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1. Development of ontology and database for the
cell signaling system

Takako TAKAI and Toshihisa TAKAGI

In the post-genome sequencing era, the most sig-
nificant issue is the reconstruction of living
organisms in computers, based on their genome in-
formation. Reconstruction and analysis of molecular
interactions among gene products, pathways, and
networks could be addressed as its first step. We an-
alyzed conceptual structure of the cell signaling
system and specified the concepts as SIGNAL-ON-
TOLOGY. The ontology consists of concepts of
molecules, molecular interactions, pathway motifs,
and cellular functions. We also develop a database
for the cell signaling system, SPARK, based on the
ontology. The database system is constructed by
XML-database, compound graph representation,
and ontology. All the data contained in the database
are collected from literatures according to controlled
vocabulary in the ontology. SIGNAL-ONTOLOGY
and SPARK will be opened soon from http://
ontology.ims.u-tokyo.ac.jp/.

2. Signal transduction pathways and logical in-
ferences

Ken-ichiro FUKUDA1 and Toshihisa TAKAGI:
1Computational Biology Research Center, AIST

Our group focuses on providing methods re-
quired to develop Signal Transduction Pathway

(STP) databases. The problem is broken down into
two subproblems, i.e., knowledge representation de-
sign of STPs and its utilization to infer relevant
biological hypothesis. The knowledge representation
model is based on a Compound graph model and
can cope with knowledge fragmentation, complex
hierarchies and various levels of details on specific
bodies of knowledge (heterogeneous knowledge
granularity). Equipped with the ontologies for STPs,
the model is able to formalize the knowledge de-
scribed with natural language or drawings of
diagrams. Then, the inference procedure that a biolo-
gist performs is modeled as a hypothetical reasoning
framework on a case-base, and a prototype knowl-
edge base was implemented, which infers cross-talk
of pathways.

3. Development of an information extraction sys-
tem from biological literatures

Yosiyuki KOBAYASHI and Toshihisa TAKAGI

We developed an information extraction (IE) sys-
tem, which collects protein interactions from
biological literatures. The system achieves higher
precision and recall rate than other systems because
our system analyzes the syntactic structures of sen-
tences and because we collected many language
patterns describing protein interactions. Analyzing
sentence structures makes possible to extract infor-
mation from complex structures, such as relative
clauses. Collecting language patterns reduces missed
information in literatures. We evaluate the system by

In analyzing human genome data, the importance of maintaining
databases of various facts and knowledge is unquestionable.
Thus, the main mission of our laboratory is to provide world-
wide genome-research communities with useful resources,
including supercomputer facilities and Internet services. Not
only maintaining established databases but also the develop-
ment of newer databases and technologies for better mining
biological and medical content from accumulated data is our
important project.
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extracting protein interactions of Drosophila melano-
gaster’s kinases(DMK). We retrieve 1088 abstracts
from PubMed for 144 DMKs. We randomly selected
and manually analyzed 300 abstracts, and we found
38 protein interactions of DMK. We use these interac-
tions and abstracts describing the interactions as
knowledge source for the system. Then, the system
collected 34 interactions from 300 abstracts (i.e. recall
rate is 87%) as well as 4 interactions which were not
found by manual extraction. The system did not ex-
tract any incorrect interactions from 300 abstracts
(i.e. precision rate is 100%.) Finally, the system col-
lected 121 interactions from 1088 abstracts. Now, we
are evaluating extraction performance for yeast and
human’s kinases.

4. Evolution and functional conservation of eu-
karyotic kinases among organisms

Asako KOIKE, Kenta NAKAI, and Toshihisa

TAKAGI

Phosphorylation and dephosphorylation cata-
lyzed by protein kinases and phosphatases play a
crucial role in the process of tissue growth, cell dif-
f e r e n t i a t i o n ,  a n d  r a p i d  r e s p o n s e  t o  t h e
environmental changes. The knowledge of function-
al conservation and/or uniqueness of protein
kinases among organisms is important for under-
standing the evolution of signaling pathways. We
extracted all eukaryotic protein kinase (ePK) do-
mains of S. pombe, S. cerevisiae, C. elegans, D.
melanogaster, H. sapiens, and A. thaliana; we then con-
structed their phylogenetic trees to investigate
functional conservation among these organisms. The
common ancestor of plants and yeasts is expected to
have had at least thirty-one ePKs; and about half of
them are believed to have composed intracellular
signaling, which plays a key role in signal transduc-
tion of multicellular organisms. A kinase database,
which contains the description of the functional con-
servation among organisms and signaling pathway
information extracted by natural language process-
ing techniques, orthologue information, and an
automatic pathway drawing system, has been devel-
oped. The kinase database will be open to the public
early in 2002.

5. Nonparametric linkage analysis for complex
genetic disease with linked agent loci

Osamu OGASAWARA and Toshihisa TAKAGI

Unraveling the genetic determinants of complex
diseases is an important task for healthcare because
many diseases which exhibit high prevalence rates
are complex diseases. Strategies for complex disease
mapping usually involve a combination of linkage
and association analysis. Linkage analysis can scan

the entire genome by fewer genotyping efforts than
association studies. In parametric linkage analysis,
the mode of inheritance of the agent loci must be
specified exactly. But for complex diseases, it is diffi-
cult to determine it. So many researchers use
model-free (nonparametric) linkage analysis as the
first screening step of genetic mapping. We imple-
mented a new nonparametric linkage analysis
program that calculates joint genetic effects of sever-
al agent loci. One strength of this program is that it
can analyze complex diseases with not only unlinked
agent loci but also linked agent loci. Compared with
single locus analysis methods, some improvements
of the statistical power were observed. Because the
improvement of the power was much higher in epsi-
tatic model than in heterogeneity model, this
program can be used to detect epistasis between
agent loci.

6. Lag analysis of genetic networks regulating
the cell cycle in budding yeast

Mamoru KATO, Tatsuhiko TSUNODA2, and

Toshihisa TAKAGI:2SNP Research Center, RIK-

EN

The recent emergence of whole-genome expres-
sion data requires a novel computational method for
efficient extraction of biological information from the
large-scale data. Here we propose a computational
time-series analysis to infer gene-regulatory net-
works from whole-genome expression data. This
analysis determines a time-lagged correlation be-
tween the mRNA expressions of  a  known
transcription factor and a gene. When combined with
the upstream sequence analysis of consensus regula-
tory elements, this analysis allowed us to infer a
number of unknown target genes of the transcription
factors playing a central role in the mitotic cell cycle
of Saccharomyces cerevisiae. Furthermore, using this
method we discovered interesting “lag” kinetics of
gene regulation by the transcription factors. Our
computational method will sequentially process a
large amount of mRNA expression data and extract
interesting information regarding as yet unknown
genetic control systems.

7. Database for human UV-regulated genes

Makoto YAMAZAKI, Hiroko AO, Goro TERAI,

Nobuo KITAMURA3, and Toshihisa TAKAGI:
3Kanebo, Ltd

With an increase of the intensity of ultraviolet
(UV) irradiation on the surface of the earth, UV has
been considered to be a serious environmental risk
factor of skin inflammation, photoaging and cancer.
To develop an integrated database for UV-regulated
genes, we systematically collected their information,
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including their function, regulatory sequences and
transcription factors as well as their expression data.
We made a list of 279 UV-regulated genes. 88 genes
were selected by the knowledge of experts in derma-
tology. 125 genes were listed as UV-regulated genes
from published microarray data. 66 genes were tak-
en from PubMed abstracts by an automatic
extraction procedure. For each of the genes, we col-
lected SWISS-PROT keywords and carried out motif
search using PROSITE and Pfam databases. The re-
sults were then converted into Gene Ontology terms
for 241 genes. We retrieved information of about 230
cis-elements (for 40 genes) from TRANSFAC and lit-
eratures.  We also obtained information of
transcription start sites (for 34 genes) from EPD. 228
Upstream regions of UV-regulated genes were re-
trieved from the GoldenPath sequence data. We
collected the expression data after UV irradiation,
manually from 149 PubMed abstracts Now, ATAC-
PCR experiments are being performed for 144 genes.
The data will be stored in our database. We are de-
veloping a method for predicting UV-regulated
genes as well as a GUI system for efficient compari-
son between known information and the ATAC-PCR
data.

8. Prediction of co-regulated genes in Bacillus
subtilis on the basis of upstream elements
conserved across three closely related spe-
cies

Goro TERAI, Toshihisa TAKAGI, and Kenta NA-

KAI

Transcriptional regulatory networks in an organ-
ism play an important role for controlling many
biological phenomena, such as development and
proliferation. Even in bacteria, elucidation of such
networks or identification of co-regulated genes is
essential in understanding many cellular processes.
Moreover, it provides hints toward identifying gene
function because co-regulated genes are likely to
function for the same purpose. To identify co-regu-
lated genes, the microarray technique, which enables
us to monitor the expression levels of thousands of
genes in parallel, appears very powerful. However,
even if we can ignore its experimental artifacts, it is
not always easy to set experimental conditions to
identify differential expression patterns of uncharac-
terized genes. Thus, it would be desirable to develop
some computational methods that can supplement
such experimental techniques. Although co-regulat-
ed genes should have at least one common sequence
element, it is generally difficult to identify these
genes from the presence of this element because it is
very easily obscured by noises. To overcome this
problem, we used the conservation information of
three closely related species: Bacillus subtilis, Bacillus
halodurans, and Bacillus stearothermophilus. Our meth-

od consists of two parts; first, we identified Phyloge-
netically Conserved Elements (PCEs) in the
upstream intergenic regions of B.subtilis genes; then,
they were clustered according to the similarity of
PCEs in their upstream region. By comparing our
prediction results with various types of known infor-
mation, such as experimentally verified co-regulated
genes and gene functions, we confirmed that al-
though it is difficult to detect entire set of
co-regulated genes using our method, it could identi-
fy many known and plausible co-regulated genes.
Thus, our approach is promising for exploring po-
tentially co-regulated genes.

9. DBTSS: database for human mRNA transcrip-
tional start sites

Yutaka SUZUKI4, Riu YAMASHITA, Kenta NA-

KAI, and Sumio SUGANO4:4Laboratory of

Genome Structure Analysis

Although the information on full-length cDNAs is
indispensable for analyzing gene function, most of
the cDNA sequences stored in current databases are
imperfect in the sense that they lack the precise infor-
mation on 5' end termini. To overcome this difficulty,
we have developed the oligo-capping method to ob-
tain full-length or 5'-end cDNAs, and constructed
new database DataBase of Transcriptional Start Sites
(DBTSS: http://elmo.ims.u-tokyo.ac.jp/dbtss/).
Among the obtained 217,402 5'-end sequences,
111,382 (7,889 genes) have been corresponded to
cDNA sequences of known genes in a reference se-
quence database, RefSeq. Sequence comparison
between our entries and those of RefSeq sequence
indicates that 4,683 (34 %) of RefSeq sequences
should be extended towards 5'-ends. We also
mapped each sequence on the human draft genome
sequence to identify its transcriptional start site,
which provides us with more detailed information
on distribution patterns of transcriptional start sites
and adjacent regulatory regions. We have found that
transcriptional start sites are very variable, for single,
multiple, tissue specific starts were determined. We
believe that our DBTSS would be very useful for fu-
ture analysis for transcriptional regulation.

10.“Melina” - Novel tool for elucidation of con-
sensus motif in the promoter regions of
functionally related DNA sequences.

Natalia POLULIAKH, Michiko KONNO5, Toshi-

hisa TAKAGI , and Kenta NAKAI:5Ochanomizu

University

Microarray analysis of gene expression profile is
the most systematic experimental approach for iden-
tifying of genes, whose transcription is regulated by
the same transcription factor interacting with DNA
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in a sequence-specific manner. The detection of tran-
scription control elements (motifs) in the promoter
regions requires a powerful computation method
and many programs are available nowadays, thus
creating problems for scientists who try to select an
appropriate method for their needs. But even if the
appropriate program was found the User could not
compose the parameter set useful for his/her eluci-
dation task, and after the algorithm failed at once in
the default mode the User gave up other trials. In trial
to help many biological researches to overcome the
above difficulties we constructed an User-friendly
professional Analyzer, called “Melina” (Motif ELuci-
dator In Nucleotide sequence Assembly), comprises
several famous motif extraction algorithms such as
Consensus, MEME, GIBBS sampler and Coresearch. Re-
sulting outputs of the used algorithms can be
compared at a glance from a very convenient graphi-
cal view, thus facilitating the validation of the
extracted motifs and many parameter sets can be ap-
plied concomitantly to one dataset. Melina is being
tested on artificially constructed datasets, and we
concluded about it capability to solve elucidation
tasks of various difficulty when the optimum param-
eters are defined. Melina is opened to the public
usage (http://elmo.ims.u-tokyo.ac.jp) and we hope
that it can be a helpful and convenient tool for many
biological researchers.

11.Prediction of co-regulated genes in prokaryot-
ic genomes by comparative genomics

Yuko MAKITA, Goro TERAI, Shigeki MITAKU6,

Toshihisa TAKAGI, and Kenta NAKAI:6Tokyo

University of Agriculture and Technology

Short conserved sequence elements located at
promoter regions are often the binding sites for
transcription factors that regulate a group of genes
involved in a similar cellular function. So the pres-
ence of upstream motifs can provide powerful
hypotheses about links in the genetic regulatory
network. These motifs can be discovered computa-
tionally by local alignment of upstream regions of
orthologous genes. We have analysed the co-regu-
lated genes of Bacillus genus with such an approach
(Terai, G., et al.  Genome Biology, 2(11): re-
search0048.1-0048.12 (2001)). In that work, some
plausible co-regulated genes were proposed. This
time, we applied the same method to five closely re-
lated Chlamydia genomes. As a result, we obtained
960 motifs in 898 orthologous gene groups. One of
these motifs corresponded to sigma54 dependent
promoter sequences. Further study will enable us to
identify potentially co-regulated Chlamydia genes.
Our results will complement experiments like DNA
microarrays. We also plan to study other bacterial
genome sequences with the same approach.

12.Extensive feature detection of N-terminal pro-
tein sorting signals

Hideo BANNAI7, Yoshinori TAMADA7, Osamu

MARUYAMA8, Kenta NAKAI, and Satoru

MIYANO7:7Laboratory of DNA Information Anal-

ysis, 8Kyushu University

The prediction of localization sites of various pro-
teins is an important and challenging problem in the
field of molecular biology. TagetP, by Emanuelsson
et al. (2000) is a neural network based system which
is currently the best predictor in the literature for N-
terminal sorting signals. One drawback of neural
networks, however, is that it is generally difficult to
understand and interpret how and why they make
such predictions. Here, we aim to generate simple
and interpretable rules as predictors, and still
achieve a practical prediction accuracy. We adopt an
approach which consists of an extensive search for
simple rules and various attributes which is partially
guided by human intuition. We have succeeded in
finding rules whose prediction accuracies come close
to that of TargetP, while still retaining a very simple
and interpretable form. We also discuss and inter-
pret the discovered rules. An web service is currently
provided at http://www.hypothesiscreator.net/iP-
SORT/

13.Database and network services for sequence
interpretation and information retrieval

a. Wide Area Network

Wide-area computer network is an essential com-
ponent of the infrastructure for genome research.
Thus, we are collaborating with the “GenomeNet”
activity at Kyoto University, in cooperation with the
IMNet and WIDE computer network groups. Cur-
rently, a 6Mbps line from Tokyo to Kyoto and a
6Mbps line to the US are maintained.

b. Computer system

For database and computational services, a super-
computer system is maintained. The system
includes:

• SGI-CRAY T94/4128 (vector computer)
Hitachi SR2201 (massively parallel computer with

distributed memory architecture)
• SGI-CRAY Origin2000 (parallel computer with

distributed shared memory architecture)
• Sun Ultra Enterprise 10000 (parallel computer

with shared memory architecture)
• Sony Petasite (mass storage tape device)
• Sun Ultra1 and SGI Octane (workstations)

c. Database services
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Fukuda, K. and Takagi, T. Knowledge representation
of signal transduction pathways, Bioinformatics
17:829-837, 2001.

Fukuda, K. and Takagi,T. Signal transduction path-
ways and logical inferences, The 2001 Interna-
tional Conference on Mathematics and Engineer-
ing (METMBS2001), 297-303, 2001.

Ono, T., Hishigaki, H., Tanigami, A., and Takagi, T.
Automated extraction of information on protein-
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Suzuki, M., Harada, Y., Hishigaki, H., Wakitani,
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fects of Dmo1 on obesity, dyslipidaemia and
hyperglycaemia in the Otsuka Long Evans
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and Experimental Pharmacology and Physiology
28:28-42, 2001.

Kitamura, O., Furukawa, Y., Tanaka, T., Kihara, C.,
Ono, K., Yanagawa, R., Nita, M. E., Takagi, T.,
Nakamura, Y., nad Tsunoda, T. Alterations of
gene expression during colorectal carcinogenesis
revealed by cDNA microarrays after laser-capture
microdissection of tumor tissues and normal epi-
thelia, Cancer Res. 61:3544-3549, 2001.

Terai, G., Takagi, T., Nakai, K. Prediction of co-regu-
lated genes in Bacillus subtilis on the basis of up-
stream elements conserved across three closely re-
lated species, Genome Biol. 2(11):RESEARCH
0048.1-12, 2001.
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K. DBTBS: A database of Bacillus subtilis promot-
ers and transcription factors, Nucleic Acids Res.,
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Mizuno, H., Tanaka, Y., Nakai, K., and Sarai, A. ORI-
GENE: gene classification based on the evolution-
ary tree, Bioinformatics, 17:167-173, 2001.
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Takagi, T. Assessment of prediction accuracy of
protein function from protein-protein interaction
data, Yeast, 18:523-531, 2001.

Bannai, H., Tamada, Y., Maruyama, O., Nakai, K.,
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blocks in the process of knowledge discovery,
Proc. 14th Int. FLAIRS Conf., 233-238, AAAI Press,
2001.

Yada, T., Totoki, Y., Takagi, T., and Nakai, K. A novel
bacterial gene-finding system with top-class accu-
racy in locating start codons, DNA Res., 8:97-106,
2001.

Miura, F., Yada, T., Nakai, K., Sakaki, Y., and Ito, T.
Differential display analysis of mutants for the
transcription factor Pdr1p regulating multidrug
resistance in the budding yeast, FEBS Lett.,
505:103-108, 2001.

Nakai, K., Prediction of in vivo fates of proteins in the
era of genomics and proteomics, J. Struct. Biol.,
134:103-116, 2001.

高木利久, ゲノム情報科学の目指すもの, 数理科学 No.458,
5-7, 2001.

高木利久 , テキストからの情報抽出と辞書構築・機能デー
タベースとオントロジーの構築に向けて, 榊・小原・大
木・金久・高木・菅野・小笠原編 ゲノムサイエンスの新
たなる挑戦, 蛋白質核酸酵素増刊号, 46:2526-2531, 2001.

小笠原理 , 高木利久 , SNPsデータベース , 高木利久編 ゲノ
ム医科学と基礎からのバイオインフォマティクス, 実験
医学増刊号19:1322-1328, 2001

高井貴子, シグナル伝達パスウェイの情報解析, 計算工学6:
218-221, 2001.

高井貴子, 高木利久, 生命科学のためのオントロジー, 高木
利久編 ゲノム医科学と基礎からのバイオインフォマティ
クス , 実験医学増刊号19:1337-1343, 2001.

中井謙太 , 蛋白質科学におけるバイオインフォマティクス
私論, 中村・森川・鈴木・三浦編 新世紀における蛋白質
科学の進展, 蛋白質核酸酵素増刊号, 46:1488-1495, 2001.

中井謙太 ,  ゲノムに書き込まれたシグナル情報のコン
ピュータ解析 , 榊・小原・大木・金久・高木・菅野・小
笠原編 ゲノムサイエンスの新たなる挑戦, 蛋白質核酸酵
素増刊号 , 46:2544-2549, 2001.

We support various database services through the
Internet (http://www.hgc.ims.u-tokyo.ac.jp/
database.html). Not only standard databases of bio-

logical sequences, structures, and literature, but also
locally-developed smaller databases are made pub-
licly available by either e-mail or WWW.

Publications
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The main project of our laboratory is to identify and collect
human genes en masse in the form of full-length cDNA clones.
The sequence informations of full-length cDNA are indispens-
able for elucidating exon-intron structures as well as
promoters of genes. Furthermore, full-length cDNA clones are
valuable resource for the functional analysis of proteins coded
by the genes. Thus, the direction of our Laboratory is a mass
determination of gene structures and functions. Following are
topics in the year 2001.

1. Identification and isolation of human full-
length cDNA clones by 1 pass sequencing

Yutaka Suzuki, Hiroko Kozuka-Hata, Kiyomi

Yoshitomo-Nakagawa, Junko Mizushima-Sugano,

Tomohiro Hasui and Sumio Sugano

We have sequenced 5' end of randomly picked
cDNA clones from full-length enriched cDNA librar-
ies made by “oligo-capping” method. We have
sequenced about 170,000 clones this year. Of these
clones, about 80% of them contained already known
genes. About 50% of the known clones seemed to be
full. With Helix Institute, we also sequenced about
1,000,000 clones. Now, we have about 20,000 puta-
tive full-length cDNA clones with unknown
function. Using 5' end 1 pass sequence data, we iden-
tified mRNA start sites of 7000 genes and now
making human promoter data using these data.

With FLJ cDNA sequencing consortium, the entire
sequence was determined for 12300 clones out of
20,000. The average length of cDNA is about 2200bp
which distribute from 1kb to 5kb. About half of them
had ORF longer than 120 amino acid residues (AA).
The average ORF length is about 390 AA. About 16%
of these clones had membrane-spanning sequence
and 3.6% signal sequences. Furthermore, about 25 %
of the clones with ORF longer than 120 AA had some
type of motifs or showed some homology to known
proteins. We are also mapping these fully sequenced
clones to the draft sequence of the human genomes.
The sequence data were deposited on the Genbank
database and the clones will be available from sever-

al suppliers.

2. Identification of differentially expressed
genes in metastatic site

Junichi Imai, Manabu Watanabe and Sumio Suga-

no

We have been analyzing differetially expressed
genes in lung metastatic model using differential dis-
play method. Metastasis of a primary tumor is a
multistage process, and the interactions of tumor
cells with host stromal cells must influence this pro-
cess. These interactions may regulate the changes of
the multiple gene expression in both tumor cells and
host stromal cells at the metastasized site. In the
course of characterizing these changes, we have
identified overexpression of the c-met proto-onco-
gene at the metastasized lung by using the mRNA
differential display technique. Immunohistochemi-
cal staining analysis showed that Met protein was
overexpressed in tumor cells at the metastasized site.
The c-met encodes a transmembrane tyrosine kinase
identified as the receptor for hepatocyte growth fac-
tor/scatter factor (HGF/SF). HGF/SF was expressed
in lung tissue. Met proteins were phosphorylated in
metastasized lung. Moreover, c-met was overex-
pressed at transcriptional level, not by a selection
process. Finally, c-met was also overexpressed in
metastasized lung by injection of both MC-1 fibrosa-
rcoma cells and B16 melanoma cells. These findings
suggest that the HGF/SF-Met signaling may be in-
volved in metastasis.
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3. Functional analysis of proteins identified by
full-length cDNA clones

Yoshihiro Omori, Takushi Togashi, Masaaki Oya-

ma, Munetomo Hida, Yutaka Suzuki, Sumio

Sugano

Function of new genes identified by full-length
cDNA clones were first analyzed by sequence ho-
mology. Many cDNA clones showed some degree of
homology with previously known genes. Homology
search revealed that there were significant number of
cDNAs which showed similarity to transcription fac-
tors. Expression analysis showed that some of them
were expressed in a tissue specific manner. These tis-
sue specific transcription factors will be very
interesting targets for the understanding of develop-
ment and the function of tissues.

In order to facilitate the functional analysis of the
proteins, we are now developing a mass expression

Watanabe, J., Sasaki, M., Suzuki Y., Sugano S. FULL-
malaria: a database for a full-length enriched
cDNA library from human malaria parasite, Plas-
modium falciparum. Nucl. Acid Res. 29: 70-71,
2001.

Watanabe, M., Sugano, S, Imai, J., Yoshida, K.,
Onodera, R., Amin, M. R., Uchida, K., Yamaguchi,
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suppression of tumourigenecity, and induction of
differentiation of the canine mammary tumour
cell line by sodium phenylacetate. Res. Vet. Sci. 70:
27-32, 2001
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Otsuki, T., Sugiyama, T., Ota, T., Suzuki, Y.,
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search institute. Nucl. Acid Res. 29: 185-188, 2001.

Moria, S., Tanaka, K., Ohkuma, M., Sugano, S., Kudo,
T. Diversification of the microtubule system in the
early stage of eukaryote evolution: elongation fac-
tor 1 alpha and alpha-tubulin protein phylogeny
o f  t e r m i t e  s y m b i o t i c  o x y m o n a d  a n d
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Shibui, A., Sasaki, M., Sugano, S., Watanabe, J., DNA
vaccine using a full-length cDNA library had ad-
verse effects in murine malaria. J. Med. In press

Harada H, Nagai H, Tsuneizumi M, Mikami I,
Sugano S, Emi M. Identification of DMC1, a novel
gene in the TOC region on 17q25.1 that shows loss
of expression in multiple human cancers. J Hum
Genet. 46: 90-95, 2001.

Choi DK, Suzuki Y, Yoshimura S, Togashi T, Hida M,

capacity of the proteins from cDNA. We are also de-
veloping the “proteomics” capacity for the high
through-put protein identification and interaction
analysis.

4. Monky cDNA project

Munetomo Hida, Yutaka Suzuki, Sumio Sugano

In collaboration with Prof. Momoki Hirai in Facul-
ty of Science and Dr. Katsuyuki Hashimoto in
National Institute of Infectious Diseases, we started
monkey cDNA identification similar to that of hu-
man described above. The target organ for the
isolation of full-length cDNAs is brain. We made
“Oligo-capping” cDNA libraries from various parts
of macaque brain and more than 40,000 cDNA clones
were sequenced at their 5' end and the comparison
between human data is in progress.
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The aim of the research at this laboratory is to establish com-
putational methodologies for discovering and interpreting
information of nucleic acid sequences, proteins and some oth-
er experimental data arising from researches in Genome
Science. Our current concern is to realize a system which can
deal with the relationship between sequence information and
biological functions by extracting biological knowledge encod-
ed on sequences and by using knowledge bases developed so
far. Apart from the research activity, the laboratory has been
providing bioinformatics software tools and has been taking a
leading part in organizing an international forum for Genome
Informatics.

1. Computational Strategies for Analyzing Gene
Expression Profiles

a. Estimation of genetic networks and functional struc-
tures between genes by using Bayesian networks and
nonparametric regression

Seiya Imoto, Takao Goto, Satoru Miyano

We propose a new method for constructing genet-
ic network from gene expression data by using
Bayesian networks. We use nonparametric regres-
sion for capturing nonlinear relationships between
genes and derive a new criterion for choosing the
network in general situations. In a theoretical sense,
our proposed theory and methodology include pre-
vious methods based on Bayes approach. We applied
the proposed method to the S. cerevisiae cell cycle
data and showed the effectiveness of our method by
comparing with previous methods.

b. Selecting informative genes for cancer classification
using gene expression data

Tatsuya Akutsu, Satoru Miyano

Recently, several methods have been proposed for
classification of cancer cells based on gene expres-
sion monitoring by DNA microarrays. In these

methods, not all genes were used for classification,
but several tens of genes that were relevant to class
distinction were selected and used. In this paper, this
selection problem is formalized using threshold
functions for Boolean variables. A simple greedy al-
gorithm is also proposed for the selection problem.
This greedy algorithm was compared with two other
algorithms using real gene expression data obtained
from human acute leukemia patients by Golub et al.
The results of comparison show that the greedy algo-
rithm is as good as the other two algorithms for the
test data set and is much better for the training data
set.

2. Knowledge Discovery Systems

a. Extensive feature detection of N-terminal protein sort-
ing signals

Hideo Bannai, Yoshinori Tamada1, Osamu

Maruyama2, Kenta Nakai, Satoru Miyano:
1Department of Mathematics, Tokai University and
2Department of Mathematics, Kyushu University

The prediction of localization sites of various pro-
teins is an important and challenging problem in the
field of molecular biology. TargetP, by Emanuelsson
et al. (2000) is a neural network based system which
is currently the best predictor in the literature for N-
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terminal sorting signals. One drawback of neural
networks, however, is that it is generally difficult to
understand and interpret how and why they make
such predictions. In this paper, we aim to generate
simple and interpretable rules as predictors, and still
achieve a practical prediction accuracy. We adopt an
approach which consists of an extensive search for
simple rules and various attributes which is partially
guided by human intuition. We have succeeded in
finding rules whose prediction accuracies come close
to that of TargetP, while still retaining a very simple
and interpretable form. We also discuss and inter-
pret the discovered rules. An (experimental) web
service using rules obtained by our method is pro-
vided at http://hypothesiscreator.net/iPSORT/.

b. VML: a view modeling language for computational
knowledge discovery

Hideo Bannai, Yoshinori Tamada1, Osamu

Maruyama2, Satoru Miyano

We present the concept of a functional program-
ming language called VML (View Modeling
Language), providing facilities to increase the effi-
ciency of the iterative, trial-and-error cycle which
frequently appears in any knowledge discovery pro-
cess. In VML, functions can be specified so that
returning values implicitly “remember”, with a spe-
cial internal representation, that it was calculated
from the corresponding function. VML also provides
facilities for “matching” the remembered representa-
tion so that one can easily obtain, from a given value,
the functions and/or parameters used to create the
value. Further, we describe, as VML programs, suc-
cessful knowledge discovery tasks which we have
actually experienced in the biological domain, and
argue that computational knowledge discovery ex-
periments can be efficiently developed and
conducted using this language.

c. Views: fundamental building blocks in the process of
knowledge discovery

Hideo Bannai, Yoshinori Tamada1, Osamu

Maruyama2, Satoru Miyano

We present a novel approach to describe the
knowledge discovery process, focusing on a general-
ized form of attribute called view. It is observed that
the process of knowledge discovery can, in fact, be
modeled as the design, generation, use, and evalua-
tion of views, asserting that views are the
fundamental building blocks in the discovery pro-
cess. We realize these concepts as an object oriented
class library and conduct computational knowledge
discovery experiments on biological data, namely
the characterization of N-terminal protein sorting
signals, yielding significant results.

d. HypothesisCreator: concepts for accelerating the
computational knowledge discovery process

Hideo Bannai, Yoshinori Tamada1, Osamu

Maruyama2, Satoru Miyano

We summarize and discuss the work accom-
plished through the HypothesisCreator project, an
ongoing effort whose aim is to develop systematic
methods to accelerate the computational knowledge
discovery process. A novel approach to describe the
knowledge discovery process, focusing on a general-
ized form of attribute called view, is presented. It is
observed that the process of knowledge discovery
can, in fact, be modeled as the design, generation,
use, and evaluation of views, asserting that views are
the fundamental building blocks in the discovery
process. Also, we note that the trial-and-error cycle
inherent in any knowledge discovery process, can be
formulated as the composing and decomposing of
views. To assist this cycle, a programming language
called VML (View Modeling Language) was de-
signed, providing facilities for this purpose.
Following this view oriented perspective, we de-
scribe our approach to the problem of characterizing
N-terminal protein sorting signals in which we have
obtained significant results.

e. Foundations of designing computational knowledge
discovery processes

Yoshinori Tamada1, Hideo Bannai, Osamu

Maruyama2, Satoru Miyano

We propose a new paradigm for computational
knowledge discovery, called VOX (View Oriented
eXploration). Recent research has revealed that actu-
al discoveries cannot be achieved using only
component technologies such as machine learning
theory or data mining algorithms. Recognizing how
the computer can assist the actual discovery tasks,
we developed a solution to this problem. Our aim is
to construct a principle of computational knowledge
discovery, which will be used for building actual ap-
plications or discovery systems, and for accelerating
such entire processes. VOX is a mathematical ab-
straction of knowledge discovery processes, and
provides a unified description method for the dis-
covery processes. We present advantages obtained
by using VOX. Through an actual computational ex-
periment, we show the usefulness of this new
paradigm. We also designed a programming lan-
guage based on this concept. The language is called
VML (View Modeling Language), which is defined
as an extension of a functional language ML. Finally,
we present the future plans and directions in this re-
search.
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f. More Speed and more pattern variations for knowl-
edge discovery system BONSAI

Hideo Bannai, Keisuke Iida3, Ayumi Shinohara3,

Masayuki Takeda3, Satoru Miyano:3Department of

Informatics, Kyushu University

BONSAI is a machine learning system for knowl-
edge acquisition from positive and negative
examples of strings. A hypothesis generated by the
system is a pair of a classification of symbols called
an alphabet indexing, and a decision tree over regu-
lar patterns, which classifies given examples
(strings) to either positive or negative. The algorithm
of the system consists of two parts: a learning algo-
rithm for constructing a decision tree over regular
patterns, and a local search algorithm for finding a
good alphabet indexing for the production of the de-
cision tree. Our focus here is in the improvement of
the former, increasing both the speed of hypothesis
construction, and the descriptional strength of the
generated hypotheses. It has been reported that the
system has discovered knowledge which can classify
amino acid sequences of trans-membrane domains
and randomly chosen amino acid sequences located
in other parts of the PIR database, with over 90% ac-
curacy. However, in the current implementation,
only substring patterns (i.e. whether or not a string
pattern appears as a substring of the data string) are
searched for, and such patterns may not be powerful
enough for distinguishing between positive and neg-
ative data of a more complex nature. In this paper,
we present a new version of the BONSAI system
which implements several, more powerful variations
of patterns, namely, subsequence patterns, approxi-
mate patterns, and episode patterns. We also
implement an efficient branch-and-bound algorithm
for finding the best pattern which distinguishes be-
tween the positive and negative data sets.

g. Learning conformation rules

Osamu Maruyama2, Takayoshi Shoudai3, Emiko

Furuichi4, Satoru Kuhara5, Satoru Miyano:
4Fukuoka Women’s Jinior College, 5Graduate

School of Genetic Resources Technology, Kyushu

University

Protein conformation problem, one of the hard
and important problems, is to identify conformation
rules which transform sequences to their tertiary
structures, called conformations. Our aim of this
work is to give a concrete theoretical foundation for
graph-theoretic approach for the protein conforma-
tion problem in the framework of a probabilistic
learning model. We propose the conformation prob-
lem as a learning problem from hypergraphs
capturing the conformations of proteins in a loose
way. We consider several classes of functions based

on conformation rules, and show the PAC-learnabil-
ity of them. The refutable PAC-learnability of
functions is discussed, which would be helpful when
a target function is not in the class of functions under
consideration. We also report the conformation rules
learned in our preliminary computational experi-
ments.

3. Biopathway Simulations and Systems Biology

a. XML documentation of biopathways and their simula-
tions in Genomic Object Net

Hiroshi Matsuno6, Atsushi Doi6, Yuichi Hirata, Sa-

toru Miyano:6Faculty of Science, Yamaguchi

University

Genomic Object Net is a software tool for model-
ing and simulating biopathways which employs the
notion of hybrid functional net as its basic architech-
ture. This paper shows how to integrate this basic
architecture with XML documents for biopathway
representations, simulations, and visualizations for
creating a tailor-made simulation environment.

b. Simulation of the pattern formation in multicellular
organism by Genomic Object Net

Atsushi Doi6, Rie Yamane6, Naoyuki Yamasaki6,

Haruka Yoshimori6, Ryutaro Murakami6, Hiroshi

Matsuno6, Satoru Miyano

By using Genomic Object Net, we constructed Del-
ta-Notch mechanism, which is working in a pattern
formation of multicellular organism. In the simula-
tion, the number of the neural precursor cells
increases when the value of Notch signal decreases,
which is thought to represent the situation of Notch
mutation.

c. Biopathway model conversion from E-Cell to Genomic
Object Net

Mika Matsui6, Atsushi Doi6, Hiroshi Matsuno6,

Yuichi Hirata, Satoru Miyano

E-Cell is a cenceputually attractive biosimulation
tool for representing and simulating biopathways.
With E-Cell, Tomita et al. have modeled several bio-
pathways including biochemical reactions in human
erythrocyte, signal transduction for bacterial chemo-
taxis, energy metabolism in mitochondria and
lytic-lysogenic switch network of λ phage. On the
other hand, we developed a tool for representing and
simulating biopathways called Genomic Object Net
which uses hybrid functional Petri net as a basic
mechanism for representing biopathways, where
XML documentation of biopathways and their simu-
latons is also realized as another tool in Genomic
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Object Net. The purpose of this paper is to show a
procedure for converting biopathway models with
E-Cell to the ones executable on Genomic Object Net.
Thus E-Cell can be regarded as a subset of Genomic
Object Net. A conversion program of E-Cell to Ge-
nomic Object Net is being developed.

d. Genomic Object Net: Petri net enhancement for multi-
cellular processes

Yuichi Hirata, Hiroshi Matsuno6, Makiko Sasaki,

Satoru Miyano

Recent study of cell lineage of multi-cellular or-
ganism such as C. elegans shows us that cell-cell
interaction and localization of gene products take
very important role in the development of early em-
bryo. In order to describe such multi-cellular
processes, we extend the software tool Genomic Ob-
ject  Net in which we enhanced the hybrid
parametrized functional Petri net model to extend
the parameter space of elements of Petri net and car-
ry out the dynamical change of Petri net.

e. Automatic acquisition of cell lineage through 4D mi-
corscopy and analysis  of  early  C.  elegans
embryogenesis

Shiichi Onami7, Shugo Hamahashi7, Masao Na-

gasaki, Satoru Miyano, Hiroaki Kitano7:7Kitano

Sybiotic Systems Project, ERATO, JST

Cell lineage analysis is an important technique for
studying the development of multicellular organisms.
We have developed a system that automatically ac-
quires cell lineages of C. elegans from the 1-cell stage
up to approximately the 30-cell stage. The system
utilizes a set of 4D Nomarski DIC microsope images
of C. elegans embryo consisting of more than 50 focal
plane images at each minute for about 2 hours. The
system detects the region of cell nuleus in each of the
images, and makes 3D nucleus regions, each of
which is a complete set of nucleus regions that repre-
sent the same nucleus at the same time point. Each
pair of 3D nucleus regions is then connected, if they
represent the same nucleus and their time points are
consecutive, and the cell lineage is created based on
these connections. The resulting cell lineage consists
of the three-dimensional positions of nuclei at each
time point and their lineage. Encouraged by the per-
formance of our system, we have started systematic
cell lineage analysis of C. elegans, which will produce
a large amount of quantitative data essential for system-
level understanding of C. elegans embryogenesis.
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1. Genes playing significant roles in human can-
cer

a. Genes that are inducible by p53

Hirofumi Arakawa, Hiroshi Nakanishi, Kyong-Ah

Yoon, Kouji Yoshida, Takashi Kimura, Ching C.

Ng, Megumi Iiizumi, Chizu Tanikawa, Keiko

Yamazaki, Yoshio Anazawa and Yusuke Nakamu-

ra

The DNA-damage checkpoint plays a critical role
in preventing genomic instability by regulating the
cell cycle and DNA repair. Inactivation of the check-
point may impair the DNA-repair mechanism and
increase susceptibility of cells to genotoxic agents.
p53, one of the critical checkpoint genes, is frequent-
ly mutated in cancers of various types. Genomic
instability is often observed in cancers carrying p53
mutations, but its mechanism is not fully under-
stood; however, the discovery of p53R2 provided an
important clue for clarifying it. That is, p53 appears
to participate directly in DNA repair by inducing
p53R2 in response to DNA damage. Thus inactiva-
t ion  of  p53  could  direc t ly  inter fere  wi th
damage-induced transcription of p53R2, enhance
mis-incorporation of dNTPs and increase the fre-
quency of mutations, resulting in genomic instability
in cancers where p53 has undergone mutation. We
examined the role of this p53R2-dependent pathway
for DNA synthesis in a p53-regulated cell-cycle

checkpoint, comparing it to R2-dependent DNA syn-
thesis. The elevation of DNA synthesis activity
through RR in response to gamma irradiation was
closely correlated with the level of expression of
p53R2, but not of R2. The p53R2 product accumulat-
ed in nuclei, while R2 levels in cytoplasm decreased.
We found a point mutation of p53R2 in cancer-cell
line HCT116, which resulted in loss of RR activity. In
those cells, DNA damage-inducible apoptotic cell
death was enhanced through transcriptional activa-
t ion of  p53AIP1 .  The results  suggest  that
p53R2-dependent DNA synthesis plays a pivotal
role in cell survival by repairing damaged DNA in
the nucleus, and that dysfunction of this pathway
might result in activation of p53-dependent apopto-
sis to eliminate dangerous cells.

Through direct cloning of p53-binding sequences
from human genomic DNA, we have isolated a novel
gene, designated p53AIP1 (p53-regulated Apoptosis
Inducing Protein 1), whose expression is inducible
by wild-type p53. Ectopically expressed p53AIP1,
which is localized within mitochondria, leads to
apoptotic cell death through dissipation of mito-
chondrial ∆Ψm. We have found that upon severe
DNA damage, Ser46 on p53 is phosphorylated and
apoptosis is induced. In addition, substitution of
Ser46 inhibits the ability of p53 to induce apoptosis,
and selectively blocks expression of p53AIP1. Our
results suggest that p53AIP1 is likely to play an im-
portant role in mediating p53-dependent apoptosis,
and phosphorylation of Ser46 regulates the tran-

The major goal of the Human Genome Project is to identify
genes predisposing to diseases, and develop new diagnostic
and therapeutic tools. We have been attempting to isolate
genes involving in carcinogenesis and also those causing or
predisposing to other diseases such as cardiovascular disease,
bone disease, and some allergic diseases. By means of tech-
nologies developed through the genome project including
high-resolution genetic maps, a large scale DNA sequencing,
and the differential display method, we have isolated a number
of biologically and/or medically interesting genes.
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scriptional activation of this apoptosis-inducing
gene. Ectopic expression of p53AIP1 induced down-
regulation of mitochondrial ∆Ψm and release of
cytochrome c from mitochondria in human cells.
Immunoprecipitation and immunostaining experi-
ments indicated interaction between p53AIP1 and
bcl-2 proteins at mitochondria. Over-expression of
bcl-2 blocked the down-regulation of mitochondrial
∆Ψm and the pro-apoptotic activity of p53AIP1. Our
results implicate p53AIP1 as a pivotal mediator of
the p53-dependent mitochondrial apoptotic path-
way, and suggest that gene therapy involving
p53AIP1 may be useful for treatment of p53-resistant
tumors.

We also isolated a novel p53-inducible gene,
termed p53DINP1 (p53-dependent Damage Induc-
ible Nuclear Protein 1). Cell death induced by DSBs,
as well as Ser46-phosphorylation of p53 and induc-
tion of p53AIP1, were blocked when we inhibited
expression of p53DINP1 by means of an antisense
oligonucleotide. Over-expression of p53DINP1 and
DNA damage by DSBs synergistically enhanced
Ser46-phosphorylation of p53, induction of p53AIP1
expression, and apoptotic cell death. Furthermore,
the protein-complex interacting with p53DINP1 was
shown to have a function to phosphorylate Ser46 of
p53. Our results suggest that p53DINP1 may
regulate p53-dependent apoptosis through phospho-
rylation of p53 at Ser46, serving as a cofactor for the
putative p53-Ser46-kinase.

Cyclin K, a newly recognized member of the
“transcription” cyclin family, may play a dual role
by regulating CDK and transcription. Using cDNA
microarray technology, we found that cyclin K
mRNA was dramatically increased in U373MG, a
glioblastoma cell line deficient in wild-type p53, in
the presence of exogenous p53. An electrophoretic
mobility-shift assay (EMSA) showed that a poten-
tial p53-binding site (p53BS) in intron 1 of the cyclin
K gene could indeed bind to p53 protein. Moreover,
a heterologous reporter assay revealed that the
p53BS possessed p53-dependent transcriptional ac-
tivity. Colony-formation assays indicated that
over-expression of cyclin K suppressed growth of
T98G, U373MG and SW480 cells. The results sug-
gested that cyclin K may play a role in regulating
the cell cycle after being targeted for transcription
by p53.

Interferon regulatory factors (IRFs) regulate tran-
scription of interferon genes through DNA
sequence-specific binding to these targets. Using a
differential display method for examining gene
expression in p53-defective cells infected with aden-
ovirus containing wild-type p53, we found that
expression of interferon regulatory factor 5 (IRF5)
mRNA was increased in the presence of exogenous
p53. An electrophoretic mobility-shift assay showed
that a potential p53 binding site (p53BS) detected in
exon 2 of the IRF5 gene could in fact bind to p53 pro-

tein. Moreover, a heterologous reporter assay re-
vealed that the p53BS possessed p53-dependent
transcriptional activity. Expression of IRF5 was
induced in normal human dermal fibroblast
(NHDF4042) cells when DNA was damaged by
adriamycin or g-irradiation, in a wild-type p53-de-
pendent manner. These results suggest that IRF5 is a
novel p53-target, and that it might mediate the p53-
dependent immune response.

We characterized a gene, termed p53ABC1L (p53-
inducible Activity of bc1 complex Like) that encodes
a 647-amino-acid peptide with significant sequence
similarity to ABC1 (Activity of bc1 complex) in Arabi-
dopsis thaliana and Schizosaccharomyces pombe. The
p53ABC1L product was located in mitochondria, and
colony-formation assays with cancer-cell lines indi-
cated its ability to suppress cell growth. Inhibition of
p53ABC1L expression by transfection with antisense
oligonucleotide significantly reduced the apoptotic
response induced by wild-type p53. These results
suggest that p53ABC1L may play an important role
in mediating p53-inducible apoptosis through the
mitochondrial pathway.

A cDNA-microarray analysis indicated that
semaphorin3B, a gene whose product is involved in
axon guidance and axonal repulsion, is inducible by
p53. Introduction of exogenous p53 into a glioblas-
toma cell line lacking wild-type p53 (U373MG)
dramatically induced expression of Semaphorin3B
mRNA, and introduction of semaphorin3B into oth-
er p53-defective cells reduced the number of
colonies in colony-formation assays. An electro-
phoretic mobility-shift assay and a reporter assay
confirmed that a potential p53-binding site present
in the promoter region had p53-dependent tran-
scriptional activity. Expression of endogenous
semaphorin3B was induced in p53+/+ cells, but not
in p53-/- cells, in response to genotoxic stresses
caused by adriamycin treatment or UV irradiation.
These results suggest that Semaphorin3B might
play some role in regulating cell growth, as a medi-
ator of p53 tumor-suppressor activity.

b. APC, β-catenin, and Axin in human cancer

Yoichi Furukawa, Ryuji Hamamoto, Limeihua,

Meiko Takahashi, Takashi Shimokawa, Tatsushi

Katoh, Nobutomo Miwa, Ryuichiro Yagyu, Suguru

Hasegawa, Takeshi Watanabe, Daisuke Yuki, and

Yusuke Nakamura

Axin, an important regulator of β-catenin, is fre-
quently mutated in human hepatocel lular
carcinomas (HCCs), and transduction of the wild-
type Axin gene (AXIN1) induces apoptosis in HCC
cells as well as in colon cancer cells. To investigate
the detailed biological function of Axin, we searched
on a cDNA microarray for genes whose expression
was altered by transfer of wild-type AXIN1 into co-
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lon-cancer cell line LoVo. Among the genes showing
altered expression, we focused on one, termed
AXUD1 (AXIN1 up-regulated), that revealed en-
hanced expression in response to exogeneously
expressed AXIN1 but not to LacZ, a control gene. The
AXUD1 gene consists of 5 exons and encodes a tran-
script with an open reading frame of 1767 bp. A
3.2-kb transcript of AXUD1 was expressed in all hu-
man tissues examined, most abundantly in lung,
placenta, skeletal muscle, pancreas and leukocyte. By
radiation-hybrid mapping we assigned its chromo-
somal location at 3p22, a region where frequent loss
of heterozygosity has been reported in lung, renal,
prostate, breast and cervical cancers. AXUD1 was
frequently down-regulated in lung, kidney, liver and
colon cancers compared with their corresponding
normal tissues, suggesting that AXUD1 may have a
tumor-suppressor function in those organs.

Analysis by cDNA microarray also indicated that
AF17, a fusion partner of the MLL gene in acute leu-
kemias with t(11;17)(q23;q21), was transactivated
according to accumulation of β-catenin. Expression
of AF17 was significantly enhanced in 8 of the 12 col-
orectal-cancer tissues examined. Introduction of a
plasmid designed to express AF17 stimulated
growth of NIH3T3 cells, and FACS analysis indicated
that the AF17 regulation of cell-cycle progression
was occurring mainly at the G2/M transition. Our
results suggest that the AF17 gene product is likely to
be involved in the β-catenin-Tcf/LEF signaling path-
way and to function as a growth-promoting,
oncogenic protein. These findings should aid devel-
opment of new strategies for diagnosis, treatment
and prevention of colon cancers and acute leuke-
mias, by clarifying the pathogenesis of these
conditions.

The ectodermal-neural cortex 1 (ENC1) gene was
down-regulated in response to Ad-Axin. The pro-
moter activity of ENC1 was elevated approximately
three-fold by transfection of an activated form of β-
catenin as well as by that of the wild type Tcf4 in
HeLa cells. Semiquantitative RT-PCR experiments
revealed that expression of ENC1 was increased in
more than two-thirds of 24 primary colon-cancer tis-
sues we examined compared with corresponding
non-cancerous mucosae. Introduction of exogenous
ENC1 increased the growth rate of HCT116 colon-
cancer cells in serum-depleted medium. In other
experiments, over-expression of ENC1 in HT-29 co-
lon-cancer cells suppressed the usual increase of two
differentiation markers, in response to treatment
with sodium butyrate, a differentiation-inducible
agent. These data suggest that ENC1 is regulated by
the β-catenin/Tcf pathway and that its altered ex-
pression may contribute to colorectal carcinogenesis
by suppressing differentiation of colonic cells.

The Claudin-1 (CLDN1) gene is also shown to be
one of the genes regulated by β-catenin. Not only did
expression of CLDN1 in SW480 colon-cancer cell de-

crease significantly in response to reduction of intra-
cellular β-catenin by adenovirus-mediated transfer
of wild-type APC into the APC-deficient cancer cells,
but two putative Tcf4-binding elements in the 5’
flanking region of CLDN1 were confirmed to be re-
sponsible for activating its transcription. We
documented increased expression of CLDN1 in all 16
primary colorectal cancers we examined, compared
with adjacent non-cancerous mucosae. Our results
imply that Claudin-1 is involved in the β-catenin-
Tcf/LEF signaling pathway, and that increased
expression of Claudin-1 may have some role in col-
orectal tumorigenesis.

The complex signaling pathways leading to re-
modeling of the actin cytoskeleton, a process that
plays a critical role in cell adhesion and migration,
involve many different components. Although mem-
bers of the Rho family of small  guanosine
triphosphatases (Rho-GTPases) have emerged as key
coordinators of these pathways, the precise regulato-
ry mechanisms remain to be resolved. Here we
report isolation of a novel human gene, ARHGAP9,
which encodes a protein containing a Rho-GTPase
activating protein (Rho-GAP) domain, a src-homolo-
gy 3 (SH3) domain, a pleckstrin homology (PH)
region, and a WW domain. In vitro, the recombinant
protein revealed substantial GAP activity toward
Cdc42Hs and Rac1, and less toward RhoA. The tran-
script was predominantly expressed in peripheral
blood leukocytes, spleen and thymus. Exogenous ex-
pression of the entire coding region of ARHGAP9
into human leukemia KG-1 cells repressed adhesion
of the cells to fibronectin, without changing the
amounts of integrins a4, a5 or b1. Our results indicate
that ARHGAP9 is involved in regulating adhesion of
hematopoietic cells to extracellular matrix by way of
Rho-GTPase-mediated signal transduction.

c. Growth suppression of human ovarian cancer cells by
adenovirus-mediated transfer of the PTEN Gene

Motoko Unoki and Yusuke Nakamura

Defects in PTEN, a tumor suppressor, have been
found in cancers arising in a variety of human tis-
sues. To elucidate the tumor-suppressive function of
this gene, we have been analyzing expression pro-
files of cancer cells after introduction of exogenous
PTEN. Those experiments identified 99 candidate
genes that were transcriptionally transactivated.
Among them, we report here the further analyses of
eight genes, EGR2/Krox-20, BPOZ, APS, HCLS1/HS1,
DUSP1/MKP1, NDRG1/Drg1/RTP, NFIL3/E4BP4,
and a novel gene (PINK1, PTEN-induced putative ki-
nase). Expression of six of them (PINK1, EGR2,
HCLS1, DUSP1, BPOZ and NFIL3) was decreased in
ovarian tumors compared with corresponding nor-
mal tissues. Colony-formation assays using plasmid
clones designed to express each gene indicated that
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EGR2 and BPOZ were able to suppress growth of
cancer cells significantly; in particular, cancer-cell
lines stably expressing BPOZ grew more slowly than
control cells containing mock vector. Flow cytometry
suggested that over-expression of BPOZ inhibited
progression of the cell cycle at the G1/S transition.
Anti-sense oligonucleotides for BPOZ or EGR2 effec-
tively inhibited their expression, and cell growth was
accelerated. Therefore both genes appear to be novel
candidates as mediators of the PTEN growth-sup-
pressive signaling pathway.

d. cDNA microarray analysis of cancer

Toyomasa Katagiri, Hitoshi Zenbutsu, Yoichi Fu-

rukawa, Toshihiro Tanaka, Tatsuhiko Tsunoda,

Takehumi Kikuchi, Satoshi Kakiuchi, Toru Naka-

mura, Koichi Okada, Kensuke Ochi, Yasuyuki

Kaneta, Kenichi Horikoshi, Satoshi Nagayama,

Toshihisa Takagi, and Yusuke Nakamura

To disclose detailed genetic mechanisms in hepa-
tocellular carcinoma (HCC) with a view toward
development of novel therapeutic targets, we ana-
lyzed expression profiles of 20 primary HCCs and
their corresponding non-cancerous tissues by
means of cDNA microarrays consisting of 23,040
genes. Up-regulation of mitosis-promoting genes
was observed in the majority of the tumors exam-
ined. Some genes showed expression patterns in
HBV-positive HCCs that were different from those
in HCV-positive HCCs; most of them encoded en-
zymes that metabolize carcinogens and/or
anti-cancer agents. Furthermore, we identified a
number of genes associated with malignant histo-
logical type or invasive phenotype. Accumulation
of such data will make it possible to define the na-
ture of individual tumors, to provide clues for
identifying new therapeutic targets, and ultimately
to optimize treatment of each patient. From among
the transcripts that were commonly up-regulated in
these tumors we identified a novel human gene at
chromosomal band 1p36.13, termed DDEFL1 (de-
ve lopment  and di f ferent ia t ion  enhanc ing
factor-like 1), encoding a product that shared struc-
tural features with centaurin-family proteins. The
deduced 903-amino-acid sequence showed 46% ho-
mology to DDEF/ASAP1 (development and
differentiation enhancing factor), and contained an
Arf GTPase-activating protein (ArfGAP) domain
and two ankyrin repeats. Gene transfer of DDEFL1
promoted proliferation of cells that lacked endoge-
nous expression of this gene. Furthermore,
reduction of DDEFL1 expression by transfection of
anti-sense S-oligonucleotides inhibited the growth
of SNU475 cancer cells, in which DDEFL1 expres-
sion was highly up-regulated. Our results provide
novel insight into hepatocarcinogenesis and may
contribute to development of new strategies for di-

agnosis and treatment of HCC.
We also isolated a novel human gene, termed

MARKL1 (MAP/microtubule affinity-regulating kinase
like 1), whose expression was down-regulated in re-
sponse to decreased Tcf/LEF1 activity. The
transcript expressed in liver consisted of 3,529 nucle-
otides that contained an open reading frame of 2,256
nucleotides, encoding 752 amino acids homologous
to human MARK3. Expression levels of MARKL1
were markedly elevated in 8 of 9 HCCs in which nu-
clear accumulation of β-catenin were observed,
which may suggest that MARKL1 plays some role in
hepatocelular carcinogenesis.

In spite of intensive and increasingly successful
attempts to determine the multiple steps involved in
colorectal carcinogenesis, the mechanisms responsi-
ble for metastasis of colorectal tumors to the liver
remain to be clarified. To identify genes that are can-
didates for involvement in the metastatic process, we
analyzed genome-wide expression profiles of ten
primary colorectal cancers (CRCs) and their corre-
sponding metastatic lesions by means of a cDNA
microarray consisting of 9121 human genes. This
analysis identified 40 genes whose expression was
commonly up-regulated in metastatic lesions, and
seven that were commonly down-regulated. The up-
regulated genes encoded proteins involved in cell
adhesion, or remodeling of the actin cytoskeleton.
Investigation of the functions of more of the altered
genes should improve our understanding of me-
tastasis and may identify diagnostic markers and/or
novel molecular targets for prevention or therapy of
metastatic lesions.

To explore genes that determine the sensitivity of
cancer cells to anticancer drugs, we investigated us-
ing cDNA microarrays the expression of 9,216 genes
in 39 human cancer cell lines pharmacologically
characterized upon treatment with various antican-
cer drugs. A bioinformatical approach was then
exploited to identify genes related to anticancer-drug
sensitivity. An integrated database of gene expres-
sion and drug sensitivity profiles was constructed
and used to identify genes with expression patterns
that showed significant correlation to patterns of
drug responsiveness. As a result, sets of genes were
extracted for each of the 55 anticancer drugs exam-
ined. While some genes commonly correlated with
various classes of anticancer drug, other genes corre-
lated only with specific drugs with similar
mechanisms of action. This latter group of genes may
encode molecules that are key determinants in the
intrinsic susceptibility of cancer cells to particular
drugs. Therefore, the integrated database approach
of gene expression and chemosensitivity profiles
may be useful in the development of systems to pre-
dict anticancer drug susceptibility, as well as be a
powerful tool in the discovery of novel targets for
cancer chemotherapy.

One of the most critical issues to be solved in re-
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gard to cancer chemotherapy is the need to establish
a method for predicting efficacy or toxicity of anti-
cancer drugs for individual patients. To identify
genes that might be associated with chemosensitivi-
ty, we used a cDNA microarray representing 23,040
genes to analyze expression profiles in a panel of 85
cancer xenografts derived from nine human organs.
The xenografts, implanted into nude mice, were ex-
amined for sensitivity to nine anti-cancer drugs
(5FU, ACNU, ADR, CPM, DDP, MMC, MTX, VCR,
and VLB). Comparison of the gene-expression pro-
files of the tumors with sensitivities to each drug
identified 1578 genes whose expression levels corre-
lated significantly with chemosensitivity; 333 of
those genes showed significant correlation with two
or more drugs and 32 correlated with six or seven
drugs. These data should contribute useful informa-
tion for identifying predictive markers for drug
sensitivity that may eventually provide “personal-
ized chemotherapy” for individual patients as well
as for development of novel drugs to overcome ac-
quired resistance of tumor cells to chemical agents.

We further applied cDNA microarray analyses of
9,216 genes to establish a genetic method for predict-
ing the outcome of adjuvant chemotherapy to
esophageal cancers. We analyzed expression profiles
of 20 esophageal-cancer tissues from patients who
were treated with the same adjuvant chemotherapy
after removal operation of tumor, and attempted to
find genes associated with the duration of survival
after surgery. By comparing expression profiles of
those cancer tissues, we identified by statistical anal-
ysis 52 genes that were likely to be correlated with
prognosis and possibly with sensitivity/resistance to
the anti-cancer drugs. We further developed a "drug
response score (DRS)" on the basis of differential ex-
pression of these genes and found a significant
correlation between DRS and individual patients’
prognoses. Our results indicated that this scoring
system, based on microarray analysis of selected
genes, is likely to have great potential for predicting
the prognosis of individual cancer patients with the
adjuvant chemotherapy.

2. Genes responsible for other diseases

a. Bronchial asthma

Sachiyo Takeoka, Motoko Unoki , Yoshihiro Onou-

chi , Satoru Doi2, Hiroshi Fujiwara2, Akihiko

Miyatake3, Kimie Fujita4, Ituro Inoue1, Yusuke Na-

kamura, and Mayumi Tamari:1Division of Genetic

Diagnosis, Institute of Medical Science, University

of Tokyo, Minato-ku, Tokyo, Japan;2Osaka Prefec-

tural Habikino Hospital, Osaka, Japan;3Miyatake

Asthma Clinic, Osaka, Japan;4College of Nursing,

University of Shiga, Japan

The complex etiology of bronchial asthma (BA),

one of the most common inflammatory diseases
throughout the world, involves a combination of
various genetic and environmental factors. A num-
ber of linkage and association studies have been
performed to shed light on the genetic background
of BA, but the genetic aspects are still poorly under-
stood. In the course of a project to screen the entire
human genome for single nucleotide polymor-
phisms (SNPs) that might represent useful markers
for large-scale association analyses of common dis-
eases and pharmacogenetic traits, we identified six
SNPs within the gene encoding IkB-associated pro-
tein (IKAP), a regulator of the NF-kB signal pathway.
Most of the SNPs were in linkage disequilibrium
each other. A strong allelic association between BA
in childhood and two SNPs, T3214A (Cys1072Ser)
and  C3473T  (Pro1157Leu) ,  was  observed
(P=0.000004 for T3214A and P=0.0009 for C3473T).
T3214A was also associated with BA in adult
(P=0.000002), while C3473T was not (P=0.056). To
confirm the above results, haplotype frequencies
with six SNPs were estimated and compared be-
tween BA patients and controls. A strong association
with the BA in childhood and a specific haplotype,
819T, 2295G, 2446A, 2490A, 3214A, and 3473T (hap-
lotype TGAAAT), (P=0.00004, Odds ratio 2.94,
95%CI=2.48-3.4), where two amino-acid substitu-
tions are present. Interestingly, the other haplotype
TACGTC, in which the last five nucleotides were dif-
ferent from the haplotype TGAAAT, was inversely
correlated with the BA phenotype (P=0.002, Odds
ratio 9.83, 95%CI=8.35-11.31). These results indicated
that specific variants of the IKAP or a variant in link-
age disequilibrium with the specific haplotype might
be associated with mechanisms responsible for early-
onset BA.

b. Rheumatoid arthritis

Ryo Yamada1, Toshihiro Tanaka, Motoko Unoki,

Tatsuo Nagai2, Tetsuji Sawada2, Yozo Ohnishi,

Tatsuhiko Tsunoda1, Masao Yukioka3, Akira

Maeda4, Kenji Suzuki2, Hiroomi Tateishi4, Taka-

hiro Ochi5,  Yusuke Nakamura,  Kazuhiko

Yamamoto2:1SNP Research Center, Institute of

Physical and Chemical Research (RIKEN), Tokyo,

Japan;2Department of Allergy and Rheumatology,

Graduate School of Medicine, University of

Tokyo;3Department of Orthopedic Surgery,

Yukioka Hospital;4Sasayama-Hospital, Hyogo

College of Medicine;5Department of Orthopedics,

Osaka University Medical School

Genetic variants of interleukin-3 (IL-3), a well-
studied cytokine, may have a role in the
pathophysiology of rheumatoid arthritis (RA) but
reports on this association sometimes conflict. We
designed a case-control study to investigate asso-
ciation between RA and a single nucleotide
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polymorphism (SNP) in the IL-3 promoter region.
Comparison of RA cases with controls yielded a
chi square value of 14.28 (p=0.0002) with a geno-
type relative risk of 2.24 [95% CI, 1.44, 3.49]. When
we compared younger-onset female cases with fe-
male controls, the SNP revealed an even more
significant correlation, with a chi square value of
21.75 (p=0.000004) and a genotype relative risk of
7.27 [2.80, 18.89]. The stronger association we ob-
served in this clinically distinct subgroup
(females, early onset) within a region where link-
age disequilibrium was not significantly extended
suggested that the genuine RA locus should locate
within or close to the IL-3 gene. We combined ge-
notypic data for SNPs on eight other candidate
genes with our IL-3 results, to estimate relation-
ships  between pairs  of  loc i  and RA by
maximum-likelihood analysis. We discuss here
the utility of combining genotypic data in this way
to identify possible contributions of various genes
to this disease.

c. IgA nephropathy
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Although intensive efforts have been undertaken
to elucidate the genetic background of IgA nephrop-
athy (IgAN), genetic factors associated with the
pathogenesis of this disease are still not well under-
stood. We designed a case-control association study
on the basis of linkage disequibrium among single-
nucleotide polymorphisms (SNPs) in the selectin
gene cluster on chromosome 1q24-25, and found two
SNPs in the E-selectin gene (SELE8, SELE13) and six
in the L-selectin gene (SELL1, SELL4, SELL5, SELL6,
SELL10 and SELL11) that were significantly associat-
ed with IgAN in Japanese patients. All eight SNPs
were in almost complete linkage disequilibrium.
SELE8 and SELL10 caused amino-acid substitutions
from Tyr to His and from Pro to Ser (χ2=9.02,
p=0.0026, odds ratio=2.73 (95%CI; 1.38-5.38) and
χ2=17.4, p=0.000031, odds ratio=3.61 (95%CI; 1.91-
6.83)), respectively, and SELL1 could affect promoter
activity of the L-selectin gene (χ2=19.5, p=0.000010,
odds ratio=3.77 (95%CI; 2.02-7.05)); the TGT haplo-
type at these three loci was associated significantly
with IgAN (χ2=18.67, p=0.000016, odds ratio=1.88
(95%CI; 1.41-2.51)). Our results suggest that these
eight SNPs in selectin genes may be useful for
screening populations susceptible to the IgAN phe-
notype that involves interstitial infiltration.
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Human Genome Center

Laboratory of Sequence Analysis

With the rapid growth of sequencing techniques for the ge-
nomes of a great number of species, it becomes more
important to understand coding principles of biological infor-
mation in the genome sequences. The main mission of our
laboratory is to develop the techniques to extract such coding
principles by using the data-mining techniques, the theory of
deterministic dynamics and the statistical analysis.

1. HGREP: Human Genome REconstruction
Project

Tetsushi YADA, Yasushi TOTOKI, Yoshiyuki

SAKAKI and Toshihisa TAKAGI

On February 2001, working draft sequences which
are estimated to cover 90% of the human genome
were released, and the time was ripe for tracing the
outline of the genome and for finding genes. Howev-
er, since these sequences are too fragmentary, we
cannot use them in raw format for the above purpos-
es. Therefore, we launched a new project named
HGREP (Human Genome REconstruction Project). In
HGREP, (1) we sort the draft sequences by chromo-
some and assemble them, and (2) we make
annotations such as genes and repeats on the se-
quences. These results are distributed via internet
(http://hgrep.ims.u-tokyo.ac.jp/) and are continu-
ously updated.

Although other research groups are doing similar
attempts, such as Ensembl (http://www.ensembl.org/
), HGREP is unique in the following points: (1) En-
sembl assembles the draft sequences based on DNA
fingerprint data, while HGREP assembles them
based on sequence similarity; Therefore, HGREP
realizes the reliable reconstruction of human chro-
mosomes; (2) HGREP annotates genes by using a
novel gene finding program named DIGIT; DIGIT
enables us to predict exact gene structures with 10%
higher accuracy compared to existing gene finding
programs.

HGREP is a joint project between the Laboratory
of Genome Database (Human Genome Center, IMS,

the University of Tokyo) and the Human Genome
Research Group (Genomic Sciences Center, RIKEN).

2. DIGIT: Digit Integrates Gene Identification
Tools

Tetsushi YADA, Yasushi TOTOKI, Yoshio TA-

KAEDA, Yoshiyuki SAKAKI and Toshihisa

TAKAGI

We have developed a general purpose algorithm
which finds genes by combining plural existing
gene-finders. The algorithm has been implemented
into a novel gene-finder named DIGIT (Digit Inte-
grates Gene Identification Tools).

An outline of the algorithm is as follows. First, ex-
isting gene-finders are applied to an uncharacterized
genome sequence (input sequence). Next, DIGIT
produces all possible exons from the results of gene-
finders, and assigns them their reading frames and
scores. Finally, DIGIT searches a set of exons whose
additive score is maximized under their reading
frame constraints. Bayesian procedure and hidden
Markov model are used to infer scores and search
exon set, respectively.

We have designed DIGIT so as to combine FGE-
NESH, GENSCAN and HMMgene, and have
assessed its prediction accuracy by using recently
compiled data sets. For all data sets, it has been re-
vealed that DIGIT successfully discarded many false
positive exons predicted by gene-finders and yielded
remarkable improvements in sensitivity and speci-
ficity at the gene level compared with the best gene
level accuracies achieved by any single gene-finder.
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3. Quadtree Representation of DNA Sequences

Natsuhiro ICHINOSE, Tetsushi YADA and Toshi-

hisa TAKAGI

Since we can access large-size genome sequences
today, it becomes possible to analyze them not only
by a deductive approach but also by an inductive
approach. In the deductive approach, we first as-
sume a hypothesis of biological dynamics, then we
verify whether or not it can explain the sequence
data. On the other hand, we try to extract the biolog-
ical information from the sequence data heuristically
by observing them directly in the inductive ap-
proach.

In order to realize a tool for the inductive ap-
proach, we study a method of quadtree representation.
The quadtree representation is a visualization tool of
oligonucleotide frequencies, which provides us a
method to find qualitative characteristics in se-
quence data heuristically.

In the quadtree representation, the oligonucletide
frequencies are arranged in a regular square hierar-
chically. Then the position of each oligonucletide
sequence is topologically preserved for the measure
space of its distance. Therefore we can obtain not
only a property of a single oligonucleotide sequence
but also the relation between sequences whose char-
acteristics are represented in the measure space. In
this work, we developed the method by which we
can extract the characteristics of longer oligonucle-
tide sequence, by using the Nth-order Markov model
as the expectation value. We showed the following
results for the human chromosome 21: A type of the
dinucleotide repeats with mutations, which is ex-
pressed as ([AG][CT])+ in regular expressions, is
over-represented; Another type ([AC][GT])+, how-
ever, is not over-represented. This is because the
mutations have the transition-transversion skew-

ness. It is interesting that the characteristics of muta-
tions can be observed in a single sequence.

As future works, we will develop the statistical
comparison method between a pair of distinct se-
quences such as those of distinct species, distinct
sequence regions (coding region and promoter re-
gion) and so on. We will also introduce statistical
tests into our method.

4. A Design Method of Model Gene Networks

Natsuhiro ICHINOSE and Kazuyuki AIHARA1:
1Graduate School of Frontier Science, The Univer-

sity of Tokyo

Gene networks play an important role of biologi-
cal functions in human and other species. In order to
understand its biological dynamics and apply it to
genetic engineering such as gene therapy, we study a
method to design model gene networks.

Because gene networks should be directly con-
trolled in the gene therapy, it is important to
understand their characteristics. Furthermore, we
think that it is necessary that the gene networks are
controlled by themselves, because the object of the
therapy is tiny cells and the autonomous controls are
required. Therefore our purpose in this work is to
develop the method to design model gene networks
from given gene expression data in order to obtain
the fundamental knowledge of such genetic engi-
neering.

Using continuous-time switching networks as the
model, we showed that the networks can be con-
structed from binary switching data corresponding
to gene expressions in continuous time by using the
optimization methods. We also showed that even if
there is a known partial structure in the networks,
the construction can be done with preserving its
structure.
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Human Genome Center

Laboratory of Functional Genomics

We are interested in sequence-based analysis of human ge-
nome, functional analysis of the yeast genome, molecular
mechanism regulating mammalian circadian rhythms, and the
hunting of genes with unique expression patterns.

1. Sequence analysis of human chromosome 21

Kunihiko Takamatsu, Kouhei Maekawa, Tadayuki

Takeda1, Masahira Hattori1, Todd Taylor1 and

Yoshiyuki Sakaki:1RIKEN, Genomic Sciences Cen-

ter, Yokohama

Comprehensive knowledge of the gene content of
human Chromosome 21 (HSA21) is essential for un-
derstanding the etiology of Down syndrome (DS).
We have done the largest comparison of finished
mouse and human sequence to date for a region of
1.35 Mb mouse Chromosome 16 (MMU16) that is
conserved with human Chr 21q22.2. This is corre-
sponds to a portion of a commonly described “DS
critical region,” thought to contain a gene or genes
whose dosage imbalance contributes to a number of
DS phenotypes. We utilized comparative sequence
analysis to construct a “DNA features” map of this
region which includes all known genes, plus 144 con-
served sequences (CSs) ≥ 100bp long that show ≥ 80%
identity between mouse and human but do not
match known exons. EST and cDNA evidence pro-
vides the first annotation indicating that twenty of
these 144 CSs are transcribed sequences from Chr 21.
Eight putative CpG islands are found in conserved
positions. Using conditions for comparative se-
quence analysis that identified portions of every
previously identified gene in the region, two HSA21
genes, DSCR4 and DSCR8, do not have counterparts
at the corresponding positions on MMU16 nor else-
where in the mouse genome. Our findings have
implications for evolution and for modeling the ge-
netic basis of DS in mice.

2. Identification of methylation imprints on hu-
man chromosome 21 through a comprehensive
analysis of CpG islands

Yoichi Yamada, Hidemi Watanabe1, Takashi Ito2,

Yoshiyuki Sakaki:1RIKEN, GSC;2Cancer Re-

search Institute, Kanazawa Univ.

Imprinted genes are often associated with DNA
regions subject to allele-specific methylation, termed
differentially methylated region (DMR) or methyla-
tion imprints, which often share structural features
such as tandemly repeats and CpG island-like base
composition. Because CpG islands generally lie near
promoter regions and escape methylation, monoal-
lelically methylated DMRs and the islands on
inactivated X chromosome in female stand for excep-
tions:  cells  thus bear both methylated and
unmethylated alleles for these islands and hence dis-
play composite pattern upon methylation analysis. It
is thus conceivable that screening for CpG islands
with composite methylation pattern serves as a novel
method to identify DMRs and associated imprinted
genes. To screen for such islands, we developed a
novel HpaII-McrBC PCR method by exploiting the
complementary nature of HpaII, which cuts the un-
methylated DNA, and McrBC, which digests the
methylated one. We applied the method to a compre-
hensive methylation analysis of 146 CpG islands on
human chromosome 21. While most islands escape
methylation as expected, 21 and 15 CpG islands dis-
play complete and composite methylation patterns,
respectively. Intriguingly, a positive correlation was
observed between these methylated islands and the
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repeated structure. From the 15 islands showing
composite methylation pattern, we have so far con-
firmed that 3 islands are indeed subject to
allele-specific methylation. Furthermore, for one of
such islands, we proved that the methylated allele is
derived from the maternal lineage using a SNP and
an informative pedigree. These DMRs may indicate
the presence of here-to-fore unidentified or unpre-
dicted imprinted genes on this chromosome. This
approach would provide a novel way to identify
DMRs or methylation imprints and hence novel im-
printed genes in the human genome.

3. Toward a quantitiative analysis of gene ex-
pression networks in the budding yeast

Fumihito Miura, Miyuki Onda, Kazuhisa Ota1,

Takashi Ito1, and Yoshiyuki Sakaki:1Cancer Re-

search Institute, Kanazawa Univ.

For the systematic analysis of gene regulatory net-
works, we developed a PCR-based knock-in strategy
to make a transcription factor constitutively active by
replacing its activation domain with that of VP16.
This strategy would facilitate the search of down-
stream target genes even in the absence of activating
signals from upstream, which cannot be known a
priori for the novel transcription factors revealed for
the first time by genomic sequencing. The power of
the strategy was demonstrated in the study of PDR1
regulating multidrug resistance in the budding
yeast. Furthermore, we applied the strategy to the
analysis of uncharacterized transcription factors
YRR1 and YOR172W to reveal their unique partici-
pation in multidrug resistance. On the other hand,
we are developing a unique adapter-tagged compet-
itive PCR using genomic DNA as a standard for the
absolutely quantitative description of the transcrip-
tome. Integration of these strategies with chromatin
immuno-precipitation technique would allow us to
collect data on the “input” (i.e. stauts of binding of
transcription factors to the promoter in vivo) and
“output” (i.e. transcripts) of gene expression in a ge-
nome-wide scale. Such a dataset would help us
understand the logic of gene expression network in a
quantitative manner.

4. Screening for imprinted genes by Allelic Mes-
sage Display

Yuriko Hagiwara, Aya Nakayama, Takashi Ito1

and Yoshiyuki Sakaki:1Cancer Research Institute,

Kanazawa Univ.

Various human diseases are known to have the
feature of differential expression of the phenotype,
depending on the parent of origin. Such diseases in-
clude not only well-defined genetic disorders like
Prader-Willi/Angelman syndrome but also unstable

triplet repeat diseases and common diseases such as
insulin-dependent diabetes mellitus, atopy, bipolar
affective disorder and various malignant tumors.
Thus the systematic screening for imprinted genes
would accelerate the identification of genes involved
in these diseases. We developed a unique Allelic
Message Display (AMD) screening for imprinted
genes and identified a novel paternally expressed
gene Impact and some known genes Snrnp, Peg3, Igf2r
and Necdin. In additon to them, 24 maternally ex-
pressed genes and 18 paternally expressed genes
identified by improved-AMD using nuclear-trans-
planted mice are now being analyzed.

5. Mutation analysis of the Genes Encoding Dys-
trophin Associated Protein Complex in the
Pathogenesis of Human Idiopathic Cardiomy-
opathy

Yuepeg Wang, Hisashi Hagiwara, Yuko Mitani,

Yoshiyuki Sakaki

Idiopathic cardiomyopathy, one of the common
heart diseases resulting in heart failure and sudden
death, is divided into hypertrophic (HCM) and dilat-
e d  ( D C M )  c a r d i o m y o p a t h y .  T h e  g e n e t i c
abnormalities would account for about 50~70% of
the diseases. Although both diseases are genetically
heterogenerous, the most common abnormalities
have been reported to involve mutations in the genes
encoding dystrophin associated protein complex
and sarcomere proteins. Dystrophin associated pro-
tein complex in the cardiac muscle consists of alpha-
and beta-dystroglycans, alpha-, beta-, gamma- and
delta-sarcoglycans, and dyntrophin. The complex is
believed to play a key role in maintaining the normal
architecture of the muscle sarcolemma by constitut-
ing a link between the subsarcolemmal cytoskeleton
and the extracellular matrix. Previous studies have
documented a disruption in the integrity of the com-
plex in the skeletal and cardiac muscle in the Syrian
hamster, a model animal of HCM and DCM. Recent-
ly, mutations in this complex have been reported to
be the etiology of cardiomyopathies in the model an-
imals. But in human, the mutation and the role in
cardiomyopathies remain to be elucidated. There-
fore, we aimed to explore whether these genes are
mutated and are involved in the pathogenesis of
HCM and/or DCM in Japanese patients. We have
determined the genome structure of one of these
genes. Now we are accumulating the DNA samples
from patients and normal controls and are screening
mutations in the genes in both encoding and promot-
er regions. By functional analysis of promoter
activity and protein interactions, the role of positive
mutations in the pathogenesis of human cardiomyo-
pathies will be clarified.

6. Molecular mechanisms regulating mammalian



155

International Human Genome Sequencing Consor-
tium. Initial sequencing and analysis of the human
genome. Nature 409: 860-921

Levanon, D., Glusman, G., Bangsow, T., Ben-Asher,
E., Male, D.A., Avidan, N., Bangsow, C., Hattori,
M., Taylor, T.D., Taudien, S., Blechschmidt, K.,
Shimizu, N., Rosenthal, A., Sakaki, Y., Lancet, D.
and Groner, Y.: Architecture and anatomy of the
genomic locus encoding the human leukemia-as-
sociated transcription factor RUNX1/AML1.
GENE 262: 23-33 (2001).

Uematsu, C., Nishida, J., Okano, K., Miura, F., Ito, T.,
Sakaki, Y. & Kambara, H.: Multiplex polymerase
chain reaction (PCR) with color-tagged module-
shuffling primers for comparing gene expression
levels in various cells. Nucleic Acids Res. 29, e84
(2001).

Miura, F., Yada, T., Nakaki, K., Sakaki, Y. & Ito, T.:
Differential diaplay analysis of mutants for the
transcription factor Pdr1p regulating multidrug
resistance in the budding yeast. FEBS Lett. 505:
103-108 (2001).

circadian clock
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Many biochemical, physiological and behavioral
processes in many organisms exhibit circadian
rhythms. Circadian rhythms are driven by autono-
mous oscillators and entrained by daily light-dark
cycles. The transcription of Per1, a mammalian clock
gene, oscillates in a circadian manner in the mouse
suprachiasmatic nucleus (SCN; the central pacemak-
er of the mammalian circadian clock) with a peak in
the daytime and a trough at night. In addition, the
expression of mPer1 in the SCN is induced immedi-
ately by a light pulse even at night. Function of the
circadian expression of the mammalian Per1 gene is a
key question for the regulation of circadian rhythms.
For elucidation of the molecular mechanisms con-
trolling the mammalian circadian clock, the genomic
sequences of the human and mouse Per1 genes in
addition to their transcriptional start sites have been
determined. Both of the genomic sequences consist
of 23 exons spanning approximately 16 kb. Compari-
sons of both genes revealed five and one conserved
segments in the 5’ flanking regions and the first in-
trons, respectively. These conserved segments
contained several potential regulatory elements such
as five E-boxes (the binding site for the Clock-Bmal1
complex). Transfection analyses using a series of de-

letion and point mutants of the mPer1::luc reporter
showed that each of the five E-boxes was functional
for the Per1 induction mediated by Clock and Bmal1.
Second, We generated a Per1::luc transgenic rat line
in which luciferase is rhythmically expressed under
the control of the mouse Per1 promoter, and have
used it to study mammalian circadian organization.
Light emission from cultured suprachiasmatic nuclei
(SCN) of these rats was invariably and robustly
rhythmic. Circadian rhythm light emission from the
SCN followed light cycle shifts more rapidly than
did the rhythm of locomotor behavior. Liver, lung,
and skeletal muscle expressed damped circadian
rhythms in vitro. We hypothesize that self-sustained
circadian oscillators in the SCN entrain damped cir-
cadian oscillators in the periphery to maintain
adaptive phase control. Third, we constructed trans-
genic rat lines with constitutive expression of the
mouse Per1 gene using Elongation 1 alpha or Neural
specific enolase promoters. Both the circadian period
of locomoter activity and entrainment to light-dark
cycles were severely affected in several transgenic
lines. In addition, we measured the expression of the
native (rat) Per1 and Per2 genes in the SCN and retina
of the transgenic lines under DD conditions. The cir-
cadian expression of endogenous Per1 and Per2
genes was diminished in the transgenic lines. These
results clearly indicate that the circadian expression
and light induction of the mammalian Per1 gene is
involved in rhythm generation and/or entrainment
of the circadian clock.
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