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+ DIIR—TFNAFELTLS
+ =5ARH

+ J4—L%EFE-T CGI [2&% DB EELEHNTEE
+ HrJITCIH—ERZRELTLS

+ REST --- ¥—E X% URI GRE

+ REpresentational State Transfer
+ SOAP --- RPC, #TSx7kM %Y LY
+ XML RPC
+ Ei# XML ##%>5 Remote Procedure Call

+ SOAP
+ Service Oriented Architecture Protocol

+ SOAP + WSDL
+ Web Service Description Language

+ SOAP + WSDL + UDDI
+ Universal Description, Discovery, and Integration
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+ REpresentational State Transfer
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+ SOAP
+ Service Oriented Architecture Protocol

+ \
+ Web Service Description Lang".uage
+ SOAP + WSDL + UDDI |
+ Universal Description, Discovery, and Integration
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+ DBGET, dbfetch (SRS), BioFetch ---

+ Entrez E-Utilities (NCBI) ---

+ BioDAS (WormBase, Ensembl7i&) ---

+ XML Central of DDBJ] (;E{&H
+ KEGG API (57 /L3 Yk) ---
+ EBI Web Services --- /WSDL

+ ESOAP (SOAPHR E-Utils) =--

) . _

/WSDL




REST®D 4

+ BioFetch

+ EMBL o2 R EF
http://www.ebi.ac.uk/cgi-bin/dbfetch? =EMBL& (=]00231,BUM

+ 1% FASTA 74—<YkT
http://www.ebi.ac.uk/cgi-bin/dbfetch? =EMBL& =]00231,BUM

+ BioDAS

+ WormBase h\o @ HmEED BRSNS
http://www.wormbase.org/db/das/elegans/ ?segment=1:1,20000

+ WormBase DNoEICHEEIDT /T—a &0
http://www.wormbase.org/db/das/elegans/; ?segment=1:1,20000




WormBase® DAST—4

<?xml version="1.0" standalone="yes"?>
<IDOCTYPE DASGFF SYSTEM "http://www.biodas.org/dtd/dasgff.dtd">
<DASGFF>
<GFF version="1.01" href="http://www.wormbase.org/db/das/elegans/features?segment=1%3A1%2C20000">
<SEGMENT id="I" start="1" stop="20000" version="1.0">
<FEATURE id="Sequence:yk58296.5/241592" label="yk58296.5">
<TYPE id="EST_match:BLAT_EST_OTHER" category="miscellaneous">EST_match:BLAT_EST_OTHER</TYPE>
<METHOD id="EST_match">EST_match</METHOD>
<START>1</START>
<END>22</END>
<SCORE>14.2</SCORE>
<ORIENTATION>+</ORIENTATION>
<PHASE>0</PHASE>
<LINK href="http://www.wormbase.org/db/get?name=yk58296.5;class=Sequence">yk58296.5</LINK>
<TARGET id="yk58296.5" start="284" stop="305" />
<GROUP id="Sequence:yk682g6.5" type="Sequence" />
</FEATURE>
<FEATURE id="Sequence:yk585b5.5/722458" label="yk585b5.5">
<TYPE id="EST_match:BLAT_EST_OTHER" category="miscellaneous">EST_match:BLAT_EST_OTHER</TYPE>
<METHOD id="EST_match">EST_match</METHOD>
<START>1</START>
<END>50</END>
<SCORE>12.8</SCORE>
<ORIENTATION>-</ORIENTATION>
<PHASE>0</PHASE>
<LINK href="http://www.wormbase.org/db/get?name=yk585b5.5;class=Sequence">yk585b5.5</LINK>
<TARGET id="yk585b5.5" start="119" stop="168" />
<GROUP id="Sequence:ykb85b5.5" type="Sequence" />
</FEATURE>
<FEATURE id="161762" label="inverted repeat:inverted">
"miscellaneous'>inverted repeat:inverted</TYPE>




DAS &I

+ Distributed Annotation System

+5 /LT /T—232IT2DLVT., REST ZtURI &
XML (DTD) Z#ROE=HD

+ 5/ LT —3R—R[BTCOEBEF
+ Ensembl
+ UCSC
+WormBase Ej
+ FlyBase
+ KEGG DAS etc.




KEGG DAS - GBrowse

KEGG eco : Escherichia coli K-12 MG1655

StEE: BY &Rl BIEFR. O—HA. FRBFOMBDSYRIYI—V%F->TRRLEFT, 71ILRA—RKRXE
ELT*EFESTENTEZXT, W—F—LETI7V Y I UINBRRARICEDET, RA70-ILEX—LRY
VEESTIEKELNBEZTELXT,

f5l: eco.
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KEGG DAST®DT—%E 4

+EIZEDEE

http://das.hgc.jp/cgi-bin/ /eco?name=eco0:205563..255562

+EBILRZAD DAS T—4

http://das.hgc.jp/cgi-bin/  /eco/features?segment=eco:205563,255562

<?xml version="1.0" standalone="yes"?>
<IDOCTYPE DASGFF SYSTEM "http://www.biodas.org/dtd/dasgff.dtd">
<DASGFF>
<GFF version="1.01" href="http://das.hgc.jp/cgi-bin/das/eco/features?segment=ec0%3A205563%2C255562">
<SEGMENT id="eco" start="205563" stop="255562" version="1.0">
<FEATURE id="EC:1.1.1.-/649" label="1.1.1.-">
<TYPE id="enzyme:KEGG" category="enzyme">enzyme:KEGG</T YPE>
<METHOD id="enzyme">enzyme</MET HOD>
<START>229167</START>
<END>229970</END>
<SCORE>-</SCORE>
<ORIENTATION>+</ORIENTATION>
<PHASE>0</PHASE>
<LINK href="http://www.genome.jp/dbget-bin/www_bget?EC:1.1.1.-">1.1.1.-</LINK>
<GROUP id="EC:1.1.1.-" type="EC" />
</FEATURE>
<FEATURE id="EC:1.3.99.-/700" |label="1.3.99.-">
<TYPE id="enzyme:KEGG" category="enzyme">enzyme:KEGG</TYPE>
<METHOD id="enzyme">enzyme</METHOD>

A




BioRubylS&k4SDAST7 V1R

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

# KIGHE (eco) D /LB 200563255562 [SDLVT
segment = Bio::DAS::SEGMENT.region("eco", 205563, 255562)

# 47/, DNA ERFHIDENF
results = serv.get dna("eco", segment)
results.each do |dna|
puts dna.sequence
end

# T/T—avDOWRiF

results = serv.get features("eco", segment)

results.segments.each do |segment |

segment.features.each do |feature|
puts feature.entry id
puts feature.start
end
end
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SOAP®D

+ KEGG API

http://www.genome.jp/kegg/soap/
+DBGET, GENES, /SR A fR#T

+ XML Central of DDBJ

http://xml.ddbj.nig.ac.jp/
+DDBJ, HET4%%, GIB, GTOP, PML etc.

+ EBI Web Services

http://www.ebi.ac.uk/Tools/webservices/

+ DBFetch, WU-BLAST, FASTA InterProScan
+ NCBI ESOAP

http://eutils.ncbi.nlm. nih.gov/entrez/qi;;ery/static/esoap_help.htmI
+Entrez ®A(>2—2x (R (EFetch, ESearch7i&)




SOAP&IE

+ XMLOSOAPAYt—2% B —/\EA0YERY

+H—/N\[ZYHITRE
+ get_genes_by_ pathway("path:eco00010")

+fRBREHFS

+EEFDYAE |
+"eco:b0114", “"eco:b0115", "eco:b011l6", ...




WSDLE&EE

+XMLTEdR STz, U—/\TIRHEINT
WASAYYRET 2B D—F

<!-- color_pathway by objects-->
<message name="color_pathway by objectsRequest">
<part name="pathway id" type="xsd:string"/>
<part name="object_id_list" type="typens:ArrayOfstring"/>
<part name="fg_color_list" type="typens:ArrayOfstring"/>
<part name="bg_color_list" type="typens:ArrayOfstring"/>
</message>

<message name="color_pathway_ by objectsResponse">
<part name="return"  type="xsd:string"/>
</message>

<!-- Objects on the pathway ->

<l-- get _genes by pathway -->

<message name="get _genes by pathwayRequest">
<part name="pathway_id" type="xsd:string"/>

</message>

<message name="get_genes by pathwayResponse">
<part name="return"  type="typens:AmayOfstring"/>
</message>

<l-- get_enzymes by pathway -->
<message name="get_enzymes by pathwayRequest">




SOAP + WSDL®DF| 5 (1)

+ 0547 U DIERD N E

+WSDL Z7AIL Do —/\TFH|FHR[gE%LL
H—EXD—E%15
UFBIEE] ﬂd)J:')( [E

IXIXE

ST. 7003 LD0ho540
IRSHETCOEINTYTH

EJ)

U7 LEREISIRFLGL
Perl, Python, Ruby, PHP, Java, C#




-=&Z & Ruby Oi5E

#1/usr/bin/env ruby
require "soap/wsdlDriver"

wsdl "http://soap.genome. jp/KEGG.wsdl"

serv SOAP: :WSDLDriverFactory.new(wsdl).create driver

# KIGE (eco)DBHBA/NAVIALITH H>TL\IELEF—&E
puts serv.get genes by pathway("path:eco00010")

# j(ﬂ%(eco)d)/ﬁ;(rjl,fo)_%_—
list = serv.list pathways("eco")
list.each do |path|

puts "#{path.entry id}¥t#{path.definition}¥n"
end




f-&Z1E Perl Mi5E

#1/usr/bin/env perl
use SOAP::Lite;

Swsdl = "http://soap.genome.jp/KEGG.wsdl";
$serv = SOAP::Lite -> service(Swsdl);

# KIEHE (eco)D/INRYT/D—E

$list = $serv -> list pathways("eco");

foreach S$path (@{$list}) {
print "S$path->{entry id}¥tS$Spath->{definition}¥n";
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# KGE (eco) DHADINADAIZEHH>TWHEEF—E
get_genes_by pathway("path:eco00010")

eco:b0114
eco:b0115
eco:b0116
eco:b0356
eco:b0688

# KIEE (eco)D/ISRYT/D—E
liSt_pathWayS( "ecOn )

path:eco00010 Glycolysis / Gluconeogenesis - Escherichia coli K-12 MG1655
path:eco00020 Citrate cycle (TCA cycle) - Escherichia coli K-12 MG1l655

path:eco00030 Pentose phosphate pathway - Escherichia coli K-12 MG1655

path:eco00040 Pentose and glucuronate interconversions - Escherichia coli K-12 MG1655
path:eco00051 Fructose and mannose metabolism - Escherichia coli K-12 MG1655
path:eco00052 Galactose metabolism - Escherichia coli K-12 MG1655

path:eco00053 Ascorbate and aldarate metabolism - Escherichia coli K-12 MG1655
path:eco00061 Fatty acid biosynthesis (path 1) - Escherichia coli K-12 MG1655




SOAPZ{E27=6 D £

+Ruby DiZE
+Ruby 1.8 TE#EE{E
+DFY Ruby €2 A-TULIWNIET<CHERS

+ R0 1.8.2 LIEEZHENSD
+Perl OZE
+CPAN A5 SOAP::Lite /> A+—JL
+Z DB EIESAT ) AL DOH
+ 4V RR—LLTLFER EFEIfHEZ 5




51iAZJavaDiz &

+IRIEERE
+Apache Axisa 1 Ak—JL
+WSDLIZ7AI)ILE&F ora—Fk

+org.apache.axis.wsdl.WSDL2Java
+4{ERkLT=zjard 74 JLZCLASSPATHIZ &<




JavalZ&kd7otX

import keggapi.*;

class GetGenesByPathway {

public static void main(String[] args) throws Exception {
KEGGLocator 1locator = new KEGGLocator();
KEGGPortType serv = locator.getKEGGPort();
String query = args[0];
String[] results serv.get genes by pathway(query);
for (int i = 0; 1 < results.length; i++) {

System.out.println(results[i]);

}

Axis IZlE CLASSPATH H@-oTLYHELT:
javac -classpath keggapi.jar

GetGenesByPathway. java
java

-classpath keggapi.jar:. GetGenesByPathway path:eco00010

3
3

1

eco:b0114
eco:b0115
eco:b0116




SOAP + WSDL®DF| 5 (2)

+ XML EHLYDMNEIES14 TS h Rtk
+EZRRICIZAYYRFEEUHL, RoTE=#ER (X
&2 XML TRHRYRYEhTLNS
+LAL. EFFIZRTHMNBESC1—HI(Z
BT AWEHLLY




EEITHRNTLIVAXMLIE ?

#1/usr/bin/env ruby

require 'soap/wsdlDriver'

wsdl "http://soap.genome. jp/KEGG.wsdl"

serv SOAP: :WSDLDriverFactory.new(wsdl).create driver

# FREIS—HNITEET 2Z2RT

serv.wiredump dev = STDERR

# KIBHE (eco)DHAI/NRIAIZH - TLSELEF—E
puts serv.get genes by pathway("path:eco00010")

.

\




SOAPDXMLAYyt—

Wire dump:

opening connection to soap.genome.jp...

opened

<- "POST /keggapi/request_v3.2.cgi HTTP/1.1\r\nAccept: */*\r\nContent-Type: text/xml; charset=utf-8\r\nUser-Agent:
SOAP4R/1.5.3-ruby1.8.2\r\nSoapaction: \"SOAP/KEGG#get_genes_by pathway\"\r\nContent-Length: 336\r\nHost:
soap.genome.jp\r\n\r\n"

<-"<?xml version=\"1.0\" encoding=\"utf-8\" ?>\n<env:Envelope
xmins:env=\"http://schemas.xmlsoap.org/soap/envelope/\"\n xmlns:xsi=\"http://www.w3.0rg/2001/XMLSchema-
instance\">\n <env:Body>\n <n1: xmins:n1=\"SOAP/KEGG\">\n

<pathway_id> O</pathway_id>\n </n1:get _genes_ by pathway>\n </env:Body>\n</env:Envelope>"
->"HTTP/1.1 200 OK\r\n"

-> "Date: Thu, 03 Mar 2005 02:02:19 GMT\r\n"

-> "Server: Apache/1.3.26 (Unix)\r\n"

-> "SOAPServer: SOAP::Lite/Perl/0.55\r\n"

-> "Content-Length: 2422\r\n"

-> "Content-Type: text/xml; charset=utf-8\r\n"

->"\r\n"

reading 2422 bytes...

-> "<?xml version=\"1.0\" encoding=\"UTF-8\"?><SOAP-ENV:Envelope xmins:SOAP-
ENC=\"http://schemas.xmlsoap.org/soap/encoding/\" SOAP-
ENV:encodingStyle=\"http://schemas.xmlsoap.org/soap/encoding/\" xmIns:SOAP-
ENV=\"http://schemas.xmlsoap.org/soap/envelope/\" xmins:xsi=\"http://www.w3.0rg/1999/XMLSchema-instance\"
xmins:xsd=\"http://www.w3.0rg/1999/XMLSchema\"><SOAP-ENV:Body><namesp1:get_genes_by pathwayResponse
xmins:namesp1=\"SOAP/KEGG\"><return SOAP-ENC:array Type=\"xsd:string[42]\" xsi:type=\"SOAP-ENC:Array\"><item
xsi:type=\"xsd:string\"> </item><item xsi:type=\"xsd:string\"> </item><item
xsi:type=\"xsd:string\"> </item><item xsi:type=\"xsd:string\"> </item><item
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T —2tEE
# KIBHE (eco)D/INRIT/D—E

list = serv.list pathways("eco") # => ArrayOfDefinition

list.each do |path]| # => Definition®EATTx/+
puts "#{path.entry id}¥t#{path.definition}¥n"

end

Definition &
entry id T—HAR—XIK)—MDID (string)
definition IR)—DTI74=a 1E#R (string)

<SOAP-ENV:Body><namespl:list pathwaysResponse xmlns:namespl=\"SOAP/KEGG\">
<return SOAP-ENC:arrayType=\"namesp2:SOAPStruct[111]\" xsi:type=\"SOAP-ENC:Array\">
<item xsi:type=\"namesp2:SOAPStruct\">
<definition xsi:type=\"xsd:string\">
Glycolysis / Gluconeogenesis - Escherichia coli K-12 MG1655
</definition>
<entry id xsi:type=\"xsd:string\">path:eco00010</entry id>
</item>
<item xsi:type=\"namesp2:SOAPStruct\">
<definition xsi:type=\"xsd:string\">
Citrate cycle (TCA cycle) - Escherichia coli K-12 MG1655
</definition>
<entry id xsi:type=\"xsd:string\">path:eco00020</entry id>
</item>

path:eco00010 Glycolysis/ Gluconeogenesis - Escherichia coli K-12 MG1655
path:eco00020 Citrate cycle (TCA cycle) - Escherichia coli K-12 MG1655
path:eco00030 Pentose phosphate pathway - Escherichia coli K-12 MG1655




FYEHITEE

SSDBRelation #
genes_idl
genes_1id2
Sw_score

bit score
identity
overlap

start positionl
end positionl
start position2
end position2
best flag 1to2
best flag 2tol
definitionl
definition2
lengthl

length2

HJI!)—@ genes id (string)

A—4 k@D genes_id (string)

genes_idl & genes id2 [ElD Smith-Waterman R37 (int)
genes idl & genes_id2 [® bit X7 (float)
genes_idl & genes_id2 D 7ATUT4T4 (float)
genes_idl & genes_id2 DA —/N\—FvTHEIBORESE (int)
genes _idl DT IA AV FDEAREESIE (int)

genes_idl DT I AUFDRIFIKRESIE (int)

genes _id2 DT IAAVFDEAMEESIE (int)

genes _id2 DT IAAUFDRIGIKRELIE (int)

genes _idl MBHRT genes id2 ANRXEYEH (boolean)
genes _id2 MBHRT genes idl ANRFEYEH (boolean)
genes _idl DT I4=>3>XFF| (string)

genes _id2 DT I4=>3>XFF| (string)

genes_idl DT7I/EEEEIIDERSE (int)

genes_id2 DT7I/EEEIIDERSE (int)

# KEEOEETF b0002 ERRRRRIEVRERIZHDEET
list = serv.get best best neighbors by gene("eco:b0002", 1, 100)
list.each do |hit]|
puts hit.genes idl #
puts hit.genes id2 # => ecj:JW0001
#

=> eco:b0002 eco:b0002
bsu:BG10350
puts hit.sw_score => 5283 561

end
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DI —EZXDOMES (1)

+314 LTIk
+ R IMBLISZ Y ERTEDTRRE

# ROICETE
serv.options|[ "protocol.http.connect timeout"]
serv.options[ "protocol.http.receive timeout"]

# TNTHEENUNLZEEHD
begin
results = serv.send(*arg)
rescue Timeout: :Error
retry
end




DI —EZXDOMER(2)

+Proxy
+IREEHhttp_proxyl=lT TlEA A5 E1

# Ruby (SOAP4R) DIHFH
setenv SOAP_USE_ PROXY on
setenv HTTP PROXY my.proxy.server:8080

#!/usr/bin/env perl

use strict;
use SOAP::Lite;

my Swsdl = "http://soap.genome.ad.jp/KEGG.wsdl";
my Sresults = SOAP::Lite
-> proxy("S$wsdl", proxy => "http://my.proxy.server/")
-> get pathways by enzymes(
SOAP: :Data->name(data=>[ 'ec:1.3.99.1"'1));

foreach (@{$results}) { print $ ,"\n"; }




. REAVEBEFDEF—IERER

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

# £ biETEF hsa:7368 DMEMPFECTOHREO T ZEH
homologs = serv.get all best neighbors by gene("hsa:7368")

homologs.each do |hit|
gene = hit.genes 1id2
# EREOQOITEIEFIECOTEF—T7ZE. HIFTEETEL LEITEKRT
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




B : BIZFRBENRDIAIZTIELY

serv = Bio::KEGG: :API.new

. 1ist = serv.get genes by pathway("path:bsu00020")
(@ KEGG/Expression Array image Whole View " -~ - -
KEGG/Expression Array image Whole View f g_c O l ors = Array . NEW

Entry : ex0000258 Organism : B.subtilis Intensity Threshoid : 1000 Ratio Threshoid : 1.1

bg colors Array.new

Red: ™ Green: ™ Yellow: ™ Black: ) \

list.each'. do | gene |
fg colors << "black"

‘ sch ¢ — L
bg colors << ratio2rgb(gene) # EZFEL L EDxfiz
end

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

OXIDATIVE PHOSPHOR Y LATION
VAL]NE, LEUCINE AND SOLEUCINE BIOSYNTHESIS

© KEGG/Expression Scatter Plot Whole View .
Conglet - Songln & ATP-BINDING CASSETTE (ABC) TRANS!

k 2-Hydroxyetiyl-
KEGG/Expression Scatter Plot Whole View ( bunl) | - 2aonny
Entry : ex0000258 Organism : B.subtilis Intensity Threshold : 1000 Ratio Threshold : 1.1 K b 3
Plot Type : All genes. :
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Search [ KEGG ID] )

F
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#!/usr/bin/env ruby
require 'bio'

serv = Bio::KEGG: :API.new
# FEELE VISR 1 LDIE

path = ARGV.shift ||
genes =

E1zFDY X b
"path:eco00010"
serv.get genes by pathway(path)

# PDBIZY Y7 D& 51
results = Hash.new
genes.each do

Bz FZ8HF

if pdb links =
serv.get all linkdb by entry(gene,
pdb links.each do |link|
results[gene] = true
end

end
end

# BIFTTERZ LK
url = serv.mark pathway by objects(path,

# ERZ R®F

serv.save image(url, "pdb.gif")

llpdbll )

results.
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#!/usr/bin/env ruby
require 'bio'
### KEGG API

kegg Bio: :KEGG: :API.new

list kegg.get all paralogs by gene('"eco:b0002")
genes = Array.new
list.each do |hit|
genes << hit.genes id2
end

seqs = kegg.get aaseqgs(genes)
### DDBJ XML

ddbj = Bio::DDBJ::XML::ClustalW.new

puts ddbj.analyzeSimple(seqgs) %/?1@] ‘j:g_:j_)l/(:—c
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