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ABSTRACT

The present study was conducted to test if the peroxidase isozyme
could be used as a biochemical genetic marker associated with the chocolate
spot disease (Botrytis fabae) resistance gene(s) in faba bean (}icia faba).
Peroxidase isozymes were extracted from the leaves of two faba bean
cultivars showing different response to the disease, 1e Giza 402
(susceptible) and Giza 461 {resistant), and their F,, F; crosses in two
directions. The test was made under artificial infection with two isolates of
the causal pathogen in the greenhouse.

The results showed differences in number, migration and density of
bands between the two cultivated varieties and their Fy plants. Also, the
artificial infection with the pathogen induced an additional band with a high
molecular weight than those of the control (unintected). parents and F,
plants.

Qut of the F; segregants, the peroxidase isozymes were extracted
from 120 plants following the artificial infection with the two Botrytis fabae
isolates spore suspensions of both the forward and the reciprocal crosses
The majo:ity of the susceptible I, plants exhibited higher intensity of the
band (No. j3) as well as, Giza 402 cultivar and F, plants descended from H.
Giza 46 (J) x Giza 402 ( @)

The majority of I, resistant plants exhibited lower activity of this
1s0zyme.

INTRODUCTION

Faba bean (Vicia faba l.)) is one of the oldest food crops grown by
man and it 1s used as a source of protein for both human and animals. It has a
major role in crop rotation for reducing production cost by increasing soil
nitrogen wia symbiotic nitrogen fixation.

There are several diseases that cause serious damage to this crop and
cause heavy losses in both yield and seed quality. These losses in Egypt were
estimated to be more than 55% (Mohamed, 1982). The chocolate spot
disease caused by Botrytis fabae was estimated to reduce the leaf area and
decrease the total yield from 27% (Williams, 1975) up to 38 5% (Hanounik,
1981).

Many authors reported that the increase in peroxidase activity may be
one of the plant defense systems against infection by the pathogen
(Hammerchmid er al, 1982, Bashad er af, 1987 and Kozlowska and
Krzywanski, 1989). Moreover, Sabrah and Sherif (1988) reported that, the
partial resistance of Pak and the susceptibility of Ab. faba bean cultivars
could be affected or related to peroxidase isozyme.
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The aim of this work was the identification of any peroxidase
isozyme(s) as a biochemical genetic marker of Vicia faba cultivars for

radielanes o éuséephln“y to Bl ry)ls faLae [or ear]y and eﬂl&chve se]ectlon

of resistant cultivars.

MATERIALS AND METHODS
L. Materials:
La. Plant cultivars:

Selfed seeds of two cultivars of licia faba, Giza 461 a highly
resistant and Giza 402 a highly susceptible were used as host plants for
Botrytis fabae isolates. Dr. M. El-Hady; Field Crops Research Institute
Agricultural Research Cemer Giza kindly provided the seeds of these two
cultivars.

1.b.  Fungal isolates:

Two ftungal isolates of Botrytis fabae were used in this study for the
artificial infection; the first 1solate was B. fabae No. 10 (virulent) and the
second was B. fabae No. 40 (avirulent). Department of Leguminous Plant
Pathology A.R.C. Giza kindly provided these isolates. :

i.c. Media: :
I'c 1. Potato dextrose agar (PDA} medium (Difco 1977) was used tor 4.
fabae cultivation and maintenance.

- l.c.2 Bean leat extract dextrose agar (BLEDA) medium ¢Leash and
Moore, 1966) was used for spore production.

l.d. Isozyme buffers and reagents: :

Electrophoretic buffers, gel preparation, running conditions and
peroxidase isozyme developing were carried out according to Stegemann ¢/
al (1985) and Scandalios (1964).

I1. Methods:
ILa. Field procedures: :

Forward and reciprocal Crosses were made between the two parental
cultivars to- produce the F; seeds in 1997. In 1998 the F, plants of both
crosses were grown to produce the F; seed by self-pollination. In 1999_an
experiment was conducted in the greenhouse at Gimmiza Agric. Res
Station in a completely randomized design Therefore, the greenhouse
experiment contained the two parental cultivars, the F, (reciprocals) and the
F, generations. Fifteen replications were used and each plot contained 5
plants.

ILb. Botrytis fabae spore production:

The maximum number of spores was collected on BLEDA medium at
20 + 2°C for 12 days with 24 hr. fluorescent daylight according to Last and
Hamley (1956), Last (1960) and Leash and Moore (1966). The final
concentration of spores after dilution (25 x 10* spore/ml) was used
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immediately for plant infection (Abou-Zeid and Le-Normand, 1979 and
Abou-Zeid ef al , 1985).
IL.c. Artificial infection:

Plants (65 days old) were artificially infected with a spore suspension
for each isolate under study, using a fine mist hand sprayer. Inoculated plants
were then covered with polyethylene sheets supported with metal frames to
maintain a high relative humidity Plants were uncovered and remoisted twice
at 24 hr antervals, then covered again. After 120 hr of inoculation the
infection grades were recorded and the disease severity were recorded
according 1o the scale reported by Gondran (1975} and Abou-Zeid (1985)
li.d. [Isozymes electrophoresis:

Leaves of the same position were detached from infected and non-
infected parents, Fis and F,s plants to extract the peroxidase isozyme One
gram from each sample was used for extraction and ths isozymes were
separated electrophoretically according to Scandalios (1964), Stegemann e+
af (1985) and El-Fadly er af {1990).

" RESULTS AND DISCUSSION
Results presented in Figure (1) and Table (1) showed that although

99

both parents exhibited three bands (2, 3 and 5), as a maximum number of

peroxidase isozymes, however, each parent showed completely different
intensities. Band No 2 that was identitied as faint i Giza 402 cultivar was
characterized as dark in Giza 461 cultivar The other two bands {(Nos 3 and
5) wiuch were classified as dark and very dark m Giza 402 appeared as famt
and very faint i Giza 461, respectively

1
i

G 402

G 461

H9

H 12
H9iso 10
H 12 iso 10
H 9 iso 40
[i 12 iso 4G

Figure (1) Peroxidase isozyme patterns of Giza 402, Giza 461
cultivars, their unminfected and infected [y plants with B. fabae 10 and 40
isolates.

* Hs [G. 402 () x G. 461 (¢ )).
*Hip [G 461 () x G 402 (¢ )]
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Tabe 1), Foondne bonyne Moty of @b Do fomkcce

(control) Giza 402, Giza 461 cultivars, their noninfected and
infected F, plants with B. fabae 10 and 40 isolates.

Genotype | G. 402 |G 461 [402 x 461461 x 402 Isolate 10 Isolate 40
_ H9) | (H12) [[H9 [HIZ | HO | HI2

Susceptibititvl Cont. { Cont. | Cont. Cont. R | S R S
Band No.

1 0 0 0 0 2 4 3 4

2 2 3 4 4 1 1 0 0

3 3 2 1 2 1 3 1 2

4 0 0 0 0 0 2 0 0

5 4 1 4 4. 2 0 2 0

0 = absent = very faint 2=famt 3 =dark 4 = very dark

These results showed clearly that the activities of peroxidase
isozymes in the susceptible cultivar of faba bean (Giza 402) were (in general)
higher than that of the resistant parent (Giza 461) The same finding was -
obtained in a previous study made by Tarrad et al. (1993), where they found
that the peroxidase activities were increased by infection in contrast to
healthy leaf tissues. Also, EI-Shimi (1998) observed an increasing activity of
peroxidase associated with the susceptibility of Cucumis melo to the
infection with Psendoperonospora cubensis.

The hybnd F, plants wvia cross - of the Giza 402
(@) x Giza 461 (@) and its reciprocal exhibited a slight difference at only
band 3, since it was very faint when Giza 461 was used as a female parent
while it was faint in the reciprocal F; hybrid. Moreover, the other two bands
(2 and S) did not differ between the two I hybrids ,since they consistently
appeared as very dark bands.

Both Figure (1) and Table (1) showed also that when the hybnd
plants were infected with B. fabae isolates, two additional bands appeared. A
common band No.1 with a higher molecular weight than the original ones of
the uninfected hybrid plants was obtained following the infection with both
isolates. The other band No.4 was nduced followmg the infection of H;
plants with only isolate 10.

Moreover, the isozyme band No. 2 dlsappeared completely as a result
of the infection with isolate 40 of both F, hybrids. Also, band No 5
disappeared when H,, plants were infected with either 10 or 40 isolates.

From the above results it could be noticed that peroxidase isozyme
No. 3 exhibited higher activity in the susceptible faba bean cultivar (Giza
402) to the infection with B. fabae than in ‘the resistant one (Giza 461)
Moreover, the F; plants which descended from Giza 402 as a female
exhibited the same activity of peroxidase isozyme 3 either without infection
or following the artificial infection with the both B. fabae isolates. Therefore,
120 plants from each F: (as a segregating generation} were used to study the
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association between the resistance or susceptibility to B. fabae infection and
peroxidase 1sozyme 3 activity.

Figure (2) and Table (2) show the peroxidase isozyme polymorphic
patterns and the degree of activities for each tested F, descendant plants
trom the crass (H9) between Giza 402 as a male and Giza 461 as a female
and therr response to the intection with 8. fabae isolate 10.

The data“indicated that the majority of the F, plants exhibited three
peroxidase  isozymes. Fifteen plants (No. 46-60) showed an extra peroxidase
sozyme. Moreover, the majority of the infected plants, i.e., 98 out of the
tested 120 plants with 81.67 percentage were classified as resistant plants to
£ fubue 1solate 10. The remaining 22 plants were 5uscept1ble to the same
isolate.

To correlate the chocolate spot disease severlty and peroxidase
isozyme activity in this cross, peroxidase isozyme 3 presented high activity,
since 1t was classified as dark and very dark in 20 susceptible out of 22 plants
with 90.91 percent; the remaining two plants (No. 27 and 36) exhibited faint
band for the same isozyme. On the contrary, 18 plants (18.37%) out of 98
resistant ones showed the same degree of peroxidase isozyme 3 activity since
it appeared as dark or very dark band. The majonty of the resistant plants to
B. fubae isolate 10 showed faint band of the peroxidase isozyme No.3.

Figure (3) and  Table (3) show the peroxidase isozyme polymorphic
patterns of 120 F» plants obtained from the reciprocal cross (H,2) between
Giza 461 (resistant male) and Giza 402 (susceptible female) of faba bean
following the infection 'with B. fabae, virulent isolate 10.

The results revealed that the activity of peroxidase isozymes in the
plants of this cross (Hj;) has increased as a result of isolate 10 infection
compared with that obtained in the forward cross (Hy) infected plants with
the same isolate. The peroxidase isozyme bands number increased to five (as
a maximum number of peroxidase isozyme}) in Hi; plants infected with isolate
i0.

Moreover, data given in Table (3) showed that 92 out of the tested
120 plants with 76.67 percentage proved to be susceptible to B. fabae isolate
10. Out of these susceptible plants, 82 with 89.13 percent exhibited dark
peroxidase isozyme band 3. Meanwhile, 10.87 percentage of the susceptible
plants showed faint band of the same band. On contrary, the majority of the
resistant plants ie., 26 out of 28 resistant ones exhibited faint peroxidase
isozyme band 3. The remaining two resistant plants showed the same degree
of darkness as the majority of the susceptible ones.

Figure (4) and Table (4) illustrate peroxidase isozyme patterns and
their intensity as well as the F; plants of Hy cross response to B. fabae isolate
40,

The result shows that the majority of the tested plants exhibited three
peroxidase isozvmes, while 13 plants showed an extra faint band.

Data in Table (4) clearly show that 106 out of the tested 120 plants
with percentage of 88.33 proved to be resistant to the chocolate spot disease
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Figure (2). Peroxidase isozyme patterns of isolate 10 infected F plants
obtained from Giza 402 (&%) x Giza 461 ¢ @) cross
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Figure (3). Peroxidase isozyme patterns of isolate - 10 ntected I
plants obtained from Giza 461 (&) x Giza 402¢ )
Cross
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Figure (4).  Peroxidase 1soavme patterns of isolare 30 miected F -

plants obtained from Giza 402 (&%) x Giza 461 | £)
CTOss.
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caused bv the infection with B. fabue isolate 40. The remaining 14 plants
with percentage of 11,67 exhibited susceptible symptoms to the same isolate
mfection.

Twelve out of the 14 susceptble plants (85.71%) exhibited dark or
very dark intensity for peroxidase isozyme band 3. The other two susceptible
plants showed faint intensity for the same band. On the other hand, 21
resistant plants with percentage of 19.81 out of the 106 resistant ones
showed dark peroxidase isozyme band 3 similar to that of the susceptible
plants.

Figure (5)and Table (5) dlustrate peroxidase 1sozyme patterns of the
Iy descendant plants from Hi» of the cross of Giza 461 as a male and Giza
4032 as a temale and intected by 5. fuhae isolate 40

_ The obtained results indicated that 67 out ot the 120 tested plants
with 55.8 percent proved to be resistant to chocolate spot disease. The
remaining plants (53 plants) with 44 2 percent were susceptible to the same
disease. Regarding band 3 activity and plant response to B. fabae isolate 40
infection, the results proved that 38 (71.7%) out of the 53 susceptible ones
exhibited high activity of the peroxidase isozyme band 3. Meanwhile, 15
plants with percentage 28.3 from the susceptible plants showed either faint or
complete absence of band 3. On the contrary, 3 resistant out of the 67 ones
with percentage of 4.5 showed higher activity of band 3 than the 64 resistant
plants. .

Regarding the correlation between the peroxidase isozymes activity
and chocolate spot disease resistance or susceptibility of faba bean plants, 1t
could be concluded that, generally the peroxidase activity was higher in the
majority of the susceptible plants than the resistant ones. Band 3 of the
electrophoretic peroxidase isozyme patterns exhibited higher activity in the
majority of the susceptible plants. Therefore, 1t could be considered asa
preliminary marker for the early discrimination of susceptible faba bean
cultivars to chocolate spot disease in breeding programs.

These results are in a good harmony with those reported earlier by
Urbanek er al (1987), (Sabrah and Sherif, 1988), (Patykowski er al, 1992)
and (Tarrad er al, 1993) since they found that the peroxidase activities
increased in faba bean leaves as a result of chocolate spot disease infection in
contrast to the healthy leaf tissues. Moreover, Valazhahan and
Vidhyasekaran (1994) reported that the inoculation with the pathogen
resulted n an increase of peroxidase activity in susceptible varieties of
groundnut to the rust disease caused by Puccinia arachidis.

The results also showed that the infection with the pathogen induced
changes in the kinds of peroxidase isozyme. This result is in an excellent
harmony with the results obtained by Okiror er af. (1982) since they found
that the infection with anthracnose induced change in the kinds ot peroxidase
isozyme in faba bean lines and El-Fadly er o/ (1990) who also found an
increase in the band numbers in faba bean after infection with broad bean
stain virus.
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Figure (3). — Porexidase isozyvmepatierns ol solate 40 miected b
plants - ebtamed=franm=Enray = ot g G 402 (@)
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