Met hod for gene identification signature (G S)
analysis Field of the invention The present invention
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expression and specifically to a method for the seria
anal ysis of a |large nunber of transcripts by
identification of a gene signature (A S) correspondi ng
to defined regions within a trdnscript. Background of
the invention One of the nost inportant goals of the
human genone project is to provide conplete lists of
genes for the genones of human and nodel organi sns.
Conpl etMetheddorgenadettifioatiof sigpatse(6l$panapsis

conpr ehensi ve transcri ptone anal ysi s by experinent al

aﬂ léoﬁlm ational approaches. Ab initio predictions of
g ' i dat ed by experinental data. An ideal
solution is to clone all full-length transcripts and

cqmel ptetiant SRGIARGE rélBRI® gdht r e :
recogﬁi tion recentl )5 (St rgu@%@r“g%Rﬁﬁfﬁe@?%g%?nglg%,transcnpt

sexpirssiorn@pd apecifically thaé prethod for fthe smriah arealgsis of a large

( ee al., .200 Proc tl Acad Sci .

1é8%%[}10 -f4$‘6%/5‘s.°rfﬂﬁﬁe\%r ,'éaﬂéﬂ%'opheocoﬂplq,@ﬂet ySigpature  (GIS)
i porasgondihge definkd a@gi@h's Wimireéﬁfa%%ﬂﬁt.i n the various

devel opnental stages of an organisnmis life cycle,

conpl ete sequenci ng analysis of all different

t i ptio i ]l remains unrealistic. To get

aB%E fouRHBFh %Vé ! lh a cDNA tagging strategy that

obtains partial sequences that represent full .

t Omesof thet mdstsmpertantl gualsasfetiedingmah dRdnonie Prbjeet isto provide
in

det erm ni ng genes and characterizing transcri ptones

t ARMPLEE 'bsg%égege'??st ?Fé” @B@p%@@@@ss@gbéﬁt@@ e8ad Mede) organisms.
a BNOntd 0 seqke fr ' d/ .
o g o BFRORBCCRre Yifes (Pollss, AT Bomprenensive

168nsargBeneEanhlyBSThy ezppenioeentakbdndocdrdpgitienat @]ppfbaches. Ab
same

B R B 8BSy B e et e e
ioﬁoIGﬁé‘ﬁ ISAGEST an fatidngth %ranglaﬂH%har@-Eo%lg{eﬁf%E&U@nce them.
This approach has gained recognition recently (Strausberg, R.L., et al., 1999,
Science, 286: 455-457) and progress has been made (Jongeneel C.V,, et al.,
2003, Proc Natl Acad Sci U S A. 100, 4702-4705). However, due to the

complexity and immense volume of transcripts expressed in the various

developmental stages of an organism’s life cycle, complete sequencing
analysis of all different transcriptomes still remains unrealistic.

To get around such a dilemma, a cDNA tagging strategy that obtains partial
sequences that represent full transcripts has been developed and widely

applied in determinin‘g genes and characterizing transcriptomes in the past
decade.

In the expressed sequence tag (EST) épproach, cDNA clones are sequenced
from 5" and/or 3' ends (Adams, M., et al., 1991, Science, 252, 1651-1656).



identifying genes, it is prohibitively expensive to
tag every transcript in a transcriptone. n practice,
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are obtained froma cDNA |ibrary where mllions of

transcripts mght be cloned. To increase the

efficiency in sequencing and cgunting |arge nunbers of

transcripts, Serial Analysis of Gene Expressi on ( SACGE)

((Vvel cul escu, V. E., et al., 1995, Science, 270, 484

487; Saha S, et al., 2002, Nature Biotechnol ogy, 20,

508-12; US6, 498, 013; US6E, 383, 743) and the recent

Misashy &S] Regakehed Siagh atauic @rq;.uaﬁec:longl\gvié&%;g@) g SO_Obp tag per
' C. et.al., 2000, Proc¢ Nat cad Sci

LERISEHE 1S e br Sante @, Olenanning JoBTs wavler sanitest the

BirelatieéinlehenYof Haned Mkphadiones&ivit .Veh%{?ggql dONettoctive i

the fact that a%gﬁbrﬁggignature seguence 2?§8b6§ %ﬁbc1we in

aidendifdog i ganesant He prohibitiiedntexpessivei fo m% Cevafrmﬁﬁgipt in a

t erinental | short tags can be extracte

¢ S et R BIERER " sl us Bl CSies afiag g0 or less

b& ST arei eltalnedskeanea eBNRIbREY Wherd il tfméh ipts might be

tactic (as for SAGE) or by ahﬁgbridizatggﬁ- ased;&'rllp g

nElR6dol ogy for MPSS. For exanple, in SAGE, multiple
tags are concatenated into |ong DNA fragnents and

ooyl 35905k e SRy S SRSl Bide Lhoers o

shrqnmrtpts,gSerﬁailommalyéisIc?ﬁeri@&ﬁp%%,sﬁ{?ﬂ(%@@%? goygéé%lgfe@ V.E., et
i i fi anscri .

S S 0 a0 0Bt s & e R0 ardhotsatnolosy

f peUsEBaY: Obg,?}gga?t‘}@& t@@é-ss‘é’ﬂh)gﬁdu@{?{;é b'tgltgtgggigfely Parallel

many assenbl enone’ sequences 1 _
t BignadweoBequencing (MBSS) rtetiegyué qMdo @seti 6t 0800, Proc Nat/

(RBad 3555, BB, D1k BBSATHAD: ScBremperion: b omla A9, Naturo

NBIJASEH) g dAdA (F‘)g%]llg

s?)eci f idgé?%ﬁlagﬁped t%ﬁg%géﬁ%g el &%{)Pgﬁgﬁz}’ﬁﬁ}? gact that a short
ceaparigre raeamencan1¢e2thp oind tramspuigt Yahebe esifffitiefitly specific to
t Scri |?|];I in the content of whole transcriptone.

I—@@géeeﬂt i%tqe&ﬂ'ity, there still exist a |arge nunber

of "anbi guous" SACE tags

Experimentally, short tags can be extracted from cDNA one tag per transcript.
Such short tags can be efficiently sequenced either by a concatenation tactic
(as for SAGE) or by a hybridization-based methodology for MPSS. For
example, in SAGE, multiple tags are concatenated into long DNA fragments
and cloned for sequencing. Each SAGE sequence readout can usually reveal
20-30 SAGE tags. A modest SAGE sequencing effort of less than 10,000
reads will have significant coverage of a transcriptome. Transcript abundance

is measured by simply counting the numerical frequency of the SAGE tags.

With the availability of many assembled genome sequences in public
databases, the use of a short tag strategy for transcriptome characterization is
becoming popular (Jongeneel et al., 2003, Proc. Natl. Acad. Sci. USA 100:
4702-4705). In theory, short DNA tags of about 20bp can be specifically



(14-21bp) and MPSS tags (17bp) that have multiple
| ocations in a genone, and nmay be shared by many
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restriction enzynes that can cut |onger than 21bp, the

SAGE nethod currently can not generate any | onger tags

to inprove specificity. Further, SAGE and MPSS net hods

only produce a single signatur& per transcript in the

m ddl e of the gene. n view of the "internal"” nature of

the tag in a transcript, these nethods provide only

limted tag informati on. Therefore, despite their

usedppetkde & nsinglpudocation evvilﬂ'nmaarrrqrnplehemtm‘natian ojenome and

RS Rl o freiseyphn Buheinient of whole tanstiptome,
| MuWlatsinieanss thérraeertm &8st nUHwbtéF%faéhbidUod@%?\GE tags

ef fi ci ent nethods retain The sequencing
et(?ﬁl'@l"@ﬁb?nérMPﬁS M@ éh?hp tthat hawe movitiptehiocatiensfin thgenome,

49 B Db ) L, L el L TR L TR el of type 1

t h‘&trlﬁmﬁﬂénméﬁmﬂf@ﬁﬁm lomy&tha®2188! HRSSARE method currently
probl ems nentioned above by providing tw tags (

drceadpt generie paydongerdagsite supwvetspecificilye i ncr eaS| ng
the specificity of the tags to represent a nucleic
acid nolecule (for exanple a gene). The two tags are

ekurthet,e8AGHrarichd/BS SameetBods Nty afrotilige S@@n@léc kRjn&ture per
ﬁld rrolecg}n %gr@qtherefore di t ags are nore
PBsGRAL D dhe gnidgle etihe gane: inudewraf the “imernalicnatuce of the tag
I
ﬁ@i%é PEfit, Efespielride préyideuy T3l 88 ioRHHEFE, ¢

acid nol ecul e into a single ditag unit. Therefore, the
pajrs . of 5, and 3 s.that represent the nucleic

D hffatieecdndteatheit WaaINGSs d cipauadaing, oShaione. the utity of
SRIE4RIE BOcRNY !S%NGE dr t f
identification new'gg/lnljc,a‘c'gge‘?oéré?/tg e9$e'g]§elﬂﬁ %? b?ftﬂehrelack of
tsmmltmnﬁwmmt imcanchusi@miegsones, for the

annot ati on of genone sequences and at the sanme tine
enhanci ng sequencing efficiency. n particular, the

| TMERE i®h MR fethanahts Rhrdhffte ObHBRINY Ched e which retain the
conpri sing at

sequencing efficiency and at the same time improve the use of the tagging
strategy for transcriptome characterization and facilitate the annotation of

genomes.

Summary of the invention

The present invention solves the problems mentioned above by providing two
tags (a ditag) per nucleic acid molecule, therefore increasing the specificity of
the tags to represent a nucleic acid molecule (for example a gene). The two
tags are extracted from the 5’ and 3’ ends of the same nucleic acid molecule,
and therefore ditags are more informative to reflect the structure of the nucleic

acid molecules. Critically, the invention provides a method to link the 5’ and 3’



| east one ditag, wherein the ditag conprises two

joined first and second sequence tags, wherein the
woi20est0263ay conpri ses the 5 -term nus sequence RAWSGR@4/000298

second tag conprises the 3 -term nus sequence of a

nucl ei c acid nol ecul e. The oligonucl eoti de of the

i nvention, further conprises at |east two adapters

flanking the ditag, wherein each adapter conprises at

| east one restriction site. n particular, each adapter

conprises at least: a first restriction site proxinal

to the tag which is an asymmetric restriction site

(fags ekigpiame Auskie rgicemglenule o siegle ditag anitsTherefore, the

) [ ' ' d at. | t d
" afis ot B hit 3868 st BbiRtp BB e &L indediig gan be easily
sreagnimed besimpletserueticlryy &malysisi Thé heveHtion'®h BE used for the

used...For exanple, BanH . Al so, any asymetric
- Elenificatiosh, b bawdoenesefer thermensur o ttransripi caburance in
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biwkanainesequerming efficnciyhe ditag. The nucleic

acid nolecule nmay be the full-1ength sequence of a

gen r fragment .thereqf . For exanple, RNA, nRNA,
g@ng?ﬁgu%mlfhef VD W'éW”dﬁO@Ef?&phmqie@fa@e geyprising at
Vieagt iohent @ OWh@PeiRUIHE Hitad'C i 0 i

embodi nent , ?Et is _olbt ai .ngga@y&gg lltl%&ntéw?h@ﬁ?d {i5st,ARgssecond
asRfllancedags ewherais the fl$trtagIoahqormisdheftﬂ’eéuhiﬁubrsﬁquence and

S f.at least one regtriction enzynme and the _
Ifsltlrn geggg&t‘(ﬁetagec%m@elsag@eié'tﬁémg‘r'-’r?i $8guBPce hef a nucleic acid
rresleculd. i on enzynme used. Accordingly, thenunber of
nucl eoti des of the ditag can vary according to the

restri.ction enzyne used. \Wen Mrel is used, this

eﬁ'ﬁ/ H@?@&B@‘?ﬁdﬁegf the tyestion, furthedeoparisest at least oo adapters
F f h ic acid nolecuyle which -
oneklir?t ghn%lg ﬁ%g &@(%%@, S%élﬁrl%g%pgeri E%TBQS‘?%@[{HGE‘F%PEG restriction
atled Inopardicllarf eachngdapterToradsS b dedS: 2l first restriction site
nucl.eotides. Two such tags may be additionally

&’8’95?469 adumhicty 970 AsYAMedic trestrictiom wsitdi (fag example, a
HIRihb Erd8nddredSe PSHRALA 4RS; or LE/0d ?eqst'rig’ticl)qnegffee) and at least a
second restriction site. As second or further restriction site, any restriction site
known in the art may be used. For example, BamHI. Also, any asymmetric
restriction site different from the first restriction site may be used. The
restriction site for this enzyme, however, must be absent from the vector
backbone after insertion of the ditag.

The nucleic acid molecule may be the full-length sequence of a gene or a

fragment thereof. For example, RNA, mRNA, genomic DNA, full-length cDNA
or cDNA.

The ditag may vary in nucleotide number. According to one embodiment, it is
obtained by splicing the 5' terminus and the 3' terminus of a nucleic acid
molecule in presence of at least one restriction enzyme and the size of the

sequence tags is determined by the restriction enzyme used. Accordingly, the
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obt ai ned by splicing together the 5 termnus and the
3" termnus of the sane nucleic acid nol ecul e. The

wdizo@g26d1t he i nventi on can be of any size, preCesabiog/000298

12-60 bp. The oligonucl eoti de may conprise a
concatener of ditags, for exanple 1 to 1000 ditags.
The invention also provides a %ector conprising the
ol i gonucl eoti de of the inventi ~n particular, the
vector conprises at least a nucleic acid nolecule and
at least two adapters flanking the nucleic acid
ul e, wherein each adapter conprises at |east: a
fppgfbe,regq nugteodees i efe thehicditagi saanvaryy evedrding to the restriction

r t site (asymmetric restriction site is, for
egg%’rg lJSgf[ajhom ng endonucl ease recognition site, or a

t pe Il recognition site) and at |east a second
arl dtmehissises, (thisrerezymme recdipizdd ), sei{‘dénb@%sxde each of the

@@%%@55 e et fiAE ine Rucleicaghamelsevlsubish ane intandecto reduce,
' Bt eUl i the - niAE A ARbRARY THRiRG o (85 LU BHLAR 10.21

site is the type restriction site

aﬂ%@egﬁldﬁﬂ dB&O ssuchctags mayi ing adolticredlyqireees i %9tI§IQntlng and

provi des a

Th tion_further
rar y{% ng & rﬁj'tégeﬁl:?n/)‘/‘ggﬁljﬂgc?’@@ @éﬁi@ﬂi@!@% trhe dlltag is hence
I f
t%“ih“é{‘““h‘iyr SDIORTRSOTRE! R 2l 4T, (EERAGS BPtne same
n@%%@ﬁc&"m%&ﬁ%l ng at |east one oligonucleotide
conprising at |east one ditag conprising: producing at

; leic.aci I ' t he 5'
{ BRer RO MR RLRusie L BB i eybies, o hep B 2460 ap.
nol ecul e or fragnent thereof; and linking the 5
tierdligenuniebtiie ayntoruprise aCI‘;@ﬁ’éeﬁeHé? o?tq]ﬂc?g@?g?roé‘fample 1 to

d1| n particular, it is provided a nethod 1
@@gq at | east one ol igonucl etide conprising at

I east one ditag conpri sing:
The invention also provides a vector comprising the oligonucleotide of the

invention. In particular, the vector comprises at least a nucleic acid molecule
and at least two adapters flanking the nucleic acid molecule, wherein each
adapter comprises at least: a first restriction site which is an asymmetric
restriction site (asymmetric restriction site is, for example, a homing
endonuclease recognition site, or a type Il recognition site) and at least a
second restriction site (for example Bam HiI), and the backbone of the vector
does not comprise the asymmetric restriction site and the second or further

restriction site. A preferable asymmetric restriction site is the type Il restriction
site Mmel.

The invention also provides a vector having the sequence indicated in SEQ ID
NO:18.

The invention further provides a cDNA library, wherein every cDNA clone
comprises the at least one oligonucleotide of the invention.
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produci ng at | east one nucleic acid nol ecul e flanked
by two adapters; isolating the 5 termnus and the 3

woenesieem1 of the nucleic acid nol ecul e; and |i RETISG2400®00298

5 termnus and 3' terminus to create the at |east one
ol i gonucl eoti de conprising at |east one ditag fl anked

by the two adapters. The nucl ei.c acid nol ecul e desired
to be reduced in formof a ditag may be a full nucleic
acid nolecule or a portion inside the nucleic acid

nol ecul e. The nucleic acid nolecule may correspond to

t he fa}l-length of a gene or fragnment thereof. The

BEFIRAyIx @naiker @6RBEN sbet investion afsodetrevidesi 89method for

i . of . I di
Bk B U SISl LS, o b cane g

t kempeisingd of the invention may further conprise the
steps of: determ ning the sequence of the at |east one

di tag; ,andconpari,ng the ditag nucl eoti de sequence to a
dat a‘%QQHC'SSr?Bﬁ?%frfg‘eg@ﬂ%@%m@&m; wher eby mat chi ng

5" and 3' termni sequences are identified. According

t o dsdlatihd Ehe 87 teRHAA he i rovi des, a
net hod clo%pri gi tneg: pro uc?hr?gégtgnlp[eh\ggt%fotﬁg fﬁgﬁﬁ]l%?glddpp@cule or
nbpgenttheseef,@ndbly a ful | -1 ength cDNA, flanked by

two adapters, wherein each adapter conprises at | east

one ; rd Gt [ te; J.cing the 5' termnus and the
3 TERRbHE'S PribbS anPly eSipbilus Hopwate 8ha ot jspotione dieg,
| east one ditag by adding at | east one restriction

einzyarticulecoigié provddédie mesidd il i fera .
each adas%&r cgrrpri ses at | east :&gp%ﬁit%t rl%{sﬁrcﬁ%t &E%dnucletlde

SFABPHFNE 1 leasf Pngxdiiageeamerisiegt ri ction site and a

second restriction site. The second restriction site

e, PREARIRG B8P BIETLEISTe PR MDHEC BN Ak aidabters:

restriction si’te. As restriction enzyne, any useful
enzigatatitgnthiee5 uteentinusoana theeB! tarménus of the nucleic acid molecule;

and

linking the 5 terminus and 3' terminus to create the at least one
oligonucleotide comprising at least one ditag flanked by the two adapters.

The nucleic acid molecule desired to be reduced in form of a ditag may be a
full nucleic acid molecule or a portion inside the nucleic acid molecule.

The nucleic acid molecule may correspond to the full-length of a gene or
fragment thereof.

The method may further comprise the step of determining the nucleotide
sequence of the at least one ditag to detect gene expression.

According to a further aspect, the method of the invention may further
comprise the steps of:

determining the sequence of the at least one ditag; and



restriction enzynme recogni zing two asymretric
recognition sites. Asymetric restriction site can be:
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sequences recogni sable by restriction hom ng

endonucl eases or ii) restriction endonucl ease

asymmetric cl eavage sites sequences recogni sabl e by

type Il restriction enzynes. Type Il restriction

enzynes recogni se asymetri c DNA sequences and cl eave

both DNA strands at fixed positions (cleavage sites),
typical]y several base pairs away fromthe recognition

S |°P€‘paﬂﬁ‘é!s@ee‘ﬁt%g”rﬁ50|@b§de sequesceldo tdldairabaegmdrh@fbmg genomic

I nmbod t
< pHaRces MRSRIHY Mg s0fnd by tesdiniGeehences stpideatiiod.
with T4 DNA pol ynerase and T4 DNA i gase) and the

diAcagrdifig 3¢ 38 partidtat icteisodifeank ek Divd R

i s produced. According to a further aspect, naﬁjg‘mnﬁ{% a method
O]COE]WS@@OOdI nment of the invention can be linked to

ot her ditags to produce concateners of ditag. For

exarﬁ?rb@uc@agt at 1&&&9 ghéaﬂﬁcle§ gefddk@?ﬁé@e? gr?rtegeéﬁgwea full-length

further aspect, 1t I rovi
nﬁpbi/-‘ngjlankemw twmgdanﬁees)amhe‘rglrﬂead:rﬁaéé t‘éﬁ%ompnses at least one

S S PRGBS tadaths 'rairﬁs%ﬁgé‘§@grbﬁs@%quemle.c acid
t ﬁ@ﬁecumetbept"(bdhhé éﬂ g t@l’ﬂa %ﬁg Oﬁﬁ ag' l_etagtror[}len[gstnctlon

sequence and the secon tag co
SRR eeeagnizing dhe restrctiah altesecul e the nucleic acid
nol ecul e corresponding to the full-length of a gene or

fra each of the t tags of the

at  FERrabRebaH 2gRB QRGBS 2 loam st Festactiaresits which s

sam uasymirabtrice géstrictidn tdie @ﬂﬂrﬁsmdqge&%ﬁoﬁ I{ehe];he second
map. According to a still another aspec

ﬁ‘ﬁ?&ﬁpeng LS B\?in%'§0d3€?réﬂhilﬁj’nwmeUmEBSdmlcimwente/ which may be the

CSUFRE b?bl'f%reﬁ’tr 9|r§’11%§yf@§&r?:ﬁ§ cl eoti de

conprising at eas one npri sing
two joined first and second sequence tags wherein the

fAs gestriation ‘enzyme, any useful enzyme can be used. For example, a
restriction enzyme recognizing two asymmetric recognition sites.

Asymmetric restriction site can be: i) homing endonuclease asymmetric
restriction site sequences recognisable by restriction homing endonucleases
or ii) restriction endonuclease asymmetric cleavage sites sequences
recognisable by type |l restriction enzymes.

Type l restriction enzymes recognise asymmetric DNA sequences and cleave
both DNA strands at fixed positions (cleavage sites), typically several base

pairs eway from the recognition site. These enzymes cleave outside the
recognition sequence.

According to a particular embodiment, the splicing step is carried out by using
Mmel (together with T4 DNA polymerase and T4 DNA ligase) and the ditag of
34-38 nucleotides, flanked by two adapters, is produced.



conprises the 5 -term nus sequence and the second tag

conprises the 3'- term nus sequence of a nucleic acid
woubesmeém1 the nucl ei ¢ acid nol ecul e corr espon#8CmMgGL@4/000298

the full-length of a gene or fragnent thereof;

conmparing the obtained at |east one ditag wwth a

genone map and/or a gene database; if the 5 and 3

termini tags of a ditag are mafched to the genone

sequence but not in known gene databases, then the

detected ditags nmay represent new genes in the given

genones. Such ditags can directly guide the process of

r dpoedingdot durttied aspewd) thendithgiof a‘rg/i élmﬁblim?ﬁt_%f thle invention
ed genes. is also

carres di to t ne i dentifi

b it et At 1o hroduseraassatemercaisitag. Forengmple, 1
fwbhobgth@spDNA of new and/ or other interesting
genes conprising: preparing, froma full-length cDNA
l'i brary, at |east one oligonucleotide conprising at

| dwsording toi eagther Hartbier aspeotipitiisi prgvided poimetidod i fostgenome

a n ce tags, wherein the first tag
S conﬁé@’s&rﬁéﬁéﬁat erm nus sequence and the second tag

conprises the 3'-termnus sequence of a full-length
c PNfoarirly at leassene @ﬁ?bﬁ@clbbﬁdé’ Ebmp;a@ﬁmg%ﬂ I@QQLUGIH%H'HQS, the ditag

ditag,, preferably a large nunber of the obtalne
dCPHENISING ™ A9IRRH Jirshandi sesgndfsaquencesagsf wherein the first tag

e _ P |
LA T
i tereiess dequentéeofpar rotlelc toid MEELIs, ﬂ@'ﬁadgléf?% ?éd{d molecule

Further, the inveption also provides a netho
10 qﬁ%’???@‘?(h@g tpéng E‘;‘H%Gﬁhp@ﬁ eane gk fragmept dhergofjene

15

20

conprising: preparing, froma full-Iength cDNA

(i i . : i -
| TRIFR 28¢h DESR LRDAGR dARDAEIGRR bHE iR Helbrtie; and
and second sequence tags, wherein the first tag

c@eiining dke stractiraliregisnefths epuespending gene on the genome map.

According to a still another aspect, the invention provides a method of gene
discovery comprising:

preparing at least one oligonucleotide comprising at least one ditag, the ditag
comprising two joined first and second sequence tags, wherein the first tag
comprises the 5'-terminus sequence and the second tag comprises the 3'-
terminus sequence of a nucleic acid molecule, the nucleic acid molecule
corresponding to the full-length of a gene or fragment thereof:

comparing the obtained at least one ditag with a genome map and/or a gene
database;

if the 5’ and 3’ termini tags of a ditag are matched to the genome sequence
but not in known gene databases, then the detected ditags may represent
new genes in the given genomes.



the second tag conprises the 3'-term nus sequence of a
full -l ength cDNA;, sequencing the obtained

wohkigonemdl eot i de ditag, preferably a | arge nunber/sc2004/000298
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t he obtained ditags; determ ning the frequency of the
sequenced ditag which corresponds to the
transcriptional activity of thg gene. Bri ef description
of the figures Figure 1 shows tthe G S anal ysi s
experimental workflow (bacterial transformation
approach). n the figure, the letters N, B, M S either
in capital or small letters denotes the restriction

Wtaqm@n direetly guidetthe presssi Gftr_ergﬂv@iﬂg/ﬂ‘@l\féjﬂbéngth nucleic
e text "

P roiddlfe 2BfreRRondint 33 M howfiendled sevesed

flrst strand cDNA. Figure 2 shows the G S analysis

e)tﬂosralsferér&bspébﬂ(f)f e W@Rtlbﬂfae%e%ﬁ@d 98¢ Pécmférlhﬁ the full-length
LNI‘G the letters N, B, S either In capit

A pepewrandiesiter mteéesaﬂm genes ocnmpnemggm t] on)
S|tes for the restriction enzynes Not Bam HI, Mme

S5 P VTl ION ol of SBESEHS toonucionae
C Mprlﬁlr@aieleasishnm ith§ ethel ditagpedrhpasihgrwef joiRIMr88and second
transcr one nme, Figure 4 1s an

o PERTS s w@weg%m BRdiEhiOMRMPEs e e Bhtesminumbegusince and
OEH&'SB%n& Ltlag rr?h?e§% So-lté’l‘?r‘ﬁﬁuE;%%ﬁfjnc? {3% %l\ﬁﬁll -length cDNA

super cor | preparatton
| Blordey;. Lane 3: Mel digestion products. The arrowhead
shows the posi tion of al I the linearized

t - pl agm e IS, an ectrophoresjis g
rgg‘gf%}!ﬁ ﬁi%@ﬁ’%‘ﬁ? '%ldae(ﬁ'%gduqu%%a Yr?elafﬁl%amer of the
Db¥taiieditagh:t ag Ilbrary is digested with BanH . The
50bp ditag ragrrents are separated and purified from
the vector using a 10% pol yacryl am de gel. Lane 1. DNA
sfiolermiftingthe ditageobirgeresb fontexampé, Basdxp o6l ISological aspects);
d% q9s. Figure 6 is an electrophoresis gel related to

e preparation of G S ditags by PCR The
di t ag- contai ning PCR fragnents generated fromthe @S

fltdCbVéI&HT@tHie UINBnGthEBNA e6resiBRME D e BRagTbf int8Rst from the
50pr 9 aﬁg ragnents are separated

arental fu length cDNA library.
Further, the invention also provides a method for quantifying the

transcriptional activity of a gene comprising:

preparing, from a fulllength cDNA library, at least one oligonucleotide
comprising at least one ditag, the ditag comprising two joined first and second
sequence tags, wherein the first tag comprises the 5'-terminus sequence and
the second tag comprises the 3'-terminus sequence of a full-length cDNA;

sequencing the obtained oligonucleotide ditag, preferably a large number of
the obtained ditags;

determining the frequency of the sequenced ditag which corresponds to the
transcriptional activity of the gene.



and purified fromadaptor arnms in 10% pol yacryl am de
gel. Lane 1: DNA size markers. Lane 2-15: large scale

wonrepazedion of 50 bp G S ditags. Figure 7 shoreTiSize004/000298
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pd S1 vector construct. Figure 8 shows the comrercial’
pZErO-1 vector construct (lnvitrogen). The positions
of the various sequenci ng/ PCR gri mer binding sites
(PMROO3, .PMRO04, PMRO1 and P 2) are shown. Figure 9
shows a typical exanple of the QC (quality check)
performed on multiple clones fromthe GS library
using PCR Lane 1. pZErO- 1 vector as negative control.
M kb+ DNA | adder. Lanes 2-25: randoml y-pi cked cl ones.
Fi gure 10 shows the double strand nucl eoti de sequence

OfBr%@déécridtﬁ% SERLHL gL ween the restriction sites Not
an ragnent that is renoved during

cloning. t is highlighted in bold and italic type. The
singl e strand nucl eoti de sequence is also reported as

S 18 The [ eqi representing the stuffer
f%‘ﬁ%n; i §h8\é(tswetb QQEI&’ e@halysis) sexperianiabotorkflow  (bacterial
nueheRirmaesn i S ) | nveﬁtlblr%d HEC R DN gcglfgteﬁher in capital

i nvention Thenf I oh provides”
| gesmall eiters ogemtthe eres(r@h&bl (eecbgnitidry st Y& ’éhe restriction

f | f h
ana%gl 3 'g&]r\ r%"ﬁsgl t NHH?CI: 331)‘(12? e@r@gg’egﬂ)\fﬁlﬁgﬁ'ﬂ]ﬁ fext “Me”
t l‘tfpres(@rli@%eﬂh?la‘h@h bfehe hb@lﬂfﬁ{/r‘\tﬂbsﬁéﬂ éforétg%hr%?l?hj& Con

(transcriptone), for the ection
of cDNA andful | -I ength cDNAs, tag sequenci ng, gene

B 22 mBEAYTER TS el SRSMBheSR hofiiRe (PR basod
| apnoach) lgtieatigurd, ane lettarsav i BeVed b oﬁrlﬂﬁ]agltagspgmgll letters

i nf ormat j on by, experi nent al approach

‘F'e'?fﬁ@sﬁ %s@ﬁ{rloﬂpﬂl (ree@grution) @l&&Tﬁahmeare;Btnetg)r( @lnaymes Not I,
i C ta an. o cleqtid

c%%%r'ﬁgﬁ'g'%salt %Oe?a 1 @sp% '\éﬂy th%?@%i I\F ere(mrg%pts methylation

cafithe ineedy-shethesizedrfirsnsBat®PEDNA. end region) and the 3
terminus (or 3 end region) of a nucleic acid
nol ecule, which'it is desired to reduce, "shrink"

Figure 3 shows the GIS application of mapping transcriptome to genome.

Figure 4 is an electrophoresis gel showing Mmel digestion of a mix of original
full-length cDNA clones. Lane 1: original supercoiled plasmid preparation.
Lane 2: 1kb DNA ladder. Lane 3: Mmel digestion products. The arrowhead
shows the position of all the linearized tagged-plasmids.

Figure 5 is an electrophoresis gel related to the preparation of GIS ditags. The
plasmid DNA of GIS ditag library is digested with BamHI. The 50bp ditag
fragments are separated and purified from the vector using a 10%

polyacrylamide gel. Lane 1: DNA size markers. Lane 2-8: formation of 50 bp
GIS ditags.



or represent. The ditag is shorter than the original
nucl eic acid nolecule fromwhich it originates or

wohbsh2ed1r epresents. Preferably, the ditag nmueCTiS62004/000298
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much shorter than the original nucleic acid nolecule.

As consequence of the "shrinking", the ditag

essentially conprises the 5 end region (also

indicated as 5 tag) and 3 enﬂ1region (al so indicated

as 3 tag) of the original nucleic acid nolecule.

Hence, the portion of the original nucleic acid

mol ecul e which is between or inside the 5 tag and 3'

t ddgure fids anneleatiephonesishgelditzagd td hige giréparaties @f d180ditags by
t?%%%eTbnv ntion retalgagiFe nost informative features

of Re TBF idlRaronteBIE BCR. oments apastaled frommthes G fulllength
ardNAGbeIY o5k UfsiEd by HBarhRE THEEGH . '

thereby,g?go nor e specyfig and ac§§¢g9g5§ﬁgﬁhggﬁiag;Sepanﬂed
vASS Refifiesdisommadantonatresiinilfg poyasoyapidemgsl. aade 1: DNA size

SRR AR5 MRS BERIE & 20 RS e

an isolated oligonucl eotide conprising at |east one
d'hta , Wherein the ditag conprises two joined first
a tglgéc?omp‘@%@n%ﬁ@ési ygetorwaesteict. t he first tag
conprises the '-term nus sequence and the second tag
conprises the 3" -term nus sequence of a nucleic acid

nbigecel & showls tgmeotmmnidrelst GZER 1 o)d@en B@hﬁ?&&tg@mﬂﬁogen). The

t he .bnventlj n may further conprise two adapters

f PARKPRY ThEQVEEgUS viRIUENSINgACRCRD apinear bimaling sitss atPMR003,
| pR&%O AP ' jgure 1 and Figure

2)%?1 %md?:t"?'ﬁgr%deg@ﬁdafﬁérégﬁg@ rises at |least: a

first restriction site which is an asymmetric

n site and at | east a second adj acent

restricfi

BBlie & $BRS! £ dySioRL Puamile of Res HaRb@uadly Fbeck) peifomed on
SinURRIS" ' : r,me.
SNSIehIRs 1o SRBISIRRAY 30 PO 1OrRL TBE i ectr
wiegativeheordradaMad b s ONA i addafrt leaneep@5at @AdbrYOidRed clones.
recognition site. Exanples of asynmetric restriction

sites are hom ng endonucl ease asymetric restriction

Sigare 16RhoWeRe dodths i UEhESbf Pt &9 i

li gt of &Sﬂssi bI_e_ aosymtseﬁ?ﬁé%#jlg's%oppgﬁeg@%é#ggiggﬁ Tﬁ‘e region
ceatweepothgi restriction sites Not | and Sal | is the stuffer fragment that is
removed during cloning. It is highlighted in bold and italic type. The single
strand nucleotide sequence is also reported as SEQ ID NO:18. The region

representing the stuffer fragment is between nucleotide 15 to 704 (both
nucleotides included).

Detailed description of the invention

The present invention provides a Gene Identification Signatures (GIS) and a
GIS analysis method which are useful, for example, for the rapid analysis of
numerous transcripts in order to identify the overall pattern of transcript

expression (transcriptome), for the selection and/or construction of cDNA and



restriction enzynes recogni zi ng such asymetric sites
is reported bel ow. For exanple, type Il restriction

wenaosmee3dr ecogni se asymmet ri ¢ DNA sequences PCT/SG2004/000298
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(recognition sites) and cl eave both DNA strands at
fixed positions (cleavage sites), typically severa
base pairs away fromthe recognition sites.

Accordi ngly, these enzynes cl ebde outside the
recogni ti on sequence. Exanple of second and further
restriction sites is BanH . This second restriction
site is for the purpose of subsequent isolation of a

pd@ll lestgthli aRgAst tag semuenbieg, kenei d&b@deltw? I etrﬁappmg and
mol ecul e

¢ RAPOSRN 1 el Fiealls qro il amalysinmpetoc agoording to the
nM\kUrﬂl:on @@ﬁﬂmtﬂltﬁg tﬁé (%"éCﬁaﬁ]bhgbh%hlg @P?g&} gf(%erimental

nol ecule. t can al so be of any siz

MGPEERA- can be a gene (the full-length of a gene) or
a fragnment thereof. The nucleic acid may be RNA, nRNA,
genom c DNA, full-length cDNA, or cDNA or a fragnent

t Fer ¢iod puitsedbt te Sr@Bent §;§’plﬁ;‘ét|6H| G}’S gﬂ%&ﬂg@'d%g (falso indicated

synt eS|zed by conprising t
né‘él hd '&%Q)oorn%m @J:'QD@UC\‘rlﬁ@f&e CWPdSmggﬁh leasihaise tidag, wherein the

S R s B S el el IR abd e Yidpumnts (or 3

nehdaegmn)/@rf@ondcl@w scidirholeBuROWHIdH & i5QdthRd to reduce, “shrink’
restriction enzymes recognizing restriction site

f PRFBRA8CRte regi on which is intended tobe reduced
The desired restriction sites may be placed into the
appropriate position during the preparation of the

nmbeedlta@m cshootee cthiag, tHeooriginahplueleic Af Ablecule from which it
DNA, According to a particul ar aspect

ul.| - |
tﬂ%g'HGEq 5Pl W%&‘?*H'td%reﬁ@@t% ngterablyy el ditagamust be much shorter

f n
g Aok e SR 0 B GR Hhinng o
es{@g;eesentlaélymnpmsaqzqome Sipgnicbeagfion f@lsodndichter] as 5' tag) and 3’
Car ni nci t Vol . 37, 327-336; US

erﬂsr giog. (alsR lg}dlg@?eéﬁ ageggtggy afthe efiginal pueleic acid molecule.
\/anéé th%bp&tloﬁW@Zﬂgmaﬁﬁ?&@uc%m&i?hbl ch'ée\tlvﬂwairg between or

know other capture’ systems
bla§lé1@ tbe Ditagiamdsy’ rtegtlawllodlmzjuded in the d|tag The ditag according to

dfhgoﬁ{/gﬁp 4 Qltn's tﬂ &ih Ar’r}én% egtoulrgé Io r‘ghg forltgpn%l nucleic acid
molecule, viz. the start and the end signatures of the nucleic acid. It is thereby
also more specific and accurate than SAGE or MPSS methods in
characterizing transcriptomes and defining gene structure by mapping the GIS
tags to genome sequences.

Accordingly, the invention provides an isolated oligonucleotide comprising at
least one ditag, wherein the ditag comprises two joined first and second
sequence tags, wherein the first tag comprises the 5'-terminus sequence and
the second tag comprises the 3'-terminus sequence of a nucleic acid
molecule or fragment thereof.



full -l'ength cDNAs can be used. The ditag can be
prepared according to any technique known in the art.

woéanos@zeaypl e, the original nucleic acid nol ecuPeTisag008£00298
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cut through any chem cal reaction and the obtained 5

and 3' termni ligated to create the ditag. The

nucl eic acid nol ecule which is intended to be reduced,

which is preferably prepared cﬁﬁprising_tmo adapters
flanking the nolecule, may be inserted into a vector.

n a particular realisation, each adapter conprises at

| east one restriction site, preferably conprises at

| eletet odigbnusieotidstofi theé dnverition ¢eapriurheg cmnprise two adapters

= TEBRRLbE By INer R adi S Coraauses et ast apereatiction sit
t e F‘R%lrbap kRa g @e QﬁQn‘f%?ﬁ&flatd%%h[bﬁfgpg%éﬁgﬁgséggt least: a

restriction site or sites present in
Adieglr tastidetion aite i whighyisoBnnasyremetric irdstrivties Wit Ghar at least a

' .of fulll t repared. . .
peEREndiadelemleitidion. Sie; dhaidte be, suEHRT Barestiafion sites
e Y (R BF ot "ot rebtriio Gtes are
f INdRleokiget srauancEsi whers thersleswape site: ke ofted usmshrated from the

M < th nitipn sites,are aced upstream i
o S Yt FoBRRARS cBfediro Rt TeRkioh: Sigpnge. homing
okntibrucisaseiasyaphatrioneefiction Yitek! 8RR ‘ilhgj’r'&fass II; restriction
desired to be reduced (preferably into the adapters). .
Aé@%?-dﬁd@, ok osgibleonsinEetiicigestictipnedites amd i comesponding

5 . ' jtag. .Each
CRERRE b 8L S Sl el ks 53EBerted bolow. For
Perémpleh|type dbrestiistiory eatymessecofsisé i dsyimmefic’ DNA @Bquences
Si i.ch i.s an asynmmetric sHe?ffor exanpl e a type
I

'(ftesggmﬁi%ﬁit@ﬁ) andecleayg olihBINA sirands at dixed raosiﬁ%rmwébleavage
i C i . j Gt ite m e... ,
(TR PhpRAIG SPyoRIl) HERATDAES U S B, REofiitiag stees.

t Aecalidirgly,ndhiesaventyraesanizace dutdiés efie StetBgnition sequence.
Preferably, they have the same nunber of nucleotides.
Tﬁéa'@ipfea fosecyid gn Ayrieer desiigtion cgites i BamHI. This second

3 e n ' f :
RS o Y 98 Y ooV R LS pool of aags
pihet ean dlen be ligated together to form concatemers.

The original nucleic acid molecule that one intends to reduce (to shrink) may
be any natural, any modified or any synthetic nucleic acid molecule. It can
also be of any size. The nucleic acid molecule can be a gene (the full-length
of a gene) or a fragment thereof. The nucleic acid may be RNA, mRNA,
genomic DNA, full-length cDNA, or cDNA or a fragment thereof.

The ditag can also be fully chemically synthesized by comprising the 5’ end
and 3’ end of a nucleic acid molecule which the ditag intends to represent.

The molecule that one intends to reduce may also be a portion or fragment
inside a nucleic acid molecule. Accordingly, it is possible to use restriction

enzymes recognizing restriction sites flanking the region which is intended to



size of a tag or ditag is determ ned by genone

conpl exity- For a bacterial genone a tag from about 8
wopotsmeetdout 16 bp may be sufficient whereas fBCTAG2004/000298

conpl ex genone |like the human genone, a 16-20 bp tag

(or in other words a 32-40bp ditag) may be considered.

n general, the size of the dit is fromabout 12-60

bp. For t he pur pose of the present application, the

terms 5 -termnus, 5 -end and 5 -tag are equivalent to

each other and can be used interchangeably. n the sane

way, the terns 3'-termnus, 3'-end and 3'-tag are

ede ieslused. Theededirest testriction sites imayuse placed into the appropriate

t rcha eab n_an r|g| nucl eic acid
oo EE g e PreBRtbre e BlRsH: GaREmaiERUISntor example a
|m{nﬂﬁ&rhgpkg@u¢@Dgy\represent each of the 5 -end and
3'-end represents a region or portion nost closer to
the extremty and nost far fromthe m ddl e regi on of

t ﬁé:Cﬁfdlee Jpea pArticsHali arpach torenuaipiecacid esired-todae aenlnced is a

5 SIPLERAPEPNS oI GBNEBRTHS h5of Ml s meton

tdambWa 51 thee gk, 8@9 IBor eminpre?SthéCéapLﬁbbPepfapbP@ch for example
| ejc, aC|d nol ecul e or portion thereoft which is

AERIELSt al-5 096 daeremise, Vb ésdA(-880; N 611didR8; Edery et al.,
thggé' Rl 880G NP8, Ssd£nayed by the

restriction enzyre of €nzynes used. The invention,
therefore, relates to an oligonucl eotide conprising at

I Fhote afesidl irathe attewiii kndvhetfmbrt@@thﬁe emteh‘medobyéxample those

I|C|n h rm nus,.and term nus of
10 - Bebe doh, biRiniaredarien. oReopo - AteK G das sagion of the
rﬁﬂﬁkhgﬂi@Dhﬁﬂi&ﬂ?be%@b@h recogni zes the restriction
si zes Tlanking the nucleic acid nolecule. Accordingly,
the size of the sequence tags is determ ned by the

I s 9 B O e o
r eséimipfd, itA8 ctidiest fucrk iR H&f?ecﬁlle Q:éﬁ thigh%ny chemical

the region which is intended to be reduc
15 r éﬁiﬁcé@erﬂréﬂﬂ“@r@bfaﬁwrﬁ aind Ariewwiantigatedfto @mestertbetdltag
of a full-length cDNA by insertion of desired

;Eﬁ% 'nﬁEfegr.f‘ ggc‘&iqea oléc@{l%' \R]/gi.chgﬁ Smeﬁr&%ﬁgﬁﬁ 5%%jduced which is

preferably prepared comprising two adapters flanking the molecule, may be

inserted into a vector. In a particular realisation, each adapter comprises at

least one restriction site, preferably comprises at least a first restriction site

20 comprising an asymmetric restriction site and a second restriction site.

Accordingly, in the vector used, it is important that the backbone of the vector

does not comprise the restriction site or sites present in the adapters.

Accordingly, a library of nucleic acid molecule (for example, a library of full-

length cDNAS) is prepared.

25 Preferably, the nucleic acid molecule is spliced into a ditag or oligonucleotide

comprising a ditag by using restriction enzymes which recognize restriction

sites flanking the nucleic acid molecule to be reduced. Accordingly, the



library is then prepared, follow ng whi chxg G:g diatag

library is subsequently prepared. As an te 'gpPC:F/SG2004/000298
wWOoestsriedion enzyme regognl éi}lnfgo?nt ﬁzylronl;nrepglse peTSG2

iction site can be us _ _ _

L?:Lglr g:: gn of the ditag according to theNlhﬂ[r;?/en;lsog.n n

particular a type Il enzyne, fgg gxarrpl(je j .

exanpl e, asymmetric sites can be |ntrohuce - ose of

Asymmetric site sequences useful for the pudgnucl O e

the present invention are: i) two hom ng en

.Gt i ecogni tion) ,si te sequences
ST B AR L S5SAR, s g o o
B bt e R S S I

I .
ﬁ.i%ﬂ%ge%if’(eéeféé hecipto cihe sulagters)l A@&@rdn?@g, ?}Sﬁ?r'\rﬁgg??%qleoﬁde

seh B " ription of _
s[?latg te seqﬁ&g 2?595&%%8%/&%8%% o flanlindive Elitgiga Bhch adapter

5 Bremagsingatdtast. onbeSEidiRRI NS, Pm%gggojﬁgﬁ%%g%ﬁ ie%glqtc@ne first

icti nition) site sequ .

g%%%@ﬁ%hg%r ?gf? 1S BReaginemetric Sitalféfdrlq)dténﬁ téoa tt)%eS (le' restriction
Lo o imte

;geigi girl??é “élﬁn‘bolflabg %ﬁ%ég’f]%?%eequ%%ﬁ%r@tiém gite {amy known restriction

' ( bl e of cutting
iecuseth fongxamglerBghegses capa
{%h!?rzsgm“ret rerdg site sgquences are selected fromthe

i sty f :. 1-Ceul, Pl-Scel, PI-Pspl and
?ﬂ%éjgl fé@'?‘%}éélt:% E%g g‘é"rﬁ"f"ﬂ@ﬁ@@l difegvmai deveethel sametor different size.

T A el R o SRtO pER U7 nRk e ea are
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d those whic ( _
iarle aned in the scope of the present invention.
Zhak

6CI beyefeany sizesbut neegs t@bé%ﬁéén@é@hl“%ﬁdég@%r%tageous
8981 e 2% Dl thelBrentB beuienapiTom Brvich Bkl dorivestrhe, ferred
BceA1 © Séce% , @é‘r,n BcPRAUENSe; rqmwmm|®s8 e{:{:l € pretferre
Bge/0f, aBag Mé'*\l (Idi’t @Hetﬁérgb?d %ﬁ?gr%gsgcﬁapfég{tﬁl:pr a bacterial
, BspM, ’ ’
g%’@c%r?ﬁlea ésép fiome abpSE& ibp, to %txmlﬁi 1Ela b&@t@}'}%eaﬁfﬂﬁlémwhereas for a
%PI@X }_%i;eg'lg\r}]e @%&%Fﬁ%&%&my B, 16WRBIbD telgl (or iPbiter words a
i Dbp Ritag) rRheMNe considered. |n general, the size of the ditag is from
about 12-60 bp.

For the purpose of the present application, the terms 9’-terminus, 5-end and
5'-tag are equivalent to each other and can be used interchangeably. In the
same way, the terms 3'-terminus, 3-end and 3'-tag are equivalent to each
other and can be used interchangeably. In an original nucleic acid molecule or
portion inside a nucleic acid molecule that one intends to reduce or represent,
each of the 5’-end and 3'-end represents a region or portion most closer to the
extremity and most far from the middle region of the molecule.

According to one aspect, the 5'-tag and 3'-tag comprised in the ditag are the
regions of the molecule cleaved by a restriction enzyme most closer to the 5'-
end and 3'-end, respectively, of the nucleic acid molecule or portion thereof
which is intended to be reduced or represented. Accordingly, the size of the



Sapl, SfaNl, SspD | Sth132l, Stsl, Taqll, TspDTI,
TspGN, TspRI and Tthl 11Il (the list in the web site

wohoiR@kemwe Enzynmes(r): PCT/SG2004/000298
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http://rebase. neb. coni cgi-bin/outsidelist: see also
Szybal ski, W, 1985, Gene, 40:169). The list nentioned
above however is not exhaustivi O her type Il enzynes
known in the art and those whi & may be | ater

di scovered are included in the scope of the present

i nvention. Exanples of recognition sites and cl eavage
s%ﬁes of several class Il restriction enzynes are

(i

i eg fri diot ﬁ@gﬂr@i@r@ yhthe e@e;ig'aﬁiari @nzlymbeoﬂ@ﬂlzgl/‘i%cs) used. The

iSAVARE ShbSkoreB GC 8/,12), GACGC 5/ 10),

B %&%’&ﬁ%ﬁ%'#% el “@P@%dﬁgﬁomﬁﬂsmﬁr@as‘c one

4/dlipg, Whereint tg dftaghie ottapRYi By ﬁeing%\éeﬂi ‘Fé%i}éu?%nd the 3
or co

Iit(%at.ed or, j0ined in order to [ catemers o
diftTHY UKot Higleict Reid m@aculenin d¢hat presencenof at least one

Old ; i LSing:. 1 to 1000. ditags, Ln .
pg?iﬁ%faﬁﬁ%wﬁ% S teiotPichsaPeeaiiafion s brioa gae nucleic
Waeld diolemyde. ahecardingly etiter $i26 bf tAe i iof i
ig{:orn'@tion i S achimg%d beclause tﬁe o“%gﬁut%bgdgidaeet?rmmed by
vEI§ SEUHON i Mg Heedses more ditags. Hence, the
concatenation of ditags allows an efficient analysis
ofWHdre B ' I i ke f - | engt ,
e R e DR, BEk Alec e iy S3rvip a dufRngth cDNA,
wiegirad! eesifietifinesiies: flankiog thbdiendTard @-eBEMNhROGSH which is
dintahey 150 ategersdof ditags can be inserted into a
vector ei ?hg) HEFBPR] oPT afaPEPSYiae afEgeinsedetionAn  example of
Aoartstdictiont 6F angillA&A DN)e i-,gr,@p@g.# t] o
&% risjng_the di taggﬁcan'pl itﬁ)ié . ore"gxégﬁr%‘! rggtriction sites
%@ﬂjﬁ 6rera119n@t3remd knsivewmirpFidf ilcaid Piy. a'!@téhﬂmslength cDNA
' : [ PCR pri ers respondi ng to
JREE s el pEtert UL Wl 5, OB eFbaibrasnnsubsequently
rergparesl. f | ank the ol i gonucl eotide conprising the ditag

and adapters. PCR can be perforned directly on the
ligation (selfcircularization) reaction to obtain

\ PCR duct t he PCR
T B AR e iR el e daniane 1 emumassrie estricton
tsite Geribie sedGob thld tpﬁﬁpoé/é bf gﬁéqﬁfépl%ﬁaﬁéﬁ ofitd ¢ftg according to

enzyne E.ecol%ni zing the at | east
e invention. In partictlar a type Il enzyme, for example Mmel.

As an example, asymmetric sites can be introduced. Asymmetric site
sequences useful for the purpose of the present invention are: i) two homing
endonuclease asymmetric  restriction (recognition) site  sequences
recognisable by restriction homing endonucleases or ii) restriction

endonuclease asymmetric cleavage sites sequences recognisable by type I
restriction enzymes.

Homing endonucleases are sold and described by New England Biolabs, Inc.:
a description of the asymmetric site sequences is also available in the New

England Biolabs Catalog. These homing endonuclease asymmetric restriction
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second restriction site (inside the adapters) to
generate the required short cohesive ditags. As

woesisredi on enzyne recogni zi ng the second or PATASER004/000298

restriction site, BanH -can for exanple be used, and
cohesive ditags of 50bp are generated. The advant age
of this anplification step is H]at of generating G S
ditags circunventing the need t'o produce a G S ditag
l'ibrary anplification, which can be avoi ded by not
transforrri ng the self-circularized tagged plasm ds.

2 i f (;1 ol i gonucl eotide can then subsequently be

G0 '“PPbﬁn%' priediencer qrerfromi $8 etaaaaobp, l—lmwe!lﬁegeﬁi ¥ present
n_| o

o R Tore LERCACT SR SPRhSlet Lt 0ok foysglspeiuences nor

(g@éhepsegs[manEréﬁegalﬁy ths résthietidr %hﬁﬁg %‘iﬂ%ﬁ&cle‘éggs capable of

n discloses.a cDNA [ibrary wherein
PM%?J@F@&&’ Mjeetig sits sequencesarsiselented rfnoany thegebup consisting

woer e0Rul,hR)- Qbéla@lqjgﬁ?rd ?éﬁ fr U erﬁtﬁlla cf‘ gﬁﬁy@,@gwever is

obt ai ned by spl i cing nuc

ahet gybaesfivied ther dmomimg ahdbﬁuaeas@s ®hownf i | t
reof. The ditag |i brarny‘LHa;:[@%)%S@J'g Jhd those

\QN@HOB)J V@%nrag Cﬁ:s%pé(ﬁr%g@ﬁ{eamply@edf in fiee |s9dopar pf the present

ciopnfiei.ng the original nucleic acid nol ecul es. For
exanpl e, when the library conprising the nucleic acid
nol ecules is a full-length cDNA |ibrary, the ditag

| i t f the full-I th dit

| FRIBps T e TSR Efon SPelmeenigeydeut o lent

ABol; sl IGnAl h !

i [ 'VE?G I@Epa%??l; ﬁbr?!t @\Hd thWe?b%l' %ceﬁer#&t%l tESceﬂ, Begl,

MFI Bu B}mé, @pllerﬁlsa)ﬂd &GAdnchm‘MH hB8seRIiBRY, Bsml, BsmAl,

f t epresentative

‘??E‘EW 2 RN 058 5. A Bl BhasdEbini, CieP,
cili, £cdfif,i Ecedrl, tBr

o, oo USRI AG bl o,
péZl z—gq PYAYnKsPBRal, d\d,bmlésmmhdi/lngalﬂ\nﬁll |P$e19ﬂb|l0ﬁ§ﬁ RleAl

b -]
empibesan| ssigbemneorerad v R il gl o
Rk ‘s‘ﬁhpl@lse byllt§tT Fib?Rf tﬁ?el Wébfntélfé‘ P6OVI REFage " ENImese:
reparati on of at |east one '
E&p./}regage.ngg.com/cm-bm/outSIdellst; see also Szybalski, W., 1985, Gene,

40:169). The list mentioned above however is not exhaustive. Other type |
enzymes known in the art and those which may be later discovered are
included in the scope of the present inventjon.

Examples of recognition sites and cleavage sites of several class || restriction
enzymes are (into parenthesis are the recognition site and the cleavage site):
Bbvl (GCAGC 8/12), Hgal (GACGC 5/10), BsmFI (GGGAC 10/14) SfaNl
(GCATC 5/9), and Bsp | (ACCTGC 4/8).

The ditag of the invention can conveniently be ligated or joined in order to
form concatemers of ditag. Accordingly, the invention relates to an
oligonucleotide comprising 1 to 1000 ditags, in particular 1 to 200, more in
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[ [ I Si di tag
ol i gonucl eotide conprising at |east one ¢ _
con%rising: produci ng at | east one nucleic acid

woubismeém) i solating the 5 term nus and the 3PCT/SG2004/000298

' f the nucleic acid nolecule or fragment
:ﬁ;:neg]y;s Ioi nking the 5° termnus and 3' termnus to
create the at |east one ditag. ww particul ar, Ithe C one
invention provides a method for preparing at | eas
ol i gonucl eotide conprising at |east one ditag ;
conprising: producing at | east one nucleic aci

d isolating the 5'
%&ﬁ#@ % %ngltﬁ t\&?‘ A agag; glteh@omﬂatemeazam d higher yield of
MoNYS, &0 terninus
{ngi f??g%t?)en ? ﬁg é&@gggﬁ%ﬁ ol i g%nﬁﬂﬂ%’b‘ﬂ %tl%nﬁ(,epgqrng)r clone
abOMpHses heredditags. Hemnbemdogorﬁdmerﬁémbrﬁé'@&ﬂ ssallci]Wsean efficient

f tin
nﬁﬁglgnucpég%g&e&g%ﬁ'pécﬁ %wiéé?llh%eabglséggé dJ%TM/gs in a serial
t.o pucl ei ¢
2“!?3"’23FZ?SFEeQﬁ?%‘ﬁ*"f“&ﬁ'.én‘?‘*ea%ééﬁ"@@ LHipohiestoiraiisaent
may be RNA, nRNA, genomic DNA, full-length cDNA or

le may be the full-length
ggh\éﬁé)rl]@}ﬁu 8' écdﬁ%‘# %gnc?clfrg:%f@ﬁ@rst HE ddags CRile bereinberded into a
otecﬁtbreeltharetm‘mr@mrrm‘berfdd)fnbﬁféfmér‘i’éﬁbhse the Stepl of t
determ ning the nucleotide sequence of the at |eas

one ditag to detect ge?e expreszleog Ttrwnenge: Egd may

gﬁﬁﬁ@ecgﬁbhe a%BigCetZs Sn@'géﬂ“l“& Ot'a‘lﬁd copminthgtheneditag is
(ﬂnﬂ@lljledu&@DEdem@mﬂgygﬂgﬁn%gl?gﬁ%agﬁ gggmnog\{l}n%ﬁhphﬂcatlon
g@%ﬁgﬂﬁeég f 'qggérﬁul'tﬁb@d CRoprémers pamrespmnding :cjd bpecmc regions
inyié¢e the DebRk %?@%SEH Hﬁtrggﬁpg%,%%r ' i chl,ggﬁrgglgg%g comprlsmg

| east one nucleic aC| nol e

tha ditag rapchadapters. fH’@?kg?h P?agﬁﬂi@fggtéﬁ y. B Slﬂiaélon (self-
Sﬁ%aﬁggtponﬁrreac F]Itgeobtam short (for example 200bp) PCR products
(see the PCR approach in Figure 2). These PCR products that contain the
required GIS dltags will then be cut with an enzyme recognizing the at least
second restriction site (inside the adapters) to generate -the required short
cohesive ditags. As restriction enzyme recognizing the second or further
restriction site, BamH| can for example be used, and coheswe ditags of 50bp
are generated. The advantage of this amplification step is that of generating
GIS ditags circumventing the need to produce a GIS ditag library
amplification, which can be avoided by not transforming the self-circularized
tagged plasmids. The amplified oligonucleotide can then subsequently be
excised from the vector (in this example, by digestion with BamHI) and
concatenated in long stretches of DNA or RNA for subsequent cloning and
sequencing analysis (see Fig.1 and Fig.2).

As a particular aspect, the invention discloses a cDNA library wherein the
oligonucleotide comprises at least one ditag, and wherein the ditag comprises



splicing the 5 termnus and the 3' term nus of the
nucl ei c acid nol ecule or fragnent thereof to produce

wanods@aeione ditag by adding at | east one resPCT/SG2@A/000298
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enzynme recogni zing the restriction

(recognition)sites. Any restriction (recognition) site

known in the art may be used. Restriction enzyne

recogni zing at | east one restrition site within the

nucl ei ¢ acid nol ecul e and which can be used will be

evident to those skilled in the art (see for exanple,

Current Protocols in Mlecular Biology, Vol. 2 1995,

Eél3 -#isupleotides and.is abtained bpuplicialy. nukdsstitessrithl B 5’ terminus

20 5GBS Bes by e AT 2T e A S, aramen

beéherspfmetric restriction (recognition) sites. The
asymTetric restriction sites are: i) hom ng

2%8 a %Ee asymTet ric restriction site sequences
gt Eyyasedinacta ée Hovaniigneisd cznrebentséive cof the library

| t

s SonSind e SfRaeARUEICANE AR, FPr BxFdkfeen.Bre orary

Tleempyiping ther aecleuocac;drmelewms issa %ﬂl ll% gdclf:)mgnbha%y the ditag
0] ae

t Acel ||
RGPy B3, Mo obattatiue cahthe sidendtae eftad ey Bot g clone

BEbﬂnPﬁggi‘ﬁASmlént F%@at E‘ﬁ%r %s\rf)\ﬂ%%ﬂa% egmcl BRA. -length clone.
B&iome |mBthEnt,,thBtchHg otheI mv@t&dn céinpRses Hed 6:-oFa @Rl 3'-end of

E&ﬁS r'ﬂi"}?jlo? ullclshe ESE@MYF i Faul MstgaE: is Ensé;lresqmgﬂlve of the

Mstrlicturd 61 thbiull-lefigth! ocDNBAEA! Sapl SfaNi, SspD5l,
Sth132l, Stsl, Taqll, TspDTI, TspGN TspRI and TthlI

(see the list in the web site of Rebase Enzynes(r):
hi\egRrdinodndt és sefficients bq$¢quwncetﬂm:l debiyze: theeeltag %tbnes of the

S 1 lis

gi %aonelgiy lg'\l%sjeh%\ﬂék?gro |'§teﬁ%§t '\%Sﬂ‘é@@tqﬂ@ecor Gsrp&nd!%@” length
| d:DHAZ&m?Sbé< Beldtted dride '

| ater discovered are i ngféﬁaég@ﬁadrﬁﬁ@%stﬂgl I%Hgﬁ%ﬁm library, for
pPXaBRie BnWWER podiredthefremAgrgst ﬂ%gsampleg by lRTRSRNg
endonucl ease asymmetric restriction site

The invention provides a method for the preparation of at least one
oligonucleotide comprising at least one ditag comprising:

producing at least one nucleic acid molecule:

isolating the 5’ terminus and the 3’ terminus of the nucleic acid molecule or
fragment thereof;

linking the 5’ terminus and 3’ terminus to create the at least one ditag.

In particular, the invention provides a method for preparing at least one
oligonucleotide comprising at least one ditag comprising:

producing at least one nucleic acid molecule flanked by two adapters;



is selected fromthe group consisting of: |-Ceul,
Pl -Scel, Pl-Pspl and I-Scel. The |ist nentioned above

waamse63oi s not exhaustive. O her hom ngendonueCease®4/000298
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.according to the invention, i

known in the art and those which nmay be | ater
di scovered are included in the scope of the present
invention. A particularly pregﬁgred taggi ng enzyne,

[ n enzyme whi ch cl eaves
20/ 18 nucleotides 3 of its recognition site formng
3" overhangi ng ends, such as Mmel. Artificial
restriction endonucl eases can al so be used. These
endoisalatisgdbe Irdgrraisugranshithed3 bigrpiratsedfthenicieier acid.molecule:
Foi,qexanmpl e, the endonucl ease Fokl has been engineered
by I'nsertions so that it cleaves one nucl eotide
further away fromits recognition site on both strands

of tlirkiigNAhsubStteahirus S0 |3 RAGIHIRANGT BSREAT MR at least one
PG %t. foad Seiences USh 90 27648, 1003 Such

t SdaANietiqeFomerisipplatdersteons ding ftankesi by thei two adapters.
endonucl eases with desirable recognition sequences and

end _ cogni ti on sequences |
STe, MRod RAERFFRoTRARE CHRPRGL Y, BlebRi) o BB8ucteotice

contgrisingrthect leistame diteyy tamicat Bytiesadate REINGS ASJcatdrY
about 1 to 1000 ditags, in particular 1 to 200 ditags,

' ti.cul 8 to, 20 dit Wiile th
ot BFMAelE Al fplhetlle Whichis infefidegbies sbribk araepresent may be
NRNZEMRNAideR@fnitMD A, ﬁ:ﬂﬂe,b@th%mtgm@ﬁﬂbdepends on

the length of the individual tags ah e readily
determ ned by those of skilled in the art w thout
uhBaeusigie radikt meelervle. malyt be therfitength fequencat eergene or a

Wé@ﬁﬁh?tﬁe?@éf may be cloned into a vector for sequence
anafysi's, or ditags or concateners can be directly .

sequenced without cloning by nethods known to those of

skh¢ Iméthod Iné the inveFition thapasrtisraspibridethe SBPLdQEt8f mining the
cl o(ﬂ%q)tg:\n be sequenced by standard nethods (See tor

R € eehuence oirtbe & dpastionenitagdtol detedl geneygxpression.

supra, Unit 7) either manually or using automated

TRADBSindd g RirkiRs s ! hing”®
i nt roduci ng ?)Zgu%l [ go‘ﬂﬁ@ﬁg%tﬂit'%gt%n%?%??%g%wg ti\e sequence of
| thesat teast dineaditag; andecdmparing the ditag nucleotide sequence to a
database comprising genomic sequences whereby matching 5’ and 3’ termini

sequences are identified.
More in particular, the invention relates to a method comprising:

producing at least one nucleic acid molecule, for example a full-length

cDNA, flanked by two adapters, wherein each adapter comprises at least one
restriction site;

splicing the 5’ terminus and the 3’ terminus of the nucleic acid molecule or
fragment thereof to produce at least one ditag by adding at least one
restriction enzyme recognizing the restriction (recognition)sites.
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Wth the termvector or reconbinant vector it is
intended a plasm d, virus or other vehicle known in

woOheosaré39t hat has been nani pul at ed by i nserti oRCDISG2004/000298

i ncorporation of the ditag genetic sequences. Such
vectors contain a pronoter sequence which facilitates
the efficient transcription. The vector typically
contains an origin of replicat bn, a pronoter, as well
as specific genes which allow phenotypic sel ection of
the transforned cells. Vectors suitable for use in the
present invention include for exanple, pBlueScript

(étnyaf%ﬁgléﬁ@,n Lr@cogl;i_ltianétshye;l;mm %I}E&(E grfl rﬁdwbb}vlg%mmestriction
, .see ) an romega, i son,

PSR e ARGt dpdtt RBPe Bttt  Steasibimene nudisic aci
simolbeulevrrt WhishkamBe UBel HAB BeUvigditth thosd Egg@%jenetnﬁésart (see

a_particular realisation, the pGéll{/Bz vect or
mifli examplanduirent Beotoeslsr iredViolecatkarpBidiigy,s¥el.aRso1995 Ed.

Fi T4a yectors have,al so been ,
LB, e Eend CUAR” kBsten & R esieipngp. Unit 3.1.15;
r dlesr EnglandmBiolddseCatatstyicdosy, of the parental nucleic

acid nol ecule, for exanple fulllength libraries and

the S ditag libraries, suitable vectors are used.

j ) ' ey ich are.withi.n.th .
SESPSaRd e HeLEE B ek ey e TR taelidian frsgogniion)
bsitdhone of the vector does not conprise the same
restriction site conprised in the adapters fl anking

tﬁ parental .nuclei¢c acid nolecule or the ditag, after
i 5‘8r?§yéﬁ rg H@Sfﬁ'ﬁﬁ%ﬂt%iesnaﬁqiei)ch%mm ebdepuclease asymmetric

Pretrastrlpl ¥ite SBRUERYS t L s < N

the vector b_acELtl)one (gdt}éi?grn %a{?‘gén%&n TeRinctp hgﬁ%ﬂﬂ ghdonucieases
r@fgi in '}eISéﬁth:OQ renned lemlslei rrigsyirmgetrtd oclfl?av‘/ag&e_sites  sequences
par ucl ei ¢ acid.mol ecul ) does not conprise the
a%fﬁ%%laibgé ﬁ)é&prq @{? Heten @”@ﬂ%e%he second or further
restriction site which are conprised into the

ante tases || reshidtionCehAme 4 8elRe P Frofl? 8e :&?%u;‘{%gﬁgsﬁﬁg of Aarl,

the at | east asymmetric Il restriction s
el Alaly Bael,| Bipddt Bbw BowilsBee), BoeB3l HBceAl, IRl Begl, Beivl,

50 r r r i cti site conprised in the
S5fip ek Byl B3R CPIbR, Bealis Sseotl, boko Bivenl( Hsiohl, BemFl,
tBepR4dj BspCNINS s TByr,r BSIDMN Hafs|, !@thE”Bté?,dcfaf CJgpI, Ecil
i sertlgn of the parental nucleic acid nolecul €} Hoes ’

0311, Ecob71, Eco57MI, Esp3l, Fall, Faul, Fokl, Gsul, HaelV, Hgal, Hin4l,
Hphl, HpyAV, Ksp632l, Mboll, Mlyl, Mmel, Mnll, Plel, Ppil, Psrl, RleAl, Sapl,
SfaNl, SspD5l, Sth132l, Stsl, Taqll, TspDTI, TspGWI, TspRI and Tth111li
(see the list in the web site of Rebase Enzymes®: htip://rebase.neb.com/cgi-
binfoutsidelist; see also Szybalski, W., 1985, Gene, 40:169; and). The list

mentioned above however is not exhaustive. Other type || enzymes known in

the art and those which may be later discovered are included in the scope of
the present invention.

The enzyme' recognizing the homing endonuclease asymmetric restriction site
is selected from the group consisting of: I-Ceul, PI-Scel, PI-Pspl and I-Scel.
The list mentioned above however is not exhaustive. Other homing



conpri se Mrel and BanH . An exanple of such a vector
not conprising Mmel in any region outside of the

weoenufsfoeé3dis t he vector pd S1 shown in Figure 7PamsG2004/000298
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Figure 10. n pAS1 the Ml recognition sites were

del eted by nmutagenesis. The sequence is shown in

Figure 10 and in SEQ D NO 18. n Figure 10, the stuffer

regi on between the sites Not afdl Sal has been

hi ghl i ghted. The invention also related to the pd$S

vector conprising the oligonucl eotide according to any
enbodi nent of the invention. The ol igonucleotide(s),
dierdgpsyleases dnouneinethe ot afd thtssd whight iap beaté! gigcdfered are
Ii.g{aﬁsd inﬁ% a vectfo for sejuencj ng purposes. Vectors

i ATGlTed In e Shapeyel thegresentdaventionbe transferred into

a suitable host cell. Host cells are cells in which a

vector can be propagated and its DNA expressed. The

t ¥ ipadictdanyh preféerechtggging genaynd, adwrding &etthédavention, is an

Bl Aic REVS k] dPucanals i BPscreboRyiopestte forming 3

MgfvatHzmging BAds CSifdH asiMh&g replication. However, such
progeny are included when the termhost cell is used.

Met hods of stable transfer, neaning that the foreign

4 S _C j usly maintained in the host,_are known
O Sa PR S lo TR LALT 8 o B8 1081 78085 R ucieases
Vesdyolse pwﬁeﬂret‘jlbi,gpt‘@Htéiﬁga(r@né’é?fbhg\bNgloli8 @{((éh'n%‘l’e,QHétegiggguclease Fokl

conventional ‘techniques as are _known to
sKepIRagn angineetrd byvinsedionsesththat it sleavekaoyotriucleotide further

oA T Rcopn L EAe Bh b el &ifp RERCG Rifielts. see Li

eapdr@mndaasmmhhdesaa*eatamaausa@ﬂu@m%tgoeﬁ&ﬁspyggs. Such

the CaCb net hod using procedures well known in the
afgChnigues,Gan be @qpp,heg/g@pr@par%@stn@a@n sedesdcleases with desirable

l_-rec g dctehBls a% Q@ BEsiPsHid O@/igf?g\é:%%mgmdrseqogn{tpg site to

roporation or other comonl
arkeavage sitbodi nent of this is shown in Fig.1 and Fig.
According to this enbodi nent, the nmethod of the
i nvention conpri ses:

The method further comprises producing concatemers of ditag. The
concatemers‘may be generally about 1 to 1000 ditags, in particular 1 to 200
ditags, more in particular 8 to 20 ditags. While these are preferred
concatemers, it will be apparent that the number of ditags which can be
concatenated depends on the length of the individual tags and can be readily
determined by those of skilled in the art without undue experimentation. After
formation of concatemers, multiple tags may be cloned into a vector for
sequence analysis, or ditags or concatemers can be directly sequenced
without cloning by methods known to those of skill in the art.

The ditags present in a particular clone can be sequenced by standard
methods (see for example, Current Protocols in Molecular Biology, supra, Unit
7) either manually or using automated methods.



produci ng at | east one nucleic acid nolecule
conprising a full-length cDNA nol ecul e fl anked by two

wadesteé®] each adapter conprising Mrel restri eCT/S62004/000298
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(recognition) sites and another restriction site,

whi ch may be BanHl, flanking the 5 termnus and 3

termnus of the full-length cDNA, splicing the 5

terminus and the 3' term nus ofSthe full-| engt h cDNA

to produce at |east one ditag, conprising cleaving the
full-Tength cDNA with Mrel which forms 3' overhanging

tag ends, and ligating the two 5° and 3" termni tags

t Aprdesctbed rabayet dige Methodovsomprisés guireducirgdhé&i digodiucleotide

2, the.uy of stricti,on enzynes nmay | eave 51 and 3
d&?&?@'@ﬁgﬁ%@g%@ﬁgor&%H.E?ggril ﬁd’eg%%rhort over hangi ng end

(also referred to as sticky end or cohesive end)
canithshentgrmfvdcew ouedcpibigst vactBAlitit GhteAbed %Y 8*5213“9 p Virus or

Mel, the produced 5' and 3' ends consist eac . _
bptasuNeBicts kapwnaitd thewarh doate bas deserasnanipalatech dyginsgrtion or

e : fal | owed | unt - endi ng. and
 orpoRi i h83RaEHenE R B Bies St HHiGaipriin & promoter
plsagpiedse t Whiche fadilitbtesbines | effisieHt ariR@HBMGE ThedvesRE typically
and anot her bp signature sequence as 3' end of the

p&PBIRIE any efie (af geplicasingy & prometen arowell @s specific genes which
' d ' ri c i ngl e .

RS BT 42 AN oS g oruo

véhe presdntchvértiorbeiudestot dxamplbepBlLeiSyriat i(Sftattigene, La Jolla,

f - | th l'iprary is pd Sl As nentioned above,

bl 88s WaERedn (B Aidaen « BopababoscANrRs Fig.8) and pGEM3:
Le&A O [ wat i t.hi n S r I

O oBScRe WVE  TaghRR, Ve b ot el s, gty similar

sybstegsiendwn tentboee afuskitiginpthed aett i A eofpatticilar realisation, the

i Les. T l i ucl eqt i de conprising the dita

¢ PEHZ Yy iR o ds anodtect BpaSul begierkirer ns RS gsee aiso
| PRyaty 7a6d [10DHSOENPYELBRI hale SR Be &P Ul Red in US 4,766,072,
conprising ditag and adapters to form concatemners  of

dheggjs incoigo byeefarenad. ditag are then cloned into

a vector for sequencing analysis. Before cutting the
ol i gonucl eotide out fromthe G S ditag library, it can

b&or the production of the parental nucleic acid molecule, for example full-
length libraries and the GIS ditag libraries, suitable vectors are used.
Accordingly, suitable vectors, which are within the scope of the present
invention, are those wherein the backbone of the vector does not comprise
the same restriction site comprised in the adapters flanking the parental
nucleic acid molécule or the ditag, after insertion of the parental nucleic acid
molecule. Preferably, the invention provides a vector wherein the vector
backbone (other than within the stuffer region that is removed during insertion
of the parental nucleic acid molecule) does not comprise the asymmetric
restriction site and the second or further restriction site which are comprised
into the adapters. In particular, the vector does not comprise the at least
asymmetric [l restriction site (for example type Il restriction site) and the at

least second or further restriction site comprised in the adapters. More



anplified directly fromthe ligation
(self-circularization) reaction mx, for exanple by

wWoeehsu2639y suitable priners. The recovered anpPCrised004/000298
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ol i gonucl eotide conprising ditag and adapters is then

| inked to other oligonucleotides conprising ditag and
adapters to formconcateners of ditags. The

concateners of ditag are then €#oned into a vector for
sequenci ng anal ysis. The nethod may further conprise

the steps of: determ ning the nucl eoti de sequence of

the ditag; detecting the gene expression; and/or

cqrptarably, the veetan backivneu(ditieer thdm adthire ttee stffet region that is

wher eby mat chin
dar'éﬁ't?%%g aygﬁg,[;n' |SH|§Q lgg ﬁg]léc se gﬁeag&?qelpe@cldﬁmolecule) 8oes not
payomsridealimélnghcaBahfifist one ditag conprises 36
nucl eoti des and the first and second sequence tags

conprise each 1 nucleotides. As msnti oned above t he
d'sllilg% X ?%gf %\%‘&5 %/FEE%E n%%nt' Cr)lglr{gg eg in é;ﬁé{srjag@p Qyfgide of the
ntstmféamlsmwedvmtbﬁQ}GImV\édeh ii% Hi r%n?'eéhd g&ﬁgf?@%eﬂc;lm the
resented. Such ditags erab y C |
ofM‘é‘eFf?ﬁ%'%?lt%w@&lda%éethglédnlatageees;eeiﬁbecaeqmbace is shown

trar’ﬁ@rl p @%ﬂdﬁnd‘égag dl’{{csl@aﬂﬁ%nsﬁ'gs {daalﬂ %tu&%regmn between

erhluie IsgescNastt lsand Saldrtsay bpes highlghtéd.athe %‘i\/é?ﬁloﬁpélbb related to
tags . during data analysis and napped

[

f%gh I} 60 pgﬁéglthﬁ@“gégﬂ@ﬁoﬂmIﬁpﬁowl@@)aayl%nbodlment
d| chronosone of an assenbl ed genone
sgggﬁﬁeﬁg @' genom ¢ DNA sequence in between these
two tags is the full structural content of the

sdReraEoplEEPRRR it ”dtﬁ%ﬁénxq"?ﬁém%?ém%‘%é Iniestian ragy also be

I e o pPoes e "dat a0

chgr acterlgze a trangcrl ptome not only by determ ning

tb/eec{o%/ ?r|1 |ch the afta g taréjl % one nc?a% gttransferred into a suitable host
cell. Host cells are cells in which a vector can be propagated and its DNA
expressed. The term also includes any progeny of the subject host cell. It is
understood that all progeny may not be identical to the parental cell since
there may be mutations that occur during replication. However, such progeny
are included when the term host cell is used. Methods of stable transfer,
meaning that the foreign DNA is continuously maintained in the host, are

known in the art.

Transformation of a host cell with a vector containing ditag(s) may be carried
out by conventional techniques as are well known to those skilled in the art.
Where the host is prokaryotic, such as E. coli, competent cells which are
capable of DNA uptake can be prepared from cells harvested after
exponential growth phase and subsequently treated by the CaCl, method
using procedures well known in the art. Alternatively, MgCl, or RbCl can be



al so by defining the structure of transcripts using
the revealed 5 and 3' regions. This results in about

wovers/2689i ol d nore efficient than EST sequenci RQT/SG2004/000298
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Because the tags of the ditag can be natched to any
genone, for exanple to human genom c sequences, PCR .
and RT-PCR priners can then be_desi gned based on the
mat chi ng genoni ¢ sequence. A@C%ﬁdingly, a further
aspect of the invention relates to a nethod for genone
mappi ng, conprising: preparing at |east one

ol i gonucl eoti de conprising at |east one ditag, the

ditsag- compsiosmagonwoan odlsedbé i perforaveti bycelubtepavsiit or other
t rel he fjrst tag conprises the 5 -term nus
sgcg)mrﬁ]?ﬁ@a%g%trhgﬁpé}@dﬂah?égtcon'pri ses the 3'- terninus
sequence of a nucleic acid nolecule, the nucleic acid

| ecul e corres ding to the full-length of a gene or
f r?é'ﬂ!?o‘ﬁl'ﬂ@r’ﬁp&?qﬂ'ﬁpbﬁ oML AN of ig heandwd™ig ysAotording to  this
atenh&ﬂ:ﬁheﬁﬂ?h@!n‘i&ﬂo?'bfttﬁ&irﬂ%ﬁﬂgﬁ;combgigg fining the

structural region of the correspon ene on the

genoprieduraing Fueasteme nucleis adis maeculs kefipriing Afuil-length cDNA
ene di scovery

i nvention t roovi de t hod of
c6'?.@??%'?ﬁ&“ﬁﬁﬁe%f%@%ég%réaga% aptar gompisiog iMael restriction
c bhfiti t j ; di I Sd .

{ oe0gKiDe) Phod BAG ortRfer testitichites Wiilth " b SR heanking
f thesd’ eagiwspandd'sterminus oftthe fulblengtiegDiAce and t he

second tag conprises the 3'- term nus sequence of a

cor ralEoRle, % $E et nd BRGH HebrTiisyehans Ul fergthreDNA to
t procRE; at (eEAT b dithe, ARInth ISy ?eéﬁﬁ%tthenﬁlll%bg‘%g cDNA with

\rArMh a genome nmap and/or a gene database; detec
edl Whichr farms 8' owerhaggingtag endsagaddiating entwe 5 and 3’

on e e GF et R MeRE U her compri ses the step

of recovering the full-length nucleic acid nolecule
cAs rshoponidi Figute 1 tdrel Figikdy 20 itss QY& 1o fe S1HB8oN EASymes may leave

i pvention al so provides a nethod for recovering

f |pnge’ﬂgg@,u!gl randed end comprising a short overhanging end (also
referred to as sticky end or cohesive end) consisting of few nucleotides. In
particular, by using Mmel, the produced 5’ and 3' ends consist each of a 20
bp double strand and two nucleotides as 3 overhanging ends. The two tags
may be followed by blunt-ending and intra-molecular self ligation to producé
tagged plasmids that contain 18 bp signature sequence as 5’ end and another
18 bp signature sequence as 3’ end of the parental transcript. However, the
number of nucleotides cut by Mmel is variable. Accordingly, the ditag obtained

by using Mmel may be of 34-38 bp.

The vector which has been used for the preparation of full-length cDNA library
is pGIS1. As mentioned above, pGIS1 does not contain in its backbone Mmel
restriction sites, other than within the stuffer region between Not | and Sal |,

this stuffer region being subsequently removed during production of the
libraries.



conprising: preparing, froma full-length cDNA
library, at |east one oligonucl eotide conprising at

woOeeasto2eae ditag, the ditag conprising two joi Red/SG2o0gd000298
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and second sequence tags, wherein the first tag
conprises the '-term nus sequence and the second tag
conprises the 3'-term nus sequence of a full-length
cDNA; sequencing the obtai ned 4 i gonucl eoti de ditag;
determining the ditag of interest; and recovering the
full-1length cDNA corresponding to the ditag of
interest fromthe full-length cDNA |ibrary. The

i Mhenoligomudleatider coMngeising tivet ditel flankeadiayt tHey beigptehe is cut out
transgyi pLion activity of a gene conprjsing: .
pf¥ B&&f‘ﬁgé@ rﬁ{%gaﬁ*?@w %%&E\he% iRvothep raligpnugeotidess comprising
0 l4 [ h St t ¢l | €t di
arTag ArrBUap @R VY SR EBNGetere of it 118 kBtbmiiCor diag
t ags harhelooed intoea Yécotst farsgquenpingsemlydie 5' -t er mi nus
sequence and the second tag conprises the 3'-term nus

o BERC R Bhe by hdastitctib Bt BT i GiRnghtagdibrary, it can be
T BATPIEBEY diréctly grove dhen figatish t@ﬁ{f-‘#ﬂ%ﬁféri%&fié P@Q&%gflv%ix, for

the transcriptional activity of the gene. Vi ng
gexaMale y biesRERvedsinge guitabla i primearse Fhee racovered amplified

- i u .00d oy reference tp th
Pg[' %@m‘f@%é&eyxean%ﬁgéﬁ%gcﬂhgéeaﬁaof?l‘aa@ B Wa);RSF finked to other
i bligriuciédtives carpagiag kitth iamam%qeﬁsotoh@ | dBnk! itags.
thegtgl‘r esent i nvenrtJi _ong Exgrrpl es S oli ggjgudg egmgss of ditags
f bheceppcalomens ofs ditag carer then Wenesd iatogenetior 5or bgequencing
cgﬁgggi\ée ditag, primers used for the construction of
vector pd Sl1, and ds- DNA adapter which are used in
the exanples are listed below G S Analysis Qigos for
cDhid nsgthotleray furtfeswonmrisgothd Tsteps BET

determining the nucleotide sequence of the ditag;
detecting the gene expression;

and/or comparing the determined nucleotide sequence to a database
comprising genomic sequences whereby matching 5 and 3' termini
sequences are identified.

In particular, the at least one ditag comprises 36 nucleotides and the first and

second sequence tags comprise each 18 nucleotides.

As mentioned above, the ditag according to the invention includes the
“signature” (consisting of the 5’ and 3’ ends) of the nucleic acid molecule
which is intended to be reduced or represented. Such ditags, preferably cDNA
ditags, of a library may be concatenated and sequenced. The paired 5’ and 3’
signature sequences (tags) of a transcript in a ditag delineate the starting and
ending points of transcripts. The ditag can be split up in the two tags during
data analysis and mapped head-to-head in a specific region within a



' - GAGCTCCTT CTGGAGITTTTTTTTTTTTTTTIVN-S (SEQ D NO 1)
- Notl/BanmH / Mrel (N)6 prinmer |inker (top):

WO-200802GCCCCCCCTTGGA TCCGACNNNNNN ( SEQ D NO: 2PCT/SG2004/000298
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Not | / BanHl / Mrel (N) prinmer |inker (bottom:

' - p- GTCGGATCCAAGCGECCGCG S' (SEQ NG 3) -

Not | / BanHl / Mrel (N)5 prinmer |inker (top):

' - AATTCGCGRCCGC TTGGATCOGACGNMMNN ( SEQ D NO 4) -

Mrel / BanHl / Sal | adapter (top):5' - TCGACCCAGG

ATCCAACTT-3' (SEQ D NO 5) - Mrel/BanHl/Sal | adapter
(bottom: 5'-p-GITGGATCCTGEG - 3' (SEQ D NO 6) -

PreXBBable GRAAMCOACEEREATDsGne(@ES BshEmbled gBNBAR4sequence.

' ' D NO 8) - PI\/ROOg:

TR RAARETONGT ATARRS ST Paiod) Hiesh)tio fagos the full struotural
| oSBT SOREAIGHERN A6 5 FopRVRO12:

' Fﬁ'chGATAA T TCA(‘;{ Gﬁgpl(i?E@Qde}%ri@;ntm Stuct ur e

of a generic 50bp cohesive ditaq .

“\44,, T L (0 (0 O T

( NG 12) B
MXXXXXXXXXXNNNNNNNNNNNNNNNNTTCAACCT AG -5'

(SEQ DNO 13) Werein X and N may be any of A C G or

TA Riddust Ssem% ruhecmrAgﬁnéVéitbl 8uffielent Sgatar i @hatacterize a
mutl. '-p- CTCCTGI ACCGAC CCTGCCGCTTAG- S' (SEQ D

K@Eﬁ?”ﬁ&ﬁ@ﬁrﬂtﬁzpnbf by determimingriberienel attramscript abundance but

CE@@T%%&ME%B @%%@redéf %s&q&gt SEi"lSE%eD r%l\(/)eég}j Sand 3

regions. This results in about over 20-fold more efficient than EST sequencing

Because the tags of the ditag can be matched to any genome, for example to
human genomic sequences, PCR and RT-PCR primers can then be designed
based on the matching genomic sequence.

Accordingly, a further aspect of the invention relates to a method for genome

mapping, comprising:

preparing at least one oligonucleotide comprising at least one ditag, the ditag
comprising two joined first and second sequence tags, wherein the first tag
comprises the 5'-terminus sequence and the second tag comprises the 3'-
terminus sequence of a nucleic acid molecule, the nucleic acid molecule

corresponding to the full-length of a gene or fragment thereof:;
mapping each of the two tags of the at least one ditag on the genome; and
defining the structural region of the corresponding gene on the genome map.

Further, it is also an aspect of the invention to provide a method of gene
discovery comprising:

preparing at least one oligonucleotide comprising at least one ditag, the ditag

comprising two joined first and second sequence tags, wherein the first tag



S - GAGCTCGECCGGCCCTATAGCTTAA-p- ' (SEQ D NG 17) pG S1
sequence The sequence of pA Sl (SEQ D NG 18) is shown

wonodsiogense 10. Exanpl e 1 The nmet hod The experi REMSER004/000298
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procedure of G S ditag anal ysis has been carried out
according to the follow ng nodul es of cDNA |ibrary
construction and analysis: (1)_The full-length cDNA

library which introduces the MRl sites flanki ng both

ends of each cDNA insert; (2) The AS ditag library in

whi ch each clone contains a ' 18bp signature and a 3

18bp signature of a transcriptional unit; (3) The A S

| |q9nmrjﬁa°sothecﬁot%@lm:s seqcanen anddthel se@brtda@g coMprises the 3'-

S n S| S full -1l engt DNA |ibrary
RS AR ke huplls sl raalBRenie) Rideibeantiemolecue
omknespoﬁﬁlnirtoﬁﬁémlﬁlefhfr;tﬁ Bf ?ﬂg@%tdr‘?ﬁb tafefeRrl OWs:
starting fromhigh quality theTfirst c was

synthesjzed with a Gsul-oligo dT primer (SEQ NO 1).

Tﬁ@”fﬁqfﬁlg herehtainechay Irsiat ene ditag withsa genosts ewap and/or a gene
a%égth enri chnment procedure by the

bi ot| nyl ati on- based cap- trapper approach. Any

cap-trapper approach known in the art can be used, for

exetqitiogCanatéhiog aft thel 5, ah@98) Gemni tRys Mﬁ'th%7genor|n|e map but

327: 336 US 6 ]’ﬁg 528: Edery et al., 1995, Mol
Agtectingdio pgtchgn @“eﬁégo@qflt p knpwan gene datebase;

fuII-Iength first strand cDNA was the tenplate for

?&@?Pﬁgﬁf%rh%hén d‘?ﬁ%ﬁ)‘f@ed iy %%%Rg?hém%ﬁﬁ -length nucleic

c 8AidanAleguiesrrespagaling fo ’ekmh@NIMcmd;ccmet@d géhter the
doubl e strand cDNA was nmade, the cDNA poly-A/T tail

ano?h fmﬁ,’gg I g’fpggﬁiﬁlgﬁggzbﬁéﬁ IoPorerr]égor(/%rincg;SL#Lljll-ilesngth cDNA

comprlsmg

preparing, from a full-length cDNA library, at least one oligonucleotide
comprising at least one ditag, the ditag comprising two joined first and second
sequence tags, wherein the first tag comprises the 5'-terminus sequence and

the second tag comprises the 3'-terminus sequence of a fulllength cDNA;
sequencing the obtained oligonucleotide ditag;
determining the ditag of interest; and

recovering the full-length cDNA corresponding to the ditag of interest from the
full-length cDNA library.

The invention also provides a method for quantifying the transcriptional
activity of a gene comprising:

preparing, from a full-length cDNA library, at least one oligonucleotide
comprising at least one ditag, the ditag comprising two joined first and second -



cl eaves DNA 16bp fromits recognition site. At the
Gsul cl eavage end, an adapter containing a Mel, a

weandil2eist e, and a Sail cohesive end was | i gat edT/SG2400®00298
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CcDNA (SEQ D NCS: 5-7). Following a Notl digestion, the
full-length cDNA was inserted into the vector pQ Si,

between the Notl and Sail sites. in the polylinker. The
vector pG Sl (see Figures 7 a 10) is nodified from

pGEMBz (Pronega). 1-1. nRNA preparation The total nmRNA

has been prepared from nouse enbyonic stemcell Iine

E14 using Trizol reagent (lnvitrogen). However, any
stsgAdange iirghovherein theofirst thrgs compeides th&ahteraitus) sequishce and

R | ecul ar G oni ng, Col d rin

73 Spoolt Mo pBhers M5 STarAInE ~Fiieice ! analicr g RN

RNA) was purified by oligo dT nagneti c beads accordi ng

t sequanciagdhé ebtaihgd etigdivdlesticRn@itsy; Sanbr ook and

Russel |, 2001, as above). Alternatively, purification
affinity colum according to

be .carrjed out b
s CRIRTANBINGORriTeRaNcY oF they sppianceshnibag sihicin ¢orresponds to the
Reasstlipticid Letivi \Y 1-2. First Strand cDNA
synt hg@?té ané'CF"G'ﬁfS’f‘@% rTeéel ectionn this step, the
first cDNA is synthesized with a Gsul-oligo T prinmner.
Thigwing newfdareralit dequﬂiﬁefbl‘ﬂhé RN/erhiéDlnr 'thi,fks)samﬁ willbleapibRsIreadily
t shength enrichne rocedure by the ]
onteioad MR &R e Brhe Ral b Sreo canhic prejprovided
dby Wy &f illustrsHAC Hrt Take bEifEn . '
(,SEQ Lg_ NO. 1) The ol owng vve(rj%d## ééé’:’l""@%bf g"l%’o%SS?t
phVeBHoN7 ng/m) 2nl Pol yA RNA (20nmg) 18m The
obt ai ned sol ution was heated to 65C for 10m n and 37C
for 1mn. Then, spin tube in mcrofuge and the

fall owm ng substances were added: 2X GC-| buffer
( S 75m RNase inhibitor Promega) |

GIS oligonucleotides for cDNA synthesis, the structure of a generic 50 bp
cohesive ditag, primers used for the construction of vector pGIS1, and ds-
DNA adapter which are used in the examples are listed below.

GIS Analysis Oligos for cDNA synthesis

- Gsul-oligo dT primer:

5-GAGCTCCTTCTGGAGTTTTTTTTTTTTTTTTVN-3' (SEQ ID NO: 1)
- Notl/BamHI/Mmel(N)6 primer linker (top):

5-AATTCGCGGCCGCTTGGATCCGACNNNNNN (SEQ ID NO:2)

- Notl/BamHI/Mmel(N) primer linker (bottom):
5'-p-GTCGGATCCAAGCGGCCGCG-3' (SEQ ID NO:3)

- Notl/BamHI/Mmel(N)5 primer linker (top):

5-AATTCGCGGCCGCTTGGATCCGACGNNNNN (SEQ ID NO:4)
- Mmel/BamHI/Sall adapter (top):



OmM dNTP (w th nethyl -dCTP) 4nml Saturated trehal ose
10m 4.9M sorbitol 26m Superscript Il reverse

wonrensaeéiopt ase 15ul (I nvitrogen) The obtai ned BOTSGR@A/000298
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was i ncubated at 37 C for 10mn, 42 C for 30mn 50 C
for 20 mn and 55 C for 20mn. 2 mof proteinase K (20
nmg/ M) were added. The obtai ned sol ution was | ncubated
at 45 C for 15 min foll owed by3bhenol / chl orof orm
extraction and i sopropanol precipitation (according to
standard techni que, eg. Sanbrook and Russel, 2001 , as
above). The RNA/ cDNA het er odupl ex was re-suspended
into 44.5 mM of ddH. 3 nm of 1.1 M NaQAc pH 4.5 and

2.5 nl BHITCEACRMRGCAECEAATIFTSt ¢SEa i KD Ehe di ol
structures of the nRNA. 50 ml of the reaction solution

WengmklBaRalIesalPBHS Bt [ lark for 45 mn followed
RTINS g o1 o
S VRS BB AR G SRR SsusEip Tuait) L

l ong-arm biotin hydrazide were added to biotinylate
th 04:The-GEAAAGNCLERAT GARSA EQ-3t (SERMD NO:8)
tenperature in dark overnight. The biotinyl ated
RNANIRBOGE S5'pFAST ACGAGTCALC TATAGGGBL (SEQUTINO )L
1M RNase-free NaOAc (pH6.1), and 750niL 100% Et OH or

20RO 91 5@@AT@¢G’O’IR§OMGG0GAP@F@A@13"& BN O: 10)
30m n by spin 1l4krpm at 4C for 30m n. The pellet was

waghgdoys: 49 -,I-;g&tl/ reated
is di e? yl §yg<§%¢§&at e, %ﬁ%ﬁ%@éﬁ@i@i@%&

and 14krpm spin was carried out at 4 C for 10m n. The

extra liquid was. careful |y renpved. Then, the pellet

2 e Al ageneloplnn cabesive ditagy 400m _ DEPC- Then

50m _ x RNasel buffer and 25 units RNasel / ng of

s BafA TeC BRITXOMSKEQAPEOCKKEOOOC I INABNIN NDINNINBINNEEINAAGTTG
i ncubated at 37 C for 30mn. 10m _ of Ong/nL

(SEQ ID NO:12)

1A

GCTGXXIXXXKXXXKXXXXNNNNNNNNNNNNNNNNTTCAACCTAG -5'
(SEQ ID NO:13)

Wherein X and N may be any of A, C, Gor T.

Primers used for the construction of vector pGiS1

Mme_mut1: 5-p-CGCTCTCCTGTACCGACCCTGCCGCTTAC-3' (SEQ ID
NO:14)

Mme_mut2: 5-p-AACTATCGTCTTGAGACCAACCCGGTAAG-3' (SEQ ID
NO:15)

ds-DNA adapter




Yeast tRNA (Anbion) and 150nL of 5M NaCl were added to
stop the reaction. Wiile biotinylating the RNA- DNA

waebwroedepl ex, the Streptavi din Dynabeads wer e POTSp2008/000298
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as follows: 400 ml _ of M 280 Streptavidin beads
(Dynal) were pipetted into an RNase-free Eppendorf
tube, the beads placed on a magnet, l|left staying for
at least 30mn, and then the s ber nat ant was renoved.
The beads were re-suspended in 400 m _ 1x binding
buffer (2M NaCl, 50 M EDTA, p 8.0). The tube was

pl aced on a nagnet, waited at |east 30m n, and then
t Ie-ANIPIC TG GG CEBCCERBATATOG-31(SBQND NG: 18if f er

wash fo ies. The beads were

e su R TS Cst e T TabT Tia-pes (EG T BGH 7or
Yeast tRNA, and then incubated at 4C for 30min with
occasi onal m xing. The tube was placed on a magnet
st&H8] segiuepdeat | east 30seconds, and the supernat ant
was renoved. The beads were washed wi th 1x. bi ndi ng
buffer for 3 tines. The beads and RNA/ DNA het er odupl ex
wWgHa @g@@h t t | i i t he

bi ndi%gg Corﬁ:&({??&lS\?\é@Eﬁl?N&)ﬂ%ﬁg. T‘ﬁgwgﬁggo\}\as
rotated at roomtenperature for 30m n. The tube was

pl a magnet stand, waited at |east 30 seconds,
an@éﬁﬂ%—%ﬂper nat ant renoved (the supernatant was saved
as "unbound"). The beads were washed two tinmes with
400m _ of 1x binding buffer. Washed with 400 m _ of

O TA¥{mEthodSDS pl us 50ng/ M _ Yeast tRNA. Washed with
400 m of wash buffer (1QvM Tris-HC pH7.5, 0.2mM EDTA,
10rM NaCl & 20%v/v) glycerol, 40 ng/nL Yeast tRNA).

TSGR o T IRAE b Y b g o

f accerdingtsthedollowingnuedulesdftdDNA libri @bABtru®sh and analysis:
ed. The first strand cDNA was rel eased al kal i

r DNA by al kal i
h{ b b WllslepgtiralaNAdfhsarowhishi ingodueesithedMmal sites flstisig both
IgIDﬁ?T s(agﬁ .0 . The tube was rotated at 65

(NZQEE‘?%T%%E?} eﬁ}u € was placed on a magnet stand,
an@) The Glgpditamlibrairy trr whizhezadtoclbne goatdhes atd1l8bp signature

i o nm. Tris- H7. 9).
Cg%%l gl &qopSQignaturrcla Sc’)f gltra(rpscriptsl%nal unit;
(3) The GIS library for clones of concatenated GIS ditags;

(4) GIS sequencing analysis.

1. GIS full-length cDNA library with addition of Mmel sites for each cDNA
inserts

The outline of procedure of this section was as follows: starting from high
quality mRNA, the first cDNA was synthesized with a Gsul-oligo dT primer
(SEQ ID NO:1).

The first strand cDNA/RNA hybrids was subjected to a full-length enrichment
procedure by the biotinylation-based cap-trapper approach. Any cap-trapper
approach known in the art can be used, for example Carninci et al., 1996,



The Iysis procedure was repeated for 2 nore times. The
final volunme of supernatant was 300 ml _ (containing

woOheosfozéat strand cDNA). The cDNA was extract edBCIDBG2004/000298
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phenol / chl orof orm extraction and precipitate by L
et hanol with glycogen;. The cDNA was re-suspended in
5mL LoTE (0.1X) LoTE is low salt Tris-EDTA buffer (3nM
Tris-HCl pH 7.5 and 0. 2nM EDTA?QpH?. 5)). 1-3. Second
strand cDNA synthesis The follow ng reagents were
added to the each correspondi ng tube on ice.cDNA in
LOoTE 5m _ Linker (N5) 1.6ng Linker (N6) 0.4ng Soln I
( Genmmaicki Yat.8353X7-835:10616, 563 15267 Ederpet aDat998) Mblt Cell. Biol.,
bl lee M“/Bamlml (N)6 prinmer |inker
(gfnﬁ)1 o TTGGATCCGACNNNNNN ( SEQ D-NO: 2)
Not | / BanHl / Mvel (N) pri ner I i nker (botton):

" TheGHedHA and cORA 3ﬂ\)eLtleFHﬁf.’éte(1“3?’)sebénd cDNA
I\IotI/BarrHI/I\/heI( 5pr|mar I|nker
+ sypihesiscaoioust wit api@cammerﬂNmNbﬂmwmmel (N )5 and -(N)8,

SEYEaENCE ) Natph it iR 2 BoRT The & Rk Shee

Ilnker m xture was i ncubated at 16C overni ght. And the
f Bfteptherdoubleestratete dDNWaE R0, thXSDNADAWA/® tail was cleaved

T nL 2. 5pM dNTP 8nL

( ﬁkt?r @su% restriction enzyme. Gsul is another Type-ll endonuclease that
cleaves DNA 16bp from its recognition site. At the Gsul cleavage end, an
adapter containing a Mmel, a BamH| site, and a Sall cohesive end was

ligated to the cDNA (SEQ ID NOS: 5-7).

Following a Notl digestion, the‘full-length cDNA was inserted into the vector
pGIS1, between the Notl and Sall sites in the polylinker. The vector pGIS1
(see Figures 7 and 10) is modified from pGEM3z (Promega).

1-1.  mRNA preparation

The total MRNA has been prepared from mouse embyonic stem cell line E14
using Trizol reagent (Invitrogen). However, any standard method (as those |
described in Sambrook J. and Russell D.W., 2001, Molecular Cloning, Cold
Spring Harbor Laboratory Press) may also be used.

mRNA (polyA RNA) was purified by oligo dT magnetic beads according to
standard techniques (for example, Sambrook and Russell, 2001, as above).
Alternatively, purification may be carried out by affinity column according to
standard techniques (for example, Sambrook and Russell, 2001, as above).

1-2.  First Strand cDNA synthesis and full-length selection



ExTaq pol ynerase (Takara) 4nL The m xture was
preheated in a therno-cycler 65C, 5mn 68 C, 30mn

wo2@5/0287n., followed by phenol / chl or of or m exPcasGe@n/000298
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and et hanol ppt with glycogen, and re-suspended in

85m ddhbQO 1-4. Renoval of polyA tail by Gsul

di gestion The follow ng reagents were added to the

tube. cDNA 85ni Gsul (Ferrrenta%% 5mL 1 OX bufferB
(Fermentas) 10niL The m xture was i ncubated at 30 C for

2 hours, followed by phenol/chloroformand ethanol
precipitation. The pellet was re-suspended in 10ul

ddrizis step, theefifsb IcDNA gy s@hthasiapd avitH ag@sulesligeedTtprimer. Then,

arried out. 1-5. Addition of 3 .adaptor with Mrel,
oo AR Pand CENATRVA dybris e, %%ﬂag dBrp dstangtihaneichment
t i ' SH-Ri The 10m
o e B R B P BRI con
whi ch has had the poly(A) tail renoved by Gsul
di@=dtdlign.dBrifiegat i on buffer 10mL Gsul Sail- adapter
(0.4 ng /m ) 25nL [The Gsul Sail adapter is
Meeld Ae oo Sat € TataREamT T4 T TITITIRsRY -3 Y9ELSIND: 1)
(I'nvitrogen) 5ni - Mrel/BanH / Sal |l adapter (top):
5' - TCGACCCAGGATCCAACTT-3" (SEQ D NGO 5) -

W@@M@er Egtht ([))mNa 6) The reacti on was

| ncubat®@sLiasligh6dT prATIM(Big/ulf ol | oved bay

phenol / chl orof orm extracti on and et hanol

pr eci pitAYA BNA4AAUEhe pel | et re-susptiiled in 41 m dH
. 1-6. Notl digestion and cDNA size fractionation The
foll ow ng were added on ice and in order:

The obtained solution was heated to 65°C for 10min and 37°C for 1min.

Then, spin tube in microfuge and the following substances were added:

2X GC-I| buffer (Takara) 75yl
RNase inhibitor Promega) ‘ Tl

10mM dNTP (with methyl-dCTP) 4ul
Saturated trehalose 10ul
4.9M sorbitol 26ul
Superscript |l reverse transcriptase 15ul

(Invitrogen)

The obtained solution was incubated at 37°C for 10min, 42°C for 30min 50°C
for 20 min and 55°C for 20min. 2 pl of proteinase K (20 mg/ml) were added.
The obtained solution was Incubated at 45°C for 15 min followed by
phenol/chloroform extraction and isopropanol precipitation (according to
standard technique, eg. Sambrook and Russel, 2001, as above).

The RNA/cDNA heteroduplex was re-suspended into 44.5 ul of ddH.O. 3 ul
of 1.1 M NaOAc pH 4.5 and 2.5 ul of 100mM NalO, were added to oxidize the
diol structures of the mRNA. 50 pl of the reaction solution were incubated on



NEB Buffer 3 5m _ Notl (10units/ m) (NEB) 4nL The
obt ai ned sol ution was i ncubated at 37C for 1-2 hours.

woDRNA/0S6e Fractionation Col uimms were prepar edP(T862004/000298
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I nvitrogen instructions were followed: uncap the

colum (bottomfirst) and allow it to drain

conpletely; wash 5 tinmes with 800nL Buffer, allow ng

the columm to drain conpletel y343ach tinme). The DNA

sanmpl e was | oaded onto the colum. The flowthrough

was collected in an Eppendorf tube (fraction 1). 100nL

of Buffer were added. The fl owthrough was coll ected

i iceaim Hepeariidof 4bubim f@ﬂowedibyna&dmg@ﬁtuhef 10008DXHf11 pl of 5 M

Bﬁ fcﬁﬁ@ﬁé adae gl Th&pé{%ﬁ%?g{j%é ?ﬁ‘@g hﬁn h@gw\l?\h%'he pPecnpltated
N R AU PN FOTIL NINIRIRS 316,15

ad@%l (W)t 8DEr apd Zm@JEowommeowg}brmcbneﬂn (rwm@mde Wgerboadded to
the Invitrogen protocol). 3nmL of each fraction wer
r ltwptmylaigdh@wgeﬁh@deemeaﬁen@%@t@M rgpartetqmp%rattﬁe in dark

( RETE R oo RAEDRA W@W%@%éoéiﬁ%dm%m 5

(lfk?alctlgm LCYHE RN seoRKe M A0AL gﬁ% 13%nd F5§pL @IOD%’EtOH or 200 pL
aciditied 100% EtOH, ri nsed times with ,

s a¥i109% dsqprepantil. sndubaid at -8GXC far B@mIA gﬁtsed') 14krpmlajz 4°C for
one fraction is to be used, precipitate it and use the

Bo all of it, depending on what the gel |ooks
like. At this point the cDNA fragnents have the Notl
cohesive end at 5 side and Sail cohesive end at 3' !
siTihe, pelled veasewashey w/ 7856 (eivd BQ@H/30%be XERPC-tdeated ddH,0 (DEPC

BB pesER e B s 568 SRR it foin ves
S ) T SR S B, T
the pellet was air-dried. and resuspended in 400uL DEPC- ddH,0. Then SOuL
10x RNasel buffer and 25 units RNasel / pyg of starting mRNA were added.
The obtained solution was incubated at 37°C for 30min. 10uL of 10mg/mL
Yeast tRNA (Ambion) and 150uL of 5M NaCl were added to stop the

reaction.

While biotinylating the RNA-DNA heteroduplex, the Streptavidin Dynabeads
were prepared as follows: 400uL of M-280 Streptavidin beads (Dynal) were
pipetted into an RNase-free Eppendorf tube, the beads placed on a magnet,
left staying for at least 30min, and then the supernatant was removed. The
beads were re-suspended in 400puL 1x binding buffer (2M NaCl, 50 mM
EDTA, pH 8.0). The tube was placed on a magnet, waited at least 30min, and
then the supernatant was removed. The 1x binding buffer wash was repeated
for 2 more times. The beads were re-suspended in 400uL 1x binding buffer
with 100pg of Yeast tRNA, and then incubated at 4°C for 30min with

occasional mixing. The tube was placed on a magnet stand, waited at least 30



(1) Site-specific nutagenesis of pCEM3z to create
Mrel - m nus vector The vector p3S-1 was derived from

WQGh¥B2639Pr onega) . pCGEM3z ori gi nal |l y cont ai nedPCWsGRna1000298
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recognition sites that were knocked-out by

site-directed nutagenesis. The Qui kChange Multi kit
(Stratagene) was used, together. wi th nutagenic

prinmers: e tiutl: '-p-CCCTCT ACCGAC

CCTGCCCCTTAC- S' (SEQ D NG 14) Mre_nut 2:

" - p- AACTATCGTCTTGAG ACCAAC CCGGTAAG S (SEQ D

NG 15)(11) Modification of polylinker region The
palegbhad&eand tg supamatamb siasi rechdveds iThipl eddsswets waslodd with 1x

R G RITCT WA T p—
A1 oM s G S LA 40T o)

S TheATIKIT] hCEeraiie Or Bonis)

S - GAGCTCGCCGGCCCTATAGCTTAA-p- ' (SEQ D NG 17) (I11)

Stuffer fragnment insertion An approxi mately 690bp

; . ‘ . .

of theB%D‘)giQ?ip!eg, ve‘%:rt?%rrﬁﬁéee vgﬁ:@’g\ggg%%l?g%e&%g #ﬁ?é and the
1Gupematant mendveachttee supernatardweas savert adlbahbGaid”).

doubl e-di gested vector, as the stuffer can be clearly

vi sual i zed and excised during gel-purification. The

| mheapdZes witlré siBshettivd ineBUkitH | 5§/ Fgﬁn Bfer.

was | i1 gat e\édéltrowahég] pd S1 vgctq{/)ﬂrtﬁ é‘?gk‘hf"éfh{’ggh tgﬁe r. Washed

c avitht 4Q@tls o1& {w/an DS pke 50)ipme] ¥eastoRNmENRIZhel - with 400uL
coli, TOP1Q cells by el ectroporation accordi rB]Tt 0
s ChHia ST BiiieR DM carissklkir BE.2in - 2Ms SUTAQIOMMSNaCI &

ABRYENv) Gifoerbl, WAL YRSt RIS WhY S5 wiao0uL of 50ug/mL

Yeast tRNA. For all washes the tube was placed on a magnet stand, waited

for at least 30 seconds, and the supernatant was removed.

The first strand cDNA was released by alkali hydrolysis of RNA. The following
was added: 50pL 50mM NaOH and 5 mM EDTA (pH8.0). The tube was
rotated at 65°C for 10min. The tube was placed on a magnet stand, and the
supernatant transferred to another tube containing 50uL 1M Tris-Cl (pH7.5).

The lysis procedure was repeated for 2 more times. The final volume of

supernatant was 300 plL (containing the first strand cDNA).

The ¢cDNA was extracted by phenol/chloroform extraction and precipitate by
1mL ethanol with glycogen;. The cDNA was re-suspended in 5uL LoTE (0.1X)
LoTE is low salt Tris-EDTA buffer (3mM Tris-HCI pH 7.5 and 0.2mM EDTA
pH7.5)).

1-3. Second strand cDNA synthesis

The following reagents were added to the each corresponding tube on ice.



A dilution series of 1-100m of transformants was
pl ated out onto LB agar plates with antibiotic

weebwsmeéwn. The col oni es were i ncubat ed over ni ghr/sanah4/000298
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counted to determne the library titer.Between 24 to
96 colonies (arbitrary nunbers) were picked and the
inserts size determ ned by direct col ony PCR and
agarose gel el ectrophoresis (a%ftor ding to standard
techni ques, eg. Sanbrook and Russel, 2001, see above).
The percentage of cDNA insert and the average insert
size were estimated. At this stage, the A S

full - cNAicDORE i br afyl. may be stored as |igation
reactions or,as transformants in E. coli cells,
accordll-r’fﬂj( ardN&) andar d net hoti6k8gy ( Sambr ook and

Russel e above) le 2 2 AS ditaq
l'ibr ar;l/"@ggj(NgilA cl ones rracEéggBom steps 1-1 to .1-8
cont ai Tﬁpﬁﬂ@ at the 5 side and
anot he?it‘%ﬂ‘naﬁ (Vgg?géhérﬁldn reverse orientation at
the 3' Safull (W&B‘atli@&tmhk@@ﬁ@ Mrel restriction sites
are two isoforns that can be recogni zed by Mrel
(TCCRAC 20/ 18, where R = (A/Q). The sequence
dMﬂ'@%N@b'%ere will be useful later for directional
i ndi cation. Mmel restriction enzyne will cleave these
c INotEBambhiimet (N )6 ipgine@NiKer digpent s fromtheir 5 and
3" ends. Consequently, despite the variable sizes of

: :
5 ANTIEGEGCONECTIE G/RTCO G AT NRINNIN 28 &Eﬁﬁ?&&‘b

signature tags on each end of all clones

CN&F/B‘&M&M%T ﬁp Bfkef 54 n%n);ecogm zed upon

agarose gel oresi's, an be easily

“ f%f&ﬁ%%#&%@%@a@%gﬁﬁé@y? -1i gat ed

to girve a "tagged plasm d" containing the 5° and 3
G\_ﬁk% gqg% re tags. 2-1. Plasmd preparationThe G S

CDNA |ibrary was anplified once by plating:
aNodifiparopt el (N)Bipeimerflinkeo(tep):on | arge (22 x 22cmn)
agar plates (Genetix). The nunber of

5-AATTCGCGGCCGCTTGGATCCGACGNNNNN (SEQ ID NO:4)

a

Notl/BamHI/Mmel(N) primer linker (bottom): is the séquence (SEQ ID NO:3)
indicated above.

The cDNA and linker mixture was incubated at 16°C overnight. And. the

following were added:

ddH»0 20ul
10XExTaq buffer (Takara) 8L
2.5mM dNTP 8ul

ExTaq polymerase (Takara) 4ul

The mixture was preheated in a thermo-cycler 65°C, 5min ~ 68°C, 30min
72°C, 10min., followed by phenol/chloroform extraction and ethanol ppt with

glycogen, and re-suspended in 85l ddH,0.



colonies required was determ ned by the estimated
transcri ptone size. After an overnight 37C i ncubation,

wohRaosreeit ant bacterial col oni es were harvest edT/a6d004/000298

10

15

20

25

30

pel | eted by centrifugation at 3000y for 30m n. Plasmd
DNA preparation was perforned using the Q agen H Speed
Plasm d Maxi kit. The quality t he DNA obt ai ned was
exam ned by agarose gel el ectrdphoresis and
restriction digestion. Approximtely 300,000 col onies
can be processed to yield at | east 1ng of plasm d DNA
2-2. Mrel digestion Approximately 10ng of pI asm d DNA
was di gest ed usi ng Mrel as per manuf acturer's

n ions B n ri at .t he nunber of units of
eﬂz n% W?é(a B&X{s‘&ﬁﬁlﬁyl gweasrii'oﬂ? fold excess to
pr event nmet hyl ati on-i nduced i nhibition. Di gestion
proceeded at 37C for 2-6 hrs. An aliquot of the
dilfesfollowingereadests wake asided tetheoluban agarose gel : a
strong nd of appr oxi rratel$l 800bp in size
corres I'ng to the linear vector containing the
G S si re easi observed, together with
a nunbgjrml%gpgggn%ﬁ s deri veédM'fromthe exci si on of
CDNA f ri@X biier® i (Ferabnidlsysn ds {Gede Figure 4). 2-3.
Li near vector-A@ S ditag purification The di gestion
reaction was el ectrophoresed on 0.7% agarose, and the

53?%"3“ Yﬁ%&éﬁﬁn&gggﬁ%gtﬁg@“#\@g ﬁégfs g?ﬁw?eao éy P! efdi/chioroform

V%ﬁUOéthﬁhSI Qrécﬁﬁitéﬂ%inf Thedpélletnwh® rélsedbended in 10ul ddH20, and
di gestion resulted in a 2bp

- pl asm ds'
%&l@ww 3badapton dgatiomrpacion syamearntied aigs. These

vvere renmoved (polished off) using T4 DNA pol ynerase

(Pronega), |eaving behind 18bp tags: (0.5-2.0ug) DNA

g@gﬁ. Aduitiort o BNeExbraf ivith N B tRehHE aR1Sallsitels DT T

The following components were added to the tube containing 10ul of sample.
The 10pl of sample was the double-stranded full-length cDNA which has had
the poly(A) tail removed by Gsul digestion.

5X ligation buffer 10pL

Gsul Sall adapter (0.4 ug /ul) 25uL
[The Gsul Sall adapter is Mmel/BamHI/Sall adapter)

T4 DNA ligase (5 units/ul) (Invitrogen) 5uL

- Mmel/BamHI/Sall adapter (top):
5-TCGACCCAGGATCCAACTT-3’ (SEQ ID NO:5)

- Mmel/BamHI/Sall adapter (bottom):
5-GTTGGATCCTGGG-p-3' . (SEQ ID NO:8)



T4 DNA pol ynerase 5units/ nmg 10 dNTP O nL ddH to
60. 0nL | ncubated at 37C, for 5mn, then inactivate at

wW03®5f0263910m n The purified, blunted DNA was t REWSG2004/000298
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et hanol precipitated and resuspended at a
concentration of approximately 20ng/ m . Self-ligation
(i ntranol ecul ar recircularizaygﬁz) was carried out as
foll ows: Approx. 350ng DNA 15. Li gation Sol ution
(Takara Ligation Kit 2) 15.0nL Incubated at 16C, 2hr o
overnight 2-5. Creation of D -signature Tags (ditags)
The goal of this step was to obtain the A S
di -signature tags in a formquantitatively
representative of the original cDNA |library from which
the tagged-plasmids were derived. Structure of a
generlc 50bp cohesive ditag

- GAT CCGACKXIXIAIXAIIOOOKNNNNNNNNNNNNNNNNAAGT TG

578 e T PR Ly NS S oo

ofexi‘kactﬁbn Gner ethand® preefbithiien, 28RE Otﬁ@hﬁéllétoré Q?§per(de)d in 41 pl
Bacterial transformation, tagged- plasm d puritication

affl2Pest riction di gest to rel ease 50bp cohesive
ditags; (ii) Direct PCRon the ligation reaction
followed by restriction digest of the PCR products to

r d-@addet] GRjestion kel oBNAI siagfactbriatibn Tr ansf or mat i on and
propagati on; Preparation of tagged-plasm ds (See
Figure 1) 1m of the ligation reaction (Section 2-4)

WehE FONRRE WERG R 37 Te Qid in order:
NEB Buffer 3 SuL

Notl  (10units/uly (NEB) 4pL
The obtained solution was incubated at 37°C for 1-2 hours.

cDNA Size Fractionation Columns were prepared (the Invitrogen instructions
were followed: uncap the column (bottom first) and allow it to drain
completely; wash 5 times with 800uL T1oEg 1Nos Buffer, allowing the column to
drain completely each time). The DNA sample was loaded onto the column.
The flow-through was collected in an Eppendorf tube (fraction 1). 100uL of
T10E0.1N2s Buffer were added. The flow-through was collected in an Eppendorf
tube (fraction 2). Another 100uL of T10Eq1Nas Buffer was added. The flow-
through collected, one drop per pre-numbered Eppendorf tube (beginning with
fraction 3, each drop was about 30-40pL.).

Whenever the column runs dry, another 100pL of T10Eq.1Nas Buffer may be
added.



el ectroconpetent TOP10 cells (lInvitrogen) by
el ectroporation. Recovered in | SOC nedia at 37C for

wanrpostokexe1 pl at ed out several dilutions on LB agar/s&2004/000298

10

15

20

25

30

anpicillin for Q and titering. QC (Quality Check)
pl asm d DNA was prepared from several col onies and
tested by digestion with BanHl; tagged-plasm ds
rel ease a 50bp cohesive ditag.39. This process was then
scal ed-up by plating the remaining culture on |arge
agar plates, and performng maxipreps using Q agen
Hi Speed Pl asnid Maxi kit.As an exanple, approxinmately
5 LdmtD dodp20 ehoutisbe rootiesteed atoorylire) tb Ehte Irw&aige‘l@p@)t@éol) 3ul
]J md DNA. This &asmd DNA wa
aC&. é%‘iloé’dw?@ B &N @éﬁ;ﬂ&lé%é/éﬁi%za.thag?@wéeﬁéze in each

= 5
CIRARL O BN B8 bl ST AR U o
t m;adlecgaampl‘esr werd kept nsatn@sivg arenvetdVBOAked Bt |FAYRE0%in sllghtly

tht or, se encesflankn the ditags.
a @ecp %éﬁ%ﬁﬁw 2 egw Igs;\@ )sapmqmmnple This is
WTGS (SEQ D NO 8) The anmpunt of

starting material Was determined enpirically by doing
a series of di l uti ons and choosing the conditions that
in ean, ecifi product

uI t of
E PB%%& l“%d%ﬁo > fseq, Qtﬁﬁlpltﬁfw’t apd| ysguthemalf to all of it,
I daekhain 5,,{)\% tﬂ%x% | der 2.0mL 107M dNTP 0. 4nlL
PI\/R803 (Jg.OOn @ é“ﬁ‘?k 04 (100ng/ ni) 1.0nL
Eppendorf Tri pI eMast er pol ynerase 0.2nL dH20 10. 4ni
At this point the cDNA fragments have the Notl cohesive end at 5’ side and

Sall cohesive end at 3’ side, and are ready to be cloned in vector.
1-7. Ligation of cDNA with linearized plasmid pGIS1.

1-7-1 The cloning vector pGIS1 was prepared by Notl and Sall digestion. The
vector sequence of pGIS1 is shown in Figures 7 and 9.

pGIS1 Cloning vector construction

( Site-specific mutagenesis of pGEM3z to create Mmel-minus vector
The vector pGIS-1 was derived from pGEM3z (Promega). pGEM3z originally
contained two Mmel recognition sites that were knocked-out by site-directed
mutagenesis. The QuikChange Multi kit (Stratagene) was used, together with
mutagenic primers:

Mme_mut1:

5-p-CGCTCTCCTGTACCGACCCTGCCGCTTAC-3’ (SEQ ID NO:14)

Mme_mut2:

5-p-AACTATCGTCTTGAGACCAACCCGGTAAG-3' (SEQ ID NO:15)



(the HFi buffer was the reaction buffer provided wth
t he Eppendorf Tri pl eMaster enzyne) Therno-cycling

woaodioeéons: Stepl: 95C 2mi nStep 2: 95C x 30secP8rsp2®4/000298
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55C min Step 4: 72C x 30sec Go to step 2, repeat steps
(2-4) 24x Step 5: 72C x 4min C forever The PCR
products were anal yzed on a 1.5% agarose gel. For
negati ve controls, the PCR reatdion was per f or med
using (i) no tenplate and (ii) no ligase. To obtain
sufficient 200bp PCR product for subsequent 50bp
cohesive ditag production, the reaction was scal ed-up:
ddllbe mdrdifieatien ohpolylinkes ragios- wel | PCR plate; this
gener ates approx. 50ug of 200bp ditag. The individua
PCR reactions are then conbi ned and et hanol

PITe Polykiies rbglfowvaaﬁﬁmdmeoﬂw@ﬁﬁplbqng&ﬂ@ % é@FﬂA agapter at

cohe3|ve ditags (see figure 6 as an exanp e resu
Gitke existingyEen 3 SI%M@%%gwmmm@pawm thurs imitiosluced are: Xhol,

SR PR Bl OGB4 bA ALY U R dpamont o

albelqw))j fi cation of G S tags 3-2-1 BanH digestion of

smds (Section 2-5-1 ) released 50bp
nggﬁﬂ %’Hﬁ@s DNA (tagged-pl asmids) 40ng 1Ox uni que

ﬁgg;s!hﬁ‘g{fém@@ébé@%é&fhé%%%ﬁg B 20U
3-GAGCTCGCCGGCGCTATAGCTTAA-p-5' (SEQ ID NO:17)

(1) Stuffer fragment insertion

An approximately 690bp fragment was inserted between the Notl and Sall
sites of the modified vector (see vector sequence in Figure 10). This facilitated
the production of Notl/Sall double-digested vector, as the stuffer can be

clearly visualized and excised during gel-purification.
The linearized plasmid was gel purified.

1-7-2 The cDNA was ligated to the pGIS1 vector overnight and the
constructs were transferred into electrocompetent E. coli TOP10 cells by

electroporation according to standard techniques (see Sambrook and Russel,
2001, as above).

1-8. Library QC (QC = Quality Check)
A dilution series of 1-100uL of transformants was plated out onto LB agar

plates with antibiotic selection. The colonies were incubated overnight and
counted to determine the library titer.



dH20 to 1nL The choi ce of val ue of 40ng of DNA
(tagged-plasm ds) was arbitrary. Aliquots were divided

woOnoww/02e8e1 100ul for nore efficient digestion, BAWSG2004/000298
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i ncubated at 37C, for 4hrs. After digest, they were

i nactivated at 65C, for 5mn, then phenol -chl oroform
extraction and et hanol precipitation were perforned.

Then, the pellet conprising 50p cohesive ditags and
the rest of the cleavage products after the BanH

di gest was resuspended in LOTE buffer for

gel -purification. 3-2-2 BanH digestion of or 200bp

di i [ -5 | .
88801 18 BRI DAt €L T50EF 1o o
Elaeém 1dBrJ]lflfmir|_1§dNEB) dirémﬁomg]b(PBﬁA e%lr(dﬂe}w%% %%Obildﬁftrophoresis

t e choice al ye o my o
oA R0 26 Feta fardl Foqkmtin b 40 Sgmbraic.acs Rigpel, 2001, see
018 18 ) f DN B ) s [ sz vor
i restimajed.ed at 65C, for 15nmin, then phenoi-chl orof orm

extraction and et hanol precipitation were performed.
Then, the pelletconprising 50bp cohesive ditags and

the treststade,! e disanagiengihoeDais lieFé@;g%eréa&HPed as ligation

di gest was resuspended in LoTE buffer _
gePaglianss iAatdsorframsfarnmnts pin i £.i elii ¢ellef eobpding to standard

c [ it -di d according to
bgﬁﬁﬁééépggr@%ﬁ?}ﬁg%?ﬂ%%e@bﬁeﬁ%\épgﬁebn a large
(Hoefer Ruby 600, 15 x 15cm 1.5mmthick) 10%

p )glacr | am de gel. El ectrophoresis proceeded at 200V
f 2hrs unti|l the Bronophenol Bl ue (standard

tracki ng dye) band al nost reached the bottom of the
gel. The gel was stained in SYBR G een (Ml ecul ar

Pr2 638 ditag libra

The cDNA clones made from steps 1-1 to 1-8 contained a Mmel site
(TCCGAC) at the 5 side and another Mmel site (TCCAAC) in reverse
orientation at the 3’ end. Note that these two Mmel restriction sites are two
isoforms that can be recognized by Mmel (TCCRAC 20/18, where R = (A/G)).
The sequence difference here will be useful later for directional indication.
Mmel restriction enzyme will cleave these clones 20bp into the cDNA
fragments from their 5’ and 3’ ends. Consequently, despite the variable sizes
of the digested cDNA, the vector plus the 20bp cDNA signature tags on each
end of all clones will be of a constant size that can be easily recognized upon

agarose gel electrophoresis, and can be easily purified from the unwanted
cDNA fragments.

The gel-purified vector plus tags can then be self-ligated to give a “tagged
plasmid” containing the 5" and 3' GIS signature tags.

2-1. Plasmid preparation



Inc.) for 30m n before visualisation and excision of
t he 50bp cohesive ditags. At this stage it is

woams@édnt not to | oad nore than 5ng per | anePCo1SG2004/000298
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fl uorescence quenching occurs. The 50bp cohesive
ditags were excised and collected into 0.6m m crofuge
tubes (2 gel pieces per tube) i ch have been pierced
at the bottomwith a 2 needl e.™This pierced tube was
pl aced inside a 1.7m mcrofuge tube, and centrifuged
at 12K g, 4C for 2-5mn. The gel pieces were thus
shredded and collected in the 1.7m tube. 150m of
LoTEi NhUOAc (125:25) were added to each tube and |eft

e tendth HENG iy S A8HSqhod bV plathd &n BBBropriate
( $F21'nﬁ8§r &8QSérds on @é}@ee(QQ%EQchﬂ') %?bp bIa@éé QGO RS number of

to retrieve the purified ags, which were

r eolatyies dequirad W@Wietsnamdn@/ me)ﬁSVmﬁQEQUBBQCWtDayB size. After

arrog et gt LELEREG, BRLAShalh habEHaD BoRhie WRes harvested

Seiel pslidtad Bt ¢eﬂﬂr|{dgaﬁ@hla1ﬂ30007§3foraimﬁmt FOésrﬁtdaDNAl@reparatlon
mat eri al ) Qﬁ; be necessary to ensure that th
us

c AYREPTHRAM ingtthe @@gpn diBaged FdagmidsMaxi b%r@m quglity of the
prlﬁ@ Cébctafn%@q{vgg J)Ja?r%gg pcfép?%%r%ggbgelts e ﬂ'tg&%ﬂgmg?ﬁd restriction

conditions ow are sugges I'ng poln

5Qﬁglesmhe$lppﬁo>dmaa@9 300,06Weonies bar berprovessedtsyield at least
BRL) 2.0nL T4 DNA ligase (5U nL) 1 OnL dH20 to ni

| oumaf B@said B¥Af or “1hr. Loadi ng buffer was added and
the entire sanple heated at 65C for 15mi n. The sanple

| oaded in a single well of an 8% pol yacryl am de

m2A2 gdmedmigesiionat 200V for about 1 hr, or until

Br onophenol Bl ue was about 2 cmfrom bottom The snear
of ligation products can be excised as 2 or nore

f frbRARTatel§9108800f plasmid DNA was digested using Mmel as per
manufacturer's conditions (NEB), ensuring that the number of units of enzyme
used was always less than 4-fold excess to prevent methylation-induced
inhibition. Digestion proceeded at 37C for 2-6 hrs.

An aliquot of the digestion reaction was examined on an agarose gel: a strong
band of approximately 2800bp in size corresponding to the linearized vector
containing the GIS signature tags were easily observed, together with a
number of fragments derived from the excision of cDNA from the original
plasmids (see Figure 4).

2-3. Linear vector-GIS ditag purification
The digestion reaction was electrophoresed on 0.7% agarose, and the

2800bp vector-GIS tag band was excised and purified using the Qiagen
agarose gel extraction kit.



500 bp; 500-100Cbp; >1000bp. Elution of DNA fromthe
gel pieces was perfornmed as detailed in Section 3-3.

woheosghemt e was extracted with phenol - chl or of oPaTSIE2004/000298
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et hanol precipitated. Resuspend the DNA pellet in 6ul
LoTE. 3-5. Coning of concateners The cloning vector
was prepared by digesting 2ug %f pZEr O- 1 plasm d DNA
(I'nvitrogen) (Figure 8) (Figure 8 shows the

sequenci ng/ PCR prinmer binding sites) with 10 units of
BanH for 3 hours at 37C. The di gested DNA was

phenol - chl orof orm extract ed and et hanol precipitated,
t 2ed. Vestos@i8diithg self ligetioatto xreaindtaggealt-plasmids”33ng/
m . The ligation reaction was perfornmed as

fol |l ows: Concat ener DNA 6. 0nL BanHl /pZErO-1 1.0nL 5x

| 'I\@rﬂé? dlibtfsftl%h rasuitkd it epﬁﬁﬁg' b\@RRENd D Hbi)h ﬁ1<=951—and 3’ signature

| ncubated at C overni g he vector self _Egatl on was
altags.pdihesemyerien remayvedel(palishgde aiif)r aisingThB4 | Dg¥h i palymerase

o e fedr Do Dbl PLIEHRERAS ol | owed by of hano

preC| pitation; the pellet was washed 3 tines with 75%
et hanol before re-suspending in m TE (0.1X). | of
this DNASRHUGIENAO transform 50n1 d0ul

el ect ro C nt, -TOP 1 bacterl celll After
recover)P wfﬁﬁ'é@ @éf&r ﬁ rpegta $y, 5091&\‘}06re pl ated on
a snal Iy pgahTH! ate (containing Low Salyta, 1B agar

(Lennox L) plus Zeocin (50ng/m) and I'PTG (50ng/ n)

and i nqubBN#dpolyaigraght at 37C. As a Hadtegigund
control, bacteria were plated out that have been

si ni | ariOmMrdEPor med with the vect or Osslf -1 i gati on
reactio 0 (PTG is optional when TOP10
cells ?)ay reduce background). 3- 6 O@Q*Ei brary C
(Quality Check)

Incubated at 37C, for 5min, then inactivate at 75C for 10min
The purified, blunted DNA was then ethanol precipitated and resuspended at

a concentration of approximately 20ng/ul. Self-ligation (intramolecular

recircularization) was carried out as follows:

Approx. 350ng DNA 15.0pL
Ligation Solution | (Takara Ligation Kit 2) 15.0pL

Incubated at 16C, 2hr to overnight
2-5. Creation of Di-signature Tags (ditags)
The goal of this step was to obtain the GIS di-signature tags in a form

quantitatively representative of the original cDNA library from which the
tagged-plasmids were derived.



The follow ng day, 10-30 col onies were picked to check
for insert size by PCR For each reaction, a single

woabwrgedsas pi cked into a PCR tube contai ni ng: PCOSGRIOHI000298
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buffer 2.0nm. 10rM dNTP 0. 4nLPMRO03 (100ng/ul) 1.0nL
PMR0O04 (100ng/ul) 1.0nL Eppendorf TripleMaster

pol ynerase 0.2m _ dH20 11.4nlL Therno-cycling
conditions: Stepl:95C 2m n St éb* 2: 95C x 30sec Step 3:
55C 1min Step 4: 72C 3min Go to step 2, repeat steps
(2-4) 24x Step 5: 72C x 4min C forever The PCR
products were visualized on 1% agarose gel. A typical
r Stuicturesof shoeweria5Ghmoobesive Titegpri mer pai r

PMR0O03/ PMR004 (SEQ D NO 7/ SEQ D NGO 8) gives a band of

aBRIGRT C CERTI X RXMOEODXENOSOVOCNIN NN RINBIN N RSN KINNNAAGTTG
the quality of the library thus produced appears good,

tggEtpma'Ngj:E )transformati on m xture can be plated out
(Section 3- ? on | arge agar plates in preparation for

ST RO NIRRT rRA e aG &
l'i brar but for the actual preparation of PCR
téﬁﬁ%hQQ%?S) sequenci ng, prinmer pair PMR012/ PMROO3

(SEQ D NO 11/SEQ D NO 7) were preferred (see Section
4\gherein X and N may be any of A, C, G or T.

We used two approaches to this:

(i) Bécterial transformation, tagged-plasmid purification and restriction
digest to release 50bp cohesive ditags;

(i)  Direct PCR on the ligation reaction followed by restriction digest of
the PCR products to release 50bp cohesive ditags.

2-5-1 Transformation and propagation; Preparation of tagged-plasmids (See

Figure 1)

1ul of the ligation reaction (Section 2-4) were ftransformed per 50ul of
electrocompetent TOP10 cells (Invitrogen) by electroporation. Recovered in
1ml SOC media at 37C for 1hr, then plated out several dilutions on LB agar +

ampicillin for QC and titering.

QC (Quality Check) : plasmid DNA was preparéd from several colonies and
tested by digestion with BamHI: tagged-plasmids release a 50bp cohesive
ditag. .

This process was then scaled-up by plating the remaining culture on large
agar plates, and performing maxipreps using Qiagen HiSpeed Plasmid Maxi
kit.



PMRO12: ' - AGCGGATAACAATTTCACACAGG S (SEQ D NO 11). 4.
Sequenci ng analysis of A S taps4-1. Library plating

wanwsmeény pi cki ng The transfornmed TOP10 (I nvPCT/SGR00}/000298
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bacteria cells were plated out on 22x22cm agar pl ates
with colony density |less than 3,000 per plate.

I ndi vi dual col oni es were pick;%%and cultured in
384-wel|l plates with LB plus cin (see above in
section 3.5) at 37 C overnight. Miltiple copies of
384-wel|l plates are replicated and stored in -80 C
4-2. Tenpl ate preparation Bacterial cultures in
384-wel | plates were inoculated in pre-m xed PCR

PCR was Dper.f rinmer pair

ktails. [ .
PR35 RIS, o PR PR 00 PG fleR e aRasid iyl at loast
| 30U fang BlmidmNAoncat emer insert. Nonet hel ess,
this set of priners is preferred as it allows the use

ofThée: cpiasoich PNA| wes sthenrBamiiivdigestede i@ egereate ©Obm cohesive

Bay ite). P r 9) (ML3 forward; 87bp
f%%ﬁé—ﬁk@?gf’é\%ééﬁ%g ‘D NGO 9) 4-3. Sequencing
PCR tenpl at es were sequenced using the sequencing
primers PVMRO0O4 and PMROO6 to sequence in both

di2-ee: PeRsbaggshratdayal o sphesiee Jitagal($ee Sigwendd

a [ : : .

o AR AT B¢ 65 n actbRJsEFBlings PRroos and
f NMRDeAghAt Isiplildo Vebioasgqaensds flariking the Bigd. ag
sequenci ng, genonme mappi ng and annotation into one
operation fromthe sane starting materials. For

e . AR A Elten B80RSC S i rNJ(gEytr) stem
cel i s,bgaktsgp?rt Wi th t%g st eﬁﬁiz?l S@%&?Dcon's ruct a
stRViRO6H] BFGCGAAACAGLIIATCGARCATG+3r (SE@QND NO) t he
ASlibrary. W wll only need to sequence 50, 000
clones of the GS library to reveal over a mllion

t 'T‘ﬁ'ésgrh'bﬂhﬁof sterthd AR 3 BeteMrlidedb ié’eﬁlgtdtﬁi doing a series

capture nearly all” unique transcripts express
hofratilutiorsnandl thaasimng the pooditiongdbat ofsult in a clean, specific PCR

product of approximately 200bp

(e.g. 1:200) diluted ligation reaction 5.0uL

10x HiFi buffer 2.0pL
10mM dNTP 0.4uL
PMR003 (100ng/uL) 1.0uL
PMRO004 (100ng/ulL.) 1.0pL
Eppendorf TripleMaster polymerase 0.2uL
dH20 10.4uL

(the HiFi buffer was the reaction buffer provided with the Eppendorf

TripleMaster enzyme)

Thermo-cycling conditions:
Step1:95C x 2min



the G S ditags can be specifically mapped to the
genone and therefore define the structural regions of

woheosmeévespondi ng genes on the chronbsones. Mee1/SGR004/000298
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the G S ditags map to known genes on chronosones and
the counts of the G S ditags provide the neasurenent
of expression activity. Sone of the G S ditags may map
to desert ("no gene") regions t he genone, which may
suggest the identification of new genes that are
expressed in the stemcell transcriptone. n such a way
t he genone annotation for genes is further refined by
t hi s wdep 2t r ans GGG xd@bseto- whol e genone appr oach.

Based the G S difag sequences, these putative new
genes gg Iée reao%éxgilrﬁ'ﬂed fromthe original GS

full -1 enghla: cDNA 2adiBsecVe can apply this G S gene
di scovery systemnot only to human stemcells, but

al so t &&la stepharrepest sigps 42-49yYdKens, such as
d | . of ' d f h d
eve o%g I-o cgéac?%étrhﬁsues and organs of human an

nodel SIs. An isol ated ol i gonucl eoti de
conpri YigAQ fatevegast one ditag, wherein the ditag
conprises two joined first and second sequence tags,
wherein the first tag conprises the 5 -term nus

SHREPER @ﬁﬂub&%ﬁ%&ﬂ&\g%%?oﬁ%.%% Sg?Fdf%r% a(_ger#e n: erm nus

sequence a nucleic a nolecul e
t irer eebative cohtrols, itlge MER eeddtibn whs performed dging i@no template,

conpri.sing tw adapters fl anking e ditag, erein

e&FH Q'Ezﬂﬁ d28@mp P @Q@'rhtsu?f%‘lq %éfg)ﬂ %sé@u %ﬁom;'ﬁt 2‘?& gubsequent
3. e j j cligi ; j . ‘

2 GOBPC oSO LR proRuclon R Regoi¥ Wk teceiehup; do 96 POR
wheadtians @sing sy 9Gewvell PCRtlaies tthisnganidratemdpptoX. &dsig af 200bp

<R 3T haniBiSe 68, ifasialts (e ANER: GAMLIe | and ethanol

t bP@cAEi'taic_éﬁ%éﬁo% | 9AmS Hi &diglst 01geRbiAe rwép% lQidh_@%iv;éLgitags (see

cl al wherein the nucleic™acid nolecule is

f figure éra?gtaiﬂ sxamptecesolt).a gene or a fragment thereof.
6. The oligonucleotide of clains 1-5, wherein the
nucleic acid-is RNA nRNA,

3. GIS library
3-1. Tagged-plasmid preparation

This applies only to the bacterial transformation-based approach (see Section
2-5-1).

3-2. BamHI digestion and purification of GIS tags

3-2-1 BamHI digestion of tagged-plasmids (Section 2-5-1) released 50bp

cohesive ditags:

DNA (tagged-plasmids) 40png
10x unique BamHI buffer (NEB) : 100pL



genom ¢ DNA, full-length cDNA, or cDNA. 7. The
ol i gonucl eotide of clains 1-6, wherein the ditag is

wohv@inexd1 by splicing the 5° term nus and the BCT/SG2004/000298
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termnus in presence of at |east one restriction
enzyme and the size of the sequence tags is determ ned
by the restriction enzyme used,_ 8. The oligonucleotide
of claim7, wherein the restri®tion enzyme is a type

Il restriction enzyne. 9. The oligonucl eotide of claim
8, wherein the type Il restriction enzyne is sel ected
fromthe group consisting of Aarl, Acelll, Alol, Bael,
Bbr 71, 1BOxIBSAbvI |, Bed, Bce83l, BceAl, BcetOylL Begl,
Bcivi, Bfil Binl BsaXl , BscAl , BseM | . BseRl,
Bsgl , " Bamtll GORKpL, B%n%)l Bsp24l, BspCNI, BEQ}M Bsrl,
BsrDl, I Bt gZI Btsl Gel, gePl, E co3l ,
Eco57I | ccgsﬂvl, Esp3l, Fall, Faul, Fokl, Cﬂ&WE Hael V,
Hgal , Hi n4l, thI HpyAvV, Ksp632l, Mooll, Myl, Mel,
Mal 1, Plel Psrl, RlLeAl Sapl Sf aNI SspD I
sﬂmmowes@fsvaluwaﬂpugmww tag@@mlasr@gse) wagahitrary.
10. The oligonucl eotide of claim7, wherein the
restriction enzyne is selected fromthe group

camigusts nvgeref divided intd’l 1Ge el Q0w fdts phorenafficisisteldigestion, and
The ol i gonucl eo‘gl de of clains 1- , wherein the ditag

|'%'ha§eq23%@7gp for irs.The ol i gonucl eoti de of clains 1-1
t e 3 o]

‘gféil i é‘sé,f ﬁ%ﬂé%gln%:&ﬁp%fg?ea:‘tméﬁté df%b”IL%hlﬁ EH(—Q?EP@HHI -chloroform
r ;extractum oan@neﬂrw\dl/hpaecu?matldﬁhwgie qmrﬁmhmj;l E‘@eot the pellet
clains, 1 eint irst and second ta ave
S SRSt by Saneslpubiads AR e sestuahe i8Sy Produicts after
OItH@BaHMIQﬂééQﬁN% réét%' dédWLoW’Eeétﬁfé?' fbh§el- purlflcatlon
ol i gonucl eoti de consi s of t OO0 ditags:
vector conprising the ollgonucleotlde of clalns 1 14.

2o R dlacioh @7 oeel URRGe Rel e ine PO (Section 2.6-2)

I eSibBbEd 50Pp TohBsABHifalde: second restriction site.
DNA (PCR products) 40ug
10x unique BamHI buffer (NEB) 100uL
100x BSA 10pL
BamHI (20U/pL, NEB) 10uL
dH20 to 1mL

The choice of value of 40ug of DNA (tagged-plasmids) was arbitrary.

Aliquots were divide into 10x 100ul for more efficient digestion, incubated at
37C, for 4hrs.

After digest, they were inactivated at 65C, for 15min, then phenol-chloroform

extraction and ethanol precipitation were performed. Then, the pellet



17. The vector of claim 16, wherein the asymretric
restriction site is a type Il restriction site or a

waanisrngemndonucl ease asymetric restriction si PeT/SGR004A000298
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vector conprising at least a nucleic acid nol ecul e and

two adapters flanking the nucleic acid nolecul e,

wherei n each adapter conprises,at least: a first

restriction site which is an asymmetric restriction

site and at |east a second restriction site, and the
backbone of the vector does not conprises the

asymmetric restriction site and the second restriction
sicomprisingrhebp exohesivef ditagsi and ghe vesirafi 1het¢leavage products after

SHLEE A ABRS e EherdfboRnbEe I LET ARy fol G bkl

S|te 20. The vector of clains 18 19, V\herel n the type
restriction site is Mrel. 21. A vector which has the
s@cﬁx@ﬁi‘@uﬂfi@?w etoPbp SE@WGP\IQJ'C%S 22. The vector of

claim 21, conprising the oligonucleotide of clains
1-14. 23. A cDNA |ibrary, wherein every cDNA cl one of

t Mbel Banaydigestad ilNAaacdwdmg o eboth | gevticnl BCE-Hder 6&2 2 was
defined in clainms 1- he cDNA library of cla

§epm?é%.9ntaqéanae K'éa%flero%%bm%n&peo%ﬁ% &o’mm. ifigk) 10%
olp?)@%%&?%@%%s 8e?%l&:ﬁ@ﬁm93|§%rpeé§@@% hg@g?ﬁlaﬁa?%ﬁbr&aﬁhrs until

€ conprisin
cdrqaermthhqmod)oBlluen@tamdardaﬂ'ackmg dye) bandaainost reached the

| ecul e; ,.i sol ' g the 5 '
{BPRSHLST the ORE TR ee: Was SfRing u@ﬁk@&%%gwﬁ scular Probes,
t r
tgﬁ{:fgigggﬁgﬁedé;gﬂe @g@&gﬁgn hel éﬂd%én(s 8f ﬂ193506 %&’?I\?e ditags.
Mltmszstagmérlel nom\tmﬂent h@tatct Icmda nmerel than Spgdper lane, or the

nﬁ is flan é}p% two adapters. 27. The method of
c H?%C%CQQUGPEIPWH Ufﬁrprl sing the step of creating

concat ener of dltags 28. The nethod of clains 25-27,
wherein there are 1-1000 ditags. 29. The net hod of
Thenéo%czbesmedlam weee extiged and oolleeted anter Ohmimicrofuge

tnfbe%t (2 gel pieces per tube) which have been pierced at the bottom with a
21G needle. This pierced tube was placed inside a 1.7ml microfuge tube, and
centrifuged at 12K g, 4C for 2-5min. The gel pieces were thus shredded and
collected in the 1.7ml tube.

150ul of LoTE:NHsOAc (125:25) were added to each tube and left overnight
at 4C to elute. The next day, the eluate was collected with the aid of microspin
filter units (SpinX, Costar), and ethanol precipitation performed to retrieve the
purified 50bp ditags, which were resuspended in LoTE. Starting from 70ug
200bp ditag, we expected to retrieve several hundred ng of 50bp ditag.

3-4. Ditag concatenation and gel-purification

Some optimization (ligation time, amount of starting material) may be
necessary to ensure that the concatenation of the 50bp ditags results in a



| east one ditag flanked by the adapters is inserted
into a vector.30. The nethod of clains 25-29, wherein

woheosrmaeioei ¢ acid nol ecul e is RNA, nmRNA, genonPCTRE2004/000298
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full-l1ength cDNA, or cDNA. 31. The nmet hod of clains

25-30, further conprising the step of determ ning the

nucl eoti de sequence of the at Jégeast one ditag to

det ect gene expression. 32. The nethod of clainms 25-31

, further conprising the steps of: determning the

sequence of the at |east one ditag; and conparing the

di tag nucI eoti de sequence to a database conpri sing

g SAHATO sﬁmﬁamm@gefwnnmm’hknéogblaﬁd *310QGhpyi Hie conditions

S%%W‘é?ec's@ 8'53% Eﬁ'“”égg '{he net hod of claim 26,

conpri si ng: ‘one nucleic acid
nol ecul e flanked by two adapters, wherein each adapter
%6Br|s s at | east one restriction site; splicing the

gveditgshe 3' ter MILAINGt he nol ecul e to
?\5\/ th $A8%- BP& di t ag, ZC(Pr[Ip“ sing addi ng at | east
one rest J <

ction bnzy reco§ni'Zing the restriction

S|1T4€|3NA3¥§as7ér(5U]p[ijod of cl1a0m_33 wherei n the
restriction sites are asymetric restriction sites.

38H2the et hod of cl ai m 3, 1QWlerein the asymetric
restriction sites are restriction endonucl ease
asymmetric cleavage site sequences recogni sable by

t Y bated gﬁqeﬁ’@ifd,mrenzymss and wherein the type 11|
restriction enzyne is selected fromthe group

consisting of Aarl, Acelll, Alol, Bael, Bbr7l, Bbvl,

Coibmg oS ke sfo sl uBcehire Biflie Rl BB o romin

BImal leHbad &8 id 4 FEOWL f P&,
Sl FSSIarﬁth ng\ IR sm§ 0 Y p&%bryleﬁ’ﬁfd@' minigel and run

ge
E6bZPOV Frosbemt 1E8k30r unﬁl 8romaphen@oBlue @as abeak2vem from
SEWOH n4l, Hphl, HpyAvV, Ksp632l, Moll, Myl, Mwel,
Plel, Ppil, Psrl, R eAl, Sapl, SfaN, SspD5l,
St h132l, Stsl , Taqgll, TspDTl, TspGW, TspRl and Tthl

1111.
;H1e smear of ligation products can be excised as 2 or more fractions, eg. 200-
500 bp; 500-1000bp; >1000bp.

Elution of DNA from the gel pieces was performed as detailed in Section 3-3.
The eluate was extracted with phenol-chloroform then ethanol precipitated.
Resuspend the DNA pellet in 6ul LoTE.

3-5. Cloning of concatemers

The cloning vector was prepared by digesting 2ug of pZErO-1 plasmid DNA
(Invitrogen) (Figure 8) (Figure 8 shows the sequencing/ PCR primer binding
sites) with 10 units of BamH! for 3 hours at 37C. The digested DNA was
phenol-chloroform extracted and ethano! precipitated, then resuspended in
LoTE at a concentration of 33ng/ul. The ligation reaction was performed as
follows:



36. The nethod of claim 34, wherein the asymetric
restriction sites are hom ng endonucl ease asymetric

woestsrizedion site sequences, and wherein the eRey|SB2004/000298
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recogni sing the hom ng endonucl ease asymetric
restriction site is selected fromthe group consisting
of : I-Ceul, PI-Scel, Pl-Pspl and I-Scel. 37. The

nmet hod of clai m 33, conprisiném produci ng at | east one
full-1ength cDNA nol ecul e conprising two adapters
flanking the 5 termnus and 3' termnus of the
full-length cDNA, wherein each adapter conprises at
Ieast one restriction site which is a Mel restriction

site 5' ter us and the 3" term nus of
t he fuI ?fiﬂ’%r b% to pr lé‘e at | east one

ol i gon npri si ng Ieast one ditag,

conpri élgl:ér@qt‘)gg(/(?ﬂg t he fulfblllength cDNA with Mrel

whi ch 51 33 buffeer hangi ng ;_tg,gu_ends and ligating the
two 5 an termni tags to produce the ditag. 38.
The neﬂ'HolaNé\fllgﬂSa|(5U215=)37 Bk ei n the at | east one
ditag conprises 35- 39 nucleotides. 39. A nethod for
genome nmapping, conprising: preparing at |east one

olih & RS gpﬂg@og@mmm ng at |east one ditag, the
ditag conprisin joined first and second sequence

t dfhe, vastesrssililig @nfwas;alaoa@@mad inqearalie) & a centdhus
sequence and the second tag conprises the 3'-term nus
sequence of a nucleic acid nol ecule, thenucleic acid

mrhec yigatieer presiperdiwaret @ukified f bbforé esRictro braﬂlcﬁemﬁh@f phenol-
fragnent thereof; mapping each of the two

achlosafermoggragtiongwes tallewesh biresthanel aé&qlmta%@ns Hbe pe"et was
L 2lme S0 4 LHErEPEEETERAL OGRS T T .10, 1
of this DNA was used to transform 50ul of electro-competent TOP10 bacterial
cells. After recovery (see also Section 2-5-1), 50ul were plated on a small
agar plate (containing Low Salt LB agar (Lennox L) plus Zeocin (50pg/ml) and
IPTG (50ug/ml) and incubated overnight at 37C. As a background control,
bacteria were plated out that have been similarly transformed with the vector
self-ligation reaction above. (IPTG is optional when using TOP10 cells but

may reduce background).
3-6. GIS library QC (Quality Check)

The following day, 10-30 colonies were picked to check for insert size by
PCR. For each reaction, a single colony was picked into a PCR tube

containing:

10x HiFi buffer 2.0uL
10mM dNTP 0.4pL



preparing at |east one oligonucleotide conprising at
| east one ditag, the ditag conprising two joined first

wanwsgeewnd sequence tags, wherein the first tagr/85G2004/000298
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conprises the 5 -term nus sequence and the second tag
conprises the 3 -term nus sequence of a nucleic acid
nmol ecul e, the nucleic acid nDI§FuIe corresponding to
the full-length of a gene or ftagnent thereof;
conparing the obtained at |least one ditag with a
genonme map and/or a gene dat abase; detecting matching
of the 5' and 3' termni tags on the genone map but

det ect iMgRAB3rAOBNg/NH one ore norer gkdelLdat abase;
41. Th c] aim 40, further conprising
recove |“Z§E)B§§1%P9}“6engt h nucl ei ¢ acl-8khol ecul e

corresrgf%gg ; ] ere epe. 42. A

nmet hod r nr'ag)(rzlfo'f/’n r'?ﬁ'&‘%@mﬁ'%ﬁéﬁ’ cDmigggrrpri si ng:
preparidipOfroma full-length cihiylji brary, at |east
one ol igonucl eotide conprising at |east one ditag, the
ditag conprising two joined first and second sequence
t W_ Y fipst tag conprises the '-termnus
sggégmce gﬁﬁgtchgag'{e)b%hd tag conprises the 3'-term nus
sequen&tepf: 9850 ulmihengt h cDNA; sequenci ng the obt ai ned
oli gonggl eqgtide ditag, determning the ditag of

i nter esteP gnd r e&eXi3A§EE he ful | -1 ength cDNA

corres kg to It:ag of interest fromthe

full-| g?]%??cDNA i ’Fgm‘ﬁ 43. A method for quantifying
the tr Sbspdi pti o7AC aBmini ty of a gene conpri sing:
preparing, froma full-length cDNA |ibrary, at |east
one ol W?Bg’ir%%e@cﬁ@ﬁ &'ﬂbzﬂli( | east one ditag, the
ditag g@swsi si ng 7bwo, hpijned first and second sequence
t ags, V\h@fe?ei n the fi rjng"?ag conprises the 5 -term nus
sequend€ Gfierevhe second tag conprises the 3'-termnus -
sequence of a full-length cDNA;

The PCR products were visualized on 1% agarose gel. A typical result is
shown in Figure 9.

The primer pair PMR003/PMR004 (SEQ ID NO:7/SEQ ID NO:8) gives a band
of approx. 220bp in the absence of any cloned insert. If the quality of the
library thus produced appears good, the remaining transformation mixture can
be plated out (Section 3-5) on large agar plates in preparation for DNA
sequencing analysis.

The primer pair PMR003/PMRO004 is also convenient for checking the quality
of the library, but for the actual preparation of PCR templates for sequencing,

primer pair PMR012/PMR003 (SEQ ID NO:11/SEQ ID NO:7) were preferred
(see Section 4-2).

PMR012: 5-AGCGGATAACAATTTCACACAGG-3' (SEQ ID NO:11).

4. Sequiencing analysis of GIS tags




sequenci ng the obtai ned ol i gonucl eoti de ditag;
determ ning the frequency. f the sequenced ditag which

woanrsggends to the transcriptional activity oPCrise2004/000298
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gene. SEQUENCE LI STI'NG <110> Agency for Science,
Technol ogy and Research <120> Met hod for gene
identification signature (A S)_analysis <130> FP2371
<150> US 10/ 664, 234 <151> 2003299- 17 <160> 18 <170>
Patentln version 3.2 <210> 1 <211> 33 <212> DNA <213>
artificial <220> <223> Gsul -oligo dT prinmer <220>
<221> m sc_feature <222> (32) ..(32) <223> nucl eoti de
V is <220> <221> misc_feature <222> (32) ..(32) <223>
a 220> <221> m sc_feature

2%;&39%%?%3? pr{ch%) dnd c8|o%§/ picking

The transformed TOP10 (Invitrogen) bacteria cells were plated out on
22x22cm agar plates with colony density less than 3,000 per plate. Individual
colonies were picked and cultured in 384-well plates with LB plus Zeocin (see
above in section 3.5) at 37°C overnight. Multiple copies of 384-well plates are
replicated and stored in -80°C.

4-2. Template preparation

Bacterial cultures in 384-well plates were inoculated in pre-mixed PCR
cocktails. PCR was performed using primer pair PMR012/PMR003.

This primer pair gives a band of 245bp in the absence of any concatemer
insert. Nonetheless, this set of primers is preferred as it allows the use of
sequencing primers PMR004 (M13 reverse; 68bp from BamH! site) and
PMRO006 (SEQ ID NO:9)(M13 forward; 87bp from BamHI site).

PMR006: 5-TAATACGACTCACTATAGGG-3' (SEQ ID NO:9)

4-3. Sequencing

PCR templates were sequenced using the sequencing primers PMR004 and
PMRO0O06 to sequence in both directions.

Applications



<223>nisa, ¢, g, or t <400> 1 gagctccttc

tggagttttt tttttttttt tvn 33 <210> 2 <211> 30 <212>
wOR5102d8> artificial <220> <223> Not |/ BanH / Mret/sGR)04/000298

primer |inker (top) <220> <221> m sc_feature <222>

(25) ..(30) <223>nisa, c, g, or t<400> 2

aattcgcggc cgcttggatc cgacnnnnnn 30 <210> 3 <211> 20

<212> DNA <213> artificial <2 <223> Not | / BanHl / Mrel

(N prinmer linker (bottom: <400> 3 gtcggatcca

agcggccgeg 20 <210> 4 <211> 30 <212> DNA <213>

artificial <220>

The GIS analysis method according to any embodiment of the invention is a

complete gene discovery platform. It combines full-length cDNA library
construction, cDNA tag sequencing, genome mapping and anndtation into
one operation from the same starting materials. For example, to study the
5 genes expressed in human stem cells, we start with the stem cell mRNA,
construct a stem cell GIS full-length cDNA library, and then the GIS library.
We will only need to sequence 50,000 clones of the GIS library to reveal over
a million transcripts. Such deep sampling will allow us to capture nearly all
unique transcripts expressed in the human stem cell transcriptome. Each of
10  the GIS ditags can be specifically mapped to the genome and therefore define
the structural regions of the corresponding genes on the chromosomes. Most
of the GIS ditags map to known genes on chromosomes and the counts of the
GIS ditags provide the measurement of expression activity. Some of the GIS
ditags may map to desert (“no gene”) regions of the genome, which may
15  suggest the identification of new genes that are expressed in the stem cell
transcriptome. In such a way the genome annotation for genes is further
refined by this whole transcriptome-to-whole genome approach. Based on the
GIS ditag sequences, these putative new genes can be readily cloned from
the original GIS full-length cDNA library.

20

We can apply this GIS gene discovery system not only to human stem cells,
but also to all other biological systems, such as development of cells, tissues

and organs of human and model organisms.

25



<223> Notl/BanmH (top) <220> <221> m sc_feature <222>

(26)

..(30) <223>nisa, ¢, g, or t <400> 4

weaavtsagexygc cgcttggatc cgacgnnnnn 30 <210> 5 <PET/SG184/000298
<212> DNA <213> artificial <220> <223> Mrel/BanH / Sal |
adapter (top) : <400> 5 tcgacccagg atccaactt 19 <210>

6 <211> 13 <212> DNA <213> artjficial <220> <223>
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Mrel

/ BanH / Sal | adapter (bott <400> 6gttggatcct ggg

13 <210> 7 <211> 17 <212> DNA <213> artificial <220>

Claims

1.

An isolated oligonucleotide comprising at least one ditag, wherein the ditag
comprises two joined first and second sequence tags, wherein the first tag
comprises the 5'-terminus sequence and the second tag comprises the 3'-
terminus sequence of a nucleic acid molecule or fragment thereof.

The oligonucleotide of claim 1, further comprising two adapters flanking
the ditag, wherein each adapter comprises at least one restriction site.

The oligonucleotide of claim 2, wherein each adapter comprises at least a
first restriction site which is an asymmetric restriction site and at least a

second restriction site.

The oligonucleotide of claim 3, wherein the asymmetric restriction site is a

type Il restriction site.

The oligonucleotide of claims 1-4, wherein the nucleic acid molecule is the

full-length sequence of a gene or a fragment thereof.

The oligonucleotide of claims 1-5, wherein the nucleic acid is RNA, mRNA,
genomic DNA, full-length cDNA, or cDNA.

The oligonucleotide of claims 1-6, wherein the ditag is obtained by splicing
the 5’ terminus and the 3’ terminus in presence of at least one restriction
enzyme and the size of the sequence tags is determined by the restriction

enzyme used.

The oligonucleotide of claim 7, wherein the restriction enzyme is a type |i

restriction enzyme.

The oligonucleotide of claim 8, wherein the type Il restriction enzyme is
selected from the group consisting of Aarl, Acelll, Alol, Bael, Bbr71, Bbvl,
Bbvll, Bccl, Bee83l, BeeAl, Beefl, Begl, BeiVl, Bfil, Binl, Bpll, BsaXi,



<223> primer PMRO 3 <400> 7 gtaaaacgac ggccagt 17
<210> 8 <211> 19 <212> DNA <213> artificial <220>

we 203026891 ner PVMR0O04 <400> 8 ggaaacagct at gaccaCg/st9004/000298
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<210> 9 <211> 20 <212> DNA <213> artificial <220>
<223> primer PMRO 6 <400> 9 taatacgact cactataggg 20
<210> 10 <211> 22 <212> DNA <2§§> artificial <220>
<223> prinmer PVRO | <400> 10 gat gtgctgc aaggcgatta ag
22

BscAl, BseMIl, BseRl, Bsgl, Bsml, BsmAl, BsmFI, Bsp24l, BspCNI,
BspMI, Bsrl, BsrDl, BstF5l, BtgZl, Btsl, Cjel, CjePI, Ecil, Eco31l, Eco57I,
Eco57MI, Esp3l, Fall, Faul, Fokl, Gsul, HaelV, Hgal, Hin4l, thl, HpyAV,
Ksp632l, Mboll, Miyl, Mmel, Mnll, Plel, Ppil, Psrl, RleAl, Sapl, SfaNI,
SspD5l, Sth132l, Stsl, Taqll, TspDTI, TspGWI, TspRI, Tth111l.

10.The oligonucleotide of claim 7, wherein the restriction enzyme is selected
from the group consisting of I-Ceul, PI-Scel, Pi-Pspl and I-Scel.

11. The oligonucleotide of claims 1-10, wherein the ditag size is 12-60 bp.

12.The oligonucleotide of claims 1-11, wherein the ditag comprises 34-38
nucleotides and the size of each tag is determined by the use of restriction
enzyme Mmel.

13.The oligonucleotide of claims 1-12, wherein the first and second‘tag have
the same or different number of nucleotides.

14.The oligonucleotide of claims 1-13, wherein the oligonucleotide consists of
1 to 1000 ditags.

15. A vector comprising the oligonucleotide of claims 1-1.4.

16.The vector of claim 15, wherein the backbone of the vector does not

comprises the asymmetric restriction site and the second restriction site.

17.The vector of claim 16, wherein the asymmetric restriction site is a type i

restriction site or a homing endonuclease asymmetric restriction site.

18.A vector comprising at least a nucleic acid molecule and two adapters
flanking the nucleic acid molecule, wherein each adapter comprises at
least: a first restriction site which is an asymmetric restriction site and at
least a second restriction site, and the backbone of the vector does not

comprises the asymmetric restriction site and the second restriction site.



<210> 11 <211> 23 <212> DNA <213> artificial <220>

<223> prinmer PVMR0O12 <400> 1 1 agcggat aac aatttcacac
wagesanasx210> 12 <211> 4 8 <212> DNA <213> ar PCTiSGR@H/000298

<220> <223> toopps sttrraaonnfdda generic5 Obp

cohesive ditag <220> <221> m sc_feature <222> (9)

(42) <223>ni s a, c, g, g t <400> 12 gatccgacnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnaagttg 4 8 <210> 13

<211> 4 8 <212> DNA <213> artificial <220> <223>

boottttoonsm sttrroanfd a generic 50bp cohesive ditag

<%§.0Fhe< %éclzt%rrgfsc‘fai;ne%,u\;vﬁerein the asymmetric restriction site is a type Il

restriction site or a homing endonuclease asymmetric restriction site.
20.The vector of claims 18-19, wherein the type Il restriction site is Mmel.
21.A vector which has the sequence indicated in SEQ ID NO:18.
5 22.The v.ector of claim 21, comprising the oligonucleotide of claims 1-14.

23.A cDNA library, wherein every cDNA clone of the library comprises at least
one oligonucleotide as defined in claims 1-14.

24.The cDNA library of claim 23, wherein the at least one oligonucleotide
comprises 1-1000 ditags.

10 25.A method for preparing at least one oligonucleotide comprising at least
one ditag comprising:

producing at least one nucleic acid molecule;

isolating the 5’ terminus and the 3’ terminus of the nucleic acid molecule or
fragment thereof; and

15 linking the 5’ terminus and 3’ terminus to create the at least one ditag.

26.The method of claim 25, wherein the at least one nucleic acid molecule is
flanked by two adapters.

27.The method of claims 25-26, further comprising the step of creating
concatemer of ditags.

20  28.The method of claims 25-27, wherein there are 1-1000 ditags.

29.The method of claims 26-28, wherein the oligonucleotide comprising the at
least one ditag flanked by the adapters is inserted into a vector,



<222> (5) . . (38) <223>ni sa, c, g, or t <400>

13 gctgnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnt t

woaasmeedy14 8 <210> 14 <211> 2 9 <212> DNA <21BET/SG2004/000298
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artificial <220> <223> prinmer Mre_nutl used for the
construction o f vector pG Sl <400> 14 cgctctcctg
taccgaccct gccgcttac 2 9 <2103 715<211> 29 <212> DNA
<213> artificial <220> <223> prinmer Mre_nut?2 used for
the construction of vector pG Sl <400> 15 aactatcgtc

" ttgagaccaa cccggtaag 29 <210> 16 <211> 24 <212> DWA

tifici <220> <223> top strand of ds-DNA _
Zééﬁ%@ar@% 6d %6(7'5‘5?% cgfhgvhgigie dogatuciaic ekl molecule is RNA,
mMRNA, genomic DNA, full-length cDNA, or cDNA. ‘

31.The method of claims 25-30, further comprising the step of determining the

nucleotide sequence of the at least one ditag to detect gene expression.
32.The method of claims 25-31, further comprising the steps of:
determining the sequence of the at least one ditag; and

comparing the ditag nucleotide sequence to a database comprising
genomic sequences whereby matching 5' and 3’ termini sequences are
identified.

33. The method of claim 26, comprising:

producing at least one nucleic acid molecule flanked by two adapters,

wherein each adapter comprises at least one restriction site;

splicing the 5’ terminus and the 3’ terminus of the molecule to produce at
least one ditag, comprising adding at least one restriction enzyme
recognizing the restriction sites.

34. The method of claim 33, wherein the restriction sites are asymmetric

restriction sites.

35. The method of claim 34, wherein the asymmetric restriction sites are
restriction  endonuclease asymmetric cleavage site sequences
recognisable by type Il restriction enzymes, and wherein the type Il
restriction enzyme is selected from the group consisting of Aarl, Acelll,
Alol, Bael, Bbr7l, Bbvl, Bbvll, Becl, Bce83l, BeeAl, Beefl, Begl, BeiVl, Bfil,
Binl, Bpll, BsaXl, BscAl, BseMIl, BseRlI, Bsgl, Bsmi, BsmAl, BsmFl,
Bsp241, BspCNI, BspMI, Bsrl, BsrDI, BstF5l, BtgZl, Btsl, Cjel, CjeP!I, Ecil,
Eco31l, Eco57I, Eco57MI, Esp3l, Fall, Faul, Fokl, Gsul, HaelV, Hgal,



<210> 17 <211> 24 <212> DNA <213> artificial <220>
<223> bottom strand of ds-DNA adapter <400> 17
wgagistieepdtg gcgctatage ttaa 24 <210> 18 <211> BeD4G2004/000298

<212> DNA <213> artificial <220> <223> sequence of

pd Sl <220> <221> m sc_feature <222> (15)..(704) <223>
region from1l5 to 704 represeq%§.the stuffer fragnent,
conprising Ml and BanmHl, that is renoved during

cl oni ng <400> 18 gggcgaattc tcgagcggcc gcggat ccga
cgagagcgcc tgcgtacggc tcgccgecggt 60 ggctggcgcet

150 5dHediado AN C6T A obadltviyl: Vimaele dduly Pisl, Ppi, Per,
JegorieRRGA: Stal] SspbBoshasoncd) R 1308, Terew, TspR

ttggaat gg tgtggccact ' tgd
tggaggadﬂgg%%l&at ctgca ggatggcgtt taatggctgce tgtccagact

gt aaggt gcc 300 tggtgatgac tgccccctcg tgtggggaca

gtgctcccac tgcttccaca tgcactgcat 360 cctcaagtgg
5 cBOATIRCaTRGs AR BFAARBRIAUNECEaIHhTUA: J55ARMST Stes are

420 gaagttcaaa gagt gaagcc cgtgccgtgc cac C

tcct

PEHG endenudggase adBometric restriction site sequences, and wherein

the enzyme recognising the homing endonuclease asymmetric restriction
site is selected from the group consisting of : I-Ceul, PI-Scel, PI-Pspl and

I-Scel.
10 37. The method of claim 33, comprising:

producing at least one full-length cDNA molecule comprising two adapters

flanking the 5’ terminus and 3’ terminus of the full-length cDNA, wherein

each adapter comprises at least one restriction site which is a Mmel

restriction site ;

15 splicing the 5" terminus and the 3’ terminus of the full-length cDNA to

produce at least one oligonucleotide comprising at least one ditag,
comprising cleaving the full-length ¢cDNA with Mmel which forms 3’

- overhanging tag ends, and ligating the two 5 and 3' termini tags to
produce the ditag.

20  38. The method of claim 25-37, wherein the at least one ditag comprises 35-

39 nucleotides.

39. A method for genome mapping, comprising:

preparing at least one oligonucleotide comprising at least one ditag, the

ditag comprising two joined first and second sequence tags, wherein the

25 first tag comprises the 5'-terminus sequence and the second tag

comprises the 3'-terminus sequence of a nucleic acid molecule, the
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agccccttcc ctccctececc tcccccagat acagcacccc aagtcccctc
cacacagcac 540 agtggtgccc agagatctcg gtctgtgccg
wogommaeyga tgctttctgt ttggctggga 600 caaggtt gRrAT/SG2004/000298
aggagctttg ctgactgttt tgttttccca tcacattgac actttattca
660 at aagtaaaa ctcattacag ttccaagtcg gatcctgggt
cgacctgcag gcatgcaagc 720 ttg attc tatagtgtca
cctaaatagc ttggcgtaat catggtcata gctgtttcct 780
gtgtgaaatt gttatccgct cacaattcca cacaacatac gagccggaag
cat aaagt gt 840 aaagcctggg gtgcctaatg agtgagctaa

ctcacattaa ttgcgttgcg ctcactgccc 900 gctttccagt
cgggadae&t %"gg‘%&&%‘g‘? Qayesreadingg dat they fwklengle iggggene or

960 ﬁggmgﬁérebgcgt attgg gcgctcttcc gecttcctcge
t cactgactc gctgcgctcg 1020 gtcgttcgge tgcggcgagce
ggt at cagct cactcaaagg cggtaatacg gttatccaca 1080

gaat'dappigg eacheefjbadyodagy abittet at Iegaioradiag oathgeRAdMe; and
ggccaggaac 1140 cgtaaaaagg ccgcgttgct ggegtttttc

ot SIS e SEECIC 00 458 poseparidiiy oanacn i genome
1260mdpt ccccct g gaagectccct cgtgecgetct cctgtaccga
ccctgecget taccggatac 1320 ctgtccgect ttctccecttce

gggaagc gcgctttctc atagctcacg ctgtaggtat 1380
c?@-aggﬂ%gdt%m@@t%@w@@mww gggct gt g t gcacgaacc
ccccgttcag 1440 cccgaccgcet gcgcecttatc cggtaact at

3, ELBSA RSB AROEERD SR P . e

1560ditag eonpeiging twa jriaed Girgtgurseeaid b8gdaséa s, wherein the
ct agfaaggtlaal((é agtatttggt, 1620 atctgcgctc tgctgaagcc

agt t' 4EEt ISETadhe t gatesaunys tsauencgg@ntdsdbe second tag
aaac@Aass t efele) t Lt gt at
acgenoreeq 288 SRR enG o PR FRIEHERRLe, the
tt t tRuckeiggagigt cnajacge toagspuyating 1800hgafdidehgiic of a gene or

gtt ttggtcatg agattatcaa aaaggatctt cacctagatc
186%%@5@@@%&%& gaag ttttaaatca atctaaagta
tatatgagta aacttggtct 1920 gacagttacc aatgcttaat

cagtg idgCthleadblafd &8 Mt B d C
tccatgg)t@fggcctgactccc cgt cgt gt ag g%%tg@ﬁa%ggeﬁﬁgg@g Fydfor a

ct t A% dataPeae; ggccccagt g ct gcaat gat accgcgagac
ccacgctcac cggctccaga tttatcagca 2100 at aaaccagc

g?gge&ﬁﬁg rﬂg&%gr?gggg?hé"%a%%ggtt%rr%}rﬁ%ggg o gt ge gn%tecr%ap but

detecting no match on one ore morer gene database: .

41. The method of claim 40, further comprising recovering the full-length

nucleic acid molecule corresponding to the newly discovered gene.

42. A method for recovering full-length cDNA comprising:

preparing, from a fulldength cDNA library, at least one oligonucleotide
comprising at least one ditag, the ditag comprising two joined first and
second sequence tags, wherein the first tag comprises the 5'-terminus

sequence and the second tag comprises the 3’-terminus sequence of a
full-length cDNA;
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atccagtcta ttaattgttg ccgggaagct agagtaagta gttcgccagt
taatagtttg 2220 cgcaacgttg ttggcattgc tacaggcatc

woRoiogéwac gctcgtcgtt tggtatgget 2280 tcatt cagCr/SG2004/000298

ccggttccca acgatcaagg cgagttacat gatcccccat gttgtgcaaa
2340 aaagcggtta gctccttcgg tcctccgatc gttgtcagaa
gt aagttggc cgcagtgtta 2400 tcagtcatgg ttatggcagc
actgcataat tctcttactg tcatgccatc cgtaagatgc 2460
ttttctgtga ctggtgagta ctcaaccaag tcattctgag aat agtgtat
gcggcgaccg 2520 agttgctctt gcccggegtc aat acgggat
aatacggfgc.c at agcag aactttaaaa 2580 gtgctcatca
t t ggramacq NG t‘ﬁ%@'@gdégﬂﬁﬁlé@?@ﬁd%dﬁ@g;at ctt accgctgttg
2640 agatccagtt cgatgtaacc cactcgtgca cccaact gat
ct { cRaerhinind oAt of iRERGsagRAICOt Lt ct gggt gage
aaaaacagga aggcaaadtg ccgcaaaaaa gggaat aagg 2760
gcgacacgga aatgttgaat actcatactc ttcctttttc aatattattg

??? ¢! ﬁ@?‘f%{'tn@@@duﬂ g@h:QﬂNA glmﬁasaggg%lgcwatb?ﬂmgaof interest from
F aaacaaat a ggggttccge
ol dohdhAGRTH

gcacatttcc rfi¥acct gacg t ct aagaaac cattattatc
2940 atgacattaa cctataaaaa taggcgtatc acgaggccct

t42 A atethod gogguartiging 399 G sE @R gcﬁ\ﬂﬁg(gc%%%ge comprising:

acacat gcag ctcccggaga cggtcacagc ttgtctgt

gcggat gccg ggagceag agcccgt cag ggcgegt cag cgggt gt t gg
cgg@fﬁ?@ﬂ&’sﬁ@%‘ @g@ﬁ'g@%thac Nt“ag@téy’gc ahtleagtagoagoligonucieotide
at t HeHhp@sng agt t , aaat accgc . .
acagat g%gt ”gaggggggg’get@f?%gg%gaa{tagggﬁ’%é?{”@ E’X‘gd?'f‘eggfﬁ' st and
324??99593%‘3”0? t@ggﬁ&gemﬁﬂﬁ ¢iwt1t@gct§@:9\ fit€$ tthe 5-terminus
cgc cg _cca c aaagggggat gt gct gcaag
gcgastaetqi\%&get%IB%ﬁ%{’ggsgo%fggﬁ%PPme'S@éat@?c%dganwsosequence of a
cgt tiglferRph UAGAYCCag tgaattgtaa tacgactcac tata 3404

sequencing the obtained oligonucleotide ditag;

determining the frequency of the sequenced ditag which corresponds to
the transcriptional activity of the gene.



