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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: 25
Number of Shots: 54 (14 SC) 

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.


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. Obtaining Worms Synchronized at the 4th Stage of Larval Development (L4)
Demonstrator: Click here to enter name of demonstrator(s) 

2.1. To begin, pour 25 milliliters of nematode growth medium into 150-millimeter Petri dishes and allow the agar to solidify [1]. Seed each plate with 500 microliters of Escherichia coli OP50 culture [2] and incubate the plates at 30 degrees Celsius overnight to allow bacterial growth [3-TXT]. 
2.1.1. WIDE: Talent pouring 25 milliliters of nematode growth medium into a 150-millimeter Petri dish and setting it aside to solidify.
2.1.2. Talent pipetting 500 microliters of Escherichia coli OP50 culture and spreading it evenly across the agar surface using a sterile spreader.
2.1.3. Talent placing the seeded Petri dishes inside an incubator set at 30 degrees Celsius. TXT: Prepare the plates 24 h prior to use 

2.2. Add 10 gravid adults to nematode growth medium plates seeded with Escherichia coli OP50 [1]. Allow the worms to lay eggs and grow for 3 days [2]. After 80 hours, observe gravid adult Caenorhabditis elegans hermaphrodites in the wild-type population [3]. Note that RAC1/CED-10 (R-A-C-1-C-E-D-ten) mutants show a 6-hour developmental delay, with gravid adults appearing at 86 hours [4].
2.2.1. Talent placing gravid adults on nematode growth medium plate containing Escherichia coli OP50.
2.2.2. Close-up of 10 worms on the agar surface.
2.2.3. Talent removing the plate from the incubator.
2.2.4. Talent pointing to the gravid adults.

2.3. Wash the plates with 10 milliliters of M9 buffer [1] to collect gravid adults into 15-milliliter tubes labeled with the corresponding genotype [2].
2.3.1. Talent adding M9 buffer to nematode growth medium plate.
2.3.2. Talent transferring the liquid containing worms into labeled 15-milliliter tube.

2.4. Centrifuge the worm suspension for 2 minutes at 2000 g at room temperature [1]. Discard the supernatant and add 10 milliliters of fresh M9 buffer [2].
2.4.1. Talent placing the tubes in a table centrifuge.
2.4.2. Talent discarding the supernatant, and adding fresh M9 buffer using a pipette.

2.5. After repeating the spin-wash process three times, the presence of bacteria can be confirmed if the supernatant appears yellowish and turbid [1].
2.5.1. Close-up showing a turbid yellowish supernatant.

2.6. Now, add M9 buffer to the worm pellet to reach a total volume of 3.5 milliliters [1].
2.6.1. Talent pipetting M9 buffer into the centrifuge tube.

2.7. Next, prepare the bleaching solution by mixing 0.5 milliliters of 5 molar sodium hydroxide with 1 milliliter of bleach [1-TXT] and add 1.5 milliliters of this solution to the centrifuge tube containing worms [2].
2.7.1. Talent pipetting 0.5 milliliters of 5 molar sodium hydroxide into a clean tube, followed by 1 milliliter of bleach. TXT: Prepare this solution freshly just before use
2.7.2. Talent adding 1.5 milliliters of the bleaching solution to the tube containing the worm suspension.

2.8. Agitate the tubes vigorously during bleaching [1] while observing the destruction of adult tissues under a dissecting microscope [2]. 
2.8.1. Talent shaking or vortexing the centrifuge tube containing the bleaching solution.
2.8.2. Talent viewing the sample under a dissecting microscope.

2.9. When only traces of adults are visible, stop the bleaching reaction by filling the tube with M9 buffer up to approximately 15 milliliters [1]. Quickly centrifuge for 1 minute at 2000 g [2] and discard the supernatant carefully [3].
2.9.1. Talent adding M9 buffer to fill the centrifuge tube to the 15-milliliter mark.
2.9.2. Talent placing the tube in the centrifuge and setting it for 1 minute at 2000 g.
2.9.3. Talent removing and discarding the supernatant.

2.10. Then, wash the pellet three times with M9 buffer and centrifuge as demonstrated earlier [1]. After the final wash, remove the supernatant carefully until approximately 0.1 milliliter remains [2].
2.10.1. Talent adding M9 buffer to the tube.
2.10.2. Close-up of the talent carefully removing the supernatant, leaving a small volume of 0.1 milliliter above the pellet.

2.11. Transfer the eggs to a new 15-milliliter tube and add M9 buffer to a total volume of 5 milliliters [1]. Incubate the tube at room temperature with gentle rotation to ensure proper aeration [2].
2.11.1. Talent transferring the egg suspension into a clean, labeled 15-milliliter tube and adding M9 buffer to reach 5 milliliters.
2.11.2. Talent placing the tube on a rotator set to gentle rotation at room temperature.

2.12. After 24 hours, stop the rotation and centrifuge the worms for 1 minute at 2000 g and 10 degrees Celsius to pellet them [1].
2.12.1. Talent placing the tube in a centrifuge.

2.13. Then, pipette 30 to 50 microliters of pelleted worms of each genotype onto 150-centimeter nematode growth medium plates seeded with Escherichia coli OP50 [1] and incubate the plates [2].
2.13.1. Talent pipetting 30 to 50 microliters of worm suspension onto labeled nematode growth medium plates. TXT: For RAC1/CED-10 mutants: Plate double the volume 
2.13.2. Shot showing the plate being placed back in the incubator.

2.14. Examine wild-type worms after 34 hours of incubation to identify those at the fourth larval stage [1-TXT]. Distinguish L4 worms from L3 and young adults by measuring their body length, approximately 650 micrometers and the presence of crescent-shaped vulva [2].
2.14.1. Talent observing plates containing developing worms under a dissecting microscope. TXT: For RAC1/CED-10 worms: Observe after 40 h
2.14.2. SCOPE: Magnified view showing an L4 worm with characteristic size.



3. Recording Intestinal Motility of the Worms 

Demonstrator: Click here to enter name of demonstrator(s) 
3.1. Wash the nematode growth medium plates containing L4 worms with 3 milliliters of M9 buffer [1] to recover them into two 1.5-milliliter centrifuge tube [2].
3.1.1. Talent adding nematode growth medium plates with 3 milliliters of M9 buffer.
3.1.2. Talent transferring the worm suspension into two labeled 1.5-milliliter centrifuge tube.

3.2. Centrifuge the tube for 1 minute at 2000 g [1]. Discard the supernatant and add 1 milliliter of fresh M9 buffer [2-TXT]. 
3.2.1. Talent placing the centrifuge tube in the centrifuge.
3.2.2. Talent discarding the supernatant and adding 1 milliliter of fresh M9 buffer to the tube. TXT: Repeat the spin-wash cycle 3x

3.3. To remove any residual bacteria, plate the washed worms onto a nematode growth medium plate without Escherichia coli OP50 [1].
3.3.1. Talent pipetting the washed worms onto a clean nematode growth medium plate without Escherichia coli OP50.

3.4. Then, transfer worms individually to a 12-well plate, each well seeded with 5 microliters of Escherichia coli OP50 culture [1]. Allow the worms to adapt for 1 hour at 20 degrees Celsius [2].
3.4.1. Talent using a worm pick to transfer individual worms into separate wells containing 5 microliters of bacterial lawn.
3.4.2. Talent placing the 12-well plate in an incubator.


3.5. Place the 12-well plate with worms under the microscope at 20 degrees Celsius [1]. Locate a worm and start recording when the first defecation cycle is detected [2-TXT]. Record the defecation cycles for 15 minutes, capturing approximately 15 cycles using the Snipping Tool [3] and click the Laps button at the end of each defecation cycle [4].
3.5.1. WIDE: Talent positioning the 12-well plate under the microscope.
3.5.2. SCREEN: View of a worm showing intestinal contractions during defecation. TXT: Use a 5× objective lens with a camera; 12-bit resolution; Frame rate of 60/s 
3.5.3. SCREEN: Show the microscope software interface recording the defecation cycles.
3.5.4. SCREEN: Talent clicking the Laps button at the end of each defecation cycle to mark time points.
[bookmark: _Hlk162020732][bookmark: _Hlk203170338]Authors: Please create screen capture videos of the shots labeled as SCREEN, write the screenshot summary, and upload the files to your project page as soon as possible : https://review.jove.com/account/file-uploader?src=21129838

4. Analysis of the Defecation Cycle
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. Open one recorded video file using a video player program [1].
4.1.1. SCREEN: opening a video playback application on the computer and loading a recorded worm video.

4.2. Open the spreadsheet template provided for data entry [1] and enter the video file name and worm size in the corresponding fields [2]. Start video playback to begin analysis [3].
4.2.1. SCREEN: Show the spreadsheet template with labeled cells for file name, worm size, and excretion data.
4.2.2. SCREEN: Talent typing the video name and worm size into the designated fields.
4.2.3. SCREEN: Video player window showing playback of the worm recording.

4.3. Define the first excretion event as time zero, marking the start of the recording [1]. Observe the anus region of the worm to identify the first excretion [2]. Record the time in seconds for this event in the cell labeled First Excretion in the spreadsheet [3].
4.3.1. SCREEN: pausing during the first excretion
4.3.2. SCREEN: cursor overing over the anus region of the worm.
4.3.3. SCREEN: Spreadsheet cell labeled First Excretion being filled with the corresponding time value.

4.4. Continue playback and document each subsequent excretion sequentially [1], labeling them Excretion 2, Excretion 3, and so on, until 16 excretions have been recorded [2].
4.4.1. SCREEN: Hitting the play button to view further.
4.4.2. SCREEN: Spreadsheet showing sequential entries of excretion times up to the 16th event.

4.5. The spreadsheet automatically calculates intervals between consecutive excretions [1]. Use these intervals to determine individual cycle lengths [2]. Once all 16 excretion events are recorded, verify the automatically calculated total cycle time. The spreadsheet displays this value in the cell labeled Total Time [1-TXT]. 
4.5.1. SCREEN: cursor hovering over automatic computation of interval values between consecutive excretion events.
4.5.2. SCREEN: Highlight column labeled “Cycle Length” showing calculated intervals.
4.5.3. SCREEN: Spreadsheet highlighting the Total Time cell with the computed result. TXT: Repeat the same analysis for each recorded worm

4.6. Finally, determine the cycle length as the time interval between two consecutive excretions and evaluate defecation regularity by calculating the coefficient of variation [1].
4.6.1. TEXT ON PLAIN BACKGROUND:
Cycle length (n)  (in s) = Time Excretion (n+1)-Time excretion (n)   
 





4.6.2. 

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: 100.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Representative images of the RAC1/CED-10 mutant worm showed the sequential defecation motor steps at the L4 stage [1], including posterior body contraction [2], anterior body contraction [3], and enteric muscle contraction with expulsion [4].
5.1.1. LAB MEDIA: Figure 3. Video editor: Highlight A.
5.1.2. LAB MEDIA: Figure 3. Video editor: Highlight B.
5.1.3. LAB MEDIA: Figure 3. Video editor: Highlight C.
5.1.4. LAB MEDIA: Figure 3. Video editor: Highlight D .

5.2. Cycle duration data of individual worms revealed consistent timing in wild-type animals [1] but higher variability in RAC1/CED-10 mutants across all experimental replicates [2].
5.2.1. LAB MEDIA: Figure 4. Video editor: Highlight panel A
5.2.2. LAB MEDIA: Figure 4. Video editor: Highlight panel B

5.3. The mean defecation cycle length was significantly longer in RAC1/CED-10 worms [1] compared to wild-type worms [2].
5.3.1. LAB MEDIA: Figure 5A. Video editor: Highlight the bar labeled “RAC1/CED-10” 
5.3.2. LAB MEDIA: Figure 5A. Video editor: Highlight the bar labeled “Wild type” 

5.4. The cycle regularity, expressed as mean coefficient of variation, was higher in RAC1/CED-10 mutants [1] than in wild-type worms, indicating less consistent intestinal motility [2].
5.4.1. LAB MEDIA: Figure 5B. Video editor: Highlight the bar labeled “RAC1/CED-10” 
5.4.2. LAB MEDIA: Figure 5B. Video editor: Highlight the bar labeled “Wild type” 
[bookmark: _Hlk210168181][bookmark: _Hlk203169093]NOTE to Authors: 
1. It's better if you upload each screen recording after naming each file according to the corresponding shot number (3-digit bullet, e.g, 2.2.1.mp4, 2.1.3.mp4, etc). 
Each clip’s duration should be less than 25 seconds. 

2. But if you prefer to record all the steps together and upload a single screen capture file, that is okay.
In this case, you need to indicate the corresponding timestamp against each shot.
For example if the action described in shot 2.1.2 is present in the file name xxx.mp4 and is in between timestamp 00:30 to 00:45 then write as following in script above (shown in red font below). 
Example, shot 2.1.2 SCREEN: performing ........... action.   xxx.mp4 00:30-00:45.
                        2.2.2 SCREEN: clicking on.................button... xxx.mp4 01:00-01:25

Please note that every shot (3-digit step) should have the best corresponding video clip of only 20 to 25 seconds and not more than that, so that the voice narration can match the duration.

If a particular shot takes minutes to complete, we can choose timestamps at the beginning and end of the process so that the total time is again within the 25-second limit.
Example: 3.1.1 SCREEN: Clicking on the 'analyze and plot' button, analysis in progress and the graph being plotted.  xxx.mp4 00:00-00:10 and 02:30-02:40
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