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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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Workflows 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 softwares 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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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 by end of 2005: 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
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