ID t%;{ }Jéif‘g fg&n‘isléégé R @&8¢@KPV?%’ enzymes required for

] ranscription, energy regeneration, has been 15 previously
£1[2833 8|arshilPd0ed. (Fhimic e CA). eoo yaniaureBibié dhneidgsketetad gamma-actin
(SEQID 191@52?755)4@@@{5@@@@{@%@@}@%&%&- The present anention also

. e | nize P ch a es
e ssas o Ny M R T 7 e LR Bompete

ds above-described recombinant or a domain peptide having an amino acid

(SEQID ﬁﬁ?l@)@q@q@ﬁm@?@?ﬁ@f@g ?@@mino acid sequence. o
. |Ies can pe colie rom immuni anim . IS alSO .
ai1126529 e R T BRI B Fth oqnipeptide 2-1

ike 1 cells from immunized
(SEQ ID NO: 29) / AATTTCTACGCGCACCGG/5/ 0

. £i|402305|gb{L.24369.1]HUMRPS4A Homo sapiens ribosomal protein $4 gene

(SEQ ID NO: 30) / ACCGCCGAGACCGCGTCC/5/ 0
gi|10437878|dbjlAK025375.1] Homo sapiens ACTB mRNA for mutant beta-actin

(SEQIDNO: 31)/ AGACGCAGAGTAGATTGT /5 /0

£ij2315183|emb|Z82216.1[HS75N13 Human DNA sequence from clone RP1-75N13 on chromos
ome Xq21.1,

C(SEQID NO: 32) / AGTTCGATCGGTAGCGGG /5 /x

gi[37540535/ref]XM_294582.2| Homo sapicns similar to DNA-binding protein B (1.LOC347295),
mRNA

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

gi|30581134ireffNM_006306.2| Homo sapiens SMC1 structural maintenance of chromosomes 1-1
ike 1 | _ ' ‘ |

'(SEQ' ID NO: 34) / AGTTGCTTCAGCGTCCCG/5/ o

2i[32487jemb{X15183.1JHSHSPI0R Human mRNA for 90-kDa heat-shock protein
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animals. Methods for screening for clones producing antibodies having a
desired reactivity, which include preparing hybridomas through fusion of
antibody-producing cells with cells of a cell line, such as myeloma, are
known. 25 Brief Description of the I§|3’awings Fig. 1 is a schematic
representation illustrating the method for obtaining gene tags according to
the present invention. mMRNA was divided into two equal portions and the
CAP structure of mMRNA was enzymatically replaced with either of two

(SEQ ID yPes 3 /Synihetie 8GOHGbGUEeGIas cortaining Mmel, a type Its

- gi33239455HURIAN ARIRAYAPrRE, RM LR RIENAN (5P TRED IO ARA S transcript

) was converted into firSt strand cDNA with dT adapter primer.
variant 268EdW¢ strand was synthesized with biotin-bound 5'-primer and dT

(SEQ ID adrme) ploeGRTRFEE @ESUHEGAdubte strand cDNA was cleaved

sissss I G S gt IRT Indegarpler
(SEQ ID ps13'0r/ 86 bE ek ilgatédis el thér. Fig. 2 is a graph showing the
gil1571 36¥stRApa0f (1 906E HgnsamiivadeibaRitsirsiciiesiin 28P SimGenrdnd
(SEQ ID gr%T%% Vﬁgﬂ:@ggﬁsﬁgﬁ%}% Oﬁg&&é@poas the number of upstream (-)

] m (+) nucleot x-axis). The mRNA start site in UniGene
gi[2121748&)eblis el 38495 AepieASCIABEseRiis GivkonoR A obbd . sosarlgie seque

distance between the aligned positions of each 5' SAGE tag and its

nce

r%ﬁﬂgm impl ?@é}ﬂﬁé are roughly consistent 5 with
(SEQID own-5' transcrip |§1§¢§§r Site. r_le/pt)sarlgs%ent inventors used UniGene
gil46124 84 DREAS & 1 HAtAESEs e aratetgiis wiatelRiif dahe e decdtith b homologue,

sJTR  coverage of transcriptional start sites. Fig. 3 is a graph showing a scatter

between frequencies of 5-SAGE tags apd 3: SAGE tags, The 5'
RS R e its e SRl Wit png e rests

showed thaw seeltsatam TAkLB2(A5h Maberiags aroverbisdstizsd fipre Rugleetide sequences at
the 5° endiBHTEDROLR. aXBSOAME 1Y, BPIRBISSiULIQGRIES BXRMISY MPAASIIRIRNAS can be

ovines SSTRERIEITIEHRD T e R i e

[Example 2]

Results obtained by gene expression analysis using gene tags including the nucleotide
sequence from the 5° end of mRNA according to the present invention (hereinafter referred to as
“5’ SAGE”) were compared with those obtained by conventional SAGE (hereinafter referred to as

¢$35 SAG ”)'

Materials and Methods |
Generation of 3’-Long SAGE library _
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. et al. Using the transcriptome to annotate the genome. Nat Biotechnol 20, 508-512, 2002) was
performed with 3 pg mRNA using the standard SAGE protocol with the following modifications.
After Nlalll digestion, linker 1A (5°-TTT GGATTT GCT GGT GCA GTA CAACTA

" GGC TTA ATA TCC GAC ATG-3°/SEQ 1D 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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In this example, it was confirmed that gene tags including a nucleotide
sequence from the 5' end of mMRNA can be obtained by carrying out the
experiment described below in accordance with the present invention.
The procedure described below is sdthmarized in Fig. 1. 20 Oligo-cape
method An oligo-capping method modified from the method of Maruyama
and Sugano (Maruyama, K., Sugano, S., 1994. Oligo-capping: a simple
method to replace the cap structure of eukaryotic. NRNAs with
GTA CABIQOrbtAt eladidebT Gene TBE, GAGITAG Wastged mhddifi€HBOBEQ ID NO: 43)

were T L e e
containitg de Ml TeFREPEHPTOIARTRSC rrdclberisdits éhe%ixragim&ﬂmg&y er tag

- moleculekAefordSanai fies dieDaxNackion hith/phenpbehloratain: bl bhivitelease

. nd nol precipitatiop, the poly(A)+ as tregted with.20 units of
(Univers B R A R Ritd B
performad N iaadtlmniie dme] (51 803y ofpRpagtivr miBtHR/ oniaErEEplSeTAdABE IRI(PH 8.0),
2.5 mM pO@sdnits sfdiag ﬂrMﬂngﬁﬁi%&%%Q%ﬁ?&EﬂR@M'ﬂJMOf orm

' extragtion.and | precipitation,,2 to the BAP-TAP treate
S-adeno g O R e o HE e s B LR e s ere
directly lsgaipsktegetbenignliom verciioRooAtHkag (bithids T4dNbM\liges iolige 2ypplied buffer
at 16°C foroligaduand 5'-oligo 2 are RNAs composed of the nucleotide sequences

own belaw. Both RNA linkers have Xhol and Mmel recognition, . .
R e e e G R o PR T O o gL site
of pZero GO Aoyl Chdaigprensarene e lvoasndairoededon§ER) using M13
forward &Eg%ﬂeb?éenguc égf%als Th@%R&lN%&éﬁ&%@d% tzocfgwem
-3' INKers wer, a a (0]
sequenicad R HTE PVEETT Bk P 7 T oy Ab SHATIEEL DNA
sequenceR Mypfijed B{TeKizRe) Q8D UiitslstRmisizamgsivecfoltowinlyzed by visual

 inspectict QI BRGNSy AATTMoTES43Es14REE rredMMAG2 SAGE 2000 software (version

4.12) was used to quantify the abundance of each tag. After elimination of linker seqﬁences, other

potential artifacts, and the repeated ditags, each {ag was analyzed.

Generation of 5°-SAGE library

Oligo-capping was performed as described by Maruyama and Sugano (Maruyama, K. &
Sugano, S. Ol_igo'-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
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 pul of a reaction mixture containing 100 mM Tris-HCl (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 extraction and ethanol precipitation, 2

‘to4 HE 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 X#ol and Mmel recognition sites: 5’-oligo 1
(5’-UUU GGA UUU GCU GGU GCA GUA CAA CUA GGC UUA AUA CUC GAG UCC GAC



10

15

20

25

30

35’

5 mM 2-mercaptoethanol 10 0.5 mM ATP 25% PEG8000 cDNA
synthesis Two types of cDNA libraries were synthesized: a full-length
eDNA-enriched library and a 15 5' end eDNA-enriched library. The
full-length eDNA-enriched library is%tslibrary rich in full-length eDNA,
containing eDNA synthesized from poly(A)+ mRNA as a template using
oligo dT adapter primer. The 5" end cDNA-enriched library contains eDNA
synthesized using a random adapter primer. By using the random adapter

-3’/SEQ Jditder, Wﬂ;@m@@ﬁ@@ﬁ@@ﬂ%ﬂ@ﬂ@ﬁ@@ﬁ@&m&@ AUG
UAC GCRYIUEE Rotaineg: H@%g@{ﬁf&@%ﬁ B0, URE l‘?ﬁl‘fgé\'@‘%ﬁzl?géféﬁ Lising 250 units

removing unligated RNA linkers, cDNA was synthesized with "~
of RNA lighesdd ks vl 9581 PhAsERFHAsETHEsbBinne M e BRIyt bhet 7.5), 5
mM Me(illSanytabiiduysbedhadllibramn DA A% BRGRESH eddsIubdpofdNasin at
20°C for 9&9{@9&9}9 primer (SEQ ID NO: 3), which was added to 50 p1l of a

reaction mixture containing 2 to 4 ggof oligo-capped poly(A)+ RNA. dT
Afapremgrnepgteboiolize shYcvas wothayagd ok b B 1ge reverse
transcriptdée [Safeséeibl [T; IFiBcb IBRLY. THIr The 53 dden@ a0 bras GoadyCiedhmol of

oo 85 TSRS CCOTRREA B ome AT AP 550
ID NO: 4y gstascgrandinsiaaban s’y fwéshfg@@%d%ﬁ&ﬁ@awwﬁtq@e%r 1 hour

Aner 41§t fhad ol o) RSO Rapdprataien Pue NG 8P Nbdling at 65°C
o1 RS S S S A N i
volume ofiNIONH GHIR 2 &I B kit (BerkBcHiorarhpith TheouDNA (idbidmtideCCA TTT
GCT GGTaTA fral CAgoCRRIBA @AY TRINASIRID IR Was BBIeAINaC GAA
ricngREROL P R RIS T e
CTA TCTE/REQIENG NG, mimprs. 5 TROR rivperptiied finueh skSBGoDusing random
adapter pfVa voa3 AthFlMBHLYIOL{RINESPOME lBalRE With P O€ Xor one minute, and 72°C
for 2 minutes. PCR products were extracted with phenol:chloroform (1:1) once, ethanol
precipitated, and digested with the Mmel type IIS restriction endonuclease (University of Gdansk,
Center for Technology Transfer, Gdansk, Poland). Digestion was performed using 40 units Mmel
in 300 pl of a reaction mixture containing 10 mM HEPES (pH 8.0), 2.5 mM potassium acetate, 5
mM magnesium acetate, 2 mM DTT, and 40 pM S-adenosylmethionine at 37°C for 2.5 hours.
| The digested 5’-terminal cDNA fragments were bound to streptavidin-coated magnetic
beads (Dynal, Oslo, Norway). ¢cDNA fragments which bound to the beads were directly ligated
together in 16 pl 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"/SEQ IDNO: 8 and 5°-CTG CTC GAATTC AAG CTTCTAACG
ATG-3"/SEQ ID NO: 8. The PCR préducts 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 Xhol site of pZero 1.0

(Invitrogen). Colonies were screened by PCR using M13 forward and M13 reverse primers. PCR
products 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

eleétmphero‘grams 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
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and 5' oligo-2 RNA linkers, respectively. 5' PCR primer (SEQ ID NO: 5) for
5'oligo 1 5 5' biotin-GGA TTT GCT GGT GCA GTA CAACTAGGC TTA
ATA-3' 5' PCR primer (SEQ ID NO: 6) for 5'cligo 2 5' biotin-CTG CTC
GAA TTC AAG CTT CTA ACG ATGTAC G-3' 3' PCR primer (SEQ ID
NO: 7) 5-GCG GCT GAA GAC GGC CTA TGT-3' 10 When a dT-adapter
primer was used in the first strand synthesis, cDNA was amplified by 5 to
10 cycles of 94C for one minute, 58C for one minute, and 72C for 10

AssociationfesS XWHE maas keitld ootrasiapiéinprigegteavas used in the first strand

i . i 0 cycles of 94C for gne minute,. 58
s 0 B S I e
inventorssyeidatpligRing i PR OFEs Vathans! AES T databrsclibecsest Wiersequences
are not al?h@nyﬂﬁl tylm ttfefﬁﬁ%fﬁﬂﬁpgﬁﬁ@:( QL:DE{QJ@&@) (%ﬁibéﬁfﬁiﬁy ﬁ@@&ﬂ@fﬁi@@@f‘iﬁé inveitors
' . for, Techpno Transfer, Gdans ' jon w erfor
wer i At R R ) s Cenome
Bioinformpatics higsi(aenasanscadiil hiagpiogithe alieraent progapnAl A8 tat is

publicize& HHgRoSMNe NP BN IBRA KGNS OEMIBaLRYS 46195 2900 T fi€hed in the

sense or é}l}{l1 (%ls(')[eqv 5'r-éeorrp|nal ng%@%ﬁ{r@gmengsn gyeges bound to streptavidin-coated

_ magné'tic%ea&sy(ﬁjyna , Slo, orwé’y}.'To yield ditags, the cDNA
Sdgemeruelrirheaod ehthb eligsmardelintistyofigath § together seathed to find

its correspdnagiemeayaHing 1zt DA/REgsse T hasy prliad U ALISG

0 asawa;orjz.%,hour . h&ﬁgultn déeaigfev?re e{#‘ugpllfled y PCR using.the p

8 paﬁrﬁérsar%a%(:}: Fra PRt KIG TRSCRACCPAE 857 [&pgyTsps for
transcriptime ghalnels NTBICAAdS Ras TG RAS BT I0T ARG MGG AllG BuSEQ:.ac. 5/,
a databast{d M@y ShehRE PERIBHRAURS MYRIEs 3BRINZEA BYRAYBERARIVIBMRI 162) (Wheeler,

oo pagREGe CrSl e el G e o
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2003 URbdhrdfépaersindreaneepotites TiaGheckh disiterejopzietdcbOnhs thnagh) to

: reko&msﬁ@%ﬁ%ﬁ%é@%ﬁ%ﬂﬂ%ﬁ%%ﬁ? aM L3 iRrvaL; gﬁ@i MAS FEYRISR locations,

inserts of 600 bp or more were

though mgg?rjn e e B RS BEdSEnald v -He 76 SHialy APy arigp ey oodlive

locations A8t serermatethBAA HegUerdend dppitedaBiddisteghs] ‘GAgs Alten fell in the 3*-end
exons, 5’~tags did not necessarily hit the first exons. Thus the search was made within 500 bp
distance from the alignment position of each 5°-tag.

Consistency with known 5’ transcriptional start site
A small distance between the aligned positions of each 5° SAGE tag and its corresponding

gene implies that the 5’-tag is roughly consistent with the known 5° transcriptional start site. To

caiculate the distance, however, it should be noted that, near the 5°-tag, multiple cDNA/EST
sequence alignments may be frequently observed as a result of alternative splicing. To resolve this
issue and assign a unique value to the distance, an alignment that is closest to the 5° tag was
selected. The distance was defined as negative if 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
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15

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 35 purpose.
BLAST search (http://www.nebi.nhiirih.gov/BLAST/) and human genome
database search (http://www.nebi.nlm.nih.gov/genome/guide/humant)
were performed using as queries the 31 nucleotide sequences of tags
obtained from the analysis. Part of the analysis results for the nucleotide

Te Wﬁ&&@fp&‘ﬁ%@%ﬁ@f@:@ﬁﬁ@d&gﬁ u@hﬁ@iﬂp@bﬁ@l@tﬁhﬁsﬁeg Ndle present inventors

theS|zed er rimer. is
s R IR PR o
tags deriygehfeemdé déf BRBSEHPH &éﬂi@%&gﬁgwﬂﬂdw@@aéymw@m@ma to genome
sequencel ﬂdﬁatﬁikbﬁmn@ sHemarcaiadwita wih Bellowingthedatasmation,

information of a known gene that was hit by the query sequence is shown
in a next new line (GenBank Accession No. and annotation). - Nucleotide

' Qﬁw&%e of gene tag - Frequency of occurrence of a gene tag relative to

U\ﬁﬂg’@i%ﬁ@ﬂ Cﬁl@;‘] %E@Héﬁlﬂlﬁ@giﬁéﬁg&lélr@ct&%@' en, @ﬁ@ﬂfﬁ%@’é@f?‘]ptshexpressed in
uence to w the nucleoti ng ne tag hit (o: the hit
rei2s ST B E IR R TR R SN o dgechigtal of

19,893 wﬁémﬂﬁétbn m@e@mm@c@N@qe@)rmwmrgamwr@ﬁm@@m@s/@ame 1).

80% @1@&86%%?1@@@@@9&%& sRE’e’x\e ﬁ&%ﬁ%ﬁ% The tags

_ eno e 15 ID NO /| CTCT
e ﬁfﬁ% St ﬂlﬁ%sagf (piBiEIPEaE 1% 1090
tags) to 3)Xfirdkreid ARFELX Y 1AREES) (SEW [0 Norelpyi THRE GESBAPPEATEUIGGGzenomic
loci corrdsﬁ&fdéc(%%@l NS diRls EEEQBE%I%%@Q&%&&@ cb?Bseudogenes
<g|J16579884jrefJNM 000968.21 Homo sapiens ribosomal protein L4
(RPL4), mMRNA (SEQ ID NO: 14) / CTCTTCCGCCGTCGTCGC/16/0
Homo sapiens eukaryotic translation elongation factor 2 (EEF2), upstream
of MRNA (SEQ ID NO: 15) / CTCATTGAACTCGCCTGC /11 /0
0iJ283381emblX04098.11HSACTCGR Homo sapiens mRNA for
cytoskeletal gamma-actin (ACT '
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25 Gl gene) (SEQ ID NO: 16) / CTGGTTGATCCTGCCAGT / 11/ x (SEQ
ID NO: 17) / CTCAGTCGCCGCTGCCAG/10/0
0iJ28338jemblX04098.1IHSACTCGR Homo sapiens mRNA for
cytoskeletal gamma-actin (ACT 30381 gene) (SEQ ID NO: 18) /
CTTTCACTGCAAGGCGGC / 10/ 0 gi(18314626IgbIBC021993.1 guanine
nucleotide binding protein (G protein), beta polypeptide 2-1 ike 1 (SEQ ID
NO: 19) / ACGCTGTGACAGCCACAC /9 /0 35 upstream of NM 005382

Table 1 (SEQ ID NO: 20) / GTGACAGCCACACGCCCC/9/x 32
0ij35045iembJY00067.1 JHSNFM Human gene for neurofilamegnt subunit
M (NF-M) {(SEQ ID NBO; 21) 1 AACGGCTAGCCTGAGGAG / 8/ x
0i11884871gbl 59828 1Ll-|UMMI;LHSP Hwnan MHC class I HSP70-1
gene (HLA), campigte ¢d < 5 (SE ID NOB22) / = b= ,
AGTAGCAGCAGEGCCGGG !8/0 0il14043071irefINM_031243.1 Homo
sapiens heteropengous nuclear ribonucleoprotein A2/131 (SEQ ID NO:
23) /ATTCF(E’ GTgAAo@;CGGCéB o & .
gi(502007 3j®j

F@ﬁG‘;lﬁ;AFM%Sl Ho#Eo sapleE?:\s glyoxala:.e-l gene,
complete ¢dg seEg:tD N&: 24) /RATTGT%TTCGGAGCC@C 7/010
0iJ22027 6461 f~EII‘% 00‘2107 2{ Homo séapiens H3 hlstorlﬁ‘ fgmily 3A
(113F3A), n@ A (SEC) ID NO: 25) / ATATTTCTTACTCTCTQG ! 7 / x
gij37704377%refINR 001584.11 Hamo sapiens X (inactive).spqcific
transcript (XIST) o‘éghro@s omgi)( (SE®iIID NO ﬁ6) ;2
CTCAGTCGC G@TB(,CE\A' 7/ &15 giJ2833 8 IeﬁlbIXO4®8 1
IHSACTCER Hondd 8apiéhs mRNA for cyiskeletal gammaagdtin (SEQ

- ID NO: 27) ' AAAACGGCCAGCCTGAGG /6 /x
0il1884891gbIM59830. L IHUMMHHSP2 Human MHC class Il HSP70-2
gene (HLA), cdmple® ¢ '

144
1.37
209
1.06
140

Relative
expression

1,483 (11.1)
1,090 (8.1
125 09)
13,404 (100)

Unique Tags mapped fo
10,706 (79.9)

genome {%)

$'-end SAGE tag to genome#

Tags mapped to
133(0.7)

penome {%)

15,448 (71.7)
2037{10.2)
2215 (11.4)
19,893 {100)

Taglociin
genome #
1 locifgenome
2 Joci/genome
3~99 Joci/genome
>100 loci/genome
Tota} tag

~ 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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15

20

25

ds (SEQ ID NO: 28) | CTCTCTTTCACTGCAAGG /6! 0 20 gib
126529141gbIBC000214.1 1 guanine nucleotide binding protein (G
protein), beta polypeptide 2-1 ike | (SEQ ID NO: 29) !
AATTTCTACGCGCACCGG /51 038|I4023051gblL24369 | JHUMRPS4A
Homo sapiens ribosomal protein S4 gene (SEQ ID NO: 30) /
ACCGCCGAGACCGCGTCC /5/ 0 25 gij10437878IldbjjAK025375.11
Homo sapiens ACTB mRNA for mutant beta-actin (SEQ ID NO: 31) !

| MaDDing/@cﬁm%AﬁEAGATTGT I'5/ 0 @ij2315183lemblZ82216.1IHS75N13

A Dhe-seaneneed &ﬂﬁtﬁ@g@@é@% %ﬁgéogygssm%wg #9%RNA start

SEQ ID'NO: 32) | AGTTCGATC
sites. Th@%%&b%ﬁ&%w%ﬁs@ BrR® ninehrestherefer e AcBaierydatabase

(RefSeq) piat€iond Reiudde LOBHoMBRE) (D2 WhicB33dembles gene maps that include
mformaugﬁ?’o-[l %9& %TIA éfﬁ%c /ré i %9”3 2 %xj‘h% Vel ﬂN %Grggf%zl?égéd the

iens structu maintenance o romoso

et e e S o s roman
Transcriptidsd S%ﬂﬁtbﬁﬁﬁd@ﬂﬁéﬂ@tﬁ%ﬁ@%@ﬂhﬁ@k&ﬂ@% Reai8® 33885 QH32) which

contains Sé%ié%% €0]re %%%%%ETSEAG Gn%cl)ﬁsa?)/ S pro erat ﬁg C%Wﬂﬁ%?é&?iance

| dlstrlbuﬂ@mg@ﬁ TrdaApiessatsibe vaméﬁt andriRNAHGERIDINOTeB)es of a small distance,
: mdmatmg@:ﬁc@ﬂﬁ@@@ﬁ@@ e(dblaatdby §1é @resent inventors coincide well with start site

s I TG e

within “5@?]1@?729968871‘?@?]&%069@@6 SterHE S sapiens ribosomal protein S3A
NoESI$/D3 NG, i‘%E@S%M@E@@éJ EAGE MR brls Ffe il e

transcript% flagl 7408 nﬁl%?é %%%1%&% aseosm R/I%r A%ch’ &1@81(286813 %%e%ff:orcsl %ngmed the
nucleotide preference at the TSS by 5° SAGE tags. It has been reported that the nucleotides of the
TSS were A (47%), G-(28%), C (14%), and T (12%) using 5880 mRNAs in 276 human genes

(Suzuki, Y. ef al. Diverse transcriptional initiation revealed by fine, large-scale mapping of mRNA

- start sites. EMBO Rep 2, 388-393, 2001). The data obtained by the present inventors also showed

very similar percentage of the use of the first nucleotide: A (41%), G (32%), C (17%), and T (10%).

‘Taken together, the 5° SAGE tag method 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 rescurce 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.



10 nce (SEQ ID NO: 39) / CTCTTTCGGCCGCGCTGG /5/0
0i1461248IdbjiD28421.1IHLIMRPL80 Homo sapiens mRNA for ribosomal
protein L8 homologue, 5'UTR Of the obtained tags, the nucleotide
sequences of 30 tags were analyzeéd, and the results 15 showed that
more than 73% (22/30) of the tags were actually derived from nucleotide
sequences at the 5' ends of cDNAs. Accordingly, the nucleotide
sequences from the 5' ends of mMRNAs can be obtained as tags with high
Table 2 Probability according to the present invention. [Example 2] 20 Results

obtained by gene expression analysis usin

nucleotide sequence from the 5" end of mRfy n@gggg,dd@g to the present
piyeRtiash hekeipafter refer N : :

-of%iéﬁ%@%ﬂ%@%ﬁ’tﬁy_ConVentiQ@fﬁeﬁAGE (hergjpaitge [@iRITpd 10 aspigiss

Total RNA was isolated from HEK293 and mRNA selected a
pFéQ}?oﬁﬂ]described (Hasﬁﬂglﬁoz, S: 1., Suzuki, 4\?@3?19 H.-Y., 160 (1.6)
Yamazaki, N. & Matsushima, K. Serial analysis of gene expression
inh%ﬁﬂairr%onocytes and m%%%%ﬁbges. Blood §3,58(§?4-B44,1999).4§§r{§'5)
SAGE (Saha, 30 S. et al. Using the transcriptome to annotate the
gendfhe:-Nat BiotechnolZ9%88812, 2002)3#%43 (B&&brmed with?83(19-5)
MRNA using the standard SAGE protocol with the following modifications.
Aftér Niefld| digestion, lIBKET3KARS)-TTT GGAFBIEBCT GGT GTAMG(7A.8)
CAA CTA GGC TTA ATATCC GAC ATG-3'/SEQ ID NO: 40) and linker 1B
(SHIRCGEBAT ATT AAG CQR78GE) TGT ACT GEALEA GCA AAT®EC2GQY
amino modified-3'/SEQ ID NO: 41) were annealed 35 together and ligated
(s0elf theoyDNA populatians kisker 2A (5134608 5 TC GAA T 75 ABG)
CTT CTAACG ATG TAC GTC CGA CAT G-3/SEQ ID NO: 42) and linker
2B (EliGGGAC 34 G TTAG AA TTC GAS

C7 amin%%nodiﬁed-?/S@%l . 43) Wegég’}zrgeg@together%%% %&
ligated to the remaining half of the cDNA. Thus, those linkers containing

Table 2: el roodtfiMtices sefaiine s RN e HhinSaERBRRBRIA. Linker

Thgtags whose correspondence in mapping with the 5° ends of genes from each database

were analyzed as described in Fig. 2.

Identification of novel genes or unannotated genes

In order to identify the uncharacterized genes, 5° SAGE tags were compared with the
genome sequence, RefSeq, and EST databases. Of the 10,706 unique tags with single locus in the
genome, 9.376 tags were associated with their corresponding UniGene ESTs (Table 3).

- Furthermore, 6,418 unique 5° SAGE tags were associated with known genes in DBTSS. The
remaining tags (12.4%) matched the regions within intron (5.4%) of known genes or
“‘uncharacterized regions {6.6%). Tags matching uncharacterized regions hit mainly to two sites:

(1) completely uncharacterized regions; and

(2) regions of uncharacterized EST.

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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20

molecules were released from the cDNA using the Mmel type Its
restriction endonuclease 5 (University of Gdansk Center for Technology
Transfer, Gdansk, Poland). Digestion was performed using 40 units Mmel
in 300 | of a reaction mixture contaidihg 10 mM HEPES (pH 8.0), 2.5 mM
potassium acetate, 5 mM magnesium acetate, 2 mM DTT, and 40 M
S-adenosylmethionine at 37C for 2.5 hours. The linker 1 tag and linker tag
2 molecules were directly ligated together in 16 pl reaction containing 4
Table 3 Units T4 DNA Ilgase in the supplied buffer 10 at 16C for 2.5 hours. The

the Sphl site of pZerolO (|nmgg,g@sq&{ : g%vg@ﬁgnic(sggggcqu@%m)
polymerase chain reaction (PGR-)-u&ug-M-L%ﬁewa;d—andAM&peverse

pnm@mdﬁf@mmmdgotsfcontamlng NSér€stof 600-bp or IGridekixere

sequenced with the B e terminator ver. 2 and analyzed using a 3730
ABI dEHESH BRAeY: % quencer (Applied Biosystems, CA). All
electropherograms were reanalyzed by visual inspection to check for
ambi§HONEEEIES and to correct MfREROSNGE 2000 Sotiare ) sion
4.12) was used to quantify the abundance of each tag. After elimination of
linkePseyjirsde angmpptatedntial artifacts, and the repeated ditags, each
tag was analyzed. 20 Generation of 5'-SAGE library Oligo-capping was
perfdmadassascinétbby Maruyadla §AtBSugano (Mahbzehid, 42
Sugano, S. Oligo-capping: a simple method to replace the cap structure of
eukapypien®RNAS with oligoribongicie@dtjoes) Gene 138,973 ¢374313994)
with some modifications (Suzuki, Y., Yoshitomo-Nakagawa, K.,
Maruygmp K., Suyama, A. & Sugargs @%trucﬂomanﬂ?%g:t 139)

aractenzaﬁonvﬁa*fmﬁength—emmherrand-aﬁ-end—enncherrcbw
Table 3: 1@%@@@&%@5@@%@%@%@9@@%@@5@%@@% g of poly(A)+ RNA
wy3asaatedwithadshadtsoaihaetasiniedelined piBrphatasertBARciated with their
corresmtltﬂﬁ@@ﬁéogéﬂ a reaction mixture containing 100 mM Tris-HCI (pH

mercaptoethanol, and 100 units of RNasin (Promega) at
37C for 40 minutes. After 30 extraction with phenol:chloroform (1:1) twice

and ethanol preC|p|tat|on the é)oly(A)+ RNA was treated with 20 units of
tababcls adierpPRoprS 1heA Py pa bepfl dp abeBR iRt information on

' the abundiabTagEOHHM sm;mem ﬁﬁ&b@tﬁdﬁH&}@bﬂH@MﬁEﬁBﬂiﬁtﬂ prdded in HEK 293 cells.
The most IFECBRIRIANEl SR A0, G EHIARIL L DR SR EEBi AN

oform extraction an ano?mrer%:lpl
frequency of 1.43%, followed by genes that hra to multiple loci and the elongation factor 2.

Several genes, such as NEF3, heat shock 70 kDa protein 1A, calreticulin, and heterogeneous

nuclear ribonucleoprotein H1, represented different tags. This suggests that several genes were

- transcribed from different TSSs. For example, heat shock 70 kDa protein 1A is transeribed from

eight different transcriptional start sites, and calreticulin is transcribed from seven different
transcriptional start sites. These results suggest that individual transcriptional start sites are
associated with gene expression. Some of nucleotide sequences shown in Table 4 are also
deécribed in the results of Example 1 described above. Table 4 also includes results obtained by
comparing the obtained gene tag sequences with genomic sequences, while in Example 1 the gene
tag sequences were not compared with genomic sequences. Thus, even when the nucleotide
sequence of a gene tag is identical, the description in the column “Gene” of Table 4 may vary from

the annotation described in Example 1.



to 4 g of BAP-TAP treated poly(A)+ RNA was divided into two pools, and
each pool was ligated 35 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 U#a AUA CUC GAG UCC GAC 35
-3'/SEQ ID NO: 1) and 5'-oligo 2 (5'-UCTU CUG CUC GAA UUC AAG
CUU CUAACG AUG UAC GCU CGA GUC CGA C -3/SEQ ID NO: 2).

Tabie 4

Macl2...5

N2 _morea

The RNA linkers were ligated using 250 units of RNA ligase (Takara) in
100 ml of a reaction mixture containing 50 mM Tris-HC1 (pH 7.5), 5 mM
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GCA GTA CAA CTA GGC -3/SEQ ID NO: 8 and 5-CTG CTC GAATTC
AAG CTT CTAACG ATG-3'/SEQ ID NO: 9. The PCR products were
analyzed by polyacrylamide gel electrophoresis (PAGE) and digested
with XhoL The band containing the dtags was excised and self-ligated to
produce long concatemers. The concatemers were cloned into the Xhol
site of pZero 1.0 30 (Invitrogen). Colonies were screened by PCR using
M13 forward and MI3 reverse primers. PCR products containing inserts of
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exons, 5'-tags did not necessarily hit the first exons. Thus the search was
made within 500 hp 20 distance from the alignment position of each 5'-tag.
Consistency with known 5' transcriptional start site A small distance
between the aligned positions of eath 5' SAGE tag and its corresponding
gene implies that the 5'-tag is roughly consistent with the known 5'
transcriptional start site. To 25 calculate the distance, however, it should
be noted that, near the 5'-tag, multiple cDNA/EST sequence alignments
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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.

Coirespondence 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 tégs) 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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loci corresponded mostly to retrotransposon elements, repetitive
seqguences, or pseudogenes. 1538 Table1Cl a-"~"ctiV'OCVN vv

"EEOMSMV)~~\pN ~*b"-OMto .~RR40”vvtivo MM~~Mh
Hco-4-4 0a Off'ftUtiaO O[-40~tiV)'pO oHoo"o0o~Vv RR
(Ta04 cnC'.QNNclnO NOO h4v~~

~ SAGE and 3° SAGE (Table 2). On the ether hand, 5° SAGE tags were very heterogeneous as

compared with 3° SAGE tags.

Saha et al. have also shown that tags present at more than 10 copies per genome are more
highly expressed on average than those present at only one copy per genome (Saha, S. ef al. Nat
Biotechnol 20, 508-512, 2002). The data obtained by the present inventors also demonstrated that
the relative expression level was higher in 3 to 99 loci/genome than other fractions in the 5° SAGE
and 3’ SAGE libraries. This is due to the mechanism of correlation between gene expression and
gene replication through retrotransposition. To estimate the extent of similarity between two
libraries, the comparison of the expressed genes between 5° SAGE and 3’-Long SAGE was
performed.

Since the 5° and 3’ tags are randomly sampled from the 5° and 3’ ends separately, the

“probability that the 57 tags are associated with a particular full-length cDNA sequence is expected

to coincide with the probability that the 3’ tags are matched to the cDNA,. However, due to the
incomplete collection of full-length cDNA sequences or alternatively spliced transcripts, it is not
straightforward to determine the exact correspondence between the 5° and 3 tags even though
these tags might be originated from the same coding region. One promising approach would be to
put together EST alignments that share exons in common, treat such a cluster as a gene coding
locus, map the 5’ and 3° SAGE tags to these clusters and their upstream regions, and uncover a
correspondence between 5° and 3° SAGE tag expression. In this way, the present inventors
counted pairs of 3” (horizontal axis) and 5’ (vertical axis) tag occurrence numbers for each gene
coding region, and Fig. 3 presents all the pairs in two-dimensional plane. Comparison of the
expression patterns revealed that most genes were e}ipressed at similar levels between both
libraries. However, several transcripts were expressed at significantly different levels, and
Pearson correlation coefficients of 5° and 3° SAGE libraries showed moderate similarity, at 0.36.

The reason for the moderate correlation is due to the dispersion of frequency from the 5°
and 3 SAGE libraries. There are several possibilities for appearance of these tags, such as
sequences derived from: '

(1) 2 PCR amplification error in 5° SAGE and 3° SAGE;

(2) a small number of genes that would be expected to appropriate the Nlalll restriction

site in 3° SAGE;

(3) a small number of genes that would be expected to appropriate the Xhol restriction

sites in 5° SAGE; _

(4) an unknown splicing variant of mRNA in 5° SAGE and 3° SAGE; and

(5) an annotation error for tags matched to multiple genomic loci or EST annotated error

into genome.

This study identified only a fraction of the genes expressed in HEK 293 cells as an
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CpC'Y1IM_MOVON_"“"WFm~iNNa NO~~SYtOO (?~yam,
pPEamOOGOcoornm Hoog Table 1: Experimental matching of
SAGE tag to genome #: Number of tags hit to genome using 18-bp 5'
SAGE tags. Mapping was performefifas described 5 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. ##:

example. NAIRDER 0frliRgs:hih berasnemenising 24-ep, 3 G106 MaRp i Wadironmental

... _performed-as described in Materials and Methods. 27,162.0f 81,211 tags
conditon QT Bl GRS b e e A S Ul Wane i i

Accumulply, ahdaprenentinvbisttie waklgmted wstrontde® BAGEEjsHdHCPAGE tag

expressiofle MRNA start sites. The present inventors used three databases,
including the reference sequence database (RefSeq), the Gene Resource
Locator (GRL) database which assembles gene maps that include 5

Discussidnformation on cis-elements in regulatory regions and alternatively spliced

SeaRser IpiSup e DaRB IS HINBOSEHPHENA IR SYEADR Tivirse

. Suzuki,.Y. etal. DB : RataBase of human . Transcriptional Start Sjtes
* transcrip G B TSR TN R A B AP S A GA h EMBO Rep 2,

388-393, @6hibins sysigadatiylbtiendisevamnsits (Piuwsall futhieKgthpeDNAK. Rign de Graaf,
S.A., de WiARIRYS figlaneesdistibutions 2P R ameis %S%ﬁ@f@%ﬁ%&%%’l%??n

ratio of tag occurrences of a small distance, 10’indicating that the 5' SAGE
mammalighn i ﬁ%ﬂalsvﬁ%élm%'é%%ﬂqﬁaé?ﬁéé%& AR eIl UiitH Stdsitées 29, 1690-1694,
2001) shomfdreratigeneftgadtitbatzbdtierds. & . I8 Ritedittagd ficappedh fal 88cHf the specific

gene d@ggﬁ@%ﬂ%ﬁﬁ@?m,wﬁg%l %th%%gﬁ@s%ég@ gggx%%S%Mt-ﬁﬁoughput

analysis of transcriptional starting point and identification of promoter usage. Proec Natl Acad Sci

USA 100, 15776-15781, 2003), the data of the present inventors show that the diversity 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 mRINA 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. Ham 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 alterative

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. ef al. Proc Natl Acad Sci USA 100, 15776-15781, 2003).
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Notably, 23.5 to 49.3% of 5' SAGE tags hit the upstream regions of the
defined transcription start sites (TSS) in these databases. Moreover, the
present inventors examined the 15 nucleotide preference at the TSS by 5'
SAGE tags. It has been reported that#he nucleotides of the TSS were A
(47%), G (28%), C (14%), and T (12%) using 5880 mMRNAs in 276 human
genes (Suzuki, Y. et al. Diverse transcriptional initiation revealed by fine,
large-scale mapping of mMRNA start sites. EMBO Rep 2, 388- 393 2001)

Howevet Hﬁ:@ﬁ'&@b&&lﬂédﬂbﬂﬁﬂ%ﬂtﬁﬁ@ﬂhﬁ{dﬁﬁ@fﬁ%ﬁ shewed Vet pidwRhent by this

s P AP II BRD Sh

en toge
_maPnglﬁfré]?ﬁ @l§é‘l§br‘dfg}‘?ﬁ Ecnsgcsrﬁémqsmr@@emhe present

invesHclisal ol WwitT sSCSWele thanael I@é&@ﬂ%ﬁ@éﬁaﬂi R ARLAR AHbtation of

alse a res for ana e, Interes 33% of tota
genomesse%ﬁgﬁgeg%a%% |ﬁp§65§% ?‘:g g‘ns S%Eij H%gf% %%8ﬁta%gppmaches that
does not gependp wgosﬁéw‘gbmgequrgmmm@ﬂuee@,f siclsdapEndhnmediately allow
mdcpendéﬁm&ll@ﬂtﬁﬂ)fpo@%M@)ﬁ@ﬁ@ﬁ@dﬁt@ﬁ%@flzﬂﬁﬁ&ﬁgmﬁ%@%&@ regions. In

n be ,2 dere it h Wlt le nucleotide |,
add1twn,%ﬁgt§5§] %?;Ea e t?etlon in geno%ﬁ'ﬁjﬁjﬁ grﬁgf?(%‘)’nﬁﬁ’i%ﬁ@éms
Comprelwaﬁﬁvgtmxgiﬁéc@n@a@rﬂ @etamsée(mym&qru siGeris (ERIDABBT Sies 500 fferent

,types not'og@ﬂﬁﬁ%ﬁ%s?ﬂcﬁ@fqﬁsi hﬂ-ﬁ@o@h@e g@ﬁm@kﬁ%&%ﬁﬁ% éﬁéﬁé?tﬁé human

79.38.1 8.8) 1,96 +50 3,173 (2§ 9)8673
genome ‘i%gajzli‘)ﬁh%‘ %og ¢ %f 0 %%9“(57‘%3%‘?5%@%‘3%@% (5535 96ge immune
system agi4pmn@sgyad 31isew¢ss.2) 9,736 (96.4) Total tags 10,982 (100) 13,723
| FR0)y1 698 30N TaRia &F B@Eﬁ@&%&% SIPRGESRD3 SR LBRY: roprlate fo-
form §t%4£§ge§1 %agg}%%%baa? The tags w ose orrespondence in mapp
pe PR A %fs\?ai@%ya z%‘dl%%xmesswn
described in Fig. 2. Identification of novel genes or unannotated genes
Industrial Applicability
The present invention is useful for obtaining gene tags. A gene tag is a nucleotide

- sequence that is specific to a gene. Thus, it is thought that the frequency of occurrence of a tag in

a gene library reflects expression levels of all genes constituting the library. Gene tags are thus -
useful in gene expression analysis. In particular, gene tags obtained in accordance with the present
invention are generated based on the 5” end structure shared by all mMRNA. Thus, results of gene

‘expression analysis using tags that are generated according to the present invention are more

reliable.

Tags of the present invention inchide 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 infdrmation'of tags generated in accordance with the present invention.
Furthermore, oligdnucleotides designed based on the nucleotide sequence inf‘ormatiaﬁ of tags of
the present invention can be used as primers for full-length cDNA synthesis.

All the prior art documents cited herein dre incorporated herein by referernce.
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In order to identify the uncharacterized genes, 5' SAGE tags were
compared with the genome sequence, RefSeq, and EST databases. Of
the 10,706 unique tags with single locus in the 10 genome, 9,376 tags
were associated with their corresporéling UniGene ESTs (Table 3).
Furthermore, 6,418 unique 5' SAGE tags were associated with known
genes in DBTSS. The remaining tags (12.4%) matched the regions within
intron (5.4%) of known genes or uncharacterized regions (6.6%). Tags
matching uncharacterized regionsih{mnly to two sites: (1) completely
uncharacterized regions; and 15 (2) regions of uncharacterized EST. The
evidence of the expression of such genes enables the discovery of the
hotehgdad Son piedirciull: ke agRl tagnobyykertfg & lbaBHECch tomgsieeg the steps of:

| (1) ﬁnkiééra'ﬂ e A RRARRREH I BN B RIS REMIRASE fe ko SRIRBIE XQL1EAE8 0@ he CAP

e of AGE 3' SAGE Previously annotated Known genes 9,376 (13,674)
site o m@,ég‘é’(ﬂﬂ%) Previously unannotated Internal exons (Intron) 515 (713)

| (@) synthessog 2 ANNA it e s S EAERNAGHER (BeRGI1E ledE1 0106 (15,448)

3) xeactikg,ﬁ&?rééﬂtﬂ?g%ﬁﬁ@ﬁgzj dantificafiomotrnghairsiengadcandigatane recognition

' genes a xaons 10, tags were gssigned to unique positions, and
sequencm 5 AN INF b 2 BRE P AR HRITS L FESB G LniGene EST

SAGE is a very powerful method that can be used to obtain quantitative

NIQHOAIANAN ABRAPYNARBRE PEUR PSP ERtSh TR ISyAtbAWR hEPeRDPhhe steps

the transcripts profiled in HEK 293 cells. The most expressed genes were
of: identified as neurofilament 3 (NEF3), with an expression 10 frequency of
(1) synthds4 9% aftilevwedndyod @nesi¥heA bititg mplipks Ihei ancetie telangetitarfactgion of the
RNA; ang- Several genes, such as NEF3, heat shock 70 kDa protein IA, _
calreticulin, and heterogeneous nuclear, ribonucleqprotein Hl, represented

(if) prepagife e APl Strmd e gt Y abvardpg aresopgrairand of the cDNA using 2

primer that anneals to a region of the first strand which bas been synthesized using the RNA Jinker

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 afler reaction
with the type 1Is 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



10

15

20

25

30

transcribed from different TSSs. For example, heat shock 70 kDa protein
1A is transcribed from eight different transcriptional start sites, and
calreticulin is transcribed from seven #fifferent 15 transcriptional start sites.
These results suggest that individual transcriptional start sites are

adaptePEFAGRAIELYNIRICNE SXRIBSSIQRRAME AEMAISPUdR SCAHENEESINANRI Ny pe 1T

Table 4 are also, described in the results of Example 1 described above.
endonupifiRe ANl SPRILIEES 1E SRS ISR By bR TPk dBtsiRE yéteer and the

adaptetag sequences with genomic sequences, while in Example 1 the gene tag

sequences were not compared with genomic sequences. Thus, even

when the nucleotide 20 sequence of a gene tag is identical, the .

e AIBAGATHRr ABHGHIA A CRMA BRI 8 A AF VARSI BIgRd RRrises the
step ofdeddnpediltijExgmpleads déhefablehd SE@dthgdRelateniRelated Tag

sequence ID count Unigene refseq Gene NO __ cluster Homo sapiens

GCTGTGACAGCC 44 286 Hs.71346 NM 005382 neurofilament 3 .

AE A BENAS BRPEHRIREA) BRI TR ST PEEPE Fes@ghady gomprises
the stepvhfitiplardyttmiphodie g CAGE AG] 6T CETTET G ldh 527 CTAACG

Multiple hit to genome CTCTTCCGCCGT 14 120 Hs.75309 NM 001961

eukaryotic translation CGTCGC eloer;%ation factor 2 TACCTGGTTGAT _
13 APeihrpleictergitsmbecededte sontenrs elerseertag gderein the method
compribultipistht 66 deaamenSECAGRANE GGEIAGE € TonsaddQadduced by the

method WY ORA4PN M heat shock 70kDa

12. A reagent kit for producing a gene tag, wherein the kit comprises:
(a) an RNA linker that comprises an oligonucleotide comprising a type 1Is endonuclease
recognition sequence; '
(b) a reagent 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
to 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;
(i1) an oligo dT primer; and

(iii) a primer comprising a nucleotide sequence complementary to a particular mRNA.



GAGGAG 21 83 5.75452,Hs.8 0288 005346 protein 1A -
AGTAGCAGCAGC 22 NM031243,NM heterogeneous nuclear GCCGGG
75 Hs.232400 002137 ribonucleoprot@in A2/B1 CTCATTGAACTC" 15 68
Multiple hit to genome GCCTGC Homo sapiens GTGACAGCCACA 20
66 Hs.71346 NM 005382 neurofilament 3 CGCCCC - (150kDa medium)

EF3), MR TTCGATCGGT 32 57 Multiple, hit tg genome

e o i G Lt brreelh i S M B SRR ot slected
from theigywp epiEias NVoes382v {1 5OKBaltitddiiahl dlek 3 mhRAdROLL, Mall, SfuN],
Tagll, akdTTRANTICGCAAC 45 55 Multiple hit to genome GGGTTT

AATTTCTACGCG 29 54 Hs.446628 NM 001007 ribosomal protein 54,

CACCGG X-linked ACCGCCGAGACC 30 53 Hs.426930,H NM001101

Ietin, Beancted oclgisl baquhpueini fecrivpteBidadarrireadTEBAA 18

Hs.5662,Hs. NM 006098 binding protein (G GGCGGC 52 509234 .

protein), beta polypeptide 2-like 1 Homo sapiens X ATATTTCTTACT 25
1 és%m%ﬁgﬁgeﬁkcmg a gene tag for eukaryotic cells, which comprises the

steps of:

(1} linking an RNA linker, comprising a type IIs endonuclease recognition sequence, to the
CAPsite 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,

wherein the type IIs endonuclease is any one selected from the group consisting of Mmel,
Bbvl, Bbvil, Binl, Fokl, Hgal, Hphl, Mboll, Mnil, SfaN1, Tagll, and TthIII.

17. A method for producing a gene tag for eukaryotic cells, which comprises the
steps of:
(1) linking an RNA linker, comprising a type IIs endonuclease recognition sequence, to the
CAP site of an RNA;
(2) synthésizing 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, wherein the
type IIs endonuclease cleaves DNA at a position apart from its recognition sequence, and

the distance between recognition sequence and cleavage position is 9 to 20 nucleotides.



CTCTCG transcript (XIST) on chromosome X 43 CTCAGTGGCCGC 17
43 Hs.14376,Hs actin, gamma 1 TGCCAG .500737 ATTCCTAGTTAA 23
42 Hs268849 NM 006708 glyoxalascg é GGCGGC AATTGTGTTCGC 24
37 Multiple hit to genome AGCCGC CCTCCTCATGAC 46 37 Hs.15589
NM_004774 PPAR bindin ACGCCG g protein CTTTCTGCCCGT 47 37
Multiple hit to genome GGACGC TAF15RNA AGTACAGCTGCG
NMO003487,NM polymerase 11, TATA GCCGCC 48 35 Hs.402752
139215 box binding protein (TB&BSERAgiAted factor, 68kDa myosin, ,
heavy GGCTGG 49 34 Hs.1 46550 polypeptide 9, non-muscle guanine
nucleotide CTCTCTTTCACT 28 Hs.5662,Hs. NM binding protein (G
Bearewidnwotonpraydbogsphediayr peeyidiog prirgdle tkelpotide sequences at

- the 5° end\THIIGCA T CRGherbdsr ARGHE0dM ineahebRekHRKRA kel (p@BsPhthesizing

449634 NM0053 in 1, alpha, SMC1. ) . .
eDNA usfigri e e R (R DE L lsdigfer aving a ype

* IIs endonuclease recognition sequence. Tags including the nucleotide sequence from the 5’ end of

mRNA are generated by reacting the type IIs endonuclease to cDNA. Tags can be generated from

all mRNA, independently of their nucleotide sequences. Methods for identifying transcriptional
* start sites and primers for full-length cDNA synthesis are provided based on the nucleotide

sequence information of tags of the present invention.
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{120>

<130>

{150>

<151>

{150

151>
160>
{1705
<210>
211>
{212>

213>

220>
223>

TACGGG chromosomes 1-like 1 (yeast) GTCCGTACTGCA 50 29
Hs.353170 NM.004343 calreticulin GAGCCG AAAACGGCCAGC 27 27
Hs.75452 FLJ38698 CTGAGG ATTTCGTCTTAG heterogeneous nuclear
CCACGC 51 26 Hs.202166 ribonucleoprotein HI (H) AGGCATTGAGGC
52 25 hit to genome AGCCAG AGTGGGCGGACC 53 25 Hs.192374 NM
003299 tumor rejection antigen GCGCGG (gp96) 1 CCCAATTTCTAC 54
25 Hs.446628 protein S4, GCGCAZ»3.446628 NM 001007 X-linked
CTCGTTGCGCAG 55 Hs' 380118,H RNA binding motif TAGTGC 25

5.460941 protein, X-Iinlgeﬁj%ﬁg&nggé@CCG 56 25 Hs.2795 NM
005566 lactate dehydrogenase II‘ -A CATTTCGTCTTA
heterogeneous nuclear GCCACG 57 24 Hs202166 ribonucleoprotein Hi
(H) CTCTTTCCCTAA 58 24 Multiple hit to genome GCAGGC 44 myosin,

, hpayy GREEGEST A4rEIx:3803ppolypeptide 10, non-muscle
ACCTCATTCATT DEAD (Asp- Glu-
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TCTACC 60 23 Hs.279806 NM 004396 Ala-Asp) box polypeptide 5
CCTTTCTGCCCG 61 23 Multiple hit to genome TGGACG
AGTATCTGTGGG 62 22 Hs.433455,H NM 001428 enolase 1, (alpha)
TACCCG s.331035 CAATTTCTACGC 63 22 Hs.446628 NM 001007
ribosomal protein S4, GCACCG X-linked GCACACAGCCAT 64 22
Hs.107600 NM 006158 neurofilament, light CCATCC polypeptide 68kDa
AGTGACGCGTAT Hs.75337,Hs ruéléolar and TGCCTG 65 19 .467172
NM 004741 coiled-body phosphoprotein | CTCTTTCCAGCC 66 19
<400>Muit|ple hit to genome AGCGCC CTTTTCCGCCCG tumor protein,
CTCCCC 67 19 Hs.374596 NM003295 translationally -controlled 1 NM

unugdabiad ChEnblbdh-184690:MM €fabtatiec8 481 k5380909 48
181697,NM_00 peroxiredoxin | 2574 ATATAGAGGCTG 69 18

Hs.427152 high density lipoprotein (vigilin) GGGGTG binding protein
ATTAAACGGTTG 35 Hs.78996,Hs proliferating cell nuclear CAGGCG 18
449476 NM 002592 antigen CCTTTTGGCTCT 37 18 Multiple hit to

genome CTGACC
210> 2

211> 46
<212> RNA

<213> Artificial

220>

<223> an artificially synthesized RNA linker sequencé

<400> 2

uyucugecucg aauucaagcu ucuaacgaug udacgcUcgag UCCgac 46

<210> 3
211> 42
- <212> DNA

213> Artificial

220>

<{223> an artificially synthesized primer sequence

<400> 3

gcggctgaég acggeetaty tgpeottttt ttitttittt £t _ _ 42



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. 5 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 chard¢i&tized 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 10 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
<210>gemome 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
<Z11>tag€that matched multiple sites in the genome was very similar between
5'45 SAGE and 3' SAGE (Table 2). On the other hand, 5' SAGE tags
<212>wé?@‘\/ery heterogeneous as compared with 3' SAGE tags. Saha et at.
-<213>haX§ta1|§?cSﬁg wn that tags present at more than 10 copies per genome
are more highly expressed on average than those present at only one
copy per genome (Saba, S. et al. Nat 5 Biotechnol 20, 508-512, 2002).
The data obtained by the present inventors also demonstrated that the
<290>relative expression level was higher in 3 to 99 loci/genome than other
fractions in the 5' SAGE and 3' SAGE libraries. This is due to the
<{223>mechanmisif of corielationtbetieeh genecexpressionaand gene replication
through retrotransposition. To estimate the extent of similarity between
two libraries, the comparison of the expressed genes between 5' SAGE
and 3'-Long SAGE was 10 performed. Since the 5' and 3' tags are
<220>r_andomly sampled from the 5' and 3' ends separately, the probability that
<221>th%§'s«5‘3 eg\{gr%ss_ociatgd with a partip_ular fuII-Ieng:[h cDNA sequence is
expectéd to coincide with the probability that the 3' tags are matched to
<2225the g@NAghtpwever, due to the incomplete collection of full-length cDNA
sequences or alternatively spliced transcripts, it is not 15 straightforward
<223>t0 tieteemine the @xact correspondence between the 5' and 3' tags even
though these tags might be originated from the same coding region. One
promising approach would be to

400> 4

gegegetgaag acggectatg tggecennnnn nc

210> 5
211> 33
<212> DNA

{213> Artificial

| <220>

<223>" an artificially synthesized primer sequence

32



put together EST alignments that share exons in common, treat such a

-cluster as a gene coding locus, map the 5' and 3' SAGE tags to these

clusters and their upstream regions, and uncover a correspondence
between 5' and 3' SAGE tag expression. In this way, the present inventors
20 counted pairs of 3' (horizontal axis) and 5' (vertical axis) tag occurrence
numbers for each gene coding region, and Fig. 3 presents all the pairs in

two-dimensional plane. Comparisdi & the expression patterns revealed
that most genes were expressed at similar levels between both libraries.

<220>
221>
222>

223>

However, several transcripts were expressed at significantly different
levels, and Pearson correlation coefficients of 5' and 3' SAGE libraries
showed moderate similarity, at 0.36. 25 The reason for the moderate
correlation is. due to the dispersion of frequency from the 5' and 3' SAGE
libraries.rEhere @are several possibilities for appearance of these tags,
such as sequences derived from: (1) a PCR amplification error in 5'
SAGE. ard)3' SAGE; (2) a small number of genes that would be expected
to appropriate the Nlalll restriction 30 site in 3' SAGE; (3) a small number
of b%‘g%]s st iiBuld be expected to appropriate the Xhol restriction sites
in 5' SAGE; (4) an unknown splicing variant of mRNA in 5' SAGE and 3'
SAGE; and (5) an annotation error for tags matched to multiple genomic
logt or EST annotated error 35 into genome. This study identified only a

<400>'0G

gegatt

210>
<2115
<212>
<213>

<220>

<2237

<2207
221>
<222>

<223>

<400>

fraction of the genes expressed in HEK 293 cells as an 46 example. A

el larger umher-ef tags.dfami gavariety of different cell types and

environmental conditions, would be required to thoroughly describe the
compendium of expressed genes. Accumulation of data may resolve the
problem of correspondence between 5' and 3' SAGE tag expression. 5
Discussion Several groups have reported that mRNA start sites (Suzuki,
Y. et al. Diverse transcriptional initiation revealed by fine, large-scale
mépping of MRNA start sites. EMBO Rep 2,

31
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388-393, 2001) and polyadenylation cleavage sites (Pauws, E., van
Kampen, A.H., van de Graaf, 10 S.A., de Vijlder, J.J. & Ris-Stalpers, C.
Heterogeneity in polyadenylation cleavage sites in mammalian mMRNA
sequences: implications for SAGE analysis. Nucleic Acids Res 29,
1690-1694, 2001) show heterogeneity. Although Shiraki et al. reported
the difference of TSS of the specific gene during an organization (Shiraki,
T. et al. Cap analysis gene expressiggyfor high-throughput analysis of
transcriptional starting point and identification of promoter usage. Proc
Natl Acad Sci 15 USA 100, 15776-15781, 2003), the data of the present
inventors show that the diversity of TSS already exists in a cell.
¢a10:Moveover, 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
<9113 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'
{212 SABHE tag site; and calreticulin has seven TSSs and 20 one 3' SAGE tag
_ site. In addition, alternative mRNA splicing is a pivotal contribution to the
<213%coplétity bfthe human proteome. Recent genome 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

<220>mutations -cause human genetic diseases by a mRNA splicing defect -

o3 BN M3 BE19S - Jufs COPREK. Prbhd® Thguisgtional spectrum of
single base-pair substitutions in MRNA splice junctions of human genes:
causes and consequences. Hum Genet 90, 41-54, 1992). Zavolan et al.
have reported that among the transcription units with multiple splice forms,
<400:49% contain transcripts in which usage of an alternative transcription start
is accompanied by alternative splicing of the initial exon (Zavolan, M. et
gcescligamp atascatéimative initiation, splicing, 30 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
¢910butgalso a different amount of gene expression. This implies that
alternative transcription may frequently induce alternative splicing. 35
<211 Regently, a new method to identify the transcriptional starting point using
a cap-trapper system has been reported (Shiraki, T. et al. Proc Natl Acad
<212>Sci¥SA 100, 15776-15781, 2003). 47
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However, the efficiency of identification of mapping mRNA start site is not
prominent by this method. The 5' SAGE method described in the study of
the present inventors facilitates an exact mapping of the TSS and also
establishes the frequency of gene expression. In conclusion, the use of 5'
SAGE method can considerably facilitate the annotation of 5 genomes.
Since 5' SAGE represents one of the few high throughput discovery
approaches that does not dependsgpran a priori knowledge of gene
sequences, such data will immediately allow independent validation of in
silico gene predictions and identification of unannotated regions. In
<2112 adidition, the 5' SAGE method will be useful for finding SNPs in 5'
919> U'Bﬁl(\promoter regions. Comprehensive identification of the gene
transcribed from specific MRNA start sites in different 10 types not only
<213> Prayides peyel insight into the explanation of functional complexity of the
human genome but also the diagnostic basis for various disorders such
as cancer, diseases of the immune system and neurological diseases.
Finally, taking consideration of the diversity of the 5' end, it would be more
<220> appropriate to perform 5' SAGE than 3' SAGE for the determination of the -
frequency of gene expression, 15 Industrial Applicability The present
<2237 ing@nigit i L orsBtARHG SR g A4RI894g is a nucleotide
sequence that is specific to a gene. Thus, it is thought that the frequency
of occurrence of a tag in a gene library reflects expression levels of all
<a00>9eqes constituting the library. Gene tags are thus 20 useful in gene
expression analysis. In particular, gene tags obtained in accordance with
ctgctiiepresent snvention aga generated based on the 5' end structure shared 27
: by all mMRNA. 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 25 region of mRNA. Thus, transcriptional start sites in the genome
can be identified based on the nucleotide sequence information of tags
_ <210>geh@-rated in accordance with the present invention. Furthermore,
'<211>oli gnucleotides designed based on the nucleotide sequence information
of tags of the present invention can be used as primers for full-length
¢219>COMNA synthesis. All the prior art documents cited herein are incorporated
herein by reference.
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30 48 CLAIMS 1. A method for producing a gene tag for eukaryotic cells,
which comprises the steps of (1) linking an RNA linker, comprising a type
Its endonuclease recognition sequence, to the CAP 5 site of an RNA,; (2)
synthesizing a eDNA using the resulting RNA of (1) as a template; and (3)
reacting the resulting eDNA of (2) with a type Its endonuclease that
recognizes the recognition sequence in the RNA linker, and thereby
generating the gene tag. 10 2. Th& f8&thod of claim 1, wherein step (2).
comprises synthesizing a eDNA by the steps of: (i) synthesizing a first
of thce cDNA using a primer that anneals to an arbitrary region of
I\ig,éf;C aﬁacﬁi) preparing a double-stranded eDNA by synthesizing a
second strand of the cDNA using a 15 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
<210>linkeér as a template has a label that binds to a solid 20 phase or is
immobilized onto a solid phase, wherein the method further comprises the
Z1Dste$of recovering the double-stranded cDNA by recovering the solid
phase. 4. The method of claim 3, wherein the solid phase is recovered
or after reaction with the type Its endonuclease. 25 5. The method
L%i}[)n 1aV\{Q%rSein the RNA linker further comprises a type Il
onuc chse recognition sequence. 6. The method of claim 1, wherein
the method further comprises the step of generating a 30 ditag by linking
the end of a gene tag cleaved by the type Its endonuclease to the end of
<400>another gene tag cleaved by the type Its endonuclease. 7. The method of
' claim 6, wherein the method further comprises the step of amplifying '

traplg
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the ditag using a primer that anneals to the RNA linker. 35 8. The method
of claim 1, wherein the method further comprises the step of ligating an 49
adapter having an arbitrary nucleotide sequence to the end of a gene tag
cleaved by the type Its endonuclease and amplifying the gene tag using
primers that anneal to the RNA linker and the adapter. 5 9. A method for
producing a coneatemer of gene tags, wherein the method comprises the
step of linking multiple gene tags g¢nerated 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
cldif 6. 10 11. A method for determining the nucleotide sequence of a
gene ta ,Cvgvpgrgin the method comprises the step of determining the
e se&uence of a concatemer produced by the method of claim 9
or 10. 15 12. A reagent kit for producing a gene tag, wherein the kit
comprises: (a) an RNA linker that comprises an oligonucleotide
comprising a type Its endonuclease recognition sequence; (b) a reagent
for linking the RNA linker with the CAP site of an RNA,; (c) a primer for
{210>eDNA second strand synthesis, which comprises an oligonucleotide that
anneals 20 to a eDNA synthesized using the RNA linker as a template;
(d) a primer for eDNA first strand synthesis. 13. The kit of claim 12,
in the primer for eDNA first strand synthesis is selected from the
consisting of: 25 (i) a random primer; (i) an oligo dT primer; and (iii)
¢213>2 %@ggoers%gma{gsing a nucleotide sequence complementary to a particular
mRNA. 3050 :
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14. The method of claim 1, wherein the type Its endonuclease is any one
selected from the group consisting of Mmel, Bbvl, Bbvll, Binl, Fokl, Hgal,
Hphl, Mboll, Mnll, SfaNI, Tagil, and Tthlllll. 15. The method of claim 14,
wherein the type Its endonuclease is Mmel. 16. A method for producing a
gene tag for eukaryotic cells, which comprises the steps of: (1) linking an
RNA linker, comprising a type Its endonuclease recognition sequence, to
the CAP site of an RNA; (2) synthgsizing a eDNA using the resulting RNA
of (1) as a template; and (3) reacting the resulting eDNA of (2) with a type
Its endonuclease that recognizes the recognition sequence in the RNA
linker, and thereby generating the gene tag, wherein the type Its
<400>ehppnuclease is any one selected from the group consisting of Mmel,
Bbvl, Bbvll, Binl, Fokl, Hgal, Hphl, Mboll, Mnll, SfaNI, Tagll, and Tthlllll. 17.
cteagbemethodiiarfrpducing a gene tag for eukaryotic cells, which comprises 18
the steps of: (1) linking an RNA linker, comprising a type Its
endonuclease 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 eDNA of (2) with a type Its endonuclease that
recognizes the recognition sequence in the RNA linker, and thereby
10>ge?’%rating the gene tag, wherein the type Its endonuclease cleaves DNA
at g_position apart from its recognition sequence, and the distance
between recognition sequence and cleavage position is 9 to 20
<212>Nuglgotides. 51 ABSTRACT The present invention provides methods for *
providing as tags the nucleotide sequences at the 5' end of mMRNA. The
<213>methes effhiepresent invention comprises the step of synthesizing 5
- cDNA using, as a template, mMRNA whose CAP structure is linked with a
Its linker having a type Its endonuclease recognition sequence. Tags
including the nucleotide sequence from the 5' end of mMRNA are
<400>gehérated by reacting the type Its endonuclease to cDNA. Tags can be

generated from
ctttelctpge aaggegge : 18
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all mMRNA, independently of their nucleotide sequences. Methods for
identifying transcriptional start sites and primers for full-length cDNA
synthesis are provided based on the nucleotide 10 sequence information
of tags of the present invention. 1/27 SEQUENCE LISTING <110> POST
GENOME INSTITUTE CO., LTD. <120> METHOD OF OBTAINING
GENE TAG <130> PGI-AO301Y1P <150> JP 2003-402306 <151>
2003-12-01 <150> JP 2004-66301&151> 2004-01-14 <160> 69 <170>
Patentln version 3.1 <210> 1 <211> 48 <212> RNA <213> Atrtificial

<220> <223> an artificially synthesized RNA linker sequence 2/27 <400>
213>, Homo sapiens
1 uuuggauﬁug cuggugcagu acaacuaggc uuaauacucg aguccgac 48 <210>

2 <211> 46 <212> RNA <213> Artificial <220> <223> an artificially
synthesized RNA linker sequence
<400> 20

gtgacagceca cacgcecece

210> 21
211> 18
<212> DNA

<£213> Homo sapiens

400> 21

aacggctage ctgaggag

210> 22
911> 18
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<400> 22
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<210> 23
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212>

213>

<400>

<400> 2 uuucugcucg aauucaagcu ucuaacgaug uacgcucgag uccgac 46
<210> 3 <211> 42 <212> DNA <213> Atrtificial <220> <223> an
artificially synthesized primer sequence <400> 3 gcggctgaag acggcctatg
tggccttttt tttttttttt tt 42 3/27 <210> 4 <211> 32 <212> DNA <213>
Artificial <220> <223> an artificially synthesized primer sequence <220>
<221> mist feature <222> (26)..(31) <223> "n'=a, t, g or c <400> 4
gcggctgaag acggcctatg tggcecnnnmm /2§ 32 <210> 5 <211> 33 <212>
DNA <213> Atrtificial <220> <223> an artificially synthesized primer

se&&ence
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211>
212>

213>

<4007

4/27 <220> <221> mist feature <222> (1).. (1) <223> Label biotin
<400> 5 ggatttgctg gtgcagtaca actaggctta ata 33 <210> 6 <211> 31
<212> DNA <213> Artificial <220> <223> an artificially synthesized
primer sequence <220> <221> mist feature <222> (1).. (1) <223> Label
biotin <400> 6 ctgctcgaat tcaagcttct aacgatgtac g 31 5/27 <210>7
<211> 21 <212> DNA <213> Artificial <220> <223> an artificially
synthesized primer sequence <40B#27 gcggctgaag acggcctatg t 21
<210>8

18
DNA

Homo sapiens

26
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2105
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212>

£213>
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213>

<400>

accge

<211> 27 <212> DNA <213> Artificial <220> <223> an artificially
synthesized primer sequence <400> 8 ggatttgctg gtgcagtaca actaggc 27
<210> 9 6/27 <211> 27 <212> DNA <213> Atrtificial <220> <223> an
artificially synthesized primer sequence <400> 9 ctgctcgaat tcaagcttct
aacgatg 27 <210> 10 <211> 18 <212> DNA <213> Homo sapiens
<400> 10 acatctgacc tcatggag 18 <210> 11 <211> 18 <212> DNA
<213> Homo sapiens <400> 11 #/272Ttctttcctt gcctaacg 18

29
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<210> 12 <211> 18 <212> DNA <213> Homo sapiens <400> 12

tacctggttg atcctgce 18 <210> 13 <211> 18 <212> DNA <213> Homo

sapiens <400> 13 cttttcctgt ggeagcag 18 <210> 14 <211> 18 <212>

DNA <213> Homo sapiens 8/27 <400> 14 ctcttccgcce gtcgtcge 18 <210>

15<211> 18 <212> DNA <213> Homo sapiens <400> 15 ctcattgaac

tcgectge 18 <210> 16 <211> 18 <212>. DNA <213> Homo sapiens
14/27

<210> 32
211> 18
212> DNA

<213> Homo sapiens

400> 32

~agttcgatcg gtageggsg

<210> 33
211> 18
{212> DNA

<213> Homo sapiens

400> 33

agttctcggg cgtacgge.

210> 34
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210>
Q11>
212>

213>

<{400>

<400> 16 ctggttgatc ctgccagt 18 <210> 17 <211> 18 <212> DNA <213>
Homo sapiens 9/27 <400> 17 ctcagtcgcc gctgccag 18 <210> 18 <211>
18 <212> DNA <213> Homo sapiens <400> 18 ctttcactgc aaggcggc 18
<210> 19 <211> 18 <212> DNA <213> Homo sapiens <400> 19
acgctgtgac agccacac 18 <210> 20 <211> 18 <212> DNA 10/27 <213>
Homo sapiens <400> 20 gtgacagcca cacgcccc 18 <210> 21

15/27

35
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<211> 18 <212> DNA <213> Homo sapiens <400> 21 aacggctage
ctgaggag 18 <210> 22 <211> 18 <212> DNA <213> Homo sapiens
<400> 22 a'gtagcagca gcgecggg 18 <210> 23 <211> 18 11/27 <212>
DNA <213> Homo sapiens <400> 23 attectagtt aaggcggc 18 <210> 24
<211> 18 <212> DNA <213> Homo sapiens <400> 24 aattgtgttc
gcagccgce 18 <210> 25 <211> 18 <212> DNA <213> Homo sapiens
<400> 25 16/27

cettttgget cteigace 18

<2105
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atatttctta ctctctcg 18 <210> 26 12/27 <211> 18 <212> DNA <213> Homo
sapiens <400> 26 ctcagtcgcc gctgccaa 18 <210> 27 <211> 18 <212>
DNA <213> Homo sapiens <400> 27 aaaacggcca gcctgagg 18 <210> 28
<211> 18 <212> DNA <213> Homo sapiens <400> 28 ctctctttca
ctgcaagg 18 13/27 <210> 29 <211> 18 <212> DNA <213> Homo
sapiens <400> 29 aatttctacg cgcaccgg 18 <210> 30 <211> 18

17/27

220>

£293> an artificially synthesized DNA linker sequence

<400> 40

tttggafttg ctggtgeagt acaactagge ttaatatecg acatg 45

Q10> 41
211> 38
<212> DNA

<213> Artificial

220>

223> an artificially synthesized DNA linker sequence

220>
{221> misc_feature
222> (38)..(38)

(223> CT7-amino-modified
400> 41

tcggatatta ageectagttg tactgeacca gcaaatcc 38

210> 42

211> 43



212>

213>

{2207

223>

<400>

tttet

210>
211>
212>

<2135

<2207

223>

<220>
<221>
222>
<2235

400>

<212> DNA <213> Homo sapiens <400> 30 accgccgaga ccgcegtcc 18
<210> 31 <211> 18 <212> DNA <213> Homo sapiens <400> 31
agacgcagag tagattgt 18 14/27 <210> 32 <211> 18 <212> DNA <213>
Homo sapiens <400> 32 agttcgatcg gtagcggg 18 <210> 33 <211> 18
<212> DNA <213> Homo sapiens <400> 33 agttctcggg cgtacggc 18
<210> 34 <211> 18 <212> DNA <213> Homo sapiens <400> 34

agttgcttca gcgtcccg 18 18/27
DNA
Artificial

an artificially synthesized DNA linker sequence

42

geteg aattcaaget tetaacgatg tacgtcegac atg

43
36
DNA

Artificial

an artificially synthesized DNA linker sequence

migc Teature
(36}.. (36)

C7—amino—modified

43

tcggacgtac ategttagaa gettgaattc gageag
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210>
211>
212>

<213>

<400>

15/27 <210> 35 <211> 18 <212> DNA <213> Homo sapiens <400> 35
attaaacggt tgcaggcg 18 <210> 36 <211> 18 <212> DNA <213> Homo
sapiens <400> 36 ccggccgggg ggcgggeg 18 <210> 37 <211> 18 <212>
DNA <213> Homo sapiens <400> 37 16/27 ccttttggct ctctgacc 18 <210>
38 <211> 18 <212> DNA <213> Homo sapiens <400> 38 ctcagtacag

ctccggece 18 <210> 39 <211> 18 <212> DNA
18/27

44
18
DNA

Homo sapiens

44
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<213> Homo sapiens <400> 39 ctctttcggc cgcgetgg 18 <210> 40 <211>
45 <212> DNA <213> Artificial 17/27 <220> <223> an artificially
synthesized DNA linker sequence <400> 40 tttggatttg ctggtgcagt
acaactaggc ttaatatccg acatg 45 <210> 41 <211> 38 <212> DNA <213>
Artificial <220> <223> an artificially synthesized DNA linker sequence
<220> <221> misc_feature <222> (38).. (38) <223> G7-amino-modified
<400> 41 tcggatatta agcctagttg tagfg@dcca gcaaatcec 38 <210> 42 <211>
43 18/27 <212> DNA <213> Artificial

210> 47
211> 18
{212> DNA

<{213> Homo sapiens

<400> - 47
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(910> 48
211> 18
<219> DNA
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. cacct
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211>
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213>

<400>

<220> <223> an artificially synthesized DNA linker sequence <400> 42
tttctgctcg aattcaagct tctaacgatg tacgtecgac atg 43 <210> 43 <211> 36
<212> DNA <213> Artificial <220> <223> an artificially synthesized DNA
linker sequence <220> <221> misc_feature <222> (36).. (36) <223>
C7-amino-modified <400> 43 tcggacgtac atcgttagaa gcttgaattc gagcag 36
19/27 <210> 44 <211> 18 <212> DNA <213> Homo sapiens <400> 44
gctgtgacag ceacacge 18 <210> 43 £2Z11> 18 <212> DNA <213> Homo
sapiens <400> 45 ctttttcgca acgggttt 18

gtttg caggetge

b0
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DNA

Homo sapiens

50
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210>
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<210> 46 <211> 18 <212> DNA <213> Homo sapiens <400> 46
cetcctcatc acacgecg 18 20/27 <210> 47 <211> 18 <212> DNA <213>
Homo sapiens <400> 47 ctttctgccc gtggacge 18 <210> 48 <211> 18
<212> DNA <213> Homo sapiens <400> 48 agtacagctc cggccgcc 18

+ <210> 49 <211> 18 <212> DNA <213> Homo sapiens <400> 49 21/27

<400>

aggea

<210>

211>

212>

213>

<400>
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<2107
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213>

<4005
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<210>
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(212>
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cacctgtttg caggctgc 18 <210> 50 <211> 18 <212> DNA
22/27
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53

gegga CCgCgegg

54
18
DNA

Homo sapiens

54

tttet acgecgeace

55
18
DNA

Homo sapiens

18

18

18



<400>

<213> Homo sapiens- <400> 50 gtccgtactg cagagccg 18 <210> 51
<211> 18 <212> DNA <213> Homo sapiens <400> 51 atttcgtctt
agccacgc 18 <210> 52 <211> 18 <212> DNA <213> Homo sapiens
22/27 <400> 52 aggcattgag gcagccag 18 <210> 53 <211> 18 <212>
DNA <213> Homo sapiens <400> 53 agtgggcgga ccgcgegg 18 <210> 54
<211> 18 <212> DNA <213> Homo sapiens <400> 54 cccaatttct
acgcgcac 18 <210> 55 93/97

55

ctegttgege agtagtge

C <2100
<211>
212>

213>

- <400>

gtget

210>
2115
212>

213>

<400>

cattt

210

211>

(212>

56
18
DNA

Homo sapiens

56

gcage cgetgeeg

57
18
DNA

Homo sapiens

57

cgtet tagccacg

58
18

DNA

18

18

18



<213>

<4007

<211> 18 <212> DNA <213> Homo sapiens 23/27 <400> 55 ctcgttgcgc
agtagtgc 18 <210> 56 <211> 18 <212> DNA <213> Homo sapiens
<400> 56 gtgctgcagc cgctgecg 18 <210> 57 <211> 18 <212> DNA
<213> Homo sapiens <400> 57 catttcgtct tagccacg 18 <210> 58 <211>
18 <212> DNA 24/27 <213> Homo sapiens <400> 58 ctctttccct
aagcagcc 18 <210> 59 <211> 18 <212> DNA <213> Homo sapiens

24/27

Homo sapiens

58

ctetttecet aageagee

<210>
211>
<212>

213>

<400>

59
i8
DNA

Homo sapiens

59

gactaattig ttggegge

<210>
211>
- <212»
213>

<400>

60
18
DNA

Homo sapiens

60

accteattea tttetace

<210>
<211>

61

18

18

18

18



<2125

<213>

<400>

<400> 59 gactaatttg ttggcggc 18 <210> 60 <211> 18 <212> DNA <213>
Homo sapiens <400> 60 accteattca tttctacc 18 <210> 61 <211> 18 25/27
<212> DNA <213> Homo sapiens <400> 61 cctttctgcc cgtggacg 18
<210> 62 <211> 18 <212> DNA <213> Homo sapiens <400> 62
agtatctgtg ggtacccg 18 <210> 63 <211> 18 <212> DNA <213> Homo
sapiens <400> 63 caatttctac gegeaccg 18 <210> 64 26/27

25/27

DNA

Homo sapiens

61

cctttetgee cgtggacg

210>
<2115
212>

<213>

<400>

62
18
DNA

Homo sapiens

62

agtatctgtg ggtacceg

<2105

Q211
212>
<213>

<400>

63
18
DNA

Homo sapiens

63

caatttetac gegeaccg

<210>

64

18

i8

18



211>
212>

{213>

<400>

<211> 18 <212> DNA <213> Homo sapiens <400> 64 geacacagcc
atccatcc 18 <210> 65 <211> 18 <212> DNA <213> Homo sapiens
<400> 65 agtgacgcgt attgcctg 18 <210> 66 <211> 18 <212> DNA <213>
Homo sapiens <400> 66 ctctttccag ccagcgcec 18 27/27 <210> 67 <211>
18 <212> DNA (213> Homo sapiens <400> 67 cttttccgcc cgcetcece 18
<210> 68 <211> 18 <212> DNA <213> Homo sapiens <400> 68

26/27

18
DNA

Homo sapiens

64

gecacacagee atceatee

210>
211>
212>

<213>

<400>

65
18
DNA

Homo sapiens

65

agtgacgegt attgectg

210>
<211>
212>

213>

<400>

66
18
DNA

Homo sapiens

- 66

ctetitecag ccagegee

i8

18

18



- gcgtcttgtt cttgectg 18 <210> 69 <211> 18 <212> DNA <213> Homo
sapiens <400> 69 atatagaggc tgggggtg 18

<2107
211>
212>

213>

<400>

67
18
DNA

Homo sapiens

67

cttttcegee cgetecee

(2105
11>
212>

(213>

<400>

68
18
DNA

Homo sapiens

68

gegtettgtt cttgcctg

210>
211>
212>

213>

400>

69
18
DNA

Homo sapiens

69

atatagagge tgggeeteg

27/27

18

18

18



