ABSTRACT
Large-scale genomic studies have identified numerous disease-associated genes. However, understanding how these genetic variations influence disease requires interpreting them within the appropriate biological context such as tissue, cell type, and cellular state. Advances in transcriptomic technologies have begun to address this need by enabling systematic measurement of gene expression across diverse biological contexts, from bulk tissue to single-cell resolution. These data provide new opportunities to directly link genetic variation to the specific cellular environments in which disease processes arise. Beyond human studies, research organisms offer complementary systems for performing controlled perturbation experiments that provide insight into gene function under defined conditions. However, effectively leveraging such knowledge across species remains challenging due to their evolutionary divergence in gene function and regulatory programs. As a result, integrating information across these different sources - genetic associations, transcriptomic context, and research organism studies - requires approaches that can account for both biological context and evolutionary differences. Together, these developments highlight both the opportunity to map gene-disease associations to specific tissues, cell types, and cellular states, and the challenge of integrating heterogeneous data and resolving these relationships across biological contexts and species. The overall goal of my Ph.D. research is to leverage "omic" data within and across species to achieve a contextualized understanding of gene function in disease. To this end, I have developed computational approaches that address key challenges in organizing, modeling, and integrating biological information to interpret gene-disease associations within humans, as well as extending these frameworks to enable cross-species analyses. These approaches enable the identification of disease-associated genes in a context-aware manner, disease-relevant cell populations that correspond to distinct cellular states, and how they vary across species. All code and results are publicly available through GitHub. Overall, my work advances a more precise and context-aware understanding of disease biology by enabling integrative analyses across cellular and evolutionary scales. Rendering cells with EP400 loss non-receptive. The variegated loss of EP400 reduced the total area available for implantation, perturbing embryo spacing and leading to crowding in receptive areas. These results support a role for EP400 in the regulation of the plasma membrane transformation from the proliferative to the secretory phase with important implications for fertility. Collectively, these models show the resilience of the endometrial epithelium to compensate for, or tolerate, loss of PIK3R1 and CHD4 without impacting epithelial structure or function. Variegated loss of EP400 led to subfertility, revealing that EP400 may be essential for endometrial epithelial function, the establishment of receptivity, and fertility.
