BioRuby + KEGG APl + KEGG DAS =

wiring knowledge for genome and pathway

Toshiaki Katayama <k@bioruby.org>
Human Genome Center, University of Tokyo, Japan

http://bioruby.org/
http://www.genome.jp/kegg/soap/
http://das.hgc.jp/

What is BioRuby?

® Yet another BioPerl written in Ruby
® since Nov 2000

® Mainly developed in Japan

® including supports for Japanese resources like KEGG

o
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What is Ruby?

® Created by Japanese author 'matz'

® Scripting language

® clean syntax, easy to learn, powerful enough

® Purely object oriented

® Integer, String, Regexp, Exception etc. w/o exception
® Sufficient libraries

® You can use most of the BioRuby functionallity
without install additional libraries.
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What you can do with BioRuby?

®Biological sequence manipulation

® Database entry retrieval and parsing

® Running and parsing usual applications

® Graph computation
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® Splicing

® Reverse complement
® Translation

® Composition

® Molecular weight
® Window search

Sequence manipulations

# print in FASTA format

puts seg.to fasta("foo", 60)

# for selenoproteins
ct =Bio::CodonTable.copy(1l)
ct['tga"] = "U'

puts seg.translate

#! /usr/bin/env ruby

require 'bio'

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

seq.
seq-.
seq.
seq.
seq.
seq.

subseq(1,3)
splicing("join(1..23,45..67)™)
complement

translate

gc_percent

composition

seqg.window search(1l5, 3) do |subsegq]|
peptide = subseq.translate
puts peptide.molecular weight

end

puts seqg.translate(l, ct)
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Entry parsers

@®PDB
® KEGG/GenomeNet

® GenBank, GenPept, RefSeq, DDBJ
® EMBL, UniProt (TrEMBL, SwissProt)

® GENES, GENOME, ENZYME, COMPOUND, KO,

BRITE, CELL, Expression, Keggtab, AAindex

® GFF

® GO

® FANTOM

® Transfac, Prosite
@ ITDB, MEDLINE
® NBRF, PIR

@ FASTA format
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#!/usr/bin/env ruby
# Usage:
# % auto.rb dbfile
require '"bio'
Bio::FlatFile.auto(ARGF) do |£f]

ff.each do |entry]|

# do something

end

end




Database access

® OBDA (Open Bio* Database Access)
® BioRegistry
® BioFlat
® BioFetch
® BioSQL
® PubMed
®DAS
® Ensembl, WormBase etc.
® KEGG DAS
@ SOAP
® KEGG API
® DDBJ XML
@ NCBI ESOAP
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OBDA configuration

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

VERSION=1.00

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

dbname=genbank

[swissprot]

protocol=biosgl sp = reg.get database('swissprot")
puts sp.get_ by id('CYC_BOVIN")

location=db.bioruby.org
dbname=biosqgl
driver=mysqgl

reg = Bio::Registry.new

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

biodbname=sp

[embl ]
protocol=biofetch

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

®Bio::Blast, Fasta, HMMER, EMBOSS
®Bio::ClustalW, MAFFT
®Bio::Genscan

®Bio::PSORT, TargetP

®Bio::SOSUI, TMHMM

#!/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 © 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo Bi

What is KEGG? Kyoto Encyclopedia of Genes and Genomes

® http://www.genome.jp/kegg/
. PAT H WAY : %\ oL //www.gmm‘m:f:;;vom Encyclopedia of Genes and Genomes =

e LIGAND

® GEN ES, GENOME K gyé?lt:sEan:grg:E::Ii:soi
® KO

® SSDB cc

. EXp reSS | O n KEGG: Kyoto Encyclopedia of Genes and Genomes

A in the p eraisa of the cell
Y and th ism, which will enabl ional prediction of hi complexity of
y can 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.

Building blocks of life. Wiring diagrams of life

Genetic materials Chemical materials Genetic networks  Chemical networks
KEGG Gene Universe  KEGG Chemical Universe KEGG Protein Network
Genes and gene products Chemical compounds Metabolic pathways

in complets Complex Regulatory pathways

Active peptides Molecular complexes.
Genomic contexts Chemical reactions Network-network relations

Ortholg/paralog relations  RC (Reaction Ck relations

KO (KEGG Orthology) Diseases

Genetic and chemical blueprints of life
KEGG Table of Contents
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KEGG PATHWAY

o000 KEGG PATHWAY Database

[3http:/ /www.genome.ad.jp kegg/pathway.html

2(Q- Googl

KEGG PATHWAY Database OO0

(]

Current knowledge on molecular interaction networks,

Ehup:/ 1 d. bi

Glycolysis / Gluconeogenesis - Escherichia coli K-12 MG1655

get_pathwayZorg_

including metabolic pathways, regulatory pathways,

and molecular complexes Go t0;| LinkDB seach | Qnholog

Glvcolysis / Gluconcogenesis - Escherichia coll K-12 MG1655
Table |

Goo:

Escherichia coli K-12 MG1655

| kEGG2 PATHWAY GENES LIGAND EXPRESSION BRITE XML API D
[re—
3. Environmental Information Processing tereonHon
4. Cellular Processes Ty p—
See also: KO (KEGG Orthology)
=
\1 o&&:x;ﬁm
Metabolism V
D-Glucom-4p A (aemtic dsanorton
1.1 Carbohydrate Metabolism
Glycolysis / Gluconeogenesis Ortholog, Oxidoreductases
Citrate cyce (TCA cycee) ortholog
Pentose and gucuronate terconversins ortholog 1] iy
Fructose and mannose metabolism orthlag, TS B er it
Galactose metabolism orthoiog o
Ascorbate and aldarate metabolism Ortholog (exmseiniay O (ZTLE}mO—
Pyruvate metabolism Ortholog
Glyoxylate and dicarboxylate metabolism Ortholog
Propanoate metabolism Ortholag
Butanoate metabolism ortholog
C5-Branched dibasic acid metabolism
Inositol metabolism Ortholag
1.2 Energy Metabolism
Oxidative phosphorylation Ortholag
ATP synthesis ortholog
Photosynthesis Ortholag @':D
Carbon fixation membolim
Reductive carboxylate cycle (CO2 fixation)
Methane metabolism Ortholog
Nitrogen metabolism ortholog
Sulfur metabolism Ortholag
1.3 Lipid Metabolism
Fatty acid biosynthesis (path 1) Ortholag
Fatty acid biosynthesis (path 2) orthoiog

KEGG GENES

& 8 8 DBGET Result: E.coli b0002

Eh(tp /{www.genome.ad.jp/dbget-bin/www_bget7eco:b0002

=(Q- Google

DB | SSDB | FASTA-genes | FASTA-sp | BLA.

nr | SOSUILI PSORT | MOTIF |

ENTRY b0002 cps E.coli
HEME thrh, thril, thraz
DEFINITION aspartokinase I / homoserine dehydrogenase I [EC:2.7.2.4 1.1.1.3]
ORTHOLOG ~ KO: KO0003 homoserine dehydrogenase
KO: K00928 aspartate kinase
CLASS Metabolism; Amino Acid Metabolism; Glycine, serine and threonine
metabolism [PATH:eco00260]
Metabolism; Amino Acid Metabolism; Lysine biosynthesis
[PATH: gco00300]
POSITION  337..2799
DELINKS Wisconsin: b00OZ
Colibri: thra
NCBI: 6183
SPTR: PO0561
CODON_USAGE T c A [
T 11 19 10 13 11 10 6 9 12 ] o L] 3 9 1 4
c 8 13 2 43 3 6 2 18 8 6 11 19 18 19 3 4
A 30 15 1 23 5 19 2 8 22 16 2z 12 3 12 0 2
G 19 18 5 27 15 36 4 26 30 14 40 13 22 22 9 10
ARSE 820
MRVLEFGGTSVANAERF LRVAD[LESHARQGQVATVLSAPAK ITHHLVAKIERTISGODA
LPHISDAERIFAELLTGLAAAQPGFPLAQLKTFVDOEFADTKHVLHG I SLLGQCFDSINA
ALICRGEKMSIATMAGVLEARGHNVTVIDPVEKLLAVGHY LESTVDIAESTRRIAASRIP
ADHMVLMAGFTAGNEKGELVVLGRNGSDYSAAVLAACLRADCCEIRTDVDGVYTCOFRQU
PDARLLKSMS¥QEAMELS¥FGAKVLHPRTT TP TAQFQTPCLIKNTGNPQAPGTLIGASRD
EDELPVKGISNLNIM MKGMVGHAARV] ISUVLITOSSSEYSISE
CVPQSDCVRAERAMOEEFYLELKEGLLEPLAVTERLATISVVGDGHRTLRGI SAKFFAAL
ARANINIVAL I NNDDATTGVRVIHQMLENTDQVIEVE L
LEQLKRQQSWLENKHI DLRVCGVANSKALLTNVEGLILENWQEELAQAKEPFNLGRLIRL
VKEYHLLNPVIVDC LREGFHVVTPNKKANTSSMDYYHQLRYARERSR
RKFLYDTNVGAGLFVIENLQNLLNAGDELMKF SGI LSGSLSY IFGKLOEGMSFSEATTLA
REMGYTEPDPRDDLSGMOVARKLL T LARETGRELELADTETEPVLPAEFNAEGDVAAFMA
NLSQLDDLFAARVAKARDEGKVLRYVGNIDEDGVCRVK I AEVDGNDPLFKVKNGENALAF
¥SHYYQPLFLVLRGYGAGNDVTAAGVFADLLRTLSWKLGY
NISEQ 2463
atgcgagtgttgaagttcggeggtacatcagtggoaaatgcagaacgtittctgogtgtt
gecgatattet t cctetetgeceee
gCCaaaatcaccaaccacctggrggogatgatt tag get

ttacccaatatcagegatgecgaacgtatttttgeegaacttttgacgggactegeegee

teecgotggegeaatty; tttogtegatcaggaatttgeccaa
ataaaacatgtcctgcatggoattagtttgttggggcagtgcccggatageatcaacgct
gegetgatttgecgt gtegategecattat attagaageg
cgcggtoacaacgttactgttatogatecggrogaaaaactgetggcagtggggeattac

NN

[

LinkDB S
Ehltp [ [www.genome.ad.jp/dbget-bin/get_|

LinkDB Search Result
Database: LinkDB

Database of Link Information

Release 04-04-16, Apr 04

Institute for Chemical Research, Kyoto University
110,095,443 entries

From:
To

E.coli:b0002
All

291 hits from 12+ databases

OTHERS

14. pAll databases (291

Link table for E.coli




KEGG SSDB and OC

OO0 KEGG/SSDE Ortholog Viewer
| B3 [Ehup: d.jp/ kegg-bin/OC/nc/search.n?6022.1 Q2 Google

KEGG/SSDB Ortholog Viewer

List

Eukaryotes
9576
Bacteria a Archaea
25226 3099

Number of OCs across 3 kingdoms

oce21

KEGG standardization

® KGML
® |ISMB2004 poster C-45

® KEGG API
® ISMB2004 poster G-17

® KEGG DAS
® [SMB2004 poster E-29
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KGML (KEGG Markup Language)

[Anttp:/ /www.genome.adt.jo/ kegg/xmi/ 2(Q- Google

=(Q- Goof

KGML (KEGG Markup Language)

ata">

/e genome .ad. jp/kegg /xnl/KGML_v0 .4
¥ 01 2004 01:22:17 40900 (JST) —->
path:map00010" org="map" number="00010"

Glycolysis / Gluconeogenesis'
ip/kegy/pathway/map/map00010,gif”

The KEGG Markup Language (KGML) is an exchange format of the KEGG graph objects “P2thvay vy

maps that are manually drawn and updated. KGML enables automatic drawing of KEGC R "
facilities for computational analysis and modeling of protein networks and chemical net ""5“ ttp://wiw. genone. ad. .
11 tp: //wnau. genome. ad. jp/ dbget-bin/show_pathuay?nap00010">

I hamerveotia 3" type="enzyme” roastion="xniR00710"

2.1.3">

metabolic pathways contain two types of graph objects, how boxes {enzymes) are linke

"#000000" bgcolor="#FFFFTF!

(compounds) are linked by a reaction in the KEGG pathway diagrams. In contrast, the
pathways contain only the aspect of how boxes (proteins) are linked by a relation. Note . . "
(KEGG Orthology) Identifirs i the current KEGG system, but for historical reasons bo> <graphics name="1.2.1.3 ,,fgceh 0000" bgcolox-'gErrrre!
are marked with EC numbers in the actual pathway diagrams. </entry> type="rectangle” x="170' 1018" width="45" height="17"/>
<entry id="2" name-"ec:6.2.1.1" type-"enzyme reaction="rniR00235"
link="http://www, d.jp/ i $2.1.1">

it
#000000" bgcolox="#FFFFFE"
"916" width="46" height="17"/>

<graphics name="6.2.1.1" fgcolo

ype="rectangle” x="102"

Documents
</entry=
yme" reaction="En:R00711"

3% name="ec:1.2.1.5" type=

© KEGG Markup Language manual entry i

© KGML v0.4 DTD [ dtd | html | Hoernttp: /fiwna genome..ad. jp/dbget-bin/wm_bgetzenzyme+l.2.1.5">

© KGML v0.4 Readme [ txt | html ] <graphics name .1.5" fgcolor="#000000" bgcolor="#FFFFFF"

type-"rectangle’ x="170" y="1039" width-"45" height="17"/>
Data </entry>
<entry id="4" name-"cpd:C00033" type="compound"
» KEGG reference metabolic pathways (Last update: Apr 23, 2004) Tinke http: / fums- genomo. ad. p/dbgotobn/wm _bget2compoundsC00033">
<graphics name="C00033" fgcolor="#000000" bgcolor="#FF
© KEGG reference regulatory pathways (Last update: Apr 21, 2004) Evpen-eireler xr 102 yors 1 Widtho"Ee mesgnEo D s
</entry>

<entry id="5" name="path:map00650" type="map"
Link="http:/ fwmy.genome.ad. jp/kegg /pathuay/map/napl0ES0 . html">
“"Butanoate metabolism” 000000" bgcolor="#FFFFFE"

© KEGG metabolic pathways linked to KO (Last update: Apr 23, 2004)

* KEGG regulatory pathways linked to KO (Last update: Mar 25, 2004) <graphics name:
type="roundrectangle” x="645" y="926" width="128" height="25"/:
® KEGG organism-specific metabolic pathways </entry>
setect organisr: [FAazoicas T (oc <entry id="6" name-"path:map00660" type="map"
link="http://wnw.genome.ad. 3p/kegg/pathway/map /map00€60 . html"
® KEGG organism-specific regulatory pathways <graphics name="C5-Branched dibasic acid metabolism’ fgcolor="#000000" bgcolor="#FFFFFE"
Select organism: | A-fulgidus. ) (Bxec type="roundrectangle" x="683" y="898" width="205" height="25"
</entry>
<entry id="7" name-"path:map00640" type="map"
Examples link="http://wnw.genome.ad. p/kegg/pathway/map/map00640 . html"
<graphics name-"Propanoate metabolimm’ fgcolor='#000000" bocolo
© Pathway viewer using KGML [ map00770 | eco00770 | hsa00770 ] B i S S P e A et
. . </entry>
<entry id="8" name-"path:map00710" type="map"
link="http://wnw.genome.ad. 3p/kegg/pathway/map/map00710 . html"
#EFFEFE"

Sraphics name=’Carbon Lixation® fgculuz—"'nnnonn" bgcolo;
ype="roundrectangle” x="643" y="720" width="90" height="25"/>

BioRuby 01|

</entry>

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

KEGG API
®http://www.genome.jp/kegg/soap/
®SOAP/WSDL based web service

O XML, HTTP
®Can be accessed by any language

®Proteome and pathway analysis
OKEGG GENES, SSDB, PATHWAY

®DBGET, LinkDB

® Updated to v3.0 (May 2004)

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




 Example: obtain homologs and motifs by SSDB

#! /usr/bin/env ruby

require 'bio"' F

serv = Bio::KEGG: :API.new

homologs = serv.get_all best neighbors by gene("hsa:7368")

homologs.each do |hit]
gene = hit.genes_ id2
if motifs = serv.get motifs by gene(gene, "pfam")
motifs.each do |motif|
name = motif.motif id
desc = motif.definition
puts "#{gene}: #{name} #{desc}"
end
end
end

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

 Example: KO, OC, PC

#!/usr/bin/env ruby

require 'bio’

serv = Bio::KEGG: :API.new

ko list = serv.get ko by gene("eco:b0002")

# list of genes assigned same KO (KEGG orthology)
ko_genes = serv.get_ ko members(ko list.first)

# list of genes assigned to same OC (ortholog cluster)
oc_genes = serv.get_all oc_members_ by gene("hsa:7368")

# list of genes assigned to same PC (paralog cluster)
pc_genes = serv.get all pc members by gene("hsa:7368")

puts "# KO", ko _genes, "# 0OC", oc_genes, "# PC", pc_genes

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




Example: getting database info/entries

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

# lists available organisms in KEGG
orgs = serv.list organisms
orgs.each do |entry|
puts "#{entry.entry id} #{entry.definition}"
end

# lists available pathways in KEGG
list = serv.list pathways("hsa")
list.each do |entry|
puts "#{entry.entry id} #{entry.definition}"
end

# getting EMBL entry
puts serv.bget ("embl:BUM")

# getting entries from KEGG GENES
puts serv.bget ("hsa:7368 hsa:7369")

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

Example: using PATHWAY

#!/usr/bin/env ruby

require 'bio'
serv = Bio::KEGG: :API.new

# lists gene ids on pathway
genes = serv.get_ genes by pathway("path:hsa00020")
puts "# genes on human's pathway 00020"
genes.each do |gene|
puts gene

end

# converts EC numbers to genes
list = ["ec:1.1.1.1", "eec: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
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_ Example: coloring PATHWAY

#!/usr/bin/env ruby

require 'bio'

serv = Bio::KEGG::API.new

# mark pathway
objs = ['eco:b0002', 'cpd:C00263']
urll = serv.mark_pathway by objects('path:eco00260', objs)

# color pathway

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

bg_list = ['#£f£0000', 'yellow']

url2 = serv.color pathway by objects('path:eco00260',
objs, fg list, bg list)

# save the result images
serv.save_image(urll, "marked pathway.gif")

serv.save_image(url2, "colored pathway.gif")

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

Example: gene expression and pathway analysis

serv = Bio::KEGG: :API.new

list = serv.get genes_ by pathway("path:bsu00020")
fg_colors = Array.new
— CecoBeesnAnyimgeioleVier 9 bg colors = Array.new

KEGG/Expression Array image Whols View
Entry : €x0000258 Orgarism : B.subils ntensty Threshold 1000 Ratio Treshod 1.1

Red: ¥ Green: & vellow: ¥

list.each do |gene]|
fg colors << "black"”

e bg colors << ratio2rgb(gene)

end

url = serv.color pathway by objects(
"pathibsu00020", list, fg colors, bg colors)

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo
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~ Example: mapping PDB on pathway

#1/usr/bin/env ruby

require 'bio’

serv = Bio::KEGG::API.new

# list of genes on specified pathway
path = ARGV.shift || "path:eco00010"
genes = serv.get_genes_by pathway(path)

o

4
sy O— (LT L0

# search DB links to PDB using LinkDB
rmnion O LT #O—f5

results = Hash.new
genes.each do |gene| e
if pdb_links = serv.get_all linkdb by entry(gene, "pdb")
pdb_links.each do |link]|
results[gene] = true
end
end
end

()

# generates colored image 7 e

url = serv.mark pathway by objects(path, results k [ N
mﬂnhalum w ,,, NI

# save the image - Ace!yl—caA Tzt — pm—E

serv.save_image(url, "linked_ to_pdb.gif")
mmm

Gl

© 2004 Toshiaki Katayama, Human Genome Cente

~ KEGG DAS

® http:/das.hgc.jp/
® Currently including 188 organisms
® Data from KEGG GENOME and GENES
® Build on to of the GMOD/GBrowse

© 2004 Toshiaki Katayama, Human Genome Center, University of Tokyo BioRe
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KEGG/DAS server

| EERS AA @ €3 http://das.hgc.jp/ ~(Q- Google
GMOD and BioDAS server for KEGG GENOME, GENES and SSDB databases (test release).
» DAS dsn

[GBrows KEGG aae : Aguifex aeolicus VF5
KEGG afu Archaeoglobus fulgidus VC=-16
KEGG ana Anabaena sp. PCC 7120
KEGG ape Aeropyrum pernix KL |
KEGC atc Agrobacterium tumefaciens C58
KEGG ath Arabidopsis thaliana
KEGC atu Agrobacterium tumefaciens C58
KEGG Buchnera aphidicola Bp
KEGC Bacillus anthracis Ames
KEGG bas Buchnera aphidicola Sg
KEGG bba Bdellovibrio bacteriovorus ED100
KEGG bbr : Bordetella bronchiseptica RBS0
KEGG bbu : Borrelia burgdorferi B3l
KECC beca : Bacillus cereus ATCC 10987
KEGG bce Bacillus cereus ATCC 14579
KEGG bfl Blochmannia floridanus
KEGG Bacillus haledurans C-125
KEGG Bradyrhizobium japonicum USDA1l0
KEGG Bifidobacterium longum NCC2705
KEGG Brucella melitensis 16M
KEGG Brucella suis 1330
KEGG Bordetella parapertussis 12822
KEGC Bordektella pertussis Tohama I
KEGG Bacillus subtilis 168
KEGC BDacteroides thetaiotaomicron VPI-5482
KEGG Buchnera aphidicola APS
KEGG Clostridium acetobutylicum ATCC 824
KEGG Coxiella burnetii RSA 493
KEGG Chlamydophila caviae GPIC
KEGC Cauleobacter crescentus CB1S
KEGG Corynebacterium diphtheriae gravis NCTC13129
KEGG Corynebacterium efficiens ¥S-314
KEGG Caenorhabditis elegans
KEGG Corynebacterium glutamicum ATCC 13032
KEGG Campylobacter jejuni NCTC11168
KEGG cmu : Chlamydia muridarum
ey hy i1 anan

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

[ z36445. 2360600 Search

Overview of ana

Scroll/Zoom:

/< Show 20 kop

212

1 Ed an 4 Ed El
MR ' 1 [T ' [ | I " " wooaa [TI o [T ' T
PRNA
Zaek | 2367k 23Ok 2380k 23tk 23k 23k 23k 23k 2aimk 23k 237K oo 2wk 2ok 2k 2sek 2k 23adk
cos U
alri078 alri979 alliost alriss2  allioes all1984 rrni6sa £RNA-T1e-1 alligss rrrSSa  all1988
_ = _——-t s e Ao, ———
all1980 11088 tRA-A1-2 all1087 all1989
rrr2asa
Hotif
HBC_nenbrane. Glycos_transf_2 Glucokinase Competence 150 Transposase_20 TRHT recl
= (== [ Y 1 —
ABC_tran DUFg42 ROK RNA_SUnt:_2e Transposase_& o
ATP_GTP_# M i

£BC_TRANSPORTER

3

DNA/GE content
c

ph_TRN_LIGASE_11_2

st A A S S

Pathuay

ANB2E544
—
ANB2E514

Data Source

ANB21228

2na00010
e

ana005z

ana03010

200760 anansolo ana03010
==

200970
==L

anatt5on
e
anatt5z

e

2.7.4.2
ELE

ANB29355

AHBLOSS7

KEGG ana : Anabaena sp. PGG 7120

ANE26031 (ANEOSS020) ANB29343

#nEZ9327 NB10374

Dumps, Searches and other Operations:
‘Annotate Restriction Sit v About. | Configure

| 6|
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http:/ /das.hgc.jp/cgi-bin/das/aae/features?segment=aae:10000,12000

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

<zxml vers.

ion="1,0" standalone="yes'?>

<IDOCTYPE DASGFF SYSTEM "http://wi.biodas.org/dtd/dasget.dra’>

htep: //das.hgc. Ip/cgi-bin/ >
10000" stop="12000" version="1.0">
BC:1.1.1.22/50" labe 227>

<TYPE id="enzyme:KEGG" category='enzyme’>enzyme:KEGGS/TYPE>

<METHOD id="enzyme’>enzymes/METHOD
<START>11296</START>
<END>12609</END>

<SCORE>-</SCORE>
<ORIENTATION>-</ORIENTATLON>

http:/ /das.hgc.jp/cgi-bin/das/aae/ dna?segme nt=aae: 10|

[ ] @ hutp:/das.hgcp/coi-binj das aae dnarsegment=aze: 10000,12000

<PHASE>Q</PHASE>

SLINK href="nttp://wn.genone.
<GROUF
TuRE:

ad. jp/dbget-bin/wn_bget7EC:1.1.1.22">1.1.1. 22</LTNK>
1d="EC:1.1.1.22" type="EC" />

2.6.1.11">
enzyme - enzyme: KEGG</TYPE>
D>

<START-10169</START>

se>
http://wnai.genome.ad. Jp/dbget-bin/w bgRt?EC:2.6.1.117>2.6. 1. 11</LINK>
="EC” />

<GROUP 1d="EC:2.6.1.11" type:

</FEATURE>
<FERTURE id="path:22e00040/51" label="2ae00040
< athway:KEGG" category="pathway">pat hway:KEGG<,/TYPE>
<METHOD id="pathway">pathway</METHOD>
<START>11296</START>
<END>12609</END>

<ORIENTATION>-</ORIENTATION>
<PHASE>0</PHASE

<LINK href="http://:

<GROUP 1d="path:2ae00040" type='path’ />
</FEATURE>

Path:aae00220/47" label="2ae00220">
hvay s category="pathway">pat huay : KEGG</TYPE>
athvay">pathyay</METHOD>

<START>10169</START>

<LINK href="http://:

<GROUP 1d="path:2ae00220" type='path’ />
</FEATURE>

‘Path:aae00500/52" Label="2ae00500
‘pathway: KEGG' ry="pathway">pat huay:KEGGS/ TYPE>
D id="pathway" >pathuays</METHOD>

<START>11296</START>

<ORIENTATION>-</ORIENTATLON>
<PHASE>0</PHASE>

SLINK hrefs"http:/ /s a
<GROUP 1d="path:2ae00500" type='path’ />

</FEaTURE

<FEATURE L
<1vPE 1

‘Path:aae00520/53" label="2ae00520">

‘pathway”>pathvay:KEGG</TYPE>

hway: KEGG

<METHOD 1id="pathvay" >pathway=/METHOD>
<sTART>1

© 2004 Toshiaki Katayama, Human Genome

<zxml version="1.0" standalone="yes'7>
<IDOCTYPE DASDNA SYSTEM "http: //wini.wormbase.org/dtd/dasdna.dtd">
>

ase” start="10000" Stop="12000" version="1.0">
20017

AGCGTACTTTATTATTTCCGC
</bun>

</sEQUENCE>
</Dasouia>

Example: sequence and annotations by DAS

#!/usr/bin/env ruby

require 'bio'

segment = Bio::DAS::SEGMENT.region("I", 1001, 2000)

# get DNA sequence from S. cerevisiae
list = serv.get_dna("sce", segment)
list.each do |dna]

puts dna.sequence
end

# get features
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

DAS.new("http://das.hge.jp/cgi-bin/")

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