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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  
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.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes
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 video files to your project page as soon as possible.
https://www.jove.com/account/file-uploader?src=19411163

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? Same building, two different floors.

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  20
Number of Shots:  44

Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Doekele Stavenga: The protocol and the system are designed to analyze the visual system of flies such that mapping is realized with minimal human intervention. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

REQUIRED: What is the main advantage of this technique?
1.2. Mauricio Muñoz-Arias: With the protocol and the system we precisely know how the visual space of flies eyes is organized. The system’s  advantages is the reproducibility and speed of the mapping.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. 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 30 or fewer words.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Mauricio Muñoz-Arias: The study of compound eyes is an important part of animal vision research and has inspired several technical innovations which have produced artificial eyes.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Doekele Stavenga: We have set an example on how to build and test an automatic device for scanning compound eyes. Details of algorithm development that bring the parts together need particular attention.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.7. The protocol is in accordance with the University's insect care guidelines.

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

Authors: Please obtain screen capture videos for all the shots labeled SCREEN and upload them on your project page: https://www.jove.com/account/file-uploader?src=19411163

2. Preparation of a Housefly, Musca domestica
2.1. Start with collecting a fly from the laboratory-reared population [1]. Place the collected fly in a brass holder [2]. 
2.1.1. WIDE: Establishing shot of talent collecting a fly from the laboratory-reared population.
2.1.2. Talent placing the collected fly in a brass holder.

2.2. Prepare a restraining tube by cutting 6-millimeter from the upper part [1] so that the tube has an external diameter of 4 millimeters and an internal diameter of 2.5 millimeters in the upper part [2].
2.2.1. Talent cutting 6-mm from the upper part of restraining tube.
2.2.2. The cut restraining tube with external diameter of 4 mm and an internal diameter of 2.5 mm.

2.3. Place the live-fly inside the cut tube [1] and seal the tube with cotton to prevent damaging the fly [2]. Then, push the fly such that the head protrudes from the tube and the body is restrained in the tube [3]. Use beeswax to immobilize the head [4] while the eyes remain uncovered [5].
2.3.1. Talent placing live fly inside the cut tube.
2.3.2. Talent sealing the tube with cotton.
2.3.3. Talent pushing the fly. Fly with the head protruded from the tube and its body is restrained.
2.3.4. Talent applying beeswax to immobilize the head.
2.3.5. The uncovered eyes of the fly after applying bees wax.

2.4. Once done, cut the tube to achieve a tube length of 10 millimeters [1]. Then, place the plastic tube containing the fly in the brass holder [2] with one eye of the fly pointing upward and the holder resting on a tabletop [3].
2.4.1. Talent cutting the tube.
2.4.2. Talent placing plastic tube with the fly in the brass holder.
2.4.3. Shot of one eye of the fly is pointing upward, and the holder is resting on a tabletop.

2.5. Adjust the orientation of the tube on the microscope as described in the manuscript to scan the whole eye within the range of the azimuth and elevation allowed by the setup [1].	Comment by Mithila B: Authors: Since the details of the placement are explained in later steps, will this step be performed here?
2.5.1. Talent adjusting the tube on the microscope.

3. Alignment of the Goniometer's Rotating Azimuth Axis with the Microscope Optical Axis
3.1. Set up the microscope by mounting an alignment pin on the azimuth rotation stage so that the x-y position of the tip can be adjusted to coincide with the azimuth axis on the motorized stage [1]. While viewing with the microscope, equipped with a 5x (5 times) objective [2], use the z-axis joystick [3] to focus on the tip [4].
3.1.1. WIDE: Talent mounting alignment pin on the azimuth rotation stage.
3.1.2. Talent viewing through a microscope.
3.1.3. Talent using z-axis joystick.
3.1.4. SCOPE: The tip being focused.

3.2. Next, align the x-y adjustment of the azimuth axis with the microscope's optical axis [1] and use the x- and y-axis joysticks [2] to ensure that the elevation and azimuth rotary axes are pre-aligned with the centered pin [3]. 
3.2.1. SCOPE: Aligning x-y adjustment of the azimuth axis with the microscope's optical axis.
3.2.2. Talent using x- and y-axis joysticks.
3.2.3. SCOPE: The elevation and azimuth rotary axes aligned with the centered pin

3.3. Manipulate the azimuth and elevation joysticks to check whether the pin is centered with respect to both degrees of freedom [1]. When well-centered, the pin tip remains in the same position during azimuth and elevation rotations [2].
3.3.1. SCOPE: The position of pin being checked.
3.3.2. SCOPE: Well centered pin.


4. Alignment of the Fly Eye with the Motorized Stages
4.1. Align and mount the fly with the elevation stage at 0 degrees and holder on the azimuth stage [1]. Then, observe the fly's eye with the microscope [2].
4.1.1. WIDE: Talent mounting the fly on the microscope.
4.1.2. SCOPE: Observing the fly's eye under the microscope.

4.2. After turning the illumination LED on, adjust the horizontal position of the fly to align the center of the pseudopupil [1]. Then, change the vertical position of the pseudopupil by using the rotating screw of the holder [2] so that the deep pseudopupil is brought into focus at the level of the elevation axis [3].
4.2.1. SCOPE: Adjusting the horizontal position of the fly to align the center of the pseudopupil.
4.2.2. Talent using the rotating screw of the holder.
4.2.3. SCOPE: Bringing deep pseudopupil into focus. DPP in focus at the level of the elevation axis.

4.3. Next, line the deep pseudopupil with respect to the azimuth and elevation axes by centering it in the field of view [1]. Then, affix the magnets glued to the bottom of the fly holder to an iron plate mounted on the azimuth stage while permitting manual sliding adjustments [2].
4.3.1. SCOPE: Lining DPP with respect to the azimuth and elevation axes by centering it in the field of view.
4.3.2. Talent removing the magnets glued to the bottom of the fly holder and affixing them to an iron plate.

4.4. When the setup is ready, switch the view to the digital camera mounted at the microscope [1] and run the software initialization of the GRACE system, which includes initializing the motor controllers and the Arduino LED controller [2]. To do so, open MATLAB (mat-lab) R2020a or higher version and run the MATLAB script [3-TXT]. Authors: How would you like JoVE's voice talent to pronounce R2020a? As R-two-zero-two-zero-A or other? It should be pronounced “Version twenty-twenty-B”
4.4.1. Talent switching on the digital camera/ switching view to digital camera.
4.4.2. Talent at the computer, initializing the software.
4.4.3. SCREEN: MATLAB being opened, and script being run. TXT: Initialize_All_Systems

4.5. On the computer screen, confirm that the fly's pseudopupil is at the center of the projected image [1].
4.5.1. SCREEN: Fly's pseudopupil at the center of the image.


5. Autofocusing and Autocentering
5.1. Use the z-axis joystick [1] to bring the focus to the level of the corneal pseudopupil [2].
5.1.1. WIDE: Talent using z-axis joystick.
5.1.2. SCREEN: Corneal pseudopupil being focused.

5.2. Once the focus is aligned, run the autofocusing algorithm to obtain a sharp image at the cornea level [1-TXT]. Then, return the focus to the deep pseudopupil level by adjusting the motorized z-axis stage. Store the distance between the deep pseudopupil and corneal pseudopupil [2].
5.2.1. SCREEN: The autofocusing algorithm being run and sharp image at the cornea level being obtained TXT: Refer to Supplementary File 1 and manuscript for details of all algorithms Video Editor: Please emphasize/highlight the algorithm being run
5.2.2. SCREEN: DPP being focused. Distance between the deep pseudopupil and corneal pseudopupil being stored.

5.3. Next, fine-tune the pseudopupil centering with the auto-centering algorithm, followed by bringing the focus back to the corneal pseudopupil level [1].
5.3.1. SCREEN: Autocentering algorithm being run and focus being back to the corneal pseudopupil level Video Editor: Please emphasize/highlight the algorithm being run

5.4. Re-run the autofocusing algorithm and zero the motorized stages at their current positions [1-TXT].
5.4.1. SCREEN: Autofocusing algorithm being run and the motorized stages being zeroed at current positions TXT: Positions: (X,Y,Z,E,A) = (0,0,0,0,0); E is elevation, A is azimuth

5.5. While scanning the eye, run the scanning algorithm to sample the eye images along the trajectories in 5-degree steps, while performing the autocentering and autofocusing algorithms [1].
5.5.1. SCREEN: Scanning algorithm being run Video Editor: Please emphasize/highlight the algorithm being run

5.6. At the conclusion of the sampling, turn off the LED [1] and motor controllers [2].
5.6.1. Talent turning off the LED controller.
5.6.2. Talent turning off motor controllers.

5.7. Later, process the images by applying the image processing algorithms [1].
5.7.1. SCREEN: algorithm being applied and images being processed. Video Editor: Please emphasize/highlight the algorithm being run


Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.All steps are important: Special attention should be given to:
2.5
3.1-3.3
4.5

2) If a dissection or stereo microscope is required for your protocol, please list all shots 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.2.3.4
2.3.5

[bookmark: Text2]We have uploaded the video called:   63643_2.3.4_and_2.3.5.mp4    



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 209. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Results: The Measurement of The Spatial Organization of The Visual Axes of Housefly Eyes 
6.1. In the study of optics of the fly-eye [1], the image at the eye surface level shows the facet reflections [2] and the pigment granule reflection in the activated state [3]. 
6.1.1. LAB MEDIA: Figure 3 B.
6.1.2. LAB MEDIA: Figure 3 B. Video Editor: Please emphasize bright dots
6.1.3. LAB MEDIA: Figure 3 B. Video Editor: Please emphasize circled around bright dots

6.2. The image taken at the level of the center of eye curvature [1] illustrated the reflection of the arrangement of the photoreceptor cells in a trapezoidal pattern, with their distal ends positioned at about the focal plane of the facet lenses [2].
6.2.1. LAB MEDIA: Figure 3 C.
6.2.2. LAB MEDIA: Figure 3 C. Video Editor: Please emphasize bright yellow trapezoidal shape.

6.3. Two successive images were correlated to determine a shift in the translation of the facet pattern [1]. An image taken during a scan across the eye [2] is shown with the facet centroids [3]. After an azimuthal rotation of 5 degrees, the subsequent image is illustrated here [4].
6.3.1. LAB MEDIA: Figure 6.
6.3.2. LAB MEDIA: Figure 6 A. 
6.3.3. LAB MEDIA: Figure 6 A. Video Editor: Please emphasize bright dots marked with green circles and red squares
6.3.4. LAB MEDIA: Figure 6 B. 

6.4. The centroid procedure could not identify all the facets [1]. A low local reflectance caused by minor surface irregularities or specks of dust resulted in erroneous centroids [2]. The error was resolved by calculating a fast Fourier transform [3].
6.4.1. LAB MEDIA: Figure 7. 
6.4.2. LAB MEDIA: Figure 7 A and B. Video Editor: Please emphasize image 7 A
6.4.3. LAB MEDIA: Figure 7 A and B. Video Editor: Please emphasize image 7 A

6.5. The first ring of harmonics [1] defines three orientations indicated by the blue, red, and green lines [2]. The inverse transformation of the harmonics along the three orientations yielded the gray bands [3].
6.5.1. LAB MEDIA: Figure 7 B. Video Editor: Please emphasize yellow stars
6.5.2. LAB MEDIA: Figure 7 A and B. Video Editor: Please sequentially emphasize colored lines
6.5.3. LAB MEDIA: Figure 7 C, D, E.

6.6. The right eye of a housefly was scanned [1], from the frontal side [2] to the lateral side [3] in 24 steps [4]. The image shows the assembly of the facets as a Voronoi diagram [5].
6.6.1. LAB MEDIA: Figure 8. 
6.6.2. LAB MEDIA: Figure 8 A. Video Editor: Please emphasize right side of the image
6.6.3. LAB MEDIA: Figure 8 A. Video Editor: Please emphasize left side of the image
6.6.4. LAB MEDIA: Figure 8 A. Video Editor: Please emphasize green cross marks.
6.6.5. LAB MEDIA: Figure 8 B.




Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
7.1. Doekele Stavenga: (4.3) At the start of the scanning, special attention should be given to the adjustment of the deep-pseudopupil of the fly eye at the rotation center of the goniometric system.
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Mauricio Muñoz-Arias: Here we apply epi-illumination microscopy. The method can be straightforwardly extended to fluorescence microscopy to study insects that do not have a reflecting pseudopupil. 
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Doekele Stavenga: Quantitative knowledge of the distribution of the visual axes of an eye will allow understanding how visual systems are optimized for certain tasks such as hunting, mating, or detecting predators.
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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