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1 METHOD OF GENERATING A DATABASE FIELD The present
invention relates to the field of biology, in particular, the fields of
molecular biology, genomics, genome annotation, gene expression,
transcriptome analysis 5 and diagnostics. In particular, the present
invention relates to methods of generating a database or a computer
readable medium comprising a database using Serial Analysis of Gene
Expression (SAGE). BACKGROUND One the most burdensome tasks in
the post genome-sequencing era is the accurate, 10 and complete
annotation of awgﬁggmm%m#ﬁw& transcripts of a
sequenced genome. Bioinformatics analyses of fragmentary experimental
Fiefigta have led to 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
ind8jhe pdexbstudiespandathe tmthin dzlly clvated)Ref Batdddabbsédldsanly
motbuhf RO PGS SR IS SHIDEH: SHICUGES: 1o ANRHFIMDBhatysi
current techinologies applied for genome-annotation including
and ghrapeatio haPgdiss | prdbicpsac DN ANERIhipG tesriel edadn efrkgnaridingtaer
datdba¥¥é @W@%ﬁ@&&ﬂ@%@tﬁﬁﬁl i&ﬁﬁﬁ?ﬁlﬁé‘% @ﬁ%ﬁwﬁ’ﬁf@@éﬁnﬁl Analysis of
Computational methods including homology studies, domain searches,
Geng kB S§HRd e predictions have great limitation and fallibility. Current
prediction programs 20 may be fine for many “internal' exons, but perform
BARHCHIREY poorly on border exons in UTR regions. They need to be
— traned by more experimental data. The precise annotation of every gene
in complex genomes by computation methods alone is still a distant goal.
AlthougthcDbdbA elakingaa tsequeheing: proloding:fbicifiglelarigthe andrate
na QEERTERNRR Sporated immense data in £31, and flength CONAGr
sequences, low 5 abundance and fé?ge sizé ranscﬁp S are
sequlisceihgierated. djeinktroatisgaoldying odtepsmdntorargchasadncid Ngta have led to
wid%m%ﬁ&e%éﬁ%i&%i’é%%ﬂéﬂS?Hﬁ%ﬂ%&lk£T%ﬂﬁﬁ£&?§s‘i‘~h%st&ﬂﬂgﬂesulted in

redundancy of abundant transcripts and high percentage of truncated
89,08 A&y ggnecclusters; 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
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
UTR regions. They need to be trained by more experimental data. The precise annotation

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

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

redundancy of abundant transcripts and high percentage of truncated clones. A
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comprehensive cDNA library approach maybe efficient for capturing the
first 50-70% of all expressed transcripts, but it soon becomes prohibitively
expensive and inefficient for getting the rest, in particular the rare
transcripts. Genome-wide scans by oligonucleotide microarrays provide
another strategy that 5 has the potential to help annotate complex
genomes. In this approach, oligo probes representing predicted exons
are synthesized, micro-arrayed, and subsequently hybridised to mRNA
samples. Experimental data generated would provide validations to true
cemprebenFivesc B didcinyi spprpek teay toe b fickfitifon t aptexethin @t 4017 0% of

2AIBEHERER AN, TR0 S8R BB BRIMGRR SRS IR RILRSR RS

transcripts. However, a major limitation of this 10 method is its ability to
eemeitieirsty B BREPH AR BT RASHIR of rare genes because the signal

detection sensitivity of probe hybridization is limited. Serial Analysis of

Ge“%%ﬁ‘&%%ﬁ%l&é‘s@é@E31§§J&%1e'°&“& Sl'éso%frr?y ’%?0559563%&14%65&

represents a unique strategy to | entl € existence of transcrip

hag thanpfeBh IO oAttt eosiax ga@wéaéhlwnmqbtoimmbwe ina
r&ﬁé@@mgtpm&te@mea%hsemr'ﬂaeiM%m%eﬁeamm&mﬁm@ﬂ&&ey:
(}1)116\\1 hort encet 014b contam sufficien nformatlon to
R S el e A .
Tbisiqnmqadsm@npmwdmodadﬁﬁmgwpm@é 18y Wdiimentdis agn e gesaad
RAEIIRLLA LM ANT R NRRAFCHRR RGN PG HloRe ARt seauaRced;

and (3) Quantitation of the number of times a particular tag is 20 observed
mstBodde ¥ Akl i serId RRIL AEE TG B SX[SERERRE s ReRrecrr tisique
sigralldete dbiof Adnditilstildipeoddhitpisratiens dinsitemough to be transcript
specific and small tags from each transcript can be extracted and
concatenatbdinio daGet pipessidaneilicdent sequencing analysis.
Because of all transcripts are represented by small tags in same size,
therejs dIS rimi t|on n SAGE n|n . Essentially all transcripts
shouéf’ba Sﬁsré)ggr? € xﬁ’rgs,gﬂ]i(%gs RS “geaa m%g'lé
th%mbfens@ﬁ@@%ﬁ@@ﬁﬁ@@@&hm&ﬁ@@m acanehlli ¢ [fos tpactie thams cript
nFo'QHﬂ%%A'%‘ @?l‘ijpl]cﬁ trﬁ'ﬁkgr%rBS énf‘ﬁ?ég es\{lnﬁerléngGE M&ggﬁig@

and Kinzler, K. W Serla yS|s Of Gene Expression.
(§ (f}eﬁli% SPABETAS &a&gl? létbp) contams sufﬁcxent 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
observed provides the expression level of the corresponding transcript. The unique feature
of SAGE is that a 14-bp sequence is enough to be transcript specific and small tags from
each transcript can be extracted and concatenated into larger pieces for efficient
sequencing analysis. Because of all transcripts are represented by small tags in same size,
there is no discrimination in SAGE tag cloning. Essentially all transcripts should be

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,
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as well as Velculescu, V. E., Zhang, L., Zhou, W., Vogelstein, J., Basrali,
M. A., Bassett, D. E., Hieter, P., Vogelstein, B., and Kinzler, K. W. (1997).
Characterization of the yeast transcriptome. Cell 88. A number of
websites devoted to SAGE may also be consulted for teachings on this
technique, including www.sagenet.org and http://www.ncbi.nim.nih. 5
gov/sage (SAGEnet, a public gene expression data repository and online
data access and analysis site, see Lash AE, Tolstoshev CM, Wagner L,

u&é&?gs%cagausbeég ﬁgngﬂig%acw %ggméhsf é%QQQ)vﬁAGEm@{@

lic gene expression resource. Genome Res 2000
11@(#“)» Hirtar. 80) VerglerityEanddingdeniing - SRR Sﬁmféeﬂ%*’é?w&}‘ﬁée“‘

f&h‘ﬁﬁénﬁkme Cell 88. A number of websites devoted to SAGE may also be consulted for

htgt% r|aﬂ%}i Qom/se r h’?sourceldenga(%g%en ﬁ 7&3% %%%ﬁm%ﬁf 10

nai°y5|§51E ener Xpression NA Is obtained
feonisage €8 ASP i repubtid ge\ﬁequ@qwméﬂbém@temam sl A4z ee it

Thal} QQNAe'EagﬂeAECWQQIQyC@f InslapasticHen RPOINSHh®erg RL,
Anchoﬁlrég Eg}érrgr;e g‘% ﬁxa 4-base cutte% and the 3' end of the ome
FREPRAR4MS ‘b"tﬁi‘r‘?a?ﬁ/‘%f‘vﬁe'érmto kit
Ral2penihthe(TDINN attachizd telikied fehebilg BAGR R to e Isesté)@found
ors.or i b d CRIRY defired

nug o{{s eéb %%nc%gﬁ%R%ﬁ%%g@%%mpllflcgfc?ﬁzﬁ P;t%Gend as
visinaSesatedeiriionfSHentGEAPESIRCNS enzyme (the "Tagging Enzyme”,

for example BsmFI and Fold), which directs cleavage by the enzyme at a

DOSIUOQH%,H?%WW%H%&}& QLS kecognifion &ltg, The v?xseatrg (eigased ol%Yagx

cleavag® With the relevanatmf'agglng nzyme, an gate together en
tolNg tmdhgumagﬂwmwawg@raﬁ&ith@hbamﬁ!m éatugﬁwg more di§ested

Wik, (&40 %Ftﬁgg JERRme. anskdoated, nastier tadoMmACaNIAIAR IS red to

Seq uencm% concatamers reveals the |de‘ﬂ£ ?gehi uenct 1;lhe

radeadridpbertia wusraly BHIed iR MR RSB |c hgylo the

trmactsb@dwa th enoaktto piishperOu dinkethEaelfici¢rsy whserronging small
QPhaA e&%% 5@%&&%9%&9 SARSAlLS Fefﬁ&&@a&s@a@mpw@u asa

Des el ese ises however, the original SAGE tags are too short for

dwe@znﬁmpmﬁ @t@ wm@n@ewdmshsa@aﬂnw%g%ﬁéﬂaw Rsmdientor
MQRDIREhRAIAEAISIBL 2 DY B aliam seay@ﬂmwudata{aaaesme small

genomes Such east. This s omln cation of SAGE
SRR e A1 REr BN BrOHABY WL 5 SaTp it TRt o

ligated together end to end to form ditags. The dltags 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

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
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4 annotation. To overcome this problem, the developers of the original
method managed to make the SAGE tags longer, simply by taking the
advantage' of a new IIS enzyme Mmel that cleaves DNA 20 base pairs
away from its recognition site. The modified method is known as
LongSAGE, and is described in WO @2/10438. This modification makes
the 5 LongSAGE tags specific enough to be directly mapped onto human
chromosome sequences (Table 1 in Appendix B). This function is an
important addition because new SAGE tags now can be directly marked
aumiptEpe difiovenromchspretiboa tivris felopataritibd angwadmetivdmenagngd to

nidenificationsa reinfaG ARG S0 QNS ARE SFatRASTS MG EMme
des ite%?ti adv%bn%ggg?s,, LO%SS?%;EE’SQ{%I has .Iimglt_ations to its ;\%?t(:tive, iO
thad glepyics I Aiasa raiscaray Bory énveqeanifjenite Taranedifid medind s
kdepeadinggdA GRerad ihdNibdd §ite00? idadrahsaripti SeqioanekeSthe
rovidi ly internal’ S Cli Furthermore,
BBl R e
sprrerises(Sakln hinppradix BAEEstRectienid ahdnnesianadeniembengeyprnew

SROHNEY AN e MRIBFRQTSHEK S RV SRR hEIRREYME MYa8B8; [BPpStential
enerated for ea§ exprei%eg seguence, and it is not%ossible with the
'

h .
PG4Tt FhEtRBS T8 B PP B AR RFB PGB F1Tie

expressed gene readily. The present invention seeks to solve these and

Othefﬁ%&@l@f]@e%’éb ﬁﬂd@&ﬂ%&,@&é}@@&@ﬁ 100 SXPIHRIAshRAN S ective
SUMMARY 20 We have realised that the prior art SAGE and LongSAGE

ugschikfthie Srigivel SHSETARRSQSE e RtrtftRatedaaTly dnsatingRy ihgre
tipaxisul sitdisedy aniagaspasispdia@sothevdaigbaltiadags ehjiainedlirdie
riQr art techpiques reflect inte uenc the .expressed genes.
R PiE e SR PR S SRR Ol SR ERagh s
tesiopseand donggrogdssipueh ahé’ 3ndAdR3\Ed fniettoid tha tnfripratiovrehpiet Bkher
Rard. e avesrRAlgELIRISUAL. BRI IFIaday R schantagasiathat

they can be used to define the boundary regions of 5_genes. In addition,
CHRESTEAR REAYEACROINY SEGLRIER'S MR FEHBE ALY ‘e SRR Srther

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

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
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
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obtained by PCR, once the sequence tags from the 5" and 3' termini of the
transcribed region are known. Furthermore, obtaining a 5' terminal
transcribed sequence in a tag can provide a handle for promoter
identification, as described below. 5 We therefore provide methods for
generating a database or a computersreadable medium comprising a
database from tags corresponding to 5' and 3' terminal transcribed
sequences of expressed genes, i.e., tags corresponding to the 5" and 3'
termini of transcripts. We also describe methods of obtaining further

gengedueddidipnidhmatblengttheodmgicsrananer weboarectsg sfpResily be
obtAXRISILARISRES R R BS sndurest i@ Qsenaliiva i@ty

manner. According to a 1st aspect of the present invention, we provide a
regiRFOtNET Y dETRTRY S ARABARR O REIAG A BTETRH oA YERasT 2 digctn
proveRa G pusHignasteindiaationiomeihessariraddoexpressed by a

particular cell, the method comprising steps of. (a) providing a first nucleic

aciVseteehoe; ity lidkinglthds firs tganolgioaicidhsbgsence donfibitanrhindedre

medifUEIAG 1t59nf%)crlraa?aﬂg&egowggccgﬁg Hﬁ?ﬂ?‘i‘a ghedlll(pge{ PR Wfscribed
@i I?a Irs 5

comprises: a first recognition site for a nucleic acid cleavage
seqegnegpd ehatcatiohesets avgessicashatdneleithadiceseduentsnacs site

trandiSERRL iR %_Jé&?fﬂ@ﬁfé%&?@f%@aiﬁﬁ% fﬂ}tﬁel%%ﬁﬁ%é%ﬁﬂﬂﬁ'ﬁ)&h%ﬁ%f@r
a second nucleic acid cleavage enzyme that allows nucleic acid cleavage
forflatoé@ﬁ@%ié?amffpsﬁ%ﬁ&@@@éﬁbﬁ%&%@%ﬂ%ﬁvy@, gaYbeIecRAE ST
repdaciatasg atatdQ pesiti@n within or about the first recognition site; in which
the linked nucleic acid has the structure: 5' - second recognition site - first
recognitidmsitea fitsspreciefithagictsedt (oyesi@aving phevliftkednetciéicfacid
genlfif DG &'Jt%%‘éé‘?éﬁ(iﬁ ARA Sle; eﬁﬁ e(%@é%?dtso, Qr&"%g(%r@co%l“%‘?n @o
comprising the lin er sequence inked 1o & nucleotide sequeﬁce tag
indigafipasehetive efnhesfiraratelely adiarsedaeerib hadesioh Aemiriainarsifipgal

of: 9 B@%&M%@Tﬁs@ﬁ&ﬁ@c@i@ %@H&P&ﬁ'ﬁ&ﬁg%@%&%%%ﬁ@%m&e to
remainder portion of the first nucleic acid. (d) detecting the presence,

an ligket s7ISR5CiERiRERy D BKEdiREE 126 Sr e HeR BB tiakCisiguerte tapibes:

(i) Pneyiee amnincicatianof ARtAGAICaR] BRI EXBREFSIOMiad AlloWO URGVARe of

th iggéicati%n of eggﬁrission (t)f the (geneta a rﬁgogd in the databatse. 6d .

c Brimpsity e tsRiERe iid BERrRRDE Rnbpressatyie and G o
secaelxeynpanuclgic fgid second nucleic acid cleavage enzyme that allows nucleic acid
cleavage at a site distant from the second recognition site, said cleavage site located at a
position within or about the first recognition site; in which the linked nucleic acid has the
structure: 5° - second recognition site - first recognition site - first nucleic acid - 3’ (c)
cleaving the linked nucleic acid with the first nucleic acid cleavage enzyme to provide: (i)

a linked tag comprising the linker sequence linked to a nucleotide sequence tag

representative of the first nucleic acid sequence and comprising a terminal portion thereof;
and (ii) a second nucleic acid sequence comprising a remainder portion of the first nucleic
acid. (d) detecting the presence, sequence or identity of the linked tag or the nucleotide
sequence tag to provide an indication of an instance of gene expression; and storing an

indication of expression of the gene as a record in the database.



10

15

20

25

(cDNA) having a terminus comprising a 5' terminal transcribed sequence
of a gene, and in which the linker sequence is linked to said terminus.
Preferably, the first nucleic acid comprises a complementary
deoxyribonucleic acid 5 (cDNA) having a terminus comprising a 3'
terminal transcribed sequence of a ggne, and in which the linker
sequence is linked to said terminus. Preferably, the second nucleic acid
cleavage enzyme comprises a restriction endonuclease, preferably a
Type IIS restriction endonuclease, whose recognition site is 6 bases or
greater, preferably Mmel. 10 Preferably, the first nucleic acid cleavage., .
enZiniE B RS SSh AR AT CORIGIE fecRiBP SRR G pyi5an§!cic acid
(cDreslrictionzendoniualeasepnaierablyebsaR ltratsefexalyqibecength@ene, and in
whigRBPRES Sequentally genarating & plirality of nucleic acid sequences
ch comprising a hucleotide sequencelfag from a nucleic acid, the
method comprising repeating steps (a) to (c) of the 1st aspect of the
inventien.Bl/laastRaGRicBid acihishpredrst spleitcatit) sRakamsehoéisieRcid
ﬁé}is provided by the second nucleic acid sequence of step (c)(ii); and .
(cD5ia7iRg dkch tﬁﬁﬂ%&&ﬁ&ﬁ%’f’%ﬂ‘}ﬁ&énP?éI%lf“&leﬁﬁf&l%%{H}“eié‘?ElHe‘bc&? ratEl%a8"a "
whivkabediitkéheedatabaisdinkiéne saipresideds.according to a 2"d aspect of the
present invention, a database generation method of generating a
database comprising a plurality of records, each record 20 comprising an
indiE‘&ﬁ%‘ﬁ'WhégﬁéF%P%ﬂ%cléléi%%@éﬁaﬁfl APAPANRPEEST HHEsHIEHd
end 6RNORHSINGr8RE HENS T8l d AHQVidineh afiishlinkad R RBd-aopaanmiklioked
tag, each inde enfe ly produced by a method according to the 1st
basgsd e%f"%tf’fh%r?#%/ré Yo&%ﬁ% linking the first linked tag and the second
linked tag such that the nucleotide sequence tag portion of one linked tag

is lipkad-igihe Byt leqlideisaaianss 188 AR Ahapnked tagitagp form

a ditag, the ditag com riswig terminal transcribed sequences from first and
endgpigpricgrisEeablid (DjRietadisniyitHeredundesciduriidy (Reekitag, or

at least one nucleotide sequence tag comprised therein, to detect gene

fgfg‘fﬁ#&%@% g’ib%ﬁé%g é@@g}%&g@%ﬂe&%iﬁga{saa@gaoglﬁmi%%@naaac

ach of'the first and second linker
acidsggyertes STomHpRsading theuflleetisdequence tag from a nucleic acid, the method

comprising repeating steps (a) to (c) of the 1* 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 (c)(ii); and storing each indication of an instance of gene expression

generated as a record in the database.

There is provided, according to a 2" aspect of the present invention, a database
generation method of generating a database comprising a plurality of records, each record
comprising an indication whether a gene is expressed by a particular cell, the method
comprising the steps of: (a) providing a first linked tag and a second linked tag, each
independently produced by a method according to the 1 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 sequences from first and second
genes; and (c) detecting the presence or identity of the ditag, or at least one nucleotide

sequence tag comprised therein, to detect gene expression; and storing the indication of
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second linked tags comprises an amplification primer sequence, and in
which the method further comprises a step of amplifying the ditag,
preferably by means of the polymerase 5 chain reaction (PCR).
Preferably, the database generation method further comprises the steps
of. (d) cleaving the ditag with the or @ach second nucleic acid cleavage
enzyme; (e) 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. 10 We provide, according to a 3rd aspect of the
present invention, a database generation method of generating a
XDt BB aMY S BItRIF SrtRasFds, each record comprising an
indication whether a gene is expressed by a particular cell, the method
conppLisingr(@haPRDa ALinAcaliRN Al ANINARES QLEHULSAIAN & and
gene by a method comprising: (i) providing a complementary
seclbRsoABTReTERIATES THSRY BITESPTSRMIRNES coid wigfﬁglatb@rwﬁad
furtHaeehhed Seaus beaRf I aR & i tipkinerdh® IS Mdn S6Y iRKBSlymerase
sequence }%ﬁﬁby forming a linked nucleic acid, in which the linker
chag e Sdiprises a first recognition site for a first nucleic acid
cleavage enzyme, preferably a restriction endonuclease, that allows
nuCKRRRIY RENRABAL SRR AU ARKARIT IR ftsifrRomlion o AN
(iii) cleaving the linked nucleic acid with the first nucleic acid 20 cleavage
cleayipg the dsgraviidaaifiash teernh Wwhlel fskl Ffaasagresmpristtinging a
plurdisleTtRersanuante fa GRese@iye ndaminahll ansbiiesg the
equence of the gene; and (i ti‘tin the presence or identity of the

q \g det
Bl B 5P TS B AP A DS A RS de an indication of an

instance of gene expression; and storing the indication of expression of
the GeNRATIR, HREOFGHR DG satabas rif-prelerabiveihem padshibe

cDNA comprises a sequence corresponding to the 5' terminal transcribed

genggdigr e ortAbegaFatana TR L EREPHISIS SRYIRIRY @ T4k torhFererd

conPiRlial theicMAeBwhaiarabbhethe-ppelaelide SpaHRILE (o, ERMPARES &
5' terminal transcribed. s quence of the gene, preferabl r(th.tleast he first q
CompEIHRE R R R PG B bASF C&Qﬁé’,‘%%?é"g By tha fiee

congPikiages)pirthél ingrsaribgldrpartion debityeigeneleic acid (cDNA) having a
terminus comprising a terminal transcribed sequence of a gene; (ii) linking the cDNA to
an linker sequence thereby forming a linked nucleic acid, in which the linker sequence
comprises a first recognition site for a first nucleic acid cleavage enzyme, preferably a
restriction endonuclease, that allows nucleic acid cleavage at a site distant from the first
recognition site; and (ii1) cleaving the linked nucleic acid with the first nucleic acid
cleavage enzyme to provide a linked tag, in which the linked tag comprises a nucleotide
sequence tag representative of a terminal transcribed sequence of the gene; and (iv)
detecting the presence or identity of the linked tag or the nucleotide sequence tag to
provide an indication of an instance of gene expression; and storing the indication of

expression of the gene as a record in the database.

Preferably, the 5’ end of the cDNA comprises a sequence corresponding to the 5’
terminal transcribed sequence of the gene, and in which the linker sequence is linked to

the 5° end of the cDNA.



10

15

20

25

Preferably, the 3' end of the cDNA comprises a sequence corresponding
to the 3' 5 terminal transcribed sequence of the gene, and in which the
linker sequence is linked to the 3' end of the cDNA. Preferably, the
nucleotide sequence tag comprises a 3' terminal transcribed sequence of
the gene, preferably at least the last $6 bases of the transcribed portion of
the gene, more preferably the last 20 bases of the transcribed portion of
the gene. 10 Preferably, step (a) comprises: (i) deriving a cDNA from an
MRNA by reverse transcription with an primer comprising a sequence
5-NV(T)13CCGGCCGG-3', in which N=A,C,GorTandV =A, CorG;
(ii) protiRRG BUBfe WP aR SO RRCHTRERGS A S al i LEmg e d
seqtoidblef shtoguhe dpe et Ab With leselthe firadiuceaseclaare traladttdaenrontising the

3, GGCCGG averh é]&%l linking,the cleaved,.cDNA to a linker
engyre prern TG Al bl PRGBS oo B iSle e with
Mmcl to produce a cDNA GGCCAGCCT lacking a polyA/T tail.

Prefeeabhibiine,e PNACONIigsR theBfsminat {iRASCHOIRE SHMIRNESHRE 3

the gene, or the 3' terminal transcribed sequence of the gene, or both,

termpat ARl KTI AL SEBHTACR YL fei g th %SN%WQB‘%%&SWSBFH%‘FE}HES linked to

the 3ubsdarftialy N A0 the coding sequence of the gene. Preferably, the
linker sequence further comprises a second recognition site for a second
nucleic acid cleavage enzyme, preferably a second restriction

enddsiFErbhsdheic snbdss pnaRe B8 QAR hrte s biswsstifetn the
seq RN fIRCagRItinBreHS pRd dist WRICRthe 5RcO Bt HREAGREITREPSrifn of the
located 5' of t@e fgsiﬁr)se%& nition site in the linker 25 saﬁ%ence. 9
&N POREFASIY TR YRR OF T SREBITHPRETYH SR L8 With 788t to the
first recognition site is such that, when the linked tag is exposed to the
secpRiLRiEleisAG CRayage @paymﬁqgcéqqyﬁg%m% RHEICRG erse
occurs at a position within or about the first reco%qgllon site. . .
transcription with an primer comprising a sequence 5’-NV(T) "CCGGCCGG-3’, in which
N=A,C,GorTand V=A, Cor G; (ii) producing a double stranded cDNA therefrom
and digesting the double stranded cDNA with Fsel to produce a cleaved cDNA comprising

3 % overhang; (iii) linking the cleaved cDNA to a linker comprising

TCGGA . . . .
B i ; and (iv) cleaving the resulting molecule with Mmel to produce a cDNA
GGCCAGCCT

lacking a polyA/T tail.

Preferably, the cDNA comprises the 5’ terminal transcribed sequence of the gene,

or the 3’ terminal transcribed sequence of the gene, or both.

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

the coding sequence of the gene.

Preferably, the linker sequence further comprises a second recognition site for a
second nucleic acid cleavage enzyme, preferably a second restriction endonuclease, that
allows nucleic acid cleavage at a site distant from the second recognition site, and in
which the second recognition site is located 5° of the first recognition site in the linker

sequence.
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5 Preferably, the first recognition site or the second recognition site, or
both, comprises a Type IIS restriction enzyme recognition site.
Preferably, the first restriction enzyme comprises Mme 1, or in which the
first recognition site comprises a Mmel recognition site 5-TCC RAC-3/,
preferably 5-TCC GAC-3'. 10 Preferably, the second restriction enzyme
comprises a restriction enzyme capable of recognising a site which is 6
bases or longer, preferably BseRlI, or in which the second recognition site
comprises a BseRI recognition site 5'-GAGGAG-3'. Preferably, the linker
sequence comprises the sequence 5'- GAGGAGNNNNNNTC.CGAC -3/,
prefaFAHRPE: SR RO FE 1S TG ARIHON FEAYY IPE iR i oHTHe

recqyigisiontsinvieRtion lterehis piio lnled 2 gaiaRpse g aneratieonmatiadeaicid
cleggheiating.a database: compriing aplurallty of records, sgchreqotd e e
comprismg ’an indication whether'a gene is ex egsed ya parﬁcu ar cell,
recapetmethted comprising steps of. (a) providing a first complementary
deoxyribonucleic acid (cDNA) having a terminus comprising a terminal
transcribed sequence of a first gene; (b) providing a second 20
compreHetalrdEsEriBaHt et Setd RESARE BRSSP oth,
congoingrisingalisneitraltitraasgnbect seqidncsdtef a second gene; (c) linking
the first cONA so produced to a first linker sequence thereby forming a
first linked nucleic acid, in which the first linker sequence comprises a first

recBEFiRTBNSitRerEI Y Tt pRNSRZIBIA QBRTEGE MARInRS, IprEhish B Hrfitst
recd@sitiltioN: @DAPHdeieasmd A Rlans hieeic Beid RieavagBrafetiBIfesdistant
gn the first 25 recognition site; (d) linking the second cDNA so produced

fro
GA ) a'second linker sequence thereby forming a second linked nucleic

acid, in which the second linker sequence comprises a second
recogition SiiRd Ot R RERQNLIICISIL, AR SIGANRDE RUFNTG: RISjRIAPA Ale

second 10 restriction endonuclease, that allows nucleic acid cleavage at
of recagRi NG 4t Srhithés et OF dishi b LRBY( B eidading tHudh Shqirfeead
recduciRIE aRidoniphithe st RUEleiE Atich Gleayaga @OaAm® to provide a first
linked tag, in which the first linked tag comprises a first nucleotide
sequence tag representative of a terminal transcribed sequence of the first
cDNrefempledbmidnkahe srasndamrashihelstaesierwith the second

GAOMERINAGILRIRAAge ATy e (- RIQVIY8 8GAGGAGCGTCTCTCCGAC-3’.

As a 4™ aspect of the present invention, there is provided a database generation
method of generating a database comprising a plurality of records, each record comprising
an indication whether a gene is expressed by a particular cell, the method comprising steps
of: (a) providing a first complementary deoxyribonucleic acid (¢cDNA) having a terminus
comprising a terminal transcribed sequence of a first gene; (b) providing a second
complementary deoxyribonucleic acid (cDNA) having a terminus comprising a terminal
transcribed sequence of a second gene; (c) linking the first cDNA so produced to a first linker
sequence thereby forming a first linked nucleic acid, in which the first linker sequence
comprises a first recognition site for a first nucleic acid cleavage enzyme, preferably a first
restriction endonuclease, that allows nucleic acid cleavage at a site distant from the first
recognition site; (d) linking the second cDNA so produced to a second linker sequence thereby
forming a second linked nucleic acid, in which the second linker sequence comprises a second

recognition site for a second nucleic acid cleavage enzyme, preferably a second
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second linked tag, in which the second linked tag comprises a second
nucleotide sequence tag representative of a terminal transcribed
sequence of the second cDNA. (g) ligating the first and second tags to
form a ditag; and (h) determining the nucleotide sequence of at least one
tag of the ditag to detect gene expresggion; and storing the indication of
expression of the 10 gene as a record in the database. Preferably, the
database generation method further comprises storing the database in a
computer readable medium. We provide, according to a 5th aspect of the
present invention, a method of generating a computer readable medium
res%?ﬁf)ﬁ%ﬁ?@“ﬁ ﬁaéfaﬂﬁéél@é‘%‘r‘%%a&?)ﬁﬂ?aﬁ%e&ﬁ 23 SPas M r iR te
recoghatinesite; gOneisiexpire Sseditledparticulad ealh thefinethddicarnirisingse
enzﬁﬁé‘&{ NG adﬁﬁﬁ%ﬁgdb[nglmﬁh&dﬂ?&&%ﬁ'ﬁﬁ!&&qa@%Rﬁ??%dd'}ﬂs?ﬁ{?ﬁg&iﬁe

the invention and storlng he database on the c A)&uter readable
SequFGitighrePIeSHIAEE piE SoRPifoRCdrEmaE oK E'S Fjite Dleaving
the SI3OMSIiARAVREIEIM AT & KREWRSAG R teshRigLd dmpabitized 6 PNAde a
ents at.3'end. on magn LC beads are digested b bp. restriction
e B T e R R S EoB TR SR v
repriggpséahedref 4 ferikapsWithserledogmitiors Sidite fenoBEehRN Aa(E)yb@ﬂﬂlll& thpdirst

and RSUGUQR RIRYME adke; gt derthail 'ﬂh%'ﬁéé’l%gtfa@q,é@lh&@é\lﬁ at least one
frat%gents on the bead. BsmF| cuts the DNA asymmetrically

tag RETE eI ATy} SFOS RGO RIAEa% S T4ipaian 94 prgssion of the

genkeRresaRtiMeh e eaaesponding transcript. The extracted tags are then
ligated into ditags for PCR amplification followed by removing the linker
arms with Nlalll digestion. Ditags with 4-bp anchor sequence are

conisisrigdthecidmnsae) carriasioniesibed e eoTRises s, Hifedatabase

in adi@gfRB-Qf RARENBG GANCcatenate library construction. Figure 2 is a
schematic diagram of the 5'and 3'Terminal SAGE techniques described in

this document and its application in genome annotation. 5'and 3'Terminal
15 Sk@R vidss fromdio-tendth asapdorts radnamsenftonenstekaficted

gen&%ﬂ%'&%&%&%ﬁeﬁ%ﬁgﬁl@ ﬁféé}{mle&)ﬂﬁgﬁn%r & &ﬂ%&eﬁﬁﬁﬁsﬁgg‘% ralify of

sequenced, counted, and mapped to chromosome. Mapping of

recapdaydieh dedietordfirsicasaiiowsTeraddy meaﬁacalﬂﬁrrpell the method

comprising generating a database by a method according to any preceding aspect of the

invention and storing the database on the computer readable medium.
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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 20 and confidence for identification
of new gene and confirmation of predicted genes. The 5' tags also allow
quick identification of large number gfjpromoter sequences. 12 Figure 3 is
a schematic diagram showing the 5 Terminal SAGE and SAGE Walking
techniques described in this document. See Detailed Description for
details. Figure 4 is a schematic diagram showing the 3'Terminal SAGE
and SAGE Walking technigues described in this document. See Detailed
m5‘(’-}9@1§-§§é§’=ﬁigﬁé%-§f§tfﬂ!l:.i)#@%é@&NCE LISTING Appendix A shows the
sequences of the various linkers and primers used in the methods and

COMRARIQNS HERErAGH HST8, IBrRANGHAS NG ?e@é%ﬁlﬁ\l‘g"?ﬁn&fb‘?li_zed cDNA

sequences shown are: Notl-dT15 primer used for A synthesis;

fragments M StPNARErMYERRIEsads anodigpied by @ariy, RatHellEsery mmRe B On

ave4sN N SecaBsl ko unsh MIDRIABSER bikyinkehAs«(PAR) L $EER0H #RUNEcognition
Mmel-BseRI Linker B (50nt2é; PCR primer A (29nt, ZOn% PCR primer B

site 158 (s, e8I prArLic Y SBRCsHHtHEaIsy. [ Ot Hrikeseftrad of
cDMNiotingligas osaraedad. tBenFCRiprinedd X dsiphset-Mitiel[ e (8 (14/10)]

introduce Mmcl site and remove polyA); Second round Mmel-BseRI .
e R e AR B T e T3, e
extipeiateiags (2OHteR0gajedPBR gitirpefoB R2Brin@lifitatiNofblWT20 pyiregWatithe
ik QR NOf SR DK P N O L440B NS LIERLAOR R dlker

A bottom; Linker B top (N5); Linker B top (N6); Linker B bottomx; PCR
clonsdnsad sgameredAitar sl s a-whenisrdae v PYaR g AReIL1aSS;
librAdmehRagBbkinker A bottom; Mmel-BseRI Linker B top; Mmel-BseRl

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

Sequgnee? idstveyeDETAlLTEDE 86 ROl ONefhmahsthoHsahaliques

desGHRRH {Pnosn ogl?rrslgfllcbe{arl 1 (sara%p 4 1!%1%egg?or§é%%8gtgtgo%agaggg 8 rerminal

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
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.
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25 comprising records indicative of gene expression. The methods involve
isolation of defined nucleotide sequence tags from termini of nucleic
acids. We provide methods for the 13 detection of gene expression in a
particular cell or tissue, or cell extract, for example, including at a
particular developmental stage or in gparticular disease state and storing
such information on a database. Nucleotide sequence tags derived from
cDNA can provide information on the gene, allele, or isoform which is
expressed, and their incidence in a 5 sample reflects the level of
expression of the gene. Qur methods therefore enable quantitative and
qualitBtteSdR aIys Bt e faeyprasiang Ihcpanfiir! ot dataya Gk
Waléneraihng, tee i cishabin ihvodoe iselati Sgerietatiddac segten der tdasils.
which reflect the 5" and / or 3' sequences of transcripts corresponding to
expressed genes. Such nucleotide sequence tags are therefore

repfdgBIR4ive sehematisidizensiaudnn s setpianed SrSand SAGE

Wal@nef@hiif COmpIiRe & RinioakiianssebedtareupRsE i Riod anRaAuCh
tags are referred to for convenience as "Terminal Tags", and the

techniques for obtaining such terminal tags will be referred to, again for
SEQiENEIIdBRGNly, as "Terminal SAGE". 15 As explained above, the prior

art SAGE and LongSAGE techniques have disadvantages associated

with, the fact that the tags roduce%1 sing thesge techniques are :

e SRR AT ROTHeLEE: Sl S BIiQ RHI Sdiibicls
metbbdherekgrapsetiogedes)ibhishisd) écaasepiartalpritranp SAGEe sequences
sho\t,%gmiques, the "start” of the tag is defined by the 5" most (or 3' most)

terminal Tagging Enzyme site on the gene, while its "end" 20 position is

defined by the offset between the Tagging Enzyme recognition site and its
cuttingIsdtel AMhieceithelr fhie BN\engyathihe 33 ana-ofdheicRNAMeaan-BeeR1
._anchored in the kno G INGSAGE techniq Is.anchoying,
L R e S LR B A B AT t
(SOohgationrd theddaptdrBsoRlinkeks; Fh&dng) 1IRAIR thremagd g&hherated) BARe
it B R OIR D08, LG PIOp At F TR WK COREERONG 19,25  IRIRIA,
prinicr EZ ) i Sc%ngi@, péﬁ%e %0% %,dS n ntﬁe e

sequences. Accordi igestion of the cDNA with Anchoring
biotEnogdsrsrsanastigtRA& primer A); 1/2Fsel-Mmel linker (to introduce Mmel site

and remove polyA); Second round Mmel-BseRI Linker A (50nt); Second round Mmel-
BseRI Linker B (50nt); PCR primer A (29nt, 20nt); PCR primer B (29nt, 20nt).; NotI-
dT20 primer; Notl 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-dT 16 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
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 generation of databases
comprising records indicative of gene expression. The methods involve isolation of defined

nucleotide sequence tags from termini of nucleic acids. We provide methods for the
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position of the tags in relation to the entire sequence is essentially
determined by the 14 position of the most terminal Anchoring Enzyme
site in the transcribed sequence. The prior art SAGE methods therefore
invariably result in "internal" nucleotide sequence tags. In contrast, the
Terminal SAGE techniques describegsin this document enable the
isolation of nucleotide sequence tags which are "terminal” in origin. In
other words, the 5 tags obtained using our techniques comprise the 5' or
3' sequences of the processed nucleic acids and hence the transcribed
sequences of the expressed genes. For convenience, we refer to the
detqeHR 08 SER BTG = 2 AT PN SE IS U B al g sxample,
incldésgrinadasichlaf aemiphAGEtagng tha pastbokdfofsedasnirghAadItoring such

. ~terminal transcribed.sequence of a gene "3; Terminal S ". 10 .
o N e S s et SR R SRR e rovide
infosmgtiemos dﬁ@g_@r,lelhia,yocdmfemewhgpbﬁ_es @ﬁ@ﬁ@dd@% taéiﬁ'imeitﬁnmalinaag",
samBREEAECA 9@&%898%?&%%&?@8‘&198&%%@ ﬁéh&%%"[ﬂ@x%%‘i%%ﬁ%ﬂf%e?

sequence of a gene maybe conveniently referred to as a "3' terminal tag".
quapfipiisigerndranali e Bt ed greg SYRESBI nucleic acid which is not part
of a gene is being processed using the methods described 15 here, these

terms m uall e mare general meanings (i.e, as.referring tq the.5'
il S e S
sequrrckefegacidhivh ilestitn)? 1anthéandthegsudes efmimat GAGHE e Hhedonbted

expfISEEd BelUSIWAIRIC BGIRISRIUGRESa S JFé&BF%%‘%%_F%QéﬁtﬁiUQ F Mlthfnal

“linker'sequence" to form a "linked 20 nucleic acid". The linker sequence
tranggyiihedi seugnetref Aasagniti@snsitel: topycomatiprielsianiael drensaiyaggesequence
of a8Rdg¥me". The first recognition site is such that that allows cleavage of the

first nucleic acid sequence at a site distant from the first recognition site.

The linker sequence also comprises a "second recognition site" for a

"seSopld tagicieto elcitied|bafmgenestyme astiibtralionl S agrlledodibic tetbaimige

for Bb@isiHg ARIPRLITAM B SAAMAIREANIIAAr BilCoIRiCIRRAYS site for

... the second nucleic acid cleavage enzyme is located at a positiori within or
Tegp tHeGlest recognition site. The linked nucleic acid preferably has the
structure: 5' - second recognition site - first recognition site - first nucleic

aCiq\-s gg(plained above, the prior art SAGE and LongSAGE techniques have
disadvantages associated with the fact that the tags produced using these techniques are
essentially “internal” in origin (i.e., they correspond to internal sequences of the expressed
genes).This is because, in the prior art SAGE techniques, the “start” of the tag is defined
by the 5° most (or 3’ most) terminal Tagging Enzyme site on the gene, while its “end”
position is defined by the offset between the Tagging Enzyme recognition site and its
cutting site. While either the 5° end or the 3’ end of the cDNA can be anchored in the
known SAGE and LongSAGE techniques, this anchoring, and the fact that the cDNA is
treated with the Anchoring Enzyme prior to ligation to the adaptors or linkers, means that
the tags generated by the SAGE methods of the prior art essentially correspond to

“internal” sequences.

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
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15 The linked nucleic acid is then cleaved with the first nucleic acid
cleavage enzyme. The products of this cleavage reaction include a linked
tag comprising the linker sequence linked to a nucleotide sequence tag
representative of the first nucleic acid sequence and comprising a
terminal portion thereof; and a second nucleic acid sequence comprising a
5 remainder portion of the first nucleic acid. In highly preferred
embodiments, the database generation methods described here involve
ACHB AN NS HLISORR AR HRd daaine faradaaterdalies louhe
ee end. The adaptor/linker comprises a PCR primer site, as well as two
Price s Alrieeibpdssheigfaee iavsighlviandiins FLAf SpeleRtidRspyignoe s
referred to as the Tagging Enzyme site 10 (here Mmel). In addition, a site
which may be referred to "Anchor Enz " site . |
e e L b e
dmplitoationctsbtive stigaers:eTias whinhlifredtermipd SFeofiin e aieTaRidha,
segusREa ANg Analysaghasstsribrdsinfarthendribbewwedisdd be

appreciated that where the first nucleic acid sequence comprises a cDNA,
Sl AT CTB e QRS ER R T E SRS A idthod
campfikas:awierafinal tiicanstoidén ceajumged thrnpbtarasripdsequence of a
Preferably. the ¢ is fir e t ianof the
U ﬁté%sﬁg%t&;%is rggioen d%’% or tﬁmeﬁl?e[aﬁéatﬁép%g%leﬁar%;? %%m'lgﬁds for
eivansrpled wenpacs ehg eompridieRad Sefhinal transcribed sequence is
desired, the cDNA may be processed to remove at least a portion of the

polyA/T tail. 20 Howeyer, jt will be reciated th removaﬂrgf the entirety
of the 3S 4] %Lﬁlé%né“é ?ﬂtédcpsgﬂ}f&?ﬁﬁ i‘agﬁ) ?gl?l%?sértlﬁgflsfqy F\egglensasary,s prO\;?ded

thertaucisoforgyreroagtewscomptirbeseuehteasipforivamdniupsraidhef the
PRlYRGEdRIL TR e lERtiRiSE HUERERIAMINGILE RIQAKEEsr Mayday be

detected to determine the_identity of the first nucleic acid. Its sequenc
A AR BRI TS 1or BT BherLIPEeY 5o LB ARREFE e e
nugleiide iderhiancedapawbichpaqisdaipgodstivkeditigpihd ontahioda/d¢scribed

other nycleotide seque r "ditag" ich i )
SR ARG AR e e e e
eseamiplbseRyeRE RE By amminelsemeneprol e thieAbEE ks AFddR
Sgeldgape. Two or more ditags may be joined together to form

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
nucleic acid”. The linker sequence comprises a “first recognition site” for a “first nucleic
acid cleavage enzyme”. The first recognition site is such that that allows cleavage of the
first nucleic acid sequence at a site distant from the first recognition site. The linker
sequence also comprises a “second recognition site” for a “second nucleic acid cleavage
enzyme”, that allows nucleic acid cleavage at a site distant from the second recognition
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’
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16 concatermers, and the sequence of the concatamers determined for
high throughput genomic screening. "Nucleotide Sequence Tags" The
terms "tag" and "nucleotide sequence tag" as used in this document
should be 5 taken as synonymous with each other, and to mean a short
nucleotide sequence which is diagnestic of a longer one. By this, we
mean that the presence of the larger sequence may be detected by
detecting the presence of the tag. Preferably, identification of the tag
sequence, or at least a part of it, is sufficient to identify the longer
sequence. In highly preferred embodiments, the sequence of the
nucldStik baRAce ey LvtuEsMgEntife s 'y 6%‘?{%‘."?8@ EAT KeRf LR B
Theipryicalbf deasivrdigadheiengengequrinee tancbmayshig eheftageranlodnce
._it. Preferaply, the length of the tag is |less than 15%, preferaQly less than
i e e B A S e R e TR
contpgsmay enohalmorienytsrbeft typicakyotideriehgthoflthetagciscoetvears a
reméfé&P@&%%nW%%?AY%Eygggﬁ&0'30 15 bases, more preferably between
ase

15-20 s in length. Although longer sequence tags are preferred, the

methods and compositions described here may suitably be used with

shorietigagspickexanpbediagataftbe GatdbBePehOratich, th2thdds dés@ibkl here
. _hases..Hawever, preferabl PQe have a minimum length of 16 bases,
v D R e AR A AT G o e B
endof imerepRE/ImipredenpdsesrbidRentsy where thel e tteolispedéy ushuditay

enz{ih B 9ENAo G E AN ALLOE 10 (he -+ RGO BRIMENER IRIVGA

rom the longer sequence) is sufficient to provide at least a preliminary

(heriprYieagloriorddiige pfitle ofhtis Hendemebrapdinas the TénghooF iRy 8¢
(e.gSusticrantdaIRs QidesaduBiads Ndicatinn aidhe ddanrtite @i aaElighBon kit

long enough to identify the gene. 25 As will be apparent from the
ampjlicafignon Beidiehd e agtRlbiethd e AraprcoarEamsy eroted snere: and
anafirsidnuclric dbid cleamgedeniyrapi.e., the first Type US restriction 17

endonuclease in preferred embodiments), in particular, the "offset" by

which the first
It will be appreciated that where the first nucleic acid sequence comprises a cDNA,

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.
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
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
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nucleic acid cleavage enzyme cuts from its recognition sequence.
Preferably, the tag is diagnostic of a gene, or a transcription or translation
product thereof The gene, etc corresponding to the tag may be easily
identified by hybridisation or 5 library screening, or by database
comparison. The nucleotide sequengg tag may be indicate the presence
of a gene in a cell (or organ, tissue or individual) or the expression of the
gene. Where a gene is highly expressed gene by a cell, the number of
copies of the nucleotide sequence tag corresponding to the gene would
checairpesseehtbtlizsdgignes ofithe foncatayemedetbrmyned fprbighidnokshelitively
dNmieredarg, the number of copies of the 10 nucleotide sequence tag in
any particular sample may be determined to establish the degree or
amouniRhLxatessidneiadene. The sequence of the tag may be derived
from a portion of the sequence of the gene, which may be from a
non-coding portion of the gene (e.g., an intron, an untranslated region
such A8e4eEme 18 ind ‘Fuciatifepedueneniteg petiend (e this desuaeaishayidbe
tAlRME BRtIMiIORi i@ dedhed JiE N6 T B BeAtIeRER sddiadaghianys15
SRASIRIM f5,2.edugnGe.of (e codingstrand of ha,0ene oL MRNAX
ealg?\?/i, or its mp?lém Nt or opposite stra F>FI5e hudiebtide’s guenc
beadptented b detadtinglthepresengepd thofagh Eddergbly sdepiidisetion\nfiesr taghe

sQNERE SRAVRIGS 59%?@?%%@195?&@ t&@@eﬁlﬁ?'&@ﬁ&%&%%ﬂ%ﬂ@@. 1R dRty
preferred . embodiments comprises a terminal transcribed sequence_(the

PR g O P R R 9 S8 BYpPA B BUSKRIRS. SRR rBiRY padentifies a

gembodiments, the nucleotide sequence tag is derived from a 5' terminal
sequence, preferably a 5' terminal transcribed sequence. Alternatively, or
in addition, the nucleotide sequence tag is derived from a 3' terminal
sequeheds sratencii setlyfstivar tions B iensdasiishee aThBH R @otide
fegfieansat geraayynaicrig e preagReRL RN e5R|paTtRbRRMUEEOT 025 a

ene, su s a messenger RNA. The presence qr.identity of the tag may
R S e B R e e e
lengthThnt gypivhlly cthi keriptinglcthedegyisdabecen drip Hatss, areferablithetwreoléotide

bASAURBRSIEEIBRNAG ¢R88 M asiahlirhig or quantitating gene
expression. 18 It will be appreciated that the gene Whlch corresponds toe

the nucleotide sequence
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.

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.

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
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tag may be one which is known to be expressed, whether in the particular
cell, tissue or organism, or known to be expressed in general in other
types of cells, tissues or organisms. Alternatively, it may be a completely
unknown or new gene, or a new transcript 5 corresponding to a known
gene, whether previously known to bg expressed in the particular cell, etc
or not. Our methods may therefore be used to provide sequence
"signatures” corresponding to terminal portions of nucleic acids, as
opposed to internal portions. Such terminal sequence information,
eifisitilaeseanmicfatredembeimenid coeatisuhin tmatdeet P Ohige g fopt
nAARRURBUIRREESeBFHEARE RBA it dRkdhRBIWquedgrminal Portion™ By
"terminal portion"”, we mean the sequence of a nucleic acid at or about the
5'or 3'terminus of the nucleic acid. The "terminal portion" may comprise
any nBrefoeblgf thasgss diagnayticofiygise, e axtseripede nminasi@seproditt
tHRRYCPHARERE &€ g&ﬁé&gﬁnﬁiﬁﬁ Wihinhe AR leumip Hl%rlgiﬁlgd Whﬁggdiégtriog or

extreme terminal base). The™terminal portion" may lack 1,72,3, 4 or ¢
lipzary scarepive eXtbedtehasr AR oIV d Ve DuFlssdfei dtr shBe daYdistEdirate
theFriseateRPdignd NCh @B JesighieEsaid BeirKiiamp éemaiatisesdidaenueleic
acid.,Thus, in su eferred embodiments, the "terminal portipn"
R B R B e e o sy
nusi¢diidesseafiehes g claiesaeidinglte tee Rene Wopldheexpe@edriodedigh@r thanifor

a]g%né-%hgﬁl:’ e]tgresgl%n %q’eﬁ%vag l@bv?!’ﬁér%l?étﬂé ORER: bt Risisuesle

embodiments, terminal portions include the extreme end, i.e., the extreme
IR SALRCR R AR PRI e BBy B frierminad L tRlish the e
opantigularf Rypleskioacifiagege deaedneretaditthetagnegdia deseglif e potioms

of HE S ¥ntl @Né’g‘&%,R?B’i@ﬁ'lﬁ%%%%%’?a%%55%59192&@%5‘&38?gxg%gsf?%%% ]'[‘SS"

(and the terms "5 terminal tra sequence™ and’

s ariBRERadedItaion SisBattk Se UHer&td od iR s afoinech pitiest 46i6n 2o
HIR)S 68 1fi SRR T8O BVB X PAGHREGH) TARNA R oF ARt i taagay, the

terminal transcribed sequence should preferably inglude s ences at the
BRI 1o ehamee.oite Cadivi stond of F wenk of RN ST FBNAS P
craiplarnhocdpioaeidsadiuence (i.e., a gene, an mRNA, a eDNA or a
genomic sequence). A

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
explained below). In highly preferred embodiments, the nucleotide sequence tag is derived
from a 5’ terminal sequence, preferably a 5’ terminal transcribed sequence. Alternatively,
or in addition, the nucleotide sequence tag is derived from a 3’ terminal sequence,

preferably a 3’ terminal transcribed sequence.

The nucleotide sequence tag may indicate the presence of an expression product of
a gene, 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.
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5' terminal transcribed sequence will therefore typically comprise a portion
corresponding 5 to the 5' untranslated region (5' UTR) of a transcript.
Similarly, a 3' terminal transcribed sequence will therefore typically
comprise a portion corresponding to the 3' untranslated region (3' UTR) of
a transcript. Preferably, however, at |gast a portion of the polyA/T tail is
removed from the cDNA prior to it being processed, preferably the entirety
of the polyA/T tail is removed from the cDNA. Where this occurs, the 3'

termin scribed. r SEQHAPSE nce
the mIR?tN&,@;bs |'EI;|> tra%%%sglﬂbgteqcil? Qgggﬂkg%é%ﬁ%? %ﬁﬁg{%&i’%ﬂ tail. Eg?ull

|ESGRRYCIONES AP YOLIP Be et Whiaes s PREGHIH Slctisge o

SAGHRACRS K sesbengrswhishdianbiatrnkinipaortain, Bsuairansiataths.
5%%lon an O|I¥1A tail. Pol ?\Q e&%%?]%?ﬂngltl eX|st |n ti}eargsen mic DNA
TR BRI AE T com 15 Was proces§ d'td remove intr ns So,
mpmespending thelpmhynﬁgwg iwhethorprvioethNkaoamdo bpxpritssctha ferminal
regian e 3nead ol {§tPossible 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 eDNA may be further
maniplﬂmtedeb@ﬂxrmiyehagafmmedoimm@ér eqmnal ‘Si®ERethods
APRELRENPIS FRLENAMRIE BASQAUAIR 20dGRISS MAkRSIBEIRVER

ffom the relevant term| us. This embodimént may be useful to remove

Uit snaiprssdiorBations inalnding erieik Gas i sersaa i oomapRRds

fowan esishes plippiiansiaiediwaquensebdibe. untranslated sequence
may be removed entirely from the relevant terminus, to leave only coding

sequenceiamihabihienucleotide sequence tags generated correspond to
5' or 3' terminal coding sequences) 25 Accordingly, the "terminal

transcrlbed sequence’ preferably includes atI ast an extre strea,
p ortion’ 8r gfrma tpgﬁnggtr&%g]?% s&geuenceo .nuc Cl c[ {T;')r alll)eut tﬁc gn or

am portion, O e sequence of an
MRiAjeDdAhctoslas thid.Cisd wmaynbigoHiowtwey cagpvish zmemenhmbase&

rrHQ 15 iscuRRed Ahy, Ehmﬁi TREnRal HW SEHLIREGE Md¥n the

comprise the extreme terminal 20 base, or it may comprise sequence jus
WRIWRHS 4t Delaekipetha sximme teaaal B %.ﬁ%lﬂ?&@@;‘l%éﬂ%ﬁﬁ‘fﬁaﬁ
trapssuhRe cTeR e RaiReKHbwEv e, #h ﬁfeEbﬂSﬁﬁlﬁﬁﬂﬁén&Xﬂl’(&fﬁ&mal

oA PRse: LRI G SBRCIEISAR QAN PRlul1Rid AL such
transcri sequence

preferred embodlments the “terminal portion” comprises, preferably consists of, the first
N residues, or the last N residues, of the nucleic acid, where N=1,2, 3,4, 5,6, 7, 8,9, 10,
11, 12, 13, 14, 15...29, 30, 31, 32, 33, 34 or 35 or more. In preferred embodiments,
terminal portions include the extreme end, i.e., 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’
terminal transcribed sequence”) should be understood to be defined in relation to the

sequence of the gene as expressed in mRNA.
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includes the first base, or the last base, as the case may be. 5 In such
preferred embodiments, the 5' terminal transcribed sequence includes the
first5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29 or 30 nucleotides or bases of the transcribed portion of
the gene. The 3' terminal transcribeggsequence may include such
numbers of nucleotides or bases of the transcribed portion of the gene,
preferably not counting the polyA/T tail. In highly preferred 10
embod ﬁ@ﬂ&%&%}%@‘fﬂ%ﬁ%ﬁ?&ﬁ%&? S%GQU%Q%EOMS'%%%%E Jhie
corresponding to"at least the first or ast 1 ases, preferably at feast the
fiteqU5PIssRSbr s ewains onandaridbripase Favesyef thastrpteibehprition sl &
te«mmalﬂﬁal?wmﬁa@eqmegs StaE axanmNa, a&jmwg%bygﬁmém@dce). A
sequenc ae may comprise. a sequepce correspondingtoa
B S A L DB D SRR e ponding
pietes AbptaeHadesresion (5 iFER befsetimshentr Sisdrifyt. Siidamipalkrdiscribed

tesmineL anaerler SeURPESmiRsEXPINRIA &E@s?%%g %We%gmﬂgﬁ%?ed

sequence corresponding to a location at or about the 3" terminus of the

SR D A BB AT BN TP FSRETRBR), PRYGURsAHHEAPARPBHISE of dhe polyfydttail
bia sematid rova thetrdNE phectdriv beitpe geased; pecapsldyent rareHe mbove

wataring purmstaadAl inessibiG e daiRning the 20 denftes of

t i anscribed
genes which are expressed by a particular cell type, tissue, organ or

irfefv ARl e spem) dathedge pravspse s she mBrifilests ib ravsrribtid ddborehe
retaintorels pd6:AlTa@pcriptome analysis may also be readily carried out
using our methods. Our methods therefore enable both 5" and 3' terminal
transcribed sequences to be obtained with ease. 25 Furthermore, is will
be apparéui gngthbBYemantises ffaupzcionka s nuttestidel sggueackntag as

SRR @l IaReIARRINGILAIRA Ao PRIRRSS: OL SNSRI s f,%ly A

corresponding gene. Therefore, the level of expression of a particula
g‘éﬁe"ﬁ@ 2 FalrRara Aot it iethe ggaemds IRUVRIG ATsAdde dafies tapmBN. 1t
isvad peopeseihtertmaletanminessfighergenasty goty Aragsa i an had o and
ORRSSAY O R EHRISERSH LY SHENCRIR Sh% RERUVELRVEIS, O 080, (e
expression may be cgmparedegetwe n-genes, &nd bEAWear cells: e‘t%’. l}

ViifREe Dafsdeee e tinseiinthiadHarsbaskjodhsr trecsnsading eletarpapmess.

differences in gene expression

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
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).

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

discussed above, the “terminal transcribed sequence” may comprise the extreme terminal
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between different states of a cell, for example, a healthy state and a
diseased state. Comparison of gene expression profiles of a cell (or
tissue, etc) known to be diseased and a candidate cell may be used to
diagnose particular diseases, or susceptibility to such diseases.
Differences in gene expression profilgs between different developmental
states of 10 a cell, between pluripotent and differentiated cells, or between
cells in different parts of the cell cycle may also be determined with ease.

*"tﬂQé/"L‘%‘%'QﬁC? foanBAQL %eﬁ%é'}m%ﬁﬁﬁﬂhﬂ o %f 3 PUgISiE, e(ﬁsucpeg‘r%r%l

gene rovides many a vantages which have beén me%tlon IN passing,

elililse tespRahESTRRgfssauieRRsTmaydnsi! 25 Tofrmers rgeas of teextreme

W&Hﬂaﬂ%mdlﬂgmﬁﬁsm@ﬁ&ﬁiﬂﬁﬁmﬁ&daeéﬁ wdll-Renaparasiieetheqsilied

rea&ju%r ThefPst%Ct'C% rOtLF resent nvention will employ, unless otherwise
cae conventiohar tée nques 0 aﬁ%Wﬂ%ﬁ’?f molecular biology,

mlcroblology, recombinant DNA or immunology, which are within the

capabiljgg.q ?eﬂﬁ%’ﬁ%%@éd?ﬁ@ﬁ@fmk" éHntﬂH% agnesab§&&a&&&w9m§s%ﬁs
aﬁplamed in the literature. See, for exa r}é) Sambrook . _Fritsch,

8 T o lefiattid 01 5B 2Md1ddular Brdrdi }3?1_2903}51?3&3[\/%354 262003 29
Fed didmy dBoGkss brdacotd tﬁ@ﬁﬂgdﬂbﬂfﬂ)pbﬂhﬁb@faﬂe peRrass 1the$mm‘:ﬂrence IS

tis” l.F. l. ( 995 erio
oLt A i M ik A e S B e BEE

Jsrtenafehegspmsciiably verrowting tepey A Gdail IChighlyawctameliA.
Keaidadike, mw&ﬁewmm&e@éewmu@@@c{m&e TSeERIgHES Jahn

|Ie ons; J. Polaka cGee, 1990, In Situ
}i\lé |z§ TR B3 rtlrl}:lglp & ea%&%%g/l L?ﬁl\?é%ﬂ)‘?%ggthﬁlfr@s@ﬁft
(Editor) 1984, Ollgonucleotlde Synthe5|s A Practical Approach, Irl Press;

and, Dbev&vek'H@M@&Q&%e%ﬁsf%éllalhsf%aﬁs%%ed\é@&b&%s% YMLOgKs
DNA Structure Part A: Synthesis and Physical Analysis of DNA Methods

iFENR) Bt iPeA seierriBTeDR B Ay 6P TREse siienss teresnedmgin
incatporaiadcinreiesereainl EGMUNBLSBEIpAatIh AIEDpELABRAGEIDG the

qﬁ&?@%%qrﬂgg ga%c% (i:'%]f)q %S(t:er}r%%%ﬂr rnesclggeo \égqgence 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
identities of genes which are expressed by a particular cell type, tissue, organ or individual.
This enables a gene expression profile to be compiled for the relevant cell, etc.

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

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

obtained with ease.

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
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production of a nucleotide sequence tag, or a number of nucleotide
sequence tags, from the terminus of a nucleic acid such as a transcribed
gene. In particular, our methods may involve isolating nucleotide
sequence tags which reflect the 5" and / or 3' termini of the transcribed
sequences of expressed genes. 10 Qur methods generally involve
providing a first nucleic acid sequence of interest. Our methods are
suitable for use on any nucleic acid sequence, but are most useful for
DNA sequences, such as complementary deoxyribonucleic acid (cDNA)
comgtendiag senseTrfrefori Ahs deygbpicaprasgnoaiip putierlaasiobxxariiddsy
cwl\,_/gséi@,t@gm g%mgi@%‘aﬁbmﬁ%@ﬁfmﬁeﬁsg%ﬁww ﬁ%ﬂﬁﬁk\/%iﬁpm
a library, is preferred for the gene expression 15 aspects o methods
B RS LR BT o RS BOUTER s i G el
of eeferaipig sompay bs @itgareihbdtivesrsgaiiog cind bemenc ecbf, ttte. Fevalldnt
256 AL I8 AUREEAm: YA IR DR, S AHHADEE: fﬁrﬁénnﬁ'e}ﬁ{é@iaﬁ'

ranscribed sequence, or both. A number of methods are known for

beitsspitiifesnt st iR shdferrexamplegidspiducsivedata Bl Wikere a tag
CitlpdrissRQbgfReApredioe pioEitts d8H temgihtisINAcyuiioon erseidisdased and
tranasgrlbeﬂ seguence.ma be E)rovi eq.Tdo obtain a ta vy)ltl 3' terminal

a candidate ¢ell may bé used {o djagnose particular diseases, or susceptibility to s
transcripe se%uence, ech |que§ may eempfbyeélsto emove at least
dissases dPislrenatsanusheTeraieriaioflghpetyage differans divgleproenial séates of
24ArpatiehpithpdenoihafitRetagdaavibochaneth sathatdisdans Shaush

t?éspan th(fﬁf)oly T tail and capture at least some 3' terminal transcribed
gl GYRHBRYGIR L ASKRERPEthE ety 23 Generation of Linked Nucleic

Acids The first nucleic acid is then linked to a linker sequence without any

Prior oG RARIh s LR SHBF I QLM PSS FIGBUATR Si6Ras a gene

Accordingly, in contrast to the prior art methods, the first nucleic acid
reRitrs e ipipreinerre W chiha v PreRt@eatiornd A) nassngo g gl teserglained
ingstaetaaandacleases prior to linking to the linker sequence. Thus, in

our Terminal SAGE methods no pre-digestion with a 4-base cutter (i.e.,

Nlalll) is carried out before ligation to the adaptor. It is this difference that

enabletheusFaifinalcod Bndeemnigiions dgenibrdtbesoyilicrwpargst to the
skPiEesReading to the extreme ends of the DNA,

The practice of the present invention 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
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.);
B. Roe, J. Crabtree, and A. Kahn, 1996, DNA Isolation and Sequencing: Essential
Techniques, John Wiley & Sons; J. M. Polak and James O’D. McGee, 1990, In Situ
Hybridization: Principles and Practice; Oxford University Press; M. J. Gait (Editor),
1984, Oligonucleotide Synthesis: A Practical Approach, Irl Press; and, D. M. J. Lilley and
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instead of internal sequence tags. 10 In preferred embodiments of the
database generation methods described here, therefore, the cDNA may
be attached to the linker as soon as it is made, so long as the terminal
transcribed portions are present in the cDNA. This enables sequence
information from terminal transcribegbportions 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' terminus or the 3'
terminus of the first nucleic acid, depending on whether sequence
information is to be obtained from the 5’ or 3' end. Thus, in preferred
I EehiidRfirrehts wisré ot 1 tedrat 15t s kes it it ahseibis’s «nd
PhySrRQUERER sitkoryi BACDM&HbEs ilES medhodAvedeaier Pecas BacH emnisial
genesg} e%ltlg’ig eerlénkenrcig, Iiglrlé%%rbo trré%erS' Iltceerminus of the cDNA. Likewise, to
obtam nucleic 20'aci sequeche information from the 3' terminal
transcribed sequence of a cDNA in preferred embodiments ("3' Terminal
TeRAGE S Aglinker 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

linkbr seepserlcsnerpiibd detabhse lpskedtinn ahsibestsidassaipdsehioye amyotvie thes,
pro&l&&i‘énﬂ{ﬁéq{&%é@&’e'@aﬁ'&{béffag,eaiaa{%l%bQ¥o¥§%&éolieé‘§€qﬁ)e&|8€t‘a@g§;from

nucleic acid may be immobilised during linkage, for example, on a

the teigHaHE 962 MHAFIB AR TBEh S S& e GHRSRE ol BrPivtteRIBne oAb May
invSHCHY NGEE8aBHH WY bejecHumahikaatip Reisceaikiesk akl tbeFirgtnubleithe
aci ﬁ%aimmobilise at the terminus which is not being linked. That is to

trangeOe G HRERY FBEATH BSAtkleotide sequence tag from one end of

the nucleic acid, the nucleic acid may be immobilised on a bead at the 5
othey, etk GXAMRAIS ithE1%: GRR R HANSCRRI LIPS SPNAARD AlFAH&!.

utilized for labeling or binding a capture means for isolation of a

Ourpefeeisccitigbitc@nae eoABspeTieinactsd 1H S terRihartraews sl for
DNBegdenses Iheriistompleis aeiey ek benervidrthwi - Rap e seansfer

IS purpose. The .capture means may com rise a binding element, as
of ¢ ﬁe&’?ﬂ(ée%’r{y%ﬁag'a%e%% Fﬁ or example by reverse transcription from an
mRNA extracted from a cell, or derived from a library, is preferred for the gene expression

aspects of the methods and compositions described here.

In such embodiments, the cDNA preferably comprises a terminal transcribed
sequence of the relevant gene, that is, either a 5° terminal transcribed sequence, or a 3’
terminal transcribed sequence, or both. A number of methods are known for obtaining
such cDNA, and are also disclosed in detail below. Where a tag with 5’ sequence is
desired, “full length” cDNA with 5’ terminal transcribed sequence may be provided. To
obtain a tag with 3’ terminal transcribed sequence, techniques may be employed to remove
at least some or all of the polyT tail or optionally some non-coding sequence;
alternatively, the length of the tag may be chosen so that it is long enough to span the
polyA/T tail and capture at least some 3’ terminal transcribed sequence of the cDNA in the

tag.
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10 strepavidin, digoxigenin, etc. Any suitable binding element or capture
means may be employed. The microbead may be magnetic. Linker
Sequences The linker sequence at least comprises a first recognition site
for a first nucleic acid cleavage enzyme. The first nucleic acid cleavage
enzyme is such that it is capable of 13 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 sjte of the first nucleic acid cleavage enzyme is
preé?%ﬁﬁ’/@”o‘fftcﬁl Fgg&ﬁ%ﬁ% “&quence, relative to the coding strand of
the cDNA. Linker sequences may be constructed using means known in
the Hie, ot axaleiplecidis thsaWnkstlge adblksergauspaensshore eanigfits. The
proé@é‘s@ﬁ@ﬂr@ﬁéﬂﬁ;ﬁi‘éﬁ&ﬁﬁ@%ﬂ?%ﬁ@ﬁcﬁ@éxl&g% ﬁf@ﬁ.%@ﬁ&iﬁ‘g | i3 shiciratindl the

_ cleavage site is preferably present in the first nucleic acid sequence. For.

Priog REIIE Ot fe e a3 Y6 Sifer Hhs PR RSEAB iR HE S B biHER B tAS B
not Waisketsinkeditei dhedtricl seaypricetoItingnoaa ngemenfuenah [esul) én
ture e or more seqyence informatjon 25 from the b .
o R R By o AT LG R TR B BTy i
out Heeeibeatiaao. theatip®s. b sdlisttefaffset hetweandheurdsogmitid 8 A&

n i [ ej [ ay be
AR S S e B
instepesetieinabedlcTR tigst nucleic acid cleavage enzyme preferably

comprises a restriction enzyme or restriction endonuclease, preferably a

Type 11S restriction.endonyclease. However, the 5 use of artifici 1Lor
o B RO AL AL Bk HTgH I LAt A e e
them{leihaclNAcemzde atmpeki¢shehids narsswiction snooltusidase pathy

tern%%ﬂ%ﬁm%fﬁ&% gg&?&h%‘lﬂé’ﬁ?ésé}ﬂr?ﬁr%i@Bﬁ&?ﬁ‘ﬁi?;énlﬁi&q G8 (frni28on

number of bases) between the recognition site of the nucleic acid
froma|eampdind ExpgrRedneriiencleblegeriter slaY Héokgipgsepumiie tysicaddbe

seqREINGER JARA de fomREa (Pberammias0, 25, 30 etc). The larger this 10
"offset"”, the more sequence information is captured in the tag (as will be

explained below).
The linker sequence is linked to the 5° terminus or the 3’ terminus of the first

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

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
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In highly preferred embodiments, the first nucleic acid cleavage enzyme
comprises a restriction endonuclease, preferably a Type IIS restriction
endonuclease, preferably BseRI. 15 The linker sequence may further
comprise a second recognition site for a second nucleic acid cleavage
enzyme. The second nucleic acid clegvage 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
nyidselreathifhmnhbdisgtimuaasgsahpsiurificatiemabpofdditagen 420t G gl Ry digerseary.
WHEDinTh6b HREANA Y SLRBMBIRNIRI G WARIE PLSIE NinmiRcRie .o hedinkeT

sequence such that the second nucleic acid cleavage enzyme cleavage
Wﬁtg‘i? AP POEHREE WA &P ottt i einR AUSIES R EIRIE he
fioparagedsifatefiitsacah thanatiic satichelaavapekilizadoe ibtadateh:
BRI LRlBRORRINOn P, BIREHARM Inearand AudlsihiatiG
cleavage enzyme comprises a restriction 25 endonuclease, preferably a
labgheg abreking @ isntes deant fepiselatitiode reelsgRticrIunecss® bases or

ceresgendippaterRyiddmel rnatensflyedh&econd nucleic acid cleavage

enzyme is one which produces overhangs (i.e., is not a "blunt cutter"). 26
In preferred embodiments, the linked nucleic acid comprising the first
nucleibatiist seejciencd marthpriviked withaenperhasthefeniizngenvent Ble-
cARERHREARY i ALSa Uit SR EARRLIONSER 1 Hirdk AHCIGIR 3Cifbts - I
such embodiments, therefore, the first recognition site is located between
SHTRAH PN A SRl i A T S LRI R iR FIRGH SfaP BT 3B ARBDC
eniftloyké dhagsabehiimeidatidegieiguence Tags The linked nucleic acid is
then subject to cleavage by the first restriction enzyme. This produces
two pLodactegddnecfirst product comprises the linker sequence linked to a
terminal portion of the first nucleic acid sequence, and maybe referred to

asa .nelﬁ‘le e¥a§ "il %gg e}& ﬂez}&rgg inar&égs(? [t 1rgf C%rg]éﬂﬂso%ssﬁh?o? ggre 91t1i1(xjc?eic acid
sequencerfag, a (ilS represen?zftlve 0 fﬁe Irst nuc eIC‘aCICf sequence.
clauseeshiymhd e dirinaRlic aeld deeragsgazemeymads thiiet iwtrptblgefierates

cREVHEIRIBE a IR St ndic¥RIR R b RIRIREAPRO I REG IRbEHREn

nucleotide sequence tag comprises a 3' overhang at its 3' end.
sequence. For example, where™S’ 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,

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
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
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The 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 determinagon 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
seicbe fitsttns!of teed tdeavheg enamre b Heseeuipriteddsp phiaiamps selgss
s@fiRBee TMAaANALY hasIRscAbEd@etifle 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
meanbyedirstdoiaavgle]doyaby bniyisaporicrpbily clowpnisesel @sialstsis cnzyme
og?egmgt%l %%é%&’ ﬁ%f 9q‘gé)ﬁSmg%%gorﬁéﬂwﬁuégﬁgqhwever, the

onformation Polymorphism {SSCP) analysis, mass speptrometfly,
usp Rf pstifistel o medifishenpunesds ausagdets detertivd itidaiail BERW Thtrsiiso
nbélSanciactvatagéBnaytitatiasn of hes@iciod RhalveRueNaRagnivaybegdone

any means knowp in the art, for example, hybridisation using a
SRR TSR TR BN e RS i WA B e
reneenétioR aiked shireueleid rivhcrertieg v end did sleaergariic e dfontiais.
bIOK EXGHIE EE6iRgenPaYdNe BRI BFERERANBPRI O IALS HREALN P this

.obtain further sequence information. The tag itself may be used as a
BB, BF R YAGEMIERRSHIEBHBE ?ﬁ%&ﬁﬁﬁé‘ﬂ%&ﬁ?@ﬁ%‘ brrseplpned

belw@sponds to the tag sequence. The probe is used to screen for

~ example a cDNA library, and a cDNA clone obtained. The cDNA may be

sequenced 10 and compared to databases to determine its identity. The
term BB RIRET oo digka hdbe i eTR St R pA MRt @ en BHyBIRRamPprises
affa@ioaest SneafEise b RIS THHESISeQNIIBA RHEIGRIIERS, Preferably
1{Si‘kglgpucleotides, preferably more than three. The exact size will depend
on many factors, which in turn depend on the ultimate function or use of
the oligonueleotide. 15 In preferred embodiments, however, the nucleotide

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

acid cleavage enzyme is located within the first recognition site.

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

one which produces overhangs (i.e., is not a “blunt cutter”).
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quantitated, preferably both, by determining its sequence. This maybe
achieved by isolating the various nucleotide sequence tags obtained by
the procedure, cloning or subcloning them into suitable vectors, and
sequencing the cloned tags. As noted above, the nucleotide sequence
tags resulting from a reaction may beg20 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, Hiragfsred eorodimentssip inked naeldipsiseepraprisingdhinirsiauelpic acid
sEQGEHRLARIS heAuR INRLEREMICERRIBAIR FOREINSRBRI N BN A I Ofggule
25 per receptacle. The DNA i each receptacle may then be amplified and
RIS By A et OB R R RS Bre Bl s
regpegitios sopis. [2&itad/ bepreandis dinsthigiric atébtidaleoatpod iorphavingtat
least two defined nucleotide sequence tags, wherein at least one of the
sequéizaer tigs @drirdsddndsag’ Abddasideteqienprdeged gene, and in which
at least one of the nucleotide sequence tags is generated by a Terminal
SAG i ere. T MPOSili ay comprise about 1
0 200 B e A R Rt
Thie niedirastraneodisiiyShs rsigepdd gprasisesihsipkensipiaeretaksdfined
tEHEHRDMIEYTIRER AG BRI EEERENRING, i @MmapPrPreRsRd B8 Hirkdeell,

tgissge r ct:ell exiract, for examglcai Dita} Analysis However,.in addition to,
QiR o il poran compnets e Rucleblide Sdaticnee Tap ang s reptesgatative
of thre\ Bivlai deitinkdd dmuennsuRinferatd s thedicstewcivch¢ ieclenyit merigme is one

- willyriesdarIalES halyend 18- dstermine s e ity ungior gyantity

of the component tags, and hence the expressed genes in preferred
TURA9E P RINELC B REMBHSTS AL BYRDARE 24K ft¥ifd to include anything that

comprises more than one monomer. Hence, multimeric includes dimers,

trimerﬁ1t tg rs,.etc. V\{e therefore.provide a.method. of detecting .
ene e S BBl a ot L e B e R D R IR e

afiskedentags sheyacsosanisdiikernsgdenetthintrsaskémpydplestinedbeby a
tdrBhminRkA G REshadrasisaserRadsdRr g rerdfe digs).

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

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

example, by hybridisation, pull down, gel analysis; fragment length analysis, antibody
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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 onenucleotide sequence tag comprised
therein, to detect gene expression. Thus, in such preferred embodiments,
the tags which result from the methods as described above are dimerised

Q400D 8k %Ssrf;xci' agﬂ%w&ommmlﬁi@sg@@ SOOHENGRsPPWINARLry,

comprises two linked tags joined in any fashion, The dita%), rpa co%r}_nﬁprset
ORALBE fiferfdeRe b reflsseived angher deniRF R RER e BRE S
meaitinkersequenaes ofRienablygahihseatds by anFacmskagvthierbiom,
represents fwo.defined nucleotide, s ces of FeleI-RIE T wg o]
e e e A
teanitsatintbofnsininhe Basierstiyerrssnontadinecsian seBeds avrrmsisasert fabtivfe
sequence tag within the ditag is indicative of expression of a gene having
a sequence of that tag. As described 5 below, ditags may be amplifie
before B ARAE019 U5 BeE P ea‘ﬁ%@%isscr&? %ﬁ%ﬁpéfr?gpr%tg§¥g%rot8€gﬁr§/ rther
amplifiatitnmsiem. Jiovigeise fmep hs usdisni nule potepligirydotde msobe

In%ggéé%%% &HR AQ?HP&n%sgonﬁ’sQ&%f&E &a{féﬂgeofﬂ@g%f)grlélﬂﬁed to screen

formation of ditags is a random event. The number of different tags is
ipepled b@N&@é{%&@&r@%ﬁﬂ%&mﬂ%&ﬁ% BAyPh RS
cRMRIEbiRth® saabeseitrgitsamalliteMenifer abundant transcripts.
Therefore, repeated ditags potentially produced by biased standard
amplification and/or cloning methods are readily excluded from analysis.
The dirfierisaticnlizbtiucleatideirorentyseis FHErtQpimat 5 AHeomer frspsp's

fashiRReaWithwine: RRFURRTHBSHuEIRLCS: sBaMRNGA dag ferhasy froro the
linker sequence being 15 referred to. as the te\}|‘I1 That is to s%ythgvxdﬂilin ed

tiyEearbeiestries QAL ABaRd PORAEIC R RORL L S45 58 g f2g Portions.
Thectivnke iispof tiensligoautienédere 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 %1) -
nucleotiggreferred embodiments, however, the nucleotide sequence tag 1s detected or

quantitated, preferably both, by determining its sequence. This may be achieved by
isolating the various nucleotide sequence tags obtained by the procedure, cloning or

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

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

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
per receptacle. The DNA in each receptacle may then be amplified and sequenced by

standard methods known in the art, including mass spectroscopy.
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sequence tag (l) - nucleotide sequence tag (Il) - linker sequence (ll) - 3'.
20 Cleavage of the linked nucleic acid may give rise to blunt ends or
overhanging ends - e.g., 5' or 3' overhangs. In the latter case, the two
linked tags are conveniently linked via their overhangs (see Figure 3 for
an example of such linking by overhaggs). 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
dephdbphromlatatoligehedilestidnemositsohaangtapigh i ewaisitnchradleptde
QYRR RRES MMRYDsheROUIRNEue N Made RN BaeHad ohblis may

be achjeved by expo,singl the nucleic acid to any suitable enzyme which
CRBIRSTR 8150 250 PNt dershoRg A hs s lr Rl A SR ErR P B &S BRTST IS Lo

kmiyab%@ B&haciviyscibaddean ngmm@dsnmpnhsmabﬁémwtie@e
dgg VIR TR DRIYSEELIR IS TNE R ﬁ%gr&%@%§m%ﬂga?erh§e%gﬁ}§h%%§&%@§é 39

-3" exonuclease activity may be used to remove 5" overhangs. For
Zeappessieneb3 idenifang tre ddfined tNAlg o KietHs I g AeERERPRAINB 4O B ed
clpeQBeRiR HuktinEsfroroen &anehasgigiedescribed in Maniatis). 5

However, it will be appreciated that conversion from overhangs to blunt
ends pasulisdisiess of sequence information. For example, where 20
base tags are produced with 2 base overhangs, ligation or linkage of such

tags will produce 38 base ditags comprising 20 bases of useful
e T U bR B L
ninetossfndomliabiohin® baves)rit dheBrenthofteantitngrd Srinkage of

DR HRIKEAIRGH ISR Y ARG GRIG: Ridhif RIEIR AN SREAUER. DA

or RNA ligases. Such ligases, for example, T4 RNA ligase and T4 DNA
hapefsibe srareRisdwen e iherdptrefsabrdiie®hce generated may be detected
by hybridisation, etc, or sequenced directly. Alternatively, and preferably,

o By ofditags,are inked tg?teenﬁ%‘ D¢ e%’]{ﬁﬁg‘ﬁ i 88{{1‘%%‘%%‘9 2 ’%‘?aﬁ‘ld

the concatamers seql_Jeng:ed. uc 'an em : oamernt Is suitanle 1or nig
ofisroaneipen Herdg:ommbimgein énebedee disrs, Dinzggs Alptplifieaiton The ditags

may be amplified prior to their being detected, sequenced or

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,
the ditag comprising terminal sequences from first and second genes; and (c) detecting the

presence or identity of the ditag, or at least one nucleotide sequence tag comprised therein,

to detect gene expression.

Thus, in such preferred embodiments, the tags which result from the methods as
described above are dimerised to form ditags. By “ditag”, we mean a nucleic acid sequence
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.
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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 #3 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. 31 The ditag can be

amp"fiﬁgcmgg'lﬁg}\&&gim&&e\q{@mﬁ@ﬁ&éﬁ%@%&m@a@@n&mmm&@f

each linker. For this purpose, the linker sequence may comprlse a suitable
ARG HTARY e GhISAONT Bente hYPIGH in & a8 RS A X TRRYEPR
Froaligertitieatidseshethesace uf dagfibcd atidtallidosequohecagiwithin the
synthetically, which is capahle of acting as a point of initiati esis
e e oL S e B dAaEan, O
idaluctitagh mhyibeoombfisdleafess prahvain dtoery e iieswaliis el divesefprimed

ip e PiesaRserel BN ago iR RN ARRAS BhiahAOhoBRIH Aiidshaueh as

DNA polymerase and at a suitable temperature and pH. The primer is
ﬁ?érﬂélﬂéi’ﬁ%)’gi?fﬁ%‘@??&ﬂ’a&?fopr aximum efficiency in 10 amplification.

Preferably, the primer is an oligodeoxy ribonucleotide. The primer must be

SUfﬁCiePﬁ'e\’g'PqtﬁgthfPa@E'}%r%@ BRGSOk G IAUBRARARLSTR: hinber of

presence of the’agent for polymerization. The exact lengths of the.
SHiFReETRS (R HESPRIRES I BEAATEabr Lo RARIRRIHYH SEPAYYE 1355 iR ce of
RIS ThRBeREMRAIRP & Sk evee et ndaheranichiptahatyfore, repeated

complementary to the 15 different sirands of each cific. seguenca to be
pitht e B S e
ceadplemxawdedyreontaplisiglize with their respective strands. Therefore, the

primer sequence need not reflect the exact sequence of the template.

Preferably, the primers are supstantially co mentary tQ at least, patrt. of
the linkEpeclimgaration of fhs ‘éﬁﬁbﬂ?‘?c%%.{{?éﬁ% ﬁ%%%é’q&é‘%‘c‘gas iR ﬁ%%?’vo%s;""“’

linkechtagsuneyf de thelsaiteseque tigféndst Iﬁppréfelhé@r@mbmm,
ﬂge e%%%r%f JQ %A”}%el‘d %i?troesgf %5%%5%%%%&9&3%&%&%&% their

previously, and ligated to form'ditags using DNA ligase, for example as
shuslvntise Segurecates boriigasrapFiiBkeC ROBIAIGH S BEiErcaL g ApFpl of the
PAEISKAREREEFo nucleotide sequence tags in the middle sandwiched therebetween.

Accordingly, the ditag preferably has a structure 5’ - linker sequence (I) - nucleotide
sequence tag (I) - nucleotide sequence tag (II) - linker sequence (I - 3.

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

removes the overhangs, such as an enzyme comprising the appropriate exonuclease
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and a suitable reaction buffer are then added to the ditags, and the
mixture subjected to rounds of amplification as known in the art.
Alternatively, the ditags can be amplified by 25 cloning in
prokaryotic-compatible vectors or by other amplification methods known to
those of skill in the art. 32 Ditag Congatamerisation As noted above, the
ditags may be formed into higher order structures for processing and
analysis. For example, concatamers or polymers of the ditags may be
formed. Thus, in preferred embodiments, the identity of the nucleotide
agbyjehbustay dszsnaetenpiised by racdusitgsandivanmardmosedi ranexgs’’
oV AOWR @JQ&%@I&BHHW@% ' REMRNGE AGi¢ LRORr e

out. In preferred embodiments, all, or most, of the ditags arising from a
reNeHBREs ETBHERE e fise e idieascaT Eihoeidiisant erahessifier
udyolerseqesihnaechds fiater3iinerlasgeqdsndeditMasatisponent tags
and ditags, without the necessity of sequencing the 10 tags and ditags
individually. The ditags may be linked using ligase, in the same manner as
for thEMENsE. Ny bp rRE a5 d det capvsip B8RP hatstie Blyakbendy
B3GRy ROIGREEST iB4adiie isonRtaiaMEsiex sapR| ARty Tishatsrgi e pravbiah
defing the individual nucleotide sequence tags from which the.

e R T o R R AR M By 15
ciemaiinesty iprsereofusefieltinfoemisiinion eedicienn lsynivstusenorapprspriate
JIRHRH Ok AABRIPLR thO 1Y MIBMABA adOVR HIEATLRIRYIQIR Lgactions.
In the latter case, the spacer sequences may comprise the linker
sequences, or portions thereof. For example, and as illustrated in Figures
3 andimkitye dlithgswhidtedrefaiandd bpayyhechioated ie potkaabhydtiouhrm

ISRRGRRINE IRallsSYEh %&E‘s@?&%ﬁ‘ﬂé&?l&‘?‘ﬂ‘?ﬁ@ ‘ﬁga%g 9%‘?5"15%#?1&%‘%@ are

separated by two 20 linker sequences forming thie spacer. The
kaeredrdhsertmay therefore have the structure 5' - linker sequence (1) -
nucleotide sequence tag (I) - nucleotide sequence tag (11) - linker

sequence, (1) - linker segyence (Ill) - nycleptide sequence tag (1111) -
el B R GECEATE Pt e 0B o e
diretthyNALtEmNatvelyiNadd Ardfedably N it difagdd ar¢ NiWed to each other to form

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

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,
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25 LNNL-3', where Lisa linker sequence, and N is a nucleotide sequence
tag. 33 The presence of the "spacer" sequences enables the units
comprising nucleotide sequence tags to be precisely defined. They may
be ignored or stripped out during analysis of the sequence. Alternatively,
or in addition, the ditags may be treajed or processed before being 5
linked to form concatamers. Such treatment may comprise stripping or
removing at least a portion of the linker sequence from the ditags. In

preferrgq empdimeispitedWAlRMS Ry W@ﬁ&ﬁ%ﬁ@aﬁmm?bhulke% the

majority of the linker sequence from the ditag. referred.embodi ents
tHERARE PR SRS WINTIMERY S Be Loker FE%‘%?Qﬁ?t Y SREPRSF & W8S
nugpdiicaiicl plesaragquanzyme as described above, and the linked tag or
ditag 10 is treated with the second nucleic acid cleavage enzyme,
preferably BseRI. As explained above, the second recognition site is such

that it FRCRTAUBTEREE Ecte98 Aersierefyratie a8 eHaAIT IR &5c S B QcRyLiRe
EREYIS 8t pr&iiRJespRiR e, Rbﬁdl@fsQﬂﬁéBWbﬁH&mEhEa peipasdiigitiation of

between t eflr tr co nition %Jte and h %nltlon site | %Hﬁzg
ﬁ%’ﬁﬁ%‘s er, con 1tions,1in w 681S(§ T.extension pr
t $EED recognltlon Site difetts secon cleic acid cleavage

enlbignis coropbanentine 05 fieiteid 2eid sitand ﬁoo@}tcﬁqielf#sw@@mwh afite
(HE8 dotHLER BaRGer: 1O H&Wﬁh\éﬁo@m@%& BoWRigHedRAMbodimeBts,

therefore, cleavagge with the second nucleic acid clgavage enzy

rdENBGRLIEA AR PH- A Bs-Ruiseh iSRS ISt N R ?ﬁ‘fﬁé‘ﬁﬁ‘f&b"*@“‘e"w n
Pzrlafﬁnadakymc Ipatageywibfirsdcandigodiety Abithcleandy&lenmmeemust be
PIORILCS tWO base 2[3 QARG IkGA S saau%igqnﬁ]QBJa@n@ysmélggent

sequenc Eferanly, the remnant of the linker sequence comprises
afer Ba@%@u@%o@’@@%ﬁﬁﬁ@lﬁ@%?é‘%?ﬁﬁ'ﬁgv& depsdaaany fagtors,
preferalYeinatnrhwituihe speand nucleic acid cleavage enzyme
results in a "trimmed" ditag comprising the structure:
ACXXXXXXXXXXXXXXXXXXXXZZZ2727277277777777777GTCG

GCTG XN POt OO KRN BT ARTENEAR 7 FAARIRAGT AC the
V\éﬁ?&%l?(éu%n&’s S LERESSERL SROLRRGS B hfIsRatAl Whik iR MAMers

from two nucleotide sequence taﬁ;
must be sufficiently complementary to ybridize 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
different. In preferred embodiments, therefore, the linked tags are generated by the
methods described previously, and ligated to form ditags using DNA iigase, for example
as shown in Figure 3 or 4. Apl;ropriate PCR primer sequences, dNTPs, polymerase, etc,
and a suitable reaction buffer are then added to the ditags, and the mixture subjected to
rounds of amplification as known in the art. Alternatively, the ditags can be amplified by
cloning in prokaryotic-compatible vectors or by other amplification methods known to

those of skill in the art.
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34 In this preferred embodiment, the concatamer maybe easily formed by
joining the trimmed ditags by their CG/ GC overhangs. The concatamer
maybe isolated and cloned into a suitable vector for handling,
propagation and sequencing. The trimmed ditag preferably comprises
between 12 to 120 base pairs, prefegably 5 between 18 to 46 base pairs,
preferably 40 base pairs. Cloning and Sequencing The linked tags, ditags,
or concatamers once generated may be detected by hybridisation, etc, or
sequengsg dirsstly.Ahay MRy then be sequenced. Among the standard
procedures for cloning the nucleotide sequence tags is 10 insertion of the
tags into vectors such as plasmids or phage. The linked tag, ditag or
concatafidedrlniy dhp et Baydy themsscie bighes cristabrrierds for
regoralingaid/anl9ss fBér BBk AdAE MR Br poRAUNSNSAIRNEY S Shay be

pl e/plasmid hybridization,usin e.tags as, probes, hy methods .
e YR SRR I RS e blscrapenenang b
piéeseritined Ryspendoeingr apd leieatanwwising ditp s HEhiralthws hage bedanucleotide

magiRatedhyyesestiRnLridacrtporation 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 lsemfenstefobeiiamplall renveciefthtydiiapdlyrizont ais arerigihef
rlicatAn. 2R ARIR ARl R RS AENEE MDD SIOWANCAILG
selection of the transformed cells. Vectors suitable for use me u&e%r

e s R nENf ths cApPeatrhtagiand ditagsotishae ik esesityss @mencing the
(Ingitengan)gneibidedlsi miledivesioss kawentesiose e skilldtthendiiner as

P{cefﬁlrag)#x the linked tags, ditags or concatamers thereof are ligated into
or (he dijags. . . . . .

a vector 1of sequencing purposes. Vectors in which the linked tags, ditags
or concatamers are cloned can be transferred into a suitable host cell.

"Host callgrapacedsalt W RiGh VSR He AN B8R BIORAYUS L A, 5. DNA

expressed. The term also includes any pro(g%% of the subject host cell. It
i ONARAL SRS M OEITGUTSS Wk definshe indiyidval pusleatise seguence
singeftbrerehdh thaayroatmutaicnaithal. qbeupaderitguaplcaiohe bRyl

SH&Q&I&Q%’."%@E&M@J%ﬁ%%ﬁ%@acﬁon, by the use of appropriate linkers or adaptors, |
or they may be carried over from previous reactions. In the latter case, the spacer
sequences may comprise the linker sequences, or portions thereof. For example, and as
illustrated in Figures 3 and 3, the ditags which are formed may be ligated end to end to
form concatamers; in such a situation, two nucleotide sequence tags are separated by two

linker sequences forming the spacer.

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

LNNL-3’, where L is a linker sequence, and N is a nucleotide sequence tag.
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the term "host cell" is used. Methods of stable transfer, meaning that the
foreign DNA is continuously maintained in the host, are known in the art.
Transformation of a host cell with a vector containing ditag(s) may be
carried out 5 by conventional techniques as are well known to those
skilled in the art. Where the host is prokaryotic, such as E. Coli,
competent cells which are capable of DNA uptake can be prepared from
cells harvested after exponential growth phase and subsequently treated
by the CaCl.sub.2 method using procedures well known in the art.
Alterridsrasgengryetithe iFpacer Rig@nces eimbles g, UTHa aefTiondeniddso
BRI BRERBNRDLDYEIRCIRARRYOMMES AIDSE itibrATBNILHHeYSEiRRAMR R
tgw art. The linked tags, ditags etc present in a particular clone can be

K é%lffﬁ?fﬁeé'&eby standard methods (see for example, Current Protocols in
Molecular Biology, supra, Unit 7) either manually or using automated

methagR LA LH RS RRGAMPARIBENR IR F0%O b AIRINESS being

between the 5" 'and 3' Terminal SAGE methods described here, as

ligrdd fernerBSRImRSE- M ETAERFS! fecyCopEseyePaing exirmuag b irrthe

petoindthbliaresanend: eosshiitanimgkebecpiabadimentl) adsexirast

tags.which are intern Itoﬁge seqgue : se tags are thaose that flank
oRRIER SR e 1 M SBH I MESRAARR S R anRe A

described here are particularly useful for genome 20 analysis. Such

genomeRRANS IS AL ANE AMElY stidaEtakap HREOW SR SR aRaS8tion site

comparigons. The generation of 5' terminal tags using the methods .
CPHEFLC BRAISIET1RES SR misIr SRt ee s akshRR e
isepagdorith tresstant ngotdigandslavagansyrip! préficaviRseBé eratidnmef 3'

AHNDIHR!LRGRREYIIR SEAHSD SR AMRERAHEds FRBISSIN @Qa%%%%{%omt of

genes or transcripts. Such terminal tags may be compared 25 against
SerombastacarId IR ER PRI MEdh AU dEmalt fiem dhersgReideTbtiie The
seiiabaseaweta, the fileribgihhdtt adhthecganRupiaivissRX B affaHat the

With, this direct ma&) intg exg:)resgion 36 frggflenc of known gene
SFCOI‘I I’%CO 1t10n site direc ihe cCon nu%elc acCl eava GI%FP’IHG 1o ave the
ocate genome sequences can be meéasuredy tfre number "o

liakpbtagahoesbolithe Gtrresponidingi®' (sged Burag$ afthbifortHstigghver the
eQMH};%)’. of tags corresponding to a particular gene is present, the higher
its level of expression in the

In preferred embodiments, therefore, cleavage with the second nucleic acid
cleavage enzyme removes all but 2-4 bases of the linker sequence from the ditag.
Preferably, cleavage with the second nucleic acid cleavage enzyme produces a two base
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:

ACXXXXXXXXXXXXXXXXXXXXZZ222222227272277777ZGTCG
GCTGXXXXXXXXXXXXXXXXXXZZ22222727277777727777Z7ZCA

Where Xs and Ys represent sequences (the length of which may vary) from two

nucleotide sequence tags.
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particular sample. 5 Hence, in a preferred embodiment, database
comparison is carried out by: making the 5' and 3' tags pairs that most
likely represent the staring points and end points of genes or transcripts
and mapping the tag pairs directly to genome sequences. In addition,
alternative transcription start sites and polyadenalytion sites can be
identified and quantified. Furthermore, previously uncharacterised genes
on chromosomal sequences can 10 be readily identified and quantified by
this direct mapping of tag pairs. The sequences of the tags, ditags, and/or

concatdhiepte e sabadimpiahenensataservioh bt seailicfaagd bjdeining the

tialARRRgs SYehRTGRNBaRK IR atR RURS HARH A MtMEHQARd cloned
relation%}ips. Furth%ér?npg_re, it will be appreciated that comparison may be

A ¥8° S AES ISR S AN S TORP BB BN AP BIRIA ¥ quence databases and
cDNA databases. 15 We therefore provide a method of identifying a first

MRNAYWIGHHIE Qb2 HiEak.6H Mhmelesuls devey 58 Hanseihed fiomibs

first MRNA molecule with a known sequence in a database, comprising
btweeteld & Ahbatapals P bci9dmeRPalduence which is located at a

defined position at the 5' or 3' terminus of a transcribed sequence within
the frQHRRIA SHHFEEBBHNA molecule to a second nucleotide sequence
in a database 20 consisting of mMRNA and/or cDNA sequences which
occurrat thkedafing digsiticiditathabrs B getideed R O GENAby
alecules, whereby the first nucleotide sequence is identified with the
A e e e R B R TAT S method of
identifying a first MRNA molecule or a first cDNA molecule reverse

transarifRgd fheRathediRbRNADPOISEHIEW I RLARNE ZasagsEECe in a

_database, comprising the step of; matching a first nucleotide sequence
RS 95 RScags it R fuch ORIEH A Rt mR R ripg: LBR®
concdemndss, of hisgd prifiecaldfynbemabadanaisbatcibe:H a6 Zieibimims atars for

' sequ ' ' 7 first.cDN lecule, to a
R R R R AT T
PrbefeBYiasBedilanta A Bnseikihueths #ecated at the defined position in

its respective mRNA or eDNA molecule, whereby the first nucleotide

S Lo M, VI I KROVD SeguenCe . e Ha 88 kown in
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
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
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
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5 We further provide a method of identifying a cDNA molecule which is not
represented in a database, comprising the steps of. comparing a first
nucleotide sequence which has a predefined position at the 5' or 3'
terminus of a transcribed sequence within a messenger RNA, or a cDNA
molecule reverse transcribed from thg messenger RNA to a database of
nucleotide sequences; if no nucleotide sequences are found in the
database 10 which both match the first nucleotide sequence and occur at
the defined position in an MRNA or cDNA, then hybridizing an
nesticfesroatetistid ehaoreqwi dininahiertiestiony dlewtivks, teh neaseeyresirdhiil sibve
e RrPrasY; @ndidaisdMvrinciiat i sl aUCRANAR BRAMERGRIds NGRS
at the defined position in the eDNA clone, whereby the cDNA molecule is
RISRHR \Hﬁf&ﬁ\ﬂfé‘s‘rhgf ﬂ?étséﬁliﬂoﬂ%lﬂgﬁﬁ%se. 15 It will be appreciated
that it is not necessary to merely compare a single nucleotide sequence

againgl, e, AAIARRASE, AR RRES Pé%t&ﬁﬁ}‘?& RRLDAPRHAY Bé%ﬁ%ﬁig{?@)

to compare pairs of nucleotide sequences against the database. Such
by &RRVEREERh SReRATSE X eiliknedide @éiﬁfgﬂ}f‘é BofeghoNberyie A is'
ptokaRiUs, Glich HENSTHINCOhGRAMEEIR Whith &e BapeiIbTTNAGID1aRBad be
nucleotide sequence correspondin the 3' terminus of a 20 transcribed
e PR e R
teefpapilises2ansthedmsimal ragedvidsavst taremin il tegaof Misrsative it Mesdribed

P RBLELAELEL . ThenSBMBHIAREN AR Bl ifoy RELHAIBIMi R 6 RaE:
comprises terminal tags which are most likely to represent the ends of the

CPEIERRI WEG eSS ¥HTE 2the pair in such preferred embodiments
contains the information from the starting point and the ending point of a

25 geﬁ%ﬁﬂ@é%&tdfﬁ% GGl iRGTeIonGE SHLUSTIQ RRrESERY) @ unit

of transcription, a full-length mRNA, or a gene. Comparison of such pairs
SapdarsmatRodts Axerany edrirr e reSdndlolrwakRiglpay, supra, Unit 7)
cGREFOSPARINY GaipeababitdAnbaviRg the corresponding termini within the
38 database, indicating that that known sequence within the database is
expressed "in real life" in the sample (i.e., tissue, cell, etc) in question.
DADwRASEICRMRARISONRE case that a match is not found in the database;
this would indicate that a sequence having the relevant termini was not

previgusly known to have existed or be ex;Bressed. Such sequences may
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
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
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
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5 represent new genes, or previously unknown transcripts of known genes
(having for example different transcription starting sites or different
polyadenalytion sites, or both). Identification of such unknown genes or
novel transcripts will aid in genomic mapping and annotation. It will be
appreciated that database comparisggs using the nucleotide sequence
tags generated by our methods, particularly in pairs as described 10
above, will (in cases of new genes or new transcripts) immediately provide
boundary sequences of the particular new genes or transcripts, as their 5'
freqwaigl ahkh8wie gemigsi logititeh erkgroame FeglietmagthndP Mikasegd bnteaihtie
o@@ﬂFbﬁﬂ%Q&'@ﬁﬂ&%ﬂ%&Sﬁ&lr@% CIRSH N, FRIBGHARMRMIRRIHRBEASags
Full-length sequences of the new transcripts may similarly be isolated. It
Qi BT8O RS AL S AR E AL R RS I et af SRR B ould
penzble &mihe cloning of the full length sequence from PCR of a genomic
or eDNA library or RT- PCR from mRNA. We also provide a method to
verify computationally predicted genes based on genome sequences,
compHieifty the RespEcdemhadipien tHabrsfcorpersP B tamathetfag making
EESIUMN G S ghRGHYHA MRIIROBMPISQALIBBCRSN HeIHIRING dhe Jaidts of genes
5disnees iaatare mapped 20 1o g Bredicied fegions. fhe match of the
fag seqﬁences RIS pref‘u‘?c‘fedg ge?le ‘éeoq%fle“ﬁces %vﬁ?perc')w & eVillence of
atieenetiis temseripfithetars nidss. and gelyedena it msitiectide stgtiEedandags,
Jinkerkiagsiags AR FRRGARAMEISNAY RRCONRNERIMANSLRTManRe

databases in_the same manner as described in the prior art SAGE and
be SragibnidsatiictAng aratifeddahissictharerie thia8 @t descriptions of

these 25 techniques, in particular, US Patent Numbers 695,937,

5,86632Q. A48 s%??ﬁz AT ﬁl%?\f\é@n%gn%s?’o%m@&&? %giéi%%%gpr??ﬁd

by reference. The followihg paragrapns in this section are adapted from
Witk Wil yeageme dptabasefyisighsCaBetketaistrimiagibsiotanisr ardiatly

e RSSR0 ISRMESYRNE e bt appitak A at sRpthRehasad 8schieebhere can
be used in combination wjth other genpmics technjgues, For example,
TG A L OR8N B0 AT 2O N Sty titags,
can be hybridized with oligonucleotides immobilized on a solid support 5

(e-ill 9 Wi%ftﬂ&%kﬁﬂf&%\ﬁ!}@sqﬂém SHERSHIFRN GRPH RHC I IRC QS First
CIIS]I(\:IX meoler():{allr;aare%erse transcribed from the first mRNA molecule with a known

sequence in a database, comprising the step of: matching a first nucleotide sequence which
is located at a defined position at the 5’ or 3’ terminus of a transcribed sequence within the
first mRNA or first cDNA molecule to a second nucleotide sequence in a database
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 mRNA molecule or a first
cDNA molecule reverse transcribed from the first mRNA molecule with a known
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
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sequence analysis" as described below. Briefly, parallel sequence
analysis is performed after ditag preparation, wherein the oligonucleotide
sequences to which the ditags are hybridized are preferably unlabeled
and the ditag is preferably delectably labeled. Alternatively, the
oligonucleotide can be labeled 10 ragher than the ditag. The ditags can be
detectably labeled, for example, with a radioisotope, a fluorescent
compound, a bioluminescent compound, a chemiluminescent compound,

a m&t&bmmEqu 'h @é&%ﬁ%&é@f?&é%@&%@@]ﬂ%% a@;t&ﬁeﬂ%r\mg mPWe
of others |tat{4ﬁe labels for blndln%to the ditag, or will be able to ascertain

such TN PORR AeERssn e deaRare edrcard At e dpfinrd easitige in its
peefpertied mRiAabelN Aengledilresaehy hb fiagged)qidartuchisismbified
th@imtﬁg%%@&ugngg%%c&rg end label. The labeled or unlabeled ditags
are separated into sing e-strand)eor molecules which are preferably serially
diluted and added to a solid support (e.g., a silicon chip as described by
Fodor, evakurtheignead2bhdthids d98dnkieanial oinaOianLe GRtidES not

re er?esgrr&ggl f%ﬁ exam II%, ev.eéy ossiblz_ permutatio% of a 10-mer (e.g.,
in eéach gnd of a.chip): THEPSRg 26 LERS o8 £ MRERE ARG et rpuence
ditfbidnitia laxgrtefisidpositidreat dipsSt onda mednwitbila thascsbigineniéace witkirea
grisk@BngeFRIOA bt BYBROIZAbRA R e QIanRualcoHIRS MG gé} Atoa
s%grt W|{th tags.produced from cells under different conditions (e.qg.,

di

HE S YE BN IRRNSPTHR: O ARIER e cemensorieburhingtherfigtabase
prelsenbetiofatgrdwtfirdantcleorids meabenes sus dsanshanedisel fosMHRRALISON

of gitter issu 0, gic): In th e of 25 flugresceinated end
labeled %?t%%%?é?}lglﬁ(g isx_§o§1J %ﬁ%%scgﬂ%uec%%%s icc%rﬁ\)/remc’)]ig% ?r% 75 clt](?ﬁt %e a
pATALENEE 126 5RRYA iansrin A dilrry obflidetersidesthetdbrifistisucleotide sequence

flaoreseainateddonapaie inatosoIoh luaestenss ket Ausashiog (by

the praximity of the hybridized ditag to the labeled oligo) is observed and
is%r%%é@dﬁfgg (& noyt? g%%?@Ssion. 40 The concept of deriving

resentan t
e patteriy of yen
a defined tag from a sequence is useful in matching tags of samples to a

sequengsslatahase.i i B RIeEIe . emRRdiment A sompyer method e

may be used to match a sample sequencé with known'sequences. In"one
effibtsarneRins bedaihrs ey it i snopildadmphreaneresffisispbiring
5dofpemegtian dinadetdesepdatabpsmsi eridpriifd s perapeReady that
%%%&1@% %Mgll%e sequence corresponding to the 5’ terminus of a transcribed sequence
(i.e., a “5" terminal tag”), and a nucleotide sequence corresponding to the 3’ terminus of a
transcribed sequence (i.e., a “3’ terminal tag”). In preferred embodiments, the pair
comprises a 5’ terminal tag and a 3’ terminal tag of the same transcribed sequence (e.g.,
the same gene). Where there is uncertainty, the pair comprises terminal tags which are
most likely to represent the ends of the relevant sequence. Thus, the pair in such preferred
embodiments contains the information from the starting point and the ending point of a
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
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sequence. One or more tags can be determined for each sequence in the
sequence database as the N base pairs adjacent to each anchoring
enzyme site within the sequence. However, in the preferred embodiment,
only the first anchoring enzyme site from the 3' end is used to determine
a tag. In the preferred embodiment, e adjacent base pairs defining a tag
are 10 on the 3' side of the anchoring enzyme site, and N is preferably 9.
A linear search through such a database maybe used. However, in the
preferred embodiment, a sequence tag from a sample is converted to a

detahaere indiading thetshalieetsm sentspesoviviinivig datatiasp aseprassqy, icred or

nTe) o a1 L\Arm@g tagitaa wumkzg n&auega&pm%e(a Qe rMEsGd chasthatle3,

c%n;/not er sy Jta le m%ES;gl 89 IS dete mlned 15 folg each sequence
o5

MR SRTANEY Bofslaaba dngb(%{?et LRHESY asvgjgﬁ(}er?gc‘f% a
¢y morks notpSiyilalyrivmwmep hmmermmlr&mmwmn@

rERHR R o3RG P DR SRR ARR: (B arechi SRAINIEI s Blifggpode for

a samp esm%uence is. compared to the tag codes in the pointer file to
telndie tFGE%&‘i’(BH%Sfﬁ’é‘%ﬂt‘féﬂb@f@é@cﬂa‘wg@@%‘%ﬂﬁéwﬁé’mh)

corresponding to the sample tag code. (Multiple corresponding 20

sequ istf the sequence database has re ancies). Figure
ey s shi st Gl sk ol
mappiagAndaneeiiiemcE Withp apereraied, @atw@abnamml@émm@@mence

nRMSRRSRYISREAEESSASI HRS6F ixh@tﬂcfé@%%&%@ thhrasuseayance
Euas at .code determlned and stored in a pomter file 12, As &Fé)le tag
1”58'5577? S VSETET PRTIE SR e ey 8rayis Be

seqitbnoea of itenonyidokation gedes batcosappis ks THed Samplmitagl O dentniswvill
bE RARA GiA N BONASAlEnt4s 1R ARG RRAYEREG IR CAGR DR

match is found, a pointer associated with the matching sequence tag

“E’Gaé%vﬁ%'éal%b%és@mé"é&ﬁégﬁaﬁ%ﬁﬁﬁtgéﬁ?}éﬁé'és?ﬁﬂﬁ@aéfeﬁﬂéﬁbébe

1mbase/ﬂ1me%prw@tmmwnm@r§,&mymm &BYans&ﬁiéﬁdfad Wﬁnﬁéﬁaﬂl@
R Bt ey ehbe pamardie 12 comprseaR e Rde AN o
oIMerto a corresp record In the® seguence database he
Pgéhf{@l@ mRMNdde X can be compared to sequence tag codes in a linear
search. Alternatively, the sequence tag codes can be sorted and a binary
search used. 5 As another alternative, the se(?uence tag codes can be

stru waeﬂs&péomg?af&ﬁm%ﬂ tﬁ:éfénfy computationally predicted genes based on

genome sequences, comprising the steps of: mapping the pair of 5° and 3’ terminal tag
sequences directly to the genome sequences; identifying the tag sequences that are mapped
to the predicted regions. The match of the tag sequences to the predicted gene sequences

will provide evidence of the existence of the genes.

In general, the nucleotide sequence tags, linked tags, ditags and concatamers may
be compared against sequence databases in the same manner as described in the prior art
SAGE and LongSAGE techniques. Reference is therefore made to descriptions of these
techniques, in particular, US Patent Numbers 695,937, 5,866,330 and 6,383,743 as well sa
WO 02/10438, hereby incorporated by reference. The following paragraphs in this section
are adapted from US 6,383,743.
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structure (e.g., a B-tree), or as a singly or doubly linked list, or in any other
conveniently searchable data structure or format. In the preferred
embodiment, each entry of the pointer file 12 comprises only a pointer to
a corresponding record in the sequence database 10. In building the
pointer file 10 12, each sequence tagycode is assigned to an entry
position in the pointer file 12 corresponding to the value of the tag code.
For example, if a sequence tag code was "1043", a pointer to the
corresponding record in the sequence database 10 would be stored in
entry#pGasisenphthitheddentiicationns Jidferensip By samipieed 2gnepHuny han
ToRnisE @A@é@ﬂﬁ@ﬁm mlﬁ&m%ﬂ@@ﬂ%(ﬁémﬁcﬁgﬂ%ﬁﬁﬁv% bhk )
corresponds to the sample tag, code , and thus rapidly access the
EEEY GEOTARH kR P S G A
plidieriBdy duags, aahybichybridizedsvitteoti ganhe it dides resehilizd pogsidié doppat
(@RISR GRAC e S RS S DUMRGRSRE 1R9.RYES el

conjunction with the preferred pointer file 12 structure leads to a "sparse”
seriTS ARl yes A iR RR¥mory 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 t pointer file _
struct]%rr%. r r%)%lﬁ%ﬂ?é?c or tY Seq %%10551 qi%gﬁﬂ%\%ﬁﬁe%%‘&‘gl‘%ﬁ%m the

otizenuciaglidz, serames b which-theidiags. arethebhidisedieraprefprabde ptaboledand

tRIQaRY WpriE Ry BQGk ] hbelth CRNLASHIE BLINJSRIESARLALABIRILE
] §§e"oooooo 0 00000001 00000010 25 000000011". Of course, it should

LhaR EsaRemHEstiRes fARBR AT B dbs pdite & uBREs" IRUId provide

ragtiiposipn taf inowsrni@mprendonbiepincheieentngrpaetinechéagldrinesent
cSABYRAIR SPAVENGRIRAR!SPHIGNHED FRE0PSFOEIHAGR S AN RIER inow of

similarity. In the preferred embodiment, a computer method is used to_
Ot aﬁ?éﬁ]éép‘l%{@‘%dfﬂ&ﬁ? difrditamtosaribhssblede asesHapiaush EoRETaHTRS
eRpaiatialativaving adaige, PORGEANe hsgomaace(Rigledigspehuliedeanuency
t01‘ o(fécurrencef‘,r%; ?ame d\(lar'%ls tarl1 s in g,first sa glglcc:]gr! be mapped out as
at%%f daEs Stored in & distrbation or. Sﬁis%’é?gzr%n- y%e W5ta structure. For
example, a table structured similar to pointer file 12 in Figure 4 of

US6, 3831700 NSoHse divilene &R ENRLCHPRNiseR iR HRAMERSRlch
are preferably serially diluted and added to a solid support (e.g., a silicon chip as described
by Fodor, et al., Science, 251:767, 1991) containing oligonucleotides representing, for
example, every possible permutation of a 10-mer (e.g., in each grid of a chip). The solid
support is then used to determine differential expression of the tags contained within that
support (e.g., on a grid on a chip) by hybridization of the oligonucleotides on the solid
support with tags produced from cells under different conditions (e.g., different stage of
development, growth of cells in the absence and presence of a growth factor, normal
versus transformed cells, comparison of different tissue expression, etc). In the case of
fluoresceinated end labeled ditags, analysis of fluorescence is indicative of hybridization to
a particular 10-mer. When the immobilized oligonucleotide is ﬂuoéesceinated for example,
a loss of fluorescence due to quenching (by the proximity of the hybridized ditag to the

labeled oligo) is observed and is analyzed for the pattern of gene expression.
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occurrence valve. Thereafter, the various tags in a second sample can be
generated, converted to tag codes, and compared to the table by directly
addressing table entries with 10 the tag code. A count can be kept of the
number of matches found, as well as the location of the matches, for
output in text or graphic form on an @gtput device, and/or for storage in a
data storage system for later use. The tag comparison aspects may be
implemented in hardware or software, or a combination of both.
Preferably, these aspects are implemented in computer programs 15
execUthsguaent picigrarnemdnbned tap fron eorapmising et temgishing deasof
SSRYRYR aXelALGHR0 MR YR BRch RABHRINCIBemRRY: aRd{ed SiRrege
elgments , at least one input__device, and at least one output device. Data

USSR PSS SEBIRS SPAREIE RIS PR &Y 8P Yemporary or permanent

storage in the data storage system includes sequences, and may include

Previghsiy agRsIaler R ARt ag APYSHInt MR ANOEHKANR,

_sequences. 20 Program code is applied to the input data to perform
infRrERGAR 1&é%ﬁ%ﬁeébﬁ‘bésﬁfﬂidg‘é}&ﬁweé?ﬂﬂ&%ﬁﬂdﬂﬁﬁ. REBWBut
stifeiration 48 apeliegh tartiedor ol @ilpidh Wevéaesin thkreyehiagaithise
Each.such computer program is preferably stored.on a storage media or
o B A B R e A S TSR TR,
in thperstennd griermible ol bo kst aeshdongetionasie fxov thpérarmhis tised
1S QPRRHIRE NMBen{he SLoraaa Mdifnnd i agjisdRBELDYAREICRMRU el tre
erform_theé)rocedures described herein. Tfl1e inventive system may also

Ogéhﬁgr,@’i‘&ee? H58T5ETRE RN SHe A R GHRpstiEb ke ddable storage

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

SO CORTGHIICH GaH 3651 R ATMIRE 'iﬁa?%gﬁgﬂiﬁﬁpgﬂﬁ(ﬁ%%%\%rgd

predefined manner to perform the functions described herein.
SRIRAIINIGE2 AR IR 6PA A SMPAEYERMSHAGES AW ¥ fetHBE e scribed
rghesatanalesothieringradn ey paik aasiogle siuolepiidN-saguenea agnter or

e R T e RS
forreadhl ecauprioe ality sofuvnctabtibess e drsokedaovesimg fuatheisstepysrted 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

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
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.
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Accordingly, we provide a method of generating a plurality of nucleic acid
sequences, each comprising a nucleic acid sequence tag from a nucleic
acid. The further 10 nucleotide sequence tags are derived from
sequences internal to the nucleotide sequence tag produced initially. The
method may be repeated as many tigjes as desired, to produce as many
different nucleotide sequence tags as needed from a particular nucleic
acid sequence. The method of generating multiple nucleotide sequence
tags makes use ?&FH‘? e b SOnd Broduct of the ceavage of the linked ¢
nucleic acid With the first-hucleic acide ¢ eavage enzyme, |.e.,’aa‘pseco d
nbecheiatercide 1k willirsarciicddhandhposeicoiod nortshondogirps e ivie
feeReHae diisb AL G LIRS R B RYAIR In'GIROMBA RINUBHEIeQLdRes in a
sequence tag. The second nucleic acid therefore comprises a sequence

SrESHrE NNt ey SesPIHEPTh Q5 fodrssnnbecegae ARt By DG RIGEr
tAsointaheralfanibbrenthel sotice sag vedwe dabefsonetthel i elBicadidabtikaker

SRAUGRGE b Fae05 1906 Sa00NE MG IRIG A4, BPE I iﬁ%%}‘ EiiGenient

structure subjected to cleavage by thefirst nucléic acid cleavage enzyre
e rehehsl TS RQEfRBfe sequence tag. The linker sequence may
comprise the same or similar structure as described previously. In short,

the pr s of proyidi further tag. me feeds the second.nucleic 25
et e D C e
debtrited creidndingprerdi dded seatcnee Hataasel16f inky idinectbe piowu Gtes

an, HUANRhALGIEQIING:SSGLIRAGS dRniAp ANARA LR S HRAEEIRYRdS Of

this process may be carried out as necessar produce as many

, 19
(ORTEBIREPg &Y EAL E P8 PR e SaTy* RRIF 1A FROP RSB SO0 s
Mie¥ o daprockeceshea dortthporiditey rrabsiq tienequage daitgsde e penkirte stored

gé? &R ;4'[‘693“3%5‘&?&3&%?&?912“,‘%@ %5‘119 bp ERSIRVIS AunElhE 9%%sed to

f
enerating a plurality of nucleic acid 5 sequences, tomprising the

Paesiihadaetie lqertorin the peintms ddp i tha ersraspeadt Vit samdedrisede

rRuAASHE lapiaE steRsHe)SRe R al Ml IstfalsHm drabneinlesiment of
technigggao SA%E Walking is described below, without limitation, with

(SEEREEMY EiGure 5. 5' TERMINAL SAGE

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
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=11.sub.2, the base four representation in binary would be “00011011”.

In contrast, the BCD representation would be “00000000 00000001 00000010
0000000117, Of course, it should be understood that other mappings of base pairs to codes

would provide equivalent function.
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10 The Terminal SAGE technique has been described generally in the
description above. The 5' Terminal SAGE technique described in general
and in detail in this section enables the production of nucleotide
sequence tags corresponding to the 5' terminal sequence of a relevant
nucleic acid. In preferred embodiments, the method enables the
production of a nucleotide sequence tag comprising sequence
corresponding to a 5' 15 terminal transcribed sequence of a gene, mRNA
or CDNfy, W, I08TS18L8 Wi X'&%&é‘lﬁeﬂ}%‘?n"fﬁm éds'é‘cﬁle%%é?d' faURMAgh AN
instance of expression o a gene, t & method omp ISing the steps ot (a)
vRaTing ditierens emelasdpy sabrribohgaliterrd erboiungrhavierpater
teremisiis el esakikicnRIsi N AR RITING) UAPREIIRGEBAHPIECREoRiparing

ene. b Ilnkln the cDNA to.an linker sequence t by 20f ming a
linked a(}u}%:al‘éllncgacﬁig?ﬁ’ "%cﬁqofﬁ%ql‘ﬁ?fgts SRuliTHe: 8&%&8@5 IQsclcumnce of

rheognine tagsite fdira firsplauoidic meiged eavagezendsasiorqdriafe idstibetion or
RibiiRnRRdanUERase. FoRLAHIVS MIHSIR.RRIL FLGRYATE fiRes 'H?e 12 in

distant from the first reco%nltlon site; and (c) cleaving the linked nucleic
doRIs kNS e e ey Eﬁ?ﬂéﬂ\?aeg‘?‘é}ﬁ%éofﬁpﬁ%ﬁlﬂj%e&“quéa tag, in
whicheihe linkedrtaeaom prd:saacmmg&e@adecsaqmnﬁe@goé@ﬁeﬁm;anve

hReReR Jﬁama gliran Fscrr',?eagei?%e?a%?e%f th& Sraand géaa%te% “F%fgh
presence or 1d entltyo A8 tag or Sifer equence ta
phe e & mmaﬁswéﬁéwprrﬁt@ﬁ@emﬁergén@a@kméw@ms pfpélfesdm;}om@n

FPMAiatinke bl APl RESEPUpRRErSH tnandh iRk s f&oam%e in
stgmd i.e., 5'- Imkefrql 8%uence cDNA -3', to form the linked nucleic aci
e

aftersa%rﬁﬁetPVestﬁV% gHifion site for the first nucleic acid cleavage
enzyme, preferably a first restriction endonuclease, allows nucleic acid

cleavaggal 2.3iif3ich hpltsh Apcoaniion Sitg ﬂ%@&é&%&%@&&%ﬁé NG

strand. Preferably, the nucleic acid cleavage site cleaves within the

§é’ﬂl‘f€ﬁl’:‘8‘6¥fth@hc BiaErahlolifss 1PEFEFdmPlREH eI ROMERICE REEEIRS

whichitts acDNimprefRreespder eonerinenitoionst, 'Eamamah@&&&emt is
gmc )(, jto] tHrow e cDI\{A with 5' termjpal trans rlbe t#ﬁlr;ts In.

on-volatile memo or stora
eneral, any method Which IS capabié'o proaru%mg

wmble%ﬁttmmmmtsmywmﬁaﬁtihrmym usedrcormeﬁefymes for
BRI P8 permanent storage in the data storage system includes sequences, and may

include previously generated tags and tag codes for known and/or unknown sequences.
Program code is applied to the input data to perform the functions described above and
generate output information. The output information is applied to one or more output

devices, in known fashion.

Each such computer program is preferably stored on a storage media or device
(e.g., ROM or magnetic diskette) readable by a general or special purpose programmable
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
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full length species. 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 mMRNA with an oligoribgfiucleotide (r-oligo) to label the 5'
end of eukaryotic mMRNAs. The cap is removed with tobacco acid
pyrophosphatase (TAP) and r- oligos ligated to decapped mRNAs with T4
RNA ligase. This reactiqp is made cap.20 s ecifict?I remoying.
ST R ARSI RB PE et RKOE SRR R DR Rs e 1o
deAdritedaiteént. 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
A aiHEYfiified quite simply by reverse transcription-polymerase chain
reaction (RT-PCR). 25 Although the oligo-capping method is preferred, a
number,of giheranelRaderal MK AL SOASHEG uLIERAIR cRbIA wih 5
sequences aré known in the art,’and any of these may be employed for
presdptigioefessinalsoriistegtisereaumentsuinsesofiishpasiels afifuTiaHgin BoNm
AR unbRithen lonpd dhese Marhe usestaswinnibe DRI ads06,
compositions deifribid f]ere. Fulk length cDNAtIibraries fr rr}\/tgrious
BISBRTEIRIE QR RIPHE AP WIREE Ry e U5 S A e A s IS B B umber
of manufacturers, such as ResGen (Invitrogen, see 5

It /Y SRR N C BRVRIOHHEIRET %%ﬂﬁn{yﬁhﬁﬁ%ﬁ@%mse of

full length sequences may be found xample, at the Institute of
MRS SR OB PO SHE O a?’&k“ﬁ&“ﬂ‘i&ia%%ﬁ‘&ﬁﬁ%ﬂ?%ﬁ%.y&? ooRiid
theldotlaving Getaiecthdeserptifomuyictnsdnliembioibetakdenad: [ingiinge

eference Js e 1o Figure, 3. Reference.is al 0 '
R g S A K
startindiffirnbhuelpatsiprgucnee Fgyestochdaddiemn Rartieiitharligasidre 5
RiRehcn order to do so, the established cap-trapper method may be
employed for full-length eDNA selection to ensure most of the substance
eDNA fragments

The method of generating multiple nucleotide sequence tags makes use of the

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

acid 3’ of the first nucleotide sequence tag.

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

appreciated that each round of this process produces an additional nucleotide sequence tag,
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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
cDNA to be obtained are also suitable. For example, full length eDNA
maybe obtained by using elF-4E capgpinding 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 %ethods 20 Enzymol. 65: 65-74). As we make fuII-Ietn thchNA, we
G PR AT P RS SRR 3 SSea ades o
sisyatthe bt afutnecpady A eisanftEnduifulgrg ite o Afdhe mashod trdduprs
orRd il dgasiedby %}!Qﬁi IQ%B{V%E ¥epeligaian Qhilac higiin-Notl
Inker, so the 3'end biotinylated cDNA are able immobilized on streptavidin
coated 25 magnetic beads. Since Nod is an 8-bp cuter, the possibility of
internalccbiiAgBigestianite 4 atehdd/of thretatmobilizatty DivAcopdidtion is
then divided in. half for.the additjon.of |- i .
DS & TR O A SRR e Blneng i
e BBeR raings of ftriay etantieréntcs agers ares fIRIPAR priming sites. Here
Mmel is a HS type enzyme that cut DNA 20-bp down stream from its '

recognition site 5 (TCCGACN2 l.is used for releasing tags,
callod RGP B S hIE RS BSAGF (NG B R LSy o cu
DNALDE; nptapdtehrontoiBgweognition site (GAGGAGNI O/8). BseRlI will
be used for removing the PCR arms and leave a minimal anchor
uences with the tags, called the "Anchor Enzyme" (AE). Mmel
NAeRASEs linked tags comprising a unique sequence signature
10 corresponding to the 5' portion of the transcribed gene. After Mmel
digestign, the rel ags from t I ined
R e R A
phierenTbens Jesmprine SHVER iashiigpediqesihied digsgemlard invletatlimdaisssgtion
bR RS, [dRR CHRgSh AR b SEfeRRpRisifiesbandganpbfiedmBCR
with biotinylated primer A and B. Dita W'thddiffererglt1 15 I%:k rs will %e
SEnE L A B S TR AT DA R dhe T S i

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

o
&l

terminal transcribed sequence of a gene, mRNA or cDNA.

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

5" terminal transcribed sequence of the gene; and (d) detecting the presence or identity of
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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 BseRl
site next to the Mmel site apart by 6 base pairs in the linker 20
sequences. That will allow BseRI cuinto the Mmel site
(GAGGAGNNNNNNTC CG AC) and create a CG-3' overhang. The
probability of having a BseRI site within the 20-bp tag sequences of all
transcripts is very rare (P = 0.00488%. After urifi%ation, the tr.irnéped

thz dipked R gL YSIPNER SINEPILESI ?rfﬁ%‘ggéﬁfgn‘g?te%n& A08"¢éharated
gach:xqitessianith 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 BB BE RN M HE EHCR MR RIER! 5 | APLTORE g e
tegiiRsenting ene liaksctipicnielebNg. -39 tafonthe Miliamikasisaridt

olecule nly need to generate 21000 concatenated clone éfg
L S e T

4 seq. reads)
firsmstiiniiemendenesirassonlopss miskdineedglramasabietiehd! therfirMINAL
ROEEHbhsiIR, ERHNNERARIesIdPR BRSS! RGIIge Aaidant i stietall
in this section 5 enables ‘t%e#ﬁduction of nucleotide sequence tags
EspYes ORI AR S5R %S IEVR A Sequence of a relevant nucleic acid. In

preferred embodiments, the method enables the production of a

nucleqfideSeRYLnGe RE- SRS IRGSEHARCR GO SRARGING SRR

transcribed sequence of a gene, mRNA or cDNA. We therefore provide a
b pr M N o T R e e e
generithe paeihndceematising thehstphict i{ajpattvidingdadan Tl ey
ribonucleic acid (cDNA). having a terminus comprisi ' terminal
O R B e T BRI Sop e
Sdbjisagibentmgeby 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
nucleiffg’&a’a‘aéabﬁa@‘m BT yf.*%wé%’a@am?) gifaed
aadr(sydole Mangathe didiSagano, Gene 138, 171-174, 1994, Suzuki et al., Gene 200,

149-156, 1997 using appropriate oligo-dT primers. The oligo capping method replaces the
cap structure of a mRNA with an oligoribonucleotide (r-oligo) to label the 5’ end of '
eukaryotic mRNAs. The cap is removed with tobacco acid pyrophosphatase (TAP) and r-
oligos ligated to decapped mRNAs with T4 RNA ligase. This reaction is made cap-
specific by removing 5’-phosphates of non-capped RNAs with alkaline phosphatase prior
to TAP treatment. Unlike the conventional methods that label the 5” end of cDNAS, this
method specifically labels the capped end of the mRNAs with a synthetic r-oligo prior to
first-strand cDNA synthesis. The 5” end of the mRNA is identified quite simply by reverse
transcription-polymérase chain reaction (RT-PCR).

Although the oligo-capping method is preferred, a number of other methods of
making or enriching full length cDNA with 5’ sequences are known in the art, and any of

these may be employed for the purposes described here.



10

15

20

25

nucleic acid with the first nucleic acid cleavage enzyme to provide a linked
tag, in which the linked tag comprises a nucleotide sequence tag
representative of a 3' terminal transcribed sequence of the gene; and (d)
detecting the presence or identity of the linked tag or the nucleotide
sequence tag to provide an indicatiopsof 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 comprlsln with 3! termlnalttransc rh ortions.
PreferaBiymarablibragese c?{’]tﬁ B%qyim%‘f KIPHL e errmnudsg ﬁ[”)l y e
cBdA eelhibeheanetwds ardowsperitiinyilbivetad reeci Budidetreth D A3ibratics
RO IMAAGE '3?%39%%5% Q€ des w9 6. QbR bk iaily TR MR b4y

provided that at least some sequence from the transcribed portion is
papuiaursr e hecResteR (18¥Has e ag. Any polyT sequence which may
b@mm@msgmdﬂepseammtﬂ@m&ydﬂerﬂemgmmdaﬁaroanmmgth
Provided the n cle de se 0 1t WI|| Rire spme
AN e T TIe BNt et SRRt 5P
@ekw.(Whé’@nﬁm&eﬁn@@mrﬂMove at least some of the ponA/T portion,
any method which is capable of producing a eDNA without (or

substantlall without) a poly dT.tail 5m b edfor this
purpodthe i?‘f‘@aﬁff?&ﬂ%g é‘?’%r&ﬁggﬁs‘glégyf‘?‘ ttg {{)]g S eraS001),
R&mmﬂak afadolpAitaits IrRefduheckeingthp @dddAol mﬁalw@skfé phigholefitimmay
g&n&dglotechnlques 31(5), 1042-1049, 2001. As noted above, it is
not ecessary for the entirety of the polyA/T tail to be removed, so long

as the nucleotide sequence tag is long enough to contain useful

sequemsedmfﬁémmtkminmusa ﬂwsexaﬁgmlﬁnﬂ&‘ thesGipbate: techmiquieerciby A
roduce DNA it tail h of4 or fewer but

RS i 0 SRR B L L Rl el e

eaptoyed Sor ﬁt&h@@é&h@@%@oﬁ@@%@d@ meurrapest iof Aiparrsened gD fEpamppnts

RVOALImENLs m\a’emercaylt%yeemw;rdeuﬁmweaalirmémﬁ@blﬂzm
Thus, in such embodiments, a cCDNA hgv ng a mlngsrs%(é?pnsmg a3
a

30t IRiPEIPIARS &7 Bsédgééc?ééﬁ%%f’tﬁc ST ¥ be provided

by the following steps: (i) deriving a eDNA from an mRNA by reverse
transcgmg? I?C(Yﬁpin{l?eg Brjaml%ie full length cDNA to be obtained are also suitable. For
example, full ]ehgth 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
Enzymol. 65: 65-74).

As we make full-length cDNA, we use Notl-dT15VN primer to initiate the cDNA
synthesis so introduce a Notl site at the end of the polyA/T tail. After full-length cDNA are
selected, the 3’ end will be digested by Notl followed by a ligation of the biotin-Notl
linker, so the 3’end biotinylated cDNA are able immobilized on streptavidin coated
magnetic beads. Since Notl is an 8-bp cuter, the possibility of internal cDNA digestion is

rare.
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comprising a sequence 5'-NV(T)' 3BCCGGCCGG-3', inwhichN=A, C, G
orTandV =A, C or G,; (ii) producing a double stranded eDNA therefrom
and digesting the double stranded eDNA with Fsel to produce a cleaved
eDNA comprising 20 3' GGCCGG overhang; (iii) linking the cleaved cDNA
to a linker cc comprising pTCGGA ; gnd (iv) cleaving the resulting
molecule with Mmel to GGCCAGCCT produce a cDNA lacking a polyA/T
tail. In the following detailed description of 3' Terminal SAGE, reference is

made tQ, Figure 4. Thi tail Sription.
it o ibihdd (48 UGS L P E Y R IO BP R AR R o

EMesiteaRB lker 4 39 Meddisahelinksdt Hiessditbemecrandhsrapmeaquence

fiegMantandves R4S Biishi AR 8N ALTIdARE R R G RS Bdst MRl Mmel
start] oint. In 0|ilder t? Astyo_gveduse the bigtin-[isselé dTJEl%VSI}lé)rimer to
Tuilit RZWﬁthgts? IP e two %n%%?tﬁeﬁgie&%ésrf\/o £ A, &, ;and N
F(PCTTASNRPIAH). Gliiakd ihesqor fmesleasigness) eallgvktifir STaBEAy et o KsaRI

(L QbRMEWpe £ _@Uhg%ﬁggm.%pg?xwlhmes RedopRIORQIWA/T tail
foIIowec{iﬂ%ﬁan Fsel site and a biotin at the end. Double strand cDNA will

HEAHSPHANOHH EaeBh HihgnEE faatovingdhtiiigas tad g R forupimal
encyoectnciaawiip thapgosdibialiatermabMinghsitdd B). e DNA. After

polishing the ends, eDNA fragments are released from the beads by Fsel
digestion and create a cohesive 3'end. Fsel is an 8-bp cuter like Notl, so
the inteYhegImigesimalppses WisrdA2ey SYBPESIAS B/ DIIGRS SoRHRNCRISIEBATE First

ligategdrathe s ahesiyerdor bethathtoghed@giotin linker is added to the
5'end of eDNA. After adding the biotin-linker, the cDNA fragments are

once again immobilized on magnetic beads, but this time are by the
5'ends,AferoMuith digesticer fhalriliased sige fovatkdtws iveskeipaissnés besidokifsd

f%@{%ﬁe!fwﬂt@v@%&g Higesliahandliartianancfis RO XYAH D R0pkks

from the 3' extremity. A Mmel 15 digestion will precisely remove the
pdsRaRP g fme recites d ks bR [ Uheta nBdss Bhtf i pRRApOTy P RURLY
ehNAeds:iid amplifieltis) P RaVitnbi tinvglapduimo Asnd e Dadgiswioh different

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
sequences. That will allow BseRI cut into the Mmel site
(GAGGAGNNNNNNTC CG AC) and create a CG-3’ overhang. The probability of
having a BseRI site within the 20-bp tag sequences of all transcripts is very rare (P =
0.00488). After purification, the trimmed ditags are ligated to each other resulting
concatenated ditags separated each other with an anchor sequence CGAC. Because each
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
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add the Mmel-BseRl linker A, and the other half is to add the Mmel-BseRl
linker B. At this point, an external Mmel site is precisely introduced at the
3' termini of transcripts. All 20 steps in the rest of the procedure including
releasing SAGE tags, ligating ditags, amplifying, and concatenating are all
exactly the same as in the 5' Terminagg SAGE procedure. NUCLEIC ACID
CLEAVAGE ENZYMES The techniques described here generally utilise
nucleic acid cleaving or nicking 25 enzymes, such as DNA cleavage
enzymes, which recognise and cleave specific nucleic acid sequences.

bg) fior seAvsneing athreafbsraliye deneictiBAsegrTrads)ressuifig an average 500
bBRUMNYGIRASES) fRsrtkaed in this document, the terms "restriction
endonucleases" and "restriction enzymes" refer to bacterial enzymes
which bind to a specific double-stranded 51 DNA sequence termed a
Iroupninen A recognition nucleotide sequence, and cut
double-stranded DNA at or near the specific recognition site. Preferably,
the nucleic acid cleavage enzymes cleave the nucleic acid at a position
outsido thETIBGHBH<SBEGER LR svBRb S dEH I brafcren
exﬂfﬂsethérp}mlahmﬁoraﬁagdsﬁﬂe Benmﬁmgmﬁ&b@ﬁﬁzgma& B1ayricifial

conven be referred to als "0 fgs v% € enzymes'. I r icular,
se%uenc p? f nucleLc cid. Tn prefe 0 nt efm tﬁ § 61
ype 11S restricti on en ymes escri ‘in furt etall below)

Pepdupiienctte guaeotisdnes R NS INg ﬁm@nmmmmglagr@@o@nmon

1286BBE CefRE AT ApeneffaaiAeRBER ENZYMe is joined to a cDNA
molecule as a first step in providing a tag. 10 Although the use of Type

IIS restriction enzymes is preferred in the methods and compositions
descriBethérefers preniibe mghed citperiiting areniditisiuh of mddifiect of

EHPINRASY YEISI RS RIRUBRRNR SR m@t@é &8 vs'bf&?dmﬁ%%mw%@ ey

have the properties of sequence recognition and nucleic acid cleava

d(’B?‘WBRm’Qbeﬁt%ifb@laﬁ‘é‘%&ﬁf‘VfP@rﬁtﬂ‘?@‘&b*g‘f?&t@&%%@ﬁuﬁﬁﬁ@éhﬁ@ﬁ&%’%e

sadaumdbeargamqnjslmﬂgcmmmmmaﬁamrdaq@ﬂ& brefébp PoRIvN ANEKEIES
WhICh cl ave u@,‘ﬁ@a |ds at offset osmon AII that.i s reqwfed ;or the 5'

nucl .’;IQll uence CcO ﬁ]nse? &ecogn 10n Si ora
3 ermlna |ques IS h er comprise a recognltlon
nsﬁlélfcﬁméﬁl@ﬁggmézm amﬁv@hmmﬁeava@@@mssn@ahatmm@m

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

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
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
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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, maybe used to enhance the cleavage efficiency, modify the
recognition sequence, or to increase, decrease, or otherwise modify the

QE%‘?&P{%W%NP%&E&’&Qﬁé%c@&ﬁd%‘l@q(ﬁﬂc@% \r@%g%ugm fingeipture

binding domains may be used for engineering 25 chimeric restriction
SR TRASCHBe] SSRIRBRRARTIIA PN StEbeieRt Qrideety MifrTa gL B
(1996) Proc. Natl Acad. Sci. USA, 93, 1156-1160, Huang,B.,

Sch ae%re ét isldthe@ t§ éﬁ%\%% M i leag (s%?ﬂ%(sc)f \?lie%’&&mw‘% g‘l/éﬁ‘l’fﬁﬁjg

and Ki andrasegaran,S. 199 Gene

Msichys cpgable ofrvrsém@aw%éﬂ%ﬁgerm@%@%%ﬁmrw aabhdal
GRIVREISIBY BEaMBRGE r@@wmﬂommﬂdw aleigincicalpaiagein

domains. n|t|o th eava
e g bE e A R Mo S BA B E ey
&Ifﬁvmtemamdmg)@wmwﬁIfbm%@t@&@ﬁﬁbﬁ%w@fémea%@t
recaanition: doaing AEkaRAMeIah s egRisineand Rindinthidsmasitic

nucleic “acid sequences, and may comprise, for example, zinc finger

FEMERAS BB ANEERRuEB QiFRTAE el e yareRi R \X}Bsza@fe%é%‘? e
WO SHRH3 0% 0 MMONDS/H30ES, MDA S81h 30 5 Serabatblyalsailf lenghneddrin deves,
well as & rat'oen a'rr?af,;%fur'&gaéﬁd designefz éus fl@&;ﬂ qa{geth%@mwz

KRoOWN in cleic aci cleavag omalhs are capable of
rifeRiatjbed s@ledeenihgsEshte or double stranded nucleic acids, and may be
derived from known or existing cleavage domains found, for example, in
restriction nucleases, 5es or RNAses. The n|t| A(;ip in an

the cleé\’/égé%‘ﬁqg?'r? f ?ﬁ n?%’é‘%%hi‘ﬁ%%’%ﬁy Epa %T)removed
lifrboartte iDL drbwagwdemdmiﬁmmhe:mb@@mmm@“&ammMFg gy

G n i H6
S e g i
e

rEfPRL AR r}“ﬂégléﬁBW?Hbaﬂm&?&“%?ﬁésﬁﬂém?%ﬂ‘%%%?ﬁé’%‘?ﬁe
ofteieispiserkeheonc DNgTiHkECG te@eedicatdchihers @, (bogatdy is A,

r%cl)url Eqii) producing a double stranded cDNA therefrom and digesting the double
stranded cDNA with Fsel to produce a cleaved cDNA comprising
GGCCGG

3’ —=Z=="—_ overhang; (iii) linking the cleaved cDNA to a linker
cc
comprising———LCGG—— and (iv) cleaving the resulting molecule with MmeI to
GGCCAGCCT

produce a cDNA lacking a polyA/T tail.

In the following detailed description of 3 Terminal SAGE, reference is made to
Figure 4. This detailed description should not be taken as limiting. Reference is also made

to the detailed protocols set out in Examples 3 and 4.
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Indeed, it may be possible to employ completely artificial enzymes not
derived from restriction enzymes which have this property. Such
derivitised, modified or 20 engineered restriction enzymes, as well as
artificial enzymes, having these properties, should be understood to be
encompassed for use in the methodg@nd compositions described here.
TYPE US 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
defind@ eldttddnird hinkiatsi to dheagent ofi SB dnemessche layw iotfpt remove

tﬁéwm AR PYRIRaNYat BT iRekily BSint WPEddrto RISIGHORE HRRER-1231-

da\gge IS restriction endonucleases cleave at a defined distance g’%to 20

ORISR RS S pEi oI N R ragSRHSR (T AGerts 2nd
NI16:A60, 4.985¥il Exadapiie prirhetytp @rbSaestiechicn 18 rddn ticl @abestaiicifide
MWFQHNQW%@HE'@W%XWP? E?M?W&E%Q@ﬁ&ra%%@ i

the art (see, Curren tocols in Molec lology, supra). 5 Type |l

af@s%ﬁ&m thgiea Doublastant (RNAStH s meBehbiseR M masastisibrads,

an@ iRed eSOy mﬂat&&}%&amseg Wsﬁsmrﬁ&eﬁam ndthe &@m

A%e th?sl?tan ea{% ab tlongn salljrlé r‘glez%IeOdC ng[nn ﬂl% 0ad]é llsegg estion
repr sen (o} UI ecog on sequences are er ]? ll%g onIy

aoch erytttambb@mg @w@nFsﬂtheup&bn @ft@ﬂ Ekwdigt, wahebe@mddi@mmem the

PRAIER Rife I8 Mk mithimdne REalaaLars &%@H&%ﬁ@%ﬂ&%ﬂa&@&pﬂ
mark the cut site on the complementary strand. Accordin g&fg it can be

DLkt e Sickeor tAE Bt AHpedre adbeRok B ab R will
fohetecnine dmeeafgmtuﬁmdbthmﬁlneglengmm,tba gpedific e gyarceay,

aﬂ@&ﬁﬁﬁ}ﬁgﬁé{nﬁlz\%@fq&%& e%?ﬁ’?rb%’ A ire%ed%g%q‘?omqﬁ Slf WLl BE,

apparent that th onger the o ence the tag, the “more

digrstificrddigdiguenda ié@@éﬁéﬁ‘éﬁélﬂ?@ﬂ! %@n 1% i pratenzdeMbediments,

digesties wittisracReRanM6lRaRe fesed 19 me ke ieBase peE QORI
segluence of TCCRACNNNNNNNNNNNNNNNNNN NNA, and cuts at a

posmon 20/18 bases from its recognition sequence, resulting a 3'
protruding overhang of 2 nucleotides (2nt). Accordingly, we envisage the

use ofg %W@Q@Eﬁm i thénGR1ala by half into two populations, one half 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 Mmel site is precisely introduced at the 3’ termini of transcripts. All
steps in the rest of the procedure including releasing SAGE tags, ligating ditags,
amplifying, and concatenating are all exactly the same as in the 5’ Terminal SAGE

procedure.

NucLEIC ACID CLEAVAGE ENZYMES

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

“restriction enzymes” refer to bacterial enzymes which bind to a specific double-stranded



10

15

20

25

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 atag comprising 20 bases on one strand, and
18 bases on the other. The strand comprising 20 bases may be referred
to as the "top" strand, while the strang 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 s%qugfg%e@hfmrgisgﬁﬁ&mé & & spaaliiadnosiioncyriec2thdase

pairs outsi e recognition site. Blunting the ends of their digestion
drodlscsandsHAMEN B 9niRpatitls SeRAE FrseaRERDBF heir recognition sites.
This property is useful in several applications, including the generation of
deletiops of increasing length (Hasan, N., 54 -et al I IStep.:«:
methognlit ?%@ﬁ’eﬁrxgt?ﬁg %?ea(gzllsecqﬁaﬁ'ia ?eélclﬁ na ﬂa‘é%ﬁglr% %ésiigfga%hjs%aﬁgghm
cleisiid i teswiotoiti@nsegreacCEIrlsgsetiongsgicriermatiiin dramthe
SEOUERGE poRaciicty ot NA-RARItMERNHRI bere RSB MR ALTREIW ., A
simple me?hod for locating methylated bases.in. DNA, as applied. to, detect
ARSI IARBIUF ST FORIRS HCRarEeTm I LeaaPEa
RéziRepieriitleRIanirg pfterdd the asymmetric nature of their recognition
sequences, type IS R-M systems comprise two methylases, one for each
strand, sometimes each methylating a different base (Bitinaite, J., et al.,

Alw26IAsieaibed sliemtiss) a HAker RamPRAIRGI A ESRITHR SCIERAR ipfguch an

RS BE.n Belsnio joircanoplenentasksilandsfuttieptargaiviida tag.
Nucleic Acids Res., 20, 4981-4985, 1992). 10 Exemplary Type IIS

restriction enzymes are described in the restriction enzyme database
REBASH{Rehdrts:R M Mardis BrtfiptonsrrmBais refsndiiits vappisead

g NSty Iases N RIRICACIH B RBSre2RR1 darudieR (@68 ane or
Roberts,R.J. and Macelis,D. (1999) Nucleic Acids Re?é&%?e’ 12-313)

VERREPEFFRAyIsEians RSk SRAEPESJRAK B RINRS REB RSB IS e Ensive
dathare dfstafeimaitongaition bnd siridtioncndyanes (bEninkchgpidtgs distant

A s oo
skarsitiviipy eryameabics slgaurs eisteids Nﬂﬁqﬁ@t?ﬂﬂﬁiaﬁ%fgpa@é%‘,s RSP for
efndenugeagesn ARG BRaIRIgss SRS ifieinketvonipsienckaoptidbpsoteins
agr? gzs"y%licen%gtglelg\'wg/l n%%lerig% egye}ge%%lgasgit\éem Ne%ucleic acid distant fromthe
recognition site for the enzyme. Engineering methods, for example those described in Kim
YG, Shi Y, Berg JM, Chandrasegaran S. (1997) Gene 1997 Dec 5;203(1):43-9, Smith J,
Berg JM, Chandrasegaran S. (1999) Nucleic Acids Res 1999 Jan 15;27(2):674-81 and Kim
YG, Smith J, Durgesha M, Chandrasegaran S. (1998) Biol Chem 1998 Apr-May;379(4-
5):489-95, may be used to enhance the cleavage efficiency, modify the recognition
sequence, or to increase, decrease, or otherwise modify the offset between the recognition
site and the cleavage site. Zinc finger binding domains may be used for engineering
chimeric restriction enzymes, as described in Kim,Y.-G., Cha,J. and Chandrasegaran,S.
(1996) Proc. Natl Acad. Sci. USA, 93, 1156-1 160, Huang,B., Schaeffer,C.J., Li,Q. and
Tsai,M.-D. (1996) J. Prot. Chem., 15, 481-489 and Kim,Y .-G., Shi,Y ., Berg,J. M. and

Chandrasegaran,S. (1997) Gene, 203, 43-49.
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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 Aarl CACCTGCNNNNANNNN
Acelll CAGCTCNNNNNNN”NNNN Alol
NNNNNANNNNNNNGAACNNNNNNTCC- NNNNNNN NNNNN” Bael
_NNNNNANNNNNNNNNNACNNNNGTAY - CNNNNNNN NNNNN” Bbr7I

GAAG S 1€ ) s e eﬁ‘(! X
B BHINB ABBirEpdArdEeeeid teppssiomaiss Sy meogritipnidopmins and the

BatB&32iBathapd &stMidh e GAkATNNMNMANby B U@ of variable length,
TTGAGNNNNNNNNNNNNNN NN B uEl, BeeAl

A R AR R i RS S o

NN NNNNNNNNNNCGANNNNNNTGCN - 1\ NNNNNNNNNN” BciV

GTATCﬁNM&%MiM‘d&mnBﬂb%Iﬁ%ﬁ%h‘i&%ﬁﬂfﬁﬁi@ ko specific nucleic
GGATCNNNNA”N _AclWI Alwl BspPI BstH9I

acid sequences, and Thay comprise, for example, zinc finger domains designed according
to the rules established in WO 98/53057, WO 98/53060, WO 98/53058, WO 98/53059.
Methods of engineering, as well as rational and rule based design of zinc fingers, are also
generally known in the art. The nucleic acid cleavage domains are capable of nicking or
cleaving single or double stranded nucleic acids, and may be derived from known or
existing cleavage domains found, for example, in restriction nucleases, DNAses or
RNAses. The recognition domain and the cleavage domain in the chimeric enzyme may be
separated by a linker to allow cleavage remote from the recognition site. Such linkers may
comprise structured or flexible linkers as known in the art, and described for example in
WO 00/44568, which is hereby incorporated by reference. The length of the linkers may be
modified according to the offet desired, i.e., a longer linker will be predicated where a

longer tag is required.

Indeed, it may be possible to employ completely artificial enzymes not derived
from restriction enzymes which have this property. Such derivitised, modified or
engineered restriction enzymes, as well as artificial enzymes, having these properties,
should be understood to be encompassed for use in the methods and compositions

described here.
TyPpE IIS RESTRICTION ENZYMES

Specifically, the methods and compositions described here employ restriction
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.
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Bst31 Tl Eacl Bpll _NNNNN"NNNNNNNNGAGNNNNNCTCN- NNNNNNN
NNNNN” BsaXl NNNANNNNNNNNNACNNNNNCTCCNN - NNNNN
NNNA BscAl GCATCNNNNANN Bstl 91 BseM11 CTCAGNNNNNNNN
NN” - BseRT GAGGAGNNNNNNNN NN” - Bsgl
GTGCAGNNNNNNNNNNNNNN NN£Bsml GAATG_CNA Asp26HI
Asp27HI Asp35HI Asp36H1 Asp40HI AspSOHI BsaMI BscCl Mva 12691
Pal BsmAlI GTCTCNANNNN Alw261 BsoMAI BsmFl
GGGACNNNNNNNNNNANNNN Bs LUI 111l BstOZ6161 Bsp241

_ NN NP IRPNPS R MDA A pe NIRAN T @ ed e ngd KIRtaeRe RINRIRINDD BSHCN

o eHt(s REDINHNAHY Ndﬂbl’}uﬁ%lwd (S%T@CNNH&&e NRNEY, ASESHOEBkMAds of

Bvel Bsrl ACTG | I.Bse B 1 ||BD|GCAAT
R e SIS A MR A6 he) Sep A TR P

KnDUNINOUhNE RNINTUIN NN N @A NI RGToINAIMNI AN B I N RN A
CjePI _NNNNNNANNNNNNNCCANNNNNNNTC - NNNNNNNN
NNNNNNA Ecil GGCGGANNNNNNNNN NNA _ Eco3l| _
GG TETRSNSNRIRIRONS Fiitalale B spiadhe mebpdaandserenasitiansdestyibed

here are shown in Table 2 below. Sequence representations in the table use the standard
abbreviations (Eur. J. Biochem. 150: 1-5, 1985) to represent ambiguity. Recognition
sequences are written from 5’ to 3’, only one strand being given. If the point of cleavage
has been determined, the precise site is marked with ~, The character _ is sometimes used
to mark the cut site on the complementary strand. Accordingly, it can be seen that the
choice of the specific Type IIS restriction endonuclease will determine the offset, and
hence the length of the specific sequence tag generated by the methods and compositions
described here. It will be apparent that that the longer the offset and hence the tag, the

more specific the sequence tag generated will be.

In preferred embodiments, the restriction endonuclease used is Mmel, which has a
recognition sequence of TCCRACNNNNNNNNNNNNNNNNNN_NN*, 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’
end to a nucleic acid sequence, for example a full length cDNA, will produce a tag
comprising 20 bases on one strand, and 18 bases on the other. The strand comprising 20
bases may be referred to as the “top” strand, while the strand comprising 18 bases may be

referred to as the “bottom” strand.

Type IIS enzymes are of special interest in molecular biology. These enzymes
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.,



10

15

20

Eco571 CTGAAGNNNNNNNNNNNNNN NN ~ Acul Bs KTSI Eco57MI
CTGRAGNNNNNNNNNNNNNN NN~ Es 3 CGTCTCNANNNN BsmBl
BstGZ531 Fall _NNNNNANNNNNNNNAAGNNNNNCTTN- NNNNNNN
NNNNN” Faul CCCGCNNNNANN Bme5851 BstFZ438| SmuT Fold
GGATGNNNNNNNNN~ANNNN BstPZ4181 56 Gsul
CTGGAGNNNNNNNNNNNNNN NNA B ml Hae!V

_ NNNNNNANNNNNNNGAYNNNNNRTCN NNNNNNNN NNNNNA H gal
GACGCNNNNNANNNNN - Hin4l

et ANARONZINN NIRRT 407 IREpEMIRG/DTF g e-umikiRg RNl edRIN Nsin S|

Esfvl GARKYINRINI L Aspiad) GeRYsdVs5-62T 168 BINMMM Mg iR §ednce
CT@TTCNANNN_ co5l Beol 161 BcoKI BseZl Bst6l Bsu6l Eaml 1041

SRegHIRR S I KA BRI RINRORAOnadi Srrp ekh Ap Enimala ated et Mmel

1@ @RMEhNhickl bhsés MMING S Qi MNBlebl AsyRietGoaeTEMEOND N P sl

AR NN NOINUEAAENNNCTGN, NN NNNNRP Pl

“NNNRNNANNNNNNNGAACNNNNNNTAC - NNNNNNN NNNNNA RIeAl
netare-of I FSFORINFIOR FEAP NS¢ AYPe IS R-M systems comprise two methylases, one

for each strand, sometimes each methylating a different base (Bitinaite, J., et al., Alw26],
Eco311 and Esp3I - type IIs methyltransferases modifying cytosine and adenine in
complementary strands of the target DNA, Nucleic Acids Res., 20, 4981-4985, 1992).

Exemplary Type IIS restriction enzymes are described in the restriction enzyme
database REBASE (Roberts RJ, Macelis D. (2001) REBASE--restriction enzymes and
methylases. Nucleic Acids Res. 2001 Jan 1;29(1):268-9 and Roberts,R.J. and Macelis,D.
(1999) Nucleic Acids Res., 27, 312-313), which may be accessed at rebase.neb.com.

REBASE is a comprehensive database of information about restriction enzymes
and related proteins. It contains published and unpublished references, recognition and
cleavage sites, isoschizomers, commercial availability, methylation sensitivity, crystal and
sequence data. DNA methyltransferases, homing endonucleases, nicking enzymes,
specificity subunits and control proteins are also included. Most recently, putative DNA
methyltransferases and restriction enzymes, as predicted from analysis of genomic
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

Aarl CACCTGCNNNNANNNN -

Acelll |CAGCTCNNNNNNN”"NNNN -

Alol _NNNNN*NNNNNNNGAACNNNNNNTCC |-
NNNNNNN_NNNNN#

Bael _NNNNN*NNNNNNNNNNACNNNNGTAY
CNNNNNNN_NNNNN*

Bbr7l  |GAAGACNNNNNNN”NNNN

Bbvl GCAGCNNNNNNNN”NNNN _ AlwXI BseKI BseXI Bsp4231

Bst12I Bst711 BstV1I
BbvIll GAAGACNN"NNNN _ Bbsl Bbv16II Bpil BpuAI Bsc911

BspBS311 BspIS41 BspTS5141




Sapl GCTCTTCNANNN V aK32l SfaNI GCATCNNNNN”"NNNN Bs STSI
Lwel Phal Ss DSI GGTGANNNNNNNN" Sth1321 CCCGNNNNANNNN
Stsl GGATGNNNNNNNNNNANNNN Tagll GACCGANNNNNNNNN_NN*,
- CACCCANNNNNNNNN NN/ Ts DTI ATGAAKNNNNNNNN NN” Ts
GWI ACGGANNNNNNNNN NN” TgsRI NNCASTGNNA Tthllll
CAARCANNNNNNNNN NN” Table 2: Type Il restriction enzymes
cleaving outside their recognition sequences (Type IIS restriction

s). The invention is described further, for the purpose of illustration
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Table 2: Type II restriction enzymes cleaving outs
(Type 1IS restriction enzymes).

The invention is described further, for the purpose

following examples.
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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 transcriptsglones and sequences. 20 The
experimental data will be invaluable for thorough annotation of the
upcoming zebrafish genome sequences. Using the Terminal SAGE

tggphpiques, 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 mihﬁtz&aﬁmwmmwa@a SRAEPE£ARTIRIYAELAO AR} S RIBRLKe
Ione will be s enced fram n and.eac, uenc
r%cgé prole‘enéﬁ nscﬁl)%g\/%er uenc gr ?é&gﬁ%%%ﬁl?ﬁﬁyﬁmﬁ% mﬁ
a{aph@dné mnwmem@eMQmmmem whid Hesraite Steen
Gt THRRSEHRom s MatRimpostanty. mﬁnnﬁ%mm@@kéﬁ&&mﬁws

may be applied to stem cell 5 research projects. A deep and

&SFAdre %ﬁ%%é?é&%Pﬁf&ﬂﬁﬁ‘%?‘é?éﬁ?%@ﬁ’ﬂah%%m%%é%é‘? fesFdpay
repnodendint) om@{mame it At pisthavebes mdﬁ@@f'ﬁ@ﬁa UBttf]@diheters
iqi es. Howev t for nove JI’]V in
e i R o R R SR
PRONBYS Ssraiaalserihed seay s drknarae tyunsarsrobf walling) Meemam@ror

thesHEsininp scquentp Riais g aracterization 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 offstamtaeinfyrbd élptBlembly 8 nsmbererfoactiodiyEas:xbhéeibis kavethat
it PASSIBIR IRRIIRINRRERL &&m‘e&%&gwﬁt&@m& BERIERSH S&Q-mamx?gf

activities in stem cells by generating one million ta&égalrs of
?&?ﬁﬂﬂapsse&ceew‘&a&ﬁe@r% wehasCART e eteYiéehoe dheparbamnal
IUaGEaialod dadysisd it essentially identifies the 5° transcription start site; sequences

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.

Furthermore, once the 5’ and the 3’ terminal transcribed sequences are determined,
it is a simple matter to obtain a full length clone (a cDNA clone or a genomic clone) from
an mRNA or cDNA or genomic library. Appropriate primers corresponding to these
sequences may be synthesised and used as PCR primers in a polymerase chain reaction to

amplify the full length clone.

Specific uses of the terminal tags produced according to the methods and

compositions described here are described. I particular, we describe specific uses of the
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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, 60 Large Scale
Promoter Identification Applying the § Terminal SAGE techniques to cells
such as zebrafish and human stem cell will allow the identification of the
vast majority of genes at their transcript initiation sites. 5 The
eXREIIICRLH A AN %@ﬁ@@&im&dg%M&@H&%ﬁgemg&&%@aﬁg&?%%Tt%]%e
sequences for all of the 5' Terminal SAGE identified genes, and éstab i8
aFSF g PSSR A AR 6398 man and zebrafish. These large set of
expression-based promoter databases will provide a solid knowledge
base fof, e, LAMPIR HEinn ialing.computational Aregram for
promoter predictions, anJ extending our unders nréclng o?compreﬁe Sive

1045 SYQIRERY ABERBERIPY e b ibmskilEK ek ER tExaaTpld duch’

Taeninadordvzly, G esadnnlBEoiRGal dodbE wkiangt sRMNA,synthesis
Notl-oligo dT primers (14 g) and 20 pg of polyA+ RNA are ethanol

precipitatedclipransanguspended into 10 pl of ddH20. Heat up at 65C for
10 min and left at 42C for 1 min. In a separate tube, mix the following
components: EX first strand synthesis buffer 301, 0.1M DTT 11 |, 10mM
dNTP PPSRHIBEEermBER 5he Aremal sAMB esbridn has s drsaapried)
| breasdlyseddeepbriptapeidsth diier withpRiNAtéchnolagioyaians incrdaatsy 2 Maty
i gP . 0 min. 2 pl of proteinase K. (20
o e s e L B e

yeBHAYY BMIGTEsEnt Bt BetrHP&nd hetRemringrea B arbniqWeseon the other

RAH/ch)Be hese tocisnlexa SarasuaRRRAe thiPard 415 Rh@s datH R I REf 1,1
M NaOAcopPH 45.and 2.5 | of 108&1,\4'1,'\'6"04 are added to oxidize the diol
4 .

various gen ?f?l suchas human and ze
structures e

Transcriptome Analysis of Zebrafish and Other Organisms

The 5’and 3* Terminal SAGE methods may be used in conjunction with large scale
sequencing efforts, for example, zebrafish full-length cDNA cloning and sequencing from
a mixed adult fish library and an embryonic library, to obtain a comprehensive picture of
zebrafish transcriptomes at embryonic and adult stages. The combination of these two
approaches has the potential to provide a comprehensive disclosure of zebrafish

transcriptomes and large number of full-length transcript clones and sequences.

The experimental data will be invaluable for thorough annotation of the upcoming

zebrafish genome sequences.

Using the Terminal SAGE techniques, and obtaining one million 5’and 3’tag-pairs
from zebrafish, it will only be necessary to process fewer than 40,000 Terminal SAGE
clones (i.e., clones of concatamers) with fewer than 70,000 sequence reads on the
assumption that each SAGE concatamer clone is about 2kp; each clone will be sequenced

from both ends; and each sequence read will provide 800bp in average.



61 mRNA. The 50 | reaction is incubated on ice in the dark for 45 min
followed by adding 0.5 1 of 10% SDS, 11 | of 5 M NaCl and 61 | of
isopropanol. The precipitated RNA/DNA is biotinylated in 50 | of ddH20 by
added the 5L 1M NaOAc (pH6.1), 5L 10% (w/v) SDS and 150L 10mM
long-arm biotin hydrazide. 5 Leave atRT/dark/O/N. Add: 5L 5M NacCl,
75L 1M RNase-free NaOAc (pH6.1), 750L 100% EtOH or 200 L of 100%
Isopropanol. -80C/30'+*. Centrifuge at 14krpm/4C/30'. Wash pellet w/

70% (Vi) SIQRRR WPk Rl 9%%%93 %?

trifuge. ot 14krom/4C¢/10°
Remove XS'liquid, air-dry pellét. Resuspen gﬁet {lérl?’?S(l)lL DEPC‘:jfedﬁh'é%g?’

t1§¥n add: 10L IOx RNasel buffer, 25 U RNasel / ug of starting mRNA.
37C/30'. 10 Add 2.5L of 40mg/mL Yeast tRNA and V2 volume of 5M NaCl
to stopW@?@gﬁ%ﬁelwmf@%%fé%inylated RNA-DNA heteroduplex is
ppting, prepare the Streptavidin-labelled Dynabeads(T"l) : Pipet 500L of
M-280 SiseniayidimbeassiioamRNese i arERRNGVE iphied Rlacs asm
magnet, wait @ least 30", and remove sup. Resuspend beads in 500L Ix
1@%%%%0]8&%& (2M NacCl, 50 mM EDTA, pH 8.0). Place on magnet, wait
@ least 30", and remove sup. Repeat the Ix binding buffer wash for 3

times. R%ﬁ@@%&%@éﬂﬁé@%&ﬂ%ﬂ%@&?5%{’&99%@%%&%@%’%-

30'+/4C/mix occasionally. Place on magnet, wait @ least 30",

R PSR LS T GRS Moo SRS RE s AL
Iebhinidjing. HokercllikchRadBantcDidtssRiVAIa Rl Qe RIGKOHEEROOk )s not
bggmglgiaézo 2 M NaCl. 30'/RT/rotating. Place on magnet, wait @ least
30", and femove sup. Wash 2x w/400L of Ix binding buffer. Place on
magnet, wait @ least 30", and remove sup. Wash w/400L of 0.4%(w/v)

10 SDS plusc2fginterpasi SR mBIRE00RABNE N AU RGN IRmBRd s

15

20

. h w/4Q0L of | buffer (L0mM, Tris-HC1 pH7.5,
AR G vy St es Sy o
Rizteit maka ngs cordiibR Boaltd dasiaB @nanec areotaten SOpmp¥dsinawd)od npfde
0BT, HRGFEAR NAm RIACBEANMGINEL o WYL Rl G783 YOS {EFIRPs ang

sup. 62 Release the first strand CDNA by alkali hydrolysis of RNA.
5OISB5R¢G analyses.

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.

Any new transcript identified by this method may be easily isolated in full-length
by RT-PCR using the 5’and 3’ tag information.
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NaOH and 5 mM EDTA (pH8.0) 10'/RT/rotating. Transfer the sup. to
another tube containing 50L 1M Tris-Cl (pH7.5). Repeat the lysis
procedure for 2 more times. The final volume is 300 L. 5 1.2 Single
Strand Linker A & B ligation Pecipitate the single strand first cDNA with
glycogen and divide the cDNA into 2gubes, A and B. Add the following
reagents to the each corresponding tube on ice. Contents Tube A Tube B
cDNA 5L 5L Linker A (N5) 1.69 - Linker A (N6) 0.4g - Linker B (N5) 1.69g
Linker B (N6) - 0.4g Soln Il (Takara kit) 10l 101 Soln | (Takara ligation kit)
20p] 20pl_Total volume 401 16C/o/n. and then 70C 10’ to inactivate the
ligak@ Sherakst (e BIHRE %6 and phenolichloroform extraction.

Sephacryl(T" -300 to remove the excess linkers and 10 precipitate the

cD Iﬁl’tgi)%ﬁff%"é ’%ﬂlﬂ&@&@ﬁ@&%ﬁ%@qﬁt%@%ﬂ% WIRGIRLRHARK #Ran

add 8I'| xtaq buffer, 8pl 2.5mM P 41 ExTaq enzymes. 65C 5' -*
steng gl 301 LalipycthrdpyidiattaneofiibecnM MunHtE S BeaRYRG B gemscript
initiR@svsiggnded with ddH20. 1.3 Binding cDNA to Magnetic Beads 15 The

double strand cDNAs are digested with Notl at 37C for 1 hour in a volume

of 50pl. The enzyme is then inactivated with proteinase K and extracted

witi hstrenetictaeed irimvaliceuble Sthidsolifeatipitand $xgactitneosarmpleisr
seq@EcBiXE A Vih0S ﬁgrﬁm}b@%ﬂ@i@fd%qaﬁsgr &18atian iseaisied QR iiRker

volume of 10l at 16C for overnight followe %y 70C for 10' to inactivate

databass e hRenardesb adab o PG ERESEH By PEpHErPRsgdgromoter databases

will provide a solid knowledge base for mining promoter functions, training computational
programs for promoter predictions, and extending our understanding of comprehensive

gene regulatory networking mechanisms.
EXAMPLES

Example 1. 5° Terminal SAGE Operational Protocol

1.1  Full length cDNA synthesis

Notl-oligo dT primers (14 ug) and 20 ug of polyA” RNA are ethanol precipitated
and resuspended into 10 ul of ddH,O. Heat up at 65°C for 10 min and left at 42°C for 1

min.

In a separate tube, mix the following components: 5X first strand synthesis buffer
30 ul, 0.IM DTT 11 ul, 10mM dNTP 9 ul, saturated trehalose 15 ul, 4.9M sorbitol 50 ul
and Superscript(TM) II reverse transcriptase 15 ul. Mix with RNA from above and incubate
at 40°C for 4 min, 50°C for 2 min and 56°C for 60 min. 2 ul 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 ul of ddH»O. 3 ul of 1.1 M
NaOAc pH 4.5 and 2.5 ul of 100mM NalO4 are added to oxidize the diol structures of the
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Dynabeads(Tm) M280 streptoavidin beads are used to bind the
Biotinylated cDNA 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(T"i)). 40 Add the following reagents to each
tube. ddH20 861 Mmcl 2| | OX buffer 101 (1 :10) SAM 2| Total volume
100l. Incubate at 37C for 1 hour with mixing. Remove the supernatant
which contains the tags. Phenol/chloroform and precipitate. Optionally, a
Klenow fill-in reaction may be carried out to produce_blunt ends. If carried

mRBeY, e pRHTTTLRLSIBRIRArANA thie fof6 Witk 1Oartea B b, 8y Ktioy h'ing

0.5 fallswiong soPANENss 3oveRal tuRe sontaiigrbphafisample from the
above. IOX Klenow buffer 51 100XBSA 11 dNTP (10mM each) 2.5l

ddH20 30.51 Klenow polymerase 11 Total volume 501 64 Mix well and
incUlhatprfoirBoteat BV E/ IR isHeaditatpedria Phehol/dhitbfotoraddetideetiby
A ipitation. K!g@ il j is QRIONA - i
11\/1%55 sggﬁgﬁgz iﬁ%r%%on gs:?gg glt{)ltigﬁét(s%%ﬁ elseh %?gr?rﬁ{ﬁ@% Filde.
LeadoetREdefoOaN etdiledudisdddsién) 75uExBvh B Beifigaifig tageitochbate

750flt@8R9% ELOH or 200 uL of 100% Isopropanol . -80°C/30°+*, Centrifuge at
14krpm/4°C/30°. Wash pellet w/ 70% (v/v) EtOH/30%, DEPC-treated ddH,0, centrifuge
at 14krpm/4°C/10’. Remove XS liquid, air-dry pellet. Resuspend pellet in 70uL. DEPC-
ddH,0, then add: 10uL 10x RNasel buffer, 25 U RNasel / ug of starting mRNA. 37°C/30’.
Add 2.5uL of 40mg/mL Yeast tRNA and 2 volume of SM NacCl to stop the reaction.

While the biotinylated RNA-DNA heteroduplex is ppting, prepare the
Streptavidin-labelled Dynabeads™:

Pipet 500uL of M-280 Streptavidin beads into an RNase-free Eppendorf tube.
Place on magnet, wait @ least 30”, and remove sup. Resuspend beads in 500uL 1x
binding buffer (2M NaCl, 50 mM EDTA, pH 8.0). Place on magnet, wait @ least 30”, and
remove sup. Repeat the 1x binding buffer wash for 3 times. Resuspend beads in 500uL 1x
binding buffer w/ 100ug of Yeast tRNA. 30’+/4°C/mix occasionally. Place on magnet,
wait @ least 307, and remove sup. Wash with 1x binding buffer for 3 times. Resuspend in
100uL 1x binding buffer. Mix beads and DNA-RNA heteroduplex (V=200uL), binding at
2 M NaCl. 30°/RT/rotating. Place on magnet, wait @ least 30”, and remove sup. Wash 2x
w/400uL of 1x binding buffer. Place on magnet, wait @ least 30”, and remove sup. Wash
w/400uL of 0.4%(w/v) SDS plus 50ug/mL Yeast tRNA. Place on magnet, wait @ least
307, 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
@ least 307, and remove sup. Wash w/400uL of 50ug/mL Yeast tRNA. Place on magnet,

wait @ least 30”, and remove sup.
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Resuspend the precipitated pellet from the above in 1.5M1 and add
1.51AJ of the following reagents to form the ditags. 3mM Tris-HCI, pH 7.5
1.251 | OX Ligation buffer 0.751 ddH20 0.75 1 T4 ligase 1 1 Incubate
at 16C for overnight. 2.1 PCR Amplifying and Gel Purifying the 138 bp
Ditags 10 Set up 200 to 300 reactiogs as following (in 96 PCR plates). |
OXBYV buffer 5 Al DMSO 3111 dNTPmix 7.51 PCR primer A (175n1)2 1
PCR primer B (1 751 21 ddH20 29 1 Platinum Tag enzyme 0.5 |
Template (1: 230 dilution) 1 1 Total volume 50 | Cycling condition: 95C 2'
1 cycle. 95C 30", 55C 1', 70C 1'. 27 cycles. 70C 5'. Run a diagnostic 4%
agar6saGeM i A AR HANER BHEHLIBURE PRfRIne 158 oy Hitage iy
NaGRB%npalyaarypmidg gellestrphorasis. Bhindte Rigagiing sheiRitags with

cor 8 A LT T HE A, AR 31T TR RB BuACE 1

final SoluiBS&RIDAUL .

1.2 Single Strand Linker A & B ligation

Pecipitate the single strand first cDNA with glycogen and divide the cDNA into 2

tubes, A and B. Add the following reagents to the each corresponding tube on ice.

Contents Tube A Tube B
cDNA Sul Sul
Linker A (N5) 1.6ug -
Linker A (N6) 0.4ug -
Linker B (N5) 1.6ug

Linker B (N6) - 0.4ug
Soln IT (Takara kit) 10ul 10ul
Soln I (Takara ligation kit) | 20ul 20ul
Total volume 40ul

16°C/o/n. and then 70°C 10’ to inactivate the ligase. Increase the volume to 200ul

and phenol/chloroform extraction. Sephacryl™ -300 to remove the excess linkers and

precipitate the cDNA with EtoH and glycogen.

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

Precipitate the cDNA with EtoH and glycogen. Resuspended with ddH,0.
1.3 Binding cDNA to Magnetic Beads
The double strand cDNAs are digested with Notl at 37°C for 1 hour in a volume of

50ul. The enzyme is then inactivated with proteinase K and extracted with

phenol/chloroform and then ethanol precipitated.



ddH20 81 | Total volume 150 1 5 And incubate at 37C for 2 to 3 hours.
Phenol/chloroform and EtoH precipitate. Run a diagnostic 4% agarose
gel to check the efficiency of the digestion and purify the 46 bp ditags by
12% polyacrylamide gel electrophoresis. 2.3 Legating the 46 bp Ditag to
Form Concatamers 10 Set up the liggdion reaction using the gel purified
ditag in a total volume of 10l and incubate 16 C for 2 to 3 hours. Gel
purify the concatamers from 8% polyacrylamide, select the DNA size
range around 2kbp. 2.4 Cloning Concatamers into Vector 15 in a separate
reaction, digest the plasmjd vector with Hhal and ligate the purified .
conEATAATRMES AT tHEFhEATZY V8 AbMN R GWiRGASA ald SRR paFried out
in tdainloglyirpeatocoll diregtsfaomotieenligiationdkial bgnoetficien oy warpaiant
cells, The concatamers of 5' Terminal SAG s may then be sequenced
en B PSS G BB ARE 36 LBVaTRIES) 5 Drminel SAGE Operationl
Protocol 66 3.1 cDNA synthesis Gsul-dT16 primers (1g) and 5g of polyA+

RNﬁﬁﬁﬁa&B&é‘ﬂ?i MBRBIURHPAS @h Bdadsl6Rt 1R Pl AR fioe Hominiaed leave
on ice. Synthesize the cDNA according to the manufacturer's

fragraepiifendaedn BaMPBERAMECE S FRALRATRYEPRDNA synthesis system)
but using the Biotinylated Sall adaptor. The excess adaptor is removed by
Sephacryl(TM) -300. 3.2 Binding cDNA to Magnetic Beads
Dyrfahead{gw i I8o SWebtsdidigeBsasrrs (4ed to bind the
Biotinylated cDNA 10 fragments according to the manufacturer's
recBinendniatiombss3 DigddihgnthagDNyswikh CrwvtotiRenveaRoy A aFhil
buf@hﬁ&ﬁ%ﬁaﬁgﬁﬁdﬁ’QNA on beads are digested with Gsul at 30 C for 1
hour. Aftér the digestion is completed, inactivating the enzyme by
washing the tube twice with buffer
Add the following reagents to each tube.

ddH,0 goul

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.

Optionally, a Klenow fill-in reaction may be carried out to produce blunt ends. If

carried out, the pellet is resuspended and the following carried out.

Add the following components to each tube containing 10ul of sample from the

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

15 containing 1%SDS. Four more wash with wash buffer (5mM Tris-HC1
pH 7.5, 0.5mM EDTA. 1mM NaCl and 200g/l BSA). The last wash use 1X
ligation buffer. 3.4 Ligating Mmel-BseRI Adaptors to cDNA Place the tube
on magnetic stand to remove the supernatant (the ligation buffer). 20 Add
the following reagents to the beads @q ice. Tube A Tube B cDNA beads
beads beads Mmel-BseRI adaptor A 1.5l - (20ng/l) Mmel-BseRI adaptor
B -1.51 (20ng/l) TE 14l 141 |1 OX ligation buffer 2| 21 67 Heat the tubes for
2' at 50 C and cool to room temp. for 15" and chill the samples on ice. Add
2.51 MiPNAl Hadgsubate fndOfre3B4Ee at 16 C for 2 hours. Mix
occasionally. Wash the tubes with wash buffer to remove the excess
adaptors. 3.5 Cleaving with Tagging Enzyme Mmel 5 Place the two tubes
(A ancPeh) s iRy At §P§Hﬂ}‘?&%ﬁ’6’e7efqﬂ%w§ﬂBéﬁf&%ﬁf%m%uffer). Add
the following reagents to each tube. ddH20 86 1 Mmel 21d 10X buffer 10

1 ADAM Fd iJs%g'in}Mm@l,la%%A cubRig @%53%%;59&' NRWRYIR

mixing. Remove the supernatant which contains the
briRg RS e ppdbipAeseman onidsiailRs dHsruesIW fill-in reaction
may be carried out to produce blunt ends. If carried out, the pellet is

SoMSRY i AN dpe olioing gayried out

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

following reagents to form the ditags.

3mM Tris-HCl, pH 7.5 1.25ul
10X Ligation buffer 0.75ul
ddH,0 0.75ul
T4 ligase 1ul

Incubate at 16°C for overnight.

2.1  PCR Amplifying and Gel Purifying the 138 bp Ditags

Set up 200 to 300 reactions as following (in 96 PCR plates).

10XBYV buffer Syl
DMSO 3ul
dNTPmix 7.5ul

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

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

Total volume 50ul

Cycling condition: 95°C 2’ 1 cycle. 95°C 307, 55°C 1°, 70°C 1°. 27 cycles. 70°C
5.

Run a diagnostic 4% agarose gel to analyze the PCR product and purify the 138 bp
ditags by 12% polyacrylamide gel electrophoresis.
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Add the following components to each tube containing 10l of sample from
the above section. IOX Klenow buffer 5;A 100XBSA 1111 dNTP (10mM
each) 2.51 ddH20 30.51 Klenow polymerase 1 1 Total volume 50 MI 15
Mix well and incubate for 30" at 37C. 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). 68 Example 4.
Ligating Tags to Create Ditags Resuspend the pellet from the above in
1.5 water and add 1.51 of the followin rea%)e(:’nts to form the ditags. 3mM
Téis#c’r?pH Digegtivg e [4ags ki dnoBertes Brzsn Baekh seddremngrthe 46
Iigﬁse’tigl Incubate at 16C for overnight. 5 4.1 PCR Amplifying and Gel
Purifying the 138 Bp Ditags Set up 200 to 300 reactions as following (in

96 PCPRojgatany. 1 Isbpdidgbufitsse RGN 36bp DIMFPmMIix 7.51 PCR
primer A175n1) 2 1 PCR primer B 175n 1) 2| ddH20 29 1

138bp ditags 42ul
10X NEB buffer I 15ul
BseRI 12ul
ddH,0 81pl
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 46
bp ditags by 12% polyacrylamide gel electrophoresis.

2.3 Ligating the 46 bp Ditag to Form Concatamers

Set up the ligation reaction using the gel purified ditag in a total volume of 10pl
and incubate 16 C for 2 to 3 hours. Gel purify the concatamers from 8% polyacrylamide,
select the DNA size range around 2kbp.

2.4 Cloning Concatamers into Vector

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.

Example 3. 3’ Terminal SAGE Operational Protocol
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Platinum Taq enzyme 0.5 pt Template (1: 230 dilution) 1 PI Total volume
50 | Cycling condition: 95C 2' 1 cycle. 95C 30", 55C 1', 70C 1'. 27 cycles.
70C 5'. 10 Run a diagnostic 4% agarose gel to analyze the PCR product
and purify the 138 bp ditags by 12% polyacrylamide gel electrophoresis.
4.2 Digesting the Ditags with Anchorggg Enzyme BseRJi and Purifying the
46 Bp Ditag Digest the 138bp ditags with BseRI to yield 46 bp ditag.
138bp ditags 41,,1 | OX NEB buffer H 15 VI BseRI 12 1 69 Total volume
150 1 And incubate at 37C for 2 to 3 hours. Phenol/chlorofonn and EtoH
preéipitate DR @ draénostic 4% agarose gel to check the efficiency of
the digestion and purify the 46 bp ditags by 12% polyacrylamide gel
eleﬂmphwﬂéqisirﬁer’s 8l u@aﬂm@n@oﬁﬁcﬂﬁpﬁsbmg&aﬁmm@brlﬁmamﬁuméSef
7 IUIQ Qe I| ?5on usin he ©.98 |:c>ur|f|ed ditag in a total volume of 101
" oninto Tours. Gel purify the concatamers from 8%
polyacrylamlde select the DNA size range from 1 to LSkbp, or. 10 4.4

Clog{ngnCPROAEMAIA UEQNBEI% kH&rﬁ@Bﬂ%#@%&rH&ﬂ@%&ﬂ%hnvmogen

Iasm| vector with Hhal andl ate the purified concatamers into t

Supﬁﬁ%f&ﬁ% 4 (RO PAMBEHN GSERALH YR HAAH HBIET Hrotb edtPieTaHorm
exctbeaigptionsiriadigh wBifisncyytomprient cells. 15 Example 5. SAGE

Walking Operational Protocol

3.2 Binding cDNA to Magnetic Beads

Dynabeads™ M280 streptoavidin beads are used to bind the Biotinylated cDNA
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
containing 1%SDS. Four more wash with wash buffer (SmM Tris-HCI pH 7.5, 0.5mM
EDTA. ImM NaCl and 200ug/ul BSA). The last wash use 1X ligation buffer.

3.4  Ligating Mmel-BseRI Adaptors to cDNA

Place the tube on magnetic stand to remove the supernatant (the ligation buffer).

Add the following reagents to the beads on ice.

Tube A Tube B
cDNA beads beads beads
Mmel-BseRI adaptor A 1.5ul -
(20ng/ul)

Mmel-BseRI adaptor B —1.5ul

(20ng/ul)

TE 14ul 14ul
10X ligation buffer 2ul 2ul
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Even 20-bp tags may still seem to be not long enough to be specific for
mapping on chromosomes. Sequence variations in tags caused by
sequencing errors or point mutations can make the mapping to genome
sequence ambiguous. Longer tags can certainly add more confidence to
include certain level of mismatches. gfowever, 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 ﬂ%eatt%trt]uq)essatm%’ca?gb% ha{i caélor?ta er rS'%ase.’?oms’férsdt égﬁ'tengmples
perform another round of SA =4 ag extraction, L31mpI| ication, an
concatéddidn! ThENAdEas SRGE Wil HakeaP1biCoeed hpuvsitM thecfiasipnally.
gSIRRBSHE WARSEHELR EARRE Hled L Jag,af one transcript add up

total 38-bp tag 25 information that will be sufficient to tolerate variations
due to SNP QRSINeTMARSEHRL BRIMENER.Lr 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. 70 5'

SAGE Ripsaito per duisn 4 PrEBLOT PesprtiaEe™: temaTs heatppiesiaedMesh

veRsPigastiegansvald NMcwil wsaggingbeenzyme Mmel. After the digestion
is caompleted, inactivate the enzyme by washing the tube twice with buffer

Refining 19SDS | Bbilr more washes with wash buffer (5mM 5 Tris-HCI

pMels o smM EDTARMmM NaGl and 200g!1 BSA). For the last wash use
X Rysshn buffer_Ilifating Mme|-BseRT Adaptors to cDNA. Place the

#5038 MMAgnetic stz to remaye the supernatant (the ligation buffer).

AarMlydtawing réd@Biks ta the beads on ice. Contents Tube A Tube B

cDNA beads beads beads Mmel-BseRI adaptor A20n 1151

Mmel-BseRl ada for B (20n 1 1.511 TE 14 1 14 1 10X ligation buffer 2 | 2
1 10 Incubate at 37°C for 1 hour with mixing. Remove the supernatant which contains

the tags. Phenol/chloroform and precipitate.

Optionally, a Klenow fill-in reaction may be carried out to produce blunt ends. If

carried out, the pellet is resuspended and the following carried out.

Add the following components to each tube containing 10l of sample from the

above section.

10X Klenow buffer Sul
100XBSA 1pl
dNTP (10mM each) 2.5ul
ddH,0 30.5ul
Klenow polymerase 1yl
Total volume 50ul

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).
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Heat the tubes for 2' at 50 C and cool to room temp. for 15' and chill the
samples on ice. Add 2.51 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, ggmove the supernatant (wash
buffer). Add the following reagents to each tube: ddH20 861, Mmel 2I, IOX
bufferl O1 (1 :10) SAM21. Total volume I00!. Incubate at 37C for 1 hour
with mixing. Remove the supernatant which contains the tags.

Enpraple fetligesingd agade preatpitegs71 Ligating Tags to Create Ditags
Resuspend the pellet in | .5J, mix both A and B tubes and add 1.5l of the
following reagents tQ form the ditags: 3mM Tris-HCI, pH 7.5 1.251, IOX
LigatiOF SRR s eI TISS A tghsee P adibhoa bl fhsclpwine

reagentsi ghform BE Ritdgnplifying and Gel Purifying the 138 Bp Ditags Set up
200-t0-300-reactions-asfollowing (in 96 PCR plates): | OXBV buffer 5 1

3BM§55’§{9’U Pmik 7284 pCR primer A175ng 121 PCR primer B

é??‘rﬁ]ﬂﬁﬁtioﬁ pulfgiiog 28 Piblatinum Tag enzyme 0.5 1 Template (1: 230
M?ion) H-TFetal-vol o | Cycling condition: 95C 2' 1 cycle. 95C 30",

TA4182%¢ 70 1+ 27 oydis. 700 5. Run a diagnostic 4% agarose gel to

analyze the PCR product and purify the 138 bp 10 ditags by 12%
polyateepbatsielel &l Beeteapeitresis. Digesting the Ditags with Anchoring

Enzyme Bseri and Purifying the 48 Bp Ditag
4.1  PCR Amplifying and Gel Purifying the 138 Bp Ditags

Set up 200 to 300 reactions as following (in 96 PCR plates).

10XBYV buffer Sul
DMSO 3ul
DNTPmix 7.5ul
PCR primer A (175ng/pl) 2ul
PCR primer B (175ng/ul) 2ul
ddH,0 29ul
Platinum Taq enzyme 0.5ul
Template (1: 230 dilution) 1ul
Total volume 50ul

Cycling condition: 95°C 2’ 1 cycle. 95°C 307, 55°C 17, 70°C 1°. 27 cycles. 70°C
5.

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

4.2  Digesting the Ditags with Anchoring Enzyme BseRIi and Purifying the 46
Bp Ditag

Digest the 138bp ditags with BseRI to yield 46 bp ditag.

138bp ditags 42ul

10X NEB buffer I 15pl

BseRI 120l
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Digest the 138bp ditags with BseRlI to yield 48bp di tag. 138bp ditags 42 1
IOX NEB buffer Il 1541 BseRI 1241 ddH20 81 1 Total volume 150[A
And incubate at 37C for 2 to 3 hours. Phenol/chloroform and EtoH
precipitate. Run a diagnostic 4% agarose gel to check the efficiency of
the digestion and purify the 48 15 bggitags by 12% polyacrylamide gel
electrophoresis. Ligate the 48 bp ditag to form concatamers. 72 Ligating
the 48 Bp Ditag to Form Concatamers Set up the ligation reaction using

4[Jota¥vo purfied-ditagf §f)t tatvetame-af 1041 and incubate 16 C for 2 to 3
Hours—oeh purfy-theleon Réatamers-from 8% polyacrylamide, select the

DNA size range from Ito 1.5kbp. 5 Cloning concatamers into Vector In a

separafe feaclion. figest e plasinid vecionwih phal andjaptethe,
purified CONCatamers into the linéarized vector following standard
Rolecliignditiddy sgeorsced! tTebgesformitinactigaeitthedigehigh asffipieificthe 46

epmeREn colSolakasniauwalkingnrdie 3' end of the cDNA, just take

the beads from step: 10 Cleavage the eDNA with tagging enzyme Mmel

and repeat the whole process again. 3' SAGE Walk Operational Protocol
Follow4lie 3'Lizrmwgakéadg Pyddiegtid steCdsleamiag with Tagging enzyme
Mmel. After the digestion is completed inactivate the enzyme by Washing

the tuhe twi 5\zv|thb ffer cont n|n 19 Four ash
wash St e oo e S B Rt e R S R

BslA)crotethe ot 9\/@5311193@ IS4eli gauﬁnhbmfsn.ta_mgatﬁtgnl\ﬂ?’ﬁeblmmlde
M@eﬂﬁém&gmeange from 1 to 1.5kbp, or .

4.4  Cloning Concatamers Into Vector

In a separate reaction, digest the plasmid vector with Hhal and ligate the purified
concatamers into the linearized vector following standard molecular biology protocol.

Transform the ligation into high efficiency competent cells.
‘Example 5. SAGE Walking Operational Protocol

Even 20-bp tags may still seem to be not long enough to be specific for mapping on
chromosomes. Sequence variations in tags caused by sequencing errors or point mutations
can make the mapping to genome sequence ambiguous. Longer tags can certainly add
more confidence to include certain level of mismatches. However, the longest cleavage
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
information that will be sufficient to tolerate variations due to SNP on either transcript
sequence or on the chromosome sequence in genome sequence database, or simply

sequence errors. We can even add a third or further rounds of SAGE walk if necessary.
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Place the tube on magnetic stand to remove the supernatant (the ligation
buffer). 20 Add the following reagents to the beads on ice. Contents Tube
A Tube B cDNA beads beads beads Mmel-BseRI adaptor A20n 1151
Mmel-BseRIl adaptor B20n 1) 1.51 TE 14 114 1 73 10X ligation buffer 2
1 2 1 Heat the tubes for 2' at 50 C anrg cool to room temp. for 15" and chill
the samples on ice. Add 2.5] T4 DNA ligase and mix. Incubate at 16 C for
2 hours. Mix occasionally. Wash the tubes with wash buffer to remove the
tars. 5 Cleayjng with Tagging enzyme Mmel Place the two

?L?&%@%@‘@f%ﬁ?ﬁg‘gr\%ﬁ%og;nd, remove the supernatant (wash
buffer). Add the following reagents to each tube. ddH2086 1 Mmel 2 1 |
OX bufiiohOfifels’ (L rtidiSAYratdcol Batepobiggidile kN HRIBGgdiagOr

1 hour with mixing. Remove the supernatant which contains the tags,

R S oA B 1S5 TR SO RSPt D R B YA g
tobE retevBiidg &R oattittng HASTE. tihesniesusipendthegehetdn A

B S AT R T

ligation buffer.

Ligating Mmel-BseRI Adaptors to ¢DNA.

Place the tube on magnetic stand to remove the supemnatant (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) 1.5u1

Mmel-BseRI adaptor B (20ng/pl) 1.5ul
TE 14ul 14ul
10X ligation buffer 2ul ' 2ul

Heat the tubes for 2” at 50 °C and cool to room temp. for 15” and chill the samples
on ice. Add 2.5ul T4 DNA ligase and mix. Incubate at 16 °C for 2 hours. Mix occasionally.

Wash the tubes with wash buffer to remove the excess adaptors.
Cleaving with Tagging Enzyme Mmel
Place the two tubes (A and B) on magnetic stand, remove the supernatant (wash

buffer). Add the following reagents to each tube: ddH20 86pl, Mmel 2pul, 10X buffer10pl
(1 :10) SAM2pl. Total volume 100ul. Incubate at 37°C for 1 hour with mixing.

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

precipitate.
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Incubate at 16C for overnight. PCR Amplifying and Gel Purifying the 138
Bp Ditags 15 Set up 200 to 300 reactions as following (in 96 PCR plates).
IOXBV buffer 541 DMSO 31 dNTPmix 7.51 74 PCR primer A175n 12
1 PCR primer B 175n 1 241 ddH20 29| Platinum Taq enzyme 0.5 1
Template (1: 230 dilution) I Rl Total-olume 50 al Cycling condition: 95C
2'1 cycle. 95C 30", 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% pol acrylamlige el electrophoresis. Digesting the Ditags with
Anchoﬁ‘fﬁﬁ"éf%ﬁéo §§‘F?ea}r)féa$urifying the 48 Bp Ditag 5 Digest the
138bp ditags with BseRI to yield 48bp ditag. 138bp ditags 42 1 1 OX NEB
buffer HedspshdBsepRl13AnAl. safma0b8th A 2add ubkimel 480115 A drcubate

37C for 2 to 3 hours, Phenol/chlaroform.and Et, recjpitate. Ru
e A P A LN 178 By o o btaskon e
pasify, thiglA80. biutitadesy 12%npdistactyléitite gereibttrophoresis.
Ligating the 48 Bp Ditag to Form Concatamers 10 Set up the ligation
reactidtCasing/ifiengehp GiifiEar fitag) the 38 Rdkgme of | Ol and incubate
16 C for 2 to 3 hours. Gel purify the concatamers from 8% polyacrylamide,

Set up 200 to 300 reactions as following (in 96 PCR plates):

10XBV buffer 5ul
DMSO 3ul
dNTPmix 7.5ul
PCR primer A (175ng/ul) 2ul
PCR primer B (175ng/ul) 2ul
ddH0 29ul
Platinum Taq enzyme 0.5ul
Template (1: 230 dilution) lul
Total volume 50ul

Cycling condition: 95°C 2’ 1 cycle. 95°C 307, 55°C 1°, 70°C 1°. 27 cycles. 70°C
5. Run a diagnostic 4% agarose gel to analyze the PCR product and purify the 138 bp
ditags by 12% polyacrylamide gel electrophoresis.

Digesting the Ditags with Anchoring Enzyme Bseri and Purifying the 48 Bp Ditag

Digest the 138bp ditags with BseRI to yield 48bp ditag.

138bp ditags 42ul
10X NEB buffer I 15pl
BseRI 121
ddH,0 81ul
Total volume 150pl

And incubate at 37°C for 2 to 3 hours. Phenol/chloroform and EtoH precipitate.
Run a diagnostic 4% agarose gel to check the efficiency of the digestion and purify the 48
bp ditags by 12% polyacrylamide gel electrophoresis. Ligate the 48 bp ditag to form

concatamers.
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select the DNA size range from 1 to 1.5kbp. Cloning Concatamers Into
Vector In a separate reaction, digest the plasmid vector with Hhal and
ligate the purified 15 concatamers into the linearized vector following
standard molecular biology protocol. Transform the ligation into high
efficiency competent cells. 75 To kegp on walking toward the 5' end of
the cDNA, just take the beads from step: Cleavage the cDNA with tagging
enzyme Mmel and repeat the whole process again. Example 6. DNA
Sequencing and Data Analysis DNA templates of the concatamer clones °
are prifsarg hrd SopRY4FER ARSI ¥ iencing analysis. A typical
DNA sequence provides about 800bp nucleotide sequences and contains
about def b3 1ditag s opraaRidPuagsth it puthaaitagies daheditrrefioiian
2000bp of insert, se ncin alysis,is performed.from,poth ends to
e S b L T RS SRR R B R
X80 ddies gamegafesndveer lotképmillion tags, and 25,000 clones 10
sequences (50,000 reads) generates one million pairs of 5" and 3'
LongSAGEgagacamftersseigUeaeing of generating the draw sequence data,
the ditag sequences are first extracted then the single tags. Both 5" and 3'

tags afe compared, ingetheLdQhe SR S SReNd I RSEEN A R ARAHERGSied

database using BLAST. Pairs of 5' and 3' tags of known_genes and
FcaRmBeE U RS insriErd s Balla HRegEdRRL e iR Iogy BRfRses. 15
Rt BRIENOERS66 irdd RN Dibtefsy SimipbitnNé S 5' TERMINAL SAGE
LINKERS AND PRIMERS Notl-dT15 primer for cDNA synthesis 5
5'-GACTAGTTCTAGATCGCGAGCGGCCGCCC(T)i5VN NO tl
Biotin-Reotedintepatkbiaiitethnd Tada e FREA TG G gEhaheads from step:

Cleavage the cDNA with tagging enzyme Mmel and repeat the whole process again.

3’ 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
with buffer containing 1%SDS. Four more washes with wash buffer (SmM Tris-HC1 pH
7.5, 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 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/pl) 1.5ul

Mmel-BseRI adaptor B (20ng/ul) 1.5u
TE 14l 14pl
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10 CTGATCAAGATCTAGCGCTCGCCGGp-3 Mmel-BseRI Linker A
(48nt) BseRI Mmel 5'-TTT GGATTT GCT GGT GCA GTA CAA CTA
GGC GAGGAGCGTCTCTCCGAC 15 a-CCT AAA CGA CCA CGT CAT
GTT GAT CCG CTCCTCGCAGAGAGGCTG-P BsmBI Mmel-BseRI
Linker B (48nt) BseRlI Mmel 20 5-T#3 CTG CTC GAATTC AAG CTT
CTA ACG TAC GAGGAGCGTCTCTCCGAC a-GAC GAG CTT AAGTTC
GAA GAT TGC ATG CTCCTCGCAGAGAGGCTG-P BBrBI Second

A (SOQn BseR|l Mme A

a-CCT AAA CGA CCA CGT CAT GTT GAT CCG
CTCCTCGCAGAGAGGCTG-P BsmBI 30 Second roynd Mmel-BseRlI -
LinkerSASSAPBLERY fme é“—drclg?léf’f@o‘ﬁe@%?fhl‘%ﬁdﬁﬂ‘g BerpRRieA
AGG. PACCAQE DS L GEG FRTEC GAGNS: ACABGAGIE MixAGsibidly.

GaR PATICEATS CTRATCACAGARAGRIGE Bemel 25 PCR

primer A nt) biotin-5-GTG CTC GTG GGA TTT GCT GGT GCA
GTA Gh, a%:ﬁmrpgé %%%g}%;n 20140 biotin-5-GAG CTC GTG CTG
CTC GAA TTC AAGETT CT 3 TERMINAL SAGE LINKERS AND
PRIMERS Fsel-dT15 primer (for cDNA synthesis)
biotin-B&xEhaGPTETHE ATGY aoRaaEtand CmeTy thgyugernatant (wash

buffer). Add the following reagents to each tube.

ddH,0 gopl
Mmel 2ul
10X buffer 10pl
(1:10) SAM 2ul
Total volume 100p.

Incubate at 37°C for 1 hour with mixing. Remove the supernatant which contains

the tags. Phenol/chloroform and precipitate. Resuspend the pellet.

Ligating Tags to Create Ditags

Pool the A and B tubes. Resuspend the pellet in 1.5ul and add 1.5ul of the

following reagents to form the ditags.

3mM Tris-HCI, pH 7.5 1.25ul
10X Ligation buffer 0.75ul
ddH,0 0.75ul
T4 ligase 1ul

Incubate at 16°C for overnight.

PCR Amplifying and Gel Purifying the 138 Bp Ditags

Set up 200 to 300 reactions as following (in 96 PCR plates).

10XBV buffer Sul
DMSO 3ul
dNTPmix 7.5ul
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45 Fsel 5' biotin linker (The biotin oligo is same as the PCR primer A)
5'-biotin-GTGCTCGTGGGATTTGCTGGTGCAGTACA 77
CACGAGCACCCTAAAGCACCACGTCATGT-p-3' 1/2Fsel-Mmel linker (to
introduce Mmel site and remove polyA) 5
PTCGGATCGCGATCTAGAACTAGTEL
3'-GGCCAGCCTAGCGCTAGATCTTGATCAGTTT-5'" Mmel Second
round Mmel-BseRlI Linker A (50nt) 10 BseRI Mmel 5-TTT GGA TTT GCT

f"T f"f"/\ ("T/\ f"/\/\ f‘TI\ [l ot & PAPCAC‘PPTF‘TF‘T("I"I"J\I"I\I[\I a ("f"T

Ty OUOUC O™ LAY R YAYAY/a\I A A arcov o
RQB\H“F*Q( AHXSF%A')PI\T CIT CAT 1’* CTCOCTOCCOCACACACCCTO D
T C OO T OV OT1T T O7YT ’.V | IAVANL IAGAA W AWy W \ WS ) o \ WS J o L\ WS A WS ) Wy I W Loy By
J'm-nrl NMmal RcalD 'H‘l\l orP (E0nt PcecalRl Mmool E'"'TTT
T IVITTICT ODOJOCTYN "_I'I'I T \\JUlll} DOCTT\T1IvVITITC1T J 11
CTCOCAATTOAAC CTT OTA ARl A~
I‘_\J\Jl TIT UV T T O TUNO O T OoTrY I\ T I'\\
ALt 0 SNZYINE ~ -~~~ A~ AP A~ ATT AAC TTE CAA AT
T \\J I\ A\ T OO TNTY (@} O OO Ol 1T A\ 11T O Orvy Oyl
-TFWPK Eéﬁﬁﬂ-ﬁ@/\p ACACCE r.ijlb B cMPL20 DOR rriraar A
TN T OO TOOT OCOUOUOOUMUOUMNMNUMNCO U0 . U ovVibTr 20U T o\ mricT 7=y
AL vVoJpme, biotin-5-CFS-CFC-6FS O T ~eT AT COA CTACA
\LJIIL, LUIIL oTOTT TO COT O OUOUTOU O7T\y 1 1T 1T OO OO0O1 OCOUrv Or1rr7vomv

PCR primer B (29nt, 20nt) 25 biotin-5-GAG CTC GTG CTG CTC GAA
TTC AdxstiogoomsitiomPATHE] EYdeedS PRIMERT LNRIER SEGUENBESS -

IRl aGilagddetienes 4iane l’@l to analyze the PCR product and purify the 138 bp ditags
%A{%GAGAAG (I:](i; [TTITTTTTTTTTTTTTTTTVN
% polyacrylamide gel electrophoresis.

Digesting the Ditags with Anchoring Enzyme Bseri and Purifying the 48 Bp Ditag

Digest the 138bp ditags with BseRI to yield 48bp ditag.

138bp ditags 42l
10X NEB buffer II 15pl
BseRI 12l
ddH,0 g1l
Total volume 150pl

And incubate at 37°C for 2 to 3 hours. Phenol/chloroform and EtoH precipitate.
Run a diagnostic 4% agarose gel to check the efficiency of the digestion and purify the 48
bp ditags by 12% polyacrylamide gel electfophoresis.

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 cells.
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30 Notl Linker top 25 mers
5'phosphate-GGCCGCTCGCGATCTAGAACTAGTC Notl Linker bottom
2Imers 35 5'biotin-GACTAGTTCTAGATCGCGAGC Linker A top (N5)
S4mers
TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCCGA
CGNNNNN 40 Linker A top (N6) 54mers
TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCCGA
CNNNNNN Linker A bottom 45mers
5'phosphate-GTCGGAGAGACGCTCCTCGCCTAGTTGTACTGCACCAG
C Axﬂlf@& oagvla_mrt@xzﬁm t]i\%%’ g&ﬂq%t}gqe cDNA, just take the beads from step:
Cledviap€ e CDR & At TAgdhg enky md Al ebdRICEp A HAGIN(s Deotest efalbA
CGNNNNN Linker B top (N6) 54mers 50
TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGA
ExanpérdnRiNA Sefiesnging abthDetad patysis
5'phosphate-GTCGGAGAGACGCTCCTCGTACGTTAGAAGCTTGAATT

o DA P R R RIS Benes ars prapaseg g sublect orstandard
seqGAMR PCHLFE ATGERCRNA TROMaGTIVIRT abafIPhiEsidegtule sequences

and REIMER b INKER SEQYENEES 4@:Gsul-dT16 primer 34 mers
GAGAGAGAGACTGGAGTTTTTTITTTTTTTTTVN Mmel-BseRI Linker A

top 50 mers
5'-TWitb CARTaTGECT GaT GTAGT AGANCTHRG GOEA GEGUBaE BEIGTGC

perf%f?‘n%g }_rom both ends to generate up to 80 tags per run. Therefore, a modest

sequencing effort of 12,500 clones generates over one million tags, and 25,000 clones

sequences (50,000 reads) generates one million pairs of 5” and 3’ LongSAGE tags.

After sequencing of generating the draw sequence data, the ditag sequences are
first extracted then the single tags. Both 5’ and 3’ tags are compared together to the
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.

REFERENCES
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15 Mmel-BseRI Linker A bottom 45 mers
5'phosphate-GTCGGAGAGACGCTCCTCGCCTAGTTGTACTGCACCAG
CAAATCC Mmei-BseRl Linker B top 50 mers 20
5-TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCG
ACTT Mmel-BseRI Linker B bottom#5mers
5'phosphate-GTCGGAGAGACGCTCCTCGTACGTTAGAAGCTTGAATT
CGAGCAG 25 Sall adaptor top 16mers 5'biotin-TCGACCCACGCGTCCG
Sall adaptor bottom 16mers 5'phosphate-CGGACGCGTGGGTCGA 30
PCR primer A 29mers GTGCTCGTGGGATTTGCTGGTGCAGTACA

ARPCIR PRNESEDANOESS 35 GAGCTCGTGCTGCTCGAATTCAAGCTTCT
EXAMPLE 5 SAGE WALKING PRIMER / LINKER SEQUENCES S'
SAGE Walking Primer /Linker sequences Linker A top Somers

ST PAGE HOERRS e RREERACTAGGCGAGGAGCGTCTCTCCGA
CNN 40 Linker A bottom 45mers ‘

Nophodpbhate€ihets EAEARMCSTaLEIEGCCTAGTTGTACTGCACGAG
CAAATCECTRAIREFISATTS SHRTEES YIS CC (T) 15N
TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGA

B BN r-inket B baktem 45mers 79 *
5'phospirateiG TEGEHEAGAGHCEGEEFCCTCGTACGTTAGAAGCTTGAATT

CGAGCAG PCRPriMmer A 28mers o oor >

MmeI-BseRI Linker A (48nt)
BseRI Mmel
5’ -TTT GGA TTT GCT GGT GCA GTA CAA CTA GGC GAGGAGCGTCTCTCCGAC
a-CCT AAA CGA CCA CGT CAT GTT GAT CCG CTCCTCGCAGAGAGGCTG-P
BsmBI

MmeI-BseRI Linker B (48nt)
BseRI Mmel
5/ -TTT CTG CTC GAA TTC AAG CTT CTA ACG TAC GAGGAGCGTCTCTCCGAC
a-GAC GAG CTT AAG TTC GAA GAT TGC ATG CTCCTCGCAGAGAGGCTG-P
BsmBI

Second round MmeI-BseRI Linker A (50nt)
BseRI MmeI
5’ -TTT GGA TTT GCT GGT GCA GTA CAA CTA GGC GAGGAGCGTCTCTCCGACNN
a-CCT AAA CGA CCA CGT CAT GTT GAT CCG CTCCTCGCAGAGAGGCTG-P
BsmBI

Second round MmeI-BseRI Linker B (50nt)
BseRI Mmel
5'-TTT CTG CTC GAA TTC AAG CTT CTA ACG TAC GAGGAGCGTCTCTCCGACNN
a-GAC GAG CTT AAG TTC GAA GAT TGC ATG CTCCTCGCAGAGAGGCTG-P
BsmBI

PCR primer A (29nt, 20nt)
biotin-5’-GTG CTC GTG GGA TTT GCT GGT GCA GTA CA

PCR primer B (29nt, 20nt)
biotin-5’-GAG CTC GTG CTG CTC GAA TTC AAG CTT CT

3’ TERMINAL SAGE LINKERS AND PRIMERS

FseI-dT1l5 primer (for cDNA synthesis)
biotin-GACTAGTTCTAGATCGCGAGGCCGGCC (T) 13VN
FseI

5’ biotin linker
(The biotin oligo is same as the PCR primer A)
5’ -biot in-GTGCTCGTGGGATTTGCTGGTGCAGTACA
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GTGCTCGTGGGATTTGCTGGTGCAGTACA 5 PCR primer B 29mers
GA GCTCGTGCTGCTCGAATTCAAGCTTCT 3' SAGE Walking Primer
/Linker sequences Mmel-BseRl Linker A top 50 mers
5-TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCC
GACNN 10 Mmel-BseRI Linker A bagtitom 45 mers
5'phosphate-GTCGGAGAGACGCTCCTCGCCTAGTTGTACTGCACCAG
CAAATCC Mmel-BseRl Linker B top 50 mers 15
5-TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCG
ACNN Mmel-BseBf PAfikETB HUtORT ASHTERT T 23

SRheENAIR:S TOGRAGAGAGE RIGET GRIAGETT AGAAGHIEGAATTC
doM3CAG PCR primer A 29mers 20
GTGCTCGPGEBRFICFBIABSTAGTAGTACA PCR primer B 29mers
GAGCTCEFEETGCTCORATTEARGETTCT 80 APPENDIX B: TABLE 1

Tag length Tag Tag uniqueness Tag uniqueness 5 n Complexity, C to
Seaeschiptonse Yined heReaA derbing, &g(%PRE6 1562 11718750 6 4096

146:732422:30:40 4Q48576.0.95:2861 oké SheaasdaeadliBiagl 16
42940672261 GBOGA G TBT] 8T8 SHAIO4FHE 360000 R26:0004- 20

1099511627776 0.0000018 0.003 BsmBI

Second round MmeI-BseRI Linker B (50nt).
BseRI Mmel
5/ -TTT CTG CTC GAA TTC AAG CTT CTA ACG TAC GAGGAGCGTCTCTCCGACNN
a-GAC GAG CTT AAG TTC GAA GAT TGC ATG CTCCTCGCAGAGAGGCTG-P
BsmBI

PCR primer A (29nt, 20nt)
biotin-5’-GTG CTC GTG GGA TTT GCT GGT GCA GTA CA

PCR primer B (29nt, 20nt)
biotin-5’-GAG CTC GTG CTG CTC GAA TTC AAG CTT CT

EXAMPLES 1 & 2 PRIMER / LINKER SEQUENCES

NotI-dT20 primer 40 mers
GAGAGAGAGAGCGGCCGCTTTTTTTTTTTTTTTTTTTTVN

NotI Linker top 25 mers
5'phosphate-GGCCGCTCGCGATCTAGAACTAGTC

NotI Linker bottom 21lmers
5'biotin-GACTAGTTCTAGATCGCGAGC

Linker A top (N5) 54mers
TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCCGACGNNNNN

Linker A top (N6) 54mers
TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCCGACNNNNNN

Linker A bottom 45mers
5’ phosphate-GTCGGAGAGACGCTCCTCGCCTAGTTGTACTGCACCAGCAAATCC

Linker B top (N5) 54mers
TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACGNNNNN

Linker B top (N6&) 54mers
TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACNNNNNN

Linker B bottom 45mers
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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 spegific 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
S inAphiaf et HRErS AR O, 00D HERRET TAPRRAPTE HRATCHIRPRSAC
1;g!:;—{‘énome I|ke Euman mouse, or Zggraﬂsh and the 5'sequences of

AR PRSI A BTG /€, indicates the 30 number of
transcrlpts that might share a same unique 5'tag. Ug, the tag uniqueness
rorhgmanegeBome. Ug is deterramesias the genome size (3,000,000,000
B AISEFBYIRGRPIBASL U§E Gs/C, Gs is the genome size in bp.
The numbers indicate the potential matches of a particular tag in the
Eyenonies. B& OPriviER1d-sNHERHBQEENORSiSIN ii plurality records, each record
A method comp ising an indiction whether a gene is exprt.ssed by a
drticaarecell thesmethod campgisiag steps of: (a) providing a first nucleic
ECd@FapErEsddikg 3T frstroocteiy acid sequence to all linker
sequence to form a linked nucleic acid, |n WhICh the linker sequence

ion_site for a c acid cleavag

§§§I%§E 6g§1
enzyme L orl;/(\?g % eava éf‘ C%%%Aﬁ%??ﬁ%% % 0?8%%%%%%% At as site

Milistard Jeam, the st xeeggpitipn site, and (i) agsegpndsrecognition site for
s shespdaudt.@racichcranageTenzymectastratons Tad eiraacidreleavage
at a site distant from the second recogrlititnl site, said cleavage site

MB@éfeed; gé Tﬁc%% R’itPor about the firsi.rec

it Sites
ZTTTCT TTCAAGCTTCTAACGTACGAGGAGC CTCTCCGACTT

MmeI-BseRI Linker B bottom 45mers
5’ phosphate-GTCGGAGAGACGCTCCTCGTACGTTAGAAGCTTGAATTCGAGCAG

Sall adaptor top lé6mers
5'biotin-TCGACCCACGCGTCCG

Sall adaptor bottom lémers
5’ phosphate-CGGACGCGTGGGTCGA

PCR primer A 29mers
GTGCTCGTGGGATTTGCTGGTGCAGTACA

PCR primer B 29%mers
GAGCTCGTGCTGCTCGAATTCAAGCTTCT

EXAMPLE 5 SAGE WALKING PRIMER / LINKER SEQUENCES

5’ SAGE Walking Primer / Linker sequences

Linker A top 50mers
TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCCGACNN

Linker A bottom 45mers
5'phosphate-GTCGGAGAGACGCTCCTCGCCTAGTTGTACTGCACCAGCAAATCC

Linker B top 50mers
TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACNN

Linker B bottom 45mers
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in which the linked nucleic acid has the structure: 5' - second recognition
site - first recognition site - first nucleic acid - 3" (c) cleaving TI-.,e linked
nucleic w d with the first. nucleic acid cleavage enzyme if, Provide: (i) a
linked tag: comprising the bilker sequence linked to a nlicleltiile sequ4nce
itta repro-yenta ve of the first nucleicjgcid sequence and cottlirmung a
terminal. portion thereof; and (ii) a second nucleic acid sequence
comprising a remainder portion of the first nucleic acid. (d) detecting the

PESRENRSe RRURNCA Sk ddRRERT BT Hrkeshira 96 I Ruaetlide

Secprieine tag to pravigkesan indication of an instance of gene expression,

B CeRNEHMAREI F5H FASqAeA sion of d "C gene as a record in the

ase A databas vgeneran n method according to Clilrn I in Which the
’f%('ﬁ@}ﬁé@{%{{ ggﬁec%%rgg ntarl vail'r cn clei acid (cl)NA)

havm a terminus comprising ermlnal transcribed sequence cf a
%Hqﬂ‘%{(’ﬂﬁ"tﬂ frfiber segyerere is linked to said tenriinus. 3. A

dumas@]gemerattm meth0aharecording to Claim 1, in which the first

T o AR S S AR AP AR SHEBHRISEGANG (eDNA)

mggggﬁmg}%bg{pmpnﬂng‘sq]érgermlnal transcribed sequence of a
gEiespad-trebEAGHE dokec sRE 0SS nketdoacaikboinnaigs. 4. A
database generatlon method according to Claim 1, 2 or 3, in which the

ﬁ%&%@e%e pregraﬁﬁyﬁﬂ%ﬁ\el 8’?‘(5:‘35‘,{1“ c%ﬁ%%&%%ﬁg%ﬂe whose

recegBEmNLSikeris folases or gheater, preferably MmeL 5. A database
et P EEHREACEORINECIS BMORERSRAGIIAGAATAIGENGDABE first

%&ﬁ@%@y@@%@;@&@&pmes a restriction endonuclease,
preferably a "Type IIS restriction endonuelease, preferably 13seRl. 6. A
datrbasgegBNerationgretiod according to any preceding claim, in which
A GIIheUEOTRIEES SA_RQUEANGIy geErErating a plurality of nucleic acid
sequences each
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conpr sing a nucleotide sequence tag from a nucleic acid, the method
comprising repeating steps (a) to (c) of any of Claims 1 to 5 at least once,
in which the first nucleic acid sequence of step ta) is provided by the
second nucleic acid sequence of step (c (ii); and storing each indication
of an instance of gene expression gggerated. as a record in the
database. 7. A database generation method. of generating a database
comprising a plurality of records, each record comprising an indication
whether a gene is expressed by a particular cell, the method comprising
t}'A SEP %f:: 'faA)sBE viding a first linked lag and a second linked tag, each
irT?Ep‘é'n%errny—pm%uced by a method according to any preceding claim;
(l%)3 qul<ein the first linked tag and the second linked tag such that the

ua ngth

nugleotide” segusiizedag portio of AleTMRE tag.is lipkGEiiRtne®

nucleotide sequence tag of theé other linked Tag to form a ditarg, the ditag
comprising terminal tratfscribed sE§@ences from first andt 58¢0R8 genes;
and (c) detecting thespsesence or identity of the ditag, or at igasi-one
nycleotide sequenge tag comprised (ghgerein, to detect gene eggor]gssion;
and storing th indication of expre sion of the fine as a record if the
detabase. 83 &2 tfitbiase generatibrPPaethod according to Claim 7, in
wiich each of they kst and second lipkgy,sequences comprised jn,the
filrg,t and secor}sd linked lags comprises an .amplification printer sequence,;
and in which tAé"1ef3a further compr?$8&28 step of amplifying thé*d.itag,
preferably+ibsemeari of the pol.yn3eraseoghain reaction (PC;R)o:doA

database generation method according to Claim 7 or 8; ft3rther compr
sing tihe steps of: (raj cleaving the ditag with the or each second nucleic
acid cléfaa%g Ehegratisal pétpg armpcHitylend iniayeries roekabality ofimatehdng to
ditagsiinciaenna gpgrtamer; and (t) obtaining the nucleic acid sequence
of at least a portion of the cone atamer, i;y, A database generation method

of generating, database comprising a plurality of records, each record
compriSirtheaanpdiziyioftaghdiltet), genenssahptaseegioBhoparchias 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-
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

number of transcripts that might share a same unique 5’tag.

Ug, the tag uniqueness to human genome. Ug is determined as the genome size
(3,000,000,000 bp) divided by tag complexity. Ug = Gs/C, Gs is the genome size in bp.

The numbers indicate the potential matches of a particular tag in the genome.



cell7 the method comprising: (a) obtaining an indication of an instance of
expression of a gene by a method comprising: (i) providin a
complementary deoxyribonucleic acid (cDNA) having a terminus
comprising, a terminal transcribed sequence of a aerie; (ii) linking the
cDNA to an linker sequence therebygprming a linked nucleic acid, in
which the linker sequence cola;{ vise a first recognition Site for a first
inucle r, acid cleavage. enzyme, preferably a rest=riction endon tciease,
that allows nucleic acid cleavage at a site distant from the first recognition
site; and (iii) cleaving the linked nucleic acid with the first nucleic acid
CLaMavage enzyme to provide a linked tag, in which the linked tag
comprises a nucleotide sequence tive pfeadeisniadi record
I transeref SE4EEHTR"6F %%%aes?lg?%ﬁgﬁ%%f cné;%g?paq DIESEPsEObd
corigeititityaofitdedifeditelcor ST FEBHAE" Seqience tag to provide an
CO&@QL@@Q@@;@E&“ instance of gene expression; and storing the indication of
expression of the gene as a reccird in the database. 84 11, A database
gengigtigmdnathansancdrdingidc(idaims:10, in Which the 5' end of the
CI)NA comprises a sequence corresponding to the 5' tennin tran%ﬁ{b‘?d
sequengRaktihe reanecrRchind-whichdhte RAKBKEEIINHRE 1 KRS 10 th

n" ca %ftfg%&[?{]\'ﬁhil@ﬂﬂ% fatabagec.genaratiremethod according to

chalWf or 11, in which the nucleotide sequence tag comprises a 5

terminal tr@%cggppeafg%{%%@t@fmfgmma:eafemwmgeasm% ft 16

bases of Orfe transcribed portion, of, 18 I Esdqra - pretesablysttne ffivst RO

bases oC ﬂ*@ﬁéﬁ?@ﬁ%‘%&o‘)por ion of the gene. 13. A database genera ion

method accfmsdmg)s@‘@&iﬁiﬂl@?qn -which the 3' end of the e[]' A comprises

a sequence corresponding to the ;?' tern iinal transeriped sequepegOhthe

gone, and ifiwhictpad firfeerseqsbncY AiRked 1o the 3' end of the,eDNA.
0

14. A datahaseagenemﬂmm@dﬁdﬁﬂ‘@@écﬁkﬁﬁﬁ%‘ﬁ?ﬁhﬂ °f 'oF i%g,oll}\dwhich

' ition withi out the
the recognition site, said cleavage site located at a position within or ab

first recognition site;

' ition site - first
in which the linked nucleic acid has the structure: 5° - second recognition site

recognition site - first nucleic acid - 3’
(c) cleaving the linked nucleic acid with the first nucleic acid cleavage enzyme to
provide:

(i) a linked tag comprising the linker sequence linked to a nucleotide

sequence 1ag representative of the first nucleic acid sequence and

comprising a terminal portion thereof; and

] iSi ' ion of the
(i) a second nucleic acid sequence comprising a remainder portion

first nucleic acid.

identity of the linked tag or the nucleotide

(d) detecting the presence, sequence of .
f an instance of gene expression, and

sequence tag 1o provide an indication 0

1 i » database.
storing an indication of expression of the gene as a record in the d

i i i ] ic acid
2 A database generation method according to Claim 1, in which the first nuclel

ic aci i i risin
comprises a complementary deoxyribonucleic acid (cDNA) having a terminus COmpTISiNg



nucleotide sequence rag comprises a " terminal transcribed sequence of
the. gene, preferably at least the last 16 bases of the transcribed portion
of the gene, rncn e preferably the An 20 bases of the transcribed portion
of le gene. 15. A dailhase generation met" od according to Claims 10, 13
or 14, in which step (a), comprises: ¢h derMng a c:DN'A from an mRNA
by reverse transcription with an primer comprising a sequence j ~~ (T;i’
LC CflICcLrCs-3", inwhichN-A, C,GorTandV -A, Cor (3; (i)

» sPIadueing asdasble.stiandedaRNAdtharefias ardidigesting theidoolié to
.%tranded cD NA with Psel to produce a cleaved cDNA comprising f

SUSEEBE 11 a -- overhang, cc oTCC GA It ildrig the cleaved 091A to a
linkey corep'ising - and c..e. (Vo) Elepying the raswitingimalestieid

3. .Wiﬂ{il%'l[r"\i-%agts: l%f“%)erro% uce- gﬁé%%ﬁ%%klén%@ Iy, T tai. 16, A g%:g :ﬁ]?ﬁsinlg

cogéﬁﬁ%tiww#ém%%%%m@%”&w 8f 't %P%%c?%“i%, in‘whic _t%e

2 X DNArebmpsgis: dre Glermmanattranaetibethidiie fek B FEBgeh, BRI

said tiekMmal transcribed sequence of the gene, or both. 85 11. A clat base
generation method according to any' of U inl5 10 to 16, in which thte

4. CD."aAaistust lengthrieb Nahpieteratilzcoipiisihg suldstantiily Bi¢ taeond

mERH 'zd%‘?%‘&ﬁ@&‘én%}cnﬁ@,% (ﬁé%ﬁs%@%ﬁﬁ?ﬂeﬁa&mmmda gmﬁgls
according, to apy of Claims 0.17.in whi SeqUens er

e BBRSRLC RS Rd eoé’ggr?lclﬁ%r}%usﬁ?et Sr}%%sgecén%r r%ug%ir,’ ggd cle§avage

ethyme, preferably a. second restriction e ndonuciaase, that..al o B
R PR e R i b

- i Qgnition-pite: 11s
nuhvik iRF Vsl EISe SRRBHOEPTRIG DM LHEURY GRIGRUFISAST (s F%%? At
rekeRogRitiatositéersdherdiinket sBepidnce.

6. A database generation method according to any preceding claim, in which the
method comprises sequentially generating a plurality of nucleic acid sequences each
comprising a nucleotide sequence tag from a nucleic acid, the method comprising
repeating steps (a) to (c) of any of Claims 1 to 5 at least once, in which the first nucleic
acid sequence of step (a) is provided by the second nucleic acid sequence of step (c)(ii);
and storing each indication of an instance of gene expression generated as a record in the

database.

i A database generation method of generating a database comprising a plurality of
records, each record comprising an indication whether a gene is expressed by a particular

cell, the method comprising the steps of:

(a) providing a first linked tag and a second linked tag, each independently
produced by a method according to any preceding claim;

(b) linking the first linked tag and the second linked tag such that the nucleotide
sequence tag portion of one linked tag is linked to the nucleotide sequence tag of
the other linked tag to form a ditag, the ditag comprising terminal transcribed

sequences from first and second genes; and

(c) detecting the presence or identity of the ditag, or at least one nucleotide

sequence tag comprised therein, t0 detect gene expression; and

storing the indication of expression of the gene as a record in the database.



19. A database generation method according to Claim 18, in which the
location of the second recognition site with respect to the .first necogniion
site is such that, when the linked tag is exposed to the second nucleic
acid cleavage enzyme, cleavage of the nucleic, acid. occur:. at a position
within or about the first recognition ,tge. 20, A d rtabase generation
nnrthod according to any of Claims 10 to 9, in which the first recognition
site or the second recognition site, or both, comprises a t dpe. 118

3. restiction apzymeareragaitiansitedial (hdstabasevgectecationf tetfrochnd

secgﬁgﬂk‘ﬁl{ﬂ-%éo 95‘9?50!0_948%% 1040 2Q, indvhichdnax first gestigiiarsenzyme
otnprisc:; vimc

, or In'which the first recognition,site [ imel
gl GH SR SR RRE D fﬁbcr%#é?a%%*ﬁ%éﬁ%%ré&‘?ﬁﬂé’%%?@gf
amglifaibase dsmeraSnaREtom e MR STRs AT g S 9 Giioh the
second resirietlon enzyme comprises it restriction enzyme capable o

9. recotyrigimacsirnevtion ethas2se GPEdAGer Press AN TEEER PR P WHich

stefi@second recognition site comprises a BseRl recognition site 5-GAGG;
AG-"s". 23. A database generation method according to any of Claim's | |
to '121) ineahighiiaelitinkeirsibgue nod s ivEitheci |6 ST IEQW\
INI MNNNI C,XG'\C 3, preferably S-OAGGAGCGTCTCT'C_.C'QAC".
24, Afiatabasepgenenatibnanetiodtofigendréiting @ fambasacomprisiy a
plurality of records, each record comprising an indication whether it gene
is expresseddytn paciculaidcelydieanéthbdscomptising shesgnsh Eyer
providing a first co'nnplrmentary deoxyribonucleic acid (€DNA) having a

| densigns:sampdisiagea termidalftanseieddstdgesrenpisrirs PHEHEY @)

RINIding 2 seaRM SEltnpIe ik aidil 3t @cteqxdcdsTixpueleit Ecidparticular
eeleFA)éwatin a.terminus Comprising a to moral transcribed sequence

cedls HSBERS 6%%%;1%%&'(0) (inking the first cDNA so produced to a first

linker sequence ther&%gﬁforg}jglg. [;Ia.rnscte H?W&ngm gg@,eigywmgmgme

a
first Ifﬁ](%tl"t_%"g fce com%?isesalﬂsfst recognition site for a first nucleic
acid epesraEg¥ entyrne, preferably a first restriction endcnluc c e, that

allows nuclele acid ele fine at a site distant trQmine fratereRmiion sl

terminus comprising a terminal transcribed sequence of a gene;

(ii) linking the cDNA to an linker sequence thereby forming a linked
nucleic acid, in which the linker sequence comprises a first recognition site
for a first nucleic acid cleavage enzyme, preferably a restriction
endonuclease, that allows nucleic acid cleavage at a site distant from the

first recognition site; and

(iii) cleaving the linked nucleic acid with the first nucleic acid cleavage
enzyme to provide a linked tag, in which the linked tag comprises a
nucleotide sequence tag representative of a terminal transcribed sequence of
the gene; and

(iv) detecting the presence or identity of the linked tag or the nucleotide

sequence tag to provide an indication of an instance of gene expression; and

storing the indication of expression of the gene as a record in the database.



(d) linking the second eDNA so produced to second linker sequence
thereby firming a second linked nucleic acid, in which the second linker
sequence comprises a second recognition site for 3 Second nucleic acid
cleavage enzyme, preferably a second restriction'. tEt(ItlniFf.lease, that
allows nucleic acid cleavage at a Sitgqdistant from the second recognition
Cite; (e) cleaving the first braked nucleic acid with the first nucleic acid
cleavage enzyme to provide a first linked tag, in which the first linked tag

11 compisesag:firsterileotideo seyoringedy raplésahtitive BF 4 EHFHES
pltansarihedseayence efibefisteRDNA’ @roieaVing thebséeonttitkeédhe

ene, an
Elgecon

nUC'%I?a%%%IW H fhgseeandausigic.Acthelsavansr ®BTDIAC to provide a
inke

tal, in which the second linked tag comprises a second

12 nuc Ig %ta!g\% ass%g %:élr?er} A Jﬁgﬁ%@&ﬂﬁ?%% & ieiminal transertpase
(0]

sequence

e second al ?2NA.

_ ighting.the fir ags to

oK P o) BB P A S %%ﬁeiﬂﬂ%?%@‘%%‘a%t one

preégpblytitdeditah 6 idetbdrsge AEB RS B &9{8@[83 i #785n01ca 6%?%’@

(hERRIessioROifthe generdsdpatondinhthecelatabase. 25. A database
generation met od according to any preceding claim, further comprising

| Storingithedatahaseiin aabndputerdieatableinnéiimiviieh Aidetid@ighe

IHERELHRGL ggecﬁgma §%ﬁ%'@m@¢ uip mmﬂﬁiﬁgﬁmﬁmmm i
comprising a plurality of record i gene is

Rt i G b

e method comprising generating a

database py a method it ' ! i he, datab the.
ldtom&%}agggad%ebr?era d 1t cording (o any And Sipingdhe, daiabasaon the

e SE RPN IS et dinBatEre FEsEH

e medium pea eding claim 21. A method.of generating a
é%%s\?v%ﬁnéet%ﬁio the

paeesihpanyinghdrawihgsareref e aid AL ABRHIA E5RaragT PRFTClY

Hhud 6f Baeralingearsemiatignreadable: gauediuini substantially as
hereinbefore described with reference to and as shown in Figures 2 to 4

1 of they. pepmasfick draningsoBitcording to Claim 10, 13 or 14, in which step (a)

comprises:

16.

(i) deriving a cDNA from an mRNA by reverse transcription with an primer comprising
a sequence 5'-NV(T)?CCGGCCGG-3’, in which N =4, C, Gor T and V=A,CorG;

(ii) producing a double stranded cDNA therefrom and digesting the double
stranded cDNA with Fsel to produce a cleaved cDNA comprising
. GGCCGG

3' ——————overhang,
565

pTCGGA _

——————:and
GGCCAGCCT

(iii) linking the cleaved cDNA to a linker comprising

(iv) cleaving the resulting molecule with Mmel to produce a cDNA lacking a
polyA/T tail.

A database generation method according to any of Claims 10 to 15, in which the

cDNA comprises the 5’ terminal transcribed sequence of the gene, or the 3 terminal

transcribed sequence of the gene, or both.



ABSTRACT METHOD OF GENERATING A DATABASE We describe a
method of g nerating a database comprising a pluraiit-v of recczrcl , each
record comprising an indication whether a pao is expressed by a particular
cell, tile method comprising steps of. (a) providing a first nucleic acid
sequence:, (b) linking the first nuclegcid sequence to ‘iia linker sequence
fu form a linked nucleic acid, in which the linker sequence comprises (ii ai
first recognition site 50t 'a tint tzucleis acid cleavage enzyme that allows
17.cleavagetattherfirstitrustaio Geicosting snery &f §‘§Hésdigf§rh6fr’61rh%fﬁ st
precoghiiion Sitepand fidfar-saeend secogritionsits! fonltiBecding Fadksks of
acid ekava,ge el mine that allows nucleic tic x! ck ava r, at a site distant-
the gene. i " . . , :
fF6M talc:. second recognition ;ties said clcav'age site located at a

15 PSRN I or ARRUA L Sk srARGTIUR Sftetamanbiah therlaked ihe
“nucleic aacf ?155 tlzle structure: 5' --;escecqﬂ nﬁ?@ﬂﬂ@?&%ﬁuﬁf% gl
linksESgHRTSR LTS SPOPHER éligc’:ega%ria =°78%%e) cleaving the hked nucleic acid
clemitigethazfinst. m&nh&%ﬁa%%ﬂ?&‘&é‘éﬁ%?@%ﬁﬂg IU%Wf? Aked tag,
c|oRpising dhieslink éosetuencad linkemiton aUstiin whigh tkesesgne
edDRIESERIRMVG R ibesfitstipusieicaasiiSeciie uetalitkaomprisinga

terminal portion thereof. and (fl) a second nucleic acid sequence Cnml isin
1o @ lemainderpeutian:ohthe distaneleiaacidindrdetedtivgitkdopresenteie

sequence or identity, of the yrked dag erdhendlpotideseauenariag to
SBroVIGE 8N indication of an instance qf gene expression; lod, StariAgARcic
linkesiéagitsrerash R ESSHOPIHESYSAE RS A ' fecord’in the database, F_i:
acRlsedurs at a position within or about the first recognition site.

20. A database generation method according to any of Claims 10 to 19, in which the
first recognition site or the second recognition site, or both, comprises a Type 1IS
restriction enzyme recognition site.

21. A database generation method according to any of Claims 10 to 20, in which the
first restriction enzyme comprises Mmel, or in which the first recognition site comprises a
Mme! recognition site 5’-TCC RAC-3’, preferably 5’-TCC GAC-3".

22, A database generation method according to Claim 20 or 21, in which the second
restriction enzyme comprises a restriction enzyme capable of recognising a site which is 6
bases or longer, preferably BseR1, orin which the second recognition site comprises a
BseR] recognition site 5’-GAGGAG-3’.

73. A database generation method according to any of Claims 11 to 22, in which the
linker sequence comprises the sequence 5. GAGGAGNNNNNNTC.CG'AC -3,
preferably 5*.GAGGAGCGTCTCTCCGAC-3".

24 A database generation method of generating a database comprising a plurality of
records. each record comprising an indication whether a gene is expressed by a particular

cell, the method comprising steps of:

() providing a first complementary deoxyribonucleic acid (¢cDNA) having a terminus
comprising a terminal transcribed sequence of a first gene;

(b) providing a second complementary deoxyribonucleic acid (¢DNA) having a

terminus comprising a terminal transcribed sequence of a second gene;
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(c) linking the first cDNA so produced to a first linker sequence thereby forming a first
linked nucleic acid, in which the first linker sequence comprises a first recognition site
for a first nucleic acid cleavage enzyme, preferably a first restriction endonuclease,

that allows nucleic acid cleavage at a site distant from the first recognition site;

(d) linking the second cDNA so produced to a second linker sequence thereby forming
a second linked nucleic acid, in which the second linker sequence comprises a second
recognition site for a second nucleic acid cleavage enzyme, preferably a second
restriction endonuclease, that allows nucleic acid cleavage at a site distant from the

second recognition site;

(e) cleaving the first linked nucleic acid with the first nucleic acid cleavage enzyme 1o
provide a first linked tag, in which the first linked tag comprises a first nucleotide
sequence tag representative of a terminal transcribed sequence of the first cDNA.

(f) cleaving the second linked nucleic acid with the second nucleic acid cleavage
enzyme to provide a second linked tag, in which the second linked tag comprises a
second nucleotide sequence tag representative of a terminal transcribed sequence of
the second cDNA.

(g) ligating the first and second tags to form a ditag; and

(h) determining the nucleotide sequence of at least one tag of the ditag to detect
gene expression; and

storing the indication of expression of the gene as a record in the database.

25. A database generation method according to any preceding claim, further

comprising storing the database in a computer readable medium.

26. A method of generating a computer readable medium comprising a database
comprising a plurality of records which indicate whether a gene is expressed by a
particular cell, the method comprising generating a database by a method according to any
preceding claim and storing the database on the computer readable medium

27. A method of generating a database substantially as hereinbefore described with
reference to and as shown in Figures 2 to 4 of the accompanying drawings.

28. A method of generating a computer readable medium substantially as hereinbefore

described with reference to and as shown in Figures 2 to 4 of the accompanying drawings.



