In order to save time and effort later on, and to get the best results from this process, please answer the following questions:
 
(a) What is your research question(s)?

1. What are the specific mitochondrial proteins (and metabolic pathways) that regulate mtROS levels in oocytes vs sperm as they age? Are these mitochondrial mechanisms conserved across both sexes or do they play sex-specific roles?
2. How do environmental toxicants disrupt mtROS in oocytes and sperm? How does this disruption affect oocyte/sperm longevity and reproductive aging in a sex-specific manner?
3. What are the sex-specific heritable effects of environmental contaminants that disrupt mitochondrial regulation of ROS on the exposed individual's offspring?

(b) Why is the research question important? You may mention other literature in the field, and the expected contribution of your research.

Reproductive aging affects both sexes, yet its trajectory and progression differ significantly between males and females. This phenomenon is primarily attributed to the qualitative and quantitative deterioration of oocytes in females and sperm in males, influenced by various cellular and environmental factors. With the growing trend of delayed parenthood, elucidating the mechanisms governing reproductive aging has become increasingly crucial.
Emerging evidence highlights the pivotal role of mitochondria in regulating reproductive longevity. Mitochondrial dysfunction and increased ROS associated with aging adversely impact oocyte and sperm quality. Despite the established link between mitochondrial dysfunction, ROS, and reproductive aging, the specific mitochondrial proteins and metabolic pathways essential for maintaining optimal ROS levels in oocytes versus sperm as they age remain unclear. Furthermore, it is unknown whether these proteins and pathways are conserved across both sexes or play sex-specific roles. mtROS levels can also be perturbed by environmental toxicant exposures, leading to oxidative stress, compromised reproductive capacity, and potential heritable effects on progeny. However, the sex-specific mechanisms by which environmental contaminants disrupt mitochondrial regulation of mtROS in oocytes and sperm, and how this disruption affects their aging and the reproductive aging of the exposed individual, remain poorly understood. Moreover, the heritable effects of these contaminants on reproductive toxicity have yet to be comprehensively studied.


(c) What are your hypotheses?

I hypothesize that mitochondrial ROS is an important regulator of oocyte and sperm longevity, and that the oocyte- and sperm-specific mitochondrial proteome changes with age, leading to increased ROS levels that promote reproductive aging. These mitochondrial proteome changes are also affected by exposure to environmental toxicants, which increase mtROS and thereby promote reproductive aging in a sex-specific manner. Furthermore, I hypothesize that the reproductive toxicity induced by environmental contaminants not only affects the exposed individual, but also has sex-specific heritable effects on the reproductive capacity of their progeny. I expect that different toxins will differentially impact males and females, exhibiting distinct sex-specific heritable effects. 


(d) What is the proposed methodology? Why was it selected?

We will use the powerful C. elegans model system, and will employ a range of complementary techniques, including proteomics, functional assays, high-throughput screening, and transcriptomic analyses, to systematically study our questions. 
The use of C. elegans enables high-throughput screening, genetic manipulations, and comparative analyses between males and hermaphrodites/females, which are crucial for revealing sex-specific differences in the mechanisms regulating reproductive longevity and toxicant-induced reproductive toxicity. 

(e) What are the main steps that will be involved in conducting your research?

1. Identifying sex-specific mitochondrial proteins essential for maintaining ROS levels in oocytes and sperm during aging: we will isolate and profile the mitochondrial proteome of young and reproductively aged male and females C. elegans. b. Isolate and profile the mitochondrial proteome of oocytes and sperm in young and aged animals. We will subject the samples to mass spectrometry-based proteomics to compare the mitochondrial protein profiles and identify differences between sexes and age groups. We will then functionally characterize candidate mitochondrial proteins by manipulating their expression (knockdown or overexpression) and assessing the impact on reproductive aging, oocyte quality, and sperm function. 
2. Elucidating the sex-specific mechanisms by which environmental toxicants disrupt mitochondrial ROS homeostasis and promote oocyte and sperm aging: we will establish a high-throughput screening platform using a MitoTimer reporter strain to identify chemicals that increase mtROS levels in the aged germline of males and females. We will further study the effects of identified chemicals on mitochondrial function, oocyte and sperm quality, reproductive span, and lifespan. 
3. [bookmark: _GoBack]Investigating whether candidate toxicants induce heritable reproductive toxicity, focusing on sex-specific differences, and uncovering the underlying molecular mechanisms: we will expose parental generations to candidate toxicants and assess the reproductive outcomes, including reproductive span, oocyte quality, and fertilizability, in the unexposed offspring across multiple generations. We will next determine whether the heritable reproductive effects are sex-specific by exposing either the mother or the father separately. We will then employ transcriptomic analysis etc. to elucidate the molecular mechanisms underlying the observed heritable reproductive toxicity.

