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Detection ofMonosporascus cannonballuBom melon plants

using PCR
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Introduction

Abstract: Root rot and vine decline caused Mpnosporascus cannonballus

is a majorchallenge for melon production worlgide. In recent years, a
disease suggested to be related to this pathogen was obs&weekks prior

to harvest in many melon produati@reas across Iran. In this study, melon
plants with symptoms of chlorosis, wilting, decline and/or sudden death were
collected frommelon growing areafieces of the roots with rot symptoms or
discoloration were surfaesterilized and placed on PDA aule medium

DNA was extracted from the rest of the sterilized roots and used in polymerase
chain reactior(PCR)using specific primers designed from ribosomal DNA of

M. cannonballusThe pathogenicityf the fungusfor 24 of its isolates was
examined on amuskmelon genotypeZarde-Garmsar. In addition, the
presence oM. cannonballusvastestedon the symptomless melon plaris

early growing stageas well as those inoculated with this pathogen using the
specific primers. The presenceMf cannonballusvas confirmed in 95 melon
sampleg(63% of total samples testedased on the morphological criteria of
the isolated fungus and molecular techniques, where a unique band specific to
this pathogerwas amplifiedin diagnostic PCRM. cannonballuswas also
detected in the roots of symptomless and inoculated melon plants as early as 2
days posinoculation. This study demonstrated tihdt cannonballusis the

major causal organism for melon collapse in all sampling regions anthéhat
pathogen is detectable in loe plants suspectenf infection using molecular
toolsat early growth stages
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Ruano, 1991), Tusia (Martyn et al, 1994
Boughalleb et al, 2010, Taiwan (Tsayand

Root rot and vine decline of melon plants Tung 1995), Mexico (Martyrand Miller 1996),

cawed by Monosporascus cannonballis an USA (Pollack and Ueckgd 974 Mertelyet al,
economically importantdisease workvide. 1991 and 1993 Bruton et al, 1995
This pathogenhas been reported from many Stanghelliniet al., 1996; Aegerteret al, 2000),
arid and semarid regions including; Libyand Korea (Park et al, 1994), Guatemala (Bruton
India (Hawksworth and Ciccarone1978), and Miller, 1997a), Honduras (Brutorand
Japan (Watanabe, 1979ematsuet al, 1985), Miller, 1997b), Pakistan (Martyn 2002), Saudi

Israel (Reuveniet al, 1983), Spain (Lobo  Arabia (Karlattiet al., 1997), Italy (Gennarét

al., 1999),Brazil (Saleset al, 2004)and Iran
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(Sarpeleh2008).
Root rot andvine declineis a generic term

" Corresponding author, email: asarpeeh@yahoo.com applied to a group of diseases with similar
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diseasehas beenknown as melon collapse
(Garcia Jimenezt al, 1994 Reuveniet al,
1983, sudden wilt Cohen et al, 1996
Edelsteinet al., 1999 Eyal and Cohenl1986
Pivoniaet al, 1997 Pivoniaet al, 1999, root
rot (Kim et al, 1995, vine decline Cohenet
al., 1999, and root rot and vine decline
(Martyn and Miller 1996 Martyn et al, 1994
Mertely et al, 1991 Wolf and Miller 1998.

A number of fungi have been reported to be
associated with melon collapse and the cause
of collapse in many cases is uncled.
cannonballus causes root rot and necrosis
which resuls in reduced growth, progressive
defoliation and partial or coptete collapse of
the plants towards the end of the seas@ate
season appearance of disease symptant
similarities of the symptoms with those caused
by other soiborre melon fungal pathogens
cause difficulties in disease managemdnt.
addition, ro conidial stage has been detected
for M. cannonballusand ascospores which are
the only reliable fungal structure for the
identification of this pathogenare produced
after 34 weeks of incubatiorunder certain
circumstanceg¢Pollack and Uecker 1974

Early detection ofplant pathogens including
M. cannonballusis worthwhile asit granst
enough time for growers tplan for disease
control strategiesHowever, vine collapses
symptomaticallydetectablgust prior to harvest
and hence, the time tamplement control
proceduresvould be verylimited.

Molecular toolsprovide fast and accurate
detection for many economically important
plant pathogenéSyarifahet al, 201Q Henson
and French 1993 Michelmore and Hulbert
1987 including M. cannonballugLovic et al,
1995 Pico et al, 2008) Lovic et al, (19%)
desigred 5 pairs of primersfrom ITS- region
sequencgof M. cannonballusn whicha pair
of the primers deteet specifically M.
cannonballus isolates Pico et al, (2008)
designed three pairs of primersrom the
genomic rDNA (ITS15.8SITS2) regionsin
which one pair showed theighestsensitivity
for detection of the pathogenin melon
seedlings inoculated with M. cannonballus

35C

The primes amplified a 112 bpsegmentof
DNA extracted from 9 isolates of M.
cannonballus as well asthe DNA isolated
from melon rootdnoculatedwith the pathogen
in situ. However, he potentialof thesespecific
primers to detect the pathogen fromelon
roots suspected of infecion by M.
cannonballusin field conditionsneeds futher
research.

The objective of this studwasto examine
the efficacy of thee specific primes in early
detection of M. cannonballus from
symptomlessmelon plants at early growing
stage as well asthose suspectedof being
infected withM. cannonballus

Material and Methods

Plant and fungal materials

During 20®-2010, muskmelon plants were
collected from a field in Garmsar region,
Iran at two growth stages:8-10 leaf stage
when the plants showed nodisease
symptomsand at maturityl0-20 d prior to
harvest when the plants showed root rot and
vine decline symptoms as described
previously (Sarpeleh 2008) Melon plants
(muskmelon, cantaloupe and watermelon)
suspected to infection withl. cannonballus
were also collected from several fieldsn
Semnanfars, Yazd, Sistan and Bathestan,
Qazvin, Khorasan Razavi and Isfahan
provinces during growing seasorbetween
July and August 2010(Table 1) Pieces of
roots were used forM. cannonballus
isolation and the rest of the roots wereed
for DNA extraction anddetection of M.
cannonballus using molecular tools(see
below).

Primers

A pair of primers developed by Picat al.,
(2008) wasused in the present studyhe
primers 5-CTT ACC TAT GTT GCC TCG
GCG3' as forward and R: AAG AGT TTA
GAT GGT CCA CCG G3' as regersewere
synthesized by Armin Shegarf Company
(Tehran, Iran)
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Table 1 The regions and host plants from which Table 1 Continued

Monosporascus cannonballisolates were collected. Isolate _ Sampling regions isolate
Isolate Sampling regions isolate code Province City District code
code Province City District code muskmeloiKhorasan Razaviaibad Tagi Abad Mca75

cantaloupdsfahan Kashan Mohammad AbadMc251 muskmeloihorasan Razaviaibad Tagi Abad Mc476
cantaloupdsfahan Kashan Mohammad AbadMc252 muskmeloihorasan Razaviaibad Tagi Abad Mc478
cantaloupésfahan Kashan Mohammad AbadMic253 muskmeloiKhorasan Razaviaibad Tagi Abad Mc479
cantaloupdsfahan Kashan Mohammad AbadMc254 muskmeloihorasan Razaviaibad Ahmad Abad Mc482
cantaloupésfahan Kashan Mohammad AbadMc257 muskmeloihorasan Raza\n_‘ aibad Tagi Abad Mc484
cantaloupésfahan Kashan Mohammad AbadMic258 muskmeloihorasan RazaWashad Sarakhs Road  Mc492
cantaloupdsfahan Kashan Mohammad AbadMc259 muskmeloihorasan RazaWashad Sarakhs Road  Mc493
cantaloupésfahan Kashan Hossein Abad  Mc260 muskmeloikhorasan Razaviorbat - Mc510
cantaloupésfahan Kashan Hossein Abad  Mc262 Jam

cantaloupésfahan Kashan Hossein Abad  Mc263 muskmeloikhorasan Razawiorbat - Mc511

cantaloupésfahan Natanz Galeh Goosheh Mc267 Jam

muskmelotsfahan Natanz Galeh Goosheh Mc269 muskmelorkhorasan Razawaibad - Mc513

muskmelotsfahan Natanz Galeh Goosheh Mc271 watermelokhorasan Razaviaibad - - Mcs14

cantaloupdsfahan ArdestanMahbad Mc273 muskmelothorasan Razaviaibad - Mc517
cantaloupésfahan ArdestanMahbad Mc275 muskmeloQazvin Boein - Mc539
cantaloupésfahan ArdestanMahbad Mc278 ) Zahra

cantaloupésfahan ArdestanMahbad Mc281 muskmeloQazvin Boein - Mc541

cantaloupésfahan Natanz Deh Abad Mc282 _ Zahra

cantaloupésfahan Natanz Deh Abad Mc283 muskmeloiQazvin Boein - Mc542

cantaloupdsfahan Natanz Deh Abad Mc284 _ Zahra

cantaloupdsfahan Natanz Mogar Mc286 muskmeloQazvin Boein - Mc543

cantaloupésfahan Kashan Hossein Abad  Mc289 ) Zahra

cantaloupeyazd Meibod ShamsAbad  Mc301 muskmeloQazvin Boein - Mc544

muskmeloiyazd Meibod Maryamd Abad Mc306 . Zahra

muskmelotYazd Meibod Maryam Abad  Mc308 muskmeloiQazvin Boein - Mc550

muskmeloiYazd Meibod Hoork Mc312 _ Zahra

muskmelofars Darab Ige Mc342 muskmelo®azvin Boein - Mc554

muskmelofrars Fasa  Zahed shahr Mc350 ) Zahra

muskmelofFrars Fasa Zahed shahr  Mc354 muskmeloQazvin Boein - Mc555

muskmeloifrars Fasa  Zahed shahr Mc357 . Zahra

muskmelaFars Fasa Zahed shahr ~ Mc358 muskmeloRQazvin Boein - Mc556

muskmeloffrars Fasa Zahed shahr Mc359 ) Zahra

muskmelofFrars Fasa Zahed shahr  Mc360 muskmeloQazvin Boein - Mc557

muskmelotfrars Jahrom Yousof Abad ~ Mc363 _ Zahra

muskmelofars Jahrom Yousof Abad Mc364 muskmel@Sistan&Balouch&abol - Mc559

muskmelotFrars Jahrom Yousof Abad ~ Mc365 stan

muskmelofars Jahrom Yousof Abad Mc366 muskmeloi®istan&Balouch&abol - Mc560

muskmeloffrars Jahrom Yousof Abad Mc367 stan

muskmelofars Jahrom Yousof Abad Mc368 muskmeloi®istan&Balouch&abol - Mc561

muskmeloffrars Jahrom Baba Arab Mc369 stan

muskmelofars Jahrom Gotb Abad Mc370 muskmeloi®istan&Balouch&abol - Mc562

muskmeloifrars Jahrom Gotb Abad Mc371 stan _

muskmelofrars Jahrom Gotb Abad Mc372 T- : unknown district

watermelofrars Darab Ige Mc374

watermelofrars Darab Ige Mc376 .

watermelofars Darab lge Mc377 Isolation of M. cannonballusfrom suspected

watermelofrars Darab Ige Mc378 plants

watermelofrars Darab Ige Mc379 Surface rilized root segments {3 mm),

muskmeloiBemnan GarmsarAradan Mc419 . . .

muskmeloSemnan GarmsarAradan Mca26 with or without brown spots/lesions were

muskmeloiSemmn GarmsarAradan Mc423 placed in Petri plates containing potato
muskmeloiBemnan GarmsarAradan Mc427 ;
muskmeloiBemnan GarmsarAradan Mc447 dEXtI’IOfSQ agar (PDAalmend_ed WItI’?SO ppm

muskmeloSemnan GarmsarAradan Mc431 Ampicillin. After 4 days of incubation at 28

mustme:ogemnan garmsarm]ash?jeh magg °C, hyphal tips were transferred to fresh Petri

muskmelosemnan armsarkhooshel . .

muskmeloSemnan Garmsarkhoosheh MoAS2 platescontaining either PDA or corn meal agar

muskmeloBemnan Garmsarkhoosheh Mc453 (CMA) and incubatedat room temperature

muskmelosemnan Ga_rmsarkhoosheh Mc467 (20_23 OC) for up toA0 days

muskmeloikhorasan Razaviaibad -t Mca71

muskmeloiKhorasan Razaviaibad - Mc473
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Morphological and molecular identification
of the isolates

The isolates were identified based dine
morphology ofperitecia, asci and ascospsre
formed on corn meal agafPollack and
Uecker, 1974) To verify the morphological
identification of M. cannonballus six
selected isolates were further investigated by
molecular techniques using speci®ecific
primers DNA was extractedisingpreviously
described method with slight modification
(Raeder and Broda 1985) Fresh fungal
myceliumwasgrown in 100 mlFries culture
medium (Fris et al, 1991) in 250 ml
Erlenmeyer flask$or up to 3 weeks at 30 °C
without  agitation. Subsequently, the
mycelium wasground with fine sand (SiO2;
M = 60.06 gmol™) and liquid nitrogen. The
ground mycelium (100 mg) was transferred
into a centrifugation tube and extraction
buffer (Tris-HCI pH 8.5200 mM; NaCl 50
mM; EDTA 25 mM; SDS 0.5%) addedlhe
mixture was homogenéd gently and DNA of

they were surfacesterilized for2 minutesin
sodium  hypochlorite  (1.5%  available
chlorine), and then washeadice in distilled
water. The roots were then ground in liquid
nitrogen using mortar and pestlEotal DNA
was extracted from 1g aliquots of ground
tissue, using modifiedRaeder and Broda
method (1985. To this 7 ml of extractin
buffer (as described abovep m of phenol
and 2 nh of chloroform was addedhakea
thoroughly then centrifuged at 4400 rpm for
35 mirutesusing a centrifugeHermle z320
Berthold Hermle GmbH & Co, Gosheim,
Germary). Five -4 RNAse {ivantis inc,
Swampsott, MA, USA) was added to the
supernatant and the samples wkept at 37
°C for 30 minutes equal amount of
chloroform was addedand thencentrifugel
for 30 mirutesat 4400 rpm. The supernatant
was collected in fresh tubes and the total
DNA was percipitated using cold
isopropanal The pellet was washetivice in
70% ethanothen GLV V R O Y HoGdduQle

the samples was extracted using phenol and distilled water and kept a0 °C until used

chloroform, and percipitated using cold
isopropy! alcohol(Raederand Broda 1985)
'l$ ZDV GLVVROYHG®Gf do@ole
distilled water and kept a0 °C until PCR
amplification.

Pathogencity testing of theisolates
Muskmelon seedlings (a local genotype
named Zaree-Garmsar) were inoculated with
M. cannonballusisolates (Sarpeleh 2008)
and kept in a greenhouse 28 + 2 °C for up
to 45 days Inoculated plants were collected
at2, 4, 8, 16and 32dayspostinoculationand
used for re-isolation anddetection of this
pathogerusingspecific primergsee below).

In planta PCR-based ctection of M.
cannonballus

RibosomalDNA was extracted from the roots
of muskmelon plantsither inoculated with
M. cannonballus isolates (seeabové or
melon plants collected from different
sampling regions (Tablg). After washing the
roots of muskmelon plant® remove the soil,
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for PCR amplification.

RCR analysis
Total DNA extracted froneither pure fungal
cultureor therootswere used as a template in
PCR using athermocycler (Bio-Rad USA).
The PCR assaywas performedaccording to
the procedure dPicoet al, (2008) with some
modifications,in a total volume of 25-that
containedPCR buffer(10x) 2.5 -+ MgCl, (50
mM) 1.5 - forward and reverse prime(40
pmol) each0.5 - Taq DNA polymerase(5
unit 4 0.3 + template DNA(25ng +) 1
-+ dNTP mix (10 mM)  k—double distilled
H,0 177 -+ The PCR reactio was initiated
with a preincubation at 5CFC for 2 mirutes
and denaturing at 95°C for 5 mirutes
followed by 45 cycles of denaturing at 95C
for 15 secondsand annealingand extension
together at 60°C for 1 mirute per cycle,
followed by a final extensiostep of 72°C for
10 mirutes

Amplification product wa separatedby
electrophoresig75 V, 48 mamp, 25 min) in
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15% agarose gel in TAE buffer stained with
2% Ethidium bromide The expected band was
visualized with a UV trandlluminator The
PCR product was then sent for sequencing
(Ebn-e-Sina company Tehran Iran) to verify
that the band obtained on agarose gel
originated from the fungusM. cannonballu¥
and not the plant template.

The sequencesof nucleotides in the
amplified segmentwere blasted(nucleotide
blast) against M. cannonballus genome
sequencesavailable in national centre for
biotechnology information(NCBI) databases
(http://www.ncbi.nlm.nih.goy

Results

Morphological and molecular identification

of M. cannonballusisolates

Amongst150 plant samples showing root rot
and vine decline symptasn 95 isolates
produced globosperitheciaafter 25-30 days

of incubation on CMA (Figure 1A). The
perithecia were globose, smooth walled and
500i 7 i —ifP diameter (Figure
1B). Asci were clavate, constricted at the
EDVH
in diameter and contained only one
ascospore (Figre 1C). Ascospores were
spheri@l, smooth, unicellular, thickvalled,
35i — I diameter and hyaline at first,
turning to dark brown at maturityFigure
1D). No conidial stage was observed on
PDA or CMA after one month of incubation
at 25 °C and the fungus grew only as septate,
hyaline hyphae 2
on these characteristics, thsolates were
identified as Monosporascus cannonballus
Pollack & Uecker 1974).

A unique band 112 bp was observed when
the PCR products of the fungal isolates were
electrophoresed on agarogel (Figure 2).
Sequence alignment of the PCR products with
nucleotide collection sequences available in
NCBI databases revealed 98 % homology
with ribosomal DNA sequences (ITS1) bfF
cannonballus
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XQLWXQLFDWH WKLFN

—P LQ GLDPHWH azvm/o

! R A
Figure The fruiting bodies of Monosporascus
cannonhllus. Perithecia formed on corn meal agar after
25-30 days of incubation at 28 °C contained several asci
(A & B) and one ascospore per as€lg (D).

Mc-4 Mc-6

bp Ladder Mc-1

Mc-2  Mc-3 Mc-5

Figure 2 Polymerase chain reaction (PCR) product of
genomic DNA extracted from different isolates of
Monosporascus cannonballusThe isolates were
collected from different provinces (Mc = Isfahan,
%Mg Fars, Me4 = Semnan, M& =

istan and Baloochestan) used in
PCR under condition described in the text and the
PCR product visualized using agarose gel
electrophoresisAll of the isolates tested on agarose
gels produced their respective DNA fragment.

Pathogenicity testing of the isolates

The pathogenicity of 24 isolates was confirmed
on a local genotype of muskmelon namediZa
Garmsar. The inoculated plarghowed wilting,
reduced growth and root reymptoms2-4 weeks
postinoculation(Figure 3). M. cannonballusvas
re-isolated from the roots of inoculated plants
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Figure 3 Pathogenicity testing ofMonosporascus
cannonbdus isolates on muskmelon. The
inoculums of 24 isolates ofM. cannonballus
collected from different places in Iran were prepared
and used to inoculate a genotype of muskmelon
named locally Zarg-Garmsar. The mock
inoculated (A & C) and inoculated plant8 & D)
were kept a8 + 2 °C for up to 45 daysnder 16/8
light/dark photoperiod. The inoculated plants
showed chlorosis and wilting in vine (B) and rotted
feeder roots (Dat 2 weeks posinoculation.

In planta PCR- based cetection of M.
cannonballus

M. cannonballusvas detected using primeirs
inoculated rootsas early astwo days post
inoculation (Figure 4) This pathogen was also
detected in melon plants growander field
conditions either in young symptomless
muskmelon plants at early growing stag810
leaf stage) om melon plants 22 weeks prioto
harvest showing root rot and vine decline
symptoms.In PCR product a single 112 bp
fragment was observed in agarose gel and
showed 8 % identity to M. cannonballus
genome sequences available inBN@atabases
(Figures 4 andb).
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bp Ladder

Days post-inoculation
4 8 16

Figure 4 Detection ofMonosporascus cannonballus
in muskmelon roots cultivated in soil infested with
75 CFU ofM. cannonballusy' of soil. Inoculated
plants were analyzed at different days3@ days)
after inoculationusing polymerase chain reaction
with primer pairs described in the te®.112 base
pair (bp) segment was amplified in all reactions.

Ladder Mc-1 Mc-2 Mc-3 Mc-4 Mc-5 Mc-6 Mc-7 Mc-8 Mc-9 Mc-10 Cn

Figure 5 In planta detectbn of Monosporascus
cannonballususing polymerase chain reaction (PCR).
Melon plants suspectedof infection with M.
cannonballuswere collected from different provinces
of Iran and used to detect the fungus by PER12 bp
fragment respective tel. cannomallus was amplified

in all reactions.The correspondence of numbers with
samples isas follows Mc-1 = Semnan (symptomless
muskmelon plant at-80 leaf stage), M2 = Semnan,
Mc-3 = Fars, Mel = Yazd, Me5 = Sistan and
Baloochestan, M6 = Qazvin, Me7 = Fars, Me8 =
Khorasan Razavi, M8 = Isfahan, Mel0 = Fars
(watermelon)Cn = Negative control.

Discussion
This study demonstrated that specific primers

developed for M. cannonballus detect the
Iranianisolatesof this fungusand can be used
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to detecthis pathogerin both symptomless and
symptomatic melon plantgrown under field
conditions

In recent decade melon collapse has
become a major problem in many melon
growing areas in IranDetection of disease
based on symptom expression and identificatio
of the causal organism based on morphological
criteria arecomplicatedwhile, early, rapid, and
accurate identification oM. cannonballusin
plant roots is essential to optimize strategies for
disease management.

Speciesspecific  primers  have been
devdoped for many phytopathogens including
M. cannonballugLovic et al, 19%; Picoet al,
2008). These pmers detected nine isolates of
M. cannonballuobtained from USA, Spain and
Egypt (Picoet al, 2008). However the efficacy
of the primers to detectdnianisolatesof M.
cannonballusvas unclearln the present study
such primers were used to identify the lranian
isolatesof M. cannonballus150 melon plants
with root rot and vine decline symptoms were
examined for M. cannonballus Ninety five
isolates were identified as M. cannonballus
based on the morphology of fruiting bodies
synthetic culture mediaOf these,6 isolates
were nominated (oe isolate from each
provincg and employed to test the efficacy of
the primers in detection ®fl. cannonballs A
112 bpfragment was amplifieth PCR reaction
for all tested isolatesand showed &%
homology with M. cannonballus gene
sequences available in databaseShis
experiment  demonstrated that primers
developed for the identification ofM.
cannonballus(Lovic et al, 1995 Pico et al,
2008)are able to identify the Iranidsolatesof
this pathogen.

In the second stage of the experiments, the
primers were used to detddt cannonballusn

sowing) while no symptoms of infection was
visible in such plantsand M. cannonballus
could not besolated from these samplegien
cultured on PDA This reveals the high
sensitivity of the specific primersin the early
detection ofM. cannonballusin yourg melon
plants when conditios (Bruton et al, 1999;
Pivonia et al, 2002)are not favorable for the
development of infection and symptom
expression.

The primerswere shownto detect non
pathogenic isolates dfl. cannonballusin an
independent experimenthe pathogenicityof
three isolates d¥l. cannonballuswvith different
colony morphologyyellowish color andewer
ascocarpsn the culture mediajvas also tested
in muskmelon plantgdata not shown)These
isolates showed no pathogenity on melon
plans while they were detected with the
specific primers Hypovirulent isolates of M.
cannonballushave beeneported tocontainds
RNA and their growingfeatures aredifferent
from those of thepathogenic isolatefPark et
al., 1996 Cluck et al, 2009 Armergol et al,
2017). Conversion of virulent to hypwirulent
and vice versa occurs in M. cannonballus
isolatesdue tochanges inemperaturgBatten
et al, 2000; Martyn 2003. Such isolates exist
in the roots of melon plants witheduced
pathogenicity potdial and may shift to wild
type at high temperatwselnformationon the
haypo virulentpopulatiors of the fungusn the
soil can be obtained using molecular techniques
andis valuable in disease control strategies.

This study suggests that the specific
primers developed foM. cannonballusan be
employed as a forecasting toolsing PCR
technique this however requires further
researchRegarding the cost and difficulty of
DNA isolation from soil inhabiting micro-
organisms such as M. cannonballus it is

muskmelon plants in the early stages of disease suggested that the pathogen can be trapped to

establishmentM. cannonballusvas dete@d in

the roots of inoculatethelonseedling as early

as 2 ays after inoculation when no symptoms
were yet evident Similarly, M. cannonballus
was detected in the roots of muskmelon plants
at 810 leaf growing stage (280 d after
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melon seedlingsy randomtranglanting in

the soil and detected in the seedling roots as
early as 2 days post transplanting. The
percentage of the infected seedlings can be
used as an inderf soil infestationwith M.
cannonballus
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