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Reconstructing Neural Circuitry Underlying Navigation
The neural basis of spatial navigation has largely been studied in mammals, with notable discoveries of neurons that re-
spond selectively to an animal’s heading and place in its environment, for example head directions cells, place cells, and 
grid cells. However, it has been challenging to understand how such abstract neural representations arise in the mam-
malian brain, due partly to the sheer numerical complexity of the distributed circuits involved. Our lab aims to understand 
the mechanistic basis of navigational neural dynamics by using a more tractable experimental system. We use Drosoph-
ila melanogaster, a model organism with a small brain, and powerful genetic tools that enable us to perturb and record 
the activity of specific subsets of neurons. In recent years, Janelia labs have shown both that Drosophila perform visual 
place learning (Ofstad et al., Nature, 2011), and that circuits in their brain capture their orientation with dynamics that 
share similarities with mammalian head direction cells (Seelig & Jayaraman, Nature, 2015). 

In our effort to understand how such activity patterns are generated, we would like to reconstruct the underlying neural 
circuits. You would work in collaboration with groups at Janelia that are performing electron microscopy (EM) of large 
volumes of the fly central brain, including the brain region (the “central complex”) that we believe to be specialized for 
navigation in insects. Our goal would be to trace entire neural networks involved in navigation, making clear the structur-
al basis for the interesting neural activity we observe. Such connectomic reconstruction of complete circuits, which will 
help us draw broadly relevant conclusions about how navigational circuits work, is, at the moment, impossible to per-
form in larger brains. The ideal candidate would be attentive and patient, have an eye for detail and care about accuracy, 
all while being genuinely interested in understanding how the structure of neural circuits enable behavior. 

As part of your experience in the intellectually stimulating, collegial, and highly collaborative Janelia Research Campus, 
you would also be actively involved in journal clubs and lab meetings.
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