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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:  32
Number of Shots:  52 

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.

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at Boston University Chobanian & Avedisian School of Medicine



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. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Generation of Compound Transgenic Zebrafish Lines Through Breeding
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. On the evening before breeding, fill a two-chamber mating tank to two-thirds capacity with water from the fish tank [1].
2.1.1. WIDE: Talent filling a two-chamber mating tank two-thirds full with fish water.
2.2. Place a grated top insert into the mating chamber [1]. Using dividers, separate 1 male from 1 or 2 females and leave the dividers in place overnight [2-TXT].
2.2.1. Talent placing a grated top insert into the mating chamber.
2.2.2. Talent positioning the dividers to separate 1 male from 1 or 2 females. TXT: Cross: Tg(cd4-1:mCherry) (heterozygous) × Tg(dβh:MYCN; dβh:EGFP)
2.3. The next morning, remove the dividers after the facility lights turn on [1]. Using a divider as a wedge, tilt the grated top chamber slightly to create a shallow water area and allow the fish to spawn for at least 1 hour [2].
2.3.1. Talent removing the dividers from the mating chamber after the facility lights turn on.
2.3.2. Talent uses a divider as a wedge, tilting the grated top chamber, and creates a shallow water area.
2.4. Then, collect the eggs from the bottom of the mating chamber by pouring the water through a fine-mesh net [1].
2.4.1. Talent pouring the water from the mating chamber through a fine-mesh net to collect the eggs.
2.5. Transfer the eggs to a sterile Petri dish containing fish water at a density no greater than 1 egg per 50 square millimeters [1]. Remove the dead and unfertilized eggs [2].
2.5.1. Talent transferring the eggs into a sterile Petri dish containing fish water at the specified density.
2.5.2. Talent removing the dead and unfertilized eggs from the sterile Petri dish.
2.6. Incubate the embryos overnight at 28.5 degrees Celsius, ensuring the density stays within the specified limit [1].
2.6.1. WIDE: Talent placing the embryos into a 28.5 degrees Celsius incubator.

2.7. Next, prepare 5 parts per thousand rotifer waters by mixing 1 part stock rotifer water at 15 parts per thousand with 2 parts zebrafish system water [1]. Using a conductivity meter, verify that the final salinity is 5 parts per thousand before transferring the larvae [2].
2.7.1. Talent mixing 1 part stock rotifer water at 15 parts per thousand with 2 parts zebrafish system water.
2.7.2. Talent measuring the salinity of the prepared rotifer water using a conductivity meter.
2.8. Transfer larvae at 5–7 days post-fertilization or later to a larger tank containing 5 ppt rotifer water for rearing.
2.8.1. Talent transfers the larvae at 5–7 days post-fertilization (dpf) to a larger tank containing 5 ppt rotifer water for rearing.

3. Screening Zebrafish for Fluorescent Markers
Demonstrator: Click here to enter name of demonstrator(s) 
3.1. After anesthetizing the fish, screen the fish for fluorescence [1]. Identify green or red fluorescence in the expected region [2]
3.1.1. Talent placing the fish under the microscope.
3.1.2. SCOPE: Shot of green or red fluorescence visible in the expected region of the fish.
3.2. Using a stiff-bristled sorting tool, separate the fish into groups [1].
3.2.1. Talent separating the fish into groups using a stiff-bristled sorting tool.
3.3. Transfer the positive and negative fish to separate tanks containing system water for continued rearing [1]. 
3.3.1. Talent transfers the fishes to separate tanks containing system water.
4. Zebrafish Tissue Fixation
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. After euthanizing the fish in accordance with approved institutional animal care guidelines [1], using a scalpel, make a ventral incision extending from the anal pore to the pectoral girdle to expose the abdominal cavity and facilitate fixative penetration into the internal tissues [1].
4.1.1. Shot of the euthanized fish
4.1.2. Talent making a ventral incision from the anal pore to the pectoral girdle to expose the abdominal cavity.
4.2. Using forceps, transfer the fish into a 1.5-milliliter tube containing 4 percent paraformaldehyde in PBS or a volume of fixative at least 10-fold greater than the tissue volume [1].
4.2.1. Talent transferring the fish with forceps into a 1.5 milliliter tube containing the fixative.
4.3. Place the samples on a nutating rocker set to gentle continuous agitation at 4 degrees Celsius for at least 12 hours [1].
4.3.1. WIDE: Talent placing the sample tube on a nutating rocker placed in the refrigerator.
4.4. After that, remove the paraformaldehyde [1] and wash the samples at least 4 times with 1.5 milliliters of PBS [2].
4.4.1. Talent removing the paraformaldehyde from the sample tube.
4.4.2. Talent washing the samples with 1.5 milliliters of 1× phosphate-buffered saline.
4.5. Then, transfer the fish to 30 percent sucrose [1] and incubate in a cold room overnight until the specimen sinks to the bottom of an upright tube, indicating adequate sucrose penetration [2]. Store the samples at minus 80 degrees Celsius until imaging [3].
4.5.1. Talent transferring the fish to 30 percent sucrose 
4.5.2. WIDE: Talent placing the sample tube in the cold room.
4.5.3. Talent placing the sample tube into a minus 80 degrees Celsius freezer.
5. Cryosectioning
Demonstrator: Click here to enter name of demonstrator(s) 
5.1. Transport the fixed fish to the cryostat room on dry ice [1]. Place the fish flat in a plastic mold with 1 sagittal side facing downward [2].
5.1.1. Talent transporting the fixed fish on dry ice to the cryostat room.
5.1.2. Talent placing the fish flat in a plastic mold with 1 sagittal side facing downward.
5.2. Add the OCT compound until the fish is fully covered [1]. Then, freeze the mold at minus 20 degrees Celsius or in a cryostat until the OCT compound turns white [2].	Comment by pallavi sharma: Authors: What are you going to show, freezing in -20 degrees Celsius or in the cryostat ?
5.2.1. Talent adding the OCT compound to fully cover the fish.
5.2.2. Talent placing the mold into the cryostat for freezing.
5.3. To cryosection the zebrafish, first cool the cryostat chuck [1] and then apply room-temperature OCT compound to it [2]. Press the OCT fish block firmly into the OCT layer [3].
5.3.1. Talent cooling the cryostat chuck.
5.3.2. Talent applying room-temperature OCT compound to the cryostat chuck.
5.3.3. Talent pressing the OCT fish block firmly into the Optimal Cutting Temperature layer.
5.4. Freeze the cryostat chuck and the block until the newly applied OCT compound turns white [1] and mount it in the cryostat [2].
5.4.1. Talent placing the cryostat chuck with the block into the cryostat for freezing.
5.4.2. Talent mounting the cryostat chuck in the cryostat.
5.5. Cryosection the block at a thickness of 14 micrometers until the blade reaches the specimen [1]. Reduce the section thickness to 7 micrometers and continue sectioning for 1 additional cut [2].
5.5.1. Talent cryosectioning the block at a thickness of 14 micrometers.
5.5.2. Talent adjusting the cryostat section thickness to 7 micrometers and performing additional cut
5.6. Then, warm the cryostat chuck gently with the hands [1].
5.6.1. Talent gently warming the cryostat chuck with the hands.
5.7. Using forceps, remove the OCT block from the cryostat chuck, ensuring the specimen's cut surface is not disturbed [1]. Trim the excess OCT compound surrounding the fish while it remains frozen [1].
5.7.1. Talent removing the OCT block from the cryostat chuck using forceps.
5.7.2. Talent trimming the excess OCT compound surrounding the fish while the block remains frozen.
5.8. Using forceps, remove the fish from the OCT block once the OCT compound softens to a viscous consistency [1].
5.8.1. Talent removing the fish from the softened Optimal Cutting Temperature block using forceps.
6. Mounting and Imaging of Fish with Skin Removed
Demonstrator: Click here to enter name of demonstrator(s) 
6.1. Place the fish in a glass-bottom dish with the sectioned sagittal side facing the glass surface [1].
6.1.1. Talent placing the fish in a glass-bottom dish with the sectioned sagittal side facing the glass surface.
6.2. Prepare 1 to 1.5 percent low-melting agarose [1]. Apply approximately 30 to 50 microliters of agarose to the dorsal and ventral sides of the fish to secure the sample [2].
6.2.1. Talent preparing 1 percent to 1.5 percent low-melting agarose.
6.2.2. Talent applying approximately 30 to 50 microliters of agarose to the dorsal and ventral sides of the fish.
6.3. After 2 hours of mounting, image the sample using a standard laser-scanning confocal microscope with a resonant scanner [1]. Set the pinhole to 1.0 Airy unit for all imaging channels [2].
6.3.1. Talent positioning the sample on a standard laser-scanning confocal microscope.
6.3.2. SCREEN: Pinhole setting being adjusted to 1.0 Airy unit for all imaging channels.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21968588
6.4. Next, use a 488-nanometer laser for enhanced GFP excitation and a 594-nanometer laser for mCherry excitation [1]. Keep the laser output below 25 milliwatts [2]. Adjust the detector gain and laser power using a lookup table to prevent pixel saturation and black clipping. Ensure the detector gain does not exceed 800 volts [3].
6.4.1. SCREEN: 488-nanometer laser  and 594-nanometer laser are being selected.
6.4.2. SCREEN: Laser output being adjusted to below 25 milliwatts.
6.4.3. SCREEN: Detector gain and laser power being adjusted using the range indicator lookup table.
6.5. For image acquisition, use a voxel size of 0.42 by 0.42 by 6.0 micrometers at a resolution of 1024 by 1024 pixels and a Z-step interval of 6.0 micrometers [1].
6.5.1. SCREEN: Voxel size, image resolution, and Z-step interval being configured.
6.6. Acquire spectral image stacks through the full volume of interest, typically spanning a total Z-stack acquisition range of 90 to 120 micrometers with 15 to 20 optical sections [1].
6.6.1. SCREEN: Spectral image stack acquisition being configured through the full volume of interest.
6.7. Initiate image acquisition in the fluid space immediately above the tissue surface and continue through the full target imaging depth to ensure complete coverage of the specimen [1].
6.7.1. SCREEN: Image acquisition beginning in the fluid space immediately above the tissue surface and continuing through the full target imaging depth.
6.8. Analyze the images using Fiji for either volumetric or area-based normalization, depending on the developmental stage of the fish [1].
6.8.1. Talent in front of the computer performing measurements on an image.	Comment by pallavi sharma: Authors: This is just a representative shot to maintain continuity with the resuts


6.8.2. 

Results
7. Results 

7.1. At 7 days post-fertilization, Cd4-positive cells were infrequently observed within or surrounding the dβh (D-Beta-H)-expressing region in both control [1] and MYCN (Myc-N)-expressing fish [2].
7.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the 7 dpf control image labeled “Tg(dβh:EGFP; Cd4-1:mCherry)”.
7.1.2. LAB MEDIA: Figure 2A. Video editor: Highlight the 7 dpf MYCN image labelled “Tg(dβh:MYCN;dβh:EGFP; Cd4-1:mCherry)”.
7.2. At 14 days post-fertilization, MYCN-expressing fish exhibited increased numbers of Cd4 positive cells associated with the neural crest-derived premalignant tumor [1] compared with the neural crest-derived sympathoadrenal progenitor region in control fish [2].
7.2.1. LAB MEDIA: Figure 2A. Video editor: Highlight the 14 dpf image labelled “Tg(dβh:MYCN;dβh:EGFP; Cd4-1:mCherry)”.
7.2.2. LAB MEDIA: Figure 2A. Video editor: Highlight the 14 dpf labeled “Tg(dβh:EGFP; Cd4-1:mCherry)”.
7.3. No significant difference was observed in the number of surrounding Cd4-positive cells between control [1] and MYCN groups at either time point [2].
7.3.1. LAB MEDIA: Figure 2B. Video editor: Highlight the white control bars in the bottom graph.
7.3.2. LAB MEDIA: Figure 2B. Video editor: Highlight the pink MYCN bars in the bottom graph.
7.4. MYCN-expressing fish exhibited significantly greater infiltration of Cd4-positive cells within the analyzed region at 14 days post-fertilization compared with control fish [1].
7.4.1. LAB MEDIA: Figure 2B. Video editor: Highlight the pink bar at 14 dpf in the top graph.
7.5. Tumors were classified as metastatic when EGFP-positive tumor cells were detected outside the peripheral sympathetic ganglia [1].
7.5.1. LAB MEDIA: Figure 3A. Video editor: Highlight the panel labeled “Metastatic tumor”
7.6. Metastatic tumors contained significantly increased numbers of CD4-positive cells surrounding or infiltrating the tumor [1] compared with localized tumors [2].
7.6.1. LAB MEDIA: Figure 3B. Video editor: Highlight the data points for “Metastatic tumor”.
7.6.2. LAB MEDIA: Figure 3B. Video editor: Highlight the data points for “Localized tumor”.
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