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Abstract: The aim of this investigation was comparing among four Egyptian clover cultivars on 
cytological, isozymes and seed protein  electrophoresis analysis. Seeds of four Egyptian clover 
varieties, i.e. Serw 1, Gemmiza 1, Giza 6 and Fahl were planted in Petri dishes in six replicates per  
cultivar, having taken the following attributes on the seedling  after 10,15 and 20 days,  as well as, 
three cells for each seed were used to construct the karyotype. Isozymes and protein pattern variation 
among cultivars   were studied through native polyacrylamide gel electrophoresis (PAGE) and SDS-
polyacrylamide gel electrophoresis (SDS-PAGE), respectively. The results revealed that cultivars of 
Trifolium alexandrinum L. were diploid (2n=16).Analysis of variance showed highest significant value 
(4.65) in single cutting Fahl cultivar while, Gemmiza -1 cultivar was significant value (2.45) in shoot 
length. The cultivar Serw-1  gave highest  significant value (5.20 cm) while, Gemmiza -1 cultivar was 
significant value (3.30 cm) in radial length. The five isozymes and protein were clarified different total 
bands 28 (42.9% polymorphism; pol.) in peroxidase 7 bands (28.6% pol.), in esterase 2 bands (0 % 
pol.), in acid phosphatase 4 bands (25% pol.), in alkaline phosphatase 3 bands(66.7 % pol.),  in 
Superoxide dismutase (SOD) 1 band (0% pol.) and in  protein  11 bands (53.2% pol.), these protein 
bands ranged from 120 to 14.4 KDa. The results indicated that the isozyme and protein analysis using 
PAGE are suitable for maintaining and determining the genetic relationship in Egyptian clover 
cultivars. 
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INTRODUCTION 

 
The genus Trifolium belongs to the family Leguminosae and includes many species, of which red clover 

(Trifolium pratense L.), white clover (T. repen L.), alsike clover (T. hybridum L.) and Egyptian clover 
(Trifolium alexandrinum L.) are the most important species. They are widely used as high quality forage. 
Particularly, red clover also is one of the medicinal plants, whose extract is used to treat menopausal syndrome 
as estrogen and is effective against cancer. Egyptian clover is used as a source of folk medicine and uses the 
green habit at marriage. 

Somatic chromosome number and morphology in certain strains of subterranean clover and in species of 
several others fairly closely related genera have been observed. Soliman et al., (2010) carried out chromosome 
number and karyotype analysis on two cultivars (Helaly and Fahl) in Egyptian clover (Trifolium alexandrinum 
L.). The somatic chromosome counts for two cultivars were 2n = 16. Karyotype analysis showed differences in 
chromosome morphology. Karyotype analysis revealed that cultivar Helaly is advanced one whereas cultivar 
Fahl is primitive.  

As well as, Tarrad and Zayed (2009) and Zayed et al., (2010) studied two and Five respectively Egyptian 
clover cultivars, were analyzed based on seed soluble protein pattern as well as RAPD, ISSR and AFLP 
generated DNA profiles proved highest level of molecular variance (24.5%). Also they found that the 
biochemical genetics markers were differing between Egyptian clover cultivars. In terms of allele frequency (p), 
level of difference between two cultivars was variable. Results also indicated that relationship study between 
two cultivars can be better performed using Cubic, Quadratic model.  

Refereeing to cutting type, multi-cut is important characters of clover affecting yield production vice versa 
to mono-cut (fahl cultivar). The aim of this investigation was compared four Egyptian clover varieties refereeing 
to cutting type using cytological, biochemical and germination characters to clarify the genetic relatedness 
related to cutting type. 
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MATERIALS AND METHODS 
 

Seedling Traits: 
Seeds of four Egyptian clover cultivars, i.e. Serw 1, Gemmiza 1, Giza 6 and Fahl were obtained from 

Forage Crops Research Department (FCRD), Field Crops Research Department (FCRI), Agricultural Research 
Center (ARC), Giza, Egypt. Cultivars were planted on Petri dishes in six replicates per cultivar. 

 
Morphological Traits: 

 Shoot length (cm.); Radial length (cm.); Seedling fresh (g.); Seedling dry (g.), recorded at 10, 15 and 20 
days after germination date; and  weight of 100-grain (g.) and EC (s/m)  were measured during harvest time.   

 
Cytological Analysis: 

The cytological investigation followed Lacuer (1941) and Chattopadhyay & Sharma (1988). The 
nomenclature system for chromosome type was determined as described by Abraham and Prasad (1983). 
Karyotype analysis was carried out using "Micro measure" Computer Program (Reeves, 2001). The mean 
measurements of three cells for each seed were used to construct the karyotype. 

 
Biochemical Analysis (Isozymes and Protein): 

Isozymes were studied through  native polyacrylamide gel electrophoresis (PAGE) to identify isozyme 
variations among cultivars according to Brown (1978), Stegemann et al., (1985), Soltis and Soltis (1989 and 
1990), and Tarrad and Zayed (2009). Fresh seedling samples were used for isozymes extraction. Extraction of 
seedling total proteins SDS-polyacrylamide gel electrophoresis(SDS-PAGE) was performed following Laemmli 
(1970) and modified by Studier (1973). 

 
Statistical Analysis: 

Analysis of variance (ANOVA) was done to find out the least significant differences among the varieties 
following Gomez and Gomez (1984). 

The statistical analysis was followed Wilkinson (1997) SYSTAT version 7.0. All the different isozymes 
data were analyzed using the SPSS statistical package version 17.0 for statistical evaluation (SPSS Inc., 
Chicago, IL, USA), Sokal and Michener (1958) and Nei (1978) . 

  
RESULTS AND DISCUSSIONS 

 
Seedling traits: The seedling traits were recorded on clover morphological characters as well as in both 

multi-cut Gemmiza-1(Gm), Giza-6, Serw-1 (Sw) cultivar and single cutting Fahl one. Seedling after 10 days: 
the cultivar were appeared non significant differences in shoot length (LSD0.05=0.33 and CV %=1.64) while, 
gave significant differences Radial length, seedling fresh weight (g) and seedling dry weight (g) (Table 1).  The 
cultivars Giza-6 and Serw-1 had the highest values in Radial length and seedling fresh weight (g) with values 
4.20 and 0.59, respectively in both traits. Gemmiza -1 cultivar gave the highest values in seedling dry weight (g) 
with value 0.10g. Single cutting Fahl was appeared in four traits in lowest and near lowest values (Table 1). 
Seedling after 15 days: single cutting Fahl was significant highest value (4.20) while, Gemmiza -1 cultivars 
was significant lowest value (2.90) in shoot length. The radial length was appeared single cutting Fahl and 
Serw-1 significant highest value 5.18 and 5.20 respectively. On the other hand, the Giza-6 cultivar had lowest 
significant value 3.68 cm. The seedling fresh weight (g) was non significant among cultivars while, Gemmiza-1 
cultivar give the highest value. As well as, The seedling dry weight (g) was non significant among cultivars with 
values had LSD  value no significant (Table 1). Seedling after 20 days: single cutting Fahl was significant 
highest value (4.65) while, Gemmiza -1 cultivars was significant lowest value (2.45) in shoot length. The 
cultivar Serw-1 was given significant highest value(5.20 cm) while, Gemmiza -1 cultivars was significant 
lowest value (3.30 cm) in radial length. Single cutting Fahl was significant highest value (0.82) while, Gemmiza 
-1 cultivars was significant lowest value (0.37) in seedling fresh weight (g). The values in the seedling dry 
weight (g) was non significant among cultivars with values had LSD value no significant (Table 1). The 100- 
seed weight: the values in the seedling 100-seed weight (g) was non significant among cultivars and was 
distributed around 0.35 g (Table 1). The Electrical Conductivity (EC): Gemmiza -1 cultivars was significant 
highest value (166.05) while, Serw -1 cultivars was significant lowest value (77.30) (Table 1). 

Karyotype analysis: The cultivars of Trifolium alexandrinum L. were diploid. It showed a chromosome 
number (2n=16) Plate (1). The most previous records confirmed our investigations (Bir and Kumari, 1979 and 
Soliman et al. 2010). There are differences in karyotype structure among different cultivars of Trifolium 
alexandrinum L.  Not only the dissimilarity was found in the morphology of chromosomes but also in the mean 
chromosome length (MCL), the diploid complement length (DCL), and symmetry index (S%) (Table 2). 
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Table 1: Mean value and coefficient of variation (CV%) of studied morphological characters after 10, 15 and 20 days; 100 seed weight and EC during harvest time. 

Cultivar 

10-days 15-days 20-days  Harvest time
Shoot 
length 

Radial 
length  

Seedling 
fresh  

Seedling 
dry 

Shoot 
length 

Radial 
length  

Seedling 
fresh  

Seedling 
dry  

Shoot 
length  

Radial 
length 

Seedling 
fresh  

Seedling 
dry  

100-
grain  EC 

  (cm) (cm) 
weight 

(g) 
 weight 

(g)  (cm) (cm) 
weight 

(g) 
weight 

(g) (cm)  (cm) 
weight 

(g) 
weight 

(g) 
Weight 

(g) s/m  
Fahl 3.25 3.75 0.41 0.02 4.20 5.18 0.43 0.02 4.65 4.95 0.82 0.018 0.37 125.20 
Gemmiza -1 3.20 3.88 0.55 0.10 2.90 4.25 0.55 0.02 2.45 3.30 0.37 0.002 0.34 166.05 
Giza-6 3.30 4.20 0.59 0.03 2.95 3.68 0.41 0.04 3.60 4.40 0.66 0.007 0.35 117.95
Serw-1 3.13 4.20 0.59 0.06 3.73 5.20 0.47 0.02 3.83 5.27 0.81 0.009 0.38 77.30 
Mean 3.22 4.01 0.53 0.05 3.44 4.58 0.46 0.02 3.63 4.48 0.66 0.009 0.36 121.63 
LSD0.05 0.33 0.32 0.08 0.06 0.39 1.14 0.11 ns 0.50 0.23 0.14 ns 0.10 1.22
C.V 1.64 2.18 0.92 0.41 2.24 2.72 0.22 0.13 1.26 1.32 0.11 0.22 1.34 2.11 

 

The values of indices of symmetry range theoretically from 0 to 100 for Rec and Syi indices (Greilhuber 
and Septa, 1976), from 0 to 50 for TF% as well as symmetry S% (Huziwara, 1962). According to Zarco (1986) 
the intra-chromosomal and inter-chromosomal asymmetry indices (A1 and A2 respectively) define differences 
between cultivars and the cultivar with high A1 and A2 values are considered more advanced than others. In 
general, high A1 and A2 values are scored in cultivar with higher degrees of variation in chromosome length 
(Kamel, 1999). Cultivar Serwa-1 had the higher values of A1. Thus, this cultivar may be considered as the 
advanced one than other cultivars. 

From the point of karyotype formula view, the chromosome type nearly sub metacentric (-), nearly sub 
metacentric (+) and nearly metacentric were represented in all karyotype formula of all accessions Table (2). 
Nearly sub telocentric (-) is only represents in fahl cultivars (mono-cut cultivar). 

 
Table 2: Karyotype parameters of somatic chromosomes of Trifolium alexandrinum L. cultivars. 

 DCL (µ) MCL (µ) S (%) TF (%) A1 A2 Syi index Rec index Karyotype formula 
Gemmiza-1 12.16 0.76 0.30 36.68 0.47 0.71 0.34 0.42 4 nsm(+) + 6 nsm(-) + 6 nm 
Giza-6 19.91 1.24 0.10 43.95 0.34 0.62 0.37 0.61 4 nsm(+) + 4 nsm(-) + 8 nm 
Serwa-1 18.42 1.15 0.35 41.80 0.36 0.59 0.38 0.54 2 nsm(+) + 4 nsm(-) + 10 nm 
Fahl 19.08 1.19 0.06 32.70 0..57 0.51 0.27 0.58 6 nst(-) + 4 nsm(+) + 2 nsm(-) + 4 nm 

DCL: Diploid complement length; MCL: Mean chromosome length; S (%): Symmetry percent; TF (%): Total form percent; A1: 
Intrachromosomal asymmetry index; A2: Interchromosomal asymmetry index; Syi: the symmetry indices; Rec.: resemblance between 
chromosome. 

 
 

Plate. 1: Idiograme of the studied Egtptian clover cultivars, the scale bar equal 5 µ. 
 
Isozyme and Protein: 

Protein SDS-PAGE system: protein bands showed cases of genotypic diversity situations (according to 
their appeared bands) which differ from each other in number of appeared or absent bands. The differences were 
found between the cultivars cases, it was very clear that the differences reflect the genetic diversity caused by 
genetic structure which expressed in seed protein system under study. It was found that 11 bands were produced 
from four Egyptian clovers, it’s ranged from 120 to 14.4 KDa (Table 3 and plate 2). The Egyptian clover 
cultivars Fahl, Gemmiza-1,Giza6 and Serw-1 had given 8,5,9 and 8 bands respectively. The bands of molecular 
weight 120KDa was unique bands in Fahl cultivar (mono-cut cultivar). 
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Plate. 2: Marker polymorphism of the four varieties Egyptian clover (1= Fahl, 2 = Gemmiza-1, 3 = Giza-6 and 
4 = Serw-1) based on (A) seed protein SDS-PAGE, (B) isozymes peroxidase, (C) isozymes 
esterase,(D) isozymes acid phosphatase, (E) isozymes alkaline phosphatase and (F) isozymes 
Superoxide dismutase (SOD).  M = marker protein 

 
Similarity index among the four Egyptian clover genotypes based on protein analysis was carried out using 

SPSS program. The highest similarity index (82%) was recorded between two Serw-1 and Giza 6. Lowest 
similarity index (62%) was observed between Fahl and Gemmiza1,as well as Serw-1 and Gemmiza -1. 
Similarity values among the four ranged these values. The Fahl cultivar possessed 62, 71 and 75 % similarity 
with Gemmiza1, Giza 6 and Serw 1, Gemmiza 1 possessed 62 and 71 with Giza 6 and Serw1 respectively. The 
cultivar Giza6 and Serw 1 showed 82 % similarity (Table3 and 4, Fig 2 and plate 2). 

Clustering based on protein systems were used to estimate the genetic similarities among four clover 
cultivars (two cutting type). The dendrogram based on genetic similarities (Fig.2) separated the four Egyptian 
clover cultivars in two main clusters. The 1st cluster includes Giza6 and Serw 1.The Fahl and Gemmiza 1 were 
in the 2nd cluster. Tarrad and Zayed(2009) revealed a total number of 9 bands with molecular weights (MW) 
ranging from about 14 to 100 KDa. The genotypes Gemmiza 1 and Serw1 revealed a total number of 3 
polymorphic bands. In the Serw 1 genotype three bands were found at 28.5, 26 and14 KDa. Sakha 4 gave two 
bands at 24 and 14 KDa. Malaviya and Rao (1997) evaluated exotic lines of Trifolium alexandrinum for 
pollination behavior, morphology and yield.  
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Table 3: Detected bands of SDS-protein electrophoresis four Egyptian clover [(+) present or (-) absent band] 
No. MW Fahl Gemmiza- 1 Giza-6 Serw-1 
1 120 + - - - 
2 116 - - + + 
3 90 + - + - 
4 66.2 + - - + 
5 50 + + + + 
6 40 + + + + 
7 30 - - + + 
8 25 - + + - 
9 20 + + + + 
10 18.4 + - + + 
11 14.4 + + + + 

Total 8 5 9 8 
 

Table 4: Similarity matrix of the four Egyptian clover varieties based on seed protein   

Proximity Matrix 

Case 

Matrix File Input 

Gemmiza- 1 Giza-6 Serw-1 

Fahl 0.62 0.71 0.75 

Gemmiza- 1  0.71 0.62 

Giza-6   0.82 

 
 
H I E R A R C H I C A L  C L U S T E R   A N A L Y S I S 

Dendrogram using Average Linkage (Between Groups) 
Rescaled Distance Cluster Combine 

 
 
 
 
 
 
 
 
 
Fig. 2: Dendrogram of the genetic distances among four Egyptian clover based on seed protein SDS-PAGE. 

 
Table 5: Detected bands of  Pex, Est, ACP, ALP, and SOD isozyme system PAGE electrophoresis in four  cultivar Egyptian  clover [(+) 

present or (-) absent band] 

No. isozymes 

varieties 
Fah

l Gemmiza- 1 Giza-6 Serw-1 
1 PEX + + + + 
2 

  

- - + - 
3 + + + + 
4 + - + + 
5 + + + + 
6 + + + + 
7 + + + + 
1 EST + + + + 
2   + + + + 
1 ACP + + + + 
2 

  

+ + + + 
3 - - - + 
4 + + + + 
1 ALP + + - - 
2 

  
+ + - + 

3 + + + + 
1 SOD + + + + 
total 15 14 14 15 

 

Five isozymes native PAGE system: A total of 58 bands were generated from the five isozymes 
peroxidase, (PEX)  isozymes esterase, (EST) isozymes acid phosphatase, (ACP) isozymes alkaline phosphatase 
and (ALP) isozymes Superoxide dismutase (SOD)(Table 5 and plate 2). The Giza6 cultivar had appeared unique 
bands in PEX no.2, as well as Serw1 cultivar in ACP band no.3. Similarity values of the single cut cultivar Fahl 



Aust. J. Basic & Appl. Sci., 6(3): 622-629, 2012 

627 
 

with, Gemmiza 1,Giza 6 and Serw1 was 97, 90, and 93 % respectively. Gemmiza 1 with Giza 6 and Serw1 had 
a value 86 and 90 %, Serw 1 with Giza 6, showed similarity of 90%. The dendrogram based on genetic 
similarities (Fig.3) separated the four Egyptian clover cultivars in two main clusters. The 1st cluster include Fahl 
and Gemmiza 1 cultivars. The Giza6 and Serw 1 were in the 2nd cluster. Tarrad and Zayed (2009) Found 
similarity among Egyptian clover variety by isozymes system, Helaly with Sakha 4, Serw1, Giza 6 and 
Gemmiza 1 was 87, 84.2, 81.8 and 76.2 % respectively. Serw 1 had a value 85.7, 90 and 81.8 % with Giza 6, 
Gemmiza 1 and Sakha 4 respectively. The varieties Giza 6 and Gemmiza 1 showed similarity of 78.3%. 
Furthermore, Zayed et al .,(2010) compared with  two ecotypes by isozymes, and found the differences between 
Helaly and Fahl. 

 
Table 6: Similarity matrix of the four Egyptian clover varieties based on  five isozymes 

Proximity Matrix 

Case Matrix File Input 

 Gemmiza- 1 Giza-6 Serw-1 

Fahl 0.97 0.90 0.93 

Gemmiza- 1  0.86 0.90 

Giza-6   0.90 

 
H I E R A R C H I C A L  C L U S T E R   A N A L Y S I S 
Dendrogram using Average Linkage (Between Groups) 
Rescaled Distance Cluster Combine 
 
 
 
 
     
 
 
 

Fig. 3: Dendrogram of the genetic distances among four Egyptian clover based on five isozymes native PAGE. 
 
Combined data, Polymorphism and unique bands: The five isozymes and protein were produced 

different total bands 28 (42.9% polymorphism; pol.) in peroxidase 7 bands (28.6% pol.), in esterase 2 bands (0 
% pol.) , in acid phosphatase 4 bands (25% pol.), in alkaline phosphatase 3 bands (66.7 % pol.),  in Superoxide 
dismutase (SOD) 1 band (0% pol.) and in  protein  11 bands (53.2% pol.) as shown in table 7, and not all of 
them were gave unique bands with  cultivars. The protein give unique bands with single cut Fahl and multy cut 
Gemmiza – 1 in 120 and 18.4 KDa., respectively. The isozymes esterase (Est)  and superoxide dismutase (SOD) 
did not give any unique bands with cultivars (Table 7). The cultivar Giza-6 had given two unique bands with 
peroxidase  and alkaline phosphatase in bands no.2 in both. The cultivar Serw-1 had unique bands with acid 
phosphatase in band no.3. This indicated that we could use it in breeding program for crosses among cultivars or 
selection methods. Arzani and Kamran (2004) were found 66 bands (%80 pol.) among clover genotypes. 
Moreover, Gustine and Huff (1999) were studied Genetic variation within and among white clover populations 
from managed permanent pastures. As well as, Tarrad et al., (2010)  found by three isozymes and protein were 
produced different total bands 44 (68.2% polymorphism; pol.) in peroxidase, 77 bands (63.6% pol.) in esterase, 
39 (64% pol.) in alcohol dehydrogenase and 207(79.7% pol.) bands in protein. Furthermore, Azab et al., (2011) 
found in Egyptian clover unique bands.  

Genetic similarity and cluster analysis: Clustering based on five enzymes and protein systems were used to 
estimate the genetic similarities among four Egyptian clover cultivars (two ecotypes). The genetic similarity 
matrix based on all possible pairs of cultivars ranged from 0.87 (87%) to 0.80 (80%) (Table 8 and Fig.4). The 
lowest genetic similarity value was between cultivars (Gemmiza- 1, Giza-6) and (Gemmiza- 1, Serw-1) (80.0% 
and 81.0 %). While, the highest genetic similarity was noticed between cultivars (Gemmiza- 1, Fahl) and (Giza-
6, Serw-1) (86%) and (87%), respectively. Generally, the Fahl was more nearest Gemmiza1 clover cultivars by 
combined data according to the similarities and genetic distances (Table 8 and Fig. 4). The dendrogram based on 
genetic similarities (Fig.4) separated the four Egyptian clover cultivars in two main clusters. The 1st cluster 
include Giza-6 and  Serw-1. The Gemmiza- 1, Fahl  were located in the 2nd cluster. 

Tarrad and Zayed (2009) found lowest similarity (0.53) was observed between Giza 6 and Helaly. These 
results agreed with those of Sawada and Yamauchi (1994) and Williams et al., (1998), who reported that the 
isozymes techniques was an excellent tools for maintaining and determining the genetic relationships in clover 

 
 



Aust. J. Basic & Appl. Sci., 6(3): 622-629, 2012 

628 
 

Table 7: Level of polymorphism and unique cultivar-specific bands based on protein and five isozymes analysis  

No. Test 
total 
band polymorphic monomorphic 

 %  
polymorphism 

unique 
band 

Cuts variety 
name 

1 protein 

11 7 4 53.8 

120 KDa. 
Singl
e Fahl 

18.4 KDa. 
Mult
y Gemmiza- 1 

2 (PEX) 7 2 5 28.6 

No.2 
Mult
y Giza-6 

No.4 
Mult
y Gemmiza- 1 

3 (EST) 2 - 2 - -  - 

4 (ACP) 4 1 3 25 No.3 
Mult
y Serw-1 

5 (ALP) 3 2 1 66.7 No.2 
Mult
y Giza-6 

6 (SOD) 1 - 1 - -  - 
 Total 28 12 16 42.9 6   

 
Table 8: Similarity matrix of the four Egyptian clover varieties based on seed protein and  five isozymes 

Proximity Matrix 

Case 

Matrix File Input 

Gemmiza- 1 Giza-6 Serw-1 

Fahl 0.86 0.83 0.87 

Gemmiza- 1  0.80 0.81 

Giza-6   0.87 

 
H I E R A R C H I C A L  C L U S T E R   A N A L Y S I S 
Dendrogram using Average Linkage (Between Groups) 
Rescaled Distance Cluster Combine 
 
 
 
 
 
 
 
 

Fig. 4: Dendrogram of the genetic distances among four Egyptian clover based on protein SDS-PAGE and five 
isozymes. 

 
Conclusion: 

In comparison of 4 Egyptian clovers cultivars regarding cut-type (mono-cut & multi-cut), cultivar Fahl 
(mono-cut) is distinguished by significant highest value of shoot length after 15 & 20 days from germination 
date and a unique protein band of molecular weight 120KDa as well as presence of nearly sub telocentric (-) in 
karyotype formula. 
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