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Summary 

 Information and data integration in biology
 A methodology for automation of processes
 Features and limitations of workflow 

management systems
 Biowep: a workflow enactment portal
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Information in biology: well known facts

Biomedical research produces an increasing quantity 
of new data and new data types

 Genomics is producing an immense quantity of 
data

 Emerging domains, like mutation and variation 
analysis, polymorphisms, metabolism, as well as 
new high-throughput technologies, e.g., 
microarrays, will also contribute with huge 
amounts of data

 Analysis software must interoperate with 
databases
 Databases as input for software
 Results as new data to store and analyze
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Information in biology: some figures

EMBL Data Library 88 (Sep 2006)
Sequences: 80,591,891 (Bases: 146,595,277,574)
Increase: +8,86% (+8,91%) since previous release
Increase: +37,16% (+36,297%) since Sep 2005
(http://www3.ebi.ac.uk/Services/DBStats/)

ArrayExpress (31/10/2006)
Experiments 1,739 (ca 140 Gb)
Increase +100% from October 2005 to October 2006
(http://www.ebi.ac.uk/arrayexpress/Help/stats/index.html)

Nucleic Acids Research Supplement (2006)
858 molecular biology databases 
(http://nar.oxfordjournals.org/cgi/content/full/33/suppl_1/D5/DC1) 

SRS public sites (17/11/2006)
1,300 libraries
(http://downloads.lionbio.co.uk/publisrs.html)
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Heterogeneicity of databanks

 A few dbs are managed in a homogenous way 
(nucleotide sequences at EBI, NCBI, DDBJ)

 Secondary databases are of the highest quality 
(good and extended annotation, quality control)

 Many databases are highly specialized, e.g. by gene, 
organism, disease, mutation

 Many databases are created by small groups or 
even by single researchers

 Databanks are distributed:
 Different DBMS, data structures, query methods
 Same information, different syntax and semantics
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Goals of the integration

In this context, data integration and process 
automation are needed to:

 Automatically carry out analyses and/or searches 
involving more databases and software

 Effectively perform analyses involving large data 
sets

 Achieve a better and wider view of all available 
information

 Carry out a real data mining and discover new data

This can be done by computers, but…
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 Integration needs stability
o Standardization…… 
o Good domain knowledge
o Clearly defined data
o Clearly identified goals

 Integration fears:
o Heterogeneity of data and systems
o Uncertain domain knowledge
o Fast evolution of data
o Highly specialized data
o Lacking of predefined, clear goals
o Originality, experimentalism (“let me see if this works”)

Data integration longevity
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Integration of biological information

In biology:
o A pre-analysis and reorganization of information 

is very difficult, because knowledge and related 
data change very quickly

o Complexity of information makes it difficult to 
design data models which are valid for different 
domains and over time

o Goals and needs of researchers evolve very 
quickly according to new theories and 
discoveries

Integration must therefore be carried out by using 
flexible systems that are easy to adapt and extend 
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A possible methodology

A methodology based on data standardization:
 XML schemas for the creation of the models of the 

information
 XML based languages for data representation and 

storage
 Web Services for data exchange and 

interoperation between software
 Computerised workflows for the definition and 

execution of analysis processes
 “User friendly” portals for accessibility and 

usability of workflows by all scientists
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XML and Web Services in 
bioinformatics

XML dialects
Sequences (BSML, Agave)

Proteins (SPML)

NCBI outputs (BlastXML)

Microarray (MAGE-ML)

Systems Biology Markup Language 

(SBML)

Biological Variation Markup 

Language (BVML)

Web Services

EMBOSS, XEMBL, Interpro (EBI)
eUtils (NCBI)
caBIO (NCICB)
KEGG API

GeneCruiser, Biosphere (microarray)
SIMAP (proteins)

CABRI (biological resources)
TP53 mutations (gene mutations)

bioMOBY (directory)
Soaplab (tools)

Models are lacking, XML and Web Services are increasingly being used
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Workflow management

“A computerized facilitation or automation of a business 
process, in whole or part". (Workflow Management Coalition)

Its main goal is:
 the implementation of data analysis processes in 

standardized environments

Its main advantages relate to:
 effectiveness: being an automatic procedure, it frees bio-

scientists from repetitive interactions with the web and 
it supports good practice,

 reproducibility: analysis can be replicated over time,
 reusability: intermediate results can be reused,
 traceability: the workflow is carried out in a transparent 

analysis environment where data provenance can be 
checked and/or controlled.



P. Romano, JdB06, 22/11/2006 12

Workflow for accessing CABRI data
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Workflow for retrieving TP53 mutations
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Workflow management systems

Different kinds of WMSs
 Software libraries

Add-on to development tools, need programming efforts.
 Standalone systems

Normally implemented on personal computers for 
accessing distributed services.

 Web interfaces
Implement remote access to the functions of the WMS. 
Services can be local to the server or distributed. 
Maybe Grid enabled.
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Workflow management systems

Different languages for workflows
 Proprietary

Developed for a WMS, optimized to its goals
Commercial software often not standardized

 Standards
Standard can be very general, not really goal-oriented 
and specific.
Different organizations, different standards
WfMC, W3C

Different availability schemes
Commercial / Public domain or use / Open source
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Workflow management systems

Software Type XML Avail URL 
Taverna 
Workbench 

Stand-alone XScufl Open source http://taverna.sourceforge.net/  

Biopipe Library Pipeline XML Open source http://www.gmod.org/biopipe/  

ProGenGrid Stand-alone NA NA http://datadog.unile.it/progen 
DiscoveryNet Stand-alone DPML Commercial  http://www.discovery -on-the.net/  
Kepler Stand-alone MoML Open source http://kepler-project.org/  
GPipe Web Interface , 

local services 
GPipe XML Open source http://if-

web1.imb.uq.edu.au/Pise/5.a/gpipe.html 
EGene Stand-alone NA Open source http://www.lbm.fmvz.usp.br/egene/  
BioWMS Web Interface, 

remote services 
XPDL Public use http://litbio.unicam.it:8080/biowms/   

Biowep Portal XScufl 
XPDL 

Open source http://bioinformatics.istge.it/biowep/   

BioWBI Web Interface, 
local services 

Proprietary Commercial  http://www.alphaworks.ibm.com/tech/biowbi   

Pegasys Stand-alone Pegasys DAG Open source http://bioinformatics.ubc.ca/pegasys/   
Wildfire Stand-alone GEL Open source http://wildfire.bii.a -star.edu.sg/wildfire/  
Triana Stand-alone Triana WL Open source http://www.trianacode.org/   
Pipeline Pilot Stand-alone Proprietary Commercial  http://www.scitegic.com/   
FreeFluo Library WSFL &  XScufl Open source http://freefluo.sourceforge.net/  
Biomake Library NA Open source http://skam.sourceforge.net/   

 

Bartocci et al, Proc. BITS Conf., 2006
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Workflow management systems: issues

Network issues
Quality of Service
Availability / Access restrictions
Speed / Timeouts

Practical issues
Long running jobs -> timeouts / time limits
Huge data I/O -> timeouts / time limits
Access to Grid networks & services
Human interactions
Data reuse / data caching
Heterogeneity of WS, complexity of WS I/O
Heterogeneity of data -> shims, adapters 

(format conversions), data manipulation

Some solutions?
Scheduling: job IDs, 

monitoring execution
Reference data models
Semantic Web Services
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Summarizing….

Moving from an interactive to an automated approach for data 
integration requires new technologies and tools.

Some starting assumptions 
 XML schemas for the creation of the models of the information,
 XML based languages for data representation and exchange, 
 Web Services for the interoperability of software 
 Computerised workflows for the definition and execution of 

analysis processes

All proposed workflow management software for bioinformatics 
require knowledge of the WSs and skills and time for 
development and maintenance of workflows.

PORTALS CAN BE THE ANSWER
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Portals: list of requirements

Workflow repository 
Workflow edit, upload & download
Semi-automatic workflow editing
Reference repository
Workflow search
 By type
 By authors 
 By linked publications 
 By services (ontology)
Workflow description
 Annotation
 Tagging 
 Peer reviewing, ratings 

Workflow run time environment 
Workflow execution 
Pre-run workflow diagnosis
Automated process logging
Data management
Interactive workflows

Taverna Portal Party,
Manchester, September 28-29, 2006

(partial list)
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Biowep: features (i)

We designed biowep, a workflow enactment portal for 
bioinformatics that:

 allows for the carrying out of predefined workflows
 supports workflows annotation through a simple ontology 

for bioinformatics processors (domain, task, i/o)
 implements search and selection of workflows on the 

basis of their annotation
 supports retrieval of workflows on the basis of users’ 

profiling 
 allows storing and retrieval of workflows’ executions and 

related results
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Biowep: features (ii)

The system:
 uses open source sw (Taverna WB and mySQL)
 makes access to all services supported by Taverna
 stores workflows in Scufl and/or XPDL formats
 is available under LGPL license
 requirements: Java SDK + Tomcat with Axis

Available on-line:
http://bioinformatics.istge.it/biowep/ (reference site)
http://bioinformatics.istge.it:8080/biowep/ (portal)

Romano P et al, Biowep: a workflow enactment portal for bioinformatics 
applications, BMC Bioinformatics (accepted)
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Biowep: architecture
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Biowep: workflows

Workflows are:
 created by the administrator by using Taverna or 

BioWMS
 archived in the related format in the repository
 annotated by using a simple ontology of 

bioinformatics data and tasks
 verified and updated when needed (workflow vs 

version)
 can be submitted by users or service providers 

through the reference site
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Biowep: ERA schema
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Biowep: users’ profiling

Users are registered on the basis of:
 role in the organization / life

 computer scientist / physician / researcher / patient / …
 scientific domains of interest

Users do not own workflows, they only own results of 
their executions. Results can be saved for later 
use and analysis

Workflows are listed according to user’s profiling, 
frequency of use by other users. Last executed 
worflows are listed first.
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biowep
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biowep
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biowep
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biowep
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biowep
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biowep
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biowep
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biowep
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biowep
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biowep
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Biowep: planned activities

 Improvement of end users support (two 
implementations available)
 manuals, FAQs
 support through biowep@istge.it , mailing lists

 Bug fixing (curation of children diseases)
 Revision of applications:

 administration (end of 2006)
 visualization of results (end of march 2007)

 Inclusion of new workflows
 Inclusion of further WMS

 analysis and selection undergoing
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