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 Fusarium oxysporum f. sp. melonisمولکولی جداسازي، تعیین نژاد و مشخصات 
  استان بوشهرعامل پژمردگی فوزاریومی خربزه در 
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  دهیچک
از مزارع خربزه در شهرستان دشتی، منطقه دشت پلنـگ اسـتان بوشـهر انجـام شـد، علائـم        1397در طی بازدیدي که در اردیبهشت سال 
قارچی از  هاي آلوده به آزمایشگاه منتقل شدند و پنج پرگنهبه منظور بررسی عامل بیماري، نمونه. پژمردگی و زردي در گیاهان مشاهده شد

، قـارچ جداسـازي   IGSو  EF-1αو  ITSسنجی سه ناحیه ژنی شناختی و توالیبر اساس خصوصیات ریخت. هاي آلوده جداسازي شدساقه
فاقـد ژن  ( Cha-Tزایی و تعیین نژاد با اسـتفاده از ارقـام افتراقـی    آزمون بیماري. شناسایی شد Fusarium oxysporum f. sp. melonisشده 
نتایج آزمون تعیین نژاد نشان داد که قارچ . انجام شد) Fom2داراي ژن مقاوم ( Cha-Fom2و ) Fom1داراي ژن مقاوم ( Cha-Fom1، )مقاوم

F. oxysporum f. sp. melonis  بر اساس نتایج آنالیزهاي فیلوژنی و . باشدمی 1،2در استان بوشهر متعلق به نژادDnaSp هـاي جـدا   ، جدایه
ایران در یک گروه فیلوژنی قرار گرفتند و هـیچ   VCG0134متعلق به  F. oxysporum f. sp. melonisهاي ر جدایهشده از استان بوشهر و دیگ

به عنوان  F. oxysporum f. sp. melonisاگرچه . ها در سه ناحیه ژنی مورد مطالعه در این پژوهش مشاهده نشدتفاوت نوکلئوتیدي بین جدایه
تدله و سردسیر شناخته شده است، در این مطالعه حضور این بیمارگر در نقاط گرمسیر ایران بـراي اولـین   بیمارگر قارچی خربزه در نقاط مع
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Abstract 
In spring 2018, yellowing and wilting symptoms were observed on melon plants, Janna variety, in Dashti 
county, Bushehr province, southern Iran. In order to identify the causal agent of disease, infected tissues 
were transferred to the laboratory and five fungal isolates were isolated. Based on the morphological charac-
teristic and sequence data of three different loci (ITS, EF-1α, and IGS), the fungi were identified as Fusa-
rium oxysporum f. sp. melonis . The disease assay and race determination were performed in greenhouse us-
ing three melon differential hosts including Cha-T (no resistance gene), Cha-Fom1 (contains Fom1 resis-
tance gene) and Cha-Fom2 (contains Fom2 resistance gene). The results of bio-assay experiment reveald that 
these isolates are belonged to race 1.2 of F. oxysporum f. sp. melonis. According to the phylogenetic analy-
sis, the isolates from Bushehr and the other Iranian isolates belonging to VCG0134 were clustered in the 
same linage and there were no nucleotide differences between them based on DnaSp analysis. Although F. 
oxysporum f. sp. melonis is known as a fungal pathogen of melon in cold and temperate regions, the presence 
of this pathogen in the tropical region of Iran is reporting for the first time in this study. 
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Introduction 

The Cucurbitacea family involves over 700 spe-
cies of plants including cucumbers, melons, wa-
termelons, pumpkins, squash, and many others 
(Blancard et al. 1994). Melon, as one of the most 
important economic plants of this family, yields 
more than 27 million tons of products worldwide 
annually (http://faostat3.fao.org, 2018). While the 
Cucumis melo L. (melon) is an eminent crop ac-
cross tropical and subtropical regions, it is also 
grown widely in temperate zone countries (Ou-
mouloud et al. 2013).  

As many other crops, melon is susceptible to 
several foliars and root fungal pathogens that affect 
melon negatively. Among these, Fusarium wilt is 
caused by a soil-inhabiting pathogen, Fusarium 
oxysporum Schlechtend: Fr. f. sp. melonis (H.N. 
Hansen) W.C. Snyder & H.N. Hans (Fom) (Ou-
mouloud et al. 2013). This fungus causes a sorts of 
symptoms including yellowing, wilting, and even-
tually plant death on melon plants. Fom can sur-
vive in the soil as chlamydospores and also persist 
by colonizing the roots of non-susceptible crops 
cultivated in rotation (Zuniga et al. 1997). Evolv-
ing locally and transferring from the other places 
are two general approaches which explane the 
presence of Fusarium wilt at a particular geograph-
ic location (Gordon & Martyn 1997). 

The Fom isolates are currently classified ac-
cording to its pathogenenic activity in melon. In 
that case, four races (races 0, 1, 2, and 1.2) of Fom 
has been identified by Risser et al. (1976) based on 
the presence/absence of two resistance genes, 
Fom-1 and Fom-2 in muskmelon cultivars. The 
ability of these races to overcome these resistance 
genes is currently used to identify races of this pa-
thogen. Race 0 is virulent to muskmelon cultivars 
without either Fom-1 or Fom-2. Race 1 can infect 
cultivars carring Fom-1 and race 2 is able to viru-
lent to cultivars with Fom-2. Race 1.2 can infect 
cultivars possessing both of resistance genes (Riss-
er et al. 1976).  

According to the surveys, race 2 was the only 
race known in North America, and races 0 and 1 
have been found in Europe and Israel until 1985 
(Banihashemi 1968a, Jacobson and Gordon 1991). 
Races 0, 1, and 1.2 have reported from Lebanon 
(Abou-Jawdah & Al-Khoury 1996), and races 0, 1, 
and 2 have reported from South Africa (Schreuder 
et al. 2000). Races 0, 1, 2, and 1.2 have identified 

in Europe, Israel, Japan, and Turkey (Jocobson & 
Gordon 1990a, Katan et al. 1994, Namiki et al. 
2000, Kurt et al. 2002). The presence of races 1 
and 1.2 in Iran has already been reported. Race 1 
from Khorasan and Semnan provinces and race 1.2 
from Fars, Isfahan, Kermanshah, Yazd, and Mar-
kazi provinces have been recovered (Banihashemi 
1968b, 1982, 1989, Mirtalebi et al. 2013). 

A number of fungi are benefited by a vegetative 
compatibility (it is also known as heterokaryon 
compatibility) which is an important section for 
their life cycles. Presently, nine vegetative compa-
tibility groups (VCGs), VCGs 0130-0138, are rec-
ognized in Fom isolates worldwide (Jacobson & 
Gordon 1988, 1990a, Katan et al. 1994). In Iran, 
VCG0134 is the only recognized VCG of Fom 
(Sarpeleh & Banihashemi 2000). This VCG was 
also reported in Europe, North America (Jacobson 
& Gordon 1990a) and South Africa (Schreuder et 
al. 2000). In addition to VCG0134, a new VCG 
has previously reported from Iran which has been 
introduced as an unknown VCG becuase of its 
failure to yield reaction with the available tester 
isolates (Mirtalebi et al. 2013). The correlation 
between mtDNA haplotypes, the sequence of nuc-
lear ribosomal DNA intergenic spacer (IGS) and 
Fom VCGs have been indicated previously (Jacob-
son & Gordon 1990b, Mirtalebi et al. 2013).  

There is a complex relationship between race 
and VCG in Fom isolates. One or more physiolog-
ical races associated to some of the VCGs (Jacob-
son & Gordon 1988). For example, the VCG0134 
has been associated to all four races of Fom iso-
lates (Jacobson & Gordon 1991).  

Melon and cantaloupe are the most important 
vegetable crops in Iran which have about 8081 
hectares under cultivation, so they have an impor-
tant role in national economy (Anonymous 2011). 
Fusarium wilt is one of the most common diseases 
on melon plants in Iran mainly in temperate and 
cold regions which causes great damage to these 
crops (Hanifei et al. 2018). This study was estab-
lished to determine the race of Fom isolates recov-
ered from melon plants in Bushehr province and 
also investigate the phylogenetic relationship 
among Fom strain from Bushehr and the other Ira-
nian isolates. 
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Materials and methods 

Fungal isolates 

In spring 2018, melon plants showing Fusarium 
wilt symptoms were collected randomly from me-
lon fields in Bushehr province in southern Iran. 
Stem segments (3-4mm) showing Fusarium wilt 
symptoms with adjacent healthy tissue were cut off 
and then surface disinfected with 0.5% sodium 
hypocholorite for 5 min, and then washed tho-
roughly with sterile distilled water. The plant tis-
sues were spread on the filter paper to dry, placed 
onto acidified PDA (potato dextrose agar, pH4.2) 
(Banihashemi & de Zeeuw 1969) and incubated at 
25°C for 5 days. Single spore methods was used to 
purify of the isolates (Sinclair & Dhingra 1995). 
For microscopic observation, the pure isolates 
were transferred to carnation leaf-specie agar 
(CLA) (Fisher et al. 1982), potassium chloride 
agar (KCL) (Fisher et al. 1983), and PDA. Mor-
phological identification was performed by stan-
dard keys (Leslie & Summerell 2006). 

Pathogenicity test and race determination 

The following muskmelon cultivars were used: 
Cha-T (no resistant genes), Cha-Fom1 (resistant to 
races 0 and 2), and Cha-Fom2 (resistant to races 0 
and 1) (kindly supplied by ENZA Zaden) (Shmidt 
et al. 2016), as well as two local hosts Shahde-
Shiraz (resistant to races 0 and 1) and Kharboze-
Mashhad (resistant to races 0 and 2) (Banihashemi 
2010). 

The following Fom isolates were used for race 
determination: Fom-Bushehr-3s and Fom-Buhehr-
5s. Fom-I1-1 (race 0), Fom-I-17 (race 1), Fom-
NYFom3 (race 2), and Fom-P-13 (race 1,2) iso-
lates from the fungal collection of the Plant Protec-
tion Department (Shiraz University) were also in-
clude as positive controls. 

For bioassay experiments, conidia were scraped 
from five-day-old cultures in NO3-medium (0.17% 
yeast nitrogen base, 3% sucrose, and 100mM 
KNO3) by filtering through miracloth (Merk; pore 
size of 22-25 µm). spores were centrifuged, resus-
pended in sterile distilled water, counted with a 
haemocytometer and 10 ml of a 107 conidia/ml 
suspension was used for melon plants inoculation 
by the root dip method (Wellman 1939). 10-day-
old melon seedlings were uprooted, rinsed with 
water,inoculated, individually potted and incubated 

at 25 °C in the greenhouse. For each strain, five 
seedlings of each cultivar were inoculated. Control 
plants were inoculated with sterile, distilled water. 
Two weeks after inoculation, disease was scored 
using a disease index ranging from 0 to 4 including 
0: no symptoms; 1: slight root rot symptoms only 
at tip of main root; 2: brown lesion just above 
roots, thinner stem or only brown root tip and 
much smaller; 3: large lesion visible and clear root 
rot syptoms; 4: plant is dead or almost dead. Dis-
ease severity was also scored by determining the 
plant fresh weight (FW), two weeks after inocula-
tion (van Dam et al. 2016). 

DNA extraction and PCR amplification  

For DNA isolation, mycelium of the representa-
tive isolates (Fom-Bushehr-3s and Fom-Bushehr-
5s) were grown on potato dextrose agar (PDA). 
Genomic DNA was extracted from 7-to 10-day-old 
mycelium according to the protocol described by 
Van Dam et al. (2018).  

Sequences of internal transcribed spacer (ITS), 
translation elongation factor 1-alpha genes (Ef-1α), 
and nuclear ribosomal DNA intergenic spacer 
(IGS) were amplified using primer pairs including 
ITS1/ITS4 (White et al. 1990), EF1-728F/EF2 
(O’Donnell et al. 1998, Carbone & Kohn 1999), 
and CNL12/CNS2 (Anderson & Stasovski 1992, 
Mirtalebi et al. 2013), respectively. 

PCR was performed using Sphaero-Q Super 
Taq (Gorinchem) in a total volume of 20 µl. the 
PCR mixture contained 1× Sphaero-Q Super Taq 
buffer, 0.25 U of Sphaero-Q Super Taq (Gorin-
chem), 3 pmol of each primer, dNTPs (0.2 mM 
each), 0.1× ROX reference dye (Thermo Fisher 
Scientific), 1 µl of template DNA, and sterile Mil-
li-Q (to bring the volume to 20 µl). Sterile Milli-Q 
was used substituted for the DNA template as a 
negative control sample. 

The PCR cycles began with an initial denatura-
tion at 94°C for 2 min, followed by 35 cycles of 
denaturation at 94°C for 30 s, annealing for 30 s, 
extension at 72°C for 40 s, and final extansion at 
72°C for 5 min. the annealing temperatures dif-
fered for each gene: ITS (54°C), EF-1α (54°C), 
and IGS (65°C). 

DNA sequencing and phylogenetic analysis 

The PCR products were sent to a service pro-
vider to be sequenced via Sanger sequencing
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Table 1. Fusarium oxysporum isolates used as comparison in phylogenetic analysis, with the geographic origion, 
original designation, vegetative compatibility group, and their accession numbers in the GenBank database. 
Isolates Species, 

formae speciales 
Original 
designation 

Geographic 
origin 

VCG GenBank 
Accession number 

Fom-I-17 F. oxysporum f. sp. melonis I-17 a Iran,Khorasan 0134 JAANSG000000000 
Fom-Yazd2 F. oxysporum f. sp. melonis Yazd2 a Iran,Yazd 0134 WUBN00000000 
Fom-KT2a F. oxysporum f. sp. melonis KT2a a Iran,Kashmar-Khorasan 0134 JAANSF000000000 
Fom-Seif3a F. oxysporum f. sp. melonis Seif3aa Iran,Seifabad-Fars 0134 JAAIIX000000000 
Fom-P13 F. oxysporum f. sp. melonis P13a Iran,Poshtpar-Fars 0134 JAANSE000000000 
Fom-660A-17 F. oxysporum f. sp. melonis 660A/17b France 0134 JAAIJG000000000 
Fom-NYFom62 F. oxysporum f. sp. melonis NYFom62b USA 0134 JAAIIZ000000000 
Fom-Khaf1 F. oxysporum f. sp. melonis Khaf1a Iran,Khaf-Khorasan GNA JAAIJC000000000 
Fom-Kavar-22 F. oxysporum f. sp. melonis Kavar 22c Iran,Kavar-Fars  WUBP00000000 
Fom-18L F. oxysporum f. sp. melonis 18Lb USA 0130 WUBQ00000000 
Fom-T61-1 F. oxysporum f. sp. melonis T61/1b Japan 0132 JAAIIW000000000 
Fom-R12-13 F. oxysporum f. sp. melonis R12/13b France 0133 JAAIIY000000000 
Fom-NYFom3 F. oxysporum f. sp. melonis NYFom3b USA 0131 WUBO00000000 
Fom-I1-1 F. oxysporum f. sp. melonis I1/1b Israel 0135 JAAIJD000000000 
Fonon-2Ma4-5 F. oxysporum- nonpathogen 2Ma4-5a Iran,Khorasan  JAANSJ000000000 
Fonon-TO1 F. oxysporum-nonpathogen  TO1a Iran,Khorasan  JAANSI000000000 
F.nonpath- Barmshour Fusarium sp. Barmshour a Iran,Barmshour-Fars  JAAIJJ000000000 
a: Mirtalebi et al. 2013, b: Gordon, T.R., Risser, G. and Zitter, T. Z., c: unpublished; GNA: group not assigned 
 
technology. Newly obtained sequences were 
blasted against databases available at BLAST 
(https://blast.ncbi.nlm.nih.gov/) on NCBI-
GenBank database. Sequences of the targeted 
genes (ITS, EF-1α, and IGS) from additional iso-
lates were retrieved from whole genome sequences 
to be used in the phylogenetic analysis (Table 1). 
The sequences were aligned using the Clustal-W in 
Molecular Evolutionary Genetic Analysis version 
6.06 (MEGA 6.06) (http://www.megasoftware 
.net/). 

Phylogenetic analysis was conducted in MEGA 
6.06 using the maximum likelihood method (Ta-
mura et al. 2013). The sequence of F.nonpath-
Barmshour (Table 1) was used as an outgroup with 
bootstrap value of 1,000 replications. 

Genetic diversity DnaSP 5.10 software was 
used to estimate the number of nucleotide diversity 
among the Iranian Fom isolates (Rozas et al. 
2009).  

Results 

Occurrence and pathogenicity 

A total of five isolates of Fusarium oxysporum 
were successfully isolated from the melon plants 
with Fusarium wilt symptoms in Bushehr province 
(Table 2). All isolates were deposited in the fungal 
collection of the Plant Protection Department, Col-
lege of Agriculture, Shiraz University. All isolated 
strains produced a pale to dark violet pigment on 
PDA. The macroconidia were falcate to almost 
straight, thin walled and usually 3 septate. The 
apical cell was short and was slightly hoocked. The 
basal cell was notched or foot-shaped. Microconi-
dia were formed abundantly in false-heads on short 
monophialides on hyphae. The microconidia were 
usually non-septate and are oval, elliptical or reni-
form. chlamydospores were formed in hyphae

 
Table 2. Fusarium oxysporum f. sp. melonis strains were isolated from melon plants and GenBank accession 
number of their sequence data. 
Isolates Location Race ITS accession 

 number 
Ef-1α accession 
number 

IGS accession 
number 

Fom-Bushehr-1s Dashti country, Bushehr     
Fom-Bushehr-2s Dashti country, Bushehr     
Fom-Bushehr-3s Dashti country, Bushehr 1.2  MT573333 MT672305 MT890562 
Fom-Bushehr-4s Dashti country, Bushehr     
Fom-Bushehr-5s Dashti country, Bushehr 1.2 MT573334 MT672306 MT890563 
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Table 3. The plant frash weight and disease index 
score of melon differential cultivars inoculated with 
Fusarium oxysporum f. sp. melonis isolates. 
Isolates Cha-T  Cha-Fom1

DI FW  DI FW 
Mock 0 20.8  0 13.55
Mock 0 18.5  0 13.80
Mock 0 16.77  0 15.39
Mock 0 17.5  0 16.06
Mock 0 17.66  0 19.89
Fom-I1-1 4 0.3  0 3.2 
Fom-I1-1 4 0.5  0 6.2 
Fom-I1-1 3 2.41  0 11.9
Fom-I1-1 4 0  0 11.5
Fom-I1-1 3 2.04  0 15 
Fom-I-17 4 0.5  4 0 
Fom-I-17 4 0.4  4 0 
Fom-I-17 4 0.6  4 0 
Fom-I-17 4 0  4 0.2 
Fom-I-17 4 0  4 0 
Fom-NYFom3 4 0  0 13.80
Fom-NYFom3 4 0  0 13.61
Fom-NYFom3 4 0  0 13.41
Fom-NYFom3 4 0  0 19.51
Fom-NYFom3 4 0  0 14.35
Fom-P-13 4 0  4 0 
Fom-P-13 4 0.3  2 1.97
Fom-P-13 3 2.2  4 0.66
Fom-P-13 4 0  4 0 
Fom-P-13 4 0  4 0.37
Fom-Bushehr-3s 4 0  4 0 
Fom-Bushehr-3s 4 0  4 0 
Fom-Bushehr-3s 2 2.5  4 0 
Fom-Bushehr-3s 4 0.5  4 0.11
Fom-Bushehr-3s 4 0  3 1.89
Fom-Bushehr-5s 3 1.3  3 1.30
Fom-Bushehr-5s 4 0  4 0 
Fom-Bushehr-5s 4 0  4 0.15
Fom-Bushehr-5s 4 0  4 0 
Fom-Bushehr-5s 4 0.2  4 0.05
DI: Disease Index 
FW:Fresh Weight 
 
on the surface of the agar of the CLA plate. Mo
phological characteristics of all isolates were co
sistent with Burgess et al. (1994) and Leslie and 
Summerell (2006) description.  

Based on our pathogenicity testing results, Fom 
strain which was able to infect Cha
Fom1 melon cultivars was classified as race 1. The 
strain that was pathogenic on Cha
Fom2 cultivars was classified as race 2. Fom strain 
that was able to infect on Cha-T was classified as 
race 0 and the strain that was pathogenic on all of 
melon cultivars was classified as race 1.2. in that
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Fig 1. Pathogenicity and race determination of 
strains Fom-Bushehr-3s and Fom
three melon diferential hosts: Cha
tance gene), Cha-Fom1 (Fom1
Cha-Fom2 (Fom2 resistance gene). Mock inoculated 
seedlings were used as a negative control. Fom
Fom-I-17, Fom-NYFom3, and Fom
plants were used as positive controls for raes 0, 1, 2, 
and 1.2, respectively. A) the disease index score and 
B) the plant fresh weight were determined two weeks 
after inoculation. 
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divided into six lineages. Each lineage of
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Fig 1. Pathogenicity and race determination of 
3s and Fom-Bushehr-5s using 

three melon diferential hosts: Cha-T (without resis-
Fom1 resistance gene), and 

resistance gene). Mock inoculated 
ere used as a negative control. Fom-I1-1, 

NYFom3, and Fom-P13 inoculated 
plants were used as positive controls for raes 0, 1, 2, 
and 1.2, respectively. A) the disease index score and 
B) the plant fresh weight were determined two weeks 

3s and Fom-Bushehr-5s were 
belonged to race 1.2 (Table 3; Fig. 1).  

Sequence and phylogenetic analysis 

On the basis of BLAST searches against NCBI-
GenBank database, the morphologically identified 
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of three different loci (ITS, Ef-1α, and IGS) se-

-100% was showed that 
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The results of phylogenetic tree which con-
ncatenated sequences of the ITS, 

, and IGS showed that the Fom isolates were 
divided into six lineages. Each lineage of
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Fig. 2. Phylogeny of Fusarium oxysporum f. sp. melonis strains of Bushehr province based on combined ITS, EF-
1α, and IGS sequences in Maximum likelihood phylogenetic tree. Bootstrap values (> 75%) are shown as percen-
tages of 1,000 replicates at the branch point. F.nonpath-Barmshour is the outgroup. Black circle indicates strains 
isolated in this study. 
 
Fom isolates corresponds to a single VCG, 
VCG0130-0135. Two non-pathogenic isolates 
grouped into separate clade.  

Based on phylogenetic analysis, two race 1.2 
Fom isolates recovered from Bushehr province 
grouped together with the other Iranian Fom iso-
lates races 1 and 1.2 belonging to VCG0134 which 
isolated from Khorasan, Fars, and Yazd provinces 
and also foreign isolates belonging to VCG0134 
(Fig. 2). 

Based on the results of DnaSP analysis, there 
was no nucleotides differences between two Fom 
isolates from Bushehr province and the other Ira-
nian isolates belonging VCG0134 in the ITS, EF-
1α, and IGS sequences.  

Fom-Bushehr-3s and Fom-Bushehr-5s were se-
prated from Fom-Khaf1 strain from Khorasan 
province with six nucleotides difference in EF-1α 

sequences (site: 26, 104, 175, 383, 440, and 462) 
and also 40 nucleotides difference in IGS se-
quences (see Fig. 3 for detailed information). 

Discussion 
Melon Fusarium wilt, caused by Fusarium 

oxysporum f. sp. melonis, is one of the most de-
structive disease of melon (Oumouloud et al. 
2013). Four races of Fom, races 0, 1, 2, and 1.2, 
have been distinguished based on their ability to 
overcome Fom1 and Fom2 resisitance genes (Ris-
set et al. 1976).  

In previous studies which have been conducted 
in Iran, race 1 from Khorasan and Semnan 
provinces and race 1,2 from Fars, Isfahan, 
Kermanshah, Khorasan, Markazi, and Yazd 
provinces were reported (Banihashemi 1968b, 
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1982, 1989, Sarpeleh & Banihashemi, 2000, Mirta-
lebi et al. 2013). In the present study, five isolates 
of Fom were isolated from plants infected melons 
in Bushehr province. Two isolates, Fom-Bushehr-
3s and Fom-Bushehr-5s were investigated by de-
termining the race in the greenhouse. The results 
showed that these isolates are belonged to race 1.2. 

Fusarium wilt of melon is prevalent in cold and 
temperate regions where it causes a worldwide 
problem (Banihashemi 1968a). Trough this study 
we found that Fom is also presented in tropical and 
subtropical regions of Iran (Bushehr) and has 
caused Fusarium wilt in melon fields. Bushehr has 
a hot semi-arid climate (https://en.wikipedia.org). 
In some parts of the world, which has a climate 
similar to Bushehr, the presence and survival of 
this pathogen has been reported. For example, Sua-
rez-Estrella et al. (2003, 2004) indicated that Fom 
which is an important plant pathogen fungus in the 
province of Almeria, southeast Spain, can persist 
in plant wastes for more than 12 months. 

In the present study multi-gene esquences of 
three loci (ITS, EF-1α, and IGS), were used for 
phylogenetic analysis of Fom isolates from Bu-
shehr. Sequence analyses of the IGS and EF-1α 
regions of Iranian Fom isolates was performed 
previously. According to Mirtalebi et al. (2013) 
IGS lineages were correlated with the seven VCG 
(VCG0130-0136), while VCG0130 and 0131 could 

not be differentiated with EF-1α sequences (Mirta-
lebi & Banihashemi, 2014). In the current study, 
the phylogenetic analysis based on combined three 
loci sequences showed that six VCG (0130-0135) 
are grouped to seprate clades. In the phylogenetic 
tree, a close genetic relationship between the Fom 
isolates from Bushehr and the other Iranian isolates 
with VCG0134 were observed. No differences 
were found between the two Fom isolates from 
Bushehr and other Iranian isolates with VCG0134 
in the tree loci sequences we evaluated in this 
study. According to the results, it can be spectu-
lated that the VCG of Fom-Busher-3s and Fom-
Bushehr-5s may be VCG0134, but we did not ex-
amine this in the laboratory. Also, Fom isolates 
which recovered from melon plants of tropical re-
gion in this study are not genetically different in 
three loci we evaluated from other Fom isolates 
with VCG0134 isolated from the other parts of 
Iran. 

According to phylogenetic tree, Fom strains 
from Bushehr and Fom-Khaf1 strain from Khora-
san province were clustered into seprate linages. 
Based on DnaSP analysis six nucleotides differ-
ence in EF-1α sequences and 40 nucleotides dif-
ference in IGS sequences were observed between 
these linages, but there was no nucleotide differ-
ence in ITS region between them.  

References 
Abou-Jawdah Y. and Al-Khoury A. M. 1996. First report on the identification of races 0, 1, and 1, 2 of Fusa-

rium oxysporum f. sp. melonis in Lebanon. Plant Disease 80(6): 711p.. 
Anderson J. B. and Stasovski E. 1992. Molecular phylogeny of northern hemisphere species of Armillaria. 

Mycologia 84: 505–516. 
Anonymous. 2011. Statistics Agriculture Letter. The first volume. Ministry Of Agriculture -Jahad. Tehran 

(In Farsi). 
Banihashemi Z. 1968a. The biology and ecology of Fusarium oxysporum f. sp. melonis in soil and the root 

zones of host and non host plants. Ph.D. Thesis, Michigan State University, 114p. 
Banihashemi Z. 1968b. The existence of Fusarium wilt of melon in Iran. Proc. First Nat. Cong. Plant Med., 

Iran 47-48. 
 Banihashemi Z. 1982. A New Physiological race of Fusarium oxysporum f. sp. melonis in Iran. Iranian 

Journal of Plant Pathology 18: 1-6. 
 Banihashemi Z. 1989. The existence of race 1 of Fusarium oxysporum f. sp. melonis on longmelon in garm-

sar and its virulence to different cultivars of Cucumis melo. Proc. 9th. Plant Protection Congress, Iran, 
91 PP. 

Banihashemi Z. 2010. Reaction of Cucumis melo cultivars to races of Fusarium oxysporum f. sp. melonis the 
cause of melon vascular wilt. Iranian Journal of Plant Pathology 46: 5-7. 

Banihashemi Z. and de Zeeuw D. J. 1969. Two improved methods for selectively isolating Fusarium oxyspo-
rum from soil and plant roots. Plant Disease Reporter 53:589–591. 



Sabahi and Banihashemi: Isolation, race determination and molecular characterization of … 
 

368 368 
  

Blancard D., Lecoq H. and Pitrat M. 1994. A colour atlas of cucurbit diseases: observation, identification and 
control. Manson Publishing Ltd. 

Burgess L. W., Summerell B. A., Bullock S., Gott K. P. and Backhouse D. 1994. Laboratory manual for. 
Fusarium research. University of sydney. Third edition.133p 

Carbone I. and Kohn L. M. 1999. A method for designing primer sets for the speciation studies in filament-
ous ascomycetes. Mycologia 91(3): 553–556. 

Characterization of pathogenic races of Fusarium oxysporum f. sp. melonis causing Fusarium wilt of melon 
in New York. Plant Disease 81(6): 592-596. 

FAOSTAT database. Food and Agriculture Organization of the United Nations. http://faostat3.fao.org.  
Fisher N. L., Burgess L. W., Toussoun T. A. and Nelson P. E. 1982. Carnation leaves as a substrate and for 

preserving cultures of Fusarium species. Phytopathology 72(1): 151-153. 
Fisher N. L., Marasas W. F. O. and Toussoun T. A. 1983. Taxonomic importance of microconidial chains in 

Fusarium section Liseola and effects of water potential on their formation. Mycologia 75(4): 693-698. 
Gordon T. R. and Martyn R. D. 1997. The evolutionary biology of Fusarium oxysporum. Annual review of 

phytopathology 35(1): 111-128. 
Hanifei M., Dehghani H. and Chookan R. 2018. Evaluating the resistance of some melon landraces to race 

1.2 of melon vascular wilt (Fusarium oxysporum f. sp. melonis). Plant Protection (Scientific Journal of 
Agriculture) 41(2): 27-48. 

Jacobson D. J. and Gordon T. R. 1988. Vegetative Compatibility and Self- Incompatibility within Fusarium 
oxysporum f. sp. melonis. Phytopathology 78: 668-672. 

Jacobson D. J. and Gordon T. R. 1990a. Further investigation of vegetative compatibility with Fusarium 
oxysporum f. sp. melonis. Canadian Journal of Botany 68: 1245–1248. 

Jacobson D. J. and Gordon T. R. 1990b. Variability of Mitochondrial DNA as Indicator of Relationships be-
tween Populations of Fusarium oxysporum f. sp. melonis. Mycological Research 97: 734-744. 

Jacobson D. J. and Gordon T. R. 1991. Fusarium oxysporum f. sp. melonis: a Case Study of Diversity within 
a Forma specialis. Phytopathology 81: 1064-1067. 

Katan T., Katan J., Gordon T. R. and Pozniak D. 1994. Physiologic races and vegetative compatibility 
groups of Fusarium oxysporum f. sp. melonis in Israel. Phytopthology 84: 153–157. 

Kurt S., Baran B., Sarı N. and Yetisir H. 2002. Physiologic races of Fusarium oxysporum f. sp. melonis in 
the southeastern anatolia region of turkey and varietal reactions to races of the pathogen. Phytoparasitica 
30(4): 395. 

Leslie J. F. and Summerell B. A. 2006. The fusarium laboratory manual. 2006. Ames, Iowa: Blackwell Pub-
lishing CrossRef Google Scholar 388p. 

Mirtalebi M. and Banihashemi Z. 2014. Genetic Relationship among Fusarium oxysporum f. sp. melonis Ve-
getative Compatibility Groups and Their Relatedness to Other F. oxysporum formae speciales. Journal 
of Agricultural Science and Technology 16(4): 931-943. 

Mirtalebi M., Banihashemi Z. and Linde C. C. 2013. Phylogenetic relationships of Fusarium oxysporum f. 
sp. melonis in Iran. European Journal of Plant Pathology (136): 749-762. 

Namiki F., Shimizu K., Satoh K., Hirabayashi T., Nishi K., Kayamura T. and Tsuge T. 2000. Occurrence of 
Fusarium oxysporum f. sp. melonis race 1 in Japan. Journal of General Plant Pathology 66(1): 12-17. 

O’Donnell K., Kistler H. C., Cigelnik E. and Ploetz R. C. 1998. Multiple evolutionary origins of the fungus 
causing Panama disease of banana: concordant evidence from nuclear and mitochondrial gene genealo-
gies. Proceedings of the National Academy of Sciences 95(5): 2044-2049. 

Oumouloud A., El-Otmani M., Chikh-Rouhou H., Claver A. G., Torres R. G., Perl-Treves, R. and Alvarez J. 
M. 2013. Breeding melon for resistance to Fusarium wilt: recent developments. Euphytica 192(2): 155-
169. 

Risser G., Banihashemi Z. and Davis D. W. 1976. A proposed nomenclature of Fusarium oxysporum f. sp. 
melonis races and resistance genes in Cucumis melo. Phytopatholoy 66: 1105-1106. 

Rozas J., Librado P., Sánchez-Delbarrio J. C., Messeguer X. and Rozas R. 2009. Dnasp (Version 5.10), Dna 
Polymorphism Analyses By The Coalescent And Other Methods. University of Barcelona. 

Sarpeleh A. and Banihashemi Z. 2000. Vegetative Compatibility Groups within races of Fusarium oxyspo-



Iran. J. Plant Path., Vol. 56, No. 4, 2020: 359-369 

369 369  
 

rum f. sp. melonis in Iran and Fusarium oxysporum from weeds in Maharloo region of Fars province of 
Iran. Iranian Journal of Plant Pathology 36: 31-45. 

Schmidt S. M., Lukasiewicz J., Farrer R., van Dam P. Bertoldo C. and Rep M. 2016. Comparative genomics 
of Fusarium oxysporum f. sp. melonis reveals the secreted protein recognized by the Fom-2 resistance 
gene in melon. New Phytologist 209: 307–318. 

Schreuder W., Lamprecht S. C. and Holz G. 2000. Race determination and vegetative compatibility grouping 
of Fusarium oxysporum f. sp. melonis from South Africa. Plant Disease 84: 231–234. 

Sinclair J. B. and Dhingra O. D. 1995. Basic plant pathology methods. CRC press 
Suárez‐Estrella F., Vargas‐García M. C., Elorrieta M. A., López M. J. and Moreno J. 2003. Temperature ef-

fect on Fusarium oxysporum f. sp. melonis survival during horticultural waste composting. Journal of 
Applied Microbiology 94(3): 475-482. 

Suarez-Estrella F., Vargas-Garcıa M. C., Lopez M. J. and Moreno J. 2004. Survival of Fusarium oxysporum 
f. sp. melonis on plant waste. Crop protection 23(2): 127-133. 

Tamura K., Stecher G., Peterson D., Filipski A. and Kumar S. 2013. MEGA6: Molecular evolutionary genet-
ics analysis version 6.0. Molecular biology and evolution 30(12): 2725-2729. 

van Dam P., de Sain M., ter Horst A., van der Gragt M. and Rep M. 2018. Use of comparative genomics-
based markers for discrimination of host specificity in Fusarium oxysporum. Applied and Environmen-
tal Microbiology 84: e01868-17 

van Dam P., Fokkens L., Schmidt S. M., Linmans J. H. J., Kistler H. C., Ma L. J. and Rep M. 2016 Effector 
profiles distinguish formae speciales of Fusarium oxysporum. Environmental Microbiology 18: 4087– 
4102. https://doi.org/10.1111/1462-2920.13445. 

Wellman F. L. 1939. A technique for studing host resistance and pathogenicity in tomato Fusarium wilt. 
Phytopathology 29: 945–956. 

White T. J., Bruns T., Lee S. and Tylor J. 1990. Amplification and direct sequencing of fungal ribosomal 
RNA genes for phylogenetics. In: PCR protocols: a guide to methods and applications (Innis, M. A., 
Gelfand, D. H., Sninsky, J. J., & White, T.J., eds). Academic Press, San Diego, California 315–322. 

Zuniga T. L., Zitter T. A., Gordon T. R., Schroeder D. T. and Okamoto D. 1997. 


