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Thesis Title Development of suitable workflows and Web services for SNP analysis

Author Mr. Kasikrit Damkliang
Major Program Computer Engineering
Academic Year 2009

ABSTRACT

This thesis presents workflow development for shrimp and human SNP analysis
using myGrid technology, Taverna, and Web service technology. Through the two case studies of
shrimp and human SNP analysis, this thesis suggests suitable processes in Web service selection
and workflow composition.

The first workflow for shrimp SNP analysis sometimes fails due to time-out and
inconsistency problems caused by external services when the number of data exceeds the
service’s limit. Our solution is providing local Web service interfaces instead.

In case of human SNP analysis, the workflow is complex and nested. We
propose a time reduction mechanism in development and testing using a validation workflow.
This validation workflow is to be used before running a workflow to show whether there are up-
to-date or out-of-date. It also provides associate information for re-composing and configuring the

workflow. Therefore, it can greatly reduce the debugging and checking times.

Keywords: Workflow, Taverna, Web Service, SNP, Validation
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| Stetus | Resutts | Resut Table | Process repart |
= < workflowRepor xmins:="" workflowlD="5", workflow Status="COMPLETE" [f\_
=l < ¥ processorList
= < » processor name="GOIDFramG"
< » ProcessComplete TimeStarmp="18-MNow-2004 14:31:18"
< ¥ Invoking TimeStamp="18-Mow-2004 14:31.17"
= < ¥ ProcessScheduled TimeStamp="13-Mov-2004 14:31:17"
= < ¥ zizeghound xming s="http: Morg.etbl ebi ezciencetzcufl 1alpha”
= €% gnethod

@ SHoundGF0IDFromGi

=l < ¥ sizerver

@ sedghound blueprint_ org

=l € ¥ gijsegremserver

@ skinmer. blueprint. org:S080
= <* zpath
@ jeogi-bindseqren

0]

< » =ijzegrempath
@ fisedghound/diseqrem
= € * processor name="GODEGetNameEy D"

< ¥ ProcessComplete TimeStarmp="18-Mov-2004 14:31:18"
£ ¥ Invokingyvithiteration ferstionMumber="10", terationTotal="10", TimeStamp="15-Moy-2004 14:31:15" T

T JE Y TP PO | PSP WP S oY FSEVPUP T w B Y PP T T B R P B R 118

< a o
gﬂ‘ﬂ 2.12 51902190ANTNIUYIT 109U T s1e
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U d
23 Scufl tazanyaziauvaallsunsumnesin

Scufl 911910 Simple Conceptual Unified Flow Language [2][4] Lﬂumymaz

Y 9
[

4 A a 9 dy wa 1 A =
NW@?;‘@WH“U@QI‘]J'ill,ﬂﬁﬂ/l”IL’J?J?L!"ITITﬂﬁx‘Iﬂﬁll”lﬂﬂiﬂﬁiﬁslluﬁﬂ AUTNUAAUTUDINHIUNAIY

231 msmaugq JagiSene (Implicit iteration)

Y Y v Y
Iteration ¥30n159%191151 TuvTuniinemshauivuudsigvesnssuIums
% [ 9 [ L] 1 o a 4 .
lanswiladudoyanalss1ens enA10610FU NTTUIUNITRINIUNITIUATIZH Guanine-

< o v W o w o 091} a
cytosine content (GC) ﬂqﬂlcﬁﬁﬂlﬂqaqﬂuwuﬁaﬂjiﬂﬂ%‘ﬂa’]ﬂﬂlua tluﬂ'ly’lﬂ’liﬂ']\i’lullﬂﬂﬂ\uﬂll

Y
=

1 ' 09.1} @ a ' o o { o
81U Perl T dnsadamsdunaril ladremsiuilugy udrszyleu lumsitiau
Qall v 1 1 o 1 ald' d‘
Tugihiud20e 105U while <condition> do <something>' Tasm3tinuszognielditou lun
Ao = ¥ Y A yy
szyaslandanadisiemsdoyalimae 13)szumana

a J o o [l '
ﬁﬁll?ﬂgauﬂl’fNITJﬁLLﬂﬁﬂJ‘Vl’H'J@ﬁu’I mmuaﬂﬁaumimﬁmaEINNEIGlumi

'
a =

9 A o vq ¥ ~ v s R < Y Y o Y
%@ﬂ"lilﬂﬂ’)ﬂ‘ﬂgﬂ Eﬂ“b’ﬁL!LWEJ\‘]LLGWI’E)!@"WI“V!G]“D’Q‘]Jﬁi%qL“l)’@']‘UENiTEJﬂﬁﬂJ’f)HﬁL‘lﬂﬂ“U’f)l!V!@]“]NﬁU

=

] £ Y o a ¢ 9q ¥ Y Y a &
mamamwmﬁwmi‘lmaﬂ 1NAIDYNNITUATIEH GC pﬂ%em%mmmﬂ%mmmﬂﬁm

U

a =

vy o w 2 o o a J < a =2 @
‘]Jﬁﬂ"li“])'\iﬂlsb'“llﬂlluaa']ﬂlllﬂﬁ (DNA) HU3a19U Llazwam@mwmﬂumm%ﬁu‘c’JiJ“]JfJﬂmisz

Yy 9 o w 09/' J yq 9 1 <3 o w 1
ANUAVNUVUUDYI GC YDAV UU Gluiﬂmﬂﬁumnﬂﬁm Eﬂﬂffﬂll']ﬁﬂﬂﬂl“ﬁﬁﬂ]ﬂ\iﬁWﬂ‘UﬂW\i‘]

= [

9 Aa Y o a’/‘ ) 9 a Qy
mhlﬂmuwmﬂmnu"lmaﬂ Tﬂsﬂﬂmﬂiu%zmqmﬂiqawmmﬂmu%gaauwwmau

q

J ad a 1A 1 24 o o & g a
mﬂmmwmﬂﬂmﬂmaﬂmﬂuwmm&’mﬂwmmﬂUﬂ"l‘iJL‘lJuswmimmLaﬂmﬂuﬂu Tﬂﬂi']flﬂ']ﬁ
] Y a

1 2 v A 1 k4
Lljﬂﬂlﬂ\iLf’]TVTV!@]ﬂi]3@]5\1ﬂﬂ§18ﬂ15lliﬂﬂlﬂﬁﬂuw¢] L’E’)"Iﬁ‘ﬂ!ﬁﬁﬁﬂﬂﬂﬁ]%ﬁiﬂﬂﬂﬂuﬂﬁ‘ﬁﬁ@ﬂuﬁﬂﬁ

115089
L4 mﬁﬁmwﬁmﬁ’wmﬂ%uvm (Implicit iteration over multiple inputs)

o a 1< 1o a @ ule {
ﬂ1‘iﬂN1uIﬂUﬂimﬂﬂﬁﬁ) ATANNUDIDUNAISHAUNTTUNUNINNA ﬂWﬂE‘]J‘ﬁ

o :I @ a % ] I 4 1 @
2.13 L!ﬁﬂﬂﬂﬁhlﬂ"ll’é]\‘lﬂTi‘V]Nﬂ.lclﬂﬂuGU’éNUiﬂTi‘ﬂﬁ\‘i!L‘U‘lNWEJG] TﬂﬂLﬂuﬂWi!%ﬂN@lﬂﬁ1ﬂﬂﬂBi
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[ J < o ' g’ @
ﬁﬂ\iﬁ’lﬂl%’]ﬁ)aﬂﬂu Gll‘ljﬂﬁ!Lﬂﬁ3J1/nl'3@ﬁu1ﬁ’]1niﬂlﬁuﬂ’]iﬂ’]ﬂu@ﬂ1ﬂ’]i“]51ﬂu6u@\‘]5f]}ﬂuuajﬂﬂ

Aa Jd J
‘]Jifﬂﬂﬁ’f) HAYNDINNDHA1NDIN (All against all)

[ Reset iteration strategy

Configure terators

Mortnalize L -
¥ cross product
| atring
| ztring 2

{ 7
31/91 2.13 Configure iterators TuT1sunsuniesun

:’ [ 9 9 9 9 9 J
na lnvosmssnuuaaduuy Insaasedu 1l Tnualuvesdu lineuaueeno
09.:’ Y o a d' d’ 1 Y 9 Y] ddyd . . d' (] 1
unaiug InuuImsniyeuaedidlenu lunsditine Swingl uag Swring2 nazh lily Tnua
A [ a 1 I~/ a %
PYANOITMINANNAIUAUYDIDUNA LUUTUADIBTIAND Cross product ABNTHANAUYDY
s 9 o w
3

ng 1 os/‘ % ! [ o w [
NOTAVDYAUVUNUUAADNNHUA (All against all) @Qﬁ?ﬂ?iﬂlﬂﬁﬂﬂlﬂu AMAULLINNUAIAY

Y

o W v o o A dy A l < o 1 o
U3 AAUTDINVANAUNTDN LL‘U‘UHII‘]JLTE)?JG] Llazﬂﬂ'lﬂllﬁﬂ@"m ﬂﬁulﬂﬂ'liﬂﬁﬂllﬂ\?ﬂ1§°]f'lallﬂ\‘]
WoyadIITDRMUA Cross product 1A Dot product LUUHaNAU IdnmanYULNMIHIUUDS

A5alWad FaluIneniinusaz I umaNiu

232 Tuwadansda (Beanshell scripting)

a 4 a Q [] {
Taginaudnomyavesusmniia 019l 18l31uuD (Format) Miunzawy

Y o o a [ A o [ Yy 9Y = A A
l,l,fl$Qﬂﬁ'f]\‘lﬁ’lﬂﬁﬂﬂﬁﬂ15ﬂﬂklﬂﬂﬁﬂﬁ'lﬂiﬂ Nested workflow hlﬂ WADIUNNULADNNTINTD

= 1

Y dy a A v o Y Ao ' dyd v . . A I
l,l,ﬂ‘ﬂﬂluﬁ1ﬂiml,?iﬁ1u IﬂEJ‘]JSﬂﬁ“VIL"UHJTI/HW‘Llﬁ/lﬂ\iﬂﬁ?’)‘llliﬁlﬂ’ﬂ Shim  Service [9] mmﬂu

=

a 1o Y o 9 A (A ) A ) =
vsmsi gudouun  shmihidsunlaslnseadwnioglunudoyanaoalaunans

@ = A v W a =R Jq ¢ A ad 4
'i’E'NTUﬂ'ﬁL"UEJL!ﬂT]EJ111]5L!ﬂ3NLWf]3@33U9aﬂ@5‘ﬂﬂﬁnﬂ2ﬂ%\ﬂu19\1 qﬁj‘ﬂ‘ﬂ 2.14 uaasdsn Ina’

a

Y ~ J ] = J =
ﬂTﬁGl"If\ﬂ‘L!‘UuL“]Saﬂ@EJN\‘HEJIG]ﬂﬁhWﬂﬂﬁWﬁlﬂWﬂWﬂﬂ@ﬂu‘Vgﬁ (Output = Input)
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v Warkflow Inputs

o

5107 2.14 H5a TWa s Ul usadesade

U

S ad o & a A s
Juwadans1ld (Beanshell scripts) dailuvsmsnesanluTysunsumesn

1 g a s A o
(Java local service) N1 lumsudilymil Tasdldannsadouniwaniidaiedindula

v
(2

Y
o . 1% o Y Y
AAI090 11 Java 130 Java interpreter 1ag Tiidosordonnudnugiudiums llsunsunim

@ ~ <3| o ' a | J o ' o o w =X g
Java 1R 910317 2.15 1WudedsvesaniialumsSuunsmednysvesdaumadauily

a

o s X S I
sunalinuTwwad Fesausw lifuyadoyaw1vinauy Fasta (Fasta format) [36] Tag

Y

o Y WYY o KX a a sAq YA % 9 a (g A
‘i']“]Jﬁ’JiJﬂaWJ”]ﬁWﬂ‘UL‘UﬁTHﬂU]J’JWJEIﬂH G])'\'iGlu'JWﬂWHWU‘ﬁuI%UH!%ﬁﬂIuﬂWiﬁiNﬁﬂiﬂWLW@

a J
@lﬁﬁ%ﬁ@’ﬂﬂﬁﬂ?ﬁul‘ﬂjﬂﬂﬂﬁ‘ﬂ
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-

A - -
Confizuring beanshell for makEFaﬁta_ A v o o
- - Aeie Innudaua gD fasta
Seript | Ports
StringBuffer temp = new 3tringBuffer(): Iy

tenp. append (" =sequencelin’T) ;
tenp.append(seql) ; > DO o -
temp. append ["hresequence2hn) mmawmﬂqammmmﬂﬂmﬂuwmm
tenp.append(seqs) ;

tenp. append "\ resequencediygT) 2
tenp. append(seqs3) ;
tenp.append(T\nT) ;

String fasta = tewmp.tol3tring():

(3 = 3]

[ L|-:1J Save Script Changes

d' [} ] a 4 =1 4
517 2.15 ApdeansUavesluwan

u

2.3.3  USM3 Soaplab

Soaplab Analysis Tool [37] Ae®AsOUMIMNULUUHEINa T TH

s o <3| < IJa 1 {
Tlsunsulszgnaneglugunuves Command-line awnsamauiuduwesiala diun

A o A

o o & g A 1o o < Ja A A
diagnaealszuunilunegiamsmsiauvesiumesia lugln 2.16 Aeaarilagnssy
o . o { 1 v W
NITNINIUVDYI Soaplab Analysis Tool mﬂ';;ﬂ Tomcat ﬁaizuuﬁxﬂuﬁeguazmwmimi
o < ’a a A A < da &£ oA A 7 s
MUV VIFDTIA VTN Soaplab  NABIIFOUDIIVIFDIIAAE] BIUKTONOIUINDS
4 % % d d' 1 d’ 4 1
(pointer) 13011091183 AppLab server Fuuszuunasouniovolsunsuilszgnanoglu
711U1U99 Command-line
. 3 S £ a
Soaplab Analysis Tool WunaouTnuunaIuriaveswensalullsunsy
J S . 3 o A ' o K a 1 A < |

MU 1Al SOAP Toolkit iHuduFendseaiusenienusimsaaaedoaisnoziduly

a1 T1/5Tanea SOAP Tuiiife Apache AXIS [45] 923119111311 SOAP Toolkit
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ACD Document

Tomcat
(or any servlet engine)

Apache AXIS
{SOAP Toolkit) v

Taverna

F'y

ACD2XML

Soaplab Services <

Y

h

e System
XML Document AppLab Server with analysis
results

i

Command-Line
Driven
Analysis tools

317 2.16 a01ilnen331N391191U90849 Soaplab Analysis Tool [37]

A v Ao A o ad J ¥ d
234 ﬂ'liﬂ‘]Jﬂ!!ﬁg‘lf‘M'I‘YIﬂ‘n1\1ﬂ'l5‘Vl'N'lusllﬂﬁniﬂiwﬁﬂﬂ?ﬂlﬂiﬂ‘v‘l@ﬂﬂ

'3 ad <. ' % a o
UsgToytiveuisa Irlaidnedranilsde ewrsanruauianienmsiiaula
v 9 dy a dyo A a o ad A

Tﬂ&flumsuauﬂzaﬁmﬂmwmmamimmﬂwamamimqmmmmﬂiwmﬂa NINYANIT

o Y % 1 1 o 2 A a 1 [ ad 4 A
MU LazUNAIVeIA TR TZHINU FamMsaanenuTa lladldeauuuae ns

“ri‘ﬁjﬂ“f)’”JﬂiTJ (Pausing) taZNF8NLAN (Cancelling)

) ad 4 o 9 A [l
m'iwsmm'mmummmﬂTWmamﬁﬂm"lﬂamummqﬂ@ Taamsldiusn

4 . ~ =& ad &R Y] vAa A o
WoYA (Breakpoints) N 1aganilave13in Iladidazviga laeon 1ulia n3091gan13911911

a s eazl o
vou3sa Irladlosianua Taomsduea Taed1¥a11 (Manual) [2][4]
J
® 1IFNNBYUA (Breakpoints)

S w o a A A A o s s A A VoA
!’Uiﬂ‘W@EJG]L‘lJuﬁW'V]L‘VIﬂuﬂiJ’]i]’lﬂ!ﬂﬁ't’]\ill'ﬁ]ﬂ'liﬂ“ﬂﬂG]fE]‘V\IG]LL'Jﬁ IATDINUBDLIUNATU

A

wiknansemiosnune (Mark)  luswauesldsunsu e 1 Tdsunsunganmsiinuld
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o =)

ad s A A a A s A 9 ° Y} A
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a

=1

s o A a o 9 A A R K
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q

a A d
o msudludeyasznieuimsnsellsisaives

o o 4 Y v A o
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a J J ' A J J o a <}
1IN TUFOUALIT ﬂﬁTJﬂf]L‘U'iﬂWfJElﬁGluIﬂiLlﬂﬁlJ‘ﬂWL'JE)ﬁu1ﬂ$ﬁq@ﬂ15ﬂ1ﬂ1umﬂﬁﬂiﬂ15ﬂ

a 4
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18 sndregruru 910319 2.17 vTmseliwinaaeae1ing lasuaazmMuadeae i

A Y v A v

a = a ™ A s A = A 9 A a
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U
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dy ad o o o a A o 9 . =&
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FParent
nodes

A o [ o ad S A A o < J
?jﬂﬂ 2.17 ﬂ'l'f)‘(’J'Nﬂﬁulﬂﬂ1§VIT\?TUﬂJ@QL'JﬁﬂIWﬁ'JUJ'ﬂ?JﬂWﬁﬂ'lﬁuﬂlﬂu‘W@ﬂﬂ [9]

d
24 MNBIMNABY JUNARRIIFIU (Taverna 2 Preview)

'
a A

4 qﬂjl [ 3 [ 1 . £ g

Tsunsumnes @y 1.7.0 ANUENOUSDIN Taverna 2 preview Fuiu

4 1 zﬁ o :i ~ 1 =
MINAad 1USUATUNMIBTUITU 2 tWOMININUNTENI Workflow health check ¥30N3

ad 4 @ 1 I
astaeUladsTNINYeIsa IvaT [8]19] Tasaztasduuuenas Scufl tuum s uuyy

9 1 < o < A 1 ad 4 [ ]
T2 style UQIATIVADUI OUNDIAVDUILLLDTIAA19Y TUIsa InainoundukIL HTTP
. = ] = v IA 9 =2 9y 1 Y [~
(Responding) w30 ld minlimsaeunaunaeawniodnaeld vinlutimsaeunay Jamin
A [ Jq ¥ [ Aa 1 9 A 13 Ao 9
81992119101AT 01807 I ludsaaadeniouen Ia wie luntilyindaved
IR us Mo uileanInnraten ame

UaNoOU Taverna 2 preview @3ADURANIZNTADUNAY (Responding) VDI

4 a 1 usj 1 9 = A [ d' [
tounasdvesuimamiy hildnsrvaevudemslasunilasdwiioswininnmsdsuilga
a o v 4 A A4 9 A a ¢ A& A ]
(upgrade) VoIUTMIHU9A8 FalunuIdeiniuanvaulaluiusmsluTewsn Falins 1y

J

3 a J < aa A ad 4 v 9y
Nuiillamesuazudnaiig 911319 2.18 uaasdsa Ivadlunmsaumveya Gene Ontology
A 9 o w Yo a a A = o
139 1A5983 981N A9 U18NTZVIUMINIFIINGT [46] M3521Y518azDAUTEAD
198 (Cellular localization) Haz52ma9n st luszauTuana (Molecular  funtion) Tagl

a ad I'4 a o 4 1 o
dUNAAD Ensembl IDs 135a 11ladiTon14u5n1s 1uTousn%on hsapiens gene ensembl $11171
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v Y k4 [ I
2 153 TasuSmisildadeneunihiivazdrateludy uazlddereusnmsndadien
8 a o 4
hsapiens _gene _ensembl OutOfDate FIVEHAANADNTAD Gene ontology, Gene ontology
.. . OSJJ Y a 4 = J < v
description 4% Gene ontology evidence iU lFaasdavesdusaa lumsINUNAaNS

"o Y WYY o A o &
WU U ll']3'}]‘“5'Jlllfl]T"lﬁﬂ?ﬂﬂuLWﬂ%TLﬂuiTﬂQWu

| hsapiens_gene_ensembl

Legends:

- Java local service - Input I:I Beanshell script
I:I BioMart service I:I Output

A ad I Y
51 2.18 135A W@ 1uN13AUYT Gene Ontology 910 Ensembl IDs

ad % 4
AsaTWadlugii 2.18 as29e0ud 8 Taverna 2 preview 102 |8 Health check
[ A 2 Y I 1 a a [ &’;’ Qy a’/‘ 1 A
report. 933110 2.19 Fauaaaldiviud yausmsiimsasunaunsdu uaz luduaoude lide

a o ad 4 Y o ad I A
Li‘c’]ﬂﬂ']ﬁﬂ']\ﬂu‘uﬂﬁl’ﬁﬂjwaﬁ !,L'ﬂ3‘1@ﬁiﬂu8ﬂTTVINTH‘U’fNL'JﬁﬂIV\'ﬁ'J@IQE‘]JVI 2.20
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Health check complete.

=}-%4* Health Report

----- wF Genelntologylnformation: Translated successfully
----- i dataflow3: W alidated OF,

—1--%4% Split_enzembl_|D Processar

=}« hzapiens_gene_enzembl Processzar

wq® Biomart Activity [http: /A biomart, org/biomart/martzervice]: Fesponded OF,
=}-4% Make GO_report Processor

i Beanzhel dcitivity:Parsed OF,

—}-4® Femove_duplicate_strings Processar

hooag® Beanshell Scitivity: Parzed OF,

=} REG_Split_by_M Processzor

g ShingConstant Activity: DK,

—l-%4* hzapienz_gene_enzembl_ OutdfDate Procezsor

e Biomart Activity [http: / Avasw. biomart. org/biomart/martzervice]: Fesponded OF.

= ad 4
31N 2.19 Health check report voa35a1lad

A 4

ensembllD

Y

Split_enzembl_|D

A
Fﬁemwe_duplicate_slrings I

\\

Fhsapiens_gene_ensembl | hzapiens_gene_ensembl_OutQfD ate |

B

A A A A A
Iake G t
QRS0 ropor Biological _ID Biclogical Type Cellular_ID Cellular_Type go_evidence go_des
A 4
A

GO _information

A o ad s
317 2.20 aomzmsihinuveaisn Tia?)
~ Aa o Yo < 29 A 1
nngl 220 vimsesahinuladuielae ilidedanaiales  uave
1 " Y a [ L . 4
WU hsapiens gene ensembl OutOfDate 13 |aNaNAANAANT 1A9)1a8 (empty result list) 11104

d aa Iy A ..
NNUBAATUIANADINITA® Gene ontology, Gene ontology description 40¢ Gene ontology
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% [ <3 S v o o 4 1
evidence lgdnafadoudy se1alstmuduradnsanaiinuldduse iosnnluldauls
1 1 a Jd
Anulloguosdoya (Data availability) 1fieduAnsIvdoUMNIZANNAANAIAYDY 181N T 0]
v

~ o 1 09/’ a a c’dyd Y o Y Y] [
VUSNNMNIUUNIUU muuﬁlummuwu‘ﬁum"lﬂmmu’auummmllﬁlﬂummQﬂmﬂﬂﬂms

@ ad P a 4 3 Aa oA 9 @ 9
‘wmmniﬂMa’mmmsa@'i’maa°uWamamamamsmwmﬁuﬂ"lﬂ

25 usmsluleusn (BioMart)

J 1 o a 4 o a a

G]@hlﬂi]gﬂﬁ'l')LL‘l‘lgu’l“]Jiﬂ'lillUIﬂiJ']ﬁ‘ﬂ ADTUIYUVINIT ’(?fﬂ'l‘ﬂﬁﬂﬂiﬁllﬂ'li
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A1519% 3.1 LAAIAIDENMTNINUVOIUTMNS ‘Split string into string list’

Input Type String

Input Example ‘ATCGATCGATCGATCGATCG\n
ATCGATCGATCGATCGATCG\n
ATCGATCGATCGATCGATCG\n’

Output Type String list

Output Example | ‘ATCGATCGATCGATCGATCG’
‘ATCGATCGATCGATCGATCG’

‘ATCGATCGATCGATCGATCG’

Expression “n’
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AuraAue
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a ad J o v A J [
dunaveudsaliainediauiiong lo Indvesdauatinelugluny Fasta Tao
9 Y Aa wa £ Ao o @ 1o o Y J A 9 1
lanindeal §iians s 17-25 drau uadduiszneuade 250 guiai lduinndiu

Exon7-10 40413 Tn Tauds Medredunasivuiiondle Indgiluuy Fasta deg1ii 3.8

>SRE26
GTGGCGAAGCCATATCCAGCGGCGAGTATGTTGGCAACGGTCGTGTGACGGAGTTCAGGTACGGCAAGTAC
CTGGGCGAGGCCTTCCGCGGCAACAACCAGCTGAAATACCTCAACAACTTCGGCGAAGGTTGGGGCATGAT
TGACCGGCATGACGCCCTGGTCTTCATTGACAACCACGACAACCAGAGAGGCCATGGTGCTGGAGGAGACA
TGATCCTTACTTTCCGTGTCTCTAAGTGGTACAAGGA

>TDE8
GTGGCGAAGCCATATCCAGCGGCGAGTATGTTGGCAACGGTCGTGTGACGGAGTTCAGGTACGGCAAGTAC
CTGGGCGAGGCCTTCCGCGGCAACAACCAGCTGAAATACCTCAACAACTTCGGCGAAGGTTGGGGCATGAT
TGACCGGCATGACGCACTGGTCTTCATTGACAACCACGACAACCAGAGAGGCCATGGTGCTGGAGGAGACA
TGACCCTTACTTTCCGTGTCTCTAAGTGGTACAAGGA

>SKE42
GTGGCGAAGCCATATCCAGCGGCGAGTATGTTGGCAACGGTCGTGTGACGGAGTTCAGGTACGGCAAGTAC
CTGGGCGAGGCCTTCCGCGGCAACAACCAGCTGAAATACCTCAACAACTTCGGCGAAGGTTGGGGCATGAT
TGACCGGCATGACGCACTGGTCTTCATTGACAACCACGACAACCAGAGAGGCCATGGTGCTGGAGGAGACA
TGATCCTTACTTTCCGTGTCTCTAAGTGGTACAAGGA
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A13199 3.4 PFANATDVLATNANITNATDL

uIugAYeYavIN I oy .
nalFhau eni)
(No. of bootstrapping replicates)
100 02.50
250 12.20
500 20.29
1,000 20.40
2,000 dumiad huna)

ServiceError Message="Task failed due to problem invoking soaplab service"
TimeStamp="Feb 6, 2008 11:27:19 AM"
org.embl.ebi.SoaplabShare.SoaplabException:

Internal communication failed. (in fetchResults)
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d A a o a 4 y o a
YOIFUINTANHIINGROTIVAIUATUNS UBN NG §a9z 1% Java local service WTOUTNT
Yy A Aqu i A a 7 vq ¥
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Service Service
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2) annaldsunsu Soaplab Analysis Tool ttag SOAP Toolkit
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Qs 4 da
3) msafreientlszauiuaesda (Web service interface)

Y o A 3 Ja A . . Y o
MITTNANFoUUTEaUAVEOSIANTD Web  service  interface Gl?iﬂ‘U“lg’ﬂ

TsunsulumssineTaseasiedu ldaeddauims amnseadieldamwanilaenssuns
o A A = . Ao v a 3 £ A £ o
M1 ugali 3.14 1n503939U04 Soaplab Analysis Tool NAAYDNAINHIAD ACD2XML ¥4%i1

A &
Wi lumsuala (translate) 19015 AJAX Command Definition (ACD) [49] 1utenans XML
A I & o )
Wosnnenal1s XML Humuiuaigiuuesldslanea SOAP Fuiluiileuesnisiiiu

4 k4 ¥
auinTuneudIAnAe Msas1uend1s ACD teoiulensiinutazmsliuuacuesya
Tdsunsu PHYLIB  #10g1ugiuuy Interactive command  line  1#dnnumsldaiuluau
a a = . . . 0’-" =2 Y S
INPIUNUTAD Non-interactive command line 9101139 1% ACD2XML watenais ACD 1lu
1NET XML 1o danoid1gnszUIUN1511191U904 Soaplab Analysis Tool A9 11/

o @ o 9 9y Iy o
galdsunsy  PHYLIB  dwsumsihauTassadnaiedu 183 3anms

Ysznevde Tusunsw fseqboot, fdnapars, fprotpars {18¢ fconsense Fagreumshaunelu
ad J 4 1T 9 a Y . @
Asa IadveelilsunsumnesuitagmIdineUsyad 00 FU18A8 Sequence Diagram A4

v Y
511 3.15 TaedszneudiensiSuusamsiaudleienans ACD asse 114

u

® 1@na15 ACD §1%15U11sun5u fseqboot

9
(% v A

v A 9 o J o w
Tisunsu fsegboot @30T VDUNA lANedIAUTING To Inanazdvunsaos
A % o W o Y o a 72 o ¥ 0
1w dsmsuenilszinnvesdrauimua Bidumsdnes saimuali llsunsy fsegboot 1

1 < av { I
Bootstrapping replicate 310191115 Naz 14 Insearedu lamed Jannmsntanudu 118 vay

v A

P A £ o ANY 1 1 g9 o w a ?o - ¢
DNADININIIUVU WaaWﬁﬂqﬂﬂgﬁQﬂ@{lWIﬂﬁlLﬂiu fdnapars ﬁ'lcl’ii‘i_l')lﬂ3'131’?'[3']@‘]_]“3?]'@1@“1%@

U
E4

) v A do a a a 4 o
1ae fprotpars 115 UAATIEHAAUNTABEH TU TaeluIng 1 inusHIgNAdo U IUIU

]
= =}

Bootstrapping  replicate g4gAD4 50,000 Ao 1snaaeUlsz@NsnImuoauTnITRoInY

a3 ACD d 5D T1)sunsu fseqboot A931/9 3.16



Taverna InputFileOperation

fsegboot

fdnapars

I I
M MultiplyAlignmentResult U

|
D Input{AlignmentResult,Filename)

dna_fsegboot file D

protein_fsegboot file

fprotpars

fconsense

FetchResultOperation

B Hem i
I
|
e— - T T S
I
I
b O O OSSP B
I
I
A e
I
I
I
I
I
H |
I

{ . o ad J 4 o Y 9 9/ aw
517 3.15 Sequence diagram ¥psmsiinumeluiiaIaiveslusunsunmesnlumsineTaseadreduldmedTaums

|

fdnapars file

|

DNA Phologram.treefile

Protein Phologram.consense '
__________________ 1 SN

fprotpars file

DNA Phologram. treefile

DMA Phologram.consense

el i S B

Protein Phologram.treefile

}4

Protein Phologram.consense

—_— |

——————

I8



82

appl: fsegboot [

documentation: "This is fseqgboot command on Hanuman Rocks 4.2.1 System"

groups: "phylib"

nonemboss: "Y"

y g oA
ﬂi$ﬂ1ﬁ‘dlfﬂl’m!°]i’f)§’\]ﬁ

executable: " /home/kasikrit_da/EMBOSS-5.0.0/embassy/PHYLIP-3.6b/src/fseqboot"

]
# --- hidden inputs
string: auto [

parameter: "Y"

:i 1 J
321 N10gve4 Executable U3z 11 I1d

comment: "display false"
default: "-auto"
comment: "defaults"

]

string: sequencefile [

parameter: "Y"

1 a d a . % o 1
Usgmedndumandmesvia String Fadvuaa
Tagl5ene'13f0 “-auto” TsunTNIIOMULY
Non-interactive command line c‘ﬁﬂmm

a a 4 o d’l
a‘w&nuwu‘ﬁi)izmwummuunniﬂmﬂm

template: "-sequence /home/kasikrit_da/$S$"
information: "sequence file name ex. emma_outseq"
]
string: seqtype [

parameter: "Y"

a3 a S A
Usemaiutumsines¥ia String
wviihidludunalwiulysunsy lu

AAA o o
nine 819091 11U51NTH emma

template: "-seqtype $S$"

information: "sequence type ex. d(dna), p(protein)"
]
string: replicate [

parameter: "Y"

13 a d A
Uszmeudumaniwesisia String
wmrhnsgyriavessiey iy

a g
Tasunsu fie d AeAdue Lay p Ao

T1)s@u

template: "-reps $S"
information: "number of replicate set of data ex. 100"

]

1 a3 a S A
Usgmautumsines¥ia String

Wints2131uau Bootstrapping

outfile: output [

additional: "Y" default: "stdout" ]

Uszmenoinavealisunsy

U

517 3.16 tona15 ACD @51 11sunsu fsegboot
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® 19na15 ACD §1isuldsunsy fdnapars
T1/5un3% fdnapars 16ane3NUA1ITH19IU DNA Parsimony d115UNTIAT 8N

Yoyarnodane ¥y Tsunsy feonsense e Taseadu ldensdanmsvosdiduiiong

Tolnd tond15 ACD @5 Ta)sunsw fanpars #9317 3.17

appl: fdnapars [

documentation: "This is fdnapars command on Hanuman Rocks 4.2.1 System"

groups: "phylib" ! ¢
ﬁzuﬁﬂgmm Executable 'U‘Lli%‘}J‘]JUlWa
nonemboss: "Y"

executable: "/home/kasikrit_da/EMBO0SS-5.0.0/embassy/PHYLIP-3.6b/src/fdnapars"
]
# --- hidden inputs
string: auto [

parameter: "Y"

comment: "display false"

default: "-auto" szyfioguesduna 1 Tasunsy fdnpars
¢ ¢
comment: "defaults” FanfAoeMNAve11lsunsu fsegboot Vo1
o w A = L4
] dwuindlelnd
string: fsegbootfile [

parameter: "Y"
template: "-sequence /home/kasikrit_da/analysis-interfaces/a/unknown/Projects/default/Data/$$.fsegboot"
information: "sequence file name ex. emma_outseq"
]
outfile: output [
additional: "Y"

default: "stdout"

319 3.17 1ones ACD @51 15103 fdnpars
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® 19na15 ACD §1isuldsunsy fprotpars
T1/5un33 fprotpars 1OaNe3INUAITHIIU Protein parsimony 1M UATIAT 8N

Joyarodeas inuTsunsy feonsense e Taseaiedn ldaedItaninmsvesdidn

ninozii Tuae 11 tenes ACD dwisn 1151051 fprotpars Aeg17 3.18

appl: fprotpars [

documentation: "This is fprotpars command on Hanuman Rocks 4.2.1 System"

groups: "phylib"

£!' 1 J
59yN0gUD9 Executable Uuszuy lvla

nonemboss: "Y"
executable: "/home/kasikrit_da/EMBOSS-5.0.0/embassy/PHYLIP-3.6b/src/fprotpars"
]
# --- hidden inputs
string: auto [
parameter: "Y"
comment: "display false"

default: "-auto"

comment: "defaults"
] £ g s
KINADLDIN qﬁm@ﬁi‘ﬂﬁuﬂﬁu fseqboot YD

string: fsegbootfile [ E,%Wﬁﬂﬂ‘jﬂi’)“ﬁiu

parameter: "Y"

template: "-sequence /home/kasikrit_da/analysis-interfaces/a/unknown/Projects/default/Data/$$.fsegboot"
information: "sequence file name ex. emma_outseq"

]

outfile: output [
additional: "Y"

default: "stdout"

514 3.18 1ones ACD a1 T1l51n3w fprotpars
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® 19Na13 ACD dmsuldsunsu fconsense

T1lsunsu fonsense mmsﬂ%'uﬁuw@"lﬁ’ﬁﬂﬁﬁuﬁaﬂmellwﬁuazﬁwﬁumﬂaz
Tludeennsousnues 18 Taemsszymnimes Tusunsu feonsense 19 meTasaadns
dulfenedfannmsfitanuiulydinndiga enas AcD dwsuTusunsu feonsense A
3101 3.19 nazldewinaiudoyaTassadredu o3 fannms 2 guluuufe Treefile 1oz

u

Text a4 1dna1udn
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appl: fconsense [

documentation: "This is fconsense command on Hanuman Rocks 4.2.1 System"

groups: "phylib"

nonemboss: "Y"

= 1 J
_— 59yN0gUD9 Executable Uuszuy lvla

executable: "/home/kasikrit_da/EMBOSS-5.0.0/embassy/PHYLIP-3.6b/src/fconsense"

]

# --- hidden inputs

string: auto [
parameter: "Y"
comment: "display false"
default: "-auto"
comment: "defaults"

]

string: root [
parameter: "Y"
comment: "display false"
default: "-root Yes"
comment: "defaults"

]

string: intreefile [

parameter: "Y"

szyniiwes 1 19 Tusunsushunelnssadis

9 £ ao a a 1 19
ml"lummmmmswﬂmmmuﬂu

a

a a Yo
szynedvesouna InnuTlsunsy
<

= g

fconsense Gdlfﬂﬂﬂi‘)lmﬂw&]‘lli’)ﬂﬂiuﬂiu

fdnapars 1482 fprotpars 11194

template: "-intreefile /home/kasikrit_da/analysis-interfaces/a/unknown/Projects/default/Data/$S.treefile"

information: "sequence file name ex. emma_outseq"

]
outfile: output [
additional: "Y"

default: "stdout"

31091 3.19 1ones ACD @51 1151351 feonsense
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®  1SNMINVIDUMHIVUMIIANIDUNA

a 9 A o ] % a o 9 A 9 a & 2 o w
UTNITNOINUFAINITUNITIANITDUNS 1/]']1’114']1/]‘]9]'6um@yjﬁ@um@]“ﬁﬂlﬂu’ﬁWﬂU
a = 4 = A & [ 4 o & o ]
1adaTe Inanaz Tsauimiluwadwion1Usunsy Emma vesaoiu EBI deiiiaueguu
A 1 Aa S @ Y ) 9 9 9 ao £ o
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A5a TWadvesTilsunsuninesudegili 3.20

//InputFile Operation

public String InputFileOperation(String contents, String filename) throws I0Exception{

A

try { _ .
winiweiye ludivylas
FileWriter fw = new FileWriter(filename); | 29971
PrintWriter pout = new PrintWriter(new BufferedWriter(fw));
pout.print(contents); a 24 g y
W"I‘iﬁJLG]@ﬁ']‘]JE)ﬂ’NL‘]JULEﬂVIWﬁ
pout.close(); 910151054 Emma 150391
} Multiply alignment TGN

catch (IOException ioe) { return "IO error:" + ioe ;}

return filename;

A ad A s A g < ey
Sinsuye Idmeilunesdnosnu

} Tlsadue

{ a 9) a o o [ a
gﬂﬁ 3.20 Java class VYDIUTNTNOIDUTINTUNITIANITOUNG
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a a o (Y] [ d
® U§ﬂ1§ﬁlﬁ)ﬁﬂuﬁ1ﬁiﬂﬂﬁi‘i]ﬂiﬂﬁ!ﬂ]"ﬂ‘l/!ﬂ

a A o @ o 4 o o @ 4 o
Uimsnesdudmsumstanisemya fivihieuradnivesnisiiuie
Ao qﬂll o a o 4 1 [} 4
TassadumeTaumsnivesdriduiinale lnauaz Tusau anszuulwdudrdanwasns

navunIinszouisaTlasluTUsunsumnesudegilii 3.21 nag 317 3.22

o v o d
1) Java class 'mﬂ5umsdmuazdawaawﬁmmgﬂuuu Treefile

/Reading a file and show content of emboss result in analysis_interface dir

public String ReadFileEmbossTreefile(String filename)throws IOException{

. _nu, { S @
String s, content=""; nogved Tvldwadwiziluuy Treefile

try { vuszunld

FileReader fin = new FileReader("/home/kasikrit_da/analysis-
interfaces/a/unknown/Projects/default/Data/"+filename+".treefile");

BufferedReader bin = new BufferedReader(fin);
while( (s = bin.readLine()) != null){
content +=s +"\n";;
}
bin.close();
}
catch (IOException ioe) {

System.out.printin( "IO error:" + ioe );

l Y o o
adamadns i 1sunsuninesin

}

return content;

{ ) o ' ! v J
317 3.21 Java class AMFUMIBUAZAIHAANTURIFULDY Treefile
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2) Java class M3UMso Mz A IWAdNS UMD Text

public String ReadFileEmbossConsense(String filename)throws IOException{

. _nu, { S v
String s, content=""; Noguoalwanadwiziluu Text

try { vuszun g

FileReader fin = new FileReader("/home/kasikrit_da/analysis-
interfaces/a/unknown/Projects/default/Data/"+filename+".fconsense");

BufferedReader bin = new BufferedReader(fin);
while( (s = bin.readLine()) != null){

content +=s +"\n";
}

bin.close();

}

catch (IOException ioe) {

System.out.printin( "IO error:" + ioe ); — P
aamaansun v lsunsuninesun

return content;

{ [} o ' v v I
317 3.22 Java class AMFUMI WAL AIHAANT 11UV Text
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#generator/acd2xml —d —| MyApp.xml <ACD file list without extension>

4 s
515 10%0 Ilavewendls ACD
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5107 3.24 M3 1HaT09il0 ACD2XML

U
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5.5) Fam3n1315av09 Apache Tomeat
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Status | Fesuls || Progress report|

Processor statu

Name
Merge_EnsemblD
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Flatten_list
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Flatten_Entrez_ID:
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Nested_hsapiens_SNF
Nested_Motif
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Nested._

Last event
PracessComplete
FrocassComplele
PracessComplete
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PracessComplete
FrocassComplele
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PracessComplete
FrocassComplele
PracessComplete
FrocessComplele
Pre Complet

Nested_KEGE
Nested_Ertrez

FrocassComplele
PracessComplete

Event timestamp

12ua
12
12ua
12
12ua
12
12ua
12
12ua
1200
12un
12

2882,
2652,
Tk
2652,
Tk
2652,
Tk
2652,
Tk
2652,
2882,
2652,
Tk
2652,
k.

15:4253
15:4344
15:4253
154267
15:4257
154255
15:4344
15:4353
15:4253
15:44:07
15:4353
156065
15:4344
15:43:00
15:4853

Event detail

Breakpoint
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Gene_Information| | Urique Enrez ID| | GO information
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Entiez_Summary

A
Entraz\[}_mlh_KEGG_\D| ‘ KEGE_Gene_desciption
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KEGG_Pathwaylmage

‘ Mofit_lnformation

A
OMlIk_Phenolype

Tavenna Workbench ¥1
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.4 Desion| B Results| € Exacuts remotsly L, Discover %/ LogBook @ Tavema 2 preview [ myExperiment (beta]
B> Bioklan_hsapiens_gene_ensemblvariation 1542+ | 15579 |
<5 Saveas¥ML [ Savetodisk  [L]] Saveto disk as webste | [1J] Excel ¥ Close
Status | Results| Progress report|
Name Last event Eventfimestamp Event detal Breakpoint
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ProcessComplete 12w, 2552, 154344 T
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ProcessComplets 120, 2552, 154344
ProcessComplete 12w, 2552, 154359
PracessComplets 12417, 2552, 15:42:59
PracessComplets 12410, 2552, 15:44:07
ProcessComplete 12400, 2552, 15:43:59
ProcessComplete 120, 2552, 1556059
2 120, 2652, 15:43:44
ProcessComplets 12w, 2552, 1543.00 ||
ProcessComplete 12w, 2552, 154853 v
GO_information
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<?xml version="1.0" encoding="UTF-8"?>
<s:scufl xmins:s="http://org.embl.ebi.escience/xscufl/0.1alpha" version="0.2" log="0">
<s:workflowdescription Isid="urn:lsid:net.sf.taverna:wfDefinition:51ca044a-37bd-4f3e-b627-89199bc6b020" author=""
title="GeneOntologyInformation" />
<s:processor name="REG_Split_by_N" boring="true">
<s:stringconstant>\n</s:stringconstant>
</s:processor>
<s:processor name="hsapiens_gene_GO">
<s:description>Homo sapiens genes (NCBI36)</s:description>
<s:biomart>
<biomart:MartQuery xmins:biomart="http://org.embl.ebi.escience/xscufl-biomart/0.1alpha">
<biomart:MartService location="http://www.biomart.org/biomart/martservice" />
<biomart:MartDataset displayName="Homo sapiens genes (NCBI36)" name="hsapiens_gene_ensembl"
type="TableSet" initialBatchSize="200" maximumBatchSize="50000" visible="false" interface="default" modified="2007-
08-03 16:38:20">
<biomart:MartURLLocation database="ensembl_mart_46" default="1" displayName="ENSEMBL 46 GENES
(SANGER)" host="www.biomart.org" includeDatasets="" martUser="" name="ensembl" path="/biomart/martservice"
port="80" serverVirtualSchema="default" virtualSchema="default" visible="1" redirect="0" />
</biomart:MartDataset>
<biomart:Query virtualSchemaName="default" count="0" uniqueRows="1" softwareVersion="0.6"
requestld="taverna"> ]
<biomart:Dataset name="hsapiens_gene_ensembl"> sﬁ@ﬂqm“cﬁﬂ
<biomart:Attribute name="go" />
<biomart:Attribute name="evidence_code" />
<biomart:Attribute name="go_description" />
<biomart:Attribute name="ensembl_gene_id" />
<biomart:Filter name="ensembl_gene_id" value="" list="true" />
</biomart:Dataset>
</biomart:Query>
</biomart:MartQuery> o
</s:biomart> Hawesnlslumsaas
</s:processor>
<s:processor name="Split_ensembl_ID">
<s:local>org.embl.ebi.escience.scuflworkers.java.SplitByRegex</s:local>
</s:processor>
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Processor Name: hsapiens_gene_GO, Attibute: go is out-of-date
Processor Name: hsapiens_gene_GO, Attibute: evidence_code is out-of-date
Processor Name: hsapiens_gene_GO, Attibute: go_description is out-of-date
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Processor Name: hsapiens_gene_GO, Filter: ensembl_gene_id is up-to-date
Detail: Filter to include genes with supplied list of Ensembl Gene IDs

Processor Name: hsapiens_gene_GO, Attibute: ensembl_gene_id is up-to-date
Detail: Ensembl Stable ID of the Gene, feature_page
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) Taverna Workbench v1.7.1.0

File Tools ‘Workflows Advanc Help
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Search| | | [ Watchloads Graphical | Ineractive (experimental)

| Avallable Processars (17 Save diagiam | ™5 Refesh | [[& Configure diagram

(3 Loeal Sevices =

- Biomoby @ hitp:/moby.ucalgary.ca/maby/MOEBY-Cel
i i ot/

‘emboss — =
. -
rit gor ‘eLtils.
5 n:
Lac. uk/xembl XEMBLwsdl -

“|2) WSDL @ hitp: Afwwiw nebinim nib gov/entre2/eutils.|
1) "WSDL @ hitp: /el i, ik, gov/entrez/zutils/|

(et 57 20 ]
.

(8- Biomart service @ hiy

(5 WEDL @ hitpr A/s0ay
13 WSDL @ hittp: /.
1) WSDL @ hitp: //s0a
(-5 WSDL @ itp: /v

2 WSDL @ http: /fvwrw.s

< | bd

dvanced mod explorer

Chec_ritdr Chedi, Atibute

wiorkllow | .. 0 . SR
 Woridiou nputs  Vierichow s

%: AddNestedWorkflon [ Offfne &

e " = 5 ‘ Workfow_Saut | [datasettlame | Processar Name | A ‘ldihsﬂNin! | [ Frosessortame ][ Werktow _Saun ‘A
‘orkflow cbiec etiies | Delay 5 3 — e SR 5 — H
_? Cl’\et\:b,\iﬁvk”nw,»‘ﬁvai\ab\e,vi [ prspimiﬂisr’ml‘-” Biomant_Base_URL || XPath_Fiter | [[prepare atribute_un | [ Biomart_Bas= _URL [J] xPath_atriouie |}
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=W Workilow_Scull
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<l wersion="1.0" encoding="UTF-8"%

<5 soufl aming:s="http: /#0rg embl ebi escience/wscull/01 alpha' version="10.2" log="0""

<siworkflowdescription lsid="urrtlsid: net. sf.tavema:wiD efinition: (817 3a30-7420-41 ce-add>-b7 471 21f3d" author=" tile="BicoM art_hsapiens_gene_snsemb|_variation" />

<s:processor name="REG_Split_by_C" boring="te">

<sistiingconstant> < /s stringeonstant

</siprocessan

<xiprocesser name="REG_Merge_by C" boring="true's
<3:stingeonstanty < /5 stringeonstants]

<Jeprocesson
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<s:processor name="Flaiten_st"»
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s etensions> a
<sflattenlist s:depth="2" />

</sietensions>
<isilocals
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org.embl.ebiescience. souflworkers.java FlattenList
<setensions>
< flattenlist s depth="2" /»
< /s extensions>
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File Tools ‘Workflows  Advanced

[ Desian| B> Resuks| % Exeoute remotely C4, Discover ./ LogBook @ Tavema 2 preview (] myxperiment (bets)
B Cheok_workfion,_Awailsble_v5_5 1436 w. |

workflow Status : Running
Status |

Processor stau

Mame Last event Event timestamp Event detail

@ ¥Path Processar PracessCanplete 3 nn. 2952, 143622
@ Merge_Attibute_result_list ProcsssScheduled 3 nn. 2552, 143621
@ Flaterlist_Fitered_Processor PracessCanplete 3 nn. 2952, 143623
@ XPath_Exiacl_Processor ProcessComplete 3 nn. 2652, 14.36:22

Merge_Fiber_result_lst ProcessScheduled 3 nan. 2552, 14.36:21
@ HPath_Fiter_Processar ProcessCanplete 3 nn. 2952, 14.36:22

¥Path_Fiter_Nested_Procsssor ProcsssComplets 3nn. 2952 14.36:23
@ Datasetiame_KPath Exp PracessCanplete 3 nn. 2952, 143623
@b FlatterlLisi_DatasstName ProcessComplete 3 nn. 2652, 14.36:23
@ ¥Path_edact_Datasstame ProcessCamplete 3 nn. 2952, 14.36:23

- Check_Atibute Invoking/thlteration 3 nn. 2952, 14.36:23 Iterationhumber="1" terationT otal='3 ActiveWor.

Graph | Intermediate inpuss | Intermediate outputs;

tered_Procsssor

Breakpoint

File Tools Workflows  Advanced

[ Desion| B> Resuts| € Execute remotely C4, Discover %] LogBook @ Tavera 2 preview (I myExperiment (bets)

B Cheok_workfion,_Awvailsblo_v5_5 1436w, |
<> SaveasdML [ Savetodisk  [L] Save todisk as website  [] Excel 3 Close
Status| Resuls | Progress repart|
Attibute_Checked | ProcessoName | DatasetName F\lt?richeckedl
Selt
Processor Name: hsapiens gens GO, Filter: ensembl _gene id is up-to-date
gﬁ’iﬂ“:e'"_ Detail: ensembl gere id Ensembl Gene ID(s) [ Filter to include |res with supplied list of Ensembl Gene IDs filvers id list =, in
'@ view,

urrelsictnet sf taverna dataltem:dd7 4ff43-47

text/plain
IS Chick o view. Processor Name: hsapiens gene_ensembl, Filter: ensembl gene_id is up-to-d

urrlsicbnet st tavema dataltern 5bd888e5-C lpata 1 ; ensenbl_gene_id Ensembl Gene ID(s) 4] Filter to include with supplied list of Ensembl Gene 1D filters id_list =,in

urrilsicknet sktavema dataltem:f45a2ef3-3
Processor Name: hsapiens smp, Filter: refsnp is up-to-date

Detail: refsnp Ref SNP ID(s) [] RefSNP IDs filters id_list = sapiens_snp_ variation_ main  neme 2025

s1suNaNames Ny

51/ 6.4 mamsasnaeulawesvesusms luTemsnluTsunsuninesun
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Processor Name: hsapiens_gene_GO, Filter: ensembl_gene_id is up-to-date

Detail: ensembl_gene_id Ensembl Gene ID(s) [] Filter to include genes with
supplied list of Ensembl Gene IDs filters Id_list =

hsapiens_gene_ensembl__gene__main stable_id_1023

Processor Name: hsapiens_gene_ensembl, Filter: ensembl_gene_id is up-to-date

Detail: ensembl_gene_id Ensembl Gene ID(s) [] Filter to include genes with
supplied list of Ensembl Gene IDs filters id_list =

hsapiens_gene_ensembl__gene__main stable _id 1023

A a 4 a 4
Zﬂ‘ﬂ 6.5 51fJ\‘ﬂ‘L!ﬂTi@]5'Jfl]ﬁ'mJ‘V\lﬁl@]ﬂimﬂﬁﬂiﬂWillUT@NWiﬂ

! Taverna Workbench v1.7.1.0

E@|x)
File Tools Workflows Advanced Help
& Des\gr\lb Hesultsl % Execute remotely 4 Discover 5] LogBook @ Tavema 2 preview (] myExperiment (bets)
I Check_worklion_dwailsble_v5 514354, |

<> Saveas®ML  [] Savelodisk  [1] Save todisk as website [ Excel ¥ Close
Status| Resulbs | Progress repart|
Altibute_Checked | Pracessoiame | DataseiName | Fiter_Checked|

List Sel
R

Processor Name: hsapiens_gens_G0, Attibute: go is out-of-date M

< aa o
unlsicknet sf taverna datsltem:ida/S50F5,
i riacessor Newe: nsapiens_gene G0, Atribue: svidsace_cods i3 our-of-gaue S JNNUNALDAATUIA
Chck b view:
urrelsicknet sf taverna dataltem:376F770-h
extiplain ) )
= P Processor Name: hsapiens gene G0, Attibute: go_description is out-of-date

9 @
g e ot aquy
unlsicknet st tavema datalten1674887b

Processor Neme: hsapiens gene G0, Attibute: ensembl geme id is up-to-date

Detail: ensembl gene id Ensembl Gene ID Ensembl Stable ID of the Gene feature htul,txt,csv,tov,xls  hsapiens gene_ensembl  gene
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Abstract—This paper describes a Taverna workflow
environment with supporting web services for Single
Nucleotide Polymorphisms (SNP) analysis of genes in shrimp.
The workflow is used to investigate SNPs advantages for gene
development. Our first workflow environment did not give
satisfying results for the phylogenetic tree processes because
the data flows between the web services would frequently time-
out. Our solution employs local web service interfaces in a
cluster, which Taverna accesses with the aid of Soaplab
analysis tools. The cluster enables the modified workflow to
rapidly process the large amount of sequenced data required
by phylogenetic trees, and is highly reliable.
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L INTRODUCTION

Bioinformatic researchers use to resort to copying and
pasting between web pages to combine the results of
multiple services or programs. This was labor intensive, error
prone, and not scalable, due to standard differences, and
research complexity [1, 3]. In response, workflow
methodologies were developed to help compose the
resources into a single logical system.

This paper presents a workflow environment based on
Taverna [2, 4, 5] for Single Nucleotide Polymorphisms
(SNP) [6] analysis of shrimp. We focus on the Amylase gene
because it is a good model for studying the adaptation
processes and phylogeny. Penaeus merguiensis samples
were collected from three of a multigene family regions of
The Gulf of Thailand : Trad (TDE, N=3), Songkhla (SKE,
N=3), and Surat Thani (SRE, N=3) [7]. Two or three
independent clones were sequenced for each specimen.

A previous study [7] reported on the genetic variation of
P.merguiensis in Thailand using nuclear DNA markers
(ACT1, D7MICRO and PvAmy). High intraspecific
variation in PvAmy (FST= 0.324) was observed. This raises
the question of the possiblity of the PvAmy locus
tundergoing strong environmental selection, linked to
variations in the ecological factors. Also, does the same
phenomenon happen in other areas in Southeast Asia, such
as the Malaysian peninsula. To examine this question, we
study the polymorphism of the 4my gene using primer based
on a conserved sequence from Exon7-10. This lets us
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evaluate the level of genetic variation of P.merguiensis from
the Gulf of Thailand (Trad, Surat Thani and Songkhla).
Moreover, SNPs may become very important in future
studies of agriculture, such as growth and resistance to
disease infection.

A major issue for a composed workflow is when it
cannot finish its processing because data flows between the
web services time-out in the phylogenetic tree [8] predicting
process at the EBI [9]. This occurs when the processing
involves for more than 2,000 bootstrapping replicates. It is
possible to execute the predicting process locally but then we
need to copy and paste data between the workflow, which is
too much time-consuming.

A better solution is to build local web services that talk to
the workflow, focusing on the building of the phylogenetic
tree of nucleotide and Amino Acid sequences. The web
service interfaces for each phylogenetic tree process in the
workflow can then be accessed by Taverna. Our local web
service interfaces were implemented with Soaplab [10]
analysis tools.

Our workflows were implemented with BLAST (Basic
Local Alignment and Search Tool) [11], multiple sequence
alignment in nucleotide and Amino Acids, prediction of the
protein secondary structure, and prediction of the nucleotide
and Amino Acid phylogenetic tree [8]. We use Taverna to
compose these web services into a workflow with services
from XML Central of DDBJ [12], EBI [9], Java local
services, local web services, and shim services. The
correctness of each service was verified by The Centre for
Genomics and Bioinformatics Research at Prince of Songkla
University.

II.  TAVERNA, WORKFLOW AND SOAPLAB
INTRODUCTION

The myGrid e-Science Taverna tool is an open source
workflow composer to orchestrate bioinformatic web
services and existing applications into workflows, or to help
compose local or distributed resources into a single logical
system [5, 13].

Taverna can access over 30,000 services in the
bioinformatics domain, and will grow to include other fields
such as astronomy, chemoinformatics, health informatics in
the future
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Taverna can add service endpoints, such as WSDL
documents, for improved portability, and can access other
types of service, such as, local Java services, BioMoby and
BioMart services, and Beanshell scripts [5, 13, 14].

Soaplab is a framework for exposing command-line tools
as web services [10]. Soaplab Services containers manage
web service jobs, such as Tomcat. It offers a various web
services, and provides pointers to the AppLab Server which
wraps existing command-line tools. Soaplab is a component
of the myGrid project [13].

III. CASE STUDY BACKGROUND

A.  Analysis of the Copying and Pasting method

SNP analysis used to rely on copying and pasting
between web pages and off-line applications. The analysis
processes include sequence analysis with NCBI BLAST
[11], multiple alignments with ClustalX [15] and GeneDoc
[16], translations of nucleotide sequences to Amino Acid
sequences using Protein Sequence Analysis (PSA) [17], the
study of evolution relationships by phylogenetic tree with
BioEdit [18], and the prediction of secondary structure with
PSIPRED [19]. The relationship between these processes is
shown as a flowchart in Figure 1.

Nucleotide Sequences
NCBI BLAST
DNA BLAST Result

DNA Multiple
Alignment

DNA Sequences
Multiple Alignment

Translation: DNA ->
Amino Sequences
]

Amino Sequences
Multiple Alignment

Study of
phylogenetics tree

DNA Evolution
Trees

Amino Multiple
Alignment

2D or 3D Protein

Study of
Prediction Structure 5 e

phylogenetics tree

DNA Evolution
Trees

Protein Structures

Figure 1.

The Flowchart of the Shrimp SNP Analysis

The major web services used for making the workflow
are Emboss application services at EBI [9]. Emboss offers
many well-respected and broadly known web services.

The BLAST process is invoked by XML Central of
DDBJ [20], using configurable databases such as
DDBJNEW. BLAST is easy to access via Taverna or a web
browser. The workflow also employs the Shim service, a
small service that manages the data flow in and out of each
service.

The workflow diagram is shown in Figure 2. Table I
shows the Soaplab Web Services in the workflow, and the
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string parameters configure each service [21] are listed in
Table II.

In phylogenetics, an evolutionary tree produced with at
least 1,000 bootstrapping replicates gives satisfying results
because more replicates generate a plausible or correct tree
[21]. We plan to utilize 2,000 replicates for precision results.

Figure 2 shows

e The use of existing services by Taverna.

The prediction of a phylogenetic tree requires the
‘fseqboot’ service or a bootstrapped sequences
algorithm. ‘fSegboot’ reads in a data set, and
produces multiple data sets by sampling.

The workflow input employs the shrimp nucleotide
fasta format sequence [22] from a wet lab. There
were to about 15-27 sequences; each consisting of
250 base pairs from the Exon7-10. An example of
the fasta format sequences is shown below:

>SRE26
GTGGCGAAGCCATATCCAGCGGCGAGTATGTTGGCAACGGTCGTGTGACGG
AGTTCAGGTACGGCAAGTACCTGGGCGAGGCCTTCCGCGGCAACAACCAGC
TGAAATACCTCAACAACTTCGGCGAAGGTTGGGGCATGATTGACCGGCATG
ACGCCCTGGTCTTCATTGACAACCACGACAACCAGAGAGGCCATGGTGCTGG
AGGAGACATGATCCTTACTTTCCGTGTCTCTAAGTGGTACAAGGA

>TDES8
GTGGCGAAGCCATATCCAGCGGCGAGTATGTTGGCAACGGTCGTGTGACGG
AGTTCAGGTACGGCAAGTACCTGGGCGAGGCCTTCCGCGGCAACAACCAGC
TGAAATACCTCAACAACTTCGGCGAAGGTTGGGGCATGATTGACCGGCATG
ACGCACTGGTCTTCATTGACAACCACGACAACCAGAGAGGCCATGGTGCTG
GAGGAGACATGACCCTTACTTTCCGTGTCTCTAAGTGGTACAAGGA

>SKE42
GTGGCGAAGCCATATCCAGCGGCGAGTATGTTGGCAACGGTCGTGTGACGG
AGTTCAGGTACGGCAAGTACCTGGGCGAGGCCTTCCGCGGCAACAACCAGC
TGAAATACCTCAACAACTTCGGCGAAGGTTGGGGCATGATTGACCGGCATG
ACGCACTGGTCTTCATTGACAACCACGACAACCAGAGAGGCCATGGTGCTG
GAGGAGACATGATCCTTACTTTCCGTGTCTCTAAGTGGTACAAGGA

The process of predicting a phylogenetic utilizes
‘fseqboot’,  ‘fdnapars’ or  ‘fprotpars’,  and
‘fconsense.’

The test results are shown in Table III. The workflow did
not always produce results when using 2,000 bootstrapping
replicates. The data flow between fsegboot’ = ‘fdnapars’
and ‘fsegboot’ 2 ‘fprotpars’ sometimes terminates due to
fetching time-out error or inconsistencies in retrieving the

results.

B.  Design the Solution

We solved the time-out connection problem by building
local web services for predicting the phylogenetic tree. The
services are hosted on Hanuman, a Rock cluster in the Grid
Center at Prince of Songkla University [23].

The Soaplab Analysis Tool was used to implement the
web service interfaces. Two types of web services were built,
as shown in Figure 3. The application for predicting a
phylogenetic tree was wrapped by Soaplab using the
nucleotide acid and amino acid parsimony algorithm, I/O
was managed using Java web service (JWS) [24].

C. Implementation

PHYLIB 3.6b [25] is an Emboss open source package for
predicting a phylogenetic tree. PHYLIB is installed on
Hanuman, employing the Rocks Linux Cluster Operating
System version 4.3 [26] and Tomcat v.5.0.28 [27] as the web
service container.

The key concept is to build an XML services description
file for the Soaplab from an ACD [28] file list. An ACD file



must be written for each application program that acts as a
web service [10].

TABLE I. EBI SOAPLAB WEB SERVICES USED IN THE WORKFLOW

Service Name Responsibility

Translate nucleic acid

transeq

Sequences to amino acid sequence

garnier Predict protein secondary

structure

fmma_[DNA/Prot] Multiple alignment program

interface to ClustalW program

prettyplot Display aligned sequences,

with coloring and boxing

fsegboot_[DNA/Prot] Bootstrapped sequences

algorithm

Multiple Alignment Result

InputkFileOperation

v

Boot Strap Data
(fseqboot)

Nucleotide or Amino acid
Parsimony Algorithm
(fdnapars or fprotpars)

Majority-rule and strict
consensus tree
(feconsense)

TABLE III. TESTING CASES AND RESULTS

No of Replicates
100

Time Used (min.)

02.50

250 12.20

500 20.29

1,000 20.40

2,000

Failed (time-out or inconsistency)

The script shown below is an example ACD file for
‘fseqboot’, ‘fdnapars’, ‘fprotpars’, and ‘fcomnsense.’ The
ACD file configures the web service such as the location of
an executable program or input file, the parameter ‘-auto’ is
for enabling the application to be non-interactive, the output
file system location, or which web service is needed to
retrieve the output from the host system

string: auto

[ parameter: "Y" comment: "display false" default: "-auto” comment: "defaults” |

The Soaplab acd2xml tool was employed to translate the
ACD files list into an XML file, Soaplab deployed the web
services using the configuration parameters loaded from the
file. The workflow for these local web services was
composed in Taverna as shown in Figure 4. The new
workflow with local web services is in the black frames.
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fdnapars DNA parsimony algorithm ¢
fprotpars Protein parsimony algorithm Fﬂﬂkesulﬂp&mﬁw
fconsense_[DNA/Prot] Majority-rule and strict consensus tree
Phylogeny Trees (Text) Phylogeny Trees (Treefile)
TABLE II. STRING PARAMETERS CONFIGURED IN THE WORKFLOW
Parameter Name Responsibility Value
Database Database name used by blast for
searching
Framed Transiation using frame 3 (6] 3 Figure 3. The Flowchart for Predicting the Phylogenetic Tree
osformat_[DNA/Prot] Output sequences for phylogenetics
phylip IV. EXPERIMENTAL RESULTS
seaiyps_[DNAProf] Sequence fype for baatsirapping DNA=d Table IV shows the results of our testing of the Figure 4
Protein =p workflow, with the number of DNA bootstrapping replicates
Reps_[DNA/Prot] Bootstrapping number for replication Vary on test extended to 50)000 Table V compares manual prOCCSSing
cases (copying and pasting) versus automatic workflow
rootTree_[DNA_Prot] Produce the phylogenetics root tree ves processing. The first workflow failed due to a time-out error.

With 2,000 DNA bootstrapping replicates, manual
processing took 15 minutes whereas the automatic
processing using the modified workflow took 2.24 minutes.
The reduction in processing time is highly significant.

When we increased the number of DNA bootstrapping
replicates to 20,000 and then to 50,000; the modified
workflow took 15.08 minutes and 36.17 minutes
respectively. We did not replicate these tests using manual
processing because it is too difficult, or impossible, to
manually copy and paste such large amount of data from and
to web pages.

Fig. 5 and Fig. 6 show DNA and Amino Acid
phylogenetic trees, verified by The Center for Genomics and
Bioinformatics at Prince of Songkla University. The
evolutionary relationships amongst the three different shrimp
sources is quite clear, this knowledge will aid future studies
of the selected species.

The DNA phygenetic tree in Figure 5 highlights many
genetic relationships. For example, TDE24 and SKE13 are in
the same group of species, and have a closer relationship
with SRE17 than with SRE16. The Amino Acid
phylogenetic tree in Figure 6 shows that SKE50 and SKE42
are in same group of species, and were separated from
TDES.



TABLEIV. TESTING CASES AND RESULTS OF THE NEW WORKFLOW

No of Replicates Time Used (Min.)

100 02.12

250 02.06

500 02.06

1,000 02.06

2,000 02.24

3,000 03.04

4,000 03.47

5,000 03.52

10,000 08.09

20,000 15.08

30,000 22.02

40,000 29.22

50,000 36.17

TABLE V. TESTING CASES AND RESULTS IN COMPARISON
Test Case
No of Automatic Workflow Running Time
Replicates | Manual No With local (Min.)
local web
service services
2,000 X 15
2,000 X Failed
2,000 X 2.24
Difficult or impossible to
20,000 X
test
20,000 X 15.08
50,000 X 3017
V.  CONCLUSIONS

This paper discusses the design, development and testing
of workflows and web services for shrimp SNPs analysis
using Taverna and myGrid Technology. Local web services
communicating with a BLAST application solve time-out
problems and significantly reduce the working time
compared to manual operation. The workflow successfully
reveals genetic relationships for shrimp. The workflow can
also help with analyzing other species, such as mollusc and
arthophoda. The user can supply input sequences for the
species to the workflow without any modification.
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Abstract—This paper present a novel Taverna workflow for
validating BioMart Services. It saves a significant amount of
time by avoiding incorrect workflows caused by out-of-date
services. It also reduces debugging time by finding out-of-date
processor query fields (filters) and output fields (attributes). In
addition, it provides associated information required for future
validation.
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VI. INTRODUCTION

Workflow is a data flow methodology where output of
one component forms the input of others [1][6]. If any
service in the workflow produces erroneous results, then the
entire data flow in that section will produce incorrect results.

To decide whether a workflow gives correct results or
not, we normally need to run the workflow and analyse its
results. If the workflow is complex, with a lot of data to
analyse, then it will take a long time to produce results. The
results cannot be guaranteed until they are verified with other
research work or data [2]. Therefore, validating the workflow
before running it would help avoid unnecessary and non-
productive processing, and reduce the working time.

Taverna version 1.7.0 (and later) has a workflow
existence plug-in, which can check responsiveness of web
service endpoints [3][4]. However, it cannot detect upgrade
changes to web services, which produce empty result lists,
even though the endpoints are correct.

This problem also impacts the search for processor query
fields (filters) and processor output fields (attributes) which
may simply be out-of-date [5]. The more complex the
workflow, the more time will be lost in running and
debugging the workflow.

The test case described here is a complex
pharmacogenomic research workflow, requiring BioMart
Web services to gather information from databases. The
BioMart system is a flexible data warehouse aimed at
complex interlinked biological data sets. Taverna’s BioMart
query integration provides full search and retrieval
functionality over these data sources [4][7].

This paper presents a workflow method based on the
Taverna environment which validates the BioMart services
before they are utilized in the processor query fields and
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processor output fields. This detects out-of-date services,
filters and attributes, greatly reducing debugging times.

VII. BACKGROUND

Many useful bioinformatic databases are accessible via
the Internet, but finding the most suitable for a task is
difficult since there are a few standards for representing and
sharing data. myGrid e-Science provides an analysis method
depending on a workflow system which can convert data to
comply with web service interfaces and direct the flow of
data between resources [1][6][8]. The myGrid e-Science
Taverna tool is an open source workflow composer for
orchestrating bioinformatic web services and existing
applications into workflows. In essence, Taverna helps
compose local and distributed resources into a single logical
system, by employing Web Service technology [4]

Taverna can access over 30,000 services or processors in
the bioinformatics domain, and there are plans to include
other fields such as astronomy, chemoinformatics, and health
informatics [9].

Taverna can add service endpoints, such as Web Service
Definition Language (WSDL) documents [10], for improved
portability, and can access other types of resources, such as,
local Java services, BioMoby, beanshell scripts, and BioMart
services [4][7].

BioMart [7][11] is a widely used query-oriented data
management system jointly developed by the Ontario
Institute for Cancer Research (OiCR) and the European
Bioinformatics Institute (EBI). It is open source and freely
distributed without restrictions. The system accepts various
types of data and also provides a kind of ‘data mining.’
Service configuration is achieved through a graphical user
interface based on applications using web services, a
dedicated API. A BioMart service configuration is saved into
a Simple Conceptual Unified Flow Language (Scufl) [4]
document in the workflow. BioMart is available to Taverna
as a plug-in, providing good ways to compose workflows
together.

Taverna version 1.7.0, and later, has a ‘Taverna 2
preview’ plug-in for performing workflow health checks.
The plug-in examines whether the workflow can be
translated from the old style Scufl model into the T2 style,
and whether the web service endpoints are responding [4]. It
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cannot detect upgrade changes for BioMart processor filters
and attributes, or examine services inside nested workflows.
As a consequence, ‘Taverna 2 preview’ is somewhat lacking
for validating services and reducing debugging time.

The following running and debugging steps are described
in order to show how difficult it is for a user to check and
debug a workflow by themselves.

When a user knows a workflow has produced incorrect
results, he will check the data flow by verifying the input and
output of each service and processor, which should highlight
the erroneous resource. If not, then the data type and syntax
of the resources must be examined. Even if these seem
alright, the workflow may still produce incorrect results.

In that case, the problem may actually lie within the
processor. Only then will the out-of-date processor filters and
processor attributes be found.

Clearly, the main problem is when the BioMart services
are upgraded, causing workflows to produce incorrect data
flow.

The out-of-date filters or attributes can be found
manually by looking for suspicious resources on the
configuration screen for the BioMart processor node. If
certain filters or attributes are absent then, it means they are
out-of-date. However, manual validation can take many
hours or days.

VIII. BIOMART WORKFLOW VALIDATION

A. Design

A workflow composed in the Taverna environment is
saved into a Scufl document, a standard format from
myGrid. The Scufl employs an XML (Extensible Markup
Language) [12] so documents can be used with the XML
Path Language (XPath) [13]. XPath is employed to extract
data elements from the Scufl of a BioMart processor.

The BioMart processor is configured as a ‘data mining’
resource, which consists of a processor, or service name, and
a dataset. The dataset is made of information extracted from
the configuration databases; for example, the ‘Homo sapiens
SNPs’ dataset takes data from the dbSNP127, ENSEMBL,
TSC1 and HGVbasel5 databases [7][8].

The BioMart dataset configuration is presented with the
query fields (filters) and output fields (attributes) matching
the user’s requirements [5]. The BioMart service structure is
shown in Figure 1.

A BioMart Service

A Processor/Service Name

Query fields Output field
A Dataset (Filters) (Attributes)
Figure 3. The BioMart service structure in a Taverna workflow

An example Scufl workflow implementation of a
BioMart processor is shown below:

<s:processor name="hsapiens_gene_GO">
<biomart:query>
<biomart:Dataset name="hsapiens_gene ensembl">
<biomart: Attribute name="go" />
<biomart:Attribute name="evidence_code" />

<biomart:Attribute name="go_description" />
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<biomart: Attribute name="ensembl_gene_id" />

<biomart:Filter name="ensembl gene id" value="" list="true"/>

</biomart:Dataset>
</biomart:Query>
</s:processor>

When Taverna opens a workflow, the responsiveness of
the endpoints will be checked. If any problematic endpoints
are found then Taverna will issue a warning message, and
not run the workflow [4]. Since Taverna handles the
endpoints, our work concentrates on validating the dataset
filters and attributes in the processors. A data flow context
diagram for the BioMart validating workflow is shown in
Figure 2.

Workflow Scufl

XML Worktflow

WValidation
Filter Report

Filter
List

Attribute
List

WValidation
Attribute Report

Figure 4. A data flow context diagram for BioMart debugging workflow

The Scufl workflow document(s) fed into the Validating
Workflow process will produce a filter and attribute
validation report.

The processor name used in Figure 3 is extracted from
the Scufl document, and is vital for obtaining the dataset
name. Subsequently, the Scufl document, processor names
and dataset names are fed into a loop of validating processes,
as shown in Figure 4.

Fig. 4 describes how out-of-date filters and attributes can
be detected by checking their availability with the central
BioMart dataset registry on the Internet. If any attribute or
filter has been updated, the system collects its description,
and details of each processor. This validation report will be
utilized to cross-check for BioMart upgrades.

B.  Implementation

The nested workflow in Figure 4 acts as an iteration
module for the main task. It is utilized to check all the
BioMart processor filters and attributes in Scufl documents
against the central BioMart registry, located on the BioMart
web services server (http://www.BioMart.org/BioMart
/martservice).

The metadata about service availability is obtained via a
GET request using a ‘Get web page from URL’ Java local
service. A number of metadata queries are available, which
can be formulated by appending parameters to the end of the
URL [11]. The first parameter is appended using the ?
symbol, and subsequent parameters use the & symbol. The
format is:

../martservice?type=<filters|attributes>&virtualschema=de

fault &dataset=<datasetname>



For example, the command for retrieving the attribute
registry of the ‘hsapiens gene_ensembl’ BioMart is:

http:7/www.BioMart.org/BioMart/martservice ?type=attribute

s&virtualschema=default&dataset=hsapiens_gene_ensem

bl
Workflow
Scufl
_—
XML Workflow
XML 1 XML
Worktlow Extract Workflow
Processor
Processor Name Processor
Names Mames
Processor Names
3
s

Extract

Dataset

Mame

3 3
+ Validate Validate %
Dataset Datasen
Atiributes Filters
Attribute list Filter list
¥ h J
Validation Attribute Validation Filter

Report Report

Figure 5. The second level data flow diagram of our validating process

XPath expressions are utilized to extract data elements
from the Scufl workflow using the ‘Xpath From Text’ Java
local service, as shown in Table I. The validating processes
are coded in Java using the Beanshell local service [3].

Fig. 5 shows the composed workflow for validating the
filters and attributes of large BioMart services. The
‘Check_Filter’ and ‘Check_Attribute’ rectangular frames are
nested looping workflows.

Taverna manages the data flow of output ports using the
cross product (‘all against all”) relationship. In our work, the
data flow management for integrating the nested workflows
into the upper processes is carried out by the Taverna
‘Configure lIterators’ [3] as shown in Figure 6. The
processor name and dataset name are used in a dot product
(‘one against one’) relationship, whereas the workflow Scufl
employs cross product. The relationship output of the data
ports is shown in Table II, showing that a Scufl has many
processors, and each processor has only one dataset.

IX. EXPERIMENTAL RESULTS

Our first test utilized an out-of-date pharmacogenomic
workflow that no longer produces a correct data flow, and
we focused on reducing the validating time and avoiding
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wasteful executions of workflows that produce no results.
The simple testing workflow for Gene Ontology [14] is
shown in Figure 7, utilizing a BioMart processor
‘hsapiens_gene_ensembl’ labelled as ‘hsapiens gene GO.’
The service consists of one filter and four attributes. We ran
the workflow using two Ensembl IDs. The response arrived
in less than two seconds, but was empty.

Workflow Dataset
Scufl Mames

Processor
Names

A dataset
! A dataset name
name

Gret attribute/ .

XML Workflow

3.l

Extract filter list from
attributes/filters Riomart Dataset
rom workflo

Registry

) A Processor name
Attribute/Filter list
An extracted
attribute/filter
33

Check a

Angvailable
attfibute/filter

34
Collect
available
attribute/filter
list

Collect
unavailable
attribute/filter
list

Awvailable attributes/filters list Unavailable attributes/filters list
h J ¥
Available attributes/ Unavailable attributes
filters report filters report

Figure 6. The third level data flow diagram of our validating workflow
for dataset filters/attributes

TABLE VI. XPATH EXPRESSION IN THE WORKFLOW

Extracting
Processor

Xpath expression
/I*[(local-name()="Dataset" and (namespace-

names uri()="http://org.embl.ebi.escience/xScufl-

Biomart/0.1alpha"))/ancestor::s:processor/@name

BioMart /I*[(local-name(.)="processor') and (@name=<Processor Name>)] /*[local-
processor name(.)="biomart'}/parent::s:processor/@name

names

BioMart dataset /*[(local-name(.)="processor') and (@name=<A BioMart processor name>)]
names /*[local-name(.)="biomart'] /*[local-name(.)="MartQuery'] /*[local-

name(.)='Query'] /*[local-name(.)='Dataset'l/@name

BioMart dataset /*[(local-name(.)="processor') and (@name=<A BioMart processor name>)]

filters or dataset /*[local-name(.)="biomart'] /*[local-name(.)="MartQuery'] /*[local-
attributes name(.)='Query'] /*[local-name(.)='Dataset'] /*[local-name(.)='Filter' |

‘Attribute’)/@name
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Figure 6. Configure Iterators in Taverna

TABLE VIIL THE RESULTS OF CONFIGURE ITERATORS

Cross product Dot product Dot product

Workflow_Scufl 1*' ProcessorName 1* datasetName

Workflow_Scufl 2" ProcessorName 2" datasetName

» Workllow Inpuls )

REG_Splt_by N | - [ ansembiD | & :

- Wiakflow ot

i [oorions | [0 ][50 ] v :

Figure 7. An example of a testing workflow

Our validating workflow helps to identify the out-of-date
filters and attributes, as shown below:

Processor Name: hsapiens_gene_GO, Attibute: go is out-of-date

Processor Name: hsapiens_gene_GO, Attibute: evidence_code is out-of-date
Processor Name: hsapiens_gene GO, Attibute: go_description is out-of-
date

The validating workflow also collects the up-to-date
filters and attributes for later use:

Processor Name: hsapiens_gene_GO, Filter: ensembl_gene_id is up-to-date
Detail: Filter to include genes with supplied list of Ensembl Gene IDs
Processor Name: hsapiens_gene_GO, Attibute: ensembl_gene_id is up-to-
date Detail: Ensembl Stable ID of the Gene, feature page

The description of the ‘ensembl _gene id’ attribute, is the
Ensembl Stable ID for the Gene, and is available on the
feature page of the BioMart service configuration screen.

The second major test of our validating workflow is a
pharmacogenomic workflow, available at http://www.
myexperiment.org/workflows/610.

The workflow testing results are shown in Table III. It
consists of 52 services, including 17 that link to BioMart
services, 70 corresponding data links, and three data
querying BioMart services with three filters and 22
attributes.

The workflow inputs are 500 to 1,000 Single Nucleotide
Polymorphisms (SNPs) are the smallest genetic statistic P
values according to the Genome Wide Association Study
(GWAS) [2] of 550,000 SNPs.
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It took 14 hours to run the workflow with 1,000 SNP IDs.
Every service works successfully except the Gene Ontology
part which returns an empty list.

As shown in Table III, it took 26.5 seconds to validate
the workflow, and identify the out-of-date filters and
attributes at the Gene Ontology finding service. This shows
that validating a workflow before executing it can
significantly reduce work when there are out-of-date
services. Debugging time for finding the cause of incomplete
results is also reduced. After the validation, we can configure
our workflow so that all the units are up-to-date, as shown at
http://www.myexperiment.org/workflows/612.

TABLE VIII.  THE PHARMACOGENOMIC WORKFLOW TESTING RESULT
Type Property Remark

All Service 52 -

All Data link 152 -

Associated BioMart 17 3 BioMart query services

service

Associated BioMart 70 )

data link

BioMart Filter 3 3 BioMart query services

BioMart Attribute 22 3 BioMart query services

Test input 1000 SNP IDs

Running time 14.00.50 Hours

Running results All completed Except Gene Ontology

Validating time 26.5 Seconds

X. RESULT DISCUSSION AND DEBUGGING SOLUTION

The experimental results show that minor workflow re-
design is often required: out-of-date services must be
removed and new services added.

Even when there is only one out-of-date filter, the
workflow will fail to produce correct data flows because
query fields must pass all the filter conditions before
retrieving information. The user must fix the offending
processor node before the workflow will function.

Even a processor with an out-of-date attribute that is not
an input for downstream processes may still cause the
processor to produce incorrect data.

Out-of-date filters and attributes due to the upgrades are
not shown on the BioMart configuration screen, so the user
cannot deselect them. Advanced users may manually edit the
Scufl document but this tends to be tedious, confusing and
error-prone.

Our advice is to add a new service with the same
processor name that occurred in the validation report. This is
done by reselecting the service from Taverna’s service
available panel, and then attaching the processor and its data
links to the other processors. When the added processor does
not have the necessary filters or attributes, then replacement
services in the same domain should be utilized if possible.

XI.

We have developed a Taverna workflow for validating
the processor query fields and processor output fields in
BioMart services. This validating workflow can help
improve workflow processes without requiring the execution
of the workflow. It can save significant amounts of
computing time when running incorrect workflows, and

CONCLUSIONS



reduces the debugging time. It also provides the associated
information useful for future validations.
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