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What happened to biology at the end of XXth century?



For all that we need models

Experiment

model

hypothesis

dx

dt
= f(X;P; t)
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Many complementary modelling approaches

Biochemistry

PhysiologyNeurobiology

Developmental
biology, plant biologyPharmacometrics

Process
Descriptions
(ODE, Monte-Carlo)

State-Transitions, cable
Approximation (PDE)

Variable description
(ODE, PDE)

PK/PD, statistical
models

Cell automata
Multi-agents
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Computational modelling left the niches
● Metabolic networks Fung et al. A synthetic gene-metabolic oscillator. Nature 2005;  Herrgård et al. A consensus yeast 

metabolic network reconstruction obtained from a community approach to systems biology. Nat Biotechnol  2008

● Signalling pathways Bray et al. Receptor clustering as a cellular mechanism to control sensitivity. Nature 1998; Bhalla ad 
Iyengar. Emergent properties of signaling pathways. Science 1998; Schoeberl et al. Computational modeling of the dynamics of 
the MAP kinase cascade activated by surface and internalized EGF receptors. Nat Biotechnol  2002; Hoffmann et. The 
IκB-NF-κB signaling module: temporal control and selective gene activation. Science 2002; Smith et al. Systems analysis of Ran 
transport. Science 2002; Bhalla et al. MAP kinase phosphatase as a locus of flexibility in a mitogen-activated protein kinase 
signaling network. Science 2002; Nelson et al. Oscillations in NF-κB Signaling Control the Dynamics of Gene Expression. 
Science 2004; Werner et al. Stimulus specificity of gene expression programs determined by temporal control of IKK activity. 
Science 2005; Sasagawa et al. Prediction and validation of the distinct dynamics of transient and sustained ERK activation. Nat 
Cell Biol 2005; Basak et al. A fourth IkappaB protein within the NF-κB signaling module. Cell 2007; McLean et al. Cross-talk and 
decision making in MAP kinase pathways.  Nat Genet 2007; Ashall et al. Pulsatile Stimulation Determines Timing and Specificity 
of NF-κB-Dependent Transcription. Science 2009; Becker et al. Covering a broad dynamic range: information processing at the 
erythropoietin receptor. Science 2010

● Gene regulatory networks McAdams and Shapiro. Circuit simulation of genetic networks. Science 1995; Yue et al. 
Genomic cis-regulatory logic: Experimental and computational analysis of a sea urchin gene. Science 1998; Von Dassow et al. 
The segment polarity network is a robust developmental module. Nature 2000; Elowitz and Leibler. A synthetic oscillatory 
network of transcriptional regulators. Nature 2000; Shen-Orr et al, Network motifs in the transcriptional regulation network of 
Escherichia coli. Nat Genet 2002; Yao et al. A bistable Rb-E2F switch underlies the restriction point.  Nat Cell Biol 2008; 
Friedland. Synthetic gene networks that count. Science 2009

● Pharmacometrics models Labrijn et al. Therapeutic IgG4 antibodies engage in Fab-arm exchange with endogenous 
human IgG4 in vivo. Nat Biotechnol 2009

● Physiological models Noble. Modeling the heart from genes to cells to the whole organ. Science 2002; Izhikevich and 
Edelman. Large-scale model of mammalian thalamocortical systems. PNAS 2008

● Infectious diseases Perelson et al. HIV-1 dynamics in vivo: Virion clearance rate, infected cell life-span, and viral 
generation time. Science 1996; Nowak. Population dynamics of immune responses to persistent viruses. Science 1996; 
Neumann et al.  Hepatitis C viral dynamics in vivo and the antiviral efficacy of interferon-alpha therapy. Science 1998


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http://www.ebi.ac.uk/biomodels/
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What is BioModels Database?

● Store and serve quantitative models of biomedical 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 quantitative models of biomedical interest

● 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



Where do models come from?

● From authors before grant applications or publications

● Over 300 scientific journals advise submission to BioModels Db:

● Nature Molecular Systems Biology
● Public Library of Science journals
● BioMedCentral journals
● Royal Society of Chemistry

● Various people curated models out of interest.

● Submitted by curators

● imported from other repositories (DOQCS, CellML)
● reimplemented from literature
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BioPAX

XPP-Aut

VCML

Input and output formats

ctave
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Input and output formats
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    SBML core  is not limited to biochemistry!

● A species is a pool of entities participating to a reaction, not always a 
chemical entity

● It can be a pool of molecules

● It can be a pool of cells

● It can be a pool of organs

● It can be a population of organi

● Rate Rules can describe the temporal evolution of any 
quantitative parameter, e.g. transmembrane voltage, 
tumour size etc.

● Events can describe any discontinuous change, e.g. 
neurotransmitter release, repolarisation, cell division etc.
 

SBML core is about process descriptions  
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SBML supporting tools

● Simulators

● Discrete stochastic (25)

● Continuous deterministic (42) 

● Spatial (4)

● Modelling and simulation environments 
(29)

● Based on Mathematica (3)

● Based on Matlab (12)

● Based on Python/SciPy (9)

● Based on R (3)

● Flux/metabolic analysis (16)

● Integrated framework (3)

● Libraries (3)

● Model Management, Data 
Integration, 
and Analysis (12)

● Model development tools (18)

● Model visualisation (7)

● Model Repositories, Test Suites, 
and Databases (16)

● Converters (7)

● Analysis and utility (12)



Process based biochemical models

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

BIOMD0000000153

reaction:

von1 = kon1 £ [D]£ [CDK5]£ V ol
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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

MODEL1108160000

reaction:



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. 

BIOMD0000000020 

rate rule:
dv

dt
=
I ¡ (iNa + iK + iL)

Cm

assignment rule:
iNa = gNa £m3 £ h£ (V ¡ENa)
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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:

BIOMD0000000234



Single-compartment neurons

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

BIOMD0000000127 

rate rule:
dv

dt
= 0:042 + 5£ V + 140¡ U + i

event:
v = c

U = U + d
when v > Vthresh

(
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Spread of infection diseases ...

Munz P et al. When zombies attack!: 
Mathematical modelling of an 
outbreak of zombie infection. in 
"Infectious Disease Modelling 
Research Progress",  (2009 )133-150

MODEL1008060001
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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



Open Source Software for Systems, Pathways, Interactions and Networks, 14-16 November 2012

 

 BioModels Db does not belong to anyone!



Models must :

● be encoded in a public machine-readable format

● be clearly linked to a single reference description 

● reflect the structure of the biological processes described in
 the reference paper (list of reactions etc.)

● be instantiable in a simulation (possess initial conditions etc.)

● be able to reproduce the results given in the reference paper

● contain creator’s contact details

● annotation to unambiguously identify each model constituent 

Minimum Information Required in the 
Annotation of Models (simplified)
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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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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?
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Enters Identifiers.or (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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http://www.ebi.ac.uk/miriam/
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original article
Reproduction with COPASI
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Fully valid SBML model containing only 
the dephosphorylation of cdc2k



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)



BioPAX versions of the model
generated from SBML+MIRIAM

BioPAX versions of the model
generated from SBML+MIRIAM
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Büchel et al Large-scale generation of computational models from biochemical pathway maps. Submitted
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Direct model re-use: e.g. EGFR signalling and glycolysis

Schoeberl et al 2002
(BIOMD0000000019)

Hornberg et al 2005
(MODEL0848279215)

Singh et al 2006
(BIOMD0000000151)

Huang et al 2010

Teusink et al 2000
(BIOMD0000000064)

Pritchard et al 2002
(BIOMD0000000172)

Conant et al 2007
(BIOMD0000000176
BIOMD0000000177)

Ung et al 2008
(BIOMD0000000205)
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Standard formats generate new research
● Herrgård  et al (2008) A consensus yeast metabolic network reconstruction obtained 

from a community approach to systems biology. Nature Biotechnol, 26: 1155-1160

● MODEL0072364382: 2152 species, 1857 reactions

● stoichiometric map, no concentrations, no kinetics

● Smallbone et al (2010) Towards a genome-scale kinetic model of cellular 
metabolism. BMC Syst Biol, 4:6

● MODEL1001200000: 1748 species, 1059 reactions

● Concentrations and flux from BioModels Database

● Constraint-based model and simplified linlog kinetics

● Dobson et al (2010) Further developments towards a genome-scale metabolic 
model of yeast. BMC Syst Biol, 4:145

● MODEL1012110000: 2657 species, 1865 reactions

● Li et al (2010) Systematic integration of experimental data and models in systems 
biology. BMC Bioinfo, 11: 582

● MODEL1012110001

● Workflows using experimental kinetic information database (SABIO-RK) plus 
metabolomics and proteomics database

● Full quantitative chemical kinetics descriptions
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Clustering models (and data)
based on metadata

Schulz M.et al (2010)
Retrieval, alignment, and clustering of 
computational models based on semantic 
Annotations. Mol Syst Bio, 7: 512
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Ranking and retrieval of models
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Ranking and retrieval of models

MAPK
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Ranking and retrieval of models

MAPK

Other kinase cascades
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FOSS house made of FOSS bricks
● BioModels Db [GPLv2] → http://sourceforge.net/projects/biomodels/

● LibSBML [LGPLv2] → http://sourceforge.net/projects/sbml/

● JSBML [LGPLv2] → http://sourceforge.net/projects/jsbml/

● Systems Biology Format Converter [GPLv2] → 
http://sourceforge.net/projects/sbfc/

● Tomcat [Apache v2] → http://tomcat.apache.org/

● MySQL [Oracle FOSS] → http://dev.mysql.com/

● Subversion [Apache v2] → http://subversion.apache.org/

● Lucene [Apache v2] → http://lucene.apache.org/

● Axis [Apache v2] → http://axis.apache.org/

● SOSlib [GPLv2] → http://www.tbi.univie.ac.at/~raim/odeSolver/ 

● Gnuplot [own opensource license] → http://www.gnuplot.info/ 

● + 33 FOSS libraries



Open Source Software for Systems, Pathways, Interactions and Networks, 14-16 November 2012

 

Future directions for BioModels Database

● Improvement of the software infrastructure

● More portable (mirrors, re-use in other projects)

● Better authentication, logging and security

● More flexible: groups of models, or users, more converters, 
views,  services  ...

● Community development model

● Extension of the coverage 

● Different types of models: Neuroscience, PK/PD, physiology ...

● Parametrisation procedures, simulation descriptions ...

● Large scale project (e.g. Path2Models)

 Just a Model Management Platform 
(JUMMP)
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https://bitbucket.org/jummp/jummp/
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JUMMP architecture



  Groovy

   Grails (Spring, Hibernate, …)

   Spring Security

   Hibernate Search

   Apache ActiveMQ / D-Bus

   jQuery, jQuery UI

   JSBML

   Subversion / Git

FOSS again
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Many many thanks

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, 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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