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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  
If Yes, can you record movies/images using your own microscope camera?
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.



2. Software: Does the part of your protocol being filmed include step-by-step descriptions of 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. Please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No
If Yes, how far apart are the locations? 

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps: 24
Number of Shots: 45 (24 SC) 

Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Brooke Burris: Zebrafish offer a valuable neural regeneration model because of their ability to recover from spinal cord injury. This method describes swim endurance and swim function as readouts of functional spinal cord repair.

REQUIRED: What is the main advantage of this technique?
1.2. Brooke Burris: This technique provides reliable and quantifiable assessments of swim endurance and swim behavior in adult zebrafish.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. X

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Brooke Burris: These methods are equally applicable to studies of neuromuscular and musculoskeletal development, disease and regeneration.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. X



Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Not applicable   
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.7. Procedures involving animal subjects were approved by the Institutional Animal Care and Use Committee (IACUC) at the Washington University School of Medicine. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

Authors: Please acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19288248

2. Assessment of Swim Endurance
2.1. To assess swim endurance, open the flow velocity control software [1], click on the box labeled Experiment, and uncheck U(single letter ‘U’)swim and Uwater [2]. Then, change the flow speed in the Uwater box on the bottom left for adjustingto adjust water current velocities [3-TXT].
2.1.1. WIDE: Establishing shot of talent clicking on the software icon with monitor/screen visible in the frame. Videographer: Obtain a few shots of talent clicking the mouse and typing on the keyboard to use as b-roll throughout the video
2.1.2. SCREEN: To be uploaded by Authors: Experiment box being clicked, and Uswim and Uwater are unchecked/unticked. 
2.1.3. SCREEN: To be uploaded by Authors:  Flow speed in Uwater being changed/adjusted. TEXT: Flow speed: cm/s

2.2. To begin an automated protocol, click on the Start Logging box. In the dialog window that opens, choose Automated from the dropdown list [1]. To open a previously saved protocol file, click on the file icon next to Protocol File [2].
2.2.1. SCREEN: To be uploaded by Authors: Start Logging box is clicked, Automated is selected from the dropdown list.
2.2.2. SCREEN: To be uploaded by Authors: File icon next to Protocol File being clicked.

2.3. Next, set up the output file by clicking on the file icon next to Log File. In the file explorer window that opens, name the output file and save it in the desired location [1].
2.3.1. SCREEN: To be uploaded by Authors: File icon next to Log File being clicked, output file is named and saved in the file explorer window.

2.4. Then, set up a split lap timer window to ensure simultaneous access to the flow velocity control software and timer windows on the computer screen [1].
2.4.1. SCREEN: To be uploaded by Authors: Setting up a split lap timer window

2.5. Next, set up a fish collection tank to house the exhausted fish after their removal from the swim tunnel. Fill the collection tank [1] and a long PVC polyvinyl chloride (spell out) tube with zebrafish system water [2].
2.5.1. Talent setting up and filling the tank with zebrafish system water.
2.5.2. Talent filling PVC tube with zebrafish system water.

2.6. Place one end of the prefilled PVC tube in the collection tank [1] and another in the buffer tank, ensuring that water can freely flow from the buffer tank into the collection tank [2]. Clamp the upper end of the PVC tube with a binder clip to prevent water flow and use the binder clip to control the outflow of water as needed [3].
2.6.1. Talent placing one end of the tube in the collection tank.
2.6.2. Talent placing another end of the tube in the buffer tank.
2.6.3. Talent clamping the upper end of the PVC tube with a binder clip.

2.7. Close the swim tunnel with the swim endurance lid [1] before placing one group of fish inside the swim tunnel [2]. 
2.7.1. Talent closing the swim tunnel. 
2.7.2. Talent placing fish inside the swim tunnel.

2.8. To acclimate the fish to the swim tunnel and flow direction, start the split lap timer and adjust the current velocity to 0 centimeters per second for the first 5 minutes, 9 centimeters per second for the next 5 minutes, and 10 centimeters per second for the following 5 minutes [1].
2.8.1. SCREEN: To be uploaded by Authors: Split lap timer is started, and current velocity is adjusted to 0, 9, 10 cm/s

2.9. Following the acclimation, start the automated flow velocity control program, which will increase the water current velocity by 2 centimeters per second every minute [1].
2.9.1. SCREEN: To be uploaded by Authors: Automated flow velocity control program  started, water current velocity increasing by 2 cm/s every min.

2.10. Monitor the fish for exhaustion. Exhausted fish will be pushed toward the back end of the swim tunnel [1]. To ensure a fish is exhausted, gently tap the back end of the tunnel or create a shadow over that area to stimulate the fish to swim [2]. Exhausted fish do not respond to the startle stimulus and lay flat at the back end of the tunnel [3].
2.10.1. Shot of an exhausted fish being pushed toward the back end of the swim tunnel.
2.10.2. Talent tapping/creating a shadow at the back end of the tunnel.
2.10.3. Shot of exhausted fish lying flat at the back end of the tunnel.

2.11. When a fish is exhausted, unclamp the fish collection tube [1-TXT], open the swim tunnel window [2], and collect the fish in the collection tank [3]. Record the time at exhaustion using the split lap timer [4].
2.11.1. Talent unclamping the fish collection tube. TEXT: Exhausted fish are pushed toward the back end of the swim tunnel
2.11.2. Talent opening the swim tunnel window.
2.11.3. Exhausted fish being collected in the collection tank.
2.11.4. Talent recording the time from split lap timer, timer in view.
 
2.12. After all the fish are exhausted and collected in the collection tank, click on the Emergency Stop button on the flow velocity control software and stop the timer [1-TXT].
2.12.1. SCREEN: To be uploaded by Authors: Emergency Stop button being clicked and timer being stopped. TEXT: Perform swim endurance assessment for each group of fish


3. Capturing Movies for Swim Behavior Assay

3.1. To capture movies for the swim behavior assay, place a group of fish in the swim tunnel and close the tunnel using a standard fully enclosed lid [1-TXT]. Then, open a new recording window and name the file. Do not click record yet [2].
3.1.1. WIDE: Talent placing a group of fish in the swim tunnel and closing the tunnel. TEXT: Only five animals can be tracked at a time
3.1.2. SCREEN: To be uploaded by Authors: New recording window being opened, and file name is entered. 


3.2. Before beginning a new experiment, place a paper towel or piece of fabric on the side of the swim tunnel to ensure all behaviors are due to fish swimming and not due to a startle response caused by movement in the environment [1].
3.2.1. Talent placing paper towel or piece of fabric on the side of the swim tunnel.

3.3. After ensuring that the water is calm and no ripples are moving across the frame [1], click on Record in the camera software window to start recording the movie file. Then, click on Start in the flow velocity control software to begin the protocol, which will continue uninterrupted [2].
3.3.1. Shot of calm water in the tank with no ripples.
3.3.2. SCREEN: To be uploaded by Authors: Record from camera software window is clicked, Start from flow velocity control software is clicked.

3.4. Watch the movie to ensure that no frames are dropped, there are no bubbles in the field of view, and all fish are recorded [1].
3.4.1. SCREEN: To be uploaded by Authors: Recording of fish swimming in the tank. 

3.5. Once the movie recording is completed, click on Emergency Stop to end the flow velocity control protocol and check that the data output file is saved automatically [1]. Then, close the Recording Window to save the movie file [2].
3.5.1. SCREEN: To be uploaded by Authors: Emergency Stop being clicked, and saved data output file being checked. 
3.5.2. SCREEN: To be uploaded by Authors: Close on the Recording Window being clicked.

3.6. After the recording, remove the lid [1], carefully retrieve the fish, and return them to their tank [2-TXT].
3.6.1. Talent removing the lid.
3.6.2. Talent retrieving the fish and returning them to their tank. TEXT: Repeat for all groups of fish


4. [bookmark: _Hlk90293937][bookmark: _Hlk84940720]Analyzing Movies for Swim Behavior Assessment

4.1. To analyze the captured movies [1], open the Tracking_v2.ijm (tracking-underscore-V-two-dot-I-J-M) script in Fiji and click on Run to begin the program [2]. Authors: Please confirm that the pronunciation guide (red italic font) for_v2.ijm is correct.
4.1.1. WIDE: Talent clicking on the appropriate software icon with monitor/screen visible in the frame. Videographer: Obtain a few shots of talent clicking the mouse and typing on the keyboard to use as b-roll throughout the video
4.1.2. SCREEN: To be uploaded by Authors: Tracking_v2.ijm script being opened, and Run being clicked.

4.2. In the window that pops up, choose the folder containing the swim behavior movies to track and click on Open [1]. Look for frame 1 of the first movie, a dialog box, and the region of interest, or ROI (spell out), manager that will come up [2].
4.2.1. SCREEN: To be uploaded by Authors: Folder containing swim behavior movies is selected and Open being clicked.
4.2.2. SCREEN: To be uploaded by Authors: Recording of frame 1 of the first movie, a dialog box, and ROI manager appearing

4.3. Follow the directions given in the dialog box and create an ROI at the bottom of the swim tunnel chamber. Then, click on OK and ensure that no black corners are seen [1].
4.3.1. SCREEN: To be uploaded by Authors: ROI being created at the bottom of swim tunnel chamber and OK being clicked. 

4.4. The threshold window will open along with an edited, thresholded Frame 1. Change the color scheme from B&W (black-and-white) to Red and adjust the Max Value until frame 1 only shows the fish in red and nothing else [1]. Record the threshold and click OK in the dialog box [2].
4.4.1. SCREEN: To be uploaded by Authors: Threshold window with thresholded frame 1 opening, color scheme is changed from B&W to Red, and Max Value is adjusted.
4.4.2. SCREEN: To be uploaded by Authors: Threshold being recorded and OK being clicked from the dialog box.

4.5. [bookmark: _Hlk84940655]For aligning, assembling, and acquiring descriptive statistics, open the Swim Behavior_v7-3.R (underscore-V-seven-dash-three-dot-R) script in R Studio and click on Source in the top-right corner of the script section [1]. 
4.5.1. SCREEN: To be uploaded by Authors: Swim Behavior_v7-3.R script being opened in R Studio, Source being clicked

4.6. In a new window that opens, choose the folder containing the _raw.csv (underscore-raw-dot-C-S-V) files generated by Fiji and click Open. The program will run automatically [1]. Authors: Please confirm that the pronunciation guides (red italic font) for_v7-3.R and _raw.csv are correct?
4.6.1. SCREEN: To be uploaded by Authors: _raw.csv files being selected, and Open being clicked, the program running

4.7. In the dialog box that pops up, confirm the number of fish in each movie. Click on Yes if the given numbers are correct, or click on No if the numbers are incorrect [1-TXT].
4.7.1. SCREEN: To be uploaded by Authors: Number of fish in each movie is confirmed/ Yes or No being selected. TEXT: If No is clicked, re-track the movies with new ROI and threshold


4.8. Once the files are aligned, check for a newly generated _aligned.csv (underscore-aligned-dot-C-S-V) file. After ensuring that the program combines the data, runs statistics, and plots output graphs, check for the analysis files generated in a new folder labeled Results within the parent folder containing the _raw.csv and _aligned.csv files [1].
4.8.1. SCREEN: To be uploaded by Authors: Checking _aligned.csv,  checking for the analysis files generated in a new folder labeled Results

Authors: Please acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-ploader?src=19288248

4.8.2. 

Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.2.5; 2.10; 2.11
3.4 4.3 4.2 4.4.3


2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.Microscope not needed.     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 169. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

5. Results: Swim Endurance and Swim Behavior Assays for Functional Readouts of Spinal Cord Regeneration
5.1. Swim endurance assessed at 2-, 4-, and 6-weeks post-injury [1] showed a 60% loss of swim endurance capacity at 2 weeks [2]. The regenerating fish gradually regained swim endurance at 4 [3] and 6 weeks post-injury [4].
5.1.1. LAB MEDIA: Figure 3A 
5.1.2. LAB MEDIA: Figure 3A Video Editor: Please emphasize the ‘2 wpi’ bar
5.1.3. LAB MEDIA: Figure 3A Video Editor: Please emphasize the ‘4 wpi’ bar
5.1.4. LAB MEDIA: Figure 3A Video Editor: Please emphasize the ‘6 wpi’ bar

5.2. In the swim behavior assay [1], controls swam steadily in the front part of the swim tunnel chamber, corresponding to an elevated Y (single letter ‘Y’) position [2]. 
5.2.1. LAB MEDIA: Figure 3B
5.2.2. LAB MEDIA: Figure 3B Video Editor: Please emphasize the ‘control’ row

5.3. In contrast, at 2 weeks post-injury, injured fish could not maintain steady swim capacity against the current. Consequently, their swim tracks are more irregular, with an overall decrease in Y position [1].
5.3.1. LAB MEDIA: Figure 3B Video Editor: Please emphasize the ‘2 wpi’ row

5.4. Y position increased at 4 [1] and 6 weeks post-injury, indicating that regenerating animals gradually regained their ability to swim [2]. 
5.4.1. LAB MEDIA: Figure 3B Video Editor: Please emphasize the ‘4 wpi’ row
5.4.2. LAB MEDIA: Figure 3B Video Editor: Please emphasize the ‘6 wpi’ row


5.5. Furthermore, relative to uninjured controls [1], lesioned animals at 2 weeks post injury were markedly less active [2], stalled in the rear quadrant of the swim tunnel [3], and lost their ability to swim against low current velocities [4].
5.5.1. LAB MEDIA: Figure 3C-E Video Editor: Please emphasize the ‘control’ bars
5.5.2. LAB MEDIA: Figure 3C Video Editor: Please emphasize the ‘2 wpi’ bar
5.5.3. LAB MEDIA: Figure 3D Video Editor: Please emphasize the ‘2 wpi’ bar
5.5.4. LAB MEDIA: Figure 3E Video Editor: Please emphasize the ‘2 wpi’ bar

5.6. Consistent with their innate ability to achieve functional recovery, lesioned animals gradually normalized swim behavior parameters [1] at 4 [2] and 6 weeks post-injury [3].
5.6.1. LAB MEDIA: Figure 3C-E
5.6.2. LAB MEDIA: Figure 3C-E Video Editor: Please emphasize the ‘4 wpi’ bars
5.6.3. LAB MEDIA: Figure 3C-E Video Editor: Please emphasize the ‘6 wpi’ bars

 



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
6.1. Brooke Burris: (2.1) The use of the flow velocity control software in this protocol is optional. The alternative is to manually control the water current motor.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Brooke Burris: The assays described in this study can be used to pre-screen for neural, muscular, or skeletal phenotypes. The tissue of interest can then be harvested for histological or molecular examination. 
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. Brooke Burris: Our lab and others have used this protocol to identify genes that are required for innate neural repair, and factors that are sufficient to enhance neural regeneration.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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