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Author Questionnaire:

1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? Y
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.
Authors: please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1., 2.2., 2.3., 2.5., 2.7., 3.4. 
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.3., 3.4.
5. Will the filming need to take place in multiple locations? N


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

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Emilie Venereau: With our protocol, it is possible to investigate the dynamic process of myoblast differentiation and myofiber formation, in particular nuclear positioning, by exploiting live cell imaging [1].

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

1.2. Samuel Zambrano: Live cell imaging of myoblasts with fluorescent nuclei allows the study of myoblast differentiation in living cells and the automatic tracking of their nuclei [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) - All interview statements may be edited for length and clarity.

1.3. Federica Colombo: This method can be extended to the study of defects in muscle differentiation and regeneration in the context of muscular disorders through myoblast isolation from mouse models or human patients [1].

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

1.4. Federica Colombo: This technique can give insight into nuclear dynamics during myoblast differentiation under normal and pathological conditions and into the movement of other types of cell using automatic nuclear tracking [1].

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

1.5. Federica Colombo: Visual demonstration helps with understanding how to combine primary cell isolation with live imaging and image analysis [1].

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

Introduction of Demonstrator (Said by you on camera):

1.6. Emilie Venereau: Demonstrating the procedure will be Federica Colombo and Giorgia Careccia, PhD students from our laboratory [1][2]. 

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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

1.7. Procedures involving animal subjects have been approved the San Raffaele Institutional Animal Care and Use Committee.

Section - Protocol
2. Primary Myoblast Isolation
2.1. Begin by harvesting the tibialis, soleus, extensor digitorum longus, gastrocnemius, quadriceps, and triceps muscles from both hindlimbs of an adult mouse into a Petri dish of PBS on ice [1-TXT].
2.1.1. [Added Shot] WIDE: Talent enters room
2.1.2. MED: Talent adding muscle(s) to dish Videographer: No mouse in shot TEXT: Euthanasia: According to institutional guidelines
2.2. Use sterile scissors and tweezers to carefully remove the tendons and fat from each muscle [1] and transfer the muscles into an empty Petri dish [2].
2.2.1. CU: Tendon(s) and/or fat being removed
2.2.2. MED: Talent placing muscles into dish
2.3. Using sterile curved scissors, cut and mince the muscles until a uniform mass is obtained [1] and transfer the muscle pieces to a 50-milliliter tube [2].
2.3.1. CU: Muscle being minced
2.3.2. MED: Talent adding pieces to tube 
2.4. Then add 10 milliliters of digestion medium to the muscle pieces [1-TXT] for a 30-minute incubation in a 37-degree Celsius water bath at 250 rotations per minute [2].
2.4.1. MED: Talent adding medium to tube, with medium container label visible in frame TEXT: See text for all medium/reagent preparation details  2.4.1. is in the 2.3.2., second take.
2.4.2. CU: Shot of tube in water bath being shaken

2.5. At the end of the enzymatic digestion, stop the reaction with 10 milliliters of blocking medium [1] and spin down the sample by centrifugation [2-TXT].

2.5.1. MED: Talent adding medium to tube, with medium container visible in frame
2.5.2. MED: Talent placing tube into centrifuge TEXT: 5 min, 40 x g, RT

2.6. Place the tube on ice [1] and transfer the supernatant into new a 50-milliliter tube [2].

2.6.1. MED: Talent placing tube on ice
2.6.2. CU: Supernatant being collected, with new tube visible in frame

2.7. Centrifuge the supernatant again [1-TXT] and resuspend the pellet in 1 milliliter of DMEM (D-M-E-M) supplemented with 10% fetal bovine serum, or FBS, on ice [2].

2.7.1. MED: Talent placing tube into centrifuge TEXT: 5 min, 650 x g, RT
2.7.2. CU: Shot of pellet if visible, then medium being added, with medium container label visible in frame

2.8. Digest the reserved pellet in 10 milliliters of fresh digestion medium as just demonstrated [1] and combine the digested pellet with the reserved cell suspension on ice [2].

2.8.0 [Added Shot] Talent is taking in the scene the pellet from 2.6.2 (in ice)

2.8.1. MED: Talent adding digestion medium to tube, with digestion medium container visible in frame
2.8.2. CU: Digested pellet being added to reserved cell suspension, with tube labels visible in frame

2.9. Strain the pooled cells through a 70-micrometer filter [1] followed by a 40-micrometer filter [2] and wash the cells in 15 milliliters of fresh DMEM supplemented with 10% FBS [3].

2.9.1. CU: Cells being filtered through 70-micrometer-pore strainer
2.9.2. CU: Cells being filtered through 40-micrometer-pore strainer
2.9.3. CU: Medium being added to tube, with medium container label visible in frame

2.10. At the end of the centrifugation, resuspend the pellet in 3 milliliters of red blood cell lysis buffer at room temperature [1], stopping the lysis after 5 minutes with 40 milliliters of PBS and an additional centrifugation [2].

2.10.1. CU: Shot of pellet, the RBC lysis buffer being added to tube, with buffer container label visible in frame
2.10.2. MED: Talent adding PBS to tube, with PBS container and centrifuge visible in frame as possible

2.11. Resuspend the pellet in 20 milliliters of DMEM supplemented with 10 % FBS [1] and pre-plate the cells in an uncoated Petri dish [2].

2.11.1. MED: Talent adding medium to cells, with medium container visible in frame
2.11.2. MED: Talent adding cells to dish

2.12. After 1 hour at 37 degrees Celsius and 5% carbon dioxide [1], collect the satellite cell-containing supernatant [2] and pre-plate the cell suspension two more times as demonstrated [3].

2.12.1. MED: Talent placing plate into incubator
2.12.2. MED: Supernatant being collected
2.12.3. MED: Talent adding cells to plate.12.2+2.12.3 are merged together. The take should ended when the plate is still under the hood, on the desk


2.13. After the last plating, collect the satellite cells by centrifugation [1] and resuspend the pellet in 40 milliliters of fresh proliferation medium [2].

2.13.0 [Added Shot] MED: Talent transfer sample from dish to Falcon

2.13.1. MED: Talent adding tube(s) to centrifuge
2.13.2. CU: Shot of pellet if visible, then medium being added to cells, with medium container label visible in frame

2.14. Then split the cells between two collagen-coated 150-milliliter Petri dishes with 1 microgram/millimeter of doxycycline per dish to induce H2B-GFP (H-two-B-G-F-P) expression [1] and return the cells to the cell culture incubator for 2-3 days [2].

2.14.1. MED: Talent adding cells to dish, and doxycycline containers visible in frame
2.14.2. CU: Plate(s) being placed into incubator

3. Myoblast Proliferation and Differentiation 

3.1. When the myoblasts have reached the appropriate experimental density [1], wash the cells in each dish with 5 milliliters of PBS [2] and detach the cells from the plate bottoms with 2 milliliters of trypsin per dish at 37 degrees Celsius for 5 minutes [3].

3.1.1. WIDE: Talent placing plates onto bench
3.1.2. MED: Talent washing plate, with PBS container visible in frame 3.1.1+3.1.2. taken together. Plate put under the hood and passage of washing done with PBS
3.1.3. CU: Trypsin being added to plate, with trypsin container label visible in frame Starting with the dis hempy (already withdrawn the PBS) and trypsin is added

3.2. Confirm detachment by light microscopy [1] and stop the reaction with 5 milliliters of DMEM plus 10% FBS per plate [2].

3.2.1. MED: Talent at microscope, looking at cells
 This taken is not considered (because after the adding of the medium there is a centrifuge passage and addition of the medium). We will start with cells+medium to be plated in a 12 well (see 3.3.1)

3.3. For live cell imaging, plate 2 x 105 cells into each well of a 12-well plate coated with 350 microliters of differentiation medium supplemented with basement membrane matrix per well for 2 hours [1].

3.3.1. MED: Talent adding cells to well, with medium container visible in frame

3.4. When the cells have adhered to the bottom of the plate, place the plate in a 37-degree Celsius- and 5% carbon dioxide-incubator on a confocal microscope stage [1] and use a 20x dry objective to obtain fields of view with hundreds of cells [2] to acquire 16-bit images with 1024 x 1024 pixels per frame every 6 minutes for 16 hours [3].

3.4.1. MED: Talent placing plate into incubator
3.4.2. CU: Objective being selected
3.4.3. MED-over the shoulder: Talent at microscope computer, setting imaging parameters, with monitor visible in frame

3.5. For each acquired position, generate a multiframe. tif file [1] and download and extract the .zip software provided in a selected folder [2-TXT]. 	Comment by Bridget Colvin: Authors: You do not need to have the name of the file said here as it will be shown on screen.

3.5.1. LAB MEDIA: Example.tif 
3.5.2. SCREEN: video 1: Folders being extracted in the proper folder TEXT: See text for software acquisition details

3.6. Open the Example of Segmentation Tracking folder and click Do Segmentation.m to open the command window in MATLAB. [1].	Comment by Bridget Colvin: Authors: The command and file names are split in the narrative text to make them easier to read for the Voiceover Talent. They will be printed all run together in the text only portion of the paper.

3.6.1. SCREEN: video 2: DoSegmentation.m being clicked, then shot of Current Folder window Video Editor: please emphasize elements in example of segmentation tracking folder as necessary
 
3.7. Change the Do Segmentation.m script so that the variable “’file name input” is the name of the tif file and “folder input” is the folder where the .tif is contained. Click Run to run the script [1].

3.7.1. SCREEN: video 3: DoSegmentation.m being modified as described then Run being clicked

3.8. The result of the segmentation will be saved as a file.mat, while the segmentation of the nuclei can be visualized in the output figure [1].

3.8.1. SCREEN: video 4: Segmentation being saved/shot of saved file, then shot of nuclei in output figure

3.9. To generate the tracks, first double click Generate Tracks.m in the same working folder [1]. 

3.9.1. SCREEN: video 5: GenerateTracks.m opened

3.10. Next, change the file name to “file name points”, the appropriate .mat file for the segmented nuclei [1].

3.10.1. SCREEN: video 5: Name being changed

3.11. Click Run to run the script. The result of the tracking will be saved as another .mat file and the generated tracks will be plotted [1]. 

3.11.1. SCREEN: video 5: Run being clicked, then file being saved/tracks being plotted

3.12. To evaluate the quality of the tracks, first double click Check Tracking.m and modify the “file name” to the appropriate .tif name [1].

3.12.1. SCREEN: video 6: CheckTracking.m being clicked/modified

3.13. Then click “file name track” to use the .mat file of the tracks and click Run [1].

3.13.1. SCREEN: video 6: Filenametrack being clicked, then Run being clicked

3.14. In the figure window, use the lower scrollbar to select a nucleus. The selected nucleus will be circled in red and the trajectory of the selected cell can be followed in time using the upper scrollbar. Green crosses indicate the detected nuclei [1].

3.14.1.  SCREEN: video 7: Nucleus being selected/red circle appearing, then cell being tracked with upper scrollbar/green crosses appearing

Section – Results
4. Results: Representative Myoblast Nucleus Differentiation and Tracking Analyses 
4.1. Proliferation [1] and differentiation [2] are strongly impaired in myoblasts cultured with Hoechst compared to myoblasts isolated from H2B-GFP mice and cultured with doxycycline [3] or wild-type, myosin heavy chain-labeled myoblasts [4].

4.1.1. LAB MEDIA: Figure 1B and 1C: JoVE Video Editor: please emphasize black data bar
4.1.2. LAB MEDIA: Figure 1B and 1C: JoVE Video Editor: please emphasize Myoblasts + Hoechst image
4.1.3. LAB MEDIA: Figure 1B and 1C: JoVE Video Editor: please emphasize H2B-GFP myoblasts image
4.1.4. LAB MEDIA: Figure 1B and 1C: JoVE Video Editor: please emphasize Myoblasts image

4.2. Live cell imaging with primary myoblasts expressing the H2B-GFP protein allows tracking of the nuclei during differentiation [1].

4.2.1. LAB MEDIA: Supplementary Video 1

4.3. Merged images of transmission and GFP channels at the initial [1] and final time points of the differentiation period [2] allow the identification of myotubes [4] and, consequently, nuclei that end up integrating into myotubes [4] or that do not fuse into myotubes [5].

4.3.1. LAB MEDIA: Figure 2A modified
4.3.2. LAB MEDIA: Figure 2B modified
4.3.3. LAB MEDIA: Figure 2B modified: JoVE Video Editor: please emphasize at least one microtube as indicated with black arrows in original Figure 2B
4.3.4. LAB MEDIA: Figure 2C modified: JoVE Video Editor: please emphasize cells within blue circles as in original Figure 2C
4.3.5. LAB MEDIA: Figure 2C modified: JoVE Video Editor: please emphasize cells within red circles as in original Figure 2C

4.4. After imaging by confocal fluorescence microscopy [1] the nuclei can be segmented as demonstrated [2] and watershed transform can be used to separate nearby objects [3].

4.4.1. LAB MEDIA: Figure 3A
4.4.2. LAB MEDIA: Figure 3B
4.4.3. LAB MEDIA: Figure 3B: JoVE Video Editor: please emphasize bottom inset with lines separating each yellow cell

4.5. With this approach, most of the nuclei are identified in the image [1], allowing the nuclei motion to be tracked as demonstrated [2].

4.5.1. LAB MEDIA: Figure 3C 
4.5.2. LAB MEDIA: Figure 3D

4.6. For example, it appears that the total length of the trajectories [1] is slightly higher for cells stained with Hoechst, although the difference is not significant [2].

4.6.1. LAB MEDIA: Figure 4B: JoVE Video Editor: please emphasize blue data line
4.6.2. LAB MEDIA: Figure 4B

4.7. However, computation of the total displacement during a time lapse [1] reveals that the total displacement of the cells stained with Hoechst [2] is significantly smaller than that of unstained cells [3].

4.7.1. LAB MEDIA: Figure 4C
4.7.2. LAB MEDIA: Figure 4C: JoVE Video Editor: please emphasize blue data line
4.7.3. LAB MEDIA: Figure 4C: JoVE Video Editor: please emphasizes green data line

4.8. As predicted, the total angle variation for the unstained cells is significantly smaller compared to cells stained with Hoechst [1].

4.8.1. LAB MEDIA: Figure 4D: JoVE Video Editor: please emphasize green data line



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Giorgia Careccia: It’s important to follow the protocol exactly as demonstrated, in particular when combining the technical skills from the biological steps (2.1 to 3.3) with the confocal microscope and software usage steps (3.4 to 3.12) [1]. 
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.2. Samuel Zambrano: [1]. 
To investigate myoblast differentiation and nuclear positioning in other mouse models of interest, it is possible to transfect isolated myoblasts with a fluorescent nuclear protein,	Comment by Federica Colombo: Last version
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 
5.3. Emilie Venereau: This technique paves the way to explore cellular and nuclear dynamics during muscle differentiation and to further investigate defects in these processes under various pathological conditions, such as muscular dystrophies [1].
5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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