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esistant calli were im witro selected from cucumber explants
under challenging stress of cucumber wilt pathogen Fusarium
oxysporum {.sp. cucumerinum culture filtrates (CF). The selection
protocol has two directions: First one is step-by-step selection from
lower to higher selective CF concentrations; meanwhile the second
one is exchangeable continuous cycles with and/or without CF using
the same selective CF concentration until the end of selection regime,
The progenies of in vitro regenerated plants, occurred under CF stress,
showed resistance when exposed to the pathogen infection. The results
cleared that resistance in cucumber to wilt pathogen is coatrolled by
one pair of genes and segregated as 3 resistant ; 1 susceptible. That
In vitro selective regime viag tissue cultures is advisable for selection
of novel disease.resistant plants.
Key words: Biotechnology, callus, disease-resistance plants, genetics,
plant protection, somaclonal vanations and tissue
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There is no doubt that the improvement which occwred in descriptive and
analytical of the applied and biological sciences has led to modern biotechnology.
Thus, new and desirable characters have been introduced and many biotogical
problems are now solved using modern biotechnology. The most important target
that ruled the agricultural care allover the world is the pathogenic infections which
considered one of the most important problems, which arrested the agricultural
cconomics. However, using the disease-resistant plants cloud soive those pathogenic
infections. Many model systems are involved for creating the novel disease-resistant
plants. Such model systems ranged from the traditional breeding programs to
unconventional modern breeding approaches. Tissue culture technigues as modern
unconventional techniques are in use as applicable approaches in different science
fields such as plant gene transfer, induction of sccondary metabolites, mass
propagation, induction of disease resistant or free pathogen plants ...ctc.

The success of tissue culture for selecting the novel disease resistant plants
depends on what so calied ‘somaclonal variations’. Additionally, tissue culture is
considered a bio-safely approach because it utilize the genetic variability that occur
naturally and independently in the cetlular genetic material of the host plant
giving genetically mosaics' tissues (Evans, 1984 and 1989; Buiatii er al., 1985 and
EL-Kazzaz and Malepszy, 1994). Such somaclonal variations offer an opportunily
for the breeders to generate and select specific variants (Malepszy and EL-Kazzaz,
1990; EL-Kazzaz and Malepszy, 1994; EL-Kazzaz, 1995; EL-Kazzaz, 2001 and
ElL-Kazzaz and EL-Mougy, 2001).
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Many researchers revealed the utilization of somaclonal variations that coupled
with the pathogen culture filtrate or its toxins for selecting the novel disease resistant
plants (Buiatti ef al., 1985, Chawla and Wenzel, 1987 a&b; Lamb ef al., 1989;
Crino ef al., 1996, EL-Kazzaz and Abdel-Kader, 1998 and El-Kazzaz ef al., 1999,
EL-Kazzaz, 2001 and EL-Kazzaz and EL-Mougy, 2001),

Thus, this investigation was planned to select and develop cucumber resistant
plants from selected resistant callus variants to wilt disease cansed by Fusarium
oxysporum £.5p. cucumerinum. The genetic background of the selected cucumber
resistant plants was also investigated.

Materials and Methods

The Polish pickling cucumber (Cucumis sativus Iv, Borszczagowski) was used in
this study. Tested cucumber seeds were soaked for two hr. in sterilized distilied
water with little drops of liquid soap. These seeds were surface sterilized by
immersing in 20% sodium hypochlorite containing 5.5% active chlorine for
30 minutes, washed thoroughly in four changes of distilled sterilized water, then left
between two folds of sterilized filter papers for the excess water to be removed.
Sterilized seeds were individually cultivated, under aseptic conditions, on 100 ml
modified MS medium (Murashige and Skoog, 1962), which was used as inducing-
callns medium in 250 mi jars. The modified MS medium was composed of half
strength of macro- and micro-clements, vitamins, 1,5% sucrose and 0.75% agar. The
pH was adjusted to 5.8 before amtoclaving, The jars were incubated in a dark culhire
room at 25-28°C until root initiation, then incubated under c¢. 2000 Lux of
fluorescent lamps with 16 hr light : 8 hr dark at the same temperature for 3 weeks.
Calli were induced from explants of cucumber plants according to ElL-Kazzaz
(1996). The induced calli werc re-cultivated for mass production for further smdies.

Fusarium oxysporum {sp. cucumerinum causing wilt in cucuomber plants was
isolated from infected piants (EL-Kazzaz, 1995) and used as pathogen system in the
presented study. Tested cucumber plants were highly infested by the isolated
pathogen. The pathogen was cultured on two kinds of media. First medium was
Potato Dextrose Agar (PDA), which was used as a solid medium for interval

subculturing of the fungus. The second medium was Richard's nutrient (R)
(Heitefuss et al., 1960), which was used as a liquid medium for producing the
fungus colture filtrate. The pH of these media was adjusted to 4.0.

Good growing fungal colonies on PDA medium were transferred to the liquid

{R) mediam for 3 weecks of culture in the dark at 25-28°C. The cultures were then
sieved by nylon sieves and sterilized twice by bio-filtration using double 435y filter
membranes. Five litres of (CF), per each pathogen system, were collected and

conserved at (-20 C) ina deep freezer for further studies,

Various concentrations of culture filtrate (CF) were poured into MS medinm.
Equal amounts of water from MS medium were replaced by the same amount of
stock (CF) to give concentrations of 5% to 100% of the sclective agent (CF)
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measured to the medium volume, Three controls were prepared as follows: two
controls of MS medium supplemented with 5% or 50% of (R) medium instead of
equal amounts of water from MS medium and the third one was M30 as M3
medinm without (CF) or (R).

Selection protocol:

The sclection protocol was performed with the callus cultures on MS medium
contains various concentrations of the culture filtrate (CF) of the aforementioned
pathogen. Such proiocol was initially targeted in two directions as shown in Fig. (1).

Step by step selection from lower to higher CF concentrations

Primary selection step on various CF concentrations for
detecting the critical selecting point for one month

rchangeable| Callus mass propagation on free medium of CF for one month

continuous
cycles with /\
and without

CF Growing the selected callus Other selective step on
on the same selective (CF) higher (CF) concentration
concentration for a month. for one month.

| |

Callus mass propagation on CF-frec medium for one month

l

Repetition of the previous step for several times

v

Fig. 1. Scheme of selection protocol used ir vifro for selecting cucumber calius
variants on selective (CF) of Fusarium oxysporum {.sp. cucumerinum.

The obtained calli were cultured on a selective MS medium supplemented with
5% to 100% of (CF) for sclection system to estimate the critical concentration of the
selective agent. The survived calli under stress were exposed to other cycle of
selection, which contains the same and the higher concentrations of the selective
agent,
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The selected callus cultures, which showed stable resistance during the selection
process, as well as their controls, were asepticaily transferred onto MS medium for
regeneration process as descried by EL-Kazzaz and Malepszy (1994). The
regenerated plants were cultivated in the greenhouse for seed production.

Pathogenicity test:

Cucumber plants were cvaluated for susocpublhty to the tested pathogen under
greenhouse conditions in pots containing loamy soil infested with the pathogen at
the rate of 5% (w/w). The percentage of infected plants was calculated 60 days after
transplanting. The plantiets, regenerated from selected calli, were evaiuated for their
resistance to 100% of pathogen CF under laboratory conditions.

The selected regenerates and the original genotypes were transplanted in pots
under grecnhouse for getting their seeds. Such pots were filled with disinfected
loamy soil, The cultivated next generation plants were irrigated with the pathogen
suspension (5x107 spores/ml) at the rate of 250 ml/pot every 2 days. The percentage
of pathogen incidence was calculated four wecks after transplanting.

Resluts and Discussion

Tested cucumber plants recorded 80-90% susceptibility to Fusarium oxysporum
f sp. cucumerinum after 60 days of infection under greenhouse conditions.

Data in Table (1) show that at the first selection cycle, the crucial concentration
of F. oxysporum f.sp. cucumerinum (CF) was 15% whereas 250 sectors from callus
cultures were isolated with little growth. The higher dosages of (CF) were kitlers for
the callus tissues. The massed selected sector tissues were grown on CF-flee
medium for one month. Meanwhile, 67 selected callus colonies out of the pervious
250 colonies tolerated 25% (CF) as higher concentration. The selected colonies were
grown on CF-free medium for one month subcultures.

Table 1. Selcction cycles of cucumber callus colonies and regenerates occurred
on media supplemented with different (CF) concentrations of
Fusarium oxysporum £.sp. cucumerinum

Selection cycles of cucumber callus with CF
Experiment Scycles on 15% | 4 cycles on 25% 3 cycles on 50%
T* 8 R T 3 R T S R
Exp.1 360 | 113 | 36 | 115 25 8 25 | 20 3
Exp.2 550 1 65 | 22 | 65 | 22 5 22 | 19 4
Exp.3 370 | 70 24 70 20 4 20 17 3
1480 250 | 82 | 250 | 67 17 | 67 | 56 12
Total A B C

* T=Tested, S= Selected and R= Regenerated.
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The massed calli were grown and stressed again with higher (CF) concentrations
as a third selection cycle. However, 56 callus colonies could be isolated on medium
with 50% (CF). Obtained results are concurring with those recorded by many
researchers (Arcioni er al., 1987, Buiatti ef al., 1985, Chawila and Wenzel, 1987a&b;
El-Kazzaz, 1995; El-Kazzaz, 1996 and El-Kazzaz and Abdel-Kader, 1998).
Morcover, El-Kazzaz et al. (1999) stated that such variations may be attributed to
the induction of mutations {somaclonal mutations) within the callus cells. However,
the selected calli regenerated on media amended with 15%, 25% and 50% of (CF),
gave 82, 17 and 12 selecled regenerates, respectively, and designated as groups A, B
and C.

Data in Table (2) reveal that after 96 hr of continuous exposure to 100% CF, the
seedlings from group A, B and C gave 10, 12 and 11 good growing seedlings out of
82, 17 and 12 tested plants, respectively. Data in Table (2) clear alse that the
selected regenerates of group A, B and C, which showed the tolerance 1o CF,
represented 12 20%, 70.59% and 91.73%, respectively, and reached 29.73% of the
total tested plants. That test was evolved to emsure aboui the stability of the
developing seedlings to resist the pathogen toxins and the other excreted substrates
{Agrios, 1989; Lamb et al, 1989, El-Kazzaz and Malepszy 1994). Such resistance
frequently results in activation of plant defense responses (Hammond-Kosack and
Jones, 1997),

Table 2. Selection of regenerates on 100% CF and (°x109 spores /ml of fungal
infection of Fusarium oxysporum £.sp. cucumerinum, respectively

Group No. of regenerates after 69 hr | Response of regenerates to fungal
designation of exposure on 100%CF infection
Tested | Selected [ (%) R* | (%) S (%)
A 82 | 10 12.20 4 [4000] 6 60.00
B 17 12 70.59 5 (41.67] 7 58.33
C 12 11 91.67 5 4545] 6 54.55
Total 111 33 26.13 14 [42.270 19 57.58 |

* R= Resistant plants and S= Susceptible plants.

These resulis arc in harmony with those recorded by Evans (1989); El-Kazzaz
(1995Y; Crino et al. (1996); El-Kazzaz (1996); El-Kazzaz et al. (1999); El-Kazzaz
(2001) arnd El-Kazzaz and EL-Mougy (2001) that gave explanation of reasons why
the use of CF could give selected resistant plants to all mechanisms of host-pathogen
interaction according to gene-for-gene theory. This test also referred that the genetic
background might still have heterogencous gene structures for resistance to toxins of
F. oxysporum f.sp. cucumerinum.

Furthermore, the previous regeneraled plants were intensively grown on strong
concentration (5x107) of the pathogen suspension, which was added every two days
under greenhouse conditions. The tested regencrates from group A, B and C
recorded 40.00%, 41.67% and 45.45% of resistant individuals, respectively, and
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reached 42.42% of the total tested plants {Table 2). On the other hand, tested plants
gave sensitive individuals, recorded 60.00%, 58.33% and 54.55%, in the three
groups, respectively, and represented an average of 57.58% of the total tested plants.
Such results predicated that tested plants probably genetically gave ome resistant
individual : one sensitive individual ratio according to Mendelian's background.

However, such previous prediction was proved with next generations using Chi-
square (x?) test as shown in Table (3). Chi-square (x °) per cach tested group or for
all the groups was highly significant and below the tabled Chi-square (x°= 3.841;
5.412 or 6.635) with the probability 0.05; 0.02 or 0.01 at one degree of freedom,
respectively. These results give a prophecy that resistance to . oxysporum f.sp.
cucumerinum in cucumber may be controlled by one pair of genes either
homozygous or heterozygous dominant for conferring such resistance giving the
value of 3 resistant : 1 susceptible or 1 resistant : 1 susceptible ratio. Such results
agree with the findings of El-Kazzaz and Malepszy (1994) and El-Kazzaz (1995)
who studied the in vifre resistance of cucumber plants to F. oxysporum f.sp.
cucumerinum.

Table 3. Genetic factors segregated with 1Resistant : 1 Susceptible or
3 Resistant: 1 Susceptible ratio of tested plant phenotypes by
Fusariumn oxysporum 1.8p. cucumerinum and proved with
Chi-Square (x°) test

T v T N ]
Tested | Kind of *| No. of Infection incidence alild Fim-s ua;e (X. ) value

group plants seeds | Resistant | Sensitive ef(l,/s:)am e?;,:] ;we <
Co X Ra 40 16 24 40.00 60.00 1.600
A RgX Ca !l 35 14 21 40.00 60.00 |{1.400
ReXRg| 42 28 14 66.66 3334 {1.554
ReX Rz 43 29 14 67.44 32.53 | 1309
CoXRsj 70 32 38 45.70 5430 |0.690
RoX Cz! 75 33 42 44.00 56.00 | 1.080
B ReX Rz | %0 63 17 78.75 21.25 {0.600
RoX Rz ] 50 33 15 70.00 30.00 |0.666
RoX Rz ! 40 27 13 67.50 32.50 |1.200
Co X R 52 29 23 55,77 4423 0.692
RoX Cs| 60 27 33 45.00 55.00 [0.600
C Re X R 44 30 14 48.18 31.82 1.094
Ro X Rz | 54 37 17 68.51 31.49 [1.200
ReX Rg | 75 54 21 72.00 28.00 |[0.337

* Coor Cz = control plants and Ry or R = Regencrates.
- Degrees of freedom= 1. Probability at 0.05= 3.841 & at 0.02= 5412 and at 0.01= 6.635.

In conclusion, the obtained results cleared that the occurred cellular genetic
variability's are created as somatic (somaclonal) mutations within the callus cells
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giving mosaics of resistant and sensitive cells (Arcioni ef af., 1987; Chawla and
Wenzel, 1987 a&b; Ei-Kazzaz, 1996 and Ei-Kazzaz and Abdei-Kader, 1998).
Moreover, using cycles of selection en medium, with and/or without the pathogen
CF, lead to produce calli not adapted to the CF but tolerant to CF that will decrease
such mosaic cetls and help only the resistant cells to generate on the selective
medium, However, using the exchangeable cycles of selections on medium, with or
without CF, evolved to ensure the resistance stability of the getting cultures or plants
(Agrios, 1989, Lamb ef af., 1989; Malepszy and El-Kazzaz, 1990; El-Kazzaz and
Malepszy 1994; El-Kazzaz, 1995; Crino et al., 1996, El-Kazzaz, 1996; El-Kazzaz e/
al., 1999; El-Kazzaz, 2001 and El-Kazzaz and EL-Mougy, 2001).

Additionally, using the higher CF concentration may give a chance 10 eliminate
the sensitive cells. These results support those reported by Malepszy and EL-Kazzaz
(1990); El-Kazzaz (1993) and EL-Kazzaz and Abdel-Kader (1998). It is worth to
affirm that resistance to CF might be due to mutations in suppressive genes that
were accompanving the normal genes of resistance in the background of the callus
cells,

However, Hammond-Kosack and Jones (1997) stated that cell death is often
induced by toxins andfor enzymes excreted by the pathogen and targeted to specific
substraies. They also referred that resistance can be achieved vig the loss or
alteration of the toxin’s target or through detoxification. This fact declares that
selected tissues might alter to act with F. oxysporum f£sp. cucumerinum and its
toxins by inducing toxin suppressers or detoxification enzymes, Therefore, using
such sclection protocol may give a chance to ¢liminate the sensitive cells (Malepszy
and El-Kazzaz, 1990 and El-Kazzaz and Malepszy, 1994). These findings may
explain the reasons of why the use of CF could give selected resistant plants to all
mechanisms of host-pathogen interactions according to gene-for-gene theory. Such
resistance frequently results in activation of plant defense responses (Hammond-
Kosack and Jones, 1997).

Finally, presented research considers one of the most effective methods for
inducing the resistance in plants. Whereas, it is bio-safely method, low rate costing,
not léprous, not necd big space for work and faster than the traditional breeding
programs about 2-3 folds. )
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