WD 20041050918 PCTI SG20031000255 1 METHOD TO GENERATE OR DETERM NE NUCLEI C
AClI D TAGS CORRESPONDI NG TO THE TERM NAL ENDS OF DNA MOLECULES USI NG
SEQUENCES ANALYSI S OF GENE EXPRESSI ON (TERM NAL SAGE) FIELD The ‘present
inventi QRohglsdsdss to the field of biology, in particecascadoeccessel ds of

nol ecul ar biol ogy, genom cs, genone annotation, gene expression,

transcri ptone analysis 5 and di agnostics. In particular, the esent

i nvent i CASTHGY @ GENERATE Ofe PRBRMPNE NEGLEAC AGHR| §$ §°REESPE%W§GEBPp g@“(‘ AGE) .
BACKGROBMNPS OBnRNA MRLEFHRES HETNFo FRURICESAANALYPTF PH SERD FEPRTOME - SRHUENE ng era
is the &€¥rate and conplete annotation of all genes and their products,
primarily nRNA transcripts of a 10 sequenced genone. Bioinfornatics anal yses
of fragnent experinmental data have led to wdely varying estimtes of

t he nunber of human genes. Human EST assenbly resulted in 89,000 Unigene

clusters; ab ini enorre ann tation.i tified approx 30, 000 genes
by two independér&lfp'g 'df‘\éeg"o'h'ﬁ teff? eh@ﬁlfﬂ Qd?&?’gg“ﬁe‘?‘ggﬂ&o‘ét abase has
only 17, 0Oﬁolgtihm&oldéggﬁ&m&dgégb?hmﬁﬁfahmmﬁ expréssion Ganscriptbmé snaBpipar ent t hat
current technol ogi es ap or genqQme annotati

conput at T on2hd d &&P@‘ﬁr@d’?@ﬁ‘ﬁb‘nt GBTSF@“%Y"(S‘H?'HQ m&ﬁ&’%“é‘&ﬁé\#@ﬂ%%ﬁﬁ%& ot her new
t echnol ogi esf GneEkpi&skibh GADE). | nconpl ete, and unconvincing. Conput ati onal
met hods i ncl udi ng honol ogy studi es, domain searches, and ab initio gene
predi ctions have great limtation and fallibili ty. Current prediction
prograns nBYcitRoukpe for many 'internal' exons, but performparticularly
poorly on border exons in 20 UTR regions. They need to be trained by nore
experinmental data. The precise annotation of every gene in conplex genones

by conputation hiRRESosPurdfson tﬁkd 1h|me%oﬂ' Mtsetﬂﬁﬁém erd\sHeQudihte DNA ¢l oni ng
and sequenci ng, i ncludi ng EST, ful ength and §TES haveatgener at ed

i mrense dat #p |°PF"ES¥F“%H%‘“P‘UPM“I8§‘PF§PJI‘F 'BW@@Q&LFE‘FF@EB’ mRRYy rapsstiptiefifce and | ar ge
Si ze tragsc g%%el\%reﬁon@' Bolnfdthaidds GRh1L RS A3 mdht dferfhai ?:ga RivERd 10 29

Li brary- base roaches are inconplete for identifying all transcripts

due to hi ghwidelg ganing nwa@ﬁ ofthemimher oftlwaﬁsaenwpﬁsmah%ﬂﬁsgmq@emwm mge of
truncated CROBUnighne clusters; ab initio genome annotation identified approximately 30,000

genes by two independent studies; and the manually curated RefSeq database has only
17,000 genes identified with stringent evidences. It is apparent that current technologies
15  applied for genome annotation including computational gene prediction, cDNA cloning

and sequencing, and other new technologies are inefficient, incomplete, and unconvincing.

Computational methods including homology studies, domain searches, and @b
initio gene predictions have great limitation and fallibility. Cutrent prediction programs
may be fine for many ‘intemal’ exons, but perform particularly poorly on border exons in

20  UTR regions. They need to be trained by more experimental data. The precise annotation

of every gene in complex genomes by computation methods alone is still a distant goal.

Although cDNA cloning and sequencing, including EST, full-length, and
OFESTES, have generated immense data in EST and full-length cDNA sequences, low
abundance and large size transcripts are discriminated against during cloning steps.
25  Library-based cDNA approaches are incomplete for identifying all transcripts due to high
redundancy of abundant transcripts and high percentage of truncated clones. A



WO 2004/ 050918 PCT/ SG2003/ 000255 2 conprehensive cDNA |ibrary approach may
be efficient for capturing the first 50-70% of all expressed transcripts,
but it sQay2ap6ev@sS Prohibitively expensive and i neffb&,geiooimzssgetti ng the
rest, in particular the rare transcripts. Genone-w de scans

ol i gonucl eotide m croarrays provide another strategy that 5 has t he
potential to help annotate conpl ex £nomes I'n this approach, oligo probes

representi |

Subsequent P PRERNEBRASHRS it sd3cRRthr bl B SRR e wou o
provi de vadll datesscmgmmrimsr,hu;ismmrtscome‘ﬂprodubaprply@xthsw&ndxrpﬁirieadfot o be
efficient Q. rrqu ffer b| ol ogi cal stages and environnental
condi ti ons® O;ﬁ%}%&gggg '“r‘g‘r?sf%'?ﬁ% wever, a major limtation of this 10
method is its abil | ty to COI’IVI nci ngl y determ ne the exi stence of rare genes
because the sign e ct| tivi rob zat nis limted.
Serial Anal ysi SC%?) e hé’% ?%’r%]feftgﬂ&%”gg B v’ @ ne Expression
(SAGE) f eplias shembanml ttriiellunnmte emnq:glgt genomies din ﬂms‘approtdheo@olpﬁmwce of

transcri pts a ua t hem counti.n ranscript 15
ol oul e | PRIk e oA SRR mitdatl e pblluelybffeEd |2 Sace

met hodol ogw: mRMA}anﬁul&thpbnmeﬂm aag genbra@gd (Wohld prbbjdg vﬂﬂlﬁﬁdhb e ekdnsCi ent
information .to un| Q%F&%a‘t transcrl %’ I‘OVI hat t.g@at the tag is
obt ai ned f FYHFPRTOAHR 8L 10tbe STCIRRY I PRRming Ipan %t?‘ %es quence tags
can be | i négRitorintegeal hﬁﬂm’bﬁh tﬁfexpieksem@ans@rptsahomhesmaj%hmmon6ﬂums be cloned and

sequen Quant i tat i on nunber times a particular tag is
20 obsggve’ﬂe'g?‘b‘éf%@g Iy fpeopyipcingly eEFH“’I“E%F"‘BtF“C'FH &’E?@F?eéé?ﬁ’é?ﬁﬁl% transcript.

The uni _quemélﬁﬁde_t%ﬁonﬁﬁmtﬁﬁ%f?r& dHyBeidiAtidils Mmiteequence i s enough to be
transcript specific and small tags from each transcript can be extracted

and concat enat %9:&[%;91 tﬂfeﬁeﬂi 75 6i5n {;Efffl cient sequencing anal ysis.
Because of all ‘transcr are represent’ed by small tags in sanme size,
there is no di scrirrinatlon in SAGE tag cloning. Essentially all transcripts
shoul d be 25 r gprifig@nlysisiof GenSPkpreskiofSAGH) dprdséntsiiniique bemkgl o idéatiBat ent
nunbers 5, 695, 937, t5 866, 330, and, 6 38%E743 and is t1IIustrat ed in Figures
I A and 1B, thapxisteqcs of tragsapipis apd @iegtfy them by counting,qmall tag forgagh ramseriph B, and

5;32213%'“5 Kmoldéuld ih A 5mpleSeristHptoMbahtsd ineileCauuerliERISAT @ethodSkeNCe 270,

(1) A short sequence tag (10-14bp) contains sufficient information to uniquely identify a
transcript provided that that the tag is obtained from a unique position within each
transcript; (2) Sequence tags can be linked together to from long serial molecules that can
be cloned and sequenced; and (3) Quantitation of the number of times a particular tag is

20 observed provides the expression level of the corresponding transcript. The unique feature
of SAGE is that a 14-bp sequence is enough to be transcript specific and small tags from
each transcript can be extracted and concatenated into larger pieces for efficient
sequencing analysis. Because of all transcripts are represented by small tags in same size,
there is no discrimination in SAGE tag cloning. Essentially all transcripts should be

25  represented in SAGE tags.

SAGE is described in US Patent numbers 5,695,937, 5,866,330 and 6,383,743, and
is illustrated in Figures 1A and 1B, and also in Velculescu, V. E., Zhang, L., Vogelstein,
B., and Kinzler, K. W. (1995). Serial Analysis Of Gene Expression. Science 270, 484-487,



WD 2004/ 050918 PCT/ SG2003/000255 3 as well as Vel cul escu, V. E., Zhang, L.,
Zhou, W, Vogelstein, J., Basrai, M A., Bassett, D. H eter, P.,

E.,
Vogel st ei g0 Boain Kinzler, K W (1997). Characteri Lon of the yeast
transcri ptone. &ﬂﬁf}? 88. A nunber of websites devoted tzlgé WQVSEI so be

consulted for teachings on this tech8ique, including ww. sagenet.org and
http://ww. ncbi.nlmnih. 5 gov/sage (SAGEnet, a public gene expression data
reposi tory aasavellas Veleuleknt, V. &G Zbag, lanZhou W g Mpgdlseis,ilt, Basta . A aBhssAf,

Tol st osh hul Ri gai ns. Gl Al t schul
SF. *(2000) SAGHlEee R Suastioth o KBl K S 50 D, et Bl 2000 o

10( 7) : 1051 - Gganscriptomer CellE88s Atnembal of wetisites degvoted@-SAGE maly alsoibesnsaltgdfor f ound  at
http://ww. googl e. coni | sear ch.?sour cei d=navcl i ent & e=UTF- 8&oe=UTF 10

BqoSer | al +ATSE SBb IR ae oS I ok St precs PRy SUB PR e {1 om a
cel | or t3 ssys/sageiSAGENSapRbId geiSapickin da@ repbfifdryund ORI deaccessiagdir ¢ 1) . The
Cypi cal 1y 2 BoHeCke AR TiaotReck Vo b SiiE GOk peediinor cd to &
bead.h The Be}aigginmnlmﬂm' DSI&UOUO)@A\GBﬁﬁﬁ:d]?lbﬁcdﬁe“@eméi&l rleﬁiilfki:eIG@oﬁDNﬁ\ a]E t acr:] hed
to the 15 be ' | gat t set,s aptors or, linkers. Each of these
adaptors co ﬁ@@"“ﬁmﬁéﬁSH@@' ﬁﬁ%“@gf‘feﬂ es%'g’q‘l&ﬁ%émrﬂslﬂﬁﬁnﬁyﬁﬁf% and

anpl i fi cati it hé://wi.gaogl@Evin/seathMBirteiPhavlieniLie0TF-BhorUIFL € for a type 11S
enzynme (the "faggin Egn,z_é)rre", for exanple BsnFl and Fokl), which directs
cl eavageby tﬂ@‘@ﬁﬂh‘g"ﬂiﬂs‘s FHSREtRXPEESIOn downst ream of the recognition site,

The tags are rel eased by cleavage wth the rel evant Taggi ng Enzyne, and 20
| i gated together end to end to formditags. The ditags are then anplified

usi ng PCR,  di gedt krigfypRINA ispbtaingd from i qeJl g tisspgeand gayerse wagseribed tooBither to form
concat aners. GUEREHDY). St ﬁzl;hg ity and
frequency ofcpt}ﬁg ta gﬁg)ngﬁ?}%%égg%ﬁ%fgﬁgggi %%Eggfu;h?o t?}gevari ous genes
whi ch ar e t r'dwmsharing Eazyme” ttypicallipp #-base cutfer)sand thery end of ther®NAefspnchowd ity of
sequenci ng s . t r ressed 25
transcri pts.%é’&?‘?gaﬁég\éﬁlﬁ?% 'dﬁs‘g{eﬂﬁ%ﬁw\}eﬂr@k’taﬁg“%?Pg?&nagtrmé%@e?ags are too
short fotS diteadstis ligatad|io twp sets ofasapbre er linkers rfach of these ddaplors comptisesia e onl y

ort ois . obwitbree s only
el bl e 1 or o FRANIRo R GEKL 1 LR pr BT 8 oA RRIEYS B Wdlplsg0ases. O

smal | genones’s
recognition site for a type IIS enzyme (the “Tagging Enzyme”, for example BsmFI and

FokI), which directs cleavage by the enzyme at a position 3’ downstream of the
recognition site, The tags are released by cleavage with the relevant Tagging Enzyme, and

20 ligated together end to end to form ditags. The ditags are then amplified using PCR,
digested with the Anchoring Enzyme, and ligated together to form concatamers.
Sequencing of the concatamers reveals the identity and frequency of the tags, and provides
expression data for the various genes which are transcribed in the cell or tissue. Due to the
efficiency of sequencing small tags, SAGE has the potential to capture all expressed

25  transcripts.

Despite these promises however, the original SAGE tags are too short for direct
mapping to complex genomes. The 14-bp tags are only reliable for mapping onto existing
EST or cDNA sequences in databases, or small genomes such as yeast. This shortcoming

limits the application of SAGE to use only as an expression profiling tool, not for genome



limts the application of SAGE to use only as an expression profiling tool,
not for genone WO 2004/ 050918 PCT/ S&G003/ 000255 4 annotation. To overcone
thi s proWoeimedsbasdevel opers of the original nethod nEAaaEegedioséeke the
SAGE tags longer, sinply by taking the advantage' of a new IS enzynme Mrel
that cl eaves DNA 20 base pairs away, fromits recognition site. The nodified
nmethod is known as LongSAGE, and is described in WO 02/10438. This

nodi fi cat 'aﬂ&ﬁﬁ%ﬁeﬁo dVRBome h@ﬁ%{%?&feg@?g%&i‘gﬁéﬁgy& 9] efrectly mapped

onto human chronosone sequ I's function is
an i npor t angke e GAGEtagsdiongay sigphydy takinaGie adveeptgeiola rewlISxezyheMmel y mar ked ont o

specific Iﬂﬁg i I - I : X0ns
identifica |tgfr%§,é9pﬁé\r ef o%éepfg n?%l‘%:a |f!|0&§{5?%ééﬂgllieor?gﬂ§wg%ﬁ1§§l§# %ﬁ@?ﬁglomever,
despi t e i tkmosmiasinngSRGE, and isgisskbedsn WO 02410438, Thistmadifoatontnmkestthe ef f ect i ve 10

use. Like  th Lai nal .SAGE A ags. are extracted random y dependi ng
on Wnergé [fngs ﬁ%gﬁp%ﬁlg%mgirl@%ﬁg‘gm%a%%@ﬂ ?ﬂto léué"cﬂﬂé: Qs provi ding only
i nt er nal 'seqengee (Tabled|in Appémiix B Ehis function dsran[riportahiadtifion beosuse ndhe new SAGE

tags identjfied have t o through very..tedious and. lo rocess such as 5'
and 3 RACETE PRSI0 N bR Ereclly BRkeh gris peifis Airamipgome oragiom it
char act er infivigeses of exofsdgifiestions; therfdre/ facidititing ganeme aghotatiogener at ed for "each 15

expressed sequence, and it is not possible wwth the prior art nmethods to
obtain further sequence information for the expressed gene readily. The

present invent Howevks Akspitt s Svhntazed, NOESAGERLD hiddimiatiaRlieiPeflettivehe prior art

techni ques for expressjon anal ysis, SUWARY %0 have realised that the

prior Bt uspdee “l_gﬁﬁlj%%@ii[t" Ffaesarasateetedapdiombadependios on WR®har t i cul ar,

we have r arONRIIGHEs i ila thasdibCoelaficeoSRr iy RS ttedid SsBqieh@lued foe fact that

the tags obtained in the prltgr art techniques reflect internal sequences of
€

the expr d$¥danggeEpieFurthgmarsethe pevAGK aavidend§ed baye togoshemeeghyedd t he usef ul ness

of obtai nit&ﬁoﬁ%%ﬂ%ﬁoeeaaﬁchgs%’faﬁm@tééxtamhé%hfohﬁ;tﬁh@&upﬁmetranscripts- On
t he ot her hand, we I

é ave realised that such termnal tags have advantages in
t hat t hey exiten¢seand skagciegstits pf new genes. Hivallncoalyyone tagiisgenerated forraply04/ 050918

PCT/ S@?O%%&g@g&quence, and it is not possible with the prior art methods to obtain further

sequence information for the expressed gene readily.

The present invention seeks to solve these and other problems in the prior art

techniques for expression analysis.
SUMMARY

20 We have realised that the prior art SAGE and LongSAGE techniques have
disadvantages. In particular, we have recognised that particular disadvantages arise from
the fact that the tags obtained in the prior art techniques reflect internal sequences of the

expressed genes.

No one to our knowledge has appmcjated the usefulness of obtaining sequence tags
25 from the 5’ and 3’ termini of transcripts. On the other hand, we have realised that such
terminal tags have advantages in that they can be used to define the boundary regions of



5 genes. In addition, the full-length codi ng sequence of unknown genes may
easily be obtained by PCR, once the sequence tags fromthe 5 and 3

term ni o Jobgosbgignscri bed region are known. Furt herpistofbeiséi Ng a 5'
term nal transcribed sequence in a tag can provide a handle for pronoter
identification, as described below 5 W therefore provide nethods and
conpositions for obtaining tags corresponding to 5 and 3' term nal
transcrib onding to the
5 “and 3 s URREG 1l R C R SREREor i e e T B bt a7 ng
further s@at;m%byf'@%mpm@cmwnmazsrﬁsmftmﬁhaoﬂB'ftamrmewfﬂs@qnsen@d tags from
expressed , k,ya?;n ative manner.
10 Accord|% to a r'st asp e(’:?bt%ﬁﬂgﬁg’etgﬁ' sﬁﬁa\%%{q}n&éﬁeﬂ ?‘E)Vl de a net hod
of provi wqweammdidfocammmtd&nt@nahonssdmabedbelewpr ession of a gene, the

met hod conprising the steps of. (a) providing a conplenentary

deoxyri bonucleic acid (cDNA); (b) linking the cDNA to an |inker sequence

t her ebys f orm n@ieahdwfmecbvm oiethods and compositionsfordbtainieg thgscheesporslinguence

conpri ses (A r.a fir nuclelc |d cleavage enzyne,
15 pref era{gﬁ nd§rte r| ct |st8rr'119°gn u%\"%?: Oqex eoss d@%es N E (53\% BFLBg acid cl eavage
at a site thh.’s’taam terfriing of trdmscriptsr W alsepmyde tneshodsoif bktammgﬂxrmer)se@iemw ng the

| i nked nucleic aCl it h first nucl a nzyme to provide
2 1 nked cagmsaiR® indomy kv eabtop L6 B prelebeed sEnek ARBT B cequence t ag
r epr esent abhdueedih a2epetitiveiondrative mamet.i bed sequence of the gene; and (d)
detecting the presence or identity of the linked tag or the nucl eotide
sequence tag to 20 provide an indication of an instance of gene expression.
In a preef erredAem&ﬁﬁig'mrﬁrstaspbaoEﬂaep@&nﬁﬁvdmh@ oBbdvide apetho@sf & sequence
correspondi rmnal transcrib d se ence of the gfne and the

| i nker se(ﬂﬂ%‘ﬁ‘ﬁﬁg an; indi fquﬂ'k@'cefnt'??mf‘??é’ faxpression ofr2 §ept themgaiod spmprising t he

nucl eot i detepoit! QN pRvidag a%@rﬂﬂérhﬁﬁiy deoRyribofRlel a@ﬁl(cmmﬁmnlmaﬁgims equence of the
gene, pref erably at |east e first 16 bases_of the 25 transcribed portion,

nore pref PR at‘l‘m‘é‘“’lr sgquence theshyfaamipg a kinked pycleicacid; inorhichdhe inker of the  gene.
WO 2004/ 0559%%%%3;{@@39@%@:@%3@& i@ fdrd st hbe1LiDRGd RERERrehBsheeTDOdi MENt , the

3' end of the eDNA conprises a seguence
15  preferably a restnctlon endonuclease, that allows nucleic acid cleavage at a site distant

from the first recognition site; and (c) cleaving the linked nucleic acid with the first nucleic
acid cleavage enzyme to provide a linked tag, in which the linked tag comprises a
nucleotide sequence tag representative of a terminal transcribed sequence of the gene; and
(d) detectiﬁg the presence or identity of the linked tag or the nucleotide sequence tag to

20  provide an indication of an instance of gene expression.

In a preferred embodiment, the 5’ end of the cDNA comprises a sequence
corresponding to the 5’ terminal transcribed sequence of the gene, and the linker sequence
is linked to the 5’ end of the cDNA. Preferably, the nucleotide sequence tag comprises a 5’
terminal transcribed sequence of the gene, preferably at least the first 16 bases of the
25 wanscribed portion, more preferably the first 20 bases of the transcribed portion of the

gene.



corresponding to the 3 termnal transcribed sequence of the gene, and the

| i nker sequence is linked to the 3" end of the eDNA. Preferably, the

nucl eot i ge Bemsewige tag conprises a 3' termnal transaysdeessseasience of the
gene, preferably at least the |last 16 bases of the 5 transcribed portion,
more preferably the |ast 20 bases of the transcribed portion of the gene.
Preferably, step (a) conprises: (i) deriving a cDNA froman nRNA by reverse
transcription w4k merammsdam%wersgerﬁo?aﬂugmecoﬁlpnwﬁleq&&@m 3, in
which N=A C Gor T and V Cor G (i) produm ng a double stranded
eDNA t her SOFERoNingdp the i (jegw‘ﬁ'ansm‘@da@ﬂumceo ¢ gemerand tholipkeppegpenrz el t o
produce a iglifay RAnePNAd GORDEMSA. %fe&]%mﬁ@s&\i&fcgﬂg%mﬁdsés' @31 i nking the

cl eaved eDNA to a linker conprisin eaving the resulting

mol ecul e vwwmcqbedsmmrzemwmlya@t@Wcllﬁékgbvgesa;frhm yA'T tail. In
i ghl y O ofugicifeh RARAGHER Bleforath Ve R OBARcHRAsckEy rrchSFAL NIt ranser i bed

15 sequence of the gene, or the 3 term transcr sequence of the
gene, or #sMh. Preferably, the cDNA is fuII | engt h cDNA, preferably
conprising substantially all the coding sequence of the gene. The cDNA may
I n some enbodi nents be processed such that it does not conprise any
untransl at ed r Ergfemably, stepi@hcamprises: (yPRrivingh ¢DNA frgm ayTRNASpyereversecal |y, in

or of or bl o/ ARREGRSln it D 0B S YD) RO CHEEOU M i 70 | ¢

provi ded, lﬁeaﬁoCdGnthanﬂﬁ%md}.ﬁﬁ}w@uelwadohmeptlrmdemDNmmemfmrmn, a net hod
corpri 4 ngh 593959**%%d3{b'°s R FOnh BB R e d 80 comele e pect. of
t he i nventj,oGGCca@G an e met hod further conprising:
(d) providi fgeca sec éﬁéf"@'“ﬁ&enﬂﬁ%gﬁgéﬁgfh&e{c) conprising 3' remaining

sequences of the cDNA, e) linking the second nucleic acid to an |inker
sequence, &Rk Barldi( nkas!wﬁsgme%ssu.ﬁgm}ecm@wm»@m fohe | inker
sequence conpri sesG(ECtAeccgnltlon site for a hucleic acid cleavage enzyne,

preferably 8 VY

AA{ 0918 P 31620031000255 7 restriction endonucl ease,
that all oW nuc’f%ﬂg aci é%

BgaP at a site distant fromthe

In highly preferred embodiments, the cDNA comprises the 5’ terminal transcribed
15  sequence of the gene, or the 3’ terminal transcribed sequence of the gene, or both.
Preferably, the cDNA is full length cDNA, preferably comprising substantially all the
coding sequence of the gene. The cDNA may in some embodiments be processed such that
it does not comprise any untranslated regions, such as 5° UTR and / or 3’ UTR.
Specifically, in preferred embodiments, the cDNA does not comprise a portion of,
20  preferably does not comprise the whole of, the polyA/T tail.

There is provided, according to a second aspect of the present invention, a method
of obtaining sequential sequence information from a gene, the method comprising steps (a)
to (c) of a method according to the first aspect of the invention, or any preferred
embodiments, the method further comprising: (d) providing a second nucleic acid from
25  step (c) comprising 3' remaining sequences of the cDNA; (e) linking the second nucleic
acid to an linker sequence, thereby forming a linked nucleic acid, in which the linker

sequence comprises a recognition site for a nucleic acid cleavage enzyme, preferably a



recognition site; (f) cleaving the linked nucleic acid with the nucleic acid
cl eavage enzyme to provide: (i) a linked tag conprising the |inker sequence
l'inked t woobdiBaet | de sequence tag conprising a 5 ReFédRb/Rb2sEhe second
nucleic acid; and (ii) a fourth nucleic acid 5 sequence conprising a 3

remai nder portion of third nucleic agcid; (g) repeating steps (d) to (f) at

| east once, in which the second nucleic acid sequence of step (d) is

provi ded bystibidn eﬁdau.raéasms! fows arcrert SRS NEEatQsits lisBnt(ol(thd ) ; and (h)
detecting the presence, entit sequence of at |east one linked tag or
a nucl eot | weossiigy sised ql%rgms @eaclslﬁ ecri@wnh thy prceigagideleavage epgymei nvent i on
enabl es " vwglpdvi¥: (iyaiRkEs ﬁﬁ@onﬁrﬁ%thb hﬁmr egmﬁ cAitikkd {0 rfuBleotitl s cﬁmrﬂé n a further
nucl eoti de sequence tag conprising th sequence I nterna

termi nus, tWBFERprisig &f | pagtionfof thesederd lmclestacxdmdél@tarfem&lseqlaen@é tag i m tially

obt ai ne ain further
nucl eotfjde equencgﬁgt’[i% {mpr eferr eogﬁlgrrqggéerutfr%ﬁ?gﬁq&ﬁmﬁir eﬁ (gﬂéequence
further coffjatiessonce, i echishdhe mdgmletmayrd ssquem:efomtqa(dsscpmwﬂedlmcﬂher c acid

cl eavage epz r e n ucl ease, that

al l ows nuc e?ﬁgﬁ‘ék"fé gld%@\%%g?ﬁp @?gl %“d?‘@. S an?ﬁlferprejgés cfe1 &ie" tgond recognition
site, and seguentd aflat ledstoredickmidag eraageicdtidoseqeentetag mrﬂpusa!ttbﬂe:ﬁ' of the first
recognition site in the |inker sequence. In such enbodi nents, the |ocation
of the second recognition site with respect to the first recognition site

may be such t hdhis axﬂeelmfﬂiemvbhﬁvherhbleagwilking)@nnngmd)NA he., theatilitgdto20 nucl ei ¢

acid cleav ava of the nuc c acid occur t a position

ot i G i R g For B AR e bompe g PP Bt dirga e e ' oy

recogniti Oﬁnﬁhﬁsﬁwﬁlbhi‘sbﬁ'sdﬁ from it flire aogevtite arpeaéetteg initallPelitdined. BRMET | Ses a Type

I TS restrictég zyne frec %nrtroﬂ ite ref (g@l t he frrst recognition
site conpri® dostigRrauryaliye °FC‘L°° pense B8Shy ef erably 5' - TCC
GAC- 3'. Preferably, t he second recognition site conprises a BseRl
recognition S'éﬁ 5! - GAl VO, 004/050§w§1PCT/SG2003/0 0255 8
Preferably, preferes 'ﬂ@ncéh% SPeugacefyfReE compasRs@ $890nd GAGGA3NNNNNNTC CG
AC -3, DI fokiih NiteTor GAGRA GRS ST A ebyme, PAerBip K kélnd il N9 L0 a

third aspect of the present invention, met hod of
15 endonuclease, that allows nucleic acid cleavage at a site dlstant from the second

recognition site, and in which the second recognition site is located 5° of the first

recognition site in the linker sequence.

In such embodiments, the location of the second recognition site with respect to the
first recognition site may be such that, when the linked tag is exposed to the second
20  nucleic acid cleavage enzyme, cleavage of the nucleic acid occurs at a position within or

about the first recognition site.

Preferably, the first recognition site or the second recognition site, or both,
comprises a Type IIS restriction enzyme recognition site.

Preferably, the first recognition site comprises a8 Mme1 recognition site 5'-TCC
25 RAC-3', preferably 5’-TCC GAC-3’. Preferably, the second recognition site comprises a
BseRI recognition site 5’-GAGGAG-3’.



detecting expression of a gene, the nethod conprising: (a) providing a first
linked tag and 5 a second |inked tag, each independently produced by a

met hod agrolifgoC the first or second aspect of t i i i ncl udi ng
oref erred ol 'hents: (b) linking the first Iinkedhf%gggﬁgﬂdtoﬁigssecond

| i nked tag such that the nucl eotidegsequence tag portion of one Ilinked tag
is linked to the nucleotide sequencg tag of the other linked tag to forma

ditag, the di tpg% ISl ] . transcri | sequences fromfirst and
second genes; an rfb%d%tgeemﬁ%%ééspreess “r?%ée%%gr identity of the ditag, or
at | east CBAGEAGNNNNNNTG €GusQ e, preferably ShEAGSAGOGTETEMECGAG-3let ect gene
expression. Preferably, each of the first |linker sequence of the first

| i nked tag and the second |inker sequence of the second |inked tag
conpri ses an aid prévideabdcordingitd anhird splat bfihs presentinveatian, e method dfccor di ngl y, in

preferred odi nent s he mefhod further. c ri Ses ) f 15 anmplifying
Phe. di t ag, SPIaMERI< s} * Fnkyite Dithodompeiioe: o Biobi3f a e ikt Bard P

PL ef er abl ya sheédiﬂ limaa“ghig;lea}‘cli!iﬁd&ﬁﬁqegﬂymbdl '&&Bb)tmﬁetﬁddaﬁco@fin@lo@g’t\girﬂgrt he. di Ei ag_ with
the or each second_.nucleic acid.clegvage enzyne tqQ provi a trinmmed ditag.
The tri m’resﬂc%ﬁf’sa‘ﬁ“r?& °Wﬁ?}}°?§€°1%?5/%%ﬁ"%fmg6d%?ﬁs?§§§‘g{“ﬂéw o ef erabl y

bet ween  lihkbdtad EndiRERcdidilinged ﬁﬁsﬁlﬁhﬂlﬂlemuélgqﬁ@@&ﬁu@ﬂé fa§ pord6h étomé er abl y, a
plurality of ditags. or trimed ditags are |inked to forma concataner. The

concat anerlinked 128 iligkedde hsapcleatide seayefcertpgofihe othes ligked tagite fagm adittgags,

pref er abl Vihe Mtk \WoApistheltem#da] linbABEd Rfuehéek FORdird bt PGond FhRs;¥RA pd may further
conprise the step of gete_rm ni nfg the sequence of a or each |[|inked tag,

nucl eolq dedetse Rresengg or iflentiyyof the ditagnon atdeastnge pycleotidrossaueneertag A furt her step
of 25 detghlifierdi) %o detRNechd dxpitfsiéle expressed gene by the conparing the
sequence to a WD 20041050918 PC‘F/ SG20031000255 9 nucl eoti de sequence
conprised in a database of nucl eotide sequences may al so be included. The
sequence may b Telyikd m@p@ﬁ.fé f : , t if the

dat abase does 266? cor’r;ré)’%lﬂso}e.9‘1‘:3 resgseque cg%%fﬁg%&aﬂgﬁggagg%%cé@ a new gene.
As a f our tlimkerspencef thelsecopd lnkedtag compisesi ap amplifivetion primep hybrididggiona et hod of 5

i di hdi . . . . . ! .
i vi a1 Seh nERRAaI 5o dhebdifiellh MIBHS fnefiolnpRERR5eh B 01
af fect &8l lamplifigngthsdirgmrefradly tieneansofthepplymieraae chain reaction (PCR).

Preferably, the method further comprises the step of cleaving the ditag with the or

each second nucleic acid cleavage enzyme to provide a trimmed ditag,

The trimmed ditag may comprise between 12 to 120 base pairs, preferably between
18 to 46 base pairs, preferably 40 base pairs.

20 Preferably, a plurality of ditags or trimmed ditags are linked to form a concatamer.
The concatamer may comprise between 2 to 200 ditags or trimmed ditags, preferably
between 8 to 20 ditags or trimmed ditags.

The method may further comprise the step of determining the sequence of a or each
_ linked tag, nucleotide sequence tag, ditag, trimmed ditag or concatamer. A further step of
25  determining the identity of the expressed gene by the comparing the sequence to a



gene is expressed in the cell of (b) by a method according to any precedi ng
aspect of the invention; (c) providing a cell of an individual suspected of

suf f eri Rgo dooposobize di sease; and (d) determ ni ng whepfpsgidifomsRe gene i s
expressed in the cell of (c) by a nethod 10 according to any preceding

aspect of the invention; and (e) caqmparing the expression, or lack thereof,
of the gene between the cell of (b) and the cell of (c). The present

i nvent i ONpycieBtidd s‘é&d&?& BRPAA in aqraegisésﬁm@nem QOeREs REyHUIGE NG  determ ning

the transcriptone of a cell, or obtaining a gene expression profile of a
cel I, t heinclydadBhe seqiepaeimdyrbg comrated do mdptabmyeiaf knoymgeres, sudi that iffhj ect i ng sai d

cDNA to Wm%%ertg&%ggg&g%ﬁg@cég%ﬁ%?%gw 's@ssa%ﬁltge&f the invention, and

det erm ni ng whet rtic or a particulfar set of genes, is
expressed by the cell. In a seventh aspect of the present invention, there

s provided a Apd Rt Bhoot Bf Y rehedmARidn b M s 3fidioa b e di agnosis of
a disease in an 1 ndividual, the method 'conprising conparing the gene
expr es$i oproyidiog as indisition ugefillin the diagnotipofaalisbse drcanciadibidudl e Bé@hali sease, with a

cell of ap._indiyvi | . e f fering from di seas i n which

ei t her or &t')nc?? %“%‘f‘gﬁﬁ"‘%ﬁﬁc"gﬁ%’é‘gg P%%&eﬁ%\b f ﬁ'&%‘%‘?‘é@%&ﬁﬁ%‘ﬂg §§ a net hod
accor di nggeneisekprtdsed mslgaell ofxb) tiyrwemétiind acdording to Anygaecddingaspect afthei ght h aspect
of the pregsent inventi.on r.ovi.de,a netho . term.ni ng the sequence
of a cont PEMEY d{}@ﬁ%véd“?ﬁd cﬁﬁﬁgﬁ‘é“&{‘ﬂ&‘@} Bpnested °€5“§%‘6’Wﬂ%’é’} tti‘?)?‘sefg"‘? @'ﬁﬂanc er
sequence, (d) betermixiikpowhetierine sierpgne i§ expresdet i thé &l o () bg h fethbdle sequence tag
representative of the 5. termnal .transcribed sequence of the gene by a
met hozgac‘%‘?‘ﬁ’i"ﬁ&’ s prefﬁié"gfaf?egtt°r}g§b‘8’8'ﬂt'°8;fmfl CPMRALTIE H’Gﬁ’,‘l’rﬁ?w’&rﬂ/ preferred
enbodi menfagk thérest, dfite @hé Berwden the el (B)QAdHNR 2€1BKGc)PCT/ SG2003/ 000255 10

sequence of the gene 5 to the term nal transcribed sequence of (a)
conprising a pronoter or enhancer consensus sequence. In a preferred

enbodi ment, t Re pREAEMGEILOR, iff \éixtR BPEet, Provides b hethb&&fPrétfaking r anscri bed
sequence of (a) Is obtajned by means of (a) chronpsone wal ki ng, (b) SACGE

wal ki ng, detgrminngibe-trassciviamest fgally erpbiainingd e expregpiongmite efiaselhte or (d)
querying gedlad -ang{,fooiamg@bmﬁ%ﬁ,%@&ﬁﬁsabjeé@ﬁ. RiPYDNR 10 AREREAT NG tO a ninth
aspect of the inventTon, a database conprisi né a

15  according to any preceding aspect of the invention, and determining whether a particular

gene, or a particular set of genes, is expressed by the cell.

In a seventh aspect of the present invention, there is provided a method of
providing an indication useful in the diagnosis of a disease in an individual, the method
comprising comparing the gene expression profile of a cell known to be affected by the

20 diseas'e, with a cell of an individual suspected of suffering from the ciisease, in which
either or both of the gene expression profiles are produced by a method according to sixth

aspect of the invention.

According to an eighth aspect of the present invention, we provide a method of
determining the sequence of a control sequence of a gene, preferably a promoter or
25  enhancer sequence, the method comprising: (a) obtaining a nucleotide sequence tag
representative of the 5’ terminal transcribed sequence of the gene by a method according to

the first aspect of the invention, or any preferred embodiments; and (b) obtaining a



plurality of records, each record conprising an indication whether a gene is

expressed by a particular cell, which indication is provided by a nethod
accordi ng,otﬁ ﬁ@}‘glﬁrecedi ng aspect 10 of the inventi s T(Fﬁﬁﬁuobﬁs provi ded,
in accordance wth a tenth aspect of the present invention, conput er

readabl e nmedi um conprising a dat abasggpaccording to the ni nth aspect of the

i nvention. As an el eventh aspect of the invention, we provide nucleic acid
sequence 15se€i&ﬁwdf$lie%n@5’tt@ﬂlelﬂhﬁﬂhl&ﬁﬁkchbbd@edﬁ&icb@ﬂ(aﬁ&ﬁﬁiﬁdﬁ@g goRNY preceding
aspect of the invention rovide, according to a twelfth aspect of the

i nventi on, gfpagcqrgorﬁmewgﬁn nucl ei ¢ aci d sequence conprising a ditag

pr oduced by a nethod according to any preceding aspect of the invention.
According to a thirte inh aspect of the present _invention, we ,grovi de a
nucleic acid 260 3pElEE ﬁ’pﬁ“bg&eﬁ@uaw%?fb%wﬁértoémﬁwlﬁ@scal W urality of
such tags Ogeqeeédbf )i dhteined by BlethsioB(aPétRomdite waﬁmg,r(sj SKGE aamm%%)r teenth
aspect of the present invention, a gene identifie nmet hod according to
any precédi Pyleisapddwbristisationofiaggaamis ihmary,o¥ (d) apsryings data (%E@Gmlﬁy the gene. WO
2004/ 050918 eﬁ’&;nrée§62003/ 000255 11 A control sequence, preferably a pronoter
sequence, identified by a nethod according to any precedi ng aspect of the

i nvention. According to a thirteenth aspect of the present invention, we
provide a nucl ei ite for a
nucl eic acid cl ggle ge&eﬁzgﬂﬁeﬁqgf?gﬁ rzgp[)eft%lmg1“&%3?‘?‘?3&%%%%%%%&5&I ease, that
al | ows nucl phwlitiof wculis sach grsordicomprisingan mdmmwﬁeﬂiom zenelsfexprsssedrbe@ogm tion
site, and ( I lilﬁgﬁjﬁ al
transcri bedp%%cglaﬂ%ﬁlégﬁ% Q&c@%e etd% gﬁ%& g‘%l&gﬂ% %Qt her
conpri séf (cf)ﬂlanwnmnd recognition si te in which the second recognition
site is for a second nucleic acid cleavage enzyne, preferably 10 a second
restriction endonucl ease, that allows nucleic acid cleavage at a site
distant fromt hd‘h&edxpmbidedcimgcdotdame“éﬁm@nﬂmpbciofﬂud‘;ireshnttuhentinhmvage site for
]E Ih re sf e;:g(r:lg ggq%p:uglﬁrceg%ﬁiggncdﬁnmec%\lﬁ%gsemgean&ge accordm %&g nmﬂ;[ a%crc]:t q'rtheabOUt the

invention.

As an eleventh aspect of the invention, we provide nucleic acid sequence

15 comprising a tag produced by a method according to any preceding aspect of the invention.

We provide, according to a twelfth aspect of the invention, there is provided a
nucleic acid sequence comprising a ditag produced by a method according to any

preceding aspect of the invention.

According to a thirteenth aspect of the present invention, we provide a nucleic acid

20  sequence comprising a concatamer comprising a plurality of such tags or such ditags.

There is provided, according to a fourteenth aspect of the present invention, a gene
identified by a method according to any preceding aspect of the invention, or a protein

encoded by the gene.



Alternatively, or in addition, the nucleic acid sequence may further
conprise: (c) a second recognition site 5 of the first recognition site,
in whi ckyd hRygeeaNd recognition site 15 is for a sepepdeiidsbibs acid

cl eavage enzyme, preferably a second restriction endonuclease, that allows
nucleic acid cleavage at a site distdht fromthe second recognition site,
and in which the first recognition site and the second recognition site are
spaced such t ha# comteohsequénge, preddérahilyca prornateri ssquengepiderdificdby dmpetbaicond nucl ei ¢
acid cl eav cleic acid occurs at a position
within or a oﬂ"ﬁ%ﬁgg‘%ﬁ’@““’ﬁﬁ‘%@”ﬁf %@ﬁe"é‘?‘f 20 W further provide a |inker
sequence conprising: (a) a flrst recognltlon site for a nucleic acid

cl eavage enzyme r ndo c Lsase t hat ws nucl eic
aci d cl eavage af‘“%@%%etg%?’ X‘Fﬁ%’t g‘}e%mk&'% re*c S i9e s fudlpig %c’é)(c) a
second r ecoegvedde oompisirng;: (a) arecegnision attdormumblenc ecndcleai:agé aayrfie) preferablyne,

preferakly a second restricti.o nuc u ic acid

cl eavagtey at® r%l%écl%{) 'éengog'{cg &t(gﬂwsr{gm g@ggﬁ%@’gg "éﬁl 'ﬁq ‘ﬁﬂ“ﬁﬁ%@%”?ﬁ&% which in
whi ch the ategidgssits,ané () @huddvedseqrnd 1 epreseitative of a Gra i Afscabedy e | S

| ocated w thin o about the first recognition site. WO 2004/ 050918

PCT/ SG003/6WE¥E8Ta 8B n of or abl y, the nucleic acid sequence conprises the
sequence 5' - AG GGAG\INNNNNTC CG AC -3', preferabl y 5' - GAGGAGCGICTCTCCGAC- 3' .
According to a i,leurteen ect o h orese t i nvention, we provide a

met hod for det e&B§ e é%‘%‘ ‘Hﬁ“@f’ EP“sF ELBHIMSES Mg t he st eps

of . (@) pr Giiichi thedsedontl irécBpnitich sﬁ@mr@@&aﬁ&sweii&emwamaa&lyﬁb refézatly (CDNA) ; (b)
provi ding a second conpl enentary  deoxy rlbonuclelc acid (c) linking

the firt cmsreend wwtﬁeeﬂmflaﬂs%wws pvqlmfewc %@ﬁtﬂéﬁb@sw@ ™ or i ng a
first linkeage déé&nh‘%écs%ﬁ?dn@uc lafd e tlelRaddgt Sife fbr HKREoIGHLEDRE CONPrises a
first recognition si for a first nucleic acid cl eavage enzyne, preferably
a first reiayage enzyme islersied vithinppaboytibe firsy recogritioniileei ¢ acid cl eavage at a
site distant fromthe first 10 recognition site; (d) linking the second cDNA
so produced to a second |inker sequence thereby form ng a second |inked
nucl ei ¢ aci d, i Alteshativiely: drén sidisiomdhd rugikie pcid saquence may figthgscpmprise:dc)second
recognitio le&d I rably a
second res?ﬁ%é% shilicd RES 18 e BHClcRigbi i, B WIRKIREERIMBRBREIET T Y. S e
di st ant 15 r gsfor & segonslgmolaig aclécbgwagq dngymeg prefsrablya)seqnd sestrioiipriendonficlease, | i nked

nucleic aci tﬁlat V\l‘low@ ntuaelc ‘Z&E\ %ltea\}; t ﬂu% distant from the second recogmhon site, and in

which the first recognition site and the second recognition site are spaced such that when

the nucleic acid is exposed to the second nucleic acid cleavage enzyme, cleavage of the

nucleic acid occurs at a position within or about the first recognition site.

20 We further provide a linker sequence comprising: (a) a first recogniti;m site fora
nucleic acid cleavage enzyme, preferably a restriction endonuclease, that allows nucleic
acid cleavage at a site distant from the first recognition site; {c) a second recognition site
for a second nucleic acid cleavage enzyme, preferably a second restriction endonuclease,
that allows nucleic acid cleavage at a site distant from the second recognition site; in

25  which in which the cleavage site for the second nucleic acid cleavage enzyme is located

within or about the first recognition site.



15 acid cl eavage enzyne to provide a first linked tag, in which the first
linked tag conprises a first nucl eotide sequence tag representative of a

t er m nal wd RiHesodeed sequence of the first cDNA  (f)p&le@biiboisse second
|l i nked nucleic acid with the second nucleic acid cleavage enzynme to provide

a second linked tag, in which the sqgond | i nked tag conprises a second
nucl eoti de sequence tag representative of a termnal transcribed sequence of

t he second 20 %b'!f'ﬁ‘)ee"'"%}%g%&@%‘lﬁ geioi&{ %gesﬁlréq?q%g‘%g?q tags to forma ditag;

and (h) determ ning eot 1'de sequence 0 east one tag of the
ditag to JGAGCAGHRRNNNNTC €6sAGRY’, Méfeblg l-GAGGAGORTOTOIA0GALC 31 f t eent h aspect
of the present invention, a nethod of sequentially generating subsequences
froma nucleic acid sequence, the nethod conprising the steps of (a)

provi di ng a fi rAstording toci fourteenthl aspeny ofthe preseplinventionk wa grovide a tethed for5 nucl ei ¢

aci d sequence..to an secand nugcl ei ci d .sequence form.a | i nked nucleic
aei d. i SO ing xRen ot R g for B odompriS B e s OF SBrEieE afTecogni ti on
site fos acofpldnhmryalébxribsihucieic age (ENAJ{(B) provillingh $eoid compRBsiaryof the first

nucl eic acid sequepce at a_si di.stant, fromthe recognitjon site; and (c)
cl eavi ng t HREXYTOARIEEIGRS K@?%EAE@SH &ﬁeﬁﬁ@%?%@“&@itﬂaﬁﬁ@&@ége enzyne to

provi de: (dehuehcd thérktsy fornfingd firstafmkéd ubleid A618,9n FRIZR e Fiksh BnilePRqideond WO
20041050918 PCT/ S&2003/ 000255 13 nucleic acid linked to a subsequence of

the fast neEIPESeS aficst poemmifion sitclor yfirstapclsiopeid sloagsenzypmprefesably afis' portion of

the first RufRhendahded HEIMERs niMMbt doidicleafsgh AU b diBHG RIChaR0  Sequence
conprising a 3' remai nder portion of the first nucleic acid sequence; (d)

repeat ilhg weagpition sile; (dy ligking the serend SPNArso @rodpged ygd seppnd hinkerissquencaucl ei ¢ aci d
sequence o ), ] F j 1 hes ' i d sequence of
step (c)(i ?’féﬁﬁfgﬁ‘%é éeﬁ%‘?é@%@wgggﬁga%réggﬁ%@?Eécpn e#t(l\tl&rteé;?éfu gﬁ&s equence of at
| east one ¢amiprisesasedond weagpitidn siteforrreeond nucleicGacidnigavage anzymepréferably  nucl ei ¢

aci d_SequeNGe. QRS thabueiofle o Yool b 5eid AEKRLN: A hed Gufhe Byl 20Nt h aspect

of the present invention, a ne tai ning nucleot 1 de sequence tag
from a t er tie sagendabcognitiorcdite; (€) Aenvidlg thieHfiest fivketl oubléi©actdowittr the fisgnuckiez st eps of .

(a) proyiding,a first nuclei.c agi d.seguence.. | ki the first nucleic
et oF s SuetraEeifhyses it oSl SRR EENE S it B4 ARLiARebrBnsst . | n i ch
the |i nkefirssfgléstitz Sequenp tig @icsertdtive of f terriifial rRRabOd bdqoencsofitke firsr a first
nucl ef ¢ ack g BaYags, weneN IR ADAL AL LOS f LRI Al I JAlgL nuct el e acid
enzyme to provide a second linked tag, in which the second linked tag comprises a second
nucleotide sequence tag representative of a terminal transcribed sequence of the second
20 cDNA. (g) ligating the first and second tags to form a ditag; and (h) determining the

nucleotide sequence of at least one tag of the ditag to detect gene expression.

We provide, according to a fifteenth aspect of the present invention, a method of
sequentially generating subsequences from a nucleic acid sequence, the method
comprising the steps of: (a) providing a first nucleic acid sequence; (b) linking the first

25 nucleic acid sequence to an second nucleic acid sequence to form a linked nucleic acid, in
which the second nucleic acid sequence comprises a recognition site for a nucleic acid
cleavage enzyme that allows cleavage of the first nucleic acid sequence at a site distant
from the recognition site; and (c) cleaving the linked nucleic acid with the nucleic acid

cleavage enzyme to provide: (i) a third nucleic acid sequence comprising the second



first recognition site, and (ii) a second recognition site for a second
nucl ei ¢ acid cl eavage 15- enzyne that allows nucleic acid cleavage at a site

di stant {ygopdeseersecond recognition site, said cleavp@isGiohfoohRsated at a
position within or about the first recognition site; in which the |inked

nucleic acid has the structure: 5 3second recognition site - first
recognition site - first nucleic aC|d - 3 (c) cleaving the lIinked nucleic

acid wit h.l{upl%icfa}:lﬁﬁhlr Lﬁfbg &fcgof tﬁ%ﬁgt %«g? £ g&&%ggent:é) cﬁﬂnl'%gqu r(ce) a |inked

tag conprising t er Se guence 11 nkK e''sequence tag

r epr esent aROiansesﬁSthmqule ﬁMOtwﬁl@acmewqwm)e&fammmmmdl ng a termnal
portion t elc acy nprising a

r emai nder m{e‘;cgﬁgg?"gétdn? %ﬁaﬁfd{%ﬂﬂ)ﬂ% T8 (]:wgfzslt %%@%ﬁ he first nucleic
acid conprmsnwstqpsfumtoe(nm&astymdaomhwhlﬂmﬁmImmlcnca:mdséque@mﬂ]l%l)sp fisi ng a

term nu erm tra d s ce of a gene, and in 25
whi ch the ToRepY B Bt oubiBE B Rutre RS ERIOGT PR RS e BB The 11 st
nucl ei ¢ aqdqu,mmequsntswatmhemmhaIm adidasquendaonal 81 pirtonat a first (CDNA)  havi ng
a termnus Cﬁ r|s ng a 3 ‘HP nal transcri bed sequence of a gene, and in
whi ch t he TlsiEarid sey ﬁ&‘E“H“s?‘ HREd to said terminus. WO 20041050918

PCT/ S62003/ 000255 14 Preferably, the second nucleic acid cleavage enzyne

conprises a re i ct.ion ndonugl ease, pr ferabl e US restriction
endonucl ease, ‘é‘”?ee& ng i, hsedpqnth 4 B’r"e’gtié’ga“c'@? °dd§ef erably

Mrel . Pref giaidhga miciaendelsé@tmoemglm mlms@reﬁwmcﬂnwaﬁmrmri ses a
restriction 5 en onucléfgs) prefe ably a T¥ 1S renglgl ction endonucl ease,
pr ef er Hb| yFOPPEsing the stqps |P§°" %étd‘“cl‘él‘éé% ARG ) dinkiag B fistnt h aspect of
t he presengycleft\a8ialséqibnce ma&nhmerqéqus&ewam Alikkéd SR Rid, fOwicthéir al ity of
nucl ei ¢ acjd sequences each_canpri si ng nucl eoti de seqlpence tag froma

nucl ei ¢ aclinker SF%HWPWB’EF%&%ﬁﬁéﬁﬁ%ﬂﬁ'@bé@tf?’r@f&tﬂéﬂgc peidl cleayagg c) of any of
the sixt eegbindaRGAEWs Gdavd %fih@ﬁ%[‘ﬁ cmeae,*dséq% Ea%@dmfaﬂt%ﬁ@ the first

nucleic 10 acid sequence Of step 'S prov t he second nucleic acid

sequence ofirsigeegnitien gitei apd (n)A@ec@ndjtep@nttlen ateéprgwmdn mlmmleamet he present
expr o5ty ore o EBRns AR adf tcalage asid AR EGR dURBILIRIBN SR Ty
pr ecedi ng sasindeavage fitet lheated mtaprsitiom within dr sbouttthecfirstaenopmition sitg; in wbickt ep

the linked nucleic acid has the structure: 5’ - second recognition site - first recognition site

- first nucleic acid - 3’ (c) cleaving the linked nucleic acid with the first nucleic acid

cleavage enzyme to provide: (i) a linked tag comprising the linker sequence linked to a

20 nucleotide sequence tag representative of the first nucleic acid sequence and comprising a
terminal portion thereof, and (ii) a second nucleic acid sequence comprising a remainder

portion of the first nucleic acid;

Preferably, the first nucleic acid comprises a complementary deoxyribonucleic acid
(cDNA) having a terminus comprising a 5' terminal transcribed sequence of a gene, and in

25  which the linker sequence is linked to said terminus.

Preferably, the first nucleic acid comprises a complementary deoxyribonucleic acid
(cDNA) having a terminus comprising a 3° terminal transcribed sequence of a gene, and in

which the linker sequence is linked to said terminus.



of detecting the presence, sequence or identity of the linked tag or the
nucl eoti de sequence 15, tag to provide an indication of an instance of

gene expa@sdMieerye Provide, according to a nineteentdrmsgssioostss t he
invention, a nmethod of detecting gene expression, the nmethod conprising the

steps of. (a) providing a first linke## tag and a second |inked tag, each
i ndependent |y produced by a nethod according to any preceding aspect of the
i nvention; (b) |¥mferahly, thpsecondnyeleiciasii elervegepnzymee comprises 8 pstictiomked tag 20

such t hat tfeﬂdoﬂméae@b}e%bgegrs@gﬁg rdsdihbdrfilleat fiRE: bldRfifith g S |1 nked to

t he nucl eotide sequence ta t he ot ed tag to forma ditag, the

di t ag conpr ibasener ereataniprri¢rably Mmekcri bed sequences fromfirst and second
genes; and (c) detecting the presence or identity of the ditag, or at |east
one nucl eoti de sequence tag conprised therein, to detect gene expression.
25 Preferably, eRreferably, théyfirst nucleic agidglesvagoendyms evnprissagestiivios conpri sed in

the first; a I i Ses anpld fi.cat ion prinmer
sequence,5 a%ﬂd(}@l&%?gﬁkﬁy a%‘é%"%gg %@M&%@gﬁ%%f%éﬁggl 000255 15
further conprises a step of anplifying the ditag, preferably by neans of the
pol ynerise chaip reactian, (PCR). Preferab t he nmet hod. furt her conprises
the steps of. (d e((ﬁ155‘??’@81’g’ﬁcgﬁhgtt%ﬁswtﬁné%%doo?ﬂ’é&’&“ﬁ“@%ﬁﬁ‘&"’nucI eic acid
cl eavage enzythed of Yudntiallyl gagerating b pluglitylof niileid doid seqiekides @ath cobprisingamed di t ags
to forma congataner; and (f) obtaini. th ucl ei ¢ aci d, sequence of at

| east a por t“f’%ﬁ’t“g? s‘ﬁh%‘°%‘8ﬁ£‘8%’ér‘?ﬂ?‘?‘°%‘ﬁ£%ﬁ"ﬁé§ RIS rﬁﬁga“ﬂqéa NGS Fi gure
1A shows an (e\bEinyiof he@ixteantls Bspests SHAREnTentidn bt tpds onde[HNNidhi tReRstaufiflc fragment s
at Vend gn nmagnetic begads are digested by.a 4-bp . restriction enzyne N ali.
On 10 alfer 451 scayEmceoET AP Py BB gea nuslis did ssauenceat SBRE L] nikcer s
with a recognition site for BsnFl, a Type US type restriction enzyne, are
ligated to the Nlal]] cleaved end of A cDNA fragnents on the bead. BsntFl

cuts the DNA asyfffetdinedap eighteenthaspeqt af fhemssspnt invartion; wegroyide § methedsfease of a

14 base pai fyrdviting ARAIRREBET oM irsBRce©@P EXpRSAG GHakend. I Aol Bémpribinga €Xtract ed
tags are then ligated into ditags for PCR anPHfl cation followed by renoving
1

the 15 |i nkerethod gecordingo apynreceding afpest pfghe inygntieny and further gompprising g ster sequence
are concat engh&thing the presence, sequence or identity of the linked tag or the nucleotide sequence

15 - tagto provide an indication of an instance of gene expression.

We provide, according to a nineteenth aspect of the invention, a method of
detecting gene expression, the method comprising the steps of: (a) providing a first linked
tag and a second linked tag, each independently produced by a method according to any
preceding aspect of the invention; (b) linking the first linked tag and the second linked tag

20  such that the nucleotide sequence tag portion of one linked tag is linked to the nucleotide
sequence tag of the other linked tag to form a ditag, the ditag comprising terminal
transcribed sequences from first and second genes; and (c) detecting the presence or
identity of the ditag, or at least one nucleotide sequence tag comprised therein, to detect

gene expression.

25 Preferably, each of the first and second linker sequences comprised in the first and

second linked tags comprises an amplification primer sequence, and in which the method



cl oned, and sequenced. Figure 1B is a schematic diagram of SACE tag
concatenate library construction. Figure 2 is a schematic diagram of the
5'and 3' Term nal SAGE techni ques 20 described in thi s docurrent and its

appl i cat i wo 2003/09@®ne annotation. 5 and 3' Term nal (ngn
full-length transcripts in a transcriptone are extract usmg type
restriction enzynmes. Tags are concatehated, cloned, sequenced, counted, and
mapped to chronmpbsonme. Mapping of 5' and 3'tags to genone sequences al | ows
preci se | oc&irthergomprises antgp pHrmulifiingdhe dileg, poferapinbismenns ofth¢ pagnegasne activiti es
on chr ormso%mc%ﬁ#(ﬁgpl ng tags 25 generated by serial rounds of SAGE

Wal king will 1 nmensely I'ncrease the tag specificity and confidence for
identification of new gene and confirmation of predicted genes. The 5 tags
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the 5' Ter ni thglor @QGE@G&FMB@R@EMMH%EWMM&I&@& plestityiolf & rdsultanhi s docunent .

See Det aisl e i fQ ul chenmati ¢ .di agram

showi ng the%‘{m‘l‘%‘f’?‘%ﬂfgﬁ 8@ %%t?g”{gge‘t‘ dﬁrcé“ i3 $eqEE OF o I thi s
docunent . SéestBebaioh efthBeocatamdri on for details. 5 SEQJENCE LI STI NG Appendi x
A shows the sequences of the various linkers and priners used in the

nmet hods and conpositions described here, in particular in the Exanples. The
sequences 3rmmDescEPTIDNOFAREDBrOWINGET used for cDNA synthesis; Biotin-Notl

|'i nker, Ml -BseRl 10 Linker A (48nt); Mrel-BseR Linker B (48nt); second
round Mrel -BseRl Linker A (50nt); second round Mrel-BseRl Linker B (50nt);
PCR primer A (29ngureawmt.m dERervizwiol B knoBm(SAYH techaiyile JiinmbobitizeddDNA pri mer (for

cDNAsynthels otinI| The |ot oI| is sa s the PCR
priner A); Q%l?@l °’l ?‘?ﬂ‘é?‘nﬁ“{fé e figey 12:3@' &l%‘ eNZYg pol yA) ;
Second rmundvdt»ﬁgelmmavéslamﬁ ennA(xﬁ&aiy)zsoE@epm Llﬁkﬁﬂéj\wm}ecokﬁm&ﬁeﬂ Li nker B
(50nt); PCR prl ner A (29 20nt PCR pri rrer (29n 20nt) Not | - dT20

primer: Nod 5§ RKBSMELATYPRAS ope Fekictionsname are figatedrto theNlgfI cleaed end ofker A t op
(N6);  Li nk@HNA igit@8bn the bl BT Qits th&BNA abﬁtkéﬁcaﬁy[@ﬁtééﬁ()-t/lé)tnker B

bottonx; PCR pr.iner
resulting in the release of a 14 base pair tag representing the corresponding transcript. The

extracted tags are then ligated into ditags for PCR amplification followed by removing the
15  linker arms with NlaIll digestion, Ditags with 4-bp anchor sequence are concatenated,
_ cloned, and sequenced. Figure 1B is a schematic diagram of SAGE tag concatenate library

construction.

Figure 2 is a schematic diagram of the 5’and 3’ Terminal SAGE techniques
20  described in this document and its application in genome annotation. 5’and 3’ Terminal
SAGE tags from full-length transcripts in a transcriptome are extracted using IS type
restriction ehzymes. Tags are concatenated, cloned, sequenced, counted, and mapped to
chromosome. Mapping of 5’ and 3’tags to genome sequences allows precise localization
and identification of genes as well as gene activities on chromosomes. Overlapping tags
25  generated by setial rounds of SAGE Walking will immensely increase the tag specificity
and confidence for identification of new gene and confirmation of predicted genes. The 5°

tags also allow quick identification of large number of promoter sequences.



A, PCR primer B; Gsul-dTl6 prinmer; Mrel-BseRl Linker A top; Mrmel-BseR
Linker A bottom Mmel-BseRl Linker B top; Mrel-BseRl Linker B bottom Sall

adapt or GRPi004des1820 adaptor bottom PCR prinmer A, PCR-pe&feincthsine methods
and conpositions described here may suitably enploy any one or nore of the

sequences shown in the Sequence Lia%ing. DETAI LED DESCRI PTI ON The net hods
and conpositions described here enabl’e the isolation of defined 25

nucl eoti de seq aqs, . from. m,ni . of | el c i.ds. rovi de net hods
for the WD 200ﬁ%‘ggﬁ%@gw%%ﬂwaﬁéher#@“ﬁ'&ale%ﬁ}%ﬁ"do gﬁe)ne expression in
a parti cul Walkingltéchmiques desstited ircthis dedumentx S¢edietajled Descriptiomdraetails. ncl udi ng at a
particul ar devel opnental stage or in a particular disease state. Nucl eotide
sequence tags derived from cDNA can provide information on the gene, allele,
or isoform whiFigdure 4isasptiematediagram showiigithe 3' T@niANSAGE ndSAGHEl e refl ects the
| evel of essi pn of .the 5.,gene. Qur t hods, fherefore enable quantitative
and qual i f@g t?ﬁ'ﬁﬂ'ﬂféf’?“@‘%&ﬁ'éﬁwweg%i%' eq Ressuptiop fopdetpils. v et hods are
useful for isolating nucleotide sequence tags which reflect the 5° and / or
3" sequences of transcripts corresponding to expressed genes. Such

nucl eot dmm&gs are therefore representative of a termnal
transcri bed sequence of 10 a gene. In general, they conprise a term nal

transcri bed sequence of asgene. Such tags, are referred to for conveni ence as
"Terninal Tags™PPsix Aghovsdhaaeausness of the yarigpy linkers aed nsimers wsed igitheal tags wil |

be ref err edethsis aAd@npodifidns BABNIREhEBGR pitutar ifthie Exahipled] THelsequéifehs - AS
expl ai ned a%ove,a t he prli on? art SAGE aﬁd LoarrlglgSA%;ExatBe%E:hni qu?aqs'é have 15

di sadvant a#@¥na%8soci ated with the fact that the tags produced using these
techniques are essentially "internal” in origin (i.e., they correspond to
i nternal sequences of the expressed enes). This is because, in the prior

art SAGE tech niNge 15 primerusedfpr cDNs¥ synthesis; agﬁnéqoaéhkmumeb_?seﬁhg 5 nost (or
s dof 1% et hke Ausely MAcR ORI LM 5|45ty ok RulE L BRI Bk 01 o and 11
20 cut t i ng(56mt); gecothiohnd MmehBseRI hinkss B (60nt); BER primer3A (29nt2t); PER cDNA can be
anchored i 0 L0@ (20nt 20nt); Fsel-dT15 primer (for cDNA synthesis).. 5° biotin linker (The

biotin oligo is same as the PCR primer A); 1/2Fsel-Mmel linker (to introduce Mmel site

and remove polyA); Second round Mmel-BseRI Linker A (50nt); Second round Mmel-

15 BseRI Linker B (50nt); PCR primer A (29nt, 20nt); PCR primer B (29nt, 20nt).; NotI-

dT20 primer; NotlI Linker top; NotI Linker bottom; Linker A top (N5); Linker A top (N6);

Linker A bottom; Linker B top (N5); Linker B top (N6); Linker B bottomx; PCR primer

A; PCR primer B; Gsul-dT16 primer; Mmel-BseRI Linker A top; Mmel-BseRI Linker A

bottom; Mmel-BseRI Linker B top; Mmel-BseRI Linker B bottom; Sall adaptor top; Sall

20  adaptor bottom; PCR primer A; PCR primer B.The methods and compositions described

here may suitably employ any one or more of the sequences shown in the Sequence

Listing.

DETAILED DESCRIPTION

The methods and compositions described here enable the isolation of defined

25  nucleotide sequence tags from termini of nucleic acids. We provide methods for the



known SAGE and LongSAGE techni ques, this anchoring, and the fact that the
cCDNA is treated with the Anchoring Enzyne prior to ligation to the adaptors
or linkers, neans that the tags generated by the SAGE nethods of the prior
art essemto mwodpsoeer respond to "internal™ sequences. BEr/écmoiébons! V.,

pre-di gestion of the cDNA with Anchoring Enzyne neans that the position of
the tags in relation to the entire sgquence is essentially determ ned by the
WO 2004/ 050915 PCT/ S&G2003/ 000255 18 position of the nobst term nal Anchoring
Enzyne si t&etecaomge&eramgsmn%si pRRANE B (406 or &l cReack e i, T NOCS
therefore invaria resu in "internal " nucl eotide se encetags I'n
contrast, t“h‘édlm%tmm@P“‘Sﬁ@lftmmSﬁﬂlegﬂdespem¢%§dlspﬁe§thieg“l€m@tﬂﬁent enabl e the
i sol ation tp?cﬂrftl igin. In

ot her vvord%?uahe 5 tags oEt al ne usi rel\éjmi(’)lﬁtrah?{e %ﬁéensanée\%)r%irs?fggﬁthe 5 or 3
sequences which isexpresseslearsigheir lmjddnetr v aggnplsrefents thehw}: of éxpressiennf thei bed
sequences t er to the nmethod
for obt g.l n na' %gg&ﬁ'fg&esstﬁnéﬁfge uaJ\:nQ{)twa se\éuieuht?g%gqflysmféene described as "5’
Ter mi nal Sé@Essiomnd t he net hod for obtaining a 3 termnal transcribed
sequence of a gene "3 Termnal SAGE'. 10 Simlarly, the nucl eotide sequence
tag conprising a 5 termnal transcribed sequence of a gene may
conveniently bdnpﬂﬁmﬂar,@drmethaxk aee Us&ul forisolating huclemtjde sequenicd tags whinhc| eot i de

sequence ta [isin rmnal. transcri be se ce o gene may be
conveni ent F@ecﬁg}e r?‘@d °?%) sﬁ%"eﬁces gm'ﬁ"%cpﬁlfﬁ%ﬂe ?03%"“3 R% ﬁ?ge"lei g\ﬁ%

appr eci at eflucldotide seffice tags arRUlidrefore r@mﬁtmmmrmmbtmpanabd &ﬁu@cegﬁ'ne | s being
processed using the t hods descriped 15 the e terns may equally have
nmore genher 3B By V°‘e‘“p'!§§aF°€?‘@f‘lrniaﬁﬁ“ S‘P‘i‘l‘%‘“’ﬁ” 38¥%fni nal sequence or 3'
term nal sequence, as the case may be, of the nucleic acid in question). In
t he nmet hods of Term nal s descri bed hereg, first nuc)eic acid
sequence” is fi Sueh m&‘raé‘i/‘ie?fg%“’%ﬂ'i@“Y%‘eF‘ieﬁéd W“Pﬂ‘%gs'i?“ﬂﬁlé‘r Yeence" to form

a "linked ?&owﬁingk&ha&mamghﬁn bé Ricped BESRMERorRARAAR, & i 1St
recognl tion site" for a "first nucleic acid cleavage enzyne". The first
recogni t i ofifesningl SAGKych that that allows cleavage of the fi rst nucl eic
acid sequence at a site distant fromthe first recognition site. The |inker

As explained above, the prior art SAGE and LongSAGE techniques have

15  disadvantages associated with the fact that the tags produced using these techniques are
essentially “internal” in origin (i.e., they correspond to internal sequences of the expressed
genes). This is because, in the prior art SAGE techniques, the “start” of the tag is defined
by the 5* most (or 3’ most) terminal Tagging Enzyme site on the gene, while its “end”
position is defined by the offset between the Tagging Enzyme recognition site and its

20  cutting site. While either the 5° end or the 3’ end of the cDNA can be anchored in the
known SAGE and LongSAGE techniques, this anchoring, and the fact that the cDNA is
treated with the Anchoring Enzyme prior to ligation to the adaptors or linkers, means that
the tags generated by the SAGE methods of the prior art essentially correspond to

“internal” sequences.

25 Accordingly, pre-digestion of the cDNA with Anchoring Enzyme means that the

position of the tags in relation to the entire sequence is essentially determined by the



sequence al so conprises a "second recognition site" for a "second nucleic
acid cleavage enzyne", that allows nucleic acid cleavage at a site distant
fromthe second recognition 25 site. The cleavage site for the second
nucl ei c w0 dooshbsaieage enzyne is |located at a positionpcskBios bout the
first recognition site. The |linked nucleic acid preferaﬁqyg%égﬂ%ﬁﬁ
structure: 5 - second recognition sit% - first recognition site - first
nucleic acid - 3" WO 2004/ 050918 PCT/ SG003/ 000255 19 The |inked nucleic
aci d is t heRojoBlbe mpptierminebAncherng hgpmesite inthe anseribsd segueren IPpere.  The
product s of pfidtiatt SAGEINARRs HRAEIE MVariahG redtlEin@inkdribiSflicledfle RNk BT t he

| i nker sequence |inked to a nucleotide sequence in representative of the
first. nucleic acid sequence and conprising a termnal portion thereof; and
a second Nucl el Gn Al SRATGHGRI SAMDIckRAdlG: Rschivk FRMDERImBR kM RIOT Lhe TSt
nucleic acid. In highly preferred enbodl ments, the nmethods'described here

i nvol ve anc Heketionpf aurleatide seavenee tpgs whighagre terbinal " amerigin. dmethergvords, thelapt or / | i nker

to the fgeeenthiaidddSsiAsaRthhihidd KShori 7 -S5e [ jte, as well as
two Type US ?eg_{?arl{ct flg enzyrr'éﬁéra_e%%ﬁig?ﬁggn&éi ?egge.nl'?&%ﬁg{eipﬁgssfﬂsi te may be
referred tongpleicdeisls Tadhsineethemangarivedsequenges of the dApedsied gemesdubdi tion, a 10 site
which may b . ", . yae'. §i £..0..  BseRl) is also
provi ded fgorngglgerqr‘%\gig‘lg r%)‘?”? gg%ﬁmneﬂg%gtg{ﬁ]ﬂ' Hée@f%(l)'f"ﬁg\%\ns sﬁégﬁdi%aqé’f’l‘cgﬁﬁand

anpl i ficat i genedésctited asli'S’ dgsninal SAGESmpd the methodifor alysinimp @ 3t teawindtoncat aner i sed,
sequenced, an nal ysed s desgGri bed | Mrther detail below It wll be
appreci at ed%’%&&%%?%‘c?ﬁ%q‘eﬁ?t rrf"nrﬂ’é'fa!e#‘gcgci d sequence conprises a cDNA, 15
t he nucl eoti de sequence tag which is produced fromthe nmethod conprises a

termnal,, transql.i hed sequen of the rel evant ne. eferably, the cDNA is
first prlgcessedcé"gﬁmg'e%ﬁg‘g?eé’ﬁgﬁ sgﬂléef'ce}gp%m%?g %?Ei?rﬁ'é“a fra nsl ated region
(UTR) or t heeqiéncéBifa gase iniiycconesmizntiytiyrefoed td eSS’ feqhintay'dng thewhere a tag
conprising a ﬁ? P.{%erm’ nal transcri b?d selgrence, iqs) desired, the cDNA may be
processed t B9%QH¢RLAughoq tagcomprsing 3 ¥ tegming} transruibed seguense qf.aigene may be ey er | it
wi Il be appe@iverénfig rdfdird td @H09Blernhal 1a@e HOWEVer, 61 Will®k appiriated thif WhéeiCh as t he

pol yA/T tail is not, strictly necessary,. provided the taglp‘;lss | ong enough to
capt ure seqA8hfiec acidyhifhiia potaar aHRee i rips progreseh yrigayhe metipds deschbednyucl eot i de
sequence st agerdfthesdteints iyQRguuhy HavEirorOnslal edahifgh (.6 af Ri&hing 1o fhelshe

terminal sequence or 3' terminal sequence, as the case may be, of the nucleic acid in

question).

In the methods of Terminal SAGE as described here, a “first nucleic acid

sequence” is first provided. This is lined with a “linker sequence™ to form a “linked _

20  nucleic acid”. The linker sequence comprises a “first recognition site” for a “first nucleic
acid cleavage enzyme”. The first recognition site is such that that allows cleavage of the
first nucleic acid sequence at a site distant from the first recognition site. The linker
sequence also comprises a “second recognition site” for a “second nucleic acid cleavage
enzyme”, that allows nucleic acid cleavage at a site distant from the second recognition

25  site. The cleavage site for the second nucleic acid cleavage enzyme is located at a position
within or about the first recognition site, The linked nucleic acid preferably has the

structure: 5° - second recognition site - first recognition site - first nucleic acid - 3’



identity of the first nucleic acid. Its sequence may al so be determ ned for
this. In preferred 25 enbodinents, the nucleotide sequence tag which is
producedé‘;é I{%&% "tail to tail" with another nucleotide sequence tag to
produce FOEMLEMS which is then anal ysed (for det ai | BCTVRGHOEMOER) . The
ditag maybe anplified, for exanple, by PCR- by introducing appropriate
sequences in the |linker sequence. TA8 or nore ditags may be joi ned together
to formWD 2 0_0 4105 0.91 8 PCTI SG2003/ 000255 20 concaterners, and the
sequence of t hdhglnked pugleis ecidjis thep pleavedwith the firsypuclein asidplgavage sp¥meni ¢

screeni ng-ﬁemmua@mﬂﬁ_cﬁmE@as&ioJ @eRde a 17{REd faf EdBprising the ARG seqibtick €ot i de
sequence tag"” as used in this docunent should be 5 taken-as synonynous with

each ot herl,“q‘aﬁﬂ arnycleetide sequence fag reprrseniative ofdhesfirsh rupleie acip paghenceandgi agnosti ¢ of
a | onger o . hSi ) d sequence ma
g é?ﬁ!pnﬁ){ Lahﬁmal rtﬁﬁﬁigret)baﬂd atsg&{l&)?ﬁ:zg@%gdsg 1};&%&9‘32{!?{@ a q y

be detected by detecting the presence o t I dentification
of the #agremsindaiperéien ofthe st nuglgisucid part of it, is sufficient to identify
the | onger sequence. In highly preferred enbodinents, the sequence of the
nucl eoti de sequence tag uniquely identifies a 10 gene. The tag sequence is
typi cal |y deri Jebighly prefermedembadijeantsctheymetheds desgribedrhaxe ilwolvg anchoragaent of it.

Preferably, .. i f | 9 e | ess t han
10% m)sten[t)lre é'}e&%@&ﬁp‘ésaghﬁ\ ﬁagﬂﬂgbgdg?thﬁgggﬁtg@@ tﬁégé?dé%%%%ﬁl eer gene. The
tag may beconfprisasyp PCRaprigehsitebastwellppivodlypy IIS testdictianregzimeotcopiitort sites. i S bet ween
5-40 bases f %W}ﬁ ~30. 5%? I fer.ably between 15-20
bases in |£’?§’§[rﬁ.“%A'?@h%u'g oﬁgse%grg%gﬁ'éﬁ%c §§°s(hg}rg @2’5%?%?%% I,"at he net hods
and conpossiteiwhith magbs caféried th dsaliec* Anehor Enyma'biitg (b, BssRI) isdldolprovidedt er t ags, for
exanple, tags of 5..6. .7 8 9 11, .12, .13 ...14. or .15 bases. However,

pr ef er abl y$9f6W8V1135@° RADE Sﬁq“ﬂ’dﬁifé‘}gm’}gﬁﬁm"ﬁ afd a’&%‘ﬁ%é’%@é'}‘e gﬁg&ﬁﬁ-g preferably
17 bases, dnfplified ditags 40 tHea s@matarderisgd, edqe¢nadd, yndHalpes s descried irefurt@d | n
preferred &nbﬂg nents, where the nucl eotide sequence tag is of a gene, the

| engt h of P §*(i.e., the anpunt of sequence derived fromthe | onger
sequence) is sufficient to provide at |least a prelimnary indication of the
identity of the gene. Preferably, .the length of the tag.,is sufficient to
provi de” a uni qdbw‘flrl?ﬁf‘maé‘?ﬁl%“’%ﬁ%ﬁ?gﬁﬁf“f ele a5¢d sgqugpgecomprises a cDNA,

15 the nucleotide sequence tag which is produced from the method comprises a terminal

trénscﬁbed sequence of the relevant gene. Preferably, the cDNA is first processed to
. remove at Jeast a portion of the 5’ untranslated region (UTR) or the 3’ UTR as the case

may be. Thus, for example, where a tag comprising a 3’ terminal transcribed sequence is
desired, the cDNA may be processed to remove at least a portion of the polyA/T tail.

20 However, it will be appreciated that removal of the entirety of the 3' UTR such as the
polyA/T tail is not strictly necessary, provided the tag is long enough to capture sequence
information upstream of the polyA/T tail.

The nucleotide sequence tag which is produced may be detected to determine the

identity of the first nucleic acid. Its sequence may also be determined for this. In preferred
25 embodiments, the nucleotide sequence tag which is produced is linked “tail to tail’ with
another nucleotide sequence tag to produce a “ditag”, which is then analysed (for details

see below). The ditag may be amplified, for example, by PCR, by introducing appropriate

sequences in the linker sequence. Two or more ditags may be joined together to form



i.e., it is long enough to identify the gene. 25 As wll be apparent from
the description below, the |ength of the tag may be vari ed by choice of the
first nugldidpsaeb@ Cl eavage enzyne (i.e., the first @ﬂsb@&/&ﬁﬁs“ ction WO
2004/ 050918 PCT/ SG2003/ 000255 21 endonucl ease in pre erred enbodi nents), in
particular, the "offset" by which t first nucleic acid cleavage enzyne
cuts fromits recogni ti on sequence. Preferably, the tag is diagnostic of a

I oduc
R b SR RO R L

| i brary scgesemicgreening. by dat abase corrparl son. The nucl eoti de sequence tag
may be indicate the presence of a gene in a cell (or organ, tissue or

i ndi vidual) or ‘Nacle@¥SameicoTagt the gene. Were a gene is highly expressed
gene by a cell, the nunber of copies of the nucleotide sequence tag
correspondi ng to t he gene woul d be expected to be higher than for a gene
whose expressi dhe lm#'é#ﬁmh&'éiutﬂem@mﬁeqﬂ'm BE as@sedtimthisdopiyagnt shbulddpi es of t he
10 nucl g i y I gﬁ)@ Q$ t rmned to

est abl i sh E&% &%?’ﬁger%gﬁ@& ?lﬁgéhfwg‘;hsﬁﬁérﬁﬁo@k&s e sgquence of the
tag may bedldgnostw@daiqngmoac ﬁgltltis.mmaitlmthhrwsqnwnfzthe hfget fequepezmeay Whi ch may be

f t h t t | at ed
e DR SR L h6 R o Py b bR BB 0 Lot
or a conbi saqtenenooitldaktaphmnﬁ(eixsgfﬁcleattpmmﬁﬁrdﬁ)ong&heqmmumrhimlyof the tag may

15 f the coding strand MRNA
CONA,  or | PEeTESTeRTHIE 5y <P £ P e REEPBELIRE e Aionce (ag may

be derilgedgdeom any part of the |onger sequence. Were the |onger sequence

conprises a gene, the nucl eoti de sequence tag in preferred enbodinents

conprises a termnal transcribed sequence (the meaning of this termis 20

expl ai ned bel O\Athetdgmedubﬁbhhswaﬂieérrvedifraﬁ‘ﬂﬁmﬂgme?mn&er@dmlbe@ti de sequence
e

tag is derived m nal . sequence, rably a 5 termnal

o o 1 b gt BreTomblcthR Et af 4 1g o8 s DT HFIFTADIYfoss THenckOBit | o

sequence tﬁﬂst'p&faﬂii)}lﬁéﬁ%afrﬁmr%sﬁoftﬁ@l%qt e}@ﬂ&?ﬂ&ﬁ ma?B@tff%ﬁm y a3
termnal transcribed sequence The nucl eoti de sequence tag may indicate the

presence ofength bukiypigally; thelepgth of the tagyis betwsensS-4hases, E?Eféﬁb'a@tyeﬁb@@nger RNA.
The Pr 45 N5ReDiokedaitthbly bélheeh 15,26 BiedtRYenpf, det €7 i ned

-

Although longer sequence tags are preferred, the methods and compositions
described here may suitably be used with shorter tags, for example, tags of 5,6, 7, 8, 9, 10,
11, 12, 13, 14 or 15 bases. However, preferably, the tags have a mmimum length of 16
bases, and are preferably 17 bases, 18 bases, 19 bases, or preferably 20 bases or more.

20 In preferred embodiments, where the nucleotide sequence tag is of a gene, the
length of the tag (i.e., the amount of sequence derived from the longer sequence) is
sufficient to provide at least a preliminary indication of the identity of the gene. Preferably,
the length of the tag is sufficient to provide a unique indication of the identity of a gene,

i.e., it is long enough to identify the gene.

25 As will be apparent from the description below, the length of the tag may be varied
by choice of the first nucleic acid cleavage enzyme (i.e., the first Type IIS restriction



to establish whether a protein product is present in a cell, etc. Thus,
where the "l onger sequence" conprises a gene, the nucl eotide sequence tag

may be usgg fosdo ablishing or quantitating gene ex Walol
obas0s00r s8R S0 o DO i T b appr eci DTl gene whi ch

corresponds toe the nucl eotide sequeag tag may be one which is known to be
expressed, whether in the particular“Cell, tissue or organism or known to
2t o oS ehabrlciBR0R Alrekd) B e&@p%a&gu ot Sk BPWER B gl 927 T

Al ternative , Or a new

transcri pt tﬁlclmraclésbmdungmauasﬁmom@gmeonmh@er previ ously known to be
expressed in the particular cell, etc or not. Qur nmethods may therefore be
used to provide sequence "signatures" corresponding to term nal portions of
nucl ei ¢ aci ds, asfmhboﬂechgtindihgnbﬂicmﬁh gqme,rdrhﬂmcri;ﬁunhr trinelatitinppddugtequence

f di 10
userul 1 or WPl et s atins O Ve S BRSPS no

Portion"s Byhb"ni:y;'meﬂlag opby daitabase mmpaﬁmﬁmhérhelesteﬁua;nmem‘g myrbucxid&ate acid at or
about the 5. or fte mnus]1 f the nucl ej ? l? The "ternminal portion" may
conprise any® Pfﬁ?’fﬁ%r" BEB LY °'|°fgaﬁ’a'§fs‘l‘?é’ jvidnaly prthecxpregsion of Meni nal base, or
it may Cowmehemmmshighﬁbxpwm gend Byan ctfh, thexfuffibBr T chpiesdf thel acki ng t he
extrene term basq% The "term nal portion” 4 or S

k
oxsee Tor ¢ rclBRide SHolcE o o rEESPoRLETR ip BOnF ton b SXPIRLeH 10,16 BIEhE 8 o e

termnal  pogehé @Rost BEPrddslEBis rfively Rsw. aher R, X hunf¥Eofl @pied sTuie Of the nucleic
acid. Thus, 1n such preferred enbodl ments, the "term nal gortlon

conpr i st W@P@eéfﬂ“?‘%gﬂé‘} ay gargpularspraple may be defqrpined (g getablish the deggee) ast N
residues, Odr aident BE&dpRESonE eneWhi%rs ubhce o@hhe%gnﬁy béderved fom £ porflen 9. 10, 20
11, 12, 13 14 15...29, 30, 3 32, , 5 or nore. In preferred
embodi nent sof thesgquepcs of the gene; Which 'Pﬁt‘?elf@@ 3 198-cadipg posionaf the genede.g., ahe extrene
term nal baggen, hfihtrahdiatdd rfior A8 as aSUOITRQL b $CUTH)®? b Bbifing fORRA (Of, A2SE pair in
the particular nucleic acid sequence. In relation to a codi ng_ sequence such
as a gene OOWRNA comhiationofithe 4¥o (s iusetics). The §°vah@ﬂﬂlqtﬂlam¥:rl bed sequence"
(and theste Y I DY term nal
ﬁ) JoffBspori tota§§ b ouﬁlé g@&g gﬁ}ﬂ%fﬁx@ éh%%? d”c?cDﬁA )

transcri bed sequence erst oo ined’in relation to the
complement or opposite strand.

The nucleotide sequence tag may be derived from any part of the longer sequence.
Where the longer sequence comprises a gene, the nucleotide sequence tag in preferred
embodiments comprises a terminal transcribed sequence (the meaning of this term is
20  explained below). In highly preferred embodiments, the nucleotide sequence tag is derived
from a 5° terminal sequence, preferably a 5° terminal transcribed sequence. Alternatively,
or in addition, the nucleotide sequence tag is derived from a 3’ terminal sequence,

preferably a 3’ terminal transcribed sequence.

The nucleotide sequence tag may indicate the presence of an expression product of
25  agene, such as a messenger RNA. The presence or identity of the tag may be determined
to establish whether a protein product is present in a cell, etc. Thus, where the “longer
sequence™ comprises a gene, the nucleotide sequence tag may be used for establishing or

quantitating gene expression.



sequence of the gene as expressed in mRNA. WO 2004/ 050918 PCT/ SG2003/ 000255

23 That is to say, the termnal transcribed sequence should preferably

i nclude weasRAsPes at the beginning or end, as the ca f the

transcri bed portion of a relevant nucleic acid sewe%@@@?‘“_“@@”% gene, an

MRNA, a cDNA or a genomic sequence). & 5 termnal transcribed sequence

wi Il therefore typically conprise a portion corresponding 5 to the 5

untransl at ed redt will feBppresiagd that the genewlichr doprespoiiis toel the tugleotide3equeree ni nal

transcri bed i 4 r i J rtion
d tagfal ¥ % %%E!f _

correspondi né%fag ?ﬁ%%mﬂu'ﬁﬁ%ﬁ‘stﬁgfé@ﬁ%@d@ girl\‘Lr('g(ﬁ‘% ‘ﬁ%fcg%gftg?uéﬁrscrl pt .

Pref er abl y, otgavien,er knawn th baetpreased v genaral ipdthergpepal cpll, Tisstesidr orgardsmisenoved from

the cDNA pri t.0 J.t. bei ro se referably the entirety of the

pol YA/ T t ai IA?t{é'gatgeef#b'\t/g‘ay Pg%%"fpﬁegé%ﬂ%%‘g\mg%g?"ﬁi°§36‘8‘5Let}?'§sf’mfthe 3' terninal
transcri Sed cdritspoading oscknowh [gerepwhietiepiredously khiven ' be2gsressetie ief the MRNA as it
is transcri bed, beflf>re addition of the polyA/ T tail. A full length cDNA
conpri ses f8SHfcatEelh sigornel |\ ansiated region, coding sequences (the
sequences which translated into protein), 3 untranslated region and poly A

tail. Poly A sequences do not exist in the genom c, PNA byt are added after
the mRNA 15 Wasa(E‘Fd??g?Q%’Ba)E erFé’mé'sqdﬁ?PrBYfg.se@ﬂf,“c%)?'gf‘%tl‘i‘iﬁ%i ng the poly A

regi on fromeérhespohlitg\tctBishingd pérfibrdioR fucleifacids; abbipdbedt& Bikedihl fdrtichs. Sull, it is
possi bl e using, our technjques to identify the, L exact 3' border of the

. 1y .
transcri pt s esRialsgarepesinfompption dncluding teamimal drapssribed ssausacsiplermation, i | | be

appr eci aped uidhaforlvhous PWodtE s Acribed fn'eil BAK.PUI at ed before being processed
in the Term nal SAGE net hods described here. For exanple, one or nore 20

resi dues may be “ﬁ%ﬁz%ﬁfo%mthe rel evant term nus. This enbodi nent may be
useful to renove untranstated sequences, so that the nucl eotide sequence
tag conprises fewer residues of untranslated sequence. The untransl ated

sequence may be pehEhhaH] fithidn”Shd/meah iR Tedubife bPA RICRIY acidtii b7 BBt thels0od €aVe only
codi ng sequence (so that the nucleotide sequence tags generated correspond

to 5 or 3' 3t EmHiysef the gusleig acdd Jhe remninal poptipni may comprise gny nupberof Basef nal
transcri bed 1SeHUERGRe R Rfrh@mYind Bk, I8 haPborhR6 beqthce {%Wi&imhél pstream

portion, or at’least an extreme downstream portion,” of the sequence of an
MRNA, cOA, teminus Gs., lapking the extreny tapninalihaseh The | terpina)pertion’ineaydask ki Zadd  porti ons

4 or 5 bases of the extreme terminus. However, in preferred embodiments the terminal
portion includes residues at the extreme terminus of the nucleic acid. Thus, in such
preferred embodiments, the “terminal portion” comprises, preferably consists of, the first
N residues, or the last N residues, of the nucleic acid, where N=1, 2, 3,4, 5,6, 7, 8,9, 10,
20 11,12,13,14,15...29, 30, 31, 32, 33, 34 or 35 or more. In preferred embodiments,
terminal portions include the extreme end, i.c., the extreme terminal base, the first or last

nucleotide, residue, base or base pair in the particular nucleic acid sequence.

In relation to a coding sequence such as a gene or mRNA, the terminal portion or
“terminal transcribed sequence” (and the terms “S” terminal transcribed sequence™ and “3’
25  terminal transcribed sequence”) should be understood to be defined in relation to the

sequence of the gene as expressed in mRNA.



di scussed above, the "termi nal transcribed sequence"” may conprise the
extrenme term nal WD 2004/ 050918 PCT/ 8620031000255 24 base, or it may

conpri sqyg estpses j ust within that base (i.e., |acki pgrikBswsudosssne tern nal
base). The "term nal transcri bed sequence” may lack 1, 2, 3, 4 or 5 bases of
the extrene term naI base. In prefegded enbodi nents, however, the "terninal
transcri bed sequence I ncl udes the first base, or the | ast base, as the
case may be. Wtw@WYpﬂlefmm@dﬁmM|WmcsSth@@rabIEMUdRal transcri bed

sequence i 4, 15, 16, 17,
18, 19, 20, 2%%ug&ggattzﬂ%q’fg&é%é%?eﬁ%ag%zmﬁ—'a%ge nucfeotlrgégpo%a%aées of the
transcri bedelwntnuehlcehldtsme@eﬁ@ agbns, B mRIA,m GBNA orracges@mic guens®glience may

T e e i SRS

enbodi nent g9 the lﬁéummmmwn (aihEER) dedrassegptcSimdariy; e B Lmdmsnﬂ eqmenb@é

correspondl st el | ast 1 referagbly at | east
the first or e‘é‘%t“gg&e{)egseé'plcgg cﬁm i sr(t:“rnla ‘f)ot"esl’ Pf?v%tog?e 3035"%516&5% above, the
5" term nalregior(@SUTR)oxfd tmestiptnBreferably dowewen,upleast a porfion dfthepolyal/T tailanscr i bed

Seaserce ot B SO RS RSl L0

i ncl udes t helyAlbtafliig removed Siomi the dONA. WIS ofurs, the 81 tedihal ramdcribed t €r i nal

transcrjbed sequen for .e ) e o y. .conpri.s sequence
correspgﬁdisﬁ‘ﬂ"e‘ﬂ ﬁFWé‘N“SIIP‘E%T?qu%B{t D#@Nﬁast’ﬂf g'f befofene ¢ ranscri bed
portion, buidditibn ¢¥tkd polyPT yaill ncl udes the | ast base, i.e., the last base which
was transcribed fromthe gene. It is apparent fromthe above that using our
methods it is possible to determine the 20 identities of genes which are

expressed by a Raufl iefigth 3DNARbMpriskPPur sedtiohis! S} ur&m&eglbmdwmgdual Thi s
enabl es a gene eXRI’eSSI on profile to_be COELEI |l ed for the relevant cell, etc.

Transcri pt chwengea(thesequeness which gransiated nteiprotping. 2 pptgaslased regien ayd POIYA et hods.

Qur et hodsgif, 'P@l&@lc&&&n@éﬂ%@h@teﬁ?ﬁhﬂﬂﬁgaﬁﬁﬂkﬁNAtbﬁ{d?HHakdiﬁe?ﬂ{éﬁfm@?d sequences
to be obtained wth ease. 25 Furthérmore, is Wil be apparent that the
presenct ofwag pppgessedde removau@p@omabwmwaén@eyt%@glaeﬁarnm&anéf t he

react] ons | AL BAl S ARnk RHARES A, iFSGBR1ARg 8l dRRNOZAARARDO1S

exact 3’ border of the transcripts and map back to the corresponding chromosomes.

It will be appreciated that the cDNA may be further manipulated before being
processed in the Terminal SAGE methods described here. For example, one or more
20  residues may be removed from the relevant terminus. This embodiment may be useful to
remove untransiated sequences, so that the nucleotide sequence tag comprises fewer
residues of untranslated sequence. The untranslated sequence may be removed entirely
from the relevant terminus, to leave only coding sequence (so that the nucleotide sequence

tags generated correspond to 5° or 3’ terminal coding sequences).

25 Accordingly, the “terminal transcribed sequence” preferably includes at least an
extreme upstream portion, or at least an extreme downstream portion, of the sequence of
an mRNA, cDNA, etc, as the case may be. However, as with the terminal portions

discussed above, the “terminal transcribed sequence” may comprise the extreme terminal



25 correspondi ng gene. Therefore, the | evel of expression of a particular
gene by a particular <cell, tissue, organ or individual may be established.

It is alywg03psded € t0 determ ne which genes are expgsegshsoeask whi ch genes
are not expressed, in such cells, etc. Relative |evels of gene expression

may be conpared between genes, and b@#ween cells, etc. It will be 5 apparent
that our nethods nay al so be used to determ ne dlfferences i n gene
expr essi on bageeRibmpy epTpriss seqiencetjust withip thapbase(i.p., lagking thecexntmsme teminpleal t hy st at e

and a di seaomg ﬁka{cﬁmm]@emeug&gaeé"asns'ckqsteéai %ﬁf&h{ee f a cell (or

tissue, etc) known to be disea and "a cahdi'tate used to
di agnose pdemminalibase. Igjpreferredembodimentysdrowpverith ‘itempinaliransaribed ml@e@s es.

Differ ences‘aé“ghegg’??’ﬁﬁﬂﬁ-%ﬁ‘w%ﬁ"%O“ d,g&spﬁéﬂﬁen di fferent devel oprment al

states of et'ween urrpotent ard differentiated cells, or
between cells in different parts of the cell cycle my also be determ ned

Wi th ease. Knowlneﬂ rgtferré elrﬁ)g 3ﬂ% §%ﬂjn\§\'ﬁ!ﬂg$}cﬂﬁ§€%ﬁ%§caﬂc]ﬁe{]ﬂg leic acid

such as a gene prov €S many a ages een mnentioned in
passi ng, arfustdi 6,17, &, Hkpl AR nidd14, |151 lé,rléat&elw d@,tZii 22, DR 124,05, 2652T0RB9 uses of

t he net hods d |on d here arent to the skilled
r eader. Theorgga%‘{f?ogﬁe)e 0 Efsﬁ‘ ?tq;eraﬁsc Hvléuﬁ?? tﬁn © &5l gﬁrg unI ess ot herw se
i ndi cat ed, trananbars‘eqnmmbl nﬁyém:ﬂudb thsnumbersdsfamlednﬂgs or m:lcemhmnkvnbéd)gy,
rricrobiolo reconbi nant or i.mynol.o Wiich are wthin the

capabi | i t| i%ﬁéﬁwfa?ﬁgﬁa‘fﬂw@g@mlv%ﬁamh@dy Breferred chy t echni ques
are eXEi(HI I‘bg{bodlﬁlehtb,&hd wﬁ:ﬂﬁa&&tﬂsmbeMuenE@ﬁlclﬁd@B&qh&we domrefponibingdar E. F. -
Fritsc a T 1989, on| n A Lahorat ory Manua
Second  Edi'fastHe Bt ﬁﬁ-%ﬂseswfafhﬁmﬁ Ehe o eoan s oF tpe BRSEPL ¢ h <

reference is informally known as " Manl atis"); Ausubel, F. M et al. (1995
and periodic suppl enents; rreeﬁlt@\ﬁl Pr qt ocol s.in Ml ecular Biolo y, ch. 9,

13, and 16, JohHOWpYeEs RotedAbev tomipal "N’S‘E“WS%BC‘B“(@S@W’IPQ abtree, and

A. Kahn, 198hinaPh¥thstriiell Sdqhéhioe SAEDNRY WP 66 E eémaJ gERgoques, John
Wley & Sons; "\lla. I\/ls olgélgl and Janes O?) lﬂg‘se &'ﬁ ITIC?IP-E&%

Hybr i di zat i 1e4#tiomstionahont the S’ Aprmninup afthe E@wwmwtwt@mwy meladesthey) 3. Gait

(Edi tor Irl Press;
(Eartorls, S Fhuaiuelonbity DINLASS) BBl S5t pcaly basincy

cDNA may comprise a sequence correspondmg to a location at or about the 3’ terminus of
the transcribed portion, but it preferably includes the last base, i.e., the last base which was

transcribed from the gene.

It is apparent from the above that using our methods it is possible to determine the
20 identities of genes which are expressed by a particular cell type, tissue, organ or individual,
This enables a gene expression profile to be compiled for the relevant cell, etc.

Transcriptome analysis may also be readily carried out using our methods.

Our methods therefore enable both 5° and 3’ terminal transcribed sequences to be

obtained with ease.

25 Furthermore, is will be apparent that the presence of a particular nucleotide

sequence tag as a product of the reactions indicates an instance of expression of the



26 J. E. Dahl berg, 1992, Methods of Enzynology.: DNA Structure Part A
Synthesis and Physical Analysis of DNA Methods in Enzynol ogy, Academ c
Press. Each of these general texts is herein incorporated by reference.
TERM NAlw&Asek/0§09ig7 a general aspect, the nethods andpe@Rgesbibéees descri bed
here enable the production of a nucleotide sequence tag, or a nunber of
nucl eoti de sequence tags, fromthe 34ermnus of a nucleic acid such as a
transcri bed gene. In particular, our nethods are useful for isolating
nucl eot i dgoRABEMEIE Berle Aheretdil, Rt 161 drekfredsidf ofa paftittiat gdAk by pdrfidulik i Of the
transcribed sequences of expressed genes. 10 Qur rre% hods generally involve
provi di ngcdl fissue orean ey individupt mdy bexstablished. Bfis 4lsptpessibie to deempingrsbipbods ar e
sui tabl e AT XY ' G e ful for DNA
cequences P SR e A TACh Bulks B o0t S PHEL il U TR M8 quences. Use
of cDNA sbgpneexpeession mayi begbinpa egh genes, ond bepeeapballsipjc. Rawikbse transcri ption
froma nﬁiﬁ!ﬁ\ [ I ' i , Is preferred
for thg gerie eﬁ%%tg@ﬁr}:%ﬂod%@%&l?og&%&dotf g'ftﬁ@ﬁ#e%{%oﬁésgglé&ggk (E)sgilro i ons descri bed
here. 1 n betwkenahiffevent states of a ctlh doreBitiple  béadthyithty arsiondiveasd stata. t er mi nal
transcrib e of the r van ene, t | S | t.her " term nal
transcri bggmginégﬁﬁfgé?e eépwgl?'proq{l%roﬁa %ezyﬁoﬁsguﬁs%‘sitkg%‘&ﬂ 0d Sésﬁaéﬁuémgr both. A
nunber of ansididagtselhmey bensedto Hiagnosdpartionlandjseasss ain susEdébiligre swwhe al so di scl osed
in detail bel ow . Were.a tag with 5 _sequence.s 20 desire "full length”
CONA i t h deesRePFTFRT i e e ptioh R i YR ot o o a e ¢ ag
Wi th 30 takcél, bervednphitipotentandl disfeghtrdeells) Gibbfice @Hs inayffdent piBlopted to renove
at least s or al] of the polyT tail or optionally sone non-coding
sequence; G YEFTEY P ‘é\"’sﬁet"“f“l‘fgdo‘l" Gfh of the tag may be chosen so that it is
| ong enough to span the polyA T tail and capture at |east sonme 3' term nal
transcribed seguence of the cDNA in the tag, WO 2004/050918
PCT/ S02003/ 00 ledgerof SCanlorali fepning)sequencrert anueleiepcid sychase geRe first nucleic
aci d i s t BRRided MK AdlAtages! WIRKIERavE BRH Ri2ftfontd E?Qéding?q‘ﬁbi will bédxplafdePCESSI NG, 1N
particular wthout any prior cleavage step. Accordingly, in contrast to the
in greater detail below.

15 Other uses of the methods and compositions described here will be apparent to the

skilled reader.

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, micrébiology, recombinant
DNA or immunology, which are within the capabilities of a person of ordinary skill in the
20 art. Such techniques are explained in the literature. See, for example, J. Sambrook, E. F.
Fritsch, and T. Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Second
Edition, Books 1-3, Cold Spring Harbor Laboratory Press (this reference is informally
known as “Maniatis”); Ausubel, F. M. et al. (1995 and periodic supplements; Current
Protocols in Molecular Biology, ch. 9, 13, and 16, John Wiley & Sons, New York, N.Y.);
25 B.Roe, J. Crabtree, and A. Kahn, 1996, DNA Isolation and Sequencing: Essential
Techniques, John Wiley & Sons;, J. M. Polak and James O’D. McGee, 1990, In Situ
Hybridization: Principles and Practice; Oxford University Press; M. J. Gait (Editor),
1984, Oligonucleotide Synthesis: A Practical Approach, Irl Press; and, D. M. J. Lilley and



prior art nethods, the first nucleic acid sequence (in preferred

enbodi nents, a cDNA) is 5 not digested by restriction endonucl eases prior to
linking to the |inker sequence. Thus, in our Term nal SACE net hods no
pre-di geWO 2004080518 a 4-base cutter (i.e., Nalll) is mansdessoo6ds before
ligation to the adaptor. It is this glfference t hat enabl es our Term nal
SAGE technique to generate sequence ?ags correspondl ng to the extrene ends

of the DNA, ead inte uen preferred enbodi nents
of the net Hoﬁﬁ“ﬁ%‘s"éﬂgg’éd‘ﬁ%‘ﬂé J[: "g‘f%réﬁ“l%ﬁ’g“‘ffbkﬂ ﬁa@’"’b’ﬁ" 4% ached to the
| i nker as szapmaznaz,tszsloﬁpwadeethﬁenﬂmﬂgnasgymﬁdmmelﬁawawgebed portions

are present in fl f"ab nabl es sequence information fromterm nal
transcri bed™*%% ?‘BH§°'BP"’ y&i‘ﬁ@"%r cDNA to be present in the nucl eotide

sequence tags which are produced by our nethods. 15 The |inker sequence is
i nked to e 5 termnus or the 3 termnus of the first nucleic acid,
dependi ng Q%WMWﬁHﬁﬁc Kequence information is to be obtained fromthe 5 or
3" end. Thus, in preferred enbodi nents where |t is desired to obtain 5

t erm nal transcrlbed sequencefroma DNA (i in the nethod we refer to
as "5' Terni nal Inagspsral pspegtyibe methpdsand ?WWﬁR%dP%"Pwé‘e?mﬂﬁfr‘h?nus of the

CDNA. Li ke%&ﬁcnohefpmc%ademeedcﬁe&ag& mhﬂeﬁo@qm&%e segﬁéawag | f6n feOm the 3'
termnal transcribed sequence of preferre errbodsl ments ("3

Ter mi nal SAfTRinus otwclelcm'érsuqh@smewwﬂepmcqlerw mgthodsrare yspfal ¢ DNA.
Li nkage of feneonafuhg AlclddHed é%hlfené’&th% “th%htré}ect'm&é«%ﬁd B QY ERARi dupduces a

construct we refer to as a " ed nucleic acid". 25 The linkage of the
first nucl éﬁescaquc}equenqeﬁefw&m#@etis@esquence to produce the linked nucleic
acid may be by any means, but is preferably by ligation (for exanple, by use
of ligases). The first nucl eic acid may be immobilised during |inkage, for
exanpl el? on a V@roaknds sovnely Penivarpndiag o 68Eleicagidsequendsofigterdskmobi | i sat i on

eases the Ry Heth@sta'ré)éﬁj e RE 9&1‘68%@ ?théfc abid aél@&né ot £k InbeMGGATRAT Y- Where

i rmobilisation 1S carrle out elc¢ acird 1s imobilised at the
term nus \IPINA bequencespsuchas qoglplemktgd deorfmtronualei¢ alfb@t;DNAl) SequencessUstai red to

obtalnanu of i de een?sﬁ t.h cleic jd, the
nucl ei ¢ aci% navqlbmcé ﬁﬂ’bﬁaﬂ e%%g rflgrgggl y 10 ?mnscngn A fiom an mKAA
extracted from a cell, or derived from a library, is preferred for the gene expression aspects

15  of the methods and compositions described here.

In such embodiments, the cDNA preferably comprises a terminal transcribed

sequence of the relevant gene, that is, either a 5° terminal transcribed sequence, or a 3’
terminal transcribed sequence, or both. A number of methods are known for obtaining
such cDNA, and are also disclosed in detail below. Where a tag with 5’ sequence is

20  desired, “full length” cDNA with 5’ terminal transcribed sequence may be provided. To
obtain a tag with 3’ terminal transcribed sequence, techniques may be employed to remove
at least some or all of the polyT tail or optionally some non-coding sequence; alternatively,
the length of the tag may be chosen so that it is long enough to span the polyA/T tail and
capture at least some 3’ terminal transcribed sequence of the cDNA in the tag.



5 other end. For exanple, the 5 cap of a transcript (the cDNA) can al so be
utilized for 1labeling or binding a capture neans for isolation of a

nucl eot i & sofjosem8e tag corresponding to the 3' ternpgpbciohnesssi bed
sequence. The first nucleic acid may be provided with a capture nmeans for
this purpose. The capture neans maygconprise a binding element, as known in
the art, such as biotin, 10 strepavidin, digoxigenin, etc. Any suitable

bi ndi ng el enmentGeRérafaityiiked Wittt A/RY be enployed. The nicrobead may be
magneti c. Linker Sequences The |inker sequence at |east conprises a first-
recognition site for a first nucleic acid cleavage enzyne. The first

nucl ei ¢ aci d clThefisgaucteizacidds then kinkedtotahinkeriséquérke odthaid by podor 15 cl eavi ng
nucleic acid at a.site remte, and.preferably dowstreamfromits recognition
sequence. POFSME Ratbculsy uga"ygg‘%ﬁgﬁ‘ege ??#/5‘???\34}? Y 1T gty from a cDNA
sequence, prionert methadsihe fisst iecledd acidiequbnce $in prefieted embadihéehts; h CONApDie enzyne is
preferaply 3'.of the recognition sequence, relative to the coding strand of
t he cDNA. Eq%ﬂwgﬁwdtéoé'(ﬁfgﬁgg% chﬁseﬁgﬁépﬂﬂ&“&? %f“ﬂij‘ JAUGHES kMW in the art,
for exanpl éur Terfindl SAGE m¥thodondAerk-aigstice witly M8-B&se ic6ter Gkl NldIEScardede | ocat i on of

the first recognitipn site for the first nucleic acid is such that the
cl eavage s?"ttge ?l‘ﬁ?t@Pé‘?QBP‘}f’P{W'@s‘éﬁfs di‘éf"t“ﬁ% ?‘ief‘%bﬁesr?ﬂ'b Tl RAQE sequence. For

exanpl e, tﬁ&lﬂitﬁk&ﬁgéﬂ@ﬁegéqh@lcﬁﬁgs&ﬂe §lthe BxttdR en@¥BfRRANAQf the eDNA which
is linked to the I1nker sequence. Such an arrangenent enables the capture
of sonme or NFieAdef esERAL frAMENCH Y mat i on 25 from the cDNA by cl eavage of the

nucl eic acid by the first nucleic acid cleavage enzyne, as described |later.
Needl ess to say, the offset between the recognition site and the cl eavage WO

2004/ 048918 PCT Beiroedsuimdimests obthe giethads desoriprd Herey Sereforms theicBNAGRAY ¢l eavage
SnZyme MRy be4eiafHed iothe BkeHes!sCon R e addidd forlas thE RAminAABIEREE ool ™1 | 0N

again as described bel ow. The first nuclei'c acid cleavage enzyne preferably
conpri ses & present indhej cHNAs Thisgpables sequenge information friomdemminal renseribegr ef er abl y a
Type US reglfdcbi@e EIGA lebt; { pficial or

nodi fi ed eﬁ&zﬁldr?%ts) @sgﬁﬁ\??sageg,?&}?sgg@f ugggtlmr? sﬁ@te'léh%ﬁaggePgév&The first

nucl ei ¢ acpudwkdbpmgmethodsyne (such as a restriction endonucl ease) may
sonet i nes be

15 The linker sequence is linked to the 5’ terminus or the 3’ terminus of the first
nucleic acid, depending on whether sequence information is to be obtained from the 5° or
3’ end. Thus, in preferred embodiments where it is desired to obtain 5’ terminal
transcribed sequence from a cDNA (i.e., in the method we refer to as “5’ Terminal
SAGE"), the linker is linked to the 5' terminus of the cDNA. Likewise, to obtain nucleic

20  acid sequence information from the 3’ terminal transcribed sequence of a cDNA in
preferred embodiments (“3" Terminal SAGE"), the linker is linked to the 3’ terminus of
the cDNA.

Linkage of the first nucleic acid to the linker sequence produces a construct we

refer to as a “linked nucleic acid”.

25 The linkage of the first nucleic acid to the linker sequence to produce the linked
nucleic acid may be by any means, but is preferably by ligation (for example, by use of

ligases). The first nucleic acid may be immobilised during linkage, for example, on a



referred to as a "Taggi ng Enzyne". The distance (i.e., the nunber of bases)
between the recognition site of the nucleic acid cleavage enzyne and its

cl eavageyghdogosmis be varied, but will typically be bgtMesismoxzd 15 or nore
(for exanple 20, 25, 30 etc).. The larger this 10 "offset”, the nore sequence
information is captured in the tag 4gas will be explained below). In highly
preferred enbodi nents, the first nucleic acid cleavage enzyne conprises a
restri ol AR GRAD BHabRG o dfet [ pafthokidh A:LS fiisot Lk hgegagpnuC ease,

pr ef erabléHl BseR ﬁoen e E}ﬁrp sequen(;cE R)(au Purt er c rrp‘r:%s a second
recogni t i Yfhesiimmobilisation is etromun hecfiretingcleic I!Qild S Ilmlavlab@d etthe/lepnindhe second

nucl ei ¢ aghih &ln6aNe z td n "Anchoring
Enzynme". he sé‘cong-%rqle‘g% ﬁ}sgﬁ%gﬁ?gﬁeﬁg%ﬁes t eae;sug%én%sgcﬁ'egﬁ%el c acid

cl eavage Bempneendef thleemleac aeid, thegineleic aliidmaytie immobilisedens deadntithe ecogni ti on
site. sSu Lk frH! WE‘ﬁ naI ysi s by neans
of dil ags&{ﬂs %?ﬁgsu Q{’%%z“ étea []cht:lg r!asgggﬁ'lmfzg%ﬁ’ site where

pr esent |bwlmgathddmmad:ahmrelmerakeﬁor1sdmpn@ﬁmmckundlemhcettkga second nucleic acid

cl eavage .C Rosi tion wthin or about the first
recogni t|§°n :Tsdmégr et ?eé'ﬁnﬁlemt"?fg%qs‘é\?ﬁé’e site of the second nucleic acid
cl eavage enzyne is located within the first recognition site. Preferably,

t he second nuclei.c, acid cleav conprises restrictjon 25

endonucl ease, C‘E“F@Fé?%ﬁ igacid “Wg’g ﬁ%‘i@ﬁ?@”&f“@ﬂﬂ%ﬁﬂ’&ﬁ%‘&?@ ose

recogniti cuptusé teank maﬁconhaalmbmdmgmﬁne&s krpw irethédirt, yudilie biotikr ef erabl y, t he
secon%nucl ei ¢,.ac cl eavag enéé)me i ne whi ch groduces over hangs (i.

is nott%a StEPERAdn, igpni, etc ety BTy EERIFS MEBBE B be 30 | 1y preferred
enmbodi mengmplojed ETHeinilécobkad may B hagagticd conprising the first nucleic acid
sequence and the |linker sequence has the arrangenent 5 - second recognition
site - first l{] %gbg"rc&n site - first nucleic acid - 3'. In such

enbodi nment s, ere the first recognition site is |ocated between the
first nucleic acid and the second recognition site. 5 Generation of Linked
Tags and Nucl enieiliglieer Sigueresiftdeadiagmprideea filstréagniiticsiRifér adiritudléic ddin subj ect to
cl eavage b the fi rsi_B strictiqn enzyne. This oduces tV\P products. The
first proF} PECTRERS Tphnuclpic ARd pleay 'f?“ﬁ’k “fB"%Pa le o

15

cleaving nucleic acid at a site remote and preferably downstream from its recognition

sequence, For example, where 5° sequence information is desired from a cDNA sequence,
the cleavage site of the first nucleic acid cleavage enzyme is preferably 3’ of the

recognition sequence, relative to the coding strand of the cDNA,

Linker sequences may be constructed using means known in the art, for example,

20  known oligonucleotide synthesis techniques.

The location of the first recognition site for the first nucleic acid is such that the
cleavage site is preferably present in the first nucleic acid sequence. For example, the
cleavage site may be located in the sequence of the cDNA which is linked to the linker
sequence. Such an arrangement enables the capture of some or more sequence information

25 from the cDNA by cleavage of the nucleic acid by the first nucleic acid cleavage enzyme,

as described later. Needless to say, the offset between the recognition site and the cleavage



termnal portion of the first nucleic acid sequence, and may be referred to
as a "linked tag". Such a term nal portion conprises the nucl eotide
sequence tag, and is representative 10 of the first nucleic acid sequence.
Pr ef er abiwp, 2004080918 r st nucl ei ¢ aci d cl eavage enzyne i PausG2003006285 gener at es
an overhang, preferably a 3' overhang, and preferably therefore the

nucl eoti de sequence tag conprises a28' overhang at its 3" end. The second
product of the cleavage of the Iinked nucleic acid with the first nucleic
aci d cl eawitgef thefiryridcleio afid cleagd dieynieaidy b dRhiplhted Roblain bre BRI C aci d,

| acking the 15 t 1 na ortion.&;ﬁgwbeIOM/for a use of this in generating

m nal
further té&‘?)“.’“l"fﬂ;waf'?"’ in 35 descd ¥t detecting the nucl eotide sequence
tag enables the determnation of the identity of the first nucleic acid

sequence. Thus %@sthe preferred enbodi nent where the first nucleic acid
sequence corrpr?rg LpuelpiRactd FlRayagh REPYIA ATeierably cqmpeises@ restistien ey es a t er ni nal

transcri bes rde@ichidnendétiucibdde, prdfiibly #Nhe NS AGRictién edoruelRisR It e Of the
termnal transcribed sequence of the ex ressedﬂgene. TAG ANALYSI S The
mgiieg Vistgdh

nucl eot) desseififeisiEbor PRt 84N # dewrahed 1 detaf] beloyy Thafistidi ti on may
have thei mugigid &l R vaskinSyniE (RRH as HREAEIoh SoRfcIdabls ndY Sdriledlfe S€QUeENce tag

may be undertaken by any neans, for 25 exanple, "by hybridisation, pull

down, gel refi@rdiepsa "Fapgingnzyme’e ibe distance(ips the number phiness) Wy o 011050918
T 2003 AghlgowSite 3D hRIIIWid Rt Enaphl s CRINaBY IR rka Bo iy 10T P S

(SSCP) anal ysis, mass spectronetry, onal "analysis, as
descri bed buhwillfypieadly bejestwgen Siged byer mesg/(farlexampie:20s 2%, 30 elg)- dbe largethiant i t at i on of

the anwnﬁ')cl)g%et’?ﬁlg%p&s@q&eﬂ& ifBnalin ggﬂfﬁy&mg{%gg&g@o@M%JdH the art, for

exanpl e, Idisation‘using a sul e and quantitation of
signal 5 éwlowd)ed by bound probe. Radioactive and non-radi oactive nmethods are
envi saged for this. For exanple, the tags may be used to screen an
appropriate library to obtain further sequence information. The tag itself
may -be used asInhighlyopreferrairemibodiiments nhedirs onéleleaqid deavagepnzyanecenlprides ch conpri ses

2 coua 11 varyerof SR ERER e A bR PRERRO S lencea 10 Bnd

conpar ed tBseRlat abases to determine its identity.

15 The linker sequence may further comprise a second recognition site for a second
nucleic acid cleavage enzyme. The second nucleic acid cleavage enzyme may sometimes
be referred to as an *“Anchoring Enzyme”. The second recognition site enables the second
nucleic acid cleavage enzyme to cleave at a site distant from the second recognition site.
Such an embodiment is useful where high throughput analysis by means of ditags is

20  desired (see later). The second recoghition site where present is located on the linker
sequence such that the second nucleic acid cleavage enzyme cleavage site is at a position
within or about the first recognition site. Preferably, the cleavage site of the second nucleic

acid cleavage enzyme is located within the first recognition site.

Preferably, the second nucleic acid cleavage enzyme comprises a restriction
25 endonuclease, preferably a Type IIS restriction endonuclease, whose recognition site is 6
bases or greater, preferably Mmel. Preferably, the second nucleic acid cleavage enzyme is

one which produces overhangs (i.e., is not a “blunt cutter™).



The term "ol igonucl eotide" as used herein refers to prinmers or oligoner
fragnments conprised of two or nore deoxyribonucl eotides or ribonucl eoti des,
pr ef er abky 2600060ig1an three. The exact size wll depge@,sgﬁmmyssf actors,
which in turn depend on the ultimate function or use of the
oligonucleotide. 15 In preferred emgpdi nents, however, the nucleotide
sequence tag is detected or quantitated, preferably both, by determ ning

its sequence. Hpjefer@B¥mbRAiMA&IE, ﬁvﬁﬂcehMucle@&h@.somaﬂmﬁmem{ﬁmﬁawcl eotide
sequence tags o tal ned by the procedure, cloning o subcl oning theminto

sui t abl e ¥eauenss and thainkersegnenes hagthe preangsnesabl ﬁ%cgedremwgwt; -divdve, the

nucl eot i de.c5aRHeRRRE- ﬁrﬁ%cl&x@%&lhtﬁ’nﬂ sfntfh%fﬂb@d:h@ﬂ?tﬂ\e%org%(cm 20 anal ysed or
sequenced i ndividual ly. For exanp onal sequencing may be carried out to

i dentify fIseEnitionsiteis Bwe@bptweemﬂwrfmst nucleic asitand theisecond recogmitionsitel i mi t i ng
dilution techniques used in the cloning of cell lines, and invol ves
dilutidn of | i@dnedtiblag’ijnhddﬁ@smbwudmmecesTaghereof, and placenment into
i ndi vi dual receptacles, such that each receptacl e contains about one DNA

nol ecul e 25 per recept acle. The DNA i n each receptacle may then be anplified
and sequenced Py linkedauelsie gcidisithrg qubischovdearage bythe Hrst restripfion gaymg: nass

Spect 05 aflg prolfded ARAIREER Hhe BT rSgiO AR ARk cndditadss an
ollgonucleotlde conmposi tion having at |east two defined nucleotide sequence
tags, whetesmialportiopgfthe frbnusieiaasid seenrermod maybarefeoed wopailiked o at | east one
expressedm%ersﬂcm@fimmgmbﬁkbﬁphs&mcl@me%.:&Je@%mhg gmafguence tags is
gener at ed Termn met hod as descrl her e e conposition may
conprilde af)tbeuﬁrst nuclsic20id seugice SRyeferablidhe firetinusleip hoid elbayage @zyms ivgnedi t ags. Such
conposi ti (i f i by identifying
t he define &ng&egﬁﬁé@%%g% nce b?’gﬁi )égérrﬁaé' mdgﬁﬁﬁbﬁgp‘gﬁéé%r essed gene in a
cel |, tissudeotide scqiencegag comprisesfadi owrangdtats 3BDindag Anal ysi s However, in
addition to, or as an alternative to, such individual analysis, t he tags 10
may be conbined or linked into nultinmeric structures, and the nultineric
structures t HBwsedoudproduttbfibedeayage déthe linked euddieacidieitt the firsemudieior quantity of

the conponsy cleav% e’nzg%‘edcomptelgeg &etrer}r?am TAS of%se%ersq nddlae acx& tlqacgl Ihgr red embodi ments.

15  terminal portion (see below for a use of this in generating further tags).

It will be apparent that detecting the nucleotide sequence tag enables the
determination of the identity of the first nucleic acid sequence. Thus, in the preferred
embodiment where the first nucleic acid sequence comprises a cDNA, the nucleotide
sequence tag comprises a terminal transcribed portion of the cDNA, and hence is

20  representative of the terminal transcribed sequence of the expressed gene.
TAG ANALYSIS

The nucleotide sequence tags generated may be identified, and in addition may

have their sequences determined.

Detection of the nucleotide sequence tag may be undertaken by any means, for

25  example, by hybridisation, pull down, gel analysis; fragment length analysis, antibody



By the term"nultineric", we intend to include anything that conprises nore
than one nonomer. Hence, nultineric includes diners, triners, tetraners,
etc. 15 Wordoeosedmr e provide a nmethod of detecting ge iQn, the

met hod conprising the steps of (a) providing a fi rstpﬁ/ﬁéfebgﬁ‘?l%sgand a
second |inked tag, each independenti3 produced by a Terninal SAGE method as
descri bed; ('b%lggl,i nki ng the first _|inked tag and the second |inked tag such
that the nubirdigg SigleSEansiraformation Flymorphise(SHrR) anglysin wassipestometyi nked to t he
nucl eoti de MAUDERESCloAA aRdlysish@ dedcHBed ih furtk&Uethit Belbw, they afo Be Crfi@%but. 20 t he
ditag conprising. term nal sequences fromfjirst and second genes; and (c)

det ecting tQeantigtionof theamopnt;of gequencs tag may becdops byagy meansdmowrindhe afne nucl eot i de

sequence t agy SQMplel BAdibANSH Blifb a sultdbnAAReREd prilRNAd GIREGAM @ignal NUS, 10 such
preferred enbodi nents, the tags which result fromthe nmethdds as described

above ar® d¢mwited bybgurdprobs, Redinagtivgand myp-radigactivg methods are gpvisaged for this.c aci d
sequence 25 which conprises two linked tags joined in any fashion. The
ditag may conprise only sequences fromthe rel evant genes, or it may further
i ncl ude one or HKoFexamplaiihe tagsmaydsaeed to scpeR areappiopTjate libratydo ehtais furtiyn

2004/ 050919 : [ ts two

defi ned nuciiﬁéﬁ@gﬁééﬁéﬁgéﬁgﬁ%g# a%%gmi)%]r%gﬁélc oﬁ%#égéﬁg%sent ative of
at | east onprodyeedswhighqempsisdsyr careghiondsdo the hg eesencs. Thaprobe niswlito gireen from t wo
di stinct ge ﬁ:gﬁg i ne I ' g within the
ditag is in@?@cgﬁeg copa lepr ’sagé %gmggtfg%g%#y 'a'@'?tﬁggg‘ @%gﬁﬁ%‘% that tag.
As descil® bezhdSothprresitp dathliaseydo deteymive itaidpiti. i ed before anal ysis. However, the
anal ysis of ditags, forned prior to any anplification step, provides a
means to elimnate potential distortions introduced by anmplification, e.g.
PCR. The pai ri nghefem dajigofiusteotided af wedigerairorefersto gritnery or oligomer fagulents event . The
nunber of diff.ere t i cted. | a th ore. .the

probabi | i tycoo n?'frqf ?P%Oqtgﬁ’éééé%gﬁﬁgn%gg%%%%&g’ qc%gﬁ?'leg’ LY ggnlgg l%llmf’ rgémi" s smal |,
even for abthreddm exactsimorill deend dimanyffators, whieh @athediepahd toa ¢f® upiniaent i al | y
produced by, bi ased Stﬁf‘ﬁda]irid aggh.i fication and/or cloning nethods are

readi |y exclieeRoFyss ol BRaVEPLHIONds, o " §i veri sation of the tags into ditags is
preferably done in a "tail to tail" fashion,

15 In preferred embodiments, however, the nucleotide sequence tag is detected or
quantitated, preferably both, by determining its sequence. This may be achieved by
isolating the various nucleotide sequence tags obtained by the procedure, cloning or

subcloning them into suitable vectors, and sequencing the cloned tags.

As noted above, the nucleotide sequence tags resulting from a reaction may be

20  analysed or sequenced individually.

For example, clonal sequencing may be carried out to identify the tags produced.
Clonal sequencing is similar to limiting dilution techniques used in the cloning of cell
lines, and involves dilution of linked tags, ditags or concatamers thereof, and placement
into individual receptacles, such that each receptacle contains about one DNA molecule
25  per receptacle. The DNA in each receptacle may then be amplified and sequenced by
standard methods known in the art, including mass spectroscopy.



with the portion of the nucleotide sequence tag furthest fromthe |inker
sequence being 15 referred to as the "tail". That is to say, tw |inked tags
are |inkegadodospamn other via their nucl eotide sequepegstidsfpsdsi ons. The
"l'inker' portions are therefore at the termni of the ditags, with the two
nucl eoti de sequence tags in the mdgl e sandw ched therebetwcen.

Accordingly, the ditag preferably has a structure 5 - linker sequence (1) -
nucl eoti de SabIgGEe & PRt} 6&).-1eoudau&h§'damoﬁﬁavmwﬁsg@&J&Gnédldu),-leondkI nker
sequence (I1) dgeavage of | 1 nked nucleic acid may give rise to
bl unt endgeqwcwé%whﬁgnn@mmgﬂheequence@gsqgrresnondwwﬂmﬁgse In the latter
case, theeipmseh'gm%eﬂld%%cﬂt%a&%ﬂéf ﬁ(ﬂh@m}c edtide séc[ﬁElﬁ: ta‘ék & ghidtdd bg\éer hangs (see

Figure 3 for an exanple such i ng by ove Over hangs enabl e
ef ficient Tmmﬂeh@'éGErnemp@wdembed_hem(&l@eeomlﬁﬂnm cempryeuaboual 20Possi bl e,

wher e he?gﬁ @% ﬁl?%&u? 1020 ﬁ%ﬁbﬁ&&ﬂtﬁﬁg@%%ﬁﬁrﬁh@ay al linkage

at suc e ac by ‘using e
dephosphogsne axmcssnam bx lldenhfyllﬂ th@d?dﬁsﬁd r@:leouﬂoammcetagcwdspommgm eci ated t hat

over hangi . blunt, if needed. This may be
[ %}3’ exp SI ng P‘ﬁé tishl 4 %QFQ‘MC@%{%E& y [ [

achi eved nucl el ¢ acl y suitabl e enzyne which renoves
t he overhangs,_such as an enzynme conprising the appropriate exonucl ease WO
2004/ 050918 Pé*”gééﬂ%§7000255 34 activity. Thus, an enzynme conprising 3 -5
exonucl ease activity maybe used to renmove 3 overhangs and an enzyne

conprising 5° }ﬁ)we@%%oiﬂ‘al&hﬁ‘cﬁﬁ@ F‘Qstdn‘éh&ﬁ{am}’o Qﬁh?ﬁﬁ{iﬁuﬁ%mﬁl D}E tage’  OVer hangs.

For exanple, the 3"-5" exonucl ease activity o enow fragnent may be used
to ged@r amequmlmﬁwlnkmnﬁoal@mwem a(ndshede-dt;mcriyesawmresvan| atis). 5

Hovever , EﬁnolJeLmPﬁrs%QHQ&}n% iliddly KBV, Qféé\f%meﬁ{:Qgs"%@ to blunt ends

results in sequence I nf or mat’i on. base tags are
pr oduced hmtﬂwﬁxﬂm&dgmnimfgmdembgdmm or Ilnkage of such tags wll
produce 38 base ditags conprising 20 bases of useful information in each
tag. In contrast, renoval of the overhangs will result in the |oss of

i nformation (Bﬁlhsem)“multimérie“aveinmtoﬁmbﬂehmytlﬁnggthﬁteoxhprhmg@edﬁnt he two

[ gases. - raToPPgERtee GRS RS ERe S MY T4 DA |1 gase, are
known in the art. The dit ags once generated may be detected by
hybri ql sation "We Ehet‘eforer prov1 uaer{l]etﬁo% of detecting gene expression, the method
comprising the steps of: (a) providing a first linked tag and a second linked tag, each
independently produced by a Terminal SAGE method as described; (b) linking the first
linked tag and the second linked tag such that the nucleotide sequence tag portion of one
linked tag is linked to the nucleotide sequence tag of the other linked tag to form a ditag,
20 the ditag comprising terminal sequences from first and second genes; and (c) detecting the
presence or identity of the ditag, or at least one nucleotide sequence tag comprised therein,

to detect gene expression.

Thus, in such preferred embodiments, the tags which result from the methods as
described above are dimerised to form ditags. By “ditag”, we mean a nucleic acid sequence
25  which comprises two linked tags joined in any fashion. The ditag may comprise only
sequences from the relevant genes, or it may further include one or more linker sequences,

preferably at the ends.



directly. Alternatively, and preferably, a nunber of ditags are linked to
each other to form 15 concataners, and the concataners sequenced. Such an
enbodi nemto 2084/a50918abl e for high throughput analysis essi on.
Ditag Anplification The ditags nay be anplified pri orﬂ?g&t?ﬂg"‘l,ﬁﬁ’gééi ng

det ect ed, sequenced or concatermerid3d. Anplification of the ditags

i ncreases their_nunper, and hence increases 20 the sensitivity of the
detection or seftRbkipaersiore ppresenty tvosieipadmuglectidnsegpenesodptleast aly be by any
nmeans, but tafiscipEieplesdatalivddf alB&NSneQene PHpidaft)y, ¥ MREARfresehtd Mhd mdnS&@ipls! oN (PCR) .
Pol ynerase chain reaction _technol O%F%S gprleﬂ%lescrl bedsei n d_et_élig‘?ﬁjisn

Di ef f enbacHrarviedistingt senee (Ibp presengayy s definedknymiqotide sequencepgovithimthe Manual , Col d
Spr i ng._ Hardkag isidRsve dfeRnib @Yt Dibhe Mg scuedtBbe g, s fRiKES VO

2004/ 050918 PCT/ SG2003/ 000255 35 The dit geéucgn s ar%pflls "ed by utilizing
pri mer s dhitelovsitags mpxbe amplifigdhiefoss snalysis Homeverghe analysinsf ditagshformesker . For this
pur pose, theiol loRKkSimAGIMBRSE Fotolsel ket Lfication primer
sequence. _hg toer%mpgri.ner_" %{??&géedyﬁédrﬁe?on&@%g@%gdgﬁ@okéonucl eoti de,
whet her ocduradugeg by amplification) ¢.g.. B¢R.pr oduced synthetical ly, which is capable
of acting as a point.of initiation of synthesis when placed under
conditions in which synthesis of prinmer extension product which is

conpl ement ary t Sheapairingloétags facthel fosmation of ditags i d vandein event The iumbehef pr esence of
nucl eot i des;and, I ' i milﬁ;‘-P RN nerase and at a
sui tabl e tsdénpert%gﬁi?gfﬂal%tgé% F%%%&%%foﬁ%&e?%bpre erapl y s?sgdge?ﬁé stranded for
maxi num@f fcouplethio vheisamed ditag igsimiall, evert fonabundanttfanscriptsyThetefire,pepearad i s an

ol i godeoxy 1 banucl. ' h Liner must..b sufficientl ong to prine
Che oy nt he e 3PUETE b ifins B Eafls peRbad WRlingFon dtlor SBHAE metboth3Y ' 7 of

pol yner i zatreadily exthdedfrars inalysiagt hs of the priners will depend on many
factors, including tenperature and source of primer. The prinmers herein are
selected to be "substantially" conplenentary to the 15 different strands of
each specific s@hudimessatich df ¢theaappliritd diengs is plefesablyndonsintalvadil 16 A" fshioer s nust be
sufficiently. c | ementary .to hybridize.wth. their, respectiye strands.

Ther ef ore, ‘%P}fgg&‘?‘??é’?h?é' @qéﬁ&ﬂ'éeéﬂe%p%‘@ff'%ﬁwﬂ‘ﬂ%“é%éﬂ“ Bience of the
tenpl at g5 Refefred t3lad the “thille That is to say, two linked tags are linked to each other via their

nucleotide sequence tag portions. The “linker” portions are therefore at the termini of the

ditags, with the two nucleotide sequence tags in the middle sandwiched therebetween.
Accordingly, the ditag preferably has a structure 5’ - linker sequence (I) - nucleotide
sequence tag (I) - nucleotide sequence tag (II) - linker sequence (IT) - 3°.

20 Cleavage of the linked nucleic acid may give rise to blunt ends or overhanging
ends - e.g., 5’ or 3’ overhangs. In the latter case, the two linked tags are conveniently
linked via their overhangs (see Figure 3 for an example of such linking by overhangs).
Overhangs enable efficient linkage or ligation. Linkage via blunt ends is also possible,
where the cleavage reaction produces such blunt ends. Preferential linkage at such blunt

25 ends may be achieved by using linkers which are dephosphorylated at their 5’ ends. Of
course, it will be appreciated that overhanging ends may be “polished™, or made bluat, if
needed. This may be achieved by exposing the nucleic acid to any suitable enzyme which

removes the overhangs, such as an enzyme comprising the appropriate exonuclease



prinmers are substantially conplenentary to at |east part of the |inker
sequences. The anplification priner sequences in the two |inked tags may be
the sanByo fos0sh91sdi fferent. In preferred enbodi nent spctReidsMess t he |inked
tags are generated by the nmethods described previously, and ligated to form
ditags using DNA |igase, for exanpl as shown in Figure 3 or 4. Appropriate
PCR primer sequences, dNTPs, polynerase, etc, and a suitable reaction
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may be fouwé@bgeneretehlugtmﬂsfmmleﬁ overhangt(as described in Manintiglssi ng and anal ysis. For
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preferred enbodinents, the identity of the nucl eotide sequence tag is 5

det er ndned by Hovestercit wijl medmmawmﬁesiondjodidvanj;angsﬁﬁlmtaﬂudsoms | arge scal e
nucl eoti de en ?n%lfn\éﬁ's to be ca r| ref rred
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be |i nkedowshangs willg&sRin théllomﬂuﬁ'aﬂﬁndiiﬁ(mbﬁes)asthe $'asnd bhecllag.ags. Appropriate

"spacer" sequences nay be introduced or incorporated into the concataner to
separate units of sequence which define the individual nucl eotide seqguence

tags fmom vvhl Tlinkal eoﬂmumrwgsa{a?bbwdnymaaas,&’immamythmguences may be
speci fi ca 15 méroduceg in the conca_t neri sati o‘g Sactj on, by the use of
appr opr i a Ao} UBasss- She H%F%fme’@?“pleh @Rﬂﬁ)}‘%aﬁ T4 DNA ligaserart r om previ ous
reacti ons.lma\ﬁ“;lhgah_atter case, the spacer sequences may conprise the |inker
sequences, or portions thereof. For exanple, and as illustrated in Figures
3 and 5, the ditags which are formed may be .ligated end to end to form

gonfat aners; i theitagt oficeehdttbd MAY beldbBertli sy I5RididhRom BRUGIRedc8dS arc separ at ed
WO
Y directly, Alternatively, and preferably, a number of ditags are linked to each other to form

15 concatamers, and the concatamers sequenced. Such an embodiment is suitable for high

throughput analysis of gene expression.

Ditag Amplification

The ditags may be amplified prior to their being detected, sequenced or
concatermerised. Amplification of the ditags increases their number, and hence increases

20 the sensitivity of the detection or sequencing of the tags or ditags.

Amplification may be by any means, but is preferably by means of the polymerase
chain reaction (PCR). Polymerase chain reaction technologies are described in detail in
Dieffenbach CW and GS Dveksler (1995, PCR Primer, a Laboratory Manual, Cold Spring
Harbor Press, Plainview NY) and U.S. Pat. No. 4,683,195.



20 linker sequences form ng the spacer. The concataner may therefore have

the structure 5 - linker sequence (lI) - nucleotide sequence tag (I) -
nucl eot i g Begsesise tag (11) - linker sequence (I1) -5 uence (111)
- nucl eoti de sequence tag (I111) - nucl eotide sequencpeé'll[/%;l&g:(]z‘aQ:'IID\/oiﬁ9 | i nker

sequence (IV) - etc - 3" or 5" -LNNL- I3NL- LNNL- LNNL- LNNL- LNNL- LNNL- LNNL 25
LNNL-3', where L_is a |linker sequence, and N is a nucleotide sequence tag.
WO 2004/ 050918 P&Sfilagsamby arplifietby uijizipg primere whigh epeejfically dybridize gagne sequences
enabl es t hestidfd éfealiOMRE. Boriks PliHdsE Ael IfiRer sSRIENEE MaF coriftiSe b QuifaBie PT €Ci sel y
defined. They may, be ignored or stripped out during analysis of the
sequence. AlMRlifigation pEMET segiengen addi tion, the ditags may be treated or
processed before being 5 linked to form concataners. Such treatnent may
conprise stripping or renoving at |east a portion of the |inker sequence
from the ditags.The g 'prireer} esusedhisesiti meforstte an qligonucleotidenwhather eesuming ses r enpvi ng
the bul ks Of nahfilyBoRlbded sibnelitfly, WHUAGY cap i AGTe 'k RRABR ifitaiBilor | 1 Preferred

enbodi nment s, . sequence conpriSes a second'recognition site for a
second nucl syntesicwvkenplacedunder conditione inaehicheyuthdsisefipibeextensiongraduet | | nked t ag

or ditag 45k ] [: aGj enzyne,

pr ef er abl y1@@%@&&%@&@%&&%&&&%2@@f&ﬂ@ %%‘f@g&dﬁﬁﬁ%@gé%@%si te is such
that it di rselestidessidsinagent foul poljreenzatipm sheh a4 DNA sdynpnaie andcdt ebuitablei d cl eavage
enzyne at S| I enot romthe recognitia ite. The separat.ion between
the first ?‘8‘6‘3‘%’%‘?‘%’%@"@ S PG ¥ %’8@@@8?‘?&*“?‘2@%@{ PR RN o ¢ hat t he
second i@cogmplificarionSHreferably) theyiriner ban SHgodesky fibotuelestideCTHt peimeAmagyBe enzyne to
cleave the 1 I.igkfd ?a . at. or tﬁlboutf the, fi rat recogni tion 'ﬁite (see Figures
3 and 5 forSYHGMEY (098 [ RIMEIE PSSOt eXENsioP BIogpig 315‘?5’6‘?"&85 838 er ef or e,

cl eavage Wi foRpdlitgerzefodTThe wiact Rhgthedritiit pritdesavin gépeidiaryhiEny tevidy es al | but 24
bases of the Ié_nker sequence fromthe ditag. Preferably, cleavage with the
second nuc| Bfiuding femperpitice and sourcq OLPRMES, i ces a two base 20 overhang | i nked

to one strand of the nucl eotide sequence tag. Preferably, the remant of

the |inker sequence.conprises a 4 base sequence conprising a 5 overhang of
two bases. Thudhepprgss %fE)‘P?‘FS‘EIP‘%‘?Qtt G sukitapialiyh eongplemantponiadicei ¢ aci d
cl eavages engiyte@nt'sGdk bbeatlspecific sequence to be amplified. This means that the primers

must be sufficiently complementary to hybridize with their respective strands, Therefore,

the primer sequence need not reflect the exact sequence of the template. Preferably, the
primers are substantially complementary to at least part of the linker sequences.

The amplification primer sequences in the two linked tags may be the same, ot
20  different. In preferred embodiments, therefore, the linked tags are generated by the
methods described previously, and ligated to form ditags using DNA iigase, for example
as shown in Figure 3 or 4, Apﬁropriate PCR primer sequences, dNTPs, polymerase, etc,
and a suitable reaction buffer are then added to the ditags, and the mixture subjected to
rounds of amplification as known in the art. Alternatively, the ditags can be amplified by
25  cloning in prokaryotic-compatible vectors or by other amplification methods known to
those of skill in the art.



"trimmed" ditag conprising the structure:
ACKIXXXIIXKKKKKKXKXXT T TTTZTTTTT7T777ZZGTCG

GCT X 1277777777 nZZZZZZCA 25 \\here XgTRa%h0YBooksPr esent
sequences (the Tength of which may vary) fromtwo nucl eotide sequence tags.
WO 2004/ 050918 PCT/ SG2003/ 000255 38 ¥6n this preferred enbodi ment, the
concat amer maybe easily formed by joining the trimed ditags by their CE
GC over hangs. TH g &arastanetifationy be i sol ated and cloned into a suitable
vector for handling, propagation and sequencing. The trinmed ditag

preferably conprjs et n.12 to.120 bas irs. preferably 5 between 18
to 46 base pai rs’ags ngfég?béorvm’ﬁﬁ?dléés 'B%'sbg%wg'ﬁ’ %%Sﬁ?rﬂa séhcci“rgztgﬁenci ng The

| i nked t agsprochistivggmd amalysisOFos @k, Sonoqtareerg@polynicsdf the ditips ndgbect ed by
hybri di sati gn or _sequenced direct]y. T .t hen be sequenced. Anobng
t he standar g’“’ﬁ?"ﬁi@ﬁdf‘@?’%’r’%bjﬂeﬁ‘zﬁrr% ?‘ﬁ@eﬁm?&@%’?@ ‘%cfﬁ‘@‘r‘?ﬁ“@ Bedhs is 10
insertiof Ofetéritned BPproduding andeinOdtdmetisiag ditags. This aNowidlarge sdalkagdeotidbe | i nked
tag, ditag or concataners of ditags produced by the nmethod may be cl oned

i nto reconbfSIYTFe Beete ‘§tqstlfr°amFﬁP‘E‘her anal ysis, e.g., sequence analysis,

pl aque/ pl asm d hybridi zation using the tags as probes, by nmethods known to
those of skill in the art. The term"rec?nbi,nant,vector" refers to a

plasmid, virus dFP H'_qu’@@ﬂi"_lﬁ“@ ‘ﬂ]nB‘vWPs_F'H the ditaghrsHie ot eacigR B een
mani pul at ededayatérmefied. 1 Such an EMbGARAL, FelcOita@inert ey YeisitfuBhted RUletefhih@d OF _
concat amer genetic sequences. Such vectors contain a pronoter sequence which
facilitat esthepequense of the ‘éﬁ‘ﬂW{“’f‘éﬁﬁf’r“F Bﬁg&r’?‘f‘@P“‘t‘IPFé‘eﬁﬁsﬂﬁﬂféﬁq“@éﬁéﬁec sequence
for exanpl euwgsl{ha dRS iMividubllyP Th&kitaYs G HedinR Bitg BdsEiiR thekarcRinngat | ON, a
pronoter, as well as specific genes which allow phenotypic selection of the
t ransf or medfEge(déags\/ect ors suitabl e for use include for 20 exanple,
pBl ueScript (Stratagene, La Jolla, Calif.); pBC, pSL301 (Invitrogen) and
other simlar vectors known to those of skill in the art. Preferably, the
linked tags, di tARgwPUse “paret aeenentes metbsipyiduesder Inicomeraigd intithe a vect or for
sequenci ng BULARSES: seiib Ol of Ralbe Inibi erihd Al fidividiiinucRid @ Sehuglce cOnCat amrer s
tags from which the concatamers are built up. The spacer sequences may be specifically

15 introduced in the concatamerisation reaction, by the use of appropriate linkers or adaptors,
or they may be carried over from previous reactions. In the latter case, the spacer
sequences may comprise the linker sequences, or portions thercof. For example, and as
illustrated in Figures 3 and 5, the ditags which are formed may be ligated end to end to
form concatamers; in such a situation, two nucleotide sequence tags are separated by two

20  linker sequences forming the spacer.

The concatamer may therefore have the structure 5’ - linker sequence (I) -
nucleotide sequence tag (I) - nucleotide sequence tag (II) - linker sequence (II) - linker
sequence (1) - nucleotide sequence tag (1) - nucleotide sequence tag (IV) - linker
sequence (IV) - etc - 3" or 5’-LNNL-LNNL-LNNL-LNNL-LNNL-LNNL-LNNL-LNNL-

25 LNNL-3’, where L is a linker sequence, and N is a nucleotide sequence tag.



transferred into a suitable host cell. "Host cells" are cells in which a
vector can be 25 propagated and its DNA expressed. The term al so i ncl udes
any progemyodbsobize subj ect host cell. It is underst pogisGivasomkds progeny may
not be identical to the parental cell since there WO 20041050918

PCTI SG2003/ 000255 39 nmy be nutatigns that occur during replication.
However, such progeny are included when the term"host cell" is used.

Met hods of st afhk Brebdndé\Sithd “spabBrRéqdéncts 1ahblds it Unfl EntprisipliucledtidLont i nuously
mai ntai ned in the host, are known in the art. Transformation of a host cell

with a veSgaBcEdestabnpiegisely defigeds Theyamay beigaered orstrippert out during apalyfifent i onal
t echni quegs @S seghefcerel | known to those skilled in the art. Wiere the host is
prokaryotic, such as E. Coli, conpetent cells which are capable of DNA
upt ake can be prepared fromcells harvested after exponential growth phase

and subsequentAnén{a{i@e?,t,%ﬂin%diﬁ%d?ﬁxegﬂ;ags'még%j%agg%h%g%ﬁéhg&‘,%g,gﬁ dures wel |

known in the art. Alternatively, 2 or ° can ed.
Tr ansf ér niinked to fommcancaiemdase Spely treaimentimdy\comprise srippiog ot femoving atdaster 10

commonl y 'p&@&m;ehﬂ.ﬂastdaeaéa%amedag[g&ms,{@ﬁggr@%g@pﬁ%g&%@{ ¢ present in a

particul a one can be"sequenced or exanpl e,

Cur rent Prampisesiremioving\thé lndkidrthe Bajority gf/the knkpr ssquehirel fronvhe digigt her manual |y or
usi ng aut omat ed net hods. DATABASE COVPARI SONS 15 One of the differences
between the 5° and 3' Term nal SAGE net hods described here, as conpared to
the prior art Inptefeaddembalitidugst the hinket segeencr comprises asdcont fecagnitibingtet er m nal 5
ends and 3' _end

S, In.contrast, the prijor.art mnmet .extract.tags which are
internal t% “P%“d 'E’é@ﬁéﬁ‘@é{“‘faﬁ%?‘ez’"{‘% sde%‘ff'ge%tah%vsee"\gﬁlgetsl"ﬁf%tﬁ%ma{jht%ori ng sites
such d$ Nisafeated wilptht kecostiruoleitianigd lcleavapdenzymd, prefbtabljcBseRI. A6 explehicd ar e
particul ar/ eful for genone. 20 analysis. .Such, geno nal ysis is
advant ageﬁquf’ﬁﬁfﬁﬁ’gﬂeﬁ lﬂ"ﬁlr'{%ﬁé‘ffg(?ﬁ @B‘ﬁegé nueleif Acid ?lgﬁ’ﬁg;by e generation of
5' term ngdcondrubleid a¢id gleivage drRjhOA S sitkrenste resl tRat@ghifialéie. THehe generation of
sequence i nformation which represents the S%ﬁl‘ti ng of, genes or, transcripts.

Li kewi se, sqantimbersan B fitpt recognifiop sife and the sespad reepgnilia sitsiz ek thetdhsrat i on

repr esent s@end BRghifish SR iditbetdhe SEMATNEic AiPESH iigeRhSmeIb ElBavk e Nal tags may
be conpared 25 agai nst dat abases of known genes, expressed sequence tags,
genonilé diinkedsagator aboyt thefigst recognition site (see Figures 3 and 5 for illustrative

examples).

In preferred embodiments, therefore, cleavage with the second nucleic acid
cleavage enzyme removes all but 24 bases of the linker sequence from the ditag.
Preferably, cleavage with the second nucleic acid cleavage enzyme produces a two base

20 overhang linked to one strand of the nucleotide sequence tag. Preferably, the remnant of
the linker sequence comprises a 4 base sequence comprising a 5 overhang of two bases.
Thus, preferably, treatment with the second nucleic acid cleavage enzyme resuits in a

“trimmed” ditag comprising the structure:

ACXXXXXXXXXXXXXXXXXXXX2ZZ2272772722727Z772GTCG
GCTGXXXXXXXXXXXXXXXXXXZZZZZZ7222277272777.2CA

25 Where Xs and Y's represent sequences (the length of which may vary) from two

nucleotide sequence tags.



identify the nature of the gene which is expressed. Wth this direct
mappi ng, expressi on WO 2004/ 050918 PCT/ SG003/ 000255 40 frequency of known

genes | ap@bgdosmiggenone sequences can be neasured bypiigcivdiiiRsss Of
appear ances of the corresponding 5 and 3' tags. Thus, the higher the nunber

of tags corresponding to a particugar gene is present, the higher its |evel
of expression in the particular sanple. 5 Hence, in a preferred enbodi nent,

dat abase conpah hkefbrfedeibbdifehtAH colYatantBRItaf'B caliliformed 3P thining th@9S Pai rs that
nost likely represent the staring polints and end "poi nts” of genes or

t ranscri pti@msdditagsbythely GG SCoxerhings (The goncatamerynay be iselatsdandsdarednces. | n
addi tion, jniAd s{,ﬁjﬁj‘@.&&%pfo}maﬁl&rﬁrgﬁig&%n%ﬁ{e&uéhﬁlgs and pol yadenal ytion sites
e

can be identified and quantified. Furt nore, previously uncharacterised
genes on chronosomal sequences can 10 be readily identified and quantified

by this direct,rahah; = : , ditags,
and/ or concatz;[kers oﬁ%&?%%%ﬁ%gg éﬁ%sgsrr%g‘?%ngﬁﬁq?ﬁ%?g' ?‘gsgllﬁgfe%gl uence

dat aba® esbetwesn 8 tpsd6basemairk, prefesablicdOcnaseipaies.t hei r i dentity and/ or
relationships. Furthernore, it, will be appreciated that conparison may be
made to dat alGiessg sidSequasciighr onosomal DNA sequence dat abases and cDNA

dat abases. 15 We therefore provide a nethod of identifying a first nRNA

mol ecul e or a first <cDNA nolecule reverse transcribed fromthe first nnRNA
mol ecul e wi t h The kinksfrtags.slitagseqt cenchtamers e gpnemied maybp detedtaddyt he step of

mat chi ng ﬁybf-ihi {ﬁfon,@&%n%%énieﬁ%d%ﬁ&ﬂ%%%%ﬁ&beisﬁ‘gn'ex?&ﬁ‘.t ed at a defined position

&
at the 5" "or 3" termnu atr sequence within the first nmRNA or
first cDNA nolecule to a second nucl eoti de sequence in a database 20

consi sting of Q%d N §§ ' -0C e defined position
intheir res pAec \5% gr C ﬂ@%ﬁ*@@&%&éﬁgﬁ%ﬂ%ﬁ?g% rst nucl eotide
sequen@e insertiahaitheftags shto vectors sdhans iphasuids erphagenThe linked the didl@tabase. W al so
provi de for t{}‘%ldmf i.d i fyin first, nRNA ol ecul e ar first cDNA
mol ecul e ?oé'\clagar"g% r ér%% Fcidggegtbﬁ o?ﬁeg’ﬁgn’faf ?es%k’"ﬁﬁm&? %‘f"gbé'b’f“eve\%o? “a known 25
sequence further andysisha g csequencgunalgsis) glagueplsinkihybfidizatiah adingthe tagsfas r st nucl eot i de
sequence Wn+ct]) iez I OE]_?.'[ egoﬁlt a ﬁg@i gd osition in a first nRNA or first
CDNA nol ekrgPes: by fpeahods Fnopdo taserof '"B % ion is at the 5 or 3 termnus of a
transcri bed sequence in the first nmRNA or
The term “recombinant vector” refers to a plasmid, virus or other vehicle known in
15 the art that has been manipulated by insertion or incorporation of the linked tag, ditag or
concatamer genetic sequences. Such vectors contain a promoter sequence which facilitates
the efficient transcription of the a marker genetic sequence for example. The vector
typically contains an origin of replication, a promoter, as well as specific genes which
allow phenotypic selection of the transformed cells. Vectors suitable for use include for
20  example, pBlueScript (Stratagene, La Jolla, Calif.); pBC, pSL301 (Invitrogen) and other
similar vectors known to those of skill in the art. Preferably, the linked tags, ditags or

concatamers thereof are ligated into a vector for sequencing purposes.

Vectors in which the linked tags, ditags or concatamers are cloned can be
transferred into a suitable host cell. “Host cells” are cells in which a vector can be
25  propagated and its DNA expressed. The term also includes any progeny of the subject host
cell, It is understood that all progeny may not be identical to the parental cell since there



WD 2004/ 050918 PCT/ SG2003/ 000255 41 first cDNA nolecule, to a second
nucl eoti de sequence in a database; determning that the second nucleotide

sequenceaypnodsfosoesiat abase is |ocated at the defined pegirfsiceisbéhaist S
respective nRNA or cDNA nol ecul e, whereby the first nucl eotide sequence is

identified wth the known sequence?' n the database. 5 W further provide a
nmet hod of identifying a cDNA nol ecul’e which is not represented in a

dat abase, ZaPPmuaiide tHahscsldaR 1 sequence
whi ch has a9pr edell ned %8& t|%gnﬁé{ca%gﬁméva&hEhg%%g&g‘%mﬁ anscri bed

sequence \ﬂlett?ﬂ“nhﬁt%weﬁﬂg%ﬂmfs@blemvmth&%ﬂtbﬁ foreignDNA isr anscri bed

fromthe UBRHAGHRYS mafindd Gy fie b &q‘? f Enwcl eotide sequences; if no
nucl eoti de sequenggs are ofm% in ﬁ‘sﬂ@(g ase 10 which both match the first
nucl eoti de sequence and occur at the defined positi on in an nRNA or cDNA,

t hen hybri di Zi%ﬁﬁn onSPIHSt &ﬁgbg%vg&g%r ‘Bﬂg %?sl)l { I etotl de

sequence to a clone In rar Re first
nucl eofi dby mqum’nmtechrﬁqdemsateedelumommtﬂsé skilbd mﬂslattl\mmre the hdmenscDNA cl one,

wher eby t c res nt in the

dat abase. Q%W%Vﬁq’ﬁ e C§h °Pm3?tm([? élls Whgﬂa’i“aﬁagl WgﬁN to merely
conpar e apepaed ﬁomcﬂkhﬂcs&d aftr expoactial @gﬂhlphise hﬂal&uhbaq&bms&ateabyl that it is
possi bl e (.a er ha r.e eff|C|ent aLr ucl eoti de
sequencesESS%FE?E’B["%@’%&?‘%%@%“ r%‘h'ﬁﬂ 9‘8%?@3%‘5? ﬁ’c@ﬁgﬂi“gé a nucl eoti de
sequence ooms@spmmiisagﬁaasfbdnan@caﬁelsmmesfomfedayam&amdmﬂomquence (i.e.,
a'b herm nal é‘ﬁ 8‘? g’anucl eot i de sequence corresponding to the 3
termd 8?’“’30'56“ tbedsiip, ®equence (i.e., a '3 termnal tag"). In

preferred enbodi nents, the pair conprises a 5 termnal tag and a 3
termnal tag of the sarre transcrl bed sequence t he sane gene). Were

there is uncerihgilikss tagsiflitagselc presgatip 3 B”é%"“{aéflﬂ'ierfﬂgﬁs&g ngdb%¥h are nost

likely tosheiaf@ERandds tsb@foeadﬁ. Rf cirfft mtb@diﬁamoi&mdﬁme , Shprs Untthf pair in
such preferred enbodinents contal ns the information omthe starting point

and t he eRigichpamglly,er using automatgdapathods.r anscript, etc. The pair therefore is
sufficient to represent a unit of transcription, a full-length nRNA, or a
gene. nngl son of such pairs against the database may confirmthe presence
of a knoRATARASE COMBARISONS gene or cDNA havi ng the correspondi ng tennini
within the

15 One of the differences between the 5’ and 3’ Terminal SAGE methods described
here, as compared to the prior art methods, is that the tags are extracted from the terminal
5’ ends and 3’ ends. In contrast, the prior art methods extract tags which are internal to the
sequence; these tags are those that flank anchoring sites such as Nlalll or Dpnll.

Accordingly, the methods described here are particularly useful for genome
20  analysis. Such genome analysis is advantageously undertaken through database
comparisons. The generation of 5’ terminal tags using the methods described here enable
the generation of sequence information which represents the starting of genes or
transcripts. Likewise, generation of 3’ terminal tags provide sequence information
representing the end point of genes or transcripts. Such terminal tags may be compared
25  against databases of known genes, expressed sequence tags, genomic databases, etc, to

identify the nature of the gene which is expressed. With this direct mapping, expression



WD 2004/ 050918 PCTI SG2003/ 000255 42 dat abase, indicating that that known
sequence within the database is expressed "in real |I|ife" in the sanple

(i.e., tWe3eGnsss |, etc) in question. However, it np¢pRchRSeaEE that a
match is not found in the database; this would indicate that a sequence

having the relevant term ni was nojq pr evi ously known to have existed or be
expressed. Such sequences may 5 represent new genes, or previously unknown

transcrip i j cription
starting g‘ié?ugécyg)? 3i ?%g;r;%?ﬁcgtg%f{%%%gﬁ?ﬁ%ggﬂ bt%gﬂ;,ag%g@géeh#&%glsdenti fication
of such unkappeerances9Ethe oorrasponding 6 amd SttagspThusythe higher theinnmbeenbtgc mappi ng and
annotatio 1 i . . risaons using the

nucl eot i dgo%eg%l?% %“&3&@8@%@% g}%%%?ﬁ%@?ﬁ%?ﬁ%ﬁg%?%@ olnénf}F%rl y in pairs as
descri bedparti@labempds. wi Il (in cases of new genes or new transcripts)

i mredi ately provide boundary sequences of the particular new genes or
transcripts, as their 5 termni and 3' termni will be known. Full-length

cDNA séquencedHente, inheprefemédyembddimientf daeatiasg eorapmricanis beerial annwe mbking usi Ng

conventi opnal,, ns. Ful l.-] engt.h,sequences of the new transcripts may

sinilarl yﬂ"Sé gﬁ?o?’ﬁ%“b’? {mﬁgil{gebb'gp ﬁsﬁﬂtrtgecﬁ‘ﬂ'%amf‘tﬁﬁ?&lvﬂdipﬁlg?sé’fé‘%gﬁ gned from

the tag senmmReips andmbpirgnkdth@pal® dirddtly Rl geitinitGequendelldn bdditon) engt h sequence

from PCR of a_.genom c..or cDNA |i brar PCR from. nRNA. We al so provide
gt

. ) . RI- .
a met hod EMPmALYS yapsription start sitgsand p r B 8lfs e ddeglitidandn  genone

sequences quanBfigdl Firtheghokd) BreSio@dlpuridharactbRbaigBitks bh Ehrfbsomaf sequenc®®éhn3’ t er m nal
tag sequences directly to the genone sequences; identifying the tag

sequeri@es b¢ rradily idegtifisd spd quaptified by thisdipsrtapapping af B&PAIGNS. The natch of the tag
sequences to the predicted gene sequences wll provide evidence of the

exi stence of the genes. In general, the nucleotide sequence tags, |inked
tags, ditags aihgseayeness ofthertagspditas, and/or sopsataraers ehizingdapayde gereppesd dat abases in

Lhe Same qRgBRGneSefleRe bilsks! o BeRunllto Bhdmnine i3 180 aQBSACE t echni ques.

Reference is therefore made t escriptions of these 25°techniques, in
part i cul arelatiogshipstFarthermorebié Wil lappreciated that g@upasigm raaybena@s®, 743 as wel | sa

hi o sect el i Rke RGABRUTNOS xllonk ENERRE Sy DR eblba g0 P o0 A0S 1T
PCT/ SG2003/ 000255
15 We therefore provide a method of identifying a first mRNA molecule or a first
c¢DNA molecule reverse transcribed from the first mMRNA molecule with a known
sequence in a database, comprising the step of: matching a first nucleotide sequence which
is located at a defined position at the 5’ or 3’ terminus of a transcribed sequence within the
first mRNA or first cDNA molecule to a second nucleotide sequence in a database
20 consisting of mRNA and/or cDNA sequences which occur at the defined position in their
respective mMRNA or cDNA molecules, whereby the first nucleotide sequence is identified

with the known sequence in the database.

We also provide for a method of identifying a first mRNA molecule or a first
c¢DNA molecule reverse transcribed from the first mRNA molecule with a known
25  sequence in a database, comprising the step of: matching a first nucleotide sequence which
is located at a defined position in a first mRNA or first cDNA molecule, wherein the
defined position is at the 5° or 3 terminus of a transcribed sequence in the first mRNA or



43 It is envisioned that the identification of differentially expressed
genes using the Term nal SAGE nethod as described here can be used in

conbi naky@smo¥ybdobsot her genomni cs techni ques. For exappi/ec2oometiozssdual

nucl eoti de sequence tags or linked tags, and preferably ditags, can be
hybri di zed with ol igonucl eotides i ilized on a solid support 5 (e.g.,
nitrocel lul gse . filte | ass sl.ide, silicon chi b Sych t.echni ques include
"paral | el E@M@O{‘jﬂﬁ%%ﬂ s§“°"§§'“°§@§'§??°ﬂ'é°&°°d@? bagg: determjnin 'S?t 9 el sequence
anal ysi s i SSemerndfmﬂémﬂe eégtrﬁ:be ﬁimea@mﬁisgnadéoaieﬂgﬁ‘the Mﬁé@o&f ublg? itsol : ggnrcgeot ijde
sequences to L C e ri are prefera un] abel ed an

the ditag i & R;?F%"Fé’% 9‘@@%@9@3‘\?@/“% 1STAuE 89‘145?‘?‘19%‘}"9“ idepified

ol i gonucl eoithlthe Gagwni8quedRh 8 datdfdsd, at her than the ditag. The ditags can be
detectably | abeled, for exanple, with a radioi sotope, a fluorescent

conpound, a biolum nescent conmpound, a chem | um nescent conpound, a netal
chelators or an woguh® mwaesqaeai‘odeﬁdedﬁgragascbmlmbrecaéﬂﬁmerrenw Il know of

ot her suitable Iabels P binding to the ditag, or will be able to ascertain
such, usi ngrePBated ea@iepem?ear'%\ra%stepﬁaf cempaRpg & firsberlegtide sequensar f or med wi t h

| abel ed (‘e. @hich hds'd preasmRl Bositﬁmtaﬁﬂg?q} B%ﬂnﬂﬁfs%f a Eflﬁérﬁfe@%l‘encé niflh t ag
contains a fluorescent end | abel. The | abel ed or unlabeled ditags are

separat ed | ewengpr VAo  eRNAdwplasile s erseansgribechitom the msssenger BNAylo ser i al | y

di | ut ed anddﬁﬁ@é@fﬁtﬁldﬁt%ﬂn&k‘ﬁmﬂu 16&idd sequéhod drd O i MeRia@asgleSCr 1 bed by
Fodor, et al., Sci encel 1995 co?retqgr ni ng oPﬁhlontf(@reotsrgdes
represerl@r nyhlchb?thmetﬂhrhplﬁeﬁtn@l@h@e Sp@@mebh‘eoqgﬁraﬁﬂvdcﬁ pm‘itloamaro mer (e.g.,
in each gri {i‘rkﬂ N HBRR' tRedet erm ne
differentia prggs%\o%rmp@ﬁﬂéﬂ%g’gg%g%%t al ne e\ﬁ%s“glﬁ%%ﬁﬁ support (e.g., on
agrid on aseahnnpétobyDNy-mlqndrrz&ahermauddqtmmmﬂgrt{;pamsdimmql@ede wquenéee sol i d
support wt 0 I r ns (e.g.
different s é%ggg?t%eﬁ eﬁg’OM Ql%rcgﬁ &? ﬁ“’%ﬂk"ﬁ‘ gclgfeep%e and presence
of a growt hidémﬁbd)whicmwamwdtpreseetmuisdhuamgf or rred cells, comparison of
different tissue expression, etc). In the case of 25 fluoresceinated end

| abel ed ditags, analysis of fluorescence is indicative of hybridization to

a partiaslar 10-Imllbe\ﬁlwuatddehdtmm{m'thdcesedymlrimyﬂylcmﬂqﬂmd siiglemclédtider escei nat ed

for exanpl e a | oss orescence. due, uenchi n e proximty of
the hybri di ¥84nes ‘tgﬁ‘ﬁ“"t?}l? ‘H‘?E asey2 %@FEUSB?SF’BE?"\Q?W@‘%%&%%'H s anal yzed for
the patt er ncoipagtgaies chapdlestiae Sogqueno aghibé he ditebhse. Btichlphi’fitréraplP0255

comprise a nucleotide sequence corresponding to the 5° terminus of a transcribed sequence

(i.e.,a*5’ terminal tag”), and a nucleotide sequence corresponding to the 3’ terminus of a

20 transcribed sequence (i.e., a “3’ terminal tag”). In preferred embodiments, the pair
comprises a 5° terminal tag and a 3’ terminal tag of the same transcribed sequence (e.g.,
the same gene). Where there is uncertainty, the pair comprises terminal tags which are
most likely to represent the ends of the relevant sequence. Thus, the pair in such preferred
embodiments contains the information from the starting point and the ending point of a

25  gene, transcript, etc. The pair therefore is sufficient to represent a unit of transcription, a
full-length mRNA, or a gene.

Comparison of such pairs against the database may confirm the presence of a

known corresponding gene or cDNA having the corresponding termini within the



44 The concept of deriving a defined tag froma sequence is useful in

mat ching tags of sanples to a sequence database. In the preferred

enbodi ment, a conputer nethod may be wused to match a sanple sequence with
known seawoeegesnoisl n one enbodi ment, a sequence tag feCcT8Gs@IpPdessi S conpar ed
to corresponding 5 information in a sequence database to identify known
sequences that match the sanple sefuence. One or nore tags can be

determ ned for each sequence in the sequence database as the N base pairs

adj acent Haabags inditangaiat thgt RBTY S8udntd Withih the ditaBabeis Seuesedacea rediovever,  in the
preferred_ epbodi nent, only the first anchoring enz site. fromthe 3" end
i's used {‘g H’e‘g‘é?“mpifé"%’ tls%/l’ﬁ'. “ﬁ ) Fquuﬁ?t’éf‘éf%ﬁ“e‘ﬁﬁ'%ﬁ?ﬁ“;‘? M adj acent base
pai rs def imaich & ndt foasH iR dathbhs® thié WeulPindizhte Maf sefltfceHaAGiP e idev@itzy M Si te,
and Nis re_f,erablérQ._ A linear search through such a database may be used.

However, PeAmiphRasTobRTRYipusty knewmhigdipyrewisted gr besbressed Suchgeqyensss Ma%anpl e i s

conver sedydpRsdht heW EBA6s, BIBAduSy uhlgBh R RRRE Findvh SRV BHilgTS: €ach base pair
(A C G Jgr T) _ofgggn N-base %’;g to a r_lul?%der or lge'?l_a\g;(ﬁ_co e" (e.g., A=Q C=1,
G=2, T=3, exsmpleriffesent Epnseniption HarEng ienorifferennpalypdenalytioresites. of bath). 15 for each
sequence of a sequence dat abase as described above, and the tag is converted
toa tag code in a simlar manner. In the preferred enbodi nent, a set of
tag codes for ldenti§eationpbichiupkedyusgendsor novel temscriptsavilbaifd in gemothic| e.  The tag code
for a sa . | : : [N pointer file to
determ ngmta éﬁe %ggﬂfbgaﬁ'b?rllt‘?lﬁgp gﬂé’g"g‘é{r?géﬁ‘ p«gag{b g%ggrggagﬁorlsﬁgh g‘auence

cor r esponduategtidoseqiencedagspeneratealdy oucheethodh/lpatticylarly io pairses desaibedg 20 sequences
may exhst Jdf the. e at e has .r.edund ies)., Fiqure 6 of US

o, 333 D gatere. A f (B T8y BAI-ERARS R ab ot ERaR SBvigs Bodeg 0 2 O
sequence smuienoesd the@artieulay. newigbres bittranseripds us their S @heinand Datembinise)l | s processed

as described a u hat each . sequence.has a taq cpde,,determ ned and
st or ed in"%lgﬁgi"rb#’xlgén ‘fﬁ%“ifquwcﬁé’ F@gfﬁbdﬁeﬁ%% g?PQFSBr“q’ cgﬁﬁmye i s deternined
a?] descr: being @h@anﬁonaamdans.tmn&igﬁgeq&ﬁcbs’hﬁt& ﬂmﬁﬁﬁscri?@lﬁﬁy sifvitarlybeof a C(r)]rrput er.
The sanple taqg code X is.conpared tq the _pointer file 12 for a matching
sequence 18 teg'c}ﬂg‘.ﬁiﬁﬁef“p%f%‘fdgﬁf’t pumer, l?,"eddﬁ‘g?)fhﬁlt”@rse‘ﬁ‘&cﬁt‘,\”%"tléﬂmb ith the

mat chijsg aRQAMESf thatlld %%m%ﬁmmgsﬁoﬁih&mxmwkm sequence in

the sequence dat abase 10. 2004/ 050918 PCT/ S&G2003/ 000255
PCR from mRNA.

We also provide a method to verify computationally predicted genes based on
genome sequences, comprising the steps of: mapping the pair of 5’ and 3’ terminal tag
sequences directly to the genome sequences; identifying the tag sequences that are mapped

20  to the predicted regions. The match of the tag sequences to the predicted gene sequences

will provide evidence of the existence of the genes.

In general, the nucleotide sequence tags, linked tags, ditags and concatamers may
be compared against sequence databases in the same manner as described in the prior art
SAGE and LongSAGE techniques. Reference is therefore made to descriptions of these

25  techniques, in particular, US Patent Numbers 695,937, 5,866,330 and 6,383,743 as well sa
WO 02/10438, hereby incorporated by reference. The following paragraphs in this section
are adapted from US 6,383,743.



45 The pointer file 12 may be in any of several formats. In one format, each
entry of the pointer file 12 conprises a tag code and a pointer to a

correspwisiioogosoesord i n the sequence database 12. Thers&imd/foiseg code X can
be conpared to sequence tag codes in a |inear search. Alternatively, the

sequence tag codes can be sorted ang a binary search used. 5 As anot her
alternative, the sequence tag codes can be structured in a hierarchical tree

Structure (e is erbistnbd @@hhe iBniffuin 5f dMhiRly ApILY ghrkd i ol ST, o1 i any
ot her conveni entl%‘ﬁ searchabl e data structure or format. In the preferred

embodi mentermsak$AGHR methodys descebag diereican berusedsin pombingtion withethenl y a  poi nter to a
corr espo %n&ﬁrciﬁaﬁﬁcﬂed RorlleREmpl€ SHERRGR] ARleaRR S8 u(l;Qt e tdgfloiihkidthdidarian® pPOI Nt er

file each sequence tag code Is assig 0 an entry position in the
poi nt er fwfemhlz déwsrces bbmpﬁgedtvdﬂmheomallememmqhdwh@ xsolidsupprt exanple, if

a sequenc gt ﬂ&o@é?lqﬁ)sé"ﬁlfea a}%‘fige,mh@ox&ﬂfpg?‘ﬁ!éh teChnt 9s %ﬁ%ﬁg&%&ﬂ' ng record in

t he sequence dat abase 1 I n en the pointer file
12. The vashusacegmalysisangeseritedfelowde X can be used to directly address the
|l ocation in the pointer file 12 that corresponds to the sanple tag code 15
X, and thus rapidly access the pointer stored in that |ocation in order to
address the Seigilsperelle] sequénasanalysis ispPerfermed aften Hijagfpoeparation, wheeinthe needed to

represent i [ S (BCD) nunbers
for tag cifoicRaRs Eatf RRuRA dcurppi i e b Ulp b8 wiiadThg 5 °00) 01 e
| eads to the drggaxmd’erauuidetbmblyflhbetadmmrhamymtohgonuelmrdy corbeddbeledge 20 space.
Accordin ch tag I sforned to nunber base 4 (i.e
2 blt(g(5 gre%ﬁb”g ?ﬂh% ’3“ e Gl rﬁsﬁ‘ﬁ'o g‘gwf 8?? fé]’yfﬁ nﬁ"g“qﬂh a conpact pointer
file 12 shadivisétopeca flkaescent xanipolied, a bioluntirescesignpoumhd, oﬁaﬁirummménh A=00. sub. 2,
CO1Il .sub.2, G2l O . T=1 | .suh 2 he ba esenfation in

bi nary mr[ﬂn}?ogg,_a B&%ﬁ‘f’g‘i i, O 4N eneyTey ﬂﬁ’ﬁ"ft"f‘ﬁ%‘“’é@@ é%‘r ﬁk woul d be

" 0000000 0othé G461 1atels G Binlithg TOhOGHRR N V1L be ablef to aRbtaiesuch, usiagputink be

i val erPRINGIAAGR FoySHBbodReiss PP EORRA U SRS (26 Moo concept of
deri ving mgddsyrinss. Pﬁ&dbr)pmbaimgewmiasasmemusabai so useful in

The labeled or unlabeled ditags are separated into single-stranded molecules which
are preferably serially diluted and added to a solid support (e.g., a silicon chip as described
by Fodor, et al., Science, 251:767, 1991) containing oligonucleotides representing, for
example, every possible permutation of a 10-mer (e.g., in each grid of a chip). The solid

20  support is then used to determine differential expression of the tags contained within that
support (e.g., on a grid on a chip) by hybridization of the oligonucleotides on the solid
support with tags produced from cells under different conditions (e.g., different stage of
development, growth of cells in the absence and presence of a growth factor, normal
versus transformed cells, comparison of different tissue expression, etc). In the case of

25 fluoresceinated end labeled ditags, analysis of fluorescence is indicative of hybridization to
a particular 10-mer. When the immobilized oligonucleotide is ﬂuoremeinated for example,
a loss of fluorescence due to quenching (by the proximity of the hybridized ditag to the

labeled oligo) is observed and is analyzed for the pattern of gene expression.



conparing different sanples for simlarity. In the preferred enbodi nent, a
conputer nethod is used to match sequence tags fromdifferent sanples. For
exanpl e,wbRod@%ied i Ng materials having a | arge nunbgerrssesBaces (e.g.,
tissue), the frequency of occurrence of 5 the various tags 1n a first sanple
can be nmapped out as tag codes storgd in a distribution or histogramtype
data structure. For exanple, a table structured simlar to pointer file 12

in Figure 4 ofneldshhepi@n adivingd Paerhi YREISARCRATH bt B PeS
Thereafter, S %

frequency of occurrence valve. ~the various ta n a second
sanpl e carfamprlesde meaquenseldatabaseninghe nreferred embodimentcascompnigr methgsbmasdbet o t he t abl e

by direct | V.430ALEE s L Wi J 0 the tag code. A count can be
kept of trllle nurrber%)a?rq)newtat eggeq?guﬁg?ng%aév;\%%l as the location of the

mat ches, for output in text or graphic formon an output device, and/or for
storage in a &0\ I . T a4 ari son aspects
may be 1 npl eme%’?’ ggerﬁﬁno(a[]ngegg\?\gér/qégor ggérta\i\sg;rlpgglsgérﬁ%m[igg%l n (&80 of bot h.

Pr ef er &bl ymfoinatierein aspmencs datatmsé toidentify khaych sequenwspat matclpthogamples’ 15
executing _on [ | 0 I i Slng.a processor,. .a data storage
system (i ﬁ%“ﬁ%f'%n%\%&gﬁi Fgé%%tn‘r:\'?frgr%\%%-%\l}o gﬁgfhes uc?hc@er"ﬁalaeﬁﬁgug?ceg?%l?aaege el enent s),
at | east asntheNasepairsisdjdcen to eanlilarghoring andyme siee witiimpiht sedastice dlowadra | nput

dat o ot or Ao ERefem it S5 B Tk BtoE o e Fom B o et Uty
gener at ed té dgdmined tdgaly theqieferrddambldiment, thesjaaént bk paividefifidqgienges. 20 Program
code i3 applied to the input data .o for e functions descri bed above
and g@net"gl’@%oﬂé‘b?ﬁthelW'ﬁ?‘ﬁﬁfm‘?s‘?h’é’ﬁg{ﬁBqﬁfgr‘ﬁ% %or mation is applied to one
or nore output devices, in known fashion. Each such conputer programis
preferably stored on a,storage nedia or device e.g., .ROM or magnetic

di skette) readd P@'W&ﬁg‘é‘}ég’é@a&m %’&‘F&euﬁfﬂﬁSé%"egr‘%ﬁ‘FaWﬁﬁqe 25
conput-er, enBbdimentfa sdqlichdtdagficin @ Rariphlik Savére@ tocOiikjie Aimedten the storage nedi a
or device is read t he conputer to pgrformthe rocedures descri bed

by
herei n. TREPHYSERIBI PY ePnyertingsarh bagspalt (AoCifé oF dhefiag dY-base 128 ianumbgl Enent ed as a

conput er - rgadat .S 14202021, (R T, or aaPHthérdbita8R niphing 2 ALY PEd&mined OQr am  where
the stora ‘gagmadi ﬁrﬁsso confi gured cauges.a VO %ugg,/ 6)?)09_18 PCT/ l862003/ 000255
47 conput der each sepencgtof a paquence dasabasejag despribeh phoye fandh thg tagdmepdyeredtader f or m t he

functi ons y, code in a similar manner. In the preferred embodiment, a set of tag codes for a

sequence database is stored in a pointer file. The tag code for a sample sequence is
compared to the tag codes in the pointer file to determine the location in the sequence
database of the sequence corresponding to the sample tag code. (Multiple comresponding

20 sequences may exist if the sequence database has redundancies).

Figure 6 of US 6,383,743 is a block diagram of a tag code database access system.
A sequence database 10 (e.g., the Human Genome Sequence Database) is processed as
described above, such that each sequence has a tag code determined and stored in a pointer
file 12. A sample tag code X for a sample is determined as described above, and stored
25  within a memory location 14 of a computer. The sample tag code X is compared to the
pointer file 12 for a matching sequence tag code. If a match is found, a pointer associated
with the matching sequence tag code is used to access the comesponding sequence in the

sequence database 10.



descri bed herein. SAGE WALKING As in the prior art SAGE techni ques, the
met hod described above enables the 5 production of a single nucleotide

sequenceyd agsbbiseach first nucleic acid. That is topéi‘iﬁczdoﬂoonﬁsefe”ed
enbodi ments, only a single "signature” is obtained fromeach cDNA. However,

it is possi bI e to provide a pluralit4s of nucl eotide sequence tags using
further steps. Accordingly, we provide a nethod of generating a plurality of
nucleic acid s'léqpe'ntceﬁlp l@auhb@inrawéfsé\mgl ﬁnmmlheém: femn'atj ehgoigfe tag froma
nucl ei c ac'g

ther ide.s uen S e erived from
sequences #th%lr naﬁile c?wgsﬁugf@%?éﬂ‘e a?@‘(ﬂ‘fféﬁ ‘gmqlhl tially. The
met hod may sdgeencedatabbed 2 SFhenample tag owle Xacan deamtpaﬂ:d td aqmming;&desaﬁ amany
di fferent ucleot u e ta s n ede froma,particul nucl eic acid
sequence. fﬁ%ﬁw q"& i é‘iqi“% ﬁﬁf"?‘f’iﬁa@ g]B g‘é‘“’é’é ﬁ&sﬁdt ags makes
use of 5heAs axﬁ,ﬂaemndum nﬂmqnemé tagbaieséaawagenﬁd ih bane}ardhteemeaucl eic acid
with the first ucle cid cleav second nucl ei ¢ aci d"
Wi oS (g Brime: phas 2 Sme HHSJ%B!EIIB%/%%%BE'B"“F%‘?ﬂ&“éf?‘\)'@ﬂe“”omthe first
nucl ei ¢ aciddrchyblecdatida@ere bpforgiove an initial nucl eotide sequence tag. The

second nucleic acid therefore conprises a sequence of the first nucleic
acid 3 of the first nucleotide sequence tag. 20 In order to obtain a

further nucl eotr @ preiciise embodireht, fehdhiEntn 6T thepointdr Gl ddmpiseh bily®r  Sequence is
attached to ,the second B,ucl ei ¢.acid, and the result]jng t{s_‘tructure subj ect ed

to cleavaBmERORR g mRepnddn the segpecedatabese 0. 1n hyildige thepainterdis e o f ur t her

nucl eotmdememeaﬁencek@godem%sighéakeﬁn&.ﬁgrmxmp@lﬁﬁpﬁmg the same or
simlar structure as described previous In short, the process of

provi di ng SeTFeERon éﬁt%%vahﬁﬂép‘?“ﬂé%‘?st‘Fﬁ@“?&lfﬁdeWGﬁqeé%@W‘ﬁm d produced by

cl eavage i riga3t Bpoihtef t%&he%ﬁ&p&fdxﬂgh&oﬂﬂﬁ’ﬁﬁ%&lu@dcé BasbasdRSeduidiRGtorddt Wi Il be
appreci ated that each round of th rocess Eroduces an addi tional

nucl eot i del@Hnélr%éOf@gPOl%fﬂOMﬂbS of p e Foppboused® and t hat as
nany roundalr&{ §ddtess AE REARA nrpﬁé’gaﬁeﬂ’ﬁé {d ﬁﬂc&%pﬂﬁfﬁb?{iﬁ cha cbé Produce as

many nucl eot1d e sequence tags a necessar?;)Q Eac rat| on of the
met hod 18r oXuandghus zapidly achess thepoiatensioredindhab ﬁlonagqrdg@@ma@éper and deeper

into the nycl el Cambhdd 10,

Because only four values are needed to represent all possible base pairs, using
binary coded decimal (BCD) numbers for tag codes in conjunction with the preferred
pointer file 12 structure leads to a “sparse” pointer file 12 that wastes memory or storage

20  space. Accordingly, preferably each tag code is transformed to number base 4 (i.c., 2 bits
per code digit), in known fashion, resuiting in a compact pointer file 12 structure. For
example, for tag sequence “AGCT”, with A=00.sub.2, C=01.sub.2, G=10,sub.2,
T=11.sub.2, the base four representation in binary would be “00011011”.

In contrast, the BCD representation would be “00000000 00000001 00000010
25 000000011, Of course, it should be understood that other mappings of base pairs to codes

would provide equivalent function,



Accordi ngly, we provide a nethod of generating a plurality of nucleic acid 5
sequences, conprising the Term nal SAGE nethod as described in this
docunentwo veosMsoomne or nore rounds of further steps eel/stovos6g2as set out in
Claim 1. An enbodi nent of technique of SAGE Wal king is described bel ow,
without limitation, with reference # Figure 5. 5 TERM NAL SAGE 10 The
Term nal SAGE techni que has been_described generally in the description
above. The 5 TEIfPHRePt oSdeivineadsfited g frrasesampledequancsdyplioaretlitl in detail in
this secti esmpafiigbiffefnt2Rples REMANARN IPthe PEHEPLHIRAINGE Y eOBFudaIS
corresponding to the 5 termnal sequence of a relevant nucleic acid. In
preferred isrsse te magch sequencp 9es o diffsrent samples, Forgrxamplesin eqmparingic| eot i de
sequence | AeRAURIvidY 41 AIHRDGeGRdCRROBBIRE Beflcmey of ookt 5

transcri bed sequencrgé_ o?rga gene, I\lAeoéré%gDNK.agV‘é fﬂlgr e}’f or_ec_pr_ov%e a met hod
of providi M varousiags in firstsammple ean be mapped out asfag codes stersdiiomdisttibuiogene, t he

met hod COMpisiopialiOtybd ataShrifisre Gor e)&ﬂéle,pa{ it Shidfired sﬁlﬂFp lo fleM2in
deoxyribonucleic acid (cDNA) having a termnus preferdbly conprising a 5
term nal FraardafUS6d8%#junayde ussd whergensh enijonprisgiafigqueney SDNA t o an | i nker
sequence tQ 8vd TR Thelvh el el o ! ' the |inker
sequence co%ﬁ%gs g{?lhrst I’glgc‘)%ﬂrﬁﬁtglgggr}ugss%ogd%@Fggaﬁlpﬁ%x?&%%l eic acid

cl eavage eronyemted totagicedesand campared ta the table hy diregdthynaddiessimgetablé éreties wathl ows nucl ei ¢
acid clygav S| | St LISt .recogniti It.e: and (c)

cl eavi n]g t?\tg%fglac %ﬁ%é Ar?&@lcgﬂl ?:e %Eéoét%%%wﬁgﬁ'%}%gtf&ﬁﬁg ("avlelli:asgtgﬁ' %caélf%avage enzynme
t o provi de ofithe mawchesgfot @gput intextior griphid-form omdnauitpuedgvicepd/bsfosstaageit| eot | de
sequence t sent at. Qf a 25 5 termnal transcribed sequence of the
gene; and ?%ég’g{ag%ﬁtﬁ'g“ﬁagmﬁlr“ésence or identity of WD 20041050918

PCT/ SG2003/ 000255 49 the linked tag or the nucl eotide sequence tag to

provide an indi.gation of .an instange.of e expression. Preferably, the
eDNA i s |inked f"&%"%"h‘k’&?% ng@“a?‘“r’%‘g&é"’e‘%ﬁ‘aﬂfgﬁ%ﬁr% Y8 the coding
strand, i . eombifdtioh bfiboth. Prefiaabty) these asgadtdare Impleténtdddn Boriputer piogtatel nucl ei ¢ aci d.
5 Prefelrabl nition site for the first nucleic acid cl eavage

8 the first re o
enzyne, pr §¥d§?tﬂ’§l°§} az?"’gﬂ“}“éag ELRLPYET COMPRSINg A DIOFETSPT, A doIa SRESRYE, o | ei ¢ aci d
cl eavage afinéluding wlatile 40 nbii@olitilé mémory and/or storage elements), at least one input

device, and at least one output device. Data input through one or more input devices for

temporary or permanent storage in the data storage system includes sequences, and may

include previously generated tags and tag codes for known and/or unknown sequences.
20  Program code is applied to the input data to perform the functions described above and

generate output information. The output information is applied to one or more output

devices, in known fashion.

Each such computer program is preferably stored on a storage media or device
(e.g., ROM or magnetic diskette) readable by a general or special purpose programmable
25  computer, for configuring and operating the computer when the storage media or device is
read by the computer to perform the procedures described herein. The inventive system
may also be considered to be implemented as a computer-readable storage medium,

configured with a computer program, where the storage medium so configured causes a



recognition site, relative to the coding strand. Preferably, the nucleic
acid cleavage site cleaves within the sequence of the cDNA. In order to

provi de gvd jobfidsos¥C! €i ¢ acid sequence which is a cDNAJ d 10
enbodi ments for 5 Termnal SAGE, it is necessary to p¢@§/%§l@ with 5

termnal transcribed portions. In general, any nethod which is capable of
producing "full length" eDNA is suitable for this purpose. Size

fracti onat catputayo dperatesie 6l sgeifit aldipeédefintid nfakimer kgerfomithe filnkfions engt h speci es.

For exarrplg f.ul k}ﬁﬁlgength cDNA may be synt hesi sed by the oligo-capping net hod
15 descri bSHFTFIMEE ane and Sugano, Gene 138, 171-174, 1994, Suzuki et at.,
CGene 200, 149-156, 1997 using appropriate oligo-dT priners. The oligo

cappi ng ma&h&ga‘(egl aces the cap structure of a MRNA with an

ol i gori bond¢ PHENEr _oligo) to label the 5 end of eukaryotic mRNAs. The
cap is renmoved with tobacco acid pyrophosphatase (TAP) and r- oligos |igated

to decapped . Wth T4 | igase. This reactiqn is de cap 20 specific
by renoving 5' -ph8 W&P%@Wﬁl@f&&%@&“ﬁmsﬁﬁ?%géw&ﬁ% sosphat ase pri or
to TAP &1 epiodidtion of d¥inghehutiBetide Getpenst 'ta?mﬁleadmrhamei& Lad. Thalkab sdyhm 5 end of
cDNAs, this _nethod specifically |abels the ,ca(g ed end of the nRNAs with a
synt hetic P grbadimynts; oply 4 singls “signsturgiyis obiajae E?WF@BFQNATH%W‘EY‘“' end of the

MRNA i s idﬁﬁ'@]ﬁdcséiﬂﬁlttxgiﬂb'\ti&a%ildfﬂit}”oﬂlﬁcl@ﬁiﬂ@ ench Fa@\Ssfiigi iHePRepdOl Yer ase chain
reaction (RT-PCR). 25 Although the oli g(gflgappi %igﬁrregt hod fi?spgpr eferred, a
nunber of other nethods of making or enriching full length cDNA with 5

sequences are kn&mmgry,w%ﬂaéamaﬁ&m%xn&&m b PrastyBudidc 2P| oyed for the
pur poses descri bed here. 2004/ 050918 PCT%S 003/ 000255 50 A nunber of

libraries &auenses, eqch popRTisEpRudTicadidsarnseiog frem apcleicaril. Thefyeheiny be used
as wel ljpi npfdigtiiPiedise B dreCRARA ol £ARnAE Htdra? R filcRotidebduetcgNgt h CDNA

libraries fromvarious organisnms and tissue types nmay be obtained .

commer ci al tag pradaepdanitialiybEhe method mayi be wpeated @ manydime agdesireds@arede¢enyi t r ogen,
see 5 httpylf sy / r.e.; a database of
full Iengtﬁ s@q&fgnceg&ﬁgg%sg&@%%fg o{eﬁﬁma&aﬁgﬁﬁ%@ﬁgﬁ tute of Medi cal
Sci ence, Usdaquenceity of Tokyo (http://cdnains.u-tokyo.ac jp/)

The method of generating multiple nucleotide sequence tags makes use of the
15  second product of the cleavage of the linked nucleic acid with the first nucleic acid
cleavage enzyme, i.e., a “second nucleic acid”. It will be recalled that the second nucleic
acid is derived from the first nucleic acid by cleavage to remove an initial nucleotide
sequence tag. The second nucleic acid therefore comprises a sequence of the first nucleic

acid 3’ of the first nucleotide sequence tag.

20 In order to obtain a further nucleotide sequence tag from the nucleic acid, a linker
sequence is attached to the second nucleic acid, and the resulting structure subjected to
cleavage by the first nucleic acid cleavage enzyme to release a further nucleotide sequence
tag. The linker sequence may comprise the same or similar structure as described
previously. In short, the process of providing a further tag merely feeds the second nucleic

25  acid produced by cleavage into the first step of the process already described. It will be

appreciated that each round of this process produces an additional nucleotide sequence tag,



In the follow ng detailed description, which should not be taken as

limting, reference is nade to Figure 3. Reference is also nade to the
detailed protocols set out in 10 Exanples 1 and 2. To add the Ml linkers
to the SWaR2GMAEIHI nt of transcripts, we have to havectBulosbsnagsent s t hat
are 5 intact. In order to do so, the established cap-trapper nethod may be
enpl oyed for full-length cDNA sel ec8on to ensure nobst of the substance cDNA
fragnents éﬁBe the intact 5 end. The cap-trapper nethod is described in
detail in s cany roundszof thissprocess mayphe sareied Qv 8 isgesgpy, foprodugges. 985 and

Bi ot echni oy nddledtifid seqichodmgs’as hecebdhry Hach RirthetiHBSn fIhenANdDrddites | engt h eDNA
to be obtained are also suitable. For example, full I|ength cDNA may be

obt ai ned HAfuker fitereal requence tag. 89ing dpsner apd deeaerintp the npgleinatid.y and bind to the 5
MRNA cap (Mol. Cell. Biol. 15: 3363-3371). Furthernore, nethods based on
RNA term nal tagging with RNA |igase may al so be used (Methods 20 Enzynol.
65: 65-74). AsAggordiagly wegrevide efpencrating apdusaligef nugleiessid| primer to
initiate t %ﬁﬂed d of the

pol yA/ Tsat a%ﬁ; Afterﬁr?ﬂ1 ﬁéie‘éntél?msmgagygﬁﬁe %&%cﬁgu@%en will be

di gest ed tgﬂemommméi/ﬁdufﬁwW(ﬂj&t(’ikﬁ”@fwtm@lwdt| n-Notl |inker, so the

3" end biotinylated cDNA are able immbilized on streptavidin coated 25

magneti c beads. Since Nod is an 8-bp cuter, the possibility of internal cDNA
digestion is Aaembodiment 00 tecloBDe oFS AGEr Welking 0siesaibadbelov Wit | nobi | i zed

CDNA populgf H%P" i in half for the addition of ° Mrel - BseRl

Il i nker A Jndhﬁﬂkl‘é‘ﬂ 1] tgﬁg% These linkers contain the sane sequence
for Mml and BseRI sites, but have different sequences for PCR primnm ng
sites. 3@: | TS type enzyne that cut DNA 20-bp down stream from
its recognl t| on 5| 408 (TCCGACN20/ 18). Mrel is used for releasing tags,
called the "fag Enzynme" (TE). BseRl is anot her IIS type enzyrre that cut DNA
10- bp gpart fr . I will be used for
renovi ng t he P% Hﬁlmﬁﬁgﬁt@g‘{&n@&gﬂrﬁ%ﬁm n%eﬁ '}e"’tth ﬁscggn%th t he tags,
cal | ed t heabdvanThedy’ T‘EmiyaiﬁAGﬁAE;)mquﬂekan@ngmemhandah daabm this sekeioal t ags

conpri si ngen%les%eqplil'gdu%go o nucﬁeo%dgsnecapge%r qngs corresponding to the 5° terminal

sequence of a relevant nucleic acid. In preferred embodiments, the method enables the

production of a nucleotide sequence tag comprising sequence corresponding to a 5’

15  terminal transcribed sequence of a gene, mRNA or cDNA.

We therefore provide a method of providing an indication of an instance of
expression of a gene, the method comprising the steps of: (a) providing a complementary
deoxyribonucleic acid (¢cDNA) having a .terminus preferably comprising a 5° terminal
transcribed sequence of a gene; (b) linking the cDNA to an linker sequence thereby

20  forming a linked nucleic acid, in which the linker sequence comprises a first recognition
site for a first nucleic acid cleavage enzyme, preferably a restriction endonuclease, that
allows nucleic acid cleavage at a site distant from the first recognition site; and (c)
cleaving the linked nucleic acid with the first nucleic acid cleavage enzyme to provide a
linked tag, in which the linked tag comprises a nucleotide sequence tag representative of a

25 5 terminal transcribed sequence of the gene; and (d) detecting the presence or identity of



10 corresponding to the 5 portion of the transcribed gene. After Mrel

di gestion, the released tags fromthe two popul ati ons may be conbi ned and

| i gat ed. viyesodotis t ags are joined together face to f tail) with
two base pairs overlapping to forma ditag fl anked %Elsfﬁﬁklgoroé%at bot h
ends. The ditags are subsequently pygified and anplified by PCR with
biotinylated priner A and B. Ditags with different 15 linkers will be nore
ef fici ent! ytheligked fap ofithé uckofiersequ@hde @iy t PWidé Atindid&ionbt th ifsie 6fi nker
sequences. The next technical trick is howto renmove the long arns fromthe
anpl i fi ed FPEGE™ " Weep the anchor sequence minimal, and make the tags with
cohesive ends and ligatable to each other. W place a BseRl site next to

t he Mel siteaart i in the |Iinker 20 se s. That w |l
al | ow BseRl cut ?S’?)ZH’& Bﬂél‘s E“S‘F‘im(“@l@‘%mmm Cﬂ%ﬂﬁ“’&l‘ﬂﬁﬁr eate a CG 3'
over hang. Ihem@mha,hlel b Llinke sequgoel ETON A -Bt6 MirmShd Ihked duklet seide 20-bp tag
sequencgsis 3: httga%nscrl pts IS ¥ery rare (P = 0.00488). After

purific referaply. the fitshpeceenifionalje for the frst &"cl"éﬂa"ﬂq)"lﬁ%ﬂﬂ? eppmer Preferably 8 ng

concat enat eﬁistdeshﬁﬁ& aﬂ&afc&&se@uea@ﬁucmcfwd cWataBe A% s ST EheIRAUENCE CGAC.
Because each 25 20- t ag has two base pairs overlapping in a ditag unit and

a 4-bp anc W@B%ﬁd’é’%‘@@ thg coding strand. Bisfemblyn e Burleis Fifeleavagg fittreans

i nf or mat i onjdabesOMBIMthesbqitcesHéRDB@A. I 1 the concatenated clones contains one
tag representing one transcript nolecule. To tag one mllion transcript

nol ecul es, we only need to generate 21000 concatenated clones ( 1000 WO

2004/ 050918 PCTh6l @35rO8nfst mdleil Rdid Ixéaﬁené@ﬂhi@lm'a@ﬁNﬂtm Bﬂ?cﬂ-e@nds of the
clones (42000 seq, reads) assuning an average 5 bp quality sequences per

read. 310 TEmbedimentsies’ Torminal SAGH, if ihngcessmap W@mw%ew ‘derminell i n gener al
and in det ke »eot i de
sequence tgtgagsc'gger&r espongﬁ’%g to the 5' “@grhg{tﬁgwmg%gﬁ@e%g l@h% el evant

nucl ei ¢ acm]PNAnswhbké@rﬁbapmmwﬁlma@naﬂm@lm hesd tceﬁiabbvésmalleenorpr oduction
of a nucl eg“lg:g sugpce tag conprising sequence corresponding to a 3'
transcri bed seq ence of a gene, nMRNA or cDNA. W therefore provide a nethod
of providing an indication of an instance of

For example, full length cDNA may be synthesised by the oligo-capping method

15  described in Maruyama and Sugano, Gene 138, 171-174, 1994, Suzuki et al., Gene 200,
149-156, 1997 using appropriate oligo-dT primers. The oligo capping method replaces the
cap structure of a mRNA with an oligoribonucleotide (r-oligo) to label the 5’ end of
eukaryotic mRNAs. The cap is removed with tobacco acid pyrophosphatase (TAP) and r-l
oligos ligated to decapped mRNAs with T4 RNA ligase. This reaction is made cap-

20  specific by removing 5’-phosphates of non-capped RNAs with alkaline phosphatase prior
to TAP treatment. Unlike the conventional methods that label the 5’ end of cDNAs, this
method specifically labels the capped end of the mRNAs with a synthetic r-oligo prior to
first-strand cDNA synthesis. The 5’ end of the mRNA is identified quite simply by reverse
transcription-polymérase chain reaction (RT-PCR).

25 Although the oligo-capping method is preferred, a number of other methods of
making or enriching full length cDNA with 5’ sequences are known in the art, and any of
these may be employed for the purposes described here.



10 expression of a gene, the nethod conprising the steps of. (a) providing a
conpl enentary deoxyri bonucleic acid (cDNA) having a term nus conprising a
3" termnal transcribed sequence of a gene; (b) linking the cDNA to an

| i nker swaoueowmsediber eby formng a |inked nucleic aciggriddboddosiRst he |inker
sequence conprises a first recognition site for a first nucleic acid

cl eavage enzyne, preferably a restri&ion endonucl ease, that allows nucleic
15 acid cleavage at a site distant fromthe first recognition site; and (c)
cl eavi ng t he | iAvumber ofllibraziesoffull kingth ¢(PNA hee khowrsin theuart, eidahaeindy il eavage
enzyne to ' Aol Ll eh . ' rises a

nucl eot i degiegééu‘gﬁlc@ diez{gelﬁ%gf)%gdggﬁ af%ée&gﬁnbéaé]%& ? Qllrf%g%%?BNgﬁ'a & i bed
sequence ofromiveriaye organismschnd tiysuel opesaiay ibe otitdipedromaervialy fromiacdmmiberto§ of t he
linked tag_or. the nuclegtide, seguence tag to provide an indication of an

i nstance o a‘éugancél%s‘éci'ﬂf’g %c?%@v'ﬁ?ﬁ%'rsa%r to provide a first nucleic acid
sequencé whiteiwing.ragenlobiy/predupes/BF B phpd)) Furtishngdt, adlatabasé of fulblendtRr m nal SAGE, it

IS necessary to proyide conpr.ising a ramnus with, 3 term nal
transcri beﬁéabwsi"m&?wggg?% »at the q‘%&’é"t“ﬁ%‘ﬁ%‘ﬁ“ﬁ%‘%ﬁ?ﬂ?ﬁ‘ﬁf tail at the
3" term nuSolgb (lithpe/coddiids.Gackybec jpgnoved. However, it will be appreciated that

it is 25 not strictly necessary to renove the whole of the poly A1 tail
fromthe cDNA, provided that at |east sone sequence fromthe transcribed

portion is captiedoliowingiRtalleddeSPipliche whislesheGIa 76t Hedkken Aymillfd, Y T Sequence
which may be in the nucleotide sequence tag may he WO 2004/050918
0

PCT/ SG20037edfaenssis madeto; Figyes b Refeprnceihglpamuqds to the depiled gratesels sei@btddt | de sequence
tag ishongxeMddndet Wi ll capture some transcribed sequence fromthe cDNA
sufficient to identify the relevant gene. Were it is desired to renove at
| east some of the pol yA/T portion, any method which is capable of producing

a CDNA wi t hout 10Qid & NEhe Hkdd doYnoMakhR bkt i vRMkipt Wrelrdd 1o hivelEBKiASUI T abl y be
enpl oyed for this purpose. Such techniques are d‘l’scussed in detail in

Shi bat a et fragments it gre SHataehy by ordst topslg|sg, Aherestablish¢dcaprirapper mpthedmay beDNA | i brari es
for high hél R ' B ot i 2001. As
not ed abovg@lﬁllbfeh?&s}?%g?ﬁwng]ggégg??%%reﬁéthﬁégh%tgftp%ﬁ;g%cef%gﬂﬁ%%e tail to be
renoved, sbavedhegntact 5tdnd. Thechptiappaanetind ipdsseribed indetad inl Gengmien 3URT-t 0 cont ai n

or oducdScoRnE TR ATEl one AN o B SRRRRD Ty [Bggfe T oy 2 o0 e T

Other techniques to enable full length cDNA to be obtained are also suitable. For
example, full léngth c¢DNA may be obtained by using eIF-4E cap-binding protein to
identify and bind to the 5° mRNA cap (Mol. Cell. Biol. 15 : 3363-3371). Furthermore,
methods based on RNA terminal tagging with RNA ligase may also be used (Methods

20  Enzymol. 65: 65-74).

As we make full-length cDNA, we use Notl-dT15VN primer to initiate the cDNA
synthesis so introduce a Notl site at the end of the polyA/T tail. After full-length cDNA are
selected, the 3’ end will be digested by Not! followed by a ligation of the biotin-Notl
linker, so the 3’end biotinylated cDNA are able immobilized on streptavidin coated

25 magnetic beads. Since Notl is an 8-bp cuter, the possibility of internal cDNA digestion is

rare.



but this does not matter provided the nucl eotide sequence tag is | ong enough
to capture 3' transcribed sequence of the gene. In a particularly preferred
enbodi e r, all of the polyA/T tail renoved . Thus,

i n such g& dg{%rr%nft%s a cDNA having a term nus conpri s?é@gg.l@g&mi t erm nal
transcri bed sequence of a gene may inslparticul ar be provided by the
followng steps: (i) deriving a cDNA froman nmRNA by reverse transcription
with an.priner Theigmblilized cEDNSGRpEatDA :ﬁhenl\ly((:aadmsddmdnmfmhi ch N = A

C Gor T a C,or (@ doubl tranded cDNA

t her ef rom agﬁ" XP&%@{‘I A[ﬂﬁ'ﬂgﬂﬂi(iﬁ é‘l%?ﬁfﬁn@é@ge ‘?‘Hﬁﬁéﬂ’l“’ ¥8'Bi®duce a

cl eaved cDNtbrwmmsmsegI 2185, But Had WfTérern ¥QuénResdfor KCR priming Bikes./Heré Mimel | eaved
cDNA to a lin cC pT and cl eaving the

resul ting nii3 %W%‘WE@%%% %é"tqﬁ;llﬁx 9 acking a pol yA/ T
tail. InstherdchACNIONS).dheliis ©dd £be fetoadiii thit\catibd Be "Tra@mwﬁé (E¥)BseRY ef er ence
Is made to  Figure 4. This detall description should not be taken as

liniting RiSAaeHS IS tyne enpymg that 10-bp apprbIrom it FerRE@ NS col s set out i n

Exanpl es 3 ?MGGAGN@/@PQM%%&@CW reSHAShE POR ahms aad 1ehe AdRimdie Mrel
linkers to the 3" end of  cDNA frglgirrents we_have to first renove the pol yA/ T

tails preci &whyrssquengegith the sags,icallpd thsi“Anchor Bnzymg (AR o do so, we use the

bi oti n- Fsel - dT13VN pri mer to initiate cDNA synthesis. The two anchor

nucl eotides (V = A, G and N=A C G T) will guide the priner to
anneal at the fi¥mel dlEFStAE’ relpases ke ipgs Aomprisinggfunique rRIpencersignatuzsg | e DNA
fragment)y Weddesit@¥ifig & by dank@ib | oned by an Fsel site and a
biotin at the gl%g l %)o t%‘?el}gﬁaand cDNi«&I hﬁeg%)e first imobilized on nagnetic
beads, and then digested by Mmwel enzyme to clean up any possible internal
Mrel sites in eDlf I :}BE@, rel eased
fromthe beads by FlswﬁlH{Eésggﬁldéeﬁblk%ﬁdd&%ﬁgﬂétgo 0 egtlic\r'/]gg%? %m%kg%l s an
8-bp cuter piddigardEverydwe tags drejoined together dice toi fagetail to tid) wibiNWodbase paissr €. A

oi ot 1 11 nkererBh i g R PR o i YIRSl EBRBHE, T e

the cDNA purified and amplified by PCR with biotinylated primer A and B, Ditags with different

15 linkers will be more efficiently amplified in PCR reaction than the one with same linker

sequences.

The next technical trick is how to remove the long arms from the amplified ditags,
keep the anchor sequence minimal, and make the tags with cohesive ends and ligatable to
each other. We place a BseRI site next to the Mmel site apart by 6 base pairs in the linker

20  sequences. That will allow BseRI cut into the Mmel site
(GAGGAGNNNNNNTC CG AC) and create a CG-3’ overhang. The probability of
having a BseRI site within the 20-bp tag sequences of all transcripts is very rare (P =
0.00488), After purification, the trimmed ditags are ligated to each other resulting
concatenated ditags separated each other with an anchor sequence CGAC. Because each

25  20-bp tag has two base pairs overlapping in a ditag unit and a 4-bp anchor sequence per
ditag in concatenated clones that means information of every 21 bp sequence in the
concatenated clones contains one tag representing one transcript molecule, To tag one

million transcript molecules, we only need to generate 21000 concatenated clones ( 1000



fragnents are once again imobilized on nmagnetic beads, but this tinme are by
the Fends, and wth an external Mrel site |ocated 18 base pairs (6

resi dualwoht@msdope Fsel site after digestion and |i ggtriseRo@dnchzes 13- pol yA/ T
tail) apart fromthe 3' extremity. A Ml 15 digestion will precisely renove
the pol yA/T tail and create a two bgse pair overhang 3'end. The

pol yA/ T-less cDNA is then divided by half into two popul ati ons, one half is
to add t I he Mrel - BseRl
| i nker h@t th‘.“?é’g%% *hrégﬁ oefé'tee:?ﬂﬂg (Emﬁéqhﬁdesp%g%?%ﬁ@gﬁ %Ejsldgt roduced at
the 3' teerrﬂPﬁhtJbﬁeqlteneﬁwerrqudts All 20 steps in the rest of the procedure
including releasing SAGE tags, ligating ditags, anplifying, and
concatenating are all exactly the sane as in the 5 Term nal SAGE

pr ocedur e 3’ TERMINACSAGED CLEAVAGE ENZYMES The techni ques described here
generally utilise nucleic acid cleaving or nicking 25 enzynmes, such as DNA
cl eavage enzynes, which recogni se and cl eave specific nucleic acid
sequences. Suc'ﬁiee?r'liymé@l éhéﬁmcbﬁielleadmcyibwésgmem andrin éatailindles sectdot ri cti on

endonucl e %H:FEEEE tion
endonu?l eggag@%thﬁgpd\i r| cp#%nsg nzy gor}e%bn&ﬁ%m%acter af enzynmes which
bind to asmnamebftmmmhweMacwnﬂﬂnlem@dzmﬁdd:ﬁExﬂQﬂﬁnBtEBﬂSﬂib&@ﬂkOOOZSS 55 DNA
sequence te d % c%ﬂﬁ\&e on S tecl(I)1 £ eC0 1tlozon nu le ig,e sequence, and
cut  doubPR% rgr%l g AP oC B P P RS TETSS CRITSRY ? n site.
Pr ef er abl yanscHiednegnkse of aigdnel mRNAvadNALNzynes cl eave the nucleic acid at a
position outside of the recognition sequence. The cl eavage position is
therefore "offset” fromthe 5 recognition position, and the enzynes may for
conveni ence bewealiepsfore grovide amethod f3edvidingeaindiatianafaimstancedof parti cul ar, use
of "Type IIS restriction e nmes" , de cri be td@ further deta|I bel ow) are
Pl ORI

pr ef er Wed EXPREsSiQR o4 g9& e g’i“B“s % the §5pe Mdg'ﬁﬁgmap PREEATI ti on

sequence fdedxyfibisihcléib ac.@tdmm) hsduegaa/taﬁﬁmﬁrawmmgs 3 @hmiasl tamscAbedDNA nol ecul e as
a first step in providing 10 Al though the use of. Type HS restriction

enzynes i $eqyFueeof 3 gsaei(h) ltqlﬂ@s HFFPB’&S‘°3‘P\H‘“‘66§?&‘€?§F%‘P€PI§’ pruRgd ke here, it will
be appr ecipgdi&iadil 3t whigh ih¥ likie? &uénte cHREHiEds 8 BrsPrecognition site for a first

nucleic acid cleavage enzyme, preferably a restriction endonuclease, that allows nucleic

15  acid cleavage at a site distant from the first recognition site; and (c) cleaving the linked
nucleic acid with the first nucleic acid cleavage enzyme to provide a linked tag, in which
the linked tag comprises a nucleotide sequence tag representative of a 3’ terminal
transcribed sequence of the gene; and (d) detecting the presence or identity of the linked
tag or the nucleotide sequence tag to provide an indication of an instance of gene

20  expression.

In order to provide a first nucleic acid sequence which is a cDNA in preferred
embodiments for 3’ Terminal SAGE, it is necessary to provide cDNA comprising a
terminus with 3’ terminal transcribed portions. Preferably, at least some of the polyA/T tail
at the 3’ terminus of the cDNA can be removed. However, it will be appreciated that it is

25  not strictly necessary to remove the whole of the poly A/T tail from the cDNA, provided
that at least some sequence from the transcribed portion is captured in the nucleotide

sequence tag. Any polyT sequence which may be in the nucleotide sequence tag may be



engi neered versions of such enzynes may equally be used, provided they have
the properties of sequence recognition and nucleic acid cleavage (or

ni cki ng) waj 20844s8e1gdi Stant fromthe cognate recogniti Thus, the
nmet hods and conpositions described 15 here enpl oy enzg&’g&\}ﬁ @ﬁggl eave

nucl eic acids at offset positions. ASB that is required for the 5° and 3
Term nal SAGE techniques is that the |linker conprise a recggnition site for
an enzyme tigearedfor aplysis Peovided thenpeleatidesequence tag isdonigienqugh. ihwillicaptareaci d di st ant
fromthe rgeRURhdcHR sedubf tﬁJ},‘i‘) sﬁﬁ@j d BRvAiREdieds, for exanple
t hose described in Ki r%équG;efﬂ% 1@0 gﬁé ﬁseg‘ér a% S. (1997) Cene
1997 Dec 5;203(1):43-9, Smth J 20 Berg JM Chandrasegaran S. (1999)

Chandr asegar an & 10845 bk atnfi{ ritbr B ol T polfon, s yifhod . 7 Bep02 M
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Chandr asegar.an 49. WD_200410 PCT/ SG2003/ 000255
56 In partiSa{are mé\k—f‘%é‘ﬁ %E?ﬁ%"b‘?ﬁé‘f““ﬁ‘ﬁ%ﬂ"@ e @ é ising
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recognitio ns_and _the | ei id cleavage domai e |linked and
oparat e by B dofeast maes imvidkb he Pyelolie easercs B GRS RSB RBRIS S cur
remotely fr@dﬁhdﬂb@d@ﬁdﬂg{bf&&@@nﬁequence 5 The recognition domains are
capabl e of recognising and binding to specific nucleic acid sequences, and

may conprise, for exanple, zinc finger domai ns designed according to the

rul es establishegly bﬁnéﬁﬂr@%{-e&%%Zmbc)&Qxeﬂ%&?@@Dall YhOyT P il rerdie@8/ 53059.

Met hods of engl neerin as well as rational and rule based design of zinc

fingers, ar&omthesDNde amls‘}ChlGﬁ'BMmFﬂﬁs’PﬁE Arbaving s iermiey comprisieg &8 c| eavage
domai ns, ar eteﬁzﬁml&hﬁscﬁsed@é@acggfpgené{aaﬁhwm&bsbﬂﬂlded 6 thelfmblgg St r anded
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found, for #spsrfbiderivingia @g@ fipritan SIRNAURY revese sransoription avithan primer
comprising a sequence 5’-NV(T)’CCGGCCGG-3', in whichN=A,C,GorTand V=A,

C or G; (ii) producing a double stranded cDNA therefrom and digesting the double
stranded cDNA with Fsel to produce a cleaved cDNA comprising

20 3'=SCCCCC_ \erhang; (i) linking the cleaved cDNA to a linker

ccC

comprising __DTCGGA ; and (iv) cleaving the resulting molecule with Mmel to

GGCCAGCCT
produce a cDNA lacking a polyA/T tail.

In the following detailed description of 3’ Terminal SAGE, reference is made to
Figure 4. This detailed description should not be taken as limiting. Reference is also made
25 to the detailed protocols set out in Examples 3 and 4.
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The polyA/T-less cDNA is ti1en divided by half into two populations, one half is to
add the MmelI-BseRI linker A, and the other half is to add the Mmel-BseRI linker B. At
this point, an external Mmel site is precisely introduced at the 3’ termini of transcripts. All

20  steps in the rest of the procedure including releasing SAGE tags, ligating ditags,
amplifying, and concatenating are all exactly the same as in the 5’ Terminal SAGE

procedure.
NucLEIC AcIiD CLEAVAGE ENZYMES

The techniques described here generally utilise nucleic acid cleaving or nicking
25 enzymes, such as DNA cleavage enzymes, which recognise and cleave specific nucleic
acid sequences. Such enzymes are preferably restriction enzymes (restriction
endonucleases). As used in this document, the terms “restriction endonucleases” and

“restriction enzymes” refer to bacterial enzymes which bind to a specific double-stranded



described here. It will be apparent that that the |longer the offset and
hence the tag, the nore specific the sequence tag generated will be. 15 In
pr ef er r eWwoentamdén®ent s, the restriction endonucl ease IposiBks Whi ch has
a recognition sequence of TCCRAC _NN*, and cuts at a position 50/18 bases
fromits recognition sequence, resul®ng a 3' protruding overhang of 2

nucl eotides (2nt). Accordingly, we envisage the use of a |linker conprising a
TCCRAC se fequengriermed a secapipnnsite orrogmiiduglgetifle scquencecapd g of such a
linker joi Qeshicirahded DNA £ Qr Rtk Spedifib e gaiton 8. d Sequence, for exanple a
full length cDNA, wll produce a tag conprising 20 bases on one strand, and
18 bases on the other. The strand conprising 20 bases may be referred to as

the "top" strangereibly! fe mitfeicHch %Mva%QgﬁﬁéiCMVétﬁeWacWaP%iﬁoﬁeferred to

d
as the "bottont strand. Type DS enzynes®are of special intefest in nolecular
bi ol ogy. Thutside efithgmeognition saquenegy The eleayageprsition is therefre ‘wégetéfromtheand cl eave

DNA at s | £ j 11 ﬂ'%"{' 3 DAl Lde « he recognition
site. B?un?]&ﬁgﬁtioﬁgogﬁ ésdéffm? e r&gﬁgg%mﬁmgnﬁgéﬁg?egeﬂofd%l fffosﬁ/{ed by ligation,
does not dektvagsenzymest’. In particpldruseoef “ThyedES. restiidtion pazyipes”t(describedimef ul i n
sevéral appl] 1.an ' udi ng the generation of deletions of increasing

| ength (Hag"é{r?g%hﬁ%w%% 7050918 PCT/ SG2003/ 000255 58 et al ., A novel

mul tistep method for generating precise unidirectional deletions using

BspM, a class-US, restri,ction enzyne, Cene, 50..55-62. 1986), and mappi ng the
sequence Speci ﬁ%&f“tr'f? ?’%%’3‘3@%“8&?‘#58}% A TESEHPn se&’d"%ﬁwtgr %%glﬂ'al ski, W, A
si npl e net bffskt Eledvagd engymid iB fhinvd tdw/dDNLaoleates aifitst Bd\in povidingd agd t 0 det ect
asynmetric methylation by 5 M Fokl A, Gene, 69, 147-151, 1988) and PCR
product cloning. Due to the asymetric nature of their recognition

sequendes, typeAlidugl tht 63¢9F T ISAEEMdtisEerzyrRes TRrBfikrabMIhe dlilods &fAr  €ach
strand, sonetines each_nethyl at ] a different, hase (Bitinaite, J., et al.,

4 ng .

Al w261, ECOMRositignsfegaribeq here, itywill by appregiated, thpt deryitised on medifiedidfi f yi ng cyt osi ne
and adeni Nengifeercg QERbABY BichleMzyiies ARASuATy bk l&ed! 68 FYhavdWe! €i ¢ Acids Res.,
20, 4981- 498%, 1992). 10 Exg(rpl ar I;h"clg?/lpeiy.l IS relgtri.ct_i on ‘énz mes are
descri bed PPETHEs of sequence racegnition clei¢ aeid sleawerioppicking)pbitss digtant)  Macel i s D.
(2001) REBAgh theihdrCrebdpRition é4i&ses! R &lddR SR Gl Gestiitleds Res. 2001
Jan 1;29(1):268-9 and g()golelrt?él?. fs an(s:i' Macel i s, D. ok

15 here employ enzymes which cleave nucleic acids at offset positions. All that is required for

the 5’ and 3’ Terminal SAGE techniques is that the linker comprise a recognition site for
an enzyme that allows nucleic cieavage at a site in the nucleic acid distant fromthe
recognition site for the enzyme. Engineering methods, for example those described in Kim
YG, Shi Y, Berg JM, Chandrasegaran S. (1997) Gene 1997 Dec 5;203(1):43-9, Smith J,

20  Berg JM, Chandrasegaran S. (1999) Nucleic Acids Res 1999 Jan 15;27(2):674-81 and Kim
YG, Smith J, Durgesha M, Chandrasegaran S. (1998) Biol Chem 1998 Apr-May;379(4-
5):489-95, may be used to enhance the cleavage efficiency, modify the recognition
sequence, or to increase, decrease, or otherwise modify the offset between the recognition
site and the cleavage site. Zinc finger binding domains may be used for engineering

25  chimeric restriction enzymes, as described in Kim,Y .-G., Cha,J. and Chandrasegaran,S.
(1996} Proc. Natl Acad. Sci. USA, 93, 1156-1160, Huang,B., Schaeffer,C.J., Li,Q. and
Tsai,M.-D. (1996} J. Prot, Chem., 15, 481-489 and Kim,Y.-G., Shi,Y ., Berg,J.M. and
Chandrasegaran,S. (1997) Gene, 203, 43-49.



(1999) Nucleic Acids Res., 27, 312-313), which may be accessed at
r ebase. neb. com REBASE i s a conprehensi ve database of information about

restri ctwgg s 15 and related proteins. It contpgiyRgelbd2sred and
unpubl i shed re rences recognition and cleavage sites, isoschizoners,

comercial availability, nmethylation3§ensitivity, cryst al and sequence
data. DNA net hyltransferases, hom ng endonucl eases, nicking enzynes,
speci ficity subdnpartisulanavesayisags the ysenf ehimericaneyress somprising saeusnceNbst recent |y,
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e R e SRR o o R o  Sh s, e
_ NNNNNANNNNNNNNNNACNNNNGTAY - CNNNNNNN NNNNNA- Bbr 71 GAAGACNNNNNNNANNNN Bbvl
CEACCSIINA SN B R P T4 bl Bl B, 20
WO 2004/ 0504 idseqiEices@ADMY SGnpiSe, for sLanipdd, HESRige BicimbaGis Idedi’gte&/ﬂc]:ordﬁg /(E 1
TN b RY DI AN, RS obies 0 - et
Methods of engineering, as well as rational and rule based design of zinc fingers, are also
generally known in the art. The nucleic acid cleavage domains are capable of nicking or
10 cleaving single or double stranded nucleic acids, and may be derived from known or
existing cleavage domains found, for example, in restriction nucleases, DNAses or
RNAses. The recognition domain and the cleavage domain in the chimeric enzyme may be
separated by a linker to allow cleavage remote from the recognition site. Such linkers may
comprise structured or flexible linkers as known in the art, and described for example in
15 WO 00/44568, which is hereby incorporated by reference. The length of the linkers may be
modified according to the offet desired, i.e., a longer linker will be predicated where a

longer tag is required.

Indeed, it may be possible to employ completely artificial enzymes not derived
from restriction enzymes which have this property. Such derivitised, modified or
20  engineered restriction enzymes, as well as artificial enzymes, having these properties,
should be understood to be encompassed for use in the methods and compositions

described here.
TYPE IIS RESTRICTION ENZYMES

Specifically, the methods and compositions described here employ restriction
25 enzymes which do not cleave within their recognition sites, but instead cleave at sequences
of defined distance from their recognition sequence. Such restriction enzymes are typically

referred to as “Type IIS” restriction enzymes.



Bci VI GTATCCNNNNN N Bful  Bfil ACTGGGNNNN N Bnr| Binl GGATCNNNNMN_ Acl W
Alw BspPl BstHIl  Bst 31Tl Eacl Bpl | NNNNN*NNNNNNNNGAGNNNNNCTCN NNNNFIN J
NNNNN 2 yBe2d4080dAN] NNNNNNNNACNNNNNCTCCNN - NNNNN- NN -rRSS 6d 3 /0682857 CNNNNANN
Bstl9i BseM | CTCAGNNNNNNNN NN* BseRI GAGGAGNNNNNNNN NN Bs' |
GTGCAGNNNNNNNNNNNNNN NNA - Bsml GAATG; CNA Asp26H Asp27HI Asp35HI  Asp36HI
Asp40H Asp50H BseM BscCl Mal2691 Pat BsmAl GICTCCM*NNNN Al w261 BsoMA

BsnFl GGGACNN N NNNNN® Bs
N CTCAGNNAN W&*&*ﬂwﬁiﬂ%@gﬁ%ﬁﬁmﬁ%@ s b0 B 1 ACTG oa
Use! ! Bserﬁronsbcismsmglpmc 1qcogmt1qn sites (Bpvbabski,JCNAGTIE, AI6IBESSDExaBepldslof Bst F51 GGATG
NN* Bsed NNNNGT

NI ~VNNNNN|\‘R@|5§|\5*S%% Pl hﬁﬁWﬁHﬁWﬂﬁ’&hﬁmﬁ NNY Eci |

GGCGGANNNNRbING thése of sklll in the art (see, Current Protocols in Molecular Biology, supra).

3 Type IIS restrictions suitable for use in the methods and compositions described
here are shown in Table 2 below. Sequence representations in the table use the standard
abbreviations (Eur. J. Biochem. 150: 1-5, 1985) to represent ambiguity. Recognition
sequences are written from 5° to 3, only one strand being given. If the point of cleavage
has been determined, the precise site is marked with A, The character _ is sometimes used

10 to mark the cut site on the complementary strand. Accordingly, it can be seen that the
choice of the specific Type IIS restriction endonuclease will determine the offset, and
hence the length of the specific sequence tag generated by the methods and compositions
described here. It will be apparent that that the longer the offset and hence the tag, the
more specific the sequence tag generated will be.

15 In preferred embodiments, the restriction endonuclease used is Mmel, which has a
recognition sequence of TCCRACNNNNNNNNNNNNNNNNNN_NNA#, and cuts at a
position 20/18 bases from its recognition sequence, resulting a 3’ protruding overhang of 2
nucleotides (2nt). Accordingly, we envisage the use of a linker comprising a TCCRAC
sequence, more preferably a TCCGAC sequence. Cleavage of such a linker joined at its 3'

20 end to a nucleic acid sequence, for example a full length cDNA, will produce a tag
comprising 20 bases on one strand, and 18 bases on the other. The strand comprising 20
bases may be referred to as the “top” strand, while the strand comprising 18 bases may be
referred to as the “bottom” strand.

Type IIS enzymes are of special interest in molecular biology. These enzymes
25 recognize asymmetric base sequences and cleave DNA at a specified position up to 20
base pairs outside of the recognition site. Blunting the ends of their digestion products,
followed by ligation, does not destroy their recognition sites. This property is useful in

several applications, including the generation of deletions of increasing length (Hasan, N.,



Eco3l | GGICTCN*NNNN_ Bli 7361 Bsal Bso31ll BspTNl EcoA4l EcoO441 Eco571
CTGAAGNNNNNNNNNNNNNN NNY - Acul  BspKT51 Eco57M  CTGRAGNNNNNNNNNNNNNN NN E- 3
CGTCTCNyeiNboly/exooqgl  Bst GZ531  Fal | NNNNN NNNNNNNNAAGNBINSNELE Moo RINNNNN - NNNNNA
Paul CCCGCNNNNANN Bne5851 Bst FZ4381 Snul  Fol d GGATGNNNNNNNNNANNNN Bst PZ4181
WO 2004/ 050918 PCT/ SG2003/ 000255 6@ Gsul | CTGGAONNNNNNNNNNNNNN NNA B i

Hael V | VNNNNNANNNNNNNGAYNNNNNRTCN -~ NNNNNNNN NNNNNA H201  GACGCNNNNNANNNNN

psurpl ~ HEAY D TERRRITS R Koo R MR A B B0 0 B ok ez
Bst 61  BsB@MIReariass-1§ aestriction erimud, Ge@psisS56hINABE) andmppiris theieque®&GTCNNNNNA Schi
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locating methylated bases in DNA, as applied to detect asymmetric methylation by

5  MFokIA, Gene, 69, 147-151, 1988) and PCR product cloning. Due to the asymmetric

nature of 'their recognition sequences, type IS R-M systems comprise two methylases, one

for each strand, sometimes each methylating a different base (Bitinaite, J., et al., Alw26l,

Eco311 and Esp3I - type IIs methyltransferases modifying cytosine and adenine in

complementary strands of the target DNA, Nucleic Acids Res., 20, 4981-4985, 1992).

10 Exemplary Type IIS restriction enzymes are described in the restriction enzyme
database REBASE (Roberts RJ, Macelis D. (2001) REBASE--restriction enzymes and
methylases. Nucleic Acids Res. 2001 Jan 1;29(1):268-9 and Roberts,R.J. and Macelis,D.
(1999) Nucleic Acids Res., 27, 312-313), which may be accessed at rebase.neb.com.

REBASE is a comprehensive database of information about restriction enzymes

15  and related proteins. It contains published and unpublished references, recognition and
cleavage sites, isoschizomers, commercial availability, methylation sensitivity, crystal and
sequence data. DNA methyltransferases, homing endonucleases, nicking enzymes,
specificity subunits and control proteins are also included. Most recently, putative DNA
methyltransferases and restriction enzymes, as predicted from analysis of genomic

20 sequences, are also listed. The data is distributed via Email, fip (ftp.neb.com), and the Web
(http://rebase.neb.com).

Enzymes (Recognition Sequence Isoschizomers
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transcri pt NL(]LLE\Q an-the other hand, naype used to
collect a ge |GEHCTTCHYNNAG pairs of 5' and [¥psK3k ninal SAGE far | vari ous
genones sui@faNis ish. TranscriiBspSfl lawedPhali s of Zebfafrsh and
Ot her O galfispDit |GGTGANNNNNNNNA -

Sth132I |CCCGNNNNANNNN -

Stsl GGATGNNNNNNNNNNANNNN -

Tagl [GACCGANNNNNNNNN_NNA, -

CACCCANNNNNNNNN_ NN~

TspDTI |ATGAANNNNNNNNN_NN# -

TspGWI |[ACGGANNNNNNNNN NN* -

TspRI NNCASTGNNA -

Tth1111 [CAARCANNNNNNNNN NN* -

Table 2: Type I restriction enzymes cleaving outside their recognition sequences

(Type IS

restriction enzymes).

The invention is described further, for the purpose of illustration only, in the

following

examples.



The 5" and 3' Term nal SAGE nethods may be used in conjunction with | arge
scale 15 sequencing efforts, for exanple, zebrafish full-length cDNA

cl oni ng wedocapeteeNCi Ng from a mxed adult fish |ibrggtsaashsatesgTor yonic
library, to obtain a conprehensive picture of zebraflsh transcri ptonmes at
enbryoni ¢ and adult stages. The conbfhation of these two approaches has the
potential to provide a conprehensive disclosure of zebrafish transcriptones
and | arge ‘M$Bber of full-length transcript clones and sequences. 20 The
experinental data will be invaluable for thorough annotation of the upcom ng
zebrafish genome sequences. Using the Term nal SAGE techni ques, and

obt ai ni ng one nOk1heshpds hava dpegific adraptagas gver prigrrartzeshwigies ahithey enabig the onl y be

necessary A e a , clones
of concat eh&%ﬁg%gﬁm"gﬂé%%ﬁﬁ Qﬁgeng%gi%e%d&#cg" reades Ogirﬁ1 ﬁﬁmé@ as sunpti on
t hat each SABErdseptmeeeabibsthedisaimaiation bedkgen gmhhlch am elmnhat dévebe sequenced

from botch enge s vaI ov1d in.average. WO
2004/ 05391?“%&1}3@@%3%&56% @% ﬂ?'lll 5 tg[%r °§ enrc ylt§ applied to
ot her or ganssins [‘lagch bada'éforrﬂﬂmnuﬁwmupsmor ddwnmtarﬁt(smne(aekd malr anscri pt ones
Mor e i nmpor tly .the new mn applied to stemcell
5 researchq’a nehding, untragscr e‘%ﬂ'&"‘&ﬂﬂ%ﬁgﬁg@ ngﬂshga fé?@lfg%tﬂr?fﬂm?ff stem cel |
transcript eﬁa:aerhamdnﬁegm (sm@nendﬁmrs) dsfracpaglbulssogeﬁe mmaetoeduaa tsMpPt s have been
reported usin the or i |nal e? n|q es. \tz\ewéaﬁ data for novel
genes i nvolPY¥EdtSi3n egpmph c??ﬂ%‘F'?cF Y0¥ TGS © W& U PTUse of the
Ter m nalp Sﬁﬁeamt@@a@e@sdg{gﬁggsl bed here to col l ect | arge nunber of tags
will allowfor the first time a conplete characterization of stem cell
transcri ptonmes, and wi'll nmake huge contribution to hunman genone annotati on.

Conpari sons rraypdaﬁ.omd&ybbﬁfembﬁmbﬁnaﬁ&wm@éﬂaﬁpkﬁﬁsWW) and a
comm tted tag;pe of stemcell for deep 5 and 3' sequence anal yses. 15 W

bel i eve t halat pykagygticgsae pramatess gregisiaily jociesipstreamof B &ppscription s@ftingenes
expressed @fifland possess a consensus sequence such as CAAT box or TATA box. The 5’ Terminal

SAGE method described here essentially identifies the 5’ transcription start site; sequences
15  upstream of the transcription start site may be obtained by chromosomal walking, or
preferably by examining a genomic database using standard bioinformatics tools to search
for promoter consensus regions based on the presence of consensus sequences. The
identity of putative promoters may be confirmed by making constructs with suitable

reporters and examining expression of reporter, by means well known in the art.

20 Furthermore, once the 5’ and the 3’ terminal transcribed sequences are determined,
it is a simple matter to obtain a full length clone (a cDNA clone or a genomic clone) from
an mRNA or cDNA or genomic library. Appropriate primers corresponding to these
sequences may be synthesised and used as PCR primers in a polymerase chain reaction to
amplify the full length clone.

25 Specific uses of the terminal tags produced according to the methods and

compositions described here are described. I particular, we describe specific uses of the



their activities in stemcells by generating one mllion tag-pairs of 5" and
3" Termnal SACE for each of the ES cell and the other cell. Conpared to
M croar (avaddi@bsg! S, this new approach will have a gp4gdz2e6didofiss chance to
convi nci ngﬁy Identify key genes that are differentially expressed at |ow

| evel s between these cells. 20 Any n@v transcript identified by this method
may be easily isolated in full-length by RT-PCR using the 5 and 3' tag

i nf or mat i omethods degibrdiBTOiDEPSTIPRERCHBACDBRIE, gedomd ancfetioBonovel gBrconot er

| denti fi cafyj Al ¢ m nal SAGE techniques to cells such as
zebrafi sh g‘ﬁgﬁﬁ@n’gﬁl b@?’@ﬁ?gﬁ?ﬁcw&h allow the identification of the vast

majority of genes at their transcript initiation sites. 5 The experi nental

data will enabl | ﬁsp b ] ' d extraction of .nro sequences
for all of the Igwhqgera né‘IHh%JA lll"g'%rllib%a}sfrgoﬁa aeeqﬁ?sc?s dﬁﬂ‘dedg'sof“ar%}ﬁssh a large
pronot er day kdsed for oanhetha puposds, asbthatfthesshilled person will bgswasedf sach

expr essi.on-based pro el ,dat abases vm'ﬂ{)l rovi,de. a.solid know edge base for
M ni ng BroH%"P'e’?°°?'§‘ﬁ‘§ﬁ)‘56%§°}‘°‘f’?‘éf‘§ﬁs%“3"‘86‘ q.?tt&eﬂ/ﬂ%ﬁ'm%’?gowans for pronoter
predi ctions, and extendi ng our understandi ng of conprehensive 10 gene

regul atory net WoPKFHRfomedPefiSsms.  EXAMPLES Exanple 1. 5 Terminal SAGE
Qperational Protocol 1.1 Full length cDNA synthesis Notl-oligo dT priners

(14 g) and 20 ' . I ecipitate 15 and resuspended
nto 10 AL of byt et AR e SHERA S o afe s it vegrpBl, 7%)1°P

| n a separ htoedly araieeply zompagng o lothesiompeting nqebidogies such)ds Miidtaairagwt Mayd synt hesi s
buffer 304, ~rQ.1 MDIT 11 pl, .10 dNTP 9O |. saturated trehal ose 15 |, 4.9M
sor bit ol SEAEfE ex%eﬁ'glegﬁég?es"& ?‘FBporlaWFeeswggottheé’rfg?ﬁgﬁg‘f gessémit?a Y Mx with RNA
f r om aliov e significang pudiailelyad rairahbicipls OTheAeniinal SAGE téchhiqies/Bnitheddithier S6C f or 60
mn 2 0o rotei nase K (20 ng/m ). is. added and_the reacti I s i ncubated
at 45C fori"i'@’ W?X?beflﬁfqe%\ﬁ%'&‘:wg%ﬁ'é‘ﬁ%ﬂef e Raps Bﬁ'ﬁ?“qéx?w@hégk et hanol

preci pi t at ivaious genomes such as human and zebrafish.

Transcriptome Analysis of Zebrafish and Other Organisms

The 5°and 3’ Terminal SAGE methods may be used in conjunction with large scale
15  sequencing efforts, for example, zebrafish full-length cDNA cloning and sequencing from
a mixed adult fish library and an embryonic library, to obtain a comprehensive picture of
zebrafish transcriptomes at embryonic and adult stages. The combination of these two
approaches has the potential to provide a comprehensive disclosure of zebrafish

transcriptomes and large number of full-length transcript clones and sequences.

20 The experimental data will be invaluable for thorough annotation of the upcoming

zebrafish genome sequences.

Using the Terminal SAGE techniques, and obtaining one million 5’and 3'tag-pairs
from zebrafish, it will only be necessary to process fewer than 40,000 Terminal SAGE
clones (i.e., clones of concatamers) with fewer than 70,000 sequence reads on the

25  assumption that each SAGE concatamer clone is about 2kp; each clone will be sequenced

from both ends; and each sequence read will provide 800bp in average.



The RNA/ cDNA heter-duplex is resuspended into 44.5 41 of ddH2O 3 gi of 1.1
M NaQAc pH 4.5 and 2.5 1 of 100mM Nal Oi are added to oxidize the diol
st r uct uiy@S00foshdie VWO 2004/ 050918 PCT/ SG2003/ 000255 aer/gd3bidyooddze 50 |
reaction is incubated on ice in the dark for 45 mn followed by adding 0.5
| of 10% SDS, | 10 of 5 M NaCl and &B | of isopropanol. The precipitated
RNAJDNA is biotinylated in 50 Al of ddH20O by added the 5L | M NaOAc (pH6.1),
5L 10% (w v) SOBisapproachonaybe reedilynpplied tnethér organistns: dwch 2k theuseSumansye  at

RT/ dark/ O . Add: 5L 5M NaCl, 75L 1M RNase-free NaQAc (pH6.1), 750L 100%
Et OH or 200 pL of 100% | sopropanol. -80C/ 30" +*. Centrifuge at

| 4kr pm 4C/ 30" . ’)l/\ash eIA%?lt v%s ZO%%V/V) Et OH/ 30% DEPC-treated ddH20Q,
centrifuge at wiida 1%’". A e XS | iquid, air-dry pellet. Resuspend
pellet in 70L DEPC- ddH2O, then add: I O AL I Ox RNasel buffer, 25 U RNasel

/ g of Starti NgodBraAlEldGow TARiAASAGE S AR o) BRI &FNA and V2

vol ume of 5M NaC to stop the reaction. I'le the biotinylated RNA- DNA

het er od8ip| Exearc pMikctsng, prepare the Streptavidin- |abell ed Dynabeads: Pipet
500pL of M 280 Streptavidin beads into an RNase-free Eppendorf tube. Place
on magnet, wait @I east 30", and renove sup. Resuspend beads in 500pL |x

bi nding 15 buf4 éqgep pr\tormegthensie chaxaceridation pff stepn @)l trapicriptemeshaspaysiet , wait @

| east 30", e . Bﬁp&gﬁg inding. . or 3 tinmes.
Resuspend B%gggﬁefﬁg@(ﬁgﬁpp? I ndi %nﬁﬁl%ﬁgéﬁ%ﬁgﬂ%ﬁw\ggs:@é RNA.
30" +/ 4C/ m secliquas iHowevelrythe dakacfoenowel gorms ingolyedinstemCel] tanatituticd@s got and r enove

sup. Wash ‘c’:\étvﬂcil x binding buffer for 3 tinmes. Resuspend in 100pL |x binding
buffer. MXBESAE and DNA- RNA het er odupl ex (V1=200L), binding at 2 M 20

NaCl . 30' /RT/rotating. Place on magnet, wait @I east 30", and renpve sup.

Wash 2 w 400L,. of ] x..bi ndi uffer. Place .on et , wait l.east 30", and
rem)vexlgup. V\a;'#e °6\#’5165T‘"6¥ ggqgmasgﬁgnﬁdﬁgw%gcﬂwﬁ%cﬂ{nb A Pl ace on
magnet, wakags @l atlo®tfor thifirst tintech compleié ehatacrerizalipg bf stérd Ol trafcriptsmenash buf f er

(10nM Tris-HC . pH7. 5, 0.2nM ., EDTA, 10mM NaCl & 2Q% v/y) dycerol, 40 pg/nL
Yeast t RNAf™ ‘ﬁF‘éRf‘g“' e epgtion W}\“{"“‘?%e“@'? %‘E‘gi‘“%’bg? Hﬁlﬂz’?sé?% madfy. Wash

W 4004 of BERednEmb¥omss kteinibHs (EBaBPanda comaned type vidm &l feasép $34hd, and renove
Sup- 3’ sequence analyses.

15 We believe that it is possible to obtain a near complete list of genes expressed and
their activities in stem cells by generating one million tag-pairs of 5’and 3’ Terminal
SAGE for each of the ES celi and the other cell. Compared to microarray analysis, this
new approach will have a much better chance to convincingly identify key genes that are

differentially expressed at low levels between these cells.

20 Any new transcript identified by this method may be easily isolated in full-length
by RT-PCR using the 5'and 3' tag information.



WD 2004/ 050918 PCT/ S02003/ 000255 66 Rel ease the first strand cDNA by al kal i
hydrol ysis of RNA. Add: 50L 50nM NaOH and 5 niMM EDTA (pHS. 0)

10' / RT/ n@bakosfdshorsTr ansfer the sup. to another tube ¢eRisghidsashe0L | M
Tris-Cl (pH7.5). Repeat the |lysis procedure for 2 nore tinmes. The final
volunme is 300 L. 5 1.2 Single Strand4.i nker A & B ligation Pecipitate the
single strand first cDNA with glycogen and divide the cDNA into 2 tubes, A
and B. Add t he HaegdSouk Repmovaxddentification t he each correspondi ng tube on ice.
Contents Tube A Tube B cDNA 5 5 Linker A (NS | .6 Linker A (N6) 0.4 Linker
B (NS) 1.6 Linker B (N6) 0.4 Soln Il (Takara kit) 10 Al 10 Soln | (Takara
ligation kit) 2%wphing the’ Fermingl $ACE terhniques sagells spch aswsbhafighandbemany ¢t o

i nact i vat esti@ell willaR6w teNdenfAtBot S8hevabt MiortyPof 20k at fidlFnlGHP! / chl or of orm
extraction, Sephacryl -300 to renove the excess linkers and 10 precipitate

t he cDNA wimtteR §¥s.and gl ycogen. Resuspend the pellet with 661 of ddHZO add
8l | OXExtaq buffer, 81 2.5mM dNTP 40 ExTag enzynes. 65C 5 68C 30" 72C 10'.
Precipitate the cDNA with EtoH and gl ycogen. Resuspended with ddH20. 1.3

Bi ndi ngScDNA t ofhwisgpeemental@ataddll emblpithe idpytificatonsand gnactipNiforamaterdi gested with

Not] at 37C. fark Hal2s 3 %%g ' jphactivated
with protel gsgesaoangﬁgif'?r g%t%ﬁggpgm@?%;de%@n%ggﬁ}%ﬁfcgr 0 ggr?‘ngl @ﬁ%ﬂﬁtﬁﬁgﬂﬁpet hanol
preci pi t at databaw@otipdmn 85D@YBThCTheSIARL 8¢t 0OOPESsionciased promoter databases

will provide a solid knowledge base for mining promoter functions, training computational

programs for promoter predictions, and extending our understanding of comprehensive

10 gene regulatory networking mechanisms.
EXAMPLES

Example 1. 5’ Terminal SAGE Operational Protocol

1.1 Full length cDNA synthesis

Notl-oligo dT primers (14 pg) and 20 pg of polyA™ RNA are ethanol precipitated
15  and resuspended into 10 pl of ddH,O. Heat up at 65°C for 10 min and left at 42°C for |

min.

In a separate tube, mix the following components: 5X first strand synthesis buffer
30 ul, 0.1IM DTT 11 pl, 10mM dNTP 9 pl, saturated trehalose 15 pl, 4.9M sorbitol 50 pl
and Superscript II reverse transcriptase 15 pl. Mix with RNA from above and incubate at
20  40°C for 4 min, 50°C for 2 min and 56°C for 60 min. 2 ul (:)f proteinase K (20 mg/mi) is
added and the reaction is incubated at 45°C for 15 min followed by phenol/chloroform

extraction and ethanol precipitation.

The RNA/cDNA heter-duplex is resuspended into 44.5 pl of ddH,0. 3 ;il of .1M
NaOAc pH 4.5 and 2.5 pl of 100mM NalOy are added to oxidize the diol structures of the



The sanples are mxed with 200 ng of Notl |inker adaptor. Ligation is
carried out in total volune of 10l at 16C for overnight followed by 70C for

10" to iwBebislesdoss €nzyne. The excess adaptor is rempeeichnsasnriacry!l -300.
Dynabeads M280 streptoavidin beads are used to bind the Biotinylated cDNA 5

fragnents
cDNA with

foll ow ng

according to the manufactué®r's recomendation. 1.4 Dig

esting the

Taggi ng Enzyne Mrel Place the two tubes (A and B) on nagnetic
st and, renmRNA.[ide §Qplorastiorsis incibetesion ideirf the dark foo 45 Dymfaliewdlkby addifg Add t he

SaM 2 Tot al JBpLIRe %ﬁ%ﬁﬁhfﬁ#ﬁi‘k ‘%ﬁ%?@‘ﬁ%’#"'\@g‘{%ﬁr \}vioi( hblrjr}c Lie;\g.lo (Rérr:o\%g)the

super nat ant whi ch contains the tags. Phenol/chloroformand preci
Optionally, a Kbgnow,fi I1-in reaction nmaybe carried out_ to produc
i ‘“Ylété%

ends. |If

t. 15 Ad ' GANbiBtid Ak OO
ou dM hﬁ)ﬁ%i}{(@m, @M. Wm0%§aﬂqsﬁﬁpﬁ)ﬂwnﬂf Qﬁl?ﬁl@%!ﬂﬁ)%&(l%gm each) 2.5

fromthe

PERsipitatehRNAAIN #s bt w9 mdiefAdba by sdded B Pikni n

carr

above. enow buffer 5 Al 100XBSA

pitate.
e bl unt
g carried
of sanple

1 ddH2® 3Gesvept RT/HarkOaV Asid: SukeiM NeCl, 75L 1M BiNade-fres NaPd.c GH611))I0@004/ 050918
PCTI SG2003/

and phenol llgﬁgc%)@? B%O%fgfg@gﬂk%g@i? %ﬂ%ﬁ@@%ﬂcﬁﬁmﬂt 37C. Pool

10

15

20

25

14krpm/4°C/30°, Wash pellet w/ 70% (v/v) EtOH/30%, DEPC-treated ddH;0, centrifuge
at 14krpm/4°C/10°. Remove XS liquid, air-dry pellet. Resuspend pellet in 70uL DEPC-
ddH,0, then add: 10uL 10x RNasel buffer, 25 U RNasel / ug of starting mRNA. 37°C/30".
Add 2.5uL of 40mg/mL Yeast tRNA and % volume of 5M NaCl to stop the reaction.

While the biotinylated RNA-DNA heteroduplex is ppting, prepare the Streptavidin-
labelled Dynabeads:

Pipet 500uL of M-280 Streptavidin beads into an RNase-free Eppendorf tube.
Place on magnet, wait @ least 30", and remove sup. Resuspend beads in 500uL 1x binding
buffer (2M NaCl, 50 mM EDTA, pH 8.0). Place on magnet, wait @ least 30”, and remove
sup. Repeat the 1x binding buffer wash for 3 times. Resuspend beads in 500puL 1x binding
buffer w/ 100pug of Yeast tRNA. 30°+/4°C/mix occasionally. Place on magnet, wait @
least 30”, and remove sup. Wash with 1x binding buffer for 3 times. Resuspend in 100pL
1x binding buffer. Mix beads and DNA-RNA heteroduplex (V=200puL), binding at 2 M
NaCl. 30’/RT/rotating. Place on magnet, wait (@ least 30", and remove sup. Wash 2x
w/400uL of 1x binding buffer. Place on magnet, wait @ least 30”, and remove sup. Wash
w/400uL of 0.4%(w/v) SDS plus 50ug/mL Yeast tRNA. Place on maénet, wait @ least
30", and remove sup. Wash w/400uL of 1x wash buffer (10mM Tris-HC1 pH7.5, 0.2mM
EDTA, 10mM NaCl & 20%(v/v) Glycerol, 40 pg/mL Yeast tRNA). Place on magnet, wait
@ least 30", and remove sup. Wash w/400uL of 50ug/mL Yeast tRNA. Place on magnet,

wait @ least 30”, and remove sup.

t he ditags



The Kl enow fill
i nformati on

in step is optional,
bei ng obtai ned (see el sewhere in this docunent for a detailed
di scussi w)2004/05095¥anpl e 2. Ligatiog tags to create digEgsc

and may result

In | ess sequence

DeseRend the

precipitated pellet fromthe above in 1.50 and add 1.50 of the follow ng
reagents to formthe ditags. 3mM Trig-HCl, pH 7.5 1.25 | OX Ligation buffer
0.75 1 ddH20 0.75 pt T4 lise | L1l Incubate at 16C for overnight. 2.1 PCR

Anpl i fying andggelse Ridd: ¥iAd cHNS b}

reactions as foll

oW ng

(in 96 P

CR

to 300

PR AFE RN ATE ol Gl L0 390,

dNTPmi x 7. NpOH=0R SpmM ETANpHF 8hl 0/RT/rotmiziR. ‘Bransfer theBup, TG smother whdH2O 291d

Pl ati num 'I;%
Cycling con

5'.

Y T Thic) GRS

Run a filalaghastis 200486 agar ose gel

) Hebegh e

230 di

volune 50 1

' 1.l |
b ?r%qfﬁye?m?m?ﬁr&tlfws']ig%acycl es. 70C

the 138 bp ditags by 12% pol yacryl am de gel

PCT/ SGA003/ 000225 .@%te?s:%n&ﬁﬁéu!&@h[g
and Purifying the 46 Bp Ditag D ges

D tag

the 138bp ditags with BseR

to anal yze the PCR product and purify

el ectrophoresis. WO 2004/ 050918
s wth Anchoring Enzyne BseR!
to yield

46bp ditag.
Pecipitate the single strand first cDNA with glycogen and divide the cDNA into 2

tubes, A and B. Add the following reagents to the each corresponding tube on ice.

Contents Tube A Tube B
cDNA SuL SuL
Linker A (N5) 1.6ug

Linker A (N6) 0.4pg

Linker B (N5) 1.6pg

Linker B (N6) 0.4pg
Soln II (Takara kit) 10ul 104l
Soln I (Takara ligation kit) | 20ul 20ul
Total volume 40ul

16°C/o/n. and then 70°C 10’ to inactivate the ligase. Increase the volume to 200l
and phenol/chloroform extraction. Sephacryl -300 to remove the excess linkers and
10  precipitate the cDNA with EtoH and glycogen.

Resuspend the pellet with 60l of ddH,0, add 8ul 10XExtaq buffer, 81 2.5mM
dNTP 4pl ExTaq enzymes. 65°C 5° 68°C 30" 72°C 10°.

Precipitate the cDNA with EtoH and glycogen. Resuspended with ddH30.
1.3 Binding cDNA to Magnetic Beads
15 The double strand cDNAs are digested with Not! at 37°C for 1 hour in a volume of

50pl. The enzyme is then inactivated with proteinase K and extracted with
phenol/chloroform and then ethanol precipitated.



138 ditags 421 10X NEB buffer 11 15 Al BseRl 12 1 ddH20O Si Al  Total

vol une 15041 5 And incubate at 37C for 2 to 3 hours. Phenoil chl orof orm and
EtoH precipitate. Run a diagnostic 4% agarose gel to check the efficiency
of the dwoeasiosesimnd purify the 46 bp ditags by 12%puaiscaooybess de gel

el ectrophoresis. 2.3 Ligating the 46 bp Ditag to Form Concataners 10 Set up
the ligation reaction using the gelgpurified ditag in a total volunme of 10l
and incubate 16 C for 2 to 3 hours. Gel purify the concataners from 8%

pol yacr yl am deThe sambles hre iniveed BitA 260 ZoMRAJiRka addpasd. Ligdhipn is2arfieddudni Ng
Concataners intq Vector 15 In a separate reaction, digest the plasmd vector
with Hhal B! V@b’&?%ﬁoﬂbﬂtgﬁﬁ for @’Gm‘@bﬁg%t‘[’egr?ér@ G fof 10" thisaqtivéiear i zed vect or

f ol | oW ng efitydidCPetbx RS RabloRik rédlovtdg)sepasiyP30d.. Transformthe ligation into
hi gh efficiency conpeten?bcells.(gﬁé g%ﬁ%ataners of 5 Term nal SACE tags
may then 'be sequenced using conventional neans. 20 Exanple 3.3 Term nal
SAGE Qper at i OnpnaBidal H8H stPlodRAbARPRL BeeBWTHIROBREAANAADNAO 3. 1 CDNA
synthesis Gsul -dT16 priners (1g) and 5g of polyA+ RNA are m xed in final

vol ume f fragmentsgegerding tothe manufachyrer’sgecammengdation. eave on ice. Synt hesi ze the
cDNA according to the manufacturer's recomendation (Invitrogen 5
superscript cDNA synthesis systen) but using the Biotinylated Sall adaptor.
The excess adapt orDigatifigiroviA with BeghgEngime ABAD. 3.2 Binding cDNA to
Magneti ¢ Beads Dynabeads M280 streptoavidin beads are used to bind the

Biotinytated cDNA 10 fragnents according to the manufacturer's
r ecommendat i onPlace the two tubes (A and B) on magnetic stand, remove the supematant (wash

buffer from Dynabeads).
10 Add the following reagents to each tube.
ddH,0 86ul
Mmel 2ul
10X buffer 10ul
(1:10) SAM 2ul
Total volume 100pl. Incubate at 37°C for 1 hour with mixing.

Remove the supernatant which contains the tags. Phenol/chloroform and

precipitate.

Optionally, a Klenow fill-in reaction may be carried out to produce blunt ends. If

carried out, the pellet is resuspended and the following carried out.

15 Add the following components to each tube containing 10ul of sample from the
above.

10X Klenow buffer Sul

100XBSA 1ul

dNTP (10mM each) 2.5ul

ddH,0 30.5ul

Klenow polymerase lul

Total volume S50ul




3.3 Digesting the cDNA with Gsul to Renpve Pol yA Tail The double strand cDNA
on beads are digested with Gsul at 30 C for 1 hour. After the digestionis
conpl eted, inactivating the enzyne by washing the tube twice with buffer 15
cont ai niwQ 2004%8PO® Four nore wash with wash buffer (PuvisGom0bd2ks pH 7.5,

0. 5mM EDTA. 1nM NaC and 200g/1 BSA). The | ast wash use 1X ligation buffer.
3.4 Ligating Ml -BseR Adaptors toggDNA Pl ace the tube on magnetic stand to
renove the supernatant (the ligation buffer). 20 Add the follow ng reagents
to the beads oWix wetl and iHagbaft fSrdecatB7eccDNA beads beads beads WMrel - BseRl
adaptor A 1.50 20n 1 Ml -BseRl adaptor B 1.50 20n 1 TE 14 Al 14 1 | OX
ligation buffer 120 2 WD 2004/ 050918 PCTI SG2003/ 000255 71 Heat the tubes
for 2° at 50 Gpgapgle 8itgh arldpheRYBRISEISRN fdilBwed!ty EtORGréibitation! he sanpl es on ice.
Add 2.51 T4 DNA |igase and mi x. Incubate at 16 Cfor 2 hours. Mx
occasionally. Wash the tubes with wash buffer to renove the excess
adaptors. 3.5 ﬁeqawowummpE%ﬁmnngarﬁw%umbsséeﬁmew&rhﬁﬁ&nm tubes (A and
B) on magnetic stand, renove the supernatant (wash buffer). Add the

f ol | owi ng beiegefusined (ses elsewhera ip s dogumpentfopsdetailed disqusgipn). 1 OX buffer 10 (1
:10) SAM 2 Total volunme 1000. Incubate at 37C for 1 hour with m xing.

Renove the supernatant which contains
-5 Exampie 2, Ligating tags to create ditags

Resuspend the precipitated pellet from the above in 1.5l and add 1.5ul of the

following reagents to form the diﬁgs.

3mM Tris-HCI, pH 7.5 1.25p1
10X Ligation buffer 0.75ul
ddH,0 0.75ul
T4 ligase 1ul

Incubate at 16°C for overnight.

2.1  PCR Amplifying and Gel Purifying the 138 bp Ditags

10 Set up 200 to 300 reactions as following (in 96 PCR plates).
10XBYV buffer Sul
DMSO ul
dNTPmix 7.5ul

PCR primer A (175ng/ul) | 24l
PCR primer B (175ng/ul) | 2pl

ddH,0 29ul
Platinum Taq enzyme 0.5ul
Template (1. 230 dilution) | 1l

Total volume 50ul

Cycling condition; 95°C 2’ 1 cycle. 95°C 307, 55°C 1°, 70°C 1°. 27 cycles. 70°C
5,

Run a diagnostic 4% agarose gel to analyze the PCR product and purify the 138 bp
ditags by 12% polyacrylamide gel electrophoresis.



the tags. Phenol/chloroformand precipitate. 10 Optionally, a Klenow fill-in
reaction nay be carried out to produce blunt ends. If carried out, the

pel | et | woRe#spagded and the follow ng carried out. pRegdioasdoiss ow ng
conponents to each tube containing 101 of sanple fromthe above section. |
OX Kl enow buffer 5p] 100XBSA 1 dNTE210mM each) 2.541 ddHZO 30.5 | Kl enow
pol ynerase 141 Total volunme 500 15 Mx well and incubate for 30" at 37C
Pool the ditags and phenol/chloroform followed by Et OH precipitation. The
Kienow fill in step bgeQbb neMilags A UAIRNing Sathhie HsdRIlaRS Purdffly 8296 1 nformation
bei ng obt ai gp@,—,f;'see el'sewhere in this docunent for a detdailed di scussion).
WO 2004/ 050918 PCT/ S&003/ 000255 72 Exanple 4. Ligating Tags to Create

Di tags Resuspend the pellet fromthe above in 1.51 water and add 1.5 of the
foll owi ng reagd@rgest tholX8bp ditdghwith BieR®. yicddddbp ditse: HCl , pH 7.5 1.25 | OX
Ligation buffer Z5 ddH20 Q 75 Tdligase 1 1 Incubate at 16C for

overnight. 5 4.1 Lfvi Puriffying the 138 Bp Ditags Set up
200 to 300 react il d0% NEB bufferdlbwi ng (j ¥¥ub6 PCH plates). 1 OXBV buffer 5 1

DVSO 3pl  DNTPmi X BseRd 12pl
ddH,0 8lpl
Total volume 150l
5 And incubate at 37°C for 2 to 3 hours. Phenol/chloroform and EtoH precipitate.

Run a diagnostic 4% agarose gel to check the efficiency of the digestion and purify the 46
bp ditags by 12% polyacrylamide gel electrophoresis.

2.3 Ligating the 46 bp Ditag to Form Concatamers

10 Set up the ligation reaction using the gel purified ditag in a total volume of 10ul
and incubate 16 C for 2 to 3 hours, Gel purify the concatamers from 8% polyacrylamide,
select the DNA size range around 2kbp.

2.4 Cloning Concatamers into Vector

15 [n a separate reaction, digest the plasmid vector with Hhal and ligate the purified
concatamers into the linearized vector following standard molecular biology protocol.

Transform the ligation into high efficiency competent cells.

The concatamers of 5* Terminal SAGE tags may then be sequenced using

conventional means.

20 Example 3. 3’ Terminal SAGE Operational Protocol



PCR primer A 175n | 2 PCR prinmer B 175n | 2 ddHZO 29 Platinum Tag enzyne
0.5 Tenplate (1: 230 dilution) | Total volunme 50 Cycling condition: 95C 2'
1 cycle, raedDC 11, 70C 1'. 27 cycles. 70C 5 B i agnostic 4%
agar ose ggﬁg?@g%%l yze the PCR product and purify thepcllg% bp 0@%2?% ags by 12%
pol yacryl am de gel el ectrophoresis. 47® Digesting the Ditags w th Anchoring
Enryme BseRli and Purifying the 46 Bp Ditag D gest the 138bp ditags with
BseRl to yield 48! bpcBNdaxpthesis38bp ditags 42 | | OXNEBbuffer Il 151 BseRl 12
WO 2004/ 050918 PCTI SG20031000255 73 Total volume 15091 And incubate at 37C

for 2 to 3 hours | / chl fo rec |ta di agnostic
4% agar ose gel £ @S E‘Hﬁ @‘f‘ﬁ@%@@%?’ t Bfed'?—:‘g?dl‘ﬁ “ﬂﬁﬂluﬁﬁPny the 46
by ditags byglﬂ%taphmeafbkmgﬁngﬁhwq}nq&trophore5| s. 5 4.3 Ligating the 46
Bp Ditag to Form Concataners Set up the ligation reaction using the gel

purified ditag in a total volume of | Opt and incubate 16 C for 2 to 3
hours. Gel puri f%rnmﬁzm&g%liﬁmg&m&ﬁumm%r&ébﬁme%nonﬁl?‘)l n the DNA

size range from , Cl oni ng Concat aners I nt Vector In a

separ at e 1 e SUEFSEHPL CBNéémthqsﬁ asmému@na&e@munwmsmPtaha‘hq ixgest e t he
purified adaptor is removed by Sephacryl -300.

3.2  Binding cDNA to Magnetic Beads

Dynabeads M280 streptoavidin beads are used to bind the Biotinylated cDNA

10 fragments according to the manufacturer’s recommendation.

3.3 Digesting the cDNA with Gsul to Remove PolyA Tail

The double strand cDNA on beads are digested with Gsul at 30 °C for 1 hour. After
the digestion is completed, inactivating the enzyme by washing the tube twice with buffer
15 containing 1%SDS. Four more wash with wash buffer (SmM Tris-HCI pH 7.5, 0.5mM
EDTA. 1mM NaCl and 200ug/ul BSA). The last wash use 1X ligation buffer.

3.4 Ligating Mmel-BseRI Adaptors to cDNA

Place the tube on magnetic stand to remove the supernatant (the ligation buffer).
20  Add the following reagents to the beads on ice.

Tube A Tube B
cDNA beads beads beads
Mmel-BseRI adaptor A 1.5u
(20ng/ud)

Mmel-BseRI adaptor B 1.5ul

(20ng/pl)

TE 14ul 14ui
10X ligation buffer 2ul 2l




concatanmers into the linearized vector follow ng standard nol ecul ar bi ol ogy
protocol. Transformthe ligation into high efficiency conpetent cells. 15
Exanpl e wo 260ifesoo$| ki ng Operational Protocol Even 20-gejg/dcdadsofdys sStill seem
to be not | ong enough to be specific for mapping on chronosones. Sequence
variations in tags caused by sequencVhg errors or point nutations can nake
t he mappi ng to genone sequence anbi guous. Longer tags can certainly add
mor e confi denceHeap thetubesifde2’ @b 50 °Fi and bl ol roah tempsfoal £ lhadchilHbosangmles t he | ongest

cl eavage 20 dis f .enz N -b . To.0verco this
constrai nt >"We" %@#ﬁgﬁﬁgﬁélgﬂ%ﬁ%ﬁé’f 'gnﬁégﬁt%'g IF%amL?W. ﬁ&ﬁ@sﬁ%’gﬁ%y

r ei nt r oduciwiagh theaubebiwith #ashduffer té Rmosctheexethladdpload. al ready rel eased the
first tag, and perform anot her round of SACE tag extraction, anplification,
and concatenati 95. WansgsaR%a WnlelMhave 2-bp overlap with the first
tags on the same transcripts. These tiled two tags of one transcript add up
total 38-bp tag 25 information that will be sufficient to tolerate

vari ati éns due PleceShRwortubes (Ahand B ommsegnefipitand semoerthesupernaamt (wash chr onbsone
sequence iR ence dat se,. .or sinply sequence errors. W can
even add abf'ﬁ?err'%@ﬁ?@h‘“ﬂ@rm@gﬂﬁpgmﬁfmﬁé\E wal k if necessary. WD 2004/ 050918
PCTI S&00 19255 74" STgpfGE Vark Oper ational Protocol Follow the 5
termnal t grotocol—to SLEP: Digesting the eDNA with tagging enzyne Mel.
After the FLom S com —i nactivate the enzynme by washing the tube
tw ce vvitrzggb, §mcontai tHAg—946PS. Four nore washes with wash buffer (5nmM 5
Tris-HC pLZ260M 5o EDFN 1o NaCdl and 200gll BSA). For the last wash use
1X |igatildeahvelyme | ga400My Mrell BseRI Adaptors to cDNA. Place the tube on
magnetic stand to renove the supernatant (the ligation buffer). Add the
foll owi ng reagents to the beads on .ice. Contents Tube A Tube B cDNA beads
beads beads MintuiBeaRI7°@derpthonr witl oiving. Renfové/ihe supdmetht vdehpbatein8 20n | 1.5

the tags, Phenol/chloroform and precipitate.

10 Optionally, a Klenow fill-in reaction may be carried out to produce blunt ends. If

carried out, the pellet is resuspended and the following carried out.

Add the following components to each tube containing 10ul of sample from the

above section.

10X Klenow buffer 5ul
100XBSA 1ul
dNTP {10mM each) 2.5ul
ddH,0 30.5pl
Klenow polymerase lul
Total volume 50
15 Mix well and incubate for 30° at 37°C. Pool the ditags and phenol/chloroform

followed by EtOH precipitation.

The Klenow fill in step is optional, and may result in less sequence information

being obtained (see elsewhere in this document for a detailed discussion).



TE 14 14 1OX ligation buffer 241 2 10 Heat the tubes for 2' at 50 C and
cool to roomtenp. for 15 and chill the sanples on ice. Add 2.5 T4 DNA
li gase a@pg Mbafosedipcubate at 16 C for 2 hours. M X ocGRsysuradsiogezss Vash the
tubes with wash buffer to renove the excess adaptors. Ceaving wth Taggi ng
Enzyme Mrel 15 Pl ace the two tubes 9?\ and B) on magnetic stand, renove the
supernatant (wash buffer). Add the tfollow ng reagents to each tube: ddH20
861, Mrel 0) SAMRi. Total volume 100l. Incubate
at 37C forﬂfmﬁkur Véﬂl{&éﬂélt%ka‘s( % t he supernatant which contains the
tags. Phenol/chloroformand precipitate. WO 2004/ 050918 PCT/ SG2003/ 000255
75 Ligating T I m x both A
and B tubes ang&%g%&f %ﬁakfﬁ%h‘ggﬁoo?ﬁgmﬁﬁwgre%ﬂgﬁ??B'f]e&ﬁ cotlow 2{5 di tags: 3nmM
Tris-HCl, reagents ® famotbe ditag®X Li gati on buffer O 751, ddH20 O 751, T4 ligase
1. | ncubat-e—a-t—]rﬁc_f_gr_g/-er_m-ghx. 5 PCR Amplifying and Gel Purifying the
138 Bp Di g4 Tag High {h230 feactions as following (in 96 PCR plates):

| OXBV buflfl o 0.4t Pilx 7.5 PCR priner A 175 2 VI PCR prinmer B
175n 1 2 MdHHdH20 29 1 PO.2%lnumn Tag enzyne 0.5 Tenplate (1: 230 dilution)
1 Total |vidlligae 50 | Cycling condition: 95C 2' 1 cycle. 95C 30", 55C 1', 70C
1'. 27 cycles. 70C

Incubate at 16°C for overnight.

5 4.1  PCR Amplifying and Gel Purifying the 138 Bp Ditags

Set up 200 to 300 reactions as following (in 96 PCR plates).

10XBYV buffer Sul
DMSO 3ul
DNTPmix 7.5ul
PCR primer A (175ng/ul) 2ul
PCR primer B (175ng/ul) 2ul
ddH,0 29ul
Platinum Taq enzyme 0.5ul
Template (1: 230 dilution) lul
Total volume 50ul

Cycling condition: 95°C 2° 1 cycle. 95°C 30", 55°C 1’, 70°C 1". 27 cycles. 70°C
5.

10 Run a diagnostic 4% agarose gel to analyze the PCR product and purify the 138 bp
ditags by 12% polyacrylamide gel electrophoresis.

4.2 Digesting the Ditags with Anchoring Enzyme BseRli and Purifying the 46
Bp Ditag

Digest the 138bp ditags with BseRI to yield 46 bp ditag.

138bp ditags 42l
10X NEB buffer IT 15u
BseRI 12ul




5'. Run a diagnostic 4% agarose gel to analyze the PCR product and purify
the 138 bp 10 ditags by 12% pol yacryl am de gel el ectrophoresis. Digesting

t he Dit age 2udsfoBoofgichori ng Enzyme Bseri and Purifyi ng pchicdévslinid t ag Di gest

the 138bp ditags with BseRl to yield 48bp ditag. 138bp ditags 42 pi | OX
NEB buffer Il 15 BseRl 12 ddH2O 8173A1 Total volune 150 And incubate at
37C for 2 urs. Phenol/chloroformand EtoH precipitate. Run a

di agnost i ¢ Ta@b vehymeose gel | 180utheck t he Jeffici ency of the digestion and
purify the 48 15 bp ditags by 12% pol yacryl am de gel el ectrophoresis.
Ligate the 48 bp ditag to form concatanmers. W 2004/ 050918

PCT/ SG2003/ 0002 indifBatb bi7eC 792 td™ehhi. BiRnblichBebricth F@EBHGRAGRERIET S Set up
the ligation reaction using the gel purified ditag in a total volunme of [0l
and i ncubafun 16‘“@%%47235"6’3%8%&9?@“ t&qﬁwy efjthe digestionpod perifiihs 46 r om 8%

pol yacryl a%%gsb%ﬁ%ﬁ&ly&%n%@eﬁéléﬁoﬂh@ﬂﬁg froml to 1.5kbp. 5 O oning
concataners into Vector  In a separate reaction, digest the plasmd vector
with MaP and ligate the purified concataners into the |inearized vector
fol | ow ng standasd | B4 P, Transformthe ligation into
hi gh efficiency iom@gﬁhﬁq%sgt#gyﬁew %ﬁa\%\g‘ﬂi ng into the 3' end of the
CcDNA, just take the beads fromstep: 10 Cleavage the cDNA with tagging

enzyme Mrel andSet gpehaligdtibereadtioh asiiy the g purifizadiditag in 3 1otsbAGKmY\8S fouOper at i onal
Prot ocol Fol],ow, th ' term nal rotocol to step; Ceaving wth Taggi ng
enzyne I\/hﬁ’f‘J '“WP?‘&SG?' o Zfp g‘f’f’é‘f@ﬁ&@ﬁﬁ?"@‘tt@éﬁ“ ﬁ?fﬁg%l\?%’ﬁﬂf"ﬁge’enzym by
washi ng t heeldctihe DINA 62 range fréintlRo DSkBpE6r .CONt ai ni ng | %BDS. Four nore washes
W th vve}(s)h buffer (5nmM Tris-HC pH

4.4  Cloning Concatamers Into Vector

In a separate reaction, digest the plasmid vector with Hhal and ligate the purified
concatamers into the linearized vector following standard molecular biology protocol.

Transform the ligation into high efficiency competent cells.
15 -Example 5. SAGE Walking Operational Protocol

Even 20-bp tags may still seem to be not long enough to be specific for mapping on
chromosomes. Sequence variations in tags caused by sequencing errors or point mutations
can make the mapping to genome sequence ambiguous. Longer tags can certainly add
more confidence to include certain level of mismatches. However, the longest cleavage

20  distance of IIS enzyme is 20-bp by Mmel. To overcome this constraint, we can actually
walk along the transcript sequence by reintroducing the Mmel site to the same cDNA that
already released the first tag, and perform another round of SAGE tag extraction,
amplification, and concatenation. The second SAGE will have 2-bp overlap with the first
tags on the same transcripts. These tiled two tags of one transcript add up total 38-bp tag

25  information that will be sufficient to tolerate variations due to SNP on either transcript
sequence or on the chromosome sequence in genome sequence database, or simply

sequence errors. We can even add a third or further rounds of SAGE walk if necessary.



7.5, 0.5mM EDTA. 1nM NaCd and 2004g(!
buffer. Ligating MreJ-BseRl

| i gation

BSA). For the last wash use I X
Adaptors to cDNA Pl ace the tube on

magnet i cwoleawhsésas r enove the supernatant (the |igati grrNdbddlobezss 20 Add the
followi ng reagents to the beads on ice.

ads Mrel -BseR adaptor A 20t 1.5 1 Mwel-BseR adaptor B 20n 1.5 1
TE 14 1 14 1 WO 2004/ 050918 PCT/ S&G003/000255 77 | OX ligation buffer 2 1 2
Heat the t 8b¥AGE dYalk Oparatigaal @retoedl cool
on ice. Add 2.51 T4 DNA |ligase and m x. Incubate at 16 C for 2

beads be

sanpl es

hours. M x occasional ly.

Contents Tube A Tube B cDNA beads

to roomtenp. for 15 and chill the

Wash the tubes with wash buffer to renpve the

excess adaptorsFollﬁwmeééwmQanmoth@ggﬁstvg Bigesfing thereDNAPWisk taggine t wo t ubes (A

" BAAE e AR RN AN LARhER: AT R 10° e,
: 10) SAM 2 tube twicd with Mnfemmtaﬂxﬁﬁg 1%SDISn Boti aore vedsheé3 wthfwash Buffeo@@mMM t h i Xi ng.
h ' ' P | / chl f d
preci pi at(:a Jﬁg%&&g@w;}%ﬁ@ T‘%g@i‘éﬁgﬁ%@g &?tge @@’é@’é’% ?ggnPool
the A and BgdtishesfferResuspend the pellet in 1.50 and add 1.5l of the
follow ng reagents to formthe ditags.

Ligating Mmel-BseRI Adaptors to cDNA.

and B) o
follow n

Rem)ve

10

15

3MM Tris-HCl, pH 7.5 1.25

Place the tube on magnetic stand to remove the supernatant (the ligation buffer).

Add the following reagents to the beads on ice.

Contents Tube A Tube B
c¢DNA beads beads beads
Mmel-BseRI adaptor A (20ng/pl) 1.5ul

Mmel-BseRI adaptor B (20ng/pl) 1.5ul
TE 14pl 14ul
10X ligation buffer 2ul 2ul

Heat the tubes for 2’ at 50 °C and cool to room temp. for 15* and chill the samples

on ice. Add 2.5u1 T4 DNA ligase and mix. Incubate at 16 °C for 2 hours. Mix occasionally.

Wash the tubes with wash buffer to remove the excess adaptors.

Cleaving with Tagging Enzyme Mmel

Place the two tubes (A and B) on magnetic stand, remove the supematant (wash
buffer). Add the following reagents to each tube: ddH20 86pl, Mmel 2pl, 10X buffertOul
(1 :10) SAM2pl. Total volume 100ul. Incubate at 37°C for 1 hour with mixing.

Remove the supematant which contains the tags. Phenol/chloroform and

precipitate.



| OX Ligation buffer 0.75 pi ddH20 0.75 1 T4li ase | pi Incubate at 16C
for overnight. PCR Anplifying and Gel Purifying the 138 Bp Ditags 15 Set up
200 to 3@0 20mmessi®ns as following (in 96 PCR pl ates) .peris@sidobissd er 1541
DVSO 13 Pl dNTPm x 17.51.0 WD 2004/ 050918 PCT/ SG2003/ 000255 78 PCR pri nmer
A 175n 1 2 1 PCR priner B 75ngto) ZI5 ddH20 29 1 Plati num T enzyne 0.5 pt
Tenplate 1: 230 dilution) | A Total volume 500 Cycling condition: 95C 2' 1
cycle. 95C 30" Ligs@g Tags ta Oceate'Ditags7 cycl es. 70C 5'. Run a diagnostic 4%
agarose gel to anal yze the PCR pr oduct and purify the 138 bp ditags by 12%
pol yacryl am de el ectrgphoresi s, esting the Ditags with Anchoring
Enzyne Bseri S‘PH?'ﬁdft%R‘Fgett‘%bﬁéiGm'BMEﬁﬁﬂB'Bb%ag‘b%qd ¢ °IB‘Bbp ditags with
BseRl to vy Hex it 5 BseRl 12
ddH20 81pi m#\g’t"g%g%‘l@l}?re%&om %nghyﬁlg%gg% PH7 Y320 %E%“%J'ﬁ%ur .

Phenol / chl &%l cldiGhdsuk ToHigpsed pl. ficubsteat 16°Rufor avemighynost i ¢ 4% agar ose gel to
check the efficiency of the digestion and purify the 48 bp ditags by 12%
pol yacr §l am de R{R Ampigsthg snalGel ParifFing the 138 Bp Ditags

Set up 200 to 300 reactions as following (in 96 PCR plates):

10XBYV buffer 5ul
DMSO 3ul
dNTPmix 7.5ul
PCR primer A (175ng/ul) 2ul
PCR primer B (175ng/ul) 2ul
ddH,0 29ul
Platinum Taq enzyme 0.5ul
Template (1: 230 dilution) 1pl
Total volume 50ul

Cycling condition: 95°C 2' 1 cycle. 95°C 30”, 55°C 17, 70°C 1, 27 cycles. 70°C
5’. Run a diagnostic 4% agarose gel to analyze the PCR product and purify the 138 bp
10  ditags by 12% polyacrylamide gel electrophoresis.

Digesting the Ditags with Anchoring Enzyme Bseri and Purifying the 48 Bp Ditag

Digest the 138bp ditags with BseRI to yield 48bp ditag.

138bp ditags 42ul
10X NEB buffer Il 15ul
BseRI 12pl
ddeO 8 1 }ll
Total volume 150ul

And incubate at 37°C for 2 to 3 hours. Phenol/chloroform and EtoH precipitate.
Run a diagnostic 4% agarose gel to check the efficiency of the digestion and purify the 48
15  bp ditags by 12% polyacrylamide gel electrophoresis. Ligate the 48 bp ditag to form

concatamers.



Ligating the 48 Bp Ditag to Form Concataners 10 Setup the ligation reaction
using the gel purified ditag in a total volunme of 10111 and incubate 16 C
for 2 tow® Jooase918CGel purify the concatamers from 8% Rely@ehydossds de. sel ect
the DNA size range froml| to 1. Skbp. C oning Concataners Into Vector In a
separate reaction, digest the plasm7 vector with Hhal and ligate the
purified 15 concataners into the |inearized vector follow ng standard

nol ecul ar bi ol dggatipg tée @8 8p Ditad tockiverh Comatamersl | gati on into high efficiency
conpetent cells. WD 2004/050918 PCT/ SG003/000255 79 To keep on wal ki ng
toward the 5 end of the cDNA just take the beads fromstep: C eavage the
cDNA wi t h t aggiSehUunihs heationfraquion ueing theigeh purified difggdn atot! yelumeobl®ul . Exanpl e
6. DNA Sequfinrdubgle #6d f@@tté‘:vﬁ&ﬂ%.)(ﬁldﬁ.\ri?\lﬁe ERERARd R0 8% PoRaGRRRAL,2Mer  Cl ones
are prepared and_subject for standard 5 sequencing analysis. A typical DNA
sequence ppgFt Ge PNAirerarge BB® 1ied Pt i de sequences and contains about 17-18
ditags, or 30-40 tags. Wth a concataner clone of |arger than 2000bp of

i nsert, Ssequendilorgngpavatagiies ing Veprar f or med from both ends to generate up to
80 tags per run. Therefore, a nodest sequencing effort of 12,500 cl ones
generates over one mllion tags, .and 25,000 cl ognes 10 sequences (50,000
reads) gener at &8 fParaifireaction, digest the plgsmid vectgr yith Hhalaed 4 Byrified Aft er
sequenci NgceitataifSinds thé'BnchilRd VN ISIR G RafdaptPhdleculd? Siotigh ptodgaUeNces are
first extracted then the single tags. Both 5 and 3' tags are conpared

t oget her t &rapfigrm @BP&‘Q%E‘M‘&Q“’@%WGM@H’&% dat abase using BLAST. Pairs
of 5° and 3' tags of known genes and putative genes are clustered based on

genone and cDNA sequences. 15 REFERENCES Each of the applications and
pat ents nent i onkdkesmon Walkingjinto thedtend ofi{be R justiiskethe bradeframestersr 1 ef er enced

I n eachoof cidigagd MRVDNLRIth Gihing Rz MRa £8 atm%mgip?&eﬁsg i.Ng the

prosecution of "each of the applications and patents app ation cited
docunents”) and any manufacturer's instructions or catal ogues for any

products Cbiﬂbﬂﬁvﬁpoﬁiﬁﬁ%ﬁ’ﬂ?ﬁo b&y each of the applications and patents and
in any of the application mtecf

Follow the 3’ terminal tag protocol to step: Cleaving with Tagging enzyme
Mmel

After the digestion is completed, inactivate the enzyme by washing the tube twice
15  with buffer containing 1%SDS. Four more washes with wash buffer (SmM Tris-HCl pH
" 7.5,0.5mM EDTA. 1mM NaCl and 200pg/ul BSA). For the last wash use 1X ligation
buffer.

Ligating Mmel-BseRI Adaptors to cDNA

Place the tube on magnetic stand to remove the supernatant (the ligation buffer).
20  Add the following reagents to the beads on ice.

Contents Tube A Tube B
cDNA beads ' beads beads
Mmel-BseRlI adaptor A (20ng/pl) 1.5ul

Mmel-BseRI adaptor B (20ng/ul) 1.5ul
TE 14l 14ul




docunents, are hereby incorporated herein by reference. Furthernore, all
docunents cited in this text, and all docunents cited or referenced in
docunent wocoésdodis thi s text, and any manufacturer' Spdyasd06afbé29s oOr

cat al ogues for any products cited or nentioned in this text, are hereby

I ncorporated herein by reference. W272004/ 050918 PCT/ S&G2003/ 000255 80
Various nodifications and variations of the descri bed nethods and system of
the invefiOhigaton buffee apparent to {hase skiTTed [ipithe art w thopt
departing Tromthe sScope and sSpIfit of the Invéention. A Though the
I nvention has been described in connection wwth specific preferred

enbodi nents, it o i Q)W el oed 5 shoul d
not be unduly Ifllﬁntﬂgg‘gfsg&s?ug sptggé)%ttggm%ﬁﬂef%@ L*dﬁcﬁ%fgﬁ? éi%/ngirelggus

modi fi cat i omise. Agid 2t5pbT4I BdIAr ligaseaindmmike lcdbate at B °Cyforhonost Mibheecasiomallyt i on whi ch
are obvi ous, t.0.those .ski | In_nolecular bjology or related fields are

i ntended t 2 '}e‘hﬁxﬁ\gﬁ%%'a}‘ﬁae‘l‘g‘g‘&eﬁé" ropoNe e <xPest MEPOWD 20041050018

PCTI SG2Q03/ 000255 81 . APPENDI X A: SEQUENCES 5' TERM NAL SAGE LI NKERS AND
PRI MERS® Not | - Ffaayingmihdpesivg engimedredint hesi s 5

5' - GACTAGT TCTAGATCGCGAGCGECCECCC( T),, , VN Notl  Biotin-Notl [|inker

i nker A (46t ) A B MR (X mgghet gl e bRl 2o

GAGGACCGT Chiffe€)Ciddhe fiflowing@agentsto GeAtUBEA CGT CAT GIT GAT CCG
SAGACGCCTG- P BBnBl  Miel - BacRl LI

CTCCTCGCAG __Linker B .(48nt) BaeRl Myel
" | ddH,0 sopl
Mmel 2ul
10X buffer 10ud
(1:10) SAM 2ul
Total volume 100w,

Incubate at 37°C for 1 hour with mixing. Remove the supernatant which contains
the tags. Phenol/chloroform and precipitate. Resuspend the pellet.

10 Ligating Tags to Create Ditags

Pool the A and B tubes. Resuspend the pellet in 1.5ul and add 1.5l of the
following reagents to form the ditags.

3mM Tris-HCI, pH 7.5 1.25ul
10X Ligation buffer 0.75ul
ddH0 0.75u
T4 ligase 1pl

Incubate at 16°C for ovemight.

PCR Amplifying and Gel Purifying the 138 Bp Ditags

15 Set up 200 to 300 reactions as following (in 96 PCR plates).
10XBV buffer Sul
DMSO 3ul
dNTPmix 7.5ul




20 5'-TTT CTG CTC GAA TTC AAG CTT CTA ACG TAC GAGGAGCGTICTCTCCGAC a- GAC GAG
CTT AAG TTC GAA GAT TGC ATG CTCCTCGCAGAGAGECTG P BanBlI Second round

Mrel - Bsaib 2004/0km@is A (50nt) 25 BaeRl Mrel 5 -TTT GGAPEFEG%}',.,% GCA GTA CAA
CTA GCC GAGGAGCGTICTCTCCGACNN a- CCT AAA CGA CCA CGT CAT GI T CCG
CPCCTCGCAGAGAGECTG P BBnBI 30 Secoriz$ round Mrel - BaeRl Li nker B (50nt) BaeRl
Mrel 5'-TTT CTG CTC GAA TTC AAG CTT CTA ACG TAC GAGGAGCGICTCTCCGACNN a- GAC
GAG CTT AABCK pfimé&sA\(1@8np/ldIfSC ATG CTCCTEHTAGAGAGCCTG P BanBI 35 PCR priner A
(29nt, 20nPER biikéd BE1F5n ﬁ CTC GIG GFouf TT GCT GGI' GCA GTA CA PCR prinmer B
(29nt, 20NBdH,40 biotin-5"- GAG CTC GI'G 4g[s CTC GAA TTCT AAG CTT CT | 3'

TERM NAL DPHﬁxJni D PRIVERS FSEly S5 primer (fror CDNATSynrhesi s)

bi ot i n- GA{ 6 @GCCC%@CTT lmvw A5—Fae7—5—brot+mtihker (The
AY

biotin ol i !I S ooun: as- PER priire

5' - bi ot i NL-SHFEHESFESEAT-CCFESSFSEAGTA “Q‘Q—Z—%M—/—O%OQ&&—PCFLS@OO& 000255 82
CACGAGCACCCTAAAGCACCACGTCATGT- p-3" 1/ 2Fsel -Mrel linker (to introduce Mrel
site and renov€ycking opidition: 95°C 2' 1 cycle. 95°C 307, 55°C 1°, 70°C 1. 27 cycles.70°C 5.

Run a diagnostic 4% agarose gel to analyze the PCR product and purify the 138 bp ditags

by 12% polyacrylamide gel electrophoresis.

Digesting the Ditags with Anchoring Enzyme Bseri and Purifying the 48 Bp Ditag

5 Digest the 138bp ditags with BseRI to yield 48bp ditag.
138bp ditags 42l
10X NEB buffer I 15ul
BseR1 12l
ddH,0 81pul
Total volume 150pl

And incubate at 37°C for 2 to 3 hours. Phenol/chloroform and EtoH precipitate.
Run a diagnostic 4% agarose gel to check the efficiency of the digestion and purify the 48
bp ditags by 12% polyacrylamide gel electi'ophoresis.

Ligating the 48 Bp Ditag to Form Concatamers
10 Set up the ligation reaction using the gel purified ditag in a total volume of 10ul

and incubate 16 C for 2 to 3 hours. Gel purify the concatamers from 8% polyacrylamide,
select the DNA size range from 1 to 1.5kbp.

Cloning Concatamers Into Vector
In a separate reaction, digest the plasmid vector with Hhal and ligate the purified

15 concatamers into the linearized vector following standard molecular biology protocol.

Transform the ligation into high efficiency competent cells.



5 PTCGGATCGCGATCTAGAACTAGTIC 3' - GGCCAGCCTAGCGCTAGATCTTGATCAGTTT-5"  Mrel
Second round Mrel -BseRI Linker A (50nt) 10 BseRl WMrel 5 -TTT GGA TTT GCT
GGT GCA GTA CAA CTA GGC GAGCAGCGICTCTCCGACNN a- CCT AAA CGA CCA CGT CAT GIT
GAT CCG SDQUHIBASAGAGCCTG P BsnBl 15 Second round Nalsdsesrdoodss nker B
(50nt) BseRl Ml 5'-TTT CTG CTC GAA TTC AAG CTT CTA ACG TAC
GAGGAGCGTCTCTCCGACNN  a- GAC GAG O T AG TTC GAA GAT TGC ATG
CTCCTCGCAGAGAGECTG P BenBl 20 PCR primer A (29nt, 20nt) biotin-5 -GIG CTC
GTG GGA TTT GCrladsstp eycwalidng tamard e end ofite cDBIA, Jshtake thebrajls o B¢Rst | n- 5' - GAG

CTC GIG CT@1eYiae ATNw A GUERE Shm AU RSB MERL: i KER SEQUENCES

Not | -dT20 priner 40 nere TITTTTT TTVN 30 Not |
Li nker top 25 nere 5' phosphat e- GGCCGCTCGCGATCTAGAACTAGIC Not | Li nker

L I S L 8 L %) T
54mers TTTGGATTTGCTGGTGCAGTACAACT AGGCGAGGAGCGT CTCTCCGACNNNNNN
DNA templates of the concatamer clones are prepared and subject for standard
5  sequencing analysis. A typical DNA sequence provides about 800bp nucleotide sequences
and contains about 17-18 ditags, or 30-40 tags.

With a concatamer clone of larger than 2000bp of insert, sequencing analysis is
performed from both ends to generate up to 80 tags per run. Therefore, a modest
sequencing effort of 12,500 clones generates over one million tags, and 25,000 clones

10 sequences (50,000 reads) generates one million pairs of 5° and 3’ LongSAGE tags.

After sequencing of generating the draw sequence data, the ditag sequences are
first extracted then the single tags. Both 5* and 3 tags are compared together to the
cotresponding genome sequence database using BLAST. Pairs of 5' and 3’ tags of known

genes and putative genes are clustered based on genome and cDNA sequences.
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Li nker A bottom 45ners

5' phosphat e- GTCCGGAGAGACGCTCCTCGCCTAGTITGTACTGCACCAGCAAATCC 45 Linker B top
(N5)  54nwo004596d GCTOGAATTCAAGCTTCTAACGT ACGAGGAGCOGT GRGReGmARRRNNN  Li nker
B top (N6) 54ners 50 TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGT CTCTCCGACNNNNNN
Li nker B bottom 45nmers WD 2004/ 050988 PCT/ SG2003/ 000255 83

5' phosphat e- GTCGGAGAGACGCE CCTCGTACGTTAGAAGCTTGAATTCGAGCAG PCR prinmer A
29nmer s GI GCT CUhfrasAvot ificalidntandGasatinarof the desaiRbeal methods Bn@Gmtem of the
GAGCTCGTGCTCECTL TCAAGCCTT X D ES 4 PRI NER./ | NKER QUENCES 10
Gou - 16 st wilbe gapesent ftfose el et it AR s B SR sk o - BaoR

Li nker A t pjritoOthetmvention.-AlhbUgH e Thvenidn Had béeA ddsAfikea T ddinectidduAlcCGT CTCTCCGACT T

15 Mrel - BaeRl,_.Li nker, A_bottom.4 e ) . .
5' phosphat m&@ﬁwﬁﬁﬁ@é@&ﬂﬁﬁw&%mmml -BaeRl Li nker

B top 59 nalibeld A6t be undulylTiulddad Such\épkdiGidtkoliikehd Nnddedfaficisitddificatidns CCGACT T

Mrel - BaeRl Linker_B boftqom 45ners ) ] ) ) vy g
5' phosphat %’L%I‘jéfsﬂh EEpES PR R P TR s hatR o viouR e heseskilledin) 5 qapt or
top 16ner Smokecubir Bology direlafe@HEIatHrtstdntzd to be within the scope of the claims.



Sal | adaptor bottom l6mers S phosphat e- CGGACGCGTGGGTCGA 30 PCR prinmer A
29mers  GITGCTCGTGGGATTTGCTGGTGCAGTACA  PCR priner B 29ners 35

GACCTCGTW0 b6#ahsssf\ T TCAAGCTTCT EXAMPLE 5 SAGE WALKI NG peitiddaisioodakNKER
SEQUENCES S' SACGE Wl king Priner /Linker sequences Linker A top 50ners
TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGLGTCTCTCCGACNN 40 Linker A bottom
45nmers 5' phosphat e- GTC GGAGAGAC GCTCCTCGCCTAGITGTACTGCACCAGCAAATC C  Li nker
B top S5onmers 45 TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACNN  Li nker
bot t om 45n, 0918 PCT/ S&003/ 000255 84

5' phospha AGAGARCSCT CCTCGTACGT TAGAAGCTTGAATTCGAGCAG  PCRpri ner A
29mer s GTGCTCGTGGGATTTGCTGGTGCAGTACA 5 PCR priner B 29ners

GAGCTCGT GCITCT 3 SAGE Wal ki ng Priner/ Linker sequences
ViTo| - Bs RS, EFRIAL AAGH LIpRERs o Pravikis
5' - TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCCGACNN 10 Mhel - BseRl Li nker

A bott om 4ot1aasls pribes phnt @DiA GryeeAeGCT CCTCGCCTAGT TGTACT GCACCAGCAAATCC
5 57 -GACTAGTTCTAGATCGCGAGCGGCCGCCC (T) 15VN
NotI

Biotin-NotI linker
5/ -biotin-GACTAGTTCTAGATCGCGAGC
10 CTGATCAAGATCTAGCGCTCGCCGGR-3

MmeI-BseRI Linker A (48nt)
BseRI Mmel
5'-TTT GGA TTT GCT GGT GCA GTA CAA CTA GGC GAGGAGCGTCTCTCCGAC
15 a-CCT AAA CGA CCA CGT CAT GTT GAT CCG CTCCTCGCAGAGAGGCIG-P
BsmBI

MmeI-BseRI Linker B (48nt)
BseRI MmeI
20 s5/-TTT CTG CTC GAA TTC AAG CTT CTA ACG TAC GAGGAGCGTCTCTCCGAC
a-GAC GAG CTT AAG TTC GAA GAT TGC ATG CTCCTCGCAGAGAGGCTG-P
BsmBI

Second round MmeI-BseRI Linker A (50nt)
25 BseRI Mmel
5'-TTT GGA TTT GCT GGT GCA GTA CAA CTA GGC GAGGAGCGTCTCTCCGACNN
a-CCT ARA CGA CCA CGT CAT GTT GAT CCG CTCCTCGCAGAGAGGCTG-P
BsmBI

30 Second round MmeI-BseRI Linker B {50nt)
BseRI Mmel
5¢-TTT CTG CTC GAA TTC AAG CTT CTA ACG TAC GAGGAGCGTCTCTCCGACNN
a-GAC GAG CTT AAG TTC GAA GAT TGC ATG CTCCTCGCAGAGAGGCTG-P

BsmBI
35
PCR primer A (29%nt, 20nt)
biotin-5‘-GTG CTC GTG GGA TTT GCT GGT GCA GTA CA
PCR primer B (29nt, 20nt)
40 biotin-5’'-GAG CTC GTG CTG CTC GAA TTC AAG CTT CT
3’ TERMINAL SAGE LINKERS AND PRIMERS
FseI-dT15 primer (for cDNA synthesis)
biotin-GACTAGTTCTAGATCGCGAGGCCGGCC (T) 13VN
45 Fsel

5’ biotin linker
(The biotin oligo is same as the PCR primer A)
5‘ -biot in-GTGCTCGTGGGATTTGCTGGTGCAGTACA

B



Mrel - BseR Linker B top 50 mars 15

5' - TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACNN  Mrel - BseRl  Li nker B
bot t om AyoRiEnsd19hosphat e- GTCGGAGAGACGCT CCTCGTACGT T Akghi@adobfabiddst CGAGCAG

PCR prinmer A 29mers 20 GIGCTCGTGGGATTTGCTGGTGCAGTACA PCR priner B 29ners
GAGCTCGTGCTGCTCGAATTCAAGCTTCT WO 20@4/ 050918 PCT/ SG2003/ 000255 85 APPENDI X
B: TABLE | Tag | ength Tag Tag uni queness Tag uni queness 5 n Conplexity, Cto
transcriptonme, Ut to humsmsagaooesactigeackraiGr-p562 11718750 6 4096 146
732422 10 10 1048576 0.95 2861 14 268435456 0.0052 11 16 4294967296

0. 00037 0.112FP51118n96¥8119h%7G@ aneophEs Ymel sixre andosakEe7776 0. 0000018

0. 003 ﬁp PAYA) 1. Thgor tag conplexity and uni queness probability of
mat chi fg to t§apseh gﬁ&%@&@%ﬁ%@g& st he conplexity of tags. C = 4,
where n is the tag‘ﬁ_——th Short tags have | ess conplexity and, therefore,
are nore frequent in a genone. The nunbers indicate, in average, the size
of seqmn@@cbaéerwdr YUmpErBeeRIpbénken A 4§0nt) occur once. For exanple a 6 25
bp tag"Wi I, _AGCuL ARCE BrddlS R R dhc (G Dot 100 120 Wil
appear onI Y ORC&T AMA E&ROSR ¢orl ﬁ\ pnl gueness to
transcripts of a genone, is detern1ned under tﬁEﬁEﬁsunptlon that there are

100, 000 distinct transcripts in a conplex genone |ike human, nouse, or
Second round Mmel-BseRI Linker B (50nt}.
BseRI Mmel
5/-TTT CTG CTC GAA TTC AAG CTT CTA ACG TAC GAGGAGCGTCTCTCCGACNN
a-GAC GAG CTT ARG TTC GAA GAT TGC ATG CTCCTCGCAGAGAGGCTG-P
BsmBI
20

PCR primer A (29nt, 20nt)
biotin-5-GTG CTC GTG GGA TIT GCT GGT GCA GTA CA

PCR primer B (29nt, 20nt)
25 biotin=-5’-GAG CTC GTIG CTG CTC GAA TTC AAG CTT CT

EXAMPLES 1 & 2 PRIMER / LINKER SEQUENCES

NotI-dT20 primer 40 mers

GAGAGAGAGAGCGGCCGCTTTTTTTTTTTITTTTTTTTTVN
30

NotI Linker top 25 mers

5'phosphate-GGCCGCTCGCGATCTAGAACTAGTC

NotI Linker bottom 2lmers
35 5'biotin-GACTAGTTCTAGATCGCGAGC

Linker A top (NS) 54mers
TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCT CCGACGNNNNN

40 Linker A top (N6) 54mers
TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCCGACNNNNNN

Linker A bottom 45mers
. 5'phosphate-GTCGGAGAGACGCTCCTCGCCTAGTTGTACTGCACCAGCARATCC
45
Linker B top (NS) 54mers
TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACGNNNNN

Linker B top (N6) 54mers
50 TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACNNNNNN

Linker B bottom 45mers



Zebt afi sh, and the 5' sequences of transcripts are random Ut = n" 100, 000/ C,
i ndicates the 30 number of transcripts that mght share a same unique 5'tag.
Ug, the w@doddmsoareness to human genome. Ug is deter enone size
(3, 000, 000, 000 bp) divided by tag conplexity. Ug = g‘gp‘ci:ﬂc%@s{ogh‘:‘%%e genone
size in bp. 'lire nunbers indicat eg} he potential matches of a particul ar
tag in the genone. 86 CLAIMS 1. A nethod of generating a database

Conpr i si NG+ ghosphatlel- ch@éAdﬁmébdﬁccﬁ%ﬁc&@ﬁﬁﬂec@@@ﬂfﬁcﬁ@cﬁ@ i ndi cation
whet her a gene is expressed by a particular cell, the method conprising
steps of. PCR)ppimad di ng a first nucdemegsaci d sequence; (b) linking the first
nucl ei ¢ aGTACTEERESGATF TTGCEGGTGCARBRCISequence to forma |inked nucleic acid,
in whidh the |inker sequence conprises: (i) a first recognition site for a
first nuclPERcpainay & eavage enzymomeyat all ows cleavage of the first

nucl ei ¢ aGPECEEHRGTEETRRARI TOMAECHTGE ant fromthe first recognition site,
and (ii) a second recognition site for a second nucleic acid cl eavage enzyne
t hat al | oOExARMECESSi & 4 PRIMERY IaRNORQBENCGRs Si t e di stant from the second

recogni tion site, said cleavage site located at a position within or about

t he rst recognltlon site; in_which the linked nucleic acid has the

struct re@ g%gg cognit phileBt e - first recognition site - first
nucl ei ¢ aSPgheA BFE ?ﬁ%ﬂﬂ%d nucleic acid with the first

I d i nked t th
R L RGN R

first 1r3uc| ei ¢ acl d sequence an conprising a termna port| on thereof; and

(i) a sesmed-seHeSnREF h TRAYEHCE coNpri si G Refgnai nder portion of t he
first nuclsepho@shate-GHrccirnctogcd e P RASPIIACToEAtERArATCt dentity of the
i nked tag or the nucl eotide
MmeI-BseRI Linker B top 50 mers
20 5'-TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACTT

MmeI-BseRI Linker B bottom 45mers
5’ phosphate-GTCGGAGAGACGCTCCTCGTACGTTAGAAGCTTGAATTCGAGCAG

25 Sall adaptor top l6émers
5'biotin-TCGACCCACGCGTCCG

Sall adaptor bottom l6émers
5’'phosphate-CGGACGCGTGGGTCGA

30
PCR primer A 29mers
GTGCTCGTGGGATTTGCTGGTGCAGTACA

PCR primer B 29mers
35 GAGCTCGTGCTGCTCGAATTCAAGCTTCT

EXAMPLE 5 SAGE WALKING PRIMER / LINKER SEQUENCES

5' SAGE Walking Primer / Linker sequences
Linker A top S50mers
TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCCGACNN

40
Linker A bottom 45mers
5'phosphate-GTCGGAGAGACGCTCCTCGCCTAGTTGTACTGCACCAGCAAATCC

Linker B top 50mers
45 TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACNN

Linker B bottorn 45mers



sequence tag to provide an indication of an instance of gene expression; and
storing an indication of expression of the gene as a record in the database.
2. A dat@gqgﬁmg@ﬁprati on method according to daim LPdI‘ﬁSG‘QMS’SBb the first
nucl ei ¢ aci conprises a conplenmentary deoxyri bonucl ei c aci (chNA) havi ng
a termnus conprising 87 a 5 term 84l transcribed sequence of a gene, and
in which the |inker sequence is linked to said termnus. 3. A database

gener at i on YPEPRbAE-BECIHABGAGACEETCOT EP MCETTAGAARRTERAATREGAGFAR nucl eic acid

conpri ses ¢ é‘&ﬁ‘r%% s ucleic acid (cDNA) having a term nus
conprising a erm na ranscri bed sequence of a gene, and in which the
l'i nker sgq et H 1 Nkedyola,s said termnus. 4. A database generation nethod
accordi ng t@ar&tfEETéCT ?éGﬁATil‘eAgﬂbﬁ fhe second nucleic acid cleavage
enzyme conprises a restriction en onucFease, preferably a Type IS

restricti on? SAGEMatking:Brimer(hivker sequensghi tion site is 6 bases or greater,
preferably ihéBseRbLinkdr ARp abass igganer at i on met hod according to any preceding
claim in VT TIGGATETGG IGSTGCAGRACAACTASCLCOAGGAGRATGECTILGATNNCONPri ses a
restricilon endorllatfélkeg:g& pr ef ezabl y a Type IS restriction endonucl ease,
pref erabl y NsaeifpeRl gnke Gal:19) ration nmethod according to any preceding
claim in vﬁﬁ“8?‘?“?‘?ﬁ‘émqﬁ‘i%ﬁcgg}ep&?%%%ﬁﬁgﬁﬁmTPﬁf“l’?“%&%i ng a plurality of
nucl ei ¢ aciﬁ“eq_éa uen SBFaCh conprs&lg'i’rpg a nucl eoti de sequence tag froma
nUcl e G 1| R RCL T b G D RRALBSCRIEBEAGN L0 (C) Of any of
Clains 1 to 5 at least once, in which the first nucleic acid sequence of
step (a) i smmeimserierikddp bbtlom Secasdersiucl ei ¢ aci d sequence of step (c)(ii);
and st or i ngF'phesphals-ATICRGAGAGACEE TCUTCETARGTMAGAATICTIOMTI TESABRXS I on generated as a

record n t ' .2?"3'5 database generation nethod of generating a
dat abas@coﬁ%&%&%@gg‘?ﬁm Bqﬁ%g?pc% ecords, each record conprising an
i ndi cation gﬂgi{)her gene, | S expr essed by a particular cell, the nmethod
conpri si ng 'ﬁg‘gfg %ggﬁ i di first |inked tag and a second
| i nked t ag, ¢ 83%‘9&" w&ggﬂgg by a nethod according to any

preceding claim (b) linking the first linked tag and the second |inked tag
such that the nucleotide



sequence tag portion of one linked tag is linked to the nucl eotide sequence
tag of the other linked tag to forma ditag, the ditag conprising term nal
transcriypgdoossences fromfirst and second genes; Pegscedosdenecti ng the
presence or identity of the ditag, or at |east one nucleotide sequence tag
conprised therein, to detect gene ex§5e55|on and storing the indication of
expression of the gene as a record in the database. 88 8. A database
generation method according to Claim?7, in which each of the first and
second | i nksrrEsmE BeMaBE Tonprised in the first and second |inked tags
conprises an anplification primer sequence, and in which the nmethod further
conprises angtieRy@l arplifying th fyreferab 1 IER of the

pol yner ase (haal n t?eaab&pr%%i(yPCR) tgﬁgﬁﬁg{&ﬁgﬁwﬂe%#ﬁ%@emg @g according
to daim7 or 8, further conprising the steps of: (d) cleaving the ditag
with the or %each second nuii®fei c acii®#$tl eavage enzynell”8¥p |inking a
plurality ofg the resul tanfsderi nmed digags to forma copggtbanmer; and (f)

obt ai ni the nucleic acid sequence of at |east a portion of the concataner.
10. A d!;(?ab‘e?se gener at i }9A%37€t hod of geABrating a dat aba®&lconprising a
plurality ofs recordsgefigedisr ecord cogrppd,si ng an indi catipn whet her a gene
is expressed by a particular cell, the nmethod conprising: (a) obtaining an
i ndi cat jon ¢f an i nstaMIETFE expressﬂ)ﬁmﬁ’f’ a gene by a mefhod conpri sing:
(i) providifag a conpleei®@nEALY deoxyripepdk ggei c acid (cDNA) faving a
termnus conprising a termnal transcribed sequence of a gene; (ii) linking
the cDNA t @fn | i nkea9sHEqUhce t her eb®0P®WP0kE ng a | i nked AUdBeic acid, in
whi ch the |Iinker sequence conprises a first recognition site for a first
nucl eic acid cl eavage enzyne, preferably a restriction endonucl ease, that
al  ows Mucl ei c ¥abld 1cTheareticpbS talg camplentity ant wtiquetess probabiliteof niatdhing to ecogni ti on
site; and ( %fﬁgd%%’\‘/ réothe | i nked nucleic acid with the first nucleic acid
cl eavage enz r% "% a Iinked tag, in which the linked tag conprises
a

C, the complexity of tags. C = 4", where n is the tag length. Short tags have less
complexity and, therefore, are more frequent in a genome. The numbers indicate, in
average, the size of sequence base pairs for a specific tag to occur once, For example a 6-

25  bp tag will occur once in a genome every 4096 bp, while a 10-bp tag will appear only once

in a one million bp sequence.

Ut, tag uniqueness to transcripts of a genome, is determined under the assumption
that there are 100,000 distinct transcripts in a complex genome like human, mouse, or
Zebrafish, and the 5’sequences of transcripts are random. Ut = n*100,000/C, indicates the

30  number of transcripts that might share a same unique 5’tag.

Ug, the tag uniqueness to human genome. Ug is determined as the genome size
(3,000,000,000 bp) divided by tag complexity. Ug = Gs/C, Gs is the genome size in bp.
The numbers indicate the potential matches of a particular tag in the genome.
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nucl eoti de sequence tag representative of a termnal transcribed sequence of
the gene; and (iv) detecting the presence or identity of the |linked tag or
the nucl eotide sequence tag to provide an indication of an instance of gene
expression; and storing the indication of expression of the gene as a
record in the database. 89 11. A dataq%iz generation nmethod according to
Claim10, in which the 5° end of the ¢ conpri ses a sequence
corresponding to the 5 termnal transcribed sequence of the gene, and in
whi ch the linker sequence is linked to the 5 end of the cDNA 12. A

dat abase gegssation net hod according to Caim10 or 11, in which the

nucl eoti de sequence tag conprises a 5 termnal transcribed sequence of the

ene, ref er . i S . transcrd ortion of
? he geng, Ermr_?%ﬂ‘? &e?ggﬁ% g‘t““{‘?gd%‘?é“‘é‘% c%%’rgg‘?gdsp l\g%h.t&%gr chdrrgls%'Fil’ Eeggtdgorti on of
t he gene,comprising apingdicatien Whethar atgenmis sxpmesad by e partipwler qell, Wbt aiethodo, i n which

the 3' engbmptisinpSiepscdNA conpri ses a sequence corresponding to the 3
term nal transcribed sequence of the gene, and in which the |inker sequence

is linked to g’ﬁgg'iﬁggﬁ%gﬁaﬁﬁ%ﬁ%ﬁ%ﬁ dat abase generation met hod

according to nucl eoti de sequence tag conpri ses
a 3" termnal transcrijbed sequence of the gene, preferably at |east the

| ast 16 bases (Blinking the firsbrycieietrideguinss toomn linker sgguance teoform glisked ably  t he

| ast 20 bases naélei a€id! inantfeH thb Beke? 96dubde cBipiikes: gene. 15. A dat abase
generation nmethod according to Caim110, 13 or 14, in which step (a)

conprises: (i) deri.y] !:)N(Afr. ' g@%b% rf erse transcription with an

primer conprising hgﬁ@gstgeé:ﬁ ne“g's-l%{%%nﬁ. ( éegvaﬁ%er(ﬁing@ah = A C Gor

T and V = A, C or dlowydi¢avaga ofdbacfinsnugleitoasisl ssquance: afcesite slidtent frimrthd r om and

di gesting the doubke: pdebgfiisifsie Mg Wi th Fsel to produce a cleaved cDNA

conprising GGCCGG 3' overhang; CC (iii) linking the cleaved cDNA to a

linker conprising 8;5 a: Esezci 0 n’dargc%gnition site for a second nucleic acid cleavage enzyme
that allows nucleic acid cleavage at a site distant from the second
recognition site, said cleavage site located at a position within or about the

first recognition site;

in which the linked nucleic acid has the structure: 5° - second recognition site - first
recognition site - first nucleic acid - 3’

(c) cleaving the linked nucleic acid with the first nucleic acid cleavage enzyme to
provide:

(i) a linked tag comprising the linker sequence linked to a nucleotide
sequence tag representative of the first nucleic acid sequence and
comprising a terminal portion thereof; and

(ii) a second nucleic acid sequence comprising a remainder portion of the
first nucleic acid.

(d) detecting the presence, sequence or identity of the linked tag or the nucleotide
sequence tag to provide an indication of an instance of gene expression; and

storing an indication of expression of the gene as a record in the database.

2. A database generation method according to Claim 1, in which the first nucleic acid
comprises a complementary deoxyribonucleic acid (¢cDNA) having a terminus comprising



GGCCAGCCT (iv) cleaving the resulting nolecule with Mrel to produce a cDNA
| acking a polyA/T tail. 16. A database generation nethod according to any
of Clains 10 to 15, in which the CcDNA conprises the 5 termnal transcribed
sequence of the gene, or the 3" termnal transcribed sequence of the gene,
or both. 90 17. A database generati og7nethod according to any of Clains 10
to 16, in which the cDNA is full Iength eDNA, preferably conprising
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to 22, i methodcbmprisss sequentially generating a plurality of nucleic acid sequences each

comprising a nucleotide sequence tag from a nucleic acid, the method comprising

repeating steps (a) to {c) of any of Claims 1 to 5 at least once, in which the first nucleic

acid sequence of step (a) is provided by the second nucleic acid sequence of step (c)(ii);

and storing each indication of an instance of gene expression generated as a record in the

database.

7. A database generation method of generating a database comprising a plurality of
records, each record comprising an indication whether a gene is expressed by a particular
cell, the method comprising the steps of:

(a) providing a first linked tag and a second linked tag, each independently
produced by a method according to any preceding claim;

(b) linking the first linked tag and the second linked tag such that the nucleotide
sequence tag portion of one linked tag is linked to the nucleotide sequence tag of
the other linked tag to form a ditag, the ditag comprising terminal transcribed
sequences from first and second genes; and

(c) detecting the presence or identity of the ditag, or at least one nucleotide
sequence tag comprised therein, to detect gene expression; and

storing the indication of expression of the gene as a record in the database.



| i nker sequence conprises the sequence 5 - AGGAGNNNNNNTC. CGAC - 3',
preferably 5" - GAGGAGCGICTCTCCGAC- 3'. 24. A dat abase generation nethod of
generating a database conprising a plurality of records, each record
conprising an indication whether a gene is expressed by a particular cell,
t he method conprising steps of: (a) p8bviding a first conplenentary
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comprising:

(i) providing a complementary deoxyribonucleic acid (cCDNA) having a
terminus comprising a terminal transcribed sequence of a gene;

(ii) linking the cDNA to an linker sequence thereby forming a linked
nucleic acid, in which the linker sequence comprises a first recognition site
for a first nucleic acid cleavage enzyme, preferably a restriction
endonuclease, that allows nucleic acid cleavage at a site distant from the
first recognition site; and

(iii) cleaving the linked nucleic acid with the first nucleic acid cleavage
enzyme to provide a linked tag, in which the linked tag comprises a
nucleotide sequence tag representative of a terminal transcribed sequence of

the gene; and

(iv) detecting the presence or identity of the linked tag or the nucleotide
sequence tag to provide an indication of an instance of gene expression; and

storing the indication of expression of the gene as a record in the database.



25. A dat abase generation nmethod according to any preceding claim further
conprising storing the database in a conputer readable nmedium 26. A nethod
of generating a conputer readabl e nedium conprising a database conprising a
plurality of records which indicate whether a gene is expressed by a
particular cell, the nethod conprisig@ generating a database by a nethod
according to any preceding claimand storing the database on the conputer

readabl ¢ medi ym 27. A nethod of gengrating a datapase substantially as
her ei nb@f or & qgfé‘ﬂ’%‘?ﬁ‘“@@f‘&@r\%mt a’HhHl&kWE‘ﬁ 5 3 ﬁnc#?ftjh? es 2 to 4 of

t he accedanymprisesia ssqueange.cotEspordingtotthel 5 aérmiiral erandcribed sequenvpof the r eadabl e
medi um %HE.%&‘H% \!Vﬁilélll %eﬁka%ﬂeﬂpﬁfs Bhked tJBRG iegr?gft‘% BNt erence to and as
shown i igures 0 4 of € acconpanyi ng dr awi ngs.

12. A database generation method according to Claim 10 or 11, in which the

nucleotide sequence tag comprises a 5’ terminal transcribed sequence of the gene,

preferably at least the first 16 bases of the transcribed portion of the gene, more preferably

the first 20 bases of the transcribed portion of the gene.

13. A database generation method according to Claim 10, in which the 3’ end of the
¢DNA comprises a sequence corresponding to the 3’ terminal transcribed sequence of the
gene, and in which the linker sequence is linked to the 3’ end of the cDNA.

14. A database generation method according to Claim 10 or 13, in which the
nucleotide sequence tag comprises a 3° terminal transcribed sequence of the gene,
preferably at least the last 16 bases of the transcribed portion of the gene, more preferably
the last 20 bases of the transcribed portion of the gene.

15. A database generation method according to Claim 10, 13 or 14, in which step (a)
comprises:

(i) deriving a cDNA from an mRNA by reverse transcription with an primer comprising
a sequence 5'-NV(T)'>’CCGGCCGG-3", in whichN=A,C,GorTand V=A, Cor G;

(i) producing a double stranded cDNA therefrom and digesting the double
stranded cDNA with Fsel to produce a cleaved cDNA comprising
GGCCGG

3’ ——————overhang;
cC

pTCGGA and

(iii) linking the cleaved cDNA to a linker comprising ————;
GGCCAGCCT

(iv) cleaving the resulting molecule with Mmel to produce a cDNA lacking a
polyA/T tail.

16. A database generation method according to any of Claims 10 to 15, in which the
¢DNA comprises the 5’ terminal transcribed sequence of the gene, or the 3° terminal
transcribed sequence of the gene, or both.
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17. A database generation method according to any of Claims 10 to 16, in which the
cDNA is full length cDNA, preferably comprising substantially all the coding sequence of
the gene.

18. A database generation method according to any of Claims 10 to 17, in which the
linker sequence further comprises a second recognition site for a second nucleic acid
cleavage enzyme, preferably a second restriction endonuclease, that allows nucleic acid
cleavage at a site distant from the second recognition site, and in which the second
recognition site is located 5’ of the first recognition site in the linker sequence.

19. A database generation method according to Claim 18, in which the location of the
second recognition site with respect to the first recognition site is such that, when the
linked tag is exposed to the second nucleic acid cleavage enzyme, cléavage of the nucleic
acid occurs at a position within or about the first recognition site.

20. A database generation method according to any of Claims 10 to 19, in which the
first recognition site or the second recognition site, or both, comprises a Type IIS
restriction enzyme recognition site.

21. A database generation method according to any of Claims 10 to 20, in which the
first restriction enzyme comprises Mmel, or in which the first recognition site comprises a
Mmel recognition site 5°-TCC RAC-3’, preferably 5’-TCC GAC-3".

22. A database generation method according to Claim 20 or 21, in which the second
restriction enzyme comprises a restriction enzyme capable of recognising a site which is 6
bases or longer, preferably BseR 1, or in which the second recognition site comprises a
BseRlI recognition site 5’-GAGGAG-3°.

23. A database generation method according to any of Claims 11 to 22, in which the
linker sequence comprises the sequence 5°~ GAGGAGNNNNNNTC,CG'AC -3’,
preferably 5’-GAGGAGCGTCTCTCCGAC-3’.

24. A database generation method of generating a database comprising a plurality of
records, each record comprising an indication whether a gene is expressed by a particular
cell, the method comprising steps of:

(a) providing a first complementary deoxyribonucleic acid (cDNA) having a terminus
comprising a terminal transcribed sequence of a first gene;

(b) providing a second complementary deoxyribonucleic acid (cDNA) having a
terminus comprising a terminal transcribed sequence of a second gene;
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(c) linking the first cDNA so produced to a first linker sequence thereby forming a first
linked nucleic acid, in which the first linker sequence comprises a first recognition site
for a first nucleic acid cleavage enzyme, preferably a first restriction endonuclease,
that allows nucleic acid cleavage at a site distant from the first recognition site;

(d) linking the second cDNA so produced to a second linker sequence thereby forming
a second linked nucleic acid, in which the second linker sequence comprises a second
recognition site for a second nucleic acid cleavage enzyme, preferably a second
restriction endonuclease, that allows nucleic acid cleavage at a site distant from the
second recognition site;

(e) cleaving the first linked nucleic acid with the first nucleic acid cleavage enzyme to
provide a first linked tag, in which the first linked tag comprises a first nucleotide
sequence tag representative of a terminal transcribed sequence of the first cDNA.

(f) cleaving the second linked nucleic acid with the second nucleic acid cleavage
enzyme to provide a second linked tag, in which the second linked tag comprises a
second nucleotide sequence tag representative of a terminal transcribed sequence of
the second cDNA.

(g) ligating the first and second tags to form a ditag; and

(h) determining the nucleotide sequence of at least one tag of the ditag to detect
gene expression; and

storing the indication of expression of the gene as a record in the database.

25. A database generation method according to any preceding claim, further
comprising storing the database in a computer readable medium.

26. A method of generating a computer readable medium comprising a database
comprising a plurality of records which indicate whether a gene is expressed by a
particular cell, the method comprising generating a database by a method according to any
preceding claim and storing the database on the computer readable medium

27. A method of generating a database substantially as hereinbefore described with
reference to and as shown in Figures 2 to 4 of the accompanying drawings.

28. A method of generating a computer readable medium substantially as hereinbefore
described with reference to and as shown in Figures 2 to 4 of the accompanying drawings.



