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e Motivation: Accurate behavioral analysis is
crucial to study brain function in animals by
gaining insights into the underlying neural
mechanisms

e [I'minterested in exploring the neural basis

of behavior and constructing
computational models using deep learning
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https://www.researchgate.net/figure/Ethogram-of-male-Wistar-rat-behavior-in-the-hole-board-apparatus-General-exploration_fig1_310049239
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Behavioral tests

Open Field Test (OFT)

Elevated Plus Maze (EPM)

brainstuff.org ugobasile.com

Forced Swim Test (FST)
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Video Source: zenodo.org



https://zenodo.org/record/3608658
https://brainstuff.org/blog/what-is-the-open-field-test
https://ugobasile.com/products/categories/mazes-tracking/elevated-plus-maze-for-mice-and-rats-optimized-for-video-tracking
https://www.creative-biolabs.com/drug-discovery/therapeutics/forced-swim-test.htm

Behavioral tests

Open Field Test (OFT)

Elevated Plus Maze (EPM) Forced Swim Test (FST)
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Ethological behaviors

What is it?
e behavior of animals under natural conditions,
typically associated with emotional and disease
states

Examples in mice
® rearingin OFT
e head dipping in EPM
e floatingin FST

What do they signify?
e reduced exploration (rearing/head dipping)
indicates anxiety
e floating has been linked to adaptive
stress-coping behaviors

yourcounselling.ca



https://www.yourcounselling.ca/how-to-manage-anxiety/

Capturing and Analyzing Videos

e Commercial Solutions
o Noldus EthoVision XT14
o  TSE Multi Conditioning System

® Their Disadvantages

o Expensive, more features require additional purchase
Lack flexibility to define and score specific behaviors of interest
Cannot be adapted to fit changing experimental needs
Suboptimal tracking ability

o O O O

Poor sensitivity in measuring ethological behaviors




Noldus EthoVision XT14

e video tracking software that tracks and
analyzes the behavior, movement, and
activity of any animal

e used to acquire all forced swim and
elevated plus maze videos and to
analyze all of the open field videos

® can also manually or automatically
score behavioral events, such as rearing

or grooming

noldus.com



https://www.noldus.com/ethovision-xt?utm_term=noldus%20ethovision%20xt&utm_campaign=OTM%7CAnimal%7CEthoVision+XT-(CA%2BUS)%7CBranded&utm_source=adwords&utm_medium=ppc&hsa_acc=5401040478&hsa_cam=1636205231&hsa_grp=66164938921&hsa_ad=627463068157&hsa_src=g&hsa_tgt=aud-543102187640:kwd-405779124223&hsa_kw=noldus%20ethovision%20xt&hsa_mt=p&hsa_net=adwords&hsa_ver=3&gad=1&gclid=CjwKCAjwm4ukBhAuEiwA0zQxkzqwg6k1Kj4AYX05nlnSPvy0TKLdVQ8YgsskroBPiEqf1Mt2JNVMlBoCE50QAvD_BwE

TSE Multi Conditioning System

e allin one system that integrates multiple
behavioral paradigms for the evaluation of
behavior in mice and rats

e uses an infrared beam grid to track movement

® an additional raised beam grid used to measure
rearing

Sophisticated Life Scence Research Instrumentation @

Multi Conditioning

The ALL-IN-ONE Solution for Mice & Rats

www.TSE-Systems.com Info@TSE-Systems.com

tse-systems.com



https://www.tse-systems.com/service/multi-conditioning-system/

DeeplLabCut

A software package for animal pose

estimation

e efficient method for 2D and 3D markerless
pose estimation based on transfer learning
with deep neural networks

e allows the user to define and track specific

points of interest (e.g. specific body parts)

mackenziemathislab.org



http://www.mackenziemathislab.org/deeplabcut

DeeplLabCut: labels
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Fig. 1 The labels used to train the DLC networks. a The standardized points of interest used to track the animal. The points of interest
required to track the animal in the open field (b), the elevated plus maze (c) and the forced swim test (d).
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DeeplLabCut: workflow
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DeeplabCut: feature variables
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Figure S8. Features used for machine learning. The skeletal information taken into account during the
machine learning process, gathered from the tracking data obtained using DeeplabCut.
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Tracking Movement

Ethovision XT14 Heatmap TSE Multi-Conditioning-System Heatmap

c) DeepLabCut + Posthoc Analysis Heatmap
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Figure S2. Heatmaps. example heatmaps generated using (a) EthoVision XT14, (b) TSE’s Multi
Conditioning System and (c) DeepLabCut (with post hoc analysis and ggplot2).
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Fig. 2 A comparison of basic tracking parameters in the open field test. a Schematic showing the workflow of the comparison between
systems. b, ¢ Distance and time in center as reported by DeeplLabCut (with post-hoc analysis), EthoVision XT14, and the TSE Multi
Conditioning System (TSE). d, e Correlation analysis of the performance of the different systems. Data expressed as mean + standard error of
the mean. Colors represent individual animals and are consistent across analysis techniques for direct comparison (n = 20) ****p <0.0001.




Tracking Movement: FST & EPM
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Fig. 3 A comparison of basic tracking parameters in the forced swim test and elevated plus maze. a Schematic showing the workflow of
the comparison between systems. b, d, f, h Basic tracking parameters in the forced swim test and elevated plus maze as reported by both
DeepLabCut (with post-hoc analysis) and EthoVision XT14. ¢, e, g, i Correlation between the scores of the two systems. Data expressed as
mean + standard error of the mean. Colors represent individual animals and are consistent across analysis techniques for comparison (FST n =
29, EPM n = 24) *p < 0.05.




Ethological behaviors: FST & EPM
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Fig.4 A comparison of quantifying ethological behaviors in the forced swim test and elevated plus maze. a Schematic of the workflow for
the comparison between systems. b, ¢ The polygon used in the definition of floating, and the body points taken into account when defining
head dips. d, e Floating in the forced swim test and head dips in the elevated plus maze as reported by three human annotators (rater 1-3),
DeepLabCut (with post-hoc analysis), and EthoVision XT14’s behavioral recognition module. f, g Correlation analysis for comparison between




Ethological behaviors: Rearing in OFT
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Fig. 5 A comparison of complex behavioral scoring between human raters, machine learning classifiers and commercially available
solutions. a Schematic of the workflow. b, ¢ Unsupported and supported rears in the open field test as reported by three human raters
(averaged and plotted as manual scoring) and three machine learning classifiers (averaged and plotted as ML classifiers), EthoVision XT14 and
the TSE Multi Conditioning System (TSE). d, e Correlation analysis for comparison. Data expressed as mean + standard error of the mean.
Colors represent individual animals and are consistent across analysis techniques for comparison (n = 20). *p < 0.05, **p > 0.01, ***p < 0.001,
**¥¥p > 0.0001.




Discussion



Discussion

DeeplabCut (DLC) video tracking combined with
simple post analyses can estimate behavioral data
on par or better than commercial solutions

e DLC offers increased tracking flexibility by Dee p Lea rn i ng

enabling users to define the parameters of

interest themselves for the Win ! ! !

® These approaches achieve human-like accuracy
and surpass human reliability, all while being fully
automated, flexible, and affordable
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