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A Self-Head Restraining System
AMUIZA Automated Training System for Head-Fixed Forced Choice Visual
Discrimination Tasks

Head-fixed imaging and electrophysiology studies on behaving animals are making incredible strides in the elucidation of neural circuit
analysis, but face a significant bottleneck. Habituating mice to head fixation and subsequent training to complete complex tasks can take
10s of hours of researcher time for each mouse, and preparing enough mice to provide a sufficient sample size to complete a project can
require months of effort. Slight differences in the way researchers interact with mice can have effects on their eventual behavior, causing
biases and a loss of reproducibility in the results.

Allowing the mice to train themselves to latch their headplate into place for a water reward removes the stress for the mice from head
fixation, shortens the process of habituation,and can shorten the researcher’s time involved with each mouse by as much as 90%.

Importantly, this system can be adapted to train animals to complete many tasks while head fixed, and can also be adapted to many
readouts, such as electrophysiology, two-photon imaging, and macroscopy.

Example task: Forced Choice Discrimination as described in:

Aoki, R., Tsubota, T., Goya, Y. et al. An automated platform for high-throughput mouse behavior and physiology with voluntary head-fixation. Nat Commun 8,
1196 (2017). https://doi.org/10.1038/s41467-017-01371-0

Implantation Recovery Habituation Water Control Training - Task 1
- 3-7 days 1-2 weeks 7 days ~ 4 weeks
Subjects:

Twelve C57BL/6J male mice

Surgery and viral injection:

GCamp8 was expressed in the right visual cortex by injection of rAAV2/1-CAG-GCaMP8. After confirmation of protein expression, mice were
implanted with coverslips over the injection site, followed by a 6 mm round metal chamber combined with a headpost at age 45 days. After
surgery, animals were allowed to recover for 3 to 7 days while individually housed in standard home cages.

Habituation

A self head restraining habituation device was placed in the home cage so that mice were free to explore it and receive water rewards. After
1 -2 weeks, mice were put on a water controlled regime (~1 mL/day) (Fig. 1). Group housing of littermates works well during habituation.
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Figure 1. Head-restraining habituation system. Depiction of

a mouse inside a transparent PVC habituation tube drinking

water from a water spout connected to a water tank (blue box).
Narrowing rails on the sides of the tube progressively restrain the
head post, but allow the mouse to back out of the tube at any time.
A standard racked home cage is shown. Over several days, mice
routinely self-restrained to drink water.

Mice quickly learned that to obtain the water they had to enter the tube, move to the far end, and allow their head post to be restrained by
the gaps formed between the upper and lower rails on either side of the tube. The gap narrows as the mouse moves forward, tightening the
restraint. The restraint does not latch during habituation, and allows mice to back out of the habituation tube at any time

The habituation step is key for self head-fixation. Without voluntary, gradual habituation, mice display panic responses and form a strong
initial aversive association with fixation, and then avoid the setup in following sessions. With voluntary self head-fixation, almost 100% of

mice complete habituation successfully.

Initial Latching
After habituation, mice were moved to cages connected to the main training setup (Fig. 2, 3).

This automated setup allows latching of the headpost for a preset time while the animal receives a water reward. Mouse access to the setup,
the latching, and unlatching are all controlled programmatically, and thus are fully automated.

Fig. 2 The sequence of steps leading to head-restriction. The head plate (black bar on the mouse’s head) is progressively restrained into rails that get narrower
as the mouse moves forward (1,2). The forward motion of the head plate mechanically lifts the latching pins, which are then lowered back down because of
gravity (3,4). Continued forward movement by the mouse then lifts and lowers the second set of pins (4). After the session ends,a computer-controlled motor

lifts both pins and releases the mouse.
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Fig. 3. Side view of the automated setup and labeling of its main components.

Training: Two-alternative forced-choice (2AFC) visual discrimination task.

Task 1. A static grating with +45° clockwise or -45° counterclockwise orientation from vertical was presented on a screen in front of the
mice. Mice had to show whether the orientation was clockwise or counterclockwise by rotating a wheel using their front paws. The wheel
rotation controlled the real-time close-looped orientation of the visual stimulus. Correct responses were rewarded with a small amount of
water, typically 4 pL. Training sessions lasted for 20-30 min and comprised ~120 trials. Mice were given access to the setup twice a day, with
a 4.5-6 h interval.

Task II: Mice that reached 75% accuracy for the 45°/-45° orientation discrimination task were further trained at narrower and random
discrimination angles, down to 15°.

Results:

Initial learning for the 45°/-45° orientation discrimination task took ~4 weeks. On average, it took ~8 weeks to reach a 75% accuracy with
the smallest discrimination angle (¥15°). Eight out of twelve mice that entered the pre-training phase learned this second task.

Scale-up:

Mice were rotated through the automated setup by moving their
home cages at the beginning and end of the day, thus allowing

two mice/setups to be trained during the day and two mice/setups
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during the night. Hence a single setup can currently train four mice

in 24 h. Two sessions per day produce ~1000 trials/setup/day.

Several setups can be accommodated in a standard mouse rack to
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achieve high-throughput capacity (Fig.4). The system is currently

being used with 12 platforms simultaneously allowing training

of 48 mice/day and performance of up to ~12,000 trials/day. This

number could easily be increased if the cages were replaced more
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frequently. The hardware and software design has proved safe for

the animals with no reported accidents with over ~100 mice trained

in the setup to date.
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Fig. 4. Multiple training setups in use with rack mounted ventilated cages.
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Adapted From:

Aoki,R., Tsubota, T., Goya, Y. et al. An automated platform for high-throughput mouse behavior and physiology with voluntary head-fixation.
Nat Commun 8,1196 (2017). https://doi.org/10.1038/s41467-017-01371-0

Under CC BY 4.0 licensing: https://creativecommons.org/licenses/by/4.0/

This automated training system can be customized to your
experiment needs by your partner in research, Amuza Inc.

Contact us for more information.
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