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maceutical applications.

Since the completion of the Human Genome Project, high-throughput experimental
projects have been initiated for uncovering genomic information in an extended
sense, including transcriptomics, proteomics, metabolomics, glycomics, chemical
genomics, and metagenomics. We are developing bioinformatics technologies to
integrate and interpret such large-scale datasets, especially for medical and phar-

1. KEGG DISEASE and KEGG DRUG
Minoru Kanehisa

KEGG is a database of biological systems that
integrates genomic, chemical, and systemic func-
tional information. It is widely used as a refer-
ence knowledge base for understanding higher-
order functions and utilities of the cell, the or-
ganism, and the ecosystem from genomic infor-
mation. This Laboratory is responsible for the
applied areas of KEGG, especially in medical
and pharmaceutical sciences. We consider dis-
eases as perturbed states of the molecular sys-
tem that operates the cell and the organism, and
drugs as perturbants to the molecular system.
We develop a disease information resource,
KEGG DISEASE (http://www.genome.jp/kegg/
disease/), which is intended for use by compu-
tational analysis rather than just for humans to
read and understand. When the detail of the
molecular system is relatively well character-
ized, we draw KEGG pathway maps. When the
detail is not known but disease genes are identi-
fied, we create KEGG DISEASE entries, each of
which contains a list of known disease genes
and other relevant molecules including environ-

mental factors, diagnostic markers, and thera-
peutic drugs. The list simply defines the mem-
bership to the underlying molecular system, but
is useful for integrated analysis with large-scale
datasets. We also develop a comprehensive drug
information resource, KEGG DRUG (http://
www . genome.jp / kegg /drug /), containing
chemical structures and/or chemical compo-
nents of all prescription and OTC drugs in Ja-
pan, and most prescription drugs in the USA
and Europe. In KEGG DRUG we also capture
knowledge on two types of molecular networks.
One is the interaction network of drugs with
target molecules, metabolizing enzymes, trans-
porters, pharmacogenomic markers, other drugs,
and the pathways involving all these molecules.
The other is the chemical structure transforma-
tion network in the history of drug development
where drug structures have been continuously
modified by medicinal chemists.

2. KEGG OC: Automatic assighments of
orthologs and paralogs in complete
genomes

Toshiaki Katayama, Shuichi Kawashima, Aki-
hiro Nakaya' and Minoru Kanehisa: ‘Graduate
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School of Frontier Sciences, The University of
Tokyo.

The increase in the number of complete
genomes has provided clues to gain useful in-
sights to understand the evolution of the gene
universe. Among the KEGG suites of databases,
the GENES database contains more than 5.6 mil-
lion genes from over 1,300 organisms as of Janu-
ary 2011. Sequence similarities among these
genes are calculated by all-against-all SSEARCH
comparison and stored in the SSDB database.
Based on those databases, the ORTHOLOGY da-
tabase has been manually constructed to store
the relationships among the genes sharing the
same biological function. However, in this strat-
egy, only the well known functions can be used
for annotation of newly added genes, thus the
number of annotated genes is limited. To over-
come this situation, we have developed a fully
automated procedure to find candidate ortholo-
gous clusters including those without any func-
tional annotation. The method is based on a
graph analysis of the SSDB database, treating
genes as nodes and the Smith-Waterman se-
quence similarity scores as edge weights. The
cluster is found by our heuristic method for
finding quasi-cliques, but the SSDB graph is too
large to perform quasi-clique finding at a time.
Therefore, we introduce a hierarchy (evolution-
ary relationship) of organisms and treat the
SSDB graph as a nested graph. The automatic
decomposition of the SSDB graph into a set of
quasi-cliques results in the KEGG OC (Ortholog
Cluster) database. We have built a system that
performs automatic update of KEGG OC, which
can be run on a weekly basis. As a result, we
obtained 959,333 clusters including 595,004 sin-
gleton clusters from 5,631,381 protein coding
genes. Among them, 5,704 clusters were shared
across kingdoms and other clusters were king-
dom specific. The automatic classification of our
ortholog clusters is largely consistent with the
manually curated ORTHOLOGY database. A
web interface to search and browse genes in
clusters is made available at http://oc.hgc.jp/.

3. EGENES: A database for expressed se-
guence tag indices of plant species

Shuichi Kawashima, Yuki Moriya’, Toshiaki
Tokimatsu*, Susumu Goto' and Minoru Kane-
hisa: ‘Institute for Chemical Science, Kyoto
University.

EGENES is a knowledge-based database for
efficient analysis of plant expressed sequence
tags (ESTs). It links plant genomic information
to higher order functional information in KEGG.

The genomic information in EGENES is a collec-
tion of EST contigs constructed from assembled
plant ESTs by using EGassembler. The EST indi-
ces are automatically annotated with the KEGG
Orthology identifiers (K numbers) by KEGG
Automatic Annotation Server (KAAS). Cur-
rently, EGENES contains 3,170,203 sequence
catalogues in 80 plants, among which 21% have
assigned K numbers. EGENES is available at
http:/ /www.genome.jp/kegg/catalog/org_list2.
html

4. KEGG APIl: SOAP/WSDL interface for the
KEGG system

Shuichi Kawashima, Toshiaki Katayama and
Minoru Kanehisa

KEGG is a suite of databases and associated
software, integrating our current knowledge of
molecular interaction/reaction pathways and
other systemic functions (PATHWAY and BRITE
databases), information about the genomic space
(GENES database), and information about the
chemical space (LIGAND databases). To facili-
tate large-scale applications of the KEGG system
programmatically, we have been developing
and maintaining the KEGG API as a stable
SOAP/WSDL based web service. The KEGG
APl is available at http://www.genome.jp/
kegg/soap/.

5. BioRuby: Bioinformatics software for the
Ruby programming language

Naohisa Goto', Pjotr Pring’, Mitsuteru Nakao’,
Raoul Bonnal’, Jan Aerts’, and Toshiaki Kata-
yama: 'Research Institute for Microbial Dis
eases, Osaka University, ‘Database Center for
Life Science, ROIS, *Groningen Bioinfor matics
Centre, University of Groningen, The Nether-
lands, ‘Integrative Biology Program, Fondazi-
one lstituto Nazionale di Genetica Molecolare,
Italy, °K atholieke Universiteit Leuven, Belgium.

The BioRuby software toolkit contains a com-
prehensive set of free development tools and li-
braries for bioinformatics and molecular biology,
written in the Ruby programming language.
BioRuby has components for sequence analysis,
pathway analysis, protein modelling and phylo-
genetic analysis; it supports many widely used
data formats and provides easy access to data-
bases, external programs and public web serv-
ices, including BLAST, KEGG, GenBank, MED-
LINE and GO. BioRuby comes with a tutorial,
documentation and an interactive environment,
which can be used in the shell, and in the web
browser. BioRuby is free and open source soft-
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ware, made available under the Ruby license.
BioRuby runs on all platforms that support
Ruby, including Linux, Mac OS X and Win-
dows. And, with JRuby, BioRuby runs on the
Java Virtual Machine. The source code is avail-
able from http://www.bioruby.org/.

6. TogoWS: integrated SOAP and REST APIs
for interoperable bioinformatics Web serv-
ices

Toshiaki Katayama, Mitsuteru Nakao' and
Toshihisa Takagi**: ‘Database Center for Life
Science, ROIS, °National Bioscience Database
Center, JST, *Graduate School of Frontier Sci-
ences, The University of Tokyo.

Web services have become widely used in
bioinformatics analysis, but there exist incom-
patibilities in interfaces and data types, which
prevent users from making full use of a combi-
nation of these services. Therefore, we have de-
veloped the TogoWS service to provide an inte-
grated interface with advanced features. In the
TogoWS REST (REpresentative State Transfer)
API (application programming interface), we in-
troduce a unified access method for major data-
base resources through intuitive URIs that can
be used to search, retrieve, parse and convert
the database entries. The TogoWS SOAP API re-
solves compatibility issues found on the server
and client-side SOAP implementations. The To-
goWS service is freely available at: http://
togows.dbcls.jp/.

7. TogoDB: Instantly publish your research
material as a public database

Toshiaki Katayama, Mitsuteru Nakao' and
Toshihisa Takagi®*: ‘Database Center for Life
Science, ROIS, *National Bioscience Database
Center, JST, *Graduate School of Frontier Sci-
ences, The University of Tokyo.

Supplemental materials are often provided as
separate files downloadable from the publisher’s
site along with the publication of a journal arti-
cle. However, these data are not fully utilized
since they are not available in the form of regu-
lar biological databases and hard to find by the
popular Web search engines. TogoDB is a sim-
ple and intuitive database system to publish
tabular formatted data instantly on the Web. Us-
ers can upload their research materials to the
TogoDB through the simple web interface and
the data will be made available as a fully func-
tional database in a minute or two. TogoWS is
an integrated and uniformed interface for the
major bioinformatics web services and also pro-

vides REST API for the contents in the TogoDB.
Recently, we extended TogoDB and TogoWS to
be used as a consolidated platform for the Se-
mantic Web by adding a metadata editor and an
automatic Resource Description Framework
(RDF) dumper. This system fills the gap be-
tween user’s data and major public databases to
deliver effective variations in the Linked Data.

8. Characterization of parasite specific genes
by ortholog gene clusters and the Seman-
tic Web technologies
Toshiaki Katayama, Shuichi Kawashima,

Junichi Watanabe, Yutaka Suzuki', Sumio

Sugano® and Minoru Kanehisa: ‘Graduate

School of Frontier Sciences, The University of

Tokyo.

Characterization of a set of genes is one of the
most demanded tasks in bioinformatics. Usually,
extensive sequence similarity search is per-
formed and the functions of query sequences
are inferred from the annotation of highly simi-
lar sequences. For more accurate inference,
ortholog clusters and protein motif information
are often added for further investigation.
Ortholog cluster is useful to infer the phyloge-
netic distribution of the protein family and mo-
tifs provides molecular evidence of the func-
tional domains in combination. In this way, in-
formation integration of related data sources is
gaining in importance to make the annotation
more reliable or to discover hidden relations
among data sets. However the incompatible
identifiers and data types have prevented from
integrating  heterogeneous data seamlessly
among life-science databases. Recently, the Se-
mantic Web technologies are being accepted to
resolve this situation. We applied these methods
to characterize a set of genes from non-lab
strains of Plasmodium falciparum and other para-
site species. Clinical samples are taken at the
hospital in Manado, Indonesia and RNA se-
quencing was performed to find over-expressed
malarial genes. As a result, we obtained ~5% of
total genes which are highly expressed. Among
them, we found 20 P. falciparum specific, 48 Plas-
modium specific and 43 Apicomplexa specific
genes. Many of them turned out to possess
parasite specific domains such as surface anti-
gen and exported protein with unknown func-
tion. We also discovered that some of them are
changed 7-folds in their gene expression levels
among samples which can be candidates for the
drug target.
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9. Analysis of EST sequences from the
house dust mite, Dermatophagoides fari-
nae

Shuichi Kawashima, Junichi
Minoru Kanehisa

Watanabe and

The house dust mite feed on skin scales (dan-
der and scurf) and other organic detritus, such
as bacteria, spores and feathers and produce 20
to 30 small fecal particles, which are highly al-
lergic. Thus it is important that we expand our
knowledge of the mites to develop effective al-
lergy panels or vaccines. Angus et al. have initi-
ated a project to sequence ESTs of Dermato-
phagoides farinae and other mite species associ-
ated with allergic diseases. Wakaguri et al. have
also sequenced ESTs of D. farinae which was
first established in 1968 and has been main-
tained using the method developed by Sasa et
al. The produced sequences are available at the
FullMite database. In this study we analyzed the
relationships between known mite allergens and
the EST sequences derived from the FullMite
database.

After removing low quality regions and clip-
ping vector sequences from the initial 23,040 se-
quences, a total of 21,005 sequences is retained.
Then we assembled pair-end sequences if they
were aligned with a strict condition (more than
500 bit score and 99% sequence identity in the
aligned region). Clustering and assembling with
the CAP3 software resulted in 1,717 contigs and
3,368 singletons. The distribution of the number
of ESTs included in each contig showed that
known allergens were widely distributed
through the variety of gene expression levels.
As expected, the major mite allergens such as
Der f 1 or Der f 2 were highly expressed in our
data. On the other hand there were also known
allergens which were lower expressed. It is
known at least 20% of adults allergic to mite
have poor reactivity to the group 1 and group 2
allergens. Furthermore new mite allergens have
still been characterized today (e.g. Der f 22).
Thus there could be unknown mite allergens in
our data and we will try to screen potential al-
lergens which are still uncharacterized.

10. Analysis of a tardigrade proteome with
the Gene Ontology

Shuichi Kawashima, Toshiaki Katayama and
Minoru Kanehisa

Kunieda et al. have been sequencing and ana-
lyzing the genome of extremotolerant tardi-
grade, Rammazzottius «cf. varieornatus,
YOKOZUNA-1. Currently, they produced about

15,000 hypothetical protein coding genes by us-
ing ab initio method implemented in SNAP soft-
ware. Tardigrades form the phylum Tardigrada
which is considered as a member of the su-
perphylum Ecdysozoa. However the definitive
phylogenetic position is still unclear. To under-
stand the ecdysozoans specific molecular func-
tions, we compared the Gene Ontology terms
annotated to the proteome with those of Dro-
sphila melanogaster, Daphnia pulex and Caenorhab-
ditis elegans as representative Ecdysozoas and
found the 2,241 GO temrs common to the four
ecdysozoans. Interestingly, only six ontologies
were found in the proteomes of four species ex-
clusively. Those are rhabdomere (GO:0016028),
cation channel complex (GO:0034703), septate
junction (GO:0005918), signal recognition parti-
cle (GO:0048500), fusom (GO:0045169) and spec-
trosome (GO:0045170).

11. Functional genome annotation of a tardi-
grade by KEGG MODULE database

Toshiaki Katayama, Shuichi Kawashima and
Minoru Kanehisa

Functional annotation of genes is usually per-
formed based on sequence similarities to genes
of other organisms. However, it is difficult to
find out characteristics of the genome only
based on the each annotated gene. Therefore,
overall signature of a genome is often described
with the help of the Gene Ontology (GO) or
KEGG PATHWAY databases. Assigning GO
terms to genes, we can grasp an outline of func-
tional categories covered by a set of genes en-
coded in a genome. Reconstructing KEGG
PATHWAY will reveals metabolic and regula-
tory pathways that the target organism may
utilize. The problem here is the granularity.
Functional categories of the GO and covering
area of each KEGG PATHWAY map are rather
coarse-grained to find key differences among or-
ganisms. Meanwhile, KEGG MODULE is a data-
base of functional units in the pathways which
are highly conserved among organisms. We are
running a genome project of a tardigrade, which
is expected to explain its phylogenetic position
and to make functional annotation of the
genome. Therefore, we introduced the KEGG
MODULE to see conserved and non-conserved
modules in the tardigrade genome compared
with closely-related species. As a result, we
found 184 conserved modules in tardigrade
which are slightly larger than that of C. elegans
(162), D. pulex (181) and D. melanogaster (164).
Among them, we found several module candi-
dates describing evolution of the metabolic
pathways in animal. For example, M00029 (urea
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cycle) which is missing in nematodes, partially
conserved (cytosolic portion) in arthropods, and
fully conserved in vertebrates (cytosolic and mi-
tochondrial portions). Tardigrade had only one
enzyme in this module (in cytosolic portion)
showing the same pattern with some protists.
As the number of sequenced genomes increases
very rapidly, KEGG MODULE combined with a
phylogenetic profile will be a powerful tool to
elucidate characteristics of those genomes effi-
ciently.

12. HiGet and SSS: Search engines for the
large-scale biological databases

Toshiaki Katayama, Shuichi Kawashima,
Kazuhiro Ohi*, Kenta Nakai® Minoru Kane-
hisa: 'Hitatchi Ltd., *’Laboratory of Functional
Analysis In Silico, Institute of Medical Science,
The University of Tokyo.

The number of entries in biological databases
is exponentially increasing year by year. For ex-
ample, there were 10,106,023 entries in the Gen-
Bank database in the year 2000, which has now
grown to 141,537,514 (Release 181+daily up-
dates). In order for such a vast amount of data
to be searched at a high speed, we have devel-

oped a high performance database entry re-
trieval system, named HiGet. For this purpose,
the system is constructed on the HiRDB, a com-
mercial ORDBMS (Object-oriented Relational
Database Management System) developed by
Hitachi, Ltd. HiGet can perform full text search
on various biological databases including Gen-
Bank, RefSeq, UniProt, Prosite, OMIM and PDB.
Additional advantage of the HiGet system is the
capability of a field specific search, which en-
ables users to narrow down the number of re-
sults, especially useful for collecting sequences
of their specific needs. We have also developed
a sequence similarity search (SSS) service to find
homologous sequences with various algorithms
including BLAST, FASTA, SSEARCH, TRANS,
and EXONERATE. This variety of options is
unique among the public services and users can
select an appropriate method to search similar
sequences according to their query. Because al-
gorithms such as TRANS and EXONERATE are
highly time consuming, the SSS service is back-
ended by the distributed computing environ-
ment with the Sun Grid Engine in our super
computer system. HiGet and SSS services are
available at http://higet.hgc.jp/ and http://sss.
hgc.jp/ respectively.
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The recent advances in biomedical research have been producing large-scale,
ultra-high dimensional, ultra-heterogeneous data. Due to these post-genomic re-
search progresses, our current mission is to create computational strategy for sys-
tems biology and medicine towards translational bioinformatics. With this mission,
we have been developing computational methods for understanding life as system
and applying them to practical issues in medicine and biology.

1. Gene Network Analysis

a. Inferring dynamic gene networks under
varying conditions for transcriptomic net-
work comparison

Teppel Shimamura, Seilya Imoto, Rui Yama-
guchi, Masao Nagasaki, Satoru Miyano

Elucidating the differences between cellular
responses to various biological conditions or ex-
ternal stimuli is an important challenge in sys-
tems biology. Many approaches have been de-
veloped for reverse-engineering a cellular sys-
tem, called gene network, from time series mi-
croarray gene expression data in order to under-
stand a transcriptomic response under a condi-
tion of interest. Comparative topological analy-
sis has also been applied based on the gene net-

works inferred independently from each of the
multiple time series datasets under varying con-
ditions to find critical differences between these
networks. However, these comparisons often
lead to misleading results, because each network
contains considerable noise due to the limited
length of the time series. With this motivation,
we developed an integrated approach for infer-
ring multiple gene networks from time series
expression data under varying conditions. To
the best of our knowledge, our approach is the
first reverse-engineering method that is intended
for transcriptomic network comparison between
varying conditions. Furthermore, we developed
a state-of-the-art parameter estimation method,
relevance-weighted recursive elastic net, for pro-
viding higher precision and recall than existing
reverse-engineering methods. We analyze ex-
perimental data of MCF-7 human breast cancer
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cells stimulated by epidermal growth factor or
heregulin with several doses and provide novel
biological hypotheses through network compari-
son. The software NETCOMP is available at
http : / / bonsai . ims . u-tokyo . ac . jp /“shima /
NETCOMP/.

b. Collocation-based sparse estimation for
constructing dynamic gene networks

Teppel Shimamura, Seiya Imoto, Masao Na-
gasaki, Mai Yamauchi®, Rui Yamaguchi, An-
dré Fujita, Yoshinori Tamada, Noriko Gotoh®,
Satoru Miyano

One of the open problems in systems biology
is to infer dynamic gene networks describing
the underlying biological process with mathe-
matical, statistical and computational methods.
The first-order difference equation-based models
such as dynamic Bayesian networks and vector
autoregressive models were used to infer time-
lagged relationships between genes from time-
series microarray data. However, two primary
problems greatly reduce the effectiveness of cur-
rent approaches. The first problem is the tacit
assumption that time lag is stationary. The sec-
ond is the inseparability between measurement
noise and process noise (unmeasured distur-
bances that pass through time process). To ad-
dress these problems, we developed a stochastic
differential equation model for inferring
continuous-time dynamic gene networks under
the situation in which both of the process noise
and the observation noise exist. We devised a
collocation-based sparse estimation for simulta-
neous parameter estimation and model selection
in the model. The collocation-based approach re-
quires considerably less computational effort
than traditional methods in ordinary stochastic
differential equation models. We also incorpo-
rated various biological knowledge easily to re-
fine the estimation accuracy with this method.
The results using simulated data and real time-
series expression data of human primary small
airway epithelial cells demonstrate that this ap-
proach outperformed competing approaches and
could provide significant genes influenced by
Gefitinib.

c. Gene set-based module discovery de-
codes cis-regulatory codes governing di-
verse gene expression across human mul-
tiple tissues

Atsushi Niida, Seiya Imoto, Rui Yamaguchi,
Masao Nagasaki, Saatoru Miyano

Decoding transcriptional programs governing

transcriptomic diversity across human multiple
tissues is a major challenge in bioinformatics. To
address this problem, a number of computa-
tional methods have focused on cis-regulatory
codes driving overexpression or underexpres-
sion in a single tissue as compared to others. On
the other hand, we recently proposed a different
approach to mine cis-regulatory codes: starting
from gene sets sharing common cis-regulatory
motifs, the method screens for expression mod-
ules based on expression coherence. However,
both approaches seem to be insufficient to cap-
ture transcriptional programs that control gene
expression in a subset of all samples. Especially,
this limitation would be serious when analyzing
multiple tissue data. To overcome this limita-
tion, we developed a new module discovery
method termed BEEM (Biclusering-based Extrac-
tion of Expression Modules) in order to discover
expression modules that are functional in a sub-
set of tissues. We showed that, when applied to
expression profiles of human multiple tissues,
BEEM finds expression modules missed by two
existing approaches that are based on the coher-
ent expression and the single tissue-specific dif-
ferential expression. From the BEEM results, we
obtained new insights into transcriptional pro-
grams controlling transcriptomic diversity across
various types of tissues. This study introduces
BEEM as a powerful tool for decoding regula-
tory programs from a compendium of gene ex-
pression profiles.

d. Model-free unsupervised gene set screen-
ing based on information enrichment in
expression profiles

Atsushi Niida, Seiya Imoto, Rui Yamaguchi,
Masao Nagasaki, André Fujita, Teppei Shima-
mura, Satoru Miyano

A number of unsupervised gene set screening
methods have recently been developed for
search of putative functional gene sets based on
their expression profiles. Most of the methods
statistically evaluate whether the expression pro-
files of each gene set are fit to assumed models,
e.g. co-expression across all samples or a sub-
group of samples. However, it is possible that
they fail to capture informative gene sets whose
expression profiles are not fit to the assumed
models. To overcome this limitation, we devel-
oped a model-free unsupervised gene set screen-
ing method, Matrix Information Enrichment
Analysis (MIEA). Without assuming any specific
models, MIEA screens gene sets based on infor-
mation richness of their expression profiles. We
extensively compared the performance of MIEA
to those of other unsupervised gene set screen-
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ing methods, using various types of simulated
and real data. The benchmark tests demon-
strated that MIEA can detect singular expression
profiles that the other methods fail to find, and
performs broadly well for various types of input
data. Taken together, this study introduces
MIEA as a broadly applicable gene set screening
tool for mining regulatory programs from tran-
scriptome data.

e. Gene regulatory network clustering for
graph layout based on microarray gene
expression data

Kaname Kojima, Seiya Imoto, Masao Na-
gasaki, Satoru Miyano

We developed a statistical model realizing si-
multaneous estimation of gene regulatory net-
work and gene module identification from time
series gene expression data from microarray ex-
periments. Under the assumption that genes in
the same module are densely connected, this
method detects gene modules based on the vari-
ational Bayesian technique. The model can also
incorporate existing biological prior knowledge
such as protein subcellular localization. We ap-
plied our model to the time series data from a
synthetically generated network and verified the
effectiveness of the proposed model. This model
is also applied to the time series microarray data
from HeLa cell. Detected gene module informa-
tion gave the great help on drawing the esti-
mated gene network.

f. Optimal search on clustered structural
constraint for learning Bayesian network
structure

Kaname Kojima, Eric Perrier, Seiya Imoto, Sa-
toru Miyano

We studied the problem of learning an opti-
mal Bayesian network in a constrained search
space; skeletons are compelled to be subgraphs
of a given undirected graph called the super-
structure. The previously derived constrained
optimal search (COS) remains limited even for
sparse super-structures. To extend its feasibility,
we developed a method to divide the super-
structure into several clusters and perform an
optimal search on each of them. Further, to en-
sure acyclicity, we introduced the concept of an-
cestral constraints (ACs) and derive an optimal
algorithm satisfying a given set of ACs. Finally,
we theoretically derived the necessary and suffi-
cient sets of ACs to be considered for finding an
optimal constrained graph. Empirical evalu-
ations demonstrated that our algorithm can

learn optimal Bayesian networks for some
graphs containing several hundreds of vertices,
and even for super-structures having a high av-
erage degree (up to four), which is a drastic im-
provement in feasibility over the previous opti-
mal algorithm. Learnt networks were shown to
largely outperform state-of-the-art heuristic al-
gorithms both in terms of score and structural
hamming distance.

g. A fast and robust statistical test based on
likelihood ratio with Bartlett correction to
identify Granger causality between gene
sets

André Fujita, Kaname Kojima, Alexandre G.
Patriota’, Jodo Ricardo Sato’, Patricia
Severino®, Satoru Miyano: ‘University of Sdo
Paulo, Universidade Federal do ABC, *Albert
Einstein Research and Education Institute

We developed a likelihood ratio test (LRT)
with Bartlett correction in order to identify
Granger causality between sets of time series
gene expression data. The performance of the
proposed test is compared to a previously pub-
lished bootstrap-based approach. LRT is shown
to be significantly faster and statistically power-
ful even within non-Normal distributions. An R
package named gGranger containing an imple-
mentation for both Granger causality identifica-
tion tests is also provided: http://dnagarden.
ims. u-tokyo.ac.jp / afujita/ en/ doku. php ?id =
ggranger

h. Comparison of gene expression profiles
produced by CAGE, Illumina microarray
and Real Time RT-PCR

André Fujita, Masao Nagasaki, Seiya Imoto,
Ayumu Saito, Emi Ikeda, Teppel Shimamura,
Rui Yamaguchi, Yoshihide Hayashizaki, Sa-
toru Miyano: ‘RIKEN Yokohama Institute

Several technologies are currently used for
gene expression profiling, such as Real Time RT-
PCR, microarray and CAGE (Cap Analysis of
Gene Expression). CAGE is a recently developed
method for constructing transcriptome maps
and it has been successfully applied to analyz-
ing gene expressions in diverse biological stud-
ies. The principle of CAGE has been developed
to address specific issues such as determination
of transcriptional starting sites, the study of pro-
moter regions and identification of new tran-
scripts. We made both quantitative and qualita-
tive comparisons among three major gene ex-
pression quantification techniques, namely:
CAGE, illumina microarray and Real Time RT-
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PCR, by showing that the quantitative values of
each method are not interchangeable, however,
each of them has unique characteristics which
render all of them essential and complementary.
Understanding the advantages and disadvan-
tages of each technology will be useful in select-
ing the most appropriate technique for a deter-
mined purpose.

i. Identification of Granger causality between
gene sets

André Fujita, Jodo Ricardo Sato?, Kaname Ko-
jima, Luciana Rodrigues Gomes', L.R., Mari
Cleide Sogayar®, Satoru Miyano

Wiener and Granger have introduced an in-
tuitive concept of causality (Granger causality)
between two variables which is based on the
idea that an effect never occurs before its cause.
Later, Geweke generalized this concept to a
multivariate Granger causality, i.e. n variables
Granger-cause another variable. Although
Granger causality is not “effective causality” in
the Aristothelic sense, this concept is useful to
infer directionality and information flow in ob-
servational data. Granger causality is usually
identified by using VAR (Vector Autoregressive)
models due to their simplicity. In the last few
years, several VAR-based models were pre-
sented in order to model gene regulatory net-
works. We generalized the multivariate Granger
causality concept in order to identify Granger
causalities between sets of gene expressions, i.e.
whether a set of n genes Granger-causes another
set of m genes, aiming at identifying the flow of
information between gene networks (or path-
ways). The concept of Granger causality for sets
of variables is presented. Moreover, a method
for its identification with a bootstrap test is pro-
posed. This method is applied in simulated and
also in actual biological gene expression data in
order to model regulatory networks. This con-
cept may be useful for the understanding of the
complete information flow from one network or
pathway to the other, mainly in regulatory net-
works. Linking this concept to graph theory,
sink and source can be generalized to node sets.
Moreover, hub and centrality for sets of genes
can be defined based on total information flow.
Another application is in annotation, when the
functionality of a set of genes is unknown, but
this set is Granger-caused by another set of
genes which is well studied. Therefore, this in-
formation may be useful to infer or construct
some hypothesis about the unknown set of
genes.

j. Granger causality in systems biology:
modeling gene networks in time series mi-
croarray data using vector autoregressive
models

André Fujita, Patricia Severino®, Jodo Ricardo
Sato’, Miyano, S.

Understanding the molecular biological proc-
esses underlying disease onset requires a de-
tailed description of which genes are expressed
at which time points and how their products in-
teract in so-called cellular networks. High-
throughput technologies, such as gene expres-
sion analysis using DNA microarrays, have been
extensively used with this purpose. As a conse-
quence, mathematical methods aiming to infer
the structure of gene networks have been pro-
posed in the last few years. Granger causality-
based models are among them, presenting well
established mathematical interpretations to di-
rectionality at the edges of the regulatory net-
work. Here, we describe the concept of Granger
causality and explore recent advances and appli-
cations in gene expression regulatory networks
by using extensions of Vector Autoregressive
models.

k. Discovering functional gene pathways as-
sociated with cancer heterogeneity via
sparse supervised learning

Shuichi Kawano, Teppei Shimamura, Atsuhi
Niida, Seiya Imoto, Rui Yamaguchi, Masao
Nagasaki, Ryo Yoshida®, Cristin Print®, Satoru
Miyano: °Institute of Statistical Mathematics
*University of Auckland

We developed a statistical method for uncov-
ering gene pathways that characterize cancer
heterogeneity. To incorporate knowledge of the
pathways into the model, we define a set of ac-
tivities of pathways from microarray gene ex-
pression data based on the sparse probabilistic
principal component analysis. A pathway activ-
ity logistic regression model is then formulated
for cancer phenotype. To select pathway activi-
ties related to binary cancer phenotypes, we use
the elastic net for the parameter estimation and
derive a model selection criterion for selecting
tuning parameters included in the model esti-
mation. Our method can also reverse-engineer
gene networks based on the identified multiple
pathways that enables us to discover novel
gene-gene associations relating with the cancer
phenotypes. We illustrated the whole process of
the proposed method through the analysis of
breast cancer gene expression data.
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I. Identifying hidden confounders
networks by Bayesian networks

in gene

Tomoya Higashigaki’, Kaname Kojima, Rui
Yamaguchi, Masato Inou€’, Seiya Imoto, Sa-
toru Miyano: 'Waseda University

For estimating gene networks from microar-
ray gene expression data, we developed a statis-
tical method for quantification of the hidden
confounders in gene networks, which were pos-
sibly removed from the set of genes on the gene
networks or are novel biological elements that
are not measured by microarrays. Due to high
computational cost of the structural learning of
Bayesian networks and the limited source of the
microarray data, it is usual to perform gene se-
lection prior to the estimation of gene networks.
Therefore, there exist missing genes that de-
crease accuracy and interpretability of the esti-
mated gene networks. The proposed method
can identify hidden confounders based on the
conflicts of the estimated local Bayesian network
structures and estimate their ideal profiles based
on the proposed Bayesian networks with hidden
variables with an EM algorithm. From the esti-
mated ideal profiles, we can identify genes
which are missing in the network or suggest the
existence of the novel biological elements if the
ideal profiles are not significantly correlated
with any expression profiles of genes. To the
best of our knowledge, this research is the first
study to theoretically characterize missing genes
in gene networks and practically utilize this in-
formation to refine network estimation.

2. Pathway Modeling, Simulation and Analy-
sis

a. Cell lllustrator 4.0: A computational plat-
form for systems biology

Masao Nagasaki, Ayumu Saito, Euna Jeong,
Chen Li, Kaname Kojima, Emi lkeda, Satoru
Miyano

Cell Illustrator is a software platform for Sys-
tems Biology that uses the concept of Petri net
for modeling and simulating biopathways. It is
intended for biological scientists working at
bench. The latest version of Cell Illustrator 4.0
uses Java Web Start technology and is enhanced
with new capabilities, including: automatic
graph grid layout algorithms using ontology in-
formation; tools using Cell System Markup Lan-
guage (CSML) 3.0 and Cell System Ontology
3.0; parameter search module; high-performance
simulation module; CSML database manage-
ment system; conversion from CSML model to

programming languages (FORTRAN, C, C++,

Java, Python and Perl); import from SBML,
CellML, and BioPAX; and, export to SVG and
HTML. Cell Illustrator employs an extension of
hybrid Petri net in an object-oriented style so
that biopathway models can include objects
such as DNA sequence, molecular density, 3D
localization information, transcription with
frame-shift, translation with codon table, as well
as biochemical reactions.

b. Time-dependent structural transformation
analysis to high-level Petri net model with
active state transition diagram

Chen Li, Masao Nagasaki, Ayumu Saito, Sa-
toru Miyano

Investigating the dynamic features of current
computational models promises a deeper under-
standing of complex cellular processes. This
leads us to develop a method that utilizes struc-
tural properties of the model over all simulation
time steps. Further, user-friendly overviews of
dynamic behaviors can be considered to provide
a great help in understanding the variations of
system mechanisms. We developed a novel
method for constructing and analyzing a so-
called active state transition diagram (ASTD) by
using time-course simulation data of a high-
level Petri net. Our method includes two new
algorithms. The first algorithm extracts a series
of subnets (called temporal subnets) reflecting
biological components contributing to the dy-
namics, while retaining positive mathematical
qualities. The second one creates an ASTD com-
posed of unique temporal subnets. ASTD pro-
vides users with concise information allowing
them to grasp and trace how a key regulatory
subnet and/or a network changes with time.
The applicability of our method is demonstrated
by the analysis of the underlying model for cir-
cadian rhythms in Drosophila. Building ASTD is
a useful means to convert a hybrid model deal-
ing with discrete, continuous and more compli-
cated events to finite time-dependent states.
Based on ASTD, various analytical approaches
can be applied to obtain new insights into not
only systematic mechanisms but also dynamics.

c. On determining delay time of transitions
for Petri net based signaling pathways by
introducing stochastic decision rules

Yoshimasa Miwa’®, Chen Li, Qi-Wel G¢€°, Hiro-
shi Matsuno®, Satoru Miyano: ®*Yamaguchi Uni-
versity

Parameter determination is important in mod-
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eling and simulating biological pathways includ-
ing signaling pathways. Parameters are deter-
mined according to biological facts obtained
from biological experiments and scientific publi-
cations. However, such reliable data describing
detailed reactions are not reported in most
cases. This prompted us to develop a general
methodology of determining the parameters of a
model in the case of that no information of the
underlying biological facts is provided. In this
study, we used the Petri net approach for mod-
eling signaling pathways, and developed a
method to determine firing delay times of tran-
sitions for Petri net models of signaling path-
ways by introducing stochastic decision rules.
Petri net technology provides a powerful ap-
proach to modeling and simulating various con-
current systems, and recently has been widely
accepted as a description method for biological
pathways. Our method enables to determine the
range of firing delay time which realizes smooth
token flows in the Petri net model of a signaling
pathway. The availability of this method has
been confirmed by the results of an application
to the interleukin-1 induced signaling pathway.

d. An efficient biological pathway layout al-
gorithm combining grid-layout and spring
embedder for complicated cellular location
information

Kaname Kojima, Masao Nagasaki, Satoru Miy-
ano

We developed a new grid-layout algorithm
based on the spring embedder algorithm that
can handle location information and provide
layouts with harmonized appearance. In grid-
layout algorithms, the mapping of nodes to grid
points that minimizes a cost function is
searched. By imposing positional constraints on
grid points, location information including com-
plex shapes can be easily considered. Our layout
algorithm includes the spring embedder cost as
a component of the cost function. We further ex-
tended the layout algorithm to enable dynamic
update of the positions and sizes of compart-
ments at each step. The new spring embedder-
based grid-layout algorithm and a spring em-
bedder algorithm were applied to three biologi-
cal pathways; endothelial cell model, Fas-
induced apoptosis model, and C. elegans cell fate
simulation model. From the positional con-
straints, all the results of our algorithm satisfy
location information, and hence, more compre-
hensible layouts were obtained as compared to
the spring embedder algorithm. From the com-
parison of the number of crossings, the results
of the grid-layout-based algorithm tend to con-

tain more crossings than those of the spring em-
bedder algorithm due to the positional con-
straints.

3. Data Assimilation for Systems Biology

e. DA 1.0: parameter estimation of biological
pathways using data assimilation ap-
proach

Chuan Hock Koh®, Masao Nagasaki, Ayumu
Saito, Limsoon Wong”, Satoru Miyano: °Na-
tional University of Singapore and Human
Genome Center, Institute of Medical Science,
University of Tokyo, “National University of
Singapore

Data assimilation (DA) is a computational ap-
proach that estimates unknown parameters in a
pathway model using time-course information.
Particle filtering, the underlying method used, is
a well-established statistical method that ap-
proximates the joint posterior distributions of
parameters by using sequentially generated
Monte Carlo samples. We released the Java-
based software (DA 1.0) with an intuitive and
user-friendly interface to allow users to carry
out parameters estimation using DA. DA 1.0
was developed using Java and thus would be
executable on any platform installed with JDK
6.0 (not JRE 6.0) or later. DA 1.0 is freely avail-
able for academic users and can be launched or
downloaded from http://da.csml.org.

f. Phosphoproteomics-based modeling de-
fines the regulatory mechanism underlying
aberrant EGFR signaling

Shinya Tasaki®, Masao Nagasaki, M., Hiroko
Kozuka-Hata", Kentaro Semba®, Noriko Go-
toh®, Seisuke Hattori*, Jun-ichiro Inoue®,
Tadashi, Yamamoto™, Satoru Miyano, Sumio
Sugano®, Masaaki Oyama: “Medical Proteom-
ics Laboratory, Institute of Medical Science,
University of Tokyo, “Department of Life Sci-
ence and Medical Bio-Science, Waseda Univer-
sity, ®Division of Systems Biomedical Technol-
ogy, Institute of Medical Science, University of
Tokyo, “Department of Biochemistry, School of
Pharmaceutical Sciences, Kitasato University,
“Department of Cancer Biology, Ingtitute of
Medical Science, University of Tokyo, *Depart-
ment of Medical Genome Sciences, Graduate
School of Frontier Sciences, University of To-
kyo

Mutation of the epidermal growth factor re-
ceptor (EGFR) results in a discordant cell signal-
ing, leading to the development of various dis-
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eases. However, the mechanism underlying the
alteration of downstream signaling due to such
mutation has not yet been completely under-
stood at the system level. Here, we report a
phosphoproteomics-based =~ methodology  for
characterizing the regulatory mechanism under-
lying aberrant EGFR signaling using computa-
tional network modeling. Our phosphopro-
teomic analysis of the mutation at tyrosine 992
(Y992), one of the multifunctional docking sites
of EGFR, revealed network-wide effects of the
mutation on EGF signaling in a time-resolved
manner. Computational modeling based on the
temporal activation profiles enabled us to not
only rediscover already-known protein interac-
tions with Y992 and internalization property of
mutated EGFR but also further gain model-
driven insights into the effect of cellular content
and the regulation of EGFR degradation. Our ki-
netic model also suggested critical reactions fa-
cilitating the reconstruction of the diverse effects
of the mutation on phosphoproteome dynamics.
Our integrative approach provided a mechanis-
tic description of the disorders of mutated EGFR
signaling networks, which could facilitate the
development of a systematic strategy toward
controlling disease-related cell signaling.

4. Next-Generation Sequencer Data Analysis

a. International network of cancer genome
projects

I nternational Cancer Genome Consortium

The International Cancer Genome Consortium
(ICGC) was launched to coordinate large-scale
cancer genome studies in tumours from 50 dif-
ferent cancer types and/or subtypes that are of
clinical and societal importance across the globe.
Systematic studies of more than 25,000 cancer
genomes at the genomic, epigenomic and tran-
scriptomic levels will reveal the repertoire of on-
cogenic mutations, uncover traces of the
mutagenic influences, define clinically relevant
subtypes for prognosis and therapeutic manage-
ment, and enable the development of new can-
cer therapies. In this project, we developed a
next-generation sequence data analysis pipeline
for the supercomputer system of Human
Genome Center.

b. Whole-genome sequencing and compre-
hensive variant analysis of a Japanese in-
dividual using massively parallel sequenc-
ing

Akihiro Fujimoto”, Hidewaki Nakagawa",
Naoya Hosono", Kaoru Nakano", Tetsuo Abe",

Keith A. Boroevich”, Masao Nagasaki, Rui
Yamaguchi, Tetsuo Shibuya, Michiaki Kubo,
Satoru Miyano, Yusuke Nakamura, Tatsuhiko
Tsunoda™: “Center for Genomic Medicine,
RIKEN

We report the analysis of a Japanese male us-
ing high-throughput sequencing toX40 cover-
age. More than 99% of the sequence reads were
mapped to the reference human genome. Using
a Bayesian decision method, we identified
3,132,608 single nucleotide variations (SNVs).
Comparison with six previously reported
genomes revealed an excess of singleton non-
sense and nonsynonymous SNVs, as well as sin-
gleton SNVs in conserved non-coding regions.
We also identified 5,319 deletions smaller than
10 kb with high accuracy, in addition to copy
number variations and rearrangements. De novo
assembly of the unmapped sequence reads gen-
erated around 3 Mb of novel sequence, which
showed high similarity to non-reference human
genomes and the human herpesvirus 4 genome.
Our analysis suggests that considerable vari-
ation remains undiscovered in the human
genome and that whole-genome sequencing is
an invaluable tool for obtaining a complete un-
derstanding of human genetic variation. In this
research, we developed a next-generation se-
quence data analysis pipeline for the supercom-
puter system of Human Genome Center.

5. Algorithms for Protein Structures

a. Geometric suffix tree: Indexing protein 3-D
structures

Tetsuo Shibuya

Protein structure analysis is one of the most
important research issues in the post-genomic
era, and faster and more accurate index data
structures for such 3-D structures are highly de-
sired for research on proteins. This article pro-
poses a new data structure for indexing protein
3-D structures. For strings, there are many effi-
cient indexing structures such as suffix trees, but
it has been considered very difficult to design
such sophisticated data structures against 3-D
structures like proteins. Our index structure is
based on the suffix tree and is called the geo-
metric suffix tree. By using the geometric suffix
tree for a set of protein structures, we can ex-
actly search for all of their substructures whose
RMSDs (root mean square deviations) or
URMSDs (unit-vector root mean square devia-
tions) to a given query 3-D structure are not
larger than a given bound. Though there are O
(N?) substructures in a structure of size N, our
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data structure requires only O(N) space for in-
dexing all the substructures. We propose an O
(N?) construction algorithm for it, while a naive
algorithm would require O(N°) time to con-
struct it. Moreover we propose an efficient
search algorithm. Experiments show that we can
search for similar structures much faster than
previous algorithms if the RMSD threshold is
not larger than 1A. The experiments also show
that the construction time of the geometric suffix
tree is practically almost linear to the size of the
database, when applied to a protein structure
database.

b. Searching protein 3-D structures in faster
than linear time

Tetsuo Shibuya

Searching for similar structures from a three-
dimensional (3-D) structure database of proteins
is one of the most important problems in post-
genomic computational biology. To compare
two structures, we ordinarily use a measure
called the root mean square deviation (RMSD)
as the similarity measure. We consider a very
fundamental problem of finding all the sub-
structures whose RMSDs to the query are within
some given threshold, from a 3-D structure da-
tabase. The problem also appears in many other
fields, such as computer vision and robotics. In
this article, we propose the first algorithm that
runs in faster than linear time on average. Our

new algorithm runs in average-case O (m +N /m
(1-)), where N is the database size, m is the
query length, and epsilon is an arbitrary small
constant such that 0<e<{1. It is a significant im-
provement over previous algorithms on the
problem, considering that the best known worst-
case time complexity of the problem is O(N log
m), and the best known average-case (expected)
time complexity of the problem was O (N).

6. Pandemic Control Simulation

a. When should we intervene to control the
2009 influenza A(H1N1) pandemic?

Hiroki Sato®, Haruka Nakada™, Rui Yama-
guchi, Seiya Imoto, Satoru Miyano, Masahiro
Kami®: *Department of Medical Informatics,
National Defense Medical College Hospital,
“Division of Social Communication System for
Advanced Clinical Research, Institute of Medi-
cal Science, University of Tokyo

We simulated the early phase of the 2009 in-
fluenza A(HIN1) pandemic and assessed the ef-
fectiveness of public health interventions in Ja-
pan. We show that the detection rate of border
quarantine was low and the timing of the inter-
vention was the most important factor involved
in the control of the pandemic, with the maxi-
mum reduction in daily cases obtained after in-
terventions started on day 6 or 11. Early inter-
ventions were not always effective.
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The major goal of our group is to identify genes of medical importance, and to de-
velop new diagnostic and therapeutic tools. We have been attempting to isolate
genes involving in carcinogenesis and also those causing or predisposing to vari-
ous diseases as well as those related to drug efficacies and adverse reactions. 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, and are developing novel diagnostic and therapeutic tools.

1. Genes playing significant roles in human
cancer

Koichi Matsuda, Yataro Daigo, Hidewaki
Nakagawa, Ryuji Hamamoto, Hitoshi Zem-
butsu, Chikako Fukukawa, Jae-Hyun Park,
Yosuke Harada, Masahiko Ajiro, Jung-Won
Kim, Koji Ueda, Nguyen Minh-Hue, Junkichi
Koinuma, Daiki Miki, Ken Masuda, Masato
Aragaki, Takashi Fujitomo, Hideto Oshita,
Satoko Uno, Yoichiro Kato, Su-Youn Chung,
Lianhua Piao, Chizu Tanikawa, Cui Ri, Hamdi
Mbarek, Vinod Kumar, Osman W Moha-
mmed, Yuji Urabe, Jiaying Lin, Zhenzhong
Deng, Martha Espinosa, Motoko Unoki, Masa-
nori Yoshimatsu, Shinya Hayami, Hyun-Soo
Cho, Goji Toyokawa, Tadashi Takawa, Reem
Abderahim Ibrahim, Seham Elgazzar, Mitsu-
ko Nakashima, Kang Daechun, Cha Pei
Chieng, Low Siew Kee, and Yusuke Nakamura

(1) Lung cancer
Dickkopf-1

Dickkopf-1 (DKK1) is an inhibitor of Wnt/
beta-catenin signaling that is overexpressed in
most lung and esophageal cancers. Here, we
show its utility as a serum biomarker for a wide
range of human cancers, and we offer evidence
favoring the potential application of anti-DKK1
antibodies for cancer treatment. Using an origi-
nal ELISA system, high levels of DKK1 protein
were found in serologic samples from 906 pa-
tients with cancers of the pancreas, stomach,
liver, bile duct, breast, and cervix, which also
showed elevated expression levels of DKK1. Ad-
ditionally, anti-DKK1 antibody inhibited the in-
vasive activity and the growth of cancer cells in
vitro and suppressed the growth of engrafted
tumors in vivo. Tumor tissues treated with anti-
DKK1 displayed significant fibrotic changes and
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a decrease in viable cancer cells without appar-
ent toxicity in mice. Our findings suggest DKK1
as a serum biomarker for screening against a va-
riety of cancers, and anti-DKK1 antibodies as
potential theranostic tools for diagnosis and
treatment of cancer.

WDHD1 (WD repeat and high-mobility group
box DNA binding protein 1)

To identify novel biomarkers and therapeutic
targets for lung and esophageal cancers, we
screened for genes that were overexpressed in a
large proportion of lung and esophageal carci-
nomas using a cDNA microarray representing
27,648 genes or expressed sequence tags. A gene
encoding WDHD1, a WD repeat and high-
mobility group box DNA binding protein 1, was
selected as a candidate. Tumor tissue microarray
analyses covering 267 archival non-small cell
lung cancers and 283 esophageal squamous cell
carcinomas (ESCC) revealed that positive
WDHD1 immunostaining was associated with a
poor prognosis for patients with non-small cell
lung cancer (P =0.0403) as well as ESCC (P =
0.0426). Multivariate analysis indicated it to be
an independent prognostic factor for ESCC (P =
0.0104). Suppression of WDHD1 expression with
small interfering RNAs effectively suppressed
lung and esophageal cancer cell growth. In ad-
dition, induction of the exogenous expression of
WDHD1 promoted the growth of mammalian
cells. AKT1 kinase seemed to phosphorylate and
stabilize the WDHDI1 protein in cancer cells.
WDHDI1 expression is likely to play an impor-
tant role in lung and esophageal carcinogenesis
as a cell cycle regulator and a downstream
molecule in the phosphoinositide 3-kinase/AKT
pathway, and that WDHD1 is a candidate
biomarker and a promising therapeutic target
for cancer.

CDCADS (cell division cycle associated 5)

We analyzed the gene expression profiles of
clinical lung carcinomas using a cDNA microar-
ray containing 27,648 genes or expressed se-
quence tags, and identified CDCAS (cell division
cycle associated 5) to be upregulated in the ma-
jority of lung cancers. Tumor tissue microarray
analysis of 262 non-small cell lung cancer pa-
tients revealed that CDCAS5 positivity was an in-
dependent prognostic factor for lung cancer pa-
tients. Suppression of CDCA5 expression with
siRNAs inhibited the growth of lung cancer
cells; concordantly, induction of exogenous ex-
pression of CDCA5 conferred growth-promoting
activity in mammalian cells. We also found that
extracellular signal-regulated kinase (ERK)

kinase phosphorylated CDCA5 at Ser79 and Ser
209 in vivo. Exogenous expression of phospho-
mimicking CDCA5 protein whose Ser209 resi-
due was replaced with glutamine acid further
enhanced the growth of cancer cells. In addition,
functional inhibition of the interaction between
CDCA5 and ERK kinase by a cell-permeable
peptide corresponding to a 20-amino-acid se-
quence part of CDCA5, which included the Ser
209 phosphorylation site by ERK, significantly
reduced phosphorylation of CDCA5 and re-
sulted in growth suppression of lung cancer
cells. Our data suggest that transactivation of
CDCAS5 and its phosphorylation at Ser209 by
ERK play an important role in lung cancer pro-
liferation, and that the selective suppression of
the ERK-CDCAS5 pathway could be a promising
strategy for cancer therapy.

(2) Pancreatic cancer

Involvement of TTLL4 Polyglutamylase in
PELP1 Polyglutamylation and Chromatin Re-
modeling in Pancreatic Cancer Cells

Polyglutamylation is a new class of post-
translational modification in which glutamate
side chains are formed on proteins although its
biological significance is not well known.
Through our genome-wide gene-expression pro-
file analysis of pancreatic ductal adenocarci-
noma (PDAC) cells, we identified overexpres-
sion of TTLL4 (tubulin tyrosine ligase-like fam-
ily member 4) in PDAC cells. Subsequent RT-
PCR and northern-blot analyses confirmed its
up-regulation in several PDACs. TTLL4 belongs
to the TTLL family that was reported to have
polyglutamylase activity. Knockdown of TTLL4
by shRNA in PDAC cells attenuated the growth
of PDAC cells and exogenous introduction of
TTLL4 enhanced the cell growth. We also found
that TTLL4 expression was correlated with poly-
glutamylation levels of a glutamate-stretch re-
gion of PELP1 (proline, glutamate and leucine
rich protein 1) that was shown to interact with
various proteins such as histone H3, and be in-
volved in several signaling pathways through
its function as a scaffold protein. PELP1 poly-
glutamylation could influence to its interaction
with histone H3 and affect histone H3 acetyla-
tion. We also identified the interaction of PELP1
with LASIL and SENP3, components of the
MLL1-WDR5 super-complex involving
chromatin-remodelling. Our findings imply that
TTLL4 could play important roles in pancreatic
carcinogenesis through its polyglutamylase ac-
tivity and subsequent coordination of chromatin
remodeling, and might be a good molecular
candidate for development of new therapeutic
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strategies for pancreatic cancer.

C120rf48, termed PARP-1 binding protein
(PARPBP), Enhances Poly (ADP-ribose)
Polymerase-1 (PARP-1) Activity and Protects
Pancreatic Cancer Cells from DNA Damage

To identify novel therapeutic targets for ag-
gressive and therapy-resistant pancreatic cancer,
we had previously performed expression profile
analysis of pancreatic cancers using microarrays
and found dozens of genes trans-activated in
pancreatic ductal adenocarcinoma (PDAC) cells.
Among them, this study focused on the charac-
terization of a novel gene CI120rf48 whose over-
expression in PDAC cells was validated by
northern blot and immunohistochemical analy-
ses. Its overexpression was observed in other
aggressive and therapy-resistant malignancies as
well. Knockdown of Cl2orf48 by siRNA in
PDAC cells significantly suppressed their
growth. Importantly, we demonstrated that C12
orf48 protein could directly interact with Poly
(ADP-ribose) Polymerase-1 (PARP-1), one of the
essential proteins in the repair of DNA damage,
and positively regulate the poly(ADP-ribosyl)
ation activity of PARP-1. Depletion of C120rf48
sensitized PDAC cells to agents causing DNA
damage and also enhanced DNA damage-
induced G2/M arrest through reduction of
PARP-1 enzymatic activities. Hence, our find-
ings implicate C120rf48, termed PARP-1 binding
protein (PARPBP), or its interaction with PARP-
1 to be a potential molecular target for develop-
ment of selective therapy for pancreatic cancer.

(3) Prostate cancer

Association of a Novel Long Non-coding RNA
in 8924 with Prostate Cancer Susceptibility

Recent genome-wide association studies re-
ported strong and reproducible associations of
multiple genetic variants in a large “gene-
desert” region of chromosome 8724 with suscep-
tibility to prostate cancer (PC). However, the
causative or functional variants of these 8¢24
loci and their biological mechanisms associated
with PC susceptibility remain unclear and
should to be investigated. Here, focusing on its
most centromeric region (so-called Region 2: Chr
8: 128.14-128.28Mb) among the multiple PC loci
on 8924, we performed fine mapping and re-
sequencing of this critical region and identified
SNPs between rs1456315 and rs7463708 (chrS8:
128,173,119-128,173,237bp) to be most signifi-
cantly associated with PC susceptibility (P =2.00
X10 *, OR=1.74, 95% CI=1.56-1.93). Impor-
tantly, we here show that this region was tran-

scribed as a ~13-kb intron-less long non-coding
RNA (ncRNA), termed as PRNCR1 (prostate can-
cer non-coding RNA 1), and PRNCRI expression
was up-regulated in some of PC cells as well as
precursor lesion PINs. Knockdown of PRNCRI1
by siRNA attenuated the viability of PC cells
and the transactivation activity of androgen re-
ceptor, which indicates that PRNCR1 could be
involved in prostate carcinogenesis possibly
through androgen receptor activity. These find-
ings could provide a new insight to understand
the pathogenesis of genetic factors for PC sus-
ceptibility and prostate carcinogenesis.

(4) p53 target genes

XEDAR (X-linked ectodermal dysplasia recep-
tor)

We recently identified X-linked ectodermal
dysplasia receptor (XEDAR, also known as
TNFRSF27 or EDA2R) as a direct p53 target that
was frequently downregulated in colorectal can-
cer tissues due to its epigenetic alterations or
through the p53 gene mutations. However, the
role of the posttranslational regulation of
XEDAR protein in colorectal carcinogenesis was
not well clarified thus far. Here, we report that
the extracellular NH(2) terminus of XEDAR pro-
tein was cleaved by a metalloproteinase and re-
leased into culture media. The remaining
COOH-terminal membrane-anchored fragment
was rapidly degraded through the ubiquitin-
proteasome pathway. Interestingly, ectopic p53
expression also transactivated an XEDAR
ligand, EDA-A2, together with XEDAR. More-
over, EDA-A2 blocked the cleavage of XEDAR
and subsequently inhibited cell growth. We also
found a missense mutation of the XEDAR gene
in NCI-H716 colorectal cancer cells, which
caused the translocation of XEDAR protein from
cell membrane to cytoplasm. This mutation at-
tenuated the growth-suppressive effect of
XEDAR, indicating that membrane localization
is critical for physiologic XEDAR function. Thus,
our findings clearly revealed the crucial role of
EDA-A2/XEDAR interaction in the p53-
signaling pathway.

2. Pharmacogenetics

Lessons for pharmacogenomics studies: as-
sociation study between CYP2D6 genotype
and tamoxifen response.

We earlier reported a significant association
between the cytochrome P450 2D6 (CYP2D6)
genotype and the clinical outcome in 282 Japa-
nese breast cancer patients receiving tamoxifen
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monotherapy. Although many research groups
have provided evidence indicating the CYP2D6
genotype as one of the strongest predictors of
tamoxifen response, the results still remain con-
troversial. We hypothesized that concomitant
treatment was one of the causes of these contro-
versial results. We then studied 167 breast can-
cer patients who received tamoxifen-combined
therapy to evaluate the effects of concomitant
treatment on the association analysis and ob-
served no significant association between
CYP2D6 genotype and recurrence-free survival
(P=0.44, hazard ratio: 0.64, 95% confidential in-
terval: 0.20-1.99 in patients with two variant al-
leles vs. patients without a variant allele). When
we carried out two subgroup analyses for nodal
status and tumor size, we observed a positive
association between the CYP2D6 genotype and
the clinical outcome only in patients who re-
ceived tamoxifen monotherapy. This study ex-
plained a part of the discrepancies among the
reported results.

3. Genome-wide association study
(1) cancer susceptible gene

Variation in TP63 is associated with lung ade-
nocarcinoma susceptibility in Japanese and
Korean populations.

Lung cancer is the most common cause of
death from cancer worldwide, and its incidence
is increasing in East Asian and Western coun-
tries. To identify genetic factors that modify the
risk of lung adenocarcinoma, we conducted a
genome-wide association study in a Japanese co-
hort, with replication in two independent stud-
ies in Japanese and Korean individuals, in a to-
tal of 2,098 lung adenocarcinoma cases and
11,048 controls. The combined analyses identi-
fied two susceptibility loci for lung adenocarci-
noma: TERT (rs2736100, combined P=2.91X
10™"), odds ratio (OR)=1.27) and TP63 (rs
10937405, combined P=7.26X10 "), OR=1.31).
Fine mapping of the region containing TP63
showed that a SNP (rs4488809) in intron 1 of
TP63 showed the most significant association.
Our results suggest that genetic variation in
TP63 may influence susceptibility to lung adeno-
carcinoma in East Asian populations.

Genome-wide association study of pancreatic
cancer in Japanese population.

Pancreatic cancer shows very poor prognosis
and is the fifth leading cause of cancer death in
Japan. Previous studies indicated some genetic
factors contributing to the development and

progression of pancreatic cancer; however, there
are limited reports for common genetic variants
to be associated with this disease, especially in
the Asian population. We have conducted a
genome-wide association study (GWAS) using
991 invasive pancreatic ductal adenocarcinoma
cases and 5,209 controls, and identified three
loci showing significant association (P-value<<5
X1077) with susceptibility to pancreatic cancer.
The SNPs that showed significant association
carried estimated odds ratios of 1.29, 1.32, and
3.73 with 95% confidence intervals of 1.17-1.43,
1.19-1.47, and 2.24-6.21; P-value of 3.30X107,
3.30X10(—7), and 4.41X107; located on chro-
mosomes 6p25.3, 12p11.21 and 7q36.2, respec-
tively. These associated SNPs are located within
linkage disequilibrium blocks containing genes
that have been implicated some roles in the on-
cogenesis of pancreatic cancer.

Common variant in 6q26-q27 is associated
with distal colon cancer in Asian population

Colorectal cancer (CRC) is a multifactorial dis-
ease with both environmental and genetic fac-
tors contributing to its development. The inci-
dence of CRC is increasing year by year in Ja-
pan. Patients with CRC in advanced stages have
a poor prognosis, but detection of CRC at earlier
stages can improve clinical outcome. Therefore,
identification of epidemiologic factors that influ-
ence development of CRC would facilitate the
prevention or early detection of disease.

To identify loci associated with CRC risk, we
performed a genome-wide association study
(GWAS) for CRC and sub-analyses by tumor lo-
cation using 1,583 Japanese CRC cases and 1,898
controls. Subsequently, we conducted replication
analyses using a total of 4,809 CRC cases and
2,973 controls including 225 Korean subjects
with distal colon cancer and 377 controls.

We identified a novel locus on 6q26-q27 re-
gion (rs7758229 in SLC22A3, P=7.92X10-9,
Odds ratio of 1.28) that was significantly associ-
ated with distal colon cancer. We also replicated
the association between CRC and SNPs on 8q24
(rs6983267 and rs7837328, P=1.51X10-8 and
7.44X10-8, Odds ratios of 1.18 and 1.17, respec-
tively). Moreover, we found cumulative effects
of three genetic (rs7758229, rs6983267, and rs
4939827 in SMAD?Y) and one environmental fac-
tors (alcohol drinking) which appear to increase
CRC risk approximately twofold.

We found a novel susceptible locus in SLC22
A3 that contributes to the risk of distal colon
cancer in Asian population. These findings
would further extend our understanding of the
role of common genetic variants in CRC etiol-

ogy.
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(2) other diseases

A genome-wide association study identifies
four susceptibility loci for keloid in the Japa-
nese population.

Keloid is a dermal fibroproliferative growth
that results from dysfunction of the wound heal-
ing processes. Through a multistage genome-
wide association study using 824 individuals
with keloid (cases) and 3,205 unaffected controls
in the Japanese population, we identified signifi-
cant associations of keloid with four SNP loci in
three chromosomal regions: 1q41, 3q22.3-23 and
15g21.3. The most significant association with
keloid was observed at rs873549 (combined P=
5.89X10 *, odds ratio (OR)=1.77) on chromo-
some 1. Associations on chromosome 3 were ob-
served at two separate linkage disequilibrium
(LD) blocks: rs1511412 in the LD block including
FOXL2 with P=2.31X10" (OR=1.87) and rs
940187 in another LD block with P=1.80X10 "
(OR=1.98). Association of rs8032158 located in
NEDD4 on chromosome 15 yielded P=5.96X
10" (OR=1.51). Our findings provide new in-
sights into the pathophysiology of keloid forma-
tion.

A genome-wide association study identifies
genetic variants in the CDKN2BAS locus as-
sociated with endometriosis in Japanese.

Although the pathogenesis of endometriosis is
not well understood, genetic factors have been
considered to have critical roles in its etiology.
Through a genome-wide association study and a
replication study using a total of 1,907 Japanese
individuals with endometriosis (cases) and 5,292
controls, we identified a significant association
of endometriosis with rs10965235 (P=5.57X
10, odds ratio=1.44), which is located in
CDKN2BAS on chromosome 9p21, encoding the
cyclin-dependent kinase inhibitor 2B antisense
RNA. By fine mapping, the SNP showing the
strongest association was located in intron 16 of
CDKN2BAS and was implicated in regulating
the expression of p15, pl6 and pl4. A SNP, rs
16826658, in the LD block including WNT4 on
chromosome 1p36, which is considered to play
an important role in the development of the fe-
male genital tract, revealed a possible associa-
tion with endometriosis (P=1.66X10 °, odds ra-
tio=1.20). Our findings suggest that these re-
gions are new susceptibility loci for endometrio-
sis

Genome-wide association study of intracra-
nial aneurysm identifies three new risk loci.

Saccular intracranial aneurysms are balloon-
like dilations of the intracranial arterial wall;
their hemorrhage commonly results in severe
neurologic impairment and death. We report a
second genome-wide association study with dis-
covery and replication cohorts from Europe and
Japan comprising 5,891 cases and 14,181 controls
with approximately 832,000 genotyped and im-
puted SNPs across discovery cohorts. We identi-
fied three new loci showing strong evidence for
association with intracranial aneurysms in the
combined dataset, including intervals near RBBP
8 on 18ql11.2 (odds ratio (OR)=1.22, P=1.1X
10™"), STARD13-KL on 13q13.1 (OR=1.20, P=
25X10 ") and a gene-rich region on 10q24.32
(OR=1.29, P=1.2X10"). We also confirmed
prior associations near SOX17 (8q11.23-q12.1;
OR=1.28, P=1.3X10"*) and CDKN2A-CDKN2
B (9p21.3; OR=1.31, P=1.5X10 *). It is note-
worthy that several putative risk genes play a
role in cell-cycle progression, potentially affect-
ing the proliferation and senescence of
progenitor-cell populations that are responsible
for vascular formation and repair

(3) Quantitative trait loci

Genome-wide association study of hemato-
logical and biochemical traits in a Japanese
population.

We report genome-wide association studies
for hematological and biochemical traits from
approximately 14,700 Japanese individuals. We
identified 60 associations for 8 hematological
traits and 29 associations for 12 biochemical
traits at genome-wide significance levels (P<<5X
10(—8)). Of these, 46 associations were new to
this study and 43 replicated previous reports.
We compared these associated loci with those
reported in similar GWAS in European popula-
tions. When the minor allele frequency was
>10% in the Japanese population, 32 (94.1%)
and 31 (91.2%) of the 34 hematological loci pre-
viously reported to be associated in a European
population were replicated with P-values less
than 0.05 and 0.01, respectively, and 31 (73.8%)
and 27 (64.3%) of the 42 European biochemical
loci were replicated.
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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 in what conditions.
Thus, our study includes the structural analysis of molecular function of each gene
product as well as the analysis of its requlatory information, which will lead us to
the understanding of its cellular role represented by the networks of inter-gene in-

1. A regression analysis of gene expression
in ES cells reveals two gene classes that
are significantly different in epigenetic pat-
terns

Sung-Joon Park and Kenta Nakai

To understand the gene regulatory system
that governs the pluripotency of embryonic
stem (ES) cells is an important step for promot-
ing regenerative medicine. Although the role of
several transcription factors (TFs) has been in-
tensively investigated, details of their involve-
ment in the regulation are still not well clarified.
Here we constructed a predictive model of the
genome-wide gene expression in mouse ES cells.
We firstly reanalyzed ChIP-seq data publicly
available. Then, we estimated TF-binding den-
sity profiles from the data. The density profiles
and the data of several epigenetic states of pro-
moters are used as predictors in a simple linear
regression model that predicts absolute gene ex-
pression. We also exhaustively analyzed the ef-
fects of predictors and their higher-order inter-
actions by statistical tests. Through this study,
we confirmed that our linear regression model
has better predictive power than an ordinary
linear regression model. Using the proposed

model, we identified two gene classes that are
either well explained or inefficiently explained
by the model. Since the promoters of these gene
classes have apparently distinct patterns of epi-
genetics, we inspected the effects of epigenetic
modifications in explaining the gene expression.
The result supports the general idea of relative
importance of epigenetic effects in ES cells.
Moreover, it has been found that unknown
regulatory mechanisms control approximately
half of ES-specific genes rather than direct regu-
lation by the TFs. To elucidate such mechanisms
is one of further works.

2. Transcriptional regulation and networks of
immune systems

Naoki Osato and Kenta Nakai

Our immune responses involve highly organ-
ized activities of many types of genes and cells.
Understanding the mechanisms of immune re-
sponses is important to reveal the causes of dis-
eases, allergies, and immunological rejections.
Although these mechanisms have been exam-
ined by experimental analyses, they are still un-
clear. Nowadays, genome-wide gene expression
data, protein-protein and protein-DNA interac-
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tion data, and epigenetic data are being pro-
duced. Analyzing genome sequences and these
data would contribute to reveal the mechanisms
and regulatory networks of immune responses
and the differentiation of immune cells effec-
tively. For these purposes, we plan to develop
methods to predict transcription factor binding
sites (TFBS) from human genome sequences and
gene expression data, and reveal conserved sig-
natures of TFBS in each immune cell type or re-
sponse by computational analyses. We will pre-
dict transcriptional regulatory networks of im-
mune cells and responses by combining various
genome-scale data such as known TFBS, non-
coding RNAs, and known pathways. Collaborat-
ing with experimental researchers, we will vali-
date our predictions. These methods and ap-
proaches would also be useful to examine other
transcriptional regulatory mechanisms and net-
works.

3. Classification and characterization of bi-
directional promoters.

Riu Yamashita', Yutaka Suzuki®>, Sumio
Sugano’, Kenta Nakai: ‘Frontier Research In-
itiative, IMSUT, *Graduate School of Frontier
Sciences

We have constructed the DataBase of Tran-
scription Start Sites (DBTSS: http://dbtss.hgc.
jp/), which contains the information of accurate
transcription start sites (TSSs) based on experi-
mentally determined 5-end clones. Recently we
have updated the database based on the 5 end
of oligo-cap selected ¢cDNAs in humans and
mice. Using this database, we focused on bi-
directional promoters, which have TSSs on both
plus and minus strands closely. In DLD-1 cell
lines, the distribution of frequency of the dis-
tance between a transcript’s TSS and the closest
anti-transcript TSS showed two significant
peaks. The first peak corresponded to 707 TSSs
on —160:—100 (upstream anti-sense transcript
promoters: upASTPs), and the second corre-
sponded to 237 TSSs 0:+40 (downstream anti-
sense transcript promoters: downASTPs). We
also defined 2166 TSSs which did not have any
anti-transcript within 10 kb as no anti-sense
transcript promoters (noASTPs). Around TSS re-
gion, noASTPs and upASTPs had pyrimidine-
purine bases on —1:+1, which can be widely
observed on TSSs. However, the downASTPs
showed ‘CTGG” at —4:—1 region. We also ob-
served significant difference of characteristics in
the downASTPs: namely, GC poor, CpG islands
poor, and disordered nucleosome structures. In-
terestingly, even though we observed highly or-
dered nucleosome  structures in  both

downASTPs and noASTPs, the noASTPs
showed more asymmetrical nucleosome struc-
tures. These phenomena could be observed not
only in other human cell lines (Hek293, MCF7,
TIG), but also in a mouse cell line (3T3). These
results indicate that we could classify promoters
into three classes based on their anti-transcript,
and these classes showed biologically different
features.

4. The effect of Alu elements on global nu-
cleosome positioning in  the human
genome using paired-end MNase-Seq

Yoshiaki Tanaka, Riu Yamashita'
Suzuki? and Kenta Nakai

Yutaka

Understanding the genome sequence-specific
positioning of nucleosomes is essential to under-
stand various cellular processes, such as tran-
scriptional regulation and replication. As a typi-
cal example, the 10-bp periodicity of AA/TT
and GC dinucleotides has been reported in sev-
eral species, but it is still unclear whether this
feature can be observed in the whole genomes
of all eukaryotes. With Fourier analysis, we
found that this is not the case: 84-bp and 167-bp
periodicities are prevalent in primates. The 167-
bp periodicity is intriguing because it is almost
equal to the sum of the lengths of a nucleosomal
unit and its linker region. After masking Alu
elements, these periodicities were greatly dimin-
ished. Next, using paired-end sequencing of nu-
cleosomal DNAs (MNase-Seq), we analyzed the
distribution of nucleosomes in the vicinity of
Alu elements and showed that (1) there are one
or two fixed slot(s) for nucleosome positioning
within the Alu element and (2) the positioning
of neighboring nucleosomes seems to be in
phase, more or less, with the presence of Alu
elements. The paired-end data makes it possible
to reduce the number of multiple hits. Further-
more, (3) these effects of Alu elements on nu-
cleosome positioning are consistent with inacti-
vation of promoter activity in Alu elements. Our
discoveries suggest that the principle governing
nucleosome positioning differs greatly across
species and that the Alu family is an important
factor in primate genomes.

5. Prediction of subcellular locations of pro-
teins: where to proceed?

Kenichiro Imai® and Kenta Nakai: *Computa-
tional Biology Research Center, AIST

Since the proposal of the signal hypothesis on
protein subcellular sorting, a number of compu-
tational analyses have been performed in this
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field. A typical example is the development of
prediction algorithms for the subcellular local-
ization sites of input protein sequences. In this
review, we mainly focus on the biological
grounds of the prediction methods rather than
the algorithmic issues because we believe the
former will be more fruitful for future develop-
ment. Recent advances on the study of protein
sorting signals will hopefully be incorporated
into future prediction methods. Unfortunately,
many of the state-of-the-art methods are pub-
lished without sufficiently objective tests. In fact,
a simple test employed in this article shows that
the performance of specifically developed pre-
dictors is not significantly better than that of a
homology search. We suspect this is a general
problem associated with the interpretation of
genome sequences, which have evolved through
gene duplication and speciation.

6. Computational prediction of mitochondrial
inner membrane proteins

Toshiyuki Tsuji and Kenta Nakai

Proteins are transferred to the correct subcel-
lular location to properly perform their func-
tions. Prediction of the protein subcellular local-
ization is very important for exploring the func-
tion of proteins in the cell. Although many sub-
cellular localization prediction methods have
been developed, these systems ignore the mito-
chondrial inner membrane proteins without N-
terminal targeting signal. It is known that the
inner membrane proteins have an internal tran-
sit noncleavable signal. However the detection
of the internal signals is very difficult. In this
study, we analyzed the propensities of amino
acids and various physicochemical properties of
five types of proteins, which are localized at the
mitochondrial inner membrane, the mitochon-
drial matrix, cytoplasm, the cell membrane or
the extracellular space. These properties were
used for developing a prediction method based
on support vector machine (SVM). We analyzed
the amino acid propensities around the cleavage
site of the mitochondria targeting signal at the
N-terminus of mitochondrial matrix proteins
and made a position specific score matrix
(PSSM). Using the PSSM, we searched the po-
tential cleavage site of mitochondrial inner
membrane proteins. The distributions of physi-
cochemical properties around the potential
cleavage site were used as the input of SVM.
Meanwhile, we revealed that the mitochondrial
inner membrane proteins tend to dislike the
cluster of negative charged residues. We also
used the size of negatively charged cluster as an
input of SVM. The performance of our predictor

outperforms previous predictors in the discrimi-
nation of the mitochondrial inner membrane
proteins.

7. Development and maintenance of the data-
bases Hintdb and HitPredict - Ashwini Pa-
til, Kenta Nakai and Haruki Nakamura®:
*Osaka University

Protein-protein interactions (PPIs) are vital for
cellular function in organisms and hence their
detection is of considerable importance. The ad-
vent of high-throughput technologies has lead
to a manifold increase in the PPI information in
several model organisms through large scale
yeast two hybrid (Y2H) and tandem affinity pu-
rification in combination with mass spectrome-
try (TAP/MS) experiments. However, this data
has two major drawbacks leading to its limited
usage-(i) the large number of spurious interac-
tions detected and (ii) the absence of direct bi-
nary interaction information in protein co-
complex data obtained from TAP/MS experi-
ments. As a result, most studies using PPI infor-
mation either use data obtained exclusively
from small-scale experiments, or those con-
firmed in multiple experiments. Both types of
interaction subsets are considered high confi-
dence but constitute only a fraction of the
amount of data available and their use can often
lead to biased results. An alternative approach
is to utilize the high confidence subsets pro-
vided by authors of high-throughput experi-
ments. However, these interaction subsets are
assessed using a range of techniques with differ-
ing accuracies making comparisons among data
sets difficult. Frequently, such high confidence
interaction subsets are available only for one or
two species, typically yeast and human. As a re-
sult, a large amount of the PPI information in
several species, though correct and potentially
useful, is often ignored. The major reason for
this lack of information usage is the scarcity of
comprehensive PPI databases that provide confi-
dence scores assessing the quality of the interac-
tions. To address these issues, we created Hit-
Predict (http://hintdb.hgc.jp/htp/), a database
of quality assessed interactions in nine species.
HitPredict combines interactions from IntAct, Bi-
oGRID and HPRD and determines the confi-
dence level of the interactions based on a reli-
ability score calculated using the sequence,
structure and functional annotations of the inter-
acting proteins. HitPredict was first introduced
in 2005 as a database of high confidence PPIs
from high-throughput data sets. It has since
been updated annually and has now been ex-
panded to include small-scale interactions along
with a more intuitive user interface. Similarly,
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Hintdb, a database of homologous protein-
protein interactions was also updated.

8. Functional characterization of intrinsically
disordered regions in mammalian proteins

Ashwini Patil, Shunsuke Teraguchi’, Daron
Strandley* and Kenta Nakai

Intrinsically disordered regions in proteins are
regions without a stable tertiary structure. De-
spite the lack of a stable structure, these regions
play an important role in protein function as a
result of their flexibility and adaptability. Intrin-
sically disordered regions are found in proteins
functioning in cell signaling and transcription
regulation. However, several such regions are
not associated with any function and are often
ignored during the functional annotation of pro-
teins. In this project, we group similar intrinsi-
cally disordered regions in an attempt to iden-
tify those that function in a similar manner. We
find that disordered regions can be classified
into different groups based on the prevalence of
charged and hydrophobic residues. We also find

that disordered regions in distinct groups are
associated with distinct functions suggesting a
possible functional classification of disordered
regions.

9. Using gene expression correlations to
separate functionally distinct genes

Ashwini Patil, Kenta Nakai and Kengo Ki-
noshita® °Tohoku University

The expression patterns of genes under vari-
ous conditions have been extensively studied.
However, the differences in the levels of expres-
sions of genes with different functions have not
yet been extensively studied. In this project, we
tried to identify if functionally distinct genes
had different expression patterns using human
gene expression data and a gene expression sta-
bility measure. The stability measure indicates
how variable the expression of a gene is across
multiple samples. We grouped the genes into 4
groups based on their stability and average cor-
relation coefficient and studied the functional
differences between them.

Publications

Sathira, N., Yamashita, R., Tanimoto, K., Kanai,
A., Arauchi, T., Kanematsu, S., Nakai, K., Su-
zuki, Y. and Sugano, S. Characterization of
transcription start sites of putative non-coding
RNAs by multifaceted use of massively paral-
leled sequencer. DNA Res. 17(3): 169-183,
2010.

Tanaka, Y., Yoshimura, I. and Nakai, K. Posi-
tional variations among heterogeneous nu-
cleosome maps give dynamical information
on chromatin. Chromosoma. 119(4): 391-404,
2010.

Kubo, A., Suzuki, N., Yuan, X., Nakai, K., Satoh,
N., Imai, K. and Satou, Y. Genomic cis-
regulatory networks in the Ciona intestinalis
embryo. Development. 137(10): 1613-1623,
2010.

Patil, A., Kinoshita, K. and Nakamura, H. Hub
promiscuity in protein-protein interaction net-
works. Int. J. Mol. Sci. 11(4): 1930-1943, 2010.

Tanaka, Y., Yamashita, R., Suzuki, Y. and Nakai,
K. Effects of Alu elements on global nu-
cleosome positioning in the human genome.
BMC Genomics. 11: 309, 2010.

Kawaki, H., Kubota, S., Aoyama, E., Fujita, N.,
Hanagata, H., Miyauchi, A., Nakai, K. and
Takigawa, M. Design and utility of CCN2 an-
chor peptide aptamers. Biochemie. 92(8): 1010-
1015, 2010.

Patil, A., Kinoshita, K. and Nakamura, H. Do-

main distribution and intrinsic disorder in
hubs in the human protein-protein interaction
network. Protein Sci. 19(8): 1461-1468, 2010.

Schonbach, C., Nakai, K., Tan, T.-W. and Ranga-
nathan, S. InCoB2010-9th International Con-
ference on Bioinformatics at Tokyo, Japan,
September 26-28, 2010. BMC Bioinformatics.
11(Suppl 7): S1, 2010.

Okamura, K., Matsumoto, K. and Nakai, K.
Gradual transition from mosaic to global
DNA methylation patterns during deuteros-
tome evolution. BMC Bioinformatics. 11(Suppl
7): S2, 2010.

Teraguchi, S.*, Patil, A.* and Standley, D.M. In-
trinsically disordered domains deviate signifi-
cantly from random sequences in innate im-
mune and generic mammalian proteins. BMC
Bioinformatics. 11(Suppl 7): S7, 2010. (*joint
first author).

Satoh, T., Takeuchi, O., Vandenbon, A., Yasuda,
K., Tanaka, Y., Kumagai, Y., Miyake, T., Ma-
tsushita, K,. Okazaki, T., Saitoh, T., Honma,
K., Matsuyama, T., Yui, K., Tsujimura, T.,
Standley, D. M., Nakanishi, K., Nakai, K. and
Akira, S. The JMJD3-IRF4 axis regulates M2
macrophage polarization and host responses
against helminth infection. Nature Immunol.
11(10): 936-944, 2010.

Imai, K. and Nakai, K. Prediction of subcellular
location of proteins: where to proceed?. Pro-



126

teomics. 10(22): 3970-3983, 2010.

Ranganathan, S., Schonbach, C., Nakai, K. and
Tan, T.-W. Challenges of the next decade for
the Asia Pacific region: 2010 International
Conference in Bioinformatics (InCoB 2010).
BMC Genomics. 11(Suppl 4): S1, 2010.

Patil, A., Nakai, K. and Nakamura, H. HitPre-
dict: a database of quality assessed protein-
protein interactions in nine species. Nucl. Ac-
ids Res. 39: D744-D799, 2011. (published on-
line on October 14, 2010.)

Park, S.-]. and Nakai, K. A regression analysis of
gene expression in ES cells reveals two gene
classes that are significantly different in epige-

netic patterns. BMC Bioinformatics 12 (Suppl
1): S50, 2011.

Khare, P., Mortimer, S.I., Cleto, C.L., Okamura,
K., Suzuki, Y. Kusakabe, T. Nakai, K,
Meedel, T.H. and Hastings, K.EM. Cross-
validated methods for promoter/transcription
start site mapping in SL trans-spliced genes,
established using the Ciona intestinalis tro-
ponin I gene. Nucleic Acids Res. published
online on November 24, 2010.

HIFRER. 7/ A BLYIEHIEAT OFRE & RKICD
\»"C. Science Portal China(rft [&l %4254 1 ) .
2010.



127

Human Genome Center

Department of Public Policy

NIBORWETE 0 B

Kaori Muto, Ph.D.

Y usuke Inoue, Ph.D.
Hyunsoo Hong, Ph.D.
Ayako Kamisato, M.A.

Associate Professor
Assistant Professor
Project Assistant Professor
Project Assistant Professor

B () Y ST
g # lt(AeERERES) I Lok 6
= UE G oy it " #
FriEB# BB foR R T

The Department of Public Policy works to achieve three major missions: public
policy studies of translational research, its application, and its impact on society;
research ethics consultation for scientists to comply with ethical guidelines and to
build public trust; and development of ‘minority-centered” scientific communication.
By conducting qualitative and quantitative social science study and policy analysis,
we facilitate discussion of challenges arising from advances in medical sciences.
Furthermore, we study specific ethics issues related to construction of a human
biological substances collection, and related to vaccination policy. We also held a
Sci/Art Exhibition titled as “Office Bacteria-the Space” at the Medical Science Mu-
seum as one outreach activity undertaken via art.

1. Biobank Japan Project (BBJP) and its ethi-
cal, legal and social implications

The Biobank Japan Project (BBJP) is a disease-
focused biobanking project headed by Professor
Yusuke Nakamura since 2003. Biobank Japan
consists of donated DNA, sera and clinical infor-
mation from 200,000 patients of 66 hospitals in
Japan. Informed consent, which ensures the
autonomous decisions of participants, is be-
lieved to be practically impossible for the bio-
banking project in general. Consequently, the
concept of ‘trust’, which is “judgment and ac-
tion in conditions of less than perfect informa-
tion”, has been suggested to compensate for this
limitation. To clarify the role and significance of
trust, we conducted a questionnaire survey of
research coordinators (1 =157) and of partici-
pants (n=1,378) in 2007. We also conducted in-
terview studies of research coordinators (1 =50)
in 2010.

Our latest paper (#1) emphasizes the impor-
tance of communication with participants after

receiving their consent in the case of the bio-
banking project. After describing the limitations
of informed consent within the BBJP based on a
survey we conducted, we introduced our at-
tempts to communicate with participants, dis-
cussing their implications as a means to com-
pensate for the limitations of informed consent
in the biobanking project.

As a means to maintain the participants” trust
of the project, research coordinators who had
been specially trained for the BBJP have played
important roles. We have worked steadily to
complete analyses of the research coordinators
of the BBJP. At the beginning of the BBJP, their
primary roles were recruitment. After the end of
recruitment, their roles shifted to the tracing of
participants to extract clinical information and
to input it into the database. However, their
support and encouragement of participants com-
plemented the contents of the initial consent
process and reinforced participants’ incentive to
continue in their role. The results of this study
will contribute to improved quality control and
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better communication between administrators of
long-term research projects and the project par-
ticipants.

2. Rethinking academic freedom

How should we regulate scientific research,
especially life science research, which is devel-
oping rapidly? To find a clue to answer this
question, Kamisato’s paper (#6) returns to article
23 of the Constitution: “Academic Freedom”.
She described the necessity of reinterpreting this
article in response to the demands of the times
because it traditionally has not been provided
and discussed that Academic Freedom includes
the freedom of scientific research. Then, she dis-
cussed whether freedom of scientific research is
protected by this article, and considered the best
ways to regulate scientific research, along with
new issues that emerged from the freedom to
publish the research results.

3. Research ethics consultation

Public interest in research ethics has grown.
Society increasingly makes demands in this
area. Provision of a system that can support
“on-site” researchers to avail themselves of im-
mediate consultation when concerns and issues
arise related to research ethics and other matters
is also among those demands. Based on these
demands, in recent years, the universities and
research institutes providing “research ethics
consultation” have become increasingly numer-
ous in the United States. Several papers from
the USA explaining “research ethics consulta-
tion” reveal that the contents and methods of
“research ethics consultation” differ among in-
stitutions, and also show that pre-screening of
ethical review applications is excluded from the
contents of “research ethics consultation” in the
US. Our paper (#7) presented analyses of all
consulted cases (n=234) from April to Decem-
ber 2009 to the Office of Research Ethics (ORE)
of the IMSUT from researchers. We extracted 20
categories of their consultation needs and
showed that 12 were related to “how to survive
ethical review” and pre-screening of documents
for ethical review. What is “research ethics con-
sultation” and what creates these differences?
We studied the answers to these questions and
found that the extent of academic and social un-
derstanding of research ethics’ importance is
critical information for considering these ques-
tions.

4, Science and Art

We have been organizing a series of artwork

exhibitions related to scientific knowledge, espe-
cially that related to biomedical science, at the
Museum of Modern Medical Sciences twice a
year since 2009. The “IMSUT Science Art Exhibi-
tions” are intended to provide audiences the op-
portunity to encounter the field of science from
the perspectives of artists, and to present the
possibility of subjective reflection on what is
considered to be the most objective form of
knowledge, through the artworks themselves
and through talks given by the artists during
the exhibition.

This year, we have organized two exhibitions:
“Boundary Face <> Jt1fiZ22[#” (24 February 2010-
18 March 2011) and “5*f{(Universe)”(6 January
2011-30 January 2011). The former exhibition of
installed works by Hideo Iwasaki and Emiko
Inoue, developed in the laboratory of Iwasaki,
who is also a molecular biologist, received ap-
proximately 500 visitors. The latter exhibition of
OFFICE BACTERIA is still on view, including
oil paintings by Teppei Ikehira and accessories
designed by Kanae Briandet, inspired by micro-
scopic pictures taken by Roman Briandet, who is
a molecular biologist. Additionally, we intro-
duced our activities as an effective form of sci-
ence communication by reflecting on the first
exhibition we organized in 2008, at the Annual
Meeting of the Society for Social Studies of Sci-
ence (August 25-29, 2010).

As the principle for promotion of dialogues
with the public on science and technology, as
recently published by the minister in charge of
the governance of science and technology, ex-
plaining the implications of scientific studies to
the public is now regarded as an important re-
sponsibility of scientists. Various means of com-
municating science have been introduced as
ways to fulfill this responsibility. With our ac-
tivities of exhibiting science art, we are propos-
ing another mode of communicating science that
covers the limitations of the orthodox mode of
science communication based on the dialogue
between experts and non-experts.

5. Living liver organ donation in Japan

The global criticism of organ trafficking and
transplant tourism requires many countries to
pursue legal protection of living organ donors
for organ transplantation. Japan is one such
criticized country: more than 26,000 people have
become living organ donors. Muto’s paper (#4)
presents an exploration of living liver transplan-
tation in Japan from legal, social and ethical per-
spectives. Since the first living liver transplanta-
tion in 1989, the cases have increased, with ex-
tremely high dependency in spite of a few
deaths and cases of severe disability. Govern-
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ment and professional guidelines stipulate that
living donors be “relatives” so that living organ
transplantation can be privatized and regarded
as a family issue, although it is strictly limited
to altruistic cases in some countries. Based on
results of the Living Liver Donor Survey con-
ducted in 2004, Japanese liver donors have had
varied experiences. Most male donors were em-
ployed, felt some obligation, and harbored con-
cerns about financial effects and employment
during decision-making. In contrast, only a
quarter of female donors were employed, felt
guilty about the health conditions of their chil-
dren, and did not have opportunities for regular
health checkups after donation. Severe tensions
and family dissolution occurred in adult-to-
adult cases, although donors were satisfied with
donation overall. The author suggests that we
should rethink privatization of living organ do-
nation and that independent advocates should
support potential donors. Further research is
necessary to explore the reasons why organ do-
nation is privatized even in some forms of ca-
daver cases in Japan.

6. Ethical issues in human tissue and data
banking

Banking human tissue samples and data for
future use (biobanking) is a fundamental com-
ponent of the infrastructure supporting biomedi-
cal research activities. For research activities, col-
lecting these resources has been important for
medical research activities, but research ethics in
biobanking has some unique characteristics that
differ from traditional notions of human sub-
jects” protection in clinical research. First, we
have studied consent and monitoring processes
related to biobanking activities to explore the
ideal relation between society and biobanking.
As some results, we presented some identified
ethical issues related to the large scale clinical
database in summer (Japanese College of Cardi-
ology, September 2010). Second, we investigated
ethical issues in cadaveric research. Primarily
two theories have prevailed: one regards a body
(or a part of it) as a kind of object which can be
a property, and the other maintains that a dead
body should be respected as a remnant of an in-
dividual’s personality or identity. Additionally,
some explanations suggest that a dead body it-
self deserves respect. The role of the bereaved
family and moral status of the dead body varies
depending on these different standpoints. We
have just started questionnaire surveys of hu-
man tissue collections in forensic medicine labo-
ratories in Japan to elucidate the status of a hu-
man body, and to evaluate socially expected re-
quirements for research usage.

7. Vaccination Policy

Striking a balance between the rapid availabil-
ity of a novel vaccine while ensuring its safety,
quality, and efficacy is a major challenge during
a pandemic. We elucidated physicians” attitudes
related to novel vaccines during the influenza A
/HIN1 pandemic of 2009, and to determine fac-
tors that affected their vaccination recommenda-
tions to patients (#2). Of a random sample of
1,000 general practitioners (GPs) in Japan, 515
participated in a cross-sectional anonymous sur-
vey conducted immediately before the novel
vaccine became available (between 28 September
and 18 October 2009). In all, 453 GPs (88.3%) re-
plied that they intended to receive the new vac-
cine themselves. However, only 177 GPs (34.6%)
intended to recommend it proactively to their
patients. The anticipated cost of the vaccine
negatively influenced the intention to vaccinate
themselves and their recommendations to pa-
tients (P <0.001, x’test). Results of multivariate
logistic regression analysis showed that physi-
cians with experience in influenza A/HIN1 pa-
tient contacts [1-20 contacts, odds ratio (OR)=
7.49 (95% confidence interval [CI]: 1.73-32.36), P
=0.007; >20 contacts, OR=8.03 (95% CI: 1.77-
36.50), P =0.007, compared with no contacts]
were more likely to recommend the vaccine to
patients, although those with knowledge of the
fear of a causal association between Guillain-
Barre syndrome (GBS) cases and the 1976 swine
flu vaccination in the USA were less likely to
recommend the vaccine [OR=0.66 (95% CI:
0.45-0.97), P =0.036]. Results of our survey indi-
cate that physicians experience a moral conflict
related to the recommendation of the novel vac-
cine to patients, which might result from their
own experience with the disease, knowledge of
vaccine side-effects, and cost.

8. Research in progress

We have been conducting other studies as de-
scribed below.

- Ethical, legal and social implications of com-
mercial genetic/genomic testing services in
eastern Asia

- Development and evaluation of communica-
tion methods with participants of Biobank Ja-
pan and other long-term studies

- Analysis of roles of research coordinators for
better recruitment and for building trust from
participants

- Ethical, legal and social implications of stem
cell studies including animal-human chimeric
embryos and iPS cell banking

- Bench-side research ethics consultation and
quality assurance of research ethics committees
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- Science communication through art and ethical
challenges of biomaterial art
- Ethics issues in collecting human biological

substances for constructing a research infra-
structure
- Vaccination policy
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