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Figure 1 

GIS analysis (bacterial transformation approach) 
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Figure 2 

GIS analysis (PCR approach) 
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Figure 3 
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Figure 5 
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Figure 7 
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Figure 9 
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METHOD FOR GENE IDENTIFICATION 
SIGNATURE (GIS) ANALYSIS 

[0001] This application is a divisional of US. Ser. No. 
10/664,234, ?led Sep. 17, 2003. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to the ?eld 
of gene and transcript expression and speci?cally to a 
method for the serial analysis of a large number of tran 
scripts by identi?cation of a gene signature (GIS) corre 
sponding to de?ned regions Within a transcript. 

BACKGROUND OF THE INVENTION 

[0003] One of the most important goals of the human 
genome project is to provide complete lists of genes for the 
genomes of human and model organisms. Complete genome 
annotation of genes relies on comprehensive transcriptome 
analysis by experimental and computational approaches. Ab 
initio predictions of genes must be validated by experimen 
tal data. An ideal solution is to clone all full-length tran 
scripts and completely sequence them. This approach has 
gained recognition recently (Strausberg, R. L., et al., 1999, 
Science, 286: 455-457) and progress has been made (Jon 
geneel C. V., et al., 2003, Proc Natl Acad Sci U S A. 100, 
4702-4705). However, due to the complexity and immense 
volume of transcripts expressed in the various developmen 
tal stages of an organism’s life cycle, complete sequencing 
analysis of all different transcriptomes still remains unreal 
istic. 

[0004] To get around such a dilemma, a cDNA tagging 
strategy that obtains partial sequences that represent full 
transcripts has been developed and Widely applied in deter 
mining genes and characterizing transcriptomes in the past 
decade. 

[0005] In the expressed sequence tag (EST) approach, 
cDNA clones are sequenced from 5' and/or 3' nds (Adams, 
M., et al., 1991, Science, 252, 1651-1656). Each EST 
sequence read Would generate on average a 500 bp tag per 
transcript. The number of same or overlapping ESTs Would 
manifest the relative level of gene expression activity. 
Though EST is effective in identifying genes, it is prohibi 
tively expensive to tag every transcript in a transcriptome. In 
practice, sequencing usually ceases after 10,000 or less ESTs 
are obtained from a cDNA library Where millions of tran 
scripts might be cloned. 

[0006] To increase the ef?ciency in sequencing and count 
ing large numbers of transcripts, Serial Analysis of Gene 
Expression (SAGE) ((Velculescu, V. E., et al., 1995, Science, 
270, 484-487; Saha S, et al., 2002, Nature Biotechnology, 
20, 508-12; US. Pat. No. 6,498,013; US. Pat. No. 6,383, 
743) and the recent Massively Parallel Signature Sequencing 
(MPSS) technique (Mao C., et al., 2000, Proc Natl Acad Sci 
USA, 97, 1665-1670; Brenner S, et al., 2000, Nature Bio 
technology, 18, 630-634) Were developed based on the fact 
that a short signature sequence (14-20 bp) of a transcript can 
be suf?ciently speci?c to represent that gene. 

[0007] Experimentally, short tags can be extracted from 
cDNA one tag per transcript. Such short tags can be effi 
ciently sequenced either by a concatenation tactic (as for 
SAGE) or by a hybridization-based methodology for MPSS. 
For example, in SAGE, multiple tags are concatenated into 
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long DNA fragments and cloned for sequencing. Each 
SAGE sequence readout can usually reveal 20-30 SAGE 
tags. A modest SAGE sequencing effort of less than 10,000 
reads Will have signi?cant coverage of a transcriptome. 
Transcript abundance is measured by simply counting the 
numerical frequency of the SAGE tags. 

[0008] With the availability of many assembled genome 
sequences in public databases, the use of a short tag strategy 
for transcriptome characterization is becoming popular (Jon 
geneel et al., 2003, Proc. Natl. Acad. Sci. USA 100: 4702 
4705). In theory, short DNA tags of about 20 bp can be 
speci?cally mapped to a single location Within a complex 
mammalian genome and uniquely represent a transcript in 
the content of Whole transcriptome. HoWever, in reality, 
there still exist a large number of “ambiguous” SAGE tags 
(14-21 bp) and MPSS tags (17 bp) that have multiple 
locations in a genome, and may be shared by many genes. 
Limited by the availability of type II restriction enzymes that 
can cut longer than 21 bp, the SAGE method currently can 
not generate any longer tags to improve speci?city. 

[0009] Further, SAGE and MPSS methods only produce a 
single signature per transcript in the middle of the gene. In 
vieW of the “intemal” nature of the tag in a transcript, these 
methods provide only limited tag information. 

[0010] Therefore, despite their usefulness in sequencing 
ef?ciency, the utility of methods such as SAGE or MPSS is 
severely undermined by their lack of speci?city and conse 
quent inconclusiveness. 

[0011] There is a need in the art for more ef?cient methods 
Which retain the sequencing e?iciency and at the same time 
improve the use of the tagging strategy for transcriptome 
characterization and facilitate the annotation of genomes. 

SUMMARY OF THE INVENTION 

[0012] The present invention solves the problems men 
tioned above by providing tWo tags (a ditag) per nucleic acid 
molecule, therefore increasing the speci?city of the tags to 
represent a nucleic acid molecule (for example a gene). The 
tWo tags are extracted from the 5' and 3' ends of the same 
nucleic acid molecule, and therefore ditags are more infor 
mative to re?ect the structure of the nucleic acid molecules. 
Critically, the invention provides a method to link the 5' and 
3' tags of the same nucleic acid molecule into a single ditag 
unit. Therefore, the pairs of 5' and 3' tags that represent the 
nucleic acid molecule can be easily recognized by simple 
sequencing analysis. The invention can be used for the 
identi?cation of neW genes, for the measure of transcript 
abundance in transcriptomes, for the annotation of genome 
sequences and at the same time enhancing sequencing 
ef?ciency. 
[0013] In particular, the invention provides an isolated 
oligonucleotide comprising at least one ditag, Wherein the 
ditag comprises tWo joined ?rst and second sequence tags, 
Wherein the ?rst tag comprises the 5'-terminus sequence and 
the second tag comprises the 3'-terminus sequence of a 
nucleic acid molecule. 

[0014] The oligonucleotide of the invention, further com 
prises at least tWo adapters ?anking the ditag, Wherein each 
adapter comprises at least one restriction site. In particular, 
each adapter comprises at least: a ?rst restriction site proxi 
mal to the tag Which is an asymmetric recognition site (for 
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example, a homing endonuclease recognition site, or a type 
II recognition site) and at least a second restriction site. The 
second or further restriction site may be any restriction site 
knoWn in the art may be used. For example, BamHI. Also, 
any asymmetric restriction site different from the ?rst 
restriction site may be used. The recognition site for this 
enZyme hoWever must be absent from the vector backbone 
after insertion of the ditag 

[0015] The nucleic acid molecule may be the full-length 
sequence of a gene or a fragment thereof. For example, 
RNA, mRNA, genomic DNA, full-length cDNA or cDNA. 

[0016] The ditag may vary in nucleotide number. Accord 
ing to one embodiment, it is obtained by splicing the 5' 
terminus and the 3' terminus of a nucleic acid molecule in 
presence of at least one restriction enZyme and the siZe of the 
sequence tags is determined by the restriction enZyme used. 
Accordingly, the number of nucleotides of the ditag can vary 
according to the restriction enZyme used. 

[0017] When MmeI is used, this enZyme recogniZes a 
sequence inside each of the tWo adapters that ?ank the 
nucleic acid molecule Which one intends to reduce, but cuts 
inside the nucleic acid molecule forming a tag comprising 
19-21 nucleotides. TWo such tags may be additionally pro 
cessed by blunting and ligation to form a ditag comprising 
34-38 nucleotides. The ditag is hence obtained by splicing 
together the 5' terminus and the 3' terminus of the same 
nucleic acid molecule. 

[0018] The ditag of the invention can be of any siZe, 
preferably 12-60 bp. 

[0019] The oligonucleotide may comprise a concatemer of 
ditags, for example 1 to 1000 ditags. 

[0020] The invention also provides a vector comprising 
the oligonucleotide of the invention. In particular, the vector 
comprises at least a nucleic acid molecule and at least tWo 
adapters ?anking the nucleic acid molecule, Wherein each 
adapter comprises at least: a ?rst restriction site Which is a 
asymmetric restriction site (asymmetric restriction site is, 
for example, a homing endonuclease recognition site, or a 
type II recognition site) and at least a second restriction site 
(for example Bam HI), and the backbone of the vector does 
not comprise the asymmetric restriction site and the second 
or further restriction site. A preferable, asymmetric restric 
tion site is the type II restriction site MmeI. 

[0021] The invention also provides a vector having the 
sequence indicated in SEQ ID NO:18. 

[0022] The invention further provides a cDNA library, 
Wherein every cDNA clone comprises the at least one 
oligonucleotide of the invention. 

[0023] According to another aspect, the invention also 
provides a method for preparing at least one oligonucleotide 
comprising at least one ditag comprising: 

[0024] producing at least one nucleic acid molecule; 

[0025] isolating the 5' terminus and the 3' terminus of 
the nucleic acid molecule or fragment thereof, and 

[0026] linking the 5' terminus and 3' terminus to create 
the at least one ditag. 

[0027] In particular, it is provided a method for preparing 
at least one oligonucletide comprising at least one ditag 
comprising: 
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[0028] producing at least one nucleic acid molecule 
?anked by tWo adapters; 

[0029] isolating the 5' terminus and the 3' terminus of 
the nucleic acid molecule; and 

[0030] linking the 5' terminus and 3' terminus to create 
the at least one oligonucleotide comprising at least one 
ditag ?anked by the tWo adapters. 

[0031] The nucleic acid molecule desired to be reduced in 
form of a ditag may be a full nucleic acid molecule or a 
portion inside the nucleic acid molecule. 

[0032] The nucleic acid molecule may correspond to the 
full-length of a gene or fragment thereof. 

[0033] The method may further comprise the step of 
determining the nucleotide sequence of the at least one ditag 
to detect gene expression. 

[0034] According to a further aspect, the method of the 
invention may further comprise the steps of: 

[0035] determining the sequence of the at least one 
ditag; and 

[0036] comparing the ditag nucleotide sequence to a 
database comprising genomic sequences Whereby 
matching 5' and 3' termini sequences are identi?ed. 

[0037] According to a particular embodiment, the inven 
tion provides a method comprising: 

[0038] producing at least one nucleic acid molecule, 
preferably a full-length cDNA, ?anked by tWo adapt 
ers, Wherein each adapter comprises at least one restric 
tion site; splicing the 5' terminus and the 3' terminus of 
the nucleic acid molecule to produce at least one ditag 
by adding at least one restriction enZyme recogniZing 
the recognition sites. 

[0039] Preferably, each adapter comprises at least: a ?rst 
restriction site Which is an asymmetric restriction site and a 
second restriction site. 

[0040] As restriction enZyme, any useful enZyme can be 
used. For example, a restriction enZyme recogniZing tWo 
asymmetric recognition sites. 

[0041] Asymmetric recognition site can be: i) homing 
endonuclease asymmetric recognition site sequences or ii) 
restriction endonuclease asymmetric cleavage sites 
sequences recogniZable by type II restriction enZymes. 

[0042] According to a particular embodiment, the splicing 
step is carried out by using MmeI (together With T4 DNA 
polymerase and T4 DNA ligase) and the ditag of 34-38 
nucleotides, ?anked by tWo adapters, is produced. 

[0043] According to a further aspect, the ditag of any 
embodiment of the invention can be linked to other ditags to 
produce concatemers of ditag. For example, 1 to 1000 
ditags. 
[0044] According to another further aspect, it is provided 
a method for genome mapping, comprising: 

[0045] preparing at least one oligonucleotide compris 
ing at least one ditag, the ditag comprising tWo joined 
?rst and second sequence tags, Wherein the ?rst tag 
comprises the 5'-terminus sequence and the second tag 
comprises the 3'-terminus sequence of a nucleic acid 
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molecule, the nucleic acid molecule corresponding to 
the full-length of a gene or fragment thereof; 

[0046] mapping each of the tWo tags of the at least one 
ditag on the genome; and 

[0047] de?ning the structural region of the correspond 
ing gene on the genome map. 

[0048] According to a still another aspect, the invention 
provides a method of gene discovery comprising: 

[0049] preparing at least one oligonucleotide compris 
ing at least one ditag, the ditag comprising tWo joined 
?rst and second sequence tags, Wherein the ?rst tag 
comprises the 5'-terminus sequence and the second tag 
comprises the 3'-terminus sequence of a nucleic acid 
molecule, the nucleic acid molecule corresponding to 
the full-length of a gene or fragment thereof; 

[0050] comparing the obtained at least one ditag With a 
genome map and/or a gene database; if the 5' and 3' 
termini tags of a ditag are matched to the genome 
sequence but not in knoWn gene databases, then the 
detected ditags may represent neW genes in the given 
genomes. 

[0051] Such ditags can directly guide the process of recov 
ering the full-length nucleic acid molecule corresponding to 
the neWly identi?ed genes. 

[0052] It is also an aspect of the invention a method for 
recovering the full-length cDNA of neW and/ or other inter 
esting genes comprising: 

[0053] preparing, from a full-length cDNA library, at 
least one oligonucleotide comprising at least one ditag, 
the ditag comprising tWo joined ?rst and second 
sequence tags, Wherein the ?rst tag comprises the 
5'-terminus sequence and the second tag comprises the 
3'-terminus sequence of a full-length cDNA library; 

[0054] sequencing the obtained oligonucletide ditag, 
preferably a large number of the obtained ditags; 

[0055] determining the ditag of interest (for example, 
based on biological aspects); and 

[0056] recovering the full-length cDNA corresponding 
to the ditag of interest from the parental full-length 
cDNA library. 

[0057] Further, the invention also provides a method for 
quantifying the transcriptional activity of a gene comprising: 

[0058] preparing, from a full-length cDNA library, at 
least one oligonucleotide comprising at least one ditag, 
the ditag comprising tWo joined ?rst and second 
sequence tags, Wherein the ?rst tag comprises the 
5'-terminus sequence and the second tag comprises the 
3'-terminus sequence of a full-length cDNA; 

[0059] sequencing the obtained oligonucleotide ditag, 
preferably a large number of the obtained ditags; 

[0060] determining the frequency of the sequenced 
ditag Which corresponds to the transcriptional activity 
of the gene. 

BRIEF DESCRIPTION OF THE FIGURES 

[0061] FIG. 1 shoWs the GIS analysis experimental Work 
How (bacterial transformation approach). In the ?gure, the 
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letters N, B, M, S either in capital or small letters denotes the 
recognition sites for the restriction enZymes Not I, Bam HI, 
Mme I and Sal I, respectively. The text “Me” represents 
methylation of the neWly-synthesiZed ?rst-strand cDNA. 

[0062] FIG. 2 shoWs the GIS analysis experimental Work 
How (PCR-based approach). In the ?gure, the letters N, B, 
M, S either in capital or small letters denotes the recognition 
sites for the restriction enZymes Not I, Bam HI, Mme I and 
Sal I, respectively. The text “Me” represents methylation of 
the neWly-synthesiZed ?rst-strand cDNA. 

[0063] FIG. 3 shoWs the GIS application of mapping 
transcriptome to genome. 

[0064] FIG. 4 is an electrophoresis gel shoWing Mmel 
digestion of a mix of original full-length cDNA clones. Lane 
1: original supercoiled plasmid preparation. Lane 2: 1 kb 
DNA ladder. Lane 3: MmeI digestion products. The arroW 
head shoWs the position of all the lineariZed tagged-plas 
mids. 

[0065] FIG. 5 is an electrophoresis gel related to the 
preparation of GIS ditags. The plasmid DNA of GIS ditag 
library is digested With BamHI. The 50 bp ditag fragments 
are separated and puri?ed from the vector using a 10% 
polyacrylamide gel. Lane 1: DNA siZe markers. Lane 2-8: 
formation of 50 bp GIS ditags. 

[0066] FIG. 6 is an electrophoresis gel related to the 
preparation of GIS ditags by PCR. The ditag-containing 
PCR fragments generated from the GIS full-length cDNA 
library are digested by BamHI. The 50 bp ditag fragments 
are separated and puri?ed from adaptor arms in 10% poly 
acrylamide gel. Lane 1: DNA siZe markers. Lane 2-15: large 
scale preparation of 50 bp GIS ditags. 

[0067] FIG. 7 shoWs the pGISl vector construct. 

[0068] FIG. 8 shoWs the commercial pZErO-l vector 
construct (Invitrogen) The positions of the various sequenc 
ing/PCR primer binding sites (PMR003, PMR004, PMROll 
and PMR012) are shoWn. 

[0069] FIG. 9 shoWs a typical example of the QC (quality 
check) performed on multiple clones from the GIS library 
using PCR. Lane 1: pZErO-l vector as negative control. M: 
lkb+DNA ladder. Lanes 2-25: randomly-picked clones. 

[0070] FIG. 10 shoWs the double strand nucleotide 
sequence of pGISl. The region betWeen the restriction sites 
Not I and Sal I is the stulfer fragment that is removed during 
cloning. It is highlighted in bold and italic type. The single 
strand nucleotide sequence is also reported as SEQ ID 
NO:l8. The region representing the stulfer fragment is 
betWeen nucleotide 15 to 704 (both nucleotides included). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0071] The present invention provides a Gene Identi?ca 
tion Signatures (GIS) and a GIS analysis method: useful, for 
example, for the rapid analysis of numerous transcripts in 
order to identify the overall pattern of transcript expression 
(transcriptome), for the selection and/or construction of 
cDNA and full-length cDNAs, tag sequencing, gene discov 
ery, genome mapping and annotation. In general, the GIS 
and GIS analysis method according to the invention greatly 
facilitates the collection of gene information by experimen 
tal approach. 
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[0072] For the purpose of the present application, GIS 
means a ditag (also indicated as GIS ditag) or an oligonucle 
otide comprising at least one ditag, Wherein the ditag com 
prises the 5' terminus (or end region) and the 3' terminus (or 
end region) of a nucleic acid molecule, Which it is desired to 
reduce, “shrink” or represent. 

[0073] The ditag is shorter than the original nucleic acid 
molecule from Which it originates or Which it represents. 
Preferably, the ditag must be much shorter than the original 
nucleic acid molecule. As consequence of the “shrinking”, 
the ditag essentially comprises the 5' end region (also 
indicated as 5' tag) and 3' end region (also indicated as 3' tag) 
of the original nucleic acid molecule. Hence, the portion of 
the original nucleic acid molecule Which is betWeen or 
inside the 5' tag and 3' tag is not included in the ditag. The 
ditag according to the invention retains the most informative 
features of the original nucleic acid molecule, viZ. the start 
and the end signatures of the nucleic acid. It is thereby also 
more speci?c and accurate than SAGE or MPSS methods in 
characterizing transcriptomes and de?ning gene structure by 
mapping the GIS tags to genome sequences. 

[0074] Accordingly, the invention provides an isolated 
oligonucleotide comprising at least one ditag, Wherein the 
ditag comprises tWo joined ?rst and second sequence tags, 
Wherein the ?rst tag comprises the 5'-terminus sequence and 
the second tag comprises the 3'-terminus sequence of a 
nucleic acid molecule or fragment thereof. 

[0075] The oligonucleotide of the invention may further 
comprise tWo adapters ?anking the ditag, Wherein each 
adapter comprises at least one restriction site (see FIG. 1 
and FIG. 2). In particular, each adapter comprises at least: 
a ?rst restriction site Which is an asymmetric restriction site 
and at least a second adjacent restriction site. Therefore, the 
number of restriction sites present in each adapter may be 
tWo or more. Examples of asymmetric restriction sites are 
homing endonuclease asymmetric recognition sites, and 
type II (or class II) recognition sites. A list of possible 
asymmetric restriction sites and corresponding restriction 
enZymes recogniZing such asymmetric sites is reported 
beloW. Example of second and further restriction sites may 
be for example BamHI. This second restriction site is for the 
purpose of subsequent isolation of a pool of ditags that can 
then be ligated together to form concatemers. 

[0076] The original nucleic acid molecule that one intends 
to reduce (to shrink) may be any natural, any modi?ed or any 
synthetic nucleic acid molecule. It can also be of any siZe. 
The nucleic acid molecule can be a gene (the full-length of 
a gene) or a fragment thereof. The nucleic acid may be RNA, 
mRNA, genomic DNA, full-length cDNA, or cDNA or a 
fragment thereof. 

[0077] The ditag can also be fully chemically synthesiZed 
by comprising the 5' end and 3' end of a nucleic acid 
molecule Which the ditag intends to represent. 

[0078] The molecule that one intends to reduce may also 
be a portion or fragment inside a nucleic acid molecule. 
Accordingly, it is possible to use restriction enZymes rec 
ogniZing restrictions sites ?anking the region Which is 
intended to be reduced. The desired restriction sites may be 
placed into the appropriate position during the preparation of 
the nucleic acid molecule, for example a cDNA or full 
length cDNA. 
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[0079] According to a particular aspect, the nucleic acid 
desired to be reduced is a full-length cDNA. Full-length 
cDNA can be prepared according to any method knoWn in 
the art. See for example, the cap-trapper approach, for 
example Caminci et al., 1996, Genomics, Vol. 37, 327-336; 
U.S. Pat. No. 6,143,528; Edery et al., 1995, Mol. Cell. Biol., 
Vol. 15, No. 6, 3363-3371. 

[0080] Those of skill in the art Will knoW other capture 
systems, for example, those based on biotin/streptavidin, 
digoxigenin/anti-digoxigenin for isolation of the full-length 
cDNAs can be used. 

[0081] The ditag can be prepared according to any tech 
nique knoWn in the art. For example, the original nucleic 
acid molecule may be cut through any chemical reaction and 
the obtained 5' and 3' termini ligated to create the ditag. 

[0082] The nucleic acid molecule Which is intended to be 
reduced, Which is preferably prepared comprising tWo 
adapters ?anking the molecule, may be inserted into a 
vector. In a particular realisation, each adapter comprises at 
least one restriction site, preferably comprises at least a ?rst 
restriction site comprising an asymmetric restriction site and 
a second restriction site. Accordingly, in the vector used, it 
is important that the backbone of the vector does not 
comprise the restriction site or sites present in the adapters. 

[0083] Accordingly, a library of nucleic acid molecule (for 
example, a library of full-length cDNAs) is prepared. 

[0084] Preferably, the nucleic acid molecule is spliced into 
a ditag or oligonucleotide comprising a ditag by using 
restriction enZymes Which recogniZe restriction sites ?ank 
ing the nucleic acid molecule to be reduced. Accordingly, the 
recognition sites are placed upstream of the 5' terminus and 
doWnstream of the 3' terminus of the nucleic acid molecule 
or fragment thereof desired to be reduced (preferably into 
the adapters). Accordingly, the oligonucleotide obtained by 
splicing comprises tWo adapters ?anking the ditag. Each 
adapter comprising at least one restriction site. Preferably, 
comprising at least one ?rst restriction site Which is an 
asymmetric site (for example a type II restriction site, like 
Mmel) and at least a second restriction site (any knoWn 
restriction site may be used, for example BamHI. 

[0085] The 5' tag and 3' tag forming the ditag may have the 
same or different siZe. Preferably, they have the same 
number of nucleotides. 

[0086] The ditag can be of any siZe, but needs to be 
meaningful and advantageous over the siZe of the parental 
sequence from Which it is derived. The preferred siZe of a tag 
or ditag is determined by genome complexity. For a bacterial 
genome a tag from about 8 bp to about 16 bp may be 
su?icient Whereas for a complex genome like the human 
genome, a 16-20 bp tag (or in other Words a 32-40 bp ditag) 
may be considered. In general, the siZe of the ditag is from 
about 12-60 bp. 

[0087] For the purpose of the present application, the 
terms 5'-terminus, 5'-end and 5'-tag are equivalent to each 
other and can be used interchangeably. In the same Way, the 
terms 3'-terminus, 3'-end and 3'-tag are equivalent to each 
other and can be used interchangeably. In an original nucleic 
acid molecule or portion inside a nucleic acid molecule that 
one intends to reduce or represent, each of the 5'-end and 
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3'-end represents a region or portion most closer to the 
extremity and most far from the middle region of the 
molecule. 

[0088] According to one aspect, the 5'-tag and 3'-tag 
comprised in the ditag are the regions of the molecule 
cleaved by a restriction enzyme most closer to the 5'-end and 
3'-end, respectively, of the nucleic acid molecule or portion 
thereof Which is intended to be reduced or represented. 
Accordingly, the size of the ditag can be determined by the 
restriction enzyme or enzymes used. The invention, there 
fore, relates to an oligonucleotide comprising at least one 
ditag, Wherein the ditag is obtained by splicing the 5' 
terminus and the 3' terminus of the nucleic acid molecule in 
the presence of at least one restriction enzyme, Which 
recognizes the restriction sizes ?anking the nucleic acid 
molecule. Accordingly, the size of the sequence tags is 
determined by the restriction enzyme used. 

[0089] When preparing the nucleic acid molecule, for 
example a full-length cDNA, desired restriction sites ?ank 
ing the 5'-end and 3'-end of the region Which is intended to 
be reduced or represented are inserted. An example of 
construction of a full-length cDNA by insertion of desired 
restriction sites ?anking the 5'-end and 3-end is shoWn in 
FIG. 1 and FIG. 2. A full-length cDNA library is then 
prepared, folloWing Which a GIS ditag library is subse 
quently prepared. 

[0090] As an example, a restriction enzyme recognizing 
an asymmetric restriction site can be used for the purpose of 
the preparation of the ditag according to the invention. In 
particular a type II enzyme, for example Mmel. 

[0091] As an example, asymmetric sites can be intro 
duced. Asymmetric site sequences useful for the purpose of 
the present invention are: i) tWo homing endonuclease 
asymmetric recognition site sequences or ii) restriction 
endonuclease asymmetric cleavage sites sequences recog 
nizable by type II restriction enzymes. 

[0092] Homing endonucleases are sold and described by 
NeW England Biolabs, Inc.; a description of the asymmetric 
site sequences is also available in the NeW England Biolabs 
Catalog. These homing endonuclease asymmetric recogni 
tion site sequences are from 18 to 39 bp. HoWever, in the 
present invention the recognition site sequences are not 
limited to those sequences nor to these sizes. Preferably, the 
restriction homing endonucleases capable of cutting the 
asymmetric site sequences are selected from the group 
consisting of: l-Ceul, Pl-Scel, Pl-Pspl and l-Scel. The list 
mentioned above hoWever is not exhaustive. Other homing 
endonucleases knoWn in the art and those Which may be later 
discovered are included in the scope of the present inven 
tion. 

[0093] Examples of type II restriction enzymes include: 
Aarl, Acelll, Alol, Bael, Bbr7l, Bbvl, Bbvl, Bccl, Bce831, 
BceAl, Bce?, Bcgl, BciVl, B?l, Binl, Bpll, BsaXl, BscAl, 
BseMH, BseRl, Bsgl, Bsml, BsmAl, BsmFl, Bsp24l, 
BspCNl, BspMl, Bsrl, BsrDl, BstFSl, BtgZl, Btsl, Cjel, 
CjePl, Ecil, Eco31T, Eco57l, Eco57Ml, Esp3l, Fall, Faul, 
Fokl, Gsul, HaelV, Hgal, Hin4l, Hphl, HpyAV, Ksp632l, 
Mboll, Mlyl, Mmel, Mnll, Plel, Ppil, Psrl, RleAl, Sapl, 
SfaNl, SspDSl, Sth132l, Stsl, Taqll, TspDTl, TspGWl, 
TspRl and Tth11ll (the list in the Web site of Rebase 
Enzymes®: http://rebase.neb.com/cgi-bin/outsidelist; see 
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also Szybalski, W., 1985, Gene, 401169). The list mentioned 
above hoWever is not exhaustive. Other type II enzymes 
knoWn in the art and those Which may be later discovered are 
included in the scope of the present invention. 

[0094] Examples of recognition sites and cleavage sites of 
several class II restriction enzymes are (into parenthesis are 
the recognition site and the cleavage site): Bbvl (GCAGC 
8/12), Hgai (GACGC 5/ 10), BsmFl (GGGAC 10/14) SfaNl 
(GCATC 5/9), and Bsp l (ACCTGC 4/8). 
[0095] The ditag of the invention can conveniently be 
ligated or joined in order to form concatemers of ditag. 
Accordingly, the invention relates to an oligonucleotide 
comprising 1 to 1000 ditags, in particular 1 to 200, more in 
particular 8 to 20 ditags. When ditags are concatemerized, a 
higher yield of information is achieved because the oligo 
nucleotide, vector or clone comprises more ditags. Hence, 
the concatenation of ditags alloWs an e?icient analysis of the 
nucleic acid molecules, like full-length cDNAs, in a serial 
manner by sequencing multiple ditags Within a single vector 
or clone. 

[0096] The oligonucleotide, ditag or concatemers of ditags 
can be inserted into a vector either before or after concate 
merization. 

[0097] According to one aspect, the oligonucleotide com 
prising the ditag is ampli?ed. For example, by using PCR or 
any other knoWn ampli?cation methods. Accordingly, suit 
able PCR primers corresponding to speci?c regions inside 
the vector are used. Such regions ?ank the oligonucleotide 
comprising the ditag and adapters. PCR can be performed 
directly on the ligation (self-circularization) reaction to 
obtain short (for example 200 bp) PCR products (see the 
PCR approach in FIG. 2). These PCR products that contain 
the required GIS ditags Will then be cut With an enzyme 
recognizing the at least second restriction site (inside the 
adapters) to generate the required short cohesive ditags. As 
restriction enzyme recognizing the second or further restric 
tion site, BamHl can for example be used, and cohesive 
ditags of 50 bp are generated. The advantage of this ampli 
?cation step is that of generating GIS ditags circumventing 
the need to produce a GIS ditag library ampli?cation, Which 
can be avoided by not transforming the self-circularized 
tagged plasmids. The ampli?ed oligonucleotide can then 
subsequently be excised from the vector (in this example, by 
digestion with BamHI) and concatenated in long stretches of 
DNA or RNA for subsequent cloning and sequencing analy 
sis (see FIG. 1 and FIG. 2). 

[0098] As a particular aspect, the invention discloses a 
cDNA library Wherein the oligonucleotide comprises at least 
one ditag, and Wherein the ditag comprises 34-38 nucle 
otides and is obtained by splicing nucleotides from the 5' 
terminus and nucleotides from the 3' terminus of a full 
length cDNA or fragment thereof. 

[0099] The ditag library according to the invention is 
representative of the library comprising the original nucleic 
acid molecules. For example, When the library comprising 
the nucleic acid molecules is a full-length cDNA library, the 
ditag library is representative of the full-length ditag library. 
Each ditag clone comprises su?icient information charac 
terizing the speci?c full-length clone. More important, the 
ditag of the invention comprises the 5'-end and 3'-end of the 
original full-length cDNA. Hence, the ditag is representative 
of the structure of the full-length cDNA. 
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[0100] Accordingly, it is su?icient to sequence and ana 
lyZe the ditag clones of the ditag library. In case a ditag of 
interest is found, the corresponding full-length cDNA can be 
selected and prepared from the full-length cDNA library, for 
example by PCR or directly from target RNA samples by 
RT-PCR. 

[0101] The invention provides a method for the prepara 
tion of at least one oligonucleotide comprising at least one 
ditag comprising: 

[0102] producing at least one nucleic acid molecule; 

[0103] isolating the 5' terminus and the 3' terminus of 
the nucleic acid molecule or fragment thereof; 

[0104] linking the 5' terminus and 3' terminus to create 
the at least one ditag. 

[0105] In particular, the invention provides a method for 
preparing at least one oligonucleotide comprising at least 
one ditag comprising: 

[0106] producing at least one nucleic acid molecule 
?anked by tWo adapters; 

[0107] isolating the 5' terminus and the 3' terminus of 
the nucleic acid molecule; and 

[0108] linking the 5' terminus and 3' terminus to create 
the at least one oligonucleotide comprising at least one 
ditag ?anked by the tWo adapters. 

[0109] The method further comprising including the oli 
gonucleotide comprising the at least one ditag ?anked by the 
adapters into a vector. 

[0110] The nucleic acid molecule Which is intended to 
shrink or represent may be RNA, mRNA, genomic DNA, 
full-length cDNA, or cDNA. 

[0111] The nucleic acid molecule may be the full-length 
sequence of a gene or a fragment thereof. 

[0112] The method of the invention may further comprise 
the step of determining the nucleotide sequence of the at 
least one ditag to detect gene expression. The method may 
further comprise the steps of: determining the sequence of 
the at least one ditag; and comparing the ditag nucleotide 
sequence to a database comprising genomic sequences 
Whereby matching 5' and 3' termini sequences are identi?ed. 

[0113] More in particular, the invention relates to a 
method comprising: 

[0114] producing at least one nucleic acid molecule, for 
example a full-length cDNA, ?anked by tWo adapters, 
Wherein each adapter comprises at least one restriction; 
splicing the 5' terminus and the 3' terminus of the 
nucleic acid molecule or fragment thereof to produce at 
least one ditag by adding at least one restriction enZyme 
recogniZing the recognition sites. 

[0115] Any recognition site knoWn in the art may be used. 
Restriction enZyme recogniZing at least one recognition site 
Within the nucleic acid molecule and Which can be used Will 
be evident to those skilled in the art (see for example, 
Current Protocols in Molecular Biology, Vol. 2, 1995, Ed. 
Ausubel, et at., Greene Publish. Assoc. & Wiley lnter 
science, Unit 3.1.15; NeW England Biolabs Catalog, 1995). 
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[0116] For example, the tWo recognition sites may be 
asymmetric recognition sites: 
[0117] The asymmetric recognition site are: i) homing 
endonuclease asymmetric recognition site sequences or ii) 
restriction endonuclease asymmetric cleavage sites 
sequences recognizable by type II restriction enZymes. 

[0118] The type II restriction enZyme is selected from the 
group Consisting of Aarl, Acelll, Alol, Bael, Bbr7l, Bbvl, 
Bbvll, Bccl, Bce831, BceAl, Bce?, Bcgl, BciVl, B?l, Binl, 
Bpll, BsaXl, BscAl, BseMll, BseRl, Bsgl, Bsml, BsmAl, 
BsmFl, Bsp24l, BspCNl, BspMl, Bsrl, BsrDl, BstF5l, 
BtgZl, Btsl, Cjel, CjePl, Ecil, Eco31l, Eco57l, Eco57Ml, 
Esp31, Fall, Faul, Fokl, Gsul, HaelV, Hgal, Hin4l, Hphl, 
HpyAV, Ksp632l, Mboll, Mlyl, Mmel, Mnll, Plel, Ppil, 
PsrT, RleAl, Sapl, SfaNl, SspD5l, Sth132l, Stsl, Taqll, 
TspDTl, TspGWl, TspRl and Tth111ll (see the list in the 
Web site of Rebase EnZymes®: http://rebase.neb.com/cgi 
bin/outsidelist: see also SZybalski, W., 1985, Gene, 40:169; 
and). The list mentioned above hoWever is not exhaustive. 
Other type II enZymes knoWn in the art and those Which may 
be later discovered are included in the scope of the present 
invention. 

[0119] The enZyme recogniZing the homing endonuclease 
asymmetric restriction site is selected from the group con 
sisting of: l-Ceul, Pl-Scel, Pl-Pspl and l-Scel. The list 
mentioned above hoWever is not exhaustive. Other homing 
endonucleases knoWn in the art and those Which may be later 
discovered are included in the scope of the present inven 
tion. 

[0120] Aparticularly preferred tagging enZyme, according 
to the invention, is an enZyme Which cleaves 20/ 18 nucle 
otides 3' of its recognition site forming 3' overhanging ends, 
such as Mmel 

[0121] Arti?cial restriction endonucleases can also be 
used. These endonucleases may be prepared by protein 
engineering. For example, the endonuclease Fokl has been 
engineered by insertions so that it cleaves one nucleotide 
further aWay from its recognition site on both strands of the 
DNA substrates. See Li and Chandrasegaran, Proc. Nat. 
Acad. Sciences USA 90:2764-8, 1993. Such techniques can 
be applied to prepare restriction endonucleases With desir 
able recognition sequences and desirable distances from 
recognition site to cleavage site. 

[0122] The method further comprises producing concate 
mers of ditag. The concatemers may be generally about 1 to 
1000 ditags, in particular 1 to 200 ditags, more in particular 
8 to 20 ditags. While these are preferred concatemers, it Will 
be apparent that the number of ditags Which can be concat 
enated depends on the length of the individual tags and can 
be readily determined by those of skilled in the art Without 
undue experimentation. After formation of concatemers, 
multiple tags may be cloned into a vector for sequence 
analysis, or ditags or concatemers can be directly sequenced 
Without cloning by methods knoWn to those of skill in the 
art. 

[0123] The ditags present in a particular clone can be 
sequenced by standard methods (see for example, Current 
Protocols in Molecular Biology, supra, Unit 7) either manu 
ally or using automated methods. 

[0124] As described above, the method comprises intro 
ducing the oligonucleotide comprising the at least one ditag 
in a vector. 
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[0125] With the term vector or recombinant vector it is 
intended a plasmid, virus or other vehicle known in the art 
that has been manipulated by insertion or incorporation of 
the ditag genetic sequences. Such vectors contain a promoter 
sequence Which facilitates the e?icient transcription. The 
vector typically contains an origin of replication, a promoter, 
as Well as speci?c genes Which alloW phenotypic selection 
of the transformed cells. Vectors suitable for use in the 
present invention include for example, pBlueScript (Strat 
agene, La Jolla, Calif.); pBC, pZErO-l (Invitrogen, Carls 
bad, Calif.)(see FIG. 8) and pGEM3Z (Promega, Madison, 
Wis.) or modi?ed vectors thereof as Well as other similar 
vectors knoWn to those of skill in the art. As a particular 
realisation, the pGEM3Z vector has been modi?ed, and Will 
be referred to as pGISl (see also FIGS. 7 and 10). pGEM 
vectors have also been disclosed in US. Pat. No. 4,766,072, 
herein incorporated by reference. 

[0126] For the production of the parental nucleic acid 
molecule, for example full-length libraries and the GIS ditag 
libraries, suitable vectors are used. Accordingly, suitable 
vectors, Which are Within the scope of the present invention, 
are those Wherein the backbone of the vector does not 
comprise the same restriction site comprised in the adapters 
?anking the parental nucleic acid molecule or the ditag, after 
insertion of the parental nucleic acid molecule. Preferably, 
the invention provides a vector Wherein the vector backbone 
(other than Within the stuffer region that is removed during 
insertion of the parental nucleic acid molecule) does not 
comprise the asymmetric restriction site and the second or 
further restriction site Which are comprised into the adapters. 
In particular, the vector does not comprise the at least 
asymmetric II restriction site (for example type II restriction 
site) and the at least second or further restriction site 
comprised in the adapters. More preferably, the vector 
backbone (other than Within the stuffer region that is 
removed during insertion of the parental nucleic acid mol 
ecule) does not comprise Mmel and BamHI. 

[0127] An example of such a vector not comprising Mmel 
in any region outside of the stuffer is the vector pGISl 
shoWn in FIG. 7 and FIG. 10. In pGISl the Mmel recog 
nition sites Were deleted by mutagenesis. The sequence is 
shoWn in FIG. 10 and in SEQ ID NOzl8. In FIG. 10, the 
stuffer region betWeen the sites Not I and Sal I has been 
highlighted. The invention also related to the pGIS vector 
comprising the oligonucleotide according to any embodi 
ment of the invention. 

[0128] The oligonucleotide(s), ditag(s) or concatemer(s) 
of the invention may also be ligated into a vector for 
sequencing purposes. 

[0129] Vectors in Which the ditags are cloned can be 
transferred into a suitable host cell. Host cells are cells in 
Which a vector can be propagated and its DNA expressed. 
The term also includes any progeny of the subject host cell. 
It is understood that all progeny may not be identical to the 
parental cell since there may be mutations that occur during 
replication. HoWever, such progeny are included When the 
term host cell is used. Methods of stable transfer, meaning 
that the foreign DNA is continuously maintained in the host, 
are knoWn in the art. 

[0130] Transformation of a host cell With a vector con 
taining ditag(s) may be carried out by conventional tech 
niques as are Well knoWn to those skilled in the art. Where 
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the host is prokaryotic, such as E. coli, competent cells 
Which are capable of DNA uptake can be prepared from cells 
harvested after exponential groWth phase and subsequently 
treated by the CaCl2 method using procedures Well knoWn in 
the alt. Alternatively, MgCl2 or RbCl can be used. Trans 
formation can also be performed by electroporation or other 
commonly used methods in the art. 

[0131] An embodiment of this is shoWn in FIG. 1 and 
FIG. 2. According to this embodiment, the method of the 
invention comprises: 

[0132] producing at least one nucleic acid molecule 
comprising a full-length cDNA molecule ?anked by 
tWo adapters; each adapter comprising Mmel recogni 
tion sites and another recognition site, Which may be 
BamHI, ?anking the 5' terminus and 3' terminus of the 
full-length cDNA; 

[0133] splicing the 5' terminus and the 3' terminus of the 
full-length cDNA to produce at least one ditag, com 
prising cleaving the full-length cDNA With Mmel 
Which forms 3' overhanging tag ends, and ligating the 
tWo 5' and 3' termini tags to produce the ditag. 

[0134] As shoWn in FIG. 1 and FIG. 2, the use of 
restriction enZymes may leave 5' and 3' double stranded end 
comprising a short overhanging end (also referred to as 
sticky end or cohesive end) consisting of feW nucleotides. In 
particular, by using Mmel, the produced 5' and 3' ends 
consist each of a 20 bp double strand and tWo nucleotides as 
3' overhanging ends. The tWo tags may be folloWed by 
blunt-ending and intra-molecular self ligation to produce 
tagged plasmids that contain 18 bp signature sequence as 5' 
end and another 18 bp signature sequence as 3' end of the 
parental transcript. HoWever, the number of nucleotides cut 
by Mmel is variable. Accordingly, the ditag obtained by 
using MmeI may be of 34-38 bp. 

[0135] The vector Which has been used for the preparation 
of full-length cDNA library is pGISl. As mentioned above, 
pGISl does not contain in its backbone Mmel restriction 
sites, other than Within the stuffer region betWeen Not I and 
Sal I, this stuffer region being subsequently removed during 
production of the libraries. 

[0136] The oligonucleotide comprising the ditag ?anked 
by the adapters is cut out form the GIS ditag library and 
linked to other oligonucleotides comprising ditag and adapt 
ers to form concatemers of ditags. The concatemers of ditag 
are then cloned into a vector for sequencing analysis. 

[0137] Before cutting the oligonucleotide out from the 
GIS ditag library, it can be ampli?ed directly from the 
ligation (self-circulariZation) reaction mix, for example by 
PCR using suitable primers. The recovered ampli?ed oligo 
nucleotide comprising ditag and adapters is then linked to 
other oligonucleotides comprising ditag and adapters to 
form concatemers of ditags. The concatemers of ditag are 
then cloned into a vector for sequencing analysis. 
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[0139] determining the nucleotide sequence of the 
ditag; 

[0140] detecting the gene expression; 
[0141] and/or comparing the determined nucleotide 

sequence to a database comprising genomic sequences 
Whereby matching 5' and 3' termini sequences are 
identi?ed. 
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[0142] In particular, the at least one ditag comprises 36 
nucleotides and the ?rst and second sequence tags comprise 
each 18 nucleotides. 

[0143] As mentioned above, the ditag according to the 
invention includes the “signature” (consisting of the 5' and 
3' ends) of the nucleic acid molecule Which is intended to be 
reduced or represented. Such ditags, preferably cDNA 
ditags, of a library may be concatenated and sequenced. The 
paired 5' and 3' signature sequences (tags) of a transcript in 
a ditag delineate the starting and ending points of transcripts. 
The ditag can be split up in the tWo tags during data analysis 
and mapped head-to-head in a speci?c region Within a 
reasonable distance on a chromosome of an assembled 

genome sequence. The genomic DNA sequence in betWeen 
these tWo tags is the full structural content of the prospective 
gene, including exons and introns. 

[0144] A general description of genome mapping using the 
ditag of the invention is shoWn in FIG. 3. 

[0145] A modest sequencing run can generate suf?cient 
data to characterize a transcriptome not only by determining 
the level of transcript abundance but also by de?ning the 
structure of transcripts using the revealed 5' and 3' regions. 
This results in about over 20-fold more e?icient than EST 
sequencing. 
[0146] Because the tags of the ditag can be matched to any 
genome, for example to human genomic sequences, PCR 
and RT-PCR primers can then be designed based on the 
matching genomic sequence. 

[0147] Accordingly, a further aspect of the invention 
relates to a method for genome mapping, comprising: 

[0148] preparing at least one oligonucleotide compris 
ing at least one ditag, the ditag comprising tWo joined 
?rst and second sequence tags, Wherein the ?rst tag 
comprises the 5'-terminus sequence and the second tag 
comprises the 3'-terminus sequence of a nucleic acid 
molecule, the nucleic acid molecule corresponding to 
the full-length of a gene or fragment thereof; 

[0149] mapping each of the tWo tags of the at least one 
ditag on the genome; and 

[0150] de?ning the structural region of the correspond 
ing gene on the genome map. 

[0151] Further, it is also an aspect of the invention to 
provide a method of gene discovery comprising: 

[0152] preparing at least one oligonucleotide compris 
ing at least one ditag, the ditag comprising tWo joined 
?rst and second sequence tags, Wherein the ?rst tag 
comprises the 5'-terminus sequence and the second tag 
comprises the 3'-terminus sequence of a nucleic acid 
molecule, the nucleic acid molecule corresponding to 

Apr. 20, 2006 

the full-length of a gene or fragment thereof, comparing 
the obtained at least one ditag With a genome map 
and/or a gene database; 

[0153] detecting matching of the 5' and 3' termini tags 
on the genome map but detecting no match on one or 
more of the knoWn gene database; 

The method further comprises the step of recovering the 
full-length nucleic acid molecule corresponding to the 
neWly discovered gene. 

[0154] The invention also provides a method for recover 
ing full-length cDNA comprising: 

[0155] preparing, from a full-length cDNA library, at 
least one oligonucleotide comprising at least one ditag, 
the ditag comprising tWo joined ?rst and second 
sequence tags, Wherein the ?rst tag comprises the 
5'-terminus sequence and the second tag comprises the 
3'-terminus sequence of a full-length cDNA; 

[0156] 
[0157] determining the ditag of interest; and 

[0158] recovering the full-length cDNA corresponding 
to the ditag of interest from the full-length cDNA 
library. 

[0159] The invention also provides a method for quanti 
fying the transcriptional activity of a gene comprising: 

sequencing the obtained oligonucleotide ditag; 

[0160] preparing, from a full-length cDNA library, at 
least one oligonucleotide comprising at least one ditag, 
the ditag comprising tWo joined ?rst and second 
sequence tags, Wherein the ?rst tag comprises the 
5'-terminus sequence and the second tag comprises the 
3'-terminus sequence of a full-length cDNA; 

[0161] 
[0162] determining the frequency of the sequenced 

ditag Which corresponds to the transcriptional activity 
of the gene. 

sequencing the obtained oligonucleotide ditag; 

[0163] Having noW generally described the invention, the 
same Will be more readily understood through reference to 
the folloWing examples Which are provided by Way of 
illustration, and are not intended to be limiting of the present 
invention. 

EXAMPLES 

[0164] GIS oligonucleotides for cDNA synthesis, the 
structure of a generic 50 bp cohesive ditag, primers used for 
the construction of vector pGlSl, and ds-DNA adapter 
Which are used in the examples are listed beloW. 

GIS Analysis Oligos for cDNA Synthesis 

[0165] Gsul-Oligo dT Primer: 

GsuI-oligo dT primer: 
5 '—GAGCTCCTTCTGGAGTTTTTTTTTTTTTTTTV'N—3 ' (SEQ ID 110:1) 

NotI/BamHI/MmeI(N)6 primer linker (top) : 
5 '—AATTCGCGGCCGCTTGGATCCGACNNNNNN (SEQ ID 110:2) 

NotI/BaMHI/MmeI(N) primer linker (bottom) : 
(SEQ ID 110:3) 




































