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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? Yes
If Yes, can you record movies/images using your own microscope camera?
YES

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.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Please upload all screen-captured video files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=19947048
[bookmark: _Hlk133408398]
Videographer: Please capture all the shots labeled as “SCREEN” for a backup, as the authors are yet to provide them.

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 5 minutes by walk


Current Protocol Length
Number of Steps: 25
Number of Shots: 59 (Of which 35 shots are SCREEN captures) 



Introduction
Videographer: Obtain headshots for all authors available at the filming location.
REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Atsushi Asakura: The scope of this research is to establish a three-dimensional imaging analysis method for studying the spatial interactions of muscle stem cells within skeletal muscle. [1].
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

What are the most recent developments in yfreyy7your field of research?
1.2. Atsushi Asakura: Here, we introduce a protocol for rodent skeletal muscle tissue clearing and high-resolution 3-D imaging of the entire skeletal muscle using a confocal microscope. [1].
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

What research gap are you addressing with your protocol?
1.3. Smrithi Karthikeyan: Using traditional cross-sections of muscle tissue limits the ability to identify spatial cell interactions [1].
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

What advantage does your protocol offer compared to other techniques?
1.4. Smrithi Karthikeyan: Our protocol provides an ideal method for identifying cell-cell interactions via 3-D imaging analysis of skeletal muscle in rodents [1].
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

What research questions will your laboratory focus on in the future?
1.5. Smrithi Karthikeyan: In the future, we will understand the mechanism that maintains muscle stem cells and apply muscle stem cells to the treatment of muscular dystrophy [1].
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 
Videographer: Obtain headshots for all authors available at the filming location.

Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

· Testimonial statements will not appear in the video but may be featured in the journal’s promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. 
· Please answer the testimonial question live during the shoot, speaking naturally and in your own words in complete sentences.

How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.6. Enter author name, Enter author title: (authors will present their testimonial statements live)
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.7. Enter author name, Enter author title: (authors will present their testimonial statements live)


Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at University of Minnesota


Protocol
Videographer: Please capture all the shots labeled as “SCREEN” for a backup, as the authors are yet to provide them.

2. Dissection and Clearing of Mouse Skeletal Muscle Tissue
Demonstrator: Yoko Asakura

Protocol
2.1. To begin, detach the extensor digitorum longus or EDL (E-D-L) muscle from an euthanized mouse [1-TXT].
2.1.1. WIDE: Shot of talent detaching the extensor digitorum longus muscle from the mouse. TXT: Perform euthanasia following institutionally approved protocols

2.2. Postfix the tissues with fixation buffer in a 15-milliliter conical tube at 4 degrees Celsius with rocking overnight [1-TXT]. Following fixation, wash three times with 10 milliliters of ice-cold PBS with 0.02% sodium azide for 30 minutes each at 4 degrees Celsius with rocking [2].
2.2.1. Talent placing the tissues in fixation buffer in a 15 mL conical tube in a 4 °C cold room with rocking. TXT: 10 mL per two EDL muscles
2.2.2. Talent adding/washing the tissues with 10 mL of ice-cold PBS + 0.02% sodium azide.

2.3. Transfer 10 milliliters of ice-cold A4P0 (A-Four-P-Zero) into a 15-milliliter plastic tube with the tissues and incubate in a 4 degrees Celsius cold room with rocking overnight [1]. Degass the A4P0 solution on ice by bubbling nitrogen gas for 3 min and allow the solution to settle for 1 minute so that there are no air bubbles in the solution [2].
2.3.1. Talent transferring 10 mL of ice-cold A4P0 into a 15 mL plastic tube with the tissues in a 4 °C cold room.
2.3.2. Talent degasses the A4P0 solution on ice with bubble nitrogen gas and allows it to settle so that the bubbles are gone.

2.4. Next, transfer the "degassed" A4P0 from the 50-milliliter tube into the 215-milliliter tube containing the tissues. Overfill the tube until a meniscus forms, but without any air bubbles [1]. 
2.4.1. WIDE: Talent transferring the "degassed" A4P0 from the 50 mL tube into the 15 2 mL tube containing the tissues until a meniscus form without air bubbles.

2.5. Cover the tube with a plastic wrap and tightly screw the cap on top of the tube [1]. Incubate the tissues at 37 degrees Celsius in a tube rotator for 3 hours in a tube wrapped with aluminum foil [2]. 
2.5.1. WIDE: Talent covering the tube with a plastic wrap and screwing the cap on top of the tube.
2.5.2. Talent incubating the tissues at 37 °C in a tube rotator in a tube wrapped in aluminum foil.

2.6. After incubation and removing the tissue from the A4P0 solution, wash three times with 10 milliliters of PBSTT (P-B-S-T-T) for 30 minutes each at 37 degrees Celsius [1]. Transfer the washed tissues to 10 milliliters of clearing solution 1 or CS1 (C-S-1) and incubate overnight at 37 degrees Celsius with rocking [2].
2.6.1. WIDE: Talent washing the removed tissue with 10 mL of PBSTT.
2.6.2. Talent transferring the tissues into 10 mL of clearing solution 1 (CS1).

2.7. The following day, wash the tissues three times with 10 milliliters of PBSTT for 30 minutes each with rocking at 37 degrees Celsius [1], and incubate the tissues in 10 milliliters of clearing solution 2 or CS2 (C-S-2) overnight at 37 degrees Celsius with rocking [2].
2.7.1. WIDE: Talent washing the removed tissue with 10 mL of PBSTT.
2.7.2. Talent transferring the tissues into 10 mL of clearing solution 2 (CS2).

2.8. The next day, after washing the tissues three times with PBSTT as demonstrated earlier, incubate the EDL muscle in 10 milliliters of PROTOS (Pro-toss) for 30 minutes at 37 degrees Celsius with rocking three times[1-TXT].
2.8.1. WIDE: Talent placing the EDL muscle in 10 mL of PROTOS solution. TXT: Repeat 2x more30 min 3x times.

2.9. To embed the tissues, use a silicon isolator and attach it to the center of a cover glass by firmly pressing the spacer to the glass [1]. Place the tissues from the PROTOS solution into the isolator using tweezers [2]. Fill the isolator with the remaining PROTOS solution with a pipette until the muscle tissue submerges in the isolator [3]. Finally, attach the top cover glass by pressing it onto the spacer or glass complex below [4].
2.9.1. WIDE: Talent attaching the silicon isolator to the center of a cover glass by firmly pressing the spacer to the glass.
2.9.2. Talent placing the tissues from the PROTOS solution into the isolator using tweezers.
2.9.3. Talent filling the isolator with the remaining PROTOS solution with a pipette until the muscle tissue is submerged in the isolator.
2.9.4. Talent attaching the top cover glass by pressing it onto the spacer/glass complex below.


3. Confocal Microscope Imaging of Mouse Skeletal Muscle Tissue Samples
Demonstrator: Smrithi Karthikeyan

Protocol
3.1. To begin, turn on the confocal microscope according to the facility protocol or manufacturer's instructions [1]. Turn on the 488-and 561-nanometer lasers on the laser controller [2].
3.1.1. WIDE: Shot of talent switching on the confocal microscope and starting the confocal software. Videographer: Please ensure to film the establishing WIDE shot.
3.1.2. SCREEN: The 488 nm and 561 nm lasers are being turned on.
Authors: Please create screen capture videos for the shots labeled as SCREEN and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=19947048
Please clean up your PC screen of any clutter and personal information before doing the screen capture.

3.2. Select the 20X (Twenty-Ex) water immersion objective lens [1]. Using a syringe, place two or three drops of distilled water onto the lens [2]. Then, place the embedded sample slide onto the stage [3]. 
3.2.1. SCREEN: The 20X water immersion objective lens is being selected.
3.2.2. Talent placing water drops onto the lens.
3.2.3. Talent placing the embedded sample slide onto the stage.

3.3. In the NIS (N-I-S) Elements software, select the Eyepiece-EPI (Eyepiece-E-P-I) tab [1] to view the sample through the eyepiece of the microscope [2]. Select mCherry (M-Cherry) or GFP (G-F-P) from the menu to switch on the laser for the corresponding wavelengths [3].
3.3.1. SCREEN: Eyepiece-EPI tab is being selected.
3.3.2. Talent looking through the eyepiece of the microscope and adjusting the knobs.
3.3.3. SCREEN: mCherry or GFP is being selected from the menu, and the laser is switched on.

3.4. Next, locate an area in the sample where satellite cells are visible in mCherry and blood vessels are visible in GFP [1].
3.4.1. SCREEN: An area of Satellite cells visible in mCherry and blood vessels visible in the GFP is being focused.

3.5. Move the laser strength slider for each laser in the A1 Compact GUI (A-One-Compact-G-U-Eye) window to adjust the brightness in both channels so that very few spots of the image are saturated [1].
3.5.1. SCREEN: Laser strength sliders for mCherry and GFP are being moved until the brightness is adjusted and the image is less saturated.

3.6. To identify the top and bottom of the three-dimensional sample, use the side knobs [1] and adjust the Z (Zee) position of the microscope until the top view is in focus [2].
3.6.1. Talent adjusting the side knob. Videographer: If possible, please include the computer screen while the talent adjusts the knob.
3.6.2. SCREEN: The sample is being focused until the top of the sample is in view.

3.7. Then click on "Top" in the Scanning Window and manually enter the corresponding bottom position to ensure that the total depth of the image is 400 micrometers [1]. 
3.7.1. SCREEN: The top in the Scanning Window is being clicked, and the depth of the image 400 µm is being entered.

3.8. To capture the image, click the "Run Now" button in the Scanning Window and wait for a new window to appear, displaying the image acquisition time [1-TXT]. 
3.8.1. SCREEN: Run Now" button in the Scanning Window is being clicked, and a new window displays the image acquisition time. TXT: After acquiring images, save them in ND2 format


4. Segmentation of Confocal Microscopic Images Using FIJI ImageJ and Ilastik for 3D Rendering

Protocol
4.1. To begin, import the raw image file in .nd2 (Dot-N-D-Two) format into FIJI ImageJ [1]. For multichannel images, split the channels of the TIF file by selecting "Image", followed by "Color", and then "Split Channels" [2]. 
4.1.1. WIDE: Shot of talent at the computer operating the software. Videographer: Please ensure to film the establishing WIDE shot.
4.1.2. SCREEN: The channels of the TIF file are being split by selecting Image | Color | Split Channels.

4.2. To reduce the computational load of the ilastik (Eye-las-tick) software, crop the large image files into smaller images by clicking on "Image", then select "Crop" and use the rectangle cropping tool from the toolbar to crop at least five different 50 by 50 by 401-pixel images from each channel [1]. 
4.2.1. SCREEN: Image | Crop is being selected, and then the image is cropped using the rectangle cropping tool. 

4.3. [bookmark: _Hlk134885321]Open all the cropped image files in the Input Data tab by clicking Add New and then Add Separate Image(s) [1]. In the Feature Selection tab, select all the available features by clicking on the Select Features tab and checking all the boxes [2].
4.3.1. SCREEN: The cropped image files are being opened in the Input Data tab by clicking Add New and then Add Separate Image(s).
4.3.2. SCREEN: The Select Features tab is being clicked, and all the boxes are checked to select all the available features.

4.4. Navigate to the Training tab and create two labels. Label one as background and label the other as feature of interest [1]. Select a starting label and then the paintbrush tool to identify the parts of the background or the feature of interest in the image [2].
4.4.1. SCREEN: Two labels are being created in the Training tab. One is being labeled as background and the other as feature of interest.
4.4.2. SCREEN: A starting label is being selected, and parts of the background/feature of interest are identified in the image with the paintbrush tool.

4.5. Then press Live Update, with only the Segmentation box checked, and observe the segmented version of the cropped image [1]. Keep repeating this step for all images until achieving the highest possible accuracy in the segmentation process [2].
4.5.1. SCREEN: Live Update is being pressed with only the Segmentation box checked and the segmented version of the cropped image visible on the screen.
4.5.2. SCREEN: The accurately segmented images are being indicated with the mouse cursor.

4.6. Next, in the Prediction Export tab, change the Source to Simple Segmentation [1]. Then, in the Batch Processing tab, click the Select Raw Data Files button to select the complete .h5 (Dot-H-Five) file of one of the channels from the original image [2-TXT].
4.6.1. SCREEN: The Source is being changed to Simple Segmentation In the Prediction Export tab.
4.6.2. SCREEN: The Select Raw Data Files button is being clicked in the Batch Processing tab. TXT: To segment the entire channel, click Process all Files

4.7. Open the segmented file in FIJI ImageJ by navigating to Plugins, ilastik, and Import HDF5 [1] and save the opened image as a TIFF file [1].
4.7.1. SCREEN: Segmented file in FIJI ImageJ is being opened by clicking Plugins | ilastik | Import HDF5 and saving it in Tiff format.

4.8. If the TIFF image appears black, open the image in ImageJ and click ‘Image’, 'Adjust' and then choose 'Brightness' followed by 'Contrast' and 'Auto' [1-TXT]. If the image does appear as a virtual stack, reopen it as a plain TIFF file [2].
4.8.1. SCREEN: A black image is being opened in ImageJ, and Image | Adjust | Brightness | Contrast | Auto is being clicked. TXT: Ensure the image is not a virtual stack denoted as ‘V’. 	Comment by Smrithi Karthikeyan: Both steps have been combined in the video screen recordings that I have sent
4.8.2. SCREEN: A virtual stack image (V) is being indicated with the mouse cursor, and the file is opened as a plain TIFF.

4.9. To convert the image to binary, click Image, Adjust, Threshold, followed by Auto, and then Apply and uncheck Calculate Threshold for each Image to adjust the thresholding [1].
4.9.1. SCREEN: Image | Adjust | Threshold | Auto | Apply is being clicked, and Calculate Threshold for each Image is unchecked.

4.10. For multi-channel images, segment them individually and merge the channels on Fiji by clicking on Image, Color, and then Merge Channels [1]. For labeling purposes, give each channel a unique color using the Look Up Table option in the toolbar and save the merged image as a TIFF file [2].
4.10.1. SCREEN: Image | Color | Merge Channels are being clicked, and the channels being merged in Fiji.
4.10.2. SCREEN: The Look Up Table is being clicked, and the channels are labeled with different colors and saved as TIFF file.


5. 3D Rendering and Data Collection of Segmented Confocal Microscopic Images Using Imaris

Protocol
5.1. To open a segmented image in Imaris (Eye-marries) [1], convert the TIFF file to an Imaris file using the Imaris file converter [2]. In Imaris, ensure that the licenses such as Imaris Cell, all of the MeasurementPro options, and Imaris XT are selected [3-TXT]. 	Comment by Smrithi Karthikeyan: In screen recording, Imaris 10.2 is shown. All licenses were selected for measurement purposes.
5.1.1. WIDE: Shot of talent at the computer operating the software. Videographer: Please ensure to film the establishing WIDE shot.
5.1.2. SCREEN: TIFF file is being converted to an Imaris file.
5.1.3. SCREEN: All the mentioned licenses are being indicated with the mouse cursor. TXT: MeasurementPro enables measurements in multichannel images

5.2. In the Surpass tab, open the merged image file [1]. Then, using the blue icon in the Scene tab, create surfaces equal to the number of channels in the image [2]. Each surface corresponds to a distinct feature of interest [3].
5.2.1. SCREEN: The merged image file is being opened in the Surpass tab.
5.2.2. SCREEN: A surface is created using the Scene tab’s blue icon.
5.2.3. SCREEN: The created surfaces are indicated with the mouse cursor.	Comment by Smrithi Karthikeyan: The order should be as follows: 5.2.2, 5.3.1, 5.3.2, 5.3.3, 5.2.3

5.3. Navigate to the Surfaces tool and check that the Object-to-Object Statistics and Background Subtraction boxes are ticked [1]. Uncheck the Classify Surfaces box for all surfaces in the multichannel image [2]. Press the green arrows to continue and create a three-dimensional rendered surface of the feature of interest [3].
5.3.1. SCREEN: Surfaces tool is being clicked, and the ticked boxes of Object-to-Object Statistics and Background Subtraction are indicated with the mouse cursor.
5.3.2. SCREEN: The Classify Surfaces box for all surfaces in the multichannel image are being unchecked.
5.3.3. SCREEN: The green arrows are being pressed, and a 3D-rendered surface of the feature of interest is being created.

5.4. To collect the data between two surfaces, click the Statistics tab to get several measurements of the surfaces in the Detailed Specific Values tab [1]. Save all data points as a .csv (Dot-C-S-V) file and open them in a spreadsheet for further analysis [2].
5.4.1. SCREEN: Measurements of the surfaces are being obtained in the Detailed Specific Values tab by clicking on the Statistics tab.
5.4.2. SCREEN: Data is being opened in a spreadsheet and shown.

Greeting	Comment by Editor: We added "Greeting" at the endo of the protocol.
Demonstrator: Atsushi Asakura, Yoko Asakura and Smrithi Karthikeyan 
5.5. Atsushi Asakura, Yoko Asakura and Smrithi Karthikeyan: “Thank you for watching”.
Named Talents say the statement above together, looking on-camera.

Results
6. Results

6.1. The blood vessels appear green in the confocal image due to the GFP (G-F-P) protein in the skeletal muscle sample [1], whereas the satellite cells appear as bright red spots due to the presence of the tdTomato (Tandem-Dimer-Tomato) protein in muscle stem cells [2].
6.1.1. LAB MEDIA: Figures 3 A and B Video editor: Please emphasize image panel A.
6.1.2. LAB MEDIA: Figures 3 A and B Video editor: Please emphasize image panel B.


6.2. The faint red background fluorescence displayed by the myofibers [1] is removed completely during the image segmentation process in ilastik [2].
6.2.1. LAB MEDIA: Figures 3 A and B Video editor: Please emphasize Figure 3B and indicate the faint red background (seen like streaks at the top, middle, and bottom)
6.2.2. LAB MEDIA: Figure 3 C 

6.3. The rendering process allowed the generation of a three-dimensional model [1].
6.3.1. LAB MEDIA: Figure 3 D

6.4. Further, parameters such as satellite cell sphericity [1], the distance between the satellite cells and the vasculature [2], and satellite cell volume were measured using Imaris [3].
6.4.1. LAB MEDIA: Figure 4 Video editor: Please emphasize graph A.
6.4.2. LAB MEDIA: Figure 4 Video editor: Please emphasize graph B.
6.4.3. LAB MEDIA: Figure 4 Video editor: Please emphasize graph C.
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