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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  
If Yes, can you record movies/images using your own microscope camera?
Yes (Olympus SZX9).
Authors: For all SCOPE shots, please use your microscope camera or upload existing microscope images/videos to your project page: https://www.jove.com/account/file-uploader?src=19370293

Videographer: For the SCOPE shots, authors will provide microscope footage, but please also film talent at the microscope performing the dissection. 

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?  It’s all within the lab, but the hood and the microscope are ~6-10 m apart. 
If Yes, how far apart are the locations? ~6-10 meters apart

Current Protocol Length

Number of Steps:  21
Number of Shots:  44 

Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

REQUIRED:  
1.1. Kara Cerveny: In my lab, we want to understand how the parts of the visual system coordinate their growth and development. With this method, we can study retinal-dependent changes in the brain.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.5.1.

1.2. Olivia Hagen: Surgical removal of one eye from living larval zebrafish followed by observation of the optic tectum allows us to compare innervated and denervated tectal lobes within the same animal and across animals.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.1.3.

OPTIONAL:  
1.3. Yehyun Kim: Combining this technique with modern molecular approaches can yield new insights into the mechanisms underlying neural development, degeneration, and regeneration.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 6.2.2.

Ethics Title Card
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committees of Reed College and University College London

Protocol
2. Electrolytically Sharpened Tungsten Needles
2.1. To begin, connect the cathode and anode wires to the power supply [1]. Attach the alligator clip at the end of the cathode wire to a partially straightened paper clip [2] and insert the paper clip into the potassium hydroxide solution, attaching it to the side of the jar [3-TXT].
2.1.1. Talent connecting the cathode and anode wires to the power supply.
2.1.2. Talent attaching the alligator clips to the paper clip.
2.1.3. Talent inserting the paper clip in the KOH solution and attaching it to the jar. TEXT: 10% (w/v) KOH solution
2.2. Attach the alligator clip of the anode wire to the neck of the needle holder [1]. Turn the power to approximately 20 Volts and dip the tungsten wire into the potassium hydroxide solution [2], pulling the wire out of the solution at an angle to electrolytically sharpen the wire into a fine tip [3]. Videographer: This step is important!
2.2.1. Talent attaching the alligator clip to the neck of the needle holder.
2.2.2. Talent dipping the tungsten wire into the KOH solution and then.	Comment by Kara Cerveny: These were filmed as a single shot
Tungsten wire being pulled out and at an angled for electrolytic sharpening.
2.3. Check the tip of the needle under the dissecting microscope to ensure that it is sharp enough [1]. Videographer: For the SCOPE shots, authors will provide microscope footage, but please also film talent at the microscope performing the dissection. 
2.3.1. SCOPE: To be provided by authors: Talent at the microscope. 	Comment by Kara Cerveny: Uploaded as .png file (2.3.1_SCOPE_straight_needle_63509.png)
Also, if possible, can we include a voice over either here or slightly later to say something like “the curved needle tip results when the sharp needle is bent by gently touching it to the Petri dish”	Comment by Kara Cerveny: This step is impossible to film under the scope as you literally just hold the needle vertically and touch the tip to the Petri dish.
3. Preparing Larvae for Surgery	Comment by Kara Cerveny: There are two video files the combine section 3 and 4: 3.2.2_anesthetized_larva and 3.3.2_4.3.2_embed_remove_eye_single_example.mp4
3.1. On the day of surgery, use a wide-bore, glass Pasteur pipette to transfer 10 to 15 larvae to a 35-millimeter Petri dish filled with fresh E3 [1-TXT].
3.1.1. Talent transferring larvae to the Petri dish using Pasteur pipette. TEXT: E3: Embryo medium
3.2. Add 3 to 5 drops of anesthetic to the larvae [1-TXT]. To determine if the larvae are adequately anesthetized, look for lack of touch response. Add 2 to 3 more drops of the anesthetic if the larvae are still responsive to touch after 3 minutes, and reassess [2]. 
3.2.1. Talent adding anesthesia to the larval Petri dish. TEXT: Induction and maintenance anesthesia: 0.4% w/v Tricaine solution 
3.2.2. SCOPE: To be provided by authors: confirming lack of touch response in larvae.
3.3. Immobilize the anesthetized zebrafish larvae by embedding them in 1 percent LMP agarose dissolved in E3 [1-TXT]. Place the lid of a 35-millimeter Petri dish face up under the dissecting microscope [2]. Then, take one larva up into a narrow-bore, glass Pasteur pipette with only a small amount of E3 [3]. 
3.3.1. Talent embedding the larvae in LMP agarose. TEXT: LMP agarose: Low melting point agarose
3.3.2. SCOPE: To be provided by authors: Remove anesthetized larva with only a small amount of E3 then (off scope shot mix with LMP agarose). Petri dish under the microscope
3.3.3. SCOPE: To be provided by authors: Talent pipetting a larva using the Pasteur pipette.
3.4. Aspirate approximately 200 microliters of melted and warm 1 percent LMP agarose into the pipette containing the larva [1-TXT]. Finally, squirt the larva and agarose onto the upside-down Petri dish lid [2]. Videographer: This step is important!
3.4.1. Talent aspirating the LMP agarose into the pipette containing the larva. TEXT: LMP agarose temperature ~40 °C
3.4.2. SCOPE: To be provided by authors: Talent pipetting the larva and agarose onto the Petri dish lid.
3.5. Using a dull tungsten needle, quickly but gently maneuver the larva so that it is lateral, with one eye facing upwards. Wait several minutes for the agarose to set [1]. Videographer: This step is important!
3.5.1. SCOPE: To be provided by authors: Talent positioning the larva laterally with one eye facing upward.
4. Eye-Removal and Postoperative Care	Comment by Kara Cerveny: We have provided an additional movie file that has multiple examples of us removing the eyes from fish larvae. This is the typical way we do the experiment so maybe if the footage from something here is better, you can use it. Otherwise, you can ignore the movie file called 4.1.1_4.3.2_multiple examples.
4.1. Following the edge of the eye orbit, use the tip of a fine, electrolytically sharpened tungsten needle to pierce the skin around the eye [1]. Then, slide the edge of the needle under the eye from the temporal-ventral side of the eye [2]. Use controlled pressure to release the eye from the socket [3]. Videographer: This step is important!
4.1.1. SCOPE: To be provided by authors: Talent piercing the skin around the eye.
4.1.2. SCOPE: To be provided by authors: Talent sliding the edge of the needle under the eye
4.1.3. SCOPE: To be provided by authors: Eye being released from the socket.

4.2. Use eKep pressing the eye dorsally and anteriorly with the side of the needle, eventually slicing through the optic nerve and releasing the eye [1]. Alternatively, you can use very fine surgical forceps to remove the eye by pinching the optic nerve and pushing the eye from medial to lateral [21]. Alternatively, keep pressing the eye dorsally and anteriorly with the side of the needle, eventually slicing through the optic nerve and releasing the eye [2]. 
SCOPE: To be provided by authors: Talent pinching the optic nerve and pushing the eye from the medial to lateral region.
4.2.1. SCOPE: To be provided by authors: Talent pressing the eye dorsally and anteriorly, slicing the optic nerve, and releasing the eye.  
4.3. After successful eye removal, cover the agarose with MMR solution [1-TXT]. Liberate each larva from the agarose by gently brushing a tungsten needle around their head and then around their body while stabilizing the Petri dish lid with forceps [2]. Videographer: This step is important!
4.3.1. Talent covering the agarose with MMR solution. TEXT: MMR: Marc’s Modified Ringer's isotonic solution.
4.3.2. SCOPE: To be provided by authors: Larvae being released from agarose gel.
4.4. After the surgeries, place the larvae in MMR solution supplemented with antibiotics until the following day. Then return the larvae to E3 and rear them larvae until the endpoint of the experiment. After larvae are terminally anesthetized, and then fix it them with 4 percent paraformaldehyde [1-TXT].	Comment by Shalini Vasan: Authors: Please check the VO added for transition from the earlier section as requested.	Comment by Kara Cerveny: This looks good to us now. Thanks!
4.4.1. Talent fixing the larvae with paraformaldehyde. TEXT: Terminally anesthetize larvae before fixation
5. Dissecting Larvae to Reveal Brains 	Comment by Kara Cerveny: This whole video sequence uploaded as 5.1.1_5.6.3_dissecting_larval_brain.mp4
Videographer: For the SCOPE shots, authors will provide microscope footage, but please also film talent at the microscope performing the dissection. 
5.1. Suspend the fixed larvae in PBS droplets on a Sylgard plate under a dissecting microscope [1]. Secure them laterally by placing two tungsten pins through the notochord, with one pin posterior to the pigmented area covering the AGM region [2-TXT] and another in line with the end of the yolk extension [3]. Videographer: This step is important!
5.1.1. SCOPE: To be provided by authors: Talent suspending the larvae in the PBS droplets.
5.1.2. SCOPE: To be provided by authors: Talent placing the pin at the end of the yolk extension. 
5.1.3. SCOPE: To be provided by authors: Talent placing the pin near the AGM region. TEXT: AGM: aorta-gonad-mesonephros
5.1.4. SCOPE: To be provided by authors: Talent placing the pin at the end of the yolk extension. 
5.2. Use a sharp tungsten needle and forceps to expose the brain by removing the eyes, ear, jaw, digestive tract, and dorsal cranial skin in sequential order [1]. Videographer: This step is important!
5.2.1. SCOPE: To be provided by authors: Talent arranging the samples for dissection.
5.3. Remove the eye as demonstrated earlierwith a sharp tungsten needle and fine forceps. Then, unpin the larva and flip it to the opposite side, so the other eye is accessible and repeat [1]. Alternatively, Sometimes it is possible to poke the needle through the jaw to the other opposite side and remove the other eye without unpinning [12]. 	Comment by Kara Cerveny: This time the many fish we tried just didn’t cooperate. We removed one eye and then went to the next part and then removed the other eye. Have now modified the script.
5.3.1. SCOPE: To be provided by authors: Talent unpinning the larva and flipping it to the other side.
5.3.2. [bookmark: _Hlk93932800]SCOPE: To be provided by authors: Talent removing the eye facing upwards by poking the needle through the jaw.
5.4. Use the tungsten needle to scratch from the temporal to the ventral side of the ear [1]. In the same action/motion, bring the needle posterior to the jaw and gently pull anteriorly until the ear and jaw are removed [2]. Use forceps to pull the ventral organs and remaining yolk out [3].
5.4.1. SCOPE: To be provided by authors: Talent scratching the temporal and ventral side of the ear.
5.4.2. SCOPE: Talent removing the ear and part of jaw.
5.4.3. Talent removing the eye by poking the needle through the jaw.
5.4.4. Talent removing the ear by poking the needle through the jaw
SCOPE: To be provided by authors: Talent removing the ear and jaw.
5.4.5. SCOPE: To be provided by authors: Talent pulling out the ventral organs and yolk.
5.5. Finally, make a shallow incision in the dorsal cranial skin near the junction between the hindbrain and spinal cord [1]. Lift the skin with the forceps and pull it anteriorly and around the telencephalon [2]. 
5.5.1. SCOPE: To be provided by authors: Talent clearing remaining ventral organs and exposing cut in dorsal cranial skin.Talent making an incision in the dorsal cranial skin.
5.5.2. SCOPE: To be provided by authors: Talent lifting the skin and pulling it around the telencephalon.
5.6. Alternatively, start at the initial incision in the hindbrain and pull the skin first laterally [1] and then ventrally and anteriorly, taking great care not to scratch the lateral edges of the tectum. Remove any remaining tissue with forceps [12]. Unpin the larva [23] and transfer to PBS in a 1.5-milliliter microfuge tube [34]. 
5.6.1. SCOPE: To be provided by authors: Talent making an incision in the hindbrain and pulling the skin laterally.
5.6.2. SCOPE: To be provided by authors: Talent pulling the skin ventrally and anteriorly.
5.6.3. SCOPE: To be provided by authors: Talent unpinning the larva.
5.6.4. Talent transferring larvae to the microfuge tube. 
6. Mounting and Imaging
6.1. Secure a chambered slide into the lid of a 100-millimeter Petri dish with vacuum grease [1]. Transfer the immunostained and processed larvae to a well-plate or depression slide to view them with a dissecting microscope [2].
6.1.1. Talent securing a chambered slide into the lid of a 100 mm Petri dish with grease.
6.1.2. Talent transferring the processed larvae to a well-plate or depression slide.
6.2. Mount the larvae on the chambered slide in 1 percent LMP agarose columns. Using a glass Pasteur pipette, put one larva on the chambered slide, depositing as little PBS as possible [1]. Cover the larva with melted and warm 1% LMP agarose using the same pipette [2-TXT]. 
6.2.1. Talent transferring the larva onto the chambered slide using the Pasteur pipette.
6.2.2. SCOPE: To be provided by authors: Larva being covered with 1% LMP agarose. TEXT: LMP agarose temperature ~40 °C	Comment by Kara Cerveny: This footage will need to be clipped; uploaded as an mp4 file (6.2.2_6.3.1_mounting_for_confocal)
6.3. Pipette the LMP agarose into a column and then position the larva as symmetrically as possible, with the dorsal surface visible [1]. 
6.3.1. SCOPE: To be provided by authors: Talent transferring agarose into the columns and positioning the larva with dorsal surface visible. 




Results
7. Results: Vertebrate Visual System Development in Zebrafish Larvae
7.1. After eye removal, progressive degeneration of retinal axons was observed in the optic tectum neuropil [1]. By two days post-surgery, RFP-labeled axons exhibited hallmarks of rapid Wallerian degeneration such as blebbing and fragmentation [2]. 
7.1.1. LAB MEDIA: Figure 2.
7.1.2. LAB MEDIA: Figure 2. Video editor: Emphasize A and B.
7.2. Bright RFP-labeled puncta within and outside the tectal neuropil were noted [1]. By four days post-surgery, fragmented axons and RFP-labeled axonal debris were considerably reduced in either tectal lobe, indicating relatively rapid clearance of the dying and degenerating axons [2].
7.2.1. LAB MEDIA: Figure 1B. Video editor: Emphasize the arrows.
7.2.2. LAB MEDIA: Figure 2. Video editor: Emphasize C and D.
7.3. The brain was exposed by dissecting the eye(s), jaw, ears, and skull cap of the skin and connective tissues. Ideally, the brain remains intact during this procedure [1]. However, parts of the forebrain, particularly the olfactory bulb, were likely damaged or completely removed when the skull cap of the skin or jaw was removed [2]. 
7.3.1. LAB MEDIA: Figure 2. Video editor: Emphasize C and D.
7.3.2. LAB MEDIA: Figure 2. Video editor: Emphasize A, arrowhead.
7.4. Moreover, sometimes the lateral edge of the tectum gets sliced when piercing or pinching the skin to pull it off the brain [1].
7.4.1. LAB MEDIA: Figure 2. Video editor: Emphasize A.

Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Olivia Hagen and Yehyun Kim: No two samples are identical, so you need to be able to make subtle adaptations to the eye removal and brain dissection as needed. Patience and very sharp tools are essential.
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.1.1, 4.1.2. or 5.2.1.

8.2. Kara Cerveny: Many cellular and molecular biology approaches including in vivo live cell imaging and RNA-sequencing can be performed to gain new insights into how retinal input influences optic tectum growth and development.
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.2.1. or 4.2.2.
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