PHILOSOPHICAL TRANSACTIONS
OF THE ROYAL SOCIETY B

BIOLOGICAL SCIENCES

Connectome to behaviour: modelling Caenorhabditis
elegans at cellular resolution

A discussion meeting issue organised and edited by Stephen D Larson, Padraig Gleeson and
André EX Brown

Published September 2018

LHE

ROYAL
SOCIETY

PUBLISHING




About this issue

An outstanding mystery in science is how cells of a
brain come together to compute. Studying how this
works is challenging, especially in large brains like that
of humans. The worm Caenorhabditis elegans is one of
the most exhaustively characterised animals in biology.
A huge amount of experimental data has been
produced by researchers on the worm’s genetics and
behaviour, in addition to a complete wiring diagram of
its nervous system, known as a connectome. A number
of groups are attempting to consolidate this knowledge
into models which can simulate its behaviour on a
computer, leading to the possibility of a deeper
understanding of how a complete nervous system
processes information and reacts to its environment.
This special issue gathers contributions from
experimentalists, computational neuroscientists and
engineers with a shared interest in understanding the
“mind of the worm”, who are approaching this challenge
from many different angles.

This issue is based on a Royal Society discussion
meeting held in January 2018.

Access content online at bit.ly/PTB1758

Purchase the print issue at the reduced price of £35
(usual price £59.50) by visiting the above web page
and entering the promotional code TB 1758 or contact:
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Front image Multiple levels at which experimental data is acquired and modelling
takes place for the nematode Caenorhabditis elegans. Generated using the
OpenWorm Browser (http://browser.openworm.org). Credit: Padraig Gleeson,
UCL. Original data set from Christian Grove, Wormbase at Caltech.

Contents

Introduction Connectome to behaviour: modelling Caenorhabditis
elegans at cellular resolution
Stephen D Larson, Padraig Gleeson and André EX Brown

Clues to basis of exploratory behaviour of the Caenorhabditis
elegans snout from head somatotropy John White

Neuropeptides encoded by nlp-49 modulate locomotion, arousal
and egg-laying behaviours in Caenorhabditis elegans via the
receptor SEB-3 Yee Lian Chew, Laura J Grundy, André EX Brown,
Isabel Beets and William R Schafer

Caenorhabditis elegans excitatory ventral cord motor neurons
derive rhythm for body undulation
Quan Wen, Shangbang Gao and Mei Zhen

Sensorimotor integration in Caenorhabditis elegans: a reappraisal
towards dynamic and distributed computations
Harris S Kaplan, Annika LA Nichols and Manuel Zimmer

Caenorhabditis elegans and the network control framework—FAQs
Emma K Towlson et al.

Signatures of proprioceptive control in Caenorhabditis elegans
locomotion Jack E Denham, Thomas Ranner and Netta Cohen

From head to tail: a neuromechanical model of forward locomotion
in Caenorhabditis elegans Eduardo J Izquierdo and Randall D Beer

Powerful and interpretable behavioural features for quantitative
phenotyping of Caenorhabditis elegans
Avelino Javer, Lidia Ripoll-Sanchez and André EX Brown

Three-dimensional simulation of the Caenorhabditis elegans body
and muscle cells in liquid and gel environments for behavioural
analysis Andrey Palyanov, Sergey Khayrulin and Stephen D Larson

Functional connectomics from neural dynamics: probabilistic
graphical models for neuronal network of Caenorhabditis elegans
Hexuan Liu, Jimin Kim and Eli Shlizerman

¢302: a multiscale framework for modelling the nervous system of
Caenorhabditis elegans Padraig Gleeson, David Lung, Radu Grosu,
Ramin Hasani and Stephen D Larson

Geppetto: a reusable modular open platform for exploring
neuroscience data and models Matteo Cantarelli, Boris Marin,
Adrian Quintana, Matt Earnshaw, Robert Court, Padraig Gleeson,
Salvador Dura-Bernal, R Angus Silver and Giovanni Idili

Towards systematic, data-driven validation of a collaborative, multi-
scale model of Caenorhabditis elegans
Richard C Gerkin, Russell J Jarvis and Sharon M Crook

OpenWorm: overview and recent advances in integrative biological
simulation of Caenorhabditis elegans Gopal P Sarma et al.



