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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
3.1., 3.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.1., 3,2. – sometimes you cannot visualize the lens sutures and/or nucleus for proper orientation of the lens.  In the manuscript, I’ve added a note at step 10.1 “NOTE: Healthy wild type adult lenses are extremely transparent making it difficult to see the lens sutures and nucleus, or to determine lens orientation.  In this case, a slight nick with forceps to the lens capsule causes minor damage, which makes the sutures and lens nucleus apparent in about 10 min helping to orient the lens for this measurement.  However, the lenses become unusable for downstream applications as they are now damaged.” I think it may be useful to mention this may be a problem in the script and how to overcome it.
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Jim Hall: Our protocols provide a starting point for functional studies of lens development and physiology and for reverse genetic screens for lens phenotypes in zebrafish [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Irene Vorontsova: Our protocols bridge in vitro and in vivo analyses of zebrafish lens membrane morphology and provide a new and straightforward method for quantifying the development of zebrafish lens optics [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Jim Hall: Analyzing zebrafish lens morphology and optics provides insights into mechanisms controlling lens development, normal physiology, and pathophysiology. These insights could then lead to an ability to delay or prevent cataract [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Irene Vorontsova: There have been no reports in species other than zebrafish of asymmetrically-localized lens nuclei. Identifying the lens sutures is critical in correctly orienting the lens to measure nucleus localization [1].

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University of California and adhere to the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research.
Section - Protocol
2. Larval and Adult Zebrafish Lens Dissection
2.1. After confirmation of sufficient sedation with tricaine [1], use micro-dissection scissors to immediately excise both eyes from either an adult or larval zebrafish [2-TXT] and place both eyes into a dissection dish of PBS [3].
2.1.1. WIDE: Talent touching fish
2.1.2. CU: Eye being dissected TEXT: Here an adult fish is shown [Author comment: use LAB MEDIA 2_1_2 Adult eye dissection.MOV – cut at 12 seconds to include 1 eye dissection, not both]
2.1.3. CU: Eye(s) being placed into dish
2.2. To harvest the lens from an adult zebrafish, transfer the eye into a 35-millimeter custom-made Petri dish with a silicone dissection mold filled with PBS posterior side up [1] and insert forceps at a less than 45-degree angle through the optic disc [2-TXT].
2.2.1.  LAB MEDIA: To be provided by Authors: Lens Eye being placed into divot posterior side up. Use LAB MEDIA 2_2_1 to 2_5_1 Adult lens dissection.MOV,  0-7 sec
2.2.2. LAB MEDIA: To be provided by Authors: Eye being immobilized TEXT: Caution: Do not nick/compress lens Use LAB MEDIA 2_2_1 to 2_5_1 Adult lens dissection.MOV,  8-14 sec
2.3. Use dissection scissors to make two or three radial incisions through the retina and sclera from the optic disc to the ciliary zone in the immobilized eye [1] and peel back the retina and sclera like flower petals [2].
2.3.1. LAB MEDIA: To be provided by Authors: Incision(s) being made. 
2.3.2. LAB MEDIA: To be provided by Authors: Retina and/or sclera being peeled. Use LAB MEDIA 2_2_1 to 2_5_1 Adult lens dissection.MOV,  15-26 sec, 2.3.1 and 2.3.2 combined.
2.4. Invert the eye, cornea side up, [1] and use the flat side of the scissors to immobilize the lens indirectly via manipulation of the sclera and cornea [2] while using forceps to pull away the retina and attached tissues [3].
2.4.1. LAB MEDIA: To be provided by Authors: Eye being inverted. Use LAB MEDIA 2_2_1 to 2_5_1 Adult lens dissection.MOV,  27-29 sec
2.4.2. LAB MEDIA: To be provided by Authors: Lens being immobilized Videographer: Can combine 2.4.2. and 2.4.3. if necessary 
2.4.3. LAB MEDIA: To be provided by Authors: Retina and tissues being pulled Videographer: Can combine 2.4.2. and 2.4.3. if necessary Use LAB MEDIA 2_2_1 to 2_5_1 Adult lens dissection.MOV,  30-38 sec, 2.4.2 and 2.4.3 combined
2.5.  Then carefully trim any excess tissue from the lens [1].
2.5.1. LAB MEDIA: To be provided by Authors: Tissue being trimmed. Use LAB MEDIA 2_2_1 to 2_5_1 Adult lens dissection.MOV,  39 sec – 1min
2.6. For larval zebrafish lens harvest, place a larval eye posterior side up onto the flat part of a silicone dish of PBS [1] and use a sharpened tungsten needle to make radial cuts through the retina and sclera while immobilizing the eye with another needle or forceps [2].
2.6.1. LAB MEDIA: To be provided by Authors: Eye being dissected from the larvae Use LAB MEDIA 2_6_1 Larval eye dissection.MOV,  4-19 sec
2.6.2. LAB MEDIA: To be provided by Authors: Eye being placed into dish posterior side up. larvae Use LAB MEDIA 2_6 to 2_7 Larval lens dissection.MOV,  0-14 sec
2.6.3. LAB MEDIA: To be provided by Authors: Cuts Eye being immobilized and cuts being made/.eye being immobilized Videographer: Can split action into separate shots as necessary Use LAB MEDIA 2_6 to 2_7 Larval lens dissection.MOV,  15-22 sec
2.7. Then gently scoop the lens from the dissociated eye with the blunt side of a custom-made tungsten wire needle [1] and carefully pull away the attached tissue [2].
2.7.1. LAB MEDIA: To be provided by Authors: Lens being scooped. Use LAB MEDIA 2_6 to 2_7 Larval lens dissection.MOV,  23-33 sec
2.7.2. LAB MEDIA: To be provided by Authors: Tissue being removed. Use LAB MEDIA 2_6 to 2_7 Larval lens dissection.MOV,  34-47 sec
3. Anterior-Posterior Axis Lens Nucleus Localization Measurement 
3.1. To measure the anterior-posterior axis lens nucleus localization, orient the freshly excised lenses axially in PBS in a 35-millimeter dish with a coverglass bottom [1] with the poles and sutures oriented parallel to the plane of focus [2].
3.1.1. WIDE: Talent placing lens into dish. 
3.1.2. CU: Shot of poles and sutures oriented parallel to plane of focus
3.2. To identify the lens nucleus, look for a difference in the refractive index, which usually occurs at the interface of the lens cortex and lens nucleus [1].
3.2.1. CU: Lens nucleus/refractive index being located [Author comment: Use 3.1.1.-3.1.2]
3.3. Irene Vorontsova: If sutures are not apparent, a slight nick with forceps to the lens capsule reveals the sutures and lens nucleus to help orient the lens for the measurement [1].

3.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
3.4. Place the dish on the stage of a dissection microscope equipped with a camera [1] and image the lenses with the lens nucleus in focus under bright field illumination or without differential interference contrast optics [2].
3.4.1. MED: Talent placing dish under microscope Consult with author for VO change
3.4.2. SCREEN: To be provided by Authors: Lens coming into focus
3.5. Image a micrometer under the same magnification for calibration and click Live View to adjust the exposure settings to visualize the lens nucleus and lens periphery [1].
3.5.1. SCREEN: To be provided by Authors: Micrometer being imaged, then Live View being clicked, and exposure being adjusted
3.6. Click Snap Shot to obtain an image and save the image as a .tif file [1].
3.6.1. SCREEN: To be provided by Authors: Snap Shot being clicked, then image being saved
3.7. To calibrate the acquired lens images, in an appropriate image processing software program [1], select the straight-line tool and draw a line of known length on the micrometer image [2].
3.7.1. MED-over the shoulder: Talent opening program
3.7.2. SCREEN: To be provided by Authors: Line being drawn. Use LAB MEDIA 3_7 to 4_4 nucleus measurement screen capture video.MOV,  0-8 sec

3.8. Click Analyze and Set Scale and enter the known distance and units [1].
3.8.1. SCREEN: To be provided by Authors: Analyze and Set Scale being clicked, then units being entered. Use LAB MEDIA 3_7 to 4_4 nucleus measurement screen capture video.MOV,  9-18 sec
3.9.  Then select “global” calibration and click Ok [1].
3.9.1. SCREEN: To be provided by Authors: Global calibration being selected and OK being clicked. Use LAB MEDIA 3_7 to 4_4 nucleus measurement screen capture video.MOV,  10-28 sec. Can also use 3.8.1.
4. Distance from the Center of the Lens Nucleus to the Anterior Pole Measurement (a - r)
4.1. To measure the distance from the center of the lens nucleus to the anterior pole [1], use the straight-line tool to draw a line across the imaged center of the lens nucleus in an axial orientation. The center of this line is the center of the lens nucleus [2].
4.1.1. WIDE: Talent at computer, drawing line, with monitor visible in frame
4.1.2. SCREEN: To be provided by Authors: Line being drawn, then center being emphasized.  Use LAB MEDIA 3_7 to 4_4 nucleus measurement screen capture video.MOV,  29-43 sec.
4.2. Draw another line from this point to the anterior pole of the lens and select Measure in the Analyze menu to measure the distance [1].
4.2.1. SCREEN: To be provided by Authors: Line being drawn, then Analyze and Measure being selected. Use LAB MEDIA 3_7 to 4_4 nucleus measurement screen capture video.MOV,  44-56 sec 
4.3. Draw another line from the anterior pole to the posterior pole and measure this distance as the lens diameter [1].
4.3.1. SCREEN: To be provided by Authors: Line being drawn, then distance being measured. Use LAB MEDIA 3_7 to 4_4 nucleus measurement screen capture video.MOV,  57 sec – 1:14
4.4. Then copy these lengths from the Results window to a spreadsheet [1] and calculate the normalized localization of the lens nucleus with respect to the lens radius [2-TXT].
4.4.1. SCREEN: To be provided by Authors: Data being pasted into spreadsheet
4.4.2. LAB MEDIA: Figure 7F TEXT: See text for normalized axial nucleus measurement calculation details



Section – Results
5. Results: Representative In Vitro and In Vivo Larval Zebrafish Lens Morphology Comparison

5.1. By 3 days post fertilization, anterior sutures form at the anterior pole [1] and the striking convergence of cells is clearly visualized by phalloidin staining of the narrow fiber cell membranes in fixed embryos [2]. 

5.1.1. LAB MEDIA: Figure 3A
5.1.2. LAB MEDIA: Figure 3A: JoVE Video Editor: please add white arrow as in original Figure 3A 

5.2. Stronger broad fiber cell labelling with a in lens membrane localized mApple transgenic Tol2-human beta-B-one-crystallin construct  allows the live visualization of membrane subdomains but lacks the sutural convergence [2].

5.2.1. LAB MEDIA: Figure 4A
5.2.2. LAB MEDIA: Figure 4A: JoVE Video Editor: please add white arrow as in original Figure 4A 

5.3. Posterior sutures can be visualized in both in vitro, [1] and in vivo at 3 days post-fertilization [2].

5.3.1. LAB MEDIA: Figure 3G JoVE Video Editor please add arrow as shown in original Figure 3G
5.3.2. LAB MEDIA: Figure 4G JoVE Video Editor please add arrow as shown in original Figure 4G

5.4. In an equatorial plane, phalloidin strongly labels the outer cortical fiber cells, revealing a flattened hexagonal shape [1].  

5.4.1. LAB MEDIA: Figure 3E: JoVE Video Editor please emphasize lack red signal and add arrows and narrow and broad side labels as in original Figure 3E

5.5. Phalloidin is excluded from the compacted lens nucleus [1] and wild type and mutant lenses look indistinguishable [2].

5.5.1. LAB MEDIA: Figures 3C and 3D: JoVE Video Editor please emphasize lack of red signal in center of both images
5.5.2. LAB MEDIA: Figures 3C and 3D: JoVE Video Editor please add WT label over left image and aqp0a-/-/aqp0b-/- over right image

5.6. The strong labelling of broad fiber cells in lens membrane localized mApple Tol2-human beta-B-one-crystallin construct mosaics transgenics [1] reveal disruptions in cell volume within the mutant lens [2]. 

5.6.1. LAB MEDIA: Figures 4C and 4D: JoVE Video Editor please emphasize red signal on outside of both images (i.e., not central red signal in Figure 4D)
5.6.2. LAB MEDIA: Figures 4C and 4D/4E and 4F: JoVE Video Editor please add/zoom into boxes in both images and show Figures 4E and 4F

5.7. As transgene expression is not limited by permeability, some mosaics reveal lens nucleus labelling [1].

5.7.1. LAB MEDIA: Figure 4D: JoVE Video Editor please emphasize red signal in center of Figure 4D image

5.8. In wild type animals, the lens nucleus starts closer to the anterior lens pole during the early stages of development [1] before centralizing during adulthood [2].

5.8.1. LAB MEDIA: Figure 7F: JoVE Video Editor please emphasize data line from about 0-5 mm
5.8.2. LAB MEDIA: Figure 7F: JoVE Video Editor please emphasize data line from about 20-25 mm
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Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Irene Vorontsova: Expression of a green-tagged protein in a transgenic host in which lens cell membranes fluoresce red allows the simultaneous protein localization and assessment of lens fiber cell morphology in vivo [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Jim Hall: Zebrafish are especially well suited for in vivo analysis. Using the tools described here, we can probe lens mechanisms largely studied in vitro in an in vivo system [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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