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Neuron-Specific Gene Expression and Circadian Locomotor Activity and Sleep
The circadian network in Drosophila consists of ~75 pairs of neurons in the central brain. Rhythmic circadian locomotor activity of 
flies and many other insects has two activity peaks per day: One is centered on dawn and the other on dusk. The markedly reduced 
activity between these two peaks constitutes a siesta, which is a third behavioral feature in the middle of the day. We have shown that 
these 3 daytime activity features derive from the neuronal activity of 3 groups of circadian neurons: morning cells, evening cells and 
DN1-sleep cells. Each of these three groups contains 5-10 adjacent neurons. We are interested in how they differ and how they com-
municate, with each other, with other circadian neurons and with other neurons elsewhere in the fly brain. Part of this project involves 
activating or recording from these discrete neuron groups, either in dissected brains or in wake-behaving flies, with optogenetic and 
calcium tracing techniques respectively. In the case of dissected brains, we can assay for downstream neuronal connections; in the 
case of wake-behaving flies, we can assay the direct behavioral consequences of activation or track the temporal calcium profiles of 
specific neurons. We are also profiling differential gene expression by RNA-Seq, both spatially and temporally. Spatial profiling is a 
comparison of the 3 different neuron subtypes, whereas temporal profiling assays time points across the 24 hour day for each of the 
subtypes.

Sleep and Aging
Although there is no consensus on why we sleep, that is, its function(s), work on Drosophila sleep over the past decade has improved 
our understanding of its regulation. Indeed, much progress has been made in the identification of genes, anatomical regions, and 
neurochemicals with strong effects on fly sleep. Among the most important wake-promoting chemicals is dopamine, and a couple of 
chemicals strongly promote sleep. The circadian system is also important for the normal timing of sleep and wake, that is, the daily 
regulation of sleepiness and alertness. What is more poorly understood is homeostatic regulation, or whatever keeps track of sleep 
need. For example, sleep deprivation leads to increased sleep or “sleep rebound” in flies as well as humans (and an increased depth 
of sleep in mammals), and this regulation is supposed to be largely independent of circadian time. However, our recent results in flies 
indicate a close connection between the circadian system and sleep regulation. Aging also influences sleep regulation similarly in 
humans and flies. For example, the strongest effect of aging is on sleep fragmentation, which is roughly speaking an increase in the 
number of awakenings per night; in contrast, total sleep time is only modestly affected by aging. We also found that sleep rebound is 
very compromised in old flies, suggesting a relationship between aging and homeostatic sleep regulation. We plan to use biochem-
ical methods to look for molecular signatures of sleep deprivation and sleep rebound in flies, focusing on brain neurons and circuits 
important for sleep regulation, including the DN1-sleep cells mentioned above. We also plan to explore the function of these regions in 
sleep rebound, including looking for mutants that enhance or suppress sleep rebound in old versus young flies. Screening directly in 
older flies and subscreening in young flies might reveal interesting aspects of sleep regulation that contribute to some of these old vs 
young differences. This strategy is designed to reveal vulnerabilities or idiosyncrasies of the aging nervous system, which might in turn 
reveal an interesting aspect of homeostatic sleep regulation, aging, or their interface.

The function of the timeless protein and the regulation of circadian gene expression
It is generally acknowledged that the period protein (PER) is the major circadian repressor of CLK:CYC mediated transcription. CLK:-
CYC is the fly ortholog of mammalian CLK:BMAL1 and activates transcription of period and timeless. In contrast to PER, the function 
of the timeless protein (TIM) in gene expression regulation has been more elusive. This is despite the fact that TIM and PER are tightly 
associated for much of the circadian cycle.  There is also rather little known about the circadian regulation of chromatin in the fly sys-
tem. To address these missing features of circadian transcriptional regulation, we have been using ATAC-seq to map open chromatin 
“around the clock” in the fly system. We are paying particular attention to the regulatory regions of key clock genes like period and 
timeless. We have also used CRISPR to delete specific sequences from the timeless regulatory region. These deletions not unexpect-
edly reduce timeless expression. More interestingly, they also have specific effects on chromatin and transcriptional regulation, both 
within the timeless gene as well as on other circadian genes. The deletions also have strong effects on behavior. The project uses 
state-of-the art methods and has a broad reach, to understand mechanistic aspects of gene expression and chromatin regulation as 
well as their impact on behavior.
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