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A.	Personal Statement

Chromatin-regulated metabolic stability
A primary goal of my lab’s research is to delineate the relationships between metabolism and chromatin.  In the 10 years since the lab began, we have made substantial progress towards these goals. We have successfully developed a rigorous research program that utilizes a variety of approaches including biochemical, molecular, genetic, cellular and genomic techniques. Using these approaches, we have found that the INO80 chromatin remodeling complex is an integral component of metabolic signaling pathways that coordinate energy metabolism with cell division (Yao et al., 2016; Gowans et al., 2018; Beckwith et al., 2018). We also revealed that loss of this INO80-mediated coordination results in developmental disorders (Rhee et al., 2018). More recently we have utilized a metabolically-synchronized yeast metabolic system to examine the relationship between metabolic potential and histone modifications that regulate gene expression (Gowans et al., 2019). We are one of about five labs that has the equipment and expertise to metabolically-synchronize yeast, which we have found to be invaluable for examining the relationships between metabolic status, histone modifications, metabolic gene expression and cell division. We plan to continue using these approaches in our future research.

A. Yao W, King D, Beckwith S, Gowans GJ, Zhou C, Yen K, and Morrison AJ (2016).  The Arp5-Ies6 Subcomplex Regulates INO80-Mediated Chromatin-Remodeling and Metabolic Potential. Molecular and Cellular Biology 36, 979-991. PMC4810468.
B. Gowans GJ, Schep AN, Wong KM, King DA, Greenleaf WJ, and Morrison AJ (2018) INO80 Chromatin Remodelling Coordinates Metabolic Homeostasis with Cell Division. Cell Reports 22, 611-623. PMC5949282.
C. Beckwith SL, Schwartz EK, García-Nieto PE, King DA, Gowans GJ, Wong KM, Eckley TL, Paraschuk AP, Peltan EL, Lee LR, Yao W, Morrison AJ (2018). The INO80 Chromatin Remodeler Sustains Metabolic Stability by Promoting TOR Signaling and Regulating Histone Acetylation. PLOS Genetics. 4(2): e1007216.  PMC5834206.
D. Gowans GJ, Bridgers JB, Zhang J, Dronamraju R, Burnetti A, King DA, Thiengmany AV, Shinsky SA, Bhanu NV, Garcia BA, Buchler NE, Strahl BD*, and Morrison AJ*. (2019) Recognition of Histone Crotonylation by Taf14 Links Metabolic State to Gene Expression. Molecular Cell: 76(6), 909-921. PMC6931132. *co-corresponding authors


Epigenetic-regulated carcinogen susceptibility
One of the primary goals of my research group is to characterize origins of genome instability in cancer cells. My research group successfully performed one of the first DNA lesion sequencing projects across the mammalian genome (García-Nieto et al., 2017). We were the first group to link damage susceptibility to carcinogenesis. Specifically, we found that the pattern of UV-induced lesions mirrors the mutation frequency in malignant melanoma, demonstrating the dominant influence of carcinogen susceptibility as a source of mutation heterogeneity in cancer genomes. Currently, we are investigating how susceptibility to DNA damage contributes to mutations in cancer and premature senescence in aging.
I have over 20 years of experience in the field of chromatin research. My lab at Stanford University has identified previously unrecognized functions of chromatin-remodeling in the maintenance of metabolic stability and developmental gene expression. As a postdoctoral fellow at MD Anderson Cancer Center, my work was among the first to identify a role for chromatin remodelers in DNA damage responses. In addition, as a member of Stanford University Bio-X Program and Stanford Cancer Center, I have interactions with researchers in several fields, including medicine, engineering, physics, computer science and chemistry, whom assist in building an interdisciplinary approach to my lab’s research.

Wong KM, King DA, Schwartz EK, Herrera RE, and Morrison AJ. (2022) Retinoblastoma protein regulates carcinogen susceptibility at heterochromatic cancer driver loci. Life Sci Alliance 5(4):e202101134. doi: 10.26508/lsa.202101134. PMC8739494.

Perez BS, Wong KM, Schwartz EK, Herrera RE, King DA, García-Nieto PE, and Morrison AJ. (2021) Genome-wide profiles of UV lesion susceptibility, repair, and mutagenic potential in melanoma. Mutation Research 823:111758. PMC8671223

García-Nieto PE, Schwartz E, King DA, Paulsen J, Collas P, Herrera RE and Morrison AJ. (2017) Carcinogen Susceptibility is Regulated by Genome Architecture and Predicts Cancer Mutagenesis. EMBO Journal 36:2829-2843. PMC5623849.
News and Views:  Beckwitt EC and Van Houten B.  Molecular cartography of mutational landscapes in melanomas


Ongoing Research Support
R35 GM11958001 						Morrison (PI) 									08/01/2016-05/31/2026
The Role of Chromatin in Metabolic Homeostasis
This study is to investigate the role of chromatin modifiers in metabolic gene expression in S.cerevisiae and mammalian mouse models.
Role: PI

R21 AG064344							Morrison (PI)									05/15/2020-01/31/2023
Origins of Genome Instability in Progeria
This research is investigating susceptibility to ultraviolet light-induced DNA lesions accelerates premature senescence. 
Role: PI

T32 GM007276							Morrison (PI) 									07/01/2019-06/30/2024
Cellular and Molecular Biology Training Program
This program provides support and training for approximately 25 predoctoral students per year in the cellular and molecular field of the Stanford Biosciences Program.
Role: PI

T32 GM007276-46S1 					Morrison (PI) 									07/01/2021-06/30/2022
Supplement to Enhance Wellness and Resiliency in the Graduate Environment
This is an administrative supplement used to develop a “Becoming a Resilient Scientist” course offered to pre-doctoral students as a one-unit BIO 315 elective. 


B.	Positions, Scientific Appointments, and Honors
Positions and Employment
2018-	Associate Professor, Stanford University, Stanford, CA
2009-2018	Assistant Professor, Stanford University, Stanford, CA  
2004-2009	Postdoctoral Research Fellow, MD Anderson Cancer Center, Smithville,
1995-1996			Research Assistant, University of North Texas, Department of Biochemistry, Denton, TX
1994-1996	Research Technician, US Army Corps of Engineers, Lewisville, TX


Other Scientific and Professional Memberships
2020-		Stanford University Diversity Liaison 
2020-		Member of Biology Department Diversity, Equity, Inclusion, and Belonging Committee
2019-		Stanford University Biophysics Program
2012-		Stanford FLIP, First Generation Low-Income Partnership
2012-		BIO-Diversity Group, Department of Biology, Stanford University
2011-	SACNAS, Society for the Advancement of Chicano and Native Americans in Science
2009-	Stanford University Cancer Center
2009-	Stanford University Bio-X Program
1999-2003	MERGE, Minorities for Excellence in Research and Graduate Education, Baylor College of Medicine, Houston, TX

Honors
2019		Gabilan Fellow, Stanford University
2018-2021		Dudley Chambers Award, Stanford University
2010-2016		Terman Scholar Award, Stanford University
2010-2012		Kimmel Scholar Award, The Sidney Kimmel Foundation for Cancer Research
2006-2008		Odyssey Postdoctoral Scholarship Award, University of Texas, MD Anderson Cancer Center
2005 Odyssey Award for Outstanding Research Publication, MD Anderson Cancer Center
2004-2006		Odyssey Postdoctoral Fellowship Award, University of Texas, MD Anderson Cancer Center
2004		Ruth L. Kirschstein National Research Service Award, National Institutes of Health
2001-2003		Breast Cancer Predoctoral Fellowship Award, United States Army Medical Research and Materiel Command, Department of Defense
1996		Cum Laude Graduate, University of North Texas
1992-1996		President's Minority Scholarship, University of North Texas



C.	Contributions to Science

1. The INO80 complex regulates metabolic stability.  ATP-dependent chromatin remodelers alter nucleosome positioning and composition.  Our studies greatly expanded the known roles of chromatin-remodeling and demonstrate that the INO80 remodeler is an integral component of metabolic stability. 
			In studies listed below, we utilized a variety of approaches (genetic, biochemical, molecular and cellular) to interrogate the in vitro and in vivo roles of the INO80 complex. We demonstrate that a specific Actin-related protein (Arp) subunit of the INO80 complex is Arp5 is needed to couple ATP hydrolysis to productive nucleosome movement.  In vivo, Arp5 is required for INO80 function in metabolic gene expression pathways and is downstream of the TOR signaling pathway. Specifically, of INO80 function results in constitutively elevated mitochondrial potential and oxygen consumption. Furthermore, in a metabolically-synchronized yeast model system, we found that mutants of the INO80 complex could no longer coordinate energy metabolism with proliferation, which is an underlying phenotype of many developmental disorders and disease. Our results illustrate for the first time that a chromatin remodeler functions in the TOR pathway to coordinate metabolic potential with cell division. I served as the primary investigator on these studies.

E. Yao W, Beckwith SL, Zheng T, Young T, Dinh VT, Ranjan A,and Morrison AJ. (2015) Assembly of the Arp5 Subunit Involved in Distinct INO80 Chromatin-Remodeling Activities. Journal of Biological Chemistry 290, 25700-25709. PMC4646212.
F. Yao W, King D, Beckwith S, Gowans GJ, Zhou C, Yen K, and Morrison AJ (2016).  The Arp5-Ies6 Subcomplex Regulates INO80-Mediated Chromatin-Remodeling and Metabolic Potential. Molecular and Cellular Biology 36, 979-991. PMC4810468.
G. Gowans GJ, Schep AN, Wong KM, King DA, Greenleaf WJ, and Morrison AJ (2018) INO80 Chromatin Remodelling Coordinates Metabolic Homeostasis with Cell Division. Cell Reports 22, 611-623. PMC5949282.
H. Beckwith SL, Schwartz EK, García-Nieto PE, King DA, Gowans GJ, Wong KM, Eckley TL, Paraschuk AP, Peltan EL, Lee LR, Yao W, Morrison AJ (2018). The INO80 Chromatin Remodeler Sustains Metabolic Stability by Promoting TOR Signaling and Regulating Histone Acetylation. PLOS Genetics. 4(2): e1007216.  PMC5834206.


2. The INO80 complex regulates cardiac development.  Until recently, the role of INO80 chromatin remodeling in development was relatively unknown. Our work was the first to demonstrate that the INO80 complex is needed for proper embryonic heart development.  Specifically, deletion of INO80 in endothelial cells results in incomplete maturation of the heart muscle, resulting in left ventricular non-compaction (LVNC), a common cardiomyopathy. Mechanistically, endothelial cells lacking INO80 exhibit an increase in proliferation at a time in development when differentiation, maturation, and paracrine signaling are needed for proper heart muscle development. Our results reveal that the in vivo functions of the INO80 complex regulates cell division to promote proper development.

Rhee S, Chung JI, King DA, Duan A, D’amato G, Chang A, Sharma B, Nagelberg D, Jeong Y, Diehn M, Morrison AJ*, Red-Horse K* (2018). Endothelial deletion of Ino80 disrupts coronary angiogenesis and causes congenital heart disease phenotypes. Nature Communications 9:368. PMC5785521 			
*co-corresponding authors

Rhee S, Paik DT, Yang JY, Nagelberg D, Williams I, Tian L, Roth R, Chandy M, Ban J, Belbachir N, Kim S, Zhang H, Phansalkar R, Wong KM, King DA, Valdez C, Winn VD, Morrison AJ*, Wu JC*, Red-Horse K*. (2021) Endocardial/endothelial angiocrines regulate cardiomyocyte development and maturation and induce features of ventricular non-compaction. European Heart Journal (ehab298). PMC8560211
*co-corresponding authors

3.  Metabolic status regulates histone modification and gene expression. Metabolic signaling to chromatin often underlies how adaptive transcriptional responses are controlled. While intermediary metabolites serve as co-factors for histone-modifying enzymes during metabolic flux, how these modifications contribute to transcriptional responses is poorly understood. In this report, we utilized the highly synchronized yeast metabolic cycle (YMC) and find that fatty acid β-oxidation genes are periodically expressed coincident with the β-oxidation byproduct histone crotonylation. Our findings expose an unexpected link between metabolic flux and transcription and demonstrate that histone crotonylation participates in the repression of energy-demanding gene expression.  Our results demonstrate how metabolic status can impose gene expression regulation through the production of intermediary metabolites. I served as the primary co-investigator on this published study.
 	
Gowans GJ, Bridgers JB, Zhang J, Dronamraju R, Burnetti A, King DA, Thiengmany AV, Shinsky SA, Bhanu NV, Garcia BA, Buchler NE, Strahl BD*, and Morrison AJ*. (2019) Recognition of Histone Crotonylation by Taf14 Links Metabolic State to Gene Expression. Molecular Cell: 76(6), 909-921. PMC6931132. 
*co-corresponding authors

Morrison AJ (2020). Chromatin-remodeling links metabolic signaling to gene expression. Molecular Metabolism 38. PMC32251664


4.  The epigenome and genome architecture regulate carcinogen susceptibility and dictate mutagenesis. The development of many sporadic cancers is directly initiated by carcinogen exposure. Despite the unquestionable contribution of carcinogen-induced mutagenesis to cancer, the relationship between carcinogen susceptibility and mutation has not been previously explored. 
	In our recently published study (García-Nieto et al., 2017) we found that carcinogen susceptibility is regulated by genome architecture and predicts cancer mutagenesis. In this study, we present the first genome-wide map of carcinogen-induced DNA lesions in the human genome and find significant variation in lesion distribution. Specifically, nuclear lamin association and chromosomal positioning within the nucleus are features closely associated with high levels of carcinogen susceptibility. Remarkably, the pattern of UV-induced lesions mirrors the mutation frequency in malignant melanoma, demonstrating the dominant influence of carcinogen susceptibility as a source of mutation heterogeneity in cancer genomes. Moreover, highly mutated genes in melanoma, including several cancer driver genes, are particularly susceptible to carcinogen-induced damage, likely accelerating mutagenesis. These results identify carcinogen susceptibility as a previously unrecognized origin of mutagenesis that is regulated by nuclear architecture and dictates genome instability in cancer. I served as the primary investigator on this study.

Wong KM, King DA, Schwartz EK, Herrera RE, and Morrison AJ. (2022) Retinoblastoma protein regulates carcinogen susceptibility at heterochromatic cancer driver loci. Life Sci Alliance 5(4):e202101134. doi: 10.26508/lsa.202101134. PMC8739494.

Perez BS, Wong KM, Schwartz EK, Herrera RE, King DA, García-Nieto PE, and Morrison AJ. (2021) Genome-wide profiles of UV lesion susceptibility, repair, and mutagenic potential in melanoma. Mutation Research 823:111758. PMC8671223

García-Nieto PE, Schwartz E, King DA, Paulsen J, Collas P, Herrera RE and Morrison AJ. (2017) Carcinogen Susceptibility is Regulated by Genome Architecture and Predicts Cancer Mutagenesis. EMBO Journal 36:2829-2843. PMC5623849.
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