
Network Perspectives in
Bioinformatics

Susumu Goto

Bioinformatics Center, Kyoto University

Nishinomiya-Yukawa International & Interdisciplinary Symposium 2007
What is Life?

2007/10/18



Bioinformatics

• Large amount of omics data
– Genomics, Transcriptomics, Proteomics,

Interactomics, Metabolomics, etc.

• Development of various techniques for
interpreting the data and solving
biological problem, mainly on the
molecular level



What is Life?

• Autonomy?

• Interaction with others?

• Uptake of nutrients outside
– Metabolism

• Sensing signals from outside
– Signal transduction

• Replication



Metabolic network

http://www.expasy.org/cgi-bin/show_thumbnails.pl



http://www.biocarta.com/pathfiles/h_no1Pathway.asp

Protein interaction network working in response to the signals
from outside and within cells

Signaling network



Network for understanding biological systems

Gene catalogs from genome projects

Biological system as a network of genes or gene products

Reductive approach Synthetic approach

(Bioinformatics)



Current Status of Functional Reconstruction

Gene catalogs from genome projects

Biological system as a network of genes or gene products

Reductive approach Synthetic approach

(Bioinformatics)

Genes with
unknown function

Missing enzymes in
metabolic pathway



lysine

glutaryl-CoA

?

Lysine degradation pathway of Pseudomonas aeruginosa

reconstructed from genomic information

More specific example



More specific example

Missing enzyme

Lysine degradation pathway of Pseudomonas aeruginosa

by biochemical knowledge

lysine

glutaryl-CoA



Prediction of missing enzyme genes

Yamanishi, et al. (2007) FEBS J. 274:2262



Supervised approach 1/2

Step 1: Project the data into the feature space
that explains the actual network

Feature spaceOriginal space

: Actual network
!Training data



Supervised approach 2/2

Feature spaceOriginal space

: Actual network
!Training data

!Test data



Supervised approach 2/2

Step 2: Prediction of the interactions related
to the test data

Feature spaceOriginal space

: Actual network
!Training data

!Test data



Supervised approach 2/2

Step 2: Prediction of the interactions related
to the test data

Feature spaceOriginal space

: Actual network
!Training data

!Test data



Prediction of missing
enzyme genes

Yamanishi, et al. (2007) FEBS J. 274:2262

Reaction Candidate gene 

A. EC:6.2.1.6 PA1589 
(succinyl-CoA synthetase; EC 6.2.1.5) 

B. EC:1.2.1.20 PA0265
(dehydrogenase; EC 1.2.1.16) 

C. EC:2.6.1.48 PA0266

(amino-transferase; EC 2.6.1.19) 
D. 5ami.1-pip PA1576

(dehydrogenase; EC 1.1.1.31) 
E. Cadav.Delta not specified
F. EC:4.1.1.18 not specified



Network Biology

Barabasi & Oltvai (2004) Nat Rev Genet. 5:101

•Power-law and
scale-free
distribution of node
degree

•Robustness of the
network

•Preferential or rich-
get-richer model of
evolution



Topological analysis of biological network

• To elucidate how biological network has
emerged
– Metabolic network including activation and

inhibition regulation -> network module

– Signaling and transcription network

– Domain combination network

• To analyze function of genes in terms of
network



Domain combination network

Protein1

Protein2



Domain and its
combination
assignment to
eukaryote
proteomes

Itoh, et al. (2007) Genome Biol. 8:R212



Domain
combination
network shows
a scale-free
property

Itoh, et al. (2007) Genome Biol. 8:R212



Itoh, et al. (2007) Genome Biol. 8:R212

Older domains have more partners with some exceptions



Summary

• Importance of network in bioinformatics
analysis
– Function prediction

– Domain network analysis

– Functional modules in metabolic network
• Yamada, et al. (2006) BMC Bioinformatics 7:130

• Gutteridge, et al. (2007) BMC Bioinformatics 8:88

• What is Life?
– What is not life?

• What is or is not used in biological system in terms of
protein network, domain network?



Genome

sequencing MNQVMTLIYPAYLIIMLRIWKGC
LPLMDYLWTGLNVLLQMCCRRWQ
AITLHPSV......

Amino acid sequence of protein

mRNA
(Transcriptome)

Protein
(Proteome, interactome)

DNA chip

Protein chip

Yeast 2-hybrid system

2DE & MS

Genome database
!"ucleotide, amino acid sequences#

Prediction of gene function

Prediction of protein structure

3D structure of preoein

Expression database

Protein interaction database

•Understanding life
•Evolution
•Simulation

Knowledge base on biology,
medicine, and biochemistry

Cell, tissue,
organisms

Biological, biochemical
 and medical knowledge

SNP typing database

Network
prediction

(Metabolome)

tatgctgag
gatttggaaagggtgtttattcctcatgga
ctatttatggacaggactgaacgtcttgct
cgagatgtgctgcaggagatgggaggccat
cacattgcacccctctgtgt......

Prediction of coding region

atggcgacccgcagccctggcgtcgtgatt
agtgatgatgaaccaggttatgaccttgat
ttattttgcatacctaatcat

Transcription

Translation

Protein, ligand
3D structure database



Funtion prediction

Yoshihiro Yamanishi
Hisaaki Mihara
Motoharu Osaki
Hisashi Muramatsu
Nobuyoshi Esaki 
Tetsuya Sato
Yoshiyuki Hizukuri
Minoru Kanehisa

Acknowledgement

Domain network analysis

Masumi Itoh
Jose C Nacher
Kei-ichi Kuma
Minoru Kanehisa 

Database

Minoru Kanehisa
KEGG development team 



Thank you for your attention!


