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Preface

This volume contains the papers presented at CMSB 2014. The 12th Inter-
national Conference on Computational Methods in Systems Biology was held
during November 17–19, 2014, at the Manchester Institute of Biotechnology of
the University of Manchester.

The conference is an annual event that brings together computer scientists,
biologists, mathematicians, engineers, and physicists from all over the world
who share an interest in the computational modeling and analysis of biological
systems, pathways, and networks. It covers computational models for all levels,
from molecular and cellular, to organs and entire organisms.

There were 31 regular and 18 poster submissions. Each regular submission
was reviewed by at least two, and on average 2.77, ProgramCommittee members.
Each poster submission was reviewed by an average of 1.38 Program Committee
members. Selected poster flashes were all reviewed by three Program Committee
members. The committee decided to accept 16 regular papers, and all the sub-
mitted posters. The program also included three invited talks, by Ruth Baker,
Dagmar Iber, and Magnus Rattray.

We thank the Program Committee for their hard work in reviewing submis-
sions. We especially thank François Fages, Monika Heiner, and Carolyn Talcott
for their advice on matters relating to the organization of the conference. We
acknowledge support by the EasyChair conference system during the reviewing
process and the production of these proceedings, see http://www.easychair.org
(managed by our Manchester colleague Andrei Voronkov and his team). We
thank Tommaso Mazza and the IEEE Computer Society Technical Commit-
tee on Simulation for supporting the best student paper award. We thank the
Manchester Institute of Biotechnology for providing the conference venue.

September 2014 Pedro Mendes
Joseph O. Dada

Kieran Smallbone
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Experimental and Modelling Investigation

of Monolayer Development with Clustering

Ruth Baker

Mathematical Institute, Radcliffe Observatory Quarter,

Woodstock Road, Oxford, OX2 6GG, UK

Abstract. Standard differential equation models of collective cell
behaviour, such as the logistic growth model, invoke a mean-field as-
sumption which is equivalent to assuming that individuals within the
population interact with each other in proportion to the average popula-
tion density. Implementing such assumptions implies that the dynamics
of the system are unaffected by spatial structure, such as the formation
of patches or clusters within the population. Recent theoretical develop-
ments have introduced a class of models, known as moment dynamics
models, that aim to account for the dynamics of individuals, pairs of
individuals, triplets of individuals, and so on. Such models enable us
to describe the dynamics of populations with clustering, however, lit-
tle progress has been made with regard to applying moment dynamics
models to experimental data. Here, we report new experimental results
describing the formation of a monolayer of cells using two different cell
types: 3T3 fibroblast cells and MDA MB 231 breast cancer cells. Our
analysis indicates that the 3T3 fibroblast cells are relatively motile and
we observe that the 3T3 fibroblast monolayer forms without clustering.
Alternatively, the MDA MB 231 cells are less motile and we observe
that the MDA MB 231 monolayer formation is associated with signifi-
cant clustering. We calibrate a moment dynamics model and a standard
mean-field model to both data sets. Our results indicate that the mean-
field and moment dynamics models provide similar descriptions of the
3T3 fibroblast monolayer formation whereas these two models give very
different predictions for the MDA MD 231 monolayer formation. These
outcomes indicate that standard mean-field models of collective cell be-
haviour are not always appropriate and that care ought to be exercised
when implementing such a model.



From Networks to Function —

Computational Models of Organogenesis

Dagmar Iber

Department of Biosystems Science and Engineering (D-BSSE)

ETH Zürich, Mattenstraße 26, 4058 Basel, Switzerland

Abstract. One of the major challenges in biology concerns the integra-
tion of data across length and time scales into a consistent framework:
how do macroscopic properties and functionalities arise from the molec-
ular regulatory networks and how do they evolve? Morphogenesis pro-
vides an excellent model system to study how simple molecular networks
robustly control complex pattern forming processes on the macroscopic
scale in spite of molecular noise, and how important functional variants
can evolve from small genetic changes. Recent advancements in 3D imag-
ing technologies, computer algorithms, and computer power now allow
us to develop and analyse increasingly realistic models of biological con-
trol. To also incorporate cellular dynamics and cell-cell interactions in
our simulations, we have now also developed a software tool that allows
us to solve our regulatory network models on dynamic 2D and 3D tis-
sue domains at cellular resolution. I will present our recent work where
we use data-based modeling to arrive at predictive models to address
the mechanism of branching in lungs and kidneys, the mechanism by
which an asymmetry emerges in our hand (thumb to pinky), as well as
a mechanism by which proportions are maintained in differently sized
embryos.



Integrating mRNA and Polymerase Time Course

Data to Model the Dynamics of Transcription

Magnus Rattray

Faculty of Life Sciences, The University of Manchester, Oxford St.,

Manchester, M13 9PL, UK

Abstract. We are developing methods to model transcription using
mRNA expression (RNA-Seq) and RNA polymerase (pol-II ChIP-Seq)
time course data. In our first application we model the motion of RNA
polymerase during pre-mRNA elongation. We model the pol-II dynam-
ics by using a spatio-temporal Gaussian process to described changes in
pol-II density profiles across sites of the transcribed region [1]. We apply
our model to infer the elongation speed and promoter-proximal pol-II
activity for early targets of estrogen receptor in MCF7 breast cancer
cells. Bayesian methods are used to infer the model parameters and as-
sociate our parameter estimates with levels of confidence. By clustering
the inferred promoter-proximal pol-II activity profiles we can associate
early-activated target genes with specific transcription factor binding
patterns.

In our second application we link the pol-II dynamics with mRNA
production and degradation in the same system using a simple linear
differential equation. We again represent the pol-II dynamics as a Gaus-
sian process and are able to exactly compute the data likelihood by ex-
ploiting the fact that a linear operation on a Gaussian process remains
a Gaussian process. We find that for a certain number of target genes it
is necessary to include an RNA-processing delay to get a reasonable fit
to the data. We use Bayesian inference to infer the delay parameter and
identify genes with strong evidence of a significant delay, about 11% of
the genes where the signal is strong enough to fit the model. This delay
appears to be related to splicing: we find that short genes tend to exhibit
longer splicing-associated delay and there is also a positive association
with genes that have a relatively long final intron.

References

1. wa Maina, C., Matarese, F., Grote, K., Stunnenberg, H.G., Reid, G., Honkela, A.,
Lawrence, N., Rattray, M.: Inference of RNA Polymerase II Transcription Dynam-
ics from Chromatin Immunoprecipitation Time Course Data. PLoS Computational
Biology 10(5), e1003598
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Agnes Köhler, Jean Krivine, and Jakob Vidmar

Using Process Algebra to Model Radiation Induced Bystander
Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196

Rachel Lintott, Stephen McMahon, Kevin Prise,
Celine Addie-Lagorio, and Carron Shankland

Exploring the Cellular Objective in Flux Balance Constraint-Based
Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

Rafael S. Costa, Son Nguyen, Andras Hartmann, and Susana Vinga

Computational Approaches for Synthetic Biology

Optimization Based Design of Synthetic Oscillators from Standard
Biological Parts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225

Irene Otero-Muras and Julio R. Banga

Flash Posters

Modelling Polar Retention of Complexes in Escherichia coli . . . . . . . . . . . 239
Abhishekh Gupta, Jason Lloyd-Price, and Andre S. Ribeiro

Extensible and Executable Stochastic Models of Fatty Acid
and Lipid Metabolism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244

Argyris Zardilis, João Dias, Animesh Acharjee, and James Smith

FM-Sim: Protocol Definition, Simulation and Rate Inference
for Neuroscience Assays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248

Donal Stewart, Stephen Gilmore, and Michael A. Cousin



Table of Contents XVII

Predictive Modelling of Mitochondrial Spatial Structure and Health . . . . 252
Arne T. Bittig, Florian Reinhardt, Simone Baltrusch,
and Adelinde M. Uhrmacher

XTMS in Action: Retrosynthetic Design in the Extended Metabolic
Space of Heterologous Pathways for High-Value Compounds . . . . . . . . . . . 256
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