Response to Reviewer #1:
Overall Comment:
“This paper by Esfahani and Knoll puts forward a methodology for growing cardiac myocytes into different morphologies and sorting based on this variety of morphologies. The most immediate application of this is in identifying cellular characteristics of these morphologies and defining their association with cardiomyopathic disease.”
We thank the reviewer for her/his overall comments.
Major Points:
1. “Introduction seems a bit out of order. The paragraph starting on line 52 would seem to go best after the subsequent 3 paragraphs.”
We completely agree with this reviewer’s point and appreciate it. Therefore, we moved the aforementioned paragraph to the suggested place.
In addition, few other paragraphs reordered to create a concise flow of ideas.
2. “In the Introduction, it seems a bit unclear when the authors are talking about "CMs" in a general sense, or whether they are related to human pathology or CMs from experimental models.” 
We thank the reviewer for this comment. We updated the introduction accordingly by clarifying the CMs model, when we were talking about CMs. 
However, in some parts, the statement is generally true, so we did not specified any model. For example, in paragraphs 3 and 4 of the introduction of the revised manuscript.
In paragraph 5 of the introduction of the tracked version of the revised manuscript, on line 91, the “CMs” is “neonatal rat CMs”, as updated accordingly in the tracked version of revised manuscript.
In paragraph 5 of the introduction of the tracked version of the revised manuscript, on lines 97 and 98, the “CMs” are from “rat models of chronic hypertrophy”, as updated accordingly in the tracked version of revised manuscript.
In paragraph 5 of the introduction of the revised manuscript, on line 99, the “CMs” are from “transgenic mouse model”, as updated accordingly in the revised manuscript.
In paragraph 6 of the introduction of the tracked version of the revised manuscript, on lines 116 and 117, the “CMs” are from “neonatal rat ventricular CMs”, as updated accordingly in the tracked version of revised manuscript.

3. “Overall, the introduction and discussion seems under-cited.” 
We appreciate the reviewer’s concern. Therefore, the revised manuscript is now cited meticulously. 

4. “The majority of discussion of the CM shape change occurring with disease seems to be in intact cardiac tissue. I am curious what is known about the morphology of cardiomyopathy-associated CMs that are dissociated? Cultured in vitro? Is there evidence that this morphology changes in response to confounding factors? Expanding this may help set the rationale for the methodology.” 
We appreciate the reviewer’s point. We refer the reviewer to lines 138 to 141 of the tracked version of the revised manuscript in which we discussed that “It currently remains unknown whether CM shape, by itself, has an intra-functional impact on the myocardial syncytium. The main purpose of the methods proposed in this paper was to develop a novel platform to study whether cell shape per se had an impact on the transcriptome”. Therefore, we were interested in the causal effect of cell shape per se. In other words, our scientific question was that “to which extent the effects, seen in different cardiomyopathies, are merely caused by cell morphology of that cardiomyopathy?”

5. “It would appear that the CYTOOchip is a custom-designed reagent needed for the experiment. While it may not be possible to include alternatives, it would be important to provide additional detail regarding how it is made to aid in broader use/application. In addition, there are a number of reagents which seem equally unique. It is critical to at least discuss how scientists might apply this protocol broadly that is not absolutely dependent on these specific reagents.” 
We appreciate the reviewer’s point. The CYTOOchips are commercially available and the micropatterns are in the activated format, ready to be coated with the adhesive molecule of interest. As an instance, in this study, we used fibronectin, which is simply available. Therefore, no custom-designed reagent is needed for the experiment. 
However, if a researcher is interested to print the micropatterns in own lab, we refer to Kuo et al approach1 for more details, as that technique was not in the scope of our proposed workflow. 

6. “Could this protocol be adapted for other types of cells? CMs derived from induced pluripotent stem cells come to mind. This would greatly broaden applicability.”
We really appreciate the reviewer’s point. Therefore, we added the response to this question to the revised discussion.
“The proposed method is applicable on different cell types, for example, for hiPS-CMs. However, the following factors should be optimized, studying other cell-types. I) Suitable ECM adhesive molecule for attachment of the specific cell-type should be used for coating the micropatterns. II) The geometry of the micropatterns should be modified according to the study question and cell-type. III) The culturing period can be modified based on the study question. IV) The detachment reagent and its incubation time should be optimized precisely for the study cell-type. As an instance, Accutase can be used instead of TryplE for detachment of embryonic and neuronal stem cells. V) The opening time parameters of the valves should be scrutinized to pick cells successfully, but gently.”

7. “Figure 1, micron bars are needed to demonstrate scale.” 
We thank the reviewer for this point. We added the scale bar to figure 1 accordingly.

8. “Figure 4, the legend could use a bit more detail and the electropherogram more clearly defined, including the gel band sizes.”
We thank the reviewer for this point. We added more detailed information to the legend of figure 4 accordingly.

9. “Figure 5, what was the nuclear stain?”
We thank the reviewer for this point. We added this information to the legend of the figure 5 accordingly. Chromatin was stained by DAPI.

References:
1	Kuo, P. L. et al. Myocyte shape regulates lateral registry of sarcomeres and contractility. Am J Pathol. 181 (6), 2030-2037, (2012).


Response to Reviewer #2:
Overall Comment:
“In this manuscript, the authors propose methods for culturing cardiomyocytes in different shapes, which represent distinct cardiac pathologies, with an ultimate goal to investigate the effect of different cell shapes on gene expression. While the manuscript is well written, and it clearly describes the method, a few points need to be clarified.”
We thank the reviewer for her/his overall comments.
Major Concerns:
1. “The title of the manuscript is very misleading. The reader will expect to see also single-cell RNA sequencing data and shape-depend transcriptomics as a readout of the study. However, the described method only covers the cardiomyocytes isolation, culturing and sorting cells for single-cell sequencing purposes, but no actual sequencing data. I would suggest clarifying this in the title.”
We appreciate the reviewer’s point. We amended the title to “An approach to study shape-dependent transcriptomics at single-cell level”.

2. “Following the previous point, in the discussion, the authors state: "This study used single cell RNA sequencing, which is a novel and powerful technology that can detect the transcriptome of single cells." I disagree with this statement, and this is not what this particular study is showing.” 
We agree with the reviewer’s concern. Therefore, we removed this statement totally. 

3. “Also, in the discussion, there is a statement: "This study yielded information on some of the first CM-specific transcriptomes, which will provide a valuable resource for researchers in the field." Again here, this point is not backed up by any data. Even though the data mentioned sequencing data were published previously elsewhere still the authors should provide at least some general results of single-cell sequencing to support their statements or rewrite the text accordingly to the content of this manuscript.” .” 
We agree with the reviewer’s concern. Therefore, we removed this statement.

4. “The authors compare three different aspect ratios AR1, AR7 and AR11, which all mimic diseased characteristics. What would be the best "healthy" control for any of the proposed shapes?” 
We refer the reviewer to the lines 76 to 84 of the introduction of the tracked version of the revised manuscript. Healthy CMs have been shown by several previous studies to have 5:1 to 7:1 AR. In DCM, the AR of CMs changes to 11:1, whereas in HCM, the AR alters to 1:1. 
Regarding control cells – we refer the reviewer to our recent published study for more detailed discussion1. In that study, we used “pre-patterned” and “unpatterned” cells as controls of our approach1. Pre-patterned cells were lysed immediately after isolation, while the unpatterned cells were cultured cells that were allowed to take any shape and treated with the same maintenance media throughout the 72-h culturing period. 

5. “It was mentioned in the discussion that the sorting process takes 40 minutes. What are the chances that gene expression in individual cardiomyocytes will be affected by this procedure? There will be differences between a cell that was picked first with a cell that was picked last, regardless of the shape. Can authors comment on this?” 
We appreciate the reviewer’s concern. 
The 40-minutes sorting time starts with removing the media over the chip (line 354 of the tracked version of the revised manuscript) and continues with calibration of the coordinates, scanning of the whole chip, qualified-cell selection and TryplE treatment. The aforementioned steps that are equivalent for all cells last about 20 minutes. Therefore, the picked-time difference between first and last picked cells is roughly 20 minutes. Although, the 20 minutes time difference is more than timing of FACS sorting for sorting of cell suspension, it is not that long to change the gene expression profile and it is less than the 30 minutes timing, suggested by the Smart-Seq2 protocol2.
Moreover, in order to remove the batch effect of time of picking, we recommend a recurring order of AR1, AR7 and AR11, while picking selected cells.   

Minor Concerns:
1. “It would be helpful to mention how many cardiomyocytes can be picked for sequencing purposes in one experiment (from how many P2 rats at the time) and how is batch to batch reproducibility.” 
We agree that it is would be helpful to mention number of patterned neonatal rat CMs can be picked in each round for one chip. Therefore, we reflected this point in the revised manuscript on lines 394 to 396, as follows:
“Finally, about 50 cells that is roughly one-third of the selected cells were successfully picked up from each chip.”
Regarding the batch effect:
Since on the one hand, it is possible to keep several chips exactly in the same condition, and on the other hand, and each round of sorting is dedicated to one chip, the batch effect between picked cells from different chips is highly unlikely, however, the authors haven’t yet studied the chip to chip batch effect. 

2. “Shape-dependent and single-cell should be written with a dash.” 
We thank the reviewer for this point and we fixed it in the revised manuscript.
References:
1	Haftbaradaran Esfahani, P. et al. Cell shape determines gene expression: cardiomyocyte morphotypic transcriptomes. Basic Res Cardiol. 115 (1), 7, (2019).
2	Picelli, S. et al. Full-length RNA-seq from single cells using Smart-seq2. Nat Protoc. 9 (1), 171-181, (2014).


Response to Reviewer #3:
Overall Comment:
“The manuscript presented by Payam Haftbaradaran Esfahani et al. established the protocol to collet primary CM at different shapes for scRNA seq, which was recently published on Basic Research in Cardiology. I have several concerns to the manuscript.” 
We thank the reviewer for her/his overall comments.
Major Concerns:
1. “The reason why the cardiomyocytes shape changed in fibronectin-coated CYTOO chip should be specified.” 
We appreciate the reviewer’s point. Therefore, we clarified this point on lines 118 to 122 of the tracked version of the revised manuscript, as follows:
“The micropatterns were coated by fibronectin, surrounded by cytophobic surface. Therefore, CMs will attach, spread and capture the defined AR of its fibronectin micropattern by solely growing on the fibronectin substrate, while avoiding the cytophobic area.”

2. “The author chose neonatal rat cardiomyocyte as the model to study the shape effect in cardiomyopathies such as HCM and DCM. But overload caused cardiomyopathies mainly happen in adult and aged patients. Did the author try the adult cardiomyocytes?” 
We appreciate the reviewer’s point and agree that cardiomyopathies happen in adult heart. However, as discussed on lines 389 and 390 of the discussion of the revised manuscript, it is exceptionally challenging to culture enough number of vital adult CMs for 72 hours in defined shapes. Moreover, as discussed on lines 144 to 146 of the introduction of the revised manuscript, the proposed approach was inspired by Kuo et al.1, who used a similar approach and reported that they observed changes in physiological parameters due to changes in cell shape.

3. “What is the size of the neonatal rat cardiomyocyte? How many cells could be plated in each well in the CYTOO chip?” 
Kuo et al.1 found that the surface area of cultured neonatal rat CMs could reach to 2500 µm2. The micropatterns used in this study had 2200 µm2. However, this is the size of 72-hour cultured neonatal rat CM, not at the time of plating. The size of the just-plated neonatal rat CM is much less than 2200 µm2.
Regarding the second part of the reviewer’s question, we refer the reviewer to the line 122 of the introduction of the revised manuscript in which we discussed that ”the micropatterns are not in a well-shaped format. Instead, the fibronectin level is exactly at the same height of the surrounding cytophobic area”.
[bookmark: _GoBack]Regarding the number of cells could be plated on each micropattern (not well), we refer the reviewer to the lines 366 to 367 of the tracked version of the revised manuscript in which we discussed that “the micropatterns were only selected if they contained a mononucleated single cell and only when the cell fully covered its fibronectin micropattern”.

4. “For primary cells cultured in vitro, why does the author choose 72h, but not 24 or 48 hours? Does the changed transcription level come from both the shape and cell status? Did the author or others compare the gene expression level and the cell function in fresh cardiomyocyte and 72h cultured cardiomyocytes in such a system?” 
We appreciate the reviewer’s concern. The proposed approach was inspired by Kuo et al.1, who used a similar approach and reported that they observed changes in physiological parameters due to changes in cell shape in 72 hours. Moreover, the plated CMs need at least 48 hours to grow and completely capture the geometry of its micropattern substrate. Therefore, 72 hours seem logical to study the effect of cellular AR on gene expression. 
In addition, the proposed method can be used to study the effect of different culturing time-course from 72 hours to one week, depending on the study cell type.
Regarding the last part of this reviewer’s question, concerning the gene expression of freshly-isolated CMs, we refer the reviewer to our recent published study for more detailed discussion2. In that study, we used “pre-patterned” and “unpatterned” cells as controls of our approach2. Pre-patterned cells were lysed immediately after isolation, while the unpatterned cells were cultured cells that were allowed to take any shape and treated with the same maintenance media throughout the 72-h culturing period.

5. “The introduction part is redundant. Please make it concise and clear.”
We completely agree with this reviewer’s point and appreciate it. Therefore, we updated the introduction accordingly. In addition, some paragraphs reordered to create a concise flow of ideas.

Minor Concerns:
1. “abbreviations in the introduction part should be specified.”
We thank the reviewer for this point. Some abbreviations are specified in the abstract that is why they are not specified again in the introduction. For example, AR, DCM and HCM are specified in the abstract. 
References:
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