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ABSTRACT
Fusarium crown rot (CR) of wheat is one of the most important diseases known from regions of the world where
cereal crops are produced. In this study, we examined the mating types of F. culmorum CR strains isolated across Iraq,
including more arid regions within the country. The result showed two mating compatibility (MAT) type idiomorphs
of F. culmorum are present in Iraq, with 27.6% of the isolates examined representing the MAT-1 type and 72.4%
representing the MAT-2 type. The MAT-1 type was commonly found among isolates from the mid-latitudes of Iraq,
this being a warmer and drier region as compared to the country’s northern region; however, it was also detected
from one isolate from a northern site. The MAT-2 type, however, was more broadly distributed across Iraq and was
also detected among many isolates from the mid-latitude region. Thus specific biogeographic patterns were not
apparent for mating compatibility idiomorphs. The mating types characterized here were also compared to
chemotypes known for these same isolates and characterized in a previous study. This comparison revealed the MAT1 type was found only among DON chemotype isolates, while the MAT-2 type was found among both DON and NIV
chemotype isolates. Thus, there does not appear to be a direct correspondence between chemotype and mating
compatibility idiomorphs within Iraq. Overall, a broader sampling across the country with more isolates being
examined at each site is advised.
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INTRODUCTION
Fusarium spp. are well known fungal pathogens that cause
chronic and destructive diseases of cereal grains.
Fusarium culmorum is among the important pathogens
causing crown rot (CR) and head blight (HB) of wheat
(Obanor et al., 2010; Matny 2015). These diseases are
known to influence grain quality as they produce
mycotoxins that are harmful to human and livestock
(Najim 2013; Matny 2015). Studies suggest F. culmorum is
replacing other species, such as F. graminearum, as the
primary CR and HB strains in some parts of Europe, and
this is likely due to climatic factors (Waalwijk et al., 2003;
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Jennings et al., 2004; Miedaner et al., 2008). Fusarium
culmorum is a common cause of CR in the Middle East
(Motallebi et al., 2015), including Iraq where it is
widespread and potentially among the more aggressive
CR causing strains found there (Matny et al., 2012, 2016)
Fusarium is an asexual fungus (anamorph) in the
Ascomycota, with the ascospore producing sexual stage
(teleomorph) known in the genera Calonectria,
Gibberella, and Nectria (Booth 1981). Ascomycota
species can be homothallic (self-fertile) or heterothallic
(self-sterile), and mating compatibility in this phylum is
controlled by a single mating compatibility locus (MAT)
with two dissimilar (idiomorphic) alleles, MAT-1 and
MAT-2 (Niessen 2007). Homothallic Fusarium species,
such as F. graminearum (teleomorph = Gibberella zeae),
have both alleles in a contiguous arrangement (Donnell
et al., 2004). Fusarium culmorum, on the other hand, is
thought to be heterothallic (Kerényi et al., 2004) and has
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only one allele, either MAT-1 or MAT-2 (Tóth et al.,
2004). The teleomorphic stage of F. culmorum has never
been discovered; however, population studies suggest
sexual recombination does occur in the species
(Gargouri et al., 2003).
In a previous study, we demonstrated the existence of
distinct wheat CR associated chemotypes in Iraq, with the
DON-type being widespread and the NIV-type restricted
to mid-latitudes of the country (Matny et al., 2016).
Recent studies have shown a close to 1:1 distribution of F.
culmorum idiomorphs across the globe, including various
parts of the Middle East (Obanor et al., 2010) and further
suggesting sexual recombination. However, the
distribution of mating types for Iraqi F. culmorum strains
has not been investigated. Here we further characterize
Iraqi strains of F. culmorum, using specific primers to
determine mating types of isolates from CR diseased
wheat collected across the country. We hypothesized that
both MAT-1 and MAT-2 alleles would be detectable within
F. culmorum isolates from Iraq and that they would also
exhibit distinct biogeographic patterns, similar to those
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observed previously for F. culmorum CR associated
chemotypes (Matny et al., 2016).
MATERIALS AND METHODS
Wheat plants exhibiting crown rot symptoms were
collected from various locations in north and central
Iraq (Figure 1). Fusarium isolates were prepared using
methods outlined previously (Matny et al., 2016).
Briefly, a 1 cm2 of diseased tissue was harvested from
each plant using a scalpel sterilized with 10% sodium
hypochlorite (bleach). Individual tissue samples were
placed onto 9 cm Petri dishes of potato dextrose agar
(PDA) and were then incubated at 25˚ C for 5 days. A
single spore was removed from each Fusarium isolate
exhibiting a unique morphology and was then used to
inoculate a new Petri dish in order to prepare pure
cultures following the method of Leslie and Summerell
(2006). Sequences of the marker gene translation
elongation factor 1 alpha (TEF-1α) gene were used to
confirm the species identity of each morphotype
recovered (see below).

Figure 1. Map showing localities of collecting sites for Fusarium isolates obtained from different Iraqi wheat fields.
DNA Extraction and amplification of fungal DNA: DNA
ml centrifuge vials with 50 µl of kit extraction solution
was extracted from each of the 29 morphotype isolates
and heated to 65˚ C in the thermocycler for 10 min before
recovered following the standard protocol for
following the standard kit procedure. Extracted DNAs
REDExtract-N-Amp Plant Tissue Kits (Sigma-Aldrich,
were tested for quality and quantified using a NanoDrop
USA), with a minor modification. Briefly, a small portion of
2000 (Thermo-Fisher Scientific, USA).
hyphae was removed with a sterilized needle from the
Amplification of translation elongation factor 1 alpha
growing edge of the fungal mycelium and placed into 0.2
(TEF-1α) was carried out using the primers EF1 and EF2
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(O’Donnell et al., 2000) following the protocol outlined
previously (Matny et al., 2016). Primer pairs used in the
mating type study (Table 1) included fusALPHAfor and
fusALPHArev (amplifying the mating-type alpha-box
protein MAT1-1) and fusHMGfor and fusHMGrev
(amplifying the high mobility group HMG-box protein
MAT1-2). For these primers, each 20 μl PCR reaction
contained 10 μl of GoTaq Master Mix (Promega, USA), 0.5
μl (10 nM) of each primer, 5 μl of DNA-free water, and 4 μl
DNA template (~5–10 ng). The following parameters
were used in PCR: 94˚ C for 3 min (1 cycle), followed by 35
cycles at 94˚ C for 30 s, 55˚ C for 45 s, and 72˚ C for 2min,
these cycles being followed by a final extension step of 72˚
C for 5 min. Amplified products were visualized in 1%
Table 1. Primers used in this study.
Target
Primer
Nucleotide sequence (5´to 3´)
Gene
fusALPH for
MAT-1 CGCCCTCTKAAYGSCTTCATG
fusALPHArev
GGARTARACYTTAGCAATYAGGGC
fusHMGfor
MAT-2 CGACCTCCCAAYGCYTACAT
fusHMGrev
TGGGCGGTACTGGTARTCRGG
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agarose gels stained with SYBR safe DNA gel stain
(Invitrogen, USA) in 1X TAE.
DNA sequencing: To prepare the DNAs for sequencing,
the QIAquick PCR purification kit (Qiagen, USA) was used
following the standard protocol. DNA was quantified and
checked for purity using a NanoDrop 2000. Sequencing
was carried out commercially at ACGT, Inc. (Chicago,
USA). The resultant sequences were edited manually in
MEGA6 (Tamura et al., 2013) after reviewing the
chromatograms. To confirm species identities, TEF-1α
sequences were compared with those in GenBank using
BLAST (Altschul et al., 1990). The consensus sequences
generated for each isolate were submitted to GenBank,
and the accession numbers for these are found in Table 2.
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Figure 2. Mating type profiles of F. culmorum isolates 1-29 examined in this study. A- Amplification of ALFA box
(MAT-1 type). B- Amplification of HMG box (MAT-2 type).

111

Pak. J. Phytopathol., Vol. 31 (02) 2018. 109-114

DOI: 10.33866/phytopathol.030.02.0459

RESULT AND DISCUSSIONS
across Iraqi sites, but in only four (Anbar, Baghdad,
Sequencing of the TEF-1α gene confirmed the identity of
Babylon, and Kirkuk) of the seven sites sampled. Overall,
our isolates to be among the F. culmorum species group
the MAT-2 type was found more frequently across the
(all identities >97% sequence similarity), which is a
Iraqi site and appears to be restricted to only three sites
known CR pathogen of wheat in Iraq (Matny et al., 2012).
(Diyala, Karbala, and Najaf); however, two of these sites
Subsequently, each F. culmorum isolate was subjected to
were not sampled extensively, with only one or two
PCR with the two different mating type diagnostic
isolates being recovered from Najaf and Karbala,
primers. Eight (27.6%) of the F. culmorum isolates
respectively. While the MAT-1 type was found more
showed the characteristic 200bp fragment corresponding
frequently among warmer, drier sites of the mid-latitude
to MAT-1 and 21 of the isolates (72.4%) showed the
region of Iraq, it was also detected in one isolate from a
characteristic 260bp fragment of MAT-2 (Figure 2). The
site (Kirkuk) in the northern region. Thus, mating
MAT-2 mating type was distributed widely across all sites
compatibility locus idiomorphs (MAT-1 or MAT-2) do not
in Iraq, being found among isolates from Anbar, Baghdad,
appear to be restricted to particular regions and may be
Babylon, Diyala, Karbala, Kirkuk, and Najaf (Table 2).
generally distributed, though not evenly, within specific
Likewise, the MAT-1 type isolates were found broadly
areas widely across the country.
Table 2. Molecular characterization of F. culmorum mating types for Iraqi isolates (*see Matny et al., 2016 for
chemotype characterization).
Mating type
Chemotypes*
Accession
Sample number
Culture No.
Location
Species
No.
MAT-1
MAT-2
DON
NIV
1
KY205745
IF 0003
Karbala
F. culmorum
+
+
2
KY205746
IF 0004
Karbala
F. culmorum
+
+
3
KY190104
IF 0005
Diyala
F. culmorum
+
+
4
KY190106
IF 0006
Diyala
F. culmorum
+
+
5
KY190111
IF 0007
Diyala
F. culmorum
+
+
6
KY190107
IF 0008
Diyala
F. culmorum
+
+
7
KY190127
IF 0009
Kirkuk
F. culmorum
+
+
8
KY190118
IF 0013
Anbar
F. culmorum
+
+
9
KY190123
IF 0014
Anbar
F. culmorum
+
+
10
KY190116
IF 0015
Anbar
F. culmorum
+
+
11
KY190108
IF 0017
Najaf
F. culmorum
+
+
12
KY205747
IF 0021
Baghdad
F. culmorum
+
+
13
KY190121
IF 0022
Baghdad
F. culmorum
+
+
14
KY190126
IF 0024
Diyala
F. culmorum
+
+
15
KY190122
IF 0026
Anbar
F. culmorum
+
+
16
KY190112
IF 0028
Baghdad
F. culmorum
+
+
17
KY205748
IF 0029
Baghdad
F. culmorum
+
+
18
KY190109
IF 0030
Kirkuk
F. culmorum
+
+
19
KY190113
IF 0031
Kirkuk
F. culmorum
+
+
20
KY190114
IF 0032
Kirkuk
F. culmorum
+
+
21
KY190117
IF 0033
Kirkuk
F. culmorum
+
+
22
KY190124
IF 0040
Babylon
F. culmorum
+
+
23
KY190110
IF 0041
Babylon
F. culmorum
+
+
24
KY190119
IF 0042
Babylon
F. culmorum
+
+
25
KY205749
IF 0044
Diyala
F. culmorum
+
+
26
KY190105
IF 0045
Baghdad
F. culmorum
+
+
27
KY190125
IF 0046
Baghdad
F. culmorum
+
+
28
KY190120
IF 0047
Baghdad
F. culmorum
+
+
29
KY190115
IF 0052
Anbar
F. culmorum
+
+
The distribution of mating types had no direct
occasionally among DON chemotypes, while the MAT-2
correspondence to patterns observed previously in Iraq
mating type was found among both DON and NIV
for F. culmorum isolate chemotypes (Matny et al., 2016).
chemotypes (Table 2). These results are consistent with
The MAT-1 type isolates of this study were found only
those of Laraba et al. (2017) who found the mating type
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idiomorphs of F. culmorum are essentially evenly
distributed, even within regions where the DON
chemotypes considerably outnumber those of the NIVtype. Additionally, Rebib et al. (2014) reported that both
MAT1-1 and MAT1-2 mating types of F. culmorum were
found in approximately equal proportions in wheat
fields in Tunisia, where all isolates were exclusively DON
chemotypes (3-AcDON).
The sexual status of F. culmorum continues to be the
subject of debate, with studies hypothesizing the
occurrence of sexual reproduction within the species
(Mishra et al., 2003; Obanor et al., 2010); however, a
teleomorph has never been reported for this species. We
found nearly three-fourths of our isolates were of the
MAT-2 type across Iraq with no clear patterns related to
geography, collection locality climate, or chemotype
status. This finding is within the range of haplotype
diversity documented from a number of countries
(Miedaner et al., 2008), but does not suggest sexual
recombination to the degree that the results of Obanor et
al., (2010) did, which found MAT-1 and MAT-2 mating
types in nearly equal proportions across a portion of
three continents, with Middle Eastern isolates exhibiting
a perfect 1:1 correspondence. With the absence of a
known sexual state, another mechanism of
recombination for F. culmorum, such as long-range
conidia dispersal, is an area of research that needs to be
addressed. However, continued monitoring of diseaseassociated strains of F. culmorum more broadly across
Iraq, and other countries in the region, and with more
isolates being sampled across individual sites is
advisable given the potentially aggressive strains as well
as the levels recombination that occur there.
ACKNOWLEDGMENTS
We thank colleagues in the Department of Plant
Pathology at the University of Minnesota, and
specifically Dr. Brian Steffenson for supporting and
assisting with this work.
REFERENCES
Altschul, S. F., W. Gish, W. Miller, E. W. Myers and D. J.
Lipman. 1990. Basic local alignment search tool.
Journal of Molecular Biology, 215: 403-410.
Booth, C. 1981. Perfect states (teleomorphs) of Fusarium
species. Fusarium: Diseases, Biology and
Taxonomy: 446-452.
Gargouri, S., L. Bernier, M. R. Hajlaoui and M. Marrakchi.
2003. Genetic variability and population structure
of the wheat foot rot fungus, Fusarium culmorum,

113

DOI: 10.33866/phytopathol.030.02.0459
in Tunisia. European journal of plant pathology,
109: 807-815.
Jennings, P., M. E. Coates, J. A. Turner, E. A. Chandler and
P.
Nicholson.
2004.
Determination
of
deoxynivalenol and nivalenol chemotypes of
Fusarium culmorum isolates from England and
Wales by PCR assay. Plant Pathology, 53: 182-190.
Kerenyi, Z., A. Moretti, C. Waalwijk, B. Olah and L.
Hornok. 2004. Mating Type Sequences in
Asexually Reproducing Fusarium Species. Applied
and Environmental Microbiology, 70: 4419-4423.
Laraba, I., H. Boureghda, N. Abdallah, O. Bouaicha, F.
Obanor, A. Moretti, D. M. Geiser, H.-S. Kim, S. P.
McCormick, R. H. Proctor, A. C. Kelly, T. J. Ward
and K. O'Donnell. 2017. Population genetic
structure and mycotoxin potential of the wheat
crown rot and head blight pathogen Fusarium
culmorum in Algeria. Fungal Genetics and Biology,
103: 34-41.
Leslie, J. and B. Summer. 2006. The Fusarium Laboratory
Manual. 1st ed. Blackwell Publishing Professional
Pp 388.
Matny, O. N., S. T. Bates and Z. Song. 2016. Original
Article. Geographic distribution of Fusarium
culmorum chemotypes associated with wheat
crown rot in Iraq. Journal of Plant Protection
Research, 57: 43-49.
Matny, O. N., S. Chakraborty, F. Obanar and R. A. AL-Ani.
2012. Molecular identification of Fusarium spp.
causing crown rot and head blight on winter
wheat in Iraq. Journal of Agricultural Technology,
8: 1677-1690.
Miedaner, T., C. J. R. Cumagun and S. Chakraborty. 2008.
Population Genetics of Three Important Head
Blight Pathogens Fusarium graminearum, F.
pseudograminearum and F. culmorum. Journal of
Phytopathology, 156: 129-139.
Mishra, P. 2003. Development of a PCR-based assay for
rapid and reliable identification of pathogenic
Fusaria. FEMS Microbiology Letters, 218: 329332.
Motallebi, P., D. Alkadri, P. Annamaria, P. Nipoti, S. Tonti,
V. Niknam, M. Hashemi and A. Prodi. 2015.
Pathogenicity and mycotoxin chemotypes of
Iranian Fusarium culmorum isolates on durum
wheat, and comparisons with Italian and Syrian
isolates. Phytopathologia Mediterranea, 54: 437445.

Pak. J. Phytopathol., Vol. 31 (02) 2018. 109-114
N Matny, O. 2015. Fusarium Head Blight and Crown Rot
on Wheat & Barley: Losses and Health Risks.
Advances in Plants & Agriculture Research, 2.
Najim, M. O. 2013. Mycotoxin Production by Fusarium
spp. Isolates on Wheat Straw in Laboratory
Condition. Research Journal of Biotechnology Vol,
8: 7.
Niessen, L. 2007. PCR-based diagnosis and quantification
of mycotoxin producing fungi. International
Journal of Food Microbiology, 119: 38-46.
O’Donnell, K., T. J. Ward, D. M. Geiser, H. Corby Kistler
and T. Aoki. 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.
Obanor, F., G. Erginbas-Orakci, B. Tunali, J. M. Nicol and S.
Chakraborty. 2010. Fusarium culmorum is a single
phylogenetic species based on multilocus
sequence analysis. Fungal Biology, 114: 753-765.
O'Donnell, K., H. C. Kistler, B. K. Tacke and H. H. Casper.
2000.
Gene
genealogies
reveal
global
phylogeographic structure and reproductive
isolation
among
lineages
of
Fusarium

114

DOI: 10.33866/phytopathol.030.02.0459
graminearum, the fungus causing wheat scab.
Proceedings of the National Academy of Sciences,
97: 7905-7910.
Rebib, H., H. Bouraoui, M. Rouaissi, Y. Brygoo, A.
Boudabbous, M. R. Hajlaoui and N. Sadfi-Zouaoui.
2014. Genetic diversity assessed by SSR markers
and chemotyping of Fusarium culmorum causal
agent of foot and root rot of wheat collected from
two different fields in Tunisia. European Journal
of Plant Pathology, 139: 481-495.
Tamura, K., G. Stecher, D. Peterson, A. Filipski and S.
Kumar. 2013. MEGA6: Molecular Evolutionary
Genetics Analysis Version 6.0. Molecular Biology
and Evolution, 30: 2725-2729.
Tóth, B., Á. Mesterházy, P. Nicholson, J. Téren and J.
Varga. 2004. Mycotoxin Production and Molecular
Variability of European and American Isolates of
Fusarium Culmorum. European Journal of Plant
Pathology, 110: 587-599.
Waalwijk, C., P. Kastelein, I. de Vries, Z. Kerényi, T. van
der Lee, T. Hesselink, J. Köhl and G. Kema. 2003.
Major changes in Fusarium spp. in wheat in the
Netherlands.
Epidemiology
of
Mycotoxin
Producing Fungi. Springer Netherlands, pp. 743754.

