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Description of the Molecular Plant Sciences Graduate Program (MPS) at MSU (summarized from “Request for a New Program ver 8”)
March 2, 2017

Dual Major The dual major is available to those students who plan to complete a Ph.D. degree program that involves plant molecular sciences and who have a graduate major in another MSU department.

Major:  MPS/ PLB, BMB, HRT, PSM, GEN, CMB, MMG, ENT, FOR, CSS, and open to others as well. 

Effective Start Semester: Fall 2017 
Expected Enrollment: 5-10 admitted per year, for a target of 25-50 in the program at one time
	
Departments participating in the dual major will provide the instructors for the required and elective courses for this graduate program. One new course (Molecular Plant Physiology) will be created by current faculty. Two existing courses will be revised to allow for better integration and sequencing in the first two years of the program. 

Background information:
Technological advances in areas such as genomics, metabolomics, phenomics, and computational biology make it necessary to provide an integrative and technologically adaptive curriculum to train the next generation of molecular plant scientists. While plant molecular and omics biology is carried out in many labs in several departments and programs in two colleges, CNS and CANR, there is a not a unified program that brings these groups together and promotes the synergies in discipline and scientific approach needed to face many critical global challenges of the future including increased and sustainable food production, development of sources of renewable energy, plant resistance to environmental challenges, discovery of new pharmaceuticals, water conservation, and biodiversity. Furthermore, while Michigan State University has one of the highest concentrations of plant scientists in the world and ranks among the leading institutions in all areas of plant science research and education, the strength of MSU’s community of plant molecular and computational scientists is not effectively reflected in our current graduate programs and curricula.
	To address these issues, a cross-campus exploratory committee composed of members from six different departments and units has worked with faculty in PLB, BMB, PSM, HRT, CMB and GEN to propose this dual-degree graduate program with a curriculum that emphasizes the application of molecular, genetic, biochemical, cell biological and omics-based approaches to understand fundamental plant biological processes.
	The proposed Molecular Plant Sciences (MPS) program will bring together the molecular and computational plant faculty housed in multiple departments and two colleges at MSU including Biochemistry and Molecular Biology (BMB/CNS), Cell and Molecular Biology (CMB), Genetics (GEN), Horticulture (HRT/CANR), Plant Biology (PLB/CNS), and Plant, Soil and Microbial Sciences (PSM/CANR), Microbiology and Molecular Genetics (MMG/CNS), Forestry (FOR/CANR), and Entomology (ENT/CANR). The MPS program will enable plant science students at MSU to receive a common, essential knowledge-base and enhance awareness of and increase access to the full diversity of expertise across campus. Faculty and students will participate through a core curriculum, electives, and seminar courses, graduate student advising, and programmatic activities such as recruiting, symposia, and retreats.

Anticipated benefits of a new MPS program include:

Heightened MSU stature and visibility at the national and global levels. Prospective students interested in plant molecular/omics biology are confronted with numerous program options, none of which is clearly dedicated to graduate education in this area.
Furthermore, there is no single web portal that highlights the breadth and quality of plant molecular and computational faculty and research at MSU. Currently, when prospective students search for plant molecular biology graduate programs on the web, MSU does not appear in the top results of an internet search. 
A dedicated program website and application process will make it easier for prospective students and the broader scientific community with interests in MPS-related research to find and access the strengths of MSU. The web portal will also help incoming and current students by facilitating identification of prospective rotation labs and thesis committee members. Interactions among faculty and students will also allow for synergies with an array of programs and university-level initiatives relevant to molecular plant sciences, including the Global Impact Initiatives in Plants/Food/Environment, Plant Resilience, and Quantitative and Computational Plant Sciences, and the Great Lakes Bioenergy Research Center, the Center for Advanced Plant and Algal Phenotyping, and the NIH Graduate Training Grant on Plant Biotechnology for Health and Sustainability.

Development of a learning community in molecular plant sciences with broad impact across multiple academic units. Many graduate-level plant molecular and omics biology courses at MSU have been developed over the past 20+ years in an ad hoc way such that essential concepts are spread over many offerings and in some cases are repeated in multiple courses or entirely lacking. The MPS exploratory committee has therefore engaged the broad MPS faculty over the past year to develop a set of core courses and topics, based around existing courses and course numbers that provide the essential knowledge required of all plant molecular biology students and properly sequences the key concepts in the first year. While only one new course is proposed (Molecular Plant Physiology), the core courses and one elective will be revised to provide uniform and cohesive training. The instructors have already coordinated and agreed on the revised sequencing and topics in these courses. Collectively, this set of core courses will develop the background necessary for students to successfully pass preliminary exams, provide a common foundation for students to successfully choose from a wide range of electives in their second year, and ultimately allow students to be more successful, in a shorter timeframe, in their graduate careers at MSU. A common, sequential set of core courses will also facilitate development of a cohesive peer group. Additional course requirements, if needed, will be determined in collaboration with each dual major program. 
	First-year MPS students will also perform research rotations in MPS labs. These experiences will lead to peer interactions and collaborations that will strengthen their research and career development. Because the rotation labs will be in a wide range of academic units and the students will also be taking required courses for their second major, MPS students will broadly impact other disciplines including agricultural, bioenergy, ecological, and evolutionary research and applications.

Increased ability for MSU to attract the top graduate students. The combination of a single web interface for applications, modernized core curriculum, better access to information about plant molecular and omics biology at MSU, opportunities for interactions with a broad range of MPS faculty through program activities, and enhanced opportunities for peer networking will enrich the graduate student experience and success during and after their degrees. This will in turn enhance our future ability to recruit the best graduate students and further strengthen MSU’s already outstanding reputation in the plant sciences. 

Rationale for the program being housed in the primary administrative unit: CNS has extensive experience in administering multi-departmental and multi-college graduate programs, and the majority of the faculty participants have their primary appointments in CNS. The program will be open to students and faculty outside CNS.

Educational objectives of the program and their relationship to those of the college and the University:
The MPS graduate program will prepare students for future careers as independent scientists, educators, managers, and leaders who will address fundamental questions on the biology of plants as well as applied problems in a range of areas including food production and security, bioenergy, and environmental sustainability. Towards this goal, the educational objectives/outcomes are as follows:

A.  Students will develop comprehensive, integrative understanding of the molecular processes underlying plant energy status, metabolism, growth, development, gene regulation and evolution, plant stress tolerance, and interaction with the environment.
	This will be accomplished through course work [Plant Molecular and Omics Biology (PLB/BMB 856) and Molecular Plant Physiology (BMB866/PLB866) coupled with elective classes appropriate to the dual major and educational objectives of each student] and dissertation research. 

B.  Students will develop competencies in the use and application of molecular, biochemical, physiological, cell biological, genetic, genomic, computational, and data-science approaches to scientific discovery, hypothesis development, and hypothesis testing.  This will be accomplished through laboratory rotation research experiences, the computational/quantitative biology course requirement, and dissertation research.

C.  Students will acquire skills in critical and creative thinking, reading and evaluation of primary literature, writing of proposals and manuscripts, and oral presentation. This will be accomplished through coursework that requires reading and evaluation of primary literature, development of a research proposal, and oral presentations (e.g., PLB/BMB 856; BMB/PLB866; graduate seminar courses), preparation of the dissertation research proposal, and performance and presentation of dissertation research.

D. Students will conduct significant original research and present it in peer-reviewed articles, a written dissertation, and orally in a variety of venues.  
Course requirements:
1. PLB/BMB 856 Plant Molecular and Omics Biology. This existing course will be revised to improve integration with BMB/PLB 866. 
Topic areas: Genetics, genomics, chromosome structure, transcriptional and post-transcriptional regulation, proteomics, plant transformation and genetic engineering, plant signaling.  
Broader skills development: reading and evaluating primary literature, preparing grant proposals, exposure to modern methods in data science and quantitative biology and statistics.

2. BMB/PLB 866. Molecular Plant Physiology. This will be a new course. 
Topic areas:  Photosynthesis, primary metabolism, lipids, cell walls, water relations, long distance transport, mineral nutrition. Some of these topics have been moved from BMB/PLB 864, which will be significantly revised as a result; others will be new.  
Broader skills development: Quantitative data analysis, hypothesis formulation and testing, exposure to modern methods in data science and quantitative biology and statistics.

3. Computational/quantitative biology requirement. One of:
	PLB 812. Principles and Applications of Plant Genomics.
	Modular bioinformatics course(s) (3 credits), under development by CMSE. 
	CMSE 4XX. Biostatistics and Modeling.

4. One elective course appropriate to the student’s course of study. Examples include *:
	PLB/HRT 865. Plant Growth and Development. 
	CMSE4XX Biostatistics and Modeling (if not already taken above under 3)
 	CMSE4XX Bioinformatics and Computational Biology
	PLP881. Molecular and Biochemical Plant Pathology.
BMB805 Protein structure design and mechanisms 
BMB829 Methods of macromolecular analysis and synthesis. 
	BMB/PLB 864. Plant Specialized Metabolism. This course is a revision of BMB/PLB864 Plant Biochemistry. Some topics currently covered (e.g., photosynthesis, cell walls) will be moved into the new course, BMB/PLB 866.

*Other courses relevant to the student’s research interests or required for the dual major may be chosen based on consultation with the guidance committee and subject to approval by the MPS Executive Committee.

5. Three graduate seminar courses in subjects relevant to MPS (each 1 credit, PLB815). Topic-based seminar courses drawing on the primary literature in plant molecular biology. Broader skills development: oral presentation, critical analysis of primary literature. Topics may be suggested by students or faculty, and will be approved by the MPS executive committee. Seminar courses will be led by MPS faculty.

6. Completion of the requirement for the dual major program

Research:
1. Year 1: 3-4 laboratory rotations.
2. Subsequent years: Ph.D. research under supervision of Dissertation Advisor and Guidance Committee including preparation of research proposal, experimental work, writing of manuscripts and dissertation, and public presentations of work.

Faculty who were instrumental in changing the program and faculty who will be responsible for implementing the program:
	The MPS proposal has been developed by an Exploratory Committee composed of representatives of BMB, CMB, GEN, HRT, PLB, PRL, and PSM [Brad Day, Dean DellaPenna, Rebecca Grumet, Kathy Osteryoung, Jonathan Walton, Christoph Benning (Chair)] in broad and frequent consultation with faculty and graduate students from those units via surveys, meetings with each department, and town hall sessions.
	The program will be administered by a MPS Program Director and an Executive Committee. The MPS Exploratory Committee will serve as the Program Development Committee to solicit program membership and facilitate election of an Executive Committee. All MSU faculty with interests in plant molecular and omics biology will be eligible to join the MPS program, and all members will be invited to vote for the Executive Committee. Program by-laws, structure and operational policies will be developed by the Executive Committee. The Executive Committee will conduct a search for a Director to be completed within the first semester.

Plan for evaluating the program and assessing student outcomes:
The MPS PhD program will be monitored by the Graduate Director in conjunction with the Executive Committee.  Specific areas of evaluation will be: 
· Success of students in completing the core courses for the PhD program (in terms of overall grades and percentage completing the course)
· Success of students completing the overall PhD program, including fraction of students completing the PhD and median time-to-degree
· Student attainment of the educational objectives of the program, as assessed by successful completion of coursework, successful completion of written and oral comprehensive examinations, and the pursuit of original independent research.
· Ability to perform independent research as demonstrated through presentations at student seminars and scientific conferences, preparation and publication of manuscripts and patent applications, and successful defense of the dissertation.
· Feedback from students within the program regarding coursework, mentoring, and other aspects of the program. This will occur primarily through an annual survey of the graduate students’ accomplishments and their views of the program, and an exit survey of all graduating students.

Program description including statement and specific requirements of the program, as they will appear in the University catalog. 




Interdepartmental Degree Programs
Graduate Study

Molecular Plant Sciences – Dual Major
The interdepartmental Doctor of Philosophy dual-major degree program in Molecular Plant Sciences (MPS) is administered by the College of Natural Science. The objectives of the program are to prepare students to (1) function as independent scientists able to develop new knowledge and understanding about the molecular processes driving plant energy status, metabolism, growth, development, gene regulation, and evolution, (2) devise and test informative hypotheses and apply key molecular and omics approaches to problems in these areas, and (3) engage in planning, performing and managing independent and collaborative research and teaching.

Admission
Students admitted to the MPS program must also be admitted to a major in a degree-granting MSU department or program. Students must have a sufficient background in biology, chemistry, physics, mathematics, and/or computer science, with a minimum undergraduate grade-point average of 3.0 in relevant coursework. In special cases, an applicant who has deficiencies in background courses may be admitted to the program on a provisional basis.

Application process: The MPS application will be composed of two parts: a standard MSU application form to the primary department/program of the student’s choice and a one-page description of their interests in the MPS program. Applications will be simultaneously reviewed by MPS and the primary department/program admissions committees. Applicants suitable to both will be forwarded to the Plant Science Recruitment (PSR) director for onsite interviews. Offer letters will be co-signed by MPS and the department/program. Students already on campus may also apply to the program.

Requirements for the Dual Major in Molecular Plant Sciences (MPS)
The course requirements for Molecular Plant Sciences will be specified in a graduate handbook to be developed by the Executive Committee. Students are also required to do research rotations in three labs, attend seminars, and engage in other programmatic activities. Additional coursework will be determined in consultation with the major professor and the guidance committee as appropriate to the student’s research and learning objectives. The guidance committee will be composed of at least four faculty members, with at least two faculty members from MPS and at least two from the dual major program. Students must also satisfy the requirements of their joint program. Students in the program will have to pass a qualifying exam and write and defend a research dissertation that shows original treatment of an important scientific question.
 
Admissions requirements for this program
Students must have an appropriate background in biology, chemistry, physics, mathematics, and/or computer science with a minimum undergraduate grade-point average of 3.0 in relevant science courses. In special cases, an applicant who has deficiencies in background courses may be admitted to the program on a provisional basis.

