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Today’s Menu

Morning session

Brief history and overview of KEGG and GenomeNet (Goto)
KEGG resources related to genomic information (Goto)
KEGG resources related to systems information (Honda)
KEGG resources related to chemical information (Hattori)

Afternoon session (laboratory work)

« Searching genomic information in KEGG (Yabuzaki)

« Assembling cDNA sequences and annotating functions
(Goto/Yabuzaki)

« Handling microarray data for mapping KEGG pathways
(Goto/Honda)

« Searching and computing pathways and chemical
information in KEGG (Honda/Hattori)



Background

Chemical + Metabolome
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. Molecular
Transcriptome information
Proteome Sequences
Structures

Molecular interaction
Physical interaction

Co-expression

Various types of omics data are now available



Overview

KEGG (http://www.genome.jp/kegg/)

« Kyoto Encyclopedia of Genes and Genomes

 Integrated database of biological systems, genetic
building blocks and chemical building blocks

References

« Kanehisa, M., et al. KEGG for linking genomes to life
and the environment. Nucleic Acids Res. 36, D480
(2008)

« Kanehisa, M., et al. From genomics to chemical
genomics: new developments in KEGG. Nucleic Acids
Res. 34, D354 (20006)



Four Maior Comgonents of KEGG

Systems Information

Tools KEGG PATHWAY
EGassembler Tools
GENIES Hierarchical classification ﬁzt Ac\:;)rr:p
KegArray KEGG BRITE gAarray
Genomic Information Chemical Information
KEGG GENES < > KEGG LIGAND

Reconstructing biological phenomenon with various omics data
and researcher’s knowledge



KEGG PATHWAY map number

KEGG GENOME organism code (T number)
KEGG GENES locus_tag / NCBI GenelD
KEGG ENZYME EC number

KEGG COMPOUND C number

KEGG REACTION R number

KEGG ORTHOLOGY K number

KEGG GLYCAN G number

KEGG RPAIR A number

KEGG BRITE br number

KEGG DRUG D number

KEGG MODULE M number

KEGG DISEASE H number

Kanehisa, M., et al. Nucleic Acids Res. 36, D480 (2008)




Databases in GenomeNet

Established in 1991 under the Japanese Human
Genome Project
http://www.genome.jp/

A network of databases and computational
services for genome research and related
research areas in biomedical sciences

>30 databases including KEGG, GenBank,
UniProt, PDB, --:

>500 databases linking from/to GenomeNet

Unique ID for each entry database:entry
e.g. compound:C0O000Z2 for ATP



Four Major Components of KEGG

Systems Information
KEGG PATHWAY

Hierarchical classification

KEGG BRITE

Genomic Information

KEGG GENES

<

>

Chemical Information
KEGG LIGAND

Reconstructing biological phenomenon with various omics data
and researcher’s knowledge
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Kypto Encyclopedia™of
Genesand Genomes

66

KEGG GENES Database

Molecular building blocks of life
in the genomic space



KEGG GENES

A collection of gene catalogs for all complete
genomes and some partial genomes generated from
publicly available resources, mostly NCBI RefSeqg

Genomes in the taxonomy Gene Genome Remark
catalog
GENES High-quality genomes
KEGG organisms DGENES| GENOME |Draft genomes
EGENES EST contigs
Complete viral genomes VGENES |VGENOME
Complete mitochondrial genomes Available only in DBGET
Complete plastid genomes OGENES
Complete nucleomorph genomes

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



KEGG GENES main components

KEGG(ggFOIOQy Ortholog groups linked to PATHWAY and BRITE
GENES Gene catalogs of complete genomes with manual
functional annotation
DGENES Gene catalogs of draft genomes with automatic
functional annotation
EGENES Consensus contigs of EST data with automatic
functional annotation
SSDB Sequence similarity with best-hit information for
identifying ortholog/paralogs

GENES, DGENES, EGENES: Genomic information
KEGG Orthology, SSDB: Relationship




KEGG Organisms

Eukaryotes: 49+20+29 Bacteria: 521 Archaea: 45
1995:2 1996:2 1997:8 1998:7 1999:6 2000: 18 2001:28
2002: 38 2003:46 2004: 67 2005:90 2006: 138 2007:133

Eukaryotes http://www.genome.jp/kegg/catalog/org_list.html
Category Species :I:.:;i Source
Homo sapiens (human) hsa RefSeq
Pan troglodytes (chimpanzee) ptr RefSeq
Macaca mulatta (rhesus monkey) mcc RefSeq
Mus musculus (mouse) mmu RefSeq
Mammals Rattus norvegicus (rat) rno RefSeq
Canis familiaris (dog) cfa RefSeq
Bos taurus (cow) bta RefSeq
Vertebrates Sus scrofa (pig) SSC RefSeq
Monodelphis domestica (opossum) mdo RefSeq
Bird Gallus gallus (chicken) gga RefSeq
. Xenopus laevis (African clawed frog) xla GenBank
Amphibians
Xenopus tropicalis (western clawed frog) xtr RefSeq
Danio rerio (zebrafish) dre RefSeq
Fishes Fugu rubripes (Japanese puffer fish) dfru Ensembl
Animals Tetraodon nigroviridis (green spotted puffer) dtni GenBank
Ciona intestinalis (sea squirt) dcin JGI
Ascidians Ciona savignyi (EST) ecsv dbEST
Molgula tectiformis (EST) emte dbEST
. Strongylocentrotus purpuratus (purple sea urchin) spu RefSeq
_Echlnoderms 1Ctrannulacrantratiie mirntiratiie fmnnirende caoma 1irvehin FECTY ARECT

fai~all BB |




Organisms in KEGG GENES

141 Eukaryotes

43 Animals (Complete / Draft Genomes)
54 Plants (Mostly EST Consensus Contigs)
27 Fungi (Mostly Complete Genomes)

17 Protists (Mostly Complete Genomes)

633 Eubacteria (All Complete Genomes)

52 Archea (All Complete Genomes)

Total: 826 organisms (30 May 2008)




Organisms in KEGG GENES

« Hierarchical classification of organisms is based
on Taxonomy database in NCBI

e 3-4 |etter code / T number

Homo sapiens = hsa
Escherichia coli K-12 MG1655 = eco GENES
Escherichia coli K-12 W3110 = ecj

Fugu rubripes = dfru DGENES
Hordeum vulgare (barley) (EST) = ehvu  EGENES
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Escherichia coli K-12 MG1655: b2843

( Help )
Entry b2843 CDS E.coli
Gene name (kdul, ygeE
Definition|predicted 5-keto 4-deoxyuronate isomerase [EC:5.3.1.17]
Orthology |KO: K01815 4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase
Pathway PATH: eco00040 Pentose and glucuronate interconversions
Class \BRITE hierarchy)
SSDB \Ortholog) ( Paralog ) | Gene cluster )
Motif Pfam: Kdul IolB
 Motif )
Other DBs (Wisconsin: b2843
Colibri: kduIl
RegulonDB: B2843
NCBI-GI: 16130747
NCBI-GenelID: 947319
UniProt: Q46938
LinkDB Al DBs )
Structure (PDB: 1XRU 1X8M s
.. Thumbnails ) 7 }r) ]/1"‘%
,;,.&
\DAT
YW
\‘\.I
 Jmol )
Position (|complement(2981310..2982146) ‘Genmnenwp)
AA seq 278 aa \AA seq ) | DB search)

MDVRQSIHSAHAKTLDTQGLRNEFLVEKVFVADEYTMVYSHIDRIIVGGIMPITKTVSVG

GEVGKQLGVSYFLERRELGVINIGGAGTITVDGQCYEIGHRDALYVGKGAKEVVFASIDT
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Entry field

Entry ID
Entry types

>

(CDS, RNA, Contig, etc. )

Organism name

"[cc

Escherichia coli K-12 MG1655: b2843
( Help )

Entry b2843 CDS E.coli

Gene name |kdul, ygeE

Definition|predicted 5-keto 4-deoxyuronate isomerase [EC:5.3.1.17]

Orthology |KO: K01815 4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase

Pathway PATH: eco00040 Pentose and glucuronate interconversions

Class (BRITE hierarchy)

SSDB \Ortholog) ( Paralog ) | Gene cluster )

Motif Pfam: Kdul IolB
( Motif )

Other DBs |Wisconsin: b2843
Colibri: kduIl
RequlonDB: B2843
NCBI-GI: 16130747
NCBI-GenelID: 947319
UniProt: Q46938

LinkDB  All DBs )

Structure (PDB: 1XRU 1XB8M .

. Thumbnails ) " | S?._
/f 5
)7 oo
A e
g{g\,
( Jmol )

Position |complement(2981310..2982146) Genome map)

AA seq 278 aa \AA seq ) | DB search)
MDVROSIHSAHAKTLDTQGLRNEFLVEKVFVADEYTMVYSHIDRIIVGGIMPITKTVSVG
GEVGKQLGVSYFLERRELGVINIGGAGTITVDGQCYEIGHRDALYVGKGAKEVVFASIDT
GTPAKFYYNCAPAHTTYPTKKVTPDEVSPVTLGDNLTSNRRTINKYFVPDVLETCQLSMG
LTELAPGNLWNTMPCHTHERRMEVYFYFNMDDDACVFHMMGOPQETRHIVMHNEQAVISP
SWSIHSGVGTKAYTFIWGMVGENQVFDDMDHVAVKDLR

NT seq 837 nt +upstream 0 nt +downstream 0 nt

( NT seq )

gtggacgtaagacagaqgcatccacagtgcocgecacgcaaaaacqagctggatacccaaqgqgectg




Gene name field P

Names and synonyms
of geens and/or
proteins

I([“

Escherichia coli K-12 MG1655: b2843

( Help )

Entry b2843 CDS E.coli

Gene name |kdul, ygeE

Definition|predicted 5-keto 4-deoxyuronate isomerase [EC:5.3.1.17]

Orthology |KO: K01815 4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase

Pathway PATH: eco00040 Pentose and glucuronate interconversions

Class (BRITE hierarchy)

SSDB \Ortholog) ( Paralog ) | Gene cluster )

Motif Pfam: Kdul IolB
( Motif )

Other DBs |Wisconsin: b2843
Colibri: kduIl
RequlonDB: B2843
NCBI-GI: 16130747
NCBI-GenelID: 947319
UniProt: Q46938

LinkDB ( All DBs )

Structure |[PDB: 1XRU 1XB8M -

. Thumbnails ) " L A ;T\_
1! g
2 9857 ¢
)7 gl
Sl
( Jmol )

Position |complement(2981310..2982146) Genome map)

AA seq 278 aa \AA seq ) | DB search)
MDVROSIHSAHAKTLDTQGLRNEFLVEKVFVADEYTMVYSHIDRIIVGGIMPITKTVSVG
GEVGKQLGVSYFLERRELGVINIGGAGTITVDGQCYEIGHRDALYVGKGAKEVVFASIDT
GTPAKFYYNCAPAHTTYPTKKVTPDEVSPVTLGDNLTSNRRTINKYFVPDVLETCQLSMG
LTELAPGNLWNTMPCHTHERRMEVYFYFNMDDDACVFHMMGOPQETRHIVMHNEQAVISP
SWSIHSGVGTKAYTFIWGMVGENQVFDDMDHVAVKDLR

NT seq 837 nt +upstream 0 nt +downstream 0 nt

( NT seq )

gtggacgtaagacagaqgcatccacagtgcocgecacgcaaaaacqagctggatacccaaqgqgectg




Definition field

Functional annotation

assigned by original
genome project

"[cc

Escherichia coli K-12 MG1655: b2843

>

( Help )

Entry b2843 CDS E.coli

Gene name |kdul, ygeE

Definition|predicted 5-keto 4-deoxyuronate isomerase [EC:5.3.1.17]

Orthology |KO: K01815 4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase

Pathway PATH: eco00040 Pentose and glucuronate interconversions

Class (BRITE hierarchy)

SSDB \Ortholog) ( Paralog ) | Gene cluster )

Motif Pfam: Kdul IolB
( Motif )

Other DBs |Wisconsin: b2843
Colibri: kduIl
RequlonDB: B2843
NCBI-GI: 16130747
NCBI-GenelID: 947319
UniProt: Q46938

LinkDB  All DBs )

Structure (PDB: 1XRU 1XB8M .

. Thumbnails ) " | S?._
/f 5
)7 oo
A e
g{g\,
( Jmol )

Position |complement(2981310..2982146) Genome map)

AA seq 278 aa \AA seq ) | DB search)
MDVROSIHSAHAKTLDTQGLRNEFLVEKVFVADEYTMVYSHIDRIIVGGIMPITKTVSVG
GEVGKQLGVSYFLERRELGVINIGGAGTITVDGQCYEIGHRDALYVGKGAKEVVFASIDT
GTPAKFYYNCAPAHTTYPTKKVTPDEVSPVTLGDNLTSNRRTINKYFVPDVLETCQLSMG
LTELAPGNLWNTMPCHTHERRMEVYFYFNMDDDACVFHMMGOPQETRHIVMHNEQAVISP
SWSIHSGVGTKAYTFIWGMVGENQVFDDMDHVAVKDLR

NT seq 837 nt +upstream 0 nt +downstream 0 nt

( NT seq )

gtggacgtaagacagaqgcatccacagtgcocgecacgcaaaaacqagctggatacccaaqgqgectg




Orthology field 2
Ortholog annotation

assigned by KEGG
project

"[cc

Escherichia coli K-12 MG1655: b2843

( Help )

Entry b2843 CDS E.coli

Gene name |kdul, ygeE

Definition|predicted 5-keto 4-deoxyuronate isomerase [EC:5.3.1.17]

Orthology |KO: K01815 4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase

Pathway PATH: eco00040 Pentose and glucuronate interconversions

Class (BRITE hierarchy)

SSDB \Ortholog) ( Paralog ) | Gene cluster )

Motif Pfam: Kdul IolB
( Motif )

Other DBs |Wisconsin: b2843
Colibri: kduIl
RequlonDB: B2843
NCBI-GI: 16130747
NCBI-GenelID: 947319
UniProt: Q46938

LinkDB  All DBs )

Structure (PDB: 1XRU 1XB8M .

. Thumbnails ) " | S?._
/f 5
. |\T. ’a' ;}
A e
g{g\,
( Jmol )

Position |complement(2981310..2982146) Genome map)

AA seq 278 aa \AA seq ) | DB search)
MDVROSIHSAHAKTLDTQGLRNEFLVEKVFVADEYTMVYSHIDRIIVGGIMPITKTVSVG
GEVGKQLGVSYFLERRELGVINIGGAGTITVDGQCYEIGHRDALYVGKGAKEVVFASIDT
GTPAKFYYNCAPAHTTYPTKKVTPDEVSPVTLGDNLTSNRRTINKYFVPDVLETCQLSMG
LTELAPGNLWNTMPCHTHERRMEVYFYFNMDDDACVFHMMGOPQETRHIVMHNEQAVISP
SWSIHSGVGTKAYTFIWGMVGENQVFDDMDHVAVKDLR

NT seq 837 nt +upstream 0 nt +downstream 0 nt

( NT seq )

gtggacgtaagacagaqgcatccacagtgcocgecacgcaaaaacqagctggatacccaaqgqgectg




Pathway field

Links to pathway
maps including this
gene

>

I([“

Escherichia coli K-12 MG1655: b2843

( Help )

Entry b2843 CDS E.coli

Gene name |kdul, ygeE

Definition|predicted 5-keto 4-deoxyuronate isomerase [EC:5.3.1.17]

Orthology |KO: K01815 4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase

Pathway PATH: eco00040 Pentose and glucuronate interconversions

Class (BRITE hierarchy)

SSDB \Ortholog) ( Paralog ) | Gene cluster )

Motif Pfam: Kdul IolB
( Motif )

Other DBs |Wisconsin: b2843
Colibri: kduIl
RequlonDB: B2843
NCBI-GI: 16130747
NCBI-GenelID: 947319
UniProt: Q46938

LinkDB ( All DBs )

Structure |[PDB: 1XRU 1XB8M -

. Thumbnails ) " L A ;T\_
1! g
2 9857 ¢
)7 gl
Sl
( Jmol )

Position |complement(2981310..2982146) Genome map)

AA seq 278 aa \AA seq ) | DB search)
MDVROSIHSAHAKTLDTQGLRNEFLVEKVFVADEYTMVYSHIDRIIVGGIMPITKTVSVG
GEVGKQLGVSYFLERRELGVINIGGAGTITVDGQCYEIGHRDALYVGKGAKEVVFASIDT
GTPAKFYYNCAPAHTTYPTKKVTPDEVSPVTLGDNLTSNRRTINKYFVPDVLETCQLSMG
LTELAPGNLWNTMPCHTHERRMEVYFYFNMDDDACVFHMMGOPQETRHIVMHNEQAVISP
SWSIHSGVGTKAYTFIWGMVGENQVFDDMDHVAVKDLR

NT seq 837 nt +upstream 0 nt +downstream 0 nt

( NT seq )

gtggacgtaagacagaqgcatccacagtgcocgecacgcaaaaacqagctggatacccaaqgqgectg




K[“ Pentose and glucuronate interconversions - Escherichia coli K-12 MG1655

( Help )
[ Pathway menu | Ortholog table ]
Escherichia coli K-12 MG1655 I#) (Go) Current selection ggject
oy Fol(1 d-alphs-
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K Escherichia coli K-12 MG1655: b2843
‘Eh‘;’ ( Help )

Entry b2843 CDS E.coli

Gene name |kdul, ygeE

Definition|predicted 5-keto 4-deoxyuronate isomerase [EC:5.3.1.17]
Orthology |KO: K01815 4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase
Pathway PATH: eco00040 Pentose and glucuronate interconversions

Class field Plclass | (@RIE herarchy
Link tO BRITE SSDB \Ortholog) | Paralog ) | Gene cluster )
Motif Pfam: Kdul IolB

functional categories et

Other DBs |Wisconsin: b2843
Colibri: kduI

Doyl antDe D204

Search BRITE hierarchies

KEGG Orthology (KO) [BR:eco00001]

01100 Metabolism
01110 Carbohydrate Metabolism

00040 Pentose and glucurconate interconversions [PATH:eco00040]
b2843 kduI, ECK2841, Jw2811, ygeE; predicted 5-keto 4-deoxyuronate isomerase; K01815 4-deoxy-L-threo-5-H

Enzymes [BR:eco01000]
5. Isomerases
5.3 Intramoclecular oxidoreductases
5.3.1 Interconverting aldoses and ketoses
5.3.1.17 4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase
b2843 kduI, ECK2841, Jw28l1, ygeE; predicted 5-keto 4-deoxyuronate isomerase; K01815 4-deoxy-L-threo-:

Position |complement(2981310..2982146) Genome map)

AR seq 278 aa \AA seq ) | DB search)

MDVRQSIHSAHAKTLDTQGLRNEFLVEKVFVADEYTMVYSHIDRIIVGGIMPITKTVSVG
GEVGKQLGVSYFLERRELGVINIGGAGTITVDGQCYEIGHRDALYVGKGAKEVVFASIDT
GTPAKFYYNCAPAHTTYPTKKVTPDEVSPVTLGDNLTSNRRTINKYFVPDVLETCQLSMG
LTELAPGNLWNTMPCHTHERRMEVYFYFNMDDDACVFHMMGOPQETRHIVMHNEQAVISP
SWSIHSGVGTKAYTFIWGMVGENQVFDDMDHVAVKDLR

NT seq 837 nt | Nygeq) Tupstream O nt +downstream 0 nt

gtggacgtaagacagaqcatccacagtgcocgecacqgcaaaaacqagctggatacccaaqqgqgcectg




Search BRITE hierarchies

KEGG Orthology (KO) [BR:hsa00001]
01300 Environmental Information Processing
01320 Signal Transduction
04020 Calcium signaling pathway [PATH:hsa04020]
1128 CHRM1l; cholinergic receptor, muscarinic 1; K04129 cholinergic
01330 Signaling Molecules and Interaction
04080 Neuroactive ligand-receptor interaction [PATH:hsa04080]
1128 CHRM1; cholinergic receptor, muscarinic 1; K04129 cholinergic
01400 Cellular Processes
01410 Cell Motility
04810 Regulation of actin cytoskeleton [PATH:hsa04810]
1128 CHRM1; cholinergic receptor, muscarinic 1; K04129 cholinergic

Receptors and channels [BR:hsa04000]
G Protein-Coupled Receptors
Rhodopsin family: amine receptors
Acetylcholine (muscarinic)
1128 CHRM1l; cholinergic receptor, muscarinic 1l; K04129 cholinergic

receptor,

receptor,

receptor,

receptor,

muscarinic

muscarinic

muscarinic

muscarinic




SSDB field

Link to SSDB for

obtaining
« Orthologs:

« BBH pairs

 Paralogs:

>

« homologs in the
same organism

« Conserved gene

clusters

"[cc

Escherichia coli K-12 MG1655: b2843

( Help )

Entry b2843 CDS E.coli

Gene name |kdul, ygeE

Definition|predicted 5-keto 4-deoxyuronate isomerase [EC:5.3.1.17]

Orthology |KO: K01815 4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase

Pathway PATH: eco00040 Pentose and glucuronate interconversions

Class (BRITE hierarchy)

SSDB \Ortholog) ( Paralog ) | Gene cluster )

Motif Pfam: Kdul IolB
( Motif )

Other DBs |Wisconsin: b2843
Colibri: kduIl
RequlonDB: B2843
NCBI-GI: 16130747
NCBI-GenelID: 947319
UniProt: Q46938

LinkDB  All DBs )

Structure (PDB: 1XRU 1XB8M ol

. Thumbnails ) " | S?._
/f 5
)7 oo
A e
g{g\,
( Jmol )

Position |complement(2981310..2982146) Genome map)

AA seq 278 aa \AA seq ) | DB search)
MDVROSIHSAHAKTLDTQGLRNEFLVEKVFVADEYTMVYSHIDRIIVGGIMPITKTVSVG
GEVGKQLGVSYFLERRELGVINIGGAGTITVDGQCYEIGHRDALYVGKGAKEVVFASIDT
GTPAKFYYNCAPAHTTYPTKKVTPDEVSPVTLGDNLTSNRRTINKYFVPDVLETCQLSMG
LTELAPGNLWNTMPCHTHERRMEVYFYFNMDDDACVFHMMGOPQETRHIVMHNEQAVISP
SWSIHSGVGTKAYTFIWGMVGENQVFDDMDHVAVKDLR

NT seq 837 nt +upstream 0 nt +downstream 0 nt

( NT seq )

gtggacgtaagacagaqgcatccacagtgcocgecacgcaaaaacqagctggatacccaaqgqgectg




SSDB Gene Cluster Search Result

b2843 (278 a.a.)
: predicted 5-keto 4-deoxyuronate isomerase

eco

KEGG ID :

inition

Def

-

3

Gap size

™ best hits

Include

@ SW-score () KEGG-species
Search against: @ all organisms () Selected organism group | Eukaryotes

Sort by

+

(1100 149

Threshold

b2513 b2519 b2520 b2321 b23522 b23523 b2524 b23525 b2526 b23527 b2523 b2529 b2330 b4610 i2831 r2832

b2517

eco
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Motif field >

Domains and motifs
found in the protein
seguence

K[GG Escherichia coli K-12 MG1655: b2843

( Help )

Entry b2843 CDS E.coli
Gene name |kdul, ygeE
Definition|predicted 5-keto 4-deoxyuronate isomerase [EC:5.3.1.17]
Orthology (KO: K01815 4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase
Pathway PATH: eco00040 Pentose and glucuronate interconversions
Class (BRITE hierarchy)
SSDB \Ortholog) ( Paralog ) | Gene cluster )
Motif Pfam: Kdul IolB

. Motif )
Other DBs |Wisconsin: b2843

Lin

Str

Pos eco:b2843

SSDB Motif Search Result

Organism : E.coli

Gene: b2843
Definition : predicted 5-keto 4-deoxyuronate isomerase

[Motif id|[From|[To ||Definition |E value||Score|
[pf:Kdul||1  |[278|[5-keto 4-deoxyuronate isomerase || 0 | - |
pf:10lB |53 |[239|[Myo-inositol catabolism protein IolB|[ 0.12 || - |

(Search GENES with the same motifs_\

50 100 150 200 250 (278>
AA pf :kdul
FASIDT
[ View sequence COLSMG
o SEQUEnCE, QAVISP
SWSIHSGVGTKAYTFIWGMVGENQVFDDMDHVAVKDLR
NT s .
— 837 nt | Ny geq) tupstream 0 nt +downstream 0 nt
gtggacgtaagacagaqgcatccacagtgcocqgcacqgcaaaaacqctggataceccaaqqactqg




Other DBs field P

LinkDB field

Links to other
databases

>

"[cc

Escherichia coli K-12 MG1655: b2843

( Help )

Entry b2843 CDS E.coli

Gene name |kdul, ygeE

Definition|predicted 5-keto 4-deoxyuronate isomerase [EC:5.3.1.17]

Orthology |KO: K01815 4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase

Pathway PATH: eco00040 Pentose and glucuronate interconversions

Class (BRITE hierarchy)

SSDB \Ortholog) ( Paralog ) | Gene cluster )

Motif Pfam: Kdul IolB
. Motif )

Other DBs |Wisconsin: b2843
Colibri: kduIl
RequlonDB: B2843
NCBI-GI: 16130747
NCBI-GenelID: 947319
UniProt: Q46938

LinkDB [ All DBs )

Structure |PDB: 1XRU 1X8M ol

. Thumbnails ) ¥ ’J"'. .\
. gf" S ,(
T gBe
A& o
ﬂﬁgﬂ/
( Jmol )

Position |complement(2981310..2982146) Genome map)

AR seq 278 aa \AA seq ) | DB search)
MDVROSIHSAHAKTLDTQGLRNEFLVEKVFVADEYTMVYSHIDRIIVGGIMPITKTVSVG
GEVGKQLGVSYFLERRELGVINIGGAGTITVDGQCYEIGHRDALYVGKGAKEVVFASIDT
GTPAKFYYNCAPAHTTYPTKKVTPDEVSPVTLGDNLTSNRRTINKYFVPDVLETCQLSMG
LTELAPGNLWNTMPCHTHERRMEVYFYFNMDDDACVFHMMGOPQETRHIVMHNEQAVISP
SWSIHSGVGTKAYTFIWGMVGENQVFDDMDHVAVKDLR

NT seq 837 nt +upstream 0 nt +downstream 0 nt

( NT seq )

gtggacgtaagacagaqcatccacagtgcocgecacqgcaaaaacqagctggatacccaaqqgqgcectg




Structure field

>

"[cc

Escherichia coli K-12 MG1655: b2843

( Help

Entry b2843 CDS E.coli

Gene name |kdul, ygeE

Definition|predicted 5-keto 4-deoxyuronate isomerase [EC:5.3.1.17]

Orthology |KO: K01815 4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase

Pathway PATH: eco00040 Pentose and glucuronate interconversions

Class
il

SSDB \Ort

Motif Pfal
-t

Other DBs (Wis
Col
Reg
NCB
NCB
Uni

LinkDB &

Structure |PDB

Position |co

R——

AR seq 278 aa \AA seq J | DB search)
MDVRQSIHSAHAKTLDTQGLRNEFLVEKVFVADEYTMVYSHIDRIIVGGIMPITKTVSVG
GEVGKQLGVSYFLERRELGVINIGGAGTITVDGQCYEIGHRDALYVGKGAKEVVFASIDT
GTPAKFYYNCAPAHTTYPTKKVTPDEVSPVTLGDNLTSNRRTINKYFVPDVLETCQLSMG
LTELAPGNLWNTMPCHTHERRMEVYFYFNMDDDACVFHMMGOPQETRHIVMHNEQAVISP
SWSIHSGVGTKAYTFIWGMVGENQVFDDMDHVAVKDLR

NT seq

837 nt | Ny geq) tupstream O nt +downstream O nt

gtggacgtaagacagaqcatccacagtgcocgecacqgcaaaaacqagctggatacccaaqqgqgcectg




_ Thumbnails ) , J;' N

NS
Sl
( Jmol )
Position field ) Position |complement(2981310..2982146) Genome map)
Locus on the genome [P 5¢3  |278 2 (A4 seq ) (B search)

. MDVRQSIHSAHAKTLDTQGLRNEFLVEKVFVADEYTMVYSHIDRIIVGGIMPITKTVSVG
sequence contain ed GEVGKQLGVSYFLERRELGVINIGGAGTITVDGQCYEIGHRDALYVGKGAKEVVFASIDT
in the KEGG GENOME GTPAKFYYNCAPAHTTYPTKKVTPDEVSPVTLGDNLTSNRRTINKYFVPDVLETCQLSMG

LTELAPGNLWNTMPCHTHERRMEVYFYFNMDDDACVFHMMGOPQETRHIVMHNEQAVISP
database SWSIHSGVGTKAYTFIWGMVGENQVFDDMDHVAVKDLR
NT corr An= A R B R A

KEGG Genome map - Escherichia coli K-12 MG1655

from 2970001bp to 3120000bp

(ORF Color ) ( PATHWAY ) (LIST)

b2854
b2853
b2852
b2851
b2856
b2848
b2839 b2847
b2837 b2846
b2834 b2845l_> oD o b2866
2070001 1 g — T I T R R IR 5000009
b2835 b2856
b2836 b2842 b2858
b4444 b2859
b4445 b2866
b2838 b2849 b2864
b284e b2861
b2841 b2863
b2844 b2865




AA seq field >

NT seq field >

Amino acid and
nucleotide sequence
in FASTA format and

link to BLAST search
in GenomeNet

_ Thumbnails ) " AN

( Jmol )

Position

complement (2981310..2982146) ,Genomenwp)

AA seq

278 aa \AA seq ) | DB search)

MDVRQSIHSAHAKTLDTQGLRNEFLVEKVFVADEYTMVYSHIDRIIVGGIMPITKTVSVG
GEVGKQLGVSYFLERRELGVINIGGAGTITVDGQCYEIGHRDALYVGKGAKEVVFASIDT
GTPAKFYYNCAPAHTTYPTKKVTPDEVSPVTLGDNLTSNRRTINKYFVPDVLETCQLSMG
LTELAPGNLWNTMPCHTHERRMEVYFYFNMDDDACVFHMMGOPQETRHIVMHNEQAVISP
SWSIHSGVGTKAYTFIWGMVGENQVFDDMDHVAVKDLR

837 nt | Ny geq) tupstream 0 nt +downstream 0 nt

gtggacgtaagacagagcatccacagtgcgcacgcaaaaacgctggatacccaagggcetyg
cgcaatgaatttttggttgaaaaggtatttgtegecgatgagtacaccatggtttacage
cacattgaccgaattattgttggcggcattatgecgataactaaaacggttteegttgge
ggggaagttggtaaacaactcggcgtaagctatttecttgaacgtegegagttaggtgtt
atcaatattggcggtgccggtacgattactgtegatggecaatgetatgaaateggteac
cgcgacgccctgtatgttggtaaaggtgcaaaagaagttgtetttgecagtattgatace
ggcactccggecgaagttttattacaattgegecacccgegeatacgacgtatcccaccaaa
aaagtcacaccggacgaagtatctccagtcacgttaggegataacctcaccagtaaccgt
cgcacgattaacaaatattttgtcccggatgtactggaaacctgecaattgagtatgggg
ctgacggagctggctecgggtaacttgtggaacaccatgecgtgtecacacccacgagege
cggatggaagtttatttctatttcaatatggatgatgacgectgegtttteccacatgatg
gggcagccgcaagaaacgcgtcatattgtgatgecataacgagcaggeggtgatctececg
agctggtcgatccattecggtgteggaaccaaagettatacctttatctggggeatggte
ggtgaaaaccaggtctttgatgatatggaccatgtggccgttaaagatttgegetag




KEGG GENES main components

KEGG Orthology

Ortholog groups linked to PATHWAY and BRITE

(KO)
Gene catalogs of complete genomes with manual
GENES : :
functional annotation
DGENES Gene.catalogs of Qraft genomes with automatic
functional annotation
EGENES Congensus contigg of EST data with automatic
functional annotation
SSDB Sequence similarity with best-hit information for

identifying ortholog/paralogs

GENES, DGENES, EGENES: Genomic information
KEGG Orthology, SSDB: Relationship
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KEGG Orthology Database

Ortholog groups bridging the genomic space
and systems space



Linking GENES to PATHWAY

KEGG

Systems Information
KEGG PATHWAY

Orthology

Hierarchical classification

KEGG BRITE

Genomic Information
KEGG GENES

<

>

Chemical Information
KEGG LIGAND

Reconstructing biological phenomenon with various omics data
and researcher’s knowledge




Linking GENES to PATHWAY

« KEGG PATHWAY database
« Important component of the KEGG databases

« Golden standard of metabolic pathways for
bioinformatics

Node: genes and compounds

Edge: reactions and interactions



Compound nodes in the pathway networks

L B
» Carbohydrates
* Lipids

* Nucleic acids
¥ Dases [Tig)
¥ Purines
C00147 Adenine (Ade)
C00242 Guanine (Gua)
¥ pyrinidines
CO00106 Uracil (Ura)
C00178 Thymine (Thy)
C00380 Cytosinme (Cyt)
» suclecaides [rig)
* Nucleotides [Fig)
*» Cyclic nucleotides [Fig)

* Peptides
* Vitamins and hormones

* Phytochemical compounds

* Antibiotics

i

Bases
Purine
Ad (Ade) G (Gua)

NH, o
A %‘fu—q
B ™
CO0147 cooz4z
Pyrimidine

Uracil (Ura) Thymine (Thy) Cytosine (Cyt)
0 N,

M e L

HY N

l ”ro O’J\n"l] [I‘w-r’gi:;

C00104 00178 00390

[Base + Ribose or 2-Deoxyribose = Nucleoside |
| Nucleoside + Phosphate(s) = Nucleotide

Deoxyribose

Ribose
0 0 0
AN aOH E “oOH
n:i\\_]’n w7
S ¢
HO OH HO

<on121 <o1e801

Same COTﬂPOUﬂClS




Linking GENES o PATHWAY

Gene/protein nodes in the pahtway networks

[ hsa:5211 iSi " coli
H. sapiens hsa:5211 S. cerevisiae sca:YGR2MBC E. coli ecob1723
hsa:5214 sce:YMR205C eco:b3916
.
—

———» 4 [-D-Fructas-£P ———-X p-D-Fructos:-6P ———»Y p-D-Fructaa:-6P
R iy
[3.03.41] [27.0.11] [31311] [27.1.11] [3.13.11] [27.111]

DiHferent sequences



Linking GENES to PATHWAY

Thus, grouping by the orthologous relationships
mmm) KEGG Orthology

hsa:5211
hsa:5213

H. sapiens hsa:5214

sce:YGR240C
sce:YMR205C

S. cerevisiae

E. coli eco:b1723

eco:b3916

Y

KO0850




%

Nodes in the reference pathways
Reference nodes for genes of all organisms

GENES
Pathways in ———
) hsa:5213
H. sapiens hsa:5214
S. cerevisiae sce:YGR240C
sce:YMR205C
£. colr eco:b1723
Genes and compounds eco:b3916

o v

KO0850

Reference pathway
KOs and compounds i



GENES

10,890 ortholog groups
Annotated contain 28% of KEGG
GENES entries

Unannotated

E. coli  B. subtilis S. cerevisiae H. sapiens A. thaliana




Annotation via KEGG Orthologx

Transcriptome

EGassembler

Complete genome Draft genome  EST contigs

SW score | BLASTP BLASTX
[ Homology & BBH ]
KAAS
[ Automatic annotation ]
v
Curation
; i i
[ KO, PATHWAY & BRITE ]

GENES DGENES EGENES
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KEGG Automatic Annotation Server

Ortholog assignment and pathway mapping



KAAS

« KEGG Automatic Annotation Server
« http://www.genome.jp/kegg/kaas/

« Automatic annotation system for KO
« Using GENES as a template set
« More than 90% accuracy

« Reconstruct PATHWAY by using your own data set



Functional Annotation in KAAS

Query gene Bi-directional best hit rate
BLAST
¢ BHR,, = R, x R,
Homologs Genome A Genome B
Cut off by S
‘ bi-directional best hit rate Gene a Gene b
Ortholog candidates Genea” S':besthit. Gene b

JL Grouping by KEGG Orthology Ri=S/S

KEGG Orthology groups

Scoring by probability | »
‘ and heuristics Sko = S) — log,s(mn) — log, Z LG (= py
k=N

Ranking of KEGG Orthology

Moriya, Y. et al. Nucl. Acids Res. 2007 35:W182-W185



Scoring and Ranking of KO

Sko = Sy, - logo(mn) - /092( k_ZNkaPk( / 'P)X'k)
1. 2. _

3.
Your query genome sequences KEGG GENES entries with KO

>seql | >sea2|>seq3 | > seq 4 | >seqb5|>seab|>seq? | |

> Your query sequences 1 ................................. » Ortholog] z Homolog ....... » Orthologz ........... > Ortholog3
> Your query sequences 2 l l l ]
> Your query sequences 3 ]
> Your query sequences 4 KO3 KO1 KO2 ]
> Your query sequences 5 l l l ]
Score 3 Score 1 Score 2 |

|

1. The highest score
2. Normalization by the sequence lengths
3. Weighting factor of the number of ortholog candidates



KO assignment

KEGG pathway mapping

Gene

1803
1806
1807
1808
1812
1813
1814
1815
1816
1819
1822
1823
1824
1825
1826
1828
1829
1830
1833
1839
1840

KO

K01278
K00207
K01464
K07528
K04144
K04145
K04146
K04147
K05840
K06944
K05626
K07600
K07601
K07602
K06767
K07596
K07597
K07598
K08127
K08523
K06058

(Developing neocortex)
NO

O
cAMP
DaAG

~—

1
[ gap junction
O
cGMP

2+
OC&
Phosphatid ylinositol
signaling system
IP3 ER
O —+ [1P3R |
Calcium signaling
pathway

KEGG BRITE mapping

» lon Channels

v G Protein-Coupled Receptors

v Rhodopsin family: amine receptors
» Acetylcholine (muscarinic)
» Adrenaline

v Rhodopsin family: amine receptors
> Acetylcholine (muscarinic)
» Adrenaline
v Dopamine
DRD1; dopamine receptor D1 [KO:K04144]
v DRD2; dopamine receptor D2 [KO:K04145]
D00136 C01814 Haloperidol (JP14/USP)

ligands

D00780 Bromocriptine mesilate (JP14)

v Dopamine D01462 Lisuride maleate (JAN) Agd
K04144 DRD1; dopamine receptor D1 D01745 Domperidone (JAN/USAN) Ang
K04145 DRD2; dopamine receptor D2 D03165 C06856 Bromocriptine (USAN)
K04146 DRD3; dopamine receptor D3 » DRD3; dopamine receptor D3 [KO:K04146]
K04147 DRD4; dopamine receptor D4 » DRD4; dopamine receptor D4 [KO:K04147]
K05840 DRDS; dopamine receptor DS DRD5; dopamine receptor D5 [KO:K05840]
K04148 DRDN; dopamine receptor, invert DRDN; dopamine receptor, invertebrate [K

» Histamine » Histamine

» Serotonin » Serotonin

» Octopamine » Octopamine

» Trace amine » Trace amine

» Rhodopsin family: peptide receptors

» Rhodopsin family: other receptors

Moriya, Y. et al. Nucl. Acids Res. 2007 35:W182-W185

» Rhodopsin family: peptide receptors

» Rhodopsin family: other receptors
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ﬁ Human Genome Center
Institute of Medical Science,University of Tokyo

EGassembler

Easy assembling nucleotide sequences
for pathway reconstruction



EGassembler

http://egassembler.hgc.jp/
. EST (GSS, cDNA, gDNA) sequences

. Sequence cleaning
PolyA/PolyT, Low-complexity, Low-quality filtering
L Short sequence removal (segclean)

. Repeat masking
3 RepBase, TIGR, TREP, User’s database (RepeatMasker)

. Vector masking
‘ UniVec, emvec, User’s database (CrossMatch)

. Organelle masking
4 NCBI organelle database

. Sequence assembling (CAP3)

Automatic all-in-one pipeline

Masoudi-Nejad, A. et al. Nucl. Acids Res. 2006 34:W459-W462






.~ 2 .SequenceCleaning

_—PolyA / PolyT tail

— | | ]
| | —
= _ _ /Low quality sequence
|
Short sequence - - ——
(Shorter than 100) e - -
|
[
— m -
]
- |
I I —
]
[ ]
- - _-
- I I
] I
]
I m f—
[
|
[

Low complex sequence



Removed




:Repetitive sequences

= Libraries

« Human

« Your custom repeats library
« EGrep repeats library (Our custom repeatlibrary)
« RepBase repeats library
— « TREP repeats library
« TIGR repeats library




Masked

/Masked as “AXXXXX:--”




lerarles

Your custom vector library

EGvec vector library (Our custom vectors library)
NCBI‘s vector library CoreRedundant

EMBL vector library




Masked

/Nhsked as “XXXXXX::-%




|
I |
I .
| I
Organelle sequences
e J

Libraries

« Your custom organelle library

« Plastids library (44 species including Arabidopsis, Chlamydomonas,
Lotus, Zea mays, etc.)

« Mitochondria library (Fungi, Metazoa, Plants, Plasmid, etc.)




Masked

Masked as “XXXXXX:--”
— /



Huang, X. and Madan, A. Genome Res. (1999) 9:868-877



Potential overlap determination by BLAST-like technique




Local alignment by Smith-Waterman algorithm



Assembly

contigl contig2

contig3 contig4

contig5 _contig6 contig7




EST consensus contigs and Singletons
in FASTA format

>contigl + Singletons
>contig2 21
>contig3 >2
>contig4 >3

>contigd 24
>contigb

>contig’/




EGENES Example

Solanum lycopersicum (Tomato) : Taxonomy TAX: 4081

Number of accepted ESTs at NCBI : 260126 (2007/5/22)
l clean

Number of cleaned ESTs : 246118 (~96% left)
l assembly

Assembled sequences: Contigs 19479 + Singletons 18010
(Total : 37507)




An example of an alignment result

+* * *

qi 1126277351 9b | BG127+ GATTTGGGARGACCATATGGTAGAGT TAGTAGARAGAAGCTGARGTTGARRTTGTTGART
91 1162178091 gb | BI321+ TTAGTAGARRCARGL TCARGT TGARRT TG T TGAAT

consensus GATTTGGGARGACCATATGGTAGAGT TAG TAGARAGAAGC TCAAGT TGARATTGTTGAAT

* * +*

qi 1126277351 gb | BG127+ AGTTGTGTTGAGAACAGAGTGAAGTTTTATARAGCTAAGGTTTGGARAGTGGARCATGAR
a1 116217809 1gb I BI921+ AGTTGTGTTGAGAACAGAGTGAAGTTTTATARAGCTAAGGTTTGGARAGTGGARCATGAR

consensus AGTTGTGT TGAGAACAGAGTGAAGT TTTATARAGC TAAGGT T TGGARAGTGGARCATGAA

+* * +* +* +* *

qi 1126277351 gb | BG127+ GRATTTGAGTCTTCAATTGTTTGTGATGATGGTAAGRAGATARGAGGTAGTTTGGTTGTG
a1 116217809 1ab I BI921+ GAATTTGAGTCTTCARTTGTTTGTGATGATGGTARGARGATAAGAGGTAGTTTGGTTGTG

Consensus Three ESTS CAATTGTTTGTGATGATGGTARGRAGATARGAGGTAGTTTGGTTLTG

* * * * *

5i 112627735 | gb | BG127+ ATCCCTATGGGAGGACCACT TCCGCGGATTCCTCARRATGTTATGGCTAT TEGTGGGAAT
5i 1162178091 ab | BI921+ ATCCCTATGGGAGGACCACTTCCGCGGATTCCTCARRATGTTATGGCTATTGGTGGGAAT
5i 116219402 gb | BI922- GGATTCCTCARRATGTTATGGCTATTGGTGGGAAT

consensus ATCCCTATGGGAGGACCACT TCCGCGGAT TCCTCARRATGT TATGGCTAT TGGTGGGAAT

* * * +* +* *

9i 1126277351 9b | BG127+ TCAGGGATAGTTCATCCATCARCAGGGTACATGGTGECTAGGAGCATGGCTTTAGCACCA
5111621780919 I B1921+ TCAGGGATAGTTCATCCATCARCAGGGTACATGGTGGCTAGGAGCATGGCTTTAGCACCA
31116219402 1 gb | BI922- TCAGGGATAGTTCATCCATCARCAGGGTACATGGTGGCTAGGAGCATGGCTTTAGCACCA

CONSEnsus TCAGGGATAGTTCATCCATCAACAGGG TACATGGTGEC TAGGAGCATGGCTTTAGCACCA

+e

i d A d
+* *

o Bl S L e ey e w—p— B8 TN d A e e A e e e e e A e e e A e e e e e e A e e e e e e -



>Contig]
GGCACGAGGAAAAAAAAAAAAAAAGAATGGATTCCAAAGCATTTCTATTTTTTGGTCTTT
TTTTGGCTATTTTCCTAATGATAAGCTCTGAGATTTTAGCTACTGAGTTGGCTGAGAACT
CTAAGAAATCTGAAAACAAGAATGAAGTACATGAAGCCCAATACGGTGGATATCCTGGTG
GTGGTGGTGGATATGGACGCGGTGGTGGTGGTGGATATGGACGCGGTGGTGGTGGAGGAT
ATGGACGTGGTGGTGGATACGGACATGGTGGTGGTGGTGGATATGGACATGGTGGTGGTG
GTGGATATGGACACGGTGGTGGTGGATACGGACACCGTGGTGGCGGTGGTGGTGGACGAC
GTGGTGGATACTGCCAGTATGGTTGCTGTGGCCATGGTGACAATGGTTGCTATAGGTGTT
GCTCCTATAAAGGTGAGGCAATGGACAAAGTTACTCAAGCTAAGCCACACAATTAATTAA
TTATGTGTGGAGTACGTAGTATATTATATTAAAACTTTTGTAATGGCAATTATGTAATAT
TATTAGCAATGCTCTTTCTACTTTAGAGCTTGCTATAATATTACTAAAAATGTATTGAAT
AAAAGCCATGTTGTAGTAATTTTATTATCAATATTTTATCATGATATTCATATTTACTGT
ATTTCACTAATTATACCAAAAAGTTTTAGTGC

>Contig13317

GATTTGGGAAGACCATATGGTAGAGTTAGTAGAAAGAAGCTGAAGTTGAAATTGTTGAAT
AGTTGTGTTGAGAACAGAGTGAAGTTTTATAAAGCTAAGGTTTGGAAAGTGGAACATGAA
GAATTTGAGTCTTCAATTGTTTGTGATGATGGTAAGAAGATAAGAGGTAGTTTGGTTGTG
GATGCAAGTGGTTTTGCTAGTGATTTTATAGAGTATGACAGGCCAAGAAACCATGGTTAT
CAAATTGCTCATGGGGTTTTAGTAGAAGTTGATAATCATCCATTTGATTTGGATAAAATG
GTGCTTATGGATTGGAGGGATTCTCATTTGGGTAATGAGCCATATTTAAGGGTGAATAAT
GCTAAAGAACCAACATTCTTGTATGCAATGCCATTTGATAGAGATTTGGTTTTCTTGGAA
GAGACTTCTTTGGTGAGTCGTCCTGTTTTATCGTATATGGAAGTAAAAAGAAGGATGGTG
GCAAGATTAAGGCATTTGGGGATCAAAGTGAAAAGTGTTATTGAGGAAGAGAAATGTGTG
ATCCCTATGGGAGGACCACTTCCGCGGATTCCTCAAAATGTTATGGCTATTGGTGGGAAT
TCAGGGATAGTTCATCCATCAACAGGGTACATGGTGGCTAGGAGCATGGCTTTAGCACCA
GTACTAGCTGAAGCCATCGTCGAGGGGCTTGGCTCAACAAGAATGATAAGAGGGTCTCAA
CTTTACCATAGAGTTTGGAATGGTTTGTGGCCTTTGGATAGAAGATGTGTTAGAGAATGT
TATTCATTTGGGATGGAGACATTGTTGAAGCTTGATTTGAAAGGGACTAGGAGATTGTTT
GACGCTTTCTTTGATCTTGATCCTAAATACTGGCAAGGGTTCCTTTCTTCAAGATTGTCT
GTCAAAGAACTTGGTTTACTCAGCTTGTGTCTTTTCGGACATGGCTCAAACATGACTAGG
TTGGATATTGTTACAAAATGTCCTCTTCCTTTGGTTAGACTGATTGGCAATCTAGCAATA
GAGAGCCTTTGAATGTGAAAAGTTTGAATCATTTTCTTCATTTTAAA

>Contig19479 Total : 19479 contigs



>gi|56121773|gb|CV970760.1|CV970760 S1E8 S1E

Solanum lycopersicum cDNA, mRNA sequence
TGATAACCTAGCTTTGTGATCATAATCATGGGTTCTTCTTCTCAAAAGAGGGTTGTAGGG
TTACTTCTTGTCTTGAGTATTTTCTTGGAATTGAGTGCCATCACTTTTGGTGATGATAAG
TTTGAAGAGTCGAGGTGGGGTAATGATTATGGTTGTGGACGATTTGGTAGAAGGGGATGT
AGTGGACGCGATCAAGGTGGTGGTAGAGGTGTTGGAGGAGGGTTTGGAGGCGGAGCTGGT
GGAGGAGGAGGTC

>gi|56121770|gb|CV970757.1|CV970757 S1E5 S1E Solanum lycopersicum cDNA, mRNA sequence
CTTAATTCCAAAGAGTCTTGTTGTACATCCCCCAAATTTGAGGAACTGGTGGTTGGTGCA
TTATCCCTGCTAGTAATGAGGCTTTTTGCTGGCGGCCCCGGCCGGGGTCGTCATTATTTG
CCACATATCTTAGTGGCCATTTTGGCTCTTGTTGATATTGTTTCTGCTGACCCTTACATA
TATGCCTCTCCACCACCACCGTATGTGTACAAATCCCCACCACCTCCTTCTCCTTCTCCA
CCACCACCATACGTGTACAAGTCCCCGCCACCTCCTTCTCCCTCTCCTCCACCACCGTAC
GTGTACAAGT

>gi|117725616|gb|DB705376.1|DB705376 DB705376

Solanum lycopersicum cv. Micro-Tom leaf Solanum ly
copersicum cDNA clone LEFL1088BH06 5', mRNA sequence
TTTTAAAATGAATGCATATAGTGGCGAAGCATGTTCTGTAGTTAATAGGGCTTGTTGTTG
TATTATAGGTATAAGAAAGATACATTTTTGCACTTAGATCCACTATGATGTGAGTTATTC
AACTTGGATTTGAGTGTAAAGTGTATATATAGTTGAGGTCTTCAATCTATTACAATGTTA
CGACAAATTGGATCTACAGTGGGTTCTTGGACTCACAAGAAGATCGTTGATCCTCTTCTC
CAAATCCTTCGTAGGGGTGCAGAGCCAAAACAATTGGCATTCTCTGGGGCTCTTGGTGCT
ACATTGGGTCTCTTTCCCATCTGTGGGGTTGCTGTGTTTCTATGTGGCGTAGCTATTGTA
GTACTTGGATCCTTGTGTCATGCACCAACTGTGTTGTTGGTCAACTTCATTGTTACTCCC
ATTGAGCTGAGTTTGGTGATTCCTTTCCTACGTTTAGGTGAATATGTGAGTGGTGGACCT
CATTTTGCTTTGACCTCAGATGCATTAAAGAGGGTCTTCACTGGTAAAGCTTCGTGGGAA
GTCTTGCTGAGCATTTACCATGCGTTGCTGGGCTGGCTTGTTGCTGTACCATTCATC

+ 18010 singletons



. EGENES Example

K[cc Solanum lycopersicum (tomato) (EST)

Genome info Pathway maps Gene catalogs Organism list

Organism  esly

Name S.lycopersicum_est, SOLTU, 4081
Full name  Solanum lycopersicum (tomato) (EST)
Definition Solanum lycopersicum (tomato) (EST)
Annotation kaas-blast

Taxonomy TAX: 4081

Lineage Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; core eudicotyledons;
asterids; lamiids; Solanales; Solanaceae; Solanoideae; Solaneae; Solanum;
Lycopersicon

Data source dbEST

KEGG2 PATHWAY BRITE GENES LIGAND DBGET




KEGG Pathway maps

01110 Carbohydrate Metabolism

00010 Glycolysis / Gluconeogenesis

00020 Citrate cycle (TCA cycle)

00030 Pentose phosphate pathway

00040 Pentose and glucuronate interconversions
00051 Fructose and mannose metabolism
00052 Galactose metabolism

00053 Ascorbate and aldarate metabolism
00500 Starch and sucrose metabolism

00530 Aminosugars metabolism

00520 Nucleotide sugars metabolism

00620 Pyruvate metabolism

00630 Glyoxylate and dicarboxylate metabolism
00640 Propanoate metabolism

00650 Butanoate metabolism

00031 Inositol metabolism

00562 Inositol phosphate metabolism

01120 Energy Metabolism

00190 Oxidative phosphorylation

00195 Photosynthesis

00196 Photosynthesis - antenna proteins

00710 Carbon fixation

00720 Reductive carboxylate cycle (CO2 fixation)
00680 Methane metabolism

00910 Nitrogen metabolism

00920 Sulfur metabolism

01130 Lipid Metabolism

00061 Fatty acid biosynthesis

00062 Fatty acid elongation in mitochondria
00071 Fatty acid metabolism

00072 Synthesis and degradation of ketone bodies
00100 Biosynthesis of steroids

00120 Bile acid biosynthesis

00140 C21-Steroid hormone metabolism

00150 Androgen and estrogen metabolism

00561 Glycerolipid metabolism

00564 Glycerophospholipid metabolism

KEGG pathways in XML
Metabolic pathways
Regulatory pathways

Pathway search
Search objects
Color objects

01180 Biosynthesis of Polyketides and Nonribosomal Peptides

00523 Polyketide sugar unit biosynthesis

01190 Metabolism of Cofactors and Vitamins

00730 Thiamine metabolism

00740 Riboflavin metabolism

00750 Vitamin B6 metabolism

00760 Nicotinate and nicotinamide metabolism
00770 Pantothenate and CoA biosynthesis
00780 Biotin metabolism

00785 Lipoic acid metabolism

00790 Folate biosynthesis

00670 One carbon pool by folate

00860 Porphyrin and chlorophyll metabolism
00130 Ubiguinone biosynthesis

01195 Biosynthesis of Secondary Metabolites

00900 Terpenoid biosynthesis

00904 Diterpenoid biosynthesis

00902 Monoterpenoid biosynthesis
00903 Limonene and pinene degradation
00901 Indole and ipecac alkaloid biosynthesis
00908 Zeatin biosynthesis

00906 Carotenoid biosynthesis

00905 Brassinosteroid biosynthesis
00940 Phenylpropanoid biosynthesis
00941 Flavonoid biosynthesis

00950 Alkaloid biosynthesis I

00960 Alkaloid biosynthesis 11

00232 Caffeine metabolism

00521 Streptomycin biosynthesis

00401 Novobiocin biosynthesis



EGENES Example
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"[cc

Solanum lycopersicum (tomato) (EST): 13317

( Help )
Entry 13317 Contig S.lycopersicum est
Orthology|KO: K06443 1lycopene beta cyclase
Pathway |PATH: esly00906 Carotenoid biosynthesis - General
Class (BRITE hierarchy)
Other DBs| NCBI-GI: 12627735 16217809 16219402
Alignment)
Contig 13317
LinkDB  All DBs )
Contig length [ ! ! ! ! | Y ]

NT seq  |1067 nt NI (1067) 508 1006 %57

gatttgggaag gi:12627735 +

agttgtgttga gi:16217869 +

gaatttgagtc gi:16219402 -

gatgcaagtgg

caaattgctca

gtgcttatggatTtggagggattercatttgggtaactgagecatateaagggegaacaac

gctaaagaaccaacattcttgtatgcaatgccatttgatagagatttggttttcttggaa
gagacttctttggtgagtcgtectgttttatcgtatatggaagtaaaaagaaggatggtyg
gcaagattaaggcatttggggatcaaagtgaaaagtgttattgaggaagagaaatgtgtyg
atccctatgggaggaccacttecgeggattectcaaaatgttatggetattggtgggaat
tcagggatagttcatccatcaacagggtacatggtggctaggagcatggetttageacca
gtactagctgaagccatcgtcgaggggettggectcaacaagaatgataagagggtetcaa
ctttaccatagagtttggaatggtttgtggectttggatagaagatgtgttagagaatgt
tattcatttgggatggagacattgttgaagcttgatttgaaagggactaggagattgttt
gacgctttctttgatcttgatcctaaatactggcaagggttectttettcaagattgtet
gtcaaagaacttggtttactcagcttgtgtcttttecggacatggectcaaacatgactagg
ttggatattgttacaaaatgtcctcttectttggttagactgattggcaatctagecaata
gagagcctttgaatgtgaaaagtttgaatcattttcttcattttaaa
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Mapping microarray expression data
to KEGG pathway data

KegArray



KegArray

 Java application for handling expression data
« http://www.genome.jp/download/

« Microarray data with KEGG Gene |Ds
« Coloring based on expression levels
« Mapping the coloring to pathway data

 |ID conversion available: NCBI-GenelD, IPI, -

« Metabolome data can be also mapped



Other tools

« GECS: Gene Expression to Chemical Structure
« Microarray data -> Carbohydrate structures

 http://www.genome.jp/tools/gecs/ ﬁ[cs

&3
- GENIES @3

« Gene Network Inference Engine based on
Supervised Analysis

* Integration of multiple omics data to infer gene
functions

« Using pathway data for supervised data
 http://www.genome.jp/tools/genies/



Summary

« KEGG is 13 years old database for genomic,
chemical, and systems information.

« Genomic information (GENES section) includes
complete genomes, draft genomes and EST contigs

- KEGG Orthology plays a key role in connecting
genomic and systems information

« Users can input their own sequences (genomes or

EST collections) for reconstructing pathway data
using KAAS and EGassembler

- KegArray is a Java application for expression data

- GECS and GENIES can be used to infer glycan
structures and gene functions, respectively



Network inference from multiple data

Microarray Similarity Network

SR i \ matrix inference
Yeast o 3 Kermel st of oher genomle daa

two-hybrid ~-= == *.
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Subcellular
localizaton

Phylogenetic ... - =

profile - = ;;_



