A database for

post-genome
analysis

When the Human Genome Project was ini-
tiated in the ke 1980s, it was p ed ax

GENETWORK

First of all. as we have dearned from the
complete genomes of yeast and several
bacteria, the biological function of a large
Iraction of the genes Guthird to over a half
depending on the organism? is still un-
character
tantly. because the genes and gene prod-
ucts are only the individual components
that make up a biological systiem. the undler-
standing of how each component works is
not sufficient 1o understand the entire s
tem. The post-genome aalysis,
define it here, includes both experimental
and informatics approaches 10 uncover
systematically the interactions and path-
ways of genes and molecules, which can
he considered as the wiring diagrams of the
biological system. The complete {
componenis and the complete
wiring diagrams together can he
hlmpnnl of life.
KEGG (Kyoto Ency

we

and Ge s)is an i

the ultimate project o umn\cf the blue-
print of life. Ahough the goal of sequenc-
ing the entire 30 hillion base pairs of the
human genome by 2005 is likely 1o be
achieved. whether we will have the blue-
print of life at that time is quite questionable.

the post-genome analysis, which we initi-
ated in 1995 under the Tuman Genone Pro-
gram of the Ministry of Education.
Sports and Calure in Japan. Its objectis
are threetold. (1 To computerize the
rent knowledge of molecular pathways

cur-

und genelic pn.h\\'u ~ trom the experimen-
tal na ics. biochemistry,
and moleculur and ullul ar hiology. In the
past two years, KEGG contained only the
metabolic paths in July
1997 anumber of regubatory pathways, such
s signal transdugtion, cell l_\l.l and devel-
opmental pathways, are being placed
ins the gene cal
log of every organism that has been se-
quenced. and each component in the
cattlog is w0 he mapped on 1o the KEGG
pathways. 3y In addition to these databuse
cfforts, ]\Hyh aims at developing new
inform: that are associ-
ated with m(unuum and pathways!
KEGG part ni the ] S
ml is linked o

e

sine ;md (rypluph;m hi(;\ mhwi\ w
each box represents an enzyme with the
EC number inside. The box is dlickable to
retrieve the corresponding enzyme entry
ofthe LIGAND database !, which is the stan-
ing point of retrieving related entries of
chemical compounds. molecular sequences.
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Figtre 1. Examples of using KEGG at hup: www.genomead.ip kegg G From the KEGH
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all the deseription in the
andd search against %l) structures in PRI, Seve
ed in the sesults screer

le of contents choose the molecular
category of alpha beta (TN -barrel,
al pathways, cich of which contains at
The view shown is part of pabiit

whose three-dimensional structures are known and
ation. (h) From the KEGG table of contents choose the
copy all the description in the 7 operon. selet the Pathway” option.
Select the eeatinag phenylalanine., tyrosine and tryptophan biosynthesis” pathway. The green boxes
ist and those marked with red are the ones found to correspond 1o the fp operon.

aste in the s




three-dimensional structures, and genetic
diseases 2mong uihet\ kEGG maintains
structural and i ions of
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in the genome and the functional proxim-
ny of gene products in the pathway. An
of mapping gene

molecules and genes in lhe form of, what
we call, hierarchical texts, in which the
headings and subheadings are clickable to
unfold or fold branches. Figure 1(a} is a
result (marked in red) of matching the Ba
(TIM) barrel proteins in the hierarchical
table derived from the SCOP databas
with the KEGG metabolic pathway dia-
grams where the enzymes with known
PDB (Protein Data Bank) 5 are

pmdum.s on the palhway diagrams is the
validation of the initial gene assignments,
In case the pathway is not continuous
because of missing gene products, KEGG
provides computational tools to assist re-
examination of gene function assignment”
and further analysis of possible existence
of alternative paths®,

While KEGG tries to cover a diverse

shown in blue boxes. This indicates poss-
ible gene duplications in the formation of
the tryptophan biosynthetic pathway$.

One of the most unique aspects u?

range of pathways at a high leve! of abstrac-
tior there are complementary resources
that contain more detailed data and
knowledge in specific pathways. We have
mned collnboranon with WIT (Ref. 9) for

KEGG is the

organism-specific pathways by matching
the gene catalogs being produced by the
genome sequencing projects and the ref-
erence pathway diagrams manually drawn
and updated. In Figure 1(b) the enzymes
colored in green indicate that the corre-
sponding genes are found in the Escher-
ichia coli gene catalog. Those marked in
red belong to the tryptophan operon, and
the genome map section of KEGG can also
be utilized with a Java-compatible browser,
for example, to sec any correlation
between the physical proximity of genes

and are open to any
other collaborations. The mirror sites of
KEGG are being established in the USA
and UK (Ref. 10). In addition to the Inter-
net version, KEGG is available in CD-ROM
for Macintosh and Windows where path-
way diagrams, hierarchical texts, and
genome maps are all to be handled by a
Java-compatible browser. The content of
CD-ROM can be downloaded by anony-
mous FTP (Ref. 11) and used in UNIX
as well. We also plan to start distributing
the KEGG server to be mirrored in a lo-
cal environment.
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