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We need to reuse mathematical models 

• Non-specialists need to use models relevant for their research with 
simulation software without messing with their structure.

• Modeling literates need to reuse existing models rather than rewrite them 
from scratch. 

• Various software used during the modelling process, such as graphical 
designers, simulation engines and plotters or renderers, should be able to 
communicate.

➔ Systems Biology Markup Language (SBML): A community 
maintained open XML standard to encode quantitative 
models of biological systems. 

➔ MIME type application/sbml+xml
(RFC 3823 of the Internet Engineering Task Force)
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A more realistic example

<species 
    id=”A” 
    name=”a­tubulin”
    compartment=”cell”
    initialAmount=”1000”
    substanceUnits=”item”
    hasOnlySubstanceUnits=”true”
    boundaryCondition=”true”
    constant=”false”
    charge=”0”>
  <notes>
    <body xmlns=”http://www.w3.org/1999/xhtml”>
      <p>One of the components of microtubule</p>
    </body>
  </notes>
  <annotation>
    <rdf:RDF 
        xmlns:dc="http://purl.org/dc/elements/1.1/" 
        xmlns:dcterms="http://purl.org/dc/terms/" 
        xmlns:rdf="http://www.w3.org/1999/02/22­rdf­syntax­ns#">
      <rdf:Description rdf:about="#PX">
        <dc:relation>
          <rdf:Bag>
            <rdf:li rdf:resource="http://www.uniprot.org/#P68370"/>
            <rdf:li rdf:resource=”http://www.geneontology.org/#0045298”/>
          </rdf:Bag>
        </dc:relation>
      </rdf:Description>
    </rdf:RDF>
  </annotation>
</species>



SBML Levels

• Level 1 (March 2001)

– Predefined kinetics functions

– One type of reactive substance

– ISO646 encoding

• Level 2 (June 2003)

– Function definitions

– Modifier species

– Events

– All math in MathML

– Unicode encoding

• Level 3 (?)

– Modular SBML (“packages”)

– Graph layout

– Multi-component species

– Model composition

– Arrays of elements

Hucka et al (2003)
Bioinformatics 19: 524-531

Hucka et al (2004)
IEE Systems Biology 1: 41-53



Is SBML sufficient?No, it isn't!





What can we do?

• Bench biologists need to find models relevant for their research.

• Modellers need to reuse existing models, or portions of models, rather than 
rewrite them from scratch. Model composition on a large scale will be possible 
only if we have such a model “shopping cart”.

• But ...

– No true database of models, only repositories, sometimes with side information.

– Poor quality control on the models available online (JWS excepted).

– No annotation of models: reactants are A,B,C, reactions 1, 2, 3 etc.

– Lack of standards on production, curation and annotation of models.

•  ⇒ Biomodels.net: collaboration between Caltech, EMBL-EBI, SBI, JWS etc. etc.

– MIRIAM: 
Minimum Information Requested In the Annotation of Models

– Systems Biology Ontology: 

● Species-roles: “substrate”, “competitive inhibitor” etc.

● Parameters: Kd, Ka, Kp, IC50 ARE DIFFERENT!

● Rate-laws: “Michaelis-Menten”, “Mass Action Law” etc.

– BioModels Database, a database of “Systems Biology Models” 



MIRIAM

• A Standard for reference correspondance

• An annotation scheme

– Attribution of the model creation and curation

– Relation wih external data resources

Minimal Information Requested In the Annotation of Models
N Le Novère (BioModels DB)
A Finney, M Hucka, B Shapiro(SBML)
U Bhalla (DOQCS)
F Campagne (Sigpath)
J Collado-Vides (RegulonDB)
E Crampin, M Halstead, P Nielsen (CellML) 
P Mendes (COPASI)
JL Snoep (JWS Online)
E Klipp, H Sauro, HD Spence, BL Wanner



Reference correspondence

• The model must be encoded in a public, standardized, machine-
readable format (SBML, CellML, GENESIS ...)

• The model muct comply with the standard in which it is 
encoded! 

• The model must be clearly related to a single reference 
description. If a model is composed from different parts, there 
should still be a description of the derived/combined model.

• The encoded model structure must reflect the biological 
processes listed in the reference description.

• The model must be instantiated in a simulation: All quantitative 
attributes have to be defined, including initial conditions.

• When instantiated, the model must be able to reproduce all 
results given in the reference description within an epsilon 
(algorithms, round-up errors)



Attribution annotation

• The model has to be named.

• A citation of the reference description must be joined 
(complete citation, unique identifier, unambigous URL). The 
citation should permit to identify the authors of the model.

• The name and contact of model creators must be joined.

• The date and time of creation and last modification should be 
specified. An history is useful but not required.

• The model should be linked to a precise statement about the 
terms of distribution. MIRIAM does not require “freedom of 
use” or “no cost”.



External resource annotation

• The annotation must permit to unambiguously relate a piece 
of knowledge to a model constituent.

• The referenced information should be described using a triplet
{data-type, identifier, qualifier}

– The data-type should be written as a Unique Resource Identifier (URI). 
Either a URL (webpage) or a URN (e.g. LSID). Not necessarily a physical 
location.

– The identifier is analysed by the software within the framework of the 
data-type.

– Data-type and Identifier can be combined in a single URI
http://www.myResource.org/#myIdentifier
urn:lsid:myResource.org:myIdentifier

– Qualifiers (optional) should refine the link between the model constitutent 
and the piece of knowledge: “has a”, “is version of”, “is homolog to” etc.

• The community will have to agree on a set of standard valid  
URIs.



BioModels Database



BioModels Database

• Store and serve quantitative models of biomedical interest

• BioModels Database goes further than MIRIAM: 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 check the reference correspondence

• Model components are annotated, to improve identification and 
retrieval. 

• Models are accepted in several format, and served in several 
others.

• Aims to be the Swiss-Prot of quantitative modelling.



Structure of BioModels Database



Model annotation

model

compartment Gene Ontology

species

rule

reaction

event

Submitter, Creators, publication, Gene Ontology, 
IC10, KEGG pathway, OMIM, Reactome, Taxonomy

BIND complex, ChEBI, Ensembl, Gene Ontology, 
InterPro, KEGG compound, OMIM, Taxonomy, 

UniProt

BIND interaction, EC code, Gene Ontology, IntAct, 
KEGG pathway, KEGG Reaction, Reactome

BIND interaction, EC code, Gene Ontology, IntAct, 
KEGG pathway, KEGG Reaction, Reactome

BIND interaction, EC code, Gene Ontology, IntAct, 
KEGG pathway, KEGG Reaction, Reactome





Search strategy

GO, UniProt Oracle database
ChEBI, PubMed  WebServices

Xpath: //sbml:*[contains(@id,'TEXT')]     
       | //sbml:*[contains(@name,'TEXT')]   
       | //xhtml:*[contains(text(),'TEXT')]

BioModels MySQL database





































Bottleneck: Few models are directly usable

• syntactically wrong (incorrect SBML)

– typos in the elements and attributes

– invalid default: e.g. “constant” parameter fixed by a rule

• semantically wrong (correct SBML but make no sense)

– wrong species: misunderstanding of “constant” and 
“boundaryCondition”

– wrong initialconditions: everything zeroed, would not start

– wrong reaction: the rate law produces concentrations rather than 
amounts

• bad correspondence with the article

– wrong units: built-in are not redefined, resulting in M instead of µM

– wrong compartments: only one compartment represents 
nucleus+cytoplasm

– wrong formalism: Michaelis-Menten instead of elementary reactions

– everything is fine but does not produce the same results than in paper ... 



Steady increase

Release # models # reactions #annotations

11 April 2005 20 631 1084

01 June 2005 30 736 1609

28 July 2005 44 943 2373

• Still important legacy from JWS Online, DOQCS, CellML Repo

• Supported by Nature Publishing Group and BioMedCentral. 
MSB advices deposition, and forward supplementary material

• Curation teams encode new models from literature



Let's move forward
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