WO 03/ 106672 PCT/JP03/ 07514 DESCRI PTION Method for utilizing the 5 end of
MRNA for cloning and analysis 5 Technical Field The present invention

rel ates two3nwsdiod for selectively collecting nultiple nudmiros/ecsid
fragments containing information on the nucl eoti de sequences at the 5 end
of multiple nRNAs in a sanple. 10 Background Art In order to utilize
genom c information, parts of the genone are transcribed into nRNA For

t he understandi ng of the genonme and its use in regulatory processes,
information on 15 individual nRYWESGRIPTESNI S required. Such information
shoul d i nclude partial or full-length nucleotide sequences and their

rel ative or absolute quantities in a given biological context.

Conventional |y, ERAS =y cell, tissue or
or gani sm have Bgeendgﬁjﬁ“ze eggégggrlng a?ﬁ%%gﬁkﬁﬁgg?gb?ﬁrough reverse
transcription. The nRNAs are 20 used as tenplates and individual cDNA
fragnments in id cDNA library are investigated. Since a sanple contains a
Iarg aﬁﬂﬂwmﬁﬁdaarious mRNAs, the conventional nethod is of limited
efficiency in analyzing gene expression profiles and identifying rare

genes. Therefore, _other technol ogi es _have been deve ed to nopitor the
expres s"ﬁl@rh’f%alﬂttﬂé‘feﬁ@lbﬁelwam? %‘%ﬁb‘?e&?tl‘éﬁﬁﬁ? &t%ﬁ‘u t’(ﬂ’gerﬂ‘ichf; Hﬂes by short

sequengg gl.g 3&% 1h1%fln£t&ﬂ%n tﬁénﬂlaﬂd& SoRHERPMIth &5 RIRDE | h@lﬂtgﬂé ofiling is

connnnly per sing so-called mcroarrays (Jordan B., DNA
M cr oarmRNAsnGemp&pr ession Appli catl ons, Springer-Verlag, Berlin
Hei ﬂel berg New York, 2001; and Schena A, DNA M croarrays, A Practi cal

6 oach, Oxford University Press, Oxford 1999). For such experinents,
speci f iBackpflumd Ar¢pr esenting 30 individual genes or transcripts are placed
on a support and sinultaneously hybridized with a plurality of sanples.
Positive signals will be obtained if a probe on the support reacts with a

1 WO 03 1QR6 702utﬁ)g ?é‘rPo@ﬁé thiShthtioNIaeis bl Be pERa@Yre dandctibed in® RNl Bor These

experinments all ow aral |l el anaIyS|s of a large
the understanding of the genome and its use in regulatory processes, information on

15  individual mRNA species is required. Such information should include partial or full-length

nucleotide sequences and their relative or absolute quantities in a given biological context.

Conventionally, the base sequences of mRNAs contained in a cell, tissue or organism have
been analyzed by preparing a cDNA library through reverse transcription. The mRN{\s are
20 used as templates and individual cDNA fragments in said cDNA library are investigated.
Since a sample contains a large number of various mRNAs, the conventional method is of
limited efficiency in analyzing gene expression profiles and identifying rare genes. Therefore,
other technologies have been developed to monitor the expression patterns of mRNA in
complex samples and identify genes by short sequence elements called tags.
25
High-throughput expression profiling is commonly performed using so-called DNA
microarrays (Jordan B., DNA Microarrays: Gene Expression Applications, Springer-Vetlag,
Berlin Heidelberg New York, 2001; and Schena A, DNA Microarrays, A Practical Approach,
Oxford University Press, Oxford 1999). For such experiments, specific probes representing
30 individual genes or transcripts are placed on a support and simultaneously hybridized with a

plurality of samples. Positive signals will be obtained if a probe on the support reacts with a



nunber of genes or transcripts. However, the approach is [imted in that
only genes or transcripts which have initially been identified by other
experi menwa 03need1s can be studies. Such neans can i ncl udecawds/bishs ari es,
partial sequence tags and/or results obtained from5 conputer predictions.
Due to this imtation of DNA mcroarray experinents, alternative
approaches based on partial sequences or tags obtained froma plurality of
NMRNA sanples are in use for gene discovery and expression profiling. The

50- cal o Grestiil ith 1RRHYR! PhaE cRARKALSHShORalTEhROis of dingan as an
efficient 10 nethod of obtaining partial information on the base sequences
in rRNasmiereF gerles sciangetipts. Hiawexer, thegppioaehels Jippted apthauenly ga0§88% ) Accor di ng
to this nethod,. O i indeh @Bk R R bE kibdigs. short  DNA
fragneﬁ??c?gﬁypfﬁﬁﬁye%@%@&%gﬁfggﬁﬁggﬁ%gﬁﬁ?n F%fornatiéh on the base
sequenggsh Mbank beh BcluencDNA ltudricsyaetisrRdasncedagh antlor teaules abégiirdied® i n t hese

DNA concateners _are determ.ned. This. i.s,a.nethod faor (] arti al
nf br nERTBHOES i op Rt U el VA P s S R PR R vhen
onl'y a,5094chedRS6 SEFHEA REquehit@BLta obthidedromntplumligdini RiiA satbples t he MRNAs
itself 1's already known, the SAGE nethod can often identify a specific

NRNA orrege pes fongenesiisghvarn anhepressipn /5388 sequence is often as short as
about 10 bp. Recently, an inproved version of SAGE, the so-called LongSAGE,
has been published. This nmethod allows for the cloning of |aonger SAGE tags
(Saha $he ed-called SAGER (Sefial Riadysisoifriisne Expressiay methqdie bpown a3 cAfi@ent

publicatio .. 20030008290 and 2 4 N S
cu&benﬂﬁhqﬁﬁy\%ﬁtﬂ@]%sp@né@ lréﬁn?aiijﬁ% P Pgl%ﬁ) %Qnee%ﬁg%cF or anaﬁé | ﬁgﬁg%ﬁg@ expr essed
in speei dii, Sciefdd 250, 494548763 998)). Acgandingis thiemcthGAGN A ggecatamersarai | abl e f or
reference in the public domain, e.g. under, http:/{cgap.nci.nih. gov/ SAGE
25 Wi femed by daamgraviply shorh DHid ﬁ%@g‘mtt%&?lgg}yna 8%@4?‘85&%’&? ¥ sequence at

f[ he 3' irﬁﬂgnaﬁifon RMSbase &équérﬁ:eﬂ&tftﬁé Plnl of ﬁluﬁl;ﬂ)é'lﬁiRW, gﬁlﬁﬁsbﬁasa@em_st he
information 1 n such short sequences at the 3" end only. spite.its

mul t i pliethappPNAaonestemersaemetsgainedothis is a aethpgdet QP typIngiPAT RS e  o| ose
bg %5 he ﬂ%&%egtpag% g fqy%'th% ?’ dr@ OF muftiRPmR&Ss! Waeh %ﬁlry%%ﬁﬂﬁﬁsefﬁq\gna@ s US are

erousua y cleaves on average a few hundred nucl eoti des,
whi ch ictoseto the 8T agds available btihthe mRIVAY itss] fas/dreagde kedwip thef SAGE mrRtIRdic@Rnscri pt .

pr eval B eai 1ot BFNEEP LR TRu B B o FrE Rt BERE” 61" D)
03/ 106Gt RGHIPU3 0 Redhtly, an improved version of SAGE, the so-called LongSAGE, has
been published. This method allows for the cloning of longer SAGE tags (Saha S. et al., Nat.
20 Biotechnol. 20, 508-12 (2002), US patent publication Nos. 20030008290 and 20030049653).
The SAGE method is currently in wide use as an important method for analyzing genes
expressed in specific cells, tissues or organisms, and SAGE tags are available for reference in

the public domain, e.g. under http:/cgap.nci.nih.gov/SAGE.

75  While the SAGE method can be used to learn a partial base sequence at the 3” end of mRNAs,
it is difficult to clone new genes based on the information in such short sequences at the 3’
end only. Despite its multiple applications, SAGE does not teach how to obtain cDNA clones
close to the 5” end of mRNAs. In fact, 4 bp restriction enzymes of Class IIS are used. A 4bp
cutter usually cleaves on average a few hundred nucleotides, which is on average one tenth of

30 the average size of an mRNA transcript. Thus SAGE principles strongly suggest that 3 ends

are collected with high prevalence, and no information can be collected about the 5’ end for



nost of the transcripts. In addition, the initial version of SAGE was
limted due to the short Ilength of the tags, in nost cases only tags of 10
bp | engt hwowsrie6arsed, and a reliable anal ysis and annot athaamros$/otshe

i nformation were not possible. 5 Al though techni ques exsit for the

collection of full-length cDNA cl ones and sequences derived thereof, those
are focusing on collecting the full-length cDNA cl ones and not fragnents
covering the 5 ends only. Full-length cDNA cl oni ng approaches are

t her ef Q& oM@k trafdeiipRPh@daivbn hh@hitidvewiphpas AGHemdsi ifmicalt duoro tacherhal ysi s of
start sites of transcription_and the  related Froﬁﬁgte rE%cizlons 10 Summary
of t hdengilvef the tagade 81085 Gegesyenly @gs &f 19PrdBRais WEgF up ”ﬁ{ae%"' i i on to

gr ovi da%g%nﬁ'oqx\ﬁ&e&%e%fo%gi@lqgﬁggBtOI%‘ﬁﬁgm es the acquisition of information

n the base sequences at MRNAs in a 15 sanple. It is another
obj ect of the present invention to nmake it possible to clone new genes and

anal i ze _genpm ¢ sequen nf o tio i r i nd regul atory
regi orfalt O%ﬁéecﬁ’ﬁ‘ﬂ'ﬂ)%r?ﬁlf%ﬁ%%‘?Elgﬁgﬁ?ggu\eg{cg@j g?’l&\giagrrllést ggﬂugﬁcse gri pti onal
start il &8 tERDLE IRHe ife@odsBip@@ collevring ik fofl-1GigtiecldNAeiprenebnot 20 Thus, the
present invention refers generally t oncept of .isol ati tions of
nucl eifeagmentspoverse the prnds ARt %ul%-}v?ég@-cm glpmpg ﬁ?}%r(??‘ihﬁﬁﬁreg%eﬁée}gmgﬁé usi ng
them to;bie F(Fﬁﬁ%m&ﬂﬁgl&ﬁtﬂ R on AR hyay st oTYGR sass Shfpisdiptiog andithe pr esent

ers a nove

i nvention o | way to conbine contrasting teachings and provide
a new, rehitgglpromoughions. approach to 5 ends which is useful for pronoter

maltboi ng and anal ysis. The nethod of the present invention is effective for
25anal yzing the nRNAs contained in the sanple for discovering and cl oning

of nevSgfififayy ofthe Iatetibni Nng gene regul ati on. The use of the present
invention to study and anal yze conpl ex regulatory networks in conbination
with the ability to identify and cl one new genes opens a w de area of

appl i CALI RO isTRbbiRf biftBe PleSdn® givemtionsty provite sl gdneial methad tst i n
devel opnent, ~ “honeostasis, disease, and beyond, .30 3 106672
PCT/ J PORDBF iemcquipigion e Eig&ymation ehtie Sasesrgirersdt ' Fbie 81 pronoter

anfg ySLa?anfé.i 1% ﬁbth@ﬁ&iﬁect%ihle%resent invention to make it possible to clone new genes
and analize genomic sequence information which relates to coding and regulatory regions.
The information may include statistics on the transcriptional start sites derived from large

numbers of 5’ end sequences.

20  Thus, the present invention refers generally to the concept of isolating portions of nucleic
acids corresponding to the 5’end of transcribed genes and using them to further high-
throughput analysis such as sequencing. The present invention offers a novel way to combine
contrasting teachings and provide a new, high throughput approach to 5’ ends which is useful
for promoter mapping and analysis. The method of the present invention is effective for

25  analyzing the mRNAs contained in the sample for discovering and cloning of new genes and
studying gene regulation. The use of the present invention to study and analyze complex
regulatory networks in combination with the ability to identify and clone new genes opens a
wide area of applications for monitoring biological systems and their status in development,
homeostasis, disease, and beyond.

30



SAGE does not allow any pronoter analysis due to the use of unrelated 3
ends. After devoted research, the present inventors have conpleted the
present i|iwoenstioer2by 5 arriving at the fact that by sel ecthomeirg3/emsiid ecti ng
mul tiple nucleic acid fragnents containing information on the base
sequences at the 5 end of the nRNAs, it is not only possible to acquire
informati on on the base sequences in nRNAs, but it is also possible to

cl one new genes; and they al so have found a concrete nethod for attaining
thi's gpRd preset fhbeHtioh providied apic@smethod foy protricter apalysis deisg & ends,hvdulef or

prepari n& concateners of a pl uraalé{i.té of . nucleic ??iﬁ,fr&grrents related to
nucl eoBAHE deoeyrps aley agy Promqier@nalys ?Fstoéli‘e‘ése&?ﬂ’?rgaiet SP mRNAs i n a
sanple, conprising: a first step of selectively collecting a plurality of

first- strand cDNAs which contain sequences conplenentary to 5 end regions
of MRNAgtef davoied cddbidsh, tthepreseat invbeiers hive ¢sepleted the ProsralARVERHRERAt in t he

sanpl e as. tenpl at es;: S : h Al ; t he

7 rot - uEb g Ported et By SRERE SO RARR Lo ACh UL A0y Lh BB B

sel ect inf@hiati60bh tetbasgsefiagaeattise Wiend bf the RN As, at is hetaanly B lerfees
conplenmentary to the 5 = end regions sai d. X step of

|i gat i AGIUITREifigIatian OB thehasyiRaHErEes deg&é‘&%“lgy 18 %FO Poﬁgﬁﬂeetgfc %)?1?:15%‘? a

concat g&?ﬁeg;-ana%e}f&f‘soma%%hdiawﬁcriétiamtﬁourf&maimgmﬁscgaal.a met hod f or
preparfng concafeners of a plurality of nucleic acid fragnents related to

nucl eoti de sequences of 5 end regions of a plurality of nRNAs in a

saml ?Thgtolm?ﬁei&%%@gé iggelgifohi}é?\ﬁ&e% iRl bRbilthe! doADAETRES 51 pplufaly of engt h

a~ sec ectively col ting fragments which contain at
| east saedeiencd sragmenp kaated toarugleotide sequaicesafd’ prckjiesians of 2 BIMFHYANAS:  and a

third step of |igating the collected 25 fi . .Qcat emer . Th
or econPEATREBRPL PP A IEIP e A TR A AU BERED, CTPL o

of t he sBandeIN ABHKICH 6688 ail 8 Qicacas|complgentad; veyerhegiogs ol mRNds firontases
first-strand cDNAs can be separ aéﬁgf&y sgbt éacti ve h brigé zaelgécglglds using .
dr i ver sDRdIsdhat avedregn frmerd ggingm CEEDL I S SBRP B AT BEIA 2 S % ti fi ci al
CO?§emste Ehﬁt&hﬁ@%&hginef{@ oF iHe HirfBakEc DNAS Bo lfertedtif eheifiiestepf 4 thartdisep  of :
di eren{)i ally expreSsed genes. 30 4 WD 03/106672 PCT/ JP03/ 07514 _The
pr esenbf saiectinely collesting fipgmente adich cralpiay lRescRroness O MPIFRREE BJRS de
sequences of 5' .end onedi | JTRNEE frRYmEREHAREAIAY
o hgF 1O 187 B RSPl B y

or in the form of a concatemer.

20  The present invention further provides a method for preparing concatemers of a plurality of
nucleic acid fragments related to nucleotide sequences of 5' end regions of a plurality of
mRNAs in a sample, comprising: a first step of obtaining frangments of full-length cDNAs; a
second step of selectively collecting fragments which contain at least sequences
complementary to the 5' end regions of said mRNAs; and a third step of ligating the collected

25  fragments to form a concatemer. The present invention still further allows for the
fractionation or isolation of the 5’ end sequences before cloning and sequencing. In such
cases first-strand cDNAs can be separated by subtractive hybridizations using drivers holding
pluralities of nucleic acids of biological or artificial content. The present invention may be
used for the identification of differentially expressed genes.
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according to the present invention. By using concateners to obtain
information on a large nunber of 5 end sequence tags as presented in the
i nvent i onwa @3/106s7possi bl e to effectively map 5 transcri ptRcnmeo3/etsast sites

and the rel ated pronoter sequences. The present invention still further
provi des concateners prepared by the nmethod according to the present
i nvention. The present invention still further provides a vector conprising

said concatener according the present invention. The present invention
still faypgrbRnt invaitiodaBo bovidguendimd fagdeteterining dudleasive sequéness nE Ateaer s
prepar ed accordi r::ﬂ{yt 0. the present i.nvention. Th e{'h(r)\e(enti on still

f ur t hetegiopbef RlEraHATMRYAS BE SeqiendRe ipBRRERCOF ‘?p\%léegrbg' ?@e%s ard concateners
to an a&&ééﬁir@m@ ltlfeﬂ?@s%ﬁf inPéntioR eB Phdti Eeonkite@Ers do h¥binisoRh&ionDhe Ipgesent

i nvention t urther provides neans to use the sequences derived from
sai d conctar efFesd segquenteragsfay preseniedoin she inveniiongeis PRSI efEcHYEY P8Rui red for
genge requl ation and.gen ' TRecdshvention is not limted to the
use5e of tr%ﬁﬂ?:peﬂogﬁés?agp%l%rgmgdeﬁlég%%?ﬁgl%g}o%ge%n Cs,s and nodifications at

particul ar steps for the enrichnent of 5 ends and their cloning as

di sclosed here al|low faor the individual sequenci.n LiiLe 5 ends.
Such emqﬁghpgergpntsp}g%urmﬁgmw ﬁc%ﬁﬁeﬁlefsrpgm%ﬁe ban %%&eﬁ}%gg{:go%cﬁngp t he
first 1 SERGRENBSE Ahe pridemtihveition dtilltkAhertpiatiddsa 20tos pemprsingadaidy bound to
a soli trix is used. The cDNA bound to the supr,’t uld then be wused

to prepencelemhracserdingibe prgsend ventins Thepregant HyeRdnsft 15rthse PRRE ey awi ngs 25
Fi 1|s%2193@? gfgé RAIPL At m Blil g&ﬁogleﬁle i QVR cRRERT6 G réent ifRenpibRS et

i nvent ow ng procedures described in the exanples. Fig. 2 shows an
exanp| Fhepregent invemption stflrfifhepprayides meansto aise theseqyieness deayedtis i ni ng of 5'

end specific tags intg, concatener 3L 1008 T Bfelind BRRAGRP 14 Fig.
3 sh om&o%mﬁﬂeﬁég 61‘@'%]3?(??'%%% 8@%‘8 ?’%ﬂ“ﬁgy ? %X\?ﬁ% %glg)s ent tnvention to
i1 ust @l RirBbr fbiiesating & agephosgherices ddrived fometd @ecienas kgidoftifs' end -
tags. Fig. 4 shows exanples for, tJ;te I %%at&iggq. of ahe Jéxr §etssil)i nker for.the
¢l oni ngegsTms i the gENAMG FYhiGharg rguiredsion gee IPRLAINAGY BT BEMP es specify the
| i pkers used according to the protocols described in -

The invention is not limited to the use of concatemers for sequencing of 5’ ends, and

modifications at particular steps for the enrichment of 5” ends and their cloning as disclosed

here allow for the individual sequencing of specific 5° ends. Such embodiments of the

invention would include a modification of the first and second steps, in which a linker that is

20  specifically bound to a solid matrix is used. The cDNA bound to the support would then be

used to prepare the sequencing reactions.
Brief Description of the Drawings

25  Fig. 1 shows expamplary principle workflows according to the present invention, following

procedures described in the examples.

Fig. 2 shows an example of principle workflow of the invention given for the cloning of 5°
end speciﬁc tags into concatemers.
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Exanmples 1 to 3. Fig. 5 shows exanples for the ligation of the second

| inker for the cloning of 5 end specific tags are presented. The exanpl es
speci fy tW® dimkeges used according to the protocols 10 desiviresioism
Exanples 1 to 3. Fig. 6 shows exanples for illustrating the structure of a
dinmer of 5 end tags prepared in accordance with Exanples 1 to 3. Note
that in the case of concateners prepared according to Exanple 1 different
|l i nker sites can be found as XmaJl and Xbal create the sane overhangs 15

af t er gisgPgiowen, prisbiptdwekflowaceoediaghi the dresén énventéorplodlhistmtesnch a concat ener
is given in the figure. Detail ed.Desgcri éiggn of Preferred Embodi nents 20
As desdfermssiye appoach 9%58%%%5%}1118?0113&,@%;,98 ¥ invention can conprise, but
is not limted to, roughly three steps each of which further conprises a
plurality of steps. Each step will now_ be exgl ai ned bel ow. The concrete

wor ki nBigekshomsesamples frithastigation of the Sest linkay fortheigdpning of ¥ qugpecitic tags
| at er-nentione rkin ; . P i iuel y
col T ecteBtsRes P aile o, B s RUERrbrbhER he pRUALIEIBRME NS 11 a
sanpl eExabiigescDYSs may be synt hesized for instance by using said mRNAs as
tenplates. 30 6 WO 03/106672 PCT/JP03/07514 Either total RNA or nRNA taken
froma desired cell, tissue, or organismcan be used as the starting
substr Plo®s st dspled forfh&RSdtiBh bPihe 8écoh@linker RMAhacidnin RIS amd spéaifiady known,
and it I's also described in the | ater-nmentioned_worKi n% exagspl es.

arries a

Al t er ntags sreIpyesented Fua examplay specify e lipkeraysedaceqrding Lythe Praigeo

recogniti I ass IS or Cass Il enzyne in 5 proximty of the
5' ?gndhésf%dzhliﬁ%éﬁ{egit%'so, a full-length cDNA library nay be used to
isolate the 5 end nucleic acids corresponding to the 5 end of the
transcrib art of .a_.gepe. 10 St Ltsel b adiihy a publicly
known ﬁglb‘;.)wsl eﬁ‘aglﬂ‘?érfgﬂkg?%rsa?in%te%fe%%udémﬂteggg{grl]eg'?)r?ac‘%dﬁg#ﬂg engt' “cDNAs and
met hodgecbRiabdWrilie EkzpleONA 3.rgewnit & tht ciseas torcatearsirepgraal according to ‘

Example 1 different linker sites can be found as XmalJT and Xbal create the same overhangs -

15  after digestion, which can be recombined. One example for such a concatemer is given in the

figure.
Detailed Description of Preferred Embodiments

20  As described above, the method of the present invention can comprise, but is not limited to,
roughly three steps each of which further comprises a plurality of steps. Each step will now
be explained below. The concrete working examples of each step is described in detail in the

later-mentioned working examples.

25 STEP1

Step 1 is to selectively collect cDNAs containing a site corresponding to the 5” end of
mRNAs in a sample. The cDNAs may be synthesized for instance by using said mRNAs as
templates.
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site corresponding to the 5° end of the nRNAs are already known, and any of
t hese net hods can be adopted. One of the preferable nethods is the cap
trapper nmatchisdo¢@2g. Piero Carninci et al., Methods in Erxyimrosonsis Vol .
303, pp. 19-44, 1999). This cap trapper nmethod shall be 15 expl ai ned bel ow,
however, the invention is not limted to the use of the cap trapper nethod
and ot her approaches to enrich or select full-length cDNAs coul d be applied
as well. The cap trapper nethod first synthesizes the first-strand cDNA

wi t h aEifRY ond ’RNA anmRN Atasefrom sidesirdd\all stissae, beoygasisie cam hé ysed 48 thse

conducted by a known thod. The c be .2 i.e i { go-dT
pri merstastng syhstate M ethads P LprePFRYOT W&apdw‘%ge@?ﬁ%@ﬁ V?A'@‘{?‘hgljlda random

pri merj iddcol @s@ el Hifk Sattn@fidnéd RHAIRSXainpleb. NMRAterRARtlyyecBNAUibrarg because
it raises the efficiency of reverse transcription reaction b%/. stabilizing

the revelfsmytireanewed iftitaeseries @seqeanisian sidéor ag lassdIqadylass I gnzyBe B oy abl e t o
use. 5- net hy] - P..i nst . st andard dCTP, because it avoids i nternal
CD|\§A Cl?rg)é\?ﬁiaeoq\%}_e[% ena o?ﬂg ngérts

several restriction enzynmes and prevents uni ntended 25
cl eavage with restriction enzynes to a considerable extent. In addition,

after the first-str .CDNA synt hesj s r gt ei,n ng...di ted peptides

i ght %Of%dg%g%ys%&éfﬁ%é? 0% YSP tlﬁ@)%e%‘aeen%"rglsﬁ?ﬁun%q %?%%S%e) treat nent, or
ot her ImfLp @R 18khdBle@dstht Qamietibéd/paidtA.ceblext , a sel ective bi-ndi ng
substance 1s bound to the cap structure of nRNA. A "selective 30 binding

subst ance" here neans a substance that selectively binds to a specific

supst ; & ' | S\ LR, IhGhstdesdpheiedat y biotin,
bu?)si it lﬁsfﬁ?hg{he% ‘%"gﬁ%%‘tﬁ?’ﬁd ﬂ%ﬂjrl]lgg’%él\%\%ﬁ 03/ 106672 PCT/ JP03/ 07514 . cap
st r uct comstra falhEngthralB¥ A @danethdrs 16 synsiegize CONRNSagRAREs 3 &2 QOREPNS2 t 1 ansf er

RNA (t RNA) or ri.bosonal., t I | ighd el ection
of an\ﬁiterfz?Frgmng’élg% {I]%es r g%?é@%@ﬁ 4}‘9?1 6%&& Wv@gg 5@2%%9%‘5% HE ﬁ%‘_"gt arting
53 33: I &dnfbe iﬁb&e&.ﬁbﬁéﬂtﬂ@%@fegq&imethsbdﬁs ttervap trapgey nt@thg;l:{e.g&iﬁﬁl@&r. nipey f h

addi tion, the selective bindin ubst a not bin if the
cap st ¢t Methods in ﬁ‘ézyﬂwl%ﬂdvﬁ]agmg 8871{%53‘@?[99%@91? ﬁapctéar?pg%&lgtgg% %@tl\@et he cap
Stsct H:F;ﬁaiﬁé'd BeIERANHBL 1HRGaveh@n ismdt IiRtel tottheusealp thrtcap abpyee medrdbe

bioti nyllated by first oxidizing the diol group t hi ) hste%egﬁ]p structure by

treat i muyl ofRptApRIcaghesiio eichioz seled fidllleagth cNAAFCOY react with
bi otin hydrazide. 10 Single-strand RNA is cl eaved by neans such as RNase |
treatnment. Any other RNase that can cleave single strand RNAs but not
cDNA/ Ri¥lAc batbirdpgsr methodfikst synittssiges tRfgststrandaDNA with a reverse transcriptase

using RNA as a template. This can be conducted by a known method. The cDNA can be

20 primed with an oligo-dT primer or, when the template RNA is mRNA, it can be primed with
a random primer. It is advisable to add trehalose to the reactive solution because it raises the
efficiency of reverse transcription reaction by stabilizing the reverse transcriptase (US patent
No. 6,013,488). It is preferable to use 5-methyl-dCTP instead of standard dCTP, because it
avoids internal cDNA cleavage with several restriction enzymes and prevents unintended

25  cleavage with restriction enzymes to a considerable extent. In addition, after the first-strand
cDNA synthesis, proteins and digested peptides might be removed by CTAB (cetyl trimethyl

ammonium bromide) treatment, or other more general methods to purify cDNA.

Next, a selective binding substance is bound to the cap structure of mRNA. A “selective
30 binding substance” here means a substance that selectively binds to a specific substance.

Such selective binding substance includes preferably biotin, but is not limited to biotin. The



cl eave various single-strand RNA sequences with various specificities can
be used alternatively. In an RNA/cDNA hybrid whose first-strand eDNA has
not been wa®nded2to the site corresponding to the 5 endafipPRMY514 he
vicinity of the 5 end of RNA is single 15 stranded due to its failure to
be hybridized with cDNA. Thus, the hybrid is cleaved at the

singl e-stranded part and | oses its cap structure through this step.
Consequently, this step |eaves only those mRNA/cDNA hybrids with cDNA t hat
fully eptsenetaretiotielserubtureainthed® endrBINARNA, braf mut found timansdyy RNA (BNAe. 20 A

mat chi ng _sel ectiv i .ndi sybstance fixed to a s ' sel ectively
bi nds ?Wq%@nﬂﬁ%gém’gﬁ’édﬂ%@ngg ﬁweﬁﬁﬁa?lﬁﬁlogﬁg%égoﬁgﬁgr epared. In
the preggBires BR&Gi if iota RN wadused BRI g Sabsedté, e Ricotdvatgndingst ance” nmeans

a substance that selectivel fﬁaﬂbi nds to the aforenentioned sel Ecti ve bi ndi ng
subst aswbetangetinghbinilntorARNAabeadgifionethe Releative bindingsubstange fges WL BWdfce i s

g;ogéc ; pﬁ@lﬁ@ﬁ%\@um’m Sl L Rh NI eBy Rst. BiSlBI da¥BE b¥sdBekeRp that binds 25

iotrn or its derivatives. The support can favorably be,
but i sstAturt byrh kackwh methed. Farausteece,dhdepatuctpreraan be bigtinylawd §iditstc por ous

gl ass beads. Since magnetic, porous glass. b i : Ldi n_has
been fPXdFng!the %ﬁ%@l"glwét ’I“}}hg\:/aé’lSl'tlrgf)‘géeﬁ’y:tﬂe@ﬁgg%n%ﬁe‘g‘é)iﬁglaﬁr&s E{Sggé:@:é in coated
nmagnet NaIOsRUsalgh@ismieatsitdibtidchydaetle. Similarly other materials such as
| at ex beads, | atex magnetic beads, agarose beads, polystyrene beads,

sepharose beads or 30 ali ke could be used instead of porous gl ass beads.

Fu’i@ heggxggeestrahgﬁl\{)&ié L QIby SediRludt RMHeMe § Geatiloft. ARG ottRERMag thartadvi di n
system ot her Dbinding substances could be used like a 8 WO 03/106672
PCT/ J PeRAG igle striind BNAremit not RNARNA fifrids os sodkidils oh BAASES A% ap structure

and di goxygeni n r.ecogni zi ' I: : s & Jsgy et ri x.
Fol | ovmgﬁﬁ Qus {1 e—ggﬁde%%tsgﬁﬁg%%m%%ﬁgsw th tshe cap structure
e A o e Supbor ol dar o B L he Bt et Lya.bl ndl ng.
Ubst alesibroreoin Qe ran of i, Braemit ohipRy b IBNSE et 10
Subst agEeded did®@ iBYRRRE lo bd HyBEEeRYd WilTEDNA. Zihog thdteybrilRiiAdleMidathbri d with
the cap structure on the support. \Wen nmagnetic beads n%:ye%uuSrs?gd as the

h

suppor singlgppagdedpag anddnsescits epsEpetaredhuel isgisp. £oniedes X

_ _ #neti c beads.

Meanwhid,Ges dufly HoUEHRAN IR briBORk EDRRAKL fufty bliBdisRgtiea” bhposuppOr L, it
is pre &r ab to treat the support with a | arge excess of
mRNA to maintain the cap structure.

20 A matching selective binding substance fixed to a support, which selectively binds to the
aforementioned selective binding substance, is prepared. In the present specification, a
“matching selective binding substance” means a substance that selectively binds to the
aforementioned selective binding substance, which, in the case where the selective binding
substance is biotin, would be avidin, streptavidin or a derivative thereof that binds

25  specifically to biotin or its derivatives. The support can favorably be, but is not limited to be,
magnetic beads, particularly magnetic porous glass beads. Since magnetic porous glass beads
to which streptavidin has been fixed are commercially available, such commercial
streptavidin coated magnetic porous glass beads can be used. Similarly other materials such
as latex beads, latex magnetic beads, agarose beads, polystyrene beads, sepharose beads or

30 alike could be used instead of porous glass beads. Furthermore, the invention is not limited to

the use the biotion-avidin system but other binding substances could be used like a



DNA-free t RNA for bl ocki ng such binding before conducting this reaction.

O her substances that are suitable for blocking the surface are nucleic
aci ds or deriwasdisyres, for instance total RNA or ol igonuclratirdeersi4
proteins, for instance bovine serum al bum ne; pol ysaccharides, for

i nstance gl ycogen, dextran sul phate, heparin or other polysaccharides.
Hybrid nol ecul es 15 containing parts of all of the above could be used to
mask non-specific binding sites. The above focuses on the case where Step

lis C&g&%@%&ﬁﬁ (EMNERROUREB: AtfaBRAaD thetab ethuctitetand digheygenintrhangsizign al so be
used as 1 ong as they can selectively collect cDNAs containing a site

conpl exntihodies/attaghedfe asolibmairid mRNA. 20 Alternatively to the cap-sel ection,
one coul d dephosphorylate the 5° ends of nRNAs with a phosphatase, such as
BAP (bacterial alkaline phosphatase), followed by treatnent with the
decappidipweng thise theARrémalipoedmRNAICPYAGphS vt the eap. streoiyecig nade [y a

ri bonucl eotiide or a eoxyribanucl.eot | . . 5" end of

{ he B B fopmeignahyring g g b EhailuRFut KRR Qb8 TE O

K, gu g&ﬂ@ﬁ tl§|bﬁﬁ1' \Be éé‘i_é’ctti_véﬂﬁadﬂatg(s&l%ﬁ)):% on tt}@ dap gmomy withahe m'rmhinlglsdec_:tg[e(:l ass |1

or ass recognition site can_be aced in i,qonucl e e or

ri bonueindisg isﬂé‘t@é% o e SURROEle thatrDY h‘@“‘f’ﬁ’é‘qngdléet WBW‘{@%IAQWHPg Wl‘tﬁtsdlep | aced at

the 5 rﬁb@u&hreao& tﬁ%pgft. Wikeh m %&éic%ﬁﬁ%ré hse@bs @e@ﬁ[g)ohl dpplfisg ai Ction enzyme
e used to cl I ro

can the eave W thin the cDNA and produce the 5 end tag. 30
9 WO ORAgI66 TacPCH QR Giethe magestispeidpeMpanvehils; Brarder 1 PEEFHPRI ng

protein (Pelletier et al. ! ' , 3 [ake daroy 1. et al.,
Mo @?Hegﬁlc&ln&i%@t %?’lu;pp(i%(’\(g]f P %‘LG%?I%(?&%#%%%“ T godil(Ya(l'%'eh%}%éssen Het al.
EVMBO JDNURE6e A Tor Hi§ckig sa2DBindiny btfoat cadedingitiia rdagiion. fikersepstaneesc ap
structure can be used ..as the afor erreit.i oned sel.e tvieél%r%n?mgitcglgl subst ance.

d h |
5 Al t ethahte veitable g RIogkpE e SUHaqrar (Lo (fréigﬂvegll rgonucl eoti des

chem cRNAoLRighRfc1&RRes; pidtsid, {rdnasnce 86wine Radmhlbubins pblysdkhaidesttoood is -
based on the oxidation of caP structure (US gczlt 715). This .
e e

ent ﬁlo ) fno%z
al | owsinstanceglgiaggnt dsxtranesuiphsicaARsrin gbAET RVYSRERIAUATSCHY RS MOEEHER n a
r ef?gpiséndgt%ﬂin@'p%s E040 & tfd @39 bduRd B8 usedads makit hor- §etific Glidaiy ez yme, and (2)

prep

The above focuses on the case where Step 1 is conducted by the cap trapper method, but
other methods can also be used as long as they can selectively collect cDNAs containing a
site complementary to the 5” end of mRNA.

20
Alternatively to the cap-selection, one could dephospborylate the 5’ ends of mRNAs with a
phosphatase, such as BAP (bacterial alkaline phosphatase), followed by treatment with the
decapping enzyme TAP (tobacco acid pyrophosphatase). Subsequently a ribonucleotide or a
deoxyribonucleotide can be attached to the 5° end of the mRNA instead of the original cap-

25  structure with RNA ligase (Maruyama K, Sugano S Gene 138, 171-4 (1994)). In this way, for
instance a Class II or Class III recognition site can be placed in the oligonucleotide or
ribonucleotide sequence used during the ligation step, which is placed at the 5 end ofa
cDNA or RNA. This Class II or Class III restriction enzyme can then be used to cleave
within the cDNA and produce the 5’ end tag.

30



10 first-strand cDNA which then switches second-strand cDNA synt hesi s.
Alternatively, one could use the cap-switch nethod as descri bed by C ontech
(US pat entwONB/106652 962, 272) . One coul d prepare the first-strcanPozyONM i n
presence of a cap-switch oligonucleotide which carries a recognition site
for a substance capable of recognizing 15 nucleic acids and cl eaving them
apart fromthe recognition sequence, so that Class IISor dass Il
restriction enzyme may be used. The cap switch nmechanismlets the first

st r andAlt&iveRsio Sidtipnh tapubinding phueio gellstiértet Al. Mal Gl Bield 895 §&3363FAl;s can be

continued by a second-_.s C S sis, or. fol PCR step as
descr i By {-&f %}ﬁ?lﬁg}&?t{ﬁﬁgun’m%ﬂgé %ﬁf‘@%ﬁb%‘ﬁ’élﬁﬁﬁgsg‘%%@m 20 In
anot heg\aIth PAoBEDEe 1.37PEFIH0DA 79ihat pecifibalyibindsab HNAp skanstecupbeé wsedg and
extending the cDNA up t'o the cap-structure may allow for the utilization
of 5' axtlle aforementiengdzeleativolpinding subsi@es-i on conditi ons al | ow soneti nes
reghi ng the cap-site with high efficiency (Carninci et al, Biotechniques,
2002). Even without a cap-selection it is possible to attach, in place of

t he caplt2fmatitelyoheicanld odei metherdslte attict @digewictshtidesichgmichligte the §por C ass |11

restriction en i, t t . woul d.he | ate 10 ateners.
Final | §ruetite s ed v emsttane Belief i Pt e SRRt RAEUHREHE OGP 21 Py
or O agsedtiNo. 61083 715)cThie au@ma?sddi@g pribelcapenligemdldotigswhithendy' end t ags
are used in the subsequent 30 formation _of concateners. ot her net hods,
i ncl udFongaineaeraanition side o5 dass IRgr (Jasdligesjriction epome, AGANF B 6672

PCT4 I PR QESHADNA Gpfen SHETRHl B SscATRhEINARSikbaus according to (he
present 1 nvention. According to Fig. 1, to performthe nmethod of the
present invention, 5 ends of transcribed 5 regions can be isolated froma
plurali of. RNA npl ecul e ) | SNGP [ (B% cul es

whi ch ﬁi‘ég‘aﬁ‘é%% O@%F‘i’“ﬁ&]gs tfl%rggpn%ﬂ%k%fr? éctlagr?g?&%gg&g&%%t%&%engt ﬁteg%hNi library.
Wien apebypng). Ohecquilepepire niet firsicsttaod aDNAUR pirdsticeof atcap-sWittNA or  nRNA

nol ecul es, NA mal ecul.es may be used as | at es, t hesi ze ,

conpl eRBERMIEFIFOLdsNAICh FaHigRa reqpRuItaB HC %3 adt szﬁ}ég ¢ raé%:eeogég(%égﬁlgﬁgel ection ste

S018S hicI&e @&i@@@&%&%ﬁ%xﬁﬁﬁm 68 teorpsdnitongediracd 'so than ddassIStdre. S
ter the

transcri bed regions. renmoval or, destruction of the mﬂ\lA ortio
Class III restgriction enzyme may be used. The cap switch mechamsm?ets 816 first stran P

by

synthesis continue on the cap-switch oligonucleotides. This can be continued by a second-
strand cDNA synthesis, or followed by a PCR step as describes for instance in the
SMARTT™ Clontech cloning system.

20
In another embodiment, depending on the quality of RNA, random priming and extending the

cDNA up to the cap-structure may allow for the utilization of 5’ ends. Particular enzyme and

reaction conditions allow sometimes reaching the cap-site with high efficiency (Carninci et al,

Biotechniques, 2002). Even without a cap-selection it is possible to attach, in place of the cap
25  structure, oligonucleotides which carry Class IIS or Class III restriction enzyme sites that

would be later used to produce concatemers.

Finally, the cDNA can be cleaved with the Class II (Class IIS or Class IIG) or Class 1T
restriction enzyme to produce 5’ end tags. The 5’ end tags are used in the subsequent
30 formation of concatemers. Any other methods, including mechanical cleavage, may possibly

be used.

10



hydrolysis with an alkali, a first-strand cDNA pool conprising the 5 ends
of the transcribed regions is prepared. 15 Ina different enbodi nent of the
i nvent i onwosfiaéd721 engt h cDNAl i brary can be used to preparrET/RSNAIPOO]
conprising the 5° ends of the eDNA clones. A single-stranded eDNA pool is
t hen synthesi zed using the aforenmenti oned RNA pool as a tenplate. A
first-strand cDNA portion thereof is obtained after the renoval or
destruction of the RNA nol ecules by hydrolysis with an alkali, and the
resulting first-strand cDNA pool conprises the 5° ends of 20 the
transcri bed regions. The tran cribed regjops are, available for further

pr oc e S5 gsumiepsizes eMAmpREEWAKTIONS arR% %ﬂg{o’\t@?gre§%{nv%téo§ starting froma
full -length cDNA library no selection for 5 ends is required. STEP 2 25
In continuation of Step 1, the followng Step 2. is _carried out

sel ectAsetdingiolHigdy tof peafgr thesmetbod e iha presens iventions 5 ends I‘ngra%f’“l?eélast

contains, a si ne RN QMsINAhe
af or enfSHPCTHTE e&%ﬁ?‘i %%erp% X]tn&%gk‘ﬂﬁlﬁo e?@g%&it?rand%ﬁ{g thlg'f has been 30
i Mobi hbradedmhitinBavepoertriched foe M4 dractianscerr fol-lengttieldNAdIDRYY t r eat i ng t he

support with alkali, such as sodi um hydroxide. Alternatively to alkali, an
enzymatic reaction with RNaseH 11 WO 03/ 106672 PCT/JP03/ 07514 (which

cl eavegen h@e‘plﬁ%}@%s@ﬁ{t?ﬁétﬂé@tﬁ%/ pleraiyAY (R NA be mRNAI moTvelea| HBNA t r eat ment

rel eases cDNA_ hybri , boun he, s t hr ough
t he c:upobnules ey brpsad aﬁwnﬁ%%rtﬁﬁﬁh?% ce ; mgﬁ%ﬁm\dst (th%g ﬁﬁ)’ eavcl;g
i {OS t- %rag q% o GRRR PLe1ldiSn sﬁﬁ‘@o asto EAfkh mﬁNA/E!BﬁA Hyﬂrld@k%ﬂlﬂrl@mglﬂ& ¥ DNA t hat

ence recogni zed in a sequence-specific nanner by a substance
haV| NQerais oémmmbechtﬂglons tmmMremo@d@édethéthr&fd@%mB&A PREOBBY si de  the

recognj tj on segquenc t ARGE a to
certgl W‘J@’]é@% F ah’(ﬂ rgts ?Cr ed ??Oétg‘?%ﬁgﬁnéz)@%gséﬁswghﬁ tiaﬁ&sﬁgﬁbodl nent ,

a | i nkghidnBatpréfarddeast carries.a Cass |I1Sor Cass I'll restriction enzynme

15  1In a different embodiment of the invention, a full-length cDNA library can be used to prepare
a RNA pool comprising the 5” ends of the cDNA clones. A single-stranded cDNA pool is
then synthesized using the aforementioned RNA pool as a template. A first-strand cDNA
portion thereof is obtained after the removal or destruction of the RNA molecules by
hydrolysis with an alkali, and the resulting first-strand cDNA pool comprises the 5 ends of

20  the transcribed regions. The transcribed regions are available for further processing under
the present invention. Note that when starting from a full-length cDNA library no selection

for 5° ends is required.

STEP 2
25

In continuation of Step 1, the following Step 2 is carried out to selectively collect fragments

containing a cDNA site that at least contains a site complementary to the 5’ end of mRNA.
When using the aforementioned cap trapper method, the first-strand cDNA that has been

30  immobilized on the support is released. It can be conducted by treating the support with

alkali, such as sodium hydroxide. Alternatively to alkali, an enzymatic reaction with RNaseH

11



site and a randomoligoner part at the 3" end are ligated to the end of
this first-strand cDNA, which corresponds to the 5 end of the

af or ement wansdoedNA (i.e., the 3' end of the cDNA). For tHoa/iras/ersi€l oni ng
of the 5 end sequence tags into concateners, it is preferable, but not 15
essential, to introduce a second recognition site into the linker. The
second recognition site should be distinct fromthe aforenenti oned
recognition site used for, for exanple, the Class I1S or Cass Il]

restr i(%mgl@oasydmy S‘chﬂﬂl\gA Bt dizedite DAL )cobkd hmmgkgdﬂledlhalé itegtmegn i nker t hgt
carries a Class IS or ass, )Ll restrictiqgn enz i a random
ol i gorreleassa the Db fromythe RRANASDNARY dnl?{’élpglt‘? B’zﬁtsflgf'?r%\gf%lgla%h,% C%'an Shi bat a et
al . Bho 60N aEBara)Rlhe HNA NG fhe niHNA I25ly 16266 first BRAM)DNAbRIC) ass | | S
and ass restriction enzynes are restriction enzynme groups that cause
cl eavagen.at parts other than the recognition site. An exanple for a C ass
1S restriction enzyne includes, but is not I|imted to, the use of Gsul.
Gs treatment cl eaves one of the strands at 16 bp downstream 25 fromthe

r ecognihdnOR lislkekr & addedito the cONRathatdtoldsrdeqtendelreppendzedrin & seenderpeiiine

recognition site. Another suitable ex le.ls I j

r especpRAsr hy 9 Subsifgce pavipganenzymatic ﬁ&ﬁf%gde%vg%ogr{? 9 ofr%g&s]gglégﬁl\ésg&e An

exanpl §qt9hoRtit &3fedck! SucStbdifictOiRclaaTrd mut litded o butain Classdl and i ni t ed

to, EcoPl5l, which cleaves respectively 25 and 27 bp apart fromits

r ecognCtasoll rhtrietion eprgmesindom ol i goner part is located at the 3' end of the
| i pker, and though the nunber of 30 bases is not particularly restricted,

t he" reconmmended nunber is 5to 9, or nore preferably, 5 to 6. The d ass

| 1'S or IfGhasmbbliment stlinket thatrat bastyatries p Chass HSir §lass Iff@%sai%newg@ to the 12
WO 03/ 106672 PCT/ JP03/ 07514 . af or enent . I .| I so that
the cl 8ande rastont oleomes P gt 31 AR RAtlg LA Dr s AR da“’S??fN “rably be a
| i nker wRfch¢erbpBnttd AR dnDdAtheafotbhattiohétemRAT o entire 3" end df thawBdWYol i gorrer

part protrudes to the 3'_end and provi.des the bindjn ddition, it
i s advFeuibr taterglagingpiihey)ea FFQP&H% R G CSB%?’S?“&‘?{%‘%{ 8 %Eﬁ%é}gléle’b‘%“g??tn to the

li pker (i iP 18ONRRES 4 QcbRClebddnRtoR sitt i€ BicllBRér The Seabad rechiindtivnt site |

af orementioned first-strand c is made to react with suclgéﬁ%&' nker, the

r andomshaild grodiggincpfiem the afpreaantipnedreqoppitip sieusedifeh o frEample, Sthe
flrSt_ﬁ§Q§§%ﬁgﬁgﬁﬁ&hﬁﬁneﬁ o end of the tenplate mRNA). Next, the

second-st I's synt’hesi zed by using this linker as 10 a priner and
the first-strand cDNA as a tenplate. This step can be conducted by a

st anda[l“cliﬁs can preferably be conducted using a linker that carries a Class IIS or Class Il restriction

20  enzyme site and a random oligomer part (SSLLM (single strand linker ligation method), Y.
Shibata et al., BioTechniques, Vol. 30, No. 6, pp. 1250-1254, (2001)). The Class IIS and
Class III restriction enzymes are restriction enzyme groups that cause cleavage at parts other
than the recognition site. An example for a Class IIS restriction enzyme includes, but is not
limited to, the use of Gsul. Gsul treatment cleaves one of the strands at 16 bp downstream

25  from the recognition site, and the other strand at 14 bp downstream from the recognition site.
Another suitable example is Mmel, which cleaves respectively 20 and 18 bases apart from its
recognition sequence. An example for a Class III restriction enzyme includes, but is not
limited to, EcoP15I, which cleaves respectively 25 and 27 bp apart from its recognition site.
The random oligomer part is located at the 3’ end of the linker, and though the number of

30 bases is not particularly restricted, the recommended number is 5 to 9, or more preferably, 5

to 6. The Class IIS or Class III restriction enzyme site should be located close to the

12



method. In a different enbodi ment of the invention, the first-strand eDNA
can be subtracted by hybridization against a plurality nucleic acids

fol | oned WP @hyai7zeal separati on of single- stranded and dadilpozoTsanded
DNA- DNA or DNA- RNA hybrids. Such- a subtraction step can be perfornmed by,
but is not limted to, the nethod disclosed in US patent publication' No.

15 20020106666. Singl e-stranded cDNA retrieved fromthe subtraction step is
used as a tenplate for second strand synthesis by standard procedures

si mi | aafotementiencaifrandomesligonres gart, sp pirad thetelearagetpoiny cametwithiadhe SMNA¢ ep.  Then,

G 'ass 1 g5 PR PRy s Per s bRALEM SRARARINE, 2 05° s

f r agmegforep@iiEbhedl rﬂﬂio&in bhgﬂﬁ@errpﬁkeptomdes tp i3’ @ndl amd pravikledibe bindthgfendm t he 5'

end of the cDNA (the 5 end of the second-strand . . 1.s prepared. For
i nst anB’eﬁdditmn(%Eﬁadesa"t’]S t,ping & selecive bling %tal}cf’éu l%‘?“d’ttf’gﬁa IB%? Ve and if

a ki nﬁ(gfan#estoq%?llngﬁqg blediRadMi& the restriction site imedi ately upstream

fromt orenentioned random oligonmer site, the obtained DNA fragment
woul d include a site derived fromthe site 25 on the 5 end of the

Secondg@t r ﬁlg%%rgp { 2a g rﬁﬁ&«ﬁ? 1§ B?déto Jgﬁgwﬁt Ig(ﬂfd RN OEnddie - | ength

of 16 He conp ran I'n’the case of using
Me |, ohgdil@er|p@ﬂgfﬂledfnkéﬂ1@bﬂétzaﬂ\dﬁlsﬂne3h endOdALE fiestrsteand OQN)‘LI(@ thadr é@ke t o 20

and 18 b res ectiv nd in_the oP15

respecPf‘Bél?ﬂP g) ﬁ?ﬁ&ﬁhwnﬂr dﬂ‘i@@‘%{?@' ‘“13%58‘5%%% oﬁal % If a
Sehéct h}’)ﬁtﬂ@f Rl 18 HsMRBARNGINA 8s §tempdtOtTHY staf@nb;eeancbma@yra@tmbadl i nker as
above, the collection could be conducted simlarl 13. WO 03/‘186672

PCT/ JPoBfhodsha diferspt anbpgdiment afthy insigptien: fhetfasmae% CQ Nae2Rhe SPreEect i ve

bi ndi n i gdur e
corrpl etgggﬂgf gﬁ agﬁl C ﬁ pﬂrﬁﬁghﬁ%}bg;&??&@cﬁeg b??g%éﬁrééﬁ?espa&ggﬁ?ﬁi%ng a CcDNA
site, bmlmia@; amgdctlmlet-sh@nﬂﬂ:dr BNASDN A WNMVWSafﬁuqh@eﬁgbthﬁﬁ gcpsath site

conpl e t.h 0 ove . ,
expl ai lﬁ‘ﬁt@ég@ t?/'\ﬁésrléo Hgteggiﬁlml}i%ﬂ%&sg §eh? |5) g }bubﬁce;thSgé\ﬁg can al so

be 1508QOG)MO@666 SMgRrs;raﬁdiéai&iDNVEtdmd/eairohomg swlﬁramm stqillsusbd(mra sel ectl veI y

coll ect fragnents containi ngﬂ)he 3

nd
nd of mRUAE Griopane STRAGPIUI: by SpibrdRpesiures Sruirid BB Epg Ry ¢
exonucIaﬁ%gchtd}ﬁgmfélae@gg&tfohgtep,ucI eotide in the 5 to 3' direction

Then, the obtained double-strand cDNA is treated with the above Class 1IS or Class III

20  restriction enzyme. In this step, a double-strand cDNA fragment comprising a linker-derived
part and a part derived from the 5’ end of the cDNA (the 5’ end of the second-strand cDNA)
is prepared. For instance, if Gsul is to be used as the Class IIS restriction enzyme and ifa
linker is designed to locate the restriction site immediately upstream from the aforementioned
random oligomer site, the obtained DNA fragment would include a site derived from the site

25  onthe 5’ end of the second-strand DNA (i.e. the site on the 5° end of the mRNA) of the
length of 16 bp (however, the complementary strand is 14 bp). In the case of using Mme [,
the length of the second-strand DNA fragment should increase to 20 and 18 bp, respectively,
and in the case of EcoP15], to 25 and 27 bp, respectively.

30  Next, such DNA fragments are selectively collected. If a selective binding substance (e.g.

biotin) had been bound to the linker as above, the collection could be conducted similarly to
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10 at a controlled speed. The exonucl ease treatnent of the first-strand
CDNA for a prescribed tine period | eaves a single-strand fragnent

conpri si ngadsao®d72end of the first-strand cDNA (the 5 ermtTofPos/bis14 enpl at e
MRNA). It is possible to obtain only the targeted single-strand fragnents
by conducting treatnment with a nucl ease that only splits doubl e-strand
fragnments. These fragnents can be collected, joined with adapters and

cl oned. 15 The above sel ected fragnents that correspond to the 5 end can

?ﬁaz Utsfrt]%efb ﬁﬁ’% £6hpb6rt kd WA 8 matihehg! deRotivissnding sutRGR- (T stfqptaatdnb)n in case

y|5|nsuff|0|ent for tPr’é goms %ﬁ; |ct|ons such as
cl oni n‘g)ulQhS)e fixedoHeis prasedireraeropleten 8tep Lahich sdetiyp yé’é’g%% Y the 5' part
?fe {ﬂ? 819tiall61?p | '%&gltg e olﬂgﬁg t%th@@ﬁjstrsﬁaﬁd DK SFhicR AT Déhdﬁ@oﬂtéiﬁéaamot her
stri

zyrrest be distinct fromthe restrictions site
used icdmplgnehtaipto the ﬁkmdomemBmonethAagnents corresponding to the 5'
end of nRNA contain linkers carrying recognition sites for restriction
endynes at both sides. Such fragnments can be anplified by PCR fol | owed by
subseapgnbofd SPKRBANOY2sORBeRIthd ssuaa is et forcStepod) banprpr@sam dspboduce DNA

fragnents suitable for the clonln oncate ) r d below in
mor e detrigdiont bﬁa@rﬂihﬁéﬁet@%d‘?% H&P%Faf’tsc?p(%{?é‘?l}’:ﬁ?‘& ggie% 1995), the
af or eneaf L EN@hd St*tﬂagﬁﬁmtra% cﬁm RROSHUSH o'f'ﬂlelt&hpllaﬁ|rﬂ11§(1\1ﬂ$ @rfor formng
di meric rm es conprised of two 30 5 end speclflgéﬂamsnts | i gat ed

to onanﬁmﬂ:‘ehers possﬁzip posietexomciessr thet depveshe auclentidsay be TeRPOH3/ 106672

PCT/JP03/ 075 e use Nt R BFesdidad
nd i FAt e B(ﬁlefi&p ﬁngﬁ Ogléﬂ%ag {erfgrél;&rns%é)g&hegﬁ%ﬁtmhuébl n m})?g “detail below In

j USt At &Iodeleiﬁz@da ﬁiﬁgle—sﬁhnd frggnia eorhprosing thb B eensbafithafirt-gtndbeRNA

e P RS TE% S5 SRRl Lot s

frag WSEP%%%&{&S@O;I &%audtﬁg%ﬁﬁﬂehmldahuclaase €eeosle spmtansmie mand fragmemsand - a
secon ra formation to all ow for concateraar formati on. STEP 3 10 The

subseqisst ﬁsgrapiltSSCﬁfDd?Grﬁ?llé%%iﬁl@ﬁﬁ’eW%h WPWEﬁa&‘& °fli gati ng the col |l ect ed
friiégrrents Si nce

The above selected fragments that correspond to the 5” end can be further ligated to linkers
and then used for PCR amplification in case that the quantity is insufficient for the

downstream applications such as cloning.

70  In one embodiment, the fragments corresponding to the 5” part of mRNAs is ligated on the 3’
end to a linker carrying just another restriction enzyme site, which may be distinct from the
restrictions site used in the first linker. Thereafter, the fragments corresponding to the 5 end
of mRNA contain linkers carrying recognition sites for restriction enzymes at both sides.
Such fragments can be amplified by PCR followed by subsequent cleavage by one or two

25  restriction enzymes to produce DNA fragments suitable for the cloning of concatemers as

described below in more detail.

Tn another embodiment similar to (Velculescu et al, 1995), the aforementioned DNA
fragment or PCR product is initially used for forming dimmeric molecules comprised of two

30 5’ end specific fragments ligated to one another in opposite orientation. These dimmers can
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there are nultiple nRNAs and the |inker hybridizes wwth the first-strand
cDNA at the random oligoner part as above, the above nethod can obtain

f ragnment swooostiaeaeng nul ti pl e cDNAs derived from nul ti pl eaTRWAs07814 hi N a
sanple. Step 3 ligates these nmultiple fragments and 15 forns concat eners.
The ligation of the cDNA fragnents can be carried out by a standard

met hod, using comercial ligation kits based on but not limted to T4 DNA

| igase. The |ligation can be securely conducted but is not limted to a

met hodhen$ 1&8d Birécsly o aftérjist enbthénRECRampléfimatidn td praduce gerealeicffsa recogni tion
site for a restrlctlon enzyme that is distinct fromthe other recognition
si t es spe@ledin moyg detai belgw. stages, which is then ligating two fragnents into
20 dinmers conprising two 5 tags in the opposite direction (di-tag), and

which is further ligating such |igated di-ta agnents i cateners

as dedafjusbenbther embodinepat eff the inventippapsrrativelyig FSR qq&ﬁﬁ%tionﬁglﬁg‘&f or mance

of the invention. "0 en@® hak/ Haey di -tags.
As 2ded Hrﬁgﬁse X} umm)lﬁlg Q@} %19@&9 E@En’@ Q?lrr&%)ﬂdrlr%%)ne re }1 C taag tsg%gg%g be

s eI f - Hirgatsed bethreads. QNA ﬁagmmts arerﬂmtreqmststu@ﬂ by atrgvetspityagsaripton sep a0dber f or m
the invention. ghus vention is. nei her limted to nor dependent .on

t he usksegondirap ngatf‘%to ﬁ?f PronCHLEIg OIAYO, hvent's is not restricted,

practically any nunber above two and preferably at least 20 - 30 is
suitable to performthe invention. The obtained concateners are preferably
but notTER¥ited to be anplified or cloned by a standard nethod. 30 The

C ateners obtained in this way each conprise a site having the sane base
sequence (however, uracil in RNA would be thymine jn DNA) as that of the
5' endTlhd subkeeuent|Stépd formg Song@enersiyesypalhdigatipg teeolecked fﬁ%awt ¥Efn the

sanpl e, Alt hOU h 'tgﬁiﬂ"é ﬁggamm;(g pdhel &/ggﬁ{ Etdsnfaﬁ@ebﬁtakeatkﬁe%@don@r

| i nker ,eretaﬁeemﬂ r ers is known fromthe
exper i fiegdnh patesd PdveShe atokre njpéiot odmobtmdrdgmmstChmaimnﬂdeultlek DNAers and

the badeived ggg%@gg%ﬁ&%@ i petele e AP AT iR R | 911 00
e e kA, w1 daeivorts g e base
s eg uenmethodfusing qeEnvereifl llﬂ’athlskﬂﬁ%s‘?ﬁr orplayat Bﬁ%lé“élt%{f“’%@g)@gq%ﬁﬁ Ceach mRNA
can bﬁgl ation %grgb%%echggr &)rnﬂéﬁ&ﬁﬁlt?s ndTRidBte@to AienDd Fhith AR ihtréduckhgaPl5] .

| nf or nee

1'on on ses woul d be sufficient for al nost
def i ni seebyd linkenpidvidinga tecegnitRivsitstfon4 restrieton gnzume thapisdidipet g iifer or not

other recognition sites used at the earlier stages, which is then ligating two fragments into

20  dimmers comprising two 5’ tags in the opposite direction (di-tag), and which is further
ligating such ligated di-tag fragments into concatemers as described in more detail in
Example 2 and 3. However, the performance of the invention is not dependent on the cloning
of intermediary di-tags. As described in more detail in Example 1, monomeric tags can be
self-ligated directly to form concatemers of satisfying length to perform the invention. Thus

75 the invention is neither limited to nor dependent on the use of di-tags. The number of ligated
fragments is not restricted, practically any number above two and preferably at least 20 ~ 30

is suitable to perform the invention. The obtained concatemers are preferably but not limited

to be amplified or cloned by a standard method.

30 The concatemers obtained in this way each comprise a site having the same base sequence

(however, uracil in RNA would be thymine in DNA) as that of the 5” end of the multiple
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10 it is a new nRNA. In addition, by determ ning the base sequence of the
concatener, it is possible to |earn the base sequences at the 5 end of
nMRNAs f or wiohss/mentber of above fragnents included in the caTERVENBSI4
(preferably 20 to 30), so information on the 5 end of nultiple nRNAs can
be determ ned efficiently. The analysis of the, concateners can be
automated by the use of conputer software to distinguish between sequences
derived form 15 the 5 ends and sequences derived froma |linker or the

| i nker snRIGAasiwithinghe $ampie. gthougli it aBo cemplritea g pamd Berived drpni theinkenngat eners i n

the aforenentioned form .can.be analyzed for thei,r identi . St andar d
St aalBEaE: BaF Sequgndsor B AR S doblp iR e PR Thkal ek

(htt p: ket degiRbd REM 1 Inl@OYY IBUASTN) thd AR RriveyadhaR N Aican BOclehdy Genet i cs
Comput er G oup &WGCG) package from Accelrys Inc,

(htt p: Mistingvigied by igeesignting thedpaseseapace gf f§ caRspiemer T heEieiei Bhs al | ow for an
al | gNRpfe iy the AE s&RBfd drth SGAMRAGS ntAGHer sSIPR 16 BAl bR thé Bagedent i fy

uni que or non-Tedundant tags for clustering and further use in database
sear cheequetdds astheld” eshofimewltipld arR N Ae withindbe sample. ddn baserreaudessioi@i vi dual | y

counted and fur analkyzed, for,th t LR | - dant 25
Cogt o Ry 610 S8 iEE G b8 LRFORAN R L bellariRl REPrRAEHE o0
cont ri bwdde@ usihg &aul, Mk MordieaP13laférmatibeot 06,20 onQfibeses ofoublbe t ags shoul d
allow for, a quantification . of the tr ripts within a.plurality of nmRNAs
or a c@@ciqflbfoéﬁ-?‘?"s‘fﬂ%nﬂtég’d ‘i"élfY:}B% Hﬁeﬁ'g]gl%%ﬁtag'ﬁt&w& ané\w%ge W{H%?Vio)ﬂlﬂ%tl

sanpl eg; igaReRMmRNAL REIIdRRAPSY &deitily BicPabcNeqibat ot abmAtndef, 9k Ot her

sanpl es to conpare their expression patterns against each_other. Thus the

i nvent ipessiblp kolgamaie base seqyences pithe 8] end of mRNAs foy thernumber 9fah9%e transcript s
W t hin . I i . ref at abase.
16 vio SRR T TR 5 S e A e e e o
descr i meultifle weR M Asicdnretdegrmined effieiently. Thkemalysiy of the gpsetdnipegicandygi-ons wi t hi n
genones for i C artial or entire sequences were obtai N . a search
0o be ot huciie B 5 o Saestibutt e FETERS T e VEmEs Rt -Gl § S
(htisp/ /hesv. eag@bindHeGuenicss depivBd ASH/a)linker @l thghnltehe -5' end specific sequence

tags to genom c sequences. Though 20 bp tags were found to map
specifically to genom c sequences, in sone cases it may be necessary to

ext end geheroll frbit sp RARUSRAE 1408 bBLIRY OMh QRtALNEH id fheAforenatRheM RIS f or
exanpl e by one of }t) he approaches descri bed bel ow. The use of extended
can be analyzed for their identity by standard software solutions to perform sequence
alignments like NCBI BLAST (hitp://www.ncbi.nlm.nih.gov/BLAST/), FASTA, available in
20  the Genetics Computer Group (GCG) package from Accelrys Inc.
(http://www.accelrys.com/), or alike. Such software soluﬁons allow for an alignment of 5’
end specific sequence tags among one another to identify unique or non-redundant tags for
clustering and further use in database searches. All such non-redundant sequence tags can -
then be individually counted and further analyzed for the contribution of each non-redundant
25  tag to the total number of all tags obtained from the same sample. The contribution of an
individual tag to the total number of all tags should allow for a quantification of the
transcripts within a plurality of mRNAs or a cDNA library. The results obtained in such a
way on individual samples can be further compared with similar data obtained from other
samples to compare their expression patterns against each other. Thus the invention allows

30 for the expression profiling of individual transcripts within one or more samples and the

establishment of a reference database.
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sequences allows for a nore precise identification of actively transcribed
regions in the 10 genone. Simlarly, the sanme approach and software

sol uti onsweens/lbes7ased to search for related sequences i n mthPo3/aEI€abases
e.g. like NCBI (http//ww ncbi nlm ningov/Database/i ndex. htm ), EMBL-EBI
(http://1Amw. ebi. ac. uk./ Dat abases/-"index. htm ), or DNA Data Bank of Japan
(http://ww. ddbj.nig-ac.jpo. 15 Specific 5 end sequence tags which could
be mapped to genom c sequences allow for the identification of regulatory
sequences (Suzuki Y et al. EMBO Rep. 2001 May; 2(5):388-93 and Suzuki Y et

. Ge e Res. 2001 May; 11(5):.677-84). .| t . f th
5 endomperani FaBEES R ot doery e pheS SueSler R 0P AR SO0 ot ory
el ement s WitefRedbhsAlitit 3 & meR drehietPpdrtifllor @htirg SetRcRoep e gsobtainedT Becte

regul atory sequences can be further ~—analyzed for their nctionality by
sear cheseaich cdabeberfumedpsing standagd saftveraealitings bke H%i]?ﬂff‘sfﬁi tes for

transcyi.ption fact : ' Vai FRESqidhct fa3 & denBiicon fact or
bi ndi n@t—t&m%?}}&%ﬁétgéy gonﬁtéyg?i%%g}sg%i ng %‘r aﬁsca%i;ﬁ)ﬁon Regul at ory

Regi onsciaénaba Teo¢dRRD)p tagswénp fdunviergsipispeifistlly brganomiaseauris ey 1ed4/ ) |
TRANSFAC 1), TESEARCH 25 (htj.p:.//1ransfac.gbf AC (http://ww cbrc
i p/ r esEAFThIGE PYRGERREHOHE %i],ﬂ%dﬂﬁla egﬁ%}cgﬁlﬁ (%éﬁﬁggé g@?@@?ﬁe by Genonmati x

Sof t Wa & chiBlnkdsThf aMpBEIYQIIRIOE hetipproadtied desceibalbictes. Thoruse ohgtended onal
anal ysis of pronoter regions. 30 Sequence i.nfornati og oht ained from5' end

speci f sagquensgsialinves forymors PregiscarsniHicayon e aptivRly tansesibed fReIlsii i es to a
geppne bg; i { v €sdiitfons b Alse @B RhircAf@i ven 17 WO
OSMOG%%HBC%'@é%lg;kgégﬁ@%tpg%ég?ﬂd ene. |?] sucI:Ih an exsperi merrclt pr onot er

r el at ertlitef snetceoin ofipndatabrseusgdiked@her its activity or to replace it

with an artificial pronmte Al Lernati g pivpp.egind speci fi.c tags coul d
provi dPLHEH ngBintd Jiigqu/Database/ G 'th ign of anti-sense or RNAi probes
for geqgip:/iviaelcbiiahikiDatatises/index.html), or DNA Data Bank of Japan '

(http://www.ddbj.nig.ac.jp/).
15 B ‘
Specific 5° end sequence tags which could be mapped to genomic sequences allow for the
identification of regulatory sequences (Suzuki Y et al. EMBO Rep. 2001 May;2(5):388-93
and Suzuki Y et al. Genome Res. 2001 May;11(5):677-84). In a gene the DNA upstream of
the 5” end of transcribed regions usually encompasses most of the regulatory elements which
20  are used in the control of gene expression. These regulatory sequences can be further
analyzed for their functionality by searches in databases which hold information on binding
sites for transcription factors. Publicly available databases on transcription factor binding

sites and for promoter analysis including Transcription Regulatory Region Database (TRRD)

(http://wwwmgs bionet.nsc.ru/mgs/dbases/trrd4/), TRANSFAC
25  (http:/transfac.gbf.de/T RANSFAC/), TFSEARCH

(http:/www.cbre.jp/research/db/TESEARCH.html), and PromoterInspector provide by
Genomatix Software (http://www.genomatix.de/) provide resources for computational

analysis of promoter regions.

30  Sequence information obtained from 5° end specific sequence tags or obtained by mapping a

5” end sequences to a genome can be further used to manipulate the regulation of a given
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In a different enbodi ment of the invention, sequence information derived
fromthe concateners can be used to synthesize specific prinmers for the

cl oni ng oWwdasibed7engt h cDNAs. I n such an approach, the sequerro®omies i ved
froma given 5 end specific tag is used to design a forward priner while
the choice of the reverse prinmer would be dependent on the tenplate 10 DNA
used in the anplification reaction. Anplification by the polynerase chain
reaction (PCR) can be perforned using a tenplate derived froma plurality
of RNAaglet gnedid stetoa expetiinetquorater shndl isformaticarwalld bousttt pplferdf. 1 n the
first step the oligq-dI priner.and a reyverse. 1r ri.pt sed to
synt heaStivey a1 oprpagsdbvith Eﬂag‘ﬁgla&r&ﬂ%ﬁr's&g nave %’r \;\g;gérsng Sggélﬁéﬁg?%@rklpved froma
> e%@?ﬁi@s&{u@n&e@ﬂbﬁﬂﬂi(ﬁﬁo%b QesighlofiintiFefiscal RNsseeoties fargehé fy a ful | | ength
15 ¢ romthe cDNA pool. Simlarly, a specific full-length cDNA can be
anpl i finecliviatiom an exci sting cDNA library using a forward priner derived

fr a 5 end tag and a vector nested reversed prinmer. Wile the above

met'hod had used nMRNA or total RNA within the sanple as the starting 20
subst r Bt £diffSieaperibodimert of teiitweatio pequengegnianmatidnsterived from|the engt h cDNA

library. In this information.on th g . end of
nul t i pPECRIBIES caf &agéepﬁ%s@%leéﬁa S%efcnfcrpé] meﬁﬁﬁi@‘%@gﬁ"‘g@}ﬁg% gé% J;e@\_lg%r sai d
CDNAS) 1,£R0h 8h Rsiodch, thb Sedudhde-desing! fiors BINAehishead specifin tapsis ueddfto destgtd y
obtained simlarly to the above procedure. 25 |nde endtent, f[eomlzﬁpe starting
mat er | Eirwessleuinies whle therhpicRf thevefricame Fau 9% EB-HSFP;{HHBE ¥t -strand
€ DQM* L hsae|a i aﬁ?liﬁ&ﬁﬁh'r%ﬁ&@%ﬁﬁﬁ&ﬁé}ﬁb%e pURieasE thén Foabtidndi zat i ons

an physi cal separation to allow for enrichnent of 5' ends Of{r

di f f er @ER)dah pe psufrracd ading etersplate dedyed framea pbwdlEy of RNARPIYRed FqRacr i pt s of

| ow abuyndance. 30 |n sone e | e, b > A8k hid 4 Rvekt ai n

ext endgﬂq%%‘ifﬁwge ?Iﬁlf%lroq}a [ orpqﬁ{#%ﬂlttﬂ%h&%gag{rl}l glﬂgcf) q??glri]]??r [ _bedvr egi ons.
Such exhfRepescaeueaee symimygizaklcDNA podgedid secorskiesa foowardipeme18 WO '

03/ 106672 PCT/JPQ3/ 07514, jdentification.of start,.si nele in.. .
synt hedprvedirom 3 a; endsppgifisaggnd an § 6#8“@8%35%%6356 a@ﬁf}'ﬁ%@@ AT above t he
i nyent LBRIA AGh Wb A pSEEBingld1yea bicgiicifaibloafthacDN Ak e b¢ amplifedStoneard of a
cDNA. Introducing a single-stranded over hg%% eng,oq;aassi]gﬁa a seguence

obt ai newcistingrpDNA bbireatsitest forwargipret geriet fOP b §1993 FHH Y64 %SSeca fic
nucl ei [ . ment such a linker can 5 used in a target specific manner.
Af ter ?%@94"‘?8{5{"?’& the linker can be used to enrich the DNA

While the above method had used mRNA or total RNA within the sample as the starting
20  substrate, Step 1 can be omitted by using an existing full-length cDNA library. In this way,
information on the base sequences of the 5’ end of multiple cDNAs (i.e. the 5 end of the

mRNAs used as templates for said cDNAs) contained in the full-length cDNA library can be

efficiently obtained similarly to the above procedure.

25 Independent from the starting material used to perform the invention, the single-stranded
first-strand cDNA material can be fractionated by means of subtractive hybridizations and
physical separation to allow for enrichment of 5” ends of differentially expressed genes or for

the concentration of transcripts of low abundance.

30  In some embodiments it could be desirable to obtain extended sequence information from the

5’ ends of transcribed regions. Such extended sequences may allow in specific cases for the
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fragment by attaching the linker to a support fromwhich it could be

rel eased after the enrichnment. The |inker can further be used as a priner
t o obt ai nwexda3anelged sequence information on 5 ends in a |[RQuirds/pisase or on
the solid phase used before for enrichnment. 10 By investigating the base
sequences of the concateners or extended 5 sequences obtained by the
present invention, it is not only possible to clone new genes as descri bed
above, but also possible to investigate the expression profiles of genes
Wi t hi ngthigicadmtriartited HEroRISsynthBEs off £dNePMag)ing argenemitsedudnoes. Aar i ous
purposes such as to map transcription start. sikﬁe@ t’(n, h’gﬁ”o g(fnt?rre, to map
pr onotdescribed geovysdhe v ertionfingludeddn gien 2\the Usation gRpUnke] tyy £8% %%%gi ons, for
.15 crgati el Ly i AL g aWi t h

i nfor ﬁéﬁﬂ%gﬁg%&%rﬁl%%ﬁé@é %ﬁa@l&ti g?%g%@veggop@gﬁngtﬁ%f%ﬁgige and on availability
of tr aqumeattpéditobinklac tnd ®, bedipgtidroto asspbeaific hnadeic eeifl iagmpaisueh a HAEET f¥bnot er

site within fragnented genomi.c .10 .6C1T. ]gpgg RhgAcCoNt ai ni ng
prérmt‘éﬁedé‘}%@gg,egsc?efﬁjﬁdﬁ%ﬁfr‘ EQ&%{ aélﬁlig%tbonttﬁgi@geﬁrg aseegéoq%{er%ge asﬁ?he 5 end
of MRNpadRisk By ReschPgnsieshepton SigpROfbmanideh inyould bagelédsed alfatienent i oned
biotin system 20 and hybridized to fragnented. %S,‘(%Oﬁa]%ic DNA. _Hybridi zed
genoni enrohmenty Hlghiriees cadiyrther bepisef! 45¢ o PRIRDS %G F e of genomic
fragme ' Si@PhRY bFlbihe gtk STB@0 Bbfoge foeagischnAd cl oned
under @?%ﬂ@é?rg&cg%glﬁ% |£hoan§(!.i IAF"{l ernati vel y,(ﬂg}??\cat enmer cloning could be

avoi ded by making and using selected 5 end tags 25 ligated to a m xture
of full-lLength.c and b gnet 3F E4LBStes DRRREEREOUS

se eniéﬁ IIB’F&WP%D{E’I@%F%%SW%%%%%% éor)%ec aéilrg F’?g’g%fcdgﬁ sﬁégh as in theBBgSLLM
secondstpicaad islhidor itipastanlpposaibit to cleav age gonesas desclibekabors bt ale) ass || |

restriction enzype. The 5 end specific t aul n ecifically
to t hePPsSRIFo VISR e B@reﬁﬁlé’é‘d’r‘?fﬁFS ?tjlggn%sp‘gl%fl?% Sg%‘g %éﬁ%ﬁ%gﬁlggfntwar ly as
done by fyiisey Has baRgdlth £eariobSpRpbe8 budNas to Bp GadAp@estarbsi88th 67

6, 280, 935; 6,265, 163; and 5,695,934). 19 WO gﬁ{PlOGG?Z PCT/ JP03/ 07514 For

i nst angenomsi fogoanpPBIeter Heage RBIATES, Fie Aalysigpd SMES 4 Pomoterfggi s R 11 bind to
5 endg of R%\lﬁa E bxEssioR@nQllykis AR GhBahitA, onwWbBbtensi || be
abil‘i tgregt{u}ggée ewlolis%g) ?:8%8%15%%%“?&%% ol i‘gplnucl eoti de nm \Mtgd)e destroyed by
exonuc heassivviptondtemshgeandrondivaibability phtranscimion factprs, angde #ve -

ol i gonucl eqt i woul d be used fhe 5 specific
arr aysCQ#CCE@\%E%Wowgﬁgﬁ%wﬁ%%a%mgr%{reg%Ig)q%ﬁ%tﬂomg' gg%aj%pgﬁlro%n ace, one per
POsi t i @Agments containing promoter sites, a fragment containing the same base sequence as the 5

end of mRNA could be bounded to a support e.g. by using the aforementioned biotin system,
20  and hybridized to fragmented genomic DNA. Hybridized genomic DNA fragments could
then be separated from a mixture of genomic fragments by using e.g. streptavidin coated

magnetic beads, and cloned under standard conditions.

Alternatively, concatemer cloning could be avoided by making and using selected 5° end tags
25  ligated to a mixture of full-length cDNAs and bound to magnetic beads carrying
homogeneous sequence of oligonucleotides, followed by ligation such as in the SSLLM,
second-strand cDNA preparation and cleavage with a Class IIS or Class III restriction
enzyme. The 5° end specific tag would be anchored specifically to the beads and would be
used for the specific sequencing similarly as done by Lynx Therapeutics (US patent Nos.

30 6,352,828 6,306,597; 6,280,935; 6,265,163; and 5,695,934).
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foll owed by parallel sequencing. The aforenentioned approach would all ow
for the design of a liquid array format, in which each bead could be

addr essedwoyo3ancd’adependent | abel and processed i ndi vi duadiyIpb®o7ss€qguence
analysis or alike. 10 In a different enbodi nent of the invention known 5'
end specific tags can be used for an alternative analysis of 5 end
specific sequences omtting the cloning and sequencing of concateners. In
such a case 5 end specific oligonucleotides of about 25 bp woul d be

synt hepirzRdmRB b ifzbxeteotideswsull havesitppmiom faot I’ owhich will bisddo Spwds 6f ¢ ni cro
array-. The hybridization of 5 tags obtained froma, | e. woul d t hen

al | ow ¢RNAgadageds PRt b ehgoanelcatsieqyhigh ?“F]i?g%l?l?l%?? tt?%r@gﬁ?g&"% present in

the sagpl -ARIBHEITRIPAAT b Qeb0el By SRALALSD VIEMGoUBridbtd FimRoarT ays
W

are kn 0 a person trained in thée state of the art of nol ecul ar bi ol ogy
( Jor dacDIBA, TENAebbder baligoayeleotidenworld e asest to selegiont hasewigace B i nger - Ver I ag,

Berlin i del ber York,. 2001: A Practical
Appt oatf! fMS&f%BE\FXvV*e?@?%a‘yis Br gﬁsleg ,ﬁ%%gﬁl éﬁgggﬁu%(g)er’ %I;é ér(gé’ié?‘l?cglét i ons as
ey e
provi dabqef pfray Papat, ?Pe‘é{highPéﬁh b(eﬂ‘éc‘t}’g‘i‘]é‘?%fﬁr?ﬁ% lpr:sz}nsingﬁpeg en?eﬁgeél a% the form
of conﬁ@%@g&gﬁ%ﬁgdgﬁgﬁ@@@d@éﬁé@@@sislopgma dual 5" ends, which were enriched

by nea specific selection. 25 Fig. 2 sunmarizes the exenplary
work flow according to Steps 2 and 3 di scussed above. In Fig. 2, the

restriction enzynes, Wibo @AY SridBEdcde usBfoEhoNi Ng of 33
bp%DN/f;{W&ng%lﬁ%{@ﬁg]éég%sogﬁebe ;Llhnm)re dgt?gngisﬁéi rll t Eec nggr?pl _eol bel ow. In
princi phenativeanalyanofty endGpaificeqemdessypaittingithe elonins eedinaparigdie f ol | owi ng

steps. 20 WD 03/ 106672 PCT/ JPO3/ 07514 | . ieniL | t he invention
out | i nESRCRAIFMESSy!D SPCh 3 CRjss) ©B S%elcﬁiélo lg%rfurcz%ﬁhg% oé%ké&lt?lg bIQjo t}iﬂ]eed. The pool

conpri §ﬁ§?gsﬁﬁd %dﬁ@tbagbmglﬁgbﬂmﬁhaﬁéd ehd spactﬂaenmﬁlﬁﬁay Thdj Scent to the:
portion of the single-stranded cDNA which, contains the .5 .end regions
t r ansc hyyedizatiop gf 5 ttAgs ‘Ph’?l%%d,fr%!nﬁﬁ%‘c?l’lﬁ"%"“?q ﬁﬁ%?&o‘?’lgqréhe éﬁ’&{fg’%“"a“sa% 1St

ey me A B et i T h T eahott (bt b ndi ng i te
of microarrays are know to a person trained in the state of the art of molecular biology
(Jordan B., DNA Microarrays: Gene Expression Applications, Springer-Verlag, Berlin
Heidelberg New York, 2001: Schena A, DNA Microarrays, A Practical Approach, Oxford
University Press, Oxford 1999).

20

By modifications as the aforementioned approaches for direct sequencing of 5* ends ora
readout by hybridization to a 5° end specific microarray the invention provides different
means for the general analysis of 5” ends in the form of concatemers or the analysis of
individual 5> ends, which were enriched by means of a 5 end specific selection.

25

Fig. 2 summarizes the exemplary work flow according to Steps 2 and 3 discussed above.
In Fig. 2, the restriction enzymes Xma JT, Mme I and Xba I are used for the cloning of 33 bp

DNA fragments as described in more detail in the Example 1 below. In principle, the cloning

30 of 5’ end specific tags comprises the following steps.
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or within the 5 end transcripeted region. For the purpose of the exanple
described in the figure, the restriction enzyne Mme | is used as it

cl eaves 2Wp/idessmst ream of the recognition site, thus alHcawiragiofses t he
term nation of tags which conprise the 5° ends of transcribed regions of
NMRNAs. Al so, a second restriction enzyne is given for the "I St 10 Li nker."
For the purpose of this exanple, Xma JI is used for the later cloning of
the 5° end specific tags. Subsequently, the "0 Linker" is used to prine

t he sygthesiifl Skp af heatRAtGGTIIRABNERL ¥, 2 @Msnglaamande@swmmg in
doubl e- st randed cDNA mol ecul es i ch corrprl B 51’!@8&? % e&ﬁ

t r ans cotitaiesl. Fdgingpkcosmprispeth r%gns‘,mnéq:p t hthe A%t o for
restrigl Bé%[oﬁ BE TS é“?: Cfnﬁécﬁé){\?A Hnich c%hia%s'tl@&ﬁte%d r&iér itdBsciibed fFomli nker

with res toits ng site adjacent to the region containing the 5
end r et arRNAS, arspemﬁdahnket Herendanmsd asTHE LanlearpiehgatesHe gravéidstaeeagniitienzy me

th cl.egves t he .outside i se of
this et e Rinch orveing 45 s Bkt £ et i Hberd B AR EROZE B

f r agmegtwitah tﬁemeﬁ@@@swﬁpe@dm regiamrﬂos Ehet}c:lnq)o!éé ofthd sxafiple desnsloadiibé® r egi ons of
the MRNAs and the "1St Linker” r and DNA over hang
at t hefl&féébfaﬁétr@tl?%eWWFhS i‘SHédS‘l‘Vc?r Zﬁﬂgf”gﬂﬁgga@l EE} e-stranded DNA
over hang, aliidd \Gie ChRENRIANS fotr eheQbrniiRioh.of ags FhebhZonipkiskihe 5’ elﬁls f gated to

provi de arecognition site for a restriction enzyme, suitaplgfor the
cl oni ngm&nbddeegmwffmﬁﬁﬁémlso @rse¢ORg SCSHEGHOR SRS 1sahvea£°ft ‘?‘r’p‘i ates for

L:TE(LI fi LC L Bﬁﬁo 82%%96‘? ototfuslg Splg- %n%ﬁwéugéd%lt then rhté‘r%fﬂ?ﬁdg%f@lgs $haq" 1St

s conp ends of 30 regions transcribed
fron1tQQcmBMﬁ§ and the "2nd Llnker" is purified by selective binding to a
support by the neans of a selective binding substance attached to the 1"
Li nker. 21 WD 03/106672 PCT/JP03/07514 For the purpose of the cloning of

the ¢DNbGRANEIHS CODRKdrS isi@ed foerine @ smtiadsistof asswni bedplemegaons or t ags,
the aforenenti oned cDNA fraction co r| Si ngﬂt he "1st Li

frag neﬁDbIAcﬁtfaﬂfaQQSngﬂ devierstranded ¢l § melaeples ‘51?161?1801?1%%?%?& &Y 88(35 ¥ om MRNA,
anq§ t hﬁaﬁs%ﬂﬁledg’regfo ﬁlf the ?rf RN AR IvHi@th Y 2 ¥eRBAItOh siIor restidtibmenzyimeker
av

portions are cl by restrl ction enzynmes to allow for the | |gat| on
of t hethangisaverst @Sl@@h@dﬁ@mﬁmﬂe thedi' Linkst yith sespectdq its pinding gifefmeant e

restri ﬁ}elrgggor?go a1n1ng>ﬁ1nai nd%égonXl?ﬂnécnﬁéc?th@%AW' ch cleave out a 33 bp

The aforementioned restriction enzyme that cleaves the outside of the binding site is, for the
20  purpose of this example, Mme L Cleavage with Mme I results in double-stranded cDNA
fragments of the tags which comprise the 5” ends of transcribed regions of the mRNAs and
the “1% Linker” and which have a single strand DNA overhang at the cleavage site of Mme L
To the aforementioned single-stranded DNA overhang at the cleavage site of Mme I, a «pnd
25  Linker” is ligated to provide a recognition site for a restriction enzyme suitable for the
cloning of the cDNA fragments or tags which function as templates for amplification by

means of PCR.
The cDNA fraction comprising the “1¥ Linker”, cDNA fragments comprising the 5” ends of

30 regions transcribed from the mRNAs, and the “2M7 inker” is purified by selective binding to

a support by the means of a selective binding substance attached to the 1% Linker.
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fragnent fromthe aforenmenti oned cDNA fragnents. After an appropriate
purification step, the 33 bp fragnents are |ligated to each other for the

f or mat i onwafo3goeoat emers conprising, 10 for exanple, up tRCTAPOS/ETFS4
conprising the 5° ends of transcribed regions said nmRNA or cloned

i ndi vidually. The concateners can be cloned into a sequencing vector to
prepare a library conprising the 5 end regions transcribed fromnRNA 15
Fig. 3 shows a principle workfl ow according to the present invention to
illustrate an alternative approach for the direct sequencing of 5 end

tags. For the purpose of this di nrent of the |,nyentjo t

si ngl dEos theamease eFxiaslanineH Wpﬁy"? gMeRs cgmptisioe fhdg: gl oLl i8ned | o v om

t he i : i i} hekisink @E €1 LigréredtDNA a | i nker, 20
”?gﬁlg?ég(ﬁqgés?Elﬂ%@?cﬁgrgsxgt}oimhzﬁéub@cd:mﬂisnﬂg igRdr

her e , which for the purpose of this exanple, has a
speci firanieabalr tdgs whath aompirise thethé eidnesising fraeseribad Tsrm MRNA, 394t product on

a soli upport. .Thiis |inker : | bl h& sk hesi s of

a 2| og@[%‘?rgﬁli? egﬁmeglﬁseorft af a?%thteﬁgﬁ ilﬁ)zt%&ssggéaér%ve&%g&si ngl e- st randed

DNAS  hayimes @ ewibeths liganded td tagsintoadjicatandrs.tFor teeurpegé ofihisonpr i sing  t he
5 end regions transcribed fromth or .doubl e-stra conpri sing
the 5' e’@BIPEmHleth%%‘m%W%@&PW@W?W%@HQH%%’P Qlugécj]?\g})_ ual or

par al | gl SEARERGHE FordnRntibRR cNA m%@emé. Atbdr an @peoplite piification gép,t hr oughput
seri al sgequenm ng approach for the 5 ends of nRNAs, The present invention

wi || nibe3Bbp degreits et ligateddy cash ofhes Fs thsstoppataat conqategieg (OPSE ot ed 30
that the present B diSnd¥BE 5F Bt ToF fhRAb&Y febnEANPIRGEA orThe

ex riﬁéﬁgagnp ‘Qé?sugrt%)gégﬁ%ﬁgﬁﬂlléﬁn@anp% can bre1 performed by any person
exper i gog@dndividubley.st ate of the art of standard 22 WO 03/ 106672

PCT/ JP03/ 07514 techniques in the field of Mlecular Biology. Unless
otherwi se defined in the text, the technical terns, abbreviations, and

SOl Ut | PRScHSHEmER chft 8c Esadiihes Shoukihgivaster toheemanelibmyanmpgsiag theormonl y
under st ood by a person experienced to the state of the art in the field of
the i nYesndiregionsiragserdhed|roge@BNApt i on of such ternms, abbreviations and
sowti ons can be 5 found in the common reagent section in Mlecular Coning
(Sanbrook and Russel, 2001). Al publications mentioned herein are

i ncor pBigas stbwsw irnciple waddlomeseording e thernspsert pyenggn to illustrate an-

alternative approach for the direct sequencing of 5° end tags. For the purpose of this
embodiment of the invention, the single-stranded cDNAs which comprises the 5° end regions
transcribed from the mRNAs and obtained as summarized in Fig. 1 are ligated to a linker,

20  here denoted as “1% Linker”, which for the purpose of this example, has a specific label to
allow for the immobilization of the ligation product on a solid support. This linker can be
used as a primer for the synthesis of a 2" gtrand cDNA complementary to the first strand.
The single-stranded DNAs having a double-stranded linker adjacent to the region comprising
the 5° end regions transcribed from the mRNAs or double-stranded DNA comprising the 5’

25  end transcribed regions can be forwarded for individual or parallel sequencing, for the
purpose of this example, by a high throughput serial sequencing approach for the 5' ends of
mRNAs.

The present invention will now be described by way of examples thereof. It should be noted

30 that the present invention is not restricted to the Examples. The experiments described in the

Examples can be performed by any person experienced in the state of the art of standard
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di scl osed and to describe the nethods and/or materials therein. Exanples
10 Exanple 1: Preparation of 5 end specific tags according to the

i nvent i onwanistéary di-tags To performthe invention nmRNA @CTVIPOED7SRNA
sanpl es can be prepared by standard nethods known to a person trained in
the art of nolecular biology as for exanple given in nore detail 15 in
Sanbr ook and Russel, 2001. Carninci P. et al. (Biotechniques

33, 306-9, (2002)) described one such nethod used herein to obtain

cyt opl rek¥iquedRiNhe fiieRbdfiMaisculdr@ielogy. Uttléss otteneise defined irsthadextithéri ted to this

met hod and any ot her approac or the npr ation of otal RNA
shoul dteshmigaltems, 3 @VHBBIPSO?J}A;WEIEIO&S ugeggn ﬁ%\al%ﬁﬂp il sﬁ%ulgﬁas\ier%ﬁ{ SaE{Pnemanner. 20
The prgRAiAE Ao nRhodTiRM ekt Byl prsofNRp&iencdd B mheasate of iRblAtisthertler abl e but
not essential to performthe’invention as the use of total RNA can provide

sat i st gf thg investion. & generabdsneriniioniod puchiterms; bredplosRIOlBIRNS (P descr i bed
bel oW | ab Y o EXRIBh FeasGRAES Bl MAER: Ponind RUALFRRLAS RIS 2001 1-3 % of
the t ot ar prepar ¢ lgons, and it can be s equently prepared by using
comer Ailglubkédtisndbmestibnedhatingee tifompetatedlintodhisdoumentby Slasencednber ci al 25

kits including, but not linmted t t he. NRNA isolation kit (MIlten
provi da Clo%‘fgt&?‘y%getsﬁr?n?f thﬁﬂ%*@ﬁ%@ﬁ@drd’ﬁagg?%ﬁgm}nécommnded condi ti ons Wne%)
applied for the preparation of nRNA fractions for performng the
invention. To performthe invention one cycle of oligo-dT nRNA sel ection
is suf Ekanplas as extensive nRNA purification can particularly cause the

| ogy of long nRNAs. 30 23 WO 03/106672 PCT/JP03/07514 Al nRNA sanpl es
used to performthe invention were analyzed for their ratios_of the OD

r eadi n§zample23F nofch’ 2ad)spemificdagsmacard hthe AIQALIoN. ing delags a1 of

pol ysacchari des was consi dered successful when the 230/260 ratio was | ower
than 0.5 and an effective renoval of proteins was obtained when the 260/ 280
rati o WapeHo@heie iiveatiolm&NoY ombURNAZathplds ciihbe Ridparsdhpbtesdamethiods t her

anal yzed by el ectrophoresis i n_an agarps el .and to prove ratio
bet wee Hn?%t%@r%dpai@é in RArt o modgonfar ENE\O% rg %{regf“?lglﬁ’ Ve ferq&é)eggls trand
CDNA WaSSRhsioa Seh ’Rusee 2tiofi f esraiici PIRYNAL gBioRbBsEqus BBBBLME2ERY)idescribed - -

one such method used herein to obtain cytoplasmic mRNA fractions, however, the invention

is not limited to this method and any other approach for the preparation of mRNA or total

RNA should allow for the performance of the invention in a similar manner.

20  The preparation of mRNA from total RNA or cytoplasmic RNA is preferable but not
essential to perform the invention as the use of total RNA can provide satisfying results in
combination with the cap-selection step described below in this example. Generally speaking,
mRNA represents about 1-3 % of the total RNA preparations, and it can be subsequently
prepared by using commercial kits based on oligo dT-cellulose matrixes. Such commercial

25  kits including, but not limited to, the MACS mRNA isolation kit (Milteny) provided
satisfactory mRNA yields under the recommended conditions when applied for the
preparation of mRNA fractions for performing the invention. To perform the invention one
cycle of oligo-dT mRNA selection is sufficient as extensive mRNA purification can
particularly cause the lost of long mRNAs.

30
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(I'nvitrogen) under the following conditions: 10 In a final volunme of 22 A
5-25 .tg of purified nmRNA or up to 50 tg of total RNA were mxed with 14 g
of the apmooprioed7e purified 1 " strand cDNA priner (5 -  PCT/JP03/07514

( GA) SAAGGATCCTGCCATTTCATTACCTCT1' TCTCCGCACCCGACATAGA(T) 16VN- 3') (SEQ ID
NGO 1) and heated to 65C for 10 min to allow for annealing of the priner
and afterwards immediately placed on ice. 15 In a second tube the reaction
m xture for the first-strand synthesis was prepared with a final volune of
128 i dAn nﬁ{N%%}bleilhs%dT@ﬂérfd@mfthemvéﬁmhﬁaﬂaé ar?a!Byzgdi for thbdﬂ']mlosjqfrpe O@G'rp and

5-met hyl -dCTP, 10 mM h 4
tr gﬁal %&@w%@%%ﬁ%‘g&}% @B@g mj?ﬁlt?rlthe “@%%P‘é‘% al &&Ogﬁ %clﬁ anscr i ptase
(200 Wly co%%idlered sfEERfN dngh 12 230)26d rdtRAS4s! l@Wertthlzbﬂ) S\Mﬁdlalﬂ.eﬂ'nchvof a32P- dGIP

(Amer sham Pharnmaci a Bi osci ences Bio ec%} 25 was_ prepared, and #ﬁe reaction
m xt urnemmlvaimg pwittins wheobtainet when the B0/AR) @tip iyas h’éh?réhiﬁblaépf yeund tlcer and

t ate, were ﬁé;:e I, @Jp@d t he
FNﬁbe]? é?‘geﬁwereélﬁﬁ%é%?ﬁ r cl%%ﬁg) ?r@%%ﬁf%%%gg{l eltaﬁRﬂgtenpl ate were
m xed giudalliy/betatsh ReL8Sind THSSRIA int toaih RMA prepargisme: t r ansferred into the
reaction tube holding the radioactive tracer. The renaining reaction
m xture with the RNA can be processed in parallel with the 30 radioactive

react i 9 fisxithind cDﬁ)@wﬁé %Sr‘éf)ar&i framciEFERKY BRNARaspRs weing Sepdramiped i n a
t hernocycler with mgsettlngs 42C for 30 mn; 50C for 10 mn;
and 55@1V1€1‘pg610un®4thﬁ1§01)w111€6’6 tigRST/ JP03/ 07514 mn. After havi ng concl uded

f% )?maq §o %Fbggtl X33 p%to?PQﬁﬁlecpﬁﬁRmpbﬂﬂ) 550 g DPLHAIIRNA wekd Om a st ock
ncent

on of 10 is not essential for the
perfor ﬁﬁ:mlemdf14dtgoﬁthwmnrommt¢m1r1ﬂ¢dllud§a@ Mﬁﬁ@ﬁ(ﬁe‘ tracer during the

fs;/:]tshegcft' 2\%[ %Fﬁémﬁ%%ﬁgg to ana yze WA@}AEﬂBy a?lli;ﬁ tggl

el ect r enhior@IDNOHYAhoacdtEd® 63hd forail-mindd akew fqrennealmg of the primer and

afterwards immediately placed on ice.

15
In a second tube the reaction mixture for the ﬁrsf-strand synthesis was prepared with a final
volume of 128 pl:
. 2 X GC I (LA Taq) buffer'(TaKaRa) : 75 ul
. dATP, dTTP, dGTP, and 5-methyl-dCTP, 10 mM each 4 ul
20 - 4.9 M sorbitol 20 pl
. Saturated trehalose (approximately 80%) 10 ul
. Superscript II reverse transcriptase (200 U/ul) 15 ul
. ddH,0 4 ul

A third reaction tube with 1.5 pl of a**P-dGTP (Amersham Pharmacia Biosciences BioTech)
25  was prepared, and the reaction mixture along with the reaction tube holding the radioactive

tracer and the RNA template were heated to 42° C. When all solutions had reached the

starting temperature of 42° C the reaction mixture and the RNA template were mixed quickly

and out of this solution 40 pl were transferred into the reaction tube holding the radioactive

tracer. The remaining reaction mixture with the RNA can be processed in parallel with the
30 radioactive reaction mixture. The first-strand cDNA synthesis was performed in a

thermocycler with the following settings: 42° C for 30 min; 50° C for 10 min; and 55° C for 10
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materials can be mxed in a new tube and processed together for the

follow ng steps. Adding protease Kto a final concentration of 1 pg/l

dest r oyedwoensaioei’ag enzynme activity in the reaction m xtwoa/m@bs/ersian

i ncubation at 50C for 15 mn or longer. Fromthe reaction m xture RNA and
first-strand cDNA were isolated by precipitation with CTAB urea foll owed by
10 et hanol as described below. To a reaction m xture of about 128 to 142
p.l, 32 pl of 5 M sodiumchloride and 320 pl1 of a 1% CTAB (cetyl trinethyl
anmmoni umtbAdet e jngsonelviletthe ayclethie aeagionwasstepdé iy addingEldd solutiefiul | y. The

S0l Ut 1 oo hRP b NPT o POSICLAMRSE BF 1 v 1P 28 DBl B £

preci pi e cen ugatr1on at 10 mn. The
super najefotmMes of thieuvedtiant ihtledpetatipbctivat@ter duying ﬂteiustmnaddad)NA 100 pl of

7M 15 guani dine c Ior| e. t he et hanol precipitation 250 pl of absolute
et hanol SYREEs, 4 % ey ﬁ‘é(?’r‘ﬂpﬁf't‘ L§p measiip the pynthgsis rageL fhsredsbionanfl o al | ow

for & heari‘aB&E’ﬁk'c@N&E gttg%]ﬁa[l?g‘él I@leEt%ﬁoreIBGRad%a%ﬁb@ﬁdaffoﬁ r&‘@i@a&i%' ected by
centrifugation at 15,0 10 min and subsequent| é}élgas ed twice with 800

pl of gosicBalfeandiec mmdamagﬁw ibe ped pregesggsldogathoes firgbe ipdlawing i@spAdding wat er .
20 In t So-called
cap tr ASFVICR SR paICREtoAR € (B dhRFR o i BE i el P o
|'i m t edreactionmsixtper dfer amincebation hths0’ Cdpr 13 mappdongeetthad tid feectiomasrtard or

full-] th selectio n be a din.a trapper

ol ect | DA Bt iRy SRRl YerGitaRor b Crflied Mishl ey t 'S end
of 1RNAethdil &mk@ﬂaedmokh%afréxcﬁaiemixtma@daﬁdut $28 ®ti4and eef seiution 3.3
p,I of 1 Msaodiu acetat? 25 buffer and freshly prepared 10 mM

Na104 swdivm groridesnd 330 pl elnkia STAR (cagﬂ Bmeihsﬂﬂwm%@rr% bropide) salvlor e vol une
was  br opghleatfert Qadtdfa héli‘ ﬁléll)ée\ﬂ%alr']é@ﬁ gﬁfl‘héé)hﬁion WlGndlibield brobRSempaRRAt €d on

ice and 1 n darkness _ , the reaction was then quenched by the
addi t i oier & min lpﬂfomfthmlgita}e wrsisola@diby enttifgatienaitliSEN0 mpratfon1® MENA and eDNA

were i r.ecipitati i ] tioned

reacti gﬂ&%ﬁlﬁ%ﬂ?@t ‘%‘.SE&JB Ve&?’ Bi@&)i@g@@%@ﬁ&ﬁ%?@%{;ﬂ?hﬁ%%ﬁum chl oride and 61
pl 1of |gmpmm&hmhdmﬂ?oe tteeddieaip] presipahtioan 280 ul dfiabasldte eilagolba¢re dddetl and0C f or 30
mn in total dar ss.  After _col.lectin rec te by 03/ 106672
BT 3P B a1 ST 6 i g pt 08 FTratone B A INEC HIS ot v
washed ﬁr@élﬁlﬁté/\tvhib&ﬁ&edl b?f:erﬁ@ﬁigatﬁinrh@ m$,be0 fBBQO Rth bd sibeequbhihpdished

re-suspended in f i'di zed di ol groups in the nRNA were
used totwﬂ‘vléa%l@ffé?ﬁrﬁﬂrmpkfma&stherpeaetfl@aé%- l&ﬁﬁe%eflhntmwfﬁvaﬁaidram de. To
t he

20  Inthe example described here the invention made used of the so-called cap trapper method
for full-length cDNA selection. As the invention is not limited in its performance to the cap
trapper method other means for full-length selection can be applied in a similar way. The cap
trapper selection was initiated by biotinylation of the cap structure at the 5” end of mRNA
molecules. To the aforementioned first-strand cDNA solution 3.3 ul of 1 M sodium acetate

25  Dbuffer, pH 4.5, and freshly prepared 10 mM NalO4 solution, to final concentration of 1 mM,
were added and the volume was brought up to a final volume of 55 ul. The mixture was
incubated on ice and in darkness for 45 min, and the reaction was then quenched by the
addition of 1 ul of 80% glycerol. Out of the reaction mixture RNA and cDNA were isolated
by precipitation with isopropanol. To aforementioned reaction mixture, 0.5 ul of 10% SDS,

30 11 pl of 5M sodium chloride and 61 pl of isopropanol were added, mixed carefully and
incubated at -80° C for 30 min in total darkness. After collecting the precipitate by

25



aforenmentioned 50 | RNA/cDNA solution 160 | of biotin hydrazide |long arm
(Vector 5 Laboratories) dissolved at 10 nM concentration in a reaction

buf fer cowcaismioeng250 MM sodiumcitrate buffer pH 6.1, andd/P¥6AWs¥ SDS
were added to a final volune of 210 |I. The reaction was perforned
overnight at roomtenperature* to allow for a conplete nodification of all
oxi di zed di ol groups. The reaction was term nated by the precipitation of
the RNA and cDNA, for which 75 1 of 1 Msodiumcitrate, pH 6.1, 51 of 5 M
sodi umcafirififghiiomi fdelSmin 256 GOOapmaﬁnscpblﬂﬂtwaEWhﬂwdttWineMéthaﬁﬂ)@edIOf &%he reaction

m xture, Aft cubat for t he reC| |l ected b
cent ri £Hgaek ﬁh‘?@ﬂetl%a%ﬁﬂyﬁ?ﬁ‘fsﬁn@é LN O%W@terT u(f)i1 %@l %\A@%ps\%gs washed Y
twice whd ARNA wdre Q§ed&@%tﬁidh@d‘lﬁbtlﬂﬂﬂlsidr6bﬁh |a)tezfcﬁo§bb$tﬁ®ﬁlﬂﬁ1d1yldmzik135To the TE
buffer (1 MM Tris, pH 7 15 FuII-Ienﬁ,inh cDNAs were further

proces® elflﬁrémlﬂ@ LalfPeNé@NA éﬁilé‘iﬂo“s]cﬁoml pBhioty hydrazideing B (Veftor20 | RNase |
buf ?er 15 éﬁ{&:‘ig ge(j]'atl‘l'@)' rfﬂ@ﬁqu ﬁ@n #h aGBYPBER 9R6teroRMainttl 54 llnM per each 1

g o star 1 ng he reaction mxture wt a final volune
of - 200 sbdmms:ltratmbnffmpélcﬁ b,tanam% &V/VrﬂDSnvnrebéd@irte atfivel ydduwe i06%1Qitls st opped

by the ddlt on of 4 %, SDS 40 o/l
pr ot ei r;[g i§&e %I%W?ﬁl?e&?rmﬁ%mffg&g tr(far%f% gra u? owgfﬁlrg(grg 'on ni xture was
f ur t hemddigdabiad echliasxidibéd dior graaish. Thmaduoiﬁvamtdsnnuiﬁn&l byethe pieoipitatiottafr e was

then extracted once with 1:1 Tris (pH,7.5 -equ' ibrate enol : chloroform
bef or e RBRNAZnd sDRiA, de1 Wclyf> t‘iféf FM%OQ‘HH‘ FH}?? % #ﬁ%@%“% eld of the
pr 86! PlchRde Bnd?P50:1 OF absofifié bifihndl WA Aed (HOHERNhixtFORLRR ARDbativar e added
to the reaction mxture and 1 ncubated at -20C. The recugltate was

col | ectfedl byt -8@'E ﬂlﬁpmga:tliamwwcomw@b‘w epirifagation gt 1 a0 pan. e h 500 |
of 80% noI n d e) T or the
i sol at Irgsrlllﬂ&g pfe %I“?dls %t %?QOA)Q% ol'anf ﬁ gﬂ%ﬂffe ﬁl Qt bl 175

tlc beads coate reptavidin were
used |ml"ﬂthu£fee(>1a1M"ms bleVeS/é)erI\/hEDil“Mentl onisnot linmted to the use of
magneti c beads as any other solid phase coated with streptavidin or avidin
could be used in a sinmilar fashion. To mininize 30 the non-specific binding

of 18uc |FQJllcle1@%ﬂh EISNIAG wehefustEf recesald ﬁdﬂx@thﬂf&gﬁﬁhtmlobaﬁ.dﬂutldnh@rsﬁe wdelitionpr e-
i ncubated b

ore use with DNA-free tRNA bout 5 I neti ¢ beads
sl ur ry of RPe! RNgsaidufisy Bremess) peedr] ¥y mfﬁ ?Pﬁamﬁgaeg I%IPR% a%fsey)
about g)l%oofls{aﬁl f RNt tatiONR] TRE redBiof imikRige @ﬁﬂ@%n@lﬂ%ldrﬂ&é&bﬁow wadn ice for

sone 30 mn vm occasi onal m xing. The nmagnetic beads were separated from
t he incubated at 37°C for 30 min before the reaction was stopped by the addition of 4 pl of a

10% SDS solution and 3 pl of a 10 pg/pl proteinase K solution. To destroy the RNase I the
20 reaction mixture was further incubated at 45° C for additional 15 min. The reaction mixture

was then extracted once with 1:1 Tris (pH 7.5)-equilibrated phenol : chloroform before the

precipitation of the RNA and DNA. For an improved yield of the precipitation 20 pg of

carrier tRNA and 1 volume of isopropanol were added to the reaction mixture and incubated

at -20' C. The precipitate was collected by centrifugation at 15,000 rpm for 10 min, washed
25  with 500 pl of 80% ethanol and finally re-suspended in 20 ul of 0.1xTE buffer.

For the isolation of full-length cDNAs magnetic beads coated with streptavidin were used in

this example. However, the invention is not limited to the use of magnetic beads as any other

solid phase coated with streptavidin or avidin could be used in a similar fashion. To minimize
30  the non-specific binding of nucleic acids to the surface of the magnetic beads, these were pre-

incubated before use with DNA-free tRNA. To about 500 pl of magnetic beads slurry (MPG
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solution by applying a nmagnetic force for about 3 mn. After the
super nat ant was renoved the beads were washed three tinmes with 500 pl of a
bi ndi ng bwid®rioeomt ai ning 4.5 M sodium 5 chloride and 0. FCTMPEDTALL O
remove free streptavidin fromthe solution. The beads were then
re-suspended in 500 pl of the binding buffer, and out of those 350 pl of
the slurry were mxed with the aforenenti oned RNase-treated cDNA. The
resulting slurry was i ncubated under ongoing agitation at 50C for 10 mn
bef or epagile, TP G MNbv: Jeadta) abbad1qd pgdf t(RNA 1n$0r|.épfwmledwas mctmuemu magfreadi ¢ beads.

The resultlng slurry was again jncuba under . ongoi n i.tatjon for
anot heen 2o farspme 80 ST Wi 0SEIsRPRHTEISG &ﬁ‘? Hﬁaéﬁnglﬁ fre g a%’gglf |nb{$p%wer e
retai n&)%tﬁﬂﬁé/%ﬁgl?ﬁ%”ﬁ#lh eH@?&@e RPthoreP ARt LbriihOMpbatasLpare@baddt by

appl ying a I'n doing so the beads were washed carefully
t Wi ce thebbadS@@ranasinfad three mmnlgstkmmlfoéa bindirechutier eentsiomedS Mrsodium M sodi um

chl EDT a buffer
cort ai %ﬁmff) a&rﬂég\g é%)f%/t F%ﬁ]gggég& @{dﬂfrgwtgﬁ(%tﬁds}l ﬁ@%geéﬁé ‘évg% and 15 1
MM EDTéen @-ﬁ@b&dsdl iesudad oﬁH&Aﬁndmlmffeelaedsebbffthwﬁﬁal bfethdslulbymwm [
treatment of  nMRNA/ DNA hybr | 100 nd of 50 m hydr oxi de
cont ai Ai¥g vathHe afEE‘?F}-?né‘H%e eﬁ@ﬁﬁéﬁ"’b%hgfesp f”nsiu SETat Cﬁfggejt &IDUI’I ng this
i ncubagﬁd}%ﬁ 11§ MIS0YC \f&qo Ri6 Gefor Rl g/additioadl 150N othper nat ant was -
renove and ution was repeated tw ce under %ﬂ%&‘eams condi.tions. All

t hree sttqpavnbn mﬂf@ M@tlﬁ)b% ﬁ%ﬁuﬁwébﬂwdﬁaﬁ again;i {uafley OngHRE 20 el ut ed
f " ti On%u&r?ﬁgg}l?tfl d‘J“B‘ ;M}%Qeno %&Wﬁﬁ?ﬁ 1etRARNA/SDNN hyp@dPlveRf 100 mM

or meextraction and preci pitation.
The r eseﬁmedngl thomaghaic b@ﬁdsaindtstparamtﬁqm tlwm,lp@métﬁntttr}’eﬂ@u)b’@% npgRiEse |1 and

prot ei nase_K,as descr, d abov ext | ume of
Tri s- eg‘ﬁ?q NI %‘ﬁé’ﬁ SV‘“"I%WI'r1 F%)r @%f lggth%lli}?l d%%%ﬁf\ép aqueous
plhas fe gﬂ& @h%sogqa oﬁoﬁl(M@b%lﬁhﬁfﬂlldeb bommhﬁing mM/EB’(ITAl, gl fiellg 5@ick (Wl%larrpl](? 12.5
pl o 5 5M sodi um chl oride y/C n 0 0

i sopr op8hil of ajuffer CQ%WB&PI“J?\SD%(?S MO) ‘H‘Eg%‘%%%’gd“ﬁ Iflﬁgp% i‘}\[/gcJ

col kect g imheR '§1ﬁg1£ 'é%{de@ BDRIAS WorORR ab 1A EhofeadH BY: alk A mtmdsmf ng washed
the pellet twce pl of 80% ethanol, the DNA was. final re-

suspendeNAPINA bi'brufs hy apnlmgbmré pt SGoMesndiym bydrexide soepinggsdPMbed in this
e e A
enzynesccadién My @&bdmﬁkﬁp@ﬁﬁfhﬂmk@ﬁwd and the elution was repeated twice under
the same conditions. All three supernatants were pooled and placed on ice immediately. The
20  eluted fractions, about 150 ul, were neutralized by addition of 50 pl of 100 mM Tris pH 8.0,
followed by phenol/chloroform extraction and precipitation. The resulting solution of about
200 ul was then treated with RNase I and proteinase K as described above, extracted once
with the same volume of Tris-equilibrated phenol : chloroform (ratio 1:1) and out of the
aqueous phase the DNA was precipitated with ethanol by adding to 250 pl sample 12.5 ul of
25  5Msodium chloride, 3.5 ul of 1 pug/ul glycogen, and 250 ul of isopropanol. After incubation
at -80° C for some 30 min, the DNA was collected by centrifugation at 15,000 rpm for 20 min. .
After having washed the pellet twice with 500 ul of 80% ethanol, the DNA was finally re-

suspended in 5 pl of 0.1xTE buffer.

30  For the next step described in this example a specific linker having a recognition site for the

Class IIS restriction enzyme Mme I along with recognition sites for the restriction enzymes
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Xhol, I-Ceul, and XmaJl was designed. However, the invention is not limted
to the use of the restriction enzynes given in this exanple, and the use of
ot her enzwoes/ioes7descri bed later in yet a different exanm@/IPohersi4

doubl e-stranded | inker was assenbl ed out of two upper strand

ol i gonucl eotides with random overhangs and a shorter |ower strand

ol i gonucl eotide. Note 5 that for the upper strand oligonucleotides, a 4:1
m xture of two oligonucleotides with distinct overhangs was used. The

ol i QOWQleIepCélﬁeﬁld%ﬁﬂﬁvh@d@ mrnowmemm@mvemmmm notilimitsgdmthe Sspefh and gel
urified before anneal in e different end-nmdification Ib&i]a?er

ol i gorth@feémcﬂ@lléénﬁff@s igHven %@&XB@P]SV\?“ b Ofgﬁ'ﬁ'; CRAATHE @%Cln g

bi ot i nyl @ttaeﬁﬁft?ﬁeh't' eﬁ#@ﬁ@%‘gfe %ubléstrdﬂh&ﬂi’rh&? WhhRBmbRAGuf S upseastigd or 3

am no g oup reviations will be 10 used later jn _the text for
Ot her Cﬂigbgﬁnicmidemmuwdomupzpmangsl and esbertas dawes strapoligapgpleotide. Note

asga%g%g e B tl?gaggg(%%oqﬁésa %ﬁ%&@%@&#&&ﬁ@%ﬂ&%ﬂ% GRERt! D NO

ﬁgagag@?ﬂﬁﬁggelagﬁ@agnﬁbtcﬂ@@ggﬂ@qﬂaaggted@elgm¢raggtalmg@DN\INNﬂNgQISEQ I D NO 3)
ower ol 1 gonucl eot| de:
Pi - gt et b degsd PeigfandRefare aprpating e Ao rd pedificai P of - v (SEQ 1D NO

4) Theol@ohﬂ&é&fﬂ'e?%k&ﬁ@até%&oﬂ‘vﬂ% ‘BioAsthiisifor ijbl(“hf%d] “PRicstonds Eower " at a
concentration of m%geg in 100 nM sodi um chl or Forf’\falgﬁeal ing the
28

m xt ur & phasphomd%tbétaed “ dsifef1 3° gindp sfyua&&wetsﬁ'aﬁa rP‘ﬁ%tEPSé % at 45C for

g&.for 10 mn. For ligation of the
I|ﬂ(}<erustegki?{?fénstlmnte%l tir}%rnog%gn E:I(\)lﬁ pg of linker per 1 pg cDNA were used.

25 In a final vol une of 7.5 pl of 0.1xTE the aforenmenti oned cDNA and the
af orenent i oned kﬁongebﬁg@ﬁe m xed and i ncubated at 65C for 5 min to nelt
secondHPRfré’glg%{c bee ¥°cDNA. The doubl e-stranded |inker was then

ligate het h@ataidzancasotidiacungigcgacd NN (SEQuBX NOn2Xit , - ver si on
2. mt%o%%a%e k‘isgtagﬁ ;ipélggtf& £goI ution IP and 15 pl of "Solution r, were

added VeperiedizanusieofidnNooBd anneal i ng reaction mixturé, mxed and i ncubat ed

fogs 10%%@%&#@%%&%%3&%&@&5%&@ ﬁ%%acgmwﬂﬂ(ggmg 3 di ngol plwlogf
0
wat er . Léwelerhgomq]bmdﬁ01?1-g'i@ggﬂ@@%@ﬂﬁﬁ@“ﬁggﬁcﬁﬁ@t@%a‘%@@&c ‘f‘ﬁ‘ (gEa g

PCT/ IP3ARY 554

The oligonucleotides were mixed at a ratio of 4xGN5:1xN6:5x"Lower” at a concentration of
20 2 pg/ul in 100 mM sodium chloride. For annealing the mixture was incubated at 65°C

followed by additional incubations at 45° C for 5 min, at 37° C for 10 min, and at 25' C for 10

min. For ligation of the linker to the single-stranded cDNA 2 pg of linker per 1 ug cDNA

were used.

25 Tn a final volume of 7.5 pl of 0.1xTE the aforementioned cDNA and the aforementioned
linker were mixed and incubated at 65° C for 5 min to melt secondary structures in the cDNA.
The double-stranded linker was then ligated to the single-stranded cDNA using a TaKaRa
ligation kit, version 2. Out of the kit 7.5 pl of “Solution I” and 15 pl of “Solution I” were
added to the aforementioned annealing reaction mixture, mixed and incubated for 10 h at

30 16'C. The ligation reaction was terminated by adding 1 ul of 0.5 MEDTA, 1 ul of 10% SDS,
1 ul of 10 mg/ml proteinase K, and 10 pl of water. After incubation at 45°C for 15 min the
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resulting mxture was extracted with the three-fold excess of
Tris-equilibrated phenol/chloroform The renmaining excess of free |inker
was renovew @rioea7ehe reaction mxture by gel filtrating agfcTiires/seshiuti on in
a S-300 spin colum (Amersham Pharnmacia Biosciences) according to the
description of the maker. Briefly, the S-300 colums were 5 transferred
into a centrifugation tube and spun at 3,000 rpmfor-1 mn to renove the
storage buffer fromthe colum. After placing the colum in a new

cent r i fesghinj arixtuteeas dxera@ddwits drephee-falt extes$Of Trds-equdibroded by anot her 40 pl

of wate re added_to the .col um d t.h col um s_spun w.th 3,000 rpm
Por "5 Rhspoliiolrs: 2bf reaimifeeern el ie diw W s R EReT BEEo Da the”
el uat i@ iR PRARIAL bERS s¥¥aforPinaces0Mpitcdthmn QamersAaN Phmmacane 10

(Am con) and centrifuged until a final volune of 1 was achi eved. The

10
menbr aRéospigncesyaeshrlinginde deseription opthe gnaker. Beipkty.dhe 8500 £olimas Wete and t he
fragti il Cheilal éeﬁg;fg%mfﬂ fibe! g;l}u?eat 8 @Rd) O B 158R90 fersdveaRckiSHpd hesi s.

For™t he second-stran synt he a ft ernost abl e DNA pol ynerase was
app! i etuffésfrdnhite colfing. Admeplacing thesovens io amew eentridugatigh tube thedpMBur e an-

excess of upper i er, was,add t h reacti 1t U - Thi rimer was
obt ai néﬂnl?lfag%o}%@{ ‘t‘lﬁrgod]é’ﬁveg by apo ‘?{éﬁd%f)gﬁ'ﬁtre i ng}éec?(ag% t8)r&Eae clrjog%n.m Iﬁeps equence
of t he cflinmRiastspEeWith 8000 lyem f@at tines 4demoilbadhata veodgh Tohenceppate pri mer,
t hough no random over han%\/vas i ncl ude

agagagisR¥Adhaetadramthe 8%?@8%%?%%‘%@5@@@?%@9656?@% ID NO 5). 20

Thegr e%&ﬁﬁ&ﬂlm&%ﬂ{r@u SinBES fikd vBMnd¥ ofi1 0% WA adh@eve@ WiHRGndruTRRNeat S:  CDNA
sanple 10 p. 100 ng/| second-strand priner 6 [d 5X A buffer (NEB) 7.2

pl  25vashed dpa¢ with 10MEB] 0. Ix B 55°Q 1@ Srvndred thesfrachighiayery uBitghior ugdipo up to
45 pl g%ef(){lﬁ@lltlsg&nwsé%\#éss%ﬁxfg%%heat ed to 65C before 15 pl of 1 U1

ELONGA rogen) ed, and reaction was perforned in a
t hernocycler with the followi ng settings: 5 mn 30 at 65C, 30 mn at 68C,

o 0. 5 i Beeond St DR Qoy AR St VRIS THE af Sl a st & e
15  reaction was performed at a high temperature an excess of upper primer was added to the '
reaction mixture. This primer was obtained from Invitrogen Japan and gel purified before use.
The sequence of the primer resembles the features described above for the upper primer,
though no random overhang was included: 5’-Bio-

agagagagaccicgagtaactataacggtcctaaggtagcgacctaggtecgacg (SEQ ID NO: 5).

20
The reaction mixture was set up by mixing the following components:
. cDNA sample 10 ul
. 100 ng/ul second-strand primer 6l
. 5X Abuffer (NEB) 7.2 ul
25 . 5X B buffer (NEB) 4.8ul
. 2.5 mM dNTP’s (Takara) 6 ul
. ddH,O up to 45 ul

The reaction mixture was heated to 65° C before 15 ul of 1 U/ul ELONGASE (Invitrogen)

were added, and reaction was performed in a thermocycler with the following settings: 5 min
30 at65'C, 30 min at 68° C, and 10 min at 72’ C. The polymerase reaction was terminated by

adding 1 pl of 0.5 MEDTA, 1 ul of 10% SDS, and 1 pl of 10 mg/ml proteinase K. After
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29 WD 03/106672 PCT/JP03/ 07514 incubation at 45C for 15 mn the resulting
m xture was extracted with the sane volune of Tris-equilibrated

phenol / chiver@fioéame (rati o 1:1). The remai ni ng excess of fraEpPosrersinas
removed fromthe reaction mxture by gel filtrating of the solution in an
S-300 spin colum (Amersham Pharmaci a Bi osci ences) according to the
description of the maker. Briefly, the S5 300 colums were transferred
into a centrifugation tube and spun at 3,000 rpmfor 1 mn to renove the
st or aggepufidst 4br O mrt13enia (ﬁidx%hltldg‘ Ifnﬁdturp fas lemgactddemthlhel aam&t yrlame efy.
centrifugation tube the DNA sanp bout 60 | foI tP lggr ot her 40 |
of watTis- Wt@fﬁ@ﬁ@tﬁnﬁ]@mﬁ@fmﬁ@lﬁﬂ% ]é GIREEYL KA TERRI W TR 3, 000 rpm

for 54 é”}ftfﬁ(ﬁgggegrgg b%ﬁﬁtufﬁh@r ée@'ﬂltfaﬂﬁ@ HPthe solhBorCRNGS3F0Bdpin ctd‘hﬁnﬁ)NA t he

el uat | um was placed on a Mcrocon 100 10 nenbrape
( Ani CC(lA)neimﬂJrEEmrnadlmﬁmdmmvm)l aceprfling4¢ theslesarivtion ofithe makeis BHERY. &V  The

washe cew th 1 oL Bnif 6l t he
ct RS hamS e et i s dpyeRlof b My o SE 0P
dou bl %&bb@ﬂg@%r@mﬂw@om thet dogunie ¥Aftes pmpmgnmunmm ahneav Q@nirifagatios
restriction_ 15 enz e of t

hi Mre |.
The r etiibe the®PNA sample r&i’ﬁ“&ﬁ? ulﬂfaﬁ?’ﬁ’ﬁd gﬂ éncpg?r%g)\hﬁ ﬁgwﬁ"S‘n%Srr‘? Iea ﬁgg&(tl%nrﬁpaef i nal
bqual T e o B R e, T ‘(OFJEB)TMH“M“%“JS' e
equal to X o final vol ume er
i ﬂc ubafo mncamtrﬁe?ﬂfle ONA thereluah omdhe B3¢ Healan as HRcrdiad r%‘iﬂ’allﬁ of 0.5M
ED]I(ﬁb aypfe%lhrag? Qltrg Sf%d céﬂﬁpfggr u%@l a]@na@%luﬁ{efbtf% s déht&ledl owed by a further

ano he reaction m xture was then
ext r aciesbene aavivashet baceswitel1d pl erﬁebde @55‘16 fag 3eviniand BredtastopEsis|
chl or of orm(ratlo 1 1{9 nd out of the aqueous phase the DNA was
preci piiiedd &oF wie ihihe 868 SBBanol by adding to 150 | of the sanple 7.5 | of 5M
sodiumchloride, 31 of 1 g/l glycogen, and 150 | of isopropanol. After
i ncubation at -80C for sone 30 m.n,_ the DNA was. collecteddb
cent r i Theesiling deublosstirnded GRNA gyas 3 hgingxt i céc;avg%wﬁh 6%&%55 ﬂléd%%tﬁgloﬁl el | et
twge Xﬁztyﬁle,S\QIchh wal 18 @R se of thes SRIMpPIERIntd IRhd padtRnSusgengdy in 2 |

mixing the following components in a final volume of 100 pl:

. ddcDNA - 50 pl
. 10Xreaction buffer (NEB) 10w
. Mmel (2U/pl, equal to 3U/ug DNA) 1.5ul
20 10xSAM 2l
. ddH,0 to final volume of 100 ul

After incubation at 37°C for 1 h the reaction was terminated by adding 2 pl of 0.5SM EDTA, 2
ul of 10% SDS, and 2 pl of 10 ug/ul proteinase K followed by a further incubation at 45°C
for another 15 min. The reaction mixture was then extracted once with the same volume of
25  Tris-equilibrated phenol : chloroform (ratio 1:1) and out of the aqueous phase the DNA was
precipitated with isopropanol by adding to 150 ul of the sample 7.5 pl of 5M sodium chloride,
3 ulof 1 ug/ul glycogen, and 150 pl of isopropanol. After incubation at -80° C for some 30
min, the DNA was collected by centrifugation at 15,000 rpm for 20 min. After having
washed the pellet twice with 500 pl 80% ethanol, the DNA was finally re-suspended in 2 pl
30 of 0.1xTE buffer.
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30 of 0.1xTE buffer. 30 WD 03/106672 PCT/JP03/07514 After having cl eaved
t he doubl e-stranded cDNA with the Cass IIS restriction enzyne Mrel a

second | iwoen3/wew2ligated to the 2 bp overhang at the cl eacagPozotse4 Thi s
second |inker was conprised out of the follow ng two oligonucl eoti des of
45 bp length and having a Xbal recognition site, which was used in this
exanple for later cloning. However, the invention is 5 not limted to the

use of Xbal as other restriction enzynmes can be applied for this step with
si mi | arAfedrhaving nlegved tppdaubkssitanded cDNA with the Class IIS restriction enzyme Mmel

Pi-tctagatc cfctt.ctat acct - I

Lover - Rapd el B AT S ARREAChELERARE ML This Rt bl 15 o )
The t waosiptigaisit bewt fddpsvikeve clioandladidbs eivsEgecgth andthgwing £ Xead by

acrylam de 10 el ectrophoresis before bei ngt anneal ed. For annealjng a

m xt ur deEnBiog e, varcheuasisedin tis exaprls ferd@cs Aoning HAWSEH MM ERISE (e was

| ncybat R Alie®Rné A AIBAL WotRAIEHiARR enzy &G aR bt AfiticakortRE sleBhwifn M N, at
37C for 10 mn, and at 25C for 10 min. The doubl e-stranded |inker was then
| i gat edimidarteifacigO)A in a reacti-on mixture containing 2 15 td of

af orer i.0 .eP i > | .BNA (0.4 g/l),

and o ToPsP AR PR R le el AR IR0, TP o

i ncubatiaWweaXtahagapngazaciitaggtfachdtampdhgintcagdetagaNNBEQIBINONn7)on i ce. Then 2
gl of 1 Oxreaction. buffer (NEB 2 of T4 | i gase .(NEB, 40 U 1),

9nd”2 TS RaRaG e U rdtotBr GRBAsBiF. a1 P EATSR 16C for 16 h.

Heabi ngldcheplicass beddte BEk Uhiealed, B Gnhedling a MiRutes D Railed ehdre |1 gation 20
reaction., Ligation products having biotin noistures at the 5  end were

separ atodigonyclsptide Hel ORvaMrsodiym ehlgridervs ingybetpd atfes” CifpliawegPytadditionals i 1 st

i nker haglfidldeds (Sbf SRERYE 977 £93b 8t TRAULIS € BEASIRn, ( Dynabeads) wer e
used atl t fé(%ggi nt in aH{su?’na“:t?Zr way asn’descri bed befo}ne. About 200 gl of
the 25 original slurry were incubated under occasional agitation with 5 gg
of tRNA.Ii N, avolu f. 200 gl f bqut i n . I t at ype. After
col | ecNﬁhc?ﬁiOB lefsk%nr%gglager&asé&%lgg%{eeg ?%ﬁle gg\g‘%matﬁg&gggt g&u ﬁ%ﬂ@éggd t hree
ti nmss wilohaf2engntidnedfcDAN A udliidon, dqid biihe iamgpalell m&eki DINA (04 1@yilYjend 8.ub MV EDTA,
and 5 Tris-HC pH 7.5, before bejng .re-suspended .in | ,of. the sane
buf f er .0 Rfaff‘érB‘!E?ﬂ'@ aﬁ&’é*ﬁiﬂi?ghgff%b‘?ff?@oﬁ Hure asdnehbaicd a\t/\?% %OfPh%nnn

af or el WAESY a brief incubation on ice. Then 2 yl of a 10xreaction buffer (NEB), 2 ul of T4

DNA ligase (NEB, 40 U/ ul), and 2 pl of water were added, followed by an incubation at

16' C for 16 h. Heating the reaction mixture to 65° C for 5 min terminated the ligation

20  reaction.

Ligation products having biotin moistures at the 5° end were separated from none modified
DNA, for which the ligation to the first linker had failed. Streptavidin coated magnetic beads
(Dynabeads) were used at this point in a similar way as described before. About 200 ul of the

25  original slurry were incubated under occasional agitation with 5 pg of tRNA in a volume of
200 pl for about 20 min at room temperature. After collection of the beads by a magnetic
force, the beads were washed three times with 200 pl of a buffer containing 1M sodium
chloride, 0.5 mM EDTA, and 5 mM Tris-HCI pH 7.5, before being re-suspended in 200 pl of
the same buffer. After the washing steps the beads were mixed with the aforementioned

30 ligation product, and the resulting slurry was incubated under ongoing agitation at room

temperature for 15 min to allow for the binding of the modified DNA to the beads. After the
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30 ligation product, and the resulting slurry was incubated under ongoi ng
agitation at room tenperature for 15 mn to allow for the binding of the
nodi fi ed B3106d7he beads. After the 31 WO 03/ 106672 PCT/RAMPHOTEIA

bi ndi ng reaction was conpl eted, applying a magnetic force collected the
beads and the supernatant was renoved conpletely. Wile being fixed to the
bottom of the tube by the magnetic force, the beads were rinsed twice with
200 pl of I xB&Wbuffer (10 mM Tris pH 7.5, 1 mM EDTA, 2 M sodi um chl ori de)

pl us IpiRiAg Riabfi@r wislcomplertd, pplﬂymgedndgyletNEB)qe cBli¢omidahe lmldh agbegl of 1xB&W
buffer, and finally twice wth

b dt
t he n&%‘ﬁé@ﬂ@n‘b‘%ﬁ&mﬁ‘&edt%@%%lﬁsw i elﬁg Ei‘?%toxlfeﬁ?ﬁtp {38@ nf {ehr%ac'? |u(r)]n vv&ca)r e
rel easgd rIeﬁE @3{%? Shrfcg%ﬁ&lsswmé rltnﬁ&lelW@’er\{ntWGdhlaﬂ 1EBE&DE Buf&fr (f(li ﬁﬁM wiiopHn. A fresh

bi otin 57 was directly prepared to a final concentr tion of 1.5%
(WV) 1.5 UmM EDT@uaM sodiemchlooidgleamus BSZsbuHer Someimhreptidetty NBR).7. 0, and

(r) GSOS/OU zf%g%;%vg%ﬁl?ﬁ(? ulcfc%éfﬁgcfr\ﬁ% é}aa ﬁnaﬁg%w?cje%lﬁl%@ i gF¢dyPeads were

tion and incubated at 45C for 30
m n under occasional agitati on The supernatant was separ ated fromthe

beads b appl yi ng netic, for d col | e arate tube. The
el uti OHK@( fE3LmpeRds | ‘?Oélﬁééﬁngg magpeic b[eia?ﬁsglyatgﬁalé’@ (ﬁél &5 WeSt gt 2%4d i ons as

descri Ded,@BAVRre RMEsa flonh IRV tWaten? 6athad ckess oﬂfﬁeetﬁiﬁm mﬂram on of the
cDNA by 1 sopropanal precipitation., For isopropanol gﬁ%&) about 250

pl of bietin stanlp(ségme)r%asrﬁlfﬁéféb’ picpaged . %ﬁr&icwwa@aﬁf Ié of a1l
%(Elf %gangcggeqt%%ciﬁlaﬁ b O R 96kiem &itPatd, p@lf’{ b SRR0%PABRkum N- Iaﬁfoylsﬁ&bﬁiﬂétb on at

precipitate was colTected by centrifugatjon at 15, 000
rpm f. oThd Soramentiomsd lieh@ vpﬂb resuspersled wpshildthe tietinolytios@od Jrubatedios et hanol

bef or e4$ %I f?)? a@mgg ?gg(.‘%lﬁ}lfgggﬂat 080T1:1I‘e ) % m?i&n w& s WRFromUhd P&lasBYr i fied

by gel I um rrers maC| a Biosciences)
accor dh i@ nemRIGBFce Sndlt bcslfbeted@ms sépajrdt@mbd Tlhy elid’tsiaB step vaneeppteod ei nase K

1h$
treatment. To about 100 p, | sanp rived fro filtr on 2 pl of
RNase [hrecimsslyr thsqrae ‘éﬂi’&ﬁ@ns t‘ﬁh Sﬁ'@%ﬁ‘j‘ ag?Y?ga?‘g]ad’tcgﬁcgﬁanﬁeﬁ P %é%%f i ncubat ed

f 0§45 10 Rpiadeh. FopRoptopdnobpredipit rot ei nase
552 H@lébl%iog?b&ﬁte g_ll_%ll)\g‘g%gmpaﬁﬂ?r OlA) foh. an(()j;&op oDIBre Pitp@hpboy

n A& ti on i ncubati on
of 15 aﬁmubmfth@{amﬁMWenem@d wﬁh ﬂr?ﬁtﬂhﬁM sRdain ﬂé?f“@x% P Plé%i &ﬁ with the
Sane vok,uma W tufioh BaEBY pld'otﬂsﬁbl%%aﬂﬁe&@ér incbBis KLy B 6f 5 nth the 1) and out of

the aqfeSte™ °

precipitate was collected by centrifugation at 15,000 rpm for 15 min, and the pellet was
washed twice with 500 pl of 80% ethanol before being re-suspended in 50 pl 0.1xTE.

20
The DNA was further purified by gel filtration on a G50 spun column (Amersham Pharmacia
Biosciences) according to the maker’s directions followed by RNase 1 and proteinase K
treatment. To about 100 ul sample derived from the gel filtration 2 pl of RNase 1 (ProMega)
were added, the resulting reaction mixture was incubated for 10 min at 37' C, followed by the

25  addition 2 pl of 10 pg/ul proteinase K, 2 pl of 0.5 MEDTA, and 2 ul 0f 10% SDS, and an
additional incubation of 15 min at 45° C. The reaction mixture was then extracted once with
the same volume of Tris-equilibrated phenol : chloroform (ratio 1:1) and out of the aqueous
phase the DNA was precipitated with isopropanol by adding to 150 pl of the sample 7.5 pl of
5M sodium chloride,3 pl of 1 ng/ul glycogen, and 150 pl of isopropanol. After incubation at -

30  80°C for some 30 min, the DNA was collected by centrifugation at 15,000 rpm for 20 min.
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phase the DNA was precipitated with isopropanol by adding to 150 111 of the
sanple 7.5 pl1 of 5Msodiumchloride,3 pl of 1 p,g/pl glycogen, and 150 pl
of i sopropanmsleddt er i ncubation at 30 80C for sonme 30 MBCT/APA®OBINA was
coll ected by centrifugation at 15,000 rpmfor 20 mn. 32 WO 03/106672

PCT/ JP03/ 07514 After having washed the pellet twice with 500 | of 80%
ethanol, the DNA was finally re- suspended in 20 | of O0.1xTE buffer. Before
cloning the DNA fragnments were anplified by a PCR step using the follow ng
two 5 Afienksvingwashid the pellétriwics withhi0Ohl wE8@% ethinndlndd DN mwas Aivallyitegen Japan:
Primer 1(unj-P ' Bl g gagagagagactttaggtgacacta 3' (SEQ ID NO 8) 10
Primer S?%’W-I%F@O%%@gﬁg§gagagacctcgagt aactataa 3' (SEQID NO 9) The
PCR anplification was perfornmed in a total volunme of 50 |I. and the
followi ng setup: DNA Sanple 1 | 15 10X buffer 51 7 DI\/S? 3.g1 ~ 2.5nM
dNTPs Bri@e cloning thye INA fiagments wige pipplifisst by a PCibstepwsing hespl %‘@Pg 9.5 1 20
ddH20 2. A : i .initial incubation at
94C§f of%&gn%prelc,]ﬁﬁ c%1‘§e@%\e&?g per ()dri?r%rghllvrlltﬁ;agtetﬁﬁgfaﬁr}bcycl er with 30 sec at
94'C, | mn at 55C, 2 min at 70C followed by a final incubation 5 mn at
70C. To_cove thﬁg{nti re DNA sanple 20 PCR reactions were run in parallel
to obt aP AT {HRY yields during the anplification step. The resulting PCR
product s5Veloeapipapagdaomhgeosiacka 3f (SHGED NayB) fi ed. To about 600 | of . DNA
sanple 10 | of 10 g/1 proteinase K, 10. 105 M EDTA, and 10 1 of 10% SDS
wer e added, and incubated for ‘15 mn at 45C. The reaction m xture was then
extipact Lt e sane volune of Tris-equilibrated phenol

chllgrof %ﬁ??%%ﬁﬁb% and out of the a%ueous phase the DNA was

preci pi t At Bip-agagdgagaccicgagtaactataa 3° (SEQ ID N :9) :

The PCR amplification was performed in a total volume of 50 pl and the following setup: -

. DNA Sample : ; : RS |
15 = 10X buffer - .5l
" DMSO : 3 ul
= 2.5mM dNTPs 125
. Primer 1(350 ng/ul) 0.5ul
= Primer 2(350 ng/pl) 0.5ul
20 = ddH0 27.5 ul
" ExTaq (5U/pl,TaKaRa) 0.5 ul

After an initial incubation at 94 C for 1 min, 15 cycles were performed in a thermocycler
with 30 sec at 94' C, 1 min at 55° C, 2 min at 70’ C followed by a final incubation 5 min at
70° C. To cover the entire DNA sample 20 PCR reactions were run in parallel to obtain higher
25  yields during the amplification step. The resulting PCR products were then pooled and
further purified. To about 600 pl of DNA sample 10 pl of 10 pg/pl proteinase K, 10, u05M
EDTA, and 10 ul of 10% SDS were added, and incubated for 15 min at 45° C. The reaction
mixture was then extracted once with the same volume of Tris-equilibrated phenol :
chloroform (ratio 1:1) and out of the aqueous phase the DNA was precipitated with
30 isopropanol by adding to 600 pl of the sample 30 pl of 5M sodium chloride, 3.5 pl of 1 pg/ul
glycogen, and 600 pl of isopropanol. After incubation at -80° C for some 30 min, the DNA
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30 i sopropanol by adding to 600 | of the sanple 30 | of 5M sodi um chl oride,
3.5 1 of 1 g/l glycogen, and 600 | of isopropanol. After incubation at
-80C for wons/186s72i n, the DNA 33 WO 03/ 106672 PCT/ JP03/ 0 #EIAIPOSeES14
collected by centrifugation at 15,000 rpmfor 20 mn. After having washed
the pellet twice with 500 pl of 80% ethanol, the DNA was finally
re-suspended in 50 pl of O.1xTE buffer. 5 The PCR products were further
purified on a 12% pol yacrylam d gel. The appropriate band of 119 bp was

vi sual iwaeebllRyteiy aéiﬁnfug‘@titiﬂ 41118000 ypm e miis oAftérhaning apshaithe pelist mar ker and
cut out of the

bl ade, transferred into t ed by
nechantwice Witbé‘?(?alrﬂff;@%t ?@@%&%PN@WW%@GY&? S‘&Pﬁl&‘ﬁ?é‘} @n‘f lﬁﬁ g 0. 5M
anmoni H{é%%_cet ate, 10mM nagnesium acetate, 1mM EDTA, pH 8.0, and 0. 1%8DS f or
1 h at The elution step was repeated 10 twice before filtrating the
supernatants in a McroSpin Colums (Amersham Pharmaci a Bi osci ences) by

centri t 00 i i r epeat ed
orihe IBpPG R ks edy Rl uh 112 Rty HRaERUd Thigph opRadBid PP et
_(I)_f about 1%&% Wi vémﬁzddh?mvmhd aibhfeﬁedhywmpanmnth@nsapmpmﬁb umkeoﬁnd
ris-equilibrate enol : roform, (rati t he aqueous
phase tqcﬁfé)ubﬂﬁ& hegel V}%F}b%l?]ﬁfl‘i’ érla’éﬁferﬁﬁdtlﬂtoé‘tt %%STaSlBVJbé'd%?cﬁlamfgor%%g&%l 15 gf t he
sanmpl e %1%0% Wih B m%@h Bmfsrmoﬁfahd@goMnnhorﬁﬁmhca@depﬂo@wﬁmemmand 750 pl
of abso et hanol. After incubation t he DNA was

c ol | ectaeejatgwrd‘é YT, k8- Dormd 05k %SBS dud B ﬁrﬁ5f ETTWI?HOH SteRfVYaérfeH?a(?F‘ ng washed

el | e N
?%us;t)‘glr? 8 E%M;%} hé?‘%(fﬁ%;[(@& 1@9;1(? I%HSB{Z}I(B%OE{EI?%%] cl on%hﬁgh%&DNx fragnents

vver er @1@safmhca‘s) lesdcdnyrlfagzﬁmcanal 0P Inefpr UmdeThelsentsifygation Wasfops ek as

descri b d ab f| C not

essent i F”lpB Bﬁaé‘f’ egﬁl‘lf%bdlﬁi a‘%ﬁx&%‘ g Eﬁ%{t%’?%ﬁ(ﬁ}uﬁn@‘%n efly,

t he PCRRMfidhickirfadd dite m&fihé)ﬁi&rfeo&foﬂmtib cbmrr:s e;qoﬂmtrate/cbphmml o;ml(ﬁs@fopn (ratiel the

foll owi ng setup: N DNA Sanp

2. 5mM dNVPad gyt c@ t}tflaquﬁownp,gh qsgﬁh%]?&%@@%%ﬁ%%é}a?%{ \g%lbitﬁarﬁ)} by adcli-])l'ygS 1.O 3’%)Oppjf

15  ofthe sample 15 pl of 5M sodium chloride, 3.5 ul of 1 pg/ul glycogen, and 750 ul of absolute

ethanol. After incubation at -80° C for some 30 min, the DNA was collected by centrifugation
at 15,000 rpm for 20 min. After having washed the pellet twice with 500 ul of 80% ethanol,
the DNA was finally re-suspended in 20 pl of 0.1xTE buffer.

20  Before cloning the DNA fragments were re-amplified by a second PCR step under the same
conditions as described above. This second PCR amplification was preferable but not
essential to obtain sufficient amounts of DNA for the ligation. Briefly, the PCR amplification
was performed in a total volume of 50 pl and the following setup:

= DNA Sample 1wl
25 = 10X buffer 5u
= DMSO 3 ul
= 2.5mM dNTPs 125w
U Primer 1(350 ng/pl) 0.5ul
. Primer 2(350 ng/ul) 0.5ul
30 = ddH,0 275
. ExTaq (5U/pl,TaKaRa) 05ul
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A Primer 2(350 ng/pl) 0.5 pl 30 ddH20 27.5 pl1 ~ ExTaq (5U pl, TaKaRa) 0.5
pl 34 WO 03/106672 PCT/JP03/07514 After an initial incubation at 94C for
1 mn, 6 wyoisasearere performed in a thernocycler with 30 macipas/os4 C 1
mn at 55C, 2 min at 70C followed by a final incubation 5 mn at 70C. To
cover the entire DNA sanple 20 PCR reactions were run in parallel to obtain
hi gher yields during the anplification step. The resulting PCR products
were then pooled and 5 further purified. To about 600 | of DNA sanple 10 |
of 10 Ryftdr apimitialinabetitq atPa’ € fafl Min56 c)IEDTexe penfictmkd i a gferm@ycEDBither e

added, d incuy ed for.,15,n.n ) T reactio moxture t hen

ot r actRIBHCE O A A S G Rt el Bmontl By adfil e b S bR 1P

chl or of Ty dover ik eftirk TINA afdlple 20 POR religioasiweRitn ihasald Reobilithiyhss
precipitated with isopropanol by addi ng} to 600 Rd of the sanple 30 | of 5M

sodi um ¥itlioiuring thesamplifiation sigp. The gesyltipg Sg&nprodids Bexs thengiooled gpt opanol .
Aftey 'ﬁlﬁHQ%ﬁﬁ@d?ﬁf abggéésdogﬂ of BR®, %prﬂ@ 10 uitd?e o PV pYRsin&eld, €6 1uesk Ry

centrifugation at 15, rpmfor 20 mn. After having washed the pell et
twi ce VMBDEAGnH 1904061 0fa SIS werh eddorlranddscubaied {1yl Srrainsay dpdn dbe rdapti®) | of
0. 1XTE buffer. ..The purified P Il wa r of this
exanpl " ué%g?%glegfxgﬁéedrogggwtgﬁ? %sﬁ%%@%eyoﬁeingfﬁgﬁﬁrag%ﬁ%ﬁ%.. Not e t hat
cl eavagslstbiohni(fads & :1fyand veisif thadquesus phaygnisDNAeaisgsedipieatedswitte over hangs,

whi ch can be reconpi ned ring, the fo ti of ..t he, cancat r.s. ,However,
the i nVEPFPRIAOIRY siytp 60p loee fﬁ?&l%%@&f%ﬁﬂ&déummogﬁ%}ig%ﬁ HgtHler
resy i cdiy@Ben, 8Ad BOB 1 FaSopaéparSeA ¥ hbubatifh haBOICedkdifie 30 An, W DMAS fir st
cut with XmaJl in a 100 reaction m xture conposed of: 20 DNA sanple 30

| 10xeisiepBeqiekhnepttifygating af 15,00Gwpm fo1&min. Aier hayipg spshed the pellgdH20 50 |
AR s B s e S TR S e R A S
mn at 45C. The reaction m xture was then extracted once with the sane
vol une. 'Pt];e pTlEiiﬁgc_l ?&ii' lslric)gL{c?%v%g fo? rt1heenp?1|rpo:se SP tlh‘i)sre%];r%{)fy cfigreesl%eid%y the restriction
- 15  enzymes Xmall and Xbal. Note that cleavage with those two restriction enzymes creates the
same overhangs, which can be recombined during the formation of the concatemers.
However, the invention is not limited to the use of those two enzymes as other restriction

enzymes can be used with similar results. The DNA was first cut with XmaJIina 100 pl

reaction mixture composed of:

20 o DNA sample ‘ 30l
. 10XBuffer(Fermantus) 1owl
. XmaJI(10U/ul, Fermantus) 10 ul
. ddH,O 50 wl

After incubation for 1 h at 37°C, 2 ul of 10 pg/ul proteinase K, 2 ul 0.5 M EDTA, and 2 pl

25 10% SDS were added to the sample, and incubated for 15 min at 45’ C. The reaction mixture
was then extracted once with the same volume of Tris-equilibrated phenol : chloroform (ratio
1:1) and out of the aqueous phase the DNA was precipitated with isopropanol by adding to
200 pl of the sample 10 pl of 5M sodium chloride, 3.5 pl of 1 pg/ul glycogen, and 200 pl of
isopropanol. After incubation at -80' C for some 30 min, the DNA was collected by

30 centrifugation at 15,000 rpm for 20 min. After having washed the pellet twice with 500 ul
80% ethanol, the DNA was finally re-suspended in 10 ul of 0.1xTE buffer.
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1: 1) and out of the agueous phase the DNA was precipitated with isopropanol
by adding to 200 | of the sanple 10 | of 5Msodiumchloride, 3.5 1 of 1
g/l gl ycog®ns/iaexd2200 | of isopropanol. After incubation pr/P8O@sior somne
30 min, the DNA was collected by 30 centrifugation at 15,000 rpmfor 20
mn. After having washed the pellet twice with 500 RL 80% et hanol, the DNA
was finally re-suspended in 10 | of 0.1 xXxTE buffer. 35 WD 03/106672

PCT/ JP03/ 07514 For the second digestion with Xbal the aforenmenti oned DNA
was then cut with Xbal in a 110 pl reaction m xture conposed of: DNA
sample 10 | 5 10XBuffer (NEB) 11 | 10XBSA (NEB) 11 gl., _Xhal /ul,
NEB) 1Forthe sccopti-gigessipn vith Xyal ghe aforempritongs Digy was e%?“‘%‘?‘&% X‘i’fﬂb‘ls i?‘ﬁo pg/ pl

protein K 110 MERTA, and 2 pl 10 10% SDS were added to the
sanpl e?ﬁgﬁcémflﬁlﬁ}ﬁ%ate Or 15 nmin at 45C. The reaction mxture was then

extrackted onceDNMA kantifle sanme vol ume of Tris-eduill i brated phenol
chloroform (ratio 1:1)_and out of the aqueougloﬁhase t he DNA was
preZipftated wip¥BpEe, nol by adding to 200"pl sanple 10 pl 5M sodi um

chloridge, 3.5 . %@ gl ycogen, and 200 pljj glopropanol. After
i ncubati on at -@%%%SBO 531,33rre 30 min, the DNA wasﬁlcol | ected by centrifugation

at 15 35, 000 r pibaf(@0UQ0L MEB) After havi ng washed the pellet twice with 500
pl180% et hanol , the DNA was finally re-suspen%e@l in 10 pl of 0.1xTE buffer.
The resulting §§H¥B DNA fragments were separated fromthe free DNA ends cut

of f  dundsaginchid@ioh &sttird £13700, 2 OFI0HgY piodéitdya ki, Qi WStV EDTA&phd2iydi n coat ed
magneti ¢ beads, which would 20 retain the bioti -jgglg%ed DNA fragments.

St 1@pt A0%EDS weosaddedadhrsample eadiceiaddarbyeyn e &-(dedenion MU, nt in a
siml Alya ng%rg?e%c&fcp &Hnled Qhk vofihauss FriRQqadtivefied IR nO icBioRsEbrm Ghiis ry were
i ncubat'ed under occasional agitation with g pg of tRNA for about 20 min at

room tielyped aitwf ehe agfibwrs pbadel e DNArwasfpredipitaesianish isgprapanegetddng8r ce, t he

beads e washed t e .ti Wit 0 dber &S ti oned DNA
200'fx1 183pRS S2i51)
sanpl e\y\ﬁggl staﬁ’é’ﬂe ﬂ% &lgﬁaﬂlﬁm?:ﬁgongg %eélglsfl g ﬁlr%%%%%ét r golmp?er%ggr ature for
15 m n Afpdicusignian@0aQifdrabine30 nainght DAA was collected by centrifugation at :
15 15,000 rpm for 20 min. After having washed the pellet twice with 500 ul 80% ethanol, the
DNA was finally re-suspended in 10 pl of 0.1xTE buffer.

The resulting 33 bp DNA fragments were separated from the free DNA ends cut off during
the restriction digests by incubation with streptavidin coated magnetic beads, which would
20  retain the biotin-labeled DNA fragments. Streptavidin coated magnetic beads (Dynabeads)
were used at this point in a similar way as described before. About 100 ul of the original
slurry were incubated under occasional agitation with 5 pg of tRNA for about 20 min at room
temperature. After collection of the beads by a magnetic force, the beads were washed three
times with 100 pl of 1xB&W. The aforementioned DNA sample was then mixed with the
25  beads, incubated at room temperature for 15 min under ongoing agitation, and the
supernatant was taken off after collection of the magnetic beads by magnetic force. The
beads were then rinsed one more time with 50 pl 1xB&W buffer, and the collected
supernatants were forwarded to isopropanol precipitation of the DNA. To about to 250 pl of
sample, 7.5 ul of 5M sodium chloride, 3.5 pl of 1 pug/pl glycogen, and 250 pl of isopropanol
30 were added. After incubation at -80° C for some 30 min, the DNA was collected by
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supernat ant was taken off after collection of the magnetic beads by
magnetic force. The beads were then rinsed one nore time with 50 pllxB&W
buf fer, aw® aheewol | ected supernatants were forwarded to RCIOPODPBENDI
precipitation of the DNA. To about to 250 pl of sanple, 7.5 pl of 5M
sodiumchloride, 3.5 pl of 1 [g/pl glycogen, and 250 [1 of isopropanol 30
were added. After incubation at -80C for sonme 30 mn, the DNA was col |l ected
by 36 WD 03/106672 PCT/JP03/07514 centrifugation at 15,000 rpmfor 20

mn. Alh@ikudaayh KA SWwshes fHNED mBl. Aeer liavimpewashedthb@ellglwisedibti0amdl , t he DNA

was finally re-suspended in 10 gl of Q0.1 XTE bhu ... The DNA was further
puri f & ﬁi}/aIRNéhQaDﬁAaW@P finably a¢-pusgenaed i éod%‘gr(?tl.xtl%gb“ﬁ% 5 af orenenti oned 10

gl sanple 5 p,11 OxRNase | Buffer (ProMega), 2 gl of RNase | (ProMega),
and 33 gl of water were added, the resulti n% reaction mxture was incubated
f or 15THe DNAtwas 3fGer potifioliedR Ngsetlaad awdiindse K treggmenis Toihe gg/ gl prot ei nase K,

1 of, 0.5 M EDTA, .and . 1.p 24 : IRt kagedhgt i on of
1594m' rl"‘f%r?m&’g@ne%{n@“} e 815&}7(1) X U r%egl %aés?ét(ﬁgdri}qeggztzﬂggf Iéglgghﬁﬂc(g W t §t he sane
vol unme,af33 i bswaativbichiddéd; thepbsiting reactibh arixtierwas(inatbaed forlp ramdt 10 out of

100 g 36 Tiged Rripeaddiign of 0Bk cuflufeinrels; Gul SRR, gy "o 1O

glyco 108 282 d@fiohA GRUBARARE 15 nfh hers' CIThdRhdtOR neikuBOwsS ther sonme 30
m n, ?ﬁgoﬁg%s colal eclged by centrifugation_ at 15,0%0 rmeor

2 i n.
After ¢ximitadonmshiguthe sempeelnee of Wit-eduijibmted phengl : glorg qt?&rjré]l),angh(ran oA
was. fi nal re-sus | . d ] fé@agment s
Weer f?ﬂz‘%t‘) ﬁﬂgaﬂﬁefolu? P@%gglﬂe%&i“g&s%% °9Jét€%$ Ijvglﬁlﬁcsj@égﬁgﬁml%e 3%%?3@?\ gt e gand of

33 bp @s skdsiatil besvhpdunnptderideg3 find bf b sl glabogennaidddQivd of eprgPAROhar ker

was cut out of . the_ gel.wth bl ade,t;hansf i crashed by
mec han{*@"ITlB?‘l?é?mhﬁdsgé @éé‘f%ﬁ%’f%ﬂ‘e IBA@Y a%gg ﬁé& u‘#}{‘%?tr@uo%aﬁ gr? Al ng 0.5 M
ammoni YWIHARLSHALE20 Min. MAFREVIAS ivdshed et fllet twicenhdii2S0EDBAR0 BHtiBn0), thend 0. 1%
SDS for 1 h"at 37C. The extractjan str \%ﬁs repeated tw ce before ‘
filtraPNdgwashfinadlysesypendaddn f“?l”‘af’fl()l-]d‘r%gﬂ I.Col urms( Anér sham Phar maci a:

Bi 9$ci ences) by centrifugation at 3,000 rpmin for 2 mn. The

centrifugati on was repeated after applyin anot her 50 gl of 0.1xTE to the
col urmThérbNArfwmmmexeiunﬂmpmﬁied@mﬁ%ggyww gehelhe BBRIOPHAE 8% nce wit h

the sagp 33V19p| MG ed 'ioly %G%B&Mg‘ VA SRR e cular GRIgN RfaflePivad &itbat de 1) and

the gel with a blade, transferred into a tube, crashed by mechanic force, and extracted with
150 ul of a buffer containing 0.5 M ammonium acetate, 10 mM magnesium acetate, 1 mM

20 EDTA, pH 8.0, and 0.1% SDS for 1 h at 37° C. The extraction step was repeated twice before
filtrating the supernatants in a MicroSpin Columns(Amersham Pharmacia Biosciences) by
centrifugation at 3,000 rpm in for 2 min. The centrifugation was repeated after applying
another 50 pl of 0.1xTE to the column. The resulting extract of about 300 ul was then
extracted once with the same volume of Tris-equilibrated phenol : chloroform (ratio 1:1) and

25  outof the aqueous phase the DNA was precipitated with ethanol by adding to 300 pl of the
sample 15 pl of SM sodium chloride, 3.5 pl of 1 ug/ul glycogen, and 750 pl of absolute
ethanol. After incubation at -80' C for some 30 min, the DNA was collected by centrifugation
at 15,000 rpm for 20 min. After having washed the pellet twice with 500 ul 80% ethanol, the
DNA was finally re-suspended in 4 pl of water.

30
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25 out of the aqueous phase the DNA was precipitated with ethanol by addi ng
to 300 RI of the sanple 15 gl of 5M sodiumchloride, 3.5 gl of 1 gg/gl

gl ycogen, wanab/16&02gl of absolute ethanol. After incubati ®CTatP03/8GC f or
sonme 30 mn, the DNA was collected by centrifugation at 15,000 rpmfor 20
mn. After having washed the pellet twice with 500 8180% et hanol, the DNA
was finally re-suspended in 4 gl of water. 30 37 WD 03/106672

PCT/ JP03/ 07514 In the next step of the invention DNA fragnments conprising
5' end tive hextlstepaifaie inwéntior DINA fre)grherts tcnn;irtslirrg % cendeeméilgated Fath eadhi s
Ilgatlonthefollowngrﬁ Eg}l ?tl mle 4 1 10X T4 DNA

| i gase°H§r odprm ReREASHEIS Aor gﬁ%thi OPI 1n%reﬁlws SFtd'E’Se (40 U, New

Engl and Bi opaPSganiple 50% PEG 8000 41 After an incubati on4%i 45 mn at 16C
the reacti on was s?opped by adding 1 10.5M EDTA, 1| 10% SDS, 1 | 10 g/l
Pr ot ei mase K)XJHWDSA ligasfouliat @ew biglanddgiokpsian addi ti onal 1 ncubation of 15

mn_at 45C. acti extracted once h the sane 10

vol e *of T?r-f{ l\é‘é gqsgfﬁtlg]ﬁ%ué%%@ﬁg& oform(ratio 1: \fﬂland out of the
aqueous pha?@(ytﬂ]ﬁ}gw was precipitated with isopr opanol lzm] adding to 100 |
of the sanple

of 5M sodium chloride, 3.5 1 of 1 g/l %ﬁg}; and 100
I ﬂ‘ elc §§pr mpmobzlterA;Otféﬁ mjimet I63€ itherreagtion g@estopped bypddingd wh | r;JBNa/a \é\/ﬁ:d
The po e SIS it 1998 o Bhast i, A0S R Pl Bt oy il 73 V92

suspengatbation’d 16 noih 2045 CTEhdmehdimn. mikiuee whothemexttactedodcd wghthecsamp‘eact | on
yielded jn caoncate s _of various |.en hs sel ecti on.was

perfor Nﬁh‘n%ed’fémér?él FajedhiRele 8&‘& go%‘? ! tl%b???ﬂﬁjlaéﬁ étﬁaf‘ o8y PG RS ci ng,

€. 0. IDNWas Bfecipatel Syithtistpropahél bb&ddfﬁ@% ?(ﬁ@ﬁl&)f&l’fhesm@[&ﬁhﬁffsm sotkue
fractionated on an 8% 20 pol yac Iamd and bands f a SI% CJ('fl er than
500 bp chleededntis! off! ued alwos%a@% 1Q¢lof &S@Pmp@e& - ffferipy @té?n% h | ade and

further %IHE 96§55 8. B &r%t&)'llktecﬁf)}t EntifhaRnek 15,000 ihedeb nihesRs into a

t ube, ose were cra hanic force, and extracted with 150 | of a
buf f er hamog&ashndrtge @elEMvammmhﬁﬂﬁlal@étSQ%eethml rﬁhﬂ%@ﬁ’é@nﬁmﬂm‘%t ate, 1'mM

ED]—A uspenc?e’d n '1!8 ul of 0.1xTE buffer.

The aforementioned ligation reaction yielded in concatemers of various lengths, and a size
selection was performed to clone only concatemers of a suitable length for sequencing, e.g.
longer or shorter than 500 bp. Therefore the concatemers were fractionated on an 8%

20  polyacrylamid gel, and bands of a size lager than 500 bp and bands of 200 to 500 bp were cut
out of the gel with a blade and further processed separately. After transferring the gel pieces
into a tube, those were crashed by mechanic force, and extracted with 150 ul of a buffer
containing 0.5M ammonium acetate, 10 mM magnesium acetate, 1 mM EDTA, pH 8.0, and
0.1% SDS for 1 h at 65° C. The extraction step was repeated twice before filtrating the

25  supernatants in a MicroSpin Columns (Amersham Biosciences) by centrifugation at 3,000
rpm in for 2 min. The centrifugation was repeated after applying another 50 pl of 0.1xTE to
the column. The resulting extract of about 300 pl was then extracted once with the same
volume of Tris-equilibrated phenol : chloroform (ratio 1:1) and out of the aqueous phase the
DNA was precipitated with ethanol by adding to 300 pl of the sample 15 ul of SM sodium

30 chloride, 3.5 pl of 1 pg/pl glycogen, and 750 pl of absolute ethanol. After incubation at -
80' C for some 30 min, the DNA was collected by centrifugation at 15,000 rpm for 20 min.
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0.1 % SDS for 1 h at 65 C. The extraction step was repeated tw ce before
filtrating the 25 supernatants in a McroSpin Colums (Anersham

Bi osci ence®)osapearent ri fugation at 3,000 rpmin for 2 m n.PCIEP03/07514
centrifugati on was repeated after applying another 50 | of 0.1xTE to the
colum. The resulting extract of about 300 | was then extracted once with
the same volune of Tris-equilibrated phenol : chloroform(ratio 1:1) and
out of the aqueous phase the DNA was precipitated with ethanol by addi ng

to 300\ for Blivihh YagRARhEpeliat dwidd wih/seDEi 800 aBaroil|ths DM@, wi. finally od- 1 g/ 1

gl ycogen, and 750 | of absolute ethanol. After incubation at - 80C for sone
30 mi suspehdediNA W@Ewetsr.| ect ed by centrifugation at 15,000 rpmfor 20 nin.
38 WD 03/106672 PCT/JP03/ 07514 After having washed the pellet twice with
500 | 80% ethanol, the DNA was finally re- suspended in 2 | of water. In
the fimale fl08lonmgStepphd dvacaianeavenerlenodanto the vested pZRtwl (eitpge)or pZEr o- 1

(I'nvitrogen),.. 5 whjch was |inearized under ndi.t Lons with Xba |
and fuvltlgﬁéwawq%if@dﬂ@ﬁf Yjandard gopditions, g@?é.ﬁﬁ%@?ﬁ%ﬂ?us(ﬁlggggfh’?lon t he
f ol I oviiRgophRsEdid. ¥0r mi%xﬁfm R follqwink fdaebrowmoet g:ner 2 1 Xbal digestion

pZErO-1 (100 ng/ 1) 1.2 10X T4 DNA |igase buffer (New.England
Bi ol alrs)) Pusified concaen®NA Li gase (24 U, New Engl and Bi ol a?b‘él) 0.6 | Wat er

0.65 I, Aft . gvernj R jfpn at 16C the reacti gmings term nated by
heat tT eat Xbﬁ?r‘]?gc?sr“oé‘q’%m% 14?665@%‘41& | owed by adding 1 1 oﬁi‘/\ﬁo.w EDTA, 1 |
of 10% SDS,10% THADNKOlgHst bufrgNewBrgeant Biaiatek)30 | of wat &5 filol | owed by an

addi tional incubation of 15 m.n at 45C_ The 15 reaction xture was t hen
extr act ed SFCRNG kigaser(24 YaNewFmelind Biglabs)i - equi | i br at et?r'%)'ﬁenol

chl or of or m\&%%}'i 0 1:1) and out of the aqueous phase they &Ny was
precipitated Wth isopropanol by adding to 100 | of the sanple 5 pl of 5M
sodi unAfiéd :erdvemight indubaifon’ht H6° T thg reacthayewss taminatedby hept treafmshidpaol . After

i ncubatjon at_-80C for nme. 3 i -8, | et

cent rimﬁbaélégo(ﬁf"iltowfgf%éfﬁé‘%fl%%@ 8&%%@‘& A“Oeﬁr%r{a\glllg%’gl Ogﬁggl)é{p}%e ellet 20
twi ce MotdhBOR, nBSplairhane followed HPNA addisiofd] iedubationet 4 6 spe AckSACi B | ‘o
water. Using 1 | of the aforementiﬁ ed desalted lIl gati?g 59l Wi an, :

El Bt risRetion vixie wasthen egrched once with the same volume of Tris-equilibrated phenol '

chloroform (ratio 1:1) and out of the aqueous phase the DNA was precipitated with
isopropanol by adding to 100 ul of the sample 5 ul of SM sodium chloride,3.5 pl of 1 pg/ul
glycogen, and 100 ul of isopropanol. After incubation at -80° C for some 30 min, the DNA
was collected by centrifugation at 15,000 rpm for 20 min. After having washed the pellet

20  twice with 500 pl 80% ethanol, the DNA was finally re-suspended in 6 ul of water. Using 1
pl of the aforementioned desalted ligation solution, ElectroMAX™ ™ DH10B™™ Cells
(Invitrogen) were transformed by electroporation using a Cell-Porator (Biometrer) according
to the transformation procedures described in the manufacturer’s manual. Transformed
bacteria were selected on LB medium containing 50 pg/ml Zeocin (Invitrogen), and positive

25  clones thereof were isolated and further characterized as described in the Examples below.

Example 2: Alternative preparation of 5° end specific tags involving the formation of di-tags

Preparation of total RNA from tissue
30
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(I'nvitrogen) were transformed by el ectroporation using a Cell-Porator
(Bionetrer) according to the transformation procedures described in the
manuf act unwerossioedaual . Transformed bacteria were sel ect ecccaPBoTsedi um
containing 50 g/m Zeocin (Invitrogen), and positive 25 clones thereof were
i solated and further characterized as described in the Exanpl es bel ow
Exanple 2: Alternative preparation of 5 end specific tags involving the
formation of di-tags Preparation of total RNA fromtissue 30 39 WD

03/ 106&#8e RicTdieQIAAatD bé different hgprodchey fat the@rapasation ef RNafhage béaar ent

approaches for_ the preparati on of RNA have_ bee escribed,. which are known
to a pesssidhedewpichiaerewniina prgon expepenged iy e tla‘[é.()f qarélﬂ@ﬁsuskbproaches shoul d

al | ow a@g?a%@s%aahiaﬁaw@ﬁe e MRl ot b Y1 RETROAR S GahSes diefivatebrh r om

bi ol ogi materials including tissues and cells, which are suitable for

t he i niielgicshma@ehlsvnchlingitssuasand pellscwhichate syiteblel fog dfiq ipuention. Brlewy; | .
-Buffers and sol utions: : i,an D 4M guani di ni um t hyocyanate, 25nmM
sog un“el %ufgpg)cf’apjw %??isg%}?ﬁath&{ﬁag'rcapt oet hanol and 0. 5%

n- | aur putfasaadsiligonsd) RNase-free CTAB/ UREA sol ution: 1% CTAB (Signma), 4M

UREA, 50mM Tris-HCL 10 (.PH.7. 1mM ERT. 1 .8.0). t ilibrated
phenol ®as d%éﬁﬁ%@%wu o g&"‘é{%ﬁﬁ% n@é&ﬁ%‘plg&}aﬁ@l—%\@sgofn %;:_)Oll)' r e
Phosphﬁlrepc-apfégﬁﬁﬁo]ggd b.g? 1-RBR)-s@sod@scri bed in Ml ecular Coning (Sanbrook

and Russel, 2001) 15 M Sodi um chl oride 7. M Guani di um ch rdeeLﬂEnase free
dd-wat By Pr BNeseolre GFABBIREA RO Ao BAPS ) (M SRHA OB 1853 e 1 ast

o Bl D o B ST 1) %of 't saue i 5 between 0.5-1 g of tissue -
for 20c)l SWatdriequilibrated phenol as described in Molecular Cloning (Sambrook and Russel,
2001).
Phosphate-buffer saline (PBS) as described in Molecular Cloning (Sambrook and Russel,
2001)
15 5 M Sodium chloride
7 M Guanidium choride

Rnase free dd-water

Protocol for total RNA preparation
20  Dissect the tissue as fast as possible in a cooled dish.

Roughly evaluate the volume of tissue in a 50 ml falcon tube. The best quantity of tissue is

between 0.5-1 g of tissue for 20 ml Solution D

Add 2 ml of 2M sodium acetate (pH 4.0) and 16 ml of water-equilibrated phenol.

Mix by a vortex. Add 4 ml of chloroform and shake vigorously by your hands and a vortex.
25  Letit stay on ice for 15 min.

Centrifuge it at 6,000 rpm for 30 min at4 °C

Transfer the upper aqueous phase to new tube by pipetting (25 ml) and recover

approximately 20 ml thereof.

Precipitate the RNA from the aqueous phase by adding 1 equal volume of Isopropanol (in
30 this case, approximately 20 ml), store on ice for 1 h.

Centrifuge at 7,500 rpm for 15 min at 4 ° C: RNA is pelleted by centrifugation.
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Add 2 Ml of 2M sodium acetate (pH 4.0) and 16 ml of water-equilibrated
phenol. Mx by a vortex. Add 4 ml of chloroformand shake vigorously by
your handwoansdioes72ortex. 25 Let it stay on ice for 15 m recTdeas/oisiuge it
at 6,000 rpmfor 30 mn at 4 C Transfer the upper aqueous phase to new
tube by pipetting (25 m) and recover approximtely 20 m thereof.
Precipitate the RNA fromthe aqueous phase by adding 1 equal vol une of

| sopropanol (in 30 this case, approximately 20 ml), store on ice for 1 h.
Cent r i Thig& 1Rt is FaS twREWBI70v5etihd] @acktimEfollshd by cpettifughtah 47,500
centrifugation. 40 WO 03/106672 PCT/JP03/07514 The pellet is washed tw ce
wi th 709 for Ramis) in oedge b remgie eSOV Sy centrifugation at 7,500 rpmfor 2
mn, i St ; V& mRN A9 by ERaetar i des.

Sel ectdler\l;gé%g&g%%ro g@lﬂg%ét %@gﬁéggi eérﬁgﬁmél;és@g%r& fp g?@d after iéo | et e RNA

r e- susgfensbmpleierRMA nt-suspensitinein 4 S yestare Subsgquently, Ind mdpfEMNRGS is 5 added

and. t he, RNA | . Sel ectivel recipi " CTAB/ ur ea
ol Lt B aed e A5 Ao o RSB b7 b b B0 A OTAR ka Shuyod
aqUGOU@erﬂflﬂ%@foﬂ@&hﬁﬁ&ﬁ?ﬁb(ﬁrbﬂl(RBGDX)Q), istard thedqotousfphaseM Guni di num C ori de.
Re- suspended RNA is finally preci p'taqt.ed g:i/ %ddi ng 8 mM of ethanol.

| ncubaResugpendgie RNAgelletin 4 mplgf 7 M (BIqIRIER (9% ng centrifuge for 15 min at

7, 500r t Y@ﬁ}? SvRAHINESR mIL? etvbhd). Iaclibat®Odn 20U dbhanol .
Centri ??&‘és%g“g%ﬁar?%‘?%?ﬁ%gﬁ pr pm tf?ﬁeri g m n.g D scard the supernatant.

Re- sus pertdufNar fongdrPihdi@ABifpge font5 Ritesd,J0Pwam, diC vt the end, 1sipthepalidt i on of a
MRNA fraction fromtotftl RNA The nRNA fragtion of total RNA preparations
cal’ beWithéIIﬁ]t@TOWﬂ?%@'use of commercial kits such as the MACS nRNA

i sol at b@ﬁ’tri!ﬂgte aﬁMu'aiﬁ,BO@ & foP8nyif- qui ck (Stratagene), which provide
satisfactory yreld of nENA under the recomended conditions. One cycle of

ol i go- Biscaighesuewatagt the nRNA is sufficient. It is advisable to

redi ssgl g Lhg kel s 10 Pr vdib@hte ddigneent ration of 1 to 2 go/l.

15  Preparation of a mRNA fraction from total RNA
The mRNA fragtion of total RNA preparations can be isolated by the use of commercial kits
such as the MACS mRNA isolation kit (Milteny) or polyA-quick (Stratagene), which provide
satisfactory yield of mRNA under the recommended conditions. One cycle of oligo-dT
selection of the mRNA is sufficient. It is advisable to redissolve the poly-A™ RNA at a high
20  concentration of 1 to 2 pug/pl.

Preparation of a plurality of RNA samples from a cDNA library
Alternatively, a plurality of nucleic acids corresponding to the 5° ends of genes can be
obtained from existing cDNA libraries, which were cloned into expression vectors. By

25  standard methods known to a person familiar with the state of the art of molecular biology
approaches, from such libraries RNA transcripts can be obtained by in vitro transcription
reactions using e.g. a T3, T7 or SP6 RNA polymerase. Such an approach can be performed
by first linearization of the plasmid DNA with appropriate restriction endonucleases. The
restriction enzyme can be chosen to allow for the transcription of the sense RNA. In the case

30 oflibraries obtained in the vector pFLC III (Carninci P, et al., Genomics, 2001 Sep;77(1-
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Preparation of a plurality of RNA sanples froma cDNA |ibrary

Alternatively, a plurality of nucleic acids corresponding to the 5 ends of

genes canween3/iobi7ai ned from existing cDNA libraries, whiclromrrres/eisoned into

expression vectors. By 25 standard nethods known to a person famliar with

the state of the art of nol ecul ar biology approaches, fromsuch |libraries

RNA transcripts can be obtained by in vitro transcription reactions using

e.g. a T3, T7 or SP6 RNA pol ynmerase. Such an approach can be perforned by

fi (rj st h} PRO0) ma%@ar @h teh@eqlzag by dlcbhige W1mfmnapbﬁmmbnmt@endesucﬂaas¢sﬂo n

endonuc| eases e restriction enzyne can_be chos n.to ow for the

t r anscepl piofl- SS’P(IG%@:V%MWIOI}W e}fé‘s%'érs]%orébe tige FB?‘H}?{%’& obtained in the

vect or Car ni nci t al., Genomcs, 2001 Sep;77(1- 41 WO

03/ 1068%&'51({%}] 03/ 07514 l%):u 9-90), the vector can bepl i n(eari zed by

cl eavadgexmffdn one of the Hk@nilng endonucl eases |- Ceu | or PlI-Sce Ito

avogdegg truncatl on of the,ipserts. For the digest mx in a tube Plasmd
10 fer 40 | Q estriction enzyne 100 U ddH2 Gad 400 |

Incubauaﬁgoacapproprl ate tempquature for at |east 2h and analyze 1 | of the

reaction m xture by agarose | ect.ro hor se .1 f.the di

conpl elisybd atﬁﬂ'cﬁppwpﬂaﬁtwtgfegf%ﬁﬁq /£ ?8{ %‘i’fth%lgeéml?ngqﬁgu ﬁ M) 51

Incuba}lg rgéérgeﬂéeéﬂo@h&res&ﬁf@l&ﬁé&fﬂc@fﬁbl’e%t hdlg sanple with 500 I

phenol Ioroform The ga‘mous phase is to be re-extracted twice with 500

| chl oOSMERTAI nal |y |ineaii zed DNA is precipitated with i sopropanol or

et 8no|1 ’z% standard COI”%htI ons and dissolved in 50 | TE. 15 In vitro
synp €sis: Mx in a tube under Rnase free conditions: Linearized

pI asm Prdddifas2® (0 mbgyml)/ or5 I3 buffer 200 |

Incubate for 15 min at 45° C before extracting sample with 500 pl phenol/chloroform. The

aqueous phase is to be re-extracted twice with 500 pl chloroform. Finally linearized DNA is

precipitated with isopropanol or ethanol under standard conditions and dissolved in 50 ul TE.
15

In vitro RNA synthesis:

Mix in a tube under Rnase free conditions:

Linearized plasmid DNA 20 pg

5x T7 or T3 buffer 200 ul
20 0.1 MDTT 100 ul
2 mg/ml BSA 40 ul
10 mM tNTPs 50 ul
T7 or T3 RNA polymerase 10 pl
ddH, Oad 1000 pl

25 Incubate at 37° C for 3 to 4 h before adding:
10 mM Calcium Chloride 10 ul

1U/ul DNase RQ1 5ul
Incubate at 37° C for 20 min before adding:
0.5 M EDTA 10wl
30 10 mg/ml Protease K 5ul
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20 0.1 MDTT 1001 2 mg/m BSA 40 | 10 mMrNTP5 50 | T7 or T3 RNA
polynerase 10 | ddH2 Gad 1000 | 25 Incubate at 37 Cfor 3 to 4 h before
addi ng: WO osMo&abci um Chloride 10 | 11U | DNase RQL 51 | rrubmbeomis 37 C
for 20 min before adding: 0.5 MEDTA 10 1 30 10 ng/m Protease K5 | 42
WD 03/ 106672 PCT/JP03/ 07514 Incubate at 45 C for 30 mn, before addition
of Sodium Chlorid to a final concentration of 1M Phenol/Chloroform
extraction followed be re-extraction with Chl oroformshould be perforned
under sinewivigr d 4606 dort30onin, befort addiﬁomblﬂscndiamﬁﬂdrmis adiml gmncéritratibyotol | ect ed

"% 200 ToRRaay G E X RRESl R o Aot iR ChardutpbBebiour 6 pe

conf i r nisfobie @RIcOSEnGE cRId@iting, Apl CHeaRIeA andscrigtsaah bé faay lc@mectelaluyst strand
CcDNA synthesis 10 Buffers and sol utions Saturated Trehal ose, about 80%in

wat er (f9Rrepanpkorthanol gregipifption. dle pelich fs te b eesyspendedgnJOR b of wates Ayl or bi t ol
Opt 1N I r@}}g reverse
t ranﬁcﬁ%tq&gg@gﬁéﬁgéﬁgﬁswg Sei:lgl\lllld t%? ggenw &’adg%m%%éi g{eétot helr%gef ggyer se
t r anscrqyantiliedionNucl ei ¢ aci ds and ol i gonucl eotides 20 Purified,
first-strand oligo-dT primer (Sequence for prinmer used:
5' - GAGAGAGAGAGGATCCTTCTGGAGAGTT71l ' TTVN-3) (SEQ I D NO

First strand cDNA synthesis

10  Buffers and solutions
Saturated Trehalose, about 80% in water (crystals will remain), low metal content
4.9 M high purity sorbitol
Optionally: Takara GC-Taq buffer

15  Enzymes and buffers
RNase H' reverse transcriptase Superscript II (Invitrogen) and buffer or other reverse

transcriptases.

Nucleic acids and oligonucleotides

20  Purified, first-strand oligo-dT primer (Sequence for primer used:
5"GAGAGAGAGAGGATCCTTCTGGAGAGTTTTTITTTTTTTTTTVN-3') (SEQ ID NO:
10). Alternatively or additionally, random primer (dNs -dNy ), where N is any nucleotide.
mRNA, recommended 2.5 to 25 pg or alternatively, total RNA, 5-50 pug

25 Radioactive compounds

[alpha-’ 2 P] dGTP
Protocol A: Trehalose-Sorbitol enhanced

To prepare the 1°' strand cDNA, put together the following reagents in three different
30 0.5 mlPCR tubes (A, B, and C)
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10). Alternatively or additionally, randompriner (dN6 -dN9 ), where Nis
any nucleotide. nRNA recomended 2.5 to 25 g or alternatively, total RNA,
5-50 gg 2&O0Rmdibe@det i ve conpounds [al pha-3 2 P] dGIP Pr ot caalgpds/o7514

Tr ehal ose- Sor bi tol enhanced To prepare the 1" strand cDNA, put together the
followi ng reagents in three different 30 0.5 m PCR tubes (A B, and C) 43
WO 03/106672 PCT/JP03/07514 Tube A: in a final volune of 21.3 |, add the
following: mMRNA 2.5-25 gg or total RNA, 5-50 gg 1St strand priner (2

P, 9/ 1) Thde AGin(akidal volomE@Fal 3\bladdiec f@Rowinkleat the nixture (nRNA, priner) at
65 Cfor 10 mn to dissolve_ the secondary structures of nRNA Tube B: in a
final veAN#e of 76 .,1, add®EA#Sfollowing: 5X 1St strand buffer 28.6 jil
10 0.1 [11 dATP,s €J1P, dGIP, and 5-nmethyl-dCTP 10 nmM each 9.3 .t
4.9 M gﬁ"%@;{%_ 55A | Satsurgg#gd trehal ose 23.2 gl RNase if Superscript |
r ever sd®'t stand primpt @ge/(R00L4g (7 1. 0 | 15 Final volune: 142.5 gl Prepare a
cyc%e ;lop a thermal cycle) vm'lth: 40 C, 4 mn; 50 C, 2 mn; 56 C, 60 mn.

1f Pot ACHRKAUE ysed as thzez%tarti ng material, prepare a cycle with: 40 C
2 mn, He thEhsaarel(mSA privks) atB5MCrior 1B6nia, to dBsoiverthe 3ecoAliarg smattireedty . pri me
the cDNA with a randomprinmer (dN9, N= any nucleotide) at 25 C. Tube C
1-1.5 GRNA [al pha-3 2 P) dGTP. '

Tube B: in a final volume of 76 ul, add the following:

5X1°" strand buffer 28.6 ul
10 O01MDTT 11 ul
dATP, dTTP, dGTP, and 5-methyl-dCTP 10 mM each 9.3 ul
4.9 M sorbitol 554l
Saturated trehalose ' 23.2 ul

RNase H Superscript I reverse transcriptase (200 U/pl)- 15.0 pl - .
15  Final volume: ‘ 1425 wl

Prepare a cycle (on a thermal cycle) with: 40° C, 4 min; 50° C, 2 min; 56° C, 60 min.
If total RNA is used as the starting material, prepare a cycle with:
40° C, 2 min, -0.1° C/sec to 35° C; 50° C, 2 min; 56° C, 60 min.
20  Alternatively: prime the cDNA with a random primer (dNy , N= any nucleotide) at 25° C.

Tube C: .
1~1.5 pl of [alpha-® > P] dGTP.

25  For a cold-start operate as follows:
Quickly mix tubes A and B on ice.
Transfer in tube C 40 ul of the A+B mixture.
Tubes A+B and C should be quickly transferred immediately at 40° C of the step 1 of the
above cycling program to anneal at 40° C four 4 minutes.

30  Let the reaction proceed following the thermal cycler setting.
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25 For a cold-start operate as follows: Quickly mx tubes A and B on ice.
Transfer in tube C 40 p,1 of the A+B m xture. Tubes A+B and C shoul d be

qui ckly twansifieed7ed | mredi ately at 40 C of the step 1 of tHga/IPabonses cycl i ng
programto anneal at 40 C four 4 mnutes. 30 Let the reaction proceed
following the thermal cycler setting. 44 WO 03/106672 PCT/JP03/07514 For
a hot-start, operate as follows: Transfer the tubes A, B, C on the thernmal
cycler Start the cycling Wien the tenperature reaches 42 C, quickly mx
tubes PoritbtBiart, Spefstansiotlowkn tube C 40 pl of the A+B mixture. Let the
reaction proceed follow ng the thernal cycler setting. Protocol B:

GCl - Tr Emastestbe shends BI Contblemaeie™a: in a final volunme of 22 pl, add the

foll owi;{ag:thelﬁ,c 5-25 pg (precipitate with ethanol and re-suspend
directly wmth t primer) or total RNA, up to 50 pg (for the small-scale
pr ot ocWhen FhertemperdiuicSeadies A2, apidklypnixisbes(@ansyBpl ) 14 pg(7 pl) Fi nal

vol ume;, 2 .| ube, B followwng: 2 X GC | (LA Taq) buffer
(TaiaREan%ﬁ*fw%%‘?ﬁ?”?ﬁ‘S?A X8hd 5-methyl -dCTP, 10 mMeach 4 gl 4.9 M
sor bi t pkt tROreadtionJRbdeea fellbwinethakinsral(caplpr setingat el y 80% 10 pl 20
Superscript Il reverse transcriptase (200 Up.l) 15 p1 ddH2 O 4 pl Final

vol une: 128 pl Tube C
Protocol B: GCI-Trehalose-Sorbitol enhanced

Tube A: in a final volume of 22 l, add the following:

10 mRNA 5-25 pg
(precipitate with ethanol and re-suspend directly with the primer)
or total RNA, up to 50 ug (for the small-scale protocol)

Purified 15¢ strand cDNA primer (2 ug/ul)14 ug(7 ul)

Final volume: -o22ul
15  Tube B: add the following:

2 X GC I (LA Taq) buffer (TaKaRa) 75ul

dATP, dTTP, dGTP, and 5-methyl-dCTP, 10 mM each 4 ul

4.9 M sorbitol 20 Wl

Saturated trehalose (approximately 80%) 10 pl
20  Superscript IT reverse transcriptase (200 U/ul) 15ul

ddH, O 4ul

Final volume: 128 pl

Tube C:

alpha-> > P-dGTP 1.5ul
25 For the rest of the procedure, follow exactly the point as in the normal reaction

condition. Prepare (in advance) a thermal cycler with the following cycle:

42° C, 30 min; 50° C, 10 min; 55° C, 10 min; 4° C, indefinite time.
Operate as follows:

30 1) Transfer the tubes A, B, C on the thermal cycler
2) Start the cycling
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alpha 3 2 P-dGIP 1.5 pl 25 For the rest of the procedure, follow exactly
the point as in the nornmal reaction condition. Prepare (in advance) a

t hermal cwad @riowd7eh the foll owi ng cycle: 42C, 30 m n; 50CPrci@pos/onsib5' C, 10
mn; 4C, indefinite time. Operate as follows: 30 1) Transfer the tubes A
B, Con the thermal cycler 2) Start the cycling 45 WD 03/ 106672

PCT/ JP03/ 07514 3) Wen the tenperature reaches 42 C, quickly m x tubes A
and B. 4) Transfer in tube C 40 pA of the A+B mixture. 5) Let the reaction
proceed fol$pwi nwhélhmettaﬁpemhreey@hamaqm@ymmuuuenamds stop the

reaction with EDTA at 10 mM f 1a cone Entratl on. 5 Then incorporation of
[al pha3 2 PHcTp Tansfgsiadibed 401916 qfithe HTBITXBEC-cONA is  cal cul at ed.

Cal cul at i onsyf tlbéttﬁé@gafongiocew%uwuﬁ&ﬁ@m@fmc&@krmaafn g2 P]GIP is useful
for rmnltorl ng whet her the processes are accurately proceeding or not.

CTAB pr eci pAtthbleDdxSafpﬂlh@a¢thn§mﬂsED$ﬁditéQ)W fingl @uedEAKOMNd sol uti ons CTAB
sol ution as.described..i |2 ctivity,
transfer bo?ﬁ ntlﬁcorp%raPmpOfrF{x%HP éTﬁgﬁé%Sr an glﬁlﬂr%tg' ﬁéé@?fsémhq%e B and O to
a t ubecaadatpér CacutaGo R the ﬁﬁcbqjut bEEDNA b@zsmefash1dmg/»[s-alpha?52 H‘jA}TPnhweMlﬁfaf B and C
fromthe first strand, to the mx of 05MEDTA(f|naI
concenfPRHP 1 Whethgy tmro‘?sfesﬂfe afﬁufaﬁﬁi prg?egfignlgﬁ)ég K. Incubate at 45 C or 50
Cfor at least 15 min, and as long as 1 hour. To the 128-142 | vol une of
the first- strand cDNA reactlon add: 20 32 | of 5 M Sodi um Chl ori de (RNase
AL Stsiand g ncubat e at room tenperature for 10 mn.

Buffers and solutions

CTAB solution as described in Example 1
After measuring the radioactivity, transfer both the “hot” and “cold” 1°' strand synthesis
(tube B and C) to a tube and perform CTAB precipitation as follows.
15  Mix the tube B and C from the first strand; to the mixture add:
3 ul of 0.5 M EDTA (final concentration of 10 mM)
2 ul of 10 pg/pl Proteinase K.
Incubate at 45° C or 50° C for at least 15 min, and as long as 1 hour.
To the 128-142 ul volume of the first-strand cDNA reaction, add:
20 32 ul of 5 M Sodium Chloride (RNase free)
320 ul of CTAB-Urea solution
Incubate at room temperature for 10 min.
Centrifuge at 15,000 rpm for 10 min
Remove supernatant.
25  Carefully re-suspend with 100 ul of 7M guanidinium chloride
Add 250 pl of ethanol and leave on ice or —20 to -80° C for 30-60 min
Centrifuge at 15,000 for 10 min. Remove the supernatant.
Subsequently, wash the pellet twice with 800 pl of 80% ethanol. Each time, add 80% ethanol
to the tube and centrifuge for 3 min. at 15,000 rpm.
30 Re-suspend cDNA in water 46 pl.
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Centrifuge at 15,000 rpmfor 10 mn Renove supernatant. 25 Carefully
re-suspend with 100 p.l of 7M guanidi nium chl oride Add 250 | of ethanol and
| eave on Woe03mw66720 to -80 C for 30-60 min Centrifuge at PLI/0800f0+s 10

m n.

Renove the supernatant. Subsequently, wash the pellet twice with 800 |

of 80% et hanol. Each tinme, add 80% ethanol to the tube and centrifuge for

3 mn.

at 15,000 rpm 30 Re-suspend cDNA in water 46 [d. 46 WO 03/106672

PCT/ JP0O3/ 07514 Cap-t rappl ng oxi dat i on and biotinylation of the cap Buffers

and sol

Aol = pH 4.5 5 1Mcitrate buffer, pH

6.0 Nal04, sol ut| on >100 mvl SDS 10% Biotinylation buffer: 33 nmM Sodi um
citrate, pH 6.0, and 0.33% SDS. 10 nM Biotin Hydrazide long arm (MN =

371. 51; Bifetd amddadtiond0 mV) in 10 citrate/ SDS buffer. Cap biotinylation:
(A &ldmon of the djiol groups of MRNA In a final volunme of 50 to 55 p1,

add t hel

odiR Agplaterpifer P iepended cDNA sanple 15 3.3 p.| of 1 M sodi um

acetsat ey Mufif£¢ putRld g1 80A freshly prepared solution .of NalO4 to a final

concentration of 10 mM Incubate on ice in the dark for 45 min. Finally,

preci piNaPe, sqlutigzDNAO 9. To sinplify the downstream process, add 1 [t] of

o] ycer%D$%/% Vortex.. Add 0.5 pl of 10% SDS, 11 t1 of 5 M sodium chloride
of i

and 61 p

dar k.

10

15

20

25

30

i sopropanol. Incubate at -20 or -80 C for 30 mn in the
Biotinylation buffer: 33 mM Sodium citrate, pH 6.0, and 0.33% SDS. :

10 mM Biotin Hydrazide long arm (MW = 371.51; 3.71 mg/ml = 10 mM) in
citrate/SDS buffer.
Cap biotinylation: (A) Oxidation of the diol groups of mRNA

In a final volume of 50 to 55 ul, add the following:

The re-suspended cDNA sample

3.3 ul of 1 M'sodium acetate buffer, pH 4.5

A freshly prepared solution of NalO, to a final concentration of 10 mM
Incubate on ice in the dark for 45 min.

Finally, precipitate the cDNA:

To simplify the downstream process, add 1 ul of glycerol 80%.
Vortex.

Add 0.5 pl of 10% SDS, 11 pl of 5 M sodium chloride and 61 pl of isopropanol.
Incubate at —20 or -80° C for 30 min in the dark.

Centrifuge for 15 min at 15,000 rpm.

Remove supernatant.

Add 500 pl of 80% ethanol

Centrifuge at 15,000 rpm for 2-3 min.

Discard the superatant

Repeat steps 12-13

Re-suspend the cDNA in 50 pl of water.

Biotinylation: (B) Derivatization of the oxidized diol groups
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Centrifuge for 15 min at 15,000 rpm 25 Renove supernatant. Add 500 pl of
80% et hanol Centrifuge at 15,000 rpmfor 2-3 mn. D scard the supernatant
Repeat stwoso3hiBecr3 30 Re-suspend the cDNA in 50 pl of wat eCcT/Bosbvismyl ation:
(B) Derivatization of the oxidized diol groups 47 WO 03/106672

PCT/ JP03/ 07514 To the cDNA (50 1), add 160 | of the dissolved biotin
hydrazide long armin the reaction buffer. Performthe reaction in 210 gl
(final volunme). Incubate overnight (10-16 hours) at roomtenperature

(22- 26€) the DS EIUENLHY 160 @ JIHRCd iRl Bidiindybiagite ypigatmdn tONNctianld: 5 75
p.1 1 MSodiumcitrate, pH 6.1 5 gl of 5 M Sodiumchloride 750 p,1 of
absol ubuffestBesfesn theveatsiondn 3H pld@nslyelvmeloyr or at -80 or -20 C for 30 nin

or_| ONgelinare (RMER! (1956 hAGRATRIE dipclfu00f peeyf or 10 min 10 Viash t he

precip t or 80% et’hanol "and centrifuge. Discard the
super natisadqueatig to prreiptitate e biaktylated JaNAveddthe ¢cDNA in 175 | of TE (1 nM

Trigs, 7 .1 E . Cap-trapping and rel easing the.5 ends of cDNA
enzineZ?EL]ngﬁ(ﬁ‘gP§%?]ﬂﬂE (Promega) and its reaction buffer 15 To the
CDNA sapphes ReShdiir chlofilal vol une of 200 |: 20 | of RNase | buffer

(Prome gg. 1 units of RNase | (Pronega, 5 or 10 U'|) per each 1 p.g of
starti% wraabsplute gihanol pna (in case of small scale protocol) used for

Fir st - SGaM ok RMosY RS 88 4iS-8080 00 ebA8@mt ordéngerf or 30 i n.

Centrifuge the sample at 15,000 rpm for 10 min

10  Wash the precipitate twice with 70% or 80% ethanol and centrifuge.
Discard the supernatant and repeat the wash. dissolve the cDNA in 175 ul of TE (1 mM Tris,
pH7.5,0.1 mM EDTA).
Cap-trapping and releasing the 5° ends of cDNA enzymes and buffers
RNase ONE (Promega) and its reaction buffer

15
To the cDNA sample add, in a final volume of 200 pl:
20 ul of RNase I buffer (Promega).
1 units of RNase I (Promega, 5 or 10 U/ul) per each 1 ug of starting mRNA or total RNA (in
case of small scale protocol) used for first-strand cDNA synthesis.

20 Incubate at 37° C for 30 min.
To stop the reaction, put the sample on ice and add
4 pul 10% SDS and
3 plof10 ng/ul Proteinase K.
Incubate at 45° C for 15 min.

25  Extract once with 1:1 Tris-equilibrated phenol:chloroform, then load the aqueous phase into
Microcon -100.
Perform a back extraction with water and load again into the Microcon-Centricon 100 filter.
Perform one round of Microcon separation
8-b) Dissolve completely the pellet with 20 pl of 0.1 x TE

30
Magnetic beads blocking
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To stop the reaction, put the sanple on ice and add 4 gl 10% SDS and 3 |
of 10 gg/l Proteinase K. Incubate at 45 C for 15 min. 25 Extract once with
1:1 Tris-ewuiditioéa7at ed phenol : chloroform then | oad the agqueEauropbmse i nto
M crocon -100. Performa back extraction with water and | oad again into the
M crocon-Centricon 100 filter. Performone round of Mcrocon separation
8-b) Dissolve conpletely the pellet with 201 of 0.1 x TE 30 Magnetic
beads bl ocki ng 48 WD 03/ 106672 PCT/JP03/ 07514 WMaterials

St r ept gvicgdihR- coated MPG (CPG inc., New Jersey) Buffers and solutions 5

Bi nding buffer: 4.5 M Nad . 50 nmM EDTA, pH 8.0 Special equipnment A

magnet PEcriavidia-cpehMP@ (CHS ine.. NGBJESEY required. 10 To further nininize the
non-speci fi ¢ binding of nucleic acids, nmagnetic beads are pre- incubated
with DNA-free tRNA (10ng/ m ). For each preparation, pre-incubate 500 gl of
magnet Buofftre ankdsqlgoms 25 gg of starting mRNA) with 100 tg of tRNA .

| ncubate .on .i R i ! casiggnal m xing. 15 Separate the beads

Wi t# %M&%ﬁ"&%éﬁaﬁ@b@]\éﬁmﬁﬁﬁﬁgﬂmve t he supernatant. Wash for 3
times with 500 | of binding buffer 5 -ends cDNA capture and rel ease 20 To
capture the full-length cDNA, mx the RNasel -treated cDNA and wash beads as
f ol | owsPecia] pqyameRfspend t he beads in 500 gl of wash/binding buffer. 2)

fTIr ?gtsf B el btaff to hBR1 8l TableisGedied!t ube containing the biotinylated
10  To further minimize the non-specific binding of nucleic acids, magnetic beads are pre-
incubated with DNA-free tRNA (10mg/ml).
For each preparation, pre-incubate 500 pl of magnetic beads (per 25 pg of starting mRNA)
with 100 pg of tRNA.
Incubate on ice for 30 min with occasional mixing.
15  Separate the beads with a magnetic stand (for 3 min) and remove the supernatant.

Wash for 3 times with 500 pl of binding buffer

5’-ends cDNA capture and release

20  To capture the full-length cDNA, mix the RNasel-treated cDNA and wash beads as follows:
1) Re-suspend the beads in 500 pl of wash/binding buffer.
2) Transfer 350 pl of the beads into the tube containing the biotinylated first-

strand cDNA.
3) After mixing gently rotate the tube for 10 min at 50 °C,
25 4) Transfer 150 ul of the beads into the tube containing the biotinylated first-

strand cDNA and 350 pl of beads.
5) After mixing gently rotate the tube for 20 min at 50 ° C.
Separate the beads from the supernatant on a magnetic stand.
Washing the beads
30 Gently wash the beads with 0.5 ml of the indicated buffer to remove the nonspecifically
absorbed cDNAs.
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strand cDNA. 3) After mxing gently rotate the tube for 10 mn at 50 C, 25
4) Transfer 150 gl of the beads into the tube containing the biotinylated
first- stwanad/0&MA and 350 | of beads. 5) After m xi ng gemdlyJposomti€ t he
tube for 20 mn at 50 C. Separate the beads fromthe supernatant on a
magneti c stand. Washing the beads 30 Gently wash the beads with 0.5 m of
the indicated buffer to renove the nonspecifically absorbed cDNAs. 49 WO
03/ 106672 PCT/JP03/07514 2 x with washing/binding solution. 1 x with 0.3 M
NaCl / 2MyEDWAshigbindin sfluddn. SDS/ 0.5 M NaQAc/ 20 nM Tris-HGO pH 8.5/ 1nmM

EDTA. 2 x with 0.5 M NaQAc/ 10 mM Tris-HO pH 8.5/ 1nM EDTA. 5 Alkali
rel easd X%%O'BMWVAF’MI%%?%I | -1ength cDNA rel ease frombeads Add 100 gl

of 50 N Mahlao s EPIANaBALLT) MveTidHENsHISH UM EDTAYI n at RT with

occasional mxing. Separate the na}gnetl c beads and transfer the eluted
cDNA of % with 0.5M RePeet 19 mM dristHSpHS: 8 anMiEPTA00 [, 1 of 50 nM NaOH, 5 nM
EDTA, t n tines til nost of the cDNA, 80-90% as neasured by
m)nléto I agljlrteegser(g%ﬁjgéoc ivity, can be recovered fromthe beads. Adding a
5' - end Atkdliabllengsh tBNAQelche faldNBead®. Nase step 15 Enzynes and buffers -

Cubes ool gkt BEPHCE p™HIRT o or "Rrase 1 (1 Ul and mix
qui ckl richpGHbalden@batd 5 mia dt R with dcasional mixing.
Separate the magnetic beads and transfer the eluted cDNA on ice.

10  Repeat the elution cycle with 100 ul of 50 mM NaOH, 5 mM EDTA, two more times until
most of the cDNA, 80-90% as measured by monitoring the radioactivity, can be recovered
from the beads.

Adding a 5’-end primable site to the cDNA
RNase step
15  Enzymes and buffers -
- RNase ONE™™ and its buffer (Promega)
Add 50 pl of 1 M Tris-HCI, pH 7.0 in tubes on ice and mix quickly.
Add 1 pl of RNase I (10U/ul) and mix quickly.
Incubate at 37 ° C for 10 min.

20 To remove the RNasel, treat the cDNA with Proteinase K and phenol/chloroform extraction
including back extraction.

Add 3 pg of glycogen. Treat the cDNA with one cycle of Microcon-100.
Fractionation of cDNA before adding a primable site
Materials

25  Amersham-Pharmacia S-400 spun kit or alternative kits
Buffers and solutions
Column buffer: 10 mM Tris, pH 8.0, 1 mM EDTA, 0.1 % SDS, and 100 mM NaCl
Column buffer without SDS: 10 mM Tris, pH 8.0, 1 mM EDTA and 100 mM NaCl

30  S-400 spun column chromatography
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20 To renove the RNasel, treat the cDNA with Proteinase K and

phenol / chl orof orm extracti on including back extraction. Add 3 ig of

gl ycogen. whrasabed7be cDNA with one cycle of M crocon-100. HeTapps/ersad i on of
CDNA before adding a prinmable site Materials 25 Amersham Pharmaci a S-400
spun kit or alternative kits Buffers and solutions Colum buffer: 10 mM

Tris, pH 8.0, 1 mMEDTA 0.1 % SDS, and 100 nM NaCd Col um buffer w thout
SDS: 10 mM Tris, pH 8.0, 1 nM EDTA and 100 mM NaCdl 30 S-400 spun col um

chr omabeeiied pivtcedls W @s3tA8¥AaH thePREE/ TIROR /1R miring Pedtadol efS@H0smmoOl s ar e
described in the kits. This is the running protocol of S-400 spun colums.
Shake €PEM@® um. Brake the seal and transfer in a 2 m tube. 5 Centrifuge

at 3,0Q Qal{egﬂaéol 1 (+ 4C). Add the cDNA (< 20 | volune). After cDNA add
80 ¢l wat er ntrif_uge 2 mn at 3000 rpm Concentrate by M crocon 100
or pr eBrzmetthctEal/mltlhransibpmcq%mbtubeRecovery shoul d exceed 80% 10 SSLLM

Materials, ..15 n chromat ography kit (Anmersham Phar maci a)
Buf er?e LR B@H’égg&u&gﬂ%%f fer: 10mM TrisHCl pH 8.0, 1nM EDTA, 0.1%
SOS, 1Qleﬁi‘ﬂ1é\a§NA(<Eowmanﬁ)1d buffers Takara DNA Ligase KIT I'l. 20 Nucleic
aci ds and ol i gonucl eot i des
fter cDNA, add 80 ul of water.
Centrlfuge 2 min at 3000 rpm.
Concentrate by Microcon 100 or precipitate with isopropanol. Recovery should exceed 80%.

10
SSLIM

Materials
15  S-300 spun column chromatography kit (Amersham-Pharmacia)
Buffers and solutions
Column buffer: 10mM TrisHC! pH 8.0, 1mM EDTA, 0.1% SDS, 100mM NaCl.
Enzymes and buffers
Takara DNA Ligase KIT IL
20  Nucleic acids and oligonucleotides
In the Example given here, the recognition sites for the restriction enzymes Bgl II, Gsu I and
Mme I are introduced, however, the invention is not dependent or limited to the use of those
restriction enzymes and their recognition sites. In particular, Bgl II (recognition site:
AGATCT) can be replaced by any endonuclease suitable for cloning. Other example for such
25  enzyme could include Asc I (recognition site: GGCGCGCC) or Xba I (recognition site:
TCTAGA).

Synthesize the following oligonucleotides containing the Gsul restriction site.
Oligonucleotide Bg-Gsu-GN5:

30 5’-Biotin-AGAGAGAGAACTAGGCTTAATAGGTGACTAGATCTGGAGGNNNNN-3’
(SEQ ID NO: 11);
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In the Exanpl e given here, the recognition sites for the restriction

enzynes Bgl 11, Gsu |l and Mre | are introduced, however, the invention is
not depend@nis/1o667ki mted to the use of those restriction rrmzypowesand their
recognition sites. In particular, Bgl Il (recognition site: AGATCT) can be

repl aced by any endonucl ease suitable for cloning. Qther exanple for such
25 enzynme could include Asc | (recognition site: GGECGCGCC) or Xba |
(recognition site: TCTAG). Synthesize the follow ng oligonucl eotides
cont ai Mlgnidtits Blg-GwmsN6:i ction site. (A igonucl eotide Bg-Gsu-G\5: 30

11) D s PG ORI AR AP b T SRA TAG G TR T T OB Gy O MO

- Bi ot( 150 ASNGAGAGAACT AGGCT TAATAGGT GACTAGATCTGGAGNNNNNN- 3" (SEQ | D NO
12) a'i gonucl eot i de Bg- Gsu-down: 5
5' P- C' I0lEoaGkpataBECATSIONIT AAGCCTAGTTCTCTCTCT-NH2 3' (SEQ ID NO  13).

ynshestgeridiey R#@gﬁdﬁg&%gﬁg@@&%@%&%&mﬁyg M Ip K@st ri ction

site. |gonuc eo

5' - Bi otlBn- AGAGAGAGAACT. AGGCT TAATAGGTGACTAGATCTTCCRACGNNNNN- 3" (SEQ I D NO
14); digonucl eoti de Bg- Mre- N6:

5'-Bi oti n- AGAGAGAGAACTAGGCTTAATAGGTGACTAGATCTTCCRACNNNNNN- 3" (SEQ | D NO

15); &Bﬁfé 18Ot 1% 01 uéleMiies domtaining the Mme I restriction site.
5' P- GTYGGAGATCTAGT CA AAGCCTAGITCTCTCTCI ' -NH2 3' (SEQ ID NG 16).

Wier e Rligppwrdeotide BecMare- (/‘BN%md Y stands for Cor T. P neans that the

ol igonusgs Hii A6 ABRGABA R PAGER AN Bl GdTEAL IhEATOSTCRRARANIRINNAN ani no-

group is a to avol d non-specific ligation and possible hairpin primng.
3’ (SEQ ID NO: 14);
Oligonucleotide Bg-Mme-N6:
5’-Biotin-AGAGAGAGAACTAGGCTTAATAGGTGACTAGATCTTCCRACNNNNNN-
3’ (SEQ ID NO: 15); Oligonucleotide Bg-Mme-down:

15  5’P-GTYGGAGATCTAGTCACCTATTAAGCCTAGTTCTCTCTCT-NH; 3’ (SEQ ID

NO: 16).
Where R stands for G or A and Y stands for Cor T.

P means that the oligonucleotide must be 5’phosphorylated and NH, indicates that an amino-

group is added to avoid non-specific ligation and possible hairpin priming.

20  Oligonucleotides should be purified by acrylamide gel electrophoresis following standard
techniques as the first-strand cDNA primer with 10% acrylamide electrophoresis (Sambrook
and Russel, 2001). Oligonulceotides should be extracted with phenol/chloroform, chloroform

and precipitation with 2 volumes of ethanol as for the first-strand cDNA primer.

25  Preparation of the linkers.

After OD checking and mixing Bg-Gsu-GN35, Bg-Gsu-N6 and “down” oligonucleotides at

ratio 4:1:5, at least 2 ug/ul of DNA; add NaCl at 100 mM final concentration. The

oligonulceotides are annealed at 65° C for Smin, 45° C for 5min, 37° C for 10min, 25° C for
30  10min.

52



20 A igonucl eotides should be purified by acrylam de gel el ectrophoresis
follow ng standard techniques as the first-strand cDNA priner with 10%
acryl am deoedzaosd7ophor esi s (Sanbrook and Russel, 2001). @dmgeasihsedti des
shoul d be extracted wi th phenol/chloroform chloroform and precipitation
with 2 volunes of ethanol as for the first-strand cDNA priner. 25
Preparation of the linkers. After OD checking and m xi ng Bg- Gsu- G\5,

Bg- Gsu- N6 and "down" ol igonucleotides at ratio 4:1:5, at least 2 gg/l of

DNA; a%amftﬁéﬁﬂ;ﬂﬁrdmcﬁm| concentration. The oligonulceotides are
annealed at 65 C for 5mn, 45 Cfor 5mn, 37 Cfor 10mn, 25 C for 30
10m n. 52 WO 03/106672 PCT/JP03/07514 Ligation of the first-strand cDNA

Use 2 r 1l PN & M 13k Frs GRNADNM (finkil nker s and
cDNA (?lse%fléb erml%t &ﬁmg%%%%%&c for 5mn to rr?elt secoerﬁllgary

structwlemecﬁulgl ngI e strand CDNA Transfer the Iinker and cDNA m x on ice.
Add_5 fro f\jan Kit. Add 10 | of
soI%tlhﬁatlatég%Ef?ésm"? ?}kﬁc‘é ‘Jt?l%f% @8 grn 91?16\1]% | east >10 hours). 10
At theTﬁtﬂéi’elOﬂle‘theﬂahgaDN@ﬁnbﬁﬁﬂbe on, stop the reacti on by adding 1 | of 0.5
M EDTA, 1 1 of 10%.SDS,. 1 | Pro nase K, 10 | of water, and
i ncubaﬁédétulﬂgthes?lb}?mfigf’fﬁ“hthe%ﬁléég%m%hﬁﬁé #chl orof orm chl or of or m and
back eAﬁﬂ%gléiss%ﬁ;tﬁSHFi%Fﬁieﬂt with 60 | of colum buffer After the ligation,
renove t xcess linker with S 300 spin colum chronmatography 15 1) Shake

t he cohunbat@m& gloveimghs (aidepst>HOMops). it stand upright. 2) Renove the upper
2, PR, BP0 oot ety 2 1
cent r i norgesns; hel oftlidang/as Rrateihasg &, 40 uh@bfva(telg amcbmcqbem 3t AnClorddimig 20 out
rotor treat wﬁppﬁen%gﬁlg}o&lorm, chloroform and back extract (see appendix) with 60 pl of
column buffer
After the ligation, remove the excess linker with S-300 spin column chromatography
15 1) Shake the column several times and then let it stand upright.
2) Remove the upper cap, then the bottom one.
3) Drain the buffer of the column. Apply 2 ml of the column buffer and drain twice by
gravity.
Put the column into a 15 ml centrifuge tube, then centrifuge at 400 x g for 2 min in a swing-
20  outrotor at room temperature.
Apply 100 ul of buffer to the column, then centrifuge at 400 x g for 2 min. Check the eluted
volume. If it is different from the input (100 ul), repeat this step until the eluted volume is the
same as the added one.
Set a 1.5 ml tube, after cutting off the cap, into the 15 ml centrifuge tube, and then apply the
25  sample into the column. Centrifuge at 400 x g for 2 min.
Collect the eluted fraction in a separate tube. Apply to the column 50pl of buffer, repeat the
centrifugation and collect the fraction in a separate tube.
Repeat step 6 for 3 to 5 more times; keep the eluted fractions separate.

Collected fractions should be counted in a scintillation counter. Usually mix the first 2-3

30 fractions (80% of cpm of cDNA).
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Apply 100 | of buffer to the colum, then centrifuge at 400 x g for 2 mn.
Check the eluted volune. If it is different fromthe input (100 |), repeat
thi s st epwanisitbed’be el uted volunme is the sanme as the addedTarres/ B¢t a 1.5
m tube, after cutting off the cap, into the 15 m centrifuge tube, and
then apply the 25 sanple into the colum. Centrifuge at 400 x g for 2 mn.
Collect the eluted fraction in a separate tube. Apply to the colum 501 of
buffer,.repeat the <centrifugation and collect the fraction in a separate
t ube. REPRALI 15 tgRabcdnREntitib® o.M, rédipiesed theePNAHy adliingeduitalantafons
separate. Collected fractions should be counted in a scintillation counter.
Usual ligopidpanphe first 2-3 30 fractions (80% of cpm of cDNA). 53 WD

03/ 106 PCT/L.JR03/ . ;i fel livath wate®f 0.2 M

pr eci pi %tpé%élﬂagggﬁﬁé%én%dl rﬁ% g{é%(?'@glélgrﬁﬁig{gl, FE?ﬁ{)si%jﬁoérhopanol . After

pr eci pSdcand-strandredNashi ng twi ce with 80% col d et hanol, re-suspend with

wat er. . Second-strand 5 Setting t .CDNA program on the

t heY nﬁet%ggctﬁaﬁniw&@mogm% %‘eg‘“’n“ggl %?féé%’t %ﬁgg%p 230 minat 68 C
Step 3Xkiég1C for slQigditmsoStep 4 +4C 10 Procedure for the second-strand cDNA
Second strand steps, mx in a test tube: The cDNA 15 6 it of LA-Taq

pol ynebteR buf f SO MPMEPSY 6 | of 2.5 mM (each) dNTP's (Takara) 0.5 | of

[ al ph P] dGhRA@pibhapal to follow the incorporation) After starting
t he Zﬁsdé%tgrand grﬁogram put the tube on the thermal cycler. 20 Add to tube

3 | ofStepW p,| of4°CA Pol ynerase or alternative thennostabe pol ynerase
c0f6<t ails,

Procedure for the second-strand cDNA

Second strand steps, mix in a test tube:
The cDNA
15 6 ul of LA-Taq polymerase buffer (Takara)
6 ul of 2.5 mM (each) dNTP’s (Takara)
0.5 ul of [alpha-> 2 P] dGTP (optional to follow the incorporation)

After starting the 2nd strand program, put the tube on the thermal cycler.
20  Add to tube 3 pl of 5 U/ul of LA Polymerase or alternative thermostabe polymerase cocktails,
when the samples are at 65°C, during the first step.
Mix quickly but thoroughly
At the end of the cycle of the thermal cycler, stop the reaction by addying 10 mM EDTA
(final concentration) and clean up the reaction by Proteinase K treatment, Phenol-chloroform
25  extraction and ethanol precipitation (see Sambrook and Russel, 2001, Molecular Cloning,

CSHL press, NY).

Cleavage of cDNA

30 The cDNA should then be cleaved with the Class IIs restriction enzyme like Gsu I given in
this Example.
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when the sanples are at 65C, during the first step. Mx quickly but
thoroughly At the end of the cycle of the thermal cycler, stop the reaction
by addyi nyol@/wdd7EDTA (final concentration) and cl ean up RdTeIPO®ersid4 on by
Protei nase K treatnent, Phenol-chloroform 25 extraction and et hanol
precipitation (see Sanbrook and Russel, 2001, Mol ecular doning, CSHL
press, NY). C eavage of cDNA 30 The cDNA should then be cleaved with the
Class Its restriction enzynme like Gsu | given in this Exanple. 54 WO

03/ 106 CBEfRCIVYROBBOEshdntaBuf f et0 (LOX) (MBI Fernentas) 10 [tl Gsul (1U 1)
(use 5 Y H O Final volume 100 | 5 Where the Y and X
vary dé%%ﬁgilﬁgﬁkweéﬂj@%ﬁg&ityxﬁmcm 1) Incubate at 37C for 1 hour. 2)
Added OdddMdDTA 2 [d. 3) Incubab(a_q at 65C for 15 mn. to inactivate the
enzynme _Prepare the magnetic beads 10 Prepare the appropriate quantity of
CPG MPAipNghERs ¢ porous gl ass bedk). The same considerations nade for

t he sca Prepare 200 | of GPG beads.
Addsg %é%}ﬂﬂ?%@ﬁ?@vﬁiEep‘éﬁélhgoﬁglﬁb@aﬁutg%%N or 10-20 mn or on ice for

30- 60 ni)n, vintdbaecata3iCofoal hetvaki ng 15 Transfer the beads on a nagnetic
stand for 3 m nutes and rengve t he agueous phase. Wash 3 tines with: 1M
Nad , 19 mv WM ENTA 24kt a vol ume equi valent to the starting volune

of beads, R%&ab%%@%@@qgmﬁléMi}la&ivateltﬁe%ﬁPTA equi val ent to the
starting volune of beads 20 Rel ease of ¢ t ags

Prepare the magnetic beads
10 Prepare the appropriate quantity of CPG-MPG (Magnetic porous glass beads). The same
considerations made for the cap-trapper step are valid at this point.
Prepare 200 ul of GPG- beads.
Add 5 pg of tRNA (20 mg/ml).
Incubate at RT for 10-20 min or on ice for 30-60 min, with occasional shaking
15  Transfer the beads on a magnetic stand for 3 minutes and remove the aqueous phase.
Wash 3 times with: 1M NaCl, 10 mM EDTA use at least a volume equivalent to the starting
volume of beads.

Re-suspend beads in 1M NaCl, 10 mM EDTA equivalent to the starting volume of beads.

20  Release of cDNA tags

Mixed washed beads and Gsul cut sample.
Incubate at RT for 15 min with occasional gentle mixing
Let it stand on magnetic rack for 3 min.
25  Recover the supernatant.
Rinse 4X with 500 pl of 1X B&W buffer (binding and washing buffer= 5 mM Tris, pH 7.5,
0,5 mM EDTA, and 1 M NaCl) containing 1X BSA (bovine serum albumin) wash.
Wash 2X with 200 pl of 1X ligase buffer (NEB).

30  Ligating linkers to bound cDNA: II linker ligation.
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M xed washed beads and Gsul cut sanple. Incubate at RT for 15 mn with
occasional gentle mxing Let it stand on magnetic rack for 3 mn. 25
Recover tWw® supei’mat ant. Rinse 4X with 500 gl of 1 X B&W dfifmos/tsisadi ng
and washing buffer=5 mM Tris, pH 7.5, 0,5 mMEDTA and 1 M Nad)

contai ning 1X BSA (bovine serum al bum n) wash. Wash 2X with 200 gl of 1X

| i gase buffer (NEB). 30 Ligating linkers to bound cDNA: Il |inker
ligation. 55 WO 03/106672 PCT/JP03/07514 1In this Exanple a linker with a
r ecogni ihEginipte 4 Mikek Rethragsdohition eite f2n MerresticiionRhzyrse BeeRlis us@vever, the
invention is not dependent or |imted to the use_of c? Rl in.the second

| i nker Howsger, te psentigisis ppidepgiieatonlipited ig theuse p ‘E?g%ﬁ?ilb%seg‘i’r’t KEh be used
depending (@er %ﬁgﬁ'{cﬁon ERAURIERE Foch %rﬁti@d QR A bk N8 dRP&GRIHE B their O

A i gonucleoti des to be“synthesi zed:

5' - GAGAGAGABACTIOT ACBNGACACTAIIAGIAGAGT CCTGAGAATTCNN-3' (SEQ 1D NO 17) 10
5' - P- GAATTCTCAGGACTCTTCTATAGTGTCACCTAAAGTCTCTCTCTC-3' (SEQ ID NO 18) The
ol i gonucl eotides are purified and anneal ed as described for the Linker 1.
15 LoTBl{gbnwdMolidésto beldymhdsizeand 0.1 mM EDTA) 20 | suspended and add |inker
11 (0.4,9/1) Heat the t r, 5m,i ; j ,

{erper 4t SASABACISH AT TRAGOTACT AT AR AR REAF BRSNS 288 ang

sol uti ghNo:3@g! . Incubated at 16C overnight. After ligation, wash 4 tines
with 500 | 1X"B&W buffer containing 1X BSA. 20 Wash once with 200 | 1X B&W
buffer and twice with 200 | 1XBglll buffer containing 1X BSA. Release of

cONp t 399 YRWRGCTRATERBTRITER A R TEPCABETHA AGCBeterertle (§ehpw ng
NO: 18)

The oligonucleotides are purified and annealed as described for the Linker 1.

15 LoTE (1 mM Tris, pH 7.5, and 0.1 mM EDTA) 20 pl suspended and add linker IT (0.4 ug/ul)
Heat the tube at 65 °C for Smin, then let sit at room temperature for 15min.
Add TaKaRa ligation kit II solution IT 25p1 and solution I 50pl.
Incubated at 16°C overnight.
After ligation, wash 4 times with 500 pl 1X B&W buffer containing 1X BSA.

20 Wash once with 200 ul 1X B&W buffer and twice with 200 pl 1XBglII buffer containing 1X
BSA.

Release of cDNA tags using the Tagging Enzyme

25  Add to the sample the following

- LoTE . Xu
- 10X buffer 10 ul
- BglII Y pul

Make up the volume to a total of 100 pl.
30 1) Incubate at 37°C for 1 hour, gently mixing intermittently.
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LoTE X | 10X buffer 101 - Bgl Il Y| Mike up the volune to a total of
100 I. 30 1) Incubate at 37C for 1 hour, gently mxing intermttently. 56
WO 03/ 106@(203AQd6¢73 P03/ 07514 2) Pl ace on nagnet, coll ect sqemaznvmmM i nto
new t ube. The supernatant contains the released 5 end fragnents. 3) Raise
volume to 200 1 wth LOoTE. To 200 | of sanmple (the 5 ends, tagged with
linkers) add: 5 133 17.5M NH4Cac 3 | 1 g/l glycogen 340 | |sopropanol

| ncubate at -20 or -80C for at least 30 min. Spin for 20mn at 4C at 15, 000
rpmin2y ni Slae o niagndt giect Reprmvaartt firdo sy duteallEnduperdatsit conBurshiee pel | et
twice wth (gg),%or 70% et hanol . Centrifuge for 3 mn at 15,000 rpm and

r enov e PLeBAL° SHREMMEsh. At the end, re-suspend in 10 | LoTE. Ligating

tags t@)for Rhisdivolua@do 360 JinGitbLoEMds of cDNAs are ligated to. formdi-tags.
1) Add Phe TaKaRa ligation Kit Il solution Il 10 | and solution 120 |. 2)

| ncubafle 260ed af spmple Gl 5 Pndsitrgeed wohlinkgrskpddy 0, 1 | of 0.5M EDTA, | of 10%

SDSc 1 ],p{]ﬁ /1 Proteinase K 20 4) Incubate at 45C for 15mn. 5)
Ext?ac?gg %%BW Jt%% Tris-equilibrated phenol: chl orof orm aqueous phase.

After 3phépghd glibagenof or m and chl orof orm and back extraction. 6) Renopval

t he smgl éez{ CDNA iragrrent with a G50 spun-colum (Size exclusion). 7)
preci prtatES@PPRI opr opanol by adding 5 g of glycogen as carrier. 25 100 |
sanpl e Incubate at —20 or -80°C for at least 30 min.

Spin for 20min at 4°C at 15,000 rpm in a micro-centrifuge. Remove the supernatant. Wash
10  the pellet twice with 80% or 70% ethanol. Centrifuge for 3 min at 15,000 rpm and removed
the ethanol wash. At the end, re-suspend in 10 pl LoTE.

Ligating tags to form di-tags

- 15  The5’ ends of cDNAs are ligated to. form di-tags.

1) Add the TaKaRa ligation Kit IT solution I 10 ul and solution 120 pl.
2) Incubate overnight 16°C.
3) Added 10 pl of ddH, O, 1 pl of 0.5M EDTA, pl of 10% SDS 1 and 1 pl of 10 pg/pl
Proteinase K.

20 4) Incubate at 45°C for 15min.
5) Extract once with 1:1 Tris-equilibrated phenol:chloroform aqueous phase. After
phenol-chloroform and chloroform, and back extraction.
6) Removal the smallest cDNA fragment with a G-50 spun-column (Size exclusion).
7) precipitate with isopropanol by adding 5 pg of glycogen as carrier.

25 100 pl sample
67 pl 7.5M NH; OAc
5 pl glycogen
180 pl Isopropanol
8) Spin for 20 min at 4°C

30 9 Wash twice with 80% or 70% ethanol, centrifuge and remove the ethanol.
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67 17.5M NH4 QAc 5 1 glycogen 180 | Isopropanol 8) Spin for 20 min at 4C
30 9) Wash twice with 80% or 70% et hanol, centrifuge and renove the

et hanol . W®/03\»O3/ 106672 PCT/ JP03/ 07514 Cl eavage of cDNA&GWIPa3/ersehori ng
enzynme 1) Re-suspend the sanple in 5| of LoTE. Add then in order: LoOTE X
| 5 10X EcoRl restriction buffer 51 EcoRl Y I (use 20 Units of EcoRl)
Bring up the volune to a total of 50 |I. 2) Incubate at 37C for 1 hour. 3)
Add 1 | of 0 5M EDTA 11 of 10% SDS 1 and 1 | of 10 g/l Proteinase K 10%
10 4) avageaf ePNASvith anp rymg) Extract once with 1:1

Tris-equili br at ed phenol : chI or of orm aqueous phase. After phenol -chl orof orm
and chlorof orm and back extraction 6) precipitate with isopropanol by

addi ng ) gg R)é sbstaiabe parasle @68 (1l GALoTELAAd khegdamptder:15 67 17. 5M NHOAc 5 |
glycogeg ,ﬁé | sopropanol 8) Spin for 20 mn at 4C. 9) Wash twice with 80%
or 70% efnanol, centrifuge and ved the ethanol wash each 20 tine.
Ligagi Om)QECﬂ{IrEgﬁ&mh(buh@fm congafiemers 1) Resuspended LoTE 5 |. 25 2)
Added TaKaRa ligation kit Il solution 1 15| and solution Il 10 1. 3)

| ncubat BCoRI5 hours at 16C. Y ul (use 20 Units of EcoRI) :

Bring up the volume to a total of 50 pl.
2) Incubate at 37°C for 1hour.
3) Add 1 pl of 0.SM EDTA, 1l 0f 10% SDS 1 and 1 pul of 10 pg/ul Proteinase K 10%.
10 4) Incubate at 45 °C for 15min.

5) Extract once with 1:1 Tris-equilibrated phenol:chloroform aqueous phase. After

phenol-chloroform and chloroform, and back extraction

6) precipitate with 1sopropanol by adding 5 ug of glycogen as carrier.

100 pl sample |
15 . 67 ul 7.5M NH,OAc

5 ul glycogen

180 ul Isopropanol

8) Spin for 20 min at 4°C.

9) Wash twice with 80% or 70% ethanol, centrifuge and removed the ethanol wash each
20  time.

Ligation of di-tags to form concatemers

1) Resuspended LoTE 5 pl.
25 2) Added TaKaRa ligation kit I solution IT 5 pl and solution IT 10 pl.

3) Incubate 1.5 hours at 16°C,

4) Added 0.5SM EDTA 1 pl, 10% SDS 1 pl, 10 pg/ul Proteinase K 1 pl.

5) Incubate at 45°C for 15min.

6) Extract once with 1:1 Tris-equilibrated phenol:chloroform aqueous phase. After
30  phenol-chloroform and chloroform, and back extraction.

7 precipitate with isopropanol by adding 5 pg of glycogen as carrier.
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4) Added 0O.5M EDTA 1 |, 10% SDS 1 I, 10 g/1 Proteinase K1 |. 5) Incubate
at 45C for 15mn. 6) Extract once with 1:1 Tris-equilibrated

phenol : chivar @f1064Te aqueous phase. After 30 phenol - chl or of aaENsi07514

chl oroform and back extraction. 7) precipitate with isopropanol by adding
5 g of glycogen as carrier. 58 WD 03/106672 PCT/JP03/07514 100 | sanple
67 gl 7.5M NH4OAc 5 | glycogen 180 p.1 Isopropanol 5 8) Spin for 20m n at
4C. 9) Wash twice with 80% or 70% et hanol, centrifuge and renoved.

Resol vedo pl ambleldH2 O. The above-obt ai ned concateners are to be further

ligated_inta ni ng vector such as 10 pBlueascript Il KS+ (Stratagene).

A Iargé”’é?-isﬁffyﬁiﬁaAEI oni ng vectors are known in the filed, which can be

use for i.on. Standard Ligation: Mx a three tine excess of concatener
5 dl% Bgdn

DNA and '1 ng of an appropriate vector linearized wth Eco Rl in a volune
of 5 | 180 hklsoproran®l p. 1 of Solution | of DNA Ligation Kit Ver.2 15 (Takara)

to the i nsegt/vector. m re. Incubate the tube at 16 C for 12-16 h.
Tr ansf gb EBW:fgﬁ%(PWIE%})M

mat ve'salt fromthe ligation solution, precipitate DNA
after ®ohe adishiwide afithB0gYo1010% Ehymagentrififgecahe yema@dM Sodi um Chl ori de and
80% et hanal . The DNA pellet is washed 20 twice with 150 | of 80% of
et hanoIR,eS‘?iﬁ‘?ﬂ?H'ed%lq'et is then dissolved in 10 gl of water. Using 1 | of
desalted ligation solution, ElectroMAXT M DHIOBT M Cells (Invitrogen) are
transformed using Cell-Porator or alike (Bionmetra) according to the
t r ansf dihgabovsrobtanasoodeateserd awde pp &xthenligaied iForaflapg Yeiorsuthifual .

Podlt | PR e I R B iy e B E R R AOLR, BRI S O
char actwdri¢lzahibensofor friventiconcat ener s. :
Standard Ligation:
Mix a three time excess of concatemer DNA and 100 ng of an appropriate vector linearized
with Eco RI in a volume of 5 pl. Then mix 5 ul of Solution I of DNA Ligation Kit Ver.2 -
15  (Takara) to the insert/vector mixture. Incubate the tube at 16° C for 12-16 h.

Transformation:
To remove salt from the ligation solution, precipitate DNA after the addition of 2 pg of

Glycogen (Roche), 20mM Sodium Chloride and 80% ethanol. The DNA pellet is washed
20 twice with 150 pl of 80% of ethanol, and the pellet is then dissolved in 10 pl of water. Using

1 pl of desalted ligation solution, ElectroMAX™™ DH10B™ Cells (Invitrogen) are

transformed using Cell-Porator or alike (Biometra) according to the transformation

procedures described in the manufacturer’s manual. Transformed bacteria are plated on a

selective medium and grown ovemight. Positive clones are to be isolated from those plates

25  for further characterization of the concatemers.

Example 3: Alternative preparation of 5 end specific tags involving the formation of di-tags
The invention can be performed with other linkers and restrictions enzymes than specified in

30 the Examples 1 and 2. In one such embodiment, the invention was performed with the

following changes, where the same protocols were used as specified in the aforementioned
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Exanple 3: Alternative preparation of 5 end specific tags involving the
formation of di-tags The invention can be perfornmed with other |inkers and
restricti wosodanasaes than specified in 30 the Exanpl es 1 pamdipd3/015m one
such enbodi nent, the invention was perforned with the foll owi ng changes,
where the sanme protocols were used as specified in the aforenentioned 59
WO 03/106672 PCT/JP03/ 07514 Exanple 1 if not otherw se noted: RNA sanples
were prepared as descri bed above and forwarded to first-strand cDNA

synt heBk&mpld 0ef Ho@ s thletvringnarENRNINSaniyyl by wels pva@m@d fas desciibetbabede ingd t he

Cap- Trapper, approach, ;and cDNA trapscri seguences honol ogous
to thefmwadsd O(ﬁrs?ﬁwdﬁg}d\‘és‘?yél&eﬁls ergquﬁ ﬁémg R Was then Iigated

to 5 ﬁa&iofnzlt@& J‘Ehef(',‘d'psf‘rablﬁe@ Iéﬁb’roﬁ&l”ﬁ{dmﬂﬁnsfchg_rédﬁﬂr@ﬁdg%q&hd:egonucl eot i des:
Upper Strand agagagagctta atdgaga % GCCTAGX ccaacgNNNNN—B
(SEQ | tmmﬂogq;@)to the 5’ en mﬁN% were isolated. Single-stranded cDNA was then ligated t

Bi Oz 5'- a g;ﬁﬁgsgﬁ% AACNNNNNN- 3" (SEQ I D NGO 10
20) Lo %&?g‘? gﬁ%?ﬂ g‘%g?&ggacct aggcrceg gtcact ctcat ctaagctctctctct-NH2- 3
(SEQ I D NO 21) The new | i nker provided recognition sites for the
restriction enzynes Xho | (indicated in 15 capital and underlined), Xma Jl

Livaer oang:

(indic ‘apital), and the tagging enzyne Mre | (indicated in
i tal i cpijo-Ad. ﬂg%éagtag@gckth@?%dg@glgﬂtTCGAddOﬂ?@GJc@achNWBf (SEG 8z b 19) r and

pPgléu \3%?% r&aggégwtﬂg%gqga@tgdj%é@wbl e etect: Mﬁﬁ&f%ﬁ&#ﬁﬁg N e

t @ptajdl n- coat ed nagneti c beads (Dynabeads) before addition of the
second nker. Again the second |linker had a distinct Y-shaped structure
corrpar édweoSttand: | i nker used i n Exanples 1 and 2 as indicated below (SEQ I D

attct a%bgcgténggé‘;t@gcfﬁ@%? 5& étgggg"gmgt%égﬁggagttta glg;:t chatc 5" This

| i nker was designed to have an Eco Rl restriction site (indicated in
nder | in n
unde IThg (rjn)ew hgkcg prc;A\gded recognition sites for the restriction enzymes Xho I'(indicated in -
15  capital and underlined), Xma JI (indicated in capital), and the tagging enzyme Mme I

(indicated in italic).

After the ligation of the linker to the cDNA the second-strand cDNA was prepared, and the

double-stranded DNA was cleaved with Mme I to provide 5° end specific tags. Those tags
20  were then purified on streptavidin-coated magnetic beads (Dynabeads) before addition of the

second linker. Again the second linker had a distinct Y-shaped structure compared to the

linker used in Examples 1 and 2 as indicated below (SEQ ID NOS: 22 and 23):

atcgaaatcccgatctaggetageg-NHo
25 P-5’-gaattctacgccteteg
3’-NNcttaagatgcggagage
gtgaatcgagtttaaggctagcate-5’

This linker was designed to have an Eco Rl restriction site (indicated in underlined), and two

30 single-stranded overhangs to allow for strand-specific amplifications. Note that two

restriction enzymes with distinct cloning sites were used at this point.
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30 singl e-stranded overhangs to allow for strand-specific anplifications.
Note that two restriction enzynes with distinct cloning sites were used at
this poi nWo Baos203/ 106672 PCT/ JP03/ 07514 After the |igadraropb7sihe
second linker to the 5 end tag the resulting DNA fragment conprising the
two Iinkers and one tag was anplified by PCR using the follow ng priners:

5 XM cDNA PCR: 5'-ttagat gagagtgactcgagcctag-3'" (SEQ ID NO 24) EcoRl
Y2down PCR:. 5'-ctacgatcggaatttgagctaagtg-3' (SEQ ID NO 25) 10 The PCR
product was anplified directly on the streptavidi n-coated beads to which

the DNA tenplates were bond to he, neans of. .t iotin-streptavidin
inter aéﬁ(tréhﬁrrl?g&éio’tl REthpereond dnker e %ﬁ}j e%ﬁag?}wgsﬁmgh@]\lﬂf?ar‘g‘nﬁfst ulroes?/I tlhe PCR
pr odu Céo?néﬁ@fg% %&%Joaﬁ&@fs%g Andiak Sak mphifiby POR ubiﬁ%@& foNowiag bylinegs: amagnet i ¢

force an warded to further “purification in a 12% 15 pol yacryl am d gel.
The purified PCR products were subsequently cleaved by Xma JI, purified in

a % I r md gel, and self-ligated to formdineric tags conprising
twclJ"ZS' X@‘gﬁ%@g\e%l 'c tags and overhangs derived fromthe second |inker at
bot h esrqsagafgh@?%adﬂcggcb@gsi’ (BEQINcRd) were 20 further cleaved with Eco RI,
and again purified 1n a 12% pol yacryl am d gel before being concatenerized
inaligation reaction. This final gel purification was essential to

separ agg piheraideRe tags fromthe DNA fragnents cleaved off during the
di gesti1on wt% EcCo RI. The ligation products were fractionated in a 6%

pol yacfHydtangaidggpatiigagetangtind (PEQ '23)n the range of 300 to 600 bp and 600
to, 4,000 bp were cut out for DNA isolation. 25 DNA fragnents isolated from
bolh fractions were cloned into the Eco R site of the vect or Zerol .0

(1 nvi t TRgROR preainct wasmsflificteite@hondhé sireptavistinepased kaadote WECHEE FEM

contai ni ng 50 / eocin (1l nvi.trogen). it 1 on ggeof were
i sol at K&P Wfﬁggﬁ’l‘gjr tor@(éﬁ%@fé]sio\z(gﬁ bg(g‘m'%rggg?%%%}ye?%c% ﬂ'e&%}(lgﬁp es bel ow. 30
primers did not have any biotin moistures, the PCR products could be separated directly from

the beads by applying a'magnetic force and forwarded to further purification in a 12%. .

15  polyacrylamid gel.

The purified PCR products were subsequently cleaved by Xma J1, purified ina 12%
polyacrylamid gel, and self-ligated to form dimeric tags comprising two 5 end specific tags
and overhangs derived from the second linker at both ends. These dimerization -products were

20 further cleaved with Eco RI, and again purified in a 12% polyacrylamid gel before being
concatemerized in a ligation reaction. This final gel purification was essential to separate the
dimeric tags from the DNA fragments cleaved off during the digestion with Eco RIL The
ligation products were fractionated in a 6% polyacrylamid gel, and DNA fragments in the
range of 300 to 600 bp and 600 to 4,000 bp were cut out for DNA isolation.

25
DNA fragments isolated from both fractions were cloned into the Eco RI site of the vector
pZerol.0 (Invitrogen), and transformed bacteria were selected on LB medium containing 50
ug/ml Zeocin (Invitrogen). Positive clones thereof were isolated and further characterized as
described in the Examples below.

30

Example 4: Sequencing of 5’-end sequence tags
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Exanpl e 4 Sequencing of 5 -end sequence tags 61 WO 03/106672

PCT/ JP03/ 07514 After the titer check, bacterial clones were collected by
comer ci aMoyo3avedzk abl e pi cking machines (Q bot and Q pi x;pPC3rPes/H7ssd and
transferred to 384-mcrowel |l plates. Transforned E. coli clones hol ding
vector DNA were divided from 384-mcrowel| plates and grown in 5 four

96- deepwel | plates. After overnight growh, plasm ds were extracted either
manually (Itoh M et al. 1997, Nucleic Acids Res 25:1315-1316) or
automatically (Itoh M et al. 1999, GCenone Res. 9:463-470). Sequences were

typi cal run..on a RI.SA sequenci ng unit Shi madzu,. JAR or..a Perkin

El ner - Aﬁ%%?ritg%u%f SR erl%\%lfo%;%ye%nco ged b rommgicrafly aggilaple picking, o enci ng
net hodohagiies (QuobakbQ4RE M dnbre) M tRitishata [d384ekhicdd well SRR MRard3R¥med 0 2000
10, 1757-71). Sequencing of concateners was al so perforned using priners

nest ed ol %CFPé‘% heldieggetregNonuere fivided frane A8rmicrewelbplaien andeBgmy e
Ter g nag,Qf 9@%(@/@?3%(‘1&&%@%&% ngd%?g,‘q‘ﬁlhéﬁﬁd&v&e%rgﬁém&ﬁ) ﬁ%@@ syst ens)

and an ABI 3700 (Applied Biosyste uencer accordl ng
manuf aciltah M.et pk 916 NuglsircAdigy Resd: 13368 1eneatonmticallyv@re Metaleh?39d  from

Dot o 88t 10 SENLLEEEMSAGE ol 3n TARAALLRLRIELS ued ot

vectors uescript an erse pri CAGCTATGAC
(S)EQ I [IShKBladElﬁ,)JAthd((rZ(BelflﬁmEWr%@kMdsy&me@@@%ﬂﬁﬁ@vﬁfﬁEQ | D NO
27 20 anple 5.,  Identifjcation of 5 -en equence tags The_sequences
obt ai neUT BRI aUREE o Sé%aééﬁwbs%gy E’g»l%ﬁﬁaéfml qPEEKeS he

di nmer i 3000 tlégﬁsqnﬂP.tnguéﬂcﬁ@ﬂfBQndaiemé%wﬁ A @SpeROrREEIERY H¥ndPp&rdlihe 6.

Defined regions holding the recognition sites for the restriction enzynes
used dubs Hepkipgregionsphige sloapy vestanrdenBigDye Terminaior Spele Sequeneing Reabye t ag.

Ther ef o &1 ' hil i L fd manual
sequencs K 2Bl A R0 VAN et BT orrput or
‘pr ogr amccordahigitd theaharifactures ppeloctfdescriptique Some Canmitenzms Were stqueackdi N a

conput er system 30 Initial sequence reads were

file or dat.abase.
anal yzeam%;b(’tiloe ?J?)actoivgrntﬁ?n ‘F‘r@gﬁ “MU9HE i ndi vi dual steps involved in the
seqifence anal ysis are described bel ow showi ng the anal ysis of one read:
Standard primers used for vectors Bluescript and pZero1.0:
M13 Reverse primer: 5’-CAGGAAACAGCTATGAC (SEQ ID NO: 26)

M13 (-20) Forward primer: 5’-GTAAAACGACGGCCAG (SEQ ID NO: 27)

20 Example 5: Identification of 5°-end sequence tags

The sequences obtained form concatemers are characterized by the structure of the dimmeric
tags and the flanking linker sites as presented in Figure 6. Defined regions holding the
recognition sites for the restriction enzymes used during the cloning steps flank each 5’ end
25  specific sequence tag. Therefore the 5° end specific sequence tags can be identified by a
manual sequence analysis or by an automated process using an appropriate computer
program. Individual 5° end specific sequence tags can be stored in a computer file or a

database system.

30  Initial sequence reads were analyzed by computational means. The individual steps involved

in the sequence analysis are described below showing the analysis of one read:
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62 WO 03/106672 PCT/JP03/07514 0) Oiginal sequence: >zzb21305i 03t 3. scf
596 0 596 SCF TCGITAACTATTAGGCGAATTGGGECCCTCTAGGTCGACGAGTTCTCAGCAGAGCC 5
GCCGT CTAQABOBG068ZCCT CCCGGGECCACCGT CGGACCTAGAATAGT TACTCGA  PCT/IP03/07514
GGTCTCTCGTCGGACCTAGAGT TMCGTATGT TTGTCATCGT CGGACCTAGGTCC
GACGGTCCATTCCTGAGAGT CTCTCTAGGT CCGACGAGAGAGAGAGGATCCTTCT

GTCTAGACCCT GACGCCGGAACCGCACCGT CGGACCTAGGT CCGACGGAAAAGC
AGCTTCCTCCACTCTAGGT CCGACGGTGTGTGTGTGTGTGCGTGTTCTAGAGACT 10
GGTTCAGATCAAAAGT CGT CGGACCTAGGT CCGACGEEECTGGTGAGATGCECTC

AGTCTA o ' (GCGGCCGCCAGT GTGATGGATATCTGCCNAATNCC

AGCACA! MGT GGATCCGAGCCCGGTACCAAGCTTGATGCA

TACCT CG@TXBCUDABACT GFZACCT ASSd AGTT TGGGGTAATCATGGT CATAG

71 G 1 G B AT G BRI AORL T A GRS BACAT A B GRANAGRE] ed

"Cr @SS G@CGTCTAX}A‘G@G@@G‘GUCTG%@G@CCAE@@?@@@@(Q@F@G%&A@@F&'E@@ASCF 20
TCGTTAXOXXXXX GTCGACGAGTTCTCA / ACCTAGGTCO

CCaCCGRTRERE

S S o
TCCGACGGTCCATTCCTGAGA @i@ AGGATCCTTCT

CACT GO 1A ER T RATEd 2 I e

¥GACTKCPAGGRERSACCCEGETGGTGAGATGGCTC
xxxxxxxxxxxxxxxxxxxxxxxx 30
gen PATCTGCCNAATNCC
AGCACACCGGCGCGCGCNACCAGTGGATCCGAGCCCGGTACCAAGCTTGATGCA
TACCTCGAGTATCCTATACTGTCACCTAAATAGCTTGGGGTAATCATGGTCATAG
CTGTCTCCTGTGTGAAATTGTTATCCGCTCAAAATTCCCAACAACATAG

15 (SEQID NO: 28)

1) pZErO-1 vector portions of sequences were masked using program
called "cross_match". X stands for “masked”.
>7zb21305i03t3.scf 596 0 596 SCF
20 TCGTTAXXXXXXXXXXXXXXXXXXXXXXXXXXGTCGACGAGTTCTCAGCAGAG
CCGCCGTCTAGAGCCCCGCCCTCCCGGGCCACCGTCGGACCTAGAATAGTTACTC
GAGGTCTCTCGTCGGACCTAGAGTTTTTCGTATGTTTGTCATCGTCGGACCTAGG
TCCGACGGTCCATTCCTGAGAGTCTCTCTAGGTCCGACGAGAGAGAGAGGATCC
TTCTGTCTAGACCCTGACGCCGGAACCGCACCGTCGGACCTAGGTCCGACGGAA
25 AAGCAGCTTCCTCCACTCTAGGTCCGACGGTGTGTGTGTGTGTGCGTGTTCTAGA
GACTGGTTCAGATCAAAAGTCGTCGGACCTAGGTCCGACGGGGCTGGTGAGATG

GCTCAG XXX XXX XXX XX XXX XXX XXX XX XXX XXX X XXX XXK

KD 0.9.9,0.9,0.9.9.9,0.9.9.0.0.:0:0.0.0.0.0.0.9.0.0.0.0.0:0.0.0.0.0.:0.:0:0.0.0.:0.0.0.0.0.0.0.0.0.0.0.0.0.¢
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G 63 WO 03/106672 PCT/JP03/07514 2) Look for |inker sequences using
"cross-match" Linker sequence according to Exanple 1. "NCTAGGTCCGAC' (SEQ
| D NO 29Wd.o3nket72sequence according to Exanpl e 3: " NGITCREOOPASCEECCAACN!
(SEQ ID NO 5 30) Linkers found using "cross-match" (excerpts from
output): linkerl TCTAGGTCCGACG 86-98 13-1 C (SEQ ID NO 31) linkei?2
TCTAGGTCCGACG 118-130 13-1 C 10 linker3 CCTAGGTCCGACG 151-163 13-1 C (SEQ
ID NO 32) |inkerd4 CCTAGGTCCGACG 158-170 1-13 |inkers TCTAGGTCCGACG
190-202 1-13 |inker6 CCTAGGTCCGACG 249-261 13-1 C |inker? CCTAGGTCCGACG
256-268 1-13 15 |inker8 TCTAGGTCCGACG 288-300 1-13 |inker9 CCTAGGTCCGACG
347- 359) Lowk fordinkes sequences CIBAKSFEMMARNS 354- 366 1- 13 3) Usi ng out put from

"cross ﬂﬁ&%@ uen;f@&c% Sgaﬁtﬂx%pﬂrloméﬁkﬁéﬁ'@@é)xésﬁ Fgab gt 2ond 20 direction

of i n%ers F sequences. ----=-------- means in rever se direction
++++++Em1tdrls¢quelﬁeﬁmofdmg<’le Exampleds 'V G{E@G@A@@TAGGTCCAACN" (SEQ-IDNOE 4+ 44+

%% i nker (reverse and forward direction) 25 >zzb21305i03t3 596 TCGIT
GTTCTCAGCA GAGCCGCCGT CTAGAGCCCCGCCCTCCCEGECCAC - - == === = - - - - AT

AGT TAQT eS8 fndl G¥mp ““cross_match? (exCofiptsirdm o) ATGT TTGTCAT
---------- ++++++++++GTCCATI ' CCTGAGAGTCTC+++++++++++ 30
++AGAGAGAGAGGATCCTTCTGI'CTAGACCCT GACGCCGGAACCGCAC- -

“““ ks TETAG GV ARCEH I ECT SR ED D NG #3th+H+++

linker2 TCTAGGTCCGACG 118-13013-1 C

10  linker3 CCTAGGTCCGACG 151-163 13-1 C (SEQ ID NO: 32)
linker4 CCTAGGTCCGACG 158170 1-13
linker5 TCTAGGTCCGACG 190-202 1-13
linker6 CCTAGGTCCGACG 249-261 13-1 C
linker7 CCTAGGTCCGACG 256-268 1-13

15  linker8 TCTAGGTCCGACG 288-300 1-13
linker9 CCTAGGTCCGACG 347-35913-1 C
linkerl0 CCTAGGTCCGACG 354-366 1-13

3) Using output from "cross_match". Tag extraction program identifies location and
20  direction of linkers in sequences.
------------- means linker in reverse direction

+++++++++++++ means linker in positive direction

F+-++++++++ dimeric linker (reverse and forward direction)

25  >zzb21305i03t3 596
TCGTTAXXX XXX XXX XXX XXX XXX XXX XXXXXGTCGACGAGTTCTCAGCA
GAGCCGCCGTCTAGAGCCCCGCCCTCCCGGGCCAC----m-m-mm= AT
AGTTACTCGAGGTCTCT----—------ GTTTTTCGTATGTTTGTCAT
---------- +4++4++4+++++GTCCATTCCTGAGAGT CTCH++++++++++
30 ++AGAGAGAGAGGATCCTTCTGTCTAGACCCTGACGCCGGAACCGCAC--
F+++++++++GAAAAGCAGCTTCCTCCACH++++++++++++
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64 WO 03/ 106672 PCT/JP03/ 07514

GTGTGTGTGTGTGTGCGTGT TCTAGAGACTGGT TCAGATCAAAAGT - - - -

------ +++WOHiBHH6d2ECCT GGT GAGATGCCTCAG PCT/JP03/07514
XX XXX XXX XXXXXXXXXX XXX XXX XXX XXXXXXXXKXXXXXXXXXXXXXXX

XXXXX XXX XXX XX XKXXXXX XXX XXX XXX XXX XX XX XXX XX XX XX XXXXXX B

XX XXX XX XXX XXX XXX KX XXX XXX XXX XXX XXXX XXX XXX XXX XXXXXXX

G 4) Script |ooked for

restriGHKHMIHEZGWEHNSEGCGEGﬁﬂ%ﬂﬁﬂﬂA&ﬁMﬁE@Gﬂﬁﬁ@&hﬁﬂ&AAAd«ﬁPer a gap between

T PSR 1T Y

>zzb21385¢

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXX4XE AOOKEH YO ¥R EHIDEHA PORX Pas Iloesationx XRor eZample, a gap between
G 5) Script extracted

tags f heprinkeas @ dnksroesionrbal afidpae FRAVSHENKEE 4% om vect or, | i nker,

f)l’l @TC Rﬂ'%f‘ﬁoﬁérﬁ@r Tags al so nust be a) at right size (19- 20 bp) and
ocate ght next 30 to linker with right direction (+++++++tag or

t ag- -- -"GAAT’I)C"%r dimer

It was masked with "E#FEEEN

>zzb21305i03t3 596

15 TCOTTAXXXXXXXXXXXXXXXXXXXXXXXXXXGTCGACGAGTTCTCAGCA
GAGCCGCCG****#*GCCCCGCCCTCCCGGGCCAC-----mnmammm AT
AGTTACTCGAGGTCTCT------------ GTTTTTCGTATGTTTGTCAT
---------- ++++++++++GTCCATTCCTGAGAGT CTCH++++++++++
++AGAGAGAGAGGATCCTTCTG******CCCTGACGCCGGAACCGCAC--

20 F+++++++++GAAAAGCAGCTTCCTCCACH++++++++++++
GTGTGTGTGTGTGTGCGTGT******GACTGGTTCAGATCAAAAGT----
------ +4+++++++++GGGCTGGTGAGATGGCTCAGX XX XXX XXX XXX XX

AR 6.0.9.9.9.0.6.0.0:0.0.9.0.0.9.9,9.0.0.0.0.9.0.9.9.0.9.9.9.9.9.9.9.9.9.9.9.0,9.9,9.9.0.9,9.0.0.0, 0,

5) Script extracted tags from the sequences that were not masked from vector, linker,
restriction enzyme site. Tags also must be a) at right size (19-20 bp) and b) located right next

30 to linker with right direction (+++++++tag or tag--------- )
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WD 03/ 106672 PCT/ JP03/ 07514 tagl 20 GTGGCCCGGGAGGGCGGGEC (SEQ | D NO. 33)
tag2 19 AGAGACCTCGAGTAACTAT (SEQ ID NO 34) tag3 20 ATGACAAACATACGAAAAAC
(SEQ | D N®O BApss7tagd 19 GTCCATTCCTGAGAGTCTC (SEQ | D NO.  38)I/fPos/ansss 20
AGAGAGAGAGGATCCTTCTG (SEQ I D NO. 37) tagb 20 GTGOGGTTCCGGCGTCAGGG ( SEQ | D
NO 38) tag? 19 GAAAAGCAGCTTCCTCCAC (SEQ ID NO 39) tag8 20
GTGTGTGTGTGTGTGCGTGT (SEQ I D NO 40) tag9 20 ACTTTTGATCTGAACCAGTC (SEQ I D
NO 41) 10 tagl0 20 GGGCTGGTGAGATGGCTCAG (SEQ ID NO 42) - The fol | owi ng
def i ni ttagin20 GEGEAREEGEAGGEEG6GGE(SBRID Ngs 33) "Good tag” neant: 15 1) Not

a vectar t | i r,,sequence (Step 2) 3) Not a
restri 3?%%?’3@2@{@@%&&%&?(§€Q|1Pmr3ﬁn th correct direction (Step 5)
20 5) Abg¥ 20ATGACSACATATE ARAAACKSED B) NOa3fyture, quality value will
play a role too. Program out [%uts | i nker information, nmasked sequences, tag
sequendagd 19 Q@CCA‘“TF&%WGWAQ CTg YPa#Plscript coul d not recognize

eS| GhDIh RUAIRGAGKGATECHETCRERMARAGo, sfbecause of bad qual ity

val ue) equences W be consi de as junk. Al so vector sequences that
wer e ndagBEEGOEGEPRCCGCGCHTENGEECESEQID Nuald)ty val ue) were consi dered as

j unk tQqo. 6 / , Bel ow t he output of a
conput 3%%5%@@%@%8&%@%§%&%%@a )i s given. The sequence read
was obtiag$ 2EGTCIGTG I THESTECOSTG BGREIONG: 40) t 0 t he protocol given in
Bxanpl etag19' ZOI\RtC%TTTGATCTGAACCAGTC (SEQ ID NO: 41)

10 tagl0 20 GGGCTGGTGAGATGGCTCAG (SEQ ID NO: 42)
- The following definitions were used to categorize the tags:

“Good tag” meant:
15

1) Not a vector sequence (Step 1)

2) Not a linker sequence (Step 2)

3) Not a restriction site (Step 4)

4) Next to linker with correct direction (Step 5)
20  5) Atright sizes (19-20 bp). (Step 5)

In future, quality value will play a role too.

Program outputs linker information, masked sequences, tag sequences.

25 - “junk” meant:
When program/script could not recognize restriction enzyme site or linker sequences
(because of bad quality value), sequences will be considered as junk. Also vector sequences

that were not masked properly (because of bad quality value) were considered as junk too.
30
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that XmaJl and Xba | create the sane overhang after digestion, and
therefore in this exanple sequence many |linker sites are derived from
reconbi nedosadéd7Xbal sides. The program 5 identified |inkaT/@pos/esias

i ndi cated by synbols and highlighted the 5° end specific sequence tags as
descri bed above. Note in the list for the 5 end specific tags given bel ow,
the program autonmatically renove the first base as this position is prinmed
for artifacts due to the tenplate free site activity of the reverse

t r anscrBghdvate. outyiut Oﬂzhﬁﬂlﬂlﬁﬁitﬁﬁt@nab’ﬁs 569 sqquenvongeedd is given The sequence
ﬁ%%T +++T:£:|crl}>;;sf &35% aceordit %%ro 0CO glven in Example 1. Note
ACCCAGCHACEhIBhte Xt Troréatd tik kifaohd o Eﬁﬁ;%d*theréfofe i this example

* ACGAACTGCTECGACCTCT-- - - - - - = - - - - - CCSCTC 15 CCGAGA- ---------- -
CTCGGAGETROCmATTIIer sites are derived ﬁom@mﬁ@w@@#@& The program _

ﬁ%ﬁ%ﬁ%@f Eﬁ%}%&&%& By s’ymbols%ﬁ:é%@&w %gcfﬁ'c sequence T

XK a?t trol thiﬁmﬂate | i nker 2

NS T SDGmeds
77 89 @ree&ﬁehd:tﬂkt@b@tl&‘l‘e%sdttdﬁk@fpﬂasél? 129 linker5 174 186 C linker6 207
219 C linker? 239 251 C 30 linker8 272 284 C |inker9 305 317 C 67 WO
03/106672 PCT/JP03/ 07514

10 >2zzb21106i0913.scf 569 (monomer)
CATTAGGGGATTGGGCCCH4+++++++++++GTACCTCCTCGCATCCCGC

kxdkxx ACCTTCGACACGCACACCAC F+++++++++ATGG
ACCGAGGGCCCCAGCCH+++++++++++++CGGATCGGGTGGGTCGGACH*
*x4k ACGAACTGCTGCGACCTCT ------------- CACAGCGCCGGCTC -

15 CGGAGA------------ ~-CTCGGAGCCTGCAAAGTCT--mmmmz=
-TCCGGCGCTGCGGCAGCTCC------------- GCGACCAGGTCCGACG
GTGT-------=m~ GACTCTGGGCGAGAACGTCT---------- +4+
+++++++GCCGTTCCTTGCTTGCTGGA* **#*#**CTGAGCTAAATCCCCAA
CCC--mmmmmm- ++++++++++GAGTAACTATAACGGTCCT***#***GC

20 GAGCTCCAGGCGGAATC------=mmmm- ACCCGGGGGGCGGGACTAAC
CGTCGGACH++++++++++++AGGGACCGCTGCGGTCCGXXXXX XXX XXX
XXXXXXEXXKXXKXXXXXXXN
linkerl 19 31
linker2 77 89 C

25  linker3 84 96
linker4 117 129
linker5 174 186 C
linker6 207 219 C
linker7 239251 C

30 linker8272284C
linker9 305 317 C
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i nkerl O 338 350 C |inker11345 357 linkerl12 404 416 C |linkerl3 411423 5
i nker14 468 480 C linkerl5 509 521 tagl F 19 GTACCTCCTCGCATCCCGC (SEQ I D
NO 43) WwagB/1is2® GTGGTGIGCGTGITCGAAGGT (SEQ I D NGO 44)  trag3ipes3/@G14
ATGGACCGAGGGCCCCAGCC (SEQ ID NGO 45) 10 tag4 F 19 CGCGATCGGGTGGGTCGGAC ( SEQ
ID NO 46) tags R 19 AGAGGTCGCAGCAGIFCGT (SEQ ID NO 47) tag6 R 20
TCTCCGGAGCCGGCCCTGTG (SEQ ID NO 48) tag? R 19 AGACTTTGCAGGCTCCGAG (SEQ I D
NO 49) tag8 R 20 GGAGCTGCCGCAGCGCCGCGA (SEQ ID NGO 50) 15 tag9 R 20
ACACCGHW@BC (SEQ ID NO 51) tagl0 R 20 AGACGITCTCGCCCAGAGIC ( SEQ
| D NO 52) tagll F 20 GCCGTTCCTTGCTTGCTGGA (SEQ ID NO 53) tagl2 R 20
CAG (SEQ ID NO 54) tagl3 F 19 GAGTAACTATAACGGTCCT ( SEQ
I D NCI hﬁ@ﬂggbdrt,ﬁgjé R 19 GATTCCGCCTGGAGCTCGC (SEQ ID NO 56) tagl5 F 18
AGGGACCCCTGCGEGTCCG (SEQ I D NO 57)  zzb21106i 09t 3 junk 18
CATTAGBERATIE3E3C (SEQ I D NO 58) zzb21106i 09t 3 junk 28
A ee CCGTCGGAC (SEQ I D NO 59) 2zzb21106i09t3 junk 1 N 25
i'la gt he exanpl e shown above, the sequence exanpl e given bel ow was
der i vedinkér0515@ 52ioncat ener prepared according to Exanple 3, and anal yse by

- 22c20 AR ST R6 P I G ATEBOGR (s BIB2agjFecr ! bed above. 50
TGATAAHRANIEPETT I CET GRS X REOEPOOROROHPXXXXX

tag3 F 20 ATGGACCGAGGGCCCCAGCC (SEQ ID NO: 45)
10  tagd F 19 CGGATCGGGTGGGTCGGAC (SEQ ID NO: 46)
tag5 R 19 AGAGGTCGCAGCAGTTCGT (SEQ ID NO: 47)
tag6 R 20 TCTCCGGAGCCGGCGCTGTG (SEQ ID NO: 48)
tag7 R 19 AGACTTTGCAGGCTCCGAG (SEQ ID NO: 49)
tag8 R 20 GGAGCTGCCGCAGCGCCGGA (SEQ ID NO: 50)
15  tag9 R 20 ACACCGTCGGACCTGGTCGC (SEQ ID NO: 51)
tagl0 R 20 AGACGTTCTCGCCCAGAGTC (SEQ ID NO: 52)
tagll F 20 GCCGTTCCTTGCTTGCTGGA (SEQ ID NO: 53)
tagl2 R 20 GGGTTGGGGATTTAGCTCAG (SEQ ID NO: 54)
tagl13 F 19 GAGTAACTATAACGGTCCT (SEQ ID NO: 55)
20 tagl4 R 19 GATTCCGCCTGGAGCTCGC (SEQ ID NO: 56)
tagl5 F 18 AGGGACCGCTGCGGTCCG (SEQ ID NO: 57)
77b21106i0913 junk 18 CATTAGGGGATTGGGCCC (SEQ ID NO: 58)
77b21106i0913 junk 28 ACCCGGGGGGCGGGACTAACCGTCGGAC (SEQ ID NO: 59)
zzb21106i09t3 junk 1 N
25
Similar to the example shown above, the sequence example given below was derived from a
concatemer prepared according to Example 3, and analyse by the means of the same software

solution as described above.

30 >zzc20401c11t3 607 (dimer)
TGATAAGGCAATGGCCTCTAATGCTGXXXXX XXX XXX XXX XXX XXXKXKXX
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68 WD 03/106672 PCT/JP03/ 07514 GCCGECCGCECCTTCCGCGTIC---------- ++++++++
++GAGEGECCECCECCeaeecrees * * x x *AGTT TT TG -

-------- +WOHBMHH6673 GCGCCAGAGCGAGCAGAGCCT * * * * * * GTCTGT PCT/JP03/07514
CAGAATCAGAAGT---------- ++++++++++CCTTTGCGCAGACGCCACT 5 Gr* * * * *

* AAAGTCCACCTGGACTTTCG- - ----=---- ++++++++++CC  TGCCGCGECCTCEECEECr * * * o *

* AACTCTGITATACACTAAG-------- - - ++++++++++ AGAGACT GAACAGCGGGECGEA* * * x %

* CAGCCATCTTGC CCCACCT---=-=-==-=--- ++++++++++GCCTTGCCTTCTGGCCATGECC * * * *

* CCCCORSHAT SRR EEBI6CCGCCGECCETTECEEATACTIGIGE+10++++

SIS REO O NICE\)00.0.0.0.0.0.0.00.0.0.0000.0.0.00000.0.0.0.0.00.00000.00.0.4

XX XXX X XX DABOGERRILC COOERGL LR e kX X RBLLBLILIIIT I TTR GG | | nker| 83- 102

1-20 linkerZ2 149: ,16&;% %(AééGA@@mg @ﬁﬁ@»&*@ﬂﬁ*dj* nker4 279-298 1-20

er6 408-427 20- | i nker? 474-493 20-1 C 20

Ilnkers 343- 362"”

D, . 81) W E,QrL NO 62) tag4 20 .

A&TCE&Q‘IQM‘@ fags 18" A GATTCTGACAGAC (SEQ I D

NO. 62@&%&%@@@@? /SEQ:ADTMC—@B}-- tag? 20

GGAAA | D_NO._ 66 GG (SEQ I D

No. 67)-Sot ot 16 AT B AR CE AL B AGTRRTCPTEE 0eACe (SEQ
CCCACCT b+ +++++++GCTTGCCTTCTGGCCATGCCH* **
***CCCCCCTCTATGCGTGCGTC + 44+ ++++++ AGTGTGG

10 CTGTTCCATGGN

XXXXXXG
linkerl 83-102 1-20
linker2 149-168 1-20

15  linker3 214-233 1-20
linker4 279-298 1-20
linker5 343-362 1-20
linker6 408-427 20-1 C
linker7 474-493 20-1 C

20 tagl 20 GACGCGGAAGGCGCGGCGGC (SEQ ID NO: 60)
tag2 21 GGAGGGCGGGCGGCGGCCCTC (SEQ ID NO: 61)
tag3 19 CAAAAAAAAAAAAAAAACT (SEQ ID NO: 62)
tagd 20 AGGCTCTGCTCGCTCTGCCC (SEQ ID NO: 63)
tag5 19 ACTTCTGATTCTGACAGAC (SEQ ID NO: 64)

25  tag6 19 ACAGTGGCGTCTGCAAAGC (SEQ ID NO: 65)
tag7 20 GGAAAGTCCAGGTGGACTTT (SEQ ID NO: 66)
tag8 19 GCCGCCGAGGCCGCGCAGG (SEQ ID NO: 67)
tag9 19 GTTAGTGTATAACAGAGTT (SEQ ID NO: 68)
tagl0 20 TCGCCCGCTGTTCAGTCTCT (SEQ ID NO: 69)

30 tagll 19 AGGTGGGGCAAGATGGCTG (SEQ ID NO: 70)
tagl2 20 GGCATGGCCAGAAGGCAAGC (SEQ ID NO: 71)
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tagl O 20 TCECCCGCTGITCAGICTCT (SEQ ID NO 69) 30 tagll 19
AGGTGGGEECAAGATCGCECTG (SEQ ID NGO 70) tagl2 20 GGCATGGCCAGAAGGCAAGC (SEQ ID
NO 71) 69 000832106672 PCT/JP03/07514 tagl3 20 GACGCACBCATARGHGEEEGEG ( SEQ
ID NO 72) tagl4a1l9 NCCATGGAACAGCCACACT (SEQ ID NO 73) junkl126
TGATAAGCCAATGGECCTCTAATGCTG (SEQ ID NGO 74) junk2 | G5 Note that in both
exanpl e sequence reads the length of the 5 end specific tags varies in.

| ength, because Mre | cut with sone frequency shorter DNA fragments. A

stati sy gf:aio GA@}GG’ACGCNTA%A@GQ}CKF@QSEQﬁ)H\Kggz;hOMBd that in the exanples
about 45% of the tag had a th of b,&ﬂ)and addi tional 44% of the tags

had a tagHhthNECAISS CAIQQF‘?*@A I‘@EQSIQWP e 10 dass IS enzyne Gsul
SOmeE V@%kf‘%%@gﬂ%@@@m@@@%cmfdw@gd (@ﬁ?'ﬁl@@%‘ t hough about 92% of

t he ca ragnents were obtain Exanpl e” 6: Characterization of
5' -endjlmkmjéhce tags 15 5 end specific sequence tags can be anal yzed for
thelir identity by standard software solutions to perform sequence

al i%nmant s like NCBI BLAST (http//ww.ncbi.nimnih.gov/Bl..AST/|, FASTA,

?\r/]ai I aﬁo@ thdt it B&P@Qﬂﬁ}blb@équ@ﬂémﬂﬁcﬁrthé}eﬁgm0fﬂ1@6®n4)@©kiﬁg$ﬁ§5N@ﬂhSAOC€l rys Inc.
ttp://ww. accel.rys.conl) or alike. Such f ns, al l ow for an
al i gnnﬁﬁgtho?ecsuseé\ﬁ@eéﬁ%“c‘?“m RO AR %@ﬁﬂ%ﬁ%gﬁﬁ%tsa%c?{ah%cﬂt 0 20 identify
uni que Qo aF-sF @E&M&@iﬂ: tig@gﬁowmhﬁﬂn%bxbﬁpfe's'ﬁﬁdh@%%&ﬁ@ld tAgs Hadkabase

searchés “and bui | d sequence database. Gene jdentification using
a 5' -eiﬁﬂg&l@@@éhp@n@adchb@@M% Oéﬁﬁﬁﬁﬁsélaéﬁlﬁlggl_ﬁ@ﬁ bpe Afser{or the ek using a

| sebh tdfe CCC GGA
G) §SE8?"10bﬁ§|6“ 3‘?553&8?‘151%8‘2‘?? :(’%2%}1%?‘% ttne %ﬁ%"ée rf%&olﬁa% l2’gé1Hu men °¥ bl JBC 264
(1989) 929%2f 4G asdiébpDNAGragatensve)r{ ACEICCCTCCGCCGAG) Dat abase: Al |
GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS,

Example 6: Characterization of 5’-end sequence tags

15  5° end specific sequence tags can be analyzed for their identity by standard software
solutions to perform sequence alignments like NCBI BLAST
(http://www.nebinim.nib.gov/BLAST/), FASTA, available in the Genetics Computer Group

(GCG) package from Accelrys Inc. (http://www.accelrys.com/) or alike. Such software
solutions allow for an alignment of 5° end specific sequence tags among one another to
20  identify unique or non-redundant tags, which can be further used in
Database searches and building a 5’-end sequence database.
Gene identification using a 5’-end sequence database
An example of a BLAST search in GenBank using a 5 end specific tag is given below: The
16 bp tag (5’-ACC TCC CTC CGC GGA G) (SEQ ID NO: 75) is derived from the 5” end of
25  Human TGF-bl: IBC 264 (1989) 402-408.
' Query= (16 letters( ACCTCCCTCCGCGGAG)

Database: All GenBank+EMBL+DDBIJ+PDB sequences (but no EST, STS,

GSS, or phase 0, 1 or 2 HTGS sequences)
30 1,205,903 sequences; 5,297,768,116 total letters
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GSS, or phase 0, 1 or 2 HTGS sequences) 30 1, 205, 903 sequences;
5,297,768,116 total letters 70 WO 03/106672 PCT/JP03/07514 Score E
Sequenceswor @dwei7ag significant alignments: (bits) Val ue RITAPOBGBBV21r et
NMD00660. 11 Hono sapiens transformng grow... 32 1.1 0 118590091 JrefJXM
085882. 11 Hono sapiens simlar to transf... 32 1.1 5 gill 141424140571r ef XM
()0891. 2. 11 Hono sapiens transformng grow... 32 1.1

gi | 7684381. 1gb1AC01. 1462. 41AC011462 Hono sapi ens chronosone 1... 32 1.1 i

[/ 502708%emE . Al . 389894. 4| LNI FLC. HR41. A Lei shmania major Fried... 32-1.1

gill. Leishmani a, nexi cana anmazone. . . 1. 7097 eanX05839 1
|HSTG:§@WCW4“F%§¥%¥%3HSB@PW i fa . 32@%t ié
370921k Rn: m?&l,gfd‘r@qngt%rgwsfowmng g... 32 1.1

sform
tran
gro

37 52619b | O X431 111111 VITG-B1. PR Honpo sapi ens
1§ Homaedapions simdlosiedransiy. H3&ol-$api ens transforning

q?xrld ?aE%q? sMgrfE_@S@se) _(_]ée TGFB1), nmRNA 15

L ' ntities = 16/ 16
(100% astemragh EgblRi“QS! %zmllmonm (H.mrwsapibnadubmomlgcg_@é 116
11 . .

il Oy 25%@3\%' P16l beta 1 (H
sapi enﬁ)ﬁ 44@%77@@(@10 1']1%7@@4@[&8111112@9&7 mexicana amazone... 32 1.1
gil37097lemb[X05839.1[HSTGFBG] Human transforming growth fa... 32 1.1
10 gil37092lemblX02812.1[HSTGFB1 Human mRNA for transforming g... 32 1.1
gi[340526|gb[04431.1[HUMTGFBIPR Homo sapiens transforming ... 32 1.1

Alignments
>gill 0863872kre f{NM_000660.1| Homo sapiens transforming growth factor, beta 1
(Camurati-Engelmann disease) (TGFB1), mRNA
15 Length = 2745

Score = 32.2 bits (16), Expect = 1.1
Identities = 16/16 (100%) :
Strand = Plus / Plus
20
Query: 1 acctccctecgeggag 16

LEHTHEETTET

Sbject: 1 acctecctcegeggag 16

25  >gil1 8590091 }ref{XM_(085882.1| Homo sapiens similar to transforming growth factor, beta 1
(H. sapiens) (LOC147760), mRNA
Length = 697

Score = 32.2 bits (16), Expect =1.1
30  Identities = 16/16 (100%)
Strand = Plus / Plus
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Score = 32.2 bits (16), Expect = 1.1 30 ldentities = 16/16 (100% Strand =
Plus / Plus 71 WD 03/106672 PCT/JP03/07514 (Query: 1 acctccctccgcggag 16
111111111whl@Bhdds72 Shj ct: 7 acctccctccgecggag 22 5 >g 1. 14 pAMBE3/07s14 3' %
008912. 1 Hono sapiens transform ng growh factor, beta 1 (TG-Bl), nRNA
Length = 2741 10 Score = 32.2 bits (16), Expect =1.1 ldentities =16/16
(100% Strand = Plus / Plus Query: 1 acctccctccgcggag 16 15
11111112111111111 Sbjct: 1 acctccctccgecggag 16 Dat abase: All
GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS, or phase 0, 1 or 2
HTGS sequences) 20 Posted date: Apr 9, 2002 10:59 AM Nunber of letters in
dat abaSuery1 1 psotcadier288208 Iunber of sequences in database: 1,205,903 Lanbda
KH1. 37 0. 7&1)[]}&@%&\ m‘:l |Gapped Lanbda KH 1.37 0.711 1.31 Matrix: blastn

matrix:1 -3 ties: Existence: 5, Extension: 2
Sbjct: 7  acctecctecgeggag 22

>gil11424057}ref20M._008912.1] Homo sapiens transforming growth factor, beta 1 (TGFBL1),
mRNA
Length = 2741

10  Score = 32.2 bits (16), Expect=1.1
Identities = 16/16 (100%)
Strand = Plus / Plus

Query: 1 acctcectecgeggag 16

15 A
Sbjct: 1  accteccteccgeggag 16

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,
or phase 0, 1 or 2 HTGS sequences)

20 Posted date: Apr 9, 2002 10:59 AM
Number of letters in database: 1,002,800,820
Number of sequences in database: 1,205,903

Lambda K H
1.37 0711 131
25  Gapped
Lambda K H
137 0711 1.31
Matrix: blastn matrix:1 -3
Gap Penalties: Existence: 5, Extension: 2
30 Number of Hits to DB: 6901
Number of Sequences: 1205903
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30 Nunmber of Hits to DB: 6901 Nunber of Sequences: 1205903 72 WD 03/ 106672
PCT/ JP03/ 07514 Nunber of extensions: 6901 Nunber of successful extensions:
1479 Nunmberosobeeequences better than 10.0: 16 |ength of rmerry3/07s64 5

| engt h of database: 5,297,768,116 effective HSP |ength: 15 effective

| ength of query:1 effective |ength of database: 5,279,679,571 effective
search space: 5279679571 10 effective search space used: 5279679571 T: O
A 30 X1: 6 (11.9 bits) X2:15 (29.7 bits) 15 Si: 12 (24.3 bits) S2:15
(30. 2 BYymher of exfengionsordBl1: NM 000660. Honp sapi ens Rel ated Sequences,

OMM R i i ram .. i :10863872] Taxonony, |Tni STS, Li nkQut
LOCUS rﬁﬁ%@é@@s‘g&}%ﬁ%ﬁ&tﬁ‘g@sl Iﬁ{ﬂgar PR 13- FEB-2002 20 DEFI NI TI ON Hono
sapi enNumbarsf erquemgs betenttanfloot 96, beta 1 (Canurati - Engel mann di sease)

(TGFB1), mRNA ACCESSI ON NM 000660 VERSI ON NM 000660. 1 G : 10863872
KEYWORDEEth géq@d(ﬁgE human.

length of database: 5,297,768,116
effective HSP length: 15
effective length of query: 1
effective length of database: 5,279,679,571
effective search space: 5279679571
10  effective search space used: 5279679571
T:0
A:30
X1:6 (11.9 bits)
X2:15 (29.7 bits)
15 S1:12 (24.3 bits)
S2:15 (30.2 bits)

Top of Form

1: NM_000660. Homo sapiens Related Sequences, OMIM, Protein, Pubh
tran...[gi:10863872] Taxonomy, UniSTS, LinkOut

LOCUS  NM_000660 2745bp mRNA linear PRI 13-FEB-2002

20 DEFINITION Homo sapiens transforming growth factor, beta 1 (Camurati-Engelmann
disease) (TGFB1), mRNA.
ACCESSION NM_ 000660
VERSION NM_000660.1 GI:10863872
KEYWORDS
25 SOURCE human.
ORGANISM Homto sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;

Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo.
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ORGANI SM Honpo sapi ens Eukaryota; Metazoa; Chordata; Craniata; Vertebrata;
Eutel eostom; Mammualia; Eutheria; Primates; Catarrhini; Hom ni dae; Hono.
73 WO 03/ wooBnaedCT/ JP03/ 07514 REFERENCE 1 (bases 1 to 2M3F)JPAMIHORS
Derynck, R, Jaffett,J. A, Chen,E Y., Eaton,D.H, Bell,J.R, Assoian, RK,
Roberts, A.B., Sporn, M B. and Goeddel,D.V. TITLE Human transform ng growth
factor-beta conpl enentary DNA sequence 5 and expression in normal and
transforned cells JOURNAL Nature 316 (6030), 701-705 (1985) MEDLINE
8529630RERERENEKCE (bagdsdste@745)t 0 2745) AUTHORS Sporn M B., Roberts, A B.,

Wakefi el ar owt h factor-beta:
bi ol ogi c &PJFFMnc%alqgeﬁﬁgbngit aﬁf}t?ﬁr é&?ﬁj%%ﬂ R%&@]Jggl ence 233 (4763),

532- 534 (198&3soiahfRX], Nﬁbaﬁ%m@oﬁmana%zmmﬁ REFERENCE 3 (bases 1 to
2745) A Matti son, ., Pratt,N., Zhao,Y. and Lee, C

S :
TI TLE o B g‘]fa‘ﬁg ﬁ@?%feltf’élflg E&W%F?CHF bétar?@mlemeﬂ%%lﬁﬁ%gergﬁ owt h

f actsor - bet al g §6h ihlnBfralRh @ ti8hdtoht@lceiNi bi ts tunmor necrosis  factor
cytotOX| city 20 JOURNAL Bi ochem Biophys. Res. Comrun. 253 (3), 743-749

(1998) NNE 9@&&9@1769(69313&@1 -D¥1E@98Y REFERENCE 4 (bases 1 to 2745)
AUTHCRS ?% ita,Y., Yoshida, K, N shinmura, G, Fukushima,Y., 25
Wakui , eg avva amada, K Kondo, S. , Niikawa, N. and Tomta, H.

REFERENCE 2 (bases 1 to 2745)
AUTHORS Sporn,M.B., Roberts,A.B., Wakefield,L.M. and Assoian,R.K.
10 TITLE Transforming growth factor-beta: biological function and chemical
structure
JOURNAL Science 233 (4763), 532-534 (1986)
MEDLINE 86261803
PUBMED 3487831
15  REFERENCE 3 (bases1 to 2745)
AUTHORS Chang,N.S., Mattison,J., Cao,H., Pratt,N., Zhao,Y. and Lee,C.
TITLE Cloning and characterization of a novel transforming growth
factor-betal-induced TIAF1 protein that inhibits tumor necrosis
factor cytotoxicity
20 JOURNAL Biochem. Biophys. Res. Commun. 253 (3), 743-749 (1998)
MEDLINE 99119079
PUBMED 9918798
REFERENCE 4 (bases 1 to 2745)
AUTHORS Ghadami,M., Makita,Y., Yoshida,K., Nishimura,G., Fukushima,Y.,
25 Wakui,K.,, Ikegawa,S., Yamada,K., Kondo,S., Niikawa,N. and Tomita,H.
TITLE Genetic mapping of the Camurati-Engelmann disease locus to
chromosome 19q13.1-q13.3
JOURNAL Am.J. Hum. Genet. 66 (1), 143-147 (2000)
MEDLINE 20100617
30 PUBMED 10631145
REFERENCE 35 (bases 1 to 2745)
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TI TLE Genetic mapping of the Canurati-Engel mann di sease | ocus to

chronosone 199g13.1-913.3 JOURNAL Am J. Hum GCenet. 66 (1), 143-147 (2000)
VEDLI NE 2000361066730 PUBMVED 10631145 REFERENCE 5 (bases 1 rax/@es&)144 WO
03/106672 PCT/JP03/07514 AUTHORS Vaughn, S.P., Broussard,S., Hall,C R,
Scott, A, Blanton,S.H, MIlunsky,J.M and Hecht,J.T. TITLE Confirmation of
the mapping of the Canurati-Englemann locus to 199g13.2 and refinement to a
3.2-cMregion 5 JOURNAL Cenomics 66 (1),119-121 (2000) MEDLI NE 20304762
PUBMED ETHORSA VaRERERENBE Gsitfs 5l IC.Ro S20UB), BWHHORELLI m J. M, Kim

J. A, Lee, n Q0 O TITLE Downregul ated expression of integrin
al pha6 by t\r]hglr;'u X 9M] angﬁgﬁkﬁh”lf actor-beta(l) on lens epithelial cells in

vitro JCURNBL Bbmﬂim&ttanfthBh)a'pme@sthe@hﬁ’ﬁﬂml—Eﬂ émérdn loci3o41 (2001) ~ MEDLI NE
21268957 PUBNED 11374867 15 COMVENT PROVI SI ONAL REFSE : This record has not
yet been sub8&t %agdrelinementiom;3-4-6¥i 168100 The ref erence sequence was deri ved

from XO%@@RN-AL Gggeq;[fggeg@(lgop@tm@@@l ifiers source 1..2745

/ or gani snE" Honb sapi ens 0 /db xref 2"t axon: 9606" / chr onosone="19"
/ map="199EBLINE ’0304’762 ,

PUBMED 10843814
REFERENCE 6 (bases 1 to 2745)
AUTHORS Lim, J.M.,, Kim, J.A,, Lee, J.H. and Joo, C.K.
10 TITLE Downregulated expression of integrin alpha6 by transforming growth
factor-beta(1) on lens epithelial cells in vitro
JOURNAL Biochem. Biophys. Res. Commun. 284 (1), 33-41 (2001)
MEDLINE 21268957
PUBMED 11374867
15 COMMENT PROVISIONAL REFSEQ: This record has not yet been subject to final
NCBI review. The reference sequence was derived from X02812.1.
FEATURES Location/Qualifiers
source 1..2745
/organism="Homo sapiens"
20 /db_xref="taxon:9606"
/chromosome="19"

/map="19q13.1"

gene 1..2745
/gene="TGFB1"
25 /note="TGFB; DPD1; CED"

/db_xref="LocusID:7040"
misc_feature 37.113
/note="pot. hairpin loops-forming region"
30 variation 72
/allele="-"
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ene 1..2745 /gene="TGFB1" 25 /note="TG-B; DPD1; CED' /db

xref="LocuslD: 7040" /db _xref= "M M 190 A 80" m sc feature 37..113

/ not e=" powo @3a06qen | oops-form ng region" 30 variation 72dTaipogbssl-" 75
WD 03/ 106672 PCT/JP03/ 07514 /allele="C" /db xref="dbSNP: 1800999"
variation 79 /allele="-" 5 /allele="C" /[db xref="dbSNP: 179975 3" CDS
842..2017 /[gene="TGFB1" /note= "transform ng growh factor, beta 1;

di aphyseal 10 dysplasia 1, progressive (Canurati-Engel mann di sease)”

/[ codon start=l /hude=xCef ="LocuslD: 70440" /db xref="M M 1.90180" /product=
“transformng growh factor, y, 1 15 (Canurati-Engel mann di sease)”

[ protein-id=" NP oS 4QSNP‘M§&E'ef ="d:10863873" /translation=" I\/P?DS
GLRLLPLLLBLELWLL VLAPGPPAAG.STCKTI DVELVKRKRI EAI R 20

GQ LSKLRCASPPSQGEVPPGPLPEAVL AL YNSTRDRVAGESAEPEPEPEADYYAKEY

TRVLMVETHNE! YDKBEKDSTHSI YMFFNT SEL REAVPEPVLL SRAEL RLLRRLKLKVE

5 /allele="C"

/db_xref="dbSNP:1799753"
842..2017

/gene="TGFB1"

0
)
n

['..

/mote="transforming growth factor, beta 1; diaphyseal
10 dysplasia 1, progressive (Camurati-Engelmann disease)"
/codon_start=1
/db_xref="LocusID:7040"
/db_xref="MIM:190130"
/product="transforming growth factor, beta 1
15 (Camurati-Engelmann disease)"
/protein_id="WNP_000651.1"
/db_xref="GI:10863873"

/translation="MPPSGLRLLPLLLPLLWLLVLTPGPPAAGLSTCKTIDMELVKRKRIEAIR
20 GOQILSKLRLASPPSQGEVPPGPLPEAVLALYNSTRDRVAGESAEPEPEPEADYYAKEV
TRVLMVETHNEIYDKFKQSTHSIYMFFNTSELREAVPEPVLLSRAELRLLRRLKLKVE
QHVELYQKYSNNSWRYLSNRLLAPSDSPEWLSFDVTGVVRQWLSRGGEIEGFRLSA
HCSCDSRDNTLQVDINGFTTGRRGDLATIHGMNRPFLLLMATPLERAQHLQSSRHRR
ALDTNYCFSSTEKNCCVRQLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDT
25 QYSKVLALYNQHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS"
(SEQ ID NO: 77)
misc_feature  863..910
/note="pot. core sequence of signal peptide (aa -272 to
257"
30 variation 870
/allele="C"
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QHVEL YQKYSNNSWRYL SNRLLAPSDSPEW.SFDVTGVWRQW.SRGGEI EGFRLSA

HCSCDSRDNTLQVDI NGFTTGRRGDLATI HGVNRPFLLL MATPL ERAQHL QSSRHRR
ALDTNYCFSSTEKNGTRQL Y| DFRKDL GAKW HEPKGYHANFCLGPCPYI WELDT 2 T/JP03/07514
QYSKVLAL YNQHNPGASAAPCCVPQALEPLPI VYYVGRKPKVEQLSNM VRSCKCS" (SEQ ID NO 77)
m sc feature 863..910 /note="pot. core sequence of signal peptide (aa -272
to -257)" 30 variation 870 /allele="C'" 76 WD 03/106672 PCT/JP03/ 07514
[allele="T" /db xref="dbSNP: 1982073" variation 915 /allele="C" 5
[allele="G' [dhleleeT* "dbSNP: : 1. 800471 " mi st feature 938..1600

/ not e="TGFb_propepti de; ion.. TG beta propeptide" msc feature 953 10
/ note="pot. al t/gll’-rﬁre%?‘g?gﬁgjfﬁ&ﬁl%t art site" msc feature 1035..1043

/ not e=" pyt,in@hyCcosis ation site" mst feature 1247..1255 /note="put.

gl ycosylatron site” 15 m st feature 1370..1378 /note="put. glycosylation
site" variatioplde3L" allele="C"

5 /allele="G"
/db_xref="dbSNP:1800471"
mise_feature 938..1600
/note="TGFb_propeptide; Region: TGF-beta propeptide”
mise_feature 953
10 /note="pot. altern. translation start site"
misc_feature  1035..1043
/note="put. glycosylation site"
mise feature 1247..1255
/note="put. glycosylation site"
15 misc_feature 1370..1378
/note="put. glycosylation site"
variation 1632
/allele="C"
/allele="T"
20 /db_xref="dbSNP:1800472"
mat_peptide 1679..2014
/product="mature TGF-beta (aa 1-112)"
misc_feature 1715..2014
/note="TGF-beta; Region: Transforming growth factor beta
25 like domain"
misc_feature 1721..2014
/note="TGFB; Region: Transforming growth factor-beta
(TGF-beta) family"
misc_feature  2018..2096

30 /note="GC-rich region"
promoter 2097..2103

77



[allele="T" 20 /db xref="dbSNP: 18004. 72" mat -peptide 1679..2014 /product=
"mature TGF-beta (aa 1-112)" mst feature 1715..2014 /note="TG - bet a;

Regi on: Twansfio6aTeng growt h factor beta 25 |ike domai n" mcarIPheetsw e
1721..2014 /note="TGB; Region: Transform ng growh factor-beta (TG beta)
famly" msc feature 2018..2096 30 /note="GC-rich region"” prorQef
2097..2103 77 WD 03/106672 PCT/JP03/07514 [/ note="TATA-box-Iike regi on"

m sc feature 2517..2522 /note="put. pol yadenylation signal" polyA site
2539 5 /not e= " poleyamamxlaixilike regibe” BASE COUNT 527 a 938 ¢ 801 g 479 t
ORIG@ N 1 acctccctcc _gcggagcagc cagacagcga gggccccggc cgggggcagg ggggacgccc
61 cgtcc@é@@t‘fﬁ‘&%c@ég%%zgct ct gagcc gcccgcgggg ccggectcgg cccggagegg 10
121 aggaaggagt ﬁg&gwqﬁgyag@lg}qﬁfog@%apcccagagtc t gagacgagc cgccgccgec 181
cccgeccactg cggggaggag dgggaggagg agcgggagga gggacgagct ggtcgggaga 241
agaggaaagalydaeite t t 24P acttttccgt tgccgectggg agccggaggce gcggggacct 301

cttggcgcga cgctgegee ca.ggacttgggg accccagacc gcctcccttt 361
gccgccgggg acgc/tg?%(?t@ﬂga%%g%g%c%eccct acacgg cgtccctcag gcgcccccat 15 421

t ccggamASE COUNTIgg5QY 4 B8 ga®0L gggidéttcccge aaagactttt ccccagacct
ORIGIN

1 acctcectec geggageage cagacagega gggecceggce cgggggcagg ggggacgece
61 cgtecgggge accecececg getctgagee geeegegggg ceggectegg cecggagegg
10 121 aggaaggagt cgccgaggag cagectgagg ccceagagtc tgagacgage cgeegeegee
181 ccegecactg cggggaggag ggggaggagg agegggagga gggacgaget ggicgggaga
241 agaggaaaaa aacttttgag actittccgt tgecgetggg agecggagge geggggacct

301 cttggegega cgetgeeceg cgaggaggea ggacttgggg accccagace geeteecttt
361 geegeegggg acgettgete ceteectgee cectacacgg cgieeetcag gegeeeccat
15 421 tccggaccag cectegggag tcgecgaccee ggectececge aaagactttt cceccagacct
481 cgggcegcacc cectgeacge cgecticate cceggectgt ctectgagee ceegegeate
541 ctagaccctt tctectecag gagacggatc tetctcegac ctgecacaga teccetatte
601 aagaccaccc accttctggt accagatcge geccatctag gttatttceg tgggatactg
661 agacacccece ggiccaagee tceecticcac cactgegecc ttctecetga ggagecteag
20 721 ctttcectcg aggecctect accttttgee gggagaccee cagecectge aggggeggeg
781 ccteeccace acaccagece tgttegeget cteggeagtg ceggggggeg cegectecee
841 catgcegecc tecgggetge ggetgetgee getgetgeta cegetgetgt ggetactggt
901 gctgacgect ggececgeegg cegegggact atccacctge aagactatcg acatggagcet
961 ggtgaagcgg aagcgcatcg aggecatceg cggecagate ctgtecaage tgeggetege
25 1021 cagceecceg agecaggggg aggtgeegee cggeecgetg ceccgaggeeg tgetegeect
1081 gtacaacagc acccgegacc gggtggeegg ggagagtgca gaaccggage cegageetga
1141 ggecgactac tacgccaagg aggicacceg cgtgetaatg giggaaacee acaacgaaat
1201 ctatgacaag ttcaagcaga gtacacacag catatatatg ttcticaaca catcagagct
1261 ccgagaagcg gtacctgaac cegtgttget cteccegggea gagetgegtc tgetgaggag
30 1321 gctcaagtta aaagtggage agcacgtgga getgtaccag aaatacagea acaattectg
1381 gcgataccte agcaaccgge tgetggeace cagegactcg ccagagtggt tatcttttga
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481 cgggcgcacc ccctgcacgc cgccttcatc cccggectgt ctcctgagcc ccccagecgtc 541
ctagaccctt tctcctccag gagacggatc tctctccgac ctgccacaga tcccctattc 601
aagaccaccwoamsanéaor ggt accagatcgc gcccatctag gttatttccg t gggarmwos/grs1661
agacaccccc ggtccaagcc tcccctccac cactgcgeccc ttctccctga ggagecctcag 20 721
ctttccctcg aggccctcct accttttgcc gggagacccc cagcccctgc aggggcgggg 781
cctccccacc acaccagccc tgttcgeget ctcggcagtg ccggggggcg ccgectccece 841
catgccgccc tccgggcetge ggctgectgec getgetgecta ccgetgetgt ggctactggt 901

gct gacgccli44g gpicaggeatetageoagnisag tatgmebggasangagisatiicgecacat ggaget - 961

ggt gaagc a catc ccatccg cggccagatc ct tccaa Cc tgcggctcge 25 1021
cagccccc%&oié‘gg@ %Ctﬁg% é’g‘*&e&éggﬁéag%é‘@gtﬁﬁa%t& gﬁf gtgct cgccct 1081
gt aCaaCa%@%’ﬁ&ﬂ&gg@@g&%:gg%éﬁgccﬁgéﬂﬁﬁfgg@@t %@gg&gﬁﬁfg&CQaQCCt ga 1141
ggccgactac tacgccaagg aggtcacccg cgtgctaatg gt ggaaaccc acaacgaaat 1201

ct at gacaakp2i tefeaiggca gaccgeist e ggscongatciacat EalecegEIERRERSt cagaget 1261

ccgagaag jogctgaggag 30 1321

gct ?gagt 1(::155115 82E&gfg%%gﬁ%cg%g%@&g%gg{gégaﬁg?%%gc C a%“ tg%ggcta%%& & acaatt cct g 1381

03/ 106672 POV, 108 0751 E 44T, Lal Chcoann .t ot 4oaas q! a0t { gagccgt 0ga0
ce ggttgag ccgtggaggg

gaaat t gagdOdEMITERE SIBEEST Ko ERe L o r T LearY SO YERhgga taacacacty

caagt ggacisel capege thcaa &&g& ataaset BHCpoaic S8 coaalgdt detlcgaacac cattcatggce

at gaaccggc ctttcct gct 1 tctcatggcc accccgetg g agagggecca geat ct geaa
agct cccg &W@€C§t&cﬁ‘8ﬂlt°g:té‘ta§'§§6%€%“ﬁﬁéi‘g&€'%aéég 1%8e%fge%iccac ggagaagaac

t gcffpggcot gy gtgg&_;gtc gaa gtggatccac
gagcccaag% g%f%g%té%tg%c t%é&]cc a ct g% %%ché}gg%%t g géé':g %cat tt ggagcctg
gacacgcagil4d ceeggargggiccegrg@ac e%%cmcgcgcwadg@@gtgg&gmf@%ggg cgcct cggeg
gcgccegt g t c tacta cgtgggccge
aagcccaag‘; ?%9“ %%g%?‘gi%gi”éﬁ?&é?%égg‘%g%aét%g?% gg %gggctgg%aagtg cagct gaggt
cccgccccgn6¢eﬁ:gﬁgtgcgmtgg@igdH:tgcagmaa@gmcommgnma:eamegncccgc ‘ccecegcetgec

ttgcccat g C tatt 2101 t aaggacacc %t ﬂccccaa% cccacctggg gccccat taa
agat gg ag% 3%& céccﬁgctctctg cctecteetg Tetgtetgea Tlatieettt geccggeate

- 15 2281 aaggcacagg ggaccagtgg ggaacactac tgtagttaga tctatttatt gagcaccttg -
2341 ggcactgttg aagtgcctta cattaatgaa ctcattcagt caccatagea acactetgag .
2401 atggcaggga ctctgataac acccatttta aaggttgagg aaacaagcce agagaggtta
2461 agggaggagt tcctgeccac caggaacctg ctttagtggg ggatagtgaa gaagacaata
2521 aaagatagta gttcaggcca ggeggggtec tcacgectgt aatcctagea cttttgggag
20 2581 gcagagatgg gaggatactt gaatccagge atttgagacc agcctgggta acatagtgag
2641 accctatctc tacaaaacac tittaaaaaa tgtacacctg tggtcccage tactctggag
2701 gctaaggtgg gaggatcact tgatcctggg aggtcaagge tgcag
/!
(SEQ ID NO: 76)
25 Bottom of Form
Revised: October 24, 2001.

Blast search in NCBI database using some tags from Example 6. Only the hit with the highest
score is shown:
30

Tag sequence for query:
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2161 atctctgtgt cattgggcgc ctgcctgggg tctccatccc tgacgttccc ccactcccac
2221 tccctctectce tecectetetg cctectectg cectgtctgeca ctattccttt gecccggecatc 15
2281 aaggeacsggggaccagt gg ggaacactac tgtagttaga tctatttat tp@apozaemsida g 2341
ggcactgttg aagtgcctta cattaatgaa ctcattcagt caccatagca acactctgag 2401
at ggcaggga ctctgataac acccatttta aaggttgagg aaacaagccc agagaggtta 2461
agggaggagt tcctgcccac caggaacctg ctttagtggg ggat agt gaa gaagacaata 2521
aaagat agta gttcaggcca ggcggggtgc tcacgcctgt aatcctagca cttttgggag 20 2581
gcagaggiragTeaasetpcroaaatetagge attt gagacc agcectgggta acatagtgag 2641
accctatctc tacaaaacac ttttaaaaaa tgtacacctg tggtcccagc tactctggag 2701
gct aaggt gg gaggat cact tgatcctggg aggtcaaggc tgcag (SEQ ID NGO 76) 25
BottonkQSLItForm Revi sed: COctober 24, 2001. Bl ast search in NCBI database
using sone tags from Exanple 6. Only the hit with the highest score is
shown: 30 Tag sequence for queryScor® WO 03/ 106672 PCT/ JP03/ 07514

GI GCGIGT GGT Result: . .Score E 5 Seque duci ng significant
al %%W?.‘Cef Bi'%gﬁmg/ﬁ]lgﬂgm?ﬁfggqmqﬁs’j SU | _@ﬁ%&ﬁﬁ%s nuscul us BUP (bup)
gene, conplet... A-0. 0.007 11 gii 24430261 Nenbl. AL928680.51 Mouse DNA

sequence fromclone R .. 40 0.007 i 22'797896 enh ATT(; & 1.29J Human DNA
sequengiRof el daid. 1] Mys roisgys BYB (ip) evas-0mplety: 40 G007 1 s nuscul us

BUP ( b&&h4ﬂ%§[ﬁﬂ}%ﬁ(®i@%§0.§jdﬁou§e DNAReqbnce k&0 LheR.2048 0.007
2il22797896]emblAL.158211.26| Human DNA sequence from clone ... 40 0.007

10

Length = 2022

7 >giesseglebls54914.1] ¥ Mus musculus BUP (bup) gene, complete cds

Score = 40.1 bits (20), Expect = 0.007
15  Identities = 20/20 (100%)
Strand = Plus / Plus

Query: 1 gtggtgtgcgtgtcgaaggt 20
20 LEEEEECEEETHELT
Sbjct: 968 gtggtgtgcgtgtcgaaggt 987

25 1" >gip4430261)emb|ALI28680.5] # Mouse DNA sequence from clone RP23-396N6 on

chromosome 2, complete
sequence
Length = 217726

30  Score = 40.1 bits (20), Expect = 0.007
Identities = 20/20 (100%)
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Score = 40.1 bits (20), Expect = 0.007 15 Identities = 20/20 (100% Strand
= Plus / Plus Query: 1 gtggtgtgcgtgtcgaaggt 20 20 111111111211121111111

Shj ct: 96%0i3ggéqgLgcgt gt cgaaggt 987 25 >~g. ., PCT/JP03/07514
~..443{) 261j enbAf, 9268{).51{).SI 0 Mouse DNA sequence from cl one RP23-396N6
on chronosone 2, conplete sequence Length = 217726 30 Score = 40.1 bits
(20), Expect = 0.007 ldentities = 20/20 (100% 80 WD 03/106672

PCT/ JP03/ 07514 Strand = Plus / Plus Query:1 gtggtgtgcgtgtcgaaggt 20 5
111111%43dd 1 PhkIPldkl Sbj ct: 19552 gtggtgtgegt gt cgaaggt 19571 10 >gi A _i b
U58211.291 ' Human DNA sequence from clone RP11-573G6 on chronosone 10,
conpl ete sequence Length = 138094 15 Score = 40.1 bits (20), Expect =
0.007 ldentities = 20/20 (100% Strand = Plus / Plus 20 Query: 1
gtggtgtgcgtgtcgaaggt 20 [I1LIELETEILET T EIIITT Shjet: 71390

gt ggt gQgeayt bt cogtagigtecgtbtt@saggb2dag sequence for query: GACGCGGAAGGCGCGEECGEC

5 HLEECLETEETTT
Sbjct: 19552 gtggtgtgcgtgtcgaaggt 19571

{ Human DNA sequence from clone RP11-573G6

10 ¥ >gil2797896lemblAL158211.29] §
on chromosome 10, complete

sequence

Length = 138094

15  Score =40.1 bits (20), Expect = 0.007
Identities = 20/20 (100%)
Strand = Plus / Plus

20 Query:1  gtggtgtgcgtgtcgaaggt 20
A

Sbjct: 71390 gtggtgtgcgtgtcgaaggt 71409

25  Tag sequence for query: GACGCGGAAGGCGCGGCGGC
Result:
Score E
Sequences producing significant alignments: (bits) Value

30 bIBC048682.1] Mus musculus, dystrobrevin bindi... 40 0.007 58
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Result: Score E Sequences producing significant alignnents: (bits) Value 30
gl 1289135181 1BC048682. 1.1 Mius nuscul us, dystrobrevin bindi... 40 0.007 81
WO 03/ 106@003AGd¢73 P03/ 07514 > 2891351 b BC048682.].1 Mis raIsrpod/os)4
dystrobrevin binding protein 1, clone |MAGE 6515997, nRNA, partial cds
Length =1384 5 Score = 40.1 bits (20), Expect = 0.007 Identities = 20/20
(100% Strand = Plus / Plus 10 Query: 1l gacgcggaaggcgcggcggce 20
1111111211211111112111 Shjct: 36 gacgcggaaggcgcggcgge 55 15 Exanple 7:

Mappi ngyiekopisiepdiprnagsdln Hhass n0sdufe, gpaobevia bty mpedi f.icnsequence tags
obtai ned as describe in this Exanple can be used to identify transcribed
regi ons wi IMAGEEHSALE mMRNAvpdtéH cartial or entire sequences were obtai ned.
Such a seﬁéﬁ , C ? pe performed using standard software solutions |ike NCB
BLAST ) toaftgn ﬁe 5' end specific sequence tags to genomc 20 (IIltfi
_(Jr--r.tl,n]nl.nh.;a_c,13 STJ sequences. In the case of |arge genones |ike

those fromh . I r it may be necessary to extend the initial
seqﬁen OTerﬁ%ﬁg’ﬁ@S’@STﬁ‘g%?ﬁVrom concatenmers. The use of extended
sequenqgsniiict 2W8/20q10@yOr e precise identification of actively transcribed
regions in the genone.” 25 In another exanple 5 end tags from concateners
pr epar &drapg edtleli /Mdut o Exanples 1 and 3 were further anal yzed by mapping to
t he nouse genonme. For this exanple a library of 5 end tags was prepared
fromtotal brain of adult m ce according to Exanple 1 and from 17.5 days
whol e enbryos from nouse according to Exanple 3. Tag sequences were

Obi(? ! n?)qlelfyr: ?néacgcggaaggcgcggcggc 20
LELECEEEEETLEE T

Sbjct: 36 gacgcggaaggegeggcgec 55

15  Example 7: Mapping of 5* end specific tags to the genome

5’ end specific sequence tags obtained as describe in this Example can be used to identify
transctibed regions within genomes for which partial or entire sequences were obtained. Such
a search can be performed using standard software solutions like NCBI BLAST

20 (mlp_;/j_\_yymz,ggbj,n]_m_._nikg,ggy[_ﬁi_l,ﬁ{;&ﬂ) to align the 5” end specific sequence tags to genomic
sequences. In the case of large genomes like those from human, rat or mouse it may be
necessary to extend the initial sequence information obtained from concatemers. The use of
extended sequences allows for a more precise identification of actively transcribed regions in
the genome.

25

In another example 5’ end tags from concatemers prepared according to Examples 1 and 3
were further analyzed by mapping to the mouse genome. For this example a library of 5° end
tags was prepared from total brain of adult mice according to Example 1 and from 17.5 days
whole embryos from mouse according to Example 3. Tag sequences were obtained from

30 sequence reads by computational means as described in Example 5. Sequence tags were
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30 sequence reads by conputational nmeans as described in Exanple 5.
Sequence tags were 82 WO 03/106672 PCT/JP03/ 07514 napped to the nouse
genormre W Wo @/méi7eshol d of at | east 18 bp matches and usi ryrTpEPaabsies for
m smat ches or gaps. The table given bel ow sunmari zes the results: Type #
Tags Used Mapped Single Site Redundancy Exanple 1 8,624 5,185 4,308 3,401
Exanple 3 3,005 2,313 1,836 283 5 Statistical analysis and conparison to
know genes indicated that about 89% of the sites are nost likely true
start smadpped fthd maﬁsecgehcprhé oith afx@stplldoBit legstdBibptmaetics andihsisg penaftieS' end
sequen eta 0 5 en %encet S obtalne&]fr%ﬂgthe sanme plurality of
‘P\”HIS ‘Fsé’r&apsn 5\ SESnPeIFY SHRAAss Sthe same cDNA library
can be anal yzed by a standard software solution like. NCBI BLAST (http:
/wtivwnchi,nlmnili,gov/BIAST/) to identify non-redundant sequence tags
as de<d?‘}’lpbe in Ex%l#ﬂ"aésslsedﬁdl Mﬁﬂ?%on-r%ﬂﬂﬁ@&ﬁt squ@fh’é’éaItCé(gs cap then be
i ndi virchzad cotm ard—fuor anatyg tie Y rbutTomof each
non-re?t gir/?tl t ag 'ltgb%i'f'he t ot al 5§§5nunbe 435’(% aII t ags ’o%% ai ned fromthe sane
sanpl ¢ Eximglecont r il Bioson of an2j3ndi vi dugd,83(ag to the8Xotal nunber of all
tags should allowlfor a quantification of the transecripts—in-aphurality of
MRNAs in the sanple or a cDNA |ibrary. The results obtained in such a way
on sndigeldyah anﬁ?sqg)z{n‘a%oﬁ%p BrildR b ﬁﬁm 8Enes MA@ Miabbut o dahe SRk areobt ai ned
fromother sanples to compare their expression patterns. 20 Exanple 9:
| dent i miastlikadytred stent sitesof irpascoptagn. st art sites 5 end specific sequence
tags, which could be mapped to genom c sequences, allow for the
identification of regulatory sequences. In a gene the DNA upstream of the
5' end Bxhmpk & Sauistical frendysisaefiSO asd segualckyagenconpasses nost of the regul atory
el enments, which are used in the control of gene expression. These
regul atory sequences can be further analyzed for their functionality by

se3apches chds aén%b SbtaiMal Gl vak darhhIaralBt fOARINAs i Hghinkide 61 hRtkeid 4id 83 WO

03/ 106672 PCT/ JPO3 07514 . L
fragments within the same cDNA library can be analyzed by a standard software solution like.

NCBI BLAST (hitp://www.ncbinlmaibh.gov/BLASTY) to identify non-redundant sequence

tags as describe in Example 5. All such non-redundant sequence tags can then be individually
counted and further analyzed for the contribution of each non-redundant tag to the total

15  number of all tags obtained from the same sample. The contribution of an individual tag to
the total number of all tags should allow for a quantification of the transcripts in a plurality of
mRNAs in the sample or a cDNA library. The results obtained in such a way on individual
samples can be further compared with similar data obtained from other samples to compare
their expression patterns.

20

Example 9: Identification of transcriptional start sites

5’ end specific sequence tags, which could be mapped to genomic sequences, allow for the
identification of regulatory sequences. In a gene the DNA upstream of the 5’ end of

25  transcribed regions usually encompasses most of the regulatory elements, which are used in
the control of gene expression. These regulatory sequences can be further analyzed for their

functionality by searches in databases, which hold information on binding sites for
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transcription factors. Publicly avail abl e databases on transcription factor
bi nding sites and for pronoter analysis include: Transcription Regulatory
Regi on Dawabasiecd7IRRD) (http: /i wwn-cge bi onet nsc.ru/ ng@ad/irayesis rrd4o 5
TRANSFAC (ht.tp://trransfac. gbf.de,' TRANSFAC/) TFSEARCH

(htt)://www. cbrc.jp/research/ (|l b, TFSEARCH htm ) Pronoterl nspector provide
by Genomatix Software (http://ww. genomati x.de/) Exanple 10: C oning of
full-length cDNAs using information derived fromb5' end sequence 10 tags
Sequenaenidiipaonraitions) Pdelidly shilhbsle dutabsecantaisergion faaor tinding sitts aod By nt hesi ze
specific priners for the cloning of full-length cDNAs. In such an

appr oaPROMPtERAIRLSIS d¥d¥eder i ved froma given 5 end specific tag can be
used tqwrggsgﬁlg{bnq{ef Qfa%?ﬁeﬁbh'ﬂ?afab‘é@%ﬁ)e choi ce of 15 the reverse priner
woul d be dependentg on the tenpl ate Used in the anmplification reaction.
Anpl i f i(kigg:lwwwimgsbionebadoywinessbaseRiirdd/y eacti on (PCR) can be performed using
a genpﬁﬁ%]gsggéi% d lg fL. ch]lc%f{‘M\fS gf RNA obt ai ned from a bi ol ogi cal
sanpl e ‘and an oI( go-dfT  prrn Thefirst step the oligo-dT priner and a
r ever s FRSBARCH (iphasewarcbraipeekehoh/AyATREARIE.hanly DNA pool . In the second

t f d pri i ved f 5 end ifict d an 20 oligo-dT
or | or TAPBPGUERIeF Y BIRBITE Py CRnpR % PORGER CUBHATS SHTRUOSA pool - o

Simlarly, a specific full-length cDNA can be anplified froman exiting
cDNA Iibrari/ using a forward nprinmer derived froma 5 end tag and a vector
nest ed Brapetesidy Claningt uiensth DNAs uyipg BfHRetivedepis §ehe $0f 8FIUERRE ¢l oni ng
of 19 -8 tags fromcDNA libraries 25 A plurality of cDNAs can be

anplifi froman exciting cDNA library having a recognition site for a
class Its endonucl ease at the 5° end of the inserts. The PCR products
derived, from.such..a Librar uld be f her t Lbed in the
exanpl SIHBFET gn%ogg%eﬁef%&: eég %cr?? er%elﬂ%(%m%e uté%]‘ﬁ@ y yh‘?sz%ﬁd%?:%ﬁ%nt of the
Cap st rptiziidds Br e olvniny sfFonlaiganeDNAs. Ihanchrg appohets shel sequenee dgriviedi on site 84
WD 03/ 106672, PCT/ JP03/ 07514 A ch\éﬁ/ RNA.Qlybtri d enconpas [ ple} thhe 5'f end of
an i ni tioRr 2 givaRs cPidpiPeeilif tageap Be HicHde depen a forward primer while the choice 0 |

15  the reverse primer would be dependent on the template DNA used in the amplification

(!

reaction. Amplification by the polymerase chain reaction (PCR) can be performed using a
template derived from a plurality of RNA obtained from a biological sample and an oligo-dT
primer. In the first step the oligo-dT primer and a reverse transcriptase are used to synthesize
a cDNA pool. In the second step a forward primer derived from a 5” end specific tag and an
20  oligo-dT primer are used to amplify a full-length cDNA from the cDNA pool. Similarly, a
specific full-length cDNA can be amplified from an exiting cDNA library using a forward

primer derived from a 5° end tag and a vector nested reversed primer.

Example 11: Alternative approaches for the cloning of 5’-end tags from cDNA libraries

25
A plurality of cDNAs can be amplified from an exciting cDNA library having a recognition
site for a class IIs endonuclease at the 5° end of the inserts. The PCR products derived from

such a library would be further treated as described in the examples herein.

30 Example 12: Cloning of 5’ ends by replacement of the Cap structure by an oligonucleotide

having a class IIs recognition site
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described in Exanples 1 to 3. The Cap structure in such cDNA/RNA hybrids is
then enzymatically renoved by a hydrol yzi ng enzyne such as the T4

pol ynucl esto @aoki7mase or the 5 tobacco acid pyrophosphat aseT/®R0%0713¢4 € or
doubl e- stranded ol i gonucl eotide having a class Its recognition site is
then ligated by T4 RNA ligase to the RNA at the phosphate present at the

5" end of the de-capped nRNA. The |igated oligonucleotide will function as
a primer for the second strand synthesis follow ng the procedure given in
Exanples 1 to 3. By the use of a nodified oligonucleotide in the ligation

Thecl o RN MRSt Srbeing By Pt RontinsBicnsos B A%noflR | 11 cati on

step f odeséritsdii ERarhpleS BEES. THIET2H strhtﬁuleniowa:h DINAR WRids S théd ting to the
i nvention, the_ sanple rraterlal can be: 15 amplified by the follow ng

appr oactzZymatically |r‘?f§‘?ve§tbéf & hydpsilyping sneyme suchrsse Thpalyrusieotidpkinasges thei bed i n
Exarpl etoﬂrécc& 901&?)?}0?31588(?})18%56?%%#%15 (%igcfo\iﬁl% -sB¥ndd 0‘?1 BRI ﬁa | pgalgjceot i de

having a class ffs re I'n a secon step t orenent i oned
t enpl at cognitiomsite fiS Beh lignpedbyPLRRYME[ass orige RNgx atmplmeplpﬂt@pra@neatyhet o the

i nker I roduct..ca sed for the jnvention
as desc5?| dgf&% dt%_cap l%g ﬁﬁﬁésme h@g%&% ieo&ge@}bqch% ?S&Prﬁ?erg%thﬁded

5 -end mmmmmsynmdsisabllémngﬂdps@ﬂumge&nmﬁmm@dsIQfs BeERWERS can be
used to s .n (gﬁﬁl ze se nmers to obtain extended sequence

i nf or na‘PP gyuclgots clgr’rﬁl ﬂ%‘?fq?gé“g‘% YeIs b dpeRle PeRndsh CONFscapbgfiacded 12 Gene

I nagy i Vb % SDandPekd@ Ry ehd cElBﬁlhﬁfBEédﬁ@at@:ﬁéx@'aé‘&%cﬁﬁ&fﬂe’?emend speci fic sequence
tags can be used for the design of anti-sense probes or RNAi, which could

be applied in knockdown studies. 30 [ REFERENCES] 85 WO 03/ 106672

PCT/ JP g L, Vogelstein B, Kinzler KW Serial
anal ys?%éo §%g3n?ny@x%?é§§§§)n%¥§c£gﬁge 1995 Cct  20; 270(5235) 484-7 US

patent No. 5,866, 330 (SACE)

In cases where the amount of a sample is limiting to the invention, the sample material can be .

15 amplified by the following approach. In a first step a plurality of mRNAs is treated as
described in Example 11 to replace the cap structure by an appropriate oligonucleotide
having a class Ils recognition site. In a second step the aforementioned template is amplified
by a PCR step using a primer complementary to the linker and a poly-A primer. The PCR
product can be used for the invention as described in the Examples 1.

20

Example 14: Utilization of extended 5’-end sequences

Initial 5 end sequences obtained for concatemers can be used to synthesize sequencing
primers to obtain extended sequence information on the 5 end of a transcribed region.
25

Example 15: Gene inactivation

Sequence information obtained from 5’ end specific sequence tags can be used for the design
of anti-sense probes or RNAi, which could be applied in knockdown studies.

30
[REFERENCES]
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CLAII M5 1. A nmethod for preparing a DNA fragnment corresponding to a

nucl eoti de sequence of a 5° end region of an nmRNA, conprising the steps of
5 (a) preparodngeed2nucl eic acid corresponding to a nucl eot irda/PesjoBnce of
the 5° end of an nRNA;, (b) attaching at |east one linker to the nucleic
acid; (c) cleaving the nucleic acid with a restriction enzyne having its
recognition site wthin the linker and its cleavage site within the

nucl eic acid corresponding to the 5° end of 10 the nRNA;, and (d)
collecting a resulting DNA fragnedLA@viesponding to the 5 end of the
nMRNA. 2. The nethod according to claim1l1l, the length of the DNA fragnent
is about 5-100 bp. . 15 3. The nethod according to claim1l, the |length of
the RARRor | N ifpab RedcRER eugcs &f £3'ai m 1, the
Iengt[)we\b%nt?ﬂe Dl\li\blf%Pag n?ﬁgrfg%g%gh%&fsﬂ_%n{o%. 5. The method according to
cl ai m &nd wigiomeifian MRNAyedngirisingdhaisténs oft ep (a) is derived fromone 20

| ected f t he. . i, Sk . t i
Ful 7.1 ongt nCoBRenge THRERaR Y Slollinf i Phlco M seofth JRE theram, )

conpri g@sNAhe steps of: substituting a 5 cap structure of the nRNA with
an ol i gonucl eoti de; ar]d S ntg&si Zi ngna first-strand cDNA using the nRNA as
a tenpl ate (O iy leashone lmker tg fhepucleic 39¢ esponding to the 5 end of the
MRNA. 7. A gegfciyading%e RICRRASWitR a RNAidoa ehBMhe BATHgaEREDdENHIgN ke a

nucl eoti de sequence of a 5 end region of an nRNA, conprising steps of:
(a) subgthin teilinkerand ats cleayage site withip thgnusteigadcid eorrespondmegdefirc é&ﬁ ioge,
Wn%ei Bd HBN 3(311&" i gonucl eotide conprises a restriction enzyne recognition
site, an (ﬁ’eavage site of a restriction enzyne is within the nucleic
acid corr espdroileginga resviting DA dragmenteomeRadingds tha®’ es] alibe mRNA.

PCT/ JP03/ 07514 (b) synthesizing a first strand cDNA using the nRNA as a
tenpl ate; (c) synthesizing a second strand cDNA using the first stand cDNA

as a t emphaiethod ador@ihg ®vdlsigh 1 thiedsnith bNthe MNK fagmtimtidnstedt SDBAbp-t h t he
restriction enzyne; and (e) collecting a resulting DNA fragnent
corresponding to 5 end of the nmRNA

15 3. The method according to claim 1, the length of the DNA fragment is about 15-30 bp.
4. The method according to claim 1, the length of the DNA fragment are about 10-30 bp.

5. The method according to claim 1, wherein the nucleic acid in step (a) is derived from one

20 selected from the group consisting of a total RNA, an mRNA and a full-length cDNA.

6. The method according to claim 1, wherein step (a) comprises the steps of:
substituting a 5' cap structure of the mRNA with an oligonucleotide; and
synthesizing a first-strand cDNA using the mRNA as a template to produce a nucleic acid

25  corresponding to the 5' end of the mRNA.

7. A method for preparing a DNA fragment corresponding to a nucleotide sequence of a 5
end region of an mRNA, comprising steps of:
(2) substituting a cap structure of an mRNA with an oligonucleotide, wherein the
30 oligonucleotide comprises a restriction enzyme recognition site, and a cleavage site of a

restriction enzyme is within the nucleic acid corresponding to the 5° end of the mRNA;
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5 8. The nmethod according to claim1 or 7, wherein the nucleic acid in step
(a) is derived from a biological sanple, an in vitro synthesized RNA a
CcDNA | i breoys/iaedeficially created pluralities of nucl ei ecacipds)7se4 a tag
library. 10 9. The method according to claim1, wherein step (a) conprises
the steps of: synthesizing first-strand cDNAs using RNAs as a tenplate and
produci ng cDNA/ RNA hybrids of the resulting first-strand cDNAs and the
RNAs; selecting a particular cDNA RNA hybrid that has the 5 cap structure
of the mMRNA (bugsinthysizingal frsitsirprd PPNA usiesbbaRNfces ammphthpem fically

recogni zes t t C ver| ucl ei c Cld
correspondin (gf%y% t%e%ﬁfﬁgisé&g\h% rg?%ﬂgm%gfge@ asa%{% ?1g to claim
9, wherein t(dpclaamdhgei ms@lﬁngld@ﬂﬁpﬁfaﬁded dDNA@\ﬁth(tﬁé f]esﬁ*lcﬁoﬁ eildyme] &gt h CDNA,
wherein the sel ective bi u stance is attached to a support. 20 11.
The met hod a‘gl:?ﬂ%éf’tﬂf@%r&“ﬂﬁ‘ nﬁN W‘EFW‘?P‘E@%? SB‘HJp‘l’ fithe steps of:
syntshesi zing first strand cDNAs using RNAs as a tenplate and producing
cDNA/RNA hybrids of the resulting first strand cDNAs and the RNAs; and

r ecoverd-Ageaathnd asperdingiteiclein t es reig theoruclsie &id instepr()gs derivstl fole TRNA

fromt 0 im1l, wherein
step (;%ebcogpwra{lgg‘@l{’]ﬁgfds‘ﬂgog@éséesyw%é@ﬁga ﬂfﬁ?‘ﬂl& Ccf'% usi ng
RNAs asplaratigespifaticlemradids rapduag Milgraryc DNA/ RNA hybr i ds of the resulting first
strand cDNAs and the RNAs; conjugating a sel ective binding substance to a
5' cap structure of an nRNA present in 30 the RNAs; 89 WD 03/106672

PCTI/0J POR/T0¢ Sefho deedraimg itd1glain €, ﬁ%%(&)&bﬁbﬁ&s%éﬁe ofupport, wherein
anot her matchi ng .sel ective binding substance is fixed to the support, and

t he mat chi ngsyg@le%%lflg Jestsiand WA%‘EPH& RINAs ag p isanlate and BrogiGiRgs to t he

sel ecti ]@qq | eic.acid
corr espdm&rggﬁégy?%b?&gﬁﬁh Str&%ﬁ&%b amﬁlequgﬂgrrRNA fixed to the

support . selecting a particular cDNA/RNA hybnd that has the 5' cap structure of the mRNA

using a selective binding substance which specifically recognizes the 5° cap structure; and

15 recovering a nucleic acid corresponding to the 5' end of the mRNA.

10. The method according to claim 9, wherein the nucleic acid prepared in step (2) is a full-

length cDNA, wherein the selective binding substance is attached to a suppott.

20  11. The method according to claim 1, wherein step (a) comprises the steps of:
synthesizing first strand cDNAs using RNAs as a template and producing
cDNA/RNA hybrids of the resulting first strand cDNAs and the RNAs; and
recovering a nucleic acid corresponding to the 5' end region of the mRNA from the
cDNA/RNA hybrids.
25
12. The method according to claim 1, wherein step (a) comprises the steps of:
synthesizing first strand cDNAs using RNAs as a template and producing
cDNA/RNA hybrids of the résulting first strand cDNAs and the RNAs;
conjugating a selective binding substance to a 5' cap structure of an mRNA present in
30 the RNAs;
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13. The met hod according to claim9 or 10, wherein the sel ective binding
substance is a cap binding protein or a cap binding antibody. 10 14. The
nmet hod acewr@ime7zo cl aim 12, wherein the sel ective bi ndi ’RETEaIPOFOBNECE | S
biotin, and the matching selective binding substance is selected fromthe
group consisting of avidin, streptavidin and a derivative therefrom which
specifically binds to biotin. 15. The nethod according to claim12; wherein
t he sel ective binding substance is 15 di goxigenin and the nmatching

sel ecti ve bicontiactingshbeadNARNAhybridsawith Happoagehearsin avhthenmageing. 16. The
met hod accordi.ng to.claim 10 or 12 wherein the su rt. is. made of magnetic
beads, Sg]&ﬁ%‘fe Bespsiange s %e‘g@a{é%%‘upg‘é%ﬁﬁflg\?énﬁgwg %?ecillvi: F’E‘gg‘& matrix or
gl ass Qﬁs&&ceEpecif%allgbﬁdmth@@bl@&ﬁ@bﬂlhﬂ% shigstlcaiagil, wherein step (b)
conprises the steps of: attaching a linker to an end regi on correspondi ng
to the nucl eeroveringsibeaancleic aeidgogesponding odhe &g pf thgan ronpfér ei n t he

l'i niger rﬁﬁﬁwiﬁéd%thle‘iﬁ@}ortone restriction enzyne recognition site for a

restriction enzynme that cleaves a site different fromits recognition
sequence; 25 synthesizing a second-strand cDNA using the nucleic acid as a

tenpl ate; . freating a resulti.ng, |linker-bound doubl e-stranded ¢cDNA with the
restri é?’r Ehe ’é‘ﬁ'&‘?ﬁg?cor‘g%%rcg% eMing ™, erlg]élgtﬁ? ?‘%‘fﬁv? 5‘8@%&?" el C8htains a

l i nker Umi@gymwﬁdo@@?rbﬁnc@ﬁgﬁﬁwdy,correspondi ng to the 5 end regions of
the nRNA. 30 90 WD 03/106672 PCT/JP03/07514 18. The nethod according to
claim 17, wherein the |inker contains a double-stranded oligonucleotide
regipon, 42, gﬂéﬁmé e5RPaS o 3R LDMelcth Y MQeot BRMingSLRGnkB & tibtiKeha 19. The
met hod according to claim 17, wherein the second-strand cDNA is synthesized
usi ng tBe matsbingstleefiyabinding subsignagtis sdiecnddrqya theigaoupycopsisting:flaviding orpl enent
to the |jnker : [ 1 ' wherein a selective

bi ndi ngS tljg’{)}%‘glfj glnac'z?g aid-sggg%t&gg%g%cﬁg%ﬁéﬂ Sp%éé%gggﬁ#dgﬂ%%gt inker, and the
recovering step conprises the steps of binding the selective binding
substance_to a_ matchi sel ectjve. binding.substance i/mobilized on a

suppor t+> gh%lmf@gaé%%?‘fﬁ'?g Wgcl?lﬂlebsﬁ'ﬁﬁr&ﬂt,he gﬂ“@%@f’ quﬁlg SHRYF iy sel ecti ve

bi ndi nQigdisdna G/ tPRGiching atleytivRibitling substance is an antibody against digoxigenin. -

16. The method according to claim 10 or 12, wherein the support is made of magnetic beads,

agarose beads, latex beads, sepharose matrix, silicagel mairix or glass beads.

20  17. The method according to claim 1, wherein step (b) comprises the steps of:
attaching a linker to an end region corresponding to the nucleotide sequence of a 5'
end region of the mRNA, wherein the linker carries at least one restriction enzyme
recognition site for a restriction enzyme that cleaves a site different from its recognition
sequence;
25 synthesizing a second-strand cDNA using the nucleic acid as a template;
treating a resulting linker-bound double-stranded cDNA with the restriction enzyme;
and
recovering a resulting fragment which contains a linker moiety and a part of cDNA
corresponding to the 5' end regions of the mRNA.
30
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to the sel ective binding substance. 21. The nethod according to claim 20,
wherein the sel ective binding substance is biotin, and the matching

sel ect i vewa 03dioexg2 subst ance is selected fromthe group corriTatPOsIQ7S04

avidin, 15 streptavidin and a derivative therefrom which specifically binds
to biotin. 22. The nethod according to claim 20, wherein the selective

bi ndi ng substance is digoxigenin, and the matching sel ective binding
substance is an anti body agai nst di goxigenin. 20 23. The nethod according

to cl aigm tife mWhed RicBrdidiEtolcRSh7CHherdinehelitiRr cchtdifea @ubsssttandar C ass |1 |
restriction enzyne. 24. The nethod according to claim17, wherein the
restri @tllrg@wc@ﬁﬁgﬂm@gxog, anddhesegerd-sirand SHNA igsathesized usipg fhe Jinkehn enzymes. 25
25. The nmethod according to claim 23, wherein the restriction enzyne is
selected fromthe group consisting of Gsu I, Mmel, BpmI, Bsgl and
EcoP15119. Phe méthokadvodliigto cthétnd7nwheémaig the seaandesitand eDyisspatbesifed ubiags5'  end

region of the . 30 sequ i ng the t;. pared by the

met Rod Og}beé BF%ﬂanie?tbcp% Iwilll% afe S@ﬁ%rggtfqbgg%@eé@ﬂ %éw%% 14 27. The met hod
according to claim1, further conprising amplifying the nucleic acid
corresponding the 5° end region of the A by DNA pol yrerase, or a

cockt Q&Q Bhe ’%F\W’d PR fé@é@_ﬁ!ﬂ 13, Yﬁ?remﬁegg@l@‘ﬁ’t%mi% B‘%b&{)aﬁ&%/{s&“%cilﬁ‘? RY7,

wher ei r]nélﬂ(?ed%e@ﬁi&(ﬁ%ﬁ@ réclévé}ﬁx%tste%tc@ﬁbﬁsesaﬁe st%ﬁ&%f Bﬁfdﬂ%ih@&ﬁé&idé ng to

claim 27, wherein thé polynerase is selected fromthe group consisting
of Taq holipgmbstarce Pamatiingrsloptie kisding KigtappeAEROBized 98 suppqst, apsha

pol.yrer ase, .Vent P, r g . 10
porSrer Bag i pipour ORI R e g sl b MR S Rinefiy i
accor ditoghetselectivaibinding substanéen t he first strand cDNA is synt hesized and

fractionated by physical means. 15 31. The nethod according to cl ai m 30,
wherein the nucleic acid is fractionated by hybridizing to a plurality of

nucl ei ©1a¢hdsethdd acobrdid RQThiRCDOWHERE thOseldctiv @bihdinkstibdigice txbigin, sad1g t he
step of attaching the collected

the matching selective binding substance is selected from the group consisting of avidin,

15  streptavidin and a derivative therefrom which specifically binds to biotin.

22. The method according to claim 20, wherein the selective binding substance is

digoxigenin, and the matching selective binding substance is an antibody against digoxigenin.

20  23. The method according to claim 17, wherein the restriction enzyme is the Class Il or Class

I restriction enzyme.

24. The method according to claim 17, wherein the restriction enzyme is the Class IIG and
Class IIS restriction enzymes.

25
25. The method according to claim 23, wherein the restriction enzyme is selected from the

group consisting of Gsu I, Mmel, Bpm I, Bsgl and EcoP15L.

26. A method for determining a nucleotide sequence of the 5' end region of the mRNA by
30  sequencing the DNA fragment prepared by the method according to claim 1.
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nucleic acid to beads. 20 33. A nethod for preparing a concatener
conprising one or nore DNA fragnents, conprising the step of ligating one
or nore oWODNAoéd7agnents obt ai ned by the nethod accordi ngpaTarros/edsms 1 and
corresponding to the 5° end of the nmRNA. 25 34. A concatener prepared by
the nethod according to claim33. 35. A vector conprising the concatener
according to claim34. 36. A sequence derived fromthe concatener according
to claim34. 30 92 WO 03/106672 PCT/JP03/07514 37. The nethod for

det er m 2il. A§e methodragers ding b clainal, fetiiedr esmpfisiag smpiplyingithé marldic sgdjuence

derived_fromthe fragment. pre d b he nmet hod accoydjn o claima1l.
38. Thecor]“rlg?lﬁ)ggmgége\ggﬁflgf%lwfégep?lggéewna M‘%\P%ﬁmgab‘f ?fraa‘f‘%c{‘?ﬂB Ws or
cDNAs ipolpm&adep) € 5 using a sequence derived fromthe DNA fragnment

prepared by the nethod according to claim 1. 39. The nethod quantifying
expression data on a plurality of nRNAs in a sanple using a sequence

aer i/ ecod. MRdnllHB q BB WG m P ARHe h@bﬁ}%?g&ﬁ%&%@iﬁféﬁ@&&ﬂl@g to.claimi.

10 40. The nethod for I ng a database sequence | nformation
usi ng a sequence derived fromthe DNA fragnent prepared by the nethod

qenon 2 sbuRlBdkcratg o G AR wh GEEN AR PR RatloraT rpgene .
pr epar egtotyyconkistinged i g pbyndraienBwd DNA pdl?m&rase‘} KodTheApptyagast aFfui dent i fyi ng
a tran i,ption ini{li ation site and_a related regulatory sequence in a
genoni ?S]géﬁﬁ’bﬁ%eéaﬁ?m ﬁ’&ﬁé@&ﬁ@%@emw&&t qullﬁ@e@ﬁ%r¥$5%t prepared by
t helo nBﬂdI'ﬁﬁerQ&?Q{dXMﬁﬁeﬂ&nDﬁkﬁﬁﬂﬂﬁen@ﬁl\ﬂﬁf’polm@rag@t hod for cloning a

full-length or partial c froma cDNA |ibrary or biological sanple using
a sequence derived fromthe DNA fragnent prepared by the nmethod according

to cl ai4p Fne method according to claim 1, wherein the first strand cDNA is synthesized and

fractionated by physical means. -

15  31. The method according to claim 30, wherein the nucleic acid is fractionated by

hybridizing to a plurality of nucleic acids.

32. A method according to claim 1, further comprising the step of attaching the collected
nucleic acid to beads.

20
33. A method for preparing a concatemer comprising one or more DNA fragments,
comprising the step of ligating one or more of DNA fragments obtained by the method

according to claim 1 and corresponding to the 5° end of the mRNA.
25 34. A concatemer prepared by the method according to claim 33.
35. A vector comprising the concatemer according to claim 34.

36. A sequence derived from the concatemer according to claim 34.
30
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25 44. The method for cloning a conplete or partial pronoter region of a
gene froma genomc library or genom c DNA using a sequence derived from
t he DNA fwapsanse7pr epared by the method accordi ng to cl airaTlipodi@isidihe
met hod for analyzing the activity of regulatory regions in a genone based
on 30 genom c sequence information using a sequence derived fromthe DNA
fragnment prepared by the nethod according to claim1l. 93 WO 03/ 106672
PCT/ JP03/ 07514 46. The nethod for inactivating a gene or altering its
expr essibivhesiethy ddosdxderaniting the tianepfioeibstifes o DN plagsiegd seqguafear ed by t he

met hod according, t laim1. 5 47. The net hod acgcor di to cl ai m 46,

wher ei n(?efqﬁgé 8??8*?@1\&?1&@@‘%?@8“89%{&}%? O‘i)'?FCP’Edé“gt@f' Bdsi on by the neans
of siRNA or RNAI. 48. The nmethod for synthesizing a nucl eotide sequence to
be used as the linker or primer based on a se(’%uence derived fromthe DNA

f r agmentS: phe pigthed forobtyaingexpressioaciatsan apjurality afanRNAS ay dDNA9In A¥amplet hod
for syng | %l g ol [ jved fromthe
oA ot R TR ot ACA B PIE 1RSRIAD e ERIERGSIERE L SML " Tk o
accordilng to claim 49, wherein the hybridization probe is attached to a
support. 51. The nethod according to claim49, wherein the hybridization
probe is a probe to identify the sequence corresponding to'the nucl eotide

sequency. The ideehol' quenying @ksbssivh daheo aliB o fRRNAR & ARlishudseor di ng to
claim1, further canprisi ng extending the 5 end region of the nucleotide

sequenc¥quense dotived diogythg dragentpreparsdhy the method gecording Welamdpnent  of

di agnostic tools. 25 54. A nethod according to claim1 used for the
devel opnent of research tools. 55. A nethod according to claim1 used for
t he deVi® dperawthodfforbuildingerdatabpsediokding seqgence information using a sequence -

derived from the DNA fragment prepared by the method according to claim 1.

41. The method identifying transcribed regions from a genomic sequence using a sequence

15  derived from the DNA fragment prepared by the method according to claim 1. -

42. The method for identifying a transcription initiation site and a related regulatory sequence
in a genomic sequence using a sequence derived from the DNA fragment prepared by the
method according to claim 1.

20
43. The method for cloning a full-length or partial cDNA from a cDNA library or biological
sample using a sequence derived from the DNA fragment prepared by the method according

to claim 1.

25  44.The method for cloning a complete or partial promoter region of a gene from a genomic
library or genomic DNA using a sequence derived from the DNA fragment prepared by the

method according to claim 1.
45. The method for analyzing the activity of regulatory regions in a genome based on

30  genomic sequence information using a sequence derived from the DNA fragment prepared

by the method according to claim 1.
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46. The method for inactivating a gene or altering its expression using a sequence derived

from the DNA fragment prepared by the method according to claim 1.

47. The method according to claim 46, wherein the gene is inactivated or altered in its

expression by the means of siRNA or RNA.
48. The method for synthesizing a nucleotide sequence to be used as the linker or primer
based on a sequence derived from the DNA fragment prepared by the method according to

claim 1.

49. The method for synthesizing a hybridization probe based on a sequence derived from the

DNA fragment prepared by the method according to claim 1.

50. The method according to claim 49, wherein the hybridization probe is-attached to a -

support.

51. The method according to claim 49, wherein the hybridization probe is a probe to identify

the sequence corresponding to the nucleotide sequence of the 5' end region of the mRNA.

52. The method according to claim 1, further comprising extending the 5'end region of the

nucleotide sequence.

53. A method according to claim 1 used for the development of diagnostic tools.

54. A method according to claim 1 used for the development of research tools.

55. A method according to claim 1 used for the development of a reagent or a kit.
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