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We need to reuse computational models We need to reuse computational models 

• As such

– Non-specialists need to use models relevant for their research, directly  
with their simulation software, without messing with their structure.

– Modelling literates need to reuse existing models rather than rewrite them 
from scratch. 

– Various software that are used during the modelling process, such as 
graphical designers, simulation engines and plotters or renderers, should 
be able to communicate.
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• For integration purpose

– Very large pathways cannot be built in one shot. We need to built on pre-
existing efforts

– Different approaches: time-series (continuous, discrete), MCA, FBA, logical 
descriptions etc.

– Different spatial scales: nanometer (channel) to meter (axon) 

– Different real time scales: microsecond (channel opening) to weeks (LTP)

– (Different simulation time scale: single-particle tracking to ODE)



Requirements for a successful exchangeRequirements for a successful exchange

• We need to encode the models in a computer-edible way

– Structured formats  easily “parsable”; mirror the model structure; 

– Public formats         Published specifications, freely re-usable

– Community-developed formats ...
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Requirements for a successful exchangeRequirements for a successful exchange

• We need to encode the models in a computer-edible way

– Structured formats  easily “parsable”; mirror the model structure; 

– Public formats         Published specifications, freely re-usable

– Community-developed formats ...

• We need to make the content human-edible  semantics

– You want other people to appreciate your work!

– Standards of content and annotation

– Ontologies to relate model components and biological information

• We need to make the models available

– Personal websites

– Publisher's websites

– Curated repository/databases 



Standard of representationStandard of representation

•                           http://www.cellml.org/

                          Fixed specification; Based on modules; 
                                 scalable; ... complex

•                                           http://www.neuroml.org/

•                       http://www.neuroml.org/

                           Flexible (expendable set of classes/schemas); scalable; 

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

• BioPAX           http://www.biopax.org/

                           No kinetics; deep semantics;
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SBML and XMLSBML and XML

• the Systems Biology Markup Language is defined as a set of 
classes represented in the Unified Modelling Language (UML)

• In practise it is used as serialised using 

• An XML schema 1) lists all the elements and attributes, 2) specifies the 
containment relationships between them, 3) precises the datatype of 
each

• An additional set of constraints is listed in the specification and 
implemented as a list of consistency checks



What the heck is XML?What the heck is XML?

• The eXtensible Markup Language (XML) is a text-format that 
allow to define languages to store structured information

• An XML language is made-up of elements and attributes:

<element1 attribute1=”valeur1” attribute2=”valeur2”>
    <element2 attribute1=”valeur3” />
</element1>

• An XML language can be defined in another XML language 
called XML schema. An XML file can be transformed into 
something else using other XML files called XML style-sheets

• Thanks to a strict namespace system, one can build XML files 
using several XML languages 

• There are a constellation of tools to help processing XML 
languages

• Most known example of XML language is XHTML, the language 
used to designed webpages.
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<?xml version="1.0" encoding="UTF­8"?>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
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A A →→  BB



<?xml version="1.0" encoding="UTF­8"?>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
  <model>
    <listOfCompartments>
      <compartment id=”cell” />
    </listOfCompartments>
    

    

  </model>
</sbml>
 

A A →→  BB



<?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>
    

  </model>
</sbml>
 

A A →→  BB



<?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>

        

      </reaction>
    </listOfReactions>
  </model>
</sbml>
 

A A →→  BB



<?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>
        

      </reaction>
    </listOfReactions>
  </model>
</sbml>
 

A A →→  BB



<?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.w3.org/1998/Math/MathML


A more realistic example ...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/


SBMLeditorSBMLeditor

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



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

Systems Biology is scale-free!  



Example 2: neuron differentiationExample 2: neuron differentiation

    <listOfCompartments>
      <compartment id=”brain” />
    </listOfCompartments>
    <listOfSpecies>
      <species id=”glia” compartment=”brain” initialConcentration=”1”/>
      <species id=”neuroblast” compartment=”brain” initialConcentration=”1”/>
      <species id=”neuron” compartment=”brain” initialConcentration=”0”/>
    </listOfSpecies>
    <listOfParameters>
      <parameter id=”K” value=”1”/>
    </listOfParameters>
    <listOfReactions>
      <reaction>
        <listOfReactants>
          <speciesReference species=”neuroblast” />
        </listOfReactants>
        <listOfProducts>
          <speciesReference species=”neuron” />
        </listOfProducts>
       <listOfModifiers>
          <modifierSpeciesReference species=”glia” />
        </listOfModifiers>
        <kineticLaw>
          <math xmlns=”http://www.w3.org/1998/Math/MathML”>
            <apply>
              [...]
            </apply>
          </math>
        </kineticLaw>
      </reaction>
    </listOfReactions>

 

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


Example 1: Hodking-HuxleyExample 1: Hodking-Huxley

<rateRule metaid="metaid_0000048" variable="V">
  <notes><p xmlns="http://www.w3.org/1999/xhtml">dV/dt = (I ­ (i_Na + i_K + i_L))/Cm</p></notes>
  <math xmlns="http://www.w3.org/1998/Math/MathML">
    <apply>
      <divide/>
      <apply>
        <minus/>
        <ci> I </ci>
        <apply>
          <plus/><ci> i_Na </ci><ci> i_K </ci><ci> i_L </ci>
        </apply>
      </apply>
      <ci> Cm </ci>
    </apply>
  </math>
</rateRule> 
<assignmentRule metaid="metaid_0000042" variable="i_Na">
  <notes><p xmlns="http://www.w3.org/1999/xhtml">i_Na = g_Na * m^3.0 * h * (V ­ E_Na)</p></notes>
  <math xmlns="http://www.w3.org/1998/Math/MathML">
    <apply>
      <times/>
      <ci> g_Na </ci>
      <apply>
        <power/><ci> m </ci><cn> 3.0 </cn>
      </apply>
      <ci> h </ci>
      <apply>
        <minus/><ci> V </ci><ci> E_Na </ci>
      </apply>
    </apply>
  </math>
</assignmentRule>



An example of piecewise assignmentAn example of piecewise assignment

• calcium flux depends on glutamate concentration

<listOfRules>
    <assignmentRule variable="calcium_influx">
        <math xmlns="http://www.w3.org/1998/Math/MathML">
            <apply>
                <piece>
                    <cn>15</cn>

                 <apply>
                        <gt/>
                        <ci>glutamate</ci>
                        <cn>1</cn>

                 </apply>
                </piece>
                <otherwise>
                    <cn>0</cn>
                </otherwise>
            </apply>
        </math>
    </assignmentRule>
</listOfRules>



An example of eventAn example of event

• release of neurotransmitter if [Ca]i intra gets above 
threshold

<listOfEvents>
    <event id="release”>
        <trigger>
            <math xmlns="http://www.w3.org/1998/Math/MathML">       
                <apply>
                    <gt/>
                       <ci>calcium</ci>                             
                       <ci>100</ci>
                </apply>
            </math>
        </trigger>
        <listOfEventAssignments>                                    
            <eventAssignment variable="glutamate">                  
                <math xmlns="http://www.w3.org/1998/Math/MathML">
                    <cn>e­3</cn>
                </math>
            </eventAssignment>
        </listOfEventAssignements>
</listOfEvents>

 

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


SBML LevelsSBML Levels

• Level 1 (March 2001)

– Predefined kinetics functions

– One type of reactive substance

– ISO646 encoding

• Level 2 (June 2003)

– Function definitions

– Modifier species

– Events

– All math in MathML

– Unicode encoding

• Level 3 (?)

Hucka et al (2003)
Bioinformatics 19: 524-531

Hucka et al (2004)
IEE Systems Biology 1: 41-53



SBML Level 2 Version 2SBML Level 2 Version 2

• Finalised on April 8th 2006

• Simpler and cleaner (units ...)

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

• Constraints and initialAssignments

• Backward compatible with Level 2 Version 1

• More detailed and bug-free  specification ... 130 pages 



SBML Level 3SBML Level 3

• Modular SBML, with core + optional packages (probable)

• Generalised reactions

• Graph Layout (certain; already in use in Level 2 as 
annotation, shared by several software)

• Model composition (probable)

• Complex species (probable)

• Arrays or sets (maybe)

• Geometry (maybe)

• Movements (maybe)

• Dynamic compartments (maybe)

• ???



BioPAXBioPAX

• Format to represent metabolic networks and signalling 
pathways

• Set of classes representing the physical entities and their 
relationships

– Subclassing allows different levels of abstraction/precision

• Defined using the Ontology Web Language (OWL)

– BioPAX classed are defined in OWL

– Each BioPAX file is an OWL file

– Rich semantics allowing complex treatments (e.g. searches)

• OWL is based on an XML serialisation of the Resource 
Description Framework (RDF)

– Explicit relationships between elements rather than only containment



Core classesCore classes



Utility classesUtility classes



A catalysis in BioPAXA catalysis in BioPAX

substrate product

enzyme



<!­­ physicalEntities ­­>

<bp:smallMolecule rdf:ID="smallMolecule1" />
<bp:smallMolecule rdf:ID="smallMolecule2" />
<bp:protein rdf:ID="protein1">

<!­­ physicalEntityParticipants ­­>

<bp:physicalEntityParticipant rdf:ID="substrate">
    <bp:STOICHIOMETRIC­COEFFICIENT>1.0</bp:STOICHIOMETRIC­COEFFICIENT>
    <bp:PHYSICAL­ENTITY rdf:resource=”#smallMolecule1” />
</bp:physicalEntityParticipant>
<bp:physicalEntityParticipant rdf:ID="product">
    <bp:STOICHIOMETRIC­COEFFICIENT>1.0</bp:STOICHIOMETRIC­COEFFICIENT>
    <bp:PHYSICAL­ENTITY rdf:resource=”#smallMolecule2” />
</bp:physicalEntityParticipant>
<bp:physicalEntityParticipant rdf:ID="enzyme">
    <bp:PHYSICAL­ENTITY rdf:resource=”#protein1” />
</bp:physicalEntityParticipant>

<!­­ physicalInteractions ­­>

<bp:biochemicalReaction rdf:ID="biochemicalReaction1">
    <bp:LEFT rdf:resource=”#substrate”>
    <bp:RIGHT rdf:resource=”#product”>
</bp:biochemicalReaction>
<bp:catalysis rdf:ID="catalysis1">
    <bp:CONTROLLER rdf:resource=”#enzyme” />
    <bp:CONTROLLED rdf:resource=”#biochemicalReaction1” 
</bp:catalysis>

 

A catalysis in BioPAXA catalysis in BioPAX



<!­­ physicalEntityParticipants ­­>

<bp:physicalEntityParticipant rdf:ID="substrate">
    <bp:STOICHIOMETRIC­COEFFICIENT>1.0</bp:STOICHIOMETRIC­COEFFICIENT>
    <bp:PHYSICAL­ENTITY>
        <bp:smallMolecule rdf:ID="smallMolecule1" />        
    </bp:PHYSICAL­ENTITY>
</bp:physicalEntityParticipant>
<bp:physicalEntityParticipant rdf:ID="product">
    <bp:STOICHIOMETRIC­COEFFICIENT>1.0</bp:STOICHIOMETRIC­COEFFICIENT>
    <bp:PHYSICAL­ENTITY>
        <bp:smallMolecule rdf:ID="smallMolecule2" />
    </bp:PHYSICAL­ENTITY>
</bp:physicalEntityParticipant>
<bp:physicalEntityParticipant rdf:ID="enzyme">
    <bp:PHYSICAL­ENTITY>
        <bp:protein rdf:ID="protein1">
    </bp:PHYSICAL­ENTITY>
</bp:physicalEntityParticipant>

<!­­ physicalInteractions ­­>

<bp:biochemicalReaction rdf:ID="biochemicalReaction1">
    <bp:LEFT rdf:resource=”#substrate”>
    <bp:RIGHT rdf:resource=”#product”>
</bp:biochemicalReaction>
<bp:catalysis rdf:ID="catalysis1">
    <bp:CONTROLLER rdf:resource=”#enzyme” />
    <bp:CONTROLLED rdf:resource=”#biochemicalReaction1” 
</bp:catalysis>

 

A catalysis in BioPAXA catalysis in BioPAX



<!­­ physicalInteractions ­­>

<bp:biochemicalReaction rdf:ID="biochemicalReaction1">
    <bp:LEFT>
        <bp:physicalEntityParticipant>
            <bp:STOICHIOMETRIC­COEFFICIENT>1.0</bp:STOICHIOMETRIC­COEFFICIENT>
            <bp:PHYSICAL­ENTITY>
                <bp:smallMolecule rdf:ID="smallMolecule1" />        
            </bp:PHYSICAL­ENTITY>
        </bp:physicalEntityParticipant>
    </bp:LEFT>
    <bp:RIGHT>
        <bp:physicalEntityParticipant rdf:ID="product">
            <bp:STOICHIOMETRIC­COEFFICIENT>1.0</bp:STOICHIOMETRIC­COEFFICIENT>
            <bp:PHYSICAL­ENTITY>
                <bp:smallMolecule rdf:ID="smallMolecule2" />
            </bp:PHYSICAL­ENTITY>
        </bp:physicalEntityParticipant>
    </bp:RIGHT>
</bp:biochemicalReaction>

<bp:catalysis rdf:ID="catalysis1">
    <bp:CONTROLLER/>
        <bp:physicalEntityParticipant rdf:ID="enzyme">
            <bp:PHYSICAL­ENTITY>
                <bp:protein rdf:ID="protein1">
            </bp:PHYSICAL­ENTITY>
        </bp:physicalEntityParticipant>
    </bp:CONTROLLER>
    <bp:CONTROLLED rdf:resource=”#biochemicalReaction1” 
</bp:catalysis>

 

A catalysis in BioPAXA catalysis in BioPAX



<!­­ physicalInteractions ­­>

<bp:catalysis rdf:ID="catalysis1">
    <bp:CONTROLLER/>
        <bp:physicalEntityParticipant rdf:ID="enzyme">
            <bp:PHYSICAL­ENTITY>
                <bp:protein rdf:ID="protein1">
            </bp:PHYSICAL­ENTITY>
        </bp:physicalEntityParticipant>
    </bp:CONTROLLER>
    <bp:CONTROLLED>
        <bp:biochemicalReaction rdf:ID="biochemicalReaction1">
            <bp:LEFT>
                <bp:physicalEntityParticipant>
                    <bp:STOICHIOMETRIC­COEFFICIENT>1.0</bp:STOICHIOMETRIC­COEFFICIENT>
                    <bp:PHYSICAL­ENTITY>
                        <bp:smallMolecule rdf:ID="smallMolecule1" />        
                    </bp:PHYSICAL­ENTITY>
                </bp:physicalEntityParticipant>
            </bp:LEFT>
            <bp:RIGHT>
                <bp:physicalEntityParticipant rdf:ID="product">
                    <bp:STOICHIOMETRIC­COEFFICIENT>1.0</bp:STOICHIOMETRIC­COEFFICIENT>
                    <bp:PHYSICAL­ENTITY>
                        <bp:smallMolecule rdf:ID="smallMolecule2" />
                    </bp:PHYSICAL­ENTITY>
                </bp:physicalEntityParticipant>
            </bp:RIGHT>
        </bp:biochemicalReaction>
    </bp:CONTROLLED>
</bp:catalysis>

 

A catalysis in BioPAXA catalysis in BioPAX
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Semantics and visual representationsSemantics and visual representations

• A activates B?

• A converts into B?

• A causes the production of B?

A B

• A inhibits B?

• A inhibits the production of B?

A B

• A modulates B?

• A catalyses the production of B?

A B



Solution from another disciplineSolution from another discipline
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Systems Biology Graphical NotationSystems Biology Graphical Notation



• Kurt Kohn's entity relationships's Diagram

Kohn et al. Molecular Interaction Maps of Bioregulatory 
Networks: A General Rubric for Systems Biology. ...

• CellDesigner's Process Diagrams

Kitano et al. Using Process Diagrams for the graphical 
representation of biological networks. Nat Biotech, 23: 
961-966.



Entity relationship representationEntity relationship representation



Entity relationship representationEntity relationship representation



Entity relationship representationEntity relationship representation



Process DiagramProcess Diagram



Process DiagramProcess Diagram



Is SBGN usable?Is SBGN usable?

• No ...

• Work in progress: Agreement on the existence of two 
notations. Ontologies are on their way to define the 
concepts behind the glyphs

• First draft should be agreed in the second meeting at 
the ICSB in Yokohama





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



Reference correspondenceReference correspondence

• The model must be encoded in a public, standardized, 
machine-readable format (SBML, CellML, GENESIS ...)

• The model must comply with the standard in which it is 
encoded! 

• The model must be clearly related to a single reference 
description. If a model is composed from different parts, 
there should still be a description of the derived/combined 
model.

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

• The model must be instantiated in a simulation: All 
quantitative attributes have to be defined, including initial 
conditions.

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



Attribution annotationAttribution annotation

• The model has to be named.

• A citation of the reference description must be joined 
(complete citation, unique identifier, unambigous URL). The 
citation should permit to identify the authors of the model.

• The name and contact of model creators must be joined.

• The date and time of creation and last modification should 
be specified. An history is useful but not required.

• The model should be linked to a precise statement about 
the terms of distribution. MIRIAM does not require “freedom 
of use” or “no cost”.



External resource annotationExternal resource annotation

• The annotation must permit to unambiguously relate a piece of 
knowledge to a model constituent.

• The referenced information should be described using a triplet
{data-type, identifier, qualifier}

– The data-type should be written as a Unique Resource Identifier (URI). Either
a URL (webpage) or a URN (e.g. LSID). Not necessarily a physical location.

– The identifier is analysed by the software within the framework of the data-
type.

– Data-type and Identifier can be combined in a single URI
http://www.myResource.org/#myIdentifier
urn:lsid:myResource.org:myIdentifier

– Qualifiers (optional) should refine the link between the model constitutent 
and the piece of knowledge: “has a”, “is version of”, “is homolog to” etc.

• The community will have to agree on a set of standard valid 
URIs. A database and the associated API (WebServices) have 
been developed at the EBI.



MIRIAM databaseMIRIAM database



MIRIAM databaseMIRIAM database

• getURI(name, ID)
{uniprot,P12345} → http://www.uniprot.org/#P122345

• getURL(URI)
{http://www.ec-code.org/#1.1.1.1} →
     http://www.ebi.ac.uk/intenz/query?cmd=SearchEC&ec=1.1.1.1
    http://us.expasy.org/cgi­bin/nicezyme.pl?1.1.1.1
    http://www.genome.jp/dbget­bin/www­bget?ec:1.1.1.1

• validate(URI)
{http://www.uniprot.org/#P123Z5} →
   “Invalid URI! Either the root URI or the accession is wrong ”
            



Model exampleModel example





What is common?



Some definitionsSome definitions

• Controlled Vocabularies

• “Organized lists of words and phrases, or notation systems, that are used to 
initially tag content, and then to find it through navigation or search.” 
Amy J. Warner. A Taxonomy Primer. 
http://www.lexonomy.com/publications/aTaxonomyPrimer.html

• “A set of codes, managed by some authority (eg a person or an organisation), 
employing some mechanism”. Misha Wolf on IPTC internal developer forum 
for the News Metadata Framework WG

• “An indexed dictionary”. Nicolas Le Novère. This presentation.

• Ontology

• “(Computers) A systematic arrangement of all of the important categories of 
objects or concepts which exist in some field of discourse, showing the 
relations between them. When complete, an ontology is a categorization of 
all of the concepts in some field of knowledge, including the objects and all 
of the properties, relations, and functions needed to define the objects and 
specify their actions. A simplified ontology may contain only a hierarchical 
classification (a taxonomy)”  The Collaborative International Dictionary of 
English v.0.48 

• A set of elements of knowledge linked with sense-bearing relationships. 
Nicolas Le Novère. This presentation.

http://www.lexonomy.com/publications/aTaxonomyPrimer.html


http://www.geneontology.org/



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



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



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



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





Hidden assumptionsHidden assumptions

•         k1       kp

E+S    ES → E+P ; Rapid equilibrium 
        k-1                                          

Henri-Michaelis-Menten:              

•         k1     kp

E+S → ES → E+P ; Total duration equal sum of duration
 
                                                  
Van Slyke-Cullen:

•         k1       kp

E+S    ES → E+P ; Quasi-steady state
        k-1                                          

Briggs-Haldane: 

v= E⋅k p⋅[S ]

K m[ S]  ; K m=
k−1

k1

v= E⋅k p⋅[S ]

K m[ S]  ; K m=
k p

k1

v= E⋅k p⋅[S ]

K m[ S]  ; K m=
k−1k p

k1



      <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 → E+P 

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


The Systems Biology Ontology

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



Classifications Vs. OntologiesClassifications Vs. Ontologies

• Each term is associated to a perennial identifier. Once 
created a term is never destroyed. It can be merged with 
other, 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.



Systems Biology Ontology vocabulariesSystems Biology Ontology vocabularies

• A taxonomy of the roles of reaction participants,   including 
the following terms: “substrate”, “catalyst” etc.

• A CV for parameter roles in quantitative models.  This CV 
includes terms like  “Michaelis constant” , “forward 
unimolecular rate constant”etc.

• A classification of rate laws. This CV is a taxonomy of kinetic 
rate equations. Examples of terms in this CV are “mass 
action kinetics”, “Henri-Michaelis-Menten equation”  etc. 
Each term contains a precise mathematical expression 
stored as a MathML lambda function. The variables refer to 
the CVs described above.

• A list of modelling framework to precise how to interpret the 
rate-law. E.g. “continuous modelling”, “discrete modelling” 
etc.



SBO termSBO term

id SBO:\d{7} minOccurs=1 maxOccurs=1

name unicode string minOccurs=1 maxOccurs=1

def unicode string minOccurs=0 maxOccurs=1

is_a SBO:\d{7} minOccurs=0 minOccurs=n

part_of SBO:\d{7} minOccurs=0 maxOccurs=1

synonyms unicode string minOccurs=0 minOccurs=n

mathml MathML lambda function minOccurs=0 maxOccurs=1





Complete description of a rate-law termComplete description of a rate-law term

[Term]
id: SBO:0000031
name: Briggs­Haldane equation
def: "Rate­law presented in "G.E. Briggs and J.B.S. Haldane (1925) A note on the kinetics 
of enzyme action, Biochem. J., 19: 339­339". It is a general rate equation that does not 
require the restriction of equilibrium of Henri­Michaelis­Menten or irreversible reactions 
of Van Slyke, but instead make the hypothesis that the complex enzyme­substrate is in 
quasi­steady­state. Although of the same form than the Henri­Michaelis­Menten equation, it 
is semantically different since Km now represents a psudo­equilibrium constant, and is 
equal to the ratio between the rate of consumption of the complex (sum of dissociation of 
substrate and generation of product) and the association rate of the enzyme and the 
substrate.
is_a: SBO:0000011 ; kinetics of unireactant enzymes
MathML: <math xmlns=”http://www.w3.org/1998/Math/MathML”>
    <semantics definitionURL="http://biomodels.net/SBO/#SBO:0000062">
      <lambda>
      <bvar><ci definitionURL=”http://www.biomodels.net/SBO/#SBO:0000015”>S</ci></bvar>
      <bvar><ci definitionURL=”http://www.biomodels.net/SBO/#SBO:0000014”>E</ci></bvar>
      <bvar><ci definitionURL=”http://www.biomodels.net/SBO/#SBO:0000025”>kp</ci></bvar>
      <bvar><ci definitionURL=”http://www.biomodels.net/SBO/#SBO:0000008”>Km</ci></bvar>
         <apply>
           <divide/>
           <apply>
             <times/><ci>E</ci><ci>kp</ci><ci>S</ci>
           </apply>
           <apply>
             <plus/><ci>Km</ci><ci>S</ci>
           </apply>
         </apply>
       </lambda>
     </semantics>    
   </math>
    

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


New SBML attribute: sboTermNew SBML attribute: sboTerm

• syntax: <elementX sboTerm=”SBO:ddddddd” >

• present in:

– model

– initialAssignment (new element of L2V2)

– rule

– constraint (new element of L2V2)

– reaction

– speciesReference and modifierSpeciesReference

– kineticLaw

– parameter



      <reaction>
        <listOfReactants>
          <speciesReference species=”S” />
        </listOfReactants>
        <listOfProducts>
          <speciesReference species=”P” />
        </listOfProducts>
        <listOfModifiers>
          <speciesReference species=”E” />
        </listOfModifiers>
        <kineticLaw sboTerm=”SBO:0000031”>
          <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>

Revealed assumptionsRevealed assumptions

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


      <reaction sboTerm=”SBO:0000062”>
        <listOfReactants>
          <speciesReference species=”S” sboTerm=”SBO:0000015”/>
        </listOfReactants>
        <listOfProducts>
          <speciesReference species=”P” sboTerm=”SBO:0000011”/>
        </listOfProducts>
        <listOfModifiers>
          <speciesReference species=”E” sboTerm=”SBO:0000014”/>
        </listOfModifiers>
        <kineticLaw sboTerm=”SBO:0000031”>
          <listOfParameters>
            <parameter id=”Km” sboTerm=”SBO:0000008”/>
            <parameter id=”kp” sboTerm=”SBO:0000025”/>
          </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>

Revealed assumptionsRevealed assumptions

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


      <reaction sboTerm=”SBO:0000062”>
        <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>

Automatic conversionAutomatic conversion

v= C⋅V⋅[ A]
U[ A]

v1= k−1V 

U ⋅[A ]⋅[C ]

v2=k−1⋅[D ]

v3=V⋅[D ]

discrete simulatorcontinuous simulator





Primary dataPrimary data

• Signalling pathways and metabolic networks

– KEGG: http://www.genome.jp/kegg/

– Reactome:  http://www.reactome.org/

– BioCyc: http://biocyc.org/

• Functional parameters

– BRENDA: http://www.brenda.uni-koeln.de/

– SABIO-RK: http://sabio.villa-bosch.de/SABIORK/

• Morphology

– Cell-Centered Database: http://ccdb.ucsd.edu/

– Synapse Web: http://synapses.mcg.edu/

• Electrophysiology

– Neurodatabase.org: http://neurodatabase.org/

This list is incomplete and biased! Use it as a starting point

http://www.brenda.uni-koeln.de/
http://ccdb.ucsd.edu/


Models repositories for modelling neuronsModels repositories for modelling neurons

•                       [GENESIS][curation][search]

•                      of SenseLab [NEURON, GENESIS ...][search]

 

•                      models repository [CellML][curation...][search]

• JWS online    [SBML, Pysces][curation]

•                      Developer Network [E-Cell, SBML]

•               BioModels Database [CellML, SBML][curation...][search]



Database of Quantitative Cellular SignallingDatabase of Quantitative Cellular Signalling

• Main page: http://doqcs.ncbs.res.in/

• Location: National Center for Biological Sciences 
(Bangalore, India)

• Team: Upinder Bhalla

http://doqcs.ncbs.res.in/










SenseLab's ModelDBSenseLab's ModelDB

• Main page: 
http://senselab.med.yale.edu/senselab/modeldb/

• Location: Yale University School of Medicine (New 
Haven, USA)

• Team: Gordon Sheperd

http://senselab.med.yale.edu/senselab/modeldb/








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

• Long-term commitment and secure funding

• Freely available and reusable



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?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.

• Aims to be the “Swiss-Prot” of quantitative modelling.



Where are the models coming fromWhere are the models coming from

I) Repositories

• SBML repository

• JWS Online

• E-Cell Developer Network

• CellML repository

II) Individuals

• Members of the SBML community (developers+modellers)

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

III) Supported by Nature Publishing Group. MSB advices 
deposition, and forward supplementary material

IV) BioModels DB curators encode new models from literature



Structure of BioModels DatabaseStructure of BioModels Database

PUBLIC

search
Models

Xindice

Annotations

MySQL

graph, XPP, SciLab, BioPAX

PRIVATE

Models
Xindice

Annotations

MySQL

1

2
?
?submission

curation

export
3

5

export

4
?

annotation



Search strategySearch strategy

GO, UniProt Oracle database
ChEBI, PubMed  WebServices

Xpath: //sbml:*[contains(@id,'TEXT')]     
       | //sbml:*[contains(@name,'TEXT')]   
       | //xhtml:*[contains(text(),'TEXT')]

BioModels MySQL database















Kholodenko 2000Kholodenko 2000



Steady increaseSteady increase

Release # models # reactions #annotations

11 April 2005 20 631 1084

01 June 2005 30 736 1609

28 July 2005 44 943 2373

30 January 2006 50 1163 3126

05 June 2006 54 1307 3542        

• Around 30 models in the curation pipeline

• Important legacy from JWS Online (~20), CellML Repository 
(~200) and  DOCQS (~200)



Topical repartitionTopical repartition

Neurobiology-related: 1, 2 (channel conformation), 20 (HH), 33 (EGF/NGF)
 + circadian rhythms?



unsolicited mirrorsunsolicited mirrors

• CellDesigner:
http://www.systems­biology.org/cd/features/BioModelsNet.html

• SIGMOID:
http://www.sigmoid.org/models/ModelBrowse.do

• JSIM: 
http://nsr.bioeng.washington.edu/cgi­bin/butterw/jsquery.cgi?d=biomodels

We are happy about that! Feel-free to do the same!



Problem childrenProblem children

• Non-MIRIAM compliant models

– SBML is correct

– quantitative

– simulatable

– structure is not correct; results are not correct; missing information

• Non time-series: Ex models from B Palsson:

– SBML is syntactically correct

– quantitative

– SBML is semantically incorrect

– non-simulatable

• Spatial models:  e.g. VCell, SmartCell, MesoRD

– SBML is correct

– only part of the information is in SBML



VersatilityVersatility

BioPAX

Graphs

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



The EBI teamThe EBI team

Marco Donizelli, Chen Li: 

   Tomcat/Xindice/Web interface
Melanie Courtot: 

   MySQL/Tomcat

Lu Li: 

   Curation plus Graph, CellML, 
XPP and SciLab exports

Nicolas Le Novère: 

   Design and curation

Camille Laibe

   WebServices

Arnaud Henry: 

  BioPAX export



An international collaborationAn international collaboration

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

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

• Keck Graduate Institute
– Herbert Sauro

• Systems Biology Institute
– Hiroaki Kitano
– Akira Funahashi

• Stellenbosh University
– Jacky Snoep

• External contributors

– Samuel Bandara
– Upinder Bhalla
– Chris Cox
– Johan Elf
– David Fange
– Christoph Flamm
– Colin Gillespie
– Les Grivell
– Ryan Gutenkunst
– Adam Halasz
– Noriko Hiroi
– Boris Kholodenko
– Ursula Kummer
– Ken Lau
– Adrian Lopez Garcia de Lomana
– Rainer Machné
– Yukiko Matsuoka
– Joanne Matthews
– Robert Phair
– Marc Poolman

• Programs used for curation

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

– Carole Proctor
– Tomas Radivoyevitch
– Birgit Schoeberl
– Oleg Sokolsy
– Joanne Matthews
– Tjeerd olde Scheper
– Birgit Schoeberl
– Henning Schmidt
– Paul Smolen
– Darren Wilkinson
– Molecular Systems Biology


