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9. RESEARCH TRAINING PROGRAM PLAN

a.  BACKGROUND

a.1  Overview


Our goal is to develop and further establish two predoctoral training programs which are key components of a broad initiative in research education in mathematical and computational biology at the University of Washington.  Both programs have grown out of faculty initiatives over several years:  each is only recently formally established.  The two programs, in Statistical Genetics (StatGen) and in Computational Molecular Biology (CMB), are administratively separate, but collaborate closely with shared curriculum and joint faculty.  This joint training grant would not only provide a foundation for the development and expansion of each, but would bring them closer together in co-mentoring of students in their collaborative interdisciplinary research.



Each of StatGen and CMB has a core curriculum developed specifically for this program.  Additionally, students must meet the degree requirements of their home units.  These home departments have all agreed modifications to standard requirements to permit students to engage fully in their interdisciplinary computational biology research, without increased time to degree completion. Given the wide diversity in educational background and career goals among our trainees, the program emphasizes individualized research training.  Concurrent with and subsequent to curriculum completion, students will engage in interdisciplinary research, often involving co-mentorship.  The core curriculum and research expertise are complemented by a wide variety of seminars, journal clubs and discussion forums.  Breadth of knowledge and program cohesion are enhanced by trainee participation in both two core seminar series. Trainees are also exposed to discussions on ethical research conduct, and ethical, legal and social implications of genome research.  



A multidisciplinary group of 16 faculty comprises the training team.  The majority of these faculty have a strong record of interdisciplinary research and a long-term commitment to student training.  Several outstanding junior faculty complement the team.  We will not only train our students as the faculty of tomorrow, but also will develop our current junior faculty to expand the base of committed and high-quality student advisors.  This is critical to the successful establishment, development, and expansion of our programs.  

For the coming 5 years, we request 6,9,12,12,12 predoctoral trainee slots, respectively, to be equally divided between StatGen and CMB trainees.  These will provide a foundation for our developing program, and enable us to train students with the depth and breadth of knowledge to succeed in academic and industrial research, and help meet the biomedical computational biology challenges of the 21st century.  We aim to train students for careers in academia, research institutes, and industry.

a.2  Relevant background history

During the next century, biology will become a quantitative science in which computational and mathematical analysis play as important a role as they do now in the physical sciences. At the University of Washington several initiatives have been taken within the last two years to help train the scientists who will implement this revolution. Two closely related and collaborative components of the broader endeavor in Mathematical and Computational Biology are new interdisciplinary programs in Computational Molecular Biology and in Statistical Genetics. Other related programs at the University of Washington which focus on the use of computational, statistical or mathematical methods to study problems in biology include Biomedical and Health Informatics, Biomolecular Structure and Design, Biological Structure, Integrative Systems Biology, and Quantitative Ecology and Resource Management. These programs are complementary, and students in any of them are encouraged to take courses in the others. In particular, qualified students from non-CMB/StatGen participating departments are eligible to take the CMB and/or StatGen core courses and to participate in journal club or research discussions.


Computational Molecular Biology (CMB)
(http://bozeman.genome.washington.edu/compbio/), is a new interdepartmental graduate program emphasizing research in genomics and molecular evolution. Participating departments at UW are Applied Mathematics, Biochemistry, Bioengineering, Computer Science and Engineering, Genetics, Microbiology, Molecular Biotechnology, and Zoology. Faculty from the Basic Sciences and Human Biology Divisions of the Fred Hutchinson Cancer Research Center are also affiliated to the program.

Applications to this program were first considered in Winter 2000, with the first students to be admitted for the academic year beginning September 2000. The program encourages applications from students with diverse undergraduate majors, including biology, chemistry, computer science, mathematics, physics, statistics, and related areas. Students are admitted to one of the participating UW departments. Each of these has established a "CMB track" for students in the program, in order to allow the student to satisfy the CMB requirements. Each department determines which CMB students are admitted to it. Transfer into a different participating department is permitted at the end of the student's first year, subject to approval by that department.

Statistical Genetics (StatGen)
(http://www.stat.washington.edu/thompson/Statgen/), is a new program emphasizing research on statistical methods for mapping and dissecting genetic traits and diseases, and population genetics. It is based in Statistics and Biostatistics and involves additional faculty from Genetics, Medical Genetics, and Molecular Biotechnology.

Statistical Genetics has been an area of developmental and faculty recruitment endeavor of the Department of Biostatistics since 1996.  Biostatistics has been strongly supportive of a new program in Public Health Genetics, funded through the UW University Initiatives Fund in 1997.  Moreover, for over 12 years, faculty from Statistics and from Medical Genetics, affiliated with Biostatistics, have collaborated in the education of pre- and post- doctoral students in this area.  A number of successfully established Statistical Genetics faculty at U.S. institutions graduated from UW departments of Statistics and Biostatistics over this period.  Thompson (Statistics) and Wijsman (Medical Genetics) have since 1988 jointly coordinated and taught the Statistical Genetics working-group seminar (since 1994 offered as BIOST580B), a journal-club and research presentation forum which has been the focus of Statistical Genetics training on campus.

In 1999, Statistics and Biostatistics formally agreed to develop jointly a Statistical Genetics program, within their predoctoral training programs, and committed significant faculty teaching resources to this.  Proposals for the formal establishment of Ph.D pathways and a certificate program have been very favorably reviewed by the Graduate School.  Pending formal establishment of these degree pathways, five students in Statistics and Biostatistics are already pursuing the new Statistical Genetics curriculum and training, with the Department agreeing the proposed requirement modifications on an individual basis.  Four more students are admitted for September 2000.



a.3  Need for the research training proposed



The successful completion of phase I of the Human Genome Project opens the way for increasing challenges in genetics and molecular biology.  Trainees of today will be the researchers of tomorrow, defining the DNA sequences responsible for regulating gene expression and required for the correct localization, folding and function of proteins.  They will be involved in discovering how the genome encodes the coordination, modification and interaction of genes to perform complex biological tasks.  They will face the challenge of measuring and analyzing sequence variation among populations and species in order to understand the evolutionary process that shape genomes and to identify the genetic factors that contribute to complex human diseases.  These research challenges demand interdisciplinary approaches and multidisciplinary collaborations.  They require increasing computational, mathematical, statistical, and technological sophistication.  A primary goal of our training program is to attract students from the mathematical, statistical, and computational sciences  into research at the forefront of modern biology.  Additionally, students from the biological sciences will be trained in the foundations of Computational Biology so they can collaborate effectively at this interdisciplinary interface.  

Two major goals for ``Phase two'' of the Human Genome Project are the discovery of the relationships between DNA sequence and gene function, and the study and understanding of the genetic variation within and among individuals, populations, and species.  These goals are inherently statistical.  Statistical Genetics requires far more than an ability to “run the analysis”.  It is increasingly important that statisticians and biostatisticians  working as statistical geneticists have a knowledge and understanding of modern molecular genetics, and that other computational molecular biologists learn the concepts of probability modeling and statistical analysis in relation to their field.  Jointly the StatGen and CMB programs will bridge the divide, not only between the biological and mathematical sciences, but also between the statistical and the computational.

Our request is entirely for graduate student support. Both CMB and StatGen programs have been formed within the past year and do not yet have significant training grant support, although some current students are supported on other training grants.  Development of the two graduate programs to a reasonable scale (with an average of perhaps 5 to 10 entering students each year per program) requires that we obtain substantial additional support.  


The participating faculty for this proposal (Table 1) were chosen both for their involvement in research training and their past record of collaborative interactions in education and research.  The table shows that many of these faculty have adjunct or affiliate appointments in departments in addition to their primary appointment.  Nine administrative units are involved: eight departments and one interdepartmental graduate program.


Table 2 gives the faculty, predoctoral, and postdoctoral counts for these units.  Table 3 shows the current and pending training grants on which participating faculty are named.  These indicate the strong commitment of our faculty to student training, but not support available to StatGen and CMB students.  These other training programs have other goals.  An exception is the renewed training grant in Molecular Biotechnology, on which many participating faculty are named.  This training grant does contain a small number (maximally 2 and 2) of training positions for StatGen and CMB.  However, it is not focused towards computational biology, and must support also the trainees of many other faculty from a variety of biomedical departments.

a.4  Institutional Commitment and program evaluation

The University of Washington has a strong commitment to extending its research strength and graduate training in computational biology, despite very tight State of Washington budget constraints.  The UW is actively pursuing faculty recruitment in computational biology. There are searches planned or currently underway for computational biology faculty in the Computer Science (a senior and a junior appointment), Genetics, Microbiology, and Molecular Biotechnology departments. Statistics and Biostatistics have made a strong commitment to the Statistical Genetics program, and each department has recruited an outstanding junior faculty member: Matthew Stephens (University of Oxford) in Statistics, and Stephanie Monks (NCSU) in Biostatistics. Biostatistics is committed to making an additional faculty appointment in this area.

The Departments of Molecular Biotechnology (Green), Genetics (Felsenstein), Biostatistics (Monks, Wijsman) and Statistics (Thompson, Stephens) have provided faculty time to the CMB and StatGen programs, for the development and teaching of new courses dedicated to these programs.  This makes possible the yearly offering of the new StatGen core sequence STAT/BIOST 550-551-552 and the new CMB core sequence MBT/GENET 540-541.  The Departments of Computer Science (Tompa) has also committed faculty teaching resources to this area, for the development of additional elective courses.  Genetics (Felsenstein) also provides for the teaching of the Advanced Population Genetics course GENET 562.  At a time when faculty positions are scarce, and teaching resources stretched, these five departments have made a very significant commitment to Computational Molecular Biology and to Statistical Genetics.

The UW has provided additional support for the StatGen program, through a Provost’s Tools for Transformation award to Thompson, which provides a startup staff support and through the College of Arts & Sciences which has provided funds for a Graduate Students Assistant for two years to help with the development of materials for computer lab sessions for the core StatGen course sequence.  The UW and the School of Medicine have been strongly supportive of bioinformatics, including the funding in 1999 of a program in Public Health Bioinformatics through the University Initiatives Fund.  Components of this program have research links with the CMB program.  The University Initiatives Fund in 1997 also funded a program in Public Health Genetics(PHG).  The Department of Biostatistics is committed both to PHG and to StatGen, and these programs complement each other well.  

Associate Provost for Academic Planning, Debra Friedman, has in August 2000 provided the following statement regarding the importance of computational biology in the development of UW: 

"At the UW there is both breadth and depth in a spectrum of specialties relating to Computational Biology, including more than 50 faculty members in 15 different units across three colleges (Arts and Sciences, Medicine, and Engineering). As a result, the UW believes that it has a significant opportunity in interdisciplinary research and teaching at the interface of life sciences and mathematical and computational sciences. Educational and research programs that address fundamental problems in biology, encourage new algorithmic and mathematical advances, and respond to the needs of pharmaceutical, biotech and software companies all are important goals of the emerging strength in Computational Biology at the UW."  

In the 1999 round of the University Initiatives Funding, the UW stated its commitment to the development of research education in computational biology. In their letter to the Board of Regents of June 10 1999, President Richard McCormick and Provost Lee Huntsman identified three proposals, one of which was Computational Biology with StatGen and CMB together constituting 50% of this proposal. They stated: 

"These three other proposals deserve special mention. While the UIF funds will not stretch to cover all the wonderful ideas submitted in this round, the Provost’s Office will seek ways to encourage the aggressive development of these initiatives."  

We believe the support of faculty positions, faculty teaching resources, and other resources provided to CMB and StatGen over the last year indicate the truth of these commitments, and the strong future support of the University Administration.

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.


b. PROGRAM PLAN

b.1  Program direction and administrative structure

Elizabeth Thompson is Professor of Statistics and of Biostatistics and an Adjunct Professor of Genetics. She 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 the University of Washington (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 11 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 initiated and coordinates the new UW Statistical Genetics curriculum, and is a participating faculty member in the CMB program. She will have primary responsibility as director for the Statistical Genetics component of this Training Grant, and will assume overall responsibility for its administration. She will devote 30% time to this, including teaching of one of the core courses of the Statistical Genetics curriculum and part responsibility for the ongoing StatGen discussion seminar. Additionally, she advises and mentors an increasing group of Statistical Genetics Ph.D. students. Currently about 75% of her overall effort is directly related to Statistical Genetics research education, both at UW and more widely. 

Philip Green is Professor of Molecular Biotechnology and Adjunct Professor of Computer Science. He has a long research record of fundamental research in Statistical Genetics and Computational Molecular Biology.  He has recently been appointed a Howard Hughes Computational Biology Investigator.  He joined the University of Washington’s newly formed Department of Molecular Biotechnology in 1994, and since then has established and advises an active group of pre- and post-doctoral students.  He initiated and directs the Computational Molecular Biology program, and is a participating faculty member in the Statistical Genetics program. His research interests included algorithm and software development for linkage mapping and physical mapping, data processing for large-scale DNA sequencing, and the interpretation of genomic sequence. He will devote 20% time and effort to this grant, including organization of the CMB seminar series and primary responsibility for teaching the CMB core course.

The CMB program has eight affiliated departments:  Applied Math, Biochemistry, Bioengineering, Computer Science and Engineering, Genetics, Microbiology, Molecular Biotechnology and Zoology.  The interdepartmental graduate program in Molecular and Cellular Biology is also affiliated, as the parent graduate program of many students in these departments.  The core training faculty participating in this proposal derive from six of these departments.  CMB students in Applied Math or Bioengineering will follow the same program, but will be supported by other mechanisms.

Students in the CMB program are admitted to, and receive their degree from, one of the participating departments.  Students are admitted through Departments, but to the CMB program which is the focus of their first-year studies. Students may switch departments at the end of the first year.  In addition to its participating faculty members, the CMB program has a core faculty representative from each of its participating departments. These representatives coordinate the admission of CMB students and provide oversight that the program meets the needs of its students, and equips them as graduates of their respective departmental programs while receiving also interdisciplinary training in Computational Molecular Biology.

The Statistical Genetics (StatGen) program is based in Statistics and Biostatistics, but includes also faculty from Genetics and Molecular Biotechnology.  It has, administratively, three components, although all students will follow the same curriculum, and from the perspective of student training the boundaries should be transparent. Pending final University-level approval are Ph.D pathways in Statistics and in Biostatistics, and a Certificate of Graduate Study in Statistical Genetics which will be available to all matriculated graduate students of the University of Washington. We expect many students following the Certificate Program will be CMB students, but welcome all qualified and interested students.

The Statistical Genetics Ph.D. pathways in Statistics and Biostatistics are responsible to those programs, which are subject to regular review and will advise on development in relation to their other programs. UW is unique among U.S. universities in the close collaboration between Statistics and Biostatistics, particularly in its graduate programs.  Many of the core Ph.D. courses are joint, and students in either may have research advisors in the other. Students may declare their interest in Statistical Genetics at any time from application to UW to completion of Ph.D. qualifying exams. We encourage early declaration of the pathway, but will not preclude students who become equipped to make this decision only after exposure to UW courses and seminars. 

Thompson, Monks, and Wijsman, with a student representative, form the curriculum development committee for StatGen.  With regard to admission of incoming students, Thompson is the representative on the Statistics admissions committee, and Monks serves the same role for Biostatistics.  These faculty consult closely with other program faculty on both curriculum and admissions.

The Statistical Genetics Certificate Program has an Advisory Board, which includes Emeritus Professor Arno Motulsky, Professor Maynard Olson (Head of the UW Genome Center), Professor Steve Self (Head of the Bioinformatics Program of the Fred Hutchinson Cancer Research Center), and Professor Barb Trask (until 07/01/00, Graduate Program Coordinator and Acting Chair of the Department of Molecular Biotechnology).  These distinguished and committed faculty will provide ongoing oversight, and insure the program meets not only the rigorous standards of the UW Statistics and Biostatistics Programs, but also remains well integrated into current developments in biological research.

There is substantial overlap among the core faculty of the two component programs (see Table 1), and the core faculty of each meet regularly to assess program and curriculum development, student admission, and student progress. 

b.2 Program faculty

The 16 members of the program faculty have a strong commitment to interdisciplinary research.  The disciplines of molecular and cell biology, genetics, protein chemistry, statistics, biostatistics and computer science are well-represented among the faculty. Collectively, the faculty pursues the further development of Computational Molecular Biology, Genomics, and Statistical Genetics.  The faculty members are listen in Table 1, and their diverse research interests are described below.  Table 4 demonstrates the outstanding research funding support for the laboratories of participating faculty.  Note that no fewer than three of the CMB/StatGen faculty (Green, Baker, Kruglyak) were selected as Howard Hughes Computational Biology Investigators in May 2000.


UW is known for the collegiality and collaborative spirit among its faculty.  These attributes are particularly evident among the program faculty.  Table 5 details the multitude of collaborations and scientific interactions that have taken place among the faculty and indicates their joint publications, details of which are given in faculty biosketches.  

In addition to the collaborations listed among training faculty, our faculty members have strong collaborative ties with other research scientists at UW and at other institutions.  These productive collaborations are evidence of the likely success of this interdisciplinary venture and are an essential part of our training environment.


The core faculty of the StatGen and CMB programs are chosen not only for their research records, but also for their strong commitment to interdisciplinary education.  Many of our faculty have outstanding records of training students at the pre- and post-doctoral level (Table 6).  Others of our faculty have yet to establish comparable records.  We have included a number of newly appointed UW faculty members, many of whom only recently completed their own training.  These outstanding junior faculty bring research breadth and depth to our training program, and are the foundation of its future.  We will establish co-mentoring arrangements not only to bridge disciplines, but also to help our junior program faculty to develop as interdisciplinary research advisors.


The research interests of training faculty are summarized in the following paragraphs. Trainees have an opportunity to work in all aspects of these research endeavors, from developing new methodology and technology to solving biological problems and from computational analysis to wet lab experimentation.  Only the primary appointments of the faculty are noted here; adjunct or affiliate appointments in other departments are indicated in Table 1.

Ruedi Aebersold, Ph.D., Professor of Molecular Biotechnology
Research in the Aebersold's group focuses on the development and application of new technology for quantitative proteome analysis, i.e. the quantitative and global analysis of changes in protein expression induced by the perturbatoin of biological systems. These induced changes in protein expression are being related to the changes in mRNA transcript expression in the same systems under the same conditions. The group is developing new experimental approaches for the identification of proteins that are part of large molecular complexes or parts of biological pathways. The group is also working on techniques to quantify and identify proteins that may be differentially expressed in different cell types or in cells under different conditions. Their approaches are based on the integration of high-resolution protein and peptide separation techniques with high-sensitivity detectors such as mass spectrometers and fluorescence- and atomic-force microscopes. The group is particularly interested in applying these technologies to study the signal transduction pathways that induce and control the fate of T cells during development and activation, but due to their unique expertise, they are involved in many collaborative studies.


David Baker, Ph.D., Assistant Professor of Biochemistry


Baker’s laboratory is working on methods for predicting protein 3-dimensional structure and function from sequence, a key step in the interpretation of genomic sequence information.  The group is taking a combined molecular biological, biophysical, and computational approach to the protein-folding problem.  On the experimental side, they have developed a phage display-based selection strategy that allows the retrieval of very rare sequences that fold from high complexity libraries of heavily randomized or simplified variants of two small proteins: the protein L IgG binding domain and the Src SH3 domain.  The group is using a broad range of biophysical methods to characterize both the thermodynamics and kinetics of folding of the widely varying sequences that come through the selection.  One goal is to extract general rules connecting sequences with structures from an intensive database of information on these very small and simple proteins.  The group is also using computational methods to analyze the rapidly growing protein structure database, again with the goal of developing connections between sequences and structures.


Scott Edwards, Ph.D, Associate Professor of  Zoology


The laboratory focuses on molecular evolution broadly, as applied to non-model vertebrates, particularly birds.  Recently the group has employed cosmid cloning and large-scale sequencing methods to study the evolution of multigene families such as the major histocompatibily complex (MHC) in songbirds (finches, jays, blackbirds).  A variety of genomics tools developed at the University of Washington are employed including, Phred/Phrap, Consed, and Polyphred to study cosmid-scale sequences (25- 40 kb) surrounding Mhc class II genes.  The group is also applying large scale SNP detection and polymorphism analysis to study the evolutionary dyamics of natural populations of birds. Multilocus approaches to population genetics are being “scaled up” by retrieving anonymous genomic loci from libraries and detecting SNPs using tools such as Polyphred.  Members of the lab are also particularly concerned with assaying levels of SNPs at loci chosen at random with regard to polymorphism, to avoid ascertainment bias in estimates of heterozygosity.  Current projects focus on biogeography of Australian birds, conservation genetics of seabirds caught in fisheries drift nets, and tests of the population genetic predictions for philopatry in colonial seabirds.

Joe Felsenstein, Ph.D., Professor of Genetics

Felsenstein’s 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.

Phil Green, Ph.D., Professor of Molecular Biotechnology

Research in Green’s 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 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.

Katze, Michael G., Ph.D., Professor of Microbiology
When a virus infects a cell it is faced with numerous challenges. It must find a way to intercept cellular processes for the synthesis of its proteins and the production of new viruses. It must also deal with potent antiviral defense mechanisms aimed at eliminating the infection. Uncovering the ways viruses deal with these challenges is the primary focus of our laboratory. Among the viruses we study, influenza virus represents a prime example of a virus using cellular proteins to its advantage. We have recently shown that influenza virus uses the cellular RNA-binding protein, GRSF-1, to aid in the selective translation of viral mRNAs. The virus also recruits a cellular protein, P58IPK, to inhibit a primary mediator of the interferon-induced antiviral response, the PKR protein kinase. When activated by virus infection, PKR functions to shut down protein synthesis, effectively stopping viral replication. Thus, by inhibiting PKR, influenza virus ensures the efficient production of its proteins. We now know that influenza virus activates P58IPK by releasing it from its own inhibitor, the molecular chaperone Hsp40. This frees P58IPK to interact with a second chaperone protein, Hsp70, which may play a pivotal role in PKR inhibition. We are continuing to define the molecular mechanisms by which influenza virus alters the interaction between P58IPK and Hsp40, and are attempting to uncover additional cellular functions for P58IPK. Our studies on hepatitis C virus (HCV) have revealed potential new mechanisms by which HCV may evade the effects of interferon therapy. We previously established that the viral NS5A protein functions as a PKR inhibitor. We now have evidence that NS5A also interferes with intracellular signaling by binding to growth factor receptor-bound protein 2 (Grb2), a cellular adapter protein that mediates growth factor induced signaling by nucleating the formation of signal transduction complexes. We are currently exploring whether a relationship exists between NS5A regulation of the EGF/Grb2 pathway and interferon signaling. Finally, we are also interested in a more global view of virus-host cell interactions and are applying cDNA microarray technology to profile global changes in cellular gene expression in virus-infected cells. Since genes that are differentially expressed in response to virus infection may play a role in inhibiting or facilitating viral replication, the identification of such genes may provide new insights into virus-host cell interactions and may suggest novel targets for antiviral therapies.

Leonid Kruglyak, Ph.D., Associate Member of the Fred Hutchinson Cancer Research Center
The research interests of Kruglyak’s lab lie at the interface of genetics and genomics with mathematical and computational methods.  The group is particularly interested in dissecting the complex inheritance patterns characteristic of common disease.  One area of research focuses on developing fast algorithms and robust statistical methods for efficient analysis of human pedigree data in order to reconstruct inheritance, measure and assess the significance of co-segregation, and refine the region to which a gene is localized.  Recognizing that studies the role of genetic variation in disease susceptibility are shifting from families to populations, Kruglyak’s lab also seeks to understand the effect of human population history on the design and feasibility of linkage disequilibrium studies in different populations.  They are also interested in methods for detecting the phenotypic effects of genetic variation at two or more loci.  Kruglyak’s group is also exploring analytical approaches to detect meaningful differences in expression, design classification criteria, and trace genetic networks from global gene-expression assays.

Mary Kuhner, Ph.D., Research Assistant Professor of Genetics


Dr. Kuhner is interested in the application of computer-intensive simulation methods to two problems: (1) inferring the history of populations and species from samples of molecular data, and (2) inferring the history and organization of the genome from such data. Her work on Metropolis-Hastings samplers in the past six years provides tools for both goals. Jointly with Dr. Felsenstein, the group has made substantial progress in inferring population parameters such as population size, neutral mutation rate, and migration rates. Currently the group is working on within-genome issues such as recombination rate and location of a disease trait locus. In the long run, these methods need to be extended to encompass as much of the complexity in real organisms as possible, which will be both theoretically and computationally challenging.

Stephanie Monks, Ph.D., Assistant Professor of Biostatistics



Dr. Monks’ background has been largely mathematical and statistical ranging from work in the private sector on Bayesian belief networks to the analysis of clinical trial data to research involving the use of symbolic software in the solution and teaching of statistical theory problems.  Her research interests are in the area of statistical genetics, not only because of the ever increasing number of challenging research problems but also the tremendous societal impact inherent in such work.  Specifically, this research involves family based studies that utilize association between alleles at two loci in order to localize genes.  Her work initially concentrated on the use of affected individuals and their unaffected siblings to localize susceptibility genes.  This is a practical study design for diseases of late-onset.  She has developed a method for this scenario and compared this to other methods proposed in the literature.  Currently, she is developing methods that use association to locate quantitative trait loci.  These methods use families with both parent and child information as well as families with only sibling information. Work is also underway to extend these methods to the use of extended pedigrees.  In addition, Dr. Monks is currently involved in two large ongoing family studies of hyperlipidemia and coronary heart disease (PI: Dr. M.A. Austin).  

Jim Mullins, Ph.D., Professor and Chair of Microbiology

The Mullins laboratory focuses on the acquisition and analysis of retroviral genomic sequence data and the cellular genes influenced by viral infection. They are developing analytical tools derived from population genetics theory to assess the forces that shape viral populations in this rapidly evolving evolutionary system. Mullins' group studies the structure-function relationships of retroviral genes and gene products as they relate to induction of AIDS and related disease. For example, for HIV, the lab is defining characteristics of viral genomic variants associated with tissue, fluid, and cell-type compartmentalization and linking these data to studies of virus transmission and the kinetics and manifestations of disease. Links between cellular and humoral immune responses, HIV genetic variation, and proliferation within infected individuals is also being investigated. The group makes extensive use of large-scale sequencing technology, oligonucleotide arrays, and computational tools for inferring phylogenetic relationships.

Rimli Sengupta, Ph.D., Research Assistant Professor of Computer Science and Engineering

Sengupta is a new addition to the CSE department, and she has already begun a variety of collaborations with training faculty and trainees.  Her CS interests include computational complexity theory, distributed computing, algorithm design, and mobile computing.  Since coming to UW in 1998, she has become increasingly involved in solving problems of computational molecular biology.  In particular, she is interested in defining genetic regulatory networks, detection of transcription factor binding sites, pattern retrieval from protein interaction maps, and biological pathways from gene expression data.  Sengupta was awarded a Sloan Fellowship to develop computational methods for inferring the cis-regulatory logic of eukaryotic genes from promoter-perturbation data and expression-array data.

Matthew Stephens, Ph.D, Assistant Professor of Statistics

Dr. Stephens is a new faculty appointment in the Department of Statistics.  His Ph.D work was in methods for Monte Carlo analysis of mixtures, while his postdoctoral studies have developed new Monte Carlo methods for inference of coalescent gene ancestry and estimation of evolutionary parameters.  His recent discussion paper to the Royal Statistical Society provides a synthesis of the methods developed by the Felsenstein group and the major competing approach.  His ideas on Monte Carlo methods have much to offer both the Thompson and Felsenstein groups, and his research bridges the area between these two groups as well as contributing to similar computational approaches in DNA and protein sequence analysis. 

Elizabeth Thompson, Ph.D., Professor of Statistics and Biostatistics

The research in Thompson’s 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.

Martin Tompa, Ph.D., Professor of Computer Science and Engineering

Martin Tompa and his students are developing algorithms for biological sequence analysis.  In particular, they are working on algorithms for large-scale genome comparison, and for identifying motifs of various kinds in biological sequences.  They have applied these algorithms to the problems of identifying ribosome binding sites in prokaryotes, transcription factor binding sites in eukaryotes, and other regulatory signals.

Barbara Trask, Ph.D., Professor, Department of Molecular Biotechnology

Research in the Trask 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 >1000 members, whose genes are in clusters distributed on many chromosomes. Computational subprojects involve sequence analyses to contrast the functional repertoires in mouse and human 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. 

Ellen Wijsman, Ph.D., Research Professor of Medical Genetics

Wijsman’s 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 Monte Carlo Markov chain methods of analysis in situations where current methods are computationally impractical, such as the search for the basis of complex diseases.

b.3 Proposed Training

b.3.1 Overview of training
The core curriculum in Statistical Genetics (StatGen) is directed primarily at students from the mathematical, computational and statistical sciences. Additionally, however, quantitatively oriented students from the biological sciences may follow the same curriculum to enhance their Ph.D. training with a Certificate of Graduate Study in Statistical Genetics. In addition to statistical genetics, quantitative genetics, and design and analysis of medical genetics studies, students learn basic molecular genetics, and take Ph.D. level classes in population genetics and computational molecular biology. All students also participate in a journal discussion seminar (the StatGen series), and research discussion groups, as well as attending other seminars such as the COMBI series.

For students in Computational Molecular Biology (CMB), the current course offerings include two courses in sequence analysis, protein sequence structure relationships, and molecular evolution, emphasizing the use of probabilistic models for sequences.  A variety of elective courses is also available.  Also required is a literature review course.  All students also attend a research discussions group, and a weekly seminar series (the COMBI series) which includes speakers from both inside and outside the university and is well attended by the UW, FHCRC and Seattle biotech company computational biology communities.

Given the wide diversity of educational background, research training is tailored to the needs of each individual student.  However all students will engage in interdisciplinary research involving both the computational and biological sciences.  Initial research training will proceed concurrently with course-work study, and both initial research experiences and subsequent thesis work will often involve co-mentorship by a computational/statistical scientist and a biologist.

We request support for six increasing by year 3 to twelve students, equally balanced between Statistical Genetics and Computational Molecular Biology. We expect close interactions between students in the two programs; some students could be supported under either head.

b.3.2  Levels, duration and time to complete training

We will support predoctoral trainees at any level, normally during their first years within the CMB/StatGen program. In many cases, CMB students will be admitted to that program on acceptance by their home departments, and StatGen students may so identify themselves in their applicant personal statements. For such students, trainee support will start in their first year of graduate studies. Other students may enter the CMB/StatGen program later in their training.  Often, StatGen student may declare that pathway during their first or second year of study, after completing many core Statistics or Biostatistics requirements. Or, a Computer Science (CS) student may enter the CMB track only after exploring other research areas in CS. We will maintain flexibility in order to open the program to students of diverse backgrounds and career paths.  

Trainees will normally be supported for three years, contingent on an annual review of relevance of course of study and research, and progress towards degree. After the period of training grant support, students will normally be supported on the research grants of their thesis advisors. This shared responsibility of the training program and individual faculty advisors enhances the cohesion of a diverse group of faculty, and provides valuable research experience for students. Exceptions can be made, however, at the discretion of the advisory committee.

The time to completion of the Ph.D. degree is normally 5-6 years, although a Statistics student entering with a M.S. degree may graduate in 4 years.  Although Statistics and Biostatistics StatGen students must complete the qualifying exam requirements of their respective programs, both departments have made accommodations to core course requirements for students taking the StatGen curriculum. With these modifications to usual requirements, a student who knows by the end of their first year of graduate study that they will follow the StatGen pathway should not suffer any increased time to degree completion.  Indeed, current experience suggests that the more focused goals of these students can decrease time to degree, despite their greater breadth and depth of study. 

The CMB program focuses on an intensive first year of study, followed by elective classes and continuing research experience. The participating Departments have agreed to replace most of the first-year requirements by the CMB requirements for their students in the CMB program.  Thus again, a student entering directly into the CMB program will not suffer any increased time to degree completion.


b3.3 Courses of study

Just as an interdisciplinary program must accommodate and unite the different research training cultures of the mathematical and biological sciences, so also it must accommodate the differing curriculum structures.  In the mathematical, statistical and computational sciences, curriculum builds successively, and to take courses at the necessary depth a more structured course of study is required.  In the biological sciences, while obviously there are prerequisites, knowledge in different areas builds more readily in parallel, and programs can be more flexible in the ordering and combinations of courses taken by individual students.  Thus our StatGen curriculum, directed primarily at Statistics and Biostatistics students, is more structured, to meet the educational goals and requirements of those Ph.D programs.  The CMB program has less formal curriculum, and the participating departments can more readily permit their students to focus their first-year studies within CMB.  Nonetheless, CMB and StatGen share core courses, and faculty and students participate in both seminar series (COMBI and StatGen).

The University of Washington  Doctoral Degree requirements are listed in Table 7A.  The degree requirements of Statistics and Biostatistics are summarized in Table 7B, and of the participating CMB departments in Table 7C.  Each department has made modifications to its requirements to accommodate the needs of its computational biology students.  Statistics and Biostatistics allow one core 3-quarter Ph.D sequence to be replaced by the StatGen core sequence, and have accommodated the remaining StatGen required courses into the count of electives courses that their Ph.D students must take.  The six core CMB departments have modified requirements to allow their CMB students to take the CMB first-year curriculum.  In some cases, no modification of requirements was needed since program requirements are already sufficiently flexible (Table 7C).

The StatGen 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 GENET 562, a Ph.D-level Course in Population Genetics, and MBT/GENET 540, the first of the two core CMB courses. Details of these courses are given in Table 7D.   Additionally, students will participate in the Statistical Genetics working-group seminar, BIOSTAT 580B, which has been coordinated for 12 years by Thompson and Wijsman.  All StatGen Ph.D students must participate for two years:  we will require trainees to participate throughout their training. 

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, we have established the following background knowledge requirements.  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 StatGen core courses provided they have this background knowledge.

StatGen students are also required to have, or to obtain, basic biological knowledge.  We require a basic genetics course (GENET 371), plus one additional course.  Current alternatives for a second course are GENET 372, GENET 453, GENET 465, and MBT 510.  Students oriented towards computational molecular biology are strongly encouraged to take GENET 372 (Gene structure and function) and/or MBT 510 (Technologies for genome analysis).  As for the mathematical requirements, the two-course genetics requirement is a minimum:  our StatGen students typically acquire the knowledge content of most of these background alternatives.  Details of these background courses are given in Table 7E.

The CMB core curriculum focuses on a first year of graduate study or CMB training.  Students must take the 2-quarter (Winter-Spring) core sequence MBT 540-541 (Table 7D) which covers the central computational methods of DNA and protein sequence analysis and molecular evolution.  Additionally students take at least one rotation involving wet-lab work coupled with computationally interesting data analysis, normally co-mentored by a wet-lab biologist and a CMB participating faculty member.  Students also participate in a journal club discussion seminar (CSE 590cb) and the COMBI seminar series in all three quarters.  In Winter-Spring, students participate in research discussions, at which first-year students report on their CMB wet-lab rotations and more advanced students report periodically on their thesis work.  The CMB prerequisite or background requirements are similar to those of the StatGen program, but with additional computer science and biochemistry.  Specifically, the following are required:

· 1 quarter of probability & statistics (the equivalent of STAT 390) 

· 1 quarter of computer programming, preferably including the writing of programs for data analysis (the equivalent of CSE 142/ CSE 143) 

· 1 quarter of algorithms and data structures (the equivalent of CSE 373) 

· 2 quarters of molecular biology, biochemistry, and/or genetics (the equivalent of GENET 371/372, and/or BIOC 440/441) 

At least two of these should be satisfied prior to admission:  all must be completed during the first year of graduate study.  Details of these courses are given in Table 7E.  The student’s home department may impose additional prerequisites for their programs.

In addition to their StatGen/CMB advisor, students will be assigned a departmental advisor (a faculty member in the home department familiar with the CMB or StatGen program). The advisor will help choose an appropriate course of study consistent with the student's background, with CMB/StatGen goals, and with departmental requirements.  

Table 7G provides examples of the core and elective courses that trainees in the StatGen/CMB program might take during their training.  Although there are common elements, the programs vary widely to complement the diverse backgrounds, interests, and career goals of trainees. Students must meet the coursework requirements of their home departments, as modified to accommodate these interdisciplinary students, and they must follow the CMB and/or StatGen core curriculum and research training. The core requirements will be complemented with a series of elective courses. Students with non biological backgrounds will take courses to learn genetics and molecular biology, and students with biological backgrounds will learn fundamental skills in statistics and computer science.


Specifically, Table 7G considers the examples of:

(a) A Statistics StatGen student with strong statistics background but little genetics.
(b) A Biostatistics StatGen student with strong biological background but less statistics.
(c) A CMB Computer Science student with prerequisite undergraduate biochemistry or genetics.
(d) A CMB Microbiology student with background in cell and molecular biology.
(e) A CMB Genetics student taking the StatGen Certificate Program.


** It is not unusual for students in computer science or (bio)statistics who enter the graduate program without an M.S. degree to take core courses into their third year.  The examples of Table 7G do not represent an increased course burden for students.

b.3.4  Research training.

Research training will focus on providing a collaborative interdisciplinary research experience for each trainee, beginning with the lab rotation which CMB and StatGen trainees will undertake in their first year in the program. The lab rotation will involve both wet-lab biology and computational analysis, and will often involve co-mentorship by a computational or statistical scientist and by a biologist. The lab rotation project should focus on problem-solving, and expose the trainee to interdisciplinary collaboration.

Students in non-biomedical departments, including Statistics and Computer Science, are normally supported by teaching assistantships in their first year. By freeing them from this obligation, training grant support would give them the flexibility to take the required biological courses, and to do the lab rotation, and become integrated into the interdisciplinary environment.  To help maximize interactions with other students in these programs who come from biological backgrounds, we will require participation of trainees in an appropriate literature review course and in a research discussions class attended by all program students.

At the end of the first year, each CMB student will choose a research advisor from among the participating faculty.  StatGen students will normally make this choice on completion of the StatGen core course sequence.  All our participating faculty engage in interdisciplinary research. Several have students from both the mathematical sciences and the biological sciences; others collaborate closely with faculty and students from across the disciplinary divide. Our trainees will be exposed to this collaborative environment in their research. Students will work with their research advisor to develop a thesis research topic and form a Ph.D supervisory committee.  While participating faculty may often form the majority of a thesis committee, we will encourage students to seek broader advice.  Their Ph.D. advisory committees will normally contain both computational and biological scientists. On advisory committees, we will encourage not only co-mentorship by biological and computational scientists, but by a more senior and more junior faculty member. Our training team of 16 faculty includes 4 outstanding junior faculty, all already established in interdisciplinary research; these are key role models for our trainees.

In addition to lab rotation and research training opportunities at UW, there is an active and expanding program of research at the Hutchinson Cancer Center employing high-throughput technologies for measuring biological processes.  UW program faculty collaborate with UW faculty working at the Hutchinson Cancer Center, and these collaborations provide an ideal environment for research-based training in related aspects of biomedical computing and quantitative sciences for both CMB and StatGen students. These research training opportunities are focused in three specific areas: statistical and methodologic research related to microarray data, bioinformatics systems and multidisciplinary collaborative research. A quantitative methodology working group which focuses on problems in the design and analysis of studies using microarray technology is active within the Biostatistics Program at the Hutchinson Center. The program of methodologic research conducted by members of this group provides a diverse set of research training opportunities in the development of new analytic methods. A centralized Shared Resource at the Center produces custom DNA spotted microarrays that are used for studies in humans as well as a number of animal model systems. Associated with this resource is an informatics system that provides quality control, data management and web-based data analysis capabilities. Because of the ongoing evolution of the underlying measurement technologies, this informatics system must also be dynamic and capable of evolution. The dynamic nature of this system provides a steady stream of excellent research training opportunities in the development and operation of bioinformatics systems. Finally, many multidisciplinary collaborative research teams have been formed around laboratories within the Divisions of Basic Science, Clinical Science and Human Biology that are using high-throughput measurement technologies. These research programs provide a diverse set of opportunities for computational biology trainees co-mentored by UW participating training faculty and their Hutchinson Center collaborators.

Our StatGen and CMB programs focus on several discussion forums which help to achieve multidisciplinary breadth and integrate interdisciplinary components. Each of the StatGen and COMBI seminars has participants both from biological and computational/statistical backgrounds, and focuses on integration of ideas and research approaches.  For example, in StatGen participating faculty, postdocs, and students all present. Normally, two participants present jointly: one a biologist, the other a statistician. Student participation involves not only the presentation itself, but joint discussions and preparation with the assigned partner. The CMB literature review class, and the joint StatGen/CMB research discussion seminars bring together all program faculty and students.

These journal clubs, discussion seminars, and research presentations also provide students with opportunities to develop their oral presentation skills. Advisors and other faculty provide constructive feedback to students after their presentations. Additionally, many faculty require students to present at lab meetings or research grant group meetings, developing students' ease with presentation and discussion of their research ideas. Most UW graduate students are also required to serve as a teaching assistant or lab instructor, for at least one quarter, as a part of their graduate training. In this emerging, interdisciplinary area, conference and workshop participation are also important to the development of trainees. There are an increasing number of meetings, for example RECOMB, at the interface of biology and the computational or mathematical sciences. Travel funds for students to participate in these meetings will also help them to develop their oral presentation skills, and provide them with opportunities to meet their peers, and advance towards their career goals.


b.3.5 Monitoring and evaluation of trainees.

As our program develops we will monitor and evaluate trainee performance both in relation to the goals of the program and in comparison to the non-program Ph.D. students of home departments. We will monitor time to completion of qualifying exams, the General Examination, and time to degree.  Preliminary data suggest that our focused and highly motivated students move quickly through their programs relative to some others in their home departments. However, in the event that requirement modifications already agreed by all participating departments prove insufficient, we will seek additional flexibility for our students. Note that all eight participating departments have been highly supportive and constructively helpful in modifying degree requirements to permit our students to gain the necessary breadth and depth in computational biology without the burden of increased total curriculum.

Current trainees will be evaluated on their performance in course-work, research, and oral presentation skills at the end of their first year.  Evaluations of research activities will be based on written reports and oral presentations made by students on their laboratory rotations, and will include a report from the lab-rotation advisor. Program faculty will also provide constructive input to trainees after their journal club or research progress presentations. The StatGen and CMB program directors will also monitor trainee progress, both informally and via annual progress reports. They will consult together, and with other program faculty, concerning any student whose progress is deemed unsatisfactory.

We will monitor retention of students, with regard to both home department degree program, and with regard to their retention and development as interdisciplinary computational biologists. Advisors of students who have at any time been trainees will report yearly to the CMB or StatGen program director on the progress of the student towards graduation. Former trainees will continue to participate in COMBI and/or StatGen seminars and discussion forums. These senior students, although supported on faculty research grants, make a key contribution to the cohesion and collaborative infrastructure of our training program.

A first-year advisor will be assigned to each incoming predoctoral trainee.  This advisor will help the student choose an appropriate course of study consistent with the student’s background, chosen direction, and departmental requirements.  At the end of the first year in the program, each student will choose a research advisor from among the participating faculty. Normally a student will choose an advisor in his/her home department.  Where this is not so, transfer to the advisor’s department is permitted at this time, contingent on acceptance by this department.  The participating CMB departments have agreed this procedure.  For StatGen students, the Statistics and Biostatistics graduate programs collaborate closely.  Transfers in either direction are not unusual, but also are often unnecessary, in that several faculty have joint appointments.  The thesis advisor’s department will be responsible for administering appropriate exams and awarding the degree.  During graduate training, two committees, the departmental advisory committee and the dissertation supervisory committee, provide predoctoral students with advice on their research and academic progress.  Other program faculty will also be available for consultation, either individually or as members of topical work-groups.

Through seminars and discussion forums, trainees will be exposed to a variety of career models in academia and industry; visiting seminar speakers meet with students. Through lab-rotations and internships they will gain closer familiarity with these options. All advisors take responsibility for advising their students about career opportunities and choices, and all participating faculty will be available for consultation. Most UW departments periodically devote seminars to career discussions for their graduate students. To date this has not been a priority of the COMBI and StatGen seminars, but as our program develops we expect to have such seminars also.

b.4 Trainee candidates: recruitment plans.

Since our programs do not independently admit students to UW, we will focus our recruiting efforts through the participating departments who have established successful recruiting strategies.  Table 8 shows the summary recruitment figures for these participating units for the last five years.  Table 9 shows the complete anonymized list of applicants and their qualifications for the year 2000.  All participating units are supportive of the CMB/StatGen programs, and, subject to available financial support, eager to admit well qualified students.

There is strong student interest in both programs and our ability to support students is the major factor limiting expansion. For example, the CMB program, which was formed in Fall 1999, received 36 applications this year with essentially no recruiting effort. Many candidates are outstanding, but may have to be turned away if support must be carved out of existing departmental resources.  The StatGen program, also advertising only informally, received many requests for information.  Students expressing an interest in StatGen were among the top applicants and four incoming students intend to follow the pathway.

Recruiting students into computational biology as a field is not as difficult as it once was, since the best students are now identifying it as a career option at the undergraduate level. We have been receiving numerous inquiries about these programs without any advertising. There will be intense competition for the best students, as more and more universities establish programs in this area, and we intend to aggressively pursue the best applicants. The unique combination of the University of Washington, the Fred Hutchinson Cancer Research Center, and a large number of local biotechnology companies and software-development firms, and the climate of collaborative interaction among these research centers, make Seattle a stimulating training environment. Seattle's striking physical setting and cultural activities also enhance our ability to attract excellent candidates to the training programs.

A greater recruiting need is to make undergraduate students better aware of the course work they should pursue as undergraduates in order to prepare them for interdisciplinary work and maximize the effectiveness of their graduate studies. For the students coming from computational, mathematical and ``hard science'' backgrounds, undergraduate exposure to biochemistry and genetics is of obvious importance. Less obvious to many of the students is the great importance of probability and statistics. For example, these are often not required for an undergraduate computer science or mathematics degree.  Also of great value is an early exposure to scientific data analysis. Our recruiting effort will emphasize getting this message to relevant departments at other undergraduate institutions via personal, email, web contacts, and during visits to present seminars at advanced undergraduate and beginning graduate levels.


c. RECRUITMENT OF INDIVIDUALS FROM UNDER-REPRESENTED RACIAL/ETHNIC GROUPS

c.1  Overview 


The training program will work to recruit under-represented minorities into careers at several levels.  First the admissions committees of participating departments have worked on both formal and informal levels to identify, attract, and retain minority students in their graduate programs.  Second, many members of the training program faculty have been involved in providing research opportunities for minority undergraduate students from UW and (in the summer) from other institutions.  Third, the training faculty are active in programs that involve teachers and students in local public schools, and many of these schools have large enrollments of minority students.  Our long-term goal is to increase the number of young people from under-represented groups who choose careers in science.


Through the efforts of the UW support services and individual departments (described below), minority enrollment at UW increased significantly over the last 10 years.  Students representing the minority groups targeted by the NIH represent 5.8% of the students at UW, and 6.2% of the graduate students (values averaged over the last 3 years).  If Asian students are included, the latter percentage increases to 14%.


Table 10 provides the available recruitment statistics for the participating units in each of the past three years.  Minority students have comprised 4.5% of the students entering participating departments.  This is in line with the UW average, recognizing the scarcity of minority applicants in computational and mathematical sciences.  The number of minority applicants for the most successful programs with respect to minority recruitment (Biostatistics, Molecular and Cellular Biology, and Genetics) varied widely but averaged 5.7%.  The acceptance rate for known minorities among applicants to participating departments appears to be 30% as compared to 22% overall (Table 8).  However, as explained below, the minority status of applicants is often uncertain.  The discrepancy between matriculated and accepted students (15 of 46, or 33%) reflects the fact that departments compete for these talented minority candidates with many top research institutions.  That UW competes well for these students is indicated by the fact that from Table 8, the overall rate of matriculated to accepted students in participating units over the last three years (316 of 992, or 32%) is very similar to that for minorities.


In order to attract minority students to the CMB and StatGen programs, the programs must rely heavily on systemic change in primary, secondary, and undergraduate education in the US; on the success of participating departments and faculty in attracting minority students to graduate studies at the UW; and on the ability of program faculty to attract these individuals into their labs to do the computational biology research.


Unfortunately, minority recruitment efforts have been hindered by the passing of I-200 in the state of Washington.  I-200 outlaws the use of minority status or gender as the basis for recruitment of students, faculty, postdocs, or staff.  Information on the race or ethnicity of applicants is confidential and voluntary.  Many applicants prefer not to provide this information.  For example, an incoming student to the StatGen program in September 2000 was not known to be African American until he visited after being accepted by the Statistics department.  Federal government requirements mandate that we track and meet minority guidelines, but the State mandates that this not be a consideration.  I-200 shifts more responsibility for minority recruitment to the participating faculty and their home departments.

c.2   University-wide efforts


The UW programs for minority recruitment are concentrated in the Equal Opportunity Program (EOP) for undergraduates and in the Minority Education Division (MED) of the Graduate School.  The mission of the MED is to assist in the recruitment, retention, and graduation of ethnic minority students in graduate programs.  MED participates in various college recruitment fairs across the country targeting institutions that graduate high numbers of undergraduate minorities.  MED makes a concerted effort to advertise as many of the departments on campus as possible in the recruitment process.  Past recruitment trips have included historically black colleges and universities in the south, Hispanic-serving institutions in Texas and the southwest, and institutions with high numbers of American Indian students in Arizona and New Mexico.  MED also recruits at several of the annual GRE forums and at select conferences such as the Biomedical Symposium, AISE (American Indians in Engr. & Science) and SACNAS (Soc. For the Advancement of Chicanos and Native Americans in Science).  MED hosts to UW Graduate and Professional Information Day each fall, inviting representatives from various institutions to meet with UW undergraduates.


MED also coordinates two name-exchange consortia (Western and National Name Exchanges), which involve a cooperative system of exchanging names of prospective ethnic minority graduate students. The University’s Graduate Opportunities and Minority Achievement Program (GOMAP) communicates with 58 colleges and universities nationwide, including all of the major research institutions. The GOMAP obtains from these schools names and addresses of all undergraduates who are majoring in mathematics and biological, physical, and social sciences. About 3000 names annually are obtained of persons who are potentially suitable applicants for a graduate degree program.  The GOMAP then sends information about all of the graduate programs at the University of Washington that might be of interest to minority undergraduates. Included in this information are descriptions of available minority scholarship programs and training grant funding opportunities. Interested undergraduates are advised to contact the GOMAP for further information and advice, and GOMAP then forwards names and addresses of interested students to the graduate coordinator of the relevant department. CMB and StatGen participating departments actively recruit these students, contacting them by mail and inviting them to apply to their graduate programs.  

The Early Identification Program (EIP) under the office of minority affairs, which is supported by the Graduate School, also provides a link to potential applicants for graduate school.  The EIP program works closely with outstanding minority undergraduates for the three years prior to graduation with the sole purpose of encouraging underrepresented minorities to pursue graduate school.  MED continues to look in its “backyard” for potential applicants.  Recent ties have been established with Central Washington University’s McNair Fellows Program, Heritage College and many of the community colleges in the region.  MED also works closely with undergraduate summer research programs on campus such as the Health Sciences STAR program and the College of Engineering’s MESA.


Retention of graduate students is another goal of MED.  Retention programs work to establish a strong environment of support for minority students, including brown bag lunch meetings where minority students can discuss issues that pertain to survival in graduate school.  These monthly lunches and other receptions bring minority students, faculty and staff together in informal social settings.  The MED office also provides academic counseling and assistance to minority students regarding financial aid opportunities, housing, and personal matters on a drop-in basis.  A campus-wide infrastructure at the University of Washington exists that offers support services to undergraduate students from minority groups.  These services include: Academic Counseling and Career Planning; an Instructional Center for computing, writing and studying ; an Ethnic Cultural Center that houses literature, multi-purpose rooms, and offices for minority student organizations; and a Student Support Services office, which provides instructional assistance and counseling to academically marginal EOP students through tutoring, study groups, and workshops.


The UW Health Sciences Center is a recent recipient of a $1.35M initiative, the BRIDGES (Biomedical Research Identification of Graduation Education Successful Student Support Services) program, which is targeted at attracting, retaining, and promoting the success of underrepresented minority students from entry as UW freshmen through completion of a doctoral degree.  Program activities include tutorial assistance, academic course clustering, student conference/travel funds, a visiting scholars’ lecture series, freshmen-interest groups, program-funded research positions, an annual poster session and career fair, and a mentor-matching program.


The UW also provides numerous opportunities for students from underrepresented minorities to become involved in scientific research as high-school students and undergraduates.  Many of the participating departments participate in these programs in the hope of increasing the enrollment of minority groups in graduate school and scientific research.  These programs include:

1) Stipends for Training Aspiring Researchers (STAR) program, part of the Health Sciences Minority Student Program. 

2) The Summer Biomedical Research Apprenticeship Program (RAP), which provides high school students with hands-on experience in science and assists them to strengthen their study skills;

3) The Teacher RAP program, which is a 4-week program for teachers employed in schools with significant number of minority students to inform teachers of career opportunities in research in the health sciences and to increase awareness of the academic and social needs of minority students;

4) Native American Science Outreach Network (NASON) to maximize the potential for Native American students  to succeed in the sciences and mathematics;

5) Early Scholars Outreach Program (ESOP), a partnership program with several middle schools to increase minority sixth, seventh, and eighth graders entering college preparatory course work;

6) Upward Bound, which provides assistance to economically disadvantaged students from regional counties in post-secondary educational institutions;

7) Educational Talent Search (ETS), which identifies, recruits, and assists in placing minority and disadvantaged students from regional counties in post-secondary educational institutions.

8) Summer Enrichment Program, a 6-week academic program for junior and senior college students designed to identify a pool of potential graduate students from Washington, Alaska, Montana, and Idaho.

Most departments are also active in the Hughes Undergraduate Research program, and the Genetics department sponsors the Roman Undergraduate Research Fellowships.  Both programs connect minority students with research projects in the labs of training faculty.

c.3  Statistics and Biostatistics Department Efforts

Although both departments have minorities among their students, we have had only modest success in attracting individuals from minority groups currently underrepresented in biomedical research to our Ph.D programs. One reason is the presence of relatively small numbers of such individuals in the Pacific Northwest, which lacks nearby minority colleges. The recruitment of minority candidates is particularly difficult within the mathematical sciences.  Further, the number of minority candidates in the Pacific Northwest is relatively small; there are no nearby minority colleges in which to initiate recruitment.  Between 1995 and 1999 there were 573 applications to the Biostatistics Graduate Program.  Five were African-American, 2 Hispanic and 1 Native American; of these 8 applicants, 3 were offered admission and one enrolled. This low application rate, 8/573 or 1.4%, is despite prior affirmative action efforts.

The recruitment situation was recently complicated by the I-200 initiative passed by the citizens of the State of Washington, which made it illegal to use race or gender as a factor in admissions. These factors can be used for support decisions where appropriate (such as for this training grant). However, the issue at the University the University of Washington is not to find financial support for minority candidates but rather to find the candidates. The University can pursue diversity within the student body. The Biostatistics Department is currently working with the administration to develop materials within the legal limits that allow us to attempt to increase the diversity of our students in general and on this training grant in particular.

Notwithstanding the above, the two departments have ongoing efforts to attract members of minority groups to opportunities in Statistics and Biostatistics at the University of Washington. Both departments, like all CMB participating departments, respond to the information provided by GOMAP.  Specifically, additional letters are sent to students majoring in Mathematics, Computer Science, Medical Technology, or Biology with a Mathematical minor.  In addition faculty are encouraged to give talks on Statistics and Biostatistics, both at UW and at other institutions.  Statistics and Biostatistics have jointly developed a 1-credit course offered each year at UW.  During this quarter 10 faculty give one hour talks to undergraduate mathematics and statistics majors about their work. StatGen faculty have participated in giving these presentations.  Minorities are encouraged to take this course, but the under-representation of minorities among the undergraduate mathematics/statistics majors limits this activity as a recruiting tool for individuals from minority racial/ethnic groups.

c.4  Retention of enrolled students

Retention of minority students is critical to increasing their presence in science.  Our StatGen/CMB training program emphasizes personal interaction among students and mentors, so it is particularly well suited to help students overcome any hurdles they might encounter.  From the limited retention statistics available, it appears that the participating units have a good record of retaining minority candidates once admitted.  For example, in the last 5 years, three minority students have earned Ph.D. degrees, and two have earned MS degrees from the Genetics department.  The first three all have postdoctoral positions, and both MS graduates are research scientists at local biotech companies.  Each of these students entered the program significantly less prepared than the typical Genetics student, and their success demonstrates both the students’ hard work and the commitment of the faculty.

d. PLAN FOR INSTRUCTION IN THE RESPONSIBLE CONDUCT OF RESEARCH

All StatGen and CMB trainees will be required to attend the Biomedical Research Integrity Lecture Series, which is offered each year by the Office of Scientific Affairs of the UW School of Medicine.  This series was designed by a team of faculty to fulfill the NIH requirements for instruction in responsible conduct of research for all NIH training programs in the School of Medicine.  This program was modified recently to include five group-discussion sessions, as well as four formal lectures.  UW faculty members lead these discussions.  The series is updated regularly to adapt to the evolving ethical issues in biomedical research and genetic testing.  Topics discussed in the last several years include mentoring responsibilities, ethics in peer review, appropriate criteria for authorship, ethics of data handling and reporting, integrity in grantmanship, plagiarism, ethical issues in genetic research, dealing with conflict and sexual harassment, ethics of research involving human subjects and animals, technology transfer, and public disclosure of research information.  Trainees attend a combination of lectures and discussion groups. They are expected to attend all four lectures and participate in at least one discussion group.  Attendance is tracked by the School of Medicine. This series is sufficiently informative, diverse, and interesting, that many trainees return to attend more than the minimally required number of sessions.  

In addition to this formal series on research integrity, lectures on ELSI issues are scheduled into regular seminar series such as those in Molecular Biotechnology (MBT) and in Biostatistics. CMB students will attend MBT seminars, and StatGen students attend Biostatistics seminars.  For example, Albert Jonson, UW Emeritus Professor of Medical History and Ethics and a member of the National Academy of Sciences, discussed the ethical issues associated with genomics research last spring.  Rebecca Eisenberg, a law professor at the University of Michigan, lectured on issues surrounding patenting of DNA sequences and met separately with students in a two-hour lunch discussion.  ELSI issues are also part of the curriculum of the MBT course in genome technologies,  (MBT 510), and is a focus of the Public Health Genetics program. CMB and StatGen students will be exposed to discussions of ELSI issues in these courses.

e.  PROGRESS REPORT – N/A
f. HUMAN SUBJECTS

The applicant organization, University of Washington, has an approved Assurance of Compliance on file with the Office for Protection from Research Risks (OPRR) (number M1183).  Several of the training faculty conduct research that requires Institutional Review Board (IRB) approval for use of human subjects, and their individual research grants have the required approval.  As trainees become involved in the research projects of the training faculty, the training grant director will monitor the status of current IRB approvals, and the need for any additional approvals.  In most cases, approval will have been obtained by the PI of the research project, before the trainee becomes involved.  In these cases, NIGMS officials will be informed of the trainee involvement, the application number, and approval date.  In the unlikely event that proposed research involving human subjects is not covered under currently approved protocols of participating faculty, approvals will be obtained before the trainee begins any work on the project.

g. VERTEBRATE ANIMALS

The applicant organization University of Washington, has an approved Animal Welfare Assurance on file with the Office of Protection from Research Risks (OPRR) (A3464-01).  A few of the training faculty conduct research that requires review and approval by the Institutional Animal Care and Use Committee (IACUC), and their individual research grants have the required approval.  As trainees become involved in the research projects of the training faculty, the training grant director will monitor the status of current IACUC approvals, and the need for any additional approvals.  In most cases, approval will have been obtained by the PI of the research project, before the trainee becomes involved.  In these cases, NIGMS officials will be informed of the trainee involvement, the application number, and approval date.  In the unlikely event that proposed research involving human subjects is not covered under currently approved protocols of participating faculty, approvals will be obtained before the trainee begins any work on the project.
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