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What is common?



Classifications Vs. OntologiesClassifications Vs. Ontologies

• Controlled Vocabularies: “An indexed dictionary”. 

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

• 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.



Hidden assumptionsHidden assumptions

• Henri-Michaelis-Menten:
     
        k1       kp

E+S    ES → E+P ; Rapid equilibrium          K
m
=k

-1
/k

1

        k-1                                          
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• Briggs-Haldane: 
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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
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E+S → E+P 

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


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.

• A list of event type, such as “catalysis” or “addition of a 
chemical group”



Is-it enough?Is-it enough?

• Reacting entity type? => link with BioPAX and SBGN

• Experimental evidence?

• ...



Term definitionTerm definition

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=n

synonyms unicode string minOccurs=0 minOccurs=n

mathml MathML lambda function minOccurs=0 maxOccurs=1

comment unicode string minOccurs=0 maxOccurs=1



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

discrete simulatorcontinuous simulator
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EditingEditing

• Dynamic update of the ontology

• Authentication mechanism

• Concurrent access

• Add/Obsoleting terms

• Add/delete relationships





ExportsExports

• OBO Flat File, version 1.2

– http://www.geneontology.org/GO.format.obo-1_2.shtml

• SBO-XML

– http://www.ebi.ac.uk/sbo/docs/sboxml_schema.xsd

• Ontology Web Language (OWL)

– http://www.w3.org/2004/OWL/

http://www.geneontology.org/GO.format.obo-1_2.shtml
http://www.ebi.ac.uk/sbo/docs/sboxml_schema.xsd
http://www.w3.org/2004/OWL/


OBO Flat FileOBO Flat File

• OBO: Open Biomedical Ontologies

• Standard format used by Gene Ontology

• Tab delimited flat file

• Easily human readable

• Can be loaded into DAGEdit

• Encoding + MathML issues 



[Term]

id: SBO:0000031

name: Briggs-Haldane equation

def: "Rate-law presented in \"G.E. Briggs and J.B.S. Haldane (1925) A note on the 
kinetics of enzyme action\, Biochem. J.\, 19\: 339-339\".... the enzyme and the 
substrate.\n\n<math xmlns=\"http\://www.w3.org/1998/Math/MathML\">\n<semantics 
definitionURL=\"http\://biomodels.net/SBO/#SBO\:0000062\">\n   <lambda>\n     
<bvar><ci 
definitionURL=\"http\://biomodels.net/SBO/#SBO\:0000025\">kcat</ci></bvar>\n     
<bvar><ci definitionURL=\"http\://biomodels.net/SBO/#SBO\:0000014\">Et</ci></bvar>\n 
    <bvar><ci 
definitionURL=\"http\://biomodels.net/SBO/#SBO\:0000015\">S</ci></bvar>\n     
<bvar><ci definitionURL=\"http\://biomodels.net/SBO/#SBO\:0000027\">Km</ci></bvar>\n 
    <apply>\n       <divide/>\n       <apply>\n         <times/>\n         
<ci>kcat</ci>\n         <ci>Et</ci>\n         <ci>S</ci>\n       </apply>\n       
<apply>\n         <plus/>\n         <ci>Km</ci>\n         <ci>S</ci>\n       
</apply>\n     </apply>\n   </lambda>\n</semantics>\n</math>" []

is_a: SBO:0000028 ! kinetics of unireactant enzymes

OBO Flat File ExportOBO Flat File Export





OBO ONTOLOGIESOBO ONTOLOGIES

...



XML exportXML export

• Easy to parse

• No encoding issue

• “Traditional” exchange format 

• Human readable



XML ExportXML Export

• First approach: OBO-XML

• Problems:
● didn't match our requirements

– no MathML support

– no schema

• Development of SBO-XML

– based on OBO-XML
– design of our own XML schema
– design of our own MathML subset schema (cf SBML)
– Castor API

– Includes validation 



    <Term>
        <id>SBO:0000031</id>
        <name>Briggs-Haldane equation</name>
        <namespace>Systems Biology Ontology</namespace>
        <def>
            <defstr>Rate-law presented ....</defstr>
        </def>
        <math xmlns="http://www.w3.org/1998/Math/MathML">
            <semantics definitionURL="http://biomodels.net/SBO/#SBO:0000062">
                <lambda>
                <bvar>
                <ci definitionURL="http://biomodels.net/SBO/#SBO:0000025">kcat</ci>
                </bvar>

        ...
                <apply>
                 ...
                </apply>
                </lambda>
            </semantics>
        </math>
        <is_a>SBO:0000028</is_a>
    </Term>

XML ExportXML Export



OWL: Ontology Web languageOWL: Ontology Web language

http://.../John Smith

John Smith

vcard:FN

RESOURCE: identified by it's URI

PROPERTY:  vcard=namespace
                    FN=local name 

Value of the property

•Vocabulary extension of RDF

•More complex description of classes, properties



OWL ExportOWL Export

• Jena API

• is_a -> subClassOf

• part_of -> general transitive property part of and 
restriction on this property

  <rdfs:subClassOf>

      <owl:Restriction>

        <owl:someValuesFrom rdf:resource="#SBO_0000000"/>

        <owl:onProperty>

          <owl:TransitiveProperty rdf:about="#part_of"/>

        </owl:onProperty>

      </owl:Restriction>

    </rdfs:subClassOf>



OWL ExportOWL Export

  <owl:Class rdf:ID="SBO_0000031">

    <rdfs:subClassOf>

      <owl:Class rdf:about="#SBO_0000028"/>

    </rdfs:subClassOf>

    <rdfs:label rdf:parseType="Literal">

<math xmlns="http://www.w3.org/1998/Math/MathML">

     ...

</math>

</rdfs:label>

    <rdfs:comment>Rate-law presented in "G.E. Briggs ...

</rdfs:comment>

    <rdfs:label>Briggs-Haldane equation</rdfs:label>

  </owl:Class>





WebservicesWebservices

• Next step

• Build on Apache Axis and Castor

• Axis: communication

• Castor: data-binding + validation



Sourceforge projectSourceforge project

http://sourceforge.net/projects/sbo/



Term requestsTerm requests
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