WD 2004/ 050918 PCT/ SG2003/ 000255 METHOD TO GENERATE OR
DETERM NE NUCLEI C ACI D TAGS CORRESPONDI NG TO THE
wO TiRNsAE.  ENDS OF DNA MOLECULES USI NG SEQUENEESSG2003/000255
ANALYSI S OF GENE EXPRESSI ON (TERM NAL SAGE) FI ELD The
resent invention relates to the field of biology, in
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garticular, the present invention relates to a nethod
IEldhrial Analysis of Gene Expression (SAGE)
BACKGROUND One t he nost burdensome tasks in the post
genone-sequencing era is the accurate and conplete
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ég?%ngﬂﬁ?ﬁgﬂgﬂ% Sters; ab initio genone annotation
identified approxi mately 30,000 genes by two
independent studies; and the manual |y curated Ref Seq
Jgﬁg NBas only 17,000 genes identified with
stringent evidences. It is apparent that current
technol ogi es 15 applied for genome annotation
i ncl ulnhBecsirdansaratasky dh e pps genoniesaquenpinpere livthe aegurate
AR cFRAUE HrloBGon 8 RhEEhdHRWY ﬁ&ﬁ@ﬁ%rﬁ%‘n&ﬁmﬁm transcripts of a
inefficient, 1nconplete, and unconvi'ncin
10 compured genomsl Bivatforowticd anelysadiofiflagnamtinogpesmerntdal elsta have led to

[ ear ch ab, i ni.ti o gene predictions have =~ .
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8O0 Binipenavistede ab tiso fanpbmeampotatiof id2Atiadd appreRintatel¥3,000
per f rn1£artic |l arly poo + on border exons in 20 UTR
ey B &vd fenyndrabendics’ ol tf mamialy By ReSSex purbantie anly
daf080 gehleidehtatel S8thARMREMliaBncd. 118Y SpHreHIERA clifert MERARSgies
genones by conputation nethods alone is still a

15 gprlied der ggbrine annglptionyinglhdipprempuitasiona gengrmiediesipnerid A gloning
[ ' - -~ T v .
SRS LR ook s R SRR g
sequences, |ow abundance and | arge size transcripts

dj i, t ' L ' | oni 1 . 25 ]
& SR T B SRR S S

irdenpdnk predigtiadslhate gos dimi@tion shddallibility. ghrent BRURHENEYZ@ks
abundant transprigﬁ$ and hi gh_percentage of truncated
8}38#?8 ne Qr many ‘internal’ exons, but perform particularly poorly on border exons in

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

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

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

redundancy of abundant transcripts and high percentage of truncated clones. A
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WO 2004/ 050918 PCT/ S&G2003/ 000255 2 conprehensi ve cDNA
i brary approach may be efficient for capturing the

woomtos®as 70% of all expressed transcripts, bBCTSG2003/000255

soon becones prohibitively expensive and inefficient
for getting the rest, in particular the rare
transcripts. Genone-w de scans by ol i gonucl eoti de

it 5igy D k RALNR i ingthD &Rt 58190% of
Y AT R AL Ry B4 ERLE Ao By 0 50%
alb prroesedd, trankdripts, bt diisesn bacerpesgwelnibitingly prpeuliivt and inekiament for
a S sized Lero-arrayved, and subsequently
ﬁ'%/tg?% tﬁ?éeggm Ay esr?ar?r% r(lesgl?{p%f‘—_’xperi nment al data
generated woul d provide validations to true exons.
Thi s roach is expected to be efficient to exam ne
many GRPPEREHE SBPObeEeiccotdemisroarens PEna BRMErwafRy that
BANAL pdt@itial hoelpXAS SaehbléN @NERES. B this a e6ligoprdhas Or
l[imtation of this 10 nethod is its ability to .
EBFRIPES RETFied er s emibeiized pistocttaycd And aipteqpenti dybridised
REARNAG aBfRs. @(b%}ﬁém_ 848 e ePRedSFSUR prbVilid Yalfdhtidhs ®Pue exons.
hybridization s limted. Serial Analysis of Gene
Ekis rprgedchins ¢xpeaR) to be effiglentin gkaming moty differentiqlogied stoges and
r ' . Qo identify .the. .
bR Ehe  BRORA M, TR bl B0 b R, L B b aiohF
method ksl itstabity wrcomandingly detsmireplie ckTstetiod efrale@endd bacause the
compl.ex transcriptone. Three principles underlie the
SR SORGYY of el LGB ibiidce +ag ( 10-14bp)
contains sufficient information to uniquely identify a
t r ans¥eriapdnglysé\d/ @eve Expuassioh634GHle tag is obtai ned from
a unique position within each transcript; (2)
Sequence. tags.can, be_|inked tqggther to fromlong

ser i aterigbfealyised Gepg Exrression (RAGERgseatt @ UarYe slfpteey o identify
e dxisBhce@fdahdcliph blquahtifl RRnTWERGAtMfa shlall®S; 8r each transcript

particular tag Is 20 obséerved ‘provi des the expression
melesvle ot a eameplexgransasiviomei e pransindesiupderliarthe S@kmethodology:

) . . .
D3 88 sefibnce¥bot s Bonudind o] BRURRNS bInBIAY Wnkf
trargsomsye prgyided dlrat et thx tag asodbeoned icbnc omaqiteqrosition within@ach

arger nieces for efficien S epci ng anal ysi s.
) e s e Rel op et A6 P heSf R P RiG ey thatcan
bégsnddAnd séfRertkd; Qnd (3) NALMRitAtRon RO the S MmbérOf Hales QFar'ti&mafp/é@s
tag cloning. Essentjally all transcripts should be 25
plssrved Biovidgs tha expaession Jeyel of reprrespoprhing transpt i The urique feature
FE4 RBE i A4S pRefifRecdSdnough B 1AnQriff e BicH shAl tag@ i
I's illbstratedpiﬁﬁ%ighrégu A and 1B?agﬂ% é?sosﬁh tagS i
sash diahssgptisan bYe e)Er_aptecZhlgi';gpcamqn,ated/bg@lageepinqes 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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Zhang, L., Zhou, W, Vogelstein, J., Basrai, M A,
Bassett, D. E., Heter, P% Vogel stein, B., and

Ki nz| . 997) . Char act
ot BB, CRERErY SR bt e e,

POE Sﬁ%rnf‘yv@éeﬁ%up 8.8 RMALK W 9§7§ Q@H&kd@&&zzﬁfbnbhth‘é yeast
tech ni que, i ncl ud Ing WWV, sagenet.org a

mnsprmwmmﬁeﬂcs& Anhmbariof wel@ltgwgta@ & %ﬁ@sﬂﬁ@ glso he eangiplped for
ﬁc *1mg§)(()grt}€i§ RLOR @%Qu&xﬁﬁ’ﬁg’gﬁ %%1 facﬁ}g laﬁ’J‘h /?W\g@tn@bl%ﬁf‘tﬁ &S

SIS St See sto hev Wagner
gov/ﬁgch (SAGGEIGD#I pBblicagesdexpeesfby datiRiegository aBd onlmetdgtamgfpess and

e AR 2D0G. SOOI O BT oy R Ry LT

ﬂ%%ﬁfs |dJ| Rﬁsoﬁﬂ(ﬁ @Z(DdO)l SAGESS a pahlichend exprdsiomtesource. Genome
t e. com sear ch?sour cei d=navcl.i ent & e=UTF
sx%@oml%% 3ReNata gt Sl At aeelie v S S
//wv[fr\ﬁgébglegco%p§e§1‘cﬂ'%gur§:&@=m&cl%ﬁ{&wﬂﬁ TH-B&sH@ TRAN
rev rse transcribed to obtain CcDNA (see Figure 1).
x&e—wmlysxm%maﬁmewna first restriction enzyne
(the ™"Anchoring Enzyne", typically a 4-base cutter),

and the 3' end of the cDNA is anchored to a bead. The
beadsInarief, ofRN A isadblayned iftoimcreatlion tissue.wod pryoiss transeribet freobtain

C tt che 15 be

SPNAGRIBREE D) Th 108 B i@ od By HERGHoAR chliind@le”

eRfFHotisE Enz’}fmed,&frpufhﬁsﬂ a AUkt eand ﬂfqleé Eﬁdaoﬁthn‘ cIRCRis anchored to
r|n1ﬁ%?and anplificatiqn at its

P beasky Ahe beads &p ¢ pationglfy jvidedjato tve P@Nﬁy’ﬂﬁ% qﬁfﬁ’i‘“ ﬁ*ﬁl@‘@ﬁ%ﬁ% the
%q@l catell 86 nﬁ?@%k S1apRdr 1iAkds. HalHl 6DthestBdaptdreidn@fisss a

vage by the enzyne at a position 3' downstream of
dbfenedmedleqfide séquencs iferd CRIpréming gad avmification:pd k45 spd, as well as a

cl eavage .
e
Fokl) tWiech direplsicfeaege blﬁtha gnzl?@@ at a plosifemt3e dowms[tlham htthe

Anchar.i n ated to

OBt o R ?Sﬁa UEHErnEs BEh DRt Pieding fpme. and
iRed Hpbthértand &¢hdfid RaHARSs. THe difags dragsn ar&ﬁlﬁﬁqarwing ®ER,
expression data for_ the various genes i ch

cheapiod Mith e Anshaning Eogme, gpd kg jpgetop to Ipgn ppgatamers.
&k %ﬁe‘ﬁblﬁgsy th EorR BGMES ?év@gs B chtity 308 freqedhdy dTaR tﬁé%eand provides

ent | to capture all expressed 25 transcripts
lmp;pss:oaa datad’glethpvalwusg@eh‘ﬁmelv@m trapsggebeagiip gheregll ORHiNEEE- Dyg éo the

A mén%)(? o s%c%etncm mgi tEiESCEAGE 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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mappi ng to conpl ex genones. The 14-bp tags are only
reliable for mapping onto existing EST or cDNA

wGeeguermes | n dat abases, or small genones suchPeBESG2003/000255

yeast. This shortcomng |imts the application of

SAGE to use only as an exprgssion profiling tool, not

for genome WD 2004/ 050918 PCT/ SG2003/ 000255 4

AHoRkeA. oS LOmO! OFYEm, {hE FevRIoPLS 6Fhe bigind SYAMRRBHIged ¢

of tHe orlgF% ¢ @: nanad% o?o gmaﬁe ?ﬁe SAGE taé? °

mokeytbe SAﬁEmsyortgﬁr Emmlmkzy taking ﬁldvé\rmageorba‘ ney Iheonziige Mmel
hat DNA 2 L

Iﬁ?é M%ngsg%ﬁf\t%oo ase Spa?rls g way o ng 3 Tefo %ﬁxon tgaflg %oﬁ%ﬁ gv?;]h%ms

hm’vgﬁé(ﬂﬁngSiﬂiGE,l a#ad dhadesdribeeit WO 000838, Thié Adhdifidatien makes the

tion kes the 5 LongSAGE S, Speci fIC enough
e G St A e e i e
£e§a£ﬂcss (rab1e 1ARRPPelidix B). ThikHudetibhMRGh iiportast @nltioﬁmwaﬁ@mew
dition because new SACE tags now can be directly

FaFRdees3av 2 Pedirecily mared rwe sprsific sbramoseme fogations for potential
Hﬁ& géh%é 8 exo?ﬁ%rﬁﬁﬁﬁ%n? rthe?éf&'asfa&gﬁﬂﬁé %énGﬁE hﬂx{b‘f’amns
t he acl

efore, Itating genoime annotations. However,
despite its advantages, LongSAGE still has I|n1tat|ons

to it (&evteg %Espltg 1tél' Qd %etséL lﬁg&&gﬁ nﬁﬁ h%l hrr]ﬁj‘ 1tat dbs (%E’lts effective

Long ags - are ex
Mehﬁe tl_tehﬁghdib.ﬁAGB,l Ito@gSz&B‘E tagm axa ekﬁrm&ﬁ(rﬁndbml)sdﬁpm&ﬁhg&m where

o.pr.aovi di ng. onl internal’ ence.cl ues
R AT 16 B i rhpreiohasncs, fR PROTRABE fireal! ATy Slugs for
heW Garlserigl® FuRh@Hg, 1he n¥w SAGE BiiSdedlifled RIVE tPEQGBRAMEN Figh
as 5 and 3' RACE to extend the information about the

Eiont endenspiaceshachet S ] RACEfo paspdganiaformptionzabpys the
Q}théfncg Qfd H\ac&lgleﬁs&@ RELAY Eéﬁggs g{nbﬁ)a(c‘)a}‘yjoa Ex%ri)sr %r'rﬁg'ﬁgd for each

sequence, I'S not lor art
erpirésorfissequencd aad inisfnot pdssble “séqhﬁemme ait mfethodsitoi abtuirf forther

ee{gég essF e ne &q@%(h% rm‘ resent invention
SEEY esepg q BTREY ﬁfoblens in the prior

art techniques for expreSS|on anaIyS|s SUNNARY 20
W haye realised.that the or art Gﬁgand ngSAGE
t echniRfupEeseRfdRyention seeki/o sl kghese apd,otherRrpblemsin t °ﬁ e

feBRRgIRE 8 dxprBatonRasIdigul ar di sadvantages arise from
the fact that the tags obtained in the prior art

techni ques reflect internal sequences of the
Rl&rsed genes. No one to our know edge has
ated the useful ness of obtaining sequence tags

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 appreci_ated 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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25 fromthe 5 and 3" termni of transcripts. On the
ot her hand, we have realised that such termnal tags
whasa/osmyant ages in that they can be used to dedT/Re2008000255

boundary regi ons of WD 2004/ 050918 PCT/ SG003/ 000255

5 genes. In addition, the fall-1ength codi ng sequence

of unknown genes may easily be obtained by PCR once

%éh%s iﬁmem% FGR1chER %Mgeseéueném 1§xkn5»@1{ o8 mBf ealififoe
ranscrib regli on are known. Furthernore, obtaining

abtémed @flfﬁlhaincet tha pesuericp tags Fen uheni: @nd ﬁ tamnlagofélmranscnbed

I t
B R AT, AL b Pl e con
pronjde 8 handkfor promoted idantificatiort, agd;esaﬂfeﬂeslpwndl ng to 5
and 3' termnal transcribed sequences of expressed
genes, i.e., tags corresponding to the 5 and 3

t er m Wi tihefbre pRSAdei nikifods ¥ cdhiposiRb@MbARtiEhSAGScoBesponding
obt ai ning further sequence information in the form of

fout epd? Ty rtreréscv'afgisseqqem?ﬁ ek PPESEE BB e, BERPEHPPRENE O
B8 5° &R UG REhi bPtrahsEARE W d1865r&Vidd hEthads! of SbaRMIGirthet Sequence
According to a first aspect of the present invention,
inforprateri éheaforne phvaherfsequonas\tagdifom expressedigeresi wirictomaybe

r gene, the nethod
%%ﬁ%%ﬁgfﬁgﬁ?ﬁ%8(§?§£§£5$ %} provi di ng a conpl enentary
deoxyri bonucl eic acid (CDNA) (b) Ilnklng the cDNA to
an |lipker..se nked, nucl ei c
e o SR R T e P sty Sy g e ool
proCidgngiahiigiicasibi 6f dnGfistahcé bﬁe&breﬁ&kﬁi (ﬁﬂaneﬂé; lt}ﬂ: rﬁétﬁﬂ%@ﬁl@nsmg the
enzymne, 15 referably a restriction, endonucl ease

%IFRS&&(&M&YI@% a gempleppniary deRxyEponyclejcragid de AN A Y(b) lfnlkt%the

EIb‘ﬁAftb hrP fml{e? STe]elslns E}Qﬁlzbf f&ﬁmg%ﬁﬁtké@ﬂuc%c‘eﬁw ngltllaﬁthe linker
| i nked nucl eic acid h the first nuclei¢c acid

glqeenge gemprrey ariirst geqenision dige far & firk et Idiagrid ¢leavagd clyndie
{;ﬂeﬁ%a g' t?&qp Ifig'n%glte?se tﬂzﬂ%}lg nu%ﬁal aec eg %g%e a?g 51te d1§tant

epre rve 0 rmnal " trans
frhm thyefivst retajgdltlo(l clife; ahat (e):ctleavglgttlmehrp:eé ﬁﬁﬂkﬂ@a@d wltlﬂ Gh&tfritylucleic

the linked tag ar t ucl eo e, sequence tag to 20
S prTars e mel oo Bikedie: ofTaS Bkt Bagompiies
AUdMoEdSseqlenct g epdéseilt@ive @€l RRMEN tHRBdribed Mué:nce 6Mfle §éne; and
the cDNA conprises a sequence corresponding to the 5

fda Aeteeiing thernapssrqeiop identity gfdp binkedftag 9 dheyasieotide fgayenee tag to
%‘oOﬁ@En g:gfr’ S an ird ahémg%et& 8o’ end of the cDNA

refera t he nuc eot | de se uence tag conprises a 5
term nal transcribed sequence of the gene, preferably

RN T R L
tdr&ﬁlmndmge(dthpdf terrﬁmalofan:tchbed sequence of the gene, and the linker sequence
is linked to the 5° end of the cDNA. Preferably, the nucleotide sequence tag comprises a 5’
terminal transcribed sequence of the gene, preferably at least the first 16 bases of the
transcribed portion, more preferably the first 20 bases of the transcribed portion of the

gene.
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gene. WO 2004/ 050918 PCT/ SG2003/ 000255 6 In a further
preferred enbodi nent, the 3" end of the cDNA conprises

wa2eaqs@nee corresponding to the 3' term nal PCT/SG2003/000255

transcri bed sequence of the gene, and the |inker

sequence is linked to the @' end of the cDNA

Preferably, the nucleotide sequence tag conprises a 3

ter mpal fmtmeasﬁe@erﬁeh %ﬁhb&ﬁﬂuﬁn&@s oe‘ndtol@ he GDRA co%p?lfs@sraas%dénce

at least the |ast 16 bases of the 5 transcrib
porespasdingiothe 3pteéﬂ@plarmn§cnbhcbsenmpe Qfah%we,sanéﬁhetlméer sequence
r )

fs 1&?@{% ggeeﬁ <eH§1’ bf éhg 91\3/1‘&% ﬁéﬁr%&g nuf £o%fd§ rr%%k%qg C%ng%lge)é a3

tmamsldranﬁnnbem seghérize aﬁthp gemmrefetabiyrat }Basm thedass &6 hzfsas:ﬁ the

' - ). 13CCEECCEG,3! .., N jch N=A C.Gor.T gnd
astied oo g prare s R o s er e et A
goier efrom 10 and di gesting the doubl e stranded cDNA
with Fsel to produce a cleaved cDNA conprising 3
GB3CCGG CC overhang; (iii) linking the cleaved cDNA to
a | i NkeferabBTRED G %ﬁg%ﬁ%ﬁrlvﬁ@q dDNA 6mGaVIGA b Reverse
resul ting nDIecu e wth produce a
EONAINtigE Itgn RTipsT GMPTisingalsequereeld -9 (W) ;ﬁs@ﬁ@%@@ -3’, in which

e I
tﬁlpg%gdé F{?El[ s amfg S&e %Jlgfnéé gﬂﬂ)gérbaﬁﬁg agﬁgée strra%dga g@,llA therefrom
areirdrgasmhg the dowbder stﬂaedbds@ﬁ}uemﬂerceI totmmdugem eleaved cDdAcomprising

Pre Ely, the cDNA is full length cDNA, preferably

8 i @vatibg 6} lididgthadlbavtheDNAa6lh Ngkesequence of

t he&Qene. The cDNA may in sone enbodi nents be

processed syehgthat it does not conprise any
Fﬂ(—eg—r—eaf arsl (V3 glehviggsths reswfiifg moldcyle piith BImdlTR.
SpeC| fi CEIGIC§AGF preferred enbodi ments, the cDNA does

PRHuG AN SRcian®Ppély AT ., 20 prefer ably does not
conprise the whole of, the polyA/T tail. There is
provided, according to a second aspect of the present

I nveng LRy ;ﬁef@ﬁ&%odﬂﬁen&b{h@'CBNKQ:OQ‘E)QH%WA At REAYENRE bed
i nformation froma gene, the net conprising steps
geapence of t(le yenof orghe¥ttérounah transemhed gequoncmhvé tlfeiglemet, onlgieCt
?m&etfe%%? ]the cmr PS?%IIIT%P %ﬁN&r e%ferab‘ley coma)nsmg gl%es&gts ang aﬂ%he

mmdgesleqneaea f the geie. 2lhe sDBﬂA 108)in @mﬁmmlsddﬁrgerﬁs b fROGRERY Bgh that

uences of the cDNA ng_the second, nucl eic
it dges not comprlfse any untranslated reglons suc sg 5’UTR and/ or 3° UTR.

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

preferably does not comprise the whole of, the polyA/T tail.

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

sequence comprises a recognition site for a nucleic acid cleavage enzyme, preferably a
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acid to an |inker sequence, thereby formng a |inked
nucleic acid, in which the Iinker sequence conprises

w@200e08@mns ti on site for a nucleic acid cl eavageCERGYORN00255

preferably a WO 2004/ 050918 PCT/ S&003/ 000255 7
restriction endonucl ease, tfat allows nucleic acid
cl eavage at a site distant fromthe recognition site;

Qé‘s)ncﬁ!)r?&iﬂbﬂ&leta&ethlai 684 nBGE §i€ cRSafe Watshe Hll's‘ﬁntrﬁl‘fnll fikC
acid cl eava e enzynme to provide: (1) a linked t

ESARNIAN sig; ( rvéealvma Kerlinkednsleiccacid wiketbe nerleic m%ﬂe@tagmlzylne
?oﬁﬁpxglﬁéé ?1% a ﬁ1ﬁ]gedct9%(ﬂp§§sﬁg tl% l%kfﬁgéllfeh%qmﬂgd {oqg-xugﬁgt?d%%equence

cid our el c aci
eyumpns;ng:a)ﬁmortmnmg the s8¢ond end¢in akdd; apd(it)iadourtf nucleicradid
nucl ei ¢ _aci

S Eaiatied © ke EBER S BRI AR el R L 0

) efdedstignck,Sn Phid¥ ltld:&!écdh)d nuéléic adi@ 'déqfubhce Jebtep @) &GPrélided by the
sequence of step f%(ii X and(gh detecting the

frusis apeleic a?leé?ﬂurﬂtcy ptep antt®) getectipe rh@agqser@ﬁ,édmmci
b@glerRE ofat el R 1ihER t%&%@@oﬁ&gefﬁﬁ%%g&ﬂlﬁrﬁ&f @bBin.

Thi s aspect of the invention enab | king" al ong

the cDNA, i.e., the ability to 10 obtain a further

n ucl eque .
e T} 55 BRIy AnEATELB0 S DA iy o
bbtamta fialekr eatl¢otide saqqmn Gg compridimg mnhdrlsnghneantmdl to the

Furt her arried out to se

B o el R B e e e R B TR it By
esun A AERY Grriet et th isedueritiatle abiendertied hidiitid€ SaPENcs &gs.a
second recognition site for a second nucleic acid

cl eavage enzyne, preferably a second restriction 15

endonG&aeQ enftdditneds! MYAnKRHSdqBéee Brtheh &ln‘ﬁ)ﬁgégleseé)tnd a
site distant fromthe second recogn|t|on site, and in

wiePgiHtiantfite s @ cpond Buckjnpaid dervege ezyme, efereldyla Second resthietion
f:lluf ﬁﬁcl??,og gﬁ% mows(ﬁﬂ%lﬁfcta? id cféa\'}a & at!odf QJté ﬁ[staﬁ?ﬂ&iﬁ E}%GSEC(JnH

suc ment s ocat 1 Gn e secon
regogygtmntsitgrang irt whivh tha secespectgnit®ntsheis 1ddated t5’ of the first

recogni ti.on site may be such that, when the |inked tag
F§°%§$%§¥8“V§ Fﬁ§r§%88W8 20 nucleic acid cl eavage
enzynme, cleavage of the nucleic acid occurs at a

position within or _about the first recaqognition site.
Pr ef elngBshembodimenis, the lqcationgithe;sepnd recagnifion sifg vdtbresmert to the

HRE RIBHdARItS Inhf be Qich BAL Rvhen G0 HRkddSESis @xJoé Qﬁto% second
restriction enzyme recognition site. Preferably, the

fipdlee agideleayage sneyms icleavage apihe sedeigadifredcursatapesittangyithin or

Eﬁ uéf%§$§g%@§gg§%g 3, preferably 5 -TOC GAGC 3'

Second’ recognition site conprlses a

Preferably, the first recognition site or the second recognition site, or both,

comprises a Type IIS restriction enzyme recognition site.

Preferably, the first recognition site comprises a Mmel recognition site 5°-TCC
RAC-3’, preferably 5°-TCC GAC-3’. Preferably, the second recognition site comprises a
BseRI recognition site 5’-GAGGAG-3’.
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BseRl recognition site 5 - GAGGAG 3'. WD 2004/ 050918
PCT/ S&003/ 000255 8 Preferably, the |linker sequence

weoempns®es t he sequence 5' - GAGGAGNNNNNNTC CG BACr/s882003/000255

preferably 5 - GAGGAGCGICTCTCCGAC-3'. W provi de,
according to a third aspectgof the present invention,
a nethod of detecting expression of a gene, the nethod

CONMpr pr3fehibly, (Hé)lmﬁér@é’du@hcfégoﬁplflée& E{e slec}u@#&cg tag and 5 a
second | i nKed each i ndependentl|y produced b

Tfé £he’ Pliefeé%tb%fr -GAGGARKE Gk A He

i nvention, including preferred enbodi nents; (b)
l'i nki ng the first Iinked tag and the second |inked
tag sWelpravidet adchdingieh émiiast@cedqluﬂemsenttiagnp@r #impthod fof
?&ectmg e%qﬁg %10%1 ﬁ)gzrl g?rﬁeht& eane&l C(%rréprfs gf bigrgtwtdgng asfer%l’f %Eede tag and
didcand Hakep tdgSeadl irtdegententlly ptordammylabﬁﬂmﬂewMﬁg& the 31 or
f|rs and cond genes; .and 10, det ecting. t he

e gf ae(ﬁwfownelfld%ereEﬁr%ggmb%#lme%t& (@i e first
thé‘éd%g dnd fhesB60#AMaRedl tADsuck HAPhE 583ediiiS s@bidhee ta@ poftfof 6F one
gene expressi on. Preferably, each of the first |inker

eepddacia lipkedite thempeleqtidp seguense tagpf shecpthen linked dagrig form a ditag,
[
e cRNER Eml SRR SfiorlceDGH SRt QORI (268 A2 o
A(ctwmg ithegirgsenderor [slertite pf thel digagbardit teesttoss nidisetidetelqoohce tag
furt e 15 anplifying the ditag,
rr%?resf’%g’lererlcg %ge%%en%?x‘fﬁgoﬁol ynmerase chain reaction
(PCR) Preferably the nethod further conprises the
step each secon

th th
ol efEreathat F%s&aé e F b i LS e e second
fhkedSequdit® of the BTFBAY GiKed eheBYpARERA h]ﬁ]?lfﬂﬁﬁ&ﬁﬁﬂn& Aybriisation

120 base pairs, preferably bet ween 8t base

prapense. Avicerdingh inpraforreskesebodimants, thy mefhod festhghgopprises a step of
?%1;‘1 r}?ingwe d?ﬂ‘a% giréfagﬁ miehdsTFRA by rrgfrr%%e é}{ai‘h Jeéc%x? 18

a conca e concat nprise
betmeen 2 to 200 ditags or trlnned dltags preferably

d T et h
oy P e o B Cors TRt /PR % Bk V8 e o
sRH Yedoaé nadleidadid clefage enkymk@drévadr, a tlithdled dithgle sequence

tag, ditag, trimred ditag or concataner. A further
step of 25 determining the identity of the expressed

gene ik thfien aen%m niphiSe BRNLAN0 Q0 17D Hasd B Y4B BB,
PCT/ SG2003/ (?002 ye p'ﬂ ° Sé/ﬂl QQ 9 o
18 to 46 base pairs, preferably 40 base pairs.

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

between § to 20 ditags or trimmed ditags.

The method may further comprise the step of determining the sequence of a or each
linked tag, nucleotide sequence tag, ditag, trimmed ditag or concatamer. A further step of

determining the identity of the expressed gene by the comparing the sequence to a
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9 nucl eoti de sequence conprised in a database of
nucl eoti de sequences nmay al so be included. The

wgeegumnmes mey be conpared to a dat abase of knomoT/gem®s/0025s5

such that if the database does not conprise the
sequence, the sequence conpgi ses a new gene. As a
fourth aspect of the present invention, there is

Rl 30iEE Sk qBer¥B LoRSH A inh dAfaBYde OF RELIRRAE §b§h&1@$s‘ Ay dieakul

in the diagnosis of a disease in an individual, the
meludest The sagyerics may be cepapddy b ditalgpsaofdapin lgpRogrsugithatdf the

B B P R BT Ao B 51 CopRthanel aaho° o

any precedlng aspect of t he inventlon (c) provi di ng

a cell LY suspe suff n fro

e ar'seulh ashit o PessBUBRRRP R i isPriteRl nauaftd

g@nﬁhﬂg&nemﬁdiﬁﬁﬁ @étfiil in thb @iagsls 004 dis€abe MyandndiGHiD, dhellﬁethod

accordin% %fy prﬁgndlng aspect_ of the invention;

SHBPTHE” ORI PP e aifesited byjthe disgage; () dpigppining i a
&R 19@(@965&@1%(\@1% Rell 8L d m@hod Rkordf@ td B p‘?&te!imggspé& bf the
he present invention, in a sixth aspect, provides a

HEEH©E; 6 PIOVigg @i crqlé; of aadndiyidpal |Sll*ﬁge‘tt¢15e0ftsldﬁ¢TBT@rftﬁpt berdiseise; and
Ry ptmyinfi AEhE B BoheBol A0 B SR AR T BERAYY Fruled .

axbidinggo b]l)eprcc;edglgamedt O(f M\teotnm, amd (edcbnifariag the mereﬁglohpor

AR e BP R e RaRRn B LSt QPN ot ey oot of

genes, is expressed by the cell. In a seventh aspect
of t present invention, there is provided a nethod

of IESPRGTGRLST i) 23%th atpecisIpYides amethed irasiie8e s of

@etéihﬁﬁﬁ@ fhe itfAnRAptoRd io¥ s EHabr obuﬁﬁné'@gf!h@ dxpreRI%R rp'ro?il@&f a cell, the
conpari ng the gene expression profile of a cell known

methpé cornpresengauionging plaN2 drog the eadle sulwctmg seikdPNA fo a mpthod
f
baHarlo 1 By SSARE LG %}é‘i%\feﬁﬁéd“ Ond defdn J;?go\gﬁe%g? Bartibiltar

er or ene expres
gane, prgeuceldr iy obgenmes tscexiprassed)bﬂhmgell; o sixth aspect of
the invention. According to an eighth aspect of the
present invention, we provide a nethod of determ ning

t he slagueventh f3pechofthdtpredeht ifation) Cleerdis poviRa e method of
preferably a pronnter or 25 enhancer sequence,

Providag 2R dadication psiul imfre diggnosisiofy diseass iy aéd‘?qlﬂéu%’éb‘i}@%%d
EARprisiBR6 ?ﬁ‘ﬂ{g{’%ﬁé Yee prrésgign éroﬁtee(ff HicBitkndwrAD BE Eff&?éa by the

sequence o ene by a hod according-to
disgase, wadhaeell oban mﬁlélduuaﬂ\mmt@d]of spfferingyfrapr & érspaéel. in whlch

%%?g%@g‘b%@g g’(IQgSSprf%lfms I p?oéﬁ@edzbq' %Qcﬁg)cp zilc§ordmg to sixth

aspect of the invention.

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

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



10 sequence of the gene 5 to the term nal transcribed
sequence of (a) conprising a pronoter or enhancer

wocangeessls sequence. In a preferred enbodi menPCTSE2003/000255
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sequence of the gene 5 to the terminal transcribed
sequence of (a) is obtainedl®y neans of (a) chronosone
wal ki ng, (b) SAGE wal ki n (c) 5 nucleic acid

ﬁqum@u% theigone Hfto ghe ganisrhed ssguense of @) ceutsyigragremoter
%@Bﬂ@ﬂé?c smﬁﬁﬂ%ﬂhﬁ sequences. W provide, according

to a nint pect of 't he I nvention, a database
conprising a plurallty of records, each record

conprising.an.i dlcatl whet her ex

by o IR SRRt s R B RO IR Bgged
BediBiide of (2 (Cebtahddy nfea0f (Hcbadisige RslRBES (b) IAGBIwalkigs, (c)
i nvent i There is provided, in accordance with a

R acid péidisgtion ?% g5PRiE PPk ORiH AvFRYIng? dafehas fgenomic
lseae@ies.e nedi um conprising a database according to the
ninth aspect of the invention. As an el eventh aspect

of the invention, we provide nucleic acid sequence 15

CONPI {4/ JAGkidk, haBrdif AFYGEh RpedoFRE IR RECLEMINAGE LthpRl¥g a
pFOV|ée,

precedi ng aspect o the 1 nvention.
abuditgofirgeards, each \mlon‘dtdmrrmspegan ioflicatfos whathend gemn is dxpressed by a

ucl ei.c_aci.d, se a ..
Rt B e RSB Riay S ihuBating gt
asaeahwﬁﬁmﬁhe i nvention. According to a thirteenth

aspect of the present invention, we provide a nucleic
acid 20 sequence conprising a concataner conprising a

pl ur afhdry is@tovidbahintadbedaate Wit tefintag@s: of tﬂ_é";?rés%nﬂ 1§ventlon,
provi ded, accordlng to a fourteenth aspect of

sPERwerreadable merivm compgising a defatess accerdingyo the rmﬂhmect of the
AR ng to any preceding aspect of the invention, or
a protein encoded by the gene. WD 2004/050918

PCT/SG2003/000255 11 A control sequence preferably a

pr ono ed b
o an® i1 SERGSeet B e B Bl sdtEaRiemhg
@omprisitgeeag prodsded O a afettiol @cdordispetd tany pré€dingQBpect\6f the mventlon.
provide a nucleic acid

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

preceding aspect of the invention.

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

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

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

encoded by the gene.



sequence conprising: (a) a recognition site for a
nucl ei ¢ acid cl eavage enzyne, preferably 5 a

WO e@3hsioet i on endonucl ease, that all ows nucl ei BCESGE03/000255
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cl eavage at a site distant fromthe first recognition
site, and (b) a nucl eotide ééquence tag representative

of a termnal transcribed sequence of a gene. The

nucl eAcCOREPFeguehEre ACETAMYA HrametRETeqRasip identified i)a method
SRERBHg [o2m9 PRicEdifasplct 6 thdinvilliogN t he second

recognition site 1s for a second nucleic acid. cl eavage
enzyne, preferably 10 a second restriction

endon - I | eic . acid.cleavage at o
orte HELFEREgd BteeRh R FHERG AR ER¥DMi e cid
whquehcetdompobieg\(algaesighitiof site forenwiionill desvhgi zyisd, preferably

cl eavage enz i s, located within or about the first
ALETARE Bl pase, T pLGTR U rlgiaiapid ClsavaeR atasuierdiint frp dhe first
ewokition §iel hdyBpAIRIREStABEqlcHEd t@%fepfé_@éﬁ?a&iv@ 8f a feFhin transcribed
second recognition site 5° of the first recognition
SPeUenCei i 2gfficch t he second recognition site 15 is for

a second nucl eic acid cl eavage enzyne, preferably a
second restriction endonucl ease, that allows nucleic

aci d &hernsigieacid sequence mayifugthersomprissaich h eecgrd waeknition site in
[=To [ Lte.. and. .| [ > fl.rst. recognitio
SFERL b L dginioROR o a PRIl dd Sha B0 pferobty
talsedondinesrictiohendonelase; thatilidws sudeipadé deivagd fta site diengt from

ucl ei ¢ acid .cl eavage enz , , Cl eava f the, nucleic
e 5o agiopmson 360 FBICH diciclerKees Fiop the seatad pycleig acid
lcReREs bhidy@l iSlotRed Wihi¥ér Abottthefirste@shiRnaitd. | nker
sequence conprising: (a) a first recognition site for
a nucleic acid cleavage enzyne, preferably a

restr \Gbine§NE00 ld@%iﬁ@rﬁ he nﬁ?@ﬁ: a8l |sé§1\(‘{?néglﬁgy%1@her Bfthfise: (¢) a

cleavage at a site distant fromthe first recognition
stoond recegnitipnssite d nef theslirsigra¢ogiition sitet i wiiicl the ssendredognition site
- ' [ d.¢ V. , rabl v a second

Rl E o AL SR ARG IR, RSBl r R Epgrciase
chae allcagauclbicaciicieavagk st avite dfstaanfrérh eheseamd teco Qb O@Nite) 400 in

site; | 5 which in ich the cleavage site for the

S g FrotTReare Bl si i eouaon Qe aghsieasd U b pen
@ie nabRidtaciiieexpoiedlto B GQBAA hucRit Mhd Qeaviife AORA, Q@Q\%g§of the
PCT/ SG2003/ 000255 12 Preferabg%%ﬁthe nucl'ei ¢ ac

Sudtie aTd oyt ¢ pestionsithinon abpi dhesfirst repRGHAGNREINNNTC CG
AC -3', preferably 5 - GAGGAGCGICTCTCCGAC- 3' .

According to a fourteenth aspect of the present .

i nvenWedhrthepproyidgwiliglker sequende sompuisingd é) @ dirstmgpognition site for a

RHRGE A5 APaBle h IR0 Dretlfly HEARR A0S SHEBALCRLBS P iR G Seic
acid cleavage at a site distant from the first recognition site; (c) a second recognition site
for a second nucleic acid cleavage enzyme, preferably a second restriction endonuclease,
that allows nucleic acid cleavage at a site distant from the second recognition site; in

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

within or about the first recognition site.
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5 conpl enentary deoxyri bonucleic acid (cDNA); (b)
provi di ng a second conpl enentary deoxyri bonucl eic

wa@eod/ofDNA) ; (c) linking the first cDNA so prpdosezhos/0002ss

a first linker sequence thereby formng a first
l'inked nucleic acid, in whigh the first |inker
sequence conprises a first recognition site for a

f'rStmEHﬁ%EJﬁwﬂ&hgcS&@ﬁ%ﬁaﬁeﬁ&%ﬁﬂﬁsﬂ@%&ﬁ&k@@hy a first
restriction endonucl ease, that l ows nucleic acid

SIAMKVAGNNEINNNTG €6 4Cs? amefetab&mﬁ tﬁxﬁﬁé@ﬁm‘f CICCGAC-3".
recognition-site; (d) linking the second cDNA so
produced to a second |inker sequence thereby form ng

a secacedrdingtk e doutgentl aspect®if the pirasenmli’rivehtidnhwe peralad method for

link it

el R S C e PR R Py e o SREE &) i gt
Sorfisleéttary @&dxkiiionu€lbic @sld (IDICA £ @9 ?rovﬁdix@é a RSB mMPlealeiaby
acid cleavage at _a site distant from the second

F%’é&@‘?ﬂﬂt‘?lﬁx‘ﬁ a%}F‘ {DNA{c) tipking the dirst sBNA; soprodupsdidp g first linker
BBéRE theRBY ?ori%rgrb ﬂrmmi(w ﬁIcle'iMéide irCwHich @€ Kkt Hﬁl&@yﬁg&ce
enzyme to provi first linked tag, In whi

£omprises 4 filgbrgcagaiion @lﬁmﬁor & Brst pucleig goid clm@ge@ozm preferably a first
geggggﬁgegldé@% %s%%%faglt%é‘hm 9{1? S?leévﬁé X \}Qgiée %‘ﬁﬁﬁ)ﬁd t‘ﬂg Birst
telcngmmbnrsue;l (8) linkingithk satdrid cDINA somrodideditocl sedond amked sequence

T NG MR TR NN

Bofpred 4 sbeorlaaioghieion §1ﬂ:§f01r £RceRaNtRIciava cQ:fwa%e bRdyiteNsbferably
transcri bed sequence of the second 20 c

P pegand Feefrictan ePf‘?‘%‘Fle%?ﬁo‘hgéHBYﬁ?jn‘tC&g%actdoC‘?a@i‘% aat(l éﬁ)fq digfant from
%Qe({om réé@%rﬁﬁdﬂ sité; Qg) dddGing %CﬁrQQﬁIk&?nu%ﬁ%%ﬁC\%ﬂPﬁle fifst nucleic

| east one t e ditag to detect gene expreSS|on
yd plpwg@@lzyta@ tocnreNidepn finst lanked fag cla vthichadbgarst linkfd tag eomprises a
Plrs?ﬁl?cli] otlde Segll? tnlceO Q% re rengr}t%h g o? terrgl L{?angcn%eé % uence of the first
gener é% % ces ron1a nuc I'C acid g
t]hEAnEﬂ ﬁaﬂrmgam'qaccirﬂllmged neleqt afemSmdf the ée&)mdmmlﬂcfhcmlavage

first nucl i c aci uence; nki n he first
e S s e et s dre i Red S edmbrivts £2cond
SRAMHEAE Sqhiehcé B MpReskittkRGf B wehBlaCtraASdrbed $quenth bEMe debnd
second nucleic acid sequence conprlses a recognltlon

ePNNA- (e Heating thel fsst andyeqeand tagsdia ferge diagyand (Wgterraining ke
g&&&%ﬂ&g‘eqpéncé HF%iéa£t%Be &g%k fHe‘Eht ﬂo%et%&%ﬁmf eg'Tt ot Site

I st ant romthe recognition eavi ng
the |inked nucl eic aC|d Mﬁth the nucl eic acid

e REB SR R ag Rl i e s b0 o
Eﬁﬁér@@@ﬁkﬁﬁﬂ@ﬁﬂiseqﬁ&céﬁ&dlﬁa audeit aeid qukaﬂe tthe @ethod
subse éﬂ%e of .the fi ucleic a%fd sequ

Weps b PPread g Bt SIS 4 GRS (p)Tking ¢ it
Hﬁlﬂél@h&d aGh&hcs IR nddMlc bdid deqBerdcOtY folin RURKRINaCIBE abid, in

which the second nucleic acid sequence comprises a recognition site for a nucleic acid

cleavage enzyme that allows cleavage of the first nucleic acid sequence at a site distant
from the recognition site; and (c) cleaving the linked nucleic acid with the nucleic acid

cleavage enzyme to provide: (i) a third nucleic acid sequence comprising the second
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sequence conprising a 3' remai nder portion of the
first nucleic acid sequence; (d) repeating steps (a)

w0 eo0goFo9as | east once, in which the first nuclpCT/S@i08/000255

sequence of step (a) is 5 provided by the fourth

nucl ei ¢ acid sequence of stgp (c)(ii); and (e)

detecting the presence, identity or sequence of at

h&@éé ac@@ﬁnx&ti hd QTdB%hé’ch offhl BreP RANGNLS ézaue'acé wmrshbseauence
of first nuclelc acid sequence conprised there

wrnrprsewa @feoortm@éﬂmfmg nggeia agd sequenttinnd §pedburdf mtchec acid
ge‘rgggngﬂ Ic:oexjn ! I3O réman%({ére n%ns gtgqae rsﬁnug ecnagldgs(?&]u%%ee ﬁ({)}l de

fméahmg sﬂ:ﬁs (Gptfrpéf)laslelg ohdeginstigisthe firs( ayclair @vd séqﬁ@caof step (a) is

I c_acid sequence; nkln

H‘iﬁ?&dSﬁ‘ E—‘/ '%8 ?91"@ BYleinadd seughee |°§ ﬁ%&e&‘ @ GIB‘EQ‘?& get?cé‘“g ?herw genee,

{defti@ dr $¥6dne 6f ARt ont thirduElbic bEE sequbith 8F a SYSVHRIHCHT a first

conprises: (i) a first recognition site for a first

Rirddiepcd ssarence sanprisektherszyne that al | ows cl eavage of

the first nucleic acid sequence at a site distant from

the first recognition site, and (ii) a second

r ecogWeprayidesicrerdingto aisixteensinespesi of tie presait thventeayagethod of
| vage ite

Saip TR henc U UGS EiniFb s LRy Blpcthod

odma;msagehesstépe of: D) previdiag a ﬂrspm&:ieﬁd aid s&qnteh'cer;] (b)rhnhing tie first

Hl(lj; ffl(fe%lca gg}rl%a%ggn Inﬁlﬂ Qrg?qu%&ctet}? Eorm5a lmtlle% c1cl( i which the
TS0 Syuérice Boxﬁﬂ)ﬁsés (i) hififs fech@RRANILE kAR fRdthecleic adill ERAvage
nucleic acid - ( ? cleaving the linked nucleic acid

/e thig alqusﬁeavﬂge PEihe figst perlels e seguensmatyprite distant from the
ﬁfs?%’cgﬁmo@s)te and {i { glé%gcoh@ﬂac%?ﬁmfn stk B 2 sE0nd hibi&e acid cleavage

sequence |inked 20 nucl eot1 de sequence tag
ergpme dfeh almsmclglfs a¢itl glefvage ot aite distaot fagn dle§e@mé mesegratneh site,

(s:a(? r S ?oca{eg atnz} nO%lth t&un or lt)ou?{ ?'ert recogn é%n Qﬁt& P which

Fetond T @8t PSEqUENEE L npr 1S
ﬂﬂﬂihk@i’hu@felctdﬁﬁ has the tstrmmé &’ ¢ sasmcblriecdghafoe gidd fyrst redv@nition site
rises a

first ucl ,a conpl enent aLy .
déﬁk% |(“§ g&Y‘Bg dipkgshnuglsigiagig “gg“tté‘? ?tﬁsh%lelc acid
S184VRAGS Sizde ﬁ) provide (iVh NAltedtid hhlhg the SRR 2B RN linRed to a
gene, and in 25 which the 1inker sequence 1s |inked
nuclaoiiflejsaquance g sepraserativie b thy first pecleis pejd saquerice prd eampdising a

o |

tcgjmf p%ﬁ%&ﬁggpaﬂngm sggaﬁgglggaglgSI&lggé@sJéc e6mPiilifl 3 remainder
portios off thb Bt melpirerccke of a gene, and in which the

I i nker sequence is linked to said term nus. WO

2004/ 050918 PCT/ SG2003/ 000255 14 Preferably, the

sec onﬂefemblyethe fisst hetl€it Sad ageprieszd/dompledientaysdsx @ibonucleic acid

restrictio
(cDNA) havmg 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
(cDNA) having a terminus comprising a 3’ terminal transcribed sequence of a gene, and in

which the linker sequence is linked to said terminus.



endonucl ease, preferably a Type US restriction
endonucl ease, whose recognition site is 6 bases or

WO goeeters preferably Mrel. Preferably, the firG1/SG2003/000255
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- 48 providelah shdi@ort O Zh HisBnde S eRfe

nucl ei ¢ acid cl eavage enzyng conprises a restriction
5 endonucl ease, preferably Type US restriction

endongplea@ 't gref %ﬁ Bse There is provided,

accor & 1R £LE3¥AZE CRAYMEIFMpBFISes @ Fgstriction

| enderucieasa, erEfaIB@da Dipe TS GekaitiibALAdnERASE, HHofieébgnition s1te is 6
ﬁ%grallty of nucleic acid sequences each conprising a

S ObETCHtET §@S‘i§%¥“§e&g froma nucleic acid, the
nmet hod conprising repeating steps (a) to (c) of any
of the sixteenth aspects of the invention at | east
once, Preferglply.che fingenvclefosacidrlrabagic @nmewonmﬂsaeqm@mneomf
S e..second nucl
S e e Bl WY kT R, BTt st
aspect of the present |nvent|on we prOV|de a nmet hod

?Vi nddcatlon of a I nstan %
ex pr es fTS ﬁs ) o RYFRIME 1R 2 PR ReHt PEibA Qreéem HYETHI98,
aﬁtﬁhﬂddif Bghubstiallp YeriRLiage bﬁ%lméleﬁfamﬁ REqeRe Qéch QB‘mpnsmg a

dgfﬁ%ther conprising the step of detecting t
e gequensg eEam g nuglele ﬁ‘t‘iiat%e la?th?‘h@mnﬂﬁmé etepte@@g@teps (a) to

t(tﬂﬁ)f RRFCOARS dittBendE SHIENACSE tﬂe’sintzﬁgoﬁ 2 185:00Hc86n Wﬂlch\%e first nucleic

i ndi cation of an instance of gene expressl

Fridveeience step (B krgprovidest byithreseemdininclais peidtseqiendetod step (c)(ii).

i nvention, a nethod of detecting gene expression, the

nmet hod conprising the steps of. (a) providing a first

| i nkedccardigg mruckighteathaepkct d)ﬂtkeepiesteﬁgmv@aﬁn we provide a method of
ced by_.a nethod_ according to any

' d
I n RE ”an%nélg%ggto?g? 1n1stﬁ1éce oﬁ p}g)ﬁesptgp] of et wed ﬂP%WF%‘j quirépnsmg a

frmdtlﬁ)ﬁ abdondifigltotang p&Béﬁlﬁé’h@p&ﬁ@fQ@lnbédﬁkﬁ Chnll &GP corRing the step
ngt t he nucl eoti de sequence t portion of one |inked

etpeling fhgPERgencs SeRSnFR RTIdHHY 98 %leé’é‘!j‘tfbtﬁsef theguciotidhequence

1€, tag conpri sing
termnal transcribed sequences f? ??rst and second

genes; and (c) detecting the presence or identity of

the d . L | ti e.se uence

conpr Y%Z’g"“‘ﬁeré?%&ﬁ’ ,Fg[%tda 81tIg It%l gsé’ gér%le ex b?vé é‘f“oﬁ me%‘gg of

Retedtimg gbrioyexpressidn, die ntdﬂeatdfcbmfsﬁsu@gtme stepuT(a) plﬂklafng t? ﬁést linked
nces r|se n e first and second |inke

TR 5 BURA 5 arh fhobeBdentsroghoeady S Sedbndaerord aty any

iprecsuliigedipdches tHEhb&ﬂtoWb?MgQﬁ@ﬁrjsghrﬁ’(@_ ta%@g@ %/SQQ,Q@ Rrked tag

15 further conprises a step of lifying the ditag,

Srcbithat ﬁtﬁl";‘}dp‘i}‘dﬁé%’sm@ﬁa& ReSigIf 9 Izi@é tagdkinked tosthe puckaotide
@éaqgg)ce 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.

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

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



Preferably, the nmethod further conprises the steps of.
(d) cleaving the ditag wwth the or each second

woO mweh®9es aci d cl eavage enzyne; (e) |inking a ptuseoni/goo2ss
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of the resultant 5 trinmred ditags to forma
concataner; and (f) obtai nilﬁg the nucleic acid
sequence of at |east a Port_i on qf the concagﬁlgerl.
farherompsERe pep ofpropifyingthedjieg. Restrahly by meapA oL g Ry RRrase
I\ known SACGE technique. | mobilized cDNA
ﬁl\réglgr\réréecﬁ%af%QS' end on magneti c beads are digested by a
4-bp restriction enzyne Nlaff.On 10 average, Nlalll
cl eaves al ong ¢ i i PRlY Seavin Wedifg with
i th 5o BbSe e Fl0 S FibrgXinpASE B34/ Gy MRG i
{he st édch kécond mutaienrid deavagei egayne () dinking a Riuzdlity ofghergsudignt

d of . f d. . CL
LS o TR S5y RSP PRI U . P

legdt 8 dSRioAbS e tdndadser.pai r tag representing the
corresponding transcript. The extracted tags are then

ligated into ditags for PCR anplification foll owed by

gﬁfﬁ%ﬂ&@@%ﬁ&»iﬁrﬂﬂwxﬂ&m wi th Nlal R di gesti on.
N Z-Dp anchor sequence are concatenat ed,
cl oned, and sequenced. Figure 1B is a schematic

di ag rﬁrgngloef lASﬁ%s%ﬁlgve%Q\g gf" SR JADE %Hnig&ﬁﬁ%&ﬁiﬁeh @DNA

Figure®2 i's a schematic diagramof the 5" an
Fagraenn a1alenSAGmapati beaises diBstdebys #bp deskristiohpngyme Nlalll. On

S T o AR L 825 RO AL Wenaicion

IsiE@iB?BﬁhFl% 519;?3_ ;3 iyﬁ@ﬁ&ﬁﬁﬁdﬁtejﬁ_ﬂgenda are ligxted twhehllaam; ElagyetUsnd of
e resitrictlion enzynes. a are congc

el\égm_e‘@grr@etq 9B Hhschgad. oMt i th%ﬁ&%ﬂé&ﬁ@aﬁtcgiye@ﬁmbﬂé‘m

Q@Qﬁhg% tﬁé Ee"i_’eiasm, 13 th@GRirkdy BRBRARN SRS BRTESshdRIg @M ript. The

pr ecl ocal I zation and identification of genes as,
wetkdcted sagg eresherctigated tiite ditags for RCRadiiisation fodlosved by simprying the
ags 25 n d b ial - dQl | kh@nated
VAR S B30 290t G WLy,
cRRéd, denaqudnoed. iFiimnt i B iiscakchamtiofdiagew ofind kg concatenate library

“confirmation of predicted genes. The 5 tags also

SPISHWHS ck i dentification of |arge number of pronoter

sequences. WD 2004/ 050918 PCT/ S&003/000255 16 Figure

3 is a schematic diagram showi ng the 5" Term nal SAGE

and SAGE Wl king techniques described.in %hi S chni

docunBigure Biser herpatic dip st thepy ars FRmingb B4 bPFdechmaues

Ek%ggdnﬁ t@%@uﬁ&n?zﬂnﬁqﬂs Gpflic A3 SRR tARA. Sarkes Terfiihal
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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Wal ki ng techni ques described in this docunent. See
Detail ed Description for details. 5 SEQUENCE LI STI NG

wa\p@ansios A shows the sequences of the vari ouspe¢T/REEIS/000255

and primers used in the nethods and conpositions
descri bed here, in particulgg in the Exanples. The
sequences shown are: Notl-dT1l5 priner used for cDNA

Sy nt hﬁﬁhﬁ 3 1@5 9&Heﬁ\atﬁ@&1£%€£d1 @Wm%m%lTeﬁﬁﬁal sadPakd m A

(48 BseRl Lin ); second round
Mlnmdmmum deeeribediin tb@@lncl)mens deo Pdtailai Pescinton f@slerils.
Li nker B (50nt); PCR prinmer A (29nt, 20nt); PCR
primer B (29nt, 20nt); Fsel-dT15 primer (for cDNA
synt hEigure)4 is a S¢helatid disgrim sh@ving thad’ Telmmbl SAGE aigiSAGE

as the Fsel.- | i nker (to .
ek fooafted It Gis Qopuiit o DF kR Desatsig ragil
Mrel - BseRl Linker A (50nt); Second round Mrel 15 BseR
Li nker B (50nt); PCR prinmer A (29nt, 20nt); PCR primer

Li ).: Notl- dT20 primer; Notl Linker top;
Not| Linker bottom Linker Atop (N5); Linker A top
(N6); Linker A bottom Linker B top (N5); Linker B
top (ABRendix A Rleawsphasequenens of PERapoushipkers #d PARTpystdriythe

: |nk
Pt gpodn Bseridfhere R Flichta L i bt g spapmees
$Hoein-aBs e Rl Llnker B bottom Sall adaptor top; Sall 20
adaptor bottom PCR priner A, PCR prinmer B. The nethods
and conpositions described here may suitably enpl oy

any qn@a-arlmﬁﬁer@éedtf&&me&wﬁmeﬁ Bib@WNot] mmkdaawﬁfénssﬁme
Li sti ng. DETAI LED DESCRI PTI ON The net hods and
Eokerds ?‘{WMW%&W bideh (48nBnseprnd oy Mwgh-BseRy hinkgr A

@@B&)%E’ond%&xﬁ%@ﬂﬁéem{%ﬁ&@?@ﬁ) tP@@prﬁrﬁ&'ﬂ %ﬁt{@dﬁt), PER

huclei ¢ acids. W provide ne
0y E)G?@Qtl 801191;:?)9@@ bopriedfos SDNNSyu@mﬂt i5 orotef linken@dhe

gloﬁ h Gitd 19?ame aSQheDIQ;I{ p&rHl:re}lg)r @#%é—%r{lglgﬁ%egﬁoiirgﬁng?é Il/ImeI site

dﬁivxeinommﬂbtﬁa)t Ser,bmgmumr Mnml-gsmrmﬁleuhe(sormj Semad ramd Menel-
er OMm C ca

SRt B SRRy DA & favog 2heF bR Bt Tiofiatiogy ot

W (Citinhet; RHPLRRS26D; NS A ikkREbJttod) CirlteNs @b}i (N58 L%ﬁ&'p}\ @op (N6);
reflects the | evel of expression of the gene.

Riekero Bottans Latker B tapr(NB); élr&eaﬁ fon GN6D; \lém@hﬁ bqtmw tP§tR| Rrimer
ﬂp?&ﬂ%ﬁﬁuepﬁ, 8&M49Ti6 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 isolation of defined

nucleotide sequence tags from termini of nucleic acids. We provide methods for the
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expression. In particular, our nethods are useful for
i sol ati ng nucl eoti de sequence tags which reflect the

w®200a080948 or 3' sequences of transcripts corr eBEDRG2008/000255

to expressed genes. Such nucleotide sequence tags are
therefore representative ofya termnal transcribed
sequence of 10 a gene. In general, they conprise a
H&EHoRBF odnk @msg’s;oh &fa pRALURRCAI &ftlséuegﬁrb@ll exttfl) f&@ggmﬁa e
referred to for convenience as "ierm nal Tags", and
islding @hmpatiicudar devsiopoiental ﬁag@g)r inaparticslanilisese stalgeNugldotide
r .
bR Sk Ol RN, R e MR o gend Bl orioform
BACR 1saerx¢$rehsnd,§p5§é\ﬁﬁntlmndiﬁmcﬂmesaina}¢ eeflebts thedentV afndxpgesgon of the
asso |at t he f act that th uced using
BrEodutiod Yl Fort el g g oo RDSR Eh E, g7
expr&siont hey correspond to internal sequences of the
expr essed genes).This IS because, in the prior art
SAGE techniques, the "start" of the tag is defined by

the S paRRblak Qﬁr rﬁethdﬂ@%%e)us&ﬁfﬂ} ﬁél'atlﬂ'gar%leﬂﬁde’%@%ié %stvﬁnch
onthegene le its "end" position is de

raflectdhe X and b@twenqqeofrtaeggqrmg cergsppRdingte @gprpfts%gﬁnss» Sach

Aol o 00 e LR LT g s e o
SAGE. hrgindrant)SACmpriee i reinginelstrantdnibed snednoe ofeggenand t he
fact that the cDNAis treated with the Anchoring
Enzyme prior to ligation to the adaptors or |inkers,

meansSuch&dgs aichefeirai)s feradavealeact d@)"TEl’ﬁﬁn@i‘Fﬁﬁ Jant lﬂm&hﬂfques
the prior art essentially correspond to "internal "
%ab@we&suclz@mﬂe%ga %l p§ refested foy pgada for gepveRienas @nlyra
wrdhifdl§RaEr ng Enzyne means that the position of the
tags in relation to the entire sequence is essentially
determ ned by the WD 2004/ 050918 PCT/ SG003/ 000255 18
posi t £ in
t he t)?g% ga];ull gggo‘ggﬁg %@gﬂé}lﬁﬁ pri o%ég@;%%ﬁégﬁ ‘ods
tiisalvehitages assnsiated whh therfad tHat the tag§ protlered asitig thasl tediqdes are
sequence. tags.. l.n cont ast t he, Termi nal SAGE
BRSNS GebAdEdn e i resag i e asayFacs pbthe expressed
gaeh)amlm bafaugeuﬁltwdoﬁiensemmae&mlqhag the Wkthi€ Mofakieetag is defined
n ori In other words, the 5 tags

8}5th| neestdgn fhgwé'a? erpigh hagging Engempiiic on thergene Whé)‘F lte ‘end”
?Sﬂﬁlﬁﬂs? &tinRd by A8 oRER BESeEFkhe ‘f’&%‘in%‘ Enz§thé f8o ﬁﬁ)n@ﬁ@&xﬁi its

he transcri bed se uences of e expresse genes For
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



conveni ence, we refer to the nethod for obtaining a 5'
term nal transcri bed sequence of a gene described as

WO 2064/050e1sm nal SAGE", and the nethod for obt al IimgG 08000255
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t er m nal transcrlbed sequ5gge of a gene "3' Term na
SAGE". 10 Simlarly, the nucl eoti de sequence tag
conprising a 5 termnal transcrjbed sequ

HHOn 98 he o TR B AR RSB EBPBRY 48 (7 S8TOR Seqgpesy R

{)1?(9 art 8 r(‘ﬁi HBRods G BRLAS S HBN me idt@dalC aiaidtdE BguéncStags.
ern1na transcri bed sequence of a gene may be
conveniently referred to as a "3' termnal tag".

HOwe VL s laks. ¥1\4e ’Ile[rg ﬁal% &fﬂ)tlcgl S &géﬁ MR doBurlbtf bR the
aci d Whi tﬁ ne 1s .elng processed

lsslaﬁ@ dﬂmclmatda eeimemkesags m&m a1€5“t¢renral” inlogigia. Inenthes wordy, the

h I
e Dt TR e 1 > ppRrosan! ERBLP

Ac1diORiBARE hoRY tlb&ran@hb&d‘@qﬁaﬁeésaﬁ the &xprdssbch genqm @&t i on) .
In the nethods of Term na esc bed

re, a
CqVERIENCA Y 1BfcE toslhe methed @H‘élé““gua:”s ferpga B?‘E?Hb&g gedusice of a
%élelde&ﬁged’ﬂst“lg "f’ermllﬂap gRGES QAY BR G thold Forf ddEdiiAg a B tBﬂﬁﬁﬂhl 20

uclerc acid”. The |inker sequence conprises a "first
tremgglvndtscqmn®|0tf e gerteo“rl’» Fermfinal g{\Gﬁucl eic acid cl eavage
enzyne". The first recognition site is such that that
al | ows cleavage of the first nucleic acid sequence at
a si tShmiﬂlaﬂjZ alnt nukleotidet saquehertag ccmmmgg iatS’ tepmigiak teanscrived

| i nker uence al so Q on
Syqugncep 6? & ey 58?1V§nﬁﬁt§obm8%ea0| @ egv gﬁlﬂmﬁ 4 %h 'tﬂe
thiiabotiak beaénch tsplcompricing 413 ’quam geﬂsambeﬂ ssqltemedlfsatgand may be
fromthe second recognit.i site.

N ? it li ¢l eav?qg% gt glere
FOeTRE bIBEORGO el B ETHE et KNG D P e Ta &t
@tnuaexg Qﬂh Whﬂ:‘ﬂ is Ntk Bf £fend ReingphRedstd Sing tREMGIDAS d@Beribed
't nked nucleic acid preferably has the ,
shtneutbtag terms Hlay equady baks mase gﬁgﬁraﬁ) mggnirgs (i, as yeferang to the 5

reco ition sit.e - .fi

Srobu e Bk st ¥PhuBes P T i dn
am&ﬁoms then cleaved with the first nucleic acid
cl eavage enzyne. The products of this cleavage
reaction include a Iinked tag conprising the Iinker

seque e meithbiest ﬁeﬁnﬂal@ﬁ@@ﬁde%b&&hm& raC‘ﬁrslt agrleic acid
representative of the first nuc

W@F d ,sequenc, QF
sensnges isfistaredaded; Raip isdiwed wihat ’éi?ﬂ“e"éﬁ o208kt gWg .
gakigllt ﬁ ea&?aeﬁhg linkd Q&ﬂ@&e%@:ﬂ?xﬁd&h ﬂﬁsﬁe@bgﬁﬁxﬁﬁ kinetgsr PPt inddleic

irst nucleic acid. ighly preferred
ewidattanagn eazyntel e hedir wggrdmfp Eﬁeﬁ@cfh@pfethatﬁl)ews/@eavage of the

atjlqrsct%%‘gllei@ 9id rs1equence 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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entire full-length cDNA and |igating an adaptor/linker
to the free end. The adaptor/linker conprises a PCR

wQremamsosste, as well as two Type |1S restrictPOWSG2003/000255

enzyne recognition sites. The first site may be

referred to as the Taggi ng fgzynme site (here Mrel). In

addition a 10 site which nay be referred to as the

" Anchpge Iﬁﬂlgd/ %leu?éctldaxs ifn Jteaved3ai! the fidt RIRR RIAYIEH enzyme.

for renoval of the prinmer sequence follow ng |igation
aAheipradysits dfithis tleogoreadtion lmﬂqdagémkédhg coarmpllsmg ﬁleedlnmrtsafg@nce

gﬁl?edtttpg F@é%@lﬁglge%pgr{cla ?‘aggcté)tr el%g\%e f?{l%u&? ? %3 seq’uen%g and

apppsrsmgattammdi abrtioh éreesof; Iamd zi seceid mudkeicsicd saqietcesppasiaga

co rises.a t he. nucleotlde sequence tag
eﬂ?ﬁﬂ%ﬁﬁ%ﬁkﬁ?mﬁﬁw 4 et hod conprises a terninal
transcrlbed sequence of the relevant gene. Preferably,
the cDNA is first processed to renove at |least a
por t i Bhighty praferred embpdiments; the ansthodyiespritedrhpae imyolvergachgring an
bkfRe A31-1EA}Eh CBRA anmﬁat#ﬂg an dc P&r/hﬁl@r tPhE B &nd. YL d8pth/linker
tag conprising a termnal transcri bed sequence is
eemprisetia PER @nmmenvayﬂdﬂes by o ExpedSdrestuction gnaymeaecogrition sites.

oA 20 T g U iy i

siteobhietsmaynee refened AY ab thediAnches En@;tmé’tsrte Gt g JBsaRl) ésadrpyovided

rOV|de e ta IS Io r.e se n

Rl bRl orob e eSO oRaTe o st hcapion O e s, The
v ol fRaa i el asema:eaﬁqeatmﬂ@lsw Is€dtiended [in@ eI REd, A8 ¥esBfbed in further
detected to determine the identity of the first

fgiell Bslew-aci d. Its sequence may al so be determined for
this. In preferred 25 enbodinents, the nucleotide
sequence tag which is produced is linked "tail to
t ai | "It wilt be apprsciated that whero thedstawdeie neid sequence gopprisdsic eDNA,

j f il

B A bbb S ARBARREYE 2ol EhBbriPs 0 BFna
ﬁ’ﬁanliByl sequencedf diengleanpgenp Freftmbly Sthe) c[éNAésﬁnstprb&B@sed to

B R BT o 5 S e Fet S s S 2 S BES e sgee

£2 6& TRLY) BerexarBiple, Wite: SagtniRingfa 3t RemGANEALGPRE Sequence is
determ ned for high throughput genom ¢ screenin

doqired. dhst GLINA iy e ProeesTedge remove at Igast portipref thegppyA/T tail.
Heu,ev&qt Wi SHHUEREE tHaPQmot oPHE IntirBy LS de%ﬁrzﬁmas th

b
shoul d be ?aken as synonynous mf?% eac
rdydanil @hﬁnctlmmm,lp@tﬁrl@é thegagcie lanigiendnghdo 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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di agnostic of a longer one. By this, we nean that the
presence of the |arger sequence may be detected by

waledaosiong t he presence of the tag. Preferabl ypCT/8G2003/000255

identification of the tag sequence, or at |least a
part of it, is sufficient tgyidentify the |onger
sequence. In highly preferred enbodi nents, the
SEHINERESs, Ahd &Qe RYfel 6PhE g&cﬁe&&@ AEEmhiA% fUPlﬁlgllx‘ﬁxlrc}ﬁgh ut
I dentifleés 8 gene. e tag sequence iIs Typical ?
Eewnmewﬂﬁnmg1the | onger sequence, and may be a
fragnment of it. Preferably, the Iength of the tag is
| ess thateoki@dBeqpenct ig@gbl y | ess than 10%  nost
preferably less than 5% or |less of the length of the
gene. The tag may be of any |length, but typically,

t he | Ergeimsdtagt el ‘nagjeotsle bameree tags-agd@seld aisths, document should be

B LR VBB PPt BRSSP iR i i

SRGBHEES 4 10gEr iecBp iR, @ hedn tHahe PREHOEIST tROErger sequence may
conposi tions .described here may SUItab|¥ be used with
Bndstectsd bydgtectingdhe pissengs b thertagy é?reé?raléy, igpntificatign obthe tag
aehueri]eg cor hBleast 4 pAf ofiB i@ ER et HQM@M?] the R ‘§£q’%@1|1c§é Inthth@lly
have a mnimumlength of 16 ‘bases, and are

plie f giybgdimynty) thesgquene o heamicleqtiesaaence tog upquetyadertifigs a
% cbases or more. 20 In preferred enbodi ments, where

e nucl eotide sequence tag is of a gene, the Ilength
of the tag (i.e., the amount of sequence derived from
t he er sequen c4¥ %h,mtg # 0 ov dedat
| east i‘ﬁ E I HE %lf’%rhte A H%e PPRRICE ISy PRA
geg’rﬁent E‘hgf}&«ff&iably,,the Feh@la bethe taly 1Qlfe]§stthf1 IIS&g ptefer&:llfl fe]lcsﬂhﬁﬂIO%,

provide a unique indication of the identity of a

porineterbly 15 thm $4 o el Bt e, ieyos miby Bafany
Rag tﬂSbm,Jicaﬁye tRABREES thd O MbehRef 9&@ %h&& 'p%ferm% Bwedd18-30
| en he tag may be varied by choice of the
basree ﬂnm@ﬁ@rablya:@wee II%AQ/ hases ladengthe (i.e., the first
Type IS restriction WO 2004/ 050918 PCT/SG2003/000255
21 endonucl ease in preferred enbodi ments), in
par t i Alihcmgh lonbe séqubficeedg$ alwyprefhrraih the neetfods &td composigons

5B RS BP0 MR BSIGEERI P o o,

mr 13, 13, 4P BET3 YakdsOHowwdvet, Ibfuféiilﬂjr Itlfthaghﬂ@de@ﬁ‘niniﬁl{ﬂlﬂﬂﬁigfh of 16
The gene, etc corresponding t be easily

ag.
pa&h 1394 18 BreiRFatY b baggss bt baser, b? base, 21 }HP%faplny?@rbé@% Phigore.
or by database conparison. The nucl eoti de sequence tag
may be indicate the presence of a gene in a cell (or

or ganin préfersadembedimguats \whipeethy neleotide seangnce tigiisonf agkeng, e
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,

1.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 IS restriction
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gene. Where a gene is highly expressed gene by a cell
t he nunber of copies of the nucleotide sequence tag

waeormesponidi ng to the gene woul d be expected tBCD8G2003/000255

hi gher than for a gene whose expression is relatively

| ow. Therefore, the nunber pf copies of the 10

nucl eoti de sequence tag in any particul ar sanple may
aedoq@a@a@mn%&e&éa e%%&meheyl it QSR "(RofREr” 8RR tRf first
expressi on of a gene. The sequence of the tag may be
dudlei eqid elevpeeengne fusnirom its ragegnittansequsacenf t he gene,

whi ch may be froma non-codi ng portion of the gene
(e.g., an intron, an untranslated region such as a 5
UTR oPreferaBly, tiERg iediagnostixdtbfragep@ ot & ms¢rgptign or Gamslageroprpduct

r a nbi nati on of the €.g., a.]unctj L. JThe .
HerrRE 108 B oo Sveepniblg & B8 el b F B @ hhfiGsagon or
llhﬁr)Csﬁdzbﬂﬁ@g,S)t bydudatate dofpagdn eTHRmublEdle Géqueiddlag Biy belifidicate

Ieneng or opposite strand. The nuc| eoti de sequence
f g’r?f'ﬁ‘ife &2 &&f |"¥/%66“f(Pb‘?Fg%{h§)ssB%\P't ingjydpgiyon tB"n@@FeSS‘O“ of the

?%UWE&% a geMNE hghlyRRpe QBE BEne $§ A UAN GIR HRIFEY 4126FePordRNE,
he nucl eoti de sequence tag in preferred enbodi ments

avigntide seguence tag ﬁpwportdﬂmg dhei gge@:lwgléél beerpected tade highen thep for
Qf en%etull‘ﬁ)sé & %béngp %Qelgﬁ%{ %r‘é’%e ndnﬂ;epblgcl&k%s f the .

erred 3 I rent’s, e nuc eot 1 de sequen ? IS
decﬂwtldd seqfienoertag 115anytmrt1¢ulaa$arr$mayheeietepnméchtb&bﬂabhsh the degree
termn transcri.bed s uence. e
REATRER SRR Adste a0k Samis albeTag Hek bEusvsd Fomagprion
af the sdq@énte bAthe gEGLONICIEMay Pé £ aabh-Yodingporii& dﬂtlﬁbaéene (e g., an
transcri bed, sequence.,  The nucl eoti de sequence tag

inten 2aruatranslated region wugh aya %dJTé&arrae% /5 opr sering pcmwn @e an

B o cSHGRatRA oIS RN julNOn). ThEschbGeEHERe Ak may
identity of the t?% e detern1ned to estab
£

vereaspaad tea paquense A stjand pfrtbeeqmt: of mRYAcer| cIDNAetocxts
ger sequence" conprises a gene,
PR bR bl

e sequence tag may be used for
establishing or quantitating gene expression. WO
2004/ 05091 / S&2003/ 000255 . 22 . 1t wi ||
appr etidt'é °tfq%TFq"Fﬂ°eeq©?e‘H%‘/ ‘?GEHC%%?‘? 8%%‘5‘&’3 ?‘Fd‘éngfhseeq“e“"e-
WHeketBé lotlger SQULIRB COmplig a G8E, 1A nRMdtidbieglienics tals MPPMRfeted
be expressed whet her in the particular cell, tissue

BRENIH FRATises2 RETIA “P’Eﬁcﬂ@déi‘ﬂ)"reé"s%@ti megnigg AEShig) termhis

Qirhﬁﬁedtﬁél?ﬁ@) RhighB fréferrdd <§1§’669§ne9fs R AAMHEB sequence tag is derived
ternatlvely, It 'may be a conp etel'y unknown or new

femen, 5’ tarminahsegpanca pedaratyy a 5° temnind dpausedbedpequenee. dltomatively,
4f ﬂ%ﬂdl\%‘f ttltl:er{uclegt‘ra’d\é sgci{%ll% tgé]?\ﬁ@n\;eg ﬁ%g‘n £ %rx%%’?a?gequgnct he

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.



particular cell, etc or not. Qur nethods may therefore
be used to provide sequence "signatures”

wO mo#/o@smondi ng to term nal portions of nucl eiRCESGCWE3/000255
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as opposed to internal portjons. Such term nal
sequence i nformation, incl fdi ng termnal transcribed
sequence information, is 10 useful for vario

pur p d‘s\éﬁl beé‘@P@%@ﬁ thab e genedvch; qorrpsprRds toe th?@\“cjr‘?“r‘i‘gf sequence
gg bdal 88 one Wich &hEWAR) beRR IteésQJ‘ whet8r 1H1?lﬂal'ba¥tttﬁla$ edIl 8&G€or

a nucleic acid at or about the 5 3" termnus .
ofRartisve onkudvei © backeressithia genessl i pfaer tyRes pf ¢S, tiggies or organisms.

u GO

S\?tg?atlv%le 12? E}%%yﬁg ?Jggréglg{elypﬁﬁﬁ?bt%vn r%ra |nE:w g@r}én X3 Setgaﬁlsér g
Patbpontiinpitona kivevnlden, euhmhmmev(musb' knoWam(qu}pteh@d axthe ene
term nal base). The "termnal portion" may |lack 1, 2,
garticujar Gell €190008  of the extreme terninus. However, in
preferred enbodi nents the termnal portion incl udes
residues at the extrene term nus of the nucleic,acid.

Thus, O‘i“ﬁ“"éﬁf@ﬁ may theredete 88 useAHiLRIP FER Beguench es‘g‘faé‘F?ﬁ nal

Qmetsﬁ&x m Q@&Hﬁi‘nﬁ%x’tlo{ﬂg 6f RIcRR 2¥ids Q8 Shsdséd RfintetnBBpoktidnS.tSuch
resi s, or the last N resi dues of the nucleic

gm:mmgl sm;@nee mfo:ingtlonzmclgdmg tengmal@ranycnbgd seguengg mfgg\ag}g_n, is

9 3, 34 or 35 or

use’ful%or varllousé)? OFeSdgsen%C§§Edrr1§r]?F tgﬁgelto g'r m nal portions

[ ncI ude the extrene end, i.e., the extrene term nal

base, XWEH FLtionr | ast nucl eotide, residue, base or

base pair in the particular nucleic acid sequence. In

el al b PRokfndt o6 ot 80T 4 IEAN BLAELRHEN A Ae @ OB 0br oBFhe 5° or

the t transcri

3e&ﬂﬂﬁ@@f tﬁ@rﬂﬂleid’!ﬁld Eherierirfinial pcfmm nady dorgriscany meuiber of bases.
sequence” and "3'" 25 t m nal transcr.i bed se uen ?xn?th
é'ﬁw cemisesedhﬁ%?i‘gefft‘iéﬁmﬂ 5 P FOMRSF AP B 3 P HE ™

% @Jckﬁ%?x&e(&@ma&nﬁmr@@s elthei“ R pori¥” may lackl 2,3,
2004/0 0918 PCT/ SG2003/ 000255 .23 That is to sa

t43);r Aribesek of the pritemieeraninis qlYRYEr g}mgﬁegedpqr@?og}raqﬂt Xe termmal
Q& OH %%lud%serg,ﬂgl%g %Eth@%xt{e% tgﬁ'%{ug RE 19 nRbleifBdd. Biis lilSuch

e transc ed portion of a relevant
rpmfdermd@modmwsns,qhe‘r‘temm@al panpn”a:og@nees preferallyAongiste e first

S SefSIR i RAASFS o BB £ 14567 0.9, o,

qer resnandiNg2s 30,31t 5x 35, 34umtas anabret Iaqbrd’fagidmmb@&mehfﬁR)
of a transcript, Slmlarl " term nal. éans

SeTinshEatgR Ol R UPBe Ehi £l G ERIFINR BSoRt ot tast
GRLIE&RIBABIinRIbse of Bife Fair M RRRLRE Akleic 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.



region (3' UTR) of a transcript. Preferably, however,
at least a portion of the polyA/T tail is renoved

WO tooansmolne cDNA prior to it being processed, ppef/eGzi0b/800255
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the entirety of the polyA/T tail is renoved fromthe

cDNA. Wiere this occurs, thé33' terminal transcribed

10 sequence will correspond to the 3' sequence of the

mRNA 282t tojsay, e Fraingl farscritsd seuanceabienld prsferadfy inplade

Q%l&tfé@?alttﬁé Begir@iirfglﬂr |enci, SOFE Base be,f g{ e t&ﬁ&ﬁg%oﬂion ofa

sections: 5" ‘untransl ated regioh, codi ng sequences

(elpvantagisiopsidsseqprined(i-+ aaeieanauRNAL ocPNAtoph gynonBe sequence). A
0] - eql tail. Poly A seguences..

o el et G fiche S U ARl oo s AR S Poncine

tththe FROArab Sated egpn @TdSBRIDS b (ranseripy Similatly,Qids terfghal B3ascribed

renpovi n he poly.A region fromthe c .and ,
SE R Y RO SPIHAF PR 6 RGP SomegpRIing(o fhg 3 untanslated
pasa B! BTRPOMGradsdript. PedTerably @S weter] £ Rkt al portloAF HRBEWT tail
3' border of the transcripts and map back to the
AHEMRGSIF Fis cORAORRSS ik Being proggssed, preferablyithesnsiratyiofitheat
BEAZENA i RMoDE frdth IHREDNRBRY r f i
%r%cesseé inothe Tern?nnggR%Ehﬁésﬁgggﬁgggg?@ﬁ@gmﬁgﬁggi
FesrucrorAYH) cetrespeng! to therdd sasueBe pEthe thRMA awiy islimnsceibved; before
f vant. term nus. This enbodi nent may be
Sgg?%fgﬁgJ&¥§%§3éLuntranslated sequences, so that the
nucl eoti de sequence tag conprises fewer residues of

untran ed. sequence.. The untransgl| ated sequence nay

be r eﬁ?@lz n%tﬁtclﬁ ﬁg\ PRSP REC PR v‘é‘?ﬂanflétle‘?r{eﬁl%; codige
sepeRed(thy/scGRatagvitantnneed (oplblad), I heridalcadddislind poly A
sequence tags generated correspond to 5 or 3

tk kol 4t scquarsglode et aety genpmiclol drbwt #1gpgded fier the mRNA
‘WaSprot&add tb rAnRe el s%,ew@as\%;;% gﬁ%gﬁgtg%fufm #d gﬁNﬁtand

| ea_st an ex_t r erre upst r eam_port , east a
eRenggdhgiemmsalregion ¢fSr endoit is possibl@sing quigerheiqoés to adentify the

, be. Howe: i th
PRy LIt L o B B B8 ne BrsaRHE Crro B

transcri bed sequence" may conprise the extrene

R LS b

IpRckssdttin thteT et ina ESTRGE SefHoB@descrivad Bdre. Fu 8xantfié, Bh&18d more
transcri bed sequence” may lack 1, 2, 3, 4 or 5 bases

B idpigmayherTemeyediiimhn rleveiderminug. Priserabadirent may be useful to
SRR AR Bited Q%ﬂc@g, sp t€the Bﬂdgggg%eqﬁ&ﬁg F?g rcF%Er?se% fewer

sequence” includes the first or t ase,
sesiduereofpaganshited sbuends. The witratslatrdest@renexdmgynigocin oedtestjrely
tﬁjax% t§e refe%nmte%%nuts,rtg R3% dn ye cdodfc’neg%gqeu%gc% (Ison&l'cltl'{gee r?uc‘eb)gde 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



first 5, 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

WO paoalosdis des or bases of the transcribed portPoONSGL00s/H@®255
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gene. The 3" termnal transcribed sequence may
i ncl ude such nunbers of nuclotides or bases of the
transcri bed portion of the gene, preferably not
é%ﬁh?ﬁ%§w¥ﬁ§m§HF?ﬂquFﬁF¥W“mﬁﬂﬁF@ﬁF9ep#@k@gﬂﬁéxlgnemﬂnmﬂ
?Wﬁhﬁlmaltﬁﬁschﬁéﬂeaﬁ’éncé ’rrﬁ’zﬁlsl%lé 0gd;, %%9 9 %5‘5‘%@ f th extreme
|nc udes sequence corresponding to’at”’ 1 east the TIr
é‘?mlllraié basg.dn D@&J@d epbedimenth Ihpwa'ter,l they §erntitmed tlﬁnsmsltedccquence
0 | wever, as noted
ovdggglt Ee?se b tﬁe‘hl%t ?)gst%f aﬁéecérgs%né '_E e qgquences (for
exanple ab' tern1na| transcribed sequence of a cDNA)

rise uence c ond t | ocati on
at or P"Q%S%Fefeﬁsg %‘gb%da}l?nt%ﬂ? Sofee‘f‘ é‘ﬂ'g’éﬁ?feﬂ%ﬁ‘ce includes the
st 5] @17, 8,9ut0,i1t, 125 €f,anaty, ys, Imcwqi@&otnezz 125 14,056bRE 83, 29
in_the transcrlpt Simlarl t er m nal

©F 3hBuclsofides os bangepfdthe trffné‘fnbéﬁ awigp@ ofthe gene Nk, 3 trampinal
HRARFibREsGueA RAHBNAQuAELE L AR &g.u&90tfab g,%@&és %?th@%aggcnbed
about the 3' termnus of the transcri

ipprtign ef e géneypreferablydws caunting the polpAditail iln hnghlytplrﬁedrealst

f
N T T

ﬂnaststhebﬁmt drdastl &6 bases, preferdbdy at 2Qsti tﬁehtsl dril &5 2@bas€oTaise transcript.
whi ch are expressed by a particular cell type, tissue,
organ or individual. This enables a gene expression

pr of i Hewéwer,RE nétedibok € thd D terfnitfl frﬁ{s@rﬂﬁﬁtsecfx%des (6t éi(ample as’
Transcrlptone anal ysi s nax al so be readily carried out

trempg! Gnscribet progence efi cRAhmas campmsise s sadaerisp apTasPeIding to a
Rca@ditht 3r atoff tHe S‘QEnﬁlﬁl@rb?ﬁ{ettﬁﬁgrlﬁ&gﬁb%eﬁuttlﬁr%grably includes the

obtai ned with ease Furt hernore
fippp hasein the franscripteSimileds 3 3é tephinal tpasdribedibegnenae; dbeamplie of a

e d eactl ns i ndi cates .
BNACBES e F 3 B8 Bl R Gis3 ProtoB e ' Einus of
R@'ﬁaﬁ@ﬁ@&&ﬁdﬁ&ﬂﬁ 5 it REferablyrimdyien the M@t B8 c., HBSIEbRE @hich was

he Iev ression of a particular gene by a

b@???%ﬂ mﬁ@PF ti ssue, organ or individual may be
established. It is also possible to determ ne which

genes_are expressed, and which genes are not
expr e Scpare fiomthe shove that wing, ouReneﬂwdsvlteIS|pevséﬂ@sto dsfermine the

Qi%ﬂt‘ﬁne@ %pé&%sc%ﬂ’l@h Eﬁ)éx&@ss&fjlf%%g@%ﬂg%égg&g , A5 g,zytrgagu%? individual.

bet ween cells, etc
frbis lquabdes @gnexxpresdien prefild tQ br abetpdedrion thedelf faat @ﬂcﬁs i n

' b
Rl TR PR SR N L

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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Conpari son of gene expression profiles of a cell (or
tissue, etc) known to be diseased and a candi date

wa@ edo4/onm@ys be used to di agnose particul ar di seaB€BSGLI03/000255

susceptibility to such diseases. Differences in gene
expression profiles betweemdlifferent devel opnent al
states of 10 a cell, between pluripotent and

%xfésﬁd’rﬁﬂig' %ﬁee @Lhé%@iio}es the erlkkﬁ{ewﬁgﬁlo%@f b §arh{:h15jr| gfefle,eﬁﬁﬁﬁamcular

parts of cycle ma be determned with

é%lls ESSURIPERANEH gléw@hlalsmasabf—'cfﬁ ghséed ticip plsqipgssidlede deferaunepyhich
i
Bt EkEoRE) it Bohelard RO xRN (A RRATBIN cte Rolaiye pvls
of gdne bepresgioh aiap belcomparegrbetteen gehes, and bmbm/aells.l, 5tCCIt deﬂ be

ods itions
HfifenD et ol PR ARy b SRR R P RE G RE: BPfemd Bisfesgion
bétwehiadifféremates oNy et fop raxamﬂlé a@B3the Ytatelhill @ AB et @ditel Se
i ndi cat ed conventi on?835 gchnl ques of chem stry,
I

[rBmeePR PL Bie PGS IORPI P EJ)/Or tissho fi5) gD to pRelisgged and

b GARALeQREN mayBé GRd & Baphobd Partidulhe d@REDb du‘édeﬁﬁblﬁtfy tésuch
person _of ordinary skill in the 20 art .
fisetses Biffesenaysdn estisieapraesipni profilprebetqea differang developmentalstates of
%@g@é n]plux]%?b'i’é?x Kiiffdrentfy fited cgﬁé bitlvee ShsT d Fl:'n?é]d of the
, fetu n| ng: ofatory nua eco

Edll ¢yclomayBiso bs déterdiine@ovith @pfr i ng Harbor Labor at or y
Press (this reference is informally known as
“Mani atis"); Ausubel, F. M et al. (1995 and periodic
suppl En@ntdge om’rahem 3’ tEiheiha) e@jusndefl oA R R a3fd stlQisQ%éne

h..9, 13, and 16, Wley & Sons, w York, N Y.
g@v§es @6@’ ad anta@e% Q\aveal?p&n ymentp@ﬁg] 1Sn @g%g alg\wll be explained
rﬁ%}&ﬁéﬂd@ﬁﬂ%@]qwsequenm ng: Essential Techniques, John

ey & Sons; J. M Polak and Janes O D. MGee, 1990,

In Situ Hybridization: Principles and Practice;
O or @ UniUedhd MethSRSRd cd¥hpolitiofPdescribbd hé@ Wi b &nt to th
01 goanefUsEF I tohbRaR ohmodigoficberfehisgit be A o e
Fridgbreadend, D. M J. Lilley and WO 2004/ 050918
PCT/ SG2003/ 000255 26 J. E. Dahl ber g, 1992, Methods of
Enzynol ogy: DNA Structure Part A Synthesis and
Physi Tiad prévtiad Qﬁhépr@ﬂ‘enﬁh%nh’éﬁ h'ﬂﬂan}iléy, lhlzysrathed@ige indicated,
Academ c_ Press. ch .of th eneral . texts is herein
PSR TR ILEDEIpSS q'*:’ i, BoerprRT AR, Gigsebiglogy, repormbinant
mrpeh sxalnn%;ﬁ@l% ﬁwhtch%reme’&m@dé c%@xlfﬁ@ﬁmsdel?sbﬁ’ BBordRaS skiMGH the

ere enabl e e
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



producti on of a nucl eotide sequence tag, or a nunber
of nucl eoti de sequence tags, fromthe termnus of a

WO mweh8ves aci d such as a transcri bed gene. | n PCT/SG2003/000255
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particul ar, our nethods are useful for isolating
nucl eoti de sequence tags wfh reflect the 5 and / or

3" term f the t bed f d
BEnbeloerd 1607, Mathars Lt gemeiar A SAsTTe PO o CHIHS 471

I’}Pfsi%gl /ﬂzlz'l? {§ £ DRG MetRGR Lﬁ?ﬁ&z‘%m@fog%' MR QEGHE PresOWachiBthésd general
ars suitabl e or use on any nucleic acid sequence, but
@K ivhestin inserporatefl by ref@bikesequences, such as

conpl emrent ary deoxyri bonucl eic acid (cDNA) sequences.

Use of CcDNA sequences, typically generated for
TERVAE SBYGE ever se transcription from an nRNA

extracted froma cell, or derived froma library, is
preferred for the gene expression aspects 15 of the

et hog$ gBidlal GERO Hetnic@titEs fieSwhipbstom@eeribédheseiatable the
enbodi nents, the cDNA preferabl \Pg rlzﬁ atermnqLJr h
prodsieR phisBicleolg EALECBEL A THEPY B scdie g, Trom the

RIhiRES ot miclelc Sl sHat asta HASEbEDESle IR PoEOAL, 0@ mehods are useful
termnal transcribed sequence, or both. A nunber of

frzidobing aucieokifosaquense taghwhich raflget tag ¥ 1nd HAUA’ terepi gf e
gl gsgmgeldssgl 3%80%'&??6%&3&“&?& ow. \Were a tag with 5

uence re ull length" cDNA with 5
tern1na| transcribed sequence nay be provided To

? 22ﬁh5gﬁg§ﬁ‘<ﬁig)gelbeéa@%y {;Eag a(im eﬁ%@é&c’l&f& e%@ggf interest.
uk methodd e RBME fdraisé o0iny@tieioEH sgqusmeEDbU alre mxrsdusa@ll for

e TP 50 T A
LBNA s@{l\ggcééat%l%lﬁl goherh8@ Ry e%ﬁy rel @ addription from an mRNA

transc Sequence of the c in the tag. WO
zﬁmte@mecemm/ce@@b’@m@we& is prefercsdfar the EOM CHPTEISIORAEPECLS

gyﬁ'ﬁemg ods zlm%sco ?851{1 %%SCQH&J}%'TCC acid is then linked to

sequen hou any prior processing, in
partlcular MAthOUt any prior cl eavage step

Accor [ n c a r1or
et S et B D0 el B Pl s gl Bica
qBRRAUCITE E}Iesele@nt:@?ié)thms Bitteeh SUeaeniledndeyibedeetudned, loom’
endonucl eases prior tqQ linkin to t e |In§S E
Teronnal frapscrigd S%P?ﬁen%boé‘AéE‘“ thegs e g"gf’ 8‘.’?"‘g
% /?' Hagfk asztdts@fosefd' in @etall BM)\)' Wﬁer@ afefglvﬁﬁh 5’Qejuence is
ore

gation to the adaptor. It is this difference
tdaatede ifelbleegh dePNAavith 33 rm@alimnseribes srayense M3y §e pevided To

d%%lijney t(z:xg w'itﬁgste%lnglﬁﬁg&%kﬁ&qﬁ&cé, %hﬁﬁﬁers% b Qgﬁ)lo%d fohémove

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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i nstead of internal sequence tags. 10 In preferred
enbodi nents of the nethods described here, therefore,

wo b@40BNA8 may be attached to the |inker as soPOT/862a(08/000255

is made, so long as the termnal transcribed portions
are present in the cDNA. This enabl es sequence
information fromterm nal transcribed portions of the
gene GénefdAdf of Dink& MIESEMN4si N t he nucl eotide sequence
tags which are produced by our nethods. 15 The |i nker
sequence is linked to the 5 termnus or the 3

t er m Thedirstfnutleie atidristhen Hnked & <lidket Siqucdﬁ@@hﬁfblm gnyoptior

whet her .se uence |nforrrat|on isto H%liaﬁly}?edfrom
PRESSENE,gp pgﬁ‘ ulgrygthoyi Ay priprp ‘?S‘V%HeéFeP c@ fpfngrast to the
P& a8 thdthdds, He Bt mla&acm%@eﬂc&(m ﬁ@feﬁwa&lboaﬁxﬁ@nﬁ g cDR&Yis
sequencefroma cDNA (i.e., in the nethod we refer to
aqt digssted by Fesipation eydeymeleases pior|te HRkeng fodhg hnkeessquence. ABus, in
Sy HEPRCYSCE kil fNC ey 6B 4 b GRIPL, RUEP Carrica
puttdmm ligagian spetlm edap@r dff is thisoddftxenae thep pmb&s paidlerminal SAGE
FERDie 8 Bhpat e qudtt ol e Porad o st shoa b PAT
hisl(éhcﬁbﬂ)niﬂﬁiaﬁsetlﬁbnbé’lﬁgd.l nker sequence pr oduces a

construct we refer to as a "linked nucleic acid". 25
The linkage of the first nucleic acid to the |inker

S equeRGReféree dRinfd RNt RE the inftkRHs ddibiddea Ih@reaa‘aexdfo@mela@mmay
any neans, but is preferably by ligation (for exa
bgzat@shedd? thelinferes §90n aypids 1!“?‘%3%0 lﬁugzﬁ%b%teaemei tﬁ‘ﬁ‘;ﬁﬂbgp portions

R0 s Eh A3l AR S o
pmﬁmlm‘ dfiteagenoor A2 & liehpeesptnin thie oatleatide séquprce thgs tvhijch bret

I S .not st rict necessary. Were immobilisation is

ré)fl?cleg urm tt‘%e first nucleic acid is imobilised at

t he termnus which is not being Iinked. That is to

say, If .it is desir btain a nuc] eptide se ce
Sor el asinee tskaido fiaa taremutoine Pt g e hrs
aedidic 1y, d@&enumgtah thﬁl@ﬂse@fén@ iRRAHatRh i 8 2bAINRE FroRNEL 5° or
For exanple, t of a transcn&t (the cDNA) can

al gg. B@lsumprqfczreedl eﬂ@pdlmeavéahprﬁgtléﬂesw% QbgpinmS deptivgl e
HERBTbed Rqye &'@Jnha’ ﬁﬁ\ (Pe.MH e ﬁd&%éx%&&* 51 AGminal

corresponding to t’erm na transcrl ed sequence.
FAGES), thetlinkera$ hnk::d m:ihd Shtesmitnes qf tiewDiAl Iukevhseatogdpinrumeleic
N&& sequgn%g u}flc;xlnfcétlgrlil R 3° Termmal 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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capture neans may conprise a binding el enent, as known
in the art, such as biotin, 10 strepavidin,

wokgaxs@esi n, etc. Any suitable binding el emenPCDBG2003/000255

capture neans nay be. enployed. The nicrobead may be
magneti c. Linker Sequences Jihe |inker sequence at
| east conprises a first recognition site for a first
RiGHIRLE FoBilisfioR ¥R0fe PRENIRon dffRoduofsStut RUfol fliGyaREDsary.
cl eavage enzyne is such that it i's capable of 15 _
BihseavimmybHisetiaiigcamiddpub theefirsti ueleicanidtivimurbilised ptdhetpmyinus

g | I I . . .
S S The L el R i b YRR yride soquonce
fromOiNé\ersbafulenneleic actigthe hedeiagad say be dfimotilésed bn 8 bead at the

P o e T o Faerrer €05 RGO g o P ooy

1ab&lirg[NAindin; A kS¥turs SR BLS01ARON JTQ nGOIB&Ide &fubitte s NY
means known in the art, for exanple, 20 known

eArregRnnde sy the deteuyint!i@ascsibedeaingties. The | ocation of
the first recognition site for the first nucleic acid
is such that the cleavage site is preferably present
i n t hEheffirptgmuclpig efidimay e prpvisled with e saptwe meansefnpthes putpieee. The

' . ' S. c [
oY e ol Ain AR 3 LR R ERE fch o b,
strapavidie)dipixiganmbéte sArytseitabdgpitindieg dbmeaa wecapturdmeans may be
se UQ%F?%inforn%fioq%ZS fromthe cDNA by cl eavage of
PREONY e 1B Tierabead Y §eiR28PF% ¢t nucl eic acid cl eavage
enzyne, as described |ater. Needless to say, the

of f sekinkssSg@uercet he recognition site and the cl eavage
WO 2004/ 050918 PCT/ SG2003/ 000255 29 site of the first

nucl ej.c .aci d cl eavage enzyne be mani pul ated. to . |
bt a1 e Sfien s o RBAES S P BeRENIgATe Big st guleic acid
fesagd 8RImb athe st Aikgeil AdidtledVdEd &izfm@&isfehGhR A8 pable of

enzyne preferably conprises a restriction enzyme or
pleayting micleisracish o pitrermatsand preforablysdsiwpsteam fiem jsrecognition
SR 2 PR e B LB 43S B coence
the steavdge ditd of tiskefirsti nucleielaond.cletvree Pigyste isprefembly A of the

IR AT W Y G

The distance (i.e., the nunber of bases) between the

recognition site of the nucleic acid cl eavage enzyne
and | HEKE PHEIFGRMAY Peeconsfiiclsd uging megns kngyyp Ingft . Lor example,
fYoNCoHgbucRBLALHWRES S eciitfled 5> Or nore (for exanple 20,

25, 30 etc). The larger this

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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10 "of fset", the nore sequence information is captured
inthe tag (as will be explained below). In highly

w@reekasmee enbodi ments, the first nucl eic aci dect/saxmgeo2ss

enzyne conprises a restriction endonucl ease,

preferably a Type I1S restrigti on endonucl ease,
preferably BseRI. 15 The |inker sequence nmay further
ﬁml‘nesf?rs@uél%ﬁ%&q cle8 6436 Bhdyh@Mnayivk ShahPhlaRRd $EEHAA more or less
nucl ei ¢ acid cl eavage enz he second nucleic acid
eqqéwagéor@wﬂym@gmys @mﬁbpq)i/h@gw be referred to as an
"Anchoring Enzyne". The second recognition site

enabl es the second nucleic acid cl eavage enzyne to

cl eavbhedirstausleic ecidickhvage erﬁzymmptdﬁﬂralﬂ}eocomiiscssacmgrii:tidnmzyme
site.. ..Such an enbo .wher.e
PSR e e e 2B HF RifreadHoEn Bl Bopaygr, me
(J&Qﬁ' attificRt §r. mddiftedscneyng is @vgFud] s@dscibédin\iball ®elpweBlefirst
i S o%%%ed on the Ilnker sequence such that the

BUHGREF D EIEP B AR Seeheas pAgRErIGHAY gRAonpqleass) Mgy semetimgsde
AlferfedROS 4 +TABginYEARY R Othe ARBMLe (1. BEthE nlifber'0€ 6264)bEtw@En the
site. Prefera%ly, fhe cleavage site of the second
rrgegration sitg of de piclely agidcleayagagnzyme anddisicledvagg st may heevaried,
bt »ﬁh qu‘?c%ﬁgﬁé betQLnS! dnf 15 BF RER"RP %:Yamspﬁé‘ﬁ) 35 Cj%%gc% PHEh&ES this
aci eavage enzyme conprises a re

tofbbotiuthe emsasequenedf iefoabationas dappeedlih Sertastas wdt beoaxplained
ado?uclease whose recognition site is 6 bases or

5 preferably Mrel. Preferably, the second

‘nucl ei ¢ acid cl eavage enzyne is one mhich produces

overhangs (i.e., is not a "blunt cutte

2004/ BEL f@%ﬁ%@@@é‘%@éﬁ@%‘s dirst Bﬁfﬁfﬂﬁa%ﬁ‘ @Paéﬁsee@zyme comprises
& FRRIUiSE IS nud AR, pleftke a{WﬁJeQISCreﬁﬁdth CAIRNEISE PrdthiSoly
first nucleic acid sequence and the |inker sequence

BseRlt he arrangenent 5' - second recognition site -

first recognition site - first nucleic acid - 3'. In

such enbodi nents, therefore, the first recognition

si te T linkcraiewn@sn%efenhetrhemfnﬁsestsemd keepgnitam site dord sedvad
econd éq ni tion éh g% (1%n of Linked Ta ﬁﬁt

S‘h" 2T 8T Ee"S88U Eéec?%dg‘é‘w VeI NRETEC TR R iergmes

bérelfdird tGakinedhcHoding EaAMRY ETHeWedohé rdcogrfifionrsits Efidblek kHeRecond

enzyne.  This produces two products. The first product

eweﬁﬁjf pcidelegvage ffrﬁzmz%?o %“é&%@ﬁééﬁ fistantdpm the éeco{l‘éfeﬁ?ﬂ’ﬁ'&lm site.

BOHt dnQhbBlintehEis fidehid twh@:‘é%g%' tﬁroﬁg}int a%%f%‘i@ B¢ fearf? Q)@ ditEs¥ ide
referred to as a "linked . Such"a term nal

gesired (sae btmpﬂ"hmsorldﬁ@ogm@memeuVd@resmfg@ntbcqtqbon thatinkes
Ee%%rﬁ:% @&thq{ult\’h% 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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10 of the first nucleic acid sequence. Preferably, the
first nucleic acid cleavage enzyne is one which

w@eoansives an over hang, preferably a 3' over hargr/samds/00025s

preferably therefore the nucleotide sequence tag
conprises a 3' overhang at 3¢s 3' end. The second
product of the cleavage of the |inked nucleic acid
W t h heefbhddsmboditleRisCthe Afited nGél&@H@l&l Eorf) h&f?ﬂm{ulcﬁ(%samd
the remainder of the first nucleic aci | acki ng
sequense anchike lipksr ﬁ%ﬁnce bathparapgemnent Sar 5§ eedavcogwngn sm? first
l p.

g%?%@?&ﬁggtﬁggﬁge eot |d%:§§gﬂ%%%éd?§mg ﬁ%%ﬁyéﬂ%ﬁﬁ&
trsbgmitrinrsite isdocatefd betvesen theditrst nyclei€ adidhend the sgcombreta@nition site.
acid sequence. Thus, in the preferred enbodi nent
wher eGéregatioh F‘oﬁLGPéMa@k EndBIALoREASRINGRe THIPT | SES A
cDNA, the nucl eotide sequence tag conprises a
term nal transcribed portion of the cDNA, and hence is
20 r ePredked micleweactd is tHee smlg'esctriorwﬂavtgemyslmrﬁx’aeehtﬁequ emyme.

.the e ess ANALYSI S T nucleot
Thig e PRSI TS B pagPheommfiea ng [1akgt S fiked o
&ahelinkl poRtoRRYf thefavautiBRiatid S@MIRRCAT nilehe éTeri@do as a “linked
Det ection of the nucleaqtide sequence tag may be
igc ek MY ReFPTYROBIRE Ses (hsrnucloefidg sequencs tag, gnd is representative
Bf’ e it ﬁtﬂ:ﬁél@zﬂnd R4hdncd Q’\Mferalg |ihPd HRleR> acld AQVERenzyme is one

th analysis, antib 2004/ 050918
%8@@@@/ 0 0ueEege, Bl!fetﬂb | hgyerBinggand r@tfﬁlahld therefore the
I a nass

%ﬂ%o??%%ék%e R R T e A - LA
descrlbed in further detail bel ow, my also be carried

o AT BT P

B3i8 tlesliageadrizPfie bGrhptibe£ths tinfaadabyofltiRfrkd RdleRIa0laclaaigh the
quantjtation of signal 5 emtted by bound probe

RagnglROrandsesbglodAL # xgiod s in gencrting Sitheriags)envi saged
for this. For exanple, the tags may be used to screen
an ap riate library to obtain further sequence

i nfor tlr)bqwapparh@t thadeteetingltife nyelgotisie seienrcedag enapleote, or
geggllgﬂengaggﬁ g% tﬁg cfe?tﬁtg 8{ a2 %rst R&c?eqygc%gﬁeﬁ@éngp 1%899& i gr% ffrre
smbeatiment fxtiere eheafint tmchlccamAeciudmabmpnﬂ d cBNmDm rml:lecrt&le
obt ai n The ¢ uenced ared to
S s B om0 ST AL DB E §f (A e
Teplds@Rdtive bEME tedh@inaP@anb&dedd RLIcH of BE Blprestdd gohé. Mer s or
ol i gomer fragnents

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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depend on the ultinmate % tion or use of the
ol i gonucl eot i de. 15 In pref rred enbodi nents, however,

t he nucl eoti de se nce t

TR e TS MRS LR —
RRGPRNGE Clomal §na[§§ﬁé RAeREPEBN Bty detdi BRI, nitg aIsh (be carried out.
vari ous nucl eoti'de sequence tags obtai ned by

Qum@@gn of the pop f FpAuENse 198 MEH PA EORERE FY W@S&wa the art,
ar

T R L e
éxemed byboumd yrdbe. R@activalays ech-rdiogediye sistheds are envisaged for this.
i ndividually. For exanple, clonal sequencing nay be
carried out to identify the tags produced. C ona
sequens exdnpl§ tifd tagd ridy Heisdd tm'sctrédmgmdb;bmplﬁamlibre@hm olojaie urther
used in the clonin and i

of
sRapence ayiorgrtion. Jbe i tltéﬂgr%g%&et %aias&ﬁrg@he é\}ggpléc?eonde probe

E&‘)@%&@fwhmﬂrégmﬁh&% BPEIMespondd 1 theltald iqinas. The ﬁﬁibé aals&bBto screen
that each receptacl e contains about

frolexanuilea BN Adibrarp g e §ENA. clopg abtged. jThe éQg‘nﬁefP@’c‘é"p“F%P@d
%/ otrrgygl% tt)c>edazila{'ﬂg£és t(%]@é{ierﬂl% 1’@?&#@%.06(3{ by standard
et hods Q

NoWN e art, Inc I Nng mass spectroscopy.
WO 2004/050918 PCT/SG2003/000255 32 W provide an
ol i gonucl eof i, de o [
def i n&if 'FRIL|AigP nu&eegpgee c?l% ‘elsﬁ:’g g@:? 0 r%rsm%gﬁﬁéﬁtog{ﬂ quet fragments
QhvEpraxkd bhwose mmmxyra@sumxms;p eihaisicleotides, firefasbly amee than
expressed gene,. and in t .on
ik St Pte el Aeent Spars B Birey BTt B deBind g ips imae
%@Eomtdaegﬁﬁ@o@g%%ﬁmma here. The conposition may
conpri se about to 200 5 ditags, and preferably about
8 to 20 ditags. Such conposi tions are useful for the
anal yg Gn%efgxfr d &%glrfr‘@ﬁ&r Romven B Yud16liiat bdghbhg tdgh@detected or
def i ned hucl eot i de sequence tag corresponding to an
emmmeﬂeplre@mbdy bath aby dedetmmmg ssmu«mce clabis m@o@eraﬁblpvedfoar

]szdIHiaYngbBerﬁ b iiable wectrs, mqe @bqumcmgnw ctlormé rtags
structures, and the nultlnerlc structures thensel ves
anal ysed to determne the identity and/or quantity of

the caEROREMovk ABS nuckdbde RENHE: hfiEreXRIgEEMeS regaivasnadyde
preferred enbodi nents.
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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By the term"multinmeric", we intend to include
anything that conprises nore than one nononer. Hence,

wonbiior®ng c i ncl udes dinmers, triners, tetranmerBCT/OG2003/000255

15 We therefore provide a nethod of detecting gene
expression, the method comyising the steps of (a)
providing a first linked tag and a second |inked tag,
each We%%%QQ%H%AnYwIQ&RQ lesﬁﬁoéﬁyonq,am o 1Bat m%@ﬁnéaqﬁl@@s!nde
as described; (bj linkin first “linked ta?
sdquense sagpavHeraika deastage ofidh sequence tage corrspands fooé least one

0 e
FHRHER0RL AR B ke OB ok RS Bl b Eh Bondleay
Teminag SAGEageth&fhstdb@ndedMQs dberpomisitign may norm@ise about 1 to 200

nes;

Ao Rty g {2l 2D S o0 iins A st tgg he gpalysis of

éneleRp@sioans iduaGlyaRithd@ fselmRReadd REudntdiag t&flponding to an
therein, to detect gene expression. Thus, in such

prREgsesd gsae WritssHi tHenetos celf $1dractafos eXgNigy result from t he
nmet hods as descri bed above are dinerised to form

di t agBitagyndbdist ag", we nean a nucl ei c aci d sequence

25 which conprises two |inked tags joined in any
fashion. The ditag may conprise only sequences from

t he r Bpwersn in ldiieq to, 9F ag an atiygrte.rseh indiyidugl @ngpids, dre tags

f [TaTo L9
BB sy BEHEAE Ty BB E sk ald e AR R e

thepsel xranalysedito ditsfninime dhenderitigoandibe qeantjtyert tescomporent tags, and
anscrip R%Sgentgtlve of at | east one

e
hﬂwehwfxgws 4$awsnn%f%9§§erepresents two transcripts
fromtwo distinct genes The presence of a defined

nucl e tlde seguence. Wthin th ditag is )

i ndi cBY fhg &ery gf%‘iﬁ‘i‘eé’i% mﬁ?‘r @“é‘r‘fg aﬁé‘bﬁ“ﬁ ahcampyisesipere than
Bhe hbRImek. a}ganc&am@lﬁﬁ&fclukmileédlhﬁlr@mméﬂg teddmeRiBfc.be
anplified bef or e anal ysi s. However, the anaiy5|s of

ditags, formed prior to any anpliflcatlon st ep,

provi r s

Pt oG i B PGB R R R A ol es MRS o

tengrisingrthe steps o6 r(ﬂmrovumng)é fit bizigd tageind a sanutblinked ¢agt each

Hﬁ&g eglae § prc}%ﬁced f f’IeC%I%B:: ¢ yacgcfmgf?]li)/(? %55\% S(irﬁ)dd t( elpn%bng?%%er‘st

hﬁ)lttﬂhtg?hnld mhet @amﬂ aimeeddag smgh itat thebdloti@y squénoé tagponidaot one
scrl er ef or eated dita tentially

b e Rt e ot i seapnea g e e DR g fom @ diag

fHe Ath D EbniPREs Y Qe?xnﬁ{aﬁseqﬁe%éil flom BrsEanddecdnli ¥ ARA | AbtSeting 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.



The dinerisation of the tags into ditags is preferably
done in a "tail to tail" fashion, wth the portion of
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sequence being 15 referred to as the "tail". That is

to say, two linked tags ar &7l i nked to each other V|a

their_ nucleotide sequence t ans. The "

por t i E3Ak difaedhqrefaredeRspsents {we ?FE%FEP‘HSWP‘]%%WW%CS % f{]lg‘bsg one

W ks B REprE R U F G P BnSRAY ql}ﬁﬁaﬂya 8 SitdghtefrbR@nitwlélrenscripts

sandw ched t her ebet ween. ~ Accord |n% é# the ditag

fmoreftw distinet penss. dhe presrreeiplea dsfined pucler %@&eﬁ‘e%fe%‘”(ﬂi“r the

c? Fi% i€ ?18 c%:/e o? %%E‘i&? of 9% ?Avmgﬁzﬂé@:ﬁb&% blRat SRAUE BERribeAT
) equenc Cl eavage of the

bdlmeﬁtamiﬂemmhﬁeﬂ Ioedigre gnab@lsr Heweven thd analysie piidjtagy, formed

over hangi n 3; e

PR PR e S TR e pie U ERORAR dit

|nkaleed ¥y anplitRbtionO¥ gL haRgs (see Figure 3 for an

exanpl e of such linking by overhangs). Overhangs

enabl e efficient |inkage or |igation. Linkage via

bl unt T}%"Hg&ng f absSr Ql@%?fhﬁh@n of MALY i€ a tdhBorfi le @Y. e number of

‘reaction produces such blunt ends. Preferenti al

n_ffqmgtegsas expeethd 1ol herlarea shessiers. theprobebility o WY &wo fAgs bensg
l Iur;%e% thvw%r&p?lﬁlr & Sk hQ\%R RGTHHa aﬂﬁcriﬁnﬁetﬁere:foreex@gé‘ated
o] i 1 ] precl at e over hangi ng
emgs pmmynaﬂie ptadoded Sl édt%qd mndwddelpbﬁ@npn arjdfor Clﬁ)@ékgé@thods are
achi eved by exposing the nucleic acid to

Hﬁ?i%ﬂWYQﬁf%mgﬁ "whi ch renoves the overhangs, such

as an enzyme conprising the appropriate exonucl ease WO

2004/ 050918  PCT/ SG2003/,000255 . 34 _a
enzy mEhcBRpseEPHYf the tags In(o,(iRgRP Brﬁgeéﬁ’ityc%/qnv %} y tﬁ'gf% %l?r%asmon
m%é i RVR micleotMBEHRAGIag ARBestfioR mzemﬁmemqmcesum

- 3" ‘exonucl ease activity may be used to renov

mfeﬁdaﬂ asthe foil”. dhatriplosay, tie 1113‘@!15*135 aedinked tegacd OA‘&‘ P’\'f‘u thgyr
]nucleot%n gé’é{u%r\(/cg %ﬁgloﬁ?mg’ :1 s"géré}s Iﬁol‘ﬁlg] %Na@lgeﬁég{nl% él%)dhb' Bm BN Sthe
Hﬁmyﬁﬁh thie twavhidleobde sppmeciagy iwdhe midtlesendpaghsdl Sierebetdigen.

qver S, 1 resul t e
Aroriias wh Stz b SRR 20 SiRell (5 2 HHRRNE.
REqUEHEasL (T rﬁlble&daaé@eﬁbé&xg‘(ﬂmgﬁnkek bagatrice (II)GB Ji nkage
of such tags will produce 38 base ditags conprising
20 bases of useful information in each tag. In

contr @?efavag(s SRy ‘?ihke‘afnuélgi% aci@ Wy ARG Re W Blint eRBWr bvdrianiihg
|l oss of information (2 bases) at the 3" end of each

tends - 1), I ionKaxyerherigst Indhe laker (casq kel volikedriags He coRyeRipgly
! t PYAWRE 1 by SRARAes).

SRR i bt sl isFLBE Rt 260 o PSR A ), SRR

|O\g&&ﬁgs ahlgle efficient linkage or llgatlon Linkage via blunt ends is also p0551ble

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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known in the art. The ditags once generated may be
detected by hybridisation, etc, or sequenced

walzooaosdoys Al ternatively, and preferably, a nupdESGZNN3/000255

ditags are linked to each other to form 15
concatanmers, and the concatggrers sequenced. Such an
enbodi nent is suitable for high throughput analysis
Qdtivile | i 29 - fubleg@l ' ’
B 0 Y TR e by [ VLS e
everhangs ed &y enayhe eampriaing|Si 8| exanideasedctivigemay bauped to remove
n S rn Mg nce. .
S ARG Sphy R ETE s ARCIIRI SR RRRES skl iy be
osed o gemgmte blum kendsifoat a Hroverhyngi@s dascritey imkBanatis)but i s
preferably by neans of the polynerase chain reaction
(PCR). Pol ynmerase chain reaction technol ogies are
descripesiet, it wiitbdiapprédiated h@fchBrBsrdaV\bo Aikan@StoDREK Shder
(1995, PCR Priner, a Laboratory Mnual_  Cold Spring
FeshlisaR lass aksequeppesinfarmalipnnkar exarople; vehergsbasq\jags are produced
%ith §%a§e%erh¥@s?@%%ﬁ6&&qﬂﬂe§ge%@ﬂc§@2g9 Q3N BRIAZRZ8 bast difags
ditag can be anplified by utilizing prinmers which
sqrerrisingc4l biases lof waefud infermationvingachdeg. Amepngrhstergmaval phther |
gQJrhatng% &i]Pﬁé&uﬁ’tﬁﬁ fhe 15935 InfdHS GlionS(S BHEOCE HLRY ﬁd’&ﬁ%ﬁ&hsﬁg. a
sulrtable  anplification priner seqguence. e term
“primer" as used herein refers to an oligonucl eoti de,

whet her. occurring,. .5 naturally or produced

oyt hGPIAREPT e 1R g Haf e ey PRGS meteseb e
DINA 64 RN Alliga8s. Shich I$papdshoséxampleend RINACIBghsd 141@dET4 DNA ligase, are
conditions in which synthesis of priner extension
BRoyEEthe afhi ch is conpl enentary to a nucleic acid

strand is induced, i.e., in the presence of

nucl eoti des and an agent for polynerization such as

DNA pHheyditagsanse gengrated neaydgidetediedeby hybrigisationuete on prgugrieed

r .
T ARG BRSPS AR BIRL JERU I o
cencammers, aud dlecoycatanieorneqiencddl Shech ahlembpdimestris snitable i@ high
ufficiently long to prime the synthesis of extension
B}‘%‘@h@{t §“‘?1¥?¥St ??%e'ger eé‘%eg%‘g" of the agent for

pol ynmerization. The exact |lengths of the primers wll
dependitagimmlifigaiaict ors, including tenperature and
source of primer. The prinmers herein are selected to

be "substantially" conplenentary to.the
"Fhe dtltags may beyamp(fl%ch pr?or to ﬁmgir %emg 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.



15 different strands of each specific sequence to be
anplified. This neans that the priners nust be
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respective strands. Therefoye, the prinmer sequence
need not reflect the exact equence of the tenplate.

(F:)E)rGrLI vlgﬂaﬁbd‘%%ﬁ}nte&“g 1}'@ S\{t %gllgt%lfllg%}sta téqaspﬁ ﬁcally hybridize to one
SEOHBNERE 1inkdd F RN purpdaithOIkeF deqiincS MayICngeiSe i Buitable
two |inked tags may be the sanme, or 20 different. In
PP RCAHIHPTHR SBURRSSt s, therefore, the linked tags are
generated by the met hods descri bed previously, and
ligated to formditags using DNA |igase, for exanple
as s hlil\mtemn PEintpnt s uSeddieredn re, gngw@p)pilwfé‘dp@ﬁep‘f’hw occurring
7 L Hifation of
AR PSP A BT oS o a0 AR Wion
ﬂynx}teuls evhsmbljaesdtwdertcmdlmm mdwhlom symﬂ‘pbls bf wahér @ntemsomgomt
in. art. Alternatiyvel h ags .can he a Ilf
ichas ST o R PO kRO ER & e BE Bt Oy
RidI&iided b iah ket fob Polfibriatsn &mnwma polysse ofd zslmsmkable
in the art. WD 2004/050918 PCT/SGQOO@@POOZSS 36
FompSER Uy ARSRER b PumET ip Arefesablysingle sigded oy R Pgcingy in
Qr?l flfPJaﬂFﬁi PrdtbQuip) tﬂé"ﬁfmé? KOG o12bdds} HbStRclbOtide. PHGHRTS kit be
n anal ysis. For anpl e, concataners or polyners of
sttfﬁcmtbalgsg mymwehe a‘yo‘ihn%sjof emu@on pradysisen drerpsesence of the agent
nt s e
B Bp il R Yo s MERGEA b ARES
dmhmggmaihnaumhhmmeeafgemacaIe nucl eoti de sequence
tag analysis to be carried out. In preferred
enbodi nents, all, or nost, of the ditags arising from
a reathd Himés Rereif Qfé%@l%ﬁécm‘brﬁeS%stahﬁhll?’l.lﬁd'mpﬂﬂnentary to the

enbodi ment, the concat aner be 8ﬂ nced %
deffeamiptramds efrechwaeidhegugre f%‘& aem%% s meggsthaffhe primers
RRbliizQith BRHEAHENTe sRdd Theref
qgég&gﬁdﬂ%%ngényﬂg?gﬁgua %&mg g |ta3§ na§ be |,nE§§“
ks prgndr |sgasr®e neal nohesflect the qxacrm@que@s@ of thgterpate.dirgfaghly, the
o Ragst r
oRBR S8 RRP SRR SRS el P BPuk b QRO
sequence whi ch deflne t he i ndi vi dual nucleotlde

t f whi ch th
. TGS wpellieaieh seenee gl SBABRI 8 T epahe same,or
| it @ UR Db fdried B oiMBMA RdFEDIcS M | lhﬁlfbdrt@,a atd g@hcratby by the

use of appropriate |inkers or_ adaptors
methods described previously, and ligated to form ditags using DNA hgase for example

52

as shown in Figure 3 or 4. Approprlate 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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In the latter case, the spacer sequences nmay conprise
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exanpl e, and as iIIustrate%gin Figures 3 and 5, the
ditags which are fornmed may "De ligated end to end to
forn1ggpc%§aners;.in such a situation, two nucl eotide
sequencE8{ {4 YL e ar ated by two 20 |inker
sequences form ng the spacer. The concataner nay

t her efQr, t ‘e ld.nker sequence (1)
el apieq abde e Rl Rted e hBF B P IERES
tRigeegding) and ahdlysie Forsgquiple ceenéatdniers o fohkieks ofsiecdiapefay be

(4L1), - nucl eat i de sequence, t 11 - _nucl eotide
Stlé)xdnbgéihgheust i é)r ?r{?) em &Wl?gﬁs, thg @gﬂé}ﬁ eéﬂl% pl{ﬁleo_txﬁgfe@u@ncgtag is
adetebminkdby pribdidingl aNdcotchidhrefidihE ditabNThisMiNbwé- e séale nucleotide

LNNL-3', where L is a |inker sequence, and is a
a8t tF‘%l%“aEVé’d (Rebregmisdut-wo 2004/ 050918

PCT/ S&G2003/ 000255 37 The presence of the "spacer"”
sequences_enabl es the units conprising nucl eotide
sequentRrefergdembpdiyacniy. alhios logt, eithé ditads arfding/fromay rdaetion are

[ ' : ri ' of the .
SROAFHREq 3 IR P Bl 10 o BT bealeffc s getomine
rthg/seheenty efthechnpongnt tage ssbditape frdtheuthied negesSityt éMk@@ndiy the

f . . .conpri,
St?%slr%% I91Ea gén?lﬂz?&éu%%x/ ﬁﬁ’é Iag%grs Flgatgg? ﬂtgkegg%wg I?lg%re,lol?l %ieﬁéme manner as

[fomkeditagequence fromthe ditags. In preferred

enbodi nents, the treatnent conprises renoving the

bul k or the majority of the |inker sequence fromthe

di t ag AppdpiRtefPhdee eQIEACR I Mo Sntroili&d ok HEEHoRRAYGH G
conprises a second recognition site for a secon
IFAREMET IQSERRIALE Bailsad sequency whichglefivestbe indoviluaboeteptidersdquence
tehR Foh\k ' ' ed with the secan

o LTV SRR ALAAR ol ol ERSLSHLD LS RESRRD,
axtpsidasadanthe lhoncetamethimtion cactibny ipcthgusetdf appropriaee lirkes WEMaptors,

that it directs nucleic acid cl eayage by the . second

s ey B S B g P B oo Y bt T Poiet ¢ ne

seenRs b torsprise the Tiker s6@RACeRdr ortibRS MEIBSY. P& xhhpIS tand as
nition site and the second recognition site is

r.eco [
AURSHAER B s 3 a0d Sofhe i E¥AMAORERA Baxherlieted cndre end to
FREORAcAHE € P51k b GinkahiBR j
linked tag at or abgﬁbgfﬁggg?ﬁg%Mgggggﬁ?%@gﬁgg%ggk%gzéwo
by seqegeg fopmipgithyrsppder.ust rati ve  exanples). In
preferred enbodi nents, therefore, cleavage with the
second nucleic acid :

The concatamer may therefore have the structure 5’ - linker sequence (1) -

nucleotide sequence tag (I) - nucleotide sequence tag (II) - linker sequence (II) - linker
sequence (II) - nucleotide sequence tag (IIII) - 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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cl eavage enzyne renoves all but 2-4 bases of the
i nker sequence fromthe ditag. Preferably, cleavage

woRel/0s50ves second nucl ei ¢ aci d cl eavage enzyne PCDEGRI®S3/000255

a two base 20 overhang |linked to one strand of the

nucl eoti de sequence tag. Prgferably, the remant of

the linker sequence conprises a 4 base sequence

CONPr THl fidbeReeDdf HAVGFadEN gecﬁén&maﬁ@mé units W3HPrising nucleotide
preferably, treatnment wth the second nucleic acid

eqqbenea fnes torbaymeciselysigfinad. Theyanaybeigneradr staippesigput during analysis

g\p g'ﬁ' t he structure:
C /77777777777777777GTCG

GCTGXOXXXXX XOXXXXXXXXX XXZZZZZ777777777777777CA 25

Where, Xs and Ys.repyresent .sequence the |l ength )
oy CrATSngy G if SREEGCRL AESIEREE Reldd pritddlniive veipe
R0Ked/t0 DA E8ndaAfatle SR MMIARERADRay cdEhphise éthpEngsratasvifdat least a

-enmbodi rent.,. the concataper, may be_ easily formed by
POTAR H’SE? °r $SPTHTE %OH‘i t{‘[%é‘?g%é“ Prﬁ@FF‘? @Eﬁ/"d@?’lﬁ% dierigatgnent

I«ﬁﬂpr@‘s@sﬂx@ﬂ&ﬂiﬂ? khePRYk Q1€hd MAbAd fthe Nfkes sQf6te floR Me Bitag.

suitabl e vector for handling, propagation and
sequenci ng. The trinmed ditag preferably conprises

oo AR ISP Lt et

ase palrs.

- fnd s@egdiewrdsingridtleaviagadneyine agisscribed atwpse, aod thedinket tagrer ditag

e R I e
Avoyaghé deeoriiradugaition piteois e tiess itldiectchueibicygid déavage by the
nucl eot | de sequence tags is. 10 i seréjon of .t he Lﬁgs
PoFoRT Tastefcl depupee eaagm%fsfeslpteﬂ‘wag © repAgnifigrtel he

béparatibh bedfechlthe FrofYeedeRiBh Sitednd Mel BERA REBEMESsiRYs ubR that the
met hod may be cloned (nto reconbinant vectors for

pesprduspogaign yitg directs the secand myelpie acid glgayage enzyme to cleave the

BhRRAE RO EHRE R Rlon e HE RSl P i
Thamples).m "r econbi nant vector" refers to a plasmd

virus or other vehicle known in 15 the art that has
been mani pul ated by insertion or incorporation of the

| i nkehl pregireddnibadintehts, therefodd, aleBlaggeiile the Gecdad] Heolbescid
Such vectors contajnh a pronoter sequence which |
FlERVARS ENZyTaE TeMOYEs @r Byt 2r4chages of By dinkst sequehpedtont the ditag.
PRSIy, SRDGE ith ARULEHNR nhQtic 8@t VEge I¥$mY BFliR¥es 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:

ACXXXXXXXXXXXXXXXXXXXXZZ2277772722727277777ZGTCG
GCTOXXXXXXXXXXXXXXXXXXZZZZ77772777772727277Z7CA

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

nucleotide sequence tags.
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typically contains an origin of replication, a
pronoter, as well as specific genes which allow

wohenosyps c sel ection of the transforned cel | SPCYSGL@BM00255

suitable for use include for 20 exanple, pBlueScri pt
(Stratagene, La Jolla, Califg); pBC, pSL301
(I'nvitrogen) and other simlar vectors known to those

of skinlthis bR fdr28 eMbbdimEHt Qfl@ E@l@&t)(mextxﬂﬁl ﬂe'eﬁ&i@%ﬁtﬁg $y joining the
di tags or concat aners hereof are gate Into a

m_r@v%ir ditags bysthein €R¢ Gﬁ@ver@prmsﬂé@ cowmwr giay he ipplaieh ardheoned
r | oned can be

tdrt(;]a%s gf?lr@gém?ﬁ?%@g&% }t)r‘a%{ég% ost chﬁié?ngc Host cel | s"

are cells in which a vector can be 25 propagated and

its r ed Th term.al £ |nc d [0

of "t nEte RS AR e B P By BEEIE 20 B B Hfboty

PEt@eE8 trmy bietpaide prettedbly 406hasd pxantshe par ent al cel |

since there WD 2004/ 050918 PCT/ S&2003/ 000255 39 nay

be MUt in@Rsd 58aknAgcUr during repllcatlon Hovever,

such progeny are included when the term "host cel

is used. Methods of stable transfer, nmeaning that the

f or ei Die 1faNAd fags, dR4ps}dr BorREGYrsvaLd EentraRd niah bk B&ediaLy,

are. known in the art. Transformation of a host cel

Pybridisations eic o seqpgnosd dirgrdy dihiex e hemds semencsd i ed out

5 by conventional techniques as are well known to

those skilled in the art. \Were the host is .

pr ok ahpeng e stgudard pracegureor clonipg theawelaetidespquenagtiaes fis

LB Bt DAL ety By

etuiwemele of ﬂnyagt pﬁdm&dl bjo;he nidtterd Gaa@ibe slmbecﬁmmbbund)lmt vegtors for
cedu es wel n the art. Alternative
DS <1 e ke, udihersit BT RoR Ptk thstaes o
pdosa;, Pemp@bdsamo®d tdfoRloEelin @p@e afti on or ot her 10
commonly used nmethods in the art. The |inked tags,

ditags etc present in a particular clone can be

sequ eﬂ%&%@%ecﬂbﬁﬁﬁﬂe&o@@@%d@ a ﬁi@tﬁ]df Gifus®¥ 81HBY Rehicle known in
Current Protocols in Ml ecular Biol ogy, supra, Unit 7)

thetafélrat hasrheen mnlowlambm@smrmmwmonaém ofithe limggtAmnaditag or

W@BL%C#E U%%égucﬁ U t Sé &I es Ta ﬁrg)ﬁqgg?{;]gﬁg{}e wﬂ%h ?acﬂltates

therffaieadtrimscrition pf the n marker g&mhmstquenlce; for betmptlda §he agor

ﬁﬁ ﬁftrggied fronlthﬁ éernl nal eqfs an%.B‘ enqﬁ.
1calbngopiads an opginOf fegpcatipy, arPé‘E‘Pm‘&&‘s ¥ ¢ agePeq iERenGY i

Alv plﬁ:h@t&ﬁxa keléddioh BEthe GARERMER ek NRZRO @@:&bla F uédﬂiﬂaede for

that flank anchoring sites such as N alll or, Dpnl

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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Accordingly, the nethods described here are
particularly useful for genone 20 analysis. Such

wa@eonansosasnal ysi s i s advant ageously undert aken poT/eGgin3/000255

dat abase conparisons. The generation of 5 termna
tags using the nmethods descgg bed here enable the
generation of sequence information which represents

thagbs Bﬁfaﬁbﬁlﬂhé}foc&ﬁ B&heQbplichtiH A6 WERE, SucH k@A 8@ included when
eneration of 3' termnal tags provide sequence

efterriestopll” is uisd ldethedsraf stable tremﬁerpmﬁamngdhat therfersignDNA is
E&ﬁ:ﬂﬁ&fslyﬁﬁeﬁm é&e‘&ﬁttﬁ o, Balnb @95 By, be compared 25
agai nst pases o Known genes, expressed sequence
tags genontc dat abases, etc to |dent|fy the nature

ppi B R Bh b e i B0 Gepert et RabbaRtnssmisd ov

Bﬁ)cﬁﬂvambﬁﬁl&echﬁfqué@rh@m vain@swh ecbedkidied ﬁt&ﬁ@zﬁ‘ﬁ Where the host is
uences can_be peasured by the nunber

ap AP S4eh aBHE- ¢ b corppeians ol dhirg a5e capshiie ef D%ggtaker%aee

pReparBd §H& celiNRrRNBPSer Bfpohafia] gro R Baknd! klﬂﬁecfu@nt?y treated by
particular gene is present, the higher its |evel

dwr $iabdsibohmethod wring ppeaedltrewelt knozimpn the ag. Hémaélvelt/nMaCI sub.2
B R e, B 50955, SO SR Byl

bmkmbyyuspmgﬁuﬂsuﬂheMStar|ng poi nts and end points of
genes or transcripts and mapping the tag pairs
directly to genone sequences. In addition, alternative
tr ang’C}tei lhikied)fafg§ tigxgs eféipi‘@Snt&ﬂﬂ]f)zﬁﬁélﬂﬁdﬁiﬁa F‘atttie(mmhdeesy
can tified an guantifie Furt her npre, _
r@a&‘ﬂﬁ SUSFCHRH AR SR fAIoEO !B Mplegitsdtiteiy. supra, Unit 7)

&%Hgﬁm y 6AkinglddidARitddgadihddy. i dentified and quantified
by this dlrect mappi ng of tag pairs. The sequences of
the tags, ditags, and/or concataners obtained may be

i tabl e sequence databases, such as
E@ﬂ%@ﬁﬁ#j §%F§?n1ne their identity and/or
reIationshlps Furthernore, it- wll be appreciated

Lhot SRR SRRy B iR 6 b 3 SO TARRRT SARK s desgibeo

hére,\4& comparef tortiee ot fhethads itha thethgsiackedxtradtyd fiGn &he terminal
flrst MRNA o] ecul e or a first . ¢cDNA nol ecul e reverse

P r s &1 H&adss fronteast theiprior arﬁmﬁt&oﬁweewtes Wihich age 1RisEiRhto the

§eeqqaee GResk hod ad MAL B3 EHank ARINOHRE S8s kG a§ NG 6f Dpn
mat chi ng a ﬁlrst nucl eoti de sequence which is ?ocated

at a defined position at the 5° or 3' termnus of a
tr a”SREdoHﬁx‘ELly% %%&Ec%s \%s‘cﬂbé& HeftSre {)Aé{ c%'iar N 1%br %e‘n&ﬁé
cDNA nol ecul to a second nucl eot uence | a
daiyslsaSueh 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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20 consisting of nmRNA and/or eDNA sequences which
occur at the defined position in their respective
worRA0s91€ DNA ol ecul es, whereby the first nucbPensGu®3/000255

sequence is identified wth the known sequence in the

dat abase. W al so provide fgy a nmethod of identifying

a first nRNA nolecule or a first cDNA nol ecul e
SRASAhARE g dnkDRehEd a@emﬁe % lglisHcesTRNOe A RIS Vi dubhber
omn 25 sequence in a database, conprising the step

fappnfamm ofgheacofresponding &1 aad 3 tes. §éepu thedhighahthe humbes of tags

l (%K?%\]So%q‘n%tto BQ’? %ﬁ%gné} Qﬁﬁgén&) ghef}p%h%r {té %2%1 tOEI 'g;ﬁkrél Sg,“’% {n t[-n%te
partiarlar3athglem nus of a transcri bed sequence in the
first mRNA or WD 2004/ 050918 PCT/ S&003/ 000255 41
first cDNA nolecule, to a second nucl eoti de sequence
in a Haicahns piefdRl embbdimeg, datdhselcdfiparies A drrvdouest dking
sequence in the database is |ocated at the defined
BT #doh taes prifssthatmnsplakely ropresppidhe Springmouthiidsad paints of genes
\M '@Jn@&)btste!ﬁﬁ nfabpiaf tHAUS Rk Hﬁ@ctl?f %gg& Hhe séq§edc9§ 13! éd‘ditr%g

known sequence in at abase. further
plrtetmtldetralsmtm gtagfsit¢schadh polfya}den@ytwn@mwanbe él@uﬂlféﬁdwhd ch
b, FLAREESE ol el AR SR b Eepegs can
baﬁeadllypdalﬁﬁéd areldjupaified ibg thisdirecteagdpingaif tag pairer m nus of
a transcribed sequence within a messenger RNA, or a
cDNA nol ecul e reverse transcribed fromthe nessenger

RNA t Theatequidades bathe @6, digd, 8fldrdencarfidRBRS ed infay O compared
nucl eotj de sequences are found in the database 10

Wh éﬁtal?lﬁ"ts?ﬂ%‘ie&%ta?ﬁés Frehars GenRankolpidgiermigg thei adentipygnd/or
RELHhstAls. Bl Bedfré nleﬂlll%%bﬁrb&ﬁed Rat@Bmp AR Y bE % to

t hen hybridi zi ng ‘an ol i gonucl eoti de conpr|5|ng
flatplasesrsueh as shiothwsomal diNhgequenge datah@iea and IAREA dﬁtahases
library; and determ ning that the first nucl eotide
sequence is |located at the defined position in the
CDNA Ve dresforaipervélsya mé‘llmch{ﬂlhﬂ%nnblngmtﬂrﬁ mRNA inthdezhlefor e first

Lgh v t 15 1t will b
S AR Stor R abed f MR 2 BERS St Rerim g ar o
Beqabritglirfa Midbh @OEIEIRISIEERHLADOE MRS filshtuclbati@dRg®nce which

and that it is possible Fand per haps nore_efficient)

tsdoca&s‘ﬁb%@%ﬁns%wssnoafat RGeSl ot ffaminga glatvsdribeg amglicet“ﬁfém the
ARk ARAGEor fRMCHNIEMbR AL %faesre@&hxﬁucls&fa@ Eéq%gnc@ uw gatd de

sequence corresponding to 5" term nus
tomsisting oflieRINA end/endBNA (scpquences whltlsoccveatrthenbﬁnc(b&gi'smon arileir

a Be%?beeﬁweor%ﬁmergglgcqusr \gvﬁer&%/qﬁle i3 nucle%gfe s:équenger 1|énu{e]:nt1ﬁed

w1th 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



20 transcri bed sequence (i.e., a "3 termnal tag").
In preferred enbodi nents, the pair conprises a 5'

woO 2084/090me8 tag and a 3' terminal tag of the samE/SG2003/000255
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transcri bed sequence (e.g. ,41the same gene). \Were

there is uncertainty, the pai'r conprises termnal tags
st |iKkel resent the ends of th

r“%s{é@gﬁ% mg&%@&fe 8 Se%ﬂ%guc?etoﬂgg frarsncs i as%aaha%f@ﬁ%ww that the

esebadi niElBstile G@ubens tHe ARtabdaé gn&ateu Qftht BtHel B6sigdrah itk NY
poi nt . and the endi ng point of a 25 gene, transcript,

PRI or f%ﬁé?‘d?%‘er whegenfthe fiistruclegtidecisauesesis identified

URith th@imawmgwnwﬁﬂtﬂéuata%as Jdull-length nRNA, or a gene.
Conparison of such pairs against the database may

conf| rmthe presence of a known corresponding gene or

2004/ OBo BT BE ECLhTARAN0Y R A Bt i st

t tapresented in d(dm:abasesaqnmrsmg thed stdpis Bf: bhﬁpﬁﬁ@&b’ﬂﬁ@uﬁ&nde sequence
e. t1ssue,

RER B Byech B FRNPLA QBT PR SR rabsiToisctsae wihin

trhﬁken@er RT®A, G aicBN2Oho e QU vérke fdASeriBad ﬁ@ﬁstﬁe méRrge YA D 2
t hat, a sequence halmi% the relevant termni
e

t
vsggai’c 5 ?W&?P%%?Wnk?ﬁomo e seauFnsewae frundin the database
SXRELSHERatciPHE I’ﬁr§ SHUESHIE SeqiBe And @o@?% %tdeﬂx?éﬁ rf%gxggr? in an

revi ousl {één NOWN tTanscri pts of known
(Ihlélgﬁrﬁ)g cPRA, thex bybpidizingi ahfoligemcleotidenempripig trhm fisst audidoride

SSE denicedh agbf\lkecrl tm R ?h%g'h rpcﬂi trml%?n fwg?h rfg@télluck:)]eond)e sequence

ntifrcation o novvn gen
t1$ hvna@cf at [ﬂ'(esieﬁnédl poalltldn imthgeDPAiconeBiliddy tIRIRMDNA molecule is

ISR BReadirebont ™ FEBE6 0e. scauence tags

generated by our nethods, partl cularly in pairs as

described 10 above, w Il (in cases of new genes or
new t FaHY bF FRprecjatadthatdl i petingeosasyip arerali cametare a single nucleotide

SEAIERGEANR the!ABDRR rz;nld ?llrélt fis JOSUbIOEAG ?)ﬁ%ﬁpstn[uﬁg %ﬁ{c{egtt) o

as their 5 termni t'erm ni
Famparg Eﬁg’»tqﬁ neghdtide sqqlummamﬁt thddatabasel udhgheind plfefeﬁxmy
nti onal .neans

R R D

Si.anid “Gar teymllnel tag’ $(ahdih eﬁhleolntie ydqhidncd Eorfeptn@ing ad B 3t Rabinus of a
S desi %:ne fragmth ag sequences woul d enabl e

e B G - deTel oF g PrF SR SameBmERsAhPTRR of

aoﬂﬁrﬁ@m §° tofmifdPRR ant BI3AfeYm AL t%r of thédambe HaMcRRM Seqi¥ice (c.o.,

| so prow de a method to verify conputationally
e ge)- g therg dbencenpintydhropair copguisas @@mmabtagpwhlsh arg

Rt 1eBRS réplesR AR AGs §ME BRVAnt QJqugme aﬁﬂs 3he }ga?r sngl preferred
em%odlments 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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sequences directly to the genone sequences;
identifying the tag sequences that are nmapped 20 to

wWo be4ps®@ds ct ed regi ons. The match of the tag sSPODSGRI®S3/000255

to the predicted gene sequences wll provide evidence
of the existence of the geng@s. In general, the
nucl eoti de sequence tags, |inked tags, ditags and

8RR, MBS Bnd MYt thA RnGHIRAEGHe RHRITR] dBBHISG@ressed “in real
dat abases in_the sanme nanner as described in the prior

lifet’ in thpegmpled e, HySAC oicd EhmiesfisasHowpen itgpayebeitle case that a

A0 o G 003 S L G

mmjmﬁw&e@t PSioady Wedwn tg zhave\@sﬁ:ﬂ/ol 0 8@ reshedr Biph sequences may

Pegé 1L gl%\r? %enes rreglfoe | e o‘yp gr%sf@%ptlé gtgg@gu}%g{e%%a Png%o
&&W&ﬁﬁ&&& tﬁﬁﬁ[‘hﬁﬁﬂm W&i diff&entipolyadenslyiici si€ dr both).

that the identification of differentially expressed
genes using the Term nal SAGE nmethod as descri bed

her e [aatifietidhS® udhRinkdwai deidsi o Aol trkhsBifiewill HE MUFhEic
techni ques. For exanple, 1ndividual nucleotide

BpRIBhEs anaejationy It MilkResapprestgied that databssegasarisops usings,
ﬁl?c%ogSe L@é@éﬂcgi é@ ge %‘éa{eﬁ b’9 BhIQHQH&is e;fﬁhfcﬁﬁiﬁy :P@Jg 'Fll: H&Ft@oe@ L

a sol'1d suppor ni trocel ose
ghaveleyillginl qa@s of tew genes Buew tltam;hms)qmwdnamy prdede boundary

g%gér}%{asl 0 the r aﬁlﬁF ? %eew ge%gs Stlragsc alsssiasgﬁex ggr%?‘gr%}l,@g tgxmlrél will
bké hﬁ)gmpFlﬂp&hgh icDNA sﬁﬁl&h&s fof th Qew@hd@ﬁﬂé&édﬂ@d dafl®e cloned by
sequences. t whi ch gp glta gs arf hybri di zed are

B Smegna] meabeF whioawh scquRmegPt e hovs TSRSy Hpy yrmilary be
fsheateilybd HPRLBR M Hish &@Hés‘i’g%lad’fro&hﬁe 2% gg%@@é Walld Efable

can be | abeled 10 rather than the ditag di t ags

thgslopmegeé t@é@lbmgﬁh segbeIce fromiRGR eﬁ@g?pp@lc qmcDNAallbrary or RT-

pefiRisoRRRE, @ fluorescent conmpound, a bi ol uni nescent
conpoun a chen1|un1nescent compound, a net al
chelator or an enzyne Those of ordinary skill in the

2 R0 RISE A LIRS AR SediGha ARG 0

Eeénoine RequeBvep &bmprisihgthe aeps d}‘oﬁa@mrmé Fair FPCRam tebﬁunal tag
perforned with | abeled (e.g %&oresceln 15 tagg
papsRsrsdiregtlnfodhe,gangme qu@ena% igniiyine Sherfag spapqnges e @gsfpapped

ﬁﬂﬂe praligled rebitis.| R @laRH 00 the\ifY RRRNED t6link %Eb%lc?erd%ene sequences

Earated i nto single-stranded nol ecul es which are
preyidppyidenee plthe exigiince plthie gangs-added to a solid

support (e.g., asilicon chip as described by Fodor,

et al., Science, 251:767, 1991) contai ni ng

ol i gdnigeheead} thelerlaotife egemté tags, lifiked 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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exanpl e, every possible pernutation of a 10-nmer (e.g.,
in each grid of a chip). The solid 20 support is then

wosed/oseiglet erm ne di fferential expression of POESG2093/000255

contained wthin that support (e.g., on a grid on a
chip) by hybridization of t4se oligonucleotides on the
solid support with tags produced from cells under

di ff e grbavisRASH thétmd&ﬁﬁ%tlon Y} fhffféfeﬁﬁilly%(ﬁg%e@éenes using the
devel opnent, growt of cells in the absence and

peayra) §éCt¥f met @#@\ﬂ@wnb@chem can jhe pspd|in cpehimation with other
e

BERPRCLAR o) Sy RS 000 UL LE0L bl 5 s
pretbrdblhditags) cah bedgbridiagialitsolgomicldotidarimpmbilized érsa sohd support

o Y A Sy e S el Fine
§dquaice aeysisihedestiied Bawpl €, a | oss of fluorescence
due to quenching (by the proximty of the hybridized
ditag to the |abeled oligo) is observed and is
anal yg gf ralleNQqRéd SlalysRfis En&PdHeLSif %’epal)é@m wherein the
2004/ 050918 PCT/ SG&2003/ 000255 44 The Concﬁp
alégonysleniida sequencaeie vthigh the dilnenars dpferidiesd areprefgrebly |un1|aheled and
{ﬁ%tgﬁ%ﬁ%reetrﬁ?gﬁy Qét ct me?e% éﬁgrgﬁpﬁﬁ ﬁl@ %ﬁ%tﬂﬂ%l@aﬁl%%%neéerhbeled
wgled thap theatiteh The Qaargs k& lpalgicctably laheteti fenexampkegieaces.

e R BSOSk B P e
&ﬁﬁ]ﬁiﬂﬁ&& rh@alicHeatbi, byanlen@m Thope i ORIsnatyhwkill iakicCdit \tllﬂlﬂcalow of
r nore t can be determ ne
Bt E‘E‘%ﬁgﬁﬁg@di“ﬁ fo e dthggtronilde gl psscriamgop paingroutine
E’@‘éﬁm@ﬁhﬁ& BSH REBPIL, HCR SAGR pafshe | ma 168N (&g, Sidofescein
within the seguence. Hovvever in the preferfed

BarddPaers, Preferaplys the ditagreontaing 2 Hopressgntend yabel. sit e fr om
the 3 end is used to deternmine a tag. In the

preferred enbodi nent, the adjacent base pairs defining
at angarld)ele(d oo pnlaleded3titagsi agesepdrateth élttasingicrsﬁrm@etbmz};aées which

r.a .AIinersear h throu

et A B TG e S
ByrB@idr, e alt, SciRn@ePRIETEC £1 99 Rcohfainin ghol paiiel edtides rppeiemingedr

to a unlque nUTeri c representatlon by. canvert.ing_each

BLEWIe, YLy possible perguutasion of a §§-mar(epg..|m s3ch g of pehip)n [rasehd

QUpport {s3BerREEt0 deRrfline diffefentifPelpredsiof of fiic3ags @bntARY \Qﬁ'lhﬁ fhat
sw table mapping). A tag is determ ned § for each

ofb (Reg, Q¥ ﬁlds;@quéwé by bdrridizatian ofsheqdigenycisotidestop vhe solid
ﬂ%ﬁortt Ov?thtt%g P#ﬁu&g oﬁ{éeﬁguﬁc%%&gerteﬂtgcoﬁaggns (? ga fll%ie{& s@s[ge of

referred e ment
d@tﬂl@pmﬁntr gmwtlsﬁqeﬂ@n Gedbicatzrasd prsserst of £groivth factpo nmtrmt
Ilérlsus ‘trans ormea%el‘fsogoelllr)fagsrona()f %%Fpen?nssue gx%pe%seloﬁ 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 ﬂuor.esceinated 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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conpared to the tag codes in the pointer file to
determ ne the location in the sequence database of

wo b@4ssguence correspondi ng to the sanpl e tag BOOSG2003/000255

(Mul tiple corresponding 20 sequences may exist if the
sequence dat abase has redurnglganci es). Figure 6 of US
6,383,743 is a block diagram of a tag code dat abase

acCesPheBdepdf deAving dHEMee talAPARFuehle (s@iséul intki&hing tags of
Human Genone Sequence Dat abase) iIs processed as

eRmaplesi @ queneg datalase An the prefereed lsmbedjmenfce commitey mehpd may be
G inter file 12. A
s%?rg @Q{cgﬁ Qanggg eﬁﬂ%g?%vgﬁggow séeallléglg(f eterm ned as
descri bed above, and stored 25 within a nenory
I 14 h
c gcr:r'gtafpg ge ?mb(?dhrgent,p S ence tf'lg %F o H ]s_%g 'Tg t,secogm?%%rfe& o) COéresplondmg
ﬁﬁauaﬁ@;elntaagqleﬁ&&latabﬁseao fdeiitifh khvif seguisicesahad @iatthale sample
associ at ed mnth t he chln% sequence ta%I ode is

m; t

SRIBENCE- (Png@e Bwre tagscap BF wgea%lbﬁager%‘e‘e e §oquence database
SN RNa& Aat AR b Qach%@c}%@i%é&%@ 1% WA %@%@ﬁ%@&er

45 The pointer file may be in any of several
indherpreferred ﬁnb?'ﬂ@n?@rqiﬂb)t the &gt #ncheringyengime sitg &ropghe 8 egnd is used

{d Ae‘?en%%e% gn' tfkg g%&‘gmﬁ ert e & &Qﬁt&gt&r alr dé’fﬂng atag are

correspon int seque ase
sathe I3ésit1cacj tbﬁz)aiwhcxmganzm sdio,rqnd Nelsl pte€erabdqence t ag
codes in a linear search. Alternatively, the sequence

tag codes can be sorted and a binary search used. 5 As

anot h&tinek teardhahrowgh suth e dastgsenayche Bed. ms‘ser;:mnhmteferred
st{)uctured in ahifeTrarchlcaI tree . structure (e. a

Pdiagnt, A5equence iag frapyasagple iRy Sre i Rriays ‘g‘P‘CT‘Br i n

fpesiiRh b BsHeRing @&dh)base%ﬁﬁf(ﬁh@mi r q“%pansrmbbg@ttag@ a%mber or
format. In the preferred enbodi ment, each entry of

pteg md@’r’ (e ,|/‘er01§ L& iTs a0t amy §thes suigblermanping) Aniag is determmed
@QQ%Wa S Qﬁc@ d]@fla});esg gﬂ%eg%g)%@g gaaha %ﬁﬁ%%gbn\kned toa

ter seque
tagdedq i8 aa&slagmenhet dn & peeftregd epbeditrientna set of fag codis rﬁctr(ar

file 1 orres din e val ue of the t

pigp gk Qe PP e e B T et e i G eing
pethprelto the tztgrtﬁ)deeﬂiﬁ itiSoaIE fikgtorderMitle ihe 1ddagorbiaqheRGience
dat abase 10 woul d be stored. in entry #1043 of the

friRbaeee! the seguense conggpopding b Bf sappiciapPeder Gy ltiRlaeorseseaning
%uaﬁ@@msyoem@l ifftRClehVen8dafas HallRabRBAGEHN 10 the

pointer file 12 that corresponds to the sanple tag
code 15 X, and thus rapidly access the pointer stored

ng t ;Bﬂgurle ?%ﬁjb Pk 8'3 H4¥ [s%ed’loci(%laigag{ c?fsastaé &%e dariiohd€ Dekss 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.



Because only four values are needed to represent al
possi bl e base pairs, using binary coded deci mal (BCD)

wonu¥werasf or tag codes in conjunction wth thecT/sG2003/000255
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preferred pointer file 12 structure leads to a

'sparse" pointer file 12 th& wastes menory or storage
20 space. Accordi ngl preferably each tag code is
t r ansTernesutertfde hmbebe maisjeoﬂlse(qralefonnazs bi ang forpat, eechgatry of
g%}l%rc])ir}er ﬁ?é’] f&%ﬁ@ls{sr ¥ <8>r'aeé arlr r u]itér')}g a cﬁt&p?&ﬁ@géord in the
senouen detabaAGC. The wartjie ag00desXibanke oﬁ‘m@dmd; wtne@uence tag codes in a

=10. sub. T=11.sub. 2 the b se four representatio
TR PRy AUTTE Bl G50 P <O o P E P § b B eh sed
PERREES AltEhMDA, mesréqdeﬂ@e 1500 0R0E: HACARAGH DHRARMICA a5
000000011". O rse, it should be understood that
STHRIHE (Peliy I?rgge)o?r f'ééé’élgléfé’r Aubdyolinkgd) st or i amycPthsr soivgmiently
Sk 8tk stenRt boBrmaO 2004/ 050918 PCT/ SG2003/ 000255
46 The concept of deriving a defined tag froma sanple
sequence is also useful in conparing different
sanpl L .

compuliaye ereRRTuh i, chfh g oF  pBE e AT R bty 2
dbiﬂlfeetoentonsmwpdlieg recérgiin the aerqubre'p database hfdn bwiling the pointer file

er.i al s havi nunb se ces

TR it PRty PisTo bR O SRt BF B RESTRe! a2 ous
tagspdnding tb iheThlus affhb exgeade. Ber sxampRf 8 squartce tRTosORSS

ed in a distribution or histogramtype data
594& ot edter g the @szra?far@mgare%o&brnéh%%eﬂrﬁ%maé@agq 1% r%ﬂld fegtored

E}Pér{t‘&%ﬂi od3l Af@help%mta ﬁk,Fm %evérueo(tf A4S0 R &S c%ééxrsaar bOed to

used where each entr nprises a frequency o
direaily eddress thﬂdpszpéwn ¢ eraﬁtteeﬁle 12 Het qamesponds roa@%samleaag code

35 S SRl B o P L2 B A s
acpieres glhtapse &bl e entries with 10 the tag code A count
can be kept of the nunber of matches found, as well as
the location of the matches, for output in text or

gr aphBecafigeronlyrouravalues/ird Héecde@ioi reiiteseAi vl foksible basatp@rré;lgﬁng
in a data storage systemfor |ater use. The ta

oup el C@?b@‘?@ TP et 4Ot tREOdREIA C R URGHoR afrthm—reeferred

28tV Ble82 sRictite &AM ar‘@}gdré?:n pSthtePRIeN2 k3t %ﬁéﬁ%ﬂmy bhasEge
aspects are inplemented in conputer prograns

epase utocerdingly, prefsrablyrcapiniab Fededomngfosmedsiompmber hage 4(ie., 2 bits
g%%%g%ﬁgi\% q%nw,%asﬁrogre&rmgm %qaé) %Ju%gﬂl fgrr%é % ?Aﬂ%’wr% ?or
lerausle, doraag seputnce ‘d@@@”ﬁ’e withrig-08sub. Ba%101 sute2, it 101stb.2,

& X su% 2, %a tbase rrgprgsgrrxtgtlilgx n%pn%ryov[round){; OIOBPH)tll’deVI ces

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

would provide equivalent function.



tenporary or permanent storage in the data storage
system i ncl udes sequences, and may include previously

wogen@saued tags and tag codes for known and/ oPCTVSED®BN00255
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sequences. 20 Program code is applied to the input
data to performthe functi ofi@ descri bed above and

generate output information. The output information is

appl i &he sancens ef darivingadelinadeg fror e Garerle sequencr isclie useful in
fe8m diff3GH b 605mH &

s?t o?ded 0}1 a sts%l?@l e medi arﬁg If?c]-@gﬁégﬁéd%n{%&ﬁx%ﬁ meputer
Wétm wsed toaatth Ee)qumatagbfren diffeaeng) eamqﬂ@l F cvrexamdm uabomparmg

0 pe r aﬁﬁlﬁgﬁg % Ea?%'l ; wr;r)'J' F reorf%gﬁ?eﬂ n? ﬁt esrstéssu Z,dlée ﬁg %’?Q wB0de of

dewiatieus tagsria acﬁirényarﬁﬂleCaﬁdbﬁ'mabﬁdfd dubagreg édﬂémtt)ﬂa& in a distribution or
glrocedur es .descri bed. herei e inventive system m

<RG0 L HEIeLHe 5 DIt BHEraGhra s et poier e

FOARLY SIS EFINB eha§he GV HREL M Bntry COMPHGY h &equthdybra

comput er g' ﬂlﬁ’ rré where the storage nedi um so
OBTTERSr @ty e c Bigica Bera thowsrings e Booseee icINEee o0/ 500284,

t
£ CAUPH B, SO 1, A s
M ande . N@nAeanibe keptof memgmbamf rr@m% foedas welbss, the loeation

d bl d ' )
BF 5 AL AR B i b BB o e

a@lmdstoifdgakysteﬁ;n fo@la&ﬁ)ﬂse in pr ef erred enbodi nents, only

a single "signature" is obtained fromeach cDNA.

However, it is possible to provide a plurality of

nucl e’Dﬁd td c&%&ﬂ%ﬂﬁp&%@ﬁay‘b‘éhﬁﬁlefn’éﬁt%@ﬁ)rhax?d\xeaPegor software, or a

Accor di ng g qprow de a nethod of generating a

ﬁ?lﬁ?laqlt}qnwf pthrRrefeeably, tesedspests gredmplesienisd rcomphisr pr@gﬁgls

ExdUel i Hobm RO E S AmbhOHY %ﬁy&éﬁlagd Bilage )Gem
her 10 hucl eoti seque ce s are derived from

élecfu@ng: vodatilp pigk MFVOﬂa@Ietm@nw ehdéartsiadegesementsy; et feasgone input

gé\gcdeugr%j at'l rysttoln %%?tod-le_\g?e ata mpuérigﬁ%kg\)% : e qqufﬁzgﬂu?gewces }{or

mes as uce

mmqiomﬁ oﬂﬁnﬁﬁﬂmﬂﬁﬁﬁget]ﬁigﬁ daa smd Sghtent mBIIuaesFﬁac[deh&waaﬂ may
f|eIC acid eguence. The met hod of generating

ydp prexiony BBt Jdagsapd g cadep Sy knp walqyatakpgry g gengas,
PRGAMICJIE wrle@tt) theBput h@c@‘t’@&?foﬁﬁ tﬂeff@ncklbﬁu&ﬁgcdw&wve and

acid with t first nucleic acid cl eavage enzyne,
gengrate euipuy @tf@m@tlﬁrm dihe petpetdnigrmation isgppliedse oneeranére dutput

b8ALes LR &nAGE RGHoIUC! €1 C

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



acid is derived fromthe first nucleic acid by
cl eavage to renove an initial nucleotide sequence

wot2agrosthie second nucl ei ¢ aci d therefore conpriPE@dsG2003/000255
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sequence of the first nucleic acid 3 of the first
nucl eoti de sequence tag. 201 n order to obtain a
further nucl eotide sequence tag fromthe nucleic acid,
eamﬂxp'mtdrm opesggjinanpeificand ptedefired maon¢rhepgom ik fogtions ¢
%f nd the resulting structure subjected to
S‘é% 3‘ BY the first nucleic acid cl eavage enzyne to
release a further nucleotide sequence tag. The |inker
g;uence may conprise the same or simlar structure as
G WALHINGyr evi ousl y. In short, the process of
providing a further tag nerely feeds the second
nucleic 25 acid groduced by cl eav Oge into the first

st ep & inttheeprior at SASELpohaiqu s, the seathogalgscriped ahoyg engples the

| f A P 88 say,
At e e ot

EW@B@!I@@OQ 551)' asBgheidighdtare” Bobiainey fiomaelscIINA L hgwever,
ﬁ,ésgé:/o%ssiﬁlg ltoe % rovi eé élaala@r %H%lgoqgie ggq%g‘?‘c%%{gé usi yé) fl%ﬁmgldslfle%? as

further iteration of the rrethod produces a further

e rACPEREEG o E PR £ QUL of EIHOR ot

SR06Hcad, kit comphisingd ﬁdcleldﬂclduéqﬁeab@tag&bﬂ anuSleigUeiaCE, further
conprising the Term nal SAGE nethqd as described in
pyrleotidesagnense fagwire HorsA Sopy seatsness IREMALo B npglpgtide sequence

%T)P(?ﬂuﬁ@l)mftlgll}( fei‘}le fethsé fnagﬂé repéhtdd Rinfthy tlméﬂas%gﬁzq' 3P duce

tec ng 1s described bel ow,
Wi mhummfferbmtnmclattnde sequeiict itags af waedetcieom o pmguarréluslelc geid
TERM NAL SAGE 10 The Term nal SAGE techni que has been
FEL¥Phed generally in the description above. The 5'
Term nal SAGE techni que described in general and in
detail in product i

t
nucl ebt§ ‘B%t{‘ 3 @g?ngaé{“g g@’%t‘ %?‘PE?B% Yf’é‘cet 38 fﬁ%eg ase of the

tQ6H Prdhiuct LMY @l@&vﬁg@(ﬁf e lirke@HMic SYiEwRh ﬂled'ﬁ?ét (ﬁuclhﬁ acid
preferred enbodi ments, the nethod enables th

pleahae eizgmedie. a “saendupeleiacklo bt rﬁ‘é&e%ﬁﬁm soppyl nucleic
380 {EGTe L5 BRARY %ﬂ%&i&d By éeav%ge Jo%rmﬁe% iifiANaQkfed

sequence of a gene refore provide
aequemdacuag ®he spcmmlmdclmg agid tlnemfom; somprises scanericnof tin fiest pcleic

GR35 ol SaghiRal o0, com T 10 he v

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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deoxyri bonucl eic acid (cDNA) having a term nus
preferably conprising a 5 termnal transcribed

woeauesneid of a gene; (b) linking the cDNA t o @&aTISG2B@1000255

sequence thereby 20 forming a |linked nucleic acid, in

whi ch the |inker sequence c#nprises a first

recognition site for a first nucleic acid cl eavage

anizates mpnyefoendshif phisproess maychd arriedpdbasnetassasys 1o pragyce as

al | ows, nucl ei c acid cl eavage.at [ '

P RIeB G Bhfeat bh "SRR R e T B Broduces

h futhedntal &lgtenae tad, goidgictgeeardd desper e theinacleic acid.

cl eavage enzyne to provide a linked tag, in which the

i nked tag conprises a nucl eoti de sequence tag

r epr es &8y §eProvide?Pmethod §FgBheraing b pARARY bheMleic acid

sequence of the gene; and gd) detecting the presence .

saquengess eomaprisife thiolerome] §4G8 rtipd s desorbed/in Huspdpsumeny, with
e i i tag to

T S R SR S s L

expression. Preferably, the cDNA is linked to an

i nkef_seguenc its 5 LV codi

s EPORRSE o S o VBt Bt

tikgationDaH referenceiteFigaied. 5 Preferably, the first

recognition site for the first nucleic acid cl eavage

enzyme, preferably a first restriction endonucl ease,

3l TewnnaUSheire acid cl eavage at a site 3' of the first

recognition site, relative to the coding strand.

Preferably, the nucleic acid cleavage site cleaves

Wi t hi f I REMREAYROE Sechliqhd Vs 9%&&96@&@%&&& tRY @briRioR

first nuclerc acid sequence which is a cDNAin _

pbayE eFheesd TerhOnad (PG ique fleseriled iTegonefahand igAegil in thisjsection

necessar 0,.pravi de c ' ' ' I s .
EFERS RR oy o PRtk Toad col heMulltg he 5 terminal,
cajualkek ef ofclggamdiucleicgcidf inlpreféred gmbodimeidblAhé method ermblegthe
for this gu&ﬁgﬁe. Size fractionation na%ibe ugfdttoy
Produgiion of 2 nugieqtide seaperioe e SPNPPUREICAUCDERCGrIEEPONEgR 1o 8
StAMA] Gansériblel sd@bt bf £ NG MRNARR cBXAL hesi sed by the

ol i go- cappi ng net hod 5 described in Maruyama and

Sugano, Gene 138, 171-174, 1994, Suzuki et al., GCene
200, W]eﬁéf??ggarc]\g&a M&h@o%cﬁﬂ% iBh&clonPPadlihstance of

prinmers. I go cappi ng nmethod repl aces the cap
skpressiouoéa géneatherRisthodicomprasingdhd ghepsiob dmupsdading 8 eomplementary

e et deu A Rk B p P B R i
(riARYibeindqiencad flag@se; (b)diakiag tHe@DINC @ dikerfebienasi thdreby4
I?OrNﬁ“liIllgi a ?nsl’cgd m-lrctl]éig acrixiallr(l: Muocﬂ thieﬁinﬂgdsgqu%gge 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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20 specific by renoving 5 -phosphates of non-capped
RNAs wi th al kali ne phosphatase prior to TAP

wotwestsoest . Unl i ke t he conventi onal net hods t ratr/dcabesiooo2ss

the 5° end of cDNAs, this nmethod specifically |abels
the capped end of the mMRNAs#9ni th a synthetic r.oligo
prior to first-strand cDNA synthesis. The 5 end of
thiadinkddNdg bisthé nheieptide sequenes g tsprayiflyarbipdicatipn 0§ an instance of
transcrlptlon pol ymerase chain reaction (RT-PCR). 25
ARG Yhe ol i go- capping method is preferred, a
nunber of other nethods of making or enriching ful

| th c¢cDNA k
aﬁgga?fﬁt%wly, Wﬁé@@%@n@ etg%gﬁ@%g%qfl%{c)e ?tHE%pﬂ{hﬂsgé\ée to the
g duaRd i eese]mk\énea&w QPAALS RETIRERIMREPARIHEaciR0 A

number of |ibraries of full Iength cDNA are known in
Preéeralfy, theafiret reqogmiiomsity forthe fissbancleic agid dleavpgercnay R P1REHDLY 2

FL?' reﬁ&i’lﬁ&f‘ér%ibx%&aé@eéﬁ(x}s BEdeidGLig clef%gé at 287198 o fGRM kst

brarles rom vafrious organi sns and tissue types may
k'mo@btllqn sitedreletivate theicadihg sttand nRreferablybibe nugleic acid cleavage site

uf CGe I t 5
E@%ﬁ?%ﬁ ur.?sgﬁ%ﬁ?@%ﬁ?&ﬁ%&Ucps5PEK{paggfh Fi??hernore,

a database of full length sequences may be found for

exanp] e, .at the Institute of, Medi .
v Bl tostrov iR it RIS aTEes W SE SR st

Eﬂb&i’iﬁexﬁt? fdranratehifdet AGE el ishesessarpiol p@cﬂf,lde\/bfﬂ)l\m W&H g Uieﬂnmal

not be taken as I|n1t|ng reference is made to Fi
EaﬂSRé‘PféirP@ﬁ!%S il geeseb apppethed whish ixrapably ‘éf@f?ﬂuﬁ‘f‘é s demgih”

? Olgl Eul aﬂle %:th'?? éee§1zé-ﬂ§c@19na%}on£§%y%g qsetdrﬂ@ ﬁmut smaller non-

ers |ng pol nt of transcripts, have
mMIMbeqmaNﬁ fragnents that are 5 intact. In order
to do so, the established cap-trapper nethod may be
enpl oyed for full-length cDNA sel ection to ensure nost
of t hBorswhaplarfor leﬂgihlADNmaxgmselﬁet @nthbtﬁmé by e oi19ct-eeqxpin§'method
end. The cap-tra r S ed_in tail i
AL Merign ahd Sioan Gongh i ALK 4y B8 St af) Gent Joo,
98¢t S8 298N gki aQBl%gm 13;91116&3 ‘Thd 35@)‘ éhg%ﬂg methB@feplaces the

| e

techniques to ena Ien th cDNA to be obtai ned
Smestalceies of 3imRINA avithpg phg@;ba qotidg (giofigp)dp fbel thoNAnd A

P S0t a1 o
bhgos 13368 tB8¢dpped EBNAISGYIﬁDTAeRNAmgBENOUsS trassid imadanap-

t oo ?ﬁggge&g\ggg gl’ %hospthatesRo non cgp 28 RIS w1{h a?ka?lge &o%&atase prior
to TAP treatment. Unlike the conventional methods that label the 5° end of cDNAs, this
method specifically labels the capped end of the mRNAs with a synthetic r-oligo prior to
first-strand cDNA synthesis. The 5° end of the mRNA is identified quite simply by reverse

transcription-polymerase chain reaction (RT-PCR).

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.



20 Enzynol. 65: 65-74). As we make full-length cDNA,
we use Notl-dT15VN prinmer to initiate the cDNA

wWOopoM/i5esiss so i ntroduce a Notl site at the endcafSGies/000255
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pol yA/T tail. After full-length cDNA are sel ected,

the 3' end will be digested®dy Not! followed by a
ligation of the biotin-Notl I|inker, so the 3" end

bi ot i Aylmabedf hlﬁhﬁesanf dulblohgth cNARid krowd inthe a1ty andithes¢ wanbe

t ed d t
g% aggg@f“&p?‘f’@ %Sf an ?m?omqong ﬁﬁwl\%ld lhgrlsef’F Lﬁﬂe§%tlpa)ﬁk 1Btaries
HEMAQRsGpAikins Eﬁﬁrﬁsg@@ﬁé%/nm% 55ta1n5d.c<ﬁ’inaerlclaﬂjb Bbmiazethber of

cDNA popul atj on |s then divided in half for the
gga sty ouch ARasORLERTPEREF A and Mrel - BseRl | i nker

ﬁﬁp ARG Gedgb) l&ﬁﬁ/ﬁrogﬁ’&yFFE‘pK;B? FeAREmSRIAGSHAse &l Magth
and BseRl sites have di fferent sequences for PCR

praericergmay hecfound-or eamtq, at thesngfityte of Mgdigal Ssiehere Upiysssity of
mfromits recognition site 5

?%W%P?gygpm?wjgaused for rel easing tags,
called the "Tag Enzyne" (TE). BseRl is another 11S
type t hat, c. b
r ecog]ﬁn@/pﬁowmg 8eta1?eé@&iﬂ 7@ cﬂp% tl(f?{;({t%g}allkgrgas litine.
teférenice Madego FigareBCReftef®e ianldo hledaa/te tiae detailedrplotocals sétont in
sequences with the tags, called the "Anchor Enzyne"
P)SE)‘I’ les\in¥¥d Zdi gesti on rel eases |inked tags conprising a

uni que sequence signature 10 correspondi ng to the 5
portion of the transcri bed gene, After gesti on,

Mrel
t he rB adddbeiMmel gnlfer%tmth%seﬁew% aﬁvﬁwr&% Wﬁﬁ‘?"‘b‘é have CDNA

L at 288} ihth A3k @cker [%vde,r sX ﬁu‘!\@sta;bﬁ%d @Eﬁtrhﬁiepﬁgthod may be
together face to face (tail to tall) w base

p@aploged fov@ﬂ’rla;gph ¢NA geleasiomtendire mgstaf, éhﬂ@eblstww RDNA fragments

' . d Th t g
B B B T PP e BB o
AB@nEioBchrﬁlydeag:B(sw 48h-986 ﬁﬁcEBﬁﬁ:bhn]xﬁle‘s B(m(ﬁe)rlszsme be nmor e

efficiently anplified in PCR reaction than the one
with sanme |inker sequences. The next technical trick

I S howthkbPreéiREStoleRSO1E NdeRHNEDNA Qe dbtaimdRtd dlioaditable. For
dlta keeg t he anchor seguence m ni mal , and make

e@ﬂl Iangth cONAagnke obtpined Ay asing B AR bindng @xeisin to
%el;m{y aggyl\ﬁlgﬁ L MRE 5%&&%%8 ?1%4&1: Clgll??i%(lolt P51 53%3 M5%1). Birrmore,

apar base pairs | 0 sequénces.
Tiettodwbdsed @l R t8geil tagging iwuith@NAhlegaﬁmaay &lpq ke used (Methods

Enzymol. 65: 65-74).

As we make full-length cDNA, we use NotI-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.



( GAGGAGNNNNNNTC CG AC) and create a CG 3' over hang.
The probability of having a BseRl site within the

WO 24bpotag sequences of all transcripts i s vergr/s@2003/(10255
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= 0.00488). After purificatjon, the trinmed ditags

are ligated to each other r%%ulting concat enat ed

di tags separated each other with an anchg ﬁquence

0GAC. TisdpRbaizedeANABOpRtgp it hep faised HRHedhgaon of
s B'%QM [itket R afd Minted @ séililinké e Thesd 1ARQESRAR e BAHERG ence
per ditag 1n concatenated clones that neans

iforf\mefeanil BaeRdfsitesy butyhageldifferentsegvenese for R GRwiming sites. Here Mmel

con 0 ' one
FELREhBr e s AT DroAR) B Bub al ! SRE RSN B
BC@GACBR0/18) Mol ys usedfbr tedeagiag agatcdleZIWCTag Eneyames (EE e BseR1
¢l on 1000 WO 04/ 9 PCT/ SG2003/ 000255 . 52 bp)
FRAmOTEJI B R (ot DRRILTBR TERAET SO RABREF seq.
(GAGSAGRSIHE)] mkawuabearsagﬁr EE@vaE heCRGR hrins aB€ (B4 GNLCAMiImal
per read. 3" TERM NAL SAGE The 3'_ Termi nal SAGE

pERIRRTcquRRCeRY the tags.icalled dhite Anchor Fazyme 88X | in this

section 5 enables the production of nucleotide

sequence tags corresponding to the 5 term na

S eq ueNane! digesiion eglengesrinked fagsedompgisingla upigueieayence sgnature
ERAHUMERRLS el GolEh BPYle GARBNRR abfle Production of a

nuc e se( u nce conpri si'ng sequence

corresponding to a 3" transcribed sequence of a gene,

MRNA Me th f
o SRV gkt dhek e BROld e g BipagligR may be combined
@K@ﬁ@ﬁﬁl E%r@fvacﬂa@@fﬂ@mﬁeh l&)gﬂ’(\hﬁt{lﬁ\ﬂ: t6 @gﬁ (thi$ td‘%ﬂ)t\hlﬂ} ISﬂb&Jlﬁﬁe pairs
Vi dl n co enent ar eoxvyri honucl ei.c
%Pp(ﬂé@?@fynﬂ am%ﬁ@kf@‘?ﬁ# ﬂﬁ@%ﬁﬁb ngo ﬁheadl@gs e Fubeeaypntly
tpﬁﬁﬂa%a Qﬁgllﬁm%pﬁloanﬁawpn&&u Aﬂdn# iigd Wh &GBNRNt

to an linker sedquence thereby formng a |inked

rimlgerre il beonere effigiepily amplified in %@& &qactesfharibe oreotith sagesdinker
F%é&mgecognltlon site for a first nucleic acid
cl'eavage enzyne, preferably a restriction

‘endonucl ease, that allows nucleic 15 acid cleavage at

o5 a0 PR b BSOS R i s

o€ 1t ﬁ‘ncﬂ@ﬂ sdquehearmgral amd yiiRe the s eAthdehedive Ieﬁﬂsexdd tigegable to
in mhlch the linked tag conprises a nuc

§éﬂ1}é¥lﬁ§ Ve QBCE} ib%?regg 8ita next tg the yImsl site apatt by ﬁléqse pairs in the linker

sEcﬁi&ﬁ&E 'ﬁ@ﬂvﬁl%ﬂH@%@Rﬁut thhangsmel signd (d) detecting
presence or identity of the linked tag or the

ﬁﬁé&ﬁﬁﬁW&n@@ Agrpnderepied\iGrd’ eierhangi1baprababibity o&n
h@%@?%@dﬁ sitd%{ifin 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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20 expression. In order to provide a first nucleic
acid sequence which is a cDNA in preferred

wentwadsivesit s for 3' Terminal SACGE, it IS necesBar/gGLm3/000255

provi de cDNA conprising a termnus with 3" term na
transcri bed portions. Prefesmably, at |east sone of the
pol yA/T tail at the 3' term nus of the cDNA can be
bFyeV éae@luenm‘éﬁyﬁfth erld§ oF¥hé bloR& (#10 8&. #da8Y a§shﬂﬁng| dn aléra
not strictly necessary to renove the whol e of the po y
bp qualigy seqpeneempen®ad DNA, provi ded that at | east sone
sequence fromthe transcribed portion is captured in
the nucl eotide sequence tag. Any polyT sequence which
FRVERMINAR SAKEE nucl eot i de sequence tag nay be WO

2004/ 050918 PCT/ SG2003/ 000255 53 ignored for

anal ysis. Provided the nucl eotide sequence tag is |ong
enoughhe ¥ fl‘ehlinlnhl S te¢tmhiqus deseribediin gererd) and magtaft i this section

r fficient to identify the rel evant
s neprEtonyotuc s et nes 4ES el e meaS U 5o gl
tséalae&@ lof #\elevRRutb16i8 acid M pFEBdrRAdmobdifmlnds &h&ﬁ&ﬁ&i &hablkes the
produci ng a cDNA w t hout (or substantlally W t hout) a

prodyctign of & pycleotidpiequenas tagsPYPIRngsTIpIcaaapehonding tp a 3’
BiseORA- se?‘éﬁ& Jfggtﬁy ARER & DN scussed in detail in

Shi bat a Renoval of polyA tails from
full-length cDNA Ilbrarles for high efficiency

Sequeﬂ’%ltﬁ@efo@ gv?o%qq}x Ho%sdf ?’ov d?rl a 19&110 094? a 1ngzc1) 1ce oﬁs
Proie A hethoof providiy antadiEym ofan ify

not ed above e en
tApeespioh pAd @’erkahé méthod)a)nlimm‘gelds, stepo of: (M)@r(ﬁ&dlﬁgﬁa&complementary

ucleotl tag i.s l.ong enough f.0 con ain
eoironulEis eht SRR Sl cumi SamPETE ok el Bameried
&mh&ﬁk afi ?&%%ﬂﬂﬂ(l@ﬁe PORAUE B K sediidnle BBreBY RIAGR a linked

YA tai | ength of 4 or fewer, but this does not
ﬁ*&tlftl%?mﬁ!)rlwmb erlipker SERUCBSLOBIBTISSS § (BT EesOgTrOn sife [feradirst

RRPLOLLid QeAARE dz6md g;elﬁ%/rﬁ‘tﬁ?§ sfr%eﬁ%n %ﬁ%ﬁg& 8t di aﬁ&@s nuclelc

gene. In a particul erre
adifl clodvaghat asst Gisfait fromi the rfmmiwegmtldlrsa'tm anﬂ éC) (CIBMng tha llnsl,(ed

h&les ygg‘d %qﬁ) 91% ir } T‘éél{: acu?n c ﬁ%\iag? ?ngxlgg %‘8\8 %gﬂgﬂ et i&cw}gch

grerhﬁke‘lﬂyg co*mpméi d mmleaﬁdebeq@hmagi&ﬁrebgmdhhe of 03’ lterinng

e o0 B e B YR

EagDP\M@ ThdidSedFEubtee Bag to bﬂ)vi@@ laf fhd¥afforfef afrinstanéy of kedd)d V
A,  Cor G (1i) producing a double stranded c

Pﬁ@ﬁ@?ﬁon1and di gesting the double stranded cDNA with
Fsel to produce a cleaved cDNA conpri sing

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



20 3' GOECCGG overhang; (iii) linking the cleaved cDNA
to a linker cc pTCGGA conprising ; and (iv) cleaving

WO tdogosoesul ting nolecule with Mrel to GGCCAGIEIT/SCmOLI@®255
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a cDNA lacking a polyA/T tail. In the follow ng

detai |l ed descri pti on of 3" “Ferm nal SAGE, reference is
made gure his detail ed descr tion should
?r%értaa%éw bEovidend AGICOtRE FRANERTE &8 'S logp £hPSgk b izgpture
e s G BbRbdgBshcP froh AN 4 Qi ffifidht th RiefifR MRl relevadt gond. 4.
WO 2004/ 050918 PCT/ SG2003/ 000255 54 To add the Mrel
linkers to the 3'end of cDNA fragnents, we have to

fir StWB%@t‘ﬁ?des‘rE@toQ%W airleﬁs@kénﬁe ONREDSIEAN p@ﬁlotnheﬁiyrmethod

startlng p0|nt In order to do SO, We use
tzvhmh iisrcapahid of piodugivgia pPNrwewithost (on pubstantially M\Eho‘ﬁ%f’ﬂé 4T il

aay &n‘y\gy%re] %Fl?)fO&de fgl ﬁ? ugp%§e gych ﬁlmqh () z&fa df’gagseﬁil\h ?Itfﬁlsm

prinmnmer nea
$BbAS el N (200¢), Beinyval bﬂ)dlymfa115fmﬂl‘ﬂﬂl -lehpthsDNA hbxam for high

SRS egreptne FH GG FHoaR TR S0t iyt B e B ot

ﬁ@%aegﬂ £bi th® @nti‘rétp st thé Parp RIT thik RbeQBmRG Wl 1bie: d@@l&dﬁmleotma:d
t hen di gested enzynme to clean up an po sible

paqbeticn 448 injoag e%qug@@ qchta@[wful seayengs infm % example,
| h tWor fewer,
g Spivgfa .q%%&g?ﬂ'ﬁé%@ggﬁée%ﬁ?%’e%g%iw*ﬂ‘ Sep Ty fover

hut tHis Bpesouot mattdr proyidsid the nueleptidn sequamce tagalb lopg enough taeppiufe 3°
of%w A 1/ 2Fsel -Mrel linker is first

ene.

[
%P&&@g§89$w?%e COMSSi ve 3' end, and then a biotin
linker is added to the 5 end of cDNA After adding t he

biotin-1inker, the c ra nts ar
oI Bk sHY Rt PrEbgiag: Datso s H o BT RS htpgpmoved
38 the OPNA, ThiR/ si¥htcmbadinRyisef dA Mﬁﬁﬂxg Stehﬁmhm&imdanS 3

base falrs (6 residuals fromthe Fsel site after :
mngw transerihed squense PhhaeRE enay inparticilay R propidey by §» ‘3‘55‘?‘{0‘”%

s{e gﬁfh\g’n LN L %ﬁmyan n‘ﬁUW%& rekersd kSRS hiptRR withlah pnmer

rennve t he P AT tail and create a
bexslmw 3 sequhériﬁjV(TQ éﬁﬁGCﬂﬁlﬁ polinywhith NesA, %L@\W Tand V=4,

Ed;oer%ga) qrﬁ(?u% bylcfg ﬂaﬂ?@d tlj?@A Pe%oﬁ%%nﬁ%?gestﬁlgﬁh% Plei .

e ot
tsardedicDNA WithiliseBs @Rlductel a"d{mecB:DbM comprising

GGCCGG

3’ —===="—_ overhang; (iii) linking the cleaved cDNA to a linker
ccC
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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this point, an external Mrel site is precisely
introduced at the 3' termni of transcripts. Al 20

wabt@pmsions t he rest of the procedure includi ng pel/saxiosgoo2ss

SAGE tags, ligating ditags, anplifying, and
concatenating are all exactiy the same as in the 5
Term nal SAGE procedure. NUCLEIC ACI D CLEAVACGE

ENZYNEﬁad-Enﬁe Mkl ﬂhlg:k’kel% tlﬂz@é}fd' J @ﬂNﬁefFa%n‘Qﬁt@ e\{f@luvlé to first remove

utilise nucleic acid cleavi ng or ni ckKi ng enzynes,

SeaelyasT DRRprshisddy algbeiesioringpomtuimiosder tCE@cSQnWS usegthebiotin-Fsel-
‘a*rﬁs'%?g?ﬂ&ctg ﬁdn‘fa@&?ﬁﬁ' ?nthé%fs' Fhest%g ‘Aﬁ{in%?ﬁucle%?& (Y¥XNEG; and
ar e era res I on enz estri

Nrdano,ocﬁ B val guldMe psiemdr foranhdai s tietoffrsimB s, in tieepollye taid of

rict onucl ea s" a "re i cti.on Z st
PRA TG 4 LR RGBS SRR ve AT e PSRt KoiD e BY e sie
dﬁmbblsmsatrtw@:e ADWBI2SRAAd E15108 1811 BE s Eadflibi A8 07 Bhgnddid beads,
DNA sequence termed a recognition site or recognition

ﬁ'&ﬂ:‘ih%‘b‘ilgﬁ@dé’é&%ﬂ@ézyr%ﬁfﬁ clegit up dypessihls infesn Mimbises dn cDNA.

Wfteﬂ&ﬁa@mhme %%cuﬁm FaBmOHAt Irémséd fedin th%’fbeio% rb§ kot dlgtea&‘m
nucl eic acid cl eavage enzynes cl eave the nucléic acid

and greatoxs¢ahpsive 3 end: Escd és af8-hprater Ekolyefl tsp 819 intempaklfseksites in
gBﬁACJreea}/eagq /ﬁ%g’ll Mhl%f‘llﬁ](%r &Z?{t é:%cf“to tl?g Joﬁgsiive J egcmaﬁchﬁnen a

recogni tion position,
bwotiv énltee iscadddaicto thef Berdadd cDNAaAft'ém‘dﬁmgthe(ﬁl@avhtg@r the cDNA

SAB B B3 W s 5 R Bl G L bR e,

il il dreskterdis MIRE Glté leste] SRS (6 ﬁ:s1|dheﬂ§<ﬁbm GIRRET sBk Bffer
a. recognjtion sequence for such an fset cl eavage

digssfion andligafomand a B-pelyHliAeigpatiyera ﬂgs? SX iyt AéYI@f} in
Bigeitiofl WP prcib@Premol tl@lphf}m{ﬁlltaﬂ@cﬂéﬁ@ a 8fo ﬂ-a)éPSad' xl)\grhang

restriction enzynes is preferred he net hods and
é®nposi ti ons described here, it MA|| be appreci at ed

that derivitised or nodified or engi neered versions of
such enzynmes may equal Iy be used, provided they have

the TPregobt/T-dess ADNAGs themdiwided bybaif ihioawo pnpllationk,@ne half is to

A e MR G Rh BE et e e iR presikind A
CHRR] dnl R REnall PEEST 5iEid piebisél§ (rfro@WdRl BYthe 2y ims: oMaksdripts. All
cl eave nucleic acids at offset positions. Al that is

StERR i fhedest gf the progedyire including refeasing SAPE Gesdisetionditagties

hRphif)k, dnll Soldafthing GRITN dk 3Gy dhe GO I in the$ Rlnhaf Q(C%E an
enzyire that allows nuclelc Cleavage at a site Int

pweedree acid distant fromthe

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



recognition site for the enzyne. Engi neering nethods,
for exanple those described in Kim YG Shi Y, Berg

woO Jivi/odeendr asegaran S. (1997) Gene 1997 Dec 5pCT/SG2003/000255
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203(1):43-9, Smth J, 20 Berg JM Chandrasegaran S.
(1999) Nucl eic Acids Res 1999 Jan 15; 27(2):674-81 and
Kim YG Smth J, Durgesha M Chandra e&gran S. %%PQ?)
BN sequeacn 1¢00g aApOSIVHYR StERE _ZF«C?@)“:‘QPS‘Q‘-C 8_, PGP OPE A
IQbEMANGEE TS 2 Soi AepEdifid LRk si®di Ty the
recognition sequence, Or to increase, decrease, or

ot herwi se nodify the offset between the recognition
site € . . f 1308 the RUAEE BAd at ition
Sovar T GRERR A, £ AREe BB B o
s1asitls 6fahd @eogaiion sepienas Tikadarago edsition iKitherefore (pifseCi{gong the

and Chandr.asegar an, S. 199 Pr oc. | '

oepenigs pos 4575 454 36 T BB AR BF redtiito pr e

apsla eTéﬂgmM’:I@-paﬁtil&Qﬁ)xsebf Prafe. 1SGegttion EhzyndSl (448 ibechid

Kin1%.-_ , Shi,Y., Berg,J.M and Chandrasegaran, S.
adetagdslow) arsprefamedsg. WO 2004/ 050918

PCT/ S&G003/ 000255 56 In particular, we envisage the

use of chineric enzynes conpri sing sequence

r ecoghs desaribed elsenhrse, adigker gempriingAcieePZaltioR Feryeng s isan

The . r.ecagni tion. donmi ' ' AGE
S SR B0 JRPRL0 ARO M B4 g pi i e
variable length, to allow cleavage to occur renotely

fromthe recognition uence. 5 The. r -1

o DL S PSR SRR oo
f%&ﬁﬁdsfti'oﬁs dll’d-ééiﬂl&tl Qilere?iff indll B@tgb&ﬂi@ﬁﬁ thgadkﬂivitﬁgd mcmqnhf;e;b)r

or exanple, zinc finger donai esj gne cot di
FoEinaeEdrERioss BLLShPIATE LS Yé’g/‘é%‘%g‘ﬂvm\‘ﬁ%&%?’%‘s@gg“o,
&gpgl%/essg’l%g ent¥Reh 3R 2R nucl¥RiRAIAIea0ige ¥ BT E1EMY) afgtes distant

I "as rational and rule based design of zinc, )
fliomgtbe sngnate eccagritbon yavraras| ThusihomAthpds and gompesitions described

21?1% lfgllpf; ae%:izkg'leg m%%%%v%gﬁidg b€ fReRRBnO A 1INhA K Blired for

cfeaving single e stranded nucleic =
aied $and ArTEnray] $EGHerchniges fi thahthenloker comprissca wepgngfion site for

cl eavage, dopai ns found, for exanple, .i.n . i ck] Ol
nereagaet siryousiegopgedba SR Ruh st Ak bl
208 ghiliéh §ileGHBYEZIRBH MRinedtirlphetindh,fer éxamplezlyore deasibdden Kim
separ at ed b¥ a linker to allow clea gg tf}Jr§g1th
Db Sho¥ oBeTE Y Mo fhatoptsceatstsh (199 PNGRnE 1A Decs bl S, Smith

i BRI ATiBR K 1999 Tah 15,21@):674-81 and Ki
pirig ﬂ%&@?%@%f%‘?%@%?ﬁf‘?@?‘? RS 00, Aanes Ty d im

FAEG, cayithi lnBorgetha M cGhahgraseatren S{E98) Bik ChemdohB Spr- Ve 3790
D878 SR e RGP0 Ay 5 i
WdB@ieBeedor 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., L1,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.



| onger tag is required. Indeed, it may be possible to
enpl oy conpletely artificial enzynmes not derived from

WO p@asioeg i on enzynmes whi ch have this propertypPCBEGEN03/000255
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derivitised, nodified or 20 engineered restriction
enzynes as wel | as artificP8l enzymes, having these
properties, . shoul d be understood to be enconpassed
for udbPFRCUVHEVFARRING Y of SHPCET erzyMes COPESINE Brggence

hedo@nitid Bémais REANELETEPYFNEY] Mﬁl%m%ﬁ Phd xfebé‘g%tlo\ﬂ dofnBfs and the

met hods, and conpositions described here enp
rusleiciagidiclpavazs demaipnmay Whlinkad aiesi separated lesaa/bnkm oﬁ\ranable length,

t
D E o SERABP LR R rothe LIRS O 1 on

sequence. Such restriction enzynes are typlcally

f d t t
T Rt N -
eand@mh@@,&ﬂd mal eanprisa) fotexdaipleNgitlc Hhget aé}ﬁzﬁnd-ﬂbsigﬂedze{gc&ﬂmg

JeH i @rbhished inBRUST 51, Su0 356810, Wil afsices, wio swgageo.
IM&hJ@%téﬂg]mebm @Mélﬂéé“rht%ﬁ?a%d'rﬁl@ b&b@@d@ﬁv{?ﬂf 0% Eé?{ lafe also

QO her simlar enzynes wll known to those o
igfneHly kapwn instheart, dhe maejeic wxétﬂsmlgs dqmﬂlwr@whldc of nicking or

%‘leg{nﬁg ¥m%1§ Uﬁ%c{%))le llsrarir&ég ﬁuélé@a&&s gl{d rﬁJI)JCP%rh%m%b{il fIr eovsgno({r

use iR nMposi t 1 ons ’descri
FKistingaieavagerdoalms éouzdlfet mmnpfﬁeupuesmmcelon amlmesnDalAlsém&

[ l.e use the.st ard ab revi.a

él{]\g{;:%g I,”]I:lh"él ?efg%%lt‘?c)f_%)’mawg) céeapz gnglﬁtm Q\WFW& >9nzyme ‘may be

Reymexged Hyl adinkerse qUewn Clesvags Rmotd ﬁrdrﬁ?fhefré'c@gﬂlﬁon die. Such hﬁk@ré’ may
ven. If the point of cleavage has

t db
R Y el ke 4 KGovey inhs s, et deson 60 emgmple in
W 00a56%C Which is Hefeb$ HTBEPFRR by $EEred 2. T lFoit He h%}s may be

site on the conpl ementary strand. Accor I ngly
prodifisd dcqording totke offendesited, o, o lagerpiakérfwil be'ypélcu@i where a

&by the L] pdonucl ease will determ ne the offset,
&% %nggﬁgﬁe | ength of the specific sequence tag

gener at ed by t he net hods and conp05|t|ons descri bed

her e. rent hat nger the .
of f s e nd%ler(ljdlt ik Hggp? e tg amp oy éom%tt%@ agtB'E; | f:ngm(:ﬁgot derived
sefLrestd@ionagzyges ehith@dvdvhislprdperty. Bacl deriRitREE hlo@ffied or
embodi nts,. the restricti on endonucl ease used is

FRERcerediestyetiqn enzymey, ag Wk as arificial egpiics dawing Thesrmopadies,
aRSHIECBE Fdabtodd to be encompassed for use in the methods and compositions

described here.
TYPE IIS RESTRICTION ENZYMES

Specifically, the methods and compositions described here employ restriction
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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position 20/18 bases fromits recognition sequence,
resulting a 3' protrudi ng overhang of 2 nucleotides

w@ 2004)05098€ cor di ngl y, we envi sage the use of a PECTKRE2003/000255

conprising a TCCRAC sequence, nore preferably a
TCCGAC sequence. C eavage of7such a linker joined at
its 3' 20 end to a nucleic acid sequence, for exanple

a ful TydearsatdiriafotlBndonutibasty AYE 8 A bACH diGBHER b T Mbp2dhay
bases on one strand, and 18 bases on the other. The

ﬁpmeth@r SOWBICITS IPRgEmHon Hies ESzybRISKLIE. Cene A9:46, 98N Examples of
r orpials

g ﬁ)IS r?srglric?lg ertldgﬁgésl&sﬁnﬁchgfg }%ngli’n I Qst A é(!rl]?tﬂ& sn:l'rﬁlap @&?ﬁlemm be
knmym’esthcac ef kil mplkecdrt(sed, Queent rotocolsim I\’Extetsvhlar Bbilqzlyagyxa)
These enzynes 25 recognize asymetric base sequences
and cleave DNA at a specified position up to 20 base
pai r STEtIES rdgricifons uitasle € @ise inithemethdds.andBtatigositignd deecribed
ends of theiy tion products, followe
herg ateisgavn Hb%”&’?%gi’é%s?teﬂwc? YSRIeFenfALieR At t%ﬂ Ufethgstandard

ThYrviRIoAP el Y. Bocke 180: 1L3) 1089 (S FeplesciP Bhbigdity. RBSognition
i ncl udi ng the generatlon of déletions of Increasin

pasiencRs {rrgistan fram 5 (G’ 2oduerss0gkhepERISElf B Popo2Bdeavage
ﬁ?s tekn @étermn?dnt‘ﬂg Jemgéj%l{e rlﬁmgrﬁecm%hﬁQ.%ﬁe%ﬁar%i%giggdar&%mes used

preci se uni Pec i ona et ons using
&l mark S ut gtstani the ¢ooplearentamestraik ecorBinglysh edihe s¢@B63t the

nd ing.th uenc cificit
A0, e BB SRS on RRRE b ) S oty and
Hatcb ﬂ(i 1érgth (:jﬂ tRcspbdifigscaqadnoy ta@tgeﬂarihaﬂg&l hé metgbﬂisanﬁl/lﬁ?:miolsj&lons

to _detect as tric atjon 0

égﬁrﬁ) re. ksl ?%ipparfé/ tﬂéﬁﬁ&w%ﬁeyﬁhsaﬁﬁ and hshfere tapufbe
hfdrd Jﬂy%clﬁ&h%&iuéhdé tag%%héfﬁt@d Qinddei r recognition
sequences, type HS R-M systens conprise two

net hyl ases, one for each strand, sonetines each

met hyj n%éfglgedaen&yoﬁﬁﬂ% fsthe RtidrRldabRRieb & usdh is I\E‘Lel?\lvhich has a
g sp3l - type ﬁ?s

Al w261, Eco3 11 an
a”ﬁlté’h iané cuitsat a

nmb@yh@nam&#m&@%@gl
BTSN 08 AN Bho) M ey BN MIGH G o5 o2
heséatided Rat). AsRdndingl, @t emdage the heajoﬂanmkh&oﬁ@ﬁilﬁg stngRAC
enzyne dateg 9 REBASE (Roberts RJ, thells D. ,
RRBHIISE. TTE BRIy b RC ERATEQuCAFRY Claggiaqyf sicha. ‘%d?‘é‘fd&t hs 3
& ©% rB@l%rc a&@@ weRR, bt &lple 208 1&@@5}8@ ket gﬁydBce]a t;@nd

Macel i s, (1999) Nuclei ¢ Acids
mmmmza%ﬁ tiges o8 cawnd, and | & baseconthotberTheummpdrompsismg 20

£ e%&?@?{%ﬁe@% @&%?%@)g %I‘rar{éf] tvg é@g dt?ﬂplpg rgfjltflsmg 8 bases may be
aﬁnﬁﬁnmssmuﬂkmsmédnmdd unpubllshed ref erences,

recognition and

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.,
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cl eavage sites, isoschizoners, commercia
availability, nethylation sensitivity, crystal and

weeguenmes dat a. DNA net hyl t ransf erases, hom ngPCT/SG2003/000255

endonucl eases, nicking enzynes, specificity subunits
and control proteins are algp included. Mst recently,
putative DNA nethyltransferases and restriction

e ymvelaﬁuﬁy@%&ﬁmoi %e%?a@%dré’éée%n%re&ﬁﬁ&lmeﬁn&g using
sequences, are al so data is distributed

BreMEaglaps-1$ fe@m@m:pew 5Ny, 5025562, hR86Yas mapping the sequence

AR A AR M R B

DN ANapappNbisNardEt dsmhmdbﬁm@mymﬁmﬂﬁc

T S S AR mers

AYCORERINNRINANDINYuAL Ny pBES KL MBS &oths Baffiedivo Raliy1ks, one
Bst 71 1" Bst V1l BbvH GAAGACNNANNNN Bbsl Bbv 1611 Bpi |
s 62ah sEsaRcy gorpetingss egslamathyfding e djfferspt lms iliurm% I, etal, Alw2el,

20O BrRO2181 %@%&%&9@%@& Stdnand in
Bst V2I Bccl NAN - Bce83 GNNNNNNNNNNNNNN
penplemernry sigmdnpf thwmmmmmmwnes 1 4931-4885GACI2N
- Bcgl - NNANNNNNNNNNNCGANNNNNNTGCN-  NNNNNNNNN - NN

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 CACCTGCNNNN”NNNN -

Acelll  |CAGCTCNNNNNNNANNNN -

Alol _NNNNN"NNNNNNNGAACNNNNNNTCC |-
NNNNNNN_NNNNN#

Bael _NNNNN"NNNNNNNNNNACNNNNGTAY
CNNNNNNN_ NNNNN*

Bbr7l  |GAAGACNNNNNNN"NNNN

Bbvl GCAGCNNNNNNNNANNNN _ AlwXI BseKI BseXI Bsp423I

Bst12I Bst711 BstV1I
BbvIl GAAGACNNANNNN _ BbsI Bbv16II Bpil BpuAl Bsc911

BspBS311 BspIS4I BspTS5141




Bci VI GTATCCNNNNN N Bful  Bfil ACTGGGNNNN N Bnr |

Bi nl GGATCNNNNN_ Acl W Alwl BspPl BstHII  Bst 31Tl
waaok/oBpid _NNNNNY GAGNNNNNCTCN - 17t NNNNNN - NNAXINS G2003/000255

BsaXl _NNN' ACNNNNNCTCCNN - NNNNN NNNY BscAl

GCATCNNNNANN Bst 1 91 BseM | sgCTCAGNNNNNNNN NNA - BseRl

GAGGAGNNNNNNNN NNM -+ Bs | GTGCAGNNNNNNNNNNNNNN NNY - Bsm

GAATG AspZ6H  AspZ27H Asp35H  Asngeddo1 BspdOidsival
BeSUH cc BFaNNNRS QT MalzZe91 Pctl BSTTAI GITCTCNYNNNN
BLVAPT B uNﬁ RSN Wﬁbs LW el BST OZ616t
?&41 AV/AY/AY Y RYFAWAYAY ANV AV AC;I"l NNNTGG NN \?NNNN‘NNNNN“_BY—"
i O ot Thor S Bt a1
n ]
el | GAS NTEE@}I "Bst F51 GGATG NNA

Rca(l ) | V\ f"l QL
Bgj Php ‘Kn\n\n\n\r"r NINANNNNARUANNNNN G e P

Binl GGATCNNNN’\N AclWI Alwl BspPI BstH9I
Bst31TI Eacl

Bpll _NNNNN"NNNNNNNNGAGNNNNNCTCN
NNNNNNN_NNNNN*

BsaXI | NNNNNNNNNNNNACNNNNNCTCCNN
NNNNN_NNN~

BscAI  |GCATCNNNN"NN Bst191
BseMII |CTCAGNNNNNNNN NN# -
BseRI |GAGGAGNNNNNNNN NN~ -
Bsgl GTGCAGNNNNNNNNNNNNNN NN~ -
Bsml GAATG_CN» Asp26HI Asp27HI Asp35HI
Asp36HI Asp40HI AspSO0HI
BsaMI BscCI Mval269] Pctl
BsmAlI | GTCTCN"NNNN Alw26I BsoMAI

BsmFI |GGGACNNNNNNNNNN"NNNN BspLU111I BstOZ616I
Bsp24] | NNNNN"NNNNNNNNGACNNNNNNTGG
NNNNNNN_NNNNN*

BspCNI |CTCAGNNNNNNN_NNA -
BspMI  |ACCTGCNNNN"NNNN Acc36I BfuAl Bvel

Bsrl ACTG_GN* Bsell BseNI BsrSI Bst111 Tspll
BstDI  |GCAATG_NN* Bse3DI BseMI ‘
BstF5I  |GGATG NN~ BseGlI

Btsl GCAGTG_NN~ -

Cjel _NNNNNNANNNNNNNNCCANNNNNNGT |-

NNNNNNNNN_ NNNNNN#

CjePl _NNNNNNNNNNNNNCCANNNNNNNTC
NNNNNNNN_NNNNNNA

Ecil GGCGGANNNNNNNNN_NN* -
Eco31l |GGTCTCN”NNNN_ BI1i736I Bsal Bso311 BspTNI
EcoA4l EcoO441

Eco571 |[CTGAAGNNNNNNNNNNNNNN NNA Acul BspKT5I

Eco57MI |[CTGRAGNNNNNNNNNNNNNN_NN# -

Esp3l CGTCTCNANNNN BsmBI BstGZ531
Fall _NNNNNNNNNNNNNAAGNNNNNCTTN |-
NNNNNNN_NNNNN*
Faul CCCGCNNNN"NN Bme5851 BstFZ4381 Smul

FokI GGATGNNNNNNNNNANNNN BstPZ4181




Eci 1 GGCGGANNNNNNNNN NN Eco31l
Bsal Bso31l
WO CTIGAAGENBINNNNNNNNNNNN - NN - Acul

BspTNI  EcoAdl

GGTCTCN*NNNN_ B1i 7361
Eco0441 Eco571
Bs KT51 Eco57RCT/SG2003/000255

CTGRAGNNNNNNNNNNNNNN NNY - Es 31 CGTCTCN*NNNN BsnBI

Bst GZ531

Fal |

NNNNNA - NNNNNAVAAGNNNNNCTTN N
Q) », /] Q)

NINNNNN

Bpm H NIFDANININIINNNGAYNNNNNRTCN - NNNNNNNN
NN | GAGSICNEACGONINNNNANNNNN - Hi n4]- NNNNNA GAY
PRRTINY T GRNNN A RN NN NN INS NN NN TGS -GANNNNNNN. NA
ASUHP! [NNRyAVNCGTRGRNNNN NA  Ksp6321 | CTCTTONANNN.
[ BeoTEANHOOMNNEREZ BST6T  BSUGLs gl 1041 Earl
GAVEICGHRNNWINNN WA NCUT M T GAGTCNNNNNA Schi Vel
A CCTCNNNNNNN P& YN
X EpsF ?ﬁfrmmlf\lmmwcmmmm i gffﬁfﬁfﬂ 1041 Bart BREZI Bst6]
Mboll GAAGANNNNNNN N~ Ncul
Mlyl GAGTCNNNNNA Schl
Mmel (TCCRAC _NNj|-
A
Mnll CCTCNNNNNN N~ -
Plel GAGTCNNNNAN Ppsl
Ppil _NNNNNANNNNNNNGAACNNNNNCTCN |-
NNNNNNN NNNNN~
Psrl _NNNNNANNNNNNNGAACNNNNNNTAC |-
NNNNNNN NNNNN~”
RleAl CCCACANNNNNNNNN NNNA -
Sapl GCTCTTCN"NNN VpaK321I
SfaNI GCATCNNNNNANNNN BspSTSI Lwel Phal
SspD5I  |GGTGANNNNNNNNA -
Sth132I |CCCGNNNN"NNNN -
Stsl GGATGNNNNNNNNNNANNNN -
Taqll GACCGANNNNNNNNN_NN#, -
CACCCANNNNNNNNN NN~
TspDTI |ATGAANNNNNNNNN_ NN# -
TspGWI |ACGGANNNNNNNNN NN* -
TspRI | NNCASTGNNA )
Tth111l1 [CAARCANNNNNNNNN NN# -

Table 2: Type II restriction enzymes cleaving outside their recognition sequences

(Type 1IS restriction enzymes).

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

following

examples.




NNNNNNN NNNNNY - Psrl NNNNNA - NNNNNNNGAACNNNNNNT AC-
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Lwel Phal Ss D5I GGTGANNNNNNNN A St h1321
CCCGNNNNANNNN St s| GGATG ANMNN - Tagl |
GACCGANNNNNNNNN_ NNA, - CACCCANNNNNNNNN NN® - TspDTI

ABERANNNNNNNNN NNA - TspGAN ACGGANNNNNNNNN NNA Ts Rl

NNCASTGNNA Tth | 1111 | CAARCANNNNNNNNN NNt Tabl e 2:
Type Il restriction enzynes cl eaving outside their
r ecogfit methodsdgvespeaBic advayipges Ve priesart fechmiquas asthsyremable the
' ' i.s_descri f t se of
EPfErkBH PRy o RBES e teqs il il oo e LbY Gt ErnElha
POOHDECEGEnERCENDER AR RARREon bétweddPefes@tichneé kimilsr over
ave specific adv nlaq S.,0V rior. art techni ques a%
@ d rg E ©

HipanEiabiegions i addiinets 5 gAY o Crmipehtantcribedsavenr s 2oy

aeUe ﬂﬁ&x&h%ﬁ&ﬂ“f&%endﬂdﬂ%n@gﬁsn@ﬁm SHESws@EM PBkhe case may
transcri bed sequences enabl es the discrimnation

bexnoesadigenwsansprier, untanslaten orgpnten) eqgiogs e pramply, Biepapmoters
bESME Rntrd] geg@&g (bR enhg}ﬁ:eé)eofad[}gretgugg Eé'n]%g %ﬁ o%tgiggq, easily

transcri bed 'sequences may b

Puge itsthe tarimal rmsahed squaikce e v dmnmansaiime kingd tclizgues, or
DR Mol ocL 8, unienecribed,
pronoters

Promoters may be identified by a number of methods. For example, it is known
that eukaryotic gene promoters are usually locates upstream of the transcription starting
site and possess a consensus sequence such as CAAT box or TATA box. The 5’ Terminal
SAGE method described here essentially identifies the 5’ transcription start site; sequences
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



or other control regions (such as enhancers) of a
particul ar gene may be obtained easily once its 5
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"wal ki ng" techni ques, or 1% by searchi ng sequence
dat abases. Pronoters may be Zdentifi ed by a nunber of
nmet hods. FEpr, .ex le, it is known that eukaryotic
d‘éﬁ@% ?mﬁe@r‘?fﬁfy@“ﬂ’émtw hgragtersation LenqmeAngptatigrenovel gene
tdiBvesies, Rhd promdieaidehtifitatisii. t € and possess a consensus
sequence such as CAAT box or TATA box. The 5 Term na
SAGE net hod described here essentially identifies the
S' 1T @Rsfibk BbdaRint Shahd teﬁﬁihﬁ;traﬁ&g\igc{]s%ggen}e% dlégé L RAMShAs
the transcription start site nay be oObtalne %y
arpydamsssfal mopy dhen gurposes, apd dfattha Skiliedoyyersex auiil bé avgar@of such
oRj S i ng.standard. bj oi nformatics tools
B RN G oS MR e R B EMEE G on e
presence of consensus sequences. The identity of
put at TP GRS A9 sitay be confirnmed by meking
constructs with suitable reporters and exam ni ng

expr essi of reporter nean | kno in the .

are BBt BlnE kRPN, B EPaTS A e hap Bt eapicd

braadlyand Beplys@apenias ofetoolfktigtest@diogies fuch 8s RictdatBYE€ Many
tter to obtain ,a full Iength clone (a cDNA cl one or

AGENTRFEMENDIRGS 1% he ROt AFRIAP Mot crugly iasragistically
lsighitidsnt, paﬂﬂzﬂfaﬂg kd @FeraRécripRl “ﬁh&%ﬁﬁé@f@i@ %@&Queg,%ﬁﬁe other
sequences may be synthesised and used as PCR'priners
Anda may by wisd eseollediaileres vumbher offag pairsafipland § TdnpirkLSAGE for
G Dok Such 20N TEEI GrlifS Of the terminal tags

ed accor e

produ Ing tot net’hods and conpositions
descrj.bed here are described. | particular, we

descr {8 05’65’6’?‘3?{;’1’6%’5@ ebrafy ’tgg é”‘(/@B’EOQZHaUEUQ 18

PCT/ S&G003/ 000255 62 net hods descri bed here for

transgyi [ j sation eno annot ati on

novel %éeﬁléﬁ%‘ i@%\r}ég‘o‘g@, mgérll%‘%ﬁ‘?a {879 1 GEHERCiPR With lpge scale

baquencirlg elffertafpradxample} debiafishfallleigti dENA tloaig 6hd 2§€kncing from
rom cDNAs = may be used for many

sequenge er.ived
8Pﬁ)éﬁ% aab]? ggglglgary ARen $RRryQniflibeay tp aBta ey commrehiensivepisture of
BobdfRh @hnssHFBmeSat eEBEonibaRPERIRALYs. ThO& Ao NHesk 3ES

shoul d not be taken to be limting. Transcriptone
pppapashgsapihe ppisntiah o providemeonrehiensivy dispbosuteld zehrafigh nal
eAMEHSEREY Oidsn 1 L an

deepl I{/t cggr}%grw?%g t o%g%fh@? %glgﬁ'ggb %Cﬁgt %lgrc{:eg %%4 %all‘eélgess uch
as mcroarrays. Many

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.
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deep enough to be statistically 10 significant,
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techni ques, on the other %nd may be used to coll ect

a large nunber of tag pairs of 5 and 3' Terninal SAGE
for various genones such as human and zebrafi sh

Tr ans RIS gPRIART ARAY| by d5adily ppphigdhiothes preamsmpepbras mouse, humans,
@&gani sns The 5" and 3' Term nal SAGE net hods may be

used in conjunction with |arge scale 15 sequencing

ef for zebraflsh full-length cDNA
clonlﬁgmﬁﬁgk dﬂpg?%” ¥P&m a mixed adult fish

l'ibrary and an enbryonlc library, to obtaln a

conpr gRensi bRl C b %miﬁﬁga %JE rﬁ Ctndds Bk @@H‘?&st&ﬁ cell
enbr yoni ¢ adul t stages. |nat

vmnmdappﬁn@ches has t he potentlal to prOV|de a

conpr ehensi ve di scl osure of zebrafish transcriptones
and | arge nunber of full-length transcript clones and
sequenateep ard@omipeshensperchargdrizhtichadfatesti dell tdagsctipto e i never

for or annpot atj on of .the upcom .zebrafish
4%} é@ﬂ&@gﬁ mﬁe‘i Hympheé herh H’QP“‘% e thearigigLRACE

Qétﬂnlq&HsaH&héWr ‘ﬂféﬂiafﬂ fol hd¥BI genédnflvobvell 30stBa icE1B conbtitidn is not

zebrafish, it will only be necessary to process fewer

CARACHE: 000 Termi nal SAGE clones (i.e., clones of
concataners) with fewer than 70,000 sequence reads on
the 25 assunption that each SAGE concataner clone is
abo ut Ustkef;thes bermingl SAGEwmdthodpas dseqyibed berel to dotlesnldrge fumber of

[ ] 0 in.
L AT, PG ST HB0 T el AL b B e tomes,
apcpwdhnkkeﬂmge Gmtriteision toyhuafap pereehetana@itioar C&h@@iﬁbﬁsﬂﬁay be made
uch as nouse, Human Stem Ce
PP LTS emerE (B el St mpiie HeReTpismcH dpr dasand
Gekﬁ@aﬁeﬁﬁ%GQQ applied to stemcell 5 research
projects. A deep and conprehensive characterization of
stemcell transcriptonmes has never been done, though

some oGl kil 1 RbsSbRAY Gorki § Redr B LR disty Ofks oHit
origi nal SAGE gﬂ%lques meSér F% dat éﬁ%ﬁ ove and
derastivitiesdn stend creHxs gt generatésigl ong ovildion tagtpaionof féanddf Terminal
%%@ﬁ faf éa@g 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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transcriptonmes, and will nmake huge contribution to
human genome annotation. Coffbari sons may be nade

bet ween enbryonic stemcells (ES cells) and a

conmi £argelSeayqRrombtes {demiifivetibn f or deep 5' and 3
sequence analyses. 15 W believe that it is possible
to obtain a near conplete |ist of genes expressed and

t hei rABRYIRg theiSe Sermpnad SAGEeshpiques to gellsepel 3s7gbrafith and human
gl‘e!nl e Will AGWPAL f&n@ﬁcaéoﬂﬂh@vastzﬁ&%@k gen@f%efno&an%h

of the ES cell and the other cel npar ed

iigatignsitesy anal ysis, this new approach will have a
much better chance to convincingly identify key genes
that are differentially expressed at |ow |l evels

bet weEle dxpersaentad Hits wilp énaBleyhaidentificativaand pttractiendfiptingeer

SR paR O it e L a0 B Haep B R, il fishages promoter
20K Ol erﬁarpiﬁﬁ/zaﬁm3MQQE@ setaf ek;ﬁés@i%n%éﬂd@rd?ﬁ&éfﬁhﬁbases

Identificatijaon g.the 5° Term nal

it prov g & soliddmey nge 36 For 4P BIOHOIS ﬁmawsmmaﬂg couppufgtional
SRJgtani¥ tbi pr&h!)t@rv‘{)réch&ldng &Rl b tbrflg AP uifersidAgin F%? tomprehensive
majority of genes at their transcript initiation
gﬁneésgulasorynetwemm@wpans data will enable the
identification and extraction of pronmoter sequences

for all of the 5 Term nal SAGE identified genes, and
ExisiplEssh a | arge pronoter database for human and
zebrafish. These |arge set of expression-based

pronot er databases w Il provide a solid know edge
lEaampleq. 51T d¢vniigal SAGROPErativialtProwsol trai ni ng

conput at i onal prograrrs for pronoter predictions, and
ext engdi;ng Auf;, ]@5 gndleng of conprehensive 10 gene
regul atory net ng rrec ani sms. EXAMPLES Exanpl e

1.5 Term nal SAGE Qperational Protocol 1.1 Full
Iengthoﬁ%w H&s (19 9hhd AP RINFEArS eﬁlalfﬂol deciplisled
20 g of po A+mRNA gr ed\éZt hano}%ggrpggl pitated 9 @
pe@wsmﬁde@mitmtwlmdw@ Hgatrp@t 616 der anmtaném At 62°C1f9r 1

m.n and |left at 42C for 1
min.

In a separate tube, mix the following components: 5X first strand synthesis buffer
30 pl, 0.IM DTT 11 pl, 10mM dNTP 9 pl, saturated trehalose 15 pl, 4.9M sorbitol 50 pl
and Superscript 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 pl éf proteinase K (20 mg/ml) is
added and the reaction is incubated at 45°C for 15 min followed by phenol/chloroform

extraction and ethanol precipitation.

The RNA/cDNA heter-duplex is resuspended into 44.5 pl of ddH,0. 3 ;.Ll of .1 M
NaOAc pH 4.5 and 2.5 pl of 100mM NalQ, are added to oxidize the diol structures of the



mn. In a separate tube, mx the follow ng conponents:
5X first strand synthesis buffer 301, 0.1MDTT 11 |,

wWO20mas@@P 9 |, saturated trehal ose 15 |, 4. 9MEOGHI0B000255
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501 and Superscrl pt |1 reverse transcrl ptase 15 |.

Mx with RNA from above and®} ncubate at 20 40C for 4
mn, 50C for 2 mn and 56C for 60 mn. 2 .tl of

YA Hgse vkregdtipn risgimmb)ateid on iogdiel the darkdon43enindeliavyed by jadding

:ghrgc ?)&%IS%O%IO‘? ) exi“5 g[T%lgE%O ‘\é\%{qwaﬁ‘gr

preci pitation. The RNA/ cDNA heter- dupl ex | s
resus%ended into 44.5 | of ddH20O, 3

of
pH 4. Bhepecipitated RNA/DNSpishiatiaylased ig 3 l&d’é é‘&ﬂl%byo%édaq tile SuL
t res t
Fl’lCQI'/P}I/\IgsbGZO Og ‘Il I%A) /\r'T)R Sil\t% é@@#é@@f 4@%@9@% Elll’glnbl()tln hydrazide.
lnwkaaR@@am‘O/NcAdd rﬁuLhiM Na€Ck 75;dr IMRNusarfrecoNa@Ae pHBY1 ), 75S0ul

00 6700 s 1BeoRar el APk PR Finy | at e
ol IR vt 0oL MRt enine

54L 10% (W' v) and 15 10nmM | ong-arm bi otin
laty thkapml/4%C/1®. Rexaove Xt liqid, diavdky i@11N. Reémishend pellsMnNEQ@L DEPC-

98%2%%5“%88@»& A% SRS s 20his RS SR o

I AE4 G/ mL\Wasabr (REIAl & W ol L 3M WhCHo G, ?tﬁ)e/ﬁeactlon
DEPC-tr eat ed ddHZO centrifuge at |4krpn 4C}J

Renove XS liquid, air-dry pellet. Resuspend pell et in

70L DERG: kR 1l R ABRA rody R\ei kg -

RNasel eug ongtaar??qng NA. %7%%0 %lﬁﬂ%e B%it?%%avldm
kbellgdDynvbeads: t RNA and'' V2 vol une of 5M NaCl to stop

the reaction. Wiile the biotinylated RNA- DNA

het erodupl ex is ppting, prepare the Streptavidin-

| abel Pipet 0PIRbEIDIR0 SHemetidin®eids dito bh RRBBseFideepbeidotitibe.
beads into an RNase-free Eppendorf tube. Place on

kg R e maghset. tvai@ keasi303amd reginye puBowisrend beads #1,209ek dx binding
Euﬁgﬁzmgﬁ,%ﬁirﬁlgllﬁj’fN' 893.0)L Plalddf rﬁg%n(a % % as g&,, Q%Anﬁmove

DTA ace on negnet,
s@miRepeas thp 1x Hapmgbuffhewdslx fdm i3 nmesgidsudpémbeadSh 50@uL Bx binding

i S. R sSus ﬁl%i d 0011L I.x g’ﬁ buf f er
%@P oA -G nrsasiels 5 Pn gracpst il
%s@g NGH reniRk Eup@N £ a%th 13 %mdm%mﬁff&qﬂpy fmeH Resu%ﬁ 1n 100 pL
| X binding buffer for 3 tinmes. Resuspend in 10

lx bmdmg 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/400pL of 0.4%(w/v) SDS plus SOug/mL Yeast tRNA. Place on maénet, wait @ least
30”7, and remove sup. Wash w/400uL of 1x wash buffer (10mM Tris-HC1 pH7.5, 0.2mM
EDTA, 10mM NaCl & 20%(v/v) Glycerol, 40 ng/mL Yeast tRNA). Place on magnet, wait
@ least 30”, and remove sup. Wash w/400uL of 50ug/mL Yeast tRNA. Place on magnet,

wait @ least 30”, and remove sup.
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w@b@aesons magnet ,

| x binding buffer. Mx beads and DNA- RNA het er odupl ex

(V,=200L), binding at 2 M 20 Nad . 30'/RT/rotating.

wait @Il east 30", and renovePSLIPG2003/000255

Wash 2x w 400L of Ix binding buffer. Place on magnet,

wait @I east 30", and renovgg sup. Wash w 4004 of

0.4% w v) SDS plus 50g/nL Yeast tRNA. Place on magnet,

wai t r

vai t %%a]geggﬁe (ﬁi% Qntmnd r%llf)gh_A F}%{Eﬁm @H{Biysﬁ\%?w A8 Lso%f_ sheM

Na@H agd 3 o DA @Hﬁ@MWRT/ttmatglgrﬂ;raméashe SMRM)lnotler fube

on. nma a 30! ,,. and renov up. Was

RoPRE gt s €Tl St Ries e RS Prsr R Rt MBS e

Feasblus'is 3(mr1;L_rem)ve sup. WD 2004/ 050918

PCT/ SG2003/ 000255 66 Rel ease the first strand cDNA by

al kal j , hy 04 50mMM NaOH and 5 niV

EDTA )(%Hs%rtf%’y%*"?’ﬁ? nf%ﬁﬁgg tL??ansfer the sup. to

anot her tube containing 50L 1M Tris-d (pH7.5).

Re peaectpitite ibeSsirbldi@fEedf ONLQ Wi giRb&ntah@BFide TREDNA into 2

final volume is 300 L. 5 1.2 Single Strand Linker A &

Bbes, deantl G Add defpllanies repgentsity e sacirqogaponding ube aiNAe.

Wi th and—di-vi-ge—the A-{nte— tubes, A and
TobeBeath

enbs Tupe A Tube B

Linker A (N6) 0.4 g

) 0.4 PBoln Il (Takara

lgationjkit) 20 1 20 1

nl veoaen
‘y T

tg
$PMi ng tube on il Cont
dinkesA (NShker A (NS)6i. 6 g
Likef NANGLL. 6 g Li KotugB ( NE
10nler BON3) Sol n T [(1Tekar a |

I'n. and 1

10" to

TRlHBRNGP T 16T

r@)%g/uc,

ra KPS -

SOt 1Y (Tak

edsce

hog VY

otune to 200l

RSP TETY

P
€t+o6h

Eryl =300 to

Iﬂ;foPﬂ]-IV%lHPPenl vrrmpnw

and 10

zgjmpllu

tate the cDNA

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

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

precipitate the cDNA with EtoH and glycogen.

dNTP 4ul ExTaq enzymes. 65°C 5’

1.3

68°C 30°

Binding ¢cDNA to Magnetic Beads

72°C 10°.

Resuspend the pellet with 60ul of ddH,0, add 8ul 10XExtaq buffer, 8ul 2.5mM

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

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.
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Resuspend the pellet with 601l of ddH2O, add 8pl
10XExtaq buffer, 812.5nM dNTP 41 ExTaq enzynes. 65C

WG 20080880930 72C 10'. Precipitate the cDNA w t hrEt/eéoasidoo2ss

gl ycogen. Resuspended with ddH2O. 1.3 Binding cDNA to
Magneti c Beads 15 The doublgy strand cDNAs are di gested
with Notl at 37C for 1 hour in a volune of 50l. The

eNZY NMehel simb1RE Bre i1 RGH WivtAd08 Ghe e NB1T mhﬁér%am&%gamds carried out
extracted with phenol/chloroformand then ethanol

B‘rté@l yrilurag efl Oping 1520 for osamigh: fb@w@@zd@@; 6000’5 inagtivathe
ﬁ&gﬂt eﬁle%agesgrgagﬁg ;émrglg?‘%ggﬁg?pt@gry (#) | i nker adapt or.

ion 1S car ume of 10l at 16C

-for overnight fol | oned by 70Cfor 10" to inactivate

enz SS d ephacr yl
560 Disyherds B0 RBesb L bdsedsut e audibe BREGk oy
Rhgitlentshecdiag itd it afapefadldis reBorhihaglaiet s according to
the manufacturer's recommendation. 1.4 Digesting the

cDNA wi th Taggi ng Enzynme Mrel Place the two tubes (A

d B ' t ant h
but 1 o 1 OGS BN S BIRY B A 1O Poents
to each tube. ddH20 86 1 Mrel- 2 1 | OX buffer 10 1
( 1 1f)cetiMwd thbel @A @hd EP{L 100Qand! REPAIHE s@ﬂerrﬁ&gt (wAkh

hour W th m xing. nmove the supernatant which
E‘éffﬂfzﬁlioﬁls[)l‘qﬁbeaﬂﬁgs Phenol /chl orof orm and precipitate.
Optionally, a Klenow fill-in reaction may be carried

out to produce blunt ends. If carried out, the pellet
i's reAdisthe fdlowingraagete tf aath whe.ng carried out. 15 Add

the following conmponents to each tube containing |Ql

of sdidHed from the |&fidve
Mmel 2ul
10X buffer 10pl
(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 1ul
dNTP (10mM each) 2.5u
ddH,0 30.5ul
Klenow polymerase 1l
Total volume 50ul
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I OX Klenow buffer 51 100XBSA 1 1 dNTP (10mM each)
2.5 1 ddH20 30,541 Klenow polynerase 1 1 Total

wo obus09s9 1 WO 2004/ 050918 PCT/ SG2003/ 000255 pE&BS§AL003/000255

wel | and incubate for 30" at 37C. Pool the ditags and
phenol / chl orof orm fol | owed gy Et OH precipitation. The
Kienow fill in step is optional, and may result in

| ess BRAVANA ihdibAE FRBHOR 374%ei ng obtai ned (see

el sewhere in this docunent for a detailed discussion).
5 Exanple 2. Ligating tags to create di t ags Resuspend
t he [ nd add
1 5 p[;qpf hﬁdh?és%ﬁc? enl)l?cth}o(g%fg;e}ﬂn {“oli]l ?})é Etg}{]%r%clgLItatt%
3n1\/ITr|s HCl, pH 7.5 1 25 1 I OX ngatlon buffer O 75

075 4 i 1 I ncu at 16C for .
o ver 18l sl i R g Tosdet i e eagies,nfagation
&% SRaihddt (@@ lselRerSat thid oAt Pr 30&ailAaksciRR). as
owing (in 96 PCR plates). 10XBV buffer 5 1 DMSO 3

1_dNTPrrix 7.5 1 PCR prinmer A (175n l) 2 1 PCR
g&%ﬂ?@ 2B ib46Rs dgdtolerefdiisds29 1 Platinum Tag enzyne

Resuspend the precipitated pellet from the above 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.

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 Sul
DMSO 3ul
dNTPmix 7.5ul

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

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



Tenplate (1: 230 dilution) 1 1 Total volume 50 1
Cycling condition: 95C 2' 1 cycle. 95C 30", 55C 1',
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agarose gel to analyze the PCR product and purify the
138 bp ditags by 12% pol yaé?yl am de gel

el ectrophoresis. WD 2004/ 050918 PCT/ S&003/ 000255 69
2.2 Digesting the Ditags with Anchoring Enzyne BseRl
and Puni f yDRgtnB eheAitagBidduhadrid %gtnetéaazﬂa%@ b’arzigwgwe%
st hiBseRl to yreld 46bp ditag. 138bp ditags 42711 OX
NEB buffer Il 151 BseR 12 | ddH20 81 1 Total
volune 150 | 5 And incubate at 37C for 2 to 3 hours.
PhenoDigell thy 1386p ditaps oithtB3ER 16 §Rlddebptizag. Run a

di agnostic 4% agarose gel to check the efficiency of
the di g&¥¥bpditagand purify fH2u46 bpg ditags by 12%

pol yac( yaNEBaduffell el ect r oph@r esis.| 2. 3 Ligating the

46 bp PBéerg to Form Concafapgrs 10 |Set up the |igation
reacti pggdgi Nng the ger pu igmléo'r drtlag in a total

vol une f&alm'fumed”d TTcuba 6€far 2 to 3 hours. Cel
puri f y-the—corcatarers—frond%polbyacryl am de, sel ect
the DNA size range around 2kbp. 2.4 d oning :
Concatadeicebatevt 37efor 21to 1 bours Pheredldorafeemaed EtdHrecipitate.

jgest th asm d vector wth_Hhal d ligate the.
o arhaghite Beaind T et et of el it ity the 46
fboplditasibpg 2Btpandes dmidel Tl opitir@isogy pr ot ocol .

Transformthe ligation into high efficiency conpetent
cells. The concataners of 5 Term nal SAGE tags may

then bg seqpangesk 463p18igso PYENELARRmEANS.

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

2.4 Cloning Concatamers into Vector

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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WO twhs0di®l6 priners (1g) and 5g of polyA+ RNA BUEBSGION&0255

10

15

20

in final volunme of 7pl. Heglb up at 70C for 10 m n and
| eave on ice. Synthesize the“cDNA according to the
manuf acturer. s recomendation (Invitrogen 5

supergj'c]}ri pfblg t}?\}’ﬁt hesi s systen) but using the

Bi otinylated Sall adaptor. The excess adaptor is

b uPrISSRRRN A a0 S o souA BN dhofitken ib daplerotme of
UgeHeaourit 10°A foe1 Binti 4nd Ydaaé 68liceDNA 10 fragnents

according to the manufacturer's reconmendation. 3.3
Digesting the cDNA with Gsul to Renove Pol yA Tail The

doubl @ysthésaRan PN Mfeandli ' :
30 C Fo D ol R e Sp i (biogen

i SHREERT P Bl symihesie Aysiamy bbtusingshe BigtinHaed Siladaptibc @hakxtdass
o\E) S-TE LG kSDS. Four more wash with wash
buféer‘sfﬁﬁ%%ﬁéﬂgpﬁ@ 5, 0.5mM EDTA. 1mM NaCl and
200g/ 1 BSA). The last wash use 1X ligation buffer.

3.4 Liig,at iﬁ’%d‘{l\{?g&g{lz‘?@%%%gﬁ%rs to cDNA Pl ace t he

tube On negne e the supernatant (the
ligation buffer). 20 Add the follow ng reagents to

the begghe MAB-strdthSi ads _be
beads - Mrel - BseR!' a‘ﬁi"‘g’%"?’r 040 SarB s R o SRR cova
duepews a@oringyd the (ROnfapthreT Eretdmbendatian. | OX | i gati on
buffer 2 1 2 | WD 2004/ 050918 PCT/ SG2003/ 000255

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 (5SmM Tris-HCI pH 7.5, 0.5mM
EDTA. ImM NaCl and 200pg/pl 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 1.5pl

(20ng/pl)

TE 14pl 14pl
10X ligation buffer 2ul 2ul




71 Heat the tubes for 2' at 50 C and cool to room
tenp. for 15 and chill the sanples on ice. Add 2.5l

WO Rdo4DBIM18i gase and mi x. Incubate at 16 C for BChSGR®3/000255

10

15

M x occasionally. Wash the tubes with wash buffer to
remove the excess adaptors.’B.5 O eaving wth Taggi ng
Enzyme Mrel 5 Place the two tubes (A and B) on
magnelieas thettulred for2eatpPEC andcanl pepomttenen. fqridsind chilk thesamples

?ﬁgﬁet ,ggcﬁ_£9+lg%vfglﬂg fllrger?s% %%P &E’x ?t}%uga?eg';& léx(?ﬂ?g 2%%\&'%51}/I§)i6oc%asionally.
Wiodshi i 01689 with wasiCbuifet @ rainoderthe Expesshdippers. Wi t h i xi ng.
Renove the supernatant which contains the tags.

Pheno} 5chl eraf oF Wi nE eahMhghss 10 Optionally, a

Kl enow fill-} rl{%rr eact I %ngrrailnge carried out to produce
blunt ends. If carried out, the pellet is resuspended
and t biacd té tvdvubeg (& ahd BRoh @bidnetiddiehd, Fegndve tHeQupenghtant (wash

conponents to each tube containing 1 Ol of sanple from
PRigen. auigle fobesving Fragqntstx caghdphsw buffer 5 1 100XBSA 1

I —gINTFP—( 101 ab%"L 25 ddH20 30.5 1 Kl enow

E@%ﬁ.ﬁmﬂse 11 1 °PBtal veHume 50 1 15 Mx wel |l and

Mipglbat e for 30'20ht 37C_IPool the di tags and
pPERefferchl or of dri®ul f ol | ovled by Et OH precipitation. The

KI 8Ap8AM || in |ubp is optional, and may result in

Tessvalageience ijnfooulmati or) bei ng obtained (see

el sewhere 1n this docunent for a detail ed discussion).
WO 2004/ 050918 PCT/ SG2003/ 000255

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 section.

10X Klenow buffer Spl
100XBSA 1ul
dNTP (10mM each) 2.5ul
ddH,0 30.5pl
Klenow polymerase 1ul
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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72 Exanple 4. Ligating Tags to Create Ditags Resuspend
the pellet fromthe above in 1.51 water and add 1.5l

wobootlhsosiol | om ng reagents to formthe ditagsPCBIB2003/000255

Tris-HO, pH 7.5 1.25 1 | OX Ligation buffer 0.75 |
ddH20 0.75 pi T4 ligase 142 Incubate at 16C for
overnight. 5 4.1 PCR Anplifying and Gel Purifying the
£3Anfl 4DL iz TSR LPestOBih@ 300 I eacti ons as
following (in 96 PCR plates). |OXBV buffer 5 1 DVBO 3
1 DNTPmix 7.5 1 PCR prinmer A175n 1) 2 1 PCR priner

B 17 tyi :
L iyt R Rl Y AN IAR IR i i

@ygdntsrtgfmﬂé ditagn: 95C 2' 1 cycle. 95C 30", 55C 1',

70C 1' 27 cycles 70C _5'. 10 Run a diagnostic 4%

M BieHEbPH 765 analwle tlhe PCR product and purify the

138 Ligptiombufiegs by0.22% pal yacryl ani de gel

adipot rophoresis. {4.78uDi gesting the Ditags with

MGhREI ng Enzyne| BgeRl | and Purifying the 46 Bp Dtag

Digest the 138bp ditags with BseR to yield 46 bp

ditag{. 138bP ditags 42 1 | OX NEB buffer Il 15 1
ncubate at 16°C for overnight.

4.1  PCR Amplifying and Gel Purifying the 138 Bp Ditags

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

10XBYV buffer Sul
DMSO 3ul
DNTPmix 7.5ul
PCR primer A (175ng/ul) 2ul
PCR primer B (175ng/ul) 2ul
ddH,0 29ul
Platinum Taq enzyme 0.5ul
Template (1: 230 dilution) tul
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 II 15ul

BseRI 12ul
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volune 150 | And i ncubate at 37C for 2 to 3 hours.

wOREnso91ghl or of orm and Et oH precipitate. RunPar/sG2003/000255
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di agnostic 4% agarose gel to check the efficiency of
the digestion and purify th8 46 bp ditags by 12%

ioj_yanm_a.m_ds_%ej_ﬂ_ecl_mphm)esi s. 5 4.3 Ligating the
4etaBypliin¢e ag t o FHokS@ulConcat aneris Set up the |igation

reaction using the gel purified ditag in a total

volune of 10l and incubate 16 C for 2 to 3 hours. Cel
puri f Xnd RRuaRNE 37RF 5 td T RIS Phdel MaGb bR ThdBoH pr&iiale.
the DNA size range from1 to 1.5kbp, or. 10 4.4
8uoaidiagnastin dGtagereseel tatcheckdls afficienry af the gigestion and purify the 46

b SR s AR BRI O M Phear zed

vector follow ng standard nol ecul ar bi ol ogy protocol.

Transformthe. |igaji into_ hi ef ficiency conpetent
cel | s}.;‘915 lt@fé’ﬁﬁl’% ‘}éﬂg’g%«ﬁé%f’&"?ﬁa’wgﬁa%. onal Protocol
Even 20-bp tags may still seemto be not | ong enough

to .be§e? Bﬁ ?ﬂefl{ggtign%acmpggi%g%g Eel gﬁﬁﬁ&f@ég iy tota?%iﬁ'r%@ 6F1 Opl
vafrl atl ohs | tags cause y-sequencing errors or
pad intubatet16tG fon 3 to & boursrélebputrife thewpymatametsdroye 80 polyacrylamide,

SO TR G et BT ot DOEPRe Bt ai 1 1 ovel of |
m smat ches. However, the |ongest cleavage 20 distance

of I'lS enzyne is 20-bp zy Mrel . To overcone this
const {-4i ntClox{as Carraeiesao/ecighl k al ong the transcri pt
sequence by reintroducing the Mrel site to the sane

cDNA t hat L ready r.eleased the first , d rfor
2ot hip el SRt BB FBE Bahier ph fin ighanf P gt
astitatamen aite tatlinedtized Ve tod sl PMGhgSAnardinidleciRY BioBgPProtocol.
gver|lap with the first . tags on the sane transcripts.
ﬁ?élé‘leﬂ? fedigatiopgniodish cHfcienRe cmReiraEsllst add up tot al
38-bp tag 25 information that will be sufficient to
tolerate variations due to SNP on either transcript

FxagmpleSeSAGECY alking Operationad Reoteemduence i n genone
sequence dat abase, or sinply

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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Protocol Follow the 5 termnal tag protocol to step:
Di gesting the cDNA with tagftng enzyme Mwel. After
the digestion is conpleted, inactivate the enzyne by
NaSAGHEV alkeOperational Rragecolvi t h buf f er cont ai ni ng 1%SDS.
Four nore washes with wash buffer (5mMM5 Tris-HCl1 pH
7.5, 0.5mM EDTA. 1nM NaCl and 200g/1 BSA). For the

| ast halbly the & tdnfindl tagatataaol tw;&dpel)igesﬁmhé BN Myath BggiRE

Adat o CDNA... Pl ace the.tu netic tan
By bk AT TR dise iR oot feP Bt Siavre B Rignede
f‘d% ko1eé Wih beRGRBtEining 1V4SOSOEAR Modéwhshes widoWhdrbuSfer (YRS
A Tube B cDNA beads beads beads Mrel-BseRl adaptor A
FosrHC pHE .5 0\ EBSRImNeRaftlopd B0Quzod BEA). Eor the 1a|SEW&SA1 upe 1X
?1%at1% bh@g ligation buffer 2 1 2 1 10 Heat the tubes
3P%at 50 C and cool to roomtenp. for 15 and

ch|1I the sam nice, 2.51 T4 DNA ligase and
biguins ’@eaf ‘ffpfoé?t"féﬁ%u M x occasionally.

V\&sh the tubes with wash buffer to renove the excess

adapt . ' L I

tho thEt i Ee i larl Rt R ER AR (g B e
Ad¢ érerfall @wihg feagenls to khefobaison icddd t he f ol | owi ng reagent S
to each tube: ddH?Q 86pl NMrel 2pl1 10X bhufferl 01 (1

ComentSAMRL. Total vol ume |[T0aA | ncubate afubs® for 1

bONA bgadsh ni xi ng. Renopve |tbeassuper nat ant | weddsh

ORI B sl of A@Rng/lenol{/icsll or of orm and | precipitate.

Yol A8 PIORA/AG2003/ 000255 L5yl
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 2ul, 10X buffer10pul
(1 :10) SAM2ul. 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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pellet in 1.5],

Ligating Tags to Create Ditags Resuspend the
m x both A and B tubes and add 1. 5I
wot2o@t/0s6a8l owi ng reagents to formthe ditags:

of
PoISG2003/000255

Tris-HCl, pH 7.5 1.251, 10X Ligation buffer 0.751,
ddH20 0. 751, T4 ligase |Il. Thncubate at 16C for
overnight. 5 PCR Anplifying and Gel Purling the 138 Bp

Di t agegBaig Tugs 00redto D3O reacti ons as followng (in 96

PCR pl ates):
VI PCR _
| ddiMEaspend the peljeain h

| OXBV buffer 5

primer A 175ng/ 1 2[d PCR p
g;rh rX POl pReeB tubss and avld J pbetdhg 1

| DMSO 3 1 dNTPmix 7.5
rimer B 175ng/ 1 2

R lertirigle bt g W s HIRLGP oA JEYF AU Ligaion gyt

0y sheadH,00Q5ub T4 ligkse 1al. dicalgmoatl 6WC Aoegrighise gel

to

anal yze the PCR product and purify the 138 bp 10

01t aGPCRM AR BET ML EIR 05k 5 IRES OPDOT ESI 5.

Anchori'ng

Di gesting ags w
Purifying the 48 Bp Ditag D

W th R3eRb00 @ 300 edabtichB bpfodi)\tzva.lg (in D8P slatkggs 42 1

NEB buffer Il 15 1 BseRl

hzyme Bseri and
gest the 138bp ditags

| OX
ddH20 81 | Tot al

VOXBVibuff&s0 1 And i ncubate at

34IC for 2 to 3 hours.

Bhves! / chl orof orm and EtoH p

gal pitate. Run a

dNepRpsStii ¢ 4% agarose gel to

@l’saﬂ( t he e.TTI clency of

4% 15 bp ditags by 12%
Tg?-%b—ga‘t-ﬁh‘e—ﬂ%bp——j .

DR SR LA puri Ty the
: é%ﬁ%hﬁﬁm%' erectTorh

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.

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 II 151l
BseRI 121
ddH,0 81l
Total volume 1501

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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Ligating the 48 Bp Ditag to Form Concat aners Set up

wotoer/dsogat i on reaction using the gel purifi edPpdiTiS&@g003r000255
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15

20

a total volume of I Ol and incubate 16 Cfor 2 to 3
hours. Gel purify the concatéaners from 8%

pol yacryl am de, select the DNA size range from1l to
1. Skbpgartng@heotdl BygDitapvo FoemrEpscatavteps Vect or I n a
separate reaction, digest the plasmd vector with Hhal

and ligate the purified concatanmers into the
| i neaSat pethevigatiaprredction esimgthe gal awdfiaddinaginadatabyolynoridgy!

rotocol .. Tr ansf LGk | ' LAt il Sir-R0EM
BihaBalits CpPE® ShIE B8 Al BhckBhlrs Mook bbb At
bzt HDINA pimsiangeafikem 1 el Bidpds from step: 10 C eavage

the cDNA with taggi ng enzyne Ml and repeat the whole

Pr 0C B, Ag 8bldatandrs imbFPecHpl k Operational Protocol
Follow the 3' termi nal tag protocol to step: C eaving

wi th Taggi ng enzyne Mrel. After the digestionis

conpl latagepardteiRattionadigest the pRaaidvectbywinaHhilngd tigee theperified
twice 15 with buffer co i nin %6DS. Four. re

T ERerT i M ABFSE TSl FTE TS TRl B bigloR bgiog -
FERFornd tMDRKn 1760 Ghigh QPR ichc PSMipetdnpéellb.he | ast wash use
1X ligation buffer. Ligating Mmel-BseRl Adaptors to

cDNA Pl ace the tube on magnetic stand to renove the

super ’P(?f(&ﬂ bn (J'dh(%lé ihQQﬂé % gmgyf tfl@EIbNA, _]%9 tAQqhd f8ds from step:

foll ow ng reagents to t eads on 1ce. Contents Tube
Cléhvige the cRIMNAvitletagging esrymeldmgE andvhpekt 1Bs wRble athapis again\
20n / 1 1.5 1 Mrel-BseRl adaptor B 20n 1) 1.5 1 TE 14
1 14 1 WD 2004/ 050918 PCT/ S&2003/ 000255

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-HCI pH
7.5, 0.5mM EDTA. 1mM NaCl and 200pg/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/ul) 1.5ul

Mmel-BseRI adaptor B (20ng/ul) 1.5ul
TE 14l 14pl
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woamplsesis on i ce.

77 1 OXligation buffer 2 1 2 1 Heat the tubes for 2
at 50 C and cool to roomtenp. for 15 and chill the
Add 2.5pl T4 DNA |igase and PairsG2003/000255

I ncubate at 16 C for 2 hours. Mx occasionally. Wash
the tubes with wash buffer 7o renove the excess
adaptors. 5 Ceaving wth Taggi ng enzyne Mrel Pl ace

[tdreligatlontbuties (A and B) on|pmgnetic stangi2ur emove the

super nat ant (wash Aﬁa’the foll ow ng reagents
to each tube. ddH20 86 1 Mel OX buffer 10 P

I
%1 t %%b%f %br ZT&tS@hC \5%1 WP 10 (ﬁ'n L}Jpﬂﬁq bala il tl?fe7 mples

our w m Xi ng enove t ernatant whic

buffer).

for

610&%.&4(1‘&52.5 finly & I])Ngshgasleiamhmix/ hiahlmteaft 06 fE fom@ honscM i deadsionally.

CFRA RO i b

°E§e’f‘%"

1.5 and add 1.51 of the

buf f er
16C for

0.75 1 ddHZOO 75
over ni ght

c oRPEREIY 1 he pel et i n

fO||0MAng reagents to form
t he dfleavjeg wiinfpgpirigznpmie Mmped 7.5 1. 25 1

| OX Ligation
T4 ligase 1 1 |Incubate at
Purlin

d Gel
135 B o M 6a B SRR IGY AT R Supggtatant (vash
f)@ﬂférPWda%e(fbfl‘ovgiﬁg Pe@éénpé 8kRBkube. | OXBV buffer 5 1 DVSO 3

dNTPm x 7.5[d WO 2004/ 050918 PCT/ SG2003/ 000255
ddHZO go6pl
Mmel 2ul
10X buffer 10pl
(1:10) SAM 2ul
Total volume 100ul.

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

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

Ligating Tags to Create Ditags

Pool the A and B tubes. Resuspend the pellet in 1.5u] and add 1.5pl 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 1l

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).

10XBYV buffer Sul
DMSO 3ul
dNTPmix 7.5ul
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78 PCR prinmer A 175n 1 2 1

PCR pri mer

B175n 1 2 1

ddH20 29 1 Pl atinum Taq enzyne 0.5 1 Tenplate (1:

condi tion: 95C 2'
cycles.70C 5'.

1 cycle.

vol une 50 |
95C 30",
Run a di agn6stic 4% agarose gel to

Cycl i ngPCT/SG2003/000255
55C 1', 70C 1'. 27

analyze the PCR product and

BECRIpRiMepal (YHmgidani de gel

el e2pk ophoresi s.

urify the 138 bp ditags
Di gesti ng

POR piinfe BY 1 MniAu)Anchori ng Enz

e Bseri and Purifying

uh|,048 Bp Ditag 5 Digest thepd38bp ditags wth BseRl

BRE

i THq 43R 0T Tag. 138bp i ,9. 42T T OX"NEB

I e seR—12—1 81 Total—votume
E’Rlﬁfﬁ :.123Lbdlluq~.03?n at—37Cf-or H t —3—hEHES

a1 (A 4 S v JT''C 17U - TOU O 1TTOulr S,

di agnostic 4% agarose gel to

check the.efficiency of

t he dCgsing ceiaitadoPUry fi vydlh®s54B830 " ppsedi it ssChy, 23 296les.70°C 5°.

ol yacryl am de gel

'B? a8, 'p@ﬂa&?lhxﬂgletggleel&%pﬁb%sisf '

vol urre and i1 ncubate

se: ec égﬁ%?z%gg&%%ne Pt

Concataners Into Vector In a

the Pb%éﬁ‘tﬁ% 4868 @a M{h B's'h@'to

15 concCat aners 1 nt

el ectrophoresi s.

up aglaglepsrref% agrnseehiospalyzegheReR grpdyei@nd p

|nea IZG

the 48 Bp
the] 38 bp ditags
ed ditag in a total

16 C for 2 to 3 hours.

Li gatin

woring ?ﬁﬁyf’ eoﬁggri aréi% 'y A/I%%ng%leffé é?p Ditag

separ ate reactl on, di gest

gbegﬂa t he puri fied

ector follow ng

sbgupdimpgh nol ecul ar biol ogy prgpgcol. Transformthe
TOINEEShPHO Ni gh effiCi encyggnpetent celTs. VD
%\g 4050918 PCTSE&0031 0600255 12”1

ddH,0 81pl

Total volume 150ul

And incubate at 37°C for 2 to 3 hours.

Run a diagnostic 4% agarose gel to check the

Phenol/chloroform and EtoH precipitate.
efficiency of the digestion and purify the 48

bp ditags by 12% polyacrylamide gel elecfrophoresis.

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 follow

ing standard molecular biology protocol.

Transform the ligation into high efficiency competent cells.




79 To keep on wal king toward the 5 end of the cDNA
just take the beads fromstep: C eavage the cDNA with

wotaggisogsenzyme Mrel and repeat the whol e pro®eFsG2003/000255
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again. Exanple 6. DNA Sequencing and Data Anal ysis

DNA tenpl ates of the concat®rer clones are prepared

and subject for standard 5 sequenci ng analysis. A

t ypi cBd kdeplon satkirertowarg the5’ debofahotdNAS00% iake thy teadsi fhan step:

R e L e e

insert, sequencing analysis is perfornmed from both
ends tq generate yp to 80 tags per run. Therefore, a
Fsgogke 6. gg&u%‘ﬁ&?‘i‘@&e? T‘aéF‘gli’Q',SSOO cl ones generates
over one mllion tags, and 25,000 clones 10 sequences
(50, 000 readsé generates one mllion pairs of 5 and

3" LoPysAerplatggef the gqneatamersionesare pigpaed #pdiubisstiforptanfad
SRR AR T8 oA R0 pR SR P Ry lddiBl sauences
andcoptaimsabe 17-d§ditkgsrort3g-40tags. corr espondi ng genone
sequence dat abase using BLAST. Pairs of 5 and 3' tags
of known genes and putative genes are clustered based
on geWithra camatanidNéloseeflapadisin 2080URF ERENGER ehcnhamiysis is

the a i catjong and ten ntioned_in_this
B EuER o Dt e et e o ag O Plsredirermerest
S&fabncitlg i cRDDYED ARk péRtated BSerdRE mPEbLAES and D5;0000H141@s
during the prosecution of each of the applications and
ﬁwm%ﬁeﬁag Friaflp genegatesome Bflionpritg P At and)d” hpRESAGE tags.
manufacturer's instructions or catal ogues for any
products cited or 20 nentioned in each of the
appl i 88ersequsneingiofgsnerping thindfaw sequence dhta; the disggsedueagss o
i t by L Rar rei -
7l ST TATRN S S, B3 od 50 B BB S FE, e
cexxdspording gahdmalequumendsabaseisilg BLASAT Paissrof StlaridrB’ tags of known

docunents cited in this text, and an ufacturer's
BPRSE PRICRYIASHS Bees argtCLﬂSEs&ﬂi <0 3p B PO SRR NPED or
mentioned in this text, are hereby incorporated
herein by reference. WD 2004/ 050918 PCT/ SG2003/ 000255
HEFERENCEBs nodi fi cations and variations of the

descri bed nethods and system of the invention will be

apparent to those skilled in the art w thout departing
f r om Edvb of thspeplisations and patents mentioned in this document, and each

document cited or referenced in each of the above applications and patents, including
during the prosecution of each of the applications and patents (“application cited
documents™) and any manufacturer’s instructions or catalogues for any products cited or
mentioned in each of the applications and patents and in any of the application cited
documents, are hereby incorporated herein by reference. Furthermore, all documents cited
in this text, and all documents cited or referenced in documents cited in this text, and any
manufacturer’s instructions or catalogues for any products cited or mentioned in this text,

are hereby incorporated herein by reference.



spirit of the invention. Although the invention has

been described in connection with specific preferred
woeboaismnt s, it shoul d be understood that theCT/SG2003/000255

invention as clainmed 5 should not be unduly limted to

such specific enbodi nents. 8hdeed, various

nodi fi cations of the described nodes for carrying out

t he ivarns modifiedtiooharalnariatons ofthe desciitted grethyids phdegystem of the

nol ecul bi ol 0 r rel.ated.field re i t e
Toeiion e panat s fhosk B e e s ihoftsEpEhE RER ' oting
@t/ PERAAN AMhoughlthe MR blen BEANEMNGEESnbéction with
ERM NAL SAGE LI NKERS AND PRI RS tl-dT15 .gri mlar.
snseifis Mrgeg ﬁ[nﬁ@dgp)gntg, it should be understood that the invention as claimed
oufdAet BT ARMET R ARPREFbbdimb A hteeMotati dificati
R S GACTAGT TCTAGATCGCGAGE 10
OMBATGAREA TOTACECITOHECEHE venina WIBders ovienede thase skilled in

48nt,) B o

[Pt R g SRR O o S0 Bl
CAT GIT GAT CCG CTCCTCGCAGAGAGECTG P BsnBI  Mrel - BseRI
Li nker B (48nt) BseRl Mrel 20 5 -TTT CIG CTC GAA TTC
AAG CTT CTA ACG TAC GAGGAGCGICTCTCCGAC a-GAC GAG CIT
AAG TTC GAA GAT TGC ATG CTCCTCGCAGAGAGCCTG P BsnBI
Second round Ml -BseRl Linker A (SOnt) 25 BseRl Mrel
5 -TTT GGA TTT GCT GGI' GCA GTA CAA CTA G&C
GAGGAGCGTCTCTCCGACNN  a- CCT AAA CGA CCA CGT CAT GIT
GAT CCG CTCCTCGCAGAGAGCCTG P
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BsnBlI 30 Second round Mrel-BseRl Linker B (50nt)
BseRI Ml 5'-TTT CTG CTC GAA TTC AAG CTT CTA ACG TAC

WEABEHSIOE CTCTCCGACNN  a- GAC GAG CTT AAG TTC (@&u/&853003/000255

TGC ATG CTCCTCGCAGAGAGCCTG P BsnBlI 35 PCR prinmer A
(29nt, 20nt) biotin-5 -GIGIC GIG GGA TTT GCT GGI GCA
GTA CA PCR prinmer B (29nt, 20nt) 40 biotin-5-GAG CTC
GIG CTG CTC GAA TTC AAG CTT CT 3 TERM NAL SAGE

INKERS A D PRI VERS Fsel -dT15 prinmer (for cDNA
n- GACTAGTTCTAGATCGCGAGGECCGECC (1)
13VN 45 Fsel 5" biotin linker (The biotin oligo is

sane as the PCR priner A
§ TWM%%#G%?W&%‘@@?&TGCAGTACA WO 2004/ 050918
PCT/ SG2003/ 000255 82

(OCEAGNOTARACEADCARET AT Gheps 3 1/ 2Fsel - Mrel
I nkeg -GierabictQibe-chimiccsdcbe@ney r enove  pol yA) 5
pTCGGATCGCGATCTAGAACTAGRGET

3' - GGOCAGOCTAGCGCTAGATCTTGATCAGTTT-5'  Mrel  Second
Bbahin Mieil BSeRerLinker A (SOnt) 10 BseRl Mwel 5'-TTT

o T S et oo

GAGGAGCGTCT

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 MmeI
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 MmelI
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
Fsel

5’ biotin linker
(The biotin oligo is same as the PCR primer A)
5' -biotin-GTGCTCGTGGGATTTGCTGGTGCAGTACA
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a- CCT AAA CGA CCA CGI CAT GIT GAT CCG
CTCCTCGCAGAGAGECTG- P BsnBlI 15 Second round WMhel - BseR

waheodes09B (50nt) BseRI Mrel 5'-TTT CTG CTC GAACTISG085®0255

CTT CTA ACG TAC GAGGAGCGTICTCTCCGACNN a- GAC GAG CTT
AAG TTC GAA GAT TGC ATG CTGEICGCAGAGAGCCTG P BsnBI 20
PCR primer A (29nt, 20nt) biotin-5 -GIG CTC GITG GGA
TTT GCT GGI' CCAa¢SRAcACAcTARARAgrAquEeeaTBT (29t , 20nt) 25
bi otin-5" -GAG CTC GIG CTG CTC GAA TTC AAG CTT CT
EXARPE EQIne 18 12 nRRE VERD / intrydERe SEQLENCES: Madl rdmove
peilydl 40 ners
CACACHCARR SRR ERCITITRENEERLTLT TV 30 Not

Li nker topwy r's

5' phosphat e- GGCCGCTCGCGATCTAGAACTAGTC  Not I Li nker
Betbadn 2burer svm&& B5 &R DL inkEACRAGE § £AGATCGCGAGC

L| nker A top 54ner s BseRI MmeI
SR A MR TRIRE N
op nmers

O L7 nker “BsmBT
TTTGGATTTGCT GGT GCAGT ACAACT AGGOGAGGAGCGT CTCTCCGACNNNNAN

ls'ealsﬁdi Aot tv@I4B8€RB Linker B (50nt).
phosphat e- GTCGGAGAGACGCT CCTCGCCT#HERT GTACT GCGAECTAGCAAA

e e I S

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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wah 2odes09B8 bot t om 45ners WO 2004/ 050918

Li nker B top (N6) 54ners 50
TTTCTGCTCGAAT TCAAGCT TCTAACGT ACGAGGAGCGT CTCTCCGACNNNNNN

PCT/ SG2003/ 000255 83
5' phosphat e- GTCGGAGAGACGCT Ggal CGTACGT TAGAAGCTTGAATTCGAG
CAG PCR primer A 29ners
ST 5hd SEHAAIATTECRE A CEMNTACH TARCTPER i eI AR TROORESAG
GAGCTCGTGCTCCTCGAATTCAAGCTTCT  EXAMPLES 3 & 4 PRI MER /
PLRKER fEQQUENCES 10 Gsul - dBdmepii ner 34 ners
GREGACACHCHFEITGACTEETCTAGTACRI TTTTVN  Mrel - BseRl Li nker
A top 50 ners
PCRTHTCWAT Bl GCTGGT GCAGT ACAKETAGCCGAGGAGCGT CTCTCCGACT T
GBGVREFTESERITAGRARESCARCEIIATOom 45 ners
5' phosphat e- GTCGGAGAGACGCT CCTCGCCTAGTI TGTACT GCACCAGCAAA
ESurd o Bk ! D GenBrbMiNGGQ ers 20

- TTTCTGCTCGAATTCAA AACGTACGAGGAGCGTCTCTCCGACTT
I\/rrel -BseRl Linker B bottom 45mer s
§sphodPha - iGEFCGGAGAGAGECTEEECGT ACGT TAGAAGCT TGAATTCGAG
CAGRIBGAITGAGATET TT 6pr TG RIITS VN
5' bi oti n- TCGACCCACGCGTCCG Sall adaptor bottom 16ners

5‘“‘650% IOEEACACETGEGICGA 30 @@Rﬂgs mer A 29mers
~-TTTGGATTTGCTGGTGCAGTACAACTAGGCGAGGAGCGTCTCTCCGACTT

MmeI-BseRI Linker A bottom 45 mers
5’ phosphate-GTCGGAGAGACGCTCCTCGCCTAGTTGTACTGCACCAGCAAATCC

MmeI-BseRI Linker B top 50 mers
5/ -TTTCTGCTCGAATTCAAGCTTCTAACGTACGAGGAGCGTCTCTCCGACTT

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

Sall adaptor top lémers
5'biotin-TCGACCCACGCGTCCG

Sall adaptor bottom lémers
5’ phosphate-CGGACGCGTGGGTCGA

PCR primer A 29%mers
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

PCT/SG2003/000255



GTGCTCGTGGGATTTGCTGGTGCAGTACA  PCR primer B 29nmers 35
GAGCTCGTGCTGCTCGAATTCAAGCTTCT EXAMPLE 5 SAGE WALKI NG

woO BRUuNER1$8 LI NKER SEQUENCES 5' SAGE Wl ki ng PpeTveG2003/000255
/ Li nker sequences Linker A top 50ners

TTTGGATTTGCT GGTGCAGT ACAACT ASECGAGGAGCGTCTCTCOGACNN 40
ker A bot tom 45

5&%@}1@ ORISR AT ARSTTEMEREARSARCCAMA

aCT GRE8EAPTIceR cePEBASTAR
CTGCTCGAATTCAAGCTTCTAACGT ACGAGGAGCGI CTCTCCGACNN

5 g;@ ot t omdipgers WO 2004/ 050918
os ) at gﬁ%ﬁﬁc&iﬁ' %%ETACGT TAGAAGCTTGAATTCGAG

éA@/IGﬁ@ang Resmeny [20fep $equaBTECT CGTGGGATTTGCT GGTGCAGTACA
PR B4 LiFRF ABop2 9T 156 me/GAGCT CGT GCTGCTCGAATTCAAGCTTCT

3-TTTEAAEET Vet HGaTE CRGIT ABKACTAGBR B AGSABTETTES CChhEhiN BseRl
10 Linker A top 50 ners

HmeBIBOEANKET SETHBBT GCAGHAGMCT AGGCGAGGAGCGTCTCTCCGACNN
BiyhasREa e BECRPAGAGAGSCTAC HeR GQIACAEC TAGTECACCAGCAAATCG

5! Efllosphate GI CCGGAGAGACGCTCCTCGECCTAGT TGTACTGCACCAGCAAA

SRRl R A BB rereionacnn

16556 Rhkdr 'blstim B DOl g 45mer's

5'phosphate-GTCGGAGAGACGCTCCTCGTACGTTAGAAGCTTGAATTCGAGCAG
PCR primer A 29mers

20 GTGCTCGTGGGATTTGCTGGTGCAGTACA

15

PCR primer B 29mers
GAGCTCGTGCTGCTCGAATTCAAGCTTCT



5' phosphat e- GTCGGAGAGACGCTCCTCGTACGTTAGAAGCTTGAATTCGAG
CAG PCR prinmer A 29nmers 20

WO BNGATBE GCGATTTGCTGGTGCAGTACA  PCR pri mer B POIYBGH03/000255
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30

GAGCTCGTGCTGCTCGAATTCAAGCTTCT WO 2004/ 050918
PCT/ SG2003/ 000255 85 APPERDI X B: TABLE 1 Tag |l ength
Tag Tag uni queness Tag uni queness 5 n Conplexity, Cto
transcriptone, U to human genonme, Ug 4 256 1562

: TRBUR®6 146 732422 10 10 1048576 0. 95 2861
14 268435456 0.0052 11 15 16 4294967296 0.00037 0.7

18, 68719476736, 0. 000026 0,,04. ;9_,,9951162717%a |
020000018 @nP0ekic20cTabke clansbhfobed, 0al 5o haghn corme: Ug

conpl exity and uniqueness probabiTity of nmatching toO
t fanscri ptome andsgenone @362 he conplexity of718ags. C
=¢4", where n igo%fhe tag | epgth. Short tags have.]|ess
conpl exity and, therefore, are nore frequent in-a
génone. The nuieeTs i ndicate).96n average, the2ssze of
guence ba i for a specgific tag to occur once.
égr exanpl eségal'g!%ﬁ%sbp tag vviq'ﬁo‘cbzccur once in a g?e]nome
esery 4096 spsoenbsd e a 10- bp.vegwi || appear onlygs ence
in aone mllion bp sequence. .Ut, tag uni queness to
tPanscr i pt%s7b?47§7§52norre, i s YBP¥PFi ned under the ©-04

assunpt i @osi habzidiere are 100o4Q9s di sti nct 0.003

franscripts inm a conplex genone 1 Ke Numam, TNouSE, Oof
Zebrafish, and the 5 sequences of transcripts are

randopithy ThelreiddQ: %%09 "ﬁy Lndi cates the gqg : un‘ger f
transcripts teﬁéetlgaﬁnggt Js lexyy gnd‘s:lgn SURT fire? H‘?’Q %"atﬁg‘,“g to
ttdamsctipigme andjgepomes t o human genone. Ug i s determ ned
as the genone size

C, the complexity of tags. C = 4", where n is the tag length. Short tags have less
complexity and, therefore, are more frequent in a genome. The numbers indicate, in
average, the size of sequence base pairs for a specific tag to occur once. For example a 6-
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.
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(3, 000, 000, 000 bp) divided by tag conplexity. Ug =
Gs/C, Gs is the genone size in bp. The nunbers

wo pa4osises t he potential matches of a parti cul apC1/ag2a(08/000255

t he genone. WD 2004/ 050918 PCT/ SG2003/ 000255 86

CLAIMS 1. A nmethod of obtaiggng a nucl eoti de sequence
tag froma termnus of a nucleic acid, the nethod
conprising the steps of: (a) providing a first nucleic
acid sequence; 5 (b) linking the first nucleic acid
uﬁ%ﬂ¥%ce to an |inker sequence to forma |inked

nucleic acid, in which the |inker sequence conpri ses:
(i) aafhéiRdd Sre6RAMHMd RRleSlideSedudhcedad oMt G bEa AL acid,
cl eavage enzynme that allows cleavage of the first
rirohethed eopipaisioe thestepeofat a site distant fromthe

first recognition site, and 10 (ii) a second

recognition site for a second nucl eic acid cl eavage
enzynt®) PrexidingA firstiuclsiGeridisedugesed cl eavage at a site

di stant fromthe second recognition site, said

cl eavag@nking thelfRa@at@élc adid feqR@k td MNinkkrd BUEn&Y to IR/ linked
the first recognition site; in which the |inked

nucl ePtclagacid imwhich thedinkeisequerce cgmptisesiecond

recognition site - first 15 recognition site - first
nucl ei ¢ aci)ch firstdecdghition siRA¥H kst hiRleld At TaPANE leBlymeaRdt d
with the first nucleic acid cleavage enzyme to

provi de: (dllpwaclepyireef theyfirstmslsid asidigauchee atiasitedistant from the
sequence |4nked ﬁoﬁﬁgpghpotide sequence tag
representative the first nucleic acid sequence and
20 conprising a termnal portion thereof, and (ii) a
second nudiidf secard geagatiign piteefordspseidsiuslyiccacidoieai spg enzyme that

e ; iy . 1 ) N
P/ sep00d) BREBultt B QHRRE £ 36 sl BPAE L 3hE  oeniton
1, in whi clitetshd didarage sitelotaddat apbdti@owitiiin sesboat 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:

(1) 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

(i1) a second nucleic acid sequence comprising a remainder portion of the

first nucleic acid.



10

15

20

conpl enentary deoxyri bonucl eic acid (cDNA) having a
termnus conprising a 5 termnal transcribed

weegueses of a gene, and in which the |inker SEOSGD®3/000255

is linked to said termnus. 3. A nethod according to
Caim1, in which the firstgnucleic acid conprises a 5
conpl enentary deoxyri bonucleic acid (cDNA) having a
ber M AufetfAMBETEhH® Qaitr 1, 5EW AR e firdt hd&18i6 béil86mprises a
sequence of a gene, and in which the Iinker sequence
ramplematary depxyrpenueleichrid (eDNAYhaving gderRiRws gewprigngRyS tterminal
gaﬁ’écﬂbéh'se(ﬁle%e ofa ghiik, MH il thﬁcﬂ%eﬁﬁ&%g%@ £hink&Gb ?aid terminus.
cl eavage "enzyme conprises a restriction endonucl ease,
preferably a Type ITS restriction endonucl ease, whose
recognition site is 6 bases or greater, preferably
Mhel . Amepthed apcording o laie b iy vhigh fhs fiss puslsie agid compiisesd m
lcbmpBinedlarl BSoxfytiboHuciBidGliRIDRE) Khving . SEUAR cERABNIE: 2 3’ terminal
conprises a réstriction endonucl ease, preferably a
Tynseribed sequsnge of gigome, anhiol oied|teedinker gsauenes iahinkedRg el terminus.
6. A nethod of sequentially generating a plurality of
nucl ei ¢ aci d sequences each conprising a nucleotide
gequepGRtiaGcddr@ng & A1kl ERGr 3Ch Fihichie ¥BSHAGRcIeic acid cleavage
conprising 15 repeating steps (a) to (c) of any of
ENMEEOMPRTSS § regirictiemendoryislease, prsiefdiyehl ype dlSfrpstagtion
, . ol . . y the
R e L T A
nmet hod of providing an indication of an instance of
xpressi on of a ,gene, the . nethod cqnprising a_ nethod
Scoor 3%?&10@60%6}}%&0@@@ areRgling claimh indriechethe fpbpucteis aod
CRENEE SizPfle bhiBprised 2ROt ARG REe! fI8feROESERHE IS restriction
sequence or identity of the |linked tag orf the
aedonpease) prefgalfeBeaddce tag to provide an indication of
an i nstance of gene expression. 8. A nethod of
detecting gene expression, the method conprising the
8t epsAGiethod (& yeqRériilg géiﬁraﬁxaé 4 plsitalityl oF hBéleit adld dddflerRes each
second |linked tag, each independently produced by a
FeBPIEINERdsleafidegequsnesoe (5ome @ durlplg 2did.dhgynethgyl comprising
| i nki: :
A R L S T
a¢id seguerice of stete(a) s prpyated by thegeqood tiabeic adid sequerice nkeeh (CHG).
is linked to the nucl eoti de sequence tag of the other
linked tag to forma ditag, the ditag conprising
yer m Raletotdp beﬁzidﬁ%@n iRBAUENSER ihdtMTR bf dxples@OorSGE RN the
genes; and 5 (c) detecting the presence or identity of
nisthod icerapyisingra methgdeagserding éo anyerasedingidaim, and further comprising the

step of detecting the presence, sequence or identity of the linked tag or the nucleotide

sequence tag to provide an indication of an instance of gene expression.

8. A method of detecting gene expression, the method comprising the steps of:

(a) providing a first linked tag and a second linked tag, each independently

produced by a method according to any preceding claim;
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sequence tag conprised therein, to detect gene
expression. 9. A nethod according to Claim8, in which

weamhosig he first and second |inker sequenceBCT/SG2003/000255

conprised in the first and second |inked tags

conprises an anplification ggyinmer sequence, and in

whi ch the nmethod further conprises a step of

ampl i foy lifidnd Jﬂ@ fifkk 1A% t2b0in 'Elﬁfs&fo%@ hl}{kéaxag"@l@ma%e hfieotide
pol ynmerase chain reaction (PCR).

accor sawepct ©g ohrtiparBonglinked tﬁgnsﬂmbcrd te drvmuplsctmg sequgnce tag of
steps v t t

seco n%l18 ﬁtl?gll( lgl)kg& {é’g <?Odiroc e acll\t/} 5 gleeaﬁtg% X\Anw‘] Eng’) erﬁi aE .g%‘g"%bed

pl ur ategbgncesffranhBrst @esbdond ggertes;iandred di t ags to forma
concataner; and (f) obtaining the nucleic acid

iiq ui cﬁg?t%cgiaga Ehfe pre I %n\c/:e ar i%gntlzt;){1 ofﬂhé) cfhtatg{] §t af %Q{t %Flea 1‘%% eo %en ce
of exqesst ap cmﬁpm;e@ﬂﬁem tdmetecﬂ@tnb exbrmmar [ SI ng t he
steps of. (a) providing a conplenentary

deoxyri bonucl eic acid (cDNA) having a term nus

Gonpr Asﬂxanlg)dacctoecting todllainy s which eath s»édpa Einst enct)a‘ecaldg'mke'

uence ther
P eieR et OR 4R b o bRE8 g FOMTRE Cor PR PR apimer
SEMERD Cad GOWRIEh e Snetholdifiirsier écﬁmgéu d stq:’bf&hipﬁfyingrth@dltag,
first nucleic cl eavage enz ?referably a
PELTRIEbY BFRng ﬁﬁ@ﬁa yBERY chi gt SR nuct ei o  aci d
cl eavage at a site distant fromthe first recognition
site; and WD 2004/ 050918 PCT/ SG2003/ 000255 89 (c)
¢0.eavAmgthddacdordikgew Glaiod 610, &ather avintphisihg ehefsieps bf:
nucl eic acid cl eavage enzyne to provide a linked tag,
in which the Iinked tag conprises a nucl eotide
sequefl} eleavang the digegthrthaor each ssfora nueleigiarid|cleayagn suayimepd
sequence of the gene; and (d) detecting the presence
or | dﬁg Lﬁl&%g eplgluxtaﬁ olf U@? gltcjnﬁl%rgx;l%& Jﬂ% g‘ﬁ&%ﬁ? i l:(gl%atamer' and
seque provide an In Eion 0
i nstance of gene expreSS|on 12. A nethod accordlng to
d ai ntfiebtaining thaina¢leic Aeid Sequensd obat leasiea oD of dheoneatanes,
sequence corresponding to the 5 term nal transcribed
sequence of the gene, and in which the linker
d Equeharsthod of piordingap indieatign ofandnsiamce pkexpronson afz gepe, the

G5, Caim1l or 12, in which the

ﬁﬁ%ggg??de gggﬂgﬁ%eftag 10 conprises a 5 termna
transcri bed sequence of the gene, preferably at | east

the f €a5 ﬁl‘bvﬂiﬁlg a complementary deoxyribonucleic acid (¢cDNA) having a terminus

comprising a terminal transcribed sequence of a gene;

(b) linking the cDNA to an linker sequence thereby forming a linked nucleic acid,
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



bases of the transcribed portion of the gene, nore
preferably the first 20 bases of the transcribed

W0m4/0509rs of the gene. 14. A nmethod accordi ng RQX/SEmd31000255
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11, in which the 3 end of he cDI\lA conprises a
sequence corresponding to t t erm nal transcri bed

sequence of the 15 .t he

R A ST ) w@wﬂawmﬁﬂfa Sl AR eAVEES engyme to
et hog, AgColitked tag! i@ viHi@i tﬂé ﬂﬂke@ agl@mptises Whi€otide 8equence tag
nucl eoti de sequence ta% nprises a 3" term nal

tr ansrcpliewé@“%‘?fli‘émn% a@%%beeéwenvﬁwéf@rgam 914t | east
the last 16 bases of the transcribed portion of the

gene, ((BG&HRE b ?Fe@é}lch‘ of B&ti%ﬂth@@nﬂé@%&r He nbibleotide sequence

transcrl bed ion of the gene A met hod
accortdg gprevd ecananéwa}.rpn of ap @?taIPS of geRe wHTEY§I08t ep (a)
conprises: (i) deriving a cDNA froman nmRNA by reverse
transcription with an prinmer _conprisi n%ﬂwéiﬁayence esa

52 Nvh Tyetimdaenordinggodelaim 19, {payhigh fe 2" erd o
yeqﬁe E@res &%qg’ {H %@%ﬁmaqe{n%@@&/qmg 8bthe g&eﬂ drld)in which

produci ng a bl e stranded cDNA therefrom and
megwtrlsn@endﬂ:es U@@bittetheétwdm&@ cBDMA with Fsel to
produce a cl eaved cDNA conprising 3" GGCCGG over hang;
CC (iii) linking the cleaved cDNA to a |inker

GOIPI A ShetshdRILeAMy A ainf3IEASGE whidh thd Mﬂcle@hdﬁ?ééqﬁ@cé fag
resul ting nolecule with Mmel to produce a CDNASB% Erst%

aommﬁegl "Trenmyipal ranspribed seteResP TP PFECTERY arlg?
Gl Hﬁh%&ar@&nb%ﬁ ?o%ﬂog oMAE Gbhe! RErePRINALING THRIHr$i 08 bﬁ@:@ of tﬁe

termnal transc sequence of the gene, or
trenseribeall pottroarns theigewd sequence of the gene, or both.
10 18. A nethod according to any preceding of C ains
11 et seq, in which the cDNA is full |ength cDNA,

Ry ef e%%’ét%d%%mﬁlhé {ortglaﬁrp D}S ‘irﬂ@ﬁlbl@iﬂeﬁ ald oftees DN0M tdiBprises a
sequence of e gene. . A nethod of obtaining

sesqxamtcpaesps@qwetn te ¥ rtﬁfrmmahnranéwbreﬂ saanencg ehibe gengeand in which
Qfe lu&er sequence is linked to the 3° end of the cDNA.

15. A method according to Claim 11 or 14, in which the nucleotide sequence tag
comprises a 3’ terminal transcribed sequence of the gene, preferably at least the last 16
bases of the transcribed portion of the gene, more preferably the last 20 bases of the

transcribed portion of the gene.

16. A method according to Claim 11, 14 or 15, in which step (a) comprises:

(i) deriving a cDNA from an mRNA by reverse transcription with an primer
comprising a sequence 5’-NV(T)l3 CCGGCCGG-3’,in whichN=A,C,Gor T and
V=A,CorG;



conprising steps (a) to (c) of a nmethod according to
Claim1ll, or any claimdependent thereon, the nethod

wO foos/b3vers conpri sing: 15 (d) providing a secormCTsEioes/@o0255
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acid fromstep (c) conprisigg 3" renmmining sequences
of the cDNA; (e) linking thé“second nucleic acid to an
I i nker..sequence, ereby f i n Il inked nuclejc

e . P o bty e DRMR, Bk Boram fiesdt e dolore

I €COQgBlrdndeNcTRVA &ith Tkeldo pro@hRiaGleatéd SDINA BN HBheENZY NE,
preferably a restriction endonucl ease, that allows
nuclebclzézﬁﬁiqwgh vage at a site distant fromthe
recogni t¢on site; ( cl eaving the linked nucleic acid
with the nucleic acid cleavage enzyne to provide: (i)
a linked tag conprising the |inker sequenceTEE ked to
a nuc(ieplinkiieg the depyed cleNAag a tiokgp u'nﬁj)ris@nga—S%ge;-g»o mndf
the second nucleic acid; and (ii) a fourddCARGETei c
aci d sequence conprising a 3 remai nder portion of

t hi r d(inpgéaing tRcredhitinghadQA VIEINEIS1 BRETé R OSNANRRES a
91 (g) repeating steps (d) to (f) at |east once, in
mhichpﬂﬁéﬂgé%ond nucl eic acid sequence of step (d) is
provi ded by the fourth nucleic acid sequence of step

i) d (h) detect.i the presence, .identity or
24 et e rang GE e B, o i the SR s the
Se GuaHeRrdndGibe@ SR LSO thH BRI &t the2D terinkBhiiR6LERE GRUEHR S the
to any of Clains 11 et seq, I n which the |Iinker

EeHueMRA¥ further conprises a second recognition site
for a second nucleic acid cl eavage enzyne, preferably
a second restriction endonucl ease, that allows nucleic

agi d almwavagRcdating toSdny receiitd Gitllaifis QMel 2@, i $EWAGhe cDNA is
recognjtion site, and in which the second recognition

il length cPYAapistrrably apmpgising prbstantially afl Shesgring sesiyerde of the gene.
the |inker sequence. 21. A nmethod according to Caim

20, in which the location of the second recognition

3Pt e Wirhdthodasfperinidgaeduestidl séqmibnce Gfoguutivh GBmSi defe, itlf method

such.that, when the |inked t I S_ex ed to the
SoBBRPE e LD G0 b P o argudihesg £Bih O Tk omge oy deprgent
RHéedon] e AGIHd M onkisidg:POSi tion within or about the
first recognition site. %5 22. A nethod according to
any of Clains 11 et seq, in which the first

I eCoQ(H) proviiliry 4 ®cond nucleic acid from step (c) comprising 3’ remaining

sequences of the cDNA;

(e) linking the second nucleic acid to an linker sequence, thereby forming a linked
nucleic acid, in which the linker sequence comprises a recognition site for a nucleic
acid cleavage enzyme, preferably a restriction endonuclease, that allows nucleic

acid cleavage at a site distant from the recognition site;

() cleaving the linked nucleic acid with the nucleic acid cleavage enzyme to
provide: (i) a linked tag comprising the linker sequence linked to a nucleotide
sequence tag comprising a 5’ portion of the second nucleic acid; and (ii) a fourth

nucleic acid sequence comprising a 3’ remainder portion of third nucleic acid,;



or the second recognition site, or both, conprises a
Type IS restriction enzyne recognition site. 23. A

wo methadisaccording to any of Clains 11 et seq,PdmS@hDE000255
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the first restriction enz conprises Mwel, or in
which the first recognition site conprises a Mrel 20
n

recognition site §' - RAC-3',. preferably .5' - TCC .

Gac. 98 repsatngsigps (Ao REUGPR TG i Shan dheiena Jpoidi wig

whi chediRfcessterp i) iesrbiited byohe fAN Recleic adipsdgaase af step (f)(i);
restriction enzyne capabl e of recognising a site which

is 6ddses or longer, preferably BseR, or in which
the second recognition site conprises a BseRl

r eCOgpy fdiRfing i bRsénce, WY Gr equend®oR AQdbis 1570 %ihBed tag or a
PCT/ g(:‘}ZOOS/I(])%OZ 5 92 25, A rreq?hod according to any of

C ai muclpatidstsequence tpgcoppiriesd hefeint i nker sequence
conpri ses the sequence 5 - GAGGAGNNNNNNTC CG AC -3',

referably 5" - GAGGAGCGICTCT C-3' .  26. .nmet-hod of
ot cch megiod Rsorlng tg Anpet @wﬁﬁ%ew@e@&ﬂ INIORIGE
Rirth& coblpR¥ds AisBYnd@rebbgrition! sith kR d skddd aidei@asi@Cleidgd énzitel
tag, each i ndependently produced by a nethod

preeoabl ngcend restryction erdsandlepse | that allovsuckeicgkidislpayage at a site
b fasit frdd i ikt K S oh PSRRI RESs located
fhﬁ{gﬁtnflrjoé? [e”g? ?Cgé&%g%%leohg ge’fa gg porl%ll5 {gn o? ong&%ﬂi nlr<1ed ta(g)gca °
b sofl thenfirsicre¢ognitibie sitelio tredinkerseguegesence t ag of  the ot her
linked tag to forma ditag, the ditag conprising
term nal transcribed 10 sequences fromfirst and
sgcong I&%?Sdb o?tﬂxgg O O1aife10e & whleh thB RcRidRE MeBend recognition
Identity o t he Itag, or at |east one nucleotide
siequigniespettatg thedirprécognitiohsiteds sich that, ader the ligkaddag is exposed to
Xpression,. 27, .A net ' -aj [ "
TRRERa agieis ot RS 2P SRR BBk RGHERT fRurddfy psiton
Wwiithinad abag ttefdst kdeegrit@msind. | | nker sequence of the
second |linked tag conprises an 15 anplification primer
hybri di sati on sequence. 28. A nethod according to

al i hifideo! If HLS DRI WIRQITRE R RcFerdidRRit
%' g}r\rp qtl?of{bﬁ%gqélﬁgtocﬁgfgg@ag‘?g]f erably vg)y rr_ea}nls ofC@% he e
pothy kExoad Rcagdhition sitg ac bothreoMmpaRs a Type I raswichertienzyme
accor,di%g to any of Clainms 26 to 28 as dependent on
F598yRONdSi s 20 to

23. A method according to any of Claims 11 ef seq, in which the first restriction
enzyme comprises Mmel, or in which the first recognition site comprises a Mmel

recognition site 5’-TCC RAC-3’, preferably 5’-TCC GAC-3".

24. A method according to Claim 22 or 23, in which the second restriction enzyme -
comprises a restriction enzyme capable of recognising a site which is 6 bases or longer,
preferably BseR1, or in which the second recognition site comprises a BseRI recognition

site 5’-GAGGAG-3’.



25, which further conprises the step of cleaving the
ditag wwth the or each second nucleic 20 acid

WO mlogesoatge enzyne to provide a trimred ditag. BO/SGR003/000255
nmet hod according to any of 2a|ns 26 to 29, in which
the trinned ditag conprises“between 12 to 120 base

ref erabl betme 18 t base.pajrs,
pT ef er aE’Ieﬁlog 3%5:0[)(%%%0 AR ¥'s a‘%@@b&fﬂ 08 Gg‘f% the linker sequence
Rﬁﬁpﬁ&&%a{e@%%ﬁ %%NNNW ct@c Ag][ @l’lcI p,tgfet[égl}ayy of
ich a plurality o I tags “or
%ﬁ%@ﬁ%f@@%@ inked to forma concatamer. 32. A
nmet hod according to any of Cains 26 to 31, in which
t he concatamer conprises between 2 to 200 ditags or
t26. mre‘dmelthbd gidetepring exprblion dfatgsRe thelfethsdl cbthpdbih@gs or
trimmed 5 ditags, preferably between 8 to 20 ditags
or trimmed ditags. 33. A nethod according to any of
5 d ai méa)provedingefyst finked hgrand o seoidsiinigd tdaeeash adepzhdently
det er uenc a or ch l.inked tag,
nucl eﬁ@gg&s@g‘ S%eﬁlgogi atccor‘(j:"m%lfo E] pref?‘f &M ditag or

concatamer. 34. A met hod according to d ai m 33,
f ur t hél) lokimg thesfirstdinkitktag srekthefecoret lked fj sg:hithe the lcleotide

identify. of the expresse he. co ring the
sequenc e1CS 48 ROt &QPedl q?‘i%ﬁéﬁw‘@é‘g P‘fn;i"é’gd‘? fyquence tag of
dat abdsetiad hnlteﬂlt@ab iféith SEAYARE Eifag c3M nﬁné‘@ﬁﬁﬁg transcribed
accordi ng m 33 or 34, in whi cﬁ t he sequence is

10 conparei® CSSgong aphseeondreenssotd genes, such that if
t he dat abase does not conprise the sequence, the

seque () deteaingthegRssefce e Ve @fthéan or a‘blé&@ﬁdﬂequ&éonde
provi di ng an indication use in the diagnosis o

di seaSEUFIee 48 comppiedithsirin to t"ﬁ@t BRCRSPIessi®pr i si ng: (a)
provi di ng a cell known to be affected by the disease;

I9)dt ing.if a ne i.s expressed in the cell of
%b) b§ et ‘"1%8‘%“‘8% &%‘F‘g » iy Whigh gach of the dirst dinkar sgqyence of the
(tiest lipkeamthglariaghese€dtd linRér seqhehdedif Yﬂe@b'éﬂnd %H}?éa%&"% é)?ifses an

suf{ﬁrl ng fromthe disease; and det er
I3 gmel %’f‘o‘?ﬂ%m%ralh‘é“‘b‘%‘énﬁ%“@)@sressed |n the cell of (c)
by a nethod according to any preceding claim and

28. A method according to Claim 27, in which the method further comprises a step of
amplifying the ditag, preferably by means of the polymerase chain reaction (PCR).

29. A method according to any of Claims 26 to 28 as dependent on any of Claims 20 to
25, which further comprises the step of cleaving the ditag with the or each second nucleic

20 acid cleavage enzyme to provide a trimmed ditag,

30. A method according to any of Claims 26 to 29, in which the trimmed ditag

comprises between 12 to 120 base pairs, preferably between 18 to 46 base pairs, preferably
40 base pairs.
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WO 2004/ 050918 PCT/ S&003/ 000255 94 (e) conparing the
expression, or lack thereof, of the gene between the

waedd/o0091€ b) and the cell of (c). 37. A net hoBCDBG2003/000255

produci ng determning the transcriptonme of a cell, or

obtaining a gene expressiogy profile of a cell, the

nmet hod conprising providing cDNA fromthe cell, 5

subj egtnhdithdavdoidieg ANy Of @laiiR 268 36.GF Whith A PluritfBNditags or

preceding claim_ and determ ning whether a particular

gamaed diragharp Hipkqdde foam agepcagimegenes, is expressed by

the cell. 38. A nmethod of providing an indication

useful in the diagnosis of a disease in an

Bndi VAGhRlod atdvediigiohayd oEORMS 26 t 31,GR WRR itiGohdaantte Béinprises

expression profile of a cell known to be affected by

betvey] Z 0248 ditggsioptrignragd ditags, preferathybalyverndo ta i ditags airigpmed
i f ' j kch either or both

S e e S e BT e by a

nmet hod according to Caim37. 39. A nethod of

determ ni ng the sequence of control sequence of a
dene, Aﬁ?e&fograam“}}n%\t aY sﬁS‘eQS drét é‘i‘lhg‘ﬁté%rrc"g‘_@aﬂ%@'é step Ak
A& EMARing HEREAuShARDT a bAdack RAlRd M) BudeofiHE $eqMintslR g SBAE SRMmEed
tag representative of the 5 termnal transcribed 15

didap B sewaBmet-he gene by a nethod according to O ains
1, 2, or 3, or any claim dependent thereon; and (b)
obtai ning a sequence of the gene 5 to the termna

B4.ansAmidiRd aQEARNGEC]ISM 13 urthed ddmpkikiaH the BRp SLERKEIGENg the
conpr i ses a pr onoter or enhancer‘ consensus se(%,uence.
Higntity ofyihe g¥RTesseck&ne Phthe comparae thegquenss taainpgieqiidg sequence

SGAMRRE 1 Aatdbhe FRMGeotde tQudddgs. 20 term nal transcribed
sequence of (a) is obtained by nmeans of (a) chronosone

wal ki ng, (b) SACE wal king, (c) nucleic acid

hybri di sati.on of. a genomi._c lLihrary; or (d) querying, a
Bia adurthpd a i @%ﬁ%‘a{ge’rﬂfééz I e sshiapeds Sotpareh & o
GaRmIGE S 1DEwA ghleds¢H thit iPthe RMAELSoes BREBmPpALIREsequence, the
conprising an indication whether a gene is expressed

BRAUBNCH SPTPIRSGS AREVEANE, whi ch i ndication is provided by
a method 25 according to any preceding claim WO
2004/ 050918 PCT/ S&2003/ 000255 95

36. A method of providing an indication useful in the diagnosis of a disease in an

individual, the method comprising:

(a) providing a cell known to be affected by the disease;

(b) determining if a gene is expressed in the cell of (b) by a method according to

any preceding claim;
(c) providing a cell of an individual suspected of suffering from the disease; and

(d) determining whether the same gene is expressed in the cell of (c) by a method

according to any preceding claim; and
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42. A conputer readabl e nmedi um conprising a database
according to Caim41. 43. A nucleic acid sequence

w@opns®isg a tag produced by a nmethod accor di PQI/BG20a8/900255

of Clainms 1 to 25. 44. A nucleic acid sequence
conprising a ditag producedgfpy a nethod according to
any 5 of Clains 1 to 30. 45. A nucleic acid sequence

conpr de?édﬁ%aﬁn@g I%&Sr@ﬁl%‘h rR rtl‘ne?éo@ bf ﬁle%eHé' l?ét\’vée)ﬁ i cel1 39 tb)

according to 43 or pluralty of dit
accoraiidriee ¢et) ofl@i m 44. 46. A gene identifi ed by a
met hod according to Caim35, or a protein encoded by

themygene 10 47. A control sequence, preferablé% a
pr-onof arethod of erpducing dpsamminingehe wanseriniemeiefch cellcer ining a gene

%)%rgsi%h ot of”&%elﬂhé‘x‘ﬁ&‘h? n} §?e| gﬁ%@ﬁ&%&' tfid 049;

cognition site cl eavage’
aurbgectieg sapd wma@a ylethod e@"tmdlrxgtto any pedding claeasied détératining

at a. site dij nt from
PheRf L forR R st G hosnis Yupifstd BORF bl
sequence tag 15 represent at ive of a term nal
transcri bed sequence of a gene. 49. A nucleic acid
8&quehamethod ob proividingan iglication ugful injthe Hiegnasisippa distasgin an
gng%:v(l)(gxﬁf t?hlcegﬁglécl) cg)ﬁ}%ggib% %‘:o aﬁhé égnﬁe\llj%#n%gmgn apc ot?g %F Q gell known
anz\afiectepbethe dakdsy, vethseet pdar wdividusltsugrected dﬁmtfeﬂ]m the

hat all uclejc acid cleavage at _.a site, distant
i PR el of i bt o< SE B Biafie A prpduired e ethod
6dcBRNBO6 CHitn®7f or the 20 second nucl eic acid cl eavage
enzyme is located within or about the first

recognition site. 50. A linker sequence conprising:

20 9 CI/.S 003/ 0002 f
P ogmHAA o e B PRR B 8 soriSLtoBlsy B bf by pasteably

progfotdr abénhaicer segbénce,ahd Meth@@amprisihgase, that al |l ows
nucleic acid cleavage at a site distant fromthe

first recognition site; (c) a second recognition site

f or a(apeanig amotledtcle agjuehee tagavaepentetiveyafthe I teearabidngcribed

5 d t t hat
el eiFasehgs 1 ks 8 Methoq SEPLATRRP CIAE - Pbindt i laim
secongkpeRieaQRértdandi t €;

(b) obtaining a sequence of the gene 5’ to the terminal transcribed sequence of (a),

in which the sequence comprises a promoter or enhancer consensus sequence.

40. A method according to Claim 39, in which the sequence of the gene 5’ to the
terminal transcribed sequence of (a) is obtained by means of (a) chromosome walking, (b)
SAGE walking, (¢) nucleic acid hybridisation of a genomic library; or (d) querying a

database of genomic sequences.

41. A database comprising a plurality of records, each record comprising an indication
whether a gene is expressed by a particular cell, which indication is provided by a method

according to any preceding claim.



in which in which the cleavage site for the second
nucl ei c acid cl eavage enzyne is |ocated within or

wO alvensoothe first recognition site. 51. A nucl BCTS@08000255
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according to Claim49, or a |Jnker sequence according
to daim50, 1.0 in which tthe first recognition site
amg th csecond re ogthion si.te are spaced such that
whien thETRHFTAradable Madipw comprisinga dajatapraceardiva e Glaint 41.c
acid cl eavage enzyne, cleavage of the nucleic acid
occurs at a position within the first recognition
st e. fSRuclelc midteqiencacintpriainganai produced BWmethoddRb@dFg4Sany
t (ﬁ&nmﬁqoﬁ@iCh the nucleic acid sequence conprises

e sequencé 5 - GAGGAGNNNNNNTC CG AC -3', preferably
5 - 15 GAGGAGCGICTCTCCGAC-3'. 51. A nethod for
detecti ng expression of a gene, the nmethod conprising
tHe stepsle acid feayenps eowipdising aditig produccd by BIIOA Adc¥rding to any
dg@iMhs Renss! ei ¢ acid (cDNA) having a termnus
conprising a termnal transcribed sequence of a first
gene; (b) providing a second conpl enentary
deoxyri bonucl eic acid (cDNA) having a 20 term nus
¢Onpr ishuslpicactdsenianss compaiping p crsatagienueeTpeising h pliraieCamaks
GRERdin ik 1 SO duced to a
first é iﬁ):]i%ipp Jge%}% r%&(}gm& h{;?ﬁeaﬁ%/%d%gﬁg bga‘m?‘lgr st |inked
nucleic acid, in which the first |inker sequence
%gnprises fl S;V recognitiqn site for a first
Adcl ef*cBea dgntified by agrothod agqerdingyiodTlaimadsl, or axprpieingincoded by the
eegd.ri ction endonucl ease, that allows nucleic acid
cl eavage at a site distant fromthe 25 first
recognition site; WD 2004/050918 PCT/ SG003/000255 97
49) Iinkiqﬂ t he secogd eDNA so produced to a second
I ket CBETSFRHEIERRIFIEEYIY 3R5oMeterFegueses, istsatifiddivadnethod
acwkdihgtodhith 40. N Whi ch the second |inker sequence
conprises a second recognition site for a second
nucl ei c acid cl eavage enzyne, preferably a second
sttrkg&&ggaqugnuclease,.tha allows nucleic acid
cheavage” at 289 5CWrReE SRS (9 A SrrogmHokwie dorg nucleic acid

cleaagaerizyms, Hefbably @egstrichiSR¥nddgudidiSe, tat StowsinKEH acid cleavage
nucl.ei ¢ aghd with the first nucleic acid cleavage

BIRAEIstan irorn dhy fiyet recognitien sifej andeb) & augleotide saipicote tafne
fopreséntdtiveleesl tehﬂﬂal%%hé@s%g@eggé gﬁ{ %ng uc | eoti de

sequence tag representativ rmnal transcribed
sequence of the

49. A nucleic acid sequence according to Claim 48, further comprising; (c) a second
recognition site in which the second recognition site is for a second nucleic acid cleavage
enzyme, preferably a second restriction endonuclease, that'allows nucleic acid cleavage at
a site distant from the second recognition site, and in which the cleavage site for the

second nucleic acid cleavage enzyme is located within or about the first recognition site.

50. A linker sequence comprising;
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first cDNA. 10 (f) cleaving the second |inked nucleic
acid with the second nucleic acid cl eavage enzyne to

w@ramios®ia second |inked tag, in which the secpamSG2003/000255

i nked tag conprises a second nucl eoti de sequence tag
representative of a term naygtranscri bed sequence of
the second cDNA. (g) ligating the first and second

tags ta9a ek Bcdertidnadde foaaquéxéc 6 créﬁtagé EHz%Qq)réfQﬁb]

nucl eoti de sequence of | east one tag of the
t o defeglgictio @L@B@meetb%tua&lﬁws Mlewqrﬂféwe@gqa@es@@;mé@m the

tag o a net hod according to any preceding
cl ai H&%Q&ﬁh kg?ﬁdd of obtaining a nucl eotide sequence

tag substantially as -hereinbefore 20 described with
r ef er @he eecprrd rgpaniiion siteolgna pago] mpgledosacidl dlegvageshzyinkee preferably

acc on??eEXﬁcﬂgstggt?) fl?lea%é th£er o {]}gjg]fe%fac%e eecl%%le ra]lga 4 Mstant

expressi on su y as ore
Wi th fromftlmrsecmﬂrtooglamdmsms shown in Figures 2 to 4 of
t he acconpanyi ng draw ngs 55. A nethod of 5 Term nal

?Q%r %ﬁ@g }flgr\@ﬁé tNeS cﬁgaﬁ s?t«L, ?ot%g egong &riic ??e]lﬁel c]\éﬁé\;arg]e enzyme is
accompeatyd wighid baationgthe ﬁx\ﬁﬁe&ﬁgﬁ#{oﬁ 5&9 1 8

PCT/ SG2003/ 000255 98 56. A nethod of 3' Term nal SAGE
substantially as herei nbefore described wth

bbf er Amueleicacid ackoabingsth ©imi 49, ¢t aginker séquphcd dveording to Claim 50,
ACTRIR R )ﬁrsq gecgéne}t\{\g)nns%e and the second recognition site are spaced such that
when the nucleic acid is exposed to the second nucleic acid cleavage enzyme, cleavage of

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

52. A nucleic acid according to any of Claims 48 to 51, in which the nucleic acid
sequence comprises the sequence 5’- GAGGAGNNNNNNTC CG AC -3°, preferably 5°-
GAGGAGCGTCTCICCGAC-3’.

51. A method for detecting expression of a gene, the method comprising the steps of:

(a) providing a first complementary deoxyribonucleic acid (¢DNA) 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;
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52.

claim.

53.

97

(d) linking the second cDNA so produced to a second linker sequence thereby
forming a second linked nucleic acid, in which the second linker sequence
comprises a second recognition site for a second nucleic acid cleavage enzyme,
preferably a second restriction endonuclease, that allows nucleic acid cleavage at a

site distant from the second recognition site;

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

first cDNA.

(f) cleaving the second linked nucleic acid with the second nucleic acid cleavage
enzyme to provide a second linked tag, in which the second linked tag comprises a
second nucleotide sequence tag representative of a terminal transcribed sequence of

the second cDNA.
(g) ligating the first and second tags to form a ditag; and

(h) determining the nucleotide sequence of at least one tag of the ditag to detect

gene expression.

A nucleotide sequence tag obtainable by a method according to any preceding

A method of obtaining a nucleotide sequence tag substantially as hereinbefore

described with reference to and as shown in Figures 2 to 4 of the accompanying drawings.

54.

A method of detecting gene expression substantially as hereinbefore described with

reference to and as shown in Figures 2 to 4 of the accompanying drawings.

55.

A method of 5’ Terminal SAGE substantially as hereinbefore described with

reference to and as shown in Figure 3 of the accompanying drawings.
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56. A method of 3’ Terminal SAGE substantially as hereinbefore described with

reference to and as shown in Figure 4 of the accompanying drawings.



