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ABSTRACT
Background: Cowpea is an important fodder legume crop due to its high protein content and fast growing nature. Cowpea can be
grown as sole crop or it can also be grown as intercrop with some non legume such as maize, pearl millet or sorghum. Mostly the
farmers prefer erect or semi erect high yielding cowpea varieties as an intercrop because they are easy to harvest. The transfer of
erectness along with other forage traits can be done with proper knowledge of gene action controlling that particular trait.
Methods: To improve the fodder yield, two sets of crosses along with their segregating generations were analysed for erectness
along with other forage traits to estimate the type of gene action through generation mean analysis. Identification of SSR primers
associated with erectness was also carried out in F2 population of a Cross (C-88  TNFC 6926).
Result: The scaling test showed significant results for most of the traits indicating the presence of epistatic interactions. The six-
parametric model test was performed and the results indicated the significant overall mean and traits were inherited quantitatively.
The high magnitude of additive  additive gene effect for green fodder yield suggests the pedigree method is most suitable breeding
programme for development of fodder cultivars with better quality traits. Out of 151 SSR primers, 15 SSRSs showed polymorphism
between two parental lines. Out of these 15 SSR primers, three primers showed linkage with erectness.
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INTRODUCTION
Cowpea is an important leguminous crop which can be
cultivated as a fodder, vegetable, grain and also as green
manure crop (Roy et al., 2016). Cowpea is mainly grown in
Asia, Africa, Central and South America. Around 84% of the
global production area under cowpea falls in Africa, which
contributes 83.4% of its global production (Kebede and
Bekeko, 2020). The estimated area under cowpea in India
is about 3.9 million ha with a production of over 2.21 million
tonnes (Giridhar et al., 2020). There is very less information
available about genome or chromosome structure of
cowpea. It has a chromosome number 2n=2=22 with the
genome size of 640.6 Mb (Lonardi et al., 2019). Cowpea is
a fast growing fodder crop and it can also be stored as a
hay, so as to utilize it during fodder scarcity period. Its leaves
are rich source of protein and make a high quality fodder for
livestock (Kulkarni et al., 2018). The important objective in
fodder cowpea is the development of high yielding
genotypes. Yield being a complex trait is dependent on
other forage traits such as vine length, number of branches,
number of leaves, leaf area index. So, the selection for
high green fodder yield is performed for these traits
because these traits showed positive correlations with
green fodder yield (Mary and Gopalan, 2006; Imran et al.,
2010; Sahai et al., 2013).

Before initiating any breeding programme, it is important
to identify the gene effects controlling that particular trait.
Gene effects can be estimated using three parameter test
or simple additive-dominance model (Kearsy and Pooni,
2004) or six-parameter test with the ability to determine
epistatic gene effects. The three parameter test is used for

assessing the effect of additive [d] and dominant [h] gene
actions. However, it does not explain the non-allelic gene
actions. Mather and Jinks (1982) gave the six-parameter
test with the ability to determine epistatic gene effects
(dominancedominace [ l],  dominanceadd it ive [j ] ,
add it iveadd it ive [ i] )  fo r  quant itat ive t raits.  The
generation mean analysis in cowpea was conducted by
various researchers to estimate the type of gene action
(Adeyanju et al., 2012; Sobda, 2018; Gupta et al., 2017;
Pallavi et al., 2019).

Molecular markers, especially PCR-based markers
revolutionized the genetic analysis of crop plants. The
variation between small DNA sequences can be determined
using molecular markers. SSR markers are most efficient
for assessing the variation between genotypes. SSR
markers are used in Bulk Segregant Analysis method (BSA)
to identify the linked markers to the gene of interest
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(Michelmore et al.,1991). Ambika et al.(2021) conducted the
experiment for identification of indeterminate type plants in
chickpea using SSR markers. The BSA in cowpea has been
done by various researchers for identification and tagging
genes of interest (Uma et al., 2016; Tyagi et al., 1978).

Thus the current investigation was aimed to analyse
the genetic control of forage and its quality traits in fodder
cowpea using generation mean analysis, to identify the most
suitable breeding strategy for the improvement of fodder
yield and quality. In addition, bulk segregant analysis based
on SSR markers was carried out in F2 generation so as to
identify the associated markers with plant architectural traits
viz. erectness, plant height and vine length.

MATERIALS AND METHODS
The plant material consists of four cowpea genotypes viz.
C-88 (short plant height and long vine length),CL400 (short
plant height and long vine length), C-74 (tall plant type, short
vine length) and TNFC 6926 (tall plant type, short vine
length),their F1s (C-88  TNFC 6926), (CL 400  C74), their
F2s and their BC1F1 and BC2F1 long vine length) (Fig 1,2)
The morpho-agronomic traits were recorded at the
experimental field area of Forage, Millets and Nutrition
Section of Department of Plant Breeding and Genetics,
Punjab Agricultural University, Ludhiana during Kharif
2020. Forage quality of the experimental material were
estimated in Forage Evaluation Laboratory, Department
of Plant Breeding and Genetics, PAU, Ludhiana, Punjab.
BSA was done on bulks of F2 generation of C-88  TNFC
6926 in the molecular biology laboratory of School of
Agricultural Biotechnology, Punjab Agricultural University,
Ludhiana, Punjab.

Generation mean analysis
Parental lines and their segregating generations were used
to study the inheritance and determination of genetic
components which control the fodder yield and its quality.
The genotypes were sown in randomized complete block
design with three replications and the data was recorded
for fodder and quality traits. Fodder related traits include
plant height (PH, cm), vine length (VL, cm), number of leaves
(NOL), leaf length (LL, cm), leaf width (LW, cm), green fodder
yield (GFY, q/ha), dry matter yield (DMY, q/ha) and quality
related traits include crude protein (CP, %), acid detergent
fibre (ADF, %), neutral detergent fibre (NDF, %) and in-vitro
dry matter digestibility (IVDMD, %). The data for fodder traits
were recorded on 10 plants from each parental line and F1,
110 plants for F2 and 20 plants from both the backcrosses.
Five random plants from each plot were harvested at
flowering stage and cut into small pieces for biochemical
and quality analysis. Fodder samples were dried in hot air
oven and then grinded for further analysis. Crude protein
was estimated as per AOAC (2005). The dried grinded
samples were analysed for nitrogen content using kjeldahl
digestion procedure. The per cent crude protein content was
estimated using the relationship:

Crude protein % = N%  6.25

Cell wall components were analysed by the method of
Van Soest (1991). In-vitro dry matter digestibility content
was estimated from protocol given by Tilley and Terry (1963).

Data analysis
The collected data for all the morpho-agronomic traits was
subjected for the scaling tests to identify the presence of
epistatic interactions as suggested by Mather and Jinks
(1982). The significant results of scaling tests indicate the
presence of epistatic interactions and the data was subjected
to six parameter model test.

Bulked segregant analysis
The parental lines C-88 (short plant height and long vine
length) (Fig 1) and TNFC 6926 (tall plant height and short

 
Fig 1:  Cowpea genotype C-88.

 
Fig 2: Cowpea genotype TNFC-6926.
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vine length) (Fig 2) along with bulks of segregating F2
population was used to identify the genetic markers
associated with erectness. SSR markers were selected from
published resources (Badiane et al., 2012; Gupta and
Gopalkrishna, 2010). The genomic DNA of F2 and parental
lines was isolated using the CTAB (Cetryl Trimethyl
Ammonium Bromide) method (Murrey and Thompson,
1980).  DNA quantification was done on 0.8 per cent agarose
gel electrophoresis. Amplification reaction was carried out
in 20 µL volume, containing (6.6 µl dH2O, 2.0 µl of 10  PCR
buffer, 4.0 µl of dNTPs (1 µM each), 1.2 µl of MgCl2 (25 mM),
2.5 µl forward primer, 2.5 µl reverse primer (5 µl), 0.2 µl
Taq-polymerase. The PCR amplification reaction consisted
of initial denaturation at 94C for 5 min, followed by 43 cycles
of denaturation at 94C for 45 seconds, annealing at 50-
65C (depending on the primer) for 45 seconds and
extension at 72C for 90 seconds, final extension step at
72C for 10 min and the product was kept on hold at 4C
after the PCR completion. The 2.5 per cent agarose gel was
used to resolve PCR products (Table 1).

RESULTS AND DISCUSSION
The mean performance for all the traits under investigation
for both the crosses is presented in Table 2. This indicated
that the mean performance of F1 was higher for VL, CP,
ADF, NDF and IVDMD for cross between C-88 and TNFC
6926 (Cross-I) and for cross between CL 400 and C-74
(Cross-II), the higher values for F1 was observed for LL,
GFY, DMY, CP and IVDMD traits. The presence of

transgressive segregants can be observed for all the traits
under investigation for both Cross I and II. The performance
for BC1 outperformed for traits like VL, ADF and NDF for
Cross-I and GFY, DMY, ADF and IVDM for Cross-II. BC2
performed better for VL and IVDMD for Cross-I and PH, VL,
GFY, DMY, ADF and IVDM for Cross-II. There was large
degree of variation present among the morpho-agronomic
traits under study. This suggests the heritable variation
present can be utilised by the breeders for the improvement
of genotypes. Similar results have been reported for fodder
traits by Jatasara et al. (1982); Tyagi et al. (1978) and Nehru
and Manjunath (2000). The breeding strategies to be
adopted for the improvement of traits largely depend on the
type of gene action. The simple selection should be more
promising if the trait is controlled by additive gene action,
whereas in the presence of inter-allelic interactions
(complimentary or duplicate gene action) different strategies

Table 1: Temperature profile used for amplification.

Stages
Temperature

Time
Number of

(C) cycles

Initial 94 5 min. 1
Denaturation 95 45 sec.
Denaturation 48-55 45 sec. 43
Annealing 72 1 min. 30 sec
Extension 72 10 min. 1
Final extension 4 - -
Hold

{

{
Table 2: Mean performance for different morpho-agronomic and quality traits in Cross-I and Cross II.

P1 P2 F1 F2 BC1 BC2

Plant height C 88  TNFC 6926 50.4 85.7 52.4 75.04 41.7 57.6
CL 400  C-74 69.7 89.7 41 61 76.7 114.9

Vine length C 88  TNFC 6926 175.77 117.5 220 121.44 228 206.8
CL 400  C-74 188.6 149.2 183.9 148.8 141.5 206.8

No. of leaves C 88  TNFC 6926 253.1 411.2 331.5 305.78 248 294
CL 400  C-74 151 373.4 293.3 224.5 283.5 286.3

Leaf length C 88  TNFC 6926 11.45 8.94 11.05 9.05 10.63 10.53
CL 400  C-74 10.76 7.17 11.31 9.01 9.12 8.61

Leaf width C 88  TNFC 6926 8.34 6.28 7.9 6.73 7.72 7.62
CL 400  C-74 9.17 5.56 8.43 7.15 6.58 7.11

GFY C 88  TNFC 6926 3.13 3.6 3.14 2.20 2.83 3.13
CL 400  C-74 3.21 3.12 4.56 2.5 3.31 3.56

DMY C 88  TNFC 6926 0.43 0.50 0.45 0.37 0.41 0.42
CL 400  C-74 0.45 0.44 0.72 0.37 0.52 0.52

CP C 88  TNFC 6926 15.8 16.7 17.5 16.9 15.9 15.4
CL 400  C-74 14.9 15.4 16.7 15.8 14.7 15.1

ADF C 88  TNFC 6926 34.5 33.8 37.1 27.4 38.4 33.9
CL 400  C-74 35.6 34.1 34.7 35.9 36.2 35.8

NDF C 88  TNFC 6926 47.8 47.5 50.3 43.5 48.4 46.1
CL 400  C-74 39.7 42.2 40.9 44.4 40.1 40.3

IVDMD C 88  TNFC 6926 50.4 51.9 52.9 53.9 50.1 53.4
CL 400  C-74 52.4 52.4 54.1 53.9 52.7 53.3
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such as crossing followed by selection to be adopted. Thus
the estimation of additive, dominance and epistasis
components are paramount for planning and execution of
any breeding programme. The generation mean analysis
was performed to check the nature of gene action involved
in controlling the traits under investigation.

Scaling test
The scaling tests A, B, C and D were performed to check
the adequacy of simple additive-dominance model. The
significant values of scaling tests indicate the presence of
epistatic interactions. In the present investigation the
significant values were observed for all fodder yield and
quality related traits for both Cross-I and II.

In Cross-I, A, B, C and D were important for VL, NOL,
and GFY. A, B and C were important for LL and DMY. A, B
and D were important for PH and CP. B, C and D were
important for NDF. A and C were important for LW. B and C
were important for ADF. C and D were important for IVDMD.
In Cross-II, A, B, C and D were important for PH, VL, LL,
LW, GFY, DMY, ADF and IVDMD. B and D were important
for NOL and CP. B, C and D were important for NDF
(Table 3, 4). These results provide the evidence for the

failure of simple additive-dominance model and can be
concluded that di-genic interactions were present for traits
under investigation. Therefore, the six parametric model
analyses could be done to estimate the interactions
between these traits.

Estimate of gene effects and components of variances
Usually, additive [d] and additive  additive [i] effects are
positive in all study traits and the sum of additive [d] and
additive  additive [i] effects are of greater magnitude in
comparison with dominance [h] and dominance  dominance
[j] effects (Adyenju et al., 2012). This suggests the presence
of additive variation which favours the selection at early
generations.

For Cross-I (Table 5), the mean [m] for morpho-
agronomic traits under study was significant for all traits
except GFY and ADF which indicates the contribution due
to mean, locus effects and interaction. Additive gene effects
[d] were significant for all traits except CP, ADF and NDF.
This indicates the effectiveness of additive gene action [d]
for improving such traits. The dominant gene effects [h] were
significant for all traits under investigation except DMY. This
reflects the importance of dominance gene effects for the

Table 3: Scaling test for Cross-I (C-88 TNFC 6926).

Characters A B C D

Plant height (cm) -2.78±6.95** -3.57±6.40** 4.86±12.18** 10.35±4.90**
Vine length (cm) 2.24±29.87** 3.38±21.50** -6.68±37.0** -14.40±13.44**
No. of leaves -1.54±6.54 -3.50±4.09** -1.27±2.02 1.85±3.20*
Leaf length (cm) -2.47±0.50** 1.78±0.60** -8.38±0.35** -8.62±0.35**
Leaf width (cm) -2.15±0.37** 2.53±0.41* -6.74±0.51** -6.95±0.26**
GFY -4.00±0.15** -3.50±0.13** -15.42±0.27** -13.05±0.11**
DMY -1.92±0.03* -2.69±0.04** -4.19±0.08** -2.35±0.03*
CP (%) -2.18±0.68* -7.79±0.43** 0.10±0.96 2.83±0.28**
ADF (%) 6.05±0.85** -5.53±0.56** -5.45±1.29** -4.11±0.72**
NDF (%) -0.97±1.33 -9.00±0.62** -3.83±1.58** -6.11±0.46**
IVDMD (%) -5.24±0.59** 4.27±0.46** 5.35±1.40** 7.17±0.59**

*.**Significant at 5 and 1 per cent respectively.

Table 4: Scaling test for Cross-II (CL 400  C 74).

Characters A B C D

Plant height (cm) 4.26±10.00** 19.76±5.01** 0.19±13.11 -8.57±8.11**
Vine length (cm) -3.77±3.20* 5.04±5.96** -1.98±5.52* -1.84±7.94*
No. of leaves 1.82±6.80* -1.22±7.17* -1.56±16.48* -1.75±8.71*
Leaf length (cm) -5.77±0.66** -3.91±0.32** -4.22±1.05** 0.52±0.58
Leaf width (cm) -7.86±0.56** 0.78±0.29 -2.63±1.13** 1.01±0.60
GFY -5.29±0.21** -2.39±0.23* -7.52±0.72** -5.06±0.37**
DMY -5.24±0.02** -4.24±0.02** -2.34±0.04* -1.31±0.01
CP (%) -6.99±0.20** -7.98±0.23** -1.29±0.38 2.73±0.14**
ADF (%) 1.55±1.34 2.27±1.23* 1.89±2.37* -0.17±1.15
NDF (%) -0.34±1.16 -1.96±1.27* 6.07±2.28** 4.49±0.98**
IVDMD (%) -1.31±0.83 0.59±0.50 2.68±0.96** 3.28±0.51**

*.**Significant at 5 and 1 per cent respectively.
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improvement of such traits. The magnitude of [d] compared
to [h] indicated that for the traits like LL and LW, [d] is
predominant and [h] is predominant for trait like VL.

However, Additive  Additive gene actions [i] were
significant for all traits except NOL. The positive and
significant values indicated the presence of associating gene
pairs for VL, LL, LW, GFY DMY, ADF and NDF. Additve 
Dominance [j] were significant for LL, LW, CP, ADF, NDF
and IVDMD; and Dominance  Dominance [l] were
significant for all traits except DMY. These indicate the
importance of three types of interactions for the improvement
of traits like LL, LW, CP, ADF, NDF and IVDMD. [l] is
predominant for PH, CP and IVDMD with highly positive and
significant values. The opposite signs of [h] and [l] indicated
that Duplicate gene action was present for all traits under
study. This will slow down the process of selection and range
of variability should be limited.

In Cross-II (Table 6), overall mean [m] were significant
for all traits except VL and NOL. Additive gene effects [d]
were significant for all traits except DMY and ADF.
Dominant gene effects [h] were significant for PH, LW,
GFY, DMY, CP, NDF and IVDMD. This signifies the
importance and effect iveness of both  additive and
dominance gene effects for the improvement of these
traits. The magnitude of [d] and [h] were compared, this
indicates that [d] was predominant for VL, LL and LW
whereas [h] was predominant for PH.

Additive  additive gene actions [i] were significant for
PH, GFY, DMY, CP, NDF and IVDMD. The positive and
significant values indicated the presence of associating gene
pairs for PH, GFY and DMY. Additve  dominance [j] were
significant for PH, VL, NOL, LL, LW  and GFY; and
Dominance  dominance [l] gene effects were significant
for PH, LL, LW, DMY, CP, NDF and IVDMD. These indicate
the importance of three types of interactions for the
improvement of traits like PH. [l] is predominant for CP, NDF
and IVDMD with highly positive and significant values. The
opposite signs of [h] and [l] indicated that Duplicate gene
action was present for all traits under study except GFY.
This will slow down the process of selection and range of
variability should be limited. However, GFY indicated the
presence of complimentary gene action for Cross-II, which
supported that selection at early segregating generations
would be effective.

The genetic control of PH was not in agreement as
estimated by Filho et al. (2020) but it showed the similar
results to Adeyanju et al. (2012) and Shinde et al. (2021).
As the leaf weight is correlated to number of leaves, leaf
length and leaf width, leaf weight is controlled by positive
additive and dominance gene effects (Adeyanju et al., 2012).
However, for Cross-I, the NOL showed contradicting results
but favour the results for leaf length and leaf width and for
Cross-II, LL and LW showed that additive gene effect is
predominant and positively significant for dominance 
dominance [l]. The genetic components for GFY showed
varied results depending on the genotypes selected for the

Fig 3: Identification of polymorphic SSR primers on parents of
Cross I (C-88  TNFC 6926) using 2.5% Agarose gel

electrophoresis.

Table 7: List of primers showing polymorphism between C-88 and
TNFC 6926.

S.no. Primer codes

1 SSR-6284
2 SSR-6314
3 SSR-6573
4 SSR-6304
5 SSR-6251
6 EST-110
7 VuUGM03
8 VuUGM07
9 VuUGM11
10 VuUGM13
11 VuUGM30
12 VuUGM57
13 VuUGM69
14 VuUGM90
15 VuUGM103

Fig 4: Polymorphic markers amplified with bulks Aof F2

population along with parents.

breeding programme and is a complex trait reported by many
workers (Adeyanju et al,. 2012; Grafius, 1956; Mitra et al.,
2001; Tyagi et al., 2000).
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Table 8:  List of polymorphic primers associated with plant height identified using BSA.

Primer code Sequence
Chromosome Annealing

no.  temperature (C)

SSR 6314 F 5-TGGAGGCATAAAAATGACACCT-3 5 50
R 5-TGAAGCTGATTGTGGAACCAT-3

VuUGM 07 F 5-TGTTTCCAACAGGATTAGCC-3 6 48
R 5-AAGGCCAATAATTGCACAAG-3

VuUGM11 F 5-GGGCAGGAGCTGCATATAAC-3 9 49
R 5-CCTGCAACAACAAAAATGGA-3

Hayman (1960) has indicated when epistasis is of major
importance in the inheritance of a trait, and then it is
impossible to obtain unbiased estimates of pooled additive
or dominance effects. The presence of both additive and
non-additive gene effects in controlling such traits suggested
that recurrent selection followed by pedigree method is
suitable for these crosses.

Molecular marker analysis
Fodder yield related traits are quantitatively inherited and
are controlled by several genetic loci as suggested by
generation mean analysis. It is difficult to measure the
genetic components for green fodder yield. To speed up the
process of breeding programme, marker assisted breeding
should be deployed. The major fodder yield related
architectural traits include PH, VL, NOL, LL and LW (Tyagi
et al., 1978; Chopra and Singh, 1977; Thaware et al., 1991).
Identification of associated SSR markers at a major locus
contributing to such plant architectural traits contributing to
green fodder yield would be useful in identification and
selection of plants. SSR markers associated with trait of
interest were identified using Bulked Segregant Analysis
(BSA) (Michelmore et al., 1991).

In the present investigation, short plant type C-88,
tall plant type TNFC 6926 and their F2 population were
subjected to molecular marker analysis to identify the
SSR markers associated with erectness in cowpea. A
total of 151 SSR markers were used to check  the
polymorphism between C-88 and TNFC 6926. Out of
these, 15 markers turned out to be polymorphic for
parental lines. Fig 3 shows the polymorphism for SSR
6314, VuUGM07 and VuUGM103 between C-88 and
TNFC 6926. The list of polymorphic markers is presented
in Table 7 and 8.

As Tyagi et al. (1978) reported that PH and GFY
showed positive and significant correlation, two bulks of
extreme phenotypes related to plant height were formed
by pooling the DNA of 10 individuals of F2 population for
each bulk. These 15 polymorphic SSRs were deployed
for Bulk Segregant Analysis (BSA). 3 SSRs showed
putative relatedness to the erectness out of 15 parental
polymorphic markers.

Fig 4 shows the BSA for two sets of markers, SSR 6314
and VuUGM11, P1 denotes C-88, B1 denotes Bulk 1 with
semi-erect plant types, B2 denotes Bulk 2 with prostrate

plant types and P2 denotes TNFC 6926 and shows the
relatedness of these markers with semi-erectness of the
plants and these markers needed to be amplified on whole
F2 population. The more number of markers on a large
population is required to identify tightly linked markers
associated with erectness.

CONCLUSION
The generation mean analysis suggests that the selection
for the improvement of green fodder yield should be more
effective if done on sixth or seventh segregating population.
The pedigree or recurrent selection should be effective for
improvement of fodder and quality traits in cowpea and the
breeding strategy should be planned accordingly. The
marker assisted breeding will be effective but more SSRs
linked with erectness needs to be identified.
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