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Project description 

Our ability to move in a controlled and directed manner allows us to look for food, escape 
predators, and find mates. These movements are specific sequences of contractions in mus-
cles that are the result of the interplay between neurons in the brain and the spinal cord. 
Defects in these pathways underlie common neurological disorders such as Parkinson’s dis-
ease and cerebral palsy. Over a century of work has focused mostly on how the many cells in 
the spinal cord produce locomotion, revealing much about how the muscles within each limb 
are contracted during these movements. 

However, animals do much more than locomote: they roll, jump, eat, and so on. This diversity 
in movements adds enormous complexity: it requires the brain to be able to produce a range 
of specific activity patterns, yet only produce one at a time, sometimes using mostly the same 
cells. For instance, the brain can produce walking or skipping, which use mostly the same mus-
cles, but should not do so at the same time. We know very little about how the brain does 
this. Are there dedicated cells for each movement? Where are the differences generated? Key 
will be to see how the brain instructs the spinal cord via the descending neural connections. 
We need to find out which brain cells are active during each movement, how these cells are 
connected to cells within the spinal cord, and how these properties combine to produce be-
haviour. 

The main reason why this important question remains unanswered is a lack of tools to com-
prehensively study the brain and spinal cord. This proposal aims to overcome this problem by 
taking advantage of the unique strengths of the Drosophila larva as a model organism, in com-
bination with cutting-edge neuroscience tools. The Drosophila larva has an interesting set of 
behaviours, yet has a small number of neurons, each uniquely identifiable and amenable to 
both activity imaging and manipulations. Crucially, the project supervisors are part of a collab-
orative effort to complete a full connectivity map (‘connectome’) of its nervous system, allow-
ing us to see how each neuron within the brain is connected. This project will harness the 
breakthrough technologies of whole-brain lightsheet microscopy, optogenetics, and connec-
tomics to understand how the descending neural connections within the Drosophila brain set 
up the range of behaviours that this animal is capable of. 

The student will first aim to identify which cells are involved. They will do this by 1) determin-
ing which brain neurons connect to the equivalent of the spinal cord by completing their wir-
ing diagram using connectomics, and 2) seeing which of these cells are active during behaviour 
using lightsheet microscopy. They will next use optogenetics, which uses light to switch on or 
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off specific cell types, to see what effect cells of interest have on the animal’s ability to produce 
different behaviours. Combined with the wiring diagram of the animal, these results will pro-
duce an integrative view of the generation of the animal’s behavioural repertoire. 

The project addresses a question that lies at the heart of our understanding of the neural basis 
of behaviour, and will test whether brains have dedicated neural pathways to generate differ-
ent movements. Its results have implications for how brains across the animal kingdom -in-
cluding ours- are designed. The student recruited to the project will receive training in cutting-
edge techniques in a rapidly evolving field, and will in addition to the core results produce a 
database of brain cell types that are of interest for follow-up studies. The project will set the 
stage for an international partnership that will be well-positioned to investigate brain function 
in health and disease. 

The project will be managed jointly between the School of Psychology and Neuroscience at St 
Andrews and the Department of Molecular Brain Physiology and Behavior at Bonn. The stu-
dent will be supervised by Dr Maarten Zwart (St Andrews; www.zwartlab.com) and Professor 
Michael Pankratz (Bonn; https://www.limes-institut-bonn.de/en/research/research-depart-
ments/unit-1/pankratz-lab/pankratz-lab-home/). 

Informal enquiries regarding this scholarship may be addressed to the co-supervisors: 

• Dr Maarten Zwart: mfz@st-andrews.ac.uk  
• Professor Michael Pankratz: pankratz@uni-bonn.de  

Please reference ‘Zwart-Pankratz Global PhD’ in the subject line of your email. 

For further information, please visit https://www.uni-bonn.de/joint-doctoral-program. 
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