INTRODUCTION
Thank you for taking the time to read and consider this revised proposal. I also thank the reviewers of my April 2020 application for their comprehensive feedback and comments, which have improved this proposal tremendously, and for their encouraging impact score of 32 (27th percentile). This speaks kindly to the confidence reviewers have in dual-degree trainees who often become experts in both clinical medicine and basic science research. In response to their general comments, I have amended the text to make it less dense and more readable. Specific changes to the document are discussed below. 
Sponsors, Co-sponsors, Consultants: Since the initial proposal, I have submitted a co-first author preprint for review at the Journal of Neuroscience and contributed as co-author to manuscripts from both Pfenning and Logan labs. Both Dr. Pfenning and Dr. Logan have additional funding sources and senior author manuscripts, either published or in review. My mentorship team now includes Dr. Kathryn Roeder, Professor of Statistics, serving as the statistical geneticist and senior training faculty member of my thesis committee. Her feedback will be crucial for thorough analysis of substance use disorder (SUD) risk variants as outlined in the Research Strategy Aim 1c and 2c.
Research Training Plan:
Feasibility of Aims and Wet Lab Experiments.
The proposal has scaled down from studying three brain regions to focusing on the nucleus accumbens (NAc). The NAc is highly relevant to addiction, and NAc cell type-specific rodent studies continue to reveal novel roles in addiction. The Pfenning Lab, in collaboration with the Stauffer Lab, has collected snRNA-seq and snATAC-seq of the macaque striatum and report in a preprint two non-canonical D1 MSN populations restricted to the NAc. Our findings in macaque open questions about primate evolution in the NAc and the relevance to human addiction. Together, inhouse and publicly available datasets provide all data required for Aim 1 and most of the data for Aim 2. The experiments proposed in Aim 2 (snATAC-seq of rat and human NAc) will have N>=3 per sex and species. These changes reduce the experimental load and make both aims achievable within the stated training timeline.
SUD GWAS risk loci and cis-regulatory element (CRE) conservation. 
My co-first author preprint suggests that heterogeneity in SU GWAS could reflect different biological contexts where of risk variants might affect gene expression. I demonstrated that orthologous CREs from mouse NAc cell types, along with complementary data and machine learning approaches, can fine-map human SU risk loci to a select a handful of putative causal variants and predict the target cell types, Research Strategy Figure 9. These results steer Aim 2 to focus on human SUD risk variants at CREs that may be shared between rodent and primate orthologous NAc cell types. Recent multiple genome alignments created from >240 deeply sequenced mammalian species by the Zoonomia Consortium, in which the Pfenning Lab participates, enable our published algorithms to identify confident 1-1 orthologous CREs between mammalian species. My preliminary results applying these tools show ~90% of human and macaque CREs have 1-1 primate orthologs, and that accessibility profiles using these CREs can align unlabeled human and macaque cells together correctly, Research Strategy Figure 7. Furthermore, I show that a good fraction of conserved CREs identified across human, macaque, and mouse caudate snATAC-seq retain open chromatin activity within orthologous cell types, Research Strategy Figure 8.
Elaboration of single cell analyses. 
I plan to use common methods and tailored approaches to analyze the snRNA-seq and snATAC-seq data, as detailed in Research Strategy Aim 1a and 2a. These analyses will benchmark the proposed algorithms for multi-species molecular evolution analyses, Research Strategy Aim 1b and 2b. In Research Strategy Aims 1c and 2c, I outline how I will use the popular methods, MAGMA and partitioned LD score regression, to account for LD when linking sets of genes and CREs to human SUD risk variants. I show preliminary results showing that both gene-based and CRE-based partitioned LD score regression approaches can relate human SU risk variants to orthologous macaque or mouse cell types, Research Strategy Figure 4 and 9, respectively.
Training Potential: Lastly, I demonstrate my capacity to gain proficiency in snATAC-seq in Aim 2a by successfully performing the analogous snRNA-seq experiments on mouse brain, Research Strategy, Figure 6. Expanding my molecular biology skillset to include snATAC-seq will complement the computational focus of this proposal to achieve my goal to become an independent physician scientist.
