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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  
Can you record movies/images using your own microscope camera?
No  
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.
Stemi 2000-C
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
2.2.1, 2.3.1, 2.6.2, 2.6.3, 2.7.1, 2.7.2, 2.7.3, 2.8.1, 2.8.2, 2.9.1, 2.10.1, 3.1.1, 3.2.1, 3.3.1, 3.4.1, 3.5.1

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?   No



Current Protocol Length
Number of Steps:  17
Number of Shots:  23

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 


REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Oleg Alekseev: Subretinal injections are an important tool for preclinical investigations of therapies for inherited retinal diseases. In this video, we are demonstrating an optimized minimally invasive subretinal injection technique in mice.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.1, 3.3.1.

What are the current experimental challenges?
1.2. Lindsey Chew: Transscleral subretinal injections are an excellent way to deliver material to photoreceptors and RPE. However, this technique is technically challenging, which calls for developing an optimized protocol to increase its reproducibility and accessibility.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 1B (for the second sentence)


What advantage does your protocol offer compared to other techniques?
1.3. Lauren Cao: Our improvements include the development of a mouse eyelid speculum, preoperative administration of atropine, creation of a pinpoint sclerotomy using a diamond knife, and optimization of needle size and injection approach.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.6.1., 2.10.1.

How will your findings advance research in your field?
1.4. Lindsey Chew: We hope that our method’s consistency, reproducibility, excellent transduction coverage, and minimal surgical damage will improve the accessibility of subretinal injections to the scientific community.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.

What new scientific questions have your results paved the way for?
1.5. Lauren Cao: Our optimizations make it easier and faster to perform subretinal injections in mice, reduce experimental variability, and improve injection success rates. This technique will facilitate future preclinical translational retina research.
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.


Videographer: Obtain headshots for all authors available at the filming location.


Ethics Title Card
This research has been performed in accordance with the Duke University Institutional Animal Care and Use Committee and the Association for Research in Vision and Ophthalmology Statement for the Use of Animals in Ophthalmic and Vision Research


Protocol  
[bookmark: _Hlk164261745]NOTE to Authors: Please consider the following key points for shots involving live animals/survival surgery (as applicable) to avoid raising concerns by JoVE’s veterinary reviewers.
· If lifting the animal by the tail, hold it close to the tail base, not far from it.
· Shave 150% of the area surrounding a surgical site (preferably using a depilatory cream). Ensure that there are no skin injuries and no fur in the surgical field.
· Prep the surgical site with both iodine-based scrubs and alcohol.
· Use sterile gloves only for surgery (not examination or non-sterile gloves).
· Make skin incisions with a surgical blade, not scissors.
· Avoid using silk thread for closing skin incisions in survival surgeries.

2. Animal Preparation and Lateral Canthotomy
Demonstrator: Oleg Alekseev 

2.1. To begin, administer 1 milligram per kilogram of atropine intraperitoneally in a total volume of 50 microliters, 30 minutes before performing the subretinal injection [1-TXT].
2.1.1. WIDE: Talent administering an intraperitoneal injection of atropine to the mouse. TXT: This prevents lethal reflexes caused by intraocular pressure elevation
2.2. After anesthetizing the mouse, apply a drop of 0.5 percent proparacaine to the eye to achieve topical anesthesia [1-TXT].
2.2.1. SCOPE: Talent applying a drop of proparacaine to the eye. TXT: Anesthesia: 2% inhaled isoflurane in O2 (2 L/min); Keep the mouse on a warm surface during the entire procedure
2.3. Apply a drop of a mixture containing 0.2 percent cyclopentolate and 1 percent phenylephrine to the eye to dilate the pupil for postoperative imaging of the subretinal bleb and to reduce intraoperative bleeding [1].
2.3.1. SCOPE: Talent applying a drop of a mixture containing cyclopentolate and phenylephrine to the eye.
2.4. Load a glass microneedle with the desired volume of the injection solution [1]. Attach the needle to the microinjector and set the compensation pressure to 5 hectopascals to prevent counteract capillary action [2].
2.4.1. Talent loading a glass microneedle with solution.
2.4.2. Talent connecting the needle to a microinjector and adjusting the compensation pressure.
2.5. Place the mouse under a dissecting stereomicroscope [1-TXT].
2.5.1. Talent positioning the anesthetized mouse under the stereomicroscope. TXT Confirm anesthesia by performing a toe-pinch
2.6. Using a custom miniature wire-speculum [1], expose the superior fornix [2-TXT] and immobilize the speculum to enable hands-free upper eyelid retraction [3].
2.6.1. A shot of the custom miniature wire-speculum.
2.6.2. SCOPE: Talent inserting the wire-speculum to retract the upper eyelid, revealing the superior fornix. TXT: For young mice, perform lateral canthotomy prior to the procedure
2.6.3. SCOPE: Talent securing the speculum to enable hands-free upper eyelid retraction.
2.7. Using angled Vannas scissors, make a paralimbal incision approximately 1 millimeter posterior to the limbus in the superior conjunctiva and Tenon's capsule [1] to expose the superior sclera [2]. Carefully remove any remnants of Tenon's capsule over the injection site [3].
2.7.1. SCOPE: Talent making a paralimbal incision posterior to the limbus in the superior conjunctiva and Tenon's capsule using angled Vannas scissors.
2.7.2. SCOPE: A shot of the exposed superior sclera.
2.7.3. SCOPE: Talent clearing residual Tenon’s capsule tissue.
2.8. Now, grasp the anterior edge of the conjunctival peritomy and tenotomy with locking toothed forceps [1], then gently inferoduct the globe to expose the superior sclera [2].
2.8.1. SCOPE: Talent grasping the anterior edge of the conjunctival peritomy and tenotomy with locking toothed forceps.
2.8.2. SCOPE: Talent gently rotating the eye downward using forceps.
2.9. Immediately apply a drop of balanced buffered saline to the eye to keep the bare sclera hydrated and to utilize achieve greater optical magnification [1].
2.9.1. SCOPE: Talent applying a drop of balanced buffered saline to the eye.
2.10. Using a diamond knife, make a pinpoint sclerotomy at approximately 12 o'clock and 1 to 2 millimeters from the limbus, positioning the blade tangentially to the sclera to ensure that the sclerotomy is small and shallow [1-TXT].
2.10.1. SCOPE: A shot of the diamond knife making a precise incision at the 12 o’clock position, held in a tangential plane to the sclera to ensure a shallow, narrow entry. TXT: Slight choroidal bleeding at the sclerotomy site doesn’t affect the outcome

3. Transscleral Subretinal Injection

3.1. Use a surgical sponge to gently remove all balanced buffered saline from the surface of the eye [1].
3.1.1. Talent dabbing the eye surface with a surgical sponge to absorb the saline.
3.2. Hold the needle bevel-down at a shallow angle to the sclera and slowly insert the tip into the sclerotomy, advancing just 0.5 to 1 millimeter to access the subretinal space without penetrating the retina [1].
3.2.1. SCOPE: Talent positioning the needle bevel-down, approaching the sclerotomy at a shallow angle, and then inserting the tip into the sclerotomy to access the subretinal space.
3.3. While holding the needle steady, initiate injection at 500 hectopascals using the foot pedal and maintain continuous pressure for 15 seconds [1].
3.3.1. SCOPE: A shot of the needle being held steadily in place within the sclerotomy while the injection begins using the foot pedal, with visible fluid displacement.
3.4. Remove the needle and observe a partial reflux of the injected solution through the sclerotomy site, indicating successful delivery, as the subretinal space cannot accommodate the full volume of the solution injected [1-TXT].
3.4.1. SCOPE: Talent removing the needle and a partial reflux of the injected solution through the sclerotomy site is being observed. TXT: Maintain pressure until the needle is fully removed to prevent reflux into the needle
3.5. Carefully remove the locking forceps and the eyelid speculum without applying pressure to the globe to avoid additional reflux [1].
3.5.1. SCOPE: Talent removing the speculum and forceps while stabilizing the eye region gently.
3.6. Immediately after injection, apply a generous amount of lubricant eye ointment to the eye to assist with subretinal bleb visualization by Optical coherence tomography or OCT (O-C-T) [1].
3.6.1. Talent applying a thick line of lubricant ointment over the eye.
3.7. Finally, apply topical erythromycin ointment to the eye before performing general post-operative care for the animal [1].
3.7.1. Talent applying erythromycin ointment to the treated eye.


Results
4. Results 

4.1. A subretinal bleb was clearly visible on OCT immediately after transscleral injection, confirming successful delivery [1].
4.1.1. LAB MEDIA: Figure 2A. Video Editor: Highlight the dome-like structure.
4.2. To evaluate retinal pigment epithelium or RPE (R-P-E) targeting, AAV8-Bestrophin1-GFP (A-A-V-eight bestrophin-one G-F-P) was injected, resulting in widespread green fluorescence across the epithelium layer, indicating efficient and broad RPE transduction using the transscleral approach [1].
4.2.1. LAB MEDIA: Figure 2B.
4.3. AAV8-Rhodopsin-GFP (A-A-V-eight rhodopsin G-F-P) led to a strong green fluorescent signal in rod photoreceptors, visible in both cross-sections and fundus views, indicating successful targeting and expression in photoreceptor cells [1].
4.3.1. LAB MEDIA: Figure 2C, 2D. Video Editor: Highlight 2C when the VO says “cross sections”, and 2D when the VO says “and fundus views”.
4.4. AAV8-CAG-mCherry (A-A-V-eight kag M-cherry) produced broad red fluorescence across retinal regionslayers, demonstrating the ability of this technique to support generalized transgene expression beyond specific cell types [1].
4.4.1. LAB MEDIA: Figure 2E, 2F.
4.5. Western blotting of retinal lysates also showed strong green fluorescent protein expression at the injection site with minimal signal elsewherewith highest levels corresponding to the center of the injection bleb [1], validating localized photoreceptor transduction with AAV8-Rhodopsin-GFP [2].
4.5.1. LAB MEDIA: Figure 2G. Video editor: Highlight the two black bands in the top row grey boxes (GFP).
4.5.2. LAB MEDIA: Figure 2G.
4.6. AAV titer optimization using The iimmunofluorescence analysis of retinal sections allows for the selection of viral titer that achieves the transduction of approximately 90 percent of target cells. For example, in this case showed that [1], a 1:10 (one to ten) dilution of AAV8-Rhodopsin-GFP viral stock produced strong and consistenttransgene expression in almost all photoreceptors expression [2]. By contrast, , while a 1:100 (one to hundred) dilution resulted in an visibly reduced signalinsufficient transduction rate [3]..
4.6.1. LAB MEDIA: Figure 3.
4.6.2. LAB MEDIA: Figure 3. Video Editor: Highlight the middle row (1:10).
4.6.3. LAB MEDIA: Figure 3. Video Editor: Highlight the bottom row (1:100).
4.7. Electroretinograms showed that transscleral injections preserved normal retinal function [1], while transretinal injections led to significantly reduced a-wave and b-wave responses [2], indicating retinal damage [3].
4.7.1. LAB MEDIA: Figure 4A, 4B. Video Editor: Highlight the green plots in both A and B.
4.7.2. LAB MEDIA: Figure 4A, 4B. Video Editor: Highlight the blue plots in both A and B.
4.7.3. LAB MEDIA: Figure 4A, 4B.
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