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The experiment was conducted to test the in vitro regeneration efficiency of cowpea shoots via embryonic axes 
explants and the effect of benzyl amino purine (BAP) concentration on shoot formation. A total of 600 explants 
(embryonic axes) were plated from which 237 shoots were regenerated. The average regeneration ratio was 39% and 
the number of shoot per explant obtained stood at an average of 6.0. This indicates likelihood that higher regeneration 
percent and number of shoots per explant could be possible as more proficiency is attained in the use of the protocol. 
The role of the growth regulator, benzyl amino purine (BAP), as a shoot growth inducing factor and modifier in 
cowpea in vitro regeneration was demonstrated in the experiment. The protocol used in the experiment gave 
promising results for the efficient regeneration and subsequent genetic transformation of cowpea. 
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INTRODUCTION 

 
Cowpea is an important crop for farmers in much of the 
West African region, especially in the dry savannas. 
Estimates of world hectarage of cowpea are in the range of 
12.5 million with about 8 million in West Africa, the majority 
being in Nigeria and Niger (FAO, 2000). Cowpea faces 
several abiotic and biotic stresses for which conve-ntional 
breeding alone can not provide ultimate solutions. For 
example, grain yield losses are mainly due to dam-age 
caused by insect pests and diseases, as well as abiotic 
stresses such as heat and drought (Singh et al., 1997). Plant 

Biotechnology and genetic engineering appr-oaches offer 
alternative ways of overcoming these stress-ses. In 
addition to direct transfer of genes of agronomic interest, 
genetic transformation techniques can be used to answer 
many basic questions pertaining to cowpea biology such 
as understanding of gene function and regu-lation of 
physiological and developmental processes (Ge-lvin, 
1998). These benefits require the development of 
reliable, efficient and reproducible methods of cowpea 
genetic transformation.  
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and regeneration. 

 
 
 

 
Although legumes are considered “recalcitrant” to rege-

neration and transformation, routine protocols for obta-ining 
stable transformants are now available for the major grain 
legumes such as the common bean (Phaseolus vulgaris), 
soybean (Glycine max), pea (Pisum sativum), peanut 
(Arachis hypogea), and alfalfa (Medicago sativa) as well as 
the model legume, barrel medic (Medicago truncata) 
(Russell et al., 1993). However, development of tractable 
gene transfer systems in cowpea has been imp-eded by 
several constraints. Cowpea is not of major eco-nomic 
importance to the most technologically advanced countries 
in North America and Europe. The production areas of this 
crop are mainly tropical Africa, Asia, and Latin America 
where technical expertise and infrast-ructure for 
biotechnology research are either lacking or poor. Therefore, 
comparatively little work has been done to develop and 
optimize regeneration and transformation procedures, in 
comparison to temperate crops that are of economic 
importance to the North, including recalcitrant cereals 
(Komari et al., 1998).  

Routine application of molecular improvement indepe-
ndent of chosen method of transformation is still hamp-

ered by the lack of readily available and highly efficient 
and long-term regenerable cell and tissue culture sys-

tems. Furthermore, recent reports have indicated that 



     

  Table 1. Cowpea regeneration efficiency via embryonic axes.   
       

  Experiment Initial Number Number of Shoots Regeneration Average Number of 

  No. of Explants Regeneratedº Ratio (%) Shoots per Explant 

  1 150 38 25 6 

  2 150 53 35 5 

  3 150 75 50 5 

  4 150 71 47 6 

  Total 600 237   
 

o
Percent regeneration determined at sixth sub-culture (64 days old) 

 

 

transgenic plants regenerated through a more- or-less 
long-term callus phase have an increased risk of soma-
clonal variation, problems in transgene inheritance and 
stability of expression (Bregitzer and Tonks, 2003). 
Therefore, the objective of this paper is to report results 
from the experiment conducted to test the in vitro regene-
ration efficiency of cowpea shoots via embryonic axes 
explants and the effect of benzyl amino purine (BAP) on 
shoot formation of embryonic axes explants of cowpea. 

 

MATERIALS AND METHODS 

 
 

 
Shoot proliferation medium: The following reagents were diss-
olved in 1000 mL distilled water: 30 g/L sucrose, 4.43 g/L MS basal 
salt, 10 mL/L B5 vitamin, 8 g/l agar and 0.5 mg/L BAP. The pH of 
the mixture was adjusted to 5.8. The mixture was autoclaved for 15 

min at 121
o
C. 

 
Shoot elongation medium: The following were dissolved in 1000 
mL distilled water: 30 g/L sucrose, 4.43 g/L MS basal salt, 10 mL/L 
B5 vitamin, 8 g/L agar and 0.1 mg/L BAP. The pH of the mixture 

was adjusted to 5.8. The mixture was autoclaved for 15 min at 

121
o
C. 

 
 
Four regeneration experiments were conducted and cowpea variety 
IT86D1010 was used as a model genotype. For each experiment, 
surface sterilization of seeds was achieved by soaking 48 g of se-
eds in 0.3% hypochlorite solution for one hour. After thorough sha-
king, the solution was poured off and the seeds rinsed thoroughly 
thrice with sterile distilled water. The sterilized seeds were spread 
on sterile paper towel ready for cutting to excise the embryo from 
the cotyledon. Seeds were split-opened with embryo attached to 
one cotyledon using a sterile forceps and scalpel. About 2 mm from 
the tip of the radicle is cut-off and the plumule removed just at the 
nodal point. The decapitated embryos were severed from the att-
aching second cotyledon. Thereafter, the decapitated embryos we-
re placed horizontally on shoot induction (MS + 2 mg/L BAP) med-
ium. Twenty five explants were plated per Petri dish. The number of 
explants per experiment was 150. All activities were carried out 
inside a vertical laminar airflow cabinet. Plated Petri dishes were 
covered with parafilm and kept in the culture room. 
 
Sub-culturing: Six transfers of surviving explants to another 
medium were conducted for each regeneration experiment. The first 
subculture, which was carried out four days after plating, lead to 
three transfers of explants to shoot proliferation (MS + 0.5 mg/L 
BAP) medium for ten days for each transfer, while subsequent three 
transfers of surviving explants to shoot elongation (MS + 0.1 mg/L 
BAP) medium was conducted. Thereafter, surviving explants had 
their radicle end reduced to remain only the greenish region with 
nodal points. They are then plated with 75% insertion in the 
medium. At each transfer, multiple shoots were carved and plated 

on fresh culture medium. All cultures were maintained at 26
o
C 

under a 16/18 h (light/dark) photoperiod with light supplied by cool-

white day light fluorescent lights 28 - 36 molm
-2

s
-1

. Different media 
were prepared as follows: 
 
Shoot induction medium: The following reagents were dissolved 
in 1000 mL distilled water; 30 g/L sucrose, 4.43 g/L MS basal salt, 
10 mL/L B5 vitamin, 8 g/L agar and 2 mg/L BAP. The pH of the mix-

ture was adjusted to 5.8 (Murashige and Skoog, 1962). The mixture 

was autoclaved for 15 min at 121
o
C. 

 
RESULTS AND DISCUSSION 

 

A total of 600 explants (embryonic axes) were plated from 
which 237 shoots were regenerated (Table 1, Figure 2). 
The average regeneration ratio was 39% and the number 
of shoot per explant obtained stood at 6.0. In a similar 
experiment, Chaudhary et al. (2007) reported an average 
regeneration ratio of 80% and average number of shoots 
per explant of 6.3. Experiment 3 had the hig-hest percent 
of shoot regeneration (50%) while expe-riment 1 had the 
lowest (25%) (Table 1). Number of sho-ots regenerated 
per explant was highest (6) in exper-iment 1 and 4, 
respectively.  

Placing embryonic axes on shoot induction medium (2 
mg/L BAP) actually induced shoot formation (Figure 1). 
About 85% of plated axes with greenish nodal region 
were sub-cultured. Reducing BAP concentration to 0.5 
mg/L BAP in shoot proliferation, lead to emergence of 
shoot from nodal point of surviving explants. Similar obs-
ervation was made by Obembe et al. (2000) who rep-
orted that direct organogenesis from cotyledons, cotyle-
donary nodes, epicotyls, and primary leaves cultured on 
Murashige and Skoog medium containing optimal levels 
of BAP appear to be reproducible and hold promise for 
use in transformation. Not less than 60% explants prod-
uced multiple shoots at this stage (Figure 1). Sub-culturi-
ng every ten days on shoot elongation medium (0.1 mg/L 
BAP) did not produce much elongation of shoots. Pro-
blems encountered at this stage included browning of 
shoots, oxidative burst and dead cells around multiple 

shoots. Many explants were lost at the 5
th

 transfer stage 

in all the experiments. This contributed to moderate rege-
neration efficiency of the experiment. 
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Figure 1. Effect of BAP concentration on shoot formation from embryonic axes explants of 

cowpea. 
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Figure 2. Cowpea regeneration efficiency via embryonic axes explants. 
 

 

Conclusion 
 
The percent regeneration and number of regenerated 
shoots per explant obtained in this experiment stood at 
39% and 6 respectively. This indicates likelihood that hig-
her regeneration percent and number of shoots per exp-
lant could be possible as more experiments are perfo-
rmed and more proficiency is attained in the use of the 
protocol. The role of the growth regulator, BAP, as a sho-
ot growth inducing factor and modifier in cowpea in vitro 
regeneration was demonstrated in the experiment. The 
problem of contaminants was minimally observed and 
frizzled out as more experiments were being conducted. 
However, problems of oxidative burst and dead and bro-
wn tissues persisted throughout. The protocol used in the 
experiment has potential of efficient regeneration and 
genetic transformation of cowpea with improvements and 
modifications. 

 

ACKNOWLEDGEMENTS 

 

The corresponding author wishes to express his profound 

 
 

 

gratitude to the management of Central Biotechnology 

Laboratory, IITA, Ibadan, Nigeria for the opportunity to 

conduct the experiment sponsored by USAID under the 

Nigerian Biotechnology Project (NABP). 
 

 
REFERENCES 
 
Bregitzer P, Tonks D. (2003). Inheritance and expression of transgenes 

in barley. Crop. Sci.43: 4-12. 
Chaudhary D, Madanpotra S, Jaiwal R, Saini A, Kumar P, Pawan JK. 

(2007). Agro bacterium tumefaciens-mediated high frequency genetic 
transformation of an Indian Cowpea (Vigna unguiculata L.Walp) 
cultivar and transmission of transgene into progeny. J.Plant Sci. Vol. 
172: 4.  

FAO (2000). FAOSTAT Database. http://apps.fao.org Food and Agric-
ulture Organization of the United Nations, Rome, Italy. Accessed 
June 2000. 

Gelvin SB (1998). The introduction and expression of transgenes in 
plants. Current opinions in Biotechnology 9: 227-232.  

Komari T, Hiei Y, Ishida Y, Kumeshiro T, Kuba T (1998). Advances in 
cereal gene transfer. Current opinion in Plant Biology 1: 161-165. 

Murashige T, Skoog F (1962). A revised medium for rapid growth and 
bioassays with tobacco tissue cultures. Physiol. Pl. 15: 473-497.  

Obembe OO, Kadiri M, Machuka J (2000). Induction of multiple shoots 

and regeneration from cotyledonary nodes and epicotyls. Page 20 in 



 
 
 

 
Abstracts, World cowpea Research Conference III, 4-7 September 
2000, Ibadan, Nigeria. p. 32. 

Russel DR, Wallace KM, Bathe JH, Martinell BJ, McCabe DE. (1993). 

Stable transformation of Phaseolus vulgaris via electric-discharge 

mediated particle acceleration. Plant Cell Rep. 12: 165-169. 

 
 
 
 

 
Singh BB, Mohan RDR, Dashiell KE, Jackai LEN (1997). Advances in 

cowpea research. Co publication of International Institute of Tropical 
Agriculture (IITA) and Japan International Research Centre for 
Agricultural Sciences (JIRCAS). IITA, Ibadan, Nigeria. 


