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A. Personal Statement

[bookmark: _GoBack]I have a broad range of expertise relevant to the proposed project. I have expertise in stochastic simulation, model-based analyses, likelihood-free inference, association studies, evolutionary models, and the analysis of modern large-scale data-sets. I have a large number of publications involving analysis of probabilistic models and more generally involving methods development for Bayesian analysis of large data-sets, and approximate Bayesian computation [ABC], a particular likelihood-free methodology. These efforts are part of a developing focus on the use of Bayesian methods in the fitting of large-scale data. In addition, I publish widely in the areas of association studies and population genetics, including several fundamental contributions in the latter. I also have an active research focus in tumor modeling and analysis. I run one of the Cores of a large P01 focused on development of statistical methods for integrative analysis of genomic data (NCI P01CA196569). Finally, I participate in a number of research programs focused on understanding tumor growth. That works features Bayesian analysis and computationally intensive stochastic models of tumor growth. As part of my work, I frequently develop software packages focused on implementation of these analysis methods, including the widely-used GENETREE and MACS software (see Contributions to Science, 1.)



B. Positions and Honors

Positions and Employment
1990-1993	Post-doctoral Research Fellow, Department of Mathematics, Queen Mary College, London,
England
1993-1996		Research Assistant Professor, Department of Mathematics, Monash University, Melbourne,
Australia
1996-1999	Research Assistant Professor, Department of Mathematics, University of Southern California, Los Angeles, CA
2000-2007	Research Assistant Professor, Department of Preventive Medicine, Keck School of Medicine, University of Southern California, Los Angeles, CA
2007-2016      Research Associate Professor, Department of Preventive Medicine, Keck School of Medicine,
				University of Southern California, Los Angeles, CA
2016-              Research Professor, Department of Preventive Medicine, Keck School of Medicine,
				University of Southern California, Los Angeles, CA




Other Experience and Professional Memberships
2009- 		Ad hoc member of NIH review panels
2011-		Ad hoc member of NSF review panels
2012-2017		Associate Editor (Statistical Applications in Genetics and Molecular Biology
2010-2015 Associate Editor (BMC Genetics)


C. Contribution to Science

1. Population genetics theory and methods: I began my career in the early days of the Human Genome Project. Genetic variation data were being collected at ever-growing rates, but there was a chronic lack of methods with which to analyze them. I made a number of fundamental contributions to the development of the key analysis tool in that context: the coalescent model originally due to Kingman. In two much-cited papers [a. and b. below] Bob Griffiths and I introduced recombination into the coalescent model, furthering ideas originally proposed by Richard Hudson, and developing a rigorous theoretical framework for a version of the coalescent that could be used with nuclear, rather than just mitochondrial, DNA. Tractability of the coalescent model has been an issue when applying it to modern datasets, so in a series of papers with Jeff Wall [c. and d.] below, we introduced an approximate version of the coalescent that recovered analytic tractability without losing significant accuracy. This body of work underpins many analysis methods for modern data-sets (e.g. imputation, pop. gen. inference, some GWAS methods), and has resulted in three much-downloaded software packages (GENETREE [a. below] MaCS [c.] and FastCoal [d]).
	a. Griffiths R, Marjoram P. Ancestral Inference from Samples of DNA Sequences with Recombination
Journal of Computational Biology 3:479-502 1996 (>350 citations).
	b. Griffiths R, Marjoram P. An Ancestral Recombination Graph. In ‘Progress in Population Genetics and 			Human Evolution’, IMA Volumes in Mathematics and its Applications, Springer-Verlag, Berlin 87:257-			270, 1997 (>190 citations).
	c. Chen G, Marjoram P and Wall JD. Fast and flexible simulation of DNA sequence data. Genome 					Research, 	19:136-142, 2009 (>190 citations)
	d. Marjoram P, Wall J. Fast “coalescent” simulation. BMC Genetics 7:16, 2006. (>120 citations)


2. GWAS analysis and methods: The above work led to a life-long interest in analysis methods for what was initially “association methods”, and has more recently become “genome-wide association studies” [GWAS]. Our early work focused on exploiting the intuition gained from models such as the coalescent, and incorporating it into approaches that regained the computational tractability that was (at that time) habitually lost by methods that exploited the full coalescent. I extended this work to support a number of groups in the analysis of their own GWAS data, focusing principally on the research program of Magnus Nordborg, which centered on the model organism A. thaliana, [a., b., c. below], but more recently focusing on the Los Angeles Latino Eye Study, and studies of Medicago truncatula and D. melanogaster in collaboration with Sergey Nuzhdin. More recently I have PI’d the USC component of the NIH GWASeq consortium, designed to investigate questions of study design for sequence-based follow-up to GWAS studies, in which we have undertaken targeted next-generation sequencing for ~4000 samples from the Colon Cancer Family Registry (analysis ongoing). Over the last few years, I have developed an increasing interest in the use of gene regulatory networks both as a tool to improve power in GWAS-style analyses, but also in the inference of the networks themselves. [see d. below] This reflects a growing number of collaborations with S. Nuzdhin.
	a. Atwell S, et al. Genome-wide association study of 107 phenotypes in Arabidopsis thaliana inbred lines. 		Nature 465, 627-631, 2010. PMCID: PMC3023908 (>690 citations).
	b. Zhao K, et al. An Arabidopsis Example of Association Mapping in a Structured Samples. PLoS Genetics, 		3:e4 2007 (>460 citations).
	c. Aranzana MJ, et al. Genome-wide Association Mapping in Arabidopsis thaliana Identifies Previously 				Known Genes Responsible for Variation in Flowering Time and Pathogen Resistance. PLoS Genetics 			1:e60, 2005 (>350 citations).
	d. Marjoram, P., A. Zubair, and S. V. Nuzhdin. "Post-GWAS: where next?; More samples, more SNPs 			       or more biology?" Heredity 112.1 (2014): 79-88.(20 citations).


3. Stochastic Simulation and analyses: As the size of modern genetic variation datasets has grown, both in terms of complexity and pure quantity (i.e. both breadth and width), we have increasingly come to rely upon model-based analyses and simulation of such data, typically using stochastic models. Conversely, as the size of such data has grown, our ability, as statisticians, to calculate likelihood functions is frequently lost (and this is a problem regardless of whether we are ‘Bayesians’ or ‘Frequentists’).  This has lead to an urgent need for methods that remain tractable in this context. Specifically, it has catalyzed the invention of an analysis approach now known as likelihood-free inference, as specific example being approximate Bayesian computation [ABC]. There were no ABC publications before the early 2000s. Last year there were 70 papers with the phrase “ABC” in the title, and over 1000 that used the phrase in the body of the manuscript. My collaborators (chiefly Tavaré) and I played a foundational role in the development and application of this approach. We begin by deriving the ABC version of Markov chain Monte Carlo methods [a. below]. In [b.] we discussed a variety of ABC approaches, helping bring them to the wider scientific community. More recently, I have focused on methods for selection of summary statistics that capture key features of the data being analyzed (which is a key step in any ABC analysis) [e.g. c.], and have developed likelihood-free approaches which allow exact, rather than approximate inference [illustrated by d, which is the precursor to the work we propose in this application.]
	a. Marjoram P, et al. Markov chain Monte Carlo without likelihoods. PNAS 100: 15324-15328, 2003 (>600 			citations).
	b. Marjoram P and Tavaré S.  Modern computational approaches for analysing molecular genetic data. 				Nature Reviews Genetics 7:759-770, 2006 (>170 citations).
	c. Joyce P and Marjoram P. Approximately sufficient statistics and Bayesian computation. Statistical 				Applications in Genetics and Molecular Biology, 7, Issue 1, Article 1, 2008. PMID: 18764775 (>130 				citations).
d. Muchmore, Patrick, and Paul Marjoram. "Exact likelihood-free Markov chain Monte Carlo for elliptically 
contoured distributions." Statistical applications in genetics and molecular biology 14.4 (2015): 317-332.



4. Pop gen analyses: My early work in coalescent theory lead to a broader interest in the analysis of population genetics data. Early work impacted the high-profile discussion regarding the existence and whereabouts of an individual known as “Mitochondrial Eve”, the mitochondrial shared common ancestor of all extant humans. [e.g., a.]. Moving on from this question, the discussion of which had a habit of becoming rather heated, I have been part of numerous research efforts focused on improving our understanding of the history and dynamics of the human population. I give examples below focused on estimating gene conversion rates [b.], and population demographics [c. and d.]. Other applications have included: assessing the relative influence of crossing-over and conversion in patterns of Linkage Disequilibrium; estimating recombination rates; estimating the age of a unique event polymorphisms; and exploring the effects of rate variation when performing ancestral inference using the coalescent .
	a. Marjoram P, Donnelly P.  Pairwise Comparisons of Mitochondrial DNA Sequences in Subdivided 
Populations and Implications for Early Human Evolution. Genetics 136:673-683 1994 (>190 citations).
	b. Padhukasahasram B, Marjoram P, Nordborg M. Estimating the rate of gene conversion on human 				chromosome 21. American Journal of Human Genetics, 75:386-397, 2004 (>40 citations).
	c. Innan H, et al. Statistical tests of the coalescent model based on the haplotype frequency distribution 				and the number of segregating sites. Genetics 169: 1763-1777, 2005 (>40 citations)
	d. Jiang RV, Tavaré S, and Marjoram P. Population Genetics Inference Using Resequencing Data. 
Genetics, 181:187-197, 2009 (>40 citations).


5. General Analysis Support: An important part of any statistician’s life is to provide analytic support and expertise to research groups who are using cutting-edge experimental techniques for which methods development is not yet mature. In the early days of my career this most commonly lead to collaborations with investigators exploiting early version of gene expression arrays (often with painfully small sample sizes). An example of one of many papers is given in [d.] below. Another collaboration involved studies of triplet-repeat data aimed at better understanding the mechanisms by which Huntington’s Disease was inherited [e.g., a.]. In an ongoing research program, in collaboration with Kim Siegmund here at USC, I provide analytic support and methods development in studies designed to uncover the dynamics of tumor evolution, with application to Colon Cancer. A series of such papers is represented by [b and d]. Other applications include studies of admixture in Latinos; analysis of a variety of plant data with local collaborators, and numerous other gene microarray studies (e.g. focusing on Barrett’s Esophagus).
	a. Leeflang EP, et al. Analysis of Germline Mutation Spectra at the Huntington's Disease Locus Supports a 			Mitotic Mutation Mechanism. Human Molecular Genetics 8:173-183 1999 (90 citations)
	b. Siegmund KD, et al. Inferring clonal expansion and cancer stem cell dynamics from DNA methylation 			patterns in colorectal cancers. Proc Natl Acad Sci.,  U S A, 106:4828-4833, 2009 (67 citations).
	c. Simkhovich BZ, et al. Brief Episode of Ischemia Activates Protective Genetic Program in Rat Heart. A 			Gene Chip Study. Cardiovascular Research 59:450-459 2003 (>62 citations).
	d. Siegmund K, Marjoram P and Shibata D. Modeling DNA Methylation in a Population of Cancer Cells
	Statistical Applications in Genetics and Molecular Biology, Vol. 7 : Iss. 1, Article 18, 2008 (23 citations).


Complete List of Published Work in MyBibliography:   
http://www.ncbi.nlm.nih.gov/sites/myncbi/paul.marjoram.1/bibliography/41160295/public/?sort=date&direction=ascending


D. Research support

Ongoing Research Support

R21 CA226106-01 (PI: Marjoram)        04/01/2019-03/31/2021
Conservation and functional-characterization of Tumor Methylation Sites
We aim to develop statistical methods and software for analysis of DNA methylation data from human colorectal cancer samples and matched normal tissue.

1P01CA196569-01A1 (Thomas/Gauderman, PI)       04/01/2016-03/31/2021           
NIH     
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. 
Role: Co-I
				
R01ES027860-01 (Eckel, PI)                                       09/01/2017–08/31/2020   
NIH/NIEHS 
Statistical methods for exhaled breath biomarkers in environmental epidemiology
The major goal of this project is to develop methods to “meld” deterministic physiological models of exhaled nitric oxide with statistical methods for estimating parameters that quantify lung function.
Role: Co-I



Pending: None


Completed Research Support (as PI)

NIMH R01MH100879 (Marjoram, PI) 	                 12/18/2012-11/30/2016
NIH
Drosophila Societies: Agent-Based Analysis of Behavioral Plasticity and Genetics
We use Drosophila as a model to couple behavioral analyses of natural genetic variation with novel modeling approaches to understand and predict aggressive behavior exhibited by speciﬁc genotypes and groups. 
Role: PI

1U01GM103804-01A1 (DePace, Marjoram, Nuzhdin, Remo, PI – Nuzhdin PD)   07/01/13-06/30/17                  
NIH 
Multi-scale modeling of genetic variation in a developmental network  
We develop a variety of models to build predictive genotype-to-phenotype maps. 
Role: Co-PI

Malaysian Palm Oil Board (Nuhzdin, PI)                    1/20/15-1/19/2017               
Malaysian Palm Oil board          
Understanding Diversity and Structure of E. Oleifera Germplasm: Towards Developing Tools to Accelerate Interspecific Hybrid Breeding


DMS 1101060 (Marjoram, PI) 						8/1/2011-7/31/14
NSF/NIH 
Making the Complex Comprehensible: Approximate Bayesian Computation and Behavioural Dynamics 		
This focuses on developing mathematical methods involving approximate Bayesian computation so as to allow the analysis of data-sets of very large dimension, with application to Drosphila melanogaster.
Role: PI

1U01 HG005927-010 (Marjoram, PI)                        9/28/10 - 8/31/11 NHGRI
Design and Analysis of 2nd Stage GWAS Study Using Next-Gen Sequencing data    	
A consortium grant to investigate the efficacy of differing designs for 2nd-stage next-generation sequence data follow-up to first stage GWAS hits. With application to the Colon Cancer Family Registry.
Role: PI

5R01MH084678 (Marjoram, PI) 						09/25/08 – 06/30/11 NIMH 									 
Statistical Methods for Relating Sequence Data to Phenotype
We aim to develop a raft of statistical machinery to help develop our understanding of how sequence
level data can be related to phenotype. 
Role: PI

R01MH084678-03S1 (Marjoram, PI)                       					07/01/10 – 06/30/11
NIMH
A 1-year supplement to the R01 MH084678.
Role: PI

R01 GM069890-01A1 (Marjoram, PI)								07/01/04 – 06/31/08		
NIGMS									 					
Computational Methods for Fine Mapping.
To utilize computationally intensive methods to fine-map exploiting the underlying genealogy of samples. 
Role: PI

