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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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Model life-cycle
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Integrative Systems Biology
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Integrative Systems Biology

THE problem of Systems Biology
is knowledge integration

The solution lies in the interfaces:
guidelines, formats, ontologies
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???

Understanding models in biology
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Understanding models in biology

Not a bimolecular
interaction
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Understanding models in biology

Not a bimolecular
interaction

Not a single reaction

complexes

phosphorylated and
non-phosphorylated 
forms of the “same” entity

Why not C2P?
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Entity-based Vs. process-based modeling

Traditional mathematical modeling in biochemistry is 
oriented toward the evolution of reacting entities (ODEs).

Process-based modeling is focusing on reactions, events and 
relationships. The evolution of entities emerges from all the 
processes they are involved in.

Process-based models can be simulated with different 
approaches. This includes hybrid methods, where different 
processes are simulated using different algorithms (e.g. 
discrete and continuous).

Process-based models lend themselves to modularity and 
encapsulation. Therefore they are easier to maintain, modify 
and re-use. 
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“Most often systems biologists use ODE-based models, that 
are not realistic, cannot scale and cannot be simulated by 
discrete methods” 
 
Typical quote from someone wanting to sale a new discrete 
method (e.g. Process-algebra, rule-based models etc.)
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“Most often systems biologists use ODE-based models, that 
are not realistic, cannot scale and cannot be simulated by 
discrete methods” 
 
Typical quote from someone wanting to sale a new discrete 
method (e.g. Process-algebra, rule-based models etc.)

The design of most models in Systems Biology is 
actually process-based! ODEs are reconstructed at 
runtime 
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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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>170 tools supporting SBML



Date Integration in Life Sciences, 20-22 July 2009, Manchester

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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?

SBRML

Complete mosaic of standards

SED-ML

Minimal 
requirements

Data-models

Ontologies

  Model             Simulation           Numerical 
definition         experiment             results   

 implemented 
by 

 add meaning 
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The Minimum Information Required 
In the Annotation of a Model

http://biomodels.net/miriam
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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
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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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The model revealed

bqbiol:isVersionOf   
UniProt 
CDC2_SCHPO

bqbiol:isVersionOf   
InterPro 
IPR006670

bqbiol:hasPart
   UniProt CDC2_SCHPO
   InterPro IPR006670

bqbiol:isVersionOf 
Gene Ontology 
GO:0000079

bqbiol:isVersionOf   
Gene Ontology GO:0006468
EC 3.1.3.16

bqbiol:isVersionOf   
Gene Ontology GO:0006470
EC 2.7.11.1

bqbiol:hasVersion 
  Reactome  REACT_6216
  Reactome  REACT_6308
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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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requirements for a MIRIAM-compliant data-type

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 reactions 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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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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The Systems Biology Ontology

http://biomodels.net/sbo
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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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https://sourceforge.net/projects/sbo
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The Systems Biology Graphical 
Notation

(on the behalf of SBGN editors, authors and contributors)

http://www.sbgn.org/
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Graphs are everywhere in biology
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Ambiguity of usual representations
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Ambiguity of usual representations
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Ambiguity of usual representations
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Ambiguity of usual representations
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Can-this be understood by biologists?
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Can-this be understood by biologists?

Stimulates? but ... 
what exactly?

Associates into?  

Translocates?

No idea. Reciprocal
stimulation?

Is degraded?

Stimulates gene
transcription?
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Every engineer understands that
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Or that
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What did-those diagram bring?
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What did-those diagram bring?
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What do-we expect in modern (future) life science

Basic science

Technology
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What is SBGN?

A way to unambiguously describe biochemical and cellular 
events in graphs

Limited amount of symbols  Smooth learning curve

Can graphically represent quantitative models, biochemical 
pathways, at different levels of granularity

Developed over three years by a growing community
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Nature Biotechnology, in the press

39 authors, 30 affiliations
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What is SBGN?

A way to unambiguously describe biochemical and cellular 
events in graphs

Limited amount of symbols  Smooth learning curve

Can graphically represent quantitative models, biochemical 
pathways, at different levels of granularity

Developed over three years by a growing community

Three languages

Process Diagrams      one state = one glyph, biochemical level

Entity Relationships   one entity = one glyph, biochemical level

Activity Flow              conceptual level
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Graph trinity: three languages in one

Unambiguous

Mechanistic

Sequential

Subject to 
combinatorial 
explosion

Process diagrams Entity Relationships

 diagrams

Activity Flow

 diagrams

Unambiguous

Mechanistic

Non-sequential

Independence
of relationships

Ambiguous

Conceptual

Sequential
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Three orthogonal projections of biology
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Process Diagrams are bipartite graphs

process
node

entity
pool
node

EPN EPN

PN

connecting edges

PN
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Process Diagrams can be viewed as pipelines 

S1

S2

S3

E
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SBGN Process Diagram L1 reference card
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Entity Pool Nodes
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Process Nodes
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Edges
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Syntax definition
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Layout constraints
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Metabolic network
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Signalling pathways
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Submaps
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Submaps
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multi-cellular
processes

catalytic processes

transport processes

contractile proteins
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All those diagrams are identical

C

D

A

B

C

D

A

B

A

B

C

D

C

D

A

B
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SBGN Entity Relationships L1 reference card
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SBGN Entity Relationships L1 reference card

continuants,
things that exists (or not)
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SBGN Entity Relationships L1 reference card

occurrents,
events that may happen (or not)
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A

B

T

P

Entity Relationships can be viewed as rules 
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A

B

T

P

If A exists, the assignment of the value P to the state 
variable T of B is increased

 

Entity Relationships can be viewed as rules 
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A

B

T

P

If A exists, the assignment of the value P to the state 
variable T of B is increased

 

Entity Relationships can be viewed as rules 

(A stimulates the phosphorylation of B on the threonine)
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A

B

T

P

If A exists, the assignment of the value P to the state 
variable T of B is increased 

C

S

P

Entity Relationships can be viewed as rules 

If P is assigned to the state variable T of B, the 
assignment of the value P to the state variable S of B 
is decreased 
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Multistate and combinatorial explosion

EGFR

T654

T721

T845

T891

T920

T992

T1045

T1068

T1086

T1101

T1148

T1173

Process Diagram: 
“once a state variable value,  
  always a state variable value”

212 = 4096 states 
(i.e. EPN glyphs) for EGFR
and 4096 complexes between 
EGFR and targets

P

target1

P

target2

P

target3

P

target4

P

target5

P

target6

P

target7

P

target8

P

target9

P

target10

P

target11

P

target12
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Example of Entity Relationships map

increases synaptic weight

decreases synaptic weight
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SBGN Activity Flow L1 reference card
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Example of 
Activity Flow map
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TIMTOWTDI
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TIMTOWTDI
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TIMTOWTDI



Date Integration in Life Sciences, 20-22 July 2009, Manchester

TIMTOWTDI
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TIMTOWTDI
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http://www.sbgn.org/
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Future SBGN meetings

5th SBGN forum

02-03 September 2009, 

San Francisco 

“Satellite” of ICSB 2009

4rd SBGN hackathon 
(SBGN 5.5)

21-23 April 2010 

Wittenberg

6th SBGN forum 
(provisional)

October 2010

Edinburgh

Satellite of ICSB 2010

5rd SBGN hackathon (SBGN 6.5)

Spring 2011, Bethesda, USA
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?

SBRML

Complete mosaic of standards

SED-ML

Minimal 
requirements

Data-models

Ontologies

  Model             Simulation           Numerical 
definition         experiment             results   

 implemented 
by 

 add meaning 
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