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Code and Title of Legume Innovation Lab Project:  
S01.A4 Development and implementation of robust molecular markers and genetic improvement of common and 
tepary beans to increase grain legume production in Central America, Haiti and Tanzania. 

Name and Institutional Affiliation of the U.S. Lead Principal Investigator:  
James Beaver – Univ. of Puerto Rico     

Abstract  (Limit: 1800 characters including spaces—about 200-250 words):  

  

This Legume Innovation Lab project brings together host country and U.S. scientists with a range of experience using 

traditional and molecular plant breeding techniques, promising bean breeding lines and germplasm and the capacity to 

provide the training needed to contribute to the goals of the U.S. Government’s global hunger and food security initiative  

(Feed the Future). The primary output of this project will be the development, release and dissemination of common 

bean cultivars in Central America, Haiti and Tanzania with enhanced disease/pest resistance and greater tolerance to 

abiotic stress. Drought and heat tolerant tepary beans will bred for improved seed and agronomic traits and greater 

disease resistance. The next generation of breeder-friendly molecular markers linked with pathogen resistance genes 

will be developed. This should improve the efficiency and effectiveness of selection for traits of economic importance. 

Graduate and undergraduate training will be supported by the project to address the need to strengthen bean research 

programs in the target countries. In-service training and workshops will be sponsored to improve the quality and 

reliability of field research and to permit target country breeding programs to take advantage of molecular tools to 

increase efficiency of selection of traits of economic importance. 

 

 

 

 

 

 

 

 

Summary Checklist (select as many as appropriate)  
 No Project involves the use of proprietary transgenes or the generation of genetically modified organisms (GMOs) 

 No Project involves human subjects and requires approval  

 No Project involves animal use and requires approval  

Yes Project involves the use of agricultural pesticides and requires a Pesticide Evaluation and Safe Use Action Plan 

Yes Project involves M.S. or Ph.D. degree training of HC personnel at a U.S. university (How many?) 4  
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A. Technical Approach  
 
1. Problem Statement and Justification    

 

This Legume Innovation Lab project brings together host country and U.S. scientists with a range of 
experience using traditional and molecular plant breeding techniques, promising bean breeding lines 
and germplasm, and the capacity to provide the training needed to contribute to goals of the U.S. 
Government’s global hunger and food security initiative (Feed the Future). Guatemala, Haiti, 
Honduras and Tanzania are priority focus countries for the Feed the Future program. The principal 
objective of this project is the development and release of bean cultivars in the target countries that 
have enhanced disease and pest resistance and/or greater tolerance to abiotic stress. This 
contributes to the FTF research themes of enhancing the productivity and improving the nutrient 
use efficiency of grain legumes. Increased availability of beans should also improve nutrition in the 
target countries. The development of breeder-friendly molecular markers should help to improve 
the efficiency and effectiveness of selection of desired traits. Formal training activities will increase 
the potential number of bean researchers in Central America, the Caribbean and East Africa. 
Informal training activities are designed to permit bean research programs in target countries to use 
molecular tools for genetic improvement and to improve the reliability and quality of research 
results. 
 
During the past 30 years, most of the growth in bean production in Central America was due to an 
increase in the area of production in the lowlands (< 1000 m). Greater heat tolerance combined with 
resistance to BGYMV permitted increased bean production in El Salvador. Bean production in 
Guatemala and Nicaragua has expanded into more humid lowland regions whereas a significant 
portion of the beans in Haiti continues to be produced in the lowlands. Bean production in Africa 
could be expanded if lines with better lowland adaptation were developed. This Legume Innovation 
Laboratory project will address several of the biotic and abiotic constraints often encountered by 
bean producers in the tropical lowlands. 
 
Andean bean breeding lines developed by Dr. Paul Kusolwa at Sokoine University of Agriculture have 
a unique combination of traits that confer a high level of resistance to bruchids. These breeding lines 
include the arcelin 2 seed protein from common beans, the null phaseolin trait from scarlet runner 
bean (P. coccineus) and the APA locus derived from tepary bean (P. acutifolius). The bruchid resistant 
breeding lines will be used as progenitors to introgress this resistance into black, small red and white 
beans that have resistance to BCMV, BCMNV and BGYM. Regional performance trials will be 
conducted in Central America and the Caribbean to measure the durability of the resistance when 
exposed to different genera and ecotypes of bruchids. 
 
BCMNV threatens bean production in warmer bean production regions of Africa. The emergence of 
BCMNV in the Caribbean made the selection for resistance to this virus a priority breeding objective 
in Haiti, the Dominican Republic and Puerto Rico. Collaborative research supported by the 
Bean/Cowpea and Pulse CRSP resulted in the development and release of black bean lines such as 
DPC-40, XRAV-40-4 and MEN-2201-64ML that combine resistance to BCMNV and BGYMV. Small red 
bean breeding lines with the same combination of resistances are currently being developed at 
Zamorano, Honduras. These BGYMV and BCMNV resistant black and small red bean lines are 
available in the event that BCMNV emerges as a threat to bean production in Central America. The 
availability of small red bean breeding lines with BCMNV resistance will permit the evaluation of the 
performance of this seed type in Tanzania where red beans are consumed. These field trials will 
provide an appraisal of the potential benefit of Middle American bean production in the lowlands of 
Eastern Africa. Compared with Andean beans, small red and black beans tend to have greater yield 
potential and heat tolerance. Middle American beans may also have greater resistance to pathogens 
in Africa, since these pathogens have co-evolved with Andean beans.    
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Increased resistance to common bacterial blight and web blight is needed for beans produced in 
warm and humid lowland regions such as the Petén in Guatemala. This combination of resistances 
may also permit increased production of beans in Central America during the first growing season 
when rainfall is more abundant and reliable. 
 
The previous Dry Grain Pulse CRSP project (UPR-1) developed Middle American and Andean bean 
breeding lines adapted to the lowland tropics and different combinations of resistance to diseases 
(common bacterial blight, rust, angular leaf spot, web blight and root rot) and tolerance to edaphic 
constraints (low N soils, high temperature). During the next five years, the Legume Innovation Lab 
project will use these elite breeding lines as the base for the continued improvement of beans for 
our target countries. In a previous Pulse CRSP project, Dr. Phil Miklas developed Andean bean 
breeding lines with resistance to BCMNV and anthracnose that should be useful to both Legume 
Innovation Lab breeding projects. 
 
Several improved black and small red bean germplasm lines and cultivars are expected to be 
released in Central America and the Caribbean during the next five years. This Legume Innovation 
Lab project will continue, in collaboration with CIAT, to support bean research network activities in 
Central America and the Caribbean. Collaborative activities such as the regional performance 
nurseries help  extend the impact of this project through the release of improved cultivars 
throughout the region. The project will use a similar approach in Tanzania through collaboration 
with the Ministry of Agriculture bean research program and CIAT.  
 
During the next five years, the project plans to release in Haiti red mottled, yellow and white bean 
cultivars with enhanced levels of disease resistance. These seed types are produced in regions in 
Haiti where the CRSP projects have had less impact. This effort is consistent with the FTF 2011-2015 
multi-year strategy in Haiti to increase the production of staples such as beans to increase food 
security. Yellow, red mottled and white bean breeding lines having BCMNV resistance will also be 
tested in Tanzania.  
 
The project will continue to screen germplasm to identify additional sources of resistance to diseases 
that limit bean production in Central America, the Caribbean and Eastern Africa. For example, more 
resistance to ashy stem blight, caused by Macrophomina phaseolina, is needed to improve 
adaptation to hot and dry environments whereas greater resistance to web blight, caused by 
Rhizoctonia solani, is required to increase yield and seed quality of beans produced in more humid 
environments. Project personnel have the expertise and experience needed to reliably phenotype 
the Andean and Middle American Diversity Panels for traits of economic importance. This should 
contribute to the identification of new sources of resistance. 
 
There are regions and/or growing seasons in Central America, Haiti and Tanzania that are too hot 
and/or dry to produce common beans. The tepary bean (P. acutifolius) is an alternative grain legume 
with promising potential for these stressful environments. In fact, farmers on the Pacific coast of 
Central America and some countries of Africa already produce tepary beans on a limited scale. In 
addition to heat and drought tolerance, tepary bean lines with high levels of resistance to common 
bacterial blight, bruchids and other important traits have been identified. Resistance to BCMV, 
BGYMV, larger seed size and improved agronomic traits, would increase the potential adoption of 
tepary beans. Interspecific crosses with common beans could be used to introgress these traits into 
tepary beans. This would represent the first systematic attempt to genetically improve tepary beans. 
 
Bean breeders were early adopters of marker-assisted selection to identify lines with desired 
combinations of traits. This has resulted in increased efficiency in the development of improved 
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breeding lines. There are, however, molecular markers available for a limited number of traits. 
Others, such as the SAP-6 SCAR marker, are only effective in a specific gene pool. Therefore, there is 
a need to develop new or more robust markers, particularly for traits of economic importance to 
bean breeding programs in the tropics. Recent advances by the BeanCAP project led by North 
Dakota State University in sequencing the bean genome and the development of a SNP array will 
facilitate the mapping and development of molecular markers for traits of economic importance, 
while breeder-friendly indel markers are a broadly applicable technology that is now available. The 
availability of phenotypic data in appropriate populations is a major factor limiting the development 
of these markers. This Legume Innovation Lab will assist this effort through the development of the 
populations and information needed to identify improved markers for traits such as the Ur-11 gene 
for rust resistance. 

 
 

2. Objectives 
 
       Objective 1: Genetic improvement of common and tepary beans for Central America, Haiti   
                                      and Tanzania. 
 

Objective 1a:  Genetic improvement of common beans for the lowlands of Central  
                          America, Haiti and Tanzania. 
Objective 1b:  Improve agronomic traits and disease resistance of climate resilient  
                          tepary bean. 

 
Objective 2: Develop and implement robust molecular markers for disease and resistance  
                       genes. 
Objective 3: Institutional capacity building 

 
 

3. Approaches and Methods 
 

Conventional plant breeding techniques and marker-assisted selection will be used by Legume 
Innovation Lab scientists to develop common bean cultivars and breeding lines with enhanced levels 
of disease resistance and greater tolerance to abiotic stresses. Plant breeders will focus on the most 
important biotic and abiotic constraints in lowland (< 1000 m) bean production regions in Central 
America, Haiti and Tanzania.  
 
Bruchid resistant bean breeding lines developed by Dr. Kusolwa at Sokoine University of Agriculture 
will be used to introgress resistance to this pest into commercial seed types (black, small red, red 
mottled, light red kidney and yellow) produced in the target countries. A laboratory screening 
technique, developed at the University of Puerto Rico will be used to evaluate the resistance of bean 
breeding lines. Molecular markers will also be used to identify lines having traits (null phaseolin, 
arcelin 2 and APA locus) associated with bruchid resistance. An additional breeding objective is to 
combine bruchid and virus (BCMV, BCMNV and BGYMV) resistance. Considerable progress has been 
made toward the development of black beans that combine bruchid and virus resistance. Bruchid 
resistant Andean bean lines with BCMV and BCMNV (I + bc-12) resistance have been developed. 
Lines selected in Tanzania and/or Puerto Rico for bruchid resistance will be tested in Central America 
and Haiti to evaluate the durability of resistance when exposed to different ecotypes of 
Acanthoscelides obtectus and other genera (Zabrotes subfasciatus) of bruchids.   
 
Legume Innovation Lab plant breeders will assist bean research programs in Guatemala and Haiti to 
develop the capacity to produce populations and test breeding lines for release as improved bean 
cultivars. This will contribute to the long-term sustainability of bean breeding activities in the region.  
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Zamorano will coordinate the regional testing of small red and black bean breeding lines in Central 
America and the Caribbean. These trials will be conducted in collaboration with national bean 
research programs and CIAT. Promising lines will be tested throughout Central America and the 
Caribbean, including countries that are not participating in this Legume Innovation Lab project. 
Testing lines in different countries provides more information concerning the potential performance 
of the lines across diverse environments and expands the potential impact of the research supported 
by the Legume Innovation Lab. In addition to yield trials, field trials will be conducted to screen bean 
lines for resistance to different diseases such as angular leaf spot and web blight. Test sites will be 
chosen that are expected to produce the most reliable results for screening for specific traits. 
 
BCMNV resistance small red, white and red mottled bean lines from Zamorano and the UPR will be 
tested in Tanzania. Results from these field trials will provide valuable information concerning the 
potential value of Middle American beans in Eastern Africa.  
 
The Middle American and Andean Diversity panels will be screened in Central America, the 
Caribbean and Tanzania for specific traits. This is crucial not only for the identification of new 
sources of gene resistance, but also for mapping purposes using Genome-Wide Association Mapping 
(GWAS) tools.  For example, the Andean Diversity Panel will be screened in Haiti for reaction to 
powdery mildew and Honduras for angular leaf spot. Performance of the Middle American Diversity 
Panel will be screened for performance in low N environments in Central America, the Caribbean 
and Tanzania. The Middle American Diversity Panel will be screened in Puerto Rico for resistance to 
ashy stem blight.  Durango race bean lines in the Middle American Diversity Panel will be evaluated 
for potential production in Tanzania. Durango beans will be bred for increased seed size in desired 
market classes and resistance to the most important diseases including BCMNV, anthracnose 
angular leaf spot and ashy stem blight.  
 
Although disease resistance is the primary focus of this Legume Innovation Lab project, the 
performance of bean breeding lines will be evaluated in low fertility soils. Honduras has an ideal site 
for the evaluation of lines for adaptation to low P soils whereas Puerto Rico has good locations for 
screening beans for performance in a low N soils and for root rot resistance. Morogoro, in the 
eastern part of Tanzania, and Mbozi, in the southern part of Tanzania, are also good sites for 
screening for low N. These sites will be used to evaluate the performance of bean breeding lines 
derived from recurrent selection for increased BNF and/or selected for greater nitrogen use 
efficiency. These sites will be inoculated with efficient Rhizobium strains to allow indirect selection 
for enhanced biological nitrogen fixation.  
 
Specific research activities for objective 1a: 
 
Central America 

-   Develop, test and release black and small red bean breeding lines for the lowlands that combine 
disease and pest resistance with greater tolerance to abiotic stress. 

-   Coordinate the regional testing of small red and black bean breeding lines in the lowlands of 
Central America and Haiti. 

-   Utilize recurrent selection to develop bean populations for better adaptation to low N soils and 
greater resistance to web blight. 

-   Test available germplasm and improved tepary bean breeding lines. 
-   Screen the Middle American Diversity Panel (MDP) for traits of economic importance. 
-   Initiate the development of bean breeding populations in Guatemala with the goal of releasing a 

locally-produced cultivar by the end of the five-year extension period.  
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Haiti 

-   Test and release black and Andean bean breeding lines that combine disease and pest resistance 
with greater tolerance to abiotic stress. 

-   Test improved tepary and photoperiod insensitive Lima bean lines. 
-   Study the potential benefit of thicker pod walls in common bean to prevent seed germination 

during periods of wet weather during the harvest. 
-   Initiate the development of bean breeding populations in Haiti with the goal of releasing a locally-

produced cultivar by the end of the five-year extension period.   
-   Strengthen collaboration between the NSS and NGOs in Haiti for on-farm testing of improved 

bean breeding lines (black, white, yellow and red mottled) 
-   Screen the Andean Diversity Panel (ADP) in Haiti for resistance to powdery mildew to identify new 

sources of resistance and to use association mapping to identify molecular markers for resistance. 

Tanzania 

-    Test the performance of elite small red, white, yellow and red mottled bean breeding lines from 
Central America and the Caribbean. 

-    Test the performance of improved tepary bean lines. 
-    Evaluate Durango bean lines and the Middle American Diversity Panel for yield, adaptation and 

other traits of economic importance in Tanzania, such as low N soils.  
-    Screen bean lines and populations derived from recurrent selection for adaptation to low N soils. 
 
Puerto Rico (UPR and USDA/ARS/TARS) 

-   Develop, test and release Andean and Middle American bean breeding lines that combine disease 
and pest resistance with greater tolerance to abiotic stress. 

-    In collaboration with the MSU breeding project, screen bean breeding lines and genetic 
populations for BNF traits. 

-    Screen the Middle American Diversity Panel for resistance to ashy stem blight and performance in 
low N soils.  

-    Screen bean lines and populations derived from recurrent selection for root rot resistance and 
adaptation to low N. 

-    Coordinate Andean bean line performance trials for the Caribbean and Tanzania 
 
Objective 1b:  Improve agronomic traits and disease resistance of climate resilient tepary bean. 
 

Although tepary bean has high levels of abiotic stress tolerance, it is susceptible to viruses such as 
BGYMV, BCMV, and BCMNV. In order to expand the potential use of tepary bean in abiotic stress 
prone regions, a primary focus of this project will be to introgress virus resistance from common 
bean into tepary bean. By project end (FY17) we expect to have tepary breeding lines with virus 
resistance that will be available for pyramiding of virus resistance loci in future efforts. 

A tepary breeding program was initiated at USDA-ARS-TARS in 2008. Advanced breeding lines 
developed from these previous breeding efforts will be increased and shared with the collaborators 
for testing in Tepary Adaptation Trials (TAT).  

New tepary F4 lines will be generated from crosses between promising large and round seeded 
genotypes from the CIAT collection and breeding lines selected for disease and abiotic stress 
tolerance. Using leveraged funds, these materials will be initially tested through a shuttle breeding 
program with M. Brick at Colorado State University. This effort will focus on seed size/shape, 
drought and heat tolerance, and CBB and bruchid resistance in PR; and on photoperiod insensitivity, 
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broad adaptation, rust resistance, and yield in Colorado. Superior lines will then be tested in the host 
countries for potential future release. In order to speed the breeding progress with tepary and to 
advance genetic analysis, common bean Indel markers will be tested in tepary to evaluate their 
potential use.  Additional sources of disease resistance will be evaluated using the CIAT tepary bean 
collection (about 250 accessions). These accessions will be evaluated for CBB and BCMV. 

Breeding and introgression of BGYMV Res., I and bc3 into tepary (Pa) /common bean (Pv) hybrids 

-    Based on previous Pa x Pv crossing efforts, effective Pv and Pa parents (e.g. Pv ‘Beniquez’ with all 
4 virus genes) will be selected for hybridization during FY13-14. 

-   F1 Pv x Pa hybrids will be completed during FY14 from crosses between selected parents above at 
ARS-TARS. 

-   Embryo rescue will be initiated from the BC1F1 generation material in FY14-15. 
-   Tepary adaptation trials, and shuttle breeding for increased seed size will be initiated in FY14. 

Determine potential use of Pv Indels for tepary genetic analysis and mapping 

-   A small subset representing Tepary genetic diversity will be assembled at USDA-ARS-TARS and 
sent to NDSU. 

-   NDSU will evaluate a subset of the 3,000 Pv indels on the Pa germplasm to evaluate their potential 
use. 

Characterize CIAT tepary bean collection for BCMV and CBB resistance 

-   The CIAT tepary bean germplasm collection (~250 lines) will be evaluated for CBB (FY13), 
adaptation (FY14) at USDA-ARS-TARS using leveraged ARS-FTF funds. 

-   The CIAT tepary bean germplasm collection (~250 lines) will be evaluated for NL3 response at  
UPRM (FY13) using leveraged ARS-FTF funds. 

Objective 2: Develop and implement robust molecular markers for disease and resistance genes. 
 
This project will leverage the results from the BeanCAP and the USDA/DOE/JGI common bean 
sequencing project.  The BeanCAP project (www.beancap.org) developed a suite of ~3000 indel 
markers distributed across all common bean chromosomes.  These markers are codominant and 
designed to be functional with a single experimental condition (protocol).  The power of these 
markers is that they are completely portable in all laboratories and are amenable to multiplexing. 
Thus, it easy to design suites of markers of interest for concurrent analysis.  Multiplexing reduces the 
cost of genotyping an individual plant line.  The release of the common bean whole genome 
sequence allows for precise location of each of these markers.  The final key element that facilitates 
this project is the development over the last fifteen years of markers that are linked from 0-5 cM 
from important target disease genes.  While useful, there has been some difficulty in the portability 
of these markers. They all have unique experimental conditions that preclude multiplexing, and 5% 
recombination reduces effectiveness. 
   

Identify genetic materials for marker evaluation 

 

Potential targets include: 

-   Bean golden yellow mosaic virus resistance genes and QTL (bgm, SW12, Bgp)  

-   Bruchid resistance genes  

-   BCMV and BCMNV (I, bc-3, bc-12)  

-   Bean rust (Ur-4, Ur-5, Ur-11).   

 

http://www.beancap.org/
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For each of these targets, we will adopt the same procedure.  First, we will search the published 
literature and communicate personally with breeders, geneticists, and pathologists in both Legume 
innovation Lab projects to identify genetic materials with contrasting phenotypes (resistance, 
susceptibility) for the specific disease.  These could be genetic populations or a collection of lines 
with known phenotype.   
 

Development of Indel markers 

 

-   DNA will be isolated from genetic populations or collections of lines with known phenotypes.   
-   The physical locations of target genes or markers will be identified using sequence information 

and the common bean genome sequence. If the sequence information is poor or unavailable, the 

specific marker will be cloned and sequenced.   

-   Indel marker selection: Once the location of the marker is determined, it will then be compared to 

the indel database to discover 30 indel markers that straddle the physical location of the marker.  

Those indel markers will be used in PCR amplification to determine which one acts as a definitive 

marker that is unambiguous in its predictive power.  If several markers have equal predictive 

power, then the one that will best work as a multiplexing marker will be selected. Legume 

Innovation Lab bean breeding programs in Guatemala, Honduras, Ecuador, Tanzania and Uganda 

have the facilities and technical expertise needed to immediately adopt the use of indels for 

marker-assisted selection. 

 

Objective 3: Institutional capacity building 
 
Both formal and informal training activities will be conducted to enhance the capacity of host 
country bean research programs to develop and release superior-performing bean cultivars that will 
increase production or reduce losses in the target countries. At the end of this project, these bean 
research programs should have the capacity to utilize the newly-developed suite of indel markers for 
marker-assisted selection. The PhD and MS degree students will be provided a broad range of 
training in conventional and molecular plant breeding techniques so that they can assume roles of 
leadership in bean research programs in the target countries. Informal training of technicians should 
improve the reliability and quality of bean research conducted in host countries. 
 

Informal training 
 
-    In-service training will be provided at NDSU for Legume Innovation Laboratory scientists to review 

recent advances in sequencing the bean genome and the utilization of a SNP arrays to develop 
indel markers for traits of economic importance. 

 
-   A workshop will be held at the first meeting of Legume Innovation Lab researchers to discuss 

recent advances in the use of molecular techniques for bean and cowpea improvement. 
 
-   Workshops will be held in Honduras and Tanzania to train technical personnel concerning bean 

research techniques with the goal of improving the quality of field research. Topics will include 
the management of field trials, breeding and selection methods, field evaluation techniques, 
research with Rhizobium, participatory plant breeding and agro-ecological techniques. 

 
Formal training 
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-   Undergraduate students at Zamorano and Sokoine University will be provided opportunities to 
participate in bean research activities related to Legume Innovation Lab project objectives. 

-    M.S. degree training at the UPR of Ana Vargas (Nicaragua), Angela Miranda (Guatemala) and 
Diego Rodriguez (Ecuador) 

-   Ph.D. degree training at NDSU of two bean researchers from Central America, the Caribbean or 
Africa. Both students will be trained in the use of conventional and molecular techniques  

 
4. Collaboration with Host Country Institutions 
 

The overall goal of developing and releasing improved bean cultivars in Central America, Haiti and 
Tanzania cannot be achieved without the active participation of host country bean research 
programs. Host country scientists in this project have unique expertise (bruchid resistance, 
knowledge of the bean sector in Haiti) and breeding lines (small red and black beans at Zamorano) 
that are needed to achieve the research objectives. There is an active exchange of breeding lines for 
testing in host countries and for use as progenitors. Environments in each country that are favorable 
for screening for particular traits will be used  to test lines in regional performance trials and to 
phenotype populations. Identification or development of appropriate populations and the testing of 
these populations for the target traits will require a high level of collaboration among host country 
and U.S. scientists in this and other Legume Innovation Lab projects. Host country and U.S. scientist 
will maintain contact by email and will meet as frequently as possible to discuss research results and 
plant future activities. Project personnel will participate in the biennial meetings of the Bean 
Improvement Cooperative and the annual meetings of the PCCMCA to share results of research with 
other members of the bean research community. 
 
The bean sectors in the countries participating in this project share many biotic and aboitic 
constraints. Beans are produced at lower altitudes throughout Central America and Haiti and in 
certain regions of Tanzania. Several Central American countries and Haiti are producers of black 
beans. Small red bean from Central America and virus resistant red mottled and yellow beans 
developed for Haiti will be tested in Tanzania. Durango race beans such as pinto and Great Northern 
seed types will be tested in Tanzania and Haiti. 
 
Project personnel already collaborate with CIAT in Central America and the Caribbean through the 
testing of breeding lines in regional performance trials. Bean breeding lines from CIAT are used 
frequently by U.S. and host country bean breeding programs as sources of valuable traits. Most of 
the tepary bean accessions that will be evaluated by this project are from the CIAT germplasm 
collection. Some of the populations used for the development of the indel markers will have been 
developed by the CIAT bean research program.  

 
5. Coordination with other International Grain Legume Research Programs/Projects 
 

Several scientists (McClean, Porch, Rosas and Beaver) in this Legume Innovation also participate in 
the Climate Resilient Legume project led by Dr. Jonathan Lynch at Penn State University. Major 
research activities of this Legume Innovation Lab project, which are breeding beans and developing 
breeder-friendly molecular markers for biotic constraints, complement the activities of the Climate 
Resilient Legume project which is focused on abiotic constraints. Dr. Phil McClean will play a key role 
in assuring the complementarity of projects in the development of molecular markers. 
 
The expected rise in global temperatures may have its greatest impact on bean production in the 
tropical lowlands. Breeding for resistance to certain diseases, such as ashy stem blight, that are more 
prevalent in hot and dry environments, should benefit both USAID-supported projects. The 
development of tepary beans with greater disease resistance and improved agronomic traits should 
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improve the adoption of this climate resilient grain legume in hot and dry environments where 
beans can no longer be produced. 
 
We have discussed with Dr Lynch the possibility of offering the workshop for technicians in 
Mozambique in collaboration with the Climate Resilient Legume project. This would require 
supplemental funds for capacity building. We expect that many other opportunities for cooperation 
to arise after projects have initiated research and training activities. 
 
Dr. Phil Miklas and Dr. Tim Porch use USDA-ARS Feed the Future funds to support collaborative 
research in East and Southern Africa.  Considerable progress has already been made in phenotyping 
the Andean Diversity Panel for traits of economic importance. Results from this research will be of 
direct benefit to this Legume Innovation Lab project.  

 
6. Outputs 

 
-   The development and release of small red and black bean cultivars in Central America and the 

Caribbean with enhanced levels of disease resistance and better adaptation to low soil fertility. 
The performance of these lines will also be tested in Tanzania. 

-   The development and release of red mottled and yellow bean cultivars in Haiti with BGYMV, 
BCMV and BCMNV resistance. The performance of these Andean lines will also be tested in 
Tanzania. 

-   The development and release of black and white bean cultivars/breeding lines that combine 
BGYMV, BCMV and BCMNV resistance with high levels of resistance to rust. 

-   The development and release of Andean and Middle American bean cultivars/breeding lines that 
combine resistance to bruchids and resistance to BGYMV, BCMV and BCMNV. 

-   The development of and release of tepary bean breeding lines with improved agronomic and seed 
traits and/or greater disease resistance. 

-   Development and implementation of molecular markers that can be multiplexed for the screening 
of bean lines for traits of economic importance.    

 
7. Capacity Building of Partner Host Country Institutions 

 
All of the host country institutions participating in this project have been involved in bean research 
for at least 30 years. Both Zamorano and Sokoine Agricultural University (SUA) have well-trained 
scientists involved in the project who have demonstrated the capacity to leverage funds for bean 
research from several different donors. Bean researchers at SUA and Zamorano also have 
considerable teaching responsibilities. This provides opportunities for formal and informal training of 
undergraduate and graduate students. On the other hand, commitment to research at Zamorano 
and SUA depends, in large part, on the personal interests of the faculty members. During the next 
four years, the project plans to provide PhD degree training for two students at NDSU in plant 
breeding and genetics. One of the students will conduct a portion of his/her research in Honduras 
where he/she can become familiar with the bean breeding program at Zamorano and the bean 
research network in Central America and the Caribbean. If this individual demonstrates professional 
competence and leadership qualities, he/she should be in good position to compete for future 
positions at Zamorano or other universities in Central America and the Caribbean.  
 
Gasner Demosthene, a Pulse CRSP M.S. degree trainee at the UPR, currently serves as Emmanuel 
Prophete’s assistant at the National Seed Service. He is currently supervises field trials in Haiti and is 
expected to assume more responsibilities as Emmanuel Prophete approaches retirement. The 
current balance at the National Seed Service between research and seed multiplication and 
distribution activities seems to be appropriate. In addition, two Haitian graduate students are 
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currently enrolled in the plant breeding and genetics PhD degree program at NDSU with leveraged 
funds from other projects.  
 
This Legume Innovation Lab project will provide M.S. degree training in plant breeding and genetics 
at the UPR for two students (Nicaragua and Guatemala) from Central America. The INIAP bean 
research program in Ecuador demonstrates that a credible bean research program can be developed 
by a multi-disciplinary team of scientists with M.S. degree training. The trainee from Guatemala is 
expected to return to ICTA and will have the opportunity to work with Julio Cesar Villatoro. The ICTA 
molecular marker laboratory directed by Karla Ponciano will permit the use of marker-assisted 
selection by the bean research program in Guatemala. The availability of indel markers will permit 
the simultaneous screening of bean lines for several traits. Julio Cesar Villatoro has identified a 
candidate from ICTA for M.S. degree training in maize breeding.  
 
This Legume Innovation Lab project includes several mid-career U.S. scientists who are in the 
position to assume positions of leadership in this and future collaborative bean research projects.  
During the next four years, Dr. Juan Osorno will be an active partner in research and training 
activities in Central America and the Caribbean which will strengthen the capacity for U.S./Host 
country collaboration in this region. Using Feed the Future funding, Dr. Tim Porch has established 
collaborative research in Eastern and Southern Africa that complement the goals of this Legume 
Innovation Lab project. Dr. Consuelo Estevez provides a unique combination of experience in plant 
pathology and biological nitrogen fixation. 
 
Degree training at NDSU and the UPR is less expensive than most U.S. universities which represents 
an efficient use of funds. Zamorano and SUA also provide opportunities for graduate and 
undergraduate students to gain experience participating in bean research activities. 
 
There are many gaps in expertise in the national bean research programs in Central America, the 
Caribbean and Tanzania. Some of these gaps can be filled through participation in research networks 
such as this Legume Innovation Lab project or the Central America Bean Research Network. It is 
important for graduate students in plant breeding to receive as broad a background as possible in 
the use of molecular tools, plant pathology, agronomy and experimental design to be ready to cope 
with technical gaps in national bean research programs. 
 
The project plans to offer in-service training at NDSU concerning the use of molecular markers and 
co-sponsor a workshop at the next global meeting of Legume Innovation Lab researchers to discuss 
recent advances in common bean and cowpea genomics. 
 
Workshops will be held in Honduras and Tanzania to train technical personnel concerning bean 
research techniques with the goal of improving the quality of field research. Topics will include the 
conduct of field trials, breeding and selection methods, field evaluation techniques, research with 
Rhizobium, participatory plant breeding and agro-ecological techniques. 
  
B. Alignment with USAID Feed the Future Goals and Strategic Research Objectives  

 
1. Alignment-   
 
Guatemala, Haiti, Honduras and Tanzania are priority focus countries for the Feed the Future 
program. The principal objective of this project is the  development and release of bean cultivars 
in the target countries with enhanced disease and pest resistance and/or greater tolerance to 
abiotic stress. This contributes to the FTF research themes of enhancing the productivity and 
improving the nutrient use efficiency of grain legumes. Increased availability of beans should also 
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improve nutrition in the target countries. The development of breeder-friendly molecular markers 
should help to improve the efficiency and effectiveness of selection of desired traits. Formal 
training activities will increase the potential number of bean researchers in Central America, the 
Caribbean and East Africa. Informal training activities are designed to permit bean research 
programs in target countries to use molecular tools for genetic improvement and to improve the 
reliability and quality of research results. 
 
Below is a list of how research and training activities will contribute to Feed the Future 
Performance Indicators: 
 
-   Seed production of improved bean varieties developed with support from the Legume 

Innovation Lab can provide an indirect estimate of the number of hectares planted in target 
countries (performance indicator 4.5.2 (2).  

-   Ph.D., M.S. and B.S. degree training at U.S. and Host Countries will contribute to performance 
indicator 4.5.2(6). 

-   In-service training and workshops will contribute to performance indicator 4.5.2(7). 
-   The development of indel markers can be documented as a Phase I performance indicator 

4.5.2(39). 
-   Performance of breeding lines in regional trials and other field trials can be recorded as a Phase 

II performance indicator 4.5.2(39). 
-   Release of improved bean cultivars can be recorded as a Phase III performance indicator 

4.5.2(39). 
 
2. Gender Equity-   
 
This Legume Innovation Lab project includes several women Co-PI’s will make significant 
contributions toward the achievement of research and training objectives. Both M.S. degree 
trainees at the UPR are women and qualified women candidates will be considered for Ph.D. 
degree training at NDSU. The same will apply for informal training activities. 
 
The development, release and dissemination of cultivars with enhanced disease/pest resistance 
and greater tolerance to abiotic stress should help farm families that produce beans and benefit 
consumers from an increased availability of this staple crop.   
 
3. USAID Mission Engagement-  
 
Host country scientists will be responsible of informing local USAID Missions about progress of the 
Legume Innovation Lab project toward research and training objectives. Opportunities will be 
sought to obtain USAID Mission support to expand activities in host countries. Local USAID 
Missions will be contacted when U.S. scientists visit host countries. 

 
C. Impact Pathway Plan 

 
The principal output of this Legume Innovation Laboratory project are bean cultivars with 
improved disease/pest resistance and greater tolerance to abiotic stress. Performance of bean 
lines in regional performance and on-farm trials will provide an estimate of the range of 
adaptation of promising lines that are candidates for release. Zamorano in Honduras, ICTA in 
Guatemala and the National Seed Service in Haiti are responsible for the production and 
dissemination of seed of recently-released bean cultivars. Data concerning the production of seed 
stocks by these institutions can be used as an indirect estimate of the potential impact of the 
release of improved bean cultivars. Demand for the seed in the years following the release of 
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improved cultivars will provide an indirect estimate of the rate of adoption of improved cultivars. 
SUA will provide seed of promising breeding lines to the national bean research program for 
evaluation in trials on experiment stations and farms. Information generated from these trials will 
be used to justify the formal release of improved bean cultivars in Tanzania. 
 
Tepary bean lines with greater disease resistance and improved agronomic and seed traits will be 
developed and tested in Guatemala, Honduras, Haiti and Tanzania. The same procedures for the 
testing, release and dissemination of common beans will be used for improved tepary beans. 
Evaluation of consumer acceptance and use of tepary beans may merit special attention. 
 
After a suite of indel markers are developed at NDSU, host country and U.S. bean breeding 
programs can be surveyed to measure the utility of these markers to develop improved bean 
breeding lines. The potential impact of the indel markers is global although widespread adoption 
may not occur until after the project has ended. 
 
The impact of the formal training program can be estimated by determining the number of 
trainees who continue to participate in bean research in target countries after graduation. 
Improvements in the quality and/or reliability of bean research generated in target countries will 
provide an indirect estimate of the informal training of technical staff.   

 
 
D. Project Budget 
 
   Please refer to the attached documents. 


