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Abstract: Fusarium graminearum is one of the most important causes of FHB
or wheat scab in different part of the world. This fungus is able to produce
diffrent Trichothecene mycotoxins such as Nivalenol (NIV) and Deoxynivalenol
(DON) which are harmful for both human and animals. To determine
chemotypes of Trichothecene, a total of 100 isolates from different fields of
Golestan province in Iran including Gorgan, Kordkuy, Bandaregaz, Gonbad,
Minodasht, Kalaleh and Azadshahr were identified as F. graminearum using
morphological features. The identity of 96 isolates was confirmed by polymerase
chain reaction (PCR) assay using F. graminearum species-specific primers
(Fg16F/Fg16R). Based on sequences of Tri13 gene involved in the mycotoxin
biosynthetic pathway, PCR assays were used to detect Nivalenol (NIV) and
Deoxynivalenol (DON) chemotypes. Of the 96 tested isolates in Tri13 PCR
assays, 70 classified as NIV chemotype and the remaining 26 isolates as DON
producers. These results indicated that NIV chemotype was the most dominant
chemotype in studied region. A greater proportion of NIV chemotype was found
in Gorgan fields (P < 0.05, P < 0.0001), whereas greater proportion of DON was
detected in Gonbad fields (P < 0.05, P < 0.0001). PCR assay-based chemotyping
was confirmed by HPLC method. These results demonstrated that PCR assay
and HPLC could be used as rapid, reliable and cost-effective methods for the
detection and identification of mycotoxin-producing Fusarium-species and may
thus help to develop strategies to avoid or reduce mycotoxin contamination of
cereals.
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Introduction12

different kinds of mycotoxins, which pose a
serious health threat to humans and animals
(Arseniuk et al., 1993). It has been estimated that
25% of the world food crops is affected by
mycotoxins (Charmley et al., 1995). The most
predominant mycotoxins found in small-grain
cereals are 8-ketotrichothecenes (type B
trichothecenes) such as Deoxynivalenol (DON)
(also known as vomitoxin) and Nivalenol (NIV)
and their acetylated derivatives including 3acetyldeoxynivalenol (3-ADON) and 15acetyldeoxynivalenol (15-ADON), as well as an
oestrogenic mycotoxin, zearalenone (Mirocha et

Fusarium Head Blight (FHB) caused by Fusarium
graminearum Schwabe [teleomorph Gibberella
zeae (Schwein) Petch] is one of the most
important fungal diseases of wheat worldwide that
causes serious losses in both yield and quality of
grain (Parry et al., 1995). This fungus produces
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Molecular characterization of trichothecene
mycotoxin biosynthesis pathways has revealed
the mycotoxin gene clusters and their regulations
(Proctor et al., 1995; O’Donnell et al., 2000).
Many trichothecene biosynthesis genes are
localized in a gene cluster comprising at least 10
genes. These genes include those encoding
trichodiene synthetase (Tri5), P450 oxygenases
(Tri4 and Tri11), acetyltransferase (Tri3), a
transcription factor (Tri6), a toxin efflux pump
(Tri12), and several unidentified hypothetical
proteins (Tri7, Tri8, Tri9, and Tri10) (Lee et al.,
2001). The Tri13 and Tri7 genes are critical for
DON/NIV chemotype switching and the Tri7
gene is responsible for acetylation of NIV to
produce 4-AcNIV (Brown et al., 2002; Lee et
al., 2002). Sequencing of these genes from F.
graminearum revealed that a repeated insertion
sequence of 11 nucleotides within a putative
intron of Tri7, has disrupted the gene function in
DON-producing isolates. Moreover there are
three deletions within the Tri13 gene sequence in
DON producers (Brown et al., 2002; Lee et al.,
2001). The objective of this study was to
determine
trichothecene
chemotypes
of
Fusarium graminearum isolates in wheat
obtained from different subregions of the main
wheat production area in Iran, and to determine
whether there are significant differences between
geographical areas and distribution of the
chemotypes.

al., 1989; Waalwijk et al., 2003). DON and NIV
chemotypes appear to differ in geographic
distribution. The NIV chemotype has been
reported in several countries of Africa, Asia, and
Europe (Desjardins et al., 2000; Logrieco et al.,
2003), but it has not been reported in North
America (Mirocha et al., 1989; Abbas et al.,
1989). DON is more associated with head blight
of cereals throughout Europe and the USA than
NIV and is therefore thought to be the more
significant toxin (Bottalico, 1998). However, the
toxicity of NIV has been shown to be greater than
that of DON (Ryu et al., 1988). Also, these
chemotypes are potent phytotoxins (Eudes et al.,
2000), with DON being more phytotoxic than
NIV (Desjardins, 2006). There is scanty
knowledge about the chemotypes of F.
graminearum isolates, there distribution and their
different agricultural host in Iran (Haratian et al.,
2008). Golestan region is located in the North and
northwestern Iran with favorable conditions for
Fusarium growth. Fusarium head blight of wheat
and barley are two important diseases in Golestan
Province (Golzar et al., 1993).
Haratian et al., (2008) have reported that NIV
chemotype is dominant in Mazandaran province
in north of Iran. Due to the toxicological
differences between NIV and DON, it is
important to determine the chemotypes of the
fungus strains present in any given geographic
region. There is therefore a need for a rapid and
precise identification of trichothecene-producer
species of Fusarium (Ji et al., 2007). Previously
conventional methods such as HPLC or GC/MS
were performed to assess mycotoxins in
Fusarium species which they are laborious and
time-consuming processes. The PCR-based
assay is rapid and specific method and its high
sensitivity allows detection of target DNA
molecules in a complex mixture. Several
species-specific primer assays have been
developed to detect some of the trichotheceneproducing species of Fusarium (Edwards et al.,
2001). PCR assays have been used to determine
chemotype based on the sequences of the genes
responsible for trichothecene biosynthesis
(Chandler et al., 2003; Jennings et al., 2004b;
Lee et al., 2001; Waalwijk et al., 2003).

Materials and Methods
Sampling, fungal isolates and culture
conditions
Wheat samples were collected from the diseased
wheat spikes in different fields of Golestan
province of Iran during 2009-2010. One hundred
grains of each sample were surfaced- sterilized
in an aqueous solution of 3% (w/v) chloramines
T (Sigma, saint–Quentin, France) plus one drop
of tween 80 for 5 min, rinsed with sterile
distilled water, submerged in a 75% ethyl
alcohol solution and dried over a filter paper. For
the isolation of Fusarium species, ten grains
were placed on a Fusarium-selective peptone
pentachloronitrobenzene (PCNB) agar medium
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(Nirenberg, 1981) and incubated for 10 days at
25 °C under fluorescent light (12 h photoperiod).
F. graminearum identification was performed on
PDA, Spezieller Nährstoffarmer Agar (SNA)
and Carnation Leaf Agar (CLA) meda according
to the morphological criteria keys of Nelson et
al., (1983).

buffer PCR (100 mM Tris–HCl, 15 mM MgCl2,
500 mM KCl, pH 8), 1 μl of Mg Cl2 (50mM),
0.25 μl of dNTPs (100 mM), 0.2 μl of Taq
DNA polymerase (5 U/ml), and. 25 μl of each
primer (20 mM). PCR reaction was performed
in a thermocycler (Eppendorf Mastercycler
Gradient, Eppendorf, Hamburg, Germany) with
the following programs: an initial denaturation
step at 94° for 2 min, 40 cycles of 94 °C (30 s) /
57° (30 s)/72° (60 s), and a final extension step
at 72 °C for 10 min. A negative control without
DNA template was used in every set of
reactions. PCR products were separated by
electrophoresis on 1.2% agarose gels stained
with ethidium bromide (0.5 µg/ml) in 40mM
Tris–acetate and 1.0mM EDTA 1-buffer and
photographed under UV light.

DNA extraction from fungal cultures
Mycelia disks excised from the margin of 10day-old PDA cultures of all isolates were
inoculated into 100 ml Erlenmeyer flasks
containing 20 ml of PDB liquid medium
(Merck, Germany). Submerged fungi cultures
were incubated on a rotary shaker at 120 rpm
for 8 days at 25 °C. Mycelia were harvested by
filtration through Whatman paper 1, ground to
fine powder with liquid nitrogen and keep at 80°C for further DNA extraction. Total
genomic DNA was extracted from dried
mycelium using the CTAB method as described
by Nicholson (1997).
Total DNA was quantified using a
Scanodrop 200 (Analytik Jena, Germany)
spectrophotometer and DNA quality was
assessed by 1% agarose gel electrophoresis
stained by ethidium bromide. The concentration
of DNA was adjusted to 25 ng/µl for use in
PCR assay.

Determination of F. graminearum chemotype
Functional Tri13 gene is required for the
production of NIV, while DON-producing
strains contain three deletions of 178, 61 and 37
bp in the gene, indicative of a non-functional
pseudogene (Chandler et al., 2003). Primers
Tri13F and Tri13R were designed from
conserved regions within both functional and
nonfunctional Tri13 alleles, in both NIV, and
DON-producing isolates. The designated
primers by Waalwijk et al., (2003) were used to
determine F. graminearum chemotypes (Table
1). PCR assays developed to the Tri13 gene
sequence were used to determine the
chemotype. A generic Tri13 assay used primers
Tri13F and Tri13R and in PCR amplified a
fragment in the range of 200-300bp from NIV
producers and 400-450bp from DON-producing
isolates of F. graminearum.

PCR assay
PCR assays to identify and determine F.
graminearum chemotype was performed with
species-specific primers Fg16F and Tri13
respectively (Table 1). Amplification reactions
were carried out in volumes of 25 μl containing
1.5 μl of genomic DNA (25 ng), 1.5 μl of 10 ×
Table 1 Sequences of primers used in this study.
Primer

Sequence (5'-3')

Fg16

Fg16F: CTCCGGATATGTTGCGTCAA

Size (bp)

Reference

420-520

Nicholson et al., (1998)

234-415

Waalwijk et al.,(2003)

Fg16R: GGTAGGTATCCGACATGGCAA
Tri13

Tri13F: TACGTGAAACATTGTTGGC
Tri13R: GGTGTCCCAGGATCTGCG
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mixer then 25 μl of this extraction was injected to
HPLC system (Cecil composing CE 4104, UK)
by high-pressure pump (CE 4100, Cecil
instrument, Cambridge, UK). Chromatographic
separations were performed on a stainless steel
C18 reversed-phase column (250 × 4.6 mm,
Nucleodur 100-5, C18ec, 5 μm, Duren, Germany)
connected to a pre-column Security Guard (20 ×
4.6 mm, 5 μm particle size, Duren, Germany).
The mobile phase was water: methanol (86: 14,
v/v) at a flow rate of 1.5 ml/min. The mycotoxins
were detected by UV (model CE 4300
programmable UV detector, Cecil instrument Ltd,
Cambridge, UK) at 220 nm and quantified by
Power Stream- Chromatography Software (Cecil
instrument, Cambridge, UK). The mycotoxin
levels were calculated by comparing the area of
the chromatographic peak of the samples with
those of the standard calibration curve.

Sample preparation and clean-up procedure
DON and NIV production was assessed in
cultures grown on autoclaved rice. Brifly, 50 g of
polished rice (Tarom) and 50 ml distilled water
were autoclaved in 500 ml Erlenmeyer flasks.
The sterilized flasks were left for 24 h at room
temperature then were reautoclaved. Eight
representative isolates of F. graminearum
(FgT16, FgaT28, FgmT15, FggT11, FggT7,
FgbT6, FgbT12, and FgT9) were used for
mycotoxin analysis in rice culture medium. All
selected isolates were cultured on PDA medium
and used for inoculation procedure. Each flask
was inoculated with mycelium plugs (10
plugs/flask) from 7-day-old PDA (Merk,
Germany) of each isolates and incubated for 3
weeks at 25 °C in the dark (Desjardins et al.,
2000). The entire contents of each flask of
inoculated rice cultures was transferred to a
screen bottomed tray and allowed to dry in a
ventilated hood at room temperature (Langseth
et al., 1999). The dried cultures were finely
ground with a Parskhazar mill (Parskhazar,
Rasht, Iran) and mixed well. Subsamples (about
100 g) were taken and stored at -20 oC until used
for analysis. Fifty grams of milled sample were
extracted with 2 g NaCl, 40 ml of hexane and
100 ml of acetonitrile: water (84: 16v/v) with
occasional shaking in a rotary shaker at high
speed for 30 min. The extract was cooled down
to 4 oC and filtered through filter paper Whatman
No. 4 and glass wool then was stored at 4 °C
until used. The filtrates (5 ml) were passed
through a solid phase extraction column clean up
(SPE) (Libios, Bully, France) consisting of
active carbon, alumina and glass wool (7: 5: 3)
and it was slowly pressed into the tube with the
rubber flange end turned down until 3 ml of the
extract had passed through the column then SPE
column was washed with 2 ml of acetonitrile
84% and purified extraction (2 ml) was
transferred to a vial and evaporated to dryness
under nitrogen stream at 60 oC.

Standard preparation and calibration curve
DON and NIV standards were purchased from
Libios Company (Libios, Bully, France). DON
and NIV stock solutions were prepared by
dissolving the solid standard in methanol to obtain
concentrations of 100 μg/ml for each toxin.
Calibration curves were prepared by dissolving
adequate amounts of the stock solutions in water:
methanol (95: 5), previously evaporated to
dryness under nitrogen stream. Solutions to
perform
calibration
were
prepared
at
concentrations of 4.0-0.25 μg/ml of each standard.
The calibration curves showed good linearity for
both mycotoxins (R2 = 0.9648 for NIV and R2 =
0.9890 for DON) (Fig. 4)
Statistical analysis
The distribution of trichothecene chemotypes
(DON and NIV) was analyzed by splitting
zone studied into regions of approximately
equal area based on surface cultures. Chisquared analysis was then carried out to test
the proportion of DON and NIV chemotypes
in each area following data analysis using SAS
9.2 software.

HPLC Analysis
Five hundred microliter of water: methanol (86:
14, v/v) was used to redissolve dried residue. The
solution was homogenized for 5 min in a vortex
490

Figure 1 F. graminearum species-specific PCR amplification products with Fg16F/Fg16R primer set. Lane M:
marker (1Kb, Qiagene); Lane C, negative control isolate Code numbers above the panel correspond to the strain
codes of F. graminearum in Table 1.

Figure 2 Amplification products from primer Tri13F/Tri13R specific to NIV and DON chemotypes from F.
graminearum isolates. Lane M, marker (1kb); lane C, control; Isolate codes above the panel correspond to the
isolate codes of F. graminearum in Table 1.
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4: Distribution of chemotypes of F.
graminearum isolates from different regions in
Golestan province.

Figure

Results
Figure 3 Map of Golestan province (1: 3500) showing
distribution of chemotypes of Fusarium graminearum
isolates. Trichothecene chemotypes from different
regions are represented as follows: NIV ( ) and DON
( ). Number codes on the map correspond to Gonbad
region (1) and Gorgan region (2).

F. graminearum identification
Fusarium isolates were identified by using
morphological criteria and then were confirmed
as F. graminearum by PCR analysis with F.
graminearum specific Fg16F/Fg16R primers.
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FgaT28, FggT11 and FgbT6 isolates were
predicted to produce DON by PCR analysis
produced DON in culture. In the north of Iran,
there are reports of DON and NIV
trichothecenes on grains of cereals. It is
noteworthy that Karami-Osboo et al., (2010)
detected DON chemotype in contaminated
corn from the Golestan and Moqan Areas by
HPLC.

Of one hundred isolates 96 produced an
expected band of 420-520 bp, as described by
Nicholson et al., (1998) (Fig. 1).
Tri13 assay and determination of DON and
NIV chemotypes
Two PCR assays (Tri13NIV, Tri13DON) were
used for the identification of the chemotypes
of F. graminearum isolates (Table 1). The
expected product size for DON and NIV (415
and 234 bp) were amplified in PCR reaction
(Fig. 2). Of 96 tested isolates using the primers
designed for Tri13 gene, 70 isolates were NIV
chemotype and 26 were DON chemotype (Fig.
2) (Table 2). These results show that NIV was
the most common chemotype in Golestan
province (Fig. 4). The most distribution of
NIV producing isolates was observed in
Gorgan farms (22.2%) while DON producing
isolates were dominant in Gonbad (35.7%)
(Table 2) (Fig. 4). The results indicated that
this pair of primers efficiently amplified a
DNA fragment for all of the strains with a
chemotype-specificity.

Discussion
All trichothecene producing Fusarium species
are destructive pathogens that can attack a wide
range of plant species. The accurate
identification of toxin producer Fusarium
species is very important because each of them
possesses a specific toxigenic profile and it is
important to know the potential toxigenic risk of
the contaminated plant or food products (Mulé et
al., 2004). Species of Fusarium have high
heterogeny in morphological characters. S
classification of species within genus is very
difficult (Llorens et al., 2006). The identification
of Fusarium species based on morphological
criteria is complex and laborious, specially for
the non-specialist (Bluhm et al., 2002; Windels,
1992). Therefore, molecular approaches could
provide a rapid and reliable means for complete
and the routine identification of Fusarium spp.
confirming morphological diagnostics. So, for
complete identification of Fusarium species
additional molecular analysis such as speciesspecific PCR assays must be conducted. Speciesspecific primers have been developed and used
for PCR detection and screening of Fusarium
species (Spanic et al., 2010). F. graminearum is
one of the most important species to produce
estrogenic toxin in wheat. Different species of
Fusarium on wheat in the north of Iran have
been reported (Zamani-Zadeh and Khoursandi,
1995b) but no molecular confirmation overview
has been published on the toxin producer
Fusarium species in our studied region. In this
work, the isolates belonging to this species were
identified based on morphological characters and
then were confirmed by using species-specific
primers.

Distribution of chemotypes in different
region surveyed
Analysis of the trichothecene chemotype
distribution across the Golestan wheat
cropping area revealed that there is a different
frequency of chemotype distribution among
various areas where isolates were collected
(Figs. 3 and 4). Also these results indicated
that there is a significant difference between
wheat farms of Gorgan and Gonbad for
distribution of NIV and DON chemotypes (P <
0.05, P < 0.0001) (Figs. 3 and 4).
HPLC analysis
To confirm PCR assay data and to quntify
toxin, eight representative isolates were further
analyzed using HPLC method. The linear
regression equations for the recovery test of
both DON and NIV shows R2 values > 0.96,
indicating good linearity (Fig. 5).
FgT16, FgmT15, FggT7, FgbT12 and FgT9
isolates were predicted to produce NIV by
PCR analysis produced NIV in culture and
492

Downloaded from jcp.modares.ac.ir at 3:11 IRST on Wednesday September 29th 2021

Abedi-Tizaki et al. __________________________________________________ J. Crop Prot. (2013) Vol. 2 (4)

Table 2 Chemotype and PCR assay results of F.
graminearum strains examined in this study.

Table 2 Continued
PCR assay results
Tri13 primer

PCR assay results
Tri13 primer
Culture
number
FgT1
FgT3
FgT4
FgT5
FgT7
FgT8
FgT9
FgT10
FgT13
FgT14
FgT15
FgT16
FgT17
FgT18
FgT21
FgT24
FgT26
FgT29
FgT30
FgT31
FgT34
FgcT1
FgcT2
FgcT6
FgcT7
FgcT10
FgcT11
FgcT14
FgcT15
FgcT19
FgcT22
FgcT26
FgcT27
FgcT33
FgbT1
FgbT6
FgbT11
FgbT12
FgbT13
FgbT18
FgbT21
FgbT23
FgbT24
FgbT28
FggT1
FggT2
FggT4
FggT6
FggT7

cultivar

Sample site

Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan

Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Gorgan
Cordkuy
Cordkuy
Cordkuy
Cordkuy
Cordkuy
Cordkuy
Cordkuy
Cordkuy
Cordkuy
Cordkuy
Cordkuy
Cordkuy
Cordkuy
Bandar gaz
Bandar gaz
Bandar gaz
Bandar gaz
Bandar gaz
Bandar gaz
Bandar gaz
Bandar gaz
Bandar gaz
Bandar gaz
Gonbad
Gonbad
Gonbad
Gonbad
Gonbad

Culture
number
FggT9
FggT10
FggT11
FggK12
FggK14
FggT27
FggT29
FggT30
FggT31
FggT33
FggT34
FgmT1
FgmT3
FgmT4
FgmT7
FgmT8
FgmT11
FgmT12
FgmT15
FgmT16
FgmT20
FggK16
FggK18
FggT19
FggT21
FggT24
FggT26
FgmT22
FgmT23
FgmT26
FgkT28
FgkT1
FgkT2
FgkT6
FgkT7
FgkT8
FgkT11
FgkT12
FgkT13
FgkZ15
FgkZ16
FgaZ18
FgaZ20
FgaZ21
FgaZ22
FgaT24
FgaT25
FgaT28
FgaT29
FgaT30
FgaT32

NIV DON
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
-

cultivar
Tajan
Tajan
Tajan
Koohdasht
Koohdasht
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Koohdasht
Koohdasht
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan
Zagros
Zagros
Zagros
Zagros
Zagros
Zagros
Tajan
Tajan
Tajan
Tajan
Tajan
Tajan

Sample site NIV DON
Gonbad
Gonbad
Gonbad
Gonbad
Gonbad
Gonbad
Gonbad
Gonbad
Gonbad
Gonbad
Gonbad
Minoodasht
Minoodasht
Minoodasht
Minoodasht
Minoodasht
Minoodasht
Minoodasht
Minoodasht
Minoodasht
Minoodasht
Gonbad
Gonbad
Gonbad
Gonbad
Gonbad
Gonbad
Minoodasht
Minoodasht
Minoodasht
Kalale
Kalale
Kalale
Kalale
Kalale
Kalale
Kalale
Kalale
Kalale
Kalale
Kalale
Azadshar
Azadshar
Azadshar
Azadshar
Azadshar
Azadshar
Azadshar
Azadshar
Azadshar
Azadshar

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

+ corresponding fragment amplified; No corresponding
fragment amplified.
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conversion of DON to NIV and that the
Tri7 gene product modifies NIV by
acetylation to produce 4-ANIV. They also
postulated that some DON-producing
isolates might possess a non-functional
Tri13 gene while retaining a functional Tri7
gene. It has been suggested that, following
the loss of function of Tri13, Tri7 will have
no function (Lee et al., 2002; Brown et al.,
2002). In the absence of selection pressure
to remain functional, Tri7 may accumulate
mutations and become non-functional itself.
Evidence in support of the degeneration of
Tri7 following loss of function of Tri13
have been obtained among isolates of F.
graminearum from China (Desjardins,
2009). In this study, we demonstrated that a
PCR assay with detection of trichothecene
producing genes such as Tri13, provides a
rapid and reliable method for identification
of chemotypes of F. graminearum.
According to these results, both NIV and
DON chemotypes were detected in different
regions and that NIV was dominant
chemotype in Golestan province. It is
noteworthy that NIV chemotype is more
toxic for animals and human while DON
type is mostly phytotoxic. The difference
between distributions of these two
chemotypes is likely due to the distribution
of host, cultivars soil type, cultural
practices or temperature (Jennings et al.,
2004a). Nevertheless, it seems that more
studies to determine the role of each of
these factors in distribution of chemotypes
is needed. In this study, chemotype
distribution analysis in the wheat farms
showed that Gorgan and Gonbad subregions
have the highest contaminations of NIV and
DON so to reduce toxin production in grain
depots, adequate control measures and
knowledge of amount of different
trichotecin types in farms is necessary.
Thus, mycotoxin monitoring using specific
primers pair can replace costly and time
consuming chemical methods to detect
trichothecene in food and feed safety
controls.

There are few reports based on
geographical
distribution
of
F.
graminearum chemotypes in different
regions and hosts in Iran. Haratian et al.,
(2008) reported the different chemotypes of
F. graminearum species in Mazandaran
region where NIV was known as dominant
chemotype. Our observation is completely
congruent with the previous chemical and
molecular assays carried out in neighboring
province. Other studies in different parts of
the world such as Africa, Asia and Europe
have confirmed the presence of both NIV
and DON chemotypes, but only DON type
has been detected in North America
(Miedaner et al., 2000). NIV and DON
chemotypes have been identified in Europe
and South America at the same time so that
DON chemotype was dominant type in
these regions while in Asian regions such as
Korea and Japan NIV have had the greatest
distribution (Carter et al., 2002; Lee et al.,
2002). Ji et al., (2007) have found that both
DON and NIV chemotypes were present at
the same time in deferent regions of China
although, DON producer population had a
greater level in comparison with NIV. Our
data showed that the distribution of DON
and NIV toxin is not equal in different parts
of
province
studied.
Analysis
of
trichothecene chemotypes in Argentina
showed that 15-AcDON chemotype has had
the most distribution compared with 3AcDON chemotype (Alvarez et al., 2009).
These results are of concern because the
recent studies made on F. graminearum
populations of Canada and America has
revealed that the populations with 3AcDON chemotype were more aggressive
than 15-AcDON population in susceptible
cultivars of spring wheat (Puri and Zhong,
2010). The Tri13 gene in the genome of
NIV-producer
species
encodes
3acetyltrichothecene C-4 hydroxylase that
plays an essential role for the addition of
the C-4 oxygen to calonectrin (Kimura et
al., 2007). Lee et al., (2002) have showed
that the Tri13 gene is required for the
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a

b
Figure 5 HPLC chromatogram of Deoxynivalenol (DON) (a) and Nivalenol (NIV) (b) standards, retention times
5.39 and 5.40 minutes respectively.
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a

b
Figure 6 HPLC chromatogram of FggT11 (a) and FgmT15 (b) Fusarium graminearum, retention times 5.45 and
5.52 minutes, respectively.
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ﺗﻌﻴﻴﻦ ﺗﻴﭗ ﺷﻴﻤﻴﺎﻳﻲ ﺟﺪاﻳﻪﻫﺎي  Fusarium graminearumﺑﺎ اﺳﺘﻔﺎده از ژن  Tri13ﺗﻮﻟﻴﺪﻛﻨﻨﺪه

ﻣﺼﻄﻔﻲ ﻋﺎﺑﺪي ﺗﻴﺰﻛﻲ ،1ﺳﻴﺪﻛﺎﻇﻢ ﺻﺒﺎغ* ،2ﻣﻬﺘﺎ ﻣﻈﺎﻫﺮي ﻧﺎﻳﻴﻨﻲ 3و ﺳﻌﻴﺪه ﺳﭙﻬﺮيﻛﻴﺎ

4

 -1داﻧﺸﺠﻮي ﻛﺎرﺷﻨﺎﺳﻲ ارﺷﺪ ﺑﻴﻤﺎريﺷﻨﺎﺳﻲ ﮔﻴﺎﻫﻲ ،ﮔﺮوه ﮔﻴﺎهﭘﺰﺷﻜﻲ داﻧﺸﮕﺎه زاﺑﻞ ،اﻳﺮان.
 -2ﮔﺮوه ﮔﻴﺎهﭘﺰﺷﻜﻲ و ﭘﮋوﻫﺸﻜﺪه زﻳﺴﺖﻓﻨﺎوري ﮔﻴﺎﻫﻲ داﻧﺸﮕﺎه زاﺑﻞ ،زاﺑﻞ ،اﻳﺮان.
 -3داﻧﺸﻜﺪه ﭘﺰﺷﻜﻲ ،داﻧﺸﮕﺎه ﻋﻠﻮم ﭘﺰﺷﻜﻲ زاﺑﻞ ،زاﺑﻞ ،اﻳﺮان.
 -4ﻛﺎرﺷﻨﺎس آزﻣﺎﻳﺸﮕﺎه داﻧﺸﮕﺎه ﻋﻠﻮم ﭘﺰﺷﻜﻲ ﻣﺸﻬﺪ ،ﻣﺸﻬﺪ ،اﻳﺮان.
* ﭘﺴﺖ اﻟﻜﺘﺮوﻧﻴﻜﻲ ﻧﻮﻳﺴﻨﺪه ﻣﺴﺌﻮل ﻣﻜﺎﺗﺒﻪsk.sabbagh@uoz.ac.ir :
درﻳﺎﻓﺖ 5 :ﺷﻬﺮﻳﻮر 1391؛ ﭘﺬﻳﺮش 16 :ﺷﻬﺮﻳﻮر 1392
ﭼﻜﻴﺪه ،Fusarium graminearum :ﻳﻜﻲ از ﻋﻮاﻣﻞ ﻣﻬﻢ ﻓﻮزارﻳﻮز ﺳﻨﺒﻠﻪ ﻳﺎ اﺳﻜﺐ ﮔﻨﺪم در ﻣﻨﺎﻃﻖ
ﻣﺨﺘﻠﻒ ﺟﻬﺎن ﺑﻪﺷﻤﺎر ﻣﻲرود .اﻳﻦ ﻗﺎرچ ﺗﻮاﻧﺎﻳﻲ ﺗﻮﻟﻴﺪ ﻣﺎﻳﻜﻮﺗﻮﻛﺴﻴﻦﻫﺎي ﺗﺮﻳﻜﻮﺗﺴﻴﻦ ﺧﻄﺮﻧﺎﻛﻲ از ﺟﻤﻠﻪ
ﻧﻴﻮاﻟﻨﻮل ) (NIVو دي اﻛﺴﻲ ﻧﻴﻮاﻟﻨﻮل) (DONرا دارد ﻛﻪ ﺑﺮاي اﻧﺴﺎن و دام ﻣﻀﺮ ﻫﺴﺘﻨﺪ .ﺑﻪﻣﻨﻈﻮر ﺗﻌﻴﻴﻦ
ﺗﻴﭗﻫﺎي ﺷﻴﻤﻴﺎﻳﻲ ﺗﺮﻳﻜﻮﺗﺴﻴﻦ ،ﺗﻌﺪاد  100ﺟﺪاﻳﻪ  F. graminearumاز ﻣﻨﺎﻃﻖ ﻣﺨﺘﻠﻒ اﺳﺘﺎن ﮔﻠﺴﺘﺎن از
ﺟﻤﻠﻪ ﮔﺮﮔﺎن ،ﻛﺮدﻛﻮي ،ﺑﻨﺪرﮔﺰ ،ﮔﻨﺒﺪﻛﺎووس ،ﻣﻴﻨﻮدﺷﺖ ،ﻛﻼﻟﻪ و آزادﺷﻬﺮ ﺑﺎ اﺳﺘﻔﺎده از ﺧﺼﻮﺻﻴﺎت
ﻣﻮرﻓﻮﻟﻮژﻳﻜﻲ ﺷﻨﺎﺳﺎﻳﻲ ﺷﺪﻧﺪ ،ﺳﭙﺲ  96ﺟﺪاﻳﻪ ﺑﺎ آﻏﺎزﮔﺮﻫﺎي اﺧﺘﺼﺎﺻﻲ ﮔﻮﻧﻪ (Fg16F/Fg16R) F.
 graminearumاز ﻃﺮﻳﻖ واﻛﻨﺶ زﻧﺠﻴﺮهاي ﭘﻠﻲﻣﺮاز ) (PCRﻣﻮرد ﺗﺄﻳﻴﺪ ﻗﺮار ﮔﺮﻓﺘﻨﺪ .ﺑﺮاﺳﺎس ﺗﻮاﻟﻲ ژن
 Tri13ﻛﻪ در ﺑﻴﻮﺳﻨﺘﺰ ﻣﺎﻳﻜﻮﺗﻮﻛﺴﻴﻦ ﺗﺮﻳﻜﻮﺗﺴﻴﻦ ﻧﻘﺶ دارد ،ﺗﻴﭗﻫﺎي ﺷﻴﻤﻴﺎﻳﻲ ﻧﻴﻮاﻟﻨﻮل ) (NIVو دي
اﻛﺴﻲ ﻧﻴﻮاﻟﻨﻮل ) (DONﺑﺎ روش  PCRردﻳﺎﺑﻲ ﺷﺪﻧﺪ .از  96ﺟﺪاﻳﻪ ﺑﺮرﺳﻲ ﺷﺪه ﺑﺎ آﻏﺎزﮔﺮﻫﺎي اﺧﺘﺼﺎﺻﻲ
ژن  ،Tri13دو ﺗﻴﭗ ﺷﻴﻤﻴﺎﻳﻲ  NIVو  DONردﻳﺎﺑﻲ ﺷﺪ ﻛﻪ  70ﺟﺪاﻳﻪ ﺑﻪﻋﻨﻮان ﺗﻮﻟﻴﺪﻛﻨﻨﺪه ﺗﻴﭗ ﺷﻴﻤﻴﺎﻳﻲ
 NIVو  26ﺟﺪاﻳﻪ ﺑﻪﻋﻨﻮان ﺗﻮﻟﻴﺪﻛﻨﻨﺪه ﺗﻴﭗ ﺷﻴﻤﻴﺎﻳﻲ  DONﺷﻨﺎﺧﺘﻪ ﺷﺪﻧﺪ .اﻳﻦ ﻧﺘﺎﻳﺞ ﻧﺸﺎن داد ﻛﻪ ﻛﻪ
ﺗﻴﭗ ﺷﻴﻤﻴﺎﻳﻲ  ، NIVﺗﻴﭗ ﻏﺎﻟﺐ در ﻣﻨﺎﻃﻖ ﻣﻮرد ﺑﺮرﺳﻲ ﻣﻲﺑﺎﺷﺪ .ﺗﻴﭗ ﺷﻴﻤﻴﺎﻳﻲ  NIVﺑﻴﺸﺘﺮﻳﻦ ﭘﺮاﻛﻨﺶ
را در ﻣﺰارع ﮔﺮﮔﺎن داﺷﺖ ) (P < 0.05, P < 0.0001درﺣﺎﻟﻲﻛﻪ ﺗﻴﭗ ﺷﻴﻤﻴﺎﻳﻲ  DONدر ﻣﺰارع
ﮔﻨﺒﺪﻛﺎووس ﻏﺎﻟﺐ ﺑﻮد ) .(P < 0.05, P < 0.0001درﻧﻬﺎﻳﺖ ﺗﻴﭗﻫﺎي ﺷﻴﻤﻴﺎﻳﻲ ردﻳﺎﺑﻲ ﺷﺪه ﺑﺎ واﻛﻨﺶ PCR
ﻧﻴﺰ ﺑﺎ آﻧﺎﻟﻴﺰ ﻧﻤﻮﻧﻪﻫﺎ ﺑﺎ اﺳﺘﻔﺎده از  HPLCﻣﻮرد ﺗﺄﻳﻴﺪ ﻗﺮار ﮔﺮﻓﺘﻨﺪ .اﻳﻦ ﻧﺘﺎﻳﺞ ﺛﺎﺑﺖ ﻣﻲﻛﻨﺪ ﻛﻪ  PCRو
 ،HPLCروشﻫﺎي ﺳﺮﻳﻊ ،ﻣﻄﻤﺌﻦ و ﺑﻪﺻﺮﻓﻪ ﺑﺮاي ردﻳﺎﺑﻲ و ﺷﻨﺎﺳﺎﻳﻲ ﮔﻮﻧﻪﻫﺎي ﻓﻮزارﻳﻮم ﺗﻮﻟﻴﺪﻛﻨﻨﺪه
ﺗﻮﻛﺴﻴﻦ ﻣﻲﺑﺎﺷﻨﺪ ﻛﻪ ﺑﻪ ﺗﻮﺳﻌﻪ روشﻫﺎﻳﻲ ﺑﺮاي ﺟﻠﻮﮔﻴﺮي و ﻛﺎﻫﺶ آﻟﻮدﮔﻲﻫﺎي ﻣﺎﻳﻜﻮﺗﻮﻛﺴﻴﻨﻲ در
ﻏﻼت ﻛﻤﻚ ﻣﻲﻛﻨﺪ.
واژﮔﺎن ﻛﻠﻴﺪي ،Fusarium graminearum :ﺗﺮﻳﻜﻮﺗﺴﻴﻦ ،ﺗﻴﭗ
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