ISTF 4 LY 73 v~k
TILT I T=23Y -T=EAR=KRELY—=IOER-
NP
KEGG DAS £KEGG APITE 2%
TILT7 ) TF—rarvbRkRozA
RERBEBZFRITC T L LRI ¥ X —
A& eA <k@bioruby.org>
hittps//bionulpy.ong/
It/ genome. jip/kegg/soap/
hittps//das. hge.jp/ /1
2004/08/24@ 4« v R 75 W
B X

@ KEGG (Kyoto Encyclopedia of Genes and Genomes)
® GENES
® KO (KEGG Orthology)
@ SSDB
® OC (Ortholog Cluster)
® PATHWAY
@ KEGG DAS
® DAS (Distributed Annotation System)
@ KEGG API
@ SOAP/WSDL
@ BioRuby
® Ruby (Object oriented scripting language)
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KEGG

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

Q@ FTHRAINBFEFANAFTA VI 3T T 12 RE Y
2~ (BAFHTHRESATWE F~Z RN~

® PATHWAY
e LIGAND
©® GENES, GENOME
® KO
@ SSDB
® Expression
® Glycan
® etc.

Building blocks of life Wiring diagrams of life
Genetic materials Chemical materials Geneticnetworks  Chemical networks
KEGG Gene Universe  KEGG Chemical Universe KEGG Protein Network
Genes and gene products Chemical compounds Metabolic pathways
in complet: Complex Regulatory pathways
Active peptides Molecular complexes
© 2004 Toshiaki Katayama, Genomic contexts Chemical reactions. Network-network refations
Ortholg/paralog relations  RC (Reaction Ci relations

o000 KEGG: Kyoto Encyclopedia of Genes and Genomes

[« ~] [ | Ehup:/jwaw.genome ad.jo/kego/ [-Q

Kyoto Encyclopedia of
Genesand Genomes

66

KEGG: Kyoto Encyclopedia of Genes and Genomes

Agrand challenge in the post-genomic era is a complete computer representation of the cell
and the organism, which will enabl ional prediction of hi complexity of
cellular processes and organism behaviors from genomic information. Towards this end we
have been developing a bioinformatics resource named KEGG, Kyoto Encyclopedia of Genes
and Genomes, as part of the research projects in the Kanehisa Laboratory of Kyoto University
Bioinformatics Center.

o000

(]

KEGGRo T / L7/ T—2 3 v

@® GENES - protein universe
@ /) LADRE > EEYIEEIREL2005E) D 2EIFF

DBGET Result: E.coli b0002

[¢] @Ehupy dbget-bi .t @a(Q- Google | —

K cc Escherichia coli K-12 MG1655: b0002

CEEEY

[Entry

0002 cDS _ E.coli

Gene name

thra, thral, thraz

o1 () s

n KEGG S5DB Gene Cluster Search

- Alle] B

Motifs in eco:b0002

inase I / homoserin T (EC:2.7.2.4 1.1.1.3]

ko

K0: K00003 homoserine dehydrogenase
Ko: K00928 aspartate kinase

OC search) (,OC viewer

N T
e T
T — e[

c1ass

[metabolism; Amino Acid metabolism; Glycine, serine and threonine
Imetabolism [PATH:eco00260

Metabolism; Amino Acid Metabolism; Lysine biosynthesis
[PATH:ec000300]

Gene catalog

sspB.

Ortholog) | Paralog ) (_Motif ) | Gene cluster

other pBs

[Wisconsin: 50002
lcolibri: thra
|RegulonDB: ECK120000002
INCBI-GI: 1786183
INCBI-GeneID: 945803
UniProt: 200561

LinkpB
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Position
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KEGG®D /R D = oA

COEEFETHOOBENV %275 7TRBELEED
. T—{ Eﬁj ’%: o000 Glycolysis / Gluconeogenesis - Escherichia coli K-12 MG1655

o= [Antp: /www.genome.ad. bin/get_pathwayZorg._ 0 [ - (

® HTEP R

Go t: 2 MG1655 %) (Bec

\concogenesis - Escherichia coli K-12 MG1655

NnNnn KEGG PATHWAY Database
[ & | [nte:s wanw.genome.ad jp kegg pathway. himi |—|G,_\,Co,_ys,S

KEGG PATHWAY Database

Pentose ant ghcunnat
intemonversions
_ of Sexhand sucoase
meabolism

po—
ok,

Current knowledge on molecular interaction networks,
including metabolic pathways, regulatory pathways,
and molecular complexes

| KEGG2 PATHWAY GENES LIGAND EXPRESSION BRITE XML API DBGE

N

Goto: 1. Metabolism -D-Glucom-F 4 (serobic decarborylation)
2. Genetic Information Processin
3. Environmental Information Processing
4. Cellular Processes
5.HumanDiseases | S T5ics] mda—Torii—»Oe—[Eas ——— > Y p0-Fructom P
Pexf
Seealso: KO (KEGG Orthology) At Arbuin P b
(exmacemian O— (22185}
P [-D-Fructoa:-1 P2
(exmaceinian O LB} mO—
1. Metabolism
)3z
1.1 Carbohydrate Metabolism Giyeerone o
Glycolysis / Gluconeogenesis Ortholog, Oxidoreductases Q slyverte-23P2
Citrate cycle (TCA cycle) Ortholog
Pentose phosphate pathway Ortholog
Pentose and glucuronate interconversions Ortholog
Fructose and mannose metabolism Ortholog, PTS G Certe-2352
Galactose metabolism Ortholog
Ascorbate and aldarate metabolism Ortholog T
Pyruvate metabolism Ortholog e eholiom)
Glyoxylate and dicarboxylate metabolism Ortholog SLUCONEOGENESIS P
Propanoate metabolism Ortholog
Butanoate metabolism Ortholog - >
C5-Branched dibasic acid metabolism metdolism 4
Inositol metabolism Ortholog T Citree cyele s A S

KO (KEGG Orthology

ORRDIANDTZ ) T—>aVEZHBEYTED D H,
A=Y 0 7F DR EEFZF2L—> 3V
0EEEHFSLVEBHY LEE
O@NRV A LDERYy Z7XAD7FFEICFEY
@ AFTITH DS DBl DS
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OC&SSDB

CEBEY)CIZE LML T 220 L REETFRT OB FIFERL
& Z 5HF LSSDB (Ti&4h. #2272 2R &2 Y VT

KEGG OC search

e i o D s REAESC

List of genes for KEGG OC 5977'1513’7%
0C number: 3999.1 (149 genes) 12757 2 R&

Keyword: 0105 7.6F > > 7L

>> Display whole view of the OC:3999.1 cluster or download EPS graphics for all the OC:3999.* clusters (592954
bytes)

EiZEH
9553

List definitions of the genes in this OC.

[T [rc

aaerag_070 0103020 _|0G:0202 [G0:0003899)
0C|PC] ana:all4191 K03040 (RPOA) _ [0t03020 |COG:0202 |GO:0003899)|
atcAGR_C_3518 |K03040 (RPOA) _ [0t03020 | COG:0202 |GO:0003899|
] ath:NP_051090.1

00 KEGG/SSDB Ortholog Viewer
S [ G | [ huep:/www.genome.ad.jo/kegg-bin/OC /nc/ search.nz-b+teltr010:® 1~/ Q- Google
KEGGID : (10105

Definition : poA: RNA polymerase alpha subunit [EC:27 761
List Resize[ double | half | Movel upper left | lower right | Whole View

SEE

28681

T
3208

a5 ERE S EMIEFR TDOOCHD AR

hiversity of Tokyo W

KEGGZ A T& K S

@ http://www.genome.jp/
@ EIEFIRE
® GENEST= > h U
@ LinkDB
@NRVZANDY V7
@S —~U0TIIRR—
QEZFI I RR—
® etc.
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KEGG ana : Anabaena sp. PCC 7120

Showing 20 kbp from ana, positions 2,364,845 to 2,384,844

Instructions: Search using a sequence name, gene name, locus, or other landmark. The wildcard character * is allowed. To center on a location, click the ruler. Use the Scroll/Zoom

buttons to change magnification and position.

Examples: ana, alpha, beta, gamma, delta, epsilon, zeta.

[Hide banner] [Hide instructions] [Bookmark this view] [Link to an image of this view] [Publication quality image] [Help]

Landmark or Region Scroll/Zoom:
oz zeen sercn | [ T Flie /< [Sowzoiep - 212
Overview of ana N
Bt el El ai E o
[ T T I o o [T T T R R TA o G
FRNR
B Tl e S 2~ P =4 AP = 14
cos 1l
alrigzs alr178 allaset alisez  sllises all1sed rrrt6Sa tRNA-TIe-t allsses rrrSSa alliges
= ) L2 L% & L frosse Sl
all1s90 alnases tRIA-A1-2 111567 all1ses
T T vrnzsss il
Hotif
ABL_membrang Glycos_transf_2 Glucokinase Competence 1y0 Transposase_20 TRHT recl
e i {lueakinass penpetens e JLal
ABC_tran OUFS42 ROK ERNA_sunt_2e Transposase_% DHE
[l E Jallseel i s
TP_51P.0 TR LIGASE 11,2
FBC.TRAISPORTER

Pathuay
2na00010 200760 anansolo ana03010 ana03010
e ==
ana005z 200970
==L
anatt5on
e
anatt5z
e
EC
7.4
ANB2E544 ANB21228 ANB29355 ANE26031 (ANEOSS020) ANB29343
—
ANB2E514 AHBLOSS7 #nEZ9327 NB10374

Data Source

Dumps, Searches and other Operations:

KEGG ana : Anabaena sp. PGG 7120 | ~| About. | Configure. | 6o |

KEGG DAS

OKEGGIzEENhTWBEMIEBEBDT /LT J
@ IR 7188 L 4FE (T xFFz

2

OCMODIIZ &£ B35 / L 7 2 2HGBrowse
@ L—H¥D7/)F—>arvEezr7y7a—~KNTE3

ODASIZ £ BXMLT® 77— 2 B5

@ ERZEMEFTHEL. NZ2T VT,
B 2330z L Z2DASY — 4N (&R 2 Bt s

T 4EE (T £ YR
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[ & & & KEGG/DAS server

E 4 +||a A @ €3 http://das.hgc.jp/ ~(Q- Google
KEGG DAS

GMOD and BioDAS server for KEGG GENOME, GENES and SSDB databases (test release).
® DAS dsn

[GBrowse |DAS] KEGG aae : Aguifex aeolicus VF5S

[GBrowse |DRAS] KEGG afu : Archaeoglobus fulgidus VC-16

[GBrowse|DAS] KEGG ana : Rnabaena sp. PCC 7120

[GBrowse |DAS] KEGG ape : Aeropyrum pernix K1l

[CBrowse |DAS] KEGG atc : Agrobacterium tumefaciens C58

[GBrowse |DAS] KEGG ath : Arabidopsis thaliana

[CBrowse |DAS] KEGG atu : Agrobacterium tumefaciens C58

[CBrowse|DAS] KEGG bab : Buchnera aphidicola Bp

[GBrowse |DAS) GG ban : Bacillus anthracis Ames

[GBrowse|DAS] KEGG bas : Buchnera aphidicola Sg

[GBrowse |DAS) GG bba : Bdellovibrio bacteriovorus HED100

[GBrowse |DAS) GG bbr : Bordetella bronchiseptica RBS0

[GBrowse |DAS] KEGG bbu : Borrelia burgdorferi B3l

[CBrowse |DAS] KEGG bea : Bacillus cereus ATCC 10987

[GBrowse |DAS] KEGG bece : Bacillus cereus ATCC 14579

[GBrowse |DAS] KEGG bfl : Blochmannia floridanus

[GBrowse |DAS] KEGG bha : Bacillus halodurans C-125

[GBrowse |DRAS] KEGG bja : Bradyrhizobium japonicum USDA110

[GBrowse |DAS] KEGG blo : Bifidobacterium longum NCC2705

[GBrowse |DAS] KEGG bme : Brucella melitensis 16M

[GBrowse|DAS] KEGG bms : Brucella suis 1330

[CBrowse|DAS] KEGG bpa : Bordetella parapertussis 12822

[CBrowse|DAS] KEGC bpe : Bordetella pertussis Tohama I

[GBrowse |DAS] KEGG bsu : Bacillus subtilis 168
KE
KE!
KE
KE

[GBrowse |DAS) GG bth : Bacteroides thetaiotaomicron VPI-5482
[GBrowse|DAS] KEGG buc : Buchnera aphidicola APS

[GBrowse |DAS) GG cac : Clostridium acetobutylicum ATCC 824

[GBrowse |DAS) GG cbu : Coxiella burnetii RSA 493

[GBrowse |DAS] KEGG cca : Chlamydophila caviae GPIC

[CBrowse |DAS] KEGG cer : Caulobacter crescenktus CB1S

[CBrowse |DAS] KEGG cdi : Corynebacterium diphtheriae gravis NCTC13129
[CBrowse |DAS] KEGCG cef : Corynebacterium efficiens ¥S5-314
[GBrowse|DAS] KEGG cel : Caenorhabditis elegans

[GBrowse |DRS] KEGG cgl : Corynebacterium glutamicum ATCC 13032
[GBrowse|DAS] KEGG cje : Campylobacter jejuni NCTC11168

[GBrowse |DAS] KEGG cmu : Chlamydia muridarum
fan PR n b

anaq

BioDAS

@ http://www.biodas.org/
@ Distributed Annotation System
@ /) LAT—ARXN=RETHEEBOEE

Bt -
H. Saplens (via NCBI-annotation April 2002)

5. BT 45.097,19

ot (L

A —— BT
¥

pmems gem
sl [l k

[lm—

() (Ee)

Fa=sienn
-k (27 RR) 27 (AR 2

]

(5] L




GMOD

Generic Model Organism Database
® WormBase, FlyBase, SGD % £ ® & 7 L &%) T 38 (T
FRTEETT T VBT /LT —EA R~ R
TFT—=ZX—=~RRX*—=< Chado (Fif)
T/ 572 2% GBrowse

7 JF—vary—i Apollo

KEGG DASZ 1> T4 %

http://das.hgc.jp/
@ £17)38 D EIR
@7 0%Y—LDEIR
exXxzo—J, RX—LA
OKECCD 7 / T —>ar~"Y 7

@ L—~HYD7/)F—~>avEr7Z7yZo—N
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DAS®XML7T — %

[ & & & http://das.hgc.jp/cgi-bin/das/aae /features?segment=aae:10000,12000

€3 http://das.hgc.jp/cgi-bin/das/aae /features?segment=aae:10000,12000 =(Q~ Google

10> ]

<?xml version="1.0" standalone="yes"?>
<!DOCTYPE DASGFF SYSTEM "http://www.bicdas.org/dtd/dasgff.dtd">
<DASGFF>
<GFF versio nttp://das.hge.jp/cgi-bin/das/aae/features?segment=aaes3A10000%2C12000">
<SEGMENT id="aae" 10000" stop="12000" version="1.0">
<FEATURE id="EC:1.1.1.22/50" label="1.1.1.22">
<TYPE id="enzyme:KEGG' Ccategory="enzyme'>enzyme:KEGGs/TYPE>
<METHOD id="enzyme'>enzyme</METHOD>

<START>11296</START> _ T T
I 126094/ BN 8 (&)la) http://das.hgc.jp/cgi-bin/das/aae/d

<SCORE>-<,/SCORE> | «<. > A A € http://das.hgc.jp/cgi-bin/das/aae /dnalsegment=aae:

<ORIENTATION>=</ORIENTATION>

<PHASE>0</PHASE> <fxml version="1.0" standalone="yes"7~
<LINK href="http://www.gencme. ad ‘jp.fd.bger. -bin/ww <!DOCTYFE DASDNA SYSTEM "http://www.wormbase.org/dtd/dasdna.dtd">
<GROUF id="EC:1.1.1.22" type="Ei f= <DRSDNR>
< /FEATURE> <SEQUENCE 1 " start="10000" stop="12000" version="1.0">
<FEATURE id="EC:2.6.1.11/46" label="2.6.1.11"> <DHA lengt
<TYPE id="enzyme:KEGG" category="enzyme">enzyme: AARAATAGACTCCCGTAAGTTAGTCCTTTTTTGAAGTTTTTARAGCCCAGAGATTTTTICG
<METHOD id="enzyme">renzyme</METHOD> TCCTGAAAGAGGAGCGGAGAAAGCAGTATARGCTGAGGAATTATACTCAAGTTGTARARC
<START>10169</START> CTCTGARGATAARGGGAARTARCGAGCAGAGCGTACARACCGAGGTGTATCARAGTATTT
<END>11299</END> CCCTCAAMRCAGATATAGCCCTGTCAATGTGTTCCTTCTGAATTATCARGGGCGGTAAGA
<SCORE>-</SCORE> ACCTGAGARCTTTTCCGGCGGTGCAGTTTATGAGARGTCCCTTTTCAAGAGCCTTGAGAR
<ORIENTATION>-</ORIENTATION> CGTAATCTTTACACTCTCTTTCAAGTTCAAGACCGAGCATCAATCCTCTTCCCTTTACCT
<PHASE>0</PHASE> TTCCTTTGCCGAGTTCCTTCAGTTTTTCTTTGARGTAATTCCCCACTTCCCTTACGTGAG
"http://wii.genome.ad. ip/dbget-bin/wi GCAGEAGTTTTTCARCTTCATCTACTACCACTGTTCCCECCOTGCAGGCTARGGEGTTTC
"EC:2.6.1.11" type="EC" /= CTCCGAAGGTAGAGCCGTGGGAGCCGGGAGTAMAGCTCTGGGCCACTTCTTCCCTTGCAR
GGATGGCACCTATTGGCACACCTCCTCCGAGTCCCTTCGCAAGCGCAATTACGTCCGGTT
<FEATURE id="path: 40/51" label=" 40"> TTAGATTGARGTGTTGATATGCETAGARTTCCCCGETCCTTCCTATTCCCGTTTGCACTT
<TYPE id="pathway:XEGG" category="pathway">pathw CGTCTATAATTARGAGCACATCTTTTTCTTTACARATTTCCTGGAGTTTACTTAGARAAT
<METHOD id="pathway'>pathway</METHOD> CCTCACTCGCCTCGTTTACTCCGCCCTCTCCTTGTATARC TTCAATAATTATCCCCGCGG
<START>11296</START> TTTCCTCGTCTAGGAGTTTGTARRCGCTGTCTATATCGTTCAGCTTTGCGTAAGARANTC
<END>12609</END> CAGGARCTAGAGGTTCAMAGCCTTTGTGGAACTTTGGCTGTCCCGTTGCGGAGAGGCTAC
<SCORE>=</SCORE> COTAGGTTCTCCCETGEARAGAGTTTTCARAGGATATARACTTCCACTTGTTCTTTCCTT
<ORIENTATION>-</ORIENTATION> TATCCCTCCAGTACTTCCTTGCGAGCTTTATAGCCGCCTCTACACTTTCCGTTCCGCTGT
<PHASE>0</PHASE> TTGCGARMAATACCTTCCCTTCTGTCCAGAAGTGTTTTACAAGTTTGTGAGCCAGTTCTT
"http://wii.genome. ad. jp/dbget-bin/sh CCTGCCACGGETTTTCGTAMAGATTTGARACGTGGAGGAGTTTCTCARCCTGTTCTTTTA
‘path:aae00040" type="path" /> GAGCTTCTGTGAGTTTTGGGTARGCGTGACCGAGGGAGTTGACGCCTATACCGGAGACAR
AGTCARGATACTCCTTTCCTTCCTCATCGTACAGGTARACACCTTTTCCCCTTACARACT
EEY AACCTTORRTAL T A TRCTETTRCCATAOTOTAMTA

DAS © URL

O@ETEHURLE £ 0FEHZIEE. T —~XRE
O XMLA RS B2 D THXELIFEHRZ b

@5 KB D BRIF
@ http://das.hgc.jp/cgi-bin/das/eco/dna?segment=eco: 101,200

@7 /) F—varviEHRonrs
@ http:/das.hgc.jp/cgi-bin/das/sce/features?segment=1:5001,9000

@BioRuby TF— 2 BRBIT 2 HERREL
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KEGGCD#F# 1t

@ KEGG DAS
® GBrowse/DASIZ £ BT /LT JFT—> 3 v
@Yy /) A LTODEIEZFDIEER

@ KEGG API
® SOAP/WSDL(IZ & 8KEGGA®D 7 7 £ X
O NRY A LDEBEEFHLEWMEZFEHDIFR

@ KGML
@ XML Z & 5 KEGG PATHWAY @ &R
LB L ZEIZEFPLILEME DO 2HLY DIFHR

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo m

KEGG API

QNR2RVzART7/)TFT—>avEHRE IO LTRE
Q7Y (R=2T7MBE)

@ X RIEFFR

® DBGET

® LinkDB

@ SSDB

® Motif

® KO, OC, PC

® PATHWAY - get_genes_by_pathway(pathway_id)

©® GENES

® GENOME

e ERIALAY v NPREFIXEZRIEFEL
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KGML (KEGG Markup Language)
Ehttp'Nwww.gennme‘ad‘mfkeggfxmlf Q- Google

KGML (KEGG Markup Language)

[ & & & http://www.genome.ad.jp/kegg-bin/xml|/xmliview?-v+0.:

Ehttp'f,‘www.genume‘ad‘mf‘ gg-bin/xml i +0.4 p+000.

The KEGG Markup Language (KGML) is an exchange format ¢
maps that are manually drawn and updated. KGML enables a

facilities for computational analysis and medeling of protein n <?xml version="1.0"?>

metabolic pathways contain two types of graph objects, how <!DOCTYPE pathway SYSTEM "http://www.genome.ad.jp/kegg/xml/KGML_v0.4_.dtd'|
(compounds) are linked by a reaction in the KEGG pathway d <! Creation date: Apr 01 2004 01:22:17 +0900 (JST) -->

pathways contain only the aspect of how boxes (proteins) are <pathway name="path:mapD0010" org="map" number="00010"

(KEGG Orthology) identifiers in the current KEGG system, bu i Glycolysis / Gluconeogenesis"”

are marked with EC numbers in the actual pathway diagram: http://www.genome.ad. jp/kegg/pathway/map/map00010.gif"”
“http://www.genome.ad.jp/dbget-bin/show_pathway?map00010">
"1" name="ec:1.2.1.3" type="enzyme" reaction="rn:R00710"
link="http://www.genome.ad.jp/dbget-bin/www_bget?enzyme+1.2.1.3">

Documents <graphics name="1.2.1.3" fgcolor="#000000" bgcolor="#FFFFFF"
type="rectangle” x="170" y="1018" width="45" height="17"/>
+ KEGG Markup Language manual <fentry> . . . . _— .
o KGML v0.4 DTD [ dtd | html ] <entry id="2" name="ec:6.2.1.1" type="enzyme" reaction="rn:R00235
« KGML v0.4 Readme [ txt | html ] link="http://www.genome.ad. jp/dbget-bin/www_bget?enzyme+6.2.1.1">

<graphics name="6.2.1.1" fgcolor="#000000" bgcolor="#FFFFEF"
type="rectangle” x="102" y="916" width="46" height="17"/>

Data </entry>
. <entry id="3" name="ec:1.2.1.5" type="enzyme" reaction="rn:R00711"
* KEGG reference metabolic pathways (Last update: # link="http://www.genome.ad.jp/dbget-bin/www_bget?enzyme#1.2.1.5">
<graphics name="1.2.1.5" fgcolor="#000000" bgcolor="#FFFFFF"
« KEGG reference regulatory pathways (Last update: type="rectangle” x="170" y="1038" width="45" height="17"/>
. . <fentry>
» KEGG metabolic pathways linked to KO (Last update centry id="4" name="cpd:C00033" type="compound”
. link="http://www.genome.ad.ip/dbget-bin/www_bget?compound+C00033"
» KEGG regulatory pathways linked to KO (Last updat <graphics name="C00033" fgcolor="#000000" bgcolor="#FFFFFF"
R . N type="circle" x="102" y="971" width="8" height="8"/>
+ KEGG organism-specific metabolic pathways </entry>
Select organism: | A.aeolicus 3) (Exec) <entry id="5" name="path:map00650" type="map"
o KEGG organism-specific regulatory pathways link="https//www.genome.ad.jp/kegg/pathway/map/map00650. html">
et oreniam: (BRTTET 0 (Exec) <graphics name="Butanoate metabolism" fgcolor="#000000" bgcolor="#

_ Ruby &£ BioRuby

@®Ruby & (&
ETZ2Y—DF Tz NEBRMRZYTNT
@I >TLELEGNY T ULXE
e SN B, EBFEATL—2(ZTOyY 2)
@ AEL 4L NL Y I ARTBERTIATI VY
e HME. XF7). BEFN /Ny a2, EHREKIR, .
@ I7ISRTLIRIERZ AV Y NDBE

@®BioRuby & (%
ORUDYD NA F A > 75T« ZRBIA73Y
@ 2000F N B £ BATH%E. KEGCGH &Y H—~ b

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo
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 Zx€'Ruby

ORubylZ £D & 3 BIBFIEXH LT3 H
® PerlEl#%. XFFIARELERKBENBE

Q@ EEFDEEFNLT /JFT—> 3 vk EXEIEIRIB
EMEDT X EZZS DIZEF = Perl D5z

@O Ruby @K1 9 (2 Perl, Python T% & < FAZE & 4 L
LG RLIFLPTET (IBE?) OhL—~KNFZ
QENEWNSIATIYNHBIHEDND
® JavaScript, PHP, SQL & &€ %2 > T % L 1&EF)

OC, C++,)Java B EE 2 > 181 W HLE
@ O IANKRLBEYNE>FETIELE W
O TELABATEE. GUI Z 7Y & REmL

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo

Perl(% ?

ORIV YYTINETEBEDEG T TLIAZEZEZZLTWLS
@ L—HEHNBLL., Z2AT2YVERE
@ BioPerl 2% 3

OTET—XRBEIRH
QBT LNy ¥ 2 DA B L
@ Perl5UEDF 7Y = 7 MNEBMIKAEET H N~
QT RFTIIT A DEEN (y7 7Ly 2, bless, @ISA, ...)

O ZEAYRZENIERTITOL I LBDETELDT
@M ADPerlxZ Y 7'M EZEFEH AL £ HB
e LIESKATZBEG S EEALZOT I LTE.

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo m




Open Bio* & (%

Perl (= (2 BioPerl, Python (z (% Biopython, Java(z (£Biojava
BHEILEZIATIZUIENKZED T W3 I 2 =71 h°

Open Bio Foundation
@ ZhoEWEZXE L. BOSC, BioHackathon % Bfif&E

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo Biol

BOSC

ISMB & & & o % Open Bio*® X — 7 « ~ Z(BOF)
OIEHL EMBREZITRAWN 3222 —~v 3y
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BioHackathon

@BOSCLELR YV ZO—~XA KN (BRERRYH—)
@ RTINIZEFRLEYDINYZLEL S

@z 1 = 200201 7Y VT
® O'Reilly

O 2E 200202 7 7Y 7
® Electric Genetics

@% 3= 2003/02 > v HH—
® Apple Singapore

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo BioR

Schedule — hack hack hack

[SATURDAY

MONDAY ___ JTUESDAY __JWEDNESDAY JTHURSDAY ]

[Starting _[|Endin DAY |[TUESDAY FRIDAY JRDAY
25-Feb-02| 26-Feb-02| 27-Feb-02] 28-Feb-02 1-Mar-02] 2-Mar-02

7:00 AM[_7:30 AM|
7:30 AM[_8:00 AM| I Il I I [
8:00 AM[ 8:30 AM|
8:30 AM| 9:00 AM| ick Hack Hack lack Hack Hack Hack Hack Hack ick Hack Hack ick Hack Hack
9:00 AM[_9:30 AM|
9:30 AM[ 10:00 AM| I I I I I
10:00 AM[ 10:30 AM] I
10:30 AM[ 11:00 AM| offee Break [[Coffee Break [[Coffee Break offee Break offee Break
11:00 AM[ 11:30 AM] k Hack Hack [[Hack Hack Hack [Hack Hack Hack [[Hack Hack Hack ___|[Hack Hack Hack
11:30 AM[ 12:00 PM|
12:00 PM[ 12:30 PM|
12:30 PM[1:00 PM| lLunch [Lunch [Lunch iLunch [Lunch
1:00 PM[ 1:30 PM
1:30 PM| 2:30 PM| Hack Hack Hack k Hack Hack Hack Hack Hack Hack Hack Hack
2:00 PM| 2:30 PM|
2:30 PM[_3:00 PM| I
3:00 PM[3:30 PM|
3:30 PM[_4:00 PM| ffee Break offee Break
4:00 PM[ 4:30 PM|lOpening Reception & ck Hack Hack lack Hack Hack offee Break
4:30 PM[_5:00 PMl[Cocktails & Snacks losing remarks
5:00 PM[_5:30 PM| lack Hack Hack

7:00 PM|_7:30 PM| inner at Fotel [Dinmer at Fofel

8:30 PM|_9:00 PM fack Hack Hack Hack Hack ck Hack Hack

10:30 PM] 11:00 PM|
11:00 PM[ 11:30 PM|
11:30 PM] 12:00 AM|
12:00 AM[ 12:30 AM| Il I
12:30 AM|_ 1:00 AM| I 1l

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo BioR




 Hacking Room

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo m

2 WREH 1 ®Junior BioHackathon €

O ASStArDFFRFFTDA Y IN—~E T4 Ay ay
Q14-16FL B VDFH-EEADL I F ¢ —
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© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo DIURUR Y]

BioRuby @ 7 /X — 3~ % $E 5

@ Bio::Sequence, Bio::Location, Bio::Feature
@ FEFIRIE. RIZ2A2 T, DY NDH—=FHE
@ Bio::Registry, Bio::SQL, Bio::Fetch, Bio::FlatFile
@ OBDAR L BT —ZR—=ZXANDT7 7R
@ Bio::DB
@ GenBank, SwissProt, KEGG & £F— X X=X D s—H
@ Bio::Blast, Bio::Fasta (ftz HMMER, MAFFT, Sosui, Psort etc.)
@ BRIFT VYT~ a Y DERITLIEEDIN—~HF
@ Bio::DAS, Bio::KEGG::API, Bio::DDBJ::XML
@ ULT7HY—EZR
@ Bio::Pathway, Bio::Relation
® 7> I7HE
@® Bio::PubMed, Bio::Reference
® THKIEER

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo N_OW
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B3 3R1F

Ox7o142v T

©® tg sy #!/usr/bin/env ruby
@ FIER require 'bio'
© 48 5K

seq = Bio::Sequence::NA.new(ARGF.read)

®AT R t to fasta("foo", 60)
. puts seq.to fasta oo",
O®window ¥ — F |pute seq.subseq(l;3)
puts seq.splicing("join(1l..23,45..67)")
puts seqg.complement
puts seq.translate
puts seqg.gc_percent
puts seq.composition

seq.window search(15, 3) do |subseq|
peptide = subseq.translate
puts peptide.molecular weight

end

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo m

Fe A R—=ZANDT I R

#!/usr/bin/env ruby

require 'bio' OBDA
serv = Bio::Registry.new
db = serv.get database("swissprot")
entry = db.get by id("TETW_BUTFI")
puts entry
#!/usr/bin/env ruby
require 'bio'
serv = Bio::KEGG::API.new
entry = serv.bget("sp:TETW_BUTFI")
puts entry

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo m
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~ OBDA (Open Bio* Database Access)

@ BioHackathon (2002, 2003) T#) =
@ FT—AR=RDILv kY ZERBET Z1ET4E2Z
e BioPerl, BioPython, BioJava, BioRuby T# &t

O EZ 74
® -/ bioinformatics/seqdatabase.ini
@ /etc/bioinformatics/seqdatabase. ini
@ http://open-bio.org/registry/seqdatabase.ini
® Fa—hkYTILELEE

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo

OBDA configuration

@ -/ bioinformatics/seqdatabase.ini
@ /etc/bioinformatics/seqdatabase.ini
@ http://www.open-bio.org/registry/seqdatabase.ini

VERSION=1.00

[ genbank ] #1 /usr/bin/env ruby
protcol=flat
location=/export/database/ require 'bio’

dbname=genbank
reg = Bio::Registry.new
[swissprot]
protocol=biosql sp = reg.get database('swissprot')
location=db.bioruby.org puts sp.get by id('CYC_BOVIN')
dbname=biosqgl
driver=mysqgl
biodbname=sp

gb = reg.get database('genbank")
puts gb.get by id('AA2CG")

[embl ]
protocol=biofetch

location=http://bioruby.org/cgi-bin/biofetch.rb
dbname=en-lbl © 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo




FemIR—=~ZATYNY DIN—H

@® GenBank, GenPept, RefSeq, DDB)
@ EMBL, UniProt (TrEMBL, SwissProt)
@ PDB

® KEGG/GenomeNet

® GENES, GENOME, ENZYME, COMPOUND, KO,
BRITE, CELL, Expression, Keggtab, AAindex

©®GFF #!/usr/bin/env ruby
@GO .

require 'bio
@ FANTOM
@ Transfac, Prosite Blcf’fZiiﬁF;cl)eéﬁtgﬁRGF) co ]
@LITDB, MEDLINE # do something

end

@ NBRF, PIR o
@ FASTA format

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo

BTV 7 b DERIT
@®Bio::Blast, Fasta, HMMER, EMBOSS
@ Bio::ClustalW, MAFFT
@®Bio::Genscan
@®Bio::PSORT, TargetP
@®Bio::SOSUI, TMHMM

#1/usr/bin/env ruby

require 'bio'

File.open('"my blast output.xml") do |file|
Bio::Blast.reports(file) do |report|
report.hits do |hit|
hit.each do |hsp|
puts hsp.query id, hsp.target_ id,
hsp.bit score, hsp.evalue, hsp.overlap
end
end

end

18



v ILE

@ KEGG APl £KEGG DAS % BioRubyn 518 > T % %
@SSDBZE>THhER T LEF—Z BT
@ KO, OC, PC TlHEi0EIzF£218%F
Q@ TF—AXR—~ZADIFHPLIZV MY OBRIE
O NRRDU A LIEBEBIEFDx hz
ONRRXRVZAIRBEZ DTS

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo m

Examplel :ssDBz - chen s e ®5—7 287

#V/usr/bin/env ruby
require 'bio'

# KEGG API® % — /N2 34k i
serv = Bio::KEGG: :API.new

# LI DObest-hitilhfzF % BB
homologs = serv.get_all best neighbors_ by gene("hsa:7368")

homologs.each do |hit]
# hitlL ZB&EFEZZ2RO BT
gene = hit.genes_ id2
# KEGG APITHRZFL THREFIEF—72H >TLh @
if motifs = serv.get motifs by gene(gene, "pfam")
motifs.each do |motif|
# BEF—Z7DIDLTHEAZROEL TR IETY TERT
name = motif.motif id
desc = motif.definition
puts "#{gene}:¥t#{name}¥t#{desc}"
end
end
end

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo
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_ Example2: KO, OC, PCT i @ K 1z-F

#V/usr/bin/env ruby
require 'bio'
serv, = Bio::KEGG::API.new

# EEFDROES DY X h £HBE

list = serv.get_ko by gene("eco:b0002")
# Bl Tl 2BRKOESZ®ED

ko _id = list.first

# JEICKO (KEGG Orthology) 27 %+ Y EThBEF0OY Xk
ko, _genes = serv.get_ko_members (ko,_id)

# EICOC (Ortholog Cluster) »7H o »EhiBEFOY Xk
oc_genes = serv.get_all_ oc members by gene('hsa:7368")

# EICPC (Paralog Cluster) 27 H% o Y EThZBEFOY Xk
pc_genes = serv.get_all pc_members by gene("hsa:7368")

puts "# KO", ko _genes
puts "# OC", oc_genes
puts "# PC", pc_genes

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo

Example3: F =2 X~ BEREL T Y b YRS

#Y/usr/bin/ruby
require 'bio'
serv = Bio::KEGG::API.new

# KEGGREAEETER TLZEMED Y X~
orgs = serv.list organisms
puts "# list of organisms in KEGG"
orgs.each do |entry]|
puts "#{entry.entry id} #{entry.definition}"
end

# KEGGTHFIATAREA £ b (hsa) P2 DzA DY X K
list = serv.list pathways("hsa")
puts "# list of pathways for human in KEGG"
list.each do |entry|

puts "#{entry.entry id} #{entry.definition}"
end

# FEEDKEGG GENEST >~ h U ZEiF
puts "Human gene entries for gene 7368 and 7369"
puts serv.bget("hsa:7368 hsa:7369")

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo
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Example4: PATHWAY & & 1z -5 © *F ki

#!/usr/bin/env ruby
require 'bio"
serv = Bio::KEGG::API.new

# K2V zA LOBEBEFEFDY XK
genes = serv.get genes by pathway("path:hsa00020")
puts "# genes on human's pathway 00020"
genes.each do |gene|
puts gene
end

# ECES ZRBEFHE RHFRZIG
list = ["ec:1.1.1.1", "ec:l.2.1.1"]
list.each do

ec|
puts "# E. coli genes for #{ec}:"
puts serv.get_ genes by enzyme(ec, "eco")

end

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo

Example5: PATHWAYIZ B Z 5 %

#1/usr/bin/env ruby

require 'bio'

serv = Bio::KEGG: :API.new

# RNRUzARFHTI—=2%2200 3

objs = ['ec0:b0002", '"cpd:C00263"]

urll = serv.mark pathway by objects('path:eco00260", objs)
puts "# URL for marked pathway:", urll

# RNRVZTARBEE2T S

fg list = ['blue', 'green']

bg list = ["#££0000", "yellow']

url2 = serv.color pathway by objects('path:ec000260",
objs, fg list, bg list)

puts "# URL for colored pathway:", url2

# BEROERERFT
serv.save image(urll, "example5-1.gif")
serv.save image(url2, "example5-2.gif")

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo
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Example6: tzssmzizvatecyey s

serv = Bio::KEGG: :API.new

list = serv.get genes_ by pathway("path:bsu00020"
fg_colors = Array.new
KEGG/Expression Array image Whole View = bg_colors = Array.new

KEGG/Expression Array image Whols View
Entry : €x0000258 Orgarism : B.subils Intensty Threshol 1000 Rato Treshod - 1.1

L
e Groon B vt B e I list.each do |gene]|

fg colors << "black”
bg colors << ratio2rgb(gene) # EEFE LB DI
end

KEGG ID:

‘url = serv.color pathway by objects(
"path:bsu00020", list, fg colors, bg colors)

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo ) BIORURYOIG]

 Example7: PDB ~n®o < v € 7

#1/usr/bin/env ruby

require 'bio'

serv = Bio::KEGG::API.new

# FEELEZWARY oA LOBIEFDOY X
path = ARGV.shift || "path:eco00010"
genes = serv.get_genes_by. pathway(path)

B-D-Clucom-6P

\ /[
o-D-lusos-6P & (s robic decy
[52.19]
===t ¥ -0t
4 EXERN)
Fructze st
Tmamow metabolisn

arvuin Arbutin
# PDBIZY Y 7 D& 2 BIzFZH (emwo
results = Hash.new o O 0,

genes.each do |gene] (Provssmans }-—— ==
Sinn®
if pdb_links = serv.get_all linkdb_ by entry(gene, "pdb")

pdb_links.each do |link]|
results[gene] = true
end
end
end

e

‘Phosphoerno
T:

# BHTEREZ LK ] S
url = serv.mark pathway_ by objects(path, resultsti [

# BREZRE

degradation
of letone bodies

© 2004 Toshiaki Katayama, Human Genome Cente

i
serv.save image(url, "example7.gif") i
|
I
|
I
I
|
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 Example8: DAS2~ © @ 1 #RHx 13

#V/usr/bin/env ruby
require 'bio'
serv, = Bio::DAS.new("http://das.hgec.jp/cgi-bin/")

# BEOIFERBEHRI001EES 52000 OFEE £ 5E. DNABLY)Z BB
segment = Bio::DAS::SEGMENT.region("I", 1001, 2000)
list = serv.get_dna("sce", segment)
list.each do |dna]|

puts dna.sequence
end

# LRRLECHECTREFT7 /T~ 2 2RE
list = serv.get features("sce", segment)
list.segments.each do |segment|
segment . features.each do |feature|
puts feature.entry id
puts feature.start
end
end

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo m

LEF T 7 MNERN

CZABRRFETBEDOTIEEL, ECEFRIELIS
@ BioPerl, Biopython, BioJava, BioRuby® T ...

QS T7 V27 METF—R2DNED (EFEER)
QI LRT—RDBRIEHZE (AVYN) Z2ESE
e LBMF Tz hZIZEBHT. HEKXK. #AEHA
LEDT—% (1B HXAN>TW3B
QLA P TFEEZAETIAVY Y NELE

OF TV I NCHIBOBHMEIFE IR LAEEDHIZ Z R
@RIt (E/ %2 E53RZR 3. BET B D)
QEH DI IR IZTHBDIFTMEZIFOIH L 2L X —~N—
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7 2 XA%1F>T# % - RubyAFd

Cuht0TH3Cpd7 2 22EF
@ LA LBENXLFAAZREITHL

class Cpd

attr accessor :name, :definition, :formula

end

a = Cpd.new

a.name = "ATP"

a.definition = "Adenosine 5'-triphosphate"
a.formula = "C10H16N5013P3"

puts a.name # => "ATP"

puts a.definition # => "Adenosine 5'-tri.."
puts a.formula # => "ClO0H16N5013P3"

o
© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo m

7 2 XA%1F>T# % - RubyAFd

OALE ...
class Cpd

def initialize
@formula = nil
end

def formula=(val)
@formula = val
end

def formula
return Q@formula

end

end

cpd = Cpd.new

cpd.formula = "C10H16N5013P3"
puts cpd.formula

# => "C10H16N5013P3"

o
© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo m
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2R EZ1ES2TEHB-AVYNESE

QXN O4EMEZBET B2 A Y v N EB 0
class Cpd

attr accessor :name, :definition, :formula

# Mk ZEEZ TH<HashBIDEH % #fE
def initialize

@comp = Hash.new
end

# #ARRZEMETSHAY Y B "Cl0H16N5013P3"
def composition
@formula.scan(/([A-Z]+)(\d+)/) do |a, Db
@comp[a] = b.to_ i

end "W 07 U
return @comp { "C" :> 10, 2 :> o
end N" => 5, o" => 13,

nPn => 3 }

end

o
© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo m

ZI2RZ1ES2TH B - €5 LIKREE A0

QLUEMN S ERDDFEEZHETIAY v NEiB0
class Cpd
# FREDEDHICHFEDROAR
MW = { 'C'=>12.011, 'H'=>1.00794, 'N'=>14.00674,
'0' => 15.9994, 'P' => 30.973762 }

def initialize
@comp = Hash.new
end
attr_accessor :name, :definition, :formula

def composition
@formula.scan(/([A-Z]+)(\d+)/) do |a, b

@comp[a] = b.to_i
end
return @comp

end

def mol weight
total = 0.0
composition.each do |elem, i
total += MW[elem] * i
end
return total
end

end BioRuby 01|
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J2RZ1E-TH S - RIT

QUL T D8N % 2 Tepdtestl.tbl2®&E L. RIT

# (#E)

cpd = Cpd.new

cpd.name = "ATP"

cpd.definition = "Adenosine 5'-triphosphate"
cpd.formula = "C10H16N5013P3"

puts cpd.name

puts cpd.definition
puts cpd.formula
puts cpd.mol weight

% ruby cpdtestl.rb

ATP

Adenosine 5'-triphosphate
C10H16N5013P3

507.184226

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo M

JIREZ1ESTHB-21473 Y1t

OCpd7 2 2D EEBHN7Z T Zcpdrbl23FY & L EFIA

require 'cpd'

cpd = Cpd.new

cpd.name = "ATP"

cpd.definition = "Adenosine 5'-triphosphate"
cpd.formula = "C10H16N5013P3"

puts cpd.name

puts cpd.definition
puts cpd.formula
puts cpd.mol weight

% ruby cpdtest2.rb

ATP

Adenosine 5'-triphosphate
C10H16N5013P3

507.184226

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo M
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