Dear Editors and Reviewers,

First, we would like to show our gratitude to the editors and reviewers for all your excellent work. We appreciate the time and effort you have spent to share your valuable insights and are grateful for the opportunity to respond to them. Our responses to the Reviewers’ comment are described below in a point-to-point manner.

Response to Reviewer #2:
Thank you very much for taking the time to review this manuscript. We have answered each of your points below.
 
Reviewer 2
Comments 1: Issues for Images and Figures
Response 1: Thanks for your valuable comments, we have refined the Images and Figures.

Comments 1-1: Resolution and Clarity: The images included in the manuscript are of suboptimal resolution. For readers and fellow researchers to derive meaningful insights, it's imperative that all visual data be clear and easily interpretable.
Response 1-1: Thanks for your valuable comments, we agree this comment. Therefore, we have refined all visual data be clear and easily interpretable.

Comments 1-2: Detailing: The intricate details within the images are not easily distinguishable. This lack of clarity could lead to misinterpretation or oversight of critical data points.
Response 1-2: Thanks for your valuable comments, we agree this comment. Therefore, we have modified intricate details to make them easier to read.

Comments 1-3: Suggestion: It's recommended to revisit the source of these images. If they were captured or generated at a higher resolution initially, ensure that no quality was lost during the manuscript's formatting or submission process. If the source images are of low quality, consider recapturing or regenerating them. Vector-based graphics, especially for diagrams and charts, can be beneficial.
Response 1-3: Thanks for your valuable comments, we agree this comment. Therefore, we have recaptured all images at a higher resolution initially.

Comments 2: Methodology
Response 2: Thank you for your valuable feedback, we will go back and make it clearer.

Comments 2-1: Sequencing Choices: While the use of both targeted NGS and WES is well-justified, a more in-depth discussion on why these specific methods were chosen over other available sequencing techniques would provide clarity.
[bookmark: _GoBack]Response 2-1: Male infertility is a complex disease, influenced by a combination of genetic, physiological and environmental factors. In genetic research, whole-exome sequencing (WES) covers the entire exome and can identify the protein-coding regions (exons) of the genome, providing valuable insights into the underlying genetic causes of male infertility. Targeted panel sequencing (TPS) narrows the focus to specific genes associated with the phenotype of interest, providing a targeted approach to studying genes known to be associated with male infertility. WES and TPS are both advanced next-generation sequencing (NGS) methods that complement each other and can provide a rapid method to explore the multiple genetic factors responsible for male infertility, ultimately enhancing our clinical understanding and diagnostic capabilities. In the near future, Whole-genome sequencing (WGS) will replace WES and TPS, providing a comprehensive view of the makeup of individual genes with more information, but was not utilized due to excessive costs. WGS is a technology that goes beyond exome sequencing and aims to map the entire genome, including noncoding regions, regulatory elements, introns, and intergenic regions. The major content was added into methodology (line99-105). 

Comments 2-2: Patient Selection: The criteria for selecting patients based on sperm concentration is clear. However, elucidating why these specific divisions are crucial for the study's objectives would be beneficial. Are there underlying biological or genetic reasons for these divisions?
Response 2-2: Based on WHO guideline (Cooper et al., 2010), the complete absence of sperm is called azoospermia. If there are less than 15 million sperm per milliliter of semen, the sperm count is considered below normal and is called oligospermia. Male infertility is determined by sperm concentration, motility, and morphology. The parameters assessed would distinguish various forms of male infertility, including azoospermia and olgozoospermia. Genetic studies involving sperm concentration help researchers understand the genetic mechanisms of fertility, including genes related to spermatogenesis or sperm function. The most common cause of male infertility is azoospermia, which is caused by a genetic mutation. Some studies have been combined with genetic analysis, such as the study of single nucleotide polymorphisms (SNPs) associated with male infertility. Genetic insights gained from sperm concentration studies may lead to the development of genetic tests or panels for assessing individual male genetic risk for infertility. Sperm concentration has biological and genetic purposes in assessing male fertility and plays a role in understanding the genetic aspects of fertility and potential genetic causes of low sperm concentration.
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Comments 3-1: Gene Findings: The identification of the five affected genes is a pivotal point in the manuscript. Delving deeper into the broader implications of these findings would be enriching. For instance, how do these genes interact with other known genes associated with infertility? Are there potential pathways or mechanisms that these genes influence which could be targeted for treatment?
Response 3-1: The analysis identified five distinct genes (SPATA16, CFTR, KIF6, STPG2, and DRC7) from our lab that are associated with microtubule and spermatogenesis processes. These genes likely play a role in male fertility, and their dysregulation could contribute to infertility. Our team continued efforts in investigating the genetic factors associated with male infertility, some of our unpublished RNAseq data in comparing residual tissue of NOA (non-obstructive azoospermia) and OA (obstructive azoospermia) from TESA's (testicular sperm aspiration) residual tissue to obtain male infertility-related DEGs (differentially expressed genes). Through Ingenuity Pathway Analysis (IPA), DEGs were observed to find the microtubule-related pathways and functional annotations. Due to the insufficient quantity of the experiment's sample size, further qualitative analysis is considered limited and inconclusive. Our future work would involve the relevance of biological pathways associated with microtubules and the SNPs involvement with male infertility. Defining the potential gene panel can aid further understand the condition and develop targeted treatments.

Comments 4: Broader Implications: While the evidence supporting the hypothesis is robust, the discussion could benefit from a broader perspective. How might these findings influence current clinical practices, patient counseling, or genetic testing protocols? Additionally, how do these findings fit into the larger landscape of male infertility research?
Response 4: Collaboration between researchers and physicians is critical to obtaining testicular biopsy and clinical data, ensuring the relevance of our research to clinical practice. Furthermore, collecting RNA transcript profiles from testicular tissue is an important step towards understanding biological pathways and functional annotation. Targeting specific pathways, such as spermatogenesis, dynein, and external junction proteins of the axoneme, could focus research on genes and mechanisms associated with male infertility. 

Comments 5: Follow-up Studies: Given the significance of the findings, a natural next step would be to explore potential therapeutic interventions based on the identified genes. A study focusing on potential treatments or interventions would be a valuable addition to the field.
Response 5: The use of Clustered Regularly Interspaced Short Palindromic Repeats (CRISPER) technology is a revolutionary gene-editing tool that allows us to precisely modify genes in living organisms. CRISPER knockout experiments in animal models is a powerful tool to assess the impact of specific genes on testicular morphology and sperm parameters. This approach allows us to establish causal relationships between genetic mutations and infertility phenotypes in a near future.

Comments 6: Collaboration: Collaborating with experts specializing in genetic imaging or bioinformatics could enhance the quality of the images and data interpretation. Such collaboration could also open doors to new methodologies or insights that might not have been considered.
Response 6: During our research, our team did indeed collaborate with genetic imaging and bioinformatics experts. Their opinion aligns with our teams results and discussions. 

Comments 7: Tables and Charts: Ensure that all tables, charts, and graphs are labeled correctly, with clear legends and footnotes if necessary. Any abbreviations used should be explained either within the figure/table or in a footnote.
Response 7: Thank-you for your input, our team will make the figure descriptions much more informative and coherent. 

Comments 8: Statistical Analysis: While the manuscript mentions the use of statistical tools, a more detailed breakdown of the statistical methods and their results would provide clarity. This includes p-values, confidence intervals, and any other relevant metrics.
Response 8: Thank you for your input, we have added additional clarity to our statistic data to our results. 

Comments 9: Future Directions: The conclusion could benefit from a section discussing potential future directions based on the findings. This could include potential clinical applications, further research areas, or implications for genetic counseling.
Response 9: In the future, we will collaborate with physicians to obtain more testis biopsies and gather RNA transcript data. Our team will focus on exploring three potential pathways that may impact infertility: spermatogenesis, dynein, and outer junction proteins of the axoneme. Through CRISPER knockout experiments, we aim to apply these genes in animal models and perform testicular biopsies to observe tissue morphology, sperm concentration, and sperm morphology. This approach will enhance the clinical applicability of our candidate genes.

Comments 10: Comments on the Quality of English Language
Response 10: Thank you for your valuable feedback, certainly our team will find native English speaker to go over my manuscript.

Comments 10-1: General Observation: The manuscript is generally well-written, but there are areas where the language could be refined for clarity and precision.
Response 10-1: Thank-you, our team has revised the manuscript in hopes of improving the literature portion. 


Comments 10-2: Sentence Structure: In some sections, the sentence structure is complex, making it challenging to follow the main idea. Consider breaking longer sentences into shorter, more concise ones to improve readability.
Response 10-2: Thank-you, our team will make adjustments to the sentence structures to allow improved clarity. 

Comments 10-3: Terminology Consistency: Ensure consistent use of terms throughout the manuscript. For instance, if "male infertility" is used in one section, avoid switching to "infertility in males" in another without a clear reason.
Response 10-3: Thanks, our team will make it consistent.

Comments 10-4: Grammar and Punctuation: There are occasional grammatical errors and punctuation inconsistencies. It would be beneficial to have the manuscript reviewed by a native English speaker or professional editor to rectify these issues.
Response 10-4: Thanks, we will find a native English speaker to assist in the manuscript.

Comments 10-5: Use of Abbreviations: While the use of abbreviations is common in scientific writing, it's essential to introduce each abbreviation clearly when it's first used. Also, consider providing a list of abbreviations at the beginning or end of the manuscript for easy reference.
Response 10-5: Our team has missed a couple abbreviations that are required, these are the addition required abbreviations: Microtubule (MT); azoospermia factor regions (AZF); single-cell transcriptome analysis (scRNAseq).

Comments 10-6: Clarity in Descriptions: In some sections, especially the methodology, the descriptions could benefit from more straightforward language. Avoiding jargon or overly technical terms, unless necessary, can make the manuscript more accessible to a broader audience.
Response 10-6: Thank-you, our team will revise the section to ensure a straightforward language by utilizing broader vocabulary.

Comments 10-7: Transitions between Sections: Smooth transitions between sections and paragraphs will enhance the flow of the manuscript. Ensure that each section logically leads to the next, providing readers with a cohesive narrative.
Response 10-7: Thank-you, our team will make better transitions between sections.

Comments 10-8: Conclusion Language: The conclusion should be assertive and clear. Avoid using tentative language, and ensure that the main findings are summarized confidently.
Response 10-8: Thank you, our team will improve the conclusion’s clarity.

Comments 11: Recommendation: Given the importance and potential impact of the research, it would be highly beneficial to invest in professional language editing services. This will not only enhance the manuscript's language quality but also ensure that the research findings are communicated effectively.
Response 11: Totally agree with you. Our team will find professional editors to improve the language quality of our manuscript.
