WO 2006/135342PCT/SC2006/000151 Method of processing and/or
genome mapping of ditag sequences Field of the invention The present
WoRMptigF4&lates to a method and system for processing ditad SEGGEAEE00151
In particular, a method and system for preparing a database or file of ditag
sequences. The present invention further provides a method and system
for genome mapping of ditag sequences. Background of the invention
Since the completion of the genome 1sequences for human and several
other organisms, attention has been drawn towards annotation of
genomes for functional elements including gene coding transcript units
and reqgulatory cis- actlng elements that modulate gene expressmn levels.
ondsfhed abRioerssingandiondenamaitiapping of dilagsgaueqnces
transcripts expressed from the genes in human and model organisms. In
Fielh @ Bthaoiaiemtiohgenes, full-length cDNA cloning and sequencing is the
most conclusive and is viewed as the gold standard for the analysis of
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however, relies on the presence of restriction enzyme (RE) recognition
sites, such as Nlalll, and lacks the capability of defining gene boundaries

Badkaheugd iQithe specificity of the tags is often poor and the

information yielded regarding transcript structures is frequently incomplete
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often leads to poor or




WO 2006/135342PCT/SC2006/000151 3 incorrect results, while BLAST

requires a long time and is thus not suited for large-scale mapping. There
WOe2eisfdi a need in this field of technology for new method®&h§G2006/000151

systems for the organization and analysis of GISditag data, as well as

efficient methods and systems for mapping ditags to genome. Summary of

the invention The present invention addresses the problems above, and

provides a new method and/or systeb of processing ditag nucleotide

sequences. Further, the present invention provides a method and/or

system of mapping ditag nucleotide sequence(s) to the genome.

According to a first aspect, ch &esent invention provides a method of
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agment thereof or a genomic fragment, the method comprising preparing
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extracting the ditag sequence(s) from the Sequences of at least one I|brar)éT)
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comprise at least one concatemer of ditag(s). In particular, the
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sequence and the dltag sequence(s) is extracted from the library b

3’ LinjaiMaRHe s FanschintRBRdeh 3sateheatio N\ RE OPRORBR ANBPGIIRYs)Proc.
NaffORUHIEESAt USA 101, 11701-11706). Starting with full-length cDNA clones,
GIS links the first ~18 bp (5’ tag) with the last ~18 bp (3’ tag) of each full-length
cDNA molecule in the same order and orientation - size variation is caused by
the natural imprecision of Typell restriction enzyme digestion - in such a way
that the strand, order (5’ followed by 3') and orientation are maintained. In such
a way, libraries comprising GlSditags (also referred to as PETs, GIS ditags or
ditags) are prepared and sequenced. However, at present no efficient methods
for the identification of GISditag sequences from these libraries, as well as the
construction of GISditag databases, have been disclosed.

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



4 least a concatemer of two or more ditags, the concatemer comprises, in

a 5'-3' orientation, a spacer flanking upstream the first ditag, a spacer
WaaMAgSaBvnstream the last ditag, and wherein each two neRFBSGANY/000151

ditags are separated by a spacer positioned between them. An example of

concatemer of ditags flanked and separated by spacer sequences is

shown in Figure 19. The library of ditag(s) may comprise one or more

spacer sequences, each spacer seqéence having a different nucleotide

sequence from the other(s). The sequence size (in base pairs) of the

spacers and their nucleotide sequence may depend on the restriction
_enzyme used in the preparation of the library. It may also depend on the
inceipetifesHts cWNIR FPARE S qatiRer 2dlfateHmg #nd iedlien et mudljask for
|ard@ggd@tﬁ%r!§9nﬁfuction of different libraries, different tissues, different

species, different concatemers, and the like. The library may comprise

ditag sequences of any kind of nucleic acid, for example, single and/or
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from transcripts of a gene or of an exqn, or they may have been prepared

systeins Jorthes QEyanizatinn phdian alsisnel. Gleriiag datre A ayRllas efficient
mefHeasAsigyBeniagorflappaeyaiitidaagianeins. 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
Sumprapsyasfcheireveataivase or file of ditags. More in particular, the method
according to the invention comprises: - providing nucleotide
s of a ibrar ' , wherei dj qyenc
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ditag(s) I1s flanked by a spacer nucleotide sequence, an
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sequence(s) to the genome.

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
thereof or a genomic fragment, the method comprising preparing a database or

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



- 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;
WQRHo/13584haximal ditag base pair (bp) digit, wherein the digiPlSTaSeINpEP0151

chosen from the range of 36-42. Preferably, the minimal ditag base pair

digit is 34 and/or the maximal ditag base pair digit is 40. In particular, the
ditag sequence(s) according to the invention may comprise a 5' terminal

tag of at least 16 base pairs and a 3'4erminal tag of at least 14 base pairs.
Further, the ditag sequence may comprise the 5' terminal tag and the 3'
terminal tag of a transcript of a gene, exon, a portion of the genome, or a
fragment thereof. More in particular, the ditag sequence may comprise the
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one segment along the genome sequence between the matched at least
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sequences may be used in the construction of different libraries, different

tissues, different species, different concatemers, and the like.

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) 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).



According to another aspect, the method according to the present
invention further comprises a step of mapping ditag(s) to the genome. In
W ebeiFa4the mapping step comprises mapping the at least 86d/83606/000151
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. More in
particular, the present invention provides a method for mapping ditag
nucleotide sequence(s) to the genonfe, 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 )
Mot dithTRtHare haRIdERthSMRNSSiB IR BXtR HRdfrpRiktingriiae drllawing
parBiABRiRg the at least one ditag sequence to the genome, comprising
matching the 5' and the 3' terminal tta s of the ditag sequence to at least a

portion oRHHERRRSIBSHAGRARHGIEP YaipSequence of the library of

ditag(s)-i%flﬁmkmﬁum %@%@nﬁéiﬁ?@ﬁ? &@ﬁ?@ﬂ@@r@iﬁdtﬂﬁ&'@ﬁqs a number
sequence(? is extracted from the library by inputting the spacer
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and/or file preparation, the ditag sequence(s) is extracted by inputting the
foll GRRRPPAFAMdRe Jang%akeBrtspacer nucleotide sequence; a

minimal ditag base pair (bp) digit, wherein the digit is a number chosen

from the range of 32-38; o ) .
Preferably, the minimal ditag base pair digit is 34 and/or the maximal ditag base

pair digit is 40.

In particular, the ditag sequence(s) according to the invention may comprise a
5’ terminal tag of at least 16 base pairs and a 3’ terminal tag of at least 14 base
pairs. Further, the ditag sequence may comprise the 5’ terminal tag and the 3’
terminal tag of a transcript of a gene, exon, a portion of the genome, or a
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

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
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(bp) digit, wherein the digit is a number chosen from the range of 36-42.
Wpeteiadd#2the minimal ditag base pair digit is 34 and/or the MaXiRRAEHALP151

base pair digit is 40. The mapping step may further comprise 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, gen€, exon location, or a fragment

thereof The identified gene location may result in a discovery of a new

gene location. Accordingly, the present invention also provides a method

for discovering new gene(s), comprising: - preparing a database

leagh anpgishdeamingli ansl digy¥yine atdeast gipnehremasemalolesaliern one
gen??c&' &Yy eﬁ?%m&géﬂgﬁ:hmg 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
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‘ I_tgartlcu ar, in the method accordlng to any aspect of the invention, the
u
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b Preferabl a 5' terminal tag of 18 bp and a 3' terminal tag of 16
gengyne, compnsmg matchmg the 5’ and the 3’ terminal tags of the ditag

sequence to at least a portion of the genome.

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, 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;



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
WRRWeghRSsHE Internet, on a computer, for example a stand-aloR€ ESYPGEP00151
and/or of a medium support. 8 According to another aspect, the present
invention provides a system for processing ditag sequences. According to
another aspect, the invention also provides a system of genome mapping
of ditag sequences (a ditag-to-genonfe mapping system). According to a
particular aspect, the system according to any aspect of the invention is
also referred to as GlSditagTool. Accordingly, the invention provides a
system for processing ditag nucleotide sequence(s), comprising at least a
modulef& m@ﬁmﬁiqga% B&%@@Hfﬂb@c&'ﬁ!ﬁis%ﬁ@l’ééb@oﬁ'ﬁ'&itﬁ@ number

seqaﬁgggntﬂ,grqi{ﬂg ﬁﬁg@t&ﬁe‘ggmprising 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
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least one library comprising ditag(s). In particular, each ditag sequence o
paigiehidibigAlef 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 least a
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ownstream the last ditag, and each two neighbouring ditags are
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_ toinvention, an operator selects at least a link, which activates the
disGRYBINO RPN HRESINGAHNY at least a user interface, and wherein the

operator inputs into the user interface the following parameters:

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.

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.



- at least one spacer nucleotide sequence; 9 - a minimal ditag base

pair (bp) digit, wherein the digit is a number chosen from the range of
WR2081Ha¢# - a maximal ditag base pair (bp) digit, wherein teTd§i2q86400151

number 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 partfular, 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 of quality control of the database or file of ditag
Ace’iﬁ'@ﬁ@*%-aﬁ&ﬁ%@%@é@[,qﬂﬂi%mw RRMRHSBroMIRS |%V%Jy%fcem for

library, plate, well, sequence and/or ditag. The quality control check may

proggssingeditag sehenraspinganeineirsangthiricaseest Jbaoimeniiediso
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consideration the sequences which result in an error and do not
MapRiRgsHEHET dfSE BNk IR dPAiCHAIRERESh IR BYRISERaAROBR 1R any

aspREIUTIRE IRVERLION S8 BRsuivatRereerH RIdSETSHmRAWSIfor 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 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).

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 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;



10 - amodule for preparing (creating) a database and/or file comprising

at least one ditag sequence, the ditag sequence comprising the 5' terminal
Wo§erdHe 3' terminal tag of a nucleic acid molecule or fragnk€iY$k&p8e/f00151

- optionally, a module for quality control of the database or file of ditag

sequence(s); and - a further 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 portién 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 |ink for mapcﬁigng the ditag

to a gendn@inimzlsditag baser Rk fape digiiciviesein dhsydigitis a number

OpeERBRYTRSIS SHET M i Bina-@8 thg@xtractor, the second user
interface compr_ising fields for inputting a minimal ditag base'jﬁ&ir (bp) digit

a maxima FRAYBE5SIRG BISPRGH SR HIghuWRSIRIE Lhe RigitdSRtumber

leagheReshtAtReGHARecHf 36addigndser interface for mapping the ditag
sequence(s) to theﬂ?enome or chromosome location; and - a fourth user

interfad BV iAER AT AR rtrase RIdBBiRE eYirsctsr MR8y (s) is

aligned to genome.

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 &’
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 of quality control of the database or file of ditag 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:



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
WORMEISH3 a computer and/or of a medium support. AccordiR§ TS &AE890151
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 éﬁy aspect of the invention. 11 With
reference to the mapping step, 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 .
GenorAdNedtedgraRISRATA ingka frtakaRsRngeftieycomprising at
SeaYEBAESHIPY FLBRRITCECHNE RRRE YERRMN IS RIPAYIFY MY BNRAthiiRtag

structure Compressed Suffix Array (CSA). Therefore, in accordance with

AAbsC3 torminaliaamia tHelRsAsH srelrsuis A FaemRNtasEeor;

invent'qat@ﬁal@r,oxiﬂml@a@ptﬁ\sﬂam?tb@ﬁtmcﬂpmyfdammmisms Bfeditag
steps of: - preparing a database comprising at least one ditag

(ﬂe itag sequence comprising a 5' terminal tag and a 3'

termingl g AuRlSisrasidoprigane af feaginenttiorrpsdgueneamethe
from the transcript of a gene; - matching the 5' terminal tag to at least

DFBRIBR oFAPRIRIRE BELRIIAGRS theBB)iFeAtiff R IRA GRS g ditag(s)

therrfienst easorabierahiegenensed’ 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

Acsrtifptdeanbens Aspischaiadsgsieft asesrdints i ehdenydatiomabiagiises
- identifyinﬁ at least one occurring segment, each of the at least one

at Igggtingd 1t being a sequence segment along the genome

Sequgnm%bawﬁent@r?edé‘l terriemst ahfehssite Imrdfeneatabery Radtactor)
one 3' site, f the at least i t havi
e ditag spauences and a fink for mapping the diiag to & getome;

- 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;

- a third user interface for mapping the 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.



- identifying at least one feasible gene location, each of the feasible gene
location being one of the at least one occurring segment having a

W@ ateeriddtength not exceeding that of a predefined gene lenH/SG2006/000151
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 from a transcript of a gene;
means for matching the 5' terminal th§ to at least a portion of a genome
sequence to thereby identify at least one 5' site therefrom, each of the at
least one 5' site having a sequence matching the 5' terminal tag;
means for matching the 3' terminal tag to at least a portion of the genome
sequence to thereby identify at least one 3' site therefrom, each of the at

Wit 3etI8R R RS HELBIRGIBRCRSAHERhEE ab &N AAY RAown mapping
means for |dent|fy|n% at least one occurring segment, each of the at least

metind JBaNrRAfgUSES RE AceRfsirdsagpreit R graRogisnRRtein order
to RECBIRRTRIBRRETURAG ahiBe A(dat m&?'mvéq:%%@m&eémze)

one 3' site, each of the at least one occurring segment having a sequence

algaiHBA; AW be usedipsmanaingiin gl desrd brRoRB M dRIRME SRRMENCE

buiRagRlikR%R3SIBIE BRNEoGALRE REe Snacliee BblARRESRSIOSIHIT A rray
segment having a sequence length not exceeding that of a predefined

e length. According to another aspect of the invention, it is provided a
mapping method comprising the steps of: - preparing a ditag database
comprising extracting at least one ditag, for example from a library of

ThefiRigee orfr AT EXNdANG M NS) BEPRALSTHBRIIAYLYIRPridhg Apthod or
sysierfinetaingd @ IHerminahiien M8y agreigisasichmpsrdenbirramant/or
systarn ompricmg the sepa oF T o1 & gene:

- preparing a database comprising at least one ditag sequence, the ditag
sequence comprising a 5’ terminal tag and a 3’ terminal tag from a nucleic acid
molecule or fragment thereof, for example from the transcript of a gene;

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

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

- 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:



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

W@ Re0padd#2a sequence matching the 5' terminal tag; matBAFHYERE000151
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; 13 - identifying at
least one occurring segment, each di2he 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 -
idertif)RR&t i@éﬁﬂ"@ﬁ@rféﬂsﬁnl@ﬂj@h@ﬂ@c’éﬁcﬁ?‘%ﬁ‘i“ﬂﬂeﬂt least ene ditag, the

ditafRF S 9§ﬁ%”he'§” ?é}?ﬁiﬁélthég"tdﬁaséoﬁ’etw 9@@%9@%0&@&&9 acid

one of the at'least one occurring segment with at least one of the

molgcule Redragigentibrrsohdos.eanrlg fFn& tRNSFTME MR length,
the saeRIRCRPIABECHRIG the ™ Rithm Al 8§83 UMeeastis FOONDLA H8rRime

least one 3' site correspondltzgthereto in accordance with a 5'-occurr|r|$gl )
eas

sequaiiaeip herelvidaniitmhipas cBguRrRitediRieHiame E8RRGIRE:

on@Qf@i’t@ %ﬂhﬁ@ﬁ%ﬁ@eﬁ@ﬁ%@hmﬁ ﬁé@e@ﬂ%iﬂaﬁtﬁbme at Iea;t one 5'
site and one of the at least one 3' site corresponding thereto having a 5'-3'

orientRfsNS feromatahing dhe Bt einaltagntroat apk acmostippnef the
gendIPEERRITRMRRNY A RBPTa ShfiRE Aoedineheegasal ipRiRGreaI8sch of the

within the same chromosome. Brief description of the figures Figure 1.
at lept OPERURIBMBMNGIRGAHERS MRGHHGERALHRNIAN PN the

examplg Vet IRIEHEHYealGEasitags aecurirgRY rentfWdendah the at
cDNA library. Each ditag [ ID NO:1] comprises a 5" and a 3' tags (-18

EQ.
leagl, AR HRIHFEBHORBHY B ReAn SEAURNR-REQIEAL AL o ignome
sedliEBCEOHEERERIE RRPEiMB L bthe siteehe Ristd B sl aneseobtheast one 3’

corresponding tgene in the chromosome. Fi%ure 2 shows a schematic

sitegiggraRTdhg BtARREE ARAORGITHRE SPENS iR REBiSeINENER IFOgTY 20
ditaghtesiydee f@eneRigoanfsasRone tipsblEh el Isclfershexshtios the

preparation of concatemers of ditags. ) .
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 method
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;



WO 2006/135342PCT/SC2006/000151 14 Figure 4 shows a schematic

diagram of a GIS ditag [SEQ ID NO:1] for application of the transcript
WorApe#§3chnique of Figure 3 thereto. Figure 5 shows GIS RGHISEE90151

NO:2] (PET)-to-genome mapping. Mapping PET sequences with SAT2G

is conducted in two steps. First, the 5' tags and 3' tags are aligned

independently against a genome assembly; a 16 bp perfect match length

is required for 5' tag and 14 bp requﬂ%d for the 3' tag. Then, in the second

step, the 5' alignments are paired with the corresponding 3' alignments in

search of the target location(s) in the chromosomes. A target is identified if

both of the 5' and 3" tags are in the same chromosome, same strand,

samelepiiifdngnainiearssiR LEGUTBRISCIMeNitAh ndflidienpt least one
occliiAgCSefiaER Beoigva 3 Géﬁ@é?%@@ﬁféﬁﬂﬁiﬁ’@"tﬁfetf%ﬁéﬁﬁérhﬁquence
c

mapping method of Figure 3 for forward and reverse searching of 5' sites

betygemWipohihe atdershrneeyiivaneighr of theat leaskans dogite, each
of thdaiclRasitemel oettiRerigesisahiinnaaving aesboed mid-igHErR fid

identifying the sequence length of an occurrin? segment, the sequence
g

lengtHiSEY 189b 8GRty RGN TBaRRIG IR RE IRARARR TRy ot least one
ocdifHdyiegmeateasibiedfane WICRERR dher RHITHIE Igere So2RB0E BIREUHE of

code "Match_sites 2" of the transcript mapping method of Figure 3 for
the; @ {REMPAR QKGN SSAMRERIER 24ISasHONSithR Reruence length

therdofreboBxedeainig ehae st Iprativads e i bretaines Jagueads order
Data Management. Entity-relationship diagram of Gl dite%gTool. The

r o
the et 2Rdafb s iR ﬁ%%r%hﬁ&&uﬁ@%ﬁﬂ% i pleastrage 3’ site
coraégbﬁﬁatnge)ﬂﬁgl@f@pns?t@éwm,\Aihrﬁré/,s.ﬂ@tﬁ;umH%(@g@ﬁem@egﬁugture
a sequence), ditag, an nomijc |ocation in sequential oyder. T
e RS R SR B BIGRS Pt FEESRP PR GVRRL GF cftbgne genome
secRigreliaRaad sita pmdidond/ Of 20 tAL Tt e THSSIRDERMDONESAS 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.

Brief description of the figures

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.



15 respectively. The organism, tissue, status, genome, and

sequenceCenter tables provide background information needed for the
WQR88EE85Hgure 10. GISditagTool modules and mySQL datad4sESG2006/000151

According to one embodiment, the GlSditagTool comprises four modules,

namely Project, Extractor, Examiner and Mapping. Each one of them

serves a distinct purpose: Project is for data and file organization;

Extractor for ditag extraction; Examitfér for quality control; and Mapping

for tag-to-genome mapping. mySQL rational DO management system

provides easy trafficking for the activities between those modules. Figures

. 11 to 14 show Flow Charts of four GISditagTagl modules according, to one
FiO b SN AeRIRAIS SAGETEB 8 (HShGIIEG, BOEin: RN for

appirRatiorast fHigurantrshowamiiodsapioig Modh Rigon shngrétigure 13

shows an Examiner Module flow chart, and Figure 14 shows a Mapping
Module flow chart. Figure 15. Extraction and quality control (QC) user

Figmt#;ﬁaélﬂﬁv(d ; fﬁ @d_IWﬁa@ [‘SEHSWMQP'(I@HW@%@T@&E@ ﬁ_ﬁpbmg. Mapping
oaded for ait xtraction via the extractor m ule . e traction ,
PE oS e DS ATAGLE SETHUCER BYo SERRahiel e gt and 3
tag@hrd%. éﬂ@meryﬂ%éplmmr(@ @ggivstm gtaisities faégéilrﬁﬁysl{rajacaswvbeﬁect
e =xaminer mogu S tivate , di statistics for all the_librari IS .
el I RS Gk Sola S LAPR, TR0 1o ch T In the
sedoatestle, uaer s aligeitcaralarieptireduality tb}flaowaeébdn:}rmgs IExlighehents
. sequence (F), res tively. Fiqure 16 shows the user interfaces.(A).and,. . .
N SO O S OBt PP ST s ST BB B (AR s anGted i
bothneF (]ghc);elostss_?dﬁdila’glféyﬁ_ @ﬁ&iwsmg%dﬁwmﬂc&mmth hea_mter fttaﬁ?;)eime
. 00l 0 | e . Flgure . SNOW e user. Iinterrace (0]
o P Y ONEAEPYS SRRy At U PELR st

GISditagTool. User interfaces (G) and (H). The mapping module aligns
Figtie Bislyans gersmmdmndderdinds Sibeis tiof ivedsingasiphmapp(®) eredhod of

. ) o . C Dj |
Fiolf ot e RME el et et B RETRNATE. ks frop
gernangetsciguenae.the genome.

Figure 7 shows a pseudo code “Maich_sites_1" of the transcript mapping
method of Figure 3 for identifying the sequence length of an occurring segment,
the sequence length being subsequently compared with a predefined length for

identifying of a feasible gene location therefrom.

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,



Definitions - Ditag: GISditag(s), also referred to as ditag(s), is defined and

prepared according to US 2005/0059022, the whole content of which is
Wt sdBrporated by reference. - Data: Information, in any RE#{SG006/000151

which a computer program operates. Data, as herein used, encompasses

any information regarding ditags, in particular, to base pairs of ditag(s)

and the nucleotide sequence of ditag(s). - Data Management system: also

referred to as DBMS or dbms, is a software system that provides

comprehensive facilities for the organization and management of a body

of data required for a particular application or group of related

applications. - Database: for the purﬁoses of the present inventign, a

respRENEdh SPEREGRNIFHY RS tRF I AN PESVRRERIE A REdaples
proliigeslngiiderne mpnsrebAliREE inferBRMPodemay also comprise

further information such as the size in base pairs (bp) and the nucleotide
._sequenc e ar mpre spacer used, origptatign.of ditag(s), a liQrary or
FiodEe o HALLEE (oL pBP o e SR S RIS o
embuoelitndatiethaciSdithgiidalr stongorisésinfeuromudelesystramsig/d?@ject,
E tcont'u uter-readable ei\%ium.TheEdaﬁbase rp also be avalil keo the .
e XA DA R Ee R Sl e Bele s A A nchatitpose:
Projieth ibeflor wikitenzand ditep otgagyjzaionaikiva ctaofop ditag eadicgdiome Bxaminer
using the facilities database management system. 17 - Eile (also
for e B PR TOE R bE e e, vt S 0B
manageméntesystare provdesreasydiddfickiren tapr e aacidatiesobdtween those
mo@[l?ﬁéam itself. For the purposes of the present invention, it is defined as a
olle

Ction of data (or in general information) of ditag(s) comprising at least
the nucleotide sequence of ditag(s). It may also comprise further

Figiesmdtish thshew thipwiZehantasf fsalrsf%bwi_éaﬁﬂml_ mecédﬁagaccording to
onS TP RBS N SARGH S Hﬂaﬁ%@r@@gom@%ﬂama, ?f}!ﬁéﬁé’l\%dule

sequence identification (ID) number, count {copy number) and t

flow sbarht igunerd@dnshiowsian dovisaaiar N&@@beﬂwghﬁ%tﬁggmiﬂﬁrsaows an
ExaiReut &d&@ﬁ&ﬁd@fa?tC%B“ﬁé‘&?@%'@%ﬁ&'%’ﬂ%@ﬂ% MAYRIRS flow

e available on the Internet. One or'more files of ditag(s) e collected
chaf.a directory of files. Detailed description of the invention Complete

genome annotation relies on precise identification of transcription units

FighreindedEyradtisnsaratigndifjasiioiq QU P L3ee imteefsedsnyiaHoMSHEF) of
PAS). To facilitate this, a pair of complementary methods, namely. .
IS oratia the

t89] SRIGESRAPEERaIeRR SR PG HRIBRARL dRn iR SXEAG
extVsatorevelpmed Bl eres axtriibroparabaels Iknsoanibatraratthrediage.

on the ariginal SAGE (serial analysis of gene expressiong] and LongSAGE

QG rnfugisd inseaypriakandengthe vRIX IaBRRG E:CAnSigNEs s statistios

of ANARiECEBrVEBRUhe IR iitRililstiandibatast dtaasiataics for all
b'éB{)'@O' each transcript. Mapping of 5" and 3' LongSAG_E taq_sbto the

( . .
the iR TaRRSAfoMOWR (5ol ZAFKRSOR ST 3a ThRTRIRdN a Tibrary, 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 same transcripts in
genome sequences are not always straightforward and can sometimes be
WQaMeaBifuous. One solution is to clone the 5' and 3' tags ofE/SG2¢6/000151

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. 18 A plurality
of ditags can be concatenated for claﬁing and sequencing, with each ditag
representing an individual transcript. Unlike single tag sequences, the
paired ditag sequences can be specifically multiplied with a frame of
._trangeripts being precisely defina nen.being mapped tq the genome
FiolEt 0 a0RPhg SRRV el SENESd S et GRS (e (H)
Thenalgpginghmbdale aalignstefyendjiahe Toagdrdmedantitrpreddptonoth the
units encoded by genes or of nucleic acid .molegule.or f nts there
e R AT VG SR e e
areZNO5|0Rd 2TV dHe wsheaéegonies (@wRIEM 0s REEIn PEDR)@iiddaged on the
refere . xample of the GIS analysis (also indicated as GIS
nurpg)c rn%ﬁ%%@éﬁm%%odﬁ(%yel) g ns(lzﬁ)]ve\/h in Figures 1 and 2. According to a
particular aspect of the GIS analysis, the conventional cap-trapper method
is applied to enrich a full-length cDNA and incorporated adapter
Defiffidgaces that bear a Mmel restriction site at each end of the cDNA
fragments. The cDNA fragments are then cloned in a cloning vector to
construct a GIS flcDNA (full-length cDNA) library. However, the GIS
- DREoBNsavs et UREGIRATING R tifors AR RdRGNERCBIEpared

aci uleor fragment thereof, for examplé to a portion of a genome.

acCprdingast®id e pAPEe 08590 2inths ivbrRiesteameMinel (whipe 1is herein

incoRSYISHAN B refaR R cleaved 20bp downstream of its binding site.
However, any restriction enzyme rec_ognizing an asymmetric restriction

- Dafe dnformeationq im i Easimeth %.9ATPRKIENIRFOAr3ypRarates. Data,

as [RTEIRIGSANBABSAKLALIS fan h fIFRGSOFEBS iy BREMIGP BY &M ar, to
be used. After dl%es ion, the flcDNA inserts of the library were dropped

basgoRatiseohAdFI PR (Re RUplaRiie SRAVBNSeRTEags with the
- DERIMRSHRIgBING YESRIeRR-GISdInaTdifodeR A DBIMS eI Seiadsftware

ditag library. The ditags of the library were then sliced out and purified for

systeimcatbAkiiRECHItESIorRRENENSNE: dacifiapcierdiths iagnization and

maR8gemiet %@55@!)7 Yﬁi%ﬂé{, @@fﬂﬁé@%?%ﬁéﬁﬁﬂl@rtbﬁﬂﬁlﬁﬁ&@%ﬁw of
reveals 15 djtags. Each unit of the ditag sequence contains 5' 19 tag

relafee ARPECHIYNBast 16 base pairs (bp) and 3' tag signature of at least 14

- DhmpYse-arspase PiarpeBasdt pirepléaarmaaventeriiemanedioh b data (or in
particular, the ditag comprises 18bp, of 5' and 18bp of 3' sighatures. More

gerigigl mRimAtn R SAReN SOmEISIngr &' ezt Hhs Braleqlia ralisncs of

ditdg(gthad msmqgrmeﬂm%%;dﬂpﬁeda‘mﬁnel ¢ imawmcms@g@{ Zatl;s the size in
experimental conditions used, for example the spacer may be :

bagG TGS (B A E) SRR SR T B Ae 4 dgge) SRaper used.

oridhesBéw obaiRigE)! o lisrangwianailshouddEhtiiedican(ey Alimday e the

s e SR R o o

corhtﬁll(vér/@y,s@é];m %ﬁwﬂbrm}? ﬁﬂ?@ﬁﬂéme&tﬂméqm@ﬁmﬂlem@bﬁ;dﬁage may also
seqguences from these librarjes, as. as the construction.of dit,

be BARIRE RS RIS IR LR ST S ARRgeS el 6 e apbedy of

infdMnibiheir dateehpithdiltbigenesopiiber ggstene ardive\ecomputariegdable

e R O RS A RO Wl Tapping tho.

ditag sequences to the genome.



Accordingly, the present invention provides a new method and/or system

of processing ditag sequence(s). Further, the present invention provides a
WQorstledddmdl/or system for mapping ditag nucleotide sequenc®@Sh/f&21e6/000151

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 GlSditagTool will be e1>?plained 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 comé)rising the 5' termin

, | tag and the 3' teyminal tag of a
- P B RIe BRI 8% P REAB R)ro GOPERE8 B e PRE At (6TsS! o
by filetheiawd;ofck asaenpRiragmest.chaatedtiiutoatsatjSing prapaidages or the
database lgr 'ec&'n{;leprisin%at leﬁft ne dita r@e uen%e. Acgcardin IO%D
ProgEA 18P bt 11k AUBRSES S rHEoPIRSE CANERLELY) 16 [reisiiaad,gs a
collextiantobdaditrdisepumnae (Afdravatibe) selditages) aompethgrat ibastythe
omprising ditag(s). .The library may be a library of nycleic aci .
e SR TS RSt e el HirEih itprmggion such
as thenpiize iat least qrairso(inelemelr tifeditaglsptidepadiguéarcehef one or more
concatemer Comprises one,or re ditags. More in particular, each dita
SPan, Rt o7 RNALIETy o GBS oA v cea s Aifiaatsw (o)
nurabguenoceahdcopditagrabgrerara(sthe elikactétdratatiedibrinfpigation are
inqutting the spacer nucleptide sequence(s). When the library, of djt
col A s SR r SERien VB A BTl Ry St A S Bibuter-
readabiprivesliima The Gleematonlsa Heaavailzivlkian upstrisdentat Dsedimgore
. a er flanking,downstr .the last dit ach two neighbouring
f"e%lsfgf%ﬁl’gs‘il%% a gdcéfeac?s%%q‘lférg p@ielt?%%%gdb Eﬁ sv%en them. An example of
concatemer of ditags flanked and separated by spacer sequences is

D et%*ﬁ%‘éY%’%EH lfirc?nlc%‘ t‘ﬁ@q@é%ng spacer and/or the 3' flanking spacer
—Tnamw&engmﬂmmheir length may vary among a
concatemer of ditags or within the concatamers of ditags of one or more

Coﬁ@q HE Sy d ISR YN talIBH (LR 57 r%?gé'é%% pg@gffgé%ﬁaé‘@rtranscription

uences, each spacer sequence hav e sequence

unifsohounslechby(9). trarsspintion wirlionsitz€1(H)bard papelyademylation site
tive. e ic y
AT A S R R RISl s snce
(Iorgper_iﬁw\@rnalmmiig_ﬁam@e(_arﬁaima,am&ﬁbqng&ﬁs‘aﬁs&ﬁﬁede;@@m@ﬂt{wel
et eH5%@42%%05'53\%?&%%%Q'%é%&%@éeﬁagg@ma‘@%Q‘fﬁ@rﬁ (serial
specles, different concatemers, and the like.
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.



21 In Figure 19, there is provided an example of arrangement of ditags
and spacers in a concatemer of ditags. In particular, Figure 19 shows
WQRYs1 83 4Red and separated by spacers. In particular, the spEE38¢000151
showed in Figure 19 all have the same nucleotide sequence and a size of
12 bp. However, spacers having different nucleotide sequence from each
other may also be used. In a 5'- 3' orientation, Figure 19 shows a portion
of the vector (58 bp),flanking the firs*t%pacer. The first spacer flanks
upstream the first ditag (38 bp). The first ditag (38 bp) and the second
ditag (37 bp) are separated by the spacer. The same situation is up to the
right ditag. The eighth ditag (36 bp) is then followed (flanked) downstream
by the last spacer, which is flanked downstream by a portion of the vector

A plarabg) oft Al de cuidsatdene ste heterefsoa dRnighmmerssgirmengalith each

comprise a variable humper of ditags and it is not IimitE%I fo eght ditags as
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whifshr i aexdimiticorpbdited bgqedareesand 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,
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full-length ¢DNA and incorporated adapter sequences that bear a Mmel

restriction site at each end of the cDNA fragments. The cDNA fragments are
then cloned in a cloning vector to construct a GIS flcDNA (full-length cDNA)
library. However, the GIS methodology is not limited to flcDNA, but may be
applied to any nucleic acid molecule or fragment thereof, for example to a
portion of a genome. The plasmid prepared from the library is digested by Mmel
(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’



More in particular, the ditag sequence(s) is extracted by inputting the

following parameters: - at least one spacer nucleotide sequence; -a
WOoRMEISa#ag base pair (bp) digit, wherein the digit is a numbBEESE3€p6/000151

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. Preferably,

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

digit is 40. In particular, the ditag se&ﬁence(s) according to the invention

may comprise a 5' terminal tag of at least 16 base pairs and a 3' terminal

tag of at least 14 base pairs. Further, the ditag sequence may comprise

the 5' terminal tag and the 3' terminal fag of a transcript of ,
tag RIARGHBELRL BLIARD 16 HRs RRTIIRL AN TogianatiTerof allgast 14
bp,?niﬂrne&lcsﬁ:aﬁr :@meﬁazgﬂ@&iéembm@ndﬁm&htam?mrta? Qeaticular,
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usezhdoesramisiditheepaser. imyide d2Be control check, the operator may
decide eliminating from consideration the sequences which result in an
error and do not correspond to ditag sequences. 23 The step comprising
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known mappin ethod. In particular, the method. according. to th
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one gene, a’fragment théreof, or an exon location.
no efficient methods for the selection of ditag sequences from these libraries, as

well as the construction of ditag databases have been disclosed.

Further, the ditags require to be mapped to find their corresponding genes on
the genome. However, no mapping methods have been specifically disclosed
for ditags. Further, there are no existing computer algorithms that are readily

applicable for mapping the ditag sequences to the genome.'

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



According to a particular aspect, the present invention provides a mapping

step referred to as SAT2G (suffix array-based tag-to-genome), which will
WQ0gesdFded in more detail below. According to another aspdt¢Tthe2006/000151

method according to the present invention further comprises a step of

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

comprises mapping the at least one ditag sequence to the genome,

comprising matching the 5' and the 30ierminal tags of the ditag sequence

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

invention provides a method for mapping ditag nucleotide sequence(s) to

the genome, the, method c rising;, - preparing a database or fil
thefE i HETRLS oAty e Elied oS A8 RTERRES A latakpse or
file tenipiticinyratl lkegstioddhiitdgtesyiaidag of a nucleic acid molecule or

fragment thereof; - optionally carrying out a quality control check of the
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preparaihditagydisclingdiie) déagesrauenseisasrampdhiprseguangesahat least
on@ﬁblféglaégﬂf fsﬁ(?c&tg(;éﬁgzisequence of the library of ditag(s) is flanked by
e

a spacer nucleotide se ce and the ditag sequence(s) is extracted from
the library by inputting the spacer nucleotide sequence(s). Accordingly,

ThéNfbi2 'P&tluQ BEPY BRI S ARRP YL LA BIRfHBSIY™R least one

_ wherei Ing the step of database and/or file preparation, the dita? _
ditag-gaaHenes- id betirany Hansampiisseabivashgpaeensaigmer 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
least a concatemer of two or more ditags, the concatemer comprises, in a 5’-3’
orientation, a spacer flanking upstream the first ditag, a spacer flanking
downstream the last ditag, and each two neighbouring ditags are separated by
a spacer positioned between them. An example of concatemer of 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.



- 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;

WO 2006838 ditag base pair (bp) digit, wherein the digit is a n§HE62006/000151
chosen from the range of 36-42. Preferably, the minimal ditag base pair
digit is 34 and/or the maximal ditag base pair digit is 40. The mapping step
may further comprise identifying at least one segment along the genome
seqguence between the matched at i®hst 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 g new gene locatjon. Accordingly, the present
In F ool BSHFo I A HER OB TP AL o o ATEANGERIAE). ChiAAg e
spacBrenaringoh datemrscof ditwgising pattosizpFidiing sequvwe ditegpfidrked

he at least one ditag sequence, to the genome, comprising matching.the
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all lgsveithe; sathe cnuvieatioe thegioemcel eraiiansidesofid@niop. iHibwesustingpacers

datahase or, data‘ to %etermine wheittther it a OL{ tsto a new location ,
havg}l% ?f%@gtg%(éeotl e sequence from each other may also be used. In a 5'-
3’ orientation, Figure 19 shows a portion of the vector (58 bp),flanking the first
spacer. The first spacer flanks upstream the first ditag (38 bp). The first ditag
(38 bp) and the second ditag (37 bp) are separated by the spacer. The same
situation is up to the right ditag. The eighth ditag (36 bp) is then followed
(flanked) downstream by the last spacer, which is flanked downstream by a
portion of the vector (52 bp). It will be evident to a skilled person that the
concatemer may comprise a variable number of ditags and it is not limited to
eight ditags as shown as example in Figure 19. Further, one or more spacers
having a different nucleotide sequence from the other may also be used. The
size of the spacer may also be variable, as explained above.

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) méy 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



25 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
WQR8YehdHZ' terminal tag of at least 14 base pairs (bp). In paRflifp2006/000151

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,zf'%)r example a stand-alone computer,

and/or of a medium support. According to another aspect, the present

~invention provides a system for processing ditag sequences. According to

another aspect, the invention also pravides a system of genome mapping,
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referred to as GISditagTool. More in particular, the GISditagtool is a

software program system. The GISditagTool may be provided on a
MoreeiflipariopRe!ttHasthitey suyadiad(dyiie slitiactednagdrptiaglens rfaligving

the Internet. Accordingly, the invention also provides a GlSditagTool
par [ program package (kit). Accordingly, the invention provides a

system feitsect etiedsgisgrmintissitiesesmesasts), comprising at least a

module for preparing,a database or file compyising at.least one .dita
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terncheséiofidm theclaingeiof 3@188pendr fragment thereof or genomic

fragment. In particular. the database or file of ditag sequence(s),is

prepared %;Vﬁ%?ﬂ%‘&‘ n(ﬂtﬁ% l?ﬁt%% S L&R ied('scﬁltrr ﬁee"'zlée%ﬁ eﬁ I3, A pumber

leasthasehilfrary tloenangediiBéedd). 26 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
Prefgratilpgttes mjprdoel il g dimkegeajo digie (s )3 4\dmey oin ¢Hé raaxioh alitdiigg) base
Rréss%at least a concatemer of two or more ditags, the concatemer
prises,’in a 5'-3' orientation, a spacer flaking upstream the first ditag, a
spacer flanking downstream the last ditag, and each two neighbouring

' re separated iti e '
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pairs. Further, the ditag sequence may comprise the 5’ terminal tag and the 3’
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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.



link, which activates the module, the module launching at least a user

interface, and wherein the operator inputs into the user interface the
WoMwidsEparameters: - at least one spacer nucleotide seque®€&/SG2806/000151

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; 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 t
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genome sequence between the maiched at least one 5’ terminal and the at
least one 3’ terminal; and identifying at least one chromosomal location, one
gene, a fragment thereof, or an exon location.

According to a particular aspect, the present invention provides a mapping step
referred to as SAT2G (suffix array-based tag-to-genome), which will be
described in more detail below.

According to another aspect, the method according to the present invention
further comprises a step of mapping ditag(s) to the genome. In particular, the
mapping step comprises 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.

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.



sequences. The module for quality control may be used at the level of

library, 27 plate, well, sequence and/or ditag. The quality control check
Wor)8Bdried out before mapping the ditag sequences to thB(Jéroipes/4pp151

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 cofifprises 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 alsg pravides a system, for.gepome
In BRI OARELD QAR ERLTER ). D IHA RGeS i ed by a
spaenpiisiegtide- asgodnte fanprépartitalresdque) ce(Eitadasetraatizar fiem the
. _comprising.at least one ditag sequence, the ditag sequence comprising
hbr% t Rﬁﬁﬁ&g{%ea%paa[%eerﬁﬂlgi%oﬁcg? t%%qgle Q%GL% eic acid molecule or
fragment thereof; - optionally, a module for quality control of the
database qy file. of ditag sequence(s): and., -.a further module.for
AcGIRAR A LS TR 8 RSl QL AR Bl o the
genuatehiwbhehein'durthth¢h® stepinhidaigbasehentifay fptprepaatienpdhdoditag
seq?fetnge%g)n@rgﬁtracted 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;
- a maximal ditag base pair (bp) digit, wherein the digit is a number

chosen from the range of 36-42.

Preferably, the minimal ditag base pair digit is 34 and/or the maximal ditag base
pair digit is 40.

The mapping step may further comprise 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. 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.



According to another aspect, the system according to the invention
comprises at least the following: - a first user interface comprising at
WQ86/A3ai2for extracting (extractor) the ditag sequences and RCIkG06/000151
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 basezgair (bp) digit, and the nucleotide
sequence of at least one spacer sequence; 28 - a third user interface
for mapping the 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
In pexdimulang o Hre argikotioadicerndiventmany aspadctobyheninpenditn, cthe ditag
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computer,”and whéerein the computer program comprises the system
according to any aspect of the invention. Mapping step

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.

According to another aspect, the present invention provides a system for
processing ditag sequences. According to another aspect, the invention also
provides a system of genome mapping of ditag sequences (a ditag-to-genome
system). According to a particular aspect, the system according to any aspect of
the invention is also referred to as GISditagTool. More in particular, the
GlSditagtool is a software program system. The GISditagTool may be provided
on a medium support, installed on a hard drive disk, or made available through
the Internet. Accordingly, the invention aléo provides a GlSditagTool 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).



Mapping ditags to the genome is akin to searching occurrences of a
pattern in the genome sequence. Approaches for pattern searching
WOdB B conventional BLAST (basic local alignment searcR¢3¢i§>2¢t¢/000151
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 exacfccurrences 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

In partslibag éacheniitang E24lidRgenlghritemiibrayybeiusiicdés)rispflarkéte by a
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parﬂc%lé?@?%@gnﬂiﬂr&@u%cﬁc acid molecule or fragment thereof, for
e

xampgle from a transcript of a' gene; - matching the 5' terminal tag to
at least a portion of a genome sequence to thereby identify at least one 5'
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- 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; 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,



- identifying at least one occurring segment, each of the at least one
occurring segment being a sequence segment along the genome

W@ ateetidatbetween one of the at least one 5' site and one of HETAIGE8%/000151
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 excee%ﬁng that of a predefined gene length.
In the nucleic acid (for example a 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: - matching the 5' terminal tag o a chromosom
PlatEs U REOHRI TG S5 SR CTI BB/ GO, 650k NS (i ed out
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ay further comprise the step of.generating a data structure for indexin
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indexing the genome sequence.
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:

- a module for preparing (creating) a database and/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, a module for quality control of the database or file of ditag
sequence(s); and

- a further 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.

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;



The mapping method may further comprise the step of generating at least

one of a suffix array, a suffix tree, a binary tree and a compressed suffix
WQRMy/18P3ttlexing the genome sequence. In the mapping me®eH SR80 151

of matching the 5' terminal tag to at least a portion of a genome sequence

may comprise the step of: - at least one of forward traversing and

reverse traversing the genome sequence for comparing the 5' terminal tag

to at least a portion of the genome %uence 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 trav t[%rsmﬁ and reverse ver ing the

gerotht EEHRET B HRER I MGRRING: %ﬁ’tﬁﬁ%eé}q% (19 fRRgRNRme
BrecH ANPBEOAGRS| UREO I ghtaln the at least one 3 site. In the transcrlpt

mappl thod, th enilfé atle fea5|ble ne locatio
may BOPHEAR: ST BREOSAIRY D0a BRI hPoraaBR Gg G in he
hﬁw(@mﬁs@@ﬁedg@ggmmband one of the at Ieast 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
Théwﬁﬁmracadnrdirtgetdranywmenapb'llh@ lin&ém&brths sfegrathlednypamingperator

uence order ach of th at Ieast one rr S nt d one of
on tﬁ gtm(,pég%naeng sﬁ} & N reh P8 he™8 rI'eeast o] Q%L@géﬁespon on a
cortipertetcamdio cofrgrisedinensseyppdrdomparing the sequence order of each
of the at least one occurring segment and one of the at least one 5’ site
and one of the at least one 3' site corresponding thereto being in

Accordimgahce anidihes' aspea&ngrwginmntmmtmmumeé.n theeovnmdepreadable
in method the ntifyin Ie 0 i ati
mem‘é@ﬂo‘%p (S s?ep %f%(?e ??ylr?fg a ?gs?en nac&% T;ng%) t?gmg
opd@ﬂmm@encassmgmghmm mcotmamefg alnel a\lhessundﬂne feamipléeyapregram
co&%ﬁ%@&tﬂﬁé%%%% according to any aspect of the invention.

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



In the transcript mapping method, the step of identifying the 5'-3'

orientation may comprise the step of identifying a residual AA nucleotide,
WRHSMELII3 AA neucleotide constituting a portion of the 3' terRGR&IGRP6(pP0151

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 gne 5' site and one of the at least one

3' site corresponding to each of the %%curring 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

st.a portion.of a genome sequence ma ise the step of. -
Of G IR b B S A e S ARt SBRT oG el
SAB2Gspitehicg tisaldeadtia pustodeigenbigerse @in8e comprising the
step of: - identifying quantity of the at least one 3' site. 32 In the transcript

mapping method, the step of identifying at least one occurring segment
Therefpreoniprisedinel steye ofvith one aspect of the invention, the method or

system according to the invention also provides a mapping method or system
comprising the steps of:

- preparing a database comprising at least one ditag sequence, the ditag
sequence comprising a 5’ terminal tag and a 3’ terminal tag from a nucleic acid
molecule or fragment thereof, for example from a transcript of a gene;

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

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

- 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.

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:



- traversing along the genome sequence towards one of the extremities

thereof from each of the at least one 5' site for identifying at least one of
WRHEM(1ER42 one 3' site. In the transcript mapping method, the R¢dH6£006/000151

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 5' site. In the transcript mapping method, the step of

identifying at least one occurring segment may comprise the step of: -

traversing along the genome sequence towards one of the extremities

thereof from %ﬁ gr} :? t least one 3 site for identi at least one of

the at 164525 ANy ?ﬁa&Bb?ﬁB%% e&‘éeé‘t%% of
identifying the at least one feaS|bIe gene location may comprise the step
Th h’ ter inatin traver Ion rfrt gnome sec %51 #@ res onserté) a
o ARG R P T ek Bng s el dae g
datthstratckesstfon indesiireg Rm:gehimgrm satpikacaspect of the |nvent|on, it is
provided a mapping system comprising: - means for preparing a
database by extracting at least one ditag, the ditag comprising a 5'
Thetemappihtagativoa 3hegrriunthletagdnoprisenthaestegpcnf peterakingr dtdgastmne
of at rt]reeree ¢ G%El?r)éag?%e fogmdgrég r?éy tf&r %gg)ﬂﬁg the genome sequence.

The mapping method may further comprise the step of generating at least one
of a suffix array, a suffix tree, a binary tree and a compressed suffix array for
indexing the genome sequence.

In the mapping method, the step of matching the 5’ terminal tag to at least a
portion of a genome sequence may comprise the step of:
- at least one of forward traversing and reverse traversing the
genome sequence for comparing the 5’ terminal tag to at least a portion of
the genome sequence 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.



33 - means for matching the 5' terminal tag to at least a portion of a

genome sequence to thereby identify at least one 5' site therefrom, each
WQRIAE136IdAst one 5' site having a sequence matching the 5' RER{HERA 00151

- means for matching the 3' terminal tag to at least a portion of the

genome sequence to thereby identify at least one 3' site therefrom, each

of the at least one 3' site having a sequence matching the 3' terminal tag;

means for identifying at least one oc¥ rring 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

ne 3' site,.each of the at least png occurring. segment having a sequence
In ik fanEciibt MR DISTotIG SI58aSl S RaURe SEHERR G Riter of
eaatnol thicthad leasibtmgereclacaipsdpmenbaadidhe af estbdheastanarty site
egment.having a sequence.length not exceeding that of a predefine
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ancf1 gH(éle?pc{ﬁge%quggthHeat easﬂelGachs%nglr ffqtﬁforg}'qgég? %net- 3, site

erminal tag; an - means for providing a nucleotide sequence with at
corteapobdibgsdhsartofdpéinmiin thecsrdamemanitty. in feonwppng sesmant-3’
strJEﬁlFQ.eans 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 transcript mapping method, the step of identifying at least one feasible
gene location may comprise the step of identifying the 5’-3’ orientation of each
of the at least one occurring segment for obtaining the at least one feasible
gene location therefrom.

In the transcript mapping method, the step of identifying the 5’-3’ orientation
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.



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
WOorafehidt$the 3' terminal tag to a chromosome sequence. W®CT/SG2006/000151

2006/135342PCT/SC2006/000151 34 - means for generating a data

structure for indexing the genome sequence. The mapping system may

further comprise: - means for generating at least one of a tree

structure and an ordered array for ir?&’exing the genome sequence. The

mapping system may further comprise: - means for generating at least

one of a suffix array, a suffix tree, a binary tree and a compressed suffix

array for indexing the genome sequence.

In the transcript mapping method, the step of identifying at least one occurring
segment may comprise the step of:
- traversing along the genome sequence towards one of the
extremities thereof from each of the at least one 5’ site for identifying at
least one of the at least one 3’ site.

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 5’ site.

In the transcript mapping method, the step of identifying at least one occurring
segment may comprise the step of:
- 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;



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 at
WQ86/3386X forward traversing and reverse traversing the ge®R6FEG2006/000151

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 mapping

system, the means for matching the 3' terminal tag to at least a portion of

a genome sequence may comprise:33 - 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
meARSEP R RAIGRGUS B HILR) P gACIEatyR Al EB b Asdenome
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5'-occurring segment-3' structyre. In the mapping system, the means for ,
SeqEHR AR d e I Bl S R B CHep e ot Bst Gne 3
site, each of the at least one occurring segment having a sequence length; and

- means for 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 mapping system, the means for identifying a 5’ terminal tag and a 3’
terminal tag may comprise:
- means for providing a nucleotide sequence with at least 16 base
pairs for forming the 5’ terminal tag; and
- means for providing a nucleotide sequence with at least 16 base
pairs for forming the 3’ terminal 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:



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

occurring segment for obtaining the at least one feasible gene location
WQrEfeftéFAAn the mapping system, the means for identifying the%562006/000151

orientation may comprise: - means for identifying a residual AA

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 compriséﬁ4 - 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 |east bl location therefrom. |
the mappGREiL5, H0TRUPE B: AR RPHFHERS o5 ARG DY (5% 98Rgme

aequidntef a genome sequence may comprise: - means for identifying a
guantity of the at least one 5' site, and 36 the means for matching the 3'
terminal tag to at least a portion of a genome sequence comprising:

The mapping system may further comprise:

- means for generating at least one of a tree structure and an
ordered array for indexing the genome sequence.

The mapping system may further comprise:
- means for generating at least one of a suffix array, a suffix tree, a
binary tree and a compressed suffix array for indexing the genome

sequence.

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

- 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.



- means for identifying quantity of the at least one 3' site. In the mapping
system, the means for identifying at least one occurring segment may
WQRaMpMigs42 - means for traversing along the genome sequ@6déSE@rer80151
one of the extremities thereof from each of the at least one 5' site for
identifying at least one of the at least one 3' site. In the mapping system,
the means for identifying the at least one feasible gene location may
comprise: - means for terminatir?g’atraversal along the genome
sequence in response to one of the at least one feasible gene location
being identified for each of the at least one 5' site. In the mapping system,
the means for identifying at least one occurring segment may comprise:
- means for traversing along the genome sequence towards one of the

In tegtreappirsytbpsearitne eacans ivecanipasingneesisieck omdientd eacht of the
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at leashsofw t&msitetingpireepmadialgntheéretgemoaye sempeise: itheegpease for
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and one of the at least one 5 site and one of the at least one 3’ site
corresponding thereto being in accordance with a 5-occurring segment-3’

structure.

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

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

occurring segment for obtaining the at least one feasible gene location

therefrom.

In the mapping system, the means for identifying the 5-3’ orientation may
comprise:
- means for identifying a residual AA 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



37 - preparing a ditag database comprising extracting at least one

ditag, for example from a library of ditags or from existing database(s) of
WQIRYs1 353 2ditag comprising a 5' terminal tag and a 3' terminaP¢3gSeaAie000151

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 5' site having a sequence?ﬁatching 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'
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as an array here 1=1...n and that SAM = j means that the j-suffix
(suffix starting from character j) is the i-th smallest suffix in the

In RICAMBPING O&8fem, the means for identifying at least one occurring
segment may comprise:
- 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 &' 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:



Both the suffix tree and the suffix array allow for fast pattern searching.

Given a pattern of length x, its occurrences in the genome G[1... n] can be
WOttt 0(x) time and O(x log n) time for the suffix tree and€HS6a /000151
array respectively. Although the query time is fast, it is not always feasible
to build the suffix tree or the suffix array due to large space requirements

thereof. For example, for a mouse genome, the suffix tree and the suffix
array require 40 Gigabytes (GB) and3 GB respectively. Such memory
requirement far exceeds the memory space capacity of ordinary
computers. To solve the memory space problem, we apply the
space-efficient compressed suffix array,éCSA indexing data structure,
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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



identification problem. Therefore, given G[1...n] and 91 ...m], the occurring

40 segment 42 is identified as being a feasible gene location of P when:
WRHEMEEGEce length 44 a-i) is smaller than the predefined geReT&6G196/000151

(maxlength), which is typically less than 1 million base pairs in length for

known genes; the 5' terminal tag 24 and the 3' terminal tag 26 are longer

than predefined minlength5 and minlength3 respectively ( where

minlength5 = 16 bp and minlength338 14 bp); and the 5' terminal tag 24

and the 3' terminal tag 26 of R are the substrings of P[1...boundary5] and

P [boundaty3...m] respectively (where boundaty5 = 19 and boundaty3=

18). The gepome sequence 36 is preferably jndexed using a compresse
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to the compressed suffix array. . inary search for matching the 5' ,
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in tHRBRWeifEPhE bfdeperforming a forward search on the compressed

suffix array and lemma 2 for performing a reverse search on the

compressed suffix array. Lemma 1 (forward search): given the CSA for
Botththgendhrei@Elantiahd suffik erencatiendes fzfsh patiem @ ardhjrfgr iyen a

base ce{adebine (A), cytosine (C). gyanine (G), t ine(T. e .
pattﬁé@u‘?ﬁé&'@?bf‘ﬂf Sp%?é‘*ﬁ??&% dB?ﬁi‘ﬁa%?en&lr%ﬁI?gfﬂ)' tlnr]gecy A orv&g?;d) rted in
O(xbpithvaey ardrCipidaas hietie g mitveldyifiiy freermrehtiumabifivaayrapaaspectively.

algorithm to use values jn the, compressed suffix. n |
AR B R TS S P LT ENS Lo S el roe or
the cuffpadnayviti@atelr e ispaediregyicaeantsLareal2 (Foreesarydectpr a

iven the GSA,for the.genome G[1...n r,
mofe B e e, A oee it e LMK 2, A T Epes (o)
andodBuEn cespafdireepatted natQrasmgry (kegnirdment 4arTaxosssisdtheoaemory

"Eind _Sites" for e e r i
ot (U TE 0 06 TE SRR BB e
appsgdhenspatearddicientreomppessedsutiicantai (Ghprdadaring datpiptructure.

ither onl f e usj 1 I 421V
oS RIS BT e IR (e g B EHARIR Wiout
the aveedifar syraous2memory requirements using known algorithms.  Also,
the built CSA is very small. For example, a CSA for the mouse genome (mm3)
occupies approximately 1.3 GB. Additionally, CSA is also able to support
efficient searching. 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



The GIS ditag 30 may appear in the genome sequence 36 in sense or

anti-sense. To address this issue, an index is created for each of the
W@kl gstdnne sequence and the anti-sense genome sequeRE€d/SG3086(00151

of creating two separated indexing arrays, an anti-sense GIS ditag can be

created. The suffix array is searched twice in the step 110 for each of the

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

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

Additionally, the genome sequence 36 can be naturally partitioned into

chromosomes. This enables a compressed suffix array to be created for

., _the sequepce ent.of h chrgmgspme. By doing so, 5' sites 38 and
diteg R G2r2! GBI 1 KB EH oo BRd SEhegp the
5 tgeniosictsg Aeand G ofresidsbih efaonciretidedssgfiieraredyec mgdéraadairom

syffix tree, a bingry orthe Jike indexing data, structure is usable for
the S RTIHL Bharte oRURe o g S o LAt B R g elsger
clorifig, the ditaigcleR@tiad thitBe BGES difagndie ey s dsonh deaksad8bp.
identify a feasible gene location. The checks comprise length, locality,
orientation and ordering checks. 42 In a step 116, the length check is
Thipeddatied bitenogeuisgtioxissateciocthéeagtremitisfseat thef Shéesminastag 24

. . ) lenat

and SR B G D LA RIS SR A detray

conasteedindortie. Bletermitl dath6t estresiduaturtinlpstidesedd4ifgsare
| ; dt i

retqh RS SO e ST AL R TR SRR W ees o

are pRuhaRsivendy Nottcisesassan "doestation dicstown Theigfareincad$ bp of

dasaliy dherk | RPYLBR 1S s 3 s
the g S ol 27 et of ol et 5 Fome
seqasaigesPto identify which chromosome each of them are located within.

The occurring segment 42 identifies a potential feasible gene location only

when the 5' site 38 and the 3' site 40 thereof belongs to the same

Follgwinadberatennld Giepah of the srideationl dreckiaperibmedasyninal tag 26
is nERONE4NS 1R YRR HBRc %iéeiﬁ%rgﬁ%ﬁhﬁ 3 Siip R &b 112, 5’ sites

corresponds toeach occurring segment e orientation of the 5' site

38 gpdhAdaiies34bitere identified whendbatingteiaisditrs 24 Aeddbrigaterminal
tag %'5%@@%&%@?@%&%5&%6%@%@@%6@ seoudRAVBfRthe 5

5'-3' orientation for the occurring segment 42 thereof to identify a potential

sitee3§itaacyeABhcfHien3| sitestél ipa RAisriefifip JRRRTERERIANSE 5P that
hasSATYRIhEECIhAl YIReeaviEllg ResitIYSHE anddhfiRalTespPUiBAP the 3

site 38 and 3' site 40 to the genome sequence 36. Preferably, the ordering
terrpinsd dAL2EhEesBEGHYRYsegments 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. _ . .
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



43 In a situation where the feasible gene location is not found from the

GIS ditag 30, the constraints are relaxed to allow at least one mismatch
WM Bigthing the 3' terminal tag 26 to the genome sequen®CIGH2Me/000151

step 112. Alternatively, the quantity of the 5' sites 38 and the quantity of

the 3' sites 40 are initially obtained before the 5' sites 38 and the 3' sites

40 are matched to the genome sequence 36 in the step 112. This enables

identification of quantity disparity betleen the 5' sites 38 and the 3' sites

40, for example, when there only exist less than ten of the 5' sites 38 and

more than tens of thousand of the 3' sites 40, or vice versa. When large

uantity. disparity between the 5' sites 38 gnd the 3' sites. 40 exists, the .
seafffloAt: e R AR Gt SRR TS (AR O Bt aglyc e
sequeERngrigttha 4 ¢RdsesaeailerrtbaBthd pesdifined gersfiedgibpioacteisgih),

.required. for the trapscript m ing method 100 when.a large quantity. . .
whi i%ah@%qjyegsfo{}i‘@&%m f?’&%?ﬁq‘? l|rssplsr1]ri ?/n is%%%f@)\g%n%ﬁpoér/]slst he 5
terneisizitiizh2d asdliteuBtichrisabldg,26 s oidsr3baumBadediedowinieitgths

the.guantity of 5' sites 38, counts is th tity of3}sites 40 =
andtﬁpé@}ég% 3 183 Sf;e%f\:"(é ingm%sr%’ﬂe%ﬁ eH)s(amoip e@rgjﬁolg@@% gihs = 14
bp):18na0hef& lienitimpiHag)Qdnainatithe A5 fertinbttag &6 afURtsraritie subsirings
e S e c . [ it -
of GRS AL A B S e R Mncarye .19
anddesgntier/artiépseudo 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
Theisgetemeineeduietiee sithlier prefasabbumdexedcosing. Bocompressed suffix

array (CSA). The 5’ terminal tag 24 and the 3’ terminal tag are matched to the
genome sequence 36 preferably by applying binary search to the compressed
suffix array. The binary search for matching the 5’ terminal tag 24 and the 3’
terminal tag 26 are dependent on two lemmas, namely, lemma 1 for performing
a forward search on the compressed suffix array and lemma 2 for performing a
reverse search on the compressed suffix array.

Lemma 1 (forward search): given the CSA for the genome 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.



44 example, should there be only two 5' sites 38, the mapping to or

traversal along the genome sequence 36 for obtaining the corresponding
WQRMWAAIHREE' sites 40 is only iterated twice, once for each of tRETHEB06/000151

sites 38, for obtaining the occurring segments 42 therefrom. However,

should the above disparity condition be unmet, the quantity disparity

between count5 and count3 is not large and therefore the transcript

mapping method 100 reverts to the'method described in "Match_sites_1"

for obtaining the occurring segments 42. In the foregoing manner, a

transcript mapping method is described according to one embodiment of

the invention for,addressjng,the foregoing disadvaptages of conventional
The RERHAG edfAE e iy RAD aibJAINER AL ThARd o e vorse
seafticio bt Fgape® entnistead skidipplyinthdath ttre fomvardusearch and
changes and/oy modification .cap be made without arting from the , .
the JETGNE: SRR AP R RE DB A Gah ALty AL AR pch T to
appip\ethimnotiy teerfe mitidesearehreaidily lendestdazt thndy dhereéyensecsessch
. particular odiment, which is referred |Sdi ' ith th
i R Dl T GaA ) B s e 2 ) R et feast one
occilustgesiegmemnd 422 not intended to be limiting of the present invention.
GISditagTool - SYSTEM AND METHODS 1. Data Management To fulfil
the requirement for large scale data analysis, data and results may be
Theofgkhiditagn3® hieagr elpipakiram éveo denopnejeaqliienree, Pt aansgelor anti-

ser Bl SR S e e P e BB gprome
sequateceharatiéhistionti4ense genome sequence. Instead of creating two
separated indexing arrays, an anti-sense GIS ditag can be created. The suffix
array is searched twice in the step 110 for each of the 5’ terminal tag 24 and the
3’ terminal tag 26, once using the sense GIS ditag 30 and a second time using
the anti-sense GIS ditag (not shown).

Additionally, the genome sequence 36 can be naturally partitioned into
chromosomes. This enables a compressed suffix array to be created for the
sequence segment of each chromosome. By doing so, §' sites 38 and 3' sites
40 are obtainable for specific chromosomes instead of the entire genome
sequence 36.

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

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

locality, orientation and ordering checks.



Uploaded sequence reads may be stored as flat file with positional index
recorded in the RDBMS to support quick retrieval. The remaining
WOoaeiahdn? and processed results may be kept in RDBMS to R&dilitg2806/000151

querying. These include the various statistical, progress and tracking

attributes and mapping results. GISditagTool modules and mySQL

database are shown in Figure 10. GISditagTool may comprise one or

more modules,. In particular, GISdit"z%Tool may comprise two or more

modules, for example, four modules: namely Project, Extractor, Examiner

and Mapping. Each one of them serves a distinct purpose: Project is for

data and flle organization; Extractor is for extractlon Examiner is ror
In 2yl d8 %ﬁ@ f 1R p&i g?é\h RIBRALPHi e PRAYRACS: length
44 BYYS4h r@flwlaaeagn@gemmm r@e@menfmadwmsa{ usaéﬁtéﬂngofogene

the activities be ules. 2, .GIS 1) apalysis wor
lengyINnRtrige a}h syst@\%@jl étés@l% g# 8 E?ys‘f’ép %QIO?Ne sorted
premamysesafnr&@nniagfmmqumml steph: 3 treeratrdodes ammo;m:turrmg

seGAILIAG e ctoRHIE S PhrA oL, G0E el 7Bt the

predeﬁrmdggenentelitgﬂe (esxdengihload idkftified mea tpotentibinfeasible gene
ding li ng f
ool 8 PEEHHE DR IS oISy LB SOt Chibigh
parameters. 3) Quallty control (QC) that can be conducted at project,
library, plat I/ ditag | I4Dt ;
In % A5Bg S PO e e GLies Pty B 5SS S e o
siteand mpekppmhng desmaghdah HESEC @mhmﬁ)mmmmmmgment 42 are
t di ' :
aneS80L1 L WIRER. S TSRS P ol B S BR R AR The
occﬁmglmgammwhﬁedme}somwmwsm ftoggtien only when the
) t d
5 T D e e B o

Figures 11 to 14. In particular, Figure 11 shows a Project Module flow

In & s?éé( I Wrﬁéﬂ%ﬂgﬁ\%ﬁ)w g acle (ﬁ)%%ure 4,0 Miafﬁﬂgrﬁ}&%ﬁgm’éﬁon of

amirier art, an hows a‘Mapping Module
thef\sitth38. M dihe) T aitecdbiricesrapaidade adioacensning srevmem 42.

The iQH@(%éocﬁ gf&'@%a%ﬂg%'t RPIHE! 4G GLRRBEIYSEY Iocatlng the

Inter itagTool are own in Figure 15. Sequence reads can

pom@npmabedw@@lmmm e tRseferaiorthrURita P aridstihevh site
40 'QH:dg 39 Teh%eétr%ﬁ?ﬂél%ﬁnw?e{ﬁé:a&%rw HedAkHYSAogRE¥F to
ucte er ne

IS con in sequentia The very top panel (A) of Figure 15
idestifywa phtestiaideasirelgenedasielien (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

In asstap a2 idkeanidering gharly i PaiMS IICanPanngrenel the
ocdfiinGSeEGHENs 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.



Input sequences (in fasta format) are base called and scored with
phredPhrap to ensure quality. The fasta format is the major format used in
WRHREM¢IF e community for sequence data processing PCT/SG2006/000151
(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 ID traditionally compriseé"?hformation of library, plate, well,
sequencing primer, etc. 47 to formulate a unigue combination; however,
the order and characters may vary among different institutions. To
accommodate sequence naming convention of diffeirent éa\fgiliatiigs, g]% di

In aspiiiatoRondieen éﬁ%&l%ﬁ%ﬁ%t'ﬂ?@é‘&&'%ﬂﬁ&t BHRE EPBb RS itag

30, &ﬁ@l@fﬁd Hé?meh tré@éaielauédqlﬁlitﬂ@gﬁxmam,wwmmmtmwmatching
assigned with a running serial numbers incremen to preyent ID
the éoFﬁ%mg‘ il’ﬁ'@?@ggot% mee%%&ga?éﬁ@fﬁﬁﬁé%&ﬁé Extraction
algorithm includes the following selection criteria or parameters: minimal
ditag length, 34 bp; maximal ditag length, 40 bp; maxjmal uenc
Altq H?QOB?%%‘:' q}%é?irﬁé% %S C8rieh (Mgé’s%%%ﬁ’@e%ﬂ%%c ssfiea% 40 are
initiathpaiotainee ditsfose( g8 SHd3) 38llamehlifieBlisitgs stbaicthaatched to the
AA-tail at the 3' . We reverse, ditags.starting with ;T T'to their respectijve,.
Ger SO RAHARES SRRl Hosiihe ey A s abIced ROl TRy
dissaritpchdtegs dbetShsitesitB@ ramalythe Bbs)tes pHly Toex@nmplehehdnetbere

or 3 reqgion are rempved,becausg they are ei ami I
o e e S L i oty e e S e e
3’ sitésadd atsorieeneeesd. 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
Whbaltapgepgiraniiybiispaiityettisbendteibl, sitesoddlanddbeniséen #0 exists,

the BARSEHER B R oo i A A P TR g

mafpirgdo diviegenome Iimrquetoe 36iguikhemsiorena Figodified-@ppreach is

inter ISP, i ion: j f : :
rea T e o Yo Vo B e Sy
arisgsick glicgtify dhetguanditatispanty pr dispaditc conditipnds esdablished 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 151D and J;-D)odﬂ&re,;ta»’srteigﬁoifdon plate basis. If

the user is not 48patighed yvitﬁth@dgmaality,_the user cait delete any plate

and the system will instantfy update the change. When a particular plate is

selected, GlISditagTool displays a vivid view of all 384 wells (represent

wSfEESERRACSRERUERRAPLE e e mumfers heRRIR iPge s 40,

own (Flgures 1 icking on a well, one'can gét a closer
andotiicesthtbll gisisitutpra-defined tnashdldnforgexayiople, #yeshe/dandbdth000,

for ARies A0S JogHARLdiRg HjoweRdan Pt A%RY TARPINGhe 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



The present inventors adopted SAT2G for mapping due to its speed and
accuracy. The inventors define subsequences of the 5' tag as the first

WQ 200p/biSHAd allow them to start from position 1, 2, or 3. The RGAARI#NY6/000151
portions of the ditag form the 3' tag subsequences. These subsequences
are mapped to genomic database independently. The 5" alignments are
then paired with the 3" alignments to identify the plausible genomic
target(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;

th 5 3 I h least 16.
xa RSOl DTt S S ans VARG o LoTatar) elong
the Béﬁ@nslee@pammgwaﬁwamuglmpmnmpnmﬂﬁg ate 6f|¢jh&632@|1@$ 40

expected, the abov ramet t ng will sh dita e
N R e T s
occbnwg\mgthemsdmglsemfrmr on be retrieved from PETO for further

analysis. The mapped locations may be linked to a local or remote UCSC

genonne browser for gene annotation and other related information
HoWEi@.n;eEOtHﬂ thteabatectispariyrooagipienfdentoniedy thealysantiyindisparity

e g AT R B AR g
metrhrq»@lrh@()/wdvartalrh@rﬁte wesiodndesstibed drabMedc vitesads Jornediaining
are accessr%ie) T G web site using localized UCSC genome browser.

the B(icurgrl( SCHON an /or storage in RDBMS and genome mapping with
SAT2G are relevant functions of the GISditagTool. RDBMS provides fast

In t@ggj g%%ﬂﬁtﬁ a' resﬂ% ?@Vﬁﬁ %gﬂtr rs magﬁeggea%%?ﬁ%gg?%%%%ﬁa to

onedétapodionga refi tive iventizmiontaddmssingdhgiareaaipaidisqdxantages of
S der PRI aof th
Congéeﬁ'c@léz @@h@ I]?N l:}‘%ﬁl%wsg efflc;f(e]n s gg g\ﬁ&@%i%ldes FHeA 20 ©
invepiRditisgtisclesrvdtantl SHeppprarend taappemekdtashih thragrfibratynigmerous
chaqrggéeéﬁ%?%% ‘ﬁ?\plé%?r BESHRRY GARSIRER s8I AR scope and
nonne assem hile retaining the earlier mapping for comparison.
Spll’lth:éc thﬁatnwmfom—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.
Hangansoene s slasaibathibadoantiendhaotrae kilitag magre readily

und’é%‘f@d& I PEIRIIRIE tWeé)ﬂé\%GIéraé?ﬁﬁé&ﬁi&?ﬂomﬁcﬁ% referred to
example, mySQL-supported) appllcatron for large-scale dlta%ﬂF;ET

Glﬁﬂtteglgﬂb with ﬁ%@ﬁ%smaﬁﬁrﬁ@ thedolpwinssigyresmbishrygupseVided by
waPSHRIARPA{RY, MedluleshBr aitsh iRiB S1aARIRg N B prastitipreidsn.

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

GlSHithgToeIn 8y STEMsANMEMEFHODEag levels. Itis capable of extracting
one million PETs and finishing genome mapping in one day. Mapping

esults can be displayed in any known genome browser, for example, the
1. @féﬂé‘gﬁpaag?@ CSC) genome browser.

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.



50 This novel GISditagTool technology requires a new algorithm for PET
extraction in the form of parameters. The parameters comprise at least: a
WoRtmMEISa#ag length, a maximal ditag length and the sequend #f362006/000151

spacer. Post extraction, we intended to take a direct
PET-to-genome-to-annotation approach and integrate the algorithms in a
software program package. GISditagTool has been used to analyze over

20 libraries generated from various ?ganisms. 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.

Withaut allowing mismatches, 71.90% of the tqtal ditags have begn .
UPIGE SR SR ARSI dR o S oL eh onaHIE cESelghy! ndex
recorded dndre2 RDBMStie mippdithgaibkveisiegtd. mipeingnaiatgiformation

practice, G|SditagTool has demanstr traprdina lable
A RS RS ER) Rer el oRie, b a e AR, o npse
inclpdecdssingddag statistitat Jrogeess (a)dhtratikiogsedirintes@ngrisiagping
rest g 5' terminal tag and the 3' terminal tag of a nucleic acid molecule or

Y gment thereof or genomic fragment, the method comprising: 5(i)

preparing a database or file comprising at least one ditag sequence by
GISditagTool modules and mySQL database are shown in Figure 10.
GlSditagTool may comprise one or more modules,. In particular, GISditagTool
may comprise two or more modules, for example, four modules: namely Project,
Extractor, Examiner and Mapping. Each one of them serves a distinct purpose:
Project is for data and file organization; Extractor is for ditag extraction;
Examiner is for quality control; and Mapping is for tag-to-genome mapping. The
use of mySQL rational DB management system may provide easy trafficking for

the activities between those modules.

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.



inputting spacer nucleotide sequence(s) flanking each ditag sequence of

at least one library comprising ditags to extract the ditag sequence(s) ;
WQiRofea# iy the 5' terminal tag to at least a portion of a genoP{TS€e18¢{pe0151

to identify at least one 5' site having a sequence matching the 5' terminal

tag; 10 (iii) matching the 3' terminal tag to at least a portion of the

genome sequence to identify at least one 3' site having a sequence

matching the 3' terminal tag; (ﬂﬁ identifying at least one occurring

segment comprising a sequence segment along the genome sequence

between one 5' site and one 3' site, each 15 occurring segment having a

seguence length: a identifying .at least one feasible gene location
StefS ot shaig RVELSHoRe GLSMHTD Col W, SRl <t e SR and
Mampiegedngdbsof agueeetively. g8tepengthm2y hbeneithoapocdatingrto  the
claim herein the library of ditag(s) comprises . tl
cIsgianent o SANSS I Sl A Ao sten o
orientation, a spacer flanking upstream the first ditag, a spacer flanking

q ' he | . . . o di

rof ISR A SR MSBCHS B IR B %61 1

partodertifigtorelditn showa, a/wemectnummyfwm@ga) ﬁgmﬁséa Shews an

Ex’ulng&r eﬁﬁ?ﬁ‘ﬁr@ ?ﬁ%%ﬁ%ﬂ eﬁ@%ﬁ%e%ﬁg\%eé}?%%%? MERIA8 flow chart,
ucleotide sequence frorh the other(s).

and Figure 14 shows a Mapping Module flow chart.

3. Ditag Extraction

The extractor module flow chart is shown in Figure 11. Extraction and quality
control (QC) windows and user interfaces of GlSditagTool are shown in Figure
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.



M CS LI. P 52 4. The method according to any one of claims 1 to 3,
wherein the ditag sequence(s) is extracted by inputting the following

W 208¢iéfé#3: - at least one spacer nucleotide sequence; PCTid9Ep00151
ditag base pair (bp) digit, wherein the digit is a number chosen 5 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. 5. The method
according to claim 4, wherein the miflimal ditag base pair digit 10is 34
and/or the maximal ditag base pair digit is 40. 6. The method according to
any one of claims 1 to 5, wherein the ditag sequence comprises the 5'
terminal tag and the 3' Egrmlna of atri scrl of a e ex

to forspsiat %ﬁﬁ@@éﬁbﬁ?@n Hnﬁtal@% WENEL, hf5o er and characters may vary

among different institutions. To accommodate sequence naming convention of
different affiliations, the system stored a named Perl snippet for each affiliation
for proper sequence ID retrieval. During ditag extraction, new unique ditags are
assigned with a running serial numbers incrementally to prevent ID conflicts
with ditags that may be extracted in the future uploads. Extraction algorithm
includes the following selection criteria or parameters: minimal ditag length, 34
bp; maximal ditag length, 40 bp; maximal sequence length, 1000 bp; and
defined 5, 3’ and internal spacer sequences that separate the ditags (Figure
15-B). All qualified ditags should have an AA-tail at the 3’ end. We reverse
ditags starting with ‘TT’ to their respective complementary strands because they
are sequenced from the opposite strand. Ditags containing either polyA (9 bp)
or polyT (9 bp) in either the 5’ or 3’ tag region are removed because they are
either contaminants or real sequences but possess potential mapping difficulty.
Ditags that 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



7. The method of any one of claims 1 to 6, wherein the ditag sequence
comprises the 5' terminal tag and the 3' terminal tag of a full-length cDNA.
W@2006d 3pEhod according to any one of claims 1 to 7, whereirPHEYi§6/000151
20sequence(s) comprises a 5' terminal tag of at least 16 base pairs and a
3' terminal tag of at least 14 base pairs. 9, The method according to any
one of claims 1 to 8, wherein the me%Eod further comprises carrying out a

quality control check of the ditag sequences of 25the database or file.
NICS1,19 53 11. The method according to any one of claims 1 to 10,
wherein the extraction of ditag sequence(s) and/or the genome matching
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instdidly update the change. When a particular plate is selected, GISditagTool
displays a vivid view of all 384 wells (represent corresponding sequences) on
which the numbers of extracted ditags are shown (Figures 15-E and 18-E).
Clicking on a well, one can get a closer look of the distribution of the 5’ and ¥
flanking regions, spacers, and both qualified and unqualified ditags (Figures 15-
F and 19-F).

5. Mapping

The present inventors adopted SAT2G for mapping due to its speed and
accuracy. The inventors define subsequences of the 5’ tag as the first 18+1 bp
and allow them to start from position 1, 2, or 3. The remaining portions of the
ditag form the 3’ tag subsequences. These subsequences are mapped to
genomic database independently. The 5’ alignments are then paired with the 3’
alignments to identify the plausible genomic target(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



sequence comprising the 5' terminal tag and the 3' terminal tag of a
nucleic acid molecule, or fragment thereof or genomic fragment,
WQaMpidTALy (i) at least a module for preparing a databas®@F/{fe2006/000151
comprising at least one ditag sequence by inputting spacer nucleotide
sequence(s) flanking each 10ditag sequence of at least one library
comprising ditag(s) to extract the ditag sequence(s); (i) means for
matching the 5' terminal tag to at le&2t a portion of a genome sequence to
identify at least a 5' site having a sequence matching the 5' terminal tag;
15(iif) means for matching the 3' terminal tag to at least a portion of the

._genome sequence tq i ify at legst.a 3' site having.a sequence . ..
PIPTRRCHID AU SRR R ot e s are
accessibieimaedideniebrsjtdising kezlizadd Ke§ 0 genaioregitmgenome

sequence between one of the 5' site and 20one of the 3' site, each
occurring segment having a sequence length; and  (v) means for

Ditaiglenifyictipat fratborstoyage iocRRB\Snamikiggnarhensnapping ithn§AT2G
are 3%%?% J@’éﬂ%ﬁs?ﬂﬂ?&‘“@l?&‘u?&aﬁ&&l?ﬁﬁ%ﬂ)@ oPabigha paetefinpdsicient
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.



2513. The system according to claim 12, wherein an operator selects at

least a link, which activates the module, the module launching at least a
WQaoimdssfdce, and wherein the operator inputs into the user iPEEH{eWHE00151

following parameters: at least one spacer nucleotide sequence; a

minimal ditag base pair (bp) digit, wherein the digit is a number chosen 30

from the range of 32-38; and 54 - a maximal ditag base pair (bp) digit,

wherein the digit is a number choser? om the range of 36-42; thereby

creating a database or file of extracted ditag(s). 514. The system

according to claim 13, wherein the minimal ditag base pair

This novel GISditagTool technology requires a new algorithm for PET extraction
in the form of parameters. The parameters comprise at least: a minimal ditag
length, a maximal ditag length and the sequence of the spacer. Post extraction,
we intended to take a direct 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.
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digit is 34 and/or the maximal ditag base pair digitis 40. 15. The system
according to any one of claims 12 to 14, wherein the ditag sequence
comprises the 5' terminal tag and the 3' terminal tag of a transcript of 10a
gene, exon, a portion of the genome, or fragment thereof. 16. The sygten.L.P
~according to any one of claims 12 to 15, further comprising a module of
quality control of the database or filel of ditag sequences. 1517. The
system according to any one of claims 12 to 16, comprising at least the
following: - afirst user interface comprising at least a link for extracting
(extractor) the ditag sequences and a link for mapping the ditag to a
Claimgnome; - a second user interface, which is activated by an operator by
selecting or 20 clicking on the extractor, the second user interface

1. CﬂfﬂPélﬂacgtB‘F' ﬁ)fc%ég ‘# mlefcg&ﬁ‘lo(gt%gw& (bR gy &equence

maxim ase pair (b git, and the nucleotlde sequence of at least

comprigisigatiee §e@@r@mcel i@QtIW@ meranterratf@téambeuﬁg@m@ molecule
or frEGAERERETLIF TS AR fragment, the method comprising:

(i) preparing a database or file comprising at least one ditag sequence by
inputting spacer nucleotide sequence(s) flanking each ditag sequence of at
least one library comprising ditags to extract the ditag sequence(s) ;

(i) matching the 5" terminal tag to at least a portion of a genome sequence
to identify at least one 5’ site having a sequence matching the 5 terminal tag;

(iiiy matching the 3’ terminal tag to at least a portion of the genome
sequence to identify at least one 3’ site having a sequence matching the 3’
terminal tag;

(iv) identifying at least one occurring segment comprising a sequence
segment along the genome sequence between one 5’ site and one 3’ site, each
occurring segment having a sequence length; and

(v) identifying at least one feasible gene location comprising at least one
occurring segment having a sequence length not exceeding that of a predefined

gene length.

2.  The method according to claim 1, 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 flanking 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.

3.  The method according to claim 1 or 2, wherein the library of ditag(s)
comprises one or more spacer sequences, each spacer sequence having a

different nucleotide sequence from the other(s).
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and 25- a fourth user interface showing the results of the mapping,
wherein the ditag(s) is aligned to genome. 18. The system according to
any one of claims 12 to 17, wherein the system is operable by an operator
on a computer and the operation is carried out through 30the Internet, gt sLLP
a computer and/or of a medium support.
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4. The method according to any one of claims 1 to 3, 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.

5. The method according to claim 4, wherein the minimal ditag base pair digit

is 34 and/or the maximal ditag base pair digit is 40.

6. The method according to any one of claims 1 to 5, 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.

7. The method of any one of claims 1 to 6, wherein the ditag sequence

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

8. The method according to any one of claims 1 to 7, 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.

9. The method according to any one of claims 1 to 8, wherein the method
further comprises carrying out a quality control check of the ditag sequences of |

the database or file.

10. The method according to any one of claims 1 to 9, wherein the identified

gene location is a newly discovered gene location.
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11. The method according to any one of claims 1 to 10, wherein the extraction
of ditag sequence(s) and/or the genome matching is carried out through the

Internet, on a computer and/or of a medium support.

12. A system for 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, comprising:

(i) at least a module for preparing a database or file comprising at least
one ditag sequence by inputting spacer nucleotide sequence(s) flanking each
ditag sequence of at least one library comprising ditag(s) to extract the ditag
sequence(s);

(i) means for matching the 5 terminal tag to at least a portion of a
genome sequence to identify at least a 5’ site having a sequence matching the
5’ terminal tag; ‘

(iii) means for matching the 3’ terminal tag to at least a portion of the
genome sequence to identify at least a 3’ site having a sequence matching the
3’ terminal tag;

(iv) means for identifying at least one occurring segment comprising a
sequence segment along the genome sequence between one of the 5’ site and
one of the 3’ site, each occurring segment having a sequence length; and

(v) means for identifying at least one gene location comprising at least one
occurring segment having a sequence length not exceeding that of a predefined

gene length.

13. The system according to claim 12, 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
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- 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).

14. The system according to claim 13, wherein the minimal ditag base pair

digit is 34 and/or the maximal ditag base pair digit is 40.

15. The system according to any one of claims 12 to 14, 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.

16. The system according to any one of claims 12 to 15, further comprising a

module of quality control of the database or file of ditag sequences.

17. The system according to any one of claims 12 to 16, comprising at least
the following:

- a first user interface comprising at least a link for extracting (extractor)
the ditag sequences and a Ifnk 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.

18. The system according to any one of claims 12 to 17, 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.
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