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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO

2. Does your protocol include software usage? YES
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? 
Steps 2.3, 2.5, 2.7, 3.5, 4.2, 4.4

4. What is the single most difficult aspect of this procedure and what do you do to ensure success?
2.2: Some rats learn this step very quickly, but others take much longer. If animals do not move to the front of the chamber to reach after the pellet is raised, experimenters can bait them with another pellet.
4.4: Test your ROI settings before running rats for an important experiment and test with multiple rats to ensure settings work for all rats. 

5. Will the filming need to take place in multiple locations? NO


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera):

1.1. Alexandra Bova: This method builds upon established rat skilled reaching protocols to automate training and testing, providing an efficient means to acquire large data sets relatively quickly [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Alexandra Bova: It minimizes experimenter effort while allowing 3-dimensional reconstruction of forelimb kinematics. The kinematics can be used to evaluate the effects of precisely-timed interventions or correlated with physiologic recordings [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera):


1.3. Daniel Leventhal: With some adjustments, this technique can also be applied in mice [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Michigan.


Section - Protocol
2. Behavioral Training
2.1. Begin by turning on the lights [1] and place the rat in a skilled reaching chamber [2].
2.1.1. WIDE: Talent walks over to the rat chamber and turns on the light.
2.1.2. Talent places rat in the reaching chamber. 
2.2. Use forceps to hold a pellet through the reaching slot at the front of the box [1].
2.2.1. Talent uses forceps to hold a pellet through the reaching slot.
2.3. Allow the rat to eat 3 pellets from the forceps [1]. Pull the pellet back the next time the rat tries to eat the pellet from the forceps. Repeat until the rat reaches for the pellet with one paw the most out of 11 reaches, indicating paw preference [2-TXT].
2.3.1. CU: Show rat eating one pellet. Video editor: Authors indicate this is an important step.
2.3.2. Talent pulls pellet back. 
TEXT: Repeat 11 times. 
2.4. Next, align the pellet delivery rod with the side of the reaching slot contralateral to the rat’s preferred paw [1-TXT]. Place a pellet on the delivery rod [2].
2.4.1. Show talent aligning rod with the side of the reaching slot. 
TEXT: Pellet delivery rod training (1-3 days)
2.4.2. Talent places pellet on the rod. 
2.5. Then, use forceps to bait the rat with a pellet, but direct the rat towards the delivery rod so that its paw hits the pellet on the rod. After the rat has attempted 10 reaches to the delivery rod without being baited, advance the rat to the next phase [1-TXT].
2.5.1. CU: Talent uses forceps to bait the rat with a pellet.
TEXT: See text protocol for alternative baiting scenarios. 
2.6. Next, position the pellet delivery rod based on the rat’s paw preference and set it to position 2. Set the height position of the pellet delivery rod using the actuator remote [1-TXT]. Once the delivery rod is at the correct height, hold down the desired number until the light blinks red to set [2].
2.6.1. Talent holds down buttons 1 and 2 simultaneously to move the delivery rod up, and then holds down buttons 3 and 2 to move the delivery rod down until it is in the correct position. 
TEXT: Training to request a pellet (2-8)
2.6.2. CU: Talent holds down the numbers until the light blinks red to set. 
2.7. Then, place the rat in the chamber [1] and bait the rat to the back with a pellet [2]. When the rat moves far enough to the back of the chamber that it would break the infrared beam if the automated version was running, move the pellet delivery rod to position 3 [3].
2.7.1. Talent places the rat in the chamber.
2.7.2. Talent baits the rat with a pellet.
2.7.3. Talent moves the pellet rod to position 3. 
2.8. Finally, wait for the rat to reach for the pellet [1] and then move the pellet delivery rod back to position 2 [2].  Place a new pellet on the delivery rod if knocked off [3].
2.8.1. CU: Rat reaches for pellet.
2.8.2. Talent moves rod to position 2.
2.8.3. Talent places new pellet on rod. 
2.9. Repeat these steps, gradually baiting the rat less and less, until the rat begins to: (i) move to the back to request a pellet without being baited, and (ii) immediately move to the front after requesting a pellet in the back. After the rat has done this 10 times, begin training on the automated task [1].
2.9.1. Show rat move to the front after requesting a pellet in the back. 
3. Automated System Training
3.1. To setup the automated system, turn on the lights in the chamber [1] and refill the pellet reservoir [2].
3.1.1. Talent turns on lights in the chamber. 
3.1.2. Talent refills the pellets. 
3.2. Position the pellet delivery rod according to the rat’s paw preference [1]. Check that the actuator positions are set correctly [2].
3.2.1. Talent positions the delivery rod correctly.
3.2.2. Talent checks on actuator positions. 
3.3. Next, turn on the computer and open the Skilled Reaching program [1-TXT].  Enter the rat ID number under Subject and select the paw preference from the Hand drop-down menu. Specify the Save Path for the videos. Then, set the Session Time and the number of max videos. Set the Pellet Lift Duration as well and enable the Early Reach Penalty [2].
3.3.1. MED- over shoulder: Talent at computer opening skilled reaching program. 
TEXT:  SR_dig_extension_card_64bit_(HOST)_3.vi
3.3.2. SCREEN: To be provided by the authors. Authors, please upload this screen capture to your project page. Normal screen capture with OBS Software
3.4. Next, to take calibration images, place the helping hand inside the reaching chamber and poke the alligator clip through the reaching slot. Hold the cube in front of the reaching slot with the alligator clip [1].
3.4.1. Talent places the helping hand inside the reaching chamber and pokes the alligator clip through the reaching slot.
3.5. Then, position the cube so that the red side appears in the top mirror, the green side in the left mirror, and the blue side in the right mirror [1].
3.5.1. Talent ensures the entire face of each of the three sides should be visible in the mirrors. Author comment: A video for this isn't required, but I included a .png file of an exemplar calibration image that shows the correct positioning of the calibration cube.
3.6. In the behavioral program, ensure the ROI Threshold is set to a very large value. Click the run button, and once the Camera Initialized button turns green, press START to begin video acquisition. Click Cal Mode. Then, take an image by clicking Take Cal Image [1-TXT].
3.6.1. SCREEN: To be provided by the authors. Authors, please upload this screen capture to your project page.
TEXT: ROI Threshold = 60,000; 
Image filename = GridCalibration_YYYYMMDD_img#.png
This one was split into 2 screen shots:
      a) shows the ROI threshold being set, clicking 'run', and clicking 'START' (normal screen capture w/ OBS)
        b) mock clicks using OBS - you can use the .png file from 3.5.1 to composite as the "video" since nothing is moving in the video anyway
3.7. Move the cube slightly [1], and take another image. Repeat again for a total of 3 images [2].
3.7.1. Talent moves the cub slightly.
3.7.2. Talent presses ‘take cal image’ on the computer.
3.8. Finally, stop the program by clicking STOP and then click the stop sign button [1]. Remove the helping hand and cube from the box. Be careful not to bump anything in the behavioral chamber after calibration images have been taken that day [2]. 
3.8.1. Talent at computer, presses the stop sign button.
3.8.2. Talent removes the helping hand and cube
4. [bookmark: _GoBack]Running the Automated System
Author comment: 
Steps 4.2.1, 4.3.1, 4.4.1, 4.5.2, 4.5.3, 4.6.1: I just used a camcorder to film the computer screen. This was the only way to do this because it's the only way to show the red ROI box and the numbers that change as the rat reaches or as we adjust settings, which is essential for these steps. I understand the video quality for these is not ideal but I'm not sure of a better way to do this. The cameraman who came on our filming day filmed steps 4.5.2 and 4.5.3 so his shots would probably be better options than ours. 

Authors, please upload this screen capture to your project page.
4.1. First, place the rat in the skilled reaching chamber [1]. Click on the white arrow to run the program [2].
4.1.1. Talent places the rat in the chamber.
4.1.2. Talent at computer, presses the white arrow ‘run’ button. 
4.2. Then, set the position of the ROI for paw detection by adjusting x-Offset, y-Offset, ROI Width, and ROI Height. Position the ROI in the side mirror that shows the dorsum of the paw, directly in front of the reaching slot. Click START to begin the program [1].
4.2.1. SCREEN: To be provided by the authors.
4.3. While the rat is not reaching, adjust the “Low ROI Threshold” value until the “Live ROI Trigger Value” is oscillating between “0” and “1” [1].
4.3.1. SCREEN: To be provided by the authors.

4.4. Then, set the ROI threshold to be significantly greater than the “Live ROI Trigger Value” during nose pokes and lower than the “Live ROI Trigger Value” when the rat reaches. Adjust until videos are consistently triggered when the rat reaches but not when it pokes its nose through the slot [1].
4.4.1. SCREEN: To be provided by the authors. Video editor: Authors indicate this is an important step. 
4.5. Monitor the first few trials to ensure that everything is working correctly [1]. When a rat reaches before requesting a pellet, observe the “Early Reaches” number increase [2]. When a rat reaches after requesting a pellet, observe the “Videos” number increase while a copy of the video is saved as a .bin (pronounced dot-b-i-n) file [3-TXT].
4.5.1. CU: Show rat reaching.
4.5.2. Show early reaches number increase on computer.
4.5.3. Show Videos number increase. 
TEXT: File name = RXXXX_YYYYMMDD_HH_MM_SS_trial#
4.6. Finally, after the session time or max number of videos is reached, press the stop sign button [1].
4.6.1. SCREEN: To be provided by the authors.




Section – Results
5. Results: Rats acquire the skilled reaching task quickly once acclimated to the apparatus. 
5.1. Results indicate that after 20 days, rats acquire the skilled reaching task [1].
5.1.1. LAB MEDIA: Figure 5. Video editor: Highlight the blue trace and the right y-axis title, followed by the green trace and the left y-axis title. 

5.2. Here the reach trajectories from a single session are shown. This represents only initial paw advancement for ease of presentation [1].

5.2.1. LAB MEDIA: Figure 7. Video editor: Highlight the black lines. 

5.3. Further, if the paw detection trigger is not accurately set there is significant variability in the frame at which the paw breaches the reaching slot, which may lead to d to variability in when interventions are triggered during reaching movements [1]. 
5.3.1. LAB MEDIA: Figure 8. Video editor: Highlight the red trace, followed by the blue trace. 



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Daniel Leventhal: Other than careful handling of the animals, no precautions will be taken in this protocol [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 
6.2. Alexandra Bova: It is most important to set the ROI threshold correctly so that videos or other interventions are triggered at the appropriate moments [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Video editor: This shot corresponds to step 4.4
6.3. Alexandra Bova: This method can be paired with several other techniques such as optogenetics, calcium imaging, and genetic models, which can address questions ranging from basic motor control to movement disorder pathophysiology [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.4. Alexandra Bova: This technique permits correlation of detailed reach and grasp kinematics with physiologic recordings or interventions, allowing researchers to answer not just if, but how, movements change with neural circuitry changes [1].
6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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