Rebuttal Wu et al.

Dear editors and reviewers, 
Thank you for the opportunity to review and your help to improve our manuscript. We have addressed each comment/request in the text below (highlighted in green and indicated with the line number). If we made corresponding changes in the manuscript, those changes are also highlighted in green.

Editorial comments:
General:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Done.
2. Please ensure that the manuscript is formatted according to JoVE guidelines–letter (8.5” x 11”) page size, 1-inch margins, 12 pt Calibri font throughout, all text aligned to the left margin, single spacing within paragraphs, and spaces between all paragraphs and protocol steps/substeps. Done.
3. Please include at least 6 key words or phrases. Done.
4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: Geltrex, Accutase, AXION Maestro Pro MEA. We have replaced all mention of AXION Maestro Pro MEA in the manuscript. However, we are not sure how to call Geltrex or Accutase otherwise without causing major confusion for the reader.

Protocol:
1. For each protocol step/substep, 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. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps. Done.

Figures:
1. Please insure there are spaces between numbers and their corresponding units. Please use ‘μ’ instead of ‘u’, and ‘L’ instead of ‘l’ for volumes. Done.
2. Please remove ‘Figure 1’ etc. from the figures themselves. Done.
3. Figures 2 and 3: ‘Fold change relative to D0’ looks wrong. Done.

References:
1. Please do not abbreviate journal titles. Done.

Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol. Done.


Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
The authors present a thorough and well-presented protocol for the generation and characterization of human pluripotent stem cell (hPSC) derived sympathetic neurons. Given the range of applications from disease modelling and drug discovery that is possible with efficient protocols to derive these cells, there is a need for manuscripts that describe the generation of these cell types in vitro to facilitate their use.
They give detailed protocols & checkpoints to guide users through the protocol from the initial growing of hPSCs all the way through the differentiation to allow for this protocol to be followed with ease and without the requirement of much more information.
The authors also provide a protocol with which to characterize the physiological characteristics of hPSC derived sympathetic neurons on multi-electrode array plates with sample data for end users to compare their findings to.
Furthermore, they provide checkpoints at all stages of differentiation, that are well documented in the figures which can allow for users to identify the success of the differentiation as they proceed.

Minor Concerns:
-some minor typographical errors
- For section 4 regarding Fluoresence Activated Cell sorting (FACs), the negative control for CD49d immunoreactivity suggested is unstained cells. An appropriate isotype control should be recommended to set a the fluoresence threshold. There is a related isotype control (Biolegend Cat #400125). We agree that this is a missing point in our results and we have now added this control in Figure 2D. Additionally, the CD49D staining and FACS isolation of neural crest cells has been established and reported previously (Fattahi, 2016, Nature and Zeltner 2016, Nature Medicine. We now discuss this better in the manuscript (line 435).

- A gating strategy for FACs would be useful. It is not clear what plots and gates have been used to select for the appropriate cell size or live dead exclusion gates look like that give plots similar to that from Figure 2D. These data would greatly enhance reproducibility. We have adjusted Figure 2D now to show the representative FACS gating strategy that we used, including FSC/FSS for cell size, width-hight for doublet exclusion, DAPI and isotype control antibody gates (Line 449 and Figure legend, Line 525).

-For section 5- spheroid maintenance of further details on the size of the spheroids that are generated should be given. In particular, what size spheroids are desired for the downstream derivation of sympathetic neurons. As we mentioned in the discussion, spheroids sometimes aggregate over time. To prevent the generation of a big aggregation of spheroids, we recommend to periodically pipet the spheroid solution in order to break these aggregations apart (line 350, step 5.1, substep 4). We now also provide a proper size range of the spheroids (line 353)  in the manuscript and discuss the importance of the spheroid appearance as well. 

-Related to this, for section 6.1 (5)- a guide to the number of spheroids landed for optimal derivation of sympathetic neurons is not clear. i.e 2 per well of a 24 well plate. We have now added more description in the manuscript to clarify this point (line 356).


Reviewer #2:
Manuscript Summary:
This manuscript by Hsueh Fu Wu & Nadja Zeltner describes a novel feeder-free protocol to differentiate postganglionic sympathetic neurons from hPSC in chemically defined culture conditions. The protocol is well explained and it is very clear. I appreciate that the authors compare the results obtained with this new improved protocol vs their own previous protocol and mentioned why this new protocol is more efficient. I have some minor edits.

Major Concerns:
None

Minor Concerns:
Line 207/208/211
Is it 0.05% trypsin-EDTA or just EDTA? Because both can be used to detach hPSC, it is confusing if the authors first called it 0.05% trypsin-EDTA and then just EDTA.
Same for line 226, 228, 230, 232
It is 0.25 M EDTA, without trypsin. That has been adjusted throughout the text.

Line 240:
Be shure please correct to Be sure. Done.

Line 247:
Is this EDTA or 0.05% trypsin-EDTA?
It is 0.25 M EDTA, without trypsin.

Line 327 and other places:
Can you please add (when it is needed) incubate at 37C, 5% CO2 incubator. Done.

Line 340: do you need to add DNase or it is not necessary? DNase is not necessary in this protocol, we have added a note to clarify this now (line 401).
[bookmark: _GoBack]
Fig 5A, Net 1 staining: what are all those dots? We have now explained in the text (line 506) and figure legend that the norepinephrine transporter (NET1) is located both on the surface of the cell bodies as well as along the axons and dendrites, which shows up as dots in staining of this magnification. 

Representative results:
No fig 6? Figure 6 is addressed in the discussion section. We have now clarified this in the text (Line 599). 

Line 490: 2 full stops. Also optained vs obtained. Both are corrected now.

Line 531
Differnetiations vs differentiations. Corrected.

Catelog/model vs catalog Corrected in Table.

Reviewer #3: 
Wu et al. described a comprehensive protocol to derive sympathetic neurons from human pluripotent stem cells (PSCs) under a defined condition. The novelty is of the protocol is little, because it seems just following the previous reports describing derivation of sympathetic neurons from PSCs under defined conditions. However, the protocol is well written and easy to follow up. I just have two comments.

1) How is the differentiation efficiency of sympathetic neurons from neural crest cells? PHOX2B, TH or DBH positive cells seems less than 50% (Figure 5). Please quantify. We do agree with reviewer 3 that quantification of the symN markers would be highly beneficial to claim the exact differentiation efficiency. However, due to the nature of the symNs to clump it is difficult to estimate or quantify the exact efficiency. We have now adjusted Figure 5 to better represent this (Line 499). On the periphery of the clumps, where one can get beautiful staining and co-staining the efficiency is about 50%, however we do not believe that this is an adequate representation of the efficiency of the entire differentiation. Additional data such as intracellular FACS and FACS on the PHOX2B:GFP reporter line may answer this question more definitively, however we were not able to perform these experiments adequately within this review period and do not think that this is critical for the current protocol. 
Additionally, we have now included some more data addressing the identity of contaminating cells in our differentiation, both early on at the NC stage (line 442) as well as at the neuronal stage (line 480).

2) Two clones with PHOX2B reporter seems not sufficient to prove the robustness of the protocol. At least 3 or more clones are required, and efficiency and yields should be described for each clone. We are not csure that we understand this concern correctly. We assume reviewer 3 is referring to WA09 (i.e. H9) and PHOX2B:GFP reporter as clones. All experiments shown here were performed with these two hPSC lines. WA09 hPSC lines were obtained from WiCell and are not sold as varying clones, there is only one clone available. Similarly, we obtained the PHOX2B:GFP reporter line (which is a modified WA09 line) from the Lee lab (Oh et al., 2016) and were not supplied with multiple clones. Thus, all experiments in this report were conducted in two hPSC lines, both based on WA09. The figures represent 3-10 biological repeats, which are defined as individual differentiation experiments conducted on different days from hPSC cells that have different passage numbers. We have now clarified this point in the text (Line 427). Additionally, we have employed this protocol on various iPSC lines (and clones), both healthy controls and Familial Dysautnomia patient-derived (data not shown or discussed here). The extensive use of our ‘old’ protocol with these iPSC lines was published (Zeltner, 2016, Nature Medicine). We do not think that the current protocol’s scope is appropriate to address the data we obtained with our ‘new’ protocol and the iPSC lines and thus this is not included here.  
