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Requirements for a successful exchangeRequirements for a successful exchange

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

− Structured formats º easily “parsable”; mirror the model structure; 

− Public formats        º Published specifications, freely re-usable

− Community-developed formats ...
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• We need to encode the models in a computer-edible way

− Structured formats º easily “parsable”; mirror the model structure; 

− Public formats        º Published specifications, freely re-usable

− Community-developed formats ...

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

− You want other people to appreciate your work!

− Standards of content and annotation

− Ontologies to relate model components and biological information
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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
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Reference correspondenceReference correspondence

• The model must be encoded in a public, standardized, 
machine-readable format (SBML, CellML, GENESIS ...)

• The model must comply with the standard in which it is encoded! 

• The model must be clearly related to a single reference description. 
If a model is composed from different parts,  there should still be a description of 
the derived/combined model.

• The encoded model structure must reflect the biological processes listed in the 
reference description.

• The model must be instantiated in a simulation: All quantitative attributes have to 
be defined, including initial conditions.

• When instantiated, the model must be able to reproduce all results given in the 
reference description within an epsilon (algorithms, round-up errors)
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Attribution annotationAttribution annotation

• The model has to be named.

• A citation of the reference description must be joined (complete citation, unique 
identifier, unambigous URL). The citation should permit to identify the authors of 
the model.

• The name and contact of model creators must be joined.

• The date and time of creation and last modification should 
be specified. An history is useful but not required.

• The model should be linked to a precise statement about 
the terms of distribution. MIRIAM does not require “freedom 
of use” or “no cost”.
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External resource annotationExternal resource annotation

• The annotation must permit to unambiguously relate a piece of knowledge to a 
model constituent.

• The referenced information should be described using a triplet
{data-type, identifier, qualifier}

− The data-type should be written as a Unique Resource Identifier (URI)

− The identifier is analysed within the framework of the data-type.

− Data-type and Identifier can be combined in a single URI
http://www.myResource.org/#myIdentifier
urn:lsid:myResource.org:myIdentifier

− Qualifiers (optional) should refine the link between the model constitutent 
and the piece of knowledge: “has a”, “is version of”, “is homolog to” etc.

• The community has to agree on a set of standard valid URIs. A database and 
the associated API (WebServices) have been developed at the EBI to provide 
the generation and interpretation of URIs.
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Model exampleModel example
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Requirements for a successful exchangeRequirements for a successful exchange

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

− Structured formats º easily “parsable”; mirror the model structure; 

− Public formats        º Published specifications, freely re-usable

− Community-developed formats ...

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

− You want other people to appreciate your work!

− 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 
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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

• Freely available and reusable

• Long-term commitment and secure funding
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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/
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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 “UniProt” of quantitative modelling.
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Where are the models coming fromWhere are the models coming from

I) Existing model 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) Journals (Molecular Systems Biology and PloS Computational Biology advise 
deposition)

IV) BioModels DB curators encode new models from literature
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Problem childrenProblem children

• Non-MIRIAM compliant models

− SBML is correct

− quantitative

− simulatable

− structure is not correct; results are not correct; missing information

• Non time-series: Ex FBA models

− SBML is syntactically correct

− quantitative

− SBML is semantically incorrect

− non-simulatable

• Spatial models:  e.g. VCell, SmartCell, MesoRD

− SBML is syntactically correct

− only part of the crucial information is in SBML namespace
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Steady increaseSteady increase
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Topical repartitionTopical repartition

Cell communication
(GO:0007154)

Cell cycle
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For a better world For a better world (and to fight global warming)(and to fight global warming)

• Download existing models from BioModels Database and build on 
your colleagues expertise

• Integrate those models, together with your own bits and pieces, and 
focus on the innovative part

• Encode those models in SBML

• Annotate them extensively using MIRIAM guidelines

• Share them using BioModels Database
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The BioModels.net teamThe BioModels.net team
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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

• Journals supporting BioModels Database

− Molecular Systems Biology
− PloS Computational Biology

• Programs used for curation

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

• Keck Graduate Institute

− Herbert Sauro

• Systems Biology Institute

− Hiroaki Kitano
− Akira Funahashi

• JWS Online

− Jacky Snoep
− Hans Westerhoff

• Vienna TBI

− Rainer Machne

The community of Systems Biology for 
their contributions of models and comments.
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Search strategySearch strategy

GO, UniProt Oracle database
ChEBI, PubMed  WebServices

Xpath: //sbml:*[contains(@id,'TEXT')]     
| //sbml:*[contains(@name,'TEXT')]   
| //xhtml:*[contains(text(),'TEXT')]

BioModels MySQL database
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