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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: 58 

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.


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



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. Maintenance and Reproductive Handling of Apple Snails
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.
AUTHORS: Please note that all pronunciation guides are given in red, italics. Kindly go through the same and change where necessary.
2.1. To begin, replace 5 to 10 percent of the water in a custom-built water recirculation tank housing the apple snails, daily [1]. Siphon the bottom of the tanks to remove debris [2]. 
2.1.1. WIDE: Talent replacing a portion of water from the snail tank.
2.1.2. Shot of the debris in the tank bottom being siphoned.
2.2. Feed the snails three times per week with organic lettuce [1]. Collect the egg clutches from the tanks every day in Petri dishes [2].
2.2.1. Talent placing pieces of organic lettuce into the tank.
2.2.2. Talent collecting egg clutches from the tank wall and transferring them into Petri dishes.
2.3. Transfer freshly laid clutches from the tank walls to a dry environment for optimal development [1]. Observe the egg clutches as they transition in color from bright pink to pale gray [2]. 
2.3.1. Talent moving egg clutches from tank wall to a dry dish.
2.3.2. Shot of Petri dishes showing differently colored egg clutches.	Comment by Sulakshana Karkala: AUTHORS: If you prefer, you may upload a photograph illustrating the different color stages of the egg clutches to your project page for use in this shot. 
2.4. Once the clutches are mostly gray, immerse fingers in system water [1]  and gently crush them to manually hatch the eggs [2]. The outer casing will float while the hatchlings sink [3].
2.4.1. Talent immersing fingers into the system water. 
2.4.2. Shot of the gray clutches being crushed with submerged fingers.
2.4.3. Shot showing hatchlings sinking and casing floating in water.
2.5. For sex determination, place snails aged 1.5 to 2.5 months in ice for 10 minutes to relax their muscles [1]. Using a hemostat locking scissor clamp, pull the operculum anteriorly, ventrally, and posteriorly to expose the head of the snail [2]. 
2.5.1. Talent placing snails on ice.
2.5.2. Talent manipulating the operculum with hemostat clamp to expose the snail head.
2.6. Examine for sex-specific features to determine the sex. The male possesses a small pink penial bulb and a larger pale orange penis pouch [1], while the female possesses tubular oviduct and rectum [2].
2.6.1. LAB MEDIA: Figure 1 D
2.6.2. LAB MEDIA: Figure 1 E
2.7. Return the sexed snails to system water [1]. If the mantle detaches from the shell during the operation, stop and avoid further stretching [2]. 
2.7.1. Talent placing the snail back into system water.
2.7.2. Close-up shot of detached mantle and talent halting manipulation.
3. Preparation and Testing of Perivitelline Fluid Extract (ePVF) in Apple Snail Embryos
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. To test the perivitelline fluid extract or ePVF (E-P-V-F), first clean the workspace and tweezers with 70 percent ethanol [1]. Use pipette tips with filters for all subsequent handling [2].
3.1.1. Talent wiping the workspace and tweezers with an ethanol-soaked cloth.
3.1.2. Shot of pipette tip box labeled as filtered tips.
3.2. Transfer clutches aged 1 to 2 days post fertilization into a 50-milliliter tube containing 40 milliliters of 0.8 percent sodium hypochlorite for 3 minutes [1]. Then rinse the clutches quickly twice with autoclaved distilled water [2]. 
3.2.1. Talent placing 1 dpf clutches into sodium hypochlorite solution.
3.2.2. Talent rinsing the clutches with autoclaved distilled water.
3.3. Incubate the clutches in fresh autoclaved distilled water for 2 minutes to remove residual sodium hypochlorite [1]. Lay the tube horizontally during the incubations [2].
3.3.1. Talent adding fresh autoclaved distilled water to the tube with the clutches.
3.3.2. Shot of the 50 milliliter tube laid horizontally.
3.4. Remove the water from the 50-milliliter tube [1] and transfer the dry clutches to a Petri dish using forceps [2-TXT]. Using tweezers, crush all the capsules in the clutch [3].
3.4.1. Talent pipetting out the water from the tube. 
3.4.2. Talent using forceps to move clutches. TXT: Keep each clutch seperate
3.4.3. Talent crushing capsules with tweezers.
3.5. Use curved forceps to transfer the crushed material into 2 milliliter centrifuge tubes [1]. Then centrifuge the tubes at 21,000 g for 40 minutes at 4 degrees Celsius [2].
3.5.1. Talent transferring material to 2 milliliter centrifuge tubes.
3.5.2. Talent placing tubes into centrifuge.
3.6. Observe three distinct layers after centrifugation [1]. Transfer only the top clear pink layer into a fresh 1.5 milliliter tube without combining extracts from different clutches [2-TXT]. 
3.6.1. Shot of tube showing separated layers.
3.6.2. Talent pipetting top clear layer into fresh tube. TXT: Store at - 20 °C until needed
3.7. For wild type embryos, add 40 milliliters of Pc-EM (P-C-E-M) to a Petri dish containing sterile 2-day old clutches [1-TXT] and use tweezers to mix the broken capsules to dislodge the embryos from the PVF [2]. 
3.7.1. Talent adding 40 mL PC-EM to a Petri dish.
TXT: Pc-EM: 
Filtered 6 mM KCl
6.6 mM CaCl2
3.3 mM MgCl2
1 M HEPES
33.4 mM NaCl in dH2O
3.7.2. Shot of broken capsules being mixed with tweezers.
3.8. Under transmitted light on a stereomicroscope, collect the released embryos [1]. Then transfer the embryos into a clean Petri dish or 4-well plate pre-filled with 5 percent fetal bovine serum in Pc-EM [2-TXT]. 
Authors: Please create scope videos of the shots labeled as SCOPE and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21126483
3.8.1. SCOPE: View of embryos under stereomicroscope.
3.8.2. Talent transferring embryos to clean dish with FBS solution. TXT: Swirl gently and repeat wash 2x
3.9. Place the lid of a 35-millimeter Petri dish facing up inside a 60-millimeter Petri dish [1]. Pipette two 60-microliter drops, each 3 millimeters in diameter from each ePVF aliquot into the lid [2]. 
3.9.1. Talent placing smaller Petri dish lid inside a larger one.
3.9.2. Talent pipetting equal-sized drops of ePVF into the lid.
3.10. With a P20 (P-Twenty) pipette, transfer 3 to 4 healthy embryos into each ePVF drop [1]. Then pour 3 milliliters of paraffin oil to cover the drops, starting between the adjacent drops and then fully covering them [2-TXT].
3.10.1. Talent transferring 3-4  healthy embryos into the drops.
3.10.2. Talent gently pouring 3 mL paraffin oil to coat the drops. TXT: Incubate : 27 °C, in the dark, 8 - 10 days
3.11. Check daily for embryo development, formation of air bubbles over ePVF drops, and signs of contamination [1-TXT]. 
3.11.1. SCOPE: Shot of embryos and bubbles under microscope. TXT: Remove bubbles with P20 pipette 
4. Microinjection, Embryo Collection, and Genetic Analysis in Pomacea canaliculata
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. For microinjection of the zygotes, first collect freshly laid clutches into a 50-milliliter tube containing freshly prepared L-cysteine solution [1]. 
4.1.1. Shot of the clutches being transferred into a 50 mL tube with L-cysteine solution. 
4.2. Pipette out 20 milliliters of the solution and the capsules into a 100-millimeter Petri dish [1]. Then add 20 milliliters of Pc-EM to the dish [2]. With a pair of tweezers and a stereomicroscope set to 10X, open the capsules one by one, tearing the external membrane [3].
4.2.1. Talent pipetting 20 mL of the L-cysteine solution and the capsules into a 100 mm Petri dish. 
4.2.2. Shot of 20 mL Pc-EM being pipetted into the dish. 
4.2.3. SCOPE: Shot of the capsules being torn open.
4.3. When the PVF is exposed to the L-cysteine solution, gently swirl the contents of the dish [1]. After letting it settle down for 2 minutes, use a  P20 pipette to collect the released embryos under a stereomicroscope [2-TXT]. 
4.3.1. Talent gently swirling the contents of the dish. 
4.3.2. SCOPE: Released embyros are being collected with  a P20 pipette.
TXT: Perform multiple rounds of collection, alternating with PVF mixing to gently release embryos
4.4. Now, using an inverted microscope equipped with a 20X Differential Interphase Contrast objective, open the needle with a holding pipette to break the tip [1].
4.4.1. SCOPE: Talent using holding pipette to break the tip of the needle.
4.5. Place one of the prepared embryo culture dishes at room temperature and the other at 4 degrees Celsius to slow development [1]. Add a large drop of 5 percent fetal bovine serum in Pc-EM onto depression slides [2]. Then move 10 to 20 embryos from the room temperature dish to the depression slide [3].
4.5.1. Talent positioning two dishes at different temperatures.
4.5.2. Talent pipetting FBS drop onto depression slide.
4.5.3. SCOPE: Talent transferring embryos from dish to the slide.
4.6. After placing embryos on the slide, move the leftover embryo dish to 4 degrees Celsius [1-TXT]. Secure one embryo at a time using the holding pipette, aligning the needle and embryo membrane in the same focal plane [2].
4.6.1. Talent placing the leftover embryos at 4 °C. 
TXT: Simultaneously move cold dish to RT
4.6.2. SCOPE: View showing proper alignment of needle and embryo under microscope.
4.7. Inject the embryos by alternating an injection and a pulse until the needle enters the embryo [1-TXT]. 
4.7.1. SCOPE: Talent performing microinjection on embryo. TXT: Watch for membrane stretching
4.8. If the needle is too dull, the embryo may die after penetration. If too sharp, the embryo may lyse on contact [1]. Withdraw the needle quickly and firmly without stalling inside the embryo [2].
4.8.1. SCOPE: Examples of embryo lysis and damage from incorrect needle sharpness.
4.8.2. SCOPE: Talent swiftly removing the needle post-injection.
4.9. Before the end of the day, culture ex ovo the embryos that are both dividing and fluorescent using high-quality ePVF [1]. After approximately 11 to 13 days, when embryos are too large for the drops, pipette them out of the culture [2].
4.9.1. Talent identifying and selecting fluorescent, dividing embryos.
4.9.2. Talent removing large embryos from culture.
4.10. After 3 to 5 days, transfer hatchlings to Pc-Juvenile Media [1] and feed them small pieces of lettuce [2].
4.10.1. Talent placing hatchlings into juvenile media.
4.10.2. Talent adding lettuce to the hatchlings.
4.11. Once F1 juveniles reach at least 6 millimeters in diameter, move them to a separate container [1]. Wait until tentacles are exposed, then cut the tip of one tentacle with micro-scissors [2]. Transfer the snail to a 6-well plate and the tentacle in 50 microliters of Lysis Buffer in a PCR tube before sample processing [3-TXT]. 
4.11.1. Talent relocating F1 juveniles to a new container.
4.11.2. Shot of tentacles being cut when exposed. 
4.11.3. Talent transferring snail into a 6-well plate and tentacle being pipetted into a PCR tube with 50 µL Lysis buffer. TXT: Process sample and run PCR or qPCR

4.11.4. 

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: 182.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 
AUTHORS: Please note that the results section is limited to 200 words. If you would like to emphasize any additional result, please substitute the existing results
5.1. Formation of air bubbles on top of the embryonic perivitelline fluid droplets was observed during the first 48 hours of ex ovo culture [1]. By 9 days post fertilization, embryos displayed normal development with shell, foot, eyes, and tentacles, and were seen actively moving in the droplet [2]. 
5.1.1. LAB MEDIA: Figure 5C and D. Video editor: Highlight the single round air bubble labelled “air bubble”.
5.1.2. LAB MEDIA: Figure 5A Video editor: Highlight the embryo labelled “good development” showing shell, foot, eyes, and tentacles in A
5.2. Contaminants and debris were observed grouped into one mass by the embryos at 9 days post fertilization, and contamination remained under control at this stage [1]. 
5.2.1. LAB MEDIA: Figure 5B. Video editor: Highlight the clumped dark material labelled “contamination under control”.
5.3. Partial or complete drying of the embryonic perivitelline fluid was associated with collapsed or shrunken embryos [1], particularly when the paraffin oil overlay was improperly applied or air bubbles were not removed [2]. 
5.3.1. LAB MEDIA: Figure 5E. Video editor: Highlight the droplet labelled “partially dried”.
5.3.2. LAB MEDIA: Figure 5E. Video editor: Highlight the droplet labelled “fully dried”.
5.4. Contaminated droplets appeared as dark, irregular areas [1], and embryos in these droplets stopped growing and eventually died if not transferred promptly [2]. 
5.4.1. LAB MEDIA: Figure 5F. Video editor: Highlight the large dark spot labelled “contamination” in contrast with the visible embryo.
5.4.2. LAB MEDIA: Figure 5G. Video editor: Highlight the widespread, uneven dark area labelled “contamination”.
5.5. During microinjection, ideal outcomes were achieved when the needle penetrated the membrane without resistance, and embryos maintained a spherical morphology with no leakage [1]. Embryos that retained a spherical morphology had a higher survival rate [2], whereas damaged embryos showed deformation or loss of cytoplasmic content [3]. 
5.5.1. LAB MEDIA: Figure 6J and K  
5.5.2. LAB MEDIA: Figure 6G. Video editor: Highlight the spherical embryo labelled “healthy”.
5.5.3. LAB MEDIA: Figure 6H and I. Video editor: Highlight the misshaped embryo labelled “damaged”.
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