Met hod of processing and/or genome mapping of ditaq
sequences Field of the invention The present invention
WO edoat1zs41 0 a net hod and system for processi ngpdi/s@po6/000151
sequences. In particular, a nethod and system for
preparing a database or file of ditag sequences. The
present invention further provides a nethod and system
for genome mapping of ditagqsequences. Background of
the invention Since the conpletion of the genone
sequences for human and several other organi sns,
attention has been drawn towards annotation of genones
for functional elements including gene codin
t r Methodof pracessing an )enome m ng, of gif es
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approaches such as SAGE (serial analysis of gene
expression) and MPSS (massively parallel signature
Badenoemt of theTihgsetiorhort tag based nethods extract a
14- 20bp signature for representing each transcript.
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viewed as the gold standard for the analysis of transcripts. However, this

approach is expensive and slow when applied to a large number of transcripts
across a large number of species and biological conditions. There are short tag
based approaches such as SAGE (serial analysis of gene expression) and
MPSS (massively parallel signature sequence). These short tag based
methods extract a 14-20bp signature for representing each transcript. The
traditional SAGE approach, however, relies on the presence of restriction
enzyme (RE) recognition sites, such as Nlalll, and lacks the capability of
defining gene boundaries in the genome. Further, the specificity of the tags is
often poor and the information yielded regarding transcript structures is

frequently incomplete and ambiguous.



genonme-w de transcriptone profiling (US 2005/ 0059022).
The A S (or PET) analysis was devel oped as a
wore@sfi3sat i on of the 5° LongSACGE (5'LS) and 3' PADSGHAHN0151
(3'LS) analysis nethod (Wi, CL., Ng, P., Chiu, KP.,
wng, CH , Ang, CC, Lipovich, L., Liu, E, and Ruan
Y., 2004, 5' LongSACE and 3' LongSACE for transcri ptone
characterizati on and geno annotation. Proc. Natl.
Acad. Sci. USA 101 , 11701-1 1706). Starting with
full-length cDNA clones, G S Ilinks the first -18 bp
(5" tag) wwth the last -18 bp (3" tag) of each
full-length cDNA nolecule in the sane order_a
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nmet hods and systens for mapping ditags to genone.
The GISditags are required to be mapped to find their corresponding genes on
the genome. However, no mapping methods have been specifically disclosed
for GlSditags. Further, there are no existing computational algorithms that are
readily applicable for mapping the GISditag sequences to the genome. In the
past, SAGE and MPSS tags were matched to the tag-gene pairs in a virtual
database generated from known sequences. With this approach, novel
transcripts that did not exist in virtual databases would not be mapped. The two
most often used sequence alignment tools are BLAST (basic local alignment
search tool) and BLAT (BLAST-like alignment tool). However, they are not
designed for short tag sequences. Further, BLAT often leads to poor or



Sunmary of the invention The present invention
addresses the probl ens above, and provi des a new
woredohoss3and/ or system of processing ditag nucl BOU/BE®06/000151
sequences. Further, the present invention provides a
met hod and/ or system of mappi ng ditag nucl eotide
sequence(s) to the genone. According to a first
aspect, the present inventign provides a nmethod of
processi ng ditag nucl eoti de sequence(s), the ditag
sequence conprising the 5° termnal tag and the 3
termnal tag of a nucleic acid nol ecule or fragnent
. _thereof gor a, ge 1 &.fragnent, the, nethod. conprisin
incofetiaiesHlS aWalle HideT SPART T acgREUEF i TWSROslted for
I %%ﬂﬁﬁ e. According to a particul ar aspect, the
Ia“%%%?%%se rﬁ ile of ditag sequence(s) is prepared by
extracting the ditag sequence(s) fromthe sequences of

at | egst pne librar npgi,Si ditag(s)...The |ibrar
Théll, isp Hereféfe, 2, pedt i, daFelied L8P b Bfiaiy tor MuripBiRids, and
systdmsb gastheOBRyaMizdionSRitH 8RSI9sis 10TEC IS diagr datiBis @TP4¢ Sfficient
at | east one caoncatener of "ditag(s). I'n particular,
metheslsesicsitséends feomappingsditags tergenene.di t ags. More in
particul ar, each ditag sequence of the library of
ditag(s) is flanked by a spacer nucl eoti de sequence
and the ditag sequence(s) is extracted fromthe
Suin=raof they inveptibn i ng t he spacer nucl eoti de
sequence(s). When the library of ditag(s) conprises
atl east. a copcatenpr of two or nore ditags, ,the .
The eSS LM B B Idtresses, i ronlonts, ABRYE: POF, Povidescar new
mefRNEhASr lé9§fern¢<'l‘ﬂ‘;5rB§e§diﬁ§Hitggtrﬁwecﬁio%p%‘(ﬁjerfdeéﬂ FuRBer, the
downstream'the | ast ditag, and wherein each two
preseninentiomprayidesys netbod @pdrertystaip of marpieg ditag nucleotide
q[j)ilositbcg&eg}ll]between them An exanpl e of concatener of
S€ etnga P %gsngwg'separat ed by spacer sequences is
shown in Figure 19. The library of ditag(s) my
AcErtipig 36 Qnfirstr aspuct, INGCHreseptiUsvVEibn Providépasemethod of
sequence having a different nucleotide sequence from ,
procassing Khlags)ucléetides sequance(s); the ditag seguencs Fempgsingride S
1r y
tortRA 1o, ARE SR oM e Nt O, 4 AR T dmIEREIRE pP Hragment
theredfraray gehomimfragineat, dhe enethod dongpresinee prepamingl a database or

. condi fions, used. Fgrther, di fferent spacer
file comprising at least one ditag sequence.

According to a particular aspect, the database or file of ditag sequence(s) is
prepared by extracting the ditag sequence(s) from the sequences of at least

one library comprising ditag(s).

The library may be a library of nucleic acid sequences, comprising at least one
ditag sequence. The library may comprise at least one concatemer of ditag(s).
In particular, the concatemer comprises one or more ditags. More in particular,
each ditag sequence of the library of ditag(s) is flanked by a spacer nucleotide
sequence and the ditag sequence(s) is extracted from the library by inputting
the spacer nucleotide sequence(s). When the library of ditag(s) comprises at



sequences nmay be used in the construction of different
libraries, different tissues, different species,
walpdobassmt concateners, and the like. The |i bre€ySGBY6/000151
conprise ditag sequences of any kind of nucleic acid,
for exanple, single and/or double strands of DNA
and/ or RNA. The ditag(s) nay have been prepared from
transcripts of a gene or ofgan exon, or they may have
been prepared fromportions (or |ocations) of the
genone. Preferably, the ditags are prepared fromb5'
tag and 3' tag of full length cDNAs. The nucleic acid
sequences of the library, comprisin he ditags, are _, .,
leas 4 GORERIEMer RISH O EH: SE5g9. DR FOBPAIRINY FIBPasTdn 653
orighthféH,Sh @Pac@,e fEFRMAUPBIESM dRe Ofirst SR ICES spacst Filhking
the extraction of ditag sequences and for the
downsfrzarat thenlast ditagat amdseheyeirt igagh ofwalineigisouvinge ditags are

et 4 & seacaf piflRREe BB Rk oah SipbliS 3y Bhcatemer of
ditddsPfidkedoand sbpaiate B9 piare P 86Hush dedlis SHOWEFEFRurd M. The
I'Tbrary of ditag(s) isS flanked by a spacer nucl eotide
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alsPSpTRE bt expBiReRtd OIS Lotd uBD HirERaReSpacer
sequences bmaydbgi tisedvipr thien cohstruitipnt of diffe remirdioraxds s different
. fromthe range, of -42. Preferably, ,the.mninmal dit
tissyeScUpATaNt APREIES, GTISHOTL IMGRISTRSrae 10 K8 1 g base
pair digit is 40. In particular, the ditag sequence(s)

according to the invention may conprise a 5' term nal
The diprafy otayl eamprise ditag: sequescemof aary kinsk of mucleiagaid, for

exfhplet e SobTE ST St Aty BB S99 UG ) may
have been prepared from transcripts of a gene or of an exon, or they may have
been prepared from portions (or locations) of the genome. Preferably, the ditags
are prepared from 5’ tag and 3’ tag of full length cDNAs. The nucleic acid
sequences of the library, comprising the ditags, are sequenced. These
sequences of one or more libraries of ditag(s) may be used as a source of
sequences used for the extraction of ditag sequences and for the preparation of
a database or file of ditags.

More in particular, the method according to the invention comprises:

- providing nucleotide sequences of a library of ditags, wherein each
ditag sequence of the library of ditag(s) is flanked by a spacer nucleotide
sequence, and

- preparing a database or file of ditag(s) by extracting the ditag

sequence(s) by inputting the spacer nucleotide sequence(s).



termnal tag of a transcript of a gene, exon, a

portion of the genone, or a fragnent thereof. Mre in
w@aobiakar, the ditag sequence may conprise tPEr/SG2006/000151

termnal tag and the 3' termnal tag of a full-length

cDNA. According to anot her aspect, the nethod

according to the invention further conprises carrying

out a quality control checkgof the ditag sequences of

t he database or file. The quality control check may be

carried out at the level of library, plate, well,

sequence and/or ditag. The quality control check may

be.carrjed out bhefore mapping. the dit sequenc to, .
Motir Giir. e Gfadsate e Eom Poiecist o IToHEng Jas IBlgwing
pardBetéi@ci de elimnating from consideration sequences

which result in an error and do not correspond to

di t ag saideastore spaer nueleotidesensenee;mappi ng t he

ditag(s) to.th enonme nmay. he.carried out . .acgordi ng to
any o BT A BRRe o (PP e oiferB #RESRICGE nlfber
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identifying at | east one segnment al ong the genone

sequenca XNt ditee daset paie bRt digibawhersip the digit isi ; aumber

an :ad gpm nal ; and identifying at

Ieast{oggﬂzwé'ﬁ?i%%&?%ggti on, one gene, a fragnent

thereof, or an exon l|location. According to another

spect, the method accordi ng_ to the present inventjon
[
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: In particular, the mapping step conprises
palﬁﬁ@gﬂ%aot he at | east one ditag sequence to the genone,
conprising matching the 5° and the 3' term nal tags of

In eatficiler Wer i, saarcelACcor a0 ¢ abefverliay Fiay pomprise a
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teriiiieltad ok o aiins iR o1 A SRoBnaXan. 2. §OHRN, 3 i @fioms, or @
fradfbREtHePe Sl Mor& iR Marfidifarc the ditaﬁMéqm@abéynswzbmm@e the 5’

out a quality control check of the ditag sequences of

termival trg apd e drterminal taghaf a fulblepotyclPNA- at | east one
di tag sequence to the genome, conprising

According to another aspect, the method according to the invention further
comprises carrying out a quality control check of the ditag sequences of the
database or file. The quality control check may be carried out at the level of
library, plate, well, sequence and/or ditag. The quality control check may be
carried out before mapping the ditag sequences to the genome. In view of the
control check, the operator may decide eliminating from consideration

sequences which result in an error and do not correspond to ditag sequences.

The step comprising mapping the ditag(s) to the genome may be carried out
according to any known mapping method. In particular, the method according to
the invention further comprises identifying at least one segment along the

genome sequence between the matched at least one 5 terminal and the at



matching the 5 and the 3' termnal tags of the ditag
sequence to at least a portion of the genone. In
w@2006i183kar, each ditag sequence of the |ibrarpCo$G2006/000151
ditag(s) is flanked by a spacer nucl eoti de sequence
and the ditag sequence(s) is extracted fromthe
library by inputting the spacer nucl eotide
sequence(s). Accordingly, t?e i nvention provides a
nmet hod of mapping ditag(s) to the genone, wherein
during the step of database and/or file preparation,
the ditag sequence(s) is extracted by i nputting the
following paraneters: - at |east one spacer nucleotide

Ieagbaﬁ%ﬁi:éermmal N mnt@(lﬂ@@tdagg et rCh(%pSgrr@i focation, one
genth Sl FadbhEd it of s 2xBEHigghosen from the range of

a maxi nmal "ditag base pair (bp) digit, wherein
t he di glt |s a nunmber chosen fromthe range of 36-42.
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gerjasee PP GG MRIgR0) e ghd 41 2 e Rliah aBher aBle ditag

seqUdticbde Bt iddstd [iffien bPerd §eomay result in a discovery
of a new gene location. Accordingly, the present

invention also provides a nethod for discovering new
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ag sequence,

nueastidd $equees)toghe gehbmegmwmthawa@hpasmg mat chi ng
the 5' andthe3 termnal tags of he di tag sequence
to —a@relp@agg % %@P@%ﬁrste Q%P@%lﬂ%ﬁé ea&ﬁane eﬁ%qusgce the
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I ocmﬁolmn ammdhmﬂeméevogﬁagmelnmtmebi cular, in the nethod
acc_og OItllongalltyoc:aarIn ng Bt a quafltytcrz)entrlorl“c/: Q(tzli 8P ‘chet gi?agdiséggences of
the database or file; and
- mapping the at least one ditag sequence to the genome, comprising
matching the 5’ and the 3’ terminal tags of the ditag sequence to at least

a portion of the genome.

In particular, each ditag sequence of the library of ditag(s) is flanked by a
spacer nucleotide sequence and the ditag sequence(s) is extracted from the

library by inputting the spacer nucleotide sequence(s).

Accordingly, the invention provides a method of mapping ditag(s) to the
genome, wherein during the step of database and/or file preparation, the ditag
sequence(s) is extracted by inputting the following parameters:
- at least one spacer nucleotide sequence;
- a minimal ditag base pair (bp) digit, wherein the digit is a number
chosen from the range of 32-38;



sequence(s) conprises a 5 termnal tag of at |east 16

base pairs (bp) and a 3" termnal tag of at |east 14
whawe/1pirs (bp). In particular, 16-18 bp. PreP@r/sa6tiope/000151

a b termnal tag of 18 bp and a 3' termnal tag of 16

bp. I'n the nethod according to any aspect of the

i nvention, the extraction of ditag sequence(s) and/or

the genome mapping may be carried out through the

Internet, on a conputer, for exanple a stand-al one

conmput er, and/or of a medi um support. According to

anot her aspect, the present invention provides a

system for processing ditag sequences. According, to

anot her2 ZBpdenal d!tﬁ%rb%We?ﬁ'?&P%acﬂ% Wheraindhe Q'@E@t%r‘ﬁumber

of GRIARMBITARRE RendY ofis4.ag, sequences (a

di tag-to-genone ndppl ng systenm). According to a

particul ar aspect, the system according to any aspect

Prefeiabiva i i) B, EISE A (Dl 54 Sl G B dRpK e atag base
paipa@qqg‘:abng di tag nucl eoti de sequence(s), conprising at
I

east a nodule for preparing a database or file
conprising at | east one ditag sequence, the ditag

Ting SRS Sy et lrprisk 1P fb e 4 i Sreinent atong
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at abase or file of ditag sequence(s) is prepared by

leagionect teigninak amd idgntiyifgeat leas) oneiremessateulosatien ogene,
oL IbFERH F LR oo TR AR gy may resuttin

discoverg o h ricwv fenalkeshtion. a spacer nucl eoti de sequence
and the ditag sequence(s) is extracted fromthe
library by inputting the spacer nucl eotide

) .1 r £, di L .
ARSI, T bref Uy Ot 269t Rba LG new
ger(a), @oenmisingnpri ses, in a 5 -3 orientation, a spacer
flaki ng upstr the first. dit a spacer flanking
doviREPEING A ARREES GPIRESINGIR TEARPNE U At SR ng
di t-aﬁﬁag?ir? feP 2 A&t de @itégaé’e%heﬁ@é!tb'tﬁ@eébﬂ%ﬁﬁé\{eéﬁnprising
t hem escri bed above and in particular, as shown
i n MRatgihing e 51 ang the Bcierminal tags oktheyditaghsequancei tagat least
to inVﬁnti oint an opﬁer_ator selects at | east a
a portion of the genome; and
- comparing the found location or sequence with existing database or

data to determine whether it amounts to a new location and/or new gene.

In particular, in the method according to any aspect of the invention, the ditag
sequence(s) comprises a 5’ terminal tag of at least 16 base pairs (bp) and a 3’
terminal tag of at least 14 base pairs (bp). In particular, 16-18 bp. Preferably, a
5’ terminal tag of 18 bp and a 3’ terminal tag of 16 bp.

In the method according to any aspect of the invention, the extraction of ditag
sequence(s) and/or the genome mapping may be carried out through the
Internet, on a computer, for example a stand-alone computer, and/or of a

medium support.



link, which activates the nodul e, the nodul e | aunching
at least a user interface, and wherein the operator
WO ppat13s3ent o the user interface the foll owi ng PCT/SG2006/000151
paranmeters: - at |east one spacer nucl eoti de sequence;
- amniml ditag base pair (bp) digit, wherein the
digit is a nunber chosen fromthe range of 32-38; and
- a maximal ditag base pairg(bp) digit, wherein the
digit is a nunber chosen fron1the range of 36-42; and
t hereby creating a database or file of extracted
ditag(s). Preferably, the mnimal ditag base pair
digit is 34 and/or the maxinal ditag base pair digit
is 40. The user interface may be a graphical user
Acddili f&Feandtﬁbrp%%FééﬂJ'tﬁé pfé%ehf‘%%ﬁto%mp%w&é’@ a system for
I nvention ag sequence conprises the
proc&m@dltagagemqelse Agcotdingrito sanatiber espectt rtm:*.rm\rerq@tpn also

ortion of e genone, of fra nt
Profigs b RYSIREL Y BPRGTEINaROrAe kS aTEs JplAPE-Gnome
mapgi‘h@f@bf&n} Addoeding 6 at pa&ﬂcul‘df h&SEctCHRPSstan dcBrdlHY €0 any
qual ity control of the database or _file of ditag
asmgéth@esvew iscise eefegrddoasiGlpdiaaieel may be used
at the level of library, plate, well, sequence and/or
ditag. The quality control check may be carried out

Acdurtlingly, rthe pindgntidre piovidgs %\eeﬁﬁéﬁ‘ﬁﬁoﬂ prdckesiagnditay nludleotide
view of the control check e operator may decide

Sequenfe(Sat CREPTIEBIE @brleasied anpaule; IS RiepaERgea datrbase or file
corhiisth étrfe Ccorgftagré%gg tthgocflf R (?cﬂ?etri]e sys?g?ﬁng the 5’

sequences. her as
terranabrtag rand ¢he (8 termimad itag o‘fua( trueteic agid imelecalenod ditagment
for map in he at /| east one ditag sequence to the
thegrai o eh Hﬁ%% bhatching the 5 and the 3' terninal
t ags of the dltag(s) to at least a portion of the
genone. Accordingly, the present invention also

In particilde sha daj@naaa oofilegdroiiag sempienng(shfis prepayed by extracting

the R Fefig Ce(8) IRt e RERORReRRRr ) TeRHCaRt pyary comrising
ditadéabase and/or file conprising at |east one ditag

sequence, the ditag sequence conprising the 5
term nal tag and the 3" termnal tag of a nucleic acid
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spacer nucleotlde sequence and the ditag sequence(s) is extracted from the
library by inputting the spacer nucleotide sequence(s). When the library of
ditag(s) comprises at least a concatemer of two or more ditags, the concatemer
comprises, in a 5-3’ orientation, a spacer flaking upstream the first ditag, a
spacer flanking downstream the last ditag, and each two neighbouring ditags
are separated by a spacer positioned between them, as described above and in

particular, as shown in Figure 19.

In particular, in the system according to invention, an operator selects at least a
link, which activates the module, the module launching at least a user interface,
and wherein the operator inputs into the user interface the following parameters:

- at least one spacer nucleotide sequence;



sequence(s); and - a further nodule for mapping the at

| east one ditag sequence to the genone, conprising
woraioehsizgz the 5 and the 3' termnal tags of tPEI/SG2006/000151

ditag(s) to at least a portion of the genone.

According to another aspect, the system according to

the invention conprises at |least the following: - a

first user interface conpriging at least a link for

extracting (extractor) the ditag sequences and a |ink

for mapping the ditag to a genone; - a second user

interface, which is activated by an operator by

ser i ShERe) Ll PSS Mair OB AUSTE SHTEISLITG AGRaS B number
m mmbnqrﬁ%@%é’é‘ﬂ 32-8Bpandli git, a maximal ditag

base pair (bp) digit, and the nucleotlde sequence of
at | easa madmapditay basgueaic dp)-digit,twhereinithe digilt isra aymber

for na he dita e (s) to the genone or
chr gﬁﬁ@n&r&e&{q gf dﬂﬂ %ﬁfourth user interface
show ferebg cr&ﬁmlgtasdgtfabbaé ofiRPOMNExtratied aditagshe
ditag(s) is aligned to genomne. The system according to

any aspect of the invention is operable by an operator
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paisdigitds 40. Foe asdi mrgerfanearmyrbera graphical usbeinteNacd.i on
provi des a conputer-readabl e medi um conprising a
conput er program the conputer program bei ng operative

PEELISS TP b Rde dthe inRm ﬁrefhe & rrses the 5’

corrputér program conpri ses the syst cor |ng o any
terrmpétag andtthe 3 terevinaldagWwftehtrapsaipt nda gene hexang@pportjon of

step ntio above, any known mappi ng net hod may
the genome OFE%%W{HR%@E rding to a particular

enbodi ment, in order to accomodate the ditag data, a
Suf fi x Array based Tag to CGenone (SATZGt) al gorithm may
Acamdmgeto faoothaippsprett fiee dystain saeposdiogsta the igeerdion further

cord iR S Pt br S04l REHHRf o e ARG Hle W ftag sequences.
The module for quality control may be used at the level of library, plate, well,
sequence and/or ditag. The quality control check may be carried out before
mapping the ditag sequences to the genome. In view of the control check, the
operator may decide eliminating from consideration the sequences which result

in an error and do not correspond to ditag sequences.

According to another aspect, the system according to the invention further
comprises a module for mapping the at least one ditag sequence to the
genome, comprising matching the 5’ and the 3’ terminal tags of the ditag(s) to at

least a portion of the genome.

Accordingly, the present invention also provides a system for genome mapping

of ditag sequences (a ditag-to-genome mapping system), comprising:



Therefore, in accordance with one aspect of the
i nvention, the nethod or system according to the

WO povensizan al so provi des a mappi ng net hod and/PCT/SGENEN0151
conprising the steps of: - preparing a database
conprising at |east one ditag sequence, the ditag
sequence conprising a 5 termnal tag and a 3'
termnal tag from a nucleiggacid nol ecule or fragnment
thereof, for exanple fromthe transcript of a gene; -
matching the 5 termnal tag to at | east a portion of
a genone sequence to thereby identify at |east one 51

ﬁgi?%%@%ﬁrﬁ%%ﬁpg&pr}@g%aﬁa lgl%? lae's q?/Of it? comprising at
W@&%r@df‘té‘@s@ uérﬁféntﬁ@bhtéége&@er%e b&ﬂ‘éFlSlﬁgﬁﬁétﬂ ®tnfihal tag

t he genone sequence to t hereby 1dentify at | east one
Andsthed? ' ttermnioal g, of@nhclefc adie molecude or frageestt thereef;

09 A0 080, bR BB o

tfRuehce@3sandne occurring segnent being a sequence
seghent al ong the ?enorre sequence between one of the

at |-eadurtieremeduls fo maapipadherattpastigne gifag saemiegce to the

S Ui |

r%%ﬂ%ﬁ@ee a&i}gg selhg(?n%%p]‘g@at% %%d%éen ttél?ﬁnég&gsﬁf the dltag(s)
coeatliemstidpertioans theogahoime, each of the feasible gene

| ocati on being one of the at |east one occurring

segnent havi ng a sequence | ength not exceeding that of

Ac%rﬂ{nﬁgﬁféﬁ@tﬂegﬁgﬁeéteﬂ% g stéﬁ?%&%rﬁﬁ#ﬁfb fRPIVEhtiGS RBMprises

nventl on row ppl ng system
at leaﬁﬂhésﬁmllmvmgneans for preparing a database by

S el als b BTaind h ekt e Rkl R0 Jfacton
A altégksaﬁ%ﬁcé%raﬁd 3BAR Hér masbmgfthefo% %@r@érﬁ)rﬁéom a
trans Ipt of a ene;, - neans r matc

t er@ secondgisen lreterfa@@swhlah p® activatedbyaan @perﬁor by selecting
nce to.,thereb ntif | eas ne5
BREVERPa AT et Rirotoh o sdabafluagfder R, omltig fistos for
iy 8 mmimal otad bassd' aire(bﬁ) dRyit, hadaximareag Ja¥e pair (bp)
rratchl ng the 3' term naI ggto at least a portion of

I&!t @éﬁl he n@élﬁ@é'd@éeﬂﬁeﬂﬁ%p {/lepgkene spacar sesiiencene
-Sé tird ngérefn'i@r?%c ?o?hn&gplhg"?he ditag sequence(s) to the genome

or chromosome location; and
- a fourth user interface showing the results of the mapping, wherein the

ditag(s) is aligned to genome.

The system according to any aspect of the invention is operable by an operator
on a computer and the operation is carried out through the Internet, on a

computer and/or of a medium support.

According to another aspect, the invention provides a computer-readable
medium comprising a computer program, the computer program being
operative when associated with a computer, and wherein the computer program

comprises the system according to any aspect of the invention.



at | east one 3' site having a sequence matching the 3
termnal tag; - neans for identifying at | east one
wo@ewansizmy segnent, each of the at | east one ORPCLBGRMNE000151
segnent bei ng a sequence segnent al ong the genone
sequence between one of the at |east one 5 site and
one of the at |east one 3' site, each of the at |east
one occurring segment having a sequence length; and -
nmeans for identifying at | east one feasible gene
| ocation, each of the feasible gene | ocation being one
of the at | east one occurring segnent having a
sequence | ength not exceeding that of a predefined
gene length. According to another aspect of the

With Péfdteh@8 to ftl’ie n$a eﬁ’% ?eﬁg & FRARLASH BBb0E damP RREWA Mdpping

the steps o a ditag database conprising
methad maylbuguaed I Idawevemacdomb:@g td arpaaticutpt embodiment, in order

to aicpagatasie i Ak dhimm Sug Al Betl THANS (Gipdin (§AT20)

algérithh® Frfﬂyrl?é ubéd fdr RBbBInGURE %I'ltﬁg %@hdeﬂ@é@@é @eﬁf)me sequence
fragment thereof, for exanple a transcrip gene

built and drdexgc 108 an advaricad datagstracture |Cé@mpre§sgdr uler Array
(CiA a genone sequence to thereby identify at |east one
'site therefrom each of the at |east one 5 site
havi ng a sequence matching the 5 termnal tag; -

matching the 3' termnal tag to at |east a portion of
Th@'ﬁ@rger'ﬂbrﬁc@é@%&ﬁ:év”bqnﬁeﬁéwtl ol the fipventionedbe @gshod or

sysﬁemsé&?orﬁnl & A m@ rP I%t{:z)r@fld%seaasﬁn%ﬁpggr;n}%'tﬂo%l and/or

quencé na ermn
syst@iarUdn’ﬁpnsmg the $tepstofone occurr| ng segnment, each of

the at | east gne occurrin nment . bei a se uence
PagNg r?gg%fﬁ@aa% ﬁSH%Pr% %h'@@sb%@%\ggﬁg &ﬁ@ gRce,Hhe ditag
sec@fet nc8a%im Pa s 'téﬁnf?\%ﬂta@&nd’fa 3'Kerrhal ?a?sﬁ'oﬁ’ln& nicleic acid

eac t he at east™ one occurring
motmaiengr ﬁagmqubﬂmemfef@texanmiel from ﬂmiramgcrnng oﬁa deamast

oo cumerirg P Sremat o of 834t & poltian 672 9eBliereauence

to (B8R i@@ﬁflfyoeﬂ |e5sm1é> Besied tHé?éfr@ﬂh b@@ﬁbf@lﬁ‘@ aWé?d!;'t bhe®%’ site
segrrent w th | east one of the sequence engt

ha\tnrr@aammace@m@bmgdbetﬂmrrmmaltta@, predefined gene

en0fugh 8RR oL i J6p 0 B Bl f e Bhome
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;

- identifying at least one occurring segment, each of the at least one
occurring segment being a sequence segment along the genome sequence
between one of the at least one 5’ site and 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.

According to another aspect of the invention, it is provided a mapping system

comprising:



corresponding thereto in accordance with a
5'-occurring segnent-3" structure nmatching the

W@ ewpaasise2 or der of the correspondi ng portion oOPCT/B&2006/000151
genonme sequence, the 5 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 |east one 5' site and one of the at
| east one 3' site corresponding to each of the
occurring segnment being |located within the sane
chronosone. Brief description of the figures Fi gure 1.
The structure of S dita G S ditag-to-
mappMegns| fer thePhI @afgﬁam Yne¥tFﬁ<§'n9|g@hle@%t ens d'tagy the

ditdd bARPriSTE AEPCfefintfal B8 id o 3 it ¥rofPahicleic acid
moleeli ofragrobt thereas fmrexamplé frotha tamsoiip ofc gem
of ESES falgeBtiie B fdopthaiia GEtpaARoRon 813 Gehome

seoﬁ.@nbé%@‘iﬁ@#éw |€Iéﬁﬁfy'aﬂ léaﬁ @r’fb" SNBIEO FRerefrb@le@ch ofltRéat deast
schemati ¢ di agram of 3" terminal tags of A S

onelbtsite fqam\emgaars@lugoceém@tsh@g th@ Sateraninald®gt echni que for

soc LRI RIG LTy il ' 8 Bt SEE of e

gerfurAs esguéhedma tisrebp identify ankeast bhe IBBRE Nigerdfohnteach of the
according to an enbodi ment of the invention.Figure 4

at lgaghenesd Silediaming agiegyense sratshiag heidt tegminattadip NO 1]
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g AR 8k, BBC S SRR PR br e o

leadlOoRé dqdeffjing csergmmtebemgpa rsgquibheei segnidnt alquehhneegenome
Wi th A2G|sco s.  First

seqliggge wgentoav&so & al TG 5o L AP T b8 Abdgass one &
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req U|re tag an requir
The-nmealmstfoe idendiyidgsatelpast bee Feasibieggens lecaiioa, |ea'ch ef the

feaB bl 86N IRCATPB TS PRO RS A BRSEONE o0t Flr o iing a
seduERREIIdnGH ridt Retding thatofa p@@l@flﬁed Gaee Iéddgthi n the

same chronosone, sane strand, sanme orientation, in 5
foll owed by 3" order, and W|th|n 1 mllion bp

Ac&héfnﬁ?%ﬁ@&&bgf ESrgg%ﬂ-sﬂ‘gt\@%eiﬂH%@?ogg G %oﬁ%vliuzeidng-n%ﬁrﬁﬁg rRefathod
comprising the steps of:

- preparing a ditag database comprising extracting at least one ditag, for
exémple from a library of ditags or from existing database(s) of ditags, the ditag
comprising a 5’ terminal tag and a 3’ terminal tag from a nucleic acid molecule
of fragment thereof, for example 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 &' 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;



Figure 3 for forward and reverse searching of 5 sites

and 3' sites froma genone sequence. Figure 7 shows a
w@s@adss3ende "Match sites 1 " of the transcri ppCTHREEO6NH0151

met hod of Figure 3 for identifying the sequence |ength

of an occurring segnent, the sequence |ength being

subsequently conpared with a predefined I ength for

identifying of a feasible ggne |ocation therefrom

Figure 8 shows a pseudo code "Match_sites_2" of the

transcript mapping nethod of Figure 3 for identifying

an occurring segnent when a disparity condition is net
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activities of ditag extraction an
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the@o$d1d:tagd§eedln1gotﬂialrt]eﬁ (tglaeécbredé’:’iaedldgen@asmgthm@sdqtm@wdeoorder
0 ient, the | tagTool conprise ,
the s A O?ntaﬁeﬁ %J@a% 804 e 5 48 ; sy one 3 site

co r%@naﬁh «'-Sltoo [} a@éor’dgﬁ?é Skith' &S5 aoé&r?ﬁhgﬂ %%gxﬁﬁéyrﬁ 38 Structure

ect is for data an |'e organi zat i tractor
mafodming:lithagsenuemaet omter &k&éme roarrespondingl postioroof rtbe; genome

seciB RN Asite 2y e g e HidRasTRER 5 ke ¥akons RO seast
onea@t 's.i(étdo Cﬁsﬁ&ﬁ@r‘thbm{é% hes.3’ Fdr%#ﬂ&t%ri”aﬁoooﬂré of the at

show F arts four G Sdit agTooI nodul es
leasiceng ﬂl $1§P and one ofdheat ledstione 3’ witernarmsponding to each of the
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Fi gure 13 shows an Exam ner Mdule flow chart, and

_Figure 14 shows_ a Mapping Mdule flow chart. Figure
Bﬁﬁeﬁgﬂm@!ﬁﬁﬁ_@ﬂiﬂgﬁual ity control (QC) user

interfaces (fromA to F) of
Figure 1. The structure of GIS ditag and GIS ditag-to-genome mapping. In the

example shown in this figure, GIS ditags are generated from full-length cDNA
library. Each ditag [SEQ ID NO:1] comprises a 5’ and a 3’ tags (~18 bp each)
corresponding to the termini of the full-length clone. Direct GIS ditag-to-genome
mapping of the ditag locates the boundaries of the corresponding gene in the

chromosome.

Figure 2 shows a schematic diagram of a 5’ and 3’ terminal tags of GIS ditag
(herein also referred to as ditag) technique for use in genome annotation. This

figure also shows the preparation of concatemers of ditags.

Figure 3 shows a process flow chart of a transcript mapping method according

to an embodiment of the invention.



G SditagTool . Sequence reads can be upl oaded for ditag
extraction via the extractor nodule (B). The

W@xa06a8B4DN paraneters can be nodified at thi SPGL/&GE06/000151
QC is conducted in sequential order. The very top
panel (A) shows the statistics of all the projects.
When the Exam ner nodule is activated, ditag
statistics for all the libyaries is shown (C).
Cicking on a library, a plate in a library, and then
awll in a plate, the user is able to evaluate the
gquality of plates (D), wells (E), and sequence (F),

Fiolfio % Bl & ebhehlafio ofeB or Ao IS i UREG SRR o
apglieatiots ef tHefr@idoripe mdppingfeéhhidueddt FRyGe 3 awter), of

Figure 15. Figure 18 shows the user Interface (E) of
G SditagTool of Figure 15. Figure 19 shows the user

inter . : Ei .
Fiohfl 5 snBRRS{5 eRandhRe 17 HEER] (aTEisr Tt iadidh . dtapping
PET Qeqasfcéswith$RT2BMHpicopducidd|ie tabisiass. tFisst diheaftaye and 3’
genomne. and provi des both the nmappi ng sumary (Gi6 and
tag%r%ﬁsﬁ'lﬂ@_e@aﬁﬁ‘gﬁpﬂ‘@?mwgﬁ'ﬂﬁt m%%\%@?mhﬂ’it ag gpeperfect
maRIERGR, AL I 6 EREA 5 rociid FEEMS ks Then, in the
sedond s;\:jem,ohtn-e. 5'[dignmernite ase pabed agth BeSchrrespondingaB’salignments
. referr to as. dit ,. 1.5 defined and prepared . ey
in Seaseh of Mo LeresTonsBiniaodbe ChraDonnars. Burark igentiied i
botWbfCihel 5 A8 & Naheé R tRE QAR chfSR6SHRE; sanlé@k@and, same
Information, in any form on which a conputer program
orientaticr, &3 5’ fodlowedasy diaarden anslewithie ovitlicsbe sisiayce.
information regarding ditags, in particular, to base

. pai f dj ark: »eQLd .
Fiofifd &3p8s" bR G PG & dhe PSR FEpPhg rpgthod o
Figafe BBiy frwelkdand fevers®fdasmeieing yoit 8nsité@tany Gvisites from a
conprehensive facilities for the organizati on and
geninR §eABPRCSf a body of data required for a particul ar
application or group of related applications. -
Dat abase: for the purposes of the present invention, a
Figard I7echoos af psendo (cadei fVigiohesibds i 1if of rifaé i toam)sovipt mapping
it i Si { t th | '
meg'l}odagf(l-si)gurgeo 5r| i%lleﬂﬁfy?ng tlh%assequenge rl]eulggtﬁ%tfla%eocsc% rlilr(?gn gggment,
the sequence length being subsequently compared with a predefined length for

identifying of a feasible gene location therefrom.

Figure 8 shows a pseudo code “Match_sites 2" of the transcript mapping
method of Figure 3 for identifying an occurring segment when a disparity

condition is met wherefrom a feasible gene location is subsequently obtained.

Figure 9. Data Management. Entity-relationship diagram of GlSditagTool. The
entity-relationship depicts the architecture of the mySQL tables. The
architecture is composed of project, library, plate, well (each representing a
sequence), ditag, and genomic location in sequential order. The extractHistory

and mapHistory tables record the activities of ditag extraction and mapping,



ditag(s) in a DBVS. It may al so conprise further
i nformati on such as the size in base pairs (bp) and
w0 b@onssskeot i de sequence of one or nore spacerPCBE8GE2006/000151
orientation of ditag(s), a library or sequence
identification (ID) nunber, and the like. The data or
information are col |l ected, accessed and/or stored
w thin a conputer system ang/or a conputer-readabl e
medi um The database may al so be avail able on the
Internet. The definition of database also includes a
body of information or data held within a conputer
syst em and/ or a.comnput er adabl e nedi um usin
rospiEhaM IS Sloshicits Bahee st dsnomte. e sfushgel Bhter tables
pro(@e%dl@?cﬁ!rfc?mfdrﬁlétﬁ)ncrm@d%r fHd ;@r)oceés col l ection of
information, referred to by file nanme; for exanple, a
user - cr eat ed docunent, programdata, or the program

Figrees i0r . GtSﬁltagT@obun%@ég #1d (MESEedatmbasay 6dingifo one
emlbﬁgfir‘?éﬁtnetﬂea%@dggyrgﬁt 'C%Pn segatf&l( gﬁoélﬂegeqﬁ@aly Project,
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i
for 38fy BPAEP i MRpPing ol B xgeribrnt Mdiping: mESa88nal DB
mahbgeﬂnehe sySieen ged\ades eany draffidkiran far thecadtivitetsebetween those
moac&essed and/ or stored within a conputer system and/or

U€Snput erreadabl e medium The file may al so be
avai l able on the Internet. One or nore fil es of

F.gdrésam 30 12B3hdg 6! Gredredof four @l@dﬁagw mfodméseéccordmg to
Detail ed description of the invention Conplete genone

onexgspeet Pbihe évessioon Ippadtiosdan dégiref 1t shows afProject Module

ol FRBRSEEIS 32 b AR Bl b SRl shove an

Exélﬁl‘h‘é)r Md@aulkeaflioli Eivdre, hhd SFigarepdur sisdbws cMMgpEng avigdule flow
nmet hods, nanely 5' LongSAGE (long serial analysis of

chajbne expression) and 3' LongSAGE, was devel oped (Wi et
al ., 2004, see above) These net hods are based on the

Fol, 360 S8 R R YL o] SE RS AR A o
GI&dlltagTrm@l t eBSdmuEnTgi madsocmddel eploaded tfor alitghpextraction via the
rst, and the last 20 bas
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of all the projects. When the Examiner module is activated, ditag statistics for all
the libraries is shown (C). Clicking on a library, a plate in a library, and then a
well in a plate, the user is able to evaluate the quality of plates (D), wells (E),

and sequence (F), respectively.

Figure 16 shows the user interfaces (A) and (B) of GISditagTool of Figure 15.
Figure 17 shows the user interfaces (C) and (D) of GISditagTool of Figure 15.
Figure 18 shows the user interface (E) of GISditagTool of Figure 15.

Figure 19 shows the user interface (F) of GISditagTool of Figure 15.



However, matching of 5 and 3' tags derived from sane
transcripts in genone sequences are not always

W@ Reoail3fssf orward and can soneti mes be very anbPQUeGH06/000151
One 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
conpri sing cloning adaptersjgand a vector link the 5'
tag and the 3' tag derived fromthe sanme transcript
into a ditag. A plurality of ditags can be concatenated
for cloning and sequencing, wth each ditag

o 856 I, AR A P SBT5HL e D318 o

The peap;bmgakriqdumallgpbi th withs atof yanemef ahdap&midlezt $oth the

bej ng reC|se nabl e when
magewhe 'BE&\% otrhr%/vsawpaaew?tyn%ewadﬁﬁgc growsef Ditags
| [ [ |
area%jrgge)ecﬁl ?Rﬁﬁiﬁ%U@Cﬁﬂf@;‘dﬁe@, éé? s o t?alinzﬁgre%gl)l‘l‘ogﬁed on the
nurahéet of targaid douny) ingtheegenomenf nucI ei ¢ acid nol ecul e or
fragnents thereof, is described in the US patent
application published with the nunber US 2005/ 0059022
(the whole content of which is herein incorporated by
Defigitiengence) . An exanple of the A S analysis (also
indicated as G S technol ogy or nethodol ogy) is shown
in Figures 1 and 2. According to a particul ar aspect
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- e RO 5 erdien SAMAETH NG, SHEIAR reparec
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restriction site at each end of the cDNA fragments.
incaiporateliby iefef#BRes are then cloned in a cloning vector
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However, the G S net ogy IS no
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fouf f
base RAEer i b aane B dite e Grkeld diedfary [
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cl eaved 20bp downstream of its binding site. However

sysigry rthak rprevides @ermpreheasivgniadilifigsarionsifiensergapization and
mah%@%rrn'eﬁl Cuﬁaliééfom%tabl%qﬁfrsg fblnat i1 %@éﬁ&qgh cﬂ' deldlle of

restrl ron e ne Ssul

reldtod appticationzose of the G S net hodol ogy may be used
After di gesti on, thefrIcDNAlnserts of the lib
Sﬁrf?% Ba PUBPseTe hergpent ipvertian. al‘B‘Eﬂ?Ct'on ‘of data (orin

general information) of ditag(s) comprising at least the nucleotide sequence of
ditag(s) in a DBMS. It may also comprise further information such as the size in
base pairs (bp) and the nucleotide sequence of one or more spacer used,
orientation of ditag(s), a library or sequence identification (ID) number, and the
like. The data or information are collected, accessed and/or stored within a
computer system and/or a computer-readable medium. The database may also
be available on the Internet. The definition of database also includes a body of
information or data held within a computer system and/or a computer-readable

medium using the facilities of a database management system.



signatures of 5 and 3' ends with the | earned cloning

vector. Re-circling the vector would create a A S
waemwghsssditag |i brary. The ditags of the |i braPgr/8€2086/000151

then sliced out and purified for concatenating and

cloning to generate the final GS ditag library for

sequence anal ysis. Typically, each sequence read of

the G S ditag clones revealyg 15 ditags. Each unit of

the ditag sequence contains 5 tag signature of at

| east 16 base pairs (bp) and 3' tag signature of at

| east 14 bp, with a spacer to separate one ditag
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natures. The | ength of the spacer sequence
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nucieotidiet m)enmyoit djneags(éprle ey alse proneptises further iinfoechation such
bove. The se uenc s .of qti]ge nucl ei.c. aci d nol eCt” es of
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reatifBl mediutn PEhETRP Athyt QlsbibtdatdiRible @ﬁrthesnmﬁlem DL bEMore
t he one. However fq net hods have been
fl'e%QfeditaQ(ébmevQﬁ@@ﬂ&%@ﬂﬁ%ﬁ@f-’&éﬁg@ filegr t her, there are
no exi sting conputer algorithns that are readi 'y
applicable for mapping the ditag sequences to the
Defélod mescristionr df theligvertio;m present invention provides a
new met hod and/ or system of processing ditag
sequence(s) Further, the present invention provides a
d% 8 afRhEoR fr@ﬁeéT%?ipkc)F&léE tlé’&tmé‘é‘u&‘?t6fdﬁanscr|ptlon
quen e(s) tot ord

e genone. Ac ing to a particular
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be explained in nore detail ference to
et ach,@g).Oéfssee @brve). {Ihesg methods are based on the original SAGE (serial

analysis of gene expression) and LongSAGE methods that utilize typical full-

length ¢cDNA cloning technologies to enable high-throughput extraction of the
first and the last 20 base pairs (bp) of each transcript. Mapping of 5" and 3’
LongSAGE tags to the genome allows the localization of the 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. One 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 link the 5’ tag and the 3’ tag derived
from the same transcript into a ditag.



According to a first aspect, the present invention
provi des a nmet hod of processing ditag nucl eotide
wGeweasisel s), the ditag sequence conpri sing theCBESG2006/000151
termnal tag and the 3" termnal tag of a nucleic acid
nol ecul e or fragnentthereof or a genom c fragnment, the
nmet hod conprising preparing a database or file
conprising at |east one ditgg sequence. According to a
particul ar aspect, the database or file of ditag
sequence(s) is prepared by extracting the ditag
sequence(s) fromthe sequences of at |east one library
conprising ditag(s). The library may be a library of
nucl ei ¢ aci d sequences, conprising at |east one ditag
A pﬁﬁamwbwtagg %a'n' 6& %Ncefféb{at‘é@ff@f ERAINY ah®884udiding, with each
concat ener of Mﬂs In particular, the conca ‘ener
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belﬁfwﬁmy s:l)efmablexmmentbeﬂwg‘ rappel etolthélmhxbnm/seqmndelsn dThis

e spacer nucl eotid th b f
appiPaGly ?g?“ﬁgnﬁ%eeélﬁgt'flscggggné gé@ﬁsst éér&) @?’lalylﬁﬁr, g‘?"x'cg can
accﬁ%t@lﬂh Qﬁe 5 BRI M %edf‘?{(arf%e P BRlits bﬁﬁé’d%d bg genes or of

ori e tat l'a e Tir5t

a spacer nki ng upstream t
nualiic aagid ams:lm:u& drl fragimeptsd thereof, eisndeseribexk in dheaysS patent

aprl 2 PpBLy e AL e rsarer e oA Gl iRE oholt cBntent of

wh@ﬁ@ﬁé:%"ﬁ’ﬂnc@?p&'alétﬂﬁyffé@%ﬁﬁ‘é)and separated by spacer
sequences is shown in Figure 19. The 5' flanking

spacer and/or the 3 flanklng spacer may vary in
t hei Y. VaRyea
A ERSAf P B ST B R o S5 28ty o
methddaw(gy is ehﬁwﬂrmrmg&rels b raavdi ESAcd'delrigl imrarpartixfular aspect of
ag(s npri se one or nore s acer se
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n ) e n |
Ful FEHESEONA M "Fcfpariies ), addoy SoRNRI et P AN BEaP o cumel
restrin:yiodeqﬁenait eanh eadrafsthei mﬂNArfragmgms utleel cDNA I‘iragments are
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fferent [ibraries, different tissues, di ff erent
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(a type Il restriction enzyme) and cleaved 20bp downstream of its binding site.

However, any restriction enzyme recognizing an asymmetric restriction site may
be used in the GIS methodology. In particular, any type Il restriction enzyme
suitable for the purpose of the GIS methodology may be used. After digestion,
the flcDNA inserts of the library were dropped from the plasmid to leave 18bp
signatures of 5’ and 3’ ends with the learned cloning vector. Re-circling the
vector would create a GIS single ditag library. The ditags of the library were
then sliced out and purified for concatenating and cloning to generate the final
GIS ditag library for sequence analysis. Typically, each sequence read of the
GIS ditag clones reveals 15 ditags. Each unit of the ditag sequence contains 5’



spacers in a concatener of ditags. In particular,

Figure 19 shows ditags fl anked and separated by
wGepmeass42 I n particul ar, the spacers used showedI/8@G2006/000151

Figure 19 all have the sanme nucl eoti de sequence and a

size of 12 bp. However, spacers having different

nucl eoti de sequence from each other nmay al so be used.

Ina 5 - 3" orientation, Fiq@ure 19 shows a portion of

the vector (58 bp),flanking the first spacer. The

first spacer flanks upstreamthe first ditag (38 bp).

The first ditag (38 bp) and the second ditag (37 bp)

taofiShfE bE Af Tor 5 Bav PaTG oM find o G dffpfiRlot ffeRet 14
bp,fWitth @V\Qﬁbdé‘ﬂ t@"&g@raté%ﬁétd t@g@élwdnbé fraratarkiBeEIn particular,
which is flank downst r eam pg?’ Slgortl on of the vector
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hayi ng a erent nucl e sequence fromthe other
useﬁ,ﬁ\f raeg?é“@ Bgégacqrh@ag + P-t he spacer may al so be
vari abl e, as expl ai ned above. The library may conprise

_ditag sequences of any kind of nucleic acid, for
Libescimsptamprising | @l Satitags r(atsousimplys indigaded @fs ditaysamday therefore
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infaregtigAamay heagol&ﬁcm@um onengjt Morddasabanes. hlpyvaviet, afcp@sent
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sequence ese sequences ne or nore rarres o

welllas ¢igd spnsteyction ofhidgatatabasas lvavef losert disclostdact i on of
ditag sequences and for the preparation of dat abase or
file o I tags. .More artlﬁ‘glar t he net
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nucl eoti de sequence(s).

Accordingly, the present invention provides a new method and/or system of
processing ditag sequence(s). Further, the present invention provides a method
and/or system for mapping ditag nucleotide sequence(s) to the genome.
According to a particular aspect, the method and system according to the
invention will be explained with particular reference, but is not limited to, a
method and system indicated as the GISditagTool. In particular, the
GISditagTool will be explained in more detail with reference to Figures from 10
to 20.

According to a first aspect, the present invention provides a method of
processing ditag nucleotide sequence(s), the ditag sequence comprising the &'
terminal tag and the 3’ terminal tag of a nucleic acid molecule or fragment



More in particular, the ditag sequence(s) is extracted
by inputting the follow ng paraneters: - at |east one
W@ pweass3mucl eoti de sequence; - a mninmal di t agP@ES@2006/000151

pair (bp) digit, wherein the digit is a nunber chosen
fromthe range of 32-38; and - a maximal ditag base

pair (bp) digit, wherein the digit is a nunber chosen
fromthe range of 36-42. Prgferably, the mniml ditag
base pair digit is 34 and/or the nmaxi mal ditag base

pair digit is 40. In particular, the ditag sequence(s)
according to the invention may conprise a 5 termna

el B Bt Stad e Fe BRlta MM eRtsg bEEALAG . HoRke or
file BBMPTIRMY Atsleastneditdgsaguicet ag and the 3' termi nal

tag of a transcript of a gene, exon, a portion of the
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prePQF‘eon tS&rachAY tha%ifly QeQﬁéﬂcé SPfbh ﬂg\@eqﬁéﬁéésdbf‘%t least

0 ano her aspéct, the nethod according to

one Wemcmnpﬂamghhﬂagés)rrprl ses carrying out a qual ity
control check of the ditag sequences of the database
or file. The quality control check may be carried out

Th@!lbt‘dﬁ}e ma&VBé =OlibrahpbBhiicleir) é’dl@ sedBbhcess BRI d@aﬂle@l’st one

ditag. The_quality control check ma be carried out )
ditageseguenegpdingdibraey mab’d‘g?f&@’éﬁ%ﬁtl%ﬁ{@nﬂ@n@ém ofi gitag(s).
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eacn"edltdg seqm@m:eeof the Kbrelrydof ditdg(spis fsmpik@aioby @ shdceg nucleotide
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the”ﬂi}a‘?ileﬁlgwd&é&% sé A gé(}?rp‘\?\r/ﬁén tﬁé‘ F@rﬁ/r’cﬁddl%g'@)" @bg@tﬁsgs at

nvent1 on fur I ses | fying Tat
leasha csegaﬂemeraafdwg orhmoe diags, 4bgoencatamenersmptises, in a 5'-3'

hed at | east rmn and, t at | east one .
origftafdt npspacen e LP5TRETahe st G cAr SRERBRnking
dowRstPddre the Pt IRBE and ddchON®NheibhBo@Mg dﬂég@@r@ééﬁarated by

| ocation. According to a parti cuI ar_aspect,

a spaeeyarnsiionashbetveedrtbeny & exaraplsi qucogpatﬁmer o ditags flanked
and separated by spacer sequences is shown in Figure 19. The &’ flanking

spacer and/or the 3’ flanking spacer may vary in length. In particular, their
length may vary among a concatemer of ditags or within the concatamers of
ditags of one or more libraries. The library of ditag(s) may comprise one or more
spacer sequences, each spacer sequence having different nucleotide sequence
from the other(s). The spacers sequence size (in base pairs) and the respective
nucleotide sequence may depend on the restriction enzyme used in the
preparation of the library. It may also depend on the experimental conditions
used. Further, different spacer sequences may be used in the construction of
different libraries, different tissues, different species, different concatemers, and
the like.



referred to as SAT2G (suffix array-based

tag-to-genone), which will be described in nore detai
whedoemss3srcordi ng to anot her aspect, the met hoRICT/SG2006/000151

according to the present invention further conprises a

step of mapping ditag(s) to the genone. In particular,

the mappi ng step conpri ses mappi ng the at | east one

di tag sequence to the genoms, conprising matching the

5" and the 3" termnal tags of the ditag sequence to

at least a portion of the genome. More in particular,

t he present i nvention prOV|des a nethod for mapping
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The library may comprise ditag sequences of any kind of nucleic acid, for
example, single and/or double strands of DNA and/or RNA. The ditag(s) may
have been prepared from transcripts of a gene or of an exon, or they may have
been prepared from portions (or locations) of the genome. Preferably, the ditags
are prepared from 5 tag and 3' tag of full length cDNAs. The nucleic acid
sequences of the library, comprising the ditags, are sequenced. These
sequences of one or more libraries of ditag(s) mey be used as a source for the
extraction of ditag sequences and for the preparation of database or file of

ditags.

More in particular, the method according to the invention comprises:
- providing nucleotide sequences of a library of ditags, wherein each
ditag sequence of the library of ditag(s) is flanked by a spacer nucleotide

sequence, and



pair digit is 40. The mapping step may further
conprise identifying at | east one segnent along the
w@emenssigequence between the matched at | east PEESG2006/000151
term nal and the at |east one 3' term nal; and
identifying at |east one chronosone | ocation, gene,
exon location, or a fragnent thereof. The identified
gene location may result imsthe discovery of a new
gene |l ocation. Accordingly, the present invention also
provi des a nethod for discovering new gene(s),
. conpri si ng - preparing a database conprising at | east

22&21&@ Rpites o Bnisbe e nat i of Bt C R Wity B, gitag
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a portion e genone;, and - conparing the found
| ocati on or sequence with existing database or data to
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paragistsis: of the inventi on the di tag sequence(s)

conprises a 5 term nal of at |east 16 base pairs
(bp) a'n%Flﬁa%t O'”teeWﬁci%I“UP[?@%QP S2OUPBERt 14 base pairs

(bp) . ? rﬁﬁ\“rﬁéFHf{@ badd ﬁa@lt wiefeRaRiy 'ché@‘fd'v'_§;1t6|sba|?J number

terninal tag of emna tag o
I n G:H&sene‘tmndhammgejoh&-ﬁ& ang aspect of the

i nvention thee ction .of ditag seqguen /0
e genBRRR g0 rA oRAit he) UET TSN S Hgifg & Rumber
I nt@gzeh. frén tl@e%ﬁ%@b%@ -4bor exanpl e a stand-al one
conmput er, and/or of a medi um support. According to

anot her aspect, the present invention provides a

PSP S PR g veso

paiptigitdsage neppi ng of ditag sequences (a
di tag-t o- genonme systen). According to a particul ar
aspect, the system according to any aspect of the

In pAViENGE Ofe! éﬁt% §§9%ﬁ{c%g§ cfo?diﬁ@ 1R lﬁ@&rﬁfbﬂ maybécﬁnbt”se a

parti cul ar, s a software
5’ teysimhtagTh’éatGeSsm 1&Qaeelparra;anldea B tevinited tag oﬁatrtaastjfm base

paifﬁugﬂ?qorgﬁre{ﬁ&%ﬁgqggncae Irqn%rydcorﬁbr\llsee Hwesg termlmqag and the 3’
terminal tag of a transcript of a gene, exon, a portion of the genome, or
fragment thereof. More in particular, the ditag sequence may comprise the 5’
terminal tag and the 3’ terminal tag of a full-length cDNA.

According to another aspect, the method according to the invention further
comprises carrying out a quality control check of the ditag sequences of the
database or file. The quality control check may be carried out at the level of
library, plate, well, sequence and/or ditag. The quality control check may be
carried out before mapping the ditag sequences to the genome. In view of the
control check, the operator may decide eliminating from consideration the

sequences which result in an error and do not correspond to ditag sequences.



the Internet. Accordingly, the invention also provides

a d SditagTool software program package (kit).
wa\ewonsti3myl y, the invention provides a system POF/SG2006/000151

processi ng ditag nucl eoti de sequence(s), conprising at

| east a nodul e for preparing a database or file

conprising at |east one ditag sequence, the ditag

sequence conprising the 5 ogermnal tag and the 3

term nal tag of a nucleic acid nolecule or fragnent

thereof or genomic fragnment. In particular, the

dat abase or file of ditag sequence(s) is prepared by

racting the dit t .
The Sl SamRaind maphh AETHRAGENI shé Hhrbfife Hfdl BBCGamEh out
acc@@dihd ¢ bay knedehmabping m@mwnnepaﬁlcmw {hebiathododccording to
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leastease 3 teoninat; eared identifying @t leasteonk tdagm'nosdmal Iocatlon one

concat emer i ses, orientation, a spacer
gerie, BARERLTRETH Srah expafocatplg, “a spacer 11 anki g
downstreamthe | ast ditag, and each two nei ghbouring

ditags are separated by a spacer positioned between
Acaarding tasa aa@wulaﬁwpabb\tl@e aresand ip@ntiooyravidea s mApRing step

oo B, STAG PO HAL bl L5 SIGEMEE SR e
desthibed inaidre aletsil b&lewrodul e, t he nodul e | aunchi ng at
| east a user interface, and wherein the operator

inputs into the user interface the foll ow ng

Ac&%i"f\ﬁffoeéﬁf)thgraés %ggfgeo%tﬁ%%%ﬁg%'ﬁé %6 Vmgfgr%%gHﬁ fffention
furttieg icbmipsises ramtmr of hmmg dmag(shdao the genomes An3MWrtieudr, the

maxi mal dita base p erein the
magpor SIee SORRSER BRBELY theia leesk s dipSatedusntenp the
geﬁ(ﬁ?’ﬁé,e?bf r|§ ﬂ?atéhnﬂ@t fHeASE Hid fHé % °t%rrﬁiﬁa'l aah§bof the ditag
Itag(s). ferably, the mninal ditag base pair
seqliegice to at Easaadjcnftlom béthesgename di tag base pair digit
is 40. The user interface may be a graphical user
i nterface.

More in particular, the present invention provides a method for mapping ditag
nucleotide sequence(s) to the genome, the method comprising:
- preparing a database or file comprising at least one ditag sequence, the
ditag sequence comprising the 5’ terminal tag and the 3’ terminal tag of a
nucleic acid molecule or fragment thereof;
- optionally carrying out a quality control check of the ditag sequences of
the database or file; and
- mapping the at least one ditag sequence to the genome, comprising
matching the 5’ and the 3’ terminal tags of the ditag sequence to at least

a portion of the genome.



In particular, in the systemof the invention, the

di tag sequence conprises the 5 termnal tag and the
WwW@2006@8334Nnal tag of a transcript of a gene, exPe/S@2006/000151

portion of the genome, or fragment thereof. According

to anot her aspect, the systemaccording to the

i nvention further conprises a nodule for quality

control of the database or o4il e of ditag sequences.

The nodul e for quality control may be used at the

| evel of library,plate, well, sequence and/or ditag.

The quality control check may be carried out before
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the at | east one ditag sequence to the genone,
Acaardipglysi thg rhmterttiong providés aamiethiod ®f mappingalditegly tf the
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di t ag- t 0- genone nappi ng system), conprising: - a
modul e atdeaghansaspangr nectestilagpauenes.abase and/or file
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t er¢hoseh ftarg tl@é rmgmof @2-68a0| d nol ecul e or fragment
thereof; - qptionally, qual, i ttﬁ/%contro

f
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sequence to t conprising matching the 5 and
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Hevlyy e bt HiRaFass A oIS ab R e mERET itag base
pall'ﬁ@&tlshbe followng: - a first user interface

commprising at least a link for extracting (extractor)
the ditag sequences and a |ink for mapping the ditag

. _ . , | H
i Sidho L8, iy B PAHEGE gBUAGR edll i Eogment along
the genome sequence between the matched at least one 5’ terminal and the at
least one 3' terminal; and identifying at least one chromosome location, gene,
exon location, or a fragment thereof. The identified gene location may result in

the discovery of a new gene location.

Accordingly, the present invention also provides a method for discovering new
gene(s), comprising:
- preparing a database comprising at least one ditag sequence;
- mapping the at least one ditag sequence to the genome, comprising
matching the 5’ and the 3’ terminal tags of the ditag sequence to at least
a portion of the genome; and
- comparing the found location or sequence with existing database or

data to determine whether it amounts to a new location and/or new gene.



or clicking on the extractor, the second user
interface conprising fields for inputting a m ninal
waeleaag3dsase pair (bp) digit, a nmaxinmal ditag bBSESEHI06/000151
(bp) digit, and the nucl eoti de sequence of at | east
one spacer sequence;- a third user interface for
mappi ng the ditag sequence(s) to the genone or
chronosone | ocation; and - 28 fourth user interface
showi ng the results of the mappi ng, wherein the
ditag(s) is aligned to genone. The system according to
any aspect of the invention is operable by an operator
on a conputer and the operation is carried out through
the Internet, on a conputer and/or of a medium
In sartipuiat,. inAbheandthogl Accordinghterams aspdct dfitheiinventiongrthe ditag

e R A T Bl e
termiHRl tRp 5P4t RIaRH 1M BdbeP SR S pARiEuReTEHB B Preferably, a

conputer program conprises the system according to any
5’ taupisat tagfoft 1iebp andra 8'darmiviaptaionef i bp. Mappi ng dit ags

to the genone is akin to searching occurrences of a

pattern in the genonme sequence. Approaches for pattern

In theahetHowatssrtingeto! Qﬁx; aepyendf teahvEM R theasdactiens df ditag
al i gnment search tool) and BLAT (BLAST-1i ke alignnment

SeqUEBCH(Se@nd@r thet BenAECBMRDPINgh AN A RAMARA O thravghy the
Int%@g?uéﬁ £aiier o LEMIbECS SRBLISAE diniReP BhA/F LS a

scanni ng t'hroug ol e genone.
medipmveappontal ful | -text indexing is usually enployed if
exact occurrences of a pattern with a small m snmatch
margin are required. Efficient full-text indexing

Ac%@?@;gﬁé %d{ﬁ&t@l_s dsggbﬂ Smea pradeht Eintléﬁt?orﬁ ofidesf ] %/gtem for

As nention above, any known mappi hg neth
progaysibg ditagd sedivammes: Aoudinditaganather papecic dharinvention also

di t. i d { te the dit t
oGRS 5o o aBhi eI G405 iR rafyome
syshemy SRstok@ihg B R AYict A adpé@othees)stiif e cbRlifg $6 BAYaispect of

sequence bui'lt and i ndexed on an advanced data

thesinvgption eiscalfsr dstastedsie f ax @AlSditpgogh) Mose sith dagligudar, the
. s Lk ) 0 _

G SHRBAL SR oGP e SPRUTRIRRL 157 Bo proviced

on @i metivmedupporpinetadletiain a hand dirigerdisk, @rtmade available through

the Internet. Accordingly, the invention also provides a GISditagTool software

program package (kit).

Accordingly, the invention provides a system for processing ditag nucleotide
sequence(s), comprising at least a module for preparing a database or file
comprising at least one ditag sequence, the ditag sequence comprising the 5’
terminal tag and the 3’ terminal tag of a nucleic acid molecule or fragment

thereof or genomic fragment.

In particular, the database or file of ditag sequence(s) is prepared by extracting
the ditag sequence(s) from the sequences of at least one library comprising
ditag(s).



Therefore, in accordance with one aspect of the
i nvention, the nethod or system according to the
WO povensizen al so provi des a mappi ng net hod or SBGI/EG2006/000151
conprising the steps of: - preparing a database
conprising at |east one ditag sequence, the ditag
sequence conprising a 5 termnal tag and a 3'
term nal tag froma nucl ei @gaci d nol ecul e or fragment
thereof, for exanple froma transcript of a gene; -
matching the 5 termnal tag to at | east a portion of
a genone sequence to thereby identify at |east one 5
site therefrom each of the at |east one 5 site
havi ng a sequence matching the 5 termnal tag; -
In pﬁﬁi@biam,g ebbk ditag eequente toﬁqgéol_itghry _efasiita@(?)orst flanked by a
t he genone sequence to thereby identi at | east e
spaper Jlucieqiier BquRnCeeand tBe difeg seauence{s)ofeeniracted diom the
. Vi O; j | ! rnal NETICRT
o By P PG 7 SHBRLE HIRRAHE, Seqlotgr WhER e, forary of
ditadie) eampesas ablkasbaconcategneregfitentorbeoreggditags doecoscatemer

corfrBhn % B BB SRALET RRGHS TR i e, o
spadet FlankMghdSnsif€amt theerst dRag, ane WachNve ﬁ@l@h'bburin? ditags

havi ng a sequence | er]gé h; and - identifying at |eas i
arecgeparaigdily @ sgaaer pesibenashbetuweeh them, ne dasesibpd @bgwa@nd in

: i.Qn ' the at | east one occurring
pa#&'ggl%nq% %@03’5’% gﬁgé%ﬁghce | engt h not exceedi ng that of

a predefined gene length. In the nucleic acid (for
exanpl e a transcript) nm he ste

) ) mappi n,% net hod, t p . of
In pritiewahdn the systeb pREGTAING tRgNYRNtian. EARCTEIQsSeIgds ableast a
link \Aﬂﬁcg?ggtiv%"t’gé‘ ﬁ?@ fdiYe, IREMRd R fe IdHirRPalkast a TREF ﬂit@ﬁace,
t he termnal tag td a chronosone sequence. |n the
andreybpreig tiebpedtot inputs iafo tife userdhterfgce fiee Bllondmgrpasdmeters:

tag to at, least a portion of the genone sequence nay
conpr i 5& AR %qeeﬁpgqe_r_n%gqoglgpﬁ&qy%gc%. terminal tag to

a chr ampsAmImaraisy base Hfr IBPNESHK, WherEaP Bhé digielsha@ thumber
may further conprisSe the step of generating a data

st rehasendreroithe narge Af32138; g8one sequence. The
mapp! n_g? :@égﬁﬁl @égfﬁgéehﬁéir QBW&ibﬁthEFeiﬁtn‘?@ a‘?éit is a number

gener at one
chosen from the range of 36-42; and

thereby creating a database or file of extracted ditag(s).

. Preferably, the minimal ditag base pair digit is 34 and/or the maximal ditag base

pair digit is 40. The user interface may be a graphical user interface.

In particular, in the system of the invention, the ditag sequence comprises the 5’
terminal tag and the 3’ terminal tag of a transcript of a gene, exon, a portion of

the genome, or fragment thereof.

According to another aspect, the system according to the invention further
comprises a module for quality control of the database or file of ditag
sequences. The module for quality control may be used at the level of library,



of a tree structure and an ordered array for indexing

t he genone sequence. The mappi ng nethod may further
w@ovpnsse2 t he step of generating at | east one PET/8G2006/000151

suffix array, a suffix tree, a binary tree and a

conpressed suffix array for indexing the genone

sequence. I n the mapping nethod, the step of matching

the 5 termnal tag to at Ixast a portion of a genone

sequence may conprise the step of: - at |east one of

forward traversing and reverse traversing the genone

sequence for conparing the 5 termnal tag to at |east

if, S 53 Bhe A500P PG RROMERES R AT s o

befohe nsdin@fthé héitapiseflisgedsh o Ihe tganoni@l It afew @fathe control
| east a portion of a genone sequence may conprise the
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whichEEHP téﬁé%fbﬁe o‘oh’?ot%%@ggtﬁ&waﬁs@ ﬁﬁff arl ng

erm nal tag to at por
genome sequence to obtain the at |east one 3 S|te
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corﬁbﬁées‘)fa CRERAE | o9 %EHW%é’réieTea@.f cﬁ‘\%ﬂaltﬁb E@@uéﬁce to the

| east one occurri ng egiment and one of the at I east
germme3om|bmengmatohegdhet5nendtth¢ Saterminal tags ef the ditag(s) to at

reto to at least a portion of the
Ieag@%gﬁé%g‘e%ﬁg%@g 81 obt ai ni ng the at | east one
feasi bl e gene location therefromlIn the transcri pt

mappi ng met hod, the step of conparing sequence order
Acesrdinglh the presentdnyention fﬂﬁ@ PER\ides ArRystary ﬁﬁhge'&%edﬁéppmg

o 8 Y8 Rhek e 14 B850 SorBh n PR ki Neribdfg
st ep- @amadulpdon p@ptahags(emwng)eacdaiabasa‘ apd/oin fitd cbllmprlalng at
JRasEone S RRUGAE. 376 Eie0 sEaNERet comerignadne s tminal tag
Cé%d fPPNERMal R L2 nh8kR%adid n?cﬂé&ilg@ﬁ‘ﬁ% Whert thereof:

-occurring segnent-3" structure. t he transcrl pt’
mapp-l optionaliod, motielesioe gualityi ahaitol Df/‘thr@ databasgsar fjasf ditag
feaS| bI eqaens | ocati on may conprise the step of
g (Ij]e 5'-3" orientation of each of the at

I eanC a cmﬂgl@ﬁ: Aiddule Sorseappitly fher atolebst bhe ditagesequdneasto the
one feasible
genome, comprising matching the 5’ and the 3’ terminal tags of the ditag(s)

to at least a portion of the genome.

According to another aspect, the system according to the invention comprises
at least the following:

- a first user interface comprising at least a link for extracting (extractor)
the ditag sequences and a link for mapping the ditag to a genome;

- a second user interface, which is activated by an operator by selecting
or clicking on the extractor, the second user interface comprising fields for
inputting a minimal ditag base pair (bp) digit, a maximal ditag base pair (bp)
digit, and the nucleotide sequence of at least one spacer sequence;



gene |l ocation therefrom In the transcript mapping

nmet hod, the step of identifying the 5 -3 orientation
woregeasisme i se the step of identifying a resi duedT/#é2006/000151

nucl eoti de, the residual AA neucleotide constituting a

portion of the 3" termnal tag. In the transcript

mappi ng nmet hod, the step of identifying at |east one

f easi bl e gene | ocati on mayogonprise the step of: -

identifying the chronosone wherein each of one of the

at least one 5 site and one of the at |east one 3

site corresponding to each of the occurring segnent IS

|l ocated for identifying the a st _one fe

| ocdt o (e DEAqe"toh Taanbind It B8, sSRipS) o frtdiome

bheh®htdsdthe MBYatiBhNand he 5 termnal tag to at least a

portion of a genone sequence nmay conprise the step of:

- iUy HaeS kﬁ'u%[fﬁqet shewingiae 5@3L||I@agft thgfaagping M@erem the
@ng%@% é‘o(ﬁé ﬁ"‘o"‘“ﬁé ng the 3' terninal tag to at

a genone sequence conprising the
step of: - |dent|fy|ng quantity of the at |east one 3

site.ln the transcri p od t he ep of
Th BUATETT 9959900 1P A SxRRCt BLLTR IVRGIGe b aferaisy By 3n operator
on GPEBH Faﬁdsfh%poﬁératmnt fsaki&rr@dnBuﬁ't%ﬁtghhﬁl&gﬁﬂemét on a
sequence towards o the extremties thereof from
corapugier afdionef atmediam supeort’ site for identifying at

| east one of the at |east one 3' site. In the
transcri pt mappi ng nethod, the step of identifying the

Acédrdingasé Sisthéeasspelce gRNAnVETRI PRoViBys CONBErpaterigadable
step of: - termnating traversal along the genone

meé@meﬂ@@m'ﬁmge@po@@‘épﬂ@r oREOGFAM, hEhext C‘PréﬁﬁieroﬂéOgram being
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ast one nth ranscrip
comptiseacthetdystesh eygcofdinglenany wspectalf themvientioe. occurri ng
segnent may conprise the step of: - traversing al ong
t he genone sequence towards one of the

Mapping step

Mapping ditags to the genome is akin to searching occurrences of a pattern 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 BLAST and BLAT methods are slow because
each thereof requires a pattern to be searched by scanning through the whole
genome. Moreover, conventional full-text indexing is usually 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.

As mentioned above, any known mapping method may be used. However,
according to a particular embodiment, in order to accommodate the ditag data,
a Suffix Array based Tag to Genome (SAT2G) algorithm may be used for
mapping the ditag sequences to a genome sequence built and indexed on an

advanced data structure Compressed Suffix Array (CSA). A schematic example



extremties thereof fromeach of the at | east one 3
site for identifying at |east one of the at |east one
W®G2008i18842 | n the transcri pt mappi ng net hod, theCES€@WOEH00151

identifying the at | east one feasible gene |ocation

may conprise the step of: termnating traversal al ong

t he genone sequence in response to one of the at |east
one feasi ble gene |ocationgpeing identified for each

of the at |least one 3' site. According to another

aspect of the invention, it is provided a mapping

system conprising: - neans for preparing a database by

of G 5 12T Pat e IR b B SR 5 BRIEMIPRLEROR 3 The
SATRGGysRIne iidieclosed ingnars tdetdirriaFiguress ®@&npl e form a

transcript of a gene;- neans for matching the 5
termnal tag to at |east a portion of a genone

né by,idd [ : By g
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systa amcorlingtte Hhadnydrdion' alserprovides taagappinge arethédor system
' he 3. terminal tag to at |east a portion of

mat chi t :
COWW@"&%H&@tegéd’lﬁ'ence to thereby identify at |east one

3' _Shrbpafing %\etfeftﬁl%see%%&fsir‘iqqﬁt Rhst @t@éﬂité’ﬁ@ 8edueidd, She ditag
having a sequence nmatching the 3" term nal tag; -

seqgwenne cooprisinghaid yemgnat tageans achéersybal legrfters ey ruveleic acid

mof Bk A st ne R i Rl TR BRI NS one
of -thatohind st terminal tay) foeatdedistanporfont dfea génde@sequence
site, each of the at |east one o%:cur ri

one 3'. , g .
to thaphyridentifyiatdeastonaentte themfrem, gaeh o thenat st one 5' site

i I ARYY et gene | ocation, each
ha\}g?ge?tﬁ'gﬁpéggel maet&@gﬁghggctae{rl on IE% 'ng one of the at

| easmaicleingcther 37 igrmipgirday toaat Ngast aepodione of dhgt yenome

not exceedi ng .that, of a predefjned,genge |length. .ILn th
Sedi@BBP G BSSERrHORY Fdand G | SEnHTFSTRG. £ogh of the af feast
ond §TdlicHvin@8 stitefcs matBhih ARG 3t RIniiwM ta@pri se: -

means for providing a nucléeotide sequence with at

| easidenéfying @t jaastsoneroccyrrincngegment' each of ihe atdgast one
occ%?r‘flng segment being a sequence segment along the genome sequence
between one of the at least one 5’ site and 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 the nucleic acid (for example a franscript) mapping method, the step of
matching the 5’ terminal tag to at least a portion of a genome sequence may
comprise the step of:

- matching the 5’ terminal tag to a chromosome sequence.

In the mapping method, the step of matching the 3’ terminal tag to at least a

portion of the genome sequence may comprise the step of:



- means for providing a nucl eotide sequence with at
| east 16 base pairs for formng the 3' term nal tag.

WO poobhas3mappi ng system the means for mat chi ngPeTieGH06/000151
termnal tag to at |east a portion of a genone
sequence may conprise: - neans for matching the 5
termnal tag to a chronosone sequence. In the mapping
system the neans for matchpng the 3' termnal tag to
at | east a portion of the genone sequence may
conprise: - neans for matching the 3' termnal tag to
a chronosone sequence. The mappi ng system may furt her

it RER 4 S oAGREIS el fRsBri SR, 1oy
further conprise: - nmeans for generating at Ieast one
of a tree structure and an obdered array for IrdeeX| n

The Hang@irifeaRRIRESREROITREY THPPFHhEODPEER HIfSjeR @ Oeperating a
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I'X array, tree Inary tree and a
corrpressed suffix array for indexing the genone
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one of forward traversing and reverSe traversing the

genome sequence for conparing the 5 termnal tag to
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T ob ufbefd AEr et Konfig e eH o SRosPati A Bast one
of areaffix dredy, nmisaffixnigeé he barydres aad o aqmlpﬁesﬁedl Suffix amray for
portion of a genone sequence may conprise: - nmeans for
mdg)gmg éhe peRpmesTequS R d traversing and reverse
traversing the genone sequence for conparing the 3
termnal tag to at |east a portion of the genone
In thequappiagt metindithe tstep af mainhmgoﬂne B tesinireal thg tored least a

por?algg B%@nésw thlehn%enr%gQSéo];n%rrlseqﬁ fﬁlciﬂ!?g at least one
- 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 to obtain the at least one 5’ site.

In the transcript mapping method, the step of the matching the 3’ terminal tag to
at least a portion of a genome sequence may comprise the step of:

- at least one of forward fraversing 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.

In the transcript mapping method, the step of identifying at least one feasible
gene location may comprise 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.



| ocati on may conprise: - neans for conparing sequence
order of each of the at |east one occurring segnent
w@anwensB4nf the at [ east one 5 site and one oPCT/BE2006/000151

| east one 3' site corresponding thereto to at least a
portion of the genonme sequence for obtaining the at

| east one feasible gene |ocation therefromlIn the

mappi ng system the neans far conparing sequence order

of each of the at |east one occurring segnent and one

of the at least one 5 site and one of the at [ east

one 3' site corresponding thereto nay conprise the
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corfgRbangitly el eifa Bt PErorRBRer Vit <) R osrlinidg redient 3
strgatgleem the neans for identifying the 5 -3

orientation may conprise: - neans for identifying a

resi dual AA nucl eotide, the residual AA nucleotide

n SRt oGRS d e o TN A\ TEpet s B
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dentjfying the chronpsone erei n, each of gne of the .
of @i\e PE!%%t gccwipg %ﬁ&ﬂ“@#\ggéfoehtﬁ'@'"&t eeé&ﬁe%ﬂeo@ ?eas'b'e

erd loRakoh HRsyRRBAY. Ny to each of the occurring segnent is
g rféocate For ﬁdentifyi ng the at | east one feasible gene

| ocation therefrom In the mapping system the means
In &g H%%%W%@Qﬁ@ﬁ@&ﬁw tﬁ%hﬂtpsg%ft %e%%ifyknegaﬁ‘tne %10 rc>tri'e|q{%1’cion
may comprise the step of identifying a residual AA nucleotide, the residual AA
neucleotide constituting a portion of the 3’ terminal tag.

In the transcript mapping method, the step of identifying at least one feasible
gene location may comprise 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 therefrom.

In the transcript mapping method, the step of matching the 5’ terminal tag to at
least a portion of a genome sequence may comprise 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.



- means for identifying a quantity of the at |east one
5' site, andthe neans for matching the 3' termnal tag
W@ o00at1393¢nst a portion of a genonme sequence coP@F/BG6R006000151

- means for identifying quantity of the at |east one

3" site. In the mapping system the neans for
identifying at | east one occurring segnent may
conprise: - means for travepsing al ong the genone
sequence towards one of the extremties thereof from
each of the at least one 5 site for identifying at

| east one of the at least one 3' site. In the mapping
system the neans for identifying the at |east one
feasi bl e gene | ocation may conprise: - neans for
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system the neans for identifying the at |east one
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In fiagmeSAPRMARSIED Belbpd 61 SeRict TR A Abreatr I apouring
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- traversing along the genome sequence towards one of the
extremities thereof from each of the at least one 3’ site for identifying at
least one of the at least one &’ site.

In the transcript mapping method, the step of identifying the at least one
feasible gene location may comprise 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.

According to another aspect of the invention, it is provided a mapping system
comprising:

- means for preparing a database by extracting at least one ditag, the
ditag comprising a 5’ terminal tag and a 3’ terminal tag from a nucleic acid

molecule or fragment thereof, for example form a transcript of a gene;



- matching the 5 termnal tag to at |east a portion
of a genone sequence to thereby identify at |east one
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havi ng a sequence matching the 5 term nal tag; -
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cor r espondi ng thereto having 5°-3" orientation, and

one meanpdontiderdiyng aideast ene éeeﬁilaleog@%ﬂoqa’m@nateach of the

fea%@ﬁes en?qu)c%g ﬁe et‘ﬁwgg%e%?‘?r?é‘gt I'e%s ?%%ﬁgltu‘?fngt%%ement having a

€l ng l'oca

sequehestsaityth.nobexoeeding tiest aflzoyedefifiéd geneterigthl - t ext
I ndexi ng data-structures include a suffix tree and a

suffix array. A suffix tree is a tree-Ilike
t f Iz ’
in §12) frpirt” ki@l thaahg tel Seorti Y 416 ERfinal i and a 3
terrainial tag mfaytdmenmmeone sequence The suffix array is a
sort edsequence of a suffl of t he geno cor,dj
to' | o BRaPaTRr Profing’d st %ﬂ%ﬁ Wi &t 188516 Base

Sf?éifsefé?m&ﬂngifhéla errml%ldndmere i=1 ...n and that
means that the J-SuffIX (SuffIX startln

fr om chmeamefpr jproyidingha nudeotidessequanceuith >@t|lﬁa$th336 base
| eeﬁ Cf%??(?rﬂnhﬁ e ge{ermlnal tag.

In the mapping system, the means for matching the 5’ terminal tag to at least a
portion of a genome sequence may comprise:
- means for matching the 5’ terminal tag to a chromosome sequence.

In the mapping system, the means for matching the 3’ terminal tag to at least a
portion of the genome sequence may comprise:

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

The mapping system may further comprise:



Both the suffix tree and the suffix array allow for
fast pattern searching. Gven a pattern of length x ,
WO t@®608342 rences in the genome G 1 ...n] can bBCT/SG2006/000151
reported in Q(x) time and Q(x log n) tine for the
suffix tree and the suffix array respectively.
Al t hough the query tine is fast, it is not always
feasible to build the suffigy tree or the suffix array
due to | arge space requirenments thereof. For exanple,
for a nouse genone, the suffix tree and the suffix
array reqw re 40 G gabytes (GB) and 13 GB

vonor . aias SR RePRUR] % Rk, f dpd84G B ghhome

tdequenb®ry space problem we apply the space-efficient
conpressed suffix array (CSA) indexing data structure.
CSA is a conpressed formof the suffix array. It can

Thé)ﬁ‘mgp e}%ftélln%ﬁ 'futhé/M the need for enornous

|rerre ts using novvn al gorithnms. Also, the
built CBiéarrs fca‘rgeaamnhg foleastaom? eof a 1BSA storctutee and an

noys ). |es approximately 1.3 GB.
/&Haﬂq 5?3( @%‘F% 'Eﬁ 6”%’15‘?&%98 €88Pport effici ent
sear chi ng. Searchl ng a pattern of length x requires
only Q(x log n) tine. A first enbodi nent of the

The mappingosystemtmay sethertcomipiseng nmet hod 20 is descri bed

chart oreprie 1o; afucaRHb Sieadt el Haiufghadid st e, o

tinAgC it amaiPRi nnisrebosd 161§fix safr@y fop pindeRringorthé ogenome
transcript obtained froma gene. In a step 110 of the
tS9NE0ERpt mappi ng net hod 100, a 5' terninal tag 24
and a 3' termnal tag 26 are obtained fromthe
transcript, as can be seen in Figure 4. In

In themhapeing @ystehheths’ mtaansrifmahatcmmggmeaﬁdetmmaﬂs‘tag to at least a

réerm nal ta 26 forms a G S ditag 30 as descri bed
porkigp ¢k a L5 §ﬁ%‘\ﬁ'|"qenm@b'§8f@r@e The @S ditag 30 has

adi t ag et '?0133t @fatst’%éﬁé orrdrivatd ‘%vé#&ﬂrgﬁ@hd d@vé@,ettﬁa\fe@smg

bei ng derived from t er m nal 4 and anot her
1tBie pemiomel seguenatefos sgmnatiagsbe iy t@rmmaletagftmﬂhlearﬁé agportion

t |t 2 t t

i gengBCdiere dnichyin e ShRAREOPE 5B 32 of ¢ ne
G S ditag 30 may vary from 34bp to 38bp. This
variation often occurs proxinmate to the extremties of

In threnappipgsysiaim. thegneanafer MAChng the #i teEMinaa P at st a
portiBfi of Blgeidthe BUGH &N B8F doRiptisat ng structural Iy

- means for 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.

In the mapping system, the means for identifying at least one feasible gene
location may comprise:

- 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 to at least a portion of the genome

sequence for obtaining the at least one feasible gene location therefrom.



conserved. In the 3 termnal tag 26, two residual
nucl eotides 34 (AA) are retained during poly-A tail

WO 2090138341 her ef rom The AA resi dual nucl eot i deBCBEG20€000151
subsequently for use as an orientation indicator.
Therefore, only 16 bp of the 3 termnal tag 26 in the
@S ditag 30 is useful for mapping to a genone
sequence 36. Follow ng theagstep 110, each of the 5
termnal tag 24 and the 3" termnal tag 26 is matched
to the genone sequence 36 in a step 112. In the step
112, 5" sites 38 and 3' sites 40 are identified when
the 5 termnal tag 24 and the 3" ternminal tag 26 are
respectively matched to the genone sequence 36. Each

In thé mMdppilsy spsteas tRE nesrthsefae Bowipatihg sequentesrddr ofeagh of the
portion of the genone sequence 36 that ha%,a segaence

at leaioneRAAULTING sP9enhack esedidhaat leashoR@ P silgapd oRgPf the
3 mMepal d 1M e e

at |t fong 3TsE | conSrthdiftg RREICH ity LBrrEkChne hepfd for

congeaTimethee gequerces 6rddfaafreardh ohtheaat lesst tonenecaurting segment

eqment 42 is,a sequence segnent al g t he, gengne v
andC giive Rt dNgeat itant: B0 bat sherrhe™® oLite 9k tend sne 3 st
corfdshBnditg ﬁ@&’ét&fbéiﬁ? iAl ab&REhnES Bwills CAIl 5'LAtt B nfeht-3’

has a sequence length 44. Gven the G S ditag 30 (
structuret he transcript (R), the conputational problem of

| ocating Rin the genone sequence 36 (G is referred

to as a transcript |location identification problem
In theermebpirgy sgstert) el mean$ faﬂtbblé?[ti?ing rdt, lebieone feasible gene

occurringsegnent 42 is identified as being a feasible
locagfianemay CRMIBIEEf P when: the sequence length 44 (j-i)

s smal fefs ;

{ maxl en@?ﬁ?% %mﬂp%ﬁﬁyg{g?@%isc%@?gg fégght‘?ﬂ?g'&? oriitlﬂ? ia(t)ﬁaast one

baarrg seghrent eiogt dbthining tlvewat geasts pnehfeasible eganienidcation

tﬁg&é4 and the 3ltermnal tag 26 are | onger than

o fAMed ninl engths and minl engt h3 respectively (

where mnlengths = 16 bp and m nlength3 = 14 bp); and

the S51ltermnal tag 24 and the 3' termnal tag 26 of R
In thee mapping rystemgdhefmeans for tidemifiing theahd3'porientation may

rbboundarys. ..nl respectively (where boundary5 = 19 and
co Bﬁ'ﬁﬁjary’\ = 18). The genone sequence 36 is preferably

I ndexedmEngfor idlentfyeras edregiddalXAA nucleotide, the residual AA

nucleotide constituting a portion of the 3’ terminal tag.

In the mapping system, the means for identifying at least one feasible gene
location may comprise:

- means for 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.

In the mapping system, the means for matching the 5 terminal tag to at least a
portion of a genome sequence may comprise:
- means for identifying a quantity of the at least one 5’ site, and



array (CSA). The 5 termnal tag 24 and the 3

termnal tag are matched to the genone sequence 36
wee@hassail y by appl ying binary search to the cPOPse¥®Oed0151

suffix array. The binary search for matching the 5

termnal tag 24 and the 31 termnal tag 26 are

dependent on two | enmas, nanely, lemma 1 for

perform ng a forward searchgon the conpressed suffix

array and lemma 2 for performng a reverse search on

the compressed suffix array. Lemma 1 (forward search):

given the CSA for the genone L. n] and a set of

3§% WLSACES Pi%tcﬁx@ﬂbé?{]ger%gl tgg 1o &é@s{% b&ﬁﬂon of a genome

(s'é)qhenees;etnpp‘sl@currences of the pattern Qc is
obtai nable in (é g:T{ OQE rd bin y search
i s achimBeans fay i Y'?gr%’aﬁt‘ty VB @t tOB? 2Bf€sear ch

algorithmto use values in the conpressed suffix array
and suffix array instead of explicit text for the
In thef fmageEing nsystemg ethemmesaeu dorc édeSBifying natc deqetr ong ogauring
attern in the binary search. Lemma 2 (reverse
seggr@%{}tmr)\y Q%”Wé'ﬁet he CSA for the genonme G L. .n] and a

set of. r%@ﬁHérfSPﬁﬁﬁel%ﬂn@a gt@\%ngé?ldrﬁe@eqﬁéhcéwwbmseone of
ce{A, C, G T}, we can the set of occurrences of

tthe gxéremities theres fm@nc%aqbgofriﬁetatd@aatmqoé eSiteofof ddrntifying at
nd f d h and th
JEede e A a4 e B gtre 6l natend of

appl ying both the forward search and the reverse
search in tandemin the step 114, ap alternativ

In the RaRRIRY isystem.dppIpeans F%r'd%mﬁfy'ngﬁbe@éﬂm&nﬁeéﬁéwe gene
%g@ gor only the reverse search using | emma 2

loc%gdrphek'gen Hnilss Sequence 36 for identifying the at |east
one oc—cmeansgfcﬂe@mmmatmg traversal Slatig dp Jenonye Fegaeance in
in the nomne ce in.sense or anptisense. To, ...
Jaapaltss 55 Gfle FiRestohs, PSR SHnstiSkaROR Heing) fentifed
{3 EEN BEIREAIBBSEAISTGR, and the anti-sense genone
sequence. Instead of creating two separated indexing

arrays, an anti-sense G S ditag can be created. The

i B PR B 6% g SO0l e

segtfentnag cofiphiget he sense GI S ditag 30 and a second

time using the anti-sense A S ditag (not shown).
- means for traversing along the genome sequence towards one of

the extremities thereof from each of the at least one 3’ site for identifying at

least one of the at least one 5’ site.

In the mapping system, the means for identifying the at least one feasible gene
location may comprise:

- 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 3’ site.

According to another aspect of the invention, it is provided a mapping method

comprising the steps of:



Addi tionally, the genone sequence 36 can be naturally
partitioned into chronbsones. This enables a

weowpnagssed suffix array to be created for thePGESGENGB00151
segnent of each chronpbsone. By doing so, 5 sites 38
and 31 sites 40 are obtainable for specific
chronobsones i nstead of the entire genone sequence 36.
Besi des the conpressed suffiyx array, a suffix array, a
suffix tree, a binary or the like indexing data
structure is usable for indexing the genone sequence
36 as abovenentioned. Follow ng the step 114, the 5
sites 38.an

chodRePeHY deitd Jatebped ot eRPadint 5 B8s ne ditag, for
exafhisié Kons anbraseof dRgishor fraraalXidting dutheadeit) enditays, the ditag
ordering_ checks.ln a steE 116, the I ength check 1s

conpiising ge?l tByMiahfrRg PRY & eteg@wémfn%gtweﬁcacwba&ﬂecule
42 h
of lort it Ardcl 35k oPATpREA WarkagnaUger|2 1 LN 2

51 -shathirPthand tadminial mg thOatdeastsod poribnpofed geading sequence
to tgg@?ﬁyrl %@t\&@é rder teat?@é%{é{qctggg ag{I e qaﬁgpne 5' site
t fined I th
ha\/z’*ﬁ)é( sgﬁgeﬁsféﬁ?q?lggﬁ thé’% {heirdiespf i ned gene |eng

fied as a potential feasible gene
| ocamainhmg'hﬁnqos"Sedeonm@djdag Mat @h leastee portionopf ghepgenome

secl ek o ISRy Peill ardoati ity 9 HAPRrA shBFihd at reast

oneSBSteih ity hesRRBatamateniagahe of terindittageast one
occurri ntgy@w egment 42 are anal ysed to i dent i fy

whi ch
chroidestiing &t Heast ene mcsHEindsagweNhi @3 of Th@ at least one

4 f t
ol seBfET BN o SebiEhts 'sebichtRABAG e gordiie Nequence
bet\%eh hm;]eeolf thleeitdeest ore Ehsltes ang oub;mfrtbs(;atﬂeaét(rjorm 3%33’@ each
ori entation check i rfor t
of iR gt 5L ADGIICOITD SoAmaNt hging SiscaHanER ENg e 40
that |o%‘ﬁ'ilf)f?t§g§"%if?q§ﬁ§et°gﬁ@q€a§iﬁféi béh@%é@%‘f?'ﬂl‘onﬁhe Teﬁeleast one

orientation site 387and the 3 teis
ocdudiing ségmbht egch otthe atgeaabolmﬁeasitrba geﬁetlmtmsbejnglone of

nuc) eotfide 34. Preferably, the 5 site t '
theCh leBhobR ohural eSgMent ] Bt Jeash s, O 4 SlBnce tength
thePESTUdt )t eBEBEHat bF the Gredéfiiedl jerdtiengthathseqiemde order

feasi bl e gene 1 ocati on.
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
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.

As mentioned above, 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



In a step 122, the ordering check is perfornmed by

conparing each of the occurring segnents 42 and the
w@orosespendi ng 5° site 38 and 3' site 40 to t heCRGZN®000151

sequence 36. Preferably, the ordering of each of the

occurring segnments 42 and its corresponding 5 site 38

and 3' site 40 should follow a 5" - occurring

segnent-3" structure for iggto be a potential feasible

site. Steps 116-122 of the transcript mappi ng net hod

can occur in any sequence in conbination or

i ndependently.ln a situation where the feasible gene

seqgrict phA L rivas PEIE aandTe Aot tha8eodme i erisron e
suffd8fafras CrBEfé%ean@i CYIFY fﬁrfé?' skpp vheré a=1 hen gadomat SAli] =

sequence 36 in the step ternatively

meapsathat the bsuffwe(sgfﬂxSsteG@g:fsbrarv@af%eau amthft yﬂbfsnlaﬂ%stssufflx
ially obtained before the 5 sites 38
in tli%&%épaﬁr{'gokes 40 are matched to the genone sequ:nce
36 in thedst ep 112. Th| s enables identification of
quantity disparit 't we t t 38 d.th '
Botf g SULY aco R 438 B A1k N6 s EHIAUE SPRICLUtE Biwen 2
pe\tltefr‘u1 o?fleriaé}ﬁ ' |tssbé&r°rre'3‘§:e§riﬁ tRBI ferondl G[‘?nsn]ocf,ari B@Wé?ﬁﬂed in

0, or vice versa. Wien |arge quan
O(ltiseaand p(bémg\ﬁ)ahmerfer the silffixdregganthther $u=.ff lsar@b’tr@gpemlve'y

R G SRR SELE R TREARETRAEHID ARG e o

the SR BRAy Hue T@%r@%oép%cearémbfﬂ@ﬂs Qlwfe@ﬂCderSexample for a
required for the transcript mappi ng met hod 100 when a

mouise genguenithe pulfixiseae iang thei sEEX awr@yu rgaHirer4p igabytes (GB)

and13T861 3R S PSR EUGORE el g memor

spa@@%aﬂtﬁbfgﬂﬁt%&drﬁpdtbs q'[msbiveyheﬁ“néhosﬁ $pece3@oblem, we
counts is e, quantity o ite th

aprik the graceeHEieah CORPISTRASUTRS AEY (v Tde el SRl iciure.
CSéq§ %Ogoméfgssbbl%ﬁgrkﬁ thd %uﬁH@ﬁ‘fw alf o4h Eé S bﬁb&ently without

etween €ounts and counts CSA enabl es both counts
theamskd: farné Bornmouse meEmaryned uitenteots usingmsnewn rajgerithms:  Also,

n the 5 sites_38 or a 0 'S .
the i S5 BSshyisie f o ohe Bk 5 sAdS: Mg B8R e gpmd)
oc u'pgéér @pﬁrdﬁmé&% i£d @Ben AdEtiehaye CBApRr Ay ablkdid isapport
. In the pseudo code
efﬁc;ent searchlng Searching a pattern of length x requires only O(x log n)

time.

A first embodiment of the invention, a transcript mapping method 20 is
described with reference to Figure 3, which shows a process flow chart of the
transcript mapping method 100. The transcript mapping method 100 is for
application to a transcript obtained from a gene. 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, as can be seen in Figure 4.

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 Figure 4. The GIS ditag 30 has a



"Match_sites_2", the nunber of iterations required for
mappi ng to the genone sequence 36 is determ ned by the
w@pmbhas4nne of counts and count . Forexanpl e, PGHSGLNEH6/000151

there be only two 5 sites 38, the mapping to or
traversal along the genone sequence 36 for obtaining
the corresponding one of the 3' sites 40 is only
iterated twice, once for eggh of the two 5 sites 38,
for obtaining the occurring segnents 42 therefrom
However, shoul d the above disparity condition be
unmet, the quantity disparity between counts and

crsfUNR. 2 g 308 308, OGRSk PR HePley fom e
5’ tiﬁ;ﬁhgmggihzlefand ahotiesr tBHEpOMhIgedtite sequardenigeing giesined from
.. Jn the foregoing manner, a trapscript nmapgpi.n
the 51 PBINGL tAGAS T HAHS A8 CERTR HTAYalKGo VRRAIRNSEHENG melggular
- i ; . . . ¢
clorifi 8 Al Bh 7 BPALTOIS d 0 PR oo
enmbodi nent of the invention is disclosed, it will be

.apparent to one skilled in the art that neg,.ous. .
g REREED afifh SSuBubicrfatedn B8 itk ol 5 Jfminal tag 24
andd 8RABt teithihaloRgt P8 WwigP B ﬂﬁérrﬁmirmctedwuebh_@rﬁamiﬁgtétﬂ.rcturauy
Havi ng now generally described the invention, the sane

congenvedoe IRdhe ¥etarmifalutage?Ci bl repiduabRUelendfen i (pAx are
g R e M, T A4 eh e pgotces o
areFubsegaently fdr wseeaprapv odentatiyn wadicator.i IThesefoad,i only 1@nbp of

are not intended to [j.mt] of th resent
thej $efmingh tags284in; f&@'rg‘fﬁ Jdtas»éé%\.mﬁfﬁ' {RfTmapeing tohg; genome
sedBpagagent To fulfil the requirement for |arge scale

ata analysis, data and results may be organized in a
hi erarchi cal framework of project, library, plate and

Foll3Ring Lo EPnE b aasaane 5 Frilind oy Pef i 4 minatag 26
is nﬁétbﬁeéxﬁlférpeﬁsmm%\ﬁermﬁ dinug et as2d [Rthdlated 112, 5’ sites

charact eri sti cs. Upl oaded sequence reads may be stored |
38 apd 3 sites #0eargiidaniifiast whendhe i5ntryminaldag dddane theyg’ terminal

t | e rl T igy N ;
tag, 25 AT Pt R oL Bifme RauBEER I "Bachalipe ©
sitels B and _b'ab-ﬁtoﬁ tiog8T $ites040 i?@@ert:gmd)fude demonvaisequence 36 that
hasitag%:zqign%g fha?rs%%rsfa?\%iaﬁly mét%ﬁgs 'the 5" ttEaFrhlj%%ﬁ ?gg aﬁrlldand the 3’

terminal tag 26 respeciively.

In a step 114, at least one occurring segment 42 is identified from the genome
sequence 36. Each of the at least one occurring segment 42 is a sequence
segment 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
length 44.

Given the GIS ditag 30 (P) for the transcript (R), the computational problem of
locating R in the genome sequence 36 (G) is referred to as a transcript location
identification problem. Therefore, given G[1...n] and P[1..m], the occurring



results. G SditagTool nodul es and nySQ. dat abase are

shown in Figure 10. G SditagTool may conprise one or
woreooe/1853dul es, . I n particular, G SditagTool maRCT/SG2006/000151

conprise two or nore nodul es, for exanple, four

nodul es: nanely Project, Extractor, Exam ner and

Mappi ng. Each one of them serves a distinct purpose:

Project is for data and filg organi zation; Extractor

is for ditag extraction; Examner is for quality

control; and Mapping is for tag-to-genone mapping. The

use of rrySQ_ rati onal DB nmanagenent system nmay provide

oo 44 KR ol el SRS B gy, e

seq&édcél@ig@hﬂﬂﬂ Dd@'sh%tller Ham tﬂnetmgdaﬂwé@geae \eridth flhawtength),

whigh BLbBISaly 955 6 LRIemERSS PRI IR fo1 iciin Gengs, the &'
terrﬁlhﬁl ﬂ%@oit‘? Shd tllwé ay ﬁerrbhn?ﬂfi&# bBGrk Wélﬁﬁéﬁhéﬁﬁyreﬂéﬁ*ééﬂhﬁ}ﬂengtm

tTon and mappl ng paraneters,  are entered
andSmm!engt@s respectisiehy ( eviware rinféngths i ‘i@sbpaaad uplnd@ttg;‘bls = 14

op) PR S bine 1 24 oo o ST RUATIRG L iR A e ¥uBiings

of FYAr. %B%ﬁv@/ba/,sp@huneqb@uﬁ&a@ysw reggseaw@tyegm@é@ob@dubms =19
the user t'o change paraneters. Quality control (QO
and pritndagys Hd8tonduct ed at project, library, plate,
wel | / sequence, or ditag | evel. 4) Ditags are then
subj ected to mappi ng agai nst UCSC genoni ¢ dat abase,

The gén@mbqwxycaﬁﬁn!; ﬁﬁéfé@blyarmblempue@gr ascd)mpressed suffix
i n_UCSC graphic

arrqyeéfﬁl;,g , Thetadermaipal iagnet QE‘ F‘r%t&"af?’fé}'n@ t@grqr %%@5?330 the
gen% oé‘ggg&e@(ee% efe’rQE@aﬂxﬁgﬂgl?g\ﬁgyl%%?%ég@%tgaﬂhggérﬁpressed

sufﬁneap_ayt | Theg jmnaEBy eqeaﬁchrﬁqr matchirgptheob ategohinalttegt2fe and the 3’
SRR Rhef et 5 e, FARBNCTREHALY ifertrmin
a fdmgl’& 88arthtord hﬁé’\@om%ré:ééé'drﬁﬁfl)@érrb?lam lehim@2 for Pérdkming a

Figure 11 shows a Project Mdule ow chart, Figure 12
revelisevaeaseh Brithacomprassad euffix aakhart, Figure 13 shows
an Exam ner Mdule flow chart, and Fi gure 14 shows a
Mappi ng Modul e flow chart. 3. Ditag Extraction
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 explicit text for the suffixes in the genome
sequence 36 when comparing with pattern Q in the binary search.

Lemma 2 (reverse 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{A, C, G, T}, we can find the

set of occurrences of the pattern c¢Q using O(log n) time.



The extractor nodule flow chart is shown in Figure 11.
Extraction and quality control (QC) w ndows and user

w0 pioenssers of G SditagTool are shown in Fi gurBC1/SG2006/000151
Sequence reads can be upl oaded for ditag extraction
via the extractor nodule (B) (also shown in Figure
16). The extraction paraneters can be nodified at this
stage. QC is conducted in gequential order. The very
top panel (A) of Figure 15 shows the statistics of all
the projects (also shown in Figure 16). \Wen the
Exam ner nodule is activated, ditag statistics for all

The pg?tédcf’ r?%rg'ee'%ﬁﬂl)(gf E&g’:}fg? ﬁ%h qg%\ﬁéwgrao @egrt%h' ?hafgﬁﬁ feverse

seauﬂ‘ﬂs siﬂ)\mblne Ffjgllre\ﬁil lumteadl!: o€ appBing ]tppttf }h@i ﬁulrwarct( Bparch and
wel |l's . and sequence

the srewéﬁc%%areh AN¢tAGO8MY 4t Héﬁ 35*%9: 1820 dlgmhativaapricasteis to
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Sequnayeéﬁe sequenced fromthe opposite strand. Ditags
cont ai ni ng either polyA (9 bp)

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 comprise length,

locality, orientation and ordering checks.



or polyT (9 bp) in either the 5 or 3 tag region are
renoved because they are either contam nants or rea

WG eweasises but possess potential mapping diffiPRCl/8§2006/000151
Ditags that containing "N are also renoved. Finally,
the AA-tail is renoved to prevent conplication in
mappi ng. 4. Quality control Quality control ains to
eval uate the extraction regglts at various levels to
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Here, statistics is on plate basis.
the user is notsatisfied with the quality, the user
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unqual ified ditags (Figures 15- F and 19-F). 5.
Mappi ng The present inventors adopted SAT2G for
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40 IOshould 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.



alignnents to identify the plausible genomc target(s)
(Figure 5). A successful pairing has to neet the

w0 odobosi3my criteria: the 5 and 3' alignnents PEeGL006/000151
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PETO, single pairing in PET1 , double pairings in
PET2, etc (Fi gure 20-G . As expected, the above
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mul ti conponent,

where counts is the quantity of 5’ sites 38, count; is the quantity of 3’ sites 40,
and thresholdss is a pre-defined threshold, for example thresholdss = 10,000,
for limiting the quantitative disparity between counts and counts. The CSA
enables both counts 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 Figure 8 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 counts. For



web- based, database supported (for exanple,
mySQL- supported) application for |arge-scale ditag

w@ BEe)i3puncessi ng and genonme napping. |t conprPGESGL0A000151
or nore nodul es, preferably four nodul es: Project for
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Exam ner for quality control, and Mapping for
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tag-to-genone). Data quality can be eval uated at
library, plate, well, sequence and ditag |evels. |
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spititrafth@inventiganoni ¢ fragnment, the nethod conpri sing

preparing a database or file conprising at |east one
ditag sequence. 2. The nethod according to claiml,

HaVihg 'mivih geherdlgt adssribear thel inventionli thegsaraguwiticleg shoresreadily
repared by extracting the ditag s%ggence(%) fromthe
understood through reference to a particular embodiment, which Is referred to
GlISditagTool, with the assistance of the following Figures which are provided by

way of illustration, and are not intended to be limiting of the present invention.

GlSditagTool - SYSTEM AND METHODS

1. Data Management

To fulfil the requirement for large scale data analysis, data and results may be
organized in a hierarchical framework of project, library, plate and well, attached
with records of actions and their corresponding parameters (Figure 9). A hybrid

of flat file system and RDBMS may be used based on data characteristics.



sequences of at |east one library conprising ditag(s).
3. The nethod according to claiml1l or 2, wherein each
walricag3seruence of the library of ditag(s) is PCEHHGEEE6/000151

by a spacer nucl eoti de sequence and the ditag

sequence(s) is extracted fromthe library by inputting
t he spacer nucl eoti de sequence(s). 4. The nethod
according to any one of clagnms 1 to 3 , wherein the
library of ditag(s) conprises at |east a concatener of
two or nore ditags, the concatener conprising, in a

'-3" orientation, a spacer flaking upstreamthe first
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sequences froma library of ditags, wherein each ditag
sequence of the library of ditag(s) is flanked by a
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wherern Sequence
ExtextdraExahilsr amp Mdpphey.tEBecH ohd ofitinagm seneseh alistinct patpose:
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e
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di t im7
the:ﬁ%ﬁ%'ﬁ# Efgtwﬁ(’)%“c %sgd‘ﬂ%lm%e mexi mal ditag base pair
igit is 40.

2. GISditag (PET) analysis work flow, methods and systems

A complete GIS ditag analysis work flow comprises, for example, five sequential
steps: 1) User creates a project and then a library or libraries in the project.
Library-specific information, including extraction and mapping parameters, are
entered. 2) Sequences in a single or multiple files are uploaded from a local
terminal into a corresponding library and ditags are extracted from the
sequences using parameters defined previously. This step also allows the user
to change parameters. 3) Quality control (QC) that can be conducted at project,
library, plate, well/sequence, or ditag level. 4) Ditags are then subjected to
mapping against UCSC genomic database, for example by using SAT2G, and
mapping result displayed in UCSC graphic format. 5) With the mapping results,

ditags are annotated against a corresponding database.



9. The nethod according to any one of clains 1 to 8,
wherein the ditag sequence conprises the 5 term nal
W0 2@6asid41 he 3' termnal tag of a transcript OPCEHSGENEP00151

exon, a portion of the genone, or fragnent thereof.
10. The nmethod of any one of clains 1 to 9, wherein
the ditag sequence conprises the 5 termnal tag and
the 31termnal tag of a fule-length cDNA. 11. The
nmet hod according to any one of clainms 1 to 10, wherein
the ditag sequence(s) conprises a 5 termnal tag of
at least 16 base pairs and a 3" termnal tag of at

S re t c :

Stef a4, it fed By SigdigThBE Wi P¥ied EXHFER, FRafiMer and
Ma;ﬁp’iﬁprinmmar rrgspectively. a Sieml bt ynayonbeolmmTpoPatetﬁ irte the
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ExtfdtfordiibadiesBoW ezt tRigde 132anbwa diPEkaaing Modeale flow chart,
Cgenome 14. The net hod accor di ng to claim13, wherein
an

kighred 14 shows fublapping Modele flayy 8hgrtof ditag(s) is
fl anked by a spacer nucl eoti de sequence and the ditag
sequence(s) is extracted fromthe library by inputting
t he spacer nucl eotide sequence(s). 15. The nethod

;,0 any one of claims 1 to 14, wherein the
3 Eg&% sequence(s) is extracted by inputting the

fol l OWI ng paraneters: - at |east one spacer nucl eoti de
di t base a| r

Theyrarartar raedle dlobv FBau i hiuh BHEBRIF o tiastph ang gyalty
con%%1 g@C ) MAdows Wué‘@'mf@ﬁa@@s RAKH SRR TOSIPAredsitivin in Figure

ein the digit is a nunb
15. Sequence reads can be uploaded for ditag extraction via the extractor
module (B) (also shown in Figure 16). The extraction parameters can be
modified at this stage. QC is conducted in sequential order. The very top panel
(A) of Figure 15 shows the statistics of all the projects (also shown in Figure
16). When the Examiner module is activated, ditag statistics for all the libraries
is shown (C). Clicking on a library, a plate in a library, and then a well in a plate,
the user is able to evaluate the quality of plates (D), wells (E), and sequence

(F), respectively.

Input sequences (in fasta format) are base called and scored with phredPhrap
to ensure quality. The fasta format is the major format used in the scientific
community for sequence data processing
(http://ngfnblast.gbf.de/docs/fasta.html). Phred and Phrap were generated and
are continuously being improved or modified by Phil Green’s group at University
of Washington (http://www.phrap.org/phredphrap/phrap.html). Sequence D
traditionally comprises information of library, plate, well, sequencing primer, etc.



chosen fromthe range of 36-42. 16. The net hod
according to claim 13, wherein the mappi ng step

wo eoobha34zonpri ses identifying at | east one sePOEBG2006/000151
al ong the genone sequence between the natched at | east
one 5 termnal and the at |east one 3' termnal; and
identifying at | east one chronosone | ocation, gene,
exon |l ocation, or a fragnmegy thereof. 17. The nethod
according to claim 16, wherein the identified gene
| ocation is a newy discovered gene |ocation.18. The
nmet hod accordl ng to claim 13, wherein the extraction
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Ditd§¥ Bt containing ‘N’ are also removed. Finally, the AA-tail is removed to

prevent complication in mapping.

4. Quality control

Quality control aims to evaluate the extraction results at various levels to
provide clues that may help pinpoint problems in wet-lab material, protocol or
technique. It is conducted by using the “Examiner” module. At the project level
(Figure 15-A), it displays the project starting date, total good reads and total
ditags for each project. At the library level (Figure 15-C, and Figure 17-C), the
interface displays information regarding the total numbers of good reads, unique
ditags and total ditags that have been extracted for each library. A quick
glimpse can tell the status and performance of a library as well as the
differences among various libraries. For deeper quality checking, the user is
allowed to click on a particular library to display all the plates for that library
(Figures 15-D and 17-D). Here, statistics is on plate basis. If the user is not



chosen fromthe range of 32-38; and - a maxi mal ditag
base pair (bp) digit, wherein the digit is a nunber
W@ hwsass3iz om t he range of 36-42; thereby creatP@mSe2006/000151
dat abase or file of extracted ditag(s).23. The system
according to claim 22, wherein the mninmal ditag base
pair digit is 34 and/or the maxi mal ditag base pair
digit is 40. 24. The systemsgaccording to any one of
claims 19 to 23, wherein the ditag sequence conprises
the 5 termnal tag and the 3' termnal tag of a
transcri pt of a gene, exon, a portion of the genone,
. r A .
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conprising matching the 5 "and the 3' term nal tags of

Clieking antaayed) one cmn gelaa closepdak ohther distibugenmitdhe 57 and 3

flanﬂ?fpp?é@érﬁ%‘sg%%g atrrllgl %&h?@%p@&eaﬂ& u?1 gbﬁﬁ déalt%@seﬁﬁgures 15-
F andti@-Fpce conprising at |east a I|nk for extracting
(extractor) the ditag sequences and a |link for mapping
the ditag to a genone; - a second user interface,
which is activated by an operator by selecting or
5. ,% #ng on the extractor, the second user interface
n’gr|5| ng fields for |nputting a mninmal ditag base

palr (bp) di maxi mal ditag base pair (bp) digit,
Theyrresent rru/@lngmsu gdoplequdAd@ Cofformtmarrisg dﬂ%sipa%i%rspeed and

ol 38, iveBior e ytelp® bt il G h8's TRY Bsfe i pext o
and allewftaem shetdrhfroirhpositont 2, @ 3. MEheTRIMMAINGLg PbRioRsOf the
the ditag(s) s aligned to genone.28. The system

ditagt doinali thg B0 taghysubseqyenedsa; B SPQSQqueWﬁ% &8¢ marped to
oo oS SO RIRLRIBH ITRPE A in el BN LSlca Wiy e
ahgmnmentpdbedeaﬁtfgl/tbe pﬂﬁumblesgemmmwtapg&t(s) (Figure 5). A successful
pairing has to meet the following criteria: the 5’ and 3’ alignments have to be in
the same chromosome, same strand, same orientation, within 1 million bp, and
in 5’ followed by 3’ order; and the 5’ and 3’ alignments need to have at least 16
and 14 bp perfect matches, respectively. Ditags with no successful pairing are
collected in PETO, single pairing in PET1, double pairings in PETZ2, etc (Figure
20-G). As expected, the above parameter setting will push ditags generated by
non-canonical processing (such as trans-splicing) into PETO category; however,

these ditags can later on be retrieved from PETO for further analysis.

The mapped locations may be linked to a local or remote UCSC genome
browser for gene annotation and other related information (Figure 20-H).
Alternatively, a user may perform further analysis using other databases. In our
case, these ditags are further associated with genes or transcripts using T2G



29. A conputer-readabl e medi um conpri sing a conput er

program the conputer program being operative when
was®oassstred with a conputer, and wherein the cCRPCPSGEI06/000151

program conprises the systemaccording to claim

19. SEQUENCE LI STI NG <110> Agency for Science,
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<150> US 11/151, 591 <151> 2005-06-14 <160> 31 <170>

Patentln version 3.3 <210> 1 <211> 36 <212> DNA <213>

Mus nuscul us <400> 1 gcgctagagg cggcggcact acaagtttaa
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accessislgdond T2Gheb siteUsidg lokalizetl e JMNgeraiiesbrioMser.
muscul us <400> 3 gtcggatccg ac 12

Ditag extraction and/or storage in RDBMS and genome mapping with SAT2G
are relevant functions of the GlSditagTool. RDBMS provides fast and efficient
data trafficking. SAT2G contributes a great mapping power to GlSditagTool.
With a regular 750Mhz Solaris machine, handling 100K ditags would require
about 2 months for BLAST (without pairing) while CSA takes just a few hours
under the same or similar mapping criteria exercised. Such speed allows
efficient data analysis. Besides, GISditagTool allows and supports the mapping
of each ditag library to different genome assemblies. The user can use a newly
available genome assembly while retaining the earlier mapping for comparison.
The direct PET-to-genome mapping approach not only bypasses the need for a
virtual database, it also allows the discovery of new genes because
chromosome locations can be linked to databases for further data mining.

6. Results

The present inventors have thus developed GISditagTool, which is a multi-
component, web-based, database supported (for example, mySQL-supported)
application for large-scale ditag (PET) processing and genome mapping. It
comprises two or more modules, preferably four modules: Project for data
organization, Extractor for ditag extraction, Examiner for quality control, and
Mapping for identification of PETs’ chromosome locations using a mapping
system, for example SAT2G (suffix array-based tag-to-genome). Data quality
can be evaluated at library, plate, well, sequence and ditag levels. It is capable
of extracting one milion PETs and finishing genome mapping in one day.
Mapping results can be displayed in any known genome browser, for example,
the UC Santa Cruz (UCSC) genome browser.



<210> 4 <211> 12 <212> DNA <213> Mus nuscul us <400> 4
agtggatccg ac 12 <210> 5 <211> 12 <212> DNA <213> Mus
wOor@ensize2 <400> 5 gtcggatccg ag 12 <210><211> ECBHRG2006/000151
<212> DNA <213> Mus nuscul us <400> 6 tggtaccgag
ctcggatccg acttgtgatt gagatttctc gccgagacgt gacccctcgt
60 cggat ccgac gcgaacggcg agcagcggca taaagtgatc
tcgttcaagt cggatccgac 120 gggtcccttt aagggggcgg
cgtcccttcc tcattaagtc ggatccgact tagattttta 180
gaaat caacg cacgctgcac tcccgcgtcg gatccgactt ccttttaaaa
taatttatgc 240 cgccgeccgcet gcccgtcgga tccgacgtgg

ThiRaA@0 aY9ditarrdd| ¥dhol 3 g%ﬁ?]frgg% R gf%ogg@@cfg? E’gg‘ra%t%ction

. tccgacttgc agtaacattc tcc tgc
in @gotgog@gggp@meteggaﬂgi paamelged cotipgisagitclagsgt minimal ditag

t t{.0at gt t 4 cttttattac cgcgccce .
lenGBO R HERR IR Ebbligand hesse s s 6 5BS%E Fost sxtraction,
we Divte rrdPdoB >to Mitske LS Cditdbt  PET-to-genome-to-annotation approach and
integrate the algorithms in a software program package.

GlISditagTool has been used to analyze over 20 libraries generated from
various organisms. Using a mouse embryonic stem cell line as an example, a
total of 248,234 ditags, equivalent to 135,328 unique ditags, were extracted
from 37,754 sequence reads. Without allowing mismatches, 71.90% of the total
ditags have been successfully mapped to locations in UCSC mouse genome
assembly mm3 and 52.29% of the total ditags have single mapping locations. In
practice, GlSditagTool has demonstrated an extraordinary and reliable
performance and is very user-friendly.



<400> 7 tggtaccgag ctcggatccg acttgtgatt gagatttctc
gccgagacgt gacccctc 58 <210> 8 <211> 38 <212> DNA

w2838 nmuscul us <400> 8 gcgaacggcg agcagcgpeESG2006/000151

taaagtgatc tcgttcaa 38 <210> 9 <211> 37 <212> DNA
<213> Mus nuscul us <400> 9 gcttcccttt aagggggcgg
cgtcccttce tcattaa 37 <210> 10 <211> 37 <212> DNA
<213> Mus nuscul us <400> 1§1ttagattttt agaaatcaac
gcacgctgca ctcccge 37 <210> 11 <211> 36 <212> DNA<213>
Mus nuscul us <400> 11 ttccttttaa aataatttat gccgccgccg
ctgccc 36 <210> 12 <211> 38 <212> DNA

Claims

1.

A method of processing ditag nucleotide sequence(s), the ditag sequence
comprising the 5 terminal tag and the 3’ terminal tag of a nucleic acid
molecule or fragment thereof or genomic fragment, the method comprising
preparing a database or file comprising at least one ditag sequence.

The method according to claim 1, wherein the database or file of ditag
sequence(s) is prepared by extracting the ditag sequence(s) from the
sequences of at least one library comprising ditag(s).

The method according to claim 1 or 2, wherein each ditag sequence of the
library of ditag(s) is flanked by a spacer nucleotide sequence and the ditag
sequence(s) is extracted from the fibrary by inputting the spacer nucleotide
sequence(s).

The method according to any one of claims 1 to 3, wherein the library of
ditag(s) comprises at least a concatemer of two or more ditags, the
concatemer comprising, in a 5'-3' orientation, a spacer flaking upstream the
first ditag, a spacer flanking downstream the last ditag, and wherein each
two neighbouring ditags are separated by a spacer positioned between
them.

The method according to claim 3 or 4, wherein the library of ditag(s)
comprises one or more spacer sequences, each spacer sequence having

different nucleotide sequence from the other(s).

The method according to any one of claims 1 to 5, comprising:
- providing nucleotide sequences from a library of ditags, wherein
each ditag sequence of the library of ditag(s) is flanked by a spacer

nucleotide sequence, and



<213> Mus nuscul us <400> 12 gt ggaagagg aggaaactta
gttcgctgca cccactaa 38 <210> 13 <211> 34 <212> DNA

w2843 nmuscul us <400> 13 ttgcagtaac attcccRET/8G2006/000151

ttcctgccta agcc 34 <210> 14 <211> 36 <212> DNA <213>
Mus nuscul us <400> 14 gagcgccttg gaggtcccaa gctttttgag
acagaa 36 <210> 15 <211> 52 <212> DNA <213> Mis

nmuscul us <400> 15 ttggtgtttgp cttttattac cgcgcgecccc
agactcgtcg gatccactag ta 52 <210> 16 <211> 35 <212>
DNA <213> Mus nuscul us <400> 16 gctttccggt ggaggagtct
tgctttgtgt aagcc 35 <210> 17

- preparing a database or file of ditag(s) by extracting the ditag
sequence(s) by inputting the spacer nucleotide sequence(s).

. The method according to any one of claims 1 to 6, wherein the ditag
sequence(s) is extracted by inputting the following parameters:
- at least one spacer nucleotide sequence;
- a minimal ditag base pair (bp) digit, wherein the digit is a number
chosen from the range of 32-38; and
- a maximal ditag base pair (bp) digit, wherein the digit is a number
chosen from the range of 36-42.

. The method according to claim 7, wherein the minimal ditag base pair digit is
34 and/or the maximal ditag base pair digit is 40.

. The method according to any one of claims 1 to 8, wherein the ditag
sequence comprises the 5’ terminal tag and the 3’ terminal tag of a transcript
of a gene, exon, a portion of the genome, or fragment thereof.

10. The method of any one of claims 1 to 9, wherein the ditag sequence

comprises the 5’ terminal tag and the 3’ terminal tag of a full-length cDNA.

11. The method according to any one of claims 1 to 10, wherein the ditag

sequence(s) comprises a 5’ terminal tag of at least 16 base pairs and a 3’
terminal tag of at least 14 base pairs.

12. The method according to any one of claims 1 to 11, wherein the method

further comprises carrying out a quality control check of the ditag sequences
of the database or file.



<211> 35 <212> DNA <213> Mus nuscul us <400> 17
cctttctgag ccccggcgaa atcgtcttaa tggtc 35 <210>
WA 081353485 <212> DNA <213> Mius nuscul us <400>PABSG2006/000151
ggtctttccg gacctggcca aaaaaacatt ggacg 35 <210> 19
<211> 35 <212> DNA <213> Mus nuscul us <400> 19
tctcggctgec ggactgagaa tactttttge atcct 35 <210> 20
<211> 35 <212> DNA <213> Mgs rauscul us <400> 20

gagcgccgta gccagccccc agctgctgac aaccc 35 <210> 21
<211> 33 <212> DNA <213> Mus nuscul us <400> 21

gat gt ggt gc ggaaggagaa atatttgttt gtg 33
13. The method according to any one of claims 1 to 12, wherein the method is
for mapping ditag nucleotide sequence(s) to genome, the method
comprising:
- preparing a database or file comprising at least one ditag sequence;
and
- mapping the at least one ditag sequence to the genome, comprising
matching the 5’ and the 3’ terminal tags of the ditag sequence to at least
a portion of the genome.

14. The method according to claim 13, wherein each ditag sequence of the
library of ditag(s) is flanked by a spacer nucleotide sequence and the ditag
sequence(s) is exiracted from the library by inputting the spacer nucleotide
sequence(s).

15. The method according to any one of claims 1 to 14, wherein the ditag
sequence(s) is extracted by inputting the following parameters:
- at least one spacer nucleotide sequence;
- a minimal ditag base pair (bp) digit, wherein the digit is a number
chosen from the range of 32-38; and
- a maximal ditag base pair (bp) digit, wherein the digit is a number
chosen from the range of 36-42.

16. The method according to claim 13, wherein the mapping step further
comprises identifying at least one segment along the genome sequence
between the matched at least one 5 terminal and the at least one 3
terminal; and identifying at least one chromosome location, gene, exon

location, or a fragment thereof.

17. The method according to claim 16, wherein the identified gene location is a

newly discovered gene location.



<210> 22 <211> 34 <212> DNA <213> Mus muscul us <400>

22 ggcggccgeg tggttcctge taaggcgaaa acgt 34 <210> 23
WO 20ea3342 <212> DNA <213> Mus nuscul us <400> 2BCT/SG2006/000151

ggaat ccgag gggttgggtt aaaacttgaa atgg 34 <210> 24
<211> 35 <212> DNA <213> Mus nuscul us <400> 24
gagtctccac ccggattcta aagtatatac ccccc 35<210> 25
<211> 35 <212> DNA <213> Mys rauscul us <400> 25
gctttccttt cagcggcgct aataaaatct tgaac 35 <210> 26
<211> 35 <212> DNA <213> Mus nuscul us <400> 26

18.The method according to claim 13, wherein the extraction of ditag
sequence(s) and/or the genome mapping is carried out through the Internet,
on a computer and/or of a medium support.

19. A system for processing ditag nucleotide sequence(s), comprising at least a
module for preparing a database or file comprising at least one ditag
sequence, the ditag sequence comprising the 5’ terminal tag and the 3
terminal tag of a nucleic acid molecule or fragment thereof or genomic
fragment.

20. The system according to claim 19, wherein the database or file of ditag
sequence(s) is prepared by extracting the ditag sequence(s) from the
sequences of at least one library comprising ditag(s).

21. The system of claim 20, wherein each ditag sequence of the library of
ditag(s) is flanked by a spacer nucleotide sequence and the ditag
sequence(s) is extracted from the library by inputting the spacer nucleotide
sequence(s).

22.The system according to claim 21, wherein an operator selects at least a
link, which activates the module, the module launching at least a user
interface, and wherein the operator inputs into the user interface the
following parameters:

- at least one spacer nucleotide sequence;

- a minimal ditag base pair (bp) digit, wherein the digit is a number
chosen from the range of 32-38; and

- a maximal ditag base pair (bp) digit, wherein the digit is a number
chosen from the range of 36-42;

thereby creating a database or file of extracted ditag(s).



cc cggcggag taaagactac agacc 35 <210> 27
gg%%g 3%ggzgg>g%N%g<813> Ngs nmuscul us <400> 27
wWQoWeasert cttcctgcga aacgtgaatt ctgag 35 <21BCI/282006/000151
<211> 34 <212> DNA <213> Mus nuscul us <400> 28
ggccttctgc caatccagta catttgaaat tacc 34 <210> 29
<211> 35 <212> DNA <213> Mus nuscul us <400> 29
ggtctttctg cggaatccgt ggacd@dtttc ctgcg 35 <210> 30
<211> 34 <212> DNA <213> Mus nuscul us <400> 30
gctct cgaac caggctgcgc gagactgact ggcc 34 <210> 31
<211> 34 <212> DNA

23. The system according to claim 22, wherein the minimal ditag base pair digit
is 34 and/or the maximal ditag base pair digit is 40.

24. The system according to any one of claims 19 to 23, wherein the ditag
sequence comprises the 5’ terminal tag and the 3’ terminal tag of a transcript
of a gene, exon, a portion of the genome, or fragment thereof.

25. The system according to any one of claims 19 to 24, further comprising a
module of quality control of the database or file of ditag sequences.

26.The system according to any one of claims 19 to 25, further comprising a
module for mapping the at least one ditag sequence to the genome,
comprising matching the 5’ and the 3’ terminal tags of the ditag(s) to at least
a portion of the genome.

27. The system according to any one of claims 19 to 26, comprising at least the
following:

- a first user interface comprising at least a link for extracting (extractor)
the ditag sequences and a link for mapping the ditag to a genome;

- a second user interface, which is activated by an operator by selecting
or clicking on the extractor, the second user interface comprising fields for
inputting a minimal ditag base pair (bp) digit, a maximal ditag base pair (bp)
digit, and the nucleotide sequence of at least onespacer sequence;

- a third user interface for mapping the ditag sequence(s) to the genome;
and

- a fourth user interface showing the results of the mapping, wherein the
ditag(s) is aligned to genome.



<213> Mus nuscul us <400> 31gctccccaac ccgctcgcege

aaacttttag tacc 34
WO 2006/135342 PCT/SG2006/000151
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28.The system according to any one of claims 19 to 27, wherein the system is
operable by an operator on a computer and the operation is carried out
through the Internet, on a computer and/or of a medium support.

29. A computer-readable medium comprising a computer program, the
computer program being operative when associated with a computer, and
wherein the computer program comprises the system according to claim 19.



