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We report a high frequency regeneration protocol in cowpea (Vigna unguiculata Walp. var. C 152) via
somatic embryogenesis from 10-d-old primary leaf explants. A study was conducted to examine the effect 
of somaclonal variations in in vitro derived cowpea plants under field conditions. The regenerated plant-
lets were successfully transferred to field after hardening in vitro and grown for collecting R0, R1 and R2

seeds. The seeds of R1 and R2 generations were subsequently, grown under field conditions and their 
various biometrical traits were compared and evaluated with non-tissue cultured cowpea plants as check. 
There was no detectable somaclonal variation induced in R0–R2 in any of the biometrical traits. The
results indicate that the inclusion of different plant growth promoters at specified concentrations and dura-
tion in our earlier tissue culture work did not induce any detectable mutation. The RAPD analysis also 
shows that there is no genetic variation among R2 cowpea plants. The somatic embryogenesis protocol 
we report could thus be safely applied for high frequency true-to-type regeneration and transformations 
protocols without any somaclonal variation.
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INTRODUCTION

Cowpea (Vigna unguiculata Walp.) is one of the most important grain legumes 
widely grown in Africa, south Asia, Latin America and in the southern United States.
It is largely used as grain crop, animal fodder and as vegetable. Cowpea crop 
improvement is attempted using both conventional and biotechnological approaches. 
But, cowpea is an under-exploited crop plant by transgenic technology particularly 
regarding the non-availability of efficient and stable regeneration system suitable for 
genetic manipulation. There are only few reports [2, 22, 29, 35] that describe produc-
ing plantlets through in vitro regeneration.
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Variability in plant population through tissue culture is a recognized phenomenon 
[24]. Somaclonal variants can be detected using morphological, cytological, bio-
chemical and molecular methods [1, 6, 46]. It is considered as a novel source of 
variability and a new tool for plant breeders and geneticists [20, 24]. Hughes [21] 
reported the occurrence of somaclonal variation in tissue culture-derived plants. The
practical utility of somaclonal variation in crop improvement was realized for a long 
time [24]. It has been described in many crops such as disease resistance in rice and 
sugar cane [24], male sterility or increased yield in rice, earliness in maize [9], leaf 
variation and change in growth habit in soybean [10], early maturity and salt toler-
ance in mungbean [18]. Somaclonal variation has been observed in different legumes. 
Variation in the culture cells with special reference to salt tolerance has been observed 
in common bean [11] and Bengal gram [14, 34], but no plantlet could be regenerated 
from resistant calli. Variants have been found in alfalfa plants regenerated from cells 
or protoplasts [4] possibly due to chromosome doubling, chromosome structural 
changes and other qualitative and quantitative genetic changes. Mathews et al. [26] 
observed somaclonal variation in plants regenerated from de-embryonated cotyle-
dons of Vigna radiata. Somaclonal variations have also been reported among the 
regenerants of soybean [3, 19]; these included twin seeds, multiple shoots, dwarf 
abnormal multiple leaf, abnormal leaflet number, wrinkled leaves as well as partial 
and complete sterility. Some of these traits were inherited stably. In mungbean, some 
somaclonal variants like early maturity and salt tolerance were identified by Gulati 
and Jaiwal [17]. Chintapalli et al. [7] reported somaclonal variation in pigeonpea 
regenerated plantlets. They observed somaclonal variation with respect to plant 
height, seed coat, seed mass and damage due to insect pest Helicoverpa armigera.
Sanchez et al. [38] found that there was no visible morphological variations in embry-
onic axis derived regenerated common bean plants. In contrast, low frequency of 
somaclonal variation was reported by Lacroix et al. [23] in bombara groundnut. We 
have recently reported a highly efficient regeneration protocol for cowpea via somat-
ic embryogenesis [36]. The present study was undertaken in order to examine the 
effect of plant growth regulators and generally, culture conditions on somaclonal 
variations in somatic embryogenesis-derived cowpea plants.

MATERIALS AND METHODS

Plant material and culture conditions

A semi-determinate and drought tolerant cowpea variety (var.) C 152 seeds kindly 
supplied by Department of Pulses, Center for Plant Breeding and Genetics, Tamil
Nadu Agricultural University, Coimbatore, India were used for in vitro regeneration. 
Embryogenic calli from the primary leaf explants were induced in MMS (MS salts 
[30] with B5 [12] vitamins) medium containing 2,4-dichlorophenoxyacetic acid 
(2,4-D), casein hydrolysate (CH) and L-Glutamic acid-5-amide (Gln). Fast-growing
embryogenic cell suspensions were established in 0.5 mg l–1 2,4-D, with highest 
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recovery of early stages of somatic embryos in liquid MMS medium. Somatic embry-
os were matured in B5 medium. Extension of hypocotyls and complete development 
of plantlet was achieved in half-strength B5 medium supplemented with 3% maltose, 
2500 mg l–1 potassium nitrate, and 0.05 mg l–1 thidiazuron (TDZ) with high regen-
eration frequency. For better understanding, report on cowpea regeneration via 
somatic embryogenesis and the sequence of morphological structures differentiated 
in culture has been detailed [36].

Analysis of biometrical traits

The plantlets of cowpea (var. C 152) derived through somatic embryogenesis path-
way were successfully transferred to greenhouse and maintained in the pots till matu-
rity. Selfed seeds from R0 were planted in the field of Department of Biochemistry, 
Centre for Plant Molecular Biology, Tamil Nadu Agricultural University, Coimbatore,
India. The seeds from R0 generation were raised and forwarded to R1 and R2 genera-
tions. The parental seeds of C 152 were raised in adjacent plot comparison. The
recommended cultivation practices and plant protection measures were followed. 
Through, the entire crop period, close observations were made, for identifying any 
phenotypic variations in R0, R1 and R2 plants. Biometrical traits such as plant height, 
number of clusters/plant, number of branches/plant, number of pods/plant, number of 
seeds/pod, pod length, 100-seed weight, grain yield/plant and time of maturity were 
recorded for both parent and regenerated plants in each generation (R0, R1 and R2).
The mean data of five such plants were used for statistical analysis.

RAPD analysis of R2 cowpea plants

Seven RAPD primers from the OPA (1, 2, 5, 8, 6, 7 and 9) series were used for soma-
clonal variation studies in five R2 cowpea plants. PCR reactions were carried out in a 
DNA Thermal Cycler. Each 25 µl reaction mixture contained 1X reaction buffer (10 
mM Tris–HCl, pH 8.3 and 50 mM KCl), 3 mM MgCl2, 1U of Taq DNA polymerase; 
200 mM each of dATP, dTTP, dCTP and dGTP (all reagents from Bangalore GeNei,
India); 0.6 mM of primer and approximately 20 ng of template DNA. The PCR ampli-
fication conditions were as follows. Initial extended step of denaturation at 94 °C for 
3 min followed by 40 cycles of denaturation at 94 °C for 1 min, primer annealing at 
32 °C for 1 min and primer elongation at 72 °C for 1 min, followed by an extended 
elongation step at 72 °C for 5 min. After amplification, samples were loaded and 
electrophoresed on 1.5% agarose gels and stained with ethidium bromide. Bands 
were visualized and documented in gel documentation system (AlphaImager® HP, 
Alpha Innotech Corporation, California, USA).
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Scoring of bands

The amplified fragments of each RAPD marker were scored as “1” and “0”, where 
“1” indicated the presence of a specific allele(band) and “0” identified its absence.

Statistical analysis

All experiments described here were replicated five times and the data were analyzed 
using Analysis of Variance (ANOVA) following the General Linear Model procedure 
of the SPSS V10 statistical package.

RESULTS AND DISCUSSION

The biometric data collected were statistically analyzed (Table 1). The mean values 
of regenerated R0, R1 and R2 cowpea plants were compared to cowpea plant popula-
tions of var. C 152. The tissue cultured plants and the subsequent generations showed 
little quantitative variation in traits such as plant height, pods/plant, seeds/pod, pod 
length, 100-seed weight and grain yield/plant when compared to parent var. C 152. 
The field view of parental and regenerated R2 populations of cowpea var. C 152 are 
shown in Fig. 1. 

Mean value of plant height of cowpea parental line was 81.20 cm while it was 
80.00 cm in R0 regenerated plants and 81.00 cm in R1 and R2 generations. The mean 
value of grain yield of parental plant was 26.70 g whereas regenerated plants gave 
25.50 g and in subsequent generations (26.00 g). The variations were insignificant and 
could not be considered as somaclonal variations. These small variations may be due 
to influence of fertility status of soil, seasonal or otherwise environmental factors. 

Fig. 1. Field view of parental and regenerated (R2) populations of cowpea var. C 152
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Simultaneously, the floral organs did not show any visible variation when compared 
to cowpea parental population (Fig. 2). In particular, there were no morphological 
variations or colour changes found in sepals, petals and seeds of regenerated cowpea 
plants (Fig. 2b). The number of clusters/plant and number of branches/plant did not 
show any quantitative variations. Similarly, Rubluo et al. [37] observed no detectable 
variation in pea plants. In general, identification of genetic alteration of quantitative 
traits by tissue culture involves replicated testing of regenerants to detect relatively 
small changes. There have been few studies that have evaluated a large number of 
lines derived from tissue culture over several environments [15, 43]. In soybean, 
Graybosch et al. [15] found significant (p<0.05) variability for seed yield and height, 
but not for lodging and days to maturity. In contrast, Stephens et al. [42] observed 
significant (p<0.05) variation among soybean lines derived from tissue culture with 
regard to time of maturity, lodging, height, protein and oil contents; but not for seed 
yield, seed weight or seed quality.

A morphogenetically competent cell suspension culture has been used to generate 
somaclonal variation with desirable traits. Several factors affect the degree of soma-
clonal variation including the type of tissue culture, media used, duration of tissue in 
culture and the genotype of the explant [40]. Very little effort has been expended to 
analyze somaclonal variation in legumes produced through somatic embryogenesis. 
Evans and Sharp [8] reported four critical variables for somaclonal variation: geno-
type, explant origin, cultivation period and the cultural condition in which the culture 
is made. In our initial protocol on somatic embryo induction, 10-d-old primary leaf 

Table 1
Biometrical parameters observed in cowpea somaclones of R0, R1 and R2 generations compared to 

explant donor parent line (var. C 152)*

Biometrical traits
Mean value ± SE

Parent (C 152) R0 R1 R2

Plant height (cm) 81.20 ± 0.28 80.60 ± 0.22 81.00 ± 0.23 81.00 ± 0.23

Number of clusters 16.00 ± 0.32 16.00 ± 0.32 16.00 ± 0.32 16.00 ± 0.32

Number of branches 5.00 ± 0.32 5.00 ± 0.45 5.00 ± 0.32 5.00 ± 0.32

Number of pods/plant 16.00 ± 0.32 17.00 ± 0.45 17.00 ± 0.45 16.00 ± 0.63

Pod length (cm) 16.00 ± 0.25 16.00 ± 0.10 15.00 ± 0.38 15.00 ± 1.37

Seeds/pod 17.00 ± 0.32 16.00 ± 0.55 15.00 ± 0.45 16.00 ± 0.55

100-seed weight (g) 9.30 ± 0.09 9.50 ± 0.25 9.60 ± 0.36 9.40 ± 0.08

Grain yield/plant (g) 26.70 ± 0.48 25.50 ± 0.57 26.00 ± 0.50 26.00 ± 0.73

* Data expressed as percentage (%) ± SE of five independent regenerated plants.
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Fig. 2. Plants, flower parts, pod and seeds of parental, R1 and R2 cowpea var. C 152. a(P) – Non-tissue
cultured C 152 plants grown in field condition, a(R1) – R1 plants grown in field condition, a(R2) – R2

plants grown in field condition. b(P) – Dissected floral parts of C 152, b(R1) – Dissected floral parts of R1

plant, b(R2) – Dissected floral parts of R2 plant. c(P) – Pod of C 152, c(R1) – Pod of R1 plant, c(R2) – Pod 
of R2 plant. d(P) – Seeds of C152 plants, d(R1) – Seeds of R1 plants, d(R2) – Seeds of R2 plants
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explants were used and cultured in MS salts with B5 vitamins medium containing 
2,4-D (1.5 mg l–1), CH (150 mg l–1) and L-Glutamic acid-5-amide (100 mg l–1).
Subsequently, somatic embryos induced in the same callus induction medium con-
taining reduced level (0.1 mg l–1) of 2,4-D. Mature somatic embryos were produced 
in B5 medium containing 2,4-D (0.1 mg l–1), L-Proline (Pro; 20 mg l–1), Abscisic acid 
(5 µM) and mannitol (2%). Finally, well mature somatic embryos were germinated 
on half-strength B5 medium supplemented with maltose (3%), potassium nitrate 
(2500 mg l–1) and TDZ (0.05 mg l–1).

Explant source is considered the most frequent critical variable for somaclonal 
variation. Since explants may present dissimilar regeneration rates, selection proce-
dures can differ among different explant types. The cotyledon explants produced 
somaclonal variation in mungbean regenerated plants [16]. Among the different 
mungbean varieties (pag-asa 1, pag-asa 2, pag-asa 3, M79-1360, MG-50-10A and 
PAEC 5), pag-asa 2 produced more number of somaclonal variants such as wrinkled 
leaves and other forms of leaf abnormalities in B5 medium containing Kinetin [27]. 
In our experiment, the use of primary leaf as explants for somatic embryo induction 
did not induce any somaclonal variation.

Addition of growth regulators to culture medium is known to have influence on the 
frequency of the karyotype alterations in cell cultures. Frequently, the auxin 2,4-D is 
considered to be responsible for the chromosome variation [39]. Higher concentration 
of 2,4-D causes chromosomal instability in tissue culture as observed by Torrey [44] 
in alfalfa. Again, alfalfa, the regenerable plants without roots were observed when 
2,4-D used in the induction stage of tissue culture. The somaclones showed reduced 
plant height and dry matters yield [32]. In soybean, somaclonal variation apparently, 
decreased with increasing concentration of 2,4-D in the induction medium [41]. 
However, such a correlation between auxin level and somaclonal variation was not 
evident in alfalfa [32] and red clover [45]. In our study, we used 2,4-D at the concen-
tration 1.5 mg l–1 for callus induction and 0.1 mg l–1 for somatic embryo induction. 
The addition of 2,4-D did not influence the production of any detectable somaclonal 
variation in cowpea.

In mungbean, Gulati and Jaiwal [16] found that the morphology of some of the 
regenerated shoots was not normal in MS and B5 medium supplemented with Benzyl 
amino purine (BAP). They observed some abnormalities like thick stem with free 
apices at tip and fusion of leaflets resulting into simple leaf and increase in number 
of leaflets. But the morphology of regenerated shoots was normal in media supple-
mented with kinetin (KIN), isopentenyl adenine (2ip) and adenosine sulphate. In
contrast, MS and B5 media supplemented with KIN (2 mg l–1) produced somaclonal 
variants in mungbean compared to Benzyl adenine containing medium (1 or 2 mg l–1;
[27]).

Tissue culture media, especially if complex containing undefined supplements 
such as coconut milk, yeast extract or other rich mixtures of nutrients, may sustain 
many kinds of defective cells in culture, even in a proliferating state and thus exag-
gerate the accumulated genetic variability [28]. In our regeneration protocol, we used 
CH (150 mg l–1) for both callus induction and somatic embryo induction. However,  
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the addition of casein hydrolysate did not influence the production of somaclonal 
variation with 2,4-D and Gln (100 mg l–1).

The tissue maintained for long time in the culture medium with continuous sub-
culture could lead to chromosomal abnormalities and anomalous nucleus types and 
thus the number of genetic abnormalities. Murashige and Nakano [31] described 
abnormal morphological development in tobacco plants regenerated from callus tis-
sues after prolonged culture. Similarly, Torrey [44] observed that the longer period 
of subculture on the yeast extract and 2,4-D medium, the greater the range of abnor-
mal nuclear variations in the callus tissue of garden pea. The abnormalities included 
increasing frequency of aneuploid. He also observed that cytological abnormalities 
which may occur in tissue cultures maintained for prolonged periods of culture. 
Libbenga and Torrey [25] showed that DNA doubling by endoreduplication was a 
function of the hormonal supply to tissues in pea root cortical explants with auxin 
and cytokinin increasingly to stimulate initially diploid cells into tetraploids, octo-
ploid or higher levels of DNA content. The results indicated that, careful control of 
balanced hormone levels in synthetic media may offer the means of controlling and 
stabilizing the ploidy level of tissues in culture. Bingham et al. [5] reported an 
increased incidence of genetic variation with the length of culture duration in alfalfa 
plants regenerated from somatic embryos. In our cowpea regeneration protocol, the 
length of in vitro culture period is 73 days from primary leaf explants to developing 
plantlets.

Fig. 3. DNA banding pattern after amplification using OPA 5 primer. M – 100 bp ladder, 1 – R2 plant 1, 
 2 – R2 plant 2, 3 – R2 plant 3, 4 – R2 plant 4, 5 – R2 plant 5
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Out of seven RAPD primers used in this study all the primers shows monomorphic 
products for all five R2 samples (Fig. 3). The result shows that, there was no genetic 
variation. Potentially useful somaclonal variants have been identified for early matu-
rity and salt tolerance in Vigna radiata [18] via plant regeneration through organo-
genesis. Lacroix et al. [23] observed low frequency of somaclonal variation in regen-
erated plants of bombara groundnut (Vigna subterranea L. Verdc.).

Acceptable level of somaclonal variation was not observed in grain legumes, in 
traits like disease resistance, salt tolerance, higher yield and new plant type etc. 
because of lack of availability of regeneration protocols in grain legumes or pulses.

We observed no detectable variation between of R0, R1 and R2 regenerated plants, 
which indicates that the use of different plant growth regulators at the specified con-
centrations did not induce somaclonal variations in our study. Thus, this somatic 
embryogenesis protocol could be useful for developing true-to-type cowpea plants 
without any somaclonal variations in transgenic protocols.
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