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Model Lifecycles...

How are detailed neuronal models developed 
at the moment?
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Publishing models in computational neuroscience

Spend 1-2 years performing experiments, implementing & 
tuning model

Write up paper on study; 6 months to publish; model 
continuously evolves...

Accepted! Clean up code to illustrate one or more figures; 
deposit in ModelDB (optional..?)

Original developers update local copy of model for new projects

Other groups make changes to model, finding & removing bugs

Another group starts from scratch because they use a different 
simulator...
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Suggestions for improvements

Record all changes in model after publication

Allow anyone to comment on/improve model

Track reuse of model elements between models

Convert to simulator independent formats
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A proposed solution...

The Open Source Brain Initiative
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The Open Source Brain Repository

Wellcome Trust funded project

Collaborative, open source model development repository for 
computational neuroscience

Structured database of well tested spiking neuron & network models in 
standardised formats

Allow anyone to comment on, extend, reuse models & run them across 
multiple simulators 

Uses tools & best practices from Open Source software development
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Enabling technologies

What applications & standards are needed to 
make this happen?
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NeuroML

Standardised XML language for computational neuroscience
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– Ion channels
– Synapses
– 3D network structure
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NeuroML

Standardised XML language for computational neuroscience

Version 1.x allowed specification of:
– Detailed neuronal morphologies
– Ion channels
– Synapses
– 3D network structure

30+ simulators/applications/databases/libraries support 
NeuroML 
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NEURON GENESIS MOOSE PSICS NeuroSpaces

PyNN neuroConstruct

Whole Brain
Catalog

LFPy

NeurAnimNeuronvisio Moogli NeuronLand

TREES 
toolbox

NeuGenNeuroMorpho Channelpedia

OpenWorm TrakEM

CX3D
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neuroConstruct
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Wider interoperability framework
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(Distributed) Version Control

Progress through the ages:

– CVS: allowed small groups to collaborate on software 
development

– Subversion: atomic commits; widely used by 
SourceForge & Google Code

– Git, Mercurial, Bazaar: distributed version control 
system; enable feature rich sites like GitHub
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Workflow

How does a model develop on OSB?
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Existing models in OSB
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Conversions of models from ModelDB

Neocortex
Mainen et al. (1995)

L5 Pyramidal cell
Rothman et al. (2010)

L5 Pyramidal cell
Traub et al. (2005)

L2/3 Pyr (FRB/RS), L4SS, 
L5 Pyr (IB/RS), L6 Pyr,
Deep & superficial basket, 
axo-axonic & LTS 
interneurons,
Cortical column network 
model 

  
  

Cerebellum
Maex and Schutter (1998)

Granule cell layer
Steuber and Saviane, based 
   on Berends et al. (2005)

Granule cell
Vervaeke et al. (2010)

Golgi cell network
Solinas et al. (2007a,b)

Granule cell, Golgi cell
De Schutter and Bower (1994)

Purkinje cell
Steuber et al. (2011)

Cerebellar nucleus 
neuron

  

Basal Ganglia
Blackwell et al (in press)

Medium Spiny Neuron

  
  

Thalamus
Traub et al. (2005)

Thalamocortical relay cell,
Nucleus reticularis thalami cell

 
  
  

Hippocampus
Migliore et al. (2005)

CA1 Pyramidal cell

 
  
  



http://www.opensourcebrain.org

Examples



http://www.opensourcebrain.org

Collaborative modelling

What features enable this?
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Example of conversion process

Cerebellar granule cell model from:
Solinas S., Nieus T, D'Angelo E. (2010) A Realistic Large-Scale Model 

of the Cerebellum Granular Layer Predicts Circuit Spatio-
Temporal Filtering Properties. Front Cell Neurosci. 2010;4:12.
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Example of conversion process

Cerebellar granule cell model from:
Solinas S., Nieus T, D'Angelo E. (2010) A Realistic Large-Scale Model 

of the Cerebellum Granular Layer Predicts Circuit Spatio-
Temporal Filtering Properties. Front Cell Neurosci. 2010;4:12.

Originally developed in NEURON

neuroConstruct project facilitated conversion to NeuroML
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Themes & Guides
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Themes & Guides
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Is this realistic?

Will researchers actually collaborate openly 
& share their models? 
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Caenorhabditis elegans

Well studied model organism (roundworm)

Complete gene sequence, transparent, 959 cells, complete cell 
lineage known...

302 neurons in adult hermaphrodite nervous system

Cells named & connectivity known 
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The OpenWorm Project

Distributed group of computational neuroscientists, 
physicists, software developers with common goal:

Try to build an open source, biophysically realistic 
model of C. elegans in silico
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The OpenWorm Project

Distributed group of computational neuroscientists, 
physicists, software developers with common goal:

Try to build an open source, biophysically realistic 
model of C. elegans in silico

Active for ~18 months

Activities:

– New cloud based simulator integrating physical, 
electrical & biochemical elements

– More detailed connectome

– Online 3D worm anatomy browser
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C. elegans nervous system in NeuroML
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Vision...

What's the ultimate goal of the OSB 
initiative?
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Collaborative modelling in 3-5 years...

Well tested models actively worked on by self organising groups 
worldwide:

Visual system:
retina to cortex

Visual system:
retina to cortex3D cerebellar 

cortex

3D cerebellar 
cortex

Insect olfactionInsect olfaction

Epileptiform 
cortex

Epileptiform 
cortex

Cortical columnCortical column

Parkinsonian 
basal ganglia

Parkinsonian 
basal ganglia
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An invitation...
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Mailing list: osb-announce@googlegroups.com
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