Principal Investigator/Program Director (Last, First, Middle):    Weir, Bruce S.


A. BACKGROUND
This application has been prepared in response to PAR-04-132 “Predoctoral Training in Biostatistics” and it meets the goals and criteria of that program announcement.
The University of Washington is uniquely qualified to offer training in biostatistics related to genetics. There is considerable strength in both statistics and genetics as well as unusual strength in statistical genetics. The Departments of Biostatistics and Statistics were ranked number six and number nine, respectively, among all departments of statistics and biostatistics in the US by the National Research Council in its last published rankings.  Biostatistics was ranked first in “Effectiveness of the program in educating research scholars/scientists,” and second in “Scholarly quality of the program faculty.” The Department of Genome Sciences has nine faculty who are members of the National Academy of Sciences and five who are Howard Hughes Medical Institute Investigators.

The University has established Ph.D. tracks in statistical genetics within the Departments of Biostatistics and Statistics, and these will now be augmented in several ways with this new training program. Activity in statistical genetics at the University of Washington (UW) has recently been increased with the recruitment of Bruce Weir as Chair of the Department of Biostatistics and the arrivals of Lon Cardon and Betz Halloran as Professors of Biostatistics and Full Members of the Fred Hutchinson Cancer Research Center (FHCRC). Additionally, UW is providing support for two new biostatistics faculty members in the area of statistical genetics as well as support for a campus-wide summit in statistical genetics to be held in the Fall of 2006. 
With Bruce Weir’s move to the University of Washington, the Summer Institute in Statistical Genetics was held in Seattle and it attracted over 300 participants in June of 2006. Importantly, trainees in this program will have the opportunity to attend modules in the Institute.
Objectives of this Program. This program is designed to train statisticians and biostatisticians with breadth in those disciplines but with additional strength in the biological fields of genetics, genomics and proteomics. Within this framework, the program will accommodate students in the Ph.D. programs offered by the Departments of Biostatistics, Genome Sciences and Statistics.
      The need for statistics in biology and genetics is as old as those fields themselves and is central to translational medicine, particularly with the wide spread application of whole genome association studies to explore the relationship between common variation and common disease. It is no accident that many of the methods of statistics were developed to address biological data. Fisher’s 1918 paper “The correlation between relatives on the supposition of Mendelian inheritance” that introduced the analysis of variance is merely the most prominent. In recent years, advances in molecular technology have both increased the demand for statistical involvement and the need for statisticians to have a deep understanding of the underlying biology, genetics and medical implications of their findings. Biostatisticians are being asked to interpret large genome-wide datasets for quantitative gene expression, proteomic signals obtained by mass spectrometry, and discrete genotypes. Substantial mathematical skills are needed, and so is an appreciation of the variation introduced through the evolutionary process. 
There are few training programs that combine the depth of quantitative and biological reasoning required to design and interpret the genome-wide data being produced in modern biological and medical studies. This application describes such a program.
 PROGRAM PLAN

1. Program Administration
The NIGMS Pre-doctoral Training Program in Statistical Genetics (STATGEN) will be directed by Bruce Weir, Professor and Chair of Biostatistics and Adjunct Professor of Genome Sciences. He will work with two co-Directors: Debbie Nickerson, Professor of Genome Sciences and Elizabeth Thompson, Professor of Statistics and Adjunct Professor of Biostatistics and  Genome Sciences. These three will form an Executive Committee with responsibility for appointing trainees and monitoring the progress of trainees. Bruce Weir will be responsible for the overall direction, management and administration of the program, including the preparation of progress reports and renewal applications.

Bruce Weir has a substantial research record in statistical genetics. He has acted as thesis advisor for 29 Ph.D. students and he has mentored 15 postdoctoral students. From 1999 through 2005 he directed the graduate program in bioinformatics at North Carolina State University: in 1999 and 2004 he submitted successful applications for T32 support from NIEHS for that program. When he left NC State University, the program had 55 current students and had produced 12 Ph.D. and 25 Masters degrees. He was the founding Director of the Bioinformatics Research Center at NC State. Since 1986 he has directed the Summer Institute in Statistical Genetics, and he has secured NIGMS and NSF support for that Institute. He now teaches one of the core courses (BIOST/STAT 551) in the statistical genetics track at UW and he serves on the Curriculum Committee for the Certificate in Statistical Genetics. He will lead the statistical genetics seminar/journal club (BIOST/STAT 580B) for the Autumn Quarter of 2006.
Debbie Nickerson is a renowned genome scientist who has been at the forefront of identifying and typing of common sequence variations in the human genome (such as SNPs) in an effort to gain an understanding of the patterns of sequence variation in the human genome and to improve approaches for association mapping of common human diseases.  In the past 10 years she has advised four pre-doctoral and five postdoctoral students. Her laboratory will provide the principal opportunity for laboratory rotations for STATGEN trainees, offering trainees experience in sample preparation, genotyping and microarray experiments.
Elizabeth Thompson has been a researcher in statistical genetics since 1970, and since 1980 has been deeply involved in graduate training in mathematical biology in general, and statistical genetics in particular.  She joined UW in 1985, served as Chair of the Department of Statistics from 1989-94, and as Graduate Program Coordinator from 1995-98, and 1999-2000. She has been involved in interdisciplinary graduate training through the UW Interdisciplinary Program in Quantitative Ecology (serving as Alternate Program Coordinator in 1998-99), through the UW Mathematical Biology Fellows Program in Zoology, and through the inter-university Program in Mathematics and Molecular Biology (since 1997, a Burroughs Welcome Interfaces of Science program). Over the last 10 years she has graduated 16 Ph.D. students, eight of whom hold faculty positions in good research universities, and seven of whom remain at the forefront of interdisciplinary statistical genetics research and/or teaching. She has also advised eight postdoctoral students over that period. She initiated and coordinates the UW Statistical Genetics curriculum. Currently, about 75% of her overall effort is directly related to statistical genetics research education, both at UW and more widely. She teaches one of the core courses in statistical genetics (BIOST/STAT 550) and will lead the statistical genetics seminar/journal club (BIOST/STAT 580B) in the Winter Quarter of 2007.
The Executive Committee will select the trainees. They will solicit nominations from all training faculty and they will work with the Graduate Program Directors in each of the participating departments to identify incoming students with interests in this program. Once selected by the Executive Committee, the trainees will have to satisfy the requirements of the STATGEN program as well as those of their admitting/home department. Each department has a student mentoring/monitoring plan in place but the STATGEN directors will provide additional guidance. The directors will meet with each trainee every quarter to monitor progress and ensure that appropriate courses are being taken. There will be additional meetings to ensure that trainees in their first two years have meaningful research experiences in the summer quarter. Trainees may be advised, for example, to attend the summer course "Research in Biostatistics'' to become exposed to the full range of research areas available to them. The Executive Committee, as a whole, will decide on continued funding each year subject to the expectation that trainees will receive no more than three years of support from this program. 
Administrative support:  Renée Albert and Cynthia Marks from the Department of Biostatistics will provide critical administrative support.  Ms. Albert is the Student Services Counselor and in this role advises trainees on many aspects of their work, maintains student records of coursework, exams, satisfaction of student requirements, updates on trainee research, and circulates materials to the executive committee.  Ms. Albert will coordinate her activities with staff in an equivalent position in the other trainee home departments.  Ms. Marks is the Administrator for the Biostatistics Department.  She provides budgetary support, oversees compilation of tables and other data for the training grant continuation and renewal applications.  

Collaborative Infrastructure  The training faculty in the STATGEN program are from department in three schools at UW: Arts and Science (Statistics), Medicine (Genome Science) and Public Health and Community Medicine (Biostatistics and Epidemiology) as well as from the FHCRC. They have a demonstrated history of joint research and gradate student advising. Furthermore, most of them are members of the Statistical Genetics Faculty Group that administers the Interdisciplinary Graduate Certificate in Statistical Genetics. The infrastructure that permits this cross-school activity is in place.
2. Program Faculty

The 17 members of the program faculty represent excellence in biostatistics, genome sciences and statistics. They all have good publication records, strong funding and a commitment to graduate education (their papers with students are listed in Table B.3). They are all firm believers in interdisciplinary research, as evidenced by their publications (joint papers in Table B.2).  Thompson had the most-cited paper in all the mathematical sciences over the 10 years up to 2002 (Science Watch: May-June 2002), and Felsenstein (number 7) and Weir (number 25) have statistical genetic papers listed among the 25 most-cited papers in statistics (Ryan and Woodall, J. Applied Statistics 32:461-474, 2005). Felsenstein, Thompson and Weir have published textbooks that describe statistical analyses of genetic data.
Although they are mostly senior and experienced full professors, the training faculty includes some junior members: Akey and MacCoss are Assistant Professors, Kerr is under review for promotion to Associate Professor, and Edwards and  Storey are Associate Professors. The Departments of Biostatistics and Statistics are both currently searching for additional faculty in statistical genetics, and some of these Fall 2007 appointees are likely to be at the Assistant Professor level. The new appointees will be considered for inclusion in the training faculty.

Collectively, the faculty are committed to the further development of Statistical Genetics.  Thompson, Wijsman and Felenstein initiated the statistical genetics program at UW, Weir established the Program in Statistical Genetics at NC State, and Halloran incorporated statistical genetics into the Biostatistics training program at Emory. The faculty members are listed in Table B.1, and their diverse research interests are described below.  Table 3 demonstrates their outstanding research funding. 

UW is known for the collegiality and collaborative spirit among its faculty.  These attributes are particularly evident among the program faculty.  Table B.2 details the multitude of collaborations and scientific interactions that have taken place among the faculty and indicates their joint publications, details of which are also given in faculty biosketches.  The training faculty also have a history of serving on the same thesis advisory committees. Among 2005/2006 students in statistical genetics, for example, there were these committee memberships: Shameek  Biswas (Akey and Storey); Sijian Grace Ge (Thompson and Edwards); Garrett Hellenthal (Thompson, Green and Storey); Rachel Mackelprang (Akey and Nickerson); Brig Meecham (Akey and Storey); James Ronald (Akey and Storey);  Elizabeth Rosenthal (Wijsman and Jarvik); Arindam RoyChoudhury (Thompson and Felsenstein), Paul Scheet (Thompson and Wijsman).
Any of the participating faculty may propose to the Executive Committee the addition of new training faculty. After checking the interest in statistical genetics, the training record and the funding status of these prospective additions, the Executive Committee will submit their names to all members of the training faculty for a vote. At the end of each academic year the Executive Committee will also verify the appropriateness of existing training faculty remaining in the program, and suggest withdrawal for any who interests are no longer in statistical genetics. Otherwise, training faculty will remain in the program at least until the next competing renewal unless they leave the University of Washington.
Joshua Akey, Ph.D. is Assistant Professor of Genome Sciences. His laboratory is broadly interested in understanding the evolutionary forces that have shaped patterns of DNA sequence variation within and between species and to use this information to address fundamental problems in biology and evolution. Current projects in his lab focus on three main areas: (1) human population genomics, (2) the genetics of gene expression variation, and (3) canine evolution. The common theme permeating each of these areas is developing and applying new computational and statistical methods to analyze genome-wide patterns of genetic variation. He has been particularly active in systematically interrogating the human genome for signatures of natural selection and in 2002 performed one of the first genome-wide scans for positive selection. In addition, he has been particularly active in mapping gene expression quantitative trait loci (QTL) using yeast as a powerful model system. Current projects in the lab include analyzing genome-wide catalogs of human genetic variation (such as the HapMap data) to infer population demographic history and identify targets of natural selection, developing models of gene expression evolution, comparative sequence analysis of completely sequenced yeast genomes, and characterizing the duplication history of the canine genome. He is currently supervising three graduate students, has lectured in GENOME 541 (part of the core Statistical Genetics curriculum), and teaches in the Summer Institute in Statistical Genetics.
Lon Cardon, Ph.D. is a Full Member of the Fred Hutchinson Cancer Research Center and a Professor of Biostatistics. He recently moved from Oxford, UK where he was Principal Research Fellow in the Wellcome Trust Centre for Human Genetics and Professor of Bioinformatics at Oxford University. His research interests span a number of different areas, all of which are wedded to the theme of identifying and characterizing genetic influences on complex human phenotypes. Fulker and Cardon developed the first interval mapping and multipoint methods for human QTL mapping in 1994 and 1995; with Abecasis in 2001 he constructed robust family-based association tests and implemented them in the popular QTDT package; with Abecasis he advanced rapid variance components methods for gene identification in 2002, encompassed in the widely-used MERLIN program; and he developed one of the first multivariate linkage methods for human family data with Marlow in 2003. Cardon has been involved in a number of projects covering a diverse spectrum of traits, including reading disability and language disorders, type 2 diabetes and obesity, asthma, osteoporosis, Huntington’s Disease and inflammatory bowel disease. Recently, his research has focused on describing and modelling patterns of linkage disequilibrium in human populations. His group built two of the first three chromosome-wide linkage disequilibrium maps (human chromosomes 22 and 19), his research and that of others has revealed the importance of marker density and ascertainment on LD inference, and he have developed several software tools used by the LD community.  Cardon’s group, which included Weir, was one of three in the world selected to analyze the International HapMap data. Cardon teaches in the Summer Institute in Statistical Genetics and will develop a new statistical genetics course at UW. He is a member of the core statistical genetics faculty.
Karen  Edwards, Ph.D. is Associate Professor in Epidemiology and Public Health Genetics.  She is a genetic epidemiologist whose primary research focuses on the use of multivariate approaches to define phenotypes for complex diseases.  Edwards has extensive expertise in the design, collection, and statistical analyses of family data and has participated in two large family studies of cardiovascular disease and diabetes in Japanese American families. She was principal investigator on an American Diabetes Association (ADA) funded study to investigate premature cardiovascular disease in Japanese American families with type 2 diabetes, and is currently funded by the ADA for a project “Genome scan of multivariate factors underlying the metabolic syndrome in the GENNID study” (ADA 7-05-RA-34). Edwards also directs the CDC funded UW Center for Genomics and Public Health (UWCGPH) and she has had overall responsibility for the conduct of the Center since 2001.  The overall mission of the center is to integrate advances in genomic technology into public health practice and offer research and educational opportunities for public health students and professionals.  Primary goals of the center are to contribute to the knowledge base on genomics and public health; provide assistance to local, state, and regional public health organizations; and develop and provide training for the current and future public health workforce. She is also participating in the Center of Excellence in ELSI Research (CEER), under the direction of Wylie Burke. Edwards has served as Chair of ten Masters level committees, four doctoral committees and has mentored two post-doctoral fellows.  Finally, Edwards has recently joined the Regional Native American Community Networks Program and is participating in the NIA-funded Native Investigator Faculty Development Program that trains AI/AN junior faculty to conduct health-related research in their own communities.
Joe Felsenstein, Ph.D. is Professor of Genome Sciences and Biology, and Adjunct Professor of Computer Science and Engineering, Statistics and Zoology. He is a member of the National Academy of Sciences. His group works on the statistical and computational problems of estimating phylogenies (evolutionary trees).  He helped introduce statistical methods such as likelihood and the bootstrap to molecular evolution and systematics and produced and distributed PHYLIP, a free package of computer programs for inferring phylogenies.  His group has lately been working on methods for estimating population parameters from population samples of molecular sequences.  The genes at one locus in a population are related by a “gene tree” that depicts which ones are descended from recent common ancestors.  The gene tree reflects the effective population size, migration rates, mutation rates, and so on.  Other evolutionary forces, such as recombination and natural selection, also leave their imprint on the trees at different loci.  Felsenstein’s group is developing methods to interpret variation of genomic data within or between populations of a species.  These methods require considering the possible coalescent trees of genes that could have connected the sampled sequences and using likelihood methods that take into account uncertainty about those coalescents. Felsenstein teaches in the Summer Institute in Statistical Genetics, and he teaches GENOME 562, a core statistical genetics course. He is a member of the core statistical genetics faculty.
Phil Green, Ph.D. is Professor of Genome Sciences, and Adjunct Professor of Bioengineering and Computer Science. He is a Howard Hughes Investigator and he is a member of the National Academy of Sciences. Research in his group centers on developing mathematical, statistical, and computational methods for analyzing the genomes of humans and other organisms.  Specific areas of interest include: (1) efficient algorithms for constructing linkage maps with many loci and their application to localizing genetic disease loci; (2) design and data-analysis methods for physical mapping projects, particularly the construction of overlapping clone maps; (3) improved data collection and analysis for large-scale genome sequencing projects, including base-calling and sequence assembly algorithms (this project has the eventual goal of increasing throughput by eliminating the need for human editing); (4) the interpretation of genomic sequence, particularly the identification of genes and elucidation of their evolutionary relationships.  A current focus in this area is on developing improved algorithmic and statistical methods for identifying subtle sequence similarities.  Members of the Green lab are also analyzing sequence to evaluate the history of introns in the genome, to find motifs that provide clues to protein structure, and to identify SNPs in genes that may have phenotypic consequences. Green teaches GENOME 540, one of the core courses in the statistical genetics curriculum. He is a member of the core statistical genetics faculty.
M. Elizabeth (Betz) Halloran, M.D, M.P.H, Ph.D. is a Full Member of the Fred Hutchinson Cancer Research Center and she is Professor of Biostatistics. She recently moved from Emory University, where she was Professor of Biostatistics and Director of the NIGMS training grant “Biostatistics in Genetics, Immunology and Neuroimaging.”  Her research encompasses a wide range of quantitative methods applied to research in infectious diseases. The research includes novel designs for evaluating vaccines in the field, dynamic mathematical models, both stochastic and deterministic, for understanding interventions in infectious diseases, and genomic approaches to understanding the immune system and response to pathogens. She makes use of Bayesian, likelihood and nonparametric statistical methods for inference.
Gail Jarvik, M.D., Ph.D. is Professor of Medicine and Adjunct Professor of Genome Sciences and Epidemiology. Her major interest is in the genetics of common disease. She is involved in a number of research projects which address the inheritance of diseases of complex etiology. These are common diseases with multiple etiologic genes and environments. These projects use statistical genetic methods such as linkage analysis, complex segregation analysis, and association and interaction tests, in large data-sets collected in collaboration with molecular biologists and epidemiologists. She is particularly interested in the analysis of risk factors for coronary artery disease, including lipid disorders. A major focus of her research is the study of gene-by-gene interactions in the inheritance of familial combined hyperlipidemia and elevated levels of apolipoprotein B. That study is also directed at mapping an apolipoprotein B elevating locus. A second major project involves lipid, oxidative, and inflammatory risk factors in a case-control study of carotid artery disease. This study also considers the predictors of carotid artery disease progression over time measured by magnetic resonance imaging. Jarvik also has a project that evaluates the predictors of one- and four year old neurological outcome in infants having open heart surgery in the first six months of life. 

Kathleen Kerr, Ph.D. is Assistant Professor of Biostatistics. She acts as Director of the Center for Ecogenetics and Environmental Health facility core for  Bioinformatics and Biostatistics.  She is also an investigator with the Toxicogenomics Research Consortium and the UW NHLBI-funded center for gene expression analysis in mammalian cell biology.  The focus of her research is in statistical genetics, in particular the design and analysis of gene expression microarray experiments.   Kerr has been the first or senior author on a dozen methodological publications related to microarrays, as well as several book chapters.  She has established a national reputation for her contributions to the field. She teaches in the Summer Institute in Statistical Genetics and she is a member of the core statistical genetics faculty.
Mike MacCoss, Ph.D. is Assistant Professor of Genome Sciences. The focus of his research is in the development of stable isotope and mass spectrometry based approaches to improve  understanding of biology on a molecular, cellular, and whole organism level. Presently, individuals in the laboratory are working on technology for (1) automating biochemical sample preparation methods for the analysis of protein mixtures; (2) developing in vivo stable isotope methods for studying protein metabolism; (3) increasing the dynamic range of liquid chromatography-mass spectrometry for the analysis of peptides; and 4) developing computational tools for the automated conversion of mass spectrometry data into biologically meaningful results. These technologies are presently being demonstrated in the model organisms C. elegans and S. cerevisiae. Although his current research interests are presently in model systems, his long-term goal is to have technologies robust enough to handle the automated high-throughput characterization of human clinical samples.
Arno Motulsky, M.D. is Professor Emeritus of Medicine and Genome Sciences. He is a member of the National Academy of Sciences. Motulsky was a founder of the field of pharmacogenetics, i.e. the role of genetic variation in response to drugs. He is currently involved in assessing the role of genetic polymorphisms in resistance and susceptibility to disease from environmental agents. Motulsky and his postdoctoral fellow, Joseph Goldstein (later a Nobel prize winner for his work in cholesterol metabolism), investigated the genetic basis of hyperlipidemia in coronary heart disease and described a new entity: familial combined hyperlipidemia. Motulsky's current studies in this area deal with the role of various lipid factors and their genetic determinants in coronary heart disease. These studies are carried out with a local team of investigators in metabolic diseases (J. Brunzell), epidemiology (M. Austin), statistical genetics (G. Jarvik & E. Wijsman) and molecular genetics (Samir Deeb). Motulsky has worked on the molecular genetics of human color vision with a molecular geneticist (Samir Deeb) and with psychologists. In this work, quantitatively assessed perception of color is correlated with the molecular arrangements of the red-green color vision genes. The finding of minor genetic differences in pigment genes (unrelated to color vision defects) causing variable perception of color is of fundamental interest and initiates a new field of molecular psychology. In addition to his scientific activities, he has long been interested in the social impact of human genetics (including genetic testing) and has participated in various national committees dealing with these issues. Motulsky no longer acts as thesis advisor for students but he has agreed to participate in the program, partly through informal discussions with trainees and partly through his advisory role for the Certificate in Statistical Genetics. He is a member of the Statistical Genetics Advisory Board.
Debbie Nickerson, Ph.D., is Professor of Genome Sciences.  Her research is focused on the development and application of technologies to identify and genotype single nucleotide polymorphisms (SNPs) in the human genome.  Her group has performed association studies on human quantitative traits and has studied approaches to selection of SNPs for genotyping across the human genome.  Current projects in her group include the identification and application of genetic variation in mapping human complex traits and disease susceptibility related to cancer, cardiovascular disease, and inflammation.

Maynard Olson, Ph.D. is Professor of Medicine and Genome Sciences.  He is a member of the National Academy of Sciences. New methods of genome analysis and the application of these methods to the study of the human and other genomes are the main focuses of his research, much of which is carried out at the University of Washington Genome Center. A major scientific focus of the Center's research program involves the study of natural variation in DNA sequences. In human DNA, most of the variation involves simple base-pair substitution polymorphisms: typical humans are heterozygous at approximately one base pair in a thousand throughout most of the genome. However, there are some regions in which sequence variation is as high as several percent of the nucleotides. Olson’s group is developing new methods to detect these "variation hot spots" and to analyze the evolutionary forces that gave rise to them. In parallel with the human studies, he is analyzing genetic variation in the opportunistic human pathogen Pseudomonas aeruginosa. The Genome Center recently determined the sequence of the 6.3-Mbp genome of this bacterium and is now analyzing variation in the genome across different clinical isolates of P. aeruginosa and across time during chronic infections of individual patients. In this research, Olson’s principal focus is on pulmonary infections of cystic fibrosis patients. The airways of most CF patients become infected with P. aeruginosa, and these infections now account for most of the morbidity and mortality in CF. Olson is a member of the Statistical Genetics Advisory Board.
John Storey, PhD is Associate Professor of Biostatistics and Genome Sciences.  His research is on developing statistical and computational methods for functional genomics.  One project is aiming at developing new methods to identify differential expressed genes in microarray experiments.  This includes the typical static experiment design, time course studies, and experiments where the goal is to detect up-regulation and down-regulation separately.  A second project is mapping genetic loci linked to gene expression traits.  Several studies have recently been carried out that measure genetic variation and gene expression in hybrid progeny; he is focusing on recent efforts in yeast.  The main goal of his work in this area is to develop statistical methods for mapping multiple loci that are simultaneously linked to a gene expression trait, where this is carried out for every gene expression trait (all 6000 yeast genes) at once.  A third project is to model transcriptional variation in natural populations.   In collaboration with other faculty, particularly Akey, the Storey group is developing models of transcriptional variation in natural populations that build on well established ideas in population genetics.  Their work includes developing novel statistical and computational methods, implementing these methods in software, and successfully applying the methods on real data.  Storey teaches in the Summer Institute in Statistical Genetics. He will spend 90% of his time during the 2006/2007 academic year at Merck/Rosetta developing new statistical methodology and applying it to marker, trait and expression data. He is a member of the core statistical genetics faculty.
Elizabeth Thompson, Ph.D. is Professor of Statistics, and Adjunct Professor of Biostatistics and Genome Sciences. The research in her group is in the area of statistical genetics and involves development of models and methods for inference from genetic and phenotypic data observed in individuals sampled from populations or members of a pedigree structure.  At the population level this work involves characterizing the genetic structure of populations, quantifying genetic diversity, and estimating population-genetic parameters.  Recently included in this work is the newly developing area of disequilibrium mapping using coalescent models of gene ancestry.  At the pedigree level, the group develops methods for detecting and localizing genes affecting complex human disease including multipoint linkage methods on extended and/or complex pedigrees.  At the meiosis level, Thompson and her students have developed methods for analyzing meiosis data under models of recombination heterogeneity and genetic inference.  Most of these approaches involve Monte Carlo estimation of likelihood functions, due to the infeasibility of exact computation.  Their data exhibit complex structures of dependence, resulting from pedigree relationships among individuals or from the linear structure of chromosomes.  Consequently, many of the group’s Monte Carlo methods involve Markov chain Monte Carlo (MCMC).  Work in Thompson’s group spans levels from the population to the meiosis process and from the theoretical study of the mathematical properties of improved MCMC algorithms to practical analysis of data. Thompson teaches in the Summer Institute in Statistical Genetics and she is a member of the core statistical genetics faculty.
Barbara Trask, Ph.D. is a Full Member at the Fred Hutchinson Cancer Research Center and Director of the Division of Human Biology. She is also Professor of Genome Sciences. Research in her lab revolves around large-scale organization of the genome. In one project, the large-scale folding of DNA in the interphase nucleus is being studied using various strategies to fluorescently label specific DNA sequences in fixed or live cells. Positional information is compared to the predictions of mathematical models and computer simulations based on random-walk principles. In a second project, the group is studying the structure, evolutionary history, and function of rearrangement-prone, grossly polymorphic regions of the genome near the ends of human chromosomes. The computational aspects of this project involve the development of tools for display and analyses of the intertwined maps of these complex regions, and phylogenetic analyses to evaluate the processes of recombination, gene-conversion, and duplication that may have shaped the structure of these regions. In a third project, the group is studying the evolution, polymorphism, and transcriptional regulation of the olfactory receptor gene family. This family comprises more than1000 members, whose genes are in clusters distributed on many chromosomes. Computational subprojects involve sequence analyses to contrast the functional repertoires in mammals and to characterize the history of expansion and contraction of this family, evaluation of the extent of normal variation in expressed repertoires, mapping the active genes to their genomic locations (challenging due to the high sequence homology and high frequency of pseudogenes), correlation of structure to ligand-binding function, and analyses to identify the sequences and mechanisms that culminate in the expression of only one of these many olfactory receptor genes in each sensory neuron. In all these projects, the computational analyses go hand in hand with cell and molecular biological experimentation. Trask is a member of the Statistical Genetics Advisory Board.


Bruce Weir, Ph.D. is Professor and Chair of Biostatistics and Adjunct Professor of Genome Sciences. His research is on statistical methods for genetic data, with an emphasis on ways of characterizing associations among alleles within and between loci and of characterizing the genetic structure of populations. Recently he has been involved with the analysis of very large SNP datasets and in allowing for inbreeding in the estimation of relatedness between pairs of individuals. He has an interest in the statistical issues surrounding the forensic use of genetic markers. He is the author of the textbook “Genetic Data Analysis” and he has over 160 publications in statistical genetics. Weir directs and teaches in the Summer Institute in Statistical Genetics. He is a member of the core statistical genetics faculty and, ex-officio as Chair of Biostatistics, a member of the Statistical Genetics Advisory Board.
Ellen Wijsman, Ph.D. is Research Professor of Biostatistics and Medical Genetics and Adjunct Professor of Genome Sciences. Her research involves using genomic data, at various levels of resolution, to track inherited variability in pedigrees, largely with the goal of identifying genes of medical importance in humans.  Her group works on problems that define efficient study designs and that develop efficient algorithms for carrying out statistical analyses.  The group develops and applies quantitative methods including techniques of gene mapping, modeling modes of inheritance, and identifying regions of identity-by-descent through linkage disequilibrium analysis.  Disorders under investigation currently include Alzheimer’s disease, dyslexia, autism, cardiovascular disease, and ALS.  Wijsman’s group is working on the development and evaluation of Markov chain Monte Carlo methods of analysis in situations where current methods are computationally impractical, such as the search for the basis of complex diseases. She teaches one of the core courses in statistical genetics (BIOST/STAT 552) and will lead the statistical genetics seminar/journal club (BIOST/STAT 580B) in the Spring Quarter of 2007. She is a member of the core statistical genetics faculty.
3. Proposed Training
Need for This Training Program. The information in Table 2 shows that the University of Washington has several training grants in place, and has applications pending for new or renewal grants. These various programs do not address the need for training biostatisticians capable of providing future leadership in the interpretation of genomic data. However, many of these training grants will highly complement this newly proposed program including the training grants in Genome Sciences that have focus on genetics and technology development and computational analysis. The active and pending training grants in Biostatistics all have disease-specific training emphases (Cancer, HIV/AIDS, Cardiovascular) or are focused on environmental health issues and will also provide important medical and translational complements to the STATGEN training program. This program has been designed to be more flexible in that it requires broad statistical training as well as training in the growing field of statistical genetics, without targeting a specific disease.
The difficulty of providing the kind of broad training described in this application with support from other training grants is illustrated by the following comments made by reviewers of four recent T32 applications submitted to other Institutes by faculty in the Department of Biostatistics:
NIAID “lack of specific information on the specific AIDS-related training ... a clearer focus in direct AIDS relevance is needed,''  “concerns about the involvement of the proposed faculty .. with projects relating to HIV/AIDS,”  “little collaboration between the statistical environment and the ... HIV/AIDS enterprise with a resultant limited experience in HIV/AIDS specific training''
NCI:  “no specific cancer requirements for predoctoral trainees,”   “no requirements .. that ensure that these students are exposed to formal courses in cancer and cancer-related biology''

NHLBI:  “there should be more discussion of the cardiovascular problems that are encountered by the faculty and previous students''

NIMH: “less of a record relating to placement of students with a focus on mental health research,''  “application might have benefitted from greater detail about ... topics in mental health research''
Although there is an emphasis on statistical genetics in this application, this aspect is in addition to the training that Ph.D. students in the UW Departments of Biostatistics, Genome Sciences and Statistics receive. Biostatistics students, for example, are trained in the conduct and analyses of clinical trials and often spend time as Research Assistants in the Data Coordinating Centers of large multicenter, multidisciplinary studies directed by Biostatistics faculty: Norman Breslow directs the National Wilms Tumor Study. Timothy DeRouen directs the Comprehensive Center for Oral Health Research and Northwest PRECEDENT (a practice-based research network of 150 practicing dentists in the Pacific Northwest). Brian Leroux directs the Coordinating Center for this network. Thomas Fleming and Steve Self co-direct SCHARP (Statistical Center for HIV/AIDS Prevention Trial Network). Alfred Hallstrom directs CCTC (Cardiovascular Clinical Trials Center) that houses ROC (Resuscitation Outcomes Consortium) directed by Scott Emerson, ASPIRE (AutoPulse Assisted Prehopsital International Resuscitation Trial) and DAVID II (Dual Chamber and VVI Implantable Defibrillator Trial). 
Thomas Lumley and Ken Rice are the statistical investigators for the Cardiovascular Health Research Unit. Arthur Peterson directs studies on Smoking Acquisition and Cessation in Adolescents. Steve Self directs the Statistical and Data Management Center of the HIV Vaccine Trials Network. Richard Kronmal directs CHSCC (Collaborative Health Studies Coordinating Center) that houses CHS (Cardiovascular Health Study), GEMS (Ginkgo Evaluation of Memory Study), MESA (Multi-Ethnic Study of Atherosclerosis), MESA Air Polution, MESA Family, MESA Lung, and FRAM 2. Ross Prentice directs the Women’s Health Initiative (WHI) Clinical Coordinating Center and the EDRN (Early Detection Research Network) Data Management and Coordinating Center. Ellen Wijsman directs the Biostatistics and Data Management Core of the University of Washington Alzheimer's Disease Research Center.

The incorporation of broader genetic/genomic training will allow STATGEN graduates to contribute to biostatistics research across many diseases. 
Almost all US university departments of biostatistics or statistics now recognize the need for faculty in statistical genetics, not only to provide training for their own students but also to provide training and collaboration to biological and biomedical researchers at their institutions. UW is a major training ground for these faculty. 
Overview.  Trainees in this program will be admitted to the Departments of Biostatistics, Genome Sciences, or Statistics.   Admissions are very competitive.  The selection of trainees is designed to ensure a sustained focus on statistical genetics.  To support and enhance this focus, all trainees will be assigned dual mentors, as described below.
The expectation is that trainees will complete their training and receive their PhD within 5 years.  The current average duration is 5.5 years for Biostatistics and 6.5 years for Genome Sciences.  Biostatistics is introducing students to research earlier in their programs to reduce the time. For students who appear unlikely to finish within a reasonable time frame, there will be increasing consultation among the appropriate graduate program director, the thesis committee chair and the STATGEN directors to assess progress and to determine how to help the student complete his or her degree.  

Trainees will participate in STATGEN activities until graduation.  Typically they will be supported by STATGEN for the first three years of their studies and then move to research assistantships provided by their thesis advisors for the final years of training.  STATGEN requirements will remain in effect for the entire course of study, regardless of the source of funding. To ensure good representation among graduate programs, the executive committee will aim to allocate slots equally between Biostatistics, Genome Sciences and Statistics.  Most trainees will be recruited directly into the STATGEN at the outset of their studies based on their academic potential and interest in statistical genetics as expressed in their graduate school application or interview.  Others will be nominated by their program directors or one of the training faculty later in their studies, and the executive committee will choose additional trainees from these nominations. This later entry of trainees is more likely to occur in the first year of this grant as the results of this application will not be known in time for Fall 2007 recruitment (which will take place in February/March of 2007).
Students from Diverse Scientific Backgrounds Many (bio)statistics students will require additional background study in genetics or molecular biology, while students from the biological sciences may need additional training in probability, statistics or computer science.  To maintain the depth and breadth of core courses, without placing insurmountable barriers for students, the following background knowledge requirements have been established.  All students must have the equivalent of CSE 142 (a computer science concepts and programming course), MATH/STAT 394 (a basic probability course) and MATH/STAT 390 (a statistics course, including probability models and likelihood). Students from the mathematical and computational sciences will normally have more background than this, but a motivated student from the

biological sciences will be able to take (indeed excel at) the statistical genetics core courses provided they have this background knowledge.

STATGEN students are also required to have, or to obtain, basic biological knowledge.  There is a requirement of a basic genetics course (GENOME 371), plus one additional course.  Some current alternatives for a second course are GENOME 372, and GENOME 453.  As for the mathematical requirements, the two-course genetics requirement is a minimum:  UW statistical genetics students typically acquire the knowledge content of most of these background alternatives.  Details of these background courses are given in Appendix D.
Dual Mentors Each of the home departments has its own rules governing the composition of a Ph.D. student’s advisory committee. These rules all allow for the STATGEN requirement that trainees in Statistics or Biostatistics should have a training faculty member from Genome Sciences on their committee and that Genome Sciences trainees should have a Biostatistics or Statistics member. This requirement is made easier by Storey being joint between Biostatistics and Genome Sciences, Felsenstein having Adjunct status in Statistics and Thompson, Weir and Wijsman being Adjunct in Genome Sciences.
Laboratory Rotations Although this training program is primarily for training in statistics and biostatistics, the emphasis on genetic/genomic data requires that trainees become familiar with current technologies for generating data. Only by spending time in experimental laboratories will they gain an understanding of the sources of experimental variation. The rotation system for STATGEN trainees will be patterned on the system already in place in the Department of Genome Sciences: each trainee will spend one quarter in each of three different laboratories. The most likely rotation mentors will be Genome Science trainers: Akey, Green, MacCoss, Nickerson, Olson and Trask.  With six trainees in the STATGEN program, there will be an average of only two in the rotation program in any year so the burden on these faculty should not be great. Furthermore, Genome Sciences will be actively searching for new faculty over the next year and these new appointees are likely to expand both rotation and research opportunities for STATGEN trainees.
Seminars and Retreats. Trainees will be expected to attend the weekly seminars in their home departments as well as the statistical genetics seminar/journal club (BIOST/STAT 580B) throughout their program. This seminar is directed by a faculty trainer but each student has to lead the discussion of a current paper once per quarter. Attendance and participation in the discussion is required in order for a student to receive a “pass” grade. Trainees will also be expected to attend their home department annual retreat and to present a poster on their research in their third and subsequent years. They will also be encouraged to attend the annual Seattle Showcase Symposium in Statistical Genetics.
Certificate in Statistical Genetics. A complementary program to STATGEN is the Interdisciplinary Graduate Certificate in Statistical Genetics. The Certificate program is open to all matriculated graduate students at UW, subject to meeting the prerequisite background in statistics and genetics, and subject to the approval of the students’ home departments. The curriculum is the same as the five-course core statistical genetics curriculum (see below) required of biostatistics and statistics students in the statistical genetics Ph.D. pathway.
The Certificate is offered by the Statistical Genetics Core Faculty group (Cardon, Felsenstein, Green, Kerr, Storey, Thompson, Weir and Wijsman) under the authority of the graduate faculty of the Departments of Biostatistics and Statistics. There is a Statistical Genetics Advisory Board for the certificate (the Chairs of Biostatistics and Statistics, along with Motulsky, Olson and Trask from the STATGEN program plus Steve Self from Biostatistics/FHCRC).

The statistical genetics core curriculum consists of five courses.  A three quarter sequence BIOSTAT/STAT 550-551-552 introduces students to the foundations of statistical inference in genetic systems, including analysis of data on pedigrees and linkage analysis: to methods of analysis of variation in quantitative traits, including association studies, gene-environment interaction and the mapping of quantitative trait loci: and to the design and analysis of medical genetics studies, including complex trait analysis, multipoint, disequilibrium and fine-scale mapping, and ascertainment issues.  A computer lab is being developed in conjunction with the core sequence to introduce students to both standard and novel computational tools for statistical genetics.  Additionally, students must take GENOME 562, a Ph.D-level course in population genetics, and GENOME 540,a graduate course in computational molecular biology covering  genome and protein sequence analysis. Details of these courses are given in Appendix D. Additionally, students will participate in the statistical genetics seminar/journal club, BIOSTAT 580B, which has been coordinated for 12 years by Thompson and Wijsman.  All statistical genetics pathway students must participate for two years: STATGEN trainees will participate throughout their training.

It is likely that STATGEN trainees pursuing a Ph.D. in Genome Sciences will elect to receive the Certificate and have that appear on their transcripts.
Summer Institute in Statistical Genetics (SISG)  Although it is not part of any degree program at UW, the SISG provides two ways of enhancing the training experience for STATGEN trainees. In the first place, they will be able to attend modules in any areas not covered by existing courses at UW. In 2006, some entering statistical genetics students attended modules to gain an introduction to the field before taking regular UW courses and this will continue. There were 17 modules in 2006, and over half of the 34 instructors were from outside UW. This alone offers UW STATGEN trainees the opportunity to meet other leaders in the field. Secondly, the SISG holds the Seattle Showcase Symposium in Statistical Genetics that features some SISG instructors and some speakers brought to Seattle for the event. The 2006 speakers were: Charles Brenner, UC Berkeley; Bill Hill, Edinburgh; Gil McVean, Oxford; Ross Prentice, FHCRC; Eric Schadt, Merck/Rosetta; and John Storey, UW. 
Industry Internships STATGEN trainees will have the opportunity to take part in the Biostatistics Industry Internship program. Weir established such a program at NC State University with Research Triangle companies. At UW he has established two internships at Merck/Rosetta so far and has begun discussions with Insightful and with Amgen.

Teaching Assistantships STATGEN trainees will have the opportunity to act as teaching assistants for at least one quarter in their program. There are several graduate courses in Biostatistics and both undergraduate and graduate courses in Statistics where they can gain teaching experience as preparation for academic careers. TA stipends can be used to supplement STATGEN stipends to bring those to a competitive level.

All graduate students in Genome Sciences participate in undergraduate instruction by serving as teaching assistants for two or three quarters, generally during their third or fourth years. Assignments are usually within the Department of Genome Sciences, and student preferences are respected whenever possible. 
Research Assistantships STATGEN trainees may, if they wish, engage in research assistantships prior to embarking on their thesis research. There are several opportunities in the various Data Coordinating Centers managed by the Department of Biostatistics, as well as at the Fred Hutchinson Cancer Research Center, for trainees to gain experience in data analysis and methodological development, often in the clinical trials setting.
Affiliated Institutions The STATGEN training program draws on the strengths of the strong biomedical research community in the Seattle, Washington area. Several of the training faculty have appointments at the Fred Hutchinson Cancer Research Center, internationally known as one of the premier institutions engaging in research of the epidemiology, cellular mechanisms, treatment and prevention of cancer and HIV/AIDS. The FHCRC also has a strong basic science program and growing strength in proteomics. The biotech industry has a strong presence in Seattle, including Merck/Rosetta Inpharmatics with activity in statistical genetics, genomics and proteomics.  Storey is spending a year with 90% effort at Rosetta in 2006/2007. There are also pharmaceutical companies such as Amgen. 

Team Research Statistical genetics, by its very nature, is interdisciplinary. Most publications in the field contain both development and application of statistical methodology for genetic data – and these papers invariably involve teams of statisticians and geneticists. The publication lists of the training faculty have many such examples: Yoo YK, Ke X, Hong S, Jang HY, Park K, Kim S, Ahn T, Lee YD, Song O, Rho NY, Lee MS, Lee YS, Kim J, Kim YJ, Yang JM, Song K, Kimm K, Weir B, Cardon L, Lee JE, Hwang JJ:  Fine scale map of ENCODE regions in the Korean population.  Genetics, (in press) is merely the most recent. STATGEN trainees will be exposed to team research by virtue of being advised by STATGEN training faculty. They will also study the publications of other teams in the statistical genetics seminar/journal club.
Computer Science Courses  Statistical genetics, like all of biostatistical and statistical activity is now very computational. The degree programs in the departments of Biostatistics and Statistics expect competence in high-level programming languages and specialized courses are available. The core courses in both departments have computing as an integral component, and the prelim exams involving data analysis have an obvious computing requirement. The departments have several faculty members who are heavily involved in the development of R and several short courses are given on this language. For trainees with additional interest in computational biology, there are courses and other activities within the UW Computational Molecular Biology Graduate Program that includes STATGEN faculty Akey, Felsenstein, Green, Nickerson, Olson, Storey and Trask among its faculty. STATGEN trainees will be well served in their computational needs. Each department also maintains excellent computing facilities. STATGEN trainees will be provided  PCs with internet access for their individual use.
Academic and Career Advising  STATGEN trainees will receive frequent academic advising from the Directors as well as the Graduate Program Directors of their home departments. The trainees’ thesis advisors assume primary responsibility for career advising and the STATGEN training faculty’s success is documented in Table 4. It is expected that most trainees will enter academic careers, although the availability of industry internships or research assistantships at FHCRC will ensure that they become aware of non-academic settings for research. The participating departments schedule student lunches with visiting seminar speakers so that trainees can gain a non-UW perspective on academic careers. Trainees will be sent to scientific conferences, not only to present their research but also to network with prospective employers. The UW has also requested $250,000 in  State General Fund support in FY 2008 and $500,000 of State General Fund support in FY 2009 for initiatives to provide increased advising and mentoring services to graduate and professional students.

Statistical Genetics Tracks. The statistical genetics program at the University of Washington emphasizes research on statistical methods in population and quantitative genetics and for mapping and dissecting genetic traits. It is based in the Departments of Biostatistics and Statistics but it also involves additional faculty from Genome Sciences and Medical Genetics. The program grew out of the Statistical Genetics seminar/journal club taught by Thompson and Wijsman, and now also by Weir. That course is cross listed as BIOST/STAT 580B and is offered every quarter. In 1999, the Departments of Biostatistics and Statistics formally agreed to develop jointly a Statistical Genetics program, within their pre-doctoral training programs, and committed significant faculty teaching resources to this.  Formal Ph.D. pathways in each department, and a certificate program, were approved by the Graduate School. Note that Genome Science Department STATGEN trainees will take the courses in the statistical genetics tracks, although this set has not been formally designated as a pathway or track in that department.
The track has prerequisites of undergraduate courses in computer programming, genetics, probability and statistics (details in Appendix D). The track has a one-year sequence of core courses: BIOST/STAT 550 (Mendelian Traits), 551 (Quantitative Traits) and 552 (Design and Analysis) and two other core courses: GENOME 562 (Population Genetics) and GENOME 540 (Genome and Protein Sequence Analysis). There is also a requirement of the statistical genetics seminar/journal club.

STATGEN trainees will need to satisfy the statistical genetics track requirements, with the additional requirement of BIOST/STAT 580B in every quarter and of laboratory rotations. Trainees pursuing the statistical genetics track in either the Department of Biostatistics or the Department of Statistics are excused some of the other Ph.D. requirements in those departments: in Statistics one of the three core course sequence requirements is waived; in Biostatistics the course BIOST 571 (Advanced Applied Statistics and Linear Models) is waived and statistical genetics courses other than BIOST/STAT 550,-1,-2 may be counted towards the required biological electives. The intent of these provisions is that statistical genetics students should not have a heavier load of required courses than other biostatistics or statistics students.
Biostatistics Graduate Program Some of the STATGEN trainees will pursue Ph.D. degrees in the Department of Biostatistics. That degree is administered by a faculty of 42 regular and research faculty members and 25 affiliate and adjunct faculty. Some of these faculty play key roles in national and international research efforts, including the Women’s Health Initiative, the HIV/AIDS Vaccine and Prevention Network, the Cardiovascular Health Study and the Southwest Oncology Group. There is a strong emphasis on the development and application of statistical methodology along with a rigorous theoretical training obtained through strong collaboration with the Department of Statistics. Biostatistics and Statistics graduate students take a common set of preliminary examinations. 
The biostatistics graduate program has four components: 1) A sound training in the foundation of biostatistical theory and applications, 2) Opportunities for gaining knowledge of biological issues, 3) Collaboration with active biomedical researches in basic and clinical science, and 4) Training in the responsible conduct of scientific and clinical research. All biostatistics students have a biology course and project requirement: STATGEN trainees will have the addition of laboratory rotations and genome science courses (for the biology requirement). STATGEN trainees will interact with Genome Science faculty through having at least one such person on their advisory committee.

Biostatistics Ph.D. graduates should be able to develop new statistical methodology and/or make innovative applications of existing methods for publication in scientific journals. Their required theory coursework emphasizes mathematics, probability and statistical inference.  Their application coursework includes survival analysis, generalized linear models and computer-intensive techniques. They take an additional six elective credits of statistical methods courses. Ph.D. students must pass a sequence of qualifying examinations on theory, methods and applied data analysis. They must also take nine credits of courses in biology or public health sciences and pass an oral examination that demonstrates detailed knowledge about a area of biology or medicine.  All biostatistics (and statistics) students must participate in a statistical consulting class, in which they are exposed to a range of statistical problems from walk-in clients from the very large UW Health Sciences complex. More details about the curriculum and the required courses are given in Appendices C and D.
Genome Sciences Graduate Program The graduate program in Genome Sciences trains students at the interface of several disciplines to prepare them for the challenges of modern biology and medicine. The goal is to address leading edge questions by developing and applying genetic, genomic and computational approaches that take advantage of genomic information now available for humans, model organisms and a host of other species. The program emphasizes extensive research experience within an interdisciplinary and state-of-the-art research environment.
Genome Sciences graduate students take a common set of core courses. Topics in the core courses include: Gene Regulation, Genomics, Genetic Analysis, Genomic Informatics, Protein Technologies, and Developmental Genetics. During the fall quarter, all new students also participate in a literature review/discussion class designed to develop their abilities for evaluation of the research literature, from pioneering works to the latest research reports. In addition to these courses, students with a strong Biological Sciences background, but little statistical or programming experience, will receive an introduction to these topics. Most graduate level Genome Sciences classes are small and discussion-oriented, consisting of first year Genome Sciences students and a small number of students from other departments. In addition to these classes, other courses are selected based on the student's interests. These courses may include classes from outside areas like Biochemistry, Immunology, Microbiology, Biology, Pharmacology, or Neurobiology. Finally, requirements in basic biochemistry and statistics may be fulfilled in the first year if not already taken during undergraduate study. 

Students may continue to take courses during their second year of study. These usually concern disciplines relevant to the student's dissertation research. In addition, beginning in the second year graduate students present oral reports on their research annually and continue making journal club presentations. STATGEN trainees pursuing a Ph.D. in Genome Sciences will have a heavier course load, and less laboratory time, than other Genome Science students. These trainees will be eligible to obtain the Certificate in Statistical Genetics.
During each quarter of the first year of graduate study, the student completes a research project in the laboratory of participating faculty. Rotations are chosen by the student based on their research interests. At the end of the final rotation, the student chooses a faculty sponsor for dissertation research. 

All members of the Department of Genome Sciences gather together twice weekly for Journal Club and the Departmental Seminar. In addition, all graduate students and some post doctoral fellows present annual reports on their research. Journal Clubs are presented by both students and faculty. During the spring quarter, first year students prepare their first Journal Club presentation with the guidance of a faculty advisor. 

The Department's means of monitoring each student's scientific development have been modified to provide more effective feedback from the faculty and to encourage timely progress toward the completion of thesis research. As a first stage, a faculty committee will meet to evaluate written reports prepared by all faculty members who have interacted with the student in classwork or in research throughout the initial year of study. A timely discussion with the student will then provide the opportunity for the student to work toward making improvements where needed and to develop specific strengths that the intended research may demand. 

During the second year, students will begin preparation for the Oral General Examination by writing a research proposal in the format of an NIH grant proposal to be submitted for evaluation by their advisory committee. This proposal will include an addendum outlining how the same issues might be approached in another system. The committee will promptly provide feedback to the student, who will then revise the proposal. The revised proposal will serve as the basis for the oral general examination to be conducted by the committee at the end of the second academic year. Critical evaluation of the research project in this manner is intended to ensure that preparation is thorough and well-conceived, thus providing the student with a solid basis for timely publication of the research as it is completed. 

Statistics Graduate Program The Department of Statistics recognizes that statistical thinking is pervasive in all disciplines engaged in empirical inquiry. The purpose of Statistical Science is to develop methods for designing and analyzing such inquiries, and to disseminate this methodology through teaching and scholarly communication. Development of useful statistical methodology cannot take place in a vacuum. To be scientifically relevant this development should be problem-driven, motivated and guided by applications of scientific importance. Identifying and understanding important applications requires interaction with other disciplines that acquire and analyze data. Collaborative research is therefore essential to the viability and growth of Statistics.
The course and exam requirements of the Statistics Ph.D. program have evolved over the past several years, in response to several factors:

   * The changing nature of the discipline, in particular the increased importance of computing.

   * The increasing diversity of the faculty's research interests.

   * The feeling among the faculty that students were spending too much time listening to classes and taking exams, and were getting into research too late in their graduate careers.

There used to be three core graduate course sequences, in statistical theory (STAT 581-2-3), probability theory (MATH/STAT 521-2-3), and applied statistics (BIOST/STAT 579-1-2), each with a corresponding qualifying exam. Ttwo more core sequences were then added: Stochastic Modeling (Stat 516/517/518) and Statistical Computing (Stat 534/535/538). Students can now choose any three of the five core sequences, and pass any two qualifying exams. Student are advised to take at least one of the more mathematically oriented sequences (theory or probability), although this is not  a formal requirement.

Note that the Statistics Theory and Applied Sequences are the same ones taken by  Biostatistics students. The very close collaboration between Statistics and Biostatistics  graduate programs at UW is very different from almost anywhere else. The students take common preliminary exams and have frequent contact in classes, 
4. Training Program Evaluation

All graduate programs at the UW are subject to periodic review through the University's Office of Academic Programs, which reports to the Dean of the Graduate School and is led by the Associate Dean for Academic Programs. These are mandated by state law at 10-year intervals, but are conducted at shorter intervals when deemed appropriate and we intend to request earlier reviews for our programs. The assessment process is one of peer review, with review teams individually assembled from faculty of both the UW and other leading research intensive universities for each program reviewed. The STATGEN program will therefore be assessed at least every 10 years within the reviews of the departments of Biostatistics, Genome Sciences and Statistics. In addition, Bruce Weir will work with the UW Office of Educational Assessment to devise a means for outcomes assessment and program evaluation specifically for STATGEN. He plans to have that in place prior to the start of an award period. He has a similar activity planned for the Summer Institute in Statistical Genetics.  

The School of Public Health and Community Medicine has recently instituted an annual review of syllabi of all required courses in the School to confirm that course learning objectives adequately meet the goals of each program that requires the course.

5. Trainee Candidates
The departments of Biostatistics, Genome Sciences and Statistics are each receiving an increasing number of graduate student applications from students who express an interest in statistical genetics. Among the 30 graduate students admitted by the UW Department of Biostatistics for the Fall of 2006, for example, 12 had expressed an interest in statistical genetics. Among the 17 who will join the Department in the Fall of 2006 are the following: Peter Chi (US citizen) has a BS in biology and statistics from the University of Michigan and an MS in genetic epidemiology from Johns Hopkins, and has worked as a genetic data analyst in the Asthma and Allergy Center at Hopkins. Diana Fisher (US citizen) has a BA in biology and mathematics from the University of Pennsylvania and an MA in mathematics from Marshall University, and wrote a thesis on Markov Chain Monte Carlo methods for linkage analysis with missing data. Anna Korpak (US citizen) has a BA in biology from Cornell University and has been working as a data manager in the Data Coordinating Center of the AIDS multicenter clinical trials network at Massachusetts General Hospital. Heidi Tan (US citizen) has a BA in mathematics and a BS in molecular biology from UC San Diego, and performed independent research to characterize a line of respiration-deficient Chinese hamster cell lines. Dustin Weems (US citizen) has a BS in mathematics and statistics from Oklahoma State University, and worked on a project involving Hardy-Weinberg testing for genotypic data in multi-center geneticstudies with former UW faculty member Stephanie Monks who is now in Oklahoma. Ning Yan (US permanent resident) has a BS in molecular biology from Nakai University, a Ph.D. in cellular and molecular biology from the University of Wisconsin and has two publications in Plant Physiology and one in Plant Journal. These five students, along with similarly very highly qualified and experienced students in Genome Sciences and Statistics, would be eligible for STATGEN traineeships in 2007, along with current students such as Jeff Leek  (US citizen). Leek  was admitted to the Department of Biostatistics in the Autumn quarter of 2003.  He has taken BIOST 514, 515, 533, 550, 570, 571, 578, 579, 580, 590, 600; AMATH 585; MATH 574, 575, 576; STAT 512, 513, 581, 582, 583, 598; GENOME 371, 551, 552, 562, 565, 570.  He is senior author of Leek, J.T., E. Monsen, A.R. Dabney and J.D. Storey. 2006. EDGE: extraction and analysis of differential gene expression. Bioinformatics 22: 507-508.
Although this application cannot lead to an award in time for 2007 recruiting, an award would be available to students who have chosen to enter UW in September 2007. There will be no difficulty in identifying six eligible and qualified STATGEN trainees from new and continuing students.

B. MINORITY RECRUITMENT AND RETENTION PLAN

All participating departments have programs in place to recruit underrepresented minority students and post-docs into their programs.  Their success should be measured against the challenges of minority recruitment in the relatively homogenous Pacific Northwest, and the need to comply with state law that bans preferential targeting of minorities in admissions.  Table 8A (Appendix A) shows the number of under-represented minority pre-doctoral candidates who applied for admission, who were offered admission and who enrolled, respectively, during each of the past three years, together with the current status of those who have enrolled.  Table 8b (Appendix A) shows the same for women. 

The challenge of attracting and retaining qualified under-represented racial and ethnic group students is an ongoing priority at UW and is led by the Office of Minority Affairs.  STATGEN will participate in programs such GO-MAP (Graduate Opportunities and Minority Achievement Program) and the Health and Sciences Minority Student BRIDGES (Biomedical Research Identification of Graduate Education Successful Student Support Services) Program.  GO-MAP focuses on general graduate student recruitment, while BRIDGES focuses on undergraduate students already enrolled at the UW who may be interested in our program.   GO-MAP provides a list of best practices for minority recruiting that will be employed by this program.  It communicates with 58 US colleges and universities, including all of the major research institutions.  It obtains from these schools names and addresses of all undergraduates who are majoring in relevant disciplines and sends information about all of the graduate programs at the UW that might be of interest to minority undergraduates.  Included are descriptions of available minority scholarship programs and multiple avenues for further contact.  Among these, GO-MAP sponsors several events during recruitment season.  These are coordinated with interested departments.   Departments participate and have successfully enrolled student attendees.  For instance, Biostatistics has recruited four students who attended GO-MAP events. 

The School of Public Health and Community Medicine continues its efforts to recruit and retain underrepresented minorities through the Office for Student Services (OSS).  The OSS assists departments with student outreach and recruitment, assistance with the admissions process, including application and financial aid forms, support services, such as counseling and tutoring, and recruitment of mentors, preceptors and lecturers.  The OSS has also co-sponsored a Saturday Academy to introduce disadvantaged 8-12th graders in the Seattle area to health careers, and works very closely with the BRIDGES program, which provides mentoring and research training to minority undergraduates who want to pursue graduate studies in the health sciences.  Representatives from OSS attend recruitment events at historically black colleges and other colleges with large minority populations. 
Participating Departments each have their own programs to stimulate applications from minority candidates not reached through the University-wide GO-MAP.  For instance, Biostatistics has a recruiting brochure featuring minority representation among Biostatistics students. Annually it is sent to 85 institutions selected on the basis of size and competitive status from among the U.S. Department of Education's list of accredited minority institutions. Packets of these brochures have been distributed at scientific meetings sponsored by the Minority Biomedical Research Support (MBRS) and Minority Access to Research Careers MARCO programs, as well as to participants in all the minority summer programs in mathematics, statistics and biostatistics that can be identified, such as the Summer Minority Program sponsored by Harvard’s Department of Biostatistics. 

Effective recruitment of undergraduate students to a discipline requires educating them early in their undergraduate (and high school) careers about the opportunities in that discipline and the prerequisites for entering that discipline.  This program will schedule events that target undergraduate students. The Biostatistics Department offers a one-credit undergraduate survey course, BIOST 111, that incorporates statistical genetic applications.  Biostatistics Professor Andrew Zhou is currently developing a Summer Research Program in Biostatistics at UW.  This program will offer a twelve-week biostatistics research internship experience to four talented  junior and senior undergraduates or Master’s level graduate students (with at least one year courses in math, statistics or computer science), particularly from under-represented minority groups.   Biostatistics Professor David Yanez is in the planning stages for hosting the 2006 StatFest at UW: this event is sponsored by the American Statistical Association Committee on Minorities in Statistics.  StatFest provides minority undergraduates with information about statistics as a profession, graduate studies and internship opportunities. It has not previously been held in the Pacific Northwest. Bruce Weir participated in the 2003 StatFest (at NC State University) and he will work with his former collaborators at NC Central and NC A&T Universities, both HBCUs, to attract student participation at the event.
C. PLAN FOR INSTRUCTION IN THE RESPONSIBLE CONDUCT OF RESEARCH

Considerable attention will be paid to trainee instruction with regards to issues of scientific integrity.  STATGEN will require all trainees to take at least one course on the responsible conduct of research, attend the School of Public Health quarterly lecture on ethics, receive NIH-mandated training on the ethical conduct of research (see below), and to participate in other lectures and training opportunities as they arise.  

The UW School of Medicine has developed good research practices training.  This is a program of lectures with associated discussion groups entitled the Biomedical Research Integrity (BRI) series.  Trainees supported under this award will be required to attend these didactic sessions.  The topics which are covered at least once over each two year period include: data acquisition, management, sharing, and ownership; mentor/trainee responsibilities; publication practices and responsible authorship; peer review; collaborative science; human subjects; research involving animals; research misconduct; and conflict of interest and commitment.  Trainees will be required to attend the BRI lectures.  Many training faculty participate in the series, both as lecturers and attendees. 
Ethics training is also integrated into several of the Departments’ required courses.  For example, the class BIOST 570, Advanced Applied Statistics and Linear Models, includes a session on statistical ethics.  This session examines the codes of conduct for both the American Statistical Association (ASA) and the Royal Statistical Society, and students discuss ethical case studies developed by the ASA.  BIOST 524, Design of Medical Studies, includes an entire section on ethics in the design and conduct of clinical trials.  In a mock clinical trial setting, students analyze how to effectively obtain knowledge for the betterment of public health while safeguarding the rights of individual patients.  Ethical principles which are presented in detail include beneficence, respect for persons, justice and equipoise.  These principles are then discussed in conjunction with examples from genuine NIH and industry clinical trials. Genome Sciences offers a course on responsible conduct of research that is a requirement for all trainees based in that department.  Topics include proper handling of research data, publication practices, recordkeeping, intellectual property, animal and human subjects, and issues surrounding confidentiality, mentoring, managing collaborations, and preparing grant proposals.  The goal of the course is to explore ethical issues that arise in research and teaching, and to discuss avenues of responsible conduct.
The ad hoc Ethics Committee of the School of Public Health has instituted a quarterly school-wide integrity/ethics seminar.  All graduate students are expected to attend, and for trainees, attendance is taken.  A conflict with a scheduled course or illness is an acceptable excuse for non-attendance.

The University’s Human Subjects division, in response to an NIH mandate, introduced in 1999 a two-hour tutorial “The Ethical Conduct of Research with Humans.”  This tutorial includes a review of the history of abuses of human subjects, the ethical principles, regulatory oversight, informed consent, risk-benefit evaluations, equitable selection of subjects and examples of case studies in research ethics.  Key personnel (which may be faculty, staff and students) on grants with human subjects are required to take this course or to take the web-based tutorial.  Trainees will be required to take this tutorial, as well as training with respect to HIPAA guidelines.

D. PROGRESS REPORT

      N/A

E. HUMAN SUBJECTS
Some trainees may participate in human-subjects related research, on projects for which IRB review or designation of exemption will already have been obtained. The  Directors will monitor for involvement of trainees in any research requiring IRB approval.  Approvals will be obtained before any work is begun.

F. VERTEBRATE ANIMALS
Some trainees may be involved in research on vertebrate animals, on projects for which IACUC approval will already have been obtained.  The Directors will monitor for involvement of trainees in any research requiring IACUC approval.  Approvals will be obtained before any work is begun.

G. SELECT AGENT RESEARCH

      N/A

H. MULTIPLE PI LEADERSHIP PLAN

           N/A

I. CONSORTIUM/CONTRACTURAL ARRANGEMENTS

     N/A
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