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Variation in Gene Expression and Brain Morphology among 48 Drosophila Lines that
Vary in Cocaine Preference

A previous study of 598 inbred wild-derived and fully sequenced lines of the recently expanded
Drosophila Genetic Reference Panel (DGRP3) revealed extensive genetic variation in cocaine
consumption and preference with sexual dimorphism and variation in sexual dimorphism. About
10% of these lines showed an innate preference for cocaine consumption in at least one sex when
given a choice between a sucrose solution and a sucrose solution supplemented with cocaine,
despite adverse physiological effects, evident from an increased risk for seizures. A previous
single-cell multiome study in Drosophila implicated mushroom bodies as neural substrates that
had the most significant response to cocaine. In an initial study, we analyzed three DGRP3 lines
with high cocaine preference and three lines with preference indices at the population mean for
variation in mushroom body structure using anti-Fasll immunostaining and 3D confocal
microscopy imaging. Despite the small sample size, we found that alpha lobe structure and
asymmetry correlate with cocaine preference and consumption. To increase statistical power, we
are expanding this initial study to 48 DGRP3 lines across the range of cocaine consumption, from
avoidance to preference. We are performing ATAC-seq and RNA-seq analyses of the same lines
with and without exposure to cocaine, for sexes separately and with replicates, to identify changes
in chromatin accessibility and differential expression of genes with human orthologs. We will
assess to what extent cocaine-induced differential gene expression correlates with changes in
morphometric variation in mushroom body structure and innate preference for cocaine.
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