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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _____N____ If yes, please list make and model of your microscope: ______________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____N___ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_____Step 3 to Step 6_____________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __Every step of the training is critical and needs to be followed carefully to ensure a successful training____________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to train a rat to perform a sequence of tasks by which multiple brain functions can be investigated. (Intro)

This is accomplished by first acclimating the rats to the behavioral chamber. (P1)

The second step is to train the rat to push a lever to obtain food pellets as rewards. (P2)

Next, the rats are trained to reveal a hidden lever by poking their head into the nosepoke hole. (P3)

The final step is to train the rats to recognize a sensory cue and then to push the correct lever indicated by the cue. (P4)

Ultimately, the rats learn the entire sequence of the tasks aimed at obtaining the rewards. (P5)

P1: 3685_Zheng_Figure P1 Acclimate to the Chamber.pdf
P2: 3685_Zheng_Figure P2 Learn to Push the Lever.pdf
P3: 3685_Zheng_Figure P3 Learn to Poke the Hole.pdf
P4: 3685_Zheng_Figure P4 Attend to Sound Cue.pdf
P5: 3685_Zheng_Figure P5 Enjoy the Rewards.pdf
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Weimin Zheng: We have developed a fully automated system for rat behavioral testing and neuronal activity recording by which multiple cognitive brain functions can be investigated in a single task sequence. The unique feature of this system is a custom-made, acoustically transparent, chamber that eliminates many of the issues associated with auditory cue control in most commercially available chambers. 

1.2. Edgar Ycu: Another feature of this system is that different operant devices can be added easily, which makes the system quite versatile, allowing the implementation of a variety of auditory, visual, and auditory/visual behavioral tasks.

Protocol (read by voice talent at JoVE):

2. System Set-up  
2.1. The system is composed of three major components: a double-walled sound proof room , a multiple channel electrophysiological recording system and a fully automated behavioral testing system 
2.1.1.  WIDE: Talent enters area where the system is located.

2.1.2.  MED: Talent points at the sound proof room or, if this is contained in a cabinet, opens the door to reveal the inside.  

2.1.3. MED: Talent points at the electrophysiological recording system. 

2.1.4. MED: Talent points at the behavioral testing system. 

LAB MEDIA: 3685_Zheng_01_06_Figure 1 Chamber.pdf can be used for extra shots 
2.2. A custom designed operant chamber sits inside the sound proof room.  The chamber consists of three acoustically transparent walls and one modular, operation panel. To monitor and record behavior, a video camera is mounted above the operant chamber.

2.2.1. MED/CU: talent points at or gestures toward the operant chamber
2.2.2. CU: shot of the interior of the chamber, capturing the transparent walls and the operation panel. 
2.2.3. CU: shot of the interior of the chamber, capturing the operation panel. 
2.2.4. CU: shot of the video camera that is mounted above the operant chamber.
LAB MEDIA: 3685_Zheng_01_06_Figure 1 Chamber.pdf can be used for extra shots 
2.3. An interface box transmits signals back and forth between the chamber and a computer 

2.3.1. MED/CU: shot of the interface box. 

2.3.2. WIDE: shot of the interface box in relation to the computer and chamber if possible to get in one shot (talent can point at box)
2.4.  Auditory cues are generated by a calibrated, programmable audio generator, and are delivered via three speakers located on the operation panel. For visual cues, a stimulus light and two triple-stimulus displays are located on the middle and side panels. 
2.4.1. MED: Shot of the audio generator

2.4.2. CU: shot of the three speakers located on the operation panel.
2.4.3. CU: shot of the stimulus light (talent turns on the light?)

2.4.4. CU: shot a triple-stimulus display (talent turns on the light?)
2.5. A nose poke device with three color LED lights is mounted at the bottom of the middle panel. An infrared detector installed within the nose poke unit records nose poking and holding period. 
2.5.1. CU: shot of the nose poke device

2.5.2. CU: shot of the infrared detector installed within the nose poke unit (maybe the talent inserts finger to demonstrate how the animal would break the IR beam)
2.6. Two removable, retractable response levers are mounted on each side of the operation panel. Rewards are provided by two pellet dispensers that drop food into the pellet receptacles. 
2.6.1. CU: shot of a  response lever 
2.6.2. CU: Shot of the pellet receptacles. 
2.6.3. CU: Shot of a food reward dropped into the pellet receptacles. 

2.7. Four pairs of infrared beams are placed at the bottom of the chamber to both indicate the position of the animal and to control devices based on the animal’s position.
2.7.1. MED/CU: shot of infrared beams, multiple shots/angles
2.8. Lastly, cables from a headstage are connected to a commutator for recording neuronal activity.
2.8.1. MED/CU: shot of the cables from the headstage
2.8.2. MED: shot of the cables connected to a commutator. 

2.9. The experimental protocol is fully automated via programs created within the MED-PC® IV Software platform. Behavioral data are saved and translated to Microsoft Excel files, then imported into and analyzed with MatLab. 
2.9.1. MED: over the shoulder shot of talent loading the experimental protocol in the MED-PC® IV Software platform. 
2.9.2. SCREEN: Shot of talent saving behavioral data to Microsoft Excel files and importing them to MatLab. 

3. Pre-training and acclimation 

3.1. Before training, limit the food intake until the animal’s weight is 90% of baseline 
3.1.1. WIDE: talent enters lab with cage of rat
3.1.2. MED: overhead shot of animal(s) in cage with food removed
3.2. To prepare the chamber for acclimation, retract the levers, block the nose poke hole with a rubber stopper, and place ~20 pellets of food into each pellet receptacle
3.2.1. MED: over the shoulder of talent preparing the chamber OR shot of the chamber interior

3.2.2. CU: shot of levers being retracted

3.2.3. CU: shot of the rubber stopper going into the nose poke hole

3.2.4. CU: shot of food pellets being placed in receptacle
3.3. Now, place a naïve animal into the chamber for acclimation. The rat will soon start to explore the food cups and eat the pellets
3.3.1. MED: over the shoulder shot of talent placing animal in chamber

3.3.2. MED: shot of rat exploring chamber
3.4. When both food cups are empty, use the software to dispense a single pellet into each tray.  In doing so, the rat will learn to associate food with the cup.
3.4.1. CU: shot of empty food cup, multiple shots/angles, reused later

3.4.2. CU: shot of pellet being dispensed in the cup by the software, multiple shots/angles, reused later

3.4.3. CU: shot of rat eating food from cup, multiple shots/angles, reused later

3.5. Force the rat to move to both sides of the chamber by dispensing pellets randomly into each food cup. One session is usually enough for establishing the food-cup association. 
3.5.1. reuse shot 3.4.2

3.5.2. reuse shot 3.4.3

3.5.3. MED: shot of rat moving from one food cup to the other

4. Lever Push Training
4.1. In a new session, extend both levers into the chamber and leave the food cup empty. 
4.1.1. MED: talent enters lab area with rat or approaches the operant chamber (to visually demonstrate that this starts a new session), multiple takes angles, repeated later

4.1.2. MED/CU: shot of the levers extending.

4.1.3. Reuse shot 3.4.1

4.2. Next, place an acclimated rat into the chamber.  When the animal enters the vicinity of a lever, dispense a pellet. Also provide rewards when the rat shows interest in the lever, such as sniffing, touching, or climbing.  An accidental lever push should also trigger a reward.
4.2.1. MED: talent places rat in chamber

4.2.2. MED/CU: rat explores chamber

4.2.3. CU: rat explores close to the lever and pellet is dispensed

4.2.4. CU: rat shows interest in the lever, such as sniffing, touching, or climbing.
4.2.5. CU: rat pushes lever and pellet is dispensed

4.3. To encourage lever pushing and to force exploration of both levers, allow the animal to push each lever consecutively a limited number of times. When the limit is reached, retract the lever. Extend both levers to repeat the procedure.
4.3.1. CU: rat pushes the same lever multiple times (and receives rewards?)

4.3.2. CU: the lever is retracted after a set number of lever presses

4.3.3. MED/CU: both levers are again extended
4.4. Gradually decrease the limit until the lever retracts every time it is pushed. One to two sessions are usually enough for establishing the lever push – food reward association. 
4.4.1. CU: rat pushes lever once and then the lever is retracted

4.4.2. MED: shot of rat exploring and pushing a lever, receiving a reward and the lever being retracted
5. Nose poke Training

5.1. In a new session, retract the levers, remove the rubber stopper from the nose poke hole, and place several food pellets in the nose poke device. 
5.1.1. Reuse 4.2.1

5.1.2. CU: shot levers retracting

5.1.3. MED/CU: over the shoulder of talent removing rubber stopper

5.1.4. CU: talent places food pellets in nose poke device
5.2. Reintroduce the animal into the chamber and extend one of the two levers randomly when the rat sniffs the nosepoke hole for food pellets 
5.2.1. MED: over the shoulder of talent placing rat in chamber

5.2.2. CU: shot of lever extending when the rat sniffs the nose poke hole
5.3. Seeing the extended lever, the rat will approach and push the lever to obtain a food pellet. After the lever is pressed and the reward is dispensed, retract the lever to encourage the rat to explore the nose poke device.
5.3.1. MED: shot of the lever being extended with the rat approaching and pushing the lever to receive a reward, multiple shots/angles, repeated later

5.3.2. MED: rat eats reward and the lever retracts, multiple shots/angles, repeated later

5.3.3. MED: rat explores chamber , approaches nose poke device, multiple shots/angles, repeated later
5.4. It usually takes one 30 minute session for a rat to learn the task sequence: nosepoke → lever push → rewards. 
5.4.1. Reuse shots 5.3.1 – 5.3.3.  text overlay “: nosepoke → lever push → rewards”
6. Cue Training

6.1. In another new session, place the animal into the chamber to begin cue training.  After the animal performs a nose poke event, play a distinct auditory cue. Extend both left and right levers after each auditory cue presentation. 
6.1.1. Reuse 4.2.1 if necessary

6.1.2. MED: over the shoulder of talent placing rat in chamber

6.1.3. MED: rat performs nose poke and an auditory cue is played

6.1.4. MED: levers are extended after auditory cue presentation

6.1.5. MED: rat depressed lever and receives reward

6.2. Reward the rat only when it pushes the lever that is indicated by the auditory cue. The animal will gradually learn to associate a specific auditory cue with one lever. The animal should now be able to perform the intended full sequence of training: Nosepoke → Cue → Lever push → Reward/No Reward
6.2.1. MED/CU: (would be best to get the entire sequence in one shot) the rat performs a nosepoke event, receives an auditory cue, presses a lever and receives a reward. Repeat this shot for different auditory cues.  Multiple shots/angles, reused later

6.2.2. Reuse shot 6.2.1. text overlay “Nosepoke → Cue → Lever push → Reward/No Reward”
6.3. Allow the rat to practice the newly learned task until a consistent performance level is reached, the session is limited to 30 minutes

6.3.1. Reuse shot 6.2.1
7. Two-Alternative Choice Pitch Discrimination Task 

7.1. This system can be used to perform the Two-Alternative Choice Pitch Discrimination Task, which examines the frequency discrimination threshold of a rat.
7.1.1. LAB MEDIA: 3685_Zheng_01_06_Figure 3 Two-Alternative Choice Pitch Discrimination.pdf , just the top diagram showing the Two-Alternative Choice Pitch Discrimination Task
7.2. After training the rats to quickly push the correct lever indicated by an auditory cue, an auditory learning curve is obtained. Each colored line represents the discrimination frequency variations (ΔFs) of an individual animal. The dark line represents the averaged learning curve. On average, it took about seven sessions of training to attain the 75% hit rate criterion.
7.2.1. 3685_Zheng_Learning Curves.pdf.  Text overlay “frequency variations (ΔFs)” Overlay arrows to corresponding lines as mentioned in the narrative

7.3. Animal behavior in this task can also be quantitatively characterized by several measurements, including the reaction time relative to the onset of the auditory cue,… the inter-trial interval … and the temporal dynamics of performance 

7.3.1.  3685_Zheng_Reaction Time.pdf (through “.. auditory cue”)
7.3.2.  3685_Zheng_Inter Trial Interval.pdf (“the inter-trial interval”)
7.3.3.   3685_Zheng_Temporal Dynamics.pdf (the remainder of the sentence)
7.4. Multiple cognitive brain functions can also be investigated using this system. The top captions describe each action in sequence of one trial. The bottom captions indicate the cognitive behavioral functions that can be studied.
7.4.1. 3685_Zheng_ Figure 5A Cognitive Functions.pdf, highlight top and bottom captions as mentioned
7.5. When combined with electrophysiology recording, the neural basis of the cognitive behavioral functions can also be studied. This plot shows a neuron recorded in the nucleus basalis of a rat performing the Two-Alternative Choice Pitch Discrimination Task. While this plot shows a neuron recorded in the ventral tegmental area
7.5.1. 3685_Zheng_Neural Recording Push Lever.jpg
7.5.2.  3685_Zheng_ Figure 5B NB.pdf
7.5.3.  3685_Zheng_ Figure 5C VTA.pdf
8. Conclusion (said by authors on camera)

8.1.  Edgar Ycu: While attempting this procedure, it’s important to remember to pay close attention to individual difference of rats in their cognitive ability and behavioral characteristics. Training procedures and parameters should be individualized to achieve best training results.
8.2.  Weimin Zheng: Although we developed this system mainly for studying the auditory system, it can be easily adapted by other researchers to study the visual system and multiple cognitive brain functions, such as motivation, attention, decision-making, patience, and rewards
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