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A short history of SBML
14 Nov 1996 - First XML working draft

11 Feb 1998 – XML as W3C recommendation

The origins of CellML

1998 – Start of the development of CellML by dpt of Engineering Science at the 
University of Auckland and Physiome Sciences Inc.

Late 1998 – Watten Headley and David Nickerson suggest to use XML

11 Aug 2001 – CellML 1.0 is released

The origins of SBML

1998 – Launch of ERATO Kitano, to produce a platform for modeling

April 1999 – Start of an effort to develop a biochemical format

9 Sep 1999 – Herbert Sauro announces the  Portable Metabolic Binary Standard

18 Sep 1999 – Igor Goryanin suggests to use XML

10 May 2000 - XML standard for cellular models (MML). ERATO

8 Aug 2000 – Hucka, Finney, Sauro and Bolouri. An XML-based Model 
Description Language for Systems Biology Simulations. ERATO Kitano Systems 
Biology Project (first tracable version of a draft specification for the language 
called SBML)

 2 Mar 2001 – SBML Level 1 Version 1
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The Systems Biology Markup Language is a way to exchange and 
reuse (and hopefully interface) descriptions of quantitative 
models in “Systems Biology”, in fact mostly well-stirred chemical 
kinetics so far.

It is not a procedural language.

It is not a programming language. 

It is not a format for specific software configuration files.

Tools are supposed to understand the whole of SBML but not 
obligatory make use of everything (will not be true for Level 3).

Development philosophy: Start small, get good support, extend.

A feature should only be included if at least two software tools can 
use it: It is an exchange language.

Basic tools are provided to read, validate, write and process SBML. No 
need to re-invent the wheel. Let's focus on science instead.

SBML itself re-uses other standards: MathML, XHTML, RDF, existing 
ontologies.

It is supported by a community large, diverse, active and evolving.

What is  SBML?
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<?xml version="1.0" encoding="UTF­8"?>
<sbml level="2" version="4" xmlns="http://www.sbml.org/sbml/level2/version4">
  <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 → B
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<?xml version="1.0" encoding="UTF­8"?>
<sbml level="2" version="4" xmlns="http://www.sbml.org/sbml/level2/version4">
  <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>
 

No biological semantics in the language itself

Elements free of biological 
semantics: we do not know 
which type of species this is

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

Reusing existing standards

MathML

http://www.sbml.org/sbml/level2
http://www.w3.org/1998/Math/MathML
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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”
    sboTerm=”SBO:0000245” >
  <notes>
    <body xmlns=”http://www.w3.org/1999/xhtml”>
      <p>One of the components of a 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="urn:miriam:uniprot:P68370"/>
            <rdf:li rdf:resource=”urn:miriam:obo.go:GO%3A0045298”/>
          </rdf:Bag>
        </bqbiol:is>
      </rdf:Description>
    </rdf:RDF>
  </annotation>
</species>

http://www.w3.org/1999/xhtml
http://biomodels.net/model-qualifiers/
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Externalisation of biological semantics

<species 
    id=”A” 
    name=”­tubulin”
    compartment=”cell”
    initialAmount=”1000”
    substanceUnits=”item”
    hasOnlySubstanceUnits=”true”
    boundaryCondition=”true”
    constant=”false”
    charge=”0”
    metaid=”PX”
    sboTerm=”SBO:0000245” >
  <notes>
    <body xmlns=”http://www.w3.org/1999/xhtml”>
      <p>One of the components of a 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="urn:miriam:uniprot:P68370"/>
            <rdf:li rdf:resource=”urn:miriam:obo.go:GO%3A0045298”/>
          </rdf:Bag>
        </bqbiol:is>
      </rdf:Description>
    </rdf:RDF>
  </annotation>
</species>

macromolecule

http://www.w3.org/1999/xhtml
http://biomodels.net/model-qualifiers/
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Reusing existing standards again

<species 
    id=”A” 
    name=”­tubulin”
    compartment=”cell”
    initialAmount=”1000”
    substanceUnits=”item”
    hasOnlySubstanceUnits=”true”
    boundaryCondition=”true”
    constant=”false”
    charge=”0”
    metaid=”PX”
    sboTerm=”SBO:0000245” >
  <notes>
    <body xmlns=”http://www.w3.org/1999/xhtml”>
      <p>One of the components of a 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="urn:miriam:uniprot:P68370"/>
            <rdf:li rdf:resource=”urn:miriam:obo.go:GO%3A0045298”/>
          </rdf:Bag>
        </bqbiol:is>
      </rdf:Description>
    </rdf:RDF>
  </annotation>
</species>

RDF

XHTML

http://www.w3.org/1999/xhtml
http://biomodels.net/model-qualifiers/
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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 or repolarisation;

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!  
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Hodgkin-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>

assignment rule:

x = f (y,z)

rate rule:

dx/dt = f (x,y,z)
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An example of pharmacodynamic model

    <rateRule metaid="metaid_0000031" variable="Size">
      <math xmlns="http://www.w3.org/1998/Math/MathML">
        <apply>
          <times/>
          <apply>
            <minus/>
            <apply>
              <times/><ci> RateIn </ci><ci> Effect </ci>
            </apply>
            <apply>
              <times/><ci> Kover </ci><ci> Size </ci>
            </apply>
          </apply>
          <ci> Size </ci>
        </apply>
      </math>
    </rateRule>
    <assignmentRule metaid="metaid_0000027" variable="Effect">
      <math xmlns="http://www.w3.org/1998/Math/MathML">
        <apply>
          <minus/>
          <cn> 1 </cn>
          <apply>
            <divide/>
            <ci> Ce </ci>
            <apply>
              <plus/><ci> AE50 </ci><ci> Ce </ci>
            </apply>
          </apply>
        </apply>
      </math>
    </assignmentRule>

Tham et al (2008) A pharmacodynamic 
model for the time course of tumor 
shrinkage by gemcitabine + carboplatin in 
non-small cell lung cancer patients.
Clin Cancer Res. 2008 14(13): 4213-8.



Rostock, 1-2 February 2010

original article reproduction with SBMLodeSolver
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SBML roadmap

SBML Levels are supposed to co-exist,
SBML Versions override previous ones

Level 1 Version 1: 2 March 2001

Level 1 Version 2: 28 August 2003

Level 2 Version 1: 28 July 2003

Level 2 Version 2: 26 September 2006

Level 2 Version 3 release 1: 16 June 2007

Level 2 Version 3 release 2: 26 September 2007

Level 2 Version 4: 22 December 2008

Level 3 core: 31 December 2009

Backward compatibility within Level at the level of the XML
(but not 100% at the level of semantics)

conversion 
using libSBML
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Difference between            L1, L2 and L3

predefined functions

proprietary infix 
math notation

reserved namespaces 
for annotation

no controlled 
annotation

no discrete events

monolithic

default values

function definitions

all math in MathML

no reserved namespaces 
for annotations

controlled 
RDF annotation 

discrete events

monolithic

default values

function definitions

all math in MathML

no reserved namespaces 
for annotations

controlled 
RDF annotation 

discrete events

modular

no default values

L1                          L2                           L3

Progressive simplification, generalisation and externalisation
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A glimpse of  SBML Level 3

Modular SBML, with core + optional packages

Core package – Release candidate

Graph Layout – specification finalised

Complex species – specification finalised 

Groups - specification under discussion

Model composition – specification under discussion

Qualitative models – specification under discussion

Graph rendering – specification proposed

Distributions and ranges - specification proposed

Arrays and sets – specifications proposed

Geometry - specification proposed

Spatial diffusion – needed

Dynamic structures - needed

???
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Current structure of the           community

SBML-team (~2-7)  
Funded on the SBML 
grant. Develops 
resources      -- head

SBML editorial 
board (5)
members elected for 3 
years. No consecutive 
terms

chairs

SBML forum (~20-30)
People attending consecutive meetings, participating to 
the discussions, proposing extensions and voting on 
resolutions.

SBML community
People who attended a meeting, participated to a  
discussion, requested a feature, implemented support 
for SBML, or simply use SBML

elects
consults

writes 
specification

motivates

SBML-partners (2)
Grant holders
Workforce hosts

fund
host
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Model semantics

Data-models

Minimal 
requirements

Ontologies

Models           Simulation           Results   

SBRMLSED-ML
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MIRIAM guidelines

Reporting guidelines for curation 
of quantitative models

Specifically about encoding 
& annotation 

Limited for the moment to 
models that can be 
numerically evaluated

Not specific to SBML; applicable to 
any structured model format



Rostock, 1-2 February 2010

MIRIAM compliance

Models must :

be encoded in a public machine-readable format

be clearly linked to a single reference description 

reflect the structure of the biological processes described in the 
reference paper (list of reactions etc.)

be instantiable in a simulation (possess initial conditions etc.)

be able to reproduce the results given in the reference paper

contain creator’s contact details

annotation to unambiguously identify each model constituent 
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Why are annotations important?

Annotation of model components are essential to: 

unambiguously identify model components

improve understanding the structure of the model 

allow easier comparison of different models

ease the integration of models

allow efficient search strategies

add a semantic layer to the model

improve understanding of the biology behind the model

allow conversion and reuse of the model

ease the integration of model and biological knowledge
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Why annotations should not be raw text

EMBL bank version 45 (04-DEC-1995 ): 
/db_xref="PID:g984120"

EMBL bank version 47 (07-JUN-1996):
/db_xref="PID:g984120"
/db_xref="SWISS-PROT:P49581"

EMBL bank version 60 (03-SEP-1999):
/db_xref="SWISS-PROT:P49581"
/protein_id="CAA58766.1"

EMBL bank version 73 (30-NOV-2002):
/db_xref="SWISS-PROT:P49581"
/protein_id="CAA58766.1"
/db_xref="GOA:P49581"

EMBL bank version 79 (08-JUN-2004):
/db_xref="UniProt/Swiss-Prot:P49581"
/protein_id="CAA58766.1"
/db_xref="GOA:P49581"

EMBL bank version 84 (12-SEP-2005):
/db_xref="UniProtKB/Swiss-Prot:P49581"
/protein_id="CAA58766.1"
/db_xref="GOA:P49581"
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Why annotations should not be uncontrolled XML

Extracted from a BioPAX version of "Signaling by EGFR":

<bp:unificationXref rdf:ID="UniProt_P01133">
    <bp:DB rdf:datatype="http://www.w3.org/2001/XMLSchema#string">UniProt</bp:DB>
    <bp:ID rdf:datatype="http://www.w3.org/2001/XMLSchema#string">P01133</bp:ID>
</bp:unificationXref>

What is “UniProt”?

CGD is the official acronym for:

Candida Genome Database

Cattle Genome Database

Comparative Genomics Database

Chronic Granulomatous Disease
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Why annotations should not be uncontrolled URLs

http://srs6.ebi.ac.uk/srs6bin/cgi-bin/wgetz?[swissprot-AccNumber:P01133]+-e

http://www.ebi.uniprot.org/uniprot-srv/uniProtView.do?proteinId=P01133

http://www.ebi.uniprot.org/entry/P01133

http://www.uniprot.org/uniprot/P01133?proteinId=P01133

http://www.uniprot.org/uniprot/P01133
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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
identifier
(required)

URI

Not a URL, 
not a “Web-
address”!

Corresponds to a namespace
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MIRIAM annotation

Data-set 
Identifier
(required)

text string

Not a URL, 
not a “Web-
address”!

Format depends
on the resource

identified by
the data-type

Data-type
identifier
(required)

URI
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MIRIAM annotation

Data-set 
Identifier
(required)

text string

Not a URL, 
not a “Web-
address”!

Format depends
on the resource

identified by
the data-type

urn:miriam:uniprot:P62158

urn:miriam:ec-code:1.1.1.1

urn:miriam:obo.go:GO%3A0000186

UniProt and P62158 (human calmodulin)

EC code and 1.1.1.1 (alcohol dehydrogenase)

Gene Ontology and GO:0000186 (activation of MAPKK activity)

Data-type
identifier
(required)

URI
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MIRIAM annotation

Data-set 
Identifier
(required)

text string

Not a URL, 
not a “Web-
address”!

Format depends
on the resource

identified by
the data-type

Data-type
identifier
(required)

URI

Annotation
qualifier

(optional)

text string

Controlled 
vocabulary

established by
the community
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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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Current BioModels.net Qualifiers

bqbiol:encodes The biological entity represented by the model component encodes, 
directly or by transitivity the subject of the referenced resource.

bqbiol:isEncodedBy The biological entity represented by the model component is 
encoded, directly, or by transitivity, by the subject of the referenced resource.

bqbiol:occursIn The biological entity represented by the model component takes 
place in the subject of the referenced resource.  

PROPOSED

bqbiol:isPropertyOf The biological entity represented by the model component is a 
property of the subject of the referenced resource.

bqbiol:hasProperty The subject of the referenced resource is a property of the 
biological entity represented by the model component .
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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="urn:miriam:uniprot:P62158"/>
            <rdf:li rdf:resource="urn:miriam:obo.chebi:CHEBI%3A29108"/>
          </rdf:Bag>
        </bqbiol:hasPart>
      </rdf:Description>
    </rdf:RDF>
  </annotation>
</species>  
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Tools developing support for MIRIAM identifiers

Data resources

BioModels Database (kinetic models)

PSI consortium (protein interactions)

Reactome (pathways)

SABIO-RK (reaction kinetics)

Yeast consensus model database

Human consensus model database

E-MeP (structural genomics)

Application software

ARCADIA (graph editor)

BIOUML (modeling and simulation)

COPASI (Simulation)

libAnnotationSBML

libSBML

SAINT (semantic annotation)

SBML2BioPAX

SBML2LaTeX

SBMLeditor (model editor)

SemanticSBML (annotation and merging)

Snazer (Network analysis, Simulations)

Systems Biology Workbench 
(model design and simulation)

The Virtual Cell (Simulation)

MIRIAM Resources statistics

~5000 web page requests per month

~550000 web service requests per month
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Tools using MIRIAM identifiers

Data resources

BioModels Database (kinetic models)

PSI consortium (protein interactions)

Reactome (pathways)

SABIO-RK (reaction kinetics)

Yeast consensus model database

Human consensus model database

E-MeP (structural genomics)

Application software

ARCADIA (graph editor)

BIOUML (modeling and simulation)

COPASI (Simulation)

libAnnotationSBML

libSBML

SAINT (semantic annotation)

SBML2BioPAX

SBML2LaTeX

SBMLeditor (model editor)

SemanticSBML (annotation and merging)

Snazer (Network analysis, Simulations)

Systems Biology Workbench 
(model design and simulation)

The Virtual Cell (Simulation)

MIRIAM Resources statistics

~5000 web page requests per month

~550000 web service requests per month
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Application: whole-cell metabolic models

Yeast Metabolic Model
Herrgård M.J., Swainston N., Dobson P., Dunn W.B., Arga K.V., 
Arvas M., Blüthgen N., Borger S., Costenoble R, Heinemann M., 
Hucka M., Le Novère N., Li P., Liebermeister W., Mo M.L., Oliveira 
A.P., Petranovic D., Pettifer S., Simeonidis E., Smallbone K., Spasic 
I., Weichart D., Brent R., Broomhead D.S., Westerhoff H.V., Kırdar 
B., Penttilä M., Klipp E., Palsson B.Ø., Sauer U., Oliver S.G., Mendes 
P., Nielsen J., Kell D.B. (2008) A consensus yeast metabolic 
network reconstruction obtained from a community approach to 
systems biology. Nature Biotechnology, 26: 1155-1160.

2152 species,  1857 reactions, 4861 MIRIAM annotations

Human Metabolic Model

4889 species, 8866 reactions, 66968 MIRIAM annotations
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Krause F, Liebermeister W (2009) 
A simple clustering of the BioModels 
database using semanticSBML.
Nature Precedings, doi:10.1038/npre.2009.3444.1
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<listOfCompartments>
  <compartment id=”C”>
</listOfCompartments>
<listOfSpecies>
  <species id=”A”/>
  <species id=”B”/>
  <species id=”C”/>
</listOfSpecies>
<listOfReactions>      
  <reaction>
    <listOfReactants>
      <speciesReference species=”A”/>
    </listOfReactants>
    <listOfProducts>
      <speciesReference species=”B”/>
    </listOfProducts>
    <listOfModifiers>
      <speciesReference species=”C”/>
    </listOfModifiers>
    <kineticLaw>
      <math></math>
      <listOfParameters>
        <parameter id=”U”/>
        <parameter id=”V”/>
      </listOfParameters>
    </kineticLaw>
  </reaction>
</listOfReactions>

Lack of biological semantics in SBML

What are those?

(“who” has been answered 
by MIRIAM annotations)

Do those affect/are
affected by the reaction?

How should-I 
understand this?
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Model semantics

Data-models

Minimal 
requirements

Ontologies

Models           Simulation           Results   

SBRMLSED-ML
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Systems Biology Ontology vocabularies

Entities, that is existing objects, whether functional or material, such as 
“macromolecule”, or “channel”.

Roles of reaction participants, including  terms like “substrate”, “catalyst” 
etc.

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”.

Le Novère N., Courtot M., Laibe C. Adding semantics in kinetics models of biochemical pathways. 
Proc 2nd Intl Symp Experimental Standard Conditions of Enzyme Characterizations 
(2007), 137-153. Available at http://www.beilstein-institut.de/index.php?id=196
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\http://www.ebi.ac.uk/sbo/
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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
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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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Conversion between modeling frameworks

v1=
k

−1
V 

U
⋅[A]⋅[C ]

v2=k
−1
⋅[D]

v3=V⋅[D]

discrete simulator

continuous simulator

<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>

º =
C ¢ V ¢ [A]
(U + [A])
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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>

catalysis

physicalEntityParticipant

GO annotation

Small molecule
Small molecule
Protein

SBML to  BioPAX conversion using SBO

physicalEntityParticipant

physicalEntityParticipant

http://www.biopax.org/
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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 to SBGN conversion using SBO

http://www.sbgn.org/
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SBML to SBGN conversion using SBO

A

C

B
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Model representation

Minimal 
requirements

Data-models

Ontologies

Models           Simulation           Results   

SBRMLSED-ML
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What is SBGN?

An unambiguous way  of graphically  describing and 
interpreting biochemical and cellular events

Limited amount of symbols
Re-use existing symbols
                                             Smooth learning curve

Can represent logical or mechanistic models, biochemical 
pathways, at different levels of granularity

Detailed technical specification, precise data-models and 
growing  software support

Initiated by Hiroaki Kitano. Developed over four years by a 
diverse community
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39 authors, 31 affiliations
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Graph trinity: three languages in one notation

Process Descriptions Entity Relationships Activity Flows

Unambiguous

Mechanistic

Sequential

Combinatorial 
explosion

Unambiguous

Mechanistic

Sequential

Combinatorial 
explosion

Unambiguous

Mechanistic

Non-sequential

Independence 
of relationships

Unambiguous

Mechanistic

Non-sequential

Independence 
of relationships

Ambiguous

Conceptual

Sequential

Ambiguous

Conceptual

Sequential
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Graph trinity: three languages in one notation

Unambiguous

Mechanistic

Sequential

Combinatorial 
explosion

Unambiguous

Mechanistic

Sequential

Combinatorial 
explosion

Process Descriptions Entity Relationships Activity Flows

Unambiguous

Mechanistic

Non-sequential

Independence 
of relationships

Unambiguous

Mechanistic

Non-sequential

Independence 
of relationships

Ambiguous
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Three orthogonal projections of biology
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multi-cellular processes in
Process Description

language

catalytic processes

transport processes

contractile proteins
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Linking SBGN maps to 
external information
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Linking SBGN maps to 
external information
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Status of Specifications

SBGN Process Descriptions

Level 1 Version 1.0 released on August 23rd  2008

Level 1 Version 1.1 released on September 1st  2009

Level 1 Version 2 under discussion

SBGN Entity Relationships

Level 1 Version 1.0 released on September 1st  2009

SBGN Activity Flows

Level 1 Version 1.0 released on September 1st  2009
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Current structure of the     SBGN community

SBGN editorial 
board (5)
members elected for 3 
years. No consecutive 
terms

SBGN forum (~20-30)
People attending consecutive meetings, participating to 
the discussions, proposing extensions and voting on 
resolutions.

SBGN community
People who attended a meeting, participated to a  
discussion, requested a feature, implemented support 
for SBGN, or simply use SBGN

elects
consults

writes 
specification

motivates

SBGN scientific committee
Grant holders to support SBGN
Experts/pioneers in graphical
representation
Leading figures in related fields

advise and monitor
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Simulation description

Data-models

Minimal 
requirements

Ontologies

Models           Simulation           Results   

SBRMLSED-ML
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Reproduction of published simulation results

Edelstein et al 1996 (BIOMD0000000002)

Huang & Ferrell (BIOMD0000000009)

Ueda, Hagiwara, Kitanol 2001 (BIOMD0000000022)

Bornheimer et al 2004 (BIOMD0000000086)
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Description of models
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Description of models

<?xml version="1.0" encoding="utf­8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
  <notes>Changing a system from oscillation to chaos</notes>
  <listOfModels>
    <model id="model1" 
           name="Circadian Oscillations" 
           type="SBML"
           source="urn:miriam:biomodels.db:BIOMD0000000021" />
    <model id="model2" 
           name="Circadian Chaos" 
           type="SBML" 
           source="model1">
      <listOfChanges>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_mT']/@value" newValue="0.28">
        </changeAttribute>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_dT']/@value" newValue="4.8">
        </changeAttribute>
      </listOfChanges>
    </model>
  </listOfModels>
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Description of models

<?xml version="1.0" encoding="utf­8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
  <notes>Changing a system from oscillation to chaos</notes>
  <listOfModels>
    <model id="model1" 
           name="Circadian Oscillations" 
           type="SBML"
           source="urn:miriam:biomodels.db:BIOMD0000000021" />
    <model id="model2" 
           name="Circadian Chaos" 
           type="SBML" 
           source="model1">
      <listOfChanges>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_mT']/@value" newValue="0.28">
        </changeAttribute>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_dT']/@value" newValue="4.8">
        </changeAttribute>
      </listOfChanges>
    </model>
  </listOfModels>

Any model description 
in XML such as SBML, CellML
VCML etc.
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Description of models

<?xml version="1.0" encoding="utf­8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
  <notes>Changing a system from oscillation to chaos</notes>
  <listOfModels>
    <model id="model1" 
           name="Circadian Oscillations" 
           type="SBML"
           source="urn:miriam:biomodels.db:BIOMD0000000021" />
    <model id="model2" 
           name="Circadian Chaos" 
           type="SBML" 
           source="model1">
      <listOfChanges>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_mT']/@value" newValue="0.28">
        </changeAttribute>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_dT']/@value" newValue="4.8">
        </changeAttribute>
      </listOfChanges>
    </model>
  </listOfModels>
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Description of models
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Description of models

<?xml version="1.0" encoding="utf­8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
  <notes>Changing a system from oscillation to chaos</notes>
  <listOfModels>
    <model id="model1" 
           name="Circadian Oscillations" 
           type="SBML"
           source="urn:miriam:biomodels.db:BIOMD0000000021" />
    <model id="model2" 
           name="Circadian Chaos" 
           type="SBML" 
           source="model1">
      <listOfChanges>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_mT']/@value" newValue="0.28">
        </changeAttribute>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_dT']/@value" newValue="4.8">
        </changeAttribute>
      </listOfChanges>
    </model>
  </listOfModels>
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Description of models

<?xml version="1.0" encoding="utf­8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
  <notes>Changing a system from oscillation to chaos</notes>
  <listOfModels>
    <model id="model1" 
           name="Circadian Oscillations" 
           type="SBML"
           source="urn:miriam:biomodels.db:BIOMD0000000021" />
    <model id="model2" 
           name="Circadian Chaos" 
           type="SBML" 
           source="model1">
      <listOfChanges>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_mT']/@value" newValue="0.28">
        </changeAttribute>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_dT']/@value" newValue="4.8">
        </changeAttribute>
      </listOfChanges>
    </model>
  </listOfModels>
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Production of results
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Is the mosaic of standards really complete?

Minimal 
requirements

Data-models

Ontologies

Models           Simulation           Results   

SBRMLSED-ML
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Disentangling the model life-cycle

n
u

m
e
ri

ca
l 
r e

su
lt

s

si
m

u
la

ti
o
n

 a
n

d
 a

n
a
ly

si
s

p
a
ra

m
e
te

ri
s a

ti
o
n

m
o
d

e
l  
d

e
sc

ri
p

ti
o
n

SBMLSBML
SED-MLSED-ML SBRMLSBRML

m
o
d

e
l  
g

e
n

e
ra

ti
o
n

PMMLPMML



Rostock, 1-2 February 2010

Model semantics (structure)

Initial conditions

Disentangling the level of discourse

Biological semantics

Graphical representation

BioPAXBioPAX

CellMLOWLCellMLOWL

SBGNSBGN

SBMLSBMLSBMLSBML
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plant biology

Toxicogenomics

neurosciences

physiology

Covering the whole life-science

systems biology

SBMLSBML

CellMLCellML

SimileXMLSimileXMLDDMoREDDMoRE
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Interfacing standards in the three directions

SBML to BioPAX: interface using annotations (MIRIAM 
annotations and SBO terms), e.g.

mapping between Species and PhysicalEntity

mapping between Reactions and PhysicalInteraction

Usage of SBML descriptions (or CellML or VCML) in SED-ML: 
Identification of variables using XPath

Descriptions using SBML and NeuroML: Interface based on 
shared namespaces
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Separating scales and representations
example of neurosciences

Brain function is a multi-scale process

Molecular: Opening of ion channels

Subcellular: Signalling pathways

Cellular: Propagation of the action potentials

Multi-cellular: Computation by micro-circuits

Tissular: Consciousness and depolarization waves

Modelling neuronal processes requires many approaches

Modelling biochemistry

Modelling electrical activity

Modelling mechanics 

Role of the International Neuroinformatics Coordinating 
Facility 
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Existing standardisation efforts

ChannelML: state-based representation of molecule 
behaviour (part of NeuroML)

SynapseML: (part of NeuroML)

MorphML: cable representation of neurons (part of NeuroML)

SBML: description of biochemical processes (interoperate 
with NeuroML)

NeuML (temporary name): Effort started by the INCF to 
describe networks of single-compartment neurons

Missing: Representation of mechanical processes 

Missing: Description of mean-field measurements
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Existing standardisation efforts

ChannelML: state-based representation of molecule 
behaviour (part of NeuroML)

SynapseML: (part of NeuroML)

MorphML: cable representation of neurons (part of NeuroML)

SBML: description of biochemical processes (interoperate 
with NeuroML)

Missing: Representation of mechanical processes 

NeuML (temporary name): Effort started by the INCF to 
describe networks of single-compartment neurons

Missing: Representation of tissus

Missing: Description of mean-field measurements

electrical behaviours
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Existing standardisation efforts

ChannelML: state-based representation of molecule 
behaviour (part of NeuroML)

SynapseML: (part of NeuroML)

MorphML: cable representation of neurons (part of NeuroML)

SBML: description of biochemical processes (interoperate 
with NeuroML)

Missing: Representation of mechanical processes 

NeuML (temporary name): Effort started by the INCF to 
describe networks of single-compartment neurons

Missing: Representation of tissus

Missing: Description of mean-field measurements

biochemical processes
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Existing standardisation efforts

ChannelML: state-based representation of molecule 
behaviour (part of NeuroML)

SynapseML: (part of NeuroML)

MorphML: cable representation of neurons (part of NeuroML)

SBML: description of biochemical processes (interoperate 
with NeuroML)

Missing: Representation of mechanical processes 

NeuML (temporary name): Effort started by the INCF to 
describe networks of single-compartment neurons

Missing: Representation of tissus

Missing: Description of mean-field measurements

mechanical processes
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Existing standardisation efforts

ChannelML: state-based representation of molecule 
behaviour (part of NeuroML)

SynapseML: (part of NeuroML)

MorphML: cable representation of neurons (part of NeuroML)

SBML: description of biochemical processes (interoperate 
with NeuroML)

Missing: Representation of mechanical processes 

NeuML (temporary name): Effort started by the INCF to 
describe networks of single-compartment neurons

Missing: Representation of tissus

Missing: Description of mean-field measurements

Networks of coupled cells
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plant biology

Toxicogenomics

neurosciences

physiology

The issues to tackle are trans-disciplinary

systems biology

SBMLSBML

CellMLCellML

SimileXMLSimileXMLIMI DDMLFIMI DDMLF
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global representation

tissue network

mechanics

electrophysiology

The issues to tackle are trans-disciplinary

biochemistry

SBMLSBML
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Multi-scale representation (1)
Standard interfaces

NeuML
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Requirement for multi-scale representation (1)

Agreement on data-types and units

The components contain the addressing

The components with input terminals cannot be readily 
reused 
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Multi-scale representation (2)
Adapters

NeuML

f(x,y,z) g(x,y,z)

h(x)
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Requirement for multi-scale representation (2)

Able to connect any format as input and any format as 
output, as far as it is XML.

Contains all the information necessary for building the 
model. The components do not know about it.

The bridges cannot be reused. They are specific of a given 
set of components (because of the pointers).

The components can be reused.
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Threats to the whole enterprise

Current efforts are entirely dependent on key people (SBML: Mike 
Hucka, CellML: Peter Hunter/Poul Nielsen, NeuroML: Padraig 
Gleeson, SBGN: NLN). Their disengagement means disaggregation.

Current funding structure is fragile. Many different grants, 
sometimes only supporting meetings (SBGN), none of them 
infrastructure rolling funding, often tied to individuals.

Current efforts are not immune against intellectual property claims 
that would destroy the community (e.g. Caltech and SBML)

Existing standards are developed with very different approaches, 
quality checks, and are based on completely different assumptions  
(e.g. NeuroML assumes implicit knowledge)

APIs needs industry-grade support, incompatible with standard 
academic usages and possibilities 
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Poster presented 
by Mike Hucka
at the 6th ICSB 
Boston 2005
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A first step: common meetings

January 2008: SBGN hackathon; BioModels DB; MIRIAM; SBO

March 2009: SBML hackathon; BioModels DB; MIRIAM; SBO

April 2009: CellML; SED-ML; SBGN hackathon

May 2010: SBML hackathon; BioModels DB; MIRIAM; SBO; 
SED-ML

October 2010: 1st  COMBINE MEETING with SBML; SBGN; ??

From now on, two grouped annual meetings

COMBINE forum: presentation of support, discussion 
about future developments and collaboration etc.

HARMONY hackathon: developing support, writing 
specifications, tinkering with interoperability etc. 
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Requirements for a global coordination structure

What?

Set of interoperable description languages

Cover all aspects of modelling and simulation

Cover all type of descriptions / views of the real

Role of community-maintained ontologies.

How?

Independance towards Instititution, funders and individuals

?

Who?

Community developing their standards: Systems  Biology, 
Physiology, Neuroscience (INCF), Drug discovery

Other players in knowledge-representation (W3C, ...)

Academic and corporate users: Modeling platforms 
(Matworks ...), Pharma (Pistoia alliance) ...
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THE END
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THE ENDX
THE BEGINNING
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