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Constraint-Guided Workflow Composition Based on the EDAM Ontology

EDAM = EMBRACE Data and Methods Ontology
Vocabulary of terms and relations that can be used for annotating services

Biological entity Topic Operation Data resource Data Data format
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Constraint-Guided Workflow Composition Based on the EDAM Ontology

EDAM = EMBRACE Data and Methods Ontology
Vocabulary of terms and relations that can be used for annotating services

Operation Data Data format
Particular functions of (semantic) descriptions of References to (syntactic)
tools or services data entities that are data format descriptions
commonly used in

bioinformatics
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Constraint-Guided WOrkflow Com position Based on the EDAM Ontology

PROPHETS plugin for jJABC/Bio-jETI
(Process Realization and Optimization Platform using a Human-
readable Expression of Temporal-logic Synthesis)

Domain Modeling:
— Descriptions of service behavior
— Taxonomic classifications of services and data types
— Domain-specific constraints

2 Workflow Design:

B— — Loose specification

—  Problem-specific constraints

— Selection and refinement of solutions
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Constraint-Guided WOrkflow Com position Based on the EDAM Ontology

Domain Modeling:

- EDAM as background knowledge — skeletal service and type taxonomies
(classes)

- Set of services — services and data types sorted into the taxonomies (instances)

Operation Data

DataFormat

-
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Constraint-Guided WOrkflow Com position Based on the EDAM Ontology

= Example: Domain model based on EDAM and some selected services.

Database search and retrieval

Service Behavior

ClustalW Tn: Sequence

Global multiple sequence alignment Out: Multiple sequence alignment
ClustalW2 Tn: Sequence

Global multiple sequence Out: Multiple sequence
DBFetch_FetchBatch Tn: Sequence identifier

Out: Sequence

DBFetch_FetchData
Database search and retrieval

Tn: Sequence identifier
Out: Sequence

Global multiple sequence alignment

Gblocks Tn: Multiple sequence alignment
Sequence alignment conservation analysis|Out: Multiple sequence alignment
KATign Tn: Sequence
Global multiple sequence Out: Multiple sequence alignment
Mafft Tn: Sequence
Global multiple sequence alignment Out: Multiple sequence alignment
Muscle Tn: Sequence

Out: Multiple sequence alignment

PhyML_AminoAcid
Phylogenetic tree construction
from molecular sequences

Tn: Profein Sequence
Out: Phylogenetic tree

PhyML_DNA
Phylogenetic tree construction
|from molecular sequences

Tn: DNA sequence
Out: Phylogenetic tree

poptree NJ
Phylogenetic tree construction
(minimum_distance methods)

Tn: Sequence composition
Out: poptree-outfile

poptree_ UPGMA
Phylogenetic tree construction
(mini: distance methods)

In: Sequence composition
Out: poptree_outfile

Sequence database search by sequence
(word-based methods)

postree Tn: poptree_outhile
Phylogenetic tree drawing Out: Phylogenetic tree image
predator Tn: Protein sequence
Protein secondary structure prediction _|Out: Protein secondary structure
ps2pdf Tn: Image

Out: Image
ReadFile Out: Data
File loading
ReadDNASequence Out: DNA sequence
File loading
TCoffee Tn: Sequence
Global multiple sequence al Out: Multiple sequence ali
WriteFile In: Data
WUBlast Tn: Sequence

Out: Sequence database hits

Viewer Tn: Data
Visualisation and rendering
WUBlastParser Tn: Sequence database hits

Out: Sequence identifier
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|Service

| Behavior

Clustal W

Global multiple sequence alignment

In: Sequence
Out: Multiple sequence alignment

ClustalW2
Global multiple sequence alignment

In: Sequence
Out: Multiple sequence alignment

Database search and retrieval

DBFetch_FetchBatch In: Sequence identifier
Database search and retrieval Out: Sequence
DBFetch_FetchData In: Sequence identifier

Out: Sequence

Ghlocks

S@uenc& alignment conservation analysis

In: Multiple sequence alignment
Out: Multiple sequence alignment

K®Xlign

ngal maultiple sequence alignment

In: Sequence
Out: Multiple sequence alignment

Mafft

bal multiple sequence alignment

In: Sequence
Out: Multiple sequence alignment

Mgscle

G‘Ebal maultiple sequence alignment

In: Sequence
Out: Multiple sequence alignment

PhyML_AminoAcid
Phjjlogenetic tree construction
fmein molecular sequences

In: Protein Sequence
Out: Phylogenetic tree

PESML_DNA
logenetic tree construction
frein molecular sequences

In: DNA sequence
Out: Phylogenetic tree

poptree NJ
PRylogenetic tree construction
(; r%nimum distance methods)

In: Sequence composition
Out: poptree_outfile

p&@tree_ UPGMA
logenetic tree construction
(@§nimum distance methods)

In: Sequence composition
Out: poptree_outfile

Global multiple sequence alignment

pSstree In: poptree_outfile
P@logenetéc tree drawing Out: Phylogenetic tree image
predator In: Protein sequence

oat o . [
Pmtein secondary structure prediction Out: Protein secondary structure |
pZpdf In: I'mage

g Out: Image
R&dFile Out: Data

¢ loading

R&dDNASequence Out: DNA sequence
Fz}ﬁs loading
T€offee In: Sequence

Out: Multiple sequence alignment

WriteFile

In: Data

WUBlast
Sequence database search by sequence

(word-based methods)

In: Sequence
Out: Sequence database hits

Viewer In: Data
Visualisation and rendering
‘WUBlastParser In: Sequence database hits

Out: Sequence identifier

Department of Computer Science
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MpPOosition Based on the EDAM Ontology

JAM and some selected services.




|Service

Clustal W

Global multiple sequence alignme
Clustal W2

Global multiple sequence alignme
DBFetch_FetchBatch

Database search and retrieval
DBFetch_FetchData,

Database search and retrieval

Ghlocks

S@uence alignment conservation
KNlign

C®bal maultiple sequence alignme
Mt

bal multiple sequence alignme

Mgscle
Gﬁbal maultiple sequence alignme
PhyML_AminoAcid
Phjjlogenetic tree construction
fmein molecular sequences
PEML_DNA

logenetic tree construction
frein molecular sequences
poptree NJ

PRylogenetic tree construction

(; r%nimum distance methods)
p&@tree_UPGMA
logenetic tree construction

(@§nimum distance methods)
p@tree
P@logenetic tree drawing
predator

21
Pmtein secondary structure pred
pigpdl

(9]

o

R&dFile

¢ loading
R&dDNASequence
Fi)& loading
TE€offee
Global multiple sequence alignme
WriteFile
WUBlast
Sequence database search by sequ
(word-based methods)
Viewer
Visualisation and rendering

WUBlastParser

TCoffpe I
L fﬂa w2
Khlign instancef /CI -
ustal

instanceOf :n.uam:rﬂf
“’. —_—
.rnsram:eof
Muscle ""“‘"“Or._-_—

Mafft
: G nhal_m.lltlnlef';Eul.erte_allgnment

isA
C:Iu(.k\ﬁ\ ;

instancef

N 4

Mu Li:hle_:.equfm.:_a ignment

imstance 0F

Sequence_alignment_condgrvation_analysis "’

isA
I5A J’ RegdDnaSequence

\ instancedf
4 -

. instanceOf
Sequence] alignment Thirig ReadFile

analyiiz /!_Ioadlnﬂ P’
J / A Wuslast
fsA——"" _lq“—-

inseanceOf
isA
Sequence_word_comparison — I
‘,,.-"‘ ion
n Instancaif —3 I A Se::uence_da:ahase_:!arch_bv_ﬁeqJ%_wrd_base::Lme‘thods_
isd \\\
Wiewer Vi suyﬁ?:;r_and_ rendering IsA
izA /

r
iristancenf & I ]
Phylogenetic_tree_drawing //7

paitres m“‘m“m/ﬂ fined I
.’ " itaniaor Phylogeneti e_R{:rumo-.
. instanceQf " _’
‘WritaFile
__’ isA \ DBFetch_FetchData .

DEFetch_FetchBatch
WUBlastParser ’
Phylogenetic_tree_canstrifflion__methaod_centric_

psdpdf
isA
Phylogenetic_tres_cofftruction_data_centric_ \

7 L

I Phylegenetic_tree_canstruction Thinigm_distance_methads_ Mathing

fnstance OF
thloqenetlt_lree_can?dﬂo 1%cm_r“|oletu ar_sequences instance0f \
poptree_UPCMA

’-

predator instanceOf

H—I“"“*—-—.mﬁ

Protein_secondary_structurs_j aredlctlon

Sequence_alignme

Database_seard retrieval

Seuuence_da.ta::ase_searl:hﬁ‘h' I

fequence_database_search_by_sequence

instancedf
\ instanece0f

instancaOf  instanceOF

/ \
¥y 4 ’

poptree_NJ

PhyML_DNA PhyML_Aminadeid

puter Science
ning Systems

ogy

osFetcyFerchBatcn_outrile

4 DFeich FelchDua outfile
P

instanceof

’

et e
ety

11



|Service
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Constraint-Guided WOrkflow Com pOSitiOﬂ Based on the EDAM Ontology

E default > =

i

ReadDNASequence Viewer
E >E
ReadDNASequence Clustalw Viewer
E b@
ReadDNASequence ClustalW Ghlocks Viewer
E DD ’E
ReadDNASequence WUBlast WUEBlastParser DBFetchFetchBatch Viewer
ReadDNASequence WUBlast WUBlastParser DBFetchFetchBatch Clustalw Viewer

ReadDNASequence WUBlast WUBlastParser DBFetchFetchBatch ClustalW Chlocks Viewer
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Constraint-Guided workflow Composition Based on the EDAM Ontology

Note: for performance reasons limited to a search depth of 5
(results can be obtained within a couple of seconds on a standard laptop computer)

default synthesis configuration: 264,118 solutions
plus permutation filtering: 5,325 solutions

plus pipelining behaviour: 2,269 solutions

Anna-Lena Lamprecht | SWAT4LS 2010
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Constraint-Guided workflow Composition Based on the EDAM Ontology

Observation 1: services that make no contribution (e.g. ReadFile, WriteFile)
— Constraint 1: Avoid use of ,ReadFile“, avoid use of ,WriteFile, ...

Observation 2: services that make no progress (e.g. redundant call of Gblocks)
— Constraint 2: Do not use Gblocks redundantly.

Observation 3: ,dead” functionality (e.g. BLAST result that is never parsed)
— Constraint 3: If BLAST is called, a BLAST parser must be used subsequently.

Observation 4: not the envisaged analysis

— Constraint 4: Use a sequence database search by sequence and after that a multiple
sequence alignment.

— Constraint 4": Use a phylogenetic tree construction service.

Anna-Lena Lamprecht | SWAT4LS 2010
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Results (summarized)

Constraints|Visited nodes|Solutions| |Constraints|Visited nodes|Solutions
none 34,026 2,269 1,2,3 9,603 31
1 1,139 55 1,2, 4 8,057 24
2 82,343 2,194 1,2, 4 2,084 1
3 132,809 1,916 1,3, 4 28,545 24
4 436,102 471 1, 3,4 18,699 0
4 129,200 406 1,4, 4 15,919 0
1,2 1,103 49 2,3, 4 919,162 138
1,3 3,123 52 2,3, 4 284,463 347
1.4 8,309 24 2,4, 4 859,047 18
1,4 2,336 1 3.4, 4 1,752,153 0
2,3 138,137 1,847 1,2,3, 4 28,545 24
2,4 443,860 459 1,2, 3,4 2,084 1
2, 4 181,365 394 1,2, 44 15,235 0
3,4 910,672 138 1,3, 4, 4 54,711 0
3, 4 277,239 359 2,3, 4.4 1,764,843 0
4.4 847,845 18 all 54,027 0
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Conclusions

Summary:
— EDAM as background knowledge ensures that possible workflows are found.
— Guiding synthesis to actually desired solutions requires more knowledge.

Future work:
— Proceed to greater search depths.
— Integrate BioCatalogue services and annotations.
— ldentify general domain-specific knowledge beyond EDAM.
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The end

Thank you for your interest!
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