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RATIONALE AND NEED FOR INTERDISCIPLINARY GRADUATE EDUCATION PROGRAM 
 Human health and prosperity depend on nutrition and energy 

derived from plants, but the world’s rising population and 
dwindling resources place ever-increasing pressure on our 
agricultural systems (highlighted in a recent focus issue of 
Science on Food Security, 12 Feb 2010).  New experimental tools 
have revolutionized our ability to understand how plants grow and 
respond to environmental challenges [1-4]. However, we now 
face the challenge of translating this basic understanding into 
practical benefits.   

Thematic Basis and Rationale:  The thematic basis for this 
proposal is Translational Plant Science (TPS), the process 
through which knowledge from basic research on plant genetics 
and genomics is used to improve agricultural productivity. This theme parallels translational medicine, in 
which basic research in human biology is used to improve human health.  As with the biomedical 
sciences, plant sciences have been revolutionized by genome-based experimental tools [3-5].  However, 
the pipeline between basic research and concrete applications contains many bottlenecks including 
barriers in fundamental understanding, rational design, regulatory approval, deployment in the field, and 
public acceptance.  Moreover, basic researchers rarely understand the economic and social impacts of 
plant biotechnology, and they lack insight into the methods and constraints of scientists working at other 
points along the bench-to-market pipeline.  A critical need persists for new training models to equip 
molecular plant scientists with the knowledge, ingenuity, and impetus to widen or bypass bottlenecks in 
the pipeline [6-10].   

Goals: The central goals of the TPS program are to (1) Create a new training model to prepare 
molecular plant scientists to function along the bench-to-marketplace pipeline.  (2) Catalyze 
interdisciplinary research to address challenges in food security, plants as biofactories, and biomass. 

Objectives: The foundation for this project is our existing Molecular Plant Science doctoral program 
(MPS) that spans seven departments and three colleges.  This program is now robust in its capacity to 
attract strong students and develop in them a deep knowledge of molecular plant science.  However, our 
program, like many similar programs in the US, does not provide formal training to develop the mindsets 
and skills students need to link basic plant science with downstream applications.  The TPS program is 
designed to develop these mindsets and skills, which include 
• a global perspective on the challenges and opportunities presented by plant diseases;  
• the ability to frame novel, use-inspired research questions and to pursue the answers within 

interdisciplinary teams; 
• an awareness of the social and economic impacts of agricultural biotechnologies and plant disease and 

ability to engage the public in meaningful dialog about these complex issues; 
• the ability to function effectively in the diverse cultures of the professions outside of academia that play 

key roles in the translational plant science pipeline (e.g., business, regulation, policy). 
What Is Different About Our Program: Our proposal integrates Virginia Tech's strengths in 

molecular plant science, agricultural economics, public engagement, and extension to create a new 
paradigm in plant science graduate education that combines the following elements: 
• a well-established interdepartmental Ph.D. program in molecular plant science with strong expertise in 

fundamental and applied research on food security, biomass, and biofuels.  
• agricultural economists with expertise in evaluating social and economic impacts of biotechnologies; 
• an existing course in Leadership and Team Processes, created by Virginia Tech’s EIGER IGERT, 

which develops the trainees’ abilities to function within interdisciplinary teams; 
• a new course in which economic, social, and regulatory issues are interwoven with research on specific 

translational plant science problems; 
• an NSF-funded outreach/public engagement program that establishes collaborations among high-

school biology teachers, trainees, and plant scientists to perform original research using Arabidopsis; 
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INTELLECTUAL FOCUS 
Despite the Green Revolution and other advances during the 20th century, global agricultural 

production is not secure.  The world’s human population is increasing, arable land is decreasing, and 
emergent diseases and climate change are undercutting the stability of the world’s food supply (e.g., [11, 
12])  It is clear that new approaches must be developed to sustain world food production and exploit new 
uses for plants (biofactories, biomass, biofuels). Our research will be structured around focus areas that 
address high-impact problems which demand interdisciplinary solutions.  Below we provide brief 
examples of collaborative research that could serve as contexts for Trainees’ projects.   Please note that 
this only represents a limited sample of collaborative research within our diverse group. 

Reducing losses in crop productivity: Plant pathogens, pests, and other environmental stressors 
significantly limit traditional agriculture, and will undoubtedly hamper new initiatives to use plants as 
biofactories or renewable energy sources [13].  New solutions to long-standing and emergent plant 
diseases must be based on the bi-directional flow of knowledge from molecules to the agroecosystem.   
For example, we have only limited understanding of how pathogens spread through the atmosphere.  
Cutting-edge autonomous (self-controlling) unmanned aircraft can track the movement of these airborne 
plant pathogens. TPS Trainees will be able to integrate genomics, pathology, and aeronautical and 
mechanical engineering by working with teams of plant pathologists and engineers to design, test, and 
implement new strategies to mitigate threats of high-risk plant pathogens.   

Developing plants as biofactories for compounds that promote human health: Transgenic 
plants hold considerable potential as cost-efficient and environmentally-sound sources for large-scale 
production of biopharmaceuticals and other valuable compounds [14]. Several challenges must be 
addressed to realize the full “biofactory” potential of plants, including optimization of protein expression, 
processing, and secretion, as well as removal of small molecule impurities [15]. TPS Trainees will be able 
to integrate molecular biology, cell biology, biochemistry, and process engineering to address these 
limitations. By working with teams of process engineers and researchers who study synthesis of natural 
products and expression of recombinant proteins, TPS Trainees will be able to translate basic information 
on biosynthetic pathways into improved isolation techniques for high-value plant compounds.  TPS 
Trainees will also interact with agricultural economists to evaluate economic and related regulatory issues 
vital to commercialization of plant bioproducts. 

Developing plants as biomass sources for renewable energy: The energy potential of 
lignocellulosic biomass is being explored as a replacement for nonrenewable energy sources.  However, 
crops such as corn have not been selected for enhanced biomass yield and composition, and promising 
non-crop plants (e.g., switchgrass, poplar) have undergone little genetic improvement.  The coordinated 
development of dedicated energy crops and efficient biomass conversion technologies requires a 
mission-oriented, interdisciplinary approach [16]. For example, progress has been limited by incomplete 
understanding of plant cell wall structures, including how they are synthesized and how they can be 
modified without compromising plant growth.  TPS Trainees could address this bottleneck by working with 
teams of molecular biologists and process engineers to understand and overcome current limitations to 
processing lignocellulose into biofuels and other biomaterials.  Such research must be guided by an 
understanding of the environmental, social, and economic impacts of developing a biomass-based energy 
industry.     

Realizing the potential of a plant-based economy through informed decision making: Policy-
makers and the general public alike are concerned that intellectual property rights on emerging 
biotechnology applications will concentrate benefits in the hands of private corporations.  Virginia Tech 
agricultural economists (e.g. Mills) have generated methods to measure the distribution of benefits from 
agricultural innovations among farmers, consumers, and corporations when one or two firms hold the 
property rights.  Results indicate that in most markets farmers and consumers reap the majority of 
benefits from biotechnology applications, but firms also accrue sufficient profits to spur further research 
investments.  However, these benefit estimates depend on assumptions about technology cost and 
performance, which can only be formulated effectively through interaction with biological scientists. 
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EDUCATION AND TRAINING 
Cross-Disciplinary Coursework: The educational component of this program will expose trainees to 

the ideas and practices of interdisciplinary research and provide them with tools to forge collaborations 
and build teams across disciplines. Below we briefly describe three courses that provide a common core 
for all TPS Trainees.  The remainder of each Trainee’s course of study will be populated with courses that 
align with their research interests and career goals.  

Graduate Professional Development (GRAD 5984, 3cr, Year 1): This course provides training in 
research ethics (research misconduct, conflicts of interest and commitment, publication practices and 
responsible authorship, data acquisition, management, sharing and ownership, mentor/trainee 
responsibilities, peer review, and collaborative research).   In addition, the course provides practical 
training in basic scientific communication skills (effective writing and presentations), navigating workplace 
culture, and an overview of intellectual property and licensing.   

Leadership and Team Processes course (PSYC 5124, 3cr, Year 1): The course introduces graduate 
students to the field of organizational psychology. The primary objective is to familiarize students with the 
major concepts and theories of organizations, leadership, influence, and teams. This course, together 
with GRAD 5134, will enable the students to develop interdisciplinary thinking and team building skills that 
they are unlikely to learn in the curriculum of any specific department. 

Interdisciplinary Research in Graduate Education (GRAD 5134, 5 cr, Year 2): This capstone course 
will be developed and team-taught by TPS faculty. Trainees will develop scientific and technical 
understanding of other disciplines, enhancing their ability to recognize when advanced knowledge from 
another discipline can help solve a translational plant science problem. Each year the content of the 
course will be organized around a different problem of global importance. Units will progress along a 
continuum from basic science to applied science to social and economic impacts. Progression through 
the units will be motivated by these considerations: (1) What are the key questions, issues, or problems? 
(2) What do we, as a scientific community, already know? (3) What knowledge is necessary to move the 
field forward? (4) What are the strategies we can use for generating this knowledge and for solving the 
problem? The course will include modules in social and economic assessment training, as well as 
intellectual property and commercialization. As a culminating activity, trainees will work in small cross-
disciplinary teams to write mock Small Business Innovation Research (SBIR) Phase II grant proposals 
which will include research and commercialization plans according to NSF guidelines. 

Cross-Disciplinary, Cross-Cultural Training: The coursework outlined above will expand the 
trainees’ cross-disciplinary awareness and thinking. Translation from bench to market also requires 
experience in and with other professions and cultures. TPS Trainees will gain this type of cross-
profession training by participating in the following unique experiences: 

Experience in translational plant science settings: In year 1, trainees will tour several VT Agricultural 
Research and Experiment Centers over a three-day period, to learn about efforts to solve real-world 
problems in agricultural production.  This tour has already been successfully implemented by the PPWS 
Department.  

Public engagement / outreach:  In year 3, Trainees will participate in the “Power of Plants” project (PI 
McDowell, co-PIs Dolan and Gillapsy) recently recommended for funding by the NSF GK-12 program 
(http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5472&org=DGE).  This project partners MPS 
students with high school teachers and students. Trainees and teachers will begin their work together 
through the Partnership for Research and Education in Plants (PREP), an established program that forms 
research collaborations among high school students, teachers, and scientists to study the model plant, 
Arabidopsis [17]. Fellows and teachers will start their collaboration by guiding high school students in 
designing, conducting and interpreting PREP experiments, which focus on phenotypic analysis of 
Arabidopsis plants containing mutations or transgenes that relate directly to the fellow’s research. This 
experience will enable trainees will improve their teaching expertise and ability to communicate about the 
substance and importance of their own research and plant science research in general to nonscientist 
audiences.  The GK-12 grant will provide 8 assistantships per year from 2011-16 (see appendix for more 
information)  
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RECRUITMENT, DIVERSITY, PLACEMENT, COMMUNITY BUILDING 
Recruitment and diversity: The MPS faculty has developed an extensive network of relationships 

with small and mid-sized undergraduate institutions in the mid-Atlantic, which we visit annually or semi-
annually to give research seminars and describe MPS. We also publicize MPS at national and 
international meetings and through an up-to-date web site and a YouTube Video. We have also forged 
recruiting connections with regional HBCUs where we have connections through current and former 
Virginia Tech students. Additionally, we will coordinate recruiting efforts with existing programs at Virginia 
Tech dedicated to recruiting and retaining underrepresented students including MAOP, IMSD, and PREP. 
We will participate in a fall recruiting weekend that is sponsored and organized by the Fralin Life Science 
Institute. Additionally, we will identify promising candidates from MPS or departmental applicant pools.  
These individuals will be invited for a visit that coincides with the MPS Mini-Symposium described below.  

Selection, Placement, Support: Trainees will be selected by a committee comprised of faculty and 
student representatives and headed by the recruitment coordinator.  In most cases, students will be 
selected prior to matriculation or during their first year.  We plan to select six to eight trainees in each 
year. Trainees will be supported by IGEP funds during the first year while they rotate through three to four 
labs, each for six weeks. At the end of the first year, students will select a major advisor and will then join 
their advisor’s department. During the second year, students will then be supported by assistantships 
from their major advisor or home department.  During the third year, students who are eligible and 
qualified can participate in the NSF GK-12 program (one year assistantships for each participant, US 
citizens only). If additional IGEP funds are available, they will be prioritized for non-US citizens to 
participate in GK-12. In years four and five, students will be supported by their advisor/department. 

Building Community: Each academic year will begin with a two-day retreat, to welcome and orient 
the new cohort of TPS Trainees, and to provide updates of each trainee’s progress.  During the academic 
year, Trainees will participate in a monthly “discussion group” in which trainees will give informal seminars 
about their research. This series has already been initiated for the MPS students. Trainees will also 
participate in a monthly journal club on Translational Plant Science, followed by a social hour. TPS 
trainees will organize an annual, one-day minisymposium during which they host high-profile speakers 
and hold student oral presentations and poster sessions.  We successfully launched this symposium in 
Jan 2010 and will continue in the upcoming year, with funding from the Fralin Life Science Institute.    
ASSESSMENT AND RESEARCH ON THE IMPACT OF INTERDISCIPLINARITY 

We will evaluate TPS, with reference to the goals outlined on p. 2, at the level of the program and the 
trainees. Program-level evaluation will utilize a mixed-methods approach with the purposes of improving 
the program and documenting its progress as well as its impact at the institutional level. Trainee-level 
evaluation will focus on documenting impact on trainees of the learning experiences that characterize 
TPS training. Our evaluation plans include an explicit focus on the intellectual impact of interdisciplinary 
experiences on doctoral students and their faculty mentors, which is surprisingly understudied [18, 19]. 
TPS evaluation will draw upon previous work (Drezek & Olsen, submitted) to determine the extent to 
which interdisciplinarity promotes learning. These efforts will be led by Dr. Kate McConnell, whose 
research focuses on the intellectual outcomes of interdisciplinary experience for undergraduate and 
graduate students and faculty. We will fund one IGEP graduate student (from education psychology, 
education research/statistics, or other related social science field) to assist with evaluation, while pursuing 
a doctorate that addresses research questions related to interdisciplinarity and interdisciplinary 
understanding. We anticipate possible collaboration with other IGEP programs to promote the role of the 
Graduate School at Virginia Tech as an “incubator for interdisciplinary scholarship”. 
SECURING FUNDS FOR ASSISTANTSHIPS; EXTERNAL SUPPORT 

We have obtained commitments from several administrative units at for matching support if our 
proposal is funded.  These are described in a Letter of Support in the Appendix.   

Obtaining external support (i.e., training grants) is a major priority for the MPS program.  We currently 
have a proposal pending at the NSF IGERT program, entitled “Translational Plant Science”, which is very 
similar to the IGEP proposal. The summary from this proposal is included in the Appendix.  Our NSF 
proposal was ranked as “high priority” at the pre-proposal stage, and the full proposal is currently pending 
(decision expected in Feb. or March 2011).  If unsuccessful, then we will resubmit in 2011.
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 Invent the Future 

Office of Research and 
Virginia Agricultural Experiment Station 
104 Hutcheson (0402) 
Blacksburg, Virginia 24061 
540/231-6336 Fax: 540/231-4163 
E-mail: calsresearch@vt.edu 
www.cals.vt.edu 

December 4, 2010 
 
Dear John: 
 

This letter indicates our enthusiastic support of your proposal to the VT-IGEP program, entitled 
“Translational Plant Science”. This support underscores our commitment to interdisciplinary 
graduate education, and will facilitate development of an exciting new program to train our 
students to impact agriculture in the 21st century.  

As evidence of our support, we will provide the resources detailed below, for the duration of 
IGEP support: 

• The College of Agriculture and Life Sciences will provide three assistantships for the next 
two years and two assistantships thereafter (Professor Saied Mostaghimi) 

• The Department of Plant Physiology, Pathology and Weed Science commits one 
assistantship per year (Professor Elizabeth Grabau) 

• The Department of Biological Sciences commits one assistantship per year (Professor 
Brenda Winkel) 

• The Department of Forestry commits 0.5 assistantship for one year (Professor Janaki 
Alavalapati) 

• The Fralin Life Sciences Institute will provide $40,000 per year to support the mini-
symposium, retreats, and other activities. (Professor Dennis Dean) 

Your plan provides a clear and compelling description of how the TPS program will create a 
new model for graduate training and catalyze interdisciplinary research aimed at challenging 
problems. We look forward to partnering with you towards our shared goal of transforming 
graduate education in the Plant Sciences. 

Sincerely, 
 

 
Saied Mostaghimi  
Director of Virginia Agricultural Experiment Station 
and Associate Dean, College of Agriculture and 
Life Sciences  
 
 

 
Elizabeth Grabau 
Head, Plant Pathology, Physiology & Weed 
Science 

 

 
Brenda S.J. Winkel 
Head, Biological Sciences  
 
 
 
 
Janaki Alavalapati 
Head, Forest Resources and Environmental Conservation 
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PROJECT SUMMARY- Translational Plant Science (TPS), PI John McDowell, Virginia Tech 
Human health and prosperity depend on nutrition and energy derived from plants, but the world’s 

rising population and dwindling resources place ever-increasing pressure on our agricultural systems 
(highlighted in a recent focus issue of Science on Food Security, 12 Feb 2010).  New experimental tools 
have revolutionized our ability to understand how plants grow and respond to environmental challenges 
(e.g., pathogen invasion, highlighted in a recent focus issue of Science on Plant-Microbe Interactions, 8 
May 2009).  However, we now face the challenge of translating this basic understanding into practical 
benefits. The thematic basis for this proposal is Translational Plant Science (TPS), the process through 
which knowledge from basic research on plant genetics and genomics is leveraged to improve 
agricultural productivity. This emerging field will be driven by scientists who combine deep knowledge in 
molecular plant science with an interdisciplinary mind-set, global perspective of agricultural challenges, 
broad awareness of economic, social, and political issues associated with application of new crop 
improvement technologies, and the ability to interact productively with diverse cultures that play key roles 
in the bench-to-marketplace pipeline (academia-industry-government-consumers). Our research 
emphasis will be on plant-pathogen interactions, but our training plan is explicitly designed for adaptability 
to any focus area within the Plant Sciences.  The educational component of our program weaves globally 
relevant economic, social, and regulatory issues into the fabric of plant sciences and provides the tools to 
forge collaborations and build interdisciplinary teams.  Trainees will undertake an off-campus internship, 
for exposure to non-academic professional cultures and career paths. Trainees will also participate in an 
outreach traineeship, to develop their ability to engage the public.  Finally, and most importantly, TPS 
trainees will explore new approaches towards sustainable disease resistance, by integrating genomics, 
computational biology, molecular biology, physiology, and biochemistry of plants and microbes, along 
with intersecting aspects of plant pathology, epidemiology, crop, soil, and environmental science, 
agricultural economics, and engineering. We hypothesize that the synergy among the activities in our 
training plan will prepare our trainees to accelerate the pace of translational plant science research and 
substantially broaden the impact of their doctoral training.   
Intellectual Merit  
• TPS will serve as a model for taking a unified approach to graduate education through the integration 

of biology, economics, engineering and allied disciplines. This model will be applicable to any 
disciplinary setting that spans the “bench to marketplace” pipeline. 

• Evaluation and research of TPS will document the impact of the program and its component activities 
on trainees’ and participating faculty, in particular, whether and how TPS fosters interdisciplinary 
collaborations, encourages participants to view their work from an interdisciplinary perspective, and 
prompts trainees to pursue interdisciplinary career paths. 

• TPS Trainees will undertake novel, interdisciplinary research at the interface between basic and 
applied aspects of plant-microbe interactions:  Fundamental understanding of molecular 
pathogenesis will enable new strategies to counteract pathogen weaponry; Research on the 
molecular basis of plant immunity will inform approaches to improve plant disease resistance through 
traditional breeding and transgenic means; New insights into plant pathogen epidemiology will 
improve disease prediction and diagnostics; Research on the economic and social aspects of new 
disease control strategies will enable prioritization of research strategies that are most likely to have 
significant real-world impact. 

Broader Impacts   
• Plant diseases destabilize food security on a global scale, particularly in developing nations, and will 

hamper emerging uses for plants (e.g., biofuels, biofactories). The TPS training model will produce 
plant scientists who are better equipped than ever to produce sustainable solutions to this problem. 

• Trainees will also learn avenues and mechanisms for engaging the public, changing the way these 
scientists-in-training interact with the non-scientific community. 

• Institutional infrastructure will be leveraged to expand the recruitment, retention, and interdisciplinary 
career pursuit of an ethnically and intellectually diverse group of students.  

Key Words: Biology, Engineering, Social Sciences, Public Engagement 
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Title: Power of Plants (PoP): Translating the Genomics of Agriculture into High Schools 
Institution: Virginia Tech 
PI: John McDowell, Dept. of Plant Pathology, Physiology, and Weed Science 
Co-PIs: Erin Dolan and Glenda Gillaspy, Dept. of Biochemistry 
STEM faculty advisors and departments involved: (16 faculty, in addition to the PI and co-PIs) 

Biology: Dorothea Tholl, Brenda Winkel; Crop, Soil, and Environmental Science: M.A. Saghai Maroof, 
Bingyu Zhao; Forestry: Amy Brunner, Jason Holliday; Horticulture: Eric Beers, Jim Tokuhisa, Richard 
Veilleux; Plant Pathology, Physiology, and Weed Science: Elizabeth Grabau, Eva Collakova, John 
Jelesko, Sakiko Okumoto, Guillaume Pilot, Boris Vinatzer, Jim Westwood. 

Number of fellows per year: Eight Number of teachers working with fellows per year: Eight   
Number of K-12 Classes anticipated to be served per year: 40 (five per teacher) 
Number of Schools and School District Partners: 13 schools from four districts 
Settings: Urban, suburban, and rural NSF-Supported STEM Discipline and Theme: Biology 

This project partners PhD students in Molecular Plant Science (MPS) with high school teachers and 
students. The central theme is to use basic and applied plant science (i.e., genomics and agriculture) as a 
context for integrating current science research into high school education, while developing the fellows’ 
teaching and communication skills and enhancing their doctoral research. Fellows and teachers will begin 
their work together through the Partnership for Research and Education in Plants (PREP), an established 
program that forms research collaborations among high school students, teachers, and scientists to study 
the model plant, Arabidopsis. Fellows and teachers will start their collaboration by guiding high school 
students in designing, conducting and interpreting PREP experiments, which focus on phenotypic 
analysis of Arabidopsis plants containing mutations or transgenes that relate directly to the fellow’s 
research. The second phase of the project further leverages fellows’ research expertise and teachers’ 
pedagogical expertise to identify, critique, and adapt lessons to enable active learning by students while 
addressing high school biology standards. These lessons will build on students’ PREP investigations and 
highlight current applications of plant science, including sustainable production of food and fuel. 
Intellectual Merit  
• We will utilize a three-pronged approach of professional development for fellows, professional 

development for teachers, and adaption / creation of lessons that relate directly to fellows’ doctoral 
research. Fellows and teachers will develop expertise in identifying, critiquing, and adapting (as 
necessary) lessons to allow for active learning and reasoning by students. 

• Fellows will develop teaching and communication skills in ways that relate directly to their doctoral 
research and are informed by what is known from science education research. Thus, fellows will 
deepen their understanding of societal and global impact of their research, and will build their ability 
to explain broad objectives and methodological details of their research in simple but accurate terms.   

• Students’ learning will occur in the context of real, ongoing research that is designed to improve 
agricultural productivity. Students will have the opportunity to develop a uniquely informed 
perspective on the relationship between basic science and downstream applications, as well as 
societal and global importance of agriculture. 

• Fellows, teachers, and students will develop an understanding of connections between inquiry in 
classrooms and labs.  

Broader Impacts   
• Although human health and prosperity are inextricably linked with agriculture, plant sciences are 

underrepresented in K-12 curricula. This project will broaden awareness of the importance of 
agriculture and the relevance of genomic research to food security and biofuel production.   

• Fellows and teachers will adapt or create standards-based lessons that connect to PREP 
investigations. These lessons will be broadly disseminated through PREP and other venues. 

• This project dovetails with Virginia Tech’s initiative in Transformative Graduate Education by 
providing a model for sustainable K-12 partnerships that enhance the quality of graduate education. 




