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Abstract: Seeds of five cowpea varieties, Kaha 1, Dokki 331, Azmerly, Cream 7 and Giza 6, were exposed to 
different doses of gamma radiation at50, 100, 200 and 300Gy. Some growth parameters and yield components were 
measured in 22 M2 genotypes. Variation in seed protein electrophoretic pattern, RAPD and ISSR fingerprinting was 
scored to assess genetic variation among the M2 genotypes. T he gamma dose of 50 Gy resulted in an increase of 
growth parameters and enhanced yield components in the three varieties Dokki 331, Azmerly and Cream 7; while 
the dose of 100 Gy resulted in higher growth rate and yield in var. Kaha 1 and var. Giza 6. Analysis of seed protein 
profile indicated specific bands for each variety; two bands appeared only in control plants and two other bands 
appeared inM2 plants of exposed seeds. Seven RAPD primers produced 30 polymorphic and 30 monomorphic 
bands. Meanwhile, 54 markers including 45 polymorphic bands were produced by the nine ISSR primers. Gamma 
radiation induced more genetic variation in the genotypes of var. Kaha 1 and var. Dokki 331 compared to other 
varieties, as estimated by the cluster analysis of seed protein, RAPD and ISSR markers.  
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Introduction 

Cowpea [Vignaunguiculata (L.) Walp.] is 
one of the most important food and forage legumes in 
the semi-arid tropics of Asia, Africa, Southern 
Europe, Southern United States, and Central and 
South America (Singh 2005; Timko et al., 2007).It is 
a major source of protein as unripe pods and dry 
seeds (Singh, 2002) and as fodder (Pasquet and 
Baudoin, 2001; Tarawali et al.,2002). Cowpea is 
therefore regarded as a truly a multifunctional crop, 
providing food for man and feed for livestock and 
serving as a valuable and dependable revenue-
generating commodity for farmers and grain traders 
(Timko and Singh, 2008).  

Gamma rays are ionizing radiation with low 
linear energy transfer (LET), generating non-
transmissible mutations via complicated chromosomal 
alterations at high doses (Sachs et al.,2000). However, 
low doses of gamma ray irradiation have been used for 
mutant isolation in conventional plant breeding 
(Chopra, 2005; Albokari et al.,2012). It is often used 
to develop varieties that are agriculturally and 
economically important and have high productivity 
potential (Jamiland Khan, 2002; Muthusamy et 
al.,2003). Many mutant crop varieties including 
resistant to diseases, cold, salt and with desired 
qualities have been developed using gamma rays (Jain 
et al.,1998; Chopra, 2005; Gnanamurthy et al.,2012; 
Mehlo et al.,2013; Tshilenge-Lukanda et al.,2013).  

Changes in seed storage protein markers as 
revealed by electrophoresis have been successfully 
used to resolve and characterize species and varieties 
in several legumes such as Trifolium (Badr et 
al.,1995), Lathyrus (Badr et al.,2002) Lupinus (El-
Shazly et al.,2006) andVigna (Ghafoor& Ahmad, 
2005; Ghafoor et al.,2002).Two cowpea cultivars 
exposed to three mutagens; sodium azide (NaN3), 
ethyl methane sulphonate (EMS) and gamma rays 
showed differences in number and intensity of bands, 
(Osanyinpeju and Odeigah, 1998). 
 The random amplified polymorphic DNA 
(RAPD)amplified by arbitrary primers (Williams et 
al.,1990) andthe inter-simple sequence repeats 
(ISSRs)whichreveal regions that lie within the 
microsatellite repeats (Zietkiewicz et al.,1994; 
Goodwin et al.,1997; Reddy et al.,2002) determine 
intra-genomic and inter-genomic diversity and has 
been commonly applied in legume diversity analysis 
and breeding. Ba et al.,(2004) used RAPD to 
characterize genetic variation in domesticated cowpea 
and its wild progenitor, as well as their relationships. 
RAPD markers were also used to evaluate the genetic 
diversityin a representative population of cowpea 
from different eco-geographical regions of India 
(Prasanthi et al.,(2012). Diouf and Hilu (2005) 
applied RAPD and SSR markers in determining 
genetic diversity among cowpea breeding lines and 
local varieties in Senegal.  
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Opportunities for improving cowpea exist by 
the use of breeding more productive cultivars and by 
using marker-assisted selection that will likely 
increase the overall efficiency and effectiveness of 
cowpea improvement programs. The main objective 
of the present study was to determine the effect of 
low doses of gamma radiation on some varieties of 
cowpea at morphological and molecular levels in the 
M2 generation. Seed Protein banding patterns were 
studied using sodium dodecyl sulfate/polyacrylamide 
gel electrophoresis (SDS-PAGE) technique. In 
addition, molecular fingerprinting was achieved using 
the RAPD and ISSR markers. Variations in molecular 
markers have been related to changes in growth 
parameters and yield components and used to assess 
genetic variation among the M2 genotypes. 
 
2. Material and Methods 
Plant material  

Seeds of five cowpea varieties;Kaha1,Dokki 
331, Azmerly, Cream 7 and Giza 6 were kindly 
provided by the Agriculture Research Center, Giza, 
Egypt and exposed to four different doses of gamma 
radiation i.e. 50, 100, 200 and 300 Gy at the Atomic 
Energy Center, Nasr City, Cairo; Egypt using cobalt 
60 as a source. Exposed and control seeds of the five 
cowpea varieties were grown to maturity in 50 cm 
wide pots. Seeds were collected from all M1 plants 
except for the plants of the varieties Dokki 331, 
Azmerly, and Cream 7 following exposure to 300 Gy 
which did not produce seeds in the first generation. 
The seeds of the M1 generation were cultivated in the 
field and grown for the present study under the 
recommended conditions for growing cowpea, plants 
were irrigated every 10 to 14 days from sowing until 
maturity and phosphate fertilizer was applied at 
9kg/acre as a side band at the seedling stage and 
fruiting stage. Morphological measurements were 
recorded for six weeks old M2 plants and included 
shoot length, root length, and shoot fresh and dry 
weight. Four yield components were determined at 
maturity; these are the number of pods/ plant, pod 
length, number of seeds/ pod and weight of 100 
seeds. Data were statistically analyzed using ANOVA 
to compare treatments and cultivars using the 
software SPSS V17. 
Protein extraction and electrophoreses  

For protein extraction, seeds of M2 plants 
were ground to fine powder and proteins were 
extracted in Tris-HCl buffer-pH 8 containing 5% 
glycerol and 0.1% β-mercaptoethanol. The extracted 
protein solutions were resolved in12.5% 
polyacrylamide gel using a Pharmacia low molecular 
weight standard molecular weight marker in a Cole 
Parmer vertical gel electrophoresis apparatus (Model 
SE400). At the end of electrophoresis, protein bands 

were revealed by Comassie Brilliant Blue R-250 
staining and destained by methanol and acetic acid 
solution for overnight. The gel was then 
photographed with Kodak digital camera 
ModelAF3X optical aspheric lens,9.2 mega bixel, and 
molecular weight for protein bands was calculated 
using the Lab Image software version 2.7 produced 
by Kapelan GmbH, Germany.  
DNA extraction 

DNAwas extracted from leaves of two 
weeks old M2 seedlings, grown in pots in the 
laboratory at 20ºC,using the DNA-easy Plant Mini kit 
(Qiagen, USA, Cat. # 69104) as described in the 
instruction manual. The quality and quantity of the 
extracted DNA were measured using nano-drop 
2000C (Thermo Scientific) and its integrity was 
tested in1%agarose gel. DNA concentration in all 
samples was adjusted to 25 ng/µl for PCR reactions. 
RAPD protocol 

For RAPD finger-printing,as outlined by 
Williams et al.(1990) a total of 16 random primers 
were tested for production of RAPD fragments, only 
seven of them revealed clear readable and constant 
profiles (Table 2).The RAPD-PCR procedure was 
performed as described in Sambrook and Russell 
(2001) in a total of 25 µl reaction mixture as the 
following; 1 µlDNA (25 ng/),1 µl MgCl2 (50 mM), 2 
µl primer (10 nM),12.5 µl Bio-Mix Red (GE 
Healthcare UK Limited, Amersham, UK) and 8.5 µl 
of nuclease free water.The applied amplification 
condition was as follows: 95ºC for 5 min as initial 
denaturation followed by 40 cycles of 95ºC for 
30sec., 38ºC for 45sec., and 72ºC for 1 min. The PCR 
products were left at 72ºC for 15 min for final 
extension. The PCR products were screened using 
1.5% agarose gel.  
ISSR protocol 

The ISSR fingerprinting was performed 
usinga protocol,developed by Sigma (Germany), and 
does not involve DNA extraction. The procedures 
recommended by the manufacturer have been 
followed. In brief, a small disc of fresh leaves taken 
from actively growing seedlings using a 50 mm 
Harris Uni-core puncher supported by cutting mat. 
The disc was added directly into 25 µl PCR reaction 
mix containing 25 mM MgCl2, 1X PCR buffer, 200 
μMdNTPs (Applied Biosystems), 1U of Taq DNA 
polymerase (Applied Biosystems, Ampli-Taq Gold), 
2 pmole of each primer, and the leaf disc. Polymerase 
chain reaction was made for amplification of ISSR 
fingerprinting. The PCR amplification was performed 
using Bio-Rad thermo-cycler according to the 
following cycle profile: initial denaturation at 95°C 
for 10 min, followed by 35 cycles of 30 sec at 94ºC, 
30 sec at 60°C and 30 sec at 72°C,and5 min at 72°C 
for final product extension. A total of ten ISSR 
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primers were used and only nine primers produced a 
clear readable profile (Table 2). 

The PCR products of RAPD were separated 
in 1.5% agarose gel containing 0.5 µg/ml ethidium 
bromide using a submarine EC370 Minicell and an 
EC105 power supply (EC Apparatus corporation, 
USA). The DNA size was calibrated against Hyper-
Ladder I (GE Health care UK Limited, Amersham, 
UK. Meanwhile, the ISSR PCR products were 
separated in 1.8% agarosegel. The DNA size was 
calibrated against 100 bp ladder (Thermo scientefic). 
The Lab image program version 2.7 produced by 
Kapelan Bio-Imaging GmbH (2003) was used for 
DNA size determination. 

The presence or absence of protein, RAPD 
and ISSR bands was scored as 1 for presence or 0 for 
absence of markers respectively for estimating 
genetic variation.Euclidian distance (Romesburg, 
1990) was calculated and used for measuring the 
similarity between the parent varieties and the M2 
genotypes using the software program, Community 
Analysis Package 4.0 (CAP) developed and produced 
by Seabyand Henderson (2007). The CAP software 
was used for to clustering the M2 genotypesbased on 
distance estimates using the agglomerative clustering 
analysis and the average linkage tree building method.  
 
3.Results 

Most doses of Gamma-irradiation induced 
increment of the measured morphological criteria and 
yield components compared to the control plants 
(Table 3). Shoot length of control varieties ranged 
from 20.03±0.21 cm in var. Cream 7 to 24.27±0.65 
cm in var. Kaha1; the latter variety showed the 
highest increase in shoot length (38.67±0.78 at the 
dose of 100 Gy. The root length ranged from 
6.93±0.06 cm in var. Cream 7 to 10.93±0.15 cm in 
var.Dokki331 which showed the highest value for 
root length (18.03±0.32) at the dose of 50 Gy of 
gamma rays). Fresh and dry weight on control 
varieties were highest in var.Azmerely (5.67±0.12 g 
& 0.69±0.02 g), however the highest increase in fresh 
weight was recorded in var. Dokki331 (12.60±0.27) 
at the dose of 50 Gy while the highest increase in dry 
weight showed the highest score (0.97±0.02 g) in var. 
Kaha 1 at the dose of 100Gy. 

The number of pods/plant in control plants 
ranged from 13.67±1.53 in var. Kaha1 to 23.67±2.08 
in var. Azmerly, however, the highest increase in pod 
number/plant was scored at the dose of 100 Gy in var. 
Giza6. On the other hand pod length ranged between 
10.63±0.32 cm in var. Kaha1 and 12.60±0.36 cm in 
var. Cream7 and the most evident increase was 
observed at the dose of 100 Gy in the two varieties 
Kaha1 (17.27±0.25 cm) and Giza6 (17.73±0.15 cm). 
The number of seeds/pod ranged between6.00±0.00 

in var. Kaha1 and 7.33±0.58 in var. Azmerly, 
however two most significant increases were scored 
at the dose of 100 Gy in the var. Kaha1 (12.67±0.58) 
and var. Giza 6 (12.33±0.58). The weight of 100 
seeds in control plants ranged between 15.88±0.01g 
in var. Giza 7 to 18.76±0.30 g in var.Azmerly, the 
most prominent increase was found in var. Giza6 
(18.73±0.19 g) but the highest weight of 100 
seeds/plant was recorded for var. Azmerly 
(20.29±0.28 g) following exposure to 50 Gy of g-
radiation.  

In brief, the 50Gy treatments resulted in 
prominent increases in all measured traits of the 
three varieties Dokki, Azmerly and Cream 7, while 
the 100 Gy dose resulted in most prominent 
increase invar. Kaha 1 and var. Giza 6. The var. 
Kaha 1showedthe highest increase in shoot length, 
dry weight, pod length and number of pods/plant at 
the dose of 100 Gy as compared to the control. 
Variety Dokki however, showed the highest increase 
in fresh weight and var. Cream 7 showed the highest 
increase in root length and weight of 100 seeds 
compared to the control. On the other hand, var. 
Azmerly, showed the least increase in most studied 
yield parameters; number of seeds per pod, number of 
pods per plant and weight of 100 seeds 
(19.35±0.15g), as compared to the control values.  
Protein polymorphism in M2 plants 

Figure 1illustrates the SDS-PAGE 
electrophoretic banding pattern of seed protein 
polypeptides for the M2 generation of cowpea 
following seeds exposure to the applied doses of g-
radiation. In total, 30 protein bands ranging from 9 
kDa to 151 kDawere observed; 15 bands are 
polymorphic and 15 are monomorphic. A band with 
molecular weight of 146 kDa appeared only in 
control plants but not in M2 genotypes from seeds 
exposed to g-radiation. On the other hand, specific 
bands for each variety were observed such as a 87 
kDain var. Dokki 331, 75 kDa in var. Kaha1, 59 kDa 
in var. Azmerly, 50 kDa in var. Giza and 35. kDa in 
var.. Cream7.New bands of 27 kDa appear only at the 
dose of 300 Gy in the M2 plants of both var. Kaha 1 
and var. Giza 6, while a 44 kDa band appeared in 
var.Kaha1 and var.Dokki331 and a 65 kDa appeared 
in the rest of varieties. Finally one 18 kDaband was 
absent in control plants but was evident in all 
varieties following exposure to all of the applied 
doses of g-radiation. 
RAPD and ISSR fingerprinting in M2 plants 

Seven primers revealed stable and 
reproducible RAPD polymorphism in the generated 
DNA of M2 plants of cowpeaM2 genotypes; the 
number of bands, number of polymorphic bands and 
percentage of polymorphism and the size range of 
markers for each primer are given in Table 1. A total 
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of 60 bands including 30 polymorphic and 30 
monomorphic markers were recorded. RAPD 
fingerprinting for the primers numbered 1, 2, and 3 
(Table 1) are shown in Figure 2 A, B and C 
respectively; polymorphic markers are arrowed. The 
highest number of bands (10) was produced by primer 
3 and the lowest number (6 bands) was produced by 
primer 6; primer 2 showed the highest percentage of 
polymorphism (75.0%).Relatively high percentages of 
polymorphism were scored by the primers 1, 2 and 3 
compared to the four primers 4,5,6 and 7; the 
percentage of polymorphism revealed by the latter 
primers ranged between 12.5% for primer 4 and 22.5% 
for primer 7. The variation in markers as revealed by 
primers 1 and 2 is due to exposure to low doses of g-
radiation, while markers revealed by primer 3 showed 
variety specific markers with little variation as a result 
of seed exposure to g-radiation.  

The RAPD polymorphic markers varied 
between primers and varieties. However, a number of 
bands were specific for certain varieties; these bands 
are particularly evident in the profile of primer 3 
(Figure 2C). Other markers were scored in the M2 
genotypes following seed exposure to g-radiation. 
The most prominent were the polymorphism revealed 
by primer for var. Dokki 331 at 50 Gy and Kaha 1 
following most of the doses applied. More specific 
markers were found for the varieties Dokki 331, 
Azmerly and Giza 6 by primer 2 following seed 
exposure to 100 Gy and in all genotypes by primer 3 

following seeds exposure to 50 Gy. Additional 
specific bands were observed in var. Giza 6 by primer 
5 following exposure to 100 Gy and var. Kaha 1 by 
primer 7 after exposure to 50 Gy and also in var. 
Dokki 331 after exposure to 200 Gy and var. Cream 7 
following exposure to 50 Gy and 100 Gy. 
ISSR fingerprinting in M2 plants 
 Out of the ten ISSR primers used in this 
study, nine gave rise to reproducible markers (Table 
2). A total of 54markers including45 polymorphic 
markers were revealed in the 22 genotypes. In 
general, the size of the markers in DNA bp, produced 
by the ISSR primers, is much smaller than that of the 
RAPD markers. The highest number of ISSR markers 
was 7 and was revealed by four of the nine primers; 
17898B, 17899A, HB8 and HB14 bands; three 
primers (HB11, HB12 and HB13) revealed six markers 
and the remaining two primers (HB9 and HB10 
revealed only four markers. Relatively high 
percentages of polymorphism were scored by all 
primers in the 22 genotypes of cowpea; it ranged from 
75% by primers HB 9 and HB 10 to 85.6% by four 
primers (Table 2); the smallest marker revealed by all 
nine markers was monomorpic to all genotypes. New 
markers appeared after all treatments but few markers 
were found only in control plants; some markers 
disappeared at high doses of g-radiation. The 
fingerprinting patterns revealed by three ISSR 
primers are shown in Figure 3; polymorphic bands 
are arrowed. 

 
Table 1 Sequence of seven RAPD primers that revealed polymorphism in cowpea M2 genotypes and the number of total 
and polymorphic bands, and percentage of polymorphism for each primer.  

 
Table 2 Sequence of nine ISSR primers that produced polymorphism in cowpea M2 genotypes, number of total and 
polymorphic bands and the percentage of polymorphism. 

Primer code  
Sequence of primer 

Number of 
bands 

Number of 
polymorphicbands 

Percentage of 
polymorphism 

Markers size 
range in DNA bps 

17898 B 5’CACACACACACAGT3’ 7 6 85.6% 577-240 
17899 A 5’CACACACACACAAG3’ 7 6 85.6% 875-332 
HB-8 5’GAGAGAGAGAGAGG3’ 7 6 85.6% 557-214 
HB-9 5’GTGTGTGTGTGTGG3’ 4 3 75.0% 421-156 
HB-10 5’GAGAGAGAGAGACC3’ 4 3 75.0% 333-197 
HB-11 5’GTGTGTGTGTGTCC3’ 6 5 80.0% 534-204 
HB-12 5’CACCACCACGC3’ 6 5 83.3% 774-124 
HB-13 5’GAGGAGGAGGC3’ 6 5 85.6% 532-157 
HB-14 5’CTCCTCCTCGC3’ 7 6 85.6% 741-58 
Total number  54 45   

 

Primer number Primer sequence Number of 
bands 

Number of 
polymorphic bands 

Percentage of 
polymorphism 

Markers size range in 
DNA bps 

1 5’CCTGGGCTT C3’ 9 6 66.67% 1500-350 
2 5’CCTGGGTTC C3’ 9 6 66.67% 2000-400 
3 5’CCTGGGCTT A3’ 10 7 70.0% 1500-300 
4 5’GAGGGCGGGA3’ 8 1 12.5% 1500-350 
5 5’GAGGGCGTGA3’ 9 2 22.2% 2100-400 
6 5’GGGCCCGAGG3’ 6 1 16.7% 1250-300 
7 5’GGGGGCTTGG3’ 9 2 22.2% 2000-400 

Total number  60 30   
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Table 3 The values of eight growth and yield traits in the M2 genotypes of cowpea produced following seed exposure to 
the applied doses of g-radiation  
Variety Gamma 

Dose 
(Gy) 

Plant height  Root length Fresh weight Dry weight Pod length No of seeds 
per pod 

No of pods  
per plant 

Weigh of  
100 seeds 

Kaha 1 0.0 24.27±0.65 8.07±0.35 4.77±0.12 0.47±0.03 10.63±0.32 6.00±0.00 13.67±1.53 15.99±0.46 

50 28.17±0.61** 10.17±0.57** 5.97±0.25** 0.72±0.03** 15.50±0.46** 11.67±0.58** 24.67±1.53** 15.99±0.20 

100 38.67±0.78** 14.03±0.15** 9.57±0.25** 0.97±0.02** 17.27±0.25** 12.67±0.58** 32.33±2.52** 17.73±0.20** 

200 33.37±0.42** 12.77±0.15** 7.67±0.15** 0.77±0.03** 13.03±0.42** 8.67±0.58** 23.33±1.53** 15.15±0.28 

300 22.90±0.78 7.13±0.32 5.14±0.38 0.45±0.02 11.77±0.15* 5.00±1.00 17.00±1.00 14.27±0.45** 

Dokki 331 0.0 23.37±0.52 10.93±0.15 5.27±0.21 0.62±0.03 11.87±0.47 7.00±0.00 21.33±2.65 17.79±0.13 

50 34.77±0.58** 18.03±0.32** 12.60±0.27** 0.92±0.01** 15.10±0.46** 11.33±0.58** 37.00±2.65** 19.38±0.16** 

100 31.83±0.85** 15.67±0.15** 9.03±0.23** 0.80±0.02** 13.17±0.32* 8.67±0.58* 25.33±1.53** 18.00±0.11 

200 28.33±0.47** 14.27±0.32** 7.33±0.15** 0.80±0.03** 11.90±0.40 6.67±0.58 20.67±1.53 16.71±0.46** 

Azmerly 0.0 23.10±0.26 9.97±0.21 5.67±0.12 0.69±0.02 11.97±0.42 7.33±0.58 23.67±2.08 18.76±0.30 

50 29.30±0.46** 12.87±0.40** 7.73±0.06** 0.81±0.02** 16.40±0.17** 11.67±0.58** 37.00±2.00** 19.35±0.15 

100 26.50±1.00** 11.97±0.67** 7.07±0.15** 0.80±0.03** 14.67±0.15** 11.00±0.00** 29.67±3.06** 16.63±0.35** 

200 25.00±0.44** 9.90±0.00 6.13±0.21* 0.69±0.01 12.23±0.38 7.00±0.00 20.00±1.00 15.68±0.19** 

Cream 7 0.0 20.03±0.21 6.93±0.06 4.63±0.15 0.46±0.01 12.60±0.36 6.67±0.58 15.00±2.00 16.99±0.21 

50 24.47±0.31** 12.40±0.61** 6.10±0.27** 0.64±0.01** 15.63±0.23** 10.67±0.58** 31.67±2.52** 20.29±0.28** 

100 23.77±0.15** 9.17±0.21** 4.87±0.06 0.58±0.01** 13.50±0.20** 8.33±0.58* 21.67±1.53** 15.73±0.17** 

200 22.47±0.95** 7070±0.17 4.93±0.15 0.57±0.02** 12.47±0.12 6.68±0.58 15.67±1.16 15.38±0.28** 

Gisa 6 0.0 22.60±0.26 10.77±0.15 1.97±0.12 0.58±0.02 11.70±0.20 6.67±0.58 22.33±0.58 15.88±0.01 

50 25.77±0.15** 12.73±0.21** 6.07±0.15** 0.66±0.02** 15.70±0.10** 11.00±0.00** 33.00±2.00** 18.73±0.19** 

100 28.17±0.58** 13.23±0.39** 6.67±0.15** 0.80±0.02** 17.73±0.15** 12.33±0.58** 41.67±1.53** 15.58±0.27 

200 26.80±0.50** 13.80±0.44** 6.20±0.17** 0.72±0.03** 12.70±0.10** 6.67±0.58 28.33±0.58** 14.99±0.12** 

300 25.37±0.15** 13.10±0.36** 5.87±0.60** 0.65±0.03* 11.00±0.50* 5.33±0.588 23.33±1.53 14.44±0.35** 

*statistically significant at the 0.05 level; **highly significant at the 0.01 level 
 

 

Figure 1: Seed protein SDS-PAGE profile of M2 plants of the five cowpea varieties following exposure to different doses 
of gamma radiation 
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Figure 2: Examples of RAPD profiles produced in M2 plants of the five varieties of cowpea following seed exposure to 

different doses of gamma radiation, by three primers Pr. 1 (A), Pr. 2 (B) and Pr. 3 (C). 
 

A 

B 
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Figure 3: Examples of the ISSR profiles produced in M2 plants of the 5 varieties of cowpea following seed exposure to 

different doses of gamma radiaton, by three primers, HB-9, HB-12 and HB-13  
 
Average linkage distance 
 

 
Figure 4: Agglomerative clustering dendrogram constructed using average linkage method illustrating the variation 

among the 22 M2 genotypes of cow pea.  
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Genetic variation among the M2 genotypes  
The polymorphic markers, in the protein and 

DNA fingerprinting profiles of the 22 M2 genotypes, 
produced a number of similar dendrograms. A 
dendrogram constructed using the agglomerative 
clustering and the average linkage method of the CAP 
software is illustrated in Figure 4. This dendrogram 
clearly show that the two varieties Kaha 1 and 
Dokki331 are clearly distinguished from the varieties 
Giza 6, Azmerly and Cream 7. It is apparent that the 
M2 genotypes of these two varieties showed much 
variation following exposure to g-radiation compared 
to the other three varieties as judged by the distance 
scale. 
 
4.Discussion 

The results of the current study showed that 
the dose of 50 Gy of g-radiation was the most 
effective in increasing shoot length, root length, fresh 
weight and dry weight in varieties Dokki331, Azmerly 
and Cream7, while, the 100 Gy dose, was more 
effective in varieties Kaha1 and Giza6. These results 
are in agreement with results reported by Sakin (2002) 
who found that low g-radiation treatment increased the 
average plant height of durum wheat. Similar results 
were also reported by Chaudhuri (2002) and Borzouei 
et al. (2010) on the two wheat genotypes Roshan and 
T-65-58-8,by increasing g-radiation dose to 200, 300 
and 400 Gy shoot length declined in both genotypes 
and significant difference in root length was observed; 
the minimum length of the root was found at the dose 
of 400 Gy. However, Melki and Marouani 
(2009)reported an improvement by 18% and 32% in 
root number and root length of hard wheat at a 20 Gy 
of g-radiation associated with highly significant effect 
on the root and shoot weight. 

Increasing the g-radiation dose to 300 Gy 
dose, resulted in inhibition of shoot and root length 
and severely reduced the measured vegetative traits 
and yield components. These results are in agreement 
with the results obtained on mungbean by Shakoor et 
al.(1978),who observed that g-radiation in the range 
of 10-30 kR doses was notsignificantly different but 
at the dose of 40 kR the plants became stunted. Singh 
et al.(2001) and Tah (2006), also, observed that 
mungbean M1 plant height decreased at high doses 
of g-radiation due to the treatment of g-radiation 
with the highest decline occurring at a dose of 40 kR. 
Meanwhile, Wi et al. (2007) reported no significant 
morphological aberrations in the phenotype of plants 
irradiated with relatively low doses of g-radiation, 
while high-doses of g-radiation inhibited seedling 
growth remarkably. 

In the present study, the measured 
productivity criteria i.e. number of pods/plant, pod 
length, number of seeds/pod, and 100 seeds weight 

were increased following exposure to the 100 Gy dose 
in varieties Kaha 1 and Giza 6 and at the 50 Gy dose 
in the other three varieties. The highest 100 seeds 
weight was produced by 50 Gy dose in varieties 
Cream 7 and Giza 6 compared to control. The increase 
in the number of pods per plant following exposure to 
low doses of 50 and 100 Gy is supported by previous 
reports by Swaminathan (1973) who found that an 
increase in the yield of pulses. These results are also 
in agreement with the results of Gnanamurthy et 
al.(2012) who reported an increase in most of yield 
component of cowpea following g-radiation. 

Gamma rays have been also reported to have 
beneficial effects on many crops. via induction of 
mutations.In cowpea,Badiane et al.(2012) reported 
potential mutations in flower and pod color, pod 
length, and seed color after exposing the seeds to g-
radiation. In the current study, two important 
mutations have been scored; one is concerned with 
whole seed color or the color of the seed eye. In 
variety Kaha 1, the 50 Gy produced black seed coat in 
the M2 generation while in other varieties different 
helium colors were scored compared to control. In a 
similar situation, Wani and Anis (2001) reported that 
bold seeded mutant of Vignamungowas associated was 
significant level of yield attributes. 

At the molecular level, new protein bands 
appeared in the seed protein while other bands 
disappeared after exposure to the g-radiation; these 
changes may be due to denaturation of protein or to 
protein association or deamination (Abu et al., 2005). 
The appearance and disappearance of protein band 
may refer to environmental stresses that affect causes 
changes in gene expression (Struh and Tjiian, 1995). 
On the other hand, Kiong et al. (2008) reported no 
significant change in protein constituents after g-
irradiation. For most prominent mechanism, the 
production of different proteins entails a vast array of 
DNA binding proteins that act in various 
combinations to either activate or repress gene 
expression (Freeman et al., 2003).  

The RAPD markers provided some markers 
that are potentially useful in studies on genetic 
diversity and breeding of cowpea through mutations 
using the g-radiation. In this respect, Diouf and Hilu 
(2005) studied the potential application of RAPD and 
SSR techniques in determining genetic diversity 
among cowpea breeding lines and local varieties in 
Senegal. Among the 61 RAPD primers used, 12 
showed polymorphism; a much lower proportion 
compared to the proportion of RAPD polymorphism 
found in the 22 M2 genotypes produced by exposure 
to different doses of g-radiation used in the current 
investigation. Primer 3 however, produced a number 
of makers that are specific for different varieties and 
may also be important markers for the identification of 
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these varieties in future studies on the genetic 
diversity and breeding of new cowpea lines. 

Yoko et al.(1996) studied the effect of 
gamma irradiation on the genomic DNA of corn, 
soybeans and wheat. They concluded that, large 
DNA strands were broken into small strands at low 
irradiation dose but small and large DNA strands 
were broken at higher irradiation doses. The RAPD 
method was also used by Raisheed et al. (2001) to 
detect the genetic variation induced by gamma rays. 
These results are in agreement with the results of 
Mudibu, et al.(2011) who indicated an increase in 
polymorphism after irradiation with gamma rays of 
soybean. The effects on ISSR finger printing might 
be connected to structural rearrangements in DNA 
caused by different types of DNA damages (Sonia et 
al., 2012) 
 
References 
1. Abu, JO, Kales M, Kwaku GD, DuoduG, Amanda 

M. Functional properties of Cowpea 
(Nignaunguiculatal. Walp) flour and pastes as 
affected by Gamma irradiation. Food Chem., 2005; 
93: 103-111. 

2. Albokari MMA, Alzahrani SM, Alsalman AS. 
Radiosensitivity of some local cultivars of wheat 
(Triticumaestivum l.) to gamma irradiation. 
Bangladesh J. Bot. 2012; 41(1): 1-5, 

3. BaSL, Pasquet RS, Gepts P. Genetic diversity in 
cowpea [Vignaunguiculata (L.) Walp.]as revealed 
by RAPD markers. Genet Res. Crop Evol.2004; 51: 
539–550. 

4. Badiane FA, Gowda BS, Cisse N et al., Genetic 
relationship of cowpea (Vignaunguiculata) varieties 
from Senegal based on SSR markers. Genet.Mol. 
Res. 2012; 11: 292-304. 

5. Badr A. Electrophoretic studies of seed protein in 
relation to chromosomal criteria and relationships 
of some taxa in Trifolium. Taxon 1995; 44: 183-
191. 

6. Badr A, El-ShazlyHH, Abou El-EnainMM. Seed 
protein diversity and its implications on the 
relationships in the genus Lathyrus L. (Fabaceae). 
Proc. First Int. Conf. Biol. Sci. Tanta University, 7- 
8 May,2000, pp: 333-346. 

7. Borzouei A, Kafi M, Khazaei H et al., Effects of 
gamma radiation on germination and physiological 
aspects of wheat (TriticumaestivumL.) seedlings. 
Pak. J. Bot. 2010; 42: 2281-2290. 

8. Chaudhuri KS. A simple and reliable method to 
detect gamma irradiated lentil (Lens 
culinarisMedik.) seeds by germination efficiency 
and seedling growth test. Radiat.Phys. Chem. 2002; 
64:131-136. 

9. Chopra VL. Mutagenesis: investigating the process 
and processing the outcome for crop improvement. 
Curr. Sci. 2005; 89:353–359.  

10. Diouf D Hilu KW. Microsatellites and RAPD 
markers to study genetic relationship among 
cowpea breeding lines and local varieties in 
Senegal.Genet. Res. Crop. Evol.2005; 52: 1057-
1067. 

11. El-Shazly HH, BadrSF, BadrA. Relationships of 
Lupinus species, based on variation in seed protein 
electrophoretic profile. Taeckholmia2006; 26: 1-15. 

12. Freeman RS, Brody AK,Neefus CD. Flowering 
phenology and compensation for herbivory in 
Ipomopsis aggregate. Oecologia2003; 136: 394-
401. 

13. Fotso M, Azanza JL, Pasuet R, Raymond J. 
Molecular heterogeneity of Cowpea 
(VignaunguiculataFabaceae) seed storage proteins. 
Plant Syst. Evol. 1994; 191, 39-56 

14. Gnanamurthy S, Mariyammal S, Dhanavel Dand 
Bharathi T. Effect of gamma rays on yield and yield 
component characters R3 generation in cowpea 
(Vignaunguiculata (L.) Walp). Int. J. Res. Pl. Sci., 
2012; 2(2): 39-42. 

15. Ghafoor, A. and Z. Ahmad. Diversity of agronomic 
traits and total seed protein in black gram 
Vignamungo(L.) Hepper.Acta Biologia 
Cracoviensia series Botanica, 2005; 47: 69-7 

16. Ghafoor A, Ahmad Z, Qureshi AS, Bashir M 
Genetic relationship in Vignamungo (L.) Hepper 
and V. radiata (L.) R. Wilczek based on 
morphological traits and SDS-PAGE.Euphytica, 
2002; 123: 367-378. 

17. Goodwin ID, Aitken EAB, Smith LW Application 
of inter simple sequence repeat (ISSR) markers to 
plant genetics. Electrophoresis 1997; 18: 1524-
1528. 

18. Jain SM, Ahloowalia BS,Veilleux RE Somaclonal 
variation and induced mutation in crop 
improvement. Kluwer Academic Publishers.1998; 
12: pp, 203-218. 

19. Jamil M, Khan UQ Study of genetic variation in 
yield components of wheat cultivar bukhtwar-92 as 
induced by gamma radiation. Asian. J. Plant Sci. 
2002; 1: 579-580. 

20. Kapelan Bio-Imaging Gmb H, 
www.labimage.cominfo@labimage.com  

21. KiongALP, Grace Lai A, Hussein S,Harun AR. 
Physiological responses of Orthosiphonstamineus 
plantlets to gamma irradiation. Amer. Eur. J. 
Sustain Agri., 2008; 2(2),135-149. 

22. Leian P, Bordallo P,Colova V.Tracing the pedigree 
of Cynthiana grape by DNA microsatellite markers. 
Proc. Fla. State Hort. Soc. 2005; 118:200-204. 
2005. 

23. Mehlo L, Mbambo Z, Bado S, Lin J, Moagi SM, 
Buthelezi S, Stoychev S, Chikwamba R.Induced 
protein polymorphisms and nutritional quality of 
gamma irradiation mutants of sorghum.Mutat Res. 
2013 Sep 2013;749(1-2):66-72. 

24. Melki M,Marouani A. Effects of gamma rays 
irradiation on seed germination and growth of hard 



 Life Science Journal 2014;11(8)       http://www.lifesciencesite.com 

 

19 

wheat. Environ. Chem. Lett. Doi.2009; 
10.1007/s10311-009-0222-1. 

25. Mudibu J, Nkongolo KK, Mehes Smith M, et 
al.Genetic Analysis of a Soybean Genetic Pool 
using ISSR Marker: Effect of Gamma Radiation on 
Genetic Variability. Inter. J. Plant. Breed. (2011) 

26. Muthusamy A, Vasanth K,Jayabalan N. Response 
of physiological and biochemical componentsin 
Gossypiumhirsutum L. to mutagens. J. Nuclear 
Agric. Biol. 2003; 32: 44-51. 

27. Osanyinpeju, AO,Odeigah, PGC.Variation in seed 
proteins from mutagen-treated cultivars and 
selected lines of Vignaunguiculata L. Walp. Plant 
Breeding, 1998; 117: 361–365.  

28. Pasquet RS,Baudoin JP.Cowpea. In: Charrier A., 
Jacquot M., Hamon S., Nicolas D. Tropical plant 
breeding: 2001; 177-198. Science publishers, 
Enfield, USA - CIRAD, Montpellier, France. 

29. Prasanthi L,Geetha B,RamyaJyothi BN, Raja 
Reddy K. Evaluation of genetic diversity in 
cowpea, Vignaunguiculata (L.) Walpgentotypes 
using Random Amplified Polymorphic DNA 
(RAPD). Current Biotica 2012; 6(1): 22-31. 

30. Raisheed MS, Asad S, Iqbal MJ, Mukhter Z, Zaffar 
Y, Malik KA. Polymorphic studies employing 
RAPD analysis in stress- induced variants of 
sugarcane developed through in-vitro techniques. 
Pak. Sugar J. 2001; 16(6): 15-26. 

31. Reddy MP, Sarla N,Siddiq EA Inter simple 
sequence repeat (ISSR) polymorphism and its 
application in plant breeding. Euphytica.2002; 128: 
9-17. 

32. Romesburg HC. Cluster Analysis for Researchers. 
Robert E. Krieger Pub.Co. Florida, USA. 1990. 

33. Sachs RK, Hlatky LR, Trask BJ.Radiation-
produced chromosome 
aberrations.Trends.Genet.2000; 16:143–146. 

34. Sakin MA.The use of induced micro mutation for 
quantitative characters after EMS and gamma ray 
treatments in durum wheat breeding. Pakistan. J. 
Appl. Sci. 2002; 2: 1102-1107. 

35. Sambrook J.Rusell DW. Molecular cloning: A 
laboratory manual, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, New York, USA. 3rd 
ed. 2001; pp. 1.51-1.54. 

36. Seaby R, Henderson P. Community Analysis 
Package 4.0. Searching for structure in community 
data. Lymington, UK 2007.  

37. Shakoor A, Ahsan-ul-haq M.Sadiq M. Induced 
variation in mungbean. Env.Exp. Bot. 1978; 18: 
169-175. 

38. Singh BB.Recent genetic studies in cowpea. In: 
Fatokun CA, Tarawali SA, Singh BB, Kormawa 
PM, Tamo M (Eds.). Challenges and Opportunities 

for Enhancing Sustainable Cowpea 
Production.IITA. Ibadan. Nigeria. 2002; pp 3–13. 

39. Singh AM,Diwakar J. Singh J. Mutagenic 
responses of mung bean Vignaradiata L. Wilczek. 
J. Applied Biol. 2001, 3: 75-79. 

40. Sonia M, Yassine,Marie V,PhilippeD,Philippe S, 
Mouldi S.Omrane B. Variation in quantitative 
characters of faba bean after seed irradiation and 
associated molecular changes. Afri, J, Biotechn. 
2012; 11(33):. 8383-8390. 

41. Struh LK,Tjian R. Molecular machines that control 
genes. Genetic department 1995; 272 (2): 54-61 

42. Swaminathan MS. Basic research need for further 
improvement of food Legume by breeding. Proc. 
Symp. Protein Advisory Group UN, 3-5 July, 
(1972), Rome, pp 61-68. 

43. Tah PR. Studies on gamma ray induced mutations 
in mungbean [Vignaradiata (L.) Wilczek].Asian. J. 
Plant. Sci. 2006; 5(1): 61-70. 

44. Tarawali SA, Singh BB, Kormawa PM, Tamo M. 
Challenges and opportunities for enhancing 
sustainable cowpeaproduction.IITA. Ibadan. 
Nigeria. 2002; pp 3–13. 

45. Timko MP. Singh BB.Cowpea, a multifunctional 
legume. In: Moore, P.H., Ming R. (Ed.), Genomics 
of Tropical Crop Plants. Springer. NY, USA, 2008; 
pp. 227-257. 

46. Timko MP, Ehlers JD, Roberts PA.Cowpea. In: 
Kole C (ed) Genome mapping and molecular 
breeding in plants, Volume 3, Pulses, Sugar and 
Tuber Crops, Springer Verlag, Berlin, Heidelberg. 
2007; pp. 49–67.  

47. Tshilenge-Lukanda L, Kalonji-Mbuyi1A, Nkongolo 
KKC, Kizungu RV.Effect of gamma irradiation on 
morpho-agronomic characteristics of groundnut 
(Arachishypogaea L.) AJPS 2013; 4: 2186-2192  

48. Wani AA,Anis M. Gamma rays induced bold 
seeded high yielding mutant in chickpea.Mutation 
Breeding Newsletter. 2001; 45: 20-21. 

49. Wi SG, Chung BY, Kim JS et al. Effects of gamma 
irradiation on morphological changes and 
biological responses in plants. Micron 2007; 38: 
553-564. 

50. Williams JGK, Kubelik AR, Livak KJ et al. DNA 
polymorphisms amplified by arbitrary primers are 
useful as genetic markers. Nucleic Acids.Res. 1990; 
18: 6531-6535. 

51. Yoko K,Aya M, Hiromi I, Takashi Y, Kukio 
S.Effect of gamma irradiation on cereal DNA 
investigated by pulsed-field gel electro-phoresis. 
Shokuhin-Shosha 1996; 31: 8-15. 

52. Zietkiewicz E, Rafalshi A,Labuda D. Genome 
fingerprinting by simple sequence repeat (SSR)-
anchored polymerase chain reaction amplification, 
J. Genomics 1994; 20: 176-183.  

 
4/26/2014 


