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OpenWorm is building  
a c. elegans simulation 

Open science 

Scientific 
approach 

Computational 
(neuro)biology 

& software 
engineering 



• Long term: Full scale simulation 
of a C. elegans 

• Medium term: Accurately predict 
WormBehavior database using 
3D neuromechanical model 

OpenWorm’s goal 



OpenWorm 
•  Independent international open 

science community started in 2011 
o  9 core members 
o  36 contributors across 12 

countries 
o  24 GitHub repos & 220 GitHub 

followers 
o  300 mailing list members 

•  Community open source 
construction 
o  Every line of code posted on 

GitHub 
•  Hosted 40+ online meetings last 

year 
o  Streamed on YouTube 





Posted challenge on GitHub 
 

https://github.com/openworm/OpenWorm/issues/39 



A volunteer emerges 
 



Pedro Tabacof, citizen scientist 
 

https://github.com/tabacof?tab=activity 



Three weeks later, a result! 
 

https://github.com/openworm/data-viz/commits/master/HivePlots 



Chemical synapse connectome 

https://github.com/openworm/data-viz/tree/master/HivePlots 

Sensory 
neurons 

Motor 
neurons 

Interneurons 

image 
produced 
using JHive 



Why C. elegans? 



Dr Sydney Brenner 



•  Behavior 
o  Seeks out food & mates 
o  Avoids predators & toxins 
o  Has social behaviors 

•  Genomics 
o  First fully sequenced organism 

•  Cellular anatomy 
o  302 neurons, 95 muscle cells, 

~1000 total cells 
o  Every cell division from fertilized 

egg to adult is known 
•  Connectome 

o  Only full organism connectome 
completed to date. 

C. elegans background 



C. elegans 
represents a huge 

opportunity for 
computational 

biology 
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activation 
of sensory 
neurons activation of 

interneurons 

activation of 
motor 

neurons 
Data about 

structure are 
available 

mechanical 
forces in 

environment 
impact body 

activation 
of muscles :) 



C. elegans connectome 2013 

NeuroML 
represenation 
of c. elegans 
conectome on 
OpenSource 
Brain 

Christian Grove, 
Wormbase 
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motor 

neurons 
Data about 

dynamics are 
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forces in 

environment 
impact body 

activation 
of muscles 



Data on dynamics of neurons in c. 
elegans is being revolutionized by 

optical imaging 

Dr. Sreekanth Chalasani, 
Salk Institute 



Data on dynamics of neurons in c. 
elegans is being revolutionized by 

optical imaging 

Dr. Andrew Liefer, 
Princeton University 



Data on dynamics of neurons in c. 
elegans is being revolutionized by 

optical imaging 

Shrodel et al, 
Nat. Methods 2013 



body shape 
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body creates 
mechanical forces 
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Data about 
structure & 

dynamics are 
available 

:) :) 



Worm Behavior Database  
training data 

Yemini et al.,  
Nat. Methods 2013 



Worm behavior classifier 

Behavioral 
Classifier time 

# 
Quantification of 

behavioral 
accuracy 

Simulated worm 
snapshots 

Derived from 
observations of real 

worms 

Jim Hokanson 
Michael Currie 
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Cyber Elegans 

Palyanov et al., 
In Silico Biology, 2012 



C. elegans connectome 2013 

NeuroML 
represenation 
of c. elegans 
conectome on 
OpenSource 
Brain 

Padraig Gleeson 
Tim Busbice 
Matteo Cantarelli 



Mechanical prototype: “Sibernetic” 

Andrey Palyanov 
Sergey Khayrulin 
Mike Vella 



Bridging multi-scale models via 
software engineering 
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Diverse models and algorithms 
 



Different time scales 
 

Bridging multi-scale models via 
software engineering 



Geppetto.org  is  
open source and online 

Open Source Brain 

Giovanni Idili 
Matteo Cantarelli 
Jesus Martinez 



Geppetto architecture 
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In Progress 
•  Past 

o  Palyanov et al. 2012 

o  OpenWorm Browser - WebGL & iOS 

o  Spatial Connectome in NeuroML  

•  Present 

•  Sibernetic integration 
o  First step towards "virtual embodiment" 

o  C. elegans motor system & muscle cells 

•  Plugging the nervous system into the body model 
•  More serious inference around ion channels 

•  Building the worm classifier 

•  Geppetto 
o  Web-Based Service Oriented Architecture 

o  Fluid mechanics Solver (PCI-SPH, OpenCL) 

o  Single compartment Neuronal Solver (HH, OpenCL) 



• FP7 funded 
• Aims to reproduce c. elegans 

behavior using FPGA models, one 
per neuron 

• More info: http://www.si-elegans.eu 

New initiative in EU: Si Elegans 



• Lab of Netta Cohen, Leeds 
University 

• Lab of Cori Bargmann & Larry 
Abbott, Columbia University 

• Lab of Shawn Lockery, Univ. of 
Oregon 

• Nemaload project, David Dalrymple 

Other c. elegans modeling 
initatives 



The transistor is the 
fundamental 

information processing 
unit  

of the computer 



The neuron is the 
transistor of the brain,  

but we don’t have a 
model of a neuron that 

predicts all known 
biophysical data 
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Why not C. elegans? 



• Does it have neurons? Yes. 
• Do the neurons have action 

potentials?  No. 
• Do the neurons still operate 

using similar biophysical 
processes?  Yes. 



Sir Alan Lloyd 
Hodgkin 

 

Sir Andrew Fielding 
Huxley 



Hodgkin–Huxley model 

•  1952 work by two British physiologists 

•  Awarded the 1963 Nobel Prize in Physiology / Medicine 

•  Describes how action potentials in neurons are initiated and propagated 

•  A set of nonlinear ODEs that approximates the electrical characteristics of 
excitable cells 



Hodgkin–Huxley model 



The functional atom of 
a neuronal signal is not 

a “spike”,  
it is a  

change in membrane 
potential 



The structural atom of a 
neuron is not a  

node in a graph,  
it is an  

ion channel 



•  Signalling more complex than excitation and 
inhibition 

•  Action potentials with different widths 
•  Neuropeptide signalling 
•  Re-bound inhibition 
•  Calcium dynamics 
•  Dendritic spikes 
•  Back-propagating action potentials 
• …also lends itself better to multiple-

compartments 

Dynamics in HH-based models 



With an accurate 
biophysical model of a 

neuron, we could discard 
details based on 

principles rather than 
pragmatism 



Tradeoffs in neuromorphic 
computing 

Partial models of 
complex neuronal 

systems 

vs 

Holistic models of 
simpler neuronal 

systems 



•  Why would one invest in neuro-inspired / neuromorphic computing over 
other alternative computing technologies? 
o  Efficient computing architectures are embodied within neurons 
o  Biological information processing is the result of billions of years of 

evolution -- tapping into a lot of valuable solutions to problems of 
information processing 

•  What are the big wins? 
o  Building neuronal models that do what physics models do: accurately 

predict reality 
•  How long will it take to get there? 

o  ? 
•  What are the critical path objectives? 

o  Better data, more detailed modeling, more validation of detailed 
models against real data 

Response to the charge 



Contributions 
•  Introduced the open science initiative of OpenWorm 
•  Explained the value of c. elegans as a model organism 
•  Described the target of closing the brain – body loop in 

c. elegans 
•  Showed past progress of the OpenWorm project 
•  Described over-arching ideas behind the pursuit of 

neuronal models that reproduce real behavioral output 



Contact Info 

http://openworm.org 
@openworm 

 
info@openworm.org 


