Isoperoxidase Activity in Root- Knot Nematode Sugar Beet Resistance Plants
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ABSTRACT

The present study was carried out in a pot experiment
at Sabahia Agricuitural Research Station, Alexandria,
Egypt, during successive season 2007-2008 for evaluating
netivity of peroxidase isozymes (isoperoxidase), in sugar
beet plants (susceptible and/or resistant), to root-knot
nematode Meloidogyne javanica. Sixteen sugar beet (Beta
vulgaris L.), genotypes that displayed differential
resistance background to root-knot nematode were
employed in this work. Computed damage index classified
the sixteen genotypes into three categories four genotypes
were found to be susceptible (S), eight moderate resistant
(MR), and four genotypes resistant (R). Peroxidase
isozyme pattern was studied in control and infected plants,
Cluster analysis of (susceptible and resistant), genotypes
~ differentiate control and infected plants in two clusters;
which mean nematode infection effect on isoperoxidase
. activity. The cluster analysis differentiated the eight
moderate resistant genotypes in three clusters, cluster
number one contained five control and one infected plant,
cluster number two contained three contrel and four
infected plants, while cluster number three contained three
infected plants. It can be concluded that isoperoxidase in
moderate resistant genotypes cannot differentiate between
infected snd control plants.

INTRODUCTION

Peroxidases are ubiquitous in plants. They have
become standard isozyme markers due to their easy
detection. In addition, the enzymes are extremely stable
{Rasmussen and Kerby 1993). Usually, peroxidases are
analyzed using starch gel or polyacrylamide gel
electrophoresis. Most plants contain peroxidases of
migrating towards to anode. Even if less frequently
studied, peroxidases of cathodal migration were detected
in different, taxonomically very distant groups of plants,
e.g. in bryophytes (Krzakowa 1993), grasses (Felder
1976, Krzakowa 1996).

Peroxidases of the sugar beet (Beta vulgaris L.)
also exhibit cathodal migration. They are located on
chromosome 6 (Van Geyt ef al, 1988) and the gene
products are active as monomers. The peroxidases of
sugar beets are also thought to represent useful markers
in the detection of interspecific differences (Abe and
Tsuda, 1987; Nagamine et al., 1989).
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Plant peroxidases are contained mainly in cell walls
and such localization results in their exhibiting activity
already at early stages of defense reactions of the plant
to pathogen attacks (Rautela and Payne, 1970; Van
Geyt, 1986 and Harrison ef al, 1995). Besides,
peroxidases can produce oxidized phenolics or other
substances toxic for invading pathogens (Gaspar ef al.,
1991).

Peroxidase in sugar : beet cultivars was not
intensively examined in comparison with other enzyme
systems (Abe er al., 1993 and Szkutnik, 1997). The
main objective of this work was to study the activity of
peroxidase isozyme (isoperoxidase) in control and
infected sugar beet genotypes (susceptible or resistance)
to recognize effect of nematode infection on
isoperoxidase activity.

MATERIALS AND METHODS
1, Materials:
1.1. Sugar beet genotypes:

Sixteen sugar beet genotypes used in this study
were classified into three categories with respect to its
root-knot nematode resistance. Four genotypes were
susceptible (8), eight were moderate resistant (MR) and
four genotypes were resistant (R). Table (1) presents the
sixteen sugar beet investipated genotypes and its
description (Saleh er. al., 2009). The examined sugar
beet genotypes used in this study were kindly obtained
from Sugar Crops Research Institute, Agriculture
Research Center, Egypt.

1.2. The nematode:

The root-knot nematode, (Meloidogyne javanica),
was originating from a sugar beet field in Nubariya
district. Genera identification was based on the
morphology of adult and larval form as described by
(Mai and Lyon, 1975). Species of the root-knot
nematode were identified on the basis of perineal
pattern morphology of the adult females as described by
(Eisenback er al., 1980, and Eisenback, 1985).

2. METHODS:

Pot experiment was employed in this investigation
to study isoperoxidase activity in the infected plants



EL-Sayed, A.K et al.,:Isoperoxidase Activity in Root- Knot Nematode Sugar Beet Resistance Plants 163

Table 1. The sixteen sugar beet investigated genotypes and their description,(S) susceptible,
(MR) moderate resistant and ( R) resistant to root-knot Nematode

Gr::‘::{:f Sugar beet genotypes Genot:agsg;;dlmg Seed type Code
Toro Commercial var, Poly germ 1
S Rosanna Commercial var, Monogerm 2
Egé Breeding material Poly germ 3
Gloriug Comunercial var, Poly germ 4
C.39 Breeding material Poly germ 5
05-99 Commercial var, Monogerm 6
01-99 Commercial var, Monogerm 7
MR Baraca Commercial var, Poly germ 8
LP-10 Commercial var, Monogerm 9
SP-270 Breeding material Poly germ 10
Asthos poly Commercial var, Poly germ 11
LP-13 Commercial var, Monogerm 12
Sultan Commercial var, Poly germ 13
R Amile Commercial var, Monogerm 14
Monte Bianco Commercial var, Monogerm 15
Eg.27 Breeding material Poly germ 16

after inculcation with root-knot nematode (Meloidogyne
Jjavanica), to detect biochemical marker in susceptible
or resistance sugar beet plants to root-knot nematode.

2.1, Inoculum preparation:

The root knot nematode, Meloidogyne javanica
was cultured altemately on tomato or eggplant
(Solanum melongena cv. Blackbeauty) and sugar beet
(Beta vulgaris cv. Chems). Eggs were extracted from
tomato or eggplant rcots by agitating in 0.05% NaQCl
for 2 to 3 min (Hussey and Barker, 1973). The eggs
were then collected and rinsed with tap water on nested
150~ and 25-um pore sieves. To collect the second-
stage juveniles (J2) for use as inoculum infected tomato
or eggplant roots were placed in hatching dishes and
incubated in a mist chamber. The J2 were then collected
using 150- and 25-um-pore sieves once a day for 3 to 5
d. During the collection period, J2 were stored in a 1-
cm aqueous suspension at 5°C prior to inoculation of
sugar beet plants.

2.2. Inoculation procedure:

Beet seeds of each tested genotype were sown in 25
cm diameter pots, filled with steam sterilized sandy clay
soil (sand : clay, 2:1) in three replicates. Seedlings were
thinned to two per pot at the four to six leaves stage.
Each plant was inoculated with about 2000 second-
stage juveniles (J2) or/and (eggs + J2s) suspension.
Two holes about 5-cm deep and 1-cm wide were made
in the soil around each four week old sugar beet

seedling in 2.5 mi aliquot of inoculum suspension was
applied to each hole with a pipette. Unless otherwise
noted, the plants were maintained in a greenhouse at
25+ 2.5°C, Nutrients were supplied as liguid feed one
each week with 5 mi per pot of dituted Vitafeed IT® (N
: P.0s: Ky0, 19: 19 : 19 %) and watered daily as
required. Pots were maintained 45 days after
inoculation. Sugar beet plants were lifted to complete
its growing season after nematode inculcation (180
days), to collect leaf samples from control or infected
plants for isoperoxidase analysis. Figure (1), illustrates
sugar beet plants after nematode inculcation at 180 days
old plants. Figure (2), shows sugar beet {control &
infected) roots after nematode inculcation at the
experiment end.

2.3. Isozyme analysis:

Sugar beet leaf samples were collected for isozyme
analysis. Electrophoresis was carried out to obtain the
isoperoxidase patterns in control and infected plants.
The following are the buffers, gel media, staining
solution and the used electrophoretic procedure (Sabrah
and EI-Metainy, 1985): 0.23 M Tris - Citric acid buffer,
pH 8.0, in agar-starch-PVP (polyvinyl pyrolidine) gel.

Staining solution 100 ml of 0.0! M Sodium Acetate- .

Acetic acid buffer (pH 5.0), containing 0.1 gm
Benzidine and 1.5 ml Hydrogen peroxide (H202),
which is added immediately before staining, to stain the
peroxidase isozyme patterns.
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Figure 1. Sugar beet plants after nematode inculcation at 180 days from plant age (control
in the nght rows am:i mfected plants in the left)

b

Figure 2. Sugar beet roots in the end of experiment (a) control roots at harvest (b)infected
roots after nematode
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RESULTS AND DISCUSSION
1. Peroxidase activity in control and infected plants:

Peroxidase isozyme pattern was studied in control
and infected plants to examine effect of root-knot
nematode infection on isoperoxidase activity.

1.1. Peroxidase activity in control and infected
{susceptible and resistant) plants:

In the presents investigation eight sugar beet
genotypes were employed (four susceptible and four
resistant genotypes), to recognized variations in
isoperoxidase activity in both susceptible or resistant
plants. Control and infected plants were pot together in
the same plate. Figure (3) shows isoperoxidase pattern
for 130 days from plant age. Table (2a) presents
TOTAL LAB analysis data for four susceptible and four
resistant genotypes in control and infected plants. The
data indicated that there were six bands migrating to the
cathode. Table (2b) presents anode migration bands
indicating that there were three bands migrating toward
anode. Figure (4) shows dendrogram of cluster analysis
for control and treated plants based on (0 and 1) data.
The data indicated that cluster analysis differentiate
control and infected plants in two big clusters which
mean nematode infection effect on isoperoxidase
activity. The results are in agreement with that reported
by (Van Geyt, 1986), he studied isozyme system in virus

1C 1T 1€ 2T 3C

3T 4C 4T 13C 13T 14C 14T 15C

infected sugar beet plants as active defense mechanisms,
(Yu et. al, 2001) they established isozyme marker for
resistance to root-knot nematode and (El-Kholi er al,
2005) reported that the enzymatic activity of Chitinase
B-1, 3 glucanase, poly-phenol oxodase, peroxidase and
invertase were significantly increased in infected sugar
beet roots than in healthy roots.

1.2. Peroxidase activity in
infected (moderate resistant) plants:

Eight sugar beet moderate resistant genotypes were
used in this experiment to study effect of nematode
infection on isoperoxidase activity. Figure (5) shows
peroxidase pattern of 130 days control and infected
plants. Table (3 a%£b), illustrate analysis data for
moderate resistant plants. There were six bands in
cathode migration and three in the anode. Figure (6)
shows dendrogram of cluster analysis for control and
infected plants based on (0 and 1) data. The cluster
analysis differentiates the eight moderate resistant
genotypes in three clusters, cluster number one contain
five control and one infected plant, cluster number two
contain tree control and four infected, while cluster
number three contain three infected plants. It can be
concluded that isoperoxidase in moderate resistant
plants cannot precisely differentiate between infected
and control plants.

control and

15T 16C 16T

Figure 3. Peroxidase isozyme pattern for(C) control and (T)treated plants (four susceptible

and four resistant genotypes)
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Figure 4. Dendrogram of cluster analysis for peroxides isozyme of (C) control and(T) treated
plants (four susceptible and four resistant genotypes)
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Figure 5. Peroxidase isozyme pattern for (C) control and (T) treated plants of (M R)
genotypes



Table 2a. Analysis of peroxidase isozyme for(C) control and (T)treated plants in (susceptible and resistant) plants in cathode side

Band 1 {-) Band 2 (-) Band 3 {-) Band 4() Band 5{) Baad 6{-)
n::::r Vol h::km R.F Vol hl::‘ RF Vol z" RF Vol h:e:; RF Vol :;: RF Vol ’:;t RF

1{C) 2199.95 513 0.266 . - - - - - - - 1280.2% 347 0.758 - - -
IT) 2993.65 14.52 0.065 - - - 1553066 1739 046 - - - . - - - - -
2(C) - - - 15790.66 1971 0.266 - - - 20373.19 1843 074 - - . - . -
M - . - - - - 25190.73 2036 0468 . . - - - - - - .
3 (C) . . - - . - . - - - - - 28335.5 253 0.718 - - .
3m - - - - - - 1344898 1754 0508 - - - - - - - - -
4(C) - - - . - - 11368.41 169 0508 - - - 6763.33 1745 0774 - - -
4(T) - - - - . - 4553.87 888 054 - - - 13863.33 3t 08 - - -
13 (C) - - - - . - 6566.15 13.19 0532 - - - 7818.73 16,4 0823 - - .
13(D 5358.03 11.78 0073 - - - 1050136 1844 0597 . - . 162742 4.99 0.855 - - -
14 (C) - - . - - - - - . 2691.57 9324 04653 . - - 159136 549 0952
14 (T) 505245 1114 0.12) - . - - - - - - - 1155781 2481 0.806 - - -
15 (C) 311521 76 0.09 - . - - - . . - - 12785.62 2396 084 - - -
15(T) 9305.23 158 0.104 - - . 6;94.81 1365 0576 - - - 3205.76 7.73 0.816 - - -
16 (C) - - - - - - - - - 19936.36 3393 0.648 - - - - - -
16 (T) 6699.91 15.89 0.152 4755.24 14067 0408 - - - - - - 10707.51 1282 084 - - -
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Table 2 b. Analysis of peroxidase isozyme for(C) control and (T)treated plants in (susceptible and resistant) plants in anode side

891

Plant Baad 1(+) Band 2(+) Band 3(+)
number
Vol Peak RF Vol Peak height RF Vol Peak RF
height height .
1{C) 125739 9.11 0.071 - - - 36279.21 16.7 0.741
1(T) " - - ,33926.94 9.8 0.214 - - -
2(C) 76765.82 19.76 0.165 - - - - - -
2() - - - 57753.55 17.41 0.237 - - -
3 (C) 34290.37 12.17 0.17 - - - . - .
3(T) - - - 30967.73 8.48 0.238 - . -
4(C) 54937.86 18.08 0.156 - - - - - -
4(T) - - - 55694.86 14.87 0.237 - - -
13(0) 72161.23 20 0.179 - - - - - .
13(D - - - 39260.96 1115 0.268 13114 591 0.853
14 (C) 66230.44 16.55 . 0.165 - - - - - -
14(T) - . - 150520.4 21.57 0.25 . . .
15(0C) 162148.8 21.48 0197 - - - - - -
15(D - - - 130485.6 2135 0.26 - . .
16 (C) 25687.77 9.38 0.192 - - - 14468.85 7.24 0.817
16 (T) - - - 61110.19 7.18 0.25 - - -
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Table 3a. Analysis of peroxidase isozyme for(C) control and(T) treated plants in (moderate resistant) plants in cathode side

Plant Band L () Band 2 () Band 3 () Bandd () Band 5() Band 6 ()
) ;th: RF Vol hl:‘?l;lkt RF Vol h[:;hkt RE Vol 1212:: RF Vol ni?;:: RF. Vol E.;‘!k‘ RF
S(C) 1888035 3938 0128 ) . - 2081197 3617 0543 - - - 458976 1738 0766 - . .
5(T) - . - 2120569 4055 0436 . - - - - - . - - . . .
6(C) 15317 4384 0428 ; ; - 3190538 4753 0521 - - - sMs3 2619 0198 - . -
6(T) - - - - - - 8201.85 2148 0564 - . . . - - - - -
7(C) 1456493 4105 0.106 . . - 3219483 417 05 - ; ; ; . . 258535 1136 0819
7(D) . . . ; . . 3683224 3577 0532 - . . . . - - . .
8(C) - - - - - - - - - 19429.66 39.22 0.67 - - - 762979 3095 084
8(T) . . . - - . - . . 296593 4198 0624 - . . w322 607 0828
9(C) 130509 2258 0.5 . . - 193161 298 0548 - . . . . 942035 2945 0839
9(T) . ; . ; . ; . . - 18918 3841 065 - . - 93033 387 089
10(C) - . . . . . - - . 134285 3209 0613 - . - 346485 1566 0849
10(T) 937165 2271 0.6 . . . . . . 1967001 273 0634 - - - - . .
1(C) 346849 1842 016l . . . .. - 155448 3419 0613 - . - 271954 1087 0882
) sIsl20 1991 072 . . . 206195 4232 0591 - ; . . - 376132 1667  0.849
12(C) 857469 2509  0.191 - - . . . . . . . . . - 60164 1976 0851
12(T) . ] . ; . . 3 . . 1697469 3865 066 . . - 18 2331 084
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Table (3 b) Analysis of peroxidase isozyme for(C) control and(T)treated plants in (moderate resistant) plants in anode side

Plant Band I(+) Band 2(+) Band 3(+)

number Vol hi?;kgt RF Vol hil‘f;]kt RF Vol h!:i’; ' RF
50 10985.15 21.23 0.141 . . - - . .
5() - - . 37688.55 43.89 0.25 - - .
6(C) 347123 50.68 0.13 - - - . . .
6(T) - - - 10244.07 17.88 0.217 . - -
7(C) 49721.38 55.12 0.161 . . - - - .
7(T) - - - 36654.45 43.02 0.304 - - -
8(C) 23459.89 45.1 0.196 - - . . . A
&8(M - - - 3109215 49.79 0.293 - . .
9(C) 26698.14 41.52 0.161 - . - - . .
9(T) - - . 23635.93 38.23 0.269 1864.85 5.1 0.71
10 (C) 7968.99 22.87 0.213 - - - 4217.33 11.08 0.83
10 (T) 6070.58 32.55 0.096 40010.26 38.51 0.351 - . .
11(C) 29716.56 49.14 0.181 .- - - . . .
11(T) 20554.91 46.18 0.181 - - - - - .
12 (C) 2452.26 41.79 0.17 . . - . . i
12 (T) 13026.96 36.02 0.202 - - - - - .
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6007 ANNI-TREAY T 'oN ‘0 “I0A "IVNUNOIM FONVHIXT IONAIOS VISANYXATY



EL-Sayed, A.K et al.,:Isoperoxidase Activity in Root- Knot Nematode Sugar Beet Resistance Plants 171

O

&)’
HC) l
(%) |

1K(T)

1(C)
¥Cy
1Ixn!

1)
11(0)
XM -

«T) J

I(T)

X
KTy

KT
I

T v T T
100 078

T v T
033 010

Coefficient

Figure 6. Dendrogram of cluster analysis for peroxides isozyme of (C) control and (T)

treated plants of (M R) genotypes
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