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usarium cxysporem is common in soils of Egypt. Wil is one of

the major factors for low productivity of cucumber (Cucwmis

sativus L.). Four Fusarium isolates were isolated from different sois,
identified and screened for pathogenicity and genetic variation using
RAPD (Random Ampilification of Polymorphic DNA) markers.
Discase severity and variations in the symptoms were recorded for all
isolates. F. axysporum isolates have no typical RAPD profiles and al]

the four isolates showed a close similarity after the development of

a phyllogenetic tree. The RAPD-PCR (RAPD-Polymerase chain
reaction) may be valuable in monitoring popuiations and
characterization of different pathotypes of F. exysporum. Clustering
anzlysis based on RAPD fingerprint data revealed two distinct groups
within F. axysporum, which often correspond to the origin of the
isolate.
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Fusarium oxysporum Schiechtend: Fr. :sanmmorphlcspecmwnh
considerable morphological and physiclogical variations. Most of the intevest in this
fungus arises from its ability to cause diseases of economically important plant
hosts, but its near ubiquity in soils and its scological activities indicate a8 much more
diverse role in nature. Pathogenic isplates of F. axysporum often display a high
degree of host specificity and may be subdivided into formae specials based on the
species attacked and into races based on the host cultivars attacked (Brutoon, 1998;
Pivonia et al., 1999; Vakalounakis ef ol, 2004 and Majafinia and Sharma, 2009).
Losses caused by vascular wilt showed the necessity 1o search for an effective plant
protection method. However, the identification of isolates is difficult and is  based
on the assessment of their pathogenicity towards host plants (Rataj-Guranowska-and
Pieczul, 2602 and Rataj-Guranowske ef al., 2007}. Currently, molecular diagnostics
based on an analysis of subtle differences in DNA sequence offer sensitive means
for identification and characterization of fungi (Martin er al., 2000; Taylor ef al.,
2001; Shokoohi et ai., 2004 and lrzykowska, 2006). Application of molecular
markers eliminates doubts, which appear during classical research based on
maorphology evaluation. Molecular studies conducted with different techriques
showed that there were inter-specific variations within the genus Fusarium and
intra-specific differences within F. oxysporum (Kistler, 1997). The usé of resistant
cultivars was one of the most practical and. cost-effective strategies for managing
Fusarium wilt, but depioyment of resistant varieties had not been extensive because
of undesirable agronomic characteristics (Jimenez-Gasco ef of,, 2004). Moreover,
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the high pathogenic variability in 7. oxysporum may limit the effectiveness of
resistance (Jimenez-Diaz er al., 1993 and Jimenez-Gasco et al., 2004). The study of
structure of pathogen population s pre-requisite for designing a cost effective
management strategy for such a devastating discase. Since this disease was primarily
managed by the use of resistant cultivars, characterization and identification of
pathogenic F. oxysporum in a given area has been important for disease resistance
breeding and for the effective use of cultivars (Jimenez-Gasco ef al, 2001)
Therefore, this study was carried out to: (I) identify the different isolates of
F. oxysporum isolated from different soils, (i) examine the genetic variability
arnong these isolates, and (iii) determine the geographical distance that could greatly
affect the structire in these isolates.

Materials and Methods

Soil analysis:

Four soil samples were coflected from different locations (Ismailia, Naobaria,
Qualubia, and Fayoum) in Egypt. These soil samples were gathered at 15 cm depth
from cultivated vegetable fields for chemical and physical analysis.

Isolation and identification of Fusarivm isolates:

For fungal isolation, soil samples were air-dried and passed through a 200-pm
sieve. Three samples (10 g per each) were taken. For each sampie, four sub-samples
(10 mg per each) were spread over Komada's selective medium (Komada, 1975) and
were incubated under fluorescent light at room temperature (20-25°C) for 7 days.
Fusarium colonies were identified by using cultural characteristics and they were
identified ag: F. oxpsporum. Then, they were transferred to potato dexirose agar
slants (PDA) for further use. Species identification was aiso confirmed with
microscopic observation according to the morphulogwal characteristics described by
Nelson ez al, (1983).

Pathogmmry test;

Artificial inoculation was performed under greenhouse conditions. The fungal
inocula representing the different samples were used to infest the sterilized soil in
pots with 5% (W/W). Fusarium isolates were separately grown on sand wheat-
medium in Erlenmeyer flasks (500mi) and collected after two weeks. Sterilized
seeds of cucumber var. Beta alpha (with 1% sodivm hypochlorite for 2 min,) were
sown in the pots (three pots/treatment and 10 seeds per pot) and three non-inocuiated
pots were served as control. The pots were watered reguiarly for 12 weeks, and no
fertilizers ware applied. After 20 days of sowing, the plants were examined and the
symptoms were recorded and divided into 5 groups (Tabie 1).

Table 1. Grouping of symptoms in pathogenicity test

Code of virulence Symptoims
¢ No symptoms
! Slight chiorsis of cotyledonary leaves
2 Yellowing of the two first leaves
3 Yeliowing, wilt and vascular brown discoloration
4 Complete wilt and plant death
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DNA extraction:

DNA isolation was performed by using the CTAB method (Doyle and Doyle,
1990). The growth was collected from colony by pipeting 50 ui of triton x 100 up
and down several times over the same spot an the plate. The growth/triton x 100 was
mixed on 500 ul of CTAB buffer te 1:5 mi tubes by using vortex (Disruptor Genic)
for 2 min and incubsted af 65°C for 15 min. Afier that, one volume of
phenol/chioroform vortex 1 min was added, and then centrifuged at 12000 g at room
temperatuse for 5 min. To separate phases, we transferved the upper phase (= Lmi) to
new 1.5-ml tube. Then, added 0.6 vohume of isopropyle alcohol and 1/10 volume of
3IM NH,OAc and incubated on ice for 30 min. then centrifuged st 12000 g at room
temperature for 15 min to peilet the DNA. The DNA pellet was washed carefully
twice with 500u! of cald ethanol (70%), dried at room temperature, and resuspended
in 30 js distiled water. DNA was purified by the incubation of the
sample at 37°C for 30 min with RNase (Borhringer Mannheim). DNA was checked
out by using 0.8% agarose gel electrophoresis (Castiglione et al., 1994}.

RAPD-PCR test:

DNA amplification was performed in 30 jil react mixture comtaining 1.0 pi
template DNA (25 pg), 0.2 pl tag DNA polymerase (unit), 3.0 ! NTPs (25 mol of
each dATP, dCTP, dGTP, dTTP) 2.6 ul MgCl, (25 mM), 3.0 ul PCR buffer and 2.0
pl random primers (25 p mol) and 18.8 ul d-H,O (Table 2). The mixture was
assembled on ice overlaid with a drop of mineral oil. The amplification was carried
out in DNA thermat cycler (MWG-BIOTECH Primuse) programmed as follows:
One cycle at 94°C for 4 min and then 40 cycles at 94°C for 30 sec., 35°C for 1 min
and 72°C for 2 min. One cycle at 72°C for 5 min, then kept at 4°C for long .The
products were ebtained by 2% agrose gel. L

Table 2. Sequences of the primers used in RAPD-PCR test

Code* Sequence (5'- 3%)
OPA,;, CAGCACCCAC
OPD, TTGGCACGGG
OPEqx AACGGTGACC

* Primes provided by OP tocimology (USA) T

Gel elecirophoresis anolysis:
.. Al electrophoresis was carried out by using a pharmacia GN-100 submurine gei
electrophoresis apparatus 1% agarose gel in TAE buffer was prepared and a total
sample volume of 6 pi (4 pl 4-1;0, ¥ ul 6x loading dye, and 1pi of PCR product)
was loaded in each well. The gel was electraphoresed in 65 V for 1.5 hour and then
stained with ethidium bromide solution (10 mg/ml) for around 10-15 min, DNA
bands were visualized by UV wansilluminator and photographed on UVP
Laboratory products (Epichemi 11 Dark room 3 UV transilluminator pharmacia).

Egypt. J. Phytopathol, Vol. 38 No. )-2 (2010}
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Fragment analysis:

Sharp PCR fragments were scored according to their presence or absence and
fragments at low intensities were only scored as present when they were
reproducibie in repeated experiments by using Gel Analyzer 3 (Egygene Co., Egypt}
software.

Cluster analysis:

Data of the similarity matrix were used for cluster analysis by using the
unweighed pair-group method with arithmetic averages (UPGMA), [(NTSYS-pc
2.02 software package; Numerical Taxonomy System, Exeter Software) (Rohif,
2000)]. Bootstrap analysis with 000 replications was used as Winboot software
{Yap and Nelson, 1996).

Resulis

Physico-chemical properties of soil samples:

The texture of scil collected from Ismailia, Nobaria, Qualubia, and Fayoum .

were sand, clay, clay, and sandy clay loam with pH values ranged from 6.5 to 8.25,

respectively. Soil salinity showed considerable variations among the tested soils

where Fayoum soif was the highest (EC= 11. 5 dS/m, in soil paste extract) compared

with the other soils. Fayoum soil showed also the hxghest Na, Ca, and X contents
(Table 3).

Table 3, Physico-chemical properties of soils' samples collected from different

locations in Egypt
Solul?iccatim-ls ﬁ panicat cf
Province| EC {CO,| CI Y P s pH | ESP Gond| Clay| $ilt Texture
(39 | (o) 1 (*) 0

fsmailia |0.55]0.50] 3.75 {3.00{5.5010.52]6.50} 2.25 70.2521.25/3.50] 0.50 Bandy
Nobaria |4.7510.30]130.00115.5{14.5]11.2018.00112.00j25.80¢ 28.512.25] 1550 Clay
Pualubial 5.2510.2513.50 [ 2.5012.5011.7517.50] 3.50 }15.7527.752.50; 0.75 Clay

Fayoun [11.50(0.35(70.25/80.2515.7513.0018.251 3.75 p6.52015.294.00] 2521 SI andy clay

EC: Electrical conductivity {m mhos cm™ 25°C),
pH: Thehydmgmmemwn&mm(soummpmﬁml.zs

ESP: Exchangeable sodinm (%)= Exchmmble meq./Cations exchange capacity
{meq./100 g soil). . .

Characteristics of Fusarium isolates: .

Four. isolates of Fusarium were obtained from cultivated ﬁelds with various
vegetable crops including cucumber. They were idemtified as F. oxysporum
according to the system described by (Nelson ef 2/, 1983). Under optimat growth
conditions, the isolates formed pigmented colonies, showed a loose internal net of
hyphae without mucilage which were called “open mesh”™. These colonies were
motphologically and physiologically homogenous. Active growing hyphae were
distributed in the colonies, no lysing hyphae, and more conidia were observed. Light
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microscopic examinations revealed branched hyphae, shorter phialides in the aerial
mycelium, micro conidia usually comma shaped or ellipsoidal, macro conidia of
type C, straight and chlamydosdors usually produced singly or in pairs.
The morphological characteristics of isolates were very similar to the reference,

Pathagenicity lexst:

All the tested Fusariym isolates caused the wilt symptoms on cucumber, cv. Beta
alpha, twt the level of virulence of each isolate differed effectively (Table 4). The
highest virulence on the infected plants was observed by isolate Fi, which cansed
complete wilt and plant death, while no symptoms were appeared on control plants.
On the other hand, no relatioaship was observed between the origin of isolates and
virulence.

Table 4. Reaction of cacumber plants (Beta alpha) to four isolates of
F. axysporum under artificial inoculation

Pathogenicity test
Tested isolate| No. of diseased Death (%) No. of heaithy | Survival | Virlence*
_plants plant (%)
Ismailia 30 100 0 b 4
Nobarin 27 90 3 10 3
Qualubia 24 30 6 20 3
El-Fayoum 24 80 6 20 3
Control 0 0 36 100 0

* Meen discase severity value, was assessed with 0-4 scale.

DNA amplification and polymorphism of F. oxysporum isolates:

DNA samples prepared before RAPD-PCR amplification were found crucial for
fingerprint of four F. oxysporum isolates. The purity of DNA genome samples as
indicated by Azs/Ass ratio was 1.8. The quality of genomic DNA extracted (as
described here) was a good tempiate for PCR amplification. However, DNA treated
with RNase gave sharp and clear amplification products. Ten random screened
primers (Operon random primer) were surveyed. For the reproducibility of RAPD
primers, two or three independent experiments were performed for each primer.
Three primers namely OPA s, OPD, and OPEy, were more stable and reproducibie
and gave sufficient polymorphism among the tested Fusarium isolates out of ten
primers. Therefore, effotts were focused on these primers. The distribution of the
polymorphic bands, (which were generated by using three selected primers among
four F. oxysporum isolates) is summarized in Tables (5 and 6) and (Fig. 1). The
results reveal a total of 100 amplified fragments (34, 33 and 33 genetic markers, by
OPA,;, OPD; and OPEy, respectively). Primer OPD; showed four polymorphic
amplified fragment (PAF) bands of Fusariuan isolate (Fy) with 3054, 2975, 775 »nd
475bp and 57% polymorphic as well as three monomorphic amplified fragments
(MAF} of 4 Fusarium isolates with 1630, 1125, and 850bp. The primer OPI
showed 6 PAF, (2, 3 and 1, for F,, F, and ¥; isolates and with 25, 33, and 12.5%
polymorphic respectively) as well as one MAF among Fusarium isolates with
1018bp.
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Table 5. Polymorphism snd polymorphic percentage of four Fusarium isolates

Tested 1 poal AT o T
Fusarium . ota g o7y~ g wll g g | T OU
isolate | bands E Emz:/p;)hxc E E ml;;;;;no 5 ;5 m(gz)hlc
Fy 25 919]- ) gi6(2] 25 (8{7{1} 125
F, 26 9191 - 0 91613 33 81711} 1235
Fs 24 71314 57 (8i7814 125 {918]111 111
F, 25 88} - 0 B8]~ g 91811} 111
Polymorphismy 100 [33{29[ 4 12.12 133127/ 6] 18.18 {34)30] 4 | 11.76
(*6)

TAF : Total amplified fragments.
MAF: Monomorphic amplified fragments or common amplified fragments.
PAF : Polymorphic amplified fragments or specific amplified fragments.

Table 6. Genetic markers of four F, oxysporum isolates by RAPD analysis using

PCR technique
bp OFD, OPEqgg OPAy;
FI{F2 | F3|{FA]Fl 1 F21F3)F4Fl|F2!F3| F4 Polymorphis
45251 - | - - - - - - -1+ 1 - - - Unique
3054 | - - + - - - + |+ -+ 1 + + | Polymorphic
29757 -] -1+ ] - - - - e T N = . I Unique
20861 + 1 + - + - + )+ 1 + -1+ 1+ + { Polymorphic
19851+t + | - | + 1+ 1 + 1 < - e - ~ i Polymorphic
1850 - | - R - - - - - -1+t - - Unique
wwl+i+ i+ +1+ 1 + - - - - - - __{ Polymorphic
1595 - | - | - - | - EEEEREEEEEE + | Polymorphic
1350 - - { -1~ ~1t -1 -T+1t+1 .1+ 1 + !Polymotphic
1250 | + | + { - 1+ 1+ + | - RN -__'"Polymorphic
s+ + {+ ]+ 1+ 0 +] - I T ~__| Polymorphic
1018 +} + BEEEEE AR + _Monomaorphic
9521~} -4 -4 -1 -ttt b+ -1 -1 + jPolymorphic
g0 | - | -] - T -1 - -l + i+ -1+l + +__ | Polymorphic
87% - BEEEEEEENE + | Polymorphic
B0 { + | + |+ 1+ [ -1+ -V ~T-1T-71- - | Polymotphic
3 I N el A .0 N T L R I - ! Polymorphic
751 -} - { - -1 -] - + 1+ 1 - ~__| Polymorphic
550 [ - . - - - - - - - - + - Unigue
506 | + | + + - - - - - - - - | Polymorphic
475 | - | - - - - - - - - - + | Polymorphic
450 | + f + 4 - -1 -+ -1 -1 -1.-1- - __| Polymorphic
02 -1 - | - BMERENE RN ~-__| Polyniorphic
396 { -} - { -1 -] -1 -1+t -] 11 . Unique
335 1 -} -1 -} -]+ 1 - - N - | Unigue .
No. of
markers 919 7 8 8 § 8 9 & 8 9 9
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Fig. 1. The bands that have been created by using three primers RAPD-PCR test.
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The primer OPA,; showed 4 PAF one marker for each of Fusarium isolates with
4525, 1850, 550 and 725 bp for F,, F; F; and F,, respectively, as well as 3 MAF
among four Fusarium isolates with 1545, 1918 and 875 bp. Meanwhile, 14 PAF
were detected in four Fusarium isolates with polymorphism 14% and 86 MAF with

86% polymorphism (Table 7).
Table 7. Genetic markers, polymorphism and polymorphic of four Fusarium
isolates using RAPD-PCR
. Genetic marker of
E ]
Priatier Polymosphism Pusaciuim isolates
TAF MAF PAF |M.Wi(bp)| F, Fs Fy F,
3054 +
2975 +
OFD, i3 29 4 774 i
475 . +
- B50 +
TS +
506 i
OPE; EE] 7 6 450 &
39 +
s +
4523 +
1R50 +
OPA,; M 30 4 550 i
475 +
Total 100 &b 14 - 3 4 [ 1
Polymorphism (%a) - B 14 - 3 4 [] 1

* TAF, MAF and PAF

: as described in footnote of Table (5).

Egypt. J. Phytopathol,, Vol. 38, No. 1-2 (2010)
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A tota! of 100 revealed scorable amplified DNA fragments ranging in size from
315 to 4525 bp were observed by using three primers, whereas 86 fragments were
moncmorphic (MAF) and 14 amplified fragments were specific (PAF) or
polymorphic 14% among 4 Fusarium isolates. The polymorphic percentage of
OPE,, primer recorded the highest perceniage (18.18%) followed by OPDy primer
with percentage of 12.12% and OPA,; with 11.76%. It was interesting to note that
the four 7. oxysporum isolates differed in their characters using the three primers.
Whereas isolate F, exhibited 23 markers, other Fusarium isolates exhibited 22 and
18 for F; and F;, respectively.

In cluster analysis based on genetic distance, the shortest distance was observed
in F1 and F3 from Ismailia and Qualubia provinces. However the maximum genetic
distance was observed in F2 and F4 from Nobaria and Fayoum, respectively,
(Fig. 2). ' '

Rescaled distance cluster combine
CASE 0 5 10 15 20 25
{abel Num e h ¥ . i ¥ y
Fl 1
F3 : 3 -J
F2 2
F4 4 ]

Fig. 2. Dendrogram of compinated data of primers showing relationships
among four F. oxysporum isolates. I1- F. oxysporum F, isolate,
2- F. oxyspormm F; jsolate, 3- F, oxysporum F; isolate and
4- F, oxysporum F . isolate.

Discussion

Soils play an important role in transmission of pathogens, carrying pathogens to
cuitivated areas and disease distribution. Isolates with some morphological and -
microscopical characteristics had been placed in different groups. Therefore,
morphological characters were not assured factors for distinguishing the isolates.
The pathogenicity test was performed for the four F. oxysporum isolates and the
obtained results indicated that these isolates differed according to their
aggressiveness, infection percenfage on cucumber and subsequently the harmful
" effect on the survival of heatthy plants. The current findings are similar to those
reported by Vakalounakis et al. (2004), Shafagh er 4f. (2008) and Najafinia and
Sharma (2009). The pathogenicity test also revealed that F. oxysporum isolate (F;)
was the most virulent isolate in increasing the infection percentage and subsequently
decreasing the healthy survival of cucumber plants.

Egypt. J. Phytopathol., Vol. 38, No. 1-2 (2010)
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Little is known about the genetic complexity of F. oxysporum populations in
Egypt or about the origin and spread of the pathogen, ie. whether it occurs as
a single lineage in one location or occurs independently in several locations.
Random amplified polymorphic DNA (RAPD} analysis has many advantages as
a means of characterizing genetic variability such as speed, low cost, minimal
requirement for DNA and non-use of radioactivity (Williams et al., 1990). Genetic
diversity among genotypes could occur due to the variation in genes nature that
might be affected by environmental stresses (Nei, 1972; Prasad and Singh, 1986).
Three random primers gave reproducible and very stable results in an unexpected
way compared to the same species found in ather locations. The other primers did
not always give the exact fingerprints for the tested Fusarium isolates. Accordingly,
it might be suggested to use bulked DNA samples to different species to eliminate
intraspecific variations. The dendrogram of the four Fusarium isolates by RAPD
showed two cluster groups. Clusters of the first group (F, and F;} were isolated from
Ismailia and Qualubia, respectively .Those for the second group (F; and F) were
isolated from Nobaria and Fayoum, respectively. This show that each of F; and F; as
well as those of F; and F, strains are monophyletic, but the two groups of Fusarium
are polyphyletic to each other. Genetic similarity between each of the isolates
calculated by using cluster analysis was used to generate a dendrogram by showing
relationship between them. The isclates could be grouped into two subpopulations
based on RAPD analysis. The resulis indicate little genetic variability among
subpopulations of F. oxysporum as identified by RAPD markers and that there is
a slight relationship with geographical origin or aggressiveness of isoiates. The high
amount of genetic diversity resulted virtually in two clusters of clearly identified
regions of pathogenicity of isolates. Therefore, a region could not be used for
determining genetic diversity as suitable measurement. B

Using the RAPD technique, F. axysporum produced clear reproducible and
polymorphic bands that allowed the characterization of isolates to be examined in
this study. In cluster analysis based on genetic distance, the shortest distance was
observed in F, and F; from Ismailia and Qualubia provinces, whereas the maximum
genetic distance was observed in F, and F, from Nobariz and Fayoum, respectively.
Although isolates F,, F,, F;, and F, were derived from different regions, al} of them
were settled in two genotypic groups. However, cluster analysis of the RAPD
banding pattern, reveaied a substantial amount of genetic diversity among ali
isolates examined. Analysis of cluster showed two genotypic groups taking into
consideration the fact that all pathogenic isolates belong to F. axysporum.
According to the results, all F. oxysporum isolates obtained in this study showed
similar RAPD profiles. Other researchers (Migheli et ai., 1997 and Khalil et of.,
2003} observed a close relationship between RAPD pattern and geographic location.
Major polymorphisms in RAPD paitern indicated 1o genetic distinctness that could
be used to distinguish unrelated groups. Minor polymorphisms may indicate
a genetic distinctness within groups because of experimental variability that might
have occurred. RAPD analysis had been used effectively to distinguish between
species of Fusarium (Voigt ef al, 1995 and Yli-Mattila et al, 1996).The unique
band might need further work for sequencing of gene. Sequencing would provide
more information about the regions from which the differences observed in

Egypi. J. Phytopaihol., Vol. 38, No. 1-2 (2010}
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RAPD-PCR. These bands would also show whether the sequences have similarities
to any known genes {(Paran and Michelmore, 1993; Vakalounakis ef /. 2004 and
Shafagh er al. 2008). The current results suggest thai molecular genetics techniques
could be used to separate these four phenotypes. Furthermore, these techniques
couid be used to compare the phylogenetic relationships of virulent Fusarium spp.
isolates from Egypt. These techniques and tools could also determine these markers
variation in Fusarium for their precise classification, which may aid in disease
management. The present study could generate significant information in terms of
pathogenic and genetic variability of . oxysporum, which could be used further for
development of area-specific resistant varieties of cucumber. The study also
highlighted the facts that both pathogenic virulence analysis and RAFD matkers
could be useful tools for analyzing the structure of the pathogen population, but
further studies are needed to make them complementary to each other.
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