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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?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

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.


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

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



Current Protocol Length

Number of Steps:  15
Number of Shots:  36

Introduction

1. Introductory Interview Statements

NOTE to VO talent: Please record the introduction and conclusion statements
REQUIRED:

1.1. This disease model for retinal disease emulates the in vivo retina. To some extent, it could replace animal experiments.

1.1.1. 2.13.1

1.2. The protocol is optimized for the quality and quantity of the photoreceptor precursors in the retinal organoids. The photoreceptor is the key for irreversible blindness.

1.2.1. 2.12.2



Ethics Title Card
1.1. This study has been approved by Ethics Committee of Beijing Tongren Hospital, Capital Medical University.

Protocol
2. [bookmark: _Hlk68107983]Generation of Human Retinal Organoids (RO)
2.1. Begin by culturing the human embryonic stem cells, or hESCs, under feeder-free conditions [1]. To do so, coat one well of a 6-well plate with 1 milliliter of 100 micrograms per milliliter of reagent A [2-TXT] and incubate the plate at 37 degrees Celsius for at least half an hour [3]. 
2.1.1. WIDE: Establishing shot of talent walking towards lab bench with well plates.
2.1.2. Talent adding the reagent to well. TEXT: Refer to Table of Materials/Table 1 for reagents and mediums
2.1.3. Talent putting the plate in the incubator. 

2.2. Thaw an aliquot of 1 million hESCs and centrifuge it at 200 x g for 5 minutes [1]. After removing the supernatant [2], seed the cells into the previously coated plate along with 2 milliliters of reagent B [3-TXT]. 
2.2.1. Talent placing the tubes in centrifuge and closing the lid.
2.2.2. Talent removing the supernatant.
2.2.3. Talent seeding the cells in well plate. TEXT: Refresh reagent B daily

2.3. Passage the cells after reaching approximately 80% confluency at around 4 days [1].
2.3.1. Talent taking the cells out of the incubator.

2.4. After reaching confluency, wash the cells with pre-warmed DPBS [1-TXT] and transfer them into 500 microliters of freshly prepared reagent [2]. Then, incubate the cells for 3.5 minutes at 37 degrees Celsius and 5% carbon dioxide [3]. 
2.4.1. Talent washing cells. TEXT: Day 0
2.4.2. Talent transferring the cells.
2.4.3. Talent placing the cells in the incubator.

2.5. Detach the cells by flicking the side and bottom of the plate for a few seconds [1] and add 500 microliters of prepared medium one [2].
2.5.1. Talent flicking the plate.
2.5.2. Talent adding medium to cells.

2.6. Harvest the detached cells into a new 1.5-milliliter tube [1] and pipette the cell suspension up and down [2]. For cell counting, add 100 microliters of cell suspension to 900 microliters of DPBS [3]. 
2.6.1. Talent placing cells into tube.
2.6.2. Talent pipetting cells up down.
2.6.3. Talent adding cell suspension to DPBS.

2.7. Dilute the 900 microliters of the remaining cell suspension with medium one in the Petri dish to achieve 9 x 104 cells per milliliter [1]. 
2.7.1. Talent adding cell suspension into Petri dish. Videographer: This step is important!

2.8. Add 100 microliters of diluted cell suspension to each well of a non-adherent, V-bottom, 96-well plate [1]. Lightly spin down the plate on a low-speed shaker for 5 minutes [2] and incubate at 37 degrees Celsius and 5% carbon dioxide until day 2 [3]. 
2.8.1. Talent adding cells to 96-well plate. Videographer: This step is important!
2.8.2. Talent placing the plate on shaker.
2.8.3. Talent placing the plates in an incubator.

2.9. On day 2, add 20 microliters of 1% reagent A to each well of the 96-well plate [1] and pipette twice in the center to scatter the dead cells [2]. Clean the bottom of the plate before incubating it at 37 degrees Celsius and 5% carbon dioxide until day 6 [3].
2.9.1. Talent adding reagent A to plates. Videographer: This step is important!
2.9.2. Talent pipetting the wells.
2.9.3. Talent cleaning bottom of the plate.

2.10. On day 6, replace 58 microliters of the medium with 60 microliters of fresh medium one and continue the incubation [1]. 
2.10.1. Talent replacing the medium.

2.11. On day 12, harvest the cell pellets from the 96-well plate in a 15-millilter conical tube [1] and allow the pellets to settle naturally for 5 minutes at room temperature [2]. 
2.11.1. Talent harvesting pellets.
2.11.2. Shot of pellets settled at the bottom.

2.12. When pellets settle, remove the supernatant without disturbing the organoids [1] and transfer the cell aggregates to a 10-centimeter suspension dish containing 18 milliliters of medium II (‘2’) with reagent A [2]. Incubate the dish at 37 degrees Celsius and 5% carbon dioxide until day 18 [3].
2.12.1. Talent removing supernatant.
2.12.2. Talent transferring cells to suspension dish.
2.12.3. Talent placing dish in an incubator. 

2.13. [bookmark: _Hlk55557931]On day 18, confirm the generation of a semitransparent optic vesicle in the dish [1] and cut the generated organoids using a microsurgical knife [2]. Aggregate all the cut pellets to the center of the dish [3].  
2.13.1. LAB MEDIA: To be provided by authors: Optic vesicle in the dish. Authors: Please upload the image to your project page: https://www.jove.com/account/file-uploader?src=19000938.
2.13.2. LAB MEDIA: To be provided by authors: Talent cutting organoids. Authors: Please upload the image or video to your project page: https://www.jove.com/account/file-uploader?src=19000938.
2.13.3. Talent collecting pellets in the center of the dish. Videographer: This step is important!

2.14. Then, harvest the cells into a 15-milliliter conical falcon tube [1]. When the cells settle, gently remove the supernatant [2] and resuspend the pellets in two 10-centimeter Petri dishes with 18 milliliters of medium three per dish [3]. Gently transfer the dishes to the incubator to avoid cell aggregation [4]. 
2.14.1. Talent harvesting cells in falcon tube.
2.14.2. Talent removing supernatant.
2.14.3. Talent resuspending cells in medium.
2.14.4. Talent placing the dishes in the incubator.

2.15. Continue culturing the cells, changing the medium weekly. Analyze the CRX expression after day 45 until day 120 [1].
2.15.1. Talent opening the incubator and removing culture dishes from incubator.


Results
3. Results: Human Retinal Organoid Generation
3.1. In this representative analysis, various stages of human retinal generation are displayed [1]. On day 6, organoids appeared as an aggregate of dense connections inside a bright rim with a diameter of around 600 micrometers [2]. On day 12, the initial generation of the optic vesicle-like structures took place [3].
3.1.1. LAB MEDIA: 2. 
3.1.2. LAB MEDIA: 2 A.
3.1.3. LAB MEDIA: 2 B. Video Editor: Emphasize on the arrow.

3.2. The organoids without proper vesicle-like architecture were discarded before culturing in a Petri dish on day 18 [1]. By day 30 of the culture, the vesicle-like architecture was more obvious [2], and inferior ROs could be easily distinguished and removed [3].
3.2.1. LAB MEDIA: 2 C.
3.2.2. LAB MEDIA: 2 D, E.
3.2.3. LAB MEDIA: 2 D, E. Video Editor: Emphasize on the cells marked with *.

3.3. Starting on day 45, the organoids expressed various markers of photoreceptor precursors [1] such as CRX [2], RCVRN [3], and OTX2 [4]. 
3.3.1. LAB MEDIA: 2 F-I.
3.3.2. LAB MEDIA: 2 F, I.
3.3.3. LAB MEDIA: 2 G. 
3.3.4. LAB MEDIA: 2 H.


Conclusion
4. [bookmark: _Hlk27388131]Conclusion Interview Statements

4.1. The differentiation efficiency could be significantly improved by cleaving the superior retinal organoids. Over 100 superior organoids could be harvested from a 96-well plate. 

4.1.1. 2.13.2
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