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Neural circuits that distinguish memory processes in the fly brain
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Fruit flies Drosophila melanogaster bidirectionally adapt the response to an

odor based on appetitive and aversive memories of sugar reward and electric shock punishment,
respectively. Accumulating evidence suggest that the output from a brain structure called the
mushroom body (MB) is necessary for acquisition, consolidation, and retrieval of appetitive and
aversive memories. However, it is largely unclear how the common MB circuit operates these distinct
memory processes. To comprehensively characterize the organization of the MB output, we anatomically
identified all the MB output neuron types in Drosophila. By measuring the behavioral importance of
each output pathway, we found that the different sets of the MB output neurons are recruited in
appetitive and aversive memories. Furthermore, our comprehensive behavioral analysis revealed
acquisition, consolidation and retrieval of memories are characterized by the combinatorial

functions of MB output neurons.
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