We thank the reviewers and editorial staff for their suggestions, and summarize below the changes that we have made to address all concerns. We appreciate your input, which helped to significantly improve our manuscript, and hope that it will now be acceptable for publication in JoVE.

Editorial comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

We checked through the manuscript and corrected all errors.

2. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

Personal pronouns have been removed.

3. JoVE cannot publish manuscripts containing commercial language. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials: e.g., Matrigel, Normocin, MethoCult, Qiagen, Bio-Rad, Stemcell Technologies), etc. We must maintain our scientific integrity and prevent the subsequent video from becoming a commercial advertisement.

The commercial language has been removed.

4. Please use standard abbreviations for time units preceded by a numeral. Examples: 5 h, 10 min, 100 s, 8 days, 10 weeks (Line: 140, 278, 288, 299, 306, 310, etc.).

The abbreviations have been changed to follow the suggested style.

5. Line 145: Please ensure that the term “triturating” used is appropriate in the context of this protocol.

Triturating has been replaced with “pipetting up and down”.

6. Line 449-463: Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Add this,” “Ensure that,” etc.).

The text has been edited to the imperative tense.

7. Please highlight up to 3 pages 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.

We have reduced the highlighted essential sections of the protocol to 3 pages.





Reviewers' comments:
Reviewer #1:
Manuscript Summary:  The manuscript from Nelson et al. established an easy-to-follow protocol to generate hemogenic endothelium from human pluripotent stem cells. As described in the discussion section, I agree with the significant advantage of this protocol over previously published one from Ohta et al. No requirement of spheroid formation, standard 37C 5% CO2 incubator, and one media (STEMdiff Apel 2) make this protocol more affordable for users than Ohta et al. To improve the visibility of the protocol, I would recommend the authors address the following points.

Major Concerns:
1. Morphological changes of colonies. Would help readers to grasp the idea of density and size of colonies if they see the representative pics lined with figure 1. E.g. days 0, 2, 5, and 8. In my experience, the density and size of colonies influenced the yield of hemogenic endothelium.

Thank you for this suggestion. Due to the importance of proper seeding density in order to obtain efficient differentiation, a representative image of the density and size of the colonies at day 1 of differentiation has been added to revised Figure 1 (panel B).  Additional images on subsequent days are shown in our recently published paper (Qiu et al. Cell Reports 2020)[footnoteRef:1] that we refer the readers to. [1:  Qiu, J., Nordling, S., Vasavada, H.H., Butcher, E.C., Hirschi, K.K. Retinoic Acid Promotes Endothelial Cell Cycle Early G1 State to Enable Human Hemogenic Endothelial Cell Specification. Cell Reports. 33 (9) (2020).] 


2. Can the authors generate mature blood cells? The awaited application of this protocol includes the production of functional blood cells. As T-cells and B-cells take too long (>8 weeks) and require feeder cells (e.g. OP9-DLL4, MS5) in a healthy condition, I would be more satisfied to see the generation of mature myeloid cells as a bottom line. May the authors keep the culture after day 8 and see the expression of CD14, CD16, and CD33. Might take additional >14 days and constant media change though. SCF might be required for EHT. Both IL-3 and M-CSF might be required for monocyte differentiation. Still worth trying.

In related studies by our lab1 utilizing the differentiation protocol described here, we used flow cytometry (Figures 1E, S1, and S2) to show that multi-lineage blood cells expressing lymphoid markers (CD20, CD3), myeloid markers (CD14, CD66b, CD41, CD235ab) and leukocyte markers (CD11b, CD45) are generated by day 8 of differentiation. However, as the focus of the protocol presented here is to describe a straight-forward method to generate hemogenic endothelial cells and study their molecular regulation, we did not try to optimize their further differentiation into mature blood cells because that was beyond the scope of our studies.

3. The yield of hemogenic endothelium. Could the authors explicit how many hemogenic endothelial cells can be isolated from 1 well of 6 well plates? Any difference between H1 and H9? Though both are good blood producer lines, just wanted to know the protocol works in independent lines.

The protocol works well in both H1 and H9 cell lines, but the H1 cell line generates hemogenic endothelial cells more efficiently compared to the H9 line. A note has been added after Protocol section 1.1. We have not measured the exact number of hemogenic endothelial cells that can be isolated from 1 well of a 6-well plate, but the expected yield would be 1.2% of total cells, based on our studies, to date. 
4. The yield of CFU. Could the authors explicit the input cell number (FACS-sorted hemogenic endothelium?) and output the CFU number? Perhaps having a bar graph representation of each type of CFU per 1K HE cells would help visualization.

Thank you for this suggestion. We have incorporated a panel into revised Figure 4 (panel F) that displays the number of CFU obtained per 1000 plated hemogenic endothelial cells. This is also addressed in text in line 553.

5. Could the author comment on the application of MACS? Although FACS isolation of precise markers defines HE better, a routine harvest of HE cannot be capped by the availability and cost of a sorter. Especially for readers in a small institute… I would appreciate it if the authors comment on the hematopoietic capacity of CD34+ MACS isolated cells on day 8. They could adhere to fibronectin and undergo EHT eventually? Generate CFU-GEMM?

In this protocol, we describe a novel method for the identification and purification of hemogenic endothelial cells, a population of cells that expresses both endothelial and hematopoietic markers. Due to their complex phenotype, FACS isolation is required to purify hemogenic endothelial cells, and for this reason we have chosen not to discuss MACS sorting. We discuss in lines 649-651 that while CD34 is recognized as a hematopoietic marker, it is also expressed by other non-hematopoietic cell types[footnoteRef:2]. Thus, while it is possible to sort cells at day 8 based on CD34+ expression alone using MACS, a mixed population of cells would be obtained. Therefore, we expect that not all CD34+ cells sorted using MACS would be capable of undergoing EHT and generating CFU-GEMM. [2:  Sidney, L.E., Branch, M.J., Dunphy, S.E., Dua, H.S., Hopkinson, A. Concise Review: Evidence for CD34 as a Common Marker for Diverse Progenitors: CD34 as a Common Marker for Diverse Progenitors. STEM CELLS. 32 (6), 1380–1389 (2014).] 


6. Semantic issue. What would the authors call this protocol? Elefanty & Stanley called hematopoietic organoids. Crooks called artificial thymic organoids. Even with some differences in protocols, both start from PSC aggregates go through primitive streak to hemogenic endothelium. The highlighted feature in both protocols is the invagination of primitive streak cells self-form certain 3D structures, thus called organoids. The same thing occurs in hematopoietic induction of PSC colonies, usually forming a sack-like structure. Probably occurs in the case of Nelson et al. too. It is up to authors, but having a memorable name would increase the visibility of this protocol to readers.

We have considered this interesting suggestion, and have chosen to keep the name of our protocol “Directed Differentiation of Hemogenic Endothelial Cells from Human Pluripotent Stem Cells.” Our focus was generating a serum- and murine feeder-free culture method for the differentiation of primordial and hemogenic endothelial cells from human pluripotent stem cells grown in a 2D monolayer. This method does not require or rely on the formation of embryoid bodies, and we did not observe the formation of organoids. Thus, we are not comfortable adding such information to our title.


Reviewer #2:
Manuscript Summary:  This manuscript by Nelson and colleagues describes a detailed, useful and timely protocol for the directed differentiation of hemogenic endothelial cells form human PSC.

Major Concerns:
None.

Minor Concerns:
1. Title page: affiliation 4 seems to be missing

This information has been added.

2. The authors should indicate if they would expect their protocol to work equally well on induced pluripotent stem cells (iPSC).

We have initiated studies to determine whether this protocol can be used to generate hemogenic endothelial cells from human iPSCs. Results, to date, reveal that we are able to generate CD31+ KDR+ c-Kit+ CD34+ VE-Cad- CD45- cells from human iPS cells. However, as this work is ongoing and still preliminary, we prefer not to make any speculations in the manuscript.

3. Table 2: The sentence "Antibody fluorescent conjugates should be optimized based on cell sorter utilized. We used antibody at a final concentrations of 2 mg/mL" is given 6x. Maybe this is just a pdf formatting error, but if this refers to Table 2, consider adding an asterix referring to the individual antibodies and providing the sentence once.

Thank you for this suggestion; the change has been made.

4. Table of materials / Table 1: use at 5 0ng/mL --> there seems to be an extra space in between the number(s)

This typo had been edited.


Reviewer #3:
Manuscript Summary:  The manuscript is well written with detailed explanation of the protocol. It would be a very useful protocol for scientists in the field. It is well presented.

Major Concerns:
1. The authors do not mention the volume of matrigel aliquoted into each tube.

The volume of the Matrigel aliquots will vary depending on the Matrigel lot. The researcher should refer to the certificate of analysis for the lot to identify the protein concentration. The volume containing 1mg of protein (Matrigel) can be calculated from this value. To clarify this point, a comment/description has been added to revised Table 1 (List of reagents). In addition, to comply with publication guidelines, all direct references to Matrigel have been replaced with “matrix protein” in the manuscript text. The commercial product name can be found in revised Table 1.



2. The statement, "To passage cells:", should be on 2.4.1.

The statement “to passage cells” appears in Step 2.4, which is the parent heading for steps 2.4.1- 2.4.9. Steps 2.4.1- 2.4.9 are all steps necessary to passage cells; thus, we think this statement is more appropriately in Step 2.4.

3. What plate size are you using for differentiation?

Differentiation is performed in 6-well plates. A note has been added after Protocol Step 1.3 to clarify this point.

4. What coating is used for differentiation?

Differentiation is performed on Matrigel-coated plates. However, to comply with publication guidelines, all direct references to Matrigel in the main text have been replaced with “matrix protein.” The commercial product name can be located in revised Table 1. A note has been added after Protocol Step 1.3 to clarify that matrix protein-coated plates should be used for differentiation.

5. An approximate cell density for seeding would be desirable as too many cells would hinder optimum endothelial differentiation.

Thank you for catching this inadvertent omission. Small clumps of cells were seeded at a density of approximately 2 colonies per square centimeter, as described in Sriram et al.[footnoteRef:3] This information has been added to Protocol Step 3.1. It is still advisable that the seeding density be evaluated and refined empirically, as needed.  [3:  Sriram, G., Tan, J.Y., Islam, I., Rufaihah, A.J., Cao, T. Efficient differentiation of human embryonic stem cells to arterial and venous endothelial cells under feeder- and serum-free conditions. Stem Cell Research & Therapy. 6 (1), 261 (2015).] 


6. What is the composition of the HE differentiation medium? This should be mentioned in the text.

We agree and the composition of the HE differentiation medium is provided in Protocol Step 1.10.

7. in Line 8.4, Where are the methocult cultures placed for 10 mins, at RT or 37 water bath?

The Methocult cultures are left at room temperature for 10 min. This has been added to Protocol Step 8.4. To comply with publication guidelines, all direct references to Methocult in the main text have been replaced with “methylcellulose-based medium”. The commercial product name can be located in revised Table 1.

8. Fig. 4C and 4D are not clear. include better pictures or at least show cytospins to show morphology of cells.

We agree that the images shown in Figs 4C and 4D are not ideal. However, our best higher quality images of CFU-GM and CFU-GEMM generated using this protocol have been recently published in a related manuscript1 from our lab. We direct readers to this manuscript for additional CFU images in the revised Figure 4 legend.
Reviewer #4:
Comments to Authors:  In this study, the authors provide a novel method for the derivation of hemogenic endothelial cells from human embryonic stem cells within approximately one week using a murine feeder- and serum-free 2D culture system. This protocol yields a well-defined population of hemogenic endothelial cells (CD31+Flk-1+c-Kit+CD34+VE-Cadherin-CD45-). This study provides useful methods in detail. Some details still need to be improved during the revise.

Major comments:
1. The author claimed that the increased generation of hemogenic endothelial cells by DLL4 is associated with late G1 cell cycle arrest. It will be better that the authors provide more evidence to validate this.

We apologize for the confusion. The purpose of the DLL4 induction experiment in the present study was to demonstrate that the FACS-purified H9-Fucci CD31+CD45- cells isolated at day 5 of differentiation are primordial in nature (able to be further specified to other endothelial cell types, such as arterial endothelial cells, as shown in Figure 3). This experiment was conducted independently of hemogenic specification. We have clarified this in the results section (lines 581-582) as well as in the revised Figure 3 legend.
 
2. In the Fig.2B, please provide flow cytometric gating strategy for CD45 and CD31, as shown in Fig.2A.

Since hemogenic endothelial cells are derived from primordial endothelial cells, the flow cytometric gating strategy for CD45 and CD31 in Fig 2B (representative flow cytometry gating strategy for hemogenic endothelial cells) is identical to that shown in Fig. 2A (representative flow cytometry gating strategy for primordial endothelial cells). A note has been added to revised Figure 2 legend to clarify this. This is also now mentioned in the text in lines 573-575.

3. Why CFU-E and BFU-E Fig.2B are not red?

We think the reviewer is referring to Figure 4, since Figure 2B illustrates representative flow cytometric gating for hemogenic endothelial cells. In the representative pictures of colony types in revised Figure 4, the cells are likely at an early stage of development and not yet hemoglobinized.

Minor comments:
1. In the step 3.1, please ensure how many or the numbers of small clumps were seed? Or provide more detail information how to evaluate the seeding density of small clumps.

Thank you for catching this inadvertent omission. Small clumps of cells were seeded at a density of approximately 2 colonies per square centimeter, as described in Sriram et al.3. This information has been added to Protocol Step 3.1. It is still advisable that the seed density be evaluated and refined empirically, as needed. 

2. Please describe the differentiation protocol by using more accurate words, ie. don't use sentence like "If the media has become yellow" in the part of 3.5 and 3.6.

This phrasing has been removed from the protocol. 


3. The "+" and "-" Fig.2 should be superscript.

This edit has been made.

Reviewer #5:
Manuscript Summary:  The manuscript of Nelson et al, "Directed Differentiation of Hemogenic Endothelial Cells from Human Pluripotent Stem Cells" provides a detailed, step by step, description of the method.

Major Concerns:
1. Please discuss the reason for selection VE-Cadherin negative cells for hematopoietic differentiation: "To verify the hematopoietic potential of hemogenic endothelial cells, the CD31+ Flk-1+ c-Kit+554 CD34+ VE-Cadherin-CD45- endothelial cells isolated through FACS". Some other authors believe that VE-Cadherin is an essential marker of hemogenic endothelium (VE-Cadherin+, CD31+, CD34+, CD73-, CD43-), see, for instance, the review in Blood "Hematopoietic specification from human pluripotent stem cells". 2013 12;122(25):4035-46. 10.1182/blood-2013-07-474825

[bookmark: _GoBack]We refer the reviewer to Figure 2D of our companion publication in Cell Reports (Qiu, J., Nordling, S., Vasavada, H.H., Butcher, E.C., Hirschi, K.K. Retinoic Acid Promotes Endothelial Cell Cycle Early G1 State to Enable Human Hemogenic Endothelial Cell Specification. Cell Reports. 33 (9) (2020)). In this study, although both CD31+CD45-VE-Cad+ and CD31+CD45-VE-Cad- cells generated hematopoietic colonies, we found significantly greater hematopoietic potential among the CD31+CD45-VE-Cad- cells; thus, we used absence of VE-Cad to enrich for endothelial cells with blood-forming potential. Furthermore, it is important to note that hemogenic endothelial cells exist on a continuum of gene expression, and they must lose expression of the endothelial specific genes such as VE-Cadherin to generate hematopoietic cells.

Minor Concerns:
1. Please indicate if the lymphoid component was not attainable with described method or it was not tested?

In related studies by our lab1 utilizing the differentiation protocol described here, we show (Figures 1E, S1, and S2) through flow cytometry that multi-lineage blood cells expressing lymphoid markers (CD20, CD3), myeloid markers (CD14, CD66b, CD41, CD235ab) and leukocyte markers (CD11b, CD45) are generated by day 8 of differentiation. 

2. Please provide a reference to a closely related study on the differentiation of human pluripotent stem cells to hemogenic endothelium with GSK3 inhibitor (CHIR99021). Stem Cell Res Ther 2017 Mar 17;8(1):67 DOI: 10.1186/s13287-017-0519-0

Thank you for directing us to this reference. We have incorporated it into our revised Discussion (lines 639-648).

