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invention relates generally to the field

transcript expression and specifically to a rfefhod

for the serial analysis of a large 5 nunber of
transcripts by identification qof a gene signature

(@S) corresponding to defined regions wit hmm\“m“n\““\“““\“‘\\“\
transcript. Background of the invention One

nost i nportant. goals of the human genone proj ectcoig*

' ]fO C ngl, ete |ists of genes for the genones

3 Fod81C BTV (D 8 SO :

annot ati on of genes. relies on conprehensive

t Feld ©f it pivena@Bal ysi s by experinmental and

conmput at 1 onal approaches. Ab initio predictions of

gj_r%es must be validated by experinmental data. An ideal

soNft P&sens inventlamneslatds geherdligngt bhd rRNs o | Rirss aRd franscript
cggp,le%g Inyaﬁgqgemfe t,&e{n 15 TEi s approach has gai ned cnp
recogni tion FecdentISA st Fubiipgd rithe eeriall analy8i99%f a large
Soumee, o?8Grarkebipfd 7hya : s has_been nmade

(Jongenee|, C. V., .lgt al?, ng%!g%ﬁsc?{t@iocgﬁl\laﬁl K¥a sgnatyrs  (GIS)
AFOrig%POthwnged Fegienewithitua ttamschipt. conpl exi ty

and i nmense vol une of transcripts expressed in the

vari ous devel opnental stages of an organisnmis life

cBatkgroondmpif ¢he irsemtionci ng 20 anal ysis of all
different transcriptones still remains unrealistic. To

g around such a dilenmm, a cDNA taggi ng strategy
tﬁéﬁ gtﬁgi’HQSbHPP‘P%EP”I-Q%%Ia@fdb@ huranrgmaese projel Is to provide

t £EHABIGkd | oped_and_wi del i ed
Sanplte WSE BR e RENHNE GBTamES: of himans ahH omedeb organisms.

themplpie  genefweadennotation  of genes  relies on comprehensive

transcriptome analysis by experimental and computational approaches. Ab
initio predictions of genes must be validated by experimental data. An ideal
solution is to clone all full-length transcripts and completely sequence them.
This approach has gained recognition recently (Strausberg, R.L., et al., 1999,
Science, 286: 4'55-457) and progress has been made (Jongeneel C.V., et al.,
2003, Proc Natl Acad Sci U S A. 100, 4702-4705). However, due to the
complexity and immense volume of transcripts expressed in the various
developmental stages of an organism’s life cycle, complete sequencing
analysis of all different transcriptomes still remains unrealistic.

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

applied in determining genes and characterizing transcriptomes in the past
decade.

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

cl ones are sequenced fromb5' and/or 3 ends (Adans,
M, et at., 1991, Science, 252, 1651-1656). 2 Each
EST sequence read woul d generate on average a 500bp
tag per transcript. The nunber of sanme or overl appi ng
ESTs would manifest the relative |evel of gene
expression activity. Though EST is effective in
identifying genes, it is prohi Hitivel y expensive to
tag every transcript in a 5 transcriptone. In
practice, sequencing usually ceases after 10,000 or -
I%ss Egﬁs are obtained froma cDNA |ibrary where
macho of>*AHERSR r i§3ds WALt gbmeratd wredvefagéd TR tag per

t ranekfipici j ' and counting | arge

ré%rggtf@téfﬁfg%%?ﬁgf%?g%’ePiVSﬁamagy§8580$voguwenanifest the
Al lene GBen el HSH Uagotihsit E. a 1995 X .

Sfae%'@igﬁ 270 48?—. gg\?{b_Saha g ag?(ntgl.E. Thg{lﬁﬁ éﬁ;ﬁ U e effective in

el 6T WIEe: od: Psobbibluspeasivels oV, FeMcrpt in o

atrdn&drtbRRE e || e i gnat ur e

Se Eeﬁ?i n@@(erl\]/g S) tﬁ gééh%fgagéelﬁ%k'/ﬁo”%‘? Yeteages aftgp0,000 or less

¢ SNefe| Obtaingd fBuin ABBN/A Tibrar§6hhdra 1Rilicle i mi
abioned000, Nature 15 Biotechnol ogy, 18, '@fo%ﬁ?%@% might be
deveFo'ped based on the fact that a short signature

sequence (14-20bp) of a transcript can be sufficiently

specintieaskothd &¥i@ ihh rinmental |y,
short Iags can be éﬁﬂ a{@tg%q roﬂ%%&ﬁé’ngﬁg ls6ge numbers of
tYaRREPpr3erial dirslivsis ofi Gena Exprexiorb@AEE) VIbMscy v E. of
S L"@%e‘%c?éﬁééeb by C .%e atjon tactic’ (as Fopcd: V- B
SI\ZAGB ) of by a hyg lé%‘ﬁ?gg -Bg§§d siét-h3eR olyaturerBiotechnology,
D08-02; }: '

concat en ’ e[gsiaﬁg?? 103;{n %ﬁ%ﬂ@h#@f “i%agg%%afﬁrewanswly Parallel
SaqUaies ?qLE‘dH}W%A@ Seh denbriqueitad G:art usuabbyo

riderpl Sci2039 S@GﬁE 4885- @7 odesf SAGE sequencing Proc Natl
effort of Tes$ than ?g 56 %5 rgéﬁ%”% 19, Metveal., 2000, Nature
SHigigchnolagy, 48y €88963f weré rddetdpdd BYBeq BreiRe i hat a short

ce
gm‘i&% sequence (14-20bp) of a transcript can be sufficiently specific to

represent that gene.

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

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

With the availability of many assembled genome sequennces in public
databases, the use of a short tag strategy for transcriptome characterization is
becoming popular (Jongeneel et al., 2003, Proc. Natl. Acad. Sci. USA 100:
4702-4705). In theory, short DNA tags of about 20bp can be specifically
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is nmeasured by sinply counting the nunerical frequency
of the SACGE tags. Wth the availability of many
assenbl ed genone sequences in public databases, the
use of a short tag strategy for transcriptone
characterization is 30 becom ng popul ar (Jongeneel et
al ., 2003, Proc. Natl. Acad. Sci. USA 100:

4702-4705). In theory, short tags of about 20bp
can be specifically 3 napped t0 a single |ocation

wi thin a conpl ex manmal i an genonme and uni quely
represent a transcript in the content of whole
transcriptonme..  However, in reality, there still exist

a TEPGRC nenBe Fingle laratiquouithin SaGEomata rbdrr?did?Phenome and
i 7 t. h [tiplel ti [
Sgﬂq é%&gﬁﬁgsﬁty gg)etré'ﬂsgq”@& a\éﬁ tBr%n#’ @ﬁ‘ésg? E\'Nlhgtgz ctlrar;ys?:riptome.

t Heowgwdr abidaility tivére stileestist a ne&gbA @éﬂ%@ﬂ%ﬁ%ﬁﬁggﬂw%/\% tags

C Longer,. than 21 bp, the

CZE“%‘?’%@H& &F@%ﬁ?gqi éhg@) tf'@éshag/e rinuﬂirl]xba/%catlions in a genome,

< o _ , , ods on

pmu_f;ﬁﬁabgi %@?‘Eﬁs?‘én@?ﬁ\?@%ﬂ% h@ﬁ?ﬂiﬁxcﬁpp@va%hﬂﬁﬁ of type Il

nireRifistion enagmgentieat dam mhte@hgfrhihbﬁ .'3_"1ititb},1 ?r‘idé‘ @A'Gﬁ?fﬁé{h%d currently
ese net hods provi

of i,h a transcript,
oﬁﬁbnﬁtf%%?‘g@t?fé’yiIﬂf‘%‘?rnt@lgﬁéﬁ.'mwmnﬂ@ﬁiciwespi te their

useful ness in sequencing efficiency, the utility of

n%t hods such as SAGE or MPSS is severely underm ned by

t ReFheraskG and MPes rethbys aoly conee@dent single signature per
[ P%HEE@%%R?%@@ ’Thfﬁ}e{i is a peed in the art r e
efficrent ne dieR PEPS; In Yipw ofstbguémterma)” nature of the tag
efrf a tiamscyiptatitbsat meitodeevid |, WAL the, use of the
tagging strategy for trangtdrﬁlgwlt%gﬁgdw&m‘?éppon

and facilitate the annotation of 20 genones. Summary

ofTh&hRSorienV, jan ent invention solves the :
pr obl ecr)rrv}ser’]nen ilt%n;[:: %-b[%\%mﬁég B\ FHURHCING efticigacy.athe utility of

Sm‘fﬂ'ggdquie??hnﬁs SigﬁGEICd)rdMRSSQws%ve?é]?rﬁﬁrﬁihggrﬁya%ﬁé}g lack of
ecificity andpcor¥sequent inconclusiveness.

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
genomes.

Summary of the invention

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

acid molecules. Critically, the invention provides a method to link the 5' and 3’
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the tags to represent a nucleic acid nolecule (for
exanple a gene). The two tags are extracted fromthe
5' and 3' ends of the sanme nucleic acid nolecule, and
therefore ditags are nore informative to reflect the
structure of the nucleic 30 acid nol ecul es.

Critically, the invention provides a nethod to |ink
the 5 and 3" 4 tags of the sgme nucleic acid

nol ecule into a single ditag unit. Therefore, the
pairs of 5 and 3' tags that represent the nucleic
acid nol ecule can be easily recognized by sinple

S ency anal ysis. The invention can be used for the

" (R e RATER Sie Aok meleculeriniohe sitgis wiiegain, Thersfore the
t pairs f isphing}inday ' ri ptonmes, for the o
annot at i on of ge%oﬁgagga u%%%@gf% HA$ICt 3dd SRakeculei can be easily

e 901294 Riegimeplei sagushting anslysis! T | Ci he
i méﬁﬂﬁéé}%npr?vi des an i s?rTgat ed,ygllsi gg%ggf’%@ﬁrﬁéan%e used for the
comprising & "TEaSP 8he i they, Marske roft transéi®gabundance in
ctrapsdripéemeRo fgrotHe ' a nd sequence tags,
V\@grei n the first tgghggaﬁr%ﬂ gg@ﬁ%&%'fs?ﬁ@gﬁ?ﬂ%sand at the same
s¥hE&Nbenaing SEgueneingeifictricgg conpri ses t he
3'-term nus sequence of a nucleic acid nolecule. The
Oflni [ ; inyention, further conprises at
|(er 2%?*“‘?‘%%23@%‘3?&?@“@“@5%@% AHEOHted @liganecientide@omprising at

gagt ene cditay, i wheraih ihea igtjon. site. In

o adapt o oragnfonBAtes Hhiotlhindd st apd second

icular, each adapter conpris
P efite ?%Qﬁvs)'r’a‘?%r_ei@ ﬂgﬁ Brat mnpcomprrsestta@ FUefiinul huence and
ng

aBy "EBddriC thES ' [te,(for. exanple, a hom
endonucl easeérgé?ﬁrtsggoﬁ{esﬁé?r%mlﬁ SpaEenee of a nucleic acid

mBaleFiiet i on site) and at |east a second restriction
site. As second or further restriction site, any

t &t et ite nown ipn the art may be used. For
%@ﬁ"@%&@h% A ﬁ't? '”é(ﬁi}{']%yfmer icOmMprésstsr At l6a@h tWh teRiapters
afkiegethe ditagn wherdihr iction site may be used.
The ﬁg rest rlaig;i onrsli tiécfr{)rgattdmeg %?@9%‘?5 @ga;@@%tr onenrestriction
BES 2 B A Tig4iam eaeh vastapter coarlsereapiibgs: N8 FWiQlon site

bRkl 89 the tag which is an asymmetric restriction site (for example, a
homing endonuciease restriction site, or a type 1! restriction site) and at Ieas’t a
second restriction site. As second or further restriction site, any restriction site
knOV\./n in the art may be used. For example, BamHl. Also, any asymmetric
restriction site different from the first restriction site may be used. The

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

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

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

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

Sequence tags is determined by the restriction enzyme used. Accordingly, the
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The nucleic acid nolecule may be the full-1length
sequence of a gene or a fragnent thereof. For

exanpl e, RNA, nRNA, genomic DNA, full-length cDNA or
cDNA. 25 The ditag may vary in nucl eotide nunber.
According to one enbodinent, it is obtained by
splicing the 5 termnus and the 3" termnus-of a
nucleic acid nolecule in presgnce of at |east one
restriction enzyne and the sizé of the sequence tags
Is determned by the restriction enzyne used.
Accordingly, the 5 nunber of nucleotides of the ditag

CAQmMRY ing to the restriction enzyme used.

When Nﬁe?]aﬁgj%lrﬁag)é'ggst?ﬂ ghee 93@ Gasic ygrt aesomiirsg que fiee restriction
i eBrylecemeld. of the two adapters that flank the

nucl ei ¢ acid nol ecul e which one intends to reduce, 5

bw cuts inside the nucleic acid nolecule formng a
t &% lsisrigsery-this enryned tre degniz ¥ icB9R s e BEn f th
athl HdQpald %a'?ﬁ%ﬁﬁstﬁeeﬁ b%. blunting and [igation to Of the
f&tm atgdi tag conprisi Y-S 38idmelassie weish aireinténdgto reduce
i BUthewlseinside dihe erolidmic edid G the 5' o '
trﬂfdl'é‘ﬁfie anlgwthe 3 ter mlﬂﬁ*gﬁ%&{j’%?&@ﬁ{ 2188) ePrmpgising 19-21
MO €¢ .Si;l 1Rucyi tedg fBﬁYtt?r? adu'rmmiug:ryl;r@a@s%‘a %& Bit¥ting and
digation pice f&i 012- . ol | gonucl eot i de y
cgrzr!p_ri stetag é:ﬁ%c?{téée‘?&BBH%fPPagéjéér g\uc@,@ﬁﬁg&eThet ditag is hence

ngRttygspliciing togetiest ihens ades i | , yect or
GRS @E ifle. ol i gonucl eot i deﬁlérpjsfégg?ﬁen?e Tipus pf the same
partl eir r,no%é’ ®ector conprises at |least a nucleic
%%;d nol ecule 15 and at | east two adapters fl anking
tine ditay ef edpiht rein each adapter
conpri ses at IeasﬁH ‘?‘ﬂ’?&fVé‘?‘gs%??‘?'&fﬁf?ﬁa%lwﬂ@-mib@h is

nmet [ i restriction site (asymetric

a C
e o EEE B . s 1
recognifion site) and at |east a

The invention also provide_s a vector comprising the oligonucleotide of the
Invention. In particular, the vector comprises at least g ﬁucleic acid molecule
and at least two adapters flanking the nucieic acid molecule, wherein each
adapter comprises at least: 1 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) aﬁd at least a
second restriction site (for example Bam Hl), 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 |l restriction
site Mmel,

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

The invention further provides a cDNA library, wherein every cDNA clone
comprises the at least one oligonucleotide of the invention.
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second restriction site (for exanple Barn H'), and the
backbone of the vector 20 does not conprise the
asynmetric restriction site and the second or further
restriction site. A preferable asymetric restriction
site is the type Il restriction site Mel. The

i nvention al so provides a vector having the sequence
indicated in SEQ ID NGO 18. 256The i nvention further
provides a cDNA |ibrary, wherein every cDNA cl one
conprises the at | east one oligonucl eotide of the
invention. 6 According to another aspect, the

i .on al so ovides a nethod for preparing at
I &{F@%‘ﬁ% g? @‘6%@ &5PPak tuminvention allsd qaelideRe a method for

dipregarirp nar | |8h89: ' .| east one nucleic acid
mol eculn.:eg? 5 isol at?r%go?t@r@w%ﬁ% rENRIRING hat 3teast one ditag

t SPRAMISNDGT the nucleic acid nol ecul e or fragnent
thereof; and linking the 5 term nus and 3' term nus
ne ditag. In particular, it is

t : | t .
p?o&?@ggagb%t' %q?%?” Fpa9%h g deculeast one

oligonucletide conprising at |east one ditag
conpsolsting thd 6’ erofis A18H fe § L 0Ne cleic acid
nﬁ_l ﬁcul g fl anked by two adapt g%z&'ﬂ%s%ﬂﬁ?i%??'ﬁ@@ molecule or
t 6r ther80t BBd3" terminus of the nucleic acid
nol ecule; and linking the 5 term nus and 3' term nus
t o dihRRgEhENE témi ; ol i gonucl eoti de conpri sing
at | easIg one dﬁ@ésgﬁhﬂ%@gewn{lggo FiRatadbgaeleast bheTimg,
gl%céqerigc 'aci_?'rml ecul e desired to be reduced in form of

dPRragUimayit isepeovided b metHerl forasris ,0r a . .
pﬂ%‘bbr‘?ﬁ é'g,%iede the pucl ei ¢ aci dqﬁoﬁgg@ g? i Cgﬂ?cpggtgnucletlde
acl &P wone S 1Fshape G caseridsing: the ful | -1ength of a
gene or

producing at least one nucleic 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

The nucleic acid molecule desired to be reduced in form of 1 ditag may be a

full nucleic acid molecule or g portion inside the nucleic acid moiecule

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

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

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

determining the sequence of the at least one ditag; and
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fragnent thereof. The nethod may further conprise the
step of determ ning the nucleotide 20 sequence of the
at | east one ditag to detect gene expression.
According to a further aspect, the nethod of the
invention may further conprise the steps of:

determ ning the sequence of the at |east one ditag;
and 7 conparing the ditag nucleotide sequence to a
dat abase conpri sing genom c séﬁuences wher eby
matching 5 and 3' term ni sequences are identified.
According to a particular enbodi nent, the invention

pravi des met hod conprising: 5 producing at |east
oﬁgming%ea 129 RYrlestide sagueneedbl & datfhide b@rﬁ?g?ing genomic

Cc NAuehtaRd ters,.,, wherei n each adap
conpri ses at T@s’ﬁ”\gg%@ﬁagegﬁi3cf4}8}1”'s$€tw,er§>@|aaren@emmed.
5 termnus and the 3' term nus of the nucleic acid

mhcERtiRg 1o pr padtimiat drebsdinene hd AvBKGSH B & method

| e85ori .restriction enzynme recognizing
res't%‘ltpi”g{ﬁg()n sites. 10 Preferably,; each adapter

conprises at least: a first restriction site which is

an gwyduahgi gt nesdtr baki ' econd

r e@&ri ilti on site. The sg{g%lﬁi %FEQS‘P?'@?P&W Bfeferably a full-length
aFeb%p aahe‘éi’ymﬂ@t adaptess; twhereireash Bt A ABYsdat jeast

t R tri G RNEsiRY: Sﬁp&&gxggt fromthe first_asymretric one
restriction site. r2 BTSN cethe, Beterminusisithel nucleic acid

empigntiec 4o fredusedat @stmlt%pca}/ e%dgjdlﬁﬁ fe%it(r) Cat§:t ?cgg restriction

e Me_recogni.zi ng two asynmmetr
?F“?Q‘Pgﬁ'&'ﬂg i€ restrigliaresitem be: i) homing
endonucl ease asynmetric restriction site sequences

r ec eysi e ' . hom endopucl eases  or
bt S A B R o S

FENEEREricetasgrictintb | sitebuntly @esddori $b&rctibA site. The second
F8H1EHGN site may also be an asymmetric restriction site which may be the
same or different from the first asymmetric restriction site.

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

Asymmetric restriction site can be: i) homing endonuciease asymmetric
restriction site sequences recognisable by restriction homing endonucleases

or i) restricion endonuciease asymmetric cleavage sites sequences
recognisable by type Il restriction enzymes.

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

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

According to a particular embodiment, the splicing step is carried out by using

Mmel (together with T4 DNA polymerase and T4 DNA ligase) and the ditag of
34-38 nucleotides, flanked by two adapters, is produced.
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20 Type Il restriction enzynes recogni se asymetric

DNA sequences and cleave both DNA strands at fixed
positions (cleavage sites), typically several base

pairs away fromthe recognition site. These enzynes

cl eave outside the recognition sequence. According to

a particular enbodinent, the splicing step is carried

out by using 25 Ml (together with T4 DNA pol yneri se

and T4 DNA |igase) and the dit&g of 34-38

nucl eoti des, flanked by two adapters, is produced. 8
According to a further aspect, the ditag of any

eg@pdinent of the invention can be |linked to other

di CagHiInG tpravfuthercasnst etier ditag ofi dgenfERIGIAANBE fre bnvention
tga&@@ﬂkﬂbﬁjgst éﬁéqrdlﬂ? t o anot her further aspect,

it I's provi e S ds ieler Biodyerrrncatemeppohditag. For example, 1
cunpPOG ditggs prepari ng at | east one oligonucl eotide
conprising at |east one-ditag, the ditag conprising

t$p %olned first and second sequence tags, wherein the

f PPEPrangy to cmeifes dyrthae aBpeckr ifr inusroviipte BC endthfd L8 genome

S th I.ses the 3'- term nus sequence of a
FEpah oy S

nucl ei ¢ ac cule, the nucleic acid nol ecul e

“corresponding to the full-length of a gene or fragnent

0 i.t.ag .on the genone; and definin ruc

rée}gpggélag tf"f?e@'&?‘?&%ﬁo%ﬁ’ ﬁ@cga@hesemmarbﬁ BEBOWhERdin. the first tag

Assrapsaro t hi aébq{ r.a t he i nvention

Ir[J)trfeovE_jdes aﬁﬂegt,‘ﬁ%gbksgen Jéﬁ&?s%@%éb? %?ﬁ%‘ldi 8ongompeises the 3'-
gpiusngequeneasit aneuakkicoacitiChriddsle, SR

l&ﬁ’ﬁ%s %gi’g’ie%)aﬁ" ftﬂ di gag conpri si ng’ ?vvo Jdé:l?%{ggaa& molecule

1T Stran ong ¢ E%fé% O PgRNe ahEagment eerkof; st t ag

conprises the 5 -term nus sequence and the second tag

qoappingemchhef tBe-twoathls bF eS80 fitBochhe! Graci d
mol ecul e, the nucl ei cggci d nol lg%%fgnQ ditdg'h the genome; and

t P@pasng atdppsinone atifomdclédtvid @@r’rip?i%ﬁ‘nggo%wggg% 8ﬁe'td§$§} the ditag

defining the structural region of the corresponding gene on the genome map

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

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

corresponding to the full-length of a gene or fragment thereof;

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

if the 5’ and 3" termini tags of a ditag are matched to the genome sequence

but not in known gene databases, then the detected ditags may represent
new genes in the given genomes.
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corresponding to the full-length of a gene or fragnent
thereof; 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
genonme sequence but not in known gene databases, then
the detected ditags nay represent new genes in the
gi ven genones. 9 Such ditags can directly guide the
process of recovering the full-1ength nucleic acid
nol ecul e corresponding to the newy identified genes.
is also an aspect of the invention a nethod for

It

recovering the full-length cDNA of new and/ or other

TRt oo anaconand 1T ongs ke
d miol ; L .

conpri si ng latggﬁlégéé %ﬁé%m%a’vW&Qe@pﬁg@ gesadri si ng

two joined first and second sequence tags, wherein

t Heisfalsgtan agpednpf treeinvehtios' o hestAbAYS, PECURRES A8 fuih-length

t econd tag, conprises the 3'-term nus sequen
f EF)M éﬁa?w %%QRF%%'%\W?SH@ genes nompgisinge obt ai ned

ol i gonucl etide ditag, preferably a | arge nunber of the
obteparied, dirbRUS: RIS Jth Nt ha ditag, of interest .
(for exanple, based ondﬁ{b)i gpggi{ clgqrgbépgt:t'g?? Ay oligonucleotide

r EePPEEINGgattIrast eme ditagghi diﬁ@%@ﬂbfi@iﬁ?&%i jBEJ]etdof r{sﬂgnd second

i
di interest fromthe 15 parental full-1leng
c%%\%gﬁrﬁ%rg ! ('\E—Y?f ?'ﬂetF',e f{rﬁetaign Priges e b'-ferminukesequence and
ntrhedchrd tay asurhpiided tHd' S - tbiRRSEr L jonal activity
of a gene co?rpris?ng: pregaﬁé’:]ng'ﬁﬁ%r%%dae%fcﬁl P-Iaehdllflﬁ’”gth cDNA
cHA ‘i brary, at |east one oligonucleotide conprising

at | east one ditag, the ditag conprising two joined

f 1 . . . .
sddiferRiMh BRCBRined oligonucletide ditag, preferably a large number of the
obtained ditags;

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
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
sequence tags, wherein the first tag comprises the S'-terminus sequence and
the second tag comprises the 3'-terminus sequence of a full-length cDNA;

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

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



20 sequence tags, wherein the first tag conprises the
5'-term nus sequence and the second tag conprises the
3'-term nus sequence of a full-length cDNA,

sequenci ng the obtained oliggnucleotide ditag,
preferably a | arge nunber of the obtained ditags;

The pres38l B0 L RGIEViHELINERE b rOfe &Hﬁocﬁlﬂgﬁtsafs@ﬁs% {)?9\8%? E@icated with

corresponds to the 25 transcriptional activi

thenumgﬁfrp?i'ogja The present invention also provides any one

10 .

15

20

25

t he @nbodi nents di scl osed bel ow and indicated wth
the nunbers | to 43. Cains 1. An isolated
ol gonucl eoti de conprising at |east one ditag, wherein
t % ag conprises two joined first and second
sequence tags, wherein the first tag conprises the

o LRA HdMISARAAHRNCRAATI cRBARGEPRAL A0 COTREL SER EhC - o

5 term nus sequénce of a _ f
f r agrampriseseivenjoinet! firshand|Segondcdcpichds 8 s,%@ér‘@iﬁlthe first tag
furtCh%r)] csgetn;%rhl Zéa g two adapters flanking he ditag,
wher @ MP & 'B EPINUS RsGUSEse and| bassecond tag comprises the 3'-
r estigiralnugrsegubAce 3f a TRIAL | I&Qhd 88525t gim 2,
wher ei n eachealgdapt eraconpérql&sagzgpgfbl%gi%sr gagmqulthereof.

rgstrictLon site which is an asymmetric restriction
stt & ghaligenydleatides of Tirims é¢ dutheresompeisingntid Riapfers flanking
tric

The QL j f claim3, wherein th
! oo a8 FhERIN BEc adpf Ratpiehs sdpashons astigion ste.

The ol igonucl eotide of clains 1-4, wherein the nucleic

adi d heoblignriueldatidehef ciiim - WeRes; u
t ther eof_(? I15 6. Théélhoefcarégﬁ‘onu ggIchwé}gig,ES at least a

or a fraqgne ]
cl aiar‘ﬁrr%t rf-%ér,'cr%\meﬁ“ﬁﬁ Whigle i 80| @symmetrit rastidion sRAUNd at least a

gengaben®Mstribtibd shengt h cDNA, or cDNA. 7. The
ol i gonucl eot Pdfégrj'o?ﬂt% ains 1-6, wherein the ditag is

obt ai ned by splicing
4. The oligonucleotide of claim 3, wherein the asymmetric restriction site is a

type |l restriction site.

5. The oligonucieotide of claims 1-4, wherein the nucleic acid molecule is the

full-length sequence of a gene or a fragment thereof,

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 ditag is obtained by splicing
the 5’ terminus and the 3' terminus in presence of at least one restriction

enzyme and the size of the sequence tags is determined by the restriction
enzyme used.

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

9. The oligonucleotide of claim 8, wherein the type I restriction enzyme is
selected from the group consisting of Aarl, Acelll, Alol, Bael, Bbr7!, Bbvl,
Bbvll, Becl, Bce83l, BeeAl, Beefl, Begl, Beivl, Bfil, Binl, Bpll, BsaXl,
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the 5 termnus and the 3' termnus in presence of at
| east one restriction enzyne and the size of the
sequence tags is determned by the restriction 20
enzyne used. 8. The oligonuceoti de of claim?7,
wherein the restriction enzyne is a type |

restriction enzyne. 9. The oligonucl eotide of claim S8,
wherein the type Il restriction enzyne is selected
fromthe group consisting of Aar[, Acelli, Al ol, Bael,
Bor7l, Bbvl, 25 Bbvll, Bccl, Bce831l, BceAl, Bcefl,
Bcgl, BciVvl, Bfil, Bin[, Bpll, BsaxXl, 9b BscAl,

Bse S sgl s, BsmAl, BsnFl, Bsp241,

Bst%IF?APngwlﬁBEFPRF’BESBIv, BissnFsBsnilgZBsml SIBsp24, BspCN
G el BsgviePBsrl EBistD)| | ptESPH; Fcoo/M . Esp3l, ’
Fall,. F Gs@l}?ﬁélHaBégvf? E%ééu GJeﬁn EFJQF?L sl Eco31l, Eco571,

| Fokl, |
prA%?O%bé%%?;h VBl FaulMFylk, &bl HAGM B el FPi,.
PST oAl aiSap! wush gL, 5, SspDel, Sthi gl PHpnl, HpyAv,
Tag| S TspD‘H‘,gﬁsMﬁr, _ %RMn”rt’ﬁf.[ﬂi,lﬁpil, 1Bsrl,TReeAl, Sapl, SfaN|
onryme 1 5 sel et oa o TepbEL DSBO i T 111
1'1 I o] - Scel , . Pl - PSF[ and 1-Scel. 11.The
ol I gohull'eRYdeoide ef aiaimp 71-\&l®ersidneh@irgs{trit&goﬁiietn%9ﬁi Cselocted

I's XeorAGhd rrpé oaucl eot i de of cl ai ns :
wher ei n thgf%‘f‘t;gcgﬂ%gt”? bPREYG} 365550 Rittsm eniddedcalnd
tgg_lsi ze of each tag is determ ned by the use of

rest

MecelignmucientidesoiMimim ' tide, of
clains 1-12, V\he?d:ﬁ] t he Sf ??Igt %&gbe%%wﬁiﬁzhé%ég'eo bp.

th : ' rent. nunber of nucl eotides. 14.The
ol Taoutl B8 B B ARSI 1151, Wherermindraitag somerises 3.
g %seAs 34-38

ol i gapleviidetizirl HRNSIS .15: 1 .10 1000, ditags.
vect or cog@ri sing the gf?g%%ﬁ’eso??%é"we%bwtm uge Df restriction

16. STRETGEETSH: of clai m 15, wherein the backbone of
the vector does not

13. The oligonucleotide of claims 1-12, wherein the first and second.tag have
the same or different number of nucleotides.

14. The oligonucleotide of claims 1-13, wherein the oligonucieotide consists of
1 to 1000 ditags.

15.A vector comprising the oligonucleotide of claims 1-1.4.

16.The vector of claim 13, wherein the backbone of the vector does not

comprises the asymmetric restriction site and the second restriction site

17.The vector of claim 16, wherein the asymmetric restriction site is a type i

restriction site or a homing endonuclease asymmetric restriction site

18.A vector comprising at least a nucleic acid molecule and two adapters
flanking the nucleic acid molecule, wherein each adapter comprises at

least: a first restriction site which is an asymmetric restriction site and at

least a second restriction site, and the backbone of the vector does not

comprise the asymmetric restriction site and the second restriction site
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conprises the asymmetric restriction site and the
second restriction site. 17. The vector of claim16,
wherein the asynmetric restriction site is a type 11
20 restriction site or a honmdaig endonucl ease
asymmetric restriction site. 18. A vector conprising at
| east a nucleic acid nolecule and two adapters
flanki ng the nucleic acid nol ecul e, wherein each
adapter conprises at least: a first restriction site
which is an asynmmetric restriction site and at | east
aégg_g}%nd restriction site, and the backbone of the
veetloe deesr ndicladm t®Mpheet the ric restriction
si tf?‘ﬁ,‘?trillgtiéhe‘ gecrond restriction s.iﬁ'gf.“e_ &. FRREIGliept die isfa type Il
cl ai T 18. OWIEPE P beBinassntmnuciease Skyifhdfn r§éth8tééﬁ°' sfe.
type Il restriction site or a homi ng endonucleas
&y mmetvdcgor §st LiGL si,he.. 20, The vector of claim
19, wherein theCla;i’:‘a‘e | %&r?ffbtheowpgi It eesitrictidmedite is2mel.
%Ovig\s oqr; V\hih%l;rehas t he sequence indicated in SEQ ID
- pgvedtony hagtteseqienekdhtickteq GPERA § NGt he

ol i gonucl eoti de of clains 1-14. Zsfdﬁ%ﬁ? F@?-&ﬁy,
WETRE R BV DINA,, | one of the library conprises at
| east vgng&o f Cg%mcffe%ﬂmar@'ag thefaligenucieotibgiontialmi4 .14
é%éAThe CDNA library of claim23, wherein the at |east -

delﬁgﬁnMé@meein(gm Fk 000.ditags. 10 25. A
nmet hod I.or preparing at Iea?ﬁ%#&:&%‘at Pg%ﬁdéﬂréfé‘ttmfeprises at least
conpr Si'egnusieptids es defisedin ataimmrissi ng:  produci ng
at least one nucleic acid nolecule; isolating the 5'
LernhaWHNRR;H; P Lous of the nucleic acid
nol ecul e or lé%g}é%én‘ﬁaqﬁhngr’ed@e% thg 2 ideishonehelionucieotide
t erGAMRESSME- 100 ditagsnus to create the at | east one
ditag. 26.The nethod of claim25, wherein the at
beast ngcleic _acid nolecule is flanked by two
adaptme%sdzg’.rTﬂreve‘ﬂo?} lspst Iatiameiigsn 26 ofidy ©B/fprising at least
comprsl ditatcSiRPisthg, - P of creating '

producmg at least one nucleic acid molecule:

isolating the 5’ terminus and the

3’ terminus of the nucieic acid molecuje or
fragment thereof: and

linking the 5' terminus and 3' terminus fo create the at least one ditag

. . .. ~ L
26.The method of claim 25, wherein the at least one nugisic

acid molecule |
flanked by two adapters. ;

27.The method of claims 25-26, further comprising the step of creatin
concatemer of ditags. o

28.The method of claims 25-27, wherein there are 1-1000 ditags

29.The method of claims 26-28, wherein the oligonucleotide ¢

o omprising the at

ditag flanked by the adapters is inserted into g vector
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concatener of ditags. 20 28. The nethod of clains
25-27, wherein there are 1-1000 ditags. 29. The nethod
of clains 26-28, wherein the oligonucleotide
conprising the at |east onggditag fl anked by the
adapters is inserted into a vector. 9d 30. The nethod
of clains 25-29, wherein the nucleic acid nolecule is
RNA, mRNA, genonic DNA, full-length cDNA, or cDNA. 31.
The nmet hod of clainms 25-30, further conprising the

. step of determning the nucleotide sequence of the at

| east one ditag to detect gene expression. 5 32. The

8o sk ¢f [ b= Saurther .c rising the steps
of :  det eert%bﬁiﬁd%ﬁ%é égq%%n@ﬂe@m 3% niclgie aeid gredecule is RNA,

di t JgRNehgeromiang, ulldedithaeDRICheebige sequence to
a dat abase conprising genom c sequences wher eby

' ' 3. termhi. sequences are identified.
g%i'ggfen'%ﬁgm@{’]ﬂ%'%ﬁ 25194, v PRST enprisioy fige sperodiidéteemining the

at  Ineiskdotideesdtpienel &f &t dt MS?BHE%%;?Q Ejgg%ﬁ )ée%lggqx%ﬂgsion.

adapters, wherein each adapter ¢
rgmhi Cti%f% site; splicing the 5 termnus and the 3
ter i UBCBIO% Peclaipre2ei3d , furtperochmprisihg the 3fpsaste
ditag, conprising adding at |east one restriction

enzy IWZ] restriction sites. 34. The

et hgg?rgﬁl%gpgﬁgn%%g,ﬁbﬂ e?’gﬁ'}? ?ﬁ'@aﬁe@ﬂ‘? dtegiandites are
asygmstri_c E;;triction sites. 35. The nmethod of claim

34, CQmeasing ditagrreloiéstidee sddqueic@ntsi g € -
restgré'n%%ign endonucl ease asymret.dru;ﬁetgbgl teozvéagczatgli)?ge comprising
sequencedC SHULRCEy nvhersby matahjng 5 lande3't fargiiniosequences are
enzydestifisgnd wherein the type Il restriction enzynme is
selected fromthe group consisting of Aarl, Acelli,

33. The method of claim 26, comprising:

producing at least one nucleic acid molecule flanked by two adapters
wherein each adapter comprises at least one restriction site:

splicing the 5’ terminus and the 3’ terminus of the molecule to produce at

least one ditag, comprising adding at least one restriction enzyme
recognizing the restriction sites.

34. The method of claim 33, wherein the restriction sites are asymmetric
restriction sites.

35. The method of claim 34, wherein the asymmetric restriction sites are

restriction  endonuclease asymmetric cleavage site sequences
recognisable by type Il restriction enzymes, and wherein the type I
restriction enzyme is selected from the group consisting of Aarl, Acelll,
Alol, Bael, Bbr7!, Bbvl, Bbvll, Becl, Bee83l, BceeAl, Beefl, Begl, BceiVl, Bfil,
Binl, Bpll, BsaXl, BscAl, BseMli, BseRI, Bsgl, Bsmli, BsmAl, BsmFl,
Bsp24l, BspCNI, BspMI, Bsrl, BsrDI, BstF5l, Btgz, Btsl, Cjel, CjeP!, Ecil,

Eco31l, Eco571, Eco57Ml, Esp3l, Fall, Faul, Fokl, Gsul, HaelV, Hgal
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Al ol, Bael, Bbr7l, Bbvl, Bbvll, Bccl, Bce831, BceAl,
Bcefl, Bcgl, BciVvl, Bfil, Binl, Bpll, BsaXl, BscAl,
BseM |, BseR, Bsgl, Bsm, BsmAl, BsnFl, Bsp241,
BspCNI, BspM, Bsrl, BsrD, o@stF5l, Btgzl, Btsl, Gel,
gePl, Ecil, 25 Eco31l, Eco571, Eco57M, Esp3l, Fall,
Faul , Fokl, Gsul, HaelV, Hgal, 9e Hi n4l, Hphl, HpyAyv,
Ksp6321, Mooll, Myl, Mrel, Wll, Plel, Ppil, Psrl,

Rl eAl, Sapl, SfaN, SspD51, Sthi1321, Stsi, Tagll,
TspDTl, TspGAN, TspRI and Tthlllll. 5 36. The net hod
of cl ai m 34, vvhereinthe asynmetric restriction sites

are Ha,qu;n n y triction site
sequ%é:&s arﬁg$ er él 5 %“?3 %M# g/b'ﬂf"siM@”t Reel, Ppil, Psrl,
homi n&amlchiedd e SapPBNESthi gor etk i \-£ e

sel e%ﬁq‘tl& ﬂLt he group consisting oﬁdlfﬁr&?fl' TSBGWL TspRI
Pl - Sce and 1-Scel. 10 37. The et hod of

clai m 33, conprising: producing at |east one
fgél -1 ength cDNA nol ecul e conprising two adapters
f nﬂ] RgMmefeods of t@aim rids whelredh th@fﬂéymﬁwé%ﬁctrjé%tnctlop sites are

fullpg wherein ach adapt'er conpris
I east oﬁ@t resﬂl%é?efsoena@(m@ E‘?ﬁt”%t'Qil sitesequences, and wherein
resttrhlecdam Srédd inBlthei m nus_and the

n nzgdgn of thg:ﬁ?u ItbléeHrq)g?'hBe%ﬁE&qbg CaicoamEamgtric restriction
I easst' %lteS&P¢ig8 AR dbe ioteur onpsisting of al-daasp %%I PLPspl and
di t qggceiconpri sing cleaving the full-1ength cDNA P
Mrel which forns 3' overhanging tag ends, and
:ﬂgatlng the two 5° and 3' termni tags to produce
tde Tdie mgth@Dof3dainTB8, oetbadingt ! ai m 25- 37, wher ei n
the at least one ditag conprises 35- 39 nucl eoti des.

39. hod, for, gen mappi ng, conprising:
p!%dﬂ%‘ng at leas melength cD?\IA molecule comprising two adapters
flanking the 5’ terminus and 3' terminus of the full-length cDNA, wherein

each adapter comprises at least one restriction site which is a Mme|
restriction site ;

splicing the 5' terminus and the 3’ terminus of the full- -length cDNA to
produce at least one oligonucleotide comprising at least one ditag,
comprising cleaving the full- -length ¢cDNA with Mme! which forms 3

overhanging tag ends, and ligating the two 5’ and 3 termini tags to
produce the ditag.

38. The method of claim 25-37, wherein the at least one ditag comprises 35-
39 nucleotides.

39. A method for genome mapping, comprising:

preparing at least one oligonucleotide comprising at least one ditag, the
ditag comprising two joined first and second sequence tags, wherein the
first tag comprises the S-terminus sequence and the second tag

comprises the 3'-terminus sequence of a nucleic acid molecule, the



preparing at |east one oligonucleotide conprising at

| east one ditag, the ditag conprising two joined
first and second sequence tags, wherein the 25 first
tag conprises the 5 -term nyg sequence and the second
tag conprises the 3'-term nus sequence of a nucleic
acid nolecule, the 9f nucleic acid nolecule
corresponding to the full-length ' of a gene or
fragnent thereof; mapping each of the two tags of the
at | east one ditag on the genone; and defining the
structural region of the correspondi ng gene on the

geno of .gene dj scovery

conpm?lggge%r e’f@}a |ngemz§%)ﬁfg‘g%%?d'8ﬂe?%l‘ih@oﬁﬂbieél@fh d¥ a gene or

con‘prf&ighﬁgtﬁueréefast one ditag, the ditag conprising

two joined first and second sequence tags, wherein the
-term nus sequence and the

fir es th

secﬁuﬁ%g%gﬁ ﬁtf) QZSHg the_atdeastrare dicagiondiee g&néme; and
nucl ei ¢ aci d nDIecuIe the nucleic acid nolecule

cor defipingdthegstrectuifg reHld

fragnent thereof; corrpgr |nng]etﬂ% ﬁjegﬁﬂag'”gt IR SN Higegenome

ditd8®%i th a genonme map and/or a gene database; 15
detecting matching of the 5 and 3' termni tags on

e ARRBY g?a@er?é‘ﬁlscg%& to'n:ﬁﬂéno match on one ore

norer gene abase; SIR8t hod of cl ai m 40,
further conprising recovering the full-length nucleic

aci Baperiagatelsast oespoliydnooldobey Bk ihod af BRSERRE ditag, the

g } met hod for recoverlng fu

Cong’ aglcr?énprﬁ“%rt\é@dﬂﬂﬁfﬁ first antl seoond- $@11&tri¢e0t@b|€~ whereln the

I i bfiggt t ng, .ol otide conpr ng
Ileast gaae@d?dt)rzlgﬁgeﬁeﬁjltsag mf §|Pﬂﬂef‘9\%n$8iljﬁlﬁtﬁ f$€r®tnd tag

10 gndcomprises the 3'-terminus sequence of a nucleic acid molecule, the

nucleic acid molecule corresponding to the full- -length of a gene or
fragment thereof:

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

15 detecting matching of the 5' and 3' termini tags on the genome map but

detecting no match on one ore morer gene database; .

41. The method of claim 40, further comprising recovering the full- -length

nucleic acid molecule corresponding to the newly discovered gene.

42. A method for recovering full-length cDNA comprising:

20 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’
sequence and the second tag comprises the 3’
full-length cDNA;

-terminus

-terminus sequence of a



10

second sequence tags, wherein the first tag conprises

the 5' -term nus sequence and the second tag conprises

the 3'-term nus sequence of a full-length cDNA, 90

sequenci ng the obtai ned oliggnucl eotide ditag;

determning the ditag of intérest; and recovering the

full-length cDNA corresponding to the ditag of

interest from the full-length cDNA library. 5 43. A

nmet hod for quantifying the transcriptional activity of

a gene conprising: preparing, froma full-length cDNA

library, at |east one oligonucl eotide conprising at

| eagleq el e dit 1, Si two joined first

and geggﬁgigs@guoéﬁn%lgeggg@‘,gm\g/\ﬁggégﬁ dﬂ%g; first tag

conprises the 5 -termnus sequence and the second tag

conpeteyadiningeths ditagrofiimesestegngnce of a 10

full-1ength cDNA; sequencing the obtained

ol i gonuel eatide ditag; rmning the frequency. of

t he sequéﬁgeﬂcri] g&“ﬁ‘é@”&%ﬂ.‘ﬁ\sé S eEspeRding to thehditag of interest from

t r artberfupleraytnlcOneA iigidy of the gene. 10 Brief

description of the figures Figure 1 shows the S
alysi s experinmental workflow (bacterial 5

?l:éaf%?@fst%q Fgrg%m@@ e transetigtidriayattvitt bea behb&otnprising:

N, B M S either in capital or small l|letters denotes

t hepFesHringC reaogn.t i sites for the .
r es?ri cti g‘r:’w ﬁ(gﬁzén@gq%thl %Elff A"bﬁir,y, depshgaesaligonucieotide

r esgOBIRNEING .at Thest on¢ dithg" the t.ion of.

t hesgg% -synt hesi zed f ilt;ugt - st ﬁgﬁgmr%%&gdb®e§%m and

shows é Belirg) P95 s Whiepein Hisnfisst tagr kbinpwses the 5'-terminus
PCBehasgaée jgure, the letters N,

(B Qassde ARPHRASHINd fggt Bsﬁr%%eﬁ@ﬁg

M S either in capital “or Figrminus 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.
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denotes the restriction (recognition) sites for the
restriction enzynes Not |, Barn H, Mre | and Sal |
respectively. The text "Me" represents nethylation of
the new y-synt hesi zed first-strand cDNA. 15 Figure 3
shows the G S application of mapping transcriptone to
genone. Figure 4 is an el ectrophoresis gel show ng
Mrel digestion of a mx of original full-length cDNA
cl ones. Lane 1: original supercoiled plasmd
preparation. 20 Lane 2: 1 kb DNA | adder. Lane 3: Mrel
di gesti on products. The arrowhead shows the position
of all the linearized tagged-plasmds. Figure 5 is an
el ectrophoresis gel related to the preparation of G S
ditags. The plasmd DNA of G S ditag library is

dBgies tiescrivtidh BanElfiqu 50bp ditag 25 fragnents are
separated and purifl romthe vector using a 10%
pol yacryl am de gel. Lane 1. DNA size nmarkers. Lane
2-8: formation of 50 bp G S ditags. 11 Figure 6 is
ag;

ctyro SiS,. g el ated to the preparation of
RigRre il OBRRNS Sue 9% d

G’@s le;lfl tags by dPf'ad -S!':Son?éWﬁrﬁgnﬂaCRWGrﬂxﬂownt(@acterim
gsarsfatredtidm appidieh® i Idbrary are
di gest ed % ngm—ll . h@ g#b%_gﬁ%g%ert%gmt% lg{lr either in capital
SSHI:O& ell& ?ﬁ;@ieﬁgtqsr fhey réiﬁumtiada(@wgrygrdm %(ifbsl@S/PLthe restriction

e yla ; ize 5 markers. Lane
2- 1%: I%r,\g{g] s'cgggjl pﬁltpg{ﬁﬁ?i b% SSE?d) lppgespeciivaipgThe text “Me”
FisglReents Stapiation of HSAURLLAitnEORSH il Fl PUER E

2t .

shows the comercial pZErO1 vector con
(I'nvitrogen). The 10 positions of the various

FGURNC2 NFhOW. i indi ng sites (PMRO03, PMRO04,

PNROll@a;n? ;ﬁ@% ?r%e gﬁ%\?ﬁ'gF?’é‘?ﬁ’rgn@t@ho‘o@rlﬁlqup(%@&based

SPRRpAeh)otn igdCe( thealdtteys AEg kY1 BE& -

?é'n%%% % clrgntes.f r Zm the G Slibrary 'uﬁrﬂg%@?’ PLAmall letters

B: SSEr € TgtEetion deecognition) sites for the restriction enzymes Not |,
am Hl, Mme | and Sal |, respectively. The text “Me” represents methylation

of the newly-synthesized first-strand cDNA.

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

Figure 4 is an electrophoresis gel showing Mmel digestion of a mix of original
full-length cDNA clones. Lane 1: original supercoiled plasmid preparation.

Lane 2: 1kb DNA ladder. Lane 3: Mmel digestion products. The arrowhead
shows the position of all the linearized tagged-plasmids.

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

polyacrylamide gel. Lane 1: DNA size markers. Lane 2-8: formation of 50 bp
GIS ditags.
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15 negative control. M 1 kb+ DNA | adder. Lanes 2-25:
random y- pi cked cl ones. Figure 10 shows the double
strand nucl eoti de sequence of pd S1. The region
between the restriction sites Not | and Sal | is the
stuffier fragnent that is renoved during cloning. It
is highlighted in bold and italic type. The single 20
strand nucl eoti de sequence is also reported as SEQ I D
NO 18. The region representinb1the stuffer fragnent
i s between nucleotide 15 to 704 (both nucl eotides
i ncluded). 25 Detailed description of the invention
present invention provides a Gene ldentification

T
SiTgAEELR dsap glestraphprasis@ss refaéy 36 $haBirBesratbh ot &1<Cyita

u | 5 e f e rapid analysis of gs by
nﬁﬁ?ﬁb Egé ?Etgﬁ@&ﬁ?%lﬁ@gl Fﬁbg{ @@gm.legts, g@ﬁ@rra‘tygd tﬁmm thvee A8 Ifull-length
pADIGA fibuay arewligestad by BERIRE SHRNs448 ARETLALONE)  for

t%ﬁ sel ﬁ.cti on and/ or construction o
f GNP RERGE U DradaPiPRgmeeiuant: nglyageiemities gel ehve J: DNA size

g eHRBrITRARE 391 & jon. .In general, the G

and G S anal ysi sq%g%g%é%i%ﬁﬂaﬂanpg o0np Gl%ditagson
greatly facilitate the collection of gene infornmation
by rinent al oach. 5 For the purpose of the
p)ft'e(ﬁ‘?é%t% %’:ﬂﬁ‘ﬁ‘ﬁ @‘&P@%?{@@Ohﬁgwr@tdi tag (al so indicated
as G S ditag) or an oligonucleotide conprising at

Igast one ditag, wherein the ditag conprises the 5

t

194re s shews Stheecommegtiah p Zard -1 : AT 3
e&gsi{ig [ 9}%),f of a.nuclngjg a}:)j d nol E%l??%r, E%wiq&%ogen), The
desi re%l’to PEQYREOUS SeaURReINgA PGR peprerskindingTiBtes (PMR003
dPMRO45 PUIRO! ekl PRRON2) AFd Ghogl nucl eic acid |

nol ecule fromwhich it ofrginates or which it
represents. Preferably, the ditag nust be much shorter

Eﬂ;iggrga 92%&W%%J‘?\%Pégéi%ﬁrﬁwgﬁég :chraokiccu(lqiélit@s check) performed on
multiple clones from the GIS library using PCR. Lane 1 pZErO-1 vector as
negative control. M: 1kb+ DNA ladder. Lanes 2-25: randomly-picked 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
strand nucleotide sequence is also reported as SEQ ID NO:18. The region

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

Detailed description of the invention

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

expression (transcriptome), for the selection and/or construction of cDNA and
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15 ditag essentially conprises the 5 end region (also

indicated as 5 tag) and 3 end region (also

indicated as 3' tag) of the original nucleic acid

nol ecul e. Hence, the portion of the original nucleic

acid nolecule 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 nost

informative features 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

a§CﬁE§if t han SAGE or MPSS nethods in characterizing

:%‘é]'g{ %:%ASaﬁGQo@qu@hn@ggegmwestgsSa‘dX@rr@ ¥n B%{%ﬁ)ging and
: S nome uences. -Accordi ngly,

i nvgntalsﬁgr?' gﬁo%%rgeer%?’aﬁei g"@f%"éﬁ(&ﬂél goalysise oratiied according to the

comentishngreatly the#itdtc ARE B in, the dita .

Stvo. ISt B Rl tton "B gaperimental

rises two joined first and sec

cQ
V\ﬁgggqaﬁ" he first tag conprises the 5 -term nus
sequence and the second tag conprises the 3'-term nus
sequence of a nucleic acid nolecule or fragment

t fer duf pur®seTdfethel preeshica ' 0 ' nti on, may. .

&Hgté]grdi onpri se V\p/z)) adap_t%??aqgln.hﬁgE‘ge%ﬁgé%oﬁs'tagg(,alsgmd'cated
ereirn eae PR '%Wléﬂﬁfldes@@T@nsIg@gatleeBEgne dlitag, wherein the

r @8ad ok | , : re1 a Sigure 2). In

par tguf cul gr? féeg’a@% gd%g'?’é’@sg@ﬁ% i%’légr%‘i'oﬂw@ﬁ:t)na 3’ ftermginus (or 3

r 884 re@ionb ef si neclelt atidinoleBuRS WHIEH i & d&Sidy &t teBlice, “shrink’

sé)rt,%pg%éﬁt | east a 5 second adj acent restrictio
site. ef ore, the nunber of restriction sites

present in each adapter nmay be two or nore. Asymretric
restrjction sites are nucleotide sequences where the

clRenpiige i shorter dhaerths erigintle dublapn 4die mbREARMbhP Which it
%ﬂg@nat@%ﬁﬁho@ g@;ém“re{%gc {est riction sites are

htgm ng endonucl edsR RSN et Piecablys the ditagrmest s muwtd shorter
tthpe tha ofiginat haskeid hyidnasikbbue e Fifd Shrdking:
pcg%%i bl e SKrmet ric restricti orﬁgg‘f(%%seﬂé}ﬁg‘ge.d%the shrinking”, the
i e%%@ ARy copisesdhe én egldzlselrgﬂcm (%leﬁgﬁdiéhf&j £4'8Ntag) and 3’

. , epor. el.qw. For

BRSO (afld FrdibSteiCRO %ag)b 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
molecule, viz. the start and the end signatures of the nucleic acid. It is thereby
also more specific and accurate than SAGE or MPSS methods in

characterizing transcriptomes and defining gene structure by mapping the GIS
tags to genome sequences.

Accordingly, the invention provides an isolated oligonucleotide comprising at
least one ditag, wherein the ditag comprises two joined first and second
sequence tags, wherein the first tag comprises the 5'-terminus sequence and

the second tag comprises the 3'-terminus sequence of a nucleic acid
molecule or fragment thereof.
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exanpl e, type Il restriction enzynmes recogni se
asymmetric DNA sequences (recognition sites) and

cl eave both DNA strands at fixed positions (cleavage
sites), typically several base pairs away fromthe
recognition sites. 15 Accordingly, these enzynes

cl eave outside the recognition sequence. Exanple of
second and further restriction sites is BanH . This
second restriction site is forSthe pur pose of
subsequent isolation of a pool of ditags that can
then be ligated together to form concateners. The
og&&%n?l nucl ei.c acid nolecule that one intends to

r &lep

mginkirg grj@i'ﬁpﬁmfﬁimﬁbﬁ?ﬁ??agii ) Sofprise wo. adapters
czn gnl sg bdel%@/ any 'Eiezaecﬁ1 q‘ﬂ%ptﬁDEPmpéiS%Eijlaaﬂtmm striction site
césedEigurgenandtfiguieud). - h e foftrd ra . _
f ragment .t her eof . QT,he ?nuc%etggﬁde%ﬁ@tﬁﬁlﬁmﬂﬂﬁﬁ? at least: a
gg gf%s FRN \Sﬁﬁwh'@hgtsh aﬁDmymeTEitllfi@NéﬁmC_tiQn{%if’eQ@fH at least a
t BeEGRd - i : 0-he y. chemcally
synt h(igiazdgd y ié%?&l)éﬁ?)@l %Igtg‘t ngeée%%dthezﬁumrsof e@striofion sites
aPrRRSN¢iit each cdapterambg bhed of i | o. .
re (r:%?)gat . __The nol ecuI?e t hat ooﬁgorigh%\gg@ﬁtgggéa{f%pn sites are
na§ © GEUHGPE i WheTsr the sipmage sitsideftennssp&isted from the
aracbhomitigec Ui LOghy, Lt 1S possible to use
rgg&ﬁ%i onusl}lféénzé?/(%i:\yfsLﬂl %%céﬁn?%mg‘e@%tﬁsgﬁt'@ﬁ siltess are  homing
f Tgea sk asgainuetrioirestrictioni ditegn b -
rg?&ce% iThe desi r%ge restri ctni_on sig?gst??r%;ﬂgoer %Fg%éla restriction
into the agp? opPes POENMESTC destringion heites epad atbr8sponding
ofestritgionush e A i xanpl.e a CcDNA or
full-1en th@c D?\m?é%cgﬁ%rlﬁgnlgg%po&y ”&'ﬁ?ﬁﬁﬂ%&r'%@ﬁ@é@ below. For
tHEMRiE ayre dcrestiieion edzymebecteghisethdyfndetr: DNA sequenc
f(tflééddéﬁﬁw I&itg% E#JI [ - | Bnﬁ{)m can be preparedo\ 9 s
according fo any gre HOEF °R r $irands &t fixegapodivons (cleavage
{ | : |
esitaspl etypicaty CaBviERPBALe ARRAIRAChy A *hot BB Tesoanison sites.

%rnigci et at., 1996, Genom cs,
Ly 22 enzymes cleass, dutdide Cld - reBoghition sequence.

Otardple NP SecomtPIind> frther restriction sites is BamHI. This second
restriction site is for the purpose of subsequent isolation of 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
be any natural, any modified or any synthetic nucleic acid molecule. It can
also be of any size. The nucleic acid molecule can be a gene (the full-length
of a gene) or a fragment thereof. The nucleic acid may be RNA, MRNA,

genomic DNA, full-length cDNA, or cDNA or a fragment thereof.

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

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

enzymes recognizing restriction sites flanking the region which is intended to
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Those of skill in the art will know other capture
systens, for exanple, those 10 based on

bi oti n/ streptavidin, digoxigenin/anti-digoxigenin for
isolation of the full-length cDNAs can be used. The
ditag can be prepared according to any techni que known
inthe art. For exanple, the original nucleic acid
nol ecul e nmay be cut through any chem cal 15 reaction
and the obtained 5 and 3 terélﬂ ligated to create
the ditag. The nucleic acid nolecule which is intended
to be reduced, which is preferably prepared

cQnprisin dapters fl anking the nol ecul e, nmay be
i ﬁgerﬁldz‘ﬁean#ggéﬁ?&é#o@?oﬁe?trlcﬁ'oﬁ Plast mey| ke plaed sdo itbe appropriate
e a6 Biti ;Qény' ; S restrictiqn site,
p?ef Iel?gmﬁf:gorquri Sr%é@ra%ttr@ e%fls?%ah%@gﬁt apids ?%?Lﬁ%n?%ri @@mple a

26Ddwpr fll-ieggtinc@B¥omet ric restriction site and a
second restriction site. Accordingly, in the vector

it is.inpo hat the backb f th
gg‘ggo'ﬁdgbg Ié%@kﬁ?@fgh%?éasfpggf rtf"Ete'? : Ci%iq%gde &%Sé’teﬂgtgvgg trcgcguced is a
pfidisientitti BDNPe FRAlaBhgIHScDNACESH Bieg?ééafe@ogag@%% %L‘Fﬁ‘y- method

nEcI ei c. acid nol ecul &€ (for exanp rar
| ERRVA BON&s Pt Segr tyaexampls the efaprabpyer bperoutH, be example

apign; | ed d i nt ' - of

o PR Fodl 1. S ifle JoBe £4,385 s migea 528 Edery et
r ¢885, Nibl. @eleBiyivELoI WS (Nb.6 e3IEMBZR 1 restriction sites

fl anking the nucleic acid nolecule to be reduced.

ordingly,.the 15 recognition sites are placed
ﬁgﬁ??%é%%ﬁ' hiesart vl finews othed erphurst syestenst. fot beaple, those
t Bhd i l:8i-C ' cul e or. fragnent ,
{ pasedon QoM Haan SR trdplkiopnidy tspiation of the
atitigeegth) cDMAsmani beyliyed .t he ol i gonucl eoti de obt ai ned

by splicing conprises two adapters flanking the ditag.
Each adapter 5 conprising at |east one restriction

sThe diBged#T Bé'pfeaﬁfégébédrﬁﬂwgafo ﬁﬁg?écfﬂﬂ@ij% ié{n?)&v& in the art. For

restriction site 1 is anasynmetric
eREPPE. dhe ppginal nuelsic Acidi molecsid mayl bk euMirolghnghyaéhemical
| rtioR a%%ctﬂgdobrtgiﬁ% |5c ta'ng%' ?Iertn%nl(l%%ecli( ?c? \én'je;tgs%g Id(i:’ttaég.o "

The nucleic acid molecule which is intended to be reduced,I which is
preferably prepared comprising two adapters flanking the molecule, may be
inserted into a vector. In a particular realiéation, each adapter comprises at
least one restriction site, preferably comprises at least a first restriction site
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.

Preferably, the nucleic acid molecule is spliced into a ditag or oligonucieotide
comprising a ditag by using restriction enzymes which recognize reétriction
sites flanking the nucleic acid molecule to be reduced. Accordingly, the
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According to one aspect, the 5'

regions of the molecule cleaved by a restriction enz
end and 3-end, respectively,

site may be used, for exanple BanH . The 5 tag and 3'

tag formng the ditag may have the sanme or different

size. 10 Preferably, they have the sanme nunber of

nucl eoti des. The ditag can be of any size, but needs

to be neani ngful and advant ageous over the size of

the parental sequence fromwhich it is derived. The

size of a tag or ditag is detefdnined by preferred

genonme a tag fromabout 8 bp to about 16 bp may

conplexity. For a bacterial 15 conplex genone |ike

t he human genone, a 6-20 bp tag sufficient whereas for

a reS&3rip sl e considered. In general, the

si.ze _(or i nﬁ%% %g% mr%‘guBSt.re?ﬂ‘ fHaeddt egmiisug BB downstream of
alfétf EamBnIshef theonutibr Auid PRIELAL Jhe, Present 2
apeddeat 38%2%%8%&; iggbrrsthS' -téer m nus,”~'5"2 Nhteresf desiced to be
are equi val hthet Ia Hptﬂwsl).cmcbﬁleéf?/grt#g oligonucleotide

i Abtaindth i - , th
I3' -t er.ni %g’ph%yigedr?gn %ﬁ%SB&PQt 3@%@6&a§qukm§| thet ditayy. e adapter
of HEPTSIRY %éﬁa&i@nﬁmmdﬁibﬂrsﬁ@a%&@l%m}, dgég an ori %i nal

nkesbiRdtion agied, ARl ecule or portion ims MPHgiRpa@t deast one first
aci d m)PecuI ‘é)ﬁf%f 8ReASYMBatis site Km%rﬁﬁlergﬂglﬁesilrlt'éstrictbn

etiteh lise Mimel banenst ' represents a regi
i.on rmst)scl oserlétg gt t§ hsg%Bthrﬁghthnaﬁl@ @8y khewn restriction

t
Psﬁt{e)a fh8e Hsedl forrexgropledarmhie mol ecul e. 25 Accor di ng
to one aspect, the 5 -tag and 3'-tag conprised in the
ditenq @ : {ons of the nolecule cleaved by a
st ri ct@ ?aorE]dEntzéyigérﬁHQg ?Q‘F déag may thavebthe sale it difforent size
Fretenebly rthepdunievibbysaned nhl!?\%epg?bﬁ'cfég%m d nol ecul e or :

portion thereof which is intend #€Sr educed or
r d, Accordingly, the size of the 16 ditag
T R S am o ot ot PR
osetthe Bige of theephidiial ggbﬁ'r efore, relates to an antageous
ol gcgnucl eotide conprisi Mg gt MoBadvhiehdt isdieragd. The preferred
; ;

WABri % Rmer diitagyis setdtraiaies Rt LG, S
é@fdﬂwé“és’cagnﬁ 'f?hae 3 fqer i nusygqet eénéf?:rﬂgfeé“t&d:@r a bacterial
ol ecul e Tn' PRe PP AR do gbout 16 epsha9f sufficient whereas for a
:;mplex genome like the human genome, a 16-20 bp tag (or in other words
-40bp di - a
bp ditag) may be considered. In general, the size of the ditaq |
about 12-60 bp. 50 1S from

F ' m
or the purpose of the present application, the terms S'-terminus, 5'-end and
) 0= n

terchangeably. In the
-end and 3'-tag are equivalent to each

S'-tag are equivalent to each other and can be used in
Same way, the terms 3'-terminus, 3’

that one intends to reduce or represent

soch o -end represents g region or portion most closer to the
remity and most far from the middle region of the molecule

each of the 5'-end and 3’

-tag and 3'-tag comprised in the ditag are the

yme most clioser to the 5'-
of the nucleic acid molecule or portion thereof

ed or represented. Accordingly, the size of the



10

15

20

25

5 restriction enzyne, which recognizes the restriction
sizes flanking the nucleic acid nolecule.

Accordingly, the size of the sequence tags is
determned by the restriction enzynme used. Wen
preparing the nucleic acid nolecule, for exanple a
full-length cDNA, desired restriction sites flanking
the 5 -end and 3'-end of the rﬁgion which is 10

i ntended to be reduced or represented are inserted. An
exanpl e of construction of a full-length cDNA by
insertion of desired restriction sites flanking the

5¢ nd.3;end is show in Fig. 1 and Fig. 2. A '
ﬁ?ﬁ%@ﬂg?ﬁ% "Heldbpém;ei'@Sﬁwgwrpeepwnedor'énhm%n@sed The
vehtian, GtHereidrad ré| IS gidRsequently prepared. '
1§itAS ag F)fz;ngl e,.rﬁgbﬁftﬁ%éﬁi%ﬁgm%‘?ﬁgd? e%ﬁﬁ'i'%'nggafaﬂeast one
o IAAHHPETR 43t e mobisined asn SpRciHE o' 61 s and ne 3

PlarRaRe e preparation of the ditag accord
t he inve%?i{g%. “Pﬁ%g%r%'%uwfe%'@y@e the presgnee 60t jeast one

gratrigtion Mretyme2 Gvifigh a8 tric sites can

bﬁic"ij nt rloduce(oi%c Asynmet ?%ﬁg]@% Zhe 2§%tﬁ‘gﬁ%%§'zﬁ§£%k'ﬁ€bfhe nucleic
i Jeedle- CPF%”@'Neﬂ@SimeéMé ®eqaeRce itdgd Y0 determined
I‘tnmr@gric%}qjgﬂgﬁ%gq&%dasymret ric restriction mined by

(recognition) site sequences recogni sable by
restriction hom ng endonucl eases or ii) restriction

SNMB8RrERatiRg 4By Medeit cioid oAy i enc
rﬂ%gpggirgg@}ﬁ by.tgg@'u 25 H;Z*?? ﬁﬁ’?%ﬁ‘é'gﬁ’?@ﬁeﬁﬁ"“&ngth cDNA,
Enmhgg@le% 8b8EISét§ g ¥t §-and e.(miSBT-éfem%f ktle Ne¥ion which is
g Oh& O, r ion of the

aSémtéTl‘e;%iri C Si tgedsdgggjeﬁéezeﬁgzgpt%} 8% 1'3gfréed.n Arheexdample of
ERGPaHdIon of abdulCienaitiogDNAeby haBH %?mﬁéherags%ricﬁon sites
ASYERE L & LRSLciion 17 (recognition) Si

sequences are _rno £8 t'%SE%@WBd”_ weeed,Fign2 t Adull-length cDNA
phreseit thém peaaret, FIRWiIRS Wikih Q58 42,5 rary is subsequently

Bpetpalréépted to those sequences nor

A.s an example, a restriction enzyme recognizing an asymmetric restriction
sute.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

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

recognisable by restriction homing endonucleases or i) restriction

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

Homing endonucieases are soid and described by New England Biolabs, Inc.:
a description of the asymmetric site sequences is also available in the Nevx;

England Biolabs Catalog. These homing endonuclease asymmetric restriction
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to these sizes. Preferably, the restriction hom ng
endonucl eases capable of cutting the asymetric site
sequences are selected fromthe group consisting 5 of

| -Ceul, PI-Scel, Pl-Pspl and I-Scel. The list
menti oned above however is not exhaustive. O her
hom ng endonucl eases known in the art and those which
may be |ater discovered are ingjuded in the scope of
the present invention. 10 Exanples of type |
restriction enzynes include: Aarl, Aceill, A ol, Bael,
Bobr 71, Bbvl, Bbvll, Bccl, Bce83l, BceAl, Bcefl, Bcgl,

Bey hh <iBi [1, BsaXl, BscAl, BseMI|, BseR,

Bgrgl\ébfggérﬁi ’Sggn%queﬁggmrg B3234 to B OpiL HoBepMr, in the present

BéMentiBe it BeittidnlsitBL 841 ' . CiePl, Ecil,

Ego3ll Ecoge7 , Eco%l7M§?é%%%%§grEaﬁtﬁanag‘%{,% €, Sequences nor
(9, 8 s- prabiy fhenmstrietn hoHﬁN@‘énd%ﬁB@%%%es capable of

Mowtti : Il . Plel, Ppil, Psrl, Re
Safp_l lhgglf(g)&s?/ Sp IS!}@SE{W,G S§r§|§elepé§¢ fronT&pdBroup consisting
TepGAEeUTSRBCan@I-PEph bhEL1S b her g Bt 8t 2Bose e

of R e Enzyges:  httD://rebase n ve however is
crg%ti ggﬁgﬁtWPoLér'gieﬂé]qf@$gs@edah!s¢je&e)d)&h§{ﬂn, iVthe 138%nd those
Gehieh - b8%%terT ' nti.oned above however is

not exﬁ\;ég/st ive. rO:B Eg?{?{%}g‘%{? 'Q@ﬁé’ﬁgy'ﬁ‘eﬁh&rﬁﬂmei of tthe present
dRYeRlan.t hose which may be | ater discovered are

i ncluded in the scope of the present invention.

Exanpl es of recognition sites and cl eavage sites of

sowmplostiagse |l reifiidh EhifhesgNIES are (into '-

pg%ant hesi s are the recogn and the cl eavage

Ace B
it gt onk e
-é/ gﬁ’l i s 3 BPls BeaXT li drpaddlh BsaReniBegl| BHR, BsmaAl
sigaft le BspR4), BTN, B TSI |
%{cfla%m“fﬁgéd%m’ e B B B abtslagiel, Grer,
g el EJE SRS 1c ﬁpﬁ?Ml,nE_sn)Bt,g:éJQO@alﬂl P45, Gslil, Haelv Hgal

i r ! | |
PR, HBhRTHBYAY, R8S833T° Mboll! M, Mme, Mnll, Plel, Ppil, Psrl, RieAl,
Sapl, SfaNI, SspDs, Sth132|, Stsi, Taqll, TspDTI, TspGWI, TspR! and
Tth1111l | (the list in the web site  of Rebase Enzymes®:;
http://rebase.neb.com/cqi-bin/outsidelist; see also Szybalski, W., 1985 Gene

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

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

The ditag of the invention can conveniently be ligated or joined in order to
form concatemers of ditag. Accordingly, the invention relates to an
oligonucleotide comprising 1 to 1000 ditags, in particular 1 to 200 more in
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particular 8 to 20 ditags. Wen ditags are
concateneri zed, a higher yield of information is

achi eved because the oligonucl eotide, vector or clone
conprises nore ditags. Hence, the concatenation of

ditags allows an efficient analysis of the nucleic

acid nolecules, like full-length CDNAs, in a serial 5

manner by sequencing multiple gbitags within a single

vector or clone. The oligonucleotide, ditag or

concateners of ditags can be inserted into a vector

ei ther before or after concatenerization. 10 Accordi ng

t aftite)HS: t olykgonucl eoti de conpri sing the

di?t ag i? $)g(r§’r‘[30i gﬁe%s %ﬁne‘i%ﬁ‘ﬂﬂ are poncatemerleR @ higR¥r yield of
otﬂf@rrm&tmmnisamhié\jsdat5%usréett§8d ighce rd{'_ngl Y,

SU&%@HEG PCRQE{J Mers correspon |n§”98mé 8R149¢.c vastprorr  clone
i ns1 de°ThE'YBAGISaFengsethe Somtutenslicinss Bﬁ%ﬁg @&g .
ohnglosigchrgid %Cfé?ggé&'éi ng t he di_ta? and a pfﬁ’1 S an efficient
Pr%geﬁgnbbe per t or med” df r'ERIFIRm likee Tul-gagtorcnaf id5, serial
Cl BPY 2aqieming eadtiblendit i ort (for exanple
200bp) PCR product s (gee téﬁgq@@h%pﬁaglgc\f?qﬁﬁr@iﬁgﬂ@

2). These PCR products that contain the required AS

di heagtigonl dledthrn i th an enzyme recognizing the
at | east second @gasq:ﬁc SRINeES ?%lﬁga@ Gdmebe inserted into g
AFSIR Sbper befage meradtos coheatepfgtiz g short  cohesive

ditags. As restriction enzyme recogni zing the second
g{@further 20 restriction site, BanH can for exanple

cogldg tndog®hgsy dj . of 50bp are generated.
é%ﬁgéa%ﬁ\g@e} of }%?aawpqaﬁlgggyp%ﬁﬁgﬁeﬁomrﬁm e ditag is
i BNHIE, alyp wsing UPE RN ) dto o

AARYEE fn ggdﬁnaf taﬁ. | j brlglréI anpl irp%efaﬁ?ragf‘?‘mvv& genplification
be avoi ded by At LI ANEHTPRi primetsccaraisporiding s 2@k regions

Ngiftsethepvaator ke QL |.eotid
fgethepventon de uFbe. Saph 'réd{uSﬂ(sj?Igbggﬁéjcpgggtgéplgpgggm:omprising

et bs uantlryS _be 25 exc se .
LR o cambo ot i, o et

g%ﬁ%ﬁg??gﬁﬁéﬂrgrﬂgn@téﬁgﬁgrﬁ&mgempﬁ 260698 P ERInrbducts
rg:g% gg@ I%Rgzgé@;r;gng?frﬂzgﬁ%ﬁggé iﬁeéﬁepllo%\ﬁ%?st Itf?aq contain the
¢ an enzyme recognizing the at least
second restriction site (inside the adapters) to generate the required short
cohesive ditags. As restriction enzyme recognizing the second or furtho
restriction site, BamHI can for example be used, and cohesive ditags of 50: r
are generated. The advantage of this amplification step is that of generatinp
GIS ditags circumventing the need to produce a GJIs ditag g

dita . libra
amplification, which can be avoided by not transforming the self- i

| circularized
tagged plasmids. The amplified oligonucleotide can then subs

excised from the vector (in this example, by digestion with BamHIi) and
concatenated in long stretches of DNA or RNA for Subsequent
sequencing analysis (see Fig.1 and Fig.2).

cloning and

As a particular aspect, the invention discloses a cDNA library whérein the

oligonucieotide comprises at least one ditag, and wherein the ditag comprises
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30 oligonucl eotide conprises at |east one ditag, and

wherein the ditag conprises 19 34-38 nucl eotides and

i s obtained by splicing nucleotides fromthe 5

term nus and nucleotides fromthe 3" termnus of a
full-l1ength cDNA or fragnent thereof. The ditag

library according to the invention is representative

of the library 5 conprising the original nucleic acid

nol ecul es. For exanple, when the library conprising

the nucleic acid nolecules is a full-length cDNA

library, the ditag library is representative of the

fullsd ength.ditag |ibrary Each ditag clone conprises

S #f%é i ‘ﬂ?"?"g?%ﬁﬁﬁw eRtaimed by splitingnydidetcRerhhi tﬁﬁ 5' terminus
f ahb- K : s r£ Jnportant, the ditag of the

i nvent?ﬂﬁé{%%prl sest%eBeSt‘efn;gWHSaﬂ & fulidength ¢cDNeor fragment
offiege@fal full-1ength cDNA. Hence, the ditag is
representative of the structure of the full-length

c giAccprdingly, it is sufficient to sequence and

aﬁﬁléydz@%t ﬁ%r %Yt%i{f%@aae@ Be inventiont isgrdprbsenitativé Nof the library

cesrapdsifg tthe dHaihAat T d., the correspondi ng

fﬁlyln . %ﬁ%ﬁ%ttg cﬁg&é‘cﬁw‘ﬁﬁé At ré"g’;'@ecd“%ﬁd‘g‘ﬁfr EXAPBLe, fwhan the library

t g lteaquiucieioNiid inolacyles figra fuliy .

pﬁbrgh/r gsctrjeéré%?o@ ﬁ\z/ar gﬁé RN? sarrplaes bgﬁ%ﬁ%&p@%@% the ditag

i nvent i on provides'a Fellto ui-anathedjiag plibraty deac difag cione

| esprisee suffician el Rt slmoyat | east one

%t %g. conpri sing: _pr odu@ﬁﬁ%@?yﬁreé%k‘l@gmSHGE')I?'éifé'”d%ﬁ'Qih clone.
PECHRANao g ditggtaiéns inveation rasmprisks R §-end and 3-end of

tigemh fe hh cleic, acid nol ecule or 20 fragnent

t her eg@;ﬁafifHﬂil%@Bhgﬁbﬁ“t BﬁWﬁu§h8nd't§9 tserraprasentative of the

citegture tof éhafull-ranith epRiAdi tag. I n particular, the

i nvention provides a nethod for preparing at | east one

' eqtide conprising at |east one ditag
?Béncgfcl{iﬁékgﬂ 'ﬁr%‘&ﬁﬁ’i@fgé [ sefeerte end analyeé ¢thedithg clones of the
riteg dibtaryf leked LYitdyBr HIARLE [s°found, the corresponding full-length

cDNA can be selected and prepared from the full-length cDNA library
example by PCR or directly from target RNA samples by RT-PCR.

for

The invention provides a method for the preparation of at least one

oligonucleotide comprising at least one ditag comprising:

producing at least one nucleic acid molecule;

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

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

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

producing at least one nucleic acid molecule flanked by two adapters:
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-vector. The nucleic acid npol ec

20 isolating the 5 termnus and the 3' term nus of
the nucleic acid nolecule; and linking the 5
termnus and 3' termnus to create the at | east one
ol i gonucl eoti de conprising at |east one ditag fl anked
by the two adapters. 5 The nethod further conprises
the step of inserting the oligonucleotide conprising

the at |east one ditag fl anked &y the adapters into a
2¥e which is intended to

shrink or represent may be RNA, nmRNA, genom c DNA,
full-lTength cDNA, or cDNA. The nucleic acid nolecule

may .beﬁ&.he Eug,-l ength sequence of a gene or a 10

f r agtBIFF"Y HBP SofleiAks machte 8F tartinisukthial BICIBRY acid molecule:
f antther conprise the step of determning the. '
nucl eoti de sequence of the at |east one ditag to '
detect gene expression. The method may further

conpik§g tthe &t dpemiobis datierdri Ry s cg, of
t Bedtudi&ant, Qne ditag:. and conﬁgﬁﬁﬂq?hgl%gl??a@e at least one
nuct aot |e2c?e} CiBpERing %’f teast onesditasaiankedripr fhe g adapters.

genom ¢ sequences whereby matching 5 and 3' termni
seheenstisodirfarthge 'ddrhih@sh eqtd), particular, the ,
igﬁg}_i%ﬁg téggﬂqestt 0 %j ot rﬁ@% gg@pr@s’%&%”}ﬂ dA&c oligoaucieotide
| a5t abe diteg| feamie), byf the RKRBsG

full-length cDNA flanked by two adapters, \r/]vﬁ)e?é/iercftor'

: ' to1. 20 tricti
STRE TR Sl MECEE Syl R Bteriirt ko shrink ermepossentt may be
t RR A maRNiAG ganomhioDNgG lﬂdﬂl’—léﬁgthfaﬁgﬂe&t ct.[m greof to

produce at |east one ditag by adding at l'east one
[ recogni zing the restriction

r riction enz
(ﬁiéc&b’%feﬁ EHBCQ ﬂ%“'?fﬂawﬁﬁ tee thuli-erighin segeenssi dfi 8Nene or a
Srdgm&nanardds. the art may be used. Restriction '

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

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

database comprising genomic sequences whereby matching 5' and 3’ termini
sequences are identified.

More in particular, the invention relates to a method comprising:

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

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

splicing the &' terminus and the 3’ terminus of the nucleic acid molecule or
fragment thereof to produce at least one ditag by adding at least one
restriction enzyme recognizing the restriction (recognition)sites.
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enzynme recogni zing at |east one restriction site
within the nucleic acid nolecule and which can be
used will be evident to those skilled in the art (see
for exanple, Current Protocols in Ml ecular Biology,
Vol . 2, 1995, Ed. 5 Ausubel, et al., G eene Publish.
Assoc. & Wley Interscience, Unit 3.1.15; New Engl and
Bi ol abs Catal og, 1995). For exg?p the restriction
sites may be asymmetric restriTtion (recognition)
sites. 10 The asymetric restriction sites are: i)

hom ng endonucl ease asymetric restriction site

e s .recogni sahl e by restriction hom ng
oSS ng&?rggpgmp?n)r &He rknawroiin dinelartichaase used. Restriction

bl
aemﬁymter Iréc&jrﬁ"ﬂH?g&t §848S oﬁgq#%sgﬁg%br eco%ﬁgl tfl%l (D])l;lclelc acid

type Il restrictTon enzynes
em}%ﬂwr@e\w@ch@anfbemsednewmb@tmn@ém%%ﬁb%s%peé\‘?n He art (see

1 Bor 71, Bbvl, Bbvll
B@’éséggh AlC“”EEEa‘FrOt‘B%@P 'rBdWeculaszlqlo@,v nNol.Bpl 11995 Eq.
BsnFl

BaadlibelBsg Al @ﬁe%ﬂé uBRSK Asg D?‘ ﬁégy,:g%grsm&lwe Unit 3.1.15:

%g é, Bsp CNI, Bs , Bsrl

'@'énd Riplabs, eEaldg,19E16913II Eco571, Eco57ML,
Esp3| Fal |, Faul, Fokl, Gsul, HaeIV Hgal Hi n41,
Hphl , prAV Ksp6321 l\/boII Myl l\/h|| Pl el ,

riexém le, tht: eéd I I St h1321
% Tag |el Tg pl)t'rl'llczﬁigtlil)'éS S%Q’NQ”%%@’Q S@ﬁ'ﬁ'%{% [g5tfiction iregognition)

Stist in the web site of Rebase Enzynmes(r):
htto //rebaseneb comcgi bin/outsidelist: see al S0

40: 1 and). The I|i st
msntl oned atféveéﬁi@é\%ovgr%qg'g At | Sﬂ%ﬂ'@@l gadomudiease yasymmetric

Tesiistionesitek sequenices rekegpis t
lpt &k %scoger ed re |nc udggépﬁyt Egﬁgg%ehoﬁmgzgnfwdeases

pr es PIRHGHRR | GR Oﬁ*H%’eéﬁﬂzyra@ym@gnm z:las@vatgme By ngequences
eaclgmishislass, @ﬁémm&lolhee%‘gzr)}niet%gnl Si te is selecte
u

fromthe group consisting O -Scel, PI- Pspl
Scel The |ist nentioned above hovvever i S not

%ﬁa‘i}’ i § destoctien émaymegis selected from the group consisting of Aarl,
Acelll, Alol, Bael, Bbr7l, Bbvl, Bbvll, Beel, Bee83l, BeeAl, Beefl, Begl, Beiv,
Bfil, Binl, Bpll, BsaX|, BscAl, BseMll, BseR], Bsgl, Bsml, BsmaAl,
Bsp24l, BspCNI, BspMI, Bsrl, BsrDl, BstF5l, Btgzl, Btsl, Cjel, CjePI, Ecil,
Eco31l, Eco571, Eco57M, Esp3l, Fall, Faul, Fokl, Gsul, HaelV, Hgal, Hin4l,
Hphl, HpyAV, Ksp632!, Mboll, Miyl, Mmel, Mnll, Piel, Ppil, Psrl, RieAl, Sapl,
SfaNl, SspD5l, Sth132l, Stsl, Taqgll, TspDTI, TspGWI, TspRI and Tth1111|
(see the list in the web site of Rebase Enzymes®: http://rebase.neb. com/cqi-
bin/outsidelist; see also Szybalski, W., 1985, Gene, 40:169; and). The list

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

BsmFl,

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

The enzyme recognizing the homing endonuclease asymmetric restriction site
is selected from the group consisting of: |-Ceul, PI- Scel, Pi-Pspl and |-Scal.

The list mentioned above however is not exhaustive. Other homing
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22 endonucl eases known in the art and those which may
be later discovered are included in the scope of the
present invention. A particularly preferred tagging
enzyne, according to the invention, is an 5 enzyne
whi ch cl eaves 20/ 18 nucleotides 3' of its recognition
site formng 3" overhangi ng ends, such as Mrel.
Artificial restriction endonugggases can al so be used.
These endonucl eases may be pre&pared by protein

engi neering. For exanple, the endonucl ease Fokl 10
has been engi neered by insertions so that it cleaves
one nucleotide further away fromits recognition site

ofBBIYFIEqsEmiTROWR it flze BN thaseavkish rBeg He late@liscovered are
Chrned: ' Ex Acad. .Sci ences USA
90: 27(3%%2%%%8%%%2?16 H?%chgﬁﬁravl%@oean be applied to

prepare restriction endonucl eases with desirable

rg\cg rﬁiictliaﬂn seﬁ]uences and desirabl e distances from

rec % FY'PON Rierreg tapging esvume. sAacerdimgetardhdddvention, is an
f gnt WHIE Il SR ' eners of ditag. The
conc}gﬁrr_ers rcr:‘ﬁy bgggﬂggF€$8§%%? rig?t'tg‘ "RFgNHioNagjte forming 3
i AvgyBANgiDglends] suoh 28(Mnwilt ags, nmore in particul ar 8

to 20 ditags. Wiile these are preferred 20

concateners, it wll be apparent that the nunber of

dAttifigial \WesteBtiGRe e depends t he
length of the | ndﬁnéﬁ:gé%t@gg@aﬁg%gﬁ %Seeq-ggHﬁ%/ endonucieases
dBE¥ A% ReBatsA byipsetedt epginkkeidgi Fot bearble, Whe Bdbnuclease Foki

I td . AfLt f ti f
o B B BRI, b s ditansp Bt ot elvevebrans auclsotide further
faway frequits cecagwitivg isite OH bEtH §9§nc§’§ of P& ﬁ@ﬂené{%%g@es See Li

be 'Rectly sequenced 25 wi thout cloning
ﬁﬂsﬂ? fedraRggarast. Rect NatrAcar SmiencatheiSH bags @853, Such

itBelni helar C e sequenced by standard.
g, L bRl RA e ERng PSRy paddnacioses with desirable

Vetegnition Riqlarges smer aleskable d?étaﬁbé@efroW%ébeitigﬁ site to

%éan\%g%ustlt%rmt ed net hods.

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

The ditags present in a particular clone can be sequenced by standard
methods (see for example, Current Protocols in Molecular Biology, supra, Unit
7) either manually or using automated methods.
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30 23 As described above, the nethod conprises

i ntroduci ng the oligonucleotide conprising the at

| east one ditag in a vector. Wth the termvector or
reconbi nant vector it is intended a plasmd, virus or
ot her vehicle known in the art that has been
mani pul ated by insertion or 5 incorporation of the

di tag genetic sequences. Such ctors contain a
pronot er sequence which facilitTates the efficient
transcription. The vector typically contains an
origin of replication a pronoter, as well as specific

gene i.ch IIow henot ypi ¢ sel ection of the
t?\%né?%hr PV@ t F‘Q d sepmapses fiofrodisaing rihe . dliynucleotide

Pleffitsind RN |l e, pBlueScript
(St ?ghgééfne @QSﬂMH% T&ﬁ)[’”%)& © pZErO-1

(1 nvitrogen, Carlsbad CA) (see Fig.8) and pGEM3z
Tevm SN, ONVIEpOtbimantti Ve edr astitepabley ?Hsnﬁﬁ% virus or

(
e |mJa vectors known to those o
'i 26%@{:'% k@ yn 'Qr @I”a%h‘?teﬁﬁﬁs%@fbﬁnaﬂlh@latqmmesemon or
vembopor’aaenhﬁﬂﬁb Emé e
pG Sl (see also  Fi %E]r ggtuc §gﬁa¥,\h%§ ké?LéE(I\aXeecrt rtso(fo ?ﬂlgv%promoter
aﬁg%u%i"&n whisk| pedigetes s $fﬁ®6007t%nscm6tldﬂer¢h@ vector typically
For t e production of the

ooy R 8 SRR of Fele MR oo Mlomqler s s Pasaiie genes which

! eﬂf@ﬂ Iwhienbiyauic esleatidn ohenedrg a
clors ar Accor d r:-gFSfdr%d éég 55 V'e@ﬁjrs %Hltéﬂ% for use in

chRreses W‘ferﬂ?‘ﬁnt'ﬂélugédcﬁé exgmpie, pBMUrpoOStratagene La Jolla,

t f_t
'vgqétz&r’%‘%%ﬂ%%? EofegeR, nebdShly Eollied e & ewo poEM:2
maged isbe, WA odif {
A8l agld ’Iaecu?igrg? lrﬁ@g{@tdggs ﬂgfg{%}?rﬁsertﬁ%ﬁ%ﬁr similar
nﬂé 25 ERewn ﬁéh%ﬁ: Oé‘\csr'ﬂ ”f‘roqh@cal'te AS%eDertmblay radi@ation, the
| PBEMIOVedtbOMb s BBeh MESHEH, &fvﬁ Bﬁf”éfeweecg oﬂs PRIST, (see also

bigckbone (other than within t
HElRR’ @nd Y. DRk vantor2thate the H&@érﬁﬂts@los@é%edg 4,766,072,

%rg.mcspﬁgrg ecdg)tle%fglgetn corrprl se the asymmetric

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
invention, are those wherein the backbone of the vector does not comprise
the same restri‘ction site comprised in the adapters flanking the parental
nucleic acid molecule or the ditag, after insertion of the parental nucleic acid
molecule. Preferably, the invention provides a vector wherein the vector
backbone (other than within the stuffer region that is removed during insertion
of the parental nucleic acid molecule) does not comprise the asymmetric
restriction site and the second or further restriction site which are comprised
into the adapters. In particular, the vector does not comprise the at least
asymmetric Il restriction site (for example type Il restriction site) and the at
least second or further restriction site comprised in the adapters. More



10

20

30

restriction site and the second or further restriction
site which are conprised into the adapters. In
particul ar, the vector does not conprise the at | east
asymmetric Il restriction site (for exanple type |
restriction site) and the at |east second or further
restriction site conprised in the adapters. Mre 24
preferably, the vector backbone (other than within the
stuffer region that is r enoved4 during insertion of
the parental nucleic acid nolecule) does not conprise
and BanHI 5 An exanpl e of such a vector not

ng{%sm in any region outside of the stuffier
i Pr a@'écl”@ﬁ V;?Gt%lbaﬂk@mel fotﬁeglthiam Wittid thed Qe %)9'0” that is

! i t del et
o R og sy ang Wb ACAOR Sdrdla er?mqﬁ“SIL?@,@Seﬁmlm does ot

i FOBSHQISeIVMN@ | Hhd BamFijgure 10, the stuffer region
between the sites Not | and Sal | has been
hi ghl i ghted. The invention also related to 10 the pdS

V & nucl eot i according to any

oo R s Yo R BRI pfﬁ@%ﬁ”@%d%@l”&dﬁ@@(et)tslde of the

diStLEf@(rsl)z tbe vestocap&IBI (show ifh IRgiRY $ YA L], g ?@SP” Bis1 th
% 'gl ntq. a vector for sequenC| ng purp o P €

Vg@ﬁ fseqo Ne$itasnuers delgted by mllifagedemanTbe sequence is shown

t i Agfeer t; Ui h ceI st cells are

cells in which a vector can b

em é%@ea\lotwmd érainl diasobears ligieresy ﬂﬁ@@rgﬁ\ht% élgﬁyelated to

ﬁéﬁs V%%fo under st ood t hat pro

Je?ﬂ’\“%%?'“g $he RagpareiRptide eetordiig ée aB) embodiment
tbfe’me imeyntish mut at i ons that occur during replication.
However, such progeny are included when the term host
cell is used. Methods of stable transfer, meaning

th f continuqusly mai ntained in the
o@% oﬁnQSgu&Eﬁg@m%‘(s%a:gzs [t concatemer(s) of the invention may also be
hgated into a vector for sequencing purposes.

Vectors in which the ditags are cloned can be transferred into a suitable host
cell. Host cells are cells in which a vector can be propagated and its DNA
expressed. The temm also includes any progeny of the subject host cell. It is
understood that all progeny may not be identical to the parental cell since
there may be mutations that occur during replication. However, such progeny
are included when the term host cell is used. Methods of stable transfer,

meaning that the foreign DNA is continuously maintained in the host, are
known in the art.”

Transformation of a host cell with a vector'containing ditag(s) may be carried
out by conventional techniques as are well known to those skilled in the art.
Where the host is prokaryotic, such as E. coli, competent cells which are
capable of DNA uptake can be prepared from cells harvested after
exponential growth phase and subsequently treated by the CaCl, method
using procedures well known in the art. Alternatively, MgCl, or RbCI can be
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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. Were the host is prokaryotic,
such as E. coli, conpetent cells which are capable of
DNA upt ake can be prepared fromcells harvested after
exponential growh phase and subsequently treated by
the CaCl 2 method 30 using procédures well known in the
art. Alternatively, Mgl 2 or RbC can be 25 used.
Transformati on can al so be perforned by
electrQPoratlon or other comonly used nmethods in the

ysedanlrapsloamatian ofn taiss bs sédawndd
girc%n?moﬁg%%g ReirbRsifl e " ‘orbad nont. L he HEUGA ©F ofr

the invention co ﬁlrtodum ng at Ieast one
nucl eic acid nolecule conprising a full-length cDNA

| an two adapters; each adapter
con'pr ?ﬁg%%mﬁﬁtlgf %Frl%ﬁh@wn (in eE'@ghland)rﬁlgﬂtmcgfmng to this
areibuRimeRS tié fidtR be BanH , flanking
the 5 term nus anad%lf‘ﬂt?%'rn%rqgg L&?’X}H{@vﬁm | - engt h

c DNroglgcinglat dsasy onsenitieicerdid Puseand r

ohdib&uié Ll'lahk{;(g%g(t h cDBIA E?g pr odu%e athrrgpars%tm%% fml Ié'ngth cDNA

ditag, conpr M adepiggsi ﬁ@Ch' @ﬁﬁpteér@rhpmﬂhlg Miridh restriction

I\/t‘rebog\dnho;h §itgap @ nt and |ligating

A& % ) and 3 %ng)‘fﬁn?ﬂl%@tgﬁa%{% t%%p%@?&é”%meﬁ@@@il flanking
& Jﬁﬁﬂﬁnﬁsan@& demmimug dithe fiel-RingtheDuge of

restrlct|on enzymes may leave 15 5 and 3' doubl e

str 0 [.S] a, short overhangi ng end (al so

refe ﬂgte@] ag S '139@9%’2 c’%)htéﬁmv‘élseﬁﬁl)thed‘uﬂ+lemgthchNA to

oproties natc ezt ioes dithg. ORI HoaVie 562NN CBRiA witn

consi st™ eac

M?H)qcv\elg E and 3'
T VRPN IREMETY @V AlBINGotagiesdasany I@a@m@aﬂr@ Mo 5' and 3
eteini 1: @%WOBaﬁéthé@?f?Be fol | owed by bl unt-endi ng

and intra-nolecular selTligation to produce 20 tagged
pl asm ds that contain 18 bp signature sequence as 5'

e?,gj shawndndtigiee 1 and Figure 2, the use of restriction enzymes may leave
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 biunt- -ending and intra-molecular self ligation to produce
tagged plasmids that contain 18 bp signature sequence as 5' end and another
18 bp signature sequence as 3’ end of the parental tfranscript. However, the

number of nucleotides cut by Mmel is variable. Accordingly, the ditag obtained
by using Mme!l may be of 34-38 bp.

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

this stuffer reglon being subsequently removed during production of the
libraries.
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18 bp signature sequence as 3' end of the parental
transcri pt. However, the nunber of nucleotides cut by
Mrel is variable. Accordingly, the ditag obtained by
using Mel may be of 34-38 bp. The vector which has
been used for the preparation of full-length cDNA
library 25 is pASl. As nentioned above, p3 Sl does
not contain in its backbone Miel restriction sites,
other than within the stuffier® regi on between Not |
and Sal |, this stuffer region being subsequently
removed during production of the Ilibraries. 26 The
Qté onucl eotide conprising the ditag flanked by the
%t%’ggnP@'e@Utﬂed%ﬂmpm%ﬂgnfheejlfagSﬂdnk@@ byl theagamBes Is cut out

l t Hot dit

oSG e ARLEBNF ST Toldlls clanduototclt Comprising
Bededa sd‘lot

ettt St P11 5, o

ot q o geatordar ﬁﬁ@ue{ncﬁhghahag/dls brary, it can
be anplified directly fromthe ligation

t] n mx, f xampl e by
(eS0T [Buliig B KioANticbRas Aot e Pls Sied Mbras it can be
oamgkn‘msﬂc ICbr@tcrtlpJ efromnjhe sligegiodi (sif-aneuiaf 2Rt sy déefttlbneﬁgx
lﬁ?& fI:_l, onucl eoti des conpri si ng}
a ?sotf g#ﬁ’h téHE@QeofDrdﬂea@s The 'Fhenvered ampllﬁed
ccmg@aua@@fnae%o%r%%gaf ﬁ%@, Lnto VeC

sequenci ntq anal ysi s. e1r“°f1r'(3h dséo other
tqll'aogvgsg ides comr@m‘g dlrtarggamedapcérg% ifhen %Sﬁéﬁag%refof ditags.

| the ene expression; 15 an
conpar bggte % dé’f & ﬁgér‘e@'ﬁ”@é‘ %QUénc@C’mo far sequencing

dalabisisse conprising genom ¢ sequences whereby
matching 5 and 3' termni sequences are identified.

The method may further comprise the steps of:
determining the nucleotide sequence of the ditag;

detecting the gene expression;

and/or comparing the determined nucleotide sequence to a database

comprising genomic sequences whereby matching 5 and 3' termini
sequences are identified.

In particular, the at least one ditag comprises 36 nucleotides and the first and
second sequence tags comprise each 18 nucleotides.

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

data analysis and mapped head-to-head in 3 specific region within a
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In particular, the at |east one ditag conprises 36
nucl eotides and the first and second sequence tags
conprise each 18 nucl eotides. 20 As nentioned above,
the ditag according to the invention includes the
"signature" (consisting of the 5 and 3' ends) of the
nucleic acid nolecule which is intended to be reduced
or represented. Such ditags, preferably cDNA ditags,
of a library may be concat enat®d and sequenced. The
paired 5 and 3" signature sequences (tags) of a
transcript in a ditag delineate the starting and 25
endin%ﬁggints of transcripts. The ditag can be split

EB%]S.Q QWW%Q”@CPWOW afnah %Eﬁ!sénﬁi@?@%i%@% sequence.
-1.0- specific region within a
r zgg %ﬁbﬁeg? Q?‘a%%%tp%}?ea' nckﬂ?wgﬁﬁb Heser tvem tagss isntileetill structural
geonteBt sémwmpectTJ@g@%!QHblﬁd%%fﬂ"gﬁ‘& ﬁ}t'}oﬁl bet ween
uct ural” “conte

these two tags I1s the full str "of the

pléos ectjyve (?ren,e, i ncl udi ng exons and introns. A

g ralReRTHiRianoef @eneendrepringpUsiog sk iltagher thd #Sention is
ofhdi®ir p}g@@_ti onis 5 shown in Fig.3. A nodest

sequenci ng run can generate sufficient data to

characterize a transcriptone not only by determ ning

themogest selquenaimgc rumptcamb getanste BUﬁicieﬁﬂts@attgﬁto characterize a
e

i 1] he structure of transcripts using
?@%@%’@%@Ba’ﬁ% Yy b¥% getsrminmei ther tevel 0 tiamsatiputbaresance but
28)s6 oby deflirngfthieCl encing, 10 Because ,
t he tags of t%eﬂqgi tbgg&tgg@nacge%?éﬁ% Hangn{ng drys@led S'and 3

fTEQionga tpiserasyltstinmbouteve® e-foie gherceficieROR ANES T i
RT-PCR prinmers can then be designed based on tﬁe sequencing

] ' ence. Accordingly, a further

Tk ElRInORREE S R BN %P o EEbed idranv genpore. donememple to
rympamgenooipisegliogcesl POR ey RToPE i
g}l i g nuch_%gt iagem,conpri sing at |east Ro‘h’g'ﬂ%h g%?ﬂf%be designed

&5 a On Bip T THEY ORBOG feduenesst and second sequence
tags, wherein the first tag
Accordingly, a further aspect of the invention relates to a method for genom
mapping, comprising: '

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

mapping each of the two tags of the at least one ditag on the genome; and
defining the structural region of the corresponding gene on the genome map.

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

preparing at least one oligonucleotide comprising at least one ditag, the ditag
comprising two joined first and second sequence tags, wherein the first tag
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conprises the 5 -term nus sequence and the second tag
conprises the 3'- term nus sequence of a nucleic acid
nol ecul e, the nucleic acid nolecule corresponding to
the full-length of a gene or fragnent thereof; 20
mappi ng each of the two tags of the at |east one ditag
on the genone; and defining the structural region of
t he correspondi ng gene on the genone map. Further, it
is also an aspect of the inven $on to provi de a net hod
of gene discovery conprising: preparing at |east one
ol i gonucl eoti de conprising at | east one ditag, the

di tﬁ%?{. 25 ong,ri sing two joined first and second
sEQIRTEES; %@s, -iFfBidisnsegeente sndt 4 88corid aY ic%‘#fpr‘ié‘é% the 3"

5% kN e he second tag conprises the
3' eﬂrﬁ@??n m@gguﬁgeﬁggle ¢ rﬂf’é‘fépeleékﬂed the|-suelpis, atide molecule

- fQoespondiogdo tiné diveagticef &empaNsH t :
full-1ength of a gene gr fra%n%f@@%?t;thg5%ari ng

tgg bt ai Ed %t | egst one ditag with a genone map

anid/ F'QQE} R&PIEINGd 3 daget onle défagiwith aateriomy nedp bRS/or a gene
Sdaiithsd: ternmini tags on the genone map but

detecting no match on one or nore of the known gene

dat abase; The met hod further conprises the step of

r e RFEPE ngpatahing @f ItheeBigahdnBC kerngini eisd c

CQEIRFR rh%i llﬂgtctho t he neV\Ag di scover egé\dgeggﬂh%oﬁ%ﬁgme map but
i nvention al 8o proditagk Moneeiiha knewn gene daiabgse;

f%LI -length cDNA conprising: preparing, froma

£ Tihé -thethgtohfuetiBA donsrdas i gpnucl eotide
conprisjing at | eastnb%ne diﬂfgagl,t&??})z r%&?\aegln@oﬁja f‘éﬁﬁ@gfh nucleic
t %d j%?'ﬁéa'equgqspgﬁdlr@et@dhe newely diseovet@genaher ei n

the first tag conprises the 5 -term nus sequence and

Phd hmvaggend g [ ses t "-term nus sequence
of a full -(Igrgn?ylt%ﬁ gwéése%u e@ﬁﬂ‘g fte refvringd fuil-length cDNA

diargefigibgeot i de dit ag;

preparing, from a fulliength cDNA library, at least one oligonucieotide
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 oligonucieotide ditag;

determining the ditag of interest; and

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

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

preparing, from a full-length cDNA library, at least one oligonucleotide

comprising at least one ditag, the ditag comprising two joined first and second -
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determining the ditag of interest; and recovering the
full-Iength cDNA corresponding to the ditag of

interest fromthe full-length cDNA library. 20 The

i nvention also provides a nmethod for quantifying the
transcriptional activity of a gene conpri sing:
preparing, froma full-length cDNA |ibrary, at |east
one ol igonucl eotide conpri si at | east one ditag,

the ditag conprising two join first and second 29
sequence tags, wherein the first tag conprises the
5'-term nus sequence and the second tag conprises the.
3' -term nus sequence of a full-length cDNA;
sERAGSen@gs hwhersiai the dirsll tagoromprsss the gi-terhinus sequance and

d RNt f th d ditag wh
R Ry R Y i G nee o i - orothioBNA,

gene. Havi ng now general ly described the invention,

- t$rgqusmeingitel ofitairmer dligoradidotide st ood through

reference to the foll owi ng exanpl eS which are provided
tration, and are not intended to be

b . of il
m*%’éﬁ‘w&%'fh% ﬁ%qbl.e@g)érqf thensesuiesaed ditagewhia esrre§pdids to the

Otkérﬂébﬁibﬁbﬁé’ﬂé&@&yfogqhg synthesis, the structure of
a generic 50 bp “15 coHlesive ditag, priners used for

the construction of vector pdSI, and ds DNA adapter
WIHR\IRG SI0w aeerally delseribachtin imvention| the! B i B méfeZeadily
g

' j DNA i,.s 20 - Gsul -
ASY D thidhfEh eerrBr b S el gwinaseRmTIEWhIgh Sre provided
Nt Wapafiitustvetbh Nasd Bé RBE intdrdted to{8& Rhiting of the present

invention.

Examples

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 Analv_sis Oligos for cDNA synthesis

- Gsul-oligo dT primer:.

5-GAGCTCCTTCTGGAGTTTTTTTTTTTT] TTTVN-3' (SEQ ID NO: 1)

- Notl/BamHI/Mmel(N)6 primer linker (top):

5'-AATTCGCGGCCGCTTGGATCCGACNNNNNN (SEQ ID NO:2)

- Noti/BamHIi/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): |
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40

25 5' - AATTCGCGGCCCCTTGGATCCGACNNNNNN (SEQ I D NG 2) -
Not | / BanmHl / Mvel (N) prinmer |inker (bottonm): 30

5' - p- GTCGGATCCAAGCGECCECG 3" (SEQ ID NO 3) -

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

5' - AATTCGCGGCCGCTTGGATCCGACGNNNNN (SEQ I D NGO 4) 35 -
Mrel / BanHl / Salt adapter (top): 30

5' - TCGACCCAGGATCCAACTT-3" (SEQ ID NO 5) -

Mrel / BanHl / Sal t adapter (bott : 5 5" -p- GTTGGATCCTGGG
- 3 (SEQID NO6) - PMRO03: 5'- GTAAAACGACGGCCAGT- 3
(SEQ 1D NGO 7) - PMRO04: 5'- GGAAACAGCTATGACCATG 3
(SEQ 1D NG 8) 10 - PVRO06: 5' - TAATACGACTCACTATAGGEG 3!
(SEQ I D NO A)i PMRO11: 5' - GATGTGCTGCAAGGCGATTAAG 3!

( SEQ | B-NOGAGPCAGGATRNERACTT-3' 6SEQ ID NO: 5)

5' - AGCGGATAACAATTTCACACAGG 3' (SEQ I D NO 11)

St Mnoe{Bambll/Salioedusta e cohesive di tag 20
O RS 550  1012
GCTG XX) (I:XXNNNNNNNNNNNN 25 (SEQ ID
NOphikodber SLETANKCIABYGREAY " Bedip RS ™ 2O
- PMR004:  5-GGAAACAGCTATGACCATG-3' (SEQ ID NO:8) |
- PMR00S: 5-TAATACGACTCACTATAGGG-3' (SEQ ID NO:9)
-PMR011: 5-GATGTGCTGCAAGGCGATTAAG-3' (SEQ ID NO: 10)
- PMR012: 5-AGCGGATAACAATTTCACACAGG-3' (SEQ ID NO:11),

Structure of a generic 50bp cohesive ditag

5’-GATCCGACXXXXXXXXXXXXXXXXXXNNNNNNNNNNNNNNNNAAGTTG

(SEQ ID NO:12)

GCTGXXXXXXXXXXXXXXXXXXNNNNNNNNNNNNNNNNTTCAACCTAG -5

(SEQ ID NO:13)

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

Primers used for the construction of vector pGlS1

Mme_mut1: 5-p-CGCTCTCCTGTACCGACCCTGCCGCTTAC-3' (SEQID

NO:14)

Mme_mut2: 5-p-AACTATCGTCTTGAGACCAACCCGGTAAG-3' (SEQID

NO:15)

ds-DNA adapter
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Primers used for the construction of vector PG Sl
Mre _mutl: 5'-p- CGCTCTCCTGTACCGACCCTGCCGCTTAC- 3" ( SEQ
ID 35 NO 14) Mre nut 2:

5' - p- AACTATCGTCTTGAGACCAACCCGGTAAG 3' (SEQ I D NG 15)

40 ds-DNA adapter 31 5' - AATTCTCGAGCGGECCGCGATATCG 3

(SEQ I D NG 16) 3' - GAGCTCGCCGGECGCTATACGCTTAA- p-5" ( SEQ
ID NO 17) Pd SI sequence 5 Th% sequence of pd S1 (SEQ
D NO 18) is shown in Figure 19! Exanple I 10 The

met hod The experinmental procedure of G S ditag

anal ysis has been carried out according to the

faoll ow El' nodul es of cDNA |ibrary construction and

aRafdiT& TCEAGCOREGLBECEARIMC GBS EQIDaN®: 18)i ch

cach SORAG FLEHCC T HRa A RGO (s i Nowien

~each clone contains a 5 18bp signature and a 3' 18bp

signature of a transcriptional unit; (3) The GS -
IB&L‘gﬁ-ﬁ—eﬂEﬂ’.&ones of concatenated G S ditags; (4)
G S sequencing analysis. 20 1. A S full-length cDNA
library with addition of Mrel sites for each cDNA

| Nbeseguhee ofipGIB¢ (BECPID MEUUIBS iPEhdWh T PREHE 90, Was
as follows: starting from high

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 foliows: 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,
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25 quality nRNA, the first cDNA was synthesized with a
Gsul -oligo dT priner (SEQID NO1). 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 exanple Carninci et al.
1996, 32 Genomi cs, Vol . 37, 327 336; US 6, 143, 528;
Edery et al., 1995, Ml . Cell.3Biol., Vol.15, No.86,
3363-3371). The enriched full-I ength first strand cDNA
vvas the tenpl ate for second cDNA synthesis prined

h adapter-priner (Notl/BanH /Mrel-(N5 and -(N)B6,

'P@ 37, BA-38B2SAN48j5282 EdER) et 8. B@Qgﬂlj
a\/lgpq Bﬁ :?ré @he doubl e strand cDNA lelap%ell Biol.,
t he pdl ,&}f % was cl eaved off by Gsul -
restrl ction enzyne. Gsul is another Type-II

emberemlodaeslefutm@i thdireeytesnPNBNL AR S
nition site. J At the Gsui '\rigava %82%8151%? for second cDNA

aﬁ EFISc AMAh Wigh aaWBr-PanmnKNoﬂlBginlAH?!g,gnél @NOS and -(N)6,
o NPt ney ek Se el s 3meS 2 BoraTk ant-a Sagestes O

was inserted into the vector pd S1, between the Notl

antdestia deublesstiamat CRNPolvib irmkes - thENEONE ?&Wé’l was cleaved

( nd 10 sm)dlfledfrom
@?e"ﬁg@%ﬂﬁ rfsgt"C% %aﬁft‘-ﬁ’ d8 anmha'mé'ypet-lalemjlaﬂedease
that

i e 5 AN Al e o o

dariar comaining aaMmelose Batabie rditee hrign aS@’Q&?gheste end was

%%I ﬁ@%ﬁ%&@ﬁ@%r@ L%gul a:ray glmsggbe used. 20

MRNA (_poI YA RNA) was purifi ed by oligo dT nmagnetic
Hedigaving @ Nditingigestion, the full-length cDNA was inserted into the vector

pGIS1, between the Notl and Sall sites in the polylinker. The vector pGISt
(see Figures 7 and 10) is modified from PGEM3z (Promega).

1-1.  mRNA preparation

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

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

1-2.  First Strand cDNA synthesis and full-length selection
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standard techni ques (for exanple, Sanbrook and
Russell, 2001, as above). Alternatively, purification
may be carried out by affinity colum according to
standard techni ques (for exanple, Sanbrook and
Russel |, 2001, as above). 25 1-2. First Strand cDNA
synthesis and full-length selection 33 1In this step,
the first cDNA is synthesized with a Gsul-oligo dT
primer. Then, the first strart! cDNA/RNA hybrids, are
subjected to a full-length enrichnment procedure by
the biotinylation-based cap-trapper approach.. 5

Gﬁul ol i go d'é_lfprl mer :
GSA@NWH’SWH&'S‘I‘Z‘G’G’M 3 GétﬁE@i oDdNCBrmiér Then,

'7%}*5"4 REGPRUTRRA Fhids =iF Sublentdd dbrabienth enrichmen

s@lrmnedmre Mihé@&rﬁtﬁ@/!étmrﬁ%é@éaﬂ-ﬂﬁbﬁeﬁﬁpﬂfbafghf or 1

mn Then, spin tube in mcrofuge and ol | owi ng
bst ances_were added: 15 2X GC-1 buffer (Takara)
ul-eNg 8Tipmmert or Promega) 1 Pl 10mM dNTP (with -
rret hyl -dCTP) 4pl Saturated trehal ose 10Nl 4.9M
sOr-BAGLTCEIT ZDGEABTSTT TPTTITTTEVESANF ASSEN|DALASS
15ul (I nvitrogen) The obtai ned sol ution S I ncubat e%l
at 37C for 10rnin, 42C for 30m n 50C for 20 mn and
5$ﬁeff@|[o Fib dof proteinase K (20 ng/m ) were
ded. vg@ Thereﬁ‘g?éal ned sol ution was |ncubated at 45C
for 15Gsuholigd Idd'vmufnby(?pp@’pql / chl or of @n ext racti on

and i SBnyﬁpﬁRj‘A (ﬁ{ esl pitation (accordi ng? to

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

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

2X GC-I buffer (Takara) 75ul
RNase inhibitor Promega) 1ul

10mM dNTP (with methyl-dCTP) 4l
Saturated trehalose ~10ul
4.9M sorbitol 264l
Superscript |l reverse transcriptase 15ul

(Invitrogen)

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

The RNA/cDNA heteroduplex was re-suspended into 44.5 pl of ddH,0. 3 I
of 1.1 M NaOAc pH 4.5 and 2.5 pl of 100mM NalO, were added to oxidize the
diol structures of the mRNA. 50 pil of the reaction solution were incubated on
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standard techni que, eg. Sanbrook and Russel, 2001, as
above). The RNA/ cDNA het er odupl ex was re-suspended
into 44.5 pl of ddH2O 3 pi 30 of 1.1 M NaQAc pH 4.5
and 2.5 pl of 100mM Nal04 were added to oxidize the
di ol structures of the nRNA. 50 pl of the reaction
solution were incubated on 34 ice in the dark for 45
mn foll owed by adding 0.5 PI of 10% SDS, .11 pi of 5
M NaC and 61 pL of isopropar?&l to precipitate the
RNA/ DNA. The precipitated RNA/DNA was resuspended in
50 pi of ddH2O. 5L 1 M NaOAc (pH6.1), 5L 10% (w V)
SDS and 1504L 10mM | on? arm bi otin hydrazi de were
deada the daripfen 4hymiafeliawsd Byadding O atof 60%8BS, 11 ul of 5 M

s Ve F‘iﬁ‘éﬁ%%ﬁ@%%&é SN e oot
NRRIA/DRAL whsfeBlapenddem Haph wpl@c%)sc%q[éﬂeﬁ %%@%@1 ), 5ul.

Et OH or 200 L of 100%Isopropa
ftﬁ%s@vh/hSﬂ/SsandMﬁ@le plrﬁnaM Wogkarm Lot Iht\gEﬂted@Were added to

| / Et OH 30% PC-t t
SR BRIE Tl s shr oo i
h t d {,. at
ARSI Sty NN G B B .

Tlhaﬁl 75uhet eRNabevirs MhOAR (p#4b. 1 Rihd 25 3P
400L DEPC- ddH20. Then 50p MRt e R i?mr ﬂgn};ljorzoo bl

20§ 100 %< spRrERRaNAL. ||@QUbatesafa-r&Q%‘gfmrFaﬂmm;espldd%krmeh’64°C for
Oéjdr% ned sol ution was incubated at 37C for 30m n. 104L
/L Yeast tRNA (Anbion) and 1504L of 5M Nad
were added to stop the reaction. 20 Wile
biotin Iat| ng the RNA- DNA het er odupl ex, the
Sthepelist wes vz@s’miewﬂzo%ﬁm 51:@};1@30% BEFGreate dngDL(DEPC

T S ERMRESRERUS MBR T Rl it st D4k sipin was
ccardgaeiut at 4°C for 10min. The extra hqund was carefully removed. Then,
the pellet was air-dried. and resuspended in 400l DEPC- ddH,0. Then 50uL
10x RNasel buffer and 25 units RNasel / pg of starting mRNA were added.
The obtained solution was incubated at 37°C for 30min. 10uL of 1dmg/mL

Yeast tRNA  (Ambion) and 150pl of 5M NaCl were added to stop the
reaction.

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

super nat ant was renoved. The beads were re- suspended
in 400L 1x binding buffer (2M Nad, 50 mM 25 EDTA, pH
8.0). The tube was placed on a magnet,. wai t ed at

| east 30m n, and then the supernatant was renoved.
The 1 x binding buffer wash was repeated for 2 nore
times. The beads were re-susp ed in 4004L 1x binding
buffer wth 100g of Yeast tRNA and then incubated at
4C for 30mn with occasional m xing. The tube was

pl aced on a nagnet stand, waited at |east 30 35
seconds, and the supernatant was renoved. The beads
\/\é?%or\@:s ﬁhﬁtwpﬁnatﬁnhwmgemﬁveerThelbe%dtslvm@% wastted with 1x

PR L TS AR o
Nat@l
ﬁgger at ?J/(ralelr?-é]o?O?O\ﬁﬂssgmg'ﬁ%ﬁ?hﬁSQd% ‘Face PR vas at 1 M NaC).

&RiXi4rg s mmegloataporretﬁmpe?atwedommmmnd t he
super nat ant renoved (the supernatant was saved as
"“unbound"). The beads were washed two tines with 400L

oﬂ'h&kube mtiswglabaﬁ fogra n\%ﬁﬁ%’caﬁc@ Whitdy éﬂ\%ﬂiﬁt gb [Seconds, and the

g %/g pl us 50g/ Yeast t RNA.

pRerng fl{em'ﬁddtherwpe(raetmt Wasssaver asHurfhoudd2)rv
EDTA 10mMM NaCl & 20%v/v) glycerol, 40 g/ nL Yeast
t RNA). And washed w 400L of 509/ m - Yeast t RNA. For

all he iesitssweleewashed Was thes edtoao t
waited for at |east 30 seconds, a%@ﬁgﬁs%@g?@dwﬁ?r Washed

wWath 400uucof 0.45 (Who $DSsnlust5|qugdnl:Dl‘#asivaRNﬁe|Wa§ﬁ6d WVith 400uL

B A owRRE Bl T i ] nilr 6 0 2w BB AunsOmM Nal &
209(e/d) glycRs], 01T VeastRRNADEANB R RECTH AR of S0g/mL

magnet stand, and t supernat nt transfter

aﬁ%@ﬁetRNfﬁb &Faratl WBMefgﬂ‘l'eOiubele; Placedbn @Padret stand, waited
for at least 30 seconds, and the supernatant was removed.

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

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

supernatant was 300 plL (containing the first strand cDNA).
The cDNA was extracted by phenol/chloroform extfactio_n and precipitate by

1mL ethanol with glycogen;. The cDNA was re-suspended in 5ul LoTE (0.1X)

LoTE is low salt Tris-EDTA buffer (3mM Tris-HCl pH 7.5 and 0.2mM EDTA
pH7.5)). |

1-3.  Second strand cDNA synthesis

The following reagents were added to the each corresponding tube on ice.
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20 The lysis procedure was repeated for 2 nore tines.
The final volune of supernatant was 300 p.L
(containing the first strand cDNA). The cDNA was
extracted by phenol/chl orof orm extracti on and
precipitate by 1 nL ethanol with glycogen;. The cDNA
was re-suspended in 54L LoTE (0.1X) 25 LoTE is |ow
salt Tris-EDTA buffer (3mM Trii-HCI pH 7.5 and 0.2mM
EDTA pH7.5)). 1-3. Second str thd cDNA synt hesi s 30
The follow ng reagents were added to the each
correspondi ng tube on ice. 36 CcDNA in LOoTE 5L Linker
(N5) 1.6 Li nker (N6) 0.4g Soln Il (Takara ligation
Ki t )10’@ soleTE (Takaula |igation kit) 20L Linker

N6) is: Notl./LBanH / Mrel 6 primer linker (top): 10
5(3' -?AAIT?‘ME%ECTTGGATCC&E)CT\HQE@I}\IN (SEIQ I D Ng) 2)IO o
Not!| /B rimer lhnker (bottom): 15

5' - p- &Em&d&%g)ce%ccece 3‘5'Q’E§EQ(| D No.ms) Li nker
(N5) i Solri\it(TaRamaHigaviee ki) foar i mer |i nker (top): 20
5' - AATTCGOGGCCGCT TGGATCCGACGNNNNN ( SEQ | D NO: 4)

Not | / B9 | Makaraljigptiondkit) I20der (botton): is the

sequence (SEQ ID NO3) indicated above. 25 The cDNA
?nﬁﬂée'r?hg)ris:m xture was incubated at 16C overnight. And

Notl/BamHI/Mmel(N)6 primer finker (top):

5-AATTCGCGGCCGCTTGGATCCGACNNNNNN (SEQ ID NO:2)
Notl/BamHI/Mmel(N) primer linker (bottom): |
5’-p-GTCGGATCCAAGCGGCCGCG-S' (SEQID NO:3)

Linker (N5) is:
Notl/BamHI/Mmel(N)5 primer linker (top):

5-AATTCGCGGCCGCTTGGATCCGACGNNNNN (SEQ ID NO:4)

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

The cDNA and linker mixture was incubated at 16°C overnight. And‘the
following were added:

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

ExTag polymerase (Takara) . 4ul

The mixture was preheated in a thermo-cycler 65°C, 5min  68°C, 30min
72°C, 10min., followed by phenol/chioroform extraction and ethanol ppt with
glycogen, and re-suspehded in 85ul ddH»0.
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foll owi ng were added: ddH2O 20L 10XExTaq buffer
(Takara) 8L 2.5mM dNTP 8L .30 ExTaq pol ynerase
(Takara) 4L The m xture was preheated in a

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

fol l oned by phenol /chl orof orm extracti on and et hanol
ppt with glycogen, and re-suspended in 851 ddH2O 37
1-4. Renoval of polyA tail by C?‘sul di gestion The
foll owi ng reagents were added 0 the tube. 5 cDNA 85L
Gsul (Fernmentas) 5L 10X bufferB (Fernentas) 104L The
m xture was i ncubated at 300C for 2 hours, followed by
phenol / chl orof orm 10 and et hanol precipitation. The
pel | et was re-suspended in 10ul ddH20O, and the

fal ] ' i ' reaction was carried
out%'ﬁ\%@.g\/%dpm%?%} b%%%g‘hg&egﬁOWth Mrel and BanH
and Sall sites 15 The foll owi ng conponents were added
tq the tube contajning 1041 of sanple. The 1041 of
sinﬁF@"Q/\’)ﬂggtrﬁégﬁﬁﬁﬁw@%ﬁ&&ﬁ’d@dhﬁdﬂgeI ength cDNA whi ch
has hadpnigie pol y(A) tail 5% ved by Gsul digestion.

20 5X 't gation buffer 104L ul Sall adapter (0.4 ¢

/4L) 28sul [Adrenémtak) Sal | adgpter is Mrel/BanH / Sal |
adapterb T4 DNA ligase (5 units/ul) (lInvitrogen) 54L
10X bufferB (Fermentas) 10uL

The mixture was incubated at 30°C for 2 hours, followed by phenol/chloroform

and ethanol precipitation. The pellet was re-suspended in 10ul ddH20, and
the follpwing 3’ adaptor ligation reaction was cafried out.

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

The following components were added to the tube containing 10ul of sample.

The 10p! of sample was the double-stranded full-length cDNA which has had
the poly(A) tail removed by Gsul digestion.

5X ligation buffer 10ulL

Gsul Sall adapter (0.4 ug /uL) 25uL
[The Gsul Sall adapter is Mmel/BamH1/Sall adapter)

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

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

- Mmel/BamHI/Sall adapter (bottom):
5'-GTTGGATCCTGGG-p-3' . (SEQ ID NO:6)
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25 - Mrel /BanHl / Sal | adapter (top):

5' - TCGACCCAGGATCCAACTT-3" (SEQ ID NO5) 30 -

Mrel / BanHl / Sai | adapter (bottom:

5' - GTTGGATCCTGEG p-3" (SEQ ID NO 6) 38 5 The reaction
was i ncubated at 16C overnight, followed by

phenol / chl orof orm extracti on and et hanol

preci pitation, and the pellet gae-s_uspended in 41 ul
dH2O. 1-6. Notl digestion and CDNA size fractionation
10 The followi ng were added on ice and in order: NEB
Buffer 3 5L Notl (10units/ul) (NEB) 4L 15 The obt ai ned
solution was incubated at 37C for 1-2 hours. cDNA Size
Fracti onation. Columms were prepared (the Invitrogen
instructions were followed: uncap the colum (bottom
first) and allow it to drain conpletely; wash 5 tines
wi th 800L TloEo. 1N25 Buffer, allowi ng the colum to 20
drain conpletely each tinme). The DNA sanple was | oaded

OTte rédutiopolEBTIncubElEd 3t qBed tﬁ\%ﬁ%ﬁf‘ﬁ@l&%g %glt ﬁﬁ@i@cﬂ/cﬁoroform

g}geag*qorf ééjgéﬂ(fractlon 1).

Fastionea adol Precipitationt, ket dhe Wik Iy |

?dh?@)pendorf tube (fraction 2). Anorp;gr ?&%ﬁ(ﬁéﬁde@ in 41 ul
0. 1N25 Buffer was added. The flow through

coll ected, one drop per pre-nunbered Eppendorf tube

(beginning with 25 fraction 3, each drop was about

3064bgthdigewtioreard cDINA siaé dractionatiodr y, anot her 100L

of T10Eo. 1N25 Buffer may be added.

The following were added on ice and in order:
NEB Buffer 3 Sul

Notl  (10units/ul) (NEB) 4ul
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 aliow it to drain
completely; wash 5 times with 800uL T10E0.1N25 Buffer, allowing the column to
drain completely each time). The DNA sample was loaded onto the column.
The flow-through was collected in an Eppendorf tube (fraction 1). 100uL of
T10E0.1N2s Buffer were added. The flow-through was collected in an Eppendorf

- tube (fraction 2). Another 100pL of T1oEq1Nys Buffer was added. The flow-

through collected, one drop per pre-numbered Eppendorf tube (begin'ning with
fraction 3, each drop was about 30-40uL).

Whenever the column runs dry, another 100uL of T10Eq N5 Buffer may be
added.
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39 Up to drop 20 should be collected (according to
the Invitrogen protocol). 34L of each fraction were
run on agarose gel to visualize the cDNA size in each
fraction. Pool fractions were showi ng cDNA > 1. kbp
(usually up to 2-3 kbp). Pool ed sanpl es were kept
neat (using a cuvette soaked at least 30" in slightly
5 acidified 100% EtOH, rinsed g times with ddH2O, and
saving sanple. This is what h g to be ligated). If
only one fraction is to be used, precipitate it and
use the half to all of it, depending on what the gel
| opks like. 10 At this point the cDNA fragnents have
t P IpEopcgh 85puld lemgoliectsd (sicderdimylto Bl Invitrhgsi BRotocol). 3uL
or.

e Qi nd are ready to be cloned in vec

1?') ?_e%kpgrae%qilgﬁe\ggr%cmow YRCPR ! ito vipuRliae the giaNS1size in each
1%rattidn.lPdblefrabim - pared by Notl

e oo P AP AR noKe ShAIRCLBNA'SE BREBLRISPEIRIR © 2-3 ko).
shomied samplasrwsrerkentchet (n6ingla ELvstid g af Ie(%st 30" in slightly

c : j (L) Site-specific nmutagenesis
pggmem)d’@e%@"'W%?Q%rﬂfg%&Mdefheaw@amngoﬁrsplb. This is
wadhad tbs e defiigaa PCEM3z (Promega) . pGEMBz original |y

contai ned two Mrel recognition sites that were
knocked-out by site-directed nutagenesis. The

[ e 0K St rat agene), was used, together
Qf & nﬁ%fg{é%fﬁﬂ'%%ﬂ(engpgé, RieShitae It and Use the half to all of it

Stepefificd ChAURAIACGANSSKEFHRLCTTAC- 3' (SEQ 1 D NO 14)
Mre nut 2: _

At this point the cDNA fragments have the Nof| cohesive end at 5 side and

Sall cohesive end at 3’ side, and are ready to be cloned in vector.

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

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

pGlIS1 Cloning vector cb‘nstruction

(1) Site-specific mutagenesis of pGEM3z to create Mmel-minus vector
The vector pGIS-1 was derived from PGEM3z (Promega). pGEM3z originally
contained two Mmel recognition sites that were knocked-out by site-directed

mutagenesis. The QuikChange Multi kit (Stratagene) was used, together with
mutagenic primers:

Mme_mut1:
5’-p-CGCTCTCCTGTAC'CGACCCTGCCGCTTAC-B' (SEQ ID NO:14)
Mme_mut2:

5-p-AACTATCGTCTTGAGACCAACCCGGTAAG-3' (SEQ ID NO:15)
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5' - p- AACTATCGTCTTGAGACCAACCCGGTAAG 3' (SEQ | D NO 15)
30 40 (Il) Modification of polylinker region The

pol yl i nker region was nodi fied by sinple insertion of
a ds-DNA adapter at the existing EcoR site.

Addi tional recognition sites thus introduced are:

Xhol, 5 Notl and EcoRV (EcoRV is del eted upon
insertion of the stuffier fra nt (see below)).

ds- DNA adapter: 5' - AATTCTCGA TATCG 3" (SEQ ID
NO 16) 3' - GAGCTCGCCGGCCCTATAGCTTAA-p-5" (SEQ I D

NGO 17) 10 (Il11) Stuffer fragnment insertion An

appyr oxi .£ly 690bp fragnent was inserted between the
Ngll& a,l})gt?cg,ﬁq%onsqut@ylmkef ROABdi fi ed vector (see
vector sequence in-Figure 10). This facilitated 15

the production of Notl/Sall double-digested vector, as
t Aeesalylinker region bascinedifled by sitié 7esbraod o%CcHsZ-EfNA adapter at
was

_ ggfé ggiﬁﬁ[% Egg%gité? b\i_c_igRkﬁgﬁ%@h%réiggt&a;g]oﬂheed are: Xhol,

PRoBlarPEESRVERORVIRL 484t L@?%”nﬁ‘%é?ﬁo&gcf ﬁwﬁ\&?{ygfeg frapment (see

transferred into el ectroconp

bYelow)bct ropor ati on according to standard techni ques

(a%@,@@ r.ook and Russel, 2001, as above). 25 1-8.
rary = Quality Check) A dilution series of

15'1/&A1WCGTCGA@@§GOWC%AW@G@:§'?$€§5‘1% f@‘éﬁ eéQB agar

plates, with antibiotic selection. wer e
i ncubBr@A VP RICEHECAHICTATAGGTTAA-pIE! CBRTNID NaR17)
library titer. '

() Stuffer fragment insertion

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

The linearized plasmid was gel purified.

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

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

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

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

plates with antibiotic selection. The colonies were incubated overnight and
counted to determine the library titer.
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30 41 Between 24 to 96 colonies (arbitrary nunbers)

were picked and the inserts size determ ned by direct

col ony PCR and agarose gel electrophoresis (according

to standard techni ques, eg. Sanbrook and Russel, 2001,

see above). The percentage of cDNA insert and the

average insert size were 5 estimated. At this stage,

the GS full-length cDNA |ibrary may be stored as

ligation reactions or as tramelfformants in E. coil

cells, according to standard nethodol ogy (Sanbr ook

and Russel, 2001, see above). 10 Exanple 2 2. dS

ditag library 15 The cDNA clones made fromsteps 1-1

t Betdedn QantcaDBEEblanMEBla i AR the 5 side .

and anot her Mel si_rt1e (a&%f&%g n|£]n revers?g‘g pé%eéiﬁ?%‘?itgﬁ Inserts
ati@eneermined ot dirediacolohesBCRwardredgaress rgéit bRitrophoresis

. : h 'b db
TR S 681 fBpblRb. G0 agerooi dncc s 2001, sec
diabbeg)erite pereentagé dfecDRAS iHserRbRE e eﬁ%r{a@%f fg%gl size were

i nd'.catqi on. '20 Mrel restriction enzyne

t FeWBadnes 20bp into the cDNA fragments fromtheir

5" and 3' ends. Consequently, despite the variable

sizes of the digested cDNA, the vector plus the 20bp
CBUANS giageurtbot GIS futieagth oDNA fbre | mal0BE Ssifdd aBeigation

oﬁ,eaac@ggst ant s'ésa hat can be_easily  recogni zed upon

agarose g8l BFe BB dN &hd celincells,easicbiding to standard
prathdody (A BRAAEGso 0B PN LAGENT S, The

gel -purified vector plus tags can el f-1igated
to give a "tagged plasm d" containing the 5 and 3'

Gt§aﬁ{bﬂ§§t ure tags.

2. GIS ditaq library

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

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

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

2-1. Plasmid preparation
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30 2-1. Plasmd preparation 42 The G S full-length
CDNA library was anplified once by plating an
appropriate nunber of clones on large (22 x 22cm
agar plates (Cenetix). The nunber of col onies

requi red was determ ned by the estinmated transcriptone
size. After 5 an overnight 37C incubation, the

resul tant bacterial colonies Wg%e harvested and
pel | eted by centrifugation at 00g for 30mn. Plasmd
DNA preparation was perforned using the Q agen

H Speed Pl asm d Maxi kit. The quality of the DNA
obt ai ned was exani ned by agarose gel el ectrophoresis
and restriction digestion. Approximtely 300,000

I 0
TSRS SR ATl it
ohmpibasmf didbka arakargk gzzu@tzm BgaMpiRds Sd?\%"tlxz XPhe number of
EFﬂBf acturer' cond| ons NEB ensuring tha

BiESoequiPEvas de Ji:)é %§tl@9%§ane@mwhmmlze After

4

o T ’fﬂgﬁﬁgﬁcé'gg??ﬁﬁﬁﬂtgg?e%’éé% { B4eseNBt E6Enies, were farvested

aandpelietsd b%@ea:rgegatmm at fSMOIgOiimr\mmﬁXms?ﬁll@ QNA@greparatnon
a.s r oxi nat e

AL PR B i iaden PESPeer FHRE Mast i Tho quality of the

CONabBtiged r\}@s@b)%alﬁir&rbabyr%]érﬁ %@r go?pel'lc%f’e&a 304 rastriction

observed, together with a
rigptior. AReioxiroatehf 3@DRA0S wjnmelsecan bglp?rad:essédaﬁﬁyiéﬁ at least

25 2-3. Linear vector-G S ditag
purgfl cc%ll d42Phl d| gestion reaction was

el ectrophoresed on 0.7% agarose, and the 2800bp
ét g/hmGIS tag band was excised and purified using the
ée ehgigestien gel extraction kit. 30

Approximately 10pg of plasmid DNA was digested using Mmel as per
manufacturer's conditions (NEB), ensuring that the number of units of enzyme

used was always less than 4-fold excess to prevent methylation-induced
inhibition. Digestion proceeded at 37C for 2-6 hrs.

An aliquot of the digestion reaction was examined on an agarose gel: a strong
band of approximately 2800bp in size corresponding to the linearized vector
containing the GIS signature tags were easily observed, together with a

number of fragments derived from the excision of cDNA from the original
plasmids (see Figure 4).

2-3. Linear vector-GIS ditag purification

The digestion reaction was electrophoresed on 0.7% agarose, and the

2800bp vector-GIS tag band was excised and purified using the Qiagen
agarose gel extraction kit.
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43 2-4. Vector-G S ditag self ligation to create
"tagged- pl asm ds" Mrel digestion resulted in a- 2bp
over hang on both the 5° and 3' signature tags. These
were renoved (polished off) using T4 DNA pol ynerase 5
(Promega), |eaving behind 18bp tags: (0.5-2.Qug) DNA
50L 1 Ox Y+/ TANGO buffer (Fernmentas) 6.0 0..1 MDITT
0.3L 10 T4 DNA pol ynerase 5unit,s/ g 10nM dNTP 0. 6L
ddH2O to 60. 04L Incubated at 37C, for 5min, then
inactivate at 75C for 10min 15 The purified, blunted
DNA was then et hanol precipitated and resuspended at

a,concentratiaon of proxi mat el y 20ng/ pl . .

RTH %C&%{fé%dt%tsﬁgﬁ'sﬁgea|t%f°re&t@c“tag@@rﬂamazmdsi’n) was
carried out as follows: 20 Approx. 350ng DNA 15. 0L

Ligation Solution | (Takara Ligation Kit 2) 15. QL

| Mongs adigestian Iﬁﬂ,lltaéi; in BObevequeirMﬁgl; aﬁf Botﬁ. tHe 6aEhan3'ofignature
| - Si ture Tags itags) T oal_of this_ step was

Cpebr AT hetl sremolddnlnalitbeflage) { Holtr o4 DNA” polymerase
qERaBHidgal] kalingiseHifg aBblthys: of the original cDNA

I(fgr aréyg’é?rom V\:ﬁi ch the agged- pl asm ds were derived.

30 44 Structure of a generic 50bp cohesive ditag

(0.5-2.0ug) DNA 50pL

10x Y+/TANGO buffer (Fermentas) 6.0ul
0.1MDTT 0.3ul
T4 DNA polymerase Sunits/ug
10mM dNTP 0.6uL
ddH0 to 60.0puL

Incubated at 37C, for Smin, then inactivate.at 75C for 10min
The purified, blunted DNA was then ethano! precipitated and res'uspended at
a concentration of approximately 20ng/ul. Self-ligation (intramolecular

recircularization) was carried out as follows:

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

incubated at 16C, 2hr to overnight
2-5. Creation of Di-signature Tags (ditags)

The goal of this step was to obtain the GIS di-signature tags in a form

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

5" - GATCCGACKXXIXXXOOOOAKNNNNNNNNNNNNNNNNAAGT TG 5
(SEQ I D NG 12)

GCT GXOXOXOOOOAKNNNNNNNNNNNNNNNNT TCAACCTAG - 5
(SEQ- I D NGO 13) 10 Wierein X and N may be any of A, C,
Gor T. W used two approaches to this. 15 (i)
Bacterial transformation, tagged-plasmd purification
and restriction digest to rel ease 50bp cohesive
ditags; (ii) Direct PCR on the® igation reaction

foll owed by restriction digest of the PCR products to
rel ease 50bp cohesive ditags. 20 2-5-1 Transformati on
and propa?ati on; Preparation of tagged-plasm ds (See

F I cohediveritagacti on (Section 2-4)
were transfornmed per 50pl of 25 el ectroconpetent

TERGATEL GACQOMKXMOGEX XX OEHE KNG RIN “’f‘ﬁ@
in 1 m SCC nedia at 37C for 1 hr, theh“\glqgte 'gﬁlf\(I\%AGTTG

SeyEGab MOty ons on LB agar + anpicillin for QC and
titering. QC'(Quality Check) : plasm d DNA was

p ' tested b

PR R PR BTN A B RiNE FepmecTaG -5
c [ dij.ag. . This process was then scal ed-up by
p?ﬁ@ﬂé%ge@)ermi ning culture on | arge agar plates,

and perform ng maxi preps using Q agen Hi Speed Plasmd

d\?may be anyof A,C,GorT.

We used two approaches to this;

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

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

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

Ayl of the ligation reaction (Section 2-4) were transformed per 50ul of
electrocompetent TOP10 cells (invitrogen) by electroporation. Recovered in
1mi 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 BamHI: tagged-plasmids release = 50bp cohesive
ditag. .

This process was then scaled-up by plating the remaining culture on large

agar plates, and performing maxipreps using Qiagen HiSpeed Plasmid Maxi
kit. -
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As an exanpl e, approximtely 5,000 col oni es was
processed to yield at |east 40ug of tagged-plasmd
DNA. This plasm d DNA was then BanH -digested to
generate 50bp cohesive 5 ditags (see Figure 5 as
exanple result). .2-5-2 PCR-based retrieval of
cohesive ditags (See Figure 2 PCR was perfornmed on the
ligation reaction using priners PVRO0O3 and PMR004
that bind to vector sequences4ﬁ anking the ditags. 10
PMRO03: 5' - GTAAAACGACGGECCAGT-3" (SEQ ID NO 7) PMRO0OA4:
5' - GGAAACACCTATGACCATG 3' (SEQ I D NO 8) The amount of
starting material was determ ned enpirically by doing
a series 15 of dilutions and choosing the conditions

appr ox%ﬁ%‘lpbﬁl %@%%ﬁk%gélé%pqﬁé%gforggmpgzgrggééqq%gw yield at least

r 4064 o tadyeddi-plabfid HNA, buffer 2.0uL 20 10mM dNTP
0.44L PMRO0O3 (100ng/plL) 1.0L PMROO4 (100ng/4L) 1.0L

EpRisn atasmit DA vies éherpcﬁgméi!aﬁgeﬁeﬁuo djd2erdte. 80bp 25oheswe
(B8Rad1e e Aallicesghlor oV et By teg W T
conditions: 30 Stepl:95C x 2m n 46
'2-5-2 PCR-based retrieval of cohesive ditags (See Figure 2
PCR was performed on the ligation reaction using primers PMR003 and
PMRO04 that bind to vector sequences flanking the ditags.

PMR003: 5-GTAAAACGACGGCCAGT-3' (SEQ ID NO:7)
PMR004: 5-GGAAACAGCTATGACCATG-3' (SEQ ID NO:8)

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

product of approximately 200bp

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

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

(the HiFi buffer was the reaction buffer provided with the Eppendorf
TripleMaster enzyme)

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



Step 2: 95C x 30sec Step 3: 55C x 1 mn Step 4: 72C x
30sec Go to step 2, repeat steps (2-4) 24x 5 Step 5:
72C x 4m n 16C forever The PCR products were anal yzed
on a 1.5% agarose gel. For negative controls, the PCR
reacti on was performed using (i) no tenplate, 10 and
(ii) no ligase. To obtain sufficient 200bp PCR product
for subsequent 50bp cohesive ditag production, the
reacti on was scal ed-up: do 96 reactions using a
96-wel | PCR plate; this generates approx. 50ug of
200bp ditag. The individual PCR reactions are then
conmbi ned and et hanol precipitated before Barn H

di gest Stépéenerat%@;@tﬁ@seohey ve ditags (see 15

figure an e result). 3. S library 3-1.
Taggedsg g?’m d p?@?g%j{man 20 This applies only to
t he ba<8tep314<’:1l t r gt e3mekL on- based approach (see -
Secti on -5-1). 3-2. BanH digestion and purification

of G sQ%B%Ste%? 3epeat papsH2di)@dxt i on of

t agged gm ds [ 2-5-1) rel eased 50bp
cohesu:/sgédlfags 7%;(‘q)rgaged plasm ds) 40g 30 1 Ox

uni que 1B&@braveff er (NEB) 1004L 47

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
90bp cohesive ditag production, 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 HI 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. BamH| digestion and purification of G!S tags

3-2-1 BamHI digestion of tagged-plasmids (Section 2-5-1) rel.eased 50bp
cohesive ditags:

DNA (tagged-plasmids) 40pg
10x unique BamH! buffer (NEB) . 100uL
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100x BSA 10L BanH (20U 4L, NEB) 10L dH20to 1 nL 5
The choi ce of value of 404g of DNA (tagged-pl asm ds)
was arbitrary. Aliquots were divided into 10x 100u

for nore efficient digestion, and incubated at 37C,
for 4hrs. After digest, they were inactivated at 65C,
for 15m n, then phenol-chloroform 10 extraction and
et hanol precipitation were per%PrnEd. Then, the pell et
conpri sing 50bp cohesive ditags and the rest of the

cl eavage products after the BanH di gest was
resuspended in LOTE buffer for gel-purification. 3-2-2
BanH di gestion of or 200bp ditags retrieved by PCR
(Secti dR02BSA) 15 rel eased 50bp cohesive tidgiags: DNA
(PCR prpd 40 uni que BanH buffer ( NEB)
100L %G@SQ?RWBE' EEBSz;nHl (20U/L, NEB) 1010HldH20 to
1 nL Tiyejoehoi ce of val ue of 404g of DNA o 1
(tagged-pl asm ds) was arbitrary. 25 Aliqud&s “%Te
divide into 10x 100ul for nore efficient digestion,

i pcubat ed 37C, for 4 . After digest, they were
| TRERpd valid 5E4bRG, CRBRiAtaesnchpisaenics) wRB rbtiaryn
extraction and et hanol precipitation were performned.
Then, the pellet 48 conprising 50bp cohesive ditags

afdiquels mese dividew: ioteal@ge! QOWdftet snarbt effficibhe Bgddllon, and

dLﬂ% é Vézfst %ﬁ?gtspigded in LOTE buffer for '

g ?‘%Fef Tedtrdf’ *3I8 Gel -purification of 50bp

CAlfkes idicestli thagSwere inactivated at 65C, for 15min, then phenol-chloroform
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 BamHli digestion of or 200bp ditags retrieved by PCR (Section 2-5-2)
released 50bp cohesive ditags:

DNA (PCR products) 40ug

10x unique BamHI buffer (NEB) - 100ul
100x BSA | 10ul
BamHI (20U/pL, NEB) 10pL
dH20 to 1mL

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

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

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

extraction and ethanol precipitation were performed. Then, the pellet
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5 The BanH -di gested DNA according to both section
3-2-1 or 3-2-2 was separated on a |arge (Hoefer Ruby
600, 15 x 15cm 1.5mmthick) 10% pol yacryl am de gel.
El ectrophoresis proceeded at 200V for approx. 2hrs
until the Bronophenol Blue (standard tracking dye)
band al nost reached the 10 bottom of the gel. The ge
was stained in SYBR G een | (N%Iecular Probes, 1Inc.)
for 30m n before visualisation and excision of the
50bp cohesive ditags. At this stage it is conveni ent
not to |l oad nore than 5pg per |ane, or the

fluoresce %gguenching_occurs. 15 The 50bp cohesive
dPYREESRer epbesiva ditags|anst theuresitaf theeitavage pfadyests after

t {Hees [ ) ey ve been pi.ergced
o R e P oS hobatnl b PO E Y o nGp o
was placed inside a 1.7mL m crofuge tube, and
centkifuged at 1 . 4C for 2-5mn. The gel pieces
\/\g%eéf}{iBgr'fgqﬂ?'é’ﬂ‘oégcg’rpdm?@@!‘{ee‘é‘f%&ﬁ inthe 1.7n tube.
20 150pl of LOTE: NHAOAc (125:25) were added to each

tube and |left overnight at 4C to elute. The next day,
t hee dpamti-digested DdA extcaiding tfoe batitl SfctiGhCBIERI Br 3-2-2 was

fi [ ' t , th I

veifdiehon’ BRbPoHRRS: Bldiv BOB, o1 e T e 1 Smmstigk) 10%
di 6lggerylanhi ! T ' i
D o N ERANE Dlocbdeli =t 2052 10t Btk 2hrs unti
hir§d PEmMAaghenok Giiwe distangiard-tiacking adyedobant ealaidstnreaitthed the

G o U, WAL P RA A Bovir Froe,
einsyrfer 80min bbfore vixalisain and ekclsih é%@gﬁﬁl;ﬁt?noc’nesive ditags.

results in a 49 snear of products rangin
a(gfp %.5t39®ub i¢ ForvenERb.NoTHe leaddimdrenthanbBligvper mne, or the

ShFestSkedGuéhcHiRg bEAgsPoi Nt

The 50bp cohesive ditags were excised and collected into 0.6mi 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 1.7m! microfuge tube, and

centrifuged at 12K g, 4C for 2-5min. The gel pieces were thus shredded and
collected in the 1.7ml tube.

150pl of LoTE:NH4OAc (125:25) were added to each tube and left overnight
at 4C to elute. The next day, the eluate was collected with the aid of microspin
filter units (SpinX, Costar), and ethanol precipitation performed to retrieve the
purified 50bp ditags, which were resuspended in LoTE. Starting from 70ug
200bp ditag, we expected to retrieve several hundred ng of 50bp ditag.

3-4. Ditag concatenation and gel-purification

Some optimization (ligétion time, amount of starting material) may be

necessary to ensure that the concatenation of the 50bp ditags results in a
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50bp cohesive ditags 150- 500ng 5 5x buffer (wth
PEG BRL) 2.0L T4 DNA ligase (5UgL) 1.04L dH2Oto
10L Incubated at 16C for 1hr. 10 Loadi ng buffer was
added and the entire sanple heated at 65C for 15m n.
The sanple | oaded in a single well of an 8%

pol yacryl am de mnigel and run at 200V for about I
hr, or until Bronophenol Bl ue s about 2 cmfrom
bottom 15 The snear of ligati products can be
excised as 2 or nore fractions, eg. 200- 500 bp;
500- 1000bp; >1000bp. Elution of DNA fromthe ge

mcesﬁgas performed as detailed in Section 3-3. 20
THEC&F ofikisiseranaing &@mvianprpkeAB0br b or t0Ob. tTHen conditions

oy SRR oS5 alTRLBERE < 25 The Cloning |

oni ng Ts 25 The cl oni ng
vector was prepared by digesting 2ug of pZErO 1

I nvi t F 8 Fi 8 sh
PRABELANERYS PGB ot ner HEDARGE st teg) i th 10
ugxbgﬁgf \,ag-m::ltlé q:_lgRg hour s th ?L7C The di gested DNA

was phenol -ch orofo m ext r &cted and et hanol
pié&Atigese (SUher) resuspendgdLin LoTE at a,
g,qgéptratl on of 33ng/pl. The ligation reaction was
p med as 30 fol | ows:tos®ulConcat emer DNA 6. OL

BamHl / pZErO-1 1. 04L

Incubated at 16°C for 1hr. ‘

Loading buffer was added and the entire sample heated at 65C for 15min.
The sample loaded in a single well of an 8% polyacrylamide minigel and run
at 200V for about 1 hr, or until Bromophenol Biue was about 2 cm from
bottom.

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

Elution of DNA from the gel pieces was performed as detailed in Sectlon 3-3.

The eluate was exiracted with phenol-chloroform then ethanol precnpltated
Resuspend the DNA pellet in 6ul LOoTE.

3-5. Cloning of concatemers

The cloning vector was prepared by digesting 2ug of pZErO-1 plasmid DNA
(Invitrogen) (Figure 8) (Figure 8 shows the sequencing/ PCR primer binding
sites) with 10 units of BamHI for 3 hours at 37C. The digested DNA was
phenol-chioroform extracted and ethanol precipitated, then resuspended in

LoTE at a concentration of 33ng/ul. The ligation reaction was performed as
follows:
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5x ligase buffer 2.04L 5 T4 DNA |igase (5U L) 1.0L

I ncubated at 16C overnight. The vector self-ligation
was al so perforned in parallel as a control. 10 The
l'igation products were purified before _

el ectroporation. The phenol - chl orof orm extracti on was
foll owed by ethanol precipitation; the pellet was
washed 3 tinmes with 75% et hanal_ before re-suspendi ng
in 12p1 TE (0.1X). 1 pi of t % DNA was used to
transform 50pl of el ectro-conpetent TOP10 bacteri al
cells. After recovery (see also Section 2-5-1), 50pl
were plated on a small 15 agar plate (containing Low
Salt LB agar (Lennox L) plus Zeocin (50g/m) and |PTG

égg%%ﬁggg%hggﬁw egag:ﬁw‘ég(;\;r Zt plsgtc':.edAgufl t hat

have beemigi/pzEly transf olrgﬁg with the vector
self-ligation reaction above.” (I PTG is optional when

usi ng PEMgasebuffer but may .egduce background). 20 3-6.

aslipr (Quality Check) The foll ow ng day,
10-30 %&MA?@;E‘%KQUML&ked *.Qucheck for insert size by

FOR For each reaction, a single colony was picked
into a PCR tube 25 containing: 1 Ox HF buffer 2.0L
1 (BoMbaetPat0l 8P oweighyRO03 (100ng/ ul) 1.0L  PMROO4

(300ng/ul) 1.04 Eppendorf TripleMaster polynerase
ofl'ggw%cgqqu?ﬁhg_aggn was also performed in parallel as a control.

The ligation products were purified before electroporation. The phenol-
chloroform extraction was followed by ethanol precipitation; the peliet was
washed 3 times with 75% ethanol before re-suspending in 12ul TE (0.1X). 1l
of this DNA was used to transform 50u! of electro-competent TOP10 bacterial
cells. After recovery (see also Section 2-5-1), 50ul were plated on a small
agar plate (containing Low Salt LB agar (Lennox L) plus Zeocin (50pg/ml) and
IPTG (50ug/ml) and incubated overnight at 37C. As a background control,
bacteria were plated out that have been similarly transformed with the vector

self-ligation reaction above. (IPTG is optional when using TOP10 cells but
may reduce background).

3-6. GIS library QC (Quality Check)

The following day, 10-30 colonies were picked to check for insert size by

PCR. For each reaction, a single colony was picked into a PCR tube
containing:

10x HiFi buffer 2.0uL
10mM dNTP 0.4pL
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5 Therno-cycling conditions: Stepl :95C x 2mn Step

2: 95C x 30sec Step 3: 55C x 1 mn 10 Step 4: 72C x
3nmin Go to step 2, repeat steps (2-4) 24x Step 5: 72C
X 4m n 16C forever 15 The PCR products were visualized
on 1% agarose gel. A typical result is shown in
Figure 9. The prinmer pair PVRO03/PMRO04 (SEQ ID
NO 7/ SEQ I D NO 8) gives a ban%1 of approx. 220bp in

t he absence of any cloned insert. If the quality of -
the library thus produced appears good, the remaining
transformati on m xture can 20 be plated out (Section

3-5) o ar plates in preparation for DNA
sequengi'\),'@&gié%gi&hhe prinmer pair PORD03/ PVMRO04 is
al so cpﬂm' hecking the qualjty, of the
library, bu ér‘tordrﬁ/]%ﬁact ual preparatifoh-u'ef PCR

t enpl aEepehd@dt TRHIEWISSIBE pol ner (3j
PNRO12/ PMROO3 ( SEQ | D I\Dplyf%sr%%él D R vere

pref er #8d0O (see Section 4-2). PMRALE:

5' - AGCGGATAACAATTTCACACAGG 3" (SEQ ID NG 11). 30 4.
Sequenci ng analysis of GS taps 52 4-1. Library
pTaéing-cadithgCodritiitiomd: cki ng The transformed TOP10
(I'nvitrogen) bacteria cells were plated out on 5
22x220§¥9@dé S@I%2mE wi t h col ony density |ess than

3, 000 g{%}'p QI at e. Qéadxi g(iJSdeuCaI

Step 3: 55C x 1min
Step 4: 72C x 3min
Go to step 2, repeat steps (2-4) 24x
Step 5: 72C x 4min

16°C forever

The PCR products were visualized on 1% agarose gel. A typical result is

shown in Figure 9.

The primer pair PMR0O03/PMR004 (SEQ ID NO:7/SEQ ID NO:8) gives a band
of approx. 220bp in the absence of any cloned insert. If the quality of the
library thus produced appears good, the remaining transformation mixture can

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

sequencing analysis.

The primer pair PMR0O03/PMR004 is also convenient for checking the quality
of the library, but for the actual preparation of PCR templates for sequencing,
primer pair PMR012/PMR003 (SEQ ID NO:11/SEQ ID NO:7) were preferred

(see Section 4-2).
PMRO012: 5-AGCGGATAACAATTTCACACAGG-3' (SEQ ID NO:11).

4. Sequencing analysis of GIS tags
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col onies were picked and cultured in 384-well plates
with LB plus Zeocin (see above in section 3.5) at 37C
overnight. Miltiple copies of 384-well plates are
replicated and stored in -80C. 10 4-2. Tenpl ate
preparation Bacterial cultures in 384-well plates were
i noculated in pre-m xed PCR cocktails. PCR was
performed using primer pair PVR012/ PMRO03. 15 This
primer pair gives a band of 24 %p in the absence of
any concatener insert. Nonetheless, this set of
prinmers is preferred as it allows the use of
sequenci ng prinmers PMRO04 (ML3 reverse; 68bp from
BanH site) and PMRO06 (SEQ I D NGO 9) (ML3 forward;

?%A@%@éﬁ@@ﬁﬁ#&é@&%’%@%ﬂ D NO9) 4-3.

Sequenci ng PCR tenpl ates were sequenced using the
si.ﬂue ci nﬁ)ﬁ'&r‘e{qﬁers PMR004 and 25 PMROO6 to sequence
i n"BotANY oHeP1Rppnvisregennsbadterizheeld Swaralpiaiesl out on

i t.0: ' t of the | ti i
e et as it B T bt ther &) Rexpite. ncivicual

f ovlonlesnyete piokadiartar euliures nSBALWEH Bihates WA LB BIus Zeocin (see
ng and annotation into "one

S nci ng,.. ge [
o§§$‘§‘? |no?1g¢tf(ﬁ}r$t @tgﬁ& QeaRighh Mutinte capies dF@84-well plates are
explibhted afd stdrdy ih Dgo% genes expressed in human stem
cells, we start with the stemcell nmRNA, construct a
stemcell @S full-length cDNA library, and then the

S H . W w.ll only need to sequence 50, 000
%o%h?semocﬁég/qﬁ%re@aégﬂ'?rbr ary to reveal over a mllion
transcripts. Such deep sanpling will allow us to
cagtur,e nearly all unique transcripts expressed in
t Rectrlinkeuiuess del Bodrwels piatesomere Endubited Oint fe FiRed PCR

RKISC PR APESE LinGTRREr bSir FMRITIRNREDS

I ne

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 BamHi site).

PMRO006: 5’-TAATACGACTCACTATAGGG‘-3’ (SEQ ID NO:9)

4-3. Sequencing

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

Applications
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the structural regions of the correspondi ng genes on
the chronosones. Most of the G S ditags map to known
genes on chronosonmes and the counts of the G S ditags
provi de the nmeasurenment of expression activity. Somne
of the @S ditags may map to desert ("no gene")

regi ons of the genone, which may 15 suggest the

i dentification of new genes t are expressed in the
stemcell transcriptone. In such a way the genone
annotation for genes is further refined by this whole
transcri ptone-t o-whol e genone approach. Based on the

Glgs dd;isag seguenc s,, these putative new genes can be

r 38 nalyeis mﬁglﬁd peeOrging ity #ny @rebodiment @fdhk inDition is a
|} : ; i s Ga di .

sy T Bie o6l VoA Ehy (LIPrEe LETGHSEL cpya. torany

ocorstrustiono gittA tagsﬂsmmencfnughgaﬁoﬂﬁvﬁimf?ﬂar@f annotation into
d organs of human and nodel

cslls tltssus E%H .

0 aﬁrﬁps%.'%gf%ﬁ BisdMe staring, eaterialsofer iexamplat to study the

| gands & dCinaRi I n ters

f?anksi’ ngbﬁéesgnulgl glf@agg%%wno%é%(ﬁ\é %{gg\gﬁnﬂ%acsﬁem cell mRNA,

aeRpItEICt o Riem el GIS fulklength ONA dibrams ant cthiepnths (RS library.
b Lhi yometric r Letion si and at 5 | east

ANl SRS B heBep &0 debsatiRedn® Brrames roveal over

veahilifordrasstriits. SABR'd t Sl "B Sty LShi

site aond thg,@?ie?:ond resét:?i %?ﬁo@é% é“C.RZA.’ L$h{é3r \k}éét%}g nearly all

o¥NigHg; transcripkfe PXPIIesEae indhenkuman stest célktranscpiotné SEach of

IVBRS BhabF A0 b8 RBiREl ] hbnec Blnethsitine anccihas wiore define
lthevstenatural régiohy o€ tHel corebpbhtingyetidston thd"BRlomosomes. Most
of the GIS ditags map to known genes on chromosomes and the counts of the
GIS ditags provide the measurement of expression activity. Some of the GIS
ditags may map to desert (“no gene”) regions of the genome, which may
suggest the identification of new genes that are expressed in the stem cell
transcriptome. in such a way the genome annotation for genes is further
refined by this whole transcriptome-to-whole genome approach. Based on the

GIS ditag sequences, these putative new genes can be readily cloned from
the original GIS full-length cDNA library. |

We can apply this GIS gene discovery system not only to human stem cells,
but also to all other biological systems, such as development of cells, tissues
and organs of human and model organisms. '
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Claims

1. A vector comprising at least a nucleic acid molecule and two adapters
flanking the nucleic acid molecule, wherein each adapter comprises at
least: a first restriction site which is an asymmetric restriction site and at
least a second restriction site, and the backbone of the vector does not

comprise the asymmetric restriction site and the second restriction site.

2. The vector of claim 1, wherein the asymmetric restriction site is a type ||

restriction site or a homing endonuclease asymmetric restriction site.

3. The vector of claim 1, wherein the type |l restriction site is Mmel.



