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specifically to a method for the serial anW
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| arge of transcripts by identifi

gene signature (GS) corresponding to define WWMH

W thin a transcript. Background of the i nvent ” ”
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progress has been (‘(Jongen

Pr o COREEPONGiBG| tcsdefmdsremonsmtmmzamam) However ,
due to the conplexity and i nmense vol une of
transcripts expressed in the various devel opnent al
st adgackaround of thenimvention | i fe cycle, conplete
sequencing 20 analysis of all different

tr aRses bt realistic. et
T atid op g%"ﬁuﬁafsfrﬁeﬁérﬁn? @ B\&#ﬁgglwrﬂ@ ggpgﬁwggcyopﬁgts to provide
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165&9]1116(5(6)3 to clone all full- Iength transcripts and completely sequence them.
15 This approach has gained recognition recently (Strausberg R.L., et al., 1999,
Science, 286: 455-457) and progress has been made (Jongenee!l 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 organusms life cycle, complete sequencnng
20 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 deten'nmlng genes and characterizing transcriptomes in the past
25 decade.

In the expressed sequence tag (EST) épproach, cDNA clones are sequenced
from &' and/or 3' ends (Adams, M., et al., 1991, Science, 252, 1651-1656).
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genes, it is prohibitively expensive to :eg every
transcript in a 5 transcriptonmez In practice,
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sequence (14-20bp) of a transcript can be sufficiently
specific to represent that gene. Experinentally,

shoff® lﬂargigseathebefﬂenehcyﬁqh%dmﬂﬁ?g%ﬁg@ﬁ.@? e,!ﬁt o numbers of
16 o afkerls, sefdl Ab§Vs3 28 Genediiarrsnion GAGE) (Vaisutassu, V. E., et
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nurt9hade $eRwnen dy 430bp %@f SgAtEEnscagzt can be sufﬁmently specific to
represent that gene.

Expenmentally, short tags can be extracted from cDNA one tag per transcrlpt
20  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
25  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
30  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



Wth the availability of many assenbl ed genone

'sequences in public databases, the use of a short tag
strategy for transcriptone characterization is
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Acad. Sci. USA 100: 4702-4705). In t heory, short DNA
tags of about 20bp can be specifically WO 2005/026391
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represent a transcript in the content of whole
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of 1MFefRGerEsRite Meimeefwnesenin sequancingn efficiency, thee utility of
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ditag) .per nucleic ac nol ecul e
1§ hesRSsHisity AR coneequenhicongesivenasspr esent a nucl ei c
acid nolecule (for exanple a gene). The two
There is a need in the art for more efficient methods which retain the
sequencing efficiency and at the same time improve the use of the tagging
strategy for transcriptome characterization and facilitate the annotation of
20 genomes. '

Summary.of the invention

25. 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

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



tags are extracted fromthe 5 and 3' ends of the sane
nucl eic acid nolecule, and therefore ditags are nore
informative to reflect the structure of the nucleic 30
P A0[PE™Ml es. Critically, the invention proPCHES2094/000298
method to link the 5 and 3' WD 2005/ 026391
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nolecule into a single ditag udt. Therefore, the

pairs of 5 and 3' tags that represent the nucleic

acid nol ecul e can be easily recognized by sinple
sequenci ng anal ysis. The invention can be used for the
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seqiefeahaneing sequancirereffidienag conpri ses t he
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en &ggllgase restriction site, or a type |
restrictron site) and at least a second restriction

site. As second or further restriction site, any
r esthei didopucisptide ok trminventidr) duthdr EEpiR sUsadastilo adapters
[ ictl ite

i 4. Al . t t t
G TRRKEe, P Mo, WFoin SR CEIARIEL eofpupes ckdgasteons eestricton

Theiteo I gartidutdrj @acki ddapter cérhEﬁs@i‘%Y'T@asth%WﬁP‘s?rresméﬁén site
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15 RGO VRO Isqtn @IR0r donsigtion sitadior sxample, a

f uhbmiirenehdorteiaes ¢estAttich ) 8r Altye Il restriction site) and at least a

second restriction site. As second or further restriction sfte, 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

20 . restriction site for this enzyme, however, must be absent from the vector
backbone after insertion of the ditag.

The nucieic 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.

25 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

el?8dhalegnesnest thmaueleictanid smiecule car be easily |



hereof. For exanple, RNA, nRNA, genonlc_DNA
;L???FQLg:h cDNA or cDNAhp25 The ditag may vary in
nucl eotide nunmber. According to one enbOdlnent'T%inaﬁmomws
oBP2" M BY splicing the 5 terminus and the 2C
term nus of a nucleic acid nolecule in presence of at
| east one restriction enzyme and the size of the
sequence tags is determ ned by $he restriction enzyne
used. Accordingly, the WO 2005/026391
PCT/ SG2004/ 000298 5 number of nucleotides of the
ditag can vary according to the restriction enzyne
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' ' leic
articul ar, e vector conprises at |east a nuc _
gci lecule 15 and at | east two adapters fl anking

1q he'Fﬁ’ﬁJ- 3g ef theiinyentior.can be ofiaey size, prtérablyaren bp.

15

20

25

conprises at least: a first restriction site which is

an Fwy SRfSriucleotid € fidy {f:%rj{ﬁﬁ‘ses Ettfon ggé{'rl]]n%r?éfr@égs, for example 1 to

exanpl e,

restriction site is, :
end{c@[ﬁ’QéJ't@%e recognition site, or a type Il

recognition site) and at |least a second restriction

si thhe( fnwensor&RbEpBdidBs H )\/ecﬁ‘)'?dcc;rltfkﬁ'isﬂ%ch1be08ﬁgc?rqucﬁeho%de of the

%twoerntion. 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 HI), and the backbone of fhe 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 vecfor 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.



20. does not conprise the asynmetric restriction site

and the second or further restriction site. A

preferabl e asynmetric restriction site is the type |
r¥eePIOEPB3h site Mrel. The invention al so pr 8¢FEE2004000298
vector having the sequence indicated in SEQ ID NO 18.

25 The invention further provides a cDNA |ibrary, _
wherein every cDNA clone conpréses the at |east one

ol i gonucl eoti de of the invention. W 2005/ 026391
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i nvention also provides a nethod for preparing at

| eadtccomiing tol agethee | apitlethe ONWERSH h8d ;Bﬁﬁﬁéls gé‘g@?tgod for

dit onpri sing; producing at |east one nuc

nol @g‘iﬁa N3g %ts,@agfigﬁetﬂ'@%gckeﬂfﬁﬁ né@marising het Jeast one ditag
t er compsisiag: t he nucleic acid nolecule or fragnent

thereof; and linking the 5° termnus and 3' term nus

to crj)aég t.he ﬁl}i | east one ditag. In particular, it is

pr ovi EEYUCINEEHEAST e Phclela acidgnalectleast one

ol i gonucletide conprising at |east one ditag

gonpr iisdlatiyig the Htartiisigandihe 2aAsimiRne | Bl cfei@SLs
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t er IPHIENHAET G2 term nus of the nucleic acid

nmol ecule; and linking the 5 termnus and 3' term nus
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at | east one ditag flanked by the two adapters:
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acid nolecule may correspond to the full-length of a

ene fr nt .t hereof .
1.0g Blroducm%gaq?east one nucrelc acid molecule flanked by two adapters;

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

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

15 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 d_etei'mining the nucleotide
20  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



~The nmethod may further conprise the step of -

determ ning the nucleotide 20 sequence of the at

| east- one ditag to detect gene expression. According

tWO 2005038 MHer aspect, the nmethod of the i nvent PETSGERP4/000298 -
further conprise the steps of: determ ning the

sequence of the at | east one ditag; and WO 2005/ 026391

PCT/ SG2004/ 000298 7 conparing $he ditag nucleotide
sequence to a dat abase conprising genonmic sequences
whereby matching 5 and 3'- termni sequences are
identified. According to a particular enbodi ment, the

| nveotnpann@tiey dASS nﬁcﬁ%@é’@eﬁﬁcu e{ :?J%Faét}agglrc?p%gocr!spng genomic

at Ieast one nucleic acid
£ ul PERRRGER Whernby mateling: & ﬂnﬂvferraﬂiamcﬂfemes\b@@eﬁnﬂed

each adapter conprises at |east one restriction site;

spl Actardingho S gt é[llé‘ru%n%glorﬁgﬁt 3thF ﬁggg{l]grirpgo@c%%ga method

nucleic.acid nolecule to producée a
by SBPHYNSt | east one restriction enzyme recognizing
the restriction sites. 10 Preferably, each adapter

&orrpr ippstfuciig 18a8hst Bnb! ﬁt%lel{:gg‘cg{ﬁ h&%‘e%g@glnéf%ferably ha full-length

a[?%m“rﬁtrl c restriction

res? ¢ ik fﬂétWOTﬁ@ametSOMeremaach@dlapfer&‘dohﬁmaayat least one

al spshpt 140 T | on whi ch may

e Saenan SREEIRIE e S T, 3p0 Fas 8. Emierdt dhe mucteic aci

res"lnpie&”ieo@ pradeiceAst femst runetdlwg b@ngadmg RAMBasSEHM restriction
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1Oendonl'fff,‘il erably, gegmadapter comntes @t o3t fist ?&‘iﬁtﬁi’&ﬁes?te which is
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asyrmet i e @%ﬂJEﬁgé‘? aé)ﬁ’&'”lﬁt'é%\@tr iction site.

As restriction ‘enzyme, any useful enzyme can be used. For example, a
15 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 i) restriction endonuclease asymmetrlc cleavage sites sequences
recognisable by type |l restriction enzymes.

20  Type ll restriction enzymes recognise asymmetric DNA sequences and cleave
both_ DNA strands at fixed positions (cleavage sites), typically several base
pairs away from the recognition site. These enzymes cleave outside the
recognition sequence.

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



both DNA strands at fixed positions (cleavage sites),
typically several base pairs away.fromthe

recognition site. These enzymes cl eave outside the

r\é’@ozg?ﬁ /26Bh sequence. According to a parti cul RCT/SG2004/000298
enbodi nent, the splicing step is carried out by using

25 Mrel (together with T4 DNA pol ynerase_and T4 DNA

ligase) and the ditag of 34-38gnucl eotides, flanked

by two adapters, is produced. 2005/026391
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the ditag of any enbodi nent of the invention can be

I nkgsh t oncat ners of

di t ag. dﬁgpgéggn{aﬂh%a%pé& ?'Begg”%‘?e Pﬁggy CRIOSIAeMyOh the invention
anotd®érbe linkeklo alsgratitegsito pradusemondsdmersret e, Fer example, 1
genqgeoo ang conprising: preparing at |east one '
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ditag conprising two joined first and second sequence
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seqys, n%’%nﬁ econd tag conprises the 3'- term
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nol ecul e 10 corresponding to the full-lerigth of a

gen®renarindaafrieast Ctﬂ@efﬂlgofwc'ﬁ'ﬁmﬂ cgmpasify af lebBteoﬁd"Gltég?‘Qﬁe ditag
enone; defin
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conpri'sing:- 18 K%faR AYCsC P%’ﬁs’ﬂ’olﬂﬁ?téleoIthgmwlﬂlcecamdjmolecule
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t her eof ;
According to a still another aspect, the invention provides a method of gene
discovery comprising:

15 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:

20 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.



20 conparing the obtained at |east one ditag with a
genone map and/or a gene database; if the 5 and 3'
termni tags of a ditag are matched to the genone
SWae®E63%but not in known gene dat abases, theaTsGm04/000298
detected ditags may represent’ new genes in the given
genones. WD 2005/ 026391 PCT/ SG2004/ 000298 9 Such

ditags can directly guide the pgocess of recovering

the full-length nucleic acid nolecule correspondi ng

to the newy identified genes. It is also an aspect of
the invention a nmethod for recovering the full-length

C ot ditis 22 0ieuPLIBE thO RALESE b AENR neygui-ength nucteic

conpri si n%‘:
| i bragid/mo Ulmteapnedmbltqﬂfwné\ﬂyﬁdéiﬁfeG@@'ﬁé§ sing at
| east one ditag, the ditag conprising two j 0| ned first

and erein.t

comy Soas0 ancBGHel BF U BeniTaTlingtldor rervetagntha, agengt
comsPiNSesf neve asd/ erestheninterestingeenes ebnrikivgt - | engt h

cDNA i brary 10 sequenci ng the obtained

ot SRR e Ao EORAL oy 250 DR ere Sigonucieotide

obta| ned di tags;

(f ocompssipp et I&m ede cairtag.l tbbamag @bn@’ﬂﬁﬁﬁ@ttﬁ/}) join@d q"rst and second
correspondi'ng to

gnef %&%%,{&g t%‘@?e e‘@?eﬁef"o egfIH%t tag Sopprisas me éutqrmnréﬁgqenuence and

CD'\m“d becardy tag-uoiriptes e 3'-BarRHUSOBe PLOYi
Egd for. quantl?"l)ilbﬁng the transcrip %ﬁg 6§}étﬂﬁ‘?"@th cDNA

agne conprising: preparing, froma full-length
cDNA library, at |east one oligonucleotide conprising

1at sepsncimgethdiob&gned BERychuEREdE QIR | 5 ' "l-ﬁﬁ’n
fi rélét gﬁecond 20 sg%quence tagi)d %%?ae@ﬁ%tlﬁ@efl rst%erOfthe
tag 8 1895t he 5'-terninus sequence and

determining the ditag of interest (for example, based on biological aspects);
and

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

Further, 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

20 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
25 ftranscriptional activity of the gene.



‘IOdi

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

ol igonucleotide ditag, preferably a large nunber of
e 2WBP2PHed ditags; determining the frequencBCTSGHOMS00298
sequenced ditag which corresponds to the 25
transcriptional activity of the gene. WO 2005/ 026391
PCT/ SG2004/ 000298 10 Brief dggcription of the
figures Fi-gure 1 shows the G S anal ysis experinenta
wor kfl ow (bacterial 5 transformation approach). In
the figure, the letters N, B M S either in capita

or small letters denotes the restriction (recognition)
sites for the restriction enzynes Not |, Barn H, Mme
| apd § I re%pectlvely The text "Me" represents
netEQ&&%i&HQELJEHE_ﬁbﬁﬂyisyntheS|zed first-strand
cDNA. 10 Figure 2 shows the @S anal ysis experinental
wor kf | ow (PCR based approach). In the figure, the
Ietﬁers N S either in capital or small letters

dencPHE theshg‘ﬁ,’?r itee i GHS( ranalypid t expyrirsental wWorkflbWe (bacterial

g estranstérhidtion

r espect |'J:/ﬂ{ezﬂ %ﬁ?ﬁ%@&?h k‘@ fg?@%rﬂg’%c, gﬂ'{\égﬁeﬁqwa?,egher igfcapital

t he neMAY Jefinrs itlesiotasdtttel restrictionagrecogpibn) ke Bk ik gestnct,on
Mryhiae @oﬁla@%rﬁcgpﬂ of mappi ng transcri ptone

genorre ure 4is an e eét?rﬁf)%cﬂ] i "ESkftive ovﬁh@gtex't “Me”

Nne’leptﬁsge@tm@hylatnoa ofithe rdwlipsi/gthesized ff“kﬁtlst,laﬁa QN DNA

cl ones. Lane 1: original supercoiled plasmd
preg aration. 20 Lane 2: 1 kb DNA | adder. Lane 3: Mrel

reod mhodsctise Gis Qﬁél%eéﬁper‘gﬁ% Sk @ﬁ gﬂ’ﬁgﬁ based

agged- pl asm

|
el eag’f’r aﬁﬁgnj'%gﬁ%e fian zeﬂ@t Igftars NoBtMeSpﬁBlti'mnmcantal@fsaaﬁ letters
d| tdegetes the reﬁr@ﬁdifﬂl Grddon@bn )q";x%sd\‘c}ratgsg ?{r%'wn shzymes Not |,

ragnen

t h Ba The 50bp di
%%?éf@dw Lf{rg\a‘ EdeWQﬁW@'MeTb%é@@r Mﬁélre;geaeﬂt@%ethylatnon
of the newly-synthesnzed first-strand cDNA.

15

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.

20 Lane 2: 1kb DNA ladder. Lane 3: Mmel digestion products. The arrowhead

25

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.



pol yacryl am de gel. Lane 1: DNA size nmarkers. Lane

2-8: formation of 50 bp G S ditags. WO 2005/ 026391

PCT/ S&G2004/ 000298 11 Figure 6 is an el ectrophoresis

g¥O0 2085/02639d to the preparation of G S ditags bBCT/SEI04/000298
The ditag-containing PCR fragnents generated fromthe

AS full-length cDNA |ibrary are digested by BanH .

' The 50bp ditag fragnments are separ at ed and purified

from adaptor arnms in 10% pol yacryl am de gel. Lane 1:

DNA size 5 markers. Lane 2-15: |large scale

preparation of 50 bp G S ditags. Figure 7 shows the

pG ho t he copmerci al

zer o gt eh dattforesty BH1 Rialed dnfe briparation of GIS ditags by
posi P€Bnghefditagecontaining SR fraghtinty RO LSRR Hiiths GIS fulltength

b PVROOA. 1 and PVRO12
skg\?\dmméﬁigtagz ggyﬁgﬁéuabyt %%%%AIT%@% 6'???9 fregreenge)are separated
(guaAna purfleeciompzsicbusranisan 10%! bly{ab? BRI 1V5NA size

rar [ PCR Lanhe 1: ErO- I vect
nega'Jf"Ja'% (;In% NRTge seple ma'faé@l@f S0LbgrEkS ditaiyé
randorriy p| cked clones. Figure 10 shows the double
str n | eotide seguence of pG3 S1. The region
bet\%g‘aﬂ hehQwss thei RGISd vestar eonaiouctr and Sal | is the

stuffer fragment that is renoved during cloning. It
i's Z_u hlighted in bold and italic type. The single 20

st r ISB@WSdBes!mumawhmZEdQ}m Vo) éctdtrast @E@trb&an) The
0 p i N st.uffer fragnent

%E?"‘m'éﬁﬁ I Be0lard EPLERENLRY ROR: Rimetdnding chiss. (PMR0S,
| nc PMREO4, PNRO#T and@MRmm)raretshBWnof the invention

The present invention provides a CGene ldentification
Signhatures (A@S) and a G S analysis nethod which are

useFlgure foshewanphpical exainbfs Gaph c?@%Méﬁt? fecl\<) erformed on
!ﬁ’e%r?ﬁgq%ﬁﬁ'é‘ﬁder to identify PEI'?
pat er PPRALLP P ClRYraystsng RGRnbane it #EyQ-1 vector as
18 henagstivetdonitroh Mt/ 1+ CINIS tdd el ] I%hé%fz-ég'\wa%%ly-plcked clones.

Figure 10 shows the double strand nucleotide sequence of pGIS1. The region
between the restriction sites Not | and Sal | is the stuffer fragment that is
removed during cloning. It is highlighted in bold and italic type. The single
20  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).

25 Detailed description of the invention

The present invention provides a Gene ldentification 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



WO 2005/ 026391 PCT/ S&2004/ 000298 12 full-length

cDNAs, tag sequenci ng, gene discovery, genone napping

and annotation. In general, the S and A S anal ysis
nWORE/036¥br ding to the invention greatly faddIsGr03/000298
the collection of gene information by experinental
approach. 5 For the purpose of the present

application, G S neans a ditag {flso indicated as GS
ditag) or an oligonucleotide conprising at |east one
‘ditag, wherein the ditag conprises the 5 term nus

(or 5 end region) and the 3" termnus (or 3 end

r egi j ' lecule, mhich it is )

Gosi ot RONKS, %66 6 fhnbo? 5B piBibEtenpendme mapping and
o S e 18 58 8 e o 0 o
r ep?@%&gﬁ? é_&%tgt&}cﬂﬁf\;,th? rFé’%?H%O%%@e Bdommatipnsky exeerimental
t hampphmaabt i gi nal nucl eic acid nol ecul e. As

§onsequence of the "shrinking", the 15 ditag
ssentially conprises the 5 end region (also

i ndiFcatiesl pamobe df ) ' O o
naFSRNp0p o a8 i opnlate] SRkl g e ndes

d.as 3' tag) : a
ol E80FIE d'?arQér%@,n %E@%@?P’ﬁ'%c@ﬂptlﬂeg et Iggishahe wital ewherein the

aci dita® | comyrReVih s B | mzrg} , inside the 5, tag ,
and éggt a.ﬂrsenot&?ng?u ed F nnsf (r%'g]dd}iegg)gns aﬂﬁ*et%Si:? afarrrqmus (or 3
accEPdiragiophof aHwiclelw eidi malecaleaiwnicht ihés desited to reduce, “shrink”
1bNf BF PRrbyéntf €atures of the original nucleic acid 20

nol ecul’'e, viz. the start and the end signatures of the
nucleic acid. It is thereby also nore specific and

~ t h | SS nethods ip characterizin
Cr o n8 ek RCeaNeT e e g7geAC AleelicatR cmplecrisofmy which
t heodgiBatesagswhioh derpresched FaRetoly 2he AR, MSOLY midiPshorter
I nv | rovides an Lso ed ql 1 gonucl eotl de
cortaafif sPaRel FideR it Malchls. Andrarauense ofitha gshrinking:, the
18 onpitagsessentially comeflséd tHel 5l RRFMGIsSRARSSF al 8984g) and 3

wherein_t.he f| rst tag conprises the 5' -termnus
seqﬁ%%é'%g'gﬂo(a so indicated as 3’ tag) of the original nucleic acid molecule.

Hence, the portion of the original nucleic acid molecule which is between or
inside the 5' tag and 3' tag is not included in the ditag. The ditag according to
the invention retains the most informative features of the original nucleic acid
20 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.

25  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,



the second tag conprises the 3'-term nus sequence of a
nucleic acid nolecule or fragment thereof. WO .

2005/ 026391 PCT/ SG2004/ 000298 13 The ol i gonucl eoti de
oVO2AE/R2ENENt i on may further conprise two adaBCES62004/000298
flanking the ditag, wherein each adapter conprises at

| east one restriction site (see Figure 1 ang Fi gure

2). In particular, each adapterqconprises at'least: a
first restriction site which is an asymetric

restriction site and at |east a 5 second adj acent
restriction site. Therefore, the nunmber of restriction

Si t ehe RIi§SAMedtideCBE hhé‘%\%lﬂron”%ﬁﬁﬁqr&u\é?i %o&nérroé{?ﬁ'é\ﬁeegdapters

Asymetric restriction sites are ‘
wherenking foe dlaag¥h einesadhsadentearcongpiseaebakt 6@ tiriction site

i fei ' ) f tric restriction
Gt o2 Flge X arkt FtATR) IR Rt VARG poptFesamptsascat least a
si t disst restiictippesitel whinh © ansasyhiméist festiction sh@ §|’1%ea?'least a

i Lol e asymmetric restriction sites and _
?o:r :rséé%ﬁtﬁgﬁ%zhfé%tp?%q éﬁe'eﬁa%?ggef theogHmben pf siestriction sites
asy pretent in sadheadapter 819 BLHVPS P¥fe. r’%\%‘gmn@‘t%rictfo%ps?tes are
11 resltrﬁ tion enz msg recogni se asyi ‘.tI‘IﬁC 'df
seqOBREBEE FPE%%dbq%StW ;ﬁfesme(e%amp Site'dv oftbotsepBNAed from the

fi n ) :
ts ;Lﬁ:t;ilglnﬁbg ei?g?'al B%Zggégaié? S.Qg\;\ﬁgigag ?o'ff%# rﬁ@%e%@?’n #€o rpo'mfng
si t &8C 0&%'%&?&%@??@ regtsistion mzmdcﬂypawe(doo g]emsde) restriction
h Nl c . secon . .
by pou L, RS S bR 1 R SR A comesponding
r esfqstation ensymesirscognizing supliapgrametic sitéssie dedited below. For

i j . ' t hat. can then be
e T it —
nuc(re¢egnitisindsites)) end| deaveabothnBNANtEMAS dt Gixke %ﬁioﬁ% Qcleavage

hr : Any . natural . an di fied or any _
syrt Rt el E0efll o3P bl My Chm dheo reeoasiton sites
1anyAegordinglyhethese| enzyrmes dcl&Eif/eE C@lhtﬁidté a{ﬂ'lhé) eregcf)@rﬁ‘_ﬁi_ﬁne ( Eélﬁ:ence.
- ' men er eof
Lﬂgbée%rﬁﬁggl% s%fﬁ?r?%ggr&ﬁkggﬁﬁﬁﬁstﬁgpﬁoﬁﬁt@ fnBamHI. This second
f ul festrietign Isite Nfor thie BERIOs® lof BubseiERD IsaldiBh® R a pool of ditags
that can then be ligated together to form concatemers.

The original nucleic acid molecule that one intends to reduce (to shrink) may

20  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
25 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



The ditag can also be fully chemcally synthesized by
conprising-the 5 .end 25 and 3' end of a nucleic acid
nol ecul e which the ditag intends to represent. The
M¥PEeeF0263phat one i ntends to reduce may al so BET/&G2004/000298
portion or fragment inside a nucleic acid nolecule.
Accordingly, it is possible to use restriction

enzynmes recogni zing restrictiomngsites flanking the

regi on which is intended to WO 2005/ 026391

PCT/ SG2004/ 000298 14 be reduced. The desired

restriction sites nay be placed into the appropriate

POSidd RRuesd. Tike HE@[{&T %ﬁbh%egfm%fﬁpgﬁf%{d ‘F\Bﬁ&e appropriate

mol ecul e, for exanple cDNA or fu
Accd&0§|flﬁg dusing fher preparationaefplbet nudi¢ie amd:lrrmlem.m‘,lfdr example a

deswqegja l&ﬁgj is a 5 full-length cDNA
Full-Teng ?ﬁmgﬁ@ can be prepared according to any
met hod knovvn inthe art. See for exanple, the
cap-Accafsiieg tapppartietar aspectthepiueleicCacidi desiredtto dle. reduced is a

%99‘??!!-@%8%[2&%&!-1%&1@ §8§A3$a‘?f be,grc—:@pf%élg ﬁggcg'dmgqo "2y method
33681087 lin theosr. Bee i bkamplel ltiee atb-tipper lpproaRhN ST example
b oY & Al ogPr Coirais: Jatih St s Bgarnze: Eeery et al.

isol1395,0MonCéllhBlolfVb|.15 Nwb e3ENg7can be used. The
ditag can be prepared accor di ng to any technique known

n art.  Eor Xa t he,_ori |naI nucleic aci d
ot J06PE Saioh g Riickngiv S1er cheRire spstems. feotanamte, those
1and babed @it Bﬂoﬂﬁﬂétrépta&% %lgéﬁgéﬁlﬁ‘ﬁanhioﬁi@nﬁrﬁ&rr i@@ltagora of the

the . nucl ei ¢ aC|d nol ecul e i's I ntende
B’g'l 'Feabhcég,sp‘ﬁﬁ?e ejusedyr ef erabl y prepar ed

corrprl sing two adapters flanking the nolecule, may be
i ns tgglnto a vector. In a particular realisation,
eac {BoeFancbenprenased gecordingsto ametechsigrp dnown initbe art. For

pr ebRamBleY tHOBRGihEESuMic eRSthoRchie" rﬁta\érb%‘c’&ft 'ﬂ‘ﬁ'phgﬁ aﬁ{/ Remical

20 comp r|3|n% an asynmetric restrict
18 ecHpnstipR SNAitRe pbtal@ﬁct & .and& teyminidigated torcredte theditay.
used, it is inportant that the backbone of the vector

The nucleic acid molecule which is intended to be reduced, 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 cDNASs) 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



o . i tes
rise the restriction site or si

d?:ieﬂftiﬁo?ﬁe adapters. Accordingly, abllbrag¥ ?LII-
p | eic acid nolecule (for exanple, a library 00295
PgﬁbFHVGEWMs) is prepared. 25 Preferably, the RaT

[ [ [ [ ditag or

d molecule is spliced into a _
gf:gonucleotide conprising a ditag by us!n?ion S tes
restriction enzynes which refogm?zetgezérigduced

[ he nucl eic acid nol ecul e :

;ngrhrggfy, the WD 2005/ 026391 PCT/SGQOO?Lgog?QS 15
recognition sites are placed upstream of

| ! .17 of th
ter nfS Bgnlgﬁﬂ S(it@I;vﬁ!ﬁTJ r);m:mr:i Q]fcprsggﬁlgln?f th g g%ﬁll\’iﬁgg iapgdfqvg].stream of
B gcl @gd%ugirgq?@eﬁé?% i¢ A¢id rpqalgc;dgamf@ga?jené thesrgtlnfi %?srl]rgd to be
AccdedHeRsl y(prafambiy ii@t@n;tl?éa%%dﬁgé?ts)rﬁgﬂg%ra&gly%m@ oligonucleotide
D S 9 :
g ggguﬁﬁgd @%ﬁ&gﬁﬁéﬁmﬁsp@%@ adaaem?@rmirfg thréggit?érglt. galcg adapter
Pr efcomitising atdeant onk Wgstﬁ&tidneﬁég P?%glabllygigmﬂriéing atygest one first
it h is an asymetric site ond
ISII ?%%@ét!%& §lfﬁ1 whight i, an arymivetrio sign Gpﬁ%x&@lﬁt@é a %eegl oestriction
; : 0

r e: g'rté,]tc:lghreogr(rgérgp Iﬁg& gg}n(ﬁé@ %‘?g%é@%t ,{e'géltclgﬂra sgie (eny khcng/m' restriction
us - t size.

| heeysadator exampiaBamen. di fferen .
tPPEf ET g‘gfgy, t r?js have the same nunber of nucl eoti des.

i ds to be
TheThe Bfgg:g'nﬁ% ana\%ﬁffgégﬁhéed itgggr%'la)? %gvg ithe sametdradifferent size.
%ﬁ?@#ﬁf’%@gbemm@yeﬂhmmmmdaﬁr of fuglesgaed. The
i itag |

o i g 2 tag or ial genone a tag from

o e pare b of anyzel b RESEL B be Fratmaraihiras sdntageous
?g?olf/gr ﬁ’@ gé?rﬁf the prmotak sédad@rcbfzfﬁgﬁ) gim%hl ?Sé;?&ﬁn,gg{igée preferred
Egiﬁg§ gg‘ab {brg qg%ﬁgﬁ‘ﬁé’tgﬁge%i egq;'forr)mm eopleadtyi Bof BOacterial

ab 8GOS 2stagbfiomratrout Beprorapese | G’Bptngﬁ gén gﬁgiﬁtlgnt Wherezg for a

' igﬂa‘?ro t.er 5' -term nus, : .
152?;2%%@%& erﬁg]@%e tg'gﬁmlﬂnrﬂﬁm&?ﬁi @ 4A-2ebpitarri(or in other words 3
in

20

25

arflilegbmay be cohsidered. In general, the size of the ditag is from
about 12-60 bp.

For the purpose of the present application, the terms 5’
S'-tag are equivalent to each other and can be used in
same way, the terms 3'-términus, 3-end and 3’
other and can be used interchangeably. In an orig

portion inside a nucleic acid molecule that one int
each of the 5-end and 3’

-terminus, 5’-end and
terchangeably. In the
-tag are equivalent to each
inal nucleic acid molecyle or
ends to reduce or represent,

-end represents g region or portion most closer to the
e><tremity and most far from the middle region of the molecule.

According to one aspect, the S'-tag and 3’
regions of the molecule cleaved by a restri
end and 3'-end, respectively,

-tag comprised in the ditag are the
ction enzyme most closer to the 5'-

of the nucleic acid molecule or portion thereof

which is intended to be reduced or represented. Accordingly, the size of the



20 sanme way, the terns 3'-termnus, 3'-end and 3'-tag

are equivalent to each other and can be used I o

i nterchangeably. In an original nucleic acid nmo ecumummn%
oWO 1907226¥h i nside a nucleic acid nol ecul e tha"lcnsn:g
intends to reduce or represent, each of the'5 -ﬁn

and 3'-end represents a region or portion nost closer

to the extremty and nost far {gomthe mddle region

of the nolecule. 25 According to one aspect, the

5'-tag and 3'-tag conprised in the ditag are the

regi ons of the nolecule cleaved by a restriction

gest bel : t |- .and 3' -end, _

?2?%@?} el deeimined B e redifidhioR prames Obrengymesoused. The
t heri@¥gntioppitherefose,i relatedetd an @@oh&dfé@it&ﬁs @%prising at least one

o r gl the size of e W . '
2005 50530 T HATF 6B ea e d d Safcing, Teb serminus and the 3
det deFinEs ofytheh@uckest racid im@?@iq]gymfgr% rﬁ,%géﬂggs HS§%east one

j j .ef , telates to ¢ _

31 SSEH, o PHme. ) B igrizesiloasestonten sizemfanking the nuciei
wheragichmoleuth. tAagordinglp! Mengise By tﬁ{ Eéﬁhé}%e.t 2 E’EF fletermined by
termous. and the 3'  termnus of the nucleic™acra ™"
nol gpc.':%rees'[%rﬁiof’ﬁ@zm@é’éﬁee of at least one 5 restriction
enzynme, which recognizes the restriction S|;esI .
f | aWhery preparing the rticlie edia b RRUIeE for CERN ALY i3 cona,
siz .;Jhes.ue,ceta%sls de;term_ne, yoot _ o
r est‘a F ?’c‘? | 'beﬁt'lfﬁ'gg) nsgeﬁglé‘ﬂ. Ingibe Sreap andry-erkeofthel rRigibn which is
esniemeioese masseret el 98 DAY v o

i t
ges '8{)]%&%1;:&5% ,rglf % Iél,? lﬂw%me z;ﬁ)NPs byliisertianofedesited @estriction sites

Sr5ieh r t£ | hserted., An anpl e of
Constriertor oo P SRS, s B artultenctn cona
dest'V"8Y PSeRiREepasAds allowing whicki a1 @IS hditad fitrar) Aghbsequently

| h in Fi | and Fig. 2. Afull-length
SO PR o ing which a G'S
c library is then prepared, follow ng
i tag library is subsequently prepared. 15 As an

: i Cti ecogni zi ng an
eXaRP B, oS! E!rg%fr%zﬁor? e reco nizing an asymmetric restriction
asymmetric restricri

site can be used for the purpose of the preparation of the ditag according to

the invention. In particular a type Il enzyme, for example Mmel.

20 As an example, asymmétric 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 i) restriction

endonuclease asymmetric cleavage sites sequences recognisable by type I
25  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



site can be used for the purpose of the preparation of

the ditag according to the invention. In particular a

type Il enzynme, for exanple Mrel. 20 As an exanpl e,
MO19AS1026321 sites can be introduced. Asynmetri ®@CTISGR004/000298
sequences useful for the purpose of the present

invention are: i) two hom ng endonucl ease asynmetric
restriction (recognition) site equences recognisable

by restriction hom ng endonucl eases or ii) restriction
endonucl ease asymmetric cl eavage sites sequences

recogni sable by type Il 25 restriction enzynes.

Homi(mrego ugh£§§@§; esghib

Engl(andgﬂg?@wabs s a?gefg%rﬁln%tf% §§ ?‘?nggver in the present
asy fR¥entien t rteéfr@éqw site sequaenceissme motlimisd & tHoseRqlMkes nor

EngtafbsBi Qiéhbspr@?ér%lgg T%@,&tho?ﬁ%nendo ucl ease

asymetric restrictio g endonucleases capable of
PCTF4tng thy ammetnclsme( $ameg|ne§ eﬁm%elébfea frStfl #e bfoup™chsisting

£§ropt 18c lg,-@:we present I nve

them&t egt Fietion S| %O!(ﬁﬂgdc %e'a Be lisk mlenﬁome;ﬂabove however is
t hoB gmmnwsoﬂwr héraingheaGoriictas |

res\;vmcﬁf‘mgy howi n ?é]endor:ﬁcl eases Cagg@f@ﬁﬂptﬂ% tafrES”d those
the asy be Tef dliscoygract @te dndludad dnttbe saope bhehe present
gr doperdimnsi sting 5 of : |-Ceul, PlI-Scel, PI-Pspl and

| -Scel: The list nmentioned above hovvever is not
exhaustive. O her hom ng endonucl eases known in the

10ar tE)@hﬁbléb@ﬁ@ﬁSWgIgg{hcﬂB%{ eh%yrhé& Bl g%{ scovered are

20

25
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included in t F pr es i nvention. 10
Exafiflledcalil. NgleBael, BT, |Btblvl cBb\AalnBCﬁESBctd%h BEAIABELA Begl,

Acegdv, ol B , il I Bcel , BceB31
AV r Bin 653%” @%Z Bsc pseB@ In|Bseg) |Bsg|gSernl BsmaAl,
Bs@ﬂmFlB§§M4| BBgENI,, B, BsBsnBerBsBBG#sl 71 Cjel, CjeP!,

4 g b e g oA, o hn

I, HoyAW, KsB6R2!, M, MlylaMﬁ(el Nﬂﬁi ’PI%5P§’InF'§rl RIeAl

P > LM
F)IOI lapl H@ﬁ?\}{ Fﬁé}ﬁﬁ bin 145 'sta™M g, Fenom TspGWI, TspRI and

Tth111ll (the list in the web site of Rebase Enzymes®:
http://rebase.neb. com/cgi-bin/outsidelist; see also Szybalski, W., 1985, Gene,

40:169). The list mentioned -above however is not exhaustive. Other type i

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

Examples of recognition sites and cleavage sites of several class || restriction
enzymes are (into parenthesis are the recognition s;te 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



Sapl, SfaN, SspD51, Sth1321, Stsl, Taqll, TspDTl,

TspGN, TspRl and Tthl 1111 (the list in the web site

of Rebase Enzynes(r): http://rebase. neb

comtoog26841n/ out si del i st see al so Szybal ski, WeCT/36864/000298
Gene, 40:169). The list nentioned above however is

not exhaustive. Qther type Il 20 enzynes known in the

art and those which may be-latgqp di scovered are

included in the scope of .the present invention.

Exanpl es of recognition sites and cl eavage sites of
several class Il restriction enzynes are (into

| parmrtladag thg\r/rfD dh %%Ng/gqlcﬁtbaglga?{e ?&%%Ete%%ﬁ%)g %@i]ﬁqyleld of

sit.e

( PR 4 §CJNFV9 ( desmass/ e aligdnBeipotidd, AGEHSE or clone
4/ Sdomﬂ'ﬁyésqhb@dﬁgst p@nla@vtﬁgtéoﬂf:gfﬁanE@ﬁgggﬂag%llowsb:n efficient

ligated or joined’n or
di tHGYSi @6rthe nrgeic tanid imelenalesn like | fafl-Rihghp BNASGn 4 serial

501 iR

parti cul %éqg%ng'gg%mlg%'tég%% gggﬁg'lﬂg&}torl Onr clone.

PCT/ S&G2004/ 000298 18 particular 8 to 20 ditags. Wen
rized, a higher yield of

di tegs,
i nngﬂrgrrat OHE%%?S%h W47 ESES%QWh@fcd'ﬁagémml betinsteted into a

vedeotor either efere orafter icoRsatBRIcRizSidiR9S- Hence, the
concatenation of ditags allows an efficient analysis

of the nucleic acid nolecules, like full-Iength cDNAs,

10i nAacsririal to EJnQB%BFéctbyth%e%‘HﬁSﬁu#%oﬂHé: tlgpg%lﬂ?gfr{gg{atﬁgedltag is

W|th| dsE gle vec clo
di 2% ge? At &xempley By usincaRCRaor ey i other tkﬂ@whnhﬁrpﬂfcatron
oncat eneri zati on.

veniethodsl. ABEHrdRfRiP rs%rtQBleqjC}ﬁ rpg I8 QB PERAIdiRg to specn“ ic regions

According to on€ aspect
CoWﬁ}diesthﬁg’eFm aietusgdi Sucl'arqylmris fahk E@Jol@éﬂﬂ@lb@trd@%ompnsmg

usthegiiRigRard 288 2 ahhe das
ooy e LS 0t Akl i (o
sp@fﬁ” qr@ap@@) tgaction r‘temtﬁamhmm'eo(‘fdbre)@hﬁalé'%éb ?‘F’a’h products
r ég“ﬁe?@ﬁkaﬁ?g e lg%%nucl §Et+de CO%I si ng
Iproac gure @3 b) @rqquct:atthay contain the
t H@qprr%ﬁlardl(@elvf/m then be cut with an enzyme recognizing the at least
second restriction site (inside . the adapters) to generate the requrred short
cohesive ditags. As restriction enzyme recogmzmg the second or further

20  restriction site, BamH! can for example be used, and cohesrve ditags of 50bp

25

30

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 BamHl) 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



15 circul arization) reaction to obtain short (for
exanpl e 200bp) PCR products (see the PCR approach in

- Figure 2). These PCR products that contain the

rveQaens@eh3d S ditags will then be cut with an eargam®oe4/000298
recogni zing the at least second restriction site -
(inside. the adapters) to generate the required short
cohesive ditags. As restrictiongenzyne recognizing-the
second or further 20 restriction site, BanH can for '
exanpl e be used, and cohesive ditags of 5Cbp are

‘generated. The advantage of this anplification step is

t hatg4c & Yol i1 sk Leumvent t he need

o o o e s the EoBiha 8D By Fifechdrtoahen teminus

canapg Bualeafisiesbfronotthe rAnisfrainaisnef bhull-length cDNA or fragient

sel fzerbscul ari zed tagged plasmds. The anplified

ol i gonucl eoti de can then subsequently be 25 exci sed

fromthe vector (in this exanple, by digestion wth

Banfliny diieg liwenc aceordingdta the ivention & ¢heeserital¥ oP'the fibrary
si's

B S TSI n e, o oty

| nveempusingitise Inaskesc acie Phiebulbs 3 ¥ LRI . .
| east on§@¢§8%akﬁgw. the ditag

[i L eot i-d ' t
whel RN {hdeBiesgtabaps! e iblenats dizestirany Each ditag clone
PCT¢ ({1307 i DAS i '
ot g1 e by Spl Lo b ek oc A acephg e BRECHE fulangth clone.
and ﬂ[&l%ﬁ&f}/ﬁ%‘gsthﬁrdj 9fdhg investion sampoites tieubtendagd B-end of

10 DNA (£ _ di i br '
o Sncolreneralt 1oL e hE G Hoia s o

conpfycire @ threfullriepgthaDNAICI ei ¢ aci d nol ecul es. For
exanpl e, when the library conprising the nucleic acid

S5 S8 g e o e

td:iary_ I S represe_nt @tl ve_o - eﬁg
| i FPEeyibEayh Inipaskya ditaa of inferest issioand uthki cdrmsbondin% full-length

i NfDNRtdaBNbE Fh%ﬁé’&é@?tnai ;{ﬂ’%gggal%t g—g%g#hfe't f|$r|hglvgln$[$ library, for

clone. More inportant,

15¢ orf¥AMpl by RER or dinectiyrfcbns targatRNA sbtngleeby RTIUPOR!

20

full-length cDNA. Hence, the ditag is representative
of TtHee 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 Ie'ast one
oligonucleotide comprising at least one ditag comprising:

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



structure of the full-length cDNA. Accordingly, it is
sufficient to sequence and anal yze the ditag cl ones of
the ditag library. In case a ditag of interest is

f M05/261correspondi ng full -1 ength CcDNA carrdresG2004/000298
sel ected and prepared fromthe full-length cDNA

library, for 15 exanple by PCR or directly from

target RNA sanples by RT-PCR The invention provides a
met hod for the preparation of at |east one

ol i.gonucl eoti de conprising at |east one ditag

conprising: producing at |east one nucleic acid

- ol eculRlatingthd's B 2y | QS € 3 eleic aci
term nus of §t he nuc,@:ﬁgs grécli y%ngll {eég@n@ggqftﬂt']%@”f:lreé‘g%ﬁtmdecme?
ther@&¥f; linking the 5 terminus and 3' termnus to
create the at |least one ditag. In particular, the

i nvent j; rigxi ge : fpr parjng at, | east dne
ol i gont@?gdgttﬁgegcgﬁp@lﬁg% %%atfltgg@? Snkéo g:lr?%t& e at least one

conpHigenugeotisieqrtmprisingat Ieestsinecditagrflapked 6y aké fvo adapters.
nmol ecul e fl anked by two adapters; WO 2005/ 026391

ol g IR E T —"

the 3" termnus o

| i nidomprising the at tleast one diaglfihkdddsynthe uslabters @ b&eche.
at | east one oligonucleotide conprising at |east one

di t ahef haikie n{ohﬁc HRYAR 8ES Th t hod

further co ?ﬂlc?és ! éﬁgs\?vep o% ﬁ%ﬂﬁe?. t]qgs?f{rﬁ@ Or represent may be
ol i FRLINBHIA, genominPNAsfulidehdtt dDINA, &rsDNXIE di t ag

flanked by the adapters into a vector. The nucleic

aci orHeoh Rk | S 1 t hrink or represent
ray e MRS Sl il i BRARe il ERel edbersRor Sroene or a
18 DNifagmest thergafi ¢ aci d nol ecul e may be the full-1ength
sequence of a gene or a 10 fragnent thereof. The :

met LV ' f CcO ise the ste
" (I-jrgtg g?é%h%&li‘ %& tf{éh@%ﬁt% MY qul'HetrIE%anrlngﬁe sFep cﬂ’ determening the
nucleotide sequence of the at least one ditag to detect gene expression.

The method may further comprise the steps of: determining the sequenée of
the at least one ditag; and comparing the ditag nucleotide sequence to a

15 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
20  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.



nucl eoti de sequence of the at |east one ditag to
det ect gene expreSS|?n OIThe nmet hod {nﬁy fgabgﬁge o

e steps o eterm ni ng e s
'f%gpzrﬁl?ﬁq%@tagt onepdl tag; and conparing the dit 2§T/5G2004/000298
nucl eotide sequence to a 15 database con‘pr! sing
genom c sequences whereby matching 5° and 3" term ni
sequences are identified. Mregsn particular, the
invention relates to a method conprising: producing at
| east one nucleic acid nolecule, for exanple a _
full-lTength cDNA flanked by two adapters, wherein
eachrad %ﬁr@i’tloﬁ(’({r@édg%ﬂﬁ)n?tsnté Qév%bvn(’@e he29|§ f,ﬁ%} g,!ﬁf@ﬁ'? Restriction

site; i ci ng termnus an
t he %’F‘é EecoengEingladclgret one feskriptiont sithawithdd the nucleic acid

Pr OGh&IBc@E anB3ict? Bsn BL L2 i 5‘? %g&gggﬁo thg?qs tglﬂﬁede in the art (see

restriction enzynme recogni zi ng
(r edeigexempie; sCuersnt \REDROOIS/ B2 BAIECURSET BB B00298 995 Eq.

ti,on) sjte known in the art
R %”E@g ' Fipehb R, ﬁ%ﬁ by bel IntResciance e bsit 3.1.15;
- one News England @iolabs é:amlcbgumgshe nucleic acid nolecule

and which can be used will be evident to those skilled
in the art (see for exanple; Current Protocols in

l\/bl Eouleaampleg g yestrilon shes H%e %@ymfné%Hé gl eticht (recogmtlon)

Greene Publish. Assoc. nterscil ence,
' Un| i %51 15 New Engl and Bi ol abs Cat al og, 1995) .-
exanple the restriction sites may be asymmetric

10 esﬂ'hecasymméirnecmmdtlbﬁrﬁuessé;beﬁ) h&ﬂw g{]’ﬁn@ﬁ“%@é@ Gsymmetric
restriction sites are: homi ng

asy FRREFGHOR Sitec3qquenpss, ﬁe"éﬁgﬂtﬁbl?q%e resdeictionchigming adJidenbMeases
resof | Kt ireStriofeh NenddtHRIbAsk € 236Hmdlfic | El)ea\rl%it 4 &s sequences

endonucl ease asymmetric cl eavage sites se
r ectR§RPCisaPlE QNYP?Hée*FtT'CtF%QMYmQSon enzynes. The type
Il restriction enzynme is selected fromthe group

con$he typegll absthdtidn enzyme is selected from the group consisting of Aarl,
15 Acelll, Alol, Bael, Bbr71, Bbvl, Bbvll, Beel, Bce83l, BeeAl, Beefl, Begl, BciVi,
Bfil, Binl, Bpll, BsaXl, BscAl, BseMll, BseRlI, Bsgl, Bsml, BsmAl, BsmFl,
Bsp24l, BspCNI, BspMlI, Bsrl, BsrDI, BstF5l, BtgZl, Btsl, Cjel, CjePl, Ecil,
-Eco31l, Eco571, Eco57MI, Esp3l, Fall, Faul, Fokl, Gsul, HaelV, Hgal, Hin4l,
Hphl, HpyAV, Ksp632l, Mboll, Mlyl, Mmel, Mnll, Plel, Ppil, Psrl, RieAl, Sapl,

20 SfaNl, SspDS5I, Sth132l, Stsl, Taqll, TspDTI, TspGWI, TspRI! and Tth111ll
(see the list in the web site of Rebase Enzymes®: http://rebase.neb.com/cgi-
binfoutsidelist; see also Szybalski, W., 1985, Gene, 40:169; and). The list
mentioned above however is not exhaustive. Other type ll-enzymes known in

the art and those which may be later discovered are included in the scope of
25 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



15 Acelll, Alol, Bael, Bbr7l, Bbvl, Bbvll, Bccl,

Bce831, BceAl,' Bcefl, Bcgl, BcivM Bfil, Binl, Bpll,
BsaXl, BscAl, BseMI|, BseRl, Bsgl, Bsnml, BsmAl, Bsn¥l,
woRadkh263BspCNl , BspM, Bsrl, BsrD, BstF5|, BCg&G2004/000298

Btsl, Gel, gePl, Ecil, Eco31l1l, Eco571, Eco57M,
Esp3l, Fall, Faul, Fokl, Gsul, HaelV, Hgal, H n4l,
Hphl , HpyAvV, Ksp6321, Mooll, [, Mrel, wll, Plel,
Ppil, Psrl, R eAl, Sapl, 20 SfeN, SspD5l, Sth1321,

Stsl, Tagll, TspDTl, TspGW, TspRJ and Tthl1111l1l (see

the list in the web site of Rebase Enzynes(r):

hftr //rebase neb. ¢cont cqi - al n/ out sj del Li st, ;

al sYdspUEIgAsEs kngyn in thgzatt and dhoseowhish: mayhbg latépdisppyared are

Menh&iRAsd irfdhe\Rope WY pleSeAthvéntihaust i ve. Qther type
Il enzymes known in the art and those which may be

| at er discovered are included in the scope of 25 the

pre g;ﬁamy@ﬂy&enemsgsﬂéw&m&ogéuo%a.ng hhieh 'pﬁ%p is an

endonucl eas synmmetri strifction site® Ts se
g r ;enzyme gh@bpcleamsa 80/ Bgustectidecsl)of itpIreGugnitiorPkit®spiming 3'

and \}erl%i'l ng a‘[‘{!;ge :%s:pﬁﬂ oned above however is not

exhaustl 2005/ 026391
PCT/SG2004/000298 22 endonucleases known in the art-

T ABRE Y ot HAQIEEBRES OGRS B B5eepdecE icieases

pr ehay bscﬂarémgd by ;ﬁatzewen :ﬁs@mfg:llﬂaﬁ ekamblee theWediriuRIbase Fokl
is an 5 enz whj ch .cl eaves 20/ 18 nucl eoti des 3'

of
10 { FERCRRRIPBRCE By FESEHANG 30 thalls SANGS Rpechidieotide further

S UcéWa%Serﬁei’cs re‘ébbhftlbﬁ's@tla drEBbthi é%Fdn@@ cﬁ riﬁ'é’ MA %ﬁﬁ@ﬁat@@nSee Li
al so be used. Thése endonucl eases B are

pr NSl Gh@a@amraﬂgPrqc@NateW| §C'qnﬁ§SM§fo 2aIr64ss 1993 Such
Fo kttechr;keu&aéarbs§ %8Fﬂ%ﬂeﬁepﬁ%?ﬁrebﬁésirﬂ:§85 tehQBﬁucﬁQaéé%%ltH besirable

cl eaves one nuc away fromit
r edegegnitiam ssiquenees anth desirablés distandes fmm recognition site to
u See Li and Chandrasegaran, Proc. Nat.

SZ gaéé\%glgzsgges USA 90: 2764-8, 1993. Such t echni ques

can be applied to prepare restriction endonucl eases

W tfheder%ie{h%*&l %urthler comprises producing concatemers of ditag. The
concatemers may be generally about 1 to 1000 ditags, in particular 1 to 200
ditags, moré in particular 8 to 20 ditags. While these are preferred

20 concatemers, it will be apparent that the number of ditags which can be
concatenated depends on the Iéngth 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

25  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.

30



recogni ti on sequences and desirabl e distances from
recognition site to 15 cleavage site. The method

further conprises producing. concateners of ditag. The
opacesems?s nay be general |y about 1 to 1000 oiCIresg2004/000298
in particular 1 to 200 ditags, nore in particular 8

to 20 ditags. Wiile these are preferred 20

concateners, it will be apparen§3that t he nunber of

di tags which can be concatenated depends on the

| ength of the individual tags and can be readily

determ ned by those of skilled in the art w thout

unduyg, %Q@rﬁieﬁeﬁ#@}é e rﬁ‘gﬁ'n%%«glérﬁéﬁ% Wgﬂgii?ff‘% the, Rligopcleotide

concat eners pl'e”t'ags

f or . coprisingctheaat ddagt oae ditag dh b agstopr concat emers can
be directly sequenced 25 wi thout cloning by nethods

Jh S present
R0y 95 B e B8, r L BB s o
rret fodinksr (/shaelef arovex inphe , arCdtizitehds Beeh ﬁﬁ@hi@ula’ﬂecf Iby insertion or
e Stk sl Ak ABicheak oo BoRSha s ontin s promotr

PCT/sS6260:E QR FaciRateds thike seridibed tr@ﬁ@df%tloﬁ h Q'h@ew@tgr typically
conpri Fes i nt roducj ng,.the oligonucleotid conpr i

~ t he SRR 2R OHAR ofi feRlications airemster, WtWﬁ”t?\%SP%Flm genes which
VecafibwPhehbpitkdiddtio n\kﬁ‘%é’ &ra'n&fo'rr%e&i bR qﬁ’%tc?'s @uﬂg %"Sq%r use in

V|rus or other vehicle known 1n the art

eyt PERSEAt BYyentiare nduste tor e@mmcﬂﬁjw&tnptr(svétagbae La Jolia,
191 L @I | HZEROUE iR ICURHID SCRRILR! Bl and paEM32

prom)ter sequence wh acl'l i
tr a@@mqga. adigre Wemranody"pdo@lctqrs tmmb’aamveanas other similar

ori gL hS\% tIBa{h'og %% 50@1& %r& \rl]\gldrlfarﬁl ?eca;hts!at?on the

genes ow p eno
t r aﬁﬁﬁMiﬁe\dth@I has, bagrcmodifiesly ahadbilEbé eafertee td As pGlB¢ (see also

ud I eScr
PPl 0o Vol B on PSS s a7cc o
1§ | nhetainipeorpotated dyadferéifyd.see Fi g. 8) and pGEM3z

For 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
20  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 mofecule 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
25 of the parental nucleic acid molecule) does not corhprise 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 Il restriction site (for example type Il restriction site) and the at
least second or further restriction site comprised in the adapters. More



(Pronega, Madison, W) or nodified vectors thereof as
well as other simlar vectors known to those of skill
inthe art. As a particular realisation, the pGEMz
veEX2095/136391 been nodi fied, and w |l be referredcrscamio0029s
pd S1 (see also Figures 7 and 10). pGEM vectors have

al so been disclosed in US 4,766,072, 15 herein

i ncorporated by reference. For e production of the
parental - nucleic acid nolecule, for exanple full-
length libraries and the AS ditag |ibraries, suitable
vectors are used. Accordingly, suitable vectors,

whi ChrefdrSbiyi il t(}ﬁ&tB? b\%ﬁ%%eofqt@%etggéﬁgﬁé tﬁg stuffer region that is

invention, “are those wherern
vect imayedsduring dnseptiors of théaepasental hasleld BEdOMoRduR) does not

conpgd ' h ters flanking the parental
nucl%‘?rﬁﬁ%ce: @ﬁ%%ggﬁ%ﬂ%{ the ditag, after insertion of
the parental nucleic acid_ nolecule. Preferably, the

i5nve r&i on ovi des a vector wherein the vector _
bacl(g Red E{BrféfrsuPﬁéhV%erm%CPW@"%mgﬂ\ﬂm@Pmra;gfi regiontaitside of the
i s ratoffereld tHyrvditor PRI i el

aci olYlm) ecul e?_ doe_:rsﬂs‘?ot1 gm&%sgf%ﬁg%ageméﬁecwq pCSIS1 the
rest refR9aiticn sitrs Waie deleteshby outdgenesis: The sequendens shown
sitg 8 i WPI N0 Rters.. kn .

par t ?\cﬁﬁ ar ﬁ{ ﬁg&\?ggeg ﬂ%c?‘edgﬂﬁb{_ﬁ E@rlfpﬁe?ﬁgeﬁlen%tuh?r fegiqey between
asyriesitee Not |ransk Bakct hambeen dighlightedx Il irvention dldo related to

foestihé QN et n.g;}g o st. second .or further
restri ?t i oﬁegtloﬁ'g%c np'r“fgggﬁ%ut“ﬁﬁe‘%zeq@.{k&%ﬁw&'“w anyygmbodiment
2005 trsiByenteOT/ SG2004/ 000298 24 preferably, the

vector backbone (other than within the stuffier region

that is renoved during insertion of the parental
nuc Téerligonucleatidets), ejtagieRer t6HcatrRSAE) sFehdiRlenaidd may also be

e 1oated 108 VAT B SoqiEngrbubesess  urt or 15 the

1gector pd S1 shown in Figure 7 and Figure 10. In pG Sl

e B R aR b B o e oo o sl hos

Ib gt \?gi(e)nlﬂdﬁ?stN@Ilé8are|dflaII"EI iBulifcH & vddisr §$Nfbfeeﬁrobggét89 and its DNA
expressed. The term also includes any progeny of the subject host cell. It is
understood that all prdgeny may not be identical to the parental cell since

20  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.

25 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 celis harvested after

- exponential growth phase and subsequently treated by the CaCl, method

30 using procedures well known in the art. Alternatively, MgCl, or RbCl can be



the sites Not | and Sal | has been highlighted. The
invention also related to 10dt he pd g vec: or

: rising the oligonucleotide according to any
g\%gg@ﬂmé&-’rgl of thegi nvention. The ol i gonucl eoPCT&GHP4/000298
ditag(s) or concatener(s) of the invention may al so be
ligated into a vector for sequencing purposes. 15
Vectors in which the ditags areycl oned can be
transferred into a suitable host cell. Host cells are
cells in which a vector can be propagated and its DNA
expressed. The term al so i ncl udes any progeny of the

subjaeH. Reshs Sﬁﬁétiod 'i:PhS ﬁb'n%eg[p}ﬁ;@gmeéhﬁ)} eil r@gog?glggyor other

may not be identic

t here@mragnlp gsed mathodssinttha@rtoccur during replicati on.
However, 'such progeny are included when the term host

cell is used. Methods of stable transfer, neaning

t hatAn r@bqﬂ«reegh obNhis §s ahownnim gyl emd nF;glmeAwd}dhaeto this

t Transformation of a
hggt ce aﬁ'n am\?g"c fﬁt@%mvgpﬁqrh@orapg%ggs( s) may be
carri emrodm;mg layIeaer?tmﬁhuﬂlltal?ctdemtbrécﬂvléﬁior@&tlsﬂdeﬁ\ﬁﬁll IEngth cDNA
e ar _
EPSE@?‘%O'% @gﬁg?fiﬁg’é‘é’gé E’BW eaneRaniat ceraprisinguMroel restriction

are (recagratkbna) slfesQNﬂ altﬁﬁtﬁférere%ﬁfi&tlgﬁ sﬁé e\ﬁf’%ﬁ%éﬁ BB flanking
har [f:jjd after onenti al

sub ﬁfm'{]‘“?r"'@g@e W%Slﬁt@f!;l"ﬂeﬁ@fhmm\l&o usi ng

procedures well known in the art. Alternatively, Md 2

- 10r RbGpliciag the W%Wsogr@% Wé@%@@%f&ﬂ%%ﬁﬁ lendth cDNA to

used. Transformation can al so

el ePfQY58 -3t least one Hitags copwmrising 9leasled et fuxﬂelength ¢DMA with

, Fi. ,
e MzmAﬁﬂgngﬂﬁgt3 NeHEBioCteE A, A [GhgdR dwoos' and 3
t hetE?rW?éFﬁ‘Qsotﬁ RIBAYee theditagr oduci ng at | east one

nucl eic acid nol ecule conprising a full-length cDNA
As shown in Figure 1 and Figure 2, the use of restriction enzymes may leave

15 5 and 3’ double stranded 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

20 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 Mrhel 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

25 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.



nol ecul e flanked by two adapters; each adapter

conprising Mrel restriction (recognition) sites and

anot her restriction site, which may be BanmH , fl anking

t P® B05/@2639m1 nus and 3' term nus of the full-| eagtsk2004/000298
cDNA; 10 splicing the 5 termnus and the 3' term nus

of the full-length cDNA to produce at |east one

di tag, conprising cleaving theg&J{JII-Iength CDNA with

Mrel which fornms 3' overhangin ag ends, and ligating
the two 5 and 3 termni tags to produce the ditag.

As shown in Figure 1 and Figure 2, the use of

rest l eaye 5 and 3' doubl e

o TR INIB MRS, o8 Bonibes e adootrs s cut oo
r ef domadheoGES ditap dlbyar?r@hd)mnkéth%'dtﬁereBﬁBon%Fé%h?éé r?:Bmpnsmg
of f Wnucetld artjicular, by using

pr oflE8F ?Rnte%s toeHHHQ coBFatEsiers & Hitags. @ocorwptemer s Of ditag

doukdre tissr aibAed iflo b%cta)mreéyque ver hangi ng
ends The two tags may be f ol ﬁémgégélygﬁ'unt endi ng

tra- | ar, se atl on to produce 20 tagged
3 e oS dhe liofuaepui o tes i eiee lbsry: it can be

end aamslified odiirsdtly A#8mp IEheS 'h'@_bﬂé#r(geﬁ @ﬂ&ﬁé‘r‘fz% n‘gﬁ ?’e?é?i%ﬂ Rlix, for

t he parent alb transcrl wever
nuc|S$B8MPHR s b¥ ut mg |$§J'ﬂ¢@l€? abptimersic dvedi negbygreti heamplified

ditag @Mcﬁé&% S?%gwé)‘ﬁ%ing ya 1l gttﬁgﬂbﬁ?keweto other

vect or whi ch ha répa
ful o m@q«@eppt@gmomp@s@g)dltag@ndsam@& to fsmnmmcatenssts of ditags.

1800%ee BGRASIeABRS of %{'tﬁé grtehkl{]eq'Mrc]: o'ﬂt S kagé\)/ggtpgmf%r sequencing

restriction sites,
r egiepalybist ween Not | and Sal |, this stuffler regi on
bei ng subsequently renoved during production of the

|1 b ol 2AARN02ERYN L SER004/ 000298 26 The

ol i gonucl eot i conprising % "1 anked by the
adapters is cut out formthe GS dltag l'i brary and
| i nRelerminingthecpudigatige sequenns ofdbeddagr i sing  ditag
and adapters to form concateners of ditags. The

congateetiBg thedferf &@ffession:

15 and/or comparing the determmined 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 nuclectides and the first and
second sequence tags comprise each 18 nucleotides.

20 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 (fags) of a transcript in a ditag delineate the starting and

25  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



are then cloned into a vector for sequencing anal ysis.

5 Before cutting the oligonucleotide out fromthe G S
ditag library, it can be anplified directly fromthe

| W§a20PHN26398el f - ci rcul ari zation) reaction m x, PCIrSG2004/000298
exanpl e by PCR using suitable prinmers. The recovered
anplified oligonucleotide conprising ditag and

adapters is then linked to oth ol i gonucl eoti des
conprising ditag and adapters to form concateners of
ditags. 10 The concateners of ditag are then cl oned

into a vector for sequencing analysis. The nethod nay

furt ' h t of . determ ni t he

nucllg%%? gel s_glc?ﬁag"ﬁ%egno% ‘?ﬁ' m8F?’H§;°§ alf‘e?%??c’ﬁqﬂ@d t9F80gEntequence.
exp{%gmm'ﬂ:mmw@feow}hﬁd tbiamawhmes@&\eb h§ess the full structural
nuc equence .t o a daj se conpri,sing genom c

seq ucg)ﬁlci:é g%\fl\ﬁ?&%?p?ﬁ?’@ I%eRG: '5C yggﬂoexynsta@pﬂmq(pns.

sequences are-identified. In particular, the at |east

one Algenegrat deguription o’f@elf\bﬁieemtapﬂiﬂﬁ Wiy tHeeditdd of R fvention is

econd sequence tags conprise each: 18 nucl eotides. 20
is ﬁ@ﬂwpdﬂgﬁlébove, the ditag according to the
i nvention includes the "signature" (consisting of the

5' amdn@estrsdglending heinntan &jeperté utieRUHSta W FBrdcterize a
I nt rndedritg be rtedlfcgd é)r re,Er esent ed. Such ditags,
pr eFEPSETRIOTENC QfIlY Dy detgimining; the Jeyel gfytrapscript abundance but

conaidoe bgt @sfinyl the arRaAE. of BanS&Pie Lishg ARY RBvealed 5S'and 3
Si gnat.ureﬁﬁguences (taLgs) of a transcri p% In a ?h tag
del I"AY¥3PE resplis in #RPU RMen20-Ed mage gificiens thdn EST sequencing
transcripts. The ditag can be split up in the two tags

10ur Begauskathe 856 by fHeSdieRFcdrPRP AhtdRA0t O/ §@br
specific. re o e S22 rhé) Br example to

PCT/8E2OEENGHH2 s8auentes BSRBransl RTHGR @fierers gan then be designed

chr aBedoR tHY matchafPgaiiraie sagheiie. sequence.  The
genom ¢ DNA sequence in between these two tags is the

cfull structural
Accordingly, a farther aspect of the invention relates to a method for genome

mapping, comprising:

15 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;

20  mapping each of the two tags of the at least one ditag on-the genome; and
defining the structural region of the corresponding gené on the gehome 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 ditég
25  comprising two joined first and second sequence tags, wherein the first tag



content of the prospective gene, including exons and
introns. A general description of genone mappi ng using
the ditag of the invention is 5 shown in Fig.3. A
nwoeasts/og@sguenci ng run can generate suffici ent pdais&2d08/000298
characterize a transcriptone not only by determ ning
the.l evel of transcript abundance but al so by

defining the structure of tran i pts using the

revealed 5 and 3' regions. Thi'S results in about over
20-fold nore efficient than EST sequenci ng 10 Because

the tags of the ditag can be matched to any genone,

for ' nom c_se ces, PCR and

. SCLTHTRRE £h 5 AT SE8 e B RS eicand g enprises the 3
mat detmigugeaeqnjanceseiq_mammelelioﬂx?em teHd)gﬂgLMe,t E]hé:j H?HE@J acid molecule
as nye nre es to met -ho or_ genone
mapiCHEe e 1R HED o o B3ne Sn apmest noreor. ©

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

di t @gmpadnythie bhipinetbat lebstoohd ditsd withh §666HE rSSIIHEABEa gene
%ag%atég%%r ein the first tag conprises the 5 -term nus

Sequen 8nhd the second tag conprises the 3'- term nus
sequence of a nucleic acid nolecule, the nucleic acid

ol eetdoting aoatckingooitheg 5t antihg feWnirﬁ't@?Qtdh &He V\geﬁ&‘ﬁ@ map but
or %r%gﬂent t hereof; 20 ng@plqﬁ each of the t tags

of CRe AtY MRILFICR R AW JnYs ITHke aewneenasiatabase! ni ng

the structural region of the correspondi ng gene on the

gendire meihod fEtheheomptited theak @aﬂrét%ﬁgﬁﬁg He Fhflength nucleic
| scovery

i nvention tq provide thod o ene
con‘%?'f’gpﬂﬁqﬂﬁ PQH&FPW@OZ?%Q”FQ @Qﬁe“ﬂ)‘]g'sépil%féﬁlﬂﬂn@ot i de
conprising at |east one ditag, the ditag 25

1@onphe sinvgntiom giso nedvitles sk ﬂ‘%&ﬁ%ﬂ@e@@@é&ﬁ%jyl&%% cDNA

V"heE&ln riéirqe- first tag WO 2005/ 026391 PCT/ S&
28 CONpri'ses the 5'-term nus sequence and the second

tag conprises the 3'- term nus sequence of a nucleic
aci grepafieg.ulirem tanefutderigthh cc@iNAdIibrRINEC |t Geast 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
15 the second tag comprises the 3'-terminus sequence of a full-length cDNA;

séquencing the obtained oligonucleoﬁde ditag;
determining the ditag of interest; and

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

20 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 -



corresponding to the full-length of a gene or fragnent

t hereof; conparing the obtained at | east one ditag

with a genone map and/or a gene 5 database; detectin

MW RING3Bf the 5'° and 3' termini tags on t hePgEP@IRH000298
map but detecting no match on one or nore of.the

known gene dat abase; The nethod further conprises the
step of recovering the full-lemgth nucleic acid

nol ecul e corresponding to the newy discovered gene.

10 The invention also provides a nmethod for recovering
full-lTength cDNA conprising: preparing, froma

ful bediRimabhagENehérel! Metirstitag! s

co

. | " .
rising at |east one ditag, the“%?flgg Hc'g&n'gﬁﬁsf%dﬁﬂce and

t wothegiacendtag semprges bechdemieys sageencenss a ivfidengtm cDNA;
the first tag conprises the 5 -term nus:- sequence and

15 § eﬁ@ﬁ@metomaiﬁgargﬁ'cﬁﬁ,aédﬁge%j-t- erm nus sequence
of a Tull-l'ength cDNA; _gsequenci nglja he obt ai ned

ol i
i nt

onuc| eotjde_ditag;, determ ning the ditag of
@?t@mm%aﬁer frequenayf thAsaayenced gifaa vdpsin coresponds to the

EOT frFRAPHLAA dcBvitsf tHblgafeOf interest from the
full-length cDNA |1 brary. 20 The invention also

provi des a net hod

uantifying the transcriptional

f
act TRY'Eg "G GEnsIAlY géﬁ?%P?% thRyinventiemthe gamerwilhos more readily
f ul dnder8b8 thiignlrefRréice todhe fIRRindBRarbled WA s%tgbresided

in
nprising_at |éast one ditag, the

tag conpri si

co

t wobY WRY &4 iliustration ndase datirendesl/ le2igsiting of the present

PCTihwirdidpd/ 000298 29 sequence tags, wherein the first
"tag conprises the 5 -term nus sequence and the second
1@ ag conprises the 3'-term nus sequence of a

full-1length cDNA; sequencing the obtained

ol i gxamapleeot i de" dit ag; determi ning the frequency of

t he sequenced ditag which corresponds to the

15

20
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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' (SEQID 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):



5 transcriptional activity of the gene. Having now
general ly described the invention, the sane will be
nore readily understood through reference to the

f YO Ap/Pg3Uxanpl es which are provided by way BF1/SG2004/000298
illustration, and are not intended to be limting of
the present invention. 10 Exanples dS

ol i gonucl eoti des for cDNA synt hsgi s, the structure of
a generic 50 bp 15 cohesive di primers used for
the construction of vector p3 S1, and ds DNA adapter
which are used in the exanples are listed below dS
Anal ysis Oigos for cDNA synthesis 20 - Gsul-oligo dT

ot F?Emﬁﬁ-@%%%@%ﬁé egBhgs)
PR e <C 100
-p-GT c L. *} %" d(E‘q ‘@%6

N) 5 prinmer Ilnker (top)
T SE(QSEQ IRON®)7) 35 -

Tl H:
_/S@%I / Salt_adapt er C(, WO 2005/ 026391
PCT/ 09 LBBAABEAS &%ﬁe@@mmmm RO:$)SEQ
Mrel / BanH| / Sai | adapter (bottom): 5

5 - p- F@ﬂ BT RAAT ACGACTSAT TAT ABGE-3 (SEQ ID NO:9)
- PMRO11: 5-GATGTGCTGCAAGGCGATTAAG-3' (SEQ ID NO: 10)

15 -PMRO012: 5-AGCGGATAACAATTTCACACAGG-3' (SEQID NO:11).

Structure of a generic 50bp cohesive ditag

20 5'-GATCCGACXXXXXXXXXXXXXXXXXXNNNNNNNNNNNNNNNNAAG'ITG
(SEQ ID NO:12)

- BCTEXOORXKXXXXXXXICOKNNNNNNNNNNNNNNNNTTCAACCTAG -5
(SEQ ID NO:13)

25

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

30
Primers used for the construction of vector pGIS1

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

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

40 ds-DNA adapter




PVRO03: 5' - GTAAAACGACGGCCAGT- 3" (SEQ I D NO 7)
PMR0O04: 5' - GGAAACAGCTATGACCATG 3' (SEQ ID NO'8) 10 -
PVMRO06: 5' - TAATACGACTCACTATAGGG 3" (SEQ I D NO 9

7
) -

PYR3406/026391 GATGTGCTGCAAGGCGATTAAG 3" ( SEQ | D REX/SG2994/000298
15 - PMRO12: 5' - AGCGGATAACAATTTCACACAGG 3' (SEQ ID

NGO 11). Structure of a generic 50bp cohesive ditag 20

5' - GATCCGAC NNNNNNNNNNNNNNNNAAGHTG  (SEQ | D NO 12)

GCTG X) ONCXNNNNNNNNNNNNNNNNTTCAACCTAG -5 25 (SEQ ID

NO 13) Wherein X and N may be any of A, C, Gor T. 30
Primers used for the construction of vector pG3 Sl Me

mut t AR TTRTSEAEEEB ECMESERTRFEEHICEL B Ro:46§EQ | D

35 NGO 14) NMe nutt: :

5!

- p- AA TIPCARCCHLTETAIDATAL-p-6 YR D NI 715)

40 ds- DNA adapter WD 2005/ 026391 PCT/ SG2004/ 000298 31
5' - AATTCTCGAGCGGCCGCGATATCG 3' (SEQ | D NG 16)

3!

- QRIS CEOPBRECCTATAGCTTAA- p-5' (SEQ ID NO 17) PG S

gequence 5 The-sequence of pAS1 (SEQID NO 18) is
Shown in Figure 10.

10

15

20

25

The sequence of pGIS1 (SEQ ID NO:18) is shown in Figure 10.
- Example 1
The method

The experimental procedure of GIS ditag analysis has been carried out
according to the following modules of cDNA library construction and analysis:
(1) The full-length cDNA library which introduces the Mmel sites flanking both
ends of each cDNA insert; |

(2) The GIS ditag library in which each clone contains a 5' 18bp signature
and a 3’ 18bp signature of a transcriptional 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,



Exanpl e 1 10 The nethod The experinmental procedure of

G S ditag analysis has been carried out according to

the foll ow ng nodul es of cDNA |ibrary construction and
a& 2085036391 (1) The full-length cDNA |ibrary wWRCTNG2004/000298
introduces the Mrel sites flanking both 15 ends of

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

each clone contains a 5 18bp sj,gnature and a 3' 18bp
signature of a transcriptional unit; (3) The @S

library for clones of concatenated G S ditags; (4)

G S sequencing analysis. 20 1. @S full-I engt h cDNA

lib f for

nsor e Y 2P D8 S BB Aty ST L 160 MakeCel. BioL,
as fsILNBiNO.6 8868433 1% r om high 25 quality nRNA, the

first cDNA was synthesized with a Gsul-oligo dT priner

T DNA/ RNA ri ds was
Cobi Derhichdd tul ol it sead PN Nas T ehialiie fer pbond cDNA
t he sbmtbesuaypamednmﬁagameppnmepﬁg;oég?a@amn beeléemés and -(N)6,
I N
Bor EAIB N osZRRN RS tonbly's Miigh @ BapHhous) abistisis.
PCT/ SG2004/ 000298 32 Genom cs, Vol -37, 327-336: US

6, 148e6® detse strahd @DNA WSQ&:adH?lthe EBNA pdH- AT tail | was cleaved
Vol

3363- 3371 iched full=[en
fi rsffaos\{ r aHg reEiiR %gn{{%{'@et E’ﬁHFéﬁ anpher slypsrib eagpwclease that
Synflle/asgs‘;n_l E{J*/lA nm}bp\(/\f&?ﬂ? l@lﬁéﬁo %tlgh'éﬁér At the|%sﬁk|(%ea\?gl?) end, an
t ha?d@?ﬁf SPABNIRG A ’Heﬁa"’hﬁamlﬁhélta Rbd |a Sallecohdsiver end was

1ohengbw@tcetrﬁetmm (S@MD/W@S“B% the cDNA poly-A'T
tail was cl eaved

Following a Notli digestion, the fuIl-Iength c¢DNA 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
15
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. |
20 mRNA (polyA RNA) was purified by oligo dT maghetic 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).

25 1-2. First Strand cDNA synthesis and full-length selection



off by Gsul restriction enzynme. Gsul is another

Type-11 endonucl ease that cleaves DNA 16bp fromits
recognition site. At the Gsul cleavage end, an :
asapowsr2gent ai ning a Mrel, a BanH site, and BRCB&6G1004/000298
cohesive end was 10 ligated to the cDNA (SEQ | D NCS:
5-7). Followng a Notl digestion, the full-length cDNA
was inserted into the vector S1, between the Notl

and Sall sites in the polylinker. The vector pd Si

(see Figures 7 and 10) is nodified from pGEM3z

(Pronega). 1-1. nRNA preparation 15 The total nRNA

has e d.fr mouse, enbypni,c stem cel | i ne :

ras RIER A A0S Sl SR RS Ro TR < S8l ot per. Toon,

st artdarfmstrmtdmddcmr&A/RNWEh@lbridsiaré isb%jdcﬂe_ﬂ tSWIF?ﬁgﬂw enrichment
ar oni n

and Russell . D.W, K 20Q1, | ec ,

Sor IRTECTD BY e bigfaV gtg Pretsatrigpral apbinacised. 20
MRNA (pol yA RNA) was purified by oligo dT nagnetic
lyeactgsmrdngéan'ﬁg;rﬁ&; standard techni ques (for. exanpl e,
Sanbr ook and Russell, 2001, as above). Alternatively,
purid] ' ' -t 7Rl I .
B RO BRI TRT LN Yol Vo 1
Sanbr ook and Russell, 2001, as above). 25 1-2. First

Straﬂ% | Sq.and full-length selection WO
2005/ 2@@?”@%@@%@4/ 000298 33 In this step, the

T0i r st cDK¥sui-oligy dT Ipeisier €d pgih a Gsul -2l go dT pri ner.
Then, t I LSt rand cDNA/ RNA hybrigds. are

subj ecte Néo‘ EM@bpggngt h enri chnment 1g'[5'r ocedure by
the biotinyl ation-based cap-trapper approach. 5
Gsul_-,0li.go. d i.er . . . )
o - A SHEEnIE pBRIET Wer Periertp BEIS foR1 minasesSTS famiy.
The T, eih At R icrBfigs and theFoubwinlyistiBshcds WekS afided:

1%9/ Pt) 2%‘( GC-l buffer (Takara). ' 75ul
RNase inhibitor Promega) . 1pl
10mM dNTP (with methyl-dCTP) 4yl
Saturated trehalose 10pl
4.9M sorbitol : 26yl

20 Superscript Il 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 p! of proteinase K (20 mg/ml) were added.

25 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 pl of ddH20. 3 pl
30 of 1.1 M NaOAc pH 4.5 and 2.5 pi of 100mM NalO,4 were added to oxidize the
diol structures of the mRNA. 50 pl of the reaction solution were incubated on



Pol yA RNA (20pg) 18pl The obtai ned sol uti on was heated

to 65C for 10m n and 37C for 1 mn. Then, spin tube

in mcrofuge and the foll ow ng substances were added:
1902ZR052s391 huf f er (Takara). 75pl RNase i nhi bi tBIT/SG2004/000298
Pronega) 1 pi  10nmM dNTP (wi th nmet hyl -dCTP) 4pl

Saturated trehal ose 10Nl 4.9M sorbitol 26pl 20
Superscript Il reverse transcrigtase 15ul

(I'nvitrogen) The obtained sol ution was incubated at

37C for 10mn, 42C for 30m n 50C for 20 mn and 55C

for 20mn. 2 pl of proteinase K (20 ng/m ) were added.

25 BRI L MR AL BB e
i sophalaaral 6ppecfiso@bpanol (teqerecigitaty the RSADNIA! The precipitated

t echni eqg. Sanbroo 2001, as above

an Russe({)dVl ) -
The Jesy N sl . ddieOh ik o T MN@OAS (BH6.1), 5L
pl offpo ) f ) . 4
of ?(g)Ong/lwﬁngO%S \F/\Hienrd e;ﬁfz)abd}g'eaé?"(])vI g@(ﬁ}ggg@g b?ﬁ'@.hgcli%?%ezwére%dded to
&t r (niotinyiate die RNA. MikAeasiiorpwasfinguiatedat toam termpetatwrs in dark

' . 0 1 PCT/ SG2004/ p00298 34
e QB 78R, BRuiviaEd RAORA 1B Bipoiiarer By Sng suL s
f NEGI; | f o '
£ st oA 8 o 0.

pr e@f 0P lsepraranobpcuiate g s8R Eefod S@min tyospin 1dkrpm at 4°C for
ddH%@ -rgL 1 M NaCQAc (pH6.1), 5L 10% (w'v) SDS and

15041 10 | ong-arm biotin hydrazide were added to 5

10i oti nyl ate the RNA. The reaction was incubated at

kLAY B o VR Bl s DS PR A o e

M Riadiettiyigeotdrtdnatephich) is an RNELinhifrEidad Mkr8@0spin was

L carried out at 4°C for 10min. The extra.liquid was carefully removed. Then,
the pellet was air-dried. and resuspended in 400uL DEPC- ddH20. Then 50uL

15 10x RNasel buffer and 25 units RNasel / pg of starting mRNA were added.
The obtained solution was incubated at 37°C for 30mi.n. 10pL of 10mg/mL
Yeast tRNA (Ambion) and 150uL of 5M NaCl were added to stop the
reaction. ' '

20 _'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 400uL 1x binding buffer (2M NaCl, 50 mM

25 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



of 100% | sopropanol . Incubate at -80C for 30m n by

spin l4krpmat 4C for 30mn. 10 The pellet was washed

w 70% (v/v) EtOH 30% DEPC-treated ddH20O (DEPC is
dVert2pssiogepbcar bonat e, which is an RNase i nhi biraivsG2004/000298
and 14krpm spin was carried out at 4C for 10m n. The
extra liquid was carefully renoved. Then, the pellet

was air-dried. and resuspended 441 400L DEPC- ddH2O

Then 50pL 15 10x RNasel buffer and 25 units RNasel /

pg of starting nRNA were added. The obtained sol ution
was i ncubated at 37C for 30m n. 10L of 10ng/nL Yeast

A8 0 o B e AR e i

het evintiog befier fone tBoes Fthewiedids aRdrRKNAADINA HeBseduplex were mixed
pre retd S IfoI | ows: 40(?%}“? Mé}%g Streptavi din beads
( Dy nie ot Velums Baw s GenHG: aRd fekiadnamondiseriuas at 1 M NaCi)
t ubeThelhixturearkss ftA6E Gt Rbr taMBEIBIure fbE3mt ayi ng for

at least 30mn, and then the supernatant was renoved.
he beads were re-suspended in 400L 1x binding buffer

2V e ST SV i, Tl A FLASRE ana e

on a magnet, walt.ed at

sup&HRanaiant iemorednthe supFmatant wWasrstived dsuihboundtysh

was repeated for 2 nore tines. The beads were

re-suspended in 400L 1x binding buffer wth 100g of
YeaSthettRadls wierd Wbmﬁd thJEaieedNiﬁt ?G@%Qf 1R GimdingVbliffer. Washed
ccasj o m xj ng. e tube was placed on a magnet

185 o iy 4 8% wAS S0 Plis oeint Seemt IRNA. Washed with 400,
PCT/oBGR0 Q4sA0P SRS ReFRds { a

removed. The beadsa\feer?e vvashecs %ﬁ?ﬁ rltgz N'iF[)noﬂ?‘?ﬂl'Eg_:\; gépﬁﬁ\lam &
for ZQ‘Vq(v/wéglycml 42 nghnlaYeastNRNANA Aed wasgsﬁ Wxgaﬁ{j 6f 50pg/mL
m X t was_660L, and the bindin .
conggta F%%sgg? aﬁ%ﬁlﬁa%tﬁé)%hﬁw\ga?ﬁ%&qﬂdeo'@\ésm?%’f%{tsé%ﬂ » waited
at fo@hleastBersecands,fand tBOsupernatant was removed.

15

The first strand cDNA was released by alkali hydrolysis of RNA. The following
was added: 50uL 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
supérnatant transferred to another tube containing 50uL 1M Tris-Cl (pH7.5).
20 The lysis procedure was repeated for 2 more times. The final volume of

'supernat_ant was 300 pl (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)
25 LoTEis low salt Tris-EDTA buffer (3mM Tris-HCI pH 7.5 and 0.2mM EDTA

pH7.5)).

1-3.  Second strand cDNA synthesis

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



5 The tube was placed on a magnet stand, waited at

| east 30 seconds, and the supernatant renoved (the
supernat ant was saved as "unbound"). The beads were
wahzds/o26sp1t | mes Wit h 400L of 1x bi ndi ng buf f epcT/sG2004/000298
Washed 10 with 400L of 0.4% w v) SDS plus 50g/nL
Yeast tRNA. Washed with 400L of 1x wash buffer (10mM
Tris-HCl pH7.5, 0.2mM EDTA, 10 NaCl & 20%v/v)

gl ycerol, 40 g/ nL Yeast tRNA). d washed w 400L of
509/ L Yeast tRNA. For all washes the tube was pl aced
on a magnet stand, waited for at |east 30 seconds,
and the SLt@ﬁénaLa.?E was noved. 15 The first strand
cDNA was TE€MVedit8'By al B4 hydrolysis of RNA. The

fol | ow ng_ink@;qhggided: 50L 50@ OH, and 5 mM EDTA
(pH8.0). The tubé was rotate 65C for 10m n. The
tube was lgnkerdd6pn a magnet 6t4amd, and the

super nat aot, tr ferred to, t her tube containing 50L
S 1 MTri s%’”?'p@?i@ﬁa.l'gfg'oﬁ’%g%%%#s procedure was
reepeat ed d@n | ZTARITS liGhfiSkit) TRE.f | nal vol ume of
super nat ant vvgg 300 % (conlt)albn%lng the first strand

cDI\lA%i. The cDNA was extracted by phenol/chl orof orm
ext ridBkerdN6disd precipitate by 1 nmL ethanol with

gl ycogen;. The cDNA was re-suspended in 5L LoTE (0. 1X)
25 LNqtBamHISMmeHN)6 Priveer EEReX (toph)f er (3mM Tris- HCl pH
M. 5 and 0.2mM EDTA pH7.5)). 1-3. Second strand cDNA

sy nt 5eSA BT GRCTGCECHC TOMG B4 TOSGADNEINMNIG ésggad) No:Zhe
each correspondi ng tube on ice. WO 2005/ 026391

PCT/1&G2BarmHI0NRERN) PAimee BMer (Bokterhf SL Li nker (N5)
1.6g Linker (N6) O0.4g '

15 5-p-GTCGGATCCAAGCGGCCGCG-3' (SEQ ID NO:3)
Linker (N5) is: |

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

20 5'-AATTCGCGGCCGCTI'GGATCCGACGNNNNN (SEQ ID NO:4)

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

25 The c¢DNA and linker mixture was incubated at 16°C overnight. And.the
following were added:

ddH,0 20ulL
10XExTaq buffer (Takara) 8pL
2.5mM dNTP _ 8ul

30 ExTaq polymerase (Takara) 4pl

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-suspehded in 85ul ddH0.



Soln 11 (Takara ligation kit )10L 5 Soln I (Takara
l[igation kit) 20L Linker (N6) is: Notl/BanHi /Mrel (N) 6
prinmer |inker (top): 10

5v0Ad¢vEHe8306iGCCCCCT TGGATCCGACNNNNNN ( SEQ | D NO: B¢1/5G2004/000298
Not | / BanHi / Mrel (N) prinmer |inker (bottonm): 15

5' - p- GTCGGATCCAAGCGECCECG 3" (SEQ I D NO 3)  Linker

(N5) is: Notl/BantHi/Mrel (N)5 prldzmsr linker (top): 20
5' - AATTCGCGGCCCCTTGGATCCGACGNNNNN ( SEQ | D NG 4)

Not | / BanHl / Mrel (N) primer linker (bottom: is the
sequence (SEQ ID NO 3) indicated above. 25 The cDNA
and |linker m xture was incubated at 16C overni ght. And
the follow ng were added: ddH20O 20L | OXExTaq buffer
( Taka4 aReBbvaldf polYAKRT By Bsut@idestien pol yner ase
(Takara) 4L The m'xture was preheated in a

t herno-cycler 65C, 5min 68C, 30mn 72C, 10mn.,

f ol . f ion and et hanol
ppt h‘v“m%?ﬁ"&%'f‘%%%n’f@g)ﬁﬁg ?@d’%‘ﬂ*&ﬁ‘é‘ﬁé@%. n 851 ddH20. WD
2005/ 0268DNAPCT/ SG2004/ 0002Hbul37 1- 4. Renoval of

pol yA t ai _ Gsul . di.gestion he foll ow ng reagents
wer e addé@"'%ﬁirm?“f e. 5¢ 85L |

10X bufferB (Fermentas) 10uL

The mixture was incubated at 30°C for 2 hours, followed by phenol/chloroform
10 and ethanol precipitation. The pellet was re-suspended in 10ul ddH20, and
the follqwing 3' adaptor ligation reaction was carried out.

1-5. Addition of 3’ adaptor with Mme! and BamHI and Sall sites

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

20
5X ligation buffer ' 1 OuL
Gsul Sall adapter (0.4 pg /pL) 25ul
[The Gsul Sall adapter is Mmel/BamHI/Sall adapter)
T4 DNA ligase (5 units/ul) (Invitrogen) Sul
25

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

30 - Mmel/BamHI/Sall adapter (bottom): :
5'-GTTGGATCCTGGG-p-3' . (SEQ ID NO:6)



Gsul (Fernmentas) 5L 1 OX bufferB (Fermentas) 10L The
m xture was incubated at 30C for 2 hours, followed by
phenol / chl orof orm 10 and et hanol precipitation. The
pavd edosmezEsorr e- suspended in 10ul ddH2O, and t heerisea004/000298
following 3' adaptor ligation reaction was carried
out. 1-5. Addition of 3 adaptor with Mrel and BanH
and Sail sites 15 The foll ow ng rrponents wer e added
to the tube containing 101 of & The 101 of
sanpl e was the doubl e-stranded ful I -I engt h cDNA whi ch
has had the poly(A) tail renoved by Gsul digestion.
20 5X ligation buffer 104L Gsul Sall adapter (0.4 g
/L) 25L (The Gsul Sail adapter is Mrel/BanH / Sail
adapter) T4 DNA ligase (5 units/ul) (Invitrogen) 5L
25 - Mrel/BanHl / Sai | adapter (top):

- TCGACCCAGGATCCAACTT-3" (SEQ ID NO5) 30 -
ggm BanHl / Sai | adapter (bottomn):

@3S ipcabatedBH B8 NEe@ight\Gol&bed By GHehol/chioroform

i’g(T:/ %\%&ﬁ?ﬁg %?%Zgﬁ'\aln%ag qe@%ghg,ﬁ %fu}l 3H? oqeiqelg) pr%;{s?gggr?de%t in 41 pl

ext rédiQ.on and et hanol precipitation, and the pell et
re-suspended in 41 1 dH2O 1-6. Notl digestion and
CDNA size fractionation 10 The follow ng. were added

on i1t6. botll digestiosieand cDNA size fractionation
10 '

The following were added on ice and in order:
NEB Buffer 3 Sul
Notl  (10units/ul) (NEB) 4pL

15 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 T10E0.1N2s Buffer, allowing the column to
20  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 100pL of T10E0.1N2s Buffer was added. The flow-

_ through collected, one drop per pre-numbered Eppendorf tube (beglnmng with
25 fraction 3, each drop was about 30-40pL)

Whenever the column runs dry, another 100uL of T10E01N25 Buffer may be
'-added



NEB Buffer 3 5L Notl (10units/l) (NEB) 4L 15 The

obt ai ned sol ution was incubated at 37C for 1-2 hours.
cDNA Si ze Fractionation Columms were prepared (the

| Wi 2005996391 | nstructions were followed: uncapprtigG2004/000298
colum (bottomfirst) and allow it to drain

conpletely; wash 5 tinmes with 800L T10EO. 1N25 Buffer,
all owi ng the colum to 20 drai Q,tiorrpl etely each tine).
The DNA sanpl e was | oaded onto e colum. The

fl owthrough was collected in an Eppendorf tube

(fraction 1). 1004 of T10EO.1N25 Buffer were added.

The f collect.ed i n an endorf -tube

(frat ?%v‘:’w'%g)éw %’E%%i’? %GEteSf(am@BgltRBg e HMitregenprotocol). 3pL
addesf. eaEhérefchOMHN&b TaHGh SQArbSE gePio ﬂ@ﬁal%%e&?NA size in each
pre- nur[bere Eppendorf tube (begdinning wt

f r adfacypn-37od feactians wara shawina c@NA@wkbn/\hamemempttba 3 kbp).

o T S EeY 2P oS heet G ARG ke SleegodH sishay

§r opcitifieshtil% EOH: cﬁinlsedﬁdﬂnésaWbrddiHa@ tandtsa®ing sample. This is
'nV'V\t/Ha‘?QSQtJ’FQﬁ@Q of each fraction were run on

agar ose Ilzethe cDNA size in each
fractlon Pool fractlons were showi ng cDNA _1. Ckbp

(us Ly u ol ed, sanpl es were ke

neatIlfal ’Pﬁ%‘% %a%tWe'tSﬁQ %%é('ﬁ% te°|p§§E9( itamd yse &g Bﬁ'f ity all of it,
5 adegehding ohHiatEHid bkl IpbksiR@. 5 times with ddHO and

aaw ng sanple. This Is what has to be ligated). If

nly one fraction is to be used, preC| pitate it and

use At Rigis it th _
| ooks | F@ 10 é)G/Ii\jtr\!'at\ ﬁfagh{egfsnﬁg‘pf hggg‘éne{ snde and

t he SRYtehegMe end at én%idg,tarﬁi argi I'Qéd)a’m:lbe @@hbd aroimxﬂowe
end at 3' side, and are ready to be cloned in vector.

1-7. Ligation of cDNA with linearized plasmid pGIS1.

15 .
1-7-1 The cloning vector pGIS1 was .pre'pared by Notl and Sall digestion. The
vector sequence of pGIS1 is shown in Figures 7 and 8.
pGIS1 Cloning vector construction

20

" Site-specific mutagenesis of pPGEM3z 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
25 mutagenic primers:

Mme_mut1:

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

Mme_| mut2:

5 -p-AACTATCGTC'lTGAGACCAACCCGGTAAG 3'(SEQ ID NO:15)
30



1-7. Ligation of cDNA with |inearized plasmd pQ S1.

15 1-7-1 The cloning vector pd S1 was prepared by Notl
and Sall digestion. The vector sequence of pASl is
*0000s/d2639i gures 7 and 9. pd S1 C oni ng vect ®CT/SG2004/000298
construction 20 (1) Site-specific nmutagenesis of

pGEM3z to create Mrel -m nus vector The vector pd S-1

was derived from pGEMBz (Pr o‘rreQ@). pGEMBz originally
contai ned two Mrel recognition Sites that were
knocked-out by site-directed nutagenesis. The

Qui kChange Multi kit (Stratagene) was used, together

t 2 Mre tt
5 (0 coorPHIRREh G B EBeE T 3 (s£Q 1D NO 1)
Mre nut 2: 5'-p- AACTATCGTCTTGAGACCAACCCGGTAAG 3" ( SEQ
I D 0 WO 2005/ 026391, PCT/ SG2004/ 000298 40
(11 %8?%*%%{?@9%@858?@??% R¥SITPRIgiTR3e ool ANk gdapter at
reguh@remmg@@tsmlﬁé Mdlﬁbﬁ&'@cbéﬁﬁéﬁ 5ids @ls %tﬂfdu@&lé\are Xhol,

adapt er the existin Site. Additional
& ecligh |anﬂ<f+90§\f zcoRMis dgeﬂﬂteedtp@adn%ar@on shibe stuferifiagment (see
and gg\gﬁv (EcoRV i s del eted upon insertion of the
st u?fer fragmsnt (see below)). ds-DNA adapter:
TATCG 3' (SEQ I D NO 16)

3 W&%&Mﬁ&d R IPNSHS) 10

3'-GAGCTCGCCGGCGCTATAGCTTAA-p-5' (SEQID N(j:17)

10
(1) Stuffer fragment insertion

An approximately 690bp fragment was inserted between the Not! and Sall
sites of the modified vector (see vector sequence in Figure 10). This facilitated

15  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.

20 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).

25 1-8. Library QC (QC = Quality Check)

A dilution series of 1-100pL of transformants was plated out onto LB agar

plates with antibiotic selection. The colonies were incubated overnight and

counted to determlne the library titer. '
30 |



(1'11) Stuffer fragment insertion An approxi mately

690bp fragnent was inserted between the Notl and Sai

sites of the nodified vector (see vector sequence in
FWR3085/26391 This facilitated 15 the producti oPCT$G2004/000298
Not |/ Sal | doubl e-di gested vector, as the stuffer can

be clearly visualized and excised during

gel -purification. The linearized plasnd was gel
purified. 20 1-7-2 The cDNA mas41igated to the pd Sl
vector overnight and the constructs were transferred
into el ectroconpetent E. coli TOP10 cells by

el ec roporﬁ%&on accor di ng to standard techni ques (see
SanbP8REeInet te §8cgoloniey grbltgaryaumbgrs) wsrelpl}:kedlamdaihy inserts

QC ( 6¥e ~d&BAhihbY @“edﬁ@ct Fedibrh %t ont ]g&?‘ a%gg"(rophoresns

of transfornmants was pl at ed
wi t h(agReTdnDL e @twaé@tte@hnlqm @g)ISambmokwané Russel, 2001, see

i ncu r m ne the

| PouBBRY, 9N a0 s, AR BB HINSa4 et ize wre
Bet we%mnazadto 96 colonies (arbitrary numbers) were

pi cked and the inserts size determ ned by direct

col ony PCR and agarose gel electrophoresis (according

t o shAathisrsiages cthei Gl&s‘ull-@gttﬁaﬂwﬁombr@?%W&?@'stor@@% ligation
DNA insert and th

Th t
ver SRR o, O, BENGBIRANE Bu FrusoloColk. eRparcingide, standare

t he .@bﬁoﬂulobyl(sambmm@ Ruggearzomayeé)sw&é)red as
J& gation reactions or as transformants in E. coli

Il's, according to standard nethodol ogy (Sanbrook
and 'Bcgﬁﬁglg,z 2001, see above). 10 Exanple 2

2. GIS ditag library

15 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.

20 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
25 cDNA fragments.

The gel-purified vector plus tags can then be self-ligated to give a "tagged
plasmid” contamlng the 5’ and 3' GIS sngnature tags

30 2—1. Plasmid preparation



2. @S ditag library 15 The cDNA cl ones nmade from
steps 1-1 to .1-8 contained a Mrel site (TCCGAC) at
side and another Mrel site. (TCCAAC) in reverse

owpéﬂ(lsﬁ’lz?%h at the 3' end. Note that these twé’CM%F“WOOOZ”

restriction sites are two isoforns that can 'be
recogni zed by Mrel (TCCRAC 20/18, where R = (A Q).
The sequence difference here w42 be useful later for
directional indication. 20 Mrel restriction enzyne
will cleave these clones 20bp into the cDNA fragnents
fromtheir 5° and 3' ends. Consequently, despite the
vari abl e sizes of the digested cDNA, the vector plus

the 20bp cDNA signature tags on each end of all
cl onld® &is fllljengsh CNA iRteanIas mRpIfAg Ones BytRiatingsan gppropriate

I eCREMMFR G BRPRS O%QQFQESQZ%QZ mgﬁéérgﬂgfé%eg(?énet&?drﬁ‘eaﬁhmber of

be easily purified fromthe un

f r agipbaiies renhlﬁegéwaSpdeﬁermwdv@ctr@r eglimated depnscaptomeesize. After
b5 bk Sttt i LAV A st

pr e @mdapélietedsy ZGOEWMKGQE’EF&CFDOB@OG@#@QGZQSWMN'Phpreparatlon

as f | i fi b .

G S AR LR85 s TR oty o

X 27uMAh. ob@aed west exarfibedddyl Agarodd gehefdetophbresis and restriction

Er asaTpb AP AteR U] 640 S Bins candn Bipressed o vila at least

fonc ulpag bpp]asmmeonﬁsul tant bacterial colonies were
harvested and pelleted by centrifugati on at 3000g for

30m n. Plasnmid DNA preparation was perforned using

t he X agpe) bigegssl Plasmd Maxi kit. The quality of
the DNA obt a| ned was exam ned by agarose gel

el ectrophoresis and restriction digestion.

APPIABHrGRately 6;0%@ ﬂ@érﬁﬁi %&av@a@edlﬁé%gsﬁﬁﬂ%t Amel as per

yi el d at Ieast asm d

18i gégamﬁacturer s condntlong?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

20 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). |

25 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.

30



Approxinately 10pg of plasnid DNA was di gested using
as per 15 manufacturer's conditions (NEB),

urln t hat the nunber of .units of enzyme used was
9@”%%@8 than 4-fol d excess to prevent PCT/SG2004/000298

nethylatlon i nduced inhibition. Digestion proceeded

at 37C for 2-6 hrs. An aliquot of the digestion

reacti on was exanmined on an agdBose gel: a strong 20

band of approximately 2800bp in size corresponding to

the linearized vector containing the G S signature

tags were easily observed, together with a nunber of

f r agR MegtotaBiSvdithd §ém'lgah@1 excreateotagtfedciBémidsom t he

original plasmds (see Figure 4). 25 2-3. Linear

vector-A@ S ditag purification The digestion reaction

was Nﬁhaca.g@ﬁmf ﬁés@.ﬂe@rin @ 786 agah@ﬁg onaagtht ih% 528R0BPsignature

vector-Qd was exci sed Url usi ng thé

Q adpds- haeso \ée@e|re@pve@1c(n<>b$h¢@l tOff)BG)'SU\Q ﬂebsﬁwéewiwmerase
CT/W tor- GISdltag self

Fi gation qg?‘éﬁ? beﬁ?‘&égg’ﬁ tyﬁsm ds" di gesti on
resulted in a 2bp overhang on both the 5 and 3'

si gnat ur 1 . ~hhese were renoved ( i shed of f)

usi ng T4W%)Mase 5 (Pronega), &? VI ng behi nd

18bp t agsox Y@/ TANGOULfePiferifdntas) Ox WHU[ANGO buf f er

( Fer ment asiIbG Ol- 0.1 MDTT 0.3l 10 T4 ISLNA pol yner ase

5uni t s/ gO-1MBWITANTP 0. 6L ddH20 to 6090&HL | ncubat ed at
187G Torr2ENa pbliffkrhfct i vate at 75G5hae, J0m n

10mM dNTP 0.6uL

ddH,0 | to 60.0uL

Incubated at 37C, for 5min, then ihactivate at 75C for 10min

15
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:
20 Approx. 350ng DNA 15.0pL

Ligation Solution | (Takara Ligation Kit 2) 15.0pL
Incubated at 16C, 2hr to ovemnight
25 2-5. Creation of Di-signature Tags (ditags) |
- The goal of this step was to obtain the GIS di-sign-ature tags in a form
quantitatively representative of the original cDNA library from which the_

tagged-plasmids were derived.
30



15.
pre
app

The purified, blunted DNA was then ethanol
cipitated and resuspended at a concentration of
roxi mately 20ng/pl. Self-ligation (intranolecul ar

MWC20peR63IM i zat i on) was carried out as fol | owsPCEH/$52004/000298

App
Lig
ove
(di
di
rep
t he

rox. 350ng DNA 15.0L Ligation Solution | (Takara
ation Kit 2) 15.0L Incubated at 16C, 2hr to
rnight 25 2-5. Creation of J}-signature Tags
tags) The goal of this step was to obtain the A S

-signature tags in a form quantitatively

resentative of the original cDNA |itbrary from which

t agaegr [ 30 WD 2005/ 026391
PCTS“"cucu G%%Au dhetiel B a generi c 50bp
cohéaéxege;u . : Ay 4

& o %32&3"%622;)?050?1‘22 to th i’e i‘?sy(."§ o

and
dit
fol (

o SRR ok MR BB kR feRABETa

a rect PCR on the ligation reaction
%Qdémgﬁg&trlctlon di gest of the PCR products to

10 el ease 50bp cohesive dita %
Wherein X and N may be any of A, C, G or T.

15

20

25

30

We used two approaches to this:

(i) Bacterial transformation, tagged-plasmid purification and restriction
digest tc 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 transformed 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 prepared from several colonies and
tested by digestion with BamHl: tagged-plasmids release a 50bp cohesive

- ditag. .

) Thus process was then scaled up by platmg the remalnlng culture on large

- agar plates, and performing maxipreps using Qiagen HiSpeed Plasmid Maxi

kit.



20 2-5-1 Transformation and propagation; Preparation
of tagged-plasmds (See Figure 1) 1 pl of the
igation reaction (Section 2-4) were transforned r
%f"%("z‘% el ectroconpetent TOP10 cells (I nv?FF’égé‘Wj’“‘mm
by el ectroporation. Recovered in | m SOC nedia at
37C for | hr, then plated out several dilutions on LB
agar + anpicillin for QC and t4&8ering. QC (Quality
Check) : plasm d DNA was prepared from several
colonies and 30 tested. by digestion with BanH :
tagged- pl asm ds rel ease a 50bp cohesive ditag. This
process was then scal ed-up by plating the renaining

culture_on Ia and perform ng
- maxi gggxagyp gcﬁenef%%@@@ 9eioniPR WanRkGCeSRed to yipid at least
2000t g?d%@T{,lggianﬂNQ\OOZQS 45 As an exanpl e, :
e

apprOX| rrat 000 col oni es was processed to yiel d at

| eashhis fDMgg@ﬁ iheis Ragnitigligestad stoppererate BRAAP cohesive
s 5,@55 g%‘r@bupg gg§t&gn@x gy ate S0bp cohesive 5

~ditags ifgure 5 anple"result). 2-5-2
PCR based retrieval of cohesive ditags (See Figure 2

or 1 op 2 BRROR e Rnid s ke Ran s CRutie ™

seq LI%IDRa\sasf;terfdfmg drithedightiors reabfiofPvBI0G Primers PMR003 and

GT %rss(egggg@% Noqﬁtggstj‘eﬁggﬁnount of

tarting material was determ ned enpirically by doing

e PV YA etciatT Yt el Te oy Noles R

PMRO004: 5-GGAAACAGCTATGACCATG-3' (SEQ ID NO:8)

The amount of starting material was determined empirically by doing a series
15  of dilutions and choosing the conditions that result in a clean, specific PCR
product of approximately 200bp

(e.9. 1:200) diluted ligation reaction | 5.0uL

10x HiFi buffer 2.0pL
20 10mM dNTP _ 0.4pL
| PMRO03 (100ng/uL) 1.0pL
PMRO004 (100ng/uL) 1.0pL
Eppendorf TripleMaster polymerase 0.2uL
dH20 10.4pL

25
(the HiFi buffer was the reactlon buffer provnded with the Eppendorf
TnpleMaster enzyme)

| Thermo-cycling eonditions:
30 Step1:95C x 2min



product of approxi mately 200bp (e.g. 1:200) diluted
ligation reaction 5.0L 10x H Fi buffer 2.0L 20 10nM

dNTP 0O
EFRSPUERP* i pl eMast er pol ynerase 0.2L dH2O

P

. 4L PMROO3 (100ng/L) 1.0L PMROO4 (100n?/§TL)§gzlob80Looz9s

25 (the H Fi buffer was the reaction buffer provided
with the Eppendorf TripleMaster enzyne)
Therno-cycling conditions: 3048tepl :95C x 2min WO
2005/ 026391 PCT/ SG2004/ 000298 46 Step 2: 95C x 30sec
Step 3: 55C x 1 min Step 4: 72C x 30sec Go to_ step

21

repeat steps (2-4) 24x 5 Step 5: 72C x 4mn 16C

forever Ehgp PCR prosiostspseere anal yzed on a 1. 5%
agarose gel . For nggative, controls, the PCR reaction

was perf S@d usin

¢X)1miB tenplate, 10 and (ii) no

ligase. Bgphtain gadhigpsgpt 200bp PCR product for
subsequent = 50bp cohesive ditag production, the
react i on Gedo. stepRetepept steps ¢54P2R reactions using a

6- wel | g@} B ate;7§é5ixs4ngﬁnerat es approx. 50ug of

OObp dit
conbi ned 187G faretemol

10

15
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g. The 1 ndividual PCR reactions are then

The PCR products were analyzed on a 1.5% agarose gel.

For negative controls, the PCR reaction was performed using (i) no template,
and (i) no ligase. To obtain sufficient 200bp PCR product for subsequent
50bp cohesive ditag productioh, the reaction was scaled-up: do 96 PCR
reactions using a 96-well PCR plate; this generates approx. 50ug of 200bp

- ditag. The individual PCR reactions ‘are then combined and ethanol

precipitated before Bam Hl digest to generate 50bp cohesive ditags (see
figure 6 as an example result).

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 BamH! digestion of ta_gged-plésmids (Section 2-5-1) released 50bp.
cohesive ditags: ' '

DNA (tagged-plasmids)  40pg
10x unique BamHI buffer (NEB)  1o0uL



preci pitated before Barn H digest to generate 50bp
cohesive ditags (see 15 figure 6 as an exanple
result). 3. S library 3-1. Tagged-plasnd
pwvepensaedsen 20 This applies only to the bact @CiraiG2004/000298
transformati on-based approach (see Section 2-5-1).
3-2. BanH digestion and purification of GS tags 25
3-2-1 BanH digestion of taggedpplasm ds (Section
2-5-1) released 50bp. cohesive ditags: DNA
(tagged-plasmds) 40g 30 1 Ox unique BanH buffer
(NEB) 100L WD 2005/ 026391 PCT/ S&004/ 000298 47 100x
BSA 10L . (20U L, NEB) 10L dH2Oto 1 5 The
choi ce opgg)énﬁ?ep‘ of 40g of DNA (tagged- pl asmi Ij was
ar bi trar papMli(gogns., WgB) di vided into 10x 19§ul for
nore efficient di g%sti on, and incubated at g%LC, for
ahrs. Af8B204i gest, they were inactivated t1®5C, for
15m n, then phenol -chloroform 10 extraction and
et hanol precipitation were performed. Then, the pellet
& onmfhegihnigestivplusatfeding eotd NAg$agged-plasmidss tvasfarbitrary.
cl eavage products after the BanH di gest was
resuspended in LOTE buffer for gel-purification. 3-2-2
BarAliqdaty e slerendioitledr ind® 01gx i G0AYSfoF einbre Vistlcibit Rigestion, and
(Se%clu%gte%_aﬁ_%)c, f(;L'_S‘“_]rrse.l eased 50bp cohesive ditags:
After digest, they were inactivated at 65C, for 15min, then phenol-chloroform
10 extraction and ethanol precipitation were performed. Then, the pellet
comprising 50bp cohesive ditags and the rest of the cleavage products after

the BamH| digest was resuspended in LoTE buffer for gel-purification.

3-2-2 BamHI digestion of or 200bp ditags retrieved by PCR (Section 2-5-2)
15 released 50bp cohesive ditags:

DNA (PCR products) _ ' 40ug |

10x unique BamHi buffer (NEB) 1004l

100x BSA | 10pL

20 BamH! (20U/uL, NEB) | 10uL
- dH20 to 1mL

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

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

After digest, they were inactivated at 65C, for 15min, theh ph'enol-Chl_qrqform
extraction and ethanol precipitation were performed. Then, the bellef-



DNA (PCR products) 40g 10x unique BanH buffer (NEB)
100L 100x.BSA 10L 20 BamH (20U L, NEB) 10L dH2Oto

1 nL The choice of value of 40g of DNA
woaggedsspl asni ds) was arbitrary. 25 Aliquot s PEESE2004/000298
di vide into 10x 100ul for nore efficient digestion,

i ncubated at 37C, for 4hrs. After digest, they-were

i nactivated at 65C, for 15m n4gt hen phenol - chl or of orm
extraction and et hanol precipitation were perforned.
Then, ‘the pellet W 2005/026391 PCT/ SG2004/ 000298 48
conprising 50bp cohesive ditags and the rest of. the

cl [

- SRLRARIRLSOMS bintier tads pe E koot oB B, cltBFaqe progugts aftr
Ge lthe BandH Icige si wasf reS0spendet ds Lo EE: dbuffajgbr gbl-gimification.
BanmH - di gested DNA according to both section 3-2-1 or
3-2-2 was separated on a |large (Hoefer Ruby 600, 15 x
15@a3 Gelpurfitdtionkgf 500Rocopesiyaditaysani de gel .
El ectrophoresis proceeded at 200V for approx. 2hrs
Suntil the Br onophenol Bl ue (standard tracking dye)

banhealFapsi|-digastBa dDNPe adbbrapigt esnbeth tshetige!3-2Fher @P-2 was

was stained in SYBR G een

Mol ecul ar Probes,

F o soRBrAtAS 1T 6 BrGp <CleaTaRubY 600 15 35an. JromiL tidk) 10%
SO0bpyRBAS IR galt rogl%re%m SrosbauR éttzdcﬁ/ FRBERGL Hhrs until

not” t0 l'oad nofe than

| ane, or

f1 doe eamme@obraiw r(gta@ atﬂ éracmsgm@)sww @hmest veached the
108
t'utbbg)gt%@"éf el Srﬂgggen %%O%E@%B‘%H ave gﬂf“r m&é&ﬁ&g%bes,

I eces whi ¢ een plerce

at Intg fdr@0nuimbsifark visuajigationeandl excisin of the ®0bpdohapive ditags.
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p{ ac%gagienﬁi ig o%v;jméml n@t % %a‘fbg‘f‘nérgqﬁan% per lane, or the

fluorescence quenching oceurs.

‘The 50bp cohesive ditags were excised and collected into 0.6ml microfuge

tubes (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.

150l of LoTE:NH,OAc (125:25) were added to each tube and left ovemight
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 LbTE. Starting from 70pg
200bp ditag, we expected to retrieve several hundred ng of 50bp ditag.

3-4. Ditag concatenation and gel-purification

-Some - optlmlzatlon (hgatlon time, amount of startlng matenal) may be

necessary to ensure that the concatenation of the 50bp ditags results in a



centrifuged at 12K g, 4C for 2-5m n. The gel pieces

were thus shredded and collected in the 1.7nl tube.

20 150pl of LoTE: NHAOAc (125:25) were added to each
tWiBa00aMap3teft overnight at 4C to el ute. The PEN$G2984/000298
the eluate was collected wwth the aid of mcrospin

filter units (SpinX, Costar), and ethano

precipitation perforned to retypeve the purified 50bp

di tags, which were resuspended in LOoTE. Starting from
70pg 25 200bp ditag, we expected to retrieve severa
hundred ng of 50bp ditag. 3-4. Ditag concatenation and

gel shigak fof pAdduts %n@deﬁ“abﬁFdxo@Obb%qetimobg”?he conditions

amount of starting nmateri al 0 necess
ens@lel@“tﬁﬁtsuﬂﬁés@grﬂ?‘:@ éﬁﬂatﬂgcm)l@f t he 50bp ditags
results in a WD 2005/ 026391 PCT/ S&004/ 000298 49
smear of products ranging from approx. 300bp to
>1060bp cofrivecditatist i ons  bel160+ 80@ngsuggest ed as a

t ar t 0 ohesi vg.ditags 150- 500ng 5 5x
uf fsg‘bﬂﬁ 'p{?"hﬂp?é:é‘s %%f:; 2oL ST gase (5U/L) 1.04L
dH2 QAtINA Nbasd Beipat ed at 1G@fior 1 hr. 10 Loading

buffer was added and the entire sanple. heated at 65C

fordi8@ n.  The sanple | 0d8d8uin a single well of an

8% pol yacryl am de m nigel and run at 200V for about 1

hr, or until Brom)phenol Bl ue was about. 2 cmfrom

bot inswbated arH6°G ferathrof | | gati on products can be

8x0|sed as 2 or nore fractions, eg. 200-
Loading buffer was added and the entire sample. heated at 65C for 15min.
The sample loaded in a single well of an 8% polyacrylamide minige! and run
at 200V for about 1 hr, or until Bromophenol Blue was about 2 cm from
bottom.

15
The smear of ligation products can be excised as 2 or more fractions, eg. 200-

500 bp; 500-1000bp; >1000bp.

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

3-5. Cloning of concatemers

25 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 BamHI for 3 hours at 37C. The digested DNA was
phenol-chloroform extracted and ethanol precipitated, then resuspended in

: LoTE .at a concentration of 33ng/p| The ligation reaction was performed as

.30 follows:



500 bp; 500-1000bp; >1000bp. -Elution of DNA fromthe
gel pieces was perfornmed as detailed in Section 3-3.
20 The el uate was extracted with phenol -chl oroform
tWM@RA0EPHANol preci pitated. Resuspend the DNAPEESG2004/000298
in 6ul LoTE. 3-5. Coning of concateners 25 The

cl oni ng vector was prepared by digesting 2ug of
pZErO- 1 plasmd DNA (Invitrogeg) (Figure 8) (Figure 8
shows the sequencing/ PCR primer binding sites) with
10 units of BanH for 3 hours at 37C. The di gested DNA
was phenol -chl orof orm extracted and et hanol

preci pitated, then resuspended in LOTE at a
concentration of 33ng/pl. The ligation reaction was
per f or reGongated@r BNA ows: WS.®A05/ 026391

PCT/ S&G0 4/9&;)%%8 0 Ooncate r DNA 6.0L

BanmH / p PEERP-T5x 1i gade®uffer 2.0L 5 T4 DNA

l'igase (§kfidgdselpiftfer | Ncubat edpat 16C overnight. The
vector self-ligation was also performed in parallel as

8 contr of4 DNA ligrse (GyHelion gr@ducts were purified

bef ore el ectroporati on. The phenol - chl orof orm
extraction was followed by ethanol precipitation; the
pel Irdubaiesl atvidSOedemightmes wi th 75% et hanol before

e od PGSRk AdFgsHiatues aeoaeEtetmed i hplets depnel.

bacterial <cells. After recovery (see also Section

2-5-1), 50p1 vver@gi)l ated on a smal| 15 agar plate
1?coﬂ—f’8| ligationL eipdsiets WeseagHrifigd Lafere 19)e wqwgr%@aeﬂahe phenol-

(509(1I6Hfoﬁﬁ‘%xtrb5’ﬂ_cﬁ W2l ﬁﬁlmv)ed%sd e'tﬂb?'iébfﬂr@@l i@é’tﬁfnn'tﬂé‘tpellet was

a background control bacteria were E
out V%aﬁa@d ﬁatme%\é@h 7§Vwﬂhanpybqu@1@r%ﬁ@adwgtln 12HeTE (0 1X) gl

. VeChPthis DNA was used to transform 50yl of electro-competent TOP10 bacterial
cells. After recovery (see also Section 2-5-1), 50ul were plated on a small

15  agar plate (containing Low Salt LB agar (Lennox L) plus Zeocin (50ng/ml) and
IPTG (50pg/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).

20 _
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

25 containing:

10x HiFi buffer . 2.0pL
10mM dNTP _ 0.4pL



self-ligation reaction above. (IPTGis optional when
using TOPIO cells but - may reduce background). 20 .
3-6. @S |library QC (Quality Check) The follow ng day,
1WO02005%B3639hi es were pi cked to check for |nsertPC§IS§é0°d§000298
PCR. For each reaction, a single colony was picked
into a PCR tube 25 containing: 10x H Fi buffer 2.04L
10mM dNTP . 0. 4L WD 2005/ 026391 #CT/ S&2004/ 000298 51
PMR003 (100ng/u|) 1.0L PMROO4 (100ng/ul) 1.0L
Eppendorf Tripl eMaster pol ynmerase 0.24L dH20 11.4L 5
Thernmo-cycling conditions: Step | :95C x 2mn Step 2:
95C X 30WR0§3‘{3’P0031 /@pC x 1 mn 10 ﬁt LH-A' 72C X
3mn Go to step 2, repeat steps (2-4) 24X Step 5: 72C
x 4m n 16WIREES(HIONpAIhe PCR product sl.gere visualized
on 1 %a result is. shown in

Fi gur e 9%@888%&[9%#‘? RS\XQBB?FPNRO&QF('SEQ ID

NO. 7/ SEQIH2ONC: 8) gives. a band 14 4y

5
Thermo-cycling conditions: |

Step1:95C x 2min
Step 2: 95C x 30sec
Step 3: 55C x 1min

10 Step 4. 72C x 3min
Go to step 2, repeat steps (2-4) 24x
Step 5: 72C x 4min

16°C forever

15 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
20 be plated out (Section 3-5) on large agar plates in preparation for DNA

sequencing analysis.
The primer pair PMRO03/PMR004 is also convenient for checking the quality
of the library, but for the actual preparation of PCR templates for sequencing,
25 primer pair PMR012/PMR003 (SEQ ID NO:11/SEQ ID NO:7) were preferred
(see Section 4-2).

PMRO12: 5-AGCGGATAACAATTTCACACAGG-3' (SEQID NO:11).

30 4. Sequencing analysis of GIS tags




of approx. 220bp in the absence of any cloned insert.
If the quality of the |Iibrary thus produced appears
good, the remaining transformati on m xture can 20 be
pyvert2ea$/0aeP! (Section 3-5) on | arge agar pl at esPLFSG2004/000298
preparation for DNA sequencing analysis. The priner
pai r PMRO03/ PMRO04 is al so convenient for checking the
quality of the library, but fagp the actual
preparati on of PCR tenplates for sequencing, 25
primer pair PMR012/ PMRO0O3 (SEQ I D NG 11/ SEQ I D NO 7)
were preferred (see Section 4-2). PVMRO12: :
5' - AGCGGATAACAATTTCACACAGG 3" (SEQ ID NG 11). 30 4.
SeqUenci ng analysis of G S taps WD 2005/ 026391
PCT/45GA0brah0 p128i6G an8 Zolbny.pidkitg ary pl ati ng and col ony
pi cking The transformed TOPI O (I nvitrogen) bacteria
cells were plated out. on 5 22x22cm agar plates with

- col ame densforyet eTORIGaingitdgenpdracpriat €elld Ndlerd Gildibd out on

W B o Blates, B GIOHARTSTY IS Ben SrD0p BfF Btes egividua

0Verdd)ldihés witd blbﬁé&aﬁ@eulﬂﬁreaﬁn @34\/\)@11 flat@h WlthL@bﬁJs Zeocin (see
replicated and store

o FEHE FOROBEE 51 81 ST YRTEEN. Mo seples Aedsvelbplates are

I NOGHbRdeeH iy Blofsdlink8B°E’CR  cocktails. PCR was
performed using primer pair PMR0O12/PMR003. 15 This

primer pair gives a band of 245bp in the absence of

FY ggnpé}hagg?rehggagi% Nonet hel ess, this set of

prinmers Is prefe as it aIIovvsthe use of
. sequenci ng. prl rrers PMR004 (ML3 reverse; 68bp from

8721}%0?%&&) es .A’?&P%ﬁ%ﬁ% |£1c%1tﬁate in pre-mlxed PCR

5' mmm,qae@:@@@ea us(rightpirhéy P PMR04A2A°MR003.
Seqguenci ng

15 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 BamHl site) and
PMRO006 (SEQ ID NO:9)(M13 forward; 87bp from BamHlI site).

20 PMRO006: 5-TAATACGACTCACTATAGGG-3' (SEQ ID NO:9)

4-3. Sequencing

- PCR templates were sequenced using the sequencing primers PMR004 and
25 PMROO06 to sequence in both directions.

Applications



PCR tenpl ates were sequenced using the sequencing

primers PMRO04 and 25 PMRO06 to sequence in both

di rections. Appllcatlons WO 2005/ 026391

PO 2684036321 000298 53 The G S anal ysi s net hod PCT/SG2004/000298
according to any enbodi nent of the invention is a

conpl ete gene discovery platform It conbines

full-length cDNA |ibrary constggiction, cDNA tag
sequenci ng, genome nmappi ng and annotation into one
operation fromthe same starting materials. For

exanple, to study the 5 genes expressed in human stem

- cell I
e en‘?::ee.@‘lﬁs %h%ry%EWnbfhgghfcc%P%(f@ ah?fa@ﬁ'\;f)’“odéﬂﬁﬁf‘ fh‘écl v@ntlon is a

as qqnmgtneygenvxedkﬁpwerzzsnpgatfﬁ@d It copinem dell- mgcroo::DNA I|brary
clo e r e Y, | :
1 onaably he AP S S FoppgTidd Hhotton o
captanecoperatioly fegn theirsamee starhngs matqamals ekor examagdie, o study the

h I -of d
e G e pl S EAATE W U e Mt mra
t hercemstrectobafstam cetl l@&! Ssfulldength adDN& dibeatsg, @ﬁd &Hi@w the GIS hbrary
CO” ?Rﬁggn&gﬁpqg%?%%ggﬁébog sonemg‘la\)/ﬁig llgﬁquttﬁéeveal over

counat gnilbdn &Haﬂscr@téi 8u¢m@@eprﬁmﬂmg\gm éld?xui Qﬁng’!fp’#gé nearly all

expr essi 0{1 act ] . Sone of the
RSP APTEST R b ihe BAMER StefBrASiarangesiprmyEach of
1b5 K8 @Stdlt‘éa@@ chfl Qétéptebﬁi%IIMaBﬁed“@’\th%%n{Md ﬁ{?‘?efore define

expressed in the transcri ptone.
way thﬁétrg@tHEﬁhﬁe@ﬁ%pétheoeprfeeﬁpogéwgsgqrqunthﬁeqhromosomes Most

refigpesh Bys Bﬁég% H‘f‘éﬁltﬁ khB%ﬂé‘é@thoﬂ%r&ﬂomé§ aﬁﬁ [Pr?éTEounts of the

approach. Based tag sequences,
put &lSvditagswrgere she areasararoani ¢f;e>«pr@$m actonty: Shme of the GIS

Cr) SHEGR EP A b B8RO s Py BB Uit may
16el Issiggediuthe dtlentificatian lof mlehegemas)tmlaralemyssedsin thacdtem cell
as Qr%\‘lgkl%ﬂgﬁwm lr‘?fsu%ﬁl LSWa Sug%%ome 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 n6t only to human stem cells,
but also to all other biological systems, such as development of cells, tlssues

and organs of human and model organisms.

25



and organs of human and nodel organisns. 25 LLOY
WO 2005/ 026391 PCT/ S&004/ 000298 .54 d ai s E&ﬁ%%ESE

i sol ated ol i gonucl eoti de conprising at |east on

Q29503 B-rein the ditag conprises two joi neRCF7GP4/000298
and second sequence tags, wherein the first tag

conprises the 5 -term nus sequence and the second tag
conprises the 3 5 term nus segyence of a nucleic acid

-nol ecul e or fragnent thereof. 2. The oligonucleotide

of claim1, further conprising two adapters flanking

the ditag, wherein each adapter conprises at |east. one
restidigki on site. 3. The oligonucleotide of claim2,.
wherein each adapter conprises at least a first
restrictjo te whi hIS an as; C restrict

si t ﬁm'sa@tﬁ%ia@ﬂoné’c eeewaﬁa%ee%ﬁ%sépn%ﬁltggvt%erzm the ditag

The oldogfptisek b J@tﬁe@frrs@ kAl BedoniM3BlGéntel tBEs aﬁb/é?@ﬁut thieGirst tag
restriction siteis a, type Il restriction sit

- The ol5ogutiisesdoe 5dt@r@fnu(§|%th§nqe @ndMsmqndtﬂa@ qﬁmnr@ea the 3"
gci d AEiRRUs geq‘a ﬂd&eof 4 lldieit apgt %@GI‘éed?‘?ﬁ%gﬂ{engg%g?@f -

.or a fragnent thereof. 15 6. The I gonucl eot |
clainms_1-5, vvherelnthe nucleic acid is RNA, nmRNA
gen i heppligonuglectide ftarigpliafurtiter carpprising twe adapters flanking |

ol i gonye HE% '\ﬁ'ﬁe@ fn &R a!?%pier@on‘ﬁﬁ%‘é@'a@ Ié%??ﬁé T'%nét%n site.

obt ai ned by 'splicing termnus an
termnus in presence of at |east one restriction

enzynd Ngreligonucieptide of claie 25 whgerin @ach gdapter gemprinematileast a
by 't hfflrét%tsfrlc‘gBh Qe @Hcﬁ@&ﬁ%@gﬁetrﬁ redffetion site and at least a

ol i gonucl eot | claim?7 n the restriction
-T‘énzynéepgn%rQ%i@@lanSlter estriction enzyne.
4. The oligonucleotide of claim 3, wherein the asymmetric restriction site is a

type |l restriction site.

5. The oligonucleotide of claims 1-4, wherein the nucleic acid moiecule is the
full-length sequence of a gene or a fragment thereof.

15 6. The oligonucleotide of claims 1-5,. wherein the nucleic acid is RNA, mRNA,
genomic DNA, full-length cDNA, or cDNA.

7. The oligonucleotide of claims 1-6, wherein the ditég 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

20 enzyme used.

8. The oligonucleotide of claim 7, wherein the restriction enzyme is a type li
restriction enzyme.

9. The oligonucleotide of claim 8, wherein the type Il restriction enzyme is
selected from the group consisting of Aarl, Acelll, Alol, Bael, Bbr7l, Bbvl,
- 25 ‘Bbvli, Bccl, Bee83l, BeeAl, Beefl, Begl, Beivl, Bfil, Binl, Bpll, BsaXl,
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9. The oligonucleotide of claim8, wherein the type |1
restriction enzyne is selected fromthe group

consi sting of Aar(, Acelll, A ol, Bael, Bbr7l, Bbvl,

25 Bbvll, Bccl, Bce831, BceAl, Bcel, Bcgl, BcM Bfil,

Bini, Bpll, BsaXl, LLOYD WSE 55 BscAl, BseMI|, LLOYDWISE
BseRl, Bsgl, Bsnml, BsmAl, Bsnfl, Bsp241, BspCN,

BspM , Bsrl, BsrD, BstF51, BPzI, Btsl, Gel, GePl,

Ecil, Eco31l, Eco571, Eco57M, Esp3| , Fal l, Faul ,

Fokl , Gsul, HaelV, Hgal, H n4l, Hphl, HpyAvV, Ksp6321,

Mool l, Myl, Mrel, MIIl, Plel, Ppil, Psrl, RIeAl,

Sapl B§c§f aBlkeMﬁsr%aRl BdngBkaStBﬁmAﬂ'aBtanl TIBPZ:#I,, BspCNI,

cl a%ﬁp'\/ﬁmg?ré. %Srh{léﬁééé é@?i Hﬁgleoééﬂ&?&g' %&Hr E@péal Ecob7l,

from EGSsFM@UEs'ﬁ@ESFép'%uw Fiokpegsun Phﬁéw' g}%h g—’ﬁﬁhl Hphl,
and onucl eotl Of Clal ns
V\hereHIDYANe Ksip6a3g!, sMbelh Mivi2 Msoeb Mntl, 1Plel, TRgil, Psrl, RleAl, Sapl,

ol i go [ et j 1- i gt Lt a

compy PLBY" 5003 S, Bhsk TadL. TR T IsbRIu SRt 11
tag is determ ned by the use of restriction enzyne

MI;IGI mea oW@m@lé@MngfeobﬁdeYwahémiinTBthé 1ést][|wwf egrizyme is
the first a ond ta ayve the sa [

numbefelget %ﬁﬂé@'@dg?@égqp %@ns'ﬁme k- G8H ? '%?P' and |-Scel.
claims 1-13, wherein the oligonucleotide conS|sts 15

ofi11 tl'ﬁe%@i@@ngélbéiwe oft&lains Yery, Whé?@iﬁﬁhé%iltﬁ? §|ﬂ=?|s 12-60 bp.

ol i gonucl eoti de of clains 1-14. . The vec

cl ai m 15, wherein the backbone of the vector does not
cdhpr Wb@solg%ug@pﬁﬁ@tqfic&alfrtssﬂﬂnctwfaﬁrem the ditag ceeprises 34-38

secon t t 4e t |
Hu{:l‘éé |8é§ érﬂp tﬁé cg%%s . Cgl da s%’t gjreltéymﬁ%@ tg} Jtﬁe use of
20 reséstncttoro@nsjmemela hom ng endonucl ease

asynmetric restriction site. 18. A vector which has

PP 5, S il i o

1- 14. 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 1-14.

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 which has the sequence indicated in SEQ ID NO:18.
19. The vector of claim 18, comprising the oligonucleotide of claims 1-14.

20. A cDNA library, wherein every cDNA clone of the library comprises at

least one oligonucleotide as defined in claims 1-14.
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20. A cDNA library, wherein every cDNA cl one of the
library conprises at |east one oligonucl eotide as

defined in clainms 1-14. LLOYD WSE 56 21. The cDNA
l'ibrary of claim 20, wherein the at |east one

ol i gonucl eotide conprises 1-1000 ditags. 22. A metHdP WISE
for preparing at |east one oligonucleotide conpri si ng

at least one ditag conprisin§® 5 producing at | east

one nucleic acid nolecule; isolating the 5 term nus

and the 3" termnus of the nucleic acid nolecule or
fragment thereof; and linking the 5° term nus and 3'

t enni Mhe ¢ONAridabey bhelaih 2Rashereietit batbast dhe diionucleotide
met hod of claim22, wherein the at | east one nucleic

aci d FBMPEEes 1-1900 ditggsanked by two adapters. 24. The
nmet hod of clainms 22-23, further conprising the step of

cpeat ian t i i ; i
CPR?: ROBPISENSE 0Rerog 14 aone B Kb i atleast

met hoanefditagadomprisi@s, wherein the ol i gonucl eoti de
conprising the 15 at |east one ditag flanked by the

adapt [ Sl ' . The. nethod of

cl ai nEF%]C%d Qﬁﬁé&féﬁq}é Bﬁ(gleﬁcu%(ﬁéitr@(glg%ﬁﬁé’ nol ecule is

RNA, nRNA, genomic DNA, full-length cDNA, or cDNA.

28. Teolateigthe Sftechimusmand2h2 3’ téuminbs of teepuclsicnacid Imsolecule
step of _determ.nin e nucl eoti de sequence of the at

t
| east OBHQQH]%H‘?rsgﬁé“PBCt gene 20 expression. 29. The

nmet hod of clains 22-28, further conprising the steps

of 1 deking The ENEridiuSEMY SNeemiHus! tbecrabte! thadt 16 one ditag.
ditag; and LLOYD W SE

23. The method of claim 22, wherein the at least one nucleic acid molecule
is flanked by two adapters.

24. The method of claims 22-23, further comprising the step of creating

concatemer of ditags.
25. The method of claims 22-24, wherein there are 1-1000 ditags.

26. The method of claims 23-25, wherein the oligonucleotide comprising the

at least one ditag flanked by the adapters is inserted into a vector.

27. The method of claims 22-26, wherein the nucleic acid molecule is RNA,
mMRNA, genomic DNA, full-length cDNA, or cDNA.

28. The method of claims 22-27, further comprising the step of determining
the nucleotide sequence of the at least one ditag to detect gene

expression.
29. The method of claims 22-28, further comprising the steps of:

determining the sequence of the at least one ditag; and
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57 conparing the ditag nucl eotide sequence to a
dat abase conprising genom c sequences whereby
matching 5° and 3' termni sequences are identified.
30. The nethod of claim 23, conprising: 5 prOdUC'ngLﬁﬁYDVWSE
| east one nucleic acid nol ecul e fl anked by two
adapters, wherein each adapter conprises at | east one
restriction site; splicing th@’5 termnus and the 3'
term nus of the nolecule to produce at |east one
ditag, conprising adding at |east one restriction
enzyne recognizing the restriction sites. 10 31. The
net hodowipacihgi the3@jtaghrudeatiddesegeshce ctoi andatabaseacmnpnsmg
asynnetrlc restrlctlo si tes éﬂ g t hod .of cl
wHEPEIMC ?ﬁ%”%%%ﬁ?rﬁ@ Eeé’yr'é‘ét ng oﬂ" é‘%’ "HPlesequenceS are
restrngdnﬂgdendonuclease asymetric cIeavage site
sequences recogni sable by type Il restriction
enzymes, and wherein the type Il 15 restriction enzyme
i 305 elThetraathodarhdaim 33 cwmpiEsRg'st i ng of Aarl, Acelll,
Al ol, Bael, Bbr7l,.Bbvl, Bbvll, Bccl, Bce831l, BceAl,

Beef | : [ ' I gk

et ) progfing BFipket ol nhotcf! i pldey PRt Byt acapters
Bs pCNwheBsipMachBatdpte Bsorbbrisd3satibast diege@stridbionl siteq el ,

g ePl, Eci |, Eco31l, Eco571, Eco57M, Esp3l, Fall,
Egggsﬂfp %6he gl ﬁrmmua\\/qu %q’ﬁ%prmgbgfgf ‘tlﬁ%ﬁ]hcllécqllg?fci)a‘ groduce at
Rl eAl |edaPbne Sﬂlﬁi‘d_r conpFSihg SHdhg2at I1&as! oné'aﬁésltnctlon enzyme
TspDTI, TspGW spRI and Tthl 1111. 33. The nethod

of cl &6eATNiziNgARe Eastrigtion sitdPametric restriction sites

are 25 honming endonucl ease asymetric restriction

S ? SRAURTE rﬁ"@@r SHerb RSt f{%&ﬁ %Eé"é S8 SHsymmetric

e homng en onuc ease asymretric
restriction sites.

32. The method of claim 31, wherein the asymmetric restriction sites are
restriction endonuclease asymmetric cleavage site sequences
recognisable by type Il restriction enzymes, and wherein the type i
restriction enzyme is selected from the group consisting of Aarl, Acelll,
Alol, Bael, Bbr7l, Bbvl, Bbvll, Bccl, Bce83l, BeceAl, Beefl, Begl, BeiVl,
Bfil, Binl, Bpll, BsaXIl, BscAl, BseM!l, BseRI, Bsgl, Bsml, BsmAl, BsmFI,
Bsp24l, BspCNI, BspMI, Bsrl, BsrDl, BstF5l, BtgZl, Btsl, Cjel, CjeP!,
Ecil, Eco31l, Eco571, Eco57MI, Esp3l, Fall, Faul, Fokl, Gsul, HaelV,
Hgal, Hin4l, Hphl, HpyAV, Ksp632l, Mboll, Mlyl, Mmel, Mnll, Plel, Ppil,
Psrl, RleAl, Sapl, SfaNI, SspD5i, Sth132I, Stsl, Taqll, TspDTI, TspGWI,
TspRI and Tth111ll.

33. The method of claim 31, wherein the asymmetric restriction sites are
homing endonuclease asymmetric restriction site sequences, and

wherein the enzyme recognising the homing endonuclease asymmetric
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58 restriction site is selected fromthe group

consisting of : I-Ceul, PI-Scel, PI-Pspl and I-Scel.

34. The nethod of claim 30, conprising: producing at

| east one full-1length cDNA nol ecul e conprising two LBOYD WISE

- adapters flanking the 5 termnus and 3' term nus of

the full-length cDNA, wherein each adapter conprises

at | east one restriction site9which is a Mmel

restriction site; splicing the 5 termnus and the 3'
termnus of the full-length cDNA to produce at | east

one ol igonucl eotide conprising at | east one ditag, 10
conpr restrictian sitey ingelebtedf fudrin-the rgrobp coNsisting) lof MiteTeul, Pl-Scel,
whi ch _f 3', ,Qverhangi ng tag ends, and ligating the

t wo SPI'?ﬁg’?Qndtl%%l'ni tags to produce the ditag. 35.

The met hod of claim22-34, wherein the at |east one

dBhag Themeihdasof Thaim3s0, Baphmingles. 15 36. A nmet hod
for genone mappi ng, conprising: preparing at |east one
ol i gonuc!l eoti de conprising at |east one di taq t he

di t agPESSING | #g leawd paenid-lengtt GhNAs eieeile cgammEising two
tags, aﬁ’gﬁfe‘?énf[?ﬁ?in kS 5’ HBEMMRIEPARG OF ﬁﬁ@s’ bEAL ifi-length
sequence and the second tag conprises e -term nus
sequenDdAf wherrio| each adiagterotemplises tdtele28t romel eestriction site
acid L ecul ewﬁﬁ”r esgogdi ng to the full-length of a
gene ONCTF SR PREICYUBT SFappi ng each of the two
tags of the at |east one ditag on the genome; and
def i nkplcihg@h& 15 UekHings ArRDtiRd 30terhlRus ©F tRE FAMMErYIh cDNA to
gene on the genome 25 map. LLOYD WSE
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.

35. The method of claim 22-34, wherein the at least one ditag comprises 35-
39 nucleotides.

36. A method for genome mapping, comprising:

preparing at least one oligonucléotide 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.
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59 37. A nethod of gene discovery conpri sing:

preparing at |east one oligonucl eotide conprising at

| east one ditag, the ditag conprising two joined

first and second sequence tags, wherein the first tag
conprises the 5 -term nus sequence and the secondLt@yD WISE
5 conprises the 3' -term nus sequence of a nucleic acid

nol ecul e, the nucleic acid n@gecule corresponding to

the full-length of a gene or fragnent thereof;

conparing the obtained at |east one ditag wwth a

genone map and/or a gene database; 10 detecting

m87 chiAnmetiod dfegerie disdoviryicemprising:ags on the genone

map but detecting no natch on one ore norer gene

dat abase; . 38., The nethod of claim 37, further )

conpr PERAYINGRLIERT Age Pﬂgo@‘dﬁ'?‘?tfc&wﬁ?’ﬂphﬁ'08|%neaﬁc@f@ ditag, the
nol ec ' i i i i

0. © Acigg CBT SRR MBI Hiek ot el SeaHRCe' 1Y) Gherein the
conpr fisstntag 1®mprigssr ithey, S'rteominust sequererytand DN second tag

l'ibrar t | east ,0 [.gonucl eotide. conprisi.ng a

| eas: cometlies 208 2RBTHMSG SRUERR ol TG i HpPlegute. the
and saclei sl urdleeuleagsiresheriding tohthd ifiilblerigl® of a gene or
conprises the 5 -term nus sequence and the second tag

conpr flagdatgheseof.er i nus sequence of a full-length
cDNA; 20 sequenci ng the obtai ned oligonucl eotide

di t ag HahThal ; i - y
Sy 418, R A g e
di t aggefeidatabase; fromthe full-1ength cDNA |ibrary.

40. A nethod for quantifying the transcriptional
actl VHEYec%Bg%QFéﬂ%g°8m%' §'5}%.3’%%P“Yg95350n %)e genome map but

detecting no match on one ore morer gene database; .

38. The method of claim 37, further comprising recovering the full-length

nucleic acid molecule corresponding to the newly discovered gene.
39. A method for recovéring full-length cDNA 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 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;
determining the ditag of interest; and

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

40. A method for quantifying the transcriptional activity of a gene comprising:



preparing, froma full-length cDNA |ibrary, at |east

one oligonucleotide conprising at |east one ditag,

the ditag conprising two joined first and second
sequence tags, wherein the first tag conprises the
5'-term nus sequence and the second tag conpri sesL@QYEWISE
3'-term nus sequence of a 5 full-length cDNA,

sequenci ng the obtai ned ol i gofRficl eoti de ditag;

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

gene.

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
full-length cDNA;

sequencing the obtained oligonucleotide ditag;

determining the frequency of the sequenced ditag which corresponds to

the transcriptional activity of the gene.



