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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
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.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, 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?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.


4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.  
If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position


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


Current Protocol Length
Number of Steps: 20
Number of Shots: 34

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer up to 2 introduction and up to 3 conclusion questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Answer in full sentences, the questions will not be displayed in the video. 
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

INTRODUCTION:

What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What questions will future research focus on?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


Ethics Title Card
This research has been approved by the Animal Care and Use Committee at the Doshisha University 


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 


2. Creation of a Virtual Marker Video
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, create a new multi-animal project by selecting Manage Project for markerless video tracking [1]. Modify the individuals and body parts fields in the config.yaml (Config-Y-A-M-L) file according to the analysis requirements [2-TXT].  
2.1.1. WIDE: Talent selecting the Manage Project option on the main menu of DLC software.
2.1.2. SCREEN: Show the config.yaml file open in an editor with the individuals and body parts fields highlighted and edited. TXT: Use individual1 to individual3 and bodypart1 to bodypart6
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible:

2.2. Select Extract Frames to extract frames from the video for labeling and training. Keep all other parameters at their default settings [1].
2.2.1. SCREEN: Selecting the Extract Frames option in the DeepLabCut interface.

2.3. Next, label each extracted frame by selecting Label Data [1]. Assign the appropriate body parts to each visible individual without maintaining consistent IDs between frames [2].
2.3.1. SCREEN: Talent selecting the Label Data option in the software.
2.3.2. SCREEN: Show the labeling interface where the talent assigns body parts to visible individuals.

2.4. To create a training dataset from the extracted frames, select Create Training Dataset [1]. Set the network to dlcrnet_ms5 in the configuration and leave all other parameters at their default values [2].	Comment by Pallavi  Sharma: Authors: Please provide a pronunciation guide for dlcrnet_ms5 
2.4.1. SCREEN: Talent selecting the Create Training Dataset option in the DeepLabCut interface.
2.4.2. SCREEN: Show the configuration screen where the dlcrnet_ms5 network is selected. Scroll through the configuration screen showing all other parameters are left at default.

2.5. Select Train to start training the network [1]. Set the Maximum iterations parameter to 200000 for this training session. Leave all other training parameters at their default values [2].
2.5.1. SCREEN: Talent selecting the Train option from the DeepLabCut interface.
2.5.2. SCREEN: Show the training configuration screen with Maximum iterations set to 200000, with other parameters set to default.

2.6. Evaluate the trained network by selecting Evaluate with all evaluation parameters set to their default values [1].
2.6.1. SCREEN: Selecting the Evaluate option in the software. Show the evaluation configuration screen with default settings highlighted and selected.

2.7. To run pose estimation on the selected videos, choose Analyze videos generating .h5 coordinate data and other output files in the videos folder inside the project folder [1-TXT]. 
2.7.1. SCREEN: Talent selecting the Analyze videos option from the DeepLabCut menu and show the videos folder being populated with .h5 and output files after analysis. TXT: Keep all other parameters at their default values 

2.8. To perform manual verification of the tracking results, create a labeled tracking video by selecting Create videos [1]. Enable the Create video with animal ID colored? option in the DLC (D-L-C) GUI (G-U-I) to include individual IDs in the video while leaving all other settings at their default values [2].
2.8.1. SCREEN: Selecting the Create videos option in the software.
2.8.2. SCREEN: Create video with animal ID colored? being selected before generating the video.

2.9. Then, inspect the generated labeled videos to check for identity switches or missing predictions. If major errors are present, prepare for retraining [1].
2.9.1. SCREEN: Talent watching the labeled tracking video on screen and observing the overlays for ID accuracy.

2.10. To retrain, extract, and annotate outlier frames, select Extract/Refine Outliers (Extract-Or-Refine-Outliers) [1]. Once annotation is complete, click Merge dataset to proceed automatically to training dataset creation, and then repeat the training pipeline [2].
2.10.1. SCREEN: Selecting the Extract/Refine Outliers option in the software interface.
2.10.2. SCREEN: Click on the Merge dataset button and show the prompt to proceed with training.

2.11. To correct the multi-animal DLC results, open the custom GUI and retain only the selected keypoints for virtual markers [1]. Replace all other keypoints with NaN (N-A-N) values in the .h5 file [2].
2.11.1. SCREEN: Talent launching the custom graphical user interface and retaining the selected kaypoints.
2.11.2. SCREEN: Show replacement of all other keypoints with NaN values in the .h5 file.

2.12. Select Refine tracklets to correct the .h5 file containing only the selected keypoints [1]. Adjust the keypoints so everyone retains a consistent ID across the video [2]. Save the file, and the .h5 file in the videos folder will be updated automatically [3].
2.12.1. SCREEN: Selecting the Refine tracklets option in the DeepLabCut interface.
2.12.2. SCREEN: Show the correction interface with identity switches being fixed.
2.12.3. SCREEN: Show the file being saved and the updated .h5 file appearing in the videos folder.

2.13. Next create a new labeled video from the corrected data by selecting Create videos [1].  Set the marker size to 2 in the configuration file to use the smallest visible size for identification without obscuring the animal [2].
2.13.1. SCREEN: Talent selecting Create videos in the DeepLabCut interface to generate the labeled virtual marker video. TXT: Remove, rename, or move any labeled video to prevent overwrite errors
2.13.2. SCREEN: Show the configuration file being edited with the marker size parameter set to 2.
2.14. Rename the labeled virtual marker video to a short filename to prevent errors during downstream DeepLabCut processing [1].
2.14.1. SCREEN: Talent renaming the generated video file to a shorter filename using the file explorer.

3. Perform Pose Tracking of Virtual Marker Video using Single Animal DLC (saDLC) 
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Create a new saDLC (S-A-D-L-C) project by selecting Manage Project for tracking the virtual marker video [1]. In the config.yaml file, list all combinations of individuals and body parts in the bodyparts field [2] and leave all other settings at their default values [3].
3.1.1. SCREEN: Talent selecting Manage Project from the DeepLabCut interface.
3.1.2. SCREEN: Show the config.yaml file being edited to include individual-bodypart combinations such as individual1-bodypart1 through individual3-bodypart6.
3.1.3. SCREEN: Scroll through the config file showing other default parameters unchanged.

3.2. To extract frames from the renamed virtual marker video, select Extract Frames while keeping all parameters at their default settings [1].
3.2.1. SCREEN: Selecting the Extract Frames option in the DeepLabCut interface.

3.3. Now, label each extracted frame in Label Data, using the virtual markers to assign consistent individual IDs and ensure both IDs and body parts match across frames [1]. When a body part is partially hidden but the individual's ID is known, estimate its position and apply the label accordingly [3].
3.3.1. SCREEN: Selecting Label Data in the interface. Show the labeling interface with consistent ID and body part assignments across multiple frames.
3.3.2. SCREEN: Annotate a frame where a body part is partially hidden and a label is placed based on an estimated position.

3.4. Create a training dataset from the extracted frames by selecting Create Training Dataset. Set the network to efficientnet-b0 (Efficient-Net-b-Not) for this training session, and keep all other parameters at their default values [1].
3.4.1. SCREEN: Selecting the Create Training Dataset option in the DeepLabCut interface. Show the network selection menu with efficientnet-b0 chosen.

3.5. Begin training the network by selecting Train [1]. Set the Maximum iterations parameter to 200000 for this session and keep all other settings at their default values [2].
3.5.1. SCREEN:  selecting the Train button from the DeepLabCut interface.
3.5.2. SCREEN: Show the training configuration screen with the Maximum iterations field set to 200000 and display the default values.

3.6. After evaluating the trained network, perform manual verification as demonstrated earlier [1].
3.6.1. SCREEN: Talent checking the final training dataset 
. 



Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 176.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 

4.1. In crowded scenes, vmTracking achieved a significantly higher match percentage than maDLC [1].
4.1.1. LAB MEDIA: Figure 6A. Video editor: Highlight the taller cyan bar labeled “vmTracking” and the shorter yellow bar labeled “maDLC” in the crowded scenes match graph.
4.2. The number of false negatives was significantly lower with vmTracking than with maDLC [1]. However, there was no difference between vmTracking and maDLC in false positive [2] and ID switch counts [3].
4.2.1. LAB MEDIA: Figure 6B. Video editor: Highlight the much shorter cyan bar for “vmTracking” compared to the taller yellow bar for “maDLC” in the false negative graph.
4.2.2. LAB MEDIA: Figure 6C 
4.2.3. LAB MEDIA: Figure 6D. 
4.3. In non-crowded scenes, vmTracking achieved a significantly higher match percentage than maDLC [1]. The number of false negatives was significantly lower with vmTracking than with maDLC [2]. There was no difference in false positive and ID switch counts between vmTracking and maDLC [3].
4.3.1. LAB MEDIA: Figure 6E. Video editor: Highlight the taller magenta “vmTracking” bar 
4.3.2. LAB MEDIA: Figure 6F. Video editor: Highlight the much shorter magenta “vmTracking” bar 
4.3.3. LAB MEDIA: Figure 6G. 
4.3.4. LAB MEDIA: Figure 6H. 
4.4. In crowded scenes, the match percentage in maDLC plateaued at approximately 85% after around 400 annotated frames, with no further improvement [1], while vmTracking showed a steady increase up to about 95% at around 1,000 frames [2].
4.4.1. LAB MEDIA: Figure 6I. Video editor: In the upper plot, highlight the flat dark blue curve labeled “Match in maDLC” after the 400-frame mark.
4.4.2. LAB MEDIA: Figure 6I. Video editor: In the upper plot, highlight the upward light blue curve labeled “Match in vmTracking” increasing toward 1,000 frames.

4.5. In maDLC, increasing the number of annotated frames did not reduce the number of false negatives [1]. Scenes with a higher proportion of correctly assigned virtual markers tended to show higher match percentages [2].
4.5.1. LAB MEDIA: Figure 6I. Video editor: In the lower plot, highlight the flat red curve labeled “False negatives in maDLC” across the x-axis range.
4.5.2. LAB MEDIA: Figure 6J. Video editor: Highlight the blue bars labeled “Both match” across scenes 1 to 20
4.6. Some scenes with low proportions of correctly assigned virtual markers still showed high match percentages, including crowded scenes 3 and 11 [1].
4.6.1. LAB MEDIA: Figure 6J. Video editor: Highlight the bars for crowded scenes 3 and 11 where the blue segments are high 
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