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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?
No. 
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.
Make: BoliOptics
Model: SZ04010121.
2.9.1., 2.9.2., 2.10.1., 2.10.2.,2.10.3.
Videographer: Please use the SCOPE kit to film all SCOPE-labeled shots 
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Please upload all screen captured video files to your project page as soon as possible.

Videographer: Please film the screen for all shots labeled 'SCREEN' on the day of shoot as backup

3. Filming location: Will the filming need to take place in multiple locations?   No.

Current Protocol Length
Number of Steps: 23
Number of Shots: 49

Interviews 
1. Video 1: Author Spotlight: Advanced Imaging Techniques for Studying Retinal Pericyte Morphology and Spatial Distribution

Ethics Title Card
This research has been approved by the Ethics Committee of the Institute of Acupuncture and Moxibustion, China Academy of Chinese Medical Sciences

Videographer: Obtain headshots for all authors. 


[bookmark: OLE_LINK8][bookmark: OLE_LINK9]REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Shuang Zhang: The scope of this research is to study the morphology and spatial distribution of pericytes in the retinal vasculature using advanced imaging techniques.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What technologies are currently used to advance research in your field?
1.2. Shuang Zhang: In order to provide a detailed view to demonstrate the morphological characteristics of pericytes, the study described a new approach combining the retro-orbital injection of fluorescent agent, immunofluorescent-staining, and tissue clearing treatment to advance research in our field. 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 3.3.1 and 3.3.2

What significant findings have you established in your field?
1.3. Yuqing Wang: Our technique clearly demonstrates that compared to the pre-clearing state of the mouse retinal tissue, the background signals of blood vessels and pericytes labeled with fluorescent tomato lectin and PDGFR-β are significantly reduced after tissue clearing, facilitating a more precise observation of their spatial relationship by the researchers.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 3.10.2

What advantage does your protocol offer compared to other techniques?
1.4. Jia Wang: Our results indicate that these techniques are highly compatible for demonstrating the pericytes in retinal vasculature in the whole-mount retina. The combination of these histological techniques is an effective approach to visualize the morphological characteristics of pericytes in detail from a 3D view. 
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Sugegsted B roll: 3.12.2

Videographer: Obtain headshots for all authors.

Protocol Videos 
2. Video 2: In Vivo Retro-Orbital Injection of Fluorescent Tomato Lectin and Retina Dissection in Mice for Retinal Vasculature Visualization 
Demonstrators: Shuang Zhang and Jia WangZheng Wang
Ethics Title Card
Procedures involving animal subjects have been approved by the Ethics Committee of the Institute of Acupuncture and Moxibustion, China Academy of Chinese Medical Sciences
Protocol
2.1. To begin, place the anesthetized mouse in the right lateral recumbency with its head facing to the left [1-TXT]. Gently press two fingers on the peri-orbital area to expose the mouse’s left eye [2].
2.1.1. WIDE: Talent placing the mouse in the right lateral recumbency with the head facing left. TXT: Anesthesia: 50 mg/kg Pentobarbital Videographer: Please take a still image of talent performing this action. Make sure that it is at least a half-body shot with the talent's face visible and zoom out so we have room for cropping. 
2.1.2. Talent pressing the peri-orbital area to expose the mouse’s left eye.

2.2. Using a 1-milliliter syringe equipped with a 27 gauge needle, gently pierce about 2 to 3 millimeters into the orbital venous sinus, ensuring the bevel of the needle is facing forward at a 45-degree angle [1]. Inject 0.1 milliliters of fluorescent tomato lectin into the orbital venous sinus [2].
2.2.1. Talent holding a 1-milliliter syringe with a 27G needle and piercing the orbital venous sinus.
2.2.2. Talent injecting the fluorescent tomato lectin into the venous sinus.

Perfusion and Enucleation of Eyes
2.3. After 5 minutes of retro-orbital injection, euthanize the mouse and use surgical scissors to open the thoracic cavity [1-TXT]. Insert 24 gauge needle 2 millimeters into the left cardiac ventricle through the left ventricular apex [2].
2.3.1. Talent using surgical scissors to open the thoracic cavity of an euthanized mouse. TXT: Euthanasia: 250 mg/kg Tribromoethanol
2.3.2. Talent inserting 24G needle into the left cardiac ventricle through the left ventricular apex.

2.4. Perform perfusion at a rate of 3 milliliters per minute with 20 milliliters of 0.9% physiological saline [1], followed by 20 milliliters of 4% formaldehyde in 0.1 molar phosphate buffer [2].
2.4.1. Talent performing perfusion of the ventricle with saline.
2.4.2. Formaldehyde being perfused into the ventricle.

2.5. Next, place the sacrificed mouse on its side and remove the skin covering the eyes with scissors [1]. Enucleate the eyes with scissors and forceps [2].
2.5.1. Talent placing the sacrificed mouse on its side and removing the skin covering the eyes with scissors.
2.5.2. Talent enucleating the eyes with scissors and forceps.

2.6. Cut the optic nerve and surrounding tissues, and lift out the eye [1]. Transfer the eye to a 12-well plate for fixing in 4% formaldehyde in 0.1 molar phosphate buffer for 2 hours [2].
2.6.1. Talent cutting the optic nerve and surrounding tissues and lifting the eye out.
2.6.2. Talent transferring the eye to a 12-well plate containing 4% paraformaldehyde.

2.7. After fixation, cryoprotect the eye in 25% sucrose in 0.1 molar phosphate buffer at 4 degrees Celsius [1] until it sinks to the bottom of the solution [2].
2.7.1. Talent placing the eye in a sucrose solution. 
2.7.2. ECU: Shot of the eye sinking to the bottom of the solution.

Dissection of Retinas
2.8. Using a plastic Pasteur pipette, transfer the eye into a Petri dish containing 0.1 molar phosphate buffer [1].
2.8.1. Talent transferring the eyes into the Petri dish filled with 0.1 M phosphate buffer.

2.9. Pierce the edge of the cornea with sharp scissors [1], cut around the cornea and iris, and discard them [2].
2.9.1. SCOPE: Piercing the edge of the cornea with sharp scissors.
2.9.2. SCOPE: Cutting around the cornea and iris and discarding them.

2.10. Using forceps, remove the lens and vitreous humor [1]. Then, use fine forceps to pull the cup-shaped retina away from the center of the eye [2]. Rinse the retina with 0.1 molar phosphate buffer in a clean Petri dish [3].
2.10.1. SCOPE: Removing the lens and vitreous humor with forceps.
2.10.2. SCOPE: Using fine forceps to pull the retina away from the center of the eye.
2.10.3. SCOPE: Rinsing the retina with 0.1 M phosphate buffer in a clean Petri dish.
3. Video 3: Immunofluorescent-Staining and Tissue-Clearing of Mice Retinas for Visualization of Retinal Vascular Pericytes
Demonstrators: Yuqing Wang, Jia Wang, and Shuang Zhang
[bookmark: _Hlk120633226]Ethics title card
Procedures involving animal subjects have been approved by the Ethics Committee of the Institute of Acupuncture and Moxibustion, China Academy of Chinese Medical Sciences

Protocol
3.1. After isolating the cup-shaped mouse retina, incubate it in a 2% Triton X-100 solution in 0.1 molar phosphate buffer [1] overnight at 4 degrees Celsius [2].
3.1.1. WIDE: Talent placing the retina in a solution of 2% Triton X-100.
3.1.2. Talent transferring the dish to a refrigerator. 

3.2. The next day, transfer the retina into the blocking solution [1-TXT] and rotate at 72 rpm (r-p-m) on the shaker overnight at 4 degrees Celsius [2].
3.2.1. Retina being transferred into the blocking solution. TXT: Blocking solution: 0.1 M PB + 1% Triton-X 100 + 0.2% NaN3 + 10% normal donkey serum
3.2.2. Talent placing the dish containing the retina onto a shaker. 

3.3. Then, place the retina into a microcentrifuge tube containing the primary antibodies of goat anti-PDGFR-β (P-D-G-F-R-beta) in dilution buffer [1-TXT]. Rotate the tube on the shaker for 2 days at 4 degrees Celsius [2].
3.3.1. Talent transferring the retina into the microcentrifuge tube with the primary antibody solution. TXT: Dilution buffer: 0.1 M PB + 0.2% Triton-X 100 + 0.2% NaN3+ 1% normal donkey serum
3.3.2. Talent placing the tube on a shaker. 

3.4. After 2 days, wash the retina twice with washing buffer at room temperature [1]. Place the retina in the washing buffer and transfer it to the shaker overnight at 4 degrees Celsius [2].
3.4.1. Retina being washed twice with washing buffer.
3.4.2. Talent adding retina into a container containing washing buffer and placing the container on a shaker. TXT: Washing buffer: 0.1 M PB + 0.2% Triton-X 100

3.5. The next day, transfer the retina into a microcentrifuge tube containing a solution of 1 milligram per milliliter secondary antibody of donkey anti-goat 488 and 0.2 nanograms per milliliter fluorescent nuclear stain DAPI (/ˈdæpi/) [1]. Rotate the tube on the shaker at 72 rpm for 5 hours at 4 degrees Celsius [2].
3.5.1. Talent transferring retina into a tube containing secondary antibody solution. 
3.5.2. Talent placing the tube on a shaker. 

3.6. Wash the retina in a 6-well plate with washing buffer for 1 hour, twice, at room temperature [1]. Incubate the retina in washing buffer on the shaker overnight at 4 degrees Celsius [2]. 
3.6.1. Talent transferring retina into a plate containing the washing buffer. 
3.6.2. Talent placing the tube on a shaker. 


3.7. The next day, transfer the retina to the tissue-clearing reagent [1] and gently rotate it on the shaker at 60 rpm for 1 hour at 37 degrees Celsius [2].
3.7.1. Talent transferring the retina to the tissue-clearing reagent.
3.7.2. Talent placing the plate on a shaker. 

3.8. After the tissue clearing, rinse the retina with 0.1 molar phosphate buffer in a clean Petri dish [1]. Using spring scissors, make 4 radial incisions reaching approximately two-thirds of the radius of the retina to create a petal shape [2].
3.8.1. Retina being rinsed with phosphate buffer in a Petri dish.
3.8.2. Talent making 4 radial incisions on the retina with spring scissors.

3.9. Flatten the retina and mount it on a microscope slide with the inside of the retina facing up [1]. Use a small piece of absorbent paper to remove any excess phosphate buffer [2]. Circle the mounted retina with a spacer [3]. Fill the gap with fresh tissue-clearing reagent and place a coverslip on top [4].
3.9.1. ECU: Talent flattening the retina and mounting it on a slide.
3.9.2. Talent removing excess buffer with absorbent paper.
3.9.3. Talent placing spacer around the mounted retina.
3.9.4. Talent filling the gap with tissue-clearing reagent and applying a coverslip.
Imaging and Analyses
3.10. SOn a confocal imaging system, scan the montage views of the labeled retina using the panoramic tissue slice scanner [1]. Take the higher magnification images using an imaging system equipped with a 10x 2x (tentwo-X) and a 140x (tenforty-X) lens with numerical apertures of 0.40 and 0.95, respectively [2].
3.10.1. SCREEN: To be uploaded by Authors: Panoramic tissue slice scanner scanning the montage views of the labeled retina. Videographer: Please film the screen for all shots labeled 'SCREEN' on the day of shoot as backup
3.10.2. SCREEN: To be uploaded by Authors: Capturing images with a 10x and 40x objective lens with their respective numerical aperture. 
Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/account/file-uploader?src=20568028

3.11. Capture 50 Z (zee)-stack images from the labeled retina in 2-micrometer frames [1]. Then, sequentially click Set Start Focal Plane, Set End Focal Plane, Set Step Size, Choose Depth Pattern, Image Capture, and Z Series to integrate all images into a single in-focus image using projection and topography mode [2].
3.11.1. SCREEN: To be uploaded by Authors: Interface showing Z-stack capture of 50 images in 2-micrometer frames.
3.11.2. SCREEN: To be uploaded by Authors: Buttons clicked in the software: Set Start Focal Plane > Set End Focal Plane > Set Step Size > Choose Depth Pattern > Image Capture > Z Series and image integration using projection/topography mode.

3.12. Next, capture images using the green fluorescence at 499 and 519 nanometers [1], red fluorescence at 591 and 618 nanometers [2], and blue fluorescence at 401 and 421 nanometers [3].
3.12.1. SCREEN: To be uploaded by Authors: Capturing green fluorescence images.
3.12.2. SCREEN: To be uploaded by Authors: Capturing red fluorescence images.
3.12.3. SCREEN: To be uploaded by Authors: Capturing blue fluorescence images.

3.13. Sequentially select Add New Surfaces, Choose Volume Settings, Choose Source Channel, Adjust Display, Adjust Surface Angle, and Snapshot to import the Z-stack confocal images into analysis software [1] and reconstruct the images in the three-dimensional pattern [2]. 
3.13.1. SCREEN: To be uploaded by Authors: Buttons clicked: Add New Surfaces > Choose Volume Settings > Choose Source Channel > Adjust Display > Adjust Surface Angle > Snapshot and importing confocal images into the analysis software.
3.13.2. SCREEN: To be uploaded by Authors: Reconstructing images in three-dimensional mode. Videographer: Please film the screen for all shots labeled 'SCREEN' on the day of shoot as backup
Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/account/file-uploader?src=20568028

Representative Results
3.14. The tissue transparency of the whole-mount retina was increased after the tissue-clearing treatment [1] compared to the retina without tissue clearing [2].
3.14.1. LAB MEDIA: Figure 1 Video Editor: Please emphasize Figure B
3.14.2. LAB MEDIA: Figure 1 Video Editor: Please emphasize Figure A

3.15. Retinal vasculature labeled with tomato lectin and retinal pericytes labeled with PDGFR-β (P-D-G-F-R-beta) were visible both before [1] and after tissue clearing [2], but the background noise was reduced following tissue clearing [3].
3.15.1. LAB MEDIA: Figure 2 Video Editor: Please emphasize Figure A
3.15.2. LAB MEDIA: Figure 2 Video Editor: Please emphasize Figure B
3.15.3. LAB MEDIA: Figure 2B

3.16. Retinal pericytes were observed along the vascular tree, showing a gradational distribution from the central to peripheral regions of the retina [1].
3.16.1. LAB MEDIA: Figure 3 Video Editor: Please emphasize images A1-D1

3.17. The 3-dimensional Z-stack images from the cleared retina showed that pericytes tightly wrapped around retinal vessels of varying diameters, with stronger PDGFR-β staining in capillaries [1].
3.17.1. LAB MEDIA: Figure 4 Video Editor: Please emphasize images A1-D1
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