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Project description: 

This project will combine a range of experimental and mathematical methods to provide insights that will be critical 
to understanding how the hippocampal dentate gyrus (DG) performs the cellular computations essential for memory, 
and ultimately how these alter with ageing and dementia. The DG is crucial in formation of memories. This is thought 
to be achieved by a process known as 'pattern separation', which minimises interference by transforming similar 
neural patterns into distinct outputs to hippocampal CA3 neurones. Pattern separation is one of the first memory 
processes adversely affected by ageing.     

The neural circuitry in the DG includes granule cells, mossy cells and interneurons. We found that mossy cells have a 
pivotal role in pattern separation by influencing the balance between excitation and inhibition in the circuit.  However, 
the temporal and spatial dynamics by which mossy cells regulate this balance is not well understood.     

The aim of this project is to understand how pattern separation is brought about by combining cellular recordings and 
developing computational models to recapitulate the temporal dynamics of DG circuitry that are observed 
experimentally. In particular, the project will test the hypothesis that the mossy cells co‐ordinate across multiple 
"lamellar" GC populations in the ipsilateral and contralateral hippocampus to filter the outputs from DG to CA3 and 
sculpt their temporal profile.      The computational models will develop biophysical models of individual granule and 
mossy cells to describe how these cells integrate spatiotemporal synaptic inputs across their dendritic trees. Network‐
level models will be developed to determine the contribution of single‐cells to circuit computations within ipsilateral 
and across to contralateral hippocampus. These simulations will be implemented in Python or Julia and run on the 
University’s Blue Crystal supercomputer.      

The student will make in vitro electrophysiological recordings from granule cells, mossy cells and interneurones and 
combine with in vivo recordings to test model predictions. Additionally, optogenetic techniques will be used to 
manipulate different DG cell populations during pattern separation behavioural paradigms to test our hypotheses on 
how spatiotemporal activity of DG circuitry controls pattern separation. 


