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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

 2. 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 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.

3. 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.

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 

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: 23
Number of Shots: 55 

Interviews 

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 full 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 full 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 full 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. 
1.1. 
1.2. 
1.3. 
1.4. Enter full 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.

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

Ethics Title Card	Comment by Vipasha Sharma: Author: Please clarify whether ethical approval is required for this manuscript or not
Scriptwriter: If an ethics card is required, please remove the statement that does not apply before sending the draft script. Delete the entire section if there are no animal or human subjects requiring an ethics statement. 
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name)
OR
This research has been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name)


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.) 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 you/your videographer will capture. 

2. Mutant Allele Selection
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, search for mutant lines of the gene of interest in FlyBase [1]. Open the corresponding gene report page and review the mutant alleles listed under Alleles, Insertions, Constructs, and Aberrations [2].
2.1.1. SCREEN: FlyBase being searched for mutant lines of the gene of interest
2.1.2. SCREEN: Corresponding gene report page being opened. Alleles, Insertions, Constructs, and Aberrations being reviewed for mutant alleles

2.2. Select null or strong loss-of-function alleles by examining the molecular lesions reported for each allele [1]. Prioritize alleles containing nonsense mutations, frameshift mutations, deletions, or insertions that disrupt gene function [2].
2.2.1. SCREEN: Molecular lesions reported for each allele being examined to select null or strong loss-of-function alleles.
2.2.2. SCREEN: Alleles containing nonsense mutations, frameshift mutations, deletions, or insertions that disrupt gene function being prioritized.
2.3. Place the selected mutant allele over a balancer chromosome carrying a fluorescent marker to distinguish homozygous mutant embryos from siblings carrying the balancer [1].
2.3.1. Talent placing the selected mutant allele over a balancer chromosome carrying a fluorescent marker	Comment by Vipasha Sharma: Will this be performed on the screen/software/computer?

3.  Embryo Collection and Fixation
Demonstrator: Click here to enter name of demonstrator(s)
3.1. Prepare embryo collection cups by creating multiple ventilation holes [1]. Prepare grape juice agar by autoclaving [2]. Warm 100 milliliters of 100 percent grape juice and mix thoroughly with the molten agar [3]. Dispense approximately 10 milliliters into each 60-millimeter culture dish [4].	Comment by Vipasha Sharma: Is it okay to include the recipe here, like how many grams are dissolved in the solvent?
3.1.1. Talent creating multiple ventilation holes in the embryo collection cups.
3.1.2. Talent preparing the grape juice agar by autoclaving.
3.1.3. Talent warming 100 milliliters of 100 percent grape juice and mixing it thoroughly with the molten agar.
3.1.4. Talent dispensing approximately 10 milliliters of grape juice agar into each 60-millimeter culture dish.

3.2. Prepare fresh yeast paste by mixing 10 grams of dry yeast in 15 milliliters of distilled water [1]. Apply the paste to the center of a grape juice agar plate and prewarm the plate to 25 degrees Celsius [2]. Transfer 3–7-day-old adult flies heterozygous for the mutant allele and an appropriate fluorescent balancer into the collection cups [3]. Place a prewarmed grape juice agar plate over the collection cup, secure it with rubber bands, and incubate the collection cup at 25 degrees Celsius for 12 hours [4].
3.2.1. Talent mixing 10 grams of dry yeast with 15 milliliters of distilled water to prepare fresh yeast paste.
3.2.2. Talent applying the paste to the center of a grape juice agar plate and prewarming the plate to 25 degrees Celsius.
3.2.3. Talent transferring 3–7-day-old adult flies heterozygous for the mutant allele and an appropriate fluorescent balancer into the collection cups.
3.2.4. Talent placing a prewarmed grape juice agar plate over the collection cup, securing it with rubber bands and placing it at 25 degrees Celsius	Comment by Vipasha Sharma: Author: Please clarify whether the collection cup is placed in a 25 °C incubator or maintained at 25 °C under room conditions. 

3.3. Gently tap the collection cup to dislodge the flies and replace the plate with a fresh, prewarmed plate every 12 hours for 2 days to acclimate the flies [1]. After acclimation, replace the plate once more with a fresh, prewarmed plate and allow the flies to lay eggs overnight for 14 to 15 hours [2].
3.3.1. Talent gently tapping the collection cup to dislodge the flies and replacing the plate with a fresh, prewarmed plate.
3.3.2. Talent replacing the plate with a fresh, prewarmed plate after the acclimation period.

3.4. Fill a 1.5-milliliter microcentrifuge tube with 0.1% Triton X-100 in distilled water [1]. Collect the embryos using a paintbrush pre-soaked in 0.1% Triton X-100 and transfer them into the tube [2]. 
3.4.1. Talent filling a 1.5-milliliter microcentrifuge tube with 0.1 percent volume per volume Triton X-100 in distilled water.
3.4.2. Talent collecting the embryos from the plate with a paintbrush pre-soaked in 0.1 percent Triton X-100 and transferring them into the tube.

3.5. Shake the tube vigorously to resuspend the embryos and remove residual yeast paste [1]. Let the embryos settle [2], then wash with 0.1 percent Triton X-100 at least 3 times, or until the solution becomes clear [3].
3.5.1. Talent shaking the tube vigorously to resuspend the embryos and remove residual yeast paste.
3.5.2. Talent allowing the embryos to settle 
3.5.3. Talent washing them with 0.1 percent Triton X-100 until the solution becomes clear.

3.6. Add 1.5 milliliters of approximately 50% household bleach to obtain a final sodium hypochlorite concentration of 2.85 percent [1]. Nutate for 3 minutes to dechorionate the embryos [2]. Let the embryos to settle, remove the bleach, and wash 3 times with 0.1% Triton X-100 [3].
3.6.1. Talent adding 1.5 milliliters of approximately 50 percent household bleach.
3.6.2. Talent placing the embryos on the nutator.
3.6.3. Talent allowing the embryos to settle, removing the bleach, and washing the embryos 3 times with 0.1 percent Triton X-100

3.7. Remove the remaining wash solution and add 700 microliters of 3.7% formaldehyde in PBS and 700 microliters of heptane [1]. Cap the tube tightly and shake vigorously for 30 seconds [2]. Nutate the embryos for 30 minutes to complete fixation [3]. Allow the embryos to accumulate at the interface between the upper heptane phase and lower aqueous phase [4]. Then, carefully remove the aqueous phase without disturbing the embryos [5].
3.7.1. Talent removing the remaining wash solution and adding 700 microliters of 3.7 percent formaldehyde in phosphate-buffered saline and 700 microliters of heptane.
3.7.2. Talent capping the tube tightly and shaking it vigorously for 30 seconds.
3.7.3. Talent placing the embryos on the nutator.
3.7.4. Shot of the embryos accumulated at the interface between the upper heptane phase and lower aqueous phase.
3.7.5. Talent carefully removing the aqueous phase without disturbing the embryos.

3.8. Add approximately 700 microliters of methanol and shake vigorously for 30 seconds to devitellinize the embryos [1]. Remove the heptane and methanol while keeping the embryos covered with a small volume of methanol [2]. Wash the embryos twice with methanol [3]. Rehydrate the embryos by washing 3 times with PBST, (P-B-S-T) for 5 minutes per wash on a nutator and protect them from light during this and all subsequent steps [4-TXT].
3.8.1. Talent adding approximately 700 microliters of methanol and shaking the tube vigorously for 30 seconds.
3.8.2. Talent removing the heptane and methanol while keeping the embryos covered with a small volume of methanol.
3.8.3. Talent washing the embryos twice with methanol.	Comment by Vipasha Sharma: How is the washing step performed?
3.8.4. Talent placing the embryos on the nutator for rehydration while protecting them from light.
TXT: PBST: 0.1% Triton X-100 in PBS 
4. Whole-Mount Immunostaining
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Remove PBST and incubate the embryos in 1.5 milliliters of PBSBT  for 1 hour at room temperature [1]. Cut the end of a pipette tip to create a wider opening [2]. Using the prepared pipette tip, transfer the blocked embryos to a 0.5-milliliter microcentrifuge tube [3] and add 200–300 microliters of fresh PBSBT containing anti-MHC antibody [4].	Comment by Vipasha Sharma: Please elaborate this. Does this include sodium azide as well?
4.1.1. Talent removing PBST and adding 1.5 milliliters of PBSBT to the embryos.
4.1.2. Talent cutting the end of a pipette tip.
4.1.3. Talent transferring the blocked embryos to a 0.5-milliliter microcentrifuge tube.
4.1.4. Talent adding 200–300 microliters of fresh PBSBT containing anti-MHC antibody.

4.2. Incubate the embryos with the primary antibodies overnight at 4 degrees Celsius [1]. Remove the primary antibody solution and wash the embryos 3 times for 10 minutes each with PBST [2]. Incubate the embryos in 300 microliters of PBSBT containing appropriate fluorescent secondary antibodies for 2 hours at room temperature [3]. Remove the secondary antibody solution, then wash the embryos 3 times for 10 minutes each with PBST [4].
4.2.1. Talent placing the embryos for overnight incubation with the primary antibodies at 4 °C 
4.2.2. Talent removing the primary antibody solution and washing the embryos 3 times with PBST.
4.2.3. Talent adding 300 microliters of PBSBT containing appropriate fluorescent secondary antibodies to the embryos for incubation.
4.2.4. Talent removing the secondary antibody solution and washing the embryos 3 times with PBST.

4.3. Following the final wash, add 80 microliters of mounting medium [1] and transfer the embryos onto a microscope slide [2], gently place a coverslip over the sample, and seal the edges [3].
4.3.1. Talent adding 80 microliters of mounting medium
4.3.2. CU: Talent transferring the embryos onto a microscope slide.
4.3.3. CU: Talent placing a coverslip over the embryos and sealing the edges.

5. Embryo Staging and Confocal Imaging
Demonstrator: Click here to enter name of demonstrator(s)
5.1. Identify late-stage 15 embryos by the characteristic heart-shaped morphology of the midgut under brightfield illumination [1]. Identify homozygous mutant embryos by the absence of the fluorescent marker [2]. Select laterally oriented embryos to visualize the entire somatic musculature labeled with anti-Myosin heavy chain or MHC (M-H-C), antibody [3].
5.1.1. SCREEN: Heart-shaped morphology of the midgut visible in a late-stage 15 embryo.
5.1.2. SCREEN: Homozygous mutant embryo being identified by the absence of the fluorescent marker.
5.1.3. SCREEN: Laterally oriented embryo showing the somatic musculature labeled with anti-MHC antibody.

5.2. Adjust the laser power and detector gain to obtain clear MHC fluorescence without signal saturation [1]. Acquire confocal z-stack images at 1.0-micrometer intervals using a 40-times oil-immersion objective [2]. Image approximately 6-10 embryos per genotype to assess the reproducibility of the phenotype [3].
5.2.1. SCREEN: Laser power and detector gain being adjusted to obtain clear MHC fluorescence without signal saturation.
5.2.2. SCREEN: Confocal z-stack images being acquired at 1.0-micrometer intervals using a 40-times oil-immersion objective.
5.2.3. SCREEN: Approximately 6–10 embryos per genotype being imaged to assess phenotype reproducibility.
6. Dorsal Acute Muscle 1  Imaging and Fusion Quantification
Demonstrator: Click here to enter name of demonstrator(s)

6.1. After identifying a myoblast fusion defect in laterally oriented embryos, perform MHC and Eve co-staining [1]. Select dorsally oriented stage 15 mutant and control embryos for imaging [2].
6.1.1. Talent performing MHC and Eve co-staining after identifying a myoblast fusion defect.
6.1.2. SCREEN: Dorsally oriented stage 15 mutant and control embryos being selected for imaging.
6.2. Adjust the imaging parameters to obtain clear MHC and Eve fluorescence [1]. Acquire confocal z-stack images [2].
6.2.1. SCREEN: Imaging parameters being adjusted to obtain clear MHC and Eve fluorescence.
6.2.2. SCREEN: Confocal z-stack images being acquired.

6.3. Following confocal imaging, evaluate the muscle images and dorsal acute muscle 1 nuclear measurements to characterize myoblast fusion in wild-type and mutant embryo [1]. Calculate the mean number of nuclei per DA1 muscle for each embryo and use the individual embryo means for statistical analysis [2].

6.3.1. SCREEN: Muscle images and dorsal acute muscle 1 nuclear measurements being evaluated to characterize myoblast fusion in wild-type and mutant embryos.
6.3.2.  SCREEN: Mean number of nuclei per dorsal acute muscle 1  being calculated for each embryo, with individual embryo means being used for statistical analysis.
Author: Step 6.3 has been added to bridge the protocol with the Results section.























Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. 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: 167
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results 

7.1. Stage 14 embryos showed ongoing head involution and little to no detectable MHC expression [1]. By stage 15, embryos displayed the characteristic heart-shaped midgut together with strong MHC staining [2]. At stage 16, the midgut became constricted into four chambers while MHC expression remained robust [3].
7.1.1. LAB MEDIA: Figure 3A: Video Editor: Please highlight the white arrowheads in the phase-contrast image indicating ongoing head involution, then highlight the very weak/absent green MHC signal in the merge.
7.1.2. LAB MEDIA: Figure 3B: Video Editor: Please highlight the dashed outline of the heart-shaped midgut, then highlight the strong green MHC staining. 
7.1.3. LAB MEDIA: Figure 3C: Video Editor: Please sequentially highlight the four dashed midgut chambers, then highlight the strong green MHC staining.
7.2. In late-stage 15 wild-type embryos, the body wall musculature displayed a stereotyped pattern in the lateral view [1], whereas fewer muscle fibers were visible in the dorsal [2] and ventral orientations [3]. 
7.2.1. LAB MEDIA: Figure 3D. Video Editor: Please highlight the dense, repeating green muscle fibers visible across most of the embryo from left to right.
7.2.2. LAB MEDIA: Figure 3E. Video Editor: Please highlight the green muscle fibers mainly visible along the upper and lower sides of the embryo, with fewer fibers visible through the darker central region.
7.2.3. LAB MEDIA: Figure 3F. Video Editor: Please highlight the green muscle fibers concentrated mostly along the upper edge and lower margin of the embryo, with a large darker central area showing fewer visible fibers.
7.3. Homozygous mutant embryos were identified by the absence of the fluorescent balancer marker [1], whereas sibling embryos carrying the balancer showed GFP expression [2].  Compared with wild-type and GFP-positive sibling embryos, spo mutant embryos showed numerous unfused fusion-competent myoblasts, indicating a myoblast fusion defect [3]. 	Comment by Vipasha Sharma: How will it be pronounced?
7.3.1. LAB MEDIA: Figure 4B. Video Editor: Please highlight the upper row showing little to no red GFP signal, indicating the homozygous mutant embryo.
7.3.2. LAB MEDIA: Figure 4C. Video Editor: Please highlight the red GFP signal in the left image and the overlapping red and green signal in the merged image.
7.3.3. LAB MEDIA: Figure 4B. Video Editor: Please highlight the small round green cells indicated by the white arrowheads in the lower row.

7.4. In wild-type embryos, the DA1 muscle contained approximately 13 Eve-positive nuclei [1], whereas spo mutant embryos contained approximately 8 nuclei [2], demonstrating a significant reduction in nuclei associated with the muscle-fusion defect [3].
7.4.1. LAB MEDIA: Figure 5A. Video Editor: Please highlight the red circular spots inside the white dashed outline in the bottom merged images from Z1 to Z5.
7.4.2. LAB MEDIA: Figure 5B. Video Editor: Please highlight the red circular spots inside the white dashed outline in the bottom merged images from Z1 to Z5.
7.4.3. LAB MEDIA: Figure 5C. Video Editor: Please highlight the WT group at ~13 nuclei, the spo group at ~8 nuclei, and p < 0.0001.




 2026, JoVE		Page 9 of 9
image1.png




