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Supervision and teaching

 Student supervision

 PhD supervision: 7, 2 on-going, 5 defended

– Zhi-Yan Han, research engineer at Institut Curie
– Dominic Tolle, scientific developer in Berlin,
– Mélanie Stefan, research fellow in Harvard
– Lu Li, post-doc at the Babraham Institute
– Michele Mattioni, security software developer 

in Cambridge

 PhD visitors: 6

 BSc and MSc internships: 23

 PhD jurys: 12

 Courses

 Organisation and lectures: 6

 Lecturer only: 24
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Research management

 Reviewer: 34 journals

 Conference committees: 11 (+ standards-related)

 Evaluation panels: AERES (FR), ANR (FR), BBSRC (UK), 
BMBF (DE), FRM (FR), Juelich (DE)

 Scientific Advisory Boards

 Projects: BioPAX (NIH), CARMEN (EPSRC), COPASI 
(BBSRC), ENFIN (EU), Labex EpiGenMed,  Plant Models 
Portal (BBSRC),  Virtual Liver Network (BMBF)

 Institutes: Centre for Organismal Studies (Heidelberg), 
Institut Curie research centre (Paris), Pole biosanté 
Rabelais (Montpellier)
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Scientific production

 Publications

 Peer-reviewed journal: 87 (45 open-access)

 Peer-reviewed conference proceedings: 11 (6 open-access)

 Chapters, editorials, non peer reviewed etc. : 26  (4 
open-access)

 Technical reports: 18

 Total citations (Google Scholar Nov 2013): 11629

 H-index: 46

 Software

 Maintained software applications: 4

 Databases: 3

 Terminologies: 5 
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Normes pour le partage des 
modèles en biologie des 

systèmes

Nicolas Le Novère
n.lenovere@gmail.com
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Why using mathematical models?

Describe

1917
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Why using mathematical models?

Describe Explain

1917 1952
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Why using mathematical models?

Describe Explain Predict

1917 1952 2000
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What is a mathematical model?

Wikipedia (October 14th 2013): “A mathematical model is a description of 
a system using mathematical concepts and language.”
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What is a mathematical model?

variables

[x]

Vmax

Kd

EC
50

length

t
1/2

What we want to know
or compare with experiments

Wikipedia (October 14th 2013): “A mathematical model is a description of 
a system using mathematical concepts and language.”
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What is a mathematical model?

Wikipedia (October 14th 2013): “A mathematical model is a description of 
a system using mathematical concepts and language.”

 
variables relationships

[x]

Vmax

Kd

EC
50

length

t
1/2

If
then

What we already know
or want to test



Soutenance HDR, Bordeaux Segalen, 12 Novembre 2013

 

What is a mathematical model?

Wikipedia (October 14th 2013): “A mathematical model is a description of 
a system using mathematical concepts and language.”

 
variables relationships constraints

[x]

Vmax

Kd

EC
50

length

t
1/2

If
then

[x]>0

Energy conservation

Boundary conditions
(v < upper limit)

Objective functions
(maximise ATP)

Initial conditions

The context or what 
we want to ignore



BioModels Database growth (published models branch) since its creation

Computational models on the rise

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

20 relationships 
per model

200 relationships 
per model



ParametrisationsParametrisations

Simulation descriptionsSimulation descriptions

Model descriptionsModel descriptions

We need to

Therefore we need to share

Re-useRe-use

Build uponBuild upon

VerifyVerify ModifyModify

Integrate withIntegrate with



What are standards good for (1)?

Formal languages can be read and written by computers

<int/>
  <bvar><ci>x</ci></bvar>
  <lowlimit><cn>1</cn></lowlimit>
  <uplimit><ci>t</ci></uplimit>
  <apply>
    <divide/>
      <cn>1</cn>
      <ci>x</ci>
  </apply>
</int>

Z t

1

dx

x



What are standards good for (2)?

N tools require N conversions for exchange and not N(N-1)/2



What are standards good for (2)?

N tools require N conversions for exchange and not N(N-1)/2



What are standards good for (3)?

Open standards are more stable than proprietary formats



What are standards good for (4)?

Open standards can be built on. They generate new science 

SBML

libSBML

SBMLToolbox

SBToolbox2

JSBML

CySBML

MatLab

Cytoscape



Three types of standards

Minimal 
requirements

Data-models

Terminologies

What to encode in order to
share experiments and 
understand results 

How to encode the  information defined
above in a computer-readable manner

Structured representations
of knowledge, with 
concept definitions 
and their relationships

OBO
foundry
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A language to describe computational models in biology

Data-models

SBRML

Born in Caltech 2000Model
descriptions

Mike
Hucka

Hamid
Bolouri

Andrew
Finney

Herbert
Sauro

Hiroaki
Kitano

John
Doyle
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What can we encode in SBML (core)?

c
n

McG Mn

PP'

arbitrary rules discrete events
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variables

relationships

Systems Biology Markup Language
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A very simple 

SBML file (A → B)
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 8 compartments

 5 063 metabolites

 2 194 proteins

 7 440 reactions

A not so  simple 
SBML file (Recon2)
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SBML Level 3 
is modular

 Core package – public specification

 Flux balance constraint – public specification

 Qualitative models – public specification

 Model composition – public specification

 Graph Layout – public specification

 Graph rendering – specification finalised

 Complex species – specification finalised 

 Groups - specification finalised

 Distributions and ranges - specification under discussion

 Spatial diffusion – specification under discussion

 Enhanced metadata – specification proposed

 Arrays and sets – specification proposed

 Dynamic structures - discussed
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BioModels Database – http://www.ebi.ac.uk/biomodels

>140 000 models, >10 millions mathematical relations

Deposition advised by >300 journals, database > 600 citations

1 million page requests per year

Submission in SBML and CellML; Export in SBML, CellML, XPP, SciLab, BioPAX, 
Octave, PDF, VCML, SBGN

Systems biology

Mathematical models

curated
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The interface with all biologists

Data-models

SBRML

Born in Tokyo 2005

Model
descriptions

Akira
Funahashi
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Graph trinity: three languages in one notation

Process Descriptions Entity Relationships Activity Flows

http://sbgn.org
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Process Descriptions

P1

P2

CDK Cyc

Wee1

MPF MPFi

 Biochemistry, Metabolic networks

 Nodes represent populations of 
reactants and reactions

 Directional

 Sequential

 Mechanistic

 “Close” world

 Subjected to combinatorial explosion

 Process modelling (ODE, SSA)
SBML core
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A biochemical reaction as a process
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Entity Relationships

P

X
T

Z

Ub

Y
K

 Molecular Biology

 Nodes represent existing entities

 Directional

 Non-sequential

 Mechanistic

 “Open world”

 Independent rules: no explosion

 Rule-based modelling
SBML multi
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Activity-flows (influence diagrams)

ERK

MEK

RAF

  Signalling pathways, 
gene regulatory networks

  Nodes represent activities

  Directional

  Sequential

  Non-mechanistic

  Logical modelling
   SBML qual

AND
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Is this sufficient for model sharing and re-use?

?

Ø
⇔?





BioModels Database

MIRIAM
annotations

COMBINE

SBO



Soutenance HDR, Bordeaux Segalen, 12 Novembre 2013

 

Adding the semantics to the syntax

Minimal 
requirements

Data-models SBRML

Terminologies

Model
descriptions Born in Heidelberg 2004



Soutenance HDR, Bordeaux Segalen, 12 Novembre 2013

 

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

http://co.mbine.org/standards/miriam
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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

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

http://co.mbine.org/standards/miriam
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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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                         (aka new MIRIAM URIs)

http://identifiers.org/namespace/identifier

protocol type of URI collection record

Camille Laibe Nick Juty Sarala Wimalaratne
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http://identifiers.org/namespace/identifier

http://identifiers.org/pubmed/22140103

http://identifiers.org/ec­code/1.1.1.1

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

protocol type of URI collection record

                         (aka new MIRIAM URIs)
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SBML and MIRIAM cross-references
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http://www.ebi.ac.uk/miriam/
http://identifiers.org/registry

http://www.ebi.ac.uk/miriam/
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Available as HTML or RDF, 
through browsers or Web Services
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Systems Biology Ontology

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

Mélanie Courtot



\
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<listOfCompartments>
  <compartment id=”C” sboTerm=”SBO:0000289”>
</listOfCompartments>
<listOfSpecies>
  <species id=”A” sboTerm=”SBO:0000247” />
  <species id=”B” sboTerm=”SBO:0000247” /
  <species id=”C” sboTerm=”SBO:0000014” />
</listOfSpecies>
<listOfReactions>      
  <reaction sboTerm=”SBO:0000172”>
    <listOfReactants>
      <speciesReference species=”A” sboTerm=”SBO:0000015”/>
    </listOfReactants>
    <listOfProducts>
      <speciesReference species=”B” sboTerm=”SBO:0000011”/>
    </listOfProducts>
    <listOfModifiers>
      <speciesReference species=”C” sboTerm=”SBO:0000014”/>
    </listOfModifiers>
    <kineticLaw sboTerm=”SBO:0000031”>
      <listOfParameters>
        <parameter id=”U” sboTerm=”SBO:0000008”/>
        <parameter id=”V” sboTerm=”SBO:0000025”/>
      </listOfParameters>
    </kineticLaw>
  </reaction>
</listOfReactions>

SBML and SBO
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<listOfCompartments>
  <compartment id=”C” sboTerm=”SBO:0000289”>
</listOfCompartments>
<listOfSpecies>
  <species id=”A” sboTerm=”SBO:0000247” />
  <species id=”B” sboTerm=”SBO:0000247” /
  <species id=”C” sboTerm=”SBO:0000014” />
</listOfSpecies>
<listOfReactions>      
  <reaction sboTerm=”SBO:0000172”>
    <listOfReactants>
      <speciesReference species=”A” sboTerm=”SBO:0000015”/>
    </listOfReactants>
    <listOfProducts>
      <speciesReference species=”B” sboTerm=”SBO:0000011”/>
    </listOfProducts>
    <listOfModifiers>
      <speciesReference species=”C” sboTerm=”SBO:0000014”/>
    </listOfModifiers>
    <kineticLaw sboTerm=”SBO:0000031”>
      <listOfParameters>
        <parameter id=”U” sboTerm=”SBO:0000008”/>
        <parameter id=”V” sboTerm=”SBO:0000025”/>
      </listOfParameters>
    </kineticLaw>
  </reaction>
</listOfReactions>

catalysis

substrate

product

Briggs-Haldane equation

Km
kcat

functional compartment

simple chemical
simple chemical
enzyme

catalyst

SBML and SBO
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<listOfCompartments>
  <compartment id=”C” sboTerm=”SBO:0000289”>
</listOfCompartments>
<listOfSpecies>
  <species id=”A” sboTerm=”SBO:0000247” />
  <species id=”B” sboTerm=”SBO:0000247” /
  <species id=”C” sboTerm=”SBO:0000014” />
</listOfSpecies>
<listOfReactions>      
  <reaction sboTerm=”SBO:0000172”>
    <listOfReactants>
      <speciesReference species=”A” sboTerm=”SBO:0000015”/>
    </listOfReactants>
    <listOfProducts>
      <speciesReference species=”B” sboTerm=”SBO:0000011”/>
    </listOfProducts>
    <listOfModifiers>
      <speciesReference species=”C” sboTerm=”SBO:0000014”/>
    </listOfModifiers>
    <kineticLaw sboTerm=”SBO:0000031”>
      <listOfParameters>
        <parameter id=”U” sboTerm=”SBO:0000008”/>
        <parameter id=”V” sboTerm=”SBO:0000025”/>
      </listOfParameters>
    </kineticLaw>
  </reaction>
</listOfReactions>

SBML to SBGN conversion using SBO

http://www.sbgn.org/
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A

C

B

SBML to SBGN conversion using SBO
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Conversion between modeling frameworks

v1=
k

−1
V 

U
⋅[ A]⋅[C ]

v2=k
−1
⋅[D]

v3=V⋅[D]

discrete simulator

continuous simulator

<listOfCompartments>
  <compartment id=”C” sboTerm=”SBO:0000289”>
</listOfCompartments>
<listOfSpecies>
  <species id=”A” sboTerm=”SBO:0000247” />
  <species id=”B” sboTerm=”SBO:0000247” /
  <species id=”C” sboTerm=”SBO:0000014” />
</listOfSpecies>
<listOfReactions>      
  <reaction sboTerm=”SBO:0000172”>
    <listOfReactants>
      <speciesReference species=”A” sboTerm=”SBO:0000015”/>
    </listOfReactants>
    <listOfProducts>
      <speciesReference species=”B” sboTerm=”SBO:0000011”/>
    </listOfProducts>
    <listOfModifiers>
      <speciesReference species=”C” sboTerm=”SBO:0000014”/>
    </listOfModifiers>
    <kineticLaw sboTerm=”SBO:0000031”>
      <listOfParameters>
        <parameter id=”U” sboTerm=”SBO:0000008”/>
        <parameter id=”V” sboTerm=”SBO:0000025”/>
      </listOfParameters>
    </kineticLaw>
  </reaction>
</listOfReactions>

º =
C ¢ V ¢ [A]
(U + [A])
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Now this is sufficient, surely?
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Algorithm choice and multistability

G1 P1P2 G2

lsodeGibson-Bruck
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Reproduction of published simulation results

Edelstein et al 1996 (BIOMD0000000002)

Huang & Ferrell (BIOMD0000000009)

Ueda, Hagiwara, Kitano 2001 (BIOMD0000000022)

Bornheimer et al 2004 (BIOMD0000000086)
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Minimal 
requirements

Data-models SBRML

Description of simulations and analyses

Born in Hinxton 2007

Simulations
and analysis

Terminologies

Model
descriptions

BioPAX

Dagmar Waltemath

Anna Zhukova
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Minimal Information About a Simulation Experiment

Models to use

1.Models provided, or precise 
   mean of access

2.Model with all governing 
   equations, parameter values
   and necessary conditions

3.Standard formats, otherwise
   code available. If not open 
   code, full description provided

4.Description of modifications 
   required before the execution 
   of the simulation experiment

http://co.mbine.org/standards/miase
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Minimal Information About a Simulation Experiment

Models to use

1.Models provided, or precise 
   mean of access

2.Model with all governing 
   equations, parameter values
   and necessary conditions

3.Standard formats, otherwise
   code available. If not open 
   code, full description provided

4.Description of modifications 
   required before the execution 
   of the simulation experiment

 Simulation steps

1.Simulation steps described, 
   with simulation algorithms, 
   models, order of steps, data 
   processing between steps

2.Information needed for 
   correct implementation of 
   necessary steps

3.If software source-code not 
   available, information needed 
   to reproduce the simulation, 
   and not only repeat it, with
   algorithms and necessary  
   info (e.g. discretization meth)

4.If divergence are known in 
  different environments or 
  platforms, explanation on how 
  to be run with the specified 
  environment/platform to 
  achieve experiment's purpose

http://co.mbine.org/standards/miase
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Minimal Information About a Simulation Experiment

Models to use

1.Models provided, or precise 
   mean of access

2.Model with all governing 
   equations, parameter values
   and necessary conditions

3.Standard formats, otherwise
   code available. If not open 
   code, full description provided

4.Description of modifications 
   required before the execution 
   of the simulation experiment

 Simulation steps Output specification

1.Simulation steps described, 
   with simulation algorithms, 
   models, order of steps, data 
   processing between steps

2.Information needed for 
   correct implementation of 
   necessary steps

3.If software source-code not 
   available, information needed 
   to reproduce the simulation, 
   and not only repeat it, with
   algorithms and necessary  
   info (e.g. discretization meth)

4.If divergence are known in 
  different environments or 
  platforms, explanation on how 
  to be run with the specified 
  environment/platform to 
  achieve experiment's purpose

1.Post-processing steps 
   applied on the raw results 
   to generate the final results,
   with identification of data to 
   process, nature and order 
   of changes to apply

2.If insights depend on relation 
   between different results, 
   (e.g. plot of one against 
   another), the results to be 
   compared must be specified. 

http://co.mbine.org/standards/miase
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Simulation Experiment Description Markup Language

http://sed-ml.org
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Flexible model use in SED-ML

Any XML

Remote access

Modif before simulations
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KiSAO
http://biomodels.net/kisao
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Minimal 
requirements

Data-models

Characterising dynamical behaviours

Simulations
and analysis

results

Terminologies

Model
descriptions

NuML

Christian 
Knüpfer



Soutenance HDR, Bordeaux Segalen, 12 Novembre 2013

 

Was it worth it?
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Clustering models (and data)
based on metadata

Schulz M., Krause F., Le Novère N., Klipp E., Liebermeister W. 
Retrieval, alignment, and clustering of computational models 
based on semantic annotations. 
Molecular Systems Biology (2011), 7: 512

3
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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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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)

Bruck et al 2008
(MODEL1011010000)

Pritchard et al 2002
(BIOMD0000000172)

1
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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

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

 MODEL1012110000: 2657 species, 1865 reactions

 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

 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

2
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Path2Models project

 To re-use existing pathway data to generate biochemically based models

 To provide a starting point to model as many biochemical pathways as possible 
in as many species as possible

 To provide models in a standard format readable by most systems biology 
software

_x = f(X)

Pathways
In proprietary 

formats

Pathways Models

Graphical 
representations

4

Büchel et al (2013).  
Path2Models: large-scale generation of computational models from biochemical pathway maps. 
BMC Systems Biology (2013) 7: 116
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Three parallel workflows

+
 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
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KGML

KEGG
API

Missing reactants and modifiers

Which type?

Which one?

Ab initio kinetics

 =
Chemical kinetics model

Supercurated pathway =
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Is it all rosy?

 Heterogeneity

 Different levels of granularity

 Different attitude towards implicit and explicit knowledge
(e.g. predefined functions, units etc.)

 Imperfect interoperability (reinvention of wheel; lack of external references)

 Complexity

 Standards evolve: no clean slate development, plenty of fossils and pseudo-genes

 All efforts try to cover everything rather than re-use

 Software support is becoming harder (although helped by good APIs)

 Sustainability

 Funding: Developing standards is expensive (meetings, dedicated developers etc.)

 Motivation: Only PIs are stable (avg pos = 2-3 y). Ageing efforts + loss of drive

 No a posteriori involvement of publishers, big agencies or institutes (they only 
endorse what they develop); standards are constraining
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Overarching standardisation structure
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Coordinating meetings

 ISCB 2014 end-user workshop (presentations and tutorials)

 August 2014, Melbourne

 http://www.icsb14.com/

 COMBINE 2014 (further development of standards)

 16 to 20 September 2013, Los Angeles

 http://co.mbine.org/events/COMBINE_2014

 HARMONY 2014 (development of software support)

 22 to 25 April 2014, Manchester

 http://co.mbine.org/events/HARMONY_2014
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http://co.mbine.org/standards/specifications/
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COMBINE archive: “One File to bundle them all”

<?xml version="1.0" encoding="utf-8"?>
<omexManifest xmlns="http://identifiers.org/combine.specifications/omex-manifest">
    <content location="./manifest.xml" 
             format="http://identifiers.org/combine.specifications/omex-manifest"/>
    <content location="./model/model.xml" 
             format="http://identifiers.org/combine.specifications/sbml"/>
    <content location="./simulation.xml" 
             format="http://identifiers.org/combine.specifications/sed-ml"/>
    <content location="./data.pdf" 
             format="application/pdf"/>
    <content location="./metadata.rdf" 
             format="http://identifiers.org/combine.specifications/omex-metadata"/>
</omexManifest> 

http://co.mbine.org/documents/archive



Many alternative modelling approaches

Biochemistry

PhysiologyNeurobiology

Developmental
biology, plant biologyPharmacometrics

Process
Descriptions
(ODE, Monte-Carlo)
Rule-based models
Qualitative models

State-Transitions, cable
Approximation (PDE)

Variable description
(ODE, PDE)

PK/PD, statistical
models

Cell automata
Multi-agents,
Matrix models
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Mathematical Modelling Ontology
http://sourceforge.net/projects/mamo-ontology

Maciej Swat Yann Le Franc
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All the collaborators listed during the presentation

SBGN, SBML, SED-ML editors

Developers of related ontologies and software

Organisers of meetings and efforts to support our standards

The community of Computational Systems Biology

Frédéric Bois, François Fages, Macha Nikolsi, 
Anne Poupon, Denis Thieffry

I am grateful and indebted to
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