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ABSTRACT

A method of i1dentifying at least a nucleic acid molecule
fragment to which a protein of interest binds, comprising: (1)
preparing at least one nucleic acid molecule fragment to
which a protein binds; (ii) isolating the 5' terminus and the
3' terminus of the nucleic acid fragment(s) and linking the 5'
terminus and 3' terminus to create the at least one ditag; (111)
sequencing the ditag; and (1v) mapping the ditag sequence(s)
to the genome.
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METHOD FOR GENE IDENTIFICATION
SIGNATURE (GIS) ANALYSIS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation-in-part of
U.S. Ser. No. 10/664,234 filed Sep. 17, 2003, the whole
content of which 1s herein incorporated by reference.

FIELD OF THE INVENTION

10002] 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 1dentification of a Gene Identification Signature
(GIS) corresponding to defined regions within a transcript.
Further, the present invention relates to a method of 1den-
fification of protein binding sites, in particular transcription
factor binding sites.

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
initio predictions of genes must be validated by experimen-
tal data. An 1deal solution 1s to clone all full-length tran-
scripts and completely sequence them. This approach has
gained recognition recently (Strausberg, R. L., et al., 1999,

Science, 286: 455-457) and progress has been made (Jon-
geneel C. V., et al.,, 2003, Proc Natl Acad Sc1 USA. 100,
4702-4705). However, due to the complexity and immense
volume of transcripts expressed 1n the various developmen-
tal stages of an organism’s life cycle, complete sequencing
analysis of all different 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-

mining genes and characterizing transcriptomes 1n the past
decade.

[0005] In the expressed sequence tag (EST) approach,
cDNA clones are sequenced from 5' and/or 3' ends (Adams,
M., et al., 1991, Science, 252, 1651-1656). Each EST
sequence read would generate on average a 500 bp tag per
transcript. The number of same or overlapping ESTs would
manifest the relative level of gene expression activity.
Though ESTs are effective 1n 1dentifying genes, it 1s pro-
hibitively expensive to tag every transcript in a transcrip-
tome. In practice, sequencing usually ceases after 10,000 or
less ESTs are obtained from a cDNA library where millions
of transcripts 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

Nov. 17, 2005

that a short signature sequence (14-20 bp) of a transcript can
be sufficiently specific to represent that gene.

[0007] Experimentally, short tags can be extracted from
cDNA (one tag per transcript). Such short tags can be
efficiently sequenced either by a concatenation tactic (as for
SAGE) or by a hybridization-based methodology (as for
MPSS). For example, in SAGE, multiple tags are concat-
enated 1nto long DNA fragments and cloned for sequencing.
Each SAGE sequence readout can usually reveal 20-30
SAGE tags. A modest SAGE sequencing effort of less than
10,000 reads will have significant coverage of a transcrip-
tome. 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 is becoming popular (Jon-
ogeneel et al., 2003, Proc. Natl. Acad. Sci. USA 100: 4702-

4705). 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, in 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 II restriction enzymes that
can cut longer than 2 lbp, the SAGE method currently
cannot generate any longer tags to improve specificity.

[0009] Further, SAGE and MPSS methods only produce a

single signature per transcript within the gene. In view of the
“internal” nature of the tag in a transcript, these methods
provide only limited positional and structural information.

[0010] Therefore, despite their usefulness in enhancing
sequencing cificiency, the utility of methods such as SAGE
or MPSS 1s severely undermined by their lack of specificity
and consequent 1nconclusiveness.

[0011] There is a need in the art for more efficient methods
which retain the sequencing efficiency of tag-based meth-
ods, and at the same time improves upon the use of the
tagoing strategy for transcriptome characterization and to
facilitate the annotation of genomes.

SUMMARY OF THE INVENTION

[0012] The present invention solves the problems men-
tioned above by providing two covalently-linked tags (a
ditag) per nucleic acid molecule, thereby increasing the
specificity of the tags 1n representing a nucleic acid molecule
(e.g. a gene). The two tags are extracted from the 5' and 3
ends of the same nucleic acid molecule, and therefore ditags
are more informative 1n reflecting the structure of the nucleic
acid molecules than single tags. Critically, the invention
provides a method to link the 5" 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 1dentification of new genes, for
the measure of transcript abundance in transcriptomes, for
the annotation of genome sequences and at the same time
enhancing sequencing eificiency.

[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,
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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 is an asymmetric recognition site (for
example, a homing endonuclease recognition site, or a type
I[I, or a type III recognition site) and at least a second
restriction site. The second or further restriction site may be
any restriction site known in the art may be used. For
example, BamHI. Also, any asymmetric restriction site
different from the {first restriction site may be used. The
recognition site for this enzyme however must be absent
from the vector backbone after formation of the ditag.

[0015] The nucleic acid molecule may be the full-length
sequence of a gene or a fragment thereof. It may also be a

fragment of nucleic acid that does not contain a gene. 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 1s obtained by splicing the 5
terminus and the 3' terminus of a nucleic acid molecule 1n
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 1mntends to reduce, but cuts
inside the nucleic acid molecule forming a tag comprising
17-21 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 mnvention. 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 is,
for example, a homing endonuclease recognition site, or a
type II or type III 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 restriction site 1s the type II restriction site

Mmel.

[0021] The invention also provides a vector having the
sequence 1ndicated 1n SEQ ID NO:18.

10022] The invention further provides a cDNA library,
wherein every cDNA clone comprises the at least one
oligonucleotide of the invention.
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[0023] According to another aspect, the invention also
provides a method for preparing at least one oligonucleotide
comprising at least one ditag comprising:

[0024] producing at least one nucleic acid molecule;

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

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

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

[0028] producing at least one nucleic acid molecule
flanked by two adapters;

10029 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 5' and 3' termin1 sequences are 1dentified.

[0037] According to a particular embodiment, the inven-
fion 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
restriction site; splicing the 5' terminus and the 3’
terminus of the nucleic acid molecule to produce at
least one ditag by adding at least one restriction
enzyme recognizing the recognition sites.

[0039] Preferably, each adapter comprises at least: a 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 1i)
restriction endonuclease asymmetric cleavage  sites
sequences recognizable by type II or type III restriction
enzZymes.

[0042] According to a particular embodiment, the splicing
step 1s carried out by using Mmel (together with T4 DNA
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polymerase and T4 DNA ligase), and the ditag of 34-38
nucleotides, flanked by two adapters, 1s thereby produced.

[0043] According to a further aspect, the ditag of any
embodiment of the 1nvention can be linked to other ditags to
produce concatemers of ditags. For example, 1 to 1000
ditags.

10044] According to another further aspect, it is provided
a method for genome mapping, comprising;:

[0045] preparing at least one oligonucleotide com-
prising 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 frag-
ment thereof;

[0046] mapping cach of the two tags of the at least
one ditag on the genome; and

[0047] defining the structural region of the corre-
sponding 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 com-
prising at least one ditag, the ditag comprising two
jomned 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 frag-
ment thereof;

[0050] comparing the obtained at least one ditag with
a genome map and/or a gene database;

[0051] if the 5' and 3' termini tags of a ditag are
matched to the genome sequence but not in known
ogene databases, then the detected ditags may repre-
sent new genes 1n the given genomes.

[0052] Such ditags can directly guide the process of recov-
ering the full-length nucleic acid molecule corresponding to
the newly identified genes.

[0053] It is also an aspect of the invention a method for
recovering the full-length cDNA of new and/or other inter-
esting genes comprising:

[0054] 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 5'-terminus sequence and the second tag com-
prises the 3'-terminus sequence of a full-length

cDNA library;

[0055] sequencing the obtained oligonucletide ditag,
preferably a large number of the obtained ditags;

[0056] determining the ditag of interest (for example,
based on biological aspects); and

[0057] recovering the full-length cDNA correspond-
ing to the ditag of interest from the parental full-
length cDNA library.
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[0058] This method may be carried out according to any
standard technology known 1n the art, for example, by PCR
or screening using probes. The PCR primers and the probes
sequences are prepared based on the information of the
sequence of the ditag.

[0059] Further, the invention also provides a method for
quantifying the transcriptional activity of a gene comprising:

[0060] 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 5'-terminus sequence and the second tag com-
prises the 3'-terminus sequence of a full-length

cDNA;

[0061] sequencing the obtained oligonucleotide
ditag, preferably a large number of the obtained
ditags;

[0062] determining the frequency of the sequenced
ditag which corresponds to the transcriptional activ-
ity of the gene.

[0063] According to a further embodiment, the invention
provides a method of identifying at least a nucleic acid
molecule fragment to which a protein of interest binds,
comprising:

[0064] (1) preparing at least one nucleic acid mol-
ecule fragment to which a protein binds;

[0065] (i1) 1solating the 5' terminus and the 3' termi-
nus of the nucleic acid fragment(s) and linking the 5'
terminus and 3' terminus to create the at least one
ditag;

[0066] (ii1) sequencing the ditag; and

[0067] (iv) mapping the ditag sequence(s) to the
genome.

[0068] In particular, the method according to this embodi-
ment may be a method for the 1dentification and/or discov-

ery of protein binding site(s), more in particular, transcrip-
tion factor binding site(s) (TFBSs).

[0069] The nucleic acid fragment to which a protein of
interest binds may be any nucleic acid fragment comprising
a region to which a protein of interest binds, for example,
trans-acting protein(s) binding site. In particular, the nucleic
acid molecule fragment of the invention 1s preferably a
genomic DNA fragment enriched for transcription factor

binding site(s) (TFBSs).

[0070] In this embodiment, before carrying out step (ii),
the nucleic acid molecule fragment to which a protein binds
1s preferably mserted into a vector. The vector may be any
vector suitable for the purpose of the present embodiment.
In particular, the vector comprises two regions (or motifs)
flanking the nucleic acid molecule fragment which 1s to be
inserted into the vector. Each region (motif) comprises at
least: a first restriction site which 1s an asymmetric restric-
tion site and/or at least a second restriction site, and wherein
the remainder of the backbone of the vector does not
comprise the asymmetric restriction site and/or the second
restriction site. The asymmetric recognition sites may be
restriction  endonuclease asymmetric cleavage  site
sequences recognizable by type II or type III restriction
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enzymes or homing endonucleases as described in other
embodiments of the present invention. In particular, the type
I restriction site 1s Mmel. According to a particular aspect,
the vector of the mvention has the sequence of SEQ ID

NO:22.

[0071] The ditags may be joined to form a concatemer of
ditags. The concatemer may comprise 1-1000 ditags.

[0072] According to a particular aspect, in the method of
this embodiment the nucleic acid molecule fragment of step
(1) 1s 1solated from a living cell by: (a) cross-linking DNA
binding protein 1 the living cell to genomic DNA of the
living cell, thereby producing DNA binding protein cross-
linked to genomic DNA; (b) generating DNA fragments of
the genomic DNA cross-linked to DNA binding protein in
(a), thereby producing a DNA/protein complex comprising
DNA fragments to which the DNA binding protein 1s bound;
(c) removing the DNA fragment to which the protein of
interest is bound from the complex produced 1n (b); and (d)
isolating the DNA fragment identified in (c) from the protein
of mterest. The DNA/protein complex may be 1solated by
antibody-mediated immunoprecipitation.

[0073] In particular, the nucleic acid molecule fragment(s)
may be 1solated by chromatin immunoprecipitation. Alter-
natively, the nucleic acid molecule fragment(s) may be
1solated by incorporating a photoactivable moiety into the
DNA and/or the protein of imnterest and 1solation of DNA/
protemn complex by antibody-mediated precipitation or by
athinity-mediated technique. Examples of such affinity-based
techniques 1nclude streptavidin/biotin, Glutathione-S-trans-
ferase/glutatathione matrix, maltose-binding protein/amy-
lose matrix interactions.

[0074] According to a particular aspect of this embodi-
ment, the method of 1dentifying at least one DNA fragment
to which a protein of interest bind comprises: (a) cross-
linking DNA binding protein(s) in living cell(s) to genomic
DNA of the living cell, thereby producing DNA binding
protein cross-linked to genomic DNA; (b) generating DNA
fragments of the genomic DNA cross-linked to DNA bind-
ing protein in (a), thereby producing a DNA/protein com-
plex comprising DNA fragments to which the DNA binding
protein is bound; (¢) removing the DNA fragment to which
the protein of interest 1s bound from the complex produced
in (b); (d) isolating the DNA fragment(s) identified in (c)
from the protein of interest; (¢) inserting the isolated DNA
fragment(s) into a vector; (f) isolating the 5' terminus and the
3' terminus of the nucleic acid fragment(s) inserted into the
vector and linking the 5' terminus and 3' terminus to create
the at least one ditag; (g) sequencing the ditag; and (h)
mapping the ditag sequence(s) to the genome.

[0075] Inthe step (a) formaldehyde may be added to living
cells; and in step (b) crude extracts of the fixed cells are
prepared, and sonicated to shear the chromatin.

[0076] In particular, the protein of interest binds to the
nucleic acid molecule fragment(s) at a consensus binding
site, which may be determined or 1dentified by the region of
genomic DNA encompassed (or spanned) by the two sig-
natures of the ditag.

[0077] Further, the present invention provides a vector
comprising at least one ditag, wherein the ditag comprises
two jomned first and second sequence tags, and wherein the
first tag includes a 5'-terminus sequence and a second tag
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comprises the 3'-terminus sequence of a nucleic acid mol-
ecule fragment, and wherein the nucleic acid molecule
fragment 1s enriched for transcription factor binding sites
(TEBSs). In particular, in the vector the ditag may be flanked
at each side by a region (or motif) comprising at least: a first
restriction site which 1s an asymmetric restriction site and/or
at least a second restriction site, and these flanking regions
(also called motifs) are incorporated into the vector back-
bone. The asymmetric restriction site may be a type II
restriction site or a type III restriction site or a restriction site
recognised by a homing endonuclease. In particular, the

vector, before the introduction of the ditag, has the nucle-
otide sequence of SEQ ID NO:22 (see also FIG. 17).

BRIEF DESCRIPTION OF THE FIGURES

[0078] FIG. 1 shows the GIS analysis experimental work-

flow (bacterial transformation approach). In the figure, the
letters N, B, M, and 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. When applying this procedure to other DNA frag-
ments, the construction of the full-length cDNA (ficDNA)
library 1n pGIS1 1s replaced by an alternative library, for
example that m pGIS3 as shown 1n FIG. 13 for ChIP-GIS.

Subsequent steps 1n the procedure would be 1dentical.

10079] FIG. 2 shows the GIS analysis experimental work-
flow (PCR-based approach). In the figure, the 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.

[0080] FIG. 3 shows the GIS application of mapping a
transcriptome to a genome.

[0081] FIG. 4 is an electrophoresis gel showing Mmel
digestion of a mix of original full-length cDNA clones. Lane

1: original supercoiled plasmid preparation. Lane 2: 1 kb
DNA ladder. Lane 3: Mmel digestion products. The arrow-

head shows the position of all the linearized tagged-plas-
mids.

[0082] FIG. 5 is 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.

[0083] FIG. 6 is an eclectrophoresis 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 1n 10% poly-
acrylamide gel. Lane 1: DNA size markers. Lane 2-15: large
scale preparation of 50 bp GIS ditags.

0084] FIG. 7 shows the pGIS1 vector construct.

0085] 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.

[0086] FIG. 9 shows a typical example of the QC (quality
check) performed on multiple clones from the GIS library
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using PCR. Lane 1: pZErO-1 vector as negative control. M:
1 kb+ DNA ladder. Lanes 2-25: randomly-picked clones.

10087] FKFIG. 10 shows the double strand nucleotide
sequence of pGIS1. The region between the restriction sites
Not I and Sal I 1s the stuffer fragment that 1s removed during
cloning. It 1s highlighted 1n bold and italic type. The single
strand nucleotide sequence 1s also reported as SEQ ID
NO:18. The region representing the stuffer fragment is
between nucleotide 15 to 704 (both nucleotides included).

[0088] FIG. 11 shows the schematic representation of the
chromatin immunoprecipitation (ChIP) technique. First, the
proteins are cross-linked to DNA with formaldehyde, and
then the chromatin i1s sheared to a manageable size by
sonication. Specific proteins are 1immunoprecipitated with
antibodies, also bringing down the DNA to which the protein
1s cross-linked. The cross-links are reversed, the DNA
purified, and the sample 1s analyzed for the enrichment of
specific DNA sequences. The detection step can be per-
formed by cloning and sequencing, by quantitative real-time
PCR, and by the usage of genome microarrays (ChIP-chip,
see FIG. 12). It 1s proposed to use an enhanced cloning and
mapping procedure called GIS for this purpose instead of the
abovementioned detection steps (Figure and legend adapted
from Upstate Biotechnology Inc.).

10089] FIG. 12 shows the ChIP-chip or “ChIP-on-chip”
procedure. ChlIP-enriched DNA 1s labeled with Cy5, while
unenriched or baseline DNA form the same sample 1s
labeled with Cy5. Competitive hybridization to an array
comprising genomic regions would highlight the presence ot
fragments that are present 1n differentially greater or smaller
quantities.

10090] FIG. 13 shows the combined Chromatin Immuno-
precipitation—Gene Identification Signature (ChIP-GIS)
Analysis procedure. TFBS, transcription factor binding site.

10091] FIG. 14 shows the cloning vector pGIS3 used for
the ChIP-GIS Analysis method. Any blunt-ended, phospho-
rylated DNA fragment (including ChIP-enriched DNA) can
be 1nserted into prepared pGIS3. pGIS3 1s prepared by first
opening 1t up with Xhol, then removing the overhangs using
Mung Bean nuclease. Finally, it 1s treated with alkaline

phosphatase to reduce self-ligation. 5' to 3' sequences of the
three regions 1llustrated 1n FIG. 14 are reported in SEQ ID
NOS:23-25.

10092] FIG. 15 shows the identification of a known and a
novel putative TFBS 1n the vicinity of p21/Cipl/Wall. The
upper part of the diagram provides an overview of the
known genes (darker shaded bars) and CpG islands (lighter
shaded bars) along chromosome 6. The peaks represent
TFBS density, which 1s a measure of the frequency of
occurrence of a particular region as defined by GIS ditags.
The lower part of the figure zooms 1n on a region of
chromosome 6 from 36,740,278-36,765,9277 and displays 2
separate clusters of high TFBS density. The zone of highest
density within the first cluster, located on Chr6: 36,742,960-
36,743,113 (153 bp) is represented by 5 unique ditags, and
contains a known p53-responsive promoter site. The second
region has the highest density from Chr 6: 36,752,131-36,
752,228 (97 bp), and is within a known promoter for the
p33-responsive gene p21/Cipl/Watl.

10093] FIG. 16 shows that ChIP-GIS enables the genome-
wide survey of all putative p53 binding sites. Here, known
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genes and CpG 1slands along chromosomes 2 and 4 are
displayed together with regions of GIS ditag-defined TFBS
density (shown by the peaks). Regions of high TFBS density
therefore represent putative p53 binding sites. The numbers
on the vertical axes are a measure of TFBS density, and
represent the number of unique ditags within a particular
region.

[0094] FIG. 17 shows the sequence of pGIS3 (see also
SEQ ID NO:22).

DETAILED DESCRIPTION OF THE
INVENTION

0095] Definitions

0096] A Non-Exhaustive List of Definitions used in the
Present Application is as Follows:

[0097] Annotation: The description of the exact location,
extent and function of sequence elements within a DNA or
protein sequence.

0098] Ditag: See GIS Ditag

0099] Enhancers: DNA regions which are usually rich in
transcription factor binding sites and/or repeats. They
enhance transcription of the responsive promoter 1rrespec-
five of their orientation or position. Enhancers bind to the
class of transcription factors called activators.

[0100] Full Iength ¢cDNA: Full length ¢cDNA contains an

entire open reading frame (ORF), and reaches up to the

transcriptional initiation point and contains the 5'-untrans-
lated region (5'-UTR).

[0101] Genome: The total DNA of an organism which is

present 1n nearly all cells. The human genome contains
approximately 3 billion base pairs.

[0102] GIS ditag: A short (usually 34-38 bp) DNA frag-

ment dertved from covalent linkage of the 5" and 3' terminal
tags or signatures (see Signature) of a contiguous DNA
region (in this case, a ChIP-enriched fragment).

[0103] Locus Control Regions (LLCRs): These act to open

up a chromatin domain necessary for active transcription
and sometimes act as enhancers of transcription themselves.

[0104] Matrix Attachment Regions (MARs). Also called
Scaffold/Matrix Attachment Regions (S/MARs). Sequence
regions that are responsible for the attachment of genomic
DNA to the nuclear matrix or scaffold.

[0105] Promoters: DNA regions which are rich in tran-
scription factor binding sites. A promoter 1s used to 1nitiate
and regulate transcription of a gene. Promoters are similar to
enhancers, but also contain elements that allow speciiic
initiation of transcription (promoters bind basal transcription
factors). Most genes in higher eukaryotes are transcribed
from polymerase Il dependent promoters.

[0106] Signature: In the context of this report, a signature
refers to either the 5'- or 3'-most terminal DNA sequence
(usually 18-20 bp) derived from any contiguous DNA
region.

[0107] Silencers: DNA regions that are rich in transcrip-
tion factor binding sites. They suppress transcription of the
responsive promoter. Silencers bind to the class of transcrip-
tion factors called repressors.



US 2005/0255501 Al

[0108] Transcription Factor (TF): A protein that binds to
specific non-coding regulatory regions in the genome, and
regulates gene expression. TFs can be divided into three
broad categories: basal transcription factors, which are
members of the basal transcription complex, and are
involved directly 1n the recruitment of RNA polymerase to
the transcription initiation site; activators, which increase
the rate of, or allow the formation of the basal transcription
complex; and repressors, which decrease or prevent the
formation of the basal transcription complex. See also
Promoters, Enhancers, and Silencers.

[0109] Transcription factor binding site (TFBS): Short
stretches (usually 10-20 bp) of DNA, sufficiently conserved

to allow speciiic recognition by the corresponding transcrip-
tion factor.

[0110] Transcriptome: The complete collection of RNAs
that are transcribed from a genome. This includes all the
mRNAs coding for the proteome as well as all RNASs not
coding for proteins (e.g. ribosomal RNAs).

[0111]

Introduction

[0112] 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 in
order to 1dentity 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 mmformation by experimen-
tal approach.

[0113] For the purpose of the present application, GIS
means a ditag (also indicated as GIS ditag) or an oligonucle-
otide comprising at least one ditag, wherein the ditag com-
prises the 5' terminus (or end region) and the 3' terminus (or
end region) of a nucleic acid molecule, which it is desired to
reduce, “shrink™ or represent.

[0114] The ditag is shorter than the original nucleic acid
molecule from which it originates or which 1t represents.
Preferably, the ditag must be much shorter than the original
nucleic acid molecule. As consequence of the “shrinking”,
the ditag essentially comprises the 5' end region (also
indicated as 5'tag) and 3' end region (also indicated as 3' tag)
of the original nucleic acid molecule. Hence, the portion of
the original nucleic acid molecule which 1s between or
inside the 5' tag and 3' tag 1s not included 1n the ditag. The
ditag according to the mnvention retains the most informative
features 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 1n
characterizing transcriptomes and defining gene structure by
mapping the GIS tags to genome sequences.

[0115] 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.

[0116] The oligonucleotide of the invention may further
comprise two adapters flanking the ditag, wheremn each
adapter comprises at least one restriction site (see FIG. 1
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and FIG. 2). In particular, each adapter comprises at least:
a first 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 recognifion sites, and
type II (or class II) recognition sites. A list of 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.

[0117] 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.

[0118] The ditag can also be fully chemically synthesized
by comprising the 5' end and 3' end of a nucleic acid
molecule which the ditag intends to represent.

[0119] The molecule that one intends to reduce may also
be a portion or fragment inside a nucleic acid molecule.
Accordingly, it 1s possible to use restriction enzymes rec-
ognizing restrictions sites flanking the region which 1is
intended to be reduced. The desired restriction sites may be
placed 1nto the appropriate position during the preparation of

the nucleic acid molecule, for example a cDNA or full-
length cDNA.

[0120] 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 Carninci et al., 1996, Genomics, Vol. 37, 327-336;
U.S. Pat. No. 6,143,528; Edery et al., 1995, Mol. Cell. Biol.,
Vol. 15, No.6, 3363-3371.

[0121] 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.

[0122] 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' termin1 ligated to create the ditag.

[0123] 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, in the vector used, it
1s 1mportant that the backbone of the vector does not
comprise the restriction site or sites present in the adapters.

[0124] Accordingly, a library of nucleic acid molecule (for
example, a library of full-length cDNAs) is prepared.

[0125] Preferably, the nucleic acid molecule is spliced into
a ditag or oligonucleotide comprising a ditag by using
restriction enzymes which recognize restriction sites flank-
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ing the nucleic acid molecule to be reduced. Accordingly, the
recognition sites are placed upstream of the 5' terminus and
downstream of the 3' terminus of the nucleic acid molecule
or fragment thereof desired to be reduced (preferably into
the adapters). Accordingly, the oligonucleotide obtained by
splicing comprises two adapters 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 II restriction site, like
Mmel, or type III restriction site, like EcoP151) and at least
a second restriction site (any known restriction site may be
used, for example BamHI).

[0126] The 5'tag and 3' tag forming the ditag may have the
same or different size. Preferably, they have the same
number of nucleotides.

[0127] The ditag can be of any size, but needs to be
meaningiul and advantageous over the size of the parental
sequence from which it 1s dertved. 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
suflicient whereas for a complex genome like the human
genome, a 16-20 bp tag (or in other words a 32-40 bp ditag)

may be considered. In general, the size of the ditag 1s from
about 12-60 bp.

|0128] For the purpose of the present application, the
terms 5'-terminus, 5'-end and 5'-tag are equivalent to each
other and can be used 1nterchangeably. In the same way, the
terms 3'-terminus, 3'-end and 3'-tag are equivalent to each
other and can be used interchangeably. In an original nucleic
acid molecule or portion inside a nucleic acid molecule that
one 1ntends to reduce or represent, each of the 5-end and
3'-end represents a region or portion most closer to the
extremity and most far from the middle region of the
molecule.

[0129] 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
thereof 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 mvention, there-
fore, relates to an oligonucleotide comprising at least one
ditag, wheremn the ditag i1s obtained by splicing the 5
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 is
determined by the restriction enzyme used.

[0130] When preparing the nucleic acid molecule, for
example a full-length cDNA, desired restriction sites flank-
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 i1s shown 1n
FIG. 1 and FIG. 2. A full-length cDNA library 1s then
prepared, following which a GIS ditag library 1s subse-
quently prepared.

[0131] 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, or a type 111
enzyme, for example EcoP15l1.
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[0132] 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 II restriction enzymes. iii) restriction endo-
nuclease asymmetric cleavage sites sequences recognizable
by type III restriction enzymes

[0133] Homing endonucleases are sold and described by
New England Biolabs, Inc.; a description of the asymmetric
site sequences 1s 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 1nvention 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 in the art and those which may be later
discovered are included 1n the scope of the present inven-
tion.

[0134] Examples of type II restriction enzymes include:

[0135] Aarl, Acelll, Alol, Bael, Bbr71, Bbvl, Bbvll,
Becel, Bee831, BeeAl, Beell, Begl, BeiVI, Biil, Binl,
Bpll, BsaXI, BscAl, BseMII, BseRI, Bsgl, Bsml,
BsmAl, BsmFl, Bsp24l, BspCNI, BspMI, Bsrl,
BsrDI, BstEF51, BtgZl, Btsl, Cjel, CjePI, Ecil,
Eco31I1, Eco571, Eco57MI, Esp3l, Fall, Faul, Fokl,
Gsul, HaelV, Hegal, Hin4l, Hphl, HpyAV, Ksp632I,
Mboll, Mlyl, Mmel, Mnll, Plel, Ppil, Psrl, RleAl,
Sapl, StaNI, SspD5I, Sth1321, Stsl, Tagll, TspDTI,
TspGWI, TspRI and Tth1111I (the list in the web site
of Rebase Enzymes®: http://rebase.neb.com/cgi-
bin/outsidelist; see also Szybalski, W., 1985, Gene,
40:169). The list mentioned above however is not
exhaustive. Other type Il enzymes known 1n the art
and those which may be later discovered are
included 1n the scope of the present invention.

[0136] Examples of recognition sites and cleavage sites of
several class II restriction enzymes are (into parenthesis are
the recognition site and the cleavage site): Bbvl (GCAGC
8/12), Hgal (GACGC 5/10), BsmFI (GGGAC 10/14) SfaNI
(GCATC 5/9), and Bsp I (ACCTGC 4/8).

10137] Examples of type III restriction enzymes are given
below.

[0138] The ditag of the invention can conveniently be
ligated or joined in order to form concatemers of ditag.
Accordingly, the invention relates to an oligonucleotide
comprising 1 to 1000 ditags, in particular 1 to 200, more 1n
particular 8 to 20 ditags. When ditags are concatemerized, a
higher yield of information i1s achieved because the oligo-
nucleotide, vector or clone comprises more ditags. Hence,
the concatenation of ditags allows an efficient analysis of the
nucleic acid molecules, like full-length cDNAs, 1n a serial
manner by sequencing multiple ditags within a single vector
or clone.

10139] The oligonucleotide, ditag or concatemers of ditags
can be inserted into a vector either before or after concate-
merization.
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[0140] 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 (self-circularization) reaction to
obtain short (for example 200 bp) PCR products (see the
PCR approach in FIG. 2). These PCR products that contain
the required GIS ditags will then be cut with an enzyme
recognizing the at least second restriction site (inside the
adapters) to generate the required short cohesive ditags. As
restriction enzyme recognizing the second or further restric-
fion 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 self-circularized
tagged plasmids. The amplified oligonucleotide can then
subsequently be excised from the vector (in this example, by
digestion with BamHI) and concatenated in long stretches of

DNA or RNA for subsequent cloning and sequencing analy-
sis (see FIG. 1 and FIG. 2).

[0141] 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 5’
terminus and nucleotides from the 3' terminus of a full-
length cDNA or fragment thereof.

10142] 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 tull-length ditag library
Each ditag clone comprises sufficient information charac-
terizing the specific full-length clone. More 1mportant, the
ditag of the mnvention 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.

[0143] Accordingly, it 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.

|0144] The invention provides a method for the prepara-
tion of at least one oligonucleotide comprising at least one
ditag comprising:

10145

[0146] isolating the 5' terminus and the 3' terminus of
the nucleic acid molecule or fragment thereof;

[0147] linking the 5' terminus and 3' terminus to
create the at least one ditag.

producing at least one nucleic acid molecule;

[0148] In particular, the invention provides a method for
preparing at least one oligonucleotide comprising at least
one ditag comprising:

[0149] producing at least one nucleic acid molecule
flanked by two adapters;

[0150] 1solating the 5' terminus and the 3' terminus of
the nucleic acid molecule; and
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[0151] linking the 5' terminus and 3' terminus to
create the at least one oligonucleotide comprising at
least one ditag tflanked by the two adapters.

[0152] The method further comprising including the oli-

gonucleotide comprising the at least one ditag flanked by the
adapters 1mto a vector.

[0153] The nucleic acid molecule which is intended to
shrink or represent may be RNA, mRNA, genomic DNA,
full-length cDNA, or cDNA.

[0154] The nucleic acid molecule may be the full-length
sequence of a gene or a fragment thereof.

[0155] 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.

[0156] The method may further comprise the steps of:
determining the sequence of the at least one ditag; and
comparing the ditag nucleotide sequence to a database
comprising genomic sequences whereby matching 5" and 3
termini sequences are 1dentified.

[0157] More in particular, the invention relates to a
method comprising:

[0158] 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;

[0159] 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.

[0160] Any recognition site known in the art may be used.
Restriction enzyme recognizing at least one recognition site
within the nucleic acid molecule and which can be used will

be evident to those skilled in the art (see for example,
Current Protocols in Molecular Biology, Vol. 2, 1995, Ed.

Ausubel, et al., Greene Publish. Assoc. & Wiley Inter-
science, Unit 3.1.15; New England Biolabs Catalog, 1995).

[0161] For example, the two recognition sites may be
asymmetric recognition sites:

[0162] The asymmetric recognition site are: 1) homing
endonuclease asymmetric recognition site sequences or ii)
restriction endonuclease asymmetric cleavage  sites
sequences recognizable by type II or type III restriction
enzymes.

[0163] The type Il restriction enzyme is selected from
the group consisting of Aarl, Acelll, Alol, Bael,
Bbr71, Bbvl, BbvIl, Bccl, Bce&31, BeeAl, Bceefl,
Begl, BciVI, Bfil, Binl, Bpll, BsaXI, BscAl,
BseMII, BseRI, Bsgl, Bsml, BsmAIl, BsmkFI,
Bsp24l, BspCNI, BspMI, Bsrl, BsrDI, BstF5I,
BtegZI, Btsl, Cjel, CijePl, Ecil, Eco31l, Eco57I,
Eco57MI, Esp3l, Fall, Faul, Fokl, Gsul, HaelV,
Hegal, Hin4l, Hphl, Hpy AV, Ksp6321, Mboll, Mlyl,
Mmel, Mnll, Plel, Ppil, Psrl, RleAl, Sapl, SfaNI,
SspD5I, Sthl321, Stsl, Tagll, TspDTI, TspGWI,
TspRI and Tth111II (see the list in the web site of
Rebase Enzymes®: http://rebase.neb.com/cii-bin/
outsidelist; see also Szybalski, W., 1985, Gene,
40:169; and). The list mentioned above however is
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not exhaustive. Other type II enzymes known 1n the
art and those which may be later discovered are
included 1n the scope of the present invention.

[0164] 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 mcluded 1n the scope of the present inven-
tion.

10165] Examples of type III restriction enzymes are given
below.

[0166] A particularly preferred tagging enzyme, according
to the 1nvention, 1s an enzyme which cleaves 20/18 nucle-
otides 3' of 1ts recognition site forming 3' overhanging ends,
such as Mmel.

[0167] 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 it cleaves one nucleotide
further away from its 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.

[0168] The method further comprises producing concate-
mers of ditag. The concatemers may be generally about 1 to
1000 ditags, i 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 in the art without
undue experimentation. After formation of concatemers,
multiple tags may be cloned into a vector for sequence
analysis, or ditags or concatemers can be directly sequenced
without cloning by methods known to those of skill 1n the
art.

[0169] The ditags present in a particular clone can be
sequenced by standard methods (see for example, Current
Protocols in Molecular Biology, supra, Unit 7) either manu-
ally or using automated methods.

[0170] As described above, the method comprises intro-
ducing the oligonucleotide comprising the at least one ditag
in a vector.

[0171] With the term vector or recombinant vector it is
intended a plasmid, virus or other vehicle known 1n the art
that has been manipulated by insertion or incorporation of
the ditag genetic sequences. Such vectors contain a promoter
sequence which facilitates the efficient 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 will

be referred to as pGIS1 (see also FIGS. 7 and 10). pGEM
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vectors have also been disclosed 1n U.S. Pat. No. 4,766,072,
herein mcorporated by reference.

[0172] 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 1n 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 is removed during
insertion of the parental nucleic acid molecule) does not
comprise the asymmetric restriction site and the second or
further restriction site which are comprised into the adapters.
In particular, the vector does not comprise the at least
asymmetric II restriction site (for example type II restriction
site) and the at least second or further restriction site
comprised 1n the adapters. More preferably, the vector
backbone (other than within the stuffer region that is
removed during insertion of the parental nucleic acid mol-
ecule) does not comprise Mmel and BamHI.

[0173] An example of such a vector not comprising Mmel
in any region outside of the stuffer 1s the vector pGIS1
shown 1n FIG. 7 and FIG. 10. In pGIS1 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
stuffer region between the sites Not I and Sal I has been
highlighted. The mvention also related to the pGIS vector
comprising the oligonucleotide according to any embodi-
ment of the mvention.

[0174] The oligonucleotide(s), ditag(s) or concatemer(s)
of the invention may also be ligated into a vector for
sequencing purposes.

[0175] Vectors in which the ditags are cloned can be
transferred 1nto a suitable host cell. Host cells are cells in
which a vector can be propagated and its DNA expressed.
The term also 1ncludes 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.

[0176] 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 1n the art. Where
the host 1s prokaryotic, such as FE. coli, competent cells
which are capable of DNAuptake can be prepared from cells
harvested after exponential growth phase and subsequently
treated by the CaCl, method using procedures well known 1n
the art. Alternatively, MgCl, or RbCl can be used. Trans-
formation can also be performed by electroporation or other
commonly used methods in the art.

[0177] An embodiment of this is shown in FIG. 1 and
FIG. 2. According to this embodiment, the method of the

Invention cCOmMprises:

[0178] producing at least one nucleic acid molecule
comprising a full-length cDNA molecule flanked by
two adapters; each adapter comprising Mmel recog-
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nition sites and another recognition site, which may
be BamHI, flanking the 5' terminus and 3' terminus

of the full-length cDNA,;

[0179] splicing the 5' terminus and the 3' terminus of
the full-length cDNA to produce at least one ditag,
comprising cleaving the full-length ¢cDNA with
Mmel which forms 3' overhanging tag ends, and
ligating the two 5' and 3' termini tags to produce the
ditag.

[0180] 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
tagoged 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 i1s variable. Accordingly, the ditag obtained by
using Mmel may be of 34-38 bp.

|0181] The vector which has been used for the preparation
of full-length cDNA library 1s pGIS1. As mentioned above,
pGIS1 does not contain 1n its backbone Mmel restriction
sites, other than within the stuffer region between Not I and
Sal I, this stuffer region being subsequently removed during
production of the libraries.

|0182] 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 1nto a vector for sequencing analysis.

|0183] Before cutting the oligonucleotide out from the
GIS ditag library, 1t can be amplified directly from the
ligation (self-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 1nto a vector for sequencing analysis.

[0184] The method may further comprise the steps of:

[0185] determining the nucleotide sequence of the

ditag;

[0186] detecting the gene expression;

[0187] and/or comparing the determined nucleotide
sequence to a database comprising genomic

sequences whereby matching 5' and 3' termini
sequences are 1dentified.

|0188] In particular, the at least one ditag comprises 36
nucleotides and the first and second sequence tags comprise
each 18 nucleotides.

|0189] As mentioned above, the ditag according to the
invention includes the “signature” (consisting of the 5' and
3' ends) of the nucleic acid molecule which is intended to be
reduced or represented. Such ditags, preferably cDNA
ditags, of a library may be concatenated and sequenced. The
paired 5' and 3' signature sequences (tags) of a transcript in
a ditag delineate the starting and ending points of transcripts.
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The ditag can be split up 1n the two tags during data analysis
and mapped head-to-head 1n a specilic region within a
reasonable distance on a chromosome of an assembled
genome sequence. The genomic DNA sequence 1n between
these two tags 1s the full structural content of the prospective
gene, including exons and introns.

[0190] A general description of genome mapping using the
ditag of the invention 1s shown 1n FIG. 3.

[0191] A modest sequencing run can generate sufficient
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 in about over 20-fold more efficient than EST

sequencing.

[0192] 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.

[0193] Accordingly, a further aspect of the invention
relates to a method for genome mapping, comprising:

[0194] preparing at least one oligonucleotide com-
prising 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 frag-
ment thereof;

[0195] mapping each of the two tags of the at least
one ditag on the genome; and

[0196] defining the structural region of the corre-
sponding gene on the genome map.

[0197] Further, it is also an aspect of the invention to
provide a method of gene discovery comprising;

0198 reparing at least one oligonucleotide com-
preparing g
prising at least one ditag, the ditag comprising two
jomned 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 frag-
ment thereof;

[0199] comparing the obtained at least one ditag with
a genome map and/or a gene database;

[0200] 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;

[0201] The method further comprises the step of recover-
ing the full-length nucleic acid molecule corresponding to
the newly discovered gene.

[0202] The invention also provides a method for recover-
ing full-length cDNA comprising:

[0203]| 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
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the 5'-terminus sequence and the second tag com-
prises the 3'-terminus sequence of a full-length

cDNA;

[0204] sequencing the obtained oligonucleotide
ditag;

[0205] determining the ditag of interest; and

[0206] recovering the full-length cDNA correspond-
ing to the ditag of interest from the full-length cDNA
library.

10207] This method may be carried out according to any
standard technology known 1n the art, for example, by PCR
or screening using probes. The PCR primers and the probes
sequences are prepared based on the information of the
sequence of the ditag.

[0208] The invention also provides a method for quanti-
fying the transcriptional activity of a gene comprising:

[0209] 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 5'-terminus sequence and the second tag com-
prises the 3'-terminus sequence of a full-length

cDNA;

10210]
ditag;

the

sequencing obtained oligonucleotide

[0211] determining the frequency of the sequenced
ditag which corresponds to the transcriptional activ-
ity of the gene.

[0212] Method of Identification of Nucleic Acid Molecule
Fragment(s) to which a Protein of Interest Binds

10213] For the performance of the method of this particu-
lar embodiment any description disclosed for the purpose of
carrying ot other embodiments of this invention may also be
used and are herein incorporated by reference. In particular,
technique(s), reagents, experimental conditions, restrictions
sites, enzymes, vectors, primers, and the like. In particular,
it will be evident to any skilled person how to adapt
techniques and material disclosed for the other embodiments
to the present embodiment of the mvention.

10214] The genome sequences of human, mouse and other
mammals are now readily available 1n the public domain. In
this postgenomic era, focus has shifted from raw DNA
sequence collection to elucidating the functional content
within the primary sequences. These functional entities
would be the genes (either coding or non-coding) and the
regions regulating the expression of these genes, including
cis-acting elements such as promoters, enhancers, silencers,
matrix attachment regions (MARs), and locus control
regions (LCRs), and trans-acting proteins called transcrip-
tion factors (TFs) that bind to promoter regions either singly
or 1n a multifactorial complex. TFs can be divided into three
categories: basal TFs, which are members of the basal
franscription complex, which are involved directly in the
recruitment of RNA polymerase to the start site; activators,
which increase the rate of, or allow the formation of the
basal transcription complex; and repressors, which decrease
or prevent the formation of the basal transcription complex.
Most eukaryotic promoters (that bind basal TFs) are of the
Pol II category, and are usually located several hundred bp
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upstream of transcription initiation sites. However, parts of
the 5' untranslated region (5' UTR) may also contain regu-
latory elements and may therefore also constitute part of the
promoter.

[0215] Traditionally, the identification of TFBS (TFBS)
was a slow and tedious process that involved the 1solation
and detailed characterization of the region of a gene
upstream of a transcript’s initiation site. Deletion and/or
mutation analysis, DNase footprinting (DNase protection),
electrophoretic mobility assays (EMSA) and reporter assays
would be used to confirm the precise 1dentity of this putative
regulatory control region. A recent technique called chro-
matin immunoprecipitation (ChIP) greatly accelerates the
identification of TFBS, and has the advantage that 1t 1den-
tifies these sites 1n vivo. The bottleneck m ChIP analysis,
however, 1s the downstream sequencing analysis required to
identify the individual ChIP-enriched fragments.

[0216] Over time, the experimentally-confirmed consen-

sus binding sequences of well-characterized TFs have been
deposited into public databases such as TRANSFAC (Win-

gender, E., et al., Nucleic Acids Res, 1996. 24(1): p. 238-41).
In silico approaches can thus also be used to scan regions of
uncharacterized genomic DNA for the presence of putative
TEFBS, based on the consensus sequences. Another approach
1s based on the premise that orthologous genes should share
the same regulatory regions and can therefore be 1dentified
by sequence alignments. Yet another approach involves
studying the upstream regions of genes found to be coregu-
lated 1n clustering analysis of cDNA microarray data; the
assumption here i1s that coregulated genes share the same
promoter(s) (and therefore are coregulated by the same set
of TFs), which could theoretically be identified by aligning
all the upstream DNA sequences together. However, given
that even the same TF can bind different DNA sequences,

this 1s not a trivial task. In silico approaches to predicting
TEFBS are reviewed in (Bulyk, M. L., Genome Biol, 2003.

5(1): p. 201).
10217] GIS Analysis

[0218] A Gene Identification Signature (GIS) Analysis has
been described i the first embodiment of the present
application. This is a series of enzymatic steps (FIG. 1) that
enables the isolation of the 5'- and 3'-most 20 bp of any
full-length cDNA transcript, covalently links these terminal
signatures 1nto a ditag structure, and concatenates these
ditags to enhance sequencing ecfficiency. By subsequently
mapping the ditag sequences back onto assembled genome
sequences, one can pinpoint the precise start and end of
every transcription unit, thereby accurately annotating the
locations of these TUs on the genome. Quantifying the
expression level of transcripts 1s achieved by simply count-
ing the numbers of their corresponding transcripts, 1 a
manner similar to Serial Analysis of Gene Expression

(SAGE) (Velculescu et al., Science, 1995. 270(5235): p.
484-7; Saha et al., Nat Biotechnol, 2002. 20(5): p. 508-12).

Thus, GIS Analysis provides a way to rapidly and accurately
characterize entire transcriptomes.

[0219] Importantly, the GIS Analysis procedure is also
directly applicable for the characterization of any nucleic

acid molecule 1n general, not just cDNA. The nucleic acid

molecule may be RNA, mRNA, genomic DNA, cDNA,
full-length cDNA. For the purpose of this embodiment, the
GIS Analysis may be applied to the 1dentification of regions
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of nucleic acid molecule fragment(s) to which a protein of
interest binds. In particular, the present embodiment is
addressed to a method of identifying at least a DNA frag-
ment enriched with Transcriptional Factors Binding Site(s)
(TFBSs).

10220] In a particular scenario described herein, these
fragments containing binding site(s) for the TF in question
(or a multiprotein complex comprising one or more tran-
scription factors and accessory proteins) were isolated using
the standard ChIP technique or other suitable techniques.
For instance, the formaldehyde cross-linking step could be
replaced by one involving photoactivatable moieties incor-
porated 1n the DNA or the protein target of interest, and the
retrieval of the DNA-bound protein complex by speciiic
antibodies could be replaced with another affinity-based
technique. Examples of such aflinity-based techniques
include streptavidin/biotin, Glutathione-S-transferase/glu-
tatathione matrix, maltose-binding protein/amylose matrix
interactions.

[0221] Chromatin Immunoprecipitation (ChIP)

10222] ChIP is a powerful approach to enrich and thereby
allow the 1dentification of genomic regions associlated with
specific proteins such as histones and TFs (FIG. 2)
(reviewed in (Taverner et al., Genome Biol, 2004. 5(3): p.
210). Briefly, the aim is to cross-link proteins with DNA at
their sites of interaction. This 1s accomplished quickly and
ciiciently by adding formaldehyde directly to living cells 1n
culture. Crude extracts of these fixed cells are then prepared,
sonicated to shear chromatin to an average size of usually
about 1 kb, then used 1n immunoprecipitation reactions with
antibodies raised against the DNA-associated protein of
interest (e.g. TFs or histones). DNA fragments enriched in
cach immunoprecipitation are then de-linked and purified to
allow their identification by a variety of methods. The
advantage of using ChIP 1s that this approach i1s able to
“freeze” the 1n vivo gene regulatory network by rapid
cross-linking of chromatin and other non-histone proteins,
thereby 1n theory representing a “true” picture of the regu-
latory system at any point in time, free of potential artifacts
imposed by heterologous expression, for instance. Recently,
ChIP has been combined with whole-genome (Ren et al.,
Science, 2000. 290(5500): p. 2306-9; Iyer et al., Nature,
2001. 409(6819): p. 533-8; Lieb et al., Nat Genet, 2001.
28(4): p. 327-34), whole-chromosomal (Cawley et al., Nat
Genet, 2001. 28(4): p. 327-34; Euskirchen et al., Mol Cell
Biol, 2004. 24(9): p. 3804-14) and CpG island (Weinmann
et al., Genes Dev, 2002. 16(2): p. 235-44) microarrays in a
“ChIP-chip” or “ChIP-on-chip” approach (FIG. 3) that
promises to enable the genome-level localization of TFBS
(reviewed in Buck and Lieb, 2004). While the usefulness of
this approach has been demonstrated for small genomes
such as yeast (Ren et al., Science, 2000. 290(5500): p.
2306-9; Iyer et al., Nature, 2001. 409(6819): p. 533-8; Lieb
et al., Nat Genet, 2001. 28(4): p. 327-34), the cost and
complexity of producing whole-genome microarrays for
more complex organisms still remains a limiting factor. CpG
island microarrays contain human genomic fragments of
hiech CpG content, and because CpG 1slands often corre-
spond to promoter regions (Antequera and Bird, Proc Natl
Acad Sci USA, 1993. 90(24): p. 11995-9), such microarrays
represent a possible compromise. However, the location of
putative TFBS still has to be indirectly inferred by exam-
ining genomic DNA upstream and downstream (usually 1-2
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kb, as this 1s the approximate size of sonicated ChIP frag-
ments) of the CpG-rich probe spotted on the array. It is worth
noting that this locational ambiguity 1s a drawback shared
with the ChIP-SAGE and ChIP-MPSS combined

approaches mentioned below.

[0223] As an alternative, cloning and sequencing of the
ChIP-enriched DNA fragments has previously been
attempted but with limited success. The problem 1s that the
targets of ChIP enrichment are obtained against a high
background of the entire genome. Even a 100-fold enrich-
ment of specific targets would still represent only a small
fraction of clones in a ChIP library, making standard DNA
sequencing a very costly solution. Therefore, sequencing
ChIP clones under these circumstances 1s not a good
approach for identifying the enriched targets. SAGE and
Massively Parallel Signature Sequencing (MPSS) (Brenner
et al., Nat Biotechnol, 2000. 18(6): p. 630-4) have also been
suggested as useful quantitative tools for detecting ChIP
enrichment, the underlymng principle being that the tags
generated from ChIP-enriched DNA fragments would be
present 1n larger numbers compared to the non-specific
background. In theory, therefore, these tags could then be
mapped to the genome sequence for identification of the
general region of interest (i.e. assumed to be 1-2 kb, repre-
senting the sonicated fragments). Although the 20 bp SAGE
and MPSS tags should be specific enough 1n most 1nstances
to define the specific genome location, one still has to
examine all sequences approximately 1-2 kb upstream and
downstream of the tag when mapping to the genome. This 1s
the same problem faced by the CpG 1sland microarray
approach. Furthermore, complete coverage using these
methods depends on the availability of prerequisite restric-
tion enzyme recognition sites (mapping-enzyme sites); if a
recognition site 1s absent from a certain genomic location,
that particular tag will be missing from the corresponding
ChIP fragment, and hence that location will be a “blind spot™
within the genome.

0224] ChIP-GIS

0225] From the issues described above, it i1s clear that
what 1s required to facilitate genome level transcriptional
regulatory analysis 1s a method to accurately and rapidly
pinpoint the sequences of TF binding regions, as an alter-
native to whole genome arrays. In this regard, the novel GIS
analysis approach provided by the present invention, in
paticular 1n the form of ChIP-GIS, possesses several advan-
tages: (i) the ditag sequences generated by GIS analysis
provide higher specificity for mapping, because each GIS
ditag (for example, 36 bp ditag(s)) would already be known
to have been derived from a contiguous DNA segment
encompassed by the 5" and 3' signatures. This information
facilitates precise localization of the genomic region of
interest, and obviates the need to repeatedly examine every
sequence an arbitrary 1-2 kb upstream and downstream of a
standard SAGE or MPSS tag; (i1) the GIS analysis method
1s independent of any requirement for the presence of
mapping-enzyme sites; (ii1) the concatenation of ditags prior
fo sequencing means that several ditags, for example an
average of 15 ditags (corresponding to 15 separate DNA
fragments), can be identified within 1 sequencing read (for
example, a sequencing read of approximately 700 bp); (iv)
the region that is common to (i.e. overlapped by) all mapped
ditags 1n that cluster therefore defines the exact consensus in
vivo binding site of the TF 1n question.
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[0226] An example of the application of the ChIP-GIS
approach 1s displayed 1in FIG. 13, and described 1n greater
detail below.

10227] Accordingly, the present invention provides a
method of identifyng at least a nucleic acid molecule frag-
ment to which a protein of interest binds, comprising;:

[0228] (1) preparing at least one nucleic acid mol-
ecule fragment to which a protein binds;

[0229] (11) 1solating the 5' terminus and the 3' termi-

nus of the nucleic acid fragment(s) and linking the 5'
terminus and 3' terminus to create the at least one

ditag;
[0230] (1i1) sequencing the ditag; and

[0231] (1v) mapping the ditag sequence(s) to the
genome.

10232] In particular, the method according to this embodi-
ment may be a method for the 1dentification and/or discov-
ery of transcription factor binding site(s) (TFBSs).

[0233] The nucleic acid fragment to which a protein of
interest binds may be any nucleic acid fragment comprising
a region to which a protein of interest binds, for example,
trans-acting protein(s) binding site. In particular, the nucleic
acid molecule fragment of the invention 1s preferably a

genomic DNA fragment enriched for transcription factor
binding site(s) (TFBSs).

[0234] In this embodiment, before carrying out step (ii),
the nucleic acid molecule fragment to which a protein binds
1s preferably inserted into a vector. The vector may be any
vector suitable for the purposes of the present embodiment.
In particular, the vector comprises two regions (or motifs)
flanking the nucleic acid molecule fragment which 1s to be
inserted into the vector.

[0235] Each region (motif) comprises at least: a first
restriction site which 1s an asymmetric restriction site and/or
at least a second restriction site, and wherein the remainder
of the backbone of the vector does not comprise the asym-
metric restriction site and/or the second restriction site. The
asymmetric recognition sites may be restriction endonu-
clease asymmetric cleavage site sequences recognizable by
type II or type III restriction enzymes or homing endonu-
cleases as described above with reference to other embodi-
ments of the present invention. In particular, the type II
restriction site 1s Mmel. According to a particular aspect, the

vector of the invention is the vector pGIS3 (illustrated in
FIG. 17). The sequence of pGIS3 is also disclosed as SEQ

ID NO:22.

10236] Examples of type II restriction enzymes as well as
examples of homing endonucleases have been given above.

[0237] Examples of type III restriction site(s) and type III
enzyme(s) have been described in; I Matsumura H, et al.,
SuperSAGE, Proc Natl Acad Sc1 USA. 2003 Dec. 23;
100(26):15718-23; Moencke-Buchner, E., et al., J. Biotech-
nol., 114: 99-106 (2004); Mucke, M., et al., J. Mol. Biol.
312: 687-698 (2001); Rao, D. N., et al., J. Mol. Biol. 209:
599-606 (1989); Hadi, S. M., et al., J. Mol. Biol. 134:
655-666 (1979).
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[0238] Type III restriction enzymes can also by purchased
from New England Biolabs (NEB).

[10239] List of known Type III enzymes can also be found

in the REBASE site hittp://rebase.neb.com/cgi-bin/azlis-
t7re3.

10240] In particular, a preferable type III enzyme, for
carrying out any embodiment of the present invention 1s the

type III enzyme: EcoPI51. The recognition site(s) of
EcoP15I 1s CAGCAG (25/27).

[0241] The ditags of the present embodiment may be
prepared and may have the size as described above 1n other
embodiments of the present invention. The ditags may be
joined to form a concatemer of ditags. The concatemer may
comprise 1-1000 ditags. The concatemer(s) may also be

prepared as described above i1n other embodiments of the
invenition.

[0242] The ditag(s) and/or concatamer(s) may be ampli-
fied according to any suitable standard techniques, for
example by polymerase chain reaction (PCR).

[0243] According to a particular aspect, in the method of
this embodiment the nucleic acid molecule fragment of step
(1) 1s 1solated from a living cell by: (a) cross-linking DNA
binding protein 1n the living cell to genomic DNA of the
living cell, thereby producing DNA binding protein cross-
linked to genomic DNA; (b) generating DNA fragments of
the genomic DNA cross-linked to DNA binding protein 1n
(a), thereby producing a DNA/protein complex comprising,
DNA fragments to which the DNA binding protein 1s bound;
(¢c) removing the DNA fragment to which the protein of
interest is bound from the complex produced in (b); and (d)
isolating the DNA fragment identified in (¢) from the protein
of interest. The DNA/protein complex may be 1solated by
antibody-mediated immunoprecipitation.

[0244] In particular, the nucleic acid molecule fragment(s)
may be 1solated by chromatin immunoprecipitation. Alter-
natively, the nucleic acid molecule fragment(s) may be
isolated by incorporating a photoactivable moiety into the
DNA and/or the protein of interest and 1solation of DNA/
protein complex by antibody-mediated precipitation or by
athinity-mediated techniques or methods. Examples of such
athinity-based techniques include streptavidin/biotin, Glu-
tathione-S-transferase/glutatathione matrix, maltose-bind-
ing protein/amylose matrix iteractions.

10245] According to a particular aspect of this embodi-
ment, the method of 1dentifying at least one DNA fragment
to which a protein of interest bind comprises: (a) cross-
linking DNA binding protein(s) in living cell(s) to genomic
DNA of the living cell, thereby producing DNA binding
protein cross-linked to genomic DNA; (b) generating DNA
fragments of the genomic DNA cross-linked to DNA bind-
ing protein in (a), thereby producing a DNA/protein com-
plex comprising DNA fragments to which the DNA binding
protein is bound; (¢) removing the DNA fragment to which
the protein of interest 1s bound from the complex produced
in (b); (d) isolating the DNA fragment(s) identified in (c)
from the protein of interest; (¢) inserting the isolated DNA
fragment(s) into a vector; (f) isolating the 5' terminus and the
3' terminus of the nucleic acid fragment(s) inserted into the
vector and linking the 5' terminus and 3' terminus to create
the at least one ditag; (g) sequencing the ditag; and (h)
mapping the ditag sequence(s) to the genome.

[0246] In the step (a) formaldehyde may be added to living
cells; and in step (b) crude extracts of the fixed cells are
prepared, and sonicated to shear the chromatin.
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10247] In particular, the protein of interest binds to the
nucleic acid molecule fragment(s) at a consensus binding
site which may be determined or i1dentified by the region of
genomic DNA encompassed (or spanned) by the two sig-
natures of the ditag.

[0248] Further, the present invention provides a vector
comprising at least one ditag, wherein the ditag comprises
two joined first and second sequence tags, and wherein the
first tag includes a 5'-terminus sequence and a second tag
comprises the 3'-terminus sequence of a nucleic acid mol-
ecule fragment, and wherein the nucleic acid molecule
fragment 1s enriched for transcription factor binding sites
(TEBSs). In particular, in the vector the ditag may be flanked
at each side by at least: a first restriction site which 1s an
asymmetric restriction site and/or at least a second restric-
tion site, and wherein the backbone of the vector does not
comprise the asymmetric restriction site and/or the second
restriction site. The asymmetric restriction site may be a type
I1 restriction site or a restriction site recognised by a homing

endonuclease. In particular, the vector has the nucleofide
sequence of SEQ ID NO:22.

0249] The p53 Model System

0250] p53 protein 1s a TF (known binding consensus=>5'-
PuPuPuC(A/T)(T/A)GPyPyPy-3; Pu=purine; Py=pyrimi-
dine; SEQ ID NO:19) that activates many genes involved in
cell cycle control, DNA repair and apoptosis. It 1s also the
most common defect in many tumors (Hussain and Harris,
1998). In classical models, it is believed that p53 protein 1s
found within cells 1n a latent state, 1.e. 1n low amounts and
bound non-specifically to DNA at low aflinity; 1n this model,
p53 1s activated 1n response to various intracellular and
extracellular signals. Activation involves an increase in
overall p53 protein levels, as well as allosteric changes in the
protemn. Upon activation, p53 can imnduce a variety of cellular
responses (Oren, M., Cell Death Differ, 2003. 10(4): p.
431-42). These models suggesting that stress-induced post-
translational modifications (such as ubiquitination, phospho-
rylation or acetylation) alter the DNA binding affinity of
p53, resulting 1n its selective recruitment to the promoters of
the genes 1t regulates, were challenged by results from a
ChIP study apparently showing that the state of “latency”
did not exist, and may be an artifact of in vitro binding
studies (Kaeser and Iggo, Proc Natl Acad Sci USA, 2002.

99(1): p. 95-100); the issue remains unresolved.

[0251] Recent genome-wide analyses of p53 binding have
highlighted additional interesting results, including a ChIP-
chromosome tiling study revealing that only a minority of
TF (including p53) binding sites were located at canonical 5
termini of coding sequences, and more of the binding sites
were located within or immediately 3' to known genes,
suggesting either the presence of location-independent regu-
latory regions (such as enhancers or silencers), or promoters

for noncoding transcripts (Cawley et al., Nat Genet, 2001.
28(4): p. 327-34).

10252] It is obvious from the above that a genome-wide
ChIP-based survey of p53 interactions 1s more informative
and presents a more authentic overview of the p53 tran-
scriptional regulatory network than examining individual
p53 binding sites 1n vitro; 1n addition, because p53 has been
well-characterized, an abundance of information already
exists, making 1t easier to cross-reference results. For these
reasons, we chose p53 as a model system to validate our

ChIP-GIS approach.
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[0253] 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

[10254] GIS oligonucleotides for cDNA synthesis, the
structure of a generic 50 bp cohesive ditag, primers used for
the construction of vector pGIS 1, and ds-DNA adapter
which are used 1n the examples are listed below.

GIS Analysis Oligos for cDNA synthesis
[0255] Gsul-Oligo dT Primer:

(SEQ ID NO:1)
5 ' —GAGCTCCTTCTGGAGTTTTTTTTTTTTTTTTVN-3 "

[0256] Notl/BamHI/Mmel(N), Primer Linker (Top):

5'-AATTCGCGGCCGCTTGGATCCGACNNNNNN (SEQ ID NO:2)

[0257] Notl/BamHI/Mmel(N) Primer Linker (Bottom):

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

[0258] Notl/BamHI/Mmel(N); Primer Linker (Top):

5' -AATTCGCGGCCGCTTGGATCCGACGNNNNN (SEQ ID NO:4)

[0259] Mmel/BamHI/Sall Adapter ('Top):

[0260] 5'-TCGACCCAGGATCCAACTT-3' (SEQ ID
NO: 5)

[0261] Mmel/BamHI/Sall Adapter (Bottom):

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

PMROO3:
5'-GTAAARACGACGGCCAGT-3" (SEQ ID NO:7)

PMROO4 :
5'-GGAAACAGCTATGACCATG-3"' (SEQ ID NO:8)

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

PMRO11:
5'-GATGTGCTGCAAGGCGATTAAG-3" (SEQ ID NO:10)

PMRO12:

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

[0262] Structure of a Generic 50 bp Cohesive Ditag

5" —GATCCGACXXXXXXXXXXXXXXXXXXNNNNNNN (SEQ ID NO:12)
NNNNNNNNNAAGTTG

GCTGXX XX XXXXXXXXXXXXXXNNNNNNNNNNNNNN (SEQ ID NO:13)
NNTTCAACCTAG-5"
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0263] Wherein X and N may be any of A, C, G or T.
0264] Primers Used for the Construction of Vector pGIS1

(SEQ ID NO:14)

Mme mutl: 5'-p-CGCTCTCCTGTACCGACCCTGCCGCTTAC-3"'

(SEQ ID NO:15)

Mme mut?: 5'-p-AACTATCGTCTTGAGACCAACCCGGTAAG-3"'

[0265] ds-DNA Adapter

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

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

0266] pGIS1 Sequence

0267] The sequence of pGIS1 (SEQ ID NO:18) is shown
in FIG. 10.

[0268] The known binding consensus of protein p53 is
S'(A/GYA/GYA/G)CA/THT/A)YG(C/TYC/TYC/T)-3' (SEQ
ID NO:19), wherein A/G indicates a purine (a purine may be
indicated as “Pu” or “r”), C/T indicates a pyrimidine (a
pyrimidine may be indicated as “Py” or “y”), A/T or T/A

may be also indicated as “w”.

5'-GAACATGTCCCAACATGTTG-3". SEQ ID NO:20

5'-AGACAAGCCCGGGCAAGGCC-3". SEQ ID NO:21

[0269] The sequence of pGIS3 (SEQ ID NO:22) (without
ditag) is shown in FIG. 17.

[0270] 5'-gcgoccgega ggagtatgga tccgactcga gtcggatect
goctectegt cgac-3' (SEQ ID NO:23) 1s the upper strand of the
DNA fragment 1llustrated in FI1G. 14 which 1s part of the
pGIS3 vector.

[0271] 5'-gcggecgcga  ggagtatgga tccgac-3' (SEQ ID
NO:24) is the upper strand of a DNA fragment, which is a
portion of the pGIS3 vector obtained after the addition of
Xhol to obtain separate vector arms (FIG. 14).

[0272] 5'-gtcggatcet ggetectegt cgac-3' (SEQ ID NO:25) is
the upper strand of a DNA fragment, which 1s a portion of
the pGIS3 vector obtained after the addition of Xhol to
obtain separate vector arms (FIG. 14).

EXAMPLE 1

10273] The Method

10274] The experimental procedure of GIS ditag analysis
has been carried out according to the following modules of
cDNA library construction and analysis:

[0275] (1) The full-length cDNA library which intro-
duces the Mmel sites flanking both ends of each cDNA
nsert;

[0276] (2) The GIS ditag library in which each clone

contains a 5' 18 bp signature and a 3' 18 bp signature
of a transcriptional unit;

[0277] (3) The GIS library for clones of concatenated
GIS ditags;
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[0278] (4) GIS sequencing analysis.

[10279] 1. GIS Full-Length cDNA Library with Addition of
Mmel Sites for each cDNA Inserts

[0280] 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).

[0281] 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 Caminci et al.,
1996, Genomics, Vol. 37, 327-336; U.S. Pat. No. 6,143,528;
Edery et al., 1995, Mol. Cell. Biol., Vol. 15, No.6, 3363-
3371).

[0282] 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.

[0283] After the double strand cDNA was made, the
cDNA poly-A/T tail was cleaved off by Gsul restriction
enzyme. Gsul 1s another Type-II endonuclease that cleaves
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: 5-7).

[0284] Following a Notl digestion, the full-length cDNA
was 1mserted 1nto the vector pGIS1, between the Notl and
Sall sites in the polylinker. The vector pGIS1 (see FIGS. 7
and 10) is modified from pGEM3z (Promega).

0285] 1-1. mRNA Preparation

0286] 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 in

Sambrook J. and Russell D. W.,, 2001, Molecular Cloning,
Cold Spring Harbor Laboratory Press) may also be used.

[0287] mRNA (polyA RNA) was purified by oligo dT
magnetic beads according to standard techniques (for
example, Sambrook and Russell, 2001, as above). Alterna-
fively, purification may be carried out by affinity column
according to standard techniques (for example, Sambrook

and Russell, 2001, as above).

[0288] 1-2. First Strand cDNA Synthesis and Full-Length
Selection

[0289] In this step, the first cDNA is 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.

[10290] Gsul-Oligo dT Primer:

(SEQ ID NO:1)
5 ' —GAGCTCCTTCTGGAGTTTTTTTTTTTTTTTTVN-3 "

10291] The following were mixed:

2 ul
18 ul

Gsul-oligo dT primer (7 pg/ul)
PolyA RNA (20 ug)
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10292] The obtained solution was heated to 65° C. for 10
min and 37° C. for 1 min.

10293] Then, spin tube in 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 ul
4.9 M sorbitol 26 u
Superscript II reverse transcriptase 15 u

(Invitrogen)

10294] 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
followed by phenol/chloroform extraction and 1sopropanol
precipitation (according to standard technique, eg. Sam-

brook and Russel, 2001, as above).

[0295] 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 110 mM NalO, were added to oxidize the diol struc-
tures of the mRNA. 50 ul of the reaction solution were
incubated on 1ce 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
1sopropanol to precipitate the RNA/DNA. The precipitated
RNA/DNA was resuspended 1in 50 ul of ddH,O. 5 ul. 1M
NaOAc (pH6.1), 5 ulL 10% (w/v) SDS and 150 uL. 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. 5M NaCl, 75 ul. 1M RNase-free
NaOAc (pH6.1), and 750 ul. 100% EtOH or 200 ul. of 100%
Isopropanol. Incubate at —80° C. for 30 min by spin 14 krpm

at 4° C. for 30 min.

[0296] The pellet was washed w/70% (v/v) EtOH/30%,
DEPC-treated ddH,O (DEPC 1is diethylpyrocarbonate,
which is 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 1n
400 ul. DEPC— ddH.,O. Then 50 ul. 10x RNasel butfer and
25 units 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 (Ambion) and 150 ul. of 5M NaCl
were added to stop the reaction.

10297] While biotinylating the RNA-DNA heteroduplex,
the Streptavidin Dynabeads were prepared as follows: 400
L. of M-280 Streptavidin beads (Dynal) were pipetted into
an RNase-free Eppendorf tube, the beads placed on a
magnet, left staying for at least 30 min, and then the
supernatant was removed. The beads were re-suspended 1n
400 uL. 1x binding buffer (ZM 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 buifer
wash was repeated for 2 more times. The beads were
re-suspended 1in 400 ul. 1x binding buffer with 100 ug 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 buffer for
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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 min.

[0298] The tube was placed on a magnet stand, waited at
least 30 seconds, and the supernatant removed (the super-
natant was saved as “unbound”).

[0299] The beads were washed two times with 400 ¢l of
1x binding buffer. Washed with 400 uL of 0.4% (w/v) SDS
plus 50 ug/ml Yeast tRNA. Washed with 400 uL of 1x wash
buffer (10 mM Tris-HC1 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/ml Yeast tRNA. For all washes
the tube was placed on a magnet stand, waited for at least 30
seconds, and the supernatant was removed.

[0300] 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 transferred to another tube containing 50

uL 1M Tris-Cl (pH7.5).

[0301] The lysis procedure was repeated for 2 more times.

The final volume of supernatant was 300 uL. (containing the
first strand cDNA).

[0302] The ¢cDNA was extracted by phenol/chloroform
extraction and precipitate by 1 mL ethanol with glycogen
The cDNA was re- Suspended in 5 ulL. LoTE (0.1x) LoTE is
low salt Tris-EDTA buffer (3 mM Tris-HCI pH 7.5 and 0.2
mM EDTA pH7.5)).

0303] 1-3. Second Strand cDNA Synthesis

0304] The following reagents were added to the each
corresponding tube on 1ce.

cDNA 1n LoTE 5 ul
Linker (N5) 1.6 ug
Linker (N6) 0.4 ug
Soln II (Takara ligation kit) 10 uL
Soln I (Takara ligation kit) 20 uL

0305] Linker (N6) is:
0306] Notl/BamHI/Mmel(N), Primer Linker (Top):

5'-AATTCGCGGCCGCTTGGATCCGACNNNNNN (SEQ ID NO:2)

[0307] Notl/BamHI/Mmel(N) Primer Linker (Bottom):

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

0308] Linker (N5) is:
0309] Notl/BamHI/Mmel(N). Primer Linker (Top):

5' -AATTCGCGGCCGCTTGGATCCGACGNNNNN (SEQ ID NO:4)

[0310] Notl/BamHI/Mmel(N) primer linker (bottom): is
the sequence (SEQ ID NO:3) indicated above.
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[0311] The ¢cDNA and linker mixture was incubated at 16°
C. overnight. And the following were added:

ddH,0 20 ul.
10XExTaq buffer (Takara) 8 uL
2.5 mM dNTP 8 ul.
ExTaq polymerase (Takara) 4 ul.

[0312] 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-
ogen, and re-suspended 1n 85 ul ddH,,O.

[0313] 1-4. Removal of polyA Tail by Gsul Digestion

10314] The following reagents were added to the tube.

cDNA 85 ul
Gsul (Fermentas) 5 uL
10X bufferB (Fermentas) 10 uL

[0315] 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.

[0316] 1-5. Addition of 3' Adaptor with Mmel and BamHI
and Sall Sites

10317] The following components were added to the tube

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

5X ligation buffer 10 ul.
Gsul Sall adapter (0.4 ug/ul.) 25 ul

|0318] [The Gsul Sall Adapter 1s Mmel/BamHI/Sall
Adapter)

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

[0319] Mmel/BamHI/Sall Adapter (Top):

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

[0320] Mmel/BamHI/Sall Adapter (Bottom):

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

|0321] The reaction was incubated at 16° C. overnight,
followed by phenol/chloroform extraction and ethanol pre-
cipitation, and the pellet re-suspended 1n 41 ul dH,O.
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[0322] 1-6. Notl Digestion and cDNA Size Fractionation

[0323] The following were added on ice and in order:

NEB Buffer3 5 uL

NotI (10units/ul) (NEB) 4 uL

|0324] 'The obtained solution was incubated at 37° C. for
1-2 hours.

[0325] c¢DNA Size Fractionation Columns were prepared
(the Invitrogen instructions were followed: uncap the col-
umn (bottom first) and allow it to drain completely; wash 5
times with 800 ulL T, E, ;N,. Buffer, allowing the column
to drain completely each time). The DNA sample was loaded
onto the column. The flow-through was collected 1n an
Eppendorf tube (fraction 1). 100 ul. of T,,E, ;N,- Buffer
were added. The flow-through was collected 1n an Eppen-
dorf tube (fraction 2). Another 100 uL. of T,,E, ;N,< Buffer
was added. The flow-through collected, one drop per pre-

numbered Eppendorf tube (beginning with fraction 3, each
drop was about 30-40 uL).

[0326] Whenever the column runs dry, another 100 ul. of
T,,E, (N, Buifer may be added.

[0327] 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 size 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' 1n slightly acidified 100% EtOH, rinsed 5 times
with ddH,O, and saving sample. This 1s what has to be

ligated).

[0328] 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.

[0329] 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 in vector.

-/. L1gation oI ¢ Wit Inearize asmi
0330| 1-7. Ligati f cDNA with Li 1zed Pl 1d
pGIS 1.

[0331] 1-7-1 The cloning vector pGIS1 was prepared by
Notl and Sall digestion. The vector sequence of pGIS 1 1s
shown 1 FIGS. 7 and 9.

[0332] pGIS1 Cloning Vector Construction

[0333] (I) Site-Specific Mutagenesis of pGEM3z to Create
Mmel-Minus Vector

[0334] 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:

[0335] Mme mutl:

5'-p-CGCTCTCCTGTACCGACCCTGCCGC
TTAC-3'

(SEQ ID NO:14)
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[0336] Mme mut?2:

5'—p-AACTATCgTCTTgAGACCAACCCYY
TAAG-3'

(SEQ ID NO: 15)

0337] (II) Modification of Polylinker Region

0338] The polylinker region was modified by simple
insertion of a ds-DNA adapter at the existing EcoRI site.
Additional recognition sites thus introduced are: Xhol, Notl
and EcoRV (EcoRYV is deleted upon insertion of the stuffer
fragment (see below)).

[0339] ds-DNA Adapter:

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

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

0340] (III) Stuffer Fragment Insertion

0341] An approximately 690 bp fragment was inserted
between the Notl and Sall sites of the modified vector (see
vector sequence in FIG. 10). This facilitated the production
of Notl/Sall double-digested vector, as the stuffer can be
clearly visualized and excised during gel-purification.

0342] The linearized plasmid was gel purified.

0343] 1-7-2 The cDNA was ligated to the pGIS1 vector

overnight and the constructs were transferred into electro-
competent . coli TOP10 cells by electroporation according
to standard techniques (see Sambrook and Russel, 2001, as
above).

0344] 1-8. Library QC (QC=Quality Check)

0345] A dilution series of 1-100 ul. of transformants was
plated out onto LB agar plates with antibiotic selection. The
colonies were incubated overnight and counted to determine
the library ftiter.

[0346] Between 24 to 96 colonies (arbitrary numbers)
were picked and the mnserts 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.

10347] At this stage, the GIS full-length cDNA library
may be stored as ligation reactions or as transformants 1n F.

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

EXAMPLE 2

0348 2. GIS Ditag Library

0349] 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 useful later
for directional indication. Mmel restriction enzyme will
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
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size that can be easily recognized upon agarose gel electro-
phoresis, and can be easily purified from the unwanted
cDNA fragments.

[0350] The gel-purified vector plus tags can then be self-
ligated to give a “tagged plasmid” containing the 5" and 3
GIS signature tags.

0351] 2-1. Plasmid Preparation

0352] The GIS full-length ¢cDNA library was amplified
once by plating an appropriate number of clones on large
(22x22 cm) agar plates (Genetix). The number of colonies
required was determined by the estimated transcriptome
size. After an overnight 37C incubation, the resultant bac-
terial colonies were harvested and pelleted by centrifugation

at 3000 ¢ for 30 min.

[0353] Plasmid DNA preparation was performed using the
Qiagen HiSpeed Plasmid Maxi kit. The quality of the DNA
obtained was examined by agarose gel electrophoresis and
restriction digestion. Approximately 300,000 colonies can
be processed to yield at least 1 mg of plasmid DNA.

[0354] 2-2. Mmel Digestion

[0355] Approximately 10 wug of plasmid DNA was

digested using Mmel as per manufacturer’s conditions
(NEB), ensuring that the number of units of enzyme used
was always less than 4-fold excess to prevent methylation-
induced inhibition. Digestion proceeded at 37C for 2-6 hrs.

[0356] An aliquot of the digestion reaction was examined
on an agarose gel: a strong band of approximately 2800 bp
in size 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).

0357] 2-3. Linear Vector-GIS Ditag Purification

0358] The digestion reaction was electrophoresed on
0.7% agarose, and the 2800 bp vector-GIS tag band was

excised and purified using the Qiagen agarose gel extraction

kit.

[0359] 2-4. Vector-GIS Ditag Self Ligation to Create
“Tagged-Plasmids”

[0360] Mmel digestion resulted in a 2 bp overhang on both
the 5' and 3' signature tags. These were removed (polished
off) using T4 DNA polymerase (Promega), leaving behind
18 bp tags:

(0.5-2.0 ug) DNA 50 uL

10x Y+/TANGO buffer (Fermentas) 6.0 uL

0.1M DTT 0.3 uL

T4 DNA polymerase 5 units/ug

10 mM ANTP 0.6 1L

ddH,0 to 60.0 uL
[0361] Incubated at 37C, for 5 min, then inactivate at 75C

for 10 min

[0362] 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 15.0 uL
Ligation Solution I (Takara Ligation Kit 2) 15.0 uL
Incubated at 16 C, 2 hr to overnight

0363] 2-5. Creation of Di-Signature Tags (Ditags)

0364] The goal of this step was to obtain the GIS di-
signature tags 1n a form quantitatively representative of the
original cDNA library from which the tagged-plasmids were
derived.

[0365] Structure of a Generic 50 bp Cohesive Ditag

5 ' -GATCCGACXXXXXXXXXXXXXXXXXXNNNNNNN (SEQ ID NO:12)
NNNNNNNNNNAAGTTG

GCTGXX XX XXXXXXXXXXXXXXNNNNNNNNNNNNNN (SEQ ID NO:13)
NNTTCAACCTAG-5"

[0366] Wherein X and N may be any of A, C, G or T.
[0367] We used two approaches to this:

[0368] (1) Bacterial transformation, tagged-plasmid
purification and restriction digest to release 50 bp
cohesive ditags;

[0369] (11) Direct PCR on the ligation reaction fol-
lowed by restriction digest of the PCR products to
release 50 bp cohesive ditags.

[0370] 2-5-1 Transformation and Propagation; Preparation
of Tagged-Plasmids (See FIG. 1)

[0371] 1 @l of the ligation reaction (Section 2-4) were
transformed per 50 ul of electrocompetent TOP10 cells
(Invitrogen) by electroporation. Recovered in 1 ml SOC
media at 37C for 1 hr, then plated out several dilutions on LB
agar+ampicillin for QC and titering.

[0372] QC (Quality Check): plasmid DNA was prepared

from several colonies and tested by digestion with BamHI:
tagged-plasmids release a 50 bp cohesive ditag.

|0373] This process was then scaled-up by plating the
remaining culture on large agar plates, and performing
maxipreps using Qiagen HiSpeed Plasmid Maxi kit.

[0374] As an example, approximately 5,000 colonies was
processed to yield at least 40 ug of tagged-plasmid DNA.

10375] This plasmid DNA was then BamHI-digested to

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

10376] 2-5-2 PCR-Based Retrieval of Cohesive Ditags
(See FIG. 2

10377] PCR was performed on the ligation reaction using

primers PMRO0O03 and PMR004 that bind to vector sequences
flanking the ditags.

PMROO3: 5'-GTAAAACGACGGCCAGT-3" (SEQ ID NO:7)

PMROO4 2 5'-GGAAACAGCTATGACCATG-3' (SEQ ID NO:8)
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[0378] The amount of starting material was determined
empirically by doing a series of dilutions and choosing the
conditions that result 1n a clean, specific PCR product of
approximately 200 bp

[0379] (e.g. 1:200) diluted ligation reaction 5.0 uL

10x HiFi buffer 2.0 uL
10mM dNTP 0.4 uL
PMR003 (100 ng/uL) 1.0 uL
PMR004 (100 ng/uL) 1.0 uL
Eppendorf TripleMaster polymerase 0.2 uL
dHZ20 10.4 uL

[0380] (the HiFi buffer was the reaction buffer pro-
vided with the Eppendorf TripleMaster enzyme)

[0381] Thermo-Cycling Conditions:
10382 ]
[0383 ]
10384 ]
[0385]
0386 ]
[0387] Step 5: 72Cx4 min
[0388] 16° C. forever

[0389] The PCR products were analyzed on a 1.5% aga-
rose gel.

Step 1: 95Cx2 min
Step 2: 95Cx30 sec
Step 3: 55Cx1 min
Step 4: 72Cx30 sec
Go to step 2, repeat steps (2-4) 24x

[0390] For negative controls, the PCR reaction was per-
formed using (1) no template, and (ii) no ligase. To obtain
suificient 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 50 bp cohesive ditags (see FIG. 6 as an example
result).

[0391] 3. GIS Library
0392] 3-1. Tagged-Plasmid Preparation

0393] This applies only to the bacterial transformation-

based approach (see Section 2-5-1).

0394| 3-2. BamHI Digestion and Purification of GIS Tags

0395] 3-2-1 BamHI Digestion of Tagged-Plasmids (Sec-
tion 2-5-1) Released 50 bp Cohesive Ditags:

DNA (tagged-plasmids) 40 ug
10x unigque BamHI buffer (NEB) 100 uL
100x BSA 10 uL
BamHI (20 U/uL, NEB) 10 uL
dHZ20 to 1 mL
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[0396] The choice of value of 40 ug of DNA (tagged-
plasmids) was arbitrary.

[0397] Aliquots were divided into 10x 100 ul for more
efficient digestion, and mcubated at 37C, for 4 hrs.

[0398] After digest, they were inactivated at 65C, 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 mm LoTE buffer for
gel-purification.

10399] 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 ug
10x unique BamHI buffer (NEB) 100 uL
100x BSA 10 uL
BamHI (20 U/uL, NEB) 10 uL
dH20 to 1 mL

[0400] The choice of value of 40 ug of DNA (tagged-
plasmids) was arbitrary.

[0401] Aliquots were divide into 10x 100 ul for more
efficient digestion, incubated at 37C, for 4 hrs.

[0402] After digest, they were inactivated at 65C, 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 mm LoTE buffer for
gel-purification.

[0403] 3-3 Gel-Purification of 50 bp Cohesive Ditags

10404] The BamHI-digested DNA according to both sec-
tion 3-2-1 or 3-2-2 was separated on a large (Hoefer 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.

[0405] At this stage it is convenient not to load more than
5 ug per lane, or fluorescence quenching occurs.

[0406] The 50 bp cohesive ditags were excised and col-
lected into 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 12K g, 4C for 2-5 min. The gel pieces
were thus shredded and collected 1n the 1.7 ml tube.

[0407] 150 ul of LoTE:NH,OAc (125:25) were added to
cach tube and left overnight at 4C 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 ug 200 bp ditag, we expected to
retrieve several hundred ng of 50 bp ditag.

20
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0408] 3-4. Ditag Concatenation and Gel-Purification

0409] 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 150—-500 ng
5x buffer (with PEG; BRL) 2.0 uL
T4 DNA ligase (5 U/uL) 1.0 uL
dH20 to 10 uL

ITncubated at 16° C. for 1 hr.

|0410] Loading buffer was added and the entire sample
heated at 65C for 15 min. The sample loaded 1n a single well
of an 8% polyacrylamide minigel and run at 200V for about
1 br, or until Bromophenol Blue was about 2 ¢cm from
bottom.

[0411] The smear of ligation products can be excised as 2
or more fractions, eg. 200-500 bp; 500-1000 bp; >1000 bp.

[0412] FElution of DNA from the gel pieces was performed
as detailed 1n Section 3-3. The eluate was extracted with
phenol-chloroform then ethanol precipitated. Resuspend the

DNA pellet in 6 ul LoTE.
[0413] 3-5. Cloning of Concatemers

|0414] 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 37C. The digested DNA was
phenol-chloroform extracted and ethanol precipitated, then
resuspended 1n LoTE at a concentration of 33 ng/ul. The
ligation reaction was performed as follows:

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

0415] Incubated at 16° C. overnight.

0416] The vector self-ligation was also performed in
parallel as a control.

[0417] The ligation products were purified before elec-
troporation. The phenol-chloroform extraction was followed
by ethanol precipitation; the pellet was washed 3 times with
75% ethanol before re-suspending in 12 ul TE (0.1x). 1 ul
of this DNA was used to transform 50 ul of electro-
competent TOP10 bacterial cells. After recovery (see also
Section 2-5-1), 50 ul were plated on a small agar plate
(containing Low Salt LB agar (Lennox L) plus Zeocin (50
wg/ml) and IPTG (50 ug/ml) and incubated overnight at 37C.
As a background control, bacteria were plated out that have
been similarly transformed with the vector self-ligation
reaction above. (IPTG is optional when using TOP10 cells
but may reduce background).
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0418] 3-6. GIS Library QC (Quality Check)

0419] The following day, 10-30 colonies were picked to
check for insert size by PCR. For each reaction, a single
colony was picked 1nto a PCR tube containing:

10x HiFi1i buffer 2.0 uL
10mM dNTP 0.4 uL
PMR003 (100 ng/ul) 1.0 uL
PMR004 (100 ng/ul) 1.0 uL
Eppendorf TripleMaster polymerase 0.2 uL
dH20 11.4 uL

[0420] Thermo-Cycling Conditions:

[0421] Step 1: 95Cx2 min

[0422] Step 2: 95Cx30 sec

[0423] Step 3: 55Cx1 min

[0424] Step 4: 72Cx3 min

[0425] Go to step 2, repeat steps (2-4) 24x
[0426] Step 5: 72Cx4 min

[0427] 16° C. forever

[0428] The PCR products were visualized on 1% agarose

oel. A typical result 1s shown 1n FIG. 9.

[0429] The primer pair PMR0O03/PMRO004 (SEQ ID NO:7/
SEQ ID NO:8) gives a band of approx. 220 bp in the absence
of any cloned insert. If the quality of the library thus
produced appears good, the remaining transformation mix-
ture can be plated out (Section 3-5) on large agar plates in
preparation for DNA sequencing analysis.

[0430] The primer pair PMRO0O03/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)

0431] 4. Sequencing Analysis of GIS Tags
0432] 4-1. Library Plating and Colony Picking

0433] 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 in 384-well plates with LB plus Zeocin (see
above in section 3.5) at 37° C. overnight. Multiple copies of
384-well plates are replicated and stored in —80° C.

0434| 4-2. Template Preparation

0435] Bacterial cultures in 384-well plates were inocu-

lated 1n pre-mixed PCR cocktails. PCR was performed using
primer pair PMRO0O12/PMRO03.

[0436] This primer pair gives a band of 245 bp in the
absence of any concatemer insert. Nonetheless, this set of

primers 1s preferred as it allows the use of sequencing
primers PMRO004 (M13 reverse; 68 bp from BamHI site) and
PMRO06 (SEQ ID NO:9)(M13 forward; 87 bp from BamHI

site).
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PMROOG6 : 5'-TAATACGACTCACTATAGGG-3' (SEQ ID NO:9)

[0437] 4-3. Sequencing

[0438] PCR templates were sequenced using the sequenc-
ing primers PMR004 and PMRO0OO06 to sequence i both
directions.

EXAMPLE 3
0439] Experimental Summary

0440] Our experimental strategy (FIG. 13) was to
directly clone p53 ChIP-enriched DNA 1nto a plasmid vector
for GIS analysis. This preserves the information content of
the experiment 1n an infinitely renewable format. GIS ditag
sequences representing the ChIP DNA fragments can then be
mapped to the genome to define the genome regions corre-
sponding to the original ChIP-enriched material. Relative
tag counts will allow the distinguishing regions of interest
from the (inevitable) nonspecific background.

[0441] For this study, we used the colorectal cancer cell
line HCT116 (ATCC CCL-247), which contains wildtype
p33. The cells were treated with genotoxic 5-Fluorouracil
(5-FU) to activate p53 and induce target gene expression. At
different time points before and after 5-FU treatment, the
cells were treated with 1% formaldehyde for 10 min at room
temperature. Formaldehyde was inactivated by addition of
125 mM glycine. After lysis and sonication, chromatin
extracts containing DNA fragments of an average size of
500 bp were immunoprecipitated using Protein A-Sepharose
and anti-p53 DO1 monoclonal antibody. Immunoprecipi-
tated material was eluted from the Sepharose beads, then
cross-linking was reversed by heating. Purification of the
final ChIP-enriched DNA was achieved by phenol-chloro-

form extraction and ethanol precipitation.

[0442] To avoid amplification-induced bias, the ChIP-
enriched DNA was directly cloned into pGIS3 (FIG. 14,
FIG. 17 and SEQ ID NO:22), and transformed into bacteria
to give the ChIP-GIS library (FIG. 13). Plasmid DNA
prepared from the ChIP-GIS library was digested with
Mmel to excise all of the inserted ChIP DNA except for the
original 5'- and 3'-most 20 bp. After end-polishing and
plasmid recircularization, the recircularized plasmids (each
now containing one GIS ditag of 36 bp) were transformed
into bacteria to give the GIS single-ditag library. Plasmid
DNA was extracted from the GIS single-ditag library and
digested with BamHI to liberate all the ditags, which were
oel-purified, blunted with Mung Bean nuclease, then con-
catenated overnight using T4 DNA ligase. The following
day, the concatenated GIS ditags were separated by gel
clectrophoresis, and various size fractions were excised and
cloned 1nto pZErO-1, thereby forming the GIS ditag library,
from which plasmid was extracted and sent for sequencing
analysis. Following standard Sanger dideoxy sequencing of
clones from the GIS ditag library, ditag information was
extracted from the raw sequences, and mapped onto the
human genome assembly (UCSC hg17 build, May 2004) for

visualization using a custom-designed genome browser
called “T2G browser”.

0443] Detailed Experimental Methods

0444] The colorectal cancer cell line HCT116 (ATCC
CCL-247) and its derived isogeneic p53 (—/-) cell line were
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a gift from Dr Bert Vogelstein, Johns Hopkins University,
Baltimore, Md. Cells were cultured in Dulbecco’s modified
Eagle’s medium containing 10% tetal calf serum. All culture
reagents and media were from Invitrogen. 5-Fluorouracil
(5-FU) was purchased from Sigma. The cells were treated
with 0.1M 5-FU to activate p53 and induce target gene
eXpression.

10445] Chromatin Immunoprecipitation

10446] At different time points before and after 5-FU

treatment, the cells were mixed with 1% formaldehyde for
10 minutes at room temperature. Formaldehyde was then
mnactivated by addition of 125 mM glycine and further
incubation for 5 minutes. Cells were collected and washed
with ice-cold PBS three times, cell lysis buffer (10 mM

Tris-Cl pH 7.5, 10 mM NaCl, 0.5% NP-40, 1 mM PMSF)
three times, and resuspended in SDS lysis buffer (10 mM
Tris-HC1 pH 7.5, 150 mM NaCl, 1% SDS, 1 mM EDTA).
The cells were disrupted by sonication on ice. The chromatin
solution was clarified by centrifugation at 15,000 g at 4° C.
for 10 minutes. The average DNA fragment size was 500 bp.
The chromatin solution was diluted with IP dilution buifer
(20 mM Tris-CI pH 8, 1 mM EDTA, 1% Triton X-100, and
150 mM NaCl, protease inhibitors) and pre-cleared with
protein A-Sepharose beads for 15 minutes. The pre-cleared
diluted chromatin sample was incubated with 10 ul of
anti-p53 DO1 mAb (Santa Cruz Biotechnology) for 3 hr
followed by the addition of protein A-Sepharose beads for

an additional 3 hr. The beads were washed once with the IP
dilution buffer, twice with 20 mM Tris-Cl pH &, 2 mM

EDTA, 1% Triton X-100, 150 mM NaCl, 1 mM PMSE, once
with 20 mM Tris-Cl pH 8, 2 mM EDTA, 1% Triton X-100,
0.1% SDS, 500 mM NaCl, 1 mM PMSEF, and once with 10
mM Tris-Cl pH 8, 1 mM EDTA, 0.25 M LiCl, 1% NP-40,
1% deoxycholate. The immunoprecipitated material was
eluted from the beads by heating for 15 minutes at 65° C. in
25 mM Tris-Cl (pH 7.5), 10 mM EDTA, 0.5% SDS. To
reverse the crosslinks, samples were incubated with 1.5
ug/ml Pronase at 42° C. for 2 hr followed by 65° C. for 5 hr.
The samples were then extracted with phenol-chloroform-
1soamyl alcohol, followed by chloroform, then ethanol pre-
cipitated 1n the presence of glycogen, and resuspended in TE
buffer (10 mM (pH 7.5) Tris-Cl and 1 mM EDTA). The p53
binding site enrichment level was determined by quantita-
five real-time PCR as described below.

10447] Quantitative PCR Verification of GIS Analysis
Identified p53 Binding Sites

10448 For all ChIP experiments, quantitative PCR analy-
ses were performed 1n real time using the ABI PRISM 7900
Sequence Detection System. Reactions were carried out 1n
10 ul using SYBR green PCR master mix according to the
manufacturer’s protocol. Cycling was for 10 min at 95° C,,
followed by 40 cycles of 95° C., 30 s, 60° C., 45 s, 72° C,,
45 s. The fold-enrichment value for each transcription factor
bound to a particular region of DNA was estimated as
V+/V-. V+ was calculated by subtracting the cycle thresh-
old (Ct; defined as the cycle at which the fluorescence signal
is statistically significant over background) average of input
DNA from the Ct average for the immunoprecipitated DNA;
this net Ct value was then used as an exponent for the base
n (n being the mean primer slope). The same procedure was
repeated to obtain the negative control region value (V-).
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0449 GIS Analysis of ChIP-Enriched DNA/
0450] Description of the pGIS3 Plasmid

0451] The ChIP-enriched DNA was directly cloned into
pGIS3 (FIG. 14 and FIG. 17), and transformed into bacteria
to give the ChIP-GIS library (FIG. 13). pGIS3 is a plasmid
vector dertved from pGIS I described earlier, which was 1n
turn derived from commercially available pGEM3z
(Promega), which has had its 2 original Mmel recognition
sites eliminated by site-directed mutagenesis using the
Quick-Change Multi kit (Stratagene). This was necessary to
facilitate the subsequent enzymatic excision of unwanted
regions of the inserted DNA by the same Type II restriction
enzyme. Further recombinant DNA manipulations were
performed to introduce the insert sequence (FIG. 17 and
SEQ ID NO:22) comprising in series the restriction sites
Notl, BseRI, BamHI, MmeRI, Xhol 1n the sense orientation,
followed by MmeRI, BamHI, BseRI and Sall in the anti-
sense orientation. Prior to use, pGIS3 was linearized using
Xhol, then treated with Mung Bean nuclease at the concen-
tration of 5 U/ug DNA for 10 minutes at 37° C., thereby
removing all single-stranded overhangs to leave a blunt-

ended cloning site directly flanked by 2 Mmel recognition
sequences (FIG. 14).

[0452] Instead of Xhol, any other suitable restriction
endonuclease recognition site can be substituted (as long as
it 1s absent from the remainder of the vector backbone), the
sole purpose of this being to open up the vector at that point,
thereby allowing the insertion of the fragment of interest
between the 2 Type II restriction enzyme recognition sites.
Similarly, instead of Mmel, any other suitable enzyme that
cuts at a distance from 1its recognition sequence can be
substituted. After dephosphorylation with shrimp alkaline
phosphatase to prevent vector self-ligation, the plasmid was
purified by phenol-chloroform extraction and resuspended
in TE buifer at a concentration of 40 ng/ul, ready for use.
Between 100 to 200 ng of ChIP-enriched DNA was first
end-polished and phosphorylated using a mixture of T4
DNA polymerase and T4 polynucleotide kinase present in
the End-It repair kit (Epicentre). After phenol-chloroform
extraction, the entire amount of DNA was ligated to 40 ng
of prepared pGIS3, and incubated overnight at 16° C. The
following day, the ligation mixture was phenol-chloroform
extracted, resuspended 1in 10 ul TE, and 1 ul was used to
transform 25 ul of electrocompetent TOP10 £. coli bacteria
(Invitrogen).

[10453] Approximately 5-10 ug of plasmid DNA prepared
from the CHIP-GIS library was digested using Mmel as per
the manufacturer’s conditions (NEB), ensuring that the
number of units of enzyme used was always less than 4-fold
excess, to prevent methylation-induced inhibition. The
Mmel digestion was performed at 37° C. overnight, to

excise all of the inserted ChIP DNA except for the original
5'- and 3'-most 20 bp.

[0454] The entire digestion reaction was electrophoresed
on 0.7% agarose, and the 2800 bp vector-GIS single ditag
bands were excised and purified from the agarose gel using
the Qiagen gel extraction kit. Mmel digestion results 1n a
2-base 3'-overhang on both the 5' and 3' signature tags.
These were removed by end-polishing using T4 DNA poly-
merase at a concentration of 5 U/ug DNA, leaving behind 18
bp blunt-ended tags. Intramolecular ligation was performed
to recircularize the purified DNA, which was then trans-
formed into bacteria to give the GIS single-ditag library.
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[0455] Atleast 100 ug of plasmid DNA extracted from the
GIS single-ditag library was digested with BamHI to release
all the ditags, which were gel-purified using a 4-20% TBE
PAGE minigel followed by electroelution in Midi Elu-
taTubes (Fermentas). The GIS ditags were blunted with
Mung Bean nuclease as described above, then concatenated
overnight using T4 DNA ligase.

[0456] As an alternative, the BseRI sites within pGIS3

were designed to allow the release of GIS ditags using
BseRI; in this case, there 1s no need to perform Mung Bean
nuclease blunting. Instead, following gel extraction, the
BseRI-derived ditags can be concatenated directly.

10457] The following day, the concatenated GIS ditags
were separated by gel electrophoresis using 4-20% TBE-
PAGE, and various size fractions (typically 0.4-1 kb; 1-2 kb;
and >2 kb) were excised, electroeluted, and cloned into
pZErO-1, thereby forming the GIS ditag library. If BseRI-
derived ditags had been used, the concatenated DNA must
be end-polished using T4 DNA polymerase before gel
clectrophoresis.

|0458] Individual clones from the GIS ditag library were
picked for plasmid extraction, and the plasmid DNA
sequenced using standard universal M13 forward primer.
Following Sanger dideoxy sequencing of clones from the
GIS ditag library, ditag information was extracted from the
raw sequences, and mapped onto the human genome (UCSC

hgl7).
0459] Data Analysis
0460] Daitag Extraction

0461 GIS ditags were extracted from the raw sequences
obtained from each clone of the GIS ditag library. Traces
were base-called with Phred/Phrap using a minimal quality
score of 20, and the flanking pZErO-1 vector sequences
were trimmed from the sequence reads. The extraction
parameters included the 5' vector/insert sequence junction;
the 1nternal spacer sequence between ditags; the 3' vector/
insert junction; minimal ditag length, 34 bp; maximal ditag
length, 40 bp.

0462] Ditag-to-Genome Mapping Analysis

0463] Compressed Suffix Array (CSA) is a compressed

and advanced index data structure that allows eflicient
pattern searching (Grossi and Vitter, in Thirty-second annual
ACM symposium on Theory of computing. 2000. Portland,
Oreg.). Unlike BLAT (Kent W. J., Genome Res, 2002. 12(4):
p. 656-64) and BLAST (Altschul et al., J Mol Biol, 1990.
215(3): p. 403-10), the pattern searching time using CSA
depends solely on the query pattern length and 1s indepen-
dent of the genome size. CSA 1s thus theoretically much
faster than BLAT or BLAST, especially for short sequences.
Preliminary data showed that a CSA-derived alignment
algorithm was superior to BLAST 1n terms of speed while
maintaining the same accuracy and completeness of map-
ping, hence we used this CSA-derived algorithm to map the
ditags onto the UCSC human genome database build hgl7/
in this study.

[0464] A minimum 17 bp contiguous match for the 5' tag
and a minimum 16 bp for the 3' tag within each GIS ditag
when mapping to the genome was mandated. This was
empirically determined to give the highest mapping efli-
ciency. Finally, each 5' signature was matched with its
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cognate 3' signature against existing genome sequence data,
the criteria being that both the 5" and 3' signatures must be
present on the same chromosome, be on the same strand, and
within 4000 bp of genomic distance (to provide some
flexibility 1n mapping, despite the average ChIP fragment
size being 0.5 kb). Ditags that failed to meet these criteria
were considered “unmappable”, and archived separately for
additional analysis. Because the blunt-ended cloning used 1n
this procedure does not give any imdication of orientation,
ditags that were mapped to the same locus but were 1n sense
vs antisense orientations were merged before display.

0465| Ditag Annotation and Display

0466] Once the ditag-to-genome coordinates are defined,
we can display each ditag on a browser called “T2G” that 1s
publicly accessible at http://t2g.bii.a-star.edu.sg. This was
designed based on the UCSC genome browser at http://
genome.ucsc.edu/cgi-bin/hgBlat.

0467] Results

0468]| Using the ditag extraction and mapping parameters
defined above m “Detailed Experimental Methods”, a total
of 228,845 ChlIP-enriched ditags were obtained, of which
84% were found to match various locations 1n the human
genome. The 16% unmapped ditags failed the mapping
criteria, either due to mismatches caused by polymorphisms
or sequencing error, or other undefined experimental arti-
facts. Approximately 73% of the 228,845 ditags (169,091
ditags) could be mapped to single, distinct loci in the
genome. Subsequent analyses were focused on this group of
single-locus matches. Data consolidation (by merging ditags
in the same loci but in opposite orientations together)
resulted mm a final set of 65,714 “merged” single-locus,
orientation-independent ditags that were displayed using the
1T2G genome browser.

[0469] Preliminary analyses revealed that the expected
background of non-specific DNA fragments was very low,
and that there were many distinct, highly-represented clus-
ters located throughout the genome. These clusters repre-
senting p53 binding regions were studied i1n detail. Of
particular interest were the sequences within each cluster
that were contained within multiple overlapping ditags (and
therefore would have the highest TFBS density), as these
would be the sequences to which p53 would bind most
strongly. This was confirmed by the 1dentification of clusters
within the promoters of known p53-responsive genes such
as p21/Cipl/Wafl (22) (see FIG. 15), and furthermore by
the 1dentification of p53 consensus binding motifs within the
promoter region (SEQ ID NO: 20: GAACATGTCCCAA.-
CATGTTG, 1n a 97 bp region from Chr 6: 36, 752, 131-36,
752, 228).

[0470] Additionally, novel clusters were also discovered
that on closer examination were found to indeed contain p53
consensus binding motifs (FIG. 15) such as the sequence

SEQ ID NO:21:AGACAAGCCCGGGCAAGGCC, within
Chr6: 36,742,960-36,743,113 (153 bp). Such clusters there-
fore provide preliminary evidence for the presence of hith-
erto-unidentified p53-responsive elements.

[0471] The ChIP-GIS procedure was able to provide a
genome-wide survey of all putative p53-binding sites, and
coupled with T2G genome browser, allowed the direct
visualization of all these binding sites 1n the context of
known genes and CpG 1slands, as shown for chromosomes

2 and 4 (FIG. 16).
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[0472] In-depth analysis of data obtained from a genome-
wide survey such as this current one may be expected to
reveal a wealth of interesting information. In particular, we
are seeking evidence for the possibility of non-canonical p53
binding motifs, for indications of the presence of p53-
responsive non-coding transcripts that might regulate the
expression of sense transcripts to which they overlap, and
for evidence of p53 involvement in known promoters.

[0473] Applications

[0474] The GIS analysis method according to any embodi-
ment of the mnvention 1s a complete gene discovery platform.
It combines full-length cDNA library construction, cDNA
tag sequencing, genome mapping and annotation 1nto one
operation from the same starting materials. For example, to
study the genes expressed in human stem cells, we start with
the stem cell mRNA, construct a stem cell GIS full-length
cDNA library, and then the GIS library. We will only need
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 1n 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 (“no gene”) regions of the genome, which

may suggest the identification 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.

[0475] 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.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 29

<210> SEQ ID NO 1

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning vector

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1l)..(33)

<223> OTHER INFORMATION: n is a,c,g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1l)..(33)

<223> OTHER INFORMATION: v 1s a,c,d

<400> SEQUENCE: 1

gagctcctte tggagttttt tttttttttt tvn 33

<210> SEQ ID NO 2

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning vector

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(30)

<223> OTHER INFORMATION: n 1s a,t,c or g

<400> SEQUENCE: 2

aattcgcgge cgcttggatc cgacnnnnnn 30

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning vector

<400> SEQUENCE: 3

gtcggatcca agcggccgcg 20
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—continued

<210> SEQ ID NO 4

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning vector

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(30)

<223> OTHER INFORMATION: n 1s a,t,c or g

<400> SEQUENCE: 4

aattcgcgge cgcttggatc cgacgnnnnn 30

<210> SEQ ID NO 5

<211> LENGTH: 19

<212> TYPE: DNA

«213> ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

<400> SEQUENCE: 5

tcgacccagg atccaactt 19

<210> SEQ ID NO 6

<211> LENGTH: 13

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: phosporylation

<400> SEQUENCE: 6

gttggatcct ggg 13

<210> SEQ ID NO 7

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

<400> SEQUENCE: 7/

gtaaaacgac ggccagt 17

<210> SEQ ID NO 8

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

<400> SEQUENCE: 8

ggaaacaqct atgaccatqg 19

<210> SEQ ID NO 9
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27

-continued

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

<400> SEQUENCE: 9

taatacgact cactataggg 20

<210> SEQ ID NO 10

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

<400> SEQUENCE: 10

gatgtgctgce aaggcgatta ag 22

<210> SEQ ID NO 11

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
bacterial cloning wvector

<400> SEQUENCE: 11

agcggataac aatttcacac aqgg 23

<210> SEQ ID NO 12

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligionucleotide with homolgy to a
bacteria cloning vector

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(48)

<223> OTHER INFORMATION: n 1s a,t,c or g

<400> SEQUENCE: 12

gatccgacnn nnnnnnnhnnn nnnnnnnnnn nhnnnnnnnn nnhaagttg 48

<210> SEQ ID NO 13

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligionucleotide with homolgy to a bacteria
cloning vector

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (1)..(48)

<223> OTHER INFORMATION: n 1is a,t,c or g

<400> SEQUENCE: 13

gatccaactt nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnngtcg 483

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

SEQ ID NO 14
LENGTH: 29

TYPE: DNA

ORGANISM: Artificial
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<220> FEATURE:

<223> OTHER INFORMATION: Oligionucleotide primer with homolgy to a

bacteria cloning vector

<400> SEQUENCE: 14

cgctectecectg taccgaccct gccgcttac

<210> SEQ ID NO 15
<211> LENGTH: 29
<212> TYPE: DNA
«213> ORGANISM: Artificial
<220> FEATURE:
<223>
bacteria cloning vector
<400> SEQUENCE: 15

aactatcgtc ttgagaccaa cccggtaag

<210> SEQ ID NO 16

<211> LENGTH: 24

<212> TYPE: DNA

«213> ORGANISM: Artificial

<220> FEATURE:

<223>
bacteria cloning
vector

<400> SEQUENCE: 16

aattctcgag cggccgcgat atcg

<210> SEQ ID NO 17
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223>
bacteria cloning vector
<400> SEQUENCE: 17

gagctcgccg gcgctatage ttaa

<210>
<211>
<212>
<213>
<220>
<223>
<400>
gggcgaattc
ggctggcgcet
gaggcaacgg
catgaaggtg
tgagaactgc
tggtgatgac
cctcaagtgg

gaagttcaaa

agcceccttcec

SEQ ID NO 18
LENGTH:
TYPE:
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: bacterial cloning vector

3404
DNA

SEQUENCE: 18

tcgagcggcec
acttcggagqg
aagggcgyggg
aaaattaaat
ggcatctgca
tgccececeteg
ctgaatgcgc
gagtgaagcc

ctccctecocec

gcggatccga
agcccgacge
cgccteocgtga
gttggaatgg
ggatggcgtt
tgtggggaca
agcaggtgca
cgtgcecgtge

tcccecccagat

cgagagcgcce
ggcgcggtceg
ttaggccgeg
tgtggccact
taatggctgc
gtgctcccac
gcagcactgc
cacttccctc

acagcacccc

23

—continued

tgcgtacggc
tttttataca
gaggtcacag
tggctctggg
tgtccagact
tgcttccaca
cccatgtgtc
tcctgtgcectg

aagtcccctc

OTHER INFORMATION: Oligionucleotide primer with homolgy to a

OTHER INFORMATION: Oligionucleotide adapter with homolgy to a

OTHER INFORMATION: Oligionucleotide adapter with homolgy to a

tcgeccgeggt
ttccecgegeqg
gctectgttgt
tagccaatga
gtaaggtgcc
tgcactgcat
gccaggagtg
tgccaggctc

cacacagcac

29

29

24

24

60

120

180

240

300

360

420

480

540
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agtggtgccc
caaggttgaa
ataagtaaaa
ttgagtattc
gtgtgaaatt
aaagcctggg
gctttceccagt
agaggcggtt
gtcgttcggce
gaatcagggg
cgtaaaaaqgqg
aaaaatcgac
tttcceccecectg
ctgtccgcecct
ctcagttcgg
cccgaccgcet
ttatcgccac
gctacagagt
atctgcgctc
aaacaaacca
aaaaaaggat
gaaaactcac
cttttaaatt
gacagttacc
tccatagttg
ggccccagtg
ataaaccagc
atccagtcta
cgcaacgttg
tcattcagcect
aaagcggtta
tcactcatgg
ttttctgtga
agttgctctt
gtgctcatca
agatccagtt

accagcgttt

gcgacacgga

agagatctcg
aggagctttg
ctcattacaqg
tatagtgtca
gttatccgcect
gtgcctaatg
cgggaaacct
tgcgtattgg
tgcggcgage
ataacgcagqg
ccgegttget
gctcaagtca
gaagctccct
ttctcecette
tgtaggtcgt
gcgeccttatce
tggcagcagc
tcttgaagtg
tgctgaagcc
ccgectggtag
ctcaagaaga
gttaagggat
aaaaatgaaqg
aatgcttaat
cctgactccc
ctgcaatgat
cagccggaaqg
ttaattgttg
ttggcattgc
ccggttceccecca
gctcecttegg
ttatggcagc
ctggtgagta
gcceocggegtce
ttggaaaacg
cgatgtaacc
ctgggtgagc

aatgttgaat

gtctgtgccg
ctgactgttt
ttccaagtcg
cctaaatagc
cacaattcca
agtgagctaa
gtcgtgccaqg
gcgetettec
ggtatcagct
aaagaacatqg
ggcgtttttc
gaggtggcga
cgtgcgectct
gggaagcgtg
tcgectccaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttc
cggtggtttt
tcctttgatce
tttggtcatg
ttttaaatca
cagtgaggca
cgtcgtgtag
accgcgagac
ggccgagcge
ccgggaagcet
tacaggcatc
acgatcaagg
tcctececgatce
actgcataat
ctcaaccaaqg
aatacgggat
ttcttecgggg
cactcgtgca
aaaaacagga

actcatactc

gggacaagdga

tgttttccca
gatcctgggt
ttggcgtaat
cacaacatac
ctcacattaa
ctgcattaat
gctteccecteogce
cactcaaagqg
tgagcaaaag
gataggctcc
aacccgacaqg
cctgtaccga
gcgctttetce
ctgggctgtyg
cgtcttgaga
aggattagca
tacggctaca
ggaaaaagagqg
tttgtttgca
ttttctacgg
agattatcaa
atctaaagta
cctatctcaqg
ataactacga
ccacgctcac
agaagtggtc
agagtaagta
gtggtgtcac
cgagttacat
gttgtcagaa
tctcttactg
tcattctgag
aataccgcgc
cgaaaactct
cccaactgat
aggcaaaatqg

ttcococttttte

29

—continued

tgctttctgt
tcacattgac
cgacctgcag
catggtcata
gagccggaag
ttgcgttgeqg
gaatcggcca
tcactgactc
cggtaatacg
gccagcaaaa
gcceccectga
gactataaag
ccctgececget
atagctcacg
tgcacgaacc
ccaacccggt
gagcgaggta
ctagaaggac
ttggtagctc
agcagcagat
ggtctgacgc
aaaggatctt
tatatgagta
cgatctgtct
tacgggaggg
cggctccaga
ctgcaacttt
gttcgccagt
gctecgtegtt
gatccceccat
gtaagttggc
tcatgccatc
aatagtgtat
cacatagcag
caaggatctt
cttcagcatc
ccgcaaaaaa

aatattattg

ttggctggga

actttattca
gcatgcaagc
gctgtttcect
cataaagtgt
ctcactgccc
acgcgcgggyg
gctgecgeteg
gttatccaca
ggccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
cccecgttcecag
aagacacgac
tgtaggcggt
agtatttggt
ttgatccggce
tacgcgcaga
tcagtggaac
cacctagatc
aacttggtct
atttcgttca
cttaccatct
tttatcagca
atccgcctcc
taatagtttg
tggtatggct
gttgtgcaaa
cgcagtgtta
cgtaagatgc
gcggcgaccyg
aactttaaaa
accgctgttg
ttttactttc

gggaataagqg

aagcatttat

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

Nov. 17, 2005



US 2005/0255501 Al

30

-continued
cagggttatt gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata
ggggttccge gcacatttcc ccgaaaagtg ccacctgacg tctaagaaac cattattatc
atgacattaa cctataaaaa taggcgtatc acgaggccct ttcecgtctcecgce gecgttteggt
gatgacggtg aaaacctctg acacatgcag ctcccggaga cggtcacagce ttgtctgtaa
gcggatgcecg ggagcagaca agcccgtcag ggcecgcegtcag cgggtgttgg cgggtgtecgg
ggctggctta actatgcggc atcagagcag attgtactga gagtgcacca tatgcggtgt
gaaataccgc acagatgcgt aaggagaaaa taccgcatca ggcgccattc gccattcagg
ctgcgcaact gttgggaagg gcgatcggtg cgggcecctcectt cgctattacg ccagctggceqg
aaagggggat gtgctgcaag gcgattaagt tgggtaacgc cagggttttc ccagtcacga
cgttgtaaaa cgacggccag tgaattgtaa tacgactcac tata
<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 is A or T
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: y 1s a pyrimidine (C or T)
<400> SEQUENCE: 19
rrrecwwgyyy
<210> SEQ ID NO 20
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: mammalian p53 consensus seqguence
<400> SEQUENCE: 20

gaacatgtcc caacatgttg

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

<400>

SEQ ID NO 21

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: mammalian p53 consensus seguence

SEQUENCE: 21

agacaagccc gggcaagqgcc

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

<400>

gggcgaattc gatatcgcgg ccgcgaggag tatggatccg actcgagtcecg gatcctgget

SEQ ID NO 22

LENGTH: 2770

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Bacterial Cloning Vector

SEQUENCE: 22

2880

2940

3000

3060

3120

3180

3240

3300

3360

3404

10

20

20

60
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cctcecgtecgac
cgtaatcatg
acatacgagc
cattaattgc
attaatgaat
cctcgctcac
caaaqggcggt
caaaaggcca
ggctccgecc
cgacaggact
taccgaccct
tttctcatag
gctgtgtgceca
ttgagaccaa
ttagcagagc
gctacactaqg
aaagagttgg
tttgcaagca
ctacggggtc
tatcaaaaag
aaagtatata
tctcagcgat
ctacgatacg
gctcaccggce
gtggtcctgc
taagtagttc
tgtcacgctc
ttacatgatc
tcagaagtaa
ttactgtcat
tctgagaata
ccgcegcecaca
aactctcaaqg
actgatcttc
aaaatgccgc
tttttcaata
aatgtattta

ctgacgtcta

ctgcaggcat
gtcatagctg
cggaagcata
gttgcgctca
cggccaacgc
tgactcgctg
aatacggtta
gcaaaaggcc
ccctgacgaqg
ataaagatac
gccgecttacc
ctcacgctgt
cgaacccccc
cccggtaaga
gaggtatgta
aaggacagta
tagctcttga
gcagattacqg
tgacgctcag
gatcttcacc
tgagtaaact
ctgtctattt
ggagggctta
tccagattta
aactttatcc
gccagttaat
gtcgtttggt
ccccatgttg
gttggccgca
gccatccgta
gtgtatgcgg
tagcagaact
gatcttaccg
agcatctttt
aaaaaaggga
ttattgaagc
gaaaaataaa

agaaaccatt

gcaagcttga
tttcctgtgt
aagtgtaaaqg
ctgcccocgett
gcggggagag
cgctcggtcg
tccacagaat
aggaaccgta
catcacaaaa
caggcgtttc
ggatacctgt
aggtatctca
gttcagcccg
cacgacttat
ggcggtgcta
tttggtatct
tccggcecaaac
cgcagaaaaa
tggaacgaaa
tagatccttt
tggtctgaca
cgttcatcca
ccatctggcecc
tcagcaataa
gccteccatcc
agtttgcgca
atggcttcat
tgcaaaaaag
gtgttatcac
agatgctttt
cgaccgagtt
ttaaaagtgc
ctgttgagat
actttcacca
ataagggcga
atttatcagqg
caaatagggg

attatcatga

gtattctata
gaaattgtta
cctggggtgce
tccagtcggg
gcggtttgeg
ttcggectgeg
caggggataa
aaaaggccgce
atcgacgctc
cccctggaaqg
ccgecctttet
gttcggtgta
accgctgcgce
cgccactggce
cagagttctt
gcgetectget
aaaccaccgc
aaggatctca
actcacgtta
taaattaaaa
gttaccaatqg
tagttgcctg
ccagtgctgc
accagccagc
agtctattaa
acgttgttgg
tcagctccocgg
cggttagctc
tcatggttat
ctgtgactgqg
gctcttgcecec
tcatcattgg
ccagttcgat
gcgtttetgg
cacggaaatg
gttattgtct
ttccgegeac

cattaaccta

31

—continued

gtgtcaccta
tccgctcaca
ctaatgagtg
aaacctgtcg
tattgggcgc
gcgagcggta
cgcaggaaagqg
gttgctggcg
aagtcagagg
ctccctegtg
cccttcecggga
ggtcgttcgce
cttatccggt
agcagccact
gaagtggtgg
gaagccagtt
tggtagcggt
agaagatcct
agggattttg
atgaagtttt
cttaatcagt
actccccgtce
aatgataccg
cggaagggcc
ttgttgccgg
cattgctaca
ttcccaacga
cttcggtcect
ggcagcactg
tgagtactca
ggcgtcaata
aaaacgttct
gtaacccact
gtgagcaaaa
ttgaatactc
catgagcgga
atttcceccga

taaaaatagqg

aatagcttgg
attccacaca
agctaactca
tgccagectgce
tcttcegett
tcagctcact
aacatgtgag
tttttcgata
tggcgaaacc
cgctctectg
agcgtggcgc
tccaagcectgg
aactatcgtc
ggtaacagga
cctaactacg
accttcggaa
ggtttttttg
ttgatctttt
gtcatgagat
aaatcaatct
gaggcaccta
gtgtagataa
cgagacccac
gagcgcagaa
gaagctagag
ggcatcgtgg
tcaaggcgag
ccgatcgttg
cataattctc
accaagtcat
cgggataata

tcggggcgaa

cgtgcaccca
acaggaaggc
atactcttcc
tacatatttg
aaagtgccac

cgtatcacga

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340
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ggccecttteg
cggagacggt
cgtcagcggg
tactgagagt
gcatcaggcg
cctcttecget
taacgccaqgqg
actcactata
<210>
<211>
<212>
<213>

<220>
<223>

tctcgegegt
cacagcttgt
tgttggcggg
gcaccatatg
ccattcgecca
attacgccaqg

gttttcccaqg

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

o4
DNA

cloning vector

<400>

SEQUENCE :

23

ttcggtgatg
ctgtaagcgg
tgtcgggget
cggtgtgaaa
ttcaggctgce
ctggcgaaaqg

tcacgacgtt

acggtgaaaa
atgccgggag
ggcttaacta
taccgcacag
gcaactgttg

ggggatgtgce

gtaaaacgac

32

—continued

cctcectgacac
cagacaagcc
tgcggcatca
atgcgtaagg
ggaagggcga
tgcaaggcga

ggccagtgaa

atgcagctcc
cgtcagggcg
gagcagattg
agaaaatacc
tcggtgeggg
ttaagttggg

ttgtaatacg

gcggcecgega ggagtatgga tceccgactcga gtcecggatcct ggctceccectegt cgac

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

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

26
DNA

cloning vector

<400>

SEQUENCE :

24

gcggecgcega 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> SEQ ID NO Z2Zé

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: mammalian
<220> FEATURE:

<221> NAME/KEY: polyA site
<222> LOCATION: (1)..(10)
<400> SEQUENCE: 26
aaaaaaaaaa

<210> SEQ ID NO 27

<211> LENGTH: 54

<212> TYPE: DNA

«213> ORGANISM: Artificial
<220> FEATURE:

<223>

OTHER INFORMATION: oligonucleotide with homology to bacterial

2400

2460

2520

2580

2640

2700

2760

2770

54

26

24

10
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-continued
cloning vector
<400> SEQUENCE: 27
gcgeggeget cctcatacct aggctgagcet cagcecctagga ccgaggagca gctg 54

<210> SEQ ID NO 28

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide with homology to bacterial

cloning vector

<400> SEQUENCE: 28

cgeccggeget cctcatacct aggcectg

<210> SEQ ID NO 28

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

26

<223> OTHER INFORMATION: oligonucleotide with homology to bacterial

cloning vector

<400> SEQUENCE: 29

cagcctagga ccgaggagca gctg

What 1s claimed 1s:
1. A method of identifyng at least a nucleic acid molecule
fragment to which a protein of interest binds, comprising;:

(1) preparing at least one nucleic acid molecule fragment
to which a protein binds;

(i1) isolating the 5' terminus and the 3' terminus of the
nucleic acid molecule fragment(s) and linking the 5'
terminus and 3' terminus to create the at least one ditag;

(1i1) sequencing the ditag; and

(iv) mapping the ditag sequence(s) to the genome.

2. The method of claim 1, wherein the nucleic acid
molecule fragment to which a protein of interest binds 1s a
nucleic acid molecule fragment enriched for transcription
factor binding site(s) (TFBSs).

3. The method of claim 1, wherein before carrying out
step (i1), the nucleic acid molecule fragment to which a
protein binds 1s 1nserted into a vector.

4. The method of claim 3, wherein the vector comprises
two motifs flanking the nucleic acid molecule fragment to be
inserted 1nto the vector, each motif comprising at least: a first
restriction site which 1s an asymmetric restriction site and/or
at least a second restriction site, and wherein the remainder
of the backbone of the vector does not comprise the asym-
metric restriction site and/or the second restriction site.

5. The method of claim 4, wherein the asymmetric rec-
ognition sites are restriction endonuclease asymmetric
cleavage site sequences recognizable by type II or type III
restriction enzymes.

6. The method of claim 5, wherein the type II restriction

enzyme 1s selected from the group consisting of Aarl,
Acelll, Alol, Bael, Bbr7I, Bbvl, BbvIl, Bccl, Bce&3lI,

BceeAl, Beetl, Begl, BeiVI, Bfil, Binl, Bpll, BsaXI, BscAl,

24

BseMII, BseRI, Bsgl, Bsml, BsmAIl, BsmFkl, Bsp24l,
BspCNI, BspMI, Bsrl, BsrDI, BstE5I, BtgZI, Btsl, Cjel,
CiePl, Ecil, Eco31l, Eco571, Eco57/MI, Esp3l, Fall, Faul,
Fokl, Gsul, HaelV, Hgal, Hin4l, Hphl, HpyAV, Ksp6321,
Mboll, Mlyl, Mmel, Mnll, Plel, Ppil, Psrl, RlcAl, Sapl,
StaNI, SspD53I, Sthl32I, StsI, Taqgll, TspDTI, TspGWI,
TspRI and Tth111II.

7. The method of claim 5, wherein the type III restriction
enzyme 1s EcoP151.

8. The method of claim 4, wheremn the asymmetric rec-
ognition sites are homing endonuclease asymmetric recog-
nition site sequences, and wherein the enzyme recognizing
the homing endonuclease asymmetric restriction site 1s
selected from the group consisting of: I-Ceul, PI-Scel,

PI-Pspl and I-Scel.

9. The method of claim 5, wherein the type II restriction
site 15 Mmel.

10. The method of claim 3, wherein the vector has the
sequence of SEQ ID NO:22.

11. The method of claim 1, wherein the ditags are joined
to form a concatemer of ditags.

12. The method of claim 11, wherein the concatemer
comprises 1-1000 ditags.

13. The method of claim 1, wherein the nucleic acid
molecule fragment of step (1) 1s isolated from a living cell
by: (a) cross-linking DNA binding protein in the living cell
to genomic DNA of the living cell, thereby producing DNA
binding protein cross-linked to genomic DNA; (b) generat-
ing DNA fragments of the genomic DNA cross-linked to
DNA binding protein in (a), thereby producing a DNA/
protein complex comprising DNA fragments to which the
DNA binding protein is bound; (c) removing the DNA
fragment to which the protein of interest 1s bound from the
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complex produced in (b); and (d) isolating the DNA frag-
ment 1dentified in (c) from the protein of interest.

14. The method of claim 13, wherein the DNA/protein
complex 1s 1solated by antibody-mediated immunoprecipi-
tation.

15. The method of claim 1, wherein the nucleic acid
molecule fragment(s) is isolated by chromatin immunopre-
cipitation.

16. The method of claim 1, wherein the nucleic acid
molecule fragment(s) is isolated by incorporating a photo-
activable moiety mto the DNA and/or the protein of interest
and 1solation of DNA/protein complex by antibody-medi-
ated precipitation or by a afhinity-mediated 1solation method
techniques.

17. The method of claim 1, comprising: (a) cross-linking
DNA binding protein(s) in living cell(s) to genomic DNA of
the living cell, thereby producing DNA binding protein
cross-linked to genomic DNA; (b) generating DNA frag-
ments of the genomic DNA cross-linked to DNA binding
protein in (a), thereby producing a DNA/protein complex
comprising DNA fragments to which the DNA binding
protein 1s bound; (¢) removing the DNA fragment to which
the protein of interest 1s bound from the complex produced
in (b); (d) 1solating the DNA fragment(s) identified in (c)
from the protein of interest; (¢) inserting the isolated DNA
fragment(s) into a vector; (f) isolating the 5' terminus and the
3' terminus of the nucleic acid fragment(s) inserted into the
vector and linking the 5' terminus and 3' terminus to create
the at least one ditag; (g) sequencing the ditag; and (h)
mapping the ditag sequence(s) to the genome.

18. The method of claim 17, wherein in the step (a)
formaldehyde is added to living cells; and 1n step (b) crude
extracts of the fixed cells are prepared, and sonicated to
shear the chromatin.
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19. The method of claim 1, wherein the protein of interest
binds to the nucleic acid molecule fragment(s) at a consen-
sus binding site, which 1s determined by the region of of
genomic DNA encompassed by the two signatures of the
ditag.

20. A vector comprising at least one ditag, wherein the
ditag comprises two joined first and second sequence tags,
and wherein the first tag includes a 5'-terminus sequence and
a second tag comprises the 3'-terminus sequence of a nucleic
acid molecule fragment, and wherein the nucleic acid mol-
ecule fragment 1s enriched for transcription factor binding

sites (TFBSs).

21. The vector of claim 20, wherein the ditag 1s flanked at
cach side by a motif comprising at least: a first restriction
site which 1s an asymmetric restriction site and/or at least a
second restriction site, and wherein the remainder of the
backbone of the vector does not comprise the asymmetric
restriction site and/or the second restriction site.

22. The vector of claim 21, wherein the asymmetric
restriction site 1s a type II or III restriction site or a restriction
site recognised by a homing endonuclease.

23. A vector having the nucleotide sequence of SEQ ID
NO:22.

24. The method of claim 1, which 1s a method for the
discovery of protein binding site(s).

25. The method of claim 24, wherein the protein binding
site(s) is transcription factor binding site(s) (TFBSs).
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