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technol ogi es are Ine I nconpl ete, and unconvincing. Conputationa
met hods i ncl udi ng honol ogy studi es, domain searches, and db intro gene
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experinental data. T ' of ation of ever ene i n conplex genones
by conputation ﬁf%glg"'iaq“g“n%&l%seﬁs}ﬁﬁ“ﬁ' imﬁ%&g%%oﬁ‘g%%m cl oni ng
and sequenciamdgomplew anbitation 6721l gedies lahd theingroducts spritharifhRNASrandetipe ofye ner at ed
I rmense . data in EST and full-length c sequences, | abundgnce and | arge
si ze tre‘ﬂsc?’ﬂb‘?‘g&%‘m&r E?Wﬁ%gﬁﬂ%% Wﬂﬁ&ﬂ@“&‘@g@m

widely varying estimates of the number of human genes. Human EST assembly resulted in

89,000 Unigene 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 ab
initio gene predictions have great limitation and fallibility. Current prediction programs
may be fine for many ‘internal’ 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 gencrated 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



25 Li brary-based cDNA approaches are inconplete for identifying al
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corrprehgﬁ iz%m%% | i brary approach may be efficient éﬁ%‘? ?’Qﬂ%"’ﬁg the first
50-70% of all expressed transcripts, but it soon becones prohibitively

expensi ve and inefficient for gett?ng the rest, in particular the rare
transcripts. Gengne-w de scans bx ol i gonucl eoti de, m croar r;'%% rovi de
9
re

anot her stPmprehggsiyerNA libmey apprpach gy beeffigient fos copturing the fisst 30 | ex genones.
In this appeRRGisd Hahicipts BuPi Sson bicBReSREbitively Kpaidive hiafineMeien i

synt hesi zed, ‘m cro-arrayed, and subs_equenlt% hybri di sed to nRNA sanpl es.
Exper i mengetfingfhe westyin partigulacthemreitynssripte.i de val i dati ons to true exons. This
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stages and environnental conditions for expressed transcripts. However. a
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pr obe hsybrl gl z%h'éﬁtﬁggﬁﬁrﬁnﬁf%g Een i Vi ytgllps 0 I&gﬁé‘;@@:plriessi on ( SAGE)
Seri al Anadéppsintingprediciod exanpare synthesized Shicko)armape; sleubisequantlyhybtidisedt r at egy t o
iI.dentify t‘;'ﬁﬁﬁ?’ﬁ@w f 1 ‘ﬁ@cri ts ‘gorglg ua‘gét(‘jﬂ{i%.t hem b%/ counting a small
tag for each trans H'MG lgf'éeE"Fﬂja %‘ﬂ%‘l‘ gﬂ%’ctf’l"ﬂ B Three
princi pl eThiseppesach is eixpezted Adbe effididaod@kntie mardyldiffefert biologicsiatigesnad t ag
(10-14bp) CM sl%éi ciLent infw%to uni quel y .i dentdsl;iy a transcript
provi ded R ¢ %E"W g W’Lﬁﬂ%ﬁ‘ﬁéﬁl’ﬂﬂgﬁ’“{? wi thin each

t ranscrii pimethdd is e abitifya6 conviBingl detbrthine th<aibichsTiedde fenbbebfu@ethe ONg aer i al

nol ecul es th can be .clonal apqg sequenced; .and (3) Quantitation of the
number of 'ﬂﬁé@&%%@ﬂl&%%@’%&)‘%‘ﬁed provi des the expression

| evel of the correspondi ng transcript The .unique feature of SAGE is that a

14- bp sequenceSerial Anabusiyiof enefapression 4Gt specific and small tags from each
transcript can be extracted and concatenated into |arger pieces for

by rml |t ags. SACAIIG F 4 Eiremtion (SACE) TEETs APRINA SAPENO SR g ! oni ng.
Essenti al Itye eRistendelof ittt dnd ylmtifydhéaeby counting a small tag for each transcript
15 molecule in a complex transcriptome. Three principles underlie the SAGE methodology:
(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 comresponding 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,



25 represented in SACGE tags. SAGE is described in US Patent nunbers
5, 695,937, 5,866,330 and 6,383,743, and is illustrated in Figures |IA and

'S, and wad 2004/08001¢¢! cul escu, V. E., Zhang, L, Vogel st d Kinzler,
K. W (1995). Serial Analysis OF Gene Expression. SC|€§'§%“%°%§4 487, WO

2004/ 050918 PCT/ SG003/ 000255 3 as 3ell as Velcul escu, V. E., Zhang, L.,
Zhou, W, Vogelstein, 7., Basrai, M A , Bassett, D E., H et er, P.,
Vogel st ei nas vl as Yelsubescn V. &, Zhang, y ZougW Vogeiitein o Basrhiz M Aoﬂmﬂt,t he yeast
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repository. SS anal ysi te AE, Tol st oshev
CM \agner %Eim@%#ﬂr @EﬁsﬁgﬁﬁgﬁerQWﬁﬂgiﬁg}/wnﬁnn&ﬁﬁ SP. (2000)
SAGEmBpS agqvisagei (BAGEnet) apublicgeat expressianistadepository aidonlindafandtiess aid | ;
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8&q- Ser i almgmmmwafursmwmmwbm fonk etprespitiNsdutceOténameed from a
cell or ti ev ransgrj bed obt |n CDNA (see Figure 1). The
cDNA is th@ﬁ%ﬁﬂi‘&[’w’%&ﬁﬁ bg’ﬁr\"é’g‘f’? L'B\‘F Ao ifs;uses may kg fyad i ng Enzyme”,
typically g hftpJracey.gookib.Com/seariTo &b&d-%wcﬁ&d&ﬂiu#h%&e%?s anchored to a
bead. The beads are ptlonall di vided into two pools, and the cDNA attached
to theld WMMGWX Expestien s of adaptors or-linkers. Each of these
adaptors conprises a defined nucleotide sequence for PCR primng and

anplification at its 5 end, as well as a recognition site for a type IS
enzyne (the " &QWWMMMMMWWMM'M directs

Cl eavage. DA BoF PRET). The SONRD tnfbaria b R YRE B inthmfnliee cCOONI Li on site.
The tags are reI eased l)y cl eavage wth the rel evant ?gl ng Enzyme, and 20

ligated todumchrsingEnayme, upieally 8 4{beseienitrr), anddhe 37iend of A isanghored tanmpl i fi ed
ggln(r:]gt g(rir sbg&%%gﬁgl n%’&é the concatenéas re\wA% entltgit gﬁ(rj to form
frequehy Mmb@d@m&@%wlmkm Each of these adaptotscmnpnsesa
defined nucleotide sequence for PCR priming and amplification at its 5° end, as well as a
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



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 prom ses
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existence and characteristics of new genes. Finally, only one tag is generated for each
15  expressed sequence, 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 appreciated 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



20 W have realised that the prior an SAGE and LongSAGE techni ques have

di sadvantages. I n particular, we have recogni sed that particul ar

di sadvant ages arise from the fact that the tags obtained in the prior art
techni ques reflect internal sequences of the expressed gens. No one to our
know edge has appreci ated the useful ness of obtaining sequence tags 25 from
the 5 and 3' termni of transcripts. £n the other band, we have realised
that suck termnal tags have advantages in that they can be used to define
t he boundary regions of 5 genes. In addition, the full-length coding
sequence of unknown genes may easily be obtained by PCR, once the sequence
tags from géres.dh addition'the fall:terpth @dirgheqienassfunkhén gérRs hiad eddil§ bknown.

Furt her nore D%ﬁi E¢ g a5 termnal transcribed sequence in a tag can
provi de a ROAWELDY ﬁp?'lfﬁé‘iee*q‘i‘eﬂéﬁaﬁ théon and 3’ temminy pihe transeibed 5 e
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to 5 and 3" termnal transcri bed seguen expressed genes t ags
cor r espondPreyide@ hapdle f@- premetersidentification, asdescribeddelompt s. W al so provi de

met hods of obtaining further sequence information in the formof further
sequence tags from expressed genes, which may be conduced in a repetitive
or iteré&tive naWedtherefofe phévide methdds artlconipdsitionstfor ebtiihing tags or@dsportling he
present inye tigg, a_Jret hod % obt ai nin a nucl eotjde sequence tag froma
terninus of®a 2 |i$PEmaJtc‘r%1§°'1 SCAVETSE of CXPERIPSIRERes. -0 ctagy @ssponding fo

provi di Ng #hefs bid 3R 6F tARIHPRE MU Grotild meiBd ST blallind fuifhlr selildnbe’! © aci d
sequence to an |inker sequence to forma I nked nuclerc acl , in"which the

| i nker seqinfermation inyhe Sy of furthen sqquence tags dognéxpressedsgenes, whichandyibest nucl ei c

acid cl eavagey . ééﬁ% . al #ﬁ gl .eavage of the first nucleic acid
sequence at aué{a[lgg‘ |stg{r'1%]&¥¢eg%v? e %ri rst recognition site, and (ii) a

second recognition site for a second nucleic acid cleavage enzyne that

all ows _nucleic id ¢l eava at a ,site distant fromthe secqond recognition
site, Maid cle “%P@O%ﬁe&@eﬂjﬁla&“ae%eéﬁhwmﬁewwmowH&H@dtoft he first

reCOgnitiOBbﬁinit@;aﬂdale‘Gﬁﬁé:&qﬁéh%e{a?%ﬁgamSfé‘ﬁﬁc@ei@i’c?d,_ttﬁ@m&%&mtUre: > -

second recognition site - first ecognltion site - 20 first nucleic acid -

3' (c) cl eaemprisingibe stepsafti(ah proivisling aftistinucleihacidhseqiencs: (bhlimking the ficst d
nucleic acid sequence to an linker sequence to form a linked nucleic acid, in which the
linker sequence comprises: (i) a first recognition site for a first nucleic acid cleavage

15  enzyme that allows cleavage of the first nucleic acid sequence at a site distant from the
first recognition site, and (ii) a second recognition 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

Teene the linked nucleic acid has the structure: 5° - second recognition site - first recognition site -
esesesr 20 first nucleic acid - 3’ (c) cleaving the linked nucleic acid with the first nucleic acid
csensl 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
N terminal portion thereof; and (ii) a second nucleic acid sequence comprising a remainder
e portion of the first nucleic acid. |
25 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
which the linker sequence is linked to said terminus.



cl eavage enzyne to provide: (i) a linked tag conprising the |inker sequence
| inked to a nucl eoti de sequence tag representative of the first nucleic acid
sequence and conprising a termnal portion thereof; and (ii) a second

nucl eic acid sequence conprising a renai nder portion of the first nucleic
acid. 25 Preferably, the first nucleic acid conprises a conplenentary
deoxyri bonucleic acid (cDNA) having abtermi nus conprising a 5 term nal
transcri bed sequence of a gene, and in which the |inker sequence is |inked
to said termnu first nucleic acid coggrises a,

é. 6 lPr fﬁ{rabl s t‘gg

conpl ement ary dEEETRhBdRG RISt yeleic pid eompqass & eamplementary dae sleiracid ng a 3
termnal t h’ﬁ%@@gﬁg ; ﬂ.ﬁﬂugﬂgcﬁ i i r uence
i's |inked !t(?lggd.term nus?f%rﬁnesr&g%l%n?ﬁ? e secon?ansu elg%()flgc,q}g&c (Z%age
enzyme comwhichdhe linkes sequenceiiplinkeddnsaidieuniouse, preferably a Type US
restriction endonucl ease, whose recognition site is 6 bases or greater,
preferably Mrel. Preferably, the first nucleic acid cleavage enzyne
conprises a resPreferiblpthe ssconimistleiedid cledvagedn2ping compns a vistriclish r i Ct i on
endonucl_ease refer ab* %‘?BseRl. There.is provided, according to a second
aspect of Fﬁ@“ﬁ?lﬁ‘%?&rﬂm erPoR Tyre regtpictionendennclpase; adoteresognition sithisbat i ng a
plurality @fsed ' ' es each conprising a nucleotide sequence
tag froma nucPﬁ%@é?ﬁf%ﬂgm@?ﬁod conprising repeating steps (a) to (c)
of the first aspect of the invention at |east once, in which the fast

nucl ei ¢ aci d seguen f.Step,(a) .i rovi ded by the second. nucleic acid
sequence of st egre?ﬁﬁ??"i ‘%’ %8‘8“1]'%? A‘d‘h ?'SA)V&g? "ﬂ%"&é‘ﬁ@ﬂf“&fmﬁé‘%r esent
i nventi on, exdonpéleaselrefiratiBi AMDepelS rebtribtichéndbmitleate, prdiéraly Be¢RIOf an instance

of expression of a gene, the nethod conprising a nethod according to any
precedi ng aspect of the invention, and further conprising the step of

nuc cot | de. equinag v pgyoey YEREEnglo d S decor hO Fresenl ol AP BEupAC e

nucl eoti de sequence ag to provi I on

expr esdion of seuentially generatingarphuralitytof necléioanid seqaemmes eachfcompdsingwent i on, a
met hod of detecting 20 geng expression, .the nmet hod conprising the steps of.
(a) provid i“H‘&“g‘dFisg‘E’F"ﬁg‘ﬁ% gy ﬁ‘t}“’(ﬁ%“‘éﬁ' the Thethod cOmprising Fepeating steps (a) 1o

(c) of the first aspect of the invention at least once, in which the first nucleic acid sequence

of step (a) is provided by the second nucleic acid sequence of step (¢)(ii).

According to a third aspect of the present invention, we provide a method of
15 providing an indication of an instance of expression of a gene, the method comprising a
o e method according to any preceding aspect of the invention, and further comprising the step

oo of 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.
speeel We provide, according to a fourth aspect of the invention, a method of detecting
.o 20  gene expression, the method comprising the steps of: (a) providing a first linked tag and a
o . second linked tag, each independently produced by a method according to any preceding
R aspect of the invention; (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
25 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.




second |linked tag, each independently produced by a nethod according to any
precedi ng aspect of the invention; (b) linking the first |inked tag and the
second linked tag such that the nucl eotide sequence tag portion of one
linked tag is linked to the nucl eotide sequence tag of the other |inked tag
to forma ditag, the ditag conprising termnal transcribed 25 sequences from
first and second genes; and (c) detectyng the presence or identity of the
ditag, or at |east one nucleotide sequence tag conprised therein, to detect
gene expression. 7 Preferably, each of the first and second |inker
sequences conpr Peeferably, ¢abke of the first andsecaddinkien sequencestcagprisahinrthesfirst and
anplification pr.iger, sequence, and..pn which the nethod, further c rises a
step of anﬁﬁof'gﬁlﬁl e‘{tﬁ%s %ﬂp&&s aﬂtﬂg}pgh%ﬁogpwemgg}‘?c&fangﬂ%w Mﬂg@o chain
reaction ( Figter compiises @ 5P b¥amplifping e ey ipréferably byQRink SPthe pBmetasPs of . (d)
cleaving the ditag with the or each second nucleic acid cl eavage enzyne;

(e) |inki nga8n %Rﬁﬂqmof the resultant trimmred ditags to forma
concatanmer; and (f) obtaining the nucleic acid sequence of at |east a
portion of the concatanmer. According to a fifth aspect of the present

i nventidn, we pPreferdelyatheratethod firthed Comprizes e sgpsof: (d) dleavibg die dithg #ithi nst ance
of expressipn of .a gen he thod conpri si the steps of: provi di ng
a conpl ene ea?’faﬂbﬁggﬂqe%hfbﬁrcga %ﬂ&$@?@fﬁi&7ﬂﬂ%‘wwlmﬁﬁ'¢ft@é@% to an
linker sequgmgfed di&gseb Yorhd ¢onbllarder} Add(@bblitheire ndslefd acidsefingdoftdie |1 nker
sequence conprises a first recognition'site for a first nucleic acid

cl eavage edea;maporhm@ﬁ@mcmem estriction endonucl ease, that allows nucleic
acid cleavage at a site distant 15 fromthe first recognition site; and (c)

cleaving the |linked nucleic acid with the first nucleic acid cleavage
enzyme to provi decardingrie difthagpect of thdpredent iheertionjsediprogidle aangthicdsds a
nucl eot j de sequence, t.ag.representatiye of .a termnal transcribed sequence of
the genld FQFHIBE Sy BEisaion ) sEsiapee cLApEsHPn oERsror e Bietion comPRItRED ag or
the nucl eOtshgﬁofé?é}W\ﬁtﬁnﬁQﬁoﬁﬂem%tﬂ’j"dé@xﬁiﬂohd%i&ﬁﬁd @:'DI@A%;EE) lin%lf{lakiﬁbce of gene
expression. 20 In"a preférred enbodinment’, the 5' end of The cDNA conprises a
sequence pmwr&gmumwebrmlmh@nwelbm, inovhigntbe ligker t he gene,
and the |i ryétﬁ[engeec%lﬁﬁ)?ﬁgsaﬁrst recognition site for a first nucleic acid cleavage enzyme,

preferably a restriction endonuclease, that allows nucleic acid cleavage at a site distant

15 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

L (d) detecting the presence or identity of the linked tag or the nucleotide sequence tag to
ees : provide an indication of an instance of gene expression.

egeess 20 In a preferred embodiment, the 5° end of the cDNA comprises a sequence

reeed 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
transcribed portion, more preferably the first 20 bases of the transcribed portion of the

.
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25 gene,



is linked to the 5 end of the cDNA. Preferably, the nucleotide sequence tag
conprises a 5 termnal transcribed sequence of the gene, preferably at
“least the first 16 bases of the transcribed portion, nore preferably the
first 20 bases of the transcribed portion of the 25 gene. 8 1In a further
preferred enbodi nent, the 3' end of the cDNA conprises a seguence

" corresponding to the 3' termnal transdibed sequence of the gene, and the

|l i nker sequence is linked to the 3' end of the cDNA. Preferably, the

nucl eoti de sequence tag conprises a 3' termnal transcribed sequence of the

gene, preferably, at.|least the |ast,. 16 ses of .the transcri bed portion,
nore preferably W?tp ﬁ’%@’g@dﬁ’l"’%ﬁ@ fﬁaagﬁtﬁﬁﬂﬁé’g“’psqm%*ﬁsqu gene.
Pref er abl ., céridaPoriy 16 ey indriiral {rscistutficeofthb el AU albhek ever s

transcription wth an_primer coml si ng a sequence o' TNV(T) i3 3, in
which N = j&linked (g the 3 "end ofi thg cDNA. Prefesably; the nugleqtide seaviencs tag enaupivises &3'r anded

CDNA t her ef ad] ' r Lt h el to
produce a C%@ngﬁ%@%&ﬁ?@ﬂaé@@ﬂ&g@@ﬁlﬁ%@%p}%ﬂPﬁa ing the

cl eaved 6 DNfansoribed portion; morenpreferablythoBsiABbasesaif the(tranycribed portiogof the resul ti ng
nmol ecule with Mrel to GGCCAGCCT produce a cDNA |acking a pol yA/T tail. In
hi ghly pref €™%d enbodi nents, the cDNA conprises the 5 termnal transcribed
15 sequence of the gene, or the 3' termnal transcribed sequence of the
gene, or both. Preferably, the cDNA is full |ength cDNA preferably

conpri si ng subst Breferably, gteni(a) comprisestiirdgriving @asNA fom anamBNADY révessec DNA may

in some enb r S It 3 hse

untransl ate rsgﬁ 8?1’5‘%}&5%‘&%&@% égpﬁﬁ%] %%%ﬂém&s 'W@ﬁﬁe&g%' e %?hi n

pr e; erred egﬂb@au OpGosT ahd ¥ € ANG o@lmeeili)rp@ddfucingﬁrdoﬁmfatrmN 't:D’flAqh%reﬁ-&ﬁ
preferahly do nQt conprj.se the gl e, the polyA/T tail. There, is

provi degb a ﬂ?sﬂﬁgﬁ'ﬁq‘g"‘@?"ﬁ?w}}%%@%&E*bmm%@ﬁﬁchﬁw@rﬁq%?o@mﬂmd of
obt ai ni ng sequgfidgd sequence information froma gene, the nmethod conprising

steps (a) t@ < overhang; (iii) linking the cleaved ¢cDNA to a linker

. PTCGGA ; and (iv) cleaving the resulting molecule with Mmel to
GGCCAGCCT

produce a cDNA lacking a polyA/T tail.

comprising

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.

1t Preferably, the cDNA is full length cDNA, preferably comprising substantially all the

S 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.

"o Specifically, in preferred embodiments, the cDNA does not comprise a portion of,

el g0 preferably does not comprise the whole of, the poly A/T tail.

L ]
. e

veeest There is provided, according to a sixth aspect of the present invention, a method of

S obtaining sequential sequence information from a gene, the method comprising steps (a) to
(c) of a method according to the fifth 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



(c) of a nmethod according to the fifth aspect of the invention, or any
preferred enbodinents, the nethod further conprising: (d) providing a
second nucleic acid from25 step (c) conprising 3" remaining sequences of
"the cDNA; (e) linking the second nucleic acid to an |inker sequence,
thereby formng a linked nucleic acid, in which the |linker sequence

.conprises a recognition site for a nucleic acid cleavage enzyne, preferably

a 9 restriction endonucl ease, that allows nucleic acid cleavage at a site

distant fromthe recognition site; (f) cleaving the |inked nucleic acid
wi th the riFSFEHen epdppueitase, giatallowsripsleiciasidsieayageeit  sig digtant e thet ag

conpri si ng itk T (OGN R o : [ tag
conprising a 'ﬁdggﬁﬁ(on of tﬁgeiselﬂ%gﬁl I%ﬁéﬁ%ﬁ@“&%ﬁuégﬁ%ﬁﬂa%ee 5 fourth
nucl ei c~-actmyme tpiprovideddradiriked tag camBtisingtha linkkrseqentd linkedfo 4 he second

Cecond nucPE i g Lngcprishe  oghoiih O te Feond BEEIGE GO (0 h nuc i c

aci d sesjuefuifth ahcléik 8bid séquehde) conipRding &) reftidled podlord HEhPERSRIRRIeid dentity or

sequence of at least one |linked'tag or a nucleotide sequence tag conprised
t herei n. 1&idiig)repeating stepst(d) toc(f) at leastiones,; irewbioh e séoumdinucleit aeidong t he cDNA,
l.e., the abilit to,Qbtain,a further nucl.eotide sequence cqQnpri si ng
further seifﬂmzfﬁ?%@ﬁgl proyjded by tj’? g”ﬁ‘hﬁﬂé?“\ﬂﬁf‘é?ﬂqeggﬁﬂtjfl‘%t(b&ﬁiﬂ?ﬁt he first
nucl eot i de qhd nbe. §denk Qfuen %q;; may be carried
out to squ}zntial y o%???ﬁg’?dﬁ?{géggnucIdggfftdg&ggﬁc}ﬁﬁenr%g taSs. 15 In
preferred pudsotidersaquence tagcompnised thereimuence further conprises a second
recognition site for a second nucleic acid cl eavage enzyne, preferably a
second restriction endonucl ease, that allows nucleic acid cleavage at a site
di stanfofrom t Mehis Bspeéiiof tHeqAailibA biiBles walking Slohg thURDNNA RS tRaemRf
recognition site is located 5 of the first recognition site in the |inker
sequence. torbiain 8 firtherpusingtide srayence fag dopprising further sequense ndervalitethegni ti on

! Fishiod + ag TGS fich s b Kokt BRSRIGE ol SRk RS 0 (0

«0fs t he nucFatier fouinds MEEbE Carfiéd dut Bosekquéntiallybbitaih further nucleotide sequence

tags.

15 In preferred embodiments, the linker sequence further comprises a second
LTI recognition site for a second nucleic acid cleavage enzyme, preferably a second
so oo 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.

20 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
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,
25 comprises a Type IIS restriction enzyme recognition site.

Preferably, the first recognition site comprises a Mmel recognition site 5°-TCC
RAC-3’, preferably 5'-TCC GAC-3’. Preferably, the second recognition site comprises
a BseR1 recognition site 5’-GAGGAG-3°.



or about the first recognition site. Preferably, the first recognition site
or the second recognition site, or both, 25 conprises a Type IIS
restriction enzynme recognition site. Preferably, the first recognition site
conprises a Mrel recognition site 5 -TCC RAC3', preferably 5 -TCC GAC 3'.
Preferably, the second recognition site conprises a BseRl recognition site
5'-GAGGAG- 3'. 10 Preferably, the Iinker sequence conprises the sequence 5
GAGGAGNNNNNNTC. CGAC -3', preferably 5' - GAQAGCGTCTCTCCGAC-3'. W provi de,
according to a seventh aspect of the present invention, a nethod of

det ecting expr eBrefeseblnfthelinkensequerice comprirosithesequenes 51g: (a) providing a first

method acc SAMIAIRANHINTC CR¥AE 4 Py GRBSAGRTOCRCERAES, 1) D ng

preferred enbodi nents; (b) linking the first linked tag and the second
| i nked tag such_t hat ége nucl eoti de sequenc? tag portion of one |inked tag

is |inked to th¥eReyi ing I Asseenth aypeetiof thepreseptdpventigp.agmethed ofo f orm a
ditag, the el | &f | R gt cﬁfﬁﬂhﬁ : st and
second genes; agc?x c%?ddefﬂegc?fl%gﬁ%%%resg{ﬁc§§g$ | de ?ﬁ{%}?}h%%eﬁ%dn itag, or
at | eas® onseqend linknd;tag cachyiodepcadently; produgedibyadnethérbacsording to thidfifthoar gene
expression,. PBr . the first, linker se nee he,. f,1 kst

| i nked tag sg?ﬁ%éggg%%%ﬁﬁ% ﬁ:{g&urdmgm E%deenbl?olﬁm@ g@gﬂﬁl%qﬁﬁéﬁﬁﬂ‘}ﬁé

corr]Pri sez mgb andHei seeonmt linFl]tad ﬁgisﬁﬁi{jth?lylhtrﬂh\ﬂlesﬁdd sefuerfee Gigqidetéon o‘ﬁ}bﬁ@liﬂdedg: y],c in
preferred enhodinentg, the netho urt o .1 ses a step 1 I fying
Prel o o0 CRMERarEIRs Feshiibodaimntefot s S buiSn ToaLe s il V'
Pref er abl y comfiesingieRifidall trinkdibed SQAIBNdeS A8miHQ a8l S6tofd gérle8 NG deiBtifg tag Wi th
the or each second nucleic acid cleavage enzyne to provide a trimred ditag.

The t r ilfme thediresgreerps ydentpnfithedilag: anatleast pne puclentidp sequencsitag,comprisedr abl y
between 1 ' .nreferably 40 base pairs. 20 Preferably, a
el 16 4688 pehBiteseBh ! : !

plurality tags are linked to forma concataner. The
concat amer may conprise between 2 to 200 ditags or trinmed ditags,

preferably Preferably, each of the first linker sequence of the first linked tag and the second
linker sequence of the second linked tag comprises an amplification primer hybridisation
sequence. Accordingly, in preferred embodiments, the method further comprises a step of
15  amplifying the ditag, preferably by means of the polymerase chain reaction (PCR).

Preferably, the method further comprises the step of cleaving the ditag with the or
o o each second nucleic acid cleavage enzyme to provide a trimmed ditag.

[ A XN
-

The trimmed ditag may comprise between 12 to 120 base pairs, preferably between
egeees 18 to 46 base pairs, preferably 40 base pairs.
- 20 Preferably, a plurality of ditags or trimmed ditags are linked to form a concatamer.
tt 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



between 8 to 20 ditags or trinmed ditags. The nethod may further conprise
the st.ep of determ ning the sequence of a or each |inked tag, nucleotide
sequence tag, ditag, trimed ditag or concataner. A further step of 25
determining the identity of the expressed gene by the conparing the sequence
to a 11 nucl eotide sequence conprised in a database of nucl eoti de sequences
may al so be included. The sequence nd} be conpared to a database of known
genes, such that if the database does not conprise the sequence, the
sequence c Li.ses_a _new gene..An gjghth_aspect, of the present invention,
there is p?‘%}?’% SEAYeR PgiEed,in ?fﬁ"%“‘%?%%d?@&?‘f%ﬁ“ﬁ?@?&?? in the

di agnosi s giclided) RRasuente May béetnypafidab a dataBastBF RESiC guies, issdhtRat if thé)

provi di ng cell known to be affected by the disease; (b) determining if a
gene is e%ﬂ?@?ﬁéﬂ“ﬂ?‘ﬁ@%l@e%ﬂuqﬂa&ﬂweaum PRIAPTiSSS YBEW BS6ed; (C)
providing a cell of an individual suspected of suffering fromthe disease;
and (d) determ ning whether the same gene is expressed in the cell of (c)
by a met hod accdncighth aspectof therpresentiinngntien, ¢here isfpravidedi amethed efiprovidingind ( e)

conmpar i t [ QR 40r..l ack thereof . of .the be en the cell of

( b)rrpanlj%gt ﬁ‘g%@%ﬁ_mﬁ_&@)@ theid a%ﬁs&%lﬂa? Wéﬁﬂmﬁ“ﬁﬁﬁﬁﬁm@\ﬁﬁwﬁ provi des
a met hod of(a)pedwviding aicelPkkdvn totbeaffoctéd ) thdisedse AbY @étbrmifing f¥ geh@isng a gene
expression profile of cell, the thod _cqonprising providing ¢cDNA fromthe
cell, subj & FFW@AE’&tBEI 2}y %mﬁ@gib%ﬁcmﬁhwm@ﬂffﬁ? mdiidual aspect
of the | NVaikpedid of iifeflfis frbrl e Aifkall) $hd') dieRiihinip Wheler 48 Uime Béneds

particul ar set of genes, is expressed by t n a tenth aspect of the
present i nexpressed in theeelbofi (¢) by ometied acgording todny prepeding aiped of the invedliamat i on

compar i1y (S EARPEBe ConfSiohiF TRk s Jrdfd sonkiibvern B SR Bl D, T1c°
di sease, withdcel oZ¢c)cel |l of an individual suspected of suffering fromthe

di sease, in which either or both of the gene expression profiles are
produced by a nethod according to ninth aspect of the invention. According

to an el eventh gappien? inveRiford if:Siith abfR¥e Bdvitids a WetRiADfaeemAng tod Of
transcriptome of a cell, or obtaining a gene expression profile of a cell, the method
comprising providing cDNA from the cell, subjecting said cDNA to a method according to
15 any preceding aspect of the invention, and determining whether a particular gene, or a
particular set of genes, is expressed by the cell.

o oo In a tenth aspect of the present invention, there is provided a method of providing
:: e 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 disease, with a
sssees 20 cell of an individual suspected of suffering from the disease, in which either or both of the

ceeeel gene expression profiles are produced by a method according to ninth aspect of the
.. invention.
seeees According to an eleventh 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



determ ning the sequence of a control sequence of a gene, preferably a
pronoter or 25 enhancer sequence, the nethod conprising: (a) obtaining a
nucl eottde sequence tag representative of the 5 term nal transcribed
sequence of the gene by a nethod according to the first aspect of the
invention, or any preferred enbodinents; and (b) obtaining a 12 sequence of
the gene 5 to the ternminal transcrild@d sequence of (a) conprising a
_pronot er or enhancer consensus sequence. In a preferred enbodi nent, the
sequence Ofequbstegdle gene 5 tottheteintinalithnbcribed tqashce bEQ) safiprdivga of (a) is
obt ai ned by neans of, (a) chronosone wal king, (b) 5 SAGE wal king, (c) nucleic
aci d hybr | @FRASTAE cRRANGET CORTERFUS SEGUSRSE v: or (d) querying a dat abase of
genom ¢ sequences. 13 According to a twelfth aspect of the present

i nvention, we provide a nucleic acid sequence conprising: (a) a recognition
site for a nucl & xpraferrd embodimgst, the spquence af thefgena b tp the temsinali ct i on

endonucl ease, thaj all ows clei¢ id cleay at a site . distant fromthe
first recodRPITBe: EApence %G‘sl tsﬁ’?’taé“eﬁg’éflw %é%gg‘fﬂ%‘?%g‘et‘?@“?% Jesent ati ve of

a S5 terni nFAdE %Qliii(i{g') RS Hui86588 Sbrifisafiod 6 gend iR m&iﬁa Cﬂﬁ?jﬁgilﬁeﬂuence may

further conprise: a second recognition Site in [ second

recogni t i onlatebase of gerfomic sequercesid nucl ei ¢ aci d cl eavage enzyne, preferably a
second restriction endonucl ease, that allows nucleic acid cleavage at a site
di stant from the second recognition site, and in which the cleavage site
for the second nucleic acid 10, cleavage enzyne is |ocated within or about
the first recognition site. According to a thirteenth aspect of the present
invention, we provide a ditag conprising a nucleic acid sequence accordi ng
to the twelfth aspect of the invention and another nucleic acid sequence
according to the twelfth aspect of the invention, in which the nucleic acid
sequences are linked to each other. so
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15 Preferably, the nucl eotide sequence tag portion (b) of one nucleic acid
sequence is linked to the nucleotide sequence tag portion (b) of another.
There is provided, according to a fourteenth aspect of the present

i nvention, a nucleic acid sequence conprising a concatamer, which

concat aner conprises a plurality of lBags according to twelfth aspect of the
-invention, or a plurality of ditags 20 according to the thirteenth aspect of
the invention. Alternatively, or in addition, the nucleic acid sequence nay
further—conprisae; 2 It : S| ' of t.he first recognition
site, in which t cg&g%lgg% ﬁ%@g%ﬁ?ﬁﬁgﬁﬁ#‘{%ﬁ "?"ls?h %r?“éepgg‘gg%ﬁm?fﬁfd‘f eic acid

cl eavage enzidrrequepcesfommising: (@) s scognitionesite forairivelicieitalesvhgogeyme, t hat al | ows

nucleic acid cleavage.at a ‘i‘ig{ye di smr;il fromthe second recognition site,
and in 25 BEFTRTADLY aLestriction ep i pwenyglgic agid cleavageat g stedigtant  on site
are spaced d&gﬁ iR B | sl d . econd nucleic
acid cl eavziﬁgigp@ﬁgigén& |{e13’\’/§‘5b2 of iﬁ%‘&‘%ﬁ‘g seélqger%i 0 C%e(ri’lgahg?oi:a position
within & dérounal transcfibedssequencogfd genan site. 14 We further provide a |inker
sequence conprising: (a) a first recognition site for a nucleic acid

cl eavage enzyne, preferably a restriction endonucl ease, that allows nucleic
aci d cleavage atmnanididie by séquhee/nif Tuthi? cbbrid: (<55 96k bdberitiditSite o) 2
second recognition site for a second nuclelc a cl eavage enzyne,

pr ef er abl y whiduthe se¢ondescognitionsite dsfidom secbmbmejeiGadidheleavagé ensyme, préferablyaci d

cl eavage at_ a si,te distant fromthe second.recqognition site;..in .which in
wht oh e Ao gt Pgmut Bebe B s BIF S Cletvagt aCASIG SIS GHB | <

| ocat ed  WithdeBord reéipRition!sii€, abdl ibwhitlethe 8lehvdge Rité fdr thedBechdimublbR@MEN aspect of
the invention. Preferably, the first recognition site and the second
recogniEﬂ'orplﬂ;ﬂ’@@em%@é&@&dé‘a@mortﬂha‘mw&ﬁtmmmmlsa‘c acid is exposed to
the second nucleic acid cl eavage enzyne, 10 cleavage of the nucleic acid
occurs at a position within the first recognition site. 15 Preferably,
st nucl ei c_aci Acsardligne @ tdneat Spect bhde pRE#IE iention, REGRATIINNIBRTC CGAC - 3",

‘Breferably 5' - GAGGAGCGICTCTCCGAC- 3' . .
oo comprising a nucleic acid sequence according to the twelfth aspect of the invention and

another nucleic acid sequence according to the twelfth aspect of the invention, in
ettl which the nucleic acid sequences are linked to each other.
. 15 Preferably, the nucleotide sequence tag portion (b) of one nucleic acid sequence
AL is linked to the nucleotide sequence tag portion (b) of another.

There is provided, according to a fourteenth aspect of the present invention, a
nucleic acid sequence comprising a concatamer, which concatamer comprises a
plurality of tags according to twelfth aspect of the invention, or a plurality of ditags
20  according to the thirteenth aspect of the invention.

Altemnatively, or in addition, the nucleic acid sequence may further comprise: (c) a
second recognition site 5° of the first recognition site, in which the second recognition site
is 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

25  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.



According to a sixteenth aspect of the present invention, we provide a

nmet hod for detecting expression of a gene, the nethod conprising the steps
.of : (a) providing a first 5 conplenentary deoxyribonucleic acid (cDNA); (b)
provi ding a second conpl enentary defé¥ribonucleic acid (cDNA); (c) linking
the first cDNA so produced to a firs i nker sequence thereby formng a
‘first linked nucleic acid, in which the first |inker sequence conprises a
first recogniti 8¢ Surther proyidea linkes sequence epapriging (Bl adirstrgeornitiey site fop ef er abl y

a first r 4. CLi H#ﬁ¢ : j I ge at a
site dist a(rilat§l I:lf'llrc %Ir:ﬁd% !}g@#ﬁl@% %ﬁ‘%%%ﬂ?h@n ‘%&3 Hﬁ%&?’i%?ﬂﬁﬁéﬁ@é@econd CDNA
so pr oducedcideleavape@aonsite distietrfronethe €irst eccogriitomcitg; {c) aBeddad tecogritivadite i nked
nucleic acid, in icg_thghﬁecond | i nker sequence _conprises a second

recogni ti orfok aesor%wc b ERVARFANEYTRe, Reeferably a secogd restriciinm endopudlessan y  a
second rsestikd: Giid NElossE | lof:s: vage at a site
di st ant Sf rc%ﬁn%tt %%‘%ond regggv%?? ?tgan@ﬁgldgig%a (eg ﬂ%ﬁ%@g’é&i{gﬁgﬁ%?ﬁ%f}gl i nked

nucl ei c~aciwhich iniwhidhethé cleavagesitd for the $&cond nutleit acid alpevage enaymetivlopatal/i de a
first linked,tag, .in i.ch the.first |inked tag conpri.ses.a first

nucl eoti de ‘?Hﬂ%&@é’@u&‘ﬁghFSémm"aﬂF%agﬁtwgﬁﬁtﬁ CIPVEREY | ped sequence of
the first cDNA, (f) cleaving the second |inked nucleic acid with the second
nucl eic acid cleavage enzynme to provide a second linked tag, in which the
second |inked t meferoblyrthe fiest ecognitioncsiteand thetseadod sexqemitionsitecare spagedsuent at i ve
of a termnal transcribed sequence, of, the second 20 cDNA: i gating the
first and gggéﬁ’ﬁ“p& C{‘%ﬁ’ afbrﬁgne’épo&?qtg&e - Glok (Wfleifeatclé{)Wf’Wge ®nucl eoti de
sequencg) Ofcl@bade@ Hie riORid R Gtkurs A€a Fositiddl vithifidk FFst r&RpAItIGK fifeeSSi ON. Ve
further describe a nethod of sequentially generating subsequences from a
nucl eic acid sequence, the nethod conprising the steps of: (a) providing a
first nucleic acid sequence; (b) linking the first nucleic acid sequence to
an second nucleic acid 25 sequence to forma |inked nucleic acid, in which

t he second nucleic acid sequence conprises a recognition site for a nucleic
acid cl eavage enzynme that allows cleavage of the first nucleic acid
sequence at a site distant fromthe recognition site; and (c) cleaving the
+debhked nucleic acid with the nucleic acid cl eavage enzyne to provide: (i) a
«teljrd nucleic acid sequence conprising the second nucleic acid linked to a
*<0bsequence of the first nucleic acid sequence, which subsequence conprises
a 9 portion of the first nucleic acid

[ ]
aerh



sequence; and (ii) a fourth nucleic and sequence conprising a 3" renmainder
portion of the 5 fast nucleic acid sequence; (d) repeating steps (a) to (c)
‘at |l east once, in which the first nucleic acid sequence of step (a) is
provi ded by the fourth nucleic acid|8quence of step (c)(ii); and (e)
~detectifg the presence, identity or sequence of at |east one third nucleic
acid sequence or a 5 portion of a first nucleic acid sequence conprised

t herein. BRI EF DE%CRIPTICN OF THE DRAW NGS 10 Figure I A shows an overvi ew of
a known SAGE t eBFRisraRle. the pyleis acid sequensrisomprises thesequence §- end on nagnetic

cl caves. ol CHESRBATRINNIRORRT 2. PR E S URAN QLTI RMACHT  on” i e

for BsnFl, a Type I TS type restriction enzyne, are ligated to the N alll
cl eaved end of _cDNA fragnents. on the bead. BsnFl cuts the DNA

asymetrical |y PCTESEE Q2 sixippnth papectof the pratent invention, we prgxide amethod hase pair
t g ' Lot . 1. th

| {oat el | nt deSthe BRSO Pa Betelhe HicBBa S lising A seBSof, AbRAEESA] 7 L T0N
arnms w th Memplemeniagedsokynibondltia gsid (¢DNAY (Dypreviding a second esraplementary

SACE t g c St BRBitIFs of oA N Eiking et oA spmascat fas Asclmkshat o ©

di agram of skhign& tﬁ&@bﬁfoﬁﬂfﬁﬁim&l%ﬁﬁ@ﬁiﬂ%?ﬁﬁﬂ%&hﬁi& bedbs document

and its application in genome annotation. 5"an "Term na SAGE tags from
ful | -1 engt lrompeises @rfirpiirecognition site:for 8 firsd nucleic agid cleavaga enzytheypreferably firgpe

mpped o TR donRBRe s 18RS BhARE G pedrglats s e FemunE s ces °
al | ows pr eqb@gnikieﬁaiké;mtlim&tﬂasbcémnm k& ploll@ird % a SROASliAkr YRubncdS Jene

activities on chronpsones. Over| apgi_ ng tags generated by serial rounds of
SAGE Wal ki ribereby forminga secong linkedrmugleie acidein whijcls the sedond linker segqudnesonf i dence f or

i dentifi ' .Of J ' ' £ predi d __Jhe 5'
2l <o ol | ow AP BERpRaRRn Shitor A FRb e, RiF Ui bt BPE TR vo
2004105091 & seéobd Featidlion Radetitioleasde] G sllo®s nbcléic a6ib RBVAge ath @ diviant oM Ng t he

« BeTerm nal SAGE and SACE

soee the second recognition site; (e) cleaving the first linked nucleic acid with the first nucleic
eeedt 15 acid cleavage enzyme to provide a first linked tag, in which the first linked tag comprises a
covens 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
‘enes’ nucleotide sequence tag representative of a terminal transcribed sequence of the second
A 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 further describe 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 nucleic acid sequence to an second nucleic acid

25  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



Wal ki ng techni ques described in this docunent. See Detail ed Description for
details. Figure 4 is a schematic diagram show ng the 3' Term nal SAGE and
SAGE Wl ki ng techni ques described in this docunent. See Detail ed
Description for details. 5 SEQUENCE LI STI NG Appendi x A shows the sequences
of the various linkers and priners Uﬁgg in the methods and conpositions
descri bed here, in particular in the anpl es. The sequences shown are:

Not | - dT15 priner used for cDNA synthesis Biotin-Notl |inker Mmel-BseRl 10
Li nker A (48nt Mrel - BseRl Li nker émwat) second round Mre!-BseRl Linker
A (50nt); leieagid withwhe mickeiel acld agesnmmo)proﬁm (Draithied nutle{c29nt ,

20nt PCR f th

5" ot i n |.ﬁkw5‘%5r i the Fodnd uafele st | upteaiboci o Bl 152020

| i nker (t o nuckicadidseqidies, vﬂmthasubwwbnceammsppﬁ ngom&e@nndﬁfsomﬁld\mcb! BseRl
(om0 bk R St Ry NS SRR BT B e
top; Nod L'ﬂ}h’t%mléiéta&mﬂﬁgﬁéne&‘iﬂ) xepéaaﬁg ﬁ%kﬂtb(é)‘ﬁ?[eaﬁoh@@nﬁmhme'ﬂ:ﬂker A

bottom Linker B to i nker Li nker B bottonx; PCR prinmer
A PCR prl rmlpesac@esaqquef mmpmﬁ@dbsmmmc acid sequenoeof sty e Rl

Li nk Sal |
aijglpt(:a (r)r t op, @aﬁ @g&%‘ﬁ%ﬁor %g%&Fom%Qpr%t{n%lcﬁ;%?&% t?&%&dﬁﬁﬁéﬁ%t hgds
and conposisequence ahast rpottion ofadiest magleis acitd aéjugnerpinpyisalidiereine or nore of the

sequences shown in the Sequence Listing DETAI LED DESCRI PTI ON The net hods
and conpositions described here enable the isolation of defined 25

nucl eot i de BafrFDRSCRIPABN JFIMEDIEIWING: Of nucl eic acids. W provide methods
for the 18 etectron of gene expression in a particular cell or tissue, or
cell extract, for exanple, including at a particul ar devel opnental stage or

0 @ Pafg i cul ar e gaACEh A o e 5P kil SRBH ISR B B EpfcRom DA

can provide infor ene
fragments at 3’end on magnetic bcads are digested by a 4-bp restriction enzyme NlalIl. On

average, Nlalll cleaves along cDNA in every 250 base pairs. Linkers with a recognition
site for BsmF]I, a Type IIS type restriction enzyme, are ligated to the Nlalll cleaved end of
cDNA fragments on the bead. BsmFI cuts the DNA asymmetrically [GTCCCN(14/10))

15  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
linker arms with NlallI digestion. Ditags with 4-bp anchor sequence are concatenated,

AN cloned, and sequenced. Figure 1B is a schematic diagram of SAGE tag concatenate library
_::.: , construction.
.... 2
SALH Figure 2 is a schematic diagram of the 5’and 3’ Terminal SAGE techniques
I 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 IIS type

restriction enzymes, Tags are concatenated, cloned, sequenced, counted, and mapped to
25 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
generated by serial 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.



which is expressed, and their incidence in a sanple reflects the |evel of
expression of the 5 gene. Qur nethods therefore enable quantitative and

qual itative analysis of gene expression. ‘In particular, our nethods are
usef ul w0 2004080918 ng nucl eoti de sequence tags whi ch pcpStmosodi®s 5 and / or
3' sequences of transcripts correspohding to expressed genes. Such

nucl eoti de sequence tags are therefore representative of a term nal
transcri bed sequence of 10 a gene. In general, they conprise a term nal

transcribed sagiees d adkhemafififranoitioi 5*RéchidaPS AGE 88l SAGE Or conveni ence as
"Term nal _Tags", and the techn] ques or obtaining such termnal tags wll
be refer r\;ydﬁg’&,m%‘a‘?"ﬁ Wh@mﬂwm S¢p Detailed Descryptionifordetailin e . As

expl ai ned above, the prior art SAGE and LongSACE techni ques have 15

di sadvant ages associated with the fact that the tags produced using these
t echni ques  ar &igused isyechemptic disgmme showing the:3"TerminahSAGE and SAGEy correspond to

I nt ernal Walkitg ﬁﬁq,% Qﬁeﬁﬁ%ﬁﬁaﬁnﬁ: ekaitéd'D %c*z . Sw'ﬁﬁ‘] in the prior
art SAGE technirw(fues, ?ﬁe “stare' 0 e?%g&tag 1;&; e@r?g by the 5 nost (or 3
nost) term nal Anchoring Enzyne site on the gene, while its "end"” position
S defgne%wset bet ween the Taggi ng Enzynme recognition site and its
20 cuttin . e either the 5 end or the 3" end of the cDNA can be
anchored in the known SACGE and LongSACE techni ques, this anchoring, and the
fact that the&%' 51” { L h ring, En rior to ligation
to the adaptors or l*ll(iln er?%?ﬁ%&%ﬁﬁﬁﬁg&ﬁﬁ%ﬁ%ﬂg& t he SAGE

met hods omethénds and ¢ompositions dweribed herk, i particular spthe Bxdnepldsi THeasquedces sequences. 25
Accor di n%w%g-di gestion of the cDNA with Anchoring Enzynme nmeans that the

position tags in relation to the entire sequence is essentially
determ ned by the WD 2004/ 050919 19 PCT/ SG2003/ 000255 position of the nobst

SAGE ot hods. AR S PERT R EN et B ol B BB RLor | de' sequence
tags. 10n Liaker Ax48at); Musel-BeeRI Linkér B5A6it), sevhdionMm@bBseR] Diaklerin t hi s docunent
gp?g: ﬁ. t Pﬁ‘"@}i‘sm aE | on! _lﬁ, f %Cﬁfﬁti ds(m? %rittnggf(zw E&nﬁ& termnal™ in
primer B (29nt, 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 (50mt); PCR primer A (29nt, 20nt); PCR primer B (29nt, 20nt).; Notl-
dT20 primer; NotI Linker top; Notl 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



5 tags obtained using our techniques conprise the 5 or 3' sequences of the
processed nucl ei ¢ acids and hence the transcribed sequences of the expressed
genes. For convenience, we refer to the nethod for obtaining a 5 termnal
transcri bed sequence of a gene desdf¥bed as "5 Term nal SAGE', and the

met hod for obtaining a 3' term nal ranscri bed sequence of a gene "3
Termnal SAGE". 10 Simlarly, the nucleotide sequence tag conprising a 5
term nal transcribed sequence of a gene .may conveniently be referred to as

? "5’ tler trridnwtiqnglj‘genamrqssien Wﬁ@dlwépgmoecaiqumr e:amp?; a 3'0I t
ermnal tr | e e.. Gonvenien referred to as
a "3 ter m%ﬁé%%%%%%g%ﬁloﬁpwg%eoﬁﬁpa?"g?ed&scfﬁasf%é‘ﬁl%o%&nucI eic
ggisgr Y\gleglhls ere ttiivgiﬁ&?%smmeﬁﬁl I.y tgﬁe reaggﬁnhg?lgmmf?ﬁﬁgjz (i.e
as referri Mg SF’I"IE"’%J’ Wé&ﬁrﬁ%ﬁ%%ﬁéwp&w%“ﬁr@? iﬁ"g'aﬂfe’é@ﬁﬁ@ﬁ@@?"’as _thé ’
case My bendOuf ARtHdUS thetefor ehdbld qimﬁm@&t@aghan&ﬁbetﬁayﬁ%mﬂé of Term nal

SACGE as described here, a "first nucleic aci sequencé” 1s tirst provided.
This is |irspressamh a "l i nker sequence” to forma "linked 20 nucl eic acid".
The |inker sequence conprises a "first recognition site for a "first nucleic
aci d cl eavage enzyne". The first recognition site is such that that all ows
cl eavage of t heln particilar)owrlmétbodsatechsefalifof ivoRiting naclédtide sehjusiicandgs whivl t he

first recognition_sit he linker,  sequence alsq conprises a "second
recogni ti o%"i‘i‘f&e 5¢ B‘Fde/aP"-gsé"&BFRFeﬁ PSR GOIFeROBAIRE YR cXpEsssA gemes. $Yd  al | ows

nucl ei ¢ acificledthR\sBsiRnad tags &ré iRrdlbre réiésehtafVe JfiaQernfifud MandcREQCR It bf2> Site.

The cl eavage site for the second nucleic acid cleavage enzyme i's |ocated at
a posi ti0on a aghe. fim gensral they gommise n tarminal sansepihedisequentaofa gehe | i nked nucl ei c
acid preferably has the structure: 5 - second recognition site - first
recognition site - first nucleic acid - 3" WD 2014/05018 20

PCT/ SG2003/ 0002 Stch tageare irefreel] to dorl conventenicelas ‘Tetrhinal Tdge®?) waditheitéchnitjitss f i r st

nucl ei ¢ aci | eavage .enzyne. The products of this cleavage reaction include
¥ ko s doF CURBRE SRR e Ran B BT de Sapn RCrenvEson RV aS: | de. sequence
tag represefqtatihyigsAGEthe first nucleic acid sequence and conprising a
term nal portion thereon and a second nucl eic acid sequence conprising a

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
LI by the 5° most (or 3’ most) terminal Anchoring Enzyme site on the gene, while its “end”

position is defined by the offset between the Tagging Enzyme recognition site and its
*e"** 20 cutting site, While either the 5’ end or the 3’ end of the cDNA can be anchored in the
egeeed 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



5 remai nder portion of the first nucleic acid. In highly preferred

enbodi nents, the nethods descri bed here involve anchoring an entire
fuII-IeWW and ligating an adaptor/linker to the free end. The

adapt or ﬁonprises a PCR priyfa site, as wel | R(I/SGRO0I0P92S5 | | S
restriction enzyne recognition sites. The first site may be referred to as
the Taggi ng Enzyne site (here Mrel). In addition, a 10 site which may be

referred tﬂsiﬁ&x&f'ﬁﬂm&ﬂﬁﬁﬂﬁalﬁﬁﬁhﬂ?ﬁ? the tRRdRtfbad sbquefideSthePr OVi ded  for
fo | owi ng Ilgatlon and arrpllflcatlon of the

renoval of the priner sequence
di t ags. TI@°“5?1§'F¢3F‘E@°@ sguemeatessd, and
anal ysed, as described in furt her detail bel ow It vm |1 be appreciated that

where the first nucleic_acid sequence conprises a cDNA, 15 the nucl eotide

sequence tag whicepirast; the Temninal §A mwmlmwim!mhleﬁm nal
transcri beghiSaAlbERE! sdqfénck “t@xﬁ‘m‘f fuﬁ&:ﬁ pﬁdg is first
processed to rgﬁ@vgo@t; eastgfportlon 0 untransla RglAr egi on (UTR)

or the B MMW&@M%W@M of 3 sequencepofthe proeessed a t ag conpri sing

remvteegrqmas%%n WW?%IW%E For. mi?/t b\?\n Iolroggssed to

appr eci at mnmrmmmmeMWﬁmmWQMMat he polyAT
tail is nqt ri r rovided .t tag.i.s 1.49ng enough to capture

sequence &ﬁrﬁd%n ups a%%?’ﬁﬁp%ﬁ%“?ﬁﬁ%ﬁ%égﬂ%nfeotide sequence
tag which mpwwmgm“arammwaeterm ne the identity of the fast

nucleic acid. Its sequence nay al so be determned for this. In preferred 25
enbodi ments, the nucl eotide sequence tag which is produced is linked "tail

to tail0' with Sindiniethemuclbatids sejecrsety eonfeising g St 1ernping ddaseribed ' di Ng", which is

t han anal ysed r det ails The,di.ng. e lified, for
exanpl e, m ? E‘Pﬂ@ygbﬁ% 9?3&3@%53 he |inker

sequence. nhbeleotids dgagﬁprm;bemwmm%&pén&GfimmWOOM 850918
PCT/ SG2003/ 00025 concat aners t he sequence of oncat aner s
det er mi neﬂ‘ﬁﬂmﬂf(ﬂ%ﬁ'ﬂ %Jm’é‘érﬂﬁn Hﬂ  apprecia that where

a nucleic acid which is not part of a gene lsbemgprooeswd using the methods described

15  here, these terms may equally have more general meanings (ie, as referring to the 5°
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 mucleic acid”. The linket 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 sequencs 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’



"Nucl eoti de Sequence Tags" The terns "tag" and "nucl eoti de sequence tag" as
used in this docunent should be 5 taken as synonynous with each other, and
to mean a short nucl eoti de sequence which is diagnostic of a |onger one. By
this, we_pean that the presence of the | arger sequence be detected by
det ecti nYHIMIPMence of the ta%cfr eferably, |dentlﬁqT§&$;Wthe tag
sequence, or at |least a part of i Is sufficient to identify the | onger
sequence. In highly preferred enbodiments, the sequence of the nucleotide
sequence tag unlq1 uely identifies a 10 gene. The tag sequence is typically
derived from t ke %%W‘M@éh@@clﬁwmﬁm@mkwagdﬂﬂﬂﬁme Preferably,

the I engt o ,me@ %  nost

pr ef er abl Wessﬁﬁh ﬁﬂgl% or Iess o?ﬂﬂiﬁﬂ en ﬁ&’ E‘ggf]%p%% ag may be of
any IengtM!W@mﬂwﬂfﬂwmmﬁymsl@qmmﬁ 40 bases,
preferably ﬁéﬁﬁ%ﬂ:r]:g r.ahl et ween. 15 20 bases in

| engt h. Almﬁg ongtear? sequence aglsg&g'rﬂe&"p{reg:f%lrar °f RE"RETESds and
conposidi mamd#emtnmfmt@um;/aM| tably be used with shorter tags, for
exanple, tags of 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 bases. However,

preferably, the tags have a mnimum | ength of 16 bases, and are preferably
17 bases, 18 bhchighly fir8fetredsemtbodigenty tief methdds deseiibelh Bere thvolve idlicing 20 | n

preferred e e nycl eot e | S a gene, the

| engt h of ?%%%@@%Nxh%@mﬂmﬂ@tﬁ&eﬁ%g”@ﬁ%@d&me | onger
sequence) comprists/d PCR priftier dite, ap wel¥ astwo Tipd S eedtrictiop bxlynBreddgnition Bitisc at i on of the
I dentity ene. Preferabl t.he | engt.h s sufficient to
provi de aoﬁﬁtﬁﬁﬂglmlb&m d}/“r;ré ﬁ?‘m”g (gﬁ‘égﬁ'@ fn gon, 8¢ jg | ong
enoughi10 o sittlehith fyy bevefegredd.as the Rﬁ:hwE sa:p@agr BRI} rscmpxbeiddiescrl ption

bel ow, the Ien@ﬁg the ta ma%F ried ggmceo he first nucleic
acid clea ?Fp Mﬁ?‘ﬁ% ﬂ?;ﬁﬂ% ¢atipn.of the diggs. The41 050018 22
PCT/ SG200 3 Wﬁq @ afiRSL] hd RBdribed inifidteAr t i cul ar,

t he ' offset Eéﬁwm ch the first nucleic acid cleavage enzynme cuts fromits

recognrtrcﬁ'f“’é ¥nce. Preferably, the tag is diagnostic of a gene, or a
transcription or translation product

It will be appreciated that where the first nucleic acid sequence comprises a cDNA,
15  the nucleotide sequence tag which is produced from the method comprises a terminal
transcribed sequence of the relevant gene. Preferably, the cDNA is first processed to
. remove at least 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



t hereof . The gene, etc corresponding to the tag may be easily identified by
hybridisation or 5 library screening, or by database conparison. The

nucl eoti de sequence tag nay be indicate the presence of a gane in a cell (or
organ, tWQ3W&WPI8 ndi vi dual) or the expression of th®CTHERHIN0LSSM a gene i s
hi ghl y expressed gene by a cell, kb nunber of copies of the nucleotide
sequence tag corresponding to the gene would be expected to be higher than
for a gene whose expression is relatively low. Therefore, the nunber of

copi es of codosterivérsyand iteatquiinceaf the eonestamhers déteiméney fgr dighitetighput sanpl e nay be
determ ned_to.establish the degree or anmount of expression of a gene. The
sequence gfop é‘c?%"gr‘raybe derived froma portion of the sequence of the
game, which may be froma non coding portion of the gene (e.g., an intron,
an unt r ansl at edurigefidefequenas Tags"a 5 UTR or a 3' UTR) or a coding portion
(e.g., an exon), or a conbination of the two (e.g., ajunction). The

sequence of t 15.corr ond t e, of th ng strand of
the genre or ﬁ@ﬁk%@?q%éﬁﬂ?ﬁggﬁ9§§guw q@ngb g??ﬁgﬁd The

nucl eofi dnkmmmnmmhmﬁdwwimawmﬁweqﬁu\hﬁcﬂ@nger sequence.
Where the, onger .sequence . .co rlses ne, the Ieotlde sequence tag in
preferreddl fﬁBﬁF§ %Y @Aﬁ%ﬂﬁ“??%ﬁgﬁ Eﬂ%e (the

meani ng obe amwmﬁemﬂfmwmly. idanttﬂcawmbfm &&er red

enbodi rrents the n cleotld seq ce tag.is derived froma 5" term nal
sequence, %9PEFe T %m“ﬁirmmasﬁg%fw thedeneseagaienese nhigher natively,  or

in additipamwﬁnmm{ae:md&qs&mm&m&&qd b g Unihélyidéntiies 4 €7 M nal
sequence, preferably a 3' term nal transcribed sequence. The nucl eoti de
sequende B®§ may indicate the presence of an expression product of 25 a
gene, such as a nessenger RNA. The presence or identity of the tag may be
determ ned to_establish whether a protein product is present in a cell,
etc. Thus, mhe?’é%‘”!‘%lww éﬁfl}@i thedonger sequenee, beRe nucl eot i de

sequence h.gg,, |ﬁg§, q;,nlgu fedaBily 1E3OEETM8s, €XPT €SSi oN.
WO 2004/ 050918 a3 PCT/ SgQOOS 0255§EIt W | beaﬁa}%)pregl ated that the gene

whi ch cor mestpesferbly ’Gﬁ%é”n@dﬁéef%m%ﬂc {The tagmply de of 88y whi ch i s known
to be expjeas St yiitdly BE lchiih bf e B (s bhtWebP-46 Gilsbs, prefemiblibefieen 10-30

15  bases, more preferably between 15-20 bases in length.

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 minimum 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



organi sm or known to be expressed in general in other Was of cells, tissues
or organisns. Alternatively, it may be a conpletely unknown or new gene, or
a new transcript 5 corresponding to a known ganme, whether previously known
to be exPO0MOI9H the particul an-cell, etc or not. FIVSGRON39002SS nay
therefore be used to provide sequ e "signatures" corresponding to
termnal portions of nucleic acids, as opposed to internal portions. Such
term nal sequence information, including term nal transcribed sequence

i nf or mat i cuonieloxsd)in praféreid dnbodimmﬁ)anpuﬁuﬂ@,ahebﬁsa’smddﬁckmbﬁdt in detail

bel ow. Portion ter.m nal .portion”, we nean the sequence of a
nuclelc amé‘ Pah""%{'ﬂﬁﬁ’“% &oglrgl E bf the nucleic agld The
"term nal portion" may conprise any nunber of bases. It may conprise the

extrene termn i se se uence wthi,n the 15
terminus (ie., %&Tﬁng‘gﬁé"hﬁ‘?%'ﬁé??%?n“ﬁ% ﬂ?@é"%mdn 4l portion
may | ack ltheréhf'l?]legm’k ﬁcoﬁeﬁﬁﬁﬁﬁgﬁﬁhdw&%ﬁlﬁdeﬂ{ﬁmwmmmaf in

preferr do‘%nr{l)'ﬁdl nment s %y@ rm nal, port | gﬂol ncl udes residues at the extrene

termn TR OF tidg segpence tog may be ipdictnt s, t he
"term nal w.ﬁe@mow inSeeell (0t lofifal tiddle Y m@VRLAY o tRf pofor@et N residues,
or the | ast remduglé of tr(1e g%g'lelc aci d, V\}nere 1.n, 3, 4, 5, 6, 7, S

9. 10, 20 8ene Wherpa gene ia highly expsessed ggne by a celh she nymberpficopiesgfther npre. | n
preferred Rolosidh iRyRtnite tag béifeiponding RARY deREWodidbe dxP&tddtS vERifep tBn fipd. 1. €., the

extrene termnal base, the first or last nucleotide, resSidue, base or base

pair in tk&#ﬁaﬂ%mﬂm&m“@lhmmr@%ﬂwqu%ﬁ@ﬁwto a codi ng

Sequenge SHERme uaeaa 6 poff B Beulds i o b) W etetifihdd nal
transcri bed sequence ﬂ{ e terns "5 ‘term na transcrltgle equence and
"3 25 teqrmotmmm%méaummommsmbemmmamm@ be defined

In rotati ,H},qlf
2004/ 0309%%%%8620 0002 hat e‘l‘% to @:ﬁ the term nal transcrl bed
sequence sihien, &h yniradsiated indgion;spehi ag @ &’ U'&&aemt’éﬂlﬁprtmm«pgm(mmr end, as the
625 MY Wyl EASuBRSFRA ook e ead g © © 201 sequence
s conespondtoaseqnenceofﬂncodmgstmndofthegeneormkNAorchA,orits
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 micleotide 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. :



5" termnal transcribed sequence will therefore typically conprise a portion
corresponding 5 to the 5 wuntranslated region (5 VIR) of a transcript.

Si m | arywe 200308914 €r M nal transcri%@j sequence w | | ﬁg&%&gﬁgﬁypi cally
0

conprise a portion correspondi ng the 3" untransl (3" VIR) of
a transcript Preferably, however, at |least a portion of the polyAT tail is
renoved fromthe cDNA prior to it being processed, preferably the entirety
of the pol yA/ltiwilldieappreciatedthatdhe geneovhichiverresphinis tos/the micleptide spoxe s, t he 3'

term nal ¢ | : 5&’% W:In!l fPuthd 160 quence of the
mMRNA as itrg?ﬂ??érg'%g@rll & , bgé]g%é a d%ﬁ%ﬁﬁg?‘gg e pol yk%ﬁ“?gri . A full
| engt h ¢ Dhezanissmor known th\beexpeessd ingeseral i otheritypesefi calls tissnas@r arganisasdi ng
sequences ,el pﬁ S i nslated into _protein 3" untransl ated
regi on angﬁ po Jai-%%‘%@?uﬂ}‘@gm}?ﬁ&B?%% "&&#ﬁr‘pﬁ t he genomi ¢ DNA
but ar § adutespoading totalkmowirpiee, hethasprevionsly knewh fode egpressed ifbthn SO, by renovi ng
the poly ?ﬂﬁe lon fromthe cDNA and obtaining the termnal region of 3

i e

and, it i 8‘“8%‘?% our techniques to identify the exact 3 border of
the transcripts and map back to the corresponding chronosones. It will be

appreci ated that the,c e fyrther, mani pul at ed before being processed
in the Termn “M@H&MM‘H@@“&% SRt e, one or nore 20
resi dues oaiysgoadingoRsathal pativrds SEnucRicaVias) ks bipostd o' Mtemblporicsi3ae ment may be

useful to  renove untransl ated sequences, sq that the nucleofide sequence
tag conpr fseaence information, nc WQHMWBQMEWMWH@-HM ransl at ed

sequenge Ul Re virRiPmiposed) bd deirived i dER bdléw.” €l evant term nus, to |eave only
codi ng sequence (so that the nucl eotide sequence tags generated correspond

to 5 or 3' teng.halFeRflsPd sequences). 25 Accordingly, the "term nal
transcri bed sequence” preferably includes at | east an extrenme upstream
portion, or at |east an extrene downstream portion, of the sequence of an

MRNA, cDNA, etBy,“tenfinhlporiions,cve Thesn the sequiente i nuckic dofdsbortdbout teishomal porti ons
di scussed_above, e "term, rapscribed sequence” may conprise the
xtr ot 31 NEHs ofF e 60 e e ea reres O AT P8 Y TRRLE ST, ¢ iy
Conpri se NGy chRisk the extrdnid tertital buse, 02 May tdinprisé AGlidnddjubtwithivthe €ME t er m nal
base). _The "term nal _tr&nscri bed ﬁwn%ﬁe ma& !ack J,,,Z,i,c4 or 5 bases of
t he exfr ofppninus (Le., extreme term ). portion™ may lack 1,2, 3,

4 or 5 bases of the extreme terminus. Howevez, 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, whereN=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 postions include the extreme cnd, 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,



term nal base. In preferred enbodi nents, however, the "term nal transcribed
sequence" includes the first base, or the |ast base, as the can may be. 5
In such preferred enbodi nents, the S termnal transcribed sequence includes
the first 5, 6, 7, 8, 9,10,11, 12,13, 14,15, 16,17,18,19, 20, 21, 22, 23, 24,
25, 26,W07004299189 or 30 nucl eot 'bbo@s or bases of tRETSGMIYM2ISed portion of
the gene. The 3' termnal transcrib&d sequence nmay include such nunbers of
nucl eoti des or bases of the transcribed portion of the gene, preferably not

countlngthep ferred 10 e od| nts t he term nal
transcri bed sequence P’%“‘a‘lé' "3%“@1*9 &05]8 rm Ieast the first
or | ast 16emmsatﬂprhegmmap¢mnatuﬁemmh&,&fm&m&dﬁém&&fhases of the

transcri pt as_not f:d above, h&m nal transcr|3§:d sequences

(for exanp'Fle"akgP“S °t’8’f‘w Paﬁﬁ"ﬁ‘ﬂ conpri se a
sequence c&bmﬂmﬁeﬁ&d&&luancehﬂnmm poitioRconkefondingus of the
transcr bed ftion erabl I,nclu the 15 first base in the
transcr @?%W “T“X’&‘FB"C?“F‘ F’q‘?ﬁb"exanpl e of a
CDNA, may lviill? Elﬁl@o&ﬁﬁtis@i &i&aeepenauge%ts-%ﬁtuw about the 3’
term nus of ‘{i’R S%ﬁmmﬁ?éé' on, but r ef erabI | ncI udes t he | ast
base, Yt'%"&ﬁ%l’? ‘P‘P’B?HQ i s appar ent
fromthe abemevadrﬁtmsm BHér tORLARE Prodeksed, preZatasiy the dﬁt@rm ne the 20

identities 0O ene which are expressed by a partlcul ar ceI type, tissue,
organ or |H913’M§g’aﬁéﬂm°"?ﬁf@méw§5f Wherpcthis ocsnrsy the 3 |Wlﬁlmw°‘¥o be conpi | ed

for -thgr T'q%?&{ gg,gm b€ readily

carri e(;m o%ﬁﬁﬁah&ﬁour net %(;hesj chgfﬁo S tan)th#ore enab e both 5" and 3
terminal taddidenofithepelydéEBiinces to be obtained with ease. 25 Furthernore, is
wi |l be apparent that the presence of a particular nucleotide sequence tag
as a product of the reactions indicates an instance of expression of the WO

20041050918 26AMdiieagtivcDNA Mwmwé’mwmmwm ore t he | evel
i v ot e 8 lehiet Wl i i ol o il Bglon sl SC, | P01 O
are expremadymwmmgumummm@mbnmddmmm s, etc.
Rel at i Y§¢ lﬂﬁloﬁessedhomovemﬂom. So, by removing the poly A region from the cDNA and
obtaining the terminal region of 3* end, it is possible using our techniques to identify the
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 untranslated 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 termiaal



of gene expression may be conpared between genes, and between cells, etc. It
will be 5 apparent that our nethods nay al so be used to determ ne

di fferepnces. i ene expression between different s ell, for
exanpl évgwghy state and a di sﬁed state. @nﬁ&é@ﬁ‘;@zﬁene
expression profiles of a cell (or tissue, etc) known to be diseased and a
candidate cell may be used to diagnose particul ar di seases, or

suscept i Dibhde! ot it RaycofmPriscdbduets it withid ha BRIES, kil WMexBiehé RmtihaN profiles
bet ween different develo ntal states of 10 a cell, between pluripotent and
differentibavsbah%BF'Fﬂéﬂﬂi_ , 8?'85‘59‘5@8 peocss|may lack L. B; borsrbesqsaf e eremene  cel | cycle
may al so %ﬁeﬁ&m&eﬂﬁ&m@ﬁwweem%ﬂnammuﬁm&@rm nal

esS nman

sequences of a nucleic acid such as a gene provi y  advant ages, whi ch
have been inphides thy bt base, gethe lapi basecas dbe gase maydeexpl ai ned in greater detail

bel ow. 15 O her uses of the methods and conpositions described here will be
apparent to the skilled reader. The practice of the present invention wll
enpl oy 3 unl esseuchprefereed embhodiments; the 5° teonina) mansoribed sequennsiingludes thé cheri stry,
nol ecul ar g, @l 09V ' ' i [ which in
wthin tndReg R stogIOT 8 ks IETTH, 3 21 Do 2 0% T “Such

t echni quesr 30 mclepipdes primgesiofithe transéribed portion of theeee. Tho3’ teominapl e, J. Sanbr ook,

E. F.  Fri T | Al 9 | ecul.ar oni.ng:, A oratory
Manual , S&%d%%&%%%bé&%oﬁgwﬂﬁ%oﬁﬁﬁ%ry Press
(thi s ref portionef the gene,fprefersbly yot chuntngthepolyAAtaib Il lighly préfssedbel , F. M at al.
(1995 and r.0di.C .S L. enent s« rrent. Protocols in Ml.ecul ar Biol ogy, ch.
113, T cBBSdiSEs e IRE AL bed SiEAS pajidef eicoes gt o sl O, oy P oo
and A.  Kaeast theOfist or [abt/1 6/ tams, prefarsblypat deasiahp Rrstor gt 20bases 6f thedranschipe hni ques, John

Wley & Sons; J. M Polak and James O D. McGee, 1990, In Situ
Hybri di zation: Principles and Practice; Oxford University Press; M J. Git

(Editor), 198Howéded, goititelabsve; e S Sprifidab firscribed iqtedbds (for examplepas’h, hi Press;
and, DD M_J, Lilley and WD 00% 0918 27, PCT/ SG2003/ 000255 J. E.
Dahl ber g, %,“WWMH f W%W@"m 0 & nt hesi s and
Physi cal Astafiohset 6r ddbutBie’S’ MeAGSISE the trabitbedonin, buf\it pR-EALY iBEIGdES theEach of
t hese I%enef\ir“ah‘m. L en s .
t in the transcript. Similsrly, a 3’ terminal transcribed sequence, for example of a

c¢DNA, may comprise a sequence corresponding 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 aiso be readily carried out using our methods.

QOur methods therefore enable both 5° and 3' terminal transcribed sequences to be
obtained with case.

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



texts is herein incorporated by reference. TERMNAL SAGE 5 In a general
aspect, the nethods and conpositions descri bed here enable the production
of a nucl eotide sequence tag, or a nunber of nucleotide sequence tags, from
the terWOnde#5M91% nucl eic acid su as a transcri be®Qy&G300308028%ar t i cul ar,
our nethods are useful for isolati nucl eoti de sequence tags which refl ect
the 5° and / or 3' termni of the transcribed sequences of expressed genes.
10 Qur nethods generally involve providing a that nucleic acid sequence of

i Nt erest cOuesponding gere. Theeefore,ithecliveboffeapression ofmpationlan gededy e paticulhr sequence, but

are nost ful for uences co n rlbonucleic
acid (CDN&?ﬁsf‘é BSTRRgr mﬂg@"’g &ﬂk"@@&'ﬂé @?%ﬁ?@% ted for
Sxa_rrplg ]angmmlrmdsédaﬁﬂb Muqhtgemf nferng : fﬁ%uc?ammwhﬁmn celtl , 1gr f
erive roma |ibrar S pre re or ate expressi aspects o]
t he met hod’g é?’f E‘%‘E‘g "qg‘ﬁwgﬁﬁl @fr@'dﬁﬁ Bents, the cDNA
pref er apl %pﬁﬁéﬁ?ﬂ!bﬁﬁ?m%&&ﬁrﬁ&ﬁﬁbb&dﬁﬁ%bﬁﬁﬂe leﬁWexﬁﬁﬁmﬁe' evant gene,

that is, either _.a S ternmni_transcribed sequence, t erm nal

transcri bé&“’@@tﬂ!@ﬁ&'@! statss ofiasell, forexamplparhealthy giate gndia aﬁ‘éﬂdléﬂ!?vm for obtai ning
such cDNAg Bf Ghe& pﬁbﬁ&lﬁﬁﬂ&dfﬂoﬂ%&u@ w)‘%eedls@asw Wi th 5

sequence is 20 desired, | en termnal transcribed
sequence W@wnwmmhdwmm@ﬂmhwm ranscri bed
sequence, gaghh ﬁ@mh bl fiferedt dev all of the
polyT tail or optlona y SO non-codl ng sequence, aﬁternatlvel y, the

| engt hilbf qm&wwmwmmgmmns.mbetmmg indiffergt patts of fhen t he

pol yA/ T t one 3' termnal transcribed sequence of
t he cDNA ?dﬁhfﬁm?‘gmw%f%%ﬁg% PCT/ SG2003/ 000255 GCenerati on of

Li nked Nucl ei c Aci ds The first nucleic acid |s then linked to a |inker
sequence Wt ho R h any prior

cl eavage st ep. g#gﬁ?d, n%%f‘fr%m%% {) H %ﬁ'lcgr rl%a%%’hods, the first
nucl ei c ammmemmnmmmmmmgmmpmwm di gest ed

by restrlctlon e eases prior to linking to the |inker sequence. Thos,
by ERMEAR T

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

The practice of the present inveation will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, 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, Tl Press; and, D. M. J. Lilley and



our Term nal SACE nethods no pre digestion with a 4-base cutter (i.e.,
Nlalll) is carried out before ligation to the adaptor. It is this

di ff er ¢y soldsdbigenabl es our Terminal SAGE technique to generate sequence

t ags correspondl ng to the extreme &fds of the DNA F@lgm 5i nt er nal
sequence tags. 10 In preferred enbodi nents of the nethods described here,
therefore, the cDNA nay be attached to the |inker as soon as it is nade, so

| ong as thg D&Mmmztm;smdfhmjmabg}t DNAStrudtivR Bar£A:Sykthésit andhe CONA. Thi s

gpabl es s ue ce |ntm1%! F ter nhyal tEa ﬁﬁr'gfg»gh ﬁg rtions o;rggﬁcggngy

our nethoﬁmm%wm ch is linked to the 5' term nus or the 3
term nus of the first nucI ei c acid, depending on whether sequence
information is to be obtained fromthe 5" or 3" end. Thus, in preferred
enbodi rrentwg_[g\@ is desired to obtain 5 terminal transcribed sequence
froma cDNA (i.e., in the nethod we refer to as "5 Termnal SACGE"), the
linker is linked to the 5 termnus of the cDNA Li kew se to obtain nucleic
20 aci sequeﬁp%&;m Nnekiod8Tadd wjeed sequence of a
cDNA |ﬂ preferred enb%%%krf%nts ("3 ré?’lgrm nal SAGE t e Ilnker Is linked to
t he 3' tarrmm@pnuqlmdemmegmawmoﬁmdwﬂdpmumm@m to the

Si nker eﬂ#ﬁﬂﬁ %E %flﬁ{cl‘lf ol Q M| k&g nucl ei c
acid'. 25 Iglfﬁﬁ'&ge o?ﬁﬁﬂapl rst nucleilc  acl L{’)o |IHEer sequence to
produce thehhﬂﬂ@#hﬂdﬂ@mawwbysmﬁlmﬁmmufﬂws preferably by
l'igation %ﬁ% | i gases). The first nucleic acid nay be
i rmobi | i se urin | nﬁag ) exanpl e, on a WD 20041050918
PCT/ SG2003/ 000255 29 mcr obead | mobi | i sati on eases the purification of
pr odu but 4 s Stri L e IFﬂDbI|I tion is carried
out, ﬁ]e fi rsp"ﬁﬂ%ﬁéq"&&%ﬁ% e ?ﬁ?ﬂﬁ&% 'g(l? ?S}amﬁ'l ch is not
being i rmﬁdneﬁﬂiumhﬂmbbfmmmmmclﬂmm“emi,bnnmbﬁmmﬁl foricl eot i de
i SoquErRs, Bith a8 Citarlimentity dboyriBonuciai asit (CDNGA) aduetioed. REof ™Y D€

cDNA sequences, typtcnliy generated for example by reverse transcription from an mRNA

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, ora 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 ail of the polyT tail or optionally some non-coding sequence; alternatively,
the length of the tag may be chosen 30 that it is Jong 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 mane for isolation of a

nucl eoti de sequence tag corresponding to the 3 termnal transcribed
sequenceWOPM4/0$0918t nucl ei c aci d be provided w t RCA/S6I0M090355ans f or
this purpose. The capture neans @// conprise a binding elenment, as known in
the art, such as biotin, 10 strepavidin, digoxigenin, etc. Any suitable

bi ndi ng el enent or capture neans nmay be enployed. The m crobead maybe
magneti ¢ Li n t@enerS¢ign oficwked Nacleit dadser sequence at | east conprises a first
recognition site for a first nucleic acid cleavage enzyne. The first

nucl ei ¢ and clﬁa\ﬁmnzyr}e, IS such that it is capable of 15 cleaving
nucl ei c acid at®® ei @cidis then Jipked tocr linken sequenes JIhoRARY PRYT O m i t s recogni ti on

sequence. pfyaéssif MifpiroulatWithcut sy pRSICIAWES step. AUcorBing ) inicsntidst®d hed from a cDNA
sequence, the cleavage site of the first nucleic acid cleavage enzyne is

pr ef er abl prierartgethods, the firstayeleie acidsequencedingpsefenred embodiments, achNAY &5di ng strand of
t he cDyA. tldiidik'tg& 351’3%&%@5! BB YealdE o ﬁ'ﬁ!'lﬁ{ ol E@ﬂg ooy in the art,
for exarrpln%, 2| tf<nown ol i gonuc eoﬂ?synt tgges %ec I ques. ’We | ocati on of
t he first ouckeoninaliSASTE mpthedsmo pretdigestion mith adrhesequtter(ie.NpBI) Bearied hat t he
cl eavage §gj Vet | Isl q I r ] “ﬁ'g {h '! E?’é (i.! %i. Ld sequence. For
exanpl e, '?Fltte C 'ai\;/g'{;tg Si Pénﬁaﬁﬁg{ég oca egl‘{n e&geque'%(lzgggg t he cDNA which
i s | i nked techniquedo genedatersequencs tags correspBndilg thithecnxtremejamis af theDNA] es t he capture
of sone o . I nformation 25 fromthe cDNA by cl eavage of .t he
nucl ei c a&’%‘?@%ﬁ“ﬁ?‘ﬁl&unﬁél eic acid cleavage enzyne, as described |ater.
Needl ess to say, the offset between the recognition site and the cl eavage WO
20044\30918 PCT/ SE2003/ 00025 0 sit f the first .nucleic. acid cleavage
enzyrr:ﬁrray be%ﬁ%ﬁgﬁ%ﬁo%&iwwm %&é‘\‘t@‘ﬁmm mat i on,
agai n as Gestached asithd tihkeras sbbreasfii is Mbde)wodbmy 43 dietterchinal emsaribed portighge pr ef er abl y
conprises a restrigti Z or restriction endonucl ease. .preferably a
Type | 1S A8 n the chia Hhis ables scaueqog infhrmation from teominal transcribed
portions of the gene or cDNA to be present in the nucleotide sequence tags which are
produced by our methods.

15 The linker sequence is linked to the 5* texminus 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



5 use of artificial or nodified enzynes is envisaged, as described in detail
bel ow. The first nucleic acid cl eavage enzyne (such as a restriction
endonuciykpfedosifly sonetimes be referred to as a " Tap@igEobiioys® - The

di stance (i.e., the nunber of b s) between the recognition site of the
nucl eic acid cl eavage enzyne an ts cleavage site may be varied, but wll
typically be between 5 and 15 or nore (for exanple 20, 25, 30 etc). The

| ar ger ”H:'ﬁ'o " “}gs . Welj ' ' ured in the
tag (as w %%g'ﬁe?%oﬁg{unuga eﬁg%. in %?éﬁ?dfgb%%ﬁ%ﬂgﬁ odi ments, the
first nucWVhireimmabilisationds carrisdont thafirat oucieid apidds inanobilised atdheiteminmmndonuc| ease,
pref erabl .3 . . | 1] . cl ea R rabl BseRl . 15 The
l'i nker se%%%n%@%@%ﬁé{)%ﬁ & aig%ta °§§@(§d‘n"‘|?lheug§ @fnge r a second
nucl ei ¢ dfoondoneleadiofthemeleic\anid, thd aeleiocacidmthyibe iholilised onla bdad atthge enzynme nay
sonetiges . be referred too as an "Anchqrin z " . The second recognition
site € ab‘T“&“ldF] °'§é€??ﬂa&‘ﬁ38?eﬂr}8"&wﬁé¢‘%§??§@e%%“ ave at a site

di stant fistelingéroindingQraptire e for isulation bfa nuclSotids saflestegdi ment is useful
where high throy hlga‘tﬁ analié‘slis b ans of ditags is 20 desired (see later).
The secorﬁ?"m&%i A e \M@Féb"gr‘:@é@?ﬁ is located on the |inker sequence
such that the second nucleic acid cl eavage enzyne cl eavage site is at a

position wthin_or about the first recognition site. Preferably, the
cl eavage sit e 1og firptpuclsic agid may he prayided with apaptues meansforshis puposesTheocat ed wi t hi n

the fi rst@mwwé-.%?mu&bﬁﬁwuﬂmm acid cl eavage

enzynme conprises a restricti 25 endonucl ease, preferably a Type US
r est r 1&t i syppexidinedigenigeainectc. Ay suitable bingdimg clement or capturemeans aybes or great er,

pr ef er abl omphiyed- The ffchdveddl nlay teMfagadicond nucl ei c aci d cl eavage enzynme is one
whi ch producés over hangs (iy. e., Is not a "blunt cutter'). WO 2004/050918

PCT/ S&G2003/ 0092?5S I _ln preferred enbodi nents, the |linked nucleic acid
efrirs

conprising th “NUcl eic acid sequence and the |inker sequence has t he

arrangenment S. - second recognition site - fast recognition site - first

nucl ei ¢ aci d Thellinker saquickice’at REH SSthyHREY afirst bl i sfte for & First mickic acid
cleavage enzyme. The first nucleic acid cleavage enzyme is such that it is capable of
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



recognition site is |located between the first nucleic acid and the second
recognition site. 5 Generation of Linked Tags and Nucl eoti de Sequence Tags
The linked nucleic acid is then subject to cleavage by the first restriction
enzynme. WORMSASIM8uUces two products. The first produmCTsapsiosnss t he | i nker
sequence linked to a termnal porydon of the first nucleic acid sequence,
and may be referred to as a "linked tag". Such a termnal portion conprises
t he nucl eotide sequence tag. and is representative 10 of the first nucleic
aci d sequsmﬁnﬁﬁrﬁmlmbhddclmfehmmmbm@ dlateditobesii e oLlessy e | S one

whi ch generates. er han bly a 3' overhang, and preferably

t her ef or e *f4y&0ce Hﬁ%’fn@ &'"3@&%&‘%@"?‘3‘5 conprises a 3' overhang at its 3
and. The second product of the cleavage of the linked nucleic acid with the
first nucleic d cl.eava enzynme conprises the remajinder of the first
nucl ei ¢ aci d, ﬁﬁ‘ﬁgﬁ‘%wﬁﬂrwmwggmim%wamww use of this
in generahmm&uuhtehamaw)mf&dbl | Type 1S redRieAdrFenlionublgdse diwaedri the) t he

nucl eot i de sequence tag, enabl es the determ nation of the |dent|ty of the
first rducgsefagicisl o enzmmsmmdawew@ detail beloyo Thefmst where the

first nuclgi& Q&daeﬁ,ﬁw&ﬁ &Qyﬁ, 1dake§ ,&Q;é. sequence tag
conprises a t?arm nal transcri bed portlon tche c% an hﬂﬁ’nce s 20

r epr esent &fewed tos a ‘HaggingEnzyyee™. Wm%edﬁsmefebwfs)mmressed gene.
TAG ANALYQC%EHE ey BEvd ggnt ified, and

I n addition F}gv e?‘r%‘giggﬁg‘% es de ae'fﬂ(r?ntgﬁe Eé[j)'ét ec??gn t he

nucl eot i dbu%vﬂmgym5m lermotedﬁemlﬂWZMm] Thedargeralis exanpl e, by
hybr i dissats E! f ﬁggl ysi s, antibody
WO 208ll /056@%& %%%ﬁ%% [ ndsg%r&glhn‘gﬁ%g&brlan Conf or mat i on
Pol ynor phibelew).SSCP) anal ysi s, trans spectronmetry, MALDI, etc. d onal

anal ysi s, as described in hardier detail below, may al so be carried out
Quanti zation of the amount of sequence tag may be done by any neans known in

the.art, for whightpreferredizmboldimerits, the fingt nucjeicacid cléasige \entynipebinpribesor obe and

T A e L 7

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 (sce later). The second recognition 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.c., is not a “blunt cutter”).



For exanple, the tags may be used to screen an appropriate library to obtain
further sequence information. The tag itself nmay be used as a probe, or a
ol i gonucl eotide probe produced which conprises or corresponds to the tag
sequence. The probe is used to screen for exanple a cDNA |ibrary, and a
cDNA c| 3¥fe2 Bed. The cDNA may.be sequenced 10 aPfelRGHPMIASt o0 dat abases
to determine its identity. The teBrh "ol i gonucl eoti de" as used herein refers
to priners or oligoner fragnments conprised of two or nore

deoxyri bonucl eoti des or ribonucl eotides, preferably nore than three. The
exact size wi nprefemedambodiments,the linkednuste: cmﬂeommnmhmﬁmmm the ultimte

function eHS th;]sﬂ. tfe%nﬁ#‘im 5_ Jebk 1@ npg{il ment s,
however, ﬁ“e nﬁ‘g eot %quence tag J tecte orﬂlquan‘? ed, preferably

bot h, by mnmmwn@ﬁmlmmamEhmbdmhemmmdirny i solating the
vari ous anclﬁ @ LGS rocedur.e. .cl oning or

subcl oni n 81?1‘1{ [ nto &ﬁt% e vecﬁgrugimig %ﬁ@mp éoxH Bned tags. As
not ed bove nycl eq S res It| ng from a reaction may be
20 ana ysed oph"é‘é &Wﬁaﬁﬁ'ﬁwm ¥ e, clonal sequencing may be
carried out to |dent|fy the tags produced. Conal sequencing is simlar to
limting dil “‘rh?ﬁ! 1&?9 | and

i nvol ves dilution o 'leg&gﬁfags t%é%%ﬁ(%ﬁ?ﬁ%ﬁgo?wof and

pl acenent This produceésterd produxds. Theﬁnmwdnbteompmﬁemﬂanthelimeptaacl e contains
about one, DNA, nol.ec r. receptac eac ceptacl e may

t hen be amm#&ﬁégﬁ]@ﬁ@gﬂm ebﬁETNAHBﬁ' n the art,

i ncl udi ngmgamhammbmm)comwm@ icliofidels8qrdceltis '
an ol |@ t‘:ﬂﬁ‘g corr&)03| ti owbn %f‘ﬁl e st i defined nucl eotide
sequentle FEAFC ¢ VABEGUAYIG 5 8€ ponds to at

| east onewmwmmm@emg, ﬂnblya\aho vethaiy, andsteferably Shepéfort the nucl eot i de
seqguence tag I S generate %B na,l SAGE net hod as descri bed here. The

conposi ti Y 3dF'Edaga and preferably about S to
20 ditags. Such corrp05|t|ons are useful for the analysis of gene expression

by identifyi ngllhedog t he defi ned nucl eoti de sequence tag{hecorrespondl ng to an
second product of the cleavage of the linked nucleic acid with the first nucleic

acid cleavage enzyme comprises the remainder of the first nucleic acid, lacking the
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



expressed gene in a cell, tissue or cell extract, for exanple. Dtag

Anal ysi s Fbmever In addition to, or as an alternative to, such individual
anaIyS|ﬁ! %Pe ta 10 may be conbined or linked into rmultimeric structures,
and the c structures thensnges anal ysed t CPOIBG2008000258 he identity
and/or quantity of the conponent tags and hence the expressed genes in
preferred enbodinents. By the term"multinmeric", we intend to include

anyt hi ng tyiing 52 CoR¥ofnali h,&;}&,ﬁp iﬂdéﬁoiﬂgﬁf' c includes
di nes, trlrrers tetsrﬁéti‘ners ?tac&apo t ere?ﬁre provi de a met hod of
det ecti ng W@S’(&‘m&t‘h pridedipurthendamil belowg may slschespmied ut. ( a)

rovidin Q?mfti gng@gﬂm dependent |
Ioaned byg Term naf Sﬂ‘ t as ggﬁgcm%&(?pwmﬁﬁlg Ehﬂm'fl Pst i nied

tag and tWMMWmmmgawBHylﬁdbdphbemmmoﬁmbnce tag portion
of oneg B ”%3‘9 E nu t|d uence L the other

i nked tag W%rm a ag, 9‘%%’@%8‘??@3& g’é’ m&‘a’sequences from
first and second genes; and (c) detecting the presence or identity of the

ditag, or at ast oze nheot ‘P&‘f uenceﬂtmai%m%% ri sed th in, to detect
gene expressi o &p B ich result
fromthe mmdmnmmumlfmpmaﬁmmrmgmcmmu ags. By

Jg: Egd’ | nP5ﬁ§°°$ iﬁ ucleic aC| d seﬁuerttce 25 whi ﬁF@CO&BfﬁH{S t wo lrr:t]ﬁgd t ags

rel evant I@icﬂNAﬂBﬂrytﬁi‘dh'%ﬁNA! dl&huaemaﬂmmm @ncedequences,
prefer®bl y at the ends. WO 2004/.050919 .3 4- PCT/ S&00 /00 255 Each ditag
apdcompared fodaalgscs o

t her ef itfddeptity; de sequences of at |east one

transcri pt representative of at |east one gene. Typically, a ditag

represents two transcripts fromtwo distinct gem The presence of a defined

nucl eoti de seqlietE® phwlm %8 yged herein sefers to primeryonoligunes fragmesBessi on of a

gene havi %Gn?hs&? SHR0 6£mete dbdxgti ﬁmlm,;srg?m s may be
Hovvever %o@ t m‘ﬂm

anplified before analysis. e anaIyS|s 0 ags, formed prior to

any anpl i fiiresaTheswact sistwilldepend 98 sany factamcwhich in furnflenspdonshe WHwpta | di st orti ons
function or use of the oligonucleotide.
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 sequences 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  perreceptacle. The DNA in each receptacle may then be amplified and sequenced by
standard methods known in the art, including mass spectroscopy.



I ntroduced by anplification, e.g., PCR The pairing of tags for the
formation of ditags is a random event. The nunber of different tags is

expect ewo sokiesodbmr ge, therefore, the probability of po¥stwessoess bei ng 10
coupled in the sane ditag is snel B3 even for abundant transcri pts.

Therefore, repeated dings potentially produced by biased standard
anplification and/or cloning nethods are readily excluded from anal ysis.

The di meri sat ivdiprev¥idd difolipehicledtdk CortiokAitAhdving/af RisL iRl lefindiiBledtide 2 "tai | to
tail" fashion, wth the portion of the nuclgeotide sequence tag furthest
fromthe JeAVRE agietharein at least ang ofithe jeguenpq tags comespends atigetione . That is to say,

t wo Iinke&ﬂg&g ennhiM‘ mﬁﬁ{iﬁ& | séqg@d' 3&@&5&3 sequence tag
portions. e’ Fla{relker' 09’[%:% are t erlg}%d?e t ctéﬁgmté rm ni %glp the ditags,
with the Tmmlﬁ#@%m@ej' salgwobedderea e compositionmiay doreprise bt L1e2@0 t her ebet ween.
Accor di ”gbj&gsﬂlﬁr% Jabt £ & g; . qigi | . sgquence (1) -
nucl eo%i de “sequence 95@“?€§@mrﬁ%{%g?l éggﬁl}le‘#ce lafatHI F ihsﬁfnker
sequence gebé yxpres§ion ByOidaitifinghpadefifedinncledtide kagydence tafg eoreespamniditig beap gi ve rise to
bl unt ends _or _over hangi.n ends, - 5' or 3" overhangs. In the latter
case, the Fﬁ'ﬂ?gg‘%gg ro‘gc%loeﬁ%%gkmple.l I nked via their overhangs (see
Figure 3 for an exanpl.e of such |linking by overhangs). Overhangs enable

efficient li n%&‘ﬁ?'yﬂq gation. Linkage via blunt ends is also possible,
whereto cl eavage reacti on produces such blunt ends. Preferential |inkage at

such blunt 25 hi ev N | '

dephosphoryl at@%’@%?%ﬁ&gﬁ%{“ﬂg%&éé, m%yﬁgm\ggﬁeci at ed that
over habgi may kercdmbimed, ortlinkédinto mmltimetic storctunsdend theumtltimérc stmewereled. Thi s nay be
achi eved e S| the nucleic,acid ny.suitabl e enzyve ich renoves
the overh %ﬁ?@ﬁ%ﬁ%&%ﬁ‘f%@%%%&%%@gﬁ"ﬁ@%n\ggnucl ease WO
2004/ 0509Hdncdthe éxpfadéed gérad ippdforred bembadimenitd. y. Thus, an enzyne conprising 3' -5
exonucl ease activity maybe used to renmove 3' Overhangs, and an enzyne
conprising 5 -3 exonuclease activity nmay be used to renove 5' overhangs.

For exanpl e, (Bythetermb"multimerict, lwdmtendts ircladé shything!that eoniprisearoretan Ny be used

to generagn% bl ug’& %’ééom aigclud&vnw&r]g Sa’s desegtétged i n Mani atis).

15 We therefore provide 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 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 soquence 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 & 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.



5 However, it will be appreciated that conversion from overhangs to bl unt
ends results in |loss of sequence information. For exanple, where 20 base
tags are produced with 2 base overhangs, ligation or |inkage of such tags
wi |l pr¥8denssitase ditags corrpr%%l ng 20 bases of PCTASG2030eebss nation in
each tag. In contrast, renoval overhangs will result in the |oss of
I nformation (2 bases) at the 3' end of each tag. 10 Li nkage of the tvvo

| i nked tags ﬁ:sﬁ?«%a W E gl EE or

l'i gases. Such |g§g§ or Exarrpl q’l gg% andg%w%se are
known in mmo@q@smmﬂbpmmhmwmwmw

hybri di za HSFQE d tern e nd preferably, a
nunber of tags ar e&F’ﬁ?@g 0 ggf(.: &ﬁﬁﬁ‘té?‘x't’%"ﬁfmg‘\é“h at aners, and the
concat aneditagisigdicative of exfiessionaiia gere hakingavequcicesuf diatiag. cAsfdescribedgh hr oughput
anal ysi.s of e expressi mpl,icatign he di,ta may be anplified
prior fo gﬂ%‘?’%‘%l %Mﬁ?éﬁﬂ@ﬁ' g ’8'581‘\‘133?&?%3@3‘ Anpl i fication
of the di pﬁgso&xﬂ@hpﬁﬁ@ﬁods&lplﬁmﬂﬂh@ﬁanﬂﬂdhﬂiﬁﬁﬂﬁﬁot&ﬂﬁhﬁﬁ&ﬁ&nﬁo the sensitivity
of the detection or ?.agencin f the tags or ditags. Anplification may be
by any ne YW'E Pl C&h y means of the polyners" -chain reaction
(PCR). Polynerase chain reaction technol ogies are described in detail in

Di ef f enbach CW and GS Dvecksl er (1995, PCR Priper, a Laboratory Manual, Cold
Spring Har borihppuiEag ofies fot thefommuation of ditags isa ransom qyent. Thegumberof” \\p

2004/ 0509&%&@{;&5@@%@9@3%@%%%, "ﬂﬁw% d by utilizing
primers which specifically h ridize to one staftgn f%ch I nker. For this
pur pod8, m#mm%&mmnm fedi cati on priner
sequence. ¢;liaepdesihi "wablﬁaim ,;,@,,M# genucl eot i de,
whet her OCE&?I’I ngm]Iy naturally or progﬁ%ed syﬁhﬁetlcal Ich is capable

of act i ngreadiysxgleded fomranalymia. i ati on of synthesis when pI aced under
conditions in which synthesis of priner extension product which is

conplenmentary to a nucleic acid strand is induced, i.e., in the presence of
The dimerisation of the tags into ditags is preferably done in a “tail to tail" fashion,

with the portion of the nucleotide sequence tag furthest from the linker sequence being

15  referred to as the “tail”. 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 (T) - nucleotide sequence tag (1) - linker sequence (II) - 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 convenicntly
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 blunt, if
needed. This may be achieved by exposing the pucleic acid to any suitable enzyme which
removes the overhangs, such as an enzyme comprising the appropriate exonuclease



nucl eoti des and an agent for polynerization such as DNA polynerise and at a
suitable tenperature and pH The prinmer is preferably single stranded for
maxi numvg heogospesdy i n 10 anplification. Preferably, ippgsehésilbozsss an

ol i godeoxy ri bonucl eoti de. The pgignsr must be sufficiently long to prine
the synthesis of extension produtts in the presence; of the agent for

pol yneri zati on. The enact |engths of the prinmers will depend on nmany

el cot ot AN el LERSL oty ST LR, Wevl) WBTbe B ST ° 1070 01 °

each speciofdrkangs: andancozyme comprising 5’81 exanuckaseactivitymaaytbe ascdtdwempyei ners  nust be

suf fici entd I t ' B, WA N ' espect | strands.
Therefore?s g“t%‘rﬁnggm@qub%gcgﬂ?é@%f&%‘??%%&'%@”\gquence of the
t enpl at e. uided geneate plunt énds from n 3toverhasy (asdeséribed indManjat8npl enentary to at

| east part of the linker sequences. The anplification prinmer sequences in
the two |inked tags naybe the sane, or 20 different In preferred

Snbodi gegts, tl_ﬂmﬁwhol imr,illbd"lppd l_iei:im;d anmidhf dropeovertangs _doli)lntfehfi_ met ho](cjs

escri be revi pusly, and, ated_to formdit usi n igase, for
exanpl e ultsin, ?%FWF@%‘B?“'HWW&&H‘F‘E?@W%‘ wed quences, dNTPs,
pol ymer as &ith @ibise ovérfighga, lightioh dblikagecTeich@ijs Ml produce 38 bdsb@iggdded to the
ditags, and the m xturef SHEI'G ted to rounds of anplifjcation as known in

the art. APPEIsig20baseso gn in.gachiag. Inrontoast, aemaypl ofthec| onj ng i n

pr okar yot iommmi&mwaswamdxg%amaf&%rmﬂ et hods known to
those of skill in the art. W 2004/050918 37 PCT/ SG003/ 000255 Ditag

Concat aneri sati on As noted above, the ditags may be forned into higher order

Structyy es fOVUnBEPGﬁﬁéHwM@%%éB?m fkansCh {8 préFerably Birdtigh BT S OF
polymers of the di'tags may be or fred. Tﬁus, In preferred emnmbodi ments, the

i dentity &INAerRNA ligases: Wélim&ﬁmkgﬂ BNS ligaseand Th DNAJigasss @eluci ng and

concat anew]gdgi.}@gs. This allows | arge scal e nucl eotide sequence tag
analysis to be carried out. In preferred enbodi ments, all, or nost, of the
ditags arising froma reaction are concaternerised. In such an enbodi nent,

the concat amernRaonSdbitsilay 13 ddibted B Hbridisation, etc, or sequenced
directly. Alternatively, and preferably, 2 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.



t he sequence of the conponent | ags and ditags, w thout the necessity of
sequencing the 10 tags and ditags individually. The ditags may be |inked
using ligase, in the acnme manner as for the ditags. Appropriate "spacer”
sequencW¥o 2050818 i nt r oduced or i ncpg porated into t heCTSCILMESsT tO separate
units of sequence which define the individual nucleotide sequence tags from
whi ch the concataners are built up. The spacer sequences nay be specifically
15 introduced @ 4 ' X . A ppropriate

| i nkers or ada??oé@?ﬁ%?@h%m%é%%ﬁggﬁl%\%ﬁ%?ﬁm p#%\%tgégear eactions.
In the | atstrand of eash linken &For this purposes the linker sequence mayoemprisee sufwbld | nker sequences,
or portio her. . le, and as illustrated in Figures 3 and 5, the
di t ags mﬁéﬁﬁﬁﬁﬁe&&ﬁnﬁﬁé&%e ligated end to end to formconcataners; in
such a situation, two nucl eoti de sequence tags are separated by two 20

| i nker sequencgs forgi.ng .t he cer... The concataner t her ef ore have the
structure 5' - ﬁ‘%?e%@ﬁd@“’@é%@f“ﬁ e “ﬂeﬁﬁ%m) -

nucl ef)tsi dmamwmubd}yﬁdﬁﬁmnythﬁklefscﬁﬁaﬁuemdéﬁnd&k)pointbfiﬂiﬁeﬁonofl)equercek(| 1)
- nucl eoti de, sequenge ta [111) - nucl]eotide sequence fa I - linker
sequence W’P%%WM°@PMWM@MQ{ eT PHEREI0N RIUCE NNL- LNNL- 25

LNNL- 3",  wisthes donipke Hy ts @ huckei i R berEnd inidudil, i L., th thejsieRfideiofie sequence tag.
WO 20001050918 PCT/ SG2003 00?255 39 The presence of the "spacer" sequences
enabl es twlmﬂ%‘n@mmﬂﬂﬁ” A agapuiiblerr eci sel y
defined. ptniiandPH. IR Pridshr ApréfiribiPfififle fidhded for nltinfAfbMeibmy 0! t he
sequence. Alternativel or in addit]jon, the dings may be treated or

pr ocested implifigation, » thie primer is an gligedroxyithonuclentide, Thespimermusthenent may

COMPY | S Skt 6og 15 pRATIRS bR of &85 prodia i B pRlent ol s, SCGUCTCE

fromthe ditags. In dinents, the treatnent conprises renoving
t he bul k dwmg@mpmmmlmupfﬁkqubdm@dmmymmmtag. In preferred

cecond nudiadl el BREE e RGBT | OO0 T Bed above. and the Tl nked tag
or ditag
The primers herein are selected to be “substantially” complementary to the
15  different strands of each specific 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, or
20  different. In preferred embodiments, therefore, the linked tags are generated by the
methods described previously, and ligated to form ditags using DNA ligase, 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, Altemnatively, 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.



10 is treated with the second nucleic acid cl eavage enzyne, preferably
BseRlI. As expl ai ned above, the second recognition site is such that it
directs nucleic acid cleavage by the second nucleic acid cleavage enzyne at
a site rempte fromthe recognition~site. The separwwwgn the first
recogn™A RYEMIR and. t he second re&nition site is second
recognition site directs the second nucleic acid cleavage enzyne to cl eave
the 15 linked tag at or about the first recognition site (amFigures 3 and 5
for illustrati Diag Gosearphetsption n preferred enbodi nents, therefore, cleavage

with the second nucleic acid cleavage enzyne renoves all but 24 bases of
the linker sequence fromthe di tagk Preferably, cleavage with the second

nucl eic acid cﬁé‘éﬂ%‘@n@ymmn formed intpbighersedepgrugteess fotng | i nked to one

strand of r érﬁ%ﬂm g@mnt of the
| i nker se uence correri a?@ﬁ‘gg'&‘&gﬁg onp%lqtg%é\]gg% over hang of two
bases. mmm&mm&&mdmmth| d cl eavage

mof#eww@“m i e S L L TR R

| engt h of sequende tagapalysisrty be éamicshoutso  nucl eoti de sequence tags. WO 2004/ 050918
19 PCT/ S&003/ 000255 In this preferred enbodi nent, the concataner mybe
easily fornmed by joining the trimred ditags by their CG GC overhangs. The
concat amer myh@mf&ﬁbﬂbﬁnﬁﬁja&l@ﬁﬁﬁofht&h@ﬁﬁhﬁﬂ&@ﬂeﬁn@e for handling,

propagat i on a nci,n tri Ita ef er abl ti ses between
12 to 120 8 8’“’[5‘3?%5 MMF”%HE’BM , preferably
40 base pa&;eraqugﬁemathagmﬁpuﬁdgﬁ mdmﬁ,mutmamﬁgﬁaﬁq dififthe OF

concat rs o ener gt be detegte (idisation, etc, or
sequen F@‘E‘ﬁ?g‘m@ a@hﬁ‘% i’%é‘ﬂ‘ﬁg $apDE MaRDEK 85, -
procedureso{mdlﬁt@nl ng the nucl eotide sequence tags is 10 insertion of the
tags into vectors such as plasnm ds or phage. The linked tag, ditag or

Appropriate “spacer” sequences may be introduced or incorporated into the
concatamer to separate units of sequence which define the individual nucleotide sequence
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
seqnemesmaycompﬁsethelinkauqqmces,mpmﬁonsmemﬂForcxample,mdas
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 micleotide 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 (H) - linker sequence (H) - linker
sequence (1IT) - nucleotide sequence tag (IIII) - 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.



concat amers of ditags produced by the nethod may be cloned into reconbi nant
vectors for further analysis, e.g., sequence analysis, plaque/plasmd

hybri di » i0040sus8Ng t he tags as probes, by net hods pegveeobzpeda®se of skill
in the at The term "reconbi nant Y¥§ctor' refers to a plasmd, virus or other
vehicle known in 15 the an that has been mani pul ated by insertion or

I ncorporation of the |linked tag, ditag or concataner genetic sequences.

Such vectors qRéjreieiiceofRieOTRba" sch@iibdd Rfdblecthits dRiphikibgdueRotidene ef fi ci ent

transcription of the a marker genetic sequence for exanple. The vector

typi cal | y%W%@W*&%@-MWE&W%W&MMFI as specific
genes Whi gfiths siduepts, Phenotypi c sel ection of the transformed cells. Vectors
suitable for use include for 20 exanple, pBlueScript (Stratagene, La Jolla,
Calif.); pBC, pSL301 (Invitrogen) and other simlar vectors known to those

of skill in thf-Rkd 5 By : | gramggé@ EQ:-’EFconcat aners
therem;' are |Ihg‘;it edvcllylf?%o a veg{%‘r’&lﬁﬁs&%ﬁ%ﬁgn purpog%os'? ctors in which
t he | i hkelinkediigdormioncatamens: Suahircatnsmtanay comprise btripping oraemdxing ot lesstsf erred i nto a
sut tabl & B of e linker $knct Yot The i, fhprsrirel draliHishblnd’ it FAQEm O DE 25

pr opagat e and I ts Xpressed. e termalso In uH’és any progeny of the
subj ect heopiprises edniovinigtthe bail ordhemsdjaritylofitheclinkeri sequence dim/theditagnot  be i denti cal

to the parental cell since there WO 2004/050918 PCT/ S&G003/ 000255 9D may be
mut ati ons that occur during replication. However, such progeny are included

when the t er iinprisiesed entboldiments, thelinked\dfeinisnatsomprises sidcend repsifi@rsite meani ng t hat
the foreign DNA. s ..conti,nuously maintai.ned, in t ost.,. we .known in the
't Tr antr TR nRrIel R4 HERE bt A P o B HBRR M A o 5) rmy e
carri dd ojstreatéd with thosecendinucleia lacid cledvagetpiyineoprefefably B3bR]. Kéxphired t hose skil |l ed
in the art. ere the host is . prokaryatic. such, E. l.i, conmpetent cells
whi ch ar e‘b(%'g\g’ﬁm Wiﬂbf%&é&fgﬁmﬂg&ﬁ%“i?%ﬁ“ﬁﬁmgﬁﬁ harvested after
exponentiﬁb%:gmmh;ﬁamak ﬁmheﬁmﬁd%ﬁ&ﬁﬁ&eﬂgblﬁonﬁﬂﬂhsaa bsub2 makgod
usi ng procedures we own in_the ar ternatiyvely, . syb.2 or Cl
can be us?ﬂ‘?‘“ﬂ‘iﬁg’m% bﬁ%&ﬂ%ﬂ?&ﬂ%@mhw@%%% ation or
other 10 gadhdRetbyhititintste BchARtSsetond hidteiddcid cleavage enzyme to cleave the

15 linked tag at or about the first 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 results in a
“trimmed” ditag comprising the structure:

ACXDOOCOCOXX XXX XX22277727772722222Z5TCG
GCTGXXOXXX XX XX XXX XXX XX 22722222227 72222277 ZCA

25 Where Xs and Ys represent sequences (the length of which may vary) from two
nucleotide sequence tags.



The linked tap, dings etc present in a particular clone can be sequenced by
standard nethods (am for exanple, Current Protocols in Mlecular Biology,
supra, Unit 7% ei ther manual Iy or using automated nmet hods. DATABASE
COVPARI e of the di ffereg es between t he 5' PEHBGWOIPRISHi nal SAGE
nmet hods descri bed hem as conpar to the prior art nethods, is that the
tags are extracted fromthe termnal 5 ends and 3' ends. In contrast, the
prior an nethods extract tap which are internal to the sequence; these tap
are those t hain thisprefereed etbediment, thet coscatamehmaysbeldesilyiformed byjoirinig.the Accor di ngl y,

t he met hoghg de G ularly useful.f n 20 anal ysi s.
Such genorre anal &spg |i2ez§gggr?t ageé)gﬁ?mﬁrgﬂﬁeﬁﬁ%ﬁﬁcmbase
conpar i som®.a siitableyector fot handiingf propagition midwelueheipg. usi ng t he net hods descri bed

here enable the generation of sequence information which represents the
starting of genes or transcripts. Likew se, generation of 3' term nal tags

provi de sequeﬂ‘hemnmiedrdmgmmy&ﬁﬁm 110 120'Basp paifd] préferalflignes or

transc m_nal be conpared 25 against databases of known
genes, § gﬁg‘gﬁﬁ‘é P‘E%gbréé PERPRIM ot abases, etc, to identify the
nat ure of t he gene which is expressed. Wth this di rect mappi ng. expressi on
WD 2004050918 aud Sequerwdg255 41 frequency of known genes | ocated on

genonme sequences can be neasured by the nunber of appearances of the
correspondi ng ags. Thus, the higher, th Rﬁ% of tags

cor r espondi ngﬁ%"%’%gﬁ d%&‘é'?“ﬁ'@#@h‘f'% E'%‘%ﬁf’d g‘ Yits level of
expr essi oliybidissibeg etcpdrsbquented dirctyITThey thigi e Sequesitedt Pr ef erred enbodi nent,

dat abase conparison is carri ed out by making the 5 and 3' tags pairs t hat
nost |ikely represent the staring points and and points of genes or

transcri pt S aRshol MR stfkaid Wododgres Tot dldnirtl theicleptide o MRs seqUENces. | n

addi t i alternative transcription start sites, and pqQl yadenal ytion sites

can b&Yi d@?ﬂq"f‘i" the tags into eotn;sych as plagmidae o phegecThe linkes g, dWag ofi nchar act er i sed

genes on ¢hiéabiiRfT Bitagh PRAGIRE msawmbpwmmmmm%@m quantified
by this direct papping of tag pairs
further analysis, e.g., sequence analysis, plaque/plasmid hybridization using the tags as

probes, by methods known to those of skill in the art.

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



The sequences of the tags. ditags, and/or concatanmers obtai ned may be
conpared wth suitable sequence databases such as GenBank, to determ ne
their identity and/or relationships. Furthernore, it-will be appreciated

that co %[a%'{gﬁﬁybe made to databases such as chrm m@% sequence
dat abascra@aan e dat abases. 15 therefore provide a ?r;e%o of

i dentifying a first nmRNA nol ecul r a first cDNA nol ecul e reverse
transcribed fromthe first mRNA nolecule with a known sequence in a

dat abase, comprisi.ng.the s of :..nmatching a first nucleqtjde. sequence which
i s |ocat edmgg) a‘“ﬁé?’gﬁé’a%%‘;s‘ﬁ‘ﬁ%#%‘f%%g%&%F“‘!‘-Pwm‘ﬂ@“%?“'3‘“1 ranscri bed
sequence \theitérimthbsteell fis used. Muitinds of stabletrahsfer[éaniip lactie fordigh DNA &cond

nucl eoti de_sequence.in g .dagtabase 20 consisting of nRNA and/ or cDNA
sequences ﬁ“@ﬁ“@&‘b‘?mﬁ%'?ﬁ‘@%w&&%n in their respective nRNA or
cDNA nol ecul es, whereby the first nucleotide sequence is identified wth

t he known sequgnce in th at ahase. W al so, proyide for a nethod of

i denti fying aufwémm%ﬁg?% @MW?WWM"W@EWPEVers_e

transcrsi by cérivertiohd) Sechhifnfes as HéNRelMBloRA td Moséiskillecin HRANWRSRe BB HbERCE I N A

dat abase, conprising the step of: matching a first nucl eotide sequence which

i s | ocat edrokarygtics@ich atk; Golicompeenticells whichare qapable of DNA yptake eaye, nol ecul e,

wher ei n tf}&pﬂ@&&ﬁ%&um&&&w%ﬁh g.gém Pmu%miﬁ Ly (dated b} F 2nscri bed
sequence in the first nRNA or 200“4?,~I 0918 4-a PCT_SGz¥)03/ 000255 first
cDNA nol ediif GaClsub.2:methodnsing proeedurss welkknpumin the arti Altemnativelya MgEbsubdet er ni ni ng
that the g Nn PAGEE FrdnSBrm o/ Eﬁﬁﬁ,ﬂgﬂ, ﬂ@t?{vu d at the

defi ned pos?&glon In i1ts respgct%\?gﬁo or %} no e*gﬁ?'leé,?s ereby the first
nucl eolli dsommouhe need methotlintheiatti ed with the known sequence in the database.
5 We further provide a nethod of identifying a cDNA nol ecul e which is not

represented in a database, conprising the steps of conpering a first
nucl eot i de seqThsriinked tags, ditaghetspresept in o pétticnlat clovs¢anibosequencedby 5' or 3

t erm nus ] e b1 bi [ I cDNA
nmol ecul e 3@5@%@%%@?‘?6’2‘?‘%Q&rﬁ?ﬁmg‘n‘é%%&@%&é@@se of
nucl eot i deitisee quammdly or using amomatedinethodsde sequences are found in the -database
10 which both match the fast nucl eotide sequence and occur at the defined
position in an

DATABASE COMPARISONS

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



MRNA or cDNA, then hybridizing an oligonucl eotide conprising the first

nucl eotide sequence to a cDNA clone in a library; and determning that the
first n§ﬁ% ' sequence is located at the defined Bﬁéltlon in the cDNA

cl one, e cDNA nolecule is  identified which esent in the
dat abase. 15 It wll be appreciate&Fkhat it is not necessary to nerely
conpare a single nucleotide sequence against the database and that it is

possi bl e (and haps effici ent) to conpare pain of nucleotide
sequencesgﬁb@?"ggf ﬁé g’ﬁ%‘{e cpass pAne Sreaged bydheymbae a nucl eoti de
sequence § dftﬂ&c&r&sﬂoﬂﬂinés Mﬁmauﬁuefthéhgﬂeﬁ&a%hb&ﬂfﬁﬁquence (i.e.,

a "5 term naI tag"), and a nucl eotide sequence corresponding to the 3
term nus EfTespopding o3 pawicylaraeneis ameent the higher its lgyel of expression inthe t ag”) . | n
preferred RfligdBRt S, the pair conprises a 5 termnal tag and a 3'
termnal tag of the sone transcribed sequence (e.g., the same gene). Wen
there is uncertainty, the pair corrprises term nal tags whi ch are nost

li kelysto rep &p&"ﬁg%bgj?m ﬁr% §ﬁ he pair in
such pref erre odi ments contal ns +?9¥| |on '&u tarting point
and the eﬁdﬁr@dﬁohmmﬂum@ﬁmwmmpgmmmaﬂ@ommmherefore is
sufficien thaflschi Eﬁﬁm Lipti f L=l ength nRNA, or a
gene. Con%)rarl SO ﬁipal ré"ﬁggal n@i@?ﬁg&&%%ﬁ rrﬁ{" 8Bt i rm t he presence
gl : itosand polyaditiiytiow sitegicanibe ideatificdapdndi ng t er mi ni

within th 5091 SG200 255 43 . dat ab I ndi cating that

t hat (m)vxﬁ \/\@fﬁw{ﬂg{'ﬁ?‘ﬁ“ ‘%‘l‘&ﬁ@ﬁg ?"é%“é%‘&"‘?‘??“?‘ﬁ'éﬁ“?‘f‘f e" in the
sanpl dO(lbmunyimdmmmwmummﬁ@ofwer it may be the case

that a match is not found in the database; this would indicate that a
sequence having the relevant termni was not previously known to have

exi sted or bemmmdfﬂsw,mme&mmamh nes, or

previ ousl unk W tran cri epes (havin exanple di fferent
transcrip %ﬁ"ﬂﬁ'ﬂ@' 3‘(&?%‘%&%‘?@6&%'&‘%#‘@% es, or both).
|dentifiCﬁhh&ﬁh@§F&ﬂﬁhn¢t8,|immfbe thal Eoflariton it || aid in

genom ¢ pi ng and_annot at.i 0 It wi I | be appr%ed t hat dat abase
conpar i SO%WWM DNA A sequence databases and cDNA databases. ]

15 We therefore provide a method of identifying a first mRNA molecule or a first
¢DNA molecule reverse transcribed from the first mRNA molecule with a krown
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 mucleotide sequence in a database

20 consisting of MRNA and/or cDNA sequences which occur at the defined position in their
respective mRNA 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 mnRNA molecule or a first
cDNA 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



nucl eoti de sequence tags generated by our nethods, particularly in pairs as
described 10 above, will (in cases of new genes or now transcripts)

i medi atel y provide boundary sequences of the particular new genes or
transcr @éﬁ"’ heir 5 termni anqk - termini willp B&mﬁgﬂwag Ful |l -1ength
cDNA séﬁ o the newy identifi genes can be cloned by using
conventional mesas Full-length sequences of the new transcripts nmay

simlarly be isolated. It will be appreciated that primers designed from
the tag sedusploNA molagile, tomsdobmsl nbEleotide seqbae ing dafabastialefeohining aghd sequence

L;g\r/nl ggRaOrrs%(tgﬁ&gEto ver %%on%prege Féa genes bas\e\g glnsogenome

sequences, MWMMMAWMWMQMMIWWWIMQ t er m nal
tag seque rectl ui ne sequences; identifying the tag
sequences ?’ﬁé%h %’8’5’ b’%ﬂgﬁﬁ% predi cted regions. The match of the tag

sequences to the predicted gene sequences w || provide evidence of the
exi stenge of t epes. | e nu ti de seguence tags, |inked
t ags, dl(st ags an 'F%"g"?%v EfF‘H% ﬂ‘fﬁ B#hce databases in
the same magineéntdcn & Gfsbase)etinprising W&fmﬂﬁ&mﬁ&ﬁnﬁ&u&@d&@% t echni ques.

Ref erence | ere made .t o descrl ptions of these 25 techniques, in
particul ar “"t'ﬁé @ﬂ(‘ nd potition a8 Soar3” temineaf @ transcribed seqyense Withinds ve| | as

WO 02/ 1043%&6@?@}\, SARDNA RbISG M&ehﬂs&mﬁoamxﬁaungwmw agraphs in
this section  are adapt ed fromUS 6,383, 743. WD 2004/ 050918
PCT/ SG2003/d8i@lpsesef nuclepti mwnmﬁmen@ehdemwm ixthedatabasn of

differepti Qﬂb%%ﬁﬁm%ﬁ&ﬁuﬁeﬂﬂs&i‘ﬁd ihas as descri bed

here can be used in conbination t'h ot her genom cs tecﬁ%lt ques. For

exanpl e, i RNA onsDNA, then byhridiring 9o qligomucleotide gomprising the Sest nuglpstideand  preferabl y

Support 5 (eReell T Siaelh 4 rﬁwwmwgﬁ . Such

t echni ques nshmmmminonm@rwcmmmwm@cm beI ow.
identified which was not present in the database.

15 It will be appreciated that it is not necessary to merely compare a single nucleotide
sequence against the database, and that it is possible (and perhaps more efficient) to
compare pairs of nucleotide sequences against the database. Such pairs preferably
comprise a nucleotide sequence corresponding to the 5° terminus of a transcribed sequence
(i.c., 2 5’ terminal tag”), and a nucleotide sequence corresponding to the 3° terminus of a

20 transcribed sequence (i.c., 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



Briefly, parallel sequence analysis is perforned after ditag preparation,
wherein the oligonucleotide sequences to which the ditags are hybridi zed

are prefwn z2despsosnsl abel ed and the ditag is preferabl pctgGawseotss | abel ed.
Al ternatively, the oligonucl eotidegctn be |abeled 10 rather than the ditag.

The ditags can be detectably l'abel ed, for exanple, wth a radioisotope, a
fl uorescent conpound, a biolum nescent conpound, a chem | um nescent

conpound, databige} indicating tiat thit knéWm SGueRBeWilfin thd BRASKRsOE exprébbddinbesski | | in the art
ot her suitable | abels for binding to the ditag, or will be

wi Il know, of. | y
able to a‘é’gte\“t%ﬂmg‘ﬁéﬁ"qﬁ?ﬁfﬁ“' ﬂ‘h‘é‘“%)@'f?é‘f‘?%éﬁ?‘&!%ﬂ%ﬁ‘géxanpl e, PCR can
be per f or Rch Winbi Tohriif R ahied) this bAdAPRESAE NS a's3qlcAGIRhg il kit PT ef erabl y,

the ditag contains a fluorescent end | abel. The | abel ed”or unl abel ed ditags

are separ KM wasmet previously kaownta dave existed ox heexpregsed: Suchsequengeemey abl y serial [y

dil uted A5 deBesSorprivicdst ?.‘Iﬁc fncvil %,ﬁgghgm! E s described by
Fodor, at al., Sci encg? 25?“2‘7%?'9&1&8‘3& corﬁ)?'aolfnl ng I gonu Iqi(’arglt | des
r epr esent exagpleidifferent-ixanseription starting sitpoorlifferent prlyaderabytiowsitegor boti)0- ner (e. g., in

each grid of a chip). The solid 20 support is then used to determ ne
differential expression of the tags contained within that support (e.g., on

a grid on a clidenjifitstiomefisn¢hdinknowncgenesfor tdvel tmnscripts will aid fri gkasmion t he sol i d
support with.ta roduced .from cel u different conditions (e.g.,

di ffer entmﬁpé“gﬁfgmﬁg%ﬁ%ﬂﬁﬁ?ﬁﬁp@%%ﬂwvﬁé% ence and presence
of a gr owhdelebtidetsequenceaagsgénerated by oar rhetisnds, ipanticnlatlyGie phifs,as daciited i son of

di ffergnt tiss% .expressi on, et %M“@g&ﬁﬂ%& 25.fkgorescei nat ed end

| abel &8 dMPXH? %&‘1%?3 Bew, genpd qf i BrOVide boydify 1 i di zation to
a parti Cuegienddsd-of the partibitat nkvd geneBithinscripie,Chs Gleir SO@tRInIMH 3 URrmiisi Will UOr escei nat ed
for exanple, a s qf uor escen due to nchin by the proximty of

t he hybri%“ﬁ?@ﬂ“‘cﬁ“ﬁéﬂmﬁb‘ M‘rmwgﬁ“m‘ﬁwfn‘%smﬁé’écﬁm%s anal yzed for
the patte WWMM@&%MWW@E@MM% 45 The

concept of der iIvi,ngEIa defined tag froma sequence 1s usefuyl in matching tags

of sanpl that priiers dasigned from the fag sequence, ol sRBRIE . & conput er

et had s MBie PiEning! 8O fufl 1R GEquence SR FCISSTASRtntic ¥ JONA [@hly oPRPUENCES. I n one
enbodi nment %mieaueﬂ.ce tag for a sanple is conpared to correspondi ng

PCR

We also provide a method to verify computationally predicted genes based on
genomesequeiwes. 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. Réference 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 02/104338, hereby incorporated by reference. The following paragraphs in this section
are adapted from US 6,383,743.



5 information in a sequence database to identify known sequences that match
the sanple sequence. One or nore tags can be determ ned for each sequence
in the sequence database as the N base pairs adjacent to each anchoring
enzynme site within the sequence. However, in the preferred enbodi nent, only
t he firsWOMWEHIEg enzynme site fromthe 3' and i s uPECH/SCRAHIAW2% ni ne a t ag.
In the preferred enbodi nent, the d cent base pairs defining a tag are 10
on the 3' side of the anchoring enzyne site, and Nis preferably 9. A linear
search through such a database may be used. However, in the preferred

enbodi nent, a Itisgqudsionsed that)thé identifizationiop differentially expeested genesusing the que nuneri c

representaﬁi elof) (m')égr; ' as ai, b (A, G.,or. 1) of an N-base tag
to a nunber or Ex?gg co %%ﬁggﬁgﬂa%m@mmeW%y ot her suitable
mappi ng) . génomicg tachniqies.dorexamgle,linditidual puidotidesgquencectags or inked gy ae dat abase as
descri bed_aho .and the taqg.li erted.to.a .t code .in a simlar
mannelr. Iﬁﬁgﬁgﬁwg’ﬁh&fgﬁﬁ%ﬁmgﬂ“ "?’ﬂ@b'@%ﬁ%‘ﬂthg;quence

dat abase (&g Jiithicelthiose filterPglass klide, silicoR chig)Such &ohiqieeinkinde ‘PagRd P! € Sequence is
conpared to the tag, godes in tLge pointer file to determne the location in

t he sequeﬁ@&@‘ﬂ'a’l“sg‘és‘b‘d&ww ¥quence corresponding to the sanple tag code.
(Multiple corresponding 20 sequences nay exist if the sequence database has

redundanci es)._Figure 6 of US 6,383,743 is a bl ock diagramof a tag code
dat abase acceJinedy.nemiel sequencs analyfisds pesformed afler ditag propgration, wherei by Genone

Sequence @ﬁﬁm&ﬁ&@uﬁawsmﬂmgﬂ&smwabmwﬁ}mwmeach sequence

has a tag code determ ned and stored in a pointer fil'e 12. A sanple tag

code X f ofthedlitag;igprefrably detortablyjapreled. Alferaatively; theeligapnsicotideanbalateledd 25 within a
menor gl omm&ﬂﬂ;w&w&s&a&ﬁm@@b& Mg%éa' s conpared to the

fior
pointer file 12 for a matching sequenc g co a match is found, a
poi nt er ameﬂwtmmﬂﬁwﬂb@mmlwm@eMd to access
the corre hi'g bheR 'gn% : : 4/ 050918
PCT/ SGZOO%?%%%S Tﬂe pql'r_ﬁrer _% 19 %ﬁﬁ@ﬁ%%@t@gﬁg formats. In
one f or maothezsuittbledahels forjindingto pheiditagz or will be alile toacertain sush, wingagtionde and a
pointer t . o Bg | a EQEEQ 12. The sanple
tag code %'ca'?]' Be cglfrbgare gelgég'udee ce %% es |(ne'g'é‘til

15  tagged) primers. Preferably, the ditag contains & fluorescent end label.

The labeled or unlabeled ditags are separated into single-stranded molecules which
are preferably serially diluted and added to a solid support (¢.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 (¢.8., 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 fluoresceinated for example,
a Joss 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.



| i near search. Alternatively, the sequence tag codes can be sorted and a

bi nary search used. 5 As another alternative, the sequence tag codes can be
structured in a hierarchical tree structure (e.g., a B—tree) or as a
singly o Adesdsbosg! | nked list, or |n any other conveny, ﬂﬁﬁg gchabl e data
structure or tormat. In the pref ed enbodi nent . eac entry t he pointer
file 12 conprises only a pointer 0 a corresponding record in the sequence
dat abase 10. In building the pointer file 10 12, each sequence tag code is

assigned to a fil ng to the
val ue of the ?E‘S&c xarrp EE&?'Q éqéﬁ"uenc&%gla%@%hmgkgé '1043", a
poi nt er tsamphem@mequwpdmbmghmmﬁmmm&dumquemtﬂmﬂbdmyw woul d be
stored M‘g #104 e%]:] t he g‘g,ter file 12. The value of a sanple tag
code X ca B(’W PECt PR | ocation in the pointer file 12
that corresponds to the sanple tag code 15 X. and thus rapidly access the
pointer stored int | ocati on |n rder tqQ addresgs t uence dat abase
10. Because OEH%’EFB R)chh AFEquEnce {9 %‘HF’@?@ EHP"'bdg&sr bl e base
pairs, sus@mﬁwwmwummuﬁmmwm%ﬂm shRples in

onJ unctron with the preferred, pointer file 12 structure |eads to a

"spar se” S5CAREcPDS qrmore tags;oan be determined for pach gequence infhe spquence daphase
Accor di n%mm&és&ah&,&&%%&&usn%ém%ﬁnm@@mm&b&& base 4 (i.

2 bits per code digit), in known fashilon, resulting in a conpact pornter

file 12 smﬂts@medm me%anbr@e wmmmmww A=00. sub. 2,

C=01. sub.¢g Hﬂbnamr Sent n i n bi nary
woul d be 8 0011 1?&) I n contrast &‘Eg‘&gﬁrepr%gg tatr ftﬁt%@ " 00000000

oooootﬂnm@tﬂjz@eﬂhemmmme@u.mmmmour d be under stood t hat

ot her mappi ngs of base pairs to codes would provide equival ent function.
PCT/ SG2003/ 000255 WO 2004/ 050918 47 The concept of deriving a defined tag
froma anple Mhmmﬁmmmimwadidmmhmr&Msanpl es for

sequence $ibsitel Erelh st Bom iR HRBhvrd SR URMpEmetE (U0 B SEC 1O TRLED
byconverungmhbasepm(A.C G, or T) of an N-base tag to a number or

“tag code” (e.g., A=0, C=1, G=2, T=3, or any other suitable mapping). A tag is determined

15  for each sequence of a sequence database as described above, and the tag is converted to a
tag 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 corresponding

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 corresponding sequence in the
sequence database 10.



materials having a | arge nunber of sequences (e.g., dane), the frequency of
occurrence of 5 the various tags in a first sanple can be mapped out as tag
codes stored in a distribution or histogramtypo data structure. For

exanpl e, VEXMPIOUB - yctured similar Lo pointer file TEUSG0HP0ESe 4 of

US6, 383, 743 may be used where each try conprises a frequency of
occurrence valve. Thereafter, the various tags in a second sanple can be

generated, co . gFg of ffbnk Forkd y directly

addr essi ng tab_rrgg n'tﬁ%ﬁelgl.%\naltg%ﬁél%g%tfyhog ag coge.' A cognteéﬁ% ept of the

nunber of thepdinter file I2\chmpaiscsacig codesand la pointor tataicomespesidingirecondindiiees, f or out put

in text or B‘m & I 'cgi QQQ 0 or. in a data

st orage syssegﬁee% or %tlgrﬁﬁgg&l%ép#gﬁ%%arl son‘oaisESecié sémg%'gai npl enent ed

i N har dwar linearsesrcif. tAtematively; the sequendiagiasdiessan bé sdrted nd dbindresealoh ysed.t hese

aspects.are_ inplepented LN _co er prograns. 5 executi on a

D 6o anfin b &MEBRATPEASTe, e PRERS g codbt 3 bE ficrursd Jn § HeGienetl I o o1 e

(i ncl udi ngstrCtaei(e.g.Ca Bake)) 00 as ¥ @ingliy bt doubly (ke ligt)\6im anysdtisr d@veriénfiyent S) , at

| east one in device, and at | east one output device. Data input through
el it

one or nor Fmat enporary or permanent storage in the data
st orage system i ncludes sequences, and may i nclude previously generated

tags and tag cqodes fgr known and/ or unknown se nces. 20 Program code is
applied to theh%%@@w%m&ﬂ%wgﬁ§mgﬂy&bove and
gener at e Opdiiétito & EdrREpbRding fecdrd tn Ml | dataBis8 0. 1 BuildingtRPpoinftét fl¢0 One or nore
out put devices, in known_ fashjon. Each such conputer rt(l)?ram Is preferably

st ored 18n b2 ch pequence iag codeds asgigned te.an eny positioinhe,po c di skette)

readabl e b 8 theValus BEth B colie] 1P SBmipled i a UBhYe tag code wTPUL €r, for
configuring and operating the cOnputer when the stora@e medi a or device is

read by thal0$Hnppairter to thesemrespendinginconinthe srauense dnsabopy jhegtored The

i nventive ﬁ%@fm | ' Eﬁﬂ:@ﬁ a
conputer-rea e storage ne ?%ﬂm%ﬁsfﬁﬁ‘g%%&%g%nput er program where
t he st or agdireatiyhiddressthe location in theppinter filel? that pirespids ©IosaRPlRGIR/cBR2 003/ 000255
COMPUL qg 9 (38 BHufufidy ol 5 GhiheF it n s G i brdlR Wilaresfind © 07 m t he

e

functi ons SCr1 erelrn.
sequence database 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.e., 2 bits
per code digit), in known fashion, resulting 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=1].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. :



SAGE WALKING As in the prior art SAGE techniques, the nethod described above
enabl es the S production of a single nucleotide sequence tag for each first

nucleic acid. That is to say, in preferred enbodinents, only a single

" si gnatWQ W4958918ht ai ned from each However, iRCY/EGI983BEe t o provide

a plurality of nucleotide sequencé“’ ags using father steps. Accordingly, we

provide a nethod of generating a plurality of nucleic acid sequences, each

conprising a liﬁiﬂﬁ ' fr | | @ The further 10
nucl eoti de se%qce tggésqur%gggerl v‘e'&%&m’%s lgu ﬁ%égk%géeﬁglmto t he

nucl eot i deonspenimgdifferert sagnplesfon similirityn Intthepgréfprred Bmbodisentpricompptebe r epeat ed as
many tinme @& L4k & r di,f ferent | eot i de sequence
tags as ngle edig??ﬂé% %mp%%gﬁd%%ﬁ&gﬁﬁqéﬁpd“ %’é&ﬁ’é’?@%%m hod of

gengr a;i ngé??uh;hsawwmqtadmg. h?@aﬂmkqgm:ﬁa:m{:n?oﬂ? seclon_d
product o £ cl] eavage o e linked, nycl eic aci .the first nucleic
acid Tl eFGEHEu Wﬁé%‘?fm’p can ‘BM&'@P%H%%MWW % ecal | ed t hat
t he seconhistogiith2ype datd Stnfdturds Folekinislé] aftdbleBtrubttred bimSihr b p6in@t SledZind by cl eavage
to renove_an |nhtg€€& nucl eohi%de ﬁferﬂuence tag. .The sgglond nucl ei ¢ aci d

t her ef or eFi@BRAP 83,743 may e wsed wherp gach potry,comprises.p frequency@f 3 of the first
nucl eot i decclrsibRhR. ThbthaftetOthé Varidii8gs ih £ sibidbiipl8 cirl BelgefdratstfiC| €0t | de sequence
tag fromthe nucleic acid, a |linker sequence IS attached to the second

nucl ei c atamyerted fadag sodes; and gompared to the table bydirectly addressingitable eotries withe by t he
117 SUJ0UC} oot A ol 838 e P SRS R, W Wi Bl | o sequence

tag. The |inkKer seguence may conprise the same or simlar structure as

descr i bedof thermagehes, Sorputpptin ddxterigraphic Sormy-anan utpusideyies; andiorfor storigeither t ag
nerely fe mgﬁggg flr jc 25 acid produced by cleavage into the first
ﬁe processs aI re%h%lé

step of t scribed. It will be appreciated that each
round of this process produces an additional nucl eotide sequence tag, WO

20041050918 P \
R T

be carried out as Y, many nucl eot de sequence tags as
necessar yconibinatiorf ofibothePrefetablyothéso aspeéts art inplendnted incomputseprogramé ur t her i nt er nal

sequenge LAlwing 8 £ HrofEmiiblc B5hutkt Erising s BrobdiSor! ¥ Satedtdtagh &stem
(including volatile and non-volatile memory and/or storage elements), at least one imput
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 WMmy
inciude 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 disketts) 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



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

docunenwo 208dddeszgne or nore rounds of farther steps cfgzgmﬁﬁ% he@S art out in
Claim 1. An enbodi nent of techni Qt@ of SAGE Wal ki ng 1's described bel ow,

without Ilimtation, with referente to Figure 5. 5 TERM NAL SAGE 10 The
Term nal SAGE techni que bas been described generally in the description
above. Theoniputed toropemizlin SpeEific suilpredefived cesmer topedom the fumctiohs and in detail in

this SeCtQQHﬂ”§Régh s the production of nucl eotide sequence tags
correspondrin e 5 termnal sequence of a relevant nucleic acid. In
preferred enbodlnents the nmet hod enables the production of a nucleotide

sequence égeg @ﬁ' si ng sequence corresponding to a 5 15 term nal
transcrib Qg R of a gene, nmRNA or cDNA. W therefore provide a nethod

of providing an indication of an instance of expression of a gene, the

nmet hod conpri SI the st a) providin tary
deoxyri bonucl é’ é)ﬁ‘ﬁé‘*q;*@ gﬁ?“ﬁ&% K?'E‘Bnprl sing a 5'

term nal plbdl&ﬁ&lﬁdiﬁab eTaeleHtiae wa&chﬁb&n&dm&cmﬁmts%to an |inker
sequence thereby 20 formng a linked nucleic acid, in_which fhe Iinker

sequence WW@‘PW@!’%%‘&%% is ghtaiped fym each cPNA. Howeaves, ¢ aci d
cl eavage ﬁwmbneepﬁ%agiwﬁyaﬁwww&nsadgm FriRe sppiat  al l ows nucleic
he firs

acid cleavage at a site distant fromt recognltlon site, and (c)
cleaving the |inked nuclei c aC| d with the first nucleic acid cl eavage enzyne

to provide a AdgUiagly!vpro E&M ofRib¥id sefas @ nucl eoti de
sequence tag represent atlve of t erm hal ranscrl bed sequence of the
gene; andseguences me%ﬂwwm&mew&e%%ogm 50

PCT/ SGg00gy &?é‘! hﬂ'&@ﬁv&l%ﬁm tﬁ?@cﬁ?ﬂd@&ﬁﬁmﬁ ag to provide
an in catlon of ?éance of expreSS| on refer the cDNA is

li nked tomammmmmWymmm¢wdmmmodm| ng strand,

P-r gi‘ erabl Y, rﬂkﬁ ﬂ%ﬁgt recog%a?t ewh%t Wf‘é'tﬂ‘hﬁﬂc el {’:eégl gcl:ldea\S/age

enzyne, pseqbmk®bly a

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.c., a “second nucleic acid”. It will be recalled that the second nucleic
acid is derived from the first mucleic 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 o 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
sppreciated that each round of this process produces an additional nucleotide sequence tag,



first restriction endonucl ease, allows nucleic acid cleavage at a site 3 of
the first recognition site, relative to the coding strand. Preferably, the
nucleic acid cleavage site cleaves within the sequence of the cDNA. |In at
to provMO20M89% nucl eic acid seqispce which is a GRIWSGosmoeserred 10
enbodi nents for 5 Term nal SAGE, Wt/ is necessary to provide cDNA with 5
termnal transcribed portions. In general, any nethod which is capabl e of

producing fuII | engt h IS swtablefor this ur S Si ze
fracti onaf®d g"%ﬁpﬂgm BAY by sarried plyt g, EPF“"Fé’hgt h species.

For exarfphﬁ:yrﬁblb&hdb érite apiNG ndBasaCE S HirihSiteFetion bbth éﬁﬁdﬂﬁrﬂ&c@sﬁ pi ng met hod
15 described in Mar ﬁ?‘gma and Sugano, Gene 138,171-174,1994, Suzuki et al.,

Gene 200, 8 fusthey interpal sémyonce g, gping deenstand deeperinto the. nesleis apider s. The ol i go

cappi ng nethod replaces the cap structure of it nRNA with an
oligoribonucleotide (r-oligo) to |abel the 5 end of eukaryotic mRNAs. The
cap i s renovedergrding ‘YM“%‘FW Weﬁm}ﬂ%ﬂnﬁ r- oligos |igated

to decgppgg “M% kéﬁ&ﬁfmg p 20 specific
by removing S -phoSphales of non- caﬁmﬂ%sI vvrt'hqgﬁ al1 ne p osphat ase prior

to TAP trmmwmﬂwdﬁém& MOMMS! that |abel the 5 end of

cDNAs, this nmethod specifically |abels the capped end of the nRNAs with a
synthetlc r-oligo prior to first-strand cDNA synthesis. The 5 end of the
MRNA i s i dent Mlmmfwmuy@%(ﬁswmwwpmmml ymer ase chain

reaction fga!él the oligo-capping nethod is preferred, a
nunber of tr?'uo S Ou%? EI ng or enriching tall length cDNA with 5'

sequences are knovvn in the an, and any of these may be enpl oyed for the

pur poses gl,e'fsh%wﬁ% e. WO 2004/ 050918 51 PCT/ SG2003/ 000255 A nunber of
|ibraries™o u ength cDNA are (nown in the art, and these nay be used as
wel | in the methods and conpositions described here Ful | length cDNA

cormorlal 1y AP fAmRy AGE YefidiFinf{ien erdpd sty RSB () v 11 ogen, ve
5 http:// sbove. Thes Temtinad SAGE techiniihé-ddscribied ih)gendral aidin demil in this sddsmpbase of ful |
1 ength  ables the production of nucleotide sequence tags comesponding o the 5 terminal
sequence of a relevant nucleic scid. In preferred embodiments, the method enables the
production of a nucleotide sequencs tag comprising sequence corresponding to a 5°
15  terminal transcribed sequence of a gene, mMRNA 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 S’ terminal transcribed sequence of the gene; and (d) detecting the presence or identity of



sequences may be found for exanple, at the Institute of Medical Science,
University of Tokyo (http://cdna.ins.u-tokyo-ac.jp/) In the follow ng
detail ed description, which should not be taken as Iimting, reference is
made t o WO PMHASOM8 Ref erence is al rs§(:£r;ta)de to the det aPCEHSG@MON00ZSS| S set out
in 10 Exanples 1 and 2. To add t rel linkers to the starting point of
transcripts, we have to have cDNA fragnents that are 5 intact. In order to

do so, the es apl i shed cap-trapper nethod_ may be r’rtpl oyed for full-length
cDNA sel edigl ‘Bsgﬁ@iﬁ"ém%?“‘ﬁﬂ&%‘%m‘m fap iwteaeRof  have t he

I ntact 5' Wﬁmpap-trapper met hod is described in detail in Genom cs 37
327- 15 336., Biotechniques 32 (5):9W85 and Bi ot echni ques 30 (6):

1250-1254. O her techni ques to enable full Iength cDNA to be obtained are
al so suitable. lglgﬂh ﬁp&&.wt Eém' Ned by using
el F-4E cap-bindin rotelnto d’lé | m?ﬁtot élbrrRNAcap(l\/bI
Cell. Bi OIMIMSS.ﬁﬂme%mmmwﬁ RNA term nal

Ao ok Y e ol U o B i Il bR BRI 0. 0" L

synt hesi s mmumd@udmdlowmlmaﬁdnw:mna@ie&’loétbpﬁtsyA/ Ttail. After

L;l !51: ?Sgﬁg@m@ ?ﬁe Dot ne %%%Mgb Jfﬁ“P“é‘ %?%“ggl %zl gl?é:j I:(IZ)):\IEAO;Vreg

abl e i mmislehves withinthesequepdeaf the cBNAoat ed 25 magneti ¢ beads. Since Notl is an
8-bp cuter, the possibility of internal cDNA digestionis rare. WD
2004/ 050918 52 PCT/ SG2003/ 000255 The i mobilized cDNA popul ation is then

Fi vikded in halhdrdnrtiﬂmmd(ﬂmhmhmm&h%ﬁwdl - BseRl

T BseRl si
but helfo aPPrame RS TrmRe SACE, k BuSarR P RvER EONA W“ .SSS 1S type
e?é%gic}\lgo ). gﬂﬂ used { refmeﬂ;g?n el IIeE“m Tag Enzyne"
ETE). Bselﬁﬁﬁﬁlgméﬁ%‘ L'Pét'h"? B H’i?i’%%ﬁdﬁﬁ “B‘l]'zib%‘t‘gfromyl ts

recogni ti dll Bhgtespecies.

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
cukaryotic mRNAs. The cap is removed with tobacco acid pyrophosphatase (TAP) and r-
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-polymerase 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.



(GAGGAGN10/8). BseRl will be used for renoving the PCR arns and | eave a

m ni mal anchor sequences with the tags, called the "Anchor Enzyne" (AE).
Mrel W rel eases |inked tags conprising a uni qgue sequence signature

10 corre W™ o the 5° portion f the transcri be#CESF0IM0Br Nor el

di gestion. the rel eased tags from tthe two popul ati ons nay be conbi ned and

ligated. Every two tags are joined together face to face (tail to tail) wth

two base palrs rl & flan ed w lin s at both
ads. The ditags ngkr"gas?g g qué’?l ""‘%?’F‘% ﬁﬁl‘“’fﬁm with

b:c ?tl nyl ?ltmeﬂqsm:eﬂ?rﬂmmmd PIind &mgaom?mw:;ﬁermmtlmh&ﬁmwlm Ikl be nore
efficien %Fﬂggl ied.in ac n‘g‘ e on sa i nker
sequences. n@é@mﬁq&% ‘ﬁ&ﬂ "r“E Pﬁﬁﬁ’ ns fromthe
anplified mh.nhﬁ@m sacleis RebGer(Divitdgers @uence mni mal, and nake the tags with
cohesi v, nds, and | i gat abl h other. We place a BseRl site next to

t he M"ref ?’\ @W&ﬁ%ﬁsﬂg "@WBE"?@?P&I ) Eprthermore; 3, databasexf fldengtih ces. That wi | |

al | ow BseRbquehtes inij b ol AFERkmSIL, it Rstiiste NRMAEGAE) UaRdsiglgat e a CG 3
over hang. The Bro_{l?abl lity of having a BseRl site Wlthl)n t he 200 bp tag

sequences cdamimsu-gkw.aciplery 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 pblMW%ﬁ%W@MWtMMnmchor sequence

per dita C’EF?&?E m'ﬁgm ery 21 bp
sequence in tﬁe conca nated ¢ on;esrsméont al ns one tagb?dgbgg%ug}rétl ng one

t ransci ptExamplexcland2. To tag one million transcript nol ecul es, we only need
to generate 21000 concatenated clones( 1000 WD 20041050918 PCT/ SG2003/ 000255
53 bp) for sequencing at both ends of the clones (42000 seq. reads) assum ng

an aver age 500Towwmmmtbmmw&mm”6mme 3
Ter m nal %%ﬂaseﬁn%(w t&??ﬁoﬂdﬂ%d&&,ﬂg&bﬁm@nd i N dete%md |n thls section

employed for full-length cDNA selection to ensure most of the substance cDNA t‘mgmems
have the intact 5° end. The cap-trapper method is described in detail in Genomics 37 327-
15 336., Biotechniques 32 (5): 984-985 and Biotechniques 30 (6): 1250-1254,

Other techniques to enable full length cONA to be obtained are also suitable. For
example, full length cDNA 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-dTI1SVN 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.



5 enabl es the production of nucl eotide sequence tags corresponding to the 5
termnal sequence of a relevant nucleic acid. In preferred enbodi nents, the
nmet hod enabl es the production of a nucl eoti de sequence tag conpri sing
sequend¥0 2WdAWeIBondi ng to a 3’ ggicribed sequenceCT8Gz008/600EsS MRNA or

CDNA. W therefore provide a meth of providing an indication of an

I nstance of 10 expreSS|on of a gene, the nethod conprising the steps of: (a)

provi ding a c y eoxvr.i bon haV| ng a term nus
conpri'sing a nﬁlh’éﬁi Ppgﬂ’é’#f 'H'E’e‘ﬁﬂgﬂgléh‘gf&ﬁw li nking the
cDNA to amma-mkdummumdmmmwmmmnmmmmi d i n which
t he |i nker en rises a,.first reco n, Slte fo fi nucl ei c
acid cl eawmﬂ%ﬁ%#’gﬁﬁ @@P‘F‘?“E‘tg aé%e t aI | ows
nucl ei ¢ 1&@@@4&%@&@1»&:@-&@&% W&@a&ohrsﬁs recognition site;
and (c) cl ﬁgvi ng th&)%&gdﬁucl eic acid with the first nucleic acid

cl eavage for redeasing fygs. called e CFag Engyme”i(FReBseRL g conpri ses

a nucl eot ifigoH@ MW Indydid thet Bt TNA] Ryl apirt Bbm ks Recognftiotisii@d! transcri bed
sequence of the ene and (d&e detect ng tgﬂpgkesence or identity of the

li nked t éWﬁhMﬁﬂa orons 4nd deaxma misimal at i on of an

I nstance e Baps, qg‘g‘% - de a first nucleic acid
sequence vvhlhgﬁgtﬁl m in pre erre %ﬁ'gﬂ ts for 3 Terminal SAGE, it
i s necessary to prow de cDNA conprising a terminus with 3 term nal
transcribed pogh L&E@ ES'BW;' QJqPHa? T tail at the
3" term nus of thlgﬂ%ﬁ\‘& can be reﬁﬁ%ve f‘?& e appreciated that
it is 185 xomresponding to the 5{pouion af the ranseribadganet he whol e of the poly AT tail
fromthe cDNA, provided that at |east sone sequence fromthe transcribed

portion is captured in the nucleotide sequence tag. Any polyT sequence
whi ch may be iAfter Monel digestion,i thcrelsaser taga-feons the twoepophletio®n@P beidodibi®d 0 54

ag i s I oA DREE BreivHi0 g ot Rinc R e o B RTH iy ol WG naab?, ST 0 C
suf fi ci enbv&mmfmymﬁgﬂar&mmnﬁmm &The ditaigs arel aubsegeently 0 r enove at
Legﬁ)}\lAs\(/)\n %lﬂ%ﬁ@%ﬁ“ﬂ '+§'E @H%" net Rﬁﬁ%ﬁ??ﬁ?mm of producing
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 gite
(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



5 may suitably be enployed for this purpose. Such techni ques are di scussed
in detail in Shibata at al (2001), Renoval of polyA tails fromfull-Ilength

CDNA | i bivoyJdosafosésis hi gh efficiency sequencing, Bi ot gdaRdioRboo2ss

3] (5).1042- 1049, 2001. As noted above&lit is not necessary for the entirety
of the polyA/T tail to be renoved, so |long as the nucl eotide sequence tag
I's | ong enough to contain useful sequence information. Thus, for exanple, 10

the Shi batyy) ﬁgmmﬁsamammecm%wbu &gda?ﬁﬁ{nﬂﬂﬁaﬂﬁkﬁée §9 | 1ength of

4 or fewer, ut" thirs does not matter provide e nucCl eoti de sequence tag
i s long erbaydity sequemensperzead.  transcri bed sequence of the gene. In a
particularly preferred enbodi nent, however, all of the polyA/T tail renoved
fromthe cDNA. Thus, in such enbodinments, a cDNA having a term nus

conpri si n@ TERMINALSAGE i nal transcri bed sequence of a gene may in

particul ar be provided by the follow ng steps: (i) deriving a cDNA from an
MRNA by reverse transcription with an printer conprising a seguence

5' - NV( T) 13CCGEIRI5Tetminal SAGEitechnityie-degeribéd in general dndoin dethil in thdg seconor G (i i)

pr oducing | : an herefrom and .di gest | the doubl e

ot r anded c‘%ﬁi&#ﬂ?"@é@fgg@% i W@M&%?%ﬁb‘f)m 20 3 CC
over hang (sequedcelof i kelevant hideicicid inepteferinid Anibodiments, nheanetiiodapatilaitiegy pT CGA -, and
(iv) cleaving the.result.i,ng nolecule w.th Mrel to rpduce,.a cDNA | acking a
ol YA Tt dTbetan o R BRges o R i oTptE SeRUePra o RIS .30, i nal  Sace

r ef er ence ttansctibelisequencelof g gene, iBNAlor DNl ai | ed descri ption shoul d not be
taken as limting. Reference is also made 25 to the detailed protocols ad
out in Exanples 3 and 4. WD 2004050918 S PCT/ SG003/ 000255 To add the Mrel
tinkers to t hews theiefom providbla nfethod ofprbviding'sh ifidivatioh 6f dniifistdnce sffove t he pol yA/ T

tails precisely at theiy starting.point In order to do so _we use the
bt ot s cEreten SUARTF: e e combefi B et af ) provisines somMiemPRHEY anc hor
nucl eot i dejeoxyrbonubleic @cid GDNX)Gavifg a terinims cofsprising 4/3" drmihuli tbmscirib&l pri ma to
anneal at the first 13 in.th onA’_tai of 5 Thus_.al |l eDNA
fragient s SHeeeiogs B8 (bhnkse e PN AR ke poahesss ingalinked ; o
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
15  acid cleavage at a site distant from the first recognition site; and (c) cleaving the linked
mucleic acid with the first nucleic acid cleavage enzyme to provide a linked tag, in which
the linked tag comprises a nucleotide scquence 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



and a biotin at the end. Double strand eDNA will be first imobilized on
magneti ¢ beads, and than digested by Mmwel enzyne to clean up any possible
internal Mrel sites in eDNA. After polishing the ends, cDNA fragnents are
r el eascWORPWASOR® beads by Fsel di tion and creatrerEgoBRsizye 3' end. Fsel
Is an 8-bp cuter like Notl, so the ihternal Fact sites in 10 eDNA are rare.
A 1 /2Fsel - I\/brel linker is first ligated to the cohesive 3' end, and then a

biotinll dol O f eDNA Af er ad he hiotin-I|inker,
t he eDNA agrren arg&o@e‘gﬁ'glgr &a@%%‘éﬁs but this
tinme are bgmﬂms&MehqumoaﬁtdndmeNArkuﬁcmmaknmﬂ*mmjam:at ed 18 base

pairs (6 residuals fromthe Feel site after digestion and ligation and a
13-pol yA/ T tail) apart fromthe 3' extremty. AMmI 15 di gestion will

preci sely reno%eielilﬁsmir%iﬁnioﬂéitla&doﬂé ethod)VGF hang

3'end. The, | ess, eDNA t hen Vi ded popul ations,
one hal f i"g“"g &Hﬂ’l‘ I?@%R’ﬂ?ﬁ @Zﬁ"“ﬁ?‘ﬁ&@ t&%“’fﬁ@t b f is to add
the Morsgel ﬁ?ﬁﬂhbiylbakﬂﬁloﬁdfﬁtﬂm?mmw fechnffles rd @iiciaded M BRMail &l t € IS precisely
I ntroduced at the 3 termnj transcri

20 steps in the rest of
the procedhibata Hﬂm%ﬁ"ﬂ@ﬂﬁm %@@MF@§&%&“&?§E§@ anmpl i fyi ng,

and concate mhfgsﬁg i al SAGE
procedure. NUCLEI ACII'% CLEAVAGE @3&/‘%@%??ecmﬁtrﬁ§ﬂ§§w§g{s@?bed her e
gener al | y neqepsasy. MWWMPGIYNEQQWMOM@MM“%“M%S such as DNA

cl eavage ﬂ%w “aﬁ'? Goh/THas acid
sequences. éuc &gnzy s are preée y restrl ctlon enzynes reéstriction

endonull edhecihybatases MMMmQWMMMWQMn

el <Y a8 TS S ol AR B2

sequence tansdbkdacquencogfithe geme. site or recognition nucl eoti de sequence, and
cut doubl e-stranded DNA at or near the specific recognition site.
Preferably, the nucleic acid cleavage enzynes cleave the nucleic acid at a

position out Sincheparticulathyepre fepmipnibbdiments lkowseer el of tHegolyAfPtail geenopeaki t 1 on i S
therefore g of s ONA TS i thh embodiments, a cDNA having s terminus comprising a 3
15  terminal transcribed sequence of a gene may in particular be provided by the following
steps: (i) deriving a cONA from an mRNA by reverse transcription with an primer
comprising a sequence 5*-NV(T)’CCGGCCGG-3', in whichN=A,C,Gor Tand V = A,
C or G; (i) producing a double stranded cDNA therefrom and digesting the double
stranded cDNA with Fsel to produce a cleaved cDNA comprising

20 3._%3_*32(3_ overhang; (iii) linking the cleaved cDNA to a linker

.. pTCGGA . . . .
————————— and (iv) cleaving the resulting molecule with Mmel to
comprising — (iv) cleaving ng :

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. *



5 recognition position, and the enzymes may for convenience be referred to
as "offset cleavage enzymes". In particular, use of "Type US restriction
enzynes"wodgsfseded in  further detail bel ow am prefgiRdoosorsescri bed
el sewhere, a linker conprising a r§€ognition sequence for such an offset
cl eavage enzyne is joined to a cDNA nolecule as a first step in providing a
tag. 10 Although the use of Type US restron enzyrres S preferred in the

met hods and cogp ¢k t hat
derivitised or n‘%dH eg or eng@ﬁgﬁg ers % ns of suc enzyrres may equal |y
be used, MMMMWWMMSMMWUMmeMQQmHmn and
nucleic a Q gnhat e
recogn|t|gdn seq encqg us, *ﬁg&"? d‘ub %@kn%géd??%ng’ghéc@bed 15 here
enpl oy enzrymCyﬁr'mmnMemmhﬁnwntﬂmmBfﬁssntlwpom\mlmfs Al that is
required f t te S i e |inker
conpri s§ei a{el?lg‘é 'lg’ﬂ'f;‘ %ﬁ’?‘gﬁ?@?@ éi@%@‘rﬁa{h@ﬁﬁm ?éﬁlﬁ'gcl eavage at a
site in tfﬁdﬁhﬁﬁﬁuwdmbubteaﬁindl fcoﬁlmmngeﬁfsemb dilmommgneuc‘wdsr he enzyne.
Engi neerin od xa e ose descr.i be i Y, Berg JM

andraseg‘gﬁigﬁ“% %"‘%@F’&B'I wﬂ%‘p#‘;‘ mePNAYH Berg IM
Chandrasegmaa I&mé&@&&k mﬂt@eﬁelnﬁselm&&a&emafrﬁid&uﬁm 81 and Kim
YG, Smth rgesha |\4 Chandr asegar an (1998) .Bi ol _Chem 1998

Apr - Nay, 3720{l geate &sohagive 11 an $rbp epter Sike Noth $e the interneli Feel §iles dn of £ i ci ency,

modi f y1¢ heDNXCRe Rk Aqmsammmmwew@&m»@@%ﬁaﬁﬂmm ot herw se
nodi fy the offset between the recognition site and di e cl eavage site. Zinc

finger bi rkiQt mm##ﬂ@mstﬂdﬂg A-MMegadding tho bigtin-linkerethe oBNAC ~ restriction

enzynes, aﬁ.ggﬁ,ﬁg m%@h ﬂﬁﬂﬁg&éﬁi&ﬁéﬁm- (1996)
Prom Nai |l AcCad. Sci. Lgﬂn 93. 1156 11 Huang Schaeftfer,CJ., Li,Q and

Tsai, M - DMMG}WW%WEMM@WMmFs@mm BergJ. M

B0, oA pfon bl APl o 5 MR AR ST

conpri % ngﬁ!mne‘n%m&!bgqu%MlmmmawwmﬂﬂiJMavage domai ns.
The recog on domains and the nucleic acid cleavage domai ns may be |inked
and separ ate by a |inker of variable |Iength,

The polyA/T-less cDNA is then divided by balf into two populations, one haif is to
add the Mmel-BseRI linker A, and the other half is to add the Mmel-BseRI linker B. At
this point, an external Mimel 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.

NucLE!IC ACID CLEAVAGE ENZYMES

The techniques described here gencrally 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 tb a specific double-stranded



to allow cleavage to occur renotely fromthe recognition sequence. 5 The
recogni ti on domai ns are capabl e of recognising and binding to specific

nucl ei ¢ 3§I8 sequences, and may conprise, for exanple, zinc finger donains
designew0 to the riles esfgblished in WO F/THEER®Z/00023 98/ 53060, WO
98/ 53058, WD 98/53059. Methods of engineering, as well as rational and rule
based design of zinc fingers, are also generally known in the art. The

nucl ei ¢ agyfh Qﬁ%ﬁr‘“‘ﬁﬂﬁ%ﬁﬁ“ﬁ“‘ﬁ%@be r'oarlhgﬁérill eaving single

or doubl e stranded nucleic acids, own or existing
cl eavage doubls-stranded DA atfopnearthe pporific recognition site. ct i on nucl eases, DNAses or
RNAses. The recognition domain and the cl eavage domain in the chineric
enzyme may be separated by a linker to allow cl eavage renote fromthe
recogni ti on sikreferaliyche suicleicacid cleavage enzymesiclsavesthe unclein aeill apa pdsitioni bl e | i nkers

as known i M\ﬁ. %: & ggﬁﬁu X l.el 5. 44568, which is
her eby inggk?porz;tﬁa ymr;'(la enégﬁgq%%g?]%'gw&ée I%&é‘“ﬁgy be nodified
accor diSng recogpitive poditiont anddie enzymesimag for canvisicnge be tefended to asi“bffsee pr edi cat ed
where a |lpnger tag s regquired. deed, it _.may be si bl e.to enpl oy

conpl et el %‘gﬁmrkﬁ‘fM'%?tj i é&"‘"ﬁ%ﬁ’fﬂm‘f"?ﬁ‘m Wenzynes whi ch
have t hi s fiptheqietail pelow) e prdfered.i t i sed, nodified or 20 engi neered restriction
enzynmes, as well as artificial enzynmes, having these properties, should be

understood to be enconpassed for use in the nethods and conpositions
descri bed her eas deidribed disewhE®, ainkdr coliprisiig ¥ ecogriiiaiCiehhenos fovsuch ¢ et hods and

conpositio escri bed here enpl restrictign 25 enzynes which do not
cl eave wi Pﬁ‘h&mmdwm%%g‘?%“F 8tep mJreddiRe 388 sequences  of
defined distance fromtheir recognition sequence. Such restriction enzynes

are typically referred tg as "Type IIS" restriction enzynes. WO 2004/ 050918
58 PdPS@oos/m%Wﬁng%éFWammmm at a defined

di stance \dpmpdsiticns desriBeibherd, itWill b pfecinted tiefivifiscd OF ROdifEd &N Si tes
(Szybal ski, W, Gene, 40:169, 1985). Exanples of type US restriction
endonuc| e&agireered ¥ergions ofgychicnzymas mey quallybs used praided theyhavathe, i | | be

properties of sequence recognition and nucleic acid cleavage (or nicking) at sites distant
from the cognate recognition sequences. Thus, the methods and compositions described

15  here employ enzymes which cleave nucleic acids at offset positions. All that is required for
the 5’ and 3’ Terminal SAGE techmiques is that the linker comprise a recognition site for
an enzyme that allows nucleic cleavage at a gite in the nucleic acid distant from-the
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 offsct between the recognition
site and the cleavage site. Zinc finger binding domains may be used for engineering

25  chimetic restriction enzymes, as described in Kim,Y.-G., Cha,J. and Chandrasegaran,§.
(1996} Proc. Nat! Acad. Sci. USA, 93, 1156-1160, Huang,B., Schaeffer,CJ., 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.



known to those of skill in the art (see, Current Protocols in Ml ecular
Bi ol ogy, supra). 5 Type HS restrictions suitable for use in the nethods and

conposwbizenaes@escri bed hoe are wn in Tabl e 2 belcivsG83m002s8 e
representations in the table use the standard abbreviations (Ear. J.

Bi ochem 150:1-5, 1995) to represent anbiguity. Recognition sequences are
witten from5 to 3', onl, e strand heing given, |f the point of cleavage
has been det e%ﬂ%ﬁ“t‘f‘l’é"ﬁ%@!&gw FRimetic epzymes SOPPRYINESCQUERRE char acter i s
sonet i MeSrestafitior SontaineiRd Hucleiuacidlteatdgh Sorfiing. IR recOFRIL SN Bothaira¥ncthe and.
Accordingly, it can be seen that the choice of ;heé&peglflc Type I TS

restrict |WY%MHRY%WIWGE he | ength of
t he spem&,l fi veagﬁmﬁﬁg %nhﬁ; s and conpositions

descri bed he?e e ap arent t ha &}ﬁg | onger the offset and
hence the tag, the nore specific the sequence tag generated w II be. 15 In

preferged embgy %ﬂﬁnﬁa 0 i , which has
a recognltlon seq encehgi? \ MW% cuts at a

CCRAU \NRINNN

p03|tt| gn wmmmmgmmmmmﬁmmmmmmga 3 .
pr ot r udi ng .ov envi sage the
use of a gi sl’?‘l s\“r%@%%%s’é’é@@né"ﬁ%ﬁ* W@%&P%Py a TCCGAC
qugengg-hednc \ofaor e hvoﬂahnﬁkal cDaI\l.XimMIﬂ?c r pd;ﬂgb ?anucleic

id sequ Wi g
conpri si n@“?ﬁl’lﬂ’?& n% fﬁ%%’é‘f’bﬂ%@ fg‘f‘#@? 9 The strand
conpr ii@i nqﬁ&mmmmmmwcmwmmmw& whil e the
strand conpr, si.ng 18 ba,seamrrm?(‘g referred, to 26 'bottom' strand. Type
1S enzyrf&‘méﬁ exammple, in regpictiopp “B‘T‘ NYFE Orhese enzynmes 25
recogni Zekﬁwmkﬁwﬁghﬁﬁ%ﬁﬁﬂlmﬁeﬂeﬁﬂgbmwﬂﬂbﬁnﬁhcw&hiwd posi tion

up to 20 base pairs outside of the recognition_ site. Blunting the ends of
their di gERamEsDys ke sow cleavags oty from; ghjtion fite-Sush inkew ey oy ¢ hei r

recogniti S pribe drfictured bofleXiRABikinY ad EnoWh G ik art, And E3itbed For RMRIpleGAL | ONS,
i ncluding th ggneratlon of del etlons of I ncreasing | ength (Masan, N., WO

2004/ 8500WQ ahe longth ofthe mapke f or

gener at i nmﬁach%b%@ﬁ W hede £! ass- US
restriction enzyne, , 50, 55- 62’ 1986) and mappi ng tﬁe sequence
longeruglsrequued

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 propertics,
should be understood to be encompassed for use in the methods and compositions
described here.

TyrE [IS 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.



specificity of DNA nodification (Posfai, G and Szybalski, W, A sinple

nmet hod for |ocating nethylated bases in DNA, as applied to detect
asynmmetric methylation by 5 M Fokl A, CGene, 69,147-151, 1988) and PCR product
cl oni ng. WOR80485098Me asynmmetri c gre of their recodIIGIM3NBSENCes, type
HS R -M systens conprise two net hg' ses, one for each strand, sonetines
each nethylating a different base (Bitinaite, J., et al., Alw261, Eco3 11
and Esp31- type Ils nmethyltransferases nodifying cytosine and adenine in
conpl errent ary FypediScestridtion bslotwcicgmes clBiéat adefihedi distahcs wisto 28 bp awdd0, 4981- 4995,

M. trict s are descri bed iin the
restrl ct Fﬁc{;gm%ﬁmmggif %%393& % %W@b%ﬁaaﬂmﬁl?ﬁgl)
REBASE- r eawclnstremﬁcuemmmlemslmcm Boyd Kl asdFokNOUee simil&cinsyineasll b2001 Jan 1;
27, 312 31 OV tare RAFILE i s JRE SRR Frobralein NOIMb O RRERSE, < 5
is a

conpr ehensi ve dat abase of information about restriction enzynes 15 and
Sat ed p{otel nsa I'Egsconta,l ns Big@l‘j"?hed nd un ;EAIShed éﬁfere%els bilit
recognition an JeRFIe , %‘Ef’ cogwautions descabed; | api | Y,

met hyl at i QRre%R Whbvh MiFable 28eloWl Bbquaiie repfeBaibifibstin B8 bl i Siaktiald I ansf er ases,

hom ng endonucl eases, ni cking enz mes, specificity subunits and control

proteins dbbreviatigs (Eyp| uﬂfedmlvb@s <l989te trpreprut apbignity Resognitionhy | t r ansf er ases

and restri ""*3’ e E’@’qm;’?ffmng Pﬂ;g 20 sequences,
are al so Is% EQhe atals |§{tﬂ? ted vi r@maqf P‘; E tp. neb.com, and
t he Wb MMM&MM&MWMM“R&QMQmWMI soschi zoners
N I N NNNNNNNGAA~C

- NNN@ W‘ﬁeﬁ{’ “%MWM% NNNNNA Bbr 71
GAAGAC; NNIchbibéufitidepecific 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 nsed 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 comptising 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.,



Bbvl GCAGCNNNNNNNNANNNN Al wXL BseKl BseX! Bsp4231 Bstl2l Bst711 BstMVi
Bbvli | GAAGACNNANNNN  Bbsl Bbvl 611 Bpi] BpuAl Bsc911l BtPBS3 BsPl U BspTS5 WO
2004/ 050918 PCT/ SG2003/ 000255 Go Bst BS321 Bet TSSI Bst V2l Bccl CCATCNNNN'N
Bee83l WM ppUEl  BccAl ALAN Beef A ' NV Begl PRIRRIBEIFIEOANNNNNNTGON-
| NNNNNNNNN - NN® Bei VI GTATCONNNNN N Bf ul BM ACTGGGNNNN N* Bnd Bi ns
GGATCNNNNMN_ Acl W Alwi BspPl BstB9I Bst3I Tl Eacl Bplt

NINNNNY NNNNNNNNGAGNNNNNCTCN- -~ NNNNNNN- NNNNNY Bea1Q - NNINA?.J NNNNNNNNACNNNNNCT CCNN
NNNNN- NNFyal -2 povel mpltistepporthpd-for generating pencise wiidirectipyah\dcletisnsysing Bee Rl
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spemﬁcnty of DNA modification (Posfai, G. and Szybalski, W., A simple method for
locating methylated bases in DNA, as applied to detect asymmetric methylation by

5 MUFoklA, Gene, 69, 147-151, 1988) and PCR product cloning. Due to the asymmetric
nature of theu' recognition sequences, type IIS R-M systems comprise two methylases, one
for each strand, sometimes each methylating a different base (Bitinaite, J., et al., Alw26],
Eco311 and Esp31] - type IIs methyltransferases modifying cytosine and adenine in
complementary strands of the target DNA, Nucleic Acids Res., 20, 4981-4985, 1992).

10 Exemplary Type IS 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 containg published and unpublished references, recognition and
cleavage sites, isoschizomers, commercial availsbility, 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, ftp (ftp.neb.com), and the Web
(http://rebase.neb.com).

Enzymes [Recognition Sequence Isoschizomers
Aar]l - |CACCTGCNNNNANNNN -
Acelll |CAGCTCNNNNNNN~NNNN -
Alol _NNNNNANNNNNNNGAACNNNNNNTCC |-
NNNNNNN_NNNNN#

Bael _NNNNN~NNNNNNNNNNACNNNNGTAY

Bbr7l  |GAAGACNNNNNNNANNNN -
Bbvl  |GCAGCNNNNNNNN~NNNN AlwXI BseKI BseXI Bsp4231

- Bst121 Bst711 BstV1I
Bovl |GAAGACNNANNNN_ Bbal Bbv1611 Bpil BpuAlI Bsc911

BspBS311 BspIS4I BspTS5141




BsaM BscC

Mral269l

Pctl BsmAl GTClI CN*NNNN

GGGACNNNNNNNNNNANNNN LUl | Bl Bet OZ6161 Bap?24l

NNNNNNN NNNNNY - CTCAGNNNNNNN NN BSPCNI

Alw261 BsoMAl BsnFl

NINNNN® NNNNNNNNGACNNNNNNT GG

8 M ACCTGCNNNN'NNNN Acc361 Bf UAI

Bvel Bad waIw/ai18Bsel | BeeN BarSl Betl |1 T 1l Bi DCTAEZ 03RS Bse3Dl BseM
Bst FSI GOATG NW Baad Bt s| GCAGTGGEM G el N? NNNNN' NNNNNNNNN NNNNNNA gepl
NNVNNNYNNNNNNN~C - NNNNNNA - Bai | GGCOGANNNNNNNNN NNA E003 11 GGTCTCNMNNNN
Bli 7361 Baal B803 It BSPIM ~ EcoAdl EcoO44l Eco571 Cr GAAG NNA Acud BBPKT51
Eco57M CIGRA N\ 31 CGTCTCN*NNNN BanBl _Bst 321 BatTS 51 BstV?21
- NNNNNANN NOATINYCTTNN NNNNNNN Faul LGCNNNNANN Bnme5851 Bsti{PZ4381
Smul  Fol d IR NN NRINNEINL N / 918 6 003/ 000255
Gana CTGGABMXI BIAGGCNNNNNNNNNNNNNN :
Beefl |ACGGCNNNNNNNNNNNN~N -
Begl _NNANNNNNNNNNNCGANNNNNNTGCN (-
NNNNNNNNN NN~
BeiVl |GTATCCNNNNN NA Bful
Bfil ACTGGGNNNN NA Byl
Bini |GGATCNNNNN_ AciWI Alwl BspP1 BstH9!
Bst31TI Eacl
Bpll |_NNNNN-NNNNNNNNGAGNNNNNCTCN |-
NNNNNNN NNNNNA
BsaXI | _NNNNNNNNNNNNACNNNNNCTCCNN |-
NNNNN_ NNN»
BscAl JGCATCNNNN~NN Bst191
BseMIl |[CTCAGNNNNNNNN NN* -
BseRI |GAGGAGNNNNNNNN NN” -
Bsgl GTGCAGNNNNNNNNNNNNNN NN~ -
Bsml |GAATG_CNA Asp26HI Asp27HI Asp3SHI
Asp36HI Asp40HI Asp50HI
BsaMI BscCI Mval2691 Pt
BsmAl |GTCTCN"NNNN Alw26I BsoMAI
BsmFl |GGGACNNNNNNNNNNANNNN BspLU111I BstOZ6161
Bsp24l | NNNNNNNNNNNNNGACNNNNNNTGG |-
NNNNNNN NNNNNA
BspCNI |CTCAGNNNNNNN NN* -
BspMI |ACCTGCNNNN”~NNNN Acc36] BfuAl Bvel
Bsrl ACTG GN* Bsell BseNI BsrSI Bstl 1] Tspll
BstDl {GCAATG NN~ BselD] BseM1 .
BstFSI  |GGATG NNA BseGl
Btsl  IGCAGTG NN* -
Cjel |_NNNNNN"NNNNNNNNCCANNNNNNGT -
INNNNNNNNN NNNNNN”
CjePl | NNNNNN*NNNNNNNCCANNNNNNNTC |-
NNNNNNNN NNNNNNA
{Eeil GGCGGANNNNNNNNN NN -
Eco31l |GGTCTCNANNNN_ Bli7361 Bsal Bso3 11 BspTNI
EcoA4] EcoQ441
Eco571 |CTGAAGNNNNNNNNNNNNNN NN~ Acul BspKTS5I
EcoS7MI |CTGRAGNNNNNNNNNNNNNN NN* -
Esp3l |CGTCTCN NNNN BsmBI BstGZ531
Fall _NNNNNANNNNNNNNAAGNNNNNCTTN |-
NNNNNNN NNNNNA
Faul CCCGCNNNNNN Bme53851 BstFZ4381 Smul
Fokl GGATGNNNNNNNNNANNNN BstPZ4181




Hael V. NNNNNN* NNNNNNNGAYNNNNNRTCN - NNNNNNM NNNNNY - GACGCNNNNN' NNNNN - Hi n4
NNNNN' NNNNNNNNGAYNNNNNY. TCN NNNNNNN NNNNNA N AsuHPI AV CCTTCNNNNN N
Ksp6321 | CTCff CN'NNN_ BooSl Bco 1161 BooKl BseZl BstM Bsu6l Eanml 1041 Earl
Mool | GRACAMIMMBIN NN Ncnl GNNNNN' Sch MrePCT/SG2003/000255
TCCRACNNNNNNNNNNNNNNNNNN- NN A |VlJ CCTCNNNNNN N' Plel GAGTCNNNNAN al  Ppi l
NNNNN' NNNNNNNGAACNNNNNCT CN- 1VNNNNNN NNNNN - Par t NNNNN' NNNNNNNGAACNNNNNNr AC
- NNNNN\M A

GCATCNNNN q Al INN Ao NANNNN St d
GGA "NNNN =2 4gi W NN NNNNNNNNN NNS T
ATGAANNNN X SN : A

ACGCNNNNN"NNNNN .

Hindl | NNNNN"NNNNNNNNGAYNNNNNVTCN|-
NNNNNNN_NNNNNA

GGTGANNNNNNN N~ AsuHPI
HpyAV |CCTTCNNNNN N~ -
Ksp6321 ([CTCTTCNANNN _ BcoSI Beol 161 BeoKI BseZI Bsté]l
Bsu6l Eam! 1041 Earl
Mboll |GAAGANNNNNNN N~ Ncul
Miyl GAGTCNNNNN» Schl

Mmel |TCCRACNNNNNNNNNNNNNNNNNN_NN|-
A

Mnll  [CCTCNNNNNN N* -
Plel] |GAGTCNNNNAN Ppsl
Ppil _NNNNNANNNNNNNGAACNNNNNCTCN
NNNNNNN NNNNNA

Psrl _NNNNNNNNNNNNGAACNNNNNNTAC
NNNNNNN NNNNNA

RleAl [CCCACANNNNNNNNN NNN* -
Sapl  |GCICTTCNNNN VpaK321

SfaNI i]GCATCNthN"NNNN BepSTSI Lwel Phal
SspD5]  |GGTGANNNNNNNNA .
$th132] |[CCCGNNNNANNNN -

Stsl |GGATGNNNNNNNNNN~NNNN -
Taqll |GACCGANNNNNNNNN_NNA, -
CACCCANNNNNNNNN NNA
TspDTI |ATGAANNNNNNNNN NN* -
TspGWI [ACGGANNNNNNNNN NN+ .
TspRI | NNCASTGNN~ -
Tith1 11l [CAARCANNNNNNNNN NNA -

Table 2: Type II restriction enzymes cleaving outside their recognition sequences
(Type IIS restriction enzymes).

The invention is described further, for the purpose of illustration only, in the
following examples.



T ACGGANNNNNNNNN NN'  TsPl U NNCASTGNN' TIM 1111 CAARC ANNNNNNNNN NNM Tabl e
2: Type Il restriction enzynes cleaving outside their recognition sequences
(Type Eﬁg?mf jction enzynes). The invention is described further, for the
pur pos tration only, in @@ followng exaﬁﬁp@gﬂmﬁm¥§%041050918 62
PCT/SG2003/000255 USES Qur net hods have specific advantages over prior ant
techni ques as they enable the generation of termnal transcribed sequences
f rom cDNAgsggknowl edge of such term nal transcribed sequences enabl es the
di scrim nati on between genes which are simlar over 5 their internal
regions. In addition, the 5 and 3" termnal transcribed sequences may be

used as "I aunm,mﬂ; W spbdific daviatigd v@,a%i Q&ﬁ@&t %g]a.mb st ream (as
the case may be) non-codi n_qu untranscribed, untr ns{Eat control
regi ons. $eoerationgfitrminak mﬁmcﬂNMerwhdmfmml (such as

enhancer sy, Tgéﬂ %ﬂnkg %E»ﬁm' bg@%m | its 5 term nal
transcri bed sequence |lsa‘%nown neans o %kl ng 'L%lec nl(agues or 10 by
searchﬁnquMsMMﬂmﬂﬁﬁbmtﬁmmmmmpyea nunber of

met hods. E e W Js. knawn that eukaryot ronotes an usually
| ocat es u%’?@?ﬁﬁ%@ﬂﬁe ‘#‘a'ﬁ?@ﬁmgﬂ ﬁéw“é'ﬁ'g&ﬁﬁ’&gﬁﬁ %ss a consensus
sequence wummn@ﬂ&mmmmuw«mﬁm@mmw th&prommotest hod
described h S tlaII idet|f|e the 5' trans art site;
'sequences f?"ﬁf%"?? 1‘“&3 ET “E‘F S% Wﬁ@%bt ai ned by

chr onosongdce w5l terfifinal Rdnscridedicqicaty WW feiniquég babase usi ng
standqéd I 0i N ormatlcs tools to search for pronoter consensus regions
based &H‘L’ ensus sequences. The identity of putative
pronoters may be confirmed by making constructs with suitable reporters and

exam ni ng m ni_ng expre55| on of reporte by nmeans wel |l known in the art 20
Furt hernore, dJiomRotery maybe identified by Forisxample, étds @w¥ences are

det er M negat eukaryotic genepmmotasareus\mllylocatesupsu'eamoﬁhe transcription starting

site and 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 & full length clone (a cDNA clone or a genomic clone) from
an mRNA or cDNA or genomic library. Appropriste 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 terminsi tags produced according to the methods and
compositions described here are described. I particular, we describe specific uses of the



it is a sinple matter to obtain a full length clone (a cDNA clone or a genic
clone) from an nRNA or cDNA or genomc |ibrary. Appropriate priners

corres ' these sequences nay be synt hesi se s PCR priners
SHodlbod18 q y y 3 p

in a polynerise chain reaction to @wplify the full Tength clone. 25
Specific uses of the termnal tags produced according to the nethods and
conposi tions described here are described. | particular, we describe

speci fi c msthodadesaribed hyze foo oB(F2008¢ OPOREM, novetgenxls descri bed
here for sation, genone annotation, novel gene
tdfs@d%éﬁ %Pgﬁ?ogmegﬁﬁcﬁ&*n on, genor

di scoveri es, lcation it will be apparent that the
term nal transcrl bed sequences derived from cDNAs nay be used for many

ot her purpose t h skil.l er,sqQn will be re such 5 uses.
Accor di ngly, %%m%ﬁ%%@ﬁwmvmﬁﬁ ting.

Tr anscr i pﬁmﬁerqﬁmy&hﬁmmmmﬁWhﬂeﬂp&mthawﬁhefﬂﬁ gi nal SAGE

t echni que has, not | ied roadl y and deep| y..conparing to other
conpet ?’ng Me@‘g‘@g é“ﬂ?'ﬁ"@ i/l%;g:m '?‘Fa“% S experinents done in
the prior art are sinply not deep enough to be statistically 10 significant,

particul arly tBoncdptomadnglysints. The Terminal SAGE techni ques, on the other
band, may be used to collect a Iarge nunber of tag pairs of Sand 3' Term nal

iﬁngfs?; O}/arzlelgl?eg?%gnone lSLiCh a& umaaﬁzﬁii Sbr af*ﬂh "’ Tr anfcrl ptszcr;
met hods mmuﬁmmdp Sorfiffing dQtHeNdompetig tbohiidl6giéGadhas nlicrer@@IMAREI Ng efforts,

for exanpl ebrafish full -I ength cDNA cl oni and sequencing from a mxed
adul't fish S‘ﬁEé?‘W‘Hﬁg" M@&'ﬁ WY&?M%"% Mrehenm ve

pi ctur® Ofmy:ﬁahf. sﬁnﬂyta?&sm&mwﬁh &hﬁiﬁdeﬁ%otﬁ&@ges- The
combi nat i of ese, two_ appr ‘ﬂe‘i has the ot enti al row de a
conpr ehen mtﬁ%‘dl‘ﬁ%ﬂr‘@ st a ff ag pairp @ Fﬁﬁ%mgﬂ e number of

full-I eng%ﬁg&aﬁamgmuﬁmuences 20 The experinmental data wil|
be inval uabl e t hor ough annotati on of the upcom ng zebrafish genone

sequences. Transcriptome Analysis of Zebrafish and Other Organisms

The 5’and 3’ Terminal SAGE methods may be used in conjunction with large scale
15  sequencing cfforts, 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
2¢brafish 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 cach SAGE concatamer clone is about 2kp; each clone will be sequenced
from both ends; and each sequence read will provide 800bp in average.



Using the Term nal SAGE techni ques, and obtaining one mllion 5 and 3
tag-pairs fromzebrafish, it will only be necessary to process fewer than
40, 00Owbaigaded1s SAGE clones (i.e., clones of concaicarsazersosezsh f ewer than
70, 000 sequence reads on the 25 adslnption that each SAGE concat aner clone

I s about 2kp; each clone will be sequenced from both ends; and each
sequence read will provide 800bp in average. WO 2004/050919

PCT/ SG2003/ 00(Risspmaach mey Ye eeadily saplied tp-oshes erganisren, puch apmpyse.dumensot her or gani sm
such as nggse, humans, etc. Human Stem Cell Transcriptones Mre

I nportantly, the new Term nal SAGE net hods may be applied to stemcell 5
research proj d. rehensi ve characterization of stemcell
transcri ptorr_eg&%%gs e\c;%rﬁ&r%g%ﬁﬁ%ge, t hough sonme Iimted attenpts have been
reported using the original SAGE techniques. However, the data for novel
genes i nvol veq4dreiniloRty thé neWCTShainkl SAGH méthods Hay bé BpHibd'oisiith el O Use of the
Term nal SAGE net hods as described here to colléect 'huge nunber of tags wll
al | ow $orreseahprojegs. t i me a conpl ete characterization of stem cell
transcriptonmes, and will nmake huge contribution to hunman genone annotati on.
Conpari sons may be nade between enbryonic stemcells (ES cells) and a

committed typd dsep sndcomprehensive chagacterization ofistm call tramsgriptoroes hasmeverses. 15 W
bel i eve t L1 | taﬂuﬁm ' t ' genes

expr essed%g‘h{et el r%%ﬁdi es nﬁg‘tpg%ncgi i S Eygélgr?gépﬁl\g%n_e mllion

t ag- pai n ts¢hnigquess Howéver, therdata florinoved g¢bis involveddn stero tell ¢opsti@iopdd iot and t he ot her
cell. Co Eﬁg?%o m croarray analysis, this new approach will have a nuch
better chance convincingly identify key genes that are differentially
expressed at | ow | evel s between these cells. 20 Any new transcri pt

i denti;fi ed by ,thi .|I¥ 'hsg d i | - | h by RT-PCR
usi ng l{)he 5' %‘ab?ﬂ?%%gﬁq'n or%a%% Lﬁ%%m\l&t%mﬁ&%

tags will allow for the first time a complete characterization of stem cell transcriptomes,

and will make huge contribution to human genome annotation. Comparisons may be made

between embryonic stem cells (ES cells) and a committed type of stem cell for deep 5'and

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 cell 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.



65 Large Scal e Pronoter ldentification Applying the 5 Term nal SAGE
t.echni.ques to cells such as zebrafish and hunan stemcell will allowthe
identification of the vast majority of genes at their transcript initiation
sites. 5 The experinental data wll ble the identification and extraction
of pronoter sequences for all of t ' Term nal SACE identified genes, and
establish a large pronoter database for human and zebrafish. These | arge
set of expression-based pronoter databases w |l provide a solid know edge
base for m ning functji training conputational prograns for
pronot er predi c{“ﬁ'gﬁgg % AT f{‘fﬂ’% "W under st andi ng of conprehensive 10
gene regul atory networ ki ng nechani sns. EXAMPLES Exanple 1.5 Term nal SAGE
Qperational Protocol 1.1 Full length cDNA synthesis Notl-oligo dT prinmers
(14 g) and 20 pgppiylngqummmdanmqﬁesm edlisRuélpdsedbrafith @dGumas uspended
into 10 | of dcﬁrwgldlliiqeatu 65Cf lomnan |l eft at. 42C for 1 mn.

In a separ JFRE g‘eé’ﬂﬁﬂmg gengs gt theif transenply synt hesi s
buf fer  30jyitiatiOn &ité¥l DTT 11 |, 1omv| dNTP 9 |, saturated trehalose 15 1|, 4.9M
sorbitol 501 and Superscript I TM reverse transcriptase 151. Mx vvith RNA
from above and incubate 20 at 40C for 4 mn, 50C for 2 mn and 56C for 60

2 500" 2 R RRnid e Uk e R Al PR R b 0 o
preci pi t at seqﬂenc&'sh&)r HNAfﬂEI‘SATbmmEl-Sdu}E identified [gefidss R ablish i largd fromoterof

ddH2O. 31d,of, 1. Na H 4. 2.5 | _of 1oomv| Nal 4 are,  added to
oxi di ze t héatehasg f1°§ E??A‘ﬁ?% W° SFRressiont aF@dE?‘P%‘ﬁfq A3¢8 ubat ed

on ice in {MPprdddK alsBlid K ebe.Jsel BV Rhityprom el fincflon, fraifihg Lopublionall 10 Of S
M NaCl and 61 | of isopropang

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 ug of polyA* RNA are ethanol precipitated
,tets, 15 andresuspended into 10 pl of ddH;0. Heat up at 65°C for 10 min and left at 42°C for 1

min.

sgress In a separate tube, mix the following components: 5X first strand synthesis buffer

I 30 pl, 0.IM DTT 11 pl, 10mM dNTP 9 pl, saturated trehalose 15 pl, 4.9M sorbitol 50 pl
and Superscript I™ reverse transcriptase 15 pl. Mix with RNA from above and incubate

20 at40°C for 4 min, 50°C for 2 min and 56°C for 60 min. 2 pl of proteinase K (20 mg/ml) 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 plof 1.1 M
NaOAc pH 4.5 and 2.5 pl of 100mM NalOj4 are added to oxidize the diol structures of the



The precipitated RNA/DNA is biotinylated in 50 | of ddH20O by added the 5L |
M NaOAc (pH6. 1), 5L 10% (w v) SDS and 150L 10nmM | ong-arm biotin hydrazi de.
5 Leave at RT/dark/O N. Add: 5L 5M NaCl, 75L 1M RNase-free NaQAc (pH6.1),
750L 100% Et OH or 200 L of 100% I sopr nol . -80C/ 30" +*. Centrifuge at
14krpm 4C/ 30" . Wash pellet w 70%(vlé Et OH/ 30% DEPC-treated ddH20,
centrifuge at 14krpml4C/ 10'. Renove XS liquid, air-dry pellet. Resuspend
pellet in 70L DEPC- ddH20O, then add: 10L 10x RNasel buffer, 25 U RNasel / ug
of starting nRNA. 37C/30'. 10 Add 2.5L of 40ng/nL Yeast tRNA and' vol une of
5M NaQl  t omRN#b The S0 14 zeectiomis incwbatecton ineinthedark forASauintbllowarbytadding odup! ex

v 280 é{‘?e&@a@gﬁ oSt Tt R Milant B Rlari ?ém CF tube. Pl ace on magnet.
wait @I east 30", and renove sup. Resuspend beads in 500L | x binding 15

buffer (2M NaC 50 MM EDTA, pH 8.0 Pl ace on magnet wait @Il east 30", and
remove  sup. Re'BmTﬂlH@WRHAﬁaNAgS iofimydatedinc0 1 o dd{ﬂhngddedadvdubend beads

in 500L | o 0 +/4 |1
T aos b ABHORGRE D o S0 S A T S b SRR o
buf fer §0r I 2aveialRF/dafRPOMN: REIA SAIN SMOGIC], T5L0IM WNMSe-Brié NROACYhHG. PE st and
DNA- RNA het er odupl ex (Vt=200L), binding at 2 M 20 Nal. 30"/ RI/fotati ng.

Pl ace on nﬂ@ﬁ%ﬁ;OH/@rEO(@.LeﬁwO%ubpmamlréﬂWéO’sﬁpCeﬂtﬁﬁlgem( w 400pL of Ix

bi ndi ng buffer. P (6 net B and e su Wash

w 400L of 64'@}@%/@ P% 2&3%{’%% %IBFa oot ddth FERMIURE; ¢ @

| east X I s- HCl

pH7. 5, 0. 2%%35@@{%&%3‘6&&%“5# E@’?&?’(f’g éytc%égﬁfﬂa %I’ﬁ&;“nﬁ@eﬁta;iﬁt RNA) .

Pl ace on nﬁ@iﬁtl themadd: 10gb I@thsdlbﬁﬂerl 280 RN=sselovig cﬁmmﬁmmmwmf ISOg/rrL
Yeast tRNA. Pl ace gn magnet wai_t east 30", and renove sup. 67 Release
the fin8t &dd éWYR%‘W@%VV@i@W f SMNaChinstopsibe regefiomt  NaOH and 5
mv EDTA (pH8.0) 10'/RT/rotating. Transfer the sup. to another tube

containing 50L 1M Tris-C (pll17.5). Repeat the lysis procedure for 2 nore
times. The While the biotinylated RNA-DNA heteroduplex is ppting, prepare the Streptavidin-

labelled Dynabeads™.

Pipet 500puL of M-280 Streptavidin beads into an RNase-free Eppendorf tube.
Place on magnet, wait @ least 30, and remove sup. Resuspend beads in 500pL 1x binding
15  buffer (2M NaCl, 50 mM EDTA, pH 8.0). Place on magnet, wait @ least 30", and remove

HI L sup. Repeat the 1x binding buffer wash for 3 times. Resuspend beads in 500uL 1x binding
: . . . :. buffer w/ 100ug 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
Hpeed 1x binding buffer. Mix beads and DNA-RNA heteroduplex (V=200uL), binding at 2 M
npeed 20 NaCl. 30’/RT/rotating. Place on magnet, wait @ least 30”, and remove sup, Wash 2x
et 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 50pug/mL Yeast tRNA. Place on magnet, wait @ least

30", and remove sup. Wash w/400uL of 1x wash buffer (10mM Tris-HCI pH7.5, 0.2mM
EDTA, 10mM NaCl & 20%(v/v) Glycerol, 40 ug/mL Yeast tRNA). Place on magnet, wait
25 (@ least 30", and remove sup. Wash w/400pL of 50pg/mL Yeast tRNA. Place on magnet,

wait @ least 30", and remove sup.



final volume is 300 L. 5 1.2 Single Strand Linker A & B ligation Pecipitate
the sipngle strand first cDNA with gl ycogen and divide the cDNA into 2

tubes, A and B. Add the follow ng reagents to the each correspondi ng tube on
ice. Contents Tube A Tube B CDNA 5 5pL Linker A (N5) 1.6 - Linker A (N6)
0.4lig - Linker B (N5) 1.6 Linker B (g6) - 0.4 Soln Il (Takara kit) 101 10l
Soln | (Takara ligation kit) 20 20 Total volune 40pl 16C/ o/n. and then 70C
10" to inactivate the ligase. Increase the volume to 2001 and

phenol / chl or of orm extracti on. Sephacryl TM 300 to renove the excess |inkers
and 10 preci pi takdwshmmmndmmwaﬂmﬂhmb@g@ﬁkbﬂewpm i(hﬁMpeI | et
with 601 of 0, A fer, 5mM dNTP 4 Taq enzynes.
65C 5' - + 68Hd§€2 57&%%—1“&%’%6&]&@ GW\WQWPEPGPP T ycogen.
Resuspendedcyitdiny b—‘gp] | @ﬁ}lﬁ doubl e
strand cDNAs aren ?gestgdﬁnwégﬁpﬁzts?%%gl?ﬂm uffolﬁg%ga&?/%]?urrehﬁ%f 501 .
The enzyne fisaltvhhameiind@0 jilhat ed Wit h protei nase K and extracted with
phenol / chl orof orm and then ethanol precipitated. 68 The sanples are nixed

w th 2005ng of Npbl Ig,péqgg,rg,gpger &Y h&’ﬁ‘ is carried out in total volune
of 10l at 16C for overnight followed by~ /0C for 10' to inactivate enzyne.
The excess adaptor is renoved by Sephacryl TM - 300. Dynabeads M280

streptoavi din beads ,are used to bind the Biotinylated ¢
Pecipitate the single strand first cDNA with glycogen and d1v1de 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) - 0.4ug
Soln II (Takara kit) 10pl 10ul
Soln I (Takara ligation kit) | 20ul 20ul
Total volume 40p1

16°C/o/n. and then 70°C 10’ to inactivate the ligase. Increase the volume to 200ul
and phenol/chloroform extraction. St:phau:rylTM -300 to remove the excess linkers and
10  precipitate the cDNA with EtoH and glycogen.

eoxe
*

et Resuspend the pellet with 60l of ddH,0, add 8l 10XExtaq buffer, 8ul 2.5mM
crreet dNTP 4ut ExTaq enzymes. 65°C 5° — 68°C 30 — 72°C 10°.

.
sseves
L .

Precipitate the cDNA with EtoH and glycogen. Resuspended with ddH,0.

soeens 1.3 Binding cDNA to Magnetic Beads
15 The double strand cDNAs are digested with NotI 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.



5 fragnents according to the manufacturer's reconmendation. 1.4 Digesting
the cDNA with Tagging Enzyne Mmel Place the two tubes (A and B) on nagnetic
- st'and, renove the supernatant (wash buffer from DynabeadsTM). 10 Add the
foll ow ng reagents to each tube. ddH20 86 | Mrel 2 | 10X buffer 10 | (1

:10) SAM 2 | Total volune 100 I. Inc@@ate at 37C for 1 hour with m xing,
* Renove the supernatant which contains the tags. Phenol/chl orof orm and
precipitate. Optionally, a Klenow fill-in reaction nay be carried out to

produce blunt ends. If <carried out, the pellet is resuspended and the
fol | owi ng carri ethesamplesare/mitked with200 hgof Notl tinkqyadspiors Ligatiersis bartiedaut

taining LO1 of from, bove.. 10X K buffer, 5. 100XBSA 1
GNTP ( 20 BB vorSBRPE FRpkat sk e oemaats o freg b 056 far 101 Brimetyd e 50 Wo
2004/ 050919Mepﬁygmqggﬁgqgﬁovwg¥ lh!ac@fm_gmubate for 30' at 37C.

(0}

Pool the ditags and phenol /'chl orof orm owed by EtOH precipitation. The
Klenow fill in step is optional. and may result in | ess sequence information

bei ng OBt ai 1ed (BGrSLAPONBID dhlbubdldly AR hed B 'Bb Bidiiatl3BHEST O -

Exanple 2. Ligatrng tap to créate
5 fragments according to the manufacturer’s recommendation.

1.4  Digesting the cDNA with Tagging Enzyme Mmel

Place the two tubes (A and B) on magnetic stand, remove the supernatant (wash

buffer from Dynabeads™),
10 Add the following reagents to each tube.
ddH,0 86ul
Mmel 2l
10X buffer 10pl
(1:10) SAM 2ul
Total volume 100p1. Incubate at 37°C for 1 hour with mixing,

Remove the supernatant which contains the tags. Phenol/chloroform and

e 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.

TS 15 Add the following components to each tube containing 10ul of sample from the
[ ] : LE N ] : above.

10X Kienow buffer Sul

100XBSA ul

dNTP (10mM each) 2.5ul

ddH30 30.5ul

Klenow polymerase tul

Total volume 50ul




Resuspend the precipitated pellet fromthe above in 1.5 and add 1.50 of the
follow ng reagents to formthe ditags. 3mM Tris-HCI, 7.5 1.1 10X 'on buffer

0.75 dedsdekleséds T4 |igase Incubate at 16C for overpigbérodamoeRsR Apl i fying
and Gd Purifying the 138 bp Ditag® 910 Setup 200 to 300 reactions as

following (in 96 PCR plates). 10XBV buffer 51 DVSO 3 dNTPm x 7.5 PCR
Primer A (175ng/1) 21 PCR prinmer B (175ng/1) 21 ddH20O 291 Pl atinum Tag

enzyme 0. 5l o . qmi%hﬁgg)g&&%ﬁ.bon) 11  Total volunme 501 Cycling

condi tion: cycle. 55C 1', 70C 1'. 27 cycles. 70C 5'. Run
a diagnostic 4% agarose gel to analyze the PCR product and purify the 138 bp

ditags by 12%pql.v.agt )l am 0 resd,s. 0, 2004/ 050918 -70
PCT/ SGQ2003/ OO%B@#@%%% ﬂ?ﬂ%ﬁ%@g&&ﬁ'ﬁ%ﬁgﬁng Enzyrne BseRl and
purifying the 46 Bp Ditag Digest the 138bp ditags with BseR to yield 46bp
ditag. 138b MW&I inls XisNoEp%ml;)alll.fnLﬂm}rlem 5u|1 less sequence information

being obtained (sce elsewhere in this document for a detailed discussion).

-5  Example 2. Ligating tags to create ditags

Resuspend the precipitated pellet from the above in 1.5ul and add 1.5l of the

following reagents to form the diings.
3mM Tris-HCL, pH 7.5 1.25.
10X Ligation buffer 0.75ud
ddH,0 0.75u
T4 ligase 1l
Incubate at 16°C for ovemight.

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 Sut

DMSO 3ul

dNTPmix 7.5ul

PCR primer A (175ng/ul) | 2ul

PCR primer B (175ag/ul) 2l

ddH,0 29ul

Platinum Tag enzyme 0.5ul

Template (1: 230 dilution) | 1ul

Total volume 50ul

Cycling condition: 95°C 2’ 1 cycle. 95°C 30™, 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.



BseRl 121 ddH20 81l Total volune 1501 5 And incubate at 37C for 2 to 3
hours. Phenol /chl oroform and EtoH precipitate. Run a diagnostic 4% agar ose
gel to check the efficiency of the digestion and purity the 46 bp ditags by
12%po|§' | am de gel electrophoresis. 2.3 Ligating the 46 by Ditag go form
Conzat e 18e¢ up the ligatiorfjgeaction using t ffﬂq\éf"f led ditag in
a total volune of 10l and incubate 16 C for 2 to 3 hours. Gel purify the
concat aners from 8% pol yacryl am de, select the DNA size range around 2kbp.
2.4 doning Concatamers into Vector 15 In a separate reaction, digest the
plasmd vector | t h._Hhal |igate, t purifi concatanmers into the

li neari zed v fgigﬁmﬁﬁ% PM”E@W ?’HI“B‘& ing the 69 Transform
t he Ilgatlgﬂsf & o0 high efficiency conpetent cell's. The concataners of 5'
Term nal SACGE tags may then be sequenced using conventional neans. 20

Gaul L T10 pr i mavibel i |k o G AT B el B aae 11 ol ol el vol ume of

70. Heat up at T{33bpQftags0 M N and Jggye on li ce. Synthesize the cDNA
according to they B%WMB}LLU“”“" on (Invitrogen 5 Superscript
cDNA synt hesi s S Het—tstrg—t ot+Ayl ated Sall adaptor. The excess
adaptor is reno —=3—-2 Bi nding cDNA to Magneti c Beads
DynabeadsTM l\/28j e b&l‘l e-usled to bind the Biotinylated cDNA
10 fragnents ac s recom‘rendation 3.3 Digesting

the cDNA with Gsul to Renove Pol yA Tai l
5 And incubate at 37°C for 2 to 3 hours. PhenollchlorofomdetoH precipitate.

Run a diagnostic 4% agarose gel to check the efficiency of the digestion and purify the 46
bp ditags by 12% polyacrylamide gel clectrophoresis.

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 [0pl
and incubate 16 C for 2 to 3 hours. Gel purify the concatamers from 8% polyacrylamide,
sclect the DNA size range around 2kbp.

2.4  Cloning Concatamers into Vector

15 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,

The concatamers of 5° Terminal SAGE tags may then be sequenced using
conventional means.

20 Example 3. 3' Terminal SAGE Operational Protocol



The doubl e strand cDNA on beads are digested with Gsul at 30 C for 1 hour.
After the digestion is conpleted, inactivating the enzyne by washing the
tube twice with buffer 15 containing 1%8DS. Four nore wash with wash buffer
(5MM Tris-HO pH 7.5, 0.5nM EDTA. 1nM NaCl and 200g/1 BSA). The | ast wash
use 1X ligation buffer. 3.4 Ligatingyhhel-BseR Adaptors to cDNA Place the
tube on nagnetic stand to renove the supernatant (the ligation buffer). 20
Add the followi ng reagents to the beads on ice. Tube A Tube B cDNA beads
Beads beads Mdl - BseliVA gatipsisr A 1.51 - (20n4gl) Mrel -BseR adaptor B 1.5l
20n TIE 141 141 10X ligation buffer 1214 2 WO 2004/ 050916 72

PCT/ SG2003/ 000255 Heat the tubes for 2 at 50 C and cool to roomtenp. for

15" and chill t S d m.Xx. .l ncubate
at 16 C for 2 hours E/I ona ﬂg°gp?3£ h@%%&?lﬁﬂ‘ﬁg@?o&uffer to
renove the7ﬂxﬁeas|padwmbﬁloﬁmﬁmﬂl&wmﬂcewth Taggi ng Enzyne Mrel 5 Place

the two tubes (A and B) on magnetic stand, renove the supernatant (wash
buffs). Add the followi ng reagents to each tube. ddH20 861 Mrel 2l 10X

but fer” 101 1 400, S0l ROA bk by % AbutachIGH DA Smflendbi (Bibgdio” it

m XI ng. Renove S UP
5  Superscript " cDNA synthesis system) but using the Biotinylated Sall adaptor. The excess

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
¢ ee 15 containing 1%SDS. Four more wash with wash buffer (SmM Tris-HCI pH 7.5, 0.5mM

tee

Jrhee, EDTA. ImM NaCl and 200pug/pul BSA). The last wash use 1X ligation buffer.
I 3.4  Ligating Mmel-BseRI Adaptors to cDNA
I . Place the tube on magnetic stand to remove the supernatant (the ligation buffer).
eoeead 20 Add the following reagents to the beads on ice.
Tube A Tube B
c¢DNA beads Beads beads
Mmel-BseRI adaptor A 1.5 -
(20ng/pl)
Mmel-BseRI adaptor B 1.5ul
(20ng/pl)
TE 14ud 14ul
10X ligation buffer 2ul 2ul




the tags. Phenol/chloroformand 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 followi ng carried out Add the follow ng
conponen¥ W&éh t ube containi ng—i§! of anpl e fronP€HEG208305sect i on. 10X
Kl enow buffer 51 100XBSA 1| dNTPh% OmM each) 2.5l ddH20O 30.5] Kl enow

pol ynerase 1l Total volune 50 15 M x well and incubate for 30" at 37C

Pool the ditag { f f ol |.owe E recipgitation. The
Kl enow fill i ni‘s‘i@&'?‘ts}’g%g?i %ng}:‘&é‘n %Wetﬂ?"r% ﬁ"égguglédﬁ@ﬁﬁ“e i nformation
bei ng obt aimiex Add 2.5uT4DNA tigzse ind ikl Incublate sTENC fdr @howrs. Mixakdasionatly.Scussi on) .
WO 2004/ 0509 PCT/ S(003/.000255 -73 Exanpl.e 4. Ligating Tags to Create

Di t ags Regﬁgé‘gl?ﬁf" é“c%é‘l‘ab‘i %m%ﬁﬁﬁfgj‘ﬂdﬁ@?ﬁl water and add 1.5 of the
following reagents to formthe ditags. 3nM Tris-HCI, pH 7.5 1.25 10X

Li gati on buf f e?-30. 76leavingrpith Togging Engyme Mgeke 11 | ncubate at 16C for

overnight. 5 4.1 PCR Anplifying and Gel Purifying she 138 Bp Ditags Set up

200 to 5’300 reaﬁfaiceotrﬂg“%smggugwlﬁ%ns in 993&%?%0%8&“ 10)§%¥a£uffer 51

buffer). Add the following reageats to each tube,

ddH,0 86ul
Mmel 2l
10X buffer 10l
(1:10) SAM 2ul
Total volume 100ul.

Incubate at 37°C for 1 hour with inixing. Remove the supernatant which contains
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 10u! of sample from the

above section.
10X Klenow buffer Sul
100XBSA 1ul
dNTP (10mM each) 2.5
ddH,0 30.5ul
Klenow polymerase lul
Total volume 50ul
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).



DMSO 31 DNTPmx 7.5 PCR A 175n 2 PCR primer B 175 2 ddH20 29 PlatinumT
0.5 Tenplate (1: 230 dilution) 191 Total volune 50 Cycling condition: 95C
2' 1 cyc‘téugg,ﬁﬁ?é ", 55C 1', 70C 1'. 27 cycles. 70C _5'. 10 Run a diagnostic
4% agar o anal yze the PCR product and puri fyPCRECI8YUNPS 4i t ags by
12% pol yacryl am de gel el ect rophor@}s. 4.2 Digesting the Ditags with
Anchoring Enzyne BseRIl and Purifying the 46 Bp Ditag D gest the 138bp
ditags with BseRI_to yield b itag. 13 ditags 421 10X NEB buffer 11 15|
BseRl 12 b&/‘dmé‘%ﬂr‘zféﬁé@&&oos/ 000255 Total volume 115091 And

I ncubate at 37C for 2 to 3 hours. Phenol/chl orof orm and EtoH precipitate.
Run a di agnostic 4% agar@se gel to check the efficiency of the digestion and
purify the 46W%“%?“TM%YVE(!#HWG@MLMQéhﬁﬂmin:si s. 5 4.3

Li gating fehgnd & fofn He to Form Concataners Set up the ligation reaction
using the gel purified ditag in a total volune of 100 and incubate 16 C for
2 to 3 hoswmM.TrisHCIBH 7.5y [t12suiconcat anmers from 8% pol yacryl am de, select the

DNA si ze [mWWto b.73{0DP. ] or.

ddHz0 0.75ul
T4 ligase inj
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).

10XBY buffer Sul
DMSO 3ut
DNTPmix 1.5ul

PCR primer A (175ng/ul) 2ul
PCR primer B (175ng/jl) 2ul

ddH,0 29ul
Platinum Taq enzyme 0.5pul
Template (1: 230 dilution) 1ul

Total volume RNy

Cycling condition: 95°C 2’ 1 cycle. 95°C 30", 55°C 1°, 70°C 1’. 27 cycles. 70°C
s,

10 Run a diagnostic 4% agarose ge! to analyze the PCR product and purify the 138 bp
ditags by 12% polyacrylamide gel electrophoresis.

4.2  Digesting the Ditags with Anchoring Enzyme BseRIl and Purifying the 46
Bp Ditag
Digest the 138bp ditags with BseRI to yield 46 bp ditag.

138bp ditags a2l
10X NEB buffer I 15u1
BseRI 121




10 4.4 doning Concataners Into Vector In a separate reaction, digest the
plasm d vector with Hhal and ligate the purified concatanmers into the

| i neari zed vector follow ng standard nol ecul ar biol ogy protocol. Transform
the |igd¥Q¥MRNIB hi gh efficiency e-glgpetent cal | s. 1BCESGMBIMBS SAGE

Wal ki ng Operational Protocol Even 20-bp tags may still seemto be not |ong
enough to be specific for mapping on chronosones. Sequence variations in
tags caus )ﬁ%holcgumr\,i B point nutations can make the mapping to
genone segte ' - E’gﬂge-r—-t—ag-s-'can certainly add nore confidence to
I nclude certain |level of msmatches. However, the | ongest cleavage 20

di stance of US enzyne is 20-bp by Mmel. To overcone this constraint, we can

p DYy
actual |y wal kAnd ingubeterat 3TCAerdcte B fhours Phensl/chlorpfprm and fitekd prscipitage. t he Mrel site

to the sa I}\&?&Qg Iy [ [ f.orm anot her
round of gﬁ'@&t g exﬁﬁa ‘P%?%%‘%‘F@?F@&W%ﬁ?%ﬁ %ﬁ?ﬁﬁﬁ%&f The second
SAGE wi | | Upaditags Dy B polyadrylamide gdh eleétophoresis.  t ags on t he sane transcripts.
These tiled two tags of one transcript add up total 38-bp tag 25 infornmation
that will be sufficient to tolerate variations due to SNP on either
transcript seddenddgating dee 46 Bp Dithg i Fozm Concuemi¢nsnCe | N genone sequence

dat abase, or sinply sequence errors. W can even add a third or further
rounds of SACE wal k if necessary. WO 2004/050918 -75 PCT/ S&G003/000255 S
SAGE Wl k Qper 8etiup the) ligationreastion using the\gek pyrifigsl ditag ina total volums afiiéplocol to st ep:

Di gesting et 6\t tPPEuR gﬁ%g Nh& @ttﬁ%E 'ai gﬁg.' on is
conpl et ed,hlanactlvzg}t%efo?%e enzy?rcedgy [&;hi ng e u%gﬁf e vmaefh buf fer
cont ai ni ncpeleotERDNA gize range fombwHakbpior h wash buffer (5mMM 5 Tris-HCl pH 7.5,
0.5nmM EDTA. I mM NaCl and 200g/l BSA). For the last wash use 1X |ligation
buffer.” Ligating Ml -BseRl Adaptors to cDNA. Place the tube on magnetic
st and t o renové4t heClenipgCoratamers (it Bectargat i on buffer). Add the foll ow ng
reagents to the beads on ice.
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 cansed by uquencmg ©ITOTS 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 cither 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.



Contents Tube A Tube B cDNA beads beads beads Ml -BseRl adapter A

(20ng/1) 1.51 Mrel-BseRl adaptor B (20ng/l) 1.5 TE 141 141 10X ligation

buf f er Heat the tubes for_2' at 50 C and cool to roomtenp. for
A benstie

15' and sanples on ice’7Bdd 2.50 T4 DNA [RCEGR00M02% x. | ncubate
at 16 Cfor 2 hours. Mx occasionally. Wash the tubes with wash buffer to
renove the excess adaptors. CI eaving wth Taggi ng Enzyne Morel 15 Pl ace the
two tubes gf d‘?‘?ﬁ @}q} theobt @Nd, renove the supernatant (wash
buffer). 5\ e tolT"owm ng reagents to each tube: ddH20 861, Morel 2pl, 10X
buffer 10l (1 :10) SAMRI. Total volune 100l. Incubate at 37C for | bout

\Ié‘m.hteﬂom )élhlngr oWan pr ec%"?&i %%’6%&%@%%5/ 000255

Li gating mmmmamummmwmm@mwmmm X both A and
B tubes an f t reagepts itags: 3mM
Tris--HJ, q’ﬁﬁ" % “E‘B‘)P@%V\%ﬂ'gm é‘ h’?ﬂ!—é@“g 751, T4 ligase
1l . | ngubatierel aowmmme\mmm .nfm BordtiasEhshes iX yi Ng the 138
Bp Ditags,. Set u 200 to 300 reactions as oIIovmng (in 96 PCR plates):

10XBV buf figation By O3 dNTPnix 7.5 PCR primer A'17 2 1 PCR priner B

(175nWLd) 2 -
Ligating Mmel-BseRI Adaptors to cDNA.

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
cDNA beads beads beads
Mmel-BseRI adaptor A (20ng/ul) 1.5pul
Mmel-BseRI adaptor B (20ng/ul) 1.5ul
TE 14y 14y
10X ligation buffer 2l ) 2ul
10
Heat the tubes for 2* at 50 °C and cool to room temp. for 15’ and chill the samples
onice. 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
15 Place the two tubes (A and B) on magnetic stand, remove the supernatant (wash

buffer). Add the following reagents to each tube: ddH20 86jd, Mmel 2ul, 10X buffer10pul
(1 :10) SAM2l. Total volume 100ul. Incubate at 37°C for 1 hour with mixing.

Remove the supernatant which contains the tags. Phenol/chloroform and
precipitate.



ddH20 291 Pl ati num Tog enzyne 0.501 1 Tenplate 1: 230 dilution 11 Total

vol ume Cycling condition: 95C 2' 1 cycle. 95C 30", 55C 1', 70C 1'. 27
cycles. 70C 5'. Ran a diagnostic 4% agarose gel to anal yze the PCR product
and puri WD 20mos®38 bp 10 ditags b % pol yacryl am decmgsgonioenss ophor esi s.
Digesting the Ditags with Anchoring zyme Bseri and Purifying the 48 Bp
Ditag Digest the 138bp ditags with BaeR to yield 48bp ditag. 138bp ditags
421 10XNEB buffer 11 151 BseRl 121 ddH20 8111 Total volume 1501 And

i ncubat e at 37&igasng Fagsdo Greateitggs Phenol / chl or of orm and Et oH precipitate.
Run a di agnostic 4% agarose gel to check the efficiency of the digestion and

purify the 48 5 by djtags.b 2% pol yacryl am de, gel el ectrophoresis.
Li gate the 48 H%’Wéﬁ’gd‘iﬁﬂ?td? #&'C'BQ :mm%ﬂﬂ/‘@l’égﬁ@‘
PCTI SC20034A00EE Ragehls ol thd At BEMCaARCITIN 19 199 RIXLIGARABLAGET S Set Up

the ligation reaction using the gel pur ditag rn a total volume of 10l
and i ncuba®d@5daidd:0 675, T4ligase kpl InsubaBedt 167Gy forf gvetnfght.concat aners from 8%
pol yacryl ami de, select the DNA size range from1l to 1.5kbp. 5 C oning

concat ager s | NtRCR/&RpNing ihdGCed Piddying the 1$98p Digdgs di gest the plasm d vector
with Hhal and ligate the purified concataners into the linearized vector

foll ow ng standard nol ecul ar biol ogy protocol. Transformthe ligation into
hi gh ef fi ci encySetup2N@ite 30 reastibns as following (in 96 PCR plates):

10XBV buffer Sul

DMSO 3ul

dNTPmix 7.5ul

PCR primer A (175ng/ul) 2ul

PCR primer B (175ng/ul) 2ul

ddHy0 29ul

Platinum Taq enzyme 0.5ul

Template (1: 230 dilution) lud

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
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 BseR1 to yield 48bp ditag.

138bp ditags 42¢]
10X NEB buffer I 15ul
BseRI 121
ddH;0 81lul
Total volume 150ul

And incubate at 37°C for 2 to 3 hours. Phenol/chlorofiorm and EtoH precipitate.
Run a diagnostic 4% agarose gel to check the efficiency of the digésﬁona:ﬂpmifythe 48
15 bpditags by 12% polyacrylamide gel electrophoresis. Ligate the 48 bp ditag to form

concatamers,




To keep on walking into the 3' end of the cDNA, just take the beads from
step: 10 Cleavage the cDNA with taggi ng enzyne M nd and repeat the whole
process Q0403098 SACE WAl k Operatiqnal Protocol FoeCosGidasecdasst er m nal tag
protocol to step: Cleaving with Ta@)i_’ng enzynme Mrel. After the digestion is
conpl eted, inactivate the enzyne by washing the tube twice 15 with buffer
containing | %6DS. Four nore washes with wash buffer (5mM Tris-HC pH 7.5,

0. 5V EDTA.  1ndgiingithedfBrlieng/ta F@&®/Qoncdtamers he | ast wash use 1X |igation
buffer. Ligating Ml -BseRl Adaptors to cDNA Pine the tube on magnetic stand

to renove the supernatant (the ligation huffer), 20 Add the follow ng
reagents to th@%%?%@i’?&@“@éﬁggﬁﬂ%‘qu!?!'lfﬂé”@V°mfb%ds beads beads

Mrel - BseRlgnd giakHaR 16 & Hord Y Holirs 1Ge? 'cgﬁﬁ&neﬂ%ﬂtﬂp@# 1) 1.51 TE
141 141 WO 2004/ 050918 PCI/ SG2003/ 000255 10X |igation buffer 21 2l Heat the

t ubes for splectihe Difcsizmangedsm 1 9 1%k t enp. for 15 and chill the Sanples on
ice. Add 2.50 T4 DNA |igase and m x. Incubate at 16 C for 2 hours. MXx
occasi dnal | y. Clohisp céonzatatmensdrgo Vectan wash buffer to renove the excess
adaptors. 5 Cleaving with Tagging enzyne Mrel Place the two tubes (A and B)
on magnetic stand, renove the supernatant (wash buffer). Add the follow ng
reagents to eald sERAFe reactiop, digssy the plagmid vertor withdbal mcHligatehepurified

concatamers into the linearized vector following standard molecular biology protocol.
Transform the ligation into high efficiency competent cells.

To keep on walking into the 3’ end of the cDNA, just take the beads from step:
10  Cleavage the cDNA with tagging énzyme Mmel and repeat the whole process again.

¥’ SAGE Walk Operational Protocol

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
" 17.5,0.5mM EDTA. 1mM NaCl and 200ug/pl BSA). For the last wash use 1X ligation
buffer.

Ligating Mmel-BseRI Adaptors to cDNA

Place the tube on magnetic stand to remove the supematant (the ligation buffer).
20  Add the following reagents to the beads on ice.

Contents Tube A Tube B
cDNA beads beads beads
Mmel-BseRI adaptor A (20ag/pl) 1.5ul

Mmel-BseR! adaptor B (20ng/ul) 1.5ul

TE 14pl 14ul




1 :10 SAM2 Total volune 100 . Incubate at 37C for 1 hour with m xing.
Renove the supernatent which contains the tags. Phenol/chl oroform and

preci pi toad fyoeReedgspend the pellet 10 Ligating Tags t%’.%g ags Pool the
A and B tubes. Resuspend the pellety§n 1.5 and add W fol | owi ng
reagents to formthe dogs. 3mM Tris-HO H 7.5 1.251 LOX |ion buffer 0.75l
ddH2O 0. 751 T4 I I gase 1l | ncubate at 16C for overnight PCR Anplifyng and

' 0918

(in i ; OXE » ]
PCT/ SGZOOS/ 000255 PCR pri mer A t75 2 PCR pr| nmer B 175n 2 ddHZO 29

Pl ati num Tag c T. 30 dj t 0 a | ume 50
Cycl i ng condi tﬁﬁ‘xﬂsgg’&'fi"f'??é@ﬁ%ﬁ% Q &" cycl es. 70C
5. Run am@beagamsmmm;awnﬁ:elrmmwmwﬁd\ﬁo&m;ﬁmm;and purify
the 138 b)ﬁ}“d1 %ﬁmw%’th Wac am de geLdagloectrophorem S.

ve the excess
5 Cleaving with Tagging enzyme Mmel

Place the two tubes (A and B) on magnetic stand, remove the supernatant (wash
buffer). Add the following reagents to each tube,

" 1 ddH,0 : 86ul
Mmel 2ul
10X buffer 10ul
(1:10) SAM 2ul
Total volume 100ul.

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 1.5pl of the

following reagents to form the ditags.

3mM Tris-HCl, pH 7.5 1.25u1

10X Ligation buffer 0.75ul

ddH,0 0.75ul

T4 ligase 1]
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).
L0XBYV buffer Sul
DMSO 3ul
dNTPmix 7.5ul




Digesting the Ditags with Anchoring Enzyne Bseri
Ditag 5 Digest the 138bp ditags with BseRl
di tags 42|

And in 37C for 2 to 3 hours.
pr eci pﬁ@?@? i a diagnostic 4%py

10X NEB buffer ||

15|

to yield 48bp ditag.

and Purifying the 48 Bp
139bp

BseRl 121 ddH20 81l Total vol unme 150
Phenol / chl oro and FEt oH
arose gel to chkﬁ&ﬁ@”@”ﬁsci ency of the

digestion and purify the 48 by ditags by 12% pol yacryl am de gel

el ectrophoresi s.

10 Set up the

Ligating the 48 Bp Ditag to Form Concat aners

l'i gation C e gel 0 drtag rnma vorar vory of 101 and
i ncubat ef & ' 8%

pol yacry : . rge—romt—to—3+—Skbp——Eoni ng

Conoat ani L 2 f-o--Veet-of——a—separat /T act--oh——di-gest—t-he plasqi d vector

wi th Hha e | : rsinto the |inearized vector
f ol | owi npTemplate(d; 280 diutkion)| ar i ol ogyl WMot ocol . Transformthe lilgation into

hi gh ef f | Eotelvelymeonpet ent_cel |'s. WO PS@l/ 050918 80 PCT/ SG2003/ 000255 To

keep on wal king toward the 5'

step: C eavag
process agai n:@y&

B bS8

end_ of the CDNA,
le65°838Y rs’?"ndgf' Nihe@pd 2 ﬁ&g}ﬁm

quencind a

Dat a An

just take the beads from

whol e
\ tenpl ates of

t he concaRunsdiagobstic 4% agaresogebto analyte the PCRipopdacttand purify tharidhbpdidgssequenci ng

anal ysi s. ! @?ll %\# U

and cont a‘?@szwafg’ - @%@’gmg'
| arger than 22)([1)%) c;

ends to gener

effort of 12,500 cl ones generates over one mllion tags,

5

L nsert

Digest the 138bp ditags with BseRI to yield 48bp ditag,

rovi des about 800bp nucl eoti de sequences
¥ 30- 40 tags. Wth a concataner clone of

performed from both

. Posis i
Wf’%és qgsﬁnwmﬁzg%d@&m%quenci ng

and 25, 000 cl ones

10

15

138bp ditags 42p1
10X NEB buffer II 15ul
BseRI 12ul
ddH,0 81yl
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
bp ditags by 12% polyacrylamide gel electrophoresis.

Ligating the 48 Bp Ditag to Form Concatamers

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
concatamers into the linearized vector following standard molecular biology protocol.
Transform the ligation into high efficiency competent celis.



10 sequences (50,000 reads) generates one mllion pairs of 5 and 3
LongSAGE tags. After sequencing of generating the draw sequence data, the
ditag seymohepoe’ e first extract then the singl epdadSnodigidis > and 3°
tags are conpared together to the € r espondi ng genofie sequence dat abase
using BLAST. Pairs of 5 and 3' tags of known genes and putative genes are
clustered based on genorre and cDNA sequences. 15 REFERENCES Each of the

appl i cations nmeﬂmﬁdmcmdo.qw&n&mwdsmhsp:docunent

cited or rgferen C t he ahov, pplications and patents, including
duri ng theﬁfﬂ’ éﬁﬁ&?‘ﬂg@&"@ﬁ% M'&&f’ \holg processagMe-s (" appl i cati on
cited docunents") and any manufacturer's instructions or catal ogues for any
products cjted or 20 nmentioned in each of the applications and patents and
in any of BsAmPleG DPNASenusncingapdiDatyAnalyplst s are hereby incorporated herein
by reference. Furthernore, all docunments C|ted in this text, and all
docunent s cited or referenced in docunents cited in this text and any

nmanuf act urer MMR]@H%@WW&H‘WP@M%MMt ed or

menti onge g%nﬂl sﬂ{v}&cb dw%gwo @ﬂe&: rence. WO
2004/ 050918 PCT/SG2 3/0 0255 81 Vari g&s i cat’l ons a{% E%'E'l&atlons of the

descri bed sndeanting abawt 1 )& diteas, or 30-40dagsnventi on wi || be apparent to those
skilled in the art without departing fromthe scope and spirit of the

i nvention. Although the invention has been described in connection with
speci fic pref eWithd cenchtamienraione of lasger thin2000bp o€ ingsrt saquencing analysis ist he i nvent i on

as cl ai meguéurﬁx QNF Mgg” | gKi slgggﬁg_p g'; I'l.! enbodi nent s.
| ndeed, rious Hn%'gb@ %#H@“ﬁgﬁ#'ﬁ%e no ég orPcarryi ng out the
i nvent i on sedquensingzfort obl2, 0<lones geiemtes ovdriohé milliontagsyamid5,000x¢lores ol ogy or
relateg, fi ' b bt hin t S 0 claims. WO
2004/ 0 ogﬁ%@mgﬁ%ﬁ%ﬁ“ﬁw%mw NAL SAGE
LI NKERS AND PRI MERS
After sequencing of gencerating the draw sequence data, the ditag sequences are

first extracted then the single tags. Both 5' and 3’ tags are compared together to the "

corresponding 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.

15 REFERENCES’

Each of the applications and patents mentioned in this document, and each
document cited or referenced in each of the above applications and patents, including
during the prosecution of each of the applications and patents (“application cited
documents”) and any manufacturer’s instructions or catalogues for any products cited or

20  mentioned in each of the applications and patents and in any of the application cited
documents, are hereby incorporated herein by reference. Furthermore, all documents cited
in this text, and all documents cited or referenced in documents cited in this text, and any
manufacturer’s instructions or catalogues for any products cited or mentioned in this text,
are hereby incorporated herein by reference.



Not | -dT15 primer for cDNA synthesis 5 5 - WKTAG r CTAGATCGCGAQVECGCCC( T) n. VN
NOx |l Biotin-Notl linker 5'-biotin-GACTAGTTCTAGATCGCCaGC 10

C70ATCRW-3 Mrel - BseRl Linker A (48 TTT
GAA TTT GTA CAA CTA GGAGCGTCTCT @Wﬁ%mm
CGT CAT GIT GAT CCG CTCCTCGCAGAGA G P BanBl Mrel-BseRl Linker B (48nt)
BseRl Mhel 20 5'-TTT CTGCIC GMTIC AAG O ? CI A ACS The Gmmwcwer cTccaw

a- GAC GAO CTT %Jb@%ﬁoﬁmm&&m@ oA S Gk e U
Mrel - BseRI Li nker A (50nt) 25 BseRl Mora TTT GOA TIT GCT GGT GCA GTA

CAA CTA G anmﬂ:mdmmm@ﬂ\m mdGAT CCG
Ntel | 5 TSRS %%W%%%@% 4 T7AG TIC AR
OAT TGC AsscifivpefpolMoiRe 57 it shvuldiwm@lerstdd HAORe nvientiom agclgifi@dt . 20nt)
5 should not be unduly limited to such specific embodiments. Indeed, various modifications
of the described modes for carrying out the invention which are obvious to those skilled in
molecular biology or related fields are intended to be within the scope of the claims.




bi otin-5'-GIG CTC GTG WA TTT OCT GOT OCA OTA CA PCR primer B (29nt, 20nt)
40 biotin-5-GAG CTC GTG CTG CTC GAA TTC AAG CTT CT 3' TERM NAL SAGE LNKERS

AND PRI T15 primer (for cDNA synthesis)
bi ot i n- &@?@%’r’p AGAT CGOGAGGCOGE0C( ggw 45 Foal 5PCEPGROAVNMer (The
biotin oligo is sane as the PCR pri

- bi oti n- GTGCI CGTOGGATTTGCTOGTGCM r ACA V\D 2004/ 050919 g3 PC r AG20031000255
CACCAGCACCCTAXYCWCA=CATGT- P-3' 1/ 2Fsel -Mrel linker (to introduce Mdtel site
and renove poI yA) 5 PTCGQATCGCGATCTAGAACTAGTC

3' - GCCCAGE IIXCATOEQUENEERCATCAGTI T-5°  NM  Second round Mrel - BeeRl Li nker A
(SOnt) 10 BaaRl NM 5 -TTI GGA TTT OCT GOT GCA GTA CAA CTA GGC a- OCT AAA
CGA CCA COr CAT GIT GAT cCG CTCCr CgG&g5gRGGW P e uBl 15 Second round

Mhrel - BeeRIS' TERNGNAL BAGEQWRERBaNBPRIMERS 5' - TTT CTG CTC GAA TTC LAG CTT CTA ACG
TAC M aCGRGCGTCTCTCODACUR a- GAC GAG CTT AAG TTC GAA GAT TGC ATG -P Beret 20

NotI-dT1lS primer for cDNA synthesis
5’ -GACTAGTICTAGATCGCGAGCGGCCGCOC (T) 14VN
NotI

Biotin-NotI linker
5' -biotin-GACTAGTTCTAGATCGCGAGC
10 CTGATCAAGATCTAGCGCTCGCCGGD- 3

MmeI-BgeRI 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 GIT GAT CCG CTCCTCGCAGAGAGGCTG-P
BsmRI

MmeI-BseRI Linker B (48nt)
20 5'-TTT CTG CTC GAA TTC AAG CTT CTA ACG TAC GAGGAGCGTCTCTCCGAC

Second round MmeI-BseRI Linker A (50nt)
25 BseRI Mmel
5/-TTT GGA TTT GCT GGT GCA GTA CAA CTA GGC GAGGAGCGTC
a-CCT AAA CGA CCA COGT CAT GTIT GAT CCG CTCCTCGCAGAGAGGCTG-P
BSmMBI

30 Second round MmeI-BseRI Linker B (50nt)
BseRI MmeI
5'=TTT CTG CTC GAA TTC AAG CIT CTA ACG TAC GAGGAGCGTCTCTCCGACNN
a-GAC GAG CTT AAG TIC GAA GAT TGC ATG CICCICGCAGAGAGGCTG-P
BamB]

35
PCR primer A (29nt, 20nt)
biotin-5‘-GTG CTC GTG GGA TTT GCT GGT GCA GTA CA

PCR primer B (29nt, 20nt)
40 biotin=-S5‘-GAG CTC GTG CTG CTC GAA TTC AAG CTIT CT

3' TERMINAL SAGE LINKERS AND PRIMERS

Fsel-dT15 primer (for cDNA synthesis)
45 biot in-GACTAGTTCTAGATCGCGAGGCCARCE (T) 1, VN
Fsel

5’ biotin linker
{The biotin oligo is same as the PCR primer A)
5 -biot in-GTGCTCGTCGGATTTGCTGGTGCAGTACA



PCR prinmer A (29at, 20nt) biotin-5 -3 G CIC GIG GOP STY GCT GOT GCA OTA CA
PCR priner B (29at, 20nt) 25 biotin-5 -GAG CTC GG CM CrC GAA TTC AAG CTT Cr
Ex AVPL Bwol2084/08083¢Mn/ LVKLRBEQuUznmam Not | - dT20 pri ner /567063/000255

GAGA, GAGACTAGCGGCCGCTTTTTTTTTTTTT TTTTVN 30 Notl Linker top 25 nere

5' phosphat e- GGCCGCPCGCGATCTAGAACY C Not! Linker bottom 2l mers 35 5,

bi oti n- GACTAC TTCTAGATCGCGAGC Linker A top (N5) 54ners Tl TGGA
ACAACTAGGCGAGGRGCGTCT LpA:top (N6) S54ners
TTTGGATTTGCTGGTGCAGTACAACTAW CGAGGAGCGTCTCTCCGACI\INNNNN Li nker A bottom
45mers  51/2ResIrirel GTEREAGASACECTOITRCEIEACGRIH ATHCEABRACCAAATCC 45 Li nker
B top QI\IS?OM"}ers TTTCTGCTCGAATTCAAGCI TCTAACGT CGACGNNNNN Li nker B top
(N6) 57mers 5Q, TR et ACGTACGAGGAGCGT CTCTCCGACNNNNNN

Li nker B bottom 45T WO 2( e g PCTI1 SG2003/ 000255

5' phosphat e- GTCGGAGAGACGCTCCTCGTACG TAGAAGCTTGAATTCGAGCAG PCR prinmer A
29merslo GTesdl @6@ed MmeI-BseRI Linker A (50nt)

BseRI Mmel
5'-TTT G@A TTT GCT GGT GCA GTA CAA CTA GGC GAGGRGCGTCTCTCCGACNN
a-CCT AAA CGA CCA CGT CAT GTT GAT CCG CTCCTCGCAGAGAGGCTG-P
BsmBI

15 Second round MmeI-EBseRI Linker B (50nt).
BaeRI Mmeal
5/ -TTT CTG CTC GAA TTC AAG CIT CTA ACG TAC GAQGAGCGTCTCTCCGACNN
8-GAC GAG CTT AAG TTC GAA GAT TGC ATG CTCCTCGCAGAGAGGCTG-P
“BamBT

20
PCR primer A (25nt, 20nt)
biotin-5‘-GTG CTIC GTG GGA TIT GCT GGT GCA GTA CA

PCR primer B (295nt, 20nt)
25 biotin~5’'-GAG CTC GTG CTG CTC GAA TTC AAG CTT CT

ExXaMrLES 1 & 2 PRIMER / LINKER SEQUENCES

NotI-dT20 primer 40 mers

GAGAGAGAGAGCGGCCGCTTTTTTTITITTTTITITTITTVN
30

NotI Linker top 25 mers

5'phosphate-GGCCGCTCGCGATCTAGAACTAGTC

NotI Linker bottom 21mers
35 S5'biotin-GACTAGTTCTAGATCGCGAGC

Linker A top (NS) 54mers
TTTGGATTTGCTGGTGCAGTACAACTACGCGAGAAGCGTCTCTCCGACGNNNNN

40 Linker A top (N6) S4mers
TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCCGACNNNNNN

Linker A bottom 45mers
) 5’ phosphate-GTCGGAGAGACGCTCCTCECCTAGTTGTACTGCACCAGCAAATCC
45

Linker B top (N5) S54mers

TTTCTCCTCGAATT CAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACGNNNNN

Linker B top (N6) S4mers
50 TITCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACNNNNNN

Linker B bottom 45mers



5 PCR primer B 29ners

GACCTCGTGCTGCTCGAATTCAAGCTTCT Exatnss 3 & 4 PRnER /

Li Nnnn seQJsNCrs 10 Gaul -dT16 primer 34 mere Knel -BaeRl Linker A top 50

mere 5S'w g GTAGGCGAGGAGCGTCTCTCCGACTT 15 N&X ker A bottom
45 mere phosphat e- GTCGGAGAGA CGCCTAQ TGTACT
Nrel - BaeRl Linker B top 50 nere 20 -D TCTGCTCGAATTCAAGCTTCTAACC,

1ACGAGGAGCE Cf CTCCGACTr NMnel -BaeRlI Li nker B bottom 45nera

5' phosphatgés %ﬁl}:
top 1l6ners éﬂ_ 1 ot ueu

GOGTCGA 30 PGRapjmer A 29mer s

5' phosphatper
GTGCPCGT

Sal | adapt or
6nere

B 29ners 35

GACGCTCGr CCTGCTOG\/ITTCAAGCTTCTExAm [t S SAGE Wuur G PRIMER / L1NKER
SEQusncss PCR' piivéir !al ki ng Pr| rrerzguleegt ersequences Linker A top Soners

TTTGGAT T T CATCIETIGEDEL

ExamrLES 3 & 4 PRIMER / LINKER SEQUENCES

10 GsBul-dT1l6 primer 34 mers
GAGAGAGAGACTGGAGTTITTTTTTTTITTTTTVN

MmeI-BgseRI Linker A top 50 mers
5’ -TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCCGACTT

15

MmeI-BseRI Linker A bottom 45 mers
5'phosphate-GTCGGAGAGACGCTCCTCGCCTAGTTGTACTGCACCAGCAAATCC

Mmel-BseRI Linker B top 50 mers
20 5'-TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACTT

MmeI-BseRI Linker B bottom 45mers
5’phosphate-GTCGGAGAGACGCTCCTCATACGTTAGAAGCTTGAATTCGAGCAG

25 Sall adaptor top 16mers
5'biot in-TCGACCCACGCGTCCG

Sall adaptor bottom 1lémers
5’ phosphate-CGGACGCGTGGGTCGA

30
PCR primer A

295mers

GTGCTCGTGGGATTTGCTGGTGCAGTACA

PCR primer B

29mers

35 GAGCTOGTGCTGCTCGAATTCAAGCTTCT

EXAMPLE § SAGE WALKING PRIMER / LINKER SEQUENCES

5' SAGE Walking Primer / Linker sequences

Linker A top S50mers
TTTGRATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCCGACNN

Linker A bottom

5'phosphate-GTCGGAGAGACGCTCCT CGCCTAGTTGTACTGCACCAGCAAATCC

Linker B top 50mers
45 TTTCTGCTCGAATTCAAGCTTCTMCGTACGAGGAGCGTCTCTCCGACNN

Uinker B bottorn

45mers



Li nker A bottom 45ners
5' phosphat e4TCGGAQAGACGCTCCTCGCCTAGI TGTACTGCACCAGCAAATCC  Lkrker B top
SOrTer s JokREsbACT COMT TCAAGLTTCTAACTACCAGGAGCOT CT Clieaféghoodziser 5 bot tom
45nmer s % 004 %:-0'—918 $S PGT/ 80200%71_ 00255
S' phosphat e- GTCGGAGAGACGCTCCTCGTACGTTAGAAGCTTGAATTCGAGCAG  PCR prinmer A
29nws GIGCTCGIGCGATTTGCTGGTGCAGTACA 5 PCR prima B 29ners

TPl mmcm@m@me@wmmmmer sequences

Vel BsRI

5 - TTTGGA AR GAGOGTCTG CCGACNN 10 Morel - BeeRl Li nker
A bal g 46 . GTCGGAGAGACGCT CCTCGOCT AGTTGTACT GCACCAGCAAATCC
Mhel - BseRl TG

6-TTTCTG é@éﬁ‘é&%CTCTCCGACNN Vel - BseRl Li nker B

A
bot t om 461+ SAGE Welking-Rrirner!/ éik@S@r@&\CGCT CCTCGTACGT TAGAAGCTTGAATTCGAGCAG
PCR pr Nnermumal-8 8 1iskerAtoh>] CCT40(med CGATTTGCTGGTGCAGTACA  PCR priner B 29ners
GAGCT CGT CEFEa GEAF DT S6ECTAGTACKE TAGGCCASEAECHTLTCTCCHALAN3/ 000255 APPENDI X B:
TABLE 10 Tag | ength Tag Tag uni queness Tag uni queness
Mmei-BseRI Linker A bottom 45 mers
5'phosphate-GTCGGAGAGACGCTCCTCGCCTAGTTGTACTGCACCAGCAAATCC

Mmel-BseRli Linker B top 50 mers
15 S-TTTCTGCTCBAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACNN

Mmel-BseRI Linker B bottom
5 phosphab-GTcGGAGAGACGCTCCTCGTACGTTAGMGCTTGMTTCGAGCAG
PCR primer A 20mers

20 GTGCTCGTGAGATTTGCTAGTGCAGYACA

PCR primer B 29mers
GAGCTCGTGCTGCTCGAATTCAAGCTICT



n conplexity, Cto transcriptonme, U to human genonme. Uy 5 4 256 1562
11718750 6 4096 146 732422 10 10 1048576 0.95 2861 14 268435456 0.0052 11
16 429 00037 . 0.7 15 18 68719476736 0.00 0
109951%%@%@3@”8”5000018 0. 003 20 ﬁﬁﬁge 1. Theoreticggggﬂgggﬁggéplexity and
uni queness probability of matching to transcriptone and genone C, the
conplexity of tags. C = 4", where uis the tag length. Short tags have |ess
conplexity and, therefore, are nore frequent in a genone. The nunbers
i ndi cate, ApenpiXB?¥RB e size of sequence base pairs for a specific tag to
occur oncéJ&E&ggaég%ﬁég 6 25 bp tag will occur once in a genonme every 4096
bp, mhlle-a 10Hﬂ§ tag mAII appear_onl y once in aone mllion bp sequence.

s Tagr UG

U, tag unia s i %ﬁé‘i“rﬁ‘ﬁ’éﬁl’ nder the
assunpts o Jb%l'g?& e ah T2 M efBlex genone

litre human, rmuse or bsbraflsh 1saﬂd the 5' sequenmss-gi, transcrl pts are
random U - n* 100, 000/ C, |nd| cates_the 30 number of transcripts that m ght
share a safe unique 5 taf® Ug, di &% ag uni queness t 3*#3an genone. Ug is
det er mhechoas t he genangssysze (3, 0085900, 000 bp) divisgked by tag conplexity.
U - Gs/C, Gs Is the %ﬁnorre size in bp. The nunbers indicate the potenti al
mat ches of'*a parti cuPe¥33%3§ in the o®&f8tfe. WD 2004/ 050918 87

PCT/ S&2003/000255  GhAbMzsé. A Net hoglepdasobt ai ning a nuchepti de sequence tag
from alierm nus of a nucleic acid, the nmethod conprising the steps of.

68719476736 0.000026 0.04
20 1099511627776 0.0000018 0.003
20 Table 1. Theoretical 5°tag complexity and uniqueness probability of matching to
transcriptome and genome

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 & same unique 5’tag.

Ug, the tag uniquencss 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.



(a) providing a first nucleic acid sequence, 5 (b) linking the first nucleic
"acid sequence to an linker sequence to forma linked nucleic acid, in which

the |i nfgghepisgepIce conprises: (i) a first recogni tiﬁmws a first
nucl ei c acid cl eavage enzyne that @3l | ows cleavage of the first nucleic acid

sequence at a site distant fromthe first recognition site, and 10 (ii) a
second recognition site for a second nucleic acid cleavage enzyne that
allows nucleic acid cleavage at a site distant fromthe second recognition
site, said cleavage site |ocated at a position within or about the first
recogniti te; in which the |linked nucleic acid has the structure: 5 -
second recognition site - first 15 recognition site - first nucleic acid -

3" (c) cleavi ‘qgngﬂnﬁthgmﬁﬁ?ﬁggd&mQ@Jﬂmﬂémpmﬁ?ﬁam&@wad d cl eavage

enzyne to provide (1) a tag Conprising I nker sequence linked to
a nucl eotthemethadegmprisieg thagensofr esent ati ve of the first nucleic acid sequence
and 20 conprising a termnal portion thereof; and (ii) a second nucleic acid
sequence conprising,a remainder portion of the first nucleic acid. WO
20041050918 P(aIPmvisings fismoyclsc achl sequense; hod according to A aim 1, in which
the first nucleic acid conprises a conplenentary deoxyribonucleic acid
(cDNA)S havi ng() lihkifgithe Gfst ArIER acid isttlerite fo anllitkéisbfulence td fofth & lilke@d sequence of a

gene, and in which the linker.sequence is Linked to said termnus. 3. A
met hod accor dP "t?ﬁ"%“a‘?’lmq‘l, 'Hi""'%ﬁ‘i"fﬁ"t"ﬁmq"f'st nucl ei ¢ acid conprises a 5
conpl ement ary deoxyri bonucleic acid (cDNA) having a term nus conprising a 3
term nal transcr i()adire egugnition sitd fooa fisstmcleicadidicleawsige aefzyméithatl | nker sequence

is linked to said t.erm,nus. . nmet hod. accor di .1 Q. L m 2 or 3, in
whi ch the second m#&‘%%éfﬁ@&w&éc“m@ggﬂ{’%?&%é&ri ction
endonucl ease, pr effistadogniionkit®iand restri ction
10 (ii) a second recognition 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 mucleic acid has the structure: 5' - second recognition site - first
15 recognition gite - 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
20 comprising a terminal portion thereof; and

(ii) a second nucleic acid sequence comprising a remainder portion of the
first nucleic acid.



endonucl ease, whose recognition site is 6 banes or greater, preferably Mrel.
10 5. A nmethod according to any preceding claim in which the first nucleic
acid clwoymgesoerszyne conprises a restriction endonupé&psesmossesaser ably a
Type US restriction endonucl ease,Bigreferably BseRl. 6. A nethod of
sequentially generating a plurality of nucleic acid sequences each
conprising a nucl eotide sequence tag froma nucleic acid, the nethod

conpri sing, 15 X fgMad 4coshding &NGlafndl, :ﬂmmﬁfstﬁawc%d%ﬁbﬁﬁul to 5 at |east

once, in which the first nucleic acid sequence of step (a) is provided by

t he secon&?ﬂﬂ%@d&embg@ﬁﬁ%@(‘@N@tbéﬁnﬁtmm'}‘W‘N'ﬂ%t‘%@ﬂ"’bf provi di ng
an i ndi Calh6ribel schfenicE S PYRRE s in VAR B HHER sinerie HARRed thBEd 1oARAROT CONDT i Si Ng

a nmet hod according to any precedl ng claim and further conprising the step
of detecting the presence, sequence or identity of the linked tag or the

nucl eoti d 20 e ce ta Vi ndi cat of an |nstance of gene
expressi o E WW%@P@E? %nagtﬂ%h%p@ﬁ %et hod conprising
t he st aps wﬁphmmmmméﬂsmﬂmmimﬂmpﬁaﬁﬁwt&de tag, each
i ndependent |y, produced. by a ngt hod di req ding claim WO
2004/ 0509%“%@1’8 fddé?j&g’e'w?“ alf(i'fhm%aﬂ% '91“' RREY- t ag and the
second |inked tag such that the nucleotlde sequence tag portion of one

linked tag is |inked to the nucleotide sequence tag of the other |inked tag
to form addi ta@memwdémmgﬂm@ml gion3) in which ﬁabmdamsbidabﬂdluugquences from

first and qm@lgﬁ IQE ﬁ&“ﬂ or identity of the
ditag, or a eas'?‘ oﬁ’e nuc e?ﬂé’g‘) S quencg tlgg"corrprl sed therein, to detect

gene expr esdonwrizaseQwhole resognitibnaiteie 6 Hasexorigreatet, preferdbly Mmehhi ch each of the
first and second |inker sequences conprised in the first and second |inked
tags conprises an anplification primer sequence, and in which the nmethod

furthep cgnprikgfiethad &eérding o g%ﬁnﬁh@wﬂkﬁ&ﬂﬁm&&lﬁé&f@rab' y by means of
t he pol ynerase chain reaction (PCR). 10. A nethod_according to Caim8 or
9, furt heCleR@SRARENS FIMPRES & reaictioprendonuclease, preferably a Type IS restriction

endonuclease, preferably BseRL

6. A method of sequentially generating a plurality of nucleic acid sequences each
comprising a nucleotide sequence tag from a nucleic acid, the method comprising

15  repeating steps (a) to (c) of any of Claims 1 to 5 at least once, in which the first nucleic
acid sequence of step (8) is provided by the second nucleic acid sequence of step (c)(ii).

7. A method of providing an indication of an instance of expression of a gene, the
method comprising a method according to any preceding claim, and further comprising the
step of detecting the presence, sequence ot identity of the linked tag or the nucleotide

20 sequence tag to provide an indication of an instance of gene expression.

8. 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 claim;



(d) cleaving the ditag with the or each second nucleic acid cleavage enzyne,
(e) linking a plurality of the resultant trimred ditags to forma

concat armo 2004050918 O obt ai ni ng the nucl ei ¢ aci d sequencersgheodbookdast a
portion of the concatamer. 15 11. g9rethod of providing an indication of an

Stance of expression of a gene, the nmethod conprising the steps of (a)
provi ding a conpl enentary deoxyribonucleic acid (cDNA) having a term nus

conprising a t@y ki thd firdd linkéd RPEhdTRBENE Buklell 13 c6@ Mt tehhclbdi@ki N the cDNA
to an |inker sequence thereby formng a |linked nucleic acid, 20 in which

the |inker seq@¥raer BapAsionad enclinked tag islinkedmthe punleoside eeqnapee tag ofhat nucl ei c
aci d cl eavage m;mmrﬂgmlydi%rﬁ%ﬁwmﬁwm that allows

nucleic acid cleavage at a site distant t recognition site;
and 90 (c) cl%aueneeg tiapdksegondgenegsiapd aci d with the first nucleic acid
cl eavage enzyne to provide a linked tag, in which the |inked tag conprises

a nucl goti de sgmﬁwmm&agwﬁmgfm&l&ﬁ{&gje%hegﬁ?nscri bed sequence

of the gene; and (d) detecting the presence or identity of the Iinked tag or
t he nucl eot i desequeneripg-@mpysad therai, 19, gree expressienl. cat i on of an i nstance of
gene expression. 12. A nethod according to Caim1l, in which the 5 end of

the cDNA conpri se seqguenge, correspondjng, tg the 5 termnal transcribed
sequence df t "tjaw@ma'ﬁﬂ'@. gﬁn‘"sﬁgﬂﬂlﬁ&@}g : &prond jnkeq | nked to the 5'
end of t heequbiiés cohfprided in the fiRt HdGecdtd Biikdd thgs dotpiibed iallhrhplificRion pAmed N Whi Ch the
nucl eoti de sequence tag .conprises a 5  termnal transcribed sequence of the
gene, pre@%??‘%‘g’&“? further comprises-astep ofamplifing the diteg; | hed porti on of

the geme, phdpérdd @hddtthe ctasé ainsbhchihPERPf the transcribed portion of
t he gene. 15 ﬁﬂﬁ% met ho l<'}1’glcordi ng to dal mpll, in which the 3' end of the

cDNA conprises a sequence corresponding to the 3" termnal transcribed

sequence qp, thﬁﬁﬁﬂﬁm@ﬁﬂg@Cﬂﬂ&Qﬂ.ﬁn&umpﬁsinsmemoﬁ

(d) cleaving the ditag with the or each second nucleic acid cleavage enzyme;
(¢) linking a plurality of the resultant trimmed ditags to form a concatamer; and
(f) obtaining the nucleic acid sequence of at least a portion of the concatamer.

15 11. 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
comprising a terminal transcribed sequence of a gene;

{b) linking the cDNA to an linker sequence thereby forming a linked nucleic acid,

20 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



the linker sequence is linked to the 3' end of the cDNA. 20 15. A net hod
according to Claim1l or 14, in which the nucl eotide sequence tag conprises

-a 3 termnal transcribed sequence of the gene, preferably at |east the |ast

16 bases of the transcribed portionggj the gene, nore preferably the | ast
20 bases of the transcribed portion“of the gene. 25 16. A nethod according

"to Cairm1ll, 14 or 15, in which step (a) conprises: (i) deriving a cDNA from

an nRNA by reverse transcription with an primer conprising a seguence

5'-NV(T) 13 3., Ln.which = A .C 0O.or T.and .,V.= A Cor G, 91 (ii)
produci ng a dofﬁ §e%vﬂ?%‘h8&§f‘]%‘mf§{°ﬁ8@é\“&b‘h? first ol eie acid sloayags RS
stranded cDNA Wirbvidé s fihkddta® i Hich the lhkePiag domphids adnBledtidesequefice tag  GCCCCG
overhang; (iii) linking the cleaved cDNA to a [inker conprising pTCGGA, and
GGCCAGCCT 5 ( ifgpresantative nfja topminakisanseribad seqyprceof thegene; apdel to produce a
cDNA lacking a polyA/T tail. 17. A nethod according to any of Clains 11 et

seq, in which t@pdGENH Wéﬁ@éorﬁﬁ%ﬁgﬁgﬂ’iﬁm@ﬂgJg@?{%ﬁ%f&?@é’sge@%g&@nce of

the gene, or the" 3" termnal transcri sequenc or both.
18. A n&t hod acteptaiproyide en indicatiorecfaaiinganoé of Fene expréssiont seq, in which the
cDNA is full length cDNA, preferably conprising substantially all the

codi ng sequence of the gene. 15 19. A nethod of obtaining sequenti al

sequence ipformatign from,a gene. e _nmethod conpri.sin eps (a) to (c) of
a net hod aggo_r g’?rﬂ%‘ﬁ{@%@mﬁi&?ﬁpt‘iﬁ?%&tﬂ? ge‘%ﬁéi‘!ﬁ"%ﬁ%é&gﬂf‘?’g? he net hod
further coggfife d6iresptindifg Rthel5 eminA anRAbel Seqfirte 3E the gbhie) Bdih MidhC)
conprising 3 remaining sequences of the cDNA;
~ - " the linker sequence is linked to the 5’ end of the cDNA.
10
13, A method according to Claim 11 or 12, 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

tes transcribed portion of the gene.

“ease’ 15

14. A method according to Claim 11, in which the 3’ end of the cDNA 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.

L]
seee ~ -

e 20 15. A method according to Claim 11 or 14, 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.

25 16. A method according to Claim 11, 14 or 15, 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 which N= A, C,G or T and
V=A,CorG;



20 (e) linking the second nucleic acid to an |inker sequence, thereby
formng a linked nucleic acid, in which the |linker sequence conprises a
recognition site for a nucleic acid cleavage enzyne, preferably a
restriction endonucl ease, that allowspucleic acid cleavage at a site
distant fromthe recognition site; (f) cleaving the linked nucleic acid with
the nucleic acid cleavage enzyne to 25 provide: (i) a linked tag conpri sing
the linker sequence linked to a nucleotide sequence tag conprising a 5'

portion of the giiqoedhcingaldoubleatanlled SDNA(thértfrémafd Highsting ¥kd ®jubleaCi d sequence
conprising a 3' re SAWSQ n of the second nuclei ¢ acid; W 2004/050918
9a PCT/ SG003/ 06@@ )‘*‘F')‘gbé&f duce p lepypd ’(P‘)mmsmﬁaast once, in which
the second nucl ei cg@eddgk sequence of step (d) is provided by the fourth

nucl ei c~aci d seéuq@ge—o+—@1 gf)(ii), and (b) detecting the presence,
identity or sequen of at |east one linked tag or a 5 nucl eotide sequence
tag conprised therein 20. A nethod accosting to any of Clains 11 et seq, in
whi ch the |inker uence _further rises a, second Reegnition site for a
second nucl ei c &) l:!‘%@l’bg‘ﬁé V@FBN?‘E”;T&]@Y g endiction
endonucl ease, that allows nucleic acid cIeavage at GPEGACTYi stant from the
second recognition site, and in which the second recognition site is |ocated
10 5' ofs the fi (is) cleadmgthe résaiting nfofecile withMinehiogirodie d eDBIA laddng A et hod
according to as 20, mhlch the location of the second recognition site
with respect toP PWQI# recognition site is such that, when the |inked tag
is exposed to the second nucl ei ¢ acid cl eavage enzyne, cleavage of the
nucleic acid occurs at a position wthin or about the first recognition

site. 15 227 A %@ﬁ%ﬁ&ﬁoﬂﬂ%ﬁef@%ﬁl ﬁsﬁt{ ﬂ?wﬂnlhﬁ{emc%:ﬂo%% p the

first recognition site second recogni'tion site conpri ses
a Type US rSeQQmm transcribed saquencecefdhmgane.con thei I’ dernidB transesbébsiquenceofitheg t o

any of ﬁa'rgéﬁ R&b seq, in which the first restriction enzyne conprises
Wi he first recognition site conprises a Ml

(X ]

etee’ 18. A method according to any preceding of Claims 11 ef seq, in which the cDNA is

suee

‘enes’ full length cDNA, preferably comprising substantially all the coding sequence of the gene.

15 19. A method of obtaining sequential sequence information from a gene, the method
comprising steps (a) to (c) of a method according to Claim 11, or any claim dependent

e thereon, the method further comprising:
L (d) providing a second nucleic acid from step (c) comprising 3’ remaining
sequences of the cDNA;
20 (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 restriction endonuclease, that allows nucleic

acid cleavage at a site distant from the recognition site;

(f) cleaving the linked nucleic acid with the nucleic acid cleavage enzyme to
25 provide: (i) a linked tag comprising the linker sequence linked to a nucleotide
sequence tag comprising a 5’ portion of the second nucleic acid; and (ii) a fourth

nucleic acid sequence comprising a 3’ remainder portion of the second nucleic acid;



20 recognition site 5 -TCC RAC-3', preferably 5 '-TCC GAC-3'. 24. A nethod
according to Caim22 or 23, in which the second restriction enzyne
conprises a restriction enzynme capable of recognising a site which is 6
bases oWO 200msp918 preferably BseRl gr i n which the gegepdooaesdni tion site
conprises a BseRl recognition si te‘j GAGGAG 3'. WD 2004/ 050913 93

PCT/ SG&2003/ 000255 93 25. A nethod according to any of Cains | | of seq, in

whi ch the |ink sequence ri.ses the se nce JONNNNNNTC CG AC -3',
preferably 5'- &5@%&%&)&%@“ “%%Md‘“ﬂ 9\1 B3t ecting expression
of a gene, t hegeqaénbeok sepid)is ovided by thefdurthrnavleid a¢id ssquénice 6f stepi(f)iipd tag and a
second |inked tag, each indepaxiendy produced by a nmethod according to any

precedi ng cl ai (b) linking the first Iinked tag and the second |inked tag
such that the nucleotide sequence tag portion of one |linked tag is |inked
to the nucl eotaﬂaetemgupmegmﬁutyhmqmmauﬁﬂ@dhhmﬁgmiorm a ditag, the

ditag corrprl Si Ig: m nal tra‘%}s’l&éﬁw sequences fromfiat and second
genes; 3and (c)® identity of the ditag, or at |eant
one nucl eoti de sequence tag conprised therein, to detect gene expression.
27. A nethgqd a ?1911 Pﬁ | i nker
sequence 0 thg&? Q%O %?]{Rasﬁdé‘%nt%@ vgi'r?]cg'% E’fguk%g%ence of the
second i rﬂmml!pmrmmondamltmﬁmﬁﬂammmmcmdMammx sation
sequence. t ho N 27 h t h thod Ant her
conpri ses %%Wﬁ& yg‘rﬁ‘ﬁ&{ ?%“%391 ‘?“g‘géf\é'vglc S of the

pol yrrerasdnsuw&mﬂmwmdgﬁmsm,ﬂamﬁmuh@dmmimgmmwdof Clains 26
to 28 gs 20 to 25, which further conprises the
st op ofo Eg‘ﬂ'hﬁ“f Sﬁ?m%ch second nucleic 20 acid cl eavage
enzynme to provide a trlrmed ditag. 30. A nethod according to any of C ains

26 to 29, in which the trimred ditag
21l. A method according to Claim 20, in which the location df 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, cleavage of the nucleic acid occurs at a position
within or about the first recogmition site.

15 22. A method according to any of Claims 11 et seg, in which the first recognition site.
or the second recognition site, or both, comprises a Type IIS restriction enzyme
recognition site.

23. A method according to any of Claims 11 e seq, in which the first restriction
enzyme comprises Mme]1, or in which the first recognition site comprises a Mme!
20 recognition site 5°-TCC RAC-3’, preferably 5°-TCC GAC-3'.

24, A method according to Claim 22 or 23, in which the second restriction enzyme -
comprises a restriction enzyme capable of recognising a site which is 6 bases or longer,
preferably BseR1, or in which the second recognition site comprises a BseRI recognition
site 5"-GAGGAG-3’.



conprises between 12 to 120 base pairs, preferably between 18 to 46 base
pairs, preferably 40 base pairs. 31. A nethod according to any of Cains 26
to 30,womoobsesis a plurality of dit or trimed BCT/AGW03900285i nked to form
a concatamer. 32. A nmethod according"to any of Clainms 26 to 31, in which the
concat amer conprises 5 between 2 to 200 ditags or trinmmed ditags,

pr ef er abl ye bet Ftﬂudu?:c . | p@ghﬂr ﬂrﬂa . ] ferably between 8
to 20 di tgsgs oA\rAﬁ ri nne%%‘??’a'ggs : Algrfre"J odggggg‘?g%“ﬁ{é&geny of Clainms 11
et seq, feconipriess thesequencsi SrgGAGEGAGNNNNDINTCGEGACH Y preferibitpS'sequence of a or
each |ink m equence tag, ditag, trimed 10 ditag or
concat amﬁg&@gx net CQ\ ?)'fdi ng to Caim33, further conprising the step
of determning the identity of the expressed gene by the conparing the
sequence to a nucl eotide sequence conprised in a database of nucleotide

sequences?6.15 Asmethod ofdetecting sxnression pfp aene, theamethod gomprising; i n whi ch t he
sequence is conpared to a database of known genes, such that if the

dat abase does ,not ¢ rise. the sequence, . th sequence coppri ses a new gene.
20 36.§A met hé pﬂ?“%ﬁ'ﬁﬁw di%M?&f”ﬁ&'Wpf’ﬂé‘“g;lpagnosi s of a

di sease in anprddﬁebu\bydwmdmgtmﬁgpmdaﬁﬁg: (a) providing a cell known
to be affected by the disease; (b) determning If a gene is expressed in the

cell of (a) by.a. petho cor.di n o __any,. of . C ai 7,to 34; .25 (c)
providing a cé")ﬁmﬁggﬁﬁmgﬁﬂﬂdé’ﬁgﬁ%ﬁ%@w %5"‘?%% t he di sease;
and (d) det erssjuence tgpoftiohof orelinkedaaiis HaiRa td the fucRbideseqhends tige® cel | of (c)
by a net hod %:qcoig?gimto a%prece%%cl ai m, and,3? (e) conparing the
expression, o tag sy form p ditag, OBpTng el raserbed () and the
cell @b (c). 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.

27, A method wcording'mChim 26, in which each of the first linker sequence of the
first linked tag and the second linker sequence of the second linked tag comprises an
15  amplification primer hybridisation sequence.

28. A method according to Claim 27, in which the method further comprises a step of
amplifying the ditag, preferably by means of the polymerase chain reaction (PCR).

29. A method according to any of Claims 26 to 28 as dependent on any of Claims 20 to
25, which further comnprises the step of cleaving the ditag with the or each second nucleic
20  acid cleavage enzyme to provide a trimmed ditag.

30. A method according to any of Claims 26 to 29, in which the trimmed ditag
comprises between 12 to 120 base pairs, preferably between 18 to 46 base pairs, preferably
40 base pairs.



37. A nethod of determining the transcriptone of a cell, or obtaining a gene
5 expression profile of a cell, the method conprising providing cDNA from
the cell, subjecting said cDNA to a nethod according to any preceding
claim and determ ning whether a part@ ul ar gene, or a particular set of
genes, is expressed by the cell. 38. A frethod of providing an indication
useful in the diagnosis of a disease in an 10 individual, the nethod
conprising conparing the gene expression profile of a cell known to be

af f ect ed by31t he Adinethodsascordingito anyeé Clairo 260 30,rinl whictl a pluralitg efaditagscbr of suf f eri ng

fromthe L. | \ i ther o oth of the gene expression profiles
are produc%%@ag%?ﬁ\g@k%?ﬁ%%ac#ggh aim37. 15 39. A nethod of

determ ning the sequence of a control sequence of a gene, preferably a
pronot er or,,enhgnce equenc th t resing: (a) obtaining a

nucl eot i de 33&qu&%é£ﬁ?@ﬂ?&%t°§?ﬂ%%? ﬁ’g}‘) gh""bg}%rﬁ"g\ °F P bed
sequence ofbetween @ €200kljtags crtrinuaed dings) priferably letwdenil %o 40 didgs @rimmedr  any

cl ai m depengdent therean; and 20 (b) obtai ning a sequence of the gene 5 to
the termi néﬁmgsrgﬁ@@iﬁ%&&"?@gﬁ%g%‘i'tﬂ)&“(tg ',“e‘l’?'?i’gx?mi ch the sequence conprises a
pronoter or enhancer consensus sequence. 40. A nethod according to Caim 39,
in which t sequence, of the gene 5' .to. the erm nal transcribed sequence
of (a) is gﬁt ai nel® W?Fﬁ%mg‘g "{Ya?)f%m%’nllfé% FrGOmgrisipg the SBOISAGE wal ki ng,
(c) nucl ei legsrhifling )i seglichicd df@rdr edch AnkkAMYhiscldotild Rgvenciag, (dithg, @itfihed Ng a

dat abase of ,genom c sequences. 96 41. A nucleic acid sequence conpri sing:

(a) a ri¥odhiBs PrAoneatamers or a nucleic acid cl eavage enzyne, preferably a
restriction endonucl ease, that allows nucleic acid cleavage at a site
distant fromthe first recognition site, and (b) a nucleotide sequence tag
represent at3dve df methedaceprding te Elaim 83,ifwrther comprising thestep of datormining the . A nucl ei ¢
aci d sequen HRATM J i YT (TSI ole) la Su&Ebtid econd
recogni ti on8§l| te i neCH\,,.\(EI g#?ﬁg%g?ceﬁgpregogn??tﬁoﬁmgi ?‘e |g°sl %?}qugwgecond

nucl ei ¢ acicompfised\ima)database of nucleotide sequences.

15

35. A method according to Claim 33 or 34, in which the sequence is compared to a
database of known genes, such that if the database does not comprise the sequence, the

sequence comprises a new gene.

20 36 A method of providing an indication useful in the diagnosis of a disease in an

A individual, the method comprising:

seee’ (a) providing a cell known to be affected by the disease;

ot .S (b) determining if a gene is expressed in the cell of (a) by a method according to
R any of Claims 7 to 34;
toteat 25 (¢) providing a cell of an individual suspected of suffering from the disease; and

L]
Shsase
. [}

(d) determining whether the same gene is expressed in the cell of (c) by a method

according to any preceding claim; and



enzynme, preferably a second restriction endonucl ease, that allows nucleic
acid cleavage at a site distant fromthe second recognition site, and in

‘whi ch the cleavage site for the 10 second nucleic acid cleavage enzyne is

| ocated within or about the first re@z‘gniti on site. 43. A ditag conprising
a nucl eic acid sequence according to"Claim41 or 42 and another nucleic

aci d sequence according to Caim4l or 42, in which the nucleic acid
sequences are |inked to each other. 15 44. A ditag according to Claim43, in
whi ch t he nucl ef®)icompaingdlersxpressian, poadkitimeof 0 thefgennbtwesnlties cell afbyl sequence
is linked to thgnmlcap&ir*g)e sequence tag portion (b) of another. 20 45. A
nucl ei ¢ acid sequence conprising a concataner, which concataner conprises a
plurality of tags according to Claim4l or 42, or a plurality of ditags
according to Claim43 or 44. 46. A linker sequence conprising: 25 (a) a
first recoditi domethodofideterminingeheatanscaipiothe of #eallageobtaigiug@gengr ef erably a

restrictd on_endonucl.eas hat | ows nucl ei c, aci | eavage at a site

di st ant 5:‘ r o EHe" Pﬁfﬁ%?‘e‘r%@o‘gﬁl“t’aﬁl‘ﬁ%’m"é?‘g P‘E?)v'dé{‘gs@é@hg‘”?’g%dﬁﬁi tion site for
a second nuabjedtiag said EDNAGEN Agthoe BEding tH iy pRécebBihy clain, 3RE déimirst i Ction
endonucl easqig t hat allows nucleic acid trp‘gleav_a e at Cﬁ site distant 30 from
the second YHEthstHParticulpr geneeor & partichlar set ot gengs; is pxpressedydhectlle site for the
second frucl ei ¢ acid cl eavage enzyne is |located within or about the first
recognition site. 4&. @ nugleic acid accaording to Caim42, a ditag

accordi ng t3 O & Hsthed efpropidingansindication ugelul in the disgnpsisofa diseaselingd to O ai m 45
or a | i fkerindifiaulhemansPEdipiSing Corkpafingiit Genel pre¥¥tinGiRofiIB 6F 4 defl Rhowrf COgNI ti ON
site and the second recognition site are spaced such that when the nucleic
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A nucleic acid according to any o e nucleic
aci d according to Claim 37.

L 15 39, A method of determining the sequence of a control sequence of a gene, preferably

TIH a promoter or 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 Claims 1, 2, or 3, or
any claim dependent thereon; and

Teees’ 20 (b) obtaining a sequence of the gene 5’ to the terminal transcribed sequence of (a),

L]

. in which the sequence comprises a promoter or enhancer consensus sequence.

40. A method according to Claim 39, in which the sequence of the gene 5’ to the
terminal transcribed sequence of (a) is obtained by means of (a) chromosome walking, (b)
25 SAGE walking, (c) nucleic acid hybridisation of a genomic library; or (d) queryinga

database of genomic sequences.



sequence conprises the sequence 5 - GAGGAGNNNNNNTCsCG AC-3', preferably

5' - GAGGAGCGICTCTCCGAC-3' . 49. A nethod for detecting expression of a gene,

t he net hod conprising the steps of ]Igé(a) providing a first conplenmentary
deoxyri bonucl ei c and (cDNA) having a YP8rmnus conprising a term nal

transcri bed sequence of a first gene; (b) providing a second conpl enentary
deoxyri bonucleic acid (cDNA) having a term nus conprising a term nal
transcri bed sequence of a second gene; (c) linking the first cDNA so
produced tata fAmstleiciatideéquenaddomprisiigh@) £RYogntionisR@for a nddleit hdigt | i nked

nucl ei ¢ aC|ld in which the first_ linker s quence co rlses a first

recogni t i ofilcdyapeenzyme, preferably aﬁ‘EfE'l"BP'be“gE'P‘H easecthitalaws dileavegeapl y a
first reskid geldRAnERSIR HeTra3ecognitidirsite, 2hd nﬁélé'dtﬂbﬁeqﬁ&lcdta%' eavage at a site
distant fromthe _first recognition site; (d) linking the second cDNA so
produced tGepae%%ﬂﬁ&f‘??’ﬁw@?]*?ﬁ?fﬂbwlteﬂ"é’r‘kfﬁﬁe"e% formng a second |inked
nucl ei csacid, in which the second |inker sequence conprises a second
recognition site for a second nucleic acid cleavage enzynme, preferably a
second rest®i ct Adwcleicasidsequenssaccording to&llaim4d, furtherepmprsing (Qreesorde at a
site di st aRlobliGh §iPh SREPHY L8 féeagmtfags,%é.&?m@&b (ghmvema&@%g{' rst Iinked
nucl ei ¢ aci e first nucleicacid cleav g enzyme ide a
first |inkeozymsgpreferablya sotondiestrictipwendpiuclcast, lheﬁgallownpwq‘lesae@l@lwmtat nucI eoti de
sequence t of the first
cDNA. (f) ?Igg%@%%%ﬁtﬁég%g?\%%ﬂtﬁé Erlde'{' %ﬁggﬁ{ cﬁ’g%%ﬁ@ﬁé’ﬁgﬁeygond nucl ei c
aci d cll®avaepend wctsymmddeqyawnmas mwhmthm nkabgd ut thefirst recaghitionsitthe second

| inked tag conprises a 5 second nucl eotide sequence tag representative of a
term nal transcri bed sequence of the second cDNA. (g) ligating the first
and second magsm&mgmompasnd'gaagclelaaddééq)xembetaecmdin'gtthlaim4huc4mtli de sequence

of at Ieast 0 gr,;[uc ic ac.dts*é?,ué’,{cé r ing totC? 41909'3‘5 inA rphst?né Bucleic acid

sequences are linked to each other.

. o 15
O 44. A ditag according to Claim 43, in which the nucleotide sequence tag portion
e (b) of one nucleic acid sequence is linked to the nucleotide sequence tag portion (b) of
X E another.

20 45. A nucleic acid sequence comprising a concatamer, which concatamer
eove’ comprises a plurality of tags according to Claim 41 or 42, or a plurality of ditags

. according to Claim 43 or 44,

46, A linker sequence comprising:

25 (a) a first recognition site for a 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

30 from the second recognition site;
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10 50. A nethod of obtaining a nucleotide sequence tag substantially as
her ei nbefore described with reference to and as shown in Figures 2 to 4 of
t he acconpanying drawi ngs. 51. A nethod of detecting gene expression
substantially as herei nbefore descri 15 with reference to and as shown in

 Figures 2 to 4 of the acconpanying drawings. 52. A nethod of 5 Term nal

SACE substantially as hereinbefore described with reference to and as shown

in Figure 3 of fhe acconpanying drawi ngs. 20 53. A nethod of 3' Term nal
SAGE substant i ai® ‘y}"%{smm“é'itgﬁdé%wé st 108 theises@ndvrygieic peid eleavpgeentymedhd as shown

in Figure 4 of [JogePwTBAEDIE: FrsArétdpAtion site.

47. A nucleic acid according to Claim 42, a ditag according to Claim 43 or 44,2
5 nucleic acid sequence acording to Claim 45 or a linker sequence according to Claim 46, 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 the first recognition site.

10 48. A nucleic acid according to any of Claims 44 to 47, in which the nucleic acid
sequence comprises the sequence 5’- GAGGAGNNNNNNTC ,CGYAC -3', preferably
5'-GAGGAGCGTCTCTCCGAC-3,

49, A method for detecting expression of a gene, the method comprising the steps of:

Teese” 15 (a) providing a first complementary deoxyribonucleic acid (¢DNA) having a
Nt terminus comprising a terminal transcribed sequence of a first gene;
reee . (b) providing a second complementary deoxyribonucleic acid (¢cDNA) having a

terminus comprising a terminal transcribed sequence of a second gene;

(c) linking the first cDNA so produced to a first linker sequence thereby forming a
**%. 20 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

25 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 ata

site distant from the second recognition site;

(e) cleaving the first linked nucleic acid with the first nucleic acid cleavage

30 enzyme to provide a first linked tag, in which the first linked tag comprises a first
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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,

() 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.

50. A method of obtaining a nucleotide sequence tag substantially as hereinbefore

described with reference to and as shown in Figures 2 to 4 of the accompanying drawings.

51. A method of detecting gene expression substantially as hereinbefore described

with reference to and as shown in Figures 2 to 4 of the accompanying drawings.

52. A method of 5° Terminal SAGE substantially as hereinbefore described with

reference to and as shown in Figure 3 of the accompanying drawings.

53. A method of 3° Terminal SAGE substantially as hereinbefore described with

reference to and as shown in Figure 4 of the accompanying drawings.



