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Why BRITE?

• Necessary for

– Function annotation of genes/proteins

– Classification and management of the function

– Knowledge extraction

– Integration of databases
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Inferring biological systems from 
genomes

Kyoto Encyclopedia of Gene and Genomes

KEGG BRITE
Hierarchical classification

of functions

Empirical rules
KEGG GENES

Genomic knowledge
KEGG LIGAND

Chemical knowledge

KEGG PATHWAY
Network knowledge

Higher-order function
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Function annotation

Kyoto Encyclopedia of Gene and Genomes

KEGG GENES
Genomic knowledge

KEGG PATHWAY
Network knowledge

Higher-order function

Pathway-based classification

KO-based
annotation

Other classification for genes 
not in the pathway?

KO: KEGG Orthology
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Classification and management of the 
function

Kyoto Encyclopedia of Gene and Genomes

KEGG GENES
Genomic knowledge

KEGG LIGAND
Chemical knowledge

KEGG PATHWAY
Network knowledge

Higher-order function

Protein-compound interaction
Relationship between molecules and diseases



2006/3/20-
2

Text mining, Ontologies and Natural Language Processing 
i i i i

7

Knowledge extraction

Kyoto Encyclopedia of Gene and Genomes

KEGG GENES
Genomic knowledge

KEGG LIGAND
Chemical knowledge

KEGG PATHWAY
Network knowledge

Higher-order function

Reaction pattern and functions
Function prediction and pathway prediction
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Integration of databases

• Mapping protein and chemical names among 
databases is important
– Many databases for

• Pathway information
• Genomic information
• Othe omics information

– How to integrate them?
• Controlled vocabulary
• Corresponding table between protein names
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PATHWAYPathway

Chemical

Genomic
GENES

EGENES

DGENES

SSDB

COMPOUND

ENZYME

RPAIR

GLYCAN

REACTION

UM-BBD
BioPAX

NCBI: Entrez-Gene

NCBI: PubChem
EBI: ChEBI
CFG
Consortium for Functional Glycomics

IUBMB Nomenclature

KEGG in the database collaboration

KO
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BRITE

• Hierarchical classification of functions
– Proteins
– Compounds
– Others

• Database cross-references
– KEGG GENES ID <-> NCBI-GI, GeneID

http://www.genome.jp/kegg/brite/
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Hierarchical classifications of 
functions

• Genomic knowledge (genes & proteins)
– Network hierarchy
– Protein families

• Chemical knowledge (compounds & reactions)
– Compounds
– Compound interactions

• Drugs and diseases
– Drugs
– Diseases

• Cells & organisms
– Organisms
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Classification of genomic knowledge 

• KO: KEGG Orthology
– Unique representation 

(controlled vocabulary) of 
gene function for all 
species

– ~ 7,800 entries
– Used for pathway 

reconstruction
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Links to COG

Pathway-based ortholog classification

Links to GO
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KO for function annotation in KEGG

• Function assignment by annotators
– Based on sequence similarities in SSDB, motifs, 

genetic location on the genome
– KO assignment to each gene

• Function assignment by experts
– Based on literature and experiments
– Using community databases

• BSORF for Bucillus, CYORF for cyanobacteria
• Feedback to the KO development
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Protein families

• Enzymes
• Cytochrome P450
• Transcription factors
• Ribosome
• Translation factors
• ABC transporters
• G-protein coupled 

receptors
• GTP-binding proteins

• Ion channels
• Cytokines
• Cytokine receptors
• Cell adhesion molecules 

(CAMs)
• CAM ligands
• CD molecules
• Bacterial motility 

proteins
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Classification of chemical knowledge

• Compounds
– Compounds with biological roles
– Lipids
– Phytochemical compounds

• Compound interactions
– Ion channel agonists/antagonists
– Cytochrome P450 substrates

Functions

Functions with interacting proteins
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Classification of drugs and diseases

• Drugs
– Therapeutic category of drugs
– Drug classification

• Disease
– Infectious diseases
– Metabolic diseases

Target bacteria & viruses
Target diseases
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Drug Structure Map
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PATHWAYPathway

Chemical

Genomic
GENES

EGENES

DGENES

SSDB

COMPOUND

ENZYME

RPAIR

GLYCAN

REACTION

NCBI-GI, GeneID
UniProt
OMIM, PDB

PubChem ID
ChEBI

Database cross-references

KO GO
COG
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Application

• Database cross-references
– bconv tool for ID conversion between KEGG 

GENES and outside DBs
– Pathway maps linked to outside
– KegArray for outside DB IDs

• Hierarchical classification
– Query relaxation for pathway computation
– Classification of reactions
– Evolutionary analysis of protein domains
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Pathway linked to
other databases

PATHWAYPathway

Chemical

Genomic
GENES

EGENES

DGENES

SSDB

COMPOUND

ENZYME

RPAIR

GLYCAN

REACTION

NCBI-GI, GeneID
UniProt
OMIM, PDB

PubChem ID
ChEBI

Database cross-references

KO GO
COG
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Reaction data
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From reaction to reactant pair

Extracting reaction center (RC)
by compound alignment

C6a-C4a:O6a-*:C1b+O6a-C1b+O4a
RC:diff:match
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Prediction of novel reaction pathways
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EC1.14.15.4
(R02843)

Substrate-product pair Extraction of reaction center

Searching RC database

Reaction and EC number
search for the obtained RC

EC1.14.15.*(4)
EC1.14.99.*(10, 14)

High similarity to the substrate
and product

EC1.14.99.10
EC1.14.99.14

Others

At5g57260
(K00497)

At2g45560
At4g15350

Ortholog group
identification

Checking reaction type

Checking substrate specificity
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Terpenoid biosynthesis

Geranyl-PP

Dimethylallyl-PP

Squalene

Farnesyl-PP

Geranylgeranyl-PP

1.1.1.241

1.14.13.51

6-endo-Hydroxycineole

6-Oxocineole

1,6,6-Trimethyl-2,7-dioxobicyclo- 
[3.2.2]nonan-3-one

4,5-Dihydro-5,5-dimethyl-4-(3- 
oxobutyl)furan-2(3H)-onehexanoate

TERPENOID  BIOSYNTHESIS

Isopentenyl-PP

Carotenoid biosynthesis

Sterol biosynthesis

Iridodial

Iridotrial

Deoxy- 
loganin

Loganin

Secologanin

3-alpha(S)- 
Strictosidine

   Indole 
alkaloid

Myrcene

Limonene Squalene 
2,3-oxide

4.2.3.9 4.2.3.6

Abscisate
Triterpenoid

Sterol

HopanoidTerpinolene

Dimethylallyl- 
      tryptophan

Tryptophan

Tryptamine

Copalyl-PP

       ent- 
Kaurene

     GA12 
aldehyde

GA53

GA19

GA20

GA8
GA29

Veatchine

Abietate

Aphidicolin

Aristolochene

Polyprenol

2.5.1.32

Aconitine

Pinene

Comphene

Fenchol

PR-toxin

Trichodiene

Nivalenol

Tetrahymanol

Pimara- 
    diene

GA44 
diacid

Elymoclavine

NPP

Prephytoene-PP

GA1

N-Glycans biosynthesis

(A)

(B)

(C)

(D)

(E)

(F)

(G)

(H)

2.5.1.21

1.44.99.7

2.5.1.29

2.5.1.29 2.5.1.10 2.5.1.1

2.5.1.29

2.5.1.10

2.5.1.1

5.3.3.2

4.3.3.2
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Current problems & future work

• Classification and handling of generic form
– Glucose 6-phosphate

• D-Glucose 6-phosphate
– alpha-D-Glucose 6-phosphate
– beta-D-Glucose 6-phosphate

– Amino acid
• L-Amino acid

– L-Alanine
– L-Lysine

• D-Amino acid
– D-Alanine
– D-Lysine

--> L-Alanine

L-Amino acid <--> D-Amino acid

? -->
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Current problems & future work

• Naming problem
– IUBMB Enzyme nomenclature -> KEGG LIGAND

• pai <-> pi
• protein <-> [protein]
• Need a heuristics or structure-based comparison

– No names for many glycans

• More relationships between classification and 
pathways
– Drug structure maps

• Application to pathway prediction and drug design
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Summary

• BRITE provides
– Functional hierarchies for functio annotation of 

genes and knowledge management
– Database cross-references for integrating

existing databases and KEGG

• TM and IR will be useful for
– Extraction of new knowledge such as drug 

development and protein-ligand interaction
– Extraction of knowledge for verifying the 

predicted novel pathways
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Susumu Goto, Kotaro Shiraishi (FQS), Yoko Sato (FQS), 
Masayuki Kawasima (FQS), Satoshi Miyazaki (FNS), 
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Tomoko Hattori, Tomomi Kamiya

LIGAND Database Development
Rumiko Yamamoto, Tomoko Komeno, Kana Matsumoto, Ami Tanaka, 
Mayumi Takashio, Kosuke Hashimoto, Masahiro Hattori, Masaaki Kotera
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