Studies of Skewness, Kurtosis and Transgressive Segregants in F,.3 Populations of Cowpea (Vigna Unguiculata L.)

ABSTRACT

The present investigation was carried out to study gene action and pattern of inheritance of different traits in cowpea. Two different
F3; segregating generation of crosses viz., VBN-1 x RC-19 and KBC-9 x PGCP-6 were studied during summer 2021 using augmented
random block design at College of Agriculture, Kalaburagi. Data were recorded on 10 different quantitative traits. Transgressive segregants
with values exceeding the better parent were observed in both the F,.3 populations for seed yield. In both the populations, negative skewness was
observed for days to initiation of flowering, days to physiological maturity and number of pods/plant whereas test weight exhibited positive
skewness suggesting a mild and intense selection would be sufficient to gain maximum genetic-gain in negatively and positively skewed traits,
respectively. In both the F,.3 populations, positive kurtosis was observed for number of branches/plant, test weight and dry matter content/plant
indicating that these traits are governed by fewer numbers of genes.
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INTRODUCTION

“Cowpea (Vigna unguiculata L.) is a self pollinated crop with a chromosome number of 2n = 2x =22, belongs to the family Leguminosae
genus Vigna, subfamily fabaceae and tribe phaseoleae. It is commonly known as Lobia. Its dry edible grains are rich in protein (20-32%)
with high amounts of essential amino acids (lysine and tryptophan), minerals (zinc, iron, calcium), vitamins (thiamine, folic acid and
riboflavin) and fibre (6%) with low fat (<1%)” (Sebetha et al., 2014; Boukar et al., 2015). “Cowpea is a multifunctional legume grown for
food, fodder, vegetable and green manure” (Timko and Singh, 2008; Gongcalves et al., 2016). “It is photo insensitive in nature and can be
cultivated throughout the year. Cowpea can be grown in arid, semiarid and subtropical areas. It is resilient to high temperature and limited
water stresses, and grows well on poor soil with a wide range of soil pH thus making it a good choice for resource -poor small-scale farmers
for their sustenance” (Carvalho et al., 2017; Hussainbi et al. 2023).

The skewness and kurtosis statistical analysis provides the information about nature of gene action (Fisher et al., 1932) and number of
genes controlling the trait (Robson, 1956). “Generally, skewed distribution of the characters implies that the control of non additive type of gene
effects and influenced by environmental variables. Positive skewness explained the complementary gene action whereas, negative skewness
related to duplicate (additive x additive) gene effects” (Kiran, 2012). “Moreover, genes controlling characters with skewed distribution leads to
be predominantly dominant irrespective of increasing or decreasing genes effect” (Pooni et al., 1977). “Kurtosis characterizes the degree of
peakedness of a distribution relative to normal distribution. Positive kurtosis of the character indicated that the presence of gene interactions
while for negative sign of kurtosis or near to zero leads the absence of gene interactions” (Kotch et al., 1992). Positive kurtosis indicate



leptokurtic distribution, caused by fewer number of genes controlling quantitative traits, while negative Kkurtosis indicates platykurtic
distribution, caused by large number of genes controlling quantitative traits. Thus, kurtosis indicates the relative number of genes controlling the
trait under investigation.

Transgressive segregant refers to pattern of inheritance where, progeny have a characteristic that falls outside the domain of either of the
parent for that specific characteristic. Success in obtaining the desired transgressive segregants depends on obtaining genetic recombination
between both linked and unlinked alleles (Briggs and Allard, 1953). In terms of fitness, the appearance of these transgressive (extreme)
phenotypes can be either positive or negative. In segregating hybrid populations, these transgressive phenotypes have been speculated to
contribute to niche divergence of hybrid lineages. Quantitative genetic studies of plant hybrids consistently designate the action of
complimentary genes as the ultimate cause of transgressions, whilst over dominance and epistasis also contribute.

Keeping in view the importance of transgressive segregants in the present study an analysis was carried out to identify them. The
segregants were identified by detecting those segregants that had a value exceeding the mean value of higher parent or straggling behind the
mean value lower parent for ten characters. The number plants in harmony with this definition among both the segregating populations are
presented in Tablel and Table 2 for F,.3 population of VBN-1 x RC-19 and F,.3 population of KBC-9 x PGCP-6, respectively. F; plants that
surpassed the parental limits were observed in both the F3 segregating population for seed yield/plant.

MATERIALS AND METHODS

The experimental material for the present study was generated by selfing the F, population of the cross | (VBN-1 x RC-19) and
cross Il (KBC-9 x PGCP-6). The experimental material was generated in the Department of Genetics and Plant Breeding, College of
Agriculture, Kalaburagi, University of Agricultural Sciences, Raichur. The F3 families of crosses (100 family rows of cross | and 70 family
rows of cross IlI) were grown during summer, 2021. The experiment material was evaluated using Augmented Block Design with five
replications of checks (C-152, KBC-2, KBC-9, PGCP-6 and IT-803695-1) and parents. Each F3 progeny family was sown in rows of 4
meter length with a spacing of 45 cm x 30 cm. The observation were recorded on ten traits viz., days to initiation of flowering, days to
physiological maturity, plant height, number of primary branches/plant, number of pods/plant, number of seeds/pod, pod length, test
weight, dry matter/plant, seed yield/plant. The mean data of five randomly selected plants from each family row for all traits were recorded
and utilized for statistical analysis viz., skewness and kurtosis.

Measure of skewness (8 and Y coefficient of skewness): Karl pearson defined the following p and Y coefficients of skewness, based upon the
second and third central moments. It is used as measure of skewness. B = %

For a symmetrical distribution, 3; shall be zero. f1 as a memories of skewness does not tell about the directions of skewness, i. e.,
positive or negative. Because L3 being the sum of cubes of the deviations from mean may be positive or negative but 3 is always positive.



Hence, 1 would be always positive. This drawback is removed by Karl Pearson’s Gamma coefficient Y'; which is the square root of ;1. Then the
sign of skewness would depend upon the value of p3; whether it is positive or negative. It is advice able to use Y'; as measure of skewness.

Measure of kurtosis (Karl Pearson’s measure of kurtosis): For calculating the kurtosis, the second and fourth central movements of variable are
used. For these following formulae given by Karl pearson (1929) is used.

ﬁg = % or Yz = Bz-3

Where,
M2 = second order central moment of distribution
M4 = Fourth order central moment of distribution

B2 is often referred to as ““ Kurtosis excess ““ or *“ Fishers kurtosis”.

Description: 1. If B, =3 or Y, = 0, then curve is said to be mesokurtic
2.if B2 <3 or Y, <0, the curve is said to be platykurtic
3.if B2 >3 or Y, >0, then curve is said to be leptokurtic

RESULTS AND DISCUSSION
Transgressive segregants

In F,.3 population of VBN-1 x RC-19, the F; plants surpassing the limits of highest parental value for seed yield/plant were considered
for selecting the transgressive segregants. However, plants with values less than the parental values were also reported for this trait. A total of 7
superior segregants having value higher than either of the parents has been identified in this segregating population for seed yield/plant (Table
1). In F,.3 population of KBC-9 x PGCP-6, a total of 8 transgressive segregants have been identified showing higher seed yield/plant than either
of their parents (Table 2). Some plants have also shown lower values than either of their parents. Aryeetey and Laing (1973) identified
transgressive segregation in the F, of cowpea for pod length and number of seeds/pod; Adeyanju et al. (2007) also observed transgressive
segregation in the F, population of cowpea. Fernandes and Boiteux (2015) identified transgressive segregants in F, populations of cowpea for all
minerals analyzed.

Skewness and kurtosis



As per skewness and kurtosis study, negative skewness was observe in days to initiation of flowering, days to physiological
maturity and number of pods per plant whereas test weight exhibited positive skewness suggesting a mild and intense selection would be
sufficient to gain maximum genetic gain in negatively and positively skewed traits, respectively (Table 3).

Negative skewness was observed for days to initiation of flowering, days to physiological maturity, number of branches/plant,
number of pods/plant, pod length, number of seeds/pod, total dry matter content/plant and seed yield/plant in F3 population of VBN-1 x
RC-19; days to initiation of flowering, days to physiological maturity, plant height and number of pods/plant in F3; population of KBC-9 x
PGCP-6 suggesting a mild selection would be sufficient to gain maximum genetic gain.

Positive skewness was observed for plant height and test weight in F3 population of VBN-1 x RC-19; number of branches/plant,
pod length, number of seeds/pod, test weight, total dry matter content/plant and seed yield/plant in F3 population of KBC-9 x PGCP-6
suggesting a intense selection would be sufficient to gain maximum genetic gain.

Negative kurtosis was observed for plant height, number of pods/plant, pod length and number of seeds/pod in F3; population of
VBN-1 x RC-19; days to initiation of flowering and days to physiological maturity in F3; population of KBC-9 x PGCP-6 indicating the
absence of gene action.

Positive kurtosis was observed for days to initiation of flowering, days to physiological maturity, number of branches/plant, test
weight, total dry matter content/plant and seed yield/plant in F; population of VBN-1 x RC-19; plant height, number of branches/plant,
number of pods/plant, pod length, number of seeds/pod, test weight, total dry matter content/plant and seed yield/plant in F3 population of
KBC-9 x PGCP-6

Similarly, skewness was observed negative by Dinesh et al. (2018) for plant height, number of pods/plant; Oliveira et al. (2020) and
Misra et al. (2008) for number of seeds/pod. However contradict findings were obtained by Dinesh et al. (2018) for number of
branches/plant, seed yield; Irtwange (2009) and Oliveira et al. (2020) for pod length; Misra et al. (2008) for plant height, number of
pods/plant, seed yield/plant.

CONCLUSION:

Transgressive segregants with values exceeding the better parent were observed in both the F,.3 populations for seed yield. In both
the populations, negative skewness was observed for days to initiation of flowering, days to physiological maturity and number of
pods/plant whereas test weight exhibited positive skewness suggesting a mild and intense selection would be sufficient to gain maximum
genetic gain in negatively and positively skewed traits, respectively. In both the F,.3 populations, positive kurtosis was observed for
number of branches/plant, test weight and dry matter content/plant indicating that these traits are governed by fewer numbers of genes
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Table 1: Transgressive segregants for seed yield per plant in F,.3 population of VBN-1 x RC-19

Parents F3; Generation No. of transgressive segregants
Sl. No. - .
. Higher plant Lowest plant Higher than the Lower than the
High I L I .
Igher value (g) | Lower value () value (g) value (g) highest parent lowest parent
1. 28.15 10.32 35.21 8.82 7.00 5.00

Table 2: Transgressive segregants for seed yield in F,.3 population of KBC-9 x PGCP-6



Parents F3; Generation No. of transgressive segregants
Sl. No. - -
. Higher plant Lowest plant Higher than the Lower than the
Higher value (g) | Lower value (g) value (g) value (g) highest parent lowest parent
1. 23.42 9.50 34.90 7.21 8.00 4.00




Table 3: Estimation of skewness and kurtosis in F3 segregating generations of cowpea

SI. No. Character F,.3 population Skewness Kurtosis
. _ VBN-1 x RC-19 -0.8425 0.0109
1 Days to initiation of flowering
KBC-9 x PGCP-6 -0.7114 -0.3920
, Bavs to ohvsiological maturit VBN-1 x RC-19 -0.4051 0.2987
ays o phystological Matrity KBC-9 x PGCP-6 -0.2181 -0.4293
3 Slant height VBN-1 x RC-19 0.3206 -0.4896
ant height (cm) KBC-9 x PGCP-6 -0.0377 0.4411
VBN-1 x RC-19 -0.0392 0.8223
4 Number of branches per plant
KBC-9 x PGCP-6 0.2209 0.9719
VBN-1 x RC-19 -0.3758 -0.5892
5 Number of pods per plant
KBC-9 x PGCP-6 -0.7397 0.1372
VBN-1 x RC-19 -0.9538 -0.1701
6 Pod length (cm)
KBC-9 x PGCP-6 1.5147 1.0841
VBN-1 x RC-19 -1.0174 -0.1782
7 Number of seeds per pod
KBC-9 x PGCP-6 0.8047 0.8483
9 Test weight VBN-1 x RC-19 1.9159 1.5315
st weight () KBC-9 x PGCP-6 2.3356 0.4071
VBN-1 x RC-19 -0.4711 0.2258
9 Total dry matter content per plant (g)
KBC-9 x PGCP-6 1.2031 1.0915
] VBN-1 x RC-19 -0.6935 0.1800
10 Seed yield per plant (g)
KBC-9 x PGCP-6 1.7203 1.2279
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Fig. 1: F3 frequency distribution in the form of histogram of F3 segregating generations for days to initiation of flowering.
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Fig. 2: F3 frequency distribution in the form of histogram of F3 segregating generations for days to physiological maturity.
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Fig. 3: F3 frequency distribution in the form of histogram of F3; segregating generations for plant height.

F,.; population of VBN-1 x RC-19

Frequency

2 3 4 5

Number of branches per plant

Frequency

F,.; population of KBC-9 X PGCP-6

30
25
20
15
10

5

2 3 4 5 6 7

Number of branches per plant

Fig. 4: F3 frequency distribution in the form of histogram of F3 segregating generations for number of branches per plant.
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Fig. 5: F3 frequency distribution in the form of histogram of F3 segregating generations for number of pods per plant.
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Fig. 6: F3 frequency distribution in the form of histogram of F3 segregating generations for pod length.
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Fig.

7: F3 frequency distribution in the form of histogram of F3 segregating generations for number of seeds per pod.
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Fig. 8: F3 frequency distribution in the form of histogram of F3; segregating generations for test weight.
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. 9: F3 frequency distribution in the form of histogram of F3 segregating generations for total dry matter content per plant.
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Fig. 10: F3 frequency distribution in the form of histogram of F3 segregating generations for seed yield per plant.




