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Abstract
In order to determine the causal agents of Fusarium head blight, during 2015–16, wheat heads with disease symptom were collected from10

and six main wheat production areas of Golestan and Mazandaran provinces (N Iran), respectively. A total of 431 Fusarium isolates were obtained
belonging to nine Fusarium species based on their morphological characteristics. Fusarium graminearum species complex had the highest frequency
among the species in both provinces, Golestan (52.0%) and Mazandaran (55.8%). Fusarium culmorum, F. equiseti, F. Acuminatum, and
F. compactum had the highest mean of frequency in both provinces with 13.5, 9.7, 6.0 and 3.7%, respectively after F. graminearum. Also,
F. cerealis, F. Avenaceum, and F. proliferatum and some unidentified isolates a total of 14% of the isolates were calculated. The lowest frequency
was related to F. subglutinans (1%) that was isolated only from Golestan province. In order to determine the phylogeny of F. graminearum species
complex in the North Iran, 53 out of 229 isolates were selected based on their distribution in the sampled areas. Partial genes of translation elongation
factor 1-alpha (TEF) and putative reductase (RED) were amplified using specific primers. A commercial sequencing facility was used to generate
fungal sequences. Almost all strains of F. graminearum species complex belonged to F. graminearum sensu stricto. The results indicated a
homogeniety within F. graminearum species complex, however, there was a minor morphologically differences between some strains.
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خلاصه
هاي منطقه مهم کشت گندم به ترتیب از استانششو 10هاي گندم با علایم بیماري از ، خوشهبلایت فوزاریومیمنظور تعیین عوامل بیماريبه 

جدایه منسوب به فوزاریوم تشخیص داده شد که 431شناسی، ریختبراساس خصوصیات . برداري شدنمونه1394- 95گلستان و مازندران در سال زراعی 
. داشت%) 8/55(و مازندران %) 52(هاي گلستان بیشترین فراوانی را در استانFusarium graminearumگونه مرکب . به نه گونه مختلف تعلق داشتند

در دو %7/3و 6، 7/9، 5/13هاي به ترتیب با میانگینF. graminearumز پس اF. compactumوF. culmorum،F. equiseti،F. acuminatumهايقارچ
در %14هاي شناسایی نشده در مجموع و جدایهF. cerealis،F. avenaceum،F. proliferatumمیانگین فراوانی . استان مذکور بیشترین فراوانی را داشتند

براي تعیین خصوصیات . هاي استان گلستان جدا شدبود که فقط از نمونهF. subglutinansقارچ مربوط به) %1(کمترین فراوانی. شمال ایران برآورد شد
هاي مذکور براساس مناطق انتشار انتخاب جدایه به دست آمده از استان229جدایه از بین F. graminearum ،53شناسی و فیلوژنتیکی گونه مرکب ریخت

translation elongation factorهاي بخشی از ژن. شد 1-alpha (TEF)وreductase (RED)با استفاده از آغازگرهاي اختصاصی تکثیر و تعیین توالی شد .
F. graminearumمتعلق به F. graminearumهاي گونه مرکب همه سویه sensu strictoدهنده وجود همگنی ژنتیکی در هاي فیلوژنتیکی نشانداده. بودند

.شناسی وجود داشتهاي این گونه اختلافات کوچک ریختبود، اگرچه بین بعضی از سویهF. graminearumمرکب ونهبین جمعیت مربوط به گ

Fusarium graminearum،RED،TEFاسکب گندم، گلستان، مازندران،: هاي کلیديواژه

واحد علوم و تحقیقات تهران،دانشگاه آزادو منابع طبیعیه و دکتر رسول زارع ارایه شده به دانشکده کشاورزيزادبخشی از رساله دکتراي نگارنده اول به راهنمایی آقایان دکتر حمیدرضا زمانی*
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17(2), 2016Introduction

Fusarium head blight (FHB) or Fusarium ear

blight, which is also called wheat head scab, is an

economically important disease of wheat (Triticum

aestivum L., and T. durum Desf.), barley (Hordeum

vulgare L.) and other small grain cereals worldwide

(Parry et al. 1995). The disease causes yield and quality

loss of grains. Fusarium graminearum has resulted in

more than $3 billion in cereal losses in the United States

of America during the past two decades (Prussin et al.

2014). Contamination of the harvested grain with

mycotoxins especially deoxynivalenol is the most serious

threat of FHB in cereals (Astoreca et al. 2013). Common

wheat and durum wheat are major crops cultivated in

Golestan and Mazandaran provinces in the North of Iran.

The disease is one of the most important wheat diseases

that has caused epidemics in Ardabil (Dasht-e Moghan),

Golestan, Mazandaran, Khuzestan provinces of Iran

(Zamanizadeh & Khorsandi 1995).

The most prevalent species involved in FHB are

Fusarium graminearum Schwabe species complex

[teleomorph Gibberella zeae (Schwein.) Petch],

F. culmorum (W.G. Sm.) Sacc., F. poae (Peck)

Wollenw., and F. avenaceum (Fr.) Sacc. (teleomorph

Gibberella avenacea R.J. Cook) (Parry et al. 1995). In

the North of Iran, more frequently occurring species are

F. graminearum species complex (FGSC), and

F. culmorum (Zamanizadeh & Khorsandi 1995, Golzar

et al. 1998) where FGSC is more aggressive producing

mycotoxins (Mirabolfathy & Karami-Osboo 2013).

Mycotoxin contaminated grains are serious threat to

global food safety as these toxins have been linked to

toxic secondary metabolites of humans and livestock

(Peraica et al. 1999). Trichothecenes inhibit eukaryotic

protein synthesis and immune function in humans and

animals (Ueno et al. 1973, Pestka & Smolinski 2005).

Deoxynivalenol (DON) is a member of the

trichothecenes group, which is produced by Fusarium

species (Sobrova et al. 2010). FGSC isolates are major

agents that produce deoxynivalenol, nivalenol (NIV) in

wheat, barley and corn (Kimura et al. 2003). During

vegetation period of cereals, DON is produced by FGSC

(Desjardins & Proctor 2001). In addition, some

phytotoxic trichothecenes function as virulence factors

on sensitive cereal hosts (Jansen et al. 2005).

In the last two decades, many deficiencies and

problems of morphological taxonomy have been solved

using molecular techniques (Money 2013). Due to the

overlap observed in the morphological systematic studies

within the genus, molecular techniques based on multilocus

DNA sequencing analysis have enabled researchers to solve

these problems (Geiser et al. 2013, O’Donnell et al. 2012).

In 2000s, more accurate evaluation of morphological

characters of F. graminearum s.l. was carried out and

combined with results of phylogenetic analysis based on

sequencing of 13 genes. The results indicated that the

population diversity of F. graminearum s.l. has been derived

from the combination of this species. Therefore, it was

divided into nine phylogenetic species: F. vorosii B. Toth

et al., F. gerlachii T. Aoki et al., F. graminearum Schwabe

s.s., F. acaciae-mearnsii O'Donnell et al., F. meridionale T.

Aoki et al., F. boothii O'Donnell et al., F. mesoamericanum

T. Aoki et al., F. asiaticum O'Donnell et al., and

F. cortaderiae O'Donnell et al. (O’Donnell et al. 2000,

Starkey et al. 2007, Ward et al. 2002). Recently, several

studies have been done on FGSC and results indicated that,

this group consists of 15 phylogenetic species, in addition to

above mentioned species, six species were identified as new

phylogenetic species including: F. austroamericanum T.

Aoki et al., F. aethiopicum O'Donnell et al., F. ussurianum

T. Aoki et al., F. louisianense Gale et al., F. nepalense T.

Aoki et al., and F. brasilicum T. Aoki et al. (Sarver et al.

2011, Aoki et al. 2012).

Since cereal fields of Golestan and Mazandaran

provinces (N Iran) are located in the high risk areas for FHB

disease occurrence, this study was conducted to determine

Fusarium species associated with FHB on wheat and

phylogenetic analysis of the major agent of the disease.

Materials and Methods

- Sampling and fungal isolation

Wheat head samples with FHB disease symptom

from major wheat producing areas of Golestan (Aliabad,

Azadshahr, Bandar Gaz, Galikesh, Gonbad Kavus, Gorgan,
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Minoodasht, Kalaleh, Kordkuy and Ramian) and

Mazandaran (Babolsar, Behshahr, Ghaemshahr, Juybar,

Neka and Sari) provinces were collected during 2015–16

(Table 1). For the isolation of causal agents of FHB disease,

three spikes were selected from each farm and two spikelets

from each spike were surface-sterilized in 1% (v/v) sodium

hypochlorite for 3 min, rinsed with sterile water and dried

on sterile filter paper. The spikelets were cultured on potato

dextrose agar (PDA, Merck, Germany) with 0.2 g.L-1

streptomycin sulfate (Sigma-Aldrich, Germany) and

Fusarium-selective Nash & Snyder medium (Dhingra &

Sinclair 1995, Leslie & Summerell 2007). Plates were

stored at room temperature for 4 days. Colonies were

transferred to PDA medium for the next steps.

Table 1. Identification code and geographic origin of Fusarium graminearum species complex in Iran (isolates obtained
from wheat head used in this study for morphological and phylogenetic analysis)

Isolate code Geographic origin
IRFHBN1 Seyyed Miran, Gorgan, Golestan
IRFHBN2 Nowdeh Khanduz, Azadshahr, Golestan
IRFHBN3 Khanduz-e-Sadat, Azadshahr, Golestan
IRFHBN4 Hajikord, Aliabad, Golestan
IRFHBN5 Miandarreh, Kordkuy, Golestan
IRFHBN6 Kordabad, Aliabad, Golestan
IRFHBN7 Derab Kola, Sari, Mazandaran
IRFHBN8 Tushan, Gorgan, Golestan
IRFHBN9 Balajaddeh, Kordkuy, Golestan

IRFHBN10 Khanbebin, Ramian, Golestan
IRFHBN11 Qareqach, Ramian, Golestan
IRFHBN12 Bahnamir, Babolsar, Mazandaran
IRFHBN13 Badeleh, Sari, Mazandaran
IRFHBN14 Dasht-e Naz, Sari, Mazandaran
IRFHBN15 Paeen Zarandin, Neka, Mazandaran
IRFHBN16 Kiakola, Ghaemshahr, Mazandaran
IRFHBN17 Qarehtappeh, Behshahr, Mazandaran
IRFHBN18 Seyed Mahalleh, Sari, Mazandaran
IRFHBN19 Talesh Mahalleh, Juybar, Mazandaran
IRFHBN20 Derka Sar, Juybar, Mazandaran
IRFHBN21 Sarv Kola, Juybar, Mazandaran
IRFHBN22 Gharakheil, Ghaemshahr, Mazandaran
IRFHBN23 Gharakheil, Ghaemshahr, Mazandaran
IRFHBN24 Divdasht, Ghaemshahr, Mazandaran
IRFHBN25 Divdasht, Ghaemshahr, Mazandaran
IRFHBN27 Nowmal, Gorgan, Golestan
IRFHBN28 Nowmal, Gorgan, Golestan
IRFHBN29 Nowmal, Gorgan, Golestan
IRFHBN30 Sali Kandeh, Kordkuy, Golestan
IRFHBN31 Abbasabad, Aliabad Golestan
IRFHBN32 Fazel Abad, Aliabad, Golestan
IRFHBN33 Kafshgiri, Gorgan, Golestan
IRFHBN34 Kafshgiri, Gorgan, Golestan
IRFHBN35 Kafshgiri, Gorgan, Golestan
IRFHBN36 Kafshgiri, Gorgan, Golestan
IRFHBN37 Kafshgiri, Gorgan, Golestan
IRFHBN38 Kafshgiri, Gorgan, Golestan
IRFHBN40 Ahangar Mahalleh, Gorgan, Golestan
IRFHBN41 Gharn Abad, Gorgan, Golestan
IRFHBN42 Gharn Abad, Gorgan, Golestan
IRFHBN43 Valesh Abad, Gorgan, Golestan
IRFHBN44 Valesh Abad, Gorgan, Golestan
IRFHBN45 Valesh Abad, Gorgan, Golestan
IRFHBN46 Valesh Abad, Gorgan, Golestan
IRFHBN47 Valesh Abad, Gorgan, Golestan
IRFHBN48 Valesh Abad, Gorgan, Golestan
IRFHBN49 Valesh Abad, Gorgan, Golestan
IRFHBN50 Baylar, Gonbad Kavus, Golestan
IRFHBN51 Ghalami, Minudasht, Golestan
IRFHBN52 Kazem Khvajeh, Kalaleh, Golestan
IRFHBN53 Salehabad-e Chaqorli, Kalaleh, Golestan
IRFHBN54 Darabad, Galikesh, Golestan
IRFHBN55 Estunabad, Bandar Gaz, Golestan
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17(2), 2016- Fungal purification and morphological characterization

Fusarium-like isolates were recovered from

wheat spikelets and purified by single-spore isolation. To

examine colony morphology, strains were grown on

potato dextrose agar at 25° C and in the dark for 10 days.

To examine microscopic characters, all isolates were

grown on synthetic nutrient-poor agar (SNA) (O’Donnell

1996) and carnation-leaf agar (CLA) (Leslie &

Summerell 2007) for 10 days at 25° C under continuous

black light (Aoki & O’Donnell 1999). Colony growth

rate was determined using PDA at 10, 15, 20, 25 and 30°

C in the dark in triplicates. Periodically, mycelial growth

was recorded by measuring colony diameter. The length

and width of 20, 5-septate conidia of each isolate was

measured (Aoki & O’Donnell 1999, Leslie & Summerell

2007). The daily colony growth rate and length and

width of macroconidia were analyzed using SAS 9.1

software (Anova test P≤0.05) (SAS Institute, Inc., Cary

NC, 2002). Fusarium species were identified using their

morphological characters: types of phialides, presence

or absence of chlamydospores and microconidia,

macroconidia, pigmentation and colony growth rate

(Gerlach & Nirenberg 1982, Nelson et al. 1983, Leslie &

Summerell 2007).

- Genomic DNA extraction

Fifty-three isolates belong to F. graminearum

species complex were selected for phylogenetic study.

These isolates were grown in 100 ml Erlenmeyer flasks

containing 50 ml of liquid yeast medium (YM) broth

culture (2% D-glucose, 0.3% malt extract, 0.3% yeast

extract, 0.5% peptone) at 25° C for seven days (O’Donnell

1996). Mycelium was harvested using sterile gauze and

rinsed with sterile distilled water. Dried mycelium was

crushed into fine powder in liquid nitrogen by mortar.

Total genomic DNA was isolated using a modified CTAB

(cetyltrimethyl ammonium bromide) technique (Huang

et al. 2000). Approximately 100 mg mycelium powder

was suspended in 900 µL of extraction buffer (100 mM

Tris-HCl, 100 mM EDTA, 250 mM NaCl) then 100 µL of

10% N-Lauroylsarcosine (Sigma-Aldrich, Germany) was

added. The suspension was incubated at 60° C for 60 min

and centrifuged for 10 min at 13000 × g in a Beckman

microfuge (Beckman, USA). Upper phase suspension was

transferred to a new microtube. 100 ml of solution of

NaCl 5 mM and 200 ml CTAB 5% were added to each

tube, respectively and the tubes were placed at 65° C for

10 min. According to the volume of material contained in

each tube, chloroform/isoamyl alcohol (24:1) was added

and after mixing, the tubes were centrifuged for 10 min at

13000 × g. Upper phase of suspension was transferred to a

new 1.5 ml tube and the equal volume of isopropanol was

added where the DNA was precipitated at –20° C. To

precipitate DNA, tubes were centrifuged for 10 min at

13000 × g then the supernatant was discarded gently. The

sediment was washed with about 100 ml of 75% ethanol

and once the DNA was precipitated. The pellet was

diluted in 100 ml of deionized double-distilled water.

- DNA amplification and sequencing

Partial sequences of two genes, putative reductase

(RED) and translation elongation factor 1-α (TEF), were

amplified by PCR using gene specific primers (Table 2).

The PCR amplification was carried out in a final volume

of 30 µ1 containing: 3 µl 10× PCR buffer, 1.8 mmol l-1

MgCl2, 0.6 mmol l-1 dNTPs, 0.38 µl Taq DNA

polymerase (5 U/µl) (all from SinaClon Bioscience,

Iran), 2 µ1 of DNA template (corresponding to

approximately 15–20 ng) and 0.8 µmol l-1 of primers

(O’Donnell et al. 1998). PCR program were conducted

in a MJ Mini Personal thermal cycler (BIO-RAD, Santa

Clara, USA) for amplification of putative reductase

gene: 94° C for 2 min, followed by 25 cycles of 94° C

for 1 min, at 58° C for 1 min, and 72° C for 2 min and

then incubated at 72° C for 10 min (Suga et al. 2008),

and for translation elongation factor 1-α: initial heating

for 6 min at 95° C, followed by 40 cycles of (30s at 95°

C, 20s at 56° C and 2 min at 72° C), and 5 min at 72° C

(Kristensen et al. 2007). Finally, quantity and quality of

PCR products were evaluated and visualized on 1.5%

agarose gel. The purified PCR products were sequenced

for RED and TEF genes by Macrogen Co., Korea.
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Table 2. List of primers used for TEF and RED genes amplification and sequencing in this study

Locus Gene
product

Length
of

sequencea
Name Sequence (5'-3')b

Use
ReferenceF/RC PCR Sequence

EF-1α Translation
elongation
factor 1α

645 EF1 ATGGGTAAGGARGACAAGAC F * O’Donnell et al.
(2000)EF2 GGARGTACCAGTSATCATG R *

EF3-N GTAAGGAGGASAAGACTCAC F *
EF22T AGGAACCCTTACCGAGCTC R *

RED Putative
reductase

991 RED1d TCTCAGAAAGACGCATATATG F * * O’Donnell et al.
(2000)RED1F CAGAAAGACGCATATATGTTC R * *

a base pair (bp)
b R= A/G; S= C/G
C F/R= forward/reverse
Phylogenetic analysis

Additional sequence data of strains that belong to

F. graminearum species complex (Table 3) were obtained

from GenBank and used for comparison with the

sequences generated in this study. All sequences were

aligned using MEGA 6 (Tamura et al. 2013). The

translation elongation factor 1-α (TEF) and reductase

(RED) genes sequences were combined and used for

phylogenetic analysis. Maximum Parsimony (MP)

searches were conducted using the heuristic search option

and tree bisection reconnection (TBR) branch swapping

method. Clade stability was assessed by 500 bootstrap

replications and values greater than 60 were reported on

the phylogenetic tree.

Table 3. Identification code, geographic origin and host of Fusarium spp. strains used in this study as reference strains
in the phylogenetic analyses

Isolate code Species Geographic origin Host Reference
NRRL34207 F. acaciae-mearnsii Australia soil Sarver et al. (2011)
NRRL26752 F. acaciae-mearnsii South Africa Acacia mearnsii Starkey et al. (2007)
NRRL46718 F. aethiopicum Gugsa womberma, Ethiopia Wheat O’Donnell et al. (2008)
NRRL46726 F. aethiopicum Bure, Ethiopia Wheat O’Donnell et al. (2008)
NRRL13818 F. asiaticum Japan Barley Ward et al. (2002)
NRRL6101 F. asiaticum Japan Barley Ward et al. (2002)
NRRL2903 F. austroamericanum Brazil Polypore O'Donnell et al. (2000)
NRRL36957 F. austroamericanum Paysandu, Uruguay Wheat Ward et al. (2008)
NRRL26916 F. boothii South Africa Corn Ward et al. (2002)
NRRL29105 F. boothii Kaski, Nepal Corn Ward et al. (2002)
NRRL31238 F. brasilicum Brazil Corn Sarver et al. (2011)
NRRL31281 F. brasilicum Brazil Oats Sarver et al. (2011)
NRRL25805a F. cerealis Columbia Soil Ward et al. (2002)
NRRL31171 F. cortaderiae Brazil Barley Sarver et al. (2011)
NRRL34577 F. cortaderiae Unknown Unknown Ward et al. (2008)
NRRL25475a F. culmorum Denmark Barley Ward et al. (2002)
NRRL29298a F. dactylidis Oceania, New Zealand Cocksfoot Aoki et al. (2015)
NRRL29380a F. dactylidis Oregon, USA Grass Aoki et al. (2015)
NRRL38380 F. gerlachii Unknown Unknown Starkey et al. (2007)
NRRL38405 F. gerlachii Unknown Unknown Starkey et al. (2007)
NRRL38369 F. graminearum Louisiana, USA Wheat head Starkey et al. (2007)
NRRL13383 F. graminearum Iran Corn Ward et al. (2002)
NRRL28063 F. graminearum Michigan, USA Corn Ward et al. (2002)
NRRL28439 F. graminearum Rotterdam, Netherlands Leather leaf Starkey et al. (2007)
NRRL29169 F. graminearum Kansas, USA Wheat Ward et al. (2002)
NRRL6394 F. graminearum Hungary Millet Sarver et al. (2011)
NRRL54196 F. louisianense Louisiana, USA Wheat Sarver et al. (2011)
NRRL54197 F. louisianense Louisiana, USA Wheat Sarver et al. (2011)
NRRL28723 F. meridionale Lalitpur, Nepal Corn Ward et al. (2002)
NRRL29010 F. meridionale Transkei, South Africa Soil Ward et al. (2002)
NRRL25797 F. mesoamericanum Honduras Banana Ward et al. (2002)
NRRL29148 F. mesoamericanum USA Grape Ward et al. (2002)
NRRL54220 F. nepalense Lamjung, Nepal Rice Sarver et al. (2011)
NRRL54222 F. nepalense Nepal Rice Sarver et al. (2011)
NRRL28062a F. pseudograminearum Darling Downs, Australia Barely Ward et al. (2002)
NRRL45665 F. ussurianum Jewish Autonomous, Russia Wheat Yli-Mattila et al. (2009)
NRRL45795 F. ussurianum Kamen-Rybolov, Russia Wheat Yli-Mattila et al. (2009)
NRRL37605 F. vorosii Ipolydamasd, Hungary Wheat head Starkey et al. (2007)
NRRL45790 F. vorosii Ussuriysk, Russia Wheat Starkey et al. (2007)

a Strains of species used as outgroups
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Results

- Morphological characterization

A total of 431 Fusarium isolates were obtained

from 174 spikes of wheat that collected from 58 wheat

farms in Golestan and Mazandaran provinces. According

to morphological characters, isolates belonged to nine

Fusarium species, namely F. acuminatum Ellis & Everh.,

F. avenaceum (Fr.) Sacc., F. compactum (Wollenw.)

Gordon, F. cerealis (Cooke) Sacc., F. culmorum,

F. equiseti (Corda) Sacc., F. graminearum species

complex (FGSC), F. proliferatum (Matsush.) Nirenberg,

and F. subglutinans (Wollenw. & Reinking) P.E. Nelson.

FGSC had the highest frequency in both Golestan

(52.0%) and Mazandaran (55.8%) provinces. Followed

by F. culmorum, F. equiseti, F. Acuminatum, and

F. compactum with frequency of 14.2, 10.3, 6.3 and 4.0

percentages in Golestan province, and 11.6, 8.5, 5.4, 3.1

in Mazandaran province, respectively. Fusarium cerealis,

F. Avenaceum, and F. proliferatum formed 8.0% of the

isolates while 5.8% of isolates were unidentified. The

lowest frequency was related to F. subglutinans (1%)

that was isolated only from Golestan province (Table 4).

Table 4. The frequency (%) of Fusarium species, isolated from contaminated wheat heads in different zones of Golestan
and Mazandaran provinces (N Iran)

Geographic origin
(Golestan/Mazandaran)

Number
of farms
sampled

F
. a
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m
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um

F
. a

ve
na

ce
um

F
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ct
um

F
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m
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i

F
. g
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m
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ea

ru
m

F
. p

ro
lif

er
at

um

F
. s

ub
gl

ut
in

an
s

O
th

er
s

Aliabad, Golestan 4 9.4 0.0 3.1 3.1 12.5 6.3 56.3 3.1 3.1 3.1

Azadshahr, Golestan 2 8.3 0.0 0.0 0.0 16.7 8.3 66.7 0.0 0.0 0.0

Bandar Gaz, Golestan 1 0.0 0.0 0.0 0.0 14.3 14.3 57.1 0.0 0.0 14.3

Galikesh, Golestan 2 6.3 6.3 6.3 6.3 6.3 12.5 56.3 0.0 0.0 0.0

Gonbad Kavus, Golestan 2 5.6 0.0 11.1 5.6 22.2 22.2 16.7 5.6 0.0 11.1

Gorgan, Golestan 23 6.3 3.1 3.8 2.5 14.5 10.1 50.9 1.9 1.3 5.7

Minoodasht, Golestan 1 11.1 11.1 11.1 0.0 22.2 11.1 22.2 0.0 0.0 11.1

Kalaleh, Golestan 2 6.7 0.0 0.0 0.0 6.7 6.7 73.3 6.7 0.0 0.0

Kordkuy, Golestan 3 0.0 0.0 4.8 4.8 19.0 14.3 52.4 0.0 0.0 4.8

Ramian, Golestan 2 7.7 0.0 0.0 0.0 7.7 0.0 76.9 0.0 0.0 7.7

Total 42 6.3 2.3 4.0 2.6 14.2 10.3 52.0 2.0 1.0 5.3

Babolsar, Mazandaran 1 0.0 0.0 0.0 0.0 0.0 12.5 75.0 12.5 0.0 0.0

Behshahr, Mazandaran 2 6.7 0.0 6.7 0.0 20.0 13.3 33.3 6.7 0.0 13.3

Ghaemshahr, Mazandaran 5 4.3 4.3 4.3 4.3 8.7 8.7 52.2 4.3 0.0 8.7

Juybar, Mazandaran 3 5.0 5.0 0.0 0.0 15.0 0.0 75.0 0.0 0.0 0.0

Neka, Mazandaran 1 11.1 0.0 0.0 0.0 22.2 22.2 33.3 0.0 0.0 11.1

Sari, Mazandaran 4 6.5 3.2 3.2 0.0 9.7 6.5 61.3 3.2 0.0 6.5

Total 16 5.4 3.1 3.1 1.6 11.6 8.5 55.8 3.9 0.0 7.0

All Total 58 6.0 2.6 3.7 2.3 13.5 9.7 53.1 2.6 0.7 5.8

Out of 229 isolates of FGSC, 53 were selected for

phylogenetic analysis based on their geographical

distribution (Table 1). Regarding the daily colony growth

rate, the optimum growth temperature was 25° C, and

isolates IRFHBN1, IRFHBN2, IRFHBN12, IRFHBN13,

IRFHBN16, and IRFHBN18 with 30.0 mm/day had the

highest growth rate and the isolate IRFHBN42 with 17.0

mm/day had the slowest growth rate. At 10° C, isolates

IRFHBN16 (5.2 mm/day) and IRFHBN15 (2.3 mm/day)

had the highest and lowest growth rate, respectively.

Thirteen isolates with 18.0 mm/day and one with 11.8

mm/day at 15° C had the highest and lowest growth
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rates, respectively. At 30° C, eighteen isolates with 10.0

mm/day were grouped in the highest growth rate group

and one isolate with 7.7 mm/day was placed in the lowest

growth rate group (Table 5). Generally, isolates had

dissimilar growth rate at different temperatures, so that

the averages of growth rates at 10, 15, 20, 25 and 30° C

were 3.4, 13.5, 18.5, 23.0 and 8.9 mm/day, respectively.

There was no significant correlation between their

geographical location and growth rate at different

temperatures. Colonies of the isolates of FGSC were red,

dull-red to brownish-yellow in color. Among the isolates

of FGSC, aerial mycelia were also equally abundant,

floccose, white and reddish-white to brownish-yellow.

No significant differences were observed in

morphological characters of colonies of the different

isolates of FGSC on PDA at 25° C in the dark. Length of

5-septate conidia of FGSC isolates was varied within and

between isolates. The longest length of macroconidia

belonged to IRFHBN50 (62.2±2.48 µm), and the shortest

(44.7±2.48 µm) IRFHBN11 (Table 5). Width of

5-septate conidia was in the range of 4.5–5 µm.

Table 5. Mean of colony growth (mm/d) strains of FGSC at each temperature in PDA medium (each isolate by
temperature combination was replicated 3 times and length of macroconidia of strains isolated from N Iran)

Isolate code

*Growth
at

10° C
(mm/day)

*Growth
at

15° C
(mm/day)

*Growth at
20° C

(mm/day)

*Growth at
25° C

(mm/day)

*Growth
at

30° C
(mm/day)

Length of macroconidia in µm

Mean Min/Max

IRFHBN1 3.8±0.11d 18.0±0.00a 18.0±0.00cd 30.0±0.00a 10.0±0.00a 52.2±2.75efgh 47.5–57.5
IRFHBN2 3.6±0.00e 15.0±0.00b 18.0±0.00cd 30.0±0.00a 8.2±0.00e 52.2±4.63efgh 50.0–65.0
IRFHBN3 2.4±0.06m 15.0±0.00b 15.0±0.00e 22.5±0.00cd 8.3±0.41d 53.0±3.07efg 50.0–57.5
IRFHBN4 4.1±0.00c 18.0±0.00a 22.5±0.00a 27.5±0.43ab 9.7±0.57ab 51.5±2.93hijk 47.5–57.5
IRFHBN5 3.4±0.11g 11.3±0.00e 15.0±0.00e 22.5±0.00cd 8.3±0.43d 49.5±1.97mnop 47.5–52.5
IRFHBN6 3.5±0.00f 12.9±0.00c 21.0±0.22ab 22.5±0.00cd 5.6±0.00j 48.5±2.4nop 45.5–52.5
IRFHBN7 3.3±0.00gh 12.9±0.00c 15.0±0.00e 22.5±0.00cd 10.0±0.00a 47.5±2.35op 45.5–50.5
IRFHBN8 3.1±0.00j 12.9±0.00c 18.0±0.00cd 22.5±0.00cd 6.9±0.00i 47.5±2.35op 45.5–52.5
IRFHBN9 3.5±0.00f 18.0±0.00a 22.5±0.00a 27.5±0.43ab 8.3±0.46d 60.2±2.75b 55.0–62.5
IRFHBN10 2.4±0.06m 7.3±0.34gh 11.8±0.00f 21.0±0.26de 8.3±0.46d 48.7±2.96nop 45.0–52.5
IRFHBN11 3.5±0.00f 12.9±0.00c 22.5±0.00a 22.5±0.00cd 7.3±0.00gh 44.7±2.48p 43.0–50.0
IRFHBN12 3.5±0.00f 15.0±0.00b 22.5±0.00a 30.0±0.00a 8.3±0.00d 49.7±3.98mnop 47.0–55.0
IRFHBN13 4.1±0.00c 11.3±0.00e 22.5±0.00a 30.0±0.00a 10.0±0.00a 48.5±3.94nop 43.0–55.0
IRFHBN14 3.1±0.00j 18.0±0.00a 21.0±2.59ab 22.5±0.00cd 10.0±0.00a 48.7±2.70nop 45.0–52.5
IRFHBN15 2.3±0.00n 7.5±0.00g 15.0±0.00e 21.0±2.59de 9.7±0.57ab 52.0±6.10fghi 45.5–62.5
IRFHBN16 5.2±0.17a 18.0±0.00a 22.5±0.00a 30.0±0.00a 10.0±0.00a 51.0±2.68ijkl 47.5–55.0
IRFHBN17 3.2±0.00i 18.0±0.00a 22.5±0.00a 22.5±0.00cd 10.0±0.00a 49.5±1.97mnop 47.5–52.0
IRFHBN18 3.8±0.00d 18.0±0.00a 22.5±0.00a 30.0±0.00a 10.0±0.00a 49.0±2.68mnop 45.0–52.5
IRFHBN19 4.1±0.00c 11.3±0.00e 21.0±0.25ab 22.5±0.00cd 7.5±0.00g 54.0±3.57de 50.0–60.0
IRFHBN20 3.6±0.00e 12.9±0.00c 18.0±0.00cd 22.5±0.00cd 10.0±0.00a 52.2±4.32efgh 47.5–57.5
IRFHBN21 3.5±0.00f 12.9±0.00c 17.0±0.00d 19.5±0.25def 7.7±0.00f 50.2±1.42lmn 47.5–52.5
IRFHBN22 4.3±0.00b 11.3±0.00e 19.5±1.73bc 22.5±0.00cd 10.0±0.00a 51.7±2.37ghij 47.5–55.0
IRFHBN23 4.1±0.00c 11.3±0.00e 22.5±2.59a 25.0±0.43bc 7.5±0.00g 52.7±3.80efgh 47.5–60.0
IRFHBN24 3.5±0.00f 15.0±0.00b 18.0±0.00cd 22.5±0.00cd 8.3±0.00d 50.75±1.68klm 47.5–52.5
IRFHBN25 4.3±0.00b 15.0±0.00b 18.0±0.00cd 22.5±0.00cd 8.3±0.00d 51.2±2.13hijk 47.5–52.5
IRFHBN27 3.1±0.06j 10.0±0.00f 18.0±0.00cd 22.5±0.00cd 10.0±0.00a 49.2±3.54mnop 45.0–52.5
IRFHBN28 2.8±0.00l 7.1±0.34h 11.8±0.92f 18.0±0.00ef 7.1±0.00h 49.5±2.83mnop 47.5–55.0
IRFHBN29 3.2±0.00i 10.0±0.00f 18.0±0.00cd 22.5±0.00cd 10.0±0.46a 51.0±3.76ijkl 47.5–57.5
IRFHBN30 2.4±0.00m 11.3±0.00e 11.3±0.00fg 17.0±0.00f 7.5±0.00g 53.2±1.68def 52.5–55.0
IRFHBN31 3.5±0.00f 11.3±0.00e 18.0±0.00cd 21.0±1.73de 9.3±0.57bc 51.7±4.80ghij 47.5–60.0
IRFHBN32 3.6±0.00e 15.0±0.00b 18.0±0.00cd 22.5±0.00cd 8.3±0.00d 50.2±1.41lmn 47.5–52.5
IRFHBN33 4.1±0.00c 18.0±0.00a 21.0±2.59ab 25.0±0.43bc 10.0±0.46a 50.0±2.88lmno 47.5–55.0
IRFHBN34 2.9±0.00k 10.0±0.00f 15.0±0.00e 27.5±0.43ab 10.0±0.46a 52.0±3.68fghi 47.5–55.0
IRFHBN35 4.3±0.00b 18.0±0.00a 18.0±0.00cd 22.5±0.00cd 10.0±0.00a 53.0±3.68efg 47.5–60.0
IRFHBN36 4.3±0.11b 18.0±0.00a 21.0±0.25ab 25.0±0.00bc 10.0±0.00a 51.5±1.74hijk 50.0–55.0
IRFHBN37 4.3±0.00b 18.0±0.00a 15.0±0.00e 21.0±0.00de 6.9±0.00i 50.2±4.47lmn 42.5–55.0
IRFHBN38 3.5±0.00f 18.0±0.00a 15.0±0.00e 21.0±0.00de 9.7±0.00ab 57.5±3.53c 52.5–62.5
IRFHBN40 3.8±0.00d 12.9±0.00c 18.0±0.00cd 22.5±0.00cd 8.3±0.00d 52.5±2.04efgh 50.0–55.0
IRFHBN41 3.8±0.00d 18.0±0.00a 21.0±0.25ab 22.5±0.00cd 7.7±0.00f 51.0±3.16ijkl 47.5–57.5
IRFHBN42 2.9±0.00k 7.3±0.34gh 9.7±0.00g 13.6±0.00g 6.9±0.00i 50.0±2.04lmno 47.5–52.5
IRFHBN43 3.6±0.00e 11.8±0.92d 19.5±0.00bc 22.5±0.00cd 9.7±0.57ab 53.0±1.97efg 50.0–55.0
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Table 5 (contd.)

IRFHBN44 2.4±0.00m 12.9±0.00c 15.0±0.00e 22.5±0.00cd 8.3±0.46d 53.0±2.58efg 50.0–55.0
IRFHBN45 3.2±0.06i 18.0±0.00a 22.5±0.00a 22.5±0.00cd 10.0±0.00a 54.0±4.74de 47.5–60.0
IRFHBN46 3.2±0.00i 11.3±0.00e 21.0±2.59ab 21.0±2.59de 9.3±0.57bc 55.0±5.00cd 50.0–62.5
IRFHBN47 3.8±0.00d 12.9±0.00c 22.5±0.00a 22.5±0.00cd 8.3±0.46d 52.7±3.42efgh 47.5–57.5
IRFHBN48 3.2±0.00i 10.0±0.00f 19.5±0.00bc 22.5±0.00cd 10.0±0.00a 52.0±5.86fghi 47.5–65.0
IRFHBN49 2.8±0.06l 11.3±0.00e 15.0±0.00e 18.0±0.00ef 10.0±0.00a 49.5±3.49mnop 45.5–57.5
IRFHBN50 3.3±0.00gh 12.9±0.00c 18.0±0.00cd 21.0±0.00de 9.0±0.00c 62.2±2.48a 57.5–65.0
IRFHBN51 3.8±0.00d 12.9±0.00c 22.5±0.00a 22.5±0.00cd 9.7±0.57ab 51.0±2.68ijkl 47.5–55.5
IRFHBN52 2.9±0.00k 15.0±0.00b 15.0±0.00e 21.0±0.00de 8.3±0.00d 51.2±3.95hijk 45.0–57.5
IRFHBN53 3.8±0.00d 11.8±0.92d 22.5±0.00a 22.5±0.00cd 9.7±0.34ab 54.0±3.16de 52.5–60.0
IRFHBN54 2.4±0.06m 15.0±0.00b 18.0±0.00cd 21.0±0.00de 8.3±0.00d 51.7±5.00ghij 45.0–60.0
IRFHBN55 2.4±0.00m 10.0±0.00f 15.0±0.00e 21.0±0.25de 7.3±0.00gh 50.75±2.37klm 47.5–55.0

* Value followed by different letter(s) is significantly different from one another at 5% probability level, according to LSD test

- PCR products and phylogenetic analysis of FGSC

Fifty-three isolates of FGSC, obtained from wheat

heads were selected for DNA sequence analyses by two

genes (Table 1). After multiple alignments, the lengths of

sequences were 644 bp for TEF and 991 bp for RED

genes. Sequences of TEF and RED genes of 36 strains

were included as references and two strains of

F. Pseudograminearum, and F. dactylidis as outgroups in

the phylogenetic analysis (Table 3). Tree was constructed

for each region of a total of 92 sequences. All strains,

isolated from Golestan and Mazandaran provinces

belonged to F. graminearum s.s. and grouped with

reference strains NRRL6394, NRRL13383, NRRL29169,

NRRL28439, NRRL38369 and NRRL28063 with a high

bootstrap value (94%). The sequence similarity was

found to be higher than 99.5% between the observed

genotypes and other reported sequences, including

reference strains F. graminearum s.s. (Fig. 1). In clade

F. graminearum s.s., two subclades with 94 and 86%

bootstrap were observed. The isolates differed in a single

nucleotide compared with other F. graminearum s.s.

isolates (Fig. 1).

Discussion

Since Fusarium head blight (FHB) is caused by a

complex of Fusarium species, detection and

determination of the main species involved in disease is

necessary for disease management strategies. In this

study, 431 isolates were obtained from 174 heads that

were sampled from wheat fields in Northern provinces of

Iran including Golestan and Mazandaran. The isolates

were characterized based on their morphological

characteristics and the sequences of TEF and RED genes.

The result of morphological studies showed that nine

Fusarium species are involved as causal agent of FHB.

In Northern provinces, the F. graminearum species

complex (FGSC) was dominant species with 53.1%

average frequency and average frequency of

F. culmorum, F. equiseti, F. acuminatum, F. compactum,

F. avenaceum, F. proliferatum, and F. cerealis was 13.5,

9.7, 6.0, 3.7, 2.6, 2.6 and 2.3%, respectively. Fusarium

subglutinans was isolated only from Golestan province

and had the lowest frequency (1.0%).

ROSTANIH
A



181Sharifi et al. / Identification of Fusarium species …/ Rostaniha 17(2), 2016

Fig. 1. The parsimonious phylogram inferred from the combined dataset of portions of two TEF and RED genes rooted
with sequences of F. pseudograminearum NRRL 28062 and F. ductylidis NRRL 29380 and 29298. Branches having
more than 60% Maximum Parsimony bootstrap values are indicated above branches based on 500 replicates of the data.
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17(2), 2016The results suggest that F. graminearum species

complex is the major causal agent of wheat FHB in

Northern Iran, and this is consistent with results from

previous surveys conducted in Iran by other investigators

(Zare & Ershad 1997, Abedi-Tizaki & Sabbagh 2012,

Mirabolfathy & Karami-Osboo 2013). Consistent with

previous reports (Zare & Ershad 1997), eight Fusarium

species were reported as FHB causal agents from

Golestan province in wheat and barley fields. In this

study, F. graminearum, F. culmorum, F. equiseti and

F. proliferatum had the most frequency and

F. acuminatum, F. croockwellens, F. chlamydosporum,

F. Lateritium, and F. compactum were identified to be

less frequent species. Abedi-Tizaki & Sabbagh (2012)

reported that, F. graminearum (48.2%), F. culmorum

(17.1%), F. acuminatum (10.1%), F. equiseti (8.1%),

F. croockwellens (3.7%), F. poae (5.5%), F. lateritium

(2.9%), F. proliferatum (2.6%), and F. subglutinans

(1.4%) were FHB causal agents in Golestan province.

Comparison of these results with previous studies shows

an increase in the frequency of F. equiseti, and

F. compactum. This can be attributed to climate change

and new wheat varieties grown in this region. Studies

indicate that the spread of F. compactum is in hot areas

while F. acuminatum and F. equiseti are mostly present

in temperate regions (Backhouse and Burgess 1995).

Both diversity and abundance of Fusarium species were

revealed differences between the wheat varieties such

that not all fungal species have colonized all varieties

(Pusz et al. 2016, Semaskiene et al. 2005).

Variation of weather condition and diversity of

causal agents makes controlling of FHB disease more

complex and difficult. The results showed that several

Fusarium species were isolated from the same spikelet of

wheat heads simultaneously. For example, we have seen

in some cases FGSC with F. equiseti, F. culmorum or

other Fusarium species were isolated from a spikelet.

Interactions of isolates of different Fusarium species are

competitive at the individual spikes (Siou et al. 2015), in

contrast, some results indicate there are significant

positive interactions among Fusarium species of the FHB

causal agents (Xu et al. 2008).

Colony growth rate measurements of FGSC

isolates were revealed that 25° C (among 10, 15, 20, 25

and 30° C) was the optimum temperature for the colony

growth of FGSC isolates. Suitable temperature for wheat

infection to FHB by F. graminearum is above 25° C

combined with moist periods of 24 h or more (Scala

et al. 2016). The fastest growth rate of F. graminearum

isolates were belonged to IRFHBN1 and IRFHBN2

isolates from Golestan, and IRFHBN12, IRFHBN13,

IRFHBN16 and IRFHBN18 from Mazandaran with 30.0

mm daily increment on PDA at 25° C. The fastest growth

rate of F. graminearum colonies on synthetic medium

was reported 13.5 mm per day at 25° C (Neagu & Borda

2013). In this study, maximum and minimum colony

growth rate were obtained 5.2±0.17 mm and 2.3±0.00

mm at 10° C, 18±0.00 mm and 7.1±0.34 mm at 15° C,

22.5±0.00 mm and 11.8±0.62 mm at 20° C and

10.0±0.00 mm and 7.7±0.00 mm at 30° C, respectively.

Thus, the optimum growth temperature of these isolates

were determined between 20–25° C. Studies have shown

that, optimum temperature for infection of wheat spikes

with FGSC is between 23–28° C, however in high

humidity and drizzling conditions, infection can occur at

lower temperatures (Brennan et al. 2005, Rossi et al.

2001). Neagu & Borda (2013) modeled using non-linear

the growth rate of F. graminearum to determine the

effects of water activity, temperature and their

interactions on fungal growth on grains. They showed

that growth rate increased with the raise of the water

activity and maximum growth rate measured at 25° C

and 0.995 aw value.

Phylogenetic tree resulting from the combination

of sequences of two genes (TEF and RED) showed

that all isolates from North of Iran belonged to

F. graminearum s.s. and grouped with reference strains

with high bootstrap values (94%). It is shown that, RED

and TEF-1α sequences were able to separate most

species of FGSC and used at the initial stage to discover

novel species (O’Donnell et al. 2004, Starkey et al.

2007). It also indicates that F. graminearum s.s. is the

dominant species and is the main causal agent of wheat

FHB disease in these regions. Malihipour et al. (2012)
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investigated the phylogenetic relationships among strains

that were collected from Canada, Mexico, and Iran and

characterized them using the Tri101 gene sequences. The

results are consistent with our study, that all Canadian

and Iranian isolates are clustered in one group and were

identified as F. graminearum s.s. Based on chemotypes

and population diversity of F. graminearum species

complex showed that, F. graminearum s.s. is prevalent

species in the North-West and in the Northern provinces

of Iran. Fusarium graminearum strains collected

from North-West region produced abundant

15-acetyldeoxynivalenol, while strains from North of

Iran produced nivalenol mycotoxins (Davari et al. 2013).

According to recent studies, species causing FHB disease

in Iran proved to be F. graminearum s.s., which is also

the most prevalent FHB species elsewhere in the world

(Aoki et al. 2012, O´Donnell et al., 2004, Starkey et al.

2007, Ward et al. 2008), although in eastern Asia

F. asiaticum is the prevalent species (Yang et al. 2008,

Zhang et al. 2012). The F. graminearum s.l. was

diagnosed by Gerlach and Nirenberg (1982), after 1980

according to morphological and phylogenetic analysis

it was separated to F. cerealis (Cooke) Sacc.

(=F. crookewellense W. Burgess et al.), and

F. pseudograminearum O’Donnell et T. Aoki (Aoki et al.

2012). Furthermore, in recent decades, FGSC was

classified into 14 novel species based on genealogical

exclusivity (Aoki et al. 2012, O’Donnell et al. 2000,

O’Donnell et al. 2008). Among identified species,

F. graminearum s.s. has the greatest expansion and is

paramount important pathogen related with cereal FHB

disease. It is reported as the predominant species in North

(Burlakoti et al. 2008, O’Donnell et al. 2004) and South

America (Ramirez et al. 2007), Europe (Xu et al. 2005),

South Africa (Boutigny et al. 2011), Australia (Tan et al.

2012), New Zealand (Cromey et al. 2001, Aoki et al.

2015), and Asia (Lee et al. 2009, Suga et al. 2008, Yli-

Mattila et al. 2009). It has been shown that, F. asiaticum

is dominant in areas where the mean annual temperature

is above 15° C, while F. graminearum s.s. is dominant in

regions with lower temperature (Suga et al. 2008).

According to this study, four Fusarium species

including F. graminearum s.s., F. culmorum, F. equiseti,

and F. acuminatum are major causal agents of FHB

disease. F. graminearum is the predominant species with

genetic homogeneity in the North of Iran. In conclusion,

our study provides a detailed report on most important

pathogens causing FHB disease. In order to provide FHB

disease management program and contamination

prevention of mycotoxins in wheat, it is important to

identify and characterize the main species involve in

FHB disease. The result can help to develop breeding

strategies for FHB resistance in the North of Iran by

characterizing major causal agents of the disease.

Acknowledgements

This research was supported in part by funding

from the Iran National Science Foundation. We thank

Abolghasem Ghasemi (Plant Diseases Research

Department, Iranian Research Institute of Plant

Protection, Tehran, Iran), David M. Geiser (Department

of Plant Pathology and Environmental Microbiology,

The Pennsylvania State University, University Park,

USA) and Kerry O’Donnell (US Department of

Agriculture, Agricultural Research Service, Peoria,

Illinois, USA) for assistance in this study.

References

Abedi-Tizaki, M. & Sabbagh, S. 2012. Morphological

and molecular identification of Fusarium head

blight isolates from wheat in North of Iran.

Australian Journal of Crop Science 6: 1356–1361.

Aoki, T. & O’Donnell, K. 1999. Morphological and

molecular characterization of Fusarium

pseudograminearum sp. nov., formerly

recognized as the Group 1 population of

F. graminearum. Mycologia 91: 597–609.

Aoki, T., Vaughan, M.M., McCormick, S.P., Busman,

M., Ward, T.J., Kelly, A., O’Donnell, K.,

Johnston, P.R. & Geiser, D.M. 2015. Fusarium

dactylidis sp. nov., a novel nivalenol toxin-

producing species sister to F. pseudograminearum

isolated from orchard grass (Dactylis glomerata)

ROSTANIH
A



184 Sharifi et al. / Identification of Fusarium species …/ Rostaniha 17(2), 2016

in Oregon and New Zealand. Mycologia 107:

409–418.

Aoki, T., Ward, T.J., Kistler, H.C. & O’Donnell, K.

2012. Systematics, phylogeny and trichothecene

mycotoxin potential of Fusarium head blight

cereal pathogens. Mycotoxins 62: 91–102.

Astoreca, A.L., Alconada Magliano, T.M. & Ortega,

L.M. 2013. Fusarium Mycotoxins. An overview

of chemical characterization and techniques for its

determination from Agricultural Products. Pp.

75–96. In: Fusarium Head Blight in Latin

America (Alconada Magliano, T.M. & Chulze,

S.N., eds). Springer, Netherlands.

Backhouse, D. & Burgess, L.W. 1995. Mycogeography

of Fusarium: climatic analysis of the distribution

within Australia of Fusarium species in section

Gibbosum. Mycological Research 99: 1218–1224.

Boutigny, A.L., Ward T.J., Van Coller, G.J., Flett, B.,

Lamprecht, S.C., O’Donnell, K. & 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

Genetics and Biology 48: 914–920.

Brennan, J.M., Egan, D., Cooke, B.M. & Doohan, F.M.

2005. Effect of temperature on head blight of

wheat caused by Fusarium culmorum and

F. graminearum. Plant Pathology 54: 156–160.

Burlakoti, R.R., Ali, S., Secor, G.A., Neate, S.M.,

McMullen, M.P. & Adhikari, T.B. 2008. Genetic

relationships among populations of Gibberella

zeae from barley, wheat, potato, and sugar beet in

the Upper Midwest of the United States.

Phytopathology 98: 969–976.

Cromey, M.G., Parkes, R.A. & Fraser, P.M. 2001.

Fusarium levels in grain harvested from

New Zealand wheat and barley crops in 2000. In

New Zealand Plant Protection 54: 193–197.

Davari, M., Wei, S.H., Babay-Ahari, A., Arzanlou, M.,

Waalwijk, C., van der Lee, T.A.J., Zare, R.,

Gerrits van den Ende, A.H.G., de Hoog, G.S. &

van Diepeningen, A.D. 2013. Geographic

differences in trichothecene chemotypes of

Fusarium graminearum in the Northwest and

North of Iran. World Mycotoxin Journal 6:

137–150.

Desjardins, A.E. & Proctor, R.H., 2001. Biochemistry

and genetics of Fusarium toxins. In: Fusarium.

Paul E. Nelson Memorial Symposium. American

Phytopathology Society Press. St. Paul, MN.

50–69.

Dhingra, O.D. & Sinclair, J.B. 1995. Basic Plant

Pathology Methods. CRC Press 434 pp.

Geiser, D.M., Aoki, T., Bacon, C.W., Baker, S.E.,

Bhattacharyya, M.K., Brandt, M.E., Brown, D.W.,

Burgess, L.W., Chulze, S., Coleman, J.J., Correll

J.C., Covert S.F., Crous P.W., Cuomo C.A.,

Hoog, G.S., De Pietro, A.D., Elmer, W.H.,

Epstein, L., Frandsen, R.J.N., Freeman, S.,

Gagkaeva, T., Glenn, A.E., Gordon, T.R.,

Gregory, N.F., Hammond-Kosack, K.E., Hanson,

L.E., Jímenez-Gasco, M.M., Kang, S., Kistler,

H.C., Kuldau, G.A., Leslie, G.F., Logrieco, A.,

Lu, G., Lysøe, E., Ma, L. McCormick, S.P.,

Migheli, Q., Moretti, A., Munaut, F., O'Donnell,

K., Pfenning, L., Ploetz, R.C., Proctor, R.H.,

Rehner, S.A., Robert, V.A.R.G., Rooney, A.P.,

Salleh, B., Mercedes Scandiani, M., Scauflaire, J.,

Short, D.P.G., Steenkamp, E., Suga, H.,

Summerell, B.A., Sutton, D.A., Thrane, U., Trail,

F., Diepeningen, A.V., VanEtten, H.D., Viljoen,

A., Waalwijk, C., Ward, T.J., Wingfield, M.J.,

Xu, J., Yang, X., Yli-Mattila, T. & Zhang, N.

2013. One fungus, one name: defining the genus

Fusarium in a scientifically robust way that

preserves longstanding use. Phytopathology 103:

400–408.

Gerlach, W. & Nirenberg, H. 1982. The genus Fusarium:

A Pictorial Atlas (Mitteilungen aus der

Biologischen Bundesanstalt fur Land-und

Forstwirtschaft Berlin-Dahlem). Kommissionsverlag

406 pp.

Golzar, H., Foroutan, A. & Ershad, D. 1998. Studies on

Fusarium species causing Head Blight of Wheat

ROSTANIH
A



185Sharifi et al. / Identification of Fusarium species …/ Rostaniha 17(2), 2016

and sources of resistance to Fusarium

graminearum in Gorgan and Mazandaran. Iranian

Journal of Plant Pathology 34: 158–169.

Huang, J., Ge, X. & Sun, M. 2000. Modified CTAB

protocol using a silica matrix for isolation of plant

genomic DNA. BioTechniques 28: 432–434.

Jansen, C., Von Wettstein, D., Schäfer, W., Kogel, K.H.,

Felk, A. & Maier, F.J. 2005. Infection patterns in

barley and wheat spikes inoculated with wild-type

and trichodiene synthase gene disrupted Fusarium

graminearum. Proceedings of the National

Academy of Sciences of the United States of

America 102: 16892–16897.

Kimura, M., Tokai, T., O’Donnell, K., Ward, T.J.,

Fujimura, M., Hamamoto, H., Shibata, T. &

Yamaguchi, I. 2003. The trichothecene

biosynthesis gene cluster of Fusarium

graminearum F15 contains a limited number of

essential pathway genes and expressed

non‐essential genes. FEBS Letters 539: 105–110.

Kristensen, R., Gauthier, G., Berdal, K.G., Hamels, S.,

Remacle, J. & Holst-Jensen, A. 2007. DNA

microarray to detect and identify trichothecene

and moniliformin producing Fusarium species.

Journal of Applied Microbiology 102:

1060–1070.

Lee, J., Chang, I.Y., Kim, H., Yun, S.H., Leslie, J.F. &

Lee, Y.W. 2009. Genetic diversity and fitness of

Fusarium graminearum populations from rice in

Korea. Applied and Environmental Microbiology

75: 3289–3295.

Leslie, J.F. & Summerell, B.A. 2007. The Fusarium

Laboratory Manual. Blackwell 388 pp.

Malihipour, A., Gilbert, J., Piercey-Normore, M. &

Cloutier, S. 2012. Molecular phylogenetic

analysis, trichothecene chemotype patterns and

variation in aggressiveness of Fusarium isolates

causing head blight in wheat. Plant Diseases 96:

1016–1025.

Mirabolfathy, M. & Karami-Osboo, R. 2013.

Deoxynivalenol and DON producing Fusarium

graminearum isolates in wheat and barley crops in

North and Northwest areas of Iran. Iranian Journal

of Plant Pathology 48: 197–210.

Money, N.P. 2013. Against the naming of fungi. Fungal

biology 117: 463–465.

Neagu, C. & Borda, D. 2013. Modelling the growth of

Fusarium graminearum on barley and wheat

media extract. Romanian Biotechnological Letters

18: 8489–8498.

Nelson, P.E., Toussoun, T.A. & Marasas, W.F.O. 1983.

Fusarium species: an illustrated manual for

identification. Pennsylvania State University Press

226 pp.

O’Donnell, K. 1996. Progress towards a phylogenetic

classification of Fusarium. Sydowia 48: 57–70.

O’Donnell, K., Humber R.A., Geiser D.M., Kang, S.,

Park, B., Robert, V.A., Crous, P.W., Johnston,

P.R., Aoki, T., Rooney, A.P. & Rehner S.A. 2012.

Phylogenetic diversity of insecticolous fusaria

inferred from multilocus DNA sequence data and

their molecular identification via FUSARIUM-ID

and Fusarium MLST. Mycologia 104: 427–445.

O’Donnell, K., Kistler, H.C., Cigelnik, E. & Ploetz, R.C.

1998. Multiple evolutionary origins of the fungus

causing panama disease of banana: concordant

evidence from nuclear and mitochondrial gene

genealogies. Proceedings of the National

Academy of Sciences of the United States of

America 95: 2044–2049.

O’Donnell, K., Kistler, H.C., Tacke, B.K. & Casper,

H.H. 2000. Gene genealogies reveal global

phylogeographic structure and reproductive

isolation among lineages of Fusarium

graminearum, the fungus causing wheat scab.

Proceedings of the National Academy of Sciences

of the United States of America 97: 7905–7910.

O’Donnell, K., Ward, T.J., Aberra, D., Kistler, H.C.,

Aoki, T., Orwig, N., Kimura, M., Bjørnstad, S. &

Klemsdal, S.S. 2008. Multilocus genotyping and

molecular phylogenetics resolve a novel head

blight pathogen within the Fusarium

graminearum species complex from Ethiopia.

Fungal Genetics and Biology 45: 1514–1522.

ROSTANIH
A



186 Sharifi et al. / Identification of Fusarium species …/ Rostaniha 17(2), 2016

O’Donnell, K., Ward, T.J., Geiser, D.M., Kistler, H.C. &

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 Genetics

and Biology 41: 600–623.

Parry, D.W., Jenkinson, P. & McLeod, L. 1995.

Fusarium ear blight (scab) in small grain cereals:

a review. Plant Pathology 44: 207–238.

Peraica, M., Radic, B., Lucic, A. & Pavlovic, M. 1999.

Toxic effects of mycotoxins humans. Bulletin of

the World Health Organization 77: 754–766.

Pestka, J.J. & Smolinski, A.T. 2005. Deoxynivalenol:

toxicology and potential effects on humans.

Journal of Toxicology and Environmental Health

8: 39–69.

Prussin A.J., Li, Q., Malla, R., Ross, S.D. & Schmale,

D.G. 2014. Monitoring the long distance transport

of Fusarium graminearum from field scale

sources of inoculum. Plant Disease 98: 504–511.

Pusz, W., Mascher, F., Czembor, E., Czembor, J. &

Ogórek, R. 2016. Characterization of the

Relationships between Wheat Cultivars, Fusarium

Head Blight, and Mycoflora Grains. Polish

Journal of Environmental Studies 25: 1373–1380.

Ramirez, M.L., Reynoso, M.M., Farnochi, M.C., Torres,

A.M., Leslie, J.F. & Chulze, S.N. 2007.

Population genetic structure of Gibberella zeae

isolated from wheat in Argentina. Food Additives

and Contaminants 24: 1115–1120.

Rossi, V., Ravanetti, A., Pattori, E. & Giosuè, S. 2001.

Influence of temperature and humidity on the

infection of wheat spikes by some fungi causing

Fusarium head blight. Journal of Plant Pathology

83: 189–198.

Sarver, B.A.J., Ward, T.J., Gale, L.R., Broz, K., Corby

Kistler, H., Aoki, T., Nicholson, P., Carter, J. &

O’Donnell, K. 2011. Novel Fusarium head blight

pathogens from Nepal and Louisiana revealed by

multilocus genealogical concordance. Fungal

Genetics and Biology 48: 1096–1107.

SAS Institute. 2002. SAS/STAT software version 9.1.

Cary, NC: SAS Institute.

Scala, V., Aureli, G., Cesarano, G., Incerti, G., Fanelli,

C., Scala, F., Reverberi, M. & Bonanomi, G.

2016. Climate, soil management, and cultivar

affect Fusarium head blight incidence and

deoxynivalenol accumulation in Durum wheat of

southern Italy. Frontiers in Microbiology 7: 1–10.

Semaskiene, R., Mankeviciene, A., Dabkevicius, Z. &

Lesrrumaite, E. 2005. Toxic fungi infection and

mycotoxin level in organic grain. Botanica

Lithuanica 7: 17–25.

Siou, D., Gélisse, S., Laval, V., Suffert, F. & Lannou, C.

2015. Mutual exclusion between fungal species of

the Fusarium head blight complex in a wheat

spike. Applied and Environmental Microbiology

81: 4682–4689.

Sobrova, P., Adam, V., Vasatkova, A., Beklova, M.,

Zeman, L. & Kizek, R. 2010. Deoxynivalenol and

its toxicity. Interdisciplinary Toxicology 3: 94–99.

Starkey, D.E., Ward, T.J., Aoki, T., Gale, L.R., Kistler,

H.C., Geiser, D.M., Suga, H., Tóth, B., Varga, J.

& O’Donnell, K. 2007. Global molecular

surveillance reveals novel Fusarium head blight

species and trichothecene toxin diversity. Fungal

Genetics and Biology 44: 1191–1204.

Suga H., Karugia, G.W., Ward, T., Gale, L.R.,

Tomimura, K., Nakajima, T., Miyasaka, A.,

Koizumi, S., Kageyama, K. & Hyakumachi, M.

2008. Molecular characterization of the Fusarium

graminearum species complex in Japan.

Phytopathology 98: 159–66.

Tamura, K., Stecher, G., Peterson, D., Filipski, A. &

Kumar, S. 2013. MEGA6: Molecular

Evolutionary Genetics Analysis version 6.0.

Molecular Biology and Evolution 30: 2725–2729.

Tan, D.C., Flematti, G.R., Ghisalberti, E.L.,

Sivasithamparam, K., Chakraborty, S., Obanor,

F., Jayasena, K. & Barbetti, M.J. 2012.

Mycotoxins produced by Fusarium spp.

associated with Fusarium head blight of wheat in

Western Australia. Mycotoxin Research 28: 89–96.

ROSTANIH
A



187Sharifi et al. / Identification of Fusarium species …/ Rostaniha 17(2), 2016

Ueno, Y., Sato, N., Ishii, K., Sakai, K., Tsunoda, H. &

Enomoto, M. 1973. Biological and chemical

detection of trichothecene mycotoxins of

Fusarium species. Applied Microbiology 25:

699–704.

Ward, T.J., Bielawski, J.P., Kistler, H.C., Sullivan, E. &

O’Donnell, K. 2002. Ancestral polymorphism and

adaptive evolution in the trichothecene mycotoxin

gene cluster of phytopathogenic Fusarium.

Proceedings of the National Academy of Sciences

of the United States of America 99: 9278–9283.

Ward, T.J., Clear, R.M., Rooney, A.P., O’Donnell, K.,

Gaba, D., Patrick, S., Starkey, D.E., Gilbert, J.,

Geiser, D.M. & Nowicki, T.W. 2008. An adaptive

evolutionary shift in Fusarium head blight

pathogen populations is driving the rapid spread

of more toxigenic Fusarium graminearum in

North America. Fungal Genetics and Biology 45:

473–84.

Xu, X.M., Parry, D.W., Nicholson, P., Thomsett, M.A.,

Simpson, D., Edwards, S.G., Cooke, B.M.,

Doohan, F.M., Brennan, J.M., Moretti, A., Tocco,

G., Mule, G., Hornok, L., Giczey, G. & Tatnell, J.

2005. Predominance and association of

pathogenic fungi causing Fusarium ear blight in

wheat in four European countries. European

Journal of Plant Pathology 112: 143–154.

Xu, X.M., Nicholson, P., Thomsett, M.A., Simpson, D.,

Cooke, B.M., Doohan, F.M., Brennan, J.,

Monaghan, S., Moretti, A., Mule, G., Hornok, L.,

Beki, E., Tatnell, J., Ritieni, A. & Edwards, S.G.

2008. Relationship between the fungal complex

causing Fusarium head blight of wheat and

environmental conditions. Phytopathology 98:

69–78.

Yang, L., Van der Lee, T., Yang, X., Yu, D. & Waalwijk,

C. 2008. Fusarium populations on Chinese barley

show a dramatic gradient in mycotoxin profiles.

Phytopathology 98: 719–727.

Yli-Mattila, T., Gagkaeva, T., Ward, T.J., Aoki, T.,

Kistler, H.C. & O’Donnell, K. 2009. A novel

Asian clade within the Fusarium graminearum

species complex includes a newly discovered

cereal head blight pathogen from the Russian Far

East. Mycologia 101: 841–52.

Zamanizadeh, H. & Khorsandi, H. 1995. Occurrence of

Fusarium species and their mycotoxins in wheat

in Mazandaran province. Iranian Journal of Plant

Pathology 31: 23–38.

Zhang, H., Van der Lee, T., Waalwijk, C., Chen, W.,

Xu, J., Jin, Xu, J.S., Zheng, Y. & 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.

Zare, R. & Ershad, D. 1997. Fusarium species isolated

from cereals in Gorgan area. Iranian Journal of

Plant Pathology 33: 1–4.

ROSTANIH
A


