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WO 2006/031204 PCT/SG2005/000281 1 GENE IDENTIFICATION
SIGNATURE (GIS) ANALYSIS FOR TRANSCRIPT MAPPING Field Of

WOrpehtId120Bhe present invention relates generally to a transcrifE Hig013¢00281

method. In particular, 5 the invention relates to a transcript mapping
method for mapping from a transcripf to a compressed suffix array
indexed genome sequence. Background Since the completion of the
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has been drawn towards annotation of genomes for functional elements

FiAG e g a6k coding transcript units and regulatory cis-acting elements
that modulate gene expression levels. Currently there are three majn
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second g&)gurﬁ.achnuses co plétatlonal a %‘Erlthms to statistically predict

I
a (éoenﬁ%rsesgnd relé(ualaflgrilng?}e(ren&t%oglﬁ(f e third approach compares

genomic sequences from other vertebrates for conserved regions based
BRAMENigW that functional elements in genomes are conserved during
evolution. 20 Despite considerable success, these approaches are

Sigf st AR SeiniTgAme SeTIete A9id BraBRctEdntarTar fher
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enes in the.human genome is still unayailable. In particular,..all the |
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that ootelslate ggessexhesssiom danglsnt genome annotation is incorrect,

particularly regarding

Currently there are three main approaches for genome annotation. The first approach
uses existing transcript data to identify gene-coding regions in the genomes, the
second approach uses computational algorithms to statistically predict genes and
regulatory elements and the third approach compares genomic sequences from other
vertebrates for conserved regions based on the view that functional elements in

genomes are conserved during evolution.

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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therefore clear that many challenges surround the field of human genome
annotation. WO 2006/031204 PCT/SC2005/000281 2 One of the

challenges. is the identification of all g% es and all transcripts expressed
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specificity of the tags Is often poor and the ihformation yi regarding
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Interlinked 5’ and 3' ends of full-length cDNA clones into a ditag structure,
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computer algorithms that are readily applicable for mapping the GISditag
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substantial tag specificity. However, there are no existing computer algorithms that
are readily applicable for mapping the GISditag sequences to genome. In the past,
SAGE and MPSS tags were analyzed using a two-step approach. The tags were first
matched to cDNA sequences and then to the genome. In this approach, novel
transcripts that did not exist in cDNA databases would not be mapped. The two most
often used sequence alignment tools, BLAST (basic local alignment search tool) and
BLAT (BLAST-like alignment tool), are not designed for short 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



10

15

20

25

30

35

INJ WAl ullylllll\,lll. s ATl i ] LUUI/ CAlL T A s V] \I_JI_I_\\J L] LR AN ullylllll\,l i tUUI}, Al &
not designed for short tag sequences°’and often leads to poor or incorrect
relefinggHthaceenbistaletarty affirntie aGiSeshidysan raqhroeqaen@nseadpteveals

RIS, AR SRR e
shbfitieagybias et ¢ GiEf el sl v REBYifiyifigiemt yuevitifying tabclengtly tednscripts
el ) hapoe

e A B B RSBl el
SigisditageseBeseanoatyisis 3brbastspairsttip) tatiepEsantdi®' kagitmint fantthacpid
oo S G, ol N HABERE RS SO U R
neanpereciedfnEhyivapped endhdPgSriagnel fordgditiefiaindgsiddige mepresents

S 10 106 513 ARV GERRRTAHRARER LT SXeR SnaRRIeaRIely

15 ditags representing 15 transcripts. This approach increases e ncy
by at least 30-folds for identifying and quantifying full-length transcripts
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ends of a transcript, it is more informative than SAGE and MPSS tags. 10
Ig@gg&@ﬁ%@&&&'&ﬁ& \reitagfiatasRce dih A TR¥RARE thd B9 ARFROME
transcript mapping method comprising the steps of:
obtaining a 5’ terminal tag and 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 3’ site having a
sequence matching the 3’ terminal tag;
determining quantity disparity between the at least one 5’ site and the at least
one 3’ site;
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 towards one of the at least one 3’ site, each of the at least one
occurring segment having a sequence length;
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; and

generating a data structure for indexing the genome sequence.

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

program storage device tangibly embodying a program of instructions, the program of
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invention, there is disclosed a 15 transcript mapping method comprising
thesstepisnsfbeibgaiendapla by teoompatitaodeviceat® wrogranalofagstroctians when
tr ipt, of X ' Jterminal . ast a portion of a
gg&?ﬁg@g qtﬁee%n%cn]e%%[@ég}g E]g?g? e%ﬁ%ﬁga(\t%%shmg%%@ therefrom, each
of the at least one 5' site having a sequence matching the 5' terminal tag;
20 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;
determining quantity disparity between the at least one 5' site and the at
least one 3' site; 25 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 towards
one of the at least one 3' site, each of the at least one occurring segment
having a sequence length; identifying at least one feasible gene location,
each of the feasible gene 30 location being one of the at least one
occurring segment having a sequence length not exceeding that of a
predefined gene length; and generating a data structure for indexing the
genome sequence. In accordance with a second aspect of the invention,
there is disclosed a computer 35 program storage device tangibly
embodying a program of instructions, the program of 3a
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a transcript of a gene; match the 5' terminal tag to at least a portion of a
genome sequence to thereby identify at least one 5' site therefrom, each

fth o 5 i nq & . \ il
tag; matiiitie o CACAEGS . Gt TR R S
sequenogteh techeleymitahtify tataldeast e perdosiof alyenefmeseqeench of theeecky
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lesegtienCe orecBingitbe fldenifinaltthgast one occurring segment, each of the at
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genome sequence extending e atlea site towards
otherebyrdentifpaktcosios Sitsifectherefinheaah lefdbe ahkeasi coardirsiskayingat

hgéqg%?@ﬁgﬁ%ﬁé%%mﬁgl H ntify at least one feasible gene location,

eac e gene locatioll being one of the at least one occurring
segmerfletriviing gueatifyetisnanién hetveen Braddelisicpned’ Giita predediaklast
ggnedength; and generate a data structure for indexing the genome
sequence. 20 In accordance with a third aspect of the invention, there is
disclosddeatibantdenst enayppduyinteshgtieobraptisiighneistesss ofe slseainingy

B o Ly e rom one o
the at least one 5 site towards one of the at least one 3’ site, each of the at least one
occurring segment having a sequence length;

identify 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; and

generate a data structure for indexing the genome sequence.

In accordance with a third aspect of the invention, there is disclosed a transcript
mapping method comprising the steps of:

obtaining a 5’ terminal tag and 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;

determining quantity disparity between the at least one 5’ site and the at least
one 3’ site;

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



thereby identify at least one 5' site therefrom, each of the at least one 5'
site having a 25 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 #hesgigjaast camdatutarnigrttrdssone whitheladalgast ereeri3iiniteg epolaofithe at
‘jjt% éﬁé B&Wﬁ Qts% fal RRRh Q‘Eegua%% i gn’ihgn&t least 30 one 3'site;
entifying a lea e occurr g segment, €ach of the at least one

occurnngerﬂégmgaan lbadhona tsesjblergsacsgationtialoritelat legshomenccurring
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the at one ite, eac e at feast one occurring segment aving
acxeqtnegeegmargtw;thrauIedetrmr@/utghatseeaemdetwammbmtexmmtfabm
s b leaSLANG pering, ARABEBL R MRS AhiPARhenRashle agpe
location being o one occurring segment with at least
one of the sequence Iength thereof not exceeding that of the predefined
gene length, the sequence order thereof and of the at least one 5' site WO
2006/031204 PCT/SC2005/000281 5 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 one 3' site corresponding thereto having a 5'-3' orientation,
and one of 5 the at least one 5' site and one of the at least one 3' site
corresponding to each of the occurring segment being located within the
same chromosome.
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Brief Description Of The Drawings Embodiments of the invention are

described hereinafter with reference to the 10 following drawings, in
WOMIHOHRSH 1 shows a schematic diagram of a 5' and 3' termiPal{¥g2005/000281

SAGE technique for use in genome annotation; 15 FIG. 2 shows a

process flow chart of a transcript mgpping method according to an

anE BROGMEN Ok IE JAYeNtion: fsporlny SR ealiediagromnl A52!S

ditag for application of the transcript mapping technique of FIG. 2 thereto;
OcoNTIBRGSeATE s STHSBUERENHE thE-SHECS! At ShLReiseRRIBRRE e
potitgidthelgbdome séquéncealid sindi¢avarse: sfaichirgast MoiesignaBondes
0 nomg sequence: and 25 FIG, 5 shows g.pseuda.code
of i BT Shecrsipatits el SIS SRSRUEE S0 one ot
thethielesstiormeesiéhant ot deeatiingt sagdicnte tearewguéingdoleswthiiibing
ocRHRR Qég%ﬁléﬂf sampPReat iR dsiinedgnsithier identifying of a

feasible gene location therefrom; and 30 FIG. 6 shows a pseudo code
"Match-sites-2" of the transcript mapping method of FIG. 2 for identifying
BriRf Dexipiien 0 Te Dydvengs disparity condition is met wherefrom a

feasible ge cation is subseguen tained. WQ 2006/03120
EmBRRReRS e I BisE ot & 4B NSt Wit iR e
follpeing drisvéiescrbebitisreinafter for addressing the foregoing

FIG. 1 shows a schematic diagram of a 5’ and 3’ terminal tags SAGE technique for

use in genome annotation;

FIG. 2 shows a process flow chart of a transcript mapping method according to an

embodiment of the invention;

FIG. 3 shows a schematic diagram of a GIS ditag for application of the transcript
mapping technique of FIG. 2 thereto;

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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problems. 5 Complete genome annotation relies on precise identification
of transcription units bounded by a transcription initiation site (TIS) and a
W aWalérdation site (PAS). To facilitate this, a pair of compl@a&SE)05/000281
methods, namely 5'LongSAGE (long serial analysis of gene expression)
and 3'LongSAGE, was developed. These methods are 10 based on the
original SAGE (serial analysis of gene6expression) and LongSAGE
methods that utilize typical full-length cDNA cloning technologies to
Retailtd Biegeriptionghput extraction of the first and the last 20 base pairs
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genome allows the localization of the TIS and the PAS. 15 However,
Rﬁ%’ﬂéﬁiﬁg of 5" and 3' tags derived from same transcripts in genome
sequences are not always straightforward and can sometimes be very

mbiguous. A solution.is to ¢lone the 5' and 3'. of the same transcript
e R S e e G
tohevidsel by prsicgmioninitiatiaptis(AiR) 201 vottoidnksitesBeRASNA To
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can be concatenated for clonin andﬁuencmg, with each ditag
yegireisertargaparsienaridhd danst Ak as s iens Sedhssrcastipds are
RRPE A HiRg oHREAEIOSEqbehel SPaBadY sardtiplindswih) aafi@MengS AGE

t ints, beip isely 25 definahl bej d.to the, ..
R R s i RN S N TR T
fHEI@hanadysisstanddbarfitelymdaheties 52 hdss T o) wRsdHiptosETipt.
M50 609ed 398765 @/ PR 10 ElGehotit t%@éﬁ@ﬁ}@bﬁéﬂmﬁ of the

conventional cap-trapper method is applied to enrich a full-
TIS and the PAS.

However, matching of 5’ and 3’ tags derived from same transcripts in genome
sequences are not always straightforward and can sometimes be very ambiguous. A
solution is to clone the 5° and 3’ tags 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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30 length eDNA and incorporated adapter sequences that bear an Mmel
restriction site at each end of the eDNA fragments. The cDNA fragments

WQREHEH ¥bned in a cloning vector to construct a GIS flcDNAGTREA0400281

eDNA) library. The plasmid prepared from the library is digested by Mmel
(a type Il restriction enzyme) and cleaved 20bp WO 2006/031204

PCT/SC2005/000281 _7downstream,7of its binding site. After digestion,
VPRI R S s i Bie e iRy R G %%P&?iﬁfq%ﬁw%e
di8ppedifoatuhe pabhidnddiveridbmiipntherde afifé dindldhiamgsvettothe learned
e-circling th W 1S _single-ditaq lir it
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gayRigaiNe ¢Ral SRINRACALAAdR R &S HilagislonepiceNpalschadkiagss
Each_unit of the,dltg% sequen%:ai ion ains 18#%) of 5:targjcfﬁ8rtﬁ)i% of 3'
g e ARHEREBERSD RGPS SRpHPRE oRnaHitly" SE He s, Sigrence
cemathet 8B dflappidd thitaef3taithmigenovith islaknspesearchparpte one ditag

Sgc&%ggﬁg%saﬁg%ggttem in the genome sequence. Approaches for

pattern searching include the conventional BLAST (basic local alignment
search tool) and BLAT (BLAST-like alignment tool) method. Both the

abBlAhdnRiRds iRNErY SawHiecabsaeash treiqokidecuirgs

a pattern to be searched §I‘y scanninﬁ; through the wh Jgé? nome. .. .1

RSP SHUEB oV ARRIORGIL I s e R T AT A S, A Y i

BICASTr¢bass lofal phgienanysithreh snod)| amdsBIaAGh(BlaAGT-Hke abignined. tool)
ricientIul textiidexing d HRAHERS a%'vﬁlg asyixles and b
array. A suftfix tree Is a tree-like ata—structure ving branches stemmlng
réawinea zaRotiartio 26 eesevhedthcisaeningnivightle wheln genawed d MO Hix

BhiRRBRNCME RRANRIBER s i 8sually employed if exact occurrences of a pattern
with a small mismatch margin are required. Efficient full-text indexing data-

structures include a suffix tree and a suffix array.

A suffix tree is a tree-like data-structure having branches stemming from a root with
each branch terminating at a leaf that encodes a suffix of the genome sequence. The
suffix array is a sorted sequence of all suffices of the genome according to
lexicographic order. The suffix array is represented as an array SA[i] where i=1...n
and that SA[i] = j 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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character j) is the i-th smallest suffix in the lexicographic order. 25 Both
the suffix tree and the suffix array allow for fast pattern searching. Given a

attern of length x, its occurren 'ngthe enome, G[l...n] can b ted
o5t RSO, Ao e R BE S R Sy g
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ereof. For example, for a mouse genome, the suffix tree and the suffix
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computers. To solve the oy space problem, we apply the space WO
Pﬁﬁ%@%‘ﬁ@g ’b’@%ﬁf?@&%&%ﬁ 8%icient compressed suffix array
(CSA) indexing data structure. CSA is a compressed form of the suffix

AFY- L ERRREP %ii’t&ﬁg iﬁl@@ﬁ:m_i@%m%@ 1RO RO MOBkscribed

requirements using known algorithms. Also, the built CSA is very small.
vt refeapnpreo FES A ohitheshiissergessahilo (hiis) Setggragscript mapping
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searching efficiently, Searching a pattern qf | X requires only O(x |
GRS RS QA BRI PR (e S e B e
2hsadesrittechassthspefere nbeatstdd Gl ofihicressmwint mappaee siod, 100,
acmrh%]n%ﬁag%%pi manpind: 49 5BeiaQddits FBf WRNesieERaPPing

metﬁo 100Ts for application to a transcript
In combination, the 5° terminal tag 24 and the 3’ terminal tag 26 forms a GIS ditag 30
as described above and as shown in FIG. 3. The GIS ditag 30 has a ditag length 32 of
36bp with 18bp nucleotide sequence being derived from the 5’ terminal tag 24 and
another 18bp of nucleotide sequence being derived from the 3* terminal tag 26. Due

to some enzymatic variations during molecular cloning, the ditag length 32 of the GIS

ditag 30 may vary from 34bp to 38bp.

This variation often occurs proximate to the extremities of the 5 terminal tag 24 and
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

R it ryty o ) il it viiv ) SHUiliza A\l Gtar ity vyt
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obtained from a gene. The transcript mapping method 100 is preferably
implemented using a computer-based system. In a step 110 of the
transcript mapping method 100, a 5' terminal tag 24 and a 3' terminal tag
26 are obtained from the transcript. 15 In combination, the 5' terminal tag
24 and the 3' terminal tag 26 forms a GIS ditag 30 as described above
and as shown in FIG. 3. The GIS ditag930 has a ditag length 32 of 36bp
whbg ?B’biit?ﬁjépeéﬁi6é’%’é'&{]ﬁc@%é%@%ﬁ%@ﬁ?&rﬁﬁﬁﬂaﬁ'ﬁ@ﬁwﬁ?&P?&@eztﬁ!at

anshsenatNg hEiesahavHeRtide g v ens e dsIRG HREMAY Sy aeivly.

terminal tag 26. Due to some enzymatic variations during molecular
cloning, the ditag length 32 of the GIS 20 ditag 30 may vary from 34bp to

3@bR. i&ﬂsl\la,fi@ti%@fiﬁ*@ %Mﬁw@f@@ﬁ?@iﬁ@ iQQ&Kimiﬁ@%Oﬂﬁ“@eﬁome
terminal tag 24 and the 3' terminal tag 26 with the internal nucleotides
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NHRIRPtifegeRdnA\fehadreectpisiasey magvas!yore 25 §ad Beramyahthereftoan.

The AA residual nucleotides 34 are subsequently for use as an
ofieFtafins A drashBne PHRUFERSELISIAY! 16 155 DI e iR Af 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' termjnal ta

3 26 i
35 WERABELS 1129 30oPb b AR ARG sl campHiAioaL aroies of
silssat#} a0 dn3thsitRacH: aidentiied@hgréhersd teraynatiagciftanchtion

3' terminal tag 26 are _respectively matched to the me sequence 36.
e P AT TR e el G e B Grgh S en
geneniRaEiidencring dhakibksg@mrdatitiose tPathskstartadhcenaighes the
5terming| tag 24 and the. 3' terminal tag 26 respectiyely..In a st 14, at
L ST e g D R e PR Y G b 5t e
36. it afateepaitdeiasiendte UCKONG gewRIant 42 tisrmindqug2acase gheemt
terminal tag 26 are longer than predefined minlengths and minlengths respectively (
where minlengths = 16 bp and minlength; = 14 bp); and the 5' terminal tag 24 and the
3' terminal tag 26 of R are the substrings of P[1...boundarys] and P [boundarys...m]

respectively (where boundarys = 19 and boundarys; = 18).

The genome sequence 36 is preferably indexed using a compressed suffix array
(CSA). The 5’ terminal tag 24 and the 3’ terminal tag are matched to the genome
sequence 36 preferably by applying binary search to the compressed suffix array. The
binary search 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 GJ[1..n] and a set of
occurrences of a pattern Q in G, for any base ce{adenine (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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along the genome sequence 36 situated between one 5' site 38 and one

3' site 40. Each of the at least one occurring segment 42 has a sequence
WogeIRI6&iven the GIS ditag 30 (P) for the transcript (R), thBCT/SG2005/000281

computational problem of 10 locating R in the genome sequence 36 (G)

is referred to as a transcript location i(Sjentification problem. Therefore,

iven GJ1...nl.and P[1...m], the occwlnn se 42 is identified as
EE R A cHE R S R R e T
Gmaliebitway s$rechredefined gene length (maxlength), which is typically
less than 1 million base pairs in length for known genes; the 5' terminal

tag 24 and the 3' 15 terminal taﬁ 26 are longer than predefined minlengths
L&RHh i GRYEFSS resBRptivaNFn %r@%irffgnéﬁugei“%%ﬁ[énd1hﬁﬁﬂeﬁgﬁ3°§
otdubRca ek thgaetaraninat ae Atyandde (R, te/'GINeY, 19g &b aind aeesther
substrings of P[1...boundarys] and P [houndary3...m] respectively (where

SR € EheP At b B3 MER8 908 8) 98erhe genome sequence 36 is

preferably indexed using a compressed suffix array (CSA). The 5'

rminal tag 24..and; t Higrmi IH%gfgjpg Joqhe.genome . . h
1ts% usglﬁ%oe C%gze prg%%a%%/%y%g%ﬁyiﬁng mar?géglgr%ﬁgto thg%ompressegéc '

shorfixindigy AT Hestend efprpbieg Yethihsttnmydiseashand e rexgrovseniehtive
ndeminaldagpq Areatanandent appivienanyagprosmablt, damme lofdard

performing a forward search on the 25 compressed suffix array and
SRR 455" o 1S5 rn AT g e s S8 VEE5 SRRE tﬁgn%glpﬁ'b%as el SfFEITRS .
seqraiina b (teriderdfgiartie)adbmtote Cokidgstpmegrddme G[1..n] and a
set of occurrences of a pattern Q in G, for any base ce (adenine (A),

~ cytosine (C), guanine 30 (G), thymine (T)], a set of occurrences of the

Thattelh difed s 0 eainanneainiolie GNP Mme SCNTRIn 3t dTbieBsg Yerétigese. To

Aahievest BB odifiiackascaBmMentionalRi bR SRALE keAlBR KbiidR 486 the

values in the compressed suffix array and suffix array instead, of
anti-sense genome sequence. Instead of creating two separated mndexing arrays, an

anti-sense GIS ditag is created. The suffix array is searched twice in the step 110 for
each of the 5’ terminal tag 24 and the 3’ terminal tag 26, once using the sense GIS

ditag 30 and a second time using the anti-sense GIS ditag (not shown).

Additionally, the genome sequence 36 is naturally partitioned into chromosomes.
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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WO 2006/031204 PCT/SC2005/000281 10 explicit text for the suffixes in
the genome sequence 36 when comparing with pattern Q in the binary

W@ aeleR3128ima 2 (reverse search): given the CSA for the geRE6FE@EN0344)0281

and a set of 5 occurrences of a pattern Q in G, for any base cc= {A, C, G,
T}, we can find the set of occurrences of the pattern cQ using O(log n)

time, Th d "Find S " th the, f d h the

S B e b p e e e R
sehafilznd thetrene welseagdwgmemét’amdm ieifefintd pantdength in a step
ﬂ'&e“’iﬁ‘%&éﬁ;ﬂﬂéoﬁ%@t@ 52 0By a9 rﬂ)’e@&t@&”ﬁ(ﬁ%@é&?@ H#5iBending

lemma_1 of only the reverse search using lemma 2 to the genome

deficest 3o Pidba atlFagiree AcrEEng seeBrst Mnips e grepmeslengih 44
kS kg BEkBR8Y m@p@ﬂhmmae%ae@@@@wgﬂnw%ﬂgtﬁ)eﬁsa@hﬁed as a

Salsense e doafdiess ”(‘Jﬁﬁ“‘s‘&g% Liden s greated forg eaceﬁ]fl is
Sense genome sequence an anti-sense genome sequence. mstea
shbwreatiig.tivo separated indexing arrays, an anti-sense GIS ditag is
created. The suffix array is searched twice in the step 110 for each of the

5' terminal tag 24 and the 3’ terminal tag 26, once using the sense GIS

Tgifstion0 khdbs losabibirinee ingrid s hicsehs By SRR Tbisnbis. 4o
Addifiendity, ibeganeMmaseguentasd dntiupli¢dpaifiapeddnigalysed to

hrq This enables a compressed suffix arrgy to be created for
R AR SRR P oh ISR WP S e e
2 slesd amebtalnabibiogapdoifitioohminebentbs ﬁﬁst&a%B@ﬁlm‘él@misée
SRSt ﬁ%ﬁmed%@agé chromosome.

In a step 120, the orientation check is performed by identifying the orientation of the
5’ site 38 and the 3’ site 40 that corresponds to each occurring segment 42. The
orientation of the 5” site 38 and the 3’ site is identifiable by locating the position of
the residual nucleotide 34. Preferably, the 5’ site 38 and the 3’ site 40 should have a
5°-3” orientation for the occurring segment 42 thereof to identify a potential feasible

gene location.

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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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

W@ aedidd086 as abovementioned. 30 Following the step 114P¢€HéSS 281800281

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. WO 2006/031204 PCT/SC2005/000281 11 In a step
116, the length check is performed by comparing the sequence length 44
Adfematiel, the gttt ofitho @ withsd Segehdrn amapith ef ghedBfitited Hente

141%%91‘? B EBefotO tl8 !g'aéblestgg SRS 38RN0%GSAR LS B0 ré@ﬁ]ol_ne
preferablgl_ln an ascending order. Next, each of the at least one occurring
se@RRE RO festersditiehbis roables ideniification of pontfdisertiy PFRY
threa @fiébe%%ﬂ&rl]le RYEHES aa%ien@tﬁthiﬁﬁ,d@mﬁile&ramlymxﬁenm ﬂri]ﬁs'tbiﬁof
ene Jocation.. The pseudo code "Match-sitessl" for step 116 is _shown in
o S BT AL TS oA 1 B or i s, B site 38
and the 3' site 40 10 corresponding to each of the at least one occurring

ﬁ&ﬂ%{&ﬁ@@;ﬂ%}m&i IRnideRtiiy whighchsompame gashiefiham @te
located within

s 1. The occurring segment_ 42 identifies a potential feasible
e RS Bt e kA dadsreses sukinte dieratiattoTradndrad meRIng
the thensamedikrosemeTA&d R, StemddBicthemriendrtionrefdaididor the

erformed by identifying the orientation of t}g ' site 38.and the 3' site 40
R e R A S R e
@iet BB dispititg 8'dsitarityidendifiablie ¢sjeldishtidgsthe position of the residual

nucleotide 34. Preferably, the 5' site 38 and the 3' site 40 should have a

1 . counts

> > threshold,
threshold , count, ’

where counts is the quantity of 5’ sites 38, count; is the quantity of 3’ sites 40, and
thresholds s is a pre-defined threshold, for example thresholds;; = 10,000, for limiting
the quantitative disparity between counts and counts. The CSA enables both count;s
and count; to be obtained without enumerating either any of the 5 sites 38 or any of

the 3’ sites.

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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5' site 38 and 3' site 40 to the genome sequence 36. Preferably, the
ordering of each of the occurring segments 42 and its 25 corresponding 5'
site 38 and 3' site 40 should followy. g"-oc urring.segment-3' ,str r
16D 1% B A AR P LS89 o L e
segipghsdiZzan occur in any sequence in combination or independently. 30
In a situation where the feasible gene location is not found from the GIS
ditag 30, the constraints are relaxed to allow at Ieas(tgﬁng misna%c when
¢ &

Tt dRIAEPIAG BeTdRmin SRteR P IeRBE R BN B SGtRaIReE 3B TRHE Qep°

erhBediie) 200 GIRB 1R IRE TISC 200R40Q2 8 1BrAdtengatiisigyahiages of
quantity of the 5' siteg 38 a qékhe uantity of the 3. sit re_initiall

BB e ae S AT kP o T A A e

digelnanheit seit| tengpBtnintehensteipliedln Thesiapiesieé s disdessre that

n\%gr%%%ycgé\?\%@g '&&p&nﬁlx%ﬁ{héa% Las e S deabrhhe &ﬁlﬁjﬁg@oﬁpﬂw scope
example, whien there only exist less than ten of the 5' sites 38 and more

anflapits e B IRBREINA of the 3' sites 40, or vice versa. When large quantity
disparity between the 5' sites 38 and the 3' sites 40 exists, the transcript
mapping method 20 undergoes multiple iterations of redundant mapping
to 10 the genome sequence 36. Therefore, a modified approach is
required for the transcript mapping method 100 when a large quantity
disparity arises. To identify the
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quantity disparity, a disparity condition is established as: 1 > counts
threshold5,3 threshold53 count3 15 where counts is the quantity of 5'
sites 38, count3 is the quantity of 3'jgites 40, and threshold5,3 is a
pre-defined threshold, for example threshold5,3 = 10,000, for limiting the
gGdaititative disparity between counts and count3. The CSA enables both

counts t ' Itk n rating either any of the 5'
sites 38%?%‘%§H§ %%??E@ %%ﬂ&?%@ﬁ@&? %E%s@rlibed in the pseudo
code "Match-sitéairdrioof B @rr6iigldpgpied adiderminel kg irendis pranigript of a
conditiof. js.met. In the pseudo code "Match_sites 2", the number of
iterations réquired for mapping to the genome sequence 36 is determined

by the 25 smalieiching e G tattsinahthg tuatRaFtor mxtionpibs geround serentse

ly t i ; ' | .
coquen Sy B TERiOs WRE faKeian 2RG AT 5 sy,
iteratedaviog asageeios watshiog the ey Bingites, 38, for obtaining the

. ‘ | »
conditon be unadITd e S ST Y Roe SO R

not |argeemmcmméiar@yhéen@frysﬁrlmshmpﬁi’n%jteﬁbemiwwgadomfaﬁmziemt
PCTISGROGE(000RRY, 13.4900e¥Eth i e it fgperibed

"Match-sites-I" btaining the occurring segments .In the foregoing
manner, a traseripinng A thewpettishebusaibel adetding Tosdaand the
embodiment.of the. igyention for addressing the foregoing disadvantages
of ’

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 towards one of the at least one 3’
site, each of the at least one occurring segment having a sequence length;

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; and

generating a data structure for indexing the genome sequence.

2. The transcript mapping method as in claim 1, the step of identifying a 5’
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:
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of this disclosure that numerous changes and/or modification can be
made without departing from the scope and spirit of the invention. 10 14

‘Claims 1. A transcript mapping methqgd comprising the steps of: obtaining
- a 5' terminal tagwiakahs Yerminal tagtl o ohadkResaE Bt Rbacgene; 5

matching the 5' terminal tag to at least a portion of & genome sequence to
thereby identify at least one 5' site therefrom, each of the at least one 5'

stte haVlgansedpieneerivarerting Sscmciemmaihatimsiernefiehstiing gdata
terminaditaguie firlipastiagias tiehoaitberPeNnE8e segéence to thereby
identify at least on%ICl% sgq thgrefror}t\, et?ech of the at Igaasﬁt o%é)eroege 3 s%gr

having a seq&gﬁ%% nﬁa‘[achfr?a fie grmlﬁasf]%la‘f&rae ermining quaan I

disparitipdreingbn gerone&gietde 5' site and the at least one 3' site;
identifying at least one occurring segment, each of the at least one

i nent bei nt along th s
Squentls TERSHBHARPHERERRA Bt 1 UFto b oNE SOUPETRR ARE B of
the at |gemtraiing 3ttSitest emelvbhthetn lemst eraifiscuering Sogmente kadiag
a sequepsEARRY L AideRYingAeaAstRNesasRin.gRRe location, each of

the feasible gene location being one of the at least one occurring
segment having a sequence ,
7. The transeript mapping method as in claim 6, the step of the matching the 5°

terminalitag 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 5° terminal tag to at least a portion of the genome

sequence o obtain the at least one 57 site.

8. The tran‘s«:-ript mapping method as in claim 7,Vthejstep of the matching the 3°
terminalitag to at least a portion of a genome sequence comprising the step oft

at deast one of forward traversing and reverse traversing the genome

seqﬁence for comparing the 3* terminal té.g to at leas\t a portion of the geﬁome

sequence o obtain the at least one 3’ site.

9. The transcript mapping method as in claim 1, the step of identifying at least
one feasitile 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 S’ site
and one ol‘ the at least one 3 site cotresponding thereto to at least a pottion of
the genome sequence for obtaining the at least one feasible gene location

therefrom.

10.  The transcript mapping method as in claim 9, the step of comparing sequence
order of igach of the at least one accurring segment and one of the at least one

5 site and one of the at least one 3’ site corresponding thereto comprising the

Amended Sheet
TPEA/ATT
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a 3' terminal tag comprising the step of: providing a nucleotide sequence
with at least 16 base pairs for forming 125 the 5' terminal tag; and
providingtepmittentidengenueaqrmiidatieasl.lf hoge Q@iéﬁs‘i"&{é’r%‘éﬁx%g
the 3' te@gkmhgﬁgd%nggféﬁ%aﬁﬁg%t 1rpeafpplng method as in claim f the
step of matching the 5' 30 terminal tag to 5t B4 PR dest gepdnsie
sequenc® THRINAfherste thpinsr:immseordmpchwit tefhinabifgsteegment-3°
chrosmosmmesequence. 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 35 of: PCT/SG2005/000281
Ré@eiveﬁl’i%r%mbe‘ﬁplﬁs&m@hmgs the-Birte irtiradtipgr fadeiasme same
sequencee SfedAikdr gBFETIBEAMA REMpAGHN 0250 JRIMS e the Tﬁgps(?f \
generatg}gz&a%g;lao EQé '[lO,I{ forti dexing the genome compr |r1%_1 e sté’p
of: 5 generating at 16ast one of a Tae L AtTUANG Seemsns e rbipiing, o mt
indexind°Rikoge fasiidesaga dmvetiostiBiedananscript mapping method as in.
claims 5, further comprising the step of generating at least one of a suffix

anscTipt mappmg method as in claim 11, the step of identifying the 5°-3
otientation comprising the step of identifying a residual AA neucleotide, the
residual AA neucleotide constituting a portion of the 3” terminal tag,

13.  The transcript mapping method as in claim 1,. the step of identifying at least
one feasible gene location comprising the step of: |
ideatifying 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
sagrgent ' located for identifying the at least onme feasible gene location
therefrom.

4. The transcript mapping method as in claim 1, the step of matching the 5’
tcnninal.t‘ag to at least a portion of a genome sequence cémpn'sing 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:

idertifying quantity of the at least one 3” site.

15. The @anssxipt mapping method as in claim 14, the step of identifying at least
one occuriing segment comprising the step of?

traversing along the genothe sequence towards one of the extremities

thereof fidm each of the at least one 5 site for identifying at least one of the at

least one 37 site.

Amended Sheet
TPEA/ATT
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step of: at least one of forward traveiging and reverse traversing the
gébomeThs tsagorpionafapinmp meihothgstirechliterthiribé tep tof addetilty the at

portion pf ING 90N @ﬁ@%‘é&?&cﬁi@?g@iﬁﬁ% bl tt one 5 site. S. The

transcript mapping method as in e step of the matching the 3'
terminal tag tdeaioaisigatawetrahabdng tfergenunssquence icaeapoismty tne of

step of: tr?eoaﬁféé%ﬁ%ﬁ?ofé%s?&éo Xﬁé‘rﬂgﬁﬁé’gﬂ%%‘iﬂrgﬁ@ i??e‘&e(cﬁeeé{:ﬂ"&rﬁi@%ttl%‘é‘st
genome sequence Tor comparing the 3'terminal tag to at least a portion
of the genbneitsequence to obtain the at least one 3' site. 9. The
transcript mapping method as in claim 1, the step of identifying at least 25
one feasible gene location comprising the step of comparing sequence

ofder ofT keatthnedriplenzapizing st das unriliins g nilemstemdf ddentofy ihe aitleast
least o ' site. . . site corresponding thereto
to at Ieg@t%) %éc{)ﬁtrljgﬁ %18 %g?éé%@éiﬁu%%@for obtaining the at least

one feasible geaverkiegatongtiereérome SEUMCT yvatth sndmfringpdxiiemities

thod,as.i | t | :
Metho tﬁéréB‘f‘fFGfH‘e?ch_'BFtﬁé%‘?|8£s?8%?@ﬂ96fmﬂé%gﬁﬁgé§5§@gg a

the at least one occurring segment and one o
one of tlgshoneassishe 3' site corresponding thereto comprising the
Amended Sheet TPRA/ALT PCT/SG2005/000281

18.  The transcript mapping method as in claim 17, 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.

19. A computer program storage device tangibly embodying a program of
instructions, the program of instructions being readable by a computing
device, the program of instructions when executed by the computing device
causes the computing device to:

obtain a 5° terminal tag and a 3’ terminal tag from a transcript of a
gene;

match 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;

match 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;

determine quantity disparity between the at least one 5 site and the at
least one 3’ site;

identify at least one occurring segment, each of the at least one
occurring segment being a sequence segment along the genome sequence
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accordance with a 5'-occurring segh&nt-3' structure. 5 11. The transcript
mappingxtaedingdrasionelaithelattieesttap Tfsitketatifgitgoat lefabe ab teadeasiBle

cach of b B e e T e R AR e

‘easible gene location therefrom. 10 12. The transcript mapping method
as in claim 11, the step of identifying the 5'-3' orientation comprising the
step of identifying a residual AA nucleotide, the residual AA nucleotide
constituting a portion of the 3' terminal tag, 15 13. The transcript mapping
method as in claim 1, the step of identifying at least one feasible gene
location comprising the step of., 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 20 therefrom. 14. 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
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step of identifying at least 30 one occurring segment comprising the step
of: traversing along the genome sequgnce towards one of. the extremities

the at least o N el ST D TR A Rhe
mappindpeatiohditiag imelefiriel Bt st siee acivbngifsdpyatiaatifgastseqnence

feasibleI gﬁeﬂgnl&c&ggéaﬁg%g{ﬁg%ﬁfﬁ%%%ﬁ%ﬂw%ﬂag traversal along

the genonte sequence i respon € at least one feasible
gene location ¢retetddetatifisicl e farhindexing &telgersimd spqeebtsite. 17.
The transcript mapping method as in claim 14, the step of identifying at
least one occurring segment comprising the step of: traversing along the
gébomelBequapidertearage sieyice o thelairrtinitie sroptath efdastivotansawhenf

he at | A AN ,
Site. 16 SRS R A IRRURAS HhfE s el AgRe
identifying thepsavigastronledadesiniiensaaviticatiast dnpassipg renforstemity

i? term{ﬂ@@”@rﬂﬁﬁ(ﬁ'ﬁ&l £1I8>ng the genome sequence in response to one

provide a nucleotide sequence with at least 16 base pairs for forming
the 3’ terminal tag.

21.  The computer program storage device as in claim 19, match the 5’ terminal tag
to at least a portion of a genome sequence comprises:

match the 5’ terminal tag to a chrosmosome sequence.

22.  The computer program storage device as in claim 21, match the 3’ terminal tag
to at least a portion of the genome sequence comprises:

match the 3’ terminal tag to a chrosmosome sequence.

23.  The computer program storage device as in claim 19, generate a data structure
for indexing the genome sequence comprises:
generate at least one of a tree structure and an ordered array for

indexing the genome sequence.

24.  The computer storage device as in claim 19, the program of instructions when

executed by the computing device, further causes the computing device to:
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being readable by a computing device, the program of instructions when
executed by tlgenemtaptitragt devidks sulizesrticacoffiputiegadanicy ttee and a
obtain a b’ ' : [ f cript of a gene;
25 mat?:%gqﬁgggé%%rkr@r?aﬁg%%too?ﬁtggexrl“sqﬁgﬁ é)%\g]g?%mg]ggbme sequence to
thereby identify at least one 5' site therefrom, each of the at least one 5'

site hawi ' 'termi : the, 3' inal
i5to ot ey T Ao arvce st aeh 2 R e
least onte & lsitst atportifrooii agactmefsdapeacteasisises3' site 30 having a
sequence matching the 3' terminal tag; determine quantity disparity
between the at least one 5' site and the at least one 3' site; identify at
least one occurring segment, each of the at least one occurring segment
being a sequence segment along the genome sequence 17a extending
from one of the at least one 5' site towards one of the at least one 3' site,
each of the at least one occurring segment having a sequence length; 18
identify at least one feasible gene location, each of the feasible gene
location being one of the at least one occurring segment having a
sequence
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by the computing device, further causes the computing device to: provide
a nucleotide sequence with at least 1fybase pairs for forming 10 the 5'

terminal tag; apAERPMIRE B HHEOH P G IR SRR 1P AR ome

pairs for forming rminal tag. e computer program storage
device asqurentaifor tompasithtil & Setarinshiap tact e toagoitiastod hegennnd

a geno%%bﬁe%gg%ngﬁa?ﬁmgﬁj% %%tghSH%e 5' terminal tag to a

chrosmosome sequence. e computer program storage device as in
claim 21, match the 3' terminal tag to at least a portion of the genome

aclbtig e e it e e S R R
generatt® at dkagh spaitairel dgeadersenyenes gempisessequence comprises:
generate at legasjope o?Feaot(%rW%g“fﬁ:\?e?s@daﬁ&‘ ?J\%‘?é?d[rﬁ%%éé e ?g?nome

indexing the genome sequence. e computer storage device as in
claim 19¢qnengadoyreempsring theclidagniviablag detipastiangottiencdrineggngme

dewce#kﬁﬁ@ﬁ&%%ﬁyﬂﬁ gﬂg&%m%dgféi.ce to: 18a generate at least one

of a suffix array, a Suffix tree, a binary tree and a compressed suffix array
for indexing the genome sequence. 25. The computer program storage

deyice 3§ NGl hrigrt e RIS B%iaim 19, identify at least one

feasible gene location comprises:

compare 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.

28.  The computer program storage device as in claim 27, compare 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 comprises:

compare 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.

29.  The computer program storage device as in claim 19, identify at least one
feasible gene location comprises:
identify 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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sequence to obtain the at least one 5' site. 5 26. The computer program
storage device as in claim 25, match#@ 3' terminal tag to at least a
pagtion of,2 gename ﬁﬁ%ﬁ’ﬁﬂcﬁoﬁ’d@ Rdsfee: & f'ﬁaa‘aﬁﬁ‘ez&,f f8§ﬁ¥ﬂg? ttHéj“ée.-r?‘e
and reverse traverse genome” sequence for comparing the 3' terminal
tag to abteattiarpamiprises:the genome 10 sequence to obtain the at least
one 3' site. 27. The computer program storage device as in claim 19,
identify at least one feasible gene location comprises: compare sequence
order of each of the at least one occurring segment 15 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. 28. The computer program storage
device as in claim 27, compare sequence order 20 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 comprises: compare 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' 25 structure.
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feasible gene location therefrom. 19a&2@0. The computer program storage
device as in clalentif9, idessiifyadh&A'-Beuoldetidetidive canigiris eAA2 0eidientitle

a resid ’Atﬁ g I eucleotide constituting a
portionu%q ﬁégrﬁlnag bm%lf %@%@rﬁ%ter program storage device as
in claim 19, identify at least one 5 feasible gene location comprises:

[ ntlfy Q@ni e f I ' Sl

o ond 1 S UG oAl RS £ ST B AR Yl
segmerfeasﬂtbegeed Ifmantoemnfym@eme at least one feasible gene location

therefrom. 10 3@ %S‘EH?B’MB%BE%%&‘E?nSé%ﬁ‘S?o%‘é‘Fﬁmea& 18 8!%'5? 5 ite

identify at Ieas one occurring segment comprises: traverse a
genomergoentdhewalesstome Jf tite @Qtresﬁmdmgth@mh faﬁrth@@cwtﬂng

the at laghine ¥ skadsritnitng ALiRAs! 06 b9 ALA® lefet BORGH

site. 33. The computer program storage device as In ¢ alm
at least berefrieasible gene location comprises:

32.  The computer program storage device as in claim 31, identify at least one
occurring segment comprises:
traverse 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.

33.  The computer program storage device as in claim 32, identify the at least one
feasible gene location comprises:

terminate 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.

34.  The computer program storage device as in claim 31, identify at least one

occurring segment comprises:
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terminate traversal along the genome sequence in response to one of 20

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

least one 5' site. 34. The computer program storage device as in claim

31, identify at least one occurring segment comprises: 25 21 traverse

along the genome sequence towards ojje of the extremities thereof from
il

each of the at L Sit | ' one. of:t g
one 5'site. 5 @@%eggc%rfﬁ éhié%qgo%%rar% g%%@%ﬁ%‘lc%ﬁ%é fin iﬁze}r‘%@ﬁes
identify theseaf feas easheofftrasiblieasione Josittiton identifyrisgst iestinand the at
traversa}l%lto&% ghg-genome sequence in response to one of the at least

one feasible gene |Geation being identified for each of the at least 10 one

3' site. 36. A transcript mapping method comprising the steps of: obtaining

agp termj ' termi fro fp :
chint E LSRR b SRR WS 7 BARTSATREN Q0 Bty one
therebyfrieiiifgene| astioneoBipsisestherefrom, each of the at least one 5'

site_having a @ﬂﬂfﬁ%&cﬁa%?é&ihmfﬁﬁﬁef" snomingl [%%J‘]ﬂt%%gbﬂs%‘?%%ne of
terminal tag to at least a portion of'the genome gequencet thereby
identify the laeashnesfesidlehgnnrsflopatiembpinss iratifide et each of the at least

one 3’ site.

36.  Atranscript mapping method comprising the steps of:

obtaining a 5’ terminal tag and 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 towards 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

one 3’ site corresponding thereto having a 5°-3” orientation, and one of the at



20 one 5' site having a sequence matching the 5' terminal tag; idenﬂ@f&GZOﬂS/ooﬂzsl
at least one occurring segment, each of the at least one OCCURING: ved 31 October 2006
segment being a sequence segment along the genome sequence ”
extending from one of the at least one 5' site towards one of the at least
one 3' site, each of the at least one gccurring segment having a

sequence length; and 25 identifyi % lea t,one feasibl ! QR thy
fromiegsé eneidasitenad petig BEgASERRS aéqeo?‘%ﬁgsiﬁ‘egg‘ﬁf%ir% ?gasiblg ~

gengJosationbeinaiuemelictuedtiihit tesarcohimesegticdyith at

least one of the sequence length thereqf ' he
predefined%‘éﬁ‘é*ﬁ‘é‘ﬁjtﬂ?%aﬁélgaﬁ%n%ré%%ﬁg{mﬁg%?d%%%ﬁggt least -
one 5' site and one of the at least one 3' site 30 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 one 3'
site corresponding thereto having a 5'-3' orientation, and one of the at
PCT/SG2005/000281 Received 31 October 2006 22 least one 5' site and
one of the at least one 3' site corresponding to each of the occurring
segment being located within the same chromosome; and generating a
data structure for indexing the genome sequence. - 5 Amended Sheet
IPA/AU
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