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ABSTRACT 

  
Studying the cytological behavior of twenty seven cowpea (Vigna unguiculata L.) accessions to select new promising 

ones which could be used in cowpea breeding programs were carried out in the present investigation.  All tested cowpea 

accessions exhibited the same normal chromosome number 2n = 22. The means of mitotic index (MI) were significantly 

different among most of studied accessions and some accessions exhibited high variability in the percentage values of 

mitotic stages. From all tested cowpea accessions, few of them showed high frequency of total mitotic chromosomal 

aberrations. Various types of mitotic abnormalities such as; lagging chromosomes, chromosomal bridges, outside 

chromosome, stickiness and micronuclei have been observed in all tested accessions. The cytological findings revealed 

that most of tested cowpea accessions had a potential cytological stability with normal chromosomal number 2n=22 and 

could be considered as good basic tools in cowpea breeding programs. 
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1. INTRODUCTION  

 Cowpea (Vigna unguiculata L. Walp) is 

considered as one of the most important legume 
crops in Egypt and other tropic and sub-tropic 

countries (Damarany,1994, and Singh, 2012). In 

Egypt, cowpea cultivation area according to 
FAOSTAT, 2018 was about 1840.86 Hectares with 

production of about 7108 tons with (an average yield 

of 3.86 ton/ Hectares). It is grown in Egypt both as 
vegetable and plus corps. In addition to, it is 

favorable to the Egyptian consumers especially in 

form of dry seeds. This legume can also be a major 

source of protein (22-24 %), carbohydrate (50-67 
%), starch, vitamins and minerals as unripe pods or 

dry seeds (Pavadai et al., 2009) and as fodder 

(Baudoin and Marechal, 2001 and Tarawali et al ., 
2002). Because of many people cannot afford 

protein foods such as meat and fish they used 

cowpea as primary and cheap protein sources 
(Rivas-Vega et al., 2006 and Akpapunam and Sefa-

Dedeh, 1997).  In addition to the value of cowpea as 

food and fodder, it is a valuable component of 

farming systems in many areas because of its ability 
to restore soil fertility for succeeding cereal crops 

grown in rotation with it (Timko and Singh, 2008).  

 Cowpea is a diploid species with 2n=2x=22 
chromosomes, belongs to the family Leguminosae 

(Verdcourt, 1970). At the cellular level, plant growth 

and development are resulted from three general 

processes: cell division (mitosis), cell expansion and 

cell differentiation (Wang and Ruan, 2013). The 

continuous addition of new germplasm material as a 

donor for various useful genes of the agronomic 
traits is an important process for further 

improvement of cowpea cultivars especially as there 

are concerning that the yield peaks in major crops 
species including cowpea have been reached. 

Landraces of cowpea can undoubtedly contribute 

towards the development of germplasm pools 
(Willie and Aikpokpodion, 2015). 

  Cell division or mitosis and cell expansion 

determine cell number and cell size in a mature 

organ hence its yield (Wang and Ruan, 2013). The 
mitotic index of a cell population has long been 

regarded as an important criterion for the growth and 

multiplication of the cells and tissues. One of the 
reasons for the mitotic indexing of species is to 

generate data which is important for breeding 

purposes (Darbelley et al., 1989 and Driss-Ecole et 
al., 1994). On the other side, chromosomal 

abnormalities have been used as a good tool to 

measure the success of the reproduction in plants for 

many years and it is correlated with the 
morphological and taxonomical modifications, 

fertility-sterility relationships, mutations, and other 

characteristics (Grant, 1978).  So, the aim of this 
present work is to evaluate the cytological behavior 

of twenty seven cowpea accessions which could be 

used in plant improvement programs as promising 

cowpea accessions in Egypt. 
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2. MATERIALS AND METHODS 

2.1.  PLANT MATERIAL 

 Seeds of twenty seven accessions of cowpea 
have been kindly obtained from Horticulture Dept., 

Faculty of agriculture, Minia university, Minia 

Governorate, Egypt.  

2.2. CYTOLOGICAL STUDIES  

 This study was carried out at Cytogenetics 

lab., Genetics Dept., Fac. Agri., Minia Uni. Seeds of 

twenty seven genotypes of cowpea were germinated 
in Petri dishes containing two layers of moist filter 

paper at room temperature for 48 hours. Roots with 

1-2 cm in length were cut and fixed in freshly 
prepared farmer‟s fixative solution (absolute ethyl 

alcohol: glacial acetic acid, 3:1 v/v) for 24 hours. 

Fixed roots were kept in 70% ethyl alcohol in the 

refrigerator until use. Treated roots were washed 
with distilled water, hydrolyzed in 1 N HCl at 60 

o
C 

for 10 minutes then washed by distilled water again. 

The aceto-carmine squash preparation was used for 
mitotic studies. More than 1000 cells were examined 

for each genotype (consisting of ten seeds). 

Photographs were taken wherever necessary using 
Olympus BX51 microscope with a C-4040 zoom 

digital camera. Mitotic index, phase index and 

chromosomal abnormalities were recorded in each 

genotype and mitotic index was calculated using the 
following formula as described by Racuciu (2009):   

 
Percentage of abnormality of each stage of mitosis 

was counted for each slide. 

 
Cytological data were statistically analyzed using 

MSTAT program (Version 4) according to Gomes 

and Gomes (1984). 

3. RESULTS AND DISCUSSION 

3.1. CYTOLOGICAL  STUDIES  

3.1.1. MITOTIC INDEX (MI) 

 The mean percentages of phase and mitotic 

index (MI) have been recorded in root meristematic 

cells of twenty seven cowpea accessions were shown 

in Table (1). Data showed that the mean percentages 

of MI ranged from (2.39 to 4.53%). The accessions 
1 and 2 gave the highest value of MI (4.53%) while 

the accession 12 gave the lowest value (2.39%). 

Generally, the percentages of MI were nearly close 
except those of accessions 1 and 2 with the same 

value (4.53%) and 14 (4.31%) which have a 

significant variation with almost all other accessions. 

Concerning prophase index data in Table 1, there 
were a considerable variations in prophase index 

among all tested accessions. On the same side, the 

accession no. 6 gave the highest percentage of 
prophase index (44.60%) with a significant increase 

with almost all other accessions. On the other hand, 

accession no. 16 gave the lowest percentage 

(14.94%). Generally, the percentages of metaphase 
index values were higher than other phases. The 

accession no. 7 gave the highest value of metaphase 

index (66.23%) while accession 6 gave the lowest 
value (39.84%) as compared with all other 

accessions.  

 The accession no. 6 gave the lowest value of 
metaphase index (39.84%) when compared with all 

other accessions. The anaphase and telophase index 

appeared in low frequency as compared with other 

phases except  in accession no. 16 (32.13%) which 
was more than its prophase index (14.94%). The 

chromosome number 2n = 22 which recorded in this 

study is consistent with the earlier reports of 2n = 22 
for  V. unguiculata and some related wild species 

(Damayanti  et al., 2010 and Shambhu, 2013). 

 Studying the mitotic parameters such as: 
mitotic index and mitotic abnormalities allowed a 

preliminary figure about cytogenetic variations 

among the genotypes of interest to be drawn. Mitotic 

index is considered a parameter that allows to 
estimate the frequency of cellular division (Marcano 

et al., 2004 and Leme and MarinMorales, 2009). 

The means of mitotic index (MI) were significantly 
different among  most of studied accessions and 

some accessions exhibited high variability in the 

percentage values of mitotic stages. This might be 

due to differences in genetic control systems of 
mitosis (cell cycle program) and/or the quantity of 

somatic mutations (Yasuhara and Shibaoka, 2000 

and Osman and Mustafa, 2009). 
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Table 1. Percentages of phase and mitotic index (MI) obtained from root tips of twenty seven cowpea 

Vigna unguiculata L. accessions. 

Accessions 

T.no. 

examined 

cells 

T.no. 

divided 

cells 

Prophase 

% 
Metaphase % 

Ana 

&Telophase % 

Mitotic 

index % 

1 1172 53 33.46 47.38 19.16 4.53 

2 1165 52 27.80 52.11 20.09 4.53 

3 1234 47 24.97 54.19 20.84 3.80 

4 1151 39 36.84 40.24 22.92 3.41 

5 1220 32 30.22 50.91 18.86 2.63 

6 1108 28 44.60 39.84 15.56 2.56 

7 1182 32 18.53 66.23 15.24 2.75 

8 1153 30 18.34 57.04 24.61 2.63 

9 1210 40 23.79 60.66 15.55 3.33 

10 1347 34 25.64 53.57 20.80 2.51 

11 1383 38 29.80 50.34 19.87 2.75 

12 1455 35 23.25 60.63 16.13 2.39 

13 1359 39 25.46 55.92 18.62 2.84 

14 1364 59 29.94 43.84 26.22 4.31 

15 1267 45 26.63 54.09 19.28 3.53 

16 1149 30 14.94 52.93 32.13 2.64 

17 1004 26 30.95 50.63 18.41 2.58 

18 1548 40 26.30 58.56 15.15 2.62 

19 1240 41 35.96 51.89 12.15 3.31 

20 1378 35 24.30 51.87 23.54 2.56 

21 1046 29 19.22 55.07 25.70 2.75 

22 1189 37 25.48 58.24 16.28 3.13 

23 1308 33 20.39 52.09 27.52 2.53 

24 1171 35 18.46 61.33 20.21 2.96 

25 1002 36 25.87 44.51 19.16 3.56 

26 1139 37 33.20 52.34 20.09 3.30 

27 1160 29 22.55 53.79 23.67 2.49 

       LSD0.05  12.93 12.57 12.28 1.45 

3.1.2. MITOTIC ABNORMALITIES 

 Different types of mitotic abnormalities such 

as; lagging chromosomes, chromosomal bridges, 

outside chromosome, stickiness and micronuclei 

have been recorded and shown in Table (2) and 
Figure (1). Results showed that the three accessions 

22, 9 and 27 gave the highest values of total mitotic 

abnormalities (7.26, 6.61 and 6.32%, respectively) 
while the two accessions 14 and 10 gave the lowest 

values (0.93 and 1.01%, respectively) as compared 

with all other accessions. The remaining accessions 
suffered from abnormalities ranged from 1.43 to 

5.77%.  According to the data in Table 2 the two 

accessions 20 and 12 have the highest frequencies of 

chromosomal bridges (2.11 and 2.06 %, 
respectively) as compared with the other tested 

accessions. The outside chromosome was found in 

almost all tested cowpea accessions. It is appeared 
with high frequencies in accessions no. 17 and 16 

(4.52 and 3.33%, respectively) with significant 

variations with all most all other accessions. 
Concerning chromosomal stickiness percentages, 

results revealed that the four genotypes 22, 27, 19 

and 21 gave the highest values (4.58, 4.24, 4.06 and 

3.61%, respectively) as compared with all other 
tested accessions. Laggard chromosomes were only 

found in seven accessions (2, 4, 8, 9, 12, 18 and 26 

at low frequencies. From all mitotic aberration 
scored in this experiment the percentage of 

micronuclei was the lowest value as compared with 

all other mitotic aberrations. It is found only in two 
genotypes 4 and 8 with a very low values (0.14 and 

0.12%, respectively). 

 The formation of bridges could be attributed 

to chromosomal breakage and reunion (Nassif et al., 
2009). Stickiness represented the most common 

types of mitotic abnormalities. Stickiness might be 

caused by chromosomes folding together and the 
chromosomes become compacted to each other by 

sub chromatid bridges (Khanna and Sharma, 2013). 
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Table 2. Percentages of total mitotic abnormalities obtained from root tips of twenty seven cowpea 

Vigna unguiculata L. accessions. 

Accessions 

T. no. of 

examined 

cells 

Bridges 

% 

Outside 

% 

Stickiness 

% 

Laggards 

% 

Micro 

nuclei 

% 

T. 

Abnormalities 

% 

1 1172 0.00 0.72 0.71 0.00 0.00 1.43 

2 1165 0.00 1.19 0.00 0.74 0.00 1.93 

3 1234 0.98 0.98 0.48 0.00 0.00 2.44 

4 1151 1.11 1.68 1.68 1.11 0.14 5.57 

5 1220 1.15 0.00 0.68 0.00 0.00 1.83 

6 1108 1.96 0.00 0.00 0.00 0.00 1.96 

7 1182 0.81 0.90 0.00 0.00 0.00 1.71 

8 1153 0.00 0.88 1.01 1.01 0.12 2.90 

9 1210 0.93 2.66 2.10 0.93 0.00 6.61 

10 1347 0.00 0.00 1.01 0.00 0.00 1.01 

11 1383 1.83 0.00 0.00 0.00 0.00 1.83 

12 1455 2.06 0.00 1.96 0.98 0.00 5.00 

13 1359 1.90 0.95 0.85 0.00 0.00 3.71 

14 1364 0.51 0.42 0.00 0.00 0.00 0.93 

15 1267 0.00 1.21 0.85 0.00 0.00 2.07 

16 1149 0.00 3.33 1.11 0.00 0.00 4.44 

17 1004 0.00 4.52 0.00 0.00 0.00 3.33 

18 1548 0.67 0.00 0.98 0.98 0.00 2.63 

19 1240 0.00 1.11 4.06 0.00 0.00 5.17 

20 1378 2.11 0.72 0.95 0.00 0.00 3.79 

21 1046 0.00 2.16 3.61 0.00 0.00 5.77 

22 1189 0.00 2.68 4.58 0.00 0.00 7.26 

23 1308 0.00 2.09 0.98 0.00 0.00 3.07 

24 1171 0.00 0.76 1.95 0.00 0.00 2.71 

25 1002 0.85 0.00 1.86 0.00 0.00 2.72 

26 1139 0.00 1.67 2.67 1.04 0.00 5.38 

27 1160 1.08 1.01 4.24 0.00 0.00 6.32 

      LSD0.05 2.36 2.97 2.89 1.42 0.02 5.02 

 
Outside chromosomes could be attributed to the 

failure of the spindle apparatus to organize and 

function in a normal way rather than inhibition of 
these spindle fibers and this may lead to irregular 

orientation of chromosomes (Kumar and Rai, 2007). 

 The high percentages of mitotic 
chromosomal abnormalities which found in some of 

our tested accessions could be attributed to that these 

genotypes are recently imported and cultivated 

under new environmental conditions in Egypt. 
Similar results were found by Osman and Mustafa, 

2009 when they evaluated the horticultural behavior 

and cytogenetical profiles of some local and foreign 
garlic genotypes in Egypt. 
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Fig 1. Some of chromosomal abnormalities at different mitotic stages observed in meristemic cells of 

twenty seven cowpea accessions: (A and B) normal metaphase, 2n=22 (C) outside chromosome 

at metaphase, (D) chromosomal stickiness at metaphase, (E)  lagging chromosome at anaphase, 

(F) micronuclei and bridge at anaphase.  Scale bar = 20 microns 
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 الممخص العربي

 
 (.VIGNA UNGUICULATA Lوبيا )مال التراكيب الوراثية منلبعض  الخموي  التوصيف

 
 *2و سيد عبد المقصود عثمان  1حسن احمد حسن سمطان 

 
 ، مرخ11611 البخيجيالجيدة، الخمد  العزهية، مخكد البحهث الدراعية، السعسل السخكدي لمدراعة 1

 ، مرخ61511 البخيجيالخمد  -قدم الهراثة، كمية الدراعة، جامعة السشيا، السشيا 1
 
 لاختيار أنهاع ( Vigna unguiculata Lالمهبيا )من مختمفا  تخكيبا وراثياجراسة الدمهك الخمهي لدبعة وعذخين أجخى هحا البحث ل 

عجد النفذ  كان لهاالمهبيا انهاع جسيع  نهحه الجراسة أ تائجن أعهخت .كسرادر وراثية ججيجة في بخامج تخبية المهبيا لاستخجامها مشها واعجة
التخاكيب ( مختمفة بذكل كبيخ بين معغم Mitotic index)لسيتهزى الانقدام امعجل كانت متهسظات و  11ن =  1الظبيعي  ىالكخومهسهم

بين جسيع  ومن  .(phase index)  نقدام السيتهزى لأدوار الإ الشدب السئهية كبيخًا في  اختلافا  مشها السجروسة وأعهخت بعض  الهراثية
 mitotic الكخومهسهمية السيتهزية من الذحوذاتتكخارًا عاليًا تخاكيب المهبيا الهراثية التي تم اختبارها ، فإن عجدا قميلا مشها قج أعهخ 

chromosomal aberrations ة الستمكئ الكخومهسهمات؛ مثلlaggard chromosomes  ية الكخومهسهم والكباري chromosomal 
bridgesوالكخومهسهم الخارجي outside chromosome   والكخومهسهمات السمترقةstickiness شهيات الرغيخةوال  micronuclei . .

لجيها استقخار خمهي محتسل مع عجد كخومهسهمي طبيعي التخاكيب الهراثية من المهبيا السختبخة في هحه الجراسة الشتائج الخمهية أن معغم  وكذفت
 اعتبارها أدوات أساسية جيجة في بخامج تخبية المهبيا. حيث يسكن 11ن =  1


