A. Research Support Available. 
PFENNING ACTIVE:
1D1DA046585-01	PI: Pfenning					08/15/2018-06/30/2023	$300,000/year
NIH	NIDA	Interpreting the gene regulatory mechanisms underlying the predisposition to addictions disorders
*The major goal of this project is to build a framework to study the function of both human and mouse brain enhancer regions in vivo to work towards deciphering biological mechanism underlying substance use disorders. This funded project is independent and complementary to the research aims proposed in this fellowship.
RFA-MH-19-135 	PI: Stauffer, Co-I: Pfenning		07/01/2019-06/30/2024	$124,054/year
NIH	NIMH	A massive library of AAVs to target transcriptionally-defined primate cell types
LOGAN ACTIVE:
P50DA039841 	PI: McClung, Co-I: Logan			10/1/2016-9/1/2021		$250,000/year
NIH NIDA	Center for Systems Neurogenetics of Addiction						
R33DA041872	PI: Logan						4/1/2018-3/31/2021		$370,000/year
NIH NIDA	Generating novel mouse tools to investigate brain region and cell-type specific circadian molecular mechanisms of reward and motivation	
R01HL150432	PI: Logan						9/23/2019-8/31/22		$300,000/year
NIH NHLBI	Cell-type specific role of circadian-dependent transcription in fentanyl-induced synaptic and behavioral plasticity
R01 DA051390	PI: Logan						1/01/20-01/01/2024		$500,000/year
NIH NIDA	Molecular rhythm alterations in human postmortem brain associated with opioid use disorder
B. Sponsor's/Co-Sponsor's Previous Fellows/Trainees
	Dr. Andreas Pfenning’s Trainees
	Current Position

	Meaghan Kennedy (master’s student)
	Doctoral candidate, University of North Carolina (Chapel Hill)

	Sarah Hsu (master’s student)
	Computational Biologist, Massachusetts General Hospital

	Nitinram Velraj (master’s student)
	Data Scientist, Astrazeneca

	Siddharth Annaldasula (pre-doctoral student)
	Fulbright Scholar, Master’s student, Max Planck Institute



	Dr. Ryan Logan’s Trainees
	Current Position

	Zhuguang Huo (Co-mentored doctoral student)
	Assistant Professor of Biostatistics, University of Florida

	Kelly Cahill (Co-mentored master’s student)
	Systems Analyst

	Puja J. Parekh (Co-mentored doctoral student)
	Post-doctoral fellow at Weill Cornell Medicine

	Xiyu Zhu (Co-mentored predoctoral student)
	Doctoral candidate, University of Pittsburgh


C. Training Plan, Environment, Research Facilities
	The primary goal of this proposal to train BaDoi to be an accomplished physician scientist at the intersection of machine learning, genomics, and neuroscience. With advances in high-throughput sequencing and single cell approaches, the need for broader training in computational techniques is widely recognized. Less recognized, but just as critical, is the need to train computational biologists to have deeper knowledge of specific biological domains. Making a transformative scientific advance doesn’t just require the ability to develop a new algorithm or technique, but also enough insight into the biology to know the right questions to ask and to know how to interpret the output of those computational methods.
BaDoi’s training prior to Pfenning laboratory provides a solid foundation in key areas. In his undergraduate education, he took courses related both neurobiology and computational biology from leaders in the field (including Steven Salzberg in computational biology). During his undergraduate/postbaccalaureate experiences, he was co-mentored by a computational biologist (Andrew Jaffe) and a neurobiologist (Brady Maher). These experiences prior to his thesis research, especially the research on Autism, demonstrate a commitment to a career in addressing mental health by combining computational genomics and neuroscience. From the perspective of techniques, BaDoi’s ability to conduct bulk tissue RNA-Seq and that data also provide a solid foundation to conduct the proposed research. To build upon these experiences and skills, BaDoi’s training through my laboratory will focus on two key areas: machine learning for computational genomics, the cell types and neural circuits underlying addiction. 
The cornerstone of BaDoi’s education is his experience in the Pfenning laboratory. The laboratory develops computational methods as well as conducts high-throughput genomic experiments. BaDoi will participate in weekly broad lab meetings with two presenting researchers. In addition, there are two smaller group meetings to get more targeted feedback. In a weekly experimental genomics meeting that I attend, 3-5 lab members discuss research plans troubleshoot any difficulties with their experiments. Similarly, in weekly computational meetings I attend, 4-6 lab members discuss progress in applying and/or developing machine learning and other methods for genomics. In addition to attending both of these, BaDoi and I will hold regular 1-1 meetings to discuss research updates and plan new experiments. BaDoi will have full access to the animals, equipment, facilities, reagents, and computing resources required to complete his proposed aims.
Machine learning for computational genomics. The training in machine learning for computational genomics will build upon BaDoi’s prior training in computational biology. It will provide a foundation for making scientific advances by using cutting edge computational techniques to extract knowledge out of the complex high-throughput genomic data collected from the brain regions of the reward system (Aim 1b and 2b).
Training opportunities. The Carnegie Mellon School of Computer Science and University of Pittsburgh School of Medicine share a Ph.D. program (Joint CMU-Pitt Ph.D. Program in Computational Biology, CPCB). This program leverages Carnegie Mellon’s strength in machine learning, the University of Pittsburgh’s strength in translation and both institutions strength in genomics. Also within the Carnegie Mellon School of Computer Science is the Machine Learning Department, providing further opportunity training. Every student in this program, including BaDoi, takes Ph.D. level machine learning at Carnegie Mellon School of Computer Science (10-701). That course is a co-requisite of Ph.D. level computational genomics (02-701). In addition, we have identified the machine learning course, probabilistic graphical models (10-708) as being relevant to the algorithm design component of the training. During his training experience, BaDoi will attend the weekly computational biology seminar as well as the weekly machine learning seminars that focus on applications to science. The CPCB graduate program has integrated monthly professional development activities into its curriculum including opportunities for graduate student presentations, grant writing mentorship, and online professional networking.
Research environment. The Computational Biology Department at Carnegie Mellon provides a fantastic research environment for machine learning applied to computational genomics. This includes Dr. Ziv Bar-Joseph, Dr. Eric Xing, Dr. Jian Ma, and Dr. Seyoung Kim. Additionally, the new department head Dr. Russell Schwartz (BaDoi’s MSTP Career Advisor) and affiliated professor, Dr. Joel McManus, are integrating machine learning techniques with experimental approaches. BaDoi has full access to the resources of the Computational Biology Department at Carnegie Mellon and the Pfenning laboratory. The Carnegie Mellon Computational Biology Department has a sizable shared cluster facility (50 nodes), which include a large memory (512GB) node, and both CPU and GPU resources. The Pfenning laboratory itself has dedicated CPU, GPU nodes, and a large memory (512GB) node. These are more than sufficient to analyze most datasets collected in our laboratory and the laboratories of our collaborators. To scale our algorithmic approach and tune parameters, we currently have XSEDE resources through the Pittsburgh Supercomputing Center (Grant MCB190162 “Investigating the Evolution, Spatial Profiles and Gene Therapy Access Points of Neuronal Cell Populations Using Single Cell Sequencing and Analysis Approaches” (Facilities and Resources).
Training and career goals. When computational approaches to molecular biology were still in their infancy, most of the field took an interdisciplinary approach: a computer scientist would collaborate with an expert in an area of biological sciences to solve a particular problem. Even today, a large proportion of computational biologists develop methods that are applied to wide range of biological problems. However, as both computation and genomic science advances, the training of transdisciplinary scientists that are expert in computational approaches as well the sub-discipline they are applying computational approaches to will be key. As a physician-scientist, training in machine learning and computational genomics will allow BaDoi to recognize the limitations of the data analysis that others have conducted in addiction. Furthermore, he will be able to address those limitations by developing powerful new approaches that are tailored specifically to the challenges of studying the brain and addiction.
Skills and Techniques. As the field of applying machine learning to computational biology is quite broad, BaDoi will focus on learning techniques that are specifically relevant to single cell biology and epigenetics. He will learn how to process and carefully analyze single nucleus RNA-Seq and single nucleus ATAC-Seq datasets. It has been a pleasure to mentor him thus far on preliminary analysis of the single nucleus RNA-Seq and how to connect those results to genome-wide association studies (Research Strategy). These techniques are crucial for disentangling the cellular heterogeneity of the brain and how those cell types are involved in addiction. The ability to translate findings between rodent models and humans requires substantial knowledge in comparative genomics. In collaboration with postdoctoral fellows in the group (such as Irene Kaplow, Letter of Support), I will train BaDoi in comparative genomics and epigenetics. The machine learning techniques we are applying to comparative genomics include the ability to train support vector machines and convolutional neural network models of orthologous regions of genome sequence between rodents and primates. Finally, BaDoi will receive training in graphical models more broadly, which will allow him to develop new techniques to model how gene expression varies across complex combinations of brain regions, cell types, species, and conditions, including different stages of the addiction process.
The cell types and neural circuits underlying addiction. Training the biology of addiction will provide a foundation for career in applying computational genomics and machine learning to understand the neurobiology of addiction and other brain disorders. At the molecular level, this involves conducting genomic experiments on specific cell types in the brain. More broadly, it involves building an understanding of those cell types connect to each other in neural circuits to create behavior.
Training opportunities. As formal training, BaDoi has identified the neuroscience course, Advanced Cellular Neuroscience (03-762) taught by a basal ganglia neurocircuit expert Dr. Aryn Gittis as relevant to understanding the basic cell types and neural circuits of the reward system. The Pfenning laboratory takes part in monthly research presentations given by neuroscience graduate students and post-docs in neurobiology laboratories of the Mellon Institute Building at Carnegie Mellon. In addition to attending these meetings, BaDoi will present his research finding at several points throughout his Ph.D. His first presentation on addiction genetics was on June 5th, 2020. Furthermore, BaDoi will participate in weekly meetings with the Stauffer group as a part of a funded collaboration (“A massive library of AAVs to target transcriptionally-defined primate cell types”). Here, BaDoi will be able to receive a world-class education and expert feedback on the neural circuitry of the reward system in primate models. Finally, BaDoi will present work-in-progress meetings in his co-sponsor Dr. Logan’s lab and receive critical feedback on the neural circuitry of the reward system in rat and mouse, especially integrating findings from genetic experiments to map heritability of drug addiction behaviors. This feedback will be especially critical during Year 1 and 2 of this award to relate findings from Aims 1c and 2c to the cell types and neural circuits underlying addiction. As a faculty advisor for several trainees in the Translational Neuroscience Program at the University of Pittsburgh, Dr. Logan is primed to advise BaDoi on translating these findings from Aims 1 and 2 to human neurobiology of addiction.
Research environment. The research environment for neuroscience at Carnegie Mellon is excellent.  The Pfenning laboratory forms a strong collaborative community with neurobiology faculty (Sandy Kuhlman, Aryn Gittis, Alison Barth, Eric Yttri, and Kate Hong) in the department of Biological Sciences. The Pfenning laboratory’s space is just around the corner and across the hall from space shared by Aryn Gittis, Sandy Kuhlman, and Alison Barth. In parallel to the close ties in computational biology between Carnegie Mellon and University Pittsburgh, there the close ties in neuroscience as well. The Center for the Neural Basis of Cognition, joint between Carnegie Mellon and University of Pittsburgh, is an internationally renowned force in neuroscience research. The center has provided a platform for cross-institute collaborations, including joint projects between the Pfenning laboratory and the Stauffer and Logan labs. In collaboration with the Logan lab, BaDoi was involved in feasibility experiments and analyzed bulk ATAC-seq in cortex, dorsal striatum, and nucleus accumbens of two mouse strains with distinctly unique addiction phenotypes. Within the Pfenning laboratory itself, BaDoi’s will have access to the required experimental infrastructure. We regularly conduct ATAC-Seq and RNA-seq and have established protocols and reagents available for fresh and frozen tissue (several of which BaDoi has piloted) as well as the equipment to carry out the experiments. For single cell experiments (Aim 2a), the Pfenning laboratory hosts and maintains a 10x Chromium machine for single cell genomics. BaDoi has already successfully conducted experiments using this technology with help from collaborators in the Stauffer group. To receive quick feedback for experimental optimization, we also host and maintain an Illumina Mi-Seq machine. The Pfenning laboratory also has an animal colony maintained by Carnegie Mellon that BaDoi has the training and access to use for these experiments. Additional equipment and resources are detailed in Equipment and Facilities and other Resources.
Training and career goals. A major challenge in the study of psychiatric and neurological disorders is linking underlying genetic and molecular mechanisms to addiction behaviors observed in a clinic or a laboratory. Recently, single cell and cell and cell type-specific experiments provide an avenue to accomplish this more robustly. As BaDoi’s preliminary analysis shows, genetic variants often have cell type-specific effects, which will influence particular neural circuits, which in turn, can lead to behavioral differences (Research Strategy). Thus, neural circuits have the potential to bridge the gap between cell type-specific mechanisms of addiction and behavior, with neural circuits. With this in mind, a deep understand of addiction circuitry will provide BaDoi with a foundation to connect genomic experiments and computational analysis he conducts to the clinic. Furthermore, to be able to accurately model the nuances and confounds of the cell types in the reward system, the scientists developing the computational approach should be able to directly interpret their results in the context of the field. Although BaDoi has prior experiences in relating cell type-specific genomics from rodent models of human neurodevelopmental disorders (Other Research Experiences), he will receive additional training from his co-sponsor Dr. Logan. BaDoi will learn the technical and experimental designs of the genetically diverse and phenotypically heterogeneous mice used by the Center for Systems Neurogenetics of Addiction (CSNA) to map mouse loci associate with addiction behaviors and interpret enrichment experiments proposed in Aim 2c. He will meet one-on-one with Dr. Logan to review the addiction circuits literature and present work-in-progress updates to the Logan lab and incorporate critical feedback on implications of results from Aim 2. Thus, despite having little formal training in the rodent models and neural circuits of addiction, BaDoi has identified experts who have agreed to formally train him to learn the nuances of the field and provide resources from the CSNA to accomplish Aim 2 of his proposal.
Skills and Techniques. Complementary to BaDoi’s broader training on neural circuitry, he will continue to develop as experimental genomic scientist. Dr. William Stauffer (Letter of Support), Dr. Leah Byrne, and myself, along with others in our laboratories (Jing He, Esin Ozturk, Letters of Support), will train BaDoi to conduct single nucleus RNA-Seq and ATAC-Seq. His successful preliminary experiments presented (Research Strategy), were primarily through my mentorship, but involved numerous helpful suggests from Dr. William Stauffer, Leah Byrne, and Jing He. These skills will build upon his undergraduate/postbaccalaureate foundation in conducting RNA-Seq and ATAC-Seq in bulk tissue samples as well as his preliminary research.
Mentorship team and roles. Due to BaDoi’s focus of his proposal on computation and human genetics, he and I have thoughtfully included supportive expert mentors in his thesis committee and training program to guarantee he has a foundation in the design and theory behind his research aims. BaDoi’s thesis committee includes myself, his co-sponsor Dr. Ryan Logan (addiction neurobiology), Dr. Dennis Kostka (single cell genomics algorithms), and Dr. Kathryn Roeder (statistical and human genetics). BaDoi will receive mentorship from Dr. Roeder, a leading expert in statistical methods and human genetics specifically in neuropsychiatric diseases and disorders. She lends vast expertise that will ensure thorough analysis of human GWAS risk variants, which will be key to BaDoi’s aims.
	Thesis Committee Member (NRSA Role)
	Title

	Dr. Andreas Pfenning, PhD (Sponsor, CMU)
	Assistant Professor, Department of Computational Biology

	Dr. Ryan Logan, PhD (Co-sponsor)
	Assistant Professor, Department of Psychiatry

	Dr. Dennis Kostka, PhD (comp algorithms, Pitt)
	Associate Professor, Department of Developmental Biology

	Dr. Kathryn Roeder, PhD (statistics and human genetics, CMU)
	UPMC Professor of Statistics and Life Sciences, Departments of Statistics and Computational Biology


Clinical Training
The Longitudinal Clinical Clerkship (LCC) comprises 20-week clinical rotations for one half-day per week to provide 1) direct experience balancing both clinical and scientific work and 2) develop valuable clinical skills in BaDoi’s field of interest, addiction medicine, during a scientifically rigorous part of his overall training. The LCC will provide BaDoi with the clinical context for his science research as he begins to think about integrating his research and clinical work, a crucial aspect of his planned career as a physician scientist performing translational research. The Department of Psychiatry at the University of Pittsburgh Medical Center currently ranks 7th nationally for residency training, a tribute to the quality of clinical training at the University of Pittsburgh. Although BaDoi has yet to begin his LCC, he intends to start his first LCC with Dr. Antoine Douaihy. Dr. Douaihy is not only an expert in addiction psychiatry but he is also a highly accomplished clinician who manages patients with substance use disorders. As an academic psychiatrist, Dr. Douaihy would be a fantastic role model and mentor for BaDoi, who aspires to become an addiction medicine clinician. Dr. Douaihy, therefore, would serve as an excellent mentor for bridging BaDoi’s scientific and clinical interests as well as contributing to the development of his clinical skills in substance use management. 
D. Number of Fellows/Trainees to be Supervised During the Fellowship
PI Pfenning plans to support 1 postdoctoral fellows during BaDoi’s proposed NRSA fellowship period.
PI Pfenning plans to support 4 pre-doctoral trainees during this period, (3 students not including the applicant).
PI Logan plans to support 2 pre-doctoral students and 1 post-doc during this period.
E. Applicant's Qualifications and Potential for a Research Career
Sponsor: Andreas R. Pfenning, PhD; Assistant Professor of Computational Biology
When BaDoi joined my laboratory, he already had substantial undergraduate experience in using RNA-Seq to measure levels of gene expression in the brain across the genome. This undergraduate research was published in Nature Neuroscience, one of the top journals in the field. Impressively, he had substantial experience in conducting the experiments, in the pipelines to process the data, and in the statistical techniques to analyze the results. To build his skills in genomics, neurobiology, and analysis, he focused his rotation on measuring open chromatin by conducted the ATAC-Seq assay on mouse brain tissue. We are in the process of testing the hypothesis that the epigenomic state of cells breaks down during the aging process. BaDoi’s computational and experimental skills helped to provide the foundation for a grant on the subject that was funded by the AFAR foundation: (https://www.afar.org/grantees/years/2018-recipients/).
For his thesis project, BaDoi is combining his medical training and computational skills to tackle addiction, an enormous problem that our society faces. The study of addiction has led to many insights on how specific neural circuits mediate associated behaviors. In parallel, new genetic studies are identifying hundreds of locations across the human and mouse genome that are associated with different aspects of addiction. BaDoi’s project is essentially to connect the genetics to the neural circuits by combining new genomic experiments on the key brain regions with new machine learning models. By studying how naturally occurring mutations influence the predisposition to addiction, we hope to develop treatments that mimic those effects. 
Although he has only been in the laboratory for less than a year, he has already accomplished an extraordinary amount. He has identified that different components of addiction (initiation of the behavior vs. cessation) are associated with different brain regions and different cell types within those brain regions. I gave a well-received talk at the NIDA genetics meeting in January based on these findings and submitted this work as co-first author for review at the Journal of Neuroscience. Furthermore, he has contributed to our collaboration with the Logan lab to link differential gene expression in the nucleus accumbens of subjects with opioid use disorder with to a number of substance use and risky behavior GWAS loci, which is currently in review. In parallel, he has conducted a difficult experimental procedure – single nucleus RNA-Seq – to follow up on those computational predictions.
BaDoi’s ambition, flexibility, and focus are incredible. In our experimental meetings, he often chimes in with knowledge of the latest (sometimes unpublished) genomic techniques to measure gene expression or the epigenome in small numbers of cells. He has the mindset of a problem solver when it comes to designing new experiments. Similarly, he provides valuable feedback and direction on the statistics as well. On numerous occasions, he has explained important statistical concepts to undergraduates and graduate students in the laboratory. For example, in a meeting on aging epigenomics, he explained to an undergraduate how an interaction term could capture different rates of change with age across different segments of the population.
Co-Sponsor: Ryan W. Logan, PhD; Assistant Professor of Psychiatry 
It is my pleasure to write this letter of support for the F30 application for BaDoi as well as confirm my willingness to serve as a co-sponsor on this exciting project. BaDoi has taken a perplexing clinical observation and used it to generate an interesting hypothesis that he has proposed to systemically address in a series of parallel but complementary approaches. Importantly, he will elucidate cell type-specific gene regulatory mechanisms conserved between primate and rodent. Results from each approach will not only inform the results of the other but also add to the existing literature in each of these areas. Furthermore, understanding the underpinnings of genetic manipulations in powerful rodent models of addiction is a critical step forward to improving our understanding of substance use disorder. A better mechanistic understanding of how to translate findings to human addiction neurobiology will be bring much insight to the field. 
BaDoi has been able to make a strong impression and set high expectations for himself in the short period of time that he has been in the Pfenning Lab. The quality of the publications he contributed to his undergraduate and post-baccalaureate research speak to his abilities and potential as a scientist. He started this proposal process with a number of very good ideas and was able to engage from the start in discussions about how best to focus these ideas into tractable aims. He would go back to the literature and suggest alternative approaches when a clear path forward was not always obvious. He was always responsive to feedback, and in the end was able to generate an outstanding project that will not only serve as an excellent training vehicle but, as noted above, will yield insight into the neuronal subtypes and gene regulators underlying addiction genetic variation. 
As his co-sponsor, I will be actively involved providing support and guidance as he works his way through the proposed experiments as well as toward his career goal career goal to become a proficient scientist in the addiction genetics field. My years of research and mentorship experience will enable me to provide an excellent complement to the mentoring provided by his primary sponsor Dr. Andreas Pfenning. 
As an independent investigator, I have successfully mentored 1 master’s student, 1 doctoral student, and currently have 1 post-doctoral fellow in the laboratory. I am an active member of the Translational Neuroscience Program (TNP) and actively participate in collaborative lab and journal club meetings. Furthermore, I actively participate in training graduate students as a mentor and through supportive roles; my lab provides conceptual and methodological expertise on circadian rhythms, genetics, and addiction for several graduate trainees and post-doctoral fellows in TNP. BaDoi’s scientific interests and goals in this proposal align quite well with my expertise and laboratory’s research endeavors. The active and productive collaborations I have established with clinicians and MD/PhD faculty in the Department of Psychiatry, such as Dr. David Lewis, Dr. Zachary Freyberg, and Dr. Dan Buysee, should serve as an excellent backdrop for BaDoi’s endeavors as he begins his career as a clinician scientist. Furthermore, my expertise in rodent models of addiction and genetic experiments to map high-quality mouse loci to differences in addiction behavior will directly benefit BaDoi’s scientific and technical training. BaDoi has outlined a rigorous approach to his research proposal which will enable him to add to our understanding of conserved gene regulatory mechanisms of molecularly defined cell types of the reward system. 
While I appreciate the tremendous hurdles facing clinicians in today’s shifting healthcare environment, to say nothing of the additional hurdles faced by clinician scientists with additional constraints on time and money, I am particularly optimistic that BaDoi will be one of the few to succeed in this challenging environment. He came to the MSTP program with a strong commitment to research, having already made significant contributions to science. Having already mastered several powerful techniques, he clearly picks things up quickly and is able to apply these techniques to achieve publishable results. 
BaDoi is just the type of person we need working on his long-term goal of marrying computational and genomic approaches to understand the implications of human genetics on neuropsychiatric conditions. While his proposal is admittedly ambitious, I believe it is also entirely feasible, both because of the speed and efficiency at which BaDoi has demonstrated he is able to work, and because all of the techniques to be employed are up and running, if not in Dr. Pfenning’s lab, in one of the labs of his and BaDoi’s collaborators. All of this, together with a focused training plan, make for an excellent training potential. Moreover, BaDoi has established a mentoring team that will ensure the successful completion of the experiments proposed and help establish a foundation upon which BaDoi will be able to build a successful career as a clinician scientist. With all this taking place within the Computational Biology PhD Program and CMU Neuroscience Institute, housed in institutions clearly committed to the success of their trainees, this is the ideal place for him to complete this training. 
I look forward to working with BaDoi on this exciting project and hope the reviewers agree that this project will not only serve as an outstanding training vehicle for an exceptionally promising young scientist but will also generate data important to our understanding of several fundamental processes. 
	I thank the reviewers for their time and consideration.
	Sincerely, 
	Ryan Logan, PhD
		Assistant Professor of Psychiatry



