
Chapter 10
Genomics-Assisted Breeding for Drought
Tolerance in Cowpea

Siva K. Chamarthi, Nouhoun Belko, Abou Togola, Christian A. Fatokun
and Ousmane Boukar

Abstract The importance of cowpea,Vigna unguiculata, in human and animal nutri-
tion and sustainability of soil fertility are recognized globally especially in sub-
Saharan Africa (SSA) where the crop is mainly produced in the Savanna and the
Sahelian agro ecologies. However, cowpea productivity is adversely affected by both
biotic (insect pests, diseases, parasitic weeds, nematodes) and abiotic (drought, heat,
low soil fertility) constraints. Appreciable progress has been made in the improve-
ment of cowpea for resistance to some biotic stresses particularly diseases such as
bacterial blight, ashy stem blight, marcophomina, parasitic weeds like Striga and
Alectra and some insects like aphid, leaf and flower thrips among others. There is
need for intensifying research activities with focus on improving cowpea resistance
to abiotic stresses. As a crop grown commonly in arid regions, cowpea is subjected
to seedling stage, midseason and terminal droughts. In the recent past, the amount
of rainfall, during the cropping season in the dry savannah regions of SSA, is getting
less. Consequently the cropping season is getting shorter occasioned by late com-
mencement or early cessation of the rain. Farmers in the cowpea producing areas of
SSA generally have no access to irrigation hence their crops are grown under rain-
fed conditions. With the impending higher frequency of drought in the dry savannah
region due to climate change, efforts should be made in developing climate resilient
cowpea varieties that farmers will grow. Efforts have been made in enhancing toler-
ance to drought in some improved cowpea varieties using conventional breeding but
progress has been slow in this regard. Drought tolerance is a complex trait and many
genes are involved in its inheritance. Pyramiding of these genes in improved varieties
would therefore, be desirable. Such varieties with pyramided genes are likely to be
stable in performance over the years and across several locations in the savannahs.
Recent developments in molecular biology could play significant role in the develop-
ment of such resilient varieties. In a number of crops, molecular markers associated
with resistance loci have been identified and are being used in marker assisted breed-
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ing. Marker assisted backcrossing (MABC) is the choice when single traits that are
simply inherited are to be moved to varieties with superior performance but lacking
in the trait being transferred. Also, marker assisted recurrent selection (MARS) has
shown promise in accumulating multiple genes in improved varieties of some crops.
Some work has been initiated in cowpea on the use of MARS to pyramid resistance
to Striga, yield and drought. Results obtained so far show the potential of this method
in pyramiding desirable genes in cowpea. As more resources get committed to cow-
pea research a solid foundation would be established for the generation of molecular
tools that should facilitate their routine application to the improvement of the crop.

Keywords Cowpea · Drought tolerance · MAGIC populations · MARS · Striga

10.1 Introduction

Cowpea (Vigna unguiculata L. walp.) belongs to the genus Vigna and family
Fabaceae. It is one of the four cultivated species of the genus with the remaining
three being V. cylindrica, V. sesquipedalis and V. textilis. It is a highly self-pollinating
crop, diploid with 2n � 22 and has an estimated genome size of 620 Mb (Chen et al.
2007). Its genome is similar to that of some other warm season legumes, particularly
the common bean (Phaseolus vulgaris L.) (Vasconcelos et al. 2015). Although, cow-
pea is one of the most important crops in sub-Saharan Africa where it is considered
drought-tolerant as compared to other legumes and cereals cultivated in the semi-arid
regions, but it still encounters significant damage and yield losses due to severe and
frequent droughts. Its grains andpods play an important role in humannutrition,while
biomass provides good nutritious fodder to livestock (Ehlers and Hall 1997; Singh
et al. 2003; Boukar et al. 2016). Its grains are rich in carbohydrates, protein and folic
acid, and contain respectable amounts of some minerals (Boukar et al. 2011, 2016;
Carvalho et al. 2017). The pods are also rich in protein, chlorophyll, carotenoids,
phenolics and have high antioxidant activity, low concentrations of nitrates and raffi-
nose family oligosaccharides (Karapanos et al. 2017). It is a great source of income
for small holder famers and food vendors. Based on evaluation of 1541 germplasm
lines, cowpea grains were estimated to contain on average approximately 25% pro-
tein, 53.2 mg/kg iron, while zinc, calcium, magnesium, potassium, and phosphorus
content were reported to be 38.1, 826, 1915, 14,890, and 5055 mg/kg, respectively
(Boukar et al. 2011). As a leguminous species, cowpea has the ability to fix nitrogen
from the atmosphere, some of which is left in the soil for succeeding crops (Sanginga
et al. 2000). As a relatively drought tolerant crop, cowpea is excellent for studying
the genetic basis of drought tolerance.
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Globally, cowpeaproduction is projected at around6.5millionmetric tonnes annu-
ally on about 14.5 million hectares. Approximately 83% of the worldwide cowpea
production is obtained inAfrica, out of which, 80%production is inWest-Africa. The
world’s major producer and consumer of cowpea is Nigeria (45% production), fol-
lowed by Niger (15%), Brazil (12%), and Burkina Faso (5%). Fatokun et al. (2012a)
reported that during 1980–2010, there was an increase of an average rate of 5%, with
3.5% annually in area and 1.5% in yield, implying that 70% of the total growth in
cowpea production during this period is accounted for area expansion. Worldwide,
the proportion of cowpea in total cultivated area under pulses increased from 10% in
1990 to nearly 20% in 2007 (Boukar et al. 2016). According to Fatokun et al. (2012a)
and Boukar et al. (2016), demand for cowpea in West Africa is expected to grow at a
faster rate of 2.68%per year than supply (2.55%) over the period 2007–2030.Average
cowpea yield in farmer’s field is very low due to several biotic and abiotic stresses.
Among abiotic stresses, drought is the major constraint in cowpea production in the
West African Sahel and dry Savannahs.

Climate change may lead to a higher frequency and severity of drought events as
already being experienced in the dry savannah regions of sub-Saharan Africa (SSA).
Drought is a major constraint to crop production in SSA where irrigation facilities
are grossly inadequate. It has been forecasted that by 2050, water shortages will
affect 67% of the world’s population (Ceccarelli et al. 2004). Terminal drought is
one of the most common environmental stresses that continues to be a challenge
to sub-Saharan African farmers and plant breeders. Drought tolerance is a complex
trait controlled by polygenes whose expressions are influenced by environmental
factors. Therefore, unraveling its genetic basis is crucial for both breeding and basic
research. Breeding for drought tolerance with conventional methods could be dif-
ficult and time consuming. This calls for concerted efforts by various players such
as geneticists, breeders, molecular biologists, physiologists and agronomists among
others. Due to rapid population growth particularly in the developing countries where
climate change is likely to have greater devastating impact, conventional breeding
procedures may not be adequate in developing improved varieties that can amelio-
rate the challenges. New tools involving molecular breeding have the potential to
contribute positively to needed progress in developing appropriate technologies to
combat effects of climate change. With the recent progress in genomics, it should
be feasible to breed robustly drought tolerant varieties within shorter period. In this
chapter, we describe recent developments in genetic and genomic resources, and
molecular breeding in cowpea with emphasis on drought tolerance.

10.2 Drought Tolerance Phenotyping and Mechanisms
in Cowpea

Breeding for drought tolerance and high yield under drought has not been as
successful as for simply inherited traits in cowpea. This is mainly due to the
complexity of abiotic factors and plant mechanisms involved in drought toler-
ance and the lack of simple, accessible and reliable trait-based phenotyping tech-
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niques to select drought-tolerant progenies from segregating populations (Singh and
Matsui 2002). Drought tolerance in plants is a complex trait since various environ-
mental parameters (air temperature and humidity, soil texture, moisture and fertil-
ity) and plant features and strategies (in shoots and roots) operate jointly to enable
crop plants cope with drought stress. Therefore, it is important to discriminate and
investigate these factors and mechanisms individually, study and understand their
interactions and contributions to plant drought tolerance in a given environment or
drought scenario, so they will be easy to manipulate by breeders and use in crop
improvement (Vadez et al. 2013; Sinclair et al. 2015). Physiological phenotyping
for drought tolerance is quite expensive, time consuming, and difficult to use for
screening crop germplasm with large number of accessions. However, significant
efforts and achievements were made in developing high throughput plant physiology
screening methods for improving drought tolerance in cowpea over the past decades.

Singh et al. (1999a) developed a simple “wooden box screening technique” which
eliminates the influences of the root system and allows nondestructive identification
of plant shoot dehydration tolerance at seedling stage in cowpea. Two types of drought
tolerance mechanisms at vegetative stage were identified and described by Mai-
Kodomi et al. (1999a).Upon exposure to progressive soilwater deficit stress, theType
1 drought-tolerant lines (TVu-11986 and TVu-11979) stopped growth and conserved
water in all the plant tissues, stayed alive for over two weeks without irrigation, and
gradually the entire plant parts dried as the drought stress became intense and drastic.
The type 2 drought-tolerant lines (Dan’Ila andKanannado) continued slow growth of
the trifoliates but with increased soil moisture deficit stress, their unifoliates senesced
early and dropped off with their growing tips remaining turgid and alive relatively
longer. Mai-Kodomi et al. (1999b) studied the inheritance of drought tolerance at
seedling stage of cowpea. Three cowpea genotypes: TVu-11986 with Type 1 drought
tolerance, Dan’Ila with Type 2 drought tolerance, and TVu-7778 as drought sensitive
were crossed in multiple combinations, and the segregation pattern revealed that
vegetative stage drought tolerance is a dominant trait and both Type 1 and Type 2
reactions are controlled by a single dominant gene but the genes are independent
in the two types. The box screening method showed good correlation with drought
tolerance at vegetative and reproductive stages, and was also efficient in evaluating
and selecting drought-tolerant plants in different crop species (Singh et al. 1999b;
Tomar and Kumar 2004; Slabbert et al. 2004; Ewansiha and Singh 2006).

Pot experiments in the screen-house and growth chamber showed that reduced
plant leaf area, restricted canopy water loss, transpiration efficiency, delayed leaf
senescence, prolonged and sustained stem greenness are important traits for enhanc-
ing cowpea growth and grain yield in drought-prone environments (Muchero et al.
2008; Belko et al. 2012, 2013). However, selection based on phenotype has been
relatively slow and difficult mainly due to the unpredictable timing, intensity and
occurrence of drought and considerable genotype-by-environment interactions and
effects on phenotypic expression in the field. Cowpea has a noteworthy capabil-
ity to survive drought by limiting its water loss or enhancing soil water uptake
and use through various anatomical, morphological, biochemical and physiological
strategies. Plants “escape” drought by changing phenological development and the
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period of a particular growth phase (Agbicodo et al. 2009). Some cowpea varieties
evade terminal drought by early flowering (around 12 days), whereas other varieties
respond by staying green for weeks and flower later when favorable conditions are
re-established (Fatokun et al. 2012b).

Drought “avoidance” strategies are predominantly physiological andmorpholog-
ical alterations to withstand drought stress while maintaining relatively high tissue
moisture. A few of the intrinsic and stress-induced mechanisms documented in cow-
pea include, but not limited to, higher root density or depth (Sicher et al. 2012),
decreased leaf area, enlarged leaf waxiness and thickness (Singh and Raja Reddy
2011), reduced stomatal and lenticular conductance and leaf rolling (Fatokun et al.
2012b; Hall 2012). The crop shows very little variations in leaf water content under
extreme drought; an isohydric phenomenon, associated with three drought evading
mechanisms i.e. stomata closure, paraheliotropism, and high root hydraulic conduc-
tivity (Agbicodo et al. 2009). Drought “tolerance” traits are mainly associated with
osmotic adjustments, which result from the synthesis and accumulation of compati-
ble solutes in the cytoplasm as well as movement of solutes into the vacuoles (Warren
et al. 2011; Khan et al. 2015; Blum 2017). These hydrophilic solutes, by replacing
water molecules on membrane and protein surfaces, raise the cellular osmotic pres-
sure and concomitantly the water potential gradient between soil and roots, which
allows continued water influx via osmosis. Modifications and/or stabilization of cell
walls and membranes also confer tolerance to drought (Lugan et al. 2010; Jin et al.
2016). To lessen the deleterious consequences of water shortage, plants use these
mechanisms either independently or jointly.

Belko et al. (2014) evaluated the impacts of reproductive stage drought stress
on the growth, development and yields of a diverse set of thirty early and thirty
medium maturity cowpea cultivars under post-flowering water stressed (WS) and
well-watered (WW) conditions in the field using stress tolerance selection indices e.g.
stress tolerance index (STI) and geometric mean productivity (GMP). Overall, lines
IT85F3139, IT93K-693-2, IT97K-499-39, IT93K-503-1, IT96D-610, IT97K-207-
z15, KVx-61-1, KVx-403, KVx-421-25, and Mouride exhibited the highest grain
yield in both WS and WW environments and were therefore identified as the most
drought-tolerant lines based on their outstanding STI and GMP values. Vadez et al.
(2012a) argued that despite the complexity of the plant’s response to drought, sim-
ple hypotheses based on soil water availability and plant water-use pattern (water
supply vs. demand) can be developed to guide selection of critical plant traits that
are capital for adaptation to drought-prone regions. Hence, Belko et al. (2012) tested
the hypothesis that water saving shoot traits is important for end-of-cycle drought
tolerance and thereby discriminates drought tolerant and susceptible lines. Thus they
phenotyped awide range of cowpea genotypes for their variation in vegetative growth
attributes and water-use patterns under different water regimes (WW and WS) and
atmospheric vapor pressure deficit (VPD) outdoors, in glasshouse and growth cham-
ber. However, gravimetric measurement of whole plant leaf canopy transpiration rate
(TR) involves weighing pots and can be laborious and time consuming. Therefore,
Belko et al. (2013) set the conditions (plant age, time of the day) and tested and val-
idated a method in which plant transpiration rate (TR) can be indirectly assessed via
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plant canopy temperature (CT) in a high throughput mode using an infrared imaging
system. Under WS conditions, canopy transpiration dropped at a lower fraction of
transpirable soil water in drought tolerant than in susceptible lines. Tolerant lines also
maintained higher transpiration efficiency (TE) and TR, and lower CT under severe
water stress (Belko et al. 2012). Under WW conditions, cowpea plants grew and
developed larger biomass under low VPD than under high VPD, with a consistent
trend of lower leaf area and biomass in drought tolerant lines. Substantial differences
existed among cowpea lines in their TR response to natural variation of VPD, with
drought tolerant lines having significantly lower TR than sensitive ones, especially at
times of highest VPD. Cowpea genotypes also varied in their TR response to progres-
sively increasing VPD, with some tolerant lines displaying a clear VPD breakpoint
at about 2.25 kPa, above which there was very little increase in TR whereas sensitive
genotypes showed a linear increase in TR as VPD increased. Canopy temperature,
estimated with thermal imagery, was highly correlated with TR and could therefore
be used as proxy for canopy transpiration (Belko et al. 2013). Plant traits that control
canopy water loss when soil water is available at vegetative stage such as low leaf
area, low TR by stomata control, and reduced TR in response to high VPD discrimi-
nated between drought tolerant and sensitive cowpea lines and, therefore, are reliable
indicators of terminal drought stress tolerance. A lower TR could limit plant growth
and water use at vegetative stage, and allow drought tolerant genotypes to behave
like unstressed plants late in the season when the soil water is progressively depleted.
The water saving shoot characteristics of some cowpea genotypes are hypothesized
to conserve more water in the soil profile, which is crucial for pod and grain filling
and subsequently terminal drought adaptation.

Root-related traits i.e. deep, profuse, dense and extensive root systems are thought
to be key in conferring drought tolerance to cultivated crop plants (Lynch 2007; Singh
et al. 2010; Gowda et al. 2011). Although variation in root growth and morphology
can increase the amount of water uptake under drought and root traits are used as
surrogates for soil water extraction (Vadez et al. 2008, 2012; Gowda et al. 2012),
the relationships between root traits and water acquisition and their contribution
to yield formation under drought remain unclear across crop species (Vadez et al.
2007). Few investigations have been carried out on roots in cowpea and most have
focused on the analysis of root growth and morphological differences using limited
number of test lines (Matsui and Singh 2003; De Ronde and Spreeth 2007; Onuh and
Donald 2009). Moreover, these studies did not address whether root attributes relate
to soil water accessibility and use under drought, especially during critical pod and
grain filling stages. A “root-box pin-board’ technique was developed to study the
two-dimensional root system of large number of cowpea plants and progenies, and
permitted characterization of major variations for root system architecture (deep and
profuse vs. shallow and dense systems) in cowpea (Singh and Matsui 2002). More
recently, Burridge et al. (2016) developed an integrated low-cost and high throughput
visual, manual (shovelomics) and image-based (DIRT: digital imaging of root traits,
an automated image analysis software) phenotyping technique for in situ field and
laboratory evaluation of root phenes in cowpea. Themethodwas used for quantitative
evaluation of root architectural traits, and identification and selection of useful root



10 Genomics-Assisted Breeding for Drought Tolerance in Cowpea 193

phenes among 189 lines of cowpea diversity panel. Like in other major crops of
economic importance (maize, common bean, soybean), several root phenotypes i.e.
adventitious and basal root numbers and growth angle, tap root diameter at different
soil layers, secondary or lateral root numbers and branching density, root nodules
and diseases scores, significantly varied among tested cowpea genotypes. Genetic
analysis was performed to evaluate the relationships between cowpea root traits and
agronomic performance and tolerance to parasitic weeds in the field. It was found that
plants with steep and profuse root system were better adapted to drought conditions
while those with shallow and dense root system were tolerant to low phosphorus
and Striga infestation (Burridge et al. 2016). The results therefore suggested the
adoption of this integrated root phenotyping platform in the breeding program to
improve cowpea adaptation to multiple constraints e.g. vegetative and reproductive
stage droughts and Striga infestation.

10.3 Genetic Resources in Cowpea

Genes responsible for resistance/tolerance to several abiotic and biotic stresses have
been identified through the germplasm screening, available in different countries. The
International Institute of TropicalAgriculture (IITA) ismaintainingmore than 15,000
accessions of cultivated cowpea and over 2000 wild relatives, in its genetic resources
center. Mining these resources has identified several potential donors, which can
impart resistance to biotic and abiotic stresses. Several cowpea lines resistant/tolerant
to abiotic and biotic stresses have been reported (Ferry and Singh 1997; Singh 2002;
Boukar et al. 2013, 2015, 2016). Breeders will continue to rely on these genetic
resources as sources of genes for desirable traits in cowpea improvement. They have
the potential to provide genes for developing newvarieties that will help in combating
emerging problems that would arise due to climate change as well as human food
and animal feed requirements. It is also worth noting that wild cowpea relatives
have hardly been utilized in the development of new improved varieties. A lack of
interest in the use of cowpea wild relatives can be attributed to the possibility of
linkage drag that may occur from their use as parents. For example, wild cowpea
relatives have very small seed size with smooth and unattractive seed coat colors.
Several backcrosses to the recurrent parents would be needed in order to recover
the cowpea seed size desired by consumers. However, with recent developments in
genomics which can facilitate progress in breeding new varieties through marker-
assisted selection,more interestsmay shift in favor of the available cropwild relatives
as sources of new genes.
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10.4 Genomic Resources in Cowpea

The development of genomic resources for cowpea has lagged behind compared
with many other crops. However, because of the advantages associated with the
new marker technology, concerted efforts are now being devoted to the development
of genomic resources in cowpea. An appreciable amount of progress has already
been made from these efforts (Muchero et al. 2009a, 2010, 2013; Amatriain et al.
2017). The molecular markers based genetic linkage maps for cowpea have been
published, although not yet aligned with physical maps (Amatriain et al. 2017).
These linkage maps have been utilized to identify quantitative trait loci (QTL) asso-
ciated with morphological as well as stress related traits (Table 10.1) (Boukar et al.
2016). Major recent developments in cowpea genomics include sequence assemblies
from 65× coverage whole-genome shotgun (WGS) short reads, a bacterial artificial
chromosome (BAC) physical map, minimal tiling path (MTP) BACs, and assem-
bled sequences from 4355 BACs using an improved variety (IT97 K-499-35) which
has been released to farmers in several African countries due to its superior yield
performance and resistance to Striga gesnerioides. Additionally, more than one mil-
lion SNPs have been discovered from sequences of 36 diverse cowpea accessions
supported by the development of a genotyping assay (Illumina Cowpea iSelect Con-
sortium Array) for 51,128 SNPs. Five bi-parental RIL populations (Tvu-14676 ×
IT84S-2246-4, Sanzi × Vita7, ZN016 × Zhijiang282, CB46 × IT93 K-503-1, and
CB27× IT82E-18) were genotyped with this genotyping platform to produce a con-
sensus genetic map containing 37,372 SNP markers. This genetic map has enabled
the anchoring of 100 Mb of WGS and 420 Mb of BAC sequences, an exploration of
genetic diversity along each linkage group, and synteny between cowpea and com-
mon bean (Amatriain et al. 2017). Updated versions of the cowpea consensus map
are accessible via HarvEST:Cowpea (http://harvest.ucr.edu/). With the above listed
genomic resources in cowpea, opportunities now abound for the fine mapping of
QTLs, map-based cloning, assessment of genetic diversity, association mapping and
marker-assisted breeding.

The first DNA marker based genetic linkage map for cowpea was published by
Fatokun et al. (1993) followed by Menendez et al. (1997), Ubi et al. (2000) and
Ouedraogo et al. (2002a) using RFLP, RAPD, AFLP, cDNA and morphological
markers. However, cowpea genome resolution was poor based on these published
maps. First attempt to improve these maps was carried out by Muchero et al. (2009a,
b), using an IlluminaGoldenGate assay having 1,536 EST-derived SNPmarkers. The
authors genotyped a total of 13 recombinant inbred line (RIL) populations, which
not only improved the map resolution but also made orthologous gene identification
easier by increased synteny with soybean genome (Lucas et al. 2011). The most
recent consensus genetic map described above (Amatriain et al. 2017) has a 4-fold
increase in marker density and a four-fold increase in resolution (number of bins)
over the consensus map of Lucas et al. (2011). This map has dense coverage of all
eleven cowpea linkage groups, with 1.85 cM on LG1 being the largest gap.

http://harvest.ucr.edu/
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In addition, a core germplasm of landraces collected from across cowpea-growing
regions inAfrica and other parts of theworld has been characterized using SNPmark-
ers (Huynh et al. 2013). Using DNA markers, QTLs have been detected by several
authors for key traits including drought tolerance (Muchero et al. 2010, 2013), seed
quality traits (Lucas et al. 2013), resistance to root-knot nematodes (Huynh et al.
2016), root pathogens including Macrophomina phaseolina (Muchero et al. 2011)
and fusarium wilt (Pottorff et al. 2012b, 2014), insects (Huynh et al. 2015; Lucas
et al. 2012), and the parasitic weed Striga (Boukar et al. 2004; Ouedraogo et al. 2001,
2002a, b, 2012). Fatokun et al. (1993) reported an orthologous QTL for seed size
in both cowpea and mungbean using RFLP generated linkage maps of both crops.
Same RFLP markers spanned the regions associated with seed weight QTL in the
two leguminous crops. In addition, an aphid resistance locus defined by an RFLP
marker was reported by Myers et al. (1996). Muchero et al. (2009b) identified 12
QTLs for seedling drought tolerance and maturity using a RIL population based on
the cross between IT93 K-503-1 and CB46. A few of these QTLs colocated with
QTLs for recovery dry weight (rdw) and stem greenness (stg) under drought stress
both under field and greenhouse conditions. A major QTL affecting cowpea leaf
shape (associated with drought tolerance) was reported by Pottorff et al. (2012a).
Recently, Muchero et al. (2013) utilized phenotypic data from multiple locations
and identified seven SNP-trait associations with stay-green trait. Five of these loci
also showed pleiotropic effects on biomass, grain yield, and delayed leaf senescence.
These QTLs, particularly those identified in two RILs and diverse germplasm can
be potential targets for marker-assisted breeding of cowpea varieties with improved
drought tolerance. In another study, co-location of three Macrophomina resistance
QTLs (Mac-4, Mac-5 & Mac-9) and three seedling drought response QTLs (Dro-5,
Dro-10 & Dro-7) were identified from the RIL population IT93 K-503-1 × CB46
(Mucheroet al. 2009b 2011). Burridge et al. (2017) conducted a genome-wide asso-
ciation study and reported 32 significant QTLs for root architecture traits.

10.5 MAGIC Population in Cowpea

QTLmapping using bi-parental populations has limitations because of limited allelic
diversity and genomic resolution. A multi-parent advanced generation inter-cross
(MAGIC) population strategy has been proposed to integrate multiple alleles and
provide increased recombination and mapping resolutions (Bandillo et al. 2013).
The increased recombination in MAGIC populations can lead to rearrangements of
alleles and greater genotypic diversity.

Cavanagh et al. (2008) proposed thatMAGICpopulations should provide state-of-
the-art approach for developing plant population resources for genetic analysis and
increased genetic variability in breeding. In creating a MAGIC population, multiple
elite parents are inter-crossed for several cycles followed by single-seed descent,
which results in RILs having a mosaic of genome blocks coming from all founders.
Development of MAGIC populations have been carried out in a few crops includ-
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ing rice, wheat and chickpea (Huang et al. 2015). In cowpea, MAGIC population
was established employing eight founder parents (SuVita 2, CB27, IT93K-503-1,
IT89KD-288, IT84S-2049, IT82E-18, IT00K-1263, & IT84S-2246-4) that were not
only genetically diverse but also carried genes for resistance to several biotic and
abiotic stresses, seed quality and agronomic traits relevant to SSA. Phenotyping and
genotyping of the MAGIC RILs at F8 generation showed an average of 99.74%
homozygosity and diversity in 38 agronomic traits (Huynh et al. 2017). Due to its
wide genetic base, the cowpea MAGIC population has become an important genetic
resource for high-resolution genetic mapping and for gene discoveries (Huynh et al.
2017).

10.6 Marker-Assisted Selection in Cowpea

Marker-assisted selection (MAS) offers great prospects for increasing genetic gain
per crop cycle, by stacking favorable alleles at target loci and reducing the number of
selection cycles. Markers identified in one population need to be validated in other
populations or germplasm collections, and closely linked markers flanking the QTL
should be used for indirect selection of the trait. Once potential markers, validated
QTL are identified, they can be used in breeding. We describe belowmarker-assisted
backcrossing (MABC), marker assisted recurrent selection (MARS) and genome
wide association mapping (GWAM) schemes, which are currently being used in our
cowpea breeding program to incorporate genes for resistance to some abiotic and
biotic stresses (Fig. 10.1).

10.6.1 Marker-Assisted Backcrossing

Marker-assisted backcrossing (MABC) is a fast-track approach to increase the
genetic gain of crops and is in use for variety development of several crops (Chamarthi
et al. 2011; Varshney et al. 2014; Boukar et al. 2016; Cheng et al. 2017; Ouedraogo
et al. 2017). MABC can be used to introgress major genes/QTL from one genetic
background (donor parent) to another (recurrent parent) much more precisely than
phenotypic selection. The outcome of MABC is a line containing only the major
genes/QTL transferred from the donor parent, while retaining a vast proportion of
the genome of the recurrent parent. Three types of selection can be done in MABC:
foreground, recombinant and background. Foreground selection involves the selec-
tion of target genes/QTL on the carrier chromosomewith the help of twoQTL-linked
flankingmarkers. It can be used to select for laborious or time-consuming traits and it
allows selection of heterozygous plants at the seedling stage and therefore identifies
plants desirable for backcrossing. Furthermore, identification and selection of reces-
sive alleles can be done, which is otherwise difficult to achieve using conventional
methods. Recombination events between the target locus and linked flanking mark-
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Fig. 10.1 Schematic diagram shows integrated molecular and conventional breeding approaches
in cowpea. MAGIC Multi-parent Advanced Generation Inter-Cross populations, QTL Quantita-
tive Trait Loci, MABC Marker Assisted Backcross, MARS Markers Assisted Recurrent Selection,
GS Genomic Selection, IETs Initial Evaluation Trials, PETs Preliminary evaluation Trials, AETs
Advance Evaluation Trials, ANCTs All Nigeria Co-ordinated Trials, CITs Cowpea International
Trials, FPVS Farmer Preferred Varietal Selection
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ers can also be identified in backcross progeny. This can be used to reduce linkage
drag, which is difficult to overcome through the use of conventional backcrossing.
Background selection involves selection of BC progeny with highest proportion
of recurrent parent genome, using unlinked markers present on non-carrier chro-
mosomes (Hospital and Charcosset 1997; Frisch et al. 1999; Chamarthi et al. 2011;
Varshney et al. 2014; Batieno et al. 2016). Using tightly linked markers, a target gene
can be transferred with minimum linkage drag in two backcross generations, which
otherwise would take 8–10 generations by conventional backcrossing (Tanksley et al.
1989).

In cowpea, MABC has been implemented through the CGIAR-GCP-TLI
(Consultative Group of International Agricultural Research-Generation Challenge
Programme-Tropical Legumes I) project at IITA and NARS centers in collaboration
with the University of California, Riverside (UCR). At IITA, using IT97K-499-
35 as the donor, two released varieties, IT93K-452-1 and IT89KD-288, have been
improved in Nigeria, for Striga resistance. At INERA, efforts are being made to
improve Moussa and KVx745-11P for Striga resistance and seed size using IT93K-
693-2 and KVx414-22, as donors for Striga resistance and seed size, respectively. At
EduardoMondlane University (EMU),Mozambique, IT85F-3139 is being improved
for grain quality (seed size) using CB27 as a donor.

10.6.2 Marker-Assisted Recurrent Selection

While MABC targets major large effect QTL that has been validated across different
genetic backgrounds,MARS aims at accumulating a large number ofQTLs in a given
population using a subset ofmarkers that are significantly associatedwith target traits
(Bernardo 2008; Ribaut et al. 2010; Chamarthi et al. 2011; Xu et al. 2013a, b; Boukar
et al. 2016). In brief, MARS is a modern breeding approach that enables breeders to
increase the frequency of several beneficial alleles with small individual but additive
effects in recurrent cycles. This involves multiple cycles of marker-based selection
that include improvement of F2 progeny by one cycle of MAS based on marker and
phenotypic data, followed by three recombination cycles of the selected progenies
based on marker data only and repetition of these cycles to develop the population
for multi-location phenotyping (Tester and Langridge 2010). In MARS, a selection
index is used that gives weights to markers according to the relative magnitude of
their estimated effects on the trait (Lande andThompson 1990). Severalmultinational
companies, such as Syngenta and Monsanto, are routinely using MARS in their
breeding programmes (Ribaut et al. 2010).

In cowpea, MARS has been implemented at IITA and NARS centers in collabora-
tion with UCR by using genomic resources developed during the GCP-TL1 project.
At IITA, Nigeria, to develop cowpea varieties with enhanced drought tolerance, two
lines (IT84S-2246-4 and IT98K-1111-1) were crossed to develop a MARS popula-
tion. After QTL mapping with 102 polymorphic SNPs, seven QTLs were identified
for yield, drought tolerance and staygreen. One hundred and seventy seven plants
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were fixed for favorable alleles at these seven QTLs and advanced breeding lines are
being generated. At Eduardo Mondlane University (EMU), Mozambique, the cross
CB27 × IT97K-499-35 was used to initiate MARS for large seed, grain quality,
and heat tolerance traits. Screening of lines fixed for favorable alleles is going on
under drought and irrigated conditions. At ISRA, Senegal, the cross IT93K-503-1 ×
Mouride has been made for MARS for drought tolerance and resistance to Striga,
nematodes and Macrophomina.

10.6.3 Genome-Wide Association Mapping Studies

The genome-wide association mapping (GWAM) approach provides opportunities
to explore the tremendous allelic diversity existing in natural germplasm (Deshmukh
et al. 2014). A GWAM or whole genome association mapping (WGAM) or linkage
disequilibriummapping (LDM) is used to evaluate associations betweenmarkers and
trait(s) of interest scored across a large number of individuals. The advancements in
genomic technologies have led to a better understanding of the genetic basis of traits
usingGWAM.This approach results in high-resolutionmappingof genetic variability
from germplasm sets that have undergone many rounds of recombination (Yu and
Buckler 2006). However, to get the associations at a fine mapping resolution, large
number of markers are required to screen the genome. Recently GWAM studies have
been proven effective by identifyingmarker-trait associations in several legume crops
such as cowpea (Lucas et al. 2013; Burridge et al. 2017; Qin et al. 2017), common
bean (Villegas et al. 2017) and soybean (Dhanapal et al. 2015). As mentioned above,
a GWAM study in cowpea identified 32 QTLs for root architecture traits. Further,
comparisons of results from this study with others revealed QTL co-localizations
between root traits and seed weight per plant, pod number and Striga tolerance
(Burridge et al. 2017).

10.7 Using Wild Germplasm in Cowpea Breeding

Plant breeders mostly use existing germplasm and landraces to develop new varieties
characterized by desirable agronomic traits. In many crops, yields have remained
stagnant relatively because sufficient genetic diversity is missing for progress in
some of the traits or due to genetic bottlenecks that occurred during the domes-
tication process (Tanksley and McCouch 1997; Gur and Zamir 2004). It is well
known that wild relatives provide important sources of genetic variation for crop
improvement. However, their exploitation is limited by different sexual incongruity
and linkage drag (Wang et al. 2017). Somewild cowpea relatives have been identified
as potential sources of genes that confer resistance to a number of pests that have
devastating effects on grain yield and stored seeds. Vigna vexillata is one such wild
cowpea relative with resistance to pod sucking bugs (IITA 1988) and bruchids (Birch
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et al. 1986). Strong incompatibility barrier, however, exists between cowpea and V.
vexillata (Fatokun 2002) which has prevented transferring the desirable genes from
the latter to cultivated cowpea through conventional breeding. Some wild cowpea
relatives are cross compatible with cultivated types but have hardly been used in
developing improved varieties. With the advent of latest genomic tools, it is now
feasible to transfer into elite germplasm the favorable alleles left behind by the
domestication process more efficiently using genomics-assisted breeding strategies.
These tools should facilitate overcoming linkage drag, which is one major reason for
the non-interest in the use of wild cowpea lines by breeders. In this context, several
methods such as construction of introgression libraries (ILs), advanced backcross-
QTL (AB-QTL) analysis, have been suggested for transferring superior alleles from
wild species to cultivated lines. AB-QTL analysis has been used in several legume
species such as common bean (Blair et al. 2006), and soybean (Chaky et al. 2003) to
develop ILs with seed weight, days to flowering and yield traits in common bean and
yield traits in soybean. With an initiative of the Global Crop Diversity Trust project
in cowpea, we initiated the use of wild cowpea accessions in cowpea breeding pro-
gramme to introgress genes for drought tolerance into cultivated cowpea lines. In
future, AB-QTL approachmay be employed to introgress genes for drought tolerance
in cowpea improvement efforts.

10.8 Summary

Cowpea [Vigna unguiculata (L.) Walp.] is a multipurpose African legume crop,
which feeds millions of people and their livestock especially in West and Central
Africa. Because of its ability to fix nitrogen, it improves soil fertility, and conse-
quently helps to increase the yields of cereal crops when intercropped or grown in
rotation and thus contributes to the sustainability of cropping systems (Singh and
Ajeigbe 2007). Cowpea yields in farmer’s fields are very low due to several con-
straints (abiotic and biotic), as well as limited access to quality seeds of improved
varieties. Among abiotic constraints, drought is one of themost important factors that
could affect all growth stages of the cowpea crop. In the last three decades, efforts
of scientists at international and national cowpea research institutions have recorded
good progress in variety development through conventional breeding. However, to
meet the rising global demand for cowpea to feed the increasing human population,
more efforts are required to speed up variety development. With the availability of
latest genetic and genomic resources and the establishment of high-throughput SNP
genotyping platforms, it is now possible to usemodernmolecular methods in cowpea
to successfully and quickly develop and release improved varieties to farmers, which
would help bridge the existing yield gap. However, high throughput plant pheno-
typing for precise and accurate agronomical, morphological and physiological data
in large number of genotypes and segregating populations remains a bottleneck for
modern breeding. Further, the shortage of qualified human resources and advanced
research equipment and infrastructure in developing countries constitute other chal-
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lenges. Although genomic resources for cowpea still lag behind as compared with
similar crops, a number of cowpea genetic linkage maps and QTLs associated with
desirable traits such as resistance/tolerance to Striga, drought, macrophomina, fusar-
ium wilt, bacterial blight, root-knot nematodes, aphids, and foliar thrips have been
reported. Several national and international cowpea breeding programs are exploiting
the developed genomics resources to some extent to implement molecular breeding
for abiotic and biotic traits, especially by MABC, MARS and GWAM to accelerate
cowpea improvement. The recently available MAGIC RIL population and cowpea
genome sequence (Amatriain et al. 2017) will further accelerate molecular breeding
efficiently in cowpea improvement. The combination of conventional and molecular
breeding strategies should result in the development of varieties with genetic gains
that would boost cowpea production and productivity in SSA.
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