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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 PATHWAY
Network knowledge

f] Higher-order function N

KEGG GENES < = KEGG LIGAND
Genomic knowledge | Empirical rules | Chemical knowledge

KEGG BRITE
Hierarchical classification
of functions
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e,

g Function annotation

Kyoto Encyclopedia of Gene and Genomes

KEGG PATHWAY
KO-based Network knowledge

annotation . _
KO: KEGG Ortholoﬁ Higher-order function

o

Pathway-based classification

KEGG GENES
Genomic knowledge

% Other classification for genes

@ not in the pathway?
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% Classification and management of the
function

Kyoto Encyclopedia of Gene and Genomes

KEGG PATHWAY
Network knowledge

fl Higher-order function N

KEGG GENES KEGG LIGAND
Genomic knowledge | <, > | Chemical knowledge

Protein-compound interaction
Relationship between molecules and diseases
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g Knowledge extraction

Kyoto Encyclopedia of Gene and Genomes

KEGG PATHWAY
Network knowledge

fl Higher-order function N

KEGG GENES KEGG LIGAND
Genomic knowledge | <, > | Chemical knowledge

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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KEGG in the database collaboration
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. ——— UM-BBD
Pathway PATHWAY v, BioPAX

GENES «\\\\\\:iii:::§
NCBI: Entrez-Gene

DGENES KO

Genomic

EGENES SSDB

COMPOUND |«—— _ NCBI: PubChem

EBI: ChEBI
Chemical GLYCAN |~——— CFG

ENZYME Consortium for Functional Glycomics

\

REACTION RPAIR IUBMB Nomenclature
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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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é Classification of genomic knowledge

Functional Hierarchies

« MNetwork hierarchy

KO - Pathway-based classification of orthologs * KO' KEGG OrThOIOQY

- Unique representation
(controlled vocabulary) of

« Protein families

Enzymes .

Cytochrome P450 gene function for all
Transcription factors '

Ribosome SPQCIZS

Translation factors - ~7 800 entries

ABC transporters !

G-protein coupled receptors - Used for paThwqy

Ion channels .

Cytokine receptors

Cell adhesion molecules (CAMs)
CAM ligands

CD molecules

Bacterial motility proteins
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Pathway-based ortholog classification

KEGG Orthology (KO)

[ 1st Level | 2nd Level | 3rd Level | 4th Level | Text Search ]

01100 Metabolism

01110 Carbohydrate Metabolism
00010 Glycolysis / Gluconeogenesis [PATH:ot00010 tab000$

FKOOB45
Kuus44
KOl1084
FKO01810
KUUES0
FOl086
Kuss41l
KOZ446
FE04041
LAY
KOlgid
FOl623
KUlBO3
KOO1l34
KO0927
FKUlB34
KOl6E9
KOOB73
KUuleo
FKOOl163
Fuulel
KOO0le2
LA
LA T. )
KO00l16

i

L e L || o

Gﬂ UUUUUUE-U?-'-I - Links to GO

EZ2.7.1.2, glk:; glucokinase [ECid

EZ.7.1.1: hexokinase [BEC:Z.Q.1.1] [GG:UUU439ﬁ]

E3.1.3.9, GO6PC; glucose-6=phospila o] [GD:0004346]

E5.3.1.9, pgi:; glucose-=6-phosphate isomerase [EC 5.3.1.9] [COG:COG0O166] [GOD:0004347]
EZ.T7.1.11, pfk; e-phosphofructokinase [EC:2.7.1.11] [COG:COG0205 COGL105] [GO:0003872]
E3.1.3.11; fructose=1,6=bisphosphatase [ECtE.l.E.ll] [GO:0042132]

FBrl, fbp; fructose-1,6-bisphosphatase I [BEC:3.1.3.11] [COG:COGO158] [GOD:0042132]
GLPFX; fructose=1,6-bisphosphatase II [EC:3.1.3.11] [COG:COGl494] [GO:0042132]
FBP3, fbp: fructose=1,6=-bisphosphatase III [EC:3.1.3.11] [GD:0042132]

Ed.1.2.13; fructose-bisphosphate aldolase [EC:4.1.2.13] [GO:0004332]

E4.1.2.13B, fbah; fructose-bisphosphate aldolase, class II [EC:4.1.2.13] [COG:COG0191] [GO:0004332]
E4.1.2.13a, fbaB; fructose=bisphosphate aldolase, class I [EC:4.1.2.13] [COG:COGLE30 COG3S8E] [GO:0004332
ES.3.1.1, tpia; triosephosphate isomerase (TIM) [EC:5.3.1.1] [COG:COG0149] [GO:0004807]

El.2.1.12, GAFD, gaphA; glyceraldehvyde S-phosphate dehydrogenase [EC:1l.2.1.12] [COG:COGO05T] [GO:0004365]
EZ.7.2.3, pgk:; phosphoglycerate kinase [EC:Z2.7.2.3] [COG:COG0126] [GO:0004€° 7"

ES.4.2.1, gpm; phosphoglycerate matase [COG: EDGUéUﬁ COGOSEE =

E4.2.1.11, eno; enolase [EC:4.2.1.11 A LlnkS tO COG
EZ.7.1.40, pyvk: pyruvate kinase [EC:ZN 4 Dﬂu4ﬁ9] [GO:0004743]

El.2.4.1, pdh; pyruvate dehydrogenase [EC:1.Z2.4.1] [GD:0004739]

El.2.4.1C, aceE; pyruvate dehydrogenase El component [EC:1.2.4.1] [COG:COGZ609] [GO:0004739]

El.Z.4.1n, pdhn; pyruvate dehydrogenase El component, alpha subunit [EC:1.2.4.1] [COG:COGLO71] [@O:000473
El.2.4.1B, pdhB; pyruvate dehydrogenase El component, beta subunit [EC:1l.2.4.1]1 [COG:COGO022] [GO:0004739
EZ.3.1.12, pdhC; pyruvate dehydrogenase EZ component (dihydrolipoamide acetyltransferase) [EC:Z2.3.1.12]1 [t
El.8.1.4, pdhD; dihydrolipoamide dehydrogenase [EC:1.5.1.4] [COG:COG1Z49] [GO:0004148]

E1.1.1.27, ldh+ L= lactate dehydrogenase [EC l l 1 £ ] [COG: EDGUU;?] [GG:UUU445?]
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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 » Ton channels

* Cytochrome P450 + Cytokines

* Transcription factors  + Cytokine receptors

+ Ribosome + Cell adhesion molecules

* Translation factors (CAMs)

* ABC transporters * CAM ligands

* G-protein coupled * CD molecules
receptors * Bacterial motility

* GTP-binding proteins profeins
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% Classification of chemical knowledge

» Compounds

- Compounds with biological roles
- Lipids
- Phytochemical compounds

Functions

» Compound interactions
- Ton channel agonists/antagonists
- Cytochrome P450 substrates

Functions with interacting proteins
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% Classification of drugs and diseases

* Drugs
- Therapeutic category of drugs
- Drug classification

Target bacteria & viruses
Target diseases

- Disease
- Infectious diseases
- Metabolic diseases

Text mining, Ontologies and Natural Language Processing 2006/3/20- 18
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Drug Structure Map

Carbapenerm
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Database cross-references

€

Pathway PATHWAY
NCBI-GI, GenelD
_— UniProt -
GENES / OMIM, PDB
Genomic DGENES Ko — GO
COG
EGENES SSDB

COMPOUND—__ | PubChem ID
ChEBI
Chemical SILTICAIN

ENZYME

REACTION RPAIR
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Application

- Database cross-references

- bconvtool 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

Text mining, Ontologies and Natural Language Processing 2006/3/20- 22
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Database cross-references

Pathway linked to
other databases
Pathway PATHWAY k| >
\ NCBI-GI, GenelD
\ > UniProt .
GENES OMIM, PDB
Genomic DGENES kKo  ||GO
COG
EGENES SSDB
COMPOUNDF—___ | PubChem ID
ChEBI
Chemical GLYCAN
ENZYME
REACTION RPAIR
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Reaction data

REACTION: R02401
Kico

. Help |
Entry R0O2401 Reactlion
Hame Glutarate-semialdehyde:NAD+ oXldoreductase
Definition|5-Oxopentanoate + NAD+ + H20 <=> Glutarate + NADH
Equation ([C03273 + CO00003 + CO0001 <=> COO0489% + CO0004
o I
i % P

RPair RP: (202182 ) C00489 03273 main
Pathway PATH: rn00310 Lysine degradation
Enzyme 1.2.1.20
LinkDB _All DBs )
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From reaction to reactant pair

RPAIR: AD2182
Kieco

Entry ADZ2182 ReactantPair —
Name C00489 C03273
Compound CO0489 CO3273
Cha Cda
O6a
Type ' ] ]
R Extracting reaction center (RC)
mmi by compound alignment
Cea-C4a:06a-*:
2::“:; RC:diff:

G
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g Prediction of novel reaction pathways

Checking reaction type

A —
AHO% 4—>A\)0k0

0(\ HOT\

Substrate-product pair Extraction of reaction center e O

Searching RC database

Checking substrate specificity

—> ECLI14.15*(4) ——> ECL1.14.154 —>  At5g57260

EC1.14.99.%(10, 14) (R02843) (K00497)
Reaction and EC number  High similarity to the substrate Ortholog group
search for the obtained RC and product identification
& EC1.14.99.10 —> At2g45560
EC1.14.99.14 At4g15350

@ Others
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Terpenoid biosynthesis

TERPENOID BIOSYNTHESIS

O 6-endo-Hydroxycineole

O 6-Oxocineole

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

Sterol biosynthesis

|
Tryptoph ok Dimethylallyl-PP  Isopentenyl-PP |
<

42.120 (At4g7
; ! IgSSﬁf '10) - (N-Glycans biosynthesis)

: Dimethylallyl-
| tryptophan

Lk (Caroteno iosyness
r v Carotenoid b th
[4.1.128] | [25.1.29[25.1.10]25.1.1 | I 4,5-Dihydro-5 5-dimethyl-4-(3- N0 O
(AR2g20340 A14g286830) Polyprenol | oxobutyl)furan-2(3H)-onehexanoate /A
| Elymoclavine O | (A) |
! 25.11 ) \ Geranylgeranyl-PP prephytoene-pp (H)
| Geranyl-PP o eranylgeranyl- rephytoene-
I 2.5.1.29 2.5.1.29 25.1.32 ®)]
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Current problems & future work

€

» Classification and handling of generic form

- Glucose 6-phosphate
* D-Glucose 6-phosphate
- alpha-D-6Glucose 6-phosphate
- beta-D-Glucose 6-phosphate

- Amino acid
+ L-Amino acid + D-Amino acid
- L-Alanine - D-Alanine
- L-Lysine - D-Lysine

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

--> L-Alanine ? -->
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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

Text mining, Ontologies and Natural Language Processing 2006/3/20- 30



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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Minoru Kanehisa
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Susumu Goto, Kotaro Shiraishi (FQS), Yoko Sato (FQS),
Masayuki Kawasima (FQS), Satoshi Miyazaki (FNS),
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Masami Hamajima, Yuriko Matsuura, Junko Yabuzaki, Toshi Nakatani,
Junko Nishida, Atsuko Yano, Etsuko Okabe, Sachiyo Ito, Mao Tanabe,
Toshiaki Katayama, Shuichi Kawashima, Masumi Itoh,
Vachiranee Limviphuvadh, Mika Hirakawa
KO/GENES Database Development
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