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The isozymetic study was designed for assessing the genetic diversity among the selected mango 
cultivars/genotype available in Bangladesh. All the isozymes, used in the present study showed 
polymorphism for mango. A total of 25 different electrophoretic zymotypes were observed for three 
isozymes studied. Glutamate oxaloacetate transaminase, malate dehydrogenase and peroxidase 
analysis possessed 8, 10 and 7 zymotypes, respectively, and genotypes were grouped into different 
electrophoretic zymotypes which indicated higher level of genetic diversity of mango. For glutamate 
oxaloacetate transminase, G6 was the most common zymotypes whereas G3, G5, and G8 were found in 
few cases. Similarly, M8 and M6 in malate dehydrogenase as well as P6 and P5 in peroxidase were found 
more frequent while other zymotypes in both isozymes were less frequent. Frequency was very few for 
one zymotype in all cases of three isozymes such as, G8, M10 and P7. Cluster analysis through UPGMA 
dendogram using isozymes electrophoretic pattern provided strong information about existence of 
variability among the genotypes of mango. Based on Euclidean distance, a dendogram was constructed 
using banding pattern of 60 mango genotypes developed through three isozymes activities. The 
dendogram showed eight major clusters designated as I, II, III, IV, V, VI, VII and VIII. The results 
generated with isoenzyme will be helpful in improvement as well as may guide us in designing 
strategies that maximize the utility of genetic resources.   
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INTRODUCTION 
 
Mango (Mangifera indica L.) “The King of fruits”, 
originated in a region including the north-eastern parts of 
India (Assam), the western parts of Myanmar and 
Bangladesh (Duval et al., 2006). It is a member of the 
Anacardeaceae, a family of mainly tropical species with a  
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Abbreviations: GOT, Glutamate oxaloacetate transaminase; 
MDH, malate dehydrogenase; PER, peroxidise; PAGE, 
polyacrylamide gel electrophoresis; APS, ammonium per 
sulphate; TEMED, tetramethylene diamine; AAT, aspartate 
aminotransferase; RAPD, random amplification of polymorphic 
DNA. 

few representatives in temperate regions. In Bangladesh, 
there are many genotypes of mango having diverse 
characters. It has been cultivated in Bangladesh for 
centuries. These cultivars are available in the market 
under different local name without any uniformity and 
standardization in nomenclature. Moreover, we have 
some exotic varieties under commercial cultivation. For 
the continuous improvement of mango through breeding 
to overcome the biotic and abiotic stress, adverse gene 
pool is essential. The assessment of genetic diversity of 
plant population in the field may be carried out in different 
ways such as characterization and evaluation of mor-
phological traits or by using isozyme and DNA markers. 
Because of variable environmental factors in different 
locations,  the  field  evaluation  of morphological charac- 



 
 
 
 
teristics alone is not a completely reliable method. 
Morphological markers have certain limitations such as 
limited availability of easily score-able markers, difficulty 
in scoring homozygous from heterozygous individuals, 
influence of environment in equating and phenotypes with 
genotypes; so, the chemotaxonomic approaches have 
been used to confirm the characterization. For assessing 
diversity, protein and DNA markers have been proved to 
be authentic tools in characterization of many crops 
including mango germplasm at gene level. Moreover, 
electrophoretic techniques have many advantages such 
as abundance in polymorphism, no pleiotrophic effect; 
less affected by environment and subjected to rapid 
detection (Singh et al., 2001).  Isozymes were developed 
as first co-dominant markers which were widely used in 
genetic diversity study of mango (Degani et al., 1992; 
Eiadthong et al., 1998). Isozymes are good biochemical 
markers used as a powerful tool both in characterization 
of cultivar and in genetic and phylogenetic studies for 
many crop species, including fruit crops (Tanksley and 
Orton, 1983).  

Electrophoretic separation of enzymes has been widely 
used, both in taxonomic, genetic studies, and construc-
tion of genetic maps of different crops (Staub et al., 1996; 
Shannon, 1968). Isozyme analysis has been applied to 
cultivar identification and breeding (Chen et al., 1990; 
Sujatha et al., 1991; Sujatha and Seshadri, 1991). One 
use of genetic mapping is for the characterization and 
identification of new cultivars, which is of concern to 
those who desire proprietary protection for their cultivar 
creations. Degani et al. (1992, 1993), detected several 
polymorphic enzyme systems in mango and used them 
for the systematic characterization and percentage analy-
sis of various cultivars. In the present study, there are 
three kinds of isozymes viz. glutamate oxaloacetate 
transaminase (GOT), malate dehydrogenase (MDH) and 
peroxidase (PER) have been used for indentifying the 
clustering relationships among the local and introduced 
cultivars of Bangladesh. 

However, no reports are available regarding the 
characterization of mango germplasm using isoenzyme in 
Bangladesh.  The objective of the present investigation 
was aimed at elucidating the phylogenetic relationship 
among 60 genotypes of mango, based on the poly-
morphism of three enzymes. Moreover, it helps to obtain 
genetic information in large collection of mango being 
maintained at the Germplasm Repository of Bangladesh 
Agricultural University (BAU) from isozyme analysis.  
 
 
MATERIALS AND METHODS 

 
The study was conducted with 60 mango genotypes in poly-
acrylamide gel electrophoresis (PAGE) techniques (Staub et al., 
1997). Three isozymes viz., GOT, MDH and PER were used in this 
experiment. Isozyme analysis was done in the Molecular Biology 

Laboratory, Department of Genetics and Plant Breeding, 
Bangladesh Agricultural University, during the period from August 
2007 to February 2008.  
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Extraction of enzyme sample 
 
Mature leaf samples were collected, cleaned and sealed in brown 
paper covers from the orchard of Germplasm Repository of 
Bangladesh Agricultural University (BAU) and brought to the 
laboratory. Approximately, 0.4 g of leaf material was crushed with 
acid washed sand and 400 ml extraction buffer. Extraction buffer 
consisted of 0.1 M Tris-HCl (pH 7.5) containing 20% sucrose.  

 
 
Preparation of gel for electrophoresis 

 
Gels of different concentration viz., staking gel 4.5% and separation 
gel 9% were prepared by using the stack solutions. Ammonium per 
sulphate (APS) solution was prepared immediately just before use. 
The gel dimensions were 14 × 11 × 0.1 cm. The stock solutions for 
separation gel except APS and tetramethylene diamine (TEMED) 
were gently mixed in a 100 ml beaker. Gel solution was poured into 
glass plate to the level of about 5 mm lower from the comb to be 
placed.  

  
 
Electrophoresis 

 
Electrophoresis means migration of suspended electrically charged 
particles such as protein macromolecules under the influence of an 
electric field. Vertical polyacrylamide slab gel electrophoresis 
(PAGE) was used for isozyme analysis. About 500 ml of the 
electrode buffer (Tris 0.025 M and Glycine 0.190 M) was poured 
into the electrophoresis chamber and 300 ml of buffer was poured 

on to the upper portion of the electrode. The electrode assembly 
was connected with the power supply unit (120 volts) at constant 
voltages and electrophoresis was carried out for 3.5 to 4 h.  

 
 
Staining of isozyme  

 
The electrophoresis of the proteins of leaf samples was carried out 
using PAGE technique and the gels were stained for GOT, MDH 
and PER were used for staining gel.  

Staining solution of GOT was prepared by aspartate amino-
transferase (AAT) substrate solution (pH 7.4) α-Ketogluteric acid 
292 mg, L- aspartic acid 1.07 g, PVP-40 (Polyvinylpyrolidine) 4.0 g, 
ethylenediaminetetraacetic acid (EDTA) 400 mg and sodium 
phosphate, dibasic 11.36 g were mixed with 800 ml distilled water. 
Then, 50 mg of fast blue BB salt was added to the AAT substrate 
solution and poured over the gel. For malate dehydrogenase, 

staining solution was prepared by mixing 50 mN Tris-HCl (pH 8.5) 
50 ml, nicotinamide adenine dinucliotide (NAD) 10 mg, malic acid 1 
ml (after neutralized with NaOH), nitro blue tetrazolium chloride 
(NBT) 10 mg and phenozine methosulphate (PMS) 2 mg. 

In case of peroxidase, 10 ml of POD-1 (500 ml of acetone + 1.05 
g of 3-amino-9-ethylcarbazole and + 0.725 g of B-napthol) solution 
was added to 40 ml of POD-B (1.51 g of Tris buffer + 1.62 ml of 
glacial acetic acid) solution and mixed gently. About 50 μl of 30 % 

H2O2 was added and the gel was then incubated at room 
temperature in the dark and continuously shaken until the bands 
appeared. The formation of bands was completed within an hour. 
 
 
Identification of band 

 
Following Mouemar and Gasquez (1983), isozyme banding 
patterns were recorded on the basis of number and the relative 

front (Rf) values of the bands. The Rf value of each respective band 
on schematic isozyme patterns was determined to allow precise 
comparisons among the various genotypes. The Rf value is the 
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Table 1. Zymotypes from the electrophoresis patterns of glutamate oxaloacetate transminase (GOT) isozyme in 60 mango genotypes.  
 

Zymotype 
Total number 
of genotype 

Genotypes sharing the zymogram 
Genotype 

(%) 

G1 7 MI01, MI-23, MI50, MI75, MI81, MI82, MI86 11.67 

G2 8 MI04, MI16,MI19, MI24, MI26, MI27, MI94, MI95 13.33 

G3 4 MI09, MI70, MI92, MI097 6.67 

G4 10 MI12, MI22, MI33, MI39, MI41, MI52, MI60, MI61, MI80, MI91 16.66 

G5 5 MI02, MI25, MI90, MI93, MI98 8.33 

G6 13 MI20, MI44, MI46, MI47, MI51, MI54, M64, MI74, MI77, MI84, MI88, MI96, MI97 21.67 

G7 9 MI03, MI29, MI38, MI40, MI43, MI45, MI58, MI83, MI85 15.11 

G8 4 MI08, MI21, MI28, MI49 6.67 

 
 
 

Table 2. Distribution of glutamate oxaloacetate transminase (GOT) bands among the zymotypes of 60 mango genotypes.  

 

Zymotype 
RF Value Number 

of band 0.11 0.13 0.14 0.18 0.20 0.22 0.25 

G1 √   √  √  3 

G2 √    √   2 

G3 √    √  √ 3 

G4  √  √  √  3 

G5  √  √   √ 3 

G6  √   √  √ 3 

G7  √   √   2 

G8   √     1 

Band frequency (%) 21.66 68.33 11.67 36.67 63.33 26.67 36.33  

 
 
 
mobility of each isozyme band that traveled from the origin divided 

by the distance traveled by the front tracking dye. The presence or 
absence of a certain isozymatic band was considered as a differen-
tiating feature. Zymograms were drawn to scale and relative 
mobility values were calculated for each band. 
 
 
Analysis of similarity coefficient  

 
Similarity coefficients of two zymotypes from electrophoretic 
banding pattern were calculated using Nei and Li’s (1979) index of 
genetic similarity comparisons (Sxy), which are: Sxy = 2nxy/(nx+ny); 
Where, nxy = Number of shared bands; nx = number of bands in 
electrophoretic patterns of x zymotype; and ny = number of bands 
and electrophoretic patterns of y zymotype. 
 
 
Cluster analysis 

 

Cluster analysis was performed by un-weighted pair group method 
using arithmetic average (UPGMA) according to Nei (1978). 
Similarity coefficient (Sxy) values of electrophoretic phenotypes 
were subjected to cluster analysis for each isozyme. For the 
analysis of overall electrophoretic patterns, the value 1 was put for 
the presence of the band and value 0 was used against the 
absence of the band for each genotype. Zymotypes were used for 
clustering and the Euclidean distance method was used for the 
dissimilarity (Nourish, 1993; SPSS, 2003). The original data was 
transformed to Z-scores prior to cluster analysis (Anderburg, 1973; 
Romeshurg, 1984).  

RESULTS 
 

Based on the Rf values of the three kinds of isozymes 
band generated in 60 mango germplasm, three types of 
zymotypes were obtained which are discussed below and 
showed some representative gel plate.   
 
 

Glutamate oxaloacetate transeminase (GOT) isozyme 
variability   
 

Eight electrophoretic zymotypes (G1-G8) were observed 
in glutamate oxaloacetate transminase isozyme, which 
formed 20 bands at different Rf values varied from 0.11 
to 0.25 (Table 2). Glutamate oxaloacetate transminase 
isozyme zymotypes are presented in Tables 1, 2 and 3, 
Plate 1 and Figure 1. 

Results of glutamate oxaloacetate transminase iso-
zyme revealed that zymotype G6 was the most frequent, 
which included 21.67% of the total genotypes. The 
second frequent zymotypes was G4 which covered 
16.66% followed by G7 (15.11%), G2 (13.33%) and G1 
(11.67%); whereas, the least frequency was observed in 
zymotype G3 and G8 which included 6.67% of total 
genotypes of mango.  

Enzymatic activity of glutamate oxaloacetate transmi-
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Table 3. Similarity co-efficient values of eight glutamate oxaloacetate transminase 
(GOT) banding pattern as observed in 60 mango genotypes.  
 

Zymotype G1 G2 G3 G4 G5 G6 G7 

G2 0.40       

G3 0.33 0.80      

G4 0.66 0 0     

G5 0.33 0 0.33 0.66    

G6 0 0.40 0.66 0.33 0.66   

G7 0 0.50 0.40 0.40 0.40 0.80  

G8 0 0 0 0 0 0 0 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

         MI01  MI02  MI03  MI04  MI08  MI09  MI12  MI16  MI19   MI20   MI21  MI22   MI23  
 

Plate 1. Variability in glutamate oxaloacetate transminase (GOT) banding patterns of different mango genotypes 
(MI01-MI23) (arrows indicate the direction of migration of sample). 

 
 

 

nase was found to be polymorphic. The zymotypes G1, 
G3, G4, G5, and G6, comprised of 3 bands each while 
zymotypes G2 and G7 produced 2 bands each but G8 

comprised of only one. Band of Rf value 0.13 was the 
unique band for glutamate oxaloacetate transminase 
which were common in 68.33% of total population of 
mango. Bands at Rf value 0.20 was the second frequent 
band, which was common in zymotypes  G2, G3, G6 and 
G7 and covered 63.33% of total population of mango. 

Zymotypes G1 and G4 exhibited a common band at Rf 
values 0.22, which was distributed among 26.67% of total 
populations. There was another unique band in zymo-
types G1, G2 and G3 at Rf value 0.11, frequency of which 
was 21.66%. The bands with Rf value 0.14 represent 
characteristic of the zymotype G8 and frequent in 11.67% 
of total genotypes under investigation noticed species 
specificity. It was observed that Rf value of 0.13 showed 

the highest frequency (68.33%) whereas the lowest band 
frequency (11.67%) was observed for the Rf value of 
0.14. Thus, it confirmed the wide range of genetic 
variation among the genotypes.  
 
 
Glutamate oxaloacetate transeminase (GOT) isozyme 
zymotype analysis 
 
The wide range of similarity coefficient (0 to 80%) was 
observed between the pairs of zymotypes of glutamate 
oxaloacetate transminase banding pattern. The maximum 
similarity (80%) of electrophoretic banding pattern was 
estimated between the pairs of zymotypes G2 and G3 and 
zymotypes G6 and G7 indicated strong association among 
the genotypes under those zymotypes. The second high-
est similarity coefficient (66%) of electrophoretic banding
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Figure 1. Schematic zymogram of glutamate oxaloacetate transminase (GOT) isozyme zymotypes.  

 
 
 

Table 4. Zymotypes from the electrophoresis patterns of malate dehydrogenase (MDH) isozyme in 60 mango genotypes.  
 

Zymotype 
Total number of 

genotype 
Genotypes sharing the zymogram 

Genotype 

(%) 

M1 6 MI01, MI02,MI24, MI49, MI50, MI52 10.96 

M2 4 M04, MI25, MI29, MI40 6.85 

M3 5 MI60, MI61, MI93, MI94, MI97 8.22 

M4 3 MI12, MI16, MI54 4.11 

M5 4 MI22, MI26, MI27, MI28 6.85 

M6 12 MI47, MI51, MI70, MI74, MI80, MI81, MI88, MI90, MI91, MI95, MI96, MI98 20.55 

M7 5 MI23, MI41, MI58, MI75, MI77 8.22 

M8 15 MI03, MI08, MI09, MI14, MI20, MI21, MI33, MI38, MI39, MI64, MI82, MI83, MI84, MI86, MI92 24.66 

M9 5 MI23, MI41, MI58, MI75, MI77 8.22 

M10 1 MI85 1.67 

 
 
 
pattern was found between the pairs of zymotypes G1 
and G4, G3 and G6, G4 and G5, and between G5 and G6. 

The zymotypes pair of G2 and G7 showed 50% similarity 
coefficient, while pairs between zymotypes G1 and G2, G2 
and G6, G3 and G7, G4 and G7 and between G5 and G7 
showed 40%. The minimum similarity coefficient (33%) 
was observed between G1 and G3, G1 and G5, G3 and G5 

and between G4 and G6, while the rest of the pairs 
showed no similarity. 
 
 
Malate dehydrogenase (MDH) isozyme variability  
 
The 60 germplasm were classified on the basis of their 
zymogram patterns with the Rf values. There were 11 

bands of malate dehydrogenase isozyme system falling 
into ten electrophoretic zymotypes (M1-M10). Thirty-nine 
bands were observed at different Rf values which varied 
from 0.07 to 0.46. Banding patterns of mango genotypes 
and zymotypes for malate dehydrogenase isozyme are 
presented in Tables 4, 5, 6, Plate 2 and Figure 2.  

Among the zymotypes of MDH isozyme, M8 was found 
more frequent, included 24.66% of total genotypes of 
mango. Zymotypes M6 was found to be the next frequent 
which included 20.55% of total genotypes followed by 
zymotypes M1 (10.96%). The same frequencies (8.22%) 
were recorded in electrophoretic zymotypes M3, M7 and 
M9 (Table 4). Zymotypes M2 and M5 were found to be 
less frequent and distributed among 6.85% of total 
genotypes of mango. The least frequency (1.67%) was in  
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Table 5. Distribution of malate dehydrogenase (MDH) bands among the zymotypes of 60 mango genotypes.  
 

Zymotype 
RF value Number 

of band 0.07 0.08 0.11 0.12 0.32 0.33 0.39 0.43 0.44 0.45 0.46 

M1 √    √       2 

M2 √     √   √   3 

M3 √    √    √  √ 4 

M4 √  √   √   √  √ 5 

M5 √  √   √   √   4 

M6  √   √    √   3 

M7  √  √ √    √  √ 5 

M8  √  √  √      3 

M9  √  √  √   √   4 

M10  √  √  √ √ √  √  6 

Band frequency (%) 36.99 63.01 10.96 42.47 47.95 52.05 1.67 1.67 63.01 1.37 20.55  

 
 
 

Table 6. Similarity co-efficient values of eight malate dehydrogenase (MDH) banding pattern as observed 

in 60 mango genotypes. 
 

Zymotype M1 M2 M3 M4 M5 M6 M7 M8 M9 

M2 0.40         

M3 0.67 0.57        

M4 0.29 0.75 0.67       

M5 0.33 0.86 0.50 0.89      

M6 0.40 0.33 0.57 0.25 0.29     

M7 0.29 0.25 0.67 0.40 0.22 0.75    

M8 0 0.33 0 0.25 0.29 0.33 0.50   

M9 0 0.57 0.25 0.44 0.50 0.57 0.67 0.86  

M10 0 0.22 0 0.18 0.20 0.22 0.36 0.67 0.60 

 
 
 
zymotype M10. The highest number of bands (6) was 
observed in electrophoretic zymotype M10 followed by 
zymotypes M4 (5) and M7 (6). On the contrary, zymotypes 
M3, M5, M9 and M2, M6, M8 were characterized with 4 and 
3 bands, respectively.  

Bands at Rf value 0.08 and 0.44 were found as unique 
bands for malate dehydrogenase, both of which were 
distributed among 63.01% of total genotypes. Absence of 
unique band in the rest of the genotypes may be due to 
natural mutation or any other special reason. Bands at Rf 
value of 0.33 was the third frequent (52.05%) in mango 
genotypes representing M2, M4, M5, M8, M9 and M10 
zymotypes followed by bands at Rf value of 0.32 
(47.95%) which represents M1, M3, M6 and M7 zymotypes; 
Rf value 0.12 (42.47%) represents M7, M8, M9 and M10 
zymotypes; Rf value 0.07 (36.99%) represents M1, M2, 
M3, M4 and M5 zymotypes, respectively. The lowest 
frequency (1.67%) was observed at Rf values 0.39, 0.43 
and 0.45, which was found only in one genotype 
indicating species specific band. Exhibition of different 
types of banding pattern for malate dehydrogenase 
indicate wide variability of genotypes of mango.  

Malate dehydrogenase (MDH) isozyme zymotype 
analysis 
 

Similarity coefficients between the pairs of genotypes for 
MDH isozyme were computed and presented in Table 6. 
The maximum similarity coefficient (89 %) observed 
between M4 and M5 zymotypes indicated strong 
association among genotypes of these zymotypes 
followed by the pairs of zymotypes M2 and M5 and 
zymotypes M8 and M9, both of which showed 86% 
similarity coefficient. Moderate similarity coefficients were 
observed between the pairs of zymotypes M9 and M10 (60 
%) followed by the pair of zymotypes M2 and M3 (57%), 
zymotypes M2 and M9, zymotypes M3 and M6 and 
zymotypes M6 and M9. The lowest was between M4 and 
M10.  The range of similarity coefficient was from 0 to 
89%, which was very wide noticed considering genetic 
diversity among the genotypes of mango. 
 

 

Peroxidase (PER) isozyme variability  
 

In peroxidase isozyme, seven electrophoretic patterns of
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Plate 2. Variability in malate dehydrogenase (MDH) banding patterns of different mango genotypes (MI01-

MI23) (arrows indicate the direction of migration of sample).  
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Figure 2. Schematic zymogram of malate dehydrogenase (MDH) isozyme zymotype.  

 
 
 

zymotypes (P1 to P7) were observed which formed 12 
bands at different Rf values varying from 0.07 to 0.26 
(Tables 7, 8. 9, Plate 3 and Figure 3). It was revealed that 
zymotype P6 was the most frequent which possessed 
36.67% of the total genotypes followed by zymotypes P5 

(21.67%). Zymotype P4 included 7 genotypes, which 
covered 11.67% of total populations. On the other hand, 
only one genotype was included by zymotype P7 and 
showed the lowest frequency (1.67%) of total genotypes.  
Zymotypes P2, P3, P5, P6 and P7 composed of two bands 
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Table 7. Zymotypes from the electrophoretic patterns of peroxidase isozyme in 60 mango genotypes.  
 

Zymotype 
Total number 
of genotype 

Genotypes sharing the zymogram 
Genotype 

(%) 

P1 6 MI20, MI21, MI41, MI58, MI77, MI84 10.00 

P2 6 MI3, MI8, MI19, MI23, MI24, MI33 10.00 

P3 5 MI5, MI7, MI82, MI83, MI86 8.33 

P4 7 MI12, MI16, MI45, MI46, MI48, MI85, MI88 11.67 

 

P5 

13 
MI1, MI2, MI22, MI26, MI27, MI28, MI39, MI40, 
MI43, MI44, MI49, MI50, MI52 

21.67 

    

P6 22 
MI4, MI9, MI25, MI29, MI38, MI47, MI51, MI60, 
MI61, MI70, MI74, MI80, MI81, MI90, MI91, MI92, 
MI93, MI94, MI95, MI96, MI97, MI98 

36.67 

    

P7 1 MI64 1.67 
 
 
 

Table 8. Distribution of peroxidase bands among the zymotypes of 60 mango genotypes. 

 

Zymotype 
RF value 

Number of band 
0.07 0.08 0.24 0.25 0.26 

P1 √     1 

P2 √   √  2 

P3 √    √ 2 

P4  √    1 

P5  √  √  2 

P6  √   √ 2 

P7 √  √   2 

Band frequency (%) 30.00 70.00 1.67 31.67 36.67  

 
 
 

Table 9. Similarity co-efficient values of seven peroxidase banding pattern as observed 

in 60 mango genotypes. 
 

Zymotype P1 P2 P3 P4 P5 P6 

P2 0.67      

P3 0.67 0.50     

P4 0 0 0    

P5 0 0.50 0 0.67   

P6 0 0 0.50 0.67 0.50  

P7 0.67 0.50 0.50 0 0 0 

 
 
 

each while zymotypes P1 and P4 comprised of only one 
band each (Table 7). Bands at Rf values 0.07 and 0.08 
were the unique bands for peroxidase enzyme, 
distributed among 30.0 and 70.0% of mango genotypes, 
respectively. Bands at Rf value 0.26 was found common 
in electrophoretic zymotypes of P3 and P6, distributed 
among 36.67% of genotypes. The band at Rf value 0.24 
was observed in only one genotype. Occurrence of 
different types of zymotypes and banding pattern for 
peroxidase enzyme revealed remarkable variability of 
mango genotypes. 

Peroxidase (PER) isozyme zymotypes analysis 
 
Peroxidase isozyme differentiated seven zymotypes from 
which pair wise similarity coefficient was calculated 
(Table 9). The highest similarity coefficient (67%) was 
estimated between the pairs of zymotype P1 and P2, P1 
and P3, P1 and P7, P4 and P5 and zymotype P4 and P6 

indicating strong association of genotypes under those 
zymotypes. The moderate similarity coefficient (50%) 
were observed between the pairs of zymotype P2 and P3, 
P2 and P5, P2 and P7, P3 and P6, P3 and P7 and zymotype  
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Plate 3. Variability in peroxidase (PER) banding patterns of different mango genotypes (MI01-MI21). 
Arrows indicate the direction of migration of sample). 
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Figure 3. Schematic zymogram of peroxidase (PER) isozyme zymotypes.  

 
 

 

P5 and P6. From the results, it was revealed that most of 
the pairs of genotypes showed zero percent similarity and 
point out very wide range of genetic divergence of mango 
genotypes for peroxidase enzyme activities. 
 
 
Cluster analysis  
 
A dendogram representing mango germplasm was gene-
rated based on Euclidean distance (Figure 4). Based on 
three kinds of polymorphic isoenzyne activities, the 

germplasm were grouped into eight major clusters 
designated as I, II, III, IV, V, VI, VII and VIII. The distri-
butions of genotypes in different clusters are presented in 
Table 10.  

Twenty germplasm were found under cluster I which 
represented 20.00% of the total germplasm. Cluster II, 
VIII and VI contained eleven, ten and nine germplams, 
respectively. Cluster VI and cluster IV consisted of 6 
(10.00%) in each; cluster V consisted of 5 (8.33%). The 
lowest number (1) of genotypes was in cluster III 
representing only 1.67% of total genotypes of mango. It 
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Figure 4. Dendrogram showing hierarchical clustering of mango genotypes based on isozyme type of glutamate oxaloacetate 

transminase (GOT), malate dedydrogenase (MDH) and peroxidase. 
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Table 10. Distribution of 60 mango genotypes under different cluster based on nonspecific isozyme type of glutamate 
oxaloacetate transminase (GOT), malate dedydrogenase (MDH) and peroxidase (PER). 
 

Cluster 
Genotypes included 

(% of  total genotypes) 
Genotype 

I 12 (20) MI09, MI14, MI24, MI25, MI47, MI51, MI90, MI91, MI92, MI95, MI96, MI98 

II 11 (18.33) MI01, MI12, MI16, MI38, MI44, MI45,MI46,  MI48, MI74, MI80, MI85 

III 1 (1.67) MI64 

IV 6 (10.00) MI23, MI60, MI61, MI88, MI93, MI94 

V 5 (8.33) MI22, MI26, MI27, MI28, MI39 

VI 9 (15.00) MI02, MI40, MI43, MI49. MI50, MI52, MI54, MI81, MI70 

VII 6 (10.00) MI20, MI21, MI41, MI58, MI77,  MI84 

VIII 10 (16.67) MI03, MI08,  MI29, MI33, MI75, MI82, MI83, MI86, MI197, MI98 

 
 
 
was observed that the genotypes collected from same 
location were grouped into different clusters indicating 
existence of genetic diversity of mango genotypes within 
the location. 
 
 
DISCUSSION 
 
Protein electrophoresis is the migration of protein under 
the influences of an electric field (Messeguer et al., 1987; 
Sambrook et al., 1989). Isozymes are all functionally 
similar forms of enzymes including all polymers of sub-
units produced by different gene loci or by different 
alleles at the same locus. Their electrophoretic mobilities 
are the result of different size and shapes of enzyme 
molecules and their variation is a good indicator of 
genetic diversity (Shannon, 1968). So, electrophoresis 
separation of isozymes has been widely used both in 
taxonomic and genetic studies of different crops. The 
present study reported 25 different electrophoretic 
zymotypes for three studied isozymes studied. All the 
isozymes used in the present study showed 
polymorphism for mango. Glutamate oxaloacetate trans-
minase, malate dehydrogenase and peroxidase analysis 
possessed 8, 10 and 7 zymotypes, respectively and 
genotypes were grouped in different electrophoretic 
zymotypes which indicated higher level of genetic 
diversity among the cultivars and exotic germplasm 
(Table 10). 

According to Yadav (1997), isoenzyme analyses of 200 
polyembryonic mango varieties revealed that there were 
34 alleles which showed mono-morphism while 19 
showed polymorphism. Decha (2000) studied isoenzyme 
characteristic of mango using tris-buffer (0.1M., pH 8.2). 
They found that the isoenzyme systems viz. acid 
phosphatase, esterase and peroxidase separately could 
identify 52 clones into 10, 4 and 15 groups, respectively. 
Using the combination of 3 isoenzyme systems, the 52 
clones could be grouped into 20 clones and other 9 
groups. So many scientists determined some poly-
morphic enzyme systems in mango from different experi-

mental observation; these isozyme systems enabled the 
identification of zygotic seedlings in the polyembryonic 
cultivars (Degani et al., 1993; Schnell and Knight, 1992; 
Truscott, 1992). 

Different electrophoretic zymotypes of three isozymes 
system consisted of different number of genotypes. Some 
zymotypes occurred very frequently in the genotypes and 
some of them were rare. For glutamate oxaloacetate 
transminase, G6 was the most common zymotypes, 
whereas G3, G5, and G8 were found in few cases (Table 
1). Similarly, M8 and M6 in malate dehydrogenase (Table 
4) as well as P6 and P5 in peroxidase (Table 7) were 
found more frequent, while other zymotypes in both 
isozymes were less frequent. Frequency was very few for 
one zymotype in all cases of three isozymes such as, G8, 
M10 and P7. However, the variation in number of 
zymotypes and their distribution suggested higher genetic 
diversity among cultivars and exotic mango varieties of 
Bangladesh. Eiadthong et al. (1998) found polymorphism 
in different enzyme system examined (Isocitrate dehy-
drogenase (IDH) and phosphoglucose isomerase (PGI)) 
and intra-cultivar variation of the same cultivar collected 
at different locations was confirmed in banding patterns.  

Generally, zymotypes of higher frequency are repre-
sentative of less variation and lower frequency of the 
germplasm in different zymotypes indicated random 
distribution of mango genotypes. Isozymes have been 
used to distinguish cultivars in several perennial fruit 
crops, including mango (Hirano, 1977; Torres et al., 
1978; Pontikis et al., 1980; Mielke and Wolfe, 1982). 
They are useful as genetic markers because of their co-
dominant inheritance (Brown et al., 1975; Torres and 
Tisserate, 1980; Arulsekar et al., 1981). Ben-Hayyim et 
al. (1982) stated that isozyme analysis has proved useful 
to detect differences in gene expression in several 
organs of same plant, or to distinguish between closely 
related cultivars. In case of perennial fruit species, 
genotypes may be identified directly from zymograms, 
because isozymes are free from epistacis or environ-
mental factor effects (Zhong, 1993; Rahman et al., 2001). 
Isozyme expressions are almost exclusively of the



 
 
 
 
genetic make up of the plant and therefore, independent 
of environmental conditions (Lee and Ronalds, 1967; 
Schwartz, 1960).  

Eight electrophoretic zymotypes (G1-G8) were observed 
in glutamate oxaloacetate transminase isozyme at 
different Rf values ranging from 0.11to 0.25 that formed 
20 bands. Band of Rf value 0.13 was the unique band for 
glutamate oxaloacetate transminase which were common 
in 68.33% of total population of mango; and bands at Rf 
value 0.20 was the second frequent band, which was 
common in zymotypes G2, G3, G6 and G7 and was 
covered 63.33% of total population. Some commo 
isozyme bands of glutamate oxaloacetate transminase 
(EC 2.6.1; GOT) were observed among ‘true citrus fruit 
trees’ to indicated their phylogenetic relationship 
(Rahman and Nito, 1994). Three kinds of GOT isozymes 
loci, Got-1, Got-2, Got-3 were obtained from the 
progenies of inter-generic crosses between Citrus and 
Microcitrus species which followed a simple Mendelian 
inheritance, suggesting that Citrus and Microcitrus 
species have similar genetic systems and the species of 
these two genera are closely related to each other. They 
also mentioned common alleles at the three loci 
controlling GOT isozymes. So, these results coincide with 
the present study.  

In this research, we recognized some frequent zymo-
types G6, M8, M6, P6 and P5  for three kinds of isozymes 
GOT, MDH and PER between the cultivars and exotic 
germplasm, suggesting that a certain degree of genetic 
identity is maintained among them. Yamamoto et al. 
(1998) described the methods to determine isozymes and 
leaf genotype and subsequent classification into species. 
Isozyme analysis consisted of GOT and peroxidase (Px) 
which was related to sample genotype. Protopapadakis 
and Papanikolaou (1999) detected genetic diversity of 
citrus at the species level and found adequate enzyme 
differences. They also observed GOT zymograms con-
sisted of bands in two zones and stated that zymograms 
are useful as diagnostic tool for cultivar identification. A 
great range of variability was observed with GOT by 
Chen et al. (1991) in Aurantae genera.  

Cluster analysis through UPGMA dendogram using 
isozymes electrophoretic pattern provided strong infor-
mation about existence of variability among the geno-
types of mango. The dendrobram (Figure 4) showed 
eight major clusters named as I, II, III, IV, V, VI, VII and 
VIII (Table 10). The first cluster (I) comprised 12 released 
varieties with oblong type fruit shape and more or less 
similar total soluble solids (TSS) percentage. The group 
contained eleven exotic genotypes; they had ovate and 
medium size fruit, lighter stone, dwarf and bushy type 
plant. They were all distantly related with local cultivars. 
This is in agreement with the fact that Tommyatkin 
(Florida) and local cultivars of Pakistan were grouped in 
different clusters (Ahmad et al., 2008); cluster-III 
contained only one local variety. But cluster-IV was made 
up with land races cultivars: Bogla, Polyembroni, together 
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with Gopalbhog, Kazla, Himsagar and Kachamitha. 
Cluster–V comprised with local cultivars Khirsapat, 
Ashiwina, Mixed Special, Jolchatra together with one 
hybrid genotype; Amrapali. In a marker study with 
random amplification of polymorphic DNA (RAPD), 
Karihaloo et al. (2003) found the three local cultivars of 
India clustering together. Genotypes Kohitoor, Misridana, 
Totapuri, Lashambhog, BARI-4, Ellishpatti, Phalam, Ratul 
and Faraquebhog were assigned to cluster VI. This 
cluster was made up of indigenous variety. Cluster –VII 
was assigned with the local variety Bandiguri, Kaila, 
Seedless, Anukachamitha, Summarbahast and Ratna. All 
the genotypes had roundish shape fruit, heavier stone 
size and medium percentage of non-edible portion. 
Cluster VIII consisted with exotic and local late varieties. 
Bhenison, Kewsai, Indian Chusa and Anwar ratul were 
exotic late varieties belonging to cluster VIII. The 
dendrogram results indicated that the exotic and local 
varieties existed within the same group. This is expected 
in a highly cross-pollinated plant like mango where most 
cultivars have arisen through selection of desirable types 
among naturally produced seedling. These findings 
agreed with Karihaloo et al. (2003); they also concluded 
that landrace diversity existed within the southern region  
of India. Gogorcena et al. (1993) used dendogram 
analysis to observe variation among 21 sour orange. A 
large difference among 108 biotypes of citrus was 
observed by Fang et al. (1993) using UPGMA cluster 
analysis. Degani et al. (1990) characterized 41 mango 
cultivars derived from self- pollinated and cross-pollinated 
trees using isoenzymes. They identified 6 loci with 17 
allelo-morphos and determine the outcross origin of some 
mango cultivars.  They also demonstrated that there were 
two distinct zones of phosphoglucose isomerase (PGI) 
activity in mango (PGI 1 and PGI 2) and suggested that 
four alleles control the PGI 2 banding. Truscott et al. 
(1993) also characterized 88 mango cultivars using 5 
isoenzymes and reported out cross origin of some of the 
cultivars. Torres et al. (1989) illustrated the use of  
isoenzymes for the genetic study of tree fruits to be 
apples, pears, peaches, mulberries, figs, olives, citrus, 
avocados, date palms, mango, cherimoyas (Annona 
cherimola).  

The specific co-dominant makers detected in the pre-
sent study are to be applied in our mango breeding 
programme and also, the extension of the method 
applied may be useful for mango taxonomy studies and 
true-to-type verification of cultivars. 
 
 
Conclusion 
 
The isozymetic study is suitable for investigating mango 
diversity and rendered huge information for further 
studies. It would be interesting to introduce more 
accessions from the land races and diversity to infer the 
relationships  and  to  evaluate the genetic difference that 
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has occurred in Bangladesh. Isozymetic study revealed a 
high degree of genetic diversity among the cultivars 
examined in the study, which can contribute to the 
improvement of fruit crops like mango.  Furthermore, 
these electrophoretic zymotypes should supplement 
conventional breeding programmes aimed at developing 
elite mango cultivars possessing larger fruit size, smaller 
stone size and greater yield stability over biotic and 
aboitic tress. This study would also help for choosing 
diverse parents in mango breeding programme and 
would help to confirm the genetic purity of elite mango 
cultivars. To the best of my knowledge, this is the first 
reports on isozymatic clustering on mango of Bangladesh. 
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