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PMML
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Tyson et al (1991) PNAS 88(1):7328-32 

The models I am going to talk about

biochemical model mathematical model

computational modelsimulation
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Definitions

Model
“a model (M) for a system (S) and an experiment (E) is anything to 
which E can be applied in order to answer questions about S”  (Cellier 
1991).
Here we consider only numerical models, where the system S is 
described by mathematical relationships (quantitative or logical).

Pharmacodynamics

Study of the physiological effects of drugs on the body or on 
microorganisms or parasites within or on the body and the mechanisms 
of drug action and the relationship between drug concentration and 
effect.
What a substance does to a body

Pharmacokinetics

Determination of the fate of substances administered externally to a 
living organism. 
What a body does to a substance

(L)ADME

(Liberation) Absorption, Distribution, Metabolism, and Excretion
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Motivation for a public model repository

Computational models, as with any other scientific production, must be 
not only “described” in the literature, but “delivered” to the community.

Integrative Biology, Medicine and Pharmacology require the integration 
of computational models with other type of information publicly 
available. 

Modellers increasingly reuse and combine existing models. A one stop-
shop allows them to access all “published” (large sense) models of 
interest.

The number and complexity of quantitative models in biology are 
increasing rapidly.  It often becomes impractical and error-prone to 
reimplement models from literature. 

Companies carefully built and enriched models for years. Their current 
willingness to share this knowledge is hinder by the lack of media to do 
so. 
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Motivation for a public model repository

Computational models, as with any other scientific production, must be 
not only “described” in the literature, but “delivered” to the community.

Integrative Biology, Medicine and Pharmacology require the integration 
of computational models with other type of information publicly 
available. 

Modellers increasingly reuse and combine existing models. A one stop-
shop allows them to access all “published” (large sense) models of 
interest.

The number and complexity of quantitative models in biology are 
increasing rapidly.  It often becomes impractical and error-prone to 
reimplement models from literature. 

Companies carefully built and enriched models for years. Their current 
willingness to share this knowledge is hinder by the lack of media to do 
so.

Existence of a population of users for a freely available repository

Existence of a population of submitters

Endorsement of publishers (advising deposition) and support of 
industry (submission and use)
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Requirements for such a resource

For easy and efficient use of existing models:

It must be possible to encode the models in machine-readable 
formats

Models must be accessible and fully described (no black box)

Users must be able to trust that the models are faithful and 
accurate

The resource should not be a mere repository but a fully fledged 
database (annotations, search, online tools etc).

Different levels and modes of access should be available, with 
mechanisms for changing the status of a model.

Resource should neither focus on a particular biological substrate, 
process or species, nor specialise on a given modelling approach.
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  Way to exchange and reuse descriptions of quantitative models in 
biology

   Computer-readable format but not a programming or procedural 
language

   Built on other standards: MathML, XHTML, RDF, existing ontologies, ...

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

   Supported by a large and evolving community since 2000

active mailing lists (over 240 registered users and 5400 posts to 
sbml-discuss as of October 2009)

over 175 software systems claiming support

  Recommended by many journals (Public Library of Science, Nature 
Publishing Group, BioMed Central, …)

   Level 3 is modular and extendible (core + packages)

the Systems Biology Markup Language
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>170 tools supporting SBML
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What can we encode in SBML Level 2?

c

n

containers (compartments)



EMBL-EBI Industry Programme Toxicogenomics Workshop, 23- 24th November 2009

What can we encode in SBML Level 2?

c

n
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species
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What can we encode in SBML Level 2?
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What can we encode in SBML Level 2?

c

n

mRNAcgene mRNAn

proteinprotein'

modulations
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What can we encode in SBML Level 2?

c

n

mRNAcgene mRNAn

proteinprotein'

arbitratry rules

PKPD

discrete events
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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>
 

A → B

http://www.sbml.org/sbml/level2
http://www.w3.org/1998/Math/MathML
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http://www.sbml.org/sbml/level2
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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>

RDF

XHTML

macromolecule

externalisation of 
biological semantics

reusing existing
standards

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, a cell, a tissue, an organism
 

SBML is suitable to encode models for biochemistry, physiology, 
and pharmacology
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An example of PD 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.



EMBL-EBI Industry Programme Toxicogenomics Workshop, 23- 24th November 2009

original article reproduction with SBMLodeSolver
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A glimpse of SBML Level 3

Modular SBML, with core + optional packages

Core package – draft specification available

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

http://biomodels.caltech.edu/
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What is currently BioModels Database?

Store and serve quantitative models of biomedical interest

Only models described in the peer-reviewed scientific literature.

Models are curated: computer software check the syntax, 
while human curators check the semantics.

Models are simulated to ensure they provide the expected results

Model components are annotated, to improve identification and 
retrieval. 

Models are accepted in several formats, and served in several 
others. 
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BioPAX

Level 1 Version 1
Level 1 Version 2
Level 2 Version 1
Level 2 Version 3
Level 2 Version 4

Level 2 Version 1
Level 2 Version 2
Level 2 Version 3
Level 2 Version 4

Version 1.0
Version 1.1

Version 1.1

XPP-Aut

VCell
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Where do models come from?

Submitted by curators

imported from other repositories (DOQCS, CellML)

reimplemented from literature

From authors before grant application or publication

Some scientific journals advise submission to 
BioModels DB:

Nature Molecular Systems Biology

Public Library of Science journals

BioMedCentral journals

Various people curated models out of interest.
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Curated and Non-curated Models

Curated models – Comply with the MIRIAM guidelines

Non-Curated models – valid SBML, not curated or annotated 

Not MIRIAM compliant:

            cannot reproduce results published in the paper.

            differ in model structure

            non-kinetic models  (eg. FBA, stoichiometric maps)

MIRIAM compliant:

            models contain kinetics that we cannot curate at present.

            models are yet to be curated
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Automatically generated using libsbml 
(http://sbml.org/Software/libSBML)

Curated version of the model
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BIOMD0000000010
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What do-we need to better serve Tox community

Structure of BioModels Database: Model storage and access

Authenticated repositories with access to curation pipeline 
   collaborative creation and annotation of models

Relaxation of the publication policy for the repositories above

Web access interface: Currently focus on reactions. We must 
enhance the coverage of rules and events
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What do-we need to better serve Tox community

Structure of BioModels Database: Model storage and access

Authenticated repositories with access to curation pipeline 
   collaborative creation and annotation of models

Relaxation of the publication policy for the repositories above

Web access interface: Currently focus on reactions. We must 
enhance the coverage of rules and events

Resources for annotation and semantics 

Completing MIRIAM database with data resources used for 
toxicology.

Extending Systems Biology Ontology with concepts and math 
expression used in PKPD modeling.
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Structure of BioModels Database: Model storage and access

Authenticated repositories with access to curation pipeline 
   collaborative creation and annotation of models

Relaxation of the publication policy for the repositories above

Web access interface: Currently focus on reactions. We must 
enhance the coverage of rules and events

Resources for annotation and semantics 

Completing MIRIAM database with data resources used for 
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Extending Systems Biology Ontology with concepts and math 
expression used in PKPD modeling.

FUNDING
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BioModels.net group

Viji Chelliah, 
curator

Lukas Endler
curator

Chen Li, developer Nick Juty, curator

Camille Laibe,
project coordinator

Nicolas Rodriguez 
developer

Marine Dumousseau
developer

Sarah Keating
developer

Sarala Wimalaratne
ontologist

Nicolas Le Novère
group leader

Ron Henkel
visitor

Collaborators

  Michael Hucka (SBML-team, Caltech, USA)

  Jacky Snoep (JWS Online, Stellenbosh university, ZA)

  Ion Moraru (Virtual Cell, UCHC, USA)

  Upinder Bhalla (DOQCS, NCBS, IN)

Journals supporting BioModels Database
  Molecular Systems Biology

  All PLoS Journals

  All BioMedCentral Journals

Programs used for curation

  CellDesigner/SBMLodeSolver

  COPASI

  Jarnac/JDesigner

  MathSBML

  RoadRunner

  SBMLeditor

  SBW

  XPP-Aut
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