Deductive Calculation Library for

KEGG Path w a y Sim ulation

W ataru F ujibuchi Susumu Goto Minoru Kanehisa

wataru@kuicr.kyoto-u.ac.jp goto@kuicr.kyoto-u.ac.jp kanehisa@kuicr.kyoto-u.ac.jp

Institute for Chemical Research, Kyoto University

Uji, Kyoto 611, Japan

Abstract

KEGG, Kyoto Encyclope dia of Genes and Genomes, proje ct c onsists of thre e typ es

of data, pathways, hierar chies, and binary r elations, that ar e used to repr esent biologic al

know ledge. We pr esent here a C++ library for e�cient c alculation of possible p athways

from binary relations. In practic e, the library is used to calculate metab olic p athways from

the substrate-pr o duct relations of enzymes store d in the LIGAND chemical database for

enzyme re actions. The libr ary consists of thre e mo dules, the c alculation module that is a

cor e part of the library written as an extension of the r elational oper ations, the re action

agent module that converts re al chemical re actions to generalize d binary relations, and the

interface mo dule that acc epts de ductive op er ations.

1 Intro duction

With the expansion of genome sequencing data and resulting gene catalogs, it will b ecome

necessary to compare and analyze the whole biological systems b etween v arious organisms in

terms of the interactions amongst molecules and genes. KEGG database[1] has b een develop ed,

�rst, for computerizing current knowledge of metab olic pathw ays and, second, for correlating

the gene catalogs determined by genome sequencing pro jects with all the enzymes on all known

pathw ays. In addition, KEGG aims at deducing pathw ays from the gene catalog, namely ,

calculating reaction pathwa ys from a given set of enzymes. F or this purp ose all the enzymatic

reactions stored in LIGAND[2] database are b eing conv erted to binary relations of substrates

and pro ducts.

In the pathwa y analysis, deductive searching is imp ortant for �nding alternative paths. F or

example, when correlating the gene catalog with the known metab olic pathwa ys, it is often the

case that the path is interrupted b ecause of missing enzymes. W e have b een exp erimenting this

path computation by the CORAL deductive database [3]. However, it is an ine�cient system

requiring a lot of computation time even for the deduction from a small number of relations.

Because we plan to make the path computation capabilities publicly av ailable under KEGG,

we have decided to develop a muc h more e�cient and conv enient system.

Figure 1: A schematic view of Deductive Pathw ay Calculation Library system.

2 Metho d and System

The Deductive Pathw ay Calculation Library

, which works e�ciently for deductive calculations

from binary relations, has b een developed. The library consists of three mo dules, a calculation

module which forms a core part of the library written as an extension of the relational op era-

tions, a mo dule for reaction agent which converts actual enzyme reactions to generalized binary

relations, and an interface mo dule which accepts deductive op erations from the user. Figure 1

shows a schematic view of this library system.

When the user asks a request like the following example:

di�erenc e( p ath(S,P,l,Or g1), path(S,P,l,Or g2) )

which designates that the di�erence of reaction pathways from substrate S to pro duct P with

path length l b etween tw o organisms, Or g1 and Org2, is to b e calculated. The interface mo dule

parses the request and passes it to the reaction agent by generating sets of relational op erations.

The agent mo dule conv erts reactions into binary relations in order for e�cient calculation by ,

what we call, the partial join op eration, which is an extension of the standard join op eration.

Ac kno wledgmen t

This work was supp orted in part by a Grant-in-Aid for Scienti�c Research on Priority Areas

from the Ministry of Education, Science, Sp orts and Culture of Japan. The computation

time was provided by the Sup ercomputer Lab oratory

, Institute for Chemical Research, Kyoto

Universit y .

References

[1] http://www.genome.ad.jp/ke gg/ke gg.html

[2] M.Suyamaet al, Comput. Appl. Biosci., V ol. 9, pp. 9, 1993.

[3] R.Ramakrishnanet al, \A tutorial introduction to CORAL", The CORAL Manual, 1993.