Dear Editor and reviewers,
We are very grateful to you for yours and reviewers’ critical comments and valuable suggestions on our manuscript (JoVE61190) entitled “An efficient and low-cost method for neuronal differentiation from embryonic stem cells in vitro”. Based on these valuable comments and suggestions, we have made careful revision on our original manuscript. All changes made to the manuscript are highlighted in red. We hope the revised manuscript will meet your requirements for acceptance. The followings are point to point responses to the reviewers’ comments.

Response to the editor’s comments:
Changes to be made by the Author(s):
Q1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
A1. Thank you very much for the comments. We have tried our best to proof-read the manuscript carefully according to your suggestions. All changes made to the manuscript are highlighted in red. We hope the revised manuscript will meet with the requirement for acceptance.

Q2. Please revise the title to remove superfluous words: efficient and low-cost method, etc. One suggestion is: Neuronal differentiation from embryonic stem cells in vitro.
A2. Thank you for your kind suggestions. We fully agree with your comments and have revise the title in our revised manuscript.
[bookmark: _Hlk33698102]
Q3. Please revise the table of the essential supplies, reagents, and equipment. The table should include the name, company, and catalog number of all relevant materials in separate columns in an xls/xlsx file. Please sort the Materials Table alphabetically by the name of the material.
A3. Thank you very much for your constructive and valuable comments. We have revised the table of the essential supplies, reagents, and equipment and sorted the Materials Table alphabetically by the name of the material (see R1-Table of Materials). We hope that the revisions are satisfactory.

Q4. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action.
A4. Thank you very much for the comments concerning our manuscript. Revisions have been made and all changes made to the manuscript are highlighted in red. We hope that the revisions are satisfactory.
 
Q5. 1.1.2: Temperature?
A5. Thank you very much for your valuable comments. We have revised the manuscript to make the description of temperature clearer (Line 75). We hope that the revisions are satisfactory.
[bookmark: _Hlk33698775]
Q6. 1.2.1: What are the incubation conditions?
A6. Thank you very much for your valuable comments. We have added more details about the incubation conditions (Line 84). We hope that the revisions are clear for the readers to follow.

Q7. 1.2.3: How long are the cells incubated with trypsin?
A7. Thank you very much for your valuable comments. We have added more details about the incubation time with trypsin (Line 96). We hope that the revisions are clear for the readers to follow.

Q8. 1.2.4: How is the trypsin removed? Leave what for 1 min?
A8. Thank you very much for your valuable comments. We have added more details about the actions of trypsinization (Line 98). 

Q9. Please specify all incubation conditions.
A9. Thank you for your kind suggestions. We have specified all the incubation condition throughout the PROTOCOL in the manuscript (See Line 121, 134, 156, 163, 177, 183, et al.). We hope that the revisions are satisfactory.

Q10. Please ensure that the Tables are consistent with the written manuscript. The numbering of the protocols in Table 2 is not consistent with the rest of the text.
A10. Thank you for pointing out this deficiency. We have revised the numbering of the protocols in Table 2 (see R1-Table2). Special thanks to you for your valuable comments.

Q11. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
A11. Thank you very much for the comments. We re-identified the essential steps of the protocol for the video and highlighted in yellow with less than 2.75 pages in our revised manuscript. We hope that the revisions are satisfactory. 

Q12. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense.
A12. Thank you very much for the comments. We have re-identified the highlighted steps according to your suggestions. We hope that the revisions are satisfactory.

Q13. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.
A13. Thank you very much for the comments. We have revised the highlighted steps according to your suggestions. We hope that the revisions are satisfactory.
[bookmark: _Hlk33605828]
Q14. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
A14. Thank you very much for your valuable comments. We have re-obtained an explicit copyright permission to reuse the figures from our previous publication (Li et al) and uploaded this information as a .docx file to my Editorial Manager account. Meanwhile, the Figures have been cited appropriately in the Figure Legend (Line 382-383, 407-411). We hope that the revisions are satisfactory.

Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
In this manuscript, authors test several protocols for differentiation of neural progenitors cells (NPCs) from mouse embryonic stem cells (mESCs). The authors show that 1 protocol out of 7 has the best efficacy. Then, authors differentiate neurons from NPCs generated using this protocol. Again they evaluate the efficacy of three protocols. In the end, they not only share all 10 (7 for NPC generation and 3 for neuron differentiation) protocols in detail but also present the most effective workflow.

Minor Concerns:
Q1. Caudalization effect of retinoic acid was not discussed. The NPCs generated by use of RA, probably have a caudal identity. Their differentiation into fore brain neurons will be very inefficient or not at all. This is an important limitation of the protocol and should be clear to the readers.
A1. We appreciate your kind suggestions. We have discussed the caudalization effect of RA in our revised manuscript (Line 445-447). We hope that the revisions are clear and unambiguous for the readers.
[bookmark: _Hlk33609601]
Q2. Authors do not mention if the NPCs can be passaged and/or stored.
A2. We appreciate your kind suggestions. The NPCs generated in our condition can be passaged and stored. We have discussed such thing in our revised manuscript (Line 450-456). We hope such revisions can be useful to readers.

Q3. Throughout the manuscript authors do not specify if entire medium was replaced or a percentage of it was replaced during medium changes. It should be clarified.
A3. Thank you very much for your valuable comments. In our protocols, the entire medium was replaced and we have mentioned such information in our revised manuscript (Line 128, 158, 178, 192, 207, 225 and 236). We hope that the revisions are clear and unambiguous for the readers.

Q4. At step 1.1.2, and in general, the temperature of the incubators should be stated.
A4. Thank you very much for your valuable comments. We have stated the temperature of the incubator in the revised manuscript (Line 75). 

Q5. At the following steps, authors should specify in which medium the cells were plated/changed and how much medium is used.
1.2.4, 2.2.1, 2.3.5, 2.3.8, 2.4.1, 2.4.5, 2.5.1, 2.5.2, 2.5.3, 2.6.3, 2.7.3
A5. Thank you very much for your valuable comments. More details about the above steps have been given in our revised manuscript (Line 100-101, 118-119, 145-146, 158, 162-163, 172, 182, 186-187, 196, and 221-222). We hope that the revisions are clear and unambiguous for the readers.

Q6. At step 4.5 the permeabilization solution should be described i.e. is Triton in 1x PBS?
[bookmark: _Hlk33627250]A6. Thank you for pointing out this deficiency. A more accurate description has been given in our revised manuscript (Line 260). 

Q7. Step 5 needs more details. For example, is the medium change from phase I to phase II complete and sudden (i.e entire medium) or do authors prefer a gradual change. Also it is not clear if authors have a quality control step before proceeding to step 5 after step 4.
[bookmark: _GoBack]A7. Thank you for your valuable comments. More details have been given in Step 5. (Line 312-321). Quality control step after phase I differentiation is very important and we have mentioned this in our revised manuscript (Line 312-314). Special thanks to you for your valuable comments.

Q8. Finally, it is not clear why some text is highlighted in yellow.
A8. I feel very sorry to have troubled you about this. The highlighted text refers to the essential steps of the protocol for the subsequent filming.

Reviewer #2: 
Manuscript Summary:
In the manuscript entitled " An efficient and low-cost method for neuronal differentiation from embryonic stem cells in vitro " (JoVE61190), the authors compared the efficiency of seven neural induction protocols and three neuronal differentiation protocols based on traditional neural differentiation systems of mouse ESCs, and selected the most efficient combination of tested protocols. By "combinatorial screening", the authors established an efficient and easy-to-operate method for mouse ESC neural differentiation. The protocols listed in the manuscript were clearly explained and may useful for readers to choose a better differentiation system. But the manuscript can be further improved.

Major concerns:
Q1. Comparing with other published neural differentiation methods, the efficiency (77.67 ± 4.33% and 69.33 ± 2.33% Nestin+ cells in Phase I, 67.75 ± 4.01% and 58.73 ± 7.25% β-Tubulin III+ cells in phase II) of the established protocol in this manuscript seems not very impressively. In protocol 1-5 of differentiation phase I, the authors used the FBS containing medium. BMP in serum inhibits the neural induction of pluripotent stem cells and may reduce the efficiency of neural differentiation. The authors should test other differentiation conditions, such as protocols with EB formation in serum-free cultures (See the SFEB method established by Kiichi Watanabe et al. Nat Neurosci. 2005). 
A1. Thank you very much for your constructive and valuable comments. In the study published by Kiichi Watanabe et al. in Nat Neurosci (2005), treatment with Wnt and Nodal antagonists (Dkk1 and LeftyA) during the first 5 d of SFEB culture causes nearly selective telencephalic precursors differentiation in ES cells (∼90%). The high differentiation efficiency can be attributed to the inhibition of Wnt and TGFβ signal pathway, but lead to a selective production of mainly telencephalic precursors. Our study aims to provide researchers an efficient and low-cost method for neuronal differentiation from mESCs in vitro without absolute selectivity, thus can be applied to a variety of developmental biology and neurobiology research. Moreover, KSR, which has a high cost, is essential in EB formation in serum-free cultures (SFEB method established by Kiichi Watanabe et al. Nat Neurosci. 2005), thus such a method was not listed in our studies. But we fully agree with your comments on testing other differentiation conditions. In the further study, we will test more conditions and provide more choices for the researchers. We hope our response are satisfactory. Special thanks to you for your valuable comments.

Q2. Retinoic acid treatment induces caudalization during neural differentiation. Using the method generated in this manuscript, which kind of neuron is induced? The authors are suggested to analysis the neuronal subtype specific markers.
A2. Thank you very much for your valuable comments. We have adopted your suggestions and gave detailed description of neuronal subtype using our optimized method in the revised manuscript (Line 445-447). Using RT-PCR, we have tested the forebrain maker forkhead box G1 (FOXG1), forebrain midbrain marker orthodenticle homeobox 2 (OTX2), hindbrain markers engrailed homeobox 2 (EN2) and paired box 2 (PAX2), anterior hindbrain marker gastrulation brain homeobox 2 (GBX2) and spinal cord marker NeuN. Results showed that EN2, PAX2, GBX2 and NeuN were up-regulated notably in our derivatives on D18, indicating the generation of hindbrain and spinal cord progenitors. However, these results were listed in our other unpublished manuscript (under review), and cannot be reused here. To give a more effective guidance for readers, we quoted other published articles in our revised manuscript (Line 445-447). We hope that the revisions are satisfactory. 

Minor concerns:
Q3. The neural differentiation method of mouse and human ESCs are much different from each other. As a method article, the "mouse embryonic stem cells" should be clearly indicated in the title.
A3. Thank you for your kind suggestions. We fully agree with your comments and have revise the title in our revised manuscript.

Q4. The date when the immunofluorescence was performed should be shown in Figure 4B.
A4. Thank you for your kind suggestions. We have added the date when the immunofluorescence was performed on the revised Figure 4B. Special thanks to you for your valuable comments.

We hope that these revisions are satisfactory and that the revised version will be acceptable for publication. Finally, we would like to express our great appreciation again to you and reviewers for your kind comments and suggestions for our manuscript.

Thank you and best regards.
Yours sincerely,
Shasha Zhao 
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