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BioModels Database

Sharing and re-using computational models of 
biological processes

Nicolas Le Novère, Babraham Institute, EMBL-EBI
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What is BioModels Database?

● Store and serve quantitative models of biological interest

● Models described in the peer-reviewed scientific literature + models 
automatically generated from pathway resources

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

● Models are simulated to ensure they provide the expected results

● Model components are annotated, to improve identification and retrieval 

● Models are accepted in several formats, and served in several others
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What can-we do with BioModels Database?

● Search and retrieve relevant quantitative or qualitative models

● Explore the variables and the structure of the model 

● Run timecourse simulations of the model

● Download the model in many formats

● Do all the above via Web Services

● Learn about significant models using the Model of the Month
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Where do models come from?

● From authors before grant applications or publications

● Over 300 scientific journals advise submission to BioModels Db:

● Molecular Systems Biology

● Public Library of Science journals

● BioMedCentral journals

● Royal Society of Chemistry journals

● Various people curated models out of interest.

● Submitted by curators

● imported from other repositories (DOQCS, CellML)

● reimplemented from literature
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BioModels Database growth (published models branch) since its creation

Computational models on the rise

20 relationships 
per model

500 relationships 
per model
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BioPAX

XPP-Aut

VCML

Input and output formats

ctave
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Systems Biology 
Format Converter
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    BioModels is not limited to biochemistry!

Is it about bio[logy|chemistry|medicine]?

Is it a computational model?

Is it published?

Then it should be in BioModels
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Process based biochemical models

Fernandez et al. DARPP-32 is a 
robust integrator of dopamine 
and glutamate signals 
PLoS Comput Biol (2006) 2: e176. 

BIOMD0000000153BIOMD0000000153

reaction:
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Pharmacometrics models

Tham et al (2008) A pharmacodynamic 
model for the time course of tumor 
shrinkage by gemcitabine + carboplatin in 
non-small cell lung cancer patients.
Clin Cancer Res. 2008 14(13): 4213-8.

assignment rule:

rate rule:

BIOMD0000000234BIOMD0000000234
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Conductance-based model

Hodgkin AL, Huxley AF. 
A quantitative description of 
membrane current and its 
application to conduction 
and excitation in nerve.  
J Physiol  (1952) 117:500-544. 

BIOMD0000000020BIOMD0000000020  

rate rule:
dv

dt
=
I ¡ (iN a + iK + iL )

Cm

assignment rule:
iN a = gN a £m3 £ h£ (V ¡EN a)
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Neuroscience models

Izhikevich EM. Simple 
model of spiking neurons.  
IEEE Trans Neural Netw 
(2003) 14(6):1569-1572. 

rate rule:
dv

dt
= 0:042+ 5£ V + 140¡ U + i

event: v = c

U = U + d

BIOMD0000000127BIOMD0000000127
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Flux Balance Analysis models

Orth et al. A comprehensive genome-
scale reconstruction of Escherichia 
coli metabolism - 2011 
Mol Syst Biol (2011);7:535

MODEL1108160000MODEL1108160000

reaction:
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 BioModels Db does not belong to anyone!
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Minimal Information Required In the Annotation of Models

Reference correspondence

1. In a public, standardized, 
    machine-readable format

2. Comply with the standard
    in which it is encoded

3. Clearly related to a single 
    reference description

4. Reflect biological processes

5. Instantiable in a simulation
    all numbers provided

6. Able to reproduce results

Attribution External resources

1. Has to be named

2. Citation must be provided

3. Model creators details

4. Date and time of creation 
    and last modification

5. Link to precise statement 
    about terms of distribution

1. Annotation unambiguously 
    model constituent to data

2. Link to external information 
    as a triplet 
 {collection, identifier, qualifier}

3. Annotation written as a 
   Uniform Resource Identifier

4. Identifier considered within 
    framework of the collection.

5. Collection namespace and 
    record identifier in one URI

6. Qualifiers to refine the link 
    between model constituent 
    and external knowledge

7. Standard set of valid URIs
    agreed upon by community 

http://co.mbine.org/standards/miriam
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Annotation of model components are essential to: 

● allow efficient search strategies

● unambiguously identify model components

● improve understanding the structure of the model 

● allow easier comparison of different models

● ease the integration of models

● add a semantic layer to the model

● improve understanding of the biology behind the model

● allow conversion and reuse of the model

● ease the integration of model and biological knowledge

Why are annotations important?



  

COMBINE/ERASysApp tutorial, 14 Sept 2014

Enters                         (aka new MIRIAM URIs)

http://identifiers.org/namespace/identifier

http://identifiers.org/uniprot/P62158

http://identifiers.org/ec­code/1.1.1.1

http://identifiers.org/obo.go/GO:0000186

protocol type of URI collection record
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Curated and Non-curated Models

● Curated models – Comply with the MIRIAM guidelines

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

● Not MIRIAM compliant:

            cannot 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 at present 
            (e.g. reaction-diffusion models)

            models are yet to be curated
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Curation Annotation

Consistency
Check

Consistency
Check

MIRIAM
Curation
MIRIAM
Curation

Non-curated 
Models

Non-curated 
Models

Curated 
Models

Curated 
Models

Non-curated
Models

Non-curated
Models

Curated
Models

Curated
Models

AnnotationsAnnotations AnnotationsAnnotations

Current production pipeline
distributionSubmission

Path2ModelsPath2Models Path2ModelsPath2ModelsImportImport
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original article
Reproduction with COPASI
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Fully valid SBML model containing only 
the dephosphorylation of cdc2k
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Automatically generated using libsbml 
(http://sbml.org/Software/libSBML)

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

Curated version of the modelCurated version of the model

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

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

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

Automatically generated using libsbml 
(http://sbml.org/Software/libSBML)
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BioPAX versions of the model
generated from SBML+MIRIAM
BioPAX versions of the model
generated from SBML+MIRIAM
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+
 Metabolic 
Networks

 Metabolic 
Networks

 

 
 Chemical kinetics models 

of individual metabolic pathways

Flux Balance Analysis
of whole genome reconstructions

 Signalling 
Pathways

+  
Logical models

of individual signalling pathways

From pathways to models … Path2Models
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EMBL-EBI

● Developers
Mélanie Courtot, Alexander Broicher, 
Finja Büchel, Marco Donizelli, Marine 
Dumousseau, Gael Jalowicki, Mihai 
Glont,  Ron Henkel, Arnaud Henri, 
Sarah Keating, Christian Knuepfer, 
Camille Laibe, Chen Li, Lu Li, Florian 
Mittag, Kedar Nath Natarajan, Jean-
Baptiste Pettit, Nicolas Rodriguez, 
Karim Tazibt, Martijn van Iersel, 
Dagmar Waltemath, Sarala 
Wimalaratne, Yangyang Zhao, Anna 
Zhukova 

● Curators
Ishan Ajmera, Vijayalakshmi Chelliah, 
Harish Dharuri, Lukas Endler, Enuo 
He, Nick Juty, Vincent Knight-
Schrijver, Audald Lloret, Michael 
Schubert, Melanie Stefan 

● Henning Hermjakob, Janet Thornton

External contributions

● Collaborators
Upi Bhalla, Andreas Dräger, Jürgen 
Eils, Mike Hucka, Hiroaki Kitano, Ion 
Moraru, Julio Saez-Rodriguez, Herbert 
Sauro, Maria Schilstra, Falk Schreiber, 
Jacky Snoep, Neil Swainston

● Scientific Advisory Board
Upi Bhalla, Carole Goble, Thomas 
Lemberger, Pedro Mendes, Ion 
Moraru, Wolfgang Müller, Philippe 
Sanseau, Herbert Sauro, Jacky Snoep

● All the computational systems Biology 
community, in particular: Rainer 
Machne, Bruce Shapiro, Kieran 
Smallbone

 

Current member
coordinator
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Generous funders
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