
Sharing enriched computational models, a 
cornerstone for Integrative Biology

(Desperate attempt to justify my existence)
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Consequences of this revolution on our activity

Needs for cooperation and 
standardisation
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Experiment
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hypothesis

Needs for interplay between 
models and reality tests
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dx

dt
= f(X;P; t)

Needs for systems thinking and 
integration of heterogeneous knowledge 


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Computational modelling for biology and medicine 
left the niches in the last decades

● Metabolic networks (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; Nelson et al. Oscillations in NF-kB Signaling Control the Dynamics of Gene 
Expression. Science 2004;  Ashall et al. Pulsatile Stimulation Determines Timing and Specificity of NF-kappa B-
Dependent Transcription. Science 2009)

● 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)

● Pharmacokinetic/dynamic 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; 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/



Computational models on the rise
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Direct model re-use: EGFR signalling and glycolysis

Schoeberl et al 2002
(BIOMD0000000019)

Hornberg et al 2005
(MODEL0848279215)

Singh et al 2006
(BIOMD0000000151)

Li et al 2009

Teusink et al 2000
(BIOMD0000000064)

Pritchard et al 2002
(BIOMD0000000172)

Conant et al 2007
(BIOMD0000000176
BIOMD0000000177)

Ung et al 2008
(BIOMD0000000205)



  

A “complete” (?) mosaic of standards for 
Computational Systems Biology models

Minimal 
requirements

Data-models

Ontologies

Models               Simulation               Results   

SBRML



  

Model description

Data-models

Minimal 
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    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 or repolarisation;

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

It can be a molecule

It can be a cell

It can be an organ

It can be an organism
 

SBML is about process descriptions  



Model of signalling pathways

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



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)



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

(



  

Pharmacokinetic/dynamic model

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:
Size

dt
= (Ratein £ E®ect ¡Kover £ Size)£ Size

BIOMD0000000234

E®ect = 1¡ Emax ¡Ce
Amt50 + Ce



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



  

SBML Level 3 packages

● Core package – Release candidate

● Graph Layout – specification finalised

● Complex species – specification finalised 

● Groups - specification finalised

● Model composition – specification under discussion

● Qualitative models – specification under discussion

● Distributions and ranges - specification under discussion

● Graph rendering – specification proposed

● Arrays and sets – specifications proposed

● Geometry - specification proposed

● Spatial diffusion – specification proposed

● Dynamic structures - needed

???



  

Model semantics

Data-models

Minimal 
requirements

Ontologies

Models           Simulation           Results   

SBRML



  



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?



  

MIRIAM cross-references

Data-set Identifier
(required)

text string

Not a URL, 
not a “Web-
address”!

Format depends
on the resource

identified by
the data-type

urn:miriam:uniprot:P62158

urn:miriam:ec-code:1.1.1.1

urn:miriam:obo.go:GO%3A0000186

UniProt and P62158 (human calmodulin)

EC code and 1.1.1.1 (alcohol dehydrogenase)

Gene Ontology and GO:0000186 (activation of MAPKK activity)

Data-type
identifier

(required)

URI

Annotation
qualifier

(optional)

text string

Controlled vocabulary
established by
the community



  

SBML and MIRIAM cross-references

    



  

Tools developing support for MIRIAM identifiers

● Data resources

● BioModels Database (kinetic models)

● PSI consortium (protein interactions)

● Reactome (pathways)

● Pathway commons (pathways)

● SABIO-RK (reaction kinetics)

● Yeast consensus model database

● Human consensus model database

● E-MeP (structural genomics)

● Application software

● ARCADIA (graph editor)

● BIOUML (modeling and simulation)

● COPASI (Simulation)

● libAnnotationSBML

● libSBML

● SAINT (semantic annotation)

● SBML2BioPAX

● SBML2LaTeX

● SBMLeditor (model editor)

● SemanticSBML (annotation and merging)

● Snazer (Network analysis, Simulations)

● Systems Biology Workbench 
(model design and simulation)

● The Virtual Cell (Simulation)

● MIRIAM Resources statistics

● ~5000 web page requests per month

● ~550000 web service requests per month



  



  
Marvin Schulz, Falko Krause, Nicolas Le Novère, Edda Klipp, and Wolfram
Liebermeister: Comparison and clustering of biochemical network models
based on semantic annotations. submitted

R. Henkel, L. Endler, A. Peters, N. Le Novère, D. Waltemath (2010) Ranked 
Retrieval of Computational Biology Models. BMC Bioinformatics, 11:423

M Schulz, F Krause, N Le Novère, E Klipp, and W Liebermeister: 
Comparison and clustering of biochemical network models based 
on semantic annotations. submitted



  

Visual representation of models

Minimal 
requirements

Data-models

Ontologies

Models           Simulation           Results   

SBRML



  



  

Graph trinity: three languages in one notation

Process Descriptions Entity Relationships Activity Flows

● Unambiguous

● Mechanistic

● Sequential

● Combinatorial 
explosion

● Unambiguous

● Mechanistic

● Sequential

● Combinatorial 
explosion

● Unambiguous

● Mechanistic

● Non-sequential

● Independence of 
relationships

● Unambiguous

● Mechanistic

● Non-sequential

● Independence of 
relationships

● Ambiguous

● Conceptual

● Sequential

● Ambiguous

● Conceptual

● Sequential



  

Metabolic network in Process Description Language



  

Repressilator in Process Description Language



  

ER map of calcium-regulated synaptic plasticity

increases synaptic weight

decreases synaptic weight



  

Repressilator in Entity Relationship Language



  

Example of Activity Flow map



  

Repressilator in Activity Flow Language



  

Linking SBGN maps to external information

catalytic processes

transport processes

contractile proteins



  

Linking SBGN maps to external information



  

Linking SBGN maps to external information
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Model semantics (structure)

Initial conditions (numbers)

Biological semantics

Graphical representation

global representation

tissue network

mechanics

morphology, state transitions

biochemistry

BioPAX

FieldML

SBRML



  

COmputational Modeling in BIology NEtwork
(COMBINE) forthcoming: http://co.mbine.org

A “WorldWide Web consortium” 
for the modeling in life-sciences





BioModels Database

MIRIAM
annotations

COMBINE

SBO





In the mist of time ...

Other participants included: Hamid Bolouri, Matthieu Louis, Herbert Sauro, 
                                          Maria Schilstra, Tom Shimizu, Olaf Wolkenhauer ...



COMBINE Meetings

● COMBINE 2010: Edinburgh, 6-9 October 2010

● HARMONY 2011: New-York, April-May 2011

● COMBINE 2011: Somewhere, Sometimes 
                           between Aug and Oct 2011 
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● COMBINE 2011: Somewhere, Sometimes 
                           between Aug and Oct 2011 

If you want to become powerful, famous and 
do interesting science, attend COMBINE meeting 



COMBINE Meetings

● COMBINE 2010: Edinburgh, 6-9 October 2010

● HARMONY 2011: New-York, April-May 2011

● COMBINE 2011: Somewhere, Sometimes 
                           between Aug and Oct 2011 

See you in 10 years



  

Visionary: Hiroaki Kitano

SBML editors: Frank Bergmann, Andrew Finney, Stefan Hoops, 
Michael Hucka, Nicolas Le Novère, Sarah Keating, Sven Sahle, 
Herbert Sauro, Jim Schaff, Lucian Smith, Darren Wilkinson 

SGN editors: Emek Demir, Michael Hucka, Nicolas Le Novère, 
Huaiyu Mi, Stuart Moodie, Falk Schreiber, Anatoly Sorokin 

MIRIAM: Nick Juty, Camille Laibe

The whole community of Computational Systems Biology

The EBI group Computational Systems Neurobiology
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