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Summary 

 Information and data integration in biology

 Web Services and workflow management

 Taverna Workbench

 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
 EMBL size: ver 82 7,3% more vs ver 81 (3 months), 

112,9% vs ver 74 (24 months)
 Emerging domains, like mutation and variation 

analysy, polymorphisms, metabolism, as well as new 
technologies, e.g., microarrays, will contribute with 
even huger amounts of data

 Analysis softwares must interoperate with databases
 Databases as input for softwares
 Results as new data to record and analyze
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Heterogeneicity of databanks

 A few dbs are managed in an almost homogenous way 
(e.g., sequences at EBI, NCBI, DDBJ)

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

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

 Many databanks are created by small groups or by 
single researchers

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

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

 Carry out analysis and/or searches involving more 
databases and softwares automatically

 Perform analysis involving large data sets effectively

 Achieve a better and wider view of all available 
information

 Carry out a real data mining
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 Integration needs stability
o Standardization…… 
o Good domain knowledge
o Well defined data
o Well defined goals

 Integration fears:
o Heterogeneicity 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 the data is very 

difficult, because data and related knowledge 
change very quickly

o Complexity of information makes it difficult to design 
data models which can be 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 to extend 
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Integration methods

From syntactical to semantical links:
 Explicit (reciprocal) links (xrefs)
 Implicit links (e.g., names)
 Common contents (vocabularies)
 Shared data models and schemas
 Common Semantics (ontologies)
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Web Services in brief

 XML based network services
 Implement standard transport protocols (SOAP, 

HTTP)
 Standards also available for retrieval and identification 

(UDDI), description (WSDL) and composition (WSFL)
 Allow software applications to access data 

“intelligently”: identification of contents, interpretation 
of semantics information

 Metadata needed
 Web Services already implemented by many Institutes 

and service centers
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Workflow management

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

Main goal is:
 the implementation of data analysis processes in 

standardized environments

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.
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Workflow management software

Workflow management software for 
bioinformatics applications:
 Biopipe, an add-on to bioperl
 GPipe, an extension of the Pise interface
 Taverna (EBI), a component of the myGrid platform
 Wildfire (Bioinformatics Institute, Singapore)
 Pipeline Pilot (SciTegic)
 BioWBI, Bioinformatic Workflow Builder Interface, from IBM

They all require knowledge of the systems and skills and 
time for development of the workflows.
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Workflow management: Taverna

Taverna Workbench
 builds complex analysis workflows
 is able to access both remote and local processors 
 defines alternative processors
 runs workflows 
 visualizes the results

It includes a an ontology for bioinformatics data

Requirements: java, Windows or Linux
Open source: http://taverna.sourceforge.net/
Current version: 1.3.1 (stable, next version 2.0)
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Taverna: GUI

Graphical user interface (GUI) including:

 Advanced Model Explorer (AME)
 Workflow diagram
 Available services
 Run workflow
 Enactor invocation

Options: default services, workflow editor, debug  
Extra features: FETA search engine
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Taverna: available processors (services)

WSDL services
 Web Service Description Language (WSDL) file: adds WSDL based service nodes
 

Soaplab servers
 Soaplab server: adds a list of soaplab provided services
 

BioMOBY registries
 Moby Central repository: determines hosts and their services
 

Workflows
 XScufl definition file: either adds the workflow as a sub-workflow or imports processors
 

Biomart databases
 Biomart data warehouse: allows for searching all available data sets
 

Local processors
 Simple list/string processors, r/w, extra special remote links, constant values, beanshell 

scripts
 

Other processors
 Styx, Talisman, Seqhound, API Consumer
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Oncology over Internet (O2I)

We designed a web system that:
 allows for the carrying out of a set of predefined 

workflows (of oncology interest)
 supports workflows annotation by using a simple 

ontology for bioinformatics processors (domain, task, 
i/o)

 implements search of workflows on the basis of their 
annotation

 supports retrieval of workflows based on users’ 
registration and profiling 

 allows storing and retrieval of workflows’ executions 
and related results
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Oncology over Internet (O2I)

We designed a web system that:
 makes access to and retrieves data from Web 

Services and registries of Web Services
 stores workflows using the Simple conceptual 

unified flow language (Scufl) format
 is partially based on open source tools (Taverna 

WB, FreeFluo and mySQL)

Prototype available on-line: http://www.o2i.it:8080/portal/
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O2I architecture
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Predefined workflows

Workflows are:
 created by internal staff using Taverna
 stored in Scufl format
 maintained (workflow vs version)
 submitted by:

 users 
 service providers
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Annotation of workflows

Workflows are annotated on the basis of:
 a simple ontology for bioinformatics processors:

 application domains
 task
 inputs/outputs

 ontology derived from Taverna:
 new structure
 some additions (biological resources, images, …)
 under further development
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O2I ERA schema
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O2I workflows annotation
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Users’ registration and profiling

Users are profiled on the basis of:

 role in their organization
 computer scientist / physician / researcher / 

patient / journalist / …
 domains of interest 
 past workflows’ executions
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Simple demo workflow



9/03/2006 P. Romano, BIOINFOGRID Initial Course 61



9/03/2006 P. Romano, BIOINFOGRID Initial Course 62



9/03/2006 P. Romano, BIOINFOGRID Initial Course 63



9/03/2006 P. Romano, BIOINFOGRID Initial Course 64



9/03/2006 P. Romano, BIOINFOGRID Initial Course 65



9/03/2006 P. Romano, BIOINFOGRID Initial Course 66



9/03/2006 P. Romano, BIOINFOGRID Initial Course 67



9/03/2006 P. Romano, BIOINFOGRID Initial Course 68



9/03/2006 P. Romano, BIOINFOGRID Initial Course 69



9/03/2006 P. Romano, BIOINFOGRID Initial Course 70

Some acknowledgements…

IST, Genoa
Paolo Romano,
Ulrich Pfeffer,
Domenico Marra,
Valentina Mirisola,
M. Assunta Manniello

ISMAC, CNR, Genoa
Patrizio Arrigo,
Matteo Fattore

ITB, CNR, Milan
Luciano Milanesi

This work has partially been supported by the Italian Ministry for Education, University 
and Research (MIUR), projects “Oncology over Internet– O2I” and “Laboratory for 
Interdisciplinary Technologies in Bioinformatics - LITBIO”

DISCo, University of Milan Bicocca
Guglielmo Bertolini,
Flavio De Paoli,
Giancarlo Mauri

DIST, University of Genoa
Ivan Porro,
Silvia Scaglione

DMI, University of Camerino (MC)
Emanuela Merelli,
Ezio Bartocci



9/03/2006 P. Romano, BIOINFOGRID Initial Course 71

… and an announcement!

Distributed Applications, Web Services, Tools
and GRID Infrastructures for Bioinformatics

Workshop NETTAB 2006
http://www.nettab.org/2006/

Take a brochure!

July 10 - 13, 2005, Sardinia, Italy

Call for Papers deadline is next May 5


