[bookmark: _GoBack]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.

Response: We thank the editor for valuable critiques. We went thorogh the text and corrected all grammatical and spelling errors. We have made the changes in “Track-changes” in the revised manuscript.

2. Please reword the following lines to avoid previously published work: 84-87, 88-90, 92-94, 192-195, 217-218, 220-221, 270-273, 357-362, 366-369, 396-397, 404-405.
Response: The lines were reworded as requested 

3. Please provide an email for each author.
Response: 
Zz1513224@qu.edu.qa
fatiha@qu.edu.qa
hyalcin@qu.edu.qa
seisabeygi@mcw.edu
rramchan@mcw.edu
4. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Response: Text was revised and pronouns were removed
[bookmark: _Hlk87792758]5. Please rephrase the Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “The present protocol describes. …”. Here the word limit is exceeding.
Response: The summary was rephrased within the required word limit 
6. Please remove citations from the Abstract and include them in the Introduction section.
Response: Citations were removed from the Abstract and included in the Introduction section

7. Please format in-text journal references to appear as numbered superscripts after the appropriate statement(s).
Response: Reference citations were fixed as requested

8. Please ensure that all the abbreviations are defined at the first instance.
Response: We revised the entire text for abbreviations and fixed.


9. 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 and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials.
For example: Gene Tools, Orogene, Thermo Fischer, World Precision Instruments, Narishige, Slutter Instruments, Harvard Apparatus
Response: All trademark symbols (™), registered symbols (®), and company names were removed and added to the table of materials 

10. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. All action steps should be numbered.
Response: Numbering was corrected accordingly

11. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per step and a maximum of 4 sentences per step. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion.
Response: Protocol steps were revised accordingly

12. 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., “Do this,” “Ensure that,” etc.). Any text that cannot be written in the imperative tense (e.g., provide extraneous details, optional steps, or recommendations) may be added as a “NOTE.”
Response: Steps were revised with imperative tense

13. 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.
Response: We revised the steps to explain in more detail and in brief statements as requested

14. Please add more details to your protocol steps:
Line 113: Please add citations for the literature. 
Line 409: Please include citations for the equations. 
Response: Citations were added accordingly



15. Please remove the Figures/Tables embedded in the manuscript. 
Response: Embedde figures and tables were removed from the text as requested

16. Please submit each Figure individually in a high-resolution format to your Editorial manager account. The file of Figure 3 is missing.
Response: High resolution images were submitted seperately

17. Figure 1C/Figure 2C,D,E/Figure 3A,B/Figure 4: Please include a scale bar.
Response: Scale bar was added as requested


18. Please provide the Tables in xlsx format and upload separately in your Editorial Manager account.
Response: Tables were submitted separately as requested

19. Please include a Representative Results section after the Protocol section. This section should contain at least one paragraph of text to explain the Results in the context of the technique you have described, e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc. The paragraph text should refer to all of the Figures/Tables. Please include all the observations and conclusions you can derive from the Figures. The Results section should focus on the effectiveness of your technique backed up with data.
Response: Results for a representative cardiac gene, hand2 was added to Results section

[bookmark: _Hlk88431090]20. Please include all the Figure/Table Legends together at the end of the Representative Results in the manuscript text. Each Figure/Table Legend should relevant include a title and a short description of the data presented in the Figure and symbols. The Discussion of the Figures should be placed in the Representative Results.
Response: Figure/Table Legends were included together at the end of the Representative Results in the manuscript text

21. Please include a Discussion section after the Figure/Table legend section. As we are a methods journal, please ensure that the Discussion 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. significance with respect to existing methods
e. Any future applications of the technique
Response:  Discussion section was added covering  the required details.


22. Please provide a list of all the gene sequences used, plasmids, and promoters used in the study in a separate Supplementary File. Please reference the file in the manuscript text and include a legend in the Figure/Table legend section.
[bookmark: _Hlk88432044]Response: All the Morpholinos sequences, plasmids used in the study were listed in a separate
Supplementary File

23. Please ensure that the Table of Materials contains all the details of all the essential supplies, reagents, and equipment in a single sheet. The present Table has six sheets. Please combine all these. The table should include the name, company, and catalog number of all relevant materials in separate columns in an xls/xlsx file. Please sort the Materials Table alphabetically by the name of the material.
Response: All the essential supplies, reagents, and equipment were listed alphabetically in a single sheet with all the details about the name, company, and catalog number. 

24. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 6 authors, list only the first author then et al. Please include volume and issue numbers for all references.
Response: Bibliography was fixed as requested


Reviewers' comments:
Reviewer #1:
Manuscript Summary:
In this paper Zakaria and colleagues describe, in a very detailed protocol, how to design, order, dilute and microinject morpholinos in fertilized zebrafish embryos to knock down a specific gene of interest. The authors also describe how to perform rescue experiments by the co-injection of exogenous mRNA of the targeted gene, in morphants embryos. Finally, the efficacy of the morpholino microinjections was showed by the authors through the analysis of cardiac structure and function of hand2 morphants. The paper is clear and well written, and each procedure is described. in detail, step by step. I have only few suggestions that in my opinion might improve this manuscript that are listed hereinafter

Minor Concerns:
1- The authors should mention in the text also the limitations of the morpholino technique and stress a bit more that the morpholino injection can induce off-target effects associated with unspecific phenotypes such as cardiac oedema or microcephaly.
Response: a paragraph about morpholinos limitations andoff-target effects was added to discussion section, as below 
Morpholino (MO) technology has been extensively used in zebrafish, xenopus, sea urchins and more recently in cell culture model systems. With most methods, along with the benefits, there are also pitfalls that the experimenter should be aware of. One of the major pitfalls with MO technology include the concern that phenotypic effects observed by MO-mediated gene knockdown approach is not due to the loss of function associated with the primary gene product but that some other genes along with the primary gene or independent of the primary gene has been targeted, and thus this so called “off-target” effects is the reason for the “observed” morphant phenotype. This point came to the forefront when poor correlation was observed between morphants and mutants for the same gene in zebrafish (Kok et al., 2015). Thus, several recommendations and guidelines for morpholino use in zebrafish field (Bill et al., 2009;Stainier et al., 2017) have been established, and is recommended that experimenters’ follow these guidelines. In our view, when possible, a second independent complementary approach (CRISPR) confirming the morphant or mutant phenotype is desireable. A second limitation include the ability to selectively knockdown a gene at space and time using MOs. Yes, photoactivatable MOs (Sumanas, 2017) are available but gene targets with complex expression patterns and those that have distinct functions at different times in development (early vs. late) will be difficult to address using this method. Further, the use of high light intensities to uncage/activate the MOs that may damage the embryonic tissue has also precluded its widespread use. A third limitation of MO is a general one for knockdown technology wherein only transient blocking of gene transcription is possible, and from a model system perspective, MOs will only work effectively in organisms like zebrafish, Xenopus, sea urchins where organogenesis occurs within a short time (2-3 days) period. This time frame limits the use of the technology in higher order organisms, and in adults. Some reports have emerged for in vivo MO use in mice (Kyritsi et al., 2017) although, such approaches have not gained widespread adoption. Finally, non-coding RNAs that comprise the bulk of our genome is a challenge to a target with MOs. MOs have successfully targeted short non-coding RNAs (miRNAs) (Flynt et al., 2017) but long (>200 bp) non-coding RNAs without translational start site or definitive exon-intron splicing sequence information remains a challenge. 

2- I also would suggest the authors to cite and comment in the ms the seminal paper of Stainier et al., 2017 (10.1371/journal.pgen.1007000) that represent a very interesting Guide for the use of morpholino in zebrafish. 
Response: The mentioned paper was added to the paper and discussed accordingly

3- In line 81 of the ms the authors affirm that "It is important to standardize three critical elements of the MOs screening process: " I would ask the author to better explain the point ii)
Response: We have expanded this part to make it more explanatory. 
ii) The phenotyping nomenclature used; a precise and easily understandable phenotypic description is critical to provide extensive explanations based on existing literature and investigator experience to facilitate information sharing among those who did not directly examine the embryos. 
(iii) Having well-defined language made it easier to collect data centrally from Morpholino Database.(Bedell et al., 2011)
4- In line 145 I would suggest the author to remove the last part of the sentence "or to keep them frozen at -2°C." Actually, Gene Tools suggests to store morpholinos at room temperature in a sealed vial or freeze-dried (lyophilized).
https://www.gene-tools.com/sites/default/files/Storage_RTorLyophilized_v3.pdf ; https://www.gene-tools.com/content/storage-morpholinos-refrigerate-or-room-temperature
Response: We removed that sentence as requested

5- Line 224: The authors should modify the sentence "MOs can be microinjected into the yolk of newly-laid zebrafish eggs, at up to the 8-cell stage" with "MOs can be microinjected into the yolk of newly-laid zebrafish eggs, at up to the 4-cell stage"
Response: Requested modification was adapted

6- Lines 307-309: I would suggest the authors to control point n. 7. There is a discrepancy between the images of figure 4 and their description in the text.
Response: Text was corrected as requested 



Reviewer #2: 
Manuscript Summary:
"Design and Microinjection of Morpholino and mRNA into Zebrafish Embryos to Elucidate Specific Gene Function in Heart Development" by Zakaria et al. provides a description of a protocol to induce gene knockdown using morpholinos and to rescue phenotypes using mRNA. Morpholino design, preparation, injection, and assessment are all covered in detail in this manuscript.

Major Concerns:

1- The most significant criticism is that the manuscript barely glances over well-documented off-target effects of Morpholinos. This must be elaborated upon. 
Response: a paragraph about morpholinos limitations andoff-target effects was added to discussion section, as below 
[bookmark: _Hlk90073963]Morpholino (MO) technology has been extensively used in zebrafish, xenopus, sea urchins and more recently in cell culture model systems. With most methods, along with the benefits, there are also pitfalls that the experimenter should be aware of. One of the major pitfalls with MO technology include the concern that phenotypic effects observed by MO-mediated gene knockdown approach is not due to the loss of function associated with the primary gene product but that some other genes along with the primary gene or independent of the primary gene has been targeted, and thus this so called “off-target” effects is the reason for the “observed” morphant phenotype. This point came to the forefront when poor correlation was observed between morphants and mutants for the same gene in zebrafish (Kok et al., 2015). Thus, several recommendations and guidelines for morpholino use in zebrafish field (Bill et al., 2009;Stainier et al., 2017) have been established, and is recommended that experimenters’ follow these guidelines. In our view, when possible, a second independent complementary approach (CRISPR) confirming the morphant or mutant phenotype is desireable. A second limitation include the ability to selectively knockdown a gene at space and time using MOs. Yes, photoactivatable MOs (Sumanas, 2017) are available but gene targets with complex expression patterns and those that have distinct functions at different times in development (early vs. late) will be difficult to address using this method. Further, the use of high light intensities to uncage/activate the MOs that may damage the embryonic tissue has also precluded its widespread use. A third limitation of MO is a general one for knockdown technology wherein only transient blocking of gene transcription is possible, and from a model system perspective, MOs will only work effectively in organisms like zebrafish, Xenopus, sea urchins where organogenesis occurs within a short time (2-3 days) period. This time frame limits the use of the technology in higher order organisms, and in adults. Some reports have emerged for in vivo MO use in mice (Kyritsi et al., 2017) although, such approaches have not gained widespread adoption. Finally, non-coding RNAs that comprise the bulk of our genome is a challenge to a target with MOs. MOs have successfully targeted short non-coding RNAs (miRNAs) (Flynt et al., 2017) but long (>200 bp) non-coding RNAs without translational start site or definitive exon-intron splicing sequence information remains a challenge. 


2- Furthermore, the manuscript fails to mention recently published guidelines for Morpholino use in zebrafish (PMID: 29049395).
Response: We included the mentioned guidelines in the manuscript

3- In the introduction, the authors stress the importance of using a dose-response curve to optimize MO injections, but a dose-response curve is not presented among the figures. The dose-response curve should contain not only LD50, but also penetrance of on-target phenotypes (including cardiac defects) as well as known off-target phenotypes such as neural death (if observed). It may be worth noting that for pleiotropic genes such as hand2, different phenotypes may display different dose sensitivity as shown for cardiac and pectoral fin phenotypes of tbx5a 
(PMID: 32958829).
Response: Hand2 a dose-response curve was added in representative results section

4- Similarly, rescue mRNA needs to be titrated and titration data has to be provided as an example.
Response: Hand2 results were added in representative results section

Minor Concerns:
1- In sections 4.7 and 4.8, the authors provide a description and calculation for using shear stress to measure cell velocity. While this description is detailed, a figure or a video demonstrating the method and quantifying the results would be beneficial.
Response: Figure 5 was added to show how to to measure cell velocity, to be use it for calculating shear stress, moreover,  in the filming process of this article we showed a video for measuring  cell velocity. Video 1 were added.
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