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A. Technical Approach (maximum of twelve pages, excluding the budget and budget narrative)
1. Problem Statement and Justification   

Photosynthesis and the need for increased crop productivity. There is an urgent need to develop highly productive, environmentally robust and sustainable energy and food production under a rapidly changing environment [1]. The increases in plant productivity seen in the “green revolution”, which focused on maximizing many of the easily modifiable plant parameters (e.g., crop architecture, plant growth cycle, harvest index) have flattened out in recent years [2], and it is proposed that future increases in productivity will require environmental robustness 
 ADDIN EN.CITE 
[3-5]
 
 ADDIN EN.CITE 
[6]
 and improvements in the efficiency 
 ADDIN EN.CITE 
[7, 8]
 of the energy storing reactions of photosynthesis. 


Photosynthesis provides the energy to generate all food on the planet. However, the realized efficiency of photosynthesis is far below its theoretical limit partly because it is inherently potentially dangerous to plants, particularly under fluctuating (rapidly changing) environmental conditions [9]. Under many circumstances, photon capture can exceed the rate at which the energy can be used, resulting in production of ROS and cell damage.  As a consequence, nearly every step in photosynthesis is highly regulated by processes that result in trade offs between efficient energy capture and the avoidance of photodamage 
 ADDIN EN.CITE 
[10, 11]
.  


Improving photosynthesis thus requires selection for multiple traits simultaneously that both increase yield, and resilience to natural, fluctuating environmental conditions. Importantly, there are large natural genetic and breeding-induced variations in the responses of photosynthesis across species and germplasm, leading to large differences in productivity in specific environments [12]. These variations may be exploited for plant improvement, provided that we can identify the genetic loci and processes controlling these traits [13]. Recent advances in genomics, genetics and breeding methodologies make possible the identification of quantitative genetic loci (QTL) responsible for desired traits as well as the introgression of desirable QTL into production lines via marker-assisted breeding to achieve improved performance, e.g. increased resistance to pests, drought tolerance etc. However, these approaches require sensitive, reproducible, high throughput detection and analyses of relevant phenotypes under appropriate conditions. This approach also requires “accuracy and communication between plant breeders, pathologists, quantitative geneticists, and support staff.” These requirements are more easily met for some qualities (e.g. germination, pest resistance) that have obvious (strong, easily measured) phenotypes, consistently expressed under the relevant conditions. More complex traits, especially yield or resilience to combinations of dynamic changes in environmental conditions, require more sophisticated approaches to phenotyping that make appropriate measurements under appropriate (local, dynamic) conditions and analyze the results to yield connections to the genome. Such tools must be high throughput (many genetic variations under many conditions), spatially resolved (e.g. to identify trends across soil types), non-invasive, highly sensitive, reproducible and highly specific (to reveal important biochemical and biophysical traits). They also need to be highly integrated so that experimental conditions and results can be shared and analyzed. 
2. Objectives

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 four 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.
Objective #2 -  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)

Objective #3 -  Establish and enable an African-USA community of networked scientists, 
extension agents, students and growers to address field-level research and 
production questions in collaboration with Kelvin Kamfwa (U. Zambia), 
Wayne Loescher (MSU) and Phil McClean (NDSU) and Stanley Nkalubo 
(NaCRRI) in Uganda. 
Objective #4 - Establish and enable an African-USA community of networked scientists.
3. Approaches and Methods
Objective #1 - Develop new and adapt existing techologies for phenotyping grain legumes. Aim 1 will have 2 sub-aims, each focused on a distinct, but complementary approach to phenotyping. 

Objective #1a - Expand Dynamic Environmental Phenotyping Imager (DEPI) technologies to track performance of grain legumes to accelerate breeding for improved photosynthetic capacity. To obtain sufficient sensitivity for high-resolution genetic mapping, the measurements must be highly reproducible, yet made at appropriate times and frequencies and performed under relevant environmental conditions. We address this using novel high-throughput plant phenotyping technology developed at MSU, including the Dynamic Environmental Phenotype Imager (DEPI) platform that captures “videos” of plant photosynthetic and growth responses to highly reproducible, yet dynamic simulated environmental conditions. Preliminary work has demonstrated that DEPI greatly accelerates high-resolution QTL mapping for traits involved in efficient and robust photosynthesis. The DEPI chamber, protocols and analyses software will be modified for use on dry legumes. In addition, we will develop on-line tools to link phenotype results with grain legume genetic markers, allowing the LIL teams to rapidly identify QTLs.

Objective #1b: Customize PhotosynQ to evaluate grain legume performance in the field.  The Kramer lab developed the open source PhotosynQ platform (www.photosynq.org) with the aim to address several challenges that currently limit the wide-scale application of techniques for phenotype-driven plant screening, selection and breeding. PhotosynQ is designed to catalyze formation of communities of researchers, extension agents and farmers with the capacity to make sophisticated georeferenced measurements in the field,  share results and analyses in order to answer important scientific and agricultural questions at both local and global scales. Participants can design experiments and engage in the experiments of others, analyze data, and discuss results via the website and mobile apps. One component of the PhotosynQ platforms is a hand-held sensor called “MultispeQ,” an inexpensive (~$100 in parts) yet sophisticated field-deployable instrument capable of measuring several key plant properties and related environmental conditions. MultispeQ is well suited for the project because it measures very specific mechanistic phenotypes related to photosynthesis including photosynthetic efficiency and rates, plant and soil respiration, photoprotection and photoinhibition, plant pigment analysis and plant architecture, as well as important environmental parameters such as location, temperature, light quality and intensity, humidity, and CO2 levels. Data from MultiSpeQ are wirelessly connected to the PhotosynQ platform so that results can be immediately shared and compared with data from complementary approaches, potentially giving us mechanistic insights into variations in bioenergy efficiency. 


We will expand the PhotosynQ and MultispeQ platforms to address the specific needs of grain legumes, including the ability to sense multiple photosynthetic components, e.g., leaf positions and light intensities in the canopy, leaf angle measurements, and light interception, nonphotochemical quenching (NPQ) and photochemical quenching. We will also develop legume- specific protocols and educational materials to allow PhotosynQ to be used in all the proposed sites.
Objective #2 - Perform 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. Aim 2 will have three approaches, two focusing on experimental methods and one on data analysis. 

Objective #2a - Bringing the farm to the lab. In this approach we will subject diversity panels to simulated yet controlled environmental conditions in DEPI chambers under simulated environmental conditions and measure growth, photosynthesis (photosynthetic efficiency, photoprotection, photodamage), leaf movements and yield. Because of limited dimensions of the current DEPI chambers, these experiments will be restricted to 1-6 weeks of growth, but we expect to observe important phenotypes relevant to early stage growth. In 2015 we will focus on testing selected lines of both common beans and cowpeas (see below) for responses to simulated environmental conditions that mimic (temperature, humidity, light intensity, soil moisture) field conditions typically observed at UC Riverside (see below) and select agricultural locations in Africa. We will measure growth, photosynthetic responses, leaf movements, pigment composition, and final biomass and grain yields to determine which combinations of parent lines and environmental conditions give the highest chances for QTL mapping. Based on these results, we will follow up in 2016 and beyond to map QTLs using more refined populations and conditions. 


In 2016, we will examine RILs identified in in the 2015 trials to generate phenotype data for QTL mapping using additional lines as needed. Results will be analyzed jointly by the Close and Kramer labs.

Objective #2b - Bringing the lab to the field. In this approach we will use the PhotosynQ platform to measure photosynthesis, leaf chlorophyll, and plant architecture under field conditions and analyze results. In 2015 we will produce the PhotosynQ instruments, develop appropriate protocols and procedures, train students and field researchers and test their utility, first under greenhouse conditions in collaboration with Kamfwa, Kelly and Loescher, and then under field conditions in preliminary field trials at MSU, NDSU, UC Riverside and finally in Zambia and Uganda (see below). 

In the second stage or research, we will take advantage of on-going field trials conducted by the Close and McClean labs and in Zambia and Uganda to test the feasibility of applying PhotosynQ to plant breeding efforts. 

At each location we will test the ability of this approach to identify QTLs associated with photosynthetic responses in diversity panels of cowpeas and common beans. To achieve this goal with minimal cost, we will take advantage of on-going field trials conducted by collaborators Close, McClean, Kamfwa, Kelly and Loescher, which compare genotype to environmental responses using traditional performance parameters, e.g., stand, canopy development (growth habit) and yield. 

This effort will be a collaboration among all involved labs and led by graduate students Isaac Dramadri (Uganda via the Kelly lab), Kelvin Kamfwa (currently at MSU, but moving to Zambia in late 2015), Samuel Lotz (USA via the Kramer lab) and Kramer lab members Greg Austic and Dan TerAvest (USA, via Kramer lab and PhotosynQ.org), as described more detail below. 

Objective #3 - Developing computational tools to handle complex phenotypic data sets. Based on preliminary work on model systems, we expect to observe variations in photosynthetic responses to both controlled and field environmental conditions. We will then employ multivariate visualization and analyses tools, developed in the Kramer and Chen labs and to be refined by Samuel Lotz, to detect the most important and robust of these. If possible, we will establish correlations between the onset of these phenotypes and effects on growth rates, seed yields and resilience to environmental challenges. Finally, we will assess the ability of approaches 1 and 2 to map QTLs using statistical correlation of the phenotypes with gene markers.

Genetic diversity panels. We will use two sets of diversity panels through our collaborators.

Common beans. Over the last few years, common bean researchers have developed a number of populations that have potential value for this project.  The USDA funded BeanCAP project developed a Middle American Diversity Panel that contains ~300 recently released cultivars.  These cultivars represent individuals from both the Durango (pinto, great northern, pink, and red market classes) and Mesoamerican (black, navy, small red) races.  The value of such a panel is that it only needs to be genotyped once and then is available for mapping of any trait using genome-wide association studies (GWAS) approaches.  That panel has already been genotyped using chip and genotype-by-sequencing (GBS) techniques, and a total of ~15,000 SNPs were discovered.  This density of marker allows researchers to map polymorphisms very near, if not in, potential candidate genes of interest.  Current GWAS analyses are on-going for agronomic, root, micronutrient, and disease resistance traits.  Given the abundant efforts already invested in this population, it is an ideal starting population for the research proposed here.  Seed for this population would be available from Dr. Phil McClean, North Dakota State University.


A second population, the Durango Diversity Panel consists of ~190 lines comprising pinto, great northern, pink, and red market classes.  This population was initially developed to study the genetic architecture of growth habit.  Because of the high drought tolerance generally observed in genotypes from race Durango, it is now being evaluated for individual response to drought.  This population is also in the process of being genotyped to ~6x coverage, and this should result in over 1 million SNPs for the population.  At this level of depth, every gene should be tagged.  This will potentially allow us to map important genetic factors into the gene itself or very close by.  This will reduce the effort required to identify candidate genes from a ~40 kb interval to the gene level, and thus we will be develop more precise estimates of the effect of a particular gene on a specific trait.  Dr. McClean will also be available to provide seed for this population.


More recently, a group of USDA bean researchers has constructed an Andean Diversity Panel.  This panel consists of ~ 400 US and African genotypes collected by the research team.  This is an evolving panel; as redundancies are observed, some genotypes are dropped from the population and substituted by others.  This population has been genotyped using chip technology, and ~6k SNPs have been identified.  It is currently being genotyped using GBS technology.  This population is currently being screened for reaction to root pathogens in Uganda and Zambia, so seed would be available for additional research using the ADP.  

Cowpeas. For cowpea, we will test the ability of DEPI and PhotosynQ to map QTL that affect photosynthetic responses in MAGIC populations generated by Close and colleagues. All of these have been genotyped with "60k" iSelect, which generates data from 49,000 SNPs. Advanced RIL populations exist from these RIL parents, the majority of which have been genotyped with the 60k iSelect. An 8-parent MAGIC population of more than 300 RILs will be available as F8-derived genotyped seed stocks. We will examine parental materials under well-watered and water-limited field conditions in Riverside, California during summer 2015, and at high temperature in a greenhouse at UCR in 2015. Depending on the necessary frequency for being physically present, field measurements at the Coachella Valley Agricultural Research Station may also be possible during summer 2015. From these results, genotypes with contrasting phenotypes will be selected for follow-up in 2016 using RIL populations.

Objective #3 - Establish and enable an African-USA community of networked scientists.

Aim 4 is described in the following section.
4.    Collaboration with Host Country Institutions

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. 

In 2015, two graduate students, Isaac Dramadri (Uganda via the Kelly lab) and Kelvin Kamfwa (U. Zambia, currently in the Kelly lab) will spend time in the Kramer Lab at MSU to learn the operation and help develop the PhotosynQ platform for local field application. During this time they will be involved in preliminary work to establish the reliability, calibration and appropriate methodologies for the field experiments. In addition they will participate in the preliminary DEPI studies and learn how to use data analysis tools with Samuel Lotz (USA, Kramer lab). 


A key goal of the proposed work is to enable our students to lead the educational efforts and disseminate both the technology, science and analysis. To achieve this, we will engage the students in the development of the technology and educational modules that describe the foundational science and practical application of the platforms and instruments. These modules will consist of text, pictures and video narrating a range of topics and will be made available on the PhotosynQ and LIL web sites. 

The educational modules will be used immediately to train students in Africa, via the internet, social networking tools of the PhotosynQ platform. In particular, we will focus initially on a group of female undergraduate and masters degree students currently enrolled in U. Zambia under the direction of Kelvin Kamfwa and in Uganda under the direction of Kennedy Muimui through the on-going BHEARD project with James Kelly.

Kelvin Kamfwa and Isaac Dramadri will travel to UC Riverside and NDSU in spring/summer of 2015 to train students/post-docs in preparation for US field trials students. Thus, the initial students in the project will both develop the educational materials and train fellow students. The hope is that this trend will continue, allowing the technology and educational efforts to accelerate independently of MSU.

In the final quarter of year 1, the students will assess the outcomes of the field trials, analyze results, develop and modify protocols and educational materials in preparation for parallel studies in the HC. 


In years 2 and 3 the students will set up a PhotosynQ hubs in their HCs, train HC students and test devices in field trials in the HCs. We will explore the possibility of using PhotosynQ as a platform for directing breeding and management practices, particularly for responses to drought and low soil nitrogen, which two major abiotic stresses that affect the productivity of common beans in many African countries including Zambia and Uganda. Generally these two stresses occur simultaneously in farmer fields. Both the Middle American and Andean panels will be evaluated for drought in replicated field trials at two locations for two seasons in Zambia and Uganda. Data on the response of both panels to terminal drought will be collected. In addition, the panels will evaluated for nitrogen fixation response to combined stresses of low nitrogen and terminal drought.
5.   Coordination with other International Grain Legume Research Programs/Projects

The program directly involves participation from several labs, not only in the Feed the Future Legume Innovation Lab, but also with the USAID Climate Resistant Cowpea Innovation Lab (with Tim Close), the USADI Climate Resistant Bean Innovation Lab (with Phil McClean), CIAT (through James Kelly). In addition, the PhotosynQ project makes a clear connection between this project and the work supported by the McKnight Foundation and the MSU Global Center for Food Safety Innovation (through the Kramer lab). The major aim of the project is to develop and disseminate cutting edge phenotyping technology to all these groups.
6.   Outputs and Timeline
Year 1 (2014-2015):
1) Construction and testing of initial MultispeQ units (Target date: March, 2015)
2) Preparation of initial instruction module for use of PhotosynQ platform (Target date: April, 2015)
3) Preparation of prototype field measurement protocols (Target date: April, 2015)
4) First runs of selected cowpea and common bean genotypes in DEPI chambers (Target date: Oct, 2015)
5) Train students from HCs in theory and use of PhotosynQ (Target date: May, 2015)
6) Develop educational modules (Target date: May, 2015)
7) Test educational modules with students from U. Zambia (Target date: June-Oct, 2015)
8) Expand PhotosynQ platform to enable LIL group interactions for both US and HC (Target date: June, 2015)participants
9) First field trials of PhotosynQ in NDSU and UC Riverside (Target date: March-Sept, 2015)
10) Comparative DEPI studies of cowpea and common bean genotypes under simulated environmental conditions (Target date: May-Oct, 2015)
11) Distribute devices to collaborators. (Target date: June, 2015)
12) Students travel to NDSU and UC Riverside for training (Target date: June, 2015)
13) Dissemination of results via the PhotosynQ web site and publications (Target date: Oct, 2015)
Year 2 (2015-2016):
14) Detailed study of selected cowpea or bean lines for phenotypes under simulated environmental conditions (Target date: Jan. - Oct, 2016)
15) Use DEPI results from outcome 12 to determine which sets of lines are most promising for QTL mapping (Target date: March-April, 2015)
16) Training for field work in Zambia (Target date: March, 2015);
17) First field trials at University of Zambia (Target date: Sept, 2015-March, 2016);
18) Assessment of field performance of PhotosynQ platform in Zambia (Target date: March-Oct, 2016).
Year 3 (2016-2017):
19) Based on assessment in outcome 16, revise MultispeQ device, protocols etc. (Target date: Nov., 2016)
20) Training for field work in Uganda (Target date: Oct, 2016)
21) Field trials in Uganda (Target date: Nov, 2016-April, 2017)
22) Continuation of field trials in Zambia (Target date: Nov, 2016-April, 2017)
23) Assessment of results from HC: Can PhotosynQ be used to map relevant QTLs? (Target date: April, 2017-Oct., 2017)
24) Detailed DEPI studies of selected panels (Target date: Nov, 2016-Aug., 2017)
25) Analysis of DEPI results and assess the capability of DEPI to identify QTLs (Target date: Aug., 2017-Oct, 2017)
7.   Capacity Building of Partner Host Country Institutions

At its heart, the project is strongly focused on capacity building. One of our key aims is to bring cutting edge phenotyping technologies and scientific exchange tools to both US and HC research teams.
1. Capacity building by distributed instrumentation: The project will produce 20 PhotosynQ units, 16 of which will be delivered to labs in Zambia and Uganda;
2. Capacity building through advanced phenotype-driven identification of QTLs for improving the efficiency and resilience of photosynthesis in grain legumes. Our results will determine if this is a viable approach to the improvement of grain legumes;
3. Capacity building by internet-enabled data and communications platform: We will develop and deliver to the community a new platform for discovering QTLs to enhance the productivity of grain legumes;
4. Capacity building through education: Another essential component of the project is to enable researchers in HC to take possession of both the technology and the educational efforts required to use it effectively. To achieve this, we plan to engage students in the process of developing and disseminating the educational materials, giving them ultimate control of the platform and process.  
5. Capacity building by establishing a community of researchers and growers through the PhotosynQ platform. 
B. Alignment with USAID Feed the Future Goals and Strategic Research Objectives 

1.  Alignment - The project contributes to the focus on Feed the Future strategic objectives by addressing several immediate critical needs and provide a foundation for future focus country-driven advances: 
· Improvement in photosynthetic performance of grain legumes; 

· The dissemination of new phenotyping tools directly to focus countries;
· Development and dissemination of educational modules to enable researchers in focus countries to use the phenotyping tools;

· Establishment of a network of researchers and growers in the focus countries to share ideas, data and analysis. 

2. Gender Equity-  
· In 2016 and 2017 project years, we will directly support the education of two women master’s degree students from U. Zambia, who will also visit MSU for training. 
· In addition, the project pursues gender equality by making the research tools (devices), data platform and educational modules available to all, but with the aim to target women researchers and growers. At least 7 of the instruments (MultiSpeQs and associated tablets and phones) transferred to Zambia will be distributed to female students and researchers. 
· We anticipate the PhotosynQ-based educational modules developed in 2015 to train 10 women students and researchers in the following years. 
3. USAID Mission Engagement-

Missions will be contacted by PI and co-PI Kamfwa prior to the field trials in Zambia. 
C. Impact Pathway Plan

Outputs:

Provide advanced scientific instrumentation for developing countries: The project will produce 20 MultispeQ instruments, 16 of which will be delivered to labs in Zambia and Uganda. Qualitatively, these instruments will immediately allow researchers in Africa to perform cutting edge research, enabling them to perform the work described in the proposal. In addition, we expect the capabilities of the instruments to enable researchers in HCs to initiate new research projects. 
Assessment: Because all data taken with the instruments is logged on the PhotosynQ web site, we will determine:

i. How many instruments remain in use after each year;
ii. Whether the instruments are being used on LIL project is;

iii. Assess the quality of the results from the instruments; 

iv. Whether the instruments are being used to initiate new projects;
v. Determine the gender balance for use of the instruments.
Capacity building by internet-enabled data and communications platform: We will develop and deliver to the community a new platform for discovering QTLs to enhance the productivity of grain legumes.
Assessment: Because PhotosynQ communications (forums, development of protocols, data sharing) are logged, we will determine:

i. How many users continue to make use of the platform after each year;

ii. Whether the platform is being used on LIL project is;

iii. Assess the utility of the interactions by requesting user feedback; 

iv. Whether the platform is being used to initiate new projects;

v. Determine the gender balance for use of the platform.
Capacity building through advanced phenotype-driven identification of QTLs for improving the efficiency and resilience of photosynthesis in grain legumes. 

Assessment: We will use standard statistical methods to determine if the controlled yet dynamic conditions of the DEPI system allow determination of photosynthesis-related QTLs. 

Capacity building through education: Another essential component of the project is to enable researchers in HC to take possession of both the technology and the educational efforts required to use it effectively. To achieve this, we plan to engage students in the process of developing and disseminating the educational materials, giving them ultimate control of the platform and process.  

Assessment: Use of educational modules will be tracked on the PhotosynQ platform, allowing us to determine:

i. How many users continue to make use of the platform after each year;

ii. What is the educational breakdown of the users of modules;

iii. Assess the utility of the material by requesting user feedback; 

iv. Determine the gender balance for use of the modules.
D. Project Budget

1. Budget

Personnel Cost
D. Kramer will lead the project and commit at least 5% of his time. He is on a 12-month appointment and does not require LIL funding.

Dan TerAvest is an expert on African Agriculture, especially in Mali, currently employed 50% time by the Kramer lab on a related McKnight project. Dan will coordinate the connections between US and HC teams, especially maintaining robust dialog and helping to develop both experimental protocols and educational modules. The LIL project will cover an additional 3 months in year 1 (needed to set up collaborations and communications) and 2 months for years 2 and 3 (needed to maintain collaborations and communications).
Robert Zegarac is the Kramer Lab’s lead engineer. He will head up the construction testing and revisions of the PhotosynQ and DEPI platforms for work on grain legumes. Funds are requested to support Robert for 2 months in the first year to support refinement and construction of the instruments.
Greg Austic is the lead researcher for the PhotosynQ platform. He will coordinate the development, deployment and training for the PhotosynQ components. Funds are requested to support Greg for 4 months in years 1, 2, and 3.
Jeffrey Cruz is the lead for the CAAPP. He will oversee the DEPI experiments. He is currently funded by CAAPP and no further funds are requested.
Samuel Lotz is a starting graduate student at MSU. He will head up the DEPI experiments. 
Equipment


No equipment is requested
Supplies
A total of $24,750 is requested for the following supplies categories.
1) General supplies including plant growth, soil, pots, electronics optics and mechanical components, software licenses, shipping costs (devices to collaborators etc) totaling $12,750. ($9,563 of supplies will support U.S. for Host Country, $3,186 of total supplies will support project research at MSU as listed above.)  
2) Manufacturing of PhotosynQ devices, including materials, computer tablets and assembly estimated at $12,000, breaking down to 40 devices at $200 each, and 40 smartphones at $100.00 each. ($9,000 of manufacturing costs towards U.S. for Host Country to assist research with devices in Zambia, 2/3 the cost of the manufactured devices, and $3,000 of manufacturing costs will be directed to remaining devices left at MSU for project research.)
Travel

$9,000 is requested to support travel of students and researchers to and from HC and 
within the US. 
1) $2000 is requested for domestic (U.S.) travel for students to visit and train collaborators and for students to visit field experiments in US. 
2) $7000 is requested to support Kelvin Kamfwa to travel to Zambia to train his students and initiate field experiments, travel of US researchers to and from Zambia, and for travel to and from Zambia conference in last year of project. 

Other Direct Costs

1) We request funds for a subcontract of $10,000 to Venturit Inc., to modify the user interface for the PhotosynQ platform for specific applications in the proposal. 
2) Additional request of funds of $6,000 for use of growth facilities for DEPI experiments, ($2000 per year).
Split between U.S. and HC institutions in total direct costs.

Funds are requested for a subaward of $60,000 for University of Zambia. This will support the visit and training of student and field efforts. In addition, we will provide the Zambia and Uganda groups with 30 PhotosynQ devices and associated computer hardware to support this and future phenotyping work. The value of these devices is approximately $9,000. 

The total financial support for HC efforts will be $172,142 or approximately 49% of the total project costs. 
Breakdown in cost share contributions (in-kind & cash) by the U.S. and Host Country institutions.

In addition to direct payments, there are three categories of in-kind support for capacity building. The support includes a subaward of $60,000 for University of Zambia. This will support the visit and training of student and field efforts in Zambia. In addition, we will provide the Zambia and Uganda groups with 30 PhotosynQ devices and associated computer hardware to support this and future phenotyping work. The value of these devices will be approximately $9,000.  Lastly, we will support training for using the PhotosynQ devices in Zambia as well as all development and construction expenses at Michigan State University for all of the devices. 
Total budgetary attribution to institutional capacity building.
The majority of the project is dedicated to institutional capacity building.
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Code and Title of Legume Innovation Lab Project: 


Improving Photosynthesis in Grain Legumes with New Plant Phenotyping Technologies
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�
Abstract: 


        Our long-term goal is to increase the productivity of Grain Legume crops in Africa by improving the robustness and efficiency of photosynthesis. The project will take a critical step towards this goal by providing proofs-of-concepts for new 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. 


The project will be a collaboration among several groups:


Tim Close (U.C. Riverside) and Phil Roberts (U.C. Riverside), Identification of photosynthesis- and heat-stress related QTLs in cowpea using the multiple advanced generation InterCross (MAGIC) technologies;


Maren Friesen (MSU, Plant Biology), Assess functional and genetic connections between photosynthesis and biological nitrogen fixation;


David Kramer (MSU), P.I., Development and application of photosynthetic phenotyping, interpretations of results. In the Kramer lab, Jeffrey Cruz will lead experiments using the DEPI system, while Greg Austic and Dan TerAvest will coordinate the PhotosynQ and HC activities;


Kelvin Kamfwa (U. Zambia), Field trials, development, training and implementation of the PhotosynQ platform in Zambia; 	


Wayne Loescher (MSU) and James Kelly (MSU), Field trials in USA and coordination with Zambian (Kennedy Muimui, ZARI) and Ugandan (through student Isaac Dramadri, supported by a BHEARD grant) partners Dr. Stanley Nkalubo at NaCRRI, Uganda and assessing drought and heat tolerance in library of common bean genotypes; 


Kennedy Muimui, (ZARI, Uganda) will coordinate efforts to establish PhotosynQ trials in Uganda;


Phil McClean (NDSU) Photosynthesis-related genes in a genome wide association (GWAS) panel of common beans, focusing especially on drought and leaf movements.


The project will support graduate students and post-docs in USA, and Host Countries (HCs) Uganda and Zambia through two complementary approaches: 


	1) Bringing the field to the lab. We will test germplasm libraries in using “Dynamic Environmental Phenotyping Imager” (DEPI) chambers developed at MSU to test our ability to identify QTLs associated with photosynthesis-related processes in cowpeas and common beans. 


	2) Bringing the lab to the field. We will develop a network of connected scientists, plant breeders and farmers using the PhotosynQ (www.photosynq.org) platform to test its utility for improving crops and management practices. HC students will help develop PhotosynQ for application in HC, train both HC and US partners in their use and test them under field conditions in HC.
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�
Summary Checklist (select as many as appropriate) �
�
 �
Project involves the use of proprietary transgenes or the generation of genetically modified organisms (GMOs)�
�
 �
Project involves human subjects and requires approval �
�
 �
Project involves animal use and requires approval �
�
�
Project involves the use of agricultural pesticides and requires a Pesticide Evaluation and Safe Use Action Plan�
�
�
Project involves M.S. or Ph.D. degree training of HC personnel at a U.S. university (How many?) ______ �
�
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