
S ince joining the BCCS in 2007 
I have been given several unique 
opportunities to expand my
knowledge and explore my career 
in research, opportunities which 
I feel should be open to all 
postgraduate students but which at 
the current time were only available 
here in Bristol. I have been given 
the chance to explore potential PhD 
projects, through conducting two 
mini-projects, each lasting three 
months in duration. This experience 
was ideal for me as I was interested 
in working in several different areas, 
having being given insight into the 
details of research conducted in 
many of the university’s departments 
during the taught Masters component 
of the BCCS’s 4-year PhD programme,  
another unique experience and one 
which I believe is crucial in order to 
encourage interdisciplinarity. I was 
lucky enough to work with researchers 
who are well known for high quality 
research in their respective fields 
of bioinformatics and autonomous 
trading systems: Dr Julian Gough and 
Professor Dave Cliff.  Importantly, I 
was also guided by two supervisors 
on each project, one with extensive 
knowledge of the application area 
and one with an understanding of 
modelling and analytical tools which 
could be of use in learning more 
about it. To this end the perspectives 
of Dr Leo Brady and Dr Ayalvadi 
Ganesh kept the projects novel and 
interdisciplinary in their approach. 

Despite being interested in continuing 
my work in both research areas I was 
still intrigued to learn more about 
research in the field of computational 
neuroscience, the brain being my 
favourite example of a complex 
system and in my view the ultimate 
subject of study in order to utilise the 
knowledge gleaned from evolution 
in order to build robust, computing 
systems. Again the BCCS provided 
me with the chance to work with 
two extremely capable researchers with 
different academic backgrounds: 
Dr Rafal Bogacz working in 
computational neuroscience and Dr 
Matt Jones working in experimental 
neuroscience. My PhD research is 
looking at how oscillating potentials 
in the brain (commonly known as 
brain waves) may be used to allow 
communication between two 
different brain areas. Thanks to the 
guidance of these two PhD supervisors 
the work is very interdisciplinary in 
nature, which I feel is a huge benefit 
to me as a researcher, keeping me 
open-minded and creative in my 
approach to problems. I have been 
working initially on algorithms to 
detect a particular type of coupling 
which can occur between brain 
regions and I am looking now at the 
computational benefits provided 
by coupling of oscillatory activity, 
through computational models.

The BCCS has also provided me with 
the opportunity to attend the 
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Methods and Tools Session. 

Matt McVicar has been awarded 
a scholarship to attend the 11th 
International Society for Music 
Information Retrieval Conference.

BCCS freely available software
Tom Gorochowski: NetEvo is 
a computing framework and 
collection of end-user tools 
designed to allow researchers to 

Literature bits and news

Tom Gorochowski has been 
commended for his work at the 
International Conference on 
Systems Biology, the world’s 
leading systems biology conference, 
on the investigation of network 
dynamics and evolution. His poster 
has been selected as the best in 
its category in the Computational 

Having completed three years at the 
BCCS it is now obvious to me the 
advantages that this type of PhD 
affords over other PhD schemes 
that I could have opted for. For me 
science and complexity sciences in 
particular benefit from a highly cross 
disciplined thinking and working in 
the BCCS has allowed me to explore 
this much more freely than would 
have been possible in other contexts. 
Following on from the masters year 
I have maintained heavy involvement 
in both of the areas I pursued as 
projects, and over the last two years 
of my PhD this has started to come 
to fruition.  

I have spent time working with 
Dr Mellor from Anatomy and 
Physiology,  Dr Tsaneva-Atanasova 
from Engineering Mathematics and 
our very own Dr Ganesh further 
developing a simple model for spike 
dependent plasticity we devised 
during the Masters year. Spike 
time dependent plasticity is the 
phenomenon within neurons that 
is believed to be the mechanism 
behind learning and memory.
Most of the connections between 
neurons in the brain are mediated by 
synaptic connections. These synapses 
facilitate a chemical signal between 
neurons controlled by electrical 
signals arriving at both the pre and 
postsynaptic terminals. The efficiency 

of these connections is plastic and 
changes according to the activity 
pattern at a given synapse over time. 
We have developed a mathematical 
model of this behaviour that is able 
to reliably reproduce experimental 
data collected locally in Bristol based 
on place cell activation (place cells 
are the neurons responsible for 
coordinating spatial awareness in 
animals) and also from experimental 
groups elsewhere in the world. 
Because of this success the work is 
now published in a special edition 
of frontiers in neuroscience for spike 
timing dependent synaptic plasticity.

I have also spent some time 
developing a resource based on 
my other first year project on the 
evolution of coiled coils. This is 
work that I have been doing with 
Dr Gough (Computer Science), 
Professor Woolfson (Chemistry/
Biochemistry) and a number of his 
students including another BCCS 
student Thomas Vincent. Unlike 
most protein structures, coiled-
coils are relatively straightforward. 
They comprise two or more-helices 
wrapped around each other to 
form compact helical bundles, 
or rope-like extended structures. 
The structures range from simple 
dimers through pentamers, to 
more-complex assemblies involving 
many helices and even bundles of 

Complex Systems Summer School 
2009, held at the Santa Fe Institute 
in New Mexico. This summer school 
was a great chance to be exposed 
to the work of visiting researchers at 
SFI, as well as to receive high quality 
lectures on methods of analysis of 
complex systems and to meet and 
connect with other researchers from 
around the world working on 
complex system problems. The SFI 
provides a great environment in 
which to debate and discuss with 
researchers from a multitude of 
backgrounds and the techniques and 
tools I was exposed to there were 
extremely useful and state of the art.

Finally, and most importantly, the 
BCCS has given me the opportunity 
to work along-side very talented and 
bright students from many different 
academic backgrounds. Whilst the 
quality of lectures and seminars 
organised by the BCCS is always 
extremely high, it is the discussions 
I have with my fellow students 
afterward which I find invaluable. 
My colleagues within the BCCS 
student body provide me with a 
constant source of information about 
how researchers in different fields are 
tackling complex systems problems, 
as well as a support network with a 
very broad range of expertise should 
I need help or guidance with a 
problem. 

This interdisciplinary and 
collaborative atmosphere which the 
BCCS has been able to foster is in 
my opinion its greatest strength and 
the reason I have been motivated to 
pursue a career in research.

Using Complex Tools in 
Computational Science 
and Bioinformatics
by Owen Rackham

investigate evolutionary aspects 
of dynamical complex networks 
http://netevo.sourceforge.net/
Owen Rackham: Spiricoil DB is 
a resource for the study of the 
protein super-secondary structure 
coiled coils http://supfam.org/
SUPERFAMILY/spiricoil/
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A Ca2+-based computational model 
for NMDA receptor-dependent 
synaptic plasticity at individual post-
synaptic spines in the hippocampus. 
Rackham,Owen J.L.; Tsaneva-
Atanasova, K.; Ganesh, A.; Mellor 
J.R.; Front. Syn. Neurosci. 2, 31 
(2010).

Evolving enhanced topologies for 
the synchronization of dynamical 
complex networks, Gorochowski, 
Tom E.; di Bernardo, M.; Grierson, 
C.S.; Phys. Rev. E 81, 056212 (2010).

The evolution and structure 
prediction of coiled coils across all 
genomes, Rackham, Owen J.L.; 
Madera, M; Armstrong, C.T.; Vincent, 
T.L.; Woolfson, D.N.; Gough, J.; J. 
Mol. Biol. 403, 480-93 (2010).

bundles. In these ways, coiled-coils 
cement helix-helix interactions 
within all classes of protein structure 
- globular, fibrous, and membrane - 
although, they are most often linked 
with protein-protein interactions. 
Notably, coiled coils play key roles 
in directing and controlling protein-
protein associations involved in 
transcription, membrane fusion, 
muscle structure and function, 
the cytoskeleton, the extracellular 
matrix, cell division, the chemotaxis 
machinery, host-pathogen 
interactions and many other events 
within and outside the cell. For these 
reasons they are of particular interest 
in both synthetic biology and as 
a subject for evolutionary studies. 
We adopted known homology 
techniques in order to be able 
to predict the presence of coiled 
coils in protein sequences whose 
3d dimensional structures are not 
known. These techniques were 
then used to identify the location 
of coiled coils in all of the currently 
sequenced genomes (over 1000) 
as well as creating a pipeline to 
automatically repeat this procedure 
for any further genomes that are 
sequenced (of which there are 
likely to be many thousands over 
the next decade). The prediction 
algorithm and resulting evolutionary 
study has been made publically 
available at http://supfam.cs.bris.
ac.uk/SUPERFAMILY/spiricoil and 
the accompanying paper is now 
published in the Journal of Molecular 
Biology.

With these projects now completed 
I have been able to concentrate all 
of my time to my primary research 
on transcription factor regulation 
during cell development. My current 
aim in my PhD is related to recent 
discoveries that cell lineage is in 

fact much more plastic than was 
previously thought. Scientists in 
both USA and Japan were able to 
show that by taking a fibroblast (a 
type of cell commonly found in scar 
tissue and healing wounds) and 
applying the correct transcription 
factors they can be re-programmed 
to become stem cells. Following 
this experiment, other scientists 
showed that this re-programming 
was possible between many different 
cell types, for instance the same 
fibroblast cells have been made 
to change into both functioning 
muscle cells and neuron cells. This 
has opened a new door in biology 
and medicine, it is now believed 
that with the correct, carefully 
chosen transcription factors it may 
be possible to take any cell in the 
human body and force it to change 
state. This makes the concept 
of regenerative medicine where 
tissue and organs can be created 
artificially from cells taken directly 
from a patient more of a reality. The 
challenge now, and this is where my 
research is focused, is on identifying 
the correct transcription factors 
to initiate each of these cell type 
changes. We are currently trying to 
develop graph theoretic approaches 
to identify possible transcription 
factor combinations that can be 
tested in cell re-programming 
experiments performed by our 
collaborators in Japan.

I feel very fortunate to have begun 
a PhD in a research environment 
where being able to undertake 
such a variety of work is not only 
possible but also encouraged. 
While my research to date has been 
largely applied, it is my opinion 
that complex systems manifest 
themselves in nature and that by 
working in this way I will expose 

myself to gaps in current theories. 
It is the theoretical development 
driven by applications, and its 
feedback in other complex systems 
that attracted me to the BCCS in 
the first place and it remains my 
philosophy as I go into the later 
phases of my time in Bristol.
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Synaptic NMDA receptor dynamics: 
A) Release of pre-synaptic neurotransmitter binding the 
nmda receptor; 
B) Post-synaptic depolarization allowing calcium to flow into 
the cell.

Synchronization and control of 
complex networks via contraction, 
adaptation and evolution, DeLellis, 
P.; di Bernardo, M.; Gorochowski, 
Tom E.; Russo, G.; IEEE Circuits and 
Systems Magazine: Special Issue 
on Complex Networks, 10, 64-82 
(2010). 

A dynamical approach to the 
evolution of complex networks, 
Gorochowski, Tom E.; di Bernardo, 

 

M.; Grierson, C.S.; Proc. 19th Int. 
Sym. Math. Theory Netw. Syst., 
1083-7 (2010).
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January 20-21, 2011
University of Bristol

An International Workshop on 
Interaction and Decision Making in 
Animal Space Use and Navigation 
is being organized at the University 
of Bristol and partially supported by 
the BCCS. The aim of the workshop 
is the exchange of ideas and the 
forging of new collaborations 
between scientists working at 
the interface of mathematics and 
biology, and focusing on the 
problem of quantifying interaction 
and decision making in animal 
movement.

February 23-24, 2011
IWOSS, Karlsruhe

The fifth International Workshop 
on Self-Organizing Systems is 
being held this year in Karlsruhe, 
Germany. IWOSS aims to provide a 
visionary forum for self-organization 
in networks and networked systems 
addressing technological 
challenges in communication and 
computer networks, transportation 
networks, energy networks, and 
robot networks.

May 22-26, 2011
SIAM, Snowbird

The Society for Industrial and 
Applied Mathematics conference on 
Applications of Dynamical Systems 
will be held in Snowbird, Utah. The 
application areas of the conference 
are diverse and multidisciplinary, 
including biology, chemistry, 
physics, finance and engineering. 
The goals of the meeting are a 
cross-fertilization of ideas from 
different application areas, and 
increased communication between 
the mathematicians who develop 
dynamical systems techniques and 
applied scientists who use them.
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BCCS 2010 Student Group

From left to right, back row: 
Kazimir Pasiecznik, Edward 
Rooke, David Haw, Darren 
McGuinness, Marc Box.

front row: 
Martha Lewis, Andrew Aldersley, 
Antoni Matyjaszkiewicz.
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