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Scope of Research

Owing to continuous developments of high throughput experimental technologies, projects are going on not only to
determine complete genome sequences of an increasing number of organisms, but also to analyze gene expression profiles
both at the mRNA and protein levels and to catalog protein 3D structure families. Bioinformatics provides basic concepts
as well as practical methods to go up from the molecular level to the cellular level, and eventually to still higher levels,
to that of biological systems by analyzing complex interactions among building blocks and with dynamic environments.
We have been developing such bioinformatics technologies and the KEGG system (http://www.genome.jp/kegg/), which
is our attempt to uncover and utilize cellular functions through the reconstruction of protein interaction networks from
genome information.

Research Activities (Year 2004

Grants

Kanehisa M, Biological systems database (KEGG) and
genome information science. Research for the Future Pro-
gram, JSPS.

Kanehisa M, BRITE: Deductive Database of the
Genome and the Biological System Based on Binary Rela-

tions, Bioinformatics Research and Development, JST.
Kanehisa M, Education and Research Organization for
Genome Information Science, MEXT.
Kanehisa M, Knowledge Information Infrastructure for
Genome Science. Kyoto University 21st Century COE
Program, MEXT.

60 TOPICS AND INTRODUCTORY COLUMNS OF LABORATORIES



KEGG GLYCAN: Computational Approach
to Comparative Glycomics

Glycans are an important class of biological macro-
molecules in addition to DNA and proteins. Under the
KEGG project we released the GLYCAN database for
carbohydrate structures and its associated information
(Figure 1). We developed a novel method for conducting
comprehensive analyses of comparative glycomics using
glycan structures in KEGG GLYCAN. First, we developed
a new similarity measure for comparing glycan structures
taking into account the characteristic mechanisms of gly-
can biosynthesis, and we applied it to classify glycans of
different species and tissues in the framework of support
vector machines (SVMs). Next, we extracted characteristic
functional units (motifs) of glycans (Figure 2).
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Figure 2. Extracted characteristic glycan structure of mouse.

KEGG Orthology: a Hierarchical Classification
of All Functional Orthologs in the Gene Universe

KEGG Orthology (KO) is developed from “Ortholog
IDs”, an extension of EC numbers in the KEGG PATH-
WAY database. It is one of the major projects of our

laboratory and is intended to identify and classify ortholo-
gous gene clusters among all species stored in the KEGG
GENES database. Using the KEGG SSDB database, or-
thologs in the KEGG GENES database are classified and
annotated both automatically and manually. Namely, or-
thologs are classified by a computational clustering method
according to KEGG SSDB scores (Figure 3), and the func-
tion of each ortholog is further examined manually.
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Figure 3. Ortholog Cluster Viewer on KEGG SSDB.

Many genome sequencing projects for eukaryotes are
ongoing, and many draft genomes are available. Despite
the delays in completing the genome project for eukary-
otes, the draft sequences provide much important informa-
tion. Therefore, the DGENES database was added to the
KEGG database in order to store such draft genomes (Figure
4). We are currently developing automatic methods to
annotate the genes in DGENES according to the KEGG
Orthology.
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Figure 4. KEGG DGENES database.

Kanehisa M, Development of the integrated database
for bacterial genomes and their cellular function. Grant-
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Biology”, MEXT.
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