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Introduction

One of the significant challenges in bioinformatics is to
represent and manipulate computationally complex biological information such as metabolic pathways, chemical compounds and protein-protein interactions. This challenge was
successfully accomplished by representing biological information with graph objects[1].
On the other hand, these enormous graph structured
databases (target graphs) require efficient algorithms for
searching for a given subgraph (query graph). These kinds of
search problems may be defined using the concept of subgraph isomorphism. Recently, subgraph isomorphism has
come to be applied to biological analysis[2].
In this paper, we present a novel algorithm for solving
the subgraph isormorphism problem by extending Ullmann’s
algorithm[3], which is currently recognized as the most efficient algorithm[4]. We implemented our algorithm as the
SUBCOMP program which is available on the KEGG Compound Search page (Fig. 1).

2

Figure 1: KEGG Compound Search

Method

Ullmann’s algorithm tries to assign every possible node of the query subgraph to a node of the target
graph by recursively generating a match matrix. In this algorithm, a technique called refinement
is adopted in every recursion step in order to reduce the number of candidates. While Ullmann’s
algorithm tries to match all possible combinations of nodes, it often redundantly matches the same
regions when there are permutable nodes in the query graph. These matches in effect cause redundant
calculations that decrease the performance of the algorithm. Therefore, in order avoid such calculations, we developed a novel algorithm that dynamically prunes permutable nodes and reject undesired
candidates in each recursion step.

In order to further optimize the refinement step, which is always most time consuming, the match
and adjacency matrices were implemented with bit-vectors. A specialized bit-vector database for 32and 64-bit computers was also developed.
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Results and discussions
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The KEGG Compound Database, which currently
includes 11323 metabolic compounds, was transformed
into a newly developed bit-vector database. The
KEGG Compound Database may be searched using the
SUBCOMP program and this database via the web[5]
by selecting the SUBCOMP option (Fig. 1). Either a
KEGG Compound ID or an MDL molfile may be used
as a query graph.
In order to evaluate the efficiency of the SUBCOMP
program, we randomly selected 70 compounds from
the KEGG Compound Database with different numbers of atoms (1–70) as query compounds. The time
required for searching the 70 compounds against the Figure 2: The time required for searching
entire KEGG Compound Database was measured on a the 70 compounds against the entire KEGG
Celeron 1200MHz Gentoo Linux 2.4.2-Gentoo-r9 ma- Compound database.
chine with 256MB of RAM (Fig. 2). The time for a
single search did not exceed one second for the majority of the queries.
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