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Introduction of Ontology
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Tacit and Explicit Knowledge

We should start from the fact that
'we can know more than we can tell'.

Michael Polanyi, “The Tacit Dimension” 1967

Michael Polanyi (1891-1976)
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Rainbow Color

How many colors can you see In rainbow?

72
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Ontology for Rainbow Colors

From 360 nm 400 nm RGB Value
‘ Purple  #800080
#000080
All the colors #0000FF
you can see
with your #008000
own eyes!
#FFFFO0
#FF3000

to 760 nm 830 nm #FFO000



http://ja.wikipedia.org/wiki/%E7%94%BB%E5%83%8F:Spectrum4websiteEval.png
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Which are Purple?

#300050 #700080

#300060 #800080 #600080

#300070 #500080
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Representation
by Elements and Constructor

Blue
lement

Red
______ #700080

4 /‘/ Element
- W

‘ #500080 Purt
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Web Services for Bioinformatics
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Formulation of Community
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joinformatics ervices on
Grid

ervices for Biolnformatics

GRIDIFIED
BLAST,FASTA, ClustalW,
Glimmer2, InterProScan,

http://jkt.gsc.riken.jp/sp/spbio/wslist.|sf

Client JBOSS
~@' call web

services :
> Web services

—
servers
Return .
< 
—— Job execute

ispatch on Grid
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Advantages of Web Services

Liberating from the maintenance of biological

databases and tools
«Scalability of computational resources

*High-level application programming interface

Web Services

s (s (T e (ot 0t

Y g — e s e

computlng computlng computlng computlng

I ‘ ‘ Web Services

nduj
ndino




Akihiko Konagaya (NETTAB2006), S. Margherita di Pula, Italy, july 2006

Very Simple Work Flow

Sequence

BLAST Search} (=)

Hittable

GetEntry } (=)

Sequences

CLUSTAL W }

—
—

UniProt

&/

—
—

UniProt

&/

Multiple Alignment

3
|
|
|

Tree View } Phylogenetic tree
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Manual Workflow on Web Apps
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Web Service Programming

#!/usr/bin/perl

use SOAP::Lite;

# SOAP API

# specify WSDL

my $service = SOAP::Lite-> service('http://xml.nig.ac.jp/wsdl/GetEntry.wsdl');

# call web service
$result = $service->getXML_DDBJEnNtry("AB0O00003");

# print result
print $result;

http://www.xml.nig.ac.jp/perl.txt
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Why don’t we use workflow tools?

“. Advanced model explorer
'

smiinrhflow | Chject properties |

Sl (- Load fromweh @ Save =] Newe subsenrkfioee T Reset

rifiowe okjsct & Available services l__“g”gj
- Workflowy model
| Results || Provenance Tree || Process report = Workflow inputs list l:li Watch loads

[ Processor statii ¥ bare_seq_in lahle Processors
B Es Type Marne Last event Event timestamp  Evert detail V old_resut ocal Services
ElastZ_program FrocessComplete  [28-Jul-2004 11:37.. V species oaplab @ hitp:fndustry ebiac ukisoapisoaplah
comparer FrocessComplete  [28-Jul-2004 11:39.. ¥ chromosame iomokey (@ hittp: Smokryecentral chr nre cafcgi-bin
Fasta_to_rumbered [ProcessComplete  [28-Jul-2004 11:30.., = Wiorkflow oututs DL @ htty: dphoshus c.man ac. uk BOG1 fxis.
=implifier ProcessComplete  [28-Jul-2004 11:39.. A simple naplab @ hitp: fiphosbus oz man.ac.uk 5081 faxi
nchiblast FrocessComplete [28-Jul-2004 11:39... A\ comparison acaptor
repeatmasker ProcessComplete [28-Jul-200411:35.. A\ genbank -@ chromoadaptor
retricve ProcessComplete [28-Jul-200411:39.. A fasta_out -@ speciesadaptor
copyright ProcessComplete  [28-Jul-2004 44:37 .. A rissed database
blast? ProcessComplete  [28-Jul-2004 44:39... A\ Seq_numbered g parasstractor
lister ProcessComplete  [28-Jul-2004 44:39... A\ B2_Alignmert g srshuilder

A\ COPYRIGHT @ cricuery
|y Processors @ curaguery

Intermediate inputs | intermediate outputs 3 Blast2_program : bla: 3 soyguery
&3 COMPErer tarmatdb

[F]_ o Fasta tn_rummbarad

. Run Workflow
[

= Load Inputs |j Mew Input ﬁNeW Lizt 3 Remove

Input Documert
= W bare_seq_in
Click to edit.. | [T
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wn
=l 4 TpECies
Homo sapiens
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[ Load @ Load from URL
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| >

http://www.cyclonic.org/Taverna_and_myGrid.ppt
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Needs Automatic Workflow
Generate Tool from
Very High Level Specification

apply Blastp to UniProt

GetEntry from UniProt

apply CLUSTALW

apply TreeView

Automatics
Generation

=)

?

Workflow
for
Bioinformatics Web Services
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Automatic Generation of
Bioinformatics Workflow
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Task as Atomic Component
of Workflow

\ /

/_\
Input Data Application Output Data
Specification Specification
sample sample sample
{aa_sequence,fasta {blastp DAD} ddbjentry,flatfile}
\_/

\ /
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Workflow as a Sequence of
Tasks

o O Q 0O
b\ /O /‘ O
@ 5@@ \O/

O Q Q o

IndinQO
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Automatic Generation of Workflow
from Given Input and Output
Data Specification and Tasks

I%
NOXGTAGVIGX

« Path Finding using Meta Information

INndu|
IndinQ
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Meta Information to Specify
the Functionality of Task

TASK

Meta Data
for Database

samples
{uniprot}
{nt}

Meta Data
for Input

samples
{na_sequence,fasta}
{aa_sequence,fast}

Meta/Information
forCommand and
Options

{blastn}
{getentry}

Meta Data
for Output

sample
{ddbjentry,flatfile}
{aablastentry,hittable}
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Task Hierarchy (is_a)

I (Abstract Task) O
S \
g Homology search i I 0

| - Input Type
O: Output Type

S : Sequence or
Sequence Name

V : Various Type

N : Nucleoside
Sequence

A : Amino acid
Sequence

id : Accession ID

E : Database Entry
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Task Hierarchy (has_a)

Well Known/Zuser defined Task

—

S Genome Annotation E
[glimmer2,blastn,getEntry]
| =
s (glimmer2)s NC blastn_Did id CgetEntry DE
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Prototype for ‘Proof of Concept’

 Language tuProlog
— Java to Prolog

— Prolog to Java
 Web Service Interface through JAVA API

e Task Database
— Prolog Clause Database

e Optimal Path Finding
— Bidirectional Breadth First Search Algorithm
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Workflow

Workflow
Fxecution

User

Result

User
Data

System Overview

/,W

orkflow System

Server —

DDBJ

SPBIO

O
O

A4 N/
Web Service
Prolog Library
Engine (Java)
Ul \_ J
~ R
tuProlog Workflow
Library
q ) \_ VAN (prOlOg) J
Qnowledge Bas)
4 )
Task \Web Service
Database Information
1697 1596
& ) ( )/j/
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Screen Snapshot
(Workflow Generation Phase

Z KONALOG

file confieure

i Workflow Search

file
~Ihput Output
Type l3azequence Type IPhvlogenetictres

Farmatltazts

Farmat|dng

~Rola

blastp uniprot

filter num25
getfasta_swissentry
multiplealignment

i Workflow Search Result

Search Wiorkflow

Ready.

: |Mode IDl[‘I 052,102,104,109,10005,3107,1 29,4001, 200]

Trpurt Formatl Qutput Formatl[phylngenetictree.dnd]

~Dezcription

[aasequence fagtal

~Operation

alignment by blastp from UM
identify data format and conte
extract Seqgldentifier from ddb
extract Swiss-plot ACNurmbe
idlist[25] from idlist[?7]

Get SWISSPROT entry of F2
multi fasta format from fasta |
multiplealignment by clustaha
get dnd from rultiple alignme

ebService(ddhj 'Blast' searchParam,_20) webServiceCall(_20 [
splitString(_33 %' _46)
map(”, (splitString(_43 \s]',_48) element(2 48, 477 49, 47
map(’, (splitString_B5 )" _B4) get_next_by_key( 64 sp,_B3)),_t
list_reduce( 7825 _91)
map(’, (webService(ddh), 'GetEntry’ getFASTA_SWISSEntry, 94
list_concat_with_dimt{_107.",_120)

ebService(ddbj, ClustalW" analyzeParam, 121) webhSericeCal
splitString(_135,-------- ' _134) element(d,_134,_136)

Kl | i

Showe Workflow Execute view |

=13l %]
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Screen Snapshot
(Workflow Execution Phase

=10x]

£ KOMALOG

file  configure

i Workflow Execution Gonsole

=10l

~Ihput Data

Kl

Execute |

=sp|C13541MEBPT_HUMAMN Eukaryotic translation initiation factor 4E-binding protein 1 (4E-
SGGESCEQTPSRAIPATRRYYLGDGYOLPPGDY STTPGGTLFSTTPGGTRIY DRKFLME
CRMSPYTKTRPROLFTIPGYTSPSSDEFPMEASOSHLRNSPEDKRAGGEESQFEMDI

I |

[aazequence fastal

Intermediate Data

Proeress

alignment by blastp from UNIFROT

identify data format and content.

extract seqldentifier from ddbj BLAS..

extract Swiss—plot ACMumber from ..

idlizt[25] from idlizt[?7]

Giet SWISSPROT entrv of FASTS Fo..

multi fazta format from fasta list

multiplealienment by clustabw with bl..

get dnd fram multiple alisnment result

1052

'sp|@1354TMEBPT_HUMARN
sp|213541 [4EBPT _HUMAN
sp|@13541 [4EBPT _HUMAN
spl13541 [4EBPT_HUMAN
sp|213541 [4EBPT _HUMAN
spl@13541 [4EBP1 _HUMAN
spl@13541[4EBPT_HUMAN
sp|@13541 [4EBPT _HUMAN
spl13541[4EBPT_HUMAN
sp|213541 [4EBPT _HUMAN
sp|@13541 [4EBPT _HUMAN
spl13541 [4EBPT_HUMAN

[phylogenetictree,dnd]
~Fesult Data

2

splR13541 AEBPT_HUM.
sp|OB2E224EBP1_RAT
sp|GB0S7E4EBRP1_MOU
tr|QETIFQ3TIS_MOUSE
tQSBGE7|09BGET_PIG
tGEPF =8| 06PFSE_BRA
tr|GEUFPEIQ3UFPE_MO!
sp|PYO445MEBP2_MOLE
Q497 AS| Q497 A9_RAT
sp|R13542[4EBPZ_HUM.
tGEUZDA | Q3UZDA WO,
trIQEFGEBIQEFGEB_HT];I

T 5




A. K &k onSTERE (WETABRING}, JSintMeletiiig ditP22adtalRANy Skgapore 18 July 2
Obtained Phylogenetic Tree

by a generated workflow
when applying to a Human Insulin Sequence

P61982[Mus musculus]
P61981[Homo sapiens]
Q5RC20[Pongo pygmaeus]
P61983[Rattus norvegicus]
Q5F3W6[Gallus gallus]
P68252[Bos taurus]
Q6PCGO[Xenopus laevis]
Q6NRY9[Xenopus laevis]
Q04917[Homo sapiens]
P68509[Bos taurus]
P68511[Rattus norvegicus]
P68510[Mus musculus]
Q6UFZ2[Oncorhynchus mykiss]
Q6PC29[Brachydanio rerio]
Q6UFZ3[Oncorhynchus mykiss]



Akihiko Konagaya (NETTAB2006), S. Margherita di Pula, Italy, july 2006

Lessons from our First Experience
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Task Database (prototype)

Web Service Call

DDBJ Blast 453
DDBJ SRS 638
DDBJ GetEntry 38
DDBJ ClustalW g2
SPBIO Blast 405

Format Transformation 56
Data Selection 45

In Total 1697
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Test Set of Specification

No

Workflow

Input

Output

Format

Type

Format

Type

Aplications

fasta

aasequence

gde

aamultiplealignment

blastp uniprot

filter num25

getfasta swissentry

multiplealignment

blastp uniprot

filter num25

getfasta swissentry

multiplealignment

fasta

aasequence

gde

aamultiplealignment

alignmentsearch

filter

getentry

multiplealignment

fasta

aasequence

filter

getentry

multiplealignment
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Differences of Generated Workflow

Meta Data

Input
Database
Output
Full Cmds

No input

Database
No output
Full Cmds

Input

No DB
Output
Partial Cmds

input

No DB

No output
Partial Cmds

Solution | . First Match WebServiceCall
No. Num time(ms) ID Description
1052 |alignment by blastp from [UNIPROT
102 |identify data format and content.
104 |extract Seqldentifier from ddbj BLAST result record
1 8 11266 109 |extract Swiss-plot ACNumber from Sequenceldentifier
10005 |idlist[25] from idlist[??]
3107 |Get SWISSPROT entry of FASTA Format by Accession Number.
129 |multi fasta format from fasta list
4018 |multiplealignment by clustalw with blosum
1052 |alignment by blastp from|UNIPROT
102 |identify data format and content.
104 |extract Seqldentifier from ddbj BLAST result record
2 41 46704 109 |extract Swiss-plot ACNumber from Sequenceldentifier
1005 |idlist[25] from idlist[??]
3107 |Get SWISSPROT entry of FASTA Format by Accession Number.
129 |multi fasta format from fasta list
4001 |multiplealignment by clustalw with blosum |
1043 |alignment by blastp from DAD
102 |identify data format and content.
104 |extract Seqldentifier from ddbj BLAST result record
109 |extract Swiss-plot ACNumber from Sequenceldentifier
3 | 100 over | 249906 501 Tidlist[25] from idlist[??]
3107 |Get SWISSPROT entry of FASTA Format by Accession Number.
129 |multi fasta format from fasta list
4018 |multiplealignment by clustalw with blosum
1043 |alignment by blastp from DAD|
102 |identify data format and content.
104 |extract Seqldentifier from ddbj BLAST result record
109 |extract Swiss-plot ACNumber from Sequenceldentifier
4 | 100 over | 25297 36501 lidlist[5] from idlist[??]
3107 |Get SWISSPROT entry of FASTA Format by Accession Number.
129 Imulti fasta format from fasta list
4001 |multiplealignment by clustalw with blosum |

O

X?

X?
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Why Failled?
ggﬂgnﬁ?d '”p“t> w Output » | HitTable

‘l; /

W / Lack of

Interoperabilit
/ p y

Between the
Amino Acid
Input blast :
Sequence pu> P Output > HitTable

Web Services
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Very Similar but not the Same Format

; RESULT OF BLAST — Microsoft Internet Explorer
JeNILFY REE FRAN RECANGE =)L T ANTHHD

Blastp for DAD 733116

A RESULT OF BLAST — Microsoft Internet Explorer
,,,,,, S WP T

Blastp for UniProt g,yc4 =

[CLUSTALW SETUP {(Graphical View(<

BLASTP 2.2.12 [Auz-07-2005]

. [CLUSTALW SETUP {Graphical View{<= 100 sequences) | Text Viewany number of sequences))]
Reference: &ltszchul, St

o sifsT i rors | 15440-1]AAA59179.1] 107|Homo sapiens

programs” Nucleic Aci

tuers= of 1307072  eblah insulin protein. 1/7 1e-43

{107 letters) T T T TS T T T TSR T T T T T T AT,
Jinghui Zhang, Zhengz Zhang, Webb Miller, and David J. Lipman (1997),
Databage: DAD: DAD sequence taken from thel| “Gapped BLAST and PSI-BLAST: & new zeneration of protein databaze search
Max/13/2008] programs”, Mucleic #cids Res. 25:3389-3402.

3,084,488 sequences; 936,706,57

=

Query= zi|307072]gb|A8A5178.1] (L15440) insulin [Homo sapiens]

T T {107 1 Spl 8HXV2||NS_PONPY Insulin precursor

Databage: /fdb/S

3fgquences producing significant alignments 216, . . .
L5440 1 4059179, 11 107 Howe sspiens ine] Searfhine...... [Contains: Insulin B chain... 171 4e-43
BCOOG266-1|A4HOG26G 1110 Homo =apiens INWS
KI0508-1|CAA49913.1] 110|Homo sapiens pre Score E
YOOGES-1|CAA23828.1] 110 |Homo sariens pref|l Sequences producing siznificant aliznments: {bits) ¥alue
Min029-1|A484869173.1] 110|Homo =apiens ins
JOOZES-1|AAASS172.1] 110 [Homo sapiens insl| 4p| | INS_PONPY Insulin precursor [Contains: Insulin B chain... 171 4e-43
HE1082-1|CAA43406.1| 110|Cercopithecus aefl sp|P30410|INS_PANTR Insulin precursor [Contains: Insulin B chain... 171 4e-43
X61089-1|CAA43403.1] 110|Pan troglodytes | =p|P30406 | INS_MACFA Insulin precursor [Contains: Insulin B chain... 171 4e-43
JODE3E-1|AAAZEE49. 1] 110|Macaca fasciculall =p|PO1208 | INS_HUMAN Inzulin precursor [Contains: Insulin B chain... 171 4de-43
AY137603-1|AANOBS37.1| 110|Ponzo pyzmacus| sp|QEYK23|INS_GORGO Insulin precursor [Contains: Insulin B chain... 171 4e-43
AT137500-1 |AANOBI35.1| 110 |Gorilla gorillll sp|P30407|INS _CERAE Insulin precursor [Contains: Insulin B chain... 171 4e-43
AY137437-1|AANOBA33. 1| 110 |Pan trozlodytel sp|P01311|INS_RABIT Insulin precursor [Contains: Insulin B chain... 158 4e-39
A4BE10-1|CAADST4B. 1| 8B unident ified profl =p|D81#13|INS_SPETR Insulin precursor [Contains: Insulin B chain... 156 1e-38
A11828-110A&NNAA2 11 Aflsunthet ic constell op |PO1821 | INS_CANFA Insulin precursor [Contains: Insulin B chain... 154 8e-38
@ﬂ =p|P01310|INS_HORSE Insulin precursor [Contains: Insulin B chain... 147 Be-38
=p |PO1323 | IWNS2_RAT Insulin-2 precurzor [Containz: Insulin-2 B ch... 147 Be-3R
=p|P0132E8 | INS2_MOUSE Insulin-2 precursor [Contains: Insulin-2 B ... 147 FBe-3B
=p |PO1A1E | INS_CRILO Insulin precursor [Comtainz: Imsulin B chain... 147 1e-36
=p|P01816|INS_PIG Insulin precursor [Contains: Insulin B chain; 144 he-35 w

&) N-UtETENELE & A —Fot



http://getentry.ddbj.nig.ac.jp/cgi-bin/get_entry2.pl?database=swiss&query=Q8HXV2
http://getentry.ddbj.nig.ac.jp/cgi-bin/get_entry2.pl?database=dad&query=L15440-1
http://spiral.genes.nig.ac.jp/cgi-bin/homology/show_blast.cgi?stack=20060515104733_1165&program=blastp&database=dad&lang=J&alignments=100&gap=1&graphic=0#L15440-1
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Conclusion

* \Web Services have great potential to

share Bioinformatics Data ant Tools in all
over the world

e Needs Automatic Workflow Generation
Tools to make full use of Web Services

» Bioinformatics Ontology Is a key to
establish Interoperability among
Bioinformatics Web Services
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