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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 – cellphone camera mounted to microscope eye-port  
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 (through a camera port or one of the oculars). Please list the make and model of your microscope.
ZEISS SteREO Discovery.V8

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.

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

☐ 	Author interview statement opt out. Statements removed completely.

4. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? Injection room and microscope imaging room are in the same building. The injection room is in the animal facility and approval is required for film crew to enter. 
 


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:  25
Number of Shots:  54 (13 Screenshots)

Introduction

1. Introductory Interview Statements

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. Samantha Ing-Esteves:  Early visualization of single-cell arbors is required to study neurite morphogenesis. By labelling developing arbors in a minimally invasive manner retinal tissue is healthy and suitable for prolonged confocal live-imaging.

REQUIRED: What is the main advantage of this technique?
1.2. Samantha Ing-Esteves: The main advantage of this method is the ability to visualize single-cell arbors in multiple colors within 4 days post-injection. This makes studying neonatal arbor morphologies possible.

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.

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. Samantha Ing-Esteves: This injection, imaging, and analysis protocol can be used to study arbor morphogenesis in the brain. Appropriate Cre selection and injection location must be determined to target the population of interest.

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. 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.

OPTIONAL: Why is visual demonstration of this method critical?
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 30 or fewer words.

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.

1.7.  Include additional demonstrators as needed.  
1.7.1. INTERVIEW: Author saying the above. 
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.8. Animal experiments are performed in accordance with the Canadian Council on Animal Care Guidelines for Use of Animals in Research and Laboratory Animal Care under protocols approved by the Laboratory of Animal Services Animal Use and Care Committee at the Hospital for Sick Children (Toronto, Canada).

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.

2. AAV Ppreparation and intravitreal injections of AAVs in of neonatal mice and imaging experiments.
2.1. Begin by selecting a Cre mouse line to label the retinal cell populations of interest [1]. Obtain recombinase-dependent AAV (A-A-V) virus encoding fluorescent proteins. by For optimal labeling of fine processes selecting vectors that express modified fluorescent proteins targeting the plasma membrane for optimal labeling of fine processes [2]. 
2.1.1. WIDE: Establishing shot of talent in front of a cage with mice.
2.1.2. Talent taking a vial of AAV out of the freezer.

2.2. Thaw an AAV aliquot on ice [1] and prepare a 1 to 4 AAV dilution using sterile saline or PBS [2]. To visualize the injections, add approximately 1 microliter of 0.02% Fast Green FCF dye solution for every 15 microliters of AAV dilution to color the solution blue [3]. 
2.2.1. Talent thawing the AAV aliquot on ice.
2.2.2. Talent making dilution of AAV with saline.
2.2.3. Talent adding Fast Green FCF dye to the AAV dilution. 

2.3. Transfer a mouse cage with a dam and newborn litter to a procedure room with microinjection equipment [1]. Sterilize the injection area with 70% ethanol [2] and prepare a heating pad for recovery [3].
2.3.1. Talent placing the mouse cage in the procedure room.
2.3.2. Talent sterilizing the injection area.
2.3.3. Talent preparing the heating pad.

2.4. Backfill the micropipette with the AAV dilution using a microsyringe [1]. Under a stereomicroscope, break the micropipette tip with a 30-gauge needle to unseal the tip [2].
2.4.1. Talent backfilling the micropipette with AAV dilution using microsyringe.
2.4.2. SCOPE: Talent breaking the micropipette tip using needle.

2.5. After anesthetizing the mice, tattoo paw pads with tattoo ink and using a 30-gauge needle to identify the animal [1]. and cCollect tail clippings for DNA isolation and to identify animals by genotyping [2].
2.5.1. Talent tattooing the mouse paws with ink and needle.
2.5.2. Talent collecting tail clippings.

2.6. Swab the skin overlying the eyes with 70% ethanol [1]. Use a 30-gauge needle to open the fused eyelid while by applying light pressure with the fingers to open the eye [2]. Poke a small hole through the cornea at the cornea-sclera junction [3].
2.6.1. Talent swabbing the skin over the eyes.
2.6.2. SCOPE: Talent opening the eyelids using the needle. Authors: Is the injection performed under a microscope? Yes, this is done under the scope.
2.6.3. SCOPE: Talent poking a small hole through the cornea.

2.7. Insert the glass micropipette into the hole [1] and press the microinjector foot pedal 2 to 4 times to inject the AAV into the intravitreal space [2]. Slowly remove the micropipette [3] and confirm AAV injection by visualizing blue dye in the pupil [4].
2.7.1. SCOPE: Talent inserting the glass micropipette into the hole.
2.7.2. Talent pressing the microinjector foot pedal to inject the AAV.
2.7.3. SCOPE: Talent removing the micropipette.
2.7.4. SCOPE: Talent observing the blue dye injection through the pupil.

2.8. Gently press the eyelids together to re-seal [1] and place the pup onto a heated pad [2]. Once the animals recover a pinkish color and are responsive, gently transfer them back to the housing cage [3-TXT].
2.8.1. Talent gently pressing the eyelids to re-seal.
2.8.2. Talent placing the pup on to the heating pad.
2.8.3. Talent transferring the animal to the housing cage. TEXT: Repeat the injection procedure for the remaining animals

3. Retinal dissections for live-imaging experiment 
3.1. Prepare retinal aCSF as mentioned in the text manuscript [1]. Oxygenate the retinal aCSF by bubbling with carbogen for a minimum of 15 minutes [2], then adjust the pH to 7.4 [3].
3.1.1. Talent preparing retinal aCSF. TEXT: aCSF-artificial cerebrospinal fluid
3.1.2. Talent bubbling carbogen in to the aCSF.
3.1.3. Talent adjusting the pH of the solution.
 
3.2. Embed a 60-millimeter diameter Petri dish into an ice tray [1] and fill it with oxygenated retinal aCSF [2]. Place the filled Petri dish under a stereomicroscope [3]
3.2.1. Talent placing the petri dish into ice tray.
3.2.2. Talent filling the petri dish with oxygenated aCSF.
3.2.3. Talent placing embedded the petri dish under the stereomicroscope

3.3. Cut the eyelid flap of the euthanized mouseice to expose the eye of the animal [1]. Use blunt forceps to enucleate the eyes [2] and transfer them into the cold retinal aCSF that is under the stereomicroscope [3].
3.3.1. Talent cutting the eyelid flap to expose the eyes.
3.3.2. Talent enucleating the eyes using forceps.
3.3.3. Talent transferring the eyes into cold retinal aCSF.

3.4. Dissect the retinal cup under a stereomicroscope. 
Talent placing the dish under a microscope.

3.5. Under the stereomicroscope, Sstabilize the eye by clasping the optic nerve using Dumont number 5 forceps and poke a hole in the center of the cornea with a 30-gauge needle [1], then insert one tip of the microscissors into the hole to make an incision from the hole to the end of the cornea [2]. Repeat to make 4 slices in the cardinal directions, creating 4 flaps [3].
3.5.1. SCOPE: Talent poking a hole in the center of the cornea using needle.
3.5.2. SCOPE: Talent making incision form the hole to the end of cornea using microscissors.
3.5.3. SCOPE: Talent making 4 slices in the cardinal directions.

3.6. Grasp and pull the two adjacent flaps apart, gently peeling the sclera from the retina for all the cornea flaps [1], then remove the lens from the retinal cup using the forceps [2]. Use microscissors to make 4 radial incisions from the edge of the retina towards the optic nerve, creating 4 equal petals [3-TXT]. 
3.6.1. SCOPE: Talent peeling the sclera from the retina by pulling the adjacent flaps.
3.6.2. SCOPE: Talent removing the lens from the retinal cup.
3.6.3. SCOPE: Talent making 4 radial incisions of the retina using microscissors. TEXT: Repeat for the second eye

4. Retinal flat-mount preparation
4.1. Prepare grey MCE membrane filter discs for mounting [1-TXT]. If using large diameter MCE membrane filters Ccut the disc into quadrants, roughly 1 centimeter across, if using large diameter MCE membrane filters [2]. Place the MCE disc onto the center of a larger white filter paper [3].
4.1.1. Talent preparing MCE membrane filter discs. TEXT: MCE- mixed cellulose ester
4.1.2. Talent cutting the disc into quadrants.
4.1.3. Talent placing the disc on the center of white filter paper.

4.2. Using two size 3 by 0 paint brushes, flip one retinal cup onto a paintbrush with the retinal ganglion cell side down [1]. Gently lift the retina out of the aCSF, making sure the water tension does not tear the retina [2].
4.2.1. SCOPE ECU: Talent flipping retinal cup using paint brush.
4.2.2. SCOPE ECU: Talent gently lifting retina out of aCSF.

4.3. While still holding the paintbrush with the retina, move the petri dish containing aCSF out of the way and place the white filter paper with MCE membrane under the stereoscope [1]. Uuse a transfer pipette to place a droplet of aCSF in the center of the MCE filter paper [21]. Float the retina into the droplet of aCSF created by the surface tension and charged MCE mambrane [32]. Use paint brushes to position the retina RGC side up within the droplet and to unfold the four petals [34-TXT].
4.3.1. Talent positioning the filter paper with MCE membrane under the stereoscope.
4.3.2. Talent placing a droplet of aCSF on the filter paper using pipette.
4.3.3. SCOPE: Talent floating the retina onto the droplet of aCSF.
4.3.4. SCOPE ECU: Talent positioning and unfolding the four petals of the retina. TEXT: RGC-retinal ganglion cells

4.4. Once positioned, create a water bridge between the paintbrush and white filter paper to break the surface tension of the droplet [1].
4.4.1. Talent creating a water bridge between paintbrush and filter paper.

5. Time-lapse confocal imaging of live whole-mount retina preparations.
5.1. Assemble the live-imaging incubation chamber  [1] and fand fill it  it with oxygenated aCSF [2]. Turn on the pump and temperature controller, making sure that the temperature does not rise above 34 degree Celsius. It can take up to an hour for the chamber temperature to stabilize. It is recommended to set up the incubation chamber before beginning retinal dissection. Stable chamber temperature helps reduce sample drift [3-TXT]. 
5.1.1. Talent assembling live-imaging incubation chamber.
5.1.2. Talent filling the chamber with oxygenated aCSF.
5.1.3. Talent turning on the pump and temperature controller. TEXT: temperature 32–34 °C, flow rate 1 mL/min

5.2. To transfer the retinal flat mount to the perfusion chamber, stop the pump [1], and remove the aCSF that is in the chamber [2]. Place the MCE disc with the retinal flat mount into the incubation chamber [3].
5.2.1. Talent stopping the pump.
5.2.2. Talent removing the aCSF from the chamber.
5.2.3. Talent placing the MCE disc with the retinal flat mount in the chamber.

5.3. Place a sample weight onto the flat mount, pre-wetting the sample weightit to break the surface tension. Ensure the sample weight is placed on the MCE paper to reduce sample drift.  [1]. Refill the chamber with the warmed aCSF and circulate aCSF at approximately 1 milliliter per minute [2].
5.3.1. Talent placing a sample weight onto the flat mount.
5.3.2. Refill the chamber with warm aCSF and circulate.

5.4. Position the nosepiece with the 25x water dipping objective into the imaging chamber [1]. S and screen for labelled cells of interest using epifluorescent light [2] and. A adjust the imaging volume to capture dendritic features of interest [23].
5.4.1. Talent positioning the nosepiece with water dipping objective in the chamber.
5.4.2. SCOPE: SCREEN: Screening for labelled cells of interest and adjust the imaging volume.	Comment by Sam Ing Esteves: screening is done through the microscope eyepeice
5.4.3. SCREEN: Adjusting the imaging volume.	Comment by Sam Ing Esteves: Hospital computer. I can get still screen grabs.
Authors: Please create screen capture videos of the shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19003988

5.5. Usinge a look-up table that identifies both oversaturated and undersaturated pixels, [1]. While scanning, adjust the laser power such that no pixels are oversaturated [2]. Acquire the 3D imaging volume and repeat acquisition at the desired frame rate. Imaging volume can be adjusted between each timepoint to compensate for sample drift [1].
5.5.1. SCREEN: look-up table.	Comment by Sam Ing Esteves: Hospital computer. I can get still screen grabs.
5.5.2. SCREEN: Look-up-table with no oversaturated pixels Adjusting the laser power.	Comment by Sam Ing Esteves: Hospital computer. I cannot install screen capture software on this computer. I can captured a video of converting to the recommended look-up-table on my desktop viewer.
5.6. 

6. Image deconvolution and post-processing in ImageJ
6.1. Import the image series, splitting them the images by time [1]. Save all timepoints manually or by running a macro plugin [21]. , and Ccreate a theoretical point-spread function using the ImageJ plugin by clicking Diffraction PSF 3D. Lens numerical aperture, fluorophore emission wavelength, pixel size, and z-spacing are required to create and an accurate PSF.  [32].
6.1.1. SCREEN: Importing and splitting the images.	Comment by Sam Ing Esteves: Step 6 onward is a personal computer and video screen captions will be uploaded.
6.1.2. SCREEN: Use ImageJ Macro to save all open files
6.1.3. SCREEN: Creating PSF. TEXT: Index of refraction for aCSF media 1.33.

6.2. Select Plugins, Macros, and Run to perform batch Parallel Iterative Deconvolution for all timepoints using the provided macro [1]. Import Compile all deconvolved time points as a stack by clicking File, Import, then Image Sequence [3]. Convert the stack into a Hyperstack by clicking Image, Hyperstacks, then Stacks to Hyperstack. Number of z-slices and time frames is required [32]. Correct the 3D drift using the Correct 3D Drift plugin  [43].
6.2.1. SCREEN: Perform deconvolution
6.2.2. SCREEN: compiling time pointsImport time points as a stack
6.2.3. SCREEN: Convert stack to hyperstack
6.2.4. SCREEN: correcting 3D drift.

6.3. Save the 3D drift corrected hyperstack and Rconverteturn the image back to a regular stack by clicking Image, Hyperstacks, Hyperstack to Stack [1]. Then  and split the time points by clicking Image, Stacks, Tools, and Stack Splitter. For number of substacks to split enter the number of timepoints [2]. Use batch processing to create a maximum projection for all time points [31-TXT].
6.3.1. SCREEN: Save 3D corrected hyperstack and rReturn image to regular stack.
6.3.2. SCREEN: Splitting time.
6.3.3. SCREEN: Creating maximum projections. TEXT: Process | Batch | Macro | run("Z Project...", "projection=[Max Intensity]

6.4. Import the time-lapse image sequence by clicking File, Import, then Image Sequence and use conventional ImageJ tools for the desired analysis of deconvolved and post-processed two-dimensional video [1].
6.4.1. SCREEN: Importing time-lapse image sequence. Authors: Please create screen capture videos of the shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19003988


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

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
2.7 - microinjections
3.5 - peeling sclera
4.2 - flipping the retina
4.3 - mounting retina
5.3 - adding sample weight
5.5 - adjusting saturation and capturing time-series

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.

Microinjections:
2. The AAV must remain in the eye. Keeping the injection hole small and handling the eye gently ensures the AAV does not leak out. Moving slowly and with precision helps keep the retina intact and healthy. 

Minimizing sample drift:
5.1, 5.3, 5.5 – Controlling for sample drift is the hardest part of capturing a good 3D time-series. 

5.1: allowing the temperature to stabilize reduced drift due to expanding or contracting tissue that occur when temperature fluctuates. It important to start imaging only after the chamber temperature is no longer fluctuating. 

5.3: adding a weight to the sample reduces drift, ensuring the tissue is not floating around

5.5: manually capturing time points allows the experimenter to reposition the imaging volume between each aquation. This ensure that the features of interest are always in the center of the frame. 




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: 113. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 

7. Representative results after neonatal intraocular injection, time-lapse imaging, and deconvolution
7.1. A high-resolution 3D video of developing starburst cell dendrites was acquired, deconvolved, and corrected for 3D drift. The Z-plane maximum projections were produced to make 2D videos for analysis [1].
7.1.1. LAB MEDIA: Supplemental_Video_resubmission_538-3-P6-t2min-z750-xy143.66.avi 

7.2. Z-plane maximum projections were produced to make 2D videos for analysis, showing an area of dendritic refinement [1] and an area of dendritic outgrowth [2].
7.2.1. LAB MEDIA: Figure 5A. Video editor focus on the red box.
7.2.2. LAB MEDIA: Figure 5A. Video editor focus on the green box.

7.3. 3D deconvolution of each time point increased the resolution of fine filopodia projections of single P6 starburst amacrine cell before [1] and after deconvolution with ImageJ [2].
7.3.1. LAB MEDIA: Figure 5B. Video editor focus on the red box.
7.3.2. LAB MEDIA: Figure 5C. Video editor focus on the deblurring of successful deconvolution in the red inset box.

7.4. Prolonged AAV infection periods do not necessarily lead to increased fluorescence fluorescent of labeled P6 starburst amacrine cellssignal, as shown by similar levels of protein expression in 5 dpi and 11 dpi [1].
7.4.1. LAB MEDIA: Figure 5D. 


Conclusion
8. [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.
8.1. Samantha Ing-Esteves: (5.1, 5.3, 5.5) Reducing sample drift during imaging is important. Drift is minimized when imaging chamber temperature is consistent and by appropriately positioning the sample weight. If drift occurs, manually capturing timeframes allows adjustment of the imaging volume, ensuring features of interest remain in frame. 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Samantha Ing-Esteves: This protocol produces deconvolved and drift-correct 3D videos of developing neurites. These results are the first step in the development of advanced neurite tracking algorithms and softwares, which may be able to provide high-throughput analysis of neurite morphogenesis.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

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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