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BANO: an open-source system for mice behavioral training of
auditory cued observational fear learning
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[ Abstract] Objective To build an open-source behavioral science hardware and software system
Bonsai Arduino Network Open Ephys (BANO) based on Bonsai and Arduino for mice observational fear
learning research. Methods The system used the graphical programming interface provided by Bonsai
software to design the behavioral experiment logic control flow and connected to an Arduino
microcontroller to achieve real-time data interaction. The Arduino board controlled the output of sound
stimuli and transistor-transistor logic (TTL) signals, and synchronized the TTL data to the Open Ephys
electrophysiological recording system for synchronizing behavioral and neuroelectrophysiological data.
Results This open-source platform could realize the programming of complex sound stimuli, trial
randomization, video recording and auxiliary equipment output control, and could precise communicate and
synchronize events with other external devices, providing high-quality information flow for subsequent
neuroelectrophysiological signal and behavioral analysis. Conclusion This system provides a low-cost,

flexible, and highly scalable behavioral training solution, which can promote the development of new tools
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and methods in open-source neuroscience behavioral science.
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Positive conditioned stimuli (CS+) : Red sound stimulus, consisting of 10 down-frequency sounds of 6-8 kHz lasting 2 seconds; Negative

conditioned stimuli (CS-) : Blue sound stimulus, consisting of 10 up-frequency sounds of 1-3 kHz lasting 2 seconds. Ob: Behavioral task in the

observation area; Shock: Behavioral task in the shock plate area.
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Fig1 Auditory cued observational fear learning diagram
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A': Bonsai logic program of behavioral systems; B: Arduino UNO R3 board schematic; C: Arduino Integrated Development Environment

schematic.
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Fig2 BANO system open source tool diagram
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Camera

Bonsai  Arduino IDE

Arduino 1

Tweeter

Arduino 2

(D Bonsai open-source software system; @ Arduino integrated development environment; @ Open Ephys electrophysiological data acquisition

system; @ Behavioral video

tracking camera; © Peerless tweeter speaker; (© Plantar electrical stimulator; @ Laser generator. Arduino 1: For

controling the startup of the main program of the behavioral science system; Arduino 2: For controling the communication and event

synchronization of external devices.

Shock

Laser

3 BANORGR&BEERTEE
Fig3 BANO system device connection diagram
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Camera |
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s

Event-related signals output by the Arduino board. Shock: Foot shock event signal; Laser: Laser signal; Camera: Behavioral video camera

signal; CS+: Positive conditioned stimuli; CS-: Negative conditioned stimuli.

4 BANOZZHEHE TTLRIES
Fig4 The output and TTL communication signals in BANO
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A': Schematic diagram of system synchronization delay measurement; B: Synchronization delay of auditory stimulation; C: Synchronization

delay of electric shock stimulation; D: Trigger delay of electric shock stimulation.
5 BANO REHEIR
Fig5 Delay of the BANO
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A . -
Habituation Fear h’ammg Retrieval
s 48] 100 (1) ns
FLE R AT e ' T mcs
S © omCS § -
—_— . 50
2 £
5 E
& &

Fear training (S3)

Retrieval (ob)

0
Ret (ob) Ret (shock)

Board

Retrieval (shock)

A': Habituation, P=0.895, 1=0.136; Fear training (S1), P=0.732, 1=0.988; Fear training (S2), P=0.094, /=2.658; Fear training (S3): P=
0.037, 1=3.323; Ret (ob), P=0.021, 1=3.450; Ret (shock), P=0.198, /=1.864. B: Heatmap of locomotion distribution. The board is the acrylic

partition in the middle. All P-values were adjusted for multiple comparisons. "’ P<C0.05; ns:Not significant.
6 NBRMAEZTLEENRBTEZITAHAZHIRE

Fig 6 Auditory cued observational fear learning behavioral data of observation mice
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