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A. Technical Approach  
 

1. Problem Statement and Justification    

 

The primary focus of this project is to 1) generate new knowledge through discovery of 
insect tolerance and resistance QTL for cowpea breeding application; 2) increase the 
productivity of African and US cowpea producers through the development of improved 
varieties that possess resistance or tolerance to the major insect stresses combined with 
drought tolerance or disease resistance impacting cowpea production; 3) expand farmer 
marketing opportunities by breeding improved cowpea varieties with desirable grain 
characteristics; and 4) provide training and capacity building in modern cowpea breeding to 
African researchers. In addressing these primary constraints, the objectives of this project 
are well aligned with Feed The Future research strategic priorities, mainly in relation to the 
following priorities: 1) crop resistance to heat, drought, salinity and flood; 2) West African 
Sudano-Sahelian systems with emphasis on insect-resistant cowpea; and 3) grain legume 
productivity. The engaged host countries (Senegal, Burkina Faso and Ghana) and the target 
cropping systems (the Sudano-Sahelian cereal – cowpea cropping system) are both 
consistent with the priorities of the Legume Innovation Lab Strategic Objectives for the 2013-
2017 funding period and include FTF focus (Senegal) and deep-dive focus (Ghana) 
countries.  

We propose to employ genomics and modern breeding methods to improve cowpea 
for yield limiting constraints (Ehlers et al, 2012: Ribaut el al, 2010).  By leveraging genomic 
resources developed under a complementary cowpea genomics and modern breeding 
project funded by the CGIAR Generation Challenge Program (and potential additional 
advancements proposed under a separate USAID cowpea project), we will apply 
comprehensive modern breeding tools and methods for genetic improvement of cowpea 
emphasizing insect tolerance and resistance.  As discussed in detail under the methods and 
approaches section, insect pests are seen as a major regional constraint to cowpea 
productivity in West Africa. The project team determined in the project planning meeting that 
significant gain can be made by targeting the major insect threats that occur at early 
(aphids), mid-flowering and pod-set (flower thrips), and later pod-filling (pod-sucking bugs) 
stages of the cowpea season (Dabire et al, 2012). Although discovery work through 
phenotyping, genetic mapping and QTL identification needs to be done in most cases for 
these insect pests, some promising leads on resistance and tolerance donors and initial QTL 
identity have been made to provide good starting points in the project. High throughput SNP 
genotyping platforms (Ehlers et al, 2012), high density consensus cowpea genetic maps 
(Lucas et al, 2011), plus numerous discovered QTL for important biotic stress resistance 
(Huynh et al., 2013) and abiotic drought (Muchero et al., 2011, 2013) and heat (Lucas et al., 
2012) tolerance traits are now available. These resources have been generated through our 
project team and other partners with us in the related projects. Therefore, we are completely 
familiar with these technological advancements and have initial experience in their 
application to modern cowpea breeding, thereby providing the impetus for the project 
breeding effort. We have also been working closely with the CGIAR-GCP Integrated 
Breeding Platform program development using our cowpea data as a test user case, and will 
bring these technological advances into the project work. In addition, the project breeding 
programs have a range of early generation populations carrying various target traits and 
these provide a valuable starting point for breeding advancement. While cowpea is still 
regarded as an ‘orphan’ crop lacking the extent of resources found in other legumes such as 
soybean, application of these recently developed modern breeding approaches to cowpea 
can realize the expectation of vastly improving plant breeding progress in developing 
countries (Delmer, 2005).  
 
Increasing cowpea productivity.  Low productivity of agriculture is central to rural and urban 
poverty in Africa. On-farm cowpea yields in West Africa average 240 kg/ha (Quin, 1997; 
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Boukar et al, 2013) even though potential yields, as demonstrated in on-station and on-farm 
trials, are often five to ten times greater (Singh et al., 1997).  Most of the loss in yield 
potential is due to drought, poor soil fertility, and insect pests (Ehlers and Hall, 1997).  
Cowpea varieties with increased productivity (yield per unit area) without the need for 
purchased inputs especially benefit poor farmers, many being women who lack access to 
the most productive lands. By targeting insect tolerance and combining where feasible with 
drought tolerance associated traits, we have a realistic opportunity to increase cowpea 
productivity. 

Productivity is key to increasing rural incomes irrespective of changes in cowpea 
hectares, because even with constant product demand or sales, less land, labor, and capital 
are needed to produce the same amount of cowpeas (Widders, 2012).  The resources can 
then be invested in other activities that help boost total family income.  Productivity increases 
also help reduce prices to urban consumers since some farmer cost-savings can be passed 
through to consumers. Sustainable increases in cowpea productivity in Africa and the US 
can be achieved through development of varieties with resistance to insects, nematodes and 
pathogens, drought tolerance, and the ability to thrive under of low soil fertility.  
  
Increasing Marketing Options with Improved Varieties.  To be widely adopted, new cowpea 
varieties must have features desired by consumers as well as farmers.  Grain appearance is 
especially important (Langyintuo et al., 2004), coupled with desirable cooking qualities and 
processing characteristics for specific products (such as akara and moin-moin).  Local 
landraces often have specific grain types preferred in a relatively small region, and if over-
produced, prices offered to farmers can be very low because demand for that grain type is 
limited.  Large white grains with rough seed-coat are preferred throughout West Africa.  Thus 
this seed type can be marketed over a wide area, buffering supply (and prices) in the region.  
Large white grains are also amenable to direct dry milling for use in preparation of value-
added foods such as ‘akara’ and ‘moin-moin’.  Grains with pigmented seed-coats are not 
desirable for milling because this results in flour that appears contaminated with dirt or other 
debris.  Development of regionally adapted cowpea varieties with large white grain and 
resistance to pests would increase the marketing opportunities of cowpea farmers and 
traders in both West Africa and the US.  There is also considerable demand for large rough 
brown seed type, especially in the large urban centers in Nigeria.  The standard rough-brown 
cultivar ‘Ife Brown’, is specifically desired in some markets and commands a premium price.  
Unfortunately, this variety, typical of many like it, is susceptible to pests and diseases. 
  
Focus Countries: The planned breeding applications and outputs and the associated 
capacity building to train African researchers and breeders are central to achieving USAID 
Feed the Future (FTF) priorities to increase pulse productivity via cowpea yield gain, thereby 
promoting dietary nutritional value and the livelihoods of women. Our plan targets West 
Africa cowpea production and includes the FTF focus countries Ghana and Senegal, and 
also Burkina Faso, which offers regional importance from an agro-ecological perspective for 
cowpea yield gain in the Sudano-Sahel region. Strategically, these countries represent the 
primary agro-ecologies underpinning cowpea production in this region. Established effective 
collaborations are in place with our NARS partners in Senegal and Burkina Faso through the 
previous CRSP and GCP-TL1 programs, and new linkages with NARS partners (SARI) in 
Ghana have been established. Please see section 4 (below) for more detail for the rationale 
and planning with these target partner countries.  

 
2. Objectives 

 

Objective 1:  Discover QTL for insect resistance and apply in molecular breeding for 
target regions in West Africa and the US 

Objective 2:  Complete release and validation of advanced cowpea lines developed 
under the Pulse CRSP in Burkina Faso, Senegal, and US. 

Objective 3:   Increase capacity of NARS in Burkina Faso, Ghana and Senegal to 
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serve the cowpea sector. 
      

3. Approaches and Methods 
Exciting opportunities are now available in cowpea for large scale impacts through integrated 
molecular breeding. As indicated in the problem statement and justification, we have 
developed the necessary tools to exploit molecular breeding for cowpea. We have also 
worked with the CGIAR-GCP to develop a publicly available integrated breeding platform, 
essentially a pipeline for conducting marker-based selection from initial crossing to new 
variety release. Requisite tools developed include genic SNP markers, high density SNP-
based genetic maps including consensus maps using African cowpea germplasm for sub-
Saharan Africa relevant breeding use, a high-throughput SNP genotyping platform for 
cowpea, with conversion to a format provided through an outsource genotyping service, QTL 
for many major biotic and abiotic stress resistance and tolerance traits (drought, heat, fungal, 
bacterial and viral diseases, some insects, nematodes, Striga), and accompanying software 
programs. These tools enable selection of multiple traits simultaneously across the genome 
(rather than single marker-trait selection). Using existing breeding populations, our molecular 
breeding for cowpea improvement with the NARS programs can develop varieties with 20-
30% yield enhancement, based on field performance of test lines carrying the specified 
target traits. This effort also provides an ideal training forum for a new generation of cowpea 
breeders. Since these cowpea developments are advanced relative to common bean, our 
Pulse CRSP project will be an important benefit to the bean breeding projects in the Pulse 
CRSP via cross-training as they initiate similar approaches to breeding objectives.  
 
Target traits: Breeding targets will be to develop and release varieties that have preferred 
large white grain type for both domestic and export markets, and rough brown types 
primarily for domestic markets. Gender considerations have been incorporated into the trait 
selection process regarding these preferred grain types by women cowpea farmers, 
processors of value-added products, and consumers in the partners NARS, based on 
previous preference analyses and surveys related to women’s participation in the cowpea 
value chain (e.g. Langyintuo et al, 2004; Ibro et al., 2012; Otoo et al., 2012). The NARS 
team members are fully aware of these gender related considerations and will emphasize 
involvement of women in the breeding, trait selection and variety release activities. The 
primary traits for grain yield enhancement include QTL for tolerance or resistance to the 
three target insect pests. The current status of knowledge and the detailed approach for 
insect resistance selection is described under Objective 1 (below).  

As background, we have already identified a series of QTL controlling biotic and 
abiotic stresses. We will select parent combinations and generate breeding populations from 
their crosses which will enable selection for progeny carrying combinations of the insect 
tolerance with the other traits (specifically drought tolerance, nematode, Striga and 
Macrophomina resistance and also some virus resistance). Six QTL which were found to 
enhance cowpea yield under drought stress in multiple field trials in West Africa in biparental 
discovery populations and diversity panels (Muchero et al, 2013). From a group of ten QTL 
(Dro-1 – Dro-10) which contribute to seedling and early vegetative stages drought stress, 
including the stay-green (delayed leaf senescence) trait, we identified five QTL (Dro-1, Dro-
3, Dro-7, Dro-8, Dro-10) that enhance yield under drought stress. In populations carrying 
combinations of these loci, we will select for those with insect tolerance QTL donated from 
the second parent. These loci will be foreground-selected with flanking SNP markers, in 
combination with QTL conferring resistance to the drought-stress associated fungal 
pathogen Macrophomina (Ashy stem blight) resistance QTL, specifically Mac-2 and Mac-5 
which in combination give strong disease resistance. This is possible because we have 
genotypes carrying combinations of these QTL to pair with insect tolerance donors. This 
should produce advanced lines or varieties with up to 30% yield gain during the 4.5-year 
extension. In all populations we will foreground select for Striga resistance loci which were 
mapped on cowpea linkage groups 2, 9 and 10. This is important because in most cowpea 
production zones, varieties will not be released unless they carry Striga resistance. In 
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California, QTL for resistance to Fusarium wilt (Fot3-1, Fot4-1, Fot4-2) (Pottorff et al 2012) 
and root-knot nematodes (Rk, Rk2, Rkn) will be bred in backgrounds with Lygus bug 
tolerance, targeting the primary biotic stress constraints to yield.  
 
Under Objective 1 (trait discovery and breeding for insect resistance), we have three 
sub-objectives which focus on aphid resistance (Obj. 1.1), flower thrips resistance (Obj. 1.2), 
and pod-sucking bug resistance (Obj. 1.3). Each of these foci has the same goal, to discover 
and validate QTL underlying the target insect tolerance/resistance traits, then to apply the 
QTL knowledge to breeding population development and advancement, leading to enhanced 
yield performance cowpea varieties.  

Once QTL are available, the breeding approach will be the essentially the same for 
each target pest. We will apply the KASP SNP platform that we developed with the GCP IBP 
and LGC KBioscience for SNP genotyping both in the QTL discovery phase and for 
breeding. The platform has 1022 mapped SNPs providing excellent coverage across the 
cowpea genome. For cost efficiency, on a cost per data-point basis we can choose the 
number of SNPs to be tested on the number of genotypes needed for each QTL discovery 
population or breeding decision. We will genotype all parent and control genotypes with the 
full set of SNPs. Then we will select the polymorphic SNPs for a desired pair of parents and 
genotype the progenies (individuals or bulked families) with the polymorphic subset of SNPs. 
This approach can be used for genotyping RIL populations or F2:3 families for QTL mapping 
purposes, or for backcross populations to select the appropriate individuals (BC1F1 or 
BC2F1, etc.) carrying positive alleles for making the next backcross. We will employ this 
genotyping approach in the first years of the project, and are familiar with how to best utilize 
the genotyping workflow for these purposes. Typically with the NARS breeders, plants are 
grown in the host country, where leaf punches are taken at the young plant stage, placed in 
96-well plates, dehydrated with silica gel and then shipped express to LGC KBioscience in 
the UK or USA. The data are returned within a 4-week turnaround, analyzed and jointly 
interpreted for a breeding decision (which plants to use for crossing or to advance), for the 
QTL discovery or breeding advancement. Iterative rounds of genotyping and periodic 
phenotyping to validate will be used to foreground select the desired complement of positive 
QTL. Because of the high density of markers and our ability to choose the cM distance and 
specifically QTL flanking markers for the population-specific SNP marker subsets (using our 
in-house ‘SNP selector’ program available at Breedit.org), efficient genetic gain by 
pyramiding the target traits can be made over the project life.  We plan to develop a 
minimum of three backcrossing populations in each NARS and at UC-R, with parents 
chosen to combine insect tolerance and drought plus other traits carried by the chosen 
parents. Later in the project, intercrossing of advanced backcross line will provide further 
opportunity to combine additional traits. 
 The phenotyping under field, greenhouse and lab conditions (insect screens) will be 
done at NARS locations using standard test protocols. When drought tolerance is being 
selected, performance testing under water-limited conditions will be done at NARS field 
sites. Sites and protocols will be determined by the target insect pest (see below). We will 
use the CGIAR GCP Integrated Breeding Platform (IBP) tools for data recording, processing 
and archiving. The variables will include geographical coordinates and dates of each trial, 
soil and weather data, persons conducting experiments, trait dictionary language and other 
parameters set up in the IBP FieldBook (tool for software tablets). This data capture format 
allows for export into the ICI mapping and Optimas programs for QTL analyses and 
molecular score selection indices. These tools are now familiar to the project team members 
in Burkina Faso, Senegal and UC-Riverside from their use in the TL1 project, and we will 
train the Ghana NARS team members in their use and application.  
 We have proposed under other funding opportunities to develop a 20,000-SNP 
Infinium assay as an advanced genotyping platform capability. As this genomic resource is 
developed, within the first two years of this project, we intend to leverage this opportunity 
and convert to its use from the LGC KBioscience KASP platform, to enhance the genotyping 
quality and efficiency.  
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1.1 Aphid resistance: Five sources of cowpea aphid (Aphis craccivora) resistance have 
been identified but the genetic relatedness of these sources is unknown. Field observations 
in Africa and California suggest that the resistance genes underlying these sources differ, 
and that they show differential effects on aphid populations from different cowpea production 
areas in West Africa and the US. For example resistance in IT97K-556-6 is effective in 
California and some African locations, but fails in Nigeria and Burkina Faso, whereas 
resistance in KvX295-2-124-99 and in an IITA wild donor line are effective in Burkina Faso 
and Nigeria, respectively. We plan to assemble a set of resistance donor genotypes, multiply 
their seed and conduct uniform screens in field locations across all project NARS and 
California. Screens will be conducted in protected and non-protected split plots, with 4-fold 
replication, using standard resistance assessment scales across all test sites. Additional 
germplasm lines will be included in the screening sites to search for more sources of 
resistance. We will engage with Dr. B. Pittendrigh and M. Tamo (Project SO1.B1) in the 
characterization (molecular fingerprinting) of the aphid isolates representing the different 
aphid populations at each location. This will be especially valuable if, as expected, aphid 
biotypes are delineated on the cowpea resistance sources. 

At the same time, we will initiate new segregating populations and use some existing 
ones between resistant and susceptible parents to establish and screen for QTL discovery. 
Depending on the source, we are at different stages of QTL mapping. For example, we are 
finishing a QTL discovery effort for aphid resistance in IT97K-556-6 for which one major and 
one minor QTL have been identified but require further phenotypic validation, whereas in the 
wild donor IITA line a RIL population has been developed for mapping QTL but will require 
phenotyping and genotyping. The QTL will be included in foreground selection in the 
breeding populations, with a plan to target effective resistance sources within a given NARS 
region (i.e., match effective resistance with preferred and adapted cowpea types the relevant 
production area.  

Crosses of aphid resistance lines (recurrent) with drought tolerance donors will be 
made and genotyped at each generation to generate BC3, which will then be selfed to 
develop advanced lines for field performance testing. The numbers of BC and selfed 
progenies needed will depend on the percentage of the recurrent parent background 
determined by genotyping. Multi-location testing in years 3-4 will be conducted after 
increasing the seed stocks of the test lines. The outcome will be advanced lines with 
combined drought tolerance and aphid resistance. 

 
1.2 Flower thrips resistance: In recent work on QTL discovery, we identified and SNP-
mapped loci (Cft-1 and Cft-2) for flower thrips (Megalurothrips sjostedti) tolerance donated 
by Sanzi in the cross Sanzi x Vita 7, and these loci are promising for introduction and 
selection in breeding progenies but require better definition through phenotyping. Additional 
sources of thrips tolerance are 58-77 (biparental RIL population from 58-77 x Yacine is 
available) and Tvx3236. Some analysis of these resources has been made (Omo-Ikerodah 
et al, 2008, 2009). Additional germplasm lines will be included in the screening sites to 
search for more sources of resistance. In Senegal we will intercross the different sources to 
look for additive effects on tolerance. Observations by Dr. Atokple suggest Tvx3236 is 
susceptible in Ghana, but three Sanzi-derived F3 populations segregating for seed color 
(including white) and flower thrips resistance are available for QTL discovery and breeding in 
Ghana. One parent is IT97K-499-35, now the popular Ghana variety ‘Songotra’, a high 
yielding black-eye resistant to Striga but thrips sensitive which can be improved for thrips 
tolerance via the F3 population. Sanzi is also in the pedigree of many Burkina Faso lines. 
Our action plan includes phenotyping these available populations in Senegal and Ghana, to 
validate QTL from two sources by testing in multiple sites. Advanced breeding lines with 
flower thrips tolerance will be generated in this process, in which the QTL regions will be 
combined via SNP-QTL selection. Specifically, Senegal-relevant lines with flower thrips 
resistance added will be selected from breeding lines started from thrips tolerant donors. In 
Ghana, improved IT97K-499-35 (Songotra) with flower thrips tolerance will be a breeding 
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goal providing lines ready for addition of the Bt transgene. In Burkina Faso, performance-
testing advanced material produced in Senegal will be done in years 4 and 5. Ideally, adding 
thrips resistance to IT97K-499-35 should be done together with adding Maruca resistance 
since thrips and Maruca attack at about the same time (Ghana and Burkina Faso). However, 
biosafety issues may exist with the Bt transgene, so Bt introgression in the initial back-
crossing plan is not included. However, the SNP-marking of Bt under Objective 2 will set the 
stage for this work later on. 
 
1.3 Pod-sucking bug resistance: The Heteropteran Coreid pod-sucking bugs (Clavigralla 
tomentosicollis complex) are a major yield suppressor in Burkina Faso, Ghana and 
neighboring countries. We have not yet identified genes or QTL for resistance to pod-
sucking bugs but resistant cowpea accessions are available. We plan to use biparental 
resistant x susceptible segregating populations to map QTL and initiate their selection as a 
new breeding target. This work will be a focus of effort in Burkina Faso. A primary tolerance 
source is IT86D-716 (used in Burkina Faso); pods (maternal, F3) on F3 plants will be 
genotyped and phenotyped to identify the underlying QTL, using standard screens of young 
pods in petri dishes to score bug viability and fecundity. We will also include other potential 
tolerance donor lines in the initial phenotyping screens, including those in the pedigree of 
resistance donor IT86D-716, to broaden the knowledge base and potentially identify 
additional sources of tolerance. New biparental crosses between resistant and elite sensitive 
lines will be made. These will be analyzed and advanced together with several existing F1s 
and F2 populations from IT8D-716 donor (long cycle) crossed to multiple recurrent 
backgrounds by Dr. Tignegre. Two populations with parents Kvx771-10 and IT98K-205-8 will 
enable combining Striga resistance with pod-sucking bug tolerance. The existing populations 
have reciprocals, and the F2s with about 200 individuals each and can be increased from 
saved F1s. Based on these resources we will genotype for QTL discovery in early 
generations, then use marked tolerance loci and background selection to accelerate 
backcrossing selection. This should result in good grain types with pod-sucking bug 
tolerance added, with at least one variety to release per cross by year 4. The Burkina Faso 
insect screening sites will also provide an opportunity to screen some tepary bean 
germplasm entries for insect resistance provided by and in collaboration with the SO1.A4-
Middle American bean breeding project. 
 
For the three insect groups (aphids, thrips, pod bugs), we will collaborate with Dr. Pittendrigh 
and Dr. Tamo (Project SO1.B1) to utilize our project trial sites to collect insect samples for 
use in molecular characterization of the insect populations. In years 3-5 we will also 
collaborate with Project SO1.B1 to test advanced insect resistant lines in their IPM focused 
field sites. This will provide assessments of the performance potential of the resistant and 
tolerant advanced breeding lines under a comprehensive insect management program. This 
plan for the later years of the project will include advanced lines generated from the aphid, 
flower thrips, and pod bug resistance breeding work described above. 
 
Under Objective 2, we plan to capitalize on the previous Pulse CRSP breeding effort by 
completing the release requirements of several advanced breeding lines that are in the final 
stages of performance testing. Specifically, in Senegal there are three large white grain type 
cowpeas in the pre-release phase that could all be released as varieties. In Burkina Faso, 20 
pre-release CRSP advanced lines require final rounds of on-farm performance testing. In 
each country, multi-location tests are needed to support the final selections for release. 
These trials will be completed during the 2013-2014 seasons, and represent tangible project 
outputs. They will also offer the opportunity for tracking along the impact pathway as new 
releases which will be entering the seed multiplication and distribution process in each 
country. Gender considerations have been incorporated into the trait selection process 
regarding these preferred grain types by women cowpea farmers, processors of value-added 
products, and consumers in the Host Countries. We plan to include re-evaluation of grain 
trait preferences in the pre-release process, selecting women farmer and consumer 
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involvement for multi-location on-farm testing of pre-releases and local survey of preference 
relative to current varieties. 

A second component of this objective is to use our genotyping capability to tag the 
BT gene insertion for Muruca resistance with our SNP marker panel, in order to track the 
gene in segregating progeny in breeding populations in Burkina Faso and Ghana. We will 
use the insert flanking sequence information to identify the insert region and its genomic 
location in the genetic map. The accuracy of marking the gene with higher density flanking 
markers or a perfect (gene) marker scored as presence absence will be done in conjunction 
with the new SNP development for increased capacity in the proposed 20,000-SNP panel 
under other USAID funding. We will use a Bt-segregating cowpea population which will be 
field-phenotyped in Burkina Faso and genotyped with our current SNP platform of 1022 
mapped SNPs, coupled with PCR to test for gene expression. The Bt-linked SNP marker 
data will be used in ICI mapping to track progeny carrying the Bt insert for breeding. 

   
d. Literature Cited           

 
Boukar O, Coulibaly O, Fatokun CA, Lopez K, Tamo M (eds) (2012) Innovative research 

along the cowpea value chain. International Institute of Tropical Agriculture, Ibadan, 
Nigeria, 432pp.  

Dabire BC, et al (2012) An historical review or progress to control key cowpea biotic constraints in 
Burkina Faso. Pp. 273–286 in Boukar O, Coulibaly O, Fatokun CA, Lopez K, Tamo M (eds) 
(2012) Innovative research along the cowpea value chain. International Institute of Tropical 
Agriculture, Ibadan, Nigeria, 432pp. 

Delmer D (2005) Agriculture in the developing world: Connecting innovations in plant 
research to downstream applications. PNAS 
ww.pnas.org_cgi_doi_10.1073_pnas.0505895102 

Ehlers JD, et al (2012) Modern approaches for cowpea breeding. Pp. 3–16 in Boukar O, Coulibaly 
O, Fatokun CA, Lopez K, Tamo M (eds) (2012) Innovative research along the cowpea value 
chain. International Institute of Tropical Agriculture, Ibadan, Nigeria, 432pp. 

Ehlers JD, Hall AE (1997) Cowpea (Vigna unguiculata L. Walp). Field Crops Res 53:187-204 

Huynh BL, Ehlers JD, Close TJ, Cissé N, Drabo I, Boukar O, Lucas MR, Wanamaker S, 
Pottorf M, Roberts PA. 2013. Enabling tools for modern breeding of cowpea for biotic 
stress resistance. In Genomics Applications in Plant Breeding, Vol. II: Improvement 
for Biotic Stresses. Varshney R, Tuberosa R, eds. Wiley-Blackwell, USA (in press). 

Ibro G, et al (2012) Potential for enhancing the participation of women in the cowpea value chain in 
Kano State, northern Nigeria. Pp. 410–418 in Boukar O, Coulibaly O, Fatokun CA, Lopez K, 
Tamo M (eds) (2012) Innovative research along the cowpea value chain. International 
Institute of Tropical Agriculture, Ibadan, Nigeria, 432pp.  

Langyintuo AS, Ntoukam G, Murdock L, Lowenberg-DeBoer J, Miller D (2004) Consumer 
preferences for cowpea in Cameroon and Ghana. Agricultural Economics 30:203-213 

Lucas, MR, Diop NN, Wanamaker S, Ehlers JD, Roberts PA, Close TJ (2011) Cowpea-
soybean synteny clarified through an improved genetic map. The Plant Genome 4:1-
11. doi:10.3835/plantgenome2011.06.0019 

Lucas, M., Ehlers JD, Huynh BL, Diop NN, Roberts PA, Close TJ (2012). Markers for 
breeding heat tolerant cowpea. Molecular Breeding. Doi: 10.1007/s11032-012-9810-
z. 

Muchero W, Ehlers JD, Close TJ, Roberts PA (2011). Genic SNP markers and legume 
synteny reveal candidate genes underlying QTL for Macrophomina phaseolina 
resistance and maturity in cowpea [Vigna unguiculata (L) Walp.]. BMC Genomics 
12:8. 



9 

 

Muchero W, Roberts PA, Diop NN, Drabo I, Cisse N, Close TJ, Muranaka S, Boukar, O, 
Ehlers JD (2013) Genetic architecture of delayed senescence, biomass and grain 
yield under drought stress in cowpea. PLoS ONE 8(7): 1-10. e70041. 
doi:10.1371/journal.pone.0070041 

Omo-Ikerodah EE, Fawole I, Fatokun CA (2008) Genetic mapping of quantitative trait loci 
(QTLs) with effects on resistance to flower bud thrips (Megalurothrips sjostedti) 
identified in recombinant inbred lines of cowpea (Vigna unguiculata (L.) Walp). 
African Journal of Biotechnology 7:263-270 

Omo-Ikerodah EE, Fatokun CA, Fawole I (2009) Genetic analysis of resistance to flower bud 
thrips (Megalurothrios sjostedti) in cowpea (Vigna unguiculata (L.) walp). Euphytica  

Otoo M, et al (2012) Women entrepreneurship in West Africa: the cowpea street food sector in Niger 
and Ghana. Pp. 299–321 in Boukar O, Coulibaly O, Fatokun CA, Lopez K, Tamo M (eds) 
(2012) Innovative research along the cowpea value chain. International Institute of Tropical 
Agriculture, Ibadan, Nigeria, 432pp.  

Pottorff M, Wanamaker S, Y. Ma YQ, Ehlers JD, Roberts PA, Close TJ (2012) Genetic and 
physical mapping of candidate genes for resistance to Fusarium oxysporum f.sp. 
tracheiphilum race 3 in cowpea [Vigna unguiculata (L.) Walp]. PLoS ONE 7(7): 1-11 

Quin, F M (1997) Introduction in Advances in Cowpea Research, edited by B.B. Singh, D.R. Mohan, 
K.E. Dasheil, and L. E. N.  Jackai.  IITA-Ibadan Nigeria 

Ribaut JM, de Vicente MC, Delannay X (2010) Molecular breeding in developing countries: 
challenges and perspectives. Current Opinion in Plant Biology 13:213-218 

Singh SR, Jackai LEN (1997) Insect pests of cowpeas in Africa: their life cycle economic importance 
and potential for control In: Singh SR and Rachie KO (eds) Cowpea Research Production 
and Utilization. John Wiley and Sons, New York, pp 217-232 

Widders IE, (2012) Cowpea: A solution to global challenges. Pp. xi – xviii in Boukar O, 
Coulibaly O, Fatokun CA, Lopez K, Tamo M (eds) (2012) Innovative research along 
the cowpea value chain. International Institute of Tropical Agriculture, Ibadan, 
Nigeria, 432 pp.  

 
4. Collaboration with Host Country Institutions 

Partnering with FTF focus countries Ghana and Senegal, and also Burkina Faso, which 
offers regional importance from an agro-ecological perspective for cowpea yield gain in the 
Sudano-Sahel region is vital to success of the project. We have mature relationships with the 
NARS partners in Burkina Faso and Ghana, in both breeding research and capacity building. 
The project will extend and build on these partnerships for developing improved cowpea 
varieties and breeder training. Ghana has been established as a new partner, and our initial 
planning efforts have demonstrated that a productive relationship in modern breeding is both 
relevant, necessary, and practical. In particular, the target insect pest problems the 
entomological expertise available (Francis Kusi as a project member) and Ghana-adapted 
cowpea germplasm resources are positive aspects of this project component.  
 
The NARS partners will have major responsibility for phenotyping trials in field and 
greenhouse settings in the target African locations. The phenotyping data generated through 
these efforts will be used with genotyping results from the breeding lines and progenies for 
both the QTL mapping analyses at UCR and for making breeding decisions toward variety 
development. The NARS partners will also have major responsibility for plant leaf sampling 
and shipping those samples to the outsourced genotyping service. UCR members will have 
responsibility for coordinating and interpreting the data generated from the mapping 
analysis, and will interact on the breeding decision process with the NARS partners. For 
release of CRSP-developed advanced lines as new varieties, the NARS partners will have 
primary responsibility for final on-farm performance testing work and processing the formal 
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variety release paperwork, while the UCR team will collaborate in processing the release 
publication through the Journal of crop Registrations of the Crop Science Society of 
America. 

 
Strategically, these countries represent the primary agro-ecologies underpinning cowpea 
production in this region. They encompass three primary rainfall zones from the humid 
southern range (>1000mm annual precipitation) in southeast Senegal, southwest Burkina 
Faso and central Ghana) through the moderate rainfall range (600- 1000 mm annual 
precipitation) in northern Ghana and central Burkina and Senegal, to the dry zone (<600mm 
annual precipitation) in northern Burkina and the northern peanut basin in Senegal). Further, 
while considerable overlap occurs across this region for insect and disease problems, for 
example flower thrips occurs across the region, other insect and disease problems are more 
specific, for example pod-sucking bugs are a major constraint in Ghana and Burkina and 
other neighboring countries, but not a significant problem in Senegal. Other pests like aphids 
are widespread but appear to differ geographically at the biotype level in response to 
resistance sources in cowpea, as do Striga races. Thus we have planned to target breeding 
activities with broad regional impact potential. Higher yielding new varieties with consumer 
preferred traits have potential for large scale impact in the region through increased cowpea 
grain and fodder productivity and profitability and enhancement of dietary quality. There is a 
need for degree training of a new generation of cowpea breeders in each country and young 
potential trainees have been identified. Our activities in Ghana and Burkina Faso also 
overlap with the project locations of the LIL IPM cowpea project led by Dr. B. Pittendrigh with 
whom we are actively planning to jointly assess advanced insect resistant breeding lines in 
the IPM field settings. 

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

The project personnel have been highly successful in leveraging significant additional funds 
for cowpea modern breeding focused on sub-Saharan Africa target countries, primarily from 
the Bill and Melinda Gates Foundation and administered through the CGIAR - GCP. 
Discussions are underway to extend the leveraged funding from this and allied sources 
beyond 2014. The proportionately large funding from this leveraged source is providing for 
development of cutting-edge genomic resources that underpin the proposed molecular 
breeding objective. Development of the marker-based system and its continuing 
enhancement, including taking advantage of massive SNP discovery technologies will feed 
into and enhance the proposed cowpea breeding pipeline described herein.  Our project 
team, plus Dr. O. Boukar, cowpea breeder at IITA, Nigeria, are partnered on a pending 
proposal to the USAID Climate resilient Legumes program, which if funded will provide 
excellent complementary resources for the LIL project, especially enhanced genomic 
resources, new knowledge in cowpea drought tolerance, and synergistic training activities for 
capacity building.  IITA, Nigeria is an important funded partner in these leveraged projects 
and, as such and within the context of CRP3.5, will continue to be an important partner in the 
molecular breeding activities outlined in this proposal. In addition, the Host Country partners 
will continue to extend and seek new leveraged funding from other Africa targeted donors 
(Kirkhouse Trust, MAFF - Japan, McKnight Foundation, CGIAR- TL II) in support of capacity 
building and research for cowpea breeding and seed systems development. They have been 
very successful in garnering support from these agencies and foundations, and have some 
current funding commitments, such as from Kirkhouse Trust, which extend for three years 
into the project period. 

 In the US breeding component, this project will continue to be supported with 
leveraged funding provided by the California Dry Bean Advisory Board and the California 
Blackeye Council, providing important additional resources to develop improved ‘blackeye’ 
dry grain varieties of cowpea for US market and export. These funds also provide incentive 
for expanding US markets through development of new classes of cowpea - all-white and 
green blackeye grain types, respectively for use in flour production and ‘frozen vegetable 
pack’ markets. Partnerships with other country NARS including Niger and Mali will be 
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continued to explore adoption of improved cowpea varieties regionally. Within host countries, 
the HC PIs will extend current partnerships with NGOs working in the seed systems area.
  

6. Outputs 
Biotype definition of cowpea aphid populations: Identification and 

characterization of aphid population differences (biotypes) in response to aphid resistance 
genes in cowpea will produce new knowledge important to insect resistance breeding. 
Timeline -- This information will be developed in the first two full project years through 
uniform testing of the aphid resistance panel in multiple Africa locations and in California.  

QTL for insect resistance discovered and validated: The primary QTL governing 
cowpea tolerance and resistance to aphids, flower thrips and pod-sucking bugs will be 
discovered and validated during the project, providing new breeder resources (mapped QTL 
tagged with SNP markers and new understanding for their successful application). The 
number of QTL and their impact on phenotype will be determined through analysis. Timeline 
-- The discovery phase will be in full project years 1 and 2 (2013-2015). The validation phase 
by testing effects in breeding progenies will begin in main season 2014 and continue 
throughout the project.    

Improved cowpea varieties: Key products from Objective 1 will be improved 
cowpea varieties and advanced breeding populations with resistance to biotic (pest and 
disease) stresses and drought tolerance. These will be developed through both recurrent 
backcrossing to introgress specific traits into preferred varieties, and through recurrent 
selection to develop next generation varieties showing genetic gain for yield under the target 
environments. Improved varieties will have higher yield potential per unit production area 
and include consumer preferred market types. A minimum of three new varieties with insect 
resistance at release or pre-release stage will be developed by each NARS partner. 

Key products from Objective 2 will be in the form of variety releases from existing 
CRSP-developed cowpea advanced lines in Burkina Faso and Senegal. At least two new 
varieties with enhanced yield and seed quality (large white) will be released in Senegal 
(Timeline -- by the end of 2014). At least 3 new varieties with enhanced yield and seed 
quality (large white) will be released in Burkina Faso (Timeline -- by the end of 2015). 

A second product from Objective 2 will be development of SNP marker knowledge to 
define the transgenic region for Bt-cowpea, for use in molecular breeding targeting Maruca 
pod borer resistance (Timeline -- by the end of 2015).  
 

7. Capacity Building of Partner Host Country Institutions 
The capacity building plan will use a combination of short-term and long-term training 

activities to develop capacity in modern cowpea breeding in the NARS of Burkina Faso 
(INERA), Ghana (SARI) and Senegal (ISRA), recognizing the needs for maintaining currency 
in senior breeders and to develop a new generation of breeders. We predict these efforts will 
have broader regional impact by training key leading breeders in the sub-Saharan Africa 
cowpea sector. The QTL discovery and molecular breeding activities under objectives 2 and 
3 provide an excellent training framework for both new and senior breeders in the adoption 
of cutting edge molecular breeding approaches described above. Training will include both 
short-term visits by HC breeders to UC Riverside, breeding workshops coupled to LIL and 
related project annual meetings (such as conducted recently at the Global Pulse CRSP 
meeting in Kigali for both cowpea and bean breeders), and long-term degree training to 
develop a new generation of cowpea breeders. We will train students directly at UC 
Riverside in cowpea genetics, pathology and molecular breeding, and also mentor those 
working on cowpea breeding dissertation projects at WACCI, Ghana and other African 
Universities.  

Short-term non-degree training in molecular breeding for young trainee breeders and 
NARS scientists will be occur through iterative data analysis and interpretation cycles using 
the phenotyping and genotyping data generated by each of the three Host Country partner 
teams (about 12 participants). To provide periodic intensive training, we will convene a 
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training workshop in each project year, using training modules developed by the UC-R team, 
plus those developed by the CGIAR GCP Integrated Breeding Platform program (IBP) which 
is using our tropical legumes project cowpea breeding population data for the training 
modules development. We will explore using joint training course offerings with the GCP-IBP 
program. The molecular breeding approach is complex and requires a combination of hands-
on experience with self-generated data sets, augmented with periodic intensive training 
workshops to improve knowledge, skills and problem–solving. The technologies underlying 
the genotyping capability are in a state of frequent enhancement and upgrade, requiring 
periodic training input. Thus both young breeder trainees new to the programs and 
experienced breeders from the HC NARS are in need of this training. We have found Skype 
video conferencing to be valuable for face to face discussions in instruction and feedback 
learning for the different aspects of the molecular breeding pipeline. Molecular breeding 
components for training include setup and use of electronic fieldbook, trait phenotyping 
(example aphid screening), tissue sampling, DNA preparation, SNPs, genetic maps, legume 
genome comparisons, SNP data production and storage, SNP data analysis, plus parent 
and progeny selection tools.  

Where feasible, we will coordinate the cowpea modern breeding short-term training with 
the bean breeders in the Legume Innovation Lab Andean and Middle American bean 
breeding projects. We did this successfully in 2012 at the Global Pulse CRSP meeting in 
Kigali, and will look to achieve efficiencies across the Legume Innovation Lab breeding 
projects over the next four years.  

In cooperation with the NARS breeders, the UCR team will provide training tools and 
guides for training the NARS technical staff in modern breeding protocols. This is already 
underway in partnership with the GCP-IBP program, and we will continue to leverage this 
activity to advance training of technical staff during the project life. Training will include 
electronic recording, organization and uploading of field and greenhouse plot layouts and 
phenotyping data (electronic fieldbook); organization and electronic recording for leaf 
samples taken for genotyping, plus protocols for phenotype scoring and genotype sample 
collection. These protocols utilize Galaxy tablets for in-field data collection. 

 
B. Alignment with USAID Feed the Future Goals and Strategic Research Objectives  

1. Alignment- The planned breeding applications and outputs and the associated capacity 

building to train African researchers and breeders are central to achieving USAID Feed 
the Future (FTF) priorities to increase pulse productivity via cowpea yield gain, thereby 
promoting dietary nutritional value and the livelihoods of women. Our plan targets West 
Africa cowpea production and includes the FTF focus countries Ghana and Senegal, and 
also Burkina Faso, which offers regional importance from an agro-ecological perspective 
for cowpea yield gain in the Sudano-Sahel region. Strategically, these countries represent 
the primary agro-ecologies underpinning cowpea production in this region, and are central 
to the legume-cereal cropping systems in the region. 

 
2. Gender Equity- Project outputs of new knowledge and new improved cowpea varieties will 

positively impact women farmers, entrepreneurs and consumers. Through release of 
improved varieties, women farmers and cowpea processors will have better and more 
productive grain types and yields. In the three target countries a large portion of farmers 
are women. In the previous CRSP phase our cowpea project has had significant impacts 
on these cowpea sectors in the target West African countries through higher yielding 
varieties with desired grain types being adopted. The release of large white-seeded grain 
types should promote value-added products which utilize cowpea flour, most of which is 
produced and used by women. These outputs will impact positively on women’s 
livelihoods and that of their families and children. New knowledge developed through QTL 
discovery and marker-based breeding enhancement will promote the cowpea breeding 
programs in the target countries and result in release of improved cowpea varieties at and 
beyond the end of the 4.5 year project. Gender balance will be addressed through 
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targeting female graduate students for training as plant breeders in the capacity building 
activities. 

 
3. USAID Mission Engagement-  During visits in the main cowpea season July-September in the 

project years 2014 -2017, the UC-R PI and Co-PI will make field visits to the three HCs to 
review and coordinate field based phenotyping activities. During these HC trips, we will 
arrange to visit the Senegal and the Ghana country missions and also the West Africa 
regional mission in Accra. The mission visits will be made together with the respective 
Host Country PI and Co-PI plus senior NARS administrators where feasible, and will be 
used to inform the mission staff of our LIL cowpea modern breeding project goals and 
activities in each country and in the region. In Burkina Faso, we will connect with the 
mission representation from Niger to inform them of our activities, and as we have done in 
the past, with US Consulate leaders in Ougadougou. The UC-R team will also assist the 
NARS PIs in developing project activity briefs for them to share directly with the US 
Mission staff to keep them informed and to solicit possible Mission buy-ins. We will plan to 
make these mission contacts on a yearly basis during the project life. 

   
C. Impact Pathway Plan 
 Please see accompanying Project Impact Pathway Plan developed using the provided template.  

 
D. Project Budget 
 

1. Budget 
Please find attached the budget for the 4.5 year project (April 1, 2013 through September 
29, 2017), including five Fiscal Year budgets and a summary budget, using the Excel 
budget template provided by the MO.   
   
 

2. Budget Narrative 

a. Personnel Costs 

 

Salaries: Salary is requested for 1 month per year (years 2-5; $159,732 base) for Project PI 
Professor Roberts at UCR, who will direct the project.  Salary support will allow him to co-
ordinate the breeding, phenotyping and genotyping activities of the cowpea project, and to 
work closely and co-ordinate with the Host Country cowpea breeders and trainees in West 
and Central Africa. 
 
PhD level research scientist (Asst. Professional Researcher) Dr. Bao Lam Huynh will be 
supported at 60% (years 2-5; $63600 base). Salary support will allow him to co-ordinate day-
to-day breeding activities of the cowpea project, contribute cowpea genetics, germplasm 
manipulation and agronomic expertise to preparing various cowpea genotypes, to oversee 
details of genotyping, phenotyping and breeding selection, and to work closely with the Host 
Country cowpea breeders and trainees in West Africa.  
 
An experienced Farm Assistant Uriah Dixon will be supported at 100% (years 2-5; $31220 
base). Salary support will allow him to conduct field and greenhouse growth, harvest and 
post-harvest preparation of seed and shipment of cowpea germplasm and populations from 
breeding selections for both UC-R and Host Country breeding programs. 
 
Salary base indicated to increase by 3% per annum according to standard UC-R projections. 
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Fringe Benefits: Benefit rates are consistent with University of California policies and 
include health insurance. Rates are 12.7% for Professor, 62.02% for Asst. Professional 
Researcher, and 72.08% for Farm Worker.  
 
b.  Travel   
Funds are requested to cover local (within California) costs of multiple trips between UCR 
and field research stations in the Coachella Valley and San Joaquin Valley during years 2-5 
to conduct field screening and breeding selection experiments. Each field location will 
require 8-10 trips each year, from plot preparation to cowpea harvest. Two trips each year 
are planned for project researchers (PI, Co-PI, or Prof Researcher) to go to Africa to visit 
with the NARS cowpea programs and help in the assessment of the phenotyping and 
breeding performance trials and for training. Travel costs will be leveraged with funds from 
other funded projects involving the same project team members. Host Country travel 
budgets (years 2-5) are for multiple within-country trips for conducting multi-location field 
trials for phenotyping and yield performance testing. 
 
c.  Equipment 
None requested 
 
 
d.  Supplies 
Funds are requested to cover supplies for field, greenhouse and laboratory experiment 
costs. Supplies are requested for conducting field and screenhouse phenotyping 
experiments in multiple locations in California and West Africa. These screenings are for the 
primary targeted biotic and abiotic stress resistances The UCR experiments will be 
complemented by the field location tests to be conducted by the cowpea breeding programs 
of the NARS in Burkina Faso, Ghana and Senegal.   Supplies required for cowpea breeding 
population development and for generation of crosses for new breeding populations are also 
included.   
 
Consumable lab supplies and equipment access recharge costs for growth of cowpea 
seedlings, leaf collection supplies, dessicants, irons and sealers, DNA purification, 
concentration determinations, and storage, and overnight shipping of samples. Upgrades in 
computing resources and software (Microsoft Visual FoxPro, Microsoft Windows, Microsoft 
Office) will be required. Consumable lab supplies (reagents, restriction endonucleases, 
plastic ware, Nalgene bottles for seed storage) to support molecular breeding will be 
required. Supplies for field, greenhouse and lab growth for preparation of pathogen 
inoculum, insect colonies and their use in cowpea resistance screening are also included. 
 
e. Training 
Training funds are budgeted for PhD degree training ($45000 per year, years 2-5) of one 
African Host Country student at UCR. We plan to utilize the project research on genetic 
improvement emphasizing molecular-marker assisted selection for the scientific framework 
of the degree experience, under our leadership. We project that funding for an additional two 
African graduate students will involve a combination of Legume Innovation Lab funds 
together with leveraged training opportunity funds from the MSU – CGIAR African fellowship 
program, Foundation and other USAID project sources.  
 
Non-degree training efforts are budgeted at $5000 per year (years 2-5) for training module 
preparation, data sharing and videoconferencing costs and workshop costs associated with 
other travel-paid team meetings based on the research work in the project.  
 
f.  Other 
SNP genotyping costs will be paid by UC-R on behalf of African Host Countries for the 
molecular breeding analysis. This arrangement is necessary to ensure a rapid turn-around 
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time on the data generation based on reliable billing and payment processing. Genotyping 
costs are estimated at nearly $40,000 per year (years 2-5) based on our current experience 
with outsourced SNP genotyping with KBioscience (LGC Genomics) in the UK. Based on 
current cost per data-point ranging from 21c for <500 to 4.5c for >10,000, this estimate will 
allow genotyping of all parental lines, 4 F2 or RIL populations, and 12 BC populations 
advanced beyond BC3F1. Depending on advancements in genotyping capability likely to be 
made under related projects, these costs may need to be re-budgeted for the later years. 
 
h-i. Indirect Costs   
Indirect costs are calculated as 52% of the modified direct costs for UCR component, and 
26% on the first $25,000 for the Sub-agreement to Host Country Ghana, since this 
represents a new contractual arrangement (Burkina Faso and Senegal have already had this 
IDC taken under the CRSP). Indirect Costs of 26% for the SNP genotyping (Column G, 
Other) were also agreed to by UC-R because the work will be off-campus on behalf of the 
HCs. A waiver by UCR of IC charges on the degree training support of an African graduate 
student at UC-R has been granted. The current negotiated IC rates for the participating Host 
Countries are Burkina Faso, 15%; Ghana 23.6%; and Senegal, 30%.  
 
Additional Budgetary components: 
 
 
i. Split between U.S. and HC in total direct costs 
The direct costs split between US and HC institutions is 43%  ($653,619.00) for US 
(University of California, Riverside) and 57% ($869,049.00) for African Host Countries 
(Burkina Faso, Ghana, Senegal, and degree training country). This includes the degree 
training of African graduate students and the molecular genotyping costs for African 
breeding populations, both paid by UC-Riverside on behalf of the Host Countries. 
 
ii. Cost share contributions (in-kind & cash) by the U.S. and Host Country institutions 
University of California - Riverside cost share contribution is calculated to be 15% ($98,043) 
of UCR total direct costs ($653,619). Contribution is in-kind based on Principal Investigator 
salary and benefits. Host Country cost share projection is 10% in-kind based on HC PI 
salary and benefits in each Host Country.   
 
iii. Budgetary attribution to institutional capacity building 
Attribution to institutional capacity building is projected at 95% ($618,410) of the total budget, 
based on training programs (degree, postdoctoral, and senior scientist training), and 
development of improved cowpea germplasm and molecular marker systems for use in Host 
Country programs.   
 
 
 


