
Describing the whole life-cycle of modelling in 
neuroscience



  

Models at the core of integrative systems 
bio/physio/neurobiology

● As any kind of output from scientific research, models must be available to 
the scientific community: Results based on a model that is not distributed 
cannot be verified and falsified. This is not valid and useful science

● Computational models must be exchanged: 
computer storable and readable

● Computational models must be related to relevant experimental datasets: 
expressive relationships and robust links

● Computational models must be amenable to many different analyses: 
standard API

● Computational models must allow modification, split, merge: 
Encoded according a suitable design
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A “complete” (?) mosaic of standards for 
Computational Systems Biology models

Minimal 
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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

(only 3 of the 7 SBML founding software still in operation).

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.

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?



  

Global structure of an SBML file



  

Global structure of an SBML file

variables

relationships



  

A very simple SBML file



  

Reusing existing standards

MathML



  

A more realistic example ...



  

Reusing existing standards again

RDF

XHTML



  

    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
 

SBML is about process descriptions  



  

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



Signalling pathways

Fernandez et al. 
PLoS Comput Biol
(2006) 2: e176. 

BIOMD0000000153



  

reaction:

Signalling pathways

von1 = kon1 £ [D]£ [CDK5]£ V ol



Conductance-based

Hodgkin AL, Huxley AF. 
J Physiol 
(1952) 117:500-544. 

BIOMD0000000020 



  

assignment rule:

rate rule:

Conductance-based

dv

dt
=
I ¡ (iNa + iK + iL)

Cm

iNa = gNa £m3 £ h£ (V ¡ENa)



Single-compartment neurons

Izhikevich EM. 
IEEE Trans Neural Netw 
(2003) 14(6):1569-1572. 

BIOMD0000000127 



  

rate rule:

Single-compartment neurons

dv

dt
= 0:042 + 5£ V + 140¡ U + i

event:

when v > Vthresh

v = c

U = U + d



  

Difference between SBML 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



  

SBML Level 3 packages

● Core package – Release candidate

● Graph Layout – specification finalised

● Complex species – specification finalised 

● Groups - specification finalised

● Model composition – specification under discussion

● Qualitative models – specification under discussion

● Distributions and ranges - specification under discussion

● Graph rendering – specification proposed

● Arrays and sets – specifications proposed

● Geometry - specification proposed

● Spatial diffusion – specification proposed

● Dynamic structures - needed

???



  

Simulation description

Data-models

Minimal 
requirements

Ontologies

Models               Simulation               Results   

SBRML

Born in Okinawa



  



  



  

Reproduction of published simulation results

Edelstein et al 1996 (BIOMD0000000002)

Huang & Ferrell (BIOMD0000000009)

Ueda, Hagiwara, Kitanol 2001 (BIOMD0000000022)

Bornheimer et al 2004 (BIOMD0000000086)



  

Waltemath D., Adams R., Beard D.A., Bergmann F.T., Bhalla U.S, Britten R., 
Chelliah V., Cooling M.T., Cooper J., Crampin E., Garny A., Hoops S., 
Hucka M., Hunter P., Klipp E., Laibe C., Miller A., Moraru i., Nickerson D., 
Nielsen P., Nikolski M., Sahle S., Sauro H., Schmidt H., Snoep J.L., Tolle D., 
Wolkenhauer O., Le Novère N. 

Minimum Information About a Simulation Experiment (MIASE) In Revision  

Köhn D.,Le Novère N. SED-ML

An XML Format for the Implementation of the MIASE Guidelines. 

Proc 6th Conf Comput Meth Syst Biol (2008), Heiner M and Uhrmacher 
AM eds, Lecture Notes in Bioinformatics, 5307: 176-190.



  

General structure of SED-ML



  

Description of models



  

Description of models



  

Description of models

Any model description 
in XML such as SBML, CellML, 
NeuroML, VCML, NineML etc.



  

Description of models



  

Retrieving models



  

Modifying models



  

Modifying models



  

Simulation approach



  

Simulation approach



  

Simulation task



  

Data generation



  

Data generation

  

  



  

Production of results



  

Production of results

  



  

Production of results

  



  

Is the mosaic of standards complete?

Minimal 
requirements

Data-models

Ontologies

Models               Simulation               Results   

SBRML



  

Disentangling the model life-cycle
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Model semantics (structure)

Initial conditions (numbers)

Disentangling the level of discourse

Biological semantics

Graphical representation
BioPAXBioPAX

SBGNSBGN

SBMLSBML



  

ecology

drug discovery

neurobiology

Physiology

Parallel and redundant efforts

biochemistry



  

Large-scale efforts 
to extend the spectrum of standards



  

What if the world-wide web was built like this?

leisure

art and design

business

literacy

natural sciences 



  

The correct way to do it

Personal info: vCard

Presentation: CSS

Semantics: RDF

Graphics: SVG

Display: HTML



  

global representation

tissue network

mechanics

morphology, state transitions

Non-overlapping languages

biochemistry

SBMLSBML

NineML?NineML? FieldMLFieldML



  

Multi-scale representation using adapters

NineML

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

h(x)



  

Standards interoperability along the three dimensions

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

● mapping between Species and PhysicalEntity

● mapping between Reactions and PhysicalInteraction

● Conversion of SBML or BioPAX descriptions to SBGN map

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

● Descriptions using SBML and NeuroML: Interface based on XPath



  

Requirements for a overarching 
standardisation 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?

● Independence towards Institutions, funders and individuals

● Able to receive funds, to employ staff

● Role of European Research Infrastructures? (ELIXIR, ISBE)

● Who?

● Communities developing their standards: Systems  Biology, Physiology 
(VPH), Neuroscience (INCF), Drug discovery (DDMoRe)

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

● Academic and corporate users: Modeling platforms (MatWorks ...), 
Pharma (Pistoia alliance) ...
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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; BioPAX, 
CellML

● 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. 



  

COMBINE 2010

● 6 to 9 October 2010, Edinburgh, before the ICSB

● 75 registrations so far (forecast was 50 max ...)

● 14 sessions, plus breakouts, 42 presentations, 30 posters

Physiome standards
SED-ML

SBGN languages
libSBGN and SBGN support

Encoding graph layouts
Interactions and reactions

Semantics and metadata resources
Encoding and using semantics

Format conversion
Software support

BioPAX levels
What is not covered yet

SBML Level 3
libSBML and SBML support

followed by:

SBML 10th anniversary



  

Visionary: Hiroaki Kitano

SBML editors: Frank Bergmann, Andrew Finney, Stefan Hoops, 
Michael Hucka, Nicolas Le Novère, Sarah Keating, Sven Sahle, 
Herbert Sauro, Jim Schaff, Lucian Smith, Darren Wilkinson 

SED-ML/MIASE: Richard Adams, Frank Bergmann, 
Dagmar Köhn/Waltemath, Nicolas Le Novère 

The EBI group Computational Systems Neurobiology

The whole community of Computational Systems Biology
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