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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
(cultivarg/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 thistrait. To facilitate
the choice of resistance ones for planting in nematode
contaminated areas and can be used in evaluative pur poses
breeding programs to identify resistant breeding
materials. From the three studied isozymes only
peroxidase may differentiate between susceptible or
resistant sugar beet genotypesto root-knot nematode.

INTRODUCTION

Plant parasitic nematodes, especialy 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 essentialy 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
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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 afew 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. patelaris and B. wulgaris, 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 anaysis 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 heathy 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
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sugar beet genotypes that displayed differential immune
behavior (susceptible or resistance) to root knot
nematode Meloidogyne javanica to recognized
biochemica 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.

MATERIALSAND 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
Genotypesreaction  Sugar beet genotypes Genotypes handling category Seed type Code
HS FD 9902 Commercia var, Poly A13
Glorius Commercial var, Poly Al
DS 9004 Commercial var, Poly A3
Rosanna Commercial var, Mono A5
S 02-99 Commercia var, Mono A6
Rhist Commercia var, Mono A9
Toro Commercial var, Poly Al12
Type Commercial var, Poly A25
Eg.6 Breeding material Poly A26
Armure Commercia var, Mono A27
Helwes Commercial var, Poly A2
Francesca Commercial var, Mono A4
LP-10 Commercial var, Mono A7
LP-13 Commercia var, Mono A8
MR 05-99 Commercial var, Mono A10
01-99 Commercial var, Mono A1l
Despreze(2003) Commercial var, Poly Al4
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 A2l
Eg.26 Breeding material Poly A24
Sultan Commercial var, Poly A16
R Amile Commercia var, Mono Al7
Eg.27 Breeding material Poly A22
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Monte Bianco

Commercia 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 patternsin the leaves of the sugar beet samples.
The following are the buffers, gel media, staining
solution and electrophoretic procedure:

2.1- 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 Trisdissolved 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 amylaseisozymes:

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 T 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 47C 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 a Naphthyl
acetate, 40 B Naphthyl acetate , 4 ml of acetone and
H20(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 wasraised 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 (H202) were used as staining
solution of peroxidase isozymes.

2.5. 1sozymes analysis:

Measurement of bands was carried out using the
computer program software TOTALLAB 100. Datawas
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
thisindicates to the activity of the isozyme.

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

RESULTSAND 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. Esteraseisozyme:

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



Saleh, M.S;; A.K. EL-Sayed; M. A. Ghonemaand Nancy A. Abo Ollo: Isozymes Variability in Sugar Beet Genotypes Resistant ...

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 NTSY S-pc ver. 2.1 software. The data indicated that

1 2 3 4 5 6 7
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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).

9 10 11 12 13 14

Figure 1 a. Esterase pattern for control sugar beet genotypes from (1 tol4) after 90 days

from planting
15 16 17 18

19 20

21 22 23

25 26 27
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Figure 1 b. Esterase pattern for control sugar beet genotypes from (1 5 to 27) after 90 days

from planting
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Table 2b. Analysis of esterase isozyme data obtained from the twenty seven sugar becet genotypes in anode side
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Band 1 (+) Band 2 (+) Band 3 (+) Band 4 (+) Band 5 (+)
Plant number Peak Peak Peak Peak . Peak
Vol height R.F Vol height R.F Vol height RF Vol height R.F Vol height RF
I(S) 4419457 9327  0.054 - - - - - - 2342.67 4.17  0.791 - - -
2(MR) 72009.13  121.55 0.047 - - - - - - 4086.82 626  0.783 - - -
3(S) 100606.45  131.72  0.078 5175.40 1420  0.256 - - - - - - - - -
4(MR) 89984.51  110.14  0.062 1303.10 4.65 0.271 - - - - - - - - -
5(S) 96530.14  117.57 0.070 - - - 117041.50 13252 0.519 2415.04 533 0767 - - -
6(S) 94604.52  116.63  0.101 65018.48 84.27 0341 7447.80 11.32 0.620 - - - 3759.15 396 0.876
7(MR) 101110.03 11892 0.116 55468.20 81.82 0.372 8072.92 1599 0.605 11533.43 1694 0.760 6216.48 12.73  0.891
8(MR) 82010.44 12460 0.116  139000.06 166.73 0.318 2344.49 6.02  0.605 11070.51 8.77  0.760 1098.16 440 0.984
9(S) 74892.00 127.71  0.152 56127.82 92.82  0.383 4890.00 10.24  0.688 747736 1598 0.797 - - -
10(MR) 6063.00 7.58 0.188 - - - 69634.00 126.02  0.555 4639.00 729  0.797 - - -
1 1(MR) 47272.00 87.69  0.087 - - - - - - 10868.00 8.06 0.764 - - -
12(S) 88571.50 124.14 (.118 - - - 7754.00 2374  0.528 - - - - - -
13(HS) 81506.33 12128 0.134 15405.67 2991 0.283 102716.00  147.94  0.480 - - - - - -
14(MR) 77400.00 114.15 0.142 3142.75 6.07 0.346 56287.00 83.44  0.606 - - - 33508.03 66.85 0.953
15(MR) - - - - - - 32762.00 71.83  0.468 - - - 40585.88 79.69  0.894
16(R) 42398.65 83.92  0.09 - - - 50821.94 88.18 0.426 - - - 27692.19 64.12  0.883
17(R) 6605495 12657 0.074 - - - 4452935 7431  0.453 - - - - - -
18(MR) 7492728 12371  0.095 - - - 77392.00 134.94 0411 2875.50 7.99  0.642 6384.54 12.18  0.832
19(MR) 56877.00 108.69 0.116 - - - 2301.50 565 0432 8771.48 17.82 0.663 61788.09 99.19  0.842
20(MR) 65819087 114.07 0.126 - - - 101003.77 14435 0.421 3912.23 959 0.674 2389.40 6.69 0.863
21(MR) 41102.69 87.81  0.036 1690.00 8.10 0274 6164.47 1336 0.474 2703.47 7.17  0.726 2423.53 598 0926
22(R) 39720.42 84.57 0.166 - - - 66693.33  122.88 0.442 3587.13  13.10 0.632 8211.44 16.26 0.842
23(R) - - - - - - 85917.00 132.07 0.442 - - - 54826.65 101.29 0.874
24(MR) 49385.81 88.14  0.074 - - - 101495.61  146.47 0.379 1201.39 5.61  0.621  81886.00 134.62 (.853
25(S) 6866520 11575 0.126 - - - 6343.02 13.60  0.495 - - - - - -
26(S) 67915.15 10143  0.126 - - - 69621.45 104.53  0.442 837155 12.02  0.726 - - -
27(S) 3787491 11968 0.112 - - - 638.00 4.42  0.429 2813.33 9.56  0.796 6684.19 16.13  0.796
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Figure 2. Dendrogram of cluster analysis for

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 anaysis data of

esterase of twenty seven sugar

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 (monomaorphic).

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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Figure3a. Amylase pattern for control sugar beet genotypesfrom (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 analysisfor amylase of twenty seven sugar beet genotypes
1 2 3 4 5 6 7 8 9 0 11 12 13 14

i

Figure S_Ehi'soperoxidase patterns for control sugar beet genotypes from (1 to 14) after 90
daysfrom 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
daysfrom planting
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Figure 6. Dendrogram of cluster analysisfor peroxides of twenty seven sugar beet genotypes
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Table 3a. Analysis of amylase isozyme data obtained from the twenty seven sugar beet genotypes in cathode side

Plant Number

Band 1 (-)

Band 2 (-)

Band 3 (-)

Band 4 ()

Vol.

Peak
height

Vol

Peak
height

R.F

Vol

Peak
height

R.F

Vol

Peak

height

R.F

1(S)

7222.48

53.07

0.474

2(MR)
3(S)
4(MR)
5(8)
6(S)
7(MR)
8(MR)
%S)
10(MR)
1 1(MR)
12(S)
13(HS)
14(MR)
15(MR)
16(R)
17(R)
18(MR)
19(MR)
20(MR)
21(MR)
22(R)
23(R)
24(MR)
25(S)
26(S)
27(S)

3873.44
1299.73
2420.53

27.46
12.31
22.14

0.115
0.051
0.051

3091.00
3948.52
3983.50
4165.74

1190.20

6342.39
4125.62

7065.65
10721.58

20.31
22.51
21.79

25.84

5.41

30.14
17.78

33.56
46.64

0.321
0.295
0.295
0.256

0.004

0477
0.431

0.492
0.431

7404.36

7274.42
7096.57
7900.30

59.99

28.26
29.89
27.53

0.462

0.585
0.538
0.554

241832
2988.74

5597.14

6462.26
2788.54

2774.06

16.28
20.92

50.81

28.20
16.68

0.923
0.872

0.877
0.877
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Table 3b. Analysis of amylase isozyme data obtained from the twenty seven sugar beet genotypes in anode side

Plant Band 1 (+) Band 2 (+) Band 3 (+) Band 4 (+) Band 5 (+) Band 6 (+)
number
Peak Peak Peak Peak Peak Peak
Vol height R.F Vol height R.F Vol height R.F Vol height R.F Vol height R.F Vol height RF

1(S) 349280 2487 0.087 - - - - - - - - - - - - - - -
2(MR) 2317.24 2120 0.087 - - - - - - - - - - - - 375997 2585 0.304
3(S) 182852 1628 (.111 - - - - - - - - - - - - 3720.16 27.12 0.867
4(MR) - - - - - - - - - - - - - - - - - -
5(S) 347847 30.03 0.178 - - - - - - - - - - - - - - -
6(S) - - - - - - - - - - - - - - - - - -
7(MR) - - - - - - - - - - - - - - - - - -
8(MR) - - - 2407.00 18.79 0.244 - - - 2771.00 3184 0.622 - - - - - -
9(S) - - - 3429.13 2252 0.295 - - - - - - - - - - - -
10(MR) - - - 3514.00 22.04 0.250 - - - 377779 4234 0682 - - - - - -
11(MR) - - - - - - 289333 1653 0341 441667 4260 0.682 - - - - - -
12(S) - - - - - - 2999.64  16.65 0.341 - - - 439023 36.08 0.750 - - -
13(HS) - - - 4840.63 2759 0.273 - - - - - - - - - - - -
14(MR) - - - 559542 3216 0273 - - - 7288.37 7152 0.682 - - - - - -
I15(MR) 533036 29.62 0.088 - - - - - - - - - - - - - - -
16(R) 3614.80 2825 0.123 - - - - - - 596129 24.76  0.682 - - - - - -
17(R) 5105.92 2696 0.123 - - - - - - - - - - - - 7051.55 2945 0.807
18(MR) 579854 2722 0.140 - - - - - - 5831.29 28.67 0.702 - - - - - -
19(MR)  6276.02 2526 0.140 - - - - - - - - - - - - 6566.54 31.16 0.825
20(MR)  6393.28 27.77 0.175 - - - - - - - - - - - - - - -
21(MR)  5232.06 28.07 0.158 - - - - - - - - - - - - 1149.37 6.04 0877
22(R) 447021  23.18 0.175 - - - - - - - - - 3573.14 2002 0.737 - - -
23(R) 4017.16  23.07 0.175 - - - - - - 7048.19  33.24 0.667 - - - - - -
24(MR)  4054.65 19.12 0.158 - - - - - - - - - - - - - - -
25(S) 113498 625 0.211 - - - - - - - - - - - - - - -
26(S) 4402.39 2829 0.121 - - - - - - - - - 3038.00 1871 0.776 - - -
27(8) 539544 2822 0.190 - - - - - - - - - - - - - - -
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Table 4. Analysis of peroxides data obtained from the twenty seven sugar beet genotypes at 90 days from plant age

Plant Band 1 (-) Band 2 (-) Band 3 () Band 4 () Band 5 () Band 6 (-) Band 1 (4) Band 2 (+)
number  vol, _,MMM_M RF Vol :w_wﬂ_ﬂ RF Vol smwﬂ_ﬂ RF Vol :MM_W RE Vol smwﬂ_ﬂ RE Vol :MM_M RF Vol :wwﬂ_m RF Vol W_MMW R.F
1(S) 640042 023 0113 - - - 4943.14 1.49 0.541 - - - - - - - - - 685286 1.89 0.508 974247 0.10 0.608
2(MR) - - - 426876 1.44 0.188 - - - 803032 420 0.602 - - - - - - 485992 2076 0.500 251647 0.01 0.575
3(S) 9344 .89 11.13 0.120 - - - 12727.27 10.36 0.556 - - - - - - - - 9909.59 23.80 0.496 3075.77 7.17 0.588
4(MR} - - - 885235 0.01 0.195 - - - 2286841 2581 0.602 - - - 17801.29 1543 0827 10344.01 3.56 0462 2224292 12.39 0.580
3(8) 761122 10.16 0.143 - - - 377147 0.87 0.564 - - - 711602 421 0797 - - - 1288383 1321 0.479 2743.67 0.13 0.580
6(S) 5842 .88 10.35 0.150 - - - 275033 2.11 0571 - - - 6583.78 8.99 0805 - - - 503479 359 0437 120225 197 0.563
7(MR) - - - 9464 43 11.88 0.188 - - - 606561 0.01 0624 - - - - - - 1108040 28.69 0475 444340 0.01 0568
8(MR) - - - 703236 947 0.188 - - - 5927.66 5.97 0.624 - - 5616.55 0.24 0.880 8287.82 522 0466 594949 8.75 0.568
9AS) 7327.37 725 0.158 - - - 1035222 10.24 0.564 - - - - - - - - - 259925 10.80 0.432 1940.70 0.45 0.551
10(MR) - - - 10033.88 7.90 0211 - - - 2664581 3260 0.632 - - 27806.23 34.06 0.910 1225272 12.23 0.483 28176.42 15.02 0.559
11(MR) - - - 4821.41 281 0211 - - - 7199.04 7.46 0.647 - - - - - - 235098 7.53 0.471 282548 640 0.571
12(S) 7955.24 5.89 Q.165 - - - 1878313 17.96 0.602 - - - 18410.78 2259 0827 - - - 14269.07 0.17 0471 1112738 20.10 0.588
13(HS) 321048 3.17 0.165 - - - 618385 591 0.602 - - - - - - - - - 240578 1.51 0462 3498.34 1.96 0.588
14(MR) - - - 14694.80 296 0226 - - - 41481.10 27.68 0677 - - - - - - 15209.07 1.19 0471 6249.08 13.54 0.588
15(MR) - - - 3665.30 0.01 0.238 - - - 13733.28 29.44 0.583 - - - 1266237 33.56 0.833 184348 0.85 0569 (24836 2347 0.688
16(R) - - - 3955.61 029 0.250 - - - 537597 6.20 0595 - - - 22981.60 4494 0845 1363.75 0.01 0.56Y 2868.16 2.71 0.706
17(R) - - - 3853.88 6.63 0250 - - - 742041 7.39 0.571 - - - 22088.67 31.42 0.821 2704.82 1.50 0.587 318155 1545 0725
18(MR) - - - 9353.08 2440 0.262 - - - 378903 452 0583 - - - 2215510 33.06 0.821 1600.21 0.01 0.587 3076.93 235 0716
19(MR) - - - 8449.03 793 0214 - - - 12152.34 21.83 0.607 - - - 2673746 50.09 0.833 3931.11 2.33 0.596 601682 2571 0743
20{MR) - - - 4069.81 4,69 0.181 - - - 1222380 2041 0614 - - - 1513228 33.82 0.843 403726 7.37 0.624 23043.13 2038 0.743
21(MR}) - - - 523826 6.76 0.181 - - - 7610.57 14.36 0614 - - - 7321.77 16.63 0.843 575591 11.67 0.624 1567142 0.85 0.752
22(R) - - - 4703.66 7.27 0193 - - - 6605.06 12.78 0.602 - - - 15280.00 3443 0843 6766.10 11.06 0.624 14341.00 939 0743
23(R) - - - 227630 344 0193 - - - 423512 695 0602 - - - 1169.09 28.13 0.843 1189137 11.22 0.624 9940.41 3006 0.743
24(MR) - - - 5351.60 2.82 0.193 - - - 4677.05 9.13 0614 - - - 10099.65 13.21 0831 459415 524 0633 1843853 12.52 0.743
25(S) 3808.95 0.69 0133 . - - 867533 9.54 0530 - - - 22998.31 3091 0.795 - - - 6835.08 3.00 0.624 43748.82 3047 0.725
26(S) 3195.90 452 0.133 - - - 794431 8.55 0530 - - - 1651463 3860 0795 - - - 544143 0.01 0615 11206.10 1435 0725
27(S) 10693.78 21.48 0.133 - - - 5029.04 874 03542 - - - 15796.48 3649 0.795 - - - 319575 3.86 059 9360.11 1593 0743
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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
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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.
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Figure 7. Dendrogram of cluster analysisfor (Esterase, amylase and per oxidase) isozymes of

twenty seven sugar beet genotypes
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