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Owing to continuous developments of high-throughput experimental technologies,
ever-increasing amounts of data are being generated in functional genomics and
proteomics. We are developing a new generation of databases and computational
technologies, beyond the traditional genome databases and sequence analysis
tools, for making full use of such large-scale data in biomedical applications, espe-
cially for elucidating cellular functions as behaviors of complex interaction systems.

1. Comprehensive repository for community
genome annotation

Toshiaki Katayama, Mari Watanabe and Mi-
noru Kanehisa

KEGG DAS is an advanced genome database
system providing DAS (Distributed Annotation
System) service for all organisms in the
GENOME and GENES databases in KEGG
(Kyoto Encyclopedia of Genes and Genomes).
Currently, KEGG DAS contains genome se-
quences of over 300 organisms. The KEGG DAS
server provides gene annotations linked to the
KEGG PATHWAY and LIGAND databases, as
well as the SSDB database containing paralog,
ortholog and motif information. In addition to
the coding genes, information of non-coding
RNAs predicted using Rfam database is also
provided to fill the annotation of the intergenic
regions of the genome. We have been develop-

ing the server based on several open source soft-
wares including BioRuby, BioPerl, BioDAS and
GMOD/GBrowse to make the system consistent
with the existing open standards. The contents
of the KEGG DAS database can be accessed
graphically in a web browser using GBrowse
GUI (graphical user interface) and also pro-
gramatically by the DAS protocol. The DAS,
which is an XML over HTTP data retrieving
protocol, enables the user to write various kinds
of automated programs for analyzing genome
sequences and annotations. For example, by
combining KEGG DAS with KEGG API, a pro-
gram to retrieve upstream sequences of a given
set of genes which have similar expression pat-
terns on the same pathway, can be written very
easily. GBrowse, the graphical interface, enables
user to browse, search, zoom and visualize a
particular region of the genome. Moreover, us-
ers are also able to add their own annotations
onto the GBrowse view by providing another
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DAS server or by simply uploading their own
data as a file. This functionality enables re-
searchers to add various annotations on the
genome and by sharing their annotations with
the community they can continuously refine the
genome annotation, so-called “community anno-
tation.” The KEGG DAS is weekly updated and
freely available at http://das.hgc.jp/.

2. SOAP/WSDL interface for the KEGG sys-
tem

Shuichi Kawashima, Toshiaki Katayama and
Minoru Kanehisa

We have continued to develop KEGG API, a
web service to facilitate usability of the KEGG
system. KEGG is a suite of databases and associ-
ated software, integrating our current knowl-
edge of molecular interaction networks in bio-
logical processes (PATHWAY database), the in-
formation about the genomic space (GENES da-
tabase), and information about the chemical
space (LIGAND database). KEGG API provides
valuable means to retrieve various kinds of in-
formation stored in the KEGG and has become
an increasingly popular mode of access. Recent
key changes include the following: (1) Several
new methods to retrieve the information con-
cerning LIGAND and GLYCAN database have
been added. (2) Methods to retrieve the informa-
tion concerning KO (KEGG Orthology) have
been re-organized. (2) bconv method have been
added to exchange external database ID (e.g.
NCBI Gene-ID) to the KEGG ID. (3) Methods to
utilize “entry” element information in KGML
(KEGG Markup Language) have been added. (4)
C# programming language client was sup-
ported. The KEGG API is available at http://
www.genome.jp/kegg/soap/.

3. High performance database retrieval sys-
tem

Kazutomo Ushijima, Chiharu Kawagoe, Toshi-
aki Katayama, Shuichi Kawashima, Kenta
Nakai, Minoru Kanehisa

Recently, the number of entries in biological
databases is exponentially increasing year by
year. For example, there were 10,106,023 entries
in the GenBank database in the year 2000, which
has now grown to 49,498,755 (Release 150). In
order for such a vast amount of data to be
searched at a high speed, we have developed a
high performance database entry retrieval sys-
tem, named HiGet. The HiGet system is con-
structed on the HiRDB, a commercial ORDBMS
(Object-oriented Relational Database Manage-

ment System) developed by Hitachi, Ltd. It is
publicly accessible on the Web page at http://
higet.hgcjp/ or SOAP based web service at
http:/ /higet.hgc.jp/soap/. HiGet can execute
full text search on various biological databases.
In addition to the original plain format, the sys-
tem contains data in the XML format in order to
provide a field specific search facility. When a
complicated search condition is issued to the
system, the search processing is executed effi-
ciently by combining several types of indices to
reduce the number of records to be processed
within the system. Current searchable databases
are GenBank, UniProt, Prosite, OMIIM, PDB and
RefSeq. We are planning to include other valu-
able databases and also planning to develop an
inter-database search interface and a complex
search facility combining keyword search and
sequence similarity search.

4. EGassembler: web server for large-scale
clustering and assembling ESTs and
genomic DNA fragments

Ali Masoudi-Nejad, Shuichi Kawashima, Koi-
chiro Tonomura, Masanori Suzuki, Minoru
Kanehisa

EST sequencing has proven to be an economi-
cally feasible alternative for gene discovery in
species lacking a draft genome sequence. Ongo-
ing large-scale EST sequencing projects feel the
need for bioinformatics tools to facilitate uni-
form ESTs handling. This brings about a re-
newed importance to a universal tool for proc-
essing and functional annotation of large sets of
ESTs in order to cover the complete transcrip-
tome of an organism. EGassembler (http://
egassembler.hgc.jp/)) is a web server, which
provides an automated as well as a user-
customized analysis tool for cleaning, repeat
masking, vector trimming, organelle masking,
clustering and assembling the of ESTs and
genomic fragments. It is also designed to serve
as a standalone web application for each one of
those processes. The web server is freely pub-
licly available and provides the community a
unique all-in-one online application web service
for large scale ESTs and genomic DNA cluster-
ing and assembling, especially for EST process-
ing and annotation projects.

5. 8SS: a new sequence similarity search
service

Toshiaki Katayama, Kazuhiro Ohi, Minoru
Kanehisa

There are various services in the world to find
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similar sequences from the database, such as the
famous BLAST service provided at NCBI. How-
ever, the method to search and the database to
be searched could not be added from outside.
To provide our super computer resources at the
Human Genome Center to the research commu-
nity, we started to develop a new service for the
sequence similarity search, SSS. In SSS, user can
select the search algorithm from BLAST, FASTA,
SSEARCH, TRANS and EXONERATE. This va-
riety of options is unique among the public
services. Then user is prompted to select appro-
priate database depending on the algorithm se-
lected and the search is executed. On the back-
end, we implemented the search system on the
Sun Grid Engine to utilize efficient resources on
distributed computers. As a result, we are able
to provide time consuming services such as
TRANS and EXONERATE in addition to the
popular algorithms. The SSS service is freely
available at http:/ /sss.hgc.jp/.

6. Integrative analysis of chemical and
genomic information on the biosynthetic
circuits of medicinal natural products

Michihiro Araki, Tetsuo Shibuya, Kohichi Sue-
matsu, and Minoru Kanehisa

Medicinal natural products have been the ma-
jor sources of bioactive compounds with diverse
pharmacological activities, and are enzymically
synthesized as secondary metabolites for specific
biological purposes. In order to make full use of
the potential of natural products as research
tools as well as drug leads on the context of
synthetic biology, it is of great importance to
understand the biosynthetic strategies with the
integrative computational analyses of chemical
and genomic information. An increasing number
of such information become available to allow
us to extract the design principles of natural
products coded on genomic information. Natu-
ral products are composed of a series of molecu-
lar building blocks, such as fatty acids and
amino acids, which can be regarded as minimal
units hierarchically organized into the biosyn-
thetic circuits. We define molecular building
blocks required for describing the chemical in-
formation of natural products. Each natural
product is then expressed as a combination of
molecular building blocks with corresponding
enzymatic information as links between building
blocks to be collected in a database. The knowl-
edge database constructed from various re-
sources enables us to identify the system struc-
tures of the biosynthetic circuits. We also de-
velop a computational method to extract distinc-
tive network structures consisted of both chemi-

cal and genomic information, which will be use-
ful for designing the biosynthetic circuits to help
metabolic engineering of novel bioactive com-
pounds.

7. Development of algorithms for biosyn-
thetic process analysis

Kohichi Suematsu, Tetsuo Shibuya, Michihiro
Araki, and Minoru Kanehisa

We are developing algorithms for identifying
biosynthetic process of some given medicinal
products by utilizing the database of identified
building blocks in biosynthetic processes. Given
a set of building block graphs, the problem is to
find the most reasonable decomposition of a
graph where each decomposed subgraph is the
same or similar to some of the building block
graphs. We have developed new efficient algo-
rithms and tools based on the algorithms for the
problem, though the problem is a very difficult
NP-hard problem.

8. Development of algorithms for protein
structure indexing

Tetsuo Shibuya

Protein structure analysis is one of the most
important research issues in the post-genomic
era, and faster and more accurate query data
structures for such 3-D structures are highly de-
sired for research on proteins. We proposed a
new data structure for indexing protein 3-D
structures. There are many efficient indexing
structures for strings, but it has been considered
very difficult to design such sophisticated data
structures against 3-D structures like proteins.
By using the data structure, we can search effi-
ciently for all of their substructures whose
RMSD (root mean square distance) or URMSD
(unit-vector root mean square distances) to some
given query 3-D structure are not larger than a
given bound. Our data structure can be stored
in O(n) space, where n is the sum of lengths of
the set of proteins. We propose an efficient con-
struction algorithm for it and a quasi-linear time
search algorithm. Further algorithms for more
flexible structure searching/function prediction/
clustering/motif finding based on the data
structure is also under development.

9. Construction of a knowledge base for trac-
ing drug evolution

Michihiro Araki and Minoru Kanehisa

Current drugs are mostly derived by modifi-
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cation of known drug structures or from lead
structures to be optimized for targeting new
molecules or obtaining improved efficacy. Re-
cent computational approaches have been ana-
lyzing the chemical properties of drugs, lead
compounds and seed compounds to provide dif-
ferent kinds of chemical rules for ‘drug-
likeness’. The chemical rules based on the
chemical property distributions are very useful
for filtering drug-like molecules out of empiri-
cally synthesized chemical libraries, but do not

really explain how to modify known drugs or
lead structures to new drug candidates. To ex-
plore a design rule in drug development, it is
necessary to focus on the empirical modification
processes to construct a knowledge base for
tracing the chemical evolutions. We start collect-
ing data on the drug evolutions from databases
and literatures, and part of the data has already
been implemented on the drug structure maps
in the KEGG DRUG database.
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The aim of the research at this laboratory is to establish computational methodolo-
gies for discovering and interpreting information of nucleic acid sequences, pro-
teins and some other experimental data arising from researches in Genome Sci-
ence. Our current concern is focused on Computational Systems Biology and its
related computational techniques. 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 Systems Biology

a. Estimating gene regulatory networks and
protein-protein interactions of Saccharo-
myces cerevisiae from multiple genome-
wide data

Naoki Nariai, Yoshinori Tamada, Seiya Imoto,
Satoru Miyano

Biological processes in cells are properly per-
formed by gene regulations, signal transductions
and interactions between proteins. To under-
stand such molecular networks, we proposed a
statistical method to estimate gene regulatory
networks and protein-protein interaction net-
works simultaneously from DNA microarray
data, protein-protein interaction data and other
genome-wide data. We unify Bayesian networks
and Markov networks for estimating gene regu-
latory networks and protein-protein interaction
networks according to the reliability of each bio-
logical information source. Through the simulta-
neous construction of gene regulatory networks
and protein-protein interaction networks of Sac-
charomyces cerevisiae cell cycle, we predict the

role of several genes whose functions are cur-
rently unknown. By wusing our probabilistic
model, we can detect false positives of high
through-put data, such as yeast two hybrid
data. In a genome-wide experiment, we find
possible gene regulatory relationships and
protein-protein interactions between large pro-
tein complexes that underlie complex regulatory
mechanisms of biological processes.

b. Utilizing evolutionary information and gene
expression data for estimating gene net-
works with Bayesian network models

Yoshinori Tamada, Hideo Bannai', Seiya
Imoto, Toshiaki Katayama, Minoru Kanehisa,
Satoru Miyano: 'Kyushu University

Since microarray gene expression data do not
contain sufficient information for estimating ac-
curate gene networks, other biological informa-
tion has been considered to improve the esti-
mated networks. Recent studies have revealed
that highly conserved proteins that exhibit simi-
lar expression patterns in different organisms,
have almost the same function in each organ-
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ism. Such conserved proteins are also known to
play similar roles in terms of the regulation of
genes. Therefore, this evolutionary information
can be used to refine regulatory relationships
among genes, which are estimated from gene
expression data. We proposed a statistical
method for estimating gene networks from gene
expression data by utilizing evolutionarily con-
served relationships between genes. Our method
simultaneously estimates two gene networks of
two distinct organisms, with a Bayesian network
model utilizing the evolutionary information so
that gene expression data of one organism helps
to estimate the gene network of the other. We
show the effectiveness of the method through
the analysis on Saccharomyces cerevisize and
Homo sapiens cell cycle gene expression data.
Our method was successful in estimating gene
networks that capture many known relation-
ships as well as several unknown relationships
which are likely to be novel.

c. Estimating gene networks from expression
data and binding location data via Boolean
networks

Osamu Hirose, Naoki Nariai, Yoshinori
Tamada, Hideo Bannai', Seiya Imoto, Satoru
Miyano

We proposed a computational method for es-
timating gene networks by the Boolean network
model. The Boolean networks have some practi-
cal problems in analyzing DNA microarray gene
expression data: One is the choice of threshold
value for discretization of gene expression data,
since expression data take continuous variables.
The other problem is that it is often the case that
the optimal gene network is not determined
uniquely and it is difficult to choose the optimal
one from the candidates by using expression
data only. To solve these problems, we use the
binding location data produced by Lee et al.
(Science 298: 799-804, 2002) together with ex-
pression data and illustrate a strategy to decide
the optimal threshold and gene network. To
show the effectiveness of the proposed method,
we analyze Saccharomyces cerevisizge cell cycle
gene expression data as an application.

d. Error tolerant model for incorporating bio-
logical knowledge with expression data in
estimating gene networks

Seiya Imoto, Tomoyuki Higuchi’, Takao Goto,
Satoru Miyano: ‘Instititute of Statistical

Mathematics

We proposed a novel statistical method for es-

timating gene networks based on microarray
gene expression data together with information
from biological knowledge databases. Although
a large amount of gene regulation information
has already been stored in some biological data-
bases, there are still errors and missing facts due
to experimental problems and human errors.
Therefore, we cannot blindly use them for un-
derstanding gene regulation and a robust proce-
dure with a statistical model for using such da-
tabase information is required. By using gene
expression data, we provide a probabilistic
framework of a joint learning model for repair-
ing database information and for estimating a
gene network based on dynamic Bayesian net-
works, simultaneously. To show the effective-
ness of the proposed method, we analyze Sac-
charomyces cerevisiae cell-cycle gene expression
data together with KEGG information.

2. Drug Target Gene Discovery with Gene
Networks

a. Computational strategy for discovering
druggable gene networks from genome-
wide RNA expression profiles

Seiya Imoto, Yoshinori Tamada, Hiromitsu
Araki’, Kaori Yasuda’, Cristin G. Print’,
Stephen D. Sharnock-Jones’, Deborah Sanders®,
Christopher J. Savoie’, Kousuke Tashiro', Sa-
toru Kuhara', Satoru Miyano: ‘Gene Networks
International, ‘University of Auckland, *Cam-
bridge University

We proposed a computational strategy for
discovering gene networks affected by a chemi-
cal compound. Two kinds of DNA microarray
data are assumed to be used: One dataset is
short time-course data that measure responses
of genes following an experimental treatment.
The other dataset is obtained by several hun-
dred single gene knock-downs. These two da-
tasets provide three kinds of information; (i) A
gene network is estimated from time-course
data by the dynamic Bayesian network model,
(ii) Relationships between the knocked-down
genes and their regulatees are estimated directly
from knock-down microarrays and (iii) A gene
network can be estimated by gene knock-down
data alone using the Bayesian network model.
We proposed a method that combines these
three kinds of information to provide an accu-
rate gene network that most strongly relates to
the mode-of-action of the chemical compound in
cells. This information plays an essential role in
pharmacogenomics. We illustrate this method
with an actual example where human endothe-
lial cell gene networks were generated from a
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novel time course of gene expression following
treatment with the drug fenofibrate, and from
270 novel gene knock-downs. Finally, we suc-
ceeded in inferring the gene network related to
PPAR-0, which is a known target of fenofibrate.

b. Identifying drug active pathways from
gene networks estimated by gene expres-
sion data

Yoshinori Tamada, Seiya Imoto, Kousuke
Tashiro', Satoru Kuhara', Satoru Miyano

We present a computational method for iden-
tifying genes and their regulatory pathways in-
fluenced by a drug, using microarray gene ex-
pression data collected by single gene disrup-
tions and drug responses. The automatic identi-
fication of such genes and pathways in organis-
ms’ cells is an important problem for pharmaco-
genomics and the tailor-made medication. Our
method estimates regulatory relationships be-
tween genes as a gene network from microarray
data of gene disruptions with a Bayesian net-
work model, then identifies the drug affected
genes and their regulatory pathways on the esti-
mated network with time course drug response
microarray data. Compared to the existing
method, our proposed method can identify not
only the drug affected genes and the druggable
genes, but also the drug responses of the path-
ways. For evaluating the proposed method, we
conducted simulated examples based on artifi-
cial networks and expression data. Our method
succeeded in identifying the pseudo drug af-
fected genes and pathways with the high cover-
age greater than 80%. We also applied our
method to Saccharomyces cerevisine drug response
mircorray data. In this real example, we identi-
fied the genes and the pathways that are poten-
tially influenced by a drug. These computational
experiments indicate that our method success-
fully identifies the drug-activated genes and
pathways, and is capable of predicting undesir-
able side effects of the drug, identifying novel
drug target genes, and understanding the un-
known mechanisms of the drug.

3. Modeling and Simulation of Biological
Pathwas

a. Automatic drawing of biological networks
using cross cost and subcomponent data

Mitsuru Kato, Masao Nagasaki, Atsushi Doi,
Satoru Miyano

Automatic graph drawing function for
biopathways is indispensable for biopathway

databases and software tools. We proposed a
new grid-based algorithm for biopathway layout
that considers (a) edge-edge crossing, (b) node-
edge crossing, (c) distance measures between
nodes, as its costs, and (d) subcelluar localiza-
tion information from Gene Ontology, as its
constraints. For this algorithm, we newly define
cost functions, devise an efficient method for
computing the costs (a)-(c) by employing a ma-
trix representing the difference between two lay-
outs, and take a steepest descent method for
searching locally optimal solutions and multi-
step layout method for finding better solutions.
We implemented this algorithm on Cell Illustra-
tor which is a biopathway modeling and simu-
lation software. The algorithm is applied to a
signal transduction pathway of apoptosis in-
duced by fas ligand. We compare our layout
with that of the grid-based algorithm by Li and
Kurata (Bioinformatics 21 (9): 2036. 2042, 2005).
The result shows that our algorithm reduces
edge-edge crossings and node-edge crossings,
and solves the “isolated island problem”, that is,
some groups of nodes are apart from other
nodes in the layout. As a result, the biological
understandability of the layout is fairly im-
proved.

c. Simulation based validation of the p53
transcriptional activity with hybrid func-
tional Petri net

Masao Nagasaki, Atsushi Doi, Hiroshi Mat-
suno’, Satoru Miyano

MDM?2 and pl19ARF are essential proteins in
cancer pathways forming a complex with pro-
tein p53 to control the transcriptional activity of
protein p53. It is confirmed that protein p53
loses its transcriptional activity by forming the
functional dimer with protein MDM2. However,
it is still unclear that protein p53 keeps its tran-
scriptional activity when it forms the trimer
with proteins MDM2 and p19ARF. We have ob-
served mutual behaviors among genes p53,
MDM?2, p19ARF and their products on a com-
putational model with hybrid functional Petri
net (HFPN) which is constructed based on infor-
mation described in the literature. The simula-
tion results suggested that protein p53 should
have the transcriptional activity in the forms of
the trimer of proteins p53, MDM2, and p19ARF.
This paper also discusses the advantages of
HFPN based modeling method in terms of path-
way description for simulations.
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d. A new regulatory interactions suggested
by simulations for circadian genetic con-
trol mechanism in mammals

Hiroshi Matsuno’, Shin-Ichi T. Inouye’, Yasuki
Okitsu’, Yasushi Fujii’, Satoru Miyano: ‘Yama-
guchi University

We employed hybrid functional Petri net to
analyze the circadian genetic control mecha-
nism, which consists of loops of clock genes and
generates endogenous near 24 hour rhythms in
mammals. Based on the available biological
data, we constructed a model and, by using Cell
[lustrator, we performed computer simulations
for time courses of clock gene transcription and
translation. Although the initial model success-
fully reproduced most of the circadian genetic
control mechanisms, two discrepancies remained
despite wide selection of the parameters. We
found that addition of a hypothetical path into
the initial model successfully simulated time
courses and phase relations among clock genes.
This also demonstrates usefulness of hybrid
functional Petri net approach to biological sys-
tem analysis.

e. Prediction of debacle points for robust-
ness of biological pathways by using re-
current neural networks

Hironori  Kitakaze’, Hiroshi Matsuno®,
Nobuhiko Ikeda’, Satoru Miyano: 'Oshima
College of Maritime Technology, *Tokuyama
College of Technology

Living organisms have ingenious control
mechanisms in which many molecular interac-
tions work for keeping their normal activities
against disturbances inside and outside of them.
However, at the same time, the control mecha-
nism has debacle points at which the stability
can be broken easily. We proposed a new
method which uses recurrent neural network for
predicting debacle points in a hybrid functional
Petri net model of a biological pathway. Evalu-
ation on an apoptosis signaling pathway indi-
cates that the rates of 96.5% of debacle points
and 65.5% of non-debacle points can be pre-
dicted by the proposed method.

f. Petri net modeling of biological pathways

Masao Nagasaki, Atsushi Doi, Hiroshi Mat-
suno’, Satoru Miyano

We have developed a software tool called Cell
[lustrator (CI) for modeling and simulating bio-
logical pathways based on the concept of Petri

net together with an XML format called Cell
System Markup Language (CSML) describing
biological pathways for simulation. This paper
shows the concepts behind CI and CSML and
presents our computational strategy with them
for systems biology.

4. Algorithmic and Statistical Methods for
Bioinformatics

a. Prediction of transcriptional terminators in
Bacillus subtilis and related species

Michiel J.L. de Hoon, Yuko Makita, Kenta
Nakai, Satoru Miyano

In prokaryotes, genes belonging to the same
operon are transcribed in a single mRNA mole-
cule. Transcription starts as the RNA polym-
erase binds to the promoter and continues until
it reaches a transcriptional terminator. Some ter-
minators rely on the presence of the Rho pro-
tein, whereas others function independently of
Rho. Such Rho-independent terminators consist
of an inverted repeat followed by a stretch of
thymine residues, allowing us to predict their
presence directly from the DNA sequence. Un-
like in Escherichia coli, the Rho protein is dispen-
sable in Bacillus subtilis, suggesting a limited
role for Rho-dependent termination in this or-
ganism and possibly in other Firmicutes. We
analyzed 463 experimentally known terminating
sequences in B. subtilis and found a decision
rule to distinguish Rho-independent transcrip-
tional terminators from non-terminating se-
quences. The decision rule allowed us to find
the boundaries of operons in B. subtilis with a
sensitivity and specificity of about 94%. Using
the same decision rule, we found an average
sensitivity of 94% for 57 bacteria belonging to
the Firmicutes phylum, and a considerably lower
sensitivity for other bacteria. Our analysis shows
that Rho-independent termination is dominant
for Firmicutes in general, and that the properties
of the transcriptional terminators are conserved.
Terminator prediction can be used to reliably
predict the operon structure in these organisms,
even in the absence of experimentally known
operons.

b. ArrayCluster: an analytic tool for cluster-
ing, data visualization and module finder
on gene expression profiles

Ryo Yoshida, Tomoyuki Higuchi’, Seiya Imoto,
Satoru Miyano

One significant challenge of gene expression
profiling based on microarray technology is to
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find unknown subtypes of several diseases at
the molecular levels. This task can be addressed
by grouping gene expression patterns of the col-
lected samples in the basis of a large number of
genes. Application of commonly used clustering
methods to such a dataset, however, are likely
to fail due to the overlearning, because the num-
ber of samples to be grouped is much smaller
than the data dimension which is equal to the
number of genes involved in the profiling. To
overcome such difficulty, we developed a novel
model-based clustering method, refereed to as
the mixed factors analysis. The ArrayCluster is a
freely available software to perform the mixed
factors analysis. It provides us some analytic
tools for clustering DNA microarray experi-
ments, data visualization and an automatic de-
tector of module transcriptional genes that are
relevant to the calibrated molecular subtypes
and so on.

c. Statistical model selection method to ana-
lyze combinatorial effects of SNPs and en-
vironmental factors for binary disease

Reiichiro Nakamichi, Seiya Imoto, Satoru Miy-
ano

We proposed a model selection method to es-
timate the relation of multiple SNPs, environ-
mental factors and the binary disease trait. We
applied the combination of logistic regression
and genetic algorithm for this study. The logistic
regression model can capture the continuous ef-
fects of environments without categorization,
which causes the loss of the information. To
construct an accurate prediction rule for binary
trait, we adopted Akaike’s information criterion
(AIC) to find the most effective set of SNPs and
environments. That is, the set of SNPs and envi-
ronments that gives the smallest AIC is chosen

as the optimal set. Since the number of combi-
nations of SNPs and environments is usually
huge, we proposed the use of the genetic algo-
rithm for choosing the optimal SNPs and envi-
ronments in the sense of AIC. We show the ef-
fectiveness of the proposed method through the
analysis of the case/control populations of dia-
betes, Alzheimer’s disease and obesity patients.
We succeeded in finding an efficient set to pre-
dict types of diabetes and some SNPs which
have strong interactions to age while it is not
significant as a single locus.

d. A weighted profile based method for
protein-RNA interacting residue prediction

Euna Jeong, Satoru Miyano

The prediction of putative RNA-interacting
residues in proteins is an important problem in
a field of molecular recognition. We suggest a
weighted profile based method for predicting
RNA-interacting residues, which utilizes the
trained neural network. Most neural networks
have a learning rule which allows the network
to adjust its connection weights in order to cor-
rectly classify the training data. We focus on the
network weights that are dependent on the
training data set and give evidence of which in-
puts were more influential in the network. A
large set of the network weights trained on se-
quence profiles is analyzed and qualified. We
explore the feasibility of utilizing the qualified
information to improve the prediction perform-
ance for protein-RNA interaction. Our proposed
method shows a considerable improvement,
which has been applied to the profiles of the PSI
-BLAST alignment. Results for predictions using
alternative representations of profile are in-
cluded for comparison.

Publications

Ando, T., Konishi, S., Imoto, S. Nonlinear re-
gression modeling via regularized radial basis
function networks. J. Statistical Planning and
Inference. In press.

De Hoon, Michiel ].L., Makita, Y., Nakai, K., Mi-
yano, S. Prediction of transcriptional termina-
tors in Bacillus subtilis and related species.
PLoS Computational Biology. 1(3): €25, 2005.

Doi, A., Nagasaki, M., Matsuno, H., Miyano, S.
Simulation based validation of the p53 tran-
scriptional activity with hybrid unctional Petri
net. In Silico Biology. In press.

Heinrich, T., DeLisi, C., Kanehisa, M., Miyano,
S. Genome Informatics 16(1) (Universal Acad-

emy Press). 2005.

Heinrich, R., Mamitsuka, H., Kanehisa, M., Miy-
ano, S., Takagi, T. Genome Informatics 16 (2)
(Universal Academy Press). 2005.

Hirose, O., Nariai, N., Tamada, Y., Bannai, H.,
Imoto, S., Miyano, S. Estimating gene net-
works from expression data and binding loca-
tion data via Boolean networks. Proc. First In-
ternational Workshop on Data Mining and
Bioinformatics (DMBIO2005). Lecture Notes in
Computer Science. 3482: 349-356, 2005.

Imoto, S., Higuchi, T., Goto, T., Miyano, S. Error
tolerant model for incorporating biological
knowledge with expression data in estimating



143

gene networks. Statistical Methodology, 3(1), 1
-16, 2006.

Imoto, S., Tamada, Y., Araki, H., Yasuda, K,
Print, C.G., Charnock-Jones, S.D., Sanders, D.,
Savoie, C.J., Tashiro, K., Kuhara, S., Miyano,
S. Computational strategy for discovering
druggable gene networks from genome-wide
RNA expression profiles. Pacific Symposium
on Biocomputing. 11, In press.

Imoto, S., Matsuno, H., Miyano, S. Gene net-
works: estimation, modeling and simulation.
in R. Eils and A. Kriete (Eds.), Computational
Systems Biology, Academic Press, 205-228,
2005.

Imoto, S., Tamada, Y., Savoie, C.J., Miyano, S.,
Analysis of gene networks for drug target dis-
covery and validation. in J. Walker and M.
Sioud (Eds.), Target Discovery and Validation
(a volume of “Methods in Molecular Biology”
series), Humana Press, USA. In press.

Jeong, E., Miyano, S., A weighted profile based
method for protein-RNA interacting residue
prediction. Transactions on Computational
Systems Biology. In press.

Kato, M., Nagasaki, M., Doi, A., Miyano, S.
Automatic drawing of biological networks us-
ing cross cost and subcomponent data.
Genome Informatics 16(2): 22-31, 2005.

Kitakaze, H., Matsuno, H., Ikeda, N., Miyano, S.
Prediction of debacle points for robustness of
biological pathways by using recurrent neural
networks. Genome Informatics. 16(1): 192-202,
2005.

Li, C.,, Suzuki, S., Ge, Q.-W., Nakata, M., Mat-
suno, H., Miyano, S. On modeling and ana-
lyzing signaling pathways with inhibitory in-
teractions based on Petri net. Proc. The 2005
Internatinal Joint Conference of InCoB, AASBi
and KSBI (BIOINFO 2005), 348-353, 2005.

Makita, Y., De Hoon, M.]., Ogasawara, N., Miy-
ano, S., Nakai, K. Bayesian joint prediction of
associated transcription factors in Bacillus
subtilis. Pacific Symposium on Biocomputing.
10: 507-518, 2005.

Matsuno, H., Inouye, S.-T., Okitsu, Y., Fujii, Y.,
Miyano, S. A new regulatory interactions sug-
gested by simulations for circadian genetic
control mechanism in mammals. ]J. Bioinfor-
matics and Computational Biology, In press.

Miyano, S., Mesirov, ].P., Kasif, S., Istrail, S.,
Pevzner, P.A., Waterman, M.S.: Proc. 9" An-
nual International Conference on Research in
Computational Molecular Biology (RECOMB
2005), Lecture Notes in Bioinformatics
(Springer). Vol. 3500, 2005.

Nagasaki, M., Doi, A., Matsuno, H., Miyano, S.
Petri net modeling of biological pathways.
Proc. Algebraic Biology 2005 (Universal Acad-
emy Press). 19-31, 2005.

Nagasaki, M., Doi, A., Matsuno, H., Miyano, S.
Computational modeling of biological proc-
esses with Petri net based architecture. In
“Bioinformatics Technologies” (Y.P. Chen, ed)
(Springer Press). 179-243, 2005.

Nakamichi, R., Imoto, S., Miyano, S. Statistical
model selection method to analyze combinato-
rial effects of SNPs and environmental factors
for binary disease. International Journal on
Artificial Intelligence Tools, In press.

Nariai, N., Tamada, Y., Imoto, S., Miyano, S. Es-
timating gene regulatory networks and
protein-protein interactions of Saccharomyces
cerevisiae from multiple genome-wide data.
Bioinformatics. 21: 1i206-ii212, 2005.

Ohtsubo, S., Iida, A., Nitta, K., Tanaka, T.,
Yamada, R., Ohnishi, Y., Maeda, S., Tsunoda,
T., Takei, T., Obara, W., Akiyama, F., Ito, K.,
Honda, K., Uchida, K., Tsuchiya, K., Yumura,
W., Ujiie, T., Nagane, Y., Miyano, S., Suzuki,
Y., Narita, 1., Gejyo, F., Fujioka, T., Nihei, H.,
Nakamura, Y. Association of a single-
nucleotide polymorphism in the immuno-
globulin mu-binding protein 2 gene with im-
munoglobulin A nephropathy. J. Hum. Genet.
50(1): 30-35, 2005.

Ott, S., Hansen, A., Kim, S.-Y., and Miyano, S.
Superiority of network motifs over optimal
networks and an application to the revelation
of gene network evolution. Bioinformatics. 21
(2): 227-238, 2005.

Tamada, Y., Bannai, H., Imoto, S., Katayama, T.,
Kanehisa, M., Miyano, S. Utilizing evolution-
ary information and gene expression data for
estimating gene networks with Bayesian net-
work models. J. Bioinformatics and Computa-
tional Biology. 3(6): 1295-1313, 2005.

Tamada, Y., Imoto, S., Tashiro, K., Kuhara, S.,
Miyano, S. Identifying drug active pathways
from gene networks estimated by gene ex-
pression data. Genome Informatics. 16(1): 182-
191, 2005.

Yoshida, R., Higuchi, T., Imoto, S., Miyano, S.
ArrayCluster: an analytic tool for clustering,
data visualization and module finder on gene
expression profiles. Bioinformatics. In press.

Yoshida, R., Higuchi, T., Imoto, S. Estimating
time-dependent gene networks from time se-
ries DNA microarray data by dynamic linear
model with Markov switching. Proc. IEEE 4th
Computational Systems Bioinformatics. 289-
298, 2005.

Yoshida, R., Imoto, S., Higuchi, T. A penalized
likelihood  estimation on transcriptional
module-based clustering, Proc. First Interna-
tional Workshop on Data Mining and Bioin-
formatics (DMBIO 2005). Lecture Note in
Computer Science. 3482: 389-401, 2005.

Rlgk8), HHE, "HE 51473y 78R



144

v x A ET Y7 FikCell System Markup oy FEEAR Y Ay M2 X 2B ORGHE
Language (CSML). % /87 Ei%HeRES. 50 ZFEBOET M LE Y Ialb— 3 v, BN
(16 Suppl. ) : 2269-2274. AW 1101) ¢ 8-16, 2005.

RO, EE], =B, R EE— N7



145

Human Genome Center

Laboratory of Molecular Medicine
Laboratory of Genome Technology

Division of Advanced Clinical Proteomics
)WY — T I AR

S =y Iy AR

SR 7 a7+ I 7 AL FEEL= v |

Professor Yusuke Nakamura, M.D., Ph.D. # % EFEL oA W

Associate Professor Toyomasa Katagiri, Ph.D. B # % [EEEL Ao
Associate Professor  Yataro Daigo, M.D., Ph.D. YrEBh#ds  BREE 1 L I N ¢

Assistant Professor ~ Hidewaki Nakagawa, M.D., Ph.D. Bl F BEFEL o & )
Assistant Professor  Koichi Matsuda, M.D., Ph.D. B F BErt wom o —
Assistant Professor  Hitoshi Zembutsu, M.D., Ph.D. Bh F EyEL G ¥
Assistant Professor ~ Ryuji Hamamoto, Ph.D. B F HeL P NI -

The major goal of the Human Genome Project is to identify genes predisposing to
diseases, and to develop new diagnostic and therapeutic tools. We have been at-
tempting to isolate genes involving in carcinogenesis and also those causing or
predisposing to other diseases such as IgA nephropathy, and Crohn’s disease. By
means of technologies developed through the genome project including a high-
resolution SNP map, a large-scale DNA sequencing, and the cDNA microarray
method, we have isolated a number of biologically and/or medically important
genes.

1. Genes associated with common diseases Yusuke Nakamura: 'Department of Medicine,
Kidney Center, Tokyo Women’s Medical Uni-
versity, Tokyo, Japan, *Laboratory for Geno-

typing, *Laboratory for Cardiovascular Dis-

a. IgA nephropathy

Shigeru Ohtsubo, Aritoshi Iida’, Kosaku Nitta',
Toshihiro Tanaka’, Ryo Yamada‘’, Yozo Oh-
nishi’, Shiro Maeda’, Tatsuhiko Tsunoda®,
Takashi Takei', Wataru Obara’, Fumihiro AKki-
yama®, Kyoko Ito', Kazuho Honda', Keiko
Uchida', Ken Tsuchiya', Wako Yumura', Taka-
shi Ujiie’, Yutaka Nagane“, Satoru Miyano,
Yasushi Suzuki’, Ichiei Narita’®, Fumitake Ge-
jyo®, Tomoaki Fujioka’, Hiroshi Nihei' and

eases, ‘Laboratory for Rheumatic Diseases, *
Laboratory for Diabetic Nephropathy, and °
Laboratory for Medical Informatics, SNP Re-
search Center, The Institute of Physical and
Chemical Research (RIKEN), Tokyo, Japan,’
Department of Urology, Iwate Medical Univer-
sity, Iwate, Japan, *Division of Clinical Neph-
rology and Rheumatology, Niigata University
Graduate School of Medical and Dental Sci-
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ences, Niigata, Japan, ‘Department of Urology,
Iwate Prefectural Ofunato Hospital, Iwate, Ja-
pan, “Department of Urology, Sanai Hospital,
Iwate, Japan

Immunogobulin A (IgA) nephropathy is the
most common form of primary glomeru-
lonephritis worldwide. The pathogenesis of IgA
nephropathy is unknown, but it is certain that
some genetic factors are involved in susceptibil-
ity to the disease. Employing a large-scale, case-
control association study wusing gene-based
single-nucleotide polymorphism (SNP) markers,
we previously reported three candidate genes.
We report here an additional significant associa-
tion between IgA nephropathy and a SNP lo-
cated in the gene encoding immunoglobulin p-
binding protein 2 (IGHMBP2) at chromosome 11
q13.2-q13.4. The association (x*=17.1, p =0.00003;
odds ratio of 1.85 with 95% confidence interval
of 1.39-250 in a dominant association model)
was found using DNA from 465 affected indi-
viduals and 634 controls. The SNP (G34448A)
caused an amino-acid substitution from glu-
tamine to lysine (E928K). As the gene product is
involved in immunoglobulin-class switching and
patients with the A allele revealed higher serum
levels of IgA (p=0.048), the amino-acid change
might influence a class-switch to increase serum
IgA levels, resulting in a higher risk of IgA
nephropathy.

So far, we have identified five candidate
genes that may be related to susceptibility to
IgA nephropathy. On the basis of that informa-
tion, we propose the potential mechanisms of
IgA nephropathy. The onset of IgA nephropathy
could be associated with antigens such as vi-
ruses, fungus, bacteria or food that are proc-
essed and presented to T cells. HLA-DR, which
regulates immune responses against protein an-
tigens, is of great importance in the selection
and activation of CD4-positive T cells; we iden-
tified the gene encoding HLA-DR earlier as a
candidate susceptibility gene (Akiyama et al.
2002). HLA-DR molecules with the V724L sub-
stitution might account for individual differ-
ences in immune responses of T cells, which ac-
tivate antibody-producing B cells. For its part, as
noted above, the 928K variant of IGHMBP2
might influence a class-switch leading to in-
creased serum IgA levels.

The third of our candidates, PIGR, is an inte-
gral membrane secretory component localized
on the basolateral surface of secretory epithelial
cells, where it is thought to mediate the trans-
epithelial transport of polymeric IgA. We
showed earlier that a genetic variation in the
promoter region of the PIGR gene caused an A
580V substitution associated with IgA nephropa-

thy, and suggested that the V allele might affect
binding of polymeric IgA to PIGR and cause
deposition of mesangial IgA. IgA deposits in the
kidney can trigger production of a variety of cy-
tokines and growth factors by renal cells and by
circulating inflammatory cells, leading to the
characteristic  histopathological features of
mesangial-cell proliferation and depositions of
immunoglobulin and complement in mesangial
regions.

SELL and SELE genes encode cell-cell adhe-
sion molecules involved in the leukocyte-
endothelial cell interaction required for ex-
travasation at sites of tissue injury. SELE is ex-
pressed predominantly in cytokine-activated en-
dothelium, and SELL is present in circulating
leukocytes. We reported that Y468H in the SELE
gene, as well as P238S-SELL and a SNP in the
promoter region of SELL, were strongly associ-
ated with IgA, and suggested that these substi-
tutions could affect the quality and/or quantity
of gene products and possibly play a significant
role in inflammatory changes leading to renal fi-
brosis and ultimately renal failure.

Although functional studies must be under-
taken to determine how these genetic variations,
now including E928K-IGHMBP2, can affect the
onset and development of IgA nephropathy, the
results of our genetic studies have suggested
several potential mechanisms for investigation.

b. Crohn’s disease

Keiko Yamazaki, Masakazu Takazoe', Torao
Tanaka', Toshiki Ichimori', Susumu Saito’
Aritoshi Iida’, Yoshihiro Onouchi’, Akira Hata’
and Yusuke Nakamura: 'Department of Medi-
cine, Division of Gastroenterology, Social In-
surance Chuo General Hospital, Tokyo, Japan,
’SNP Research Center, the Institute of Physical
and Chemical Research (RIKEN), Kanagawa,
Japan

The inflammatory bowel diseases (IBD),
Crohn'’s disease (CD) and ulcerative colitis (UC),
are chronic inflammatory disorders of the diges-
tive tract. The pathogenesis of IBD is compli-
cated, and it is widely accepted that immu-
nologic, environmental and genetic components
contribute to its etiology. In order to identify ge-
netic susceptibility factors in CD, we performed
a genome-wide association study in Japanese
patients and controls using nearly 80,000 gene-
based single nucleotide polymorphism (SNP)
markers, and investigated the haplotype struc-
ture of the candidate locus in Japanese and
European patients. We identified highly signifi-
cant associations (p =1.71x10 * with odds ratio
of 2.17) of SNPs and haplotypes within the



147

TNFSF15 (the gene encoding tumor necrosis fac-
tor superfamily, member 15) genes in Japanese
CD patients. The association was confirmed in
the study of two European IBD cohorts. linter-
estingly, a core TNFSF15 haplotype showing the
association with increased risk to the disease
was common in the two ethnic groups. Our re-
sults suggest that the genetic variations in the
TNFSF15 gene contribute to the susceptibility to
IBD in the Japanese and European popula-
tionsns.

2. Genes playing significant roles in human
cancer

a. Genes that are inducible by p53

Park Woong Ryeon, Chizu Tanikawa, Koichi
Matsuda and Yusuke Nakamura

The p53 tumor suppressor gene is more fre-
quently mutated in human cancers than any
other cancer-associated genes yet identified; p53
mutations are found in more than half of all
cancers examined. The wild-type active form of
its product exerts its tumor-suppressing func-
tions either by regulating cell-cycle arrest and
DNA repair, or by inducing apoptosis, depend-
ing on the specific transcriptional targets that
are activated. Although the selection of tran-
scriptional targets seems to depend on the level
of cellular stress and to differ by cell type, p53
protein binds to DNA in a sequence-specific
manner to activate transcription of genes encod-
ing, for example, p21"*", p53R2, MDM2, p53
DINP1, p53AIP1, Bax, and GADDA45. Modifica-
tion of the p53 molecule is considered to be im-
portant in the process of selecting transcriptional
targets, but the mechanism for protein modifica-
tion is still not well understood. Phosphoryla-
tion of p53 at Ser-15 and Ser-20 has been shown
to be involved in activating p53. Although the
roles of these modifications are not fully charac-
terized, ATM and CHK2 protein are candidates
for kinases responsible for phosphorylation of
the Ser-15 or Ser-20 residues of p53, respectively
(8, 9). After having a low level of DNA damage,
p53 is phosphorylated at residues of Ser-15 and
Ser-20, and promotes binding of p53 to promot-
ers of genes involved in the G1 arrest and DNA
repair. However, if DNA damage is severe, Ser-
46 of p53 is phosphorylated and the modified p
53 leads to induction of apoptosis-related genes,
such as p53AIP1. Although dozens of p53-target
genes involved in pb53-dependent tumor sup-
pression, i.e. growth arrest, DNA repair, and
apoptosis, have been reported to date, the ge-
netic mechanisms responsible for p53-dependent
cell-survival after exposure to various genotoxic

stresses remains to be elucidated.

We reported this year isolation of a novel p53
-target gene, designated p53-inducible cell-
survival factor (p53CSV). p53CSV contains a p53
-binding site within its second exon and the re-
duction of expression by small interfering RNA
(siRNA) enhanced apoptosis, whereas over-
expression protected cells from apoptosis caused
by DNA damage. p53CSV is induced signifi-
cantly when cells have a low level of genotoxic
stresses, but not when DNA damage is severe. p
53CSV  can modulate apoptotic pathways
through interaction with Hsp70 that probably
inhibits activity of Apaf-1. Our results imply
that under specific conditions of stress, p53
regulates transcription of p53CSV and that p53
CSV is one of important players in the p53-
mediated cell survival.

b. Colon, Liver, and Gastric cancers

Ryuji Hamamoto, Masataka Tsuge, Pittella Fa-
bio, Natini Jinawath, Kazutaka Obama, Yoichi
Furukawa, and Yusuke Nakamura

We previously reported that up-regulation of
SMYD3, a histone H3 lysine-4 specific methyl-
transferase, plays a key role in the proliferation
of colorectal carcinoma (CRC) and hepatocellu-
lar carcinoma (HCC). In this study, we reveal
that SMYD3 expression is also elevated in a
great majority of breast cancer tissues. Similarly
to CRC and HCC, silencing of SMYD3 by
siRNA to this gene resulted in the inhibited
growth of breast cancer cells, suggesting that the
increased SMYD3 expression is also essential for
the proliferation of the breast cancer cells. More-
over, we show here that SMYD3 could promote
breast carcinogenesis by directly regulating the
expression of the proto-oncogene WNTI0B.
These data imply that augmented SMYD3 plays
a crucial role in breast carcinogenesis, and that
inhibition of SMYD3 should be a novel thera-
peutic strategy for treatment of breast cancer.

We also found a significant association of a
genetic polymorphism (VNTR of a “CCGCC”
unit) with an increased risk of colorectal cancer
x’=17.86, p=3.8x10°, odds ratio=2.20), hepa-
toma ((’=25.39, p=4.7x10"7, odds ratio=2.74)
and also breast cancer (x*=38.91, p=3.4x10"",
odds ratio=3.79), but not with that of gastric
cancer. This polymorphic region was proven to
be a binding-site of the transcriptional factor E2
F-1. The reporter assay exhibited that the re-
porter plasmid containing three-tandem repeats
of the binding motif (corresponding to the risk
allele) showed significantly higher reporter ac-
tivity than those containing two-tandem repeats
(the low-risk allele). These data suggest that the
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SMYD3 polymorphism enhancing its promoter
activity is a common susceptible factor for hu-
man cancer.

Among the genes that were up-regulated in
tumors, we selected a gene encoding peptidyl-
prolyl isomerase like 1 (PPIL1), a cyclophilin-
related protein, because it showed a growth-
promoting effect on NIH3T3 and HEK293 cells.
Moreover, transfection of short-interfering RNA
specific to PPIL1 into SNUC4 and SNUCS5 cells
effectively reduced expression of the gene and
suppressed growth of those colon-cancer cells.
In addition, we documented interaction between
PPIL1 protein and stathmin. Since stathmin is
up-regulated in various types of malignancy, in-
teraction between these two proteins may play
an important role in cell proliferation. The find-
ings reported here may offer new insight into
colonic carcinogenesis and should contribute to
development of new molecular strategies for
treatment of human colorectal tumors.

C. cDNA microarray analysis of cancers

Toyomasa Katagiri, Yataro Daigo, Hidewaki
Nakagawa, Yoichi Furukawa, Takefumi
Kikuchi, Soji Kakiuchi, Toru Nakamura, Koi-
chi Okada, Satoshi Nagayama, Shingo Ashida,
Toshihiko Nishidate, Chie Suzuki, Nobuhisa
Ishikawa, Ryo Takata, Tatsuya Kato, Akira
Togashi, Satoshi Hayama, Megumi Iiizumi,
Keisuke Taniuchi, and Yusuke Nakamura

(1) Chemosensitivity

Neoadjuvant chemotherapy for invasive blad-
der cancer, involving a regimen of methotrexate,
vinblastin, doxorubicin, and cisplatin (M-VAC),
can improve the resectability of larger neo-
plasms for some patients and offer a better
prognosis. However, some suffer severe adverse
drug reactions without any effect, and no
method yet exists for predicting the response of
an individual patient to chemotherapy. Our pur-
pose in this study is to establish a method for
predicting response to the M-VAC therapy. We
analyzed gene-expression profiles of biopsy ma-
terials from 27 invasive bladder cancers using a
cDNA microarray consisting of 27,648 genes, af-
ter populations of cancer cells had been purified
by laser-microbeam microdissection. We identi-
fied dozens of genes that were expressed differ-
ently between nine “responder” and nine “non-
responder” tumors; from that list we selected
the 14 “predictive” genes that showed the most
significant differences and devised a numerical
prediction-scoring system that clearly separated
the responder group from the non-responder
group. This system accurately predicted the
drug responses of eight of nine test cases that

were reserved from the original 27 cases. As real
-time RT-PCR data were highly concordant with
the cDNA microarray data for those 14 genes,
we developed a quantitative RT-PCR based-
prediction system that could be feasible for rou-
tine clinical use. Our results suggest that the
sensitivity of an invasive bladder cancer to the
M-VAC neoadjuvant chemotherapy can be pre-
dicted by expression patterns in this set of
genes, a step toward achievement of “personal-
ized therapy” for treatment of this disease.

Serum levels of amphiregulin (AREG) and
transforming growth factor-alpha (TGFA) that
were previously identified to be expressed at
high levels in non-small cell lung cancer
(NSCLC) with poor response to gefitinib, were
examined by ELISA using blood samples taken
from 50 patients with advanced NSCLCs. Of 14
cases that revealed above the cut-off line for
AREG in serum, twelve responded poorly (PD)
to gefitinib, whereas 18 of the 36 cases showing
below the cut-off revealed partial response (PR)
or stable condition (SD) (P =0.026). Thirteen of
15 patients who were positive for TGFA re-
sponded poorly to gefitinib, while 18 of the 35
patients with negative TGFA levels turned out
to be relatively good responders (P =0.014). Of
22 patients with positive values for either or
both marker, 19 were poor responders. On the
other hand, among 28 patients negative for both
markers, 17 were classified into the PR or SD
groups (P =0.001). Gefitinib-treated NSCLC pa-
tients whose serum AREG or TGFA was posi-
tive showed a poorer tumor-specific survival
(P =0.037 and 0.002 respectively, by univariate
analysis), compared with those whose serum
AREG or TGFA concentrations were negative.
Multivariate analysis showed an independent
association between positivity for TGFA and
shorter survival times among NSCLC patients
treated with gefitinib (P =0.034). AREG or
TGFA positivity in NSCLC tissues was signifi-
cantly higher in male, non-adenocarcinomas,
and smokers. Our data suggest that the status of
AREG and TGFA in serum can be an important
predictor of the resistance to gefitinib among
patients with advanced NSCLC.

(2) Lung cancer

We have been investigating genes involved in
pulmonary carcinogenesis by examining genome
-wide gene-expression profiles of non-small cell
lung cancers (NSCLCs), to identify molecules
that might serve as diagnostic markers or tar-
gets for development of new molecular thera-
pies. Distant metastasis is one of crucial parame-
ters that determine types of treatment and prog-
nosis of patients. Numbers of previous reports
discovered important factors involved in multi-
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ple steps of metastasis, the precise mechanisms
of metastasis still remain to be clarified. To
identify genes associated with this complicated
biological feature of cancer, we analyzed expres-
sion profiles of 16 metastatic brain tumors de-
rived from primary lung adenocarcinoma (ADC)
using cDNA microarray representing 23,040
genes. We applied bioinformatical algorithm to
compare the expression data of these 16 brain
metastatic loci with those of 37 primary
NSCLCs including 22 ADCs, and found that
metastatic tumor cells has very different charac-
teristics of gene expression patterns from pri-
mary ones. 244 genes that showed significantly
different expression levels between the two
groups included plasma membrane bounding
proteins, cellular antigens, and cytoskeletal pro-
teins that might play important roles in altering
cell-cell communication, attachment, and cell
motility, and enhance the metastatic ability of
cancer cells. Our results provide valuable infor-
mation for development of predictive markers
as well as novel therapeutic target molecules for
metastatic brain tumor of ADC of the lung.

We found that human ANLN, a homologue
of anillin, an actin-binding protein in Drosophila,
was transactivated in lung-cancer cells and ap-
peared to play a significant role in pulmonary
carcinogenesis. Induction of small interfering
RNAs (siRNAs) against ANLN in NSCLC cells
suppressed its expression and resulted in
growth suppression; moreover, siRNA treatment
yielded cells with larger morphology and multi-
ple nuclei, which subsequently died. On the
other hand, induction of exogenous expression
of ANLN enhanced the migrating ability of
mammalian cells by interacting with RHOA, a
small GTPase, and inducing actin stress fibers.
Interestingly, inhibition of PI3K/AKT activity in
NSCLC cells decreased the stability of ANLN
and caused reduction of the nuclear ANLN
level. Immunohistochemical staining of nuclear
ANLN (n-ANLN) on lung-cancer tissue microar-
rays was associated with poor survival of
NSCLC patients, indicating that this molecule
might serve as a prognostic indicator. Our data
imply that up-regulation of ANLN is a common
feature of the carcinogenetic process in lung tis-
sue, and suggest that selective suppression of
ANLN could be a promising approach for de-
veloping a new strategy to treat lung cancers.

We reported evidence that a member of the
armadillo protein family, plakophilin 3 (PKP3),
is a potential molecular target for treatment of
lung cancers and might also serve as a prognos-
tic indicator. We documented elevated expres-
sion of PKP3 in the great majority of NSCLC
samples examined. Treatment of NSCLC cells
with small interfering RNAs (siRNAs) of PKP3

suppressed growth of the cancer cells; on the
other hand, induction of exogenous expression
of PKP3 conferred growth-promoting activity on
COS-7 cells and enhanced their mobility in vitro.
To investigate its function, we searched for PKP
3-interacting proteins and identified dynamin 1-
like (DNMI1L), which was also activated in
NSCLC. In addition, a high level of PKP3 ex-
pression was associated with poor survival as
well as disease stage and node status for pa-
tients with lung adenocarcinoma (ADC), sug-
gesting an important role of the protein in de-
velopment and progression of this disease. As
our data imply that up-regulation of PKP3 is a
frequent and important feature of lung carcino-
genesis, we suggest that targeting the PKP3
molecule might hold promise for development
of a new therapeutic and diagnostic strategy for
clinical management of lung cancers.

An increased level of dihydrouridine in trans-
fer RNA™ was found in human malignant tis-
sues nearly three decades ago, but its biological
significance in carcinogenesis has remained un-
clear. Through analysis of genome-wide gene-
expression profiles among non-small cell lung
carcinomas (NSCLCs), we identified over-
expression of a novel human gene, termed
hDUS2, encoding a protein that shared struc-
tural features with tRNA-dihydrouridine syn-
thases (DUS). The deduced 493-amino-acid se-
quence showed 39% homology to the Dus2 en-
zyme (dihydrouridine synthase 2) of Saccharomy-
ces cerevisiae, and contained a conserved double-
strand RNA-binding motif (DSRM). We found
that hDUS2 protein had tRNA-dihydrouridine
synthase activity and that it physically inter-
acted with EPRS, a glutamyl-prolyl tRNA syn-
thetase, and was likely to enhance translational
efficiencies. An siRNA against hDUS2 trans-
fected into NSCLC cells suppressed expression
of the gene, reduced the amount of dihy-
drouridine in tRNA molecules, and suppressed
growth. Immunohistochemical analysis demon-
strated significant association between higher
levels of hDUS2 in tumors and poorer prognosis
of lung-cancer patients. Our data imply that up-
regulation of hDUS?2 is a relatively common fea-
ture of pulmonary carcinogenesis, and that se-
lective suppression of hDUS2 enzyme activity
and/or inhibition of formation of the hDUS2-
tRNA synthetase complex could be a promising
therapeutic strategy for treatment of many lung
cancers.

(3) Pancreatic cancer

Through functional analysis of genes that
were transactivated in pancreatic ductal adeno-
carcinomas (PDACs), we identified RAB6KIFL as
a good candidate for development of drugs to
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treat PDACs at the molecular level. Knockdown
of endogenous RAB6KIFL expression in PDAC
cell lines by siRNA drastically attenuated
growth of those cells, suggesting an essential
role for the gene product in maintaining viabil-
ity of PDAC cells. RAB6KIFL belongs to the
kinesin superfamily of motor proteins, which
have critical functions in trafficking of molecules
and organelles. Proteomics analyses using a
polyclonal anti-RAB6KIFL antibody identified
one of the cargoes transported by RAB6KIFL as
discs large homolog 5 (DLG5), a scaffolding pro-
tein that may link the vinexin-B-catenin complex
at sites of cell-cell contact. Like RAB6KIFL, DLG
5 was up-regulated in PDACs, and knockdown
of endogenous DLG5 by siRNA significantly
suppressed the growth of PDAC cells as well.
Decreased levels of endogenous RAB6KIFL in
PDAC cells altered the sub-cellular localization
of DLG5 from cytoplasmic membranes to cyto-
plasm. Our results imply that collaboration of
RAB6KIFL and DLGS is likely to be involved in
pancreatic  carcinogenesis. These molecules
should be promising targets for development of
new therapeutic strategies for ductal adenocarci-
nomas of the pancreas.

P-cadherin/CDH3 belongs to the family of
classical cadherins that are engaged in various
cellular activities including motility, invasion,
and signaling of tumor cells, in addition to cell
adhesion. However, the biological roles of P-
cadherin itself are not fully characterized. Based
on information derived from a previous genome
-wide ¢cDNA microarray analysis of microdis-
sected PDACs, we focused on P-cadherin as one
of the genes most strongly over-expressed in the
great majority of PDACs. To investigate the con-
sequences of over-expression of P-cadherin in
terms of pancreatic carcinogenesis and tumor
progression, we used a P-cadherin-deficient
PDAC cell line, Pancl, to construct a cell line
(Pancl-CDH3) that stably over-expressed P-
cadherin. Induction of P-cadherin in Panc1-CDH
3 increased the motility of the cancer cells, but a
blocking antibody against P-cadherin sup-
pressed the motility in vitro. Over-expression of
P-cadherin was strongly associated with cyto-
plasmic accumulation of one of the catenins, p
120ctn, and cadherin-switching in PDAC cells.
Moreover, P-cadherin-dependent activation of
cell motility was associated with activation of
Rho GTPases, Racl and Cdc42, through accumu-
lation of p120ctn in cytoplasm and cadherin-
switching. These findings suggest that over-
expression of P-cadherin is likely to be related
to the biological aggressiveness of PDACs;
blocking of P-cadherin activity or its associated
signaling could be a novel therapeutic approach
for treatment of aggressive pancreatic cancers.

(4) Prostate cancer

Through genome-wide c¢cDNA microarray
analysis coupled with microdissection of pros-
tate cancer cells, we identified a novel gene,
PCOTH (Prostate Collagen Triple Helix), showing
over-expression in prostate cancer cells and its
precursor cells, PINs (prostatic intraepithelial
neoplasia). Immunohistochemical analysis using
polyclonal anti-PCOTH antibody confirmed ele-
vated expression of PCOTH, a 100-amino-acid
protein containing collagen triple-helix repeats,
in tumor cells. Knocking-down of its expression
using siRNA resulted in drastic attenuation of
prostate cancer cell growth. Concordantly,
LNCaP-derivative cells that were designed to
express PCOTH highly and stably demonstrated
the higher growth rate than LNCaP cells trans-
fected with mock vector. Using 2D-DIGE analy-
sis as well as subsequent western blotting and
in-gel kinase assay, we found that phosphoryla-
tion level of oncoprotein TAF-IB/SET was sig-
nificantly elevated in LNCaP cells transfected
with PCOTH than control LNCaP cells. Further-
more, knockdown of endogenous TAF-If ex-
pression using siRNA also attenuated viability
of prostate cancer cells as well. These findings
suggest that PCOTH is involved in growth and
survival of prostate cancer cells thorough, in
parts, the TAF-IB pathway, and that this mole-
cule should be a promising target for develop-
ment of new therapeutic strategies for prostate
cancers.

(5) Renal cancer

To identify molecules to serve as diagnostic
markers for renal cell carcinoma (RCC) and as
targets for novel therapeutic drugs, we investi-
gated genome-wide expression profiles of RCCs
using a cDNA microarray. We subsequently
confirmed that hypoxia-inducible protein-2 (HIG
2) was expressed exclusively in RCCs and fetal
kidney. Induction of HIG2 cDNA into COS7
cells led to secretion of the gene product into
culture media and resulted in enhancement of
cell growth. Small interfering RNA (siRNA) ef-
fectively inhibited expression of HIG2 in human
RCC cells that endogenously expressed high lev-
els of the protein, and significantly suppressed
cell growth. Moreover, addition of polyclonal
anti-HIG2 antibody into culture media induced
apoptosis in RCC-derived cell lines. By binding
to an extracellular domain of frizzled homolog
10 (FZD10), HIG2 protein enhanced oncogenic
Wnt-signaling and its own transcription, sug-
gesting that this product is likely to function as
an autocrine growth factor. ELISA analysis of
clinical samples identified secretion of HIG2
protein into the plasma of RCC patients even at
an early stage of tumor development, whereas it
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was detected at significantly lower levels in
healthy volunteers or patients with chronic
glomerulonephritis. The combined evidence sug-
gests that this molecule represents a promising

candidate for development of molecular-
targeting therapy and could serve as a promi-
nent diagnostic tumor-marker for patients with
renal carcinomas.
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The mission of our laboratory is to conduct computational (“in silico”) studies on
the functional aspects of genome information. Roughly speaking, genome informa-
tion represents what kind of proteins/RNAs are synthesized on what conditions.
Thus, our study includes the structural analysis of molecular function of each gene
product as well as the analysis of its regulatory information, which will lead us to
the understanding of its cellular role represented by the networks of inter-gene in-

1. DBTGR: A Database for
Analysis of Tunicates Promoter
quences

Comparative
Se-

Nicolas Sierro, Takehiro Kusakabe', Keun-
Joon Park, Riu Yamashita, Kengo Kinoshita
and Kenta Nakai: 'Graduate School of Life
Science, University of Hyogo

The two ascidians Ciona intestinalis and Ciona
savignyi belong to the tunicate subphylum,
which is particularly interesting because it
shares many developmental and physiological
characteristics, as well as basic gene repertoires,
with the vertebrates. The rapid development of
a fertilized ascidian egg into a transparent
tadpole-like larva having a body plan similar to
its vertebrate counterpart and the availability of
a well-established cell-lineage has made of these
organisms a favored tool to elucidate the genetic
regulatory systems underlying the developmen-
tal and physiological processes of vertebrates. In
order to understand the regulation of these nu-
merous genes identified after the recent release
of the C. intestinalis and C. savignyi genomes, a
database was created containing information on
regulation of tunicate genes collected from lit-
erature, as well as predicted binding sited for

the identified transcription factors. The informa-
tion contained in the DataBase of Tunicate Gene
Regulation (DBTGR, http://dbtgr.hgc.jp) origi-
nates from two sources. On one hand, gene
regulation, transcription factor and their binding
sites obtained by searching published literature.
And on the other hand C. intestinalis and C.
savignyi promoter sequences extracted from the
most current genome releases, either by using
the information provided in the literature and
with the genome releases, or by sequence align-
ment and homology searches. Additionally, the
recognition sites of the reported transcriptions
factors were used to identify new potential
binding sites within the promoters. More impor-
tantly, DBTGR provides an alignment between
corresponding C. intestinalis and C. savignyi
gene promoter sequences facilitating the identifi-
cation of actual regulatory elements and of re-
gions conserved in both promoters.

2. Motif Analysis of Tissue-specific Promot-
ers in Ciona intestinalis

Keun-Joon Park, Nicolas Sierro, Takehiro
Kusakabe', Riu Yamashita, Kengo Kinoshita
and Kenta Nakai
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DBTGR is a database of tunicate promoters
and their regulatory elements. While construct-
ing the DBTGR database, we also investigated
promoters leading to tissue-specific expression
in Ciona (tunicates). We have found muscle-
specific motifs in the Ciona intestinalis dataset
constructed from DBTGR and obtained with
PSSM (position-specific scoring matrix) for each
motif. After finding muscle-specific motifs in the
restricted DBTGR Ciona intestinalis dataset, we
searched for the same motifs in the complete
Ciona intestinalis genome sequence (JGI version
1.95). To find potential muscle-specific genes in
the genome sequence, we constructed some
muscle-specific motifs combination (element)
models based on the results of the DBTGR da-
taset analysis. These models were used to detect
new muscle-specific genes in the whole genome.
After prediction of TATA-box sequences in the
upstream region of each gene, significant motif
combinations matching the models were de-
tected in the genome sequence. To improve
these muscle-specific promoter element models,
and discover potentially new ones, we are going
to analyze the new Ciona intestinalis genome
version 2.0 and to carry out comparative
genomics analysis using the Ciona savignyi
genome sequence.

3. Comparative Analysis of Firmicute Promot-
ers

Nicolas Sierro and Kenta Nakai

With the rapid increase in the number of bac-
terial genome entirely sequenced, systematic
function analysis projects have started to deci-
pher the total gene activity of these organisms.
Due to the probable co-regulation by a common
transcription factor of genes showing a similar
expression profile, investigation of their pro-
moter regions is an important step towards the
understanding of global cell regulation net-
works. The previously constructed database of
transcriptional regulation in Bacillus subtilis
(DBTBS) focuses on known transcription factors,
their recognition sequences and the gene they
control in B. subtilis. However, in the recent
years, more than 60 other firmicute genomes, in-
cluding medically and industrially important
species such as Streptococcus pyogenes, Staphylo-
coccus aureus or Lactococcus lactis, have been
completely sequenced. Using the information
available from these genomes, as well as regula-
tory events reported in literature, a new insight
in the evolution of regulatory networks could be
obtained. For instance although the heat shock
response is primordial for the survival of all
bacteria, and as such is likely to have appeared

early in evolution, the interaction between two
of its known regulation pathways, controlled by
the HrcA and CtsR transcription factors, varies
depending on species and subspecies. This illus-
trates the importance of extending the compre-
hensive B. subtilis information with that ob-
tained from other related bacteria in order to
provide a more accurate picture of the bacterial
gene regulation.

4. Update of DataBase of Transcription Start
Sites

Riu Yamashita, Yutaka Suzuki’, Sumio
Sugano, and Kenta Nakai: *Graduate School of
Frontier Sciences

DBTSS was first constructed in 2002 based on
precise, experimentally determined 5’-end
clones. Several major updates and additions
have been made since the last report. First, the
number of human clones has drastically in-
creased, going from 190,964 to 1,359,000. We
checked reliability of these data with ChIP of
chip experiments of the ENCODE project.
Around 54% of the transcription start sites were
observed in ChIP on chip positive (> =2 of ra-
tio) region. Moreover, these TSSs correspond to
90% of 5’-end clones in ENCODE region; there-
fore, our data is consistent with other experi-
mental works. Second, information about poten-
tial alternative promoters is presented because
the number of 5-end clones is now sufficient to
determine several promoters for one gene.
Namely, we defined putative promoter groups
by clustering TSSs separated by less than 500
bases. 8,308 human genes and 4,276 mouse
genes were found to have putative multiple pro-
moters. To verify these putative alternative pro-
moters, we obtained 138 alternative promoters
(64 genes) based on other experimental meth-
ods. 74% of them corresponded to our DBTSS
alternative promoters. Finally, we have added
TSS information for zebrafish, malaria, and
schyzon (a red algae model organism). DBTSS is
accessible at http://dbtss.hgc.jp.

5. Comparative Analysis of Alternative Pro-
moters between Human and Mouse Genes

Katsuki Tsuritani’, Yutaka Suzuki’, Koichi
Kimura‘, Ai Wakamatsu’, Riu Yamashita,
Takao Isogai’, Sumio Sugano’, and Kenta
Nakai: *Taisho Pharmaceutical Co. Ltd., ‘RE-
PRORI Co. Ltd.

It gradually becomes clear that a large popu-
lation of human genes are regulated by more
than one alternative promoters (APs). In this re-
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port, we focus on the comparative analysis of
human/mouse APs. We extracted orthologous
genes that have more than two APs in either
human or mouse from DBTSS (http://dbtss.hgc.
jp/) and analyzed their putative promoter re-
gions using a local alignment program LALIGN.
We classified the extracted genes into five cate-
gories: ‘0-0’, “1-1’, “1-m’, ‘m-1’, and ‘m-m’ based
on the conservation of their promoter regions;
where ‘0-0" is the case that there were no con-
served regions, ‘1-m” and ‘m-1" contain some re-
dundant orthologous promoters in mouse and
human, respectively, ‘m-m’ is the case that both
‘1-m” and ‘m-1" hold, and “1-1” is the remaining
case which indicates that the promoter is not
duplicated. The number of categories for ‘0-0’, ‘1
-1’7, ‘1-m’, ‘m-1’, and ‘m-m’ were 538, 4364, 821,
334, and 224, respectively. We extracted 523
genes with more than two reciprocally con-
served promoter regions from the major cate-
gory ‘1-1” and defined them as the AP core da-
taset. Among them, the genes that have the
most conserved promoter regions were ‘neural
precursor cell expressed, developmentally down
-regulated 4-like’ and ‘regulator of G-protein
signaling 3’, both having five conserved regions.
By analyzing their Gene Ontology annotation,
we found that genes related to ‘signal transduc-
tion” are significantly enriched in the AP core
dataset. Our results suggest that APs contribut-
ing to the diversity of cellular signal transduc-
tion are well-conserved throughout the evolu-
tion.

6. Comparative Sequence Analysis of Human
and Mouse Promoter Regions

Hirokazu Chiba, Riu Yamashita, Kengo Ki-
noshita, and Kenta Nakai

Computational sequence analysis of promoter
regions is essential to elucidate the mechanism
of transcriptional regulation. The accumulation
of experimentally validated TSS data made pos-
sible a large scale promoter comparison not only
possible but also an effective approach. Based
on the database of transcriptional start sites
(DBTSS) developed in our laboratory, we carried
out the most comprehensive comparison to date
for promoter regions of human and mouse
genes, aiming at elucidating the relationship be-
tween gene function and promoter conservation.
For 70% of the orthologous gene pairs, promot-
ers were detected to be evolutionary related
when compared to promoters from unrelated
genes. Conservation levels in a wide range from
gene to gene. The conservation level of genes
with specific functions was examined based on
GO slim categories, and new functional catego-

ries with high promoter conservation levels
were identified in addition to the ones reported
previously. Furthermore, a similar analysis re-
garding protein conservation levels was carried
out, and evolutional constraints on genes were
discussed from the points of view of protein se-
quence and promoter sequence. For signal trans-
ducer, evolutionary constraints tend to be on
promoter sequences rather than protein se-
quences, while for enzymes, they are on protein
sequences rather than promoter sequences.

7. Comprehensive Analysis of Triplet Re-
peats in Vertebrate Genomes

Shigeo Okada, Riu Yamashita, Kengo Ki-
noshita, and Kenta Nakai

About 3% of the human genome is composed
of triplet repeats, and their expansion in specific
genes is associated with at least 42 human dis-
eases. However, the definition of triplet repeats
has not been settled since it may contain one or
more potentially important interruptions. For
example, Huntington gene has one CAA inter-
ruption in its CAG repeat regions. According to
the current Repeat Evolution Model, interrup-
tions may have appeared by point mutations
during evolution. In addition, the possible func-
tions of the interruptions are to energetically
stabilize repeats and to prevent their expan-
sions. However, interruptions are not considered
by the conventional in silico researches. There-
fore we reinvestigated triplet repeats taking in-
terruptions into account. We defined the repeats
with interruptions using triplet repeat disease
genes and statistical significance. While there are
6,015 amino acid repeats without interruptions
in human coding sequences (CDSs), we can find
22,581 repeats with interruptions. From the in-
vestigation of repeats in human and mouse
orthologous genes, 4,996 repeats exist only in
human genes, and 3,522 repeats only in mouse
genes. The percentage of a specific amino acid
repeat and the average length of the repeats do
not vary much between the two species. We
also find that the distribution of the differences
between mouse and human glutamine-repeat
lengths from orthologous genes is almost sym-
metrical. We investigated the mutation rate of
triplet repeats between human, chimpanzee and
mouse CDSs. Interruptions caused by one point
mutation are the most abundant (>40%). We
also find that the distribution of point mutations
resulting in an interruption does not vary much
between species, but varies widely depending
on the repeated triplet. This indicates that the
formation of interruptions depends on the re-
peated triplet, but is independent of the species
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and triplet repeat length. In summary, it ap-
pears that repeats and interruptions are formed
at the same rate, independently of the species
and despite the diversification of the genomes.
Our results are in agreement with the Repeat
Evolution Model and imply that interruptions
could play some roles in the repeats because
they are relatively frequent. We expect that our
results will be of great help to understand the
relationship between triplet repeats and dis-
eases.

8. ATTED-ll: A Database of Co-expressed
Genes And cis-elements for Identifying Co
-Regulated Gene Groups in Arabidopsis

Takeshi Obayashi*’, Kenta Nakai, Daisuke Shi-
bata’, Kazuki Saito’, Hiroyuki Ohta’: *Tokyo
Institute of Technology, ‘Kazusa DNA Re-
search Institute, "Chiba University

Finding out the combination of co-expressed
gene sets would be valuable for a wide variety
of experimental design, such as targeting the
genes for functional identification and for inves-
tigation of possible cis-elements in promoter se-
quences. Here, we report the construction of
Arabidopsis thaliana trans-factor and cis-element
prediction database (ATTED-II), which provides
co-regulated gene relationships based upon co-
expressed genes deduced from microarray data
with the predicted cis elements. ATTED-II in-
cludes following features: (i) lists of co-
expressed genes calculated with 771 publicly
available microarray data in A. thaliana or with
the subsets of these data, (ii) prediction of cis
regulatory elements in the 200-bp region up-
stream of transcription start site to estimate co-
regulated genes from the co-expressed genes,
(iif) prediction of subcellular localizations and
functional groups of proteins to support the esti-
mation of the co-regulated genes. ATTED-II can
thus provide the clues for researchers to clarify
the function and regulation of particular genes
and the networks of gene-to-gene relationships
(http:/ /www.atted.bio.titech.ac.jp).

9. Computational Analysis of microRNA Rec-
ognition Site

Keishin Nishida, Riu Yamashita, Kengo Ki-
noshita, and Kenta Nakai

microRNAs (miRNAs) are noncoding RNAs
about 22 nucleotides that suppress translation of
target genes by binding to their mRNA, and
thus have a role in gene regulation. Recently
Lim et al. (2005 Nature) transfected miRNAs
into human cells and used microarrays to exam-

ine changes in the messenger RNA profile.
These microarray profiles indicate that the 3’-
untranslated regions of down-regulated mes-
sages have a significant propensity to pair to the
5’-region of the miRNAs, as expected if many of
these messages are the direct targets of the miR-
NAs. However miRNA target prediction” search
complementary sequence of Seed (SeedCS) re-
sults contain many false positives. We need to
define more fine Seed and create the target pre-
diction algorism to reduce false positive. Here
we present a visualization method to discover
out the miRNAs recognition site by computa-
tional analysis for identify the location of miR-
NAs recognition site and its required length.
And present method to reduce false positive at
target prediction. The sequence data of miRNAs
were obtained from Lim et al., and the mRNA
sequence data were obtained from the Ensembl
database. The complementation at each position
of mRNA sequence by a miRNA was consid-
ered. The length and start position within the
miRNA sequence of any nucleotide stretch
longer than 2based were recorded. We thereby
obtained length vs position matrices for each
miRNA-mRNA pair. Matrices obtained with the
same miRNA were added together, yielding
general miRNA matrices. The microarray data
were obtained from NCBI GEO (GSE2075).
miRNA specific gene expression profiles were
linked to Ensembl transcripts based on the map-
ping of microarray oligo nucleotides on Ensembl
mRNAs. For consider both sensitivity and speci-
ficity, we use maximum Matthews correlation
coefficient for score. That score are ploted as dot
color and aligned matrix shape. It indicates
miRNA’s length 8 position 0 and length 7 posi-
tion 1 is important to recognize mRNA. Next, to
predict significant down-regulated mRNAs, we
picked up top mRNAs that down-regulated at
microarray experiment. It has many SeedCS
compare with ambiguously down-regulated
mRNAs. Then we picked mRNA that has plural
SeedCS. Then, false positives were reduesed.
mRNAs which has more than two Seed comple-
mentary sequences have highly down-regulated
and can be easily predicted.

*miRNA target prediction: Prediction of mRNAs
that are degraded by miRNA
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10. Sequence-Based Analyses of Biosynthe-
sis Rate Limiting Factors in Wheat Germ
Cell-Free System

Naoya Fujita, Motoaki Seki’, Kazuo Shinozaki®,
Kengo Kinoshita, Tatsuya Sawasaki’, Yaeta
Endo’, Kenta Nakai: *RIKEN, ’Faculty. of
Eng., Ehime Univ.

The production of proteins themselves is es-
sential for their structural and functional analy-
ses in the post-genome era. A wheat germ cell-
free system is a helpful method for that pur-
pose, as it is able to produce proteins from vari-
ous sources’ mRNAs using the translational ma-
chinery of wheat germs. Only one 5-UTR was
used to obtain similar biosynthesis yields re-
gardless of the coding sequence. However, the
range of yields observed is very wide. We there-
fore investigated the causes of the yield vari-
ation based on the protein sequences. The da-
taset used consists of 425 protein kinases from
Arabidopsis thaliana. 4 candidates were consid-
ered as yield variation factors: disordered re-
gion, coiled coil structure, codon usage and
mRNA secondary structure. Disordered regions
and coiled coil structures were predicted using
DISOPRED2 and COILS respectively. A specific
negative correlation between N terminal disor-
ders and yields was found. If a protein has a
high disorder, its yield will be low. However,
the yield range of proteins with a lower disor-
der percentage remains wide. Focusing on the
region with less than 20% disorder and consid-
ering coiled coil structures, we found that if a
protein kinase has coiled coils, its biosynthesis
yield will be low. mRNA structure also relate to
the yield decrease, consistent with the observed
in vivo gene expression in E. coli. Codon usage
has no influence on our dataset, although this
lack of effect may be restricted to the protein
kinase family. We interpreted the disorder and
coiled coil factors and proposed an entangle-
ment model in which potential interactions and
entanglements between neighboring synthesized
polypeptides could occur, resulting in a lower
protein production. Further investigations re-
garding biosynthesis yields of other protein
families as well as protein kinase from other or-
ganisms are currently underway.

11. Construction and Analyses of A Non-
interacting Sites Database for Protein-
protein Interaction

Miho Higurashi, Kenta Nakai, and Kengo Ki-
noshita

Many of the celluer events are regulated

through the interaction between protein and
protein. Recent growth of PDB entry enables us
to reveal characteristics of protein-protein inter-
acting sites from the viewpoint of structural
genomics. In the past studies, comparison of
protein-protein interacting sites with whole sur-
face of protein was done to extract features of
protein-protein interacting sites. However, the
feature of protein-protein interacting site may be
obscured because whole surface contain interact-
ing sites. To extract the characteristics of protein
-protein interacting sites, comparison of protein-
protein interacting sites with non-interacting
sites should be done. Refer to protein-protein in-
teracting site of homologue proteins in PDB, we
constructed database for sites with which inter-
acts nothing, as far as we know.

12. Modeling Tertiary Structure of
Complementarity-Determining Region of
Antibodies

Toru Hosokawa, Kenta Nakai, and Kengo Ki-
noshita

The tertiary structure of protein is important
to predict protein function and achieve rational
drug design. Therefore, the establishment of
protein tertiary structure prediction by com-
puter is needed. We focused on improving pre-
diction accuracy of the complementarity deter-
mining region (CDR) of antibody. It has been re-
ported that CDRs can be modeled by using tem-
plates from other antibodies. However, the pre-
cise prediction of the position of the CDR and
the selection of an appropriate template for the
target CDR are necessary. We developed a pre-
diction method which wuses hidden markov
model and achieved almost 100% prediction ac-
curacy. In previous works, several relations be-
tween the amino acid sequence and the canoni-
cal structure (called “rule”) were suggested.
While validating these rules and found 35% of
CDR structures for which template less than
RMSD 1A cannot find by known rules. There-
fore we created new rules by clustering struc-
tures and patterns of sequences. By implement-
ing a new prediction method for localization of
the CDR and for rule matching, we successfully
automated the structure prediction process of
antibodies and improved the overall accuracy of
structure prediction from 2.5A to 1.9A RMSD. A
web server which predicts tertiary structure of
antibodies from amino acid sequence was built
based on these results and existing homology
modeling method.
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13. Identification of The Ligand Binding Sites
On The Molecular Surface of Proteins
Kengo Kinoshita and Haruki Nakamura":
"Osaka Univ.

Identification of protein biochemical functions
based on their three-dimensional structures is
now required in the post-genome-sequencing
era. Ligand binding is one of the major bio-
chemical functions of proteins, and thus the
identification of ligands and their binding sites
is the starting point for the function identifica-
tion. Here we describe our trial on structure-
based function prediction, based on the similar-
ity searches of molecular surfaces against the
functional site database, eF-site.

14. PreDs: A Server for Predicting dsDNA-
binding Site on Protein Molecular Sur-
faces

Yuko Tsuchiya”, Kengo Kinoshita, Haruki
Nakamura"

PreDs is a WWW server that predicts the
dsDNA-binding sites on protein molecular sur-
faces generated from the atomic coordinates in a
PDB format. The prediction was done by evalu-
ating the electrostatic potential, the local curva-
ture and the global curvature on the surfaces.
Results of the prediction can be interactively
checked with our original surface viewer.

15. P-cats: prediction of catalytic residues in
proteins from their tertiary structures.

Kengo Kinoshita and Motonori Ota’

P-cats is a web server that predicts the cata-
lytic residues in proteins from the atomic coor-

dinates. P-cats receives a coordinate file of the
tertiary structure and sends out analytical re-
sults via e-mail. The reply contains a summary
and two URLs to allow the user to examine the
conserved residues: one for interactive images of
the prediction results and the other for a graphi-
cal view of the multiple sequence alignment.

16. Analysis of the three-dimensional struc-
ture of the “C-X-G-X-C” motif in the
CMGCC and CAGYC regions of o~ and
B-subunits of human chorionic gona-
dotropin: Importance of Glycine Residue
(G) in the Motif

Kengo Kinoshita, Masami Kusunoki', and Ki-
yoshi Miyai"

The “C-X-G-X-C” motif of human glycopro-
tein hormones, hTSH, hLH, hFSH and hCG, are
strictly conserved. These proteins form dimer
with the identical o-subunit and specific (-
subunit for each glycoprotein hormones. Some
mutational studies have shown the importance
of the Gly residues in the B-subunit. In this
study, using the recently solved structure of
hCG, we have analyzed role of the glycine resi-
due in the o- and B-subunits by the conforma-
tional energy calculation with loop closure algo-
rithm. As a result, in the «-subunit, only a
Gly residue is allowed at the third site due to
the steric hiderance within the subunit. On the
other hand in the B-subunit, Ala residue is also
acceptable in the monomer structure, but the
Ala is also forbidden when the dimer structure
is formed. This different role of the Gly in each
subunit can be a possible explanation of the im-
portance of Gly residue in the B-subunit as in
the case of TSH deficiency disease, which is
caused by the mutation from Gly to Ala in B-
subunit.
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The main projects of our laboratory are to reveal new biological meanings at mo-
lecular level by various statistical approaches, and to train the researchers for the
appropriate use of statistical techniques. The subject under investigation focuses
on devising the methods for inferring the association between biological phenom-
ena from gene expression profiles by statistical models. In addition, the algebraic
approaches are applied to some issues on theoretical biology.

1. Association Inference by Statistical Models

a. A graphical chain model for inferring regu-
latory systems network from gene expres-
sion profiles.

Sachiyo Aburatani, Shigeru Saito', Katsuhisa
Horimoto: INFOCOM CORP.

A procedure for graphical chain modeling has
been designed for analyzing the expression pro-
files of genes that can be classified into several
blocks in a natural order. Since the gene expres-
sion profiles often share similar patterns, the
genes within a block are grouped into some
clusters, as a prerequisite for the modeling.
Then, the clusters in the naturally ordered
blocks are regarded as variables. Finally, the as-
sociations of the variables within and between
blocks are inferred by the covariance selection in
graphical Gaussian modeling. The newly de-
signed procedure for graphical chain modeling
was applied to 619 expression profiles of cell-
cycle related genes in yeast, which were selected
from 792 genes experimentally identified as be-

ing transcribed in the order of four cell-cycle
phases, G;, S, G, and M. By the application of
the procedure, the 619 genes were classified into
50 clusters, and a chain graph was fitted for 50
clusters in the four phases. By focusing on the
clusters including transcription factors, charac-
teristic relationships between the clusters
emerged from the associations of the clusters
within and between the four phases; one of the
remarkable features is the distinctive relation-
ships of the clusters between neighboring and
non-neighboring phases. The merits and pitfalls
of the graphical chain model are discussed in
terms of its application to the field of molecular
biology.

b. Algorithm for predicting co-expression
genes by improvement of path consis-
tency algorithm.

Shigeru Saito', Sachiyo Aburatani, Katsuhisa
Horimoto: INFOCOM CORP.

We design a simple algorithm to predict the
co-expressed genes from expression profiles. The
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path consistency (PC) algorithm, which is one of
constraint-based method for inferring the causal
graph, is modified by considering the nature of
actual expression profiles, and further improved
by interpolating the biological knowledge of op-
erons. The algorithm was applied to the expres-
sion profiles of known operons and of all genes
in Escherichia coli, and then about 90% and 70%
of known operons were correctly detected with
small errors. In addition, a reasonable operon
candidate in terms of gene function was pre-
sented.

c. Orchestration of Gene Systems Inferred
from Expression Profiles in Hepatocellular
Carcinoma.

Sachiyo Aburatani, Shigeru Saito', Masao
Honda’, Shu-ichi Kaneko’, Katsuhisa Hori-
moto: 'INFOCOM CORP., ’Kanazawa Univ.

Hepatitis C virus (HCV) is the major etiologic
agent of non-A non-B hepatitis and chronically
infects about 170 million people worldwide.
Many HCV carriers develop chronic hepatitis C
(CH-C), finally complicated with hepatocellular
carcinoma (HCC) in a liver with advanced stage
CH-C.

Here, we analyzed the gene expression pro-
files of HCC and its background liver with ad-
vanced stage of CH-C, by a statistical method
recently devised to infer the gene systems net-
work from the gene expression profiles, based
on the graphical Gaussian model.

Recently, we have developed an approach to
infer a regulatory network, which is based on
graphical Gaussian modeling (GGM). Our
method provides a framework of gene regula-
tory relationships by inferring the relationship
between the clusters, and provides clues toward
estimating the global relationships between
genes on a genomic scale. Also, we have de-
vised a procedure, named ASIAN (Automatic
System for Inferring A Network), to apply GGM
to gene expression profiles, by a combination of
hierarchical clustering. In this study, the previ-
ous version of the ASIAN web server has been
improved to facilitate its utilization.

The ASIAN system is composed of four parts:
1) the calculation of a correlation coefficient ma-
trix for the raw data, 2) the hierarchical cluster-
ing, 3) the estimation of cluster boundaries, and
4) the application of GGM to the clusters. In the
GGM, the network is inferred by the calculation
of a partial correlation coefficient matrix from
the correlation coefficient matrix, and the partial
correlation coefficient matrix can only be ob-
tained if the correlation coefficient matrix is
regular. Since the gene expression profiles on a

genomic scale often include many profiles shar-
ing similar expression patterns, the correlation
coefficient matrix is not always regular. There-
fore, the first three parts (1)-3)) are prerequisite
for analyzing the redundant data, including
many similar patterns of expression profiles, by
the last part (4)), the network inference by
GGM. All calculations were performed by
ASIAN web site and “Auto Net Finder”, PC
version of ASIAN, from INFOCOM CORPORA-
TION.

The expression profiles of 8516 genes were
monitored in 17 samples in HCC. By application
of ASIAN to the profiles, a graph of the gene
systems is inferred, and it provides snapshot for
orchestrating the gene systems in HCC.

d. Causal inference of gene systems network
in hepatocellular carcinoma progression
by graphical chain model.

Sachiyo Aburatani, Shigeru Saito', Masao
Honda’, Shu-ichi Kaneko’, Katsuhisa Hori-
moto: 'INFOCOM CORP., °’Kanazawa Univ.

We analyzed the gene expression profiles of
HCC and its background liver with advanced
stage of CH-C, by a statistical method recently
devised to infer the gene systems network from
the gene expression profiles, based on the
graphical chain model (GCM).

The GCM infers a causal relationship between
variables that can be naturally grouped (blocks)
and ordered from prior knowledge. In a GCM,
any direct association between two variables in
the same block is assumed to be non-causal, and
any direct association between two variables
from different blocks is assumed to be poten-
tially causal. Thus, the GCM is one of the suit-
able models to infer the causal network between
gene systems in distinct biological stages.

The procedure is as follows: 1) The genes that
express characteristically in distinct stages are
selected from all genes.; 2) In each stage, the
profiles of genes are subjected to a clustering
analysis, and the gene groups (systems) are de-
fined in terms of biological function.; 3) The
gene systems are subjected to GCM, to infer the
causal network between gene systems in differ-
ent stages.; 4) The causal network between gene
systems are evaluated by the biological knowl-
edge.

The expression profiles of 8516 genes were
monitored in 27 samples in CH-C and 17 sam-
ples in HCC. By application of GCM to the pro-
file data, a causal graph for the gene systems in
CH-C and HCC progression were inferred from
the profiles.
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f. ASIAN: a web server for inferring a regula-
tory network framework from gene expres-
sion profiles.

Shigeru Saito', Kousuke Goto', Sachiyo
Aburatani, Hiroyuki Toh’, Katsuhisa Hori-
moto: 'INFOCOM CORP., *Kyushu University

The standard workflow in gene expression
profile analysis to identify gene function is the
clustering by various metrics and techniques,
and the following analyses, such as sequence
analyses of upstream regions. A further chal-
lenging analysis is the inference of a gene regu-
latory network, and some computational meth-
ods have been intensively developed to deduce
the gene regulatory network. Here, we describe
our web server for inferring a framework of
regulatory networks from a large number of
gene expression profiles, based on graphical
Gaussian modeling (GGM) in combination with
hierarchical clustering (http://eureka.ims.u-
tokyo.acjp/asian). GGM is based on a simple
mathematical structure, which is the calculation
of the inverse of the correlation coefficient ma-
trix between variables, and therefore, our server
can analyze a wide variety of data within a rea-
sonable computational time. The server allows
users to input the expression profiles, and it
outputs the dendrogram of genes by several hi-
erarchical clustering techniques, the cluster
number estimated by a stopping rule for hierar-
chical clustering, and the network between the
clusters by GGM, with the respective graphical
presentations. Thus, the ASIAN web server pro-
vides an initial basis for inferring regulatory re-
lationships, in that the clustering serves as the
first step toward identifying the gene function.

2. Algebraic Approaches

a. Symbolic-numeric optimization for biologi-
cal kinetics by quantifier elimination.

Shigeo Orii', Hazuhiro Anai', Katsuhisa Hori-
moto: 'FUJITSU LTD.

We introduce a new approach to optimization
for biological kinetics that deals with numerical
data by symbolic quantifier elimination (QE). In
this study, we illustrate the feasibility of the
symbolic-numeric method in comparison with
previous numerical methods.

The symbolic-numeric approach is applied to
an optimization problem estimating five reaction
parameters to fit a simulated signal with the
five parameters to observed one, in the model

described by ODE for the mechanism of irre-
versible inhibition of HIV protainase.

The reaction parameters k”(k», k3, ki, k=, ks
with minimum SSq is the same magnitude as
those by the numerical optimization methods in
previous studies. Furthermore, the present
method has_the following merits: 1) The model
parameters k (i, j) and k “are estimated with a
few points (e.g. two points) of the observed sig-
nal. 2) Feasible ranges of k' (i, j) and k"(i, ]) are
selected because unfeasible region can be con-
firmed exactly by the result “false” obtained by
QE. 3) Our method enables us to estimate ex-
actly how much the uncertainties of numerical
simulation and observation should be so that
the constraints become feasible. 4) The symbolic-
numeric approach provides feasible ranges of
reaction parameters.

b. On conditions for morphogenetic diversity
of multicellular organisms.

Hiroshi Yoshida, Shigeo Orii', Hazuhiro Anai',
Katsuhisa Horimoto: 'FUJITSU LTD.

In a multicellular organism, a single cell-an
egg-or a group of cells develops into a certain
pattern with a variety of cell types. The variety
of cell types are created through cell differentia-
tion; the differentiation starts from an initial
type, and then the initial type changes into sev-
eral intermediate types before differentiating
into the final type. Theoretical study of cell dif-
ferentiation and morphogenesis was pioneered
by Alan Turing, who showed that a reaction-
diffusion system can produce an inhomogene-
ous stable pattern. Turing’s theory provides a
basis of dynamical system for morphogenesis
and potentiality of cell differentiation. Embryo-
genesis with increases of cell numbers was, how-
ever, not studied. By considering Turing’s study
and intracellular dynamics, together with the
cell division process to increase the cell num-
bers, Kaneko and Yomo have proposed isologous
diversification. This allows the spontaneous cell
differentiation through cell division processes
and cell-cell interactions. These studies provide
a basis for morphogenetic diversity of multicel-
lular organisms. However, relevance of prolif-
eration rates and transition rates between cell
types to morphogenetic diversity has not been
studied. In this paper, we shall answer this
question by constructing the model based on
probabilistic Lindenmayer system with interac-
tion and by using quantifier elimination (abbre-
viated to QE).
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