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Abstract: Fusarium oxysporum f. sp. lycopersici (Fol) is the causal agent of
vascular wilt in tomato, an important plant disease in Iran. Four monogenic
resistance genes in tomato are used for identification of races of Fol and their
corresponding avirulence genes Avr1, Avr2 and Avr3 were identified in
pathogen one of which, Avr2, is f.sp. specific. Hence they can serve as reliable
markers for racial identity and f.sp discrimination. These markers have been
used for strains from other countries except Iran. Furthermore, a point
mutation in Avr3 can lead to enhanced virulence of Fol on a susceptible tomato
cultivar. To identify forma specialis and racial identity, Avr genes were studied
in a collection of Iranian strains. Results revealed that PCR assay is very
efficient in distinguishing between non-pathogenic and low virulence strains
and in the vast majority of strains, avirulence genotype was consistent with Fol
race1. Furthermore, to determine whether allelic variation of Avr3 could
separate strains of different degrees of virulence, Avr3 was sequenced in Fol
strains with high and low virulence. The results revealed that allelic variation
of Avr3 was not correlated with degree of virulence in Iranian strains.
Keywords: Avirulence genotype, effector gene, tomato wilt, molecular
detection

Introduction12

effectors and trigger a second layer of defense.
Therefore, genes that encode pathogen
effectors can also be referred to as avirulence
(Avr) genes. However, to avoid host defense
responses, pathogens eliminate or modify their
effectors. As it is clear, such adaptations will
lead to the emergence of resistant varieties of
plants and new races of pathogens in a
pathosystem (Jones and Dangl, 2006).
Therefore, studying effector genes has been
considered as an important issue in
phytopathology.
Vascular wilt disease of tomato, caused by
Fol, is one of the most detrimental factors in
tomato production that has been reported in at

During plant-pathogen co-evolution, plants
employ an innate immune system. Adapted
pathogens, however, confront this pressure by
effector proteins (Jones and Dangl, 2006),
which
enable
parasitic
colonization
(Hogenhout et al., 2009). On the other hand, in
resistant cultivars, resistance genes encode
specific receptors to recognize microbial
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least 32 countries (Jones et al., 2014). Based
on the ability of individual strains to overcome
a specific immunity (I) gene (I, I-1, I-2 or I3)in host, Fol strains are divided into three
races (Takken and Rep, 2010). So far, 14
(candidate) effector proteins have been
identified in Fol (Schmidt et al., 2013), among
which SIX4 (Avr1), SIX3 (Avr2) and SIX1
(Avr3) have displayed avirulence function
(Houterman et al., 2008; Houterman et al.,
2009a; Rep et al., 2004). Elimination or
modification of these avirulence genes enabled
the pathogen to establish their races in its
population; race2 arose from race1 by loss of
Avr1 (SIX4), and race3 evolved from race 2
through point mutations in Avr2 (SIX3)
(Hogenhout et al., 2009). Accordingly,
studying avirulence genotypes could help
distinguish Fol races (Lievens et al., 2009).
Fol belongs to F. oxysporum Schlechtend:
Fr species complex. Since individual strains of
F. oxysporum usually infect one or a few host
species, they have been classified in more than
120 host-specific forms called formae
speciales (f. spp.) (Michielse and Rep, 2009).
Although greenhouse virulence test could be
used to differentiate formae speciales of F.
oxysporum, it is often associated with inherent
problems (Correll et al., 1986), and requires
analysis of large number of plant species
(Fravel et al., 2003). Furthermore, replacing
this method with molecular identification
techniques is seriously complicated due to the
polyphyletic nature of many formae speciales
of F. oxysporum (Lievens et al., 2008).
Previous studies showed that some of Avr
genes are f.sp. specific, therefore these genes
had high potential for molecular detection of
f.sp. lycopersici (Houterman et al., 2009a).
Lievens et al. (2009) confirmed it in a
worldwide collection of Fol strains but there
are not any investigations on Iranian strains.
Fusarium wilt is an important tomato plant
disease in Iran, which was first reported in
Hormozgan province in 1985, and later in
other locations (Amini, 2009; Amini et al.,
2013; Etebarian, 1992; Fassihiani, 1985;
Heidarzadeh, 2006; Manafi Dizaji et al., 2012).

Despite several reports on Iranian Fol strains,
no study has molecularly indicated forma
specialis and avirulence genotype of races.
Therefore, the aim of present research was to
study avirulence genes in a collection of
Iranian Fol strains, and clarify their forma
specialis, racial identity and avirulence
genotype. Finally the allelic variation of Avr3
(SIX1) was determined and the ability of this
gene in the separation of strains with different
degree of virulence studied.
Materials and Methods
Fungal strains
The fungal strains used for this study are
showed in Table 1. This is a collection of 21 F.
oxysporum strains, collected from 5 provinces
of Iran including 18 FOL strains and 3
avirulent strains that were obtained from
tomato roots (Table 1). Previously, races of Fol
strains were determined by inoculation assays
on the differential cultivars (Amini, 2009;
Amini et al., 2013; Etebarian, 1992; Fassihiani,
1985; Heidarzadeh, 2006; Manafi Dizaji et al.,
2012). Strains were cultured on potato dextrose
agar (PDA; Merck, Darmstadt, Germany)
containing 0.1 mg/mL streptomycin sulfate in
the dark at 22 °C and then stored on sterile
sand at 4 C.
Polymerase chain reaction and sequencing
For polymerase chain reaction (PCR) analysis,
genomic DNA extraction from mycelium was
performed using Qiagen DNeasy Plant Mini Kit
(Qiagen Co., Germany) and the DNA quantity
and quality was spectrophotometrically
determined. To confirm the quality of DNA
extracts, all samples were subjected to a PCR
program using the primers TOM2 and TOM3,
which anneal to FoToml gene that encodes
tomatinase in F. oxysporum (Ito et al., 2004)
(table 2). Afterwards, the entire open reading
frames of Avr1 (SIX4), Avr2 (SIX3) and Avr3
(SIX1) were amplified by specific primers
(Table 2). PCR amplification was performed in
a reaction volume of 20 µL containing 200µM
of dNTPs (GeNetBio Co., South Korea), 5µM
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manufacturer’s instructions. Then, 50-200 ng of
PCR products was sequenced (Macrogen Co.,
Seoul, Korea), and finally analyzed by Clustal
w version 2.1 (19 reference??). Also the PCR
product of Avr2 (SIX3) was purified using the
PCR purification kit and then ligated into the
pTG19-T by T4 DNA ligase (Fermentas Co.,
Germany). The ligation mixture was
transformed into Escherichia coli DH5 alpha.
After plasmid present in colonies was verified
by PCR specific primers Psh10-2F/R (Table 2),
the positive colonies were cultured on liquid LB
and plasmid was extracted by Plasmid
Extraction kit (GenetBbio Co., South Korea)
according to the manufacturer’s instructions and
verified by PCR specific primers SIX3 F/R and
sequenced by specific primers Psh10-2F/R.

of each primer (GeNetBio Co., South Korea) ,
2mM MgCl2, 0.02 U/µL Taq DNA polymerase
(GeNetBio Co., South Korea), 2µL 10X PCR
buffer (GeNetBio Co., South Korea) and 20
ng/µL genomic DNA. Thermal cycling
conditions consisted of 3 min at 93 °C,
Followed by 35 cycles of 45 s at 92 °C,
annealing at appropriate temperature for 45 s,
and 1 min at 72 °C, with a final elongation step
at 72 °C for 5 min (Table 2). Amplified
products were then loaded on 1% agarose gel
for electrophoresis with 1X TAE buffer at
5Vcm. All reactions were performed four times.
Following PCR amplification of Avr3 (SIX1), a
number of amplicons were sequenced. To do so,
suitable size bands were excised from gels and
purified using a Qiagen Gel Purification kit
(Qiagen Co., Germany) according to the
Table 1 Strains of Fusarium oxysporum used in current study.
Avirulence gene PCR
Avirulence genotype
Avr1 – Avr2- --Avr1 – Avr2 – Avr3
Avr1 – Avr2 – Avr3
Avr1 – Avr2 – Avr3
Avr1 – Avr2 – Avr3
Avr1 – Avr2 – Avr3
Avr1 – Avr2 – Avr3
Avr1 – Avr2 – Avr3
Avr1 – Avr2- --Avr1 – Avr2 – Avr3
Avr1 – Avr2 – Avr3
Avr1 – Avr2 – Avr3
Avr1 – Avr2 – Avr3
Avr1 – Avr2 – Avr3
Avr1 – Avr2 - --Avr1 – Avr2 - --Avr1 – Avr2 – Avr3
Avr1 – Avr2 - ---

Avr3
(SIX1)
+
+
+
+
+
+
+
+
+
+
+
+
+
-

Avr2
(SIX3)
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

Avr1
(SIX4)
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

Avr1 – Avr2 – Avr3

+

+

+

Geographical region
Province

Original
code
Country (Source)

Khorasan
Khorasan
Khorasan
Khorasan
Khorasan
Khorasan
Khorasan
Khorasan
Khorasan
Khorasan
Hormozgan
Hormozgan
Hormozgan
Kordestan
Kordestan
Kordestan
Golestan
Khorasan
Khorasan

Iran
Iran
Iran
Iran
Iran
Iran
Iran
Iran
Iran
Iran
Iran
Iran
Iran
USA
Iran
Iran
Iran
Iran
Iran
Iran

F24a
F10 a
F20 a
F15 a
F7 a
F22 a
F1 a
F11 a
F18
F28 a
23 a
25(F-6-1) b
27(F-4-1)b
F-026-Bb
F30c
F31c
F58c
F75c
Fg1d
F26

FOL001
FOL002
FOL003
FOL004
FOL006
FOL007
FOL013
FOL015
FOL016
FOL018
FOL021
FOL022
FOL023
FOL025
FOL028
FOL029
FOL030
FOL032
FO-039
FO-011

Khorasan

Iran

F2 a

FOL012

a: Heidarzadeh et al. (2011).
b: Plant Protection Dept., College of Agriculture, Shiraz University, Shiraz, Iran.
c: Amini (2009).
d: Plant Protection Dept., College of Agriculture, Ferdowsi University, Mashhad, Iran.

69

Strain

Speci
es
F.oxy
sporu
m
f.sp.
lycop
ersici

F.
oxysp
orum

Molecular identification of F. oxysporum f. sp. lycopersici _______________________________ J. Crop Prot.

Therefore, in an attempt to molecularly
confirm the forma specialis lycopersici in Iran,
we studied the presence of Avr2 (SIX3) using
PCR technique. In this regard, specific primers
SIX3-F/R (Table 2) that anneal just outside the
ORF were used to screen DNA in 20 strains of
Iranian F. oxysporum. Among our samples, 17
strains were previously classified as forma
specialis lycopersici and 3 were nonpathogenic strains from tomato root that we
used as negative control. To mention, the
quality of extracted DNA was confirmed by
PCR using primers for FoToml gene, and all
strains showed one specific 1047 bp band. This
result demonstrated that the extracted DNA
had high quality for PCR reaction (Fig. 1-a). In
Fig. 1-b PCR results for Avr2 (SIX3) on the
representative set of strains was shown. Avr2
(SIX3) was amplified from all Fol strains in our
collection. No specific band on approximately
600 bp (expected band size, 608 bp) was
observed in non-pathogenic strains Fo-039 and
Fo-011, as expected. These observations
confirmed the results of previous pathogenicity
test (Amini, 2009; Fassihiani, 1985;
Heidarzadeh, 2006). Unexpectedly, such band
was detected in non-pathogenic strain FOL012.
This result was contradictory with the fact that
known PCR detectable SIX genes (SIX1 to
SIX7), including Avr2 (SIX3), are not present
in non-pathogenic strains of F. oxysporum
(Lievens et al., 2009).

Virulence determination
To test the virulence of the strains on tomato
cultivar Bonny Best, with no resistance to
Fusarium wilt, the root dip method was used
on 10-day-old seedlings (Wellman, 1939).
Briefly, spores were collected from 5-day-old
cultures in potato-dextrose broth (PDB; Merck,
Darmstadt, Germany) and used for root
inoculation of 10-day-old plants at a spore
density of 107mL. For control plants
inoculation was performed using distilled
water. The plants were then potted individually
and grown at 25 °C in a greenhouse. Disease
index was scored 8 weeks after inoculation on
the Following scale (Marlatt et al., 1996): 1 =
no symptoms; 2 = slight chlorosis, stunting, or
wilting; 3 = moderate chlorosis, stunting, or
wilting; 4 = severe chlorosis, stunting, or
wilting; 5 = death. The pathogenicity test was
performed three times. Finally, for individual
plants, sections of stem were cultured on PDA
in the dark at 25 °C. The key of methods and
identification of F. oxysporum were used to
identify them (Leslie and Summerell, 2006).
Results
Confirmation of forma specialis lycopersici
by Avr2 (SIX3)
Until now, Avr2 (SIX3) has exclusively been
found in Fol, indicating its importance as a
Fol-specific marker (Lievens et al., 2009).

Table 2 List of primers, their sequence, and product length used in the current study.
Code

Sequence (5′ to 3′)

Target

P12-F2B

GTATCCCTCCGGATTTTGAGC

P12-R1

AATAGAGCCTGCAAAGCATG

SIX4-F1

TCAGGCTTCACTTAGCATAC

SIX4-R1

GCCGACCGAAAAACCCTAA

SIX3-F1

GGCAATTAACCACTCTGCC

SIX3-R1

CCAGCCAGAAGGCCAGTTT

Tom2

TGGAGTCAAGACGCCCGAACAAAGT FoToml

Tom3

CATGAAGGCCACTATCATCATCGG

Psh10-2-F

AGGGTTTTCCCAGTCACGA

Annealing
temp. (C°)

Reference

Avr3(SIX1) 992

53

Vander Doesetal.
(2008)

Avr1(SIX4) 967

53

Lievens et al. (2009)

Avr2(SIX3) 608

53

Hortman et al. (2009)

1067

56

Ito et al. (2004)

169

56

Abaspour et al.
(2012)

Psh10-2-R

GAGCGGATAACAATTTCACAC

pTG19-T
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Figure 1 Agarose gel analysis of A) Tomatinase, B) Avr2 (SIX3) C) Avr1 (SIX4) D) Avr3 (SIX1) amplified from
genomic DNA of a selection of F. oxysporum f.sp. lycopersici (FOL) and non-pathogenic strains. Details of
strains are given in table 1. E) FOL012 caused low virulence on tomato plant. Three 10-day-old seedlings of
cultivar Bonny Best (no resistance to Fusarium wilt) were inoculated with Fol021 (positive control), FOL012
(race 1 that was previously misidentified as non-pathogenic strain) FO-039 (non-pathogenic strain).

2 and 3 (Houterman et al., 2009b). Therefore,
Avr1 (SIX4) has been reported as an exclusive
marker for race 1 in Fol strains (Lievens et
al., 2009). Accordingly, detection of Avr1

Confirmation of race 1 by Avr1 (SIX4)
Previously, avirulence genotypes of Fol races
were demonstrated; Race 1 contains all three
AVR genes but Avr1 (SIX4) is absent in races
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(SIX4) effector gene in Iranian FOL strains
was performed using PCR specific primers
that anneal outside the ORF. In all studied
strains, Avr1 (SIX4) was detected except for
non-pathogenic strains FO-039 and FO-011
(Fig. 1-c). These results were in agreement
with previous studies and confirmed the
results of older pathogenicity tests on the
differential
cultivars
(Amini,
2009;
Fassihiani, 1985; Heidarzadeh, 2006).
However, similar to Avr2 (SIX3), specific
band for Avr1 (SIX4) was detected in the nonpathogenic strain FOL012, indicating a
probable misclassification of this sample.

polymorphisms were found in Avr2 (SIX3)
(G121→A, G134→A and G137→ C, which
leading to an amino acid change V41→M,
R45→H and R46→P respectively). Each of
these mutations were found in a single allele
that prevents recognition of Avr2 (SIX3) by I2 and caused race3 arise from race2
(Houterman et al., 2009b). Therefore, there
are four alleles in the population of Fol three
of which (M41, H45 and P46) are exclusively
found in Race3 however races 1 and 2 have
original allele. As we know that Fol strains
investigated in this study belong to race1, the
expectation is that they have the allele like
race 1. To confirm it, Avr2 (SIX3) was
amplified in one isolate (FOL022), cloned and
sequenced. The result of sequencing showed
that variant of Avr2 (SIX3) is similar to race1,
as expected (Fig. 2).

Consistence of Race 1 with Avr2 (SIX3)
allele
Previous studies showed that in the
population of Fol, only three sequence

Figure 2 A) Schematic representation of recombinant vector PTG-S3B25C4 and position of amplicon and
primers SIX3 F/R and Psh10 F/R. Rep (pMB1): pMB1 origin of replication .Amp R: Ampcillin resistance ORF.
F1: f1 origin of ss-DNA replication. B) Multiple sequence alignment of Avr2 (SIX3) in FOL021 and other FOL
isolates in NCBI. Accession numbers of proteins are represented in parentheses. Three SNP in positions V41,
R45, R46 are shaded in yellow. Sequences are aligned using Mega 6.
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old seedlings without any identified resistance
genes against Fol (Bonny Best). Results revealed
that FOL021 (as positive control) was able to
cause high degree of virulence (disease index 5)
in tomato, while no symptom of wilting was
observed in control plants. FOL012, nonpathogenic strain which had avirulence genotype
like race1, was able to colonize the xylem of
stem and caused yellowing and very slight wilt
symptom on tomato plant therefore we reasoned
that this strain originally had been misidentified
as non-pathogenic strain (Fig. 1-e).

Characterization of avirulence genotype in
Iranian Fol strains
As confirmed above, all Fol strains investigated
in this study belonged to race 1. Therefore the
expectation is that their avirulence genotype
matches with race 1 too. In order to study
avirulence genotype of them, since the presence
of Avr1 (SIX4) and Avr2 (SIX3) had been
investigated, detection of Avr3 (SIX1) effector
gene was performed using PCR specific primers
P12-F2B and P12-R1 that anneal outside the
ORF. Avr3 (SIX1) was amplified in 13 strains
(Fig. 1-d). Regarding to non-pathogenic strains,
Avr3 (SIX1), as shown in Fig. 1-d, was not
amplified in FO-039 and FO-011, while a
specific 992 bp band was detected in FOL012.
Avirulence genotypes of the strains we
studied are summarized in table 1. Of the 21
strains in the collection, 14 strains had the
avirulence genotype similar to FOL race 1 that,
remarkably, among them FOL012 had been
previously reported as non-pathogenic strain.
Furthermore, the avirulence genotype similar to
non-pathogenic strains was identified in 2 strains
in our collection. Interestingly, we identified a
new avirulence genotype in 5 strains that had
been previously reported as race 1 (Amini, 2009;
Heidarzadeh, 2006). They had only two Avr
genes (Avr1 (SIX4) and Avr2 (SIX3)) whereas
Avr3 (SIX1) was not detected in them. Further
studies are being conducted on these strains.
We were interested to assess the virulence of
FOL012 strain on tomato plant. The
pathogenicity assay was performed on 10-day

Degree of virulence in Iranian Fol strains
Previously, Rep et al. (2005) founded a DNA
polymorphism in Avr3 (SIX1) (G490 →A) leads
to an amino acid change (E164 → K) which
confers a higher virulence to Fol than the E164
variant. To determine the relation between
Avr3(SIX1) alleles and power of pathogenicity of
Iranian Fol strains, Avr3 (SIX1) sequence was
analyzed in Fol strains with high (disease indices
4 and 5) and low (disease indices 2 and 3)
degrees of virulence in susceptible tomato
cultivar (Bonny Best). In this regard, a pair of
external primers (SIX1-F/R) that located 84 bp
upstream of the start codon and 83 bp
downstream of the stop codon was designed.
Results of sequencing demonstrated that all Avr3
(SIX1) sequences were identical and belonged to
E164 variant. In addition, in Iranian Fol strains,
there was no correlation between degree of
virulence and amino acid variation of Avr3
(SIX1) at position 164 (Fig. 3).

Figure 3 Multiple sequence alignment of Avr3 (SIX1) in Iranian FOL strains. All Avr3 (SIX1) sequences were
identical and belong to E164 variant.
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and 0034) (Cai et al., 2003; Katan and Primo,
1999). Van der Does et al. (2008) showed
VCG0030 had both alleles (E and K) but
VCG0031 and VCG0032 had exclusively Eallele and VCG0033 had K-allele. It is
therefore likely that such connections exist
between allelic variations of Avr3 (SIX1) and
VCG groups of Iranian FOL strains.
Unfortunately, VCG group of Iranian FOL
stains is unknown and so far, no investigation
has been performed on them; therefore further
research in this field is recommended.

Discussion
The current study showed that results of
molecular identification in most of the Iranian
strains we examined, were consistent with
earlier findings (Houterman et al., 2009b;
Lievens et al., 2009), and avirulence genotype
of them was consistent with result of older
pathogenicity tests on the differential cultivars
(Amini, 2009; Fassihiani, 1985; Heidarzadeh,
2006). However few contrasts were observed
in our collection and further studies are being
conducted on them. One of the unanticipated
finding was that all three Avr genes were
present in strain FOL012, which had been
previously classified as non-pathogenic F.
oxysporum. In planta assay confirmed the
result of molecular identification, and
demonstrated that this PCR assay is very
efficient in distinguishing between a nonpathogenic strain and a virulent strain with low
pathogenic power. Such misclassifications had
previously been observed (Lievens et al., 2009;
Van Der Does et al., 2008) and were attributed
to the fact that greenhouse virulence test is
based on disease symptoms, therefore inherent
problems such as environmental conditions
and methods of inoculation can influence
symptom expression of disease in a
pathogenicity test (Correll et al., 1986); while
this PCR assay is based on the direct detection
of pathogen in plant tissue.
Previous studies showed that a point
mutation in Avr3 (SIX1) that caused a change
of glutamate to lysine at its protein can lead to
enhanced virulence of Fol on a susceptible
tomato cultivar (Rep, 2005). The final section
of present study was designed to determine if
degree of virulence of Iranian Fol strains is
correlated with allelic variation of Avr3 (SIX1).
However we had hoped to find a molecular
marker that correlated with degree of
virulence, our finding showed that all Iranian
strains belong to E-variant and degree of
virulence of them did not correlate with the
allelic variation of Avr3 (SIX1) in them.
Previous studies showed that Fol isolates
belong to four VCG groups (0030, 0031, 0032

Acknowledgements
This research was supported by the ‘Vice
President of Research and Technology’ of
Ferdowsi University of Mashhad. Additionally,
the authors thank the ‘Presidency of Plant
Science Research Institute’ of Ferdowsi
University of Mashhad for providing
laboratory space. In addition, we are grateful to
the donors of the F. oxysporum strains.
References
Amini, J. 2009. Physiological Race of Fusarium
oxysporum f. sp. lycopersici in Kurdistan
province of Iran and reaction of some tomato
cultivars to race 1 of pathogen. Plant
Pathology Journal, 8: 68-73.
Amini, J., Kazemi, M., Abdollahzadeh, J. and
Darvishnia, M. 2013. Identification of
Fusarium spp. and their pathogenicity
associated with root rot of tomato,
Marvdasht. Iranian Journal of Plant
Protection Science, 44: 71-80.
Cai, G., Gale, L. R., Schneider, R. W.,
Kistler, H. C., Davis, R. M., Elias, K. S.
and Miyao, E. M. 2003. Origin of Race 3
of Fusarium oxysporum f. sp. lycopersici
at a single site in California.
Phytopathology, 93: 1014-1022.
Correll, J. C., Puhalla, R. E. and Schneider, R.
W. 1986. Identification of Fusarium
oxysporum f.sp. apii on the basis of colony
size, virulence, and vegetative compatibility.
Phytopathology, 76: 396-400.

74

Rabiei-Motlagh et al. _______________________________________________ J. Crop Prot. (2017) Vol. 6 (1)

Etebarian, H. R. 1992. Studies of Fusarium
wilt of tomato and its chemical control in
Varamin area. Iranian Journal of
Agriculture Science, 23: 1-14.
Fassihiani, A. 1985. Occurrence of Fusarium
wilt of tomato in the Hormozgan province
of Iran. Iranian Journal of Plant Pathology,
21: 9-11.
Fravel, D., Olivain, C. and Alabouvette, C.
2003. Fusarium oxysporum and its
biocontrol. New Phytologist, 157: 493-502.
Gordon, T. R. and Martyn, R. D. 1997. the
evolutionary
biology
of
Fusarium
oxysporum.
Annual
Review
of
Phytopathology, 35: 111-128.
Heidarzadeh, N. 2006. Investigation on races
and genetic divercity in population of
Fusarium oxysporum f. sp. lycopersici from
tomato in Khorasan provice using
differential host and RAPD marker, plant
protection.
Ferdowsi
University
of
Mashhad, Ferdowsi University of Mashhad,
Mashhad, Iran.
Hogenhout, S. A., Van der Hoorn, R. A. L.,
Terauchi, R. and Kamoun, S. 2009.
Emerging Concepts in effector biology
of
Plant-Associated
Organisms.
Molecular Plant-Microbe Interactions,
22: 115-122.
Houterman, P. M., Cornelissen, B. J. C., Rep,
M., 2008. Suppression of Plant Resistance
Gene-Based Immunity by a Fungal
Effector. PLoS pathogens, 4: e1000061.
Houterman, P. M., Ma, L., van Ooijen, G., de
Vroomen, M. J., Cornelissen, B. J., Takken,
F. L. and Rep, M. 2009a. The effector
protein Avr2 of the xylem-colonizing
fungus Fusarium oxysporum activates the
tomato resistance protein I-2 intracellularly.
The Plant Journal : for Cell and Molecular
Biology, 58: 970-978.
Houterman, P. M., Ma, L., Van Ooijen, G., De
Vroomen, M. J., Cornelissen, B. J. C.,
Takken, F. L. W. and Rep, M. 2009b. The
effector protein Avr2 of the xylem-colonizing
fungus Fusarium oxysporum activates the
tomato resistance protein I-2 intracellularly.
The Plant Journal, 58: 970-978.

Ito, S. I., Kawaguchi, T., Nagata, A., Tamura,
H., Matsushita, H., Takahara, H., Tanaka,
S. and Ikeda, T. 2004. Distribution of the
FoToml gene encoding tomatinase in
formae speciales of Fusarium oxysporum
and identification of a novel tomatinase
from F. oxysporum f. sp. radicislycopersici, the causal agent of Fusarium
crown and root rot of tomato. Journal of
General Plant Pathology, 70: 195-201.
Jones, J. B., Zitter, T. A., Momol, M. T. and
Miller, S. A. 2014. Compendium of Tomato
Diseases and Pests, 2 edn. APS PRESS.
Jones, J. D. G. and Dangl, J. L. 2006. The plant
immune system. Nature, 444: 323-329.
Katan, T. and Primo, P. D. 1999. Current status
of vegetative compatibility groups in
Fusarium oxysporum: Supplement (1999).
Phytoparasitica, 27: 273-277.
Leslie, J. F. and Summerell, B. A. 2006. The
Fusarium Laboratory Manual. WileyBlackwell.
Lievens, B., Houterman, P. M. and Rep, M.
2009. Effector gene screening allows
unambiguous identification of Fusarium
oxysporum f. sp. lycopersici races and
discrimination from other formae speciales.
FEMS Microbiology Letters, 300: 201-215.
Lievens, B., Rep, M. and Thomma, B. P. H. J.
2008. Recent developments in the
molecular discrimination of formae
speciales of Fusarium oxysporum. Pest
Management Science, 64: 781-788.
Manafi Dizaji, R., Babay ahari, A., Arzanlou,
M. and Valizadeh, M. 2012. Assessment of
resistance in tomato varieties under
greenhouse conditions against Fusarium
wilt, and biological control of the disease.
Suatainable Agriculture And Production
Science, 22: 145-158.
Marlatt, M. L., Correll, J. C., Kaufmann, P.
and Cooper, P. E. 1996. Two genetically
distinct
populations
of
Fusarium
oxysporum f. sp. lycopersici race 3 in the
United states. Plant Disease, 80: 1336-1342
Michielse, C.B., Rep, M., 2009. Pathogen
profile update: Fusarium oxysporum.
Molecular Plant Pathology, 10: 311-324.

75

Molecular identification of F. oxysporum f. sp. lycopersici _______________________________ J. Crop Prot.

Rep, M. 2005. Small proteins of plantpathogenic fungi secreted during host
colonization. FEMS Microbiology Letters,
253: 19-27.
Rep, M., Dekker, H. L., Vossen, J. H., de Boer,
A. D., Houterman, P. M., Speijer, D., Back,
J. W., de Koster, C. G. and Cornelissen, B.
J.
C.
2002.
Mass
Spectrometric
Identification of Isoforms of PR Proteins in
Xylem Sap of Fungus-Infected Tomato.
Plant Physiology, 130: 904-917.
Rep, M., Van Der Does, H. C., Meijer, M.,
Van Wijk, R., Houterman, P. M., Dekker,
H. L., De Koster, C. G. and Cornelissen,
B. J. C. 2004. A small, cysteine-rich
protein secreted by Fusarium oxysporum
during colonization of xylem vessels is
required for I-3-mediated resistance in
tomato. Molecular Microbiology, 53:
1373-1383.

Schmidt, S. M., Houterman, P. M., Schreiver,
I., Ma, L., Amyotte, S., Chellappan, B.,
Boeren, S., Takken, F. L. and Rep, M.
2013. MITEs in the promoters of effector
genes allow prediction of novel virulence
genes in Fusarium oxysporum. BMC
Genomics, 14: 119.
Takken, F. and Rep, M. 2010. The arms race
between tomato and Fusarium oxysporum.
Molecular Plant Pathology, 11: 309-314.
Van Der Does, H. C., Lievens, B., Claes, L.,
Houterman, P. M., Cornelissen, B. J. C. and
Rep, M. 2008. The presence of a virulence
locus discriminates Fusarium oxysporum
isolates causing tomato wilt from other
isolates. Environmental Microbiology, 10:
1475-1485.
Wellman, F. L. 1939. A technique for studying
host resistance and pathogenicity in tomato
Fusarium wilt. Phytopathology, 29: 945-956.

76

)Rabiei-Motlagh et al. _______________________________________________ J. Crop Prot. (2017) Vol. 6 (1

ﺷﻨﺎﺳﺎﯾﯽ ﻣﻠﮑﻮﻟﯽ ﻓﺮمﺗﺨﺼﺼﯽ و ﻫﻮﯾﺖﻧﮋادي در ﺟﺪاﯾﻪﻫﺎي اﯾﺮاﻧﯽ Fusarium oxysporum f. sp.

 :Lycopersiciﺗﺸﺨﯿﺺ ژنﻫﺎي ﻏﯿﺮﺑﯿﻤﺎريزاﯾﯽ

1

اﻟﻬﻪ رﺑﯿﻌﯽ ﻣﻄﻠﻖ ،1ﺣﻤﯿﺪ روﺣﺎﻧﯽ ،*1ﻓﺮﻫﺎد ﺷﮑﻮﻫﯽﻓﺮ ،2ﻣﺎﻫﺮخ ﻓﻼﺣﺘﯽ رﺳﺘﮕﺎر 1و ﭘﺮﯾﺴﺎ ﻃﺎﻫﺮي
 -1ﮔﺮوه ﮔﯿﺎهﭘﺰﺷﮑﯽ ،داﻧﺸﮑﺪه ﮐﺸﺎورزي ،داﻧﺸﮕﺎه ﻓﺮدوﺳﯽ ﻣﺸﻬﺪ.
 -2ﭘﮋوﻫﺸﮑﺪه ﻋﻠﻮم ﮔﯿﺎﻫﯽ ،داﻧﺸﮕﺎه ﻓﺮدوﺳﯽ ﻣﺸﻬﺪ.
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درﯾﺎﻓﺖ 21 :ﻣﺮداد 1395؛ ﭘﺬﯾﺮش 10 :دي 1395

ﭼﮑﯿﺪه :ﻗﺎرچ ) Fusarium oxysporum f. sp. lycopersici (Folﻋﺎﻣﻞ ﭘﮋﻣﺮدﮔﯽ آوﻧﺪي و ﯾﮑﯽ از

ﻣﻬﻢﺗﺮﯾﻦ ﻋﻮاﻣﻞ ﺑﯿﻤﺎريزاي ﮔﯿﺎﻫﯽ در اﯾﺮان اﺳﺖ .ﺗﺎﮐﻨﻮن ﭼﻬﺎر ژن ﻣﻘﺎوﻣﺖ ﺗﮏژﻧﯽ در ﮔﻮﺟﻪﻓﺮﻧﮕﯽ
ﺷﻨﺎﺳﺎﯾﯽ ﺷﺪهاﻧﺪ ﮐﻪ در ﺗﻌﯿﯿﻦ ﻧﮋاد اﯾﻦ ﺑﯿﻤﺎرﮔﺮ ﺑﻪﮐﺎرﮔﺮﻓﺘﻪ ﻣﯽﺷﻮﻧﺪ .در ﻣﻘﺎﺑﻞ ژنﻫﺎي ﻏﯿﺮﺑﯿﻤﺎريزاﯾﯽ
 Avr2،Avr1و  Avr3در ﻧﮋادﻫﺎي  FOLﺷﻨﺎﺳﺎﯾﯽﺷﺪهاﻧﺪ ﮐﻪ در اﯾﻦ ﺑﯿﻦ  Avr2ﻓﻘﻂ در ﻓﺮم اﺧﺘﺼﺎﺻﯽ
 FOLﺣﻀﻮر دارد .از اﯾﻦرو ﺳﻪ ژن ﻓﻮق ﻣﯽﺗﻮاﻧﻨﺪ ﻧﺸﺎﻧﮕﺮﻫﺎي ﻣﻨﺎﺳﺒﯽ ﺟﻬﺖ ﺗﺸﺨﯿﺺ ﻓﺮم ﺗﺨﺼﺼﯽ و
ﻫﻮﯾﺖ ﻧﮋادي در اﯾﻦ ﻋﺎﻣﻞ ﺑﯿﻤﺎريزا ﺑﺎﺷﻨﺪ .اﯾﻦ ﻓﺮﺿﯿﻪ در ﺟﺪاﯾﻪﻫﺎﯾﯽ از ﮐﺸﻮرﻫﺎي ﻣﺨﺘﻠﻒ ﻣﻮرد ﺑﺮرﺳﯽ
ﻗﺮارﮔﺮﻓﺘﻪ ،وﻟﯿﮑﻦ ﺗﺎﮐﻨﻮن در ﺟﺪاﯾﻪﻫﺎي اﯾﺮاﻧﯽ ﺑﺮرﺳﯽ ﻧﺸﺪه اﺳﺖ .ﻫﻢﭼﻨﯿﻦ ﻣﻄﺎﻟﻌﺎت ﻗﺒﻠﯽ ﻧﺸﺎندادهاﻧﺪ
ﮐﻪ ﯾﮏ ﺟﻬﺶ ﻧﻘﻄﻪاي در  Avr3ﻣﯽﺗﻮاﻧﺪ ﺳﺒﺐ اﻓﺰاﯾﺶ ﺗﻮان ﺑﯿﻤﺎريزاﯾﯽ  FOLدر ارﻗﺎم
ﺣﺴﺎس ﮔﻮﺟﻪﻓﺮﻧﮕﯽ ﮔﺮدد .در اﯾﻦ ﺗﺤﻘﯿﻖ ﺑﻪﻣﻨﻈﻮر ﺷﻨﺎﺳﺎﯾﯽ ﻓﺮمﺗﺨﺼﺼﯽ و ﻫﻮﯾﺖ ﻧﮋادي ،ژنﻫﺎي Avr
در ﻣﺠﻤﻮﻋﻪاي از ﺟﺪاﯾﻪﻫﺎي اﯾﺮاﻧﯽ ﻣﻮرد ﻣﻄﺎﻟﻌﻪ ﻗﺮارﮔﺮﻓﺖ .ﻧﺘﺎﯾﺞ ﺣﺎﺻﻞ ﻧﺸﺎنداد ﮐﻪ اﯾﻦ روش ﺳﻨﺠﺶ
ﻣﻠﮑﻮﻟﯽ در ﺗﻔﮑﯿﮏ ﺟﺪاﯾﻪﻫﺎي ﻏﯿﺮﺑﯿﻤﺎريزا از ﺟﺪاﯾﻪﻫﺎي ﺑﯿﻤﺎريزا ﺑﺎ ﺗﻮان ﺑﯿﻤﺎريزاﯾﯽ ﭘﺎﯾﯿﻦ ﺑﺴﯿﺎر ﻣﺆﺛﺮ
اﺳﺖ .ﻫﻢﭼﻨﯿﻦ ﺑﺮاﺳﺎس ﻧﺘﺎﯾﺞ ﺣﺎﺻﻞ اﮐﺜﺮ ﺟﺪاﯾﻪﻫﺎي ﻣﻮرد ﺑﺮرﺳﯽ داراي ژﻧﻮﺗﯿﭗ ﻏﯿﺮﺑﯿﻤﺎريزاﯾﯽ ﻣﺸﺎﺑﻪ
ﺑﺎ ﻧﮋاد ﯾﮏ ﺑﻮدﻧﺪ .ﻋﻼوه ﺑﺮاﯾﻦ ﺑﻪﻣﻨﻈﻮر ﺑﺮرﺳﯽ اﯾﻦ ﻧﮑﺘﻪ ﮐﻪ آﯾﺎ ﺗﻨﻮع آﻟﻠﯽ در  Avr3ﻣﯽﺗﻮاﻧﺪ ﺟﺪاﯾﻪﻫﺎﯾﯽ
ﺑﺎ ﺗﻮان ﺑﯿﻤﺎريزاﯾﯽ ﻣﺨﺘﻠﻒ را از ﯾﮏدﯾﮕﺮ ﺗﻔﮑﯿﮏ ﻧﻤﺎﯾﺪ ،ژن ﻓﻮق در ﺟﺪاﯾﻪﻫﺎﯾﯽ ﺑﺎ ﺗﻮان ﺑﯿﻤﺎريزاﯾﯽ ﺑﺎﻻ
و ﭘﺎﯾﯿﻦ ﺗﻌﯿﯿﻦﺗﻮاﻟﯽ ﮔﺮدﯾﺪ .ﻧﺘﺎﯾﺞ ﺣﺎﺻﻞ ﻧﺸﺎنداد ﮐﻪ در ﺟﺪاﯾﻪﻫﺎي اﯾﺮاﻧﯽ ارﺗﺒﺎﻃﯽ ﻣﯿﺎن ﺗﻮان
ﺑﯿﻤﺎريزاﯾﯽ آنﻫﺎ و ﺗﻨﻮع آﻟﻠﯽ در  Avr3وﺟﻮد ﻧﺪارد.
واژﮔﺎن ﮐﻠﯿﺪي :ژﻧﻮﺗﯿﭗ ﻏﯿﺮﺑﯿﻤﺎريزاﯾﯽ ،ژن اﺛﺮﮔﺰار ،ﭘﮋﻣﺮدﮔﯽ آوﻧﺪي ،ﺗﺸﺨﯿﺺ ﻣﻠﮑﻮﻟﯽ
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