Rebuttal Letter
We want to thank the editors and reviewers for their time and constructive criticism. A detailed point by point rebuttal follows. 
Note: Original reviewers’ comments have been highlighted in blue for clarity. 

Editorial comments: 
Changes to be made by the Author(s): 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Please define all abbreviations at first use.  
We have proofread the manuscript and ensured all abbreviations are defined at first use.
2. Please provide an email address for each author. 
Here are the email addresses for all authors:
Yonatan R. Lewis-Israeli (israeli1@msu.edu)
Brett D. Volmert (volmertb@msu.edu)
Mitchell A. Gabalski (gabalski@msu.edu)
Amanda R. Huang (huangro5@msu.edu)
Aitor Aguirre (aaguirre@msu.edu)
3. Please add a Summary (before the abstract) to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Here, we present a protocol to …” 
We included a summary before the abstract. 
4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript (this includes the figures and the legends) and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. 
For example: Matrigel; ReLeSR; Accutase; Eppendorf; Vectashield Vibrance etc 
We have revised the text to comply with this comment.
5. Please revise the text, especially in the protocol, to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.). 
We have removed all personal pronouns from the protocol. 
6. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. 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. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. 
We have optimized the text to cover all the desired points for the video while also explaining the “how” questions.
7. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points and one-inch margins on all the side. Please include a ONE LINE SPACE between each protocol step and then HIGHLIGHT up to 3 pages of protocol text for inclusion in the protocol section of the video. 
The text has been formatted according to the comment and up to 3 pages of the protocol have been highlighted. 
8. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations: 
a) Critical steps within the protocol 
b) Any modifications and troubleshooting of the technique 
c) Any limitations of the technique 
d) The significance with respect to existing methods 
e) Any future applications of the technique 
The Discussion section has been revised to cover and include the aforementioned points.
9. Please use “h” for hour(s) (text and images). 
We have modified the text so only “h” is used for hours. 
10. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source (ITALICS). Volume (BOLD) (Issue), FirstPage–LastPage (YEAR).] For 6 and more than 6 authors, list only the first author then et al. Please include volume and issue numbers for all references, and do not abbreviate the journal names. Make sure all references have page numbers or if early online publication, include doi. 
All the references now comply with this format. 
11. Please add all items (tubes, solvents, equipment, software etc) in the Table of Materials so that it serves as a handy reference for users to get everything ready for the protocol. Please use only English names of the materials used in the table and elsewhere. Please sort the Materials Table alphabetically by the name of the material.
The materials table has been updated as requested.
Reviewers' comments: 
Reviewer #1: 
Manuscript Summary: 
This study describe a novel protocol to generate highly complex human heart organoids (hHOs) by self-organization using human pluripotent stem cells, which constitutes a solid platform for in vitro studies in human organ-like cardiac tissues. Although this research is of certain value, the article consequently fails to reach the qualification for publication and further modification is needed. 
We thank the reviewer for their comment and constructive criticism. We have addressed all the comments below in detail to improve the manuscript.
Major Concerns: 
1. The expression of the whole article needs to be revised and improved in detail, and the writing of the full text is not rigorous enough. For example, many units of numerical values and operation details are not written completely. 
We thank the reviewer for this comment. We have revised the manuscript in detail and in accordance to all comments by the reviewers and editors to improve detail and rigor (please see track changes in the document).
2.There are many debatable points in the experimental method. For example, in this paper, PBS was used to wash the cells, but for stem cell differentiation, PBS should not be used, but DPBS should be used to wash the cells. Besides, E8 medium should not be preheated at 37℃ routinely. And why is there no washing link in the process of EB induced differentiation before changing the differentiation solution every day? 
We thank the reviewer for this comment and have clarified our meaning to these points in the text. DPBS without calcium or magnesium is used for routine passaging as described many times before, as the lack of these cadherin cofactors softens cell-cell adhesions. For other types of wash, where cell dissociation is not sought, we use the corresponding basal medium (DMEM, RPMI, etc or DPBS with calcium and magnesium). We have addressed this in the manuscript, so it is better clarified. Regarding E8, it is true that it should not be pre-warm due to the labile nature of FGF present in its composition at 37 C. However, the formulation of E8 we used is more advanced (E8 Flex), and uses thermostable FGF in its composition. Thus, warming cycles are not particularly deleterious in this case. Regardless of that, we always prepare an aliquot of media (E8 or RPMI depending on the culture) with the amount needed and warm it in a 37℃ bath to approximately room temp, not 37 C. The stock media bottles are not warmed to 37℃ and therefore the media is not routinely warmed, just when it is about to be used. We have updated the text to better reflect all of these procedures. Regarding no washing of the EBs during differentiation, this is a key step of our new protocol (Lewis-Israeli et al, 2021, Nat Comms; Israeli et al, bioRXiv, 2020; Lewis-Israeli et al, 2021, Research Square). The EBs and subsequent organoids are in suspension in a low attachment round bottom well, and are quite delicate in nature, for this reason we minimize the required media changes, and found that washes between media changes are unnecessary to yield successful and reproducible heart organoids. We have updated the text to better clarify this.  
3.What is the principle of adding CHIR99021 on the 7th day of induction? According to our experience, after the formation of cardiac progenitor cells, CHIR99021 will cause the massive cell death and affect the differentiation and maturation of normal cardiomyocytes. I wonder if you have observed the same phenomenon in the operation of your induction scheme? 
We thank the reviewer for this comment and have better explained the reasoning in the text. Briefly, the purpose of adding CHIR99021 on the 7th day of differentiation is to induce proepicardial organ formation (more details on the protocol can be found at Lewis-Israeli et al., Nat Comms 2021). This step is based on a 2017 Nature Protocols paper (Bao et. al., 2017) based on a 2016 study (Bao 2016), found that a second CHIR99021 exposure around days 7-9 directs differentiation towards epicardial cells in 2D monolayer culture. We have adapted this protocol and optimized it to induce partial epicardial differentiation in our organoids. 
4.Why is the beat frequency of hHOs in the video 2 on the 10th day of induction significantly lower than that on the 6th day of induction in the video 1? In the calcium transient detection, the hHOs with strong pulsation and fast frequency are detected by the organoids induced for how many days? If it is the calcium transient result of organoids on the 10th day of differentiation, why is it so different from the pulsation in Video 2? Please explain the above phenomena in detail. 
We thank the reviewer for this question. Videos of the organoids were taken at room temperature and are therefore not an accurate indication of the beating frequency, which can vary due to the room conditions (temperature and lack of an incubator chamer), but are presented to provide a brightfield microscopy indication of the robustness of the beating. The calcium transients recordings were taken at optimal temperature and CO2 levels using an incubation chamber, and are therefore accurate representation of the beating frequencies. We have clarified this in the text. 
5. The priority is not prominent in discussion part. The analysis of discussion section should be closely integrated with the results of present experiment, not only focus on describing the function of each detection index. Deeply analysis and discussion combined with the actual research data are absent to support author's point. 
We have updated and revised the discussion to better reflect the presented results. 
6.It is suggested that the ultrastructural development of hHOs should be detected by transmission electron microscope. Meanwhile, the induction method in this paper should be compared with the recently published hHOs to reflect the advanced differentiation method in this paper. For example, compare and discuss with the article entitled "Cardioids Reveal Self-organizing Principles of Human Cardiogenesis" published in the journal of Cell. 
We have referenced our previous publication for TEM data on ultrastructure of organoids (Lewis-Israeli et al, 2021, Nat Comms; Israeli et al, bioRXiv, 2020; Lewis-Israeli et al, 2021, Research Square) and have discussed the advantages of this protocol over previously describe heart organoid protocols including Hofbauer 2021;Drakhlis 2021;Rossi 2020;Lee 2020;Richards 2020.
Reviewer #2: 
Manuscript summary: 
The authors describe a detailed protocol to generate human heart organoids (hHOs) by self-organization using human pluripotent stem cells. They also use small molecule inhibitors to activate developmental pathway along the process. 
1. This protocol is highly efficient as the authors say, but they didn't discuss the efficiency of the induction. 
We thank the reviewer for raising this point, and have addressed this in the text to clarify the efficiency of the induction.
2. WNT pathway activator is CHIR99021, but the authors mistakenly wrote as CHIR99201 in some places (Line 311), please check it. The authors modified the concentrations and exposure durations of the CHIR99021. What evidences support for the author to choose the current concentration and exposure durations of CHIR99021? Is it more efficient than using the conventional concentration? 
We thank the reviewer for spotting this mistake and have corrected it. The concentrations and exposure durations have been optimized and are discussed in our previous work (Lewis-Israeli et al, 2021, Nat Comms; Israeli et al, bioRXiv, 2020; Lewis-Israeli et al, 2021, Research Square). We have referenced to this in the text. 
3. Positive control and negative control are missing in RNA-Seq, and I want to know why there is no obvious change in the expression level of NFATC1 in Figure 4.
We thank the reviewer for this comment. The RNA-seq data presented corresponds to a time course experiment on the heart organoid gene expression, as such there are no negative and positive controls (d0 could be considered a negative control in the sense that iPSCs do not express cardiac genes, for example). A much more detailed analysis of our RNA-seq data can be found in our previous work in this respect (Lewis-Israeli et al, 2021, Nat Comms; Israeli et al, bioRXiv, 2020; Lewis-Israeli et al, 2021, Research Square), with a positive control on age-matched fetal tissues. Since the purpose of this manuscript is to detail and clarify the protocol and methodology, and the data presented is just representative of the results expected, we have stayed out of discussing experimental results found in our other work in greater detail (if the editors think more data in this respect is necessary, we will be happy to add it). 
The presence of the endocardial marker NFATC1 is clear from the confocal image provided here and in our previous work (Lewis-Israeli et. al., 2020), and is demonstrated in a similar manner in other heart organoid publications (Drakhalis et al., 2021). Since direct detection of the protein overrides the more indirect RNA measures, we believe this claim is sufficiently justified.
