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Wayne Loescher, MSU
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Tim Close, U.C. Riverside

Phil Roberts, U.C. Riverside
Maren Friesen, MSU, Plant Biology

I. Project Problem Statement and Justification: 
To avert food shortages and feed its growing population, there is critical need for increasing the productivity of grain legumes in Zambia, which ranks 164 out of 184 countries in the Human Poverty Index. Grain legumes are important crops in Zambia constituting both critical sources of protein and income. Bean production is constrained by its low inherent photosynthetic efficiency which is highly sensitive to abiotic and biotic stresses, including diseases, pests, low soil fertility hear and drought. 

To achieve major gains in yield, we need to improve both the robustness and the efficiency of photosynthesis. This is a complex problem requiring the combined application of advanced genomics and high throughput phenotyping approaches. We will take a critical step in this direction by establishing a base of phenotyping technologies and advanced genetics and genomics approaches to identify quantitative trait loci (QTLs) that condition more efficient and robust photosynthesis and productivity in cowpea and common beans. We will also test the ability of a newly developed research platform, PhotosynQ, to enable researchers and farmers to conduct plant phenotyping experiments, analyze data and share results, and thus allow improvements in breeding and management on local to global scales. 

Our approach is to harness two new phenotyping technologies, the Dynamic Environmental Phenotyping Imager (DEPI) and the PhotosynQ platform, a field-deployable network of handheld sensors (MultiSpeQ) and associated on-line communication and analysis tools.
II.   Project Activities for the Workplan Period (October 1, 2014 – September 30, 2015)

The goals of the proposed research are to assess the possibilities of 1) accelerating breeding efforts to improve grain legumes using two innovative technologies for high-resolution, high-throughput phenotyping and 2) integrating these tools into a region-led, multi-national effort to improve grain legumes for agricultural production in Africa. The proposed project addresses several challenges that currently limit the application of these techniques for phenotype-driven plant screening, selection and engineering for agriculture in Africa, including the cost of the instrumentation, the availability of networks to share and analyze results and computational tools to usefully interpret phenotypic measurements in terms of genetic variations in yield and robustness. Advances in Internet communications, rapid prototyping and manufacturing, basic and applied science (including genetics, genomics, biological spectroscopy and data mining) are providing opportunities for professional and citizen scientists everywhere to “leapfrog” old technological impediments and take leading roles in improving local crops. Furthermore, a dramatic drop in price and increase in accuracy of sensors means that tools to measure soil, seed, and plant health do not have to be prohibitively expensive for anyone, anywhere.


There are three major Objectives, all of which should enhance the research institutional capacity. 

Objective 1: Develop and evaluate innovative new technologies (DEPI and PhotosynQ) for improvement of grain legumes both under controlled yet dynamic and field conditions.

Collaborators:  

Greg Austic (MSU)
Dan TerAvest (MSU)
Robert Zegarac (MSU)
Kelvin Kamfwa (MSU/U. Zambia)

Wayne Loescher (MSU)

James Kelly (MSU)

Phil McClean (NDSU)

Stanley Nkalubo (NaCRRI, Uganda).

Approaches and Methods:


In the Oct. 2014- Sept 2015 work year, we will focus on establishing the basic technologies, training students and performing the first proofs of concept experiments. 

1) Construction and testing of first 15 PhotosynQ MultispeQ units.We are currently building “locked beta” units of the PhotosynQ multspec device. We will construct and test 15 of these devices configured for the current project.
2) Preparation of instruction modules for use of PhotosynQ platform. 
3) Preparation of prototype field measurement protocols

Objective 2) Test Identification of QTLs.

We will employ these technologies in proof-of-concept projects to identify QTLs in cowpea and common beans that modulate the efficiency of photosynthesis and its responses to changing environmental conditions in collaboration with Professor Tim Close (U.C. Riverside, Identification of photosynthesis- and heat-stress related QTLs in cowpea using the multiple advanced generation InterCross (MAGIC) approach), Professor Phil McClean (NDSU, photosynthesis-related genes in a genome wide association (GWAS) panel of common beans) and Professor Maren Friesen (MSU, Plant Biology, Assessing the ability of DEPI and PhotosynQ to probe differences in biological nitrogen fixation and plant-microbe interactions)

Collaborators:  

Phil McClean (NDSU)

Tim Close (U.C. Riverside) and 

Phil Roberts (U.C. Riverside)
Phil McClean (NDSU)

Maren Friesen (MSU, Plant Biology)
Approaches and Methods: 

In the 2014-2015 work year, we will focus on determining which lines and conditions give promising results using the DEPI platform.
1) Test selected cowpea MAGIC parent lines under environmental conditions expected to occur in Zambia and in two sites in the U.S.
2) Test a selected population of common bean GWAS genotypes 
3) Test the ability of DEPI to probe interactions of beans and cowpeas with soil microbes.

4) Use established statistical methods to assess which conditions and genetic populations are likely to yield strong results for the next years work.
Objective 3) Increase the capacity, effectiveness and sustainability of agriculture research institutions which serve the bean and cowpea sectors in the target FTF countries by establishing an African-USA community of networked scientists, extension agents, students and growers to address field-level research and production questions.

A major goal of this aim is to test the feasibility of using PhotosynQ to enhance local efforts to improve grain legume productivity. To achieve this, the project will integrate our HC collaborators at each stage, enable them to train and lead collaborators in both US and HC sites, and test the utility of the platform in the HC.
Collaborators:  

Kelvin Kamfwa (U. Zambia)

Wayne Loescher (MSU)

Phil McClean (NDSU)

Stanley Nkalubo (NaCRRI, Uganda).

Approaches and Methods:

1) Training on the PhotosynQ Platform. In 2015, two graduate students—Isaac Dramadri (from Uganda, currently in the the Kelly lab at MSU), and Kelvin Kamfwa (from Zambia, Uganda currently in the the Kelly lab at MSU), will learn the operation, theory and use of the PhotosynQ platform for local field application. 
2) Establish the reliability, calibration and appropriate methodologies for the field experiments in greenhouses and fields at MSU. The student team will be immediately supervised by Greg Austic, Dan TerAvest and Jeffrey Cruz (USA, Kramer lab). 

3) Train collaborators at UC Riverside and NDSU. Students Dramadri and Kamfwa will travel to UC Riverside or NDSU to train researchers in the use of the PhotosynQ device.
III.  Contribution of Project to USAID Feed the Future Performance Indicators:

The “Performance Indicators – Targets” forms for each country have been completed for the project for FY 2015 following FTF guidelines. 
IV.  Outputs: 

(Identify specific technical outputs that will result from this project during the 12 month period of the Workplan. Please be reminded that outputs from research activities are frequently not ”finished” technologies but research achievements (I.e., evidence for a new resistance gene, discovery of a molecular marker, etc.) that give evidence of technical progress toward the project’s objectives. Success in achieving projected outputs will be a basis for assessing project productivity and performance by the Management Office and the Technical Management Advisory Committee at the end of each fiscal year. It is therefore critical that thought be given to clearly defining these outputs.)
1) Construction and testing of first 15 PhotosynQ MultispeQ units.

2) Two instruction modules for use of PhotosynQ platform. 

3) Development of a prototype field measurement protocols

4) Assessment of cowpea and common bean genotypes in DEPI chambers

5) Training of two graduate students 

6) Short-term training via the PhotosynQ platform of 5-10 undergraduates and masters students. 

V.  Engagement of USAID Field Mission(s)

The current stage of work will set up the foundations for direct interactions with regional missions. 
VI.  Partnering and Networking Activities:

1) Establishment of interactions by education and short-term research visits.

2) Development of training modules that will allow HC researchers and students to use the PhotosynQ platform.
3) Establishment of links through the PhotosynQ platform. A key component of the PhotosynQ platform is the interactive data and project sharing. The training and technology transfer described in the project will enable researchers both in US and HCs to communicate and share results. 
VII.  Leveraged Resources:

The project makes direct use of expertise, technology and on-going research experiments in USAID, McKnight and USDOE-funded projects. This leveraging of resources will allow us to perform the proposed work for very low cost. The leveraged resources include the following: 
1) The MultispeQ sensor is being developed under three projects. The basic technology was developed under a grant from the U.S. Department of Energy. The initial MultiSpec sensor for the platform is being developed under a grant from the McKnight Foundation “MultispeQ: A Deployable Sensor for the PhotosynQ Network to Enable Critical Plant, Soil and Seed Measurements for African Breeders and Extension Agents”. In addition the social networking aspects of the PhotosynQ platform are being developed under a grant from USAID through the MSU Global Center for Food Safely Innovations.
2) MAGIC and GWAS populations and on-going field trials by Tim Close, Phil Roberts and Phil McClean are supported by grants from USAID.
VIII. Timeline for Achievement of Milestones of Technical Progress:
(Complete the "Milestones for Technical Progress” form for the FY 2015 workplan period. These milestones of progress should be viewed as specific “benchmarks” toward achievement of research, outreach and institutional capacity building objectives by the respective participating institutions, plus be considered as specific “deliverables” for incremental payments under Fixed Term Contracts with sub-subcontracted institutions in the project. Please be reminded to include ‘milestones” from the FY 2013-14 performance period that PIs don’t anticipate will be completed. The expectation is that these activities will be completed during FY 2015 or that the Workplan will present a case for a change.  Success in achieving milestones will also be reported at the end of each fiscal year and be a criterion for evaluation of project performance by the TMAC and USAID. It is therefore important that the milestones be clearly identified (in terms of its size/scale/scope and target location), quantitative (to the extent possible), logistically feasible, and with the responsible institution(s) identified for completing the Milestones.)

Appendix 1:   Workplan for Training and Capacity Strengthening (FY 2015
   Degree Training: 

The project will contribute to the training of the following:

Degree Training:

First and Other Given Names: Kelvin

Last Name: Kamfwa

Citizenship: Zambian

Gender: M

Training Institution: MSU

Supervising Legume Innovation Lab PI: James D. Kelly

Degree Program for training: Doctorate

Program Areas or Discipline: Plant Breeding, Genetics and Biotechnology

If enrolled at a US university, will Trainee be a “Participant Trainee” as defined by USAID? Yes

Host Country Institution to Benefit from Training: University of Zambia

Thesis Title/ Research Area: Genetic dissection of biological nitrogen fixation in common bean

using genome-wide association analysis and linkage mapping.

Start Date: August 2008

Projected Completion Date: September 2014

Training Status: Active

Type of Legume Innovation Lab Support (full, partial or indirect): Full
Degree Training:

First and Other Given Names: Isaac

Last Name: Dramadri

Citizenship: Uganda

Gender: M

Training Institution: MSU

Supervising Legume Innovation Lab PI: James D. Kelly and Wayne Loescher

Degree Program for training: Doctorate

Program Areas or Discipline: Plant Breeding, Genetics and Biotechnology

If enrolled at a US university, will Trainee be a “Participant Trainee” as defined by USAID? Yes

Host Country Institution to Benefit from Training: MSU/U. Zambia
Thesis Title/ Research Area: Physiological studies on drought tolerance in Andean beans.

Start Date: August 2013 on Legume Innovation Funding

Projected Completion Date: September 2017

Training Status: BHEARD Fellowship from USAID Mission, Kampala.

Type of Legume Innovation Lab Support (full, partial or indirect): Indirect – research support
Degree Training:

First and Other Given Names: Samuel
Last Name: Lotz
Citizenship: USA
Gender: M

Training Institution: MSU

Supervising Legume Innovation Lab PI: David M. Kramer 
Degree Program for training: Doctorate

Program Areas or Discipline: Plant Molecular Biology and Bioinformatics

If enrolled at a US university, will Trainee be a “Participant Trainee” as defined by USAID? No
Host Country Institution to Benefit from Training: MSU

Thesis Title/ Research Area: Physiological studies on drought tolerance in Andean beans.

Start Date: Jan., 2015 on Legume Innovation Funding

Projected Completion Date: September 2018
Training Status: First year graduate student
Type of Legume Innovation Lab Support (full, partial or indirect): full
      Short-term Training: 

Type of training: Training of researchers in use of PhotosynQ platform
Description of training activity: There will be four levels (or phases) of training: 1) In the first phase, students will be trained at MSU in the basic science and technology behind photosynthesis measurements, the PhotosynQ and DEPI platforms, as well as the use of these technologies for assessing plat health and mapping genetic bases of phenotypes. 
2) In phase 2, these students will develop educational modules that will allow them to transfer this knowledge to students and researchers in US and HC. These will immediately be useful for distance (internet) based training in U. of Zambia. We will focus on both undergraduate and masters students in the XXX program at U. Zambia under the direction of Kelvin Kamfwa. Special efforts will be made to ensure that this aspect of training will be gender balanced, especially focusing on a pool of 5-10 female students currently enrolled in the program. 
3) Students will travel to NDSU and US Riverside to train researchers in the use of the technology.
4) In the next year’s work, HC students will train researchers and students in their respective HCs.

Location: MSU, NDSU, UC Riverside, Zambia, Uganda.
Duration: 9 months
When will it occur? From Jan, 2015 through Sept, 2015
Participants/Beneficiaries of Training Activity: 

The on-site training at MSU will immediately benefit students Kelvin Kamfwa, Issac Dramadri and Sam Lotz. 

The second-level training will benefit up to 20 undergraduate and masters students at U. Zambia.

Anticipated numbers of Beneficiaries (male and female) 10 male and 10 female students
PI/Collaborator responsible for this training activity: D. Kramer and Kelvin Kamfwa.
List other funding sources that will be sought (if any): We plan to seek funding from NSF or Gates Foundation to establish a network of educators around the world to make educational modules for the PhotosynQ platform. Each of these modules will target a different audience (region, education level) and topic (scientific or technological focus or issues). The current project will be a model for these efforts.
Training justification
Training is at the heart of the project, as it aims to bring new technologies for plant breeding to the world.
      Equipment (costing >$5,000): None
