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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:  29
Number of Shots:  54 (17 SC) 

Interviews
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.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 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.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims 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.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
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.
Describe the research contexts or systems in which this protocol can be applied.
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.
CONCLUSION:
What does this protocol allow researchers to study or measure?
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.

Describe the most important consideration or challenge when performing this protocol.
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.

Are there any additional methods or analyses that can be performed following this procedure?
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.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
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.


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


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.	Comment by Poornima  G: Authors: Please review the protocol section titles, narration in purple text and the shot descriptions entirely.	Comment by Poornima  G: Authors: Please check all the pronunciation guides written in red italics below and post a comment at the respective guide if any changes are required
· 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. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Culturing and Preserving C. elegans
Demonstrator: Click here to enter name of demonstrator(s) 

2.1. To begin, culture all the animals on NGM agar seeded with the food bacterium Escherichia coli OP50 at 20 degrees Celsius for the wild-type animals and at 16 degrees Celsius or 25 degrees Celsius for the temperature-sensitive mutants [1]. 
2.1.1. WIDE: Talent placing the NGM agar plates seeded with the food bacterium E. coli OP50 under the appropriate culture conditions.
2.2. Transfer the animals to new plates before starvation, when significantly fewer Escherichia coli OP50 bacteria are observed under the microscope [1]. Maintain the animals on the new plates for approximately 2 to 3 days to keep them healthy for subsequent experiments [2].
2.2.1. Talent transferring the animals to a new plate before starvation.
2.2.2. SCOPE: The original plate showing significantly fewer E. coli OP50 bacteria under the microscope.
2.3. Transfer the animals into the freezing buffer consisting of S buffer supplemented with glycerol to a final concentration of 15% [1]. Store the animals at minus 80 degrees Celsius overnight [2]. Then, transfer the animals to a freezing box or liquid nitrogen for long-term storage [3].
2.3.1. Talent transferring the animals into the freezing buffer.
2.3.2. Talent placing the animals at minus 80 degrees Celsius for overnight storage.
2.3.3. Talent transferring the animals to a freezing box or liquid nitrogen for long-term storage.

3. Preparing Agarose Pads
Demonstrator: Click here to enter name of demonstrator(s) 


3.1. Add the well-mixed 3% agarose buffer into a 1.5 milliliter centrifuge tube [1]. Store the tube at room temperature for up to 1 month [2]. Melt the stored agarose in a heater block set to 90 to 100 degrees Celsius if using the stored agarose [3].
3.1.1. WIDE: Talent transferring the well-mixed 3% agarose buffer into a 1.5 milliliter centrifuge tube.
3.1.2. Talent placing the 1.5 milliliter centrifuge tube at room temperature for storage.
3.1.3. Talent placing the stored agarose tube into a heater block set to 90 to 100 degrees Celsius.
3.2. Using scissors, cut off the tip of a 200 microliter pipette tip to widen the opening and prevent the solidification-induced clogging [1]. Place a drop of the melted agarose buffer onto a glass slide measuring 75 by 25 millimeters with a thickness of 0.9 to 1.10 millimeters and made of soda lime glass [2].
3.2.1. Talent cutting off the tip of a 200 microliter pipette tip.
3.2.2. Talent placing a drop of the melted agarose buffer onto the glass slide.
3.3. Immediately cover the agarose drop with another glass slide [1]. Apply additional agarose buffer around the edges of the coverslips measuring 22 by 22 millimeters with a thickness of 0.25 millimeters [2]. Gently press the agar into a thin, round circle that fully surrounds each coverslip while ensuring that no air bubbles are trapped [3].
3.3.1. Talent placing another glass slide over the agarose drop.
3.3.2. Talent applying additional agarose buffer around the edges of the coverslips.
3.3.3. Talent gently pressing the agar into a thin, round circle surrounding each coverslip without trapping any air bubbles.
3.4. Allow the agar to cool for at least 3 minutes until it is fully solidified before use [1].
3.4.1. Talent leaving the agar undisturbed until it is fully solidified.



4. Mounting Live Worms

Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Transfer 10 to 20 NMY-2::GFP-labeled (N-M-Y-2-G-F-P) animals at the late L4 stage into 5 to 10 microliters of 0.5% tetramisole hydrochloride diluted in the M9 buffer on a coverslip [1]. Select the worms that have crawled away from or outside the bacterial lawn boundary to avoid transferring Escherichia coli with the worms [2].
4.1.1. Talent transferring 10 to 20 NMY-2::GFP-labeled animals into the tetramisole hydrochloride diluted in the M9 buffer on a coverslip.
4.1.2. SCOPE: The worms located away from or outside the bacterial lawn boundary before the transfer.
4.2. Incubate the animals for 1 minute until they are fully anesthetized [1].
4.2.1. Talent leaving the coverslip undisturbed during the 1-minute incubation.
4.3. Gently remove the upper slide, leaving the agarose pad on the bottom slide [1].
4.3.1. Talent gently removing the upper slide while leaving the agarose pad on the bottom slide.
4.4. Invert the slide with the agarose pad [1]. Gently touch the agarose pad to the worms in the buffer to avoid forming air bubbles [2]. Flip the slide with the coverslip facing upward [3].
4.4.1. Talent inverting the slide with the agarose pad.
4.4.2. Talent gently lowering the agarose pad onto the worms in the buffer without trapping any air bubbles.
4.4.3. Talent flipping the slide so that the coverslip faces upward.
4.5. Using a 200-microliter pipette tip, apply the heated liquid petroleum jelly, preheated with the solid agar, along the boundary of the coverslip [1]. Allow the petroleum jelly to cool to secure the coverslip to the slide [2].
4.5.1. Talent applying the heated liquid petroleum jelly along the boundary of the coverslip with a 200 microliter pipette tip.
4.5.2. Talent leaving the petroleum jelly to cool and secure the coverslip to the slide.
4.6. Place the slide on the microscope stage for imaging the germ cell development [1].
4.6.1. Talent placing the slide on the microscope stage for imaging the germ cell development.




5. Preparing an Embryo Imaging Chamber

Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Create a 10-millimeter central hole in a 35-millimeter Petri dish using a lathe to eliminate the influence of the pressure from the coverslip and the agarose pad exerted on the embryos [1]. Seal the underside with a 22-millimeter microscope cover glass to create a reusable chamber for the inverted confocal microscopy [2].
5.1.1. WIDE: Talent machining a 10 millimeter central hole in a 35 millimeter Petri dish using a lathe.
5.1.2. Talent sealing the underside of the Petri dish with a 22 millimeter microscope cover glass.
5.2. Add approximately 30 microliters of the M9 buffer into the chamber [1].
5.2.1. Talent adding approximately 30 microliters of the M9 buffer into the imaging chamber.
5.3. Select the hermaphrodites [1]. Transfer approximately 20 young adult animals into the M9 buffer in the imaging chamber [2].
5.3.1. SCOPE: The hermaphrodite animals selected for the transfer.
5.3.2. Talent transferring approximately 20 young adult animals into the M9 buffer in the imaging chamber.
5.4. Using a syringe needle, make a transverse cut at the spermatheca twice to release more early-stage embryos [1]. Using an eyelash picker, remove the animal body [2].
5.4.1. Talent making two transverse cuts at the spermatheca with a syringe needle to release the early-stage embryos.
5.4.2. Talent removing the animal body with an eyelash picker.
5.5. Cover the Petri dish with its lid to prevent the liquid evaporation [1].
5.5.1. Talent placing the lid on the Petri dish.



6. Acquiring Confocal Images


Demonstrator: Click here to enter name of demonstrator(s) 


6.1. Place the slide onto the microscope under the lowest magnification of 10× [1]. Search for the animals, the primary spermatocytes, or the newly fertilized embryos at the desired stage [2].
6.1.1. WIDE: Talent placing the slide onto the microscope.
6.1.2. SCREEN: Live microscope view showing the operator locating the animals, the primary spermatocytes, or the newly fertilized embryos at the desired stage.
6.2. For the non-fluorescent worms, determine the developmental stage of the early embryos based on the location of the cell nucleus [1]. Assess the fusion status [2]. Examine the morphology of the cleavage furrow [3].
6.2.1. SCOPE: Brightfield view showing the location of the cell nucleus in an early embryo.
6.2.2. SCOPE: Brightfield view showing the fusion status of the embryo.
6.2.3. SCOPE: Brightfield view showing the morphology of the cleavage furrow.
6.3. For the in vitro dissected primary spermatocytes, identify the cells preparing for division that are detached from the rachis and roundly dispersed in the buffer [1].
6.3.1. SCOPE: Primary spermatocytes detached from the rachis and roundly dispersed in the buffer while preparing for division.
6.4. For the fluorescent worms, identify the developmental stages based on the protein distribution [1]. Assess the cell morphology to confirm the stage [2].
6.4.1. SCOPE: Fluorescence view showing the protein distribution in the worm.
6.4.2. SCOPE: Fluorescence view showing the cell morphology used for the stage identification.
6.5. Locate the selected cells or embryos and switch to a higher magnification of 63× or 100× [1].
6.5.1. SCREEN: Show the microscope display switching from 10× to 63× or 100× magnification while centering the selected cells or embryos.
6.6. Start the Z-stack video recording or capture a picture snapshot using the microscope acquisition software with a Z-stack interval of approximately 1 micrometer and a scanning interval as low as 1 second, depending on the number of Z layers and the research requirements [1]. For the fluorescent strains susceptible to phototoxicity or photobleaching, reduce the laser power and shorten the exposure time during the long-term imaging [2].
6.6.1. SCREEN: Show the microscope acquisition software with the Z-stack acquisition settings and the recording or snapshot being initiated.
6.6.2. SCREEN: Show the acquisition software with the reduced laser power and the shorter exposure time settings for the fluorescence imaging.
6.7. Save all the images in the TIFF format while preserving the original imaging information [1].
6.7.1. SCREEN: Show the microscope acquisition software saving the acquired images in the TIFF format with the original imaging information retained.



7. Processing Confocal Images in Fiji
Demonstrator: Click here to enter name of demonstrator(s) 


7.1. Open the acquired images in Fiji/ImageJ [1]. Check the fluorescence signal intensity and the distribution of the individual fluorescent puncta or structures [2]. For the multichannel, Z-stack, or timelapse stacks, separate the channels, the Z layers, and the time points by selecting Image followed by Color, Split Channels or Image. Then, select Hyperstacks and Stack to Hyperstack as needed [3].
7.1.1. SCREEN: Fiji/ImageJ displaying the acquired images being opened.
7.1.2. SCREEN: Show the fluorescence signal intensity and the distribution of the individual fluorescent puncta or structures.
7.1.3. SCREEN: Select Image > Color > Split Channels or Image > Hyperstacks > Stack to Hyperstack to separate the channels, the Z layers, and the time points.
7.2. Go to Image, Transform, and choose Rotate to rotate each image so that the worm is oriented horizontally with the head facing left [1]. If needed, remove the unnecessary blank regions by selecting Image followed by Crop [2].
7.2.1. SCREEN: Rotate the image by selecting Image > Transform > Rotate until the worm is horizontal with the head facing left.
7.2.2. SCREEN: Crop the unnecessary blank regions by selecting Image > Crop.
7.3. Generate a Z-projection from the representative frames with sufficient signal by selecting Image followed by Stacks and Z Project [1]. Save the projected images in the TIFF format by selecting File followed by Save As and Tiff for the subsequent analysis [2].
7.3.1. SCREEN: Select Image > Stacks > Z Project and generate a Z-projection from the representative frames.
7.3.2. SCREEN: Save the projected images by selecting File > Save As > Tiff.
7.4. Finally, calibrate the image scale according to the confocal microscope used so that the pixels are converted to micrometers [1]. After the calibration, add a scale bar by selecting Analyze, Tools and Scale Bar [2].
7.4.1. SCREEN: Calibrate the image scale so that the pixels are converted to micrometers.
7.4.2. SCREEN: Add a scale bar by selecting Analyze > Tools > Scale Bar.

Results
Please review this section to make sure that it accurately reflects your findings.	Comment by Poornima  G: Authors: Please check if the narration is correct and if the figures and areas being highlighted match with the narration
· 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: XXX.
· Please note that the video cannot include voiceover without an accompanying visual.

8. Results 

8.1. NMY-2::GFP marked the overall structure of the U-shaped gonad, the rachis, and the cortical region of primary spermatocytes [1], and mCherry::Histone (m-cherry-histone) showed nuclear morphology and developmental stage [2].
8.1.1. LAB MEDIA: Figure 1. Video editor: Highlight the green fluorescence labelled as NMY-2::GFP outlining the U-shaped gonad and the region labelled 'Rachis'.
8.1.2. LAB MEDIA: Figure 1. Video editor: Highlight the magenta fluorescence labelled as mCherry::Histone showing the nuclei.

8.2. The most proximal primary spermatocytes were at the karyosome stage [1], indicating that these cells were beginning their first division.
8.2.1. LAB MEDIA: Figure 1. Video editor: Highlight the proximal primary spermatocyte shown in the time-lapse sequence with the compact magenta nucleus.

8.3. Mitotic divisions of PGCs occurred in the distal region of the gonad [1] and were captured with this protocol.
8.3.1. LAB MEDIA: Figure 1. Video editor: Highlight the distal region of the gonad near the label 'DTC niche'.

8.4. Continuous recording allowed more than 500 minutes of timelapse recording that encompassed the entire process from fertilization through muscle twitching [1].
8.4.1. LAB MEDIA: Figure 2. Video editor: Show the sequence of panels from A through T illustrating development from fertilization to muscle twitching.

[bookmark: _Hlk162020732][bookmark: _Hlk203170338][bookmark: _Hlk162020892][bookmark: _Hlk203166143]Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible: 

Watch this video and apply the settings while capturing the screen to obtain high-quality videos: https://www.youtube.com/watch?v=Y67dM1kKcTE 




[bookmark: _Hlk215154137][bookmark: _Hlk215844323]NOTE to the Authors:

You have two options for filming and submitting the SCREEN footage:

Option 1: Uploading Separate Clips (Highly Recommended)

Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3, 1.5.1, 3.2.1, 3.1.3, etc.).

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.
- Please do not provide longer clips as we won’t be able to use them.



Option 2: Uploading a Single Continuous Video

If you prefer to record all steps together and upload a single video file, that is acceptable. In this case, you must write the precise timestamp for each shot within the script.

For example, if the action described in shot 2.13.1 is present in the file xxx.mp4 and occurs between timestamps 00:30 and 00:45 , then write the following in the script after each shot description or as a comment bubble.
(write the file name and timestamp after each shot): [File name] [Start Time]-[End Time]
 

- Example 	2.13.1  SCREEN: performing ...........action. xxx.mp4 00:30-00:45
2.13.2, SCREEN: cutting the…..........action. xxx.mp4 01:10-01:20

- The duration between the start and end times for each shot must be limited to 20 to 25 seconds.

- If a shot is longer than 25 seconds, choose two short segments (one at the beginning and one at the end) that collectively do not exceed 25 seconds.
- Example: 3.1.1 SCREEN: inserting a needle... xxx.mp4 00:00-00:10 and 02:30-02:40
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