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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 S
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Figure 7
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Figure 8
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Figure 9
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FIGURE 10

CGAGAGCGCC TGCGTACGGC TCGCCGCGGT GGCTGGCGCT ACTTCGGAGG

TTTTTATACA TTMXCGOGOG GAGGLCAACGG

AGCCCGACGC
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CCGCGTTGCT
GGCGCAACGA

ATACCAGGCG
TATGGTCCGC

GCGCTTTCTC
CGCGAAAGAG

GCGCCTTATC
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TCTTGAAGTG
AGAACTTCAC

TTGATCCGGC
AACTAGGCCG

TTTTCTACGG
AAAAGATGCC

AARAATGAAG
TTTTTACTTC

ATTTCGTTCA
TAAAGCAAGT

CCACGCTCAC
GGTGCGAGTG

TTAATTGTTG
AATTAACAAC

TGGTATGGCT
ACCATACCGA

GTTGTCAGAA
CAACAGTCTT

CTGGTGAGTA
GACCACTCAT

AACTTTAAAA
TTGAAATTTT
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GTCCCAATAA
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AGATTCTTTG

ACACATGCAG
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CCGACCGAAT

GGCGCCATTC
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GCGATTAAGT
CGCTAATTCA
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AGGCAAAATG
TCCGTTTTAC
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CAGAGTACTC

CATTATTATC
GTAATAATAG

CTCCCGGAGA
GAGGGCCTCT

ACTATGCGGC
TGATACGCCG

GCCATTCAGG
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TGGGTAACGC
ACCCATTGCG

10

CCGCAAAARA
GGCGTTTTTT

CGGATACATA

GCCTATGTAT

ATGACATTAA
TACTGTAATT

CGGTCACAGC
GCCAGTGTCG

ATCAGAGCAG
TAGTCTCGTC

CTGCGCAACT
GACGCGTTGA

CAGGGTTTTC
GTCCCAAAAG

GGGAATAAGG
CCCTTATTCC

TTTGAATGTA

AAACTTACAT

CCTATAAAAA
GGATATTTTT

TTGTCTGTAA
AACAGACATT

ATTGTACTGA
TAACATGACT

GTTGGGAAGG
CAACCCTTCC

CCAGTCACGA
GGTCAGTGCT

(CONTINUED)

GCGACACGGA
CGCTGTGCCT

TTTAGAAAMA

AARATCTTTTT

TAGGCGTATC
ATCCGCATAG

GCGGATGCCG
CGCCTACGGC

GAGTGCACCA
CTCACGTGGT

GCGATCGGTG
CGCTAGCCAC

CGTTGTAAAA
GCAACATTTT
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AATGTTGAAT
TTACAACTTA

TAAACAAATA

ATTTGTTTAT

ACGAGGCCCT
TGCTCCGGGA

GGAGCAGACA
CCTCGTCTGT

TATGCGGTOGT
ATACGCCACA

CGGGCCTCTT
GCCCGGAGAA

CGACGGCCAG
GCTGCCGGTC

ACTCATACTC
TGAGTATGAG

GGGGTTCCGC

CCCCAAGGCG

TTCGTCTCGC
AAGCAGAGCG

AGCCCGTCAG
TCGGGCAGTC

GAAATACCGC
CTTTATGGCG

CGCTATTACG
GCGATAATGC

TGAATTGTAA
ACTTAACATT

TTCCTTTTTC
AAGGAAMAAMAG

GCACATTTCC

CGTGTAAAGG

GCGTTTCGGT
CGCAAAGCCA

GGCGCGTCAG
CCGCGCAGTC

ACAGATGCGT
TGTCTACGCA

CCAGCTGGCG
GGTCGACCGC

TACGACTCAC
ATGCTGAGTG
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METHOD FOR GENE IDENTIFICATION
SIGNATURE (GIS) ANALYSIS

[0001] This application 1s a divisional of U.S. Ser. No.
10/664,234, filed Sep. 17, 2003.

FIELD OF THE INVENTION

[0002] The present invention relates generally to the field
of gene and transcript expression and specifically to a
method for the serial analysis of a large number of tran-
scripts by i1dentification of a gene signature (GIS) corre-
sponding to defined regions within a transcript.

BACKGROUND OF THE INVENTION

[0003] One of the most important goals of the human
genome project 1s 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
init1o predictions of genes must be validated by experimen-
tal data. An 1deal solution i1s 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: 455-4577) and progress has been made (Jon-
geneel C. V., et al., 2003, Proc Natl Acad Sc1 U S A. 100,
4°702-4705). 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 diflerent transcriptomes still remains unreal-
1stic.

[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 1n deter-
mimng 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, 2352, 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 1s effective in 1dentifying genes, it 1s prohibi-
tively expensive to tag every transcript 1n 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 efficiency in sequencing and count-

ing large numbers of transcripts, Serial Analysis of Gene
Expression (SAGE) ((Velculescu, V. E., et al., 1995, Science,

270, 484-4877; Saha S, et al., 2002, Nature Biotechnology,
20, 508-12; U.S. Pat. No. 6,498,013; U.S. 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 sufliciently specific to represent that gene.

[0007] Experimentally, short tags can be extracted from
cDNA one tag per transcript. Such short tags can be efli-

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 eflort of less than 10,000
reads will have significant coverage of a transcriptome.
Transcript abundance 1s measured by simply counting the
numerical frequency of the SAGE tags.

[0008] With the availability of many assembled genome
sequences 1n public databases, the use of a short tag strategy
for transcriptome characterization 1s becoming popular (Jon-
geneel et al., 2003, Proc. Natl. Acad. Sci. USA 100: 4702-
4°703). In theory, short DNA tags of about 20 bp can be
specifically mapped to a single location within a complex
mammalian genome and uniquely represent a transcript in
the content of whole transcriptome. However, 1n reality,
there still exist a large number of “ambiguous™ SAGE tags
(14-21 bp) and MPSS tags (17 bp) that have multiple
locations 1n a genome, and may be shared by many genes.
Limited by the availability of type Il restriction enzymes that
can cut longer than 21 bp, the SAGE method currently can
not generate any longer tags to improve specificity.

[0009] Further, SAGE and MPSS methods only produce a
single signature per transcript in the middle of the gene. In
view of the “internal” nature of the tag 1n a transcript, these
methods provide only limited tag mformation.

[0010] Therefore, despite their usefulness in sequencing
eiliciency, the utility of methods such as SAGE or MPSS 1s
severely undermined by their lack of specificity and conse-
quent inconclusiveness.

[0011] There is a need in the art for more efficient methods
which retain the sequencing efliciency 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 specificity 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 nfor-
mative to reflect the structure of the nucleic acid molecules.
Critically, the invention provides a method to link the 3' and
3' tags of the same nucleic acid molecule 1nto 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
identification of new genes, for the measure of transcript
abundance 1n transcriptomes, for the annotation of genome
sequences and at the same time enhancing sequencing
ciliciency.

[0013] In particular, the invention provides an isolated
oligonucleotide comprising at least one ditag, wherein the
ditag comprises two joined first and second sequence tags,
wherein the first 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 flanking the ditag, wherein each
adapter comprises at least one restriction site. In particular,
cach adapter comprises at least: a first restriction site proxi-
mal to the tag which 1s 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 1n the art may be used. For example, BamHI. Also,
any asymmetric restriction site different from the {first
restriction site may be used. The recognition site for this
enzyme however must be absent from the vector backbone
alter insertion of the ditag

[0015] The nucleic acid molecule may be the full-length

sequence of a gene or a fragment thereol. For example,
RNA, mRNA, genomic DNA, full-length cDNA or cDNA.

[0016] The ditag may vary in nucleotide number. Accord-
ing to one embodiment, 1t 15 obtained by splicing the 3
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 1s determined by the restriction enzyme used.
Accordingly, the number of nucleotides of the ditag can vary
according to the restriction enzyme used.

[0017] When Mmel is used, this enzyme recognizes a
sequence 1nside each of the two adapters that flank 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 1s 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 flanking the nucleic acid molecule, wherein each
adapter comprises at least: a first restriction site which 1s a
asymmetric restriction site (asymmetric restriction site 1is,
for example, a homing endonuclease recognition site, or a
type 1I 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 1s the type II restriction site Mmel.

10021] The invention also provides a vector having the
sequence 1ndicated 1n SEQ ID NO:18.

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

10023] According to another aspect, the invention also
provides a method for preparing at least one oligonucleotide
comprising at least one ditag comprising;:

0024

0025] 1solating 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.

[10027] In particular, it is provided a method for preparing
at least one oligonucletide comprising at least one ditag
comprising;

producing at least one nucleic acid molecule;
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[0028] producing at least one nucleic acid molecule
flanked 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 flanked 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 1nside 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 3' and 3' termim sequences are i1dentified.

[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, flanked 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 recognmzing
the recognition sites.

[0039] Preferably, each adapter comprises at least: a first
restriction site which 1s 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: 1) homing
endonuclease asymmetric recognition site sequences or 11)
restriction endonuclease asymmetric cleavage sites
sequences recognizable by type 1l restriction enzymes.

[0042] According to a particular embodiment, the splicing

step 1s carried out by using Mmel (together with T4 DNA
polymerase and T4 DNA ligase) and the ditag of 34-38
nucleotides, tlanked by two adapters, 1s 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 1s provided
a method for genome mapping, comprising:

[0045] preparing at least one oligonucleotide compris-
ing at least one ditag, the ditag comprising two joined
first and second sequence tags, wherein the first 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] defining 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
first and second sequence tags, wherein the first tag
comprises the S'-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; 1f 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 1dentified genes.

[0052] It 1s 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 first and second
sequence tags, wherein the first tag comprises the
S'-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 first and second
sequence tags, wheremn the first tag comprises the
S-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

10061] FIG. 1 shows the GIS analysis experimental work-
flow (bacterial transformation approach). In the figure, the
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letters N, B, M, S either 1n 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 first-strand cDNA.

[10062] FIG. 2 shows the GIS analysis experimental work-
flow (PCR-based approach). In the figure, the letters N, B,
M, S etther 1n 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 first-strand cDNA.

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

[0064] FIG. 4 1s 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: Mmel digestion products. The arrow-
head shows the position of all the linearized tagged-plas-
mids.

[0065] FIG. 5 1s an electrophoresis gel related to the
preparation of GIS ditags. The plasmid DNA of GIS ditag
library 1s digested with BamHI. The 50 bp ditag fragments
are separated and purified 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 1s 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 purified from adaptor arms 1 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 pGIS1 vector construct.

0068] FIG. 8 shows the commercial pZErO-1 vector
construct (Invitrogen) The positions of the various sequenc-
ing/PCR primer binding sites (PMR003, PMR004, PMRO11
and PMRO12) 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-1 vector as negative control. M:
Ikb+DNA ladder. Lanes 2-235: randomly-picked clones.

[0070] FIG. 10 shows the double strand nucleotide
sequence of pGIS1. The region between the restriction sites
Not I and Sal I 1s the stufler fragment that 1s removed during
cloning. It 1s highlighted 1n bold and 1talic type. The single
strand nucleotide sequence i1s also reported as SEQ ID

NO:18. The region representing the stuller fragment 1s
between nucleotide 15 to 704 (both nucleotides included).

DETAILED DESCRIPTION OF TH.
INVENTION

[0071] The present invention provides a Gene Identifica-
tion Signatures (GIS) and a GIS analysis method: useful, for
example, for the rapid analysis of numerous transcripts 1n
order to i1dentily 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 mformation by experimen-
tal approach.

L1
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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 1t 1s desired to
reduce, “shrink’ or represent.

[0073] The ditag is shorter than the original nucleic acid
molecule from which 1t orniginates 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 3' end region (also
indicated as 3'tag) and 3' end region (also indicated as 3' tag)
ol the original nucleic acid molecule. Hence, the portion of
the origimnal nucleic acid molecule which 1s between or
inside the 3' tag and 3' tag 1s not included 1n the ditag. The
ditag according to the mnvention retains the most informative
teatures of the original nucleic acid molecule, viz. the start
and the end signatures of the nucleic acid. It 1s thereby also
more specific and accurate than SAGE or MPSS methods in
characterizing transcriptomes and defining 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 first and second sequence tags,
wherein the first 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 flanking 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 {irst restriction site which 1s an asymmetric restriction site
and at least a second adjacent restriction site. Therefore, the
number of restriction sites present 1n 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 ol possible
asymmetric restriction sites and corresponding restriction
enzymes recognizing such asymmetric sites 1s reported
below. Example of second and further restriction sites may
be for example BamHI. This second restriction site 1s for the
purpose of subsequent 1solation 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 modified 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 3' 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 1nside a nucleic acid molecule.
Accordingly, it 1s possible to use restriction enzymes rec-
ogmzing restrictions sites tlanking the region which 1is
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 1s a full-length cDNA. Full-length
cDNA can be prepared according to any method known 1n
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. 135, 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 1solation of the full-length
cDNAs can be used.

[0081] The ditag can be prepared according to any tech-
nique known 1n the art. For example, the original nucleic
acid molecule may be cut through any chemical reaction and
the obtained 5' and 3' termim ligated to create the ditag.

[0082] The nucleic acid molecule which is intended to be
reduced, which 1s preferably prepared comprising two
adapters flanking 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 first
restriction site comprising an asymmetric restriction site and
a second restriction site. Accordingly, 1n the vector used, 1t
1s 1mportant that the backbone of the vector does not
comprise the restriction site or sites present 1n the adapters.

[0083] Accordingly, a library of nucleic acid molecule (for
example, a library of full-length cDNAs) 1s 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 flank-
ing the nucleic acid molecule to be reduced. Accordingly, the
recognition sites are placed upstream of the 3' terminus and
downstream of the 3' terminus of the nucleic acid molecule
or fragment thereof desired to be reduced (preterably into
the adapters). Accordingly, the oligonucleotide obtained by
splicing comprises two adapters flanking the ditag. Each
adapter comprising at least one restriction site. Preferably,
comprising at least one first restriction site which 1s an
asymmetric site (for example a type Il 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
meaningiul and advantageous over the size of the parental
sequence from which 1t 1s derived. The preferred size of a tag
or ditag 1s determined by genome complexity. For a bacterial
genome a tag from about 8 bp to about 16 bp may be
suilicient whereas for a complex genome like the human
genome, a 16-20 bp tag (or 1n other words a 32-40 bp ditag)
may be considered. In general, the size of the ditag 1s from

about 12-60 bp.

[0087] For the purpose of the present application, the
terms S'-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 mside a nucleic acid molecule that
one mntends 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 1n 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
thereol which 1s 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 i1s obtained by splicing the 35
terminus and the 3' terminus of the nucleic acid molecule 1n
the presence of at least one restriction enzyme, which
recognizes the restriction sizes flanking the nucleic acid
molecule. Accordingly, the size of the sequence tags 1s
determined by the restriction enzyme used.

[0089] When preparing the nucleic acid molecule, for
example a tull-length cDNA, desired restriction sites tlank-
ing the 5'-end and 3'-end of the region which 1s intended to
be reduced or represented are inserted. An example of
construction of a full-length cDNA by insertion of desired
restriction sites flanking the 5'-end and 3-end 1s shown in
FIG. 1 and FIG. 2. A full-length ¢cDNA library 1s then
prepared, following which a GIS ditag library i1s 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 Il 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: 1) two homing endonuclease
asymmetric recognition site sequences or 11) restriction
endonuclease asymmetric cleavage sites sequences recog-
nizable by type Il restriction enzymes.

10092] Homing endonucleases are sold and described by
New England Biolabs, Inc.; a description of the asymmetric
site sequences 15 also available 1n the New England Biolabs
Catalog. These homing endonuclease asymmetric recogni-
tion site sequences are from 18 to 39 bp. However, 1n 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: I-Ceul, PI-Scel, PI-Pspl and I-Scel. The list
mentioned above however 1s not exhaustive. Other homing,
endonucleases known 1n the art and those which may be later
discovered are included 1n the scope of the present inven-
tion.

10093] Examples of type II restriction enzymes include:
Aarl, Acelll, Alol, Bael, Bbr71, BbvIl, Bbvl, Bccl, Bee®31,
BceeAl, Beetl, Begl, BeiVI, Bfil, Binl, Bpll, BsaXI, BscAl,
BseMIl, BseRI, Bsgl, Bsml, BsmAI, BsmFI, Bsp24l,
BspCNI, BspMI, Bsrl, BsrDI, BstF51, BtgZl, Btsl, Cjel,
CiePl, Ecil, Eco31T, Eco571, Eco37MI, Esp3l, Fall, Faul,
Fokl, Gsul, HaelV, Hgal, Hindl, Hphl, HpyAYV, Ksp6321I,
Mboll, Mlyl, Mmel, Mnll, Plel, Ppil, Psrl, RleAl, Sapl,
StalNI, SspD35I, Sth1321, Stsl, Tagll, TspDTI, TspGWI,
TspRI and TthllIl (the list 1n the web site of Rebase

Enzymes®: http://rebase.neb.com/cgi-bin/outsidelist; see

Apr. 20, 2006

also Szybalski, W., 1985, Gene, 40:169). The list mentioned
above however 1s not exhaustive. Other type Il enzymes
known 1n 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 Il restriction enzymes are (into parenthesis are
the recognition site and the cleavage site): Bbvl (GCAGC
8/12), Hga1 (GACGC 5/10), BsmFI (GGGAC 10/14) SfaNI
(GCATC 5/9), and Bsp 1 (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, 1n particular 1 to 200, more 1n
particular 8 to 20 ditags. When ditags are concatemerized, a
higher vield of information 1s achieved because the oligo-
nucleotide, vector or clone comprises more ditags. Hence,
the concatenation of ditags allows an eflicient analysis of the
nucleic acid molecules, like full-length ¢cDNAs, 1n 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 betore or atter concate-
merization.

[0097] According to one aspect, the oligonucleotide com-
prising the ditag 1s amplified. For example, by using PCR or
any other known amplification methods. Accordingly, suit-
able PCR primers corresponding to specific regions inside
the vector are used. Such regions flank the oligonucleotide
comprising the ditag and adapters. PCR can be performed
directly on the ligation (seli-circularization) reaction to
obtain short (for example 200 bp) PCR products (see the
PCR approach i 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 recogmzing the second or further restric-
tion site, BamHI can for example be used, and cohesive
ditags of 50 bp are generated. The advantage of this ampli-
fication step 1s that of generating GIS ditags circumventing
the need to produce a GIS ditag library amplification, which
can be avoided by not transforming the seli-circularized
tagged plasmids. The amplified oligonucleotide can then
subsequently be excised from the vector (1n this example, by
digestion with BamHI) and concatenated 1n long stretches of

DNA or RNA for subsequent cloning and sequencing analy-
s1s (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 1s obtained by splicing nucleotides from the 3

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 1s a full-length cDNA library, the
ditag library 1s representative of the full-length ditag library.
Each ditag clone comprises suflicient information charac-
terizing the specific full-length clone. More important, the
ditag of the imnvention comprises the 5'-end and 3'-end of the
original full-length cDNA. Hence, the ditag 1s representative

of the structure of the full-length cDNA.
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[0100] Accordingly, 1t 1s sufficient to sequence and ana-
lyze the ditag clones of the ditag library. In case a ditag of
interest 1s 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] 1solating 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
flanked by two adapters;

[0107] 1solating 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 flanked by the two adapters.

[0109] The method further comprising including the oli-
gonucleotide comprising the at least one ditag tlanked by the
adapters 1nto a vector.

[0110] The nucleic acid molecule which is intended to
shrink or represent may be RNA, mRNA, genomic DNA,

tull-length ¢cDNA, or cDNA.

[0111] The nucleic acid molecule may be the full-length
sequence ol 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
turther 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' termini1 sequences are 1dentified.

[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, flanked 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, 1993, Ed.
Ausubel, et at., Greene Publish. Assoc. & Wiley Inter-
science, Unit 3.1.15; New England Biolabs Catalog, 1993).
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[0116] For example, the two recognition sites may be
asymmetric recognition sites:

[0117] The asymmetric recognition site are: 1) homing
endonuclease asymmetric recognition site sequences or 11)
restriction endonuclease asymmetric cleavage  sites
sequences recognizable by type 1l restriction enzymes.

[0118] The type II restriction enzyme is selected from the
group Consisting of Aarl, Acelll, Alol, Bael, Bbr/I, Bbvl,
Bbvll, Beel, Bee831, BeeAl, Beell, Begl, BaiVI, Biil, Binl,
Bpll, BsaXIl, BscAl, BseMII, BseRI, Bsgl, Bsml, BsmAl,
BsmFEl, Bsp24l, BspCNI, BspMI, Bsrl, BsrDI, BstE5lI,
BtgZ1, Btsl, Cjel, CjePl, Ecil, Eco311, Eco571, EcoS7MI,
Esp31, Fall, Faul, Fokl, Gsul, HaelV, Hgal, Hin4I, Hphl,
HpvAV, Ksp6321, Mboll, Mlyl, Mmel, Mnll, Plel, Ppil,
Psr'l, RleAl Sapl, StaNI, SspD5I, Sth132I, Stsl, Taqll,
TspDTI, TspGWI, TspRI and Tth111II (see the list 1n the
web site of Rebase Enzymes®: http://rebase.neb.com/cgi-
bin/outsidelist: see also Szybalski, W., 19835, Gene, 40:169;
and). The list mentioned above however 1s not exhaustive.
Other type Il enzymes known in the art and those which may
be later discovered are included 1n the scope of the present
invention.

[0119] The enzyme recognizing the homing endonuclease
asymmetric restriction site 1s selected from the group con-
sisting of: I-Ceul, PI-Scel, PI-Pspl and I-Scel. The list
mentioned above however 1s not exhaustive. Other homing
endonucleases known 1n the art and those which may be later
discovered are included 1n the scope of the present inven-
tion.

[0120] A particularly preferred tagging enzyme, according
to the invention, 1s an enzyme which cleaves 20/18 nucle-

otides 3' of 1ts recognition site forming 3' overhanging ends,
such as Mmel

[0121] Artificial 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 1t cleaves one nucleotide
further away from 1ts recognition site on both strands of the
DNA substrates. See L1 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.

10122] The method further comprises producing concate-
mers of ditag. The concatemers may be generally about 1 to
1000 ditags, 1n particular 1 to 200 ditags, more 1n particular
8 to 20 ditags. While these are preferred concatemers, 1t 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 1n 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.

10123] The ditags present in a particular clone can be
sequenced by standard methods (see for example, Current
Protocols 1n 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 1s
intended a plasmid, virus or other vehicle known 1n the art
that has been mampulated by insertion or incorporation of
the ditag genetic sequences. Such vectors contain a promoter
sequence which facilitates the ethicient transcription. The
vector typically contains an origin of replication, a promoter,
as well as specific 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-1 (Invitrogen, Carls-
bad, Calif.)(see FIG. 8) and pGEM3z (Promega, Madison,
Wis.) or modified 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 modified, and wall
be referred to as pGIS1 (see also FIGS. 7 and 10). pGEM
vectors have also been disclosed in U.S. 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
flanking 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 1s removed during
insertion of the parental nucleic acid molecule) does not
comprise the asymmetric restriction site and the second or
turther restriction site which are comprised into the adapters.
In particular, the vector does not comprise the at least
asymmetric 11 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 stufler region that 1s
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 stufler 1s the vector pGISI
shown 1n FIG. 7 and FIG. 10. In pGIS]1 the Mmel recog-
nition sites were deleted by mutagenesis. The sequence 1s
shown 1 FIG. 10 and in SEQ ID NO:18. In FIG. 10, the
stufler region between the sites Not I and Sal I has been
highlighted. The mnvention also related to the pGIS vector
comprising the oligonucleotide according to any embodi-
ment of the invention.

10128] The oligonucleotide(s), ditag(s) or concatemer(s)
of the invention may also be ligated ito a vector for
sequencing purposes.

[0129] Vectors in which the ditags are cloned can be
transierred into a suitable host cell. Host cells are cells in
which a vector can be propagated and its DNA expressed.
The term also 1includes any progeny of the subject host cell.
It 1s understood that all progeny may not be 1dentical to the
parental cell since there may be mutations that occur during
replication. However, such progeny are included when the
term host cell 1s used. Methods of stable transfer, meaning
that the foreign DNA 1s continuously maintained in the host,
are known 1n 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 1s prokaryotic, such as E. coli, competent cells
which are capable of DN A uptake can be prepared from cells
harvested after exponential growth phase and subsequently
treated by the CaCl, method using procedures well known 1n
the alt. Alternatively, MgCl, or RbC(Cl can be used. Trans-
formation can also be performed by electroporation or other
commonly used methods in the art.

[0131] An embodiment of this i1s shown in FIG. 1 and
FIG. 2. According to this embodiment, the method of the
invention cComprises:

[0132] producing at least one nucleic acid molecule
comprising a full-length ¢cDNA molecule flanked by
two adapters; each adapter comprising Mmel recogni-
tion sites and another recognition site, which may be

BamHI, flanking 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' termim 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 1s variable. Accordingly, the ditag obtained by
using Mmel may be of 34-38 bp.

[0135] The vector which has been used for the preparation
of full-length cDNA library 1s pGIS1. As mentioned above,
pGIS1 does not contain in 1ts 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 flanked
by the adapters 1s 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 amplified directly from the
ligation (seli-circularization) reaction mix, for example by
PCR using suitable primers. The recovered amplified oligo-
nucleotide comprising ditag and adapters 1s 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.

[0138] The method may further comprise the steps of:

[0139] determining the nucleotide sequence of the
ditag;

0140

0141] and/or comparing the determined nucleotide

sequence to a database comprising genomic sequences
whereby matching 5' and 3' termini sequences are

identified.

detecting the gene expression;
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[0142] In particular, the at least one ditag comprises 36
nucleotides and the first and second sequence tags comprise
cach 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 1s 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) ol a transcript in
a ditag delineate the starting and ending points of transcripts.
The ditag can be split up 1n the two tags during data analysis
and mapped head-to-head in a specific region within a
reasonable distance on a chromosome of an assembled
genome sequence. The genomic DNA sequence in between
these two tags 1s 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 1s shown 1n FIG. 3.

[0145] A modest sequencing run can generate suflicient
data to characterize a transcriptome not only by determining
the level of transcript abundance but also by defining the
structure of transcripts using the revealed 5' and 3' regions.
This results i about over 20-fold more eflicient 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
first and second sequence tags, wherein the first 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] defining 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
first and second sequence tags, wherein the first 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
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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
tull-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 first and second
sequence tags, wherein the first tag comprises the
S'-terminus sequence and the second tag comprises the
3'-terminus sequence of a full-length cDNA;

[0156] sequencing the obtained oligonucleotide ditag;
0157] determining the ditag of interest; and
0158] recovering the full-length cDNA corresponding

to the ditag of iterest from the full-length cDNA
library.

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

[0160] preparing, from a full-length ¢cDNA library, at
least one oligonucleotide comprising at least one ditag,
the ditag comprising two joined first and second
sequence tags, wherein the first tag comprises the
S'-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 pGIS1, and ds-DNA adapter
which are used 1n the examples are listed below.

GIS Analysis Oligos for cDNA Synthesis
[0165] Gsul-Oligo dT Primer:

Gsul-oligo dT primer:

5'-GAGCTCCTTCTGGAGTTTTTTTTTTTTTTTTVN-3"

(SEQ ID NO:1)

NotI/BamHI/MmeI(N)6 primer linker (top):

5'-AATTCGCGGCCGCTTGGATCCGACNNNNNN

(SEQ ID NO:2)

NotI/BaMHI/MmeI(N) primer linker (bottom):

5'-p-GTCGGATCCAAGCGGCCGCG-3"

(SEQ ID NO:3)
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—continued

NotI/BamHI/MmeI(N)5 primer linker (top):

5'-AATTCGCGGCCGCTTGGATCCGACGNNNNN

MmeI/BamHI/SalIl adapter (top):
5'=-TCGACCCAGGATCCAACTT-3"

MmeI/BamHI/Sall adapter (bottom):
5'-p-GTTGGATCCTGGG-3"

PMROO3:
5'-gtaaaacgacggccagt-3"

PMROO4 :
5'-ggaaacagctatgaccatg-3"'

PMROOG6 :
5'-taatacgactcactataggg-3"

PMRO11:
5'-GATGTGCTGCAAGGCGATTAAG-3"

PMRO12:
5'-agcggataacaatttcacacagg-3'.

(SEQ

(SEQ

(SEQ

(SEQ

(SEQ

(SEQ

(SEQ

(SEQ

[0166] Structure of a Generic 50 bp Cohesive Ditag

ID

1D

1D

1D

1D

ID

1D

ID

5'-gatcogacxxXxXxXXXXXXXXXXXxXXxXxnnnnnnnnnnnnnnnnaagttg

GCTGXX XXX XXX XX XXX XXXXXNNNNNNNNNNNNNNNNTTCAACCTAG-5"'

Wherein X and N may be any of A, C, G or T.

[0167] Primers Used for the Construction of Vector pGIS

1

Mme mutl:

5'-p=-CeCTCTCCTGTACCGACCCTGCCGCTTAC-3"'

Mme mut?:

5'-p-AACTATCGTCTTGAGACCAACCCGGTAAG-3"

[0168] ds-DNA Adapter

5'-AATTCTCGAGCGGCCGCGATATCG-3"

3'-GAGCTCGCCGGCGCTATAGCTTAA-p-5"'

pGIS1 Sequence

NO:

NO:

NO:

NO:

NO:

NO:

NO:

NO:
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1)
5)
6)
7)
3)
9)
10)

11)

(SEQ ID NO:12)

(SEQ ID NO:13)

[0173] (3) The GIS library for clones of concatenated
GIS ditags;

[0174] (4) GIS sequencing analysis.

(SEQ ID NO:14)

(SEQ

(SEQ ID NO:16)

(SEQ ID NO:17)

ID

[0169] The sequence of pGIS1 (SEQ ID NO:18) 1s shown

in FIG. 10.

Example 1
The Method

[0170] The experimental procedure of GIS ditag analysis
has been carried out according to the following modules of

cDNA library construction and analysis:
10171

(1) The tull-length cDNA library which intro-

duces the Mmel sites flanking both ends of each cDNA

insert;

10172] (2) The GIS ditag library in which each clone
contains a 5' 18 bp signature and a 3' 18 bp signature

ol a transcriptional unit;

NO

:15)

1. GIS Full-Length cDNA Library with Addition of Mmel
sites for Each cDNA Inserts

[0175] The outline of procedure of this section was as
follows: starting from high quality mRNA, the first cDNA
was synthesized with a Gsul-oligo dT primer (SEQ ID
NO:1).

[0176] The first strand cDNA/RNA hybrids was subjected
to a full-length enrichment procedure by the biotinylation-
based cap-trapper approach. Any cap-trapper approach

known 1n the art can be used, for example Carninci et al.,
1996, Genomics, Vol. 37, 327-336; U.S. Pat. No. 6,143,528;

Edery et al., 1995, Mol. Cell. Biol., Vol. 13, No. 6, 3363-
3371).

[0177] The enriched full-length first strand cDNA was the
template for second cDNA synthesis primed with adapter-
primer (Notl/BamHI/Mmel-(N)5 and —(N)6, (SEQ ID
NOS: 2-4) that contain a Mmel, a BamHI, and a Notl site.

[0178] After the double strand cDNA was made, the
cDNA poly-A/T tail was cleaved ofl by Gsul restriction
enzyme. Gsul 1s another Type-II endonuclease that cleaves
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DNA 16 bp from 1ts recognition site. At the Gsul cleavage
end, an adapter containing a Mmel, a BamHI site, and a Sall

cohesive end was ligated to the cDNA (SEQ ID NOS: 3-7).

[0179] Following a Notl digestion, the full-length cDNA
was mserted into the vector pGIS1, between the Notl and
Sall sites 1n the polylinker. The vector pGIS1 (see FIGS. 7

and 10) 1s modified from pGEM3z (Promega).
1-1 mRNA Preparation

|0180] The total mRNA has been prepared from mouse
embyonic stem cell line E14 using Trizol reagent (Invitro-

gen). However, any standard method (as those described 1n
Sambrook J. and Russell D. W., 2001, Molecular Cloning,
Cold Spring Harbor Laboratory Press) may also be used.

10181] mRNA (polyA RNA) was purified by oligo dT

magnetic beads according to standard techniques (for
example, Sambrook and Russell, 2001, as above). Alterna-
tively, purification may be carried out by aflinity column

according to standard techniques (for example, Sambrook
and Russell, 2001, as above).

1-2 First Strand cDNA Synthesis and Full-Length Selection

[0182] In this step, the first cDNA 1s synthesized with a
Gsul-oligo dT primer. Then, the first strand cDNA/RNA

hybrids are subjected to a full-length enrichment procedure
by the biotinylation-based cap-trapper approach.

[0183] Gsul-Oligo dT Primer:

5'-GAGCTCCTTCTGGAGTTTTTTTTTTTTTTTTVN-3"

[0184] The following were mixed:

Gsul-oligo dT primer (7 ug/ul) 2 ul
PolyA RNA (20 ug) 18 pl

|0185] The obtained solution was heated to 65° C. for 10
min and 37° C. for 1 min. Then, spin tube 1n microfuge and
the following substances were added:

2X GC-I buffer (Takara) 75 ul
RNase inhibitor Promega) 1 ul
10 mM dNTP (with methyl-dCTP) 4 ul
Saturated trehalose 10 pl
4.9M sorbitol 26 ul
Superscript I reverse transcriptase 15 ul
(Invitrogen)

[0186] The obtained solution was incubated at 37° C. for
10 min, 42° C. for 30 min 50° C. for 20 min and 55° C. {for
20 min. 2 ul of proteinase K (20 mg/ml) were added. The
obtained solution was Incubated at 45° C. for 15 min
tollowed by phenol/chloroform extraction and 1sopropanol

precipitation (according to standard technique, eg. Sam-
brook and Russel, 2001, as above).

[0187] The RNA/cDNA heteroduplex was re-suspended
into 44.5 ul of ddH,O. 3 ul of 1.1 M NaOAc pH 4.5 and 2.5
ul of 100 mM NalO, were added to oxidize the diol
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structures of the mRNA. 50 ul of the reaction solution were
incubated on ice 1n the dark for 45 min followed by adding
0.5 ul of 10% SDS, 11 ul of 5 M NaCl and 61 ul. of
isopropanol to precipitate the RNA/DNA. The precipitated
RNA/DNA was resuspended i 350 ul of ddH,O. 5 uL 1M
NaOAc (pH6.1), 5 uLL 10% (w/v) SDS and 150 pLL 10 mM
long-arm biotin hydrazide were added to biotinylate the

RNA. The reaction was incubated at room temperature in
dark overnight. The biotinylated RNA/DNA was precipi-

tated by adding 5 ul. 5SM NaCl, 750 ul. 1M RNase-iree
NaOAc (pH6.1), and 750 uLL. 100% EtOH or 200 uL of 100%

Isopropanol. Incubate at —80° C. for 30 min by spill 14 krpm
at 4° C. for 30 min.

|0188] The pellet was washed w/70% (v/v) EtOH/30%,
DEPC-treated ddH,O (DEPC 1s diethylpyrocarbonate,
which 1s an RNase inhibitor), and 14 krpm spin was carried
out at 4° C. for 10 min. The extra liquid was carefully
removed. Then, the pellet was air-dried. and resuspended in
400 uL. DEPC-ddH,O. Then 50 ul. 10xRNasel butler and 25
umts RNasel/ug of starting mRNA were added. The
obtained solution was incubated at 37° C. for 30 min. 10 uL
of 10 mg/mL Yeast tRNA (Ambioni) and 150 uL. of 5M Na(l

were added to stop the reaction.

[0189] While biotinylating the RNA-DNA heteroduplex,
the Streptavidin Dynabeads were prepared as follows: 400
ul of M-280 Streptavidin beads (Dynal) were pipetted into
an RNase-free Eppendort tube, the beads placed on a

[

magnet, left staying for at least 30 min, and then the

(SEQ ID NO:1)

supernatant was removed. The beads were re-suspended 1n
400 uL 1x binding bufler (2M NaCl, 50 mM EDTA, pH 8.0).
The tube was placed on a magnet, waited at least 30 min, and
then the supernatant was removed. The 1x binding bufler
wash was repeated for 2 more times. The beads were
re-suspended 1n 400 ul. 1x binding bufler with 100 nug of
Yeast tRNA, and then incubated at 4° C. for 30 min with
occasional mixing. The tube was placed on a magnet stand,
waited at least 30 seconds, and the supernatant was
removed. The beads were washed with 1x binding butler for
3 times. The beads and RNA/DNA heteroduplex were mixed
(the total volume now was 660 uL., and the binding condition
was at 1 M NaCl). The mixture was rotated at room
temperature for 30 mini.

[0190] The tube was placed on a magnet stand, waited at
least 30 seconds, and the supernatant removed (the super-
natant was saved as “unbound”).

[0191] The beads were washed two times with 400 uLL of
1x binding bufler. Washed with 400 uL of 0.4% (w/v) SDS
plus 50 ng/mlL Yeast tRNA. Washed with 400 uL. of 1x wash
bufler (10 mM Trns-HCI pH7.5, 0.2 mM EDTA, 10 mM
NaCl & 20% (v/v) glycerol, 40 ug/mL Yeast tRNA). And
washed w/400 uL of 50 ug/mlL Yeast tRNA. For all washes
the tube was placed on a magnet stand, waited for at least 30
seconds, and the supernatant was removed.

[0192] The first strand ¢cDNA was released by alkali
hydrolysis of RNA. The following was added: 50 ul. 50 mM
NaOH and 5 mM EDTA (pHS8.0). The tube was rotated at
65° C. for 10 min. The tube was placed on a magnet stand,

and the supernatant transierred to another tube containing 50
ul, 1M Tns-Cl (pH7.3).
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[0193] The lysis procedure was repeated for 2 more times.
The final volume of supernatant was 300 uL (containing the

first strand cDNA).

[0194] The cDNA was extracted by phenol/chloroform
extraction and precipitate by 1 mL ethanol with glycogen.
The cDNA was re-suspended in 5 uL LoTE (0.1x) LoTE 1s
low salt Tris-EDTA bufler (3 mM Tris-HCI1 pH 7.5 and 0.2
mM EDTA pH7.5)).

1-3 Second Strand cDNA Synthesis

[0195] The following reagents were added to the each
corresponding tube on 1ce.

cDNA in LoTE 5 uL
Linker (N5) 1.6 ng
Linker (N6) 0.4 ug
Soln II (Takara ligation kit) 10 pL
Soln I (Takara ligation kit) 20 pL

[0196] Linker (N6) is:

NotI/BamHI/MmeI(N)6é primer linker (top):
5'=-AATTCGCGGCCGCTTGGATCCGACNNNNNN

NotI/BamHI/MmeI(N) primer linker (bottom):
5'-p-GTCGGATCCAAGCGGCCGCG-3"'

[0197] Linker (N3J) is:

NotI/BamHI/MmeI(N)5 primer linker (top):
5'=AATTCGCGGCCGCTTGGATCCGACGNNNNN

Notl/BamHI/MmeI(N) primer linker (bottom): 1s the
sequence (SEQ ID NO:3) indicated above.

[0198] The cDNA and linker mixture was incubated at 16°
C. overnight. And the following were added:

ddH-0 20 pL
10XExTaq buffer (Takara) 8 ul
2.5 mM dNTP 8 L
ExTaq polymerase (Takara) 4 uL

[0199] The mixture was preheated in a thermo-cycler 65°
C., 5 min—68° C., 30 min—72° C., 10 min., followed by
phenol/chloroform extraction and ethanol ppt with glyco-
gen, and re-suspended 1n 85 wl ddH,O.

1-4. Removal of polyA Tail by Gsul Digestion
10200] The following reagents were added to the tube.

cDNA 85 uL
Gsul (Fermentas) 5 uL
10X bufferB (Fermentas) 10 pL
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[0201] The mixture was incubated at 30° C. for 2 hours,

followed by phenol/chloroform and ethanol precipitation.
The pellet was re-suspended in 10 ul ddH,O, and the
following 3' adaptor ligation reaction was carried out.

1-5. Addition of 3' Adaptor with Mmel and BamHI and Sall
Sites.

10202] The following components were added to the tube

-

containing 10 ul of sample. The 10 ul of sample was the
double-stranded full-length ¢DNA which has had the
poly(A) tail removed by Gsul digestion.

5X ligation buffer 10 pL
Gsul Sall adapter (0.4 pg/ul) 25 uL

(SEQ ID NO:2)

(SEQ ID NO:3)

(SEQ ID NO:4)

[0203] [The Gsul Sall Adapter is Mmel/BamHI/Sall
Adapter)

T4 DNA ligase (5 units/ul) (Invitrogen) 5 uL

[0204]

MmeI/BamHI/Sall adapter (top):

5'-TCGACCCAGGATCCAACTT-3" (SEQ ID NO:5)

MmeI/BamHI/Sall adapter (bottom):

5'-p-GTTGGATCCTGGG-3" (SEQ ID NO:6)

[0205] The reaction was incubated at 16° C. overnight,
followed by phenol/chloroform extraction and ethanol pre-
cipitation, and the pellet re-suspended 1 41 ul dH,O.

1-6. Notl Digestion and cDNA Size Fractionation

[0206] The following were added on ice and in order:

NEB Buffer 3 5 uL
Notl (10 units/ul) (NEB) 4 uL
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[0207] The obtained solution was incubated at 37° C. for
1-2 hours.

[0208] cDNA Size Fractionation Columns were pre-
pared (the Invitrogen 1nstructions were followed: uncap
the column (bottom first) and allow 1t to drain com-
pletely; wash 5 times with 800 nL. T, E, ;N,. Bufler,
allowing the column to drain completely each time).
The DNA sample was loaded onto the column. The
flow-through was collected 1n an Eppendort tube (irac-
tion 1). 100 uL. of T, E, ;N,- Buller were added. The
flow-through was collected 1n an Eppendort tube (irac-
tion 2). Another 100 ulL of T,,E,,N,. Bufler was
added. The flow-through collected, one drop per pre-
numbered Eppendort tube (beginning with fraction 3,
cach drop was about 30-40 uL).

[0209] Whenever the column runs dry, another 100 uL of
T,,E, N, Buller may be added.

10210] Up to drop 20 should be collected (according to the
Invitrogen protocol). 3 ul of each fraction were run on
agarose gel to visualize the cDNA si1ze 1n each fraction. Pool
fractions were showing cDNA=1.0 kbp (usually up to 2-3
kbp). Pooled samples were kept neat (using a cuvette soaked
at least 30" in slhightly acidified 100% EtOH, rinsed 5 times
with ddH,O, and saving sample. This 1s what has to be
ligated).

10211] If only one fraction is to be used, precipitate it and
use the half to all of 1t, depending on what the gel looks like.

[0212] At this point the cDNA fragments have the Notl

cohesive end at 5' side and Sall cohesive end at 3' side, and
are ready to be cloned 1n vector.

1-7. Ligation of cDNA with Linearized Plasmid pGISI.

10213] 1-7-1 The Cloning Vector pGIS1 was Prepared by
Notl and Sall Digestion.

10214] The vector sequence of pGIS1 1s shown in FIGS.
7 and 9.

pGIS1 Cloning Vector Construction

(I) Site-Specific Mutagenesis of pGEM3z to Create Mmel-
Minus Vector

10215] The vector pGIS-1 was derived from pGEM3z

(Promega). pGEM3z originally contained two Mmel recog-
nition sites that were knocked-out by site-directed mutagen-
esis. The QuikChange Multi kit (Stratagene) was used,
together with mutagenic primers:

Mme mutl:

5'-p-CaCTCTCCTGTACCGACCCTGCCGCTTAC-3" (SEQ ID NO:
Mme mut?Z:
5'-p-AACTATCgTCTTgAgACCAACCCggTAAg-3"' (SEQ ID NO:

(II) Modification of Polylinker Region

10216] The polylinker region was modified by simple
isertion of a ds-DNA adapter at the existing EcoRI site.
Additional recognition sites thus introduced are: Xhol, Notl
and EcoRV (EcoRYV 1s deleted upon insertion of the stufler
fragment (see below)).

12
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[0217] ds-DNA Adapter:

5' —AATTCTCgAgCggCCgCgATATCg-3 " (SEQ ID NO:16)

3' -GAGCTCGCCGGCGCTATAGCTTAA-P-5"' (SEQ ID NO:17)

(III) Stufler Fragment Insertion

[0218] An approximately 690 bp fragment was inserted
between the Notl and Sall sites of the modified vector (see
vector sequence 1n FIG. 10). This facilitated the production
of Notl/Sall double-digested vector, as the stufler can be
clearly visualized and excised during gel-purification.

0219] The linearized plasmid was gel purified.

10220] 1-7-2 The cDNA was Ligated to the pGIS I Vector

Overnight and the Constructs were Transierred into Elec-
trocompetent L. coli TOP10 Cells by Electroporation

according to Standard Techmiques (see Sambrook and Rus-
sel, 2001, as above).

1-8. Library QC (QC=Quality Check)

10221] A dilution series of 1-100 uL. of transformants was
plated out onto LB agar plates with antibiotic selection. The
colonies were mcubated overnight and counted to determine
the library titer.

[0222] Between 24 to 96 colonies (arbitrary numbers)
were picked and the 1nserts size determined by direct colony
PCR and agarose gel electrophoresis (according to standard
techniques, eg. Sambrook and Russel, 2001, see above). The

percentage of cDNA insert and the average insert size were
estimated.

[10223] At this stage, the GIS full-length ¢cDNA library
may be stored as ligation reactions or as transformants 1n £.

coli cells, according to standard methodology (Sambrook
and Russel, 2001, see above).

Example 2

2. GIS Ditag Library

[0224] The cDNA clones made from steps 1-1 to 1-8
contained a Mmel site (TCCGAC) at the 5 side and another
Mmel site (TCCAAC) 1n reverse orientation at the 3 end.

Note that these two Mmel recognition sites are two 1soforms
that can be recognized by Mmel (TCCRAC 20/18, where

R=(A/(G)). The sequence difference here will be usetul later
for directional indication. Mmel restriction enzyme will

14)

15 )

cleave these clones 20 bp into the cDNA fragments from
their 5 and 3 ends. Consequently, despite the variable sizes
of the digested cDNA, the vector plus the 20 bp cDNA
signature tags on each end of all clones will be of a constant
s1ze that can be easily recognized upon agarose gel electro-
phoresis, and can be easily purified from the unwanted
cDNA fragments.



US 2006/0084111 Al

10225] The gel-purified vector plus tags can then be self-
ligated to give a agged plasmid containing the 5 and 3 GIS
signature tags.

2-1. Plasmid Preparation

[10226] The GIS full-length cDNA library was amplified

once by plating an appropriate number of clones on large
(22%x22 cm) agar plates (Genetix). The number of colonies
required was determined by the estimated transcriptome
size. After an overnight 37 C incubation, the resultant
bacterial colonies were harvested and pelleted by centrifu-
gation at 3000 g for 30 min. Plasmid DNA preparation was
performed using the Qiagen HiSpeed Plasmid Maxi kiat. The
quality of the DNA obtained was examined by agarose gel
clectrophoresis and restriction digestion. Approximately
300,000 colonies can be processed to yield at least 1 mg of

plasmid DNA.
2-2. Mmel Digestion

10227] Approximately 10 pg of plasmid DNA was
digested using Mmel as per manufacturer’s conditions

5' —GATCCGACXXXXXXXXXXXXXXXXXXNNNNNNNNNNNNNNNNAAGTTG

GCTGXX XXX XX XX XX XX XXXXXNNNNNNNNNNNNNNNNTTCAACCTAG-5"'

(NEB), ensuring that the number of units of enzyme used
was always less than 4-fold excess to prevent methylation-
induced 1nhibition. Digestion proceeded at 37 C for 2-6 hrs.

[0228] An aliquot of the digestion reaction was examined
on an agarose gel: a strong band of approximately 2800 bp
in s1ze corresponding to the linearized vector containing the
GIS signature tags were easily observed, together with a
number of fragments derived from the excision of cDNA
from the original plasmids (see FIG. 4).

2-3. Linear Vector-GIS Ditag Purification

10229] The digestion reaction was electrophoresed on
0.7% agarose, and the 2800 bp vector-GIS tag band was
excised and purified using the (Q1agen agarose gel extraction

Kit.

2-4. Vector-GIS Ditag Self Ligation to Create Agged-Plas-
mids

10230] Mmel digestion resulted in a 2 bp overhang on both
the 5 and 3 signature tags. These were removed (polished
ofl) using T4 DNA polymerase (Promega), leaving behind
8 bp tags:

(0.5-2.0 ug) DNA 50 pL
10x Y+/TANGO bufler (Fermentas) 6.0 uL
0.1 M DTT 0.3 uL
T4 DNA polymerase 5 units/ug
10 mM dNTP 0.6 uL
ddH,0O to 60.0 pL

Incubated at 37 C, for 5 min, then inactivate at 75 C for 10
min

10231] The purified, blunted DNA was then ethanol pre-
cipitated and resuspended at a concentration of approxi-
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mately 20 ng/ul. Self-ligation (intramolecular recirculariza-
tion) was carried out as follows:

Approx. 350 ng DNA
Ligation Solution I (Takara Ligation Kit 2)

15.0 ul
15.0 ul

[0232] Incubated at 16 C, 2 hr to overnight

[10233] 2-5. Creation of Di-Signature Tags (Ditags)

10234] The goal of this step was to obtain the GIS di-

signature tags in a form quantitatively representative of the
original cDNA library from which the tagged-plasmids were

derived.

[0235] Structure of a Generic 50 bp Cohesive Ditag

(SEQ ID NO:12)

(SEQ ID NO:13)

Wheremn X and N may be any of A, C, G or T.

[0236] We used two approaches to this:

[0237] (1) Bacterial transformation, tagged-plasmid
purification and restriction digest to release 30 bp
cohesive ditags;

[0238] (11) Direct PCR on the ligation reaction followed
by restriction digest of the PCR products to release 50
bp cohesive ditags.

2-5-1 Transformation and Propagation; Preparation of
Tagged-Plasmids (See FIG. 1)

10239] 1 ul of the ligation reaction (Section 2-4) were
transformed per 30 ul of electrocompetent TOP10 cells
(Invitrogen) by electroporation. Recovered in 1 ml SOC
media at 37 C for 1 hr, then plated out several dilutions on
LB agar+ampicillin for QC and titering.

10240] QC (Quality Check): plasmid DNA was prepared
from several colonies and tested by digestion with BamHI:

tagged-plasmids release a 50 bp cohesive ditag.

[0241] This process was then scaled-up by plating the
remaining culture on large agar plates, and performing
maxipreps using Qiagen HiSpeed Plasmid Maxi kait.

10242] As an example, approximately 5,000 colonies was
processed to yield at least 40 ug of tagged-plasmid DNA.

10243] This plasmid DNA was then BamHI-digested to

generate 50 bp cohesive ditags (see FIG. 5 as example
result).

2-5-2 PCR-Based Retrieval of Cohesive Ditags (See FIG. 2

10244] PCR was performed on the ligation reaction using
primers PMR0OO03 and PMR004 that bind to vector sequences
flanking the ditags.
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PMR0O03: 5'-GTAAAACGACGGCCAGT-3' (SEQ ID NO:7)

PMR004: 5'-GGAAACAGCTATGACCATG-3' (SEQ ID NO:8)
10245] The amount of starting material was determined
empirically by doing a series of dilutions and choosing the
conditions that result 1 a clean, specific PCR product of
approximately 200 bp

10246] (e.g. 1:200) diluted ligation reaction 5.0 uL

10x HiF1 bufler 2.0 uL
10 mM dNTP 0.4 uL
PMROO3 (100 ng/ulL) 1.0 uL
PMROO4 (100 ng/ul) 1.0 pL
Eppendort TripleMaster polymerase 0.2 uL
dH20O 10.4 puL

(the HiF1 bufler was the reaction bufller provided with the
Eppendort TripleMaster enzyme)

10247] Thermo-Cycling Conditions:

[0248] Step 1: 95 Cx2 min
10249 Step 2: 95 Cx30 sec
[0250] Step 3: 55 Cx1 ml-n
[0251] Step 4: 72 Cx30 sec
[0252] Go to step 2, repeat steps (2-4) 24x
[0253] Step 5: 72 Cx4 min 16° C. forever

10254] The PCR products were analyzed on a 1.5% aga-
rose gel.

|0255] For negative controls, the PCR reaction was per-
formed using (1) no template, and (11) no ligase. To obtain
suilicient 200 bp PCR product for subsequent 50 bp cohesive
ditag production, the reaction was scaled-up: do 96 PCR
reactions using a 96-well PCR plate; this generates approx.
50 ug of 200 bp ditag. The individual PCR reactions are then
combined and ethanol precipitated before Bam HI digest to
generate S0 bp cohesive ditags (see FIG. 6 as an example
result).

3. GIS Library

3-1. Tagged-Plasmid Preparation

10256] This applies only to the bacterial transformation-
based approach (see Section 2-5-1).

10257 3-2. BamHI Digestion and Purification of GIS Tags

10258]| 3-2-1 BamHI Digestion of Tagged-Plasmids (Sec-
tion 2-5-1) Released 50 bp Cohesive Ditags:

DNA (tagged-plasmids) 40 pg
10x unique BamHI buffer (NEB) 100 pL
100x BSA 10 pL
BamHI (20 U/ul, NEB) 10 pL
dH20O to 1 mL
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[0259] The choice of value of 40 ng of DNA (tagged-
plasmids) was arbitrary.

[0260] Aliquots were divided into 10x100 ul for more
ellicient digestion, and incubated at 37° C., for 4 hrs.

[0261] After digest, they were inactivated at 65 C, for 15
min, then phenol-chloroform extraction and ethanol precipi-
tation were performed. Then, the pellet comprising 50 bp
cohesive ditags and the rest of the cleavage products after
the BamHI digest was resuspended in LoTE buller for
gel-purification.

[10262] 3-2-2 BamHI Digestion of or 200 bp Ditags
Retrieved by PCR (Section 2-5-2) Released 50 bp Cohesive

Ditags:

DNA (PCR products) 40 ng
10x unique BamHI buffer (NEB) 100 pL
100x BSA 10 pL
BamHI (20 U/uL, NEB) 10 pL
dH20 to 1 mL

[0263] The choice of value of 40 ng of DNA (tagged-
plasmids) was arbitrary.

[0264] Aliquots were divide into 10x100 ul for more
eilicient digestion, incubated at 37° C., for 4 hrs.

[0265] After digest, they were inactivated at 65 C, for 15
min, then phenol-chloroform extraction and ethanol precipi-
tation were performed. Then, the pellet comprising 50 bp
cohesive ditags and the rest of the cleavage products after
the BamHI digest was resuspended in LoTE bufler for
gel-purification.

3-3 Gel-Purification of 50 bp Cohesive Ditags

[0266] The BamHI-digested DNA according to both sec-
tion 3-2-1 or 3-2-2 was separated on a large (Hoeter Ruby
600,15x15 cm, 1.5 mm thick) 10% polyacrylamide gel.
Electrophoresis proceeded at 200V for approx. 2 hrs until
the Bromophenol Blue (standard tracking dye) band almost
reached the bottom of the gel. The gel was stained in SYBR
Green I (Molecular Probes, Inc.) for 30 min before visuali-
sation and excision of the 50 bp cohesive ditags.

[0267] At this stage it is convenient not to load more than
5 ug per lane, or fluorescence quenching occurs.

[0268] The 50 bp cohesive ditags were excised and col-
lected 1nto 0.6 ml microfuge tubes (2 gel pieces per tube)
which have been pierced at the bottom with a 21 G needle.
This pierced tube was placed inside a 1.7 ml microfuge tube,
and centrifuged at 12 K g, 4 C for 2-5 min. The gel pieces
were thus shredded and collected 1n the 1.7 ml tube.

[0269] 150 wl of LoTE:NH_OAc (125:25) were added to
cach tube and left overnight at 4 C to elute. The next day, the
cluate was collected with the aid of microspin filter units
(SpinX, Costar), and ethanol precipitation performed to
retrieve the purified 50 bp ditags, which were resuspended
in LoTE. Starting from 70 ng 200 bp ditag, we expected to
retrieve several hundred ng of 50 bp ditag.
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3-4. Ditag Concatenation and Gel-Purification

[0270] Some optimization (ligation time, amount of start-
ing material) may be necessary to ensure that the concat-
enation of the 50 bp ditags results 1n a smear of products
ranging from approx. 300 bp to >1000 bp. The conditions
below are suggested as a starting point:

50 bp cohesive ditags 150500 ng
5x buffer (with PEG; BRL) 2.0 uL
T4 DNA ligase (5 U/ul) 1.0 pL
dH20 to 10 pL

[0271] Incubated at 16° C. for 1 hr.

10272] Loading buffer was added and the entire sample
heated at 65 C for 15 min. The sample loaded 1n a single well
of an 8% polyacrylamide minigel and run at 200V for about
1 hr, or until Bromophenol Blue was about 2 cm from
bottom.

10273] The smear of ligation products can be excised as 2
or more fractions, eg. 200-500 bp; 500-1000 bp; >1000 bp.

[0274] Elution of DNA from the gel pieces was performed
as detailed in Section 3-3. The eluate was extracted with

phenol-chloroform then ethanol precipitated. Resuspend the
DNA pellet 1n 6 ul LoTE.

3-5. Cloning of Concatemers

10275] The cloning vector was prepared by digesting 2 ug
of pZErO-1 plasmid DNA (Invitrogen) (FIG. 8) (FIG. 8
shows the sequencing/PCR primer binding sites) with 10
units of BamHI for 3 hours at 37 C. The digested DNA was
phenol-chloroform extracted and ethanol precipitated, then
resuspended in LoTE at a concentration of 33 ng/ul. The
ligation reaction was performed as follows:

Concatemer DNA 6.0 pL
BamHI/pZErO-1 1.0 pL
5x ligase buffer 2.0 uL
T4 DNA ligase (5 U/ul) 1.0 pLL

Incubated at 16° C. overnight.

[0276] The vector self-ligation was also performed in
parallel as a control.

10277] The ligation products were purified before elec-
troporation. The phenol-chloroform extraction was followed
by ethanol precipitation; the pellet was washed 3 times with
715% ethanol before re-suspending 1n 121 ul TE (0.1X). 1 ul
of this DNA was used to transtform 30 ul of electro-
competent TOP10 bacterial cells. After recovery (see also
Section 2-3-1), 50 ul were plated on a small agar plate
(containing Low Salt LB agar (Lennox L) plus Zeocin (50
g/ml) and IPTG (30 ug/ml) and incubated overnight at 37 C.
As a background control, bacteria were plated out that have
been similarly transiformed with the vector self-ligation
reaction above. (IPTG 1s optional when using TOP10 cells
but may reduce background).
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3-6. GIS Library QC (Quality Check)

[0278] The following day, 10-30 colonies were picked to
check for insert size by PCR. For each reaction, a single
colony was picked into a PCR tube containing:

10x HiF1 buffer 2.0 uL
10 mM dNTP 0.4 uL
PMROO3 (100 ng/ul) 1.0 pL
PMRO04 (100 ng/ul) 1.0 pL
Eppendorf TripleMaster polymerase 0.2 uL
dH20 11.4 pL

[0279] Thermo-Cycling Conditions:
[0280] Step 1: 95 Cx2 min

0281] Step 2: 95 Cx30 sec

0282] Step 3: 55 Cx1 min

0283] Step 4: 72 Cx3 min

10284] Go to step 2, repeat steps (2-4) 24x
[0285] Step 5: 72 Cx4 min

[0286] 16° C. forever

10287] The PCR products were visualized on 1% agarose
gel. A typical result 1s shown 1n FIG. 9.

[0288] The primer pair PMR003/PMR004 (SEQ ID NO:7/
SEQ ID NO:8) gives a band of approx. 220 bp 1n the absence

[

of any cloned sert. If the quality of the library thus
produced appears good, the remaiming transformation mix-

ture can be plated out (Section 3-3) on large agar plates in
preparation for DNA sequencing analysis.

[10289] The primer pair PMR003/PMR004 1s also conve-
nient for checking the quality of the library, but for the actual

preparation of PCR templates for sequencing, primer pair
PMRO12/PMRO0O03 (SEQ ID NO:11/SEQ ID NO:7) were
preferred (see Section 4-2).

PMRO12:

5'-AGCGGATAACAATTTCACACAGG-3'. (SEQ ID NO:11)

4. Sequencing Analysis of GIS Tags
4-1. Library Plating and Colony Picking

[0290] The transformed TOP10 (Invitrogen) bacteria cells
were plated out on 22x22 cm agar plates with colony density
less than 3,000 per plate. Individual colonies were picked
and cultured 1n 384-well plates with LB plus Zeocin (see
above 1n section 3.5) at 37° C. overnight. Multiple copies of
384-well plates are replicated and stored 1n —80° C.

4-2. Template Preparation

10291] Bacterial cultures in 384-well plates were inocu-
lated 1 pre-mixed PCR cocktails. PCR was performed using
primer pair PMRO12/PMROO3.

[10292] This primer pair gives a band of 245 bp in the
absence of any concatemer insert. Nonetheless, this set of
primers 1s preferred as i1t allows the use of sequencing

primers PMR004 (M13 reverse; 68 bp from BamHI site) and




US 2006/0084111 Al

PMRO06 (SEQ ID NO:9)(M13 forward; 87 bp from BamHI
site).

PMRO06: 5'-TAATACGACTCACTATAGGG-3' (SEQ ID NO:9)

4-3. Sequencing

10293] PCR templates were sequenced using the sequenc-
ing primers PMRO004 and PMROO06 to sequence in both
directions.

Example 3

10294] The GIS analysis method according to any embodi-
ment of the invention 1s a complete gene discovery platiorm.
It combines full-length ¢cDNA library construction, cDNA
tag sequencing, genome mapping and annotation nto one
operation from the same starting materials. For example, to
study the genes expressed 1n human stem cells, we start with
the stem cell mRNA, construct a stem cell GIS tfull-length
CDNA library, and then the GIS library. We will only need

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 29

<210> SEQ ID NO 1

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FPEATURE:
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to sequence 50,000 clones of the GIS library to reveal over
a million transcripts. Such deep sampling will allow us to
capture nearly all unique transcripts expressed in the human
stem cell transcriptome. Each of the GIS ditags can be
specifically mapped to the genome and therefore define the
structural regions of the corresponding genes on the chro-
mosomes. Most of the GIS ditags map to known genes on
chromosomes and the counts of the GIS ditags provide the
measurement of expression activity. Some of the GIS ditags
may map to desert (“nol gene”) regions of the genome,
which may suggest the 1dentification of new genes that are
expressed 1n the stem cell transcriptome. In such a way the
genome annotation for genes 1s further refined by this whole
transcriptome-to-whole genome approach. Based on the GIS

ditag sequences, these putative new genes can be readily
cloned from the original GIS full-length cDNA library.

[0295] We can apply this GIS gene discovery system not
only to human stem cells, but also to all other biological
systems, such as development of cells, tissues and organs of
human and model organisms.

<223> OTHER INFORMATION: oligonucleotide primer with homology to

bacterial cloning vector
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(33)
<223> OTHER INFORMATION: n 1s a,c,g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(33)
<223> OTHER INFORMATION: v 1s a,c,d

<400> SEQUENCE: 1

gagctcctte tggagttttt tttttttttt tvn

<210> SEQ ID NO 2

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

33

<223> OTHER INFORMATION: oligonucleotide primer with homology to

bacterial cloning vector
<220> FEATURE:

«221> NAME/KEY: misc feature
<222> LOCATION: (1l})..(30)
<223> OTHER INFORMATION: n 1is a,t,c or g

<400> SEQUENCE: 2

aattcgcgge cgcttggatc cgacnnnnnn

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

«213> ORGANISM: Artificial
<220> FEATURE:

30
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<223>

<400>

17

—continued

OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

SEQUENCE: 3

gtcggatcca agcggccgcg

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 4

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..{(30)

OTHER INFORMATION: n 1is a,t,c or g

SEQUENCE: 4

aattcgcgge cgcttggatc cgacgnnnnn

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

SEQUENCE: 5

tcgacccagg atccaactt

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 6

LENGTH: 13

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(1)

OTHER INFORMATION: phosporylation

SEQUENCE: 6

gttggatcct ggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7/

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

SEQUENCE: 7

gtaaaacgac ggccagt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 8

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning vector

20

30

19

13

17
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<400>

18

—continued

SEQUENCE: 8

ggaaacagct atgaccatg 19

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

SEQUENCE: 9

taatacgact cactataggg 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

SEQUENCE: 10

gatgtgctgce aaggcgatta ag 22

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

SEQUENCE: 11

agcggataac aatttcacac agg 23

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 12

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligionucleotide with homolgy to a
bacteria cloning vector

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(48)

OTHER INFORMATION: n 1s a,t,c or g

SEQUENCE: 12

gatccgacnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnaagttg 18

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 13

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligionucleotide with homolgy to a
bacteria cloning vector

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(48)

OTHER INFORMATION: n 1s a,t,c or g

SEQUENCE: 13

gatccaactt nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnngtcg 48
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

cgctectecectg taccgacccect gceccocgcecttac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

aactatcgtc ttgagaccaa cccggtaag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

aattctcgaqg cggccgcgat atcg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

gagctcgeccocg gcgctatage ttaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

19

—continued

SEQ ID NO 14

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligionucleotide primer with homolgy to a
bacteria cloning vector

SEQUENCE: 14

29

SEQ ID NO 15

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligionucleotide primer with homolgy to a
bacteria cloning vector

SEQUENCE: 15

29

SEQ ID NO 16

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligionucleotide adapter with homolgy to a
bacteria cloning vector

SEQUENCE: 16

24

SEQ ID NO 17

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Oligionucleotide adapter with homolgy to a
bacteria cloning vector

SEQUENCE: 17

24

SEQ ID NO 18

LENGTH: 3404

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: bacterial cloning vector

SEQUENCE: 18

Apr. 20, 2006

gggcgaattc
ggctggcgcect
gaggcaacgg
catgaaggtg
tgagaactgc
tggtgatgac

cctcaagtgg

tcgagcggcec
acttcggagqg
aagggcgggg
aaaattaaat
ggcatctgca
tgccceceteg

ctgaatgcgc

gcggatccga
agcccgacgce
cgcctecgtga
gttggaatgg
ggatggcgtt

tgtggggaca

agcaggtgca

cgagagcgcce
ggcgcggteg
ttaggccgecg
tgtggccact
taatggctgc
gtgctcccac

gcagcactgc

tgcgtacggc
tttttataca
gaggtcacag
tggctctggg
tgtccagact
tgcttccaca

cccatgtgtce

tcgeccgeggt
ttcececgegeqg
gctctgttgt
tagccaatga
gtaaggtgcc
tgcactgcat

gccaggagtg

60

120

180

240

300

360

420
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20

-continued
gaagttcaaa gagtgaagcc cgtgccgtgce cacttcecceccte tecctgtgetg tgcoccaggcetce 480
agcceccttece ctcecceccectececcece tceocceccccagat acagcecacccecce aagtcceccctce cacacagcac 540
agtggtgccce agagatctcecg gtcectgtgccg gggacaagga tgcectttcectgt ttggctggga 600
caaggttgaa aggagctttg ctgactgttt tgttttccca tcacattgac actttattca 660
ataagtaaaa ctcattacag ttccaagtcg gatcctgggt cgacctgcag gcatgcaagc 720
ttgagtattc tatagtgtca cctaaatagc ttggcgtaat catggtcata gctgtttcect 780
gtgtgaaatt gttatccgct cacaattcca cacaacatac gagccggaag cataaagtgt 840
aaagcctggg gtgcctaatg agtgagctaa ctcacattaa ttgcgttgceg ctcactgceccc 900
gecttteccagt cgggaaacct gtcecgtgccag ctgcattaat gaatcggcca acgcgcgggqg 960
agaggcggtt tgcgtattgg gcgctcttce gcecttecctege tcactgactce gctgcgctceg 1020
gtcgttcgge tgcggcgage ggtatcagct cactcaaaqqg cggtaatacg gttatccaca 1080
gaatcagggg ataacgcagqg aaagaacatqg tgagcaaaaqg gccagcaaaa ggccaggaac 1140
cgtaaaaagqg ccgcgttgct ggcgttttte gataggctcce gcecccccecctga cgagcatcac 1200
aaaaatcgac dgctcaagtca gaggtggcga aacccgacaq gactataaag ataccaggcecqg 1260
tttcceccecctg gaagetcecet cgtgegetcet cctgtaccga ccctgecget taccggatac 1320
ctgtccgeccect ttctcecctte gggaagegtg gegetttete atagctcacg ctgtaggtat 1380
ctcagttcgg tgtaggtcgt tcgctccaaqg ctgggectgtg tgcacgaacce ccccgttcecaqg 1440
cccgaccget gegeccttate cggtaactat cgtcecttgaga ccaacccggt aagacacgac 1500
ttatcgccac tggcagcagc cactggtaac aggattagca gagcgaggta tgtaggcggt 1560
gctacagagt tcttgaagtg gtggcctaac tacggctaca ctagaaggac agtatttggt 1620
atctgcgcte tgctgaagcce agttaccttce ggaaaaagaqg ttggtagctce ttgatccggce 1680
aaacaaacca ccgctggtag cggtggtttt tttgtttgca agcagcagat tacgcgcaga 1740
aaaaaaqggat ctcaagaaga tcctttgatc ttttctacgg ggtctgacgc tcagtggaac 1800
gaaaactcac gttaagggat tttggtcatg agattatcaa aaaggatctt cacctagatc 1860
cttttaaatt aaaaatgaaqg ttttaaatca atctaaagta tatatgagta aacttggtct 1920
gacagttacc aatgcttaat cagtgaggca cctatctcag cgatctgtct atttcgttca 1980
tccatagttg cctgactcecec cgtecgtgtag ataactacga tacgggaggg cttaccatct 2040
ggccccagtg ctgcaatgat accgcgagac ccacgctcac cggctccaga tttatcagceca 2100
ataaaccagc cagccggaag ggccgagcocgce agaagtggtce ctgcaacttt atccecgcectcec 2160
atccagtcta ttaattgttg ccgggaagct agagtaagta gttcgccagt taatagtttg 2220
cgcaacgttg ttggcattgce tacaggcatc gtggtgtcac gctcecgtegtt tggtatgget 2280
tcattcagect ccggttccca acgatcaagg cgagttacat gatcccecccat gttgtgcaaa 2340
aaagcggtta gctccttcgg tcctceccgate gttgtcagaa gtaagttgge cgcagtgtta 2400
tcactcatgg ttatggcagc actgcataat tctcttactg tcatgccatc cgtaagatgce 2460
ttttctgtga ctggtgagta ctcaaccaag tcattctgag aatagtgtat gcggcgaccg 2520
agttgctctt gcccggegtce aatacgggat aataccgcgce cacatagcag aactttaaaa 2580
gtgctcatca ttggaaaacqg ttcttcgggg cgaaaactct caaggatctt accgctgttg 2640
agatccagtt cgatgtaacc cactcgtgca cccaactgat cttcagcatc ttttactttc 2700
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21

-continued
accagcgttt ctgggtgagc aaaaacagga aggcaaaatg ccgcaaaaaa gggaataagqg 2760
gcgacacgga aatgttgaat actcatactc ttcctttttec aatattattg aagcatttat 2820
cagggttatt gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata 2880
ggggttccge gcacatttcce ccgaaaaqgtg ccacctgacqg tctaagaaac cattattatc 2940
atgacattaa cctataaaaa taggcgtatc acgaggccct ttcgtctecge gegttteggt 3000
gatgacggtg aaaacctctg acacatgcaq ctcccggaga cggtcacagce ttgtctgtaa 3060
gcggatgccg ggagcagaca agcccdgtcag ggcecgegtcag cgggtgttgg cgggtgtcgg 3120
ggctggctta actatgcgge atcagagcaqg attgtactga gagtgcacca tatgcggtgt 3180
gaaataccgc acagatgcgt aaggagaaaa taccgcatca ggcgceccattc gccattcagqg 3240
ctgcgcaact gttgggaagqg gcgatcggtg cgggcctctt cgctattacg ccagctggcg 3300
aaagggggat gtgctgcaaqg gcgattaagt tgggtaacgc cagggttttc ccagtcacga 3360
cgttgtaaaa cgacggccaqg tgaattgtaa tacgactcac tata 3404
<210> SEQ ID NO 19
<211> LENGTH: 10
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: mammalian p53 consensus seguence
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: r 1s a purine (A or G)
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: w 1s A or T
<220> FEATURE:
<221> NAME/KEY: misc feature
<223> OTHER INFORMATION: y 1s a pyrimidine (C or T)
<400> SEQUENCE: 19
rrrcwwgvyvy 10
<210> SEQ ID NO 20
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: mammalian p53 consensus seguence
<400> SEQUENCE: 20
gaacatgtcc caacatgttg 20
<210> SEQ ID NO 21
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: mammalian p53 consensus seqguence
<400> SEQUENCE: 21
agacaagccc gggcaaggcc 20

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 22
LENGTH: 2770

TYPE: DNA

ORGANISM: Artificial
FEATURE:
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22

—continued

<223> OTHER INFORMATION: Bacterial Cloning Vector

<400> SEQUENCE: 22

gggcgaattc gatatcgcgg ccgcgaggag tatggatccg actcgagtcg gatcctgget 60
cctcecgtcgac ctgcaggcat gcaagcttga gtattctata gtgtcaccta aatagcttgg 120
cgtaatcatg gtcatagctg tttcctgtgt gaaattgtta tccgctcaca attccacaca 180
acatacgagc cggaagcata aagtgtaaag cctggggtgce ctaatgagtg agctaactca 240
cattaattgc gttgcgctca ctgcccecgett tceccagtcecggg aaacctgtcecg tgcoccagcectgce 300
attaatgaat cggccaacgc gcggggagag gcggtttgcecg tattgggecgce tcttceccecgett 360
cctegcectcac tgactcgcetg cgctcecggtceg ttecggectgcecqg gcgagcecggta tcagctcact 420
caaaggcggt aatacggtta tccacagaat caggggataa cgcaggaaadg aacatgtgaqg 480
caaaaggcca dJcaaaaggcc aggaaccgta aaaaggccdgce gttgctggeg tttttcecgata 540
ggctccgece ccecctgacgag catcacaaaa atcgacgctce aagtcagagg tggcgaaacc 600
cgacaggact ataaagatac caggcgtttc cccecctggaag ctccecctecgtg cgctcectectg 660
taccgaccct gceccgecttacce ggatacctgt ccgecctttcect cceccttecggga agecgtggcegc 720
tttctcatag ctcacgctgt aggtatctca gttcecggtgta ggtcgttcgce tceccaagectgg 780
gcectgtgtgca cgaacccccecce gttcagcecccecg accgectgcege cttatccecggt aactatcecgtce 840
ttgagaccaa cccggtaaga cacgacttat cgccactggce agcagccact ggtaacagga 900
ttagcagagc gaggtatgta ggcggtgcta cagagttctt gaagtggtgg cctaactacg 960
gctacactag aaggacagta tttggtatct gcgctctgect gaagccagtt accttcggaa 1020
aaagagttgg tagctcttga tccggcaaac aaaccaccqgce tggtagcecggt ggtttttttg 1080
tttgcaagca gcagattacqg cgcagaaaaa aaggatctca agaagatcct ttgatctttt 1140
ctacggggtc tgacgctcaqg tggaacgaaa actcacgtta agggattttg gtcatgagat 1200
tatcaaaaaqg gatcttcacc tagatccttt taaattaaaa atgaagtttt aaatcaatct 1260
aaagtatata tgagtaaact tggtctgaca gttaccaatg cttaatcagt gaggcaccta 1320
tctcagcecgat ctgtctattt cgttcatcca tagttgcecctg actcceccecgte gtgtagataa 1380
ctacgatacqg ggagggctta ccatctggcce ccagtgctge aatgataccqg cgagacccac 1440
gctcaccgge tccagattta tcagcaataa accagccadgce cggaagggcocc gagcgcagaa 1500
gtggtcctgce aactttatcc gcecctccatce agtctattaa ttgttgceccgg gaagctagag 1560
taagtagttc gccagttaat agtttgcgca acgttgttgg cattgctaca ggcatcgtgg 1620
tgtcacgctce gtcecgtttggt atggcttcat tcagctccgg ttcccaacga tcaaggcgag 1680
ttacatgatc ccccatgttg tgcaaaaaag cggttagctc cttcggtccect ccgatcgttg 1740
tcagaagtaa gttggccgca gtgttatcac tcatggttat ggcagcactg cataattctc 1800
ttactgtcat gccatccgta agatgctttt ctgtgactgg tgagtactca accaagtcat 1860
tctgagaata gtgtatgcgg cgaccgagtt gctecttgcce ggegtcaata cgggataata 1920
ccgcecgcecaca tagcagaact ttaaaagtge tcatcattgg aaaacgttct tcggggcgaa 1980
aactctcaaqg gatcttaccqg ctgttgagat ccagttcgat gtaacccact cgtgcaccca 2040
actgatcttc agcatctttt actttcacca gcgtttctgg gtgagcaaaa acaggaaggc 2100
aaaatgccgc aaaaaaqggga ataagggcga cacggaaatg ttgaatactc atactcttcc 2160
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tttttcaata
aatgtattta
ctgacgtcta
ggccctttcg
cggagacggt
cgtcagcggg
tactgagagt
gcatcaggcg
cctetteget
taacgccagg
actcactata
<210>
<211>
<212>
<213>

<220>
<223>

ttattgaagc
gaaaaataaa
agaaaccatt
tctcgecgegt
cacagcttgt
tgttggcggg
gcaccatatg
ccattcgcecca
attacgccaqg

gttttcccaqg

SEQ ID NO 23
LENGTH:
TYPE:
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: oligonucleotide with homology to

54
DNA

atttatcagqg
caaatagggqg
attatcatga
ttcggtgatg
ctgtaagcgg
tgtcggggcet
cggtgtgaaa
ttcaggctgce
ctggcgaaaq

tcacgacgtt

bacterial cloning wvector

<400>

SEQUENCE :

23

gttattgtct
ttccgegceac
cattaaccta
acggtgaaaa
atgccgggaqg
ggcttaacta
taccgcacag
gcaactgttg
ggggatgtgc

gtaaaacgac

—continued

catgagcgga
atttccccga
taaaaatagqg
cctctgacac
cagacaagcc
tgcggcatca
atgcgtaagg
ggaagggcga
tgcaaggcga

ggccagtgaa

tacatatttg
aaagtgccac
cgtatcacga
atgcagctcc
cgtcagggcg
gagcagattg
agaaaatacc
tcggtgeggg
ttaagttggg

ttgtaatacqg

gcggcecgega ggagtatgga tccgactcecga gtcggatcct ggctcecetegt cgac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 24
LENGTH:
TYPE:
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: oligonucleotide with homology to

26
DNA

bacterial cloning wvector

<400>

SEQUENCE :

24

gcggceccgcecga ggagtatgga tccgac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 25
LENGTH:
TYPE:
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: oligonucleotide with homology to bacterial

24
DNA

cloning vector

<400>

SEQUENCE :

25

gtcggatcct ggctcctecgt cgac

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

daaaaadaaaa

SEQUENCE :

SEQ ID NO Zé
LENGTH :
TYPE :
ORGANISM: mammalian
FEATURE:
NAME/KEY: polyA_site
LOCATION:

10
DNA

26

<210> SEQ ID NO 27

(1)..(10)

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2770

54

26

24

10
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<211>
<212>
<213>
<220>
<223>

<400>

24

—continued

LENGTH: 54

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: oligonucleotide with homology to bacterial
cloning vector

SEQUENCE: 27

gcgeggeget cctcataccect aggctgaget cagcecctagga ccgaggagceca gctg 54

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 28

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: oligonucleotide with homology to bacterial
cloning vector

SEQUENCE: 28

cgccggeget cctcataccet aggcetg 26

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 29

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: oligonucleotide with homology to bacterial
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cloning vector
<400> SEQUENCE: 29

cagcctagga ccgaggagca gctg

What 1s claimed 1is:

1. An 1solated oligonucleotide comprising at least one
ditag, wherein the ditag includes two joined first and second
sequence tags, and wherein the first tag includes a 5'-termi-
nus sequence and a second tag comprises the 3'-terminus
sequence ol a nucleic acid molecule or fragment thereof.

2. The oligonucleotide of claim 1, further comprising two
adapters flanking the ditag, wherein each adapter includes at
least one restriction site.

3. The oligonucleotide of claim 2, wherein each adapter
comprises at least a first restriction site which 1s an asym-
metric restriction site and at least a second restriction site.

4. The oligonucleotide of claim 3, wherein the asymmet-
ric restriction site comprises a type Il restriction site.

5. The oligonucleotide of claim 1, wherein the nucleic
acid molecule comprises the full-length sequence of a gene
or a fragment thereof.

6. The oligonucleotide of claim 1, wherein the nucleic

acid comprises RNA, mRNA, genomic DNA, full-length
cDNA, or cDNA.

7. The oligonucleotide of claim 1, wherein the ditag 1s
obtained by splicing the 3' terminus and the 3' terminus of
the nucleic acid molecule or fragment thereof 1n the pres-
ence ol at least one restriction enzyme and the size of the
sequence tags 1s determined by the restriction enzyme used.

8. The oligonucleotide of claim 7, wherein the restriction
enzyme 1s a type TI restriction enzyme.

9. The oligonucleotide of claim 7, wherein the restriction
enzyme 1s selected from the group consisting of Aarl,

Acelll, Alol, Bael, Bbr7I, Bbvl, Bbvll, Bccl, Bce83I,

24

BceeAl, Beetl, Begl, BaiVI, Biil, Binl, Bpll, BsaXI, BscAl,
BseMIl, BseRI, Bsgl, Bsml, BsmAI BsmFIl, Bsp24l,
BspCNI, BspMI, Bsrl, BsrDI, BstF51, BtgZI, Btsl, Cjel,
Ci1ePT, Ecil, Eco311, Eco571, Eco37MI, Esp3l, Fall, Faul,
Fokl, Gsul, HaelV, Hgal, Hin4l, Hphl, HpyAYV, Ksp6321I,
Mboll, Mlyl, Mmel, Mnll, Plel, Ppil, Psrl, RleAl, Sapl,
StaNI, SspD51, Sth132I, Stsl, Tagll, TspDTI, TspGWI,
TspRI, Tth11111, I-Ceul, PI-Scel, PI-Pspl and I-Scel.

10. The oligonucleotide of claim 1, wherein the ditag size
1s 12-60 bp.

11. The oligonucleotide of claim 1, wherein the ditag
comprises 34-38 nucleotides and the size of each tag 1is
determined by the use of restriction enzyme Mmel.

12. The oligonucleotide of claim 1, wherein the first and
second tag have the same or a different number of nucle-
otides.

13. The oligonucleotide of claim 1, wherein the oligo-
nucleotide consists of 1 to 1000 ditags.

14. A vector comprising an 1solated oligonucleotide
including at least one ditag, wherein the ditag includes two
joined first and second sequence tags, and wherein the first
tag includes a 3'-terminus sequence and a second tag com-
prises the 3'-terminus sequence of a nucleic acid molecule or
fragment thereof.

15. The vector of claim 14 further comprising two adapt-
ers flanking the ditag, wherein each adapter includes at least
one restriction site and wherein each adapter includes at
least a first restriction site which 1s an asymmetric restriction
site and at least a second restriction site.
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16. The vector of claim 15, wherein the backbone of the
vector does not comprise the asymmetric restriction site or
the second restriction site.

17. The vector of claim 16, wherein the asymmetric
restriction site 1s a type Il restriction site.

18. A vector comprising at least a nucleic acid molecule
and two adapters flanking the nucleic acid molecule,
wherein each adapter comprises at least: a first restriction
site which 1s a type 1l restriction site and at least a second
restriction site, and wherein the backbone of the vector does
not comprise the type II restriction site, or the second
restriction site.

19. The vector of claim 18, wherein the type T1 restriction

site 1s Mmel.

20. A vector comprising SEQ ID NO:18.

21. The vector of claim 20, comprising at least one ditag,
wherein the ditag includes two joined first and second
sequence tags, and wherein the first tag includes a 5'-termi-
nus sequence and a second tag comprises the 3'-terminus
sequence of a nucleic acid molecule or fragment thereof.

22. The vector of claim 21, comprising comprising two
adapters flanking the ditag, wherein each adapter includes at
least one restriction site and wherein each adapter includes
at least a first restriction site which 1s an asymmetric
restriction site and at least a second restriction site.

23. A cDNA library, wherein every cDNA clone of the
library comprises at least one oligonucleotide including at
least one ditag, wherein the ditag includes two joined first
and second sequence tags, and wherein the first tag includes
a S'-terminus sequence and a second tag comprises the

3'-terminus sequence of a nucleic acid molecule or fragment
thereof.
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24. The cDNA library of claim 23, wherein the at least one
oligonucleotide comprises 1-1000 ditags.

25. A method for recovering full-length cDNA compris-
ng:

preparing, from a full-length cDNA library, at least one
oligonucleotide including at least one ditag, the ditag
including two joined first and second sequence tags,
wherein the first tag includes the 5'-terminus sequence
and the second tag includes the 3'-terminus sequence of

a full-length cDNA;

sequencing the obtained oligonucleotide ditag;
determining the ditag of interest; and

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

26. A method for quantifying the transcriptional activity
of a gene comprising:

preparing, from a full-length cDNA library, at least one
oligonucleotide comprising at least one ditag, the ditag
including two jomned first and second sequence tags,
wherein the first tag includes the 5'-terminus sequence

and the second tag includes the 3'-terminus sequence of
a full-length cDNA;

sequencing the obtained oligonucleotide ditag;

determining the frequency of the sequenced ditag which
corresponds to the transcriptional activity of the gene.

G o e = x
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