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Some 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

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

• “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

• 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 controlled vocabularies with defined relationships between terms. Nicolas Le 
Novère. This presentation.



Classifications 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.



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/





http://obo.sourceforge.net/



http://www.dopanet.org/





Merging for completness

• The purpose of DopaNet Neuronal Ontology is to be the 
glue that will link all the data collected by the DopaNet 
project. 
⇒ Must cover quite extensively the topics of Neurobiology

• Built from orthogonal ontologies

• Backbone: Gene Ontology

• Proteins: InterPro, completed by dedicated classifications, 
such as the Transport Classification Database.

• Small molecules: ChEBI 



Semantically rich relationships

• “is-a” relationships

– Sub-classing, refinement, subsumption, hyponymy

– “nicotinic acetylcholine-gated receptor” (DA:000002) 
is-a “ligand-gated ion channel” (DA:0000086) 

• “part-of” relationships

– Dissection, meronymy

– “alpha6 nicotinic receptor subunit” (DA:0000186)
is part-of a “(alpha6)_2(beta2)_3 nAChR” (DA:0000031)

• Relationships are inherited!

– “alpha6 nicotinic receptor subunit” (DA:0000186)
is also part-of a “nicotinic acetylcholine-gated receptor” (DA:000002) 
and part-of a “ligand-gated ion channel” (DA:0000086)
and part-of a “protein” DA:0000260
and part-of a “molecular complex” DA:0000259
and part-of a “cellular component” DA:0000259

– “plasma membrane” is part-of “yeast”
“post-synaptic membrane” is-a “plasma membrane”
then “post-synaptic membrane” is part-of  “yeast” ... 



Systems Biology Ontology

• A taxonomy of the roles of reaction participants,   
including the following potential terms: “substrate”, 
“catalyst”, “inhibitor”, “competitive inhibitor”, “non-
competitive inhibitor”' etc.

• A CV for parameter roles in quantitative models.  This 
CV will include terms like “Hill coefficient”, “Michaelis 
constant” etc.

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



Systems Biology Ontology

SBO:0000000 ; Systems Biology Ontology
% SBO:0000001 ; rate law

% SBO:0000007 ; mass­action kinetics
% SBO:0000011 ; kinetics of unireactant enzymes

% SBO:0000012 ; Henri equation
% SBO:0000013 ; Henri­Michaelis­Menten equation
% SBO:0000014 ; Van Slyke equation
% SBO:0000015 ; Briggs­Haldane equation

% SBO:0000002 ; quantitative parameter
% SBO:0000018 ; kinetic constant

% SBO:0000019 ; catalytic constant
% SBO:0000008 ; Michaelis constant

% SBO:0000003 ; species role
% SBO:0000004 ; reactant
% SBO:0000005 ; product
% SBO:0000006 ; modifier

% SBO:0000016 ; activator
% SBO:0000017 ; inhibitor



Hidden 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:

•         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 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 



 <reaction>
        <listOfReactants>
          <speciesReference species=”S” />
        </listOfReactants>
        <listOfProducts>
          <speciesReference species=”P” />
        </listOfProducts>
        <listOfModifiers>
          <speciesReference species=”E” />
        </listOfModifiers>
        <kineticLaw definitionURL=”http://www.biomodels.net/SBO/#SBO:0000015”>
          <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 assumptions



 <reaction>
        <listOfReactants>
          <speciesReference species=”S” definitionURL=”http://www.biomodels.net/SBO/#SBO:0000004”/>
        </listOfReactants>
        <listOfProducts>
          <speciesReference species=”P” definitionURL=”http://www.biomodels.net/SBO/#SBO:0000005”/>
        </listOfProducts>
        <listOfModifiers>
          <speciesReference species=”E” definitionURL=”http://www.biomodels.net/SBO/#SBO:0000006”/>
        </listOfModifiers>
        <kineticLaw definitionURL=”http://www.biomodels.net/SBO/#SBO:0000015”>
          <listOfParameters>
            <parameter id=”Km”  definitionURL=”http://www.biomodels.net/SBO/#SBO:0000008”/>
            <parameter id=”kp” definitionURL=”http://www.biomodels.net/SBO/#SBO:0000019”/>
          </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 assumptions



Complete description of a rate-law term

[Term]
id: SBO:0000015
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 Michaelis­Menten or irreversible 
reactions of Van Slyke, but instead make the hypothesis that the complex enzyme­substrate 
is in steady­state. Although of the same form than the Henri­Michaelis­Menten equation,
 it is semantically different since Km now represents a pseudo­equilibrium 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
math: <math xmlns=”http://www.w3.org/1998/Math/MathML”>
      <lambda>
      <bvar><ci definitionURL=”http://www.biomodels.net/SBO/#SBO:0000004”>S</ci></bvar>
      <bvar><ci definitionURL=”http://www.biomodels.net/SBO/#SBO:0000006”>E</ci></bvar>
      <bvar><ci definitionURL=”http://www.biomodels.net/SBO/#SBO:0000019”>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>    
     </math>
    



 <reaction>
        <listOfReactants>
          <speciesReference species=”A” definitionURL=”http://www.biomodels.net/SBO/#SBO:0000004”/>
        </listOfReactants>
        <listOfProducts>
          <speciesReference species=”B” definitionURL=”http://www.biomodels.net/SBO/#SBO:0000005”/>
        </listOfProducts>
        <listOfModifiers>
          <speciesReference species=”C” definitionURL=”http://www.biomodels.net/SBO/#SBO:0000006”/>
        </listOfModifiers>
        <kineticLaw definitionURL=”http://www.biomodels.net/SBO/#SBO:0000015”>
          <listOfParameters>
            <parameter id=”U”  definitionURL=”http://www.biomodels.net/SBO/#SBO:0000008”/>
            <parameter id=”V” definitionURL=”http://www.biomodels.net/SBO/#SBO:0000019”/>
          </listOfParameters>
        </kineticLaw>
      </reaction>

Automatic conversion

v= C⋅V⋅[A]
U[A]

v1= k−1V 

U ⋅[A]⋅[C ]

v2=k−1⋅[D ]

v3=V⋅[D ]

discrete simulatorcontinuous simulator



More info see

• Shankar Subramaniam – Saturday 9:50



An international collaboration

SBML developement BioModels.net

• EBI
– Nicolas Le Novère
– Marco Donizelli
– Mélanie Courtot
– Lu Li
– Alexander Broicher

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

• Keck Graduate Institute
– Herbert Sauro
– Harish Dharuri

• Systems Biology Institute
– Hiroaki Kitano
– Akira Funahashi

• Stellenbosh University
– Jacky Snoep

•

• Michael Hucka 
• Andrew Finney 
• Herbert Sauro 
• Hamid Bolouri
• Ben Bornstein
• Nicolas Le Novère
• Pedro Mendes
• Martin Ginkel
• Kouichi Takahashi
• Takeshi Sakurada
• Jim Schaff
• John Wagner
• Jorg Stelling
• Poul Nielsen
• Hiroaki Kitano
• Bruce Shapiro
• Eric Mjolness
•

• Victoria Gor
• Jonathan Webb
• Colin Gillespie
• Igor Goryanin
• Jorg Weimar
• Stefan Hoops 
• Akira Funahashi
• Sven Sahle
• Ralf Gauges
• Hugh Spencer
• Wayne Rindone
• Fabien Campagne
• Maria Schilstra
• Vijay Saraswat
• Ed Frank
• Ben Kovitz
• Jeremy Zucker
• ...
• ...

• External contributors

– Upinder Bhalla
– Christoph Flamm
– Ryan Gutenkunst
– Adam Halasz
– Rainer Machné
– Marc Poolman
– Tomas Radivoyevitch
– Oleg Sokolsy
– Joanne Matthews
– Les Grivell
– Boris Kholodenko
– Tjeerd olde Scheper
– Paul Smolen
– Yukiko Matsuoka



The EBI team

<compneur>

  <member name=”Nicolas Le Novère” role=”leader”/>

  <member name=”Alexander Broicher” role=”trainee”/>

  <member name=”Mélanie Courtot” role=”developer”/>

  <member name=”Marie-Ange Djite” role=”trainee”/>

  <member name=”Marco Donizelli” role=”developer”>

  <member name=”Éric Fernandez” role=”post-doc”/>

  <member name=”Lu Li” role=”trainee”/>

  <member name=”Nicolas Rodriguez” role=”developer”/>”

  <member name=”Dominic Tölle” role=”PhD student”/>

</compneur>



European Bioinformatics Institute

• Databases

– Sequences, structures

– Transcriptomics, Proteomics
pathways, models

– Controlled vocabularies 
and dictionaries

• Research groups

– Comparative genomics (Ouzounis) 
Structural Genomics (Thornton) 
Molecular Evolution (Goldman)

– Text-Mining (Rebholz-Schumman) 
Computational Systems Biology (Le Novère) 
Statistical array analysis (Huber) 
Genomic analysis of regulatory systems (Luscombe)

British outstation of the European Molecular Biology Laboratory

Marie Curie Training site Fellowships:  3-6 months. Fully funded.


