Dear Editor and reviewers,

Thank you very much for the comments. The words in red are the reply from us. 
Editorial comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

The protocol has been checked from cover to cover.


____________________________________
Reviewers' comments:
Reviewer #2:
Manuscript Summary:
The authors have sufficiently addressed the reviewers' concerns; and edited the text. They have also added a table with media formulations.


Major Concerns:
N.A.


Minor Concerns:
N.A.


Reviewer #4:
Manuscript Summary:
In this study the authors present a differentiation protocol to generate retinal organoids (ROs) from pluripotent stem cells. This is a protocol based on the original protocols described by Sasai's lab with slight modification and addition of factors to promote differentiation. Overall, the manuscript is informative however, a few points need to be addressed for clarity.

Major Concerns:
The authors should also revise grammar and writing throughout the manuscript as sometimes the message can be a bit confusing.
The use of a CRX-td Tomato line is advantageous but similar lines have been described in a number of studies. The authors do not present the percentage of CRX positive cells obtained by FACs and do not mention the overall efficiency of the protocol. I. e. from 96 embryoid bodies (EBs) formed at the beginning of the protocol how many will form retinal vesicles.
The authors claim this is an efficient protocol to generate ROs, but they do not mention if the protocol has been replicated with multiple cell lines. They should add further explanation on that and name the lines that were used to date.
The expression of CRX is growing with time and reaches to around 50% at day 120. (Pan, D. et al.,2020). There are another three lines are differentiated into ROs using this method in our publish (Gao, M. L. et al., 2020).
“around 70% organoids could develop into retinal organoids, which display the vesicle-like structures. Importantly, with the incision of superior organoids, we usually could harvest around 100 retinal organoids from a 96-well plate.” Has been added to the discussion part from line 284-286

Minor Concerns:
Abstract:
Please clarify what they mean by 'The efficient use of this system could produce confluent retinal cells, which has the benefits of cell lines and primary cells, and without the sourcing issues associated with the latter.' The sentence is somehow convoluted.
It means the ROs is better than the cell lines and primary cells, as the ROs harbor the advantage of the prolificacy for cell lines and the reality for primary cells, meanwhile they avoid the well-known immortalization for cell line and the scarcity for primary cells. 
Last line of the abstract should say 'cell transplantation' and not 'cell transplanting'.
It has been updated at line 33

Introduction:
Authors should mention which hESC line they use and provide a bit more of information on CRX so that lay readers clearly understand their choice of reporter lines. This is only provided later in the Discussion.
“H9 hESCs were obtained from the WiCell Research Institute and genetically engineered to tdTomato-tagged cell line.” It has been mentioned in the protocol line 59-61

Protocol:
1) It would be easier to start each heading with the day of the Differentiation, for example in 1.2 say 'Day 0- Detach hESCs and treat with a single-cell suspension using medium I'.
Also this should read: 'Detach hESC into single cells and add to differentiation medium I.' It is not very clear what they mean by 'treat with a single cell-suspension'
The “day 0”, “day2”, “day2-12”, “day 12-18”, “from day 18 onwards” has been added.
“Dissociate hESCs to a single-cell suspension using medium I.” it has been updated at line 81

2) In 1.1.3 it says "Seed the cells into the Matrigel coated plate and change the medium daily and change the passage of cells when the cells reach approximately 80% confluency…' This is not clear. Do they mean change the media daily until the cells are ready to passage at when they reach 80% confluency? Again, writing should be checked throughout.
It has been changed at line 76-78

3) Please give more detail:
For example in 1.2.2 the text says, ' add 500ul of TrypLE Express to the 6 well plate well containing cells'.
“Add the prepared 500 µL reagent (in the 1.5 mL tube) and incubate the hESCs for 3.5 min at 37 °C and 5% CO2.” It has been updated at line 94-95

In 1.2.5 it says, 'harvest cells in a 1.5 ml Eppendorf tube.' This is important because cells are usually collected in larger tubes in other protocols.
We believe the 1.5 ml tube is easier to handle. There is no centrifuge for those cells.

In 1.2.8 it says, 'Lightly spin down the 96-well plate in a low-speed shaker for 5 minutes and then incubate at 37 °C and 5% CO2.
NOTE: Keep the plate in dark. Set the day as day 0.'
Can the authors clarify what they mean by a low-speed shaker? Do they mean centrifuge? Please, also specify the speed.
It is not centrifuge; the speed is less than 50 rpm. The role of the low-speed shaker is to help blending and settling the cells. It is optional, not necessary.

4) It is not clear when they add the Matrigel. Is it at Day 1 or day 2?
It is from day 2 to day 18, which is clear in figure 1.

5) To instruct the reader the authors should state the morphology of the cells or organoids at each stage and refer to appropriate figure. For example, when media is changed at Day 12 the authors state that cell pellets should be harvested. Surely these are not cell pellets anymore, but they EBs or organoids already?
Figure 2 A-F evidently show the morphology of six important timepoints.

6) In 1.6.2 On day 18, a semitransparent optic vesicle is generated, and organoids should be cut using a microsurgical knife.
NOTE: Cleave the organoid, usually into four pieces, in a Petri dish with medium II. Each piece should grow into an intact optic cup in the following week.
The word optic cup here is not appropriate as it implies that the cut vesicle will undergo invagination and form both RPE and neural retina. These should still be called vesicles. Nomenclature for the various stages should be revised.
It is vesicle on day 18, but it will grow into optic cup in the following weeks.


7) Please provide a bit more instruction on cutting the vesicles.
I think it would be shown in the video.

Reviewer #5:
Manuscript Summary:
The manuscript describes a protocol for differentiating retinal organoids with an increased yield of photoreceptor precursors. The authors adapt an established organoid protocol by adding a multi-target antagonist, claiming to promote photoreceptor precursor differentiation.

Major concerns:
1. This protocol is essentially describing the organoid differentiation method published in Pan, D. et al 2020. The authors cite the paper in lines 53, and 54. However, they make claims based on the data from that paper in the abstract (lines 29-31), introduction (lines 56-57), results (lines 251-252), and discussion (lines 273-279, 281-283). The authors occasionally use nearly identical language in the results/discussion sections of the two manuscripts (e.g. line 276). The authors also responded to multiple reviewer comments by saying the missing or requested data was in the other paper. This manuscript is not that paper- it should stand on its own and be distinct in its claims and purpose. The authors either need to include more citations and refer to specific images from that paper (as per many of the reviewer comments), or present new data or images to substantiate their claims about the method in this manuscript.
It has been revised. There is no describe for the bipolar, RGCs or other retinal cells, except the general description of the compose of RO in the discussion.

2. The protocol is lacking in cohesiveness. The analysis steps of the protocol are deficient in detail (particularly the imaging portion), and it is not clear why they are included as none of the text or figures really correspond to them. Nothing in the title, summary, or abstract suggests that the protocol includes any type of analysis, and nowhere is it explicitly explained why one would be following those steps. It would be helpful for the authors to clearly state in the manuscript the purpose of the analysis steps, and describe the nature of the data a user may obtain from them. The analysis steps also seem to only be applicable if the user is growing organoids with a CRX reporter line. If that is the actual intention of the protocol, then the title/manuscript could be reframed, such as "Differentiation and analysis of photoreceptors from retinal organoids using a CRX reporter line" or something more appropriate. If the intention is for more general differentiation, then the analysis steps do not necessarily belong in this protocol.
“around 70% organoids could develop into retinal organoids, which display the vesicle-like structures. Importantly, with the incision of superior organoids, we usually could harvest around 100 retinal organoids from a 96-well plate.” The expression of CRX is growing with time and reaches to around 50% at day 120. (Pan, D. et al.,2020). There are another three lines are differentiated into ROs using this method in our publish (Gao, M. L. et al., 2020). Clearly, the method could be used to other lines and the efficiency of this protocol has been added to the discussion at line 284-286 

3. Retinal organoids are a knowingly long differentiation process. The authors discuss the use of this method for generating photoreceptors and claims that the differentiation efficiency of cones is "significantly increased", but they don't give any indication of when photoreceptors are actually developed, and don't show any images past day 45. The protocol stops at day 18 and just says to change medium weekly, but provides no guidance past that point. Figure 2 shows tdTomato expression at D45, which is presumably showing photoreceptor precursor cells, but how long does the user need to differentiate to get mature photoreceptors? Opsin expression? This could be as far out as 200+ days of differentiation.
The further information has been added at line 193-194 “The CRX expressed after day 45 and until day 120, we could detect the out-segment of the photoreceptor.” 

Minor concerns:
Overall:
There are still language, syntax, and grammar issues that make parts of the manuscript confusing and should be edited.
Summary/Abstract:
1. The wording of the summary (as well as the abstract) makes it sound like the method is serum-free, when it seems the authors are trying to say that the method is built off of a serum-free method? The syntax or wording should be changed in both places to make it clearer, because this particular protocol is not serum-free and the current wording is misleading.
It has changed to self-organizing method in the summary and abstract.

2. The summary and abstract state on lines 17 and 25, "we develop an optimized protocol…" However, this manuscript is not describing the development of the protocol. The word "develop" should be changed to "describe" or something similar.
The addition of the COCO is the development.
Introduction:
1. Using a word in its own definition- in line 38, saying that pluripotent stem cells are characterized by their pluripotency is redundant and not helpful to the reader.
The word “pluripotency” has been deleted. 

Protocol:
1.1.1 What is the solvent for reagent A? I believe where "do not pipette to single cell" was changed to "do not dissociate to single cell", what was really meant was "do not over-triturate cells" as there is no dissociation in this step.
It has been changed at line 72

1.2 The first sentence is unclear. Maybe change to "Dissociate hESCs to a single-cell suspension using medium I." Just reference the media table rather than spelling it out (here and in subsequent steps). The wording of this note is very unclear and needs editing.
It has been changed to “Dissociate hESCs to a single-cell suspension using medium I.” at line 81

1.2.2 Which reagent?
It is the prepared mixture in 1.2 in a 1.5 mL tube.

1.2.4 Where is the 100 ul being taken out of, and where is it being added to? The wording is unclear.
“Harvest the cells in a new 1.5 mL tube and pipette the cell suspension up and down and then take out 100 µL from the tube and then add into the tube with 900 µL of DPBS for cell counting.” It has been modified at step 1.2.4

1.2.5 What does disperse mean? Please include the number of cells that are being seeded per well or per organoid.
“Disperse the left 900 µL cell suspension” has been updated.
 “ 9 x 104 cells/mL” and “100 µL per well”, It is quite clear there are 9000 cells per well.

1.2.7 Please include the speed of the shaker.
It is not centrifuge; the speed is less than 50 rpm.

Discussion:
1. Line 266-267: retinal pigmented epithelium is not part of the neural retina.
It has been deleted.

2. Line 267: unclear what "confluent Ros" means.
It means the number of the ROs is considerable.

3. Lines 277-279: how does the utilization of CRX-tdT help the direct differentiation of photoreceptors? Either something is misworded here and needs clarification, or this claim needs to be deleted.
It has been deleted.

Figure 2:
1. Please update the figure legend to indicate what the arrows and asterixis mean.
Summary needs rewording. It claims possibility of photoreceptor increase here when this paper doesn't show it.
The figure legend has been updated and the increased photoreceptor is described in our publish. (Pan, D. et al.,2020)

Medium Tables:
1. All medium tables show the working/final percentage or concentration, but the volume is assumably of a stock/starting concentration. Please include relevant concentrations for the volumes of reagents being added (e.g. the starting concentration for IWR1e?)
It has been added in Table 1.
With appropriate further editing, and with good videos, this "paper" could be a useful addition to the retinal research community.

