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GENE | DENTI FI CATI ON SI GNATURE (G'S) ANALYSI S FOR
TRANSCRI PT MAPPI NG Field O Invention The present

WO pwefB8i2oh rel ates generally to a transcri pt nREPSGLN0S/000281

method. In particular, the invention relates to a
transcri pt mappi ng nethod for mapping froma
transcript to a conpressed kuffix array i ndexed genone

GEﬁE%ﬁ:WI‘i TCRFIEN %&1@' mgdﬂ RIPSRIFOR THAKSERIPT MAPPING

nonme “Sequences several ot her
orgam sns, attention has been drawn towards annotation
Fiefd (genﬁei&amf or functional elenents including gene

codi ng transcript unit nd r equl at or

T R VAR A ety St e e Suppie e It Ptdcutar
thSiveRitnl r¢lated &F @tr&{serlﬁthﬁ@@mg&hélhcﬂabf fagties frbMra g@eaipe to
annot at | on The f roach uses existing

a pquapressed Syfioepgray i X? %Q’?P JoYEME- codi ng regions in the
genones, the second approach uses conput ati onal
algorithns to statistically predict genes and
BF@‘@H‘P‘HI"OW el ements and the third approach conpares

SHENGH féox%ﬁfati&{l @8Sthf I QEbAL NRRusBdst &Rl Riem LRl woasebined
regi ons based on the view that functiognal elenents in

orgaTighb Siteirtion dun ey &awWH deWHEs ayolieR 6h sorsEssi fpe functional
e16RAB %F@Mge%eiy Q:S@iﬁ% trahSEHE RIRPIRREPASAS Sis-acting elements

unsati sfacto eterm ning the Conplete an
thot medudate g@memssmlwels functional elenents in the
human genone. As a result, a conplete list of genes in
t he human genone is still unavailable. In particular,
Catrdantlylrtbert any tirbeimdmrapp@aches &irlgenqrecinnpistioe By firshappreech

t
B o T R RO, Bl e
se"ce@m lapbm@hvm;es“ eorhpgatianain slgosithins o smuamctaﬁy amthetngﬂes Abd
di h b
<o REPH LR AR D BB PR GamiRboss, fom other
vérelthitds efdr tc@nsbﬂ/e@ Iregieﬁh baved Wil the erikgt hhdt dindtiondlhelements in

functi onal ‘#lgl es. ﬁ is therefore clear that many
S0P 5 GesenEd IS VElER | el d of human

Despite considerable success, these approaches are unsatisfactory for determining the
complete and precise content of all functional elements in the human genome. As a
result, a complete list of genes in the human genome is still unavailable. In particular,
all the low abundant and cell specific genes have not been identified. Many gene
models suggest that the current genome annotation is incorrect, particularly regarding

where the transcription starts and ends.

All the gene predictions have to be validated by experimental means and the
prospective genes are required to be cloned in full-length for further functional
studies. It is therefore clear that many challenges surround the field of human

genome annotation.
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genone annot ation.One of the challenges is the
identification of all genes and all transcripts

wexpsesred fromthe genes in human and nodel OPQESGENS/000281

In the annotation of genes, full-length cDNA cl oning
and sequencing is the nost conclusive and is viewed as
the gold standard for the amalysis of transcripts.

Coim/\ffvmg chsnrehgeisap meqa@ﬂlﬁbaloa;@ansg'em Archlstranacrigheskpressed

pl.ied taq arge nu of trapscr ts acgr oss

§<§? g gnPiR pugn @ﬁé}&nggor&wnﬁr Eeﬁkj {09 Rl BBl length

DA RIcHiney 8P EdqubéhoPB B nRBPEARREIHE BHGH vswe@Ashihe gold
serlal anal sis of gene expressj.on) and MPSS

iforethg angdysisl of Spnssripfatioy e o5 dbiy abrreach ismpersiripd glow
Jﬁﬁﬁ&ﬂtor@tapéédﬁmﬂ?& Bﬁﬁatnséhp%‘lac%%gl lﬁfgﬁ RRMBECOf s%@cws and

representlng each transcript. Though this approach is
iglpgiesl caonditiang. o glgre greathart é@ﬁjhftsmh @pltrpafhg%: fuchtas SAOE, (serial

&@;{,&9 " GRS Gy g&%ﬁaﬂs a PhﬁP§§ Qflabdiely %etgflelt Qgr; 3@9 Sedince).

en poor e i nf or mat i 'on yl €l reg
Theaen shart pig msecu otethods exirast frldedfbntdignature @rpneenea;enanm each

0 [ r
RS o3 ap Sl RLOR, A Gube ookl i o
Svenemarscrifftothe the Isewgiﬁdntycxiﬁl\m‘e tdgsniesfiemtpoomanti theginformation
)‘_%ldé’ldc t ga{rglinﬁ gr:élgs\(:lgdtgstrﬁ%lé:?%é%g?; ﬁlllenhg%cggﬂgfé{ eﬁnﬁ Iaﬁ%{gﬁcr%s.
that are readily appllcable for mappi ng the A Sditag

equenc to none. ast ., SAGE d S t ags..
G BT Bn S BrMe (T "G Shansisse o ohiel B ot
ihfeflikedrat ahiesg dn@s 6%1&g¢1uh ﬁDNAls:lcﬁﬁd 1rttcherd1tﬁg)stfd&&1re, é)roglde
In thLs approac novel transcripts that. di

BT} B PAEONA MR L Fio 0P FROEE BRRRp it ethat

dr¥\Readllp aplich 518 fuis REprifL e EISdidlg @4qieRés to0nsme. BlAST past,
éba3|c | ocal alignnent search tool) and BLAT

ApiAgH MESS 138 @?Fﬁéﬁ%lyf{eé JFINE a1 e-sifpPpreaihy ABg tagere first
ROkl {ADRAd 'd&{ﬂl@ﬁo%s and Rt @ e ?&ﬁnfeo i1y Qﬁ’i% dbroach, novel
ear

i ncorrect resul Hence, this ¢ firms a need

trapCTiS Thatstid nelexist VA detabasesovorid ﬁ@tthecmappsh rﬁhﬁrt‘yo ost
éffeﬁriégd tQheBRREDENRLR! oﬁmse AcNeal th’h'ihe‘ﬁ Egdi nand

I nvention Is describ erel nafter
MTt(BLééTHd@e@lg(l@mEEOdh drd\/ﬁ?@s)esgﬁefd &r@h@w tag sequences and

often leads to poor or incorrect results.
Hence, this clearly affirms a need for an improved transcript mapping method.

Summary

A transcript mapping method according to an embodiment of the invention is
described hereinafter and combines short tag based (SAGE and MPSS) efficiency
with the accuracy of full-length cDNA (flcDNA) for comprehensive characterization
of transcriptomes. This method is also referred to as Gene Identification Signature
(GIS) analysis. In this method, the 5’ and 3’ ends of full-length cDNA clones are
initially extracted into a ditag structure, with the ditag concatemers of the ditag being

subsequently sequenced in an efficient manner, and finally mapped to the genome for
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with the accuracy of full-length cDNA (flcDNA) for
conpr ehensi ve characterization of transcriptones. This

woredohoslizios al so referred to as Gene | dentifi capr@DRG2005/000281

Signature (@S) analysis. In this nethod, the 5 and
3" ends of full-length cDNA clones are initially
extracted into a ditag strutture, with the dita
defmingathengens Ofucree dint g G aeplyiish el SAqUe)Ces &pderereals

aﬂ&eox‘ff‘lﬂatgl ];Ffé'(acﬁﬁgl Egﬂ@%ﬁmbggqg &Aﬂaéﬁ t/ TRRP eé%)%ﬁdacﬁ hﬁcreases

nome ne structure.
effiniahayshysat least RO-Seldnfomdéentifing sndvayantslymg rfrlﬂnlqnﬁﬁt @Wcr!lrﬁs

Coqlll afedto P& S{]hélﬂgA]tgonuﬁaﬂllﬁ il{éh%ﬁg_ géﬁrgasc’:ﬁ%g ;@&gﬁhe each

Creases e Icrency
GISzﬂaag bdquénty camtging) BGbase fpynrsn@p)‘ tol bprbsenigtht begianisg andphs end

of ARGt e dfeeliAS SO nlafBh L3RRt AT oREAY SNGLAGY

A e equence~co
diﬁ;&eedrta thes 4(241p) SAGH g MRSthed e achh@om ad nGISalitdg telpeesatd

of_,a tr,anscri pt, the.specif.i it . 0 '

6 5o §tne HetsePE i Pt iafid B AL agPes e
14-21bp SAGE and MPSS tags I'n addition, as a G Sditag
represents h Loa ds, of .a transcr
Th b e &&’gﬁ@ﬁ Ao n S vt BSS Gome ' Ga't3)

al%@&tﬁmﬁ’s’éﬂ €ort $H}d GEditsPdeguendesIblh tgbﬁbnﬁf deqyenbeBial and

to Genone ZG al orlthn1|s used for napplng

indpigbd epsaﬁé\@@c@é’a@eﬁ%@% mpressd s A Ee ¥ bui | t and
i ndexed on an advanced data structure Conpressed
Suffix Array (CSA). Therefore, in accordance with a
Therpfre, is pesordapee wiB 4 Ftseateeinot thp dnyentien, dhege iy disglosed a

u&%éﬂﬁﬁ%ahgﬁ%mkm glme d sing the steps of:

ter tag andaS termnal tag from
a t rehtaning p6’ tgﬁmaalg@@d ardg tesminalytag ilems! transqrint ABA ganag

| denprp§g e DB E 0 & PERATRARHOL St (RRREDY

ﬂateby ehestlfycam baas ons i5t etehhwﬁ@n,aeade@ﬁ}hm atdeastiorsh’ isije havangsa

o elgnryen%chl ﬁ% mal% the 3" termnal tag to at | east
él Feion of the genom§ sequence to thereby identify
at I matshmg;tl& B'termitad tighterae fleastng partahobihe tghwonad sdqeast to

S T N T
s&fuerich éafthing@Rss’ terftnad Qagur r i ng

identifying at least one occurring segment, each of the at least one occurring
segment being a sequence segment along the genome sequence extending from one of
the at least one 5’ site to one of the at least one 3’ site, each of the at least one
occurring segment having a sequence length; and

identifying at least one feasible gene location, each of the feasible gene
location being one of the at least one occurring segment having a sequence length not

exceeding that of a predefined gene length.

In accordance with a second aspect of the invention, there is disclosed a transcript

mapping system comprising:
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segnent being a sequence segnent al ong the genone
sequence extending fromone of the at |east one 5

W@ Ra06/08120bne of the at | east one 3' site, eachrP@f/SG1065/000281

at | east one occurring segnment having a sequence

| ength; and identifying at |east one feasible gene

| ocati on, each of the feasibl e gene | ocati on being one
of t eand for ebiGiningeS’ G mital ap gnd & gMmenhinkiayd fima transcript of
sequence | ength not exceeding that of a predefined
%%ﬁ% l ength. I n accordance wth a second aspect of the

| NV eRiidatd fort MeEEiIng $hedp ’S&hﬁi‘h@ldtag tb @16t & Portiva 4T .1 genome
stemc rlslqﬂyneans f or. obt ai 5" term na

> HPnshtp thersby dentity ahleast gpe ¢ r%%t@r%%%?}} pltthept Igashensed’

§18 BkEng MEeqiBice MaRBinske P'terhalitagal tag to at least a

portion of a genone sequence to thereby identi

| eastmeane fog maphigg fhee¥ g?ffft&?ﬁl tagatoratdeast h@ogion| Qfég@l geteEe

s'équeabé ® tﬂé}\él')}nﬂleﬂli? GNRRGR, 5816 thArdnl) @ach ofttﬁé 5@ 1@&% one 3’
nmeans ching the 3" termnal tag t

Sll‘fegé‘{m&a mﬂﬁnceﬁlaeﬂllﬂgﬁ]ee Ydoroninel BEquence to t her eby

i den [

a1 it B MERBin M Sead ord ok o el o B s ePope

qeewring atgneay beinp arssquenre segmentialopgrile aenomezsquenereextending

86 84 b e SAOREHo 5 S8 oRL of BEafibad) GRS ROSAGEGHI Mt

segnen a sequence t

@ QUBMmCEZ @gmeMawggﬁsmueméengfh 13 0is] at I east one 5'

ot 1 adeBR%ubie fCT e done o Bon SR e Wi

deae fhdatiorabeingwae of figr ati ldasntond ysbcmgn@ sdgﬁ‘ﬂﬁt havivg a sequence
fe bl e gene | ti each he feasi bl e gene
1?&%3?ﬁ8ﬁ“%§“ﬁ&“ ﬂg g#ﬂ% %?e&’ one occurring
segnent havi ng a sequence | engt h not exceeding t hat of
redefine Ien I n acgordance third
ETransF ‘Y‘ﬂbg tﬂ%ﬁiﬂe n°f A dpentien, dhe it disel 0%?% a transcript
ﬂlﬁ;ﬁbﬂﬁgﬁﬁétﬁéd CORRISTAG tHERE @slf conprising the steps of:
obtaining a 5 termna ag and a 3' termnal tag from

atr éﬁ@g};ﬁl% 5 dprngnaé éafgélnd a 3" terminal tag from a transcript of a'gene;
matching the 5’ terminal tag to at least a portion of a genome sequence to

thereby identify at least one 5’ site therefrom, each of the at least one 5’ site having a
sequence matching the 5’ terminal tag;

matching the 3’ terminal tag to at least a portion of the genome sequence to
thereby identify at least one 3’ site therefrom, each of the at least one 5° site having a
sequence matching the 5° terminal tag; -

identifying at least one occurring segment, each of the at least one occurring
segment being a sequence segment along the genome sequence extending from one of
the at least one 5° site to one of the at least one 3’ site, each of the at least one
occurring segment having a sequence length; and

identifying at least one feasible gene location from the at least one occurring
segment, each of the at least one feasible gene location being one of the at least one
occurring segment with at least one of the sequence length thereof not exceeding that

of the predefined gene length, the sequence order thereof and of the at least one 5’ site
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matching the 5 termnal tag to at |east a portion of
a genone sequence to thereby identify at |east one 5

w@Rdoe/oszer ef rom each of the at | east one 5 SPEESG2005/000281

havi ng a sequence matching the 5 termnal tag;

matching the 3' termnal tag to at |east a portion of

t he genone sequence to the?eby identify at |east one
andyones pf theta dpast PR’ Eigceerisspopdine derete 43 poqprdange withtagS’-

ocdA N b o HENUSRE Rird BlafRinp hd REquence! 48 Hthet Rresponding
IdentitTying at |east one occurring segnment, each of

portine ofthe jgenpsie ssAvenes dhar ¥'isHe areeneed therpdilqagt ane Ségjtreamd one
of 2\?%?%% ofid ﬂﬁtetchﬁe%‘égmﬁ@lht%g%%% ¢l A% A8 SRS:

e at [east on to offie of the at [east one
the3it legbttome Sesitsrndfong o€ thatat leasi ohe dnwtegowesppiding twesgnleaf the
' : ] : ' ifying at |east one
oc g Bt BT et SRk e BB LT [ ome oceurr i ng
segnent, each of the at | east one feasible gene

| ocation bej e of the at |east one occurring
Ih?@@ﬁ%ﬁ?ﬂﬁf?htiqﬂggggsone of the sequence |ength
Entboéitrenfs o thee xoesitbnngret Hestridd héreinplitee defth neftrgendo the
flkgg%%ph Ihe.seﬁuEnce order thereof and of the at | east
O ONEARER N "Se of the at |east one 3' site

correspondi ng thereto in accordance with a 5'-

ccurring segnent-3' struycture mat.chin he_seguenc
FI Eiovisr e HaTEGAEEE ABP g s PO A G e o
usSRGeRMeEannbigory’ Site and one of the at |east one 5

site and one of the at |east one 3' site correspondi ng
thereto having a 5 -3" orientation, and one of the at

FIG €A fovANEpracess ifo® GHAft dTNerRboriph &raphink 8RModOREording Ib bE
correspondi ng to each of the occurring segnment being

empedimeeidl fietinyaatioie same chronmpsone. Brief Description
O The Drawi ngs Enbodi ments of the invention are

descri bed hereinafter with reference to the follow ng
FI@r hwhavgsa sehemat¢ disgram o a GIS Wajew for apphieatian iof thei wapserint
in8 i@ Gt 24 | tags SAGE technique for use in
magélrﬂlgrfcg alﬁl%ot at(I}OH; %P% 2 shows a process flow chart
of a transcript nmapping nmethod according to an
FIG. 4 shows a pseudo code “Find_Sites” of the transcript mapping method of FIG. 2
for forward and reverse searching of 5° sites and 3’ sites from a genome sequence;

and

FIG. 5 shows a pseudo code “Match_sites_1” of the transcript mapping method of
FIG. 2 for identifying the sequence length of an occurring segment, the sequence
length being subsequently compared with a predefined length for identifying of a

feasible gene location therefrom; and

FIG. 6 shows a pseudo code “Match_sites 2” of the transcript mapping method of
FIG. 2 for identifying an occurring segment when a disparity condition is met

wherefrom a feasible gene location is subsequently obtained.
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enbodi nrent of the invention; FIG 3 shows a schematic
diagramof a G S ditag for application of the

W ec@essndpt mappi ng techni que of FIG 2 ther et PCT/FG1805/400281

shows a pseudo code "Find_Sites"” of the transcript
mappi ng nethod of FIG 2 for forward and reverse
searching of 5 sites and 3'6sites froma genone
sequence; and FIG 5 shows a pseudo code

“"Match sites |" of the transcript mapping nmethod of
]%Tt@\edgb‘fsﬁ’i‘p‘i“ﬂ‘entifyi ng the sequence | ength of an
Aaeadsctibh thapsifigditthodt ib Rlesoeibiete AGCink fion FbinadiRdskiglg the foregoing
su@sequent y conpared with a predefined |l ength for
RReAP$fyi ng of a feasible gene location therefrom and
FIG 6 shows a pseudo code "Match_sites_2" of the
transcri pt mapping nmethod of FIG 2 faor identifying an
EuBRlpte | 45HOB% gRROLORHE eS0Ty Popisg Adetificstion 1of dransceipHest units
vhsdRivyo M sériRish MigatBaRke SR pIPdSHRRRALRE BAS). To
obt ai néd. Det ai'l ed Description A transcript mapping
failitatsathiss 2 pels of icpeglemenienniptheds, nepely dok@sSARE dong serial
dr3ly89 0k g&epéxgwsﬁel;@i-agggiﬂigdngsgeﬁs%o«%ﬁevéfb?e&.atrh&e rhéthdd§ Sre

on-precise ident ion-of transcription units
@@Qﬁg e dhepgriginal rSMSE r(besial aralysis ef ganeovrpreissien)(apdS)ongRdGE

DA - i : :
PGSR 3055105, CHED i G AR syl
throuplalut axtedciion of tie firenandahpilass2( basy paingl (1Y) lof rgSABEsCript.

.devel, o 11 a t 0L gi
R e PR, LSRR TR A3 e e It eGPl e
TiStahdds PASat utilize typical full-length cDNA cl oning
technol ogi es to enabl e hi ght hroughput extracti on of
the first and the |last 20 base pairs (bp) of each
Howa\et rgthindf @’ naghdo3’ fags dadlved’ frém ngmAGanka@iss o gédvene

enone allo theI.oinzti n of the TILS and the PAS.
WRgErare Vﬁ‘ﬁ‘i‘yﬁgsualﬁ orwad fng caq Sopuetimes bg vays UL e A
dolias 6 tb RloSe the 5Y@AMIBags of the same transcript by inter-linking the 5’ and

3’ tags. To achieve this, a specially designed device comprising cloning adapters and

a vector links the 5’ tag and the 3’ tag derived from the same transcript into a ditag.

A plurality of ditags can be concatenated for cloning and sequencing, with each ditag
representing an individual transcript. Unlike single tag sequences, the paired ditag
sequences can be specifically multiplied with a frame of transcripts being precisely
definable when being mapped to the genome sequences. This approach, named Gene
Identification Signature (GIS) analysis, can accurately map the 5 and 3’ ends of

transcription units encoded by genes as shown in FIG. 1.

In the GIS analysis, the conventional cap-trapper method is applied to enrich a full-
length cDNA and incorporated adapter sequences that bear an Mmel restriction site at
each end of the cDNA fragments. The cDNA fragments are then cloned in a cloning
vector to construct a GIS flecDNA (full-length cDNA) library. The plasmid prepared
from the library is digested by Mmel (a type II resiriction enzyme) and cleaved 20bp
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sequences are not always straightforward and can
soneti mes be very anbi guous. A solution is to clone

wao b@ed312end 3' tags of the same transcript by PCT/SG2005/000281

inter-linking the 5 and 3' tags. To achieve this, a
speci al |y designed device conprising cloning adapters
and a vector links the 5 tag and the 3' tag derived
dbwRdehii®f %3 BRdink 876 CAfite@ didestion, fae HEDNG. 1ns%rt§ bfihalibfayy wére

dita can be concatenated, for cl n

RPPRY Baie P B30 FE 5P o hep P ise P P Arso B8 1B
ciémﬂgkx%ct%t nRE-%n‘Elﬂ@ tRE QeLRdIGRSuld ElRGte RAGIS CF(M 8igdg library. The
sequences can specifically multiplie

w.th é}ﬁ rane
dﬁngtqf %@F‘F%N@T%@?Thﬁlcfﬂr@Ela%‘ep‘iﬂflféff?rrfé?l%?"ée%‘é%@“g e to

cORRPRE thel Bnal (S ARACHB S TELRAESR. aﬂ_ sk, aDRPIRAAE back adiRéhce
Cene ldentification Signature (G anal ysi s, . can

repdcefr the Bl ditng dlonss 56V6@Jﬁd53dltaéﬁds‘iaéh upit g fhe Piiag spquence
oBfthihs lﬁg)ccﬁ%e Gnd¥sp g%@ 9’%1@1%@&% 4 TobblsBacerto sEﬁhrét@@neQ@g
anal ysi conventi ohal cap-trapper nethod is
Sappmee’ebm enadperi ch a ful Il ength ¢cDNA and i ncor por at ed
adapter sequences that bear an Ml restriction site
at each end of the cDNA fragnments. The cDNA fragnments
Mﬁp@utghchtags: lteo ﬁeogemma iscdkim ton gpavchngorccuencesnett & pyterminGghg

full- th ¢ ) r T
g&; enbea rsg e ?eom : oacheg?ﬁ*ﬁ patt!eHl §£a¥cht1n£; ?%BJ% c(onv?ntlonal
BIASE&asic dmdabah@nmym)rch MI)CdrﬂdEIIe@T EB)Ib@%IBM@s tligrarentfool)

I ts bindi [t on, ts
sithoch Bt P AGT 89 SRR A et Tkt SRRt
&?ﬁ)@s 8 ip@ticith W BSsedichét b}aelmdnrﬁng rodigh thet whdld gelﬂgﬁﬁr Mgteover,
ni.ng_vector. Re-circ tor wou create a
cor PG NE Rt ORI AR PHEHFY SR oCr s RIS A ein
W @ 4D nfisth A6 nQtin an€l reddiired.] eEfffci.Bht doIneAt enRkinggdata-
and cloning to generate the final GS ditag library
strgtuies gighide & suffiE bpe pnd 2 spitss ¥991 y, each sequence read
of the G S ditag clones reveals 15 ditags Each unit
of the ditag sequence contains 18b and 18bp of

Agsuffix e s Bee-lika dptasstomee %qmgé}rartcg Sssé%peg é“roahérqaﬁt P
é&ﬂb&%ﬂ&%ﬁﬁlﬂmm@a NGE thaMEHRBARS ﬂfﬁ;@&ﬁh& Beroie sefaaﬁ&e TR

akin to search I'nNg OoCcurrences of a pattern In
syfixoamay esqmﬁ@réed gapense cifesll fssfﬁCQatqf e’flhﬁ geeene rﬁcwgdmg to

lé;HEJlgﬁ‘ﬂ)%m CZIE%‘% %%?r?&%@%ge @Jg@% :alﬁ gan @A[ ? TPl n

and that SA[i] = _] means that the j-suffix (suffix starting from character J) is the i-th

smallest suffix in the lexicographic order.

Both the suffix tree and the suffix array allow for fast pattern searching. Given a
pattern of length x, its occurrences in the genome GJ[1...n] can be reported in O(x)
time and O(x log n) time for the suffix tree and the suffix array respectively.
Although the query time is fast, it is not always feasible to build the suffix tree or the
suffix array due to large space requirements thereof. For example, for a mouse
genome, the suffix tree and the suffix array require 40 Gigabytes (GB) and 13 GB
respectively. Such memory requirement far exceeds the memory space capacity of

ordinary computers. To solve the memory space problem, we apply the space-
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met hod. Both the BLAST and BLAT nethods are very sl ow
because each thereof requires a pattern to be searched

whoosoznd ng t hrough t he whol e genone. Mor eovePCT/SG2005/000281

conventional full-text indexing is usually enployed if
exact occurrences of a pattern with a small m smatch
margin are required. Efficiént full-text indexing
eﬁﬂie&ﬁtdoﬂ@fdsls’eﬁs suffig| aetgy ECSAS findexing edatartiuatusuf FCIA is a

array. (A suffix tr is a.tree-1jk ct
SAEIEHG (9iEheh e %‘?‘ZHF% 5o bl TR e et T
chShIBLOALMBS réduiRmesB sih§ Riova il guitidiina Alud, fthobuilt CBAds very

genonme sequence. The suffix arra a sorted se%? nce
sppllaFor expple s Hforthemges grme %5933,%@1% approximate

dEXiARagLARK ©sar Qedlso FNE 105 siphbrX s@hdlig bficlony. eSentiftk a
as an array SAli] where i=| n and that SA[i] =]

prisern f lepgth X goguires ondy, (% g pitilei x starting from
character j) is the i-th smallest suffix in the
| exi cographic order. Both the suffix tree and the
/s @it iepbadimayt off thevinveption, dstransetnt aranrag anethadhg) Isalsserped

v%ﬁ‘ﬁtz%l%g&cf{o ﬁléngt\phl sﬂotv\% C?%Gééﬁé' BRE SFard &F tﬁ@@a&ﬂ@ﬁ‘;ﬂ'ﬁgappsng

por e x) tinme and
mhatiel FOOr Theetrangérffitxmapping aethod HY isfpf awhaatmyto a transcript

o'i)? $RE Holr's eﬁ%ﬁgaa %P’%t ipt,md ngg %’#']e)fhoh' ?? id Srefefidly nﬂpﬁ.erﬁeﬁted

al ways tree  or
usm@fal cmmuhealyasddl gysteon. | ragtepsiJA®é thedtpbariphpmpring Wéfhééfl 00,

r e d
TheBRI R 22 mef s Reli B LS A B R g bl %
respect ively. Such nmenory requirenent far exceeds the

e ac r
B RERPy 6 b pr e She B0 20 S T LSt Gl Bo
d@@@%ﬁB@‘cﬁ@dv@éﬁdf ds Kh(?ﬁrg HM*‘IGC?AT he (ﬁﬂehﬂag g0 tast saditzAengthd2eaf
a conpresse or Lr n
158 Bt (308 PPRER BRCFYReRFS Ptk SBeh By e doraie! ey
4Bl 1 DFRIAhicletiide @ec,ﬁ_l @Mbeﬂig@i@ﬁifédm’fﬁn ﬂﬂﬁ@emﬁﬂhﬂ? tdg 6l tDue
CSA is very snall or exanp Ac% % gmilsh a1
t@éwewzym%) VagIaHens; déélﬂ&ﬁlﬁkﬁ%ﬁfdﬂ%‘?%v ta%#ng‘ 32 of the GIS

ﬁggg@hﬁ Dby YronfHApits 3850 abl e to support sear ching
efficiently. Searching a pattern of |length x requires

only Q(x log n) tinme. A first enbodinment of the .
Y $RELEGNofidh SR LS iRkt FRAR R nTBIWIIhSS binifAI4 21P8R

the 3’ terminal tag 26 with the internal nucleotides remaining structurally conserved.

In the 3° terminal tag 26, two residual nucleotides 34 (AA) are retained during poly-A
tail removal therefrom. The AA residual nucleotides 34 are subsequently for use as
an orientation indicator. Therefore, only 16 bp of the 3’ terminal tag 26 in the GIS

ditag 30 is usuable for mapping to a genome sequence 36.

Following the step 110, each of the 5° terminal tag 24 and the 3’ terminal tag 26 is
matched to the genome sequence 36 in a step 112. In the step 112, 5° sites 38 and 3’
sites 40 are identified when the 5° terminal tag 24 and the 3’ terminal tag 26 are

respectively matched to the genome sequence 36. Each of the 5’ sites 38 and each of
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with reference to FIG 2, which shows a process fl ow
chart of the transcript mappi ng nethod 100. The

W e@essndpt mappi ng nmet hod 100 is for applicat PONSGIHOH000281

transcri pt obtained froma gene. The transcript
mappi ng method 100 is preferably inplenented using a
conput er - based system In ag9step 110 of the transcri pt
tHHiP’p:Sifbgl-’-l(DEis haOﬂogih&Q of %&genbﬁfgrﬂ;ceqﬁncé ﬁg tk#4 and @qience that
term, t re .oht ai pe romthe anscript. .In
SUSHBIH G eEs if STnioe 4h Ten s ol g A eppecively.
termnal tag 26 fornms a G S ditag 30 as descri bed
above and as shown in FIG 3. Tg' 3.9 di.t 30_has a
TeiCHEP [l ehitles oBF osBBRRasesensay indamabid e L Aememe
sORIEAD T EAR DO ItRCoR odecBiiriil Rédmdn@ @2 2ta Sdtflerd RbHBENt
18bp of nucl eotide sequence being derjived fromthe 3

aloag e ggnomg FegEneeDife siftgicd diBvesh Apfmt FES YAAPhPROASSIE 40-

EALY biHe %éﬁ?ﬂe%%cﬂi%e?ﬂentﬁb ®adlh {ABerdcERALM 432 Oof the
@S ditag 30 may vary from 34bp to 38bp. This

variation often occurs proximte to the extrenmties of

. ' ] g ' r & . it
5 B O Bl 10 oo, ) LIkl s o
lowtisg Ry @dthe| genome s@iuenasr 3 (@) ist wéprzd, totage fransrigRialpcation

.nucl.eoti de 4 r [ [ = A.tai
PR oh BRI o AR ¥t B, 8P boubigBetmont
4 ibrlentifedtab Yeifiga faasible genealncation ofiP athewrthd seduenat sngth 44 (-
.Therefor nl of. the,3' .termnal . [
R finBE oo B gl btk Rl & Bhically hdls i
Isegjiem ®|€se31ﬁtirs gﬁ)lldng’gui fa;g khben b, ﬂh]:lw' teradin écnefg 2hend ‘rt]hed3'
t erm, na a 4 a t ' termn tag. i,S _nat
L G, R Ot i P deined i g B e gy HEPEUY (
whkZo mbilengint €963P add hindeng®i; =eist W), aad ¢hd 3 eiininkl Bg 20andithe
the 5 termnal tag 24 and t 3" term.nal t 26 are
¥ EEpal g0yt Fape S@W‘P%Ofgﬁﬁoﬁ@"’g%‘a(deﬁ?één Bwidargrml
18dped Ry where b8 dB8 s 2Nd agd@shuabiie 18). sites 40 is a

portion of the genone sequence 36 that has a sequence
that substantially natches the 5 termnal tag 24 and

"lltﬂéege%'omte ekFlendd 36 a9 prferhfg RRGKEY ShiMg o Porfpréds@P sdhid, arddly

east one occyrrln% segnent 42 is identified fromthe
(§8AdndEhe 8¢ treminel B 24Eae hod’ tepmingl tag arpsmatelird t dha,ge1ORg

s%@féﬁ?é‘ié ep%féfa%lyaoy%?glgﬁ%%ﬂlaﬂe&%ﬂ to @b o6y eggd ABROMBay. The

sequenc si't Ua et ween one b5' 8 and one V
taare seék@ch for matching the 5° terminal tag 24 and the 3’ terminal tag 26 are

dependent on two lemmas, namely, lemma 1 for performing a forward search on the
compressed suffix array and lemma 2 for performing a reverse search on the

compressed suffix array.

Lemma 1 (forward search): given the CSA for the genome G[1.n] and a set of
occurrences of a pattern Q in G, for any base ce {adebine (A), cytosine (C), guanine
(G), thymine (T)}, a set of occurrences of the pattern Qc is obtainable in O(log n)
time. A forward binary search is achieved by modifying a conventional binary search

algorithm to use values in the compressed suffix array and suffix array instead of
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Each of the at |east one occurring segnent 42 has a
sequence length 44. Gven the AS ditag 30 (P) for the

wao e@essnript (R), the conputational problem of POU&GR00E000281

R in the genone sequence 36 (G is referred to as a
transcript |ocation identification problem Therefore,
given Gl. ..n] and P[I. .., the occurring segnent
eétﬁhciﬁe;itd@ﬁhé fiiffigesdn tHeedengnasdjease B6 ehge cemparing twithpatdrn
mﬂ% the quence length 44 Q) is smaller than the
#;ﬁg PIPaTE e | ength (maxl ength), which is typically
| ess than 1 mllion base pairs in length for known
genes; the "t ntna tag.24.and the 3 erminal ta
g & reaﬁr@% seareiln P 4R EsBront gﬂ’é’?’r‘?sGL‘rrle and a 51 0f
JbH R o b Pafi&R f@fﬁlt(‘} Vi%t ¥ny(ba¥E @, 18, 1, aNg4B San fidPthBRet of
and m nlengths = ); "and the 51t er m nal tag 24 and
dcprareesiog theipatdm F@ngI% OffogR) ine t he substrings of
V[I...boundary ] and P [boundary3...m] respectively
(mhere boundary5 = 19 and boundaryS = 18 The genone,
Bepuedosods Tisd ites slonboth thenfdenad seassngn the overse §eee§fdl is
?M n)%lg r4r Esttéa(&%%)a lgﬂggé;h tﬁe mapd"‘eea}cﬂgn@ ﬂtc%rsteg@ar in
erm na t he genone sequence
tpdefnein ol §/ce1b31 143@1 atierngtivd approack ésatocapptyocithie oy the fsward
SF%I’fFIf}r:u)él ? rlef(nc‘%a Tgre Oblly?tﬁre)é‘%\%%t% res%lf:l]rricﬁ Slngqgrgglgr@ t(; Iﬁ% genome
sdqpacisnbr rdenttfy\mg tterarkeast onaoebiring Ismt 42.f or
performng a forward search on the conpressed suffix
array and lemma 2 for performng a reverse search on
- THREGISQlifag 86 SRt appdak iinktha rgelayne dequainee 16 (f ehvesrdins@eanseh)o
ag{lventhe CSA f rthe %h n and a set of d h
Aty Pisritsee agfin Xﬁ%t”?%‘ OQG? ‘ erS&P CHTOP& SEuERge and the
AnB A8k PendmY seqBdiices iThktead @F, creeuﬁgwﬁse(p@atedtlhmﬂger(a‘y@ Jan

a set of occurrences of the pattern is obtain
anfi-sexse 6gS dtag isipecated. {19 frifry aHPBh‘érsV‘r%@Qrt\’!We it thg sigp é&@ fr

Qvn BPEL 5y k@il &1% e RN tegﬂuﬂﬁ rté(g S€ e udhg Bl stitd1g
use values in theé conpressed fix array and suffix

ditag 30 andasteeend Ry toe anti-senge @Iérdltﬂa@%thownies in the
genome sequence 36 when conparing with pattern Qin

%@fii@%ﬂﬁ{%e%@f%ﬂ?@ se@teﬁ&s(ﬁag@tf smﬁﬁ@tegh}m Sr¥EBsohiie

genone a set
This enables a compressed suffix array to be created for the sequence segment of each

chromosome. By doing so, 5' sites 38 and 3' sites 40 are obtainable for specific

chromosomes instead of the entire genome sequence 36.

Besides the compressed suffix array, a suffix array, a suffix tree, a binary or the like
indexing data structure is usable for indexing the genome sequence 36 as

abovementioned.

Following the step 114, the 5’ sites 38 and the 3 sites 40 undergo a series of checks
to identify a feasible gene location. The checks comprises of length, locality,

orientation and ordering checks.
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occurrences of a pattern Qin G for any base ce {A,
C, G T}, we can find the set of occurrences of the

W@210608120£Q using Ol og n) tine. The pseudo cORET/SG2005/000281

"Find_Sites" for both the forward search and the
reverse search is shown in Fig. 4. Instead of applying
both the forward search andithe reverse search in
Tharstem lisnthe Mgt dbpcklid perfarimed Ibly @omphiringeth@ pauae hength 4400f

appl either only the forward search, ysi lemma .1 o
GRP b nf ot PR abtestuttle sttt AL Gt Sone e Hep
S| wﬁﬂﬁﬂ}zgﬁe §r giiteg d % rag@i fay hi&g O4orwe abrtdde;ﬁsfeyaelyeiﬁ%caé;béﬂdﬁ@
seg t . e I tag . may appeaj in the no
%@ﬁ%& cagh qffhe 3 jeast e RYFng & .HP %ﬂaé&oﬁeg%@ffg fﬁngﬁ‘*
th§Sdé6s n@Rxéddd at bSthe pRALLsEdf Rhe RAEA (RhxibARE) ISR ALIfied as a
genone seciuence an,d the anti - sense*\/;gqenorre seguence.

notentialfsasihle genealoratignt widiedwspdoatods “Matrbxsiteey lartPiasiep 1 nis
MBthiseRse G S ditag is created. The suffix array is
searched twice in the step 110 for each of the 5
termnal tag 24 and the 3' termnal tag 26, once using
) [
R PR X e Ry e S R Fpe 4
qosenending doeade oBehe) &t leatt Lanal dogurpiag tsegahedd drptapalysed to
_ . £
Ry RARTS o Rlnde 108 of BRnnd MR RATH. e ok rfthd DAl
nidentiise apoteiBial tosiblg g, loddtiog ionkyswiB8 thentd sB¢ 38 hndetbe 4Dsite
B GodBRINB0L % d B 3R8ELLLS, ohr omosomes [ nstead of the
entire genone sequence B "Besi des t he conpr essed
suffix array, a suffix array, a suffix tree, a binary

the Ji i, i t t e |.s. ble f
B U5 R e B M A ol oo
Folite @8I aid th18’ sitee0 b4 corrdsporhls t6 ichahSocBbriapdeghent 32. The

S RCHRRE Rt 5358 USRS RSB B sson o

the Agidaal duoleatidet3y, PoEfeRBlyAtht GNsidBE AdARY 3 NGte 4D SRKSd hdvea
step 116, the length check is performed hy conparing,

¥ e osigpiadanciar e pgeuTIng Segealy of fddeptify a patenig) feasivle
Q66 Wchiiddg segnment 42 with a predefined gene length in
a step 116. Initially, the 5 sites 38 and 3' sites 40
are sorted preferably in an ascendi ng

In a step 122, the ordering check is performed by comparing each of the occurring

segments 42 and the corresponding 5° site 38 and 3’ site 40 to the genome sequence
36. Preferably, the ordering of each of the occurring segments 42 and its
corresponding 5’ site 38 and 3’ site 40 should follow a 5’-occurring segment-3’

structure for it to be a potential feasible site.

Steps 116-122 of the transcript mapping method can occur in any sequence in

combination or independently.

In a situation where the feasible gene location is not found from the GIS ditag 30, the
constraints are relaxed to allow at least one mismatch when matching the 3' terminal

tag 26 to the genome sequence 36 in the step 112.
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order. Next, each of the at |east one occurring
segnment 42 has a sequence |ength 44 that does not

wezmemsi2zohat of the predefined gene | ength (nmarCESGLU0F/000281

is identified as a potential feasible gene |ocation.
The pseudo code "Match_sites |I" for step 116 is shown
in Fig. 5. In a step 118, th® locality check is

per f or med mhereby the 5' site 38 and the 3' site 40

A? Eﬁgﬁgyﬂ © ﬁzgltt%h 33@2650 t%rtf‘gd%lﬁlt %3‘81%% cﬂf @‘ﬁ%ur r%Sg are

iaiaslly sbtaihdiererae ﬁlel Saeaésem amﬂ el N sitdshd e mdtchedo thea@memb

42 |dent|f|es a aS|bIe ne |l.ocatia

silisRec Jemghe em W23 &ﬁ&a ??é optifigation Oh guanyiBr dcge E{eheg%%g
th5'tdNBs SPAR 1665 OFRS A0Eor xamplesiwhén thél, onlyhekish lds€ HaR tdn@T
check is perforned by jdentifyjng the orlentatlon of
theyys sifes 3§ qnd myge ﬁﬁﬂlteph%f thousand of ﬂza% SHex 40 8 YesY56¥Hds to
each occurring segnent 42. The orientation of the 5

site 38 and the 3' site is identifiable by locatin

When latgsiquprsity dfsparie belaeprthg)S” siies) Fotnddbe é sites 40 exisfs, the

tﬁtﬁ&fr‘ﬁf ﬁﬁgf)]}{rég tB&0@20 %h&e‘?go%§ nﬁﬁﬂ)lé #8ations SF Fe@uﬁ]cﬁnﬁlﬂ%r%
orientation for the occurring segnent

thr @eewiic sequenksndé-f yThergieoree at madifipd Appiopeh gserﬁélulred for the

[
hB6TE! opinimn S8 S ke RE ol R S IRLENERE, Bidentty e
qﬁZandlspdrEy,@dlspesip@nnﬂm@ igestahlisked38: and 3' site 40 to
t he genone sequence 36. Preferably, the ordering of
each of the occurring segnents 42 and its
correspondi ng 5' alte 38 adotint3’ % should fol |l ow
a 5'-occurringy %g (§L£ucﬁhr 44t to be a
pot enti al feas/bre sfie Step% 116- 122 of the
transcri pt mappi ng nethod can occur in any sequence in
conbi nation or independently. In a situation where th
whess pais 1 &?eq%@mf gnsiteg 3ﬁo(f0uflfé dhherquaity ge3 s gP’t%‘a

BReshIIBS i€ Wﬁétdeﬁh&f fhrelidid, 6 R XBfle iBreMolQW=310, (D2t liRktfg
m smat'ch en mat chi ng the 3' termnal tag 26 to the

the Aerntitative dispardy Beiwieen edwats s?flé sourty  Tha €FH Fnpkjes Bpth eavats
a%i%%ﬁt} %) &fobm%davlt%h{ é?ﬁm@ﬁtlﬁ@ gitifep Qn}qb‘iatﬂE st MteQB3 b §ny30f

the 3’ s1tes

The method described in the pseudo code “Match_sites_2” of FIG. 6 is applied when
the above disparity condition is met. In the pseudo code “Match_sites 2”, the number
of iterations required for mapping to the genome sequence 36 is determined by the
smaller one of counts and count;. For example, should there be only two 5’ sites 38,
the mapping to or traversal along the genome sequence 36 for obtaining the
corresponding one of the 3’ sites 40 is only iterated twice, once for each of the two 5’

sites 38, for obtaining the occurring segments 42 therefrom.

However, should the above disparity condition be unmet, the quantity disparity

between counts and counts is not large and therefore the transcript mapping method
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initially obtained before the 5 sites 38 and the 3
sites 40 are matched to the genone sequence 36 in the

wee@p/oi4 This enables identification of quane¢T/§G2005/000281

di sparity between the 5 sites 38 and the 3' sites 40,
for exanple, when.there only exist |less than ten of
the 5 sites 38 and nore than tens of thousand of the
109 reSdrtsas tMlmetdbd Ubseaibadeins Matdhheires| 1 fye obfeining thy occurring
dlsparlty between the 5 sites 38 and the 3' sites 40
Sc@WFRE 82- t he transcript mappi ng method 20 under goes
multiple iterations of redundant mapping to the genone

sequence 36. Therefore, a nodi .approach i s ..
I G drPins BIEhe FPSTTEL FRBRRASTG: NEPRGd SUDeite e
ethBd@BeflUaNtihd Yindbnioarfot Yadafelssi@ thél' Ofotegeing i ﬂlyadvhﬂages of
quantity disparity, a dis di.ifio
C@yp@pmplmnggneﬂ&gﬁ npxlthoug on %P ﬂ%t: tge\ invention are

dltsar)&ﬁ hohafl b€ ApAteniL R Qc‘il!éﬂtlﬁ tlhesart heviem i this ﬂlsﬁif)sdie that
38, counts is the quantity of 3" sites_40,

numcreww apddorgmoshification radhe mafe agihgriferygpe &Q‘é‘rﬁs‘f %"Pe
0,000, for limting the quantitative
”%D§§§??Fg é?ﬁ%%n counts and counts. The CSA enabl es
both counts and counts to be obtained w thout
enunerating either any of the 5 sites 38 or any of
the 3' sites. The nmethod described in the pseudo code
"Match_sites 2" of FIG 6 is applied when the above
di sparity condition is net. In the pseudo code
"Match_sites 2", the nunber of iterations required for
mappi ng to the genome sequence 36 is determ ned by the
smal l er one of counts and counts. For exanple, should
there be only two 5 sites 38, the mapping to or
traversal al ong the genone sequence 36 for obtaining
the correspondi ng one of the 3' sites 40 is only
iterated twi ce, once for each of the two 5 sites 38,
for obtaining the occurring segnents 42 therefrom
However, should the above disparity condition be
unnet, the quantity disparity
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bet ween counts and counts is not large and therefore
the transcript mappi ng net hod100 reverts to the nethod

walemestzed in "Match_sites_|" for obtaining theCT/SG2005/000281

occurring segnents 42. In the foregoing manner, a
transcript mapping nethod i s described according to
one enmbodi ment of the invent% on for addressing the

q“éP’égoi ng di sadvant ages of conventi onal nappi ng

1Met hadsmsofipt ROMEE ﬂ&h?/d QRSB adisERebs0f the invention

are discloSed, it will be apparent to one skilled in
the art i9btaimiagadf termingl tag sed d3UteEminpldeg Frowe wamscript of a
chan .and/or nodification can be nmade wi t hout
departing fromthe scope and spirit of the

i nvent i onn@rkipgthe b’ terminpldag torat trastreepiionpimegeherde sequence
CoNPE L0, 1bies hABR S’ SR BLKBE, Bl of bELTellEbad Aite
and a ermnal tag froma transcript of a gene;

mat chaving 4 fequelice maiching tle 5t tegminel tag; | east a portion of
a genone n o.ther [dentify at |ea ne_5'
site ther%%trg%g %}geaéht%?l n}aﬁgayga%o te?fé‘%t b 8rtg>% (iff %he gengme
havi sequencs éxjthereby identify fat legst tohe 3 Ssitettherafiraral catlagf the at least
mat chi ng thg 3' term nal ttag% osai | e tt a portion of
the §8oike BTE A Pe THEN éwi dERPTPY %t | east one
3' site tildettdyingmt leastcdne Adccirkifg 8égrhaa@Sdacl 0€ il aiSledse one
havi ng a. sequence, matching the 5 termnal tag;

| denti Rk tETNCORE B et ERee, FIERITgt SNkl Eorotionsegyence
t he eaiterld@@strorR Be SE AtTEARorRED ¥ROTo SiRI 0T hetat KRASHUMBO Gsite,
segnment al ong the genone sequence. extendi ng from gne
of t Fh &f tEGHISES! GhePoguITIBg pegriept BN InesreqECHEnIB e one
3" site, Qaaityinf at1BRt e RBK gclB BocRGHL EdchRI IR FERBR gene
havi ng a sequence | ength; and identifying at |east one
f easlogftionghsing enscaftthoat legsh One BFCUITiIg JemERIazingengequence
| ocafl ' t occurring
segn%h?ﬁﬁgﬁxggedg%ggﬁggiﬁd%ﬁ%gﬁb%r%%r%ﬂgxceedi ng that of
a predefined gene length. 2. The transcript mapping

et h?ﬁ‘e ﬁ‘gngcﬂptcllngﬂﬂﬁglmeﬁlgc? a§tiI?Qlaﬂ‘B li, qﬁéqgtjelg ¥)k‘ rf&nﬁfyﬁ‘ig ad’

terminal tag and a 3’ terminal tag comprising the step of:

providing a nucleotide sequence with at least 16 base pairs for forming
the 5’ terminal tag; and

providing a nucleotide sequence with at least 16 base pairs for forming

the 3’ terminal tag.

3. The transcript mapping method as in claim 1, the step of matching the 5°
terminal tag to at least a portion of a genome sequence comprising the step of:

matching the 5° terminal tag to a chrosmosome sequence.

4, The transcript mapping method as in claim 3, the step of matching the 3’
terminal tag to at least a portion of the genome sequence comprising the step
of:

matching the 3’ terminal tag to a chrosmosome sequence.
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termnal tag and a 3' termnal tag conprising the step
of : providing a nucl eotide sequence with at |east 16
whawe/opads s for formng the 5° term nal tag; aPdI/SG2005/000281
provi ding a nucl eoti de sequence with at |east 16 base
pairs for formng the 3' termnal tag. 3. The
transcri pt mappi ng net hod d2 in clai m 1, the step of
matching the 5 termnal tag to at | east a portion of
58 JefiRMBinS@RpY REFnS Bl Sk M clah® 15 fueBe0fompBing khd\ge bE
5 termnal tag to a chrosnosone sequence. 4. The
t r argsoPTRiERg adaihitRguREionBderdRg thy SRogISHFEenEhe st ep of
mat ching the 3' termnal tag to at | east a portion of
the genonme sequence conprising the step of: matching
61 he Bhe trappaviph alapping method as i Jaimsslo AEthse erepristngghe stp of
tr an?e‘ﬁglja{i)ﬁ T8 dHd o@“?:?#@é’ S fird ShaGh@rdBrds arfa?rf&hﬁ(‘iexing the
conprt I Si nggthe step of generating a data structure for
I ndegenoige tdygergenone sequence. 6. The transcri pt
mappi ng nmethod as in clains 1, further conprising the
step of generating at | east one of a tree structure
7and ‘Eie temeeipe chappingyneflod ab mdelximsdl, tiilvéiey evroprisingethel st of

7. The transcript mappi ng.met hod as.in _cl aj

{ ur (Rt el The. SRED 6t gemerh el b
of acompirdskod saffixaatray dordtdeking the gsaomasdguaaey tree and a
conpressed suffix array for indexing the genone
sequence. 8. The transcript mapping nethod as in claim
87, thie ®dneRipdimabpiag MRkl dn tiaien 3, the elepiondle machiigthat’

| east a portion of a lgi_,kegnofr,ne sequence conpri.si ngltpe £
st epteBpnalize toghlepst g RATIGR Of {BNIFY SEUUEOMRYSEH e step of-

reverse tqf 33481 &lend fohifard BRSNS BALRREE: haverGAITRRI deGne
the 5 termnal tag to_at |least a gortlon of

. t he
genoffauanEe s femparaIegt & AR g tofa least adREon of ¢fie; ggnorge
The {hARRETd dbhaifBRAL REt BRI Qfe.as in claim8, the step
of the matching the 3

9. The transcript mapping method as in claim 8, the step of the matching the 3’
terminal tag to at least a portion of a genome sequence comprising the step of:
at least one of forward traversing and reverse traversing the genome

sequence for comparing the 3 terminal tag to at least a portion of the genome

sequence to obtain the at least one 3’ site.

10.  The transcript mapping method as in claim 1, the step of identifying at least
one feasible gene location comprising the step of comparing sequence order of
each of the at least one occurring segment and one of the at least one 5’ site
and one of the at least one 3’ site corresponding thereto to at least a portion of
the genome sequence for obtaining the at least one feasible gene location

therefrom.
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termnal tag to at |east a portion of a genone
sequence conprising the step of: at |east one of

wo e00sms1204 r aver si ng and reverse traversi ng t hePQBRGI®S5/000281

sequence for conparing the 3' termnal tag to at | east
a portion of the genone sequence to obtain the at

| east one 3' site. 10. The t&anscript mappi ng net hod
1as i Mhetraseript mabﬁhﬁg &tee}md af in olkdmt10f the stgp af cdngagihg ssqeence

f easi C on conprising th te f

compaitry EutR e e Rt PR AR el P of et egftene
0CCUBT4iRQné 6g418Mhe avlcaspo® Disité bredpondR@sheretd @odprising e
and one of the at |east one, 3" _site rrespondi n

t her &R OEBOIEW‘I“&&E‘% SCAUERSE 1T A oéfea%ef% SfUBHEEng
for hidn@®nk e 1Rt at 1Q8Edne T Qitd SaSdel T t@i’cﬂeés@@@t?! Gifite
therefrom 11l. The transcript papping nethod as in

cl ai ﬁeraeeponéwg Getgly BYng ShpgiordencesBifliene eoBPEBE BEMERh
of thegcake | €ast one occurring segnent and one of the
at least one 5 site and one of the at |east one 3
site corresponding thereto conprising the step of

180MP&R RehstAR a@n‘ﬂﬁ%r}ﬁ&h% ek c@aflmela% &dp $ﬂ@erﬁ¥fylh§ étsfeast

one occurring s nt and one of t e at | east one
si t eormdeagihle e¢net Ipsatign ceraprisingn éiesstelsuqfeldemrfyleg pfbmﬁ 150)

t her Slihtfph b9 eéd'l‘x i 1 Etdlgéb? ?’ﬁ%&r M ?18 Yool dlﬁ]fgnmg the at

grent - structure. t mappi
mst htedstase fepsible gemn locatioh dhestiiop. of | dent i fying at | east
one feasible gene location conprising the step of
identifying the 5 -3" orientation of each of the at
1Beas Thomesoript mapping negdgdentn ddm 18hthaiste) nfidetteyap teed St

f b| |
o oieasn calBifne REte PR SR AlTBugeide e
I dentdsidyaloA hiielebtideSconstitiidpt afoirtion of died” ite gl tage st ep

of identifying a residual AA neucl eotide, the residual
AA neucl eotide constituting a portion of the 3

luer Mrh@tradsadpt nidppinb@ethéPirsiarddih aRPdtAUoMBERTHEnASt lehst
claiml1l, the step of identjfying at |east one feasible

gene ORgfEahl %ﬁenéé‘?FﬁP?%?%@’fFﬂé thersiep obf -

identifying the chromosome wherein each of one of the at least one 5’
site and one of the at least one 3’ site corresponding to each of the occurring
segment is located for identifying the at least one feasible gene location

therefrom.

15.  The transcript mapping method as in claim 1, the step of matching the 5’
terminal tag to at least a portion of a genome sequence comprising the step of:
identifying quantity of the at least one 5’ site, and
the step of matching the 3’ terminal tag to at least a portion of a genome
sequence comprising the step of:

identifying quantity of the at least one 3’ site.

16.  The transcript mapping method as in claim 15, the step of identifying at least

one occurting segment comprising the step of:
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identifying the chronosome wherein each of one of the
at least one 5 site and one of the at | east one 3

W@ 240e/081204 espondi ng to each of the occurring sSPQIBGL005/800281

| ocated for identifying the at | east one feasible gene
| ocation therefrom 15. The transcript mappi ng net hod

as in claim1, the step of hatching the 5 termna

tag to attraveming alongche Eenpmst seaUeHEn tﬂ’f@r@ecqm @ ¢lee extremities

CONPkesdoR ﬁoh@gc}rc'&fqﬂe ﬂfleastjﬁﬁilg 3t blfe)’fof‘ﬁe % b 1¥asﬁ£net Jrneh

| east one 5" site, and e step of natc
ternkﬂﬁwnﬁégMEO at least a portion of a genone
sequence conprising the step of: identifying quantity
of the at |least one 3' site. 16. The transcri pt
lifappiThg hﬁmeﬁptdnawirignn@h«ai a ibSslaithks, sheegterod! idetdifiying hierey

2 | SA8Lor RS SRRGUL LSO REGNRASRIEL N0 he step

of :traversin nce towards one of
the extr etasrrhmmgttfwemmakﬁxgmhn moine @équbllme mmtespans to @aref

5' te. t d t t h t
one. S or RSl A A B e AR RY e BE S o
cl ai ghd &,sitthe step of identifying the at | east one

feasi bl e gene | ocation conprising the step of:
term nating traversal along the genone sequence in

18ES PARS @aksOrifiRapBing tith ol asl if @Bim QB Ethé @t@ﬁ bbidentcfs»iﬂg at least
| ocation bejng identified for each of e at | east one

5 sPpgoccysng peganen} copyrgthesipAtng method as in claim

15, the stgRre distRnhé byiong @ﬁuén@@ﬁwa%eorﬁ(iﬁlﬂﬁer éx‘ﬁgmltles
segnent conprising the step of: traversing al ong

genoffsTeoé faerfeeh ¢ db@aaté@sfcﬂmé 3ppite feidenitlyiagnt bt oaemf rﬂ@cﬁt

from&ache 8f silhe at | east one 3' site for identifying
at least one of the at least one 5 site. 19. The
transcri pt mapping nethod as in claim18, the step of

tigdent,t Waﬁ]sgrifnhrﬁaﬁgng method as in claim 18, the step of identifying the at
least one feasible gene location comprising the step of:

terminating traversal along the genome sequence in response to one of

the at least one feasible gene location being identified for each of the at least

one 3’ site.

20. A transcript mapping system comprising:

means for obtaining a 5° terminal tag and a 3’ terminal tag from a
transcript of a gene;

means for matching the 5’ terminal tag to at least a portion of a
genome sequence to thereby identify at least one 5’ site therefrom, each of the
at least one 5’ site having a sequence matching the 5’ terminal tag;

means for matching the 3’ terminal tag to at least a portion of the
genome sequence to thereby identify at least one 3’ site therefrom, each of the
at least one 3’ site having a sequence matching the 3’ terminal tag;

means for identifying at least one occurring segment, each of the at

least one occurring segment being a sequence segment along the genome
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WO e®posed t o one of the at

| east one feasible gene | ocation conprising the step
of: termnating traversal along the genone sequence in

| ocation being identified for each of the at |east one
3" site. 20. A transcript mapping system conpri sing:
nmeans for obtaining a 5 tet$mnal tag and a 3

t er mseyabnce agtehdiagnfmnt srenedahd gtleast om: Hesite ;to orAOBTHE @t least

mat chi ng, the 5' m nal tag to at ortion of
ey S e B Feb B pluftier §RRenT hBGE b Auee
S|te1ehg«hmfdrom each of the at |east one 5 site
having a se ue chi ng the ermn t.ag; a
for mat cHPRL deidhily B af faft (e deaptTgene daatio <ait of Bt
of t E@s@ﬁ@@i@lo&z&%ﬂ%@ﬁ@ oh@oflthiedtadigt dnd@Burfig RembRaSling a
one 3' sit ere fro each of thﬁl@% | east one 3

si t e SRR ng‘ W?téﬁ?ﬂ?bed‘? Feng lepghinal tag;
means for |dent|fy| ng at |east one occurring segnent,
each _of the at |east one occurring segnment_ bein ,
U equdhe BansetpraparPHizowsen e iy elapned dbt ases f emdéwa%nﬁg as
from&lﬂﬁa%gﬁﬁ@a@tteﬁﬁﬁﬁttaﬁeﬁl ﬁsm ite to one of the at
| east one 3" site, each t he | east one occurring
segment hagNs gorpreviding n%@wﬂeeﬁ@q wqu%m'a it deagtd6 base pairs
i dentd.f } asi bl e gene | ocation, each
of tE(gfIlgglggi@Eg ggﬁlgalﬁgggg{l(?on bei ng one of the at

| east onemeans dorr prayidisg grmupleotidp\seaugnee wihablves 16dagst prirs
not @8%&%%%1@]6%@&8& predefined gene | ength. 21.
The transcr mappl ng systemas in claim?20, the
nmeans for |dent|fy| ng a % terrri nal tag and a 3

er oS r ovi . ,
el OO PR e SR PR . 1B Bt Bpanipa e s
f or mamgirbhieg E atﬂmm pmhontcﬁg,gemmb segaEnse omiprisingvi di ng a

nucl eoti dgleasn% ST %ghmg tﬁle 5 %termmﬁ%tg t% g c r%%x%o&me sequence.

23.  The transcript mapping system as in claim 22, the means for matching the 3’
terminal tag to at least a portion of the genome sequence comprising:

means for matching the 3’ terminal tag to a chrosmosome sequence.

24.  The transcript mapping system as in claim 20, further comprising:
means for generating a data structure for indexing the genome

sequence.

25.  The transcript mapping system as in claims 20, further comprising:
means for generating at least one of a tree structure and an ordered

array for indexing the genome sequence.

26.  The transcript mapping system as in claims 20, further comprising:
means for generating at least one of a suffix array, a suffix tree, a

binary tree and a compressed suffix array for indexing the genome sequence.

| east one feasi bl e PEN8G2005/000281
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for formng the 3" termnal tag. 22. The transcript
mappi ng systemas in claim?20, the neans for natching

wo b@ed3120er mi nal tag to at | east a portion of BCORGZIOE000281

sequence conprising: neans for matching the 5

termnal tag to a chrosnosone sequence. 23. The
transcri pt mappi ng systema® in claim22, the neans
for matching the 3' termnal tag to at |east a portion

ft eno seguence conpri,si : nmeans f.or t.chind,
2t S BERRTT aoRng Srgert SR SO, A 00 SR
t r angehinpittagidRpienq a pyio 6T A geriomeGtqienteOmpfising:her

conpri si ng: ans. for geperating a .data structure.fo

| ndoxi ng THE BB 1blrest oBE b fRoeard SEVEISHE 14 YRS rpersing the
Map P @ ms Eduebedsr &dihlfafiﬁ% 18 52 @rmindl faf @ atQ@RPI p&HiBOr the
means for generating at ast one .of a tree structure
and &oBIEdEERredp PRGNS 2t {SIFRE Agsi¥he genone sequence.
26. The transcript mappi ng systemas in clains 20,
further conprising: nmeans for generating at |east one,
28¢  aThgransqipd mapping sysieie g i ¢laige27. shegnenns Jorypatehing,the 3
COMPLBaRedastdfat leXst 8 pbAn 00k clddR bt nPRRAEE _
sequence. 27. The transcript mapping systemas in claim
26, the reems faref leationn pﬁgnrwé tgveripg pachegversy aviersing the
| eas i S ISl NGO

for ErerRabhel 6 cApABROIE o2 RAMEREG, EPIIGPL paigforee
t r aveemoimsgequiecede olgain threa lnasicoae Bositeconparing the 5'
termnal tag to at least a portion of the genone
sequence to obtain the at | east one 5 site. 28. The
20r anSbe trpascrigippippipgssystemnasais dlaimcllaithe @gns tfheidentifpmg at
for tchipng.the 3. termnpal.tag to at | east a portion
of alBuRARE Yy SRR e BRNEMHE reans for at | east
one of f onvuas dot ceamparighgqedide roadee r afeedch axfeths i atgedsh@ne

SeTOTE SIS b TR B s LR v o

t he atsile@amtspomingthetkid ©.at least a portion of the genome sequence for

obtaining the at least one feasible gene location therefrom.

30.  The transcript mapping system as in claim 29, the means for comparing
sequence order of each of the at least one occurring segment and one of the at
least one 5’ site and one of the at least one 3’ site corresponding thereto
comprising the means for comparing the sequence order of each of the at least
one occurring segment and one of the at least one 5’ site and one of the at least
one 3’ site corresponding thereto being in accordance with a 5’-occurring

segment-3’ structure.

31. The transcript mapping system as in claim 20, the means for identifying at
least one feasible gene location comprising:

means for identifying the 5°-3” orientation of each of the at least one

occurring segment for obtaining the at least one feasible gene location

therefrom.
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29. The transcript mapping systemas in claim20, the
means for identifying at | east one feasible gene

wo ewasm conpri sing: means for conparing sequroi/RG2005/000281
order of each of the at |east one occurring segnent
and one of the at |east one 5 site and one of the at
| east one 3' site correspondPng thereto to at |east a
portion of the genome sequence for obtaining the at

ast t h

O Aot TS b En S RERL AR, P ATy oenulEAfe the
f or odperiéntajion eeporsisee: or der of each of the at | east
one occur f a
oite and neat BEMTERALS RARLA AN Reubbod@TNe RARuY, A4
t her arucledidpronsiifatng hportremofthé drtemmngddag ng t he
sequence order of each of the at |east one occurring
segnent and one of the at |east one 5 site and one of
iXe dihelteastripomepihg systenm eolir elsjno A0, thg nidary ftr addnéifyigg at
I n accorda occur.r.i ng segnent -3’
str uc?aﬁ{oneq%flb%ne ?)19 SCH)&CPWBPSlﬂ%ppl ng systemas in
cl ai m 20, niches for ddestiflying thel elnbinbyantegwhdreih eadt ofoste of the at

f easi.bl e. l ocati op,conpri sing: .means fat

| Gom st S e OF e AR Sh8 i B et goctof the
| eastocOitfing G€picht BylosASVEst idbmifyiaptiad Bl REsttdne fadsidlegsde
one feaS|bIe ene | ocation therefrom 32. The

t r ansPHIpR g gﬁmng systemas in claim31l, the neans
for identifying the 5'- 3' orientation conprising:

means _for identifying resi dual AA neucl eoti de ,
Hesi dihs) transsTRERANIEE %ya@mc%ﬁﬁgtc 3 20 e Foprsyfor ma,tCBmgtﬂPf‘eS

3"t QbiiRAkaglt@'Gk leadBa poklibn & ARAGHE %qu&ﬁ@%rﬁ;lg—l shpsSt em as
in claim?20, the neans for identif ¥ s 1ieeastd one
2HS 2T BiE, an

feasi bl e Feaes Poidentifing aempni of ithept less
i dent e

at | etgi %He%%efggﬁatgg?g ﬁ%ﬁ% one oft% ﬁe g%@tl @{és@&g %€£ §&Q%e
si t e searenessqeowdbing t o each of the

means for identifying quantity of the at least one 3’ site.

35.  The transcript mapping system as in claim 34, the means for identifying at
least one occurring segment comprising:

means for traversing along the genome sequence towards one of the

extremities thereof from each of the at least one 5’ site for identifying at least

one of the at least one 3’ site.

36.  The transcript mapping system as in claim 35, the means for identifying the at
least one feasible gene location comprising:

means for terminating traversal along the genome sequence in response

to one of the at least one feasible gene location being identified for each of the

at least one 5’ site.
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occurring segnent is located for identifying the at
| east one feasible gene |ocation therefrom 34. The

WO ec@essRdpt mappi ng systemas in claim?20, thePCEsGR05/000281

for mtching the 5 termnal tag to at |east a portion
of a genonme sequence conprising: nmeans for identifying
quantity of the at |east onél5 site, and the neans
Flor rFhat dhansvgpt mepdng system amin claig 34 the meanssior idepBfyingox
of a Lsing: nmeans for identifying
quantlﬁgd?&%gﬁc%%g&gsggﬁ%@g{m@ﬁ%ﬁ% site. 35. The

transcri pmeampir irgvessisg alm@ thej genethaiseausare towardsrean of the
for ident.ifyin | east cone ring. s I
conpFRETE e SeEgn SR of M RGeS R My ing ot fast
sequencef thewdedsorerdésiaf. the extrem ties thereof from
each of the at least one 5 site for identifying at

| east one of the at |east one 3' site. 36. The

380 anshe ifahscAP{PApPEhgSySé Ak aclaim 37, diemedbs fok ientifiyangshe at

for identif |$% t he at. | east .one feasi bl e gene

| ocat§¥strred SeAYOCHHOLFeMPHS Y o 1vi nat i ng traver sal

Ial ong t henfﬁ%@ﬁﬁtleﬁlﬁﬂétﬁ@(hfivérﬁhl ama@gresgendn@dm@negf ingﬁ?oﬁsle
east one feasible gene_l ocatjon, being.ideptjfie r

each tpng ¢fdhesdt lgagtoue fepgilesgeng ?OF@?@%G“*%H%E“PB%&’E F?cﬁt"? the

Mappipgasibal ei@s i n claim34, the neans for

identifying at | east one occurring segnent conprising:
means for traversing along the genone sequence towards

fane q{uaﬁg@%mﬁagaﬁiﬂgme%dk&%?&@ﬁg fhé @@pseach of the at
l'east one 3' site for identifying at |east one of the
at | east ohieinBig asy ttermim tagrmd aty g@f@%rraﬂ i freapp fragpeript of a
syst as in claim37, the neans for identifying the
at | east’ one feasible gene |ocation conprising: neans
for tern matching the Hwemsedl tag to agleash e pepdinn Aba EWQIE It

respqg %h%reby identify at least one 5’ site therefrom, each of the at least one 5’ site

having a sequence matching the 5’ terminal tag;

matching the 3’ terminal tag to at least a portion of the genome
sequence to thereby identify at least one 3’ site therefrom, each of the at least
one 5’ site having a sequence matching the 5’ terminal tag;

identifying at least one occurring segment, each of the at least one
occurring segment being a sequence segment along the genome sequence
extending from one of the at least one 5 site to one of the at least one 3’ site,
each of the at least one occurring segment having a sequence length; and

identifying at least one feasible gene location from the at least one
occurring segment, each of the at least one feasible gene location being one of
the at least one occurring segment with at least one of the sequence length
thereof not exceeding that of the predefined gene length, the sequence order
thereof and of the at least one 5’ site and one of the at least one 3’ site
corresponding thereto in accordance with a 5’-occurring segment-3° structure
matching the sequence order of the corresponding portion of the genome

sequence, the 5’ site and one of the at least one 5’ site and one of the at least



to one of the at | east one feasible gene |ocation
being identified for each of the at | east one 3' site.
w@206M31204anscri pt nmappi ng nmet hod conpri si ng t heCES@E®H5/000281
of : obtaining a 5 termnal tag and a 3' termnal tag
froma transcript of a gene; matching the 5 term na
tag to at least a portion &2 a %enone sequence to
t her edwy3’ isite ndricsponding| thaasto haviag 8'>°-3] ewentation.cmd ofp obHIEt
of the_ at Leas Y Si hn i
The. BootPs oy R oF et i 1Y LA RoRERURTIEF LD 09
at | emsiring sgmieni beinglbcatéiewilen tesame gremesemeo t her eby
identify at least one 3' site therefrom each of the
at | east one 5 site having a sequence matching the 5'
termnal tag; identifying at |east one occurring
segnment, each of the at |east one occurring segnent
bei ng a sequence segnent al ong the genonme sequence
extending fromone of the at |least one 5 site to one
of the at |least one 3' site, each of the at |east one
occurring segnent having a sequence |ength; and
identifying at | east one feasible gene |ocation from
the at | east one occurring segnent, each of the at
| east one feasible gene |ocation being one of the at
| east one occurring segnent with at | east one of the
sequence | ength thereof not exceeding that of the
predefined gene | ength, the sequence order thereof and
of the at least one 5 site and one of the at [ east
one 3' site corresponding thereto in accordance with a
5'-occurring segnent-3" structure matching the
sequence order of the corresponding portion of the
genonme sequence, the 5 site and one of the at | east
one 5' site and one of the at |eastone 3' site
corresponding thereto having a 5 -3 orientation, and
one of the at least one 5 site and one of the at
| east one 3' site corresponding to each of the
occurring segnent being |located within the sane
chr onosone.




