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Abstract. Both cowpea and yard-long bean belong to Vigna unguiculata ssp. unguiculata but have diverged through human induced
evolution in sub-Saharan Africa and Asia, respectively. To map the quantitative trait loci (QTLs) for yield associated traits and derive new
lines that may combine the attributes of both types, we developed a F2:3 mapping population derived from a cross between cowpea line
TVu2185 and yard-long bean line TVu6642. Using DArT markers, a total of 30 QTLs accounting for 1.8–13.0% phenotypic variation was
detected for pod and seed traits. Some novel major QTLs for peduncle number per plant (qPeN2.2), pod length (qPoL3), seed breadth
(qSB4), length (qSL7.2) and thickness (qST9) identiﬁed on chromosomes 2, 3, 4, 7 and 9, respectively, are particularly interesting and need
to be validated. Moreover, we conﬁrmed previously reported QTLs for pod length (qPoL8) and 100-seed weight (qSW8) on chromosome 8
and for seed number per pod (qSN9.2) on chromosome 9 suggesting usefulness for marker-assisted-selection purpose. Notably, some QTLs
for these traits were clustered especially on chromosomes 5, 7, 8, 9 and 10 indicating the presence of the same QTL or linked loci in these
regions. Moreover, the involvement of epistasis was observed for trait expressions, but compared with the main effect QTLs, the phenotypic
effects of epistatic-QTLs detected were much less. The present QTL analysis may provide a useful tool for breeders to formulate efﬁcient
breeding strategy for introgression of the desirable alleles for yield related traits in cowpea using molecular markers.
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Introduction
Cowpea (Vigna unguiculata (L.) Walp.) (2n = 22) is an
important leguminous food and forage crop in the tropics
and subtropical regions of the world. The cowpea gene pool
includes ﬁve cultigroups: Unguiculata, Biﬂora (or Catjang),
Textilis, Sesquipedalis and Melanophthalmus (Pasquet
CF and OB conceived and designed the study. ZZ extracted the DNA,
assisted in genotypic data analysis, BO was university advisor to ZZ and
MG assisted with genotyping. ALGO analysed the phenotypic data,
constructed the genetic map, QTL analysis and drafted the manuscript.
All authors provided their input for improvement and CF ﬁnalized the
manuscript.

1999). Among them, the cv.-gr. unguiculata, commonly
known as cowpea, black eye pea or niébé, is the largest
group, includes most medium-seeded to large-seeded African grain and forage types. The grains and fodder have high
protein content and plants with ‘bush’-type architecture
produce high grain yield (Verdcourt 1970; Suanum et al.
2016). Yet, the cv.-gr. sesquipedalis known as yard-long
bean or asparagus bean, is characterized by long ﬂeshy pods,
climbing growth habit and is mostly cultivated in Southeast
Asia and consumed as a vegetable due to its succulent
immature pods that are tender and crisp (Xu et al. 2010).
Being a cheap source of dietary protein, cowpea complements the low-protein cereal and tuber crops based diets,
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thus, contributing signiﬁcantly to food and nutrition security
in developing countries especially sub-Saharan Africa (SSA)
(Fatokun et al. 2002; Boukar et al. 2011). It also provides
quality fodder for the livestock of marginal farmers as it is
produced with very low inputs. Moreover, cowpea, as a
legume crop, ﬁxes atmospheric nitrogen via root nodule
rhizobial symbiosis, leading to improved soil fertility.
Compared to other legumes, cowpea’s versatility is much
appreciated due to its distinguishing features under the current climate change, especially its adaptation to heat, drought
and a wide range of soil pH (Fery 1990; Hall 2004; Murdock
et al. 2008).
Cowpea is the leading grain legume crop produced in
West Africa, where it occupies 10.68 Mha and accounts for
about 83.5% of the world production (FAOStat 2017). The
farmland area of Nigeria which is covered by the cowpea is
the second largest, 3.78 Mha next only to Niger with 5.18
Mha. Nigeria is however, the world’s largest producer of
cowpea, accounting for over 46% of the global annual
production (*7.5 Mt), followed by Niger and Burkina Faso
(FAOStat 2017). In recent years, the increases in global
cowpea production have been predominantly due to the
expansion of cultivated area as productivity of this crop is
hovering around 550 kg/ha, suggesting that more marginal
land is being planted and improvements in genetic potential
is not keeping pace (Fatokun et al. 2012).
In SSA, cowpea is frequently cultivated as an intercrop
with cereals (maize, sorghum and millets), but as a sole crop
it is gaining popularity due to cash income potential from
cowpea for farmers. Generally, narrow genetic base is considered as one of the major limiting factors to increasing
cowpea productivity, which may stem from the utilization of
a few accessions as parents in breeding programmes or the
tendency to add desirable traits repeatedly by backcrossing
(Li et al. 2001; Tantasawat et al. 2010). Moreover, the single
domestication event, high autogamy and a double bottleneck
effect—from wild to primitive cultivar groups and from
primitive to evolved cultivar groups could have contributed
to the low diversity in all the V. unguiculata cultigroups
(Pasquet 2000). Thus, the most effective approach for
broadening the genetic base in cowpea is to tap the diversity
in the subspecies’ gene pools, particularly other cultigroups
such as sesquipedalis. This should help to realize sustainable
genetic gains for the long term, because both cultigroups,
though divergent for many traits, are cross compatible as
hybrids between them are fully fertile (Fatokun et al. 1997).
The main objective of the present investigation was to
map quantitative trait loci (QTLs) for grain yield components in cowpea gene pool using intersubspeciﬁc bi-parental
population. Here, we developed a F2:3 mapping population
from an intersubspeciﬁc cross of cowpea and constructed a
high-quality SNP linkage map. Data generated from the
replicated ﬁeld grown F3 progenies for pod and seed traits
detected several novel QTLs for grain yield related traits
which should contribute to designing breeding strategies that

take advantage of molecular markers in developing
improved varieties with enhanced genetic gains.

Material and methods
Plant materials and experimental sites

A cowpea germplasm line TVu2185 (V. unguiculata ssp.
unguiculata) and yard-long bean line TVu6642 (V. unguiculata cultigroup sesquipedalis) were selected from cowpea
gene bank at the International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria and crossed to generate F1
seeds. Both genotypes differ in many agronomic traits,
especially pod-related and seed-related traits. To develop the
mapping population, the resulting F1 plants from the cross
were selfed to produce F2 individuals. Both parents together
with F2 individuals were raised in pots under screenhouse
conditions and a total of 208 individuals were genotyped.
Individual F2 plants were allowed to self-fertilize and
resulting pods were threshed to provide seeds for F2:3 progenies which were planted in progeny rows in the ﬁeld.
Phenotypic data collection and statistical analysis

The parents together with 204 F2:3 progenies were evaluated
in alpha-lattice design with two replications during the dry
season of 2017/2018 at the experimental ﬁeld of IITA, Ibadan, Nigeria (78 290 11.9900 N, 38 540 2.8800 E, altitude 190 m).
The plots were 4.0-m long with spacing of 0.75 m between
rows and 0.50 m within rows. Parents, as well as F2:3 progenies, were phenotyped for nine pod and seed related traits.
Pod length was recorded as the average length of 10 fully
matured pods for each of three randomly selected plants per
plot using a ﬂexible measuring tape. Similarly, peduncle
length was measured as the average length of peduncles for
each of the three selected plants per plot, number of
peduncles and pods per plant were recorded on the same
three plants per plot. The mean values per plot were used for
data analyses. The number of seeds per pod was the average
number of seeds from 10 well-developed pods. After harvesting, seeds were threshed by hand, and used for scoring
the 100 dry seed weight by weighing 100 seeds from the
bulk of each F3 row. The length, width and thickness of
seeds were measured using a vernier caliper as the average
value of 10 randomly selected seeds from each bulk.
All the data were subjected to analyses of variance using
PROC GLM in statistical analysis system software v. SAS
9.1 (SAS Institute). Genotypes were considered as ﬁxed
effects while replications and blocks within replications as
random effects. Least signiﬁcant difference (LSD) was used
to determine the signiﬁcant differences among the least
square means of the genotypes at the probability level of
0.05. Pearson’s correlation coefﬁcients among the measured
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traits were plotted in R while trait mean values from the F3
population were used subsequently for QTL analysis.
DNA extraction, genotyping and marker data ﬁltration

Newly expanded young trifoliate leaves were collected from
the 204 F2 individuals and the two parents. These were
lyophilized in a Labconco Freezone 2.5L System (Marshall
Scientiﬁc, USA) and ground in a Spex Sample Prep 2010
Geno/Grinder (Thomas Scientiﬁc, USA) for 1 min at 1000
strokes/min. Total genomic DNA extraction was performed
following the Diversity Arrays Technology (DArT) DNA
extraction
protocol
(https://www.diversityarrays.com/
orderinstructions/plant-dna-extraction-protocol-for-dart/).
DNA quality of each sample was qualitatively and quantitatively assessed on 0.8% agarose gel and Nanodrop 2000c
spectrophotometer (Thermo Scientiﬁc), respectively.
Extracted DNA samples were sent to DArT-seq platform
(DArT, Canberra, Australia) for genotyping by sequencing
using DArTseq methodology (https://www.diversityarrays.
com/technology-and-resources/dartseq/).
A total of 3110 SNP markers were obtained from
sequencing using DArTseq methodology. Of this number
only 1627 (52.3%) markers were found polymorphic
between the parents. Subsequently, the polymorphic markers
that passed the stringent ﬁltering criteria such as missing
data ([10%) and minor allele frequency (MAF\0.25), were
considered for linkage mapping (Edae et al. 2017).
Linkage map construction and QTL analysis

The linkage analysis of the SNP markers was performed
using QTL IciMapping v.4.1 software using the MAP
function (Meng et al. 2015). Before computing the marker
orders and distances, segregation distortion of all the
markers was assessed using chi-square (v2) values by analysing signiﬁcant deviations from the expected Mendelian
genotypic frequencies for F2 population. Markers with signiﬁcant segregation distortions from the expected 1:2:1 ratio
at 5% probability level (a B 0.05) were excluded from
further analysis. Moreover, identical markers were also
excluded. Marker distances and order were calculated using
the Kosambi’s genetic mapping function (Kosambi 1944).
The position of each marker on the different linkage groups
was compared with the recently published cowpea physical
map (Vigna unguiculata v1.0, http://phytozome.jgi.doe.gov/
).
Following linkage map construction, mapping of the
quantitative trait loci (QTLs) was performed in QTL
IciMapping v.4.1 software using the inclusive composite
interval mapping (ICIM-ADD) function for the traits studied
in the present study. Critical parameters used for mapping
also included step size equal to 1.0 cM and P value for
entering variables (PIN) equal to 0.001. Similarly, digenic
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(epistatic effects) interactions were also measured for the
studied traits with QTL IciMapping V4.1 software package
in ICIM-EPI function using parameters of walking speed and
PIN set at 5 cM and 0.0001, respectively. To declare a signiﬁcant main effect QTL, a LOD threshold was set at 3.0
while an epistatic-QTL (E-QTL) was declared at a LOD
threshold value of 5.0. QTLs explaining phenotypic variation (PVE) C10% were considered as major QTLs while
below this value were minor QTLs.

Results
Phenotypic analysis

Substantial variations were observed between parents and
among F2:3 progenies for the measured traits (ﬁgure 1;
table 1). The frequency distribution of all traits measured in
the F2:3 generation showed typical continuous variation by
almost ﬁtting the expected normal distribution for quantitative traits except for number of pods per plant. Expectedly,
parental genotype TVu6642 exhibited longer pods than
TVu2185. However, TVu2185 presented higher number of
pods as well as peduncles per plant but lower trait values for
seed number per pod, seed length and 100-seed weight than
TVu6642 while both parents exhibited no obvious differences for peduncle length and seed breadth as well as
thickness (ﬁgure 1). The mean values of the F2:3 population
for pod length, pod number and peduncle number per plant
substantially exceeded the mid parental values of these traits,
indicating the presence of transgressive segregation
(table 1).
Heritability estimates for the studied traits varied from
39.85% for seed thickness to 84.26% for 100-seed weight
(table 1). Signiﬁcant correlations were found among the
traits, although correlation coefﬁcients did not exceed 0.5
except between pod and seed length (0.80**), pod and
peduncle numbers per plant (0.56**), along with breadth and
length of seeds (0.50**) (ﬁgure 2). Pod length is the most
interesting trait, and the correlations between it and all the
other traits studied were low (breadth as well as thickness of
seed), moderate (100-seed weight) or highly positive (seed
length) to weakly negative (pods and peduncles per plant).
Hundred-seed weight showed signiﬁcantly positive correlation with pod length, and both length and thickness of seed
but negative correlation with seed number per pod. The
signiﬁcant correlations among some measured traits within
this set of investigated F2:3 families demonstrated the possibility of correlated responses to selection.
SNP genotyping and construction of genetic map

The genotyping of the F2 individuals together with their
parents at the Diversity Arrays Technology platform produced only 1627 polymorphic DArT markers using
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b Figure 1. Frequency distribution of pod and seed traits in a

population of 204 F2:3 families derived from cross between
TVu2185 (V. unguiculata ssp. unguiculata cv-gr unguiculata) and
TVu6642 (V. unguiculata ssp. cv-gr sesquipedalis). Inverted
triangles indicate values/ratings of the parental lines. Inverted
white and black triangles represent TVu6642 and TVu2185 parents,
respectively.

DArTseq technology and sequenced by Illumina Hiseq2000.
The markers with excessive number of missing data, very
low minor allele frequencies and distorted segregations were
eliminated. Subsequently, each marker was BLASTED
against the cowpea reference genome v1.1 (https://
phytozome.jgi.doe.gov/pz/portal.html).
Following stringent data cleaning, a total of 204 F2 individuals and 376 high-quality SNP markers with conﬁrmed
positions in cowpea physical map were used for genetic map
construction. These markers successfully mapped onto the
11 V. unguiculata linkage groups (VuLGs) corresponding to
11 chromosome pairs of the cowpea (table 2). The SNP
markers’ names and their positions on both genetic (cM) and
physical maps (bp) of the cowpea genome are listed in the
table 1 in electronic supplementary material at http://www.
ias.ac.in/jgenet/. The present genetic map spanned
1394.7 cM with an average marker distance of 4.1 cM
between adjacent markers (table 2). The length of individual
VuLGs varied from 83.2 cM (VuLG4) to 175.9 cM
(VuLG5), with mean marker distances ranging from 2.9 cM
to 8.3 cM within LGs. The VuLG4 contained lowest number
of markers (11) whereas highest number of markers (45) was
mapped to VuLG7. Among the mapped SNPs, the transition
type accounted for 55.3% of all SNPs, with 23.7% and 31.6
% contributions of C/T and G/A types, respectively (table 2
in electronic supplementary material). The other four SNP
types were transversions that accounted for 44.7% of all
SNPs. The contributions of C/G, G/T, C/A, and A/T were of
8.5%, 8.8%. 10.6% and 16.8% of all SNPs, respectively.

Figure 2. Genetic correlations among pod and seed traits in the
F2:3 population. Signiﬁcant level 0.17 \P value \0.01 and 0.23
\0.001. SP, seeds per pod; PoP, number of pods per plant; PeP,
number of peduncles per plant; ST, seed thickness; SB, seed
breadth; HSW, 100-seed weight; SL, seed length; PoL, pod length;
PeL, peduncle length.

QTL mapping

By using LOD score of 3.0, inclusive composite interval
mapping identiﬁed 30 putative QTLs under the additive
model (ICIM-ADD) for nine pod and seed traits distributed
on all the chromosomes except chromosome 6 (ﬁgure 3).
Maximum number of QTLs were detected for both pod and
seed lengths (each with six) followed by seeds per pod and
seed thickness (each with four), peduncle length, number of
peduncles per plant and 100-seed weight (each with three)
and number of pods per plant (one). Among the 30 putative
QTLs, only seven, two for pod length and one each for
peduncles per plant, seeds per pod, and seed length, breadth

Table 1. Descriptive statistics of the PVE in parents and their F2:3 progenies.
F2:3 population

Parents
Name of the trait

TVu2185

Pod length (cm)
Pods plant-1 (no.)
Peduncle length (cm)
Peduncles plant-1 (no.)
Seeds pod-1 (no.)
100-seed weight (g)
Seed length (mm)
Seed breadth (mm)
Seed thickness (mm)

12.85±1.19
18.40±1.70
24.45±2.17
13.90±0.71
9.85±1.35
10.45±2.48
6.71±1.21
4.74±0.65
3.93±0.12

h2(bs), heritability in broad sense

TVu6642

Mean

Range

Skewness

Kurtosis

h2 (bs)

34.00±5.60
11.90±1.27
23.20±1.67
10.40±0.57
12.05±1.15
18.53±1.33
11.47±2.75
5.29±0.12
3.76±0.07

27.39±4.82
23.59±8.20
24.69±2.38
18.54±4.22
11.07±0.92
14.34±2.85
9.05±0.92
5.02±0.30
3.84±0.23

17.1–43.5
10.3–54.0
16.0–30.0
9.50–34.7
4.93–15.0
7.86–20.02
7.36–12.36
4.46–6.21
3.22–4.44

0.497
0.891
-0.298
0.818
-0.409
0.154
-0.324
0.260
0.087

0.386
0.469
0.217
1.289
0.542
-0.654
0.096
0.137
-0.323

74.52
74.08
46.77
61.63
45.68
84.26
75.55
39.92
39.85
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Table 2. Summary of the SNP-markers (DArT) based cowpea genetic map constructed in present study.
Types of SNP marker
Linkage group/chromosome
number
VuLG1
VuLG2
VuLG3
VuLG4
VuLG5
VuLG6
VuLG7
VuLG8
VuLG9
VuLG10
VuLG11
Total
Average

Number of SNP
markers

Distance
(cM)

Average inter-loci distance
(cM)

32
42
40
11
43
36
45
30
30
28
39
376
34.2

110.2
119.0
174.3
83.2
175.9
127.9
172.3
108.9
100.4
96.2
126.4
1394.7
126.8

3.6
2.9
4.5
8.3
4.2
3.7
3.9
3.8
3.5
3.6
3.3
–
4.1

and thickness were found to be major QTLs explaining
C10% PVE. The highest (PVE) explained by individual
QTL was 13.0% by qSB4 for seed breadth detected on
chromosome 4 while lowest PVE was 1.8% by qPoL10 for
pod length located on chromosome 10. Descriptions of these
putative QTLs along with their peak positions, LOD scores,
ﬂanking markers, PVE% and gene effects are presented in
table 3.
Six QTLs were detected for pod length, each of them
being located on different chromosomes (3, 4, 5, 7, 8 and
10). These QTLs accounted for 1.8–12.2% of the trait
variation and LOD scores ranged from 3.0 to 16.7. The
maximum trait variance was explained by a major QTL on
chromosome 3, designated qPoL3 (12.2%) followed by
qPoL8 (11.2%) with LOD scores of 16.7 and 9.8, respectively. Among the six QTLs associated with pod length,
three showed additive and the remaining three showed partial to overdominance effects. Negative additive genetic
effects at qPoL3, qPoL8 and qPoL10 indicated that the QTL
alleles originated from TVu6642, the parent with longer pod,
whereas those of TVu2185 contributed favourable alleles at
qPoL4, qPoL5 and qPoL7.
A single minor QTL, qPoN8 explaining 7.4% of the
phenotypic variance with LOD value of 4.1 was detected for
number of pods per plant on chromosome 8. The qPoN8
exhibited additive effect and the parent TVu6642 contributed
favourable allele at this QTL.
Three minor QTLs on chromosomes 1, 7 and 10 were
detected for peduncle length, of which qPeL1 and
qPeL10 showed additive effects whereas qPeL7 showed
partial dominance effect. Their contributions to the total
phenotypic variance ranged from 3.8 to 6.3%. The
additive genetic effects of the QTLs for peduncle length
indicated the allele forcing higher values coming from
the TVu2185 at qPeL1 and qPeL10 while at qPeL7 by
TVu6642.

Transition Transversion
14
26
27
5
26
18
26
20
18
13
15
208
18.9

18
16
13
6
17
18
19
10
12
15
24
168
15.3

A total of three QTLs, one on chromosome 9 and two on
chromosome 2 were mapped for number of peduncles per
plant. Of the three QTLs, qPeN2.2 located on chromosome 2
accounted for 10.0% of the total phenotypic variance
whereas two minor QTLs, qPeN2.1 and qPeN9 for peduncle
number contributed 4.7%, and 7.9% of the total phenotypic
variance, respectively. Both minor (qPeN2.1) and major
(qPeN2.2) QTLs, located on chromosome 2 showed overdominance effect but partial dominance effect was exhibited
by the qPeN9 located on chromosome 9. The TVu2185
allele for the major QTL (qPeN2.2), and the TVu6642 alleles
for the remaining two minor QTLs (qPeN2.1 and qPeN9)
showed positive effects on number of peduncles per plant.
Four QTLs were detected for number of seeds per pod,
two on chromosome 9 and one each on chromosomes 8 and
11. These QTLs explained between 4.0 and 10.4% of the
phenotypic variance. Among these QTLs, only qSN9.2,
showing partial dominant effect on chromosome 9, was a
major QTL with a LOD value of 3.2 and PVE of 10.4%. The
QTLs, qSN8 and qSN11 showed additive effects whereas
qSN9.1 showed overdominance effect. Strikingly, alleles of
the parent TVu2185 had favourable additive effects at all
QTLs associated with seed number per pod.
Three minor QTLs were found for 100-seed weight on
chromosomes 7, 8 and 9 with the LOD values ranging
between 3.3 and 5.3, and explaining PVE of 3.9 to 9.1%. All
these QTLs showed partial dominance. The parent TVu2185
contributed favourable additive alleles at qSW7 and qSW9
while the allele at qSW8 was derived from TVu6642.
Six QTLs, one each on chromosomes 3 and 5 and two each
on chromosomes 7 and 8 were detected for seed length with
LOD scores ranging from 4.5 to 6.1. All the QTLs for seed
length were identiﬁed as minor QTLs except qSL7.2 on
chromosome 7 explaining PVE of 10.3%. Alleles derived
from TVu6642 were responsible for longer seeds by qSL3,
qSL7.1 and qSL8.2, while TVu2185 alleles were positive at
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Figure 3. Genetic linkage map and locations of putative QTLs for pod and seed traits detected in 204 F2:3 population. The genetic distance
between markers is given in centimorgan (cM) and the symbols in linkage map indicate the position of QTL for respective trait. For
explanation on traits see ﬁgure 2 footnote.

qSL5, qSL7.2 and qSL8.1. All the QTLs showed additive
effects except qSL8.1 which showed partial dominance effect.
Four QTLs located on chromosomes 4, 5, 8 and 10 were
detected for seed breadth, which explained 4.8% of the PVE in
qSB5 to 13.0% in qSB4. The parent TVu2185 contributed
favourable alleles at the major QTL qSB4 with overdominance
effect whereas the alleles from TVu6642 contributed to an
increase in seed breadth for the remaining three QTLs,
exhibiting additive (qSB5) and partial dominance (qSB8 and
qSB10). Similarly, four QTLs on different chromosomes (5, 8, 9
and 10) were identiﬁed for seed thickness with LOD scores
ranging between 3.3 and 5.8; and only one QTL qST9 was
found to be a major (10.0% PVE). The major QTL (qST9)
together with one minor QTL (qST5) showed partial dominance

and received the trait enhancing allele from parent TVu2185
while TVu6642 contributed favourable alleles at remaining two
minor QTLs (qST8 and qST10) with additive effects.
E-QTLs

A total of 113 digenic interactions involving all the chromosomes were detected for the studied traits with LOD values
varying from 5.01 to 10.36 (table 4). Maximum number of
E-QTLs were associated with pod number per plant followed by
seed number per pod, peduncles per plant, peduncle length,
seed length, pod length, 100-seed weight, seed thickness and
seed breadth, respectively (ﬁgure 4). Of the 113 E-QTLs,
majority contained interactions between either two loci of no
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Table 3. Putative QTLs for pod and seed traits in the F2:3 population derived from TVu2185 9 TVu6642 cross.
Marker
Trait
Pod length (PoL)

QTL

qPoL3
qPoL4
qPoL5
qPoL7
qPoL8
qPoL10
No. of pods/plant (PoN) qPoN8
Peduncle length (PeL)
qPeL1
qPeL7
qPeL10
No. of peduncles/plant qPeN2.1
(PeN)
qPeN2.2
qPeN9
No. of seeds/pod (SN) qSN8
qSN9.1
qSN9.2
qSN11
100-Seed weight (SW) qSW7
qSW8
qSW9
Seed length (SL)
qSL3
qSL5
qSL7.1
qSL7.2
qSL8.1
qSL8.2
Seed breadth (SB)
qSB4
qSB5
qSB8
qSB10
Seed thickness (ST)
qST5
qST8
qST9
qST10

Chr.

PP
(cM)

Left

3
4
5
7
8
10
8
1
7
10
2
2
9
8
9
9
11
7
8
9
3
5
7
7
8
8
4
5
8
10
5
8
9
10

85
52
119
150
96
56
72
35
6
45
10
74
5
108
4
58
79
151
107
51
116
113
137
172
83
108
71
118
35
30
112
108
52
25

14086749
14078801
14083898
14074382
14081690
25365832
25362868
14074168
14057544
14087281
25363868
14073471
25365882
14073327
25363598
14074924
14083913
14074382
14073327
14076263
25364800
25363120
14082930
14076867
14084982
14073327
25363845
14083898
14077510
14073715
25363120
14073327
14074924
14085466

Effects

Right

Peak
LOD

PVE
(%)

Add

14077497
25363845
14077441
14073564
14086910
25363686
14056645
14084762
14082044
25364259
14056216
14087180
14073701
25363647
25365882
14086809
14054578
14073564
25363647
14074924
14075714
14083898
14074382
14085119
14076300
25363647
14075140
14077441
25364713
14074449
14083898
25363647
14086809
14073715

16.7
3.2
9.6
10.4
9.8
3.0
4.1
10.4
4.9
5.1
3.7
7.5
6.2
6.9
3.8
3.2
3.9
5.3
3.6
3.3
5.4
4.5
5.5
6.1
5.2
5.8
4.3
3.8
6.0
6.6
3.3
3.4
5.8
5.1

12.2
3.3
7.4
8.8
11.2
1.8
7.4
6.3
3.8
4.3
4.7
10.0
7.9
7.8
4.0
10.4
9.1
9.1
4.6
3.9
4.7
4.0
4.9
10.3
6.0
5.3
13.0
4.8
6.6
7.6
4.9
5.3
10.0
7.7

-3.16
7.93
2.46
2.65
-3.03
-0.81
-3.50
1.34
-1.01
1.15
-0.63
0.31
-1.82
0.73
0.18
0.81
0.84
1.39
-1.04
0.91
-0.35
0.35
-0.37
0.56
0.39
-0.37
0.10
-0.12
-0.14
-0.14
0.08
-0.08
0.11
-0.10

Dom

D/|A|

-0.04
0.01
-8.64
-1.09
-0.96
-0.39
0.15
0.06
-0.11
0.04
1.32
-1.62
-0.22
0.06
0.27
0.20
0.38
-0.38
-0.15
-0.13
1.98
-3.13
-3.12 -10.06
-1.24
0.68
0.002
0.003
-0.73
-4.09
0.40
0.50
0.17
0.20
-0.60
-0.43
0.36
-0.35
-0.38
-0.42
-0.06
0.17
-0.01
-0.03
-0.01
0.03
0.06
0.11
-0.09
-0.23
-0.06
0.16
0.21
2.10
0.01
-0.08
-0.05
0.36
0.04
-0.29
0.04
0.50
0.01
-0.13
-0.03
-0.27
0.01
-0.10

Gene
action
A
D
PD
A
A
OD
A
A
PD
A
OD
OD
PD
A
OD
PD
A
PD
PD
PD
A
A
A
A
PD
A
OD
A
PD
PD
PD
A
PD
A

QTL designation begins with ‘q’, followed by an abbreviation of the trait name and number that represents the chromosome location of the
QTL and is also denoted by continuous lowercase letters (a b c…) following the number if a chromosome has more than one QTL. Chr,
chromosome; PP, peak position; PVE, percentage of total phenotypic variance explained by the QTL; add, additive effect; dom, dominant
effect. A positive/negative value indicates that the allele originating from parent TVu2185/TVu6642 increases the numeric value of the trait.
Gene action/QTL modes (A, additive; PD, partial dominance; D, dominance; OD, over-dominance) classiﬁed as described by Stuber et al.
(1987).

signiﬁcant direct effects, i.e. loci with only epistatic effects (63
E-QTLs) or the interaction between a QTL with main effect and
a locus without signiﬁcant direct effect (45 E-QTLs) (table 3 in
electronic supplementary material). Nonetheless, ﬁve E-QTLs
revealed the interaction between main effect QTLs.
Of the seven E-QTLs detected for seed length, one showed
interaction between the main effect QTL for seed length
(qSL8.2) on chromosome 8 which also colocalized with QTLs
for seed number per pod (qSN8), 100-seed weight (qSW8) and
seed thickness (qST8) at marker interval 14073327–25363647,
and with another main effect QTL associated with seed breadth
(qSB4) on chromosome 4 at marker interval 25363845–
14075140 (table 3 in electronic supplementary material).
Similarly, an E-QTL for number of pods per plant involved the
interaction between a genomic region on chromosome 9

Table 4. E-QTLs for pod and seed traits in a cowpea F2:3 population derived from TVu2125 9 TVu6642 cross.

Trait
Peduncle length
No. of peduncles per
plant
Pod length
No. of pods per plant
No. of seeds per pod
100-Seed weight
Seed length
Seed breadth
Seed thickness

No. of
E-QTLs

LOD

PVE (%)

7
8

5.01–6.98
5.18–6.12

4.40–8.05
3.05–6.53

6
55
19
5
7
2
4

5.12–5.58
4.43–8.72
5.05–10.36 0.79–2.46
5.01–8.08
1.23–2.75
5.22–5.77
1.90–5.63
5.11–6.01
3.29–8.10
6.02–6.22 10.77–19.55
5.01–5.94
2.66–6.49
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Figure 4. Cyclic illustrations of epistatic interactions of QTLs associated with pod and seed traits in cowpea F2:3 population. The
ﬁgure was generated by ICIM-EPI in the QTL IciMapping v.4.1 software. The 11 colours in the ring represent the cowpea’s 11
chromosomes. The numbers in the ovals indicate the positions of markers on chromosomes. The dotted lines indicate the interacting marker
pairs located on the same or different chromosomes due to epistatic effect. The numbers on the dotted lines indicate the LOD scores of the
E-QTLs.

(14074924–14086809) associated with main effect QTLs for
seed number per pod (qSN9.2) and seed thickness (qST9), at
marker interval 14083898–1407744 on chromosome 5 associated with main effect QTL for pod length (qPoL5) and seed
breadth (qSB5). All the E-QTLs exhibited low PVE except two
E-QTLs detected for seed breadth which could explain 10% of

the observed total PVE of epistasis (table 3 in electronic supplementary material). Notwithstanding that 113 E-QTLs were
detected for nine pod and seed traits, two-third E-QTLs were
detected only for pods per plant (55 E-QTLs) and seeds per pod
(19 E-QTLs) that could explain less than 3% of the observed
total PVE of epistasis.
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Discussion
The annual growth rate of 3.85% and 2.19% in global
cowpea production and productivity, respectively (calculated
using FAO database) can be attributed to breeding efforts of
the last 50 years. Nonetheless, to meet the projected global
demand of nearly 11.2 Mt by 2030, there is an urgent need to
harness the genetic diversity of this crop for the development
of better performing consumer preferred varieties (Boukar
et al. 2016). Thus, understanding of the genetic basis of
plant characteristics that inﬂuence yield is highly essential
for introgression or transfer of speciﬁc beneﬁcial or
favourable alleles of such characters that allow cowpea crop
to be more productive. For instance, the productivity of
cowpea can be improved through emphasis on pod and seed
characteristics which are direct contributors to the economic
yield either as seed yield in case of grain cowpea or pod
yield for yard-long bean (Romanus et al. 2008; Ullah et al.
2011). Similarly, the gigantic pod characteristic of yard-long
bean has the potential for developing bush-type vegetable cowpea by hybridizing with grain type cowpea that
might have low cost of cultivation as an advantage of
requiring no staking (Singh et al. 2003).
In the present study, the genotypic data obtained from the
F2 mapping population derived from a cross between grain
cowpea genotype TVu2185 (V. unguiculata ssp. unguiculata
cv-gr unguiculata) and yard-long bean genotype TVu6642
(V. unguiculata ssp. cv-gr sesquipedalis) were assigned
sucessfully to the 11 linkage groups corresponding to 11
chromosome pairs of the cowpea reference genome (www.
phytozome.net). The linkage analysis detected deviation of
the markers from the expected segregation ratio on all the
chromosomes, but maximum markers with distorted segregation were observed on chromosome 4. Segregation distortion of molecular markers has been observed in the
progeny derived from distant crosses of Vigna species (Ubi
et al. 2000; Isemura et al. 2007; Andargie et al. 2011) in
general, but particularly on chromosome 4 corresponding to
old LG11, where distorted segregation of all the markers was
previously reported (Kongjaimun et al. 2012c). It is noteworthy that segregation distortions detected in the F2 population were not conﬁrmed in the F8 RIL population
generated from the same cross between the cultivated and
weedy soybean (Yamanaka et al. 2001; Watanabe et al.
2004). The aberrant segregation ratios detected in distant
crosses may have occurred partly by chance because of the
limited sample sizes in the segregating populations, but the
possibility of the abortion of male or female gametophytes,
or the selective fertilization of gametes cannot be ruled out
(Xu et al. 1997).
Physical characteristics of pod and seed are highly
important from both domestication and grower as well as
consumer preference perspectives. Mapping of QTLs associated with pod and seed traits may enhance our understanding of genetic bases for these traits which eventually

could be utilized in cowpea breeding. In the present study,
ICIM approach detected a total of 30 QTLs for the nine
studied traits that were scattered on all the cowpea chromosomes except chromosome 6 (ﬁgure 3; table 3). The
notable ﬁndings of the present study are that most of the
traits in cowpea are largely governed by single major QTL
with 2–5 additional minor QTLs except for number of pods
per plant where only a single minor QTL was detected.
Nonetheless, some earlier studies have reported QTLs in
cowpea for these traits, but comparison of the QTLs detected
in this study with most of those earlier reported cannot be
made with the exception of Lo et al. (2018). This is because
the kinds of markers used to construct the linkage maps are
different and their positions in the recently published cowpea
physical map cannot be well established (Andargie et al.
2011; Kongjaimun et al. 2012a, b, c; Egbadzor et al. 2014;
Pan et al. 2017; Xu et al. 2017).
Both parents used in the present work differ for most of
the traits studied particularly pod length (table 1; ﬁgure 1). The parent TVu6642 has mean pod length of 34.0 cm
which is almost thrice that of the other parent TVu2185 with
an average pod length of 12.85 cm (table 1). IciMapping
detected a total of six QTLs including two major QTLs
(qPoL3 and qPoL8) associated with pod length accounting
for 1.8 to 12.2% PVE. (ﬁgure 3; table 3). Interestingly, the
position of QTL qPoL8 detected in this study almost coincided (1.34 Mbp apart) with the ones reported by Lo et al.
(2018) on chromosome 8 and could be the same QTL as
reported elsewhere on old LG5 which corresponds to chromosome 8 (Kongjaimun et al. 2012a, c; Xu et al. 2017). In
the past, QTL for pod length was also reported on the LG3
(chromosome 3), but it was not possible to compare the
position of qPoL3 detected in this study and those of earlier
reports (Kongjaimun et al. 2012a, c; Xu et al. 2017).
However, qPoL3 appears at different position on chromosome 3 as reported by Lo et al. (2018) for pod length. Thus,
the major QTL, qPoL3, detected in this study seems to be
novel.
Similarly, the QTL qPeN2.2 for peduncle number on
chromosome 2 seems to be an interesting one having
accounted for 10.0% PVE and might be useful for breeding
of varieties bearing more peduncles. There is no record in
literature on QTL for number of peduncles in cowpea.
However, the detection of QTLs with effects on number of
pods per plant in many of the cowpea chromosomes
has been previously reported (Kongjaimun et al. 2012a). In
this study, three minor QTLs detected for peduncle length
that accounted for 3.8–6.3% PVE do not correspond to QTL
reported by Lo et al. (2018) who identiﬁed a single QTL
region for peduncle length on chromosome 5. Therefore, the
QTLs identiﬁed in this study for peduncle length appeared to
be novel. Longer peduncle in cowpea allows pods to be
carried above the canopy that helps to avoid damage to pods
by the pod borer (Maruca vitrata) or to reduce diseases
particularly associated with humid environments (Aremu
2011). Further, cultivars with long peduncles are said to be
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easier to harvest (Timko et al. 2007) and especially suited for
mechanized harvesting.
Number of seeds per pod is an important yield component
and different mapping studies revealed that QTL regions on
chromosomes 2 (LG7), 4 (LG11), 5 (LG1) and 9 (LG8)
affect seeds per pod in cowpea (Kongjaimun et al. 2012a;
Pan et al. 2017 and Lo et al. 2018). The major QTL, qSN9.2
identiﬁed in this study was mapped to the same region on
chromosome 9 as a QTL for seed number identiﬁed from a
cultivated by wild-type cowpea RIL population (Lo et al.
2018). Similarly, QTLs associated with seed traits such as
seed weight, length, width and thickness were mapped on
most of the cowpea chromosomes elsewhere (Kongjaimun
et al. 2012a; Egbadzor et al. 2014). Recently, Lo et al.
(2018) detected a major QTL on chromosome 8 for 100-seed
weight that accounted for 36% PVE. A minor QTL qSW8
detected in present study also mapped to the same genomic
region (0.22 Mb distance between nearest markers) on
chromosome 8 which clearly shows the consistency of this
QTL in different genetic backgrounds. However, it is difﬁcult to establish any relationships with other QTL positions
in earlier studies due to differences in type of markers used
in present and previous works (Kongjaimun et al. 2012a;
Egbadzor et al. 2014).
It is worth noting that most of the studied traits were
correlated with each other except peduncle length which
exhibited signiﬁcant but positive correlation with pod length
(ﬁgure 2). The correlated responses of traits could be
explained at molecular level by the occurrence of colocalized QTL which might harbour either speciﬁc genes with
pleiotropic effects or the presence of certain genes coexisting
in these QTL clusters (Chander et al. 2008). Notable aspect
of the present study is that QTL clusters affecting more than
one trait were identiﬁed on chromosomes 4, 5, 7, 8, 9 and 10
(ﬁgure 3) which indicate that these traits may have multiple
effects on each other as genes controlling them belong to the
same genomic regions. The colocalization of QTLs controlling domestication traits in cowpea had also been
reported recently (Lo et al. 2018). Fine mapping of these
identiﬁed QTL regions would provide a better understanding
of the genetic basis of these traits and explain if linkage or
pleiotropic effects are responsible for their colocalization.
The number of seeds per pod did not differ appreciably
between the two parents despite that TVu6642 has a mean
pod length that is almost thrice that of the TVu2185. The
increased pod length of the yard-long bean did not lead to a
proportionate increase in the number of seeds that a pod
contains when compared with the second parent. Interestingly, pod length showed fragile but negative correlation
with seeds per pod (- 0.17), however, it had signiﬁcantly
moderate to very high positive correlations with seed mass
and shape traits (HSW = 0.43; SL = 0.80; SB = 0.25;
ST = 0.26). At molecular level, all the QTLs associated with
pod length and seeds per pod were mapped on different
chromosome except one major QTL for pod length (qPoL8)
and a minor QTL for seeds per pod (qSN8) on chromosome

Page 11 of 13

57

8 which localized to same genomic region where QTLs for
seed mass and shape were also detected (ﬁgure 3). The longpodded parent TVu6642 contributed favourable alleles at all
these QTLs including pod length, but the favourable allele
for seeds per pod were from parent TVu2125 (table 3). It can
be inferred from this result that the maximum number of
seeds per pod is ﬁxed in cowpea as this did not change
markedly in the course of evolution of yard-long bean from
cowpea in Asia. One reason for making the cross between
cowpea and yard-long bean was to obtain progeny with long
pods and more seeds per pod thereby leading to higher grain
yield. However, the gigantic increase in pod length of yardlong bean has resulted in dry matter accumulation in the pod
wall due to deliberate continuous selection for succulent
pods to consume as vegetable but not in higher number of
seeds. In this study, all the favourable alleles at QTLs controlling number of seeds per pod were contributed by the
short-podded cowpea parent TVu2185. There seems to be
the possibility of obtaining higher grain yield in cowpea by
introgression of QTLs for pod length which are colocalized
with seed mass and shape traits while maintaining the
favourable alleles at QTLs for seeds per pod.
Since the ﬁrst cowpea genetic map constructed by Fatokun et al. (1992), most of QTL mapping work in cowpea has
focussed mainly on single locus, although, it has been suggested that epistatic interaction might play an important role
in the inheritance of quantitative traits (Yan et al. 2006).
Thus, E-QTLs were also analysed to clarify the genetic
control of pod and seed traits in cowpea. Compared with the
main effect QTLs, the phenotypic effects of E-QTLs detected were much less except for seed breadth (tables 3 and 4).
Our results, which are in line with the recent studies reported
by Xu et al. (2013, 2017) conﬁrm the important role of
epistasis in cowpea while suggesting that additive effects
serve as the major genetic basis of pod and seed traits.
In conclusion, this study shows the presence of important
QTLs on chromosomes 5, 7, 8, 9 and 10, which might help
to tap the superior alleles of pod and seed traits in cowpea.
The agreements in the locations of some QTLs detected in
this study with those of previous studies give credence that
these QTLs detected here are valid. For example, the positions of both qPoL8 for pod length and qSW8 for 100-seed
weight on chromosome 8, and qSN9.2 for seed number on
chromosome 9 coincided with previously reported QTL
from other crosses suggesting that these QTLs can be
regarded as promising for breeding purposes. The SNPs
ﬂanking these QTLs should be helpful in marker assisted
selection for the associated traits. While the effect of new
major QTLs, particularly qPeN2.2, qPoL3, qSB4, qSL7.2
and qST9, which appeared on chromosomes 2, 3, 4, 7 and 9
could have great importance in cowpea improvement. They
need to be validated by testing them either in present population with immortal progenies or in independent mapping
populations. It is noteworthy to mention that we also
reported for the ﬁrst time the QTLs for peduncle number in
cowpea, because no information is available regarding
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genomic regions in peduncle numbers in cowpea so far.
Finally, these results may help to better understand or predict
possible impacts of marker-assisted selection strategies on
yield improvement of cowpea.
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