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The four steps of Systems Biology

1. Define all of the components of the system, build 
model, simulate and predict

2. Systematically perturb and monitor components of 
the system

3. Reconcile the experimentally observed responses 
with those predicted by the model

4. Design and perform new perturbation experiments to 
distinguish between multiple or competing model 
hypotheses

Kitano, Science, 2002Kitano, Science, 2002
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BioGateway

• Uses Virtuoso Open Server

– Open Source software that can host a triple 

store

– Can build this from RDF files

– Has a DB backend

• Supports SPARQL* language which allows 

querying RDF data (graphs) 

• Its syntax is similar to that of SQL.

*http://www.w3.org/TR/rdf-sparql-query/

http://www.openlinksw.com/virtuoso/
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BioGateway
Some motivating questions

• Cancer: what candidate genes are involved in 
cell cycle control, S-phase to G2 transition, 
DNA damage response and skin cancer?

• Gastrin: what genes correlate with cancer 
and the use of anti-acids, and are involved in 
the gastrin response, and are associated with 
cell cycle control?

• Inflammation: give me genes that are 
mentioned in the context of high carbohydrate 
intake and play a role in (process #1 to be 
named) and are within x steps from a GO 
ontology term related to inflammation
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BioGateway

The homepage of SSB, including BioGateway as a 
first step towards this idea.
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Type a query here.

Use the buttons for 
prefixes and other 

constructs

Click Run!
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Select a query in the 
drop-down box

The query editor

Click on Run to execute 
the query
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A library of queries

• The drop-down box contains (so far) 31 queries:

– 11 protein-centric biological queries: 

• The role of proteins in diseases

• Their interactions

• Their functions

• Their locations

– 20 ontological queries: 

• Browsing abilities in RDF like getting the neighborhood, the 

path to the root, the children,...

• Meta-information about the ontologies, graphs, relations

• Queries to show the possibilities of SPARQL on BioGateway, 

like counting, filtering, combining graphs,...
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Parameterizing the queries made 
easy.
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All the queries are explained in a tutorial

The parameters are 
indicated in red.

For every query the name, the 
parameters and the function are 

indicated at the top.
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The results 
appear in a 
separate 
window
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The neighborhood of the human protein 1443F in the RDF-graph

The resulting triples (arrows) 
are represented as a small 
grammatical sentence: 

subject, predicate, object.

Outgoing arrows

Incoming arrows
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The query without the prefixes

The prefixes

Execute

Limit
The SPARQL-endpoint

The results: 
9 proteins

The URI's in blue.

Labeled arrows 
to extra 

information
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998 RDF-files can be 
downloaded from the 
Resources page

The graph 
names can 
be used to 
query or 
combine 
individual 
graphs for 
quicker 

answers or 
more 

specific 
information
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The RDF export specifications

• The RDF is automatically generated with onto-
perl, our own ontology API.

• Many choices for the RDF specifications were 
made during the testing of the queries.

• The resources are available either as part of an 
integrated graph or as individual graphs.

• BioMetarel, a relation ontology, provides labels 
for the URIs  of the relations.

• OWL-RDF was avoided because it is too 
verbose. We preferred RDF optimized for 
querying.
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Metarel

• Metarel is a generic ontological hierarchy for 

relation types, consistent with OBOF and RDF.

• It includes meta-information like transitivity, 

reflexivity and composition.

• BioMetarel includes all the biological relation 

types that are used in BioGateway.

• We are still testing the exploitation of 

composition, like A located in B and B part of 

C, gives A located in C.
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Transitive closure graphs
• A transitive closure was constructed for the subsumption 

relation (is a) and the partonomy relation (part of) 

• If A is a B, and B is a C, then A is a C is also added to the 

graph.

• Many interesting queries can be done in a performant way 

with it, like 'What are the proteins that are located in the 

cell nucleus or any subpart thereof?'

• The graphs without transitive closure are available for 

querying as well.
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Conclusions / Results

• BioGateway: RDF store for Biosciences

• Data integration pipeline: BioGateway

• Queries and knowledge sources and system 
design go hand-in-hand (user interaction)

• Existing integration obstacles due to:
• diversity of data formats 

• lack of formalization approaches

• Calls for ‘foundry’ type initiative for RDF
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Next steps

• More data sources (e.g. Nutrigenomics, pathways 
etc.)

• RDF rules

• User interface development

• Reasoning…

• …
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