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Introduction 

•  Sleep is a fundamental biological process.  Insufficient sleep leads to significant, 

wide-reaching changes in physiology, mental acuity, physical performance and 

mood.  

• The fruit fly (Drosophila melanogaster) has demonstrated conservation of 

pharmacological processes, neurological control and behavioral characteristics of 

vertebrate sleep1. Because of this, it is an ideal model system useful to identify and 

investigate the genes underlying sleep behavior.  

• Screens for sleep-related genes in Drosophila have already uncovered promising 

candidates, however current instrumentation suffers from a lack of resolution and 

can lead to misreporting certain sleep phenotypes2. 

• Current tools lack the ability to actively sleep deprive individual flies and fail to 

provide a software platform capable of supporting large-scale analyses.   

• We have designed a scalable, high-throughput video system for monitoring fly 

movement, classifying sleep/wake activity and automatically applying a individual, 

selective sleep deprivation stimuli to each fly on demand. 

• The system consists of a fully enclosed video-based design capable of measuring 

changes in activity as low as 0.5 mm and determining the sleep/wake state of each 

fly in real time (Figure 1, left). The system can be scaled to monitor up to 160 

Drosophila in a standard commercial incubator (Figure 1, right).  

• Experiment control and video preview along with access to x-y position, sensor 

information (light intensity, temperature and humidity) and real-time video feeds are 

available for all underway experiments via a master monitoring computer that can 

reside locally or remotely (Figure 2).  

• Video data is processed in real-time and stored locally.   

System Design 

System Testing - Methods 
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• Our system is capable of delivering real-time sleep deprivation stimuli to individual 

flies based on the currently observed sleep/wake state. 

• The data suggests that a 20-kick stimulus is insufficient to wake sleeping flies and 

therefore the SD flies in this group are not sleep deprived. Therefore, we have 

discovered the intensities of kicking stimuli which are sufficient and also 

insufficient to cause sleep rebound. This supports the claim that the system can 

measure arousal threshold. 

• This instrument represents the first method for automatically measuring, recording 

and selectively depriving individual fruit flies using video-based monitoring and 

presents a useable solution for very large scale genetic screens requiring the 

simultaneous monitoring of several hundred flies. 

Conclusions 

Figure 2: Visual of fly tubes and software interface for individual sleep deprivation 

control 
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System Testing - Results 

• Wild-type flies were maintained within the deprivation device in individual tubes with 

a dextrose-based food source and yarn at the opposite end to allow the animals to 

respire but prevent them from escaping.  

• The  flies were acclimated to a 12 hour light: 12 hour dark light schedule in groups of 

10.  Flies were maintained in vials in acclimation chambers with the same white LED 

light source as the deprivation device for six days. Flies were then transferred into 

individual tubes and placed in the deprivation holders.  Beginning with the lights-on 

period following transfer to individual tubes, all behavior was recorded for 48 hours.  

• The current standard for determining sleep in the fly is that 5 minutes or more of 

immobility equates to a sleep period2.  Therefore, we initially chose the stimulus to 

be delivered to the experimental flies whenever they had a period of immobility of 5 

minutes.   

• We tested stimulus intensities of 30 kicks and 20 kicks. The kickers were 

programmed to begin at zeitgeber time (ZT) 18 (middle of subjective night) and kick 

the individual flies, whenever they have stopped moving for five minutes, until lights-

on the following day at ZT 24.  

• We continued to measure the sleep behavior of the flies for an additional 24 hours 

following sleep deprivation. We enabled the kickers for every other fly in the device 

so that half of the flies were subjected to the stimulus and half were not. We have 

designated the flies which received the stimulus as Sleep Deprived (SD) and the 

group which were adjacent to stimulated flies but did not receive stimulus based 

upon their own immobility as Handled Controls (HC).  

Figure 3: Distribution in the change in 

total sleep during the 12 hours 

following six hours of stimulation. A 

stimulus of 30 kicks causes a 

significant increase in total sleep in the 

12 hours following stimulation in SD 

flies versus HC.  

 

*** p=0.005, T-Test. N=15 for each 

group, SD=stimulated, HC=handled 

control, AVG=average value for each 

group. 

Figure 4: Change in the average 

sleep bout duration in the 12 

hours following six hours of 

stimulation. A stimulus of 30 

kicks causes a significant 

increase in the average sleep 

bout duration following 

stimulation in SD flies versus 

HC.  

 

* p=0.010, T-Test, N=15 for each 

group, SD=stimulated, 

HC=handled control, 

AVG=average value for each 

group. 

• We measured changes in total sleep and average sleep bout duration for the 12 

hours following sleep deprivation (Figure 3) and found a significant increase in total 

sleep in the 12 hours following the 30 kick stimulus for SD animals compared to HC 

animals (p=0.005, T-Test). In addition, there is a significant increase (p=0.010, T-

Test) in the average duration of sleep bouts after stimulation of the SD flies with 30 

kicks compared to the HC flies (Figure 4).  

• There was no significant difference between animals which were stimulated using a 

20-kick stimulus versus the HC group. 

System Testing - Results 

• There was no significant difference between SD and HC using a 20-kick stimulus 

in average sleep bout duration. The increase in sleep and the increase in average 

sleep bout duration seen in the flies stimulated using 30 kicks are behavioral 

indicators that the SD flies are undergoing recovery sleep, which is the normal 

homeostatic response to loss of sleep. The flies in the same chamber which were 

not stimulated (HC) did not show a recovery sleep phenotype nor did either group 

in the 20-kick stimulus experiments.  


