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  A simulation problem A simulation problem 

• Molecular dynamics: to simulate ∝ 10-12 s requires  ∝ 1 s

• Particle diffusion: to simulate ∝ 10-6 s requires  ∝ 1 s

• Stochastic chemical kinetics: to simulate ∝ 1 s requires  ∝ 1 s

• Continuous ODE: to simulate ∝ 103 s requires  ∝ 1 s

⇒ Humongous stiffness: the speed of the whole simulation is
    determined by the quickest event 
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Standards of representationStandards of representation

“ The nice thing about standards is that there are so many to choose from”.  
Attributed to Andrew S Tanenbaum
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Standards of representationStandards of representation

•                                       http://www.cellml.org/
                                                Based on modules; scalable;

•                                                    http://www.neuroml.org/
                                                Flexible (expendable set of classes/schemas); 

•                            http://brainml.org/   
                                                Models are XML-schemas

•                                               http://www.biopax.org/
                                                No kinetics; deep semantics; OWL

•                                                             http://www.sbgn.org/
                                                       Graphical representation of interactions

•                                                              http://sbml.org/
                          Rich kinetics; weak semantics; XML
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What is SBML?What is SBML?

"The goal of SBML is to help people to disagree as precisely as 
possible". Ed Franck, Argonne National Laboratory
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What can we encode in SBML?What can we encode in SBML?
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<?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 A →→  BB

http://www.sbml.org/sbml/level2
http://www.w3.org/1998/Math/MathML
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SBML is not limited to biochemistry!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!  
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New:New: SBML Level 2 Version 2 SBML Level 2 Version 2

• Released on September 25th 2006

• Simpler and cleaner (units ...)

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

• Constraints and initialAssignments

• Controlled (MIRIAM) annotations (+ links to SBO)

• Backward compatible with Level 2 Version 1

• More detailed and bug-free  specification ... 145 pages, 10pt, 
small margin. 



BioSysBio 2007
11th-13th January 2007, Manchester, United-Kingdom

SBML Level 3SBML Level 3

• Modular SBML, with core + optional packages

• Graph Layout 

• Generalised reactions (probable) 

• Model composition (probable)      

• Complex species (probable)         

• Arrays or sets (maybe)

• Geometry (maybe)

• Movements (maybe)

• Dynamic compartments (maybe)

• ???
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Is SBML enough? What's missing?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 
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Minimum Information Requested In 
the Annotation of biochemical Models 

Le Novère N., Finney A., Hucka M., Bhalla U., Campagne F., Collado-Vides J., 
Crampin E., Halstead M., Klipp E., Mendes P., Nielsen P., Sauro H., Shapiro B., 

Snoep J.L., Spence H.D., Wanner B.L. 
Nature Biotechnology (2005), 23: 1509-1515

http://www.ebi.ac.uk/compneur-srv/miriam/
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Thou shalt encode your model in a public, standardized, 
machine-readable format (SBML, CellML, GENESIS ...)

Thy model shalt comply with the standard in which it is encoded! 

Thy model shalt be clearly related to a single reference description. 
If thy model is composed from different parts,  thou shalt still quote a 

description of the derived/combined model.

The encoded structure of the model must reflect the biological processes listed in 
the reference description.

Thy model shalt be instantiated in a simulation: All quantitative attributes shalt be 
defined, including initial conditions.

When instantiated, thy model must be able to reproduce all results given in the 
reference description within an epsilon (algorithms, round-up errors)

Reference correspondenceReference correspondence
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Model exampleModel example
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Thy model has to be named.

Thou shalt join a citation of the reference description (complete citation, unique 
identifier, unambigous URL). The citation shalt permit to identify the authors of 

thy model.

Thou shalt join the name and contact of model creators.

Thou shalt specify the date and time of creation and last modification. An history 
is useful but not required.

Thou shalt link thy model to a precise statement about 
the terms of distribution. MIRIAM does not require “freedom 

of use” or “no cost”.

Attribution annotationAttribution annotation
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                     Thy annotation shalt permit to unambiguously relate  
                       a piece of knowledge to a model constituent.

            Thy referenced information shalt be described using a triplet
      {data-type, identifier, qualifier}

                     

The community has to agree on a set of standard valid data-types. A database and 
the associated API (WebServices) have been developed at the EBI to provide the 
generation and interpretation of URIs.

model element annotation

biological entity A biological entity B

qualifier

relationship

representsrepresents represents

External resource annotationExternal resource annotation
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Annotated SBMLAnnotated SBML

<species metaid="metaid_0000055"
     id="boundEGFReceptor" 
     compartment="cell" 
     initialConcentration="0">
    <annotation>
        <rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22­rdf­syntax­ns#"             
             xmlns:bqbiol="http://biomodels.net/biology­qualifiers/"                 
         xmlns:bqmodel="http://biomodels.net/model­qualifiers/">
            <rdf:Description rdf:about="#metaid_0000055">
                <bqbiol:hasPart>
                    <rdf:Bag>
                        <rdf:li rdf:resource="http://www.uniprot.org/#Q9QX70"/>
                        <rdf:li rdf:resource="http://www.uniprot.org/#P07522"/>
                    </rdf:Bag>
                </bqbiol:hasPart>
            </rdf:Description>
        </rdf:RDF>
    </annotation>
</species>

Epidermal Growth Factor receptor

Epidermal Growth Factor 
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      <reaction>
        <listOfReactants>
          <speciesReference species=”S” />
        </listOfReactants>
        <listOfProducts>
          <speciesReference species=”P” />
        </listOfProducts>
        <listOfModifiers>
          <speciesReference species=”E” />
        </listOfModifiers>
        <kineticLaw>
          <listOfParameters>
            <parameter id=”Km”/>
            <parameter id=”kp”/>
          </listOfParameters>
          <math xmlns=”http://www.w3.org/1998/Math/MathML”>
            <apply>
              <divide/><apply>
                         <times/><ci>E</ci>
                                 <ci>kp</ci>
                                 <ci>S</ci>
                       </apply>
                       <apply>
                         <plus/><ci>Km</ci>
                                <ci>S</ci>
                       </apply>
            </apply>
          </math>
        </kineticLaw>
      </reaction>

Hidden assumptionsHidden assumptions

Import in a discrete simulator

        k1       kp

E+S    ES → E+P ; k1 = k-1/Km 
        k-1         
        k1       kp

E+S → ES → E+P ; k1 = kp/Km  
        k-1         

        k1       kp

E+S    ES → E+P ; k1 = (k-1+kp)/Km   
        k-1         

?

       E
    S → P 

http://www.w3.org/1998/Math/MathML
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The Systems Biology Ontology

http://www.ebi.ac.uk/sbo/
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Classifications Vs. OntologiesClassifications Vs. Ontologies

• Ontology: A set of elements of knowledge linked with sense-bearing 
relationships. 

• Each term of an ontology is associated to a perennial identifier. 
Once created a term is never destroyed. It can be merged with 
another, or made obsolete, but it still exists. 

• An ontology is an evolving structure: It can cope with an increase or 
refinement of knowledge. No need to reconstruct everything as with 
the taxonomies.

• An ontology is a Direct Acyclic Graph, and not a hierarchy. A term 
can possess more than one parent. 

• Ontologies are stored in standard machine-readable formats. They 
can be subjected to automatic treatments.
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Systems Biology Ontology vocabulariesSystems Biology Ontology vocabularies

• 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”.
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      <reaction>                                
        <listOfReactants>
          <speciesReference species=”A” sboTerm=”SBO:0000015”/>      substrate
        </listOfReactants>
        <listOfProducts>
          <speciesReference species=”B” sboTerm=”SBO:0000011”/>      product
        </listOfProducts>
        <listOfModifiers>
          <speciesReference species=”C” sboTerm=”SBO:0000014”/>      catalyst
        </listOfModifiers>
        <kineticLaw sboTerm=”SBO:0000031”>                           Briggs-Haldane equation
          <listOfParameters>
            <parameter id=”U” sboTerm=”SBO:0000008”/>                Km
            <parameter id=”V” sboTerm=”SBO:0000025”/>                kcat
          </listOfParameters>
        </kineticLaw>
      </reaction>

discrete simulatorcontinuous simulator

Revealed assumptionsRevealed assumptions

v=[C ]⋅V⋅ [A]
U[A]



v1=
k−1V 

U
⋅[A]⋅[C ]

v2=k−1⋅[D]

v3=V⋅[D]

 



BioSysBio 2007
11th-13th January 2007, Manchester, United-Kingdom

[complete model, with links in species and etc.][complete model, with links in species and etc.]

    <listOfSpecies>
      <species id=”A” sboTerm=”SBO:0000247” />                       simple chemical
      <species id=”B” sboTerm=”SBO:0000247” />                       simple chemical
      <species id=”C” sboTerm=”SBO:0000245” />                       macromolecule
    </listOfSpecies>
    <listOfreactions>
            <reaction sboTerm=”SBO:0000172”>                          catalysis           
        <listOfReactants>
          <speciesReference species=”A” sboTerm=”SBO:0000015”/>      substrate
        </listOfReactants>
        <listOfProducts>
          <speciesReference species=”B” sboTerm=”SBO:0000011”/>      product
        </listOfProducts>
        <listOfModifiers>
          <speciesReference species=”C” sboTerm=”SBO:0000014”/>      catalyst
        </listOfModifiers>
        <kineticLaw sboTerm=”SBO:0000031”>                           Briggs-Haldane equation
          <listOfParameters>
            <parameter id=”U” sboTerm=”SBO:0000008”/>                Km
            <parameter id=”V” sboTerm=”SBO:0000025”/>                kcat
          </listOfParameters>
        </kineticLaw>
      </reaction>
    </listOfreactions>
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Shall-we interface?Shall-we interface?

SBML

BioPAX

SBGN

SBO

molecules

reactions

ontologies

MIRIAM
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Requirements for a unified model resourceRequirements for a unified model resource

• Neither focussed on a particular biological substrate or process, nor 
specialised on a given modelling approach

• Real “searchable“ database rather than mere repository

• Models thoroughly verified, structure and results, 
and annotated

• International collaboration rather than a one-group effort

• Freely available and reusable

• Long-term commitment and secure funding
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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/
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What is BioModels Database?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.
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Kholodenko 2000Kholodenko 2000
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Where are the models coming fromWhere are the models coming from

I) Existing model repositories

• old SBML repository

• JWS Online

• Database Of Quantitative Cell Signalling

• CellML repository

• the Virtual Cell

II) Individuals

• Members of the SBML community (developers+modellers)

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

III) Journals (Molecular Systems Biology and PloS Computational Biology 
advise deposition)

IV) BioModels DB curators encode new models from literature
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Topical repartitionTopical repartition

Intracellular 
signalling cascades
(GO:0007242)

Cell cycle
(GO:0007049)

Metabolism
(GO:0008152)

Circadian rhythm
(GO:0007623)

other

Surface receptor linked 
signal transduction
(GO:0007166)
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Is the mosaic complete? Is the mosaic complete? 

kinetics
database
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An international collaborationAn international collaboration

• EBI

– Nicolas Le Novère
– Marco Donizelli
– Chen Li
– Mélanie Courtot
– Lu Li
– Camille Laibe
– Arnaud Henry
– Enuo He
– Nicolas Rodriguez
– Alexander Broicher

• SBML team

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

• Journals supporting BioModels Database

– Molecular Systems Biology
– PLoS Computational Biology
–

• Programs used for curation

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

• 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.


