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Background

« High-throughput experiments
and large-scale datasets

» Bioinformatics approaches to
integration and interpretation




Seeds and Needs: Changing Roles of Bioinformatics

Period

1990s

2000s

2010s

Seeds

Informatics
technologies

Bioinformatics
technologies (basic)

Bioinformatics
technologies (applied)

Needs

Large-scale sequence data in
the Human Genome Project

Large-scale molecular data in
all areas of biological sciences

Scientific data (personal
genome data, etc.) in society

Current Roles of Bioinformatics

1. Meeting different needs

Scientific community (scientists, software engineers, etc.)
Practitioners (doctors, pharmacists, etc.)
Society (patients, consumers, etc.)

2. Developing computational methods

3. Developing databases

Especially for large-scale data processing

Especially ‘knowledge-intensive’ databases

4. Maintaining information infrastructure

Database and computational services meeting individual
needs




Growth of sequence and 3D structure databases
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More details at: http://www.genome.jp/en/db_growth.html

Complete Genomes in KEGG
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More details at: http://www.genome.jp/kegg/docs/upd_genome.html




Genetic and Chemical Blueprints of Life

Genetic Blueprint of Life (Genome)

* DNA sequence

+ Information about genes, gene regulatory elements,
proteins, RNAs, etc.

 Partial information about transcription network

Chemical Blueprint of Life (Chemical Logic)

* Molecular reaction/interaction network
+ Information about small molecules, biopolymers, etc.
(biosynthetic codes)

* |Information about interactions with the environment

Molecular Building Blocks of Life
Genomic and Chemical Spaces

Genomic Space

DNA (Gene) Genome Replication
RNA Transcriptome Transcription
Protein Proteome Translation

Genetic code
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High-throughput Experimental Projects
to Uncover Molecular Building Blocks of Life

Genomic space

Chemical space

Genes and proteins
in individual organisms
(genomics, transcriptomics,
proteomics)

Endogenous molecules
(metabolomics, glycomics,
lipidomics, etc.)

% Exogenous molecules

(chemical genomics)

Genes and proteins
in environmental samples
(metagenomics, etc.)

Metabolites
> in environmental samples
(meta-metabolomics)

* Integration of genomic and chemical spaces
* Interpretation of higher-level systemic functions

Bioinformatics Approaches
to Reconstructing Biological Systems from Building Blocks

Biosphere
Ecosystem

Cell & Organism

Systems Space

* Low-throughput, but high-quality
knowledge information space

* Networks of molecular interactions,
reactions, and relations

Molecular network

Molecule | Genome Transcriptome Proteome
Metagenome _
° Genomic Space
Chemical Space Metabolome
Glycome

Chemical genome




Molecular network-based analysis of
diseases, drugs, and environmental compounds

» Diseases viewed as perturbed states of the molecular system
* Drugs and environmental compounds viewed as perturbants to
the molecular system

Molecular interaction network Molecular reaction network

Environmental

compounds Biodegradation

Perturbants  Perturbed system

Molecular relation network

G protein-coupled receptors
Class A. Rhodopsin family
Biogenic amine
Dopamine
K04144
K05850

ATC classification
N Nervous system
NO4 Anti-parkinson drugs
NO4A Dopa and dopa de
NO4AA Levodopa
> D00059

Network-Disease Associations

Single-gene disease

Disease gene —— Molecular network —— Disease
Multifactorial disease
Genetic factors -
. Molecular network —— Disease
Environmental factors —
Infectious disease
Pathogen —— Molecular network —— Disease
Diagnostic markers
Genetic perturbations l
(germline/somatic mutations, etc.) —™——, Molecular

—— Disease

Environmental perturbations — | network system
(incl. pathogens, microbiome) ]t I

Therapeutic drugs Genomic biomarkers




Overview of KEGG

* From building blocks to biological systems
* Integration of genomics and chemistry

KEGG: Computer Representation of Biological Systems

Basic principles in natural sciences
Practical applications for use in society

Disease genes, Imaging probes,

Drug targets, etc. I I Drug leads, etc.
~ el
/ Molecular systems \
DISEASE / DRUG IRt
PATHWAY / BRITE }

Systems information

Screening Screening
GENES / KO LIGAND :
Genomic informatiol Chemical information
\ / Molecular building blocks\ J
Genomic space Chemical space
(Genome, Transcriptome, Proteome, Metagenome) (Metabolome, Glycome, Chemical genome)

http://www.kegg.jp/ http://www.genome.jp/kegg/




KEGG Databases

Database Content Data size
KEGG PATHWAY Pathway maps, reference (total) 398 (140,607)
KEGG BRITE Functional hierarchies, reference (total) 124 (41,364)
KEGG MODULE KEGG modules, reference (total) 371 (83,523)
KEGG DISEASE Human diseases 375
KEGG DRUG Drugs 9,402
KEGG EDRUG Crude drugs and health-related substances 836
KEGG ORTHOLOGY KEGG Orthology (KO) groups 14,715
KEGG GENOME KEGG Organisms, manual/koala + kaas 1,522 + 117
KEGG GENES Genes in high-quality genomes 6,667,326

(142 eukaryotes + 1275 bacteria + 105 archaea)
KEGG SSDB Best hit relations within GENES 56,310,107,051

Bi-directional best hit relations within GENES 1,040,663,735
KEGG DGENES Genes in draft genomes (18 eukaryotes) 398,519
KEGG EGENES Genes as EST contigs (99 eukaryotes) 3,792,883
KEGG MGENES Genes in metagenomes (139 samples) 3,590,397
KEGG COMPOUND  Metabolites and other small molecules 17,641
KEGG GLYCAN Glycans 10,978
KEGG REACTION Biochemical reactions 8,494
KEGG RPAIR Reactant pair chemical transformations 12,652
KEGG RCLASS Reaction class 2,336
KEGG ENZYME Enzyme nomenclature 5,419

As of June 17, 2011

KEGG Object Identifiers

Prefix + 5-digit number

Database Prefix Example Release
KEGG PATHWAY map/ko/ec/rn/(org) hsa04930 1995
KEGG BRITE br/jp/ko/(org) ko01003 2005
KEGG MODULE M M00008 2007
KEGG DISEASE H H00004 2008
KEGG DRUG D D01441 2005
KEGG ENVIRON E E00048 2010
KEGG ORTHOLOGY K K04527 2002
KEGG GENOME T T01000 (hsa) 2000
KEGG COMPOUND C C00031 1995
KEGG GLYCAN G G00109 2003
KEGG REACTION R R00259 2001
KEGG RPAIR RP RP04458 2004
KEGG RCLASS RC RC00046 2010
db:name

KEGG GENES org:gene hsa:3643 1995
KEGG ENZYME ec:number ec:2.7.10.1 1995
DBGET databases db:entry sp:P06213 1994

org KEGG Organism code
gene gene identifier (locus_tag, Gene ID, etc.)




KEGG Objects

* KEGG is a computer representation of the biological systems
consisting of molecular objects and higher-level objects.

inherent biological relationships.
» KEGG objects are linked to/from major life science databases.
» KEGG objects are part of the Web; they can be found by Web
search engines.

KEGG

Life science databases

Web

\/>® = NeBI @,

KEGG objects (database entries) are highly integrated representing

,1
4
GenomeNet

Y2 Google

O

~

Try searching “kegg”
in Google and NCBI.

KEGG Home
Release notes
Current statistics
Plea from KEGG

KEGG Database
Overview
KEGG Identifiers
Pathway maps
Brite hierarchies
KGML

KEGG Software
KEGG Mapper
KEGG Atlas
KegTools
KEGG API

FTP download
Subscription
GenomeNet
DBGET/LinkDB
Feedback

Kanehisa Labs

3D pathway mapping

AEE

Cancer pathway and
somatic mutations

(Go ) ( Clear)
(_Go )( Clear )

» Japanese

KEGG: Kyoto Encyclopedia of Genes and Genomes

Plea to Support KEGG

Since 1995 the KEGG database has been developed in my laboratories (Kanehisa
Laboratories) at Kyoto University and the University of Tokyo thanks to funding
from the Japanese Ministry of Education and its agencies. more ...

Thank you for your immediate responses to this plea. more ...

& Main entry point to the KEGG web service

KEGG2

KEGG Table of Contents Update notes  Help

¢ Data-oriented entry points

KEGG PATHWAY
KEGG BRITE
KEGG MODULE
KEGG DISEASE
KEGG DRUG
KEGG ORTHOLOGY
KEGG GENES
KEGG GENOME
KEGG COMPOUND
KEGG GLYCAN
KEGG REACTION

KEGG pathway maps [Pathway list)
BRITE functional hierarchies [Brite list]

KEGG modules [Module list)

Human diseases [Disease classification]

Drugs [ATC drug classification)

Ortholog groups  [KO system]

Genes and proteins  Release history

Genomes [KEGG organisms]

Chemical compounds [Compound classification]
Glycans

Reactions

© Organism-specific entry points

KEGG Organisms

¢ Analysis tools
KEGG Mapper
KEGG Atlas
KAAS
BLAST/FASTA
SIMCOMP

(organsm) (o)
Select (Organism ) Go) (example) hsa

KEGG PATHWAY and BRITE mapping tools New version!
Navigation tool to explore KEGG global maps

KEGG automatic annotation server

Sequence similarity search

Chemical structure similarity search

is pathway prediction

Copyright 1995-2011 Kanehisa Laboratorles

Access the KEGG top page:
http://www.genome.jp/kegg/
and enter keywords or any
KEGG object identifier in the
search box.

Try, for example, hsa04930 to
retrieve the KEGG pathway
map for type 2 diabetes.




KEGG Pathway Maps

Molecular network representation of experimental knowledge

K[cc Type I1 diabetes mellitus - Homo sapiens (human)

[ Pathway menu | Pathway entry | Download KGML | Show description | User data mapping ]
+

Homo sapiens (human

&)

hsa04930

Insulin receptor

TYPE Il DIABETES MELLITUS

o \TRDIFO}

Gl
(g

Type 2 diabetes

hsa:3643

Homo sapiens (human): 3643 TS

3643 s H.sapiens

Adipocy, hepatocyts, skeletal muscle cel

INSR, D220, HHFS

s : serine phos % |Gene name
bk W&P‘m;‘ Definition

insulin receptor (£C:2.7.10.1)

orthology

04527 insulin receptor [EC:2.7.10.1]

o
Obesity ——pFFA

()=

Pathway

hsa04520  Adherens junction
hsa04910  Insulin signaling pathway
hsa04930  Type II diabetes mellitus
hsa04960 _ Aldosterone-regulated sodium reabsorption

Drug target|Insulin Chuman): D03230

Insulin (pork): D04548
Insulin lispro: D04477

Insulin aspart: DO4475

Insulin glulisine: 04540

Insulin glargine: DO3250

Insulin detemir: D4539

Other: D0GOSS DO4541 DO4542 DO4S43 DR4SA4 DO4SAS DOAS6 DOAS7 DO4S49 DO4SSO

D4551 DOS622 DRSOSO DE9727

Class

Cellular Processes; Cell Communication; Adherens junction [PATH:hsad4520]
Organismal Systems; Endocrine System; Insulin signaling pathway [PATH:hsa04910]
lOrganismal Systems; Excretory System; Aldosterone-regulated sodium reabsorption
[PATH: hsa04960]

Human Diseases; Metabolic Diseases; Type II diabetes mellitus [PATH:hsa04930]

Pancreati pecel
— | () b

04930 702009
(c) Kanelisa Lboratories

I([ .
Insulin esistance. - “ COMPOUND: C00031
L [Entry  [cooo31 Compound
Name D-Glucose;
boctrose: C00031
Glucose
Formula [C6H1206
Mass 180.0634

0. OH
0
HO" ™ ""0H
OH

€00031

Mol file ) (_KCF file ) (DB search) (_Jmol ) (KegDraw)

Remark [Same as: 000009
BRITE hierarchy)
Reaction [R00010 R0001S ROGO16 R00049 ROGOG3 R00299 R0G300 R0030L

R00302 R00303 ROO304 ROO30S ROO306 ROO307 ROD30S RO0327

KEGG Orthology (KO)

Genome-based generalization of experimental knowledge

Insulin receptor
K04527

Type Il diabetes mellitus (ko04930)

ORTHOLOGY: K04527
Entry k04527 K0

insulin receptor [EC:2.7.10.1]

Pathway k004520 Adherens junction

004910 Insulin signaling pathnay
k004930  Type IT diabetes mellitus \
reabsorption

k004960 Aldosterone-regulated sodium

Class [Metabolism; Enzyme Families; Protein kinases [BR:ko01001]
Environmental Information Processing; Signaling Molecules and Interaction;
Enzyme-Linked receptors [BR:k001020]

Environmental Information Processing; Signaling Molecules and Interaction;
Cytokine receptors [BR:k
Environmental Information Processing; Signaling Molecules and Interaction;
Cellular antigens [BR:ko04090]
Cellular Processes; Cell Communication; Adherens junction [PATH:Kko04520]
lOrganismal Systems; Endocrine System; Insulin signaling pathway [PATH:ko04910]
lOrganismal Systems; Excretory System; Aldosterone-regulated sodium reabsorption
[PATH:k004960]
Huran Diseases; Metabolic Diseases; Type IT diabetes mellitus [PATH:ko04930]
BRITE hierarchy;

other DBs [Go: 0005009

Genes HSA:  3643(INSR)

PTR:  455649CINSR)

PON: 100451422

MCC:  706009(INSR)

MU 16337(Insr)

RNO:  24954(Tnsr)

CFA:  484990CINSR)

|AML:  100473956(INSR)

BTA:  408017(INSR)

ECB:  100066248(INSR)

MDO:  100027215CINSR)

GGA:  420133CINSR)

XLA:  398006(insr)

XTR: 100492718

DRE: 245699(insra) 245700(insrb)
BFO: BRAFLDRAFT_128184
CIN: 778651 (insulinr)
SPU:  579152(IR)

|AGA:  AgaP_AGAP@12424(INR)

|AAG:  AdeL_AAEL002317

Glosr
Giyperiiens)

e o
) Farsaes Lbortoris

B

Type 1 dsbos melies
s

Protein kinases (ko01001)

Serine/threonine protein kinases

Tyrosine protein kinases

[ T™ InsR family

VDCC ox -
Lr=C | Histidine protein kinases
S
S Enzyme-linked receptors (ko01020)
P p—r,
O Receptor tyrosine kinase

> RTK class Il

Receptor serine/threonine kinases

KO (K number) entries represent manually defined

ortholog groups corresponding to the KEGG pathway
nodes and the BRITE hierarchy nodes (bottom leaves)

Cellular antigens (ko04090)

CD molecules
Non-CD molecules

G G
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Genome-based extension of KO groups

human
chimpanzee brko04030
orangutan ko
monkey
mouse K[GG G Protein-Coupled Receptors
I
mammal  "at
dog £ Brit J
rite menu
vertebrate panda (e T . —
cow eference hierarchy (KO) :
deuterostome pig v v
horse
opossum v Class A. Rhodopsin family
¥ Biogenic amine [Fig]
plgtypus ¥ Acetylcholine (muscarinic) [Table]
chicken K04129 CHRM1; muscarinic acetylcholine receptor M1
- K04131 CHRM3; muscarinic acetylcholine receptor M3
zebra finch K04133 CHRMS5; muscarinic acetylcholine receptor M5
frog K04130 CHRM2; muscarinic acetylcholine receptor M2
K04132 CHRM4; muscarinic acetylcholine receptor M4
zebrafish K04134 CHRMN; muscarinic acetylcholine receptor
. » Adrenaline [Table)
puffer fish ¥ Dopamine [Table]
— medaka K04144 DRD1; dopamine receptor D1
| let K05840 DRD5; dopamine receptor D5
ancele K04148 DRDIN, DopR; dopamine Dl-like receptor
sea squirt K04145 DRD2; dopami_.ne receptor D2
q . K04146 DRD3; dopamine receptor D3
— sea urchin K04147 DRD4; dopamine receptor D4
B K14049 DRD2N; dopamine D2-like receptor
fruit ﬂy. » Histamine [Table]
mosquito » serotonin [Table]
. t » Octopamine
insect honey bee » Trace amine
¥ Neuropeptide
arthropod beetle > Tachykinin
aphld » Neurotensin
| » Ghrelin
protostome ouse » Galanin [Table]
tick
nematode
Dopamine receptor
D1-like (Gs coupled) D2-like (Gi coupled)
D1 D5 D2 D3 D4
o K04144 K05840 K04148 K04145 K04146 | K04147 K14049
I I r9anis™  (bRD1) [21]  |(DRDS) [19)[ (DRDIN) [24] (DRD2) [22]  |(DRD3) [14]|(DRD4) [14]] (DRD2N) [27]
Ihsa Pu 1816 1813
tr li73340 [a51553
lpon 100447185 |L00444332 100442948
Imee 712862 l94181
Immu 13488 1349 13489
o [pa316 [p519: 24318
mammal lefa 489110 88824 [a03701
|£10477QB7 100468533
526221 281126
vertebrate [100524631 100519164 100512329
|100069§04 100062195
mdo__|100026854 [1o0017852 100026172 [f00014112
deuterostome o fio0053962
9a :i;g:i [428795 (428252 [770757 (423016
lgu iggii?g;; 100219893 1100191007 |L00190794 [100228686
2 378584
bt 100485463 [[00495174 100493063 100486482
568126 563567 378719 503564
jdre bo2634 1100001636 282557 82554 [503565
l100002285 378718 |s03566
L lbfo [BRAFLDRAFT_175493 [BRAFLDRAFT_82865[
[762451
pu 581753 579147
L . 759572
fdme [Dmel_CG9652 [Dmel_CG33517
[dpo IDpse_GA21941 [Dpse_GA14269
ldan Ipana_GF18779 g::::gzg;z;
Jder [Dere_GG21429 [Dere_GG18014
[dpe [Dper_GL23301 per_GL12926
= IDsec_GM25874 [Dsec_GM22697
losi sim_GD20445
. fdwi wil_GK10900 wil_GK16340
insect [5a yak_GE10051 yak_GE17345
[dor gri_GH19686 gri_GH24329
Jamo moj_GI24543 moj_GI14816
Jovi vir_G122610 vir_G119479
faga |AgaP_AGAP004613 |AgaP_AGAP004034 |AgaP_AGAP004453
[ael_AAEL003920
fpag lraeL_AAEL003902 JAael _AAEL014373
au |coip)_CPDI015294
fame o1t la08995
nvi 100122833 100118577
= g60195 ksmaa
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Web Page Organization

Top page (KEGG)

KEGG Home KEGG:
Release notes
Current statstics
Plea from KEGG

KEGG Database Laborbtories)

KEGG Software
KEGG Mapper

yoto Encyclopedia of Gen

Data-oriented entry points

Mfoe Moo ¥foo Moo Xfoo

PATHWAY DISEASE KO GENES LIGAND

(Go) (Cear)

Table of Contents (KEGG2)

BRITE DRUG GENOME

Database top page (eg, PATHWAY)

KEGG - Table of Contents

KEGG2 PATHWAY BRITE MODULE DISEASE DRUG GENES Gl

KEGG Table of Conte| Search (K

KEGG2 PATHWAY BRITE MODULE DISEASE DRUG GENES GENOME LIGAND DBGET

Pathway Maps

KEGG mocules KEGG PATHWAY is a col

KEGG PATHWAY Database

Wiring diagrams of molecular interactions, reactions, and relations.

setectprex Enterkeywores

map | (Organism )

@) wep

fon of manually drawn pathway maps (see new maps, change history, and

last updates) representipd our knowledge on the molecular interaction and reaction networks for

1. Metaboli
Carbohydrpfe Energy Lipid Nucleotide Amino acid _Other amino acid_Glycan
Cofactoryfitamin. Terpenoid/PK _Other secondary metabolite Xenoblotics  Overview

2. Geneti¢ Information Processing
3. Envigénmental Information Processing
a

P KEGG PATHWAY  KEGG pathway maps catagory _ Entry Point Bliease1nfo search & Compute
BTy KEGGBRITE  BRITE functonal hie
KEGG API
KEGGMODULE  KEGG modules (o xeaa patway /USRS search objects in pat
FTP download KEGGDISEASE  Human diseases (0| KEGG BRITE Update status Se2rch objects n bri
Subscription KEGG DRUG Drugs (ATC drug c CGMODULE / ew hierarchies  KEGS pathuay maps
KEGG Mapper BRITE functional hier
KEGG ORTHOLOGY Orthalog groups (K KEGG Atlas Update history
GenomeNet KEGG GENES  Genes and protens || information Update status p
DBGET/LINKDB KEGG GENOME  Genomes [KEGG o KEGG DISASE
[~ KEGG COMPOUND. Chemical compounds KEGG DRUG New drug maps Hman iscases
ecdbac . KEGG NVIRON  Update history AT drug clasifcatio
KEGGGLYCAN iy KeGG puviRon
g KEGG REACTION  Reactons
@ Organism-apecific antry points k566 ORTHOLOGY KEGG Orthology (KO)
KEGG Organisms  seiect ((rganism) S508 search
) == BLAST search
© Analysis tools ey, KEGG GENES New organisms  FASTA search
KeaGMapper  kecG parHaYang| TN KEGG GENOME  Uscite history KAS automatic amg
e KeGG Atlas Novaton ot x roaiams - Updaie saws - tap organms b
Cancer pfhwiay and Kaas KEG automatic 2nn| EGG organisms P,
T i BLAST/FASTA  Sequence simiarky
SIMCOMP search
smmcomp Chemica structure s \EGG LIGAND. Sihcomp seare
PathPred Chemical Keat
information KEGG GLYCAN UPOAE SO g yma reaction pre
KEGG REACTION PathPred pathway
Copyron 19952011 Kanenis Lot PathComp computi

KEGG identifiers are
specially treated

Normal keyword search

Sea Kanerisa t a1, (2010)for ne new features ar G

© KEGG for specific organisms

KEGG Organisms - the lst of currently available organisy o

Setect (Organism)| | (G0) (Gear) (examydls) hsa mmu s

© KEGG as an integrated web resource
1,

Keyword search against KEGG

0. Global Map

1.1 Carbohydrate Metabolism

3 Diseases
on the structure relationships (KEGG drug structure maps) in:
. Drug Development

and als

hway Mapping
KEGG PATHWAY mapping Is the process to map molecular datasets, especially large-scale datasets In
genomics, transcriptomics, proteorics, and metabolomics, to the KEGG pathway maps for biological
interpretaion of higher-level systemic functions.

 Search objects In KEGG pathways
« Search&Color abjects In KEGG pathways

1 Metabolism

Wetabolic pathways [zo0m out] Launch KEGG Atias

Biosynthesis of secondary metabolies [zoom out] Launch KEGG Atias
Vicrobial metabolism in diverse environments [200m out] Launch KEGG Atias
. Metabolism

Enzymes
Compounds with biological roles

Glycolysis / Glucaneogenesis
Gitrate cycle (TCA cycl)

pathway maps as well

GenomeNet

)

Searcl

/
4

KEGG KEGG2 PATHWAY BRITE DISEASE DRUG DBGET

[English | Japanese ]

h [_All databases | for

(Go) (Clear)
Go ) (Clear)

GenomeNet
About GenomeNet
Release notes
Acknowledgments

DBGET
Overview
DB release info
DB growth curve
KEGG
varDB
Community DBs

Bioinformatics tools
Other tools

Feedback

D.

KEGG release info

DBGET: Integrated Database Retrieval System s

DBGET search
LinkDB search KEGG pathway maps
BRITE functional hierarchies
KEGG: Kyoto Encyclopedia of Genes and Genomes KEGG Organisms,
KEGG2 - Table of contents [ Animais | Plants ]

KEGG PATHWAY - Systems information: pathways
KEGG BRITE - Systems information: ontologies
KEGG DISEASE - Disease information

KEGG DRUG - Drug information

PS5

GenomeNet
http://www.genome.jp/

KEGG Organisms - Organism-specific entry points
KEGG GENES - Genomic information
KEGG LIGAND - Chemical information

GenomeN

et Bioinformatics Tools

varDB: Antigenic variation database c
Community Databases 2
CYORF - Cyanobacteria annotation database
BSORF - Bacillus sublilis genome database
EXPRESSION - Gene expression profile database

GenomeNet Bioinformatics Tools

Sequence Analysi
BLAST/ FASTA - Sequence similarity search
MOTIF - Sequence motif search KAAS - K
CLUSTALW / MAFFT / PRRN - Multiple alignment

Genome Analysis
KAAS - KEGG automatic annotation server
EGassembler - EST consensus contigs
GENIES - Gene network prediction

Chemical A

Sequence Analysis
BLAST / FASTA - Sequence similarity search
MOTIF - Sequence motif search
CLUSTALW / MAFFT / PRRN - Multiple alignment
Genome Analysis

EGG automatic annotation server

EGassembler - EST consensus contigs
GENIES - Gene network prediction

nalysis

CMCONE | SuBC SIMCOMP / SUBCOMP - Chemical structure search

SIMCOMP / SUBCOMP - Chemical structure search

KCaM - Glycan structure search

PaihComp - Generation of possible reaction paths

PathPred - Reaction pathway prediction

£-zyme - Enzymatic reaction prediction PathCom
PathPred

Kyoto University Bioinformatics Center
E-zyme -

KCaM - Glycan structure search

p - Generation possible reaction paths
- Reaction pathway prediction
Enzymatic reaction prediction

12



KEGG GENES
and ortholog annotation

Orthologs and Paralogs

Common
« Sequence similarity between two genes (or proteins) ancestor
may imply ortholog or paralog relationship. Q
* Orthologs are genes in different species evolved
from a common ancestral gene by speciation and
tend to have the same function. @ @
Human Mouse

 Paralogs are generated by gene duplication within a
species and often represent diversified functions in a
broader functional category.

Common

« Identification of ortholog relationships is the basis for
ancestor

genome annotation (assigning gene functions), and
it requires distinction from paralog relationships.

Orthologs: B-C, B1-C1 é

Co-orthologs: B2—(C2,C3) Human Mouse Human Mous
Inparalogs: C2-C3
Outparalogs: B1-B2, B1—(C2,C3), B2-C1

13



Computational Identification of Orthologs

Between two organisms Genome 1 Genome 2
Bi-directional best hit (BBH) —1 | =
(Reciprocal best hit) O< >0 7‘>>7

Among multiple organisms

A
1.COG ¢
Triangle of BBH relationships among three organisms D

B

2. KEGG OC Superposition of

p-Quasi clique among multiple organisms ABC and ABD

p-Quasi clique is an almost
complete subgraph, where
the degree of completeness

Clique is represented by p.
(completely connected subgraph)

Genome annotation in KEGG

Separate function database

» Experimental evidence is stored in the KEGG ORTHOLOGY (KO) database

» KO entries identified by K numbers are manually defined in the context of
molecular networks; i.e., as KEGG pathway nodes and BRITE hierarchy nodes

Ortholog annotation

» KO (K number) assignment; i.e., it establishes links from the KO database

* Gene definitions in the original database (mostly RefSeq) are not rewritten

 But the definitions of KO entries are frequently updated to follow guidelines

Cross-species annotation
» Molecular network-based annotation; i.e., starting from a pathway map, etc.

orthologs are searched in all available genomes
» Genome-based annotation is also done

Genomes 1,522
Genome 1 Genome 2 Genes 6,667,326
’W """ Genes with KO 2,665,692
> Map-based KO assignment 40%

" (cross-species
[ Map2 | (annotation " Tko 14,715
: Safe KO 8,051
KOALA automation 55%

Genome-based

annotation As of June 17, 2011




) KOALA: KEGG Orthology And Links Annotation

Integrating computationally generated SSDB graph

and manually defined KO groups
RefSeq, etc. Literature, etc.

| l

| KEGG GENES | KEGG PATHWAY
KEGG BRITE

SSEARCH l

Manual grouping
| KEGG Oracle of KO entries
l | Genes | KO

SSDB is a huge graph
| GFIT tables | weighted by similarity
l scores and directed by

best-hit relations
| KOALA program |

| SSDB graph

\ KOALA tool Original membership

GFIT tool of each KO group
(subgraph of SSDB)

| | | is manually defined
Computational  Manual Manual re-grouping
annotation annotation of KO entries

Tools to check annotation quality
Based on reconstruction of functional units

Ortholog table
o
ganism| ey (1170] (GAPDH) [1469] (gap2) [127) (PGK) [1108) (PGAM) [2711] _[(BPGM) [1)]  ( 4
wiz6s @D-Glucose &
el
22304 ezt
fr2818 (bl o—{TTIEL >0
s cssaa 255+ R | e — —— . L
KEGG Genome map - Synechocystis sp. PCC6803 ey B>
T
[EcH74115_2503
|
-t !
|
|
|
e |
sirizes sirizoe slei70 sleazst slrazie [ SR |
|
S e = |
Tias1 [liaasz| s111634 s111633 |
Conserved gene cluster ™ i
' ) !
yn[sinass I - 51 (<02050) [F450(K02051) [Fite3
[ o m—
[cyc  |PCC7424_3464 [PCC7424_3462 [PCC7424_3524(K02049) [PCC7424_3525(K02049) [PCC7424 _: [PCC7424 (K02051) [PCC7424_1680
[cyn |Cyan7425_3581 [Cyan7425_4566 [Cyan7425_4570(K02049) [Cyan7425_4571(K02050) [Cyan7425_4572(K02051) [Cyan7425_1598
[cyp |PCCBB01_4057 [PCC8801_2463 [PCC8801_4394(K02049) [PCC8B01_4395(K02050) [PCC8801_4396(K02051) [PCC8801_2471
[ava |Ava_4546 |Ava_4544(k00367) [Ava_4542(K02049) [Ava_4541(K02050) |Ava_4540(K02051) |Ava_4534(K00766)
lana |alr0614 1r0612(K00367) |alr0611(K02049) ) jallo601
[cya |CYA_0174 [CYA_0619(K00367) [CYA_0615(K02049) [CYA_0614(K02050) [CYA_0613(K02051) [CYA_0985
aen [Mig_1702(K00360) [Mig_2587(K02049) [Mig_1703(K02049) [Mig_1704(K02050) [Mig_1665
cps [CPS_4945(K00372) [CPS_3314(K02049) CPS_.
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Public version of KEGG annotation tools

ch ORTHOLOGY: K04522

Help )
Entry k04522 )

Name PSENZ, PSZ

Definiti lin 2 [EC:3.4.23.-]

Pathway (k004330 Notch signaling pathway
k005010 Alzheimer's disease

signaling pathway [PATH:ko04330]
Huran Diseases; Neurodegenerative Diseases: Alzheimer's disease

[PATH: ko25018]) [cc Homo sapiens (human):

SSDB query for orthologs and paralogs
Conserved gene cluster search

Read-only version of GFIT

Disease HO0056 Alzheimer's disease (AD)
Class Metabolism; Enzyme Families; Peptidases [BR:ko@1002] i
Environmental Information Processing; Signal Transduction; Notch (user| for baCterIaI genomes)
74

Ortholog table via

BRITE hierarchy) / Help
Genes. HSA: 5664(PSENZ) Entry 5664 o5 f.sapiens

:E'éf gggiggz::g Gene name [PSEN2, AD3L, AD4, PS2, STM.

WU: 19165(Psenz) Definition|presenilin 2 (Alzheimer dfsease 4)

RNO: 81751(Psen2) orthology [k04522 presenilin 2 [€¢f3.4.25.-]

i — " pathway entry

CFA: 490382(PSENZ) Pathway  [hsa04330) Notch si
‘g‘(‘ 282010(PSENZ) hsa05010 mer s/ disease

: 780410(PSEN2)

XLA: 397713(psen2)
XTR: 549935(psen2)
DRE: 58026(psen2)

ECB: 100054506 Disease  [H00056 Alzheimer's/disease (AD)

MDO: 100026453 Class Metabolism; Enzyme/Families; Pepkidases [BR:hZa01002]

0AA: 100076299 Environmental Infbrmation Procgssing; Signal/Transduction; Notch
GGA: 374188(PSENZ) : 0]

TGU: 100232599 Human Diseases; Neurodegenergdtive Diseased; Alzheimer's disease

DB search against

S

Taxonomy )(((KOALA )| SSDB Qrtholog) (Paralog) (Gene cluster) ((GFIT_)

UniProt, etc. may

Reference |PVID:10497236 Motif Pran: Presenilin HGIP
Authors |Steiner H, Duff K, Capell A, Rom o
Yu X, Picciand M, Fechteler K, C (Motit)

Baader M, Toftita T, Inatsubo T, |[Other DBs [NCBI-GI: 156105679
Title A loss of fiinction mutation of pi NCBI-GeneID: 5664
beta-peptide production and not| ovim: 600759

Journal |J Biol Chen 274:28669-73 (1999) HGNC: 9509

HPRD: 02860

Ensembl: ENSGO0000143801
UniProt: P49810

Read-only version Position |1031-q4z
of KOALA RIS 448 o M)
MLTFMASDSEEEVCDERTSCMSAESPTPRSCQEG

DRYVCSGVPGRPPGLEEELTLKYGAKHVIMLFVP
YTPFTEDTPSVGQRLLNSVLNTLIMISVIVVMTI
FLFTYIYLGEVLKTYNVAMDYPTLLLTVNFGAV
LVFIKYLPEWSAWVILGATSVYDLVAVLCPKGPL
| TVGMAKLDPSSQGALQLPYDPEMEEDSYDSF GEP
KLGLGDFIFYSVLVGKAAATGSGDNNTTLACFVA
[ TFGLIFYFSTONLVRPFMDTLASHQLYT

be done on the fly
BLAST Search

%@
]

BLAST FASTA KEGG2

Compute) ((Clear

Enter query sequence:

Sequence data >hsa:5664 PSENZ; presenilin 2 (Alzheimer disease 4) ;
K@4522 presenilin 2 [EC:3.4.23.-] (A) m
DERTSLMSAESPTPRSC
DRYVCSGVPGRPPGLEEELTLKYGAKHVIMLFVPVTLCMIVVVATIKSVRFYTEKNGQLT
YTPFTEDTPSVGQRLLNSVLNTLIMISVIVVMTIFLVVLYKYRCYKFIHGHLIMSSLMLL 4
FLFTYIYLGEVLKTYNVAMDYPTLLLTVANFGAVGMVCIHWKGPLVLOOAYL IMISALMA ¥

Select program and database:

KAAS: KEGG Automatic Annotation Server

http://www.genome

.jp/tools/kaas/

Pairwise genome comparison

Set of BLAST search

aa seq

in both directions

Query genome

Annotated genomes in KEGG

Bidirectional best hit

BLAST result screening by bi-directional best hit rate (BHR) Genome 1 Genome 2

BHR=R,xR, >0.95

K number assignment by a heuristic scoring

Sxo =S, —log,(mn) -log, E Gt (1= p)x—k

k=N

8

I

A

Moriya, Y., Itoh, M., Okuda, S., Yoshizawa, A.C., and Kanehisa, M.; KAAS: an automatic genome annotation
and pathway reconstruction server. Nucl. Acids Res. 35, W182-W185 (2007).
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KEGG PATHWAY and BRITE:
Reference knowledge base

Data objects

for computer representation of molecular systems

Data object

Database

Element

gene, protein, small molecule, etc.

Pair (binary relation)

reactant pair, drug-target relationship, etc.

Graph (wiring diagram)
pathway, complex, etc.

Hierarchical list (tree)
hierarchical classification, ontology, etc.

Simple list (membership)
disease gene list, etc.

KEGG GENES
KEGG COMPOUND
KEGG GLYCAN
KEGG DRUG

KEGG RPAIR
KEGG BRITE

KEGG PATHWAY
KEGG SSDB

KEGG BRITE
KEGG MODULE

KEGG DISEASE
KEGG ORTHOLOGY

17



Set operations

for biological interpretation of large-scale datasets

Large scale data + Reference knowledge

Tool

KEGG pathway mapping (pathway enrichment)
elements + KEGG pathway map

KEGG pathway mapping (network extension)
binary relations + KEGG pathway map

BRITE mapping (ontology enrichment)
elements + BRITE functional hierarchy

BRITE mapping (tree manipulation)
binary relations + BRITE functional hierarchy

KEGG annotation
SSDB graph + KO group

KEGG Mapper

KEGG Mapper

KEGG Mapper

KOALA

Pathway map (interaction/reaction network)

Knowledge Representation of Systemic Functions

KEGG PATHWAY

Hierarchical list (ontology)
KEGG BRITE

Hae

matopoieti stem cell vy

P,

- e | (o]

v Cancers

» skin cancers

> Cancers of the nervous system
> Cancers of the digestive system
¥ cancers of haematopoietic and lymphoid tissues
H00003 Acute myeloid leukemia (AML) [PATH:hsa05221]
H00001 Acute lymphoblastic leukemia (ALL) (Precursor B
H00002 Acute lymphoblastic leukemia (ALL) (Precursor T
H00004 Chronic myeloid leukemia (CML) [PATH:hsa05220]
H00005 Chronic lymphocytic leukemia (CLL)
H00007 Hodgkin lymphoma
H00006 Hairy-cell leukemia
H00008 Burkitt lymphoma
WMYC H00009 Adult T-cell leukemia

H00010 HMultiple myeloma

H00011 Lymphoplasmacytic lymphoma

H00012 Polycythemia vera
> Cancers of the breast and female genital organs
> cancers of soft tissues and bone

i i i > £ th d mal 1
Simple list (membership) S IS O i T gt 4 e seseat ocaer

> Head and neck cancers

KEGG DISEASE > Cancers of the lung and pleura

Gene

BCR-ABL (translocation) [HSA:613 25]
AMLL (translocation) [HSA:861]

pS3 (mutation) [HSA:7157]

Carc

inogen |1,3-Butadiene [CPD:C16450]

RB1 (mutation) [HSA:5925] » Metabolic Diseases

» Immune System Diseases
EVI1 (overexpression) [HSA:2122] > Nervous System Diseases

p16/INK4A (mutation) [HSA:1029] > Circulatory System Diseases

Rubber industry

Mark

er BCR-ABL (translocation) [HSA:613 25]
WT1 [HSA:7490]

Drug

Inatinib mesylate (Gleevec) [DR:D01441]
Hydroxyurea [DR:D00341]

Data source: review articles, other
Interferon-alpha [DR:D@O745 DO2745 DO3305 DO4552 DO4553] publications, specialists’ WebSiteS, etC.
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KEGG Pathway Maps

BRITE Functional Hierarchies

v

<

v

Global Map
Metabolism

Genetic Information Processing

» Transcription

» Translation

» Folding, Sorting and Degradation

¥ Replication and Repair
03030 DNA replication
03410 Base excision repair
03420 Nucleotide excision repair
03430 Mismatch repair
03440 Homologous recombination
03450 Non-homologous end-joining

Environmental Information Processing

Cellular Processes
» Transport and Catabolism
> Cell Motility
¥ Cell Growth and Death
04110 Cell cycle
04111 Cell cycle - yeast
04112 Cell cycle - Caulobacter
04113 Meiosis - yeast
04114 Oocyte meiosis
04210 Apoptosis
04115 p53 signaling pathway
» Cell Communication

Organismal Systems

Human Diseases

» Pathways and Ontologies

v Genes and Proteins
» Network hierarchy
» Protein families: metabolism
¥ Protein families: genetic information processing
k003000 Transcription factors
k003041 sSpliceosome
k003011 Ribosome
k003009 Ribosome biogenesis
k003012 Translation factors
k003110 cChaperones and folding catalysts
k004131 SNARES
k004121 Ubiquitin system
k003051 Proteasome
ko03032 DNA replication proteins
k003036 Chromosome
k003400 DNA repair and recombination proteins
» Protein families: environmental information procq
» Protein families: cellular processes

» Diseases and Drugs
» Compounds and Reactions

» Organisms and Cells

124 brite hierarchies

398 pathway maps As of June 17, 2011

KEGG PATHWAY mapping

Human gene list

2645 K12407
2821 K01810
5211 K00850
2203 K03841

ek,

with KO assignment Reference pathway map Human pathway map
Gene KO
3098  K00844

R

226 K01623
7167 K01803
2597 KO0134
26330 K10705
5230 K00927
2023 K01689
5315  K00873 &
5313 Ki2406 | T+
5160  K00161
5162 K00162
1737 K00627

[ EAT e e
BIES

ey

fr——

-
e iz )
7 R
I T i

£ O

o S
roEE
s ]

P—

ITT— e

fr——

G oaten
oy —

cown

1738 K00382
3939 K00016

124 K13951

130 K13952

10327 K00002

217 K00128 o

218 K00129

55902  K01895
5236 K01835
2538 K01084
83440  K08074 =

gt —

e

TTE—eo Lt = o - TEE—eo Lt
- i i
Prpos mirion Prpos mbrion

=

gt —

Glycolysis / Gluconeogenesis

map00010

Glycolysis / Gluconeogenesis
hsa00010
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Reference pathway

]

Gi oihesis

2
H
H
H

n B
B

2

Metabolic pathways (global map)
map01100

Glycolysis / Gluconeogenesis
map00010

Organism-specific pathway — Homo sapiens (human)

Metabolic pathways (global map)
hsa01100

Glycolysis / Gluconeogenesis
hsa00010
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.
4

+
14

Organism-specific pathway - Arabidopsis thaliana

Metabolic pathways (global map)
ath01100

Glycolysis / Gluconeogenesis
ath00010

Metagenome analysis: Combined pathway of human and gut microbiome

_ﬁﬂ_lﬁ =i

O e

#qgjiﬁ e P

=D 1ﬂ

Metabolic pathways (global map) T30003
hsa+T30003

Terpenoid backbone biosynthesis
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KEGG Module

MO00095: Mevalonate pathway
K[cc csi i

[ Module menu | Module entry | Hide definition | Ortholog table ]

pathway

Entry  hsa_M00095
Name  CS isoprenoid biosynthesis, mevalonate pathway

Definition K00626 K01641 K00021 K00869 (K00938,K13273) K01597 K01823
Type  Pathway module

Organism Homo sapiens (human)

MO00096: Non-mevalonate pathway
K[GG csi i

[ Module menu | Module entry | Hide definition | Ortholog table ]

pathway

Entry  eco_M00096
Name  CSi i pathway

Definition K01662 K00099 (K00991,K12506) K00919 (K01770,K12506) K03526 K03527 K01823
Type  Pathway module

Organism Escherichia coli K-12 MG1655

Pathway hsa00900

Homo sapiens (human)

K00626

K01641

K00021

K00869

K01597

K01823

) (Go)
+)(Go

Pathway eco00900

coli K-12 MG1655

K01662

k00099

K00919

K03526

K03527

Ko1823

KEGG MODULE
*Pathway module
*Structural complex
*Functional set
*Genotypic signature

Convention of map number prefix

Reference pathway

map

ko (ec, rn)

Organism-specific pathway

org

m?p00010

Each box is manually

associated with KO identifier
(K number), EC number, and
reaction identifier (R number)

Blue boxes represent selection
of K numbers (prefix ko), as
well as EC numbers (prefix ec)
and R numbers (prefix rn)

Green boxes correspond to gene
identifiers in an organism that are
computationally converted from K
numbers




KEGG LIGAND
and chemical bioinformatics

Dual Aspect of Metabolic Network

1. Genomic information network

Network of enzyme genes (or enzymes) - Genes and proteins are

L-Aspartate 23-Dihydrodipicotinate]  identified by K numbers
O—{2724 FO—{l2 111 |O—fs2.1 52 O » EC numbers are displayed
L-4-Aspartyl L-Aspartate
phosphite semialdehyde as node names, but they

are not used as identifiers

K00928 K00133 K01714 in KEGG

2. Chemical information network

Network of small molecules

Chemical structure transformation network » Compounds are identified

by C numbers

L-Aspartate 2 3-Dihydrodipicolinate] ¢ Reactions are identified by
o—272a ol mo—{1 20 52 O R numbers
L-4-Aspartyl L-Aspartate
phosphate 4-semialdehyde
C00049 C03082 C00441 C03340
R00480 R02291 R02292
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N-Glycan biosynthesis - Homo sapiens (human)

N-GLYCAN BIOSYNTHESIS

Cylosal

Ao o [AIGT o[BI} > o—{[RET} >0
.y ippase
I -RFTI
DPMI
DPM2 | DPM3|
ER lumen .
o [aw _ owPoa Chemical structure map
Dol O, o
r
N-glycan precursor biosynthesis

ALGI0
|——0 hon ¥ SexThe Yo tyesof
gl iy
o] @

|
|
aat

PP-Dol

Manad  2Manad
€ Manat
Manad - 2Manad

3Glcal  3Manal  2Manal  2Manal

Terpenoid backbone
biosymihesss Trimming to form core structure
Manal % 2Manal

Golgi apparatus

g
 §vanat
Manad . 2Manal "

H-glyean Gleal ,” 2Glead ,” 3Glcal ,” 3Manal ,” 2Manal ,* 2Manal
aefrision O%-JEATI — oW

O+{ZEFT} o+

Pathway map Neusce2

hsa00510

NeuSAca2

Glycan extension from core structure

GleNAcpL

GleNACpL ;Mamﬂ

6Gap1 dGIcNACPL

EManpl 4 GIcNACT  4GIcNACPL  FP-Dol

§ Manp1—4 GlcNAc p1—4 GleNAc p— Asn

Fucal

§lcNAc p— Asn

6
GIcNACPL 4 Manpi—4 GlchAc pt

GleNAcpL

4Manal

6Gapt  4GIcNACH

Truncated glycan structures in parasitic protists
and algae predicted from genomic information

A. N-glycan Precursor

B. GPI-anchor Core

@c2—@u6
Hsa, Ath, Sce, Ddi >.<x6

Q2—@13 >.134—.B4—.—PP—D0[
02— 03 —0B3—02—0x2—0%:/ (GleNAc2Man9IGle3)
Q@u2—@u6
Tps >.u6
Diatoms @2—@u3 p4—il p4—l—PP-Dol
03— 03 —02—@2—0%” ((51iNA2Man9Glc2)
@o2—@ub
>.tx6
Oluy, Ota, Tbr Q2—@u3 >o (34—l p4—ll—PP-Dol
Greenalgae — @u2—@u—@u3 (GleNAc2Man9)
Trypanosoma
Q@ub
Ehi >‘134—.B4+PP-D01
Entamoeba @ 2—@u2—@u3 (GleNAc2Man5)

Hsa, Sce, Ddi @2 —@ o2 —@u6—@ 04 —GleN—PI

Ath, Tbr @2 —@c6—@ 04 —GleN—PI

Ehi, Tan

Cme

@06—@ 04—GleN—PI
Pl

Hsa: Homo sapiens

Ath: Arabidopsis thaliana
Cme: Cyanidioschyzon merolae
Olu: Ostreococcus lucimarinus
Ota: Ostreococcus tauri

Sce: Saccharomyces cerevisiae
Ddi: Dictyostelium discoideum
Tan: Theileria annulata

Tbr: Trypanosoma brucei
Ehi: Entamoeba histolytica
Tps: Thalassiosira pseudonana

@ Glucose
@ Mannose
B N-acetylglucosamine

Hashimoto, K., Tokimatsu, T., Kawano, S., Yoshizawa, A.C., Okuda, S., Goto, S., and Kanehisa, M.;
Comprehensive analysis of glycosyltransferases in eukaryotic genomes for structural and functional
characterization of glycans. Carbohydrate Res. 344, 881-887 (2009).
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Predictive annotation of paralogous genes
using chemical logic

KEGG Orthology (KO) Reaction Class (RC)
Sequence similarity groups that can be Chemical structure transformation
mapped to pathway and brite nodes patterns extracted from known reactions
GENES database REACTION database
@ Known orthologs @ Known reactions
KO system <::> RC system
@ Unknown paralogs @ Unknown reactions
Repertoire of Repertoire of
enzyme genes biochemical reactions
Set of Set of Biosynthetic potential
Genome :> K numbersz> RC numbersz> Biodegradation potential

Reaction Class defined by RDM patterns

KEGG REACTION Database . : ‘

Reaction acetyl-CoA + L-glutamate <=> CoA + N-acetyl-L-glutamate
| ]

C00024 + C00025 <=>C00010 + C00624 R00259

KEGG RPAIR Database L-glutamate N-acetyl-L-glutamate
[¢} o
. [¢} [¢}
HO OH
Reactant pair ol A —— )\@\jﬁ RP04458
NH: \l/ ’
0

Reactant pair in the
KEGG atom type
representation

KEGG RCLASS Database

KEGG atom changes ® Reaction center N1a--N1b
for R, D, M atoms (© Difference atom  (H) -- C5a RC00064
(RDM patterns) (M) Matched atom  Clc--Clc

http://www.genome.jp/kegg/reaction/
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KEGG atom types

Carbon 23 types Nitrogen 16 types Oxygen 18 types
Alkane Cla R-CH3 Amine N1a R-NH2 Hydroxy O1a R-OH
C1b R-CH2-R N1b R-NH-R O1b N-OH
C1c R-CH(-R)-R N1c R-N(-R)2 O1c P-OH
C1d R-C(-R)2-R N1d R-N(-R)3+ 0O1d S-OH
Cyclic alkane  C1x ring-CH2-ring Cyclic amine N1x ring-NH-ring Ether 02a R-O-R
C1y ring-CH(-R)-ring N1y ring-N(-R)-ring 02b P-O-R
C1z ring-CH(-R)2-ring Imine N2a R=N-H 02c P-O-P
Alkene C2a R=CH2 N2b R=N-R 0O2x ring-O-ring
C2b R=CH-R Cyclicimine  N2x ring-N=ring Oxo 0O3a N=0
C2c R=C(-R)2 N2y ring-N(-R)+=ring 03b P=0O
Cyclic alkene  C2x ring-CH=ring Cyan N3a R=N 0O3c S=0
C2y ring-C(-R)=ring Aromatic ring N4x ring-NH-ring Aldehyde O4a R-CH=0
ring-C(=R)-ring N4y ring-N(-R)-ring Ketone O5a R-C(=0)-R
Alkyne C3a R=CH N5x ring-N=ring 05x ring-C(=0)-ring
C3b R=C-R N5y ring-N(-R)+=ring Carboxylic acid O6a R-C(=0)-OH
Aldehyde C4a R-CH=0 Undefined N NO Ester O7a R-C(=0)-O-R
Ketone C5a R-C(=0)-R O7x ring-C(=0)-O-ring
Cyclic ketone  C5x ring-C(=0)-ring Undefined O 00
Carboxylic acid C6a R-C(=0)-OH Sulfur 7 types
Carboxylic ester C7a R-C(=0)-O-R Thiol S1a R-SH
C7x ring-C(=0)-O-ring Thioether S2a R-S-R Phosphorus 2 types
Aromatic ring  C8x ring-CH=ring S2x ring-S-ring Attatched to other elements P1a P-R
C8y ring-C(-R)=ring Disulfide S3a R-S-S-R Attatched to oxygen P1b P-O
Undefined C Cco S3x ring-S-S-ring
Sulfate S4a R-SO3 Other elements 2 types
Undefined S S0 Halogens X FClBrl
Others z

Chemical structure transformation network
Biosynthetic reaction patterns represented by RC numbers

Phenylpropanoid biosynthesis
monooxygenase methyltransferase monooxygenase  methyltransferase
RC00046 RC00392 RC00046 RC00392

CHy CHy

i i q g fo o §
HO = HO = OH Ho" Z o HO' HO'
—> —> —> oH > OH
OH OH OH
HO O
HsC

coog11 co1197 co1494
cos619
coossz

4-Coumarate Caffeate Ferulate 5-Hydroxyferulate Sinapate

Isoquinoline alkaloid biosynthesis
monooxygenase methyltransferase
RC00046 RC00392

OH OH

OH
H
e "L, Jens
o. 1o _—> > £
m o - HO. A -CHa
He.,

05176 o
cosznz coztos

(S)-N-Methylcoclaurine (S)-3'-Hydroxy- (S)-Reticuline
N-methylcoclaurine

26



ISOGUINOLINE SLKALOID BIOSTNTEESES

Lty § N
s

Er—
(A

b

PrAEENGE—G—_—.

Isoquinoline alkaloid biosynthesis
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Chemical structure transformation network

Biodegradation reaction patterns
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Prediction of biodegradation and biosynthetic pathways
PathPred @ http://www.genome.jp/tools/pathpred/

Prediction procedure

1. Global similarity search against
KEGG COMPOUND

2. Local pattern match against
KEGG RCLASS

3. Structure transformation using
matched pattern

Secondary
metabolite Xenobiotics
biosynthesis degradation

Carbohydrate
Energy
Lipid
Nucleotide
Amino Acid
Other aa
Glycan
PK/NRP
Cofactors
Sec.metab.
Xenobiotics

1,901 RDM patterns
Chemical structure transformation
patterns in known enzymatic reactions

Oh, M., Yamada, T., Hattori, M., Goto, S., and Kanehisa, M.; Systematic analysis of enzyme-catalyzed reaction
patterns and prediction of microbial biodegradation pathways. J. Chem. Info. Model. 47, 1702-1712 (2007).
Moriya, Y., Shigemizu, D., Hattori, M., Tokimatsu, T., Kotera, M., Goto, S., and Kanehisa, M.: PathPred: an
enzyme-catalyzed metabolic pathway prediction server. Nucleic Acids Res. 38, W138-W143 (2010).

:iiii]@/ojo Prediction of fraxidin biosynthesis pathway
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KEGG MEDICUS:

Bringing genomic revolution to society

KEGG MEDICUS

Molecular network based information resource for human diseases and drugs

KEGG DISEASE

KEGG DRUG

http://www.genome.jp/kegg/disease/

http://www.genome.jp/kegg/drug/

Diseases with known genetic factors and
infectious diseases with known pathogen
genomes, represented as gene/molecule

Drugs approved in Japan, USA,and Europe,
containing chemical structures and interaction
information including targets, metabolizing

lists enzymes, transporters, genomic biomarkers, etc.
Cancer genome,
Mutation data,
Other outside resources
KEGG MEDICUS
Research :> KEGG DISEASE Drug labels Pharmacists, Doctors,
community KEGG DRUG information Consumers, Patients

KEGG ENVIRON

‘ Other KEGG resources
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KEGG DISEASE entry for Alzheimer’s disease

DISEASE: H00056

Help
Entry H00056 Disease
Name [Alzheimer's disease (AD)
s disease (AD) is the most prevalent neurodegenerative disease. Three genes
have been implicated in the pathogenesis of early onset autosomal dominant
nanely, the genes encoding anyloid precursor protein CAPP), presenilin-1 (PSENL) and
presenilin-2 (PSENZ). On the hand, the apolipoprotein E4 allele is a genetic risk
factor related to an increased risk of late-onset AD development
neuropathological. hallnarks of AD are extracellular aryloid plagues Csenile plaques)
and intraneuronal neurofibrillary tangles (NFT). The main symptoms of AD
progressive memory impairment
Category |Neurodegenerative disease
BRITE hierarchy)
Pathway  |hsa05010 Alzheimer's disease
Gene (ADL) APP; amyloid beta (A4) protein (mutation) [HSA: 351] [xo K04520]
(ADZ) APOE; apolipoprotein E (mutation) [HSA:348] [I 24]
(AD3) PSENIL; presenilin 1 (mutation) [HSA:5663]) [K
(AD4) PSENZ; presenilin 2 (mutation) [HSA:5664] [KO:
[Marker N-acetylaspartate (reduction)
Drug Donepezil [0R:000670] acetylcholinesterase (AChE) inhibitor
Galantamine [DR:004292] acetylcholinesterase (AChE) inhibitor
Rivastignine [DR:003822] acetylcholinesterase (ACHE) inhibitor
Memantine [DR:D04905) NMDA receptor antagonist
Comment  |Disease class: tauopath
|Affected region: hippocampus, cerebral cortex
Microscopic lesion: amyloid plaques, neurofibrillary tangles, Lewy bodies (seen in
Lewy body variant)
[other DBs [oMIM: 104300 104310 607822 606859
1C0-10: G630
Reference |PMID:19679070 (ADZ)
Authors [Kim J, Basak JM, Holtzman DM
Title  |[The role of apolipoprotein E in Alzheimer's disease.
Journal _|Neuron 63:287-303 (2009)
Reference |PMID: 19524503
Authors [Kim D, Tsai LH
Title Bridging physiology and pathology in AD.
Journal _|Cell 137:997-1000 (2009)
Reference |PMID: 13502446
Authors |Bertram L, Tanzi RE
Title Thirty years of Alzheimer's disease genetics: the implications of systematic
Imeta-analyses.
Journal _|Nat Rev Neurosci 9:768-78 (2008)
Reference |PMID: 18414205
Authors  [Bird TD
Title Genetic aspects of Alzheimer disease.
Journal _|Genet Med 10:231-9 (2008)
Reference |PMID:18370236 (drug)
Authors |Cacabelos R
Title Pharmacogenomics in Alzheimer's disease.
Journal _|Methods Mol Biol 448:213-357 (2008)

Four known disease genes

APP (amyloid beta protein)
APOE (apolipoprotein E)
PSEN1 (Presenilin 1)
PSEN2 (Presenilin 2)

Two therapeutic drugs

NMDA receptor antagonist (in the map)
Memantine hydrochloride

AChE inhibitor (not in the map)
Donepezil hydrochloride (Aricept)

Related neurodegenerative diseases

¥ Nervous system diseases
¥ Neurodegenerative diseases

HO0056 Alzheimer's disease [PATH:hsa05010)
HO0066 Lewy body dementia
H00057 Parkinson's disease [PATH:hsa05012]
H00058 Amyotrophic lateral sclerosis [PATH:hsa05014]
H00059 Huntington's disease [PATH:hsa05016]
H00060 Dentatorubropallidoluysian atrophy (DRPLA)
H00062 Kennedy's disease
H00063 Spinocerebellar ataxia [PATH:hsa04730]
H00061 Prion diseases [PATH:hsa05020]
H00064 Ataxia telangiectasia
H00065 Alexander disease
H00075 Refsum disease [PATH:hsa04146]
H00067 Friedreich ataxia
H00068 Leber optic atrophy [PATH:hsa00190]
H00076 Cockayne syndrome
H00077 Progressive supranuclear palsy
H00078 Pick's disease
H00074 Canavan disease [PATH:hsa00250]

KEGG pathway map for Alzheimer’s disease
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Disease genes and drug targets in the Alzheimer map
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KEGG DISEASE entry for Parkinson’s disease

DISEASE: H00057

Help )

H00057 Disease

Parkinson's disease (PD)

inson's disease (PD) is a progressive degenerative movement disorder,
characterized by motor symptoms such as tremor, postural imbalance, slomness of
movement and rigidity. The main pathological features are the selective degeneration
of the dopaminergic neurons of the substantia nigra pars compacta and the presence of
intraneuronal proteinacious cytoplasmic inclusions termed "Lewy bodies”. Seven genes
have been implicated in the pathogenesis of familial PD; namely, alpha-synuclein
(SNCA), parkin, ubiquitin carboxylterminal hydrolase L1 (UCHL1), DJ-1, leucine-rich
repeat kinase 2 (LRRK2) and PTEN-induced kinase 1 (PINK1), and a nuclear receptor
family protein (NR4AZ). Several genes associated with susceptibility to Parkinson
disease have been also identified.

Seven known disease genes

SNCA (alpha-synuclein)
Parkin (ubiquitin ligase)
UCHLA1 (ubiquitin carboxylterminal

Category

Neurodegenerative disease

BRITE hierarchy)

hydrolase L1)
PINK1 (PTEN-induced kinase 1)

Pathway

hsa05012  Parkinson's disease

Gene

(PARK1/PARK4) SNCA; alpha-synuclein (mutation/duplication, triplication) [HSA:6622]
[K0:K4528:

(PARK2) Parkin (mutation, genomic rearrangement) [HSA:5071] [KO:K@4556]
(PARKS) UCHL1; ubiquitin carboxylterminal hydrolase L1 (mutation) [HSA:7345]
[K0:K05611]

(PARKE) PINK1;PTEN-induced kinase 1 (mutation) [HSA:65018] [KO:K05688]

(PARK7) DJ1 (mutation) [HSA:11315] [KO:K05687)

CPARKB) LRRKZ; leucine-rich repeat kinase 2 (mutation) [HSA:120892] [KO:K08844]
(PARK9) ATP13A2; ATPase type 13A2 (mutation) [HSA:23400] [K0:K13526]

(PARKI3) HTRAZ; HtrA serine peptidase 2 (mutation) [HSA:27429] [KO:K08669]
(PARK14) PLA2G6; phospholipase A2, group VI (mutation) [HSA:8398] [KO:K01047]
(PARKIS) FBXO7; F-box protein 7 (mutation) [HSA:25793] [K0:K10293]

NR4AZ (mutation) [HSA:4929] [KO:K08558]

DJ1

LRRK2 (leucine-rich repeat kinase 2)

NR4A2 (nuclear receptor family
protein)

Two environmental factors
MTPT (neurotoxin)

Env factor

MPTP [cpd: C04599]
Rotenone [cpd:(07593]
Maneb [cpd:C15231]
Paraquat [cpd:C14701]

Rotenone (isoflavonoid)

Marker

Dopamine [CPD:C03758]
Homovanillic acid [CPD:(0S582]
Tyrosine hydroxylase [HSA:7054]
DOPA_decarboxylase [HSA:1644]

and other genetic and
environmental factors

Drug

Carbidopa [DR:D0S58] DOPA decarboxylase inhibitor
Levodopa [DR:D90059] dopamine precursor

Biperiden [DR:000779]

[Amantadine hydrochloride [DR:D09777]

Comment

Disease class: synucleinopathy
Affected region: substantia nigra, putamen, caudate nucleus, hypothalamus
Microscopic lesion: Lewy bodies

Other DBs

[oMIM: 168600 168601 600116 191342 605909 606324 607060 606693 610297 260300
1CD-10: G20

Reference
Authors
Title

Journal

PMID: 19729209 (Env_factor)

Cicchetti F, Drouin-Ouellet J, Gross RE

Environmental toxins and Parkinson's disease: what have we learned from pesticide-
induced animal models?

[ Trends Pharmacol Sci 30:475-83 (2009)

32



KEGG pathway map for Parkinson’s disease
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KEGG pathway map for tyrosine metabolism
(including dopamine biosynthesis pathway)

TYROSINE METABOLISM

Simiaeda

Depqmmne/[ L

Cystinyl- DOPA
Pheomelanin

leamnhmsym.hzs:

Dopachiome

Bunelasin
560 D)hydmxy,

O—{TVRFL |
T s5610ch
(L Alain 3, 2oy
ol sl
TBIL BIL OStamlobate
S(LAhngZ)Zhydmx
ol s rucora

s

Salidvoside H)
SR

1212

TBI5

2-Hyrdroxy:-catboxy-
i s i
acet O v acetoacétate O

SCabormtyt

5212
2 by ymeoni [2i2]

sCaboryzomhet ¥ itstoptent, §

00350 106711
(c) Kanelisa Labonstories

o
Phenol

froisee

O enypropnon Pyt

3-Amino-

OF (4 yroxyphenyi)-
opaoat

2.(3,A-Dlhydrr::y. :

9 X
[“ COMPOUND: C00355

34Dy
¥ 34 Dikyory: Bl

Help )

[Co0355 Y Compound

Hyrhozy-
. @
fntry
334Dl

=

3 Darony-Lphenylalanine; | DOPA
Siyarany-L-tyrostne;
L-beta-(3,4-DihydroxyphenylDalanine;

Levodopa;

Dihydroxy-L-phenylalanine

Formula [coH1iNO4

[Exact mass|197.0688

Mol weight|197.1879

Structure o
Ho OH
NH
HO 2
cooass

Mol file ) ((KCF file ) (DB search) (_Jmol ) (KegDraw)

Remark

Same as: 000059

BRITE hierarchy)

Reaction |[R00031 R00045 R0O731 RO1815 R02075 R2076 R02077 ROZ078

ROZ080 RO3672 RO7212 RO8443 RO8827 ROS836 RO8846 ROSIZO

Pathway  |ko00350  Tyrosine metabolism

k009950  Tsoquinoline alkaloid biosynthesis
k000965  Betalain biosynthesis

mapd1060  Biosynthesis of plant secondary metabolites

mape1063  Biosynthesis of alkaloids derived from shikimate pathway
ko01100  Metabolic pathways

k001110 Biosynthesis of secondary metabolites

ko@s012 _ Parkinson's disease

Anti-Parkinson drugs

KEGG BRITE hierarchy for ATC classification

K[cc ical Ther:

[ Brite menu | Download htext ]

ic Chemical (ATC) Classification + Target

((Anatomical Therapeutic Chemical (ATC) +Target #) (Go
yvyvvovy & One-click mode

> A ALIMENTARY TRACT AND METABOLISH
» B BLOOD AND BLOOD FORMING ORGANS

» C CARDIOVASCULAR SYSTEM

» D DERMATOLOGICALS

» G GENITO URINARY SYSTEM AND SEX HORMONES

> H SYSTEMIC HORMONAL PREPARATIONS, EXCL. SEX HORMONES AND INSULINS
> 3 ANTIINFECTIVES FOR SYSTEMIC USE

» L ANTINEOPLASTIC AND IMMUNOMODULATING AGENTS

» M MUSCULO-SKELETAL SYSTEM

NERVOUS SYSTEM
NO1 ANESTHETICS
NOZ ANALGESICS
NO3 ANTIEPILEPTICS
NO4 ANTI-PARKINSON DRUGS
¥ N04A ANTICHOLINERGIC AGENTS
¥ N04B DOPAMINERGIC AGENTS
v Ho4zA opa and dopa derivativas
¥ N04BAOL Ley
500055 Lavodopa (7P1LS/USE/TH)
¥ 04802 Levodopa and decarboxylase inhibitor
00253 Carbidopa hydrate - levodopa mixt
002135 Levodopa - benserazide hydrochloride mixt
N04BAO3 Levodopa, decarboxylase inhibitor and COMT inhibitor
¥ N04BAO4 Melevodopa
007304 Nelevodopa
§018A05 Holovodopa.and. decarborylase Lnhibicor
N04BAOS Etilevodopa and decarboxylase inhibitor
N048B Adamantane derivati:
¥ N04BBO1 Amantadine
D07441 Amantadine (INN)
000777 Amantadine hydrochloride (JP15/USP)
¥ N04BC Dopamine agonists
¥ 1048CO1 Bromocripti
03165  Bromocriptine (USAN/INN)
000780 Bromocriptine mesilate (JE15); Bromocriptine mesylate (USP)
¥ N04BCO2 Pergolide
008339 Pergolide (INN)
D00502 Pergolide mesilate (JAN); Pergolide mesylate (UsE)

KEGG DRUG entry for Levodopa

Kbc DRUG: D00059
Target Help
Entry 000055 Drug
Name Levodopa (IP16/USP/INN);
opar (TN
Formula CIH1INO4
Exact mass [197.0688
Mol weight [197.1879
Structure o
HO.
e}
NH;
HO 2
D00059
Mol file KCF file ) (DB search, Jmol KegDraw)
| Target dopamine D1 receptor agonist [HSA:1812] [KO:Ke4144];
dopamine DZ receptor agonist [HSA:1813] [K0:K04145];
dopamine D3 receptor agonist [HSA:1814] [KO:K@4146];
dopamine D4 receptor agonist [HSA:1815) [K0:K04147];
dopamine DS receptor agonist [HSA:1816] [KO:Kes84@]
Pathway [hsa@4020 Calcium signaling pathway
nsa04080 Neuroactive ligand-receptor interaction
hsap4540 Gap junction
dopamine DI recepfr e
DD search )
DOPA. Activit, La
Remark Same as: (00355
Therapeutic tategory 1164
IATC code:  NO4BAD:
BRITE hier
Comment |dopanine precursor

Influenza 12 prot

Component of Madopar (TN), Sinemet (TN)

Influenza 2 prot|

dopamine D2-recep|
dopamine D2-recer|

[other DBs |cas:

LigandBox: 000059
INIKKAJT: 19.225H

dopamine
dopamine p2-recer|

KCF data

Show
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Adverse drug interaction with antihypertensives

CARDIOVASCULAR SYSTEM
CO1 CARDIAC THERAPY .

C02 ANTIHYPERTENSIVES Kbc DRUG: D00197 Help )
¥ CO2A ANTIADRENERGIC AGENTS, CENTRALLY ACTING

“«va

¥ CO2AA Rauwolfia alkaloids :""‘Y ?”197 ST Drug
» C02AR01 Rescinnamine iame eserpine ; .
v Cozano2 Reserpine apoplon (TND: VMAT (SLC18A1,2) inhibitor
D00197 Reserpine (JP15/USP/INN) Serpalan (TN)
C02AR03 Combinations of rauwolfia alkaloids |Products |Reserpine (Sandoz)
C02AR04 Rauwolfia alkaloids, whole root Formula C33H40N209
C02AR05 Deserpidine Sacilecaslces. 2734

CO02AA06 Methoserpidine -
C02AR07 Bietaserpine MORAWE QNN (603 . 6787

«vvvy

CO2AR52 Reserpine, combinations Structure 0-CHj
D04265 Reserpine - hydralazine hydrochloridg
D04266 Benzylhydrochlorothiazide - Reserping
C023A53 Combinations of rauwolfia alkoloids, cf
C02AAS7 Bietaserpine, combinations
¥ C02AB Methyldopa
¥ C023BO01 Methyldopa (levorotatory)
D08205 Methyldopa (INN)
D00405 Methyldopa hydrate (JP15); Methyldop{
¥ C02AB02 Methyldopa (racemic) 00197
D08205 Methyldopa (INN)

000405 Methyldopa hydrate (JP15); Methyldop| (Mol file ) (KCF file) (DB search) (_Jmo! ) (KegDraw)

» CO02AC Imidazoline receptor agonists Source Rauvolfia serpentina [TAX:4060]

v

C02B ANTIADRENERGIC AGENTS, GANGLION-ELOCKING Target Vesicular monoamine transporter inhibitor [HSA:6570 6571] [KO:K08155]
C02C ANTIADRENERGIC AGENTS, PERIPHERALLY ACTING
Pathway |nsa05012 Parkinson's disease

«

¥ C02CA Alpha-adrenoreceptor antagonists

» C02CA01 Prazosin Interaction| ppgearch
» C02CA02 Indoramin — \Disosrch) -
» C02CA03 Trimazosin Activity [Antihypertensive
¥ C02cA04 Doxazosin Remark Same as: (06539
Therapeutic category: 1179 2143
Syt wicke |azosin | ATC code: C02AA02
BRITE hierarc!
o e Comment [Component of Esidri (TN), Behyd RA (TN)
Other DBs |CAS: 50-55-5
TMAT PubChem: 7847265
T ChEBI: 28487
P DrugBank:  DB00206
The mitochondrilpatiway " LigandBox: 00197
Eviroment forize e NIKKAJT: J1.359E
e KCF data  |(_Show )

KEGG CANCER Resource

55 KEGG DISEASE entries

14 KEGG pathway maps

1 KEGG pathway map for ‘Pathways in Cancer’ (combined map of 14 cancers)
1 BRITE hierarchy for ‘Cancer stages’ (of 14 cancers)

1 BRITE hierarchy for ‘Antineoplastics’

1 BRITE hierarchy for ‘Carcinogens’

Additional data from outside resouces:

Somatic mutations in cancer genomes (from COSMIC)

/ Fa ) i \ b ) \ &=
! e 556

(i) (o)

Chronic myeloid leukemia in the overview map
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Molecular target drug for chronic myeloid leukemia

Kh DRUG: D01441

Gleevec (TN);
Glivec (TN)

Help
Entry DO1441 Drug
Name Imatinib mesilate (JAN);
TImatinib mesylate; Gleevec

Heeratopoistic st cell

Products GLEEVEC (Novartis Pharma), GLEEVEC (Physicians Total Care)

Formula [C29H31N70. CH4S03

Exact mass  [589.2471

Mol weight  [589.7084

Structure N.
SO i@
X ‘ e o “CHj
N o i
c HyC—S-OH
Hy i
[}
Dot441
Mol file KCF file ) \ DB search, Jmol KegDrawj
Target Ber-Abl tyrosine kinase inhibitor] [HSA:25]] [KO:K066191;

PDGFRA tyrosine kinase inhibitor T] [KO:K04363];
PDGFRB tyrosine kinase inhibitor [HSA:5159] [KO:K0S0891;

c-KIT tyrosine kinase inhibitor [HSA:3815] [KO:K05091]
Pathway hsa04010 MAPK signaling pathway

hsa04020 Calcium signaling pathwa

hsa04060 Cytokine-cytokine receptor interaction
hsa04640 Hematopoietic cell lineage

hsa05200 Pathnays in cancer

hsa05220 _Chronic myeloid leukemia

[Metabolism  [Enzyme: CYP3a4 [HSA:1576], CYP3AS [HSA:1577], CYPZD6 [HSA:1565], CYPZ|
[H5A:1559]
Transporter: ABCGZ [HSA:9429]

Interaction |[Genomic biomarker: c-KIT expression [HSA:3815], Philadelphia chr
P3AS [HSA: —CrPIA7 THS)

omosol
CYP_inhibition: CYP3A4 [HSA:1576], CY A

Activity [Antineoplastic
Remark Therapeutic category: 4291
ATC code: LOIXEOL
BRITE hierarchy
Comment Treatment of chronic myelogenous leukemia (ML) and gastrointestinal

tumors (GIST)

cs - protein kinases inhibitors

p|map:
other DBs cas:  220127-57-1
PubChem: 7848504
ChEBI: 31690

Type
¥ A ALIMENTARY TRACT AND METABOLISM
¥ A0l STOMATOLOGICAL PREPARATIONS
¥ AOIA STOMATOLOGICAL PREPARATIONS
> AO1AA Caries prophylactic agents
> A01AB Antiinfectives and antiseptics for local oral treatment
¥ RO1AC Corticosteroids for local oral treatment
» R01ACO1 Triamcinolone
¥ A01AC02 Dexamethasone
D00292 Dexamethasone (JP15/USE/INN) Enzyme: CYP3A4
D00975 Dexamethasone sodium phosphate (JAN/USE) Enzyme: CYP3A4
D01510 Dexamethasone metasulfobenzoate sodium (JAN) unclassified
D01615 Dexamethasone palmitate (JAN) Enzyme: CYP3A4
D01632 (JAN) ; dip unclassified
D01948 Dexamethasone valerate (JAN) unclassified

D02174 Dexamethasone acetate (JAN/USP)
D02591 Dexamethasone acefurate (USAN/INN

D02592 Dexamethasone beloxil (USAN)

D07073 Dexamethasone cipecilate (JAN/INN) unclassified
D07796 Dexamethasone 21-acetate

D07797 Dexamethasone isonicotinate

D07798 Dexamethasone sodium hemisulfate

D07799 Dexamethasone 21-tebutate

D07800 Dexamethasone 21-valerate

D07801 Dexamethasone phenylpropionate

D07802

LigandBox: DO1441
NIKKAJT: )1.337.144)

KCF data Show )

Chemical structure transformation networks

Linking genomes to natural

products, drugs, and xenobiotics
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Genome pathways
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KEGG metabolic pathway map

KEGG DRUG structure map
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Summary

Compounds Literature

1879 Index Medicus

1965 Régistnﬂ 964 Medlars

1907 CAS

1997 PubMed

2004 PubChem

A History of Life Science Databases

Protein Sequences 3D Structures

1968 Dayhoff Atlas

1994 EBI

2003 UniProt

!

1971 Medline - 1971 PDB (BNL)
DNA Sequences E
1979 Los Alamos 1980 NBRF
1982 GenBank 1982 EMBL |
__1984 DDBJ 1984 PIR
7 =---]-_1986 SwissProt
| T - Biological Systems
1988 NCBI T
| T~ T T=~~_(IDEAS)
1992 GenBank N 1992 GenomeNet

1995 KEGG }
|

1999 PDB (rRcsB)
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KEGG: Reference knowledge base
for biological interpretation of large-scale datasets

Basic principles Practical applications

RS A

Reference knowledge base
(Networks of molecular reactions,
interactions, and relations.)

A RS

* Integration
* Interpretation

» Complementary
» Computable

Genes and proteins in individual organisms Endogenous molecules
(genomics, transcriptomics, proteomics) (metabolomics, glycomics, lipidomics, etc.)

Exogenous molecules
(chemical genomics)

Genes and proteins in environmental samples Metabolites in environmental samples
(metagenomics, etc.) (meta-metabolomics)

KEGG: Reference knowledge base
for use in practice and in society

+ Capturing experimental knowledge on molecular KEGG PATHWAY
systems both in normal and perturbed (disease) states KEGG BRITE
KEGG DISEASE

» Capturing knowledge on drugs and environmental KEGG DRUG
compounds as perturbants to molecular systems KEGG COMPOUND

» Generalizing knowledge on genes and proteins by KEGG ORTHOLOGY
KEGG Orthology KEGG GENES

* Generalizing knowledge on chemical transformations KEGG RCLASS
in enzymatic reactions by reaction class KEGG REACTION

Possible uses of KEGG in practice and in society

» Realization of personalized medicine based on personal genomes

* Prevention and therapy of infectious diseases based on pathogen genomes
» Discovery of useful natural products and drug leads based on plant genomes
» Biodegradation of environmental compounds based on microbial genomes
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