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Requirements for an efficient exchangeRequirements for an efficient exchange

• We need to encode the models in a computer-edible way

– Structured formats  easily “parsable”; mirror the model structure; 

– Public formats         Published specifications, freely re-usable

– Community-developed formats ...



Standard of representationStandard of representation

•                           http://www.cellml.org/

                          Fixed specification; Based on modules; 
                                 scalable; ... complex

•                                           http://www.neuroml.org/

                           Flexible (expendable set of classes/schemas); scalable; 

•               http://brainml.org/
                     
                           Models are XML-schemas

• BioPAX           http://www.biopax.org/

                           No kinetics; deep semantics;





SBML is not limited to biochemistry!SBML is not limited to biochemistry!

• Rate Rules can describe the temporal evolution of any 
quantitative parameter, e.g. transmembrane voltage;

• Events can describe any discontinuous change, e.g. 
neurotransmitter release;

• A species is an entity participating to a reaction, not always a 
chemical entity:

– It can be a receptor

– It can be a neuron

– It can be an functional assembly

– It can be an organism

Systems Biology is scale-free!  



Requirements for an efficient exchangeRequirements for an efficient exchange

• We need to encode the models in a computer-edible way

– Structured formats  easily “parsable”; mirror the model structure; 

– Public formats         Published specifications, freely re-usable

– Community-developed formats ...

• We need to make the content human-edible  semantics

– Standards of content and annotation

– Ontologies to relate model components and biological information



Minimum Information Requested In 
the Annotation of biochemical Models 

Le Novère N., Finney A., Hucka M., Bhalla U., Campagne F., Collado-Vides J., 
Crampin E., Halstead M., Klipp E., Mendes P., Nielsen P., Sauro H., Shapiro B., 

Snoep J.L., Spence H.D., Wanner B.L. 
Nature Biotechnology (2005), 23: 1509-1515

http://www.ebi.ac.uk/compneur-srv/miriam/



Requirements for an efficient exchangeRequirements for an efficient exchange

• We need to encode the models in a computer-edible way

– Structured formats  easily “parsable”; mirror the model structure; 

– Public formats         Published specifications, freely re-usable

– Community-developed formats ...

• We need to make the content human-edible  semantics

– Standards of content and annotation

– Ontologies to relate model components and biological information

• We need to make the models available

– Personal websites

– Publisher's websites

– Curated repository/databases 



Relevant models repositoriesRelevant models repositories

•                       [GENESIS][curation][search]

•                      of SenseLab [NEURON, GENESIS][search]

 

•                      models repository [CellML][curation...][search]

• JWS online [SBML, Pysces][curation]

•                      Developer Network [E-Cell, SBML]

• + ...



Requirements for a unified model resourceRequirements for a unified model resource

• Neither focussed on a particular biological substrate or 
process, nor specialised on a given modelling approach

• Real “searchable“ database rather than mere repository

• Models thoroughly verified, structure and results, 
and annotated

• International collaboration rather than a one-group effort

• Long-term commitment and secure funding

• Freely available and reusable



BioModels Database: A Free, 
Centralized Database of Curated, 

Published, Quantitative Kinetic Models
of Biochemical and Cellular Systems 

Le Novère N., Bornstein B., Broicher A., Courtot M., Donizelli M., Dharuri H., Li 
L., Sauro H., Schilstra M., Shapiro B., Snoep J.L., Hucka M. 

Nucleic Acids Research, (2006), 34: D689-D691

http://www.ebi.ac.uk/biomodels/



Requirements for a unified model resourceRequirements for a unified model resource

• Neither focussed on a particular biological substrate or 
process, nor specialised on a given modelling approach

• Real “searchable“ database rather than mere repository

• Models thoroughly verified, and annotated

• International collaboration rather than a one-group effort

• Long-term commitment and secure funding

• Freely available and reusable



What is BioModels Database?What is BioModels Database?

• Store and serve quantitative models of biomedical interest

• Only models described in the peer-reviewed scientific 
literature.

• Models are curated: computer software check the syntax, 
while human curators check the semantics.

• Models are simulated to check the reference correspondence

• Model components are annotated, to improve identification 
and retrieval. 

• Models are accepted in several formats, and served in 
several others.

• Aims to be the “Swiss-Prot” of quantitative modelling.



Where are the models coming fromWhere are the models coming from

I) Repositories

• SBML repository

• JWS Online

• E-Cell Developer Network

• CellML repository

II) Individuals

• Members of the SBML community (developers+modellers)

• Authors (prior to grant application, before publication etc.) 

III) Supported by Nature Publishing Group. MSB advices 
deposition, and forward supplementary material

IV) BioModels DB curators encode new models from literature
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unsolicited mirrorsunsolicited mirrors

• CellDesigner:
http://www.systems­biology.org/cd/features/BioModelsNet.html

• SIGMOID:
http://www.sigmoid.org/models/ModelBrowse.do

• JSIM: 
http://nsr.bioeng.washington.edu/cgi­bin/butterw/jsquery.cgi?d=biomodels

We are happy about that! Feel-free to do the same!



The EBI teamThe EBI team

Marco Donizelli, Chen Li: 

   Tomcat/Xindice/Web interface
Melanie Courtot: 

   MySQL/Tomcat

Lu Li: 

   Curation plus Graph, CellML, 
XPP and SciLab exports

Nicolas Le Novère: 

   Design and curation

Camille Laibe

   WebServices

Arnaud Henry: 

  BioPAX export



An international collaborationAn international collaboration

• EBI
– Nicolas Le Novère
– Marco Donizelli
– Mélanie Courtot
– Lu Li
– Chen Li
– Nicolas Rodriguez
– Alexander Broicher
– Arnaud Henry
– Camille Laibe

• SBML team
– Michael Hucka
– Andrew Finney
– Bruce Shapiro
– Benjamin Borstein
– Maria Schilstra
– Sarah Keating
– Harish Dharuri

• Keck Graduate Institute
– Herbert Sauro

• Systems Biology Institute
– Hiroaki Kitano
– Akira Funahashi

• Stellenbosh University
– Jacky Snoep

• External contributors

– Samuel Bandara
– Upinder Bhalla
– Chris Cox
– Johan Elf
– David Fange
– Christoph Flamm
– Colin Gillespie
– Les Grivell
– Ryan Gutenkunst
– Adam Halasz
– Noriko Hiroi
– Boris Kholodenko
– Ursula Kummer
– Ken Lau
– Adrian Lopez Garcia de Lomana
– Rainer Machné
– Yukiko Matsuoka
– Joanne Matthews
– Robert Phair
– Marc Poolman

• Programs used for curation

– CellDesigner
– COPASI
– Jarnac/JDesigner
– MathSBML
– SBMLeditor
– SBMLodeSolver
– XPP-Aut

– Carole Proctor
– Tomas Radivoyevitch
– Birgit Schoeberl
– Oleg Sokolsy
– Joanne Matthews
– Tjeerd olde Scheper
– Birgit Schoeberl
– Henning Schmidt
– Paul Smolen
– Darren Wilkinson
– Molecular Systems Biology


