
39

G
ra

du
at

e 
Sc

ho
ol

 o
f P

ha
rm

ac
eu

ti
ca

l S
ci

en
ce

s,
 F

ac
ul

ty
 o

f P
ha

rm
ac

eu
ti

ca
l S

ci
en

ce
s,

 K
yo

to
 U

ni
ve

rs
it

y

R
e

se
a

rc
h

 Pro
file

DIVISION OF BIOINFORMATICS AND CHEMICAL GENOMICS

　Our laboratory aims to understand the diversity 
and functioning of complex living systems based on 
large scale life science data towards application in 
biomedical sciences and environmental conserva-
tion. We develop new bioinformatics methods 
allowing integrated analyses of molecular data 
such as drug structure, metabolites, and genomic 
information and higher level knowledge about 
cells, organisms, populations and environments. 
Current research projects involve viral and microbi-
al genomics, prediction of drug-microbiome inter-
actions, and investigation of the functional link 
between microorganisms and the environmental 
changes.
  1. Genomics of viruses
　Viruses are generally considered as small biologi-
cal objects with only a handful of genes sufficient 
for their rapid replication. However, relatively large 
viruses such as herpesviruses and poxviruses possess 
a few hundreds genes. Furthermore, recent studies 
have revealed the existence of much larger viruses 
encoding more than 300 up to 2,500 genes. Such 
giant viruses, comparable to cells in their dimen-
sion, show a huge genomic diversity. Including 
these giant viruses, viruses possess various mecha-
nisms to evade host defense systems and to repro-
gram intracellular machinery of their hosts for their 
replication. Viruses are also considered to contrib-
ute to the evolution of their hosts through horizontal 
gene transfer and the host-parasite arms race. 
However, our knowledge on viruses is limited com-
pared to the knowledge on cellular organisms. We 
are interested in revealing functions of their 
genomes and the roles of viruses in various ecosys-
tems through comparative genomics. We also 
develop new bioinformatics methods helping such 
comparative genomics.
  2. Interactions between microbial communities 
and their environments
　Bacteria and unicellular eukaryotes play import-
ant roles in various environments. We study microor-
ganisms (from viruses, bacteria, unicellular eukary-

otes to zooplankton) in animal gut and marine eco-
systems in terms of their community structure and 
functioning. Our focus is on the characterization of 
their diversity and the interactions among them as 
well as the relationships between the dynamics of 
microbial communities under varying environmen-
tal conditions. Our research interests include the 
identification of enzymes and secondary metabo-
lites with new pharmacological activity from large 
scale genetic data.
  3. Integration of chemical, genomics, and bio-
medical knowledge for biomedical sciences and 
environmental preservation
　To help the research communities in genomics 
and biomedical sciences, we develop a suite of 
bioinformatics tools and various databases through 
a n i n t e g r a t e d w e b e n v i r o n m e n t  n a m e d 
G e n o m e N e t  ( h t t p : / / w w w . g e n o m e . j p / ) . 
GenomeNet integrates major molecular biology 
databases such as the KEGG database (http://
www.kegg.jp/) developed in Kyoto University, as 
well as other databases of genes, proteins, enzyme 
reactions, metabolic compounds, drugs, and drug 
side effects. Currently, we put much effort in inte-
grating metagenomic data generated at a popu-
lation level (e.g. Human microbiomes) or at a glob-
al scale (e.g. Tara Oceans expedition data). We 
also started an integrated database project for 
proteomics data from various species including 
human. Certain pathogens evade the host immune 
system by altering the surface proteins (“antigenic 
variation”), but its mechanism is still unclear. In this 
regard, we collect and organize the information of 
antigenic variations and relevant gene families to 
uncover the mechanism and to utilize it in clinical 
practice (varDB, http://www.vardb.org/). These 
resources are freely available through GenomeNet 
to the communities. We also develop various bioin-
formatics and statistical methods for medical and 
pharmacological sciences such as prediction 
methods for the side effects of drugs.
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