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Scope of Research

Due to rapid progress of the genome projects, whole genome sequences of organisms ranging from bacteria to human
have become available. In order to understand the meaning behind the genetic code, we have been developing algorithms
and software tools for analyzing biological data based on advanced information technologies such as theory of algorithms,
artificial intelligence, and machine learning. We are recently studying the following topics: systems biology, scalefree
networks, protein structure prediction, inference of biological networks, chemo-informatics, discrete and stochastic methods
for bioinformatics.
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Proteome Compression via Protein Domain
Compositions

We focus on the entropy that the individual contains,
and analyze domain compositions of proteins through
compression of whole proteins in an organism. We suppose
that a protein is a multiset of domains. Since gene duplication
and fusion have occurred through evolutionary processes,
the same domains and the same compositions of domains
appear in multiple proteins, which enables us to compress a
proteome by using references to proteins for duplicated and
fused proteins. Such a network with references to at most
two proteins is modeled as a directed hypergraph.

We propose a heuristic approach by combining the
Edmonds algorithm with an integer linear programming, and
apply our procedure to fourteen proteomes of D. discoideum,
E. coli, S. cerevisiae, S. pombe, C. elegans, D. melanogaster,
A. thaliana, O. sativa, D. rerio, X. laevis, G. gallus, M.
musculus, P. troglodytes, and H. sapiens.

The compressed size using both of duplication and
fusion was smaller than that using only duplication, which
suggests the importance of fusion events in evolution of a
proteome. In addition, we observed the difference of gene
duplication rates between organisms. It is considered that
gene duplication in M. musculus and H. sapiens tends to
occur more frequently than other organisms examined in
this study. Furthermore, we observed the phenomenon in
several organisms that a fused gene was used in another gene
fusion event again. For correlation between the compression
ratio of each proteome and the phylogenetic tree, further
analysis is needed. The proteome compression using domain
compositions in this study can be applied to compression of
protein amino acid sequences and DNA base sequences, and
the compression ratio may be improved by making use of
sequences included in domains as reference.
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Figure 1. Results on the compression ratio by duplication rules and by both
duplication and fusion rules.

Integer Programming-Based Method for
Designing Synthetic Metabolic Networks by
Minimum Reaction Insertion in a Boolean
Model

In this study, we consider the Minimum Reaction
Insertion (MRI) problem for finding the minimum number
of additional reactions from a reference metabolic network
to a host metabolic network so that a target compound
becomes producible in the revised host metabolic network
in a Boolean model. Although a similar problem for larger
networks is solvable in a flux balance analysis (FBA)-based
model, the solution of the FBA-based model tends to include
more reactions than that of the Boolean model. However,
solving MRI using the Boolean model is computationally
more expensive than using the FBA-based model since the
Boolean model needs more integer variables. Therefore, in
this study, to solve MRI for larger networks in the Boolean
model, we have developed an efficient Integer Programming
formalization method in which the number of integer
variables is reduced by the notion of feedback vertex set
and minimal valid assignment. As a result of computer
experiments conducted using the data of metabolic networks
of E. coli and reference networks downloaded from the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database, we
have found that the developed method can appropriately
solve MRI in the Boolean model and is applicable to large
scale-networks for which an exhaustive search does not
work. We have also compared the developed method with
the existing connectivity-based methods and FBA-based
methods, and show the difference between the solutions of
our method and the existing methods. A theoretical analysis
of MRI is also conducted, and the NP-completeness of MRI
is proved in the Boolean model. Our developed software
is available at “http://sunflower.kuicr.kyoto-u.ac.jp/~rogi/
minRect/minRect.html.”
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Figure 2. The result of the computer experiment where the host network is
E.coli and the target compound is butanol.
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