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A.	Personal Statement
[bookmark: _GoBack]Throughout my career, my research interests and efforts have focused on challenges of high dimensional data, particularly, biological-based measures in population studies (e.g., population-based genomic and transcriptomic data) in the context of pathogenesis of complex diseases. I have developed statistical methods for the analysis of integrative genomic data for animal model, epidemiological, and clinical studies. There are three major areas of statistical methods development that have dominated much of my professional career, i) powerful and computationally efficient approaches to identify epistasis and statistical interactions in general, ii) mediation analysis hypothesis testing (CIT), and iii) false discovery rates (FDR). The common theme of these approaches is their key importance in extracting knowledge from high-dimensional and biologically-based measures as exist in genomic data. These approaches all address the critical need for sound statistical tools applicable to integrate and analyze large-scale complex biological data. Mediation analysis is essential in the ability to differentiate between the deluge of dependencies that do not represent causal pathways versus those that do. The CIT has recently become a popular approach for testing for mediation of DNA methylation in epigenome-wide studies. I have developed a permutation-based FDR approach that does not depend on parametric assumptions and that can be applied to CIT testing. My experience working with epigenome-wide array data, mediation analysis, and in general, statistical methods designed for molecular data in epidemiological settings brings important strengths to the team to provide the necessary statistical support for this project. 


B.	Positions and Honors
Positions and Employment
2002-2005		Statistician, University of Southern California 
2005-2006	Mathematical Statistician, National Oceanic and Atmospheric Administration, National Marine Fisheries Service
2006-2009		Sr. Statistical Geneticist, Rosetta Inpharmatics, Merck & Co., Inc.  
2009-2011		Sr. Statistical Geneticist, Sage Bionetworks 
2009-2010		Affiliate Investigator, Fred Hutchinson Cancer Research Center, Division of Public 
				Health Sciences, Computational Biology Program
2011-present	Assistant Professor of Research, Division of Biostatistics, Dept. of Preventive Medicine, 
				Keck School of Medicine, University of Southern California
Other Experience and Professional Memberships
2004-			International Genetic and Epidemiology Society
2006-			American Society of Human Genetics
2007-			Society for Neuroscience
2011-			Editor: BMC Open Network Biology
Manuscript Review
	2016-2017
	Bioinformatics, Environmental Health Perspecitves, Plos Genetics, Plot One

	2015
	American Journal of Epidemiology, Bioinformatics

	2015
	Journal of Exposure Science and Environmental Epidemiology

	2014
	Statistical Applications in Genetics and Molecular Biology

	Earlier
	Plos Computational Biology, PNAS, and others


Teaching
2013-2015			PM 510: Principles of Biostatistics (onground and online courses)
Honors
2008			Highest ranking within M6 level employees in Merck's Molecular Profiling Division
1997			Highest Achievement in Science, UAS
2010	US Patent: US 8220655, 2012. Hanging Tray for Single Open Beverage [The SpillNot has raised the quality of life of many people with conditions such as ataxia, essential tremor, stroke, MS, muscular dystrophy, and brain cancer by increasing their independence in performing a daily life activity. It is also used as a tool for science education in many physics classrooms to demonstrate Newton’s laws.]
C.	Contributions to Science (link to full list of publications: http://www.ncbi.nlm.nih.gov/sites/myncbi/1T1UacyCvssQm/bibliography/48012715/public/?sort=date&direction=ascending)
Two-step methods to discover gene-gene or gene-environment interactions. The paper below (1), the first publication of this type of statistical approach, has been cited 164 times as of today (5/15), a substantial number for a statistical methods paper, which typically has a relatively small readership. I introduced the concept of using dependencies between features such as SNPs (or SNPs and environmental exposures) as a screening statistic in a two-step analysis designed to detect interactions between those features. Another novel concept presented in this paper (1) was the extreme power advantage of multi-degree-of-freedom tests of main effects and interactions over formal interaction tests. This paper has spawned a number of other methodology papers with approaches designed to detect gene-gene and gene-environment interactions.
1. Millstein J, Conti DV, Gilliland FD, Gauderman WJ. (2006) A testing framework for identifying susceptibility genes in the presence of epistasis. Am J Hum Genet 78:15-27. [A first-in-class paper proposing a novel and powerful 2-stage statistical method for detecting susceptibility genes in the presence of epistasis.] PMCID: PMC1380213
2. Millstein J. (2013) Screening-testing approaches for gene-gene and gene-environment interactions using independent statistics. Frontiers in Genetics | Statistical Genetics and Methodology 4:306. doi:10.3389/fgene.2013.00306. [Unique and important insight into screening-testing approaches to epistasis and GxE interactions. First screening testing approach for epistasis or GxE interactions in case study with continuous traits.] PMCID: PMC3874470
3. Millstein J, Siegmund KD, Conti DV, Gauderman WJ. (2005) Identifying susceptibility genes by using joint tests of association and linkage and accounting for epistasis. BMC Genetics 6(Suppl 1):S147. [First screeing-testing approach for epistasis in family-based studies.]

Causal inference test (CIT). The papers below describe a novel statistical hypothesis test for causal mediation of a measured feature that potentially mediates a known causal relationship between two other measured features. This test is robust and computationally efficient and thereby useful for genomic applications. It has been applied to genomic challenges such as identifying genes whose expression affects sleep phenotypes, identifying DNA methylation loci predictive of epithelial ovarian cancer risk, and identifying cis eQTL genes that mediate trans eQTL effects. Unlike many other mediation approaches commonly used, such as the Sobel test, the publications below demonstrate that is well suited to distinguish reverse causality from causality, minimizing cause-effect confusion.
4. Axelsson A, Mahdi T, Nenonen H, Singh T, Hänzelmann S, Wendt A, Bagge A, Reinbothe T, Millstein J, Yang X, Zhang B, Gusmao E, Shu L, Szabat M, Tang Y, Wang J, Salö S, Eliasson L, Artner I, Fex M, Johnson J, Wollheim C, Derry J, Mecham B, Spégel P, Hindrik Mulder, Costa I, Zhang E, and Rosengren A. (2017) Sox5 regulates beta-cell phenotype and is reduced in type 2 diabetes. Nature Communications (In Press) [In this work, I applied the CIT to demonstrate that expression of the gene SOX5 mediates the effect of the HDAC inhibitor valproic acid (VPA) on improved insulin secretion.]
5. Millstein J, Chen GK, Breton CV. (2016) cit: hypothesis testing software for mediation analysis in genomic applications. Bioinformatics. btw135. PMID: 27153715. PMCID: PMC4965632 [Years of my personal research went into the development of novel statistical methods and implementation of software that was requested by researchers who used the basic method I developed in 2009 in work published in such journals as Science Translational Medicine, Nature Communication, Nature Biotechnology, Cell Metabolism, Journal of Neurogenetics, Human Molecular Genetics, and PLoS Biology. This software is currently (2016) being used by Leland Taylor in Francis Collins Laboratory of NIH/NHGRI.]
6. Millstein J, Bin Zhang, Jun Zhu, Eric E. Schadt. (2009) Disentangling molecular relationships with a causal inference test. BMC Genetics 10:23. [First published hypothesis test of causal mediation for a molecular mediator of a QTL.] PMCID: PMC3224661
7. Breton CV, Yao J, Millstein J, Siegmund K, Mack WJ, Whitfield-Maxwell, L, Lurmann F, Hodis HN, Avol E, Gilliland FD. (2016) The effect of prenatal air pollutants and DNA methyl transferase genotypes on newborn LINE1 retrotransposon methylation and childhood cardiovascular phenotypes. Environmental Health Perspecitives. PMID: 27219456 [Application of causal inference to line1 methylation.]
8. Millstein J, Winrow CJ, Kasarskis A, Owens JR, Zhou L, Summa KC, Fitzpatrick K, Zhang B, Vitaterna MH, Schadt EE, Renger JJ, Turek FW (2011) Identification of causal genes, networks, and transcriptional regulators of REM sleep and wake. SLEEP 34:1469-1477. [One of the first attempts to apply an integrative genomics approach to identify molecular regulators of sleep. Commentary on the importance of this article was published in same issue by Watson NF. Searching for the missing heritability. 1453-1454. PMID: 22043112, PMCID: PMC3198197] PMCID: PMC3198032

Permutation-based false discovery rate methods (FDR). The papers below are the first publications of a novel, computationally efficient approach for computing confidence intervals for FDR estimates. This work has the potential to have a high impact across scientific disciplines because it can fundamentally change how we approach ‘statistical significance’ in high dimensional testing settings. FDR, recently gaining popularity for addressing the multiple testing problem, can be thought of as a signal-to-noise ratio approach, which is already a substantial departure from the traditional Bonferroni method. FDR confidence intervals allow for another sea change in how we approach multiple testing by freeing the investigator from an a priori significance threshold, which may not yield any discoveries even when there is ample evidence that multiple null hypotheses are false.
9. Millstein J, Volfson D. (2013) Computationally efficient permutation-based confidence interval estimation for tail-area FDR. Frontiers in Genetics | Statistical Genetics and Methodology 4(179):1-11. PMCID: PMC3775454
10. Millstein J, Volfson D, Lamb JR, Friend S, Dai H, Schadt EE, Bergh J (2010) Permutation-based yet computationally parsimonious FDR point and confidence interval estimators. In JSM Proceedings, ENAR. Alexandria, VA: American Statistical Association 4184-4197. 

Joint tests of association and linkage. The papers below describe a novel approach that allows affected-sib-parent studies to be used in a statistically versatile and powerful analysis, where association and linkage effects can be simultaneously estimated in a joint model. Joint estimation allows for increased power using joint tests of association and linkage, but it also allows for conditional tests of linkage given association. The conditional test of linkage will provide signal that will go to zero at the disease locus, providing a novel way of fine mapping a linkage effect without collecting additional data.
11. Millstein J, Siegmund KD, Conti DV, Gauderman WJ. (2005) Testing association and linkage using affected-sib-parent study designs. Genet Epi 29:225-233.
12. Millstein J, Siegmund KD, Conti DV, Gauderman WJ. (2005) Identifying susceptibility genes by using joint tests of association and linkage and accounting for epistasis. BMC Genetics 6(Suppl 1):S147. PMCID: PMC1866788

D.	Additional Information: Research Support and/or Scholastic Performance 
Ongoing Research Support
Renewal 3P30CA014089 (Groshen) 							12/01/15–11/30/2020					1.45 CM
NIH	$427,487
Biostatistics Core - Comprehensive Cancer Center Core  
To meet statistical needs of the USC Norris Comprehensive Cancer Center in areas of study design, study monitoring, and data analysis.

P01CA196569 (Thomas/ Gauderman)							07/01/2016-06/31/2021				2.40 CM
NIH	$1,842,278
Statistical Methods for Integrative Genomics in Cancer
The overall goal of this project is to develop novel statistical methods for integrative analysis of genomic data in cancer research. 

5R01ES022216-02 (Breton)										09/01/2013–06/30/2017 				2.00 CM
NIEHS									$327,374
Prenatal Tobacco Smoke, Genetic and Epigenetic Changes, and Respirator
The study will leverage an existing comprehensive resource that includes genome-wide association data, linked birth records, and extensive respiratory assessments. 

5R01CA172404-02 (Ramus)										08/15/2013–06/30/2018 				1.72 CM
NCI									$442,287
Identifying Prognostic Markers and Therapeutic Targets for Serous Ovary
The goal is to identify candidate Prognostic genes from a meta-analysis of expression data including subgroups of HGSOC and from an analysis of our survival GWAS.

RF1AG051521 (Finch)											09/30/2015-08/31/2020				0.36 CM 
NIH/National Institute of Aging		$1,858,551
Amyloid and Inflammation: Modulation by Apoe, Gender, Air Pollution and Drugs
The main goal of this project is to test novel inflammation-gender-environment interactions on brain amyloid and microbleeds (microhemorrhages) in mouse models for Alzheimer disease (AD) and aging.

1R01HL118455-01 (Raby/ Gilliland)                             			07/01/2014-06/30/2018       			1.8 CM
NIH/NHLBI            					$696,912
The Integrative Genomics of Acute Asthma Control
Using the Asthma BioRepository for Integrative Genomic Exploration (Asthma BRIDGE), we will perform a series of systems-level genomic analyses that integrate clinical, environmental and various forms of “omic” data (genetics, genomics, epigenetics, and lipidomics) to better understand how molecular processes interact with critical environmental factors to impair asthma control.

P50ES026086 (Gilliland/Breton)                              			07/01/2015-06/30/2020      			0.7 CM
NIMHD/NIEHS (co-funded by EPA)   $424,142           
Maternal and Developmental Risks from Environmental and Social Stressors (MADRES)
The MADRES Center will examine whether pre- and postnatal/postpartum environmental exposures, coupled with exposures to psychosocial and built environment stressors, lead to excessive gestational weight gain and postpartum weight retention in women and to perturbed infant growth trajectories and increased childhood obesity risk through altered psychological, behavioral and/or metabolic responses.

R01DK110793 (Goran)											04/07/2016-01/31/2021				1.20 CM
NIH								$541,234
Impact of Sugars and Human Milk Oligosaccharides on Infant Microbiome and Obesity
The outcomes of this study will move the field forward by identifying how early-life dietary exposures (focusing on dietary sugars, breastfeeding and HMOs) affect development of the gut microbiome in the first 24 months of life, and how these changes affect the development of obesity, cognitive outcomes and appetite regulation. 

R01DA044111 (Kovacs)											04/15/2017-02/28/2022				1.20 CM
NIDA/ NIH							$466,942
Long-Term Effects of IDU, HIV, HCV and the Impact of HCV Cure on Immune Activation and Liver Fibrosis in Aging Women
Our overall goal is to determine the long-term consequences of chronic HIV/HCV coinfection as a result of injection drug use (IDU) and the impact of HCV cure on the relationship of liver fibrosis and immune activation/ dysregulation in reproductively aging HIV-infected women.
Completed Research Support
DARPA-BAA-10-55-Open-BAA-FP-201 (PI: Joshua Millstein)	1/9/2012 – 4/9/2012 					
DARPA							$154,499
Reconstruction of a Multi-Scale Network of Molecular Biological Timekeepers
Using bioinformatics methodology applied to public and private molecular databases of annotated genes and protiens and their interactions, the goal of this project was to identify and describe an underlying network that controls biological time across multiple scales, such as circadian, aging, and cell cycle.

DARPA-BAA-09-68 (Fred W. Turek)							1/1/2010 – 7/1/2011
DARPA							$5,212,049
Enabling Stress Resistance
Using sleep measurements, cognitive measurements, behavioral measurements, brain gene expression, and genetic variations, networks of genes are identified that affect individual response to environmental stressors.

1R03CA173531 (Simon Gayther)								12/1/2012 – 11/30/2014
NCI								$95,000
LncRNA Pathways As Novel Biomarkers Derived from the Stroma of Epithelial Ovarian Cancers
Leading-edge molecular technology and computational methods to experimentally manipulate cell lines to identify expression of long non-coding RNA sequences as potential biomarkers for epithelial ovarian cancer.

R01CA136924 (Gerhard Coetzee and Peggy Farnham)		12/01/08 - 01/31/20
NCI								$50,000
Prostate Cancer Risk Enhancers
To identify all target genes affected by newly identified enhancers that contain genetic variation at 77 known PCa risk loci. eQTL will link SNP genotypes with levels of gene expression genome-wide, CRISPRs to edit enhancers in situ (deletion and allelic replacement) linking them with gene expression and finally 4C to match enhancers with potential target genes by chromatin conformation capture.

1R0ES021801 (Gilliland)                             						07/01/2015-06/30/2016       			1.45 CM
NIH/NHLBI                                   $377,267
Integrative Genetic approaches to gene-air pollution interactions in asthma
A novel microfluidic platform to perform transcriptomic analysis of airway macrophages in sputum collected from approximately 100 subjects. The main purpose is to determine how air pollution exposure affects gene expression in sputum macrophages and whether individual differences in gene expression resulting from DNA variation (eQTL) are modified by air pollution exposure.
		
1R03CA173842-01A1 (Cozen) 									01/01/2014-12/31/2016				0.60 CM
NCI 								$50,000
Comparison of the Fecal Microbiome in Identical Twins Discordant for Colon Polyps
This study will help to elucidate the relationship between gut microbiota and colon polyps, and perhaps provide a path for the development of non-invasive intervention to prevent polyps and subsequent colon cancer, such as probiotics or fecal transplants.
