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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?  yes  
Yes  
Nikon AZ100 microscope and DS-Qi1MC camera
Authors: Please record all shots labeled as SCOPE, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=22006713
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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=22006713
3. Filming location: Will the filming need to take place in multiple locations?   Yes
As discussed with our editor, Dr. Park will self-film in Bethesda, MD. Filming by JoVE’s videographer will occur in Oklahoma City.

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. 
Yes—depending upon what I am asked to ‘testify’ to



Current Protocol Length
Number of Steps:  32
Number of Shots:  49 

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


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. Gilseung Park: We developed a non-lethal scale biopsy method to repeatedly collect wild-type and malignant lymphocytes from individual zebrafish for longitudinal immune studies.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Gilseung Park: Current non-lethal zebrafish blood sampling methods are unsuitable for repeated daily sampling. This protocol enables longitudinal lymphocyte collection from the same individual without sacrifice.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. John Frazer: This protocol allows repeated sampling of live lymphocytes from individual zebrafish for longitudinal studies and any downstream live-cell analyses.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Describe the most important consideration or challenge when performing this protocol.
1.4. John Frazer: The main challenge while performing this protocol is accurately and quickly identifying the optimal scale biopsy site under a fluorescent microscope to minimize animal stress.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. John Frazer: In the future, we envision scale biopsy as a method to study changes in gene expression that occur due to drug treatment, activation of a transgene, or other experimental manipulations.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



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















Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

· Testimonial statements will not appear in the video but may be featured in the journal’s promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. 
· Please answer the testimonial question live during the shoot, speaking naturally and in your own words in complete sentences.

What problem in your field of research does your article address?
1.6. J. Kimble Frazer, Associate Professor of Pediatrics, University of Oklahoma Health Sciences Center, : (authors will present their testimonial statements live)
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What value do you expect this video article to have for other researchers working in your field?
1.7. J. Kimble Frazer, Associate Professor of Pediatrics, University of Oklahoma Health Sciences Center, : (authors will present their testimonial statements live)
1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.





Ethics Title Card
This research was approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Oklahoma Health Sciences Center under protocols 24-028-EAH and 25-068-EACHIR.  


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Screening Zebrafish for Fluorescent Scale Selection
Demonstrator: Jose Macias 
2.1. To begin, supplement RPMI 1640 media solution with 1% FBS and 1% penicillin and streptomycin [1]. Aliquot the media into 1.5-milliliter microcentrifuge tubes in 500-microliter volumes and keep the tubes on ice [2].
2.1.1. WIDE: Talent adding FBS and penicillin and streptomycin to the RPMI 1640 media solution. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent aliquoting 500 microliters of the media into 1.5 milliliter microcentrifuge tubes and placing them on ice.
2.2. After anesthetizing Danio rerio, gently place it in a cell culture dish with sufficient system water to maintain moisture during subsequent handling [1-TXT].
2.2.1. Talent placing the sedated fish into a cell culture dish containing the system water with tricaine methanesulfonate. TXT: Anesthesia: 0.02% Tricaine methanesulfonate 
2.3. Examine and image the anesthetized fish using an epifluorescent microscope to detect fluorescence from the transgenes [1]. Identify the fluorescent scales for biopsy [2].
2.3.1. Talent placing the anesthetized fish under the microscope.
2.3.2. SCOPE: Fluorescent scales visible on the fish and being identified for biopsy.
2.4. Use fluorescence to identify T cells, T cell acute lymphoblastic leukemia or T-ALL (T-All) [1-TXT]. 
2.4.1. SCOPE: Fluorescent T cells or T cell acute lymphoblastic leukemia cells visible in the fish. TXT: Fishes Used: cd79a:GFP or cd79b:GFP fish; rag2:hMYC + cd79a:GFP or cd79b:GFP fish
2.5. Screen the cd79a:GFP (C-D-Seventy-Nine-A-G-F-P) or cd79b:GFP (C-D-Seventy-Nine-B-G-F-P) fish with rag2:hMYC for epidermal B acute lymphoblastic leukemia or B-ALL (B-All)  cells  [1]. Use the FITC (F-I-T-C) fluorescent channel to select scales for biopsy [2].
2.5.1. SCOPE: Epidermal B cell acute lymphoblastic leukemia cells visible in the fluorescent fish.
2.5.2. SCOPE: Fluorescent scales are being selected for biopsy.

3. Collection of Fluorescent Zebrafish Scales
Demonstrator: Gilseung Park 
3.1. Place the sedated fish on its side in a cell culture dish to position it for the biopsy [1].
3.1.1. CU: Talent placing the sedated fish on its side in a cell culture dish.
3.2. Using a damp sponge with a linear or V-shaped cutout, place the sponge in the cell culture dish to cradle the fish and prevent it from sliding during the biopsy [1].
3.2.1. CU: Talent placing the damp sponge with a linear or V-shaped cutout into the cell culture dish to cradle the fish.
3.3. Alternatively, ensure the system water level barely covers the bottom of the cell culture dish to stabilize the fish by surface tension [1].
3.3.1. Talent adjusting the system water level until it barely covers the bottom of the cell culture dish.
3.4. Periodically apply 50 to 100 microliters of 0.02% tricaine methanesulfonate to the operculum and gills to maintain moisture and anesthesia during imaging and biopsy [1].
3.4.1. CU: Talent applying the tricaine methanesulfonate solution to the operculum and gills with a pipette.
3.5. Perform biopsy using an epifluorescence microscope to select highly fluorescent scales enriched with lymphocytes or ALL cells [1]. Collect approximately 10 adjacent scales from one highly-fluorescent region, preferably in the first or second horizontal pigmented stripe [2]
3.5.1. SCREEN:  Fluorescent scales are being selected.
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=22006713

3.5.2. SCREEN: 10 to 20 adjacent scales are being collected from a single highly fluorescent region within the first or second horizontal pigmented stripe.
3.6. Next, insert a 31-gauge syringe needle under the posterior edge of a scale and flip it forward towards the head [1]. 
3.6.1. Talent placing the tip of a 31 gauge syringe needle beneath the posterior edge of a scale and flipping the scale forward.
3.7. With the non-dominant hand, hold the scale in the flipped-forward position with the needle [1]. Using forceps, grasp the rigid outer surface of the scale [2], and pluck it from its pocket in a smooth motion [3].
3.7.1. Talent holding the flipped-forward scale in position with the syringe needle.
3.7.2. Talent grasping the rigid outer surface of the scale with forceps.
3.7.3. Talent plucking the scale from its pocket in a smooth motion.
3.8. If excess bleeding occurs, using forceps, apply gentle pressure to the biopsy site [1]. Rinse the area briefly with 0.02 percent tricaine methanesulfonate in the system water [2].
3.8.1. Talent applying gentle pressure to the biopsy site with forceps.
3.8.2. Talent rinsing the biopsy site with the tricaine methanesulfonate solution.
3.9. To biopsy multiple scales, collect ten adjacent scales from one horizontal pigmented stripe, avoiding different body regions or sides of the fish [1].
3.9.1. CU: Talent collecting adjacent scales from a contiguous region within a single horizontal pigmented stripe.
3.10. Pluck the individual scales sequentially and retain the scales on the forceps tips with the medial scale surface facing upward during collection [1].
3.10.1. CU: Talent plucking the scales sequentially and retaining the collected scales on the forceps tips with the medial scale surface facing upward.
3.11. Flip each scale forward before grasping it to avoid interference with subsequent scale removal [1]. Using forceps, grasp each scale at its posterior edge [2]. 
3.11.1. CU: Talent flipping a scale forward before removal.
3.11.2. CU: Talent grasping the posterior edge of the flipped scale with forceps.
3.12. After scale collection, immediately transfer the scales from the forceps into 1.5-milliliter tubes containing 500 microliters of cold sorting medium on ice to preserve cell viability [1]. Decontaminate the forceps with 70% ethanol between each fish. Collect scales in separate tubes throughout the process [2].
3.12.1. Talent transferring the collected scales into a 1.5 milliliter tube containing 500 microliters of cold sorting media on ice.
3.12.2. Talent decontaminating the forceps with 70 percent ethanol.
3.13. After the scale collection, immediately transfer the fish to a recovery tank containing fresh system water without tricaine methanesulfonate [1].
3.13.1. Talent transferring the fish into a recovery tank containing fresh system water.
3.14. Monitor the opercular movement and swimming behavior until the normal respiration and posture are restored [1]. Observe the biopsy site for persistent bleeding or signs of distress before returning the fish to the recirculating system [2].
3.14.1. CU: Shot of the fish showing normal opercular movement and swimming behavior in the recovery tank.
3.14.2. CU: Shot of the biopsy site being examined for persistent bleeding or signs of distress.
3.15. Return the fish to its home tank after the normal equilibrium and swimming resume [1].
3.15.1. Talent returning the recovered fish to its home tank.

4. Cell Dissociation and Filtering
Demonstrator: Gilseung Park 

4.1. To begin, check for the scales at the bottom of the tube [1]. Using a sterile plastic microtube pestle homogenizer, dissociate the scales by applying gentle, controlled manual pressure for 30 to 60 seconds [2].
4.1.1. Talent inspecting the bottom of the tube for the collected scales.
4.1.2. Talent dissociating the scales with a sterile plastic microtube pestle homogenizer.
4.2. Gently rotate and move up and down to release epidermal cells, avoiding excessive shearing of the scales. Continue dissociation until the sorting media is visibly turbid. [1].
4.2.1. Talent rotating and moving the sterile plastic microtube pestle homogenizer up and down inside the tube.
4.3. Pass the homogenized sample through a 35-micrometer nylon mesh filter to remove the debris and generate a single-cell suspension for flow cytometry or FACS [1].
4.3.1. Talent passing the homogenized sample through a 35 micrometer nylon mesh filter into a collection tube.
4.4. If visible cell aggregates are present after the initial filtration, pass the sample through a fresh 35-micrometer nylon mesh filter immediately before the flow cytometric analysis [1]. Repeat the filtration no more than 2 times in total to minimize cell loss [2].
4.4.1. Talent passing the sample through a fresh 35 micrometer nylon mesh filter.
4.4.2. Shot of the filtered single-cell suspension ready for flow cytometric analysis.

5. Flow Cytometric Analysis and Cell Sorting
Demonstrator: Jose Macias 
5.1. Analyze the single-cell suspensions using a flow cytometer equipped with a 488-nanometer laser for GFP detection and a 561-nanometer laser for mCherry detection [1].
5.1.1. Talent loading the sample in the flow cytometer.
5.2. Exclude the debris using the forward scatter and side scatter parameters [1]. Identify the lymphocytes using the previously established lymphocyte gate [2].
5.2.1. SCREEN: Forward Scatter and Side Scatter parameters being used to gate out debris.
5.2.2. SCREEN: The lymphocyte gate being applied to identify the lymphocyte population.
5.3. Then, exclude the cell aggregates using the singlet gating parameters by comparing the side scatter area with the side scatter height [1]. Evaluate cell viability using propidium iodide or a similar dye, and exclude positive cells from further analyses and sorting.[2].
5.3.1. SCREEN: Side Scatter Area versus Side Scatter Height plot being displayed. The singlet gate being applied to exclude cell aggregates.
5.3.2. SCREEN: Propidium iodide-positive cells being excluded from the analysis gate.
5.4. Next, establish the fluorescence gates using the non-transgenic zebrafish controls and the single-color fluorescent transgenic controls [1]. Define the GFP-positive and mCherry-positive populations relative to the negative controls [2].
5.4.1. SCREEN: Fluorescence gates are being established using the control samples.
5.4.2. SCREEN: GFP-positive and mCherry-positive populations being defined relative to the negative controls.
5.5. Export the flow cytometry standard files and analyze the data using the flow cytometry analysis software [1].
5.5.1. SCREEN: The flow cytometry standard files being exported. The exported flow cytometry standard files are being opened and analyzed.
5.6. Next, sort the cells using a FACS equipped with a 488-nanometer laser for GFP detection and a 561-nanometer laser for mCherry detection [1]. Sequentially gate the lymphocytes, singlets, and viable cells before the fluorescence-based sorting [1].
5.6.1. Talent loading the sample into the fluorescence-activated cell sorter.
5.6.2. SCREEN: Gated lymphocytes, singlets and viable cells are being shown.
5.7. Define the low GFP, high GFP, and mCherry-positive populations using the fluorescence gates established from the negative control samples [1].
5.7.1. SCREEN: GFP-low, GFP high, and mCherry-positive populations are being defined using the fluorescence gates from the negative control samples.
5.8. Sort the GFP low, GFP high, and mCherry-positive populations into collection tubes containing chilled sorting media [1]. Maintain the sorted samples on ice and proceed immediately to the downstream applications [2].
5.8.1. Talent collecting the sorted cell populations into collection tubes containing chilled sorting media.
5.8.2. Talent placing the collection tubes containing the sorted samples on ice.



Results
6. Results 
6.1. Wild-type lck:GFP (L-C-K-G-F-P) fish show fluorescence in the thymic region [1]. cd79b:GFP fish have fluorescence in the head and gill regions [2]. Fish with rag2:hMYC (Rag-Two-H-Myc) and either lck:GFP or lck:mCherry with T-ALL have disseminated fluorescence throughout the body [3]. Likewise, rag2:hMYC plus cd79b:GFP fish with B-ALL have disseminated fluorescence [4].
6.1.1. LAB MEDIA: Figure 1A. Video editor: Highlight the  lck:GFP fish panel
6.1.2. LAB MEDIA: Figure 1A. Video editor: Highlight the cd79b:GFP panel
6.1.3. LAB MEDIA: Figure 1A. Video editor: Highlight the lck:GFP; hMYC panel.
6.1.4. LAB MEDIA: Figure 1A. Video editor: Highlight cd79b:GFP; hMYC panel.
6.2. Wild-type lck:GFP and cd79b:GFP scales show scattered GFP-positive lymphocytes on scale surfaces [1]. Scales from fish with leukemia exhibit dense clusters or confluent sheets of GFP- or mCherry-positive cells on their surfaces [2].
6.2.1. LAB MEDIA: Figure 1B Video editor: Highlight the lck:GFP and cd79b:GFP panel
6.2.2. LAB MEDIA: Figure 1B. Video editor: Highlight the T-ALL, B-ALL panels
6.3. Scale lymphocytes have morphologies like lymphocytes from the thymus [1], marrow [2], and blood [3]. Scales from fish with T-ALL contain many lymphoblastic cells near scale surfaces [4].
6.3.1. LAB MEDIA: Figure 1C. Video editor: Highlight the image labelled 'Thymus'.
6.3.2. LAB MEDIA: Figure 1C. Video editor: Highlight the image labelled 'Marrow'.
6.3.3. LAB MEDIA: Figure 1C. Video editor: Highlight the image labelled 'Blood'.
6.3.4. LAB MEDIA: Figure 1C. Video editor: Highlight the enlarged image showing numerous dark-staining cells near the scale surface.
6.4. Wild-type lck:mCherry plus cd79a:GFP fish allow simultaneous visualization of mCherry-positive T-lineage cells [1] and GFP-positive B-lineage cells [2].
6.4.1. LAB MEDIA: Figure 1D. 
6.4.2. LAB MEDIA: Figure 1E. 
6.5. Most fluorescent cells in wild-type lck:GFP scales were GFP low [1], whereas rag2:hMYC with lck:GFP T-ALL scales had prominent GFP high populations [2]. cd79b:GFP scales contained both GFP low and high populations [3].
6.5.1. LAB MEDIA: Figure 2B. Video editor: Highlight the histogram region labelled 'GFPlo' in the upper panel.
6.5.2. LAB MEDIA: Figure 2B. Video editor: Highlight the histogram region labelled 'GFPhi' in the middle panel.
6.5.3. LAB MEDIA: Figure 2B. Video editor: Highlight the histogram region labelled 'GFPlo' in the lower panel.
6.5.4. LAB MEDIA: Figure 2B. Video editor: Highlight the histogram region labelled 'GFPhi' in the lower panel.
6.6. Cells from cd79b:GFP scales expressed B-lineage transcripts [1]. lck:GFP scale cells expressed T-lineage genes [2]. T-ALL scale cells expressed T-lineage transcripts with higher rag2 expression than non-leukemic scale lymphocytes [3].
6.6.1. LAB MEDIA: Figure 2C. Video editor: Highlight the top graph labelled 'B cell genes'.
6.6.2. LAB MEDIA: Figure 2C. Video editor: Highlight the middle graph labelled 'T cell genes'.
6.6.3. LAB MEDIA: Figure 2C. Video editor: Highlight the bottom graph labelled 'Lymphoblast genes'.
6.7. GFP-positive cells from scales and body tissues of rag2:hMYC plus lck:GFP T-ALL fish showed near-identical gene expression [1].
6.7.1. LAB MEDIA: Figure 2D.
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