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The mechanism of psychiatric drugs (stimulant and non-stimulant) is still unclear.
Precision medication of psychiatric disorders faces challenges in pharmacogenetics and
pharmacodynamics research due to difficulties in recruiting human subjects because of
possibility of substance abuse and relatively small sample sizes. Drosophila is a powerful
animal model for large-scale studies of drug effects based on the precise quantification
of behavior. However, a user-friendly system for high-throughput simultaneous tracking
and analysis of drug-treated individual adult flies is still lacking. It is critical to quickly
setup a working environment including both the hardware and software at a reasonable
cost. Thus, we have developed EasyFlyTracker, an open-source Python package that
can track single fruit fly in each arena and analyze Drosophila locomotor and sleep
activity based on video recording to facilitate revealing the psychiatric drug effects.
The current version does not support multiple fruit fly tracking. Compared with existing
software, EasyFlyTracker has the advantages of low cost, easy setup and scaling,
rich statistics of movement trajectories, and compatibility with different video recording
systems. Also, it accepts multiple video formats such as common MP4 and AVI
formats. EasyFlyTracker provides a cross-platform and user-friendly interface combining
command line and graphic configurations, which allows users to intuitively understand
the process of tracking and downstream analyses and automatically generates multiple
files, especially plots. Users can install EasyFlyTracker, go through tutorials, and give
feedback on http://easyflytracker.cibr.ac.cn. Moreover, we tested EasyFlyTracker in a
study of Drosophila melanogaster on the hyperactivity-like behavior effects of two
psychiatric drugs, methylphenidate and atomoxetine, which are two commonly used
drugs treating attention-deficit/hyperactivity disorder (ADHD) in human. This software
has the potential to accelerate basic research on drug effect studies with fruit flies.
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INTRODUCTION

Drosophila is a powerful genetic animal model for studies
of complex phenotypes such as circadian rhythms, sleep,
movement, and diseases (Sokolowski, 2001; Bier, 2005; Bellen
et al., 2010). With lower costs and higher yields than mammalian
models, Drosophila has contributed to revealing the genetic and
neuroscientific basis of autism spectrum disorders (ASDs) (Tian
et al., 2017; Coll-Tane et al., 2021), attention-deficit/hyperactivity
disorder (ADHD) (van Swinderen and Brembs, 2010; van der
Voet et al., 2016), and other disorders (Ries et al., 2017).
In particular, large-scale studies of target genes and drug
effects of the stimulants such as amphetamine, methylphenidate
(MPH), and cocaine have greatly accelerated the basis of future
pharmacogenomic and pharmacodynamic research (Heberlein
et al., 2009; Rohde et al., 2019; Philipsen et al., 2020). Sleep
and locomotor activity are crucial behaviors in the study of
neurological disorders in Drosophila, since certain psychiatric
disorders cause deficits in these behaviors. Different devices
and accompanying software have been proposed for Drosophila
sleep/locomotor tracking and downstream analyses, but they
are not designed for the simultaneous independently tracking
of multiple individual flies in drug effect studies. For example,
pySolo (Gilestro and Cirelli, 2009), ShinyR-DAM (Cichewicz and
Hirsh, 2018), and “tracker” (Donelson et al., 2012) software have
been widely used, but limited to the infrared-detected Drosophila
Activity Monitor (DAM) system (TriKinetics, Waltham, MA,
United States). It records the frequency of fruit flies crossing
infrared beams in a tube to study the locomotor, sleep, and
circadian rhythms. The high cost of the single tube device
limits its usage for high-throughput studies. Other well-known
commercial tracking software, such as EthoVision XT from
Noldus (Wageningen, Netherlands), is also expensive.

The Ctrax (Slawson et al., 2009) and the IowaFLI Tracker
(Scaplen et al., 2019) are all camera-based software based on
grouped individual tracking in the defined area. However, such
group-based activity can interfere (e.g., with social behavior) with
sleep/locomotor activity after drug treatment. Furthermore, some
software was developed in MATLAB (Barwell et al., 2021), which
is also an expansive commercial solution. In addition, it is slow
when dealing with large videos using an artificial intelligence
approach to track large fruit fly behaviors such as idtracker.ai
(Romero-Ferrero et al., 2019).

Thus, we developed EasyFlyTracker, which uses affordable
and easy-to-build equipment to track and analyze the
sleep/locomotor activities of individual adult fruit flies for
the study of drug effects, especially psychiatric drugs. To
avoid interference of social behaviors, each arena contains
only single fruit fly. EasyFlyTracker can track the activities
of up to 72 individuals simultaneously with current settings
and scale up to any number of individuals theoretically.
After evaluating the tracking accuracy of EasyFlyTracker,
we used it to track and quantify the locomotor activities of
Drosophila treated with two commonly used psychiatric drugs
such as MPH (a stimulant) and atomoxetine (ATX) (a non-
stimulant) for ADHD symptoms in humans and finally identified
hyperactivity-like behavior.

MATERIALS AND METHODS

Our tracking system consists of two parts, software and hardware
setup, of which software (named EasyFlyTracker) development
is our focus. All the hardware can be purchased directly
online and installed easily and we provided product lists on
our website http://easyflytracker.cibr.ac.cn/#/document. Next,
for convenience of users, hardware setup is introduced first.

Hardware Setup Requirements
We built the customized recording environments, which are
easily rebuilt and cost-effective compared with commercial
equipment. The setup (cartoon diagram is shown in Figure 1)
consists of the following parts: a standard commercial video
camera, a background light, a computer, and polycarbonate
(PC) antistatic transparent flat chambers. An example of up to
72 individuals were tracking simultaneously with our current
settings (diameter of each circle is 16 mm) and it can scale up
to any number and any circle size of individuals theoretically.
However, as the number and circle size increase, the equipment
settings should upgrade accordingly to maintain the performance
of the system. The minimum size of the fruit fly body needs to
be at least 4 pixels otherwise it will be treated as noise rather
than a fruit fly. Active video of flies was obtained by recording
the video directly above the activity areas of fly. Any camera
with a resolution of 640 × 480 or better will work and we used
1,280 × 720 and 30 frames per second (fps). In addition, users
need to ensure that the camera is still, the light (or infrared light)
is constant, so that the background image is stable and stationary,
and the background should be a clean and bright environment.

Development of EasyFlyTracker for
Locomotor and Sleep Activity Analysis
EasyFlyTracker is written in the open-source Python 3.61

programming language and can be used to understand the
tracking process, thanks to the user-friendly interface. The
schematic plot of EasyFlyTracker is shown in Figure 2. General
flow of the software (Figure 2A) contains read input data,
track position of fly, define and analyze behavior, and output
files. Details (Figure 2B) of tracking algorithm, behavior
definition, outputs and visualization, and detailed information
are provided below.

Tracking Algorithm
It calculates the trajectory of each fly (center position and
orientation in each frame) after importing the stored video
sequence. Sample videos,2 which were recorded with our
aforementioned customized shooting environments, were
used to develop EasyFlyTracker. Tracking is achieved through
four steps (a graphical example of the tracking algorithm
is shown in Figure 2B): background modeling, foreground
segmentation, coordinates calculation, and orientation
estimation of Drosophila.

1https://www.python.org/
2http://easyflytracker.cibr.ac.cn/#/document
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FIGURE 1 | Hardware setup of video recording system. A cartoon schematic of our shooting setup, which consists of the following parts: a standard commercial
video camera, a background light, a computer, and polycarbonate (PC) antistatic transparent flat chambers. The minimum size of the fruit fly body needs to be at
least 4 pixels otherwise it will be treated as noise rather than a fly.

FIGURE 2 | The schematic plot of EasyFlyTracker. (A) General flow of the software. (B) Details of input data, tracking algorithm, behavior definition, output, and
visualization.

Background Modeling
A total of 800 frames or available number of frames when
it is smaller than 800 are randomly selected from video and
the pixel value with the highest number of occurrences in the
time dimension is kept for each pixel. The background image
is obtained after traversing all the pixel points. It should be
noted that a random factor is used here, which will lead to the
probability of inconsistency in the results of multiple operations

on the same video. However, this deviation is extremely small and
belongs to the normal range.

Foreground Segmentation
A pixel is determined to be a foreground pixel (fruit fly) if
it satisfies the following conditions: its own pixel value is less
than 120 and the difference with the background pixel is greater
than 70 (Piccardi, 2004). In general cases, it works very well
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to separate fruit flies from the background with the threshold
setting as 120. However, when the background is not clean such
as there are some black impurities, we need another parameter
to remove the noisy pixels with the requirement that difference
between the foreground and the background is greater than 70.
By combining these two parameters, we can efficiently separate
fruit flies from the background.

Coordinate Calculation of Drosophila
The coordinate values were calculated based on the barycenter
method of the region [connectedComponentsWithStats()]
function of OpenCV (version 4.5.2) package in Python 3.6.

Orientation Estimation of Drosophila
The minimum area boundary rectangle of the segmented fruit fly
region was calculated to determine the tail-to-head orientation.
We further combined the velocity direction to determine the
exact location of head and tail. Due to the low resolution, we did
not consider the difference between head and abdomen velocity
directions as previously reported (Geurten et al., 2014).

Behavior Definition
Based on the trajectory matrix of each fly (center position and
orientation in each frame), EasyFlyTracker quantifies behavioral
patterns of locomotor and sleep activity. Average distances every
10 min per fly (10 min is commonly used in the published
literature and actually users can set any customized values) are
used to define locomotor activity (Rohde et al., 2019). Sleep is
defined as more than 5 min complete inactivity (Shaw et al.,
2000); then, statistics of average sleep time and proportion of
sleeping flies of each treatment group are used to show the
status of sleep activity. The treatment group information is
user defined and provided in the file “group.xlsx.” The example
file can be found online (see text footnote 2), which includes
treatments (drugs, control, or others) and the corresponding
fruit fly number. Moreover, statistics of average angle change
per second per fruit fly, the frequency of the fly passage at each
position, and the regional preference of Drosophila movements
are also defined to describe the locomotor activity of fruit fly. All
these statistics are provided in different formats for users.

Software Outputs
The software provides different outputs. The first outputs are
the plots of different behaviors including the locomotor activity
plot, sleep status plot, heatmap plot, angle change plot, and
regional preference plot. The locomotor activity plot shows
average distances of the different Drosophila treatment groups
during different time intervals (default every 10 min). The sleep
status plot displays the statistics of sleep fly (default every 30 min).
The heatmap plots show the relative frequency of the fly passage
at each position and both the frequency per flies and grouped
heatmaps are provided. Sleep intervals can be removed from
the heatmap plots with the “heatmap_remove_sleep” parameter
defined in the “config.yaml” file. The angle change plots show
the statistics of average angle change per second per fruit fly
and the regional preference of Drosophila movements more
visually shows the regional bias of Drosophila movement. About
the details of visualization parameters, please refer to our

Supplementary Material. The second outputs are Excel files,
which provide analysis results of different behaviors among
the different groups and users can easily perform statistical
analysis or plot by themselves according to their preference.
The third is .npy files, which contain more output information
and intermediate result information such as the position of
the activity of fly at every frame; thus, users can reload and
reanalyze at any time. The fourth output is the config file related
to user configurations, which can be used to modify or further
develop in the future.

System Evaluation
To ensure the usage of different platforms and users, we evaluated
the tracking accuracy rate of location and orientation (manually
checked random frames of different videos) of EasyFlyTracker.
Images of frames were randomly generated from three different
videos taken at random (November 17, 2020, December 1,
2020, and December 4, 2020). For the location evaluation, we
have used 100 random frames for each video. Each frame is a
picture recording location of each fruit fly at the corresponding
time point. Then, three different people manually judged the
accuracy rate of tracking of each fruit fly. We distinguished
the consistency of tracking location and location of fly in each
randomly generated image and numbers of mistracked flies
were recorded. Tracking errors were defined as those without
recognizable location or where the cross was obviously not in
the center of the fly. Finally, the average accuracy of location
of three videos evaluated by three people was calculated as the
accuracy of the tracking rate. For the orientation evaluation, we
have used 600 random frames for each video and checked one
fruit fly per frame. In total, three people manually checked the
same 1,800 fruit flies and recorded three types of evaluation result
including correct, wrong, and indistinguishable. After removing
the indistinguishable cases, the average accuracy of orientation
was then calculated.

Other Information
Statistical analysis was performed using Python (version 3.8.3).
The Kruskal–Wallis H-test (SciPy, version 1.5.0) was used for
comparisons of groups. A value of p < 0.05 was considered
to indicate statistical significance. The website was built mainly
using VUE version 2.6 and Spring Boot version 2.4.0.

RESULTS AND DISCUSSION

Overview of EasyFlyTracker
EasyFlyTracker is an open-source package based on video
tracking to analyze locomotor and sleep activity of fruit
fly that can be run interactively through a graphical user
interface. The software can be easily customized to accept
most of the common video formats such as MP4, AVI,
MOV, FLV, and so on. It can track single adult individual
flies in parallel and quantify their locomotor and sleep
activity. The main function of EasyFlyTracker includes two
aspects (Figure 2): (1) track the position of each fly and
store it. Tracking is achieved through four steps: background
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FIGURE 3 | The website of EasyFlyTracker. (A) Home page. (B) Feedback page where users can add comments and suggestions for better upgrade interaction.
(C) Detailed usage example. (D) Step-by-step video tutorials.

modeling, foreground segmentation, coordinates calculation,
and orientation estimation of Drosophila. The average tracking
accuracy rate of location and orientation are 99.89 and 87.75%
separately, which were manually evaluated random frames of
different videos by three people (summary of tracking accuracy
rate can be found in Supplementary Table 1) and (2) define,
analyze, and visualize locomotor activity and sleep behaviors
from various aspects including average distances every 10 min
per fly (or other customized time interval), statistics of sleep
status, statistics of average angle change, and the frequency of the
fly passage at each position, and so on. It has been successfully
installed and ran at the cross-platform level (Supplementary
Table 2) by different person. More details on behavior definitions,
outputs, and plot parameters can be found in the methods.

Online Website and Usage of
EasyFlyTracker
We provide the special website http://easyflytracker.cibr.ac.cn
(home page, see Figure 3A) with feedback page (Figure 3B),
where users can add comments and suggestions for better
upgrade interaction and detailed usage example (Figure 3C)

and step-by-step video tutorials (Figure 3D). In short, users
can run EasyFlyTracker by the following steps: (1) download
or install the EasyFlyTracker package; (2) download demo
files from our website including example video, config.yaml,
and group.excel file; (3) modify config.yaml file according to
the personal video path of user or example video provided
by us, group information and time duration, and so on; (4)
track the position of Drosophila at each frame by running the
command line: easyFlyTracker config.yaml; and (5) run other
command lines to analyze and statistically track information:
easyFlyTracker_analysis config.yaml. More detailed tutorials
(such as installation, personalized settings, and customized
downstream analyses) are available from our website. Technical
comments and suggestions can also directly add to GitHub.3

Psychiatric Drug Treatment Study of
EasyFlyTracker
We applied EasyFlyTracker to 3-h videos recorded of Drosophila
treated with wild-type (WT) w1118 control, MPH (a stimulant),

3https://github.com/azzhu/EasyFlyTracker/issues
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FIGURE 4 | An example of psychiatric drug treatment study using EasyFlyTracker. (A) Drug treatment by modified capillary feeder (CAFE) assay. (B) Example of
activity assay and size of chambers for the three treatments. Panels (C–E) plots are output examples of our real drug treatment video, which was taken on March 30,
2021. (C) Heatmap plot of the frequency of each fly. The relative frequency of the fly passage at each location was plotted (red indicates the highest frequency in the
area; dark blue indicates that no flies ever transitioned through this position). (D) The average distance every 10 min per fly was significantly increased in the
methylphenidate (MPH) (M-1.5)- or atomoxetine (ATX) (A-0.25)-exposed group compared to the control (C) group throughout the 3-h video. (E) Grouped-heatmap
plots of three treatments. The color legend is the same as in (C).

and ATX (a non-stimulant) (Sigma-Aldrich, Shanghai, China).
MPH and ATX are two commonly used drugs to treat ADHD
symptoms of inattention, hyperactivity, and impulsivity in
humans (Cortese, 2020). Drosophila breeding and modified
capillary feeder (CAFE) assay (Diegelmann et al., 2017) for drug
feeding (a cartoon example is shown in Figure 4A) can be
found in Supplementary Material. After drug feeding, we placed
one adult fruit fly in each arena and engaged in simultaneous
tracking (24 flies per treatment and 72 flies in total, Figure 4B).
Based on EasyFlyTracker, the locomotor activity of fruit fly was

monitored by video and short-term distances were quantified.
Our software reported that when WT male flies were exposed
to MPH, the behavior of the flies produced hyperactivity-like
behavior (higher locomotor activity) compared to controls (van
der Voet et al., 2016; Rohde et al., 2019). We observed a
significant increase in average distances over time per fly in
MPH- (Kruskal–Wallis H-test: p = 1.93e-03) or ATX-exposed
individuals (Kruskal–Wallis H-test: p = 4.48e-06) (Figure 4D),
which is in agreement with published results (Rohde et al., 2019).
Meanwhile, the corresponding average sleep time per 30 min was
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shown (Supplementary Figure 1), but no clear pattern observed
during the length of the video. In addition, the heatmap plot of
the frequency per fly (Figure 4C) showed the preferential status
of each fly among our 3-h videos and grouped heatmaps of the
three treatments were also provided (Figure 4E). They clearly
show that flies moved continuously along the edges. This may
be due to edge preference or repetitive stereotyped movements.
We also provided angle change plot (Supplementary Figure 2)
and movement plots of different treatments (Supplementary
Figure 3) to help illustrate more details of the activities of
fruit flies. It turned out that increased angle change activities
associated with the treatment groups (Supplementary Figure 2)
similar as that of moving activities (Figure 4D). It makes sense
that angle change represents one form of routine activities.
The above results indicate that EasyFlyTracker can help users
to reveal the effects of adult Drosophila locomotor activity
after drug treatment.

As a bonus, EasyFlyTracker can be easily transferred to
other Drosophila-like animals or even other animal models
such as worm and mouse, as we provide detailed tutorials
and open-source code on the website.4 If users wish to
extend to other animal models, we still recommend testing
the accuracy of tracking first. In addition, this study has some
limitations. We did not conduct a real-time tracking function
of the software because during our development process, it
was considered more important to prove the offline accuracy
rather than real-time tracking and analysis. Also, in order to
maintain an open development for better expansion by others,
we provided all source code rather than developing it as a
fixed-format program. Tracking of group behaviors was not
considered in current version, since we have not figured out
a solution at a low cost. Finally, our software is designed
for adult fruit fly, thus we did not test its applicability to
larval fruit fly. In the future, we will optimize and upgrade
the software taking into account the above elements and
incorporating user comments. In summary, we developed a
Python package, called EasyFlyTracker, which is simple, stable,
and reliable for analyzing the locomotor activity of fruit flies
and it is easy to rebuilt equipment, which is suitable for
the software. We hope that this system can achieve large-
scale screening of drug response and even target genes in the
future, thereby providing clues for psychiatric research and is
expected to provide precision medicine research and new drug
development models for its drug treatment in Drosophila as well
as other animals.
4 http://easyflytracker.cibr.ac.cn

DATA AVAILABILITY STATEMENT

The datasets generated for this study can be found in the
article/Supplementary Material. Tutorials and open-source code
are available at http://easyflytracker.cibr.ac.cn.

AUTHOR CONTRIBUTIONS

LiZ and SQ conceived the project and coordinated the
collaboration. SQ designed the project, conducted drug and
behavior experiments, designed the website, and drafted all the
manuscripts. LiZ supervised the project plan. QZ wrote the
program. HZ built the website. YG and YW fed fruit flies.
YM purchased and setup the recording equipment. SQ and QZ
mainly tested the function of the program. YG and ZW were
involved in testing the accuracy and the installation. XS and
LeZ made the industrial drawings of the activity chambers. QY
provided the drugs. LK gave detailed suggestions on the software.
SQ, QZ, LK, and LiZ revised the manuscript together. All authors
contributed to the article and approved the submitted version
of the manuscript.

FUNDING

This study was supported by the Chinese Institute for Brain
Research Internal Funding and the National Natural Science
Foundation of China (Grant 32170642) to LiZ, the Beijing
Postdoctoral Research Foundation to SQ, and the Beijing Natural
Science Foundation (5212021) to YM.

ACKNOWLEDGMENTS

We gratefully acknowledge the useful suggestions from
Dai Zhang (Chinese Institute for Brain Research) and
technical assistance provided by Zhengxu Cai (Beijing
Institute of Technology).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnbeh.
2021.809665/full#supplementary-material

REFERENCES
Barwell, T., Raina, S., and Seroude, L. (2021). Versatile method to measure

locomotion in adult Drosophila. Genome 64, 139–145. doi: 10.1139/gen-2020-
0044

Bellen, H. J., Tong, C., and Tsuda, H. (2010). 100 years of Drosophila research and
its impact on vertebrate neuroscience: a history lesson for the future. Nat. Rev.
Neurosci. 11, 514–522. doi: 10.1038/nrn2839

Bier, E. (2005). Drosophila, the golden bug, emerges as a tool for human genetics.
Nat. Rev. Genet. 6, 9–23. doi: 10.1038/nrg1503

Cichewicz, K., and Hirsh, J. (2018). ShinyR-DAM: a program analyzing Drosophila
activity, sleep and circadian rhythms. Commun. Biol. 1:25. doi: 10.1038/s42003-
018-0031-9

Coll-Tane, M., Gong, N. N., Belfer, S. J., van Renssen, L. V., Kurtz-Nelson, E. C.,
Szuperak, M., et al. (2021). The CHD8/CHD7/Kismet family links blood-brain
barrier glia and serotonin to ASD-associated sleep defects. Sci. Adv. 7:eabe2626.
doi: 10.1126/sciadv.abe2626

Cortese, S. (2020). Pharmacologic Treatment of Attention Deficit-Hyperactivity
Disorder. N. Engl. J. Med. 383, 1050–1056. doi: 10.1056/NEJMra19
17069

Frontiers in Behavioral Neuroscience | www.frontiersin.org 7 February 2022 | Volume 15 | Article 809665

http://easyflytracker.cibr.ac.cn
http://easyflytracker.cibr.ac.cn
https://www.frontiersin.org/articles/10.3389/fnbeh.2021.809665/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnbeh.2021.809665/full#supplementary-material
https://doi.org/10.1139/gen-2020-0044
https://doi.org/10.1139/gen-2020-0044
https://doi.org/10.1038/nrn2839
https://doi.org/10.1038/nrg1503
https://doi.org/10.1038/s42003-018-0031-9
https://doi.org/10.1038/s42003-018-0031-9
https://doi.org/10.1126/sciadv.abe2626
https://doi.org/10.1056/NEJMra1917069
https://doi.org/10.1056/NEJMra1917069
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


fnbeh-15-809665 February 10, 2022 Time: 9:40 # 8

Qu et al. EasyFlyTracker Accelerates Psychiatric Drugs Research

Diegelmann, S., Jansen, A., Jois, S., Kastenholz, K., Velo Escarcena, L.,
Strudthoff, N., et al. (2017). The CApillary FEeder Assay Measures Food
Intake in Drosophila melanogaster. J. Vis. Exp. 121:55024. doi: 10.3791
/55024

Donelson, N. C., Kim, E. Z., Slawson, J. B., Vecsey, C. G., Huber, R., and
Griffith, L. C. (2012). High-resolution positional tracking for long-term analysis
of Drosophila sleep and locomotion using the "tracker" program. PLoS One
7:e37250. doi: 10.1371/journal.pone.0037250

Geurten, B. R., Jahde, P., Corthals, K., and Gopfert, M. C. (2014). Saccadic body
turns in walking Drosophila. Front. Behav. Neurosci. 8:365. doi: 10.3389/fnbeh.
2014.00365

Gilestro, G. F., and Cirelli, C. (2009). pySolo: a complete suite for sleep analysis in
Drosophila. Bioinformatics 25, 1466–1467. doi: 10.1093/bioinformatics/btp237

Heberlein, U., Tsai, L. T., Kapfhamer, D., and Lasek, A. W. (2009). Drosophila, a
genetic model system to study cocaine-related behaviors: a review with focus on
LIM-only proteins. Neuropharmacology 56, 97–106. doi: 10.1016/j.neuropharm.
2008.07.023

Philipsen, M. H., Phan, N. T. N., Fletcher, J. S., and Ewing, A. G. (2020).
Interplay between Cocaine, Drug Removal, and Methylphenidate Reversal on
Phospholipid Alterations in Drosophila Brain Determined by Imaging Mass
Spectrometry. ACS. Chem. Neurosci. 11, 806–813. doi: 10.1021/acschemneuro.
0c00014

Piccardi, M. (2004). “Background subtraction techniques: a review,” in 2004
IEEE International Conference on Systems, Man and Cybernetics (IEEE Cat.
No.04CH37583), (Sydney: IEEE), 3094.

Ries, A. S., Hermanns, T., Poeck, B., and Strauss, R. (2017). Serotonin modulates
a depression-like state in Drosophila responsive to lithium treatment. Nat.
Commun. 8:15738. doi: 10.1038/ncomms15738

Rohde, P. D., Jensen, I. R., Sarup, P. M., Orsted, M., Demontis, D., Sorensen, P.,
et al. (2019). Genetic Signatures of Drug Response Variability in Drosophila
melanogaster. Genetics 213, 633–650. doi: 10.1534/genetics.119.302381

Romero-Ferrero, F., Bergomi, M. G., Hinz, R. C., Heras, F. J. H., and de Polavieja,
G. G. (2019). idtracker.ai: tracking all individuals in small or large collectives
of unmarked animals. Nat. Methods 16, 179–182. doi: 10.1038/s41592-018-0
295-5

Scaplen, K. M., Mei, N. J., Bounds, H. A., Song, S. L., Azanchi, R., and
Kaun, K. R. (2019). Automated real-time quantification of group locomotor

activity in Drosophila melanogaster. Sci. Rep. 9:4427. doi: 10.1038/s41598-019-
40952-5

Shaw, P. J., Cirelli, C., Greenspan, R. J., and Tononi, G. (2000). Correlates of
sleep and waking in Drosophila melanogaster. Science 287, 1834–1837. doi:
10.1126/science.287.5459.1834

Slawson, J. B., Kim, E. Z., and Griffith, L. C. (2009). High-resolution video tracking
of locomotion in adult Drosophila melanogaster. J. Vis. Exp. 20:1096. doi:
10.3791/1096

Sokolowski, M. B. (2001). Drosophila: genetics meets behaviour. Nat. Rev. Genet.
2, 879–890. doi: 10.1038/35098592

Tian, Y., Zhang, Z. C., and Han, J. (2017). Drosophila Studies on Autism Spectrum
Disorders. Neurosci. Bull. 33, 737–746. doi: 10.1007/s12264-017-0166-6

van der Voet, M., Harich, B., Franke, B., and Schenck, A. (2016). ADHD-associated
dopamine transporter, latrophilin and neurofibromin share a dopamine-related
locomotor signature in Drosophila. Mol. Psychiatry 21, 565–573. doi: 10.1038/
mp.2015.55

van Swinderen, B., and Brembs, B. (2010). Attention-like deficit and hyperactivity
in a Drosophila memory mutant. J. Neurosci. 30, 1003–1014. doi: 10.1523/
JNEUROSCI.4516-09.2010

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Qu, Zhu, Zhou, Gao, Wei, Ma, Wang, Sun, Zhang, Yang, Kong
and Zhang. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Behavioral Neuroscience | www.frontiersin.org 8 February 2022 | Volume 15 | Article 809665

https://doi.org/10.3791/55024
https://doi.org/10.3791/55024
https://doi.org/10.1371/journal.pone.0037250
https://doi.org/10.3389/fnbeh.2014.00365
https://doi.org/10.3389/fnbeh.2014.00365
https://doi.org/10.1093/bioinformatics/btp237
https://doi.org/10.1016/j.neuropharm.2008.07.023
https://doi.org/10.1016/j.neuropharm.2008.07.023
https://doi.org/10.1021/acschemneuro.0c00014
https://doi.org/10.1021/acschemneuro.0c00014
https://doi.org/10.1038/ncomms15738
https://doi.org/10.1534/genetics.119.302381
https://doi.org/10.1038/s41592-018-0295-5
https://doi.org/10.1038/s41592-018-0295-5
https://doi.org/10.1038/s41598-019-40952-5
https://doi.org/10.1038/s41598-019-40952-5
https://doi.org/10.1126/science.287.5459.1834
https://doi.org/10.1126/science.287.5459.1834
https://doi.org/10.3791/1096
https://doi.org/10.3791/1096
https://doi.org/10.1038/35098592
https://doi.org/10.1007/s12264-017-0166-6
https://doi.org/10.1038/mp.2015.55
https://doi.org/10.1038/mp.2015.55
https://doi.org/10.1523/JNEUROSCI.4516-09.2010
https://doi.org/10.1523/JNEUROSCI.4516-09.2010
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

	EasyFlyTracker: A Simple Video Tracking Python Package for Analyzing Adult Drosophila Locomotor and Sleep Activity to Facilitate Revealing the Effect of Psychiatric Drugs
	Introduction
	Materials and Methods
	Hardware Setup Requirements
	Development of EasyFlyTracker for Locomotor and Sleep Activity Analysis
	Tracking Algorithm
	Background Modeling
	Foreground Segmentation
	Coordinate Calculation of Drosophila
	Orientation Estimation of Drosophila

	Behavior Definition
	Software Outputs
	System Evaluation

	Other Information

	Results and Discussion
	Overview of EasyFlyTracker
	Online Website and Usage of EasyFlyTracker
	Psychiatric Drug Treatment Study of EasyFlyTracker

	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


