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Motivating Life Science search examples

1. “Which genes encode proteins in different organisms with high 
sequence similarity to a given protein and are significantly   
co-expressed (e.g. up expressed) in the same given biological 
condition / tissue (e.g. in tumor / brain)?”

2. “Which proteins of a given biochemical pathway are encoded 
by co-expressed genes and are likely to interact?”

3. “Which proteins in different organisms are most structurally 
and functionally similar to a given protein?”

4. “Which drugs treat diseases that are likely to be associated 
with a given genetic mutation?”

Information to answer such queries is available on the Internet, 
but no software system is capable of computing the answer
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Common Aspects:

• Multi-domain queries (e.g. sequence similarity, gene expression)

• Ranking composition (e.g. similarity score, diff. expression p-value)

• The answers are on the Web 

A knowledgeable user would do the query step-by-step:

• Search proteins similar to a given protein and get their ID

• Search genes that codify such proteins and get their symbol

• Search a gene expression DB and find the differential expression of 
such genes in the given biological condition / tissue

• Order results by best similarity and differential expression values

After hours of painful search the user might actually succeed!

• Can this be done better?

Motivating Life Science search examples
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Search Computing: an ERC funded project

Search Computing (SeCo) is a 5 year project funded in November 2008 
by the European Research Council (ERC) Advanced Grant program 

It aims: 

1. Develop the informatics framework required for computing    
multi-domain searches by combing single domain search results 
from search engines, which are often ranked, with other data and 
computational resources

- directly supporting multi-domain ordered data

- taking into account order when the results of several requests 
are combined

- enabling exploration and expansion of search results

1. Apply SeCo technology in different fields, including Life Sciences
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Search Computing framework
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Registration and conceptualization 
of search services

SequenceAlignmentSearch(QuerySequence, FoundSequence, 
FoundSequenceLenght, Score, …)

Conceptual level: Service marts

 WU-BLAST: Query_Sequence | Found_Sequence | Length | Score | % identity | …

Corresponding SM attributes Auxiliary attributes 
(i.e. query attributes)

Selector

Selector attributes

Physical Level: Service interfaces

Logical level: Access patterns
BLAST_search(Query_Sequence[I], Found_Sequence[O], 

Found_Sequence_lenght[O], Score[R], …)

Three levels of conceptualization of services and associations

Corresponding SM attributes Auxiliary attributes 
(i.e. query attributes)
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Bio-SeCo: Sequence alignment search

Service mart Service mart 
sequenceAlignmentSearch(sequenceAlignmentProgram, searchedDB, 

querySequence, querySequenceID, querySequenceIDName, 
foundSequenceSymbol, foundSequenceID, foundSequenceIDName, 
foundSequenceDescription, foundSequenceOrganism, 
bestAlignmentScore, bestAlignmentExpectation, 
bestAlignmentProbability, alignments(score, expectation, probability, 
matchQuerySequence, matchFoundSequence, matchPattern))

Ex. Access patternEx. Access pattern
sequenceAlignmentSearch_byID(sequenceAlignmentProgramI, 

searchedDBI, querySequenceIDI, querySequenceIDNameI, 
foundSequenceSymbolO, foundSequenceIDO, foundSequenceIDNameO, 
foundSequenceDescriptionO, foundSequenceOrganismO, 
bestAlignmentScoreR, bestAlignmentExpectationR, 
bestAlignmentProbabilityR) 
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Bio-SeCo: WU-BLAST

Service interface Service interface 
WU_BLAST_byID(“Washington University BLAST”, 

sequenceAlignmentSearch_byID, 
http://www.ebi.ac.uk/Tools/webservices/wsdl/WSWUBlast.wsdl) 

Input example: 
• seaquenchAlignmentProgram:  BLASTP
• searchedDB:              uniprotKB
• querySequenceID:             O14543 

Output example:
• foundSequenceSymbol:             SOCS3_MOUSE

• foundSequenceID:             O35718

• foundSequenceOrganism:         Mus musculus

• foundSequenceDescription:      Suppressor of citokine signaling 3 

• bestAlignmentScore:                 990

• bestAlignmentExpectation:       2.99 e-98

•querySequenceIDName:  uniprot

•foundSequenceIDName:  uniprot

•bestAlignmentProbability: 2.99 e-

98
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Resource network of Life Sciences web services

GeneDisease

Mutation Publication

Protein

Biological Process

Pathway

Protein Domain

Promoter

...

Phenotype

...

3D Structure

...

Services registered in the framework are pair-wise related each other 
through connection patterns that define the available resource network
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Bio-SeCo: Connection patterns

Their pair-wise coupling connection patternsconnection patterns useful for computing 
the answer to the first considered case study question are as follows:

existsCodingGene_byProteinID(sequenceAlignmentSearch, protein2gene): 
[(sequenceAlignmentSearch.foundSequenceID = protein2gene.proteinID 
AND sequenceAlignmentSearch.foundSequenceIDName = 
protein2gene.proteinIDName)]

existsExpressedGene_byGeneSymbol(protein2gene, geneExpressionSearch): 
[(“Gene” = geneExpressionSearch.queryProperty 
AND protein2gene.geneSymbol = geneExpressionSearch.queryPropertyValue
AND protein2gene.organism = geneExpressionSearch.queryOrganism)] 
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Query interface for multi-domain search

“Which genes encode proteins in different organisms with high 
sequence similarity to a given protein (e.g. with UniProt ID: O14543) 
and are significantly co-expressed (e.g. up or down expressed) in the 

same given biological condition / tissue (e.g. in brain)?”
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Results of sequence alignment search 
on WU-BLAST 

“Which proteins in different organisms have high sequence similarity 
to the protein with UniProt ID: O14543?”

Using BLAST, a sequence similarity search program, in one of its 
implementations, e.g. WU-BLAST (http://www.ebi.ac.uk/blast2/)
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Results of protein2gene search 
on GPDW

“Which genes encode which proteins?”

Using a query service (GPDW_protein2gene) to our GPDW 
(Genomic and Proteomic Data Warehouse) 
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Results of gene expression search 
on Array Express

“Which genes are significantly up or down expressed in brain?”

Using Array Express Gene Expression Atlas, a search engine of 
gene expression data (http://www.ebi.ac.uk/gxa/)
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Combined search results

Combination.Rank = sequenceAlignment.Expectation * geneExpression.P-value
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Query expansion on the resource network

GeneDisease

Mutation Publication

Protein

Biological Process
Pathway

Protein Domain

Promoter

...

Phenotype

3D Structure
...

...

Expression

...
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Resource network exploration approach

Gene
Disease

Mutation
Publication

Protein
Biological Process

Pathway

Protein Domain

Gene Expression

Phenotype

3D Structure

 

Promoter

Is_similar_to

Is_encoded_by

Is_expressed_in
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Thank you for your attention!   

Any question? 

Thank you for your attention!   

Bio Search Computing


