We thank the Editor and the Reviewers for their time and expert comments.  We have addressed all the points raised in a systematic manner.  


Editor’s comments:

Comment 1
Protocol Language: Please re-write ALL text in the protocol in the imperative voice/tense as if you are telling someone how to do the technique (i.e. “Do this”, “Measure that” etc.) Any text that cannot be written in the imperative tense may be added as a “Note”, however, notes should be used sparingly and actions should be described in the imperative tense wherever possible.
1) For example: 1.2: Treat the collected embryos with 0.003% 1-phenyl-2-thiourea (PTU, Sigma-Aldrich) in E3 medium 18 hours post fertilization to maintain the transparency of the embryos for LSFM imaging.

Response 1
We have fixed the imperative voice/tense in the manuscript based on the editor’s comments. 


Comment 2
Protocol Detail: 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 add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. Some examples:
1) 3.1: define DAPT.
2) 3.2: How exactly was microinjection performed? Was this done under a microscope? Was the injection manual or was a syringe pump used? Where in the body do you inject? Mention needle gauge. Are the zebra fish anesthetized? If so, how?
3) Section 4: Given the goals laid out in the summary " to detail a novel method for the assessment of segmental cardiac function in embryonic zebrafish under both physiological and pathological conditions"; the protocol is incomplete without a more detailed description of the LSFM imaging technique. This can be brief, however, the current description is insufficient.

Response 2
1) DAPT is a γ-secretase inhibitor, and its full name is (2S)-N-[(3,5-Difluorophenyl)acetyl]-L-alanyl-2-phenyl]glycine 1,1-dimethylethyl ester. We have defined its full name in the manuscript.
[bookmark: _Hlk21889563]2) We have added the following text into the manuscript Protocol Section 3.2: 
‘The microinjection is performed under a microscope with the support of an air pump to accurately control the volume injected. The microinjection is done when the fertilized egg is at the first cell stage, at which time the mRNA is injected into the cell. […] For details on the microinjection and preparation of injection needles, see Rosen et al.’
3) We have added a more detailed description of the LSFM imaging technique in Protocol Section 4.1: 
‘Briefly, our system utilizes a continuous-wave laser as the illumination source to image all transgenic zebrafish lines. The detection module is composed of two scientific complementary metal-oxide semiconductor (sMOS) cameras and two sets of filters for dual-channel imaging. The detection module is perpendicularly installed to the illumination plane. Each LSFM frame is acquired within a 20 msec exposure time, while the resolving power in cross-section is ~ 0.65 μm and the step size between consecutive frames is ~2 μm.’

Reference
Rosen, J. N., et al. Microinjection of Zebrafish Embryos to Analyze Gene Function. JoVE. doi:10.3791/1115 (25), e1115, (2009).

Comment 3
Protocol Highlight: After you have made all of the recommended changes to your protocol (listed above), please re-evaluate the length of your protocol section. There is a 10-page limit for the protocol text, and a 3- page limit for filmable content. If your protocol is longer than 3 pages, please highlight ~2.5 pages or less of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps.
1) The highlighting must include all relevant details that are required to perform the step. 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 included in the highlighting.
2) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.
3) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.
4) Notes cannot be filmed and should be excluded from highlighting.
5) Please bear in mind that software steps without a graphical user interface/calculations/ command line scripting cannot be filmed.
6) Please edit the title to focus on the highlighted portions of the protocol.

Response 3
We have re-evaluated the length of the protocol section and made sure that it dose not exceed the page limit. We have revised the protocol based on the editor’s suggestions. 
Comment 4
Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.

Response 4
We have revised the discussion based on the editor’s suggestions.


Comment 5
Figures: define all error bars.

Response 5
All error bars have been defined in the figure legends.


Comment 6
[bookmark: _Hlk18645989]Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are Sigma-Aldrich, Amira (FEI), MATLAB,
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.

Response 6
We have removed all commercial sounding languages and the products have been referred to in the Table of Materials.


Comment 7
Table of Materials: 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/software in separate columns in an xls/xlsx file. Please include items such as software, instruments, zebrafish rearing reagents, etc

Response 7
The Table of Materials has been revised based on the editor’s comments.


Comment 8
Please define all abbreviations at first use.

Response 8
All abbreviations have been properly defined at first use.


Reviewers' comments:

Reviewer #1:

General Comments
The manuscript describes a procedure to analyze mechanical deformation from images of zebrafish hearts. As such, this is an important endeavor, and a useful tool for people analyzing the biomechanics of heart development, especially those using zebrafish - although it is likely adaptable to other species and images (future work). However, the manuscript falls short in explaining even in general terms the assumptions behind the algorithms employed: a better description of intended registration and simplifications is required. As it stands the paper is merely a manual for a very specific software and a VERY specific example - if someone wants to deviate from this example, it is not clear he/she will have the tools to properly use the software as no guidance is provided.

Response
We thank the reviewer for the supportive comments. To address the reviewer’s concerns regarding the details of the algorithms, we have revised and added multiple sections of the manuscript (Protocol sections 8.3, 8.6, 10.1, 11.2).  These provide the reader with further details and explanations regarding the algorithms, and thus more freedom to deviate from them as appropriate for a different set of experiments. 



Major Comments
The paper does not really describe the main idea behind the program/algorithm. The paper should state the main principles use to calculate/estimate deformation. Instead, the paper goes into excruciating details of how to upload the data into the program, how to rotate the heart, etc. It never describes how the registration is performed, and how corresponding points/regions are determined by the algorithm. This is probably mathematically complex, and does not need to be specified in detail, but at least give an idea of how these steps are done internally. This will be valuable for the user as well, who will be able to focus on important issues for instance during the initial manual alignment, which is probably crucial for the analysis.

Response
[bookmark: _Hlk18646842]We thank the reviewer for the opportunity for clarification. We have added the following description into the manuscript Protocol Section step 10.1:
[bookmark: _Hlk18647064]‘The artificially created rectangular parallelepipeds in step 7 are used for 3-D rigid registration which preserves the distance between two points and angles subscribed by three points. When the end-diastole rectangular parallelepiped (red) is registered to the end-systole rectangular parallelepiped (green), the ensuing discrepant 3-D location permits the derivation of a unique matrix of rigid transformation consisting of rotation and translation from the end-diastole matrix to the end-systole matrix (Figure 1H).  We performed the registration and regularized energy minimization (to denoise the matrix after the transformation) using the image processing toolbox (see Table of Materials). For a detailed mathematical description of the above process, please see Chen et al.’

Reference
Chen, J. et al. Displacement analysis of myocardial mechanical deformation (DIAMOND) reveals segmental susceptibility to doxorubicin-induced injury and regeneration. JCI Insight. 4 (8), (2019).


Minor Comment 1
[bookmark: _Hlk18646865]What do you mean by 'focal cardiac mechanics'? I do not think the algorithm is doing that - but perhaps adding an explanation will help clarify.

Response 1
We thank the reviewer for the opportunity for clarification. To this end, we have removed ‘focal’ and ‘local’ from the manuscript and use only ‘segmental’.       


Minor Comment 2
What is 'segmental cardiac function'?

Response 2
We thank the reviewer for the opportunity to further expand this concept. Given Figure 2 provides the best visualization to address this question, we have revised the Figure 2 legend for further clarification: 
‘The embryonic zebrafish heart was divided into six segments (volumes) depicted here with different colors for the calculation of DIAMOND displacements (left). The displacement vector of each segment computed by DIAMOND represents its segmental cardiac function.’ 
[image: ]We also present Figure 2 below for visual depiction. 

Minor Comment 3
Sections 4 to 11. I understand that the algorithms are described in previous publications, however, a very brief description of them is necessary here. This is kind of a user manual, that does not give you any clue of what you are doing or why. The steps specify opening of folders and the such, it would be beneficial to know what the folders contain exactly, for example, "image stacks containing a 3D reconstruction of the heart at diastole". Not in excruciating detail, but briefly.

Response 3
We appreciate the reviewer’s comment. We have added the following description of the algorithm into Protocol Section step 10.1:
‘The artificially created rectangular parallelepipeds in step 7 are used for 3-D rigid registration which preserves the distance between two points and angles subscribed by three points. When the end-diastole rectangular parallelepiped (red) is registered to the end-systole rectangular parallelepiped (green), the ensuing discrepant 3-D location permits the derivation of a unique matrix of rigid transformation consisting of rotation and translation from the end-diastole matrix to the end-systole matrix (Figure 1H).  We perform the registration and regularized energy minimization (to denoise the matrix after the transformation) using the image processing toolbox (see Table of Materials). For a detailed mathematical description, please see Chen et al.’ 
This description is also used to address reviewer 1’s major comment.  
We also added the following description to Protocol section 11.2:
‘The displacement vector is obtained by calculating the displacement of the mass centroid of each segment in 3D space. We calculate the 3-D mass centroid (PS and PD) coordinates  (where k indicates the x, y, or z coordinate, respectively) of each segment (I-VI) in the segmentation dataset from systole to diastole (Figure 1J).  We define the mass centroid in 3-D space as follows:
	
            

where Cx = x, Cy = y, and Cz = z, Mi is the mass of each segment (I ≤ i ≤ VI), m is interpreted as the number of voxels of each segment, and ρ denotes the density function as the segmented region is 1 whereas the rest is 0. The L2-norm of the sub-displacement vectors along the x-, y-, z-axis and the sum displacement vector are calculated during the cardiac cycle.’  

Reference
Chen, J. et al. Displacement analysis of myocardial mechanical deformation (DIAMOND) reveals segmental susceptibility to doxorubicin-induced injury and regeneration. JCI Insight. 4 (8), (2019).


Minor Comments 4 and 5
Section 8. This step is likely critical. The reader should be reminded of important issues to take into account. "Make sure to...." Also, what exactly needs to be accomplished here? Some guidance will be beneficial.  
Same as above for Sections 9 to 11.

Responses 4 and 5
We thank the reviewer for this valuable comment. This step is to correctly find the true short axis planes for both systolic and diastolic hearts and to resample the hearts along the short axis planes. We have added several important notes for this step into the manuscript as follows:
· [bookmark: _Hlk18647755]In step 8.3:  ‘Make sure the points are chosen in a counterclockwise manner’.
· [bookmark: _Hlk18647775]In step 8.8:  ‘Make sure there are total 6 TIFF files saved in this step’.


Minor Comment 6
Results. I do not understand what are the 'segments' and what they represent. Are they volumetric regions? How exactly are they defined?

Response 6
This description is also used to address reviewer 1’s minor comment 2.  Given Figure 2 provides the best visualization to address this question, we have revised the Figure 2 legend for further clarification: 
‘The embryonic zebrafish heart was divided into six segments (volumes) depicted here with different colors for the calculation of DIAMOND displacements (left). The displacement vector of each segment computed by DIAMOND represents its segmental cardiac function.’ 


Minor Comment 7
How is the registration performed? How are the mass centroids determined and why?

Response 7
The below description is also used to address reviewer 1’s minor comment 3.  We have added the following description into the manuscript step 11.2:
‘The displacement vector is obtained by calculating the displacement of the mass centroid of each segment in 3D space. We calculated the 3-D mass centroid (PS and PD) coordinates  (where k indicates the x, y, or z coordinate, respectively) of each segment (I-VI) in the segmentation dataset from systole to diastole (Figure 1J).  We define the mass centroid in 3-D space as follows:
	
[bookmark: _GoBack]            

where Cx = x, Cy = y, and Cz = z, Mi is the mass of each segment (I ≤ i ≤ VI), m is interpreted as the number of voxels of each segment, and ρ denotes the density function as the segmented region is 1 whereas the rest is 0. The L2-norm of the sub-displacement vectors along the x-, y-, z-axis and the sum displacement vector are calculated during the cardiac cycle’. 


Reviewer #2:

General Comments
DIAMOND is interesting method to uncover cardiac functions from optical technique. Authors have used light-sheet microscopy and zebrafish animal model to demonstrate the cardiac mechanics after treating Doxorubicine which is commonly used for chemotherapy. Using DIAMOND method, the authors have compared cardiac mechanics such as displacement vectors of segmented areas. It has been well-tested with sham model, Doxo-treated model, DAPT treated model, and rescued models. However, I do have some minor concerned before publication.  

Response
We thank the Reviewer for the supportive comments.  


Minor Concern 1
Authors mentioned they adjust threshold to make fluorescent signal strong from weak fluorescent signal. This process possibly includes noise around stronger fluorescent signal. I was wondering if this affects the accuracy of DIAMOND analysis?

Response 1
We thank the reviewer for this valuable comment. We did not use the ‘Threshold’ tool mentioned in Protocol Section 6.2 to make ‘weak’ fluorescent signals ‘strong’. Based on our experience, the fluorescent signal from Tg(cmlc2:mCherry) is sufficiently strong to clearly visualize the heart. The ‘Threshold’ tool was used to select all the regions above a certain intensity threshold in order to facilitate manual segmentation. Noise is removed afterwards manually, thus it should not affect the accuracy of DIAMOND. We have added the following description of the ‘Threshold’ tool to Protocol section 6.2: ‘The built-in “Threshold’ tool that can select all the regions above a certain intensity can facilitate this process’.


Minor Concern 2
It is clear how they determines short axis plane. However, it is not clear how to determine vertical and horizontal long axis. It is important to clarify because short axis plane is perpendicular to two planes.

Response 2
[bookmark: _Hlk18647920]We thank the reviewer for this valuable comment. We have added this description into the manuscript section 8.2” 
‘The vertical long axis is determined by finding the longest axis connecting the apex and the outflow tract in the XY plane, and the horizontal long axis is determined by finding the longest axis connecting the apex and the outflow tract in the YZ plane’. 


Reviewer #3:

General Comments
The authors set out to create an automatic method to calculate displacement strain from light sheet fluorescence microscopy images. The method (DIAMOND) is easy to use and clearly spelled out in the abstract. The program also calculates conventional cardiac function parameters such as volumes and ejection fraction. DIAMOND is robust and takes 4D data as input.

Response
We thank the Reviewer for the supportive comments.  


Major Comment 1
Are there any issues or dependence of DIAMOND on light-sheet fluorescence microscopy parameters such as power, laser angle, or emission wavelength? If so, please recommend some optimal settings so that others can reproduce the robustness of the method.  

Response 1
We thank the reviewer for this valuable comment. There is no dependence on the power of the LSFM system, as long as the laser intensity is sufficient enough to excite the fluorescent signal. The angle of the laser is always perpendicular to the camera. Emission wavelength should be determined by the fluorescent protein expressed by the sample, and the proper filter should be chosen to eliminate the background noise generated by the source laser. However, there is dependence on the resolution and image quality of the microscope, because a good image quality is essential for image segmentation and anatomical structure visualization. We recommend the lateral resolution to be at least 1 m. We have added the description of the angle and wavelength to Protocol section 4.1. 


Major comment 2
How do you deal with non-cyclical motion (i.e. arrhythmia)? It seems that the authors use a model that depends on cyclical repetitive motion to reconstruct different cardiac phases in 3D. My concern is when users apply DIAMOND to either early embryonic stages with pulsatile motion or mutation cases with arrhythmic heart rate.

Response 2
We agree with the reviewer that there might be concerns when DIAMOND is applied to those studies. During early embryonic stages, it is difficult to acquire high quality images given the heart is blocked by the yolk sac. We have tried to image 1 and 2 dpf zebrafish hearts with LSFM, but the image quality was subpar. 
Most post-imaging reconstruction algorithms are based on the assumption that the heart is undergoing a cyclical repetitive motion. Because our current post-imaging processing algorithm also relies on this assumption, DIAMOND cannot be applied to arrhythmic hearts. If the reader would want to study arrhythmia in zebrafish using optical methods, the best currently available options are Electrically Tunable Lens-SPIM (ETL-SPIM) or light field microscopy. However, the ETL-SPIM system is technically challenging (Mickoleit et al.) and light field microscopy currently suffers from low spatial resolution. This should be an area of future research. 

Reference
Mickoleit, M. et al. High-resolution reconstruction of the beating zebrafish heart. Nat Methods. 11 919,(2014).
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