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Repository of models: motivation & requirement

• both number and complexity of quantitative models in biology are
increasing rapidly.

• modelers increasingly reuse and combine existing models. It often 
becomes impractical to reimplement models from literature.

• For easy and efficient use of the already published models, models

• should be accessible.
• source and detailed description of each model should be 

available and linked.
• the modeller must be able to rely on the accuracy of the 

models.
• the models should be available in common formats 

(eg.:SBML (http://www.sbml.org),
CellML (http://www.cellml.org)

• should be searchable for different criteria.
• the structure and the components of the model should be 

browsable and identifiable.



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/



BioModels Database

� first launched on 11th April 2005. 

� data resource that allows biologists to store and serve 
quantitative models of biomedical interest. 

� stores only models described in the peer-reviewed scientific 
literature.

� Models are annotated and linked to relevant data resources, 
such as publications, databases of compounds and pathways, 
etc. to improve identification and retrieval.

� Models are accepted in several formats and served in several 
others.

� Partial/Sub models can be created and downloaded.

� online simulation available.



Database Growth 
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Types of Models in the BioModels Database
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Where do models come from? 

• submitted by curators
• imported from other repositories (DOQCS, CellML, 

JWS)
• reimplemented from literature
• imported from journals webpages

• from authors before grant application or  publication
• some journals advocate submission to BioModels DB:
• Molecular Systems Biology
• PLoS journals
• BioMedCentral journals

• various people who are interested. 
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http://sbml.org/
Michael Hucka
California Institute of Technology



>180tools support SBML

http://sbml.org/SBML_Software_Guide/SBML_Software_Matrix



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









model accession ID is unique and perennial

and can be used as a reference in publications 

and for searching and retrieving the model
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computer software checks 
the SBML syntax.
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� Reporting guidelines for 
curation of quantitative 
models
• Specifically about 

encoding & annotating 
models.

• Limited for the moment 
to models that can be 
numerically evaluated.

� Not specific to SBML; 
applicable to any structured 
model format. 

MIRIAM guidelines



MIRIAM compliance

Minimum Information Requested In the Annotation of Models 

Le Novère N. et al. Nature Biotechnology (2005), 23: 1509-1515

model must :
� be encoded in a standard format (CellML, SBML)
� contain link to a single reference description (peer reviewed for 

BioMdDB)
� reflect the structure of the biological processes described in the 

reference paper
� be able to reproduce the results given in the reference paper (all 

quantitative attributes should be defined)
� contain creator’s contact details.
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Curated and Non-curated Models

Curated models – MIRIAM compliance successfully checked

Non-Curated models – valid SBML, not curated or annotated by the 

curators.

• not MIRIAM compliant
• can not reproduce results published in the paper.
• differ in model structure
• non kinetic models  (eg. FBA, stoichiometric maps)

• MIRIAM compliant
• models contain kinetics that we cannot curate up to now.
• will be moved into curated branch as soon as possible (model  

being checked by curators).



Why are annotations important?

Annotation of model components are essential to: 
• unambiguously identify model components

• improve understanding the structure of the model 
• allow easier comparison of different models
• ease the integration of models

• allow efficient search strategies
• add a semantic layer to the model

• improve understanding the biology behind the 
model

• allow conversion and reuse of the model
• ease the integration of model and biological 

knowledge



Why annotation?

1,3-Bisphosphoglycerate

• Synonyms 

e.g.: Glyceric Acid 1,3 bisphosphate
3-phospho-D-glyceroyl phosphate

• Identifiers used in models in BioModels Database:

BPG, BPG13, Gri13P2, DPG, pgp, PGAP ...

• => annotations can help to find models containing BPG 

for example searching using 

KEGG ID (C00236) or CHEBI ID (CHEBI:16001)



MIRIAM Annotations

Each model element is linked to the external data resource. This 

• enhances model quality

• is essential for search criteria.

MIRIAM Annotations are represented as a triplet which consists of:

• resource  (eg. Enzyme Nomenclature)

• identifier (eg. EC 3.1.3.16 = phosphoprotein phosphatase)

• qualifier   (eg. is Version of)

Resource and identifier together, are in the form of URI (Uniform 
Resource Identifier):

urn:miriam:ec-code:3.1.3.16

these are resolved to a URL using MIRIAM Resources

(http://www.ebi.ac.uk/miriam/)

Taxonamy, Gene Ontology, ChEBI, UniPROT,
KEGG, Reactome, Enzyme Nomenclature, etc.
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For example,

Publication: PubMed or Cyclin
Gene Ontology: GO:0000278 or cell cycle
UniProt: P04551 or cell division



For example,

InterPro: IPR002394
KEGG Pathway: hsa04080
Reactome: 68910





fungi/

metazoa

mammalia

pisces

vertebrata

metazoa

fungi

arthropoda

Taxonomic Searches

linking to hierarchical controlled vocabularies allows for more elaborate 

searching: 

e.g.: searching BioModels DataBase for all models fitting mammals 

rodentia

homo

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



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





Model components & Sub-model creation





Automatically generated using libsbml
(http://sbml.org/Software/libSBML)

Curated version of the model











Jacky Snoep
Stellenbosch University







original article

Figure reproduced using COPASI















BioModels Database widely used

• For benchmarking the modeling and simulation tools.

• Models are downloaded by researches to generate more 
elaborate models (i.e. including more reactions, etc.).

• Clustering and Merging models using annotations.

and many more….
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