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ABSTRACT 
In Egypt, sugar beet is cultivated in 257667 faddans 

with an average production of about 18.593 tons per 
faddan 2007- 2008. Recently, reclaimed desert irrigated 
lands at West Nubaryia and El-Bostan regions has shown 
that sugar beet can be successfully grown under sandy soil 
area condition and is considered as an extended area for 
sugar beet production in Egypt. The most serious problem 
against sugar beet extension in new lands is root-knot 
nematode, Meloidogyne javanica which were reported as 
major nematode pests of sugar beet in Egypt. Importance 
of employed resistance nematode sugar beet genotypes 
(cultivars/hybrids) in infested areas has a great concern. 
The present study was carried out during the growing 
season 2007 - 2008 in Sabahia Agricultural Research 
Station, Alexandria, Egypt to study the activity of three 
different isozymes (esterase, amylase and peroxidase) in 
twenty seven sugar beet genotypes had different 
background in immune behavior (susceptible or 
resistance) to nematode Meloidogyne javanica to 
recognized biochemical marker for this trait. To facilitate 
the choice of resistance ones for planting in nematode 
contaminated areas and can be used in evaluative purposes 
breeding programs to identify resistant breeding 
materials. From the three studied isozymes only 
peroxidase may differentiate between susceptible or 
resistant sugar beet genotypes to root-knot nematode. 

INTRODUCTION 

Plant parasitic nematodes, especially root-knot 
nematodes are known to be among the most serious 
pests of sugar beet in many countries. Of some 50 
described species of Meloidogyne, only few parasitized 
sugar beet, viz, M. arenaria, M. incognita, M. javanica, 
M. hapla and M. naasi are economically important to 
sugar beet production. M. arenaria, M. incognita and 
M. javanica essentially are hot weather organisms and 
most important where beets are grown in regions with 
long, hot summers and short, mild winter (Arnold, 
1984). In Egypt, the most serious problem against sugar 

beet extension in new lands is root-knot nematode. 
Meloidogyne incognita and M. javanica, (Ibrahim, 
1982; Oteifa and El-Gindi, 1982; Abd El-Massih, 
1985; Maareg  et  al., 1988 and Ismail et  al., 1996). 

Isozyme term was first introduced by Markert and 
Moller (1959), to refer to multiple molecular form of an 
enzyme with similar or identical substrate specificity 
occurring with the same organism. Gaspar and Bouchet 
(1973) studied peroxidase as biochemical measure of 
fresh weight and sugar yield in sugar beet. They found 
that peroxidase activity was always much higher in the 
roots of sugar beet populations characterized by low 
fresh weight and high content of sugar. This correlation 
could be detected in seedlings only a few days old. 

Liu et al. (1992) studied esterase, peroxidase and 
polyphenol oxidase isozymes in 5 wild species 
belonging to the 3 sections of the genus Beta and in 2 
sugar beet cultivars using PAGE. The results indicated 
that there is a distant phyilogenetic relationship 
between B. patellaris and B. vulgaris, with B. 
corolliflora intermediate to these 2 species. B. 
patellaris had a more distant relationship with the 2 
sugar beet cultivars than did B. maritima. Weising et 
al. (1995) reported that isozymes are enzymes that 
convert the same chemical substrate, but are not 
necessarily products of the same gene. Isozymes may 
be active at different life stages or in different cell 
component. Abe (1998) reported that isozymes have 
been used as useful markers in genetic studies of many 
plant species. Up to date, approximately thirty isozyme 
loci were identified in sugar beet. Some of the loci, 
however, may be of use in genetic studies of 
agronomically important traits. El-Kholi et al. (2005) 
examined enzymatic activity of Chitinase ? -1,3 
glucanase, poly-phenol oxodase, peroxidase and 
invertase in sugar beet roots infected by Rhizoctonia 
solani. They found that isozymes activity was 
significantly increased in infected sugar beet roots than 
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in healthy roots. The levels of the tested enzymes were 
varied significantly between the tested sugar beet 
varieties. The qualitative and quantitative analysis of 
the tested isozymes (malat-dehydrogenase, esterase, 
indo-phenol oxidase and ? -1, 3 glucanase) in healthy 
and infected sugar beet varieties showed different 
enzyme patterns between the tested varieties as well as 
between the healthy and infected ones. The resulted 
number of bands and the banding intensity score of 
tested isozymes increased in infected sugar beet 
varieties than in healthy one. Srivastava et. al. (2007) 
examined four diploid populations of sugar beet using 
isozymes and molecular markers. Seventy-one bands 
consisting of 28 isomorphs of 6 isozyme systems viz. 
superoxide dismutase, guaiacol peroxidase, malate 
dehydrogenase, amylase, esterase and aspartate amino 
transferase were resolved. 

The main objective of this study was to study the 
activity of three different isozymes (esterase, amylase 
and peroxidase) to achieve such a purpose twenty seven 

sugar beet genotypes that displayed differential immune 
behavior (susceptible or resistance) to root knot 
nematode Meloidogyne javanica to recognized 
biochemical marker for this trait. To facilitate the 
choice of resistant ones for planting in nematode 
contaminated areas and can be used in breeding 
programs to identify resistant breeding materials.  

MATERIALS AND METHODS 

1. Sugar beet genotypes: 

The different genotypes used in this study were 
classified into four categories one genotype was highly 
susceptible (HS), nine were susceptible (S), thirteen 
moderate resistant (MR) and four genotypes were 
resistant (R). Table (1) presents the twenty seven sugar 
beet genotypes and its description (Saleh et. al., 2009). 
The examined sugar beet genotypes used in this study 
were introduced from Sugar Crops Research Institute, 
Agriculture Research Center, Egypt. 

Table 1. Twenty seven sugar beet investigated genotypes and its description, (HS) highly 
susceptible, (S) susceptible, (MR) moderate resistant and (R) resistant to root knot 
nematode 

Genotypes reaction Sugar beet genotypes Genotypes handling category Seed type Code 
HS FD 9902 Commercial var, Poly A13 

Glorius Commercial var, Poly A1 
DS 9004 Commercial var, Poly A3 
Rosanna Commercial var, Mono A5 

02-99 Commercial var, Mono A6 
Rhist Commercial var, Mono A9 
Toro Commercial var, Poly A12 
Type Commercial var, Poly A25 
Eg.6 Breeding material Poly A26    

S 

Armure Commercial var, Mono A27 
Helwes Commercial var, Poly A2 

Francesca Commercial var, Mono A4 
LP-10 Commercial var, Mono A7 
LP-13 Commercial var, Mono A8 
05-99 Commercial var, Mono A10 
01-99 Commercial var, Mono A11 

Despreze(2003) Commercial var, Poly A14 
Baraca Commercial var, Poly A15 

Eg-2701 Breeding material Poly A18 
SP-270 Breeding material Poly A19 

C.39 Breeding material Poly A20 
Asthos poly Commercial var, Poly A21     

MR 

Eg.26 Breeding material Poly A24 
Sultan Commercial var, Poly A16 
Amile Commercial var, Mono A17  R 
Eg.27 Breeding material Poly A22 
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Monte Bianco Commercial var, Mono A23 

 
2. METHODS:  

Agar- Starch- Polyvinyl pyrolidine (PVP) gel was 
applied to study different isozymes variations.  Esterase, 
Amylase and Peroxidase were examined to detect 
biochemical marker for (susceptible or resistance) sugar 
beet plants to root knot nematode (Meloidogyne 
javanica). Electrophoresis was carried out to obtain the 
isozyme patterns in the leaves of the sugar beet samples. 
The following are the buffers, gel media, staining 
solution and electrophoretic procedure: 

2.I- Isozyme buffers: 

2.1.1. Esterase and amylase isozymes: 

0.23 M Tris- Boric acid buffer, pH 8.6 (Sabrah, 
1980) 9.1 gm of Tris dissolved in 200 ml distilled water 
and 18.55 gm Boric acid were added to 2.5 g of NaoH 
and completed to 1000 ml volume. 

2.1.2. Peroxidase isozyme: 

This buffer was prepared by  dissolving 27.7 gm of 
Tris in 200 ml distilled water 11.0 gm citric acid were 
added and completed to 1000 ml volume, then  pH was 
adjusted to 8.0 (Sabrah,  1980). 

2. 2 - Gel media: 

2. 2. 1.  Esterase and amylase isozymes: 

Agar- Starch- Polyvinyl pyrolidine (PVP) gel were 
added to 100 ml of 0.23 M Tris- Boric acid buffer, pH 
8.6. The mixture was cooked in boiling water bath until 
the solution became transparent. 

2. 2. 2. Peroxidase isozyme: 

Agar- Starch- Polyvinyl pyrolidine (PVP) gel (1 gm 
Agar; 0.5g PVP and 0.3gm of hydrolyzed starch) were 
added to 100 ml of 0.023M Tris- Citric acid buffer (pH 
0.8). The mixture was cooked in boiling water bath until 
the solution became transparent. Gel plates were 
prepared by pouring the solution on a glass plates and 
keeping them in refrigerator at 4 ?C until utilization 
(Sabrah and El- Metainy, 1985). 

2. 3 - Procedure: 

The plant samples was homogenized in cold mortar 
containing 0.1 ml of 0.23M Tris-Acetate buffer (pH 
8.0). The homogenate was absorbed into stripes of filter 
paper (0.5 X 0.2cm).  Filters were placed on the agar 
gel plates  about 30 min, at 4 ?C.  The, filter papers were 
removed and a constant current of 13-14 v/ cm was 
applied for 90 min, at 4?C using 0.23M Tris- Acetate 
buffer (pH 8.0) as electrode buffer. The plates were 
stained with staining solution.  

2. 4 - staining solution: 

2. 4. 1. Esterase: 

Gel plate was rainsed in 10 ml of 0.01 M Tris Hcl 
pH 7.0, 3.0 ml of substrate (40 mg of  Naphthyl 
acetate, 40  Naphthyl acetate , 4 ml of acetone and 
H2O(1:1), 60 ml of fast blue RR and 100 ml of 
phosphate buffer pH 6.0) and 87 ml of distilled water.  

2. 4. 2. Amylase: 

Gel plate was raised in 10 ml of 0.2 M Tris- acetate 
pH 5.0, and then incubates in 1 % of starch buffer for 
2-2.5. incubation in 0.1%  of iodine + 0.5 % KI + 0.5 
ml Glacial acetic acid. 

2. 4. 3. Peroxidase: 

100 ml of 0.01M sodium acetate 

 

acetic acid 
buffer (pH 5.0) containing 0.1g benzidine and 0.5 % 
hydrogen peroxide (H2O2) were used as staining 
solution of peroxidase isozymes. 

2.5. Isozymes analysis: 

Measurement of bands was carried out using the 
computer program software TOTALLAB 100. Data was 
analyzed with computer program NTSYS-pc ver 2.1 
(Rohlf , 2000), to develop the cluster analysis. The 
following parameters were estimated during the 
electrophoretic analysis whereas: 

- Band volume: it indicates the value resulting from the 
interaction between band area and band density. It 
refers to the amount of isozyme, which was 
expressed from a given gene.  

- Peak height: it refers to the density of the band and 
this indicates to the activity of the isozyme. 

- R.f. (Retardation factor): it refers to the migration 
distance between original line and band position as 
relative number. 

RESULTS AND DISCUSSION 

1. Isozyme pattern in the twenty seven genotypes: 

Twenty seven sugar beet genotypes were employed 
to study (esterase, amylase and peroxidase) isozymes 
for (susceptible or resistant) plants. The data were found 
to be varied between the three employed isozymes. 

1.1. Esterase isozyme:  
Figure (1a&b) illustrates electrophoretic patterns of 

esterase isozyme for the twenty seven sugar beet 
genotypes of 90 days old plants. Table (2a) presents 
data for cathode migration of the studied genotypes. 
The data indicated that there were seven bands migrated 
towards the cathode. Band existence, band volume, 
peak height and R.f. parameters could not differentiated 
between susceptible or resistant plants as well as from 
one genotype to another. Same directional was found in 
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the anode migration of esterase isozyme presented in 
Table (2b). There were five bands in anode migration of 
esterase isozyme in sugar beet studied genotypes.  

Figure (2) presents dendrogram of cluster analysis 
for esterase isozyme based on (0 and 1) data employing 
the NTSYS-pc ver. 2.1 software. The data indicated that 

cluster analysis differentiate the twenty seven sugar beet 
genotypes in three clusters, cluster number one contain 
five genotypes  two susceptible and three moderate 
resistant and cluster number three contain seven 
genotypes (five susceptible, one highly susceptible, and 
one moderate resistant).    

1           2           3            4           5            6           7           8            9          10         11          12           13         14 

    

Figure 1 a. Esterase pattern for control sugar beet genotypes from (1 to14) after 90 days 
from planting 
    15    16     17     18     19     20      21    22     23      24     25      26     27 

 

Figure 1 b. Esterase pattern for control sugar beet genotypes from (1 5 to 27) after 90 days 
from planting 
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Figure 2. Dendrogram of

 

cluster analysis for esterase of twenty seven sugar                          
beet genotypes at control treatment 
1.2. Amylase isozyme: 

Figure (3 a&b) shows amylase pattern of twenty 
seven sugar beet genotypes of 90 days old plants. 
Cathode migration for amylase isozyme presents in 
(Table 3a). The data indicated that there were four 
bands in cathode migration. Table (3b) presents amylase 
anode migration. The data indicated that there were six 
bands in anode migration. Band parameters in amylase 
isozyme cannot differentiate between susceptible or 
resistant genotypes. Figure (4) shows dendrogram of 
cluster analysis for amylase isozyme. There were four 
big clusters in the dendrogram, cluster number one 
contain 18 genotypes in seven sub-clusters, cluster 
number two contain seven genotypes in two sub-
clusters, while clusters number three and four contain 
one genotype in each. Clusters number one and two 
contain mix in genotype behavior (susceptible or 
resistant), in another word we can say cluster analysis 
cannot differentiate between the twenty seven sugar 
beet genotypes according to its resistant behavior.  

1.3. Peroxidase isozyme: 

Figures (5 a&b) shows isoperoxidase pattern for 
the twenty seven sugar beet genotypes at 90 days from 
planting. Table (4) presents the analysis data of 

peroxides isozyme. The data indicated that there were 
six bands migrated towards the cathode; while there 
were two bands migrated towards the anode. Band 
existence, band volume, peak height and R.f. parameter 
were found to be different from susceptible or resistant 
plants as well as from one genotype to another. For 
example band No.1 and No.3 in the cathode side was 
found in ten different genotypes nine of them were 
susceptible and one of them was highly susceptible 
genotype, while, band No2 and No4 was found in 
resistant and moderate resistant genotypes only. In the 
anode side the two existed bands were found in all 
studied genotypes (monomorphic).   

Figure (6) shows dendrogram of cluster analysis for 
peroxides of twenty seven sugar beet genotypes. The 
analysis differentiae the twenty seven sugar beet 
genotypes in two big clusters one of them contain ten 
genotypes (susceptible and highly susceptible), and the 
other contain seventeen genotypes (resistant and 
moderate resistant) genotypes. The results are in 
agreement with that described by (El-Kholi et al. 2005) 
they found that the enzymatic activity of Chitinase ? -
1,3 glucanase, poly-phenol oxodase, peroxidase and 
invertase were significantly increased in infected sugar 
beet roots with Rhizoctonia solani than in healthy roots.  
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            1        2          3           4         5        6       7        8        9       10      11       12          13          14 

 

Figure 3 a.  Amylase pattern for control sugar beet genotypes from (1 to 14) after 90 days 
from planting  
              15       16      17      18       19       20       21      22      23      24      25      26      27 

 

Figure 3 b. Amylase pattern for control sugar beet genotypes from (15 to 27) after 90 days 
from planting  
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Figure 4. Dendrogram of cluster analysis for amylase of twenty seven sugar beet genotypes 
                 1        2            3           4          5           6           7            8         9          10        11        12          13        14 

  

Figure 5 a. Isoperoxidase patterns for control sugar beet genotypes from (1 to 14) after 90 
days from planting 
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            15       16           17         18            19        20          21          22          23           24              25          26         27 

 

Figure 5 b. Peroxidase patterns for controle sugar beet genotypes from (15 to 27) after 90 
days from planting  

 

Figure 6. Dendrogram of cluster analysis for peroxides of twenty seven sugar beet genotypes 
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2. Cluster analysis based on the three studied 
isozymes: 

Figure (7) illustrates dendrogram of cluster analysis 
for the three studied isozymes (Esterase, amylase and 
peroxidase) in plant age of 90 days. There were two big 
clusters, cluster number one contain the ten susceptible 
genotypes (nine susceptible and one highly susceptible) 
in four sub-clusters. Cluster number two contain the 
resistant and moderate resistant genotypes in four sub-
clusters, sub-clusters one and two contain seven 

moderate resistant genotypes. Sub-cluster number three 
contains five moderate resistant and one resistant 
genotypes, while, sub-cluster four contain three 
resistant and one moderate resistant genotypes. 
Peroxidase isozymes were proven to play the major role 
in differentiates between susceptible or resistant plants. 
These results are in agreement with that reported by (Yu 
et. al., 2001) they established isozyme marker for sugar 
beet plants resistance to root-knot nematode.   

 

Figure 7. Dendrogram of cluster analysis for (Esterase, amylase and peroxidase) isozymes of 
twenty seven sugar beet genotypes 
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