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Abstract 
Sleep disruption is an early hallmark of Alzheimer’s disease (AD), and prior research studies 
show that neuronal expression of human amyloid beta (Aβ42) in Drosophila melanogaster 
induces fragmented sleep. In this Stage 2 Registered Report, we replicated this phenotype using 
an automated video-based monitoring system (TrackedFlyBox™). 

Across four genotypes (elav/Y, dFabp/+, Aβ42/+, and Aβ42/+;dFabp/+), we quantified total 
sleep, daytime and nighttime sleep, and sleep architecture metrics including bout number and 
bout duration. 

Consistent with the Stage 1 hypothesis, Aβ42-expressing flies exhibited altered sleep architecture 
characterized by reduced daytime sleep and shortened bout duration, consistent with increased 
sleep fragmentation. Importantly, co-expression of dFabp did not rescue the Aβ42-induced 
phenotype under the constitutive conditions tested, as Aβ42/+;dFabp/+ flies remained similar to 
Aβ42/+ flies across key sleep metrics. 

These findings replicate core aspects of the original study while suggesting that the reported 
dFabp-mediated rescue effect may not be robust under the present experimental conditions. 

Stage 1 Registered Report: https://www.researchhub.com/paper/11079949/sleep-fragmentation-
in-neuronal-a42-expressing-drosophila-replication-study-stage-1-registered-
report?utm_source=copy_url&utm_medium=social_share	

 

 

 

 

Fig 1. Graphical abstract for proposed project. AB42 flies along with rescue conditions will 
begenerated and phenotyped in the TrackedFlyBoxTM system. 
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2. Main Body 

 
2.1 Introduction 

2.1.1 Research question, background, and relevance 

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by amyloid 
beta accumulation, synaptic dysfunction, and cognitive decline1. Mounting evidence suggests 
sleep disruption may precede cognitive symptoms and may serve as an early biomarker of disease 
progression2. Sleep fragmentation has been linked to altered amyloid clearance and 
neurodegenerative vulnerability3. 

Drosophila melanogaster provides a powerful genetic model to study neuronal mechanisms 
underlying sleep and neurodegeneration. Gerstner et. al.4 reported that neuronal expression of 
human Aβ42 in flies induces fragmented sleep architecture, with increased sleep bout number and 
reduced bout length, prior to measurable cognitive impairment. Replicating this phenotype is 
critical for establishing robustness and reproducibility of sleep-based phenotypes in early AD 
models. This current study sought out to reproduce the original work. 

2.1.2 Hypotheses 

The primary hypothesis of this study is that flies expressing neuronal Aβ42 exhibited 
significantly more fragmented sleep compared with driver-only controls. Sleep fragmentation was 
operationally defined as an increase in the number of sleep bouts across the 24-hour period, 
accompanied by a reduction in the mean duration of individual sleep bouts. 

The primary outcomes of interest were therefore (1) the total amount of sleep measured in 
minutes, (2) the total number of sleep episodes per 24 hours (split into day and night) and (3) the 
max length of sleep bouts, measured in minutes (split into day and night). 

Secondary outcomes included activity, region analysis, and feeding frequency. 

2.1.3 Timeline 

Data collection and analysis were completed within 5 months following Stage 1 acceptance, with 
Stage 2 submission immediately thereafter. 

2.2 Methods 

2.2.1 Experimental Design 

This study replicated the sleep fragmentation assay described by Gerstner et al. in adult 
Drosophila. Four experimental groups were examined: flies expressing human Aβ42 (BDSC 
#33769) pan-neuronally under the elav-GAL4 driver (BDSC #458), dFabp flies (BDSC #15579), 
dFabp flies combined with UAS-Aβ42, and driver-only control flies (elav-GAL4/+). Each 
experimental group included approximately 35–40 male flies aged two to three days post-
eclosion. Data were collected across multiple experimental sessions and aggregated for analysis. 



	

2.2.2 Sleep Assay and Data Collection 

Sleep behavior was recorded using the TrackedFlyBox™ (Tracked Biotechnologies LLC, 
Manassas, Virginia, USA) system, a continuous video-based monitoring platform. Flies were 
maintained under standard 12:12 light–dark cycles and imaged in a single fly adaptation of the 
system (Supplementary Fig. 1) 

Sleep was operationally defined as ≥5 minutes (300 seconds) of continuous inactivity, consistent 
with established criteria. 

2.2.3 Data Processing 

Video recordings were processed using automated tracking pipelines that extracted locomotor 
activity and inactivity periods. From these data, the following metrics were computed: 

• Total sleep (24-hour)  
• Daytime sleep  
• Nighttime sleep  
• Sleep bout duration  
• Maximum bout duration  
• Sleep bout count  

Data were aggregated across sessions and reported as mean ± SEM. 

2.2.4 Statistical Analysis 

Group differences were first assessed using one-way analysis of variance (ANOVA) across all 
genotypes. Where a significant main effect was detected, pairwise comparisons were performed 
using Welch’s t-tests to account for unequal variances between groups. 

Multiple comparisons were corrected using the Bonferroni method. Statistical significance 
thresholds were adjusted accordingly, and corrected p-values are reflected in all reported results 
and figures. All analyses were conducted using Python (v3.10) and associated scientific 
computing libraries. 

2.3 Results and Discussion 

2.3.1 Replication of Sleep Phenotype 

Aβ42/+ flies exhibited a clear reduction in total sleep compared to control groups, with 
statistically significant differences observed in 24-hour sleep duration (Fig. 2). This reduction was 
primarily driven by decreased daytime sleep. 

Daytime sleep was significantly reduced in Aβ42/+ flies relative to both elav/Y and dFabp/+ 
controls, representing one of the strongest replicated effects of the original study. 

2.3.2 Sleep Fragmentation Metrics 



	

Consistent with the Stage 1 hypothesis, Aβ42/+ flies demonstrated altered sleep architecture 
indicative of fragmentation. (Fig. 2) 

Daytime sleep bout duration was reduced in Aβ42/+ flies, indicating shorter and more frequent 
interruptions of sleep. Additionally, changes in sleep bout count were observed, suggesting 
disruption of consolidated sleep patterns. 

Maximum bout duration was also reduced, further supporting the presence of fragmented sleep 
structure. 

2.3.3 Lack of dFabp Rescue Under Constitutive Expression Conditions 

No statistically significant rescue effect of dFabp was observed in our dataset. 

Following one-way ANOVA, pairwise Welch’s t-tests with Bonferroni correction showed that 
Aβ42/+;dFabp/+ flies did not differ significantly from Aβ42/+ flies across key sleep metrics, 
including daytime sleep and bout duration. Both groups remained significantly different from 
control genotypes. 

Importantly, this result contrasts with previously reported findings (Gerstner et al., 2016), in 
which dFabp overexpression rescued Aβ42-induced sleep fragmentation. A key methodological 
difference is the original study employed heat-shock–induced dFabp expression, which 
substantially increases expression levels beyond baseline transgenic conditions. 

In our study, dFabp was expressed under constitutive conditions without heat-shock induction. 
Therefore, the lack of rescue observed here may reflect insufficient dFabp expression levels, 
rather than a true absence of biological effect. 

These findings suggest that dFabp-mediated rescue of Aβ42 phenotypes may be dose-dependent, 
requiring elevated expression levels to achieve functional impact. 

2.3.4 Nighttime Sleep Effects 

Nighttime sleep differences were comparatively modest across groups. While some changes in 
maximum bout duration and bout count were observed, these effects were weaker than those seen 
during the daytime. 

This weaker difference in nighttime sleep maximum bout duration and count, indicates that the 
fragmentation phenotype is more pronounced during the daytime phase of the light–dark cycle. 

2.3.5 Additional Behavioral Analyses (Exploratory) 

Additional analyses not specified in the Stage 1 Registered Report were conducted to further 
characterize behavioral differences. (Supplementary Fig. 2-4) 

Locomotor activity, including elevated total distance traveled and mean speed, was not 
significantly altered from any of the genotypes (Supplementary Fig. 2) nor was it explained by 
the quadrant of the vial (Supplementary Fig. 3). 



	

Additionally, we explored the “legacy” mode of activity measurement in micro tubes, where a 
midline of the vial is equated to an artificial beam down the middle. We found no significant 
difference in the crossing of this midline across all genotypes (Supplementary Fig. 4). 

These exploratory findings should be interpreted cautiously. 

2.3.6 Interpretation 

Overall, the results partially replicate the original findings. 

Strong replication was observed for reduced daytime sleep, decreased sleep bout duration, and 
altered sleep architecture in Aβ42-expressing flies, consistent with increased sleep fragmentation. 

However, the expected rescue effect of dFabp was not observed under the present experimental 
conditions. Aβ42/+;dFabp/+ flies did not differ significantly from Aβ42/+ flies across key sleep 
metrics, indicating no detectable improvement in sleep structure. 

Importantly, this discrepancy may be explained by differences in experimental design. Prior work 
demonstrating rescue utilized heat-shock–induced dFabp overexpression to elevate expression 
levels, whereas the present study employed constitutive expression without induction. As a result, 
the lack of rescue observed here may reflect insufficient dFabp expression rather than a complete 
absence of biological effect. 

Together, these findings suggest that Aβ42-induced sleep fragmentation is a robust and 
reproducible phenotype, while dFabp-mediated modulation may be context-dependent and 
potentially dependent on expression level. 

2.3.7 Significance 

These findings support sleep fragmentation as a reproducible early behavioral phenotype 
associated with neuronal Aβ42 expression. 

Furthermore, the results demonstrate the utility of automated video-based systems such as 
TrackedFlyBox™ for high-throughput and reproducible behavioral phenotyping. 

The absence of a significant dFabp rescue effect under constitutive expression conditions 
highlights the importance of independent replication and careful consideration of experimental 
parameters, including expression systems, when evaluating potential modulators of 
neurodegenerative phenotypes. 

More broadly, these results suggest that therapeutic modifiers identified under inducible or high-
expression conditions may not generalize across experimental contexts, underscoring the need for 
systematic validation. 

2.3.8 Limitations 

In particular, a key limitation is the absence of inducible overexpression (e.g., heat-shock 
conditions), which was used in prior work to enhance dFabp expression and may be required to 
observe a rescue effect. 



	

3. Figures, Tables and Data Availability  

3.1 Core Figure 

 

Figure 2: Replication of sleep metrics across genotypes 

Sleep architecture and duration metrics across four genotypes (elav/Y, dFabp/+, Aβ42/+, and 
Aβ42/+;dFabp/+), replicating the structure of Figure 4 from the original study. Metrics include 
total sleep (24-hour), daytime sleep, nighttime sleep, sleep bout duration, maximum bout 
duration, and sleep bout count. 

Aβ42/+ flies exhibited significantly reduced daytime sleep and shorter sleep bout duration 
compared to control groups, consistent with increased sleep fragmentation. In contrast, 
Aβ42/+;dFabp/+ flies did not differ significantly from Aβ42/+ flies across these metrics, 
indicating no detectable rescue under constitutive expression conditions. 

Each group consisted of approximately 35–40 male flies aged 2–3 days post-eclosion. 



	

Statistical significance was assessed using one-way ANOVA followed by pairwise Welch’s t-
tests with Bonferroni correction. Error bars represent mean ± SEM. Significance is indicated as 
*p < 0.05, **p < 0.01, ***p < 0.001 (Bonferroni-corrected). 

3.2 Supplementary Figures 

 

 

 

 

 

 

Supplementary Figure 1: TrackedFlyBoxTM experimental setup 

Representative image of the TrackedFlyBox™ system used for continuous video-based 
monitoring of individual Drosophila. The system enables automated tracking of locomotor 
activity and sleep behavior across multiple vials under controlled light–dark conditions. 

 

 

Supplementary Figure 2: Locomotor activity metrics across genotypes 



	

Total distance traveled and mean speed across genotypes (elav/Y, dFabp/+, Aβ42/+, and 
Aβ42/+;dFabp/+). There were no statistically significant differences between the flies. 

Each group consisted of approximately 35–40 male flies aged 2–3 days post-eclosion. 

Statistical analysis was performed using one-way ANOVA followed by Welch’s t-tests with 
Bonferroni correction. Error bars represent mean ± SEM. 

 

Supplementary Figure 3: Spatial distribution of activity (quadrant analysis) 

Distance traveled and mean speed analyzed across spatial quadrants within the arena. This 
analysis assesses potential positional or environmental biases in locomotor behavior. 

No major genotype-specific spatial biases were observed, indicating that differences in activity 
are unlikely to be driven by positional preferences within the arena. 

Each group consisted of approximately 35–40 male flies aged 2–3 days post-eclosion. 

Error bars represent mean ± SEM. 



	

 

Supplementary Figure 4: Midline crossings (Drosophila Activity Monitor, DAM, system 
simulation) 

Simulated DAM-style midline crossings derived from video tracking data. This metric provides a 
proxy for traditional beam-break activity measurements. 

There were no significant differences between groups. 

Each group consisted of approximately 35–40 male flies aged 2–3 days post-eclosion. 

Error bars represent mean ± SEM. 
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