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Introduction

Availability of a large number of complete genomes enables us to compare several genomes and to
search common and diﬀerent features between genomes in terms of protein sequence similarities, which
we call comparative genomics. It produces information about proteins useful for the assignment of
the function to genes and for the research on the evolution of the genome. The large number of genes
accumulated in the databases of complete genomes, however, has become a bottleneck, because the
computation of the sequence similarity of all pairs of proteins is time consuming even if we use a
supercomputer. Therefore precomputed sequence similarities of completely sequenced organisms are
indispensable for comparative genomics.
SSDB (Sequence Similarity Database) is a new addition to the KEGG suite of databases [3] and
contains the information about amino acid sequence similarities among all protein-coding genes in the
complete genomes, together with the information about best hits and bidirectional best hits (best-best
hits). The relation of gene x in genome A and gene y in genome B is called bidirectional best hits,
when x is the best hit of query y against all genes in A and vice versa, and it is often used as an
operational deﬁnition of ortholog. We report here the system design and simple search capabilities of
SSDB.

2

System Design

The similarity scores and information about the alignment are computationally generated from the
GENES database in KEGG. We perform all possible pairwise genome comparisons by using the
SSEARCH program in the FASTA package [4], and the gene pairs with the Smith-Waterman similarity
score [5] of 100 or more are entered in SSDB. We also compute best hits and bidirectional best hits
after the SSEARCH computation of all possible gene pairs from two complete genomes is ﬁnished.
The results are stored in the relational database management system PostgreSQL, together with
the description and the amino acid sequence length of each gene. Currently, about 40 million pairs
from 67 organisms are included. We have designed the view of each organism for eﬃcient search of
similar genes to a speciﬁed gene.
For end users, a web-based system has been developed to explore the universe of protein-coding
genes in SSDB (http://ssdb.genome.ad.jp/). Besides the simple search of various relations shown in
the next section, it enables users to search common sequence motifs, to display multiple alignments,
and to display the dendrogram calculated by the Smith-Waterman scores among a set of selected
genes, which are usually the search result from a query gene.
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Figure 1: Diﬀerent types of neighbors for a given query sequence (shaded).

3

Queries Against SSDB

SSDB is a huge graph consisting of protein-coding genes as its nodes and sequence similarities as its
edges. We call this graph the protein gene universe, or simply the protein universe. At the moment,
we provide the following search capabilities for the SSDB graph features (See Fig. 1).
1) All neighbors (equivalent to usual homology searches)
2) Best neighbors (functional links)
3) Reverse best neighbors (functional links)
4) Best-best neighbors (strong functional links)
Namely, in addition to the standard homology searches for all neighbors, SSDB queries can be
limited to best neighbors or best-best neighbors, which correspond to functionally better-deﬁned sets
of sequence similarities. Furthermore, incorporation of the edges that represent adjacent genes on
the chromosome makes it possible to identify contiguous sets of best-best neighbors. This means that
conserved gene clusters are automatically computed and can be used for the construction of the KEGG
ortholog group tables.
Other edges, which may be added to the SSDB graph to identify various functional links, include
common sequence motifs and common folds in the 3D structures. We will implement more features
in conjunction with the BRITE database (http://www.genome.ad.jp/brite/). For the moment the
sequence motifs in PROSITE [2] and Pfam [1], which are precomputed, can be searched as part of
SSDB for all proteins in the KEGG/GENES database.
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