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Kinetics models are biological data 

Deposition advised by 

Molecular Systems Biology

all PLoS journals

all BMC Journals
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The model as an integrator of knowledge

gene 
expression

protein
interactions

kinetic
parametersliterature ... ...
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New: SBML Level 2 Version 3

Pre-released on March 20th 2007

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 ... 158 pages, 
10pt, small margin. 
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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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MIRIAM

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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MIRIAM

requirements for
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encoding annotations

model attribution 
and generation

annotation of
model components

MIRIAM guidelinesMIRIAM guidelines
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Characteristics of a useful identifier 

Unique 
an identifier must never be assigned to two different objects;

Perennial
the identifier is constant and its lifetime is permanent;

Standards compliant
must conform on existing standards, such as URI;

Resolvable
identifiers must be able to be transformed into locations of online 
resources storing the object or information about the object;

 Free of use
 everybody should be able to use and create identifiers, freely 
and at no cost.
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MIRIAM annotation

Data-Type
(required)

URI
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MIRIAM annotation

Data-Type
(required)

URI

Identifier
(required)

text string

Qualifier
(optional)

text string

Identifier
(required)

text string

Not a URL, 
not a “Web-
address”!

Format depends
on the resource

identified by
the data-type

Controlled 
vocabulary

established by
the community

The data-type and the identifier can be combined in a single URI

URL style: http://www.MyResource.org/#MyIdentifier

URN style: urn:lsid:MyResource.org:MyIdentifier
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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.
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MIRIAM Resources

Web server & Web container (Apache Tomcat)

Database
(MySQL)

Connections pool

Interactive 
access (browser)

Programmatic
 access (Java)

MIRIAM
Web

Application
(Servlet, JSP)

MIRIAM
Web Services

(Axis)

WSDL
(XML)(X)HTML

AJAX SOAP
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http://www.ebi.ac.uk/miriam/
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requirements for a MIRIAM-compliant resource

Open access 
Anybody can access any public data without restriction (no 
commercial licence; no login page etc.)

Atomicity
The granularity of the data distributed has to be appropriately 
selected (A database of “reactions” distributes reaction and not 
pathways) and consistent (e.g. classes or instances but not 
classes AND instances)

Identifier
An atomic data is associated to a unique and perennial 
identifier  

Community recognition
The resource has to be “recognised” by the corresponding 
experimental community, be reasonably supported etc
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Qualification of annotation

model element

biological 
entity A

biological 
entity B

annotation

represents represents

qualifier

relationship
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Qualification of annotation

species MPF

M-phase
promoting factor

CDC2

UniProt P04551

represents represents

bqbiol:hasPart

has a part
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Qualification of annotation

reaction MKPase

MAPK
dephosphorylation

phosphoprotein
phosphatase

EC 3.1.3.16

represents represents

bqbiol:isVersionOf

is a version of
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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.
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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>  

    



Storage and Annotation of Reaction Kinetics Data
May 21-23, 2007, EML research, Heidelberg, Germany

How to chose the right annotation?

Choose the right level of abstraction

Precise enough to narrow down to the meaning of the component: not 
“vertebrate” for “mammal”; not “protein phosphorylation” for “MAPK 
phosphorylation” 

Comprehensive enough to encompass the whole semantic of the component: 
not “rodent” for “mammal”; not “threonine phosphorylation” for “MAPK 
phosphorylation” 

Complete

If annotation of one part of a complex, annotate all the parts: Partial annotation 
can be misleading. The function of Cyclin/CDK is different of the function of CDK

(if annotating resource incomplete, file a curator request ...)

Comply with usual identifier requirements

Unique, perennial, standard compliant, resolvable ...
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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 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 

Henri-Michaelis-Menten

Van Slyke-Cullen

Briggs-Haldane

http://www.w3.org/1998/Math/MathML
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Systems 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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\http://www.ebi.ac.uk/sbo/
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      <reaction sboTerm=”SBO:0000172”>
        <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=”K1” 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>K1</ci>
                                <ci>S</ci>
                       </apply>
            </apply>
          </math>
        </kineticLaw>
      </reaction>

SBML and SBO

http://www.w3.org/1998/Math/MathML
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      <reaction sboTerm=”SBO:0000172”>
        <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=”K1” 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>K1</ci>
                                <ci>S</ci>
                       </apply>
            </apply>
          </math>
        </kineticLaw>
      </reaction>

SBML and SBO

catalysis

substrate

product

catalyst

Briggs-Haldane equation

Km
kcat

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

SBML and SBO

v= C⋅V⋅[A]

U[A]
v1= k

−1V 

U
⋅[A]⋅[C ]

v2=k
−1⋅[D]

v3=V⋅[D]

discrete simulatorcontinuous simulator
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<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

catalysis

substrate

product

Briggs-Haldane equation

Km
kcat

functional compartment

simple chemical
simple chemical
enzyme

catalyst
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https://sourceforge.net/projects/sbo
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TErminology for the Description of DYnamics
(https://sourceforge.net/projects/teddyontology)

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. 

TErminology for the Description of DYnamics
()

TErminology for the Description of DYnamics
()
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Bruce Shapiro
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Molecular Systems Biology
All PLoS Journals
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Programs used for curation

CellDesigner/SBMLodeSolver
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Jarnac/JDesigner
MathSBML
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XPP-Aut

NCBS

Upinder Bhalla
Harsha Rani

University of Washington
Herbert Sauro
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Rainer Machne
James Lu

Systems Biology Institute

Hiroaki Kitano
Akira Funahashi
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Jacky Snoep
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European Bioinformatics Institute

Databases

Sequences, structures

Transcriptomics, Proteomics
pathways, models

Controlled vocabularies 
and dictionaries

Research groups

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)

Systems Biology of ES cells (Bertone)

British outstation of the European Molecular Biology Laboratory


