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ABSTRACT 

In order to explore biodiversity of Fusarium species associated with the inflorescences 

of gramineus weeds, heads and inflorescences were collected from wild grasses in west of 

Iran. Sixty samples, mostly from infected spikes were collected from different sites of 

western Iran. Nine species from 9 tribes of the Poaceae family were identified based on 

pollen morphology using light microscopy and scanning electron microscope. Sixty 

Fusarium isolates were obtained from diseased spikes and identified into five species F. 

graminearum (40%), F. asiaticum (20%), F. acuminatum (20%), F. equiseti (10%), and F. 

proliferatum (10%). The identification of the members of F. Graminearum Species 

Complex (FGSC) was confirmed molecularly using Fg16F/Fg16R primers. F. asiaticum 

isolates were distinguished from other FGSC using Fg6CTPSf177/Fg16R primers. The 

phylogenetic trees based on Translation Elongation Factor-1α (TEF-1α) dataset clearly 

separated all morphological taxa. PCR-based detection of mycotoxin-synthesis-pathway 

gene was also used to determine the potential to produce trichothecenes (DON and NIV). 

Among 60 tested isolates, 16 isolates (27%) belonged to DON chemotype and 10 isolates 

(17%) were NIV chemotype. These results show that DON was the most common 

chemotype in western Iran. To our knowledge, this is the first report on molecular 

identification of Fusarium species isolated from poaceous wild grasses in Iran.  

Keywords: Fusarium spp., Iran, Poaceous wild grasses, TEF-1α, Trichothecenes. 
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INTRODUCTION 

Wild grasses (particularly the wild 

progenitors of cereals) convert solar energy 

into carbohydrates for their own food and for 

use by animals. So, wild grasses are the most 

important annual weeds grown in all 

continents of the world (Badaeva et al., 2002; 

Inch and Gilbert, 2003). Since the 1950s, 

grasses have been identified as the major 

importance in animal nutrition throughout Iran 

(Parsa, 1950; Yazdanseta et al., 2004). 

Mycotoxin contamination of agricultural 

crops, animal feed, and wild grasses has long 

been a major problem in different regions, 

which are mostly produced by fungi species 

(Goswami and Kistler, 2004, 2005; Sanoubar 

et al., 2015; Kononenko et al., 2015). Like any 

other agricultural and non-agricultural plants, 

wild grasses are also infected by several types 

of diseases caused by toxigenic fungi (Inch 

and Gilbert, 2003; Postic et al., 2012; 

Kononenko et al., 2015). Poaceous wild 

grasses are attacked by various pathogens such 

as Fusarium spp., Ustilago spp., and 

Aspergillus spp. (Inch and Gilbert, 2003; 

Postic et al., 2012). Fusarium species are 

known to be pathogenic to many cereal crops 

and wild grasses (Boutigny et al., 2011; Postic 

et al., 2012). One of the most commonly and 

widely studied poaceous diseases in the world 

is Fusarium Head Blight (FHB) (Akinsanmi et 
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al., 2003; Boutigny et al., 2011; Postic et al., 

2012). FHB is a disease in the head and kernel 

of small cereal grains e.g., wheat, barley, rye 

and triticale and poaceous wild grasses 

(Boutigny et al., 2011; Postic et al., 2012; 

Sanoubar et al., 2015). The incidence of FHB 

has increased worldwide over the past decades 

(Goswami and Kistler, 2004, 2005). At least 

18 Fusarium species have been found to cause 

FHB (Bottalico and Perrone, 2002). Members 

of F. Graminearum Species Complex (FGSC) 

which is one the most important and prevalent 

species, are able to produce different 

mycotoxins such as DON and NIV 

trichothecenes (Boutigny et al., 2011). The 

causal agents of FHB in Europe and Eurasia 

are F. graminearum, F. culmorum, F. 

sporotrichioides, F. tricinctum, F. langsethiae, 

and F. avenaceum (Waalwijk et al., 2003; Yli-

Mattila et al., 2004; Stepién et al., 2008) while 

F. asiaticum has been found at high incidence 

in oriental Asia (Desjardins and Proctor, 2011; 

Zhang et al., 2012). The Fusarium mycotoxin 

contamination is a potential health hazard for 

animals consuming grassy (Desjardins and 

Proctor, 2011; Postic et al., 2012). The 

mycotoxin-production ability of Fusarium 

species is diverse and particular strains may 

produce different mycotoxins (Goswami and 

Kistler, 2005). So, rapid and accurate 

Fusarium spp. identification, as well as 

detection of their mycotoxin production 

ability, is therefore vital to reduce the harmful 

effects of the disease (Eskola et al., 2001). The 

aims of this study were to: (i) Identify the 

Fusarium spp. isolated from grassy weeds in 

Iran in 2012 and 2014 using morphological 

and molecular methods; (ii) Determine the 

genetic potential of Fusarium spp. isolates to 

produce nivalenol and deoxynivalenol. 

MATERIALS AND METHODS 

Sample Collection and Identification of 

Poaceus Weeds 

A survey was carried out during the 2012–

2014 growing seasons in five agroecological 

zones in western Iran including Sarpole-

Zahab, Mahidasht, Eslam Abad, Bisetoon, 

and Kermanshah districts. In each 

agroecological zone, 12 farms were 

randomly selected, giving a total of 60 

farms. In each farm infected heads and 

inflorescences of wild grasses were 

collected. All native grasses of Poaceae 

family were identified based on pollen 

morphology using Light Microscopy (LM) 

and Scanning Electron Microscope (SEM). 

To identify members of Poaceae, plants 

were transferred to the herbarium at Razi 

University. For Light Microscopy (LM) 

observations, pollens were acetolysed 

following the technique of Erdtman (1960) 

and mounted in glycerine jelly. Size

measurements were taken based on 25 

pollen grains per sample; the values of P 

(Polar axis length) and E (Equatorial

diameter) were measured and the P/E ratios 

were calculated. Measurements were 

recorded using both a 40X objective, and a 

crossed micrometer eyepiece graticule. For 

SEM studies unacetolysed pollen grains 

were examined.  

Isolation and Identification of Fusarium 

Isolates 

Infected heads and inflorescences were 

randomly hand-collected and plated onto 

water-agar amended with Peptone-

pentaChloronitro Benzene (PCNB) plates 

(Nash and Snyder 1962). The Petri dishes 

were incubated at 25°C for 4 days. The 

resulting single-spored Fusarium colonies 

were transferred onto Potato Dextrose Agar 

(PDA) and Carnation Leaf Agar (CLA) 

plates to study the morphological 

characteristics. The species were identified 

on the basis of macroscopic and microscopic 

characteristics such as pigmentations and 

growth rates on PDA plates, size of 

macroconidia, presence of microconidia and 

chlamydospore, and the type of 

conidiogenous cells (monophialidic and 

polyplialidic conidiophores). Identification 

of Fusarium species was based on species 

description of Leslie and Summerell (2006). 
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Table 1. Species-specific primers used for the identification of F. graminearum species complex and F. 

asiaticum isolated from wild grasses in Iran. 

Species Primer name Sequence 5′-3′ Product 

size (bp) 

Source 

F. graminearum Fg16F CTCCGGATATGTTGCGTCAA 400-500 Nicholson et al. 

(1998) 

 Fg16R GGTAGGTATCCGACATGGCAA   

F. asiaticum Fg6CTPSf177 GTCTCACTTCAAGCCA 162 Yang et 

al.(2008) 

 FgCTPSrR306 CCTTGGTCATCCATAGAG   

 

 

DNA Extraction, Polymerase Chain 

Reaction (PCR) Amplification and DNA 

Sequencing Alignment 

Potato Dextrose Broth (PDB, Sigma) 

medium was used to grow the Fusarium 

strains to produce mycelium for DNA 

extraction. Selected strains of all species 

were grown on PDB with shaking at 150 

rpm at 25±2
o
C for 5 days. Mycelia were 

harvested by filtration through Whatman 

paper 1 and freeze-dried for 20 hours and 

DNA was extracted using a DNeasy® Plant 

Mini Kit (Qiagen) according to the 

manufacturer's protocol. Amplification of 

the Translation Elongation Factor-1α (TEF-

1α) gene was conducted using the primer 

pairs of ef1 and ef2 (O’Donnell et al., 1998). 

Amplification reactions were performed in a 

total volume of 50 µl, by mixing 0.4 µl of 

template DNA with 16.35 µl ddH2O, 1 µl of 

deoxyNucleotide TriPhosphate (dNTP) 

(Promega); 8 µl of each primer; 0.25 µl of 

Taq DNA polymerase (Promega); 8 µl of 

MgCl2 (Promega) and 8 µl of PCR 5X 

reaction buffer (Promega, Madison, Wl, 

USA) (Chehri et al., 2014). The PCR 

products were purified using QIAquick PCR 

Purification Kit (QIAGEN) according to the 

manufacturers’ instructions. The purified 

PCR products were sent to Centre for 

Chemical Biology Laboratories in Malaysia. 

The sequences of TEF-1α gene received 

were aligned and edited using BioEdit 

version 7.0.5. The edited alignments were 

used as query to search for similarities using 

BLAST network services at the 

FUSARIUM-ID database 

(http://fusarium,cbio.psu.edu). Maximum-

parsimony analyses were performed on the 

aligned DNA sequences of the individual 

and combined datasets using MEGA4.0 

version (Tamura et al., 2007).  

Molecular Identification of F. 

graminearum Species Complex Using 

Species-Specific PCR 

Studied isolates belonging to F. 

graminearum species complex were 

identified with species-specific PCR assay 

using previously published primer pairs for 

FGSC and F. asiaticum (Table 1). 

Amplification reactions were performed in a 

total volume of 25 µl, by mixing 1 µl of 

template DNA with 17.8 µl ddH2O, 1 µl of 

deoxyNucleotide TriPhosphate (dNTP) 

(Promega); 1 µl of each primer; 0.2 µl of 

Taq DNA polymerase (Promega); 0.5 µl of 

MgCl2 (Promega) and 2.5 µl of PCR 5X 

reaction buffer (Promega, Madison, Wl, 

USA). PCR amplification was carried out in 

the Peltier Thermal Cycler, PTC-100
®
 (MJ 

Research, Inc. USA) with the following 

programs: An initial denaturation step at 

94°C for 5 minutes, 35 cycles of 94 (1 

minute)/56 (1 minute)/72°C (3 minutes), and 

a final extension step at 72°C for 10 

minutes. The PCR products were visualized 

by 1X TBE electrophoresis in ethidium-

bromide-stained, 1% agarose gel. 
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Table 2. Primers used for detection of the Fusarium spp. potential to produce trichothecenes. 

Primer 

name 

Sequence 5′-3′ Product 

size (bp) 

Target sequence Source 

Tri13F CATCATGAGACTTGTKCRAGTTTGGG 282 Tri13DON gene Chandler et 

al. (2003) 

Tri13DONR GCTAGATCGATTGTTGCATTGAG    

Tri13NIVF CCAAATCCGAAAACCGCA 312 Tri13NIV gene Chandler et 

al. (2003) 

Tri13R TTGAAAGCTCCAATGTCGTG    

 
 

Molecular Analyses of the Toxigenic 

Potential of Fusarium spp. Isolates 

The potential of Fusarium spp. isolates to 

produce trichothecenes was determined by 

the PCR-based molecular analyses using the 

Tri13F and Tri13DONR, and Tri13NIVF 

and Tri13R specific primers pairs (Table 2) 

which target the mycotoxin-synthesis 

pathway genes were Tri13DON 

(DeOxyNivalenol), and Tri13NIV 

(Nivalenol) respectively. A total volume of 

25 µl amplification reactions for each isolate 

was prepared containing the mixture of 4 µl 

10X buffer (Promega, Madison, WI, USA), 

2 mM MgCl2, 0.2 mM deoxyNucleotide 

TriPhosphate (dNTP) (Promega), 0.4 µM 

each primer, 0.75 units of Taq DNA 

polymerase (Promega), and 50 ng of 

template DNA. PCR amplification was 

carried out in the Peltier Thermal Cycler, 

PTC-100
®
 (MJ Research, Inc. USA) 

according to temperature profiles described 

by Lenc et al. (2008) and Lenart et al. 

(2013). The PCR products were visualized 

by 1X TBE electrophoresis in ethidium-

bromide-stained, 1% agarose gel. 

RESULTS 

Sixty samples, mostly from infected spikes 

were collected from different sites of 

western Iran. Nine species from 9 tribes of 

Poaceae family were identified based on 

pollen morphology using light microscopy 

and scanning electron microscope (Table 4). 

A total of 60 Fusarium isolates were 

recovered from diseased inflorescences of 

wild grasses. All isolates were identified into 

five species i.e. F. graminearum, F. 

asiaticum, F. acuminatum, F. proliferatum, 

and F. equiseti (Table 3). Members of FGSC 

were the most prevalent species in all 

samples. Based on morphological 

characters, 36 isolates belonged to FGSC, 

and 18 isolates were classified into two 

known species among F. Incarnatum-F. 

Equiseti Species Complexes (FIESC), 

namely F. acuminatum (12) and F. equiseti

(6), and 6 isolates were F. proliferatum in 

the Gibberella Fujikuroi Species Complex 

(GFSC). Macroscopic and microscopic 

characteristics including means and ranges 

of spore dimensions of individual isolates of 

FSSC are summarized in Table 3. 

Members of FGSC were also distinguished 

molecularly using Fg16F/Fg16R primers, 

and F. asiaticum isolates were identified 

using specific primers 

Fg6CTPSf177/FgCTPSrR306. The primers 

Fg16F/Fg16R produced fragments of 450 bp 

in 36 isolates and hence they were identified 

as FGSC along with morphological features 

(Figure 1) and the specific primers 

Fg6CTPSf177/FgCTPSrR306 produced 

fragments of 162 bp only in 12 isolates, 

which belonged to F. asiaticum. Therefore, 

molecular studies were useful in 

differentiating closely related species 

especially among members of FGSC (Figure 

2). 

Two PCR assays (nivalenol, 

deoxynivalenol) were used for the 

identification of the chemotypes of all 

Fusarium isolates. The expected product 

size for DON and NIV (282 and 312 bp)  
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M       1        2       3       4       5       6       7       8        9     10      11      M 

500 bp 

250 bp 

1000 bp 

 
Figure 1. PCR products obtained with specific primer pairs Fg16F / Fg16R (band, 450 bp) from 

10 isolates of F. graminearum. (Lane M) GeneRuler 1 kb DNA Ladder; (1)= FGSC Haz33 weed; 

(2) FGSC Haz34 weed; (3) FGSC Haz134 weed; (4) FGSC Haz033 weed; (5) FGSC Haz35 weed; 

(6)= FGSC Haz36 weed; (7)= FGSC Haz37 weed; (8)= FGSC Haz38 weed; (9) FGSC Haz39weed; 

(10) F. solani, and (11) FGSC Haz40 weed isolates in wells (1-11) amplified with primers Fg16F 

and Fg16R.  

 M       1      2       3       4     5       6      7       8       9     10     11    12     13     M 

 

200 bp 

100 bp 

 

Figure 2. PCR products obtained with specific primer pairs Fg6CTPSf177/FgCTPSrR306 (band, 

162 bp) from 10 isolates of F. asiaticum. Lane M: GeneRuler DNA Ladder Mix, 100–10,000 bp 

Ladder; (1) FGSC Haz33 weed, 2. F. graminearum (FGSC Haz34weed),  FGSC Haz033 

weed; (4) FGSC Haz25 weed; (5) FGSC Haz025 weed; (6)= FGSC Haz35 weed; (7) FGSC Haz36 

weed; (8) FGSC Haz27 weed; (9) FGSC Haz28weed; (10) FGSC Haz29 weed; (11) Haz30 weed; 

(12) FGSC Haz40 weed, and (13) FGSC Haz41 weed amplified with primers Fg6CTPSf177 and 

FgCTPSrR306 and one F. graminearum (FGSC Haz34 weed) (well 2).  

 

were amplified in PCR reaction (Figures 3 

and 4). From among 60 tested isolates, 

detection of the deoxynivalenol, gave 

positive results for 16 Fusarium isolates that 

belonged to F. graminearum (12) and F. 

asiaticum (4) (Figure 3). Also the detection 

of potential nivalenol producers was positive 

for 10 Fusarium isolates which belonged to 

F. asiaticum (Figure 4). The highest 

proportion of DON producing isolates was 

observed in Sarpole-Zahab site (10%) 

followed by Kamyaran (5%). while NIV 

producing isolates were dominant in 

Ravansar (5%) followed by Sahneh (3%). 

Frequencies and percentage of potential 

mycotoxin producing strains are presented in 

Table 4. 

Ten strains were selected for DNA 

sequence analysis using the TEF-1α gene. A 

single band of DNA fragments 700-bp was  
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250 bp 

500 bp 

1            2             3           4             5            6           7             8            M 

 

 

Figure 3. PCR detection of DON production potential indicated by the presence of Tri13DON 

marker (Tri13F/Tri13DONR). (Lane M) GeneRuler 1 kb DNA Ladder; (Lanes 1-4) F. asiaticum 

(1= FGSC Haz33 weed; 2= FGSC Haz033 weed; 3= FGSC Haz25 weed, 4= FGSC Haz025 weed), 

and (Lanes 5-8) F. graminearum (5= FGSC Haz34 weed; 6= FGSC Haz134 weed; FGSC Haz37 

weed, 8= FGSC Haz38 weed) positively identified presence of Tri13- DON marker. 

 

100 bp 

200 bp 

300 bp 

M            1        2         3         4         5         6          7          8          9 

 

 

Figure 4. PCR detection of Tri13NIV production potential indicated by the presence of Tri13NIV 

marker (Tri13NIVF/Tri13R). Lane M: GeneRuler DNA Ladder Mix, 100–10,000 bp Ladder; 

(Lanes 1) F. graminearum (FGSC Haz34 weed); (Lanes 2-9) F. asiaticum (2= FGSC Haz033 

weed; 3= FGSC Haz25 weed; 4= FGSC Haz025 weed; 5= FGSC Haz35 weed; 6= FGSC Haz36 

weed; 7= FGSC Haz27 weed; 8= FGSC Haz28 weed, 9= FGSC Haz29 weed) positively identified 

presence of Tri13NIV marker.  

 

amplified for the TEF-1α gene from all 

Fusarium spp. isolates. Obtained sequences 

were aligned and edited using BioEdit 

version 7.0.5 and compared with 

FUSARIUM-ID database. From similarities 

searched at FUSARIUM-ID database, 

identification of all Fusarium spp. was 

confirmed with statistical significance. 

GenBank accession numbers used in this 

study are shown in Table 3. Also, this was 

confirmed by a phylogenetic analysis of the 

combined dataset of TEF-1α gene data 

(Figure 5). The phylogenetic tree generated 

from the combined dataset of TEF-1α gene 

revealed a monophyly among 2 isolates 

(FFSC K281 and FFSC K285 weeds) in this 

study, and F. proliferatum (NRRL 31071) 

obtained from GenBank (87% MP). The tree 

also showed 2 isolates (FIESC K266 and 

FIESC K272 weeds) with 99% bootstrap 

support being placed in distinct lineage of F. 

acuminatum. The tree showed a well 

supported relationship (99% MP bootstrap) 

between F. equiseti (NRRL 46916 and 

NRRL 46628) obtained from GenBank and 

2 isolates in this study based on 

morphological features were identified as F. 

equiseti (FIESC K0261 and FIESC K261 

weeds). Phylogenetic tree showed a 

monophyly between F. graminearum (CBS 
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 F.asiaticum  F0442
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F. asiaticum 

 F.gram inearum  C BS131784
 FGSC Haz 34weed
 FGSC Haz 134weed

F. graminearum 

 F.incarnatum  PRT6
 FIESC  K0261weed
 FIESC  K261weed
 F.equiseti NRRL 46916
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F. equiseti 
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F. acuminatum 

 F.oxysporum  f.sp.vasinfectum  LA108
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 F.oxysporum  NRRL22902

 F.bulbicola NRRL13618
 F.circinatum  NRRL25331
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 F.fractiflexum  NRRL28854

 F.fujik uroi NRRL13566
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F. proliferatum 
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Figure 5. A maximum parsimony phylogeny for 28 taxa of the Fusarium spp. inferred from 

combined tef1 gene sequence. Bootstrap tests were performed with 1,000 replications. Fusarium 

solani (NRRL 22586) obtained from GenBank was treated as the outgroup. 

 

131776) and isolates FGSC Haz34 and 

FGSC Haz134 weeds (79% MP), and based 

on morphological features in which all 

strains were identified as F. graminearum. 

Also, the tree demonstrated that isolates 

FGSC Haz33 and FGSC Haz033 weeds, 

based on morphological characters which 

were identified as FGSC, are monophyletic 

with F. asiaticum (FO 442 and Nep 350) 

(74% MP). 

DISCUSSION 

Fusarium head blight is a destructive 

disease on poaceous plants caused by 

different complexes of Fusarium species 

(Goswami and Kistler, 2004). The most 

prevalent species involved in Fusarium head 

blight are members of F. graminearum, F. 

incarnatum- F. equiseti, F. fujikuroi, and F. 

avenaceum species complexes (Yli-Mattila 

et al., 2002; Goswami and Kistler, 2004, 

2005). Although F. avenaceum species 

complex is considered less pathogenic than 

other species complexes, that infect cereals 

and grasses (Turner et al., 1998). In this 

study the Fusarium spp. were isolated and 

identified from grassy weeds in Iran during 

the 2012–2014 growing seasons using 

morphological and molecular methods and 

F. graminearum (40%) was the dominant 

Fusarium species in inflorescences of 

gramineus weeds which was in agreement 

with previous studies (Boutigny et al., 2011; 

Postic et al., 2012; Yli-Mattila et al., 2015). 

The high frequency of these species in the 

current study provides further evidence of 

their potential importance in Fusarium 

diseases of gramineus weeds as the most 

important animal feeds in Iran. Wild grasses 

may also act as the source of Fusarium 

species for infection of cultivated species 

(Boutigny et al., 2011; Postic et al., 2012; 

Skladanka et al., 2013). The widespread 

nature of FGSC in all grassland sites in 

western Iran is further evidence of its ability 

to interactions with plant hosts and 

mycotoxin production. 

The occurrence of mycotoxins produced 

by members of the F. graminearum, F. 

fujikuroi, and F. avenaceum species 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
17

.1
9.

7.
16

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-1

1-
29

 ]
 

                             9 / 13

https://dorl.net/dor/20.1001.1.16807073.2017.19.7.16.3
https://jast.modares.ac.ir/article-23-10692-en.html


  _______________________________________________________________________ Chehri et al. 

1626 

complexes in family Gramineae is of great 

concern worldwide, because their presence 

in processed feeds seems unavoidable 

(IARC, 1993; Bottalico and Perrone, 2002; 

CAST, 2003; Boutigny et al., 2011; Postic et 

al., 2012; Skladanka et al., 2013; Duan et 

al., 2016). Lenart et al. (2013) applied the 

positive-negative PCR assay based on the 

Tri13 gene to identify the genetic potential 

of DON production of Fusarium strains 

isolated from maize ears in southern Poland 

and indicated 11 Fusarium strains were 

found to be potential DON producing 

strains. The presence of DON and NIV 

genes was found in 24 strains of the species 

F. graminearum, which can produce 

significant amounts of deoxynivalenol and 

nivalenol in wheat ears in Poland (Wolny-

Koładka et al., 2015). In this survey, as the 

potent producers of mycotoxin, F. 

graminearum and F. asiaticum comprised 

the highest frequencies in gramineus weeds 

and our results are in agreement with 

previous studies in the world (Tóth et al., 

2004; Jurado et al., 2005; Pasquali et al., 

2010). From 60 tested isolates, 16 isolates 

(27%) being DON chemotype and 10 

isolates (17%) were NIV chemotype. These 

results show that DON was the most 

common chemotype in western Iran. 

Haratian et al. (2008) investigated the 

genetic potential of DON and NIV 

production of F. graminearum strains 

isolated from grain cereals in Iran and 

demonstrated 11 Fusarium strains were 

found to be potential DON and NIV 

producing strains. They revealed that both 

DON and NIV Fusarium spp. chemotypes 

existed in Iran, but NIV producers were 

more frequently reported. The results 

obtained in this study confirmed and 

completed the previous data about genetic 

potential of DON and NIV production of F. 

graminearum strains in Iran and revealed in 

addition of grain cereals, wild grasses can 

also be one of the great concerns in Iran.  

Several molecular systematic studies have 

successfully utilised TEF-1α sequence 

variation to investigate phylogenetic 

relationships of Fusarium spp. (O’Donnell 

et al., 2004). Our study demonstrated that 

TEF-1α sequence was an excellent 

phylogenetic marker for resolution of 

Fusarium species. It is very difficult to 

distinguish F. graminearum and F. 

asiaticum by their morphological 

characteristics. The close relationship 

between these species is supported by the 

TEF-1α sequence (O’Donnell et al., 2004). 

Based on our result, we can conclude that 

FGSC are the causal agents for mycotoxin 

contamination in poaceous wild grasses in 

Iran and application of molecular biology 

techniques provides new information on the 

DON and NIV producers in Iran.  

ACKNOWLEDGEMENTS 

Khosrow Chehri acknowledges Razi 

University, Kermanshah, Iran for providing 

necessary facilities to carry out this research. 

REFERENCES 

1. Akinsanmi, O. A., Mitter, V., Simpfendorfer, 

S., Backhouse, D. and Chakraborty, S. 2003. 

Identity and Pathogenicity of Fusarium spp. 

Isolated from Wheat Fields in Queensland 

and Northern New South Wales. Aust. J. Agr. 

Res., 55: 97-107. 

2. Badaeva, E. D., Amosova, A. V., Muravenko, 

O. V., Samatadze, T. E., Chikida, N. N., 

Zelenin, A.V., Friebe, B. and Gill, B. S. 2002. 

Genome Differentiation in Aegilops: 

Evolution of the D-genome Cluster. Plant 

System Evol., 231: 163-190. 

3. Bottalico, A. and Perrone, G. 2002. Toxigenic 

Fusarium Species and Mycotoxins 

Associated with Head Blight in Small-Grain 

Cereals in Europe. Eur. J. Plant. Pathol., 108: 

611-624. 

4. Boutigny, A. L., Ward, T. J., Van Coller, G. 

J., Flett, B., Lamprecht, S. C., O’Donnell, K. 

and Viljoen, A. 2011. Analysis of the 

Fusarium graminearum Species Complex 

from Wheat, Barley and Maize in South 

Africa Provides Evidence of Species-Specific 

Differences in Host Preference. Fungal. 

Genet. Biol., 48: 914-920. 

5. Chandler, E. A., Duncan, R. S., Thomsett, M. 

A. and Nicholson, P. 2003. Development of 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
17

.1
9.

7.
16

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-1

1-
29

 ]
 

                            10 / 13

https://dorl.net/dor/20.1001.1.16807073.2017.19.7.16.3
https://jast.modares.ac.ir/article-23-10692-en.html


Fusarium graminearum Species and Wild Grasses ________________________________  

1627 

PCR Assays to tri7 and tri13 and 

Characterisation of Chemotypes of Fusarium 

graminearum, Fusarium culmorum and 

Fusarium cerealis. Physiol. Mol. Plant. P., 

62: 355-367. 

6. Chehri, Kh., Ghasempour, H. R. and Karimi, 

N. 2014. Molecular Phylogenetic and 

Pathogenetic Characterization of Fusarium 

Solani Species Complex (FSSC), the Cause 

of Dry Rot on Potato in Iran. Microb. 

Pathog., 65: 14-19. 

7. Council for Agricultural Science and 

Technology (CAST). 2003. Potential 

Economic Costs of Mycotoxins in the United 

States. In: “Mycotoxins: Risks in Plant, 

Animal and Human Systems”. Task Force 

Report No. 139, Ames, IA, USA, PP. 136-

142. 

8. Desjardins, A. E. and Proctor, R. H. 2011. 

Genetic Diversity and Trichothecene 

Chemotypes of the Fusarium graminearum 

Clade Isolated from Maize in Nepal and 

Identification of a Putative New Lineage. 

Fungal. Biol., 115: 38-48. 

9. Duan, C. X., Qin, Z. H., Yang, Z. H., Li, W. 

X., Sun, S. L., Zhu, Z. D. and Wang, X. M. 

2016. Identification of Pathogenic Fusarium 

spp. Causing Maize Ear Rot and Potential 

Mycotoxin Production in China. Toxin., 8: 

186. 

10. Erdtman, G. 1960. The Acetolysis Method: A 

Revised Description. Svensk. Bot. Tidskr., 54: 

561-564. 

11. Eskola, M., Parikka, P. and Rizzo, A. 2001. 

Trichothecenes, Ochratoxin A and 

Zearalenone Contamination and Fusarium 

Infection in Finnish Cereal Samples in 1998. 

Food. Addit. Contam., 18:707–718. 

12. Goswami, R. S. and Kistler, H. C. 2005. 

Pathogenicity and in Planta Mycotoxin 

Accumulation among mMembers of the 

Fusarium graminearum Species Complex on 

Wheat and Rice. Phytopathol., 95: 1397–

1404. 

13. Goswami, R. S. and Kistler, H. C. 2004. 

Heading for Disaster: Fusarium graminearum 

on Cereal Crops. Mol. Plant. Pathol., 5: 515-

525. 

14. Haratian, M., Sharifnabi, B., Alizadeh, A. and 

Safaie, N. 2008. PCR Analysis of the Tri13 

Gene to Determine the Genetic Potential of 

Fusarium graminearum Isolates from Iran to 

Produce Nivalenol and Deoxynivalenol. 

Mycopathologia, 166: 109–116. 

15. Inch, S. and Gilbert, J. 2003. The Incidence 

of Fusarium Species Recovered from 

Inflorescences of Wild Grasses in Southern 

Manitoba. Can. J. Plant. Pathol., 25: 379–

383. 

16. International Agency for Research on Cancer 

(IARC). 1993. Some Naturally Occurring 

Substances: Food Items and Constituents, 

Heterocyclic Aromatic Amines and 

Mycotoxins. IARC Monographs on the 

Evaluation of Carcinogenic Risk to Humans. 

IARC, Lyon, 56. 

17. Jurado, M.,Vázquez, C., Patiño, B. and 

González-Jaén, M. T. 2005. PCR Detection 

Assays for the Trichothecene-Producing 

Species Fusarium graminearum, Fusarium 

culmorum, Fusarium poae, Fusarium equiseti 

and Fusarium sporotrichioides. Syst. Appl. 

Microbiol., 28: 562–568. 

18. Lenart, A. M., Klimek-Kopyra A. and Boroń, 

P. M. 2013. Morphological and Molecular 

Identification and PCR Amplification to 

Determine the Toxigenic Potential of 

Fusarium spp. Isolated from Maize Ears in 

Southern Poland. Phytoparasitica, 41: 241–

248. 

19. Lenc, L., Łukanowski, A. and Sadowski, C. 

2008. The Use of PCR Amplification in 

Determining the Toxigenic Potential of 

Fusarium sambucinum and F. solani Isolated 

from Potato Tubers with Symptoms of Dry 

Rot. Phytopathol. Pol., 48: 12–23. 

20. Leslie, J. F. and Summerell, B. A. 2006. The 

Fusarium Laboratory Manual. Blackwell 

Publish Ltd., London, 388 PP. 

21. Kononenko, G. P., Burkin, A. A., Gavrilova, 

O. P. and Gagkaeva, T. Y. 2015. Fungal 

Species and Multiple Mycotoxin 

Contamination of Cultivated Grasses and 

Legumes Crops. Agric. Food Sci., 24: 323–

330. 

22. Nash, S. M. and Snyder, W. C. 1962. 

Quantitative Estimations by Plat Counts of 

Propagules of the Bean rot Fusarium in Field 

Soils. Phytopathol., 73: 458-462. 

23. Nicholson, P. Simpson, D. R., Weston, G., 

Rezanoor, H. N., Lees, A. K., Parry, D. W. 

and Joyce, D. 1998. Detection and 

Quantification of Fusarium culmorum and 

Fusarium graminearum in Cereals Using 

PCR Assays. Physiol. Mol. Plant. P., 53: 17–

37. 

24. O’Donnell, K., Kistler, H. C., Cigelnike, E. 

and Ploetz, R. C. 1998. Multiple Evolutionary 

Origins of the Fungus Causing Panama 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
17

.1
9.

7.
16

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-1

1-
29

 ]
 

                            11 / 13

https://dorl.net/dor/20.1001.1.16807073.2017.19.7.16.3
https://jast.modares.ac.ir/article-23-10692-en.html


  _______________________________________________________________________ Chehri et al. 

1628 

Disease of Banana: Concordant Evidence 

from Nuclear and Mitochondrial Gene 

Genealogies. Proceedings of the National 

Academy of Sciences, USA, 95: 2044-2049. 

25. O’Donnell, K., Ward, T. J., Geiser, D. M., 

Kistler, H. C. and Aoki, T. 2004. 

Genealogical Concordance between the 

Mating-Type Locus and Seven Other Nuclear 

Genes Supports Formal Recognition of Nine 

Phylogenetically Distinct Species within the 

Fusarium graminearum Clade. Fungal. 

Genet. Biol., 41: 600-623. 

26. Parsa, A. 1950. Flora de Iran. Publication du 

Ministere del Education, Museum de Histoire 

Naturalle de Tehran, 5. 

27. Pasquali, M., Giraud, F., Brochot, C., Cocco, 

E., Hoffman, L. and Bohn, T. 2010. Genetic 

Fusarium Chemotyping as a Useful Tool for 

Predicting Novalenol Contamination in 

Winter Wheat. Inter. J. Food. Microbiol., 

137: 246–253. 

28. Postic, J., Cosic, J., Vrandecic, K., Jurkovic, 

D., Saleh, A. A. and Leslie, J. F. 2012. 

Diversity of Fusarium Species Isolated from 

Weeds and Plant Debris in Croatia. J. 

Phytopathol., 160: 76–81. 

29. Sanoubar, R., Bauer, A. and Seigner, L. 2015. 

Detection, Identification and Quantification 

of Fusarium graminearum and Fusarium 

culmorum in Wheat Kernels by PCR 

Techniques. J. Plant Pathol. Microb., 6: 1-8. 

30. Skladanka, J., Adam, V., Dolezal, P., 

Nedelnik, J., Kizek, R., Linduskova, H., 

Mejia, J. E. and Nawrath, A. 2013. How Do 

Grass Species, Season and Ensiling Influence 

Mycotoxin Content in Forage?. Int. J. 

Environ. Res. Publ. Health, 10: 6084–6095 

31. Stepién, L., Popiel, D., Koczyk, G. and 

Chełkowski, J. 2008. Wheat-Infecting 

Fusarium Species in Poland: Their 

Chemotypes and Frequencies Revealed by 

PCR Assay. J. Appl. Genet., 49: 433-441.  

32. Tamura, K., Dudley, J., Nei, M. and Kumar, 

S. 2007. MEGA4: Molecular Evolutionary 

Genetics Analysis (MEGA) Software Version 

4.0. Mol. Biol. Evol., 24: 1596-1599. 

33. Tóth, B., Mesterházy, A., Nicholson, P., 

Téren, J. and Varga, J. 2004. Mycotoxin 

Production and Molecular Variability of 

European and American Fusarium culmorum 

Isolates. Eur. J. Plant. Pathol., 110: 587–599. 

34. Turner, A. S., Lees, A. K., Rezanoor, H. N. 

and Nicholson, P. 1998. Refinement of PCR-

Detection of Fusarium avenaceum and 

Evidence from DNO Marker Studies for 

Phenetic Relatedness to Fusarium tricinctum. 

Plant. Pathol. 47: 278–288. 

35. Waalwijk, C., Kastelein, P. and Vries, I. 

2003. Major Changes in Fusarium spp in 

Wheat in the Netherlands. Eur. J. Plant. 

Pathol. 109: 743–754. 

36. Wolny-Koładka, K., Lenart-Boroń, A. and 

Boroń, P. 2015. Species Composition and 

Molecular Assessment of the Toxigenic 

Potential in the Population of Fusarium spp. 

Isolated from Ears of Winter Wheat in 

Southern Poland. J. Appl. Bot. Food Qual., 

88: 139-144. 

37. Yang, L., Van Der Lee, T., Yang, X. D. and 

Waalwijk, C. 2008. Fusarium Populations on 

Chinese Barley Show a Dramatic Gradient in 

Mycotoxin Profile. Phytopathol., 98: 719-

722. 

38. Yazdanseta, S., Karimzadeh, G. and 

Sarvestani, Z. T. 2004. Karyotypic studies in 

some hull-less barley (Hordeum vulgare L.) 

genotypes. Iranian J. Agri. Scie., 35: 827-

837. 

39. Yli-Mattila, T., Gavrilova, O., Hussien, T. 

and Gagkaeva, T. 2015. Identification of the 

First Fusarium Sibiricum Isolate in Iran and 

Fusarium langsethiae Isolate in Siberia by 

Morphology and Species-Specific Primers. J. 

Plant Pathol. 97(1): 183-187. 

40. Yli-Mattila, T., Paavanen-Huhtala, S., Bulat, 

S. A., Alekhina, I. A. and Nirenberg, H. I. 

2002. Molecular, Morphological and 

Phylogenetic Analysis of Fusarium 

avenaceum/F. arthrosporioides/F. tricinctum 

Species Complex: A Polyphasic Approach. 

Mycol. Res., 106: 655–669. 

41. Yli-Mattila, T., Paavanen-Huhtala, S., Parika, 

P., Konstantinova, P. and Gagkaeva, T. Y. 

2004. Molecular and Morphological Diversity 

of Fusarium Species in Finland and North-

western Russia. Eur. J. Plant Pathol., 110: 

573-585 

42. Zhang, H,, Van der Lee, T., Waalwijk, C., 

Chen, W., Xu, J., Jin Xu, J. S., Zheng, Y. and 

Feng, J. 2012. Population Analysis of the 

Fusarium graminearum Species Complex 

from Wheat in China Show a Shift to More 

Aggressive Isolates. PLoS One., 7: e31722. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
17

.1
9.

7.
16

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-1

1-
29

 ]
 

                            12 / 13

https://dorl.net/dor/20.1001.1.16807073.2017.19.7.16.3
https://jast.modares.ac.ir/article-23-10692-en.html


Fusarium graminearum Species and Wild Grasses ________________________________  

1629 

َای گًوٍ  ل تًکسیه زایی جمعیتیسشىاسایی ریخت شىاسی ي مًلکًلی ي بررسی پتاو

 PCRشذٌ از غلات يحشی در ایران مبتىی بر  ذاج  Fusarium graminearumمرکب 

 خ. چُری، س. حاجب، ي س. م. معصًمی

 چکیذٌ

سىثلٍ ي گل  ومًوٍ 06تٍ مىظًر تررسی تىًع زیستی گًوٍ َای فًزاریًم مرتثط تا گىذمیان يحشی، 

ن يحشی تیمار از غرب ایران جمغ آيری شذ. تر اساس ریخت شىاسی داوٍ گردٌ آریه متعلق تٍ گىذمیا

تا استفادٌ از میکريسکًج وًری ي میکريسکًج الکتريوی، وٍ جىس متعلق تٍ تیرٌ گىذمیان شىاسایی 

 .F گًوٍ شامل 5جذایٍ فًزاریًم از سىثلٍ َای تیمار جذاسازی شذ کٍ َمٍ جذایٍ َا متعلق تٍ  06شذ. 

graminearum (06،)% F. asiaticum (06،)% F. acuminatum (06،)% F. 

proliferatum (06ي )% F. equiseti (06تًدوذ. شىاسایی جمعیت )%  َای گًوٍ مرکةF. 

graminearum  تا استفادٌ از خرایمرَایFg16F/Fg16R تاییذ شذ. جذایٍ َای F. asiaticum 

 .Fز سایر گًوٍ َای مًجًد در گًوٍ مرکة ا Fg6CTPSf177/Fg16Rتا استفادٌ از خرایمرَای 

graminearum  تشخیص دادٌ شذ. درخت فیلًشوی تر اساس تعییه تًالی قسمتی از شن

Translation Elongation Factor- 1α (TEF- 1α) گًوٍ َایی کٍ تر اساس مطالعات ریخت ،

ایی جذایٍ َای تًلیذ کىىذٌ شىاسی شىاسایی شذوذ را در گريٌ َای متفايت قرار داد. ختاویسل تًکسیه ز

شن َای سىتس کىىذٌ مایکًتًکسیه  PCR( تا استفادٌ از ريش مثتىی تر NIVي  DONتریکًتسیه )

%( تًلیذ کىىذٌ 02جذایٍ ) 06ي  DONتًلیذ کىىذٌ  %(02جذایٍ ) 00جذایٍ،  06تررسی شذ. از تیه 

NIV  ٍتًدوذ. َمچىیه وتایج ایه تحقیق وشان داد کDON  کمًتیح در غرب ایران تًد. تر شایغ تریه

اساس تحقیقات ما ایه ايلیه گسارش از شىاسایی گًوٍ َای فًزاریًم مرتثط تا گىذمیان يحشی در ایران 

 است.
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