
Resources Européennes 
pour la biologie des systèmes

Nicolas Le Novère, EMBL-EBI



What is Systems Biology



What is Systems Biology

“[A system consists of] a dynamic order of parts and 
processes standing in mutual interaction. [...] The 
fundamental task of biology [is] the discovery of the laws 
of biological systems" Ludwig von Bertalanfy, Kritische 
Theorie der Formbildung, 1928.



What is Systems Biology

“[A system consists of] a dynamic order of parts and 
processes standing in mutual interaction. [...] The 
fundamental task of biology [is] the discovery of the laws 
of biological systems" Ludwig von Bertalanfy, Kritische 
Theorie der Formbildung, 1928.

« Je tiens impossible de connaître les parties sans 
connaître le tout, non plus que de connaître le tout sans 
connaître particulièrement les parties »   Blaise Pascal, 
Pensées, 1660. 



What is Systems Biology

“[A system consists of] a dynamic order of parts and 
processes standing in mutual interaction. [...] The 
fundamental task of biology [is] the discovery of the laws 
of biological systems" Ludwig von Bertalanfy, Kritische 
Theorie der Formbildung, 1928.

« Je tiens impossible de connaître les parties sans 
connaître le tout, non plus que de connaître le tout sans 
connaître particulièrement les parties »   Blaise Pascal, 
Pensées, 1660. 

Systems Biology is the study of a biological system 
taking into account all its constituents, their 
relationships, and their evolution. Nicolas Le Novère, 
now.
             Computational modelling is not compulsory
             Large scale and/or complex systems are not         
             required



What is Systems Biology

“[A system consists of] a dynamic order of parts and 
processes standing in mutual interaction. [...] The 
fundamental task of biology [is] the discovery of the laws 
of biological systems" Ludwig von Bertalanfy, Kritische 
Theorie der Formbildung, 1928.

« Je tiens impossible de connaître les parties sans 
connaître le tout, non plus que de connaître le tout sans 
connaître particulièrement les parties »   Blaise Pascal, 
Pensées, 1660. 

Systems Biology is the study of a biological system 
taking into account all its constituents, their 
relationships, and their evolution. Nicolas Le Novère, 
now.
             Computational modelling is not compulsory
             Large scale and/or complex systems are not         
             required

Computational Systems Biology is the construction of 
quantitative models that describe the behaviour of a 
system, on its own, or in response to its environment



What is a model

A model is a mathematical description of the components 
of a system, their relationships, and the  evolution of both.

ordinary differential equations (system evolution) dX/dt = f(X)

partial differential equation (system description) X = g(X)

algebraic equations (conservation laws) h(X) = 0

probability distributions PX = i(X)

master equation dPX/dt = j(PX)

cell automata/finite elements

...



What is a simulation

A simulation is the instantiation of a model over time, using 
a given algorithmic approach, and a particular software: A 
model can beget simulations giving different results!

Logical (boolean or discrete) approach

Deterministic approach

Stochastic approach

Fixed timesteps

Adaptative timesteps

...

Plus ... range of simulations

parameter scan

parameter search/optimisation

phase-plane analysis

bifurcation analysis 

...
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Standards of representation
(SBML, BioPAX, MAGE-ML, PSI-MI etc.)

Interfaces 
(MIRIAM, OBI, FuGE)

Data resources
(...)

How to address them





<?xml version="1.0" encoding="UTF­8"?>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
  <model>
    <listOfCompartments>
      <compartment id=”cell” />
    </listOfCompartments>
    <listOfSpecies>
      <species id=”A” compartment=”cell” initialConcentration=”1”/>
      <species id=”B” compartment=”cell” initialConcentration=”0”/>
    </listOfSpecies>
    <listOfParameters>
      <parameter id=”kon” value=”1”/>
    </listOfParameters>
    <listOfReactions>
      <reaction>
        <listOfReactants>
          <speciesReference species=”A” />
        </listOfReactants>
        <listOfProducts>
          <speciesReference species=”B” />
        </listOfProducts>
        <kineticLaw>
          <math xmlns=”http://www.w3.org/1998/Math/MathML”>
            <apply>
              <times />
              <ci>kon</ci>
              <ci>A</ci>
              <ci>cell</ci>
            </apply>
          </math>
        </kineticLaw>
      </reaction>
    </listOfReactions>
  </model>
</sbml>
 

A → B

http://www.sbml.org/sbml/level2
http://www.w3.org/1998/Math/MathML


A more realistic example ...

<species 
    id=”A” 
    name=”­tubulin”
    compartment=”cell”
    initialAmount=”1000”
    substanceUnits=”item”
    hasOnlySubstanceUnits=”true”
    boundaryCondition=”true”
    constant=”false”
    charge=”0”
    metaid=”PX” >
  <notes>
    <body xmlns=”http://www.w3.org/1999/xhtml”>
      <p>One of the components of microtubule</p>
    </body>
  </notes>
  <annotation>
    <rdf:RDF 
        xmlns:bqbiol="http://biomodels.net/biology­qualifiers/" 
        xmlns:bqmodel="http://biomodels.net/model­qualifiers/"
        xmlns:rdf="http://www.w3.org/1999/02/22­rdf­syntax­ns#">
      <rdf:Description rdf:about="#PX">
        <bqbiol:is>
          <rdf:Bag>
            <rdf:li rdf:resource="http://www.uniprot.org/#P68370"/>
            <rdf:li rdf:resource=”http://www.geneontology.org/#GO:0045298”/>
          </rdf:Bag>
        </bqbiol:is>
      </rdf:Description>
    </rdf:RDF>
  </annotation>
</species>

http://www.w3.org/1999/xhtml
http://biomodels.net/model-qualifiers/
http://www.uniprot.org/#P68370


SBMLeditor

http://www.ebi.ac.uk/compneur-srv/...
http:/www.ebi.ac.uk/compneur-srv/



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;

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

Remember, Systems Biology is scale-free!  



New: SBML Level 2 Version 3

Released on June 16th 2007

Simpler and cleaner (units ...)

Generic entities (compartmentType, speciesType)
path to generalised reactions

Constraints and initialAssignments

Controlled annotations (MIRIAM + SBO)

Backward compatible with Level 2 Version 1

More detailed and bug-free  specification ... 164 pages, 
10pt, small margin! 

Hucka M, Finney AM, Hoops S, Keating SM, Le Novère N (2007) 
Systems Biology Markup Language (SBML) Level 2:
Structures and Facilities for Model Definitions. 
Available from Nature Precedings 
<http://hdl.nature.com/10101/npre.2007.58.1>



Is SBML enough? What's missing?

An SBML model lists participants, but does not identify them.

An SBML model contains mathematical expressions, but does 
not tell-us what they “mean”, and how they are derived. 

An SBML model constructed for a certain modelling approach 
cannot be used straight-away within another modelling 
framework.

⇒  SBML models cannot be easily searched
    SBML models cannot be easily converted
    SBML models cannot be easily merged 



MIASE
KiSAO

model semantics

biological semantics

behaviour semantics

simulation semantics



Proposed guidelines for curation of 
quantitative models

Specifically about encoding & 
annotation 

Limited to models that can be 
simulated

Effort arose from a meeting 
organized by Andrew Finney 
during ICSB 2004

Not specific to SBML; applicable to 
any structured model format
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Qualification of annotation

model element

biological 
entity A

biological 
entity B

annotation

represents represents

qualifier

relationship



Qualification of annotation

species MPF

M-phase
promoting factor

CDC2

UniProt P04551

represents represents

bqbiol:hasPart

has a part



Qualification of annotation

reaction MKPase

MAPK
dephosphorylation

phosphoprotein
phosphatase

EC 3.1.3.16

represents represents

bqbiol:isVersionOf

is a version of



Current BioModels.net Qualifiers

bqmodel:is The modelling object represented by the model component is the subject of the 
referenced resource. 

bqmodel:isDescribedBy The modelling object represented by the component of the encoded 
model is described by the referenced resource.

bqbiol:is The biological entity represented by the model component is the subject of the 
referenced resource.

bqbiol:hasPart The biological entity represented by the model component includes the subject 
of the referenced resource, either physically or logically.

bqbiol:isPartOf The biological entity represented by the model component is a physical or 
logical part of the subject of the referenced resource

bqbiol:isVersionOf The biological entity represented by the model component is a version or an 
instance of the subject of the referenced resource.

bqbiol:hasVersion The subject of the referenced resource is a version or an instance of the 
biological entity represented by the model component.

bqbiol:isHomologTo The biological entity represented by the model component is homolog, to 
the subject of the referenced resource, i.e. they share a common ancestor.

bqbiol:isDescribedBy The biological entity represented by the model component is described 
by the referenced resource

bqbiol:isEncodedBy The biological entity represented by the model component is encoded, 
directly, or by transitivity, by the subject of the referenced resource.

bqbiol:encodes The biological entity represented by the model component encodes, directly or 
by transitivity the subject of the referenced resource. .



MIRIAM Resources

 MIRIAM Database 
Core element of the resource, storing all the information 
about the data-types and associated information;

 MIRIAM Web Services
SOAP-based application programming interface (API) for 
querying MIRIAM Database

MIRIAM Library 
Library to use MIRIAM Web Services

MIRIAM Web Application 
Interactive web interface for browsing and querying MIRIAM 
Database, and submit or edit data-types.



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





SBML and MIRIAM

<species id="Ca_calmodulin" metaid="cacam">
  <annotation>
    <rdf:RDF
        xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
        xmlns:bqbiol="http://biomodels.net/biology-qualifiers/">
      <rdf:Description rdf:about="#cacam">
        <bqbiol:hasPart>
          <rdf:Bag>
            <rdf:li rdf:resource="http://www.uniprot.org/#P62158"/>
            <rdf:li rdf:resource="http://www.ebi.ac.uk/chebi/#CHEBI:29108"/>
          </rdf:Bag>
        </bqbiol:hasPart>
      </rdf:Description>
    </rdf:RDF>
  </annotation>
</species>  

    



<reaction id="r3b" 
  name="phosphorylation of MAPKK"
  metaid="_506913">
  <annotation>
    <rdf:RDF 
      xmlns:rdf="http://www.w3.org/1999/02/22­rd ... 
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        <bqbiol:isVersionOf>
          <rdf:Bag>
<rdf:li 
  rdf:resource="http://www.ec­code.org/#2.7.11.25"/>
          </rdf:Bag>
        </bqbiol:isVersionOf> 

annotation resolver
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Systems Biology Ontology 

Types and roles of reaction participants, including  terms 
like “substrate”, “catalyst” etc., but also “macromolecule”, 
or “channel”

Parameter used in quantitative models.  This vocabulary 
includes terms like  “Michaelis constant” , “forward 
unimolecular rate constant”etc. A term may contain a 
precise mathematical expression stored as a MathML 
lambda function. The variables refer to other parameters.

Mathematical expressions. Examples of terms are “mass 
action kinetics”, “Henri-Michaelis-Menten equation”  etc. A 
term may contain a precise mathematical expression stored 
as a MathML lambda function. The variables refer to the 
other vocabularies.

Modelling framework to precise how to interpret the rate-
law. E.g. “continuous modelling”, “discrete modelling” etc.

Event type, such as “catalysis” or “addition of a chemical 
group”.



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



<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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SBML and SBO

catalysis

substrate

product

Briggs-Haldane equation

Km
kcat

functional compartment

simple chemical
simple chemical
enzyme

catalyst



TErminology for the Description of DYnamics

Dynamical behaviour of biological variables, including  
terms like “oscillation”, “bistability”, “steady-state”, 
“equilibrium” etc.

Characteristics used to describe dynamics, such as  
“period” , “limit-cycle”, “Hopf bifurcation”etc. 

Functional role of model elements. Examples of terms are 
“negative feedback”, “integrator”  etc. 









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/



What is BioModels Database?

Store and serve quantitative models of biomedical interest

Only models described in the peer-reviewed scientific literature.

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

Models are simulated to check the reference correspondence

Model components are annotated, to improve identification and retrieval. 

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



Where are the models coming from

Existing model repositories

JWS Online

Database Of Quantitative Cell Signalling

CellML repository

the Virtual Cell

Individuals

Members of the SBML community (developers+modellers)

Authors (prior to grant application, before publication etc.) 

Journals: Molecular Systems Biology, all PloS Journal, all 
BioMedCentral journals advise deposition

BioModels DB curators encode new models from literature



Curation Annotation Public

Consistency
Check

MIRIAM
Curation

Non-curated 
Models

Curated 
Models

Non-curated
Models

Curated
Models

Annotations Annotations

Production pipeline

distribution

Submission



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









Different views of a model



Kholodenko 2000



BioModels DB and interoperability in CSB

BioPAX

Level 1 Version 1
Level 1 Version 2
Level 2 Version 1

Level 2 Version 1

Version 1.0
Version 1.1

Version 1.1

XPP-Aut
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A hub between keyboard and bench biologists

kinetics
database



An international collaboration

EBI

Nicolas Le Novère
Mélanie Courtot
Marco Donizelli
Enuo He
Arnaud Henry
Christian Knüpfer
Dagmar Koehn
Camille Laibe
Chen Li
Lu Li
Nicolas Rodriguez
Melanie Stefan

SBML team

Michael Hucka
Andrew Finney
Bruce Shapiro
Benjamin Borstein
Maria Schilstra
Sarah Keating
Harish Dharuri

Journals supporting BioModels Database

Molecular Systems Biology
PLoS Journals
BioMedCentral Journals

Programs used for curation

CellDesigner/SBMLodeSolver
COPASI
Jarnac/JDesigner
MathSBML
SBMLeditor
XPP-Aut
RoadRunner

NCBS

Upinder Bhalla
Harsha Rani

Keck Graduate Institute

Herbert Sauro

Vienna TBI

Rainer Machne

Systems Biology Institute

Hiroaki Kitano
Akira Funahashi

JWS Online

Jacky Snoep
Hans Westerhoff

The community of Systems Biology for 
their contributions of models and comments.



Single-particle model
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Whole-cell model
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Tissue model



What type of quantitative data do-we need?

literature

reactions

structures

kinetics

locations

concentrations

topologies

morphologies

existing models

molecular interactomes

metabolomes

“functiomes” (e.g. kinomes)

dynamics

fluxiomes

cellular phenotypes

physiological datasets

gene interactions

histology

top-down approachbottom-up approach



The EMBL-European Bioinformatics Institute

http://www.ebi.ac.uk



Non-profit organization

Part of the European Molecular Biology 
Laboratory

Based on the Wellcome Trust Genome 
Campus near Cambridge, UK

What is the EMBL-EBI?



The EBI is part of the European 
Molecular Biology Laboratory 
(EMBL), a basic research 
institute funded by public 
research monies from 19 
member states.

France is the 3rd biggest founder!

Part of EMBL



To provide freely available data and bioinformatics 
services to all facets of the scientific community in ways 
that promote scientific progress

To contribute to the advancement of biology through basic 
investigator-driven research in bioinformatics

To provide advanced bioinformatics training to scientists at 
all levels, from PhD students to independent investigators

To help disseminate cutting-edge technologies to industry

The EMBL-EBI’s mission



The Wellcome Trust Genome Campus

EMBL-EBI

Data centre

Thanks to Don Powell, Wellcome Trust Sanger Institute, for providing this 
image.



Funding

EMBL

European Commission

NIH (US)

Wellcome Trust

BBSRC (UK)

EBI Industry Programme

MRC (UK)

Department of Trade and
Industry (UK)
EPSRC (UK)

Other
In 2006 we received >€30 million in funding



Research groups

Huber
Functional genomics

Rebholz-Schuhmann
Text mining

Thornton
Structural bioinformatics

Goldman
Evolutionary sequence 

analysis

Luscombe
Regulatory 
networks

Le Novère
Computational 

systems 
neurobiology

Bertone
Differentiation and 

development



Key facts about services

European node for globally coordinated data collection 
and dissemination projects

Core databases produced in collaboration with other world 
leaders, including NCBI (US), National Institute of Genetics 
(Japan), Swiss Institute of Bioinformatics, Cold Spring Harbor 
Laboratory (US)

The world’s most comprehensive collection of molecular 
databases (>200)



Principles of service provision 

Accessibility – all data and tools freely available without 
restriction
Compatibility – we develop and promote the use of 
standards in bioinformatics
Comprehensive data sets – agreements with other data 
providers ensure that our resources contain comprehensive 
and up-to-date data; agreements with publishers ensure 
that published data are placed in a public repository at the 
earliest opportunity
Portability – data and software can be downloaded and 
installed locally
Quality – Our databases are enhanced through annotation 
and cross-referencing



Databases: molecules to systems

Genomes
Ensembl, Integr8 Nucleotide sequence

EMBL-Bank

Gene expression
ArrayExpress

Proteomes
UniProt, PRIDE

Protein families, 
motifs and domains

InterPro

Protein structure
MSD

Protein interactions
IntAct

Chemical entities
ChEBI

Pathways
Reactome

Systems
BioModels



Standards development

Genome annotation
Gene Ontology

Nucleotide sequence
www.insdc.org

Transcriptomics
MIAME

Protein sequence
IPI

Proteomics
MIAPE, PSI

Protein structure
PDB

Cheminformatics
ChEBI

Pathways
BioPAX
SBGN

Systems modelling
SBML, SBO

Metabolomics
www.metabolomicssociety.org

http://www.insdc.org/
http://www.metabolomicssociety.org/
http://www.metabolomicssociety.org/
http://www.metabolomicssociety.org/


Genomes: Ensembl

Pick a genome

Chromosomes

Genes

Across species Within species

SNPs

Gene families

Multiple alignments

Synteny

Orthology



• Keyword and 
sequence 
searching

• Map-based 
search of 
environmental 
samples

• Downloads

Nucleotides: EMBL-Bank

EMBL-Bank

DDBJ GenBank

www.insdc.org

• Direct 
submissions

• Patents
• Genome-

sequencing 
projects

• Updates

• Third-party 
annotation



Protein sequence: UniProt

UniProt

• Manual curation

• Literature-based 
annotation

• Sequence analysis

• Automated 
annotation

PRIDE

GO

InterPro

IntAct

IntEnz

HAMAP

RESID

Functional info

Protein 
identification data

Protein families 
and domains

Molecular 
interactions

Enzymes

Microbial protein 
families

Post-translational 
modifications

S
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e
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a
ta

 s
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u

rc
e
s 

fo
r 

a
n

n
o
ta

ti
o
n

Transmembrane 
prediction

InterPro 
classification

Signal prediction

Other predictions

Protein 
classification



Protein families, motifs and domains: InterPro

Powerful tool for protein 
classification, integrating several 
methods into one resource

View architectures of proteins 
containing a signature

Compare methods of protein 
signature prediction

Visualize the taxonomic range 
for a protein signature



What's new? 

Merging of all sequence resources (EMBLbank, Ensembl, 
Genomes, UniProt ...) in the PANDA group, headed by Rolf 
Apweiler (protein) and Ewin Birney (nucleotides)

All genomes included in Ensembl (previously, only bilateria)

Creation of a new resource to study human variation: 
The European Genotyping Archive



Transcriptomes: ArrayExpress

Search by experiment Search by gene

Search by keyword

View experiment

Link to sample 
properties and 

experiment design  

Search by gene name

Choose gene of interest

View 
expression 

under 
different 

conditions



Proteomics and metabolomics

IntAct: molecular interactions
PRIDE: protein identifications 
from proteomics experiments

INTENZ: enzyme classificationChEBI: small molecules



Structures: MSD

Ligands

Sequence 
mapping

Linking to 
domain data

Assemblies

Surface 
matchingFold 

matching

Active sites

Electron 
density 

visualization



Pathways: Reactome

Select a 
pathway

View reactions and events 
in detail

Compare events in 
different species

Link to source 
databases

Export pathway 
to your favourite 

modelling 
software



New website and search engine

Search all main 
databases in on go

Refine your search
Advanced search: 

drill down to specific 
fields in specific 

databases



Data management

 ~1.6 million web requests per day (minus Ensembl)

 >250 000 unique hosts served per month

~3 million files downloaded per month

~110 TB data downloaded in 2006

 Millions of  cross-references

Statistics: end of 2006
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The Wellcome Trust Sanger Institute.  
Equivalent usage data have only been
available since 2003.

Steady increase in usage
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What type of quantitative data do-we need?

literature

reactions

structures

kinetics

locations

concentrations

topologies

morphologies

existing models

molecular interactomes

metabolomes

“functiomes” (e.g. kinomes)

dynamics

fluxiomes

cellular phenotypes

physiological datasets

gene interactions

histology

top-down approachbottom-up approach



What type of quantitative data do-we have?

literature

reactions

structures

kinetics

locations

concentrations

topologies

morphologies

existing models

molecular interactomes

metabolomes

“functiomes” (e.g. kinomes)

dynamics

fluxiomes

cellular phenotypes

physiological datasets

gene interactions

histology

Bottom-up approach top-down approach



What type of quantitative data do-we miss?

literature

reactions

structures

kinetics

locations

concentrations

topologies

morphologies

existing models

molecular interactomes

metabolomes

“functiomes” (e.g. kinomes)

dynamics

fluxiomes

cellular phenotypes

physiological datasets

gene interactions

histology

Bottom-up approach top-down approach



A European Infrastructure for Biological Information
ELIXIR (www.elixir-europe.org)

sequence

 

developmentcell functionstructure

basic science

agronomy
human health



Structure of ELIXIR



Structure of ELIXIR



ELIXIR will provide

A major upgrade of the current infrastructure, including 
construction of a European Biomolecular Data Centre.

A trans-national infrastructure for biological information 
and service providers

Infrastructure for biological information in the new 
accession states.

The legal and financial framework for the construction 
and sustainable operation of this infrastructure.

Coordination of Training and Outreach to optimise use of 
information

Key Components of ELIXIR



Rationale for ELIXIR

Optimal Data Management
Coordinated Data Resources with improved access
Integration and interoperability of diverse heterogeneous data

Forge Links to data in other related domains

A single European voice to influence global decisions and 
maintain open access

Enhance European competitiveness in bioscience industries

Address need for Increased Funding & its Coordination



Benefits of ELIXIR

ELIXIR will contribute to European Systems Biology by:

Optimising access and exploitation of biological data.

Ensuring longevity of the data and protecting investments 
already made in research which collected the data.

Increasing the competence and size of the already-large 
user community by strengthening national efforts in 
training and outreach.

Enhance the global success and influence of Europe in 
Systems Biology research and industry.



Proposed Scale of Total Budget for ELIXIR 

Preparatory phase (ongoing)     2.5 M€

Construction phase

Data Resource Construction (ongoing)

Operation

Data Centre (building) 

New Data Infrastructures (Accession States) 

Total for 5 years ~ 800 M€




