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ABSTRACT

Objective: Fusarium spp. cause Fusarium head blight (FHB) and crown rot (CR) diseases. They also have harmful effects on
animal and human health through their mycotoxins. Within the scope of this study, F. graminearum and F. culmorum isolates
were purified from wheat ears and stalks contaminated with phytopathogens, which had been collected from various regions
of Turkey, were identified and characterized by conventional and molecular methods.

Materials and Methods: Sixty-eight Fusarium samples were isolated by single spore analysis and classified according to their
macroconidia shape and size. Morphologically characterized samples were verified by amplification of SCAR markers. Their
mating types (MAT) and chemotypes were also determined through polymerase chain reaction (PCR).

Results: Thirty-eight F. graminearum and 30 F. culmorum isolates were identified via amplification of UBC85 and OPT18
SCAR markers, respectively. All isolates were determined as trichothecene producers by amplification of the tri5 gene. All F.
graminarum isolates carry both MAT-1 and MAT-2 loci, whereas 7 of . culmorum isolates were also determined as MAT-1 and
23 of them as MAT-2 mating types. Deoxynivalenol production capacity of all isolates was identified by tri13 amplification for
chemotype determination.

Conclusion: Routine monitoring of phytopathogens and their mycotoxin levels is a requirement since their annual levels may
vary depending on environmental factors. This work provides knowledge about the distribution of Fusarium spp. leading to
FHB and CR in different regions of Turkey between 2010 and 2020. Also, their chemotypes were demonstrated. Our studies
will contribute to disease profiling and it is the first step in disease management.
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INTRODUCTION species are responsible for various dominant diseases

. o . on plants including Fusarium head blight (FHB), crown
The soilborne genus Fusarium involves a high num-

ber of phytopathogenic fungal species that are able
to cause diseases by infecting agriculturally important
crops including cereals, tobacco, bananas, and car-
nations, and can also induce health issues in humans  species causing FHB and CR diseases worldwide as well

and animals through their mycotoxins (1-5). Fusarium  as in Turkey (6-9). Fusarium spp. are widely distributed

root (CR), or Fusarium wilt via the involvement of dif-
ferent organs like roots, flowers, and spikes in cereal
crops. F. graminearum and F. culmorum are prevalent
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in soil, aerial plant parts, plant debris, and other organic sub-
strates and the causal agents may vary from one agro-ecolog-
ical region to another (10-12). They are able to produce vari-
ous mycotoxins at one and the same time. The best known of
these endotoxins are trichothecenes, fumonisins, zearalenone,
and gibberellic acids. The trichothecenes are divided into four
types (A-D) in terms of their additional radical groups onto
the heterocyclic core skeleton (13). Deoxynivalenol (DON), ni-
valenol (NIV), diacetoxyscirpenol, T-2 toxin, and NX-2 are the
most studied and well-known trichothecene mycotoxins (14-
17). Their toxicity arises from their effects on different cellu-
lar mechanisms. Trichothecenes are responsible for oxidative
stress-mediated DNA damage, induction of apoptosis through
mitochondria-mediated or -independent pathways, and inhi-
bition of protein synthesis by inhibiting the peptidyl transfer-
ase activity via binding to the large ribosomal subunit (60S) of
eukaryotic cells. Therefore, mycotoxin accumulation as a result
of the consumption of contaminated plants and animal prod-
ucts as food leads to potentially severe health problems in
humans (18,19). Besides the health concerns based on toxico-
ses, Fusarium spp.-based diseases have both economic effects
on agricultural areas and a remarkable number of risks for the
vegetation. By considering all these risks, chemotyping, carried
out by chemical profile determination of distinct mycotoxins,
which are represented by a family or group of related prelimi-
nary compounds, is a requirement for the detection of effective
methods to cope with the diseases directly caused by patho-
gens and toxication on animals or humans caused by its natural
metabolites. It also has great importance in the characterization
of phytopathogenic fungi (20,21).

The fundamental step in the taxonomy of any fungal species
is morphological characterization. The classification of closely
related Fusarium species is carried out according to the
distinction of asexual spore types; macroconidia, microconidia
and chlamydospores. Remarkable expertise in morphological
analyses in Fusarium taxonomy is required. Some Fusarium
species consist of very closely related members. Because
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differences among them are unclear, they are mentioned
as members of the species complex (22). Therefore, the
classification of a species complex based on morphological
analyses is insufficient for taxonomic characterization.
Hence, molecular approaches along with morphological
characterization are effectively used in this field, as they
provide rapid access to delicate and accurate findings for the
identification of species. The amplification of a targeted definite
genomic region also known as genotyping, nucleic acid
sequencing both any specific regions or the whole genome and
chemotyping carried out by using DNA amplification methods
or chromatographic-based methods are efficiently used for
classification and characterization of Fusarium species (2,21,23).

In the current study, a total of 68 isolates belonging to Fusarium
species collected from infected cereal plants were identified
and characterized based on conventional and molecular
approaches. After the classification of the fungal isolates was
carried out according to their macroconidia types, genus and
species identifications were performed by using molecular
assays. Also, their mating types (MAT) and chemotypes were
determined through amplification methods.

MATERIALS AND METHODS

Single Spore Isolation and Growth Conditions

Wheat ears and stalks with FHB and CR symptoms were col-
lected from different agricultural regions of Turkey (Canakkale,
Balikesir, Tekirdag, Amasya) between 2010 and 2020 (Figure 1).
Thirty-eight F. graminearum (Table 1) and 30 F. culmorum (Ta-
ble 2) samples included for analysis were isolated by the sin-
gle spore isolation technique (24). After plant samples were
treated with 15% NaOCI for 3 minutes, surface sterilization was
completed by washing with sterile distilled water three times.
Explants, which were dehumidified on blotting paper, were
transferred to potato dextrose agar (PDA) medium (4 g/L potato
extract, 20 g/L dextrose, 15 g/L agar) and incubated for 3 days
at 25+2°C with 60% humidity. After incubation, 0.25 cm? diam-
eter plates taken from in vitro fungal cultures were suspended
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Figure 1. The isolates used in the study were obtained from where marked on the map.
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Table 1.The list of Fusarium graminearum isolates originated from infected wheat ears and stalks. Their agroecological

distributions, mating types and chemotypes.

Species Isolate Region/ Year Mating Type DON
MAT-1 MAT-2 Chemotype
Fg19W1 Amasya (2019) + + +
Fg1ow2 Amasya (2019) + + +
Fg19W3 Amasya (2019) + + +
Fg1o9w4 Amasya (2019) + + +
Fg19W5 Amasya (2019) + + +
Fg19W6 Amasya (2019) + + +
Fg1ow7 Amasya (2019) + + +
Fg19wW8 Amasya (2019) + + +
Fg19W9 Amasya (2019) + + +
Fg19W10 Amasya (2019) + + +
Fg1o9wW11 Amasya (2019) + + +
Fg19W12 Amasya (2019) + + +
Fg19W13 Amasya (2019) + + +
Fg19wW14 Amasya (2019) + + +
Fg19W15 Amasya (2019) + + +
Fg19w1ié6 Amasya (2019) + + +
Fg19W17 Amasya (2019) + + +
§ Fg19W18 Amasya (2019) + + +
3 Fg19W19 Amasya (2019) + + +
.g Fg19W20 Amasya (2019) + + +
:.’ Fg19W21 Amasya (2019) + + +
Fg19w22 Amasya (2019) + + +
Fg19w23 Amasya (2019) + + +
Fg19wW24 Amasya (2019) + + +
Fg19W25 Amasya (2019) + + +
Fg19W26 Amasya (2019) + + +
Fg1o9w27 Amasya (2019) + + +
Fg20W28 Amasya (2020) + + +
Fg20W29 Amasya (2020) + + +
Fg20W30 Amasya (2020) + + +
Fg20W31 Amasya (2020) + + +
Fg20wW32 Amasya (2020) + + +
Fg20W33 Amasya (2020) + + +
Fg20W34 Amasya (2020) + + +
Fg20W35 Amasya (2020) + + +
Fg20W36 Amasya (2020) + + +
Fg20W37 Amasya (2020) + + +
Fg20W38 Amasya (2020) + + +
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Table 2. The list of Fusarium culmorum isolates originated from infected wheat ears and stalks. Their agroecological distributions,

mating types and chemotypes.

Species Isolate Region/ Year Mating Type DON
MAT-1 MAT-2 e

CM61 Canakkale (2014) + - +

BB7 Balikesir (2014) - + +

BB18 Balikesir (2014) - + +

BG14 Balikesir (2014) - + +

BH149 Canakkale (2010) - + +

BH192 Tekirdag (2010) + - +

BBR15 Balikesir (2014) - + +

BBR16 Balikesir (2014) + - +

BBR7 Balikesir (2014) - +

BBR8 Balikesir (2014) - + +

D823 Canakkale (2010) - +

C606 Canakkale (2010) + - +

L901 Balikesir (2010) - +

£ CE291 Canakkale (2014) - +
§ CE293 Canakkale (2014) - + +
g CB205 Canakkale (2014) + - +
w M211 Balikesir (2010) - + +
M213 Balikesir (2010) - + +

M214 Balikesir (2010) - + +

TK309 Tekirdag (2014) = + +

N201b Balikesir (2010) - + +

TC13 Tekirdag (2014) - + +

BH226 Canakkale (2010) - + +

TY13 Tekirdag (2014) = + +

TY21 Tekirdag (2014) - + +

TY82 Tekirdag (2014) = + +

CA202 Canakkale (2014) - + +

D815 Canakkale (2010) - +

CB206 Canakkale (2014) - +

TC14 Tekirdag (2014) - + +

in 1 mL of phosphate buffered saline. Forty microliters of the
suspension was transferred to water-agar (WA) for 16 hours un-
der the same conditions, explained above. Single spores were
selected and transferred to PDA medium for a 7-day incubation
with the same environmental conditions above and pure cul-
tures were obtained.

Species Description Based on Morphological Characters
Species identification of isolates was carried out in vitro cultures
grown on PDA medium from a single spore according to

their macroconidia structures under the light microscope by
following the characteristics explained below (16). Macroconidia
of F. graminearum are relatively rare in vitro cultures while
sporodochia are abundant. The macroconidium is medium
length and thick-walled. Its ventral surface is moderately curved
to straight while the dorsal side is neatly arched. Macroconidia
of F. culmorum are uniform in shape and size. Their sporodochia
are abundant. The macroconidium is relatively short, and thick-
walled. Its midpoint is wide. The dorsal side is somewhat curved,
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but the ventral is nearly straight. It is quite wide in comparison
to its size.

Genomic DNA (gDNA) Isolation and Analysis

In this study, gDNAs were extracted from 40 mg mycelium for
each sample by using Nucleospin Tissue, Mini Kit for DNA from
Cells and Tissue (Macherey-Nagel™, Germany) with the manu-
facturer’s instructions. The quality and quantity of gDNAs were
spectrophotometrically determined by using NanoDrop™ 2000
(Thermo Fisher Scientific, USA). Also, their integrity was con-
trolled by agarose gel electrophoresis conducted at 65V for 60
min. Amplicons were visualized under a UV transilluminator
(Avegene X-Lite 200).

Classification of Isolates by Using Polymerase Chain Reac-
tion (PCR)

Classification of all isolates at species level, identification of their
mating types and chemotypes were determined by using PCR.
TheTox 5-1/2 primer set (Table 3) was used for the classification of
the Fusarium genus. Species-level determination was performed
with two different sets. The UBC85F/R and OPT18F/R primer pairs
(Table 3) were used for the identification of F. graminearum and
F. culmorum isolates, respectively. Amplification reactions were
carried out in a volume of 25 pL containing; 50 ng gDNA, 1xPCR
buffer, 2.5 mM MgCl,, 10 pmol for each primer, 0.4 mM for dNTP
mix and 1 U Tag DNA polymerase (Thermo Fisher Scientific,
Germany) under conditions at 94°C for 5 min as predenaturation
and followed by 30 cycles as denaturation, annealing and
extension steps at 94°C for 45 sec, 55°C for 45 sec and 72°C for
1.5 min, respectively. Finally, 72°C for 5 min was applied as the
final extension step. Amplification products were observed
on agarose gel as described in section “Genomic DNA (gDNA)
Isolation and Analysis”

The fusaF/R and fusHMGF/R primer pairs targeting the MAT-1
and MAT-2 loci, respectively, were used for the determination of
the mating types of the isolates (Table 3). The reaction volume
was adjusted as 25 pL including 50 ng gDNA, 1xPCR buffer, 1.5
mM MgCl,, 5 pmol for each primer, 0.5 mM for dNTP mix and 1
U Tag DNA polymerase. The mixtures were incubated at 94°C for
2 min as predenaturation and followed by 30 cycles as denatur-
ation, annealing and extension steps at 94°C for 30 sec, 55°C for
30 sec and 72°C for 30 sec, respectively. The final extension was
obtained at 72°Cfor 5 min. Amplification products and Gene Rul-
er 100 bp DNA ladder (Thermo Fisher Scientific, Germany) were
run on agarose gel electrophoresis and visualized as previously
mentioned in “Genomic DNA (gDNA) Isolation and Analysis”.

Chemotype determination was performed by amplifying the
tri13 gene region of isolates. For that purpose, the primer pairs
of Tri13NIVF/Tri13R and Tri13F/Tri13DONR were chosen for the
determination of NIV and DON chemotypes, respectively (Ta-
ble 3). PCR mixtures were prepared for 25 pL containing 50 ng
gDNA, 1xPCR buffer, 2 mM MgCl,, 5 pmol for each primer, 0.4
mM for dNTP mix and 1 U Tag DNA polymerase. PCR conditions
were set at 94°C for 2 min as predenaturation, 30 cycles as dena-
turation, annealing and extension steps at 94°C for 30 sec, 53°C
for 45 sec and 72°C for 1.5 min, respectively, and 72°C for 5 min
as a final extension. Amplification products were controlled as
described above in “Genomic DNA (gDNA) Isolation and Anal-
ysis”.

RESULTS AND DISCUSSION

F. graminearum and F. culmorum are the predominant species
responsible for FHB and CR infections in Turkey. Accurate identifi-
cation of the causal agents is the fundamental step in the diagno-

Table 3. Primers, their target regions on gDNA, their nucleotide sequences and product sizes used for PCR analysis (*gene region,

**marker, ***|locus)

Primer Target Sequence 5'- 3’ Band Size (bp) References
Tox 5-1 bris* GCTGCTCATCACTTTGCTCAG 658 Niessen and Vogel (1998)
Tox 5-2 CTGATCTGGTCACGCTCATC (25)
UBC85F SCAR® GCAGGGTTTGAATCCGAGAC 332
UBC85R AGAATGGAGCTACCAACGGC
Schilling et al. (1996) (26)
OPT18F SCAR GATGCCAGACCAAGACGAAG 472
OPT18R GATGCCAGACGCACTAAGAT
fusaF MAT-1%%% CGCCCTCTKAAYGSCTTCATG 210
fusaR GGARTARACYTTAGCAATYAGGGC
Kerényi et al. (2004) (27)
fusHMGF MAT-2%%% CGACCTCCCAAYGCYTACAT 260
fusHMGR TGGGCGGTACTGGTARTCRGG
Tri13NIVF ti13* CCAAATCCGAAAACCGCAG 312
Tri13R TTGAAAGCTCCAATGTCGTG
Chandler et al. (2003) (28)
Tri13F tri13* CATCATGAGACTTGTKCRAGTTTGGG 282
Tri13DONR GCTAGATCGATTGTTGCATTGAG
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sis of plant diseases. At the same time, it also aids in establishing
efficient methods to understand and control them. Macroconidia
of fungi play an important role in the dissemination of fungal dis-
eases (29). Their shape and size are the main primary morpholog-
ical features used for the differentiation of Fusarium species as a
conventional classification approach (16,30).

Since traditional morphological techniques are time-consuming
and inaccurate, preferring new techniques for the diagnosis
of disease and characterization of pathogens has become
obligatory. Within this context, nucleic acid amplification-
based methods provide accurate and reliable diagnosis and
classification of species, identified by conventional approaches,
in a short time. In the current study, at first, 38 F. graminearum
and 30 F. culmorum samples isolated from wheat ears and stalks
with FHB and CR symptoms collected from different agricultural
regions of Turkey were identified at species level based on their
macroconidia shape and size (Figure 2). PCR-based molecular
methods, targeting the amplification of different genomic

regions, were used for the classification of all isolates at
species level and the determination of their mating types and
chemotypes. Within this context, after the gDNA isolation of
68 Fusarium isolates, their amount (70-120 ng/pl) and purity
(1.7-1.9) were controlled and found to be convenient for use in
PCR amplification. Since, SCAR markers were generated from
cloned RAPD or AFLP fragments, linked to a trait of interest
or not, those species-specific DNA fragments are amplified
for use in species determination (26). Schilling et al. (1996)
developed species-specific oligonucleotide primers, that are
capable of differentiating two Fusarium species (F. graminearum
and F. culmorum) by the amplification of species-specific SCAR
markers derived from RAPD fragments (26). Since amplicons
with 332 bp specific to F. graminearum were amplified in this
study from 38 isolates by using a UBC85 primer pair, they were
classified as F. graminearum (Figure 3). Similarly, 30 isolates were
diagnosed as F. culmorum by amplifying the 472 bp SCAR marker
region specific to F. culmorum by using OPT18 primers (Figure
4). In this manner, the identification of both species, already

Figure 2. Macroconidia structures of a) Fusarium graminearum b) Fusarium culmorum under light microscope with total 40X magnifica-

tion (Eclipse E100, Nikon Instruments, Japan).
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Figure 3. PCR products with 332 bp length obtained by using UBC85 F/R primers for species diagnosis of Fusarium graminearum. PH-1
was used as positive control. M: 100 bp (Thermo Scientific, ABD), NC: Negative control.
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Figure 4. Fragments with 472 bp amplified with OPT18 F/R primers for Fusarium culmorum species diagnosis. Electrophoresis was con-
ducted at 65V for 60 min. Fragments were visualized under UV transilluminator (Avegene X-Lite 200). FcCUK99 was used as positive

control. M: 100 bp (Thermo Scientific, ABD), NC: Negative control.
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(Thermo Scientific, ABD), NC: Negative control.

Figure 5. PCR products of 658 bp, amplified with Tox5-1/2 primers for genus diagnosis purpose. Electrophoresis was conducted at 65V
for 60 min. Fragments were visualized under UV transilluminator (Avegene X-Lite 200). PH-1 was used as positive control. M: 100 bp

carried out based on morphological characters, were verified by
using molecular methods. In the same way, Yoriik and Albayrak
(2012) described 12 fungal isolates as F. graminearum with
a UBC85 primer pair, while 20 were identified as F. culmorum
with OPT18 primers (20). In another study, Yorik et al. (2014)
described eight F. graminearum and four F. culmorum isolates
among 17 fungal samples by targeting the same SCAR regions
(21). Moreover, Abedi-Tizaki and Sabbagh (2012) identified 51 F.
culmorum isolates among 344 studied specimens by using the
OPT18 primer pair for amplification of the SCAR marker (31).

Trichothecenes are toxic secondary metabolites produced by
various fungal species belonging to Fusarium, Myrothecium,
Stachybotrys and Trichoderma genera. The tri5 gene, encoding
the trichodiene synthase, is located at the beginning of the
trichothecene biosynthetic gene cluster and has highly con-
served nucleotide sequences. Those sequences enable the de-
tection of trichothecene producers based on amplification (25,
32-34). Therefore, in the current study, the amplification of the
tri5 gene was carried out for the characterization of trichoth-
ecene producing F. graminearum and F. culmorum isolates. A
658 bp fragment belonging to the tri5 gene was amplified from
all isolates with the Tox 5-1/2 primer pair designed by Niessen
and Vogel (1998) (25) (Figure 5). Hence, it was shown that iso-
lates of both Fusarium species were trichothecene producers.
Similarly, trichothecene producers among different Fusarium
species, isolated from infected crops and fast food, were con-
firmed by using Tox5 primers (35,36). As can be understood
from these studies, tri5 amplification with Tox5 primer pair is a
suitable approach for characterization in terms of the mycotox-
in production patterns of phytopathogenic Fusarium species
obtained directly from crops or processed products.

Biological species concepts can not be used for many species
including Fusarium as the sexual stage has not been observed
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L901

under laboratory conditions. Therefore, the determination of
MAT alleles via PCR amplification is required to provide informa-
tion about the sexual stage and compatibility between haploid
individuals in heterothallic ascomycetes (37,38). Kerényi et al.
(2004) accomplished the determination of mating types in sev-
eral Fusarium species including F. graminearum and F. culmorum
by developing degenerated and semi degenerated primer pairs
targeting the conserved a-box and the high-mobility-group
(HMG) domains of MAT-T and MAT-2 alleles, respectively. They
reported that F. graminearum, which is a homothallic species,
carries both MAT-1 and MAT-2 idiomorphs together whereas
heterothallic F. culmorum carries only one of the MAT alleles (27).
With the aim of isolates’ MAT determination, two primer sets for
targeting the alleles which were two idiomorphs found in a sin-
gle locus were used for PCR analysis in the present study. Like-
wise, it was determined that all F. graminearum isolates carried
both the MAT-1 and MAT-2 loci (Table 1). The 210 bp long ampli-
fication products obtained from seven F. culmorum isolates with
the fusaF/R primer pair revealed these isolates contained only
the MAT-1 allele (Figure 6). The 260 bp long fragments, amplified
with fusHMGF/R primers, demonstrated that the remaining 23
F. culmorum samples bear only the MAT-2 locus (Figure 7). These
findings obtained from the study were exactly compatible with
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Figure 6. Agarose gel electrophoresis image of PCR products
displayed amplicons (210 bp) were obtained from reaction with
fusaF/R primers for mating type diagnosis purpose. M: 100 bp
(Thermo Scientific, ABD), NC: Negative control.
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Figure 7. Agarose gel electrophoresis image of PCR products displayed amplicons (260 bp) were obtained from reaction with fusHMG-
F/R primers for mating type diagnosis purpose. M: 100 bp (Thermo Scientific, ABD), NC: Negative control.
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Figure 8. Agarose gel electrophoresis image of PCR products displayed amplicons (282 bp) were obtained from reaction with Tri13F/
Tri13DONR primers for chemotype diagnosis purpose. M: 100 bp (Thermo Scientific, ABD), NC: Negative control.

that of Kerényi et al. (2004) (27). Likewise, it was reported in the
previous studies that both MAT-7 and MAT-2 alleles were carried
together in F. graminearum whereas either the MAT-1 or MAT-2
idiomorph was detected in F. culmorum (39,40).

Since the mycotoxin type and quantity have a considerable
effect on epidemics, the designation of mycotoxin production
pattern has an influence on the development of control strat-
egies against pathogenic organisms (20). Trichothecenes are
the largest group of mycotoxins known to date. In this context,
chemotyping of Fusarium species is carried out by targeting
conserved functional genes located in the Tri5 gene cluster
via PCR-based molecular methods (41). Therefore, for the dis-
crimination of mycotoxins, researchers developed various PCR
methods based on revealing the sequence differences of genes
that are responsible for the encoding of mycotoxin production
enzymes.

Discrimination between DON and NIV-producing isolates
was mainly determined from tri7 and tri13 genes in the Tri5
gene cluster in Fusarium species. NIV-producing isolates carry
functional copies of both genes (28,42), whereas DON producers
have deleted regions on both of them (42-44). However, it was
also reported that there are certain DON-producing isolates
with full-length tri7 while carrying nonfunctional tri13 (44).
Therefore, as functional tri7 is a rare event for DON producers,
targeting tri13 instead of tri7 became a more consistent strategy
in chemotyping for isolates in terms of detection of DON or NIV
producing capacity (28,45-47). Chandler et al. (2003) performed
chemotyping of Fusarium isolates by amplifying the tri13 gene
region encoding P450 monooxygenase (28). In the current
study, all Fusarium isolates were identified according to the
amplification of two different regions of the tri13 gene. For that
purpose, two different primer sets designed by Chandler et al.
(2003) were chosen (28). The potential of NIV production was
not determined because the expected 312 bp amplicons could
not be obtained from any of the isolates by PCR using Tri13NIVF/
Tri13R primers. However, all isolates were determined as having
potential DON production via obtaining 282 bp amplicons by
PCR assay which was performed with the Tri13F/Tri13DONR
primer pair (Figure 8). Similarly, Toth et al. (2004) identified
the DON and NIV producer F. graminearum and F. culmorum
isolates based on tri13 amplification (40). Although it is known
that the DON chemotype is common in Turkey (48,49), after
the F. graminearum isolate with NIV production capacity was
reported by Yoriik and Albayrak (2012) for the first time (20), this
chemotype was also detected by different researchers (50,51).

Species identification of phytopathogenic fungal agents and
their chemotyping via PCR assay ensure a reliable diagno-
sis, and also provide developing influential struggle strate-
gies against pathogens (20). For that purpose, genotypic and
chemotypic identification of 68 Fusarium isolates, purified by
single spore analysis, through different amplification strategies
was performed in this study. Since studied isolates originated
from four different populations of Turkey (Tekirdag, Canakkale,
Balikesir and Amasya) and their geographical discrimination in-
ferred two different regions (Marmara and Black Sea), data be-
came supportive for revealing the agro-ecological distribution
of Fusarium spp. chemotypes.

Since the annual levels of phytopathogenic fungi spread and
their produced mycotoxin levels may vary depending on envi-
ronmental factors, continuous monitoring of phytopathogenic
profile and levels of mycotoxins is essential for controlling dis-
eases and ensuring risk assessment arising from contaminated
food products. According to these findings from the present
study, it could be said that PCR becomes a significant tool for
screening plant infecting mycotoxigenic fungi. In addition,
determination of mycotoxin distribution via chemotyping in
agro-ecological regions is an effective approach for under-
standing the severity and spread of pathogens. Lastly, further
research from other regions of Turkey with more isolates will
improve the identification of the regional distribution of both
F. graminearum and F. culmorum and their produced mycotox-
ins. Through this research, a new wild-type culture collection
including F. graminearum and F. culmorum isolates was estab-
lished from different agricultural areas with the aim of being
utilized in future projects.

Acknowledgement: Reference fungal isolates F. graminearum
PH-1 and F.culmorum FcUK99 were used as positive control and
they were provided kindly by Dr. Tapani Yli-Mattila (University
of Turku/ Finland) and Dr. Pierre Hellin (Walloon Agricultural Re-
search Centre/ Belgium), respectively.

Peer Review: Externally peer-reviewed.

Author Contributions: Conception/Design of Study- G.A, E.Y.,
FM., T.T, O.S,; Data Acquisition- B.Y., O.S., G.LV, T.T, M.A,, BN.C;
Data Analysis/Interpretation- G.A., E.Y.,, FM,; Drafting Manu-
script- G.A,, B.Y,, G.I.V,; Critical Revision of Manuscript- G.A., T.T,,
E.Y., EM,; Final Approval and Accountability- B.Y.,, O.S., G.LV, T.T,,
M.A., B.N.C, EM,, EY., G.A.

114



Eur J Biol 2022; 81(1): 107-116
Yuksektepe et al. Fusarium spp. from Anatolia to in vitro Cultures

Conflict of Interest: Authors declared no conflict of interest.

External financing: This work was supported by The Scientif-
ic and Technological Research Council of Turkey, Project No:
119Z366.

REFERENCES

Bottalico A. Fusarium diseases of cereals: species complex and re-
lated mycotoxin profiles, in Europe. J Plant Pathol 1998; 80(2): 85-
103.

Moretti, A. Taxonomy of Fusarium genus: A continuous fight be-
tween lumpers and splitters. Zb Matice Srp Prir Nauk 2009; 117: 7-13.
Antonissen G, Martel A, Pasmans F, Ducatelle R, Verbrugghe E, Van-
denbrouckeV, et al. The Impact of Fusarium mycotoxins on human
and animal host susceptibility to infectious diseases. Toxins 2014;
6(2): 430-52.

LaMondia JA. Fusarium wilt of tobacco. Crop Prot 2015; 73: 73-7.
Basallote-Ureba MJ, Vela-Delgado MD, Capote N, Melero-Vara JM,
Lépez-Herrera CJ, Prados-Ligero AM, et al. Control of Fusarium wilt
of carnation using organic amendments combined with soil so-
larization, and report of associated Fusarium species in southern
Spain. Crop Prot 2016; 89: 184-92.

Tunali B, Ozseven |, Buyuk O, Erdurmus D, Demirci, A. Fusarium
head blight and deoxynivalenol accumulation of wheat in Marma-
ra region and reactions of wheat cultivars and lines to F. gramin-
earum and F. culmorum. Plant Pathol J 2006; 5(2): 150-6.
Yli-Mattila, T, R&mo S, Hietaniemi V, Hussien T, Carlobos-Lopez A,
Cumagun C. Molecular quantification and genetic diversity of toxi-
genic Fusarium species in Northern Europe as compared to those
in Southern Europe. Microorganisms 2013; 1(1): 162-74.

Pasquali M and Migheli Q. Genetic approaches to chemotype de-
termination in type B-trichothecene producing Fusaria. Int J Food
Microbiol 2014; 189: 164-82.

Olmez F and Tunali B. Fusarium species isolated from wheat sam-
ples showing root and crown rot. Plant Prot Bull 2019; 59(3): 31-7.
Yoruk E, Albayrak G, Sharifnabi B, Candar B. Molecular characteriza-
tion of Fusarium graminearum and F. culmorum isolates of wheat,
barley and maize using ISSR markers. Curr Opin Biotechnol 2011;
22:5132.

Liu YY, Sun HY, Li W, Xia YL, Deng YY, Zhang AX, et al. Fitness of
three chemotypes of Fusarium graminearum species complex in
major winter wheat-producing areas of China. PLoS One 2017;
12(3): e0174040.

Bahadur A. Current status of Fusarium and their management
strategies. Mirmajlessi SM editor. Fusarium - An Overview on Cur-
rent Status of the Genus. IntechOpen Book Series; 2021. p.1-17.
Chen Y, Kistler HC, Ma Z. Fusarium graminearum trichothecene
mycotoxins: Biosynthesis, regulation, and management. Annu Rev
Phytopathol 2019; 57: 15-39.

Miller JD, Greenhalgh R, Wang YZ, Lu M. Trichothecene chemo-
types of three Fusarium species. Mycologia 1991; 83: 121-30.
Desjardins AE and Proctor RH. Molecular biology of Fusarium my-
cotoxins. Int J Food Microbiol. 2007; 119(1-2): 47-50.

Leslie JF and Summerell BA. Species descriptions. The Fusarium
Laboratory Manual. John Wiley & Sons; 2006. p.158-80.

Varga E, Wiesenberger G, Hametner C, Ward TJ, Dong Y, Schofbeck
D., et al. New tricks of an old enemy: isolates of Fusarium
graminearum produce a type A trichothecene mycotoxin. Environ
Microbiol 2015; 17(8): 2588-600.

Pestka JJ and Smolinski AT. Deoxynivalenol: toxicology and poten-
tial effects on humans. J Toxicol Environ Health - B 2005; 8(1): 39-69.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

115

Arunachalam C and Doohan FM. Trichothecene toxicity in eukary-
otes: Cellular and molecular mechanisms in plants and animals.
Toxicol Lett 2013; 217(2): 149-58.

Yorik E and Albayrak G. Chemotyping of Fusarium graminearum
and F. culmorum isolates from Turkey by PCR assay. Mycopatholo-
gia 2012;173(1): 53-61.

Yorik E, Gazdagli A, Albayrak G. Class B trichothecene chemo-
typing in Fusarium species by PCR assay. Genetika 2014; 46(3):
661-9.

van der Lee T, Zhang H, van Diepeningen A, Waalwijk C. Biogeogra-
phy of Fusarium graminearum species complex and chemotypes:
a review. Food Addit Contam Part A Chem Anal Control Expo Risk
Assess 2015; 32(4): 453-60.

Lacmanova |, Pazlarova J, Kostelanska M, Hajslova J. PCR-based
identification of toxinogenic Fusarium species. Czech J Food Sci
2009; 27(Special Issue 2): 90-4.

Booth C. Fusarium: laboratory guide to the identification of the
major species. Commonwealth Mycological Institute, Kew, Surrey,
England; 1977.p. 58.

Niessen ML and Vogel RF. Group specific PCR-detection of poten-
tial trichothecene-producing Fusarium-species in pure cultures
and cereal samples. Syst Appl Microbiol 1998; 21(4): 618-31.
Schilling AG, Moller EM and Geiger HH. Polymerase chain reac-
tion-based assays for species-specific detection of Fusarium cul-
morum, F. graminearum and F. aveneceaum. Mol Plant Pathol 1996;
86:515-22.

Kerényi Z, Moretti A, Waalwijk C, Olah B, Hornok L. Mating type se-
quences in asexually reproducing Fusarium species. Appl Environ
Microbiol 2004; 70(8): 4419-23.

Chandler EA, Simpson DR, Thomsett MA, Nicholson, P. Develop-
ment of PCR assays to Tri7 and Tri13 trichothecene biosynthetic
genes, and characterisation of chemotypes of Fusarium gramin-
earum, Fusarium culmorum and Fusarium cerealis. Physiol Mol Plant
Pathol 2003; 62(6): 355-67.

Harris SD. Morphogenesis in germinating Fusarium graminearum
macroconidia. Mycologia 2005; 97(4): 880-7.

Nelson PE, Dignani MC, Anaissie EJ. Taxonomy, biology, and clinical
aspects of Fusarium species. Clin Microbiol Rev 1994; 7(4):479-504.
Abedi-Tizaki M and Sabbagh SK. Morphological and molecular
identification of Fusarium head blight isolates from wheat in north
of Iran. Aust J Crop Sci 2012; 6(9):1356-61.

Doohan FM, Parry DW, Jenkinson P, Nicholson P. The use of species
specific PCR assays to analyse Fusarium ear blight of wheat. Plant
Pathol 1998; 47: 197-205.

Edwards SG, Pirgozliev SR, Hare MC, Jenkinson P. Quantification of
trichothecene-producing Fusarium species in harvested grain by
competitive PCR to determine efficacies of fungicides against Fu-
sarium head blight of winter wheat. Appl. Environ. Microbiol 2001;
67:1575-80.

Niessen L, Schmidt H, Vogel RF. The use of tri5 gene sequences for
PCR detection and taxonomy of trichothecene-producing species
in the Fusarium section Sporotrichiella. International Journal of
Food Microbiology 2004; 95(3): 305-19.

Brancéo MF, Bianchi VJ, de Farias CRJ, dos Santos J, Rosseto EA. Car-
acterizacao genética de Fusarium graminearum Schwabe através
de técnicas moleculares. Curr Agric Sci Technol 2008; 14(3).

Agodi A, Barchitta M, Ferrante M, Sciacca S, Niessen L. Detection of
trichothecene producing Fusarium spp. by PCR: adaptation, valida-
tion and application to fast food. Ital J Public Health 2005; 2(1).
Leslie JF and Summerell BA. An Overview of Fusarium. Brown DW
& Proctor RH, editors. Fusarium: Genomics, Molecular and Cellular
Biology. Caister Academic Press; 2013.p.1-9.



38.

39.

40.

41.

42.

43.

44,

Eur J Biol 2022; 81(1): 107-116
Yuksektepe et al. Fusarium spp. from Anatolia to in vitro Cultures

Wallace MM and Covert SF. Molecular mating type assay for Fusar-
ium circinatum. Appl Environ Microbiol. 2000; 66(12):5506-8.
Albayrak G, Yoruk E, Gazdagli A, Sharifnabi B. Genetic diversity
among Fusarium graminearum and F. culmorum isolates based on
ISSR markers. Arch Biol Sci 2016; 68(2):333-43.

Toth B, Mesterhazy A, Nicholson P, Téren J, Varga J. Mycotoxin
production and molecular variability of European and American
isolates of Fusarium culmorum. In Molecular Diversity and PCR-de-
tection of Toxigenic Fusarium Species and Ochratoxigenic Fungi
Springer, Dordrecht; 2004. p.587-99.

Kimura M, Tokai T, O'Donnell K, Ward TJ, Fujimura M, Hamamoto
H, Shibata T, Yamaguchi I. The trichothecene biosynthesis gene
cluster of Fusarium graminearum F15 contains a limited number of
essential pathway genes and expressed non-essential genes. FEBS
Lett 2003; 539:105-10.

Li HP, Wu AB, Zhao CS, Scholten O, Loffler H, Liao YC. Develop-
ment of a generic PCR detection of deoxynivalenol- and nivale-
nol-chemotypes of Fusarium graminearum. FEMS Microbiol Lett
2005; 243:505-11.

Brown DW, Dyer RB, McCormik SP, Kendra DF, Planttner RD. Func-
tional demarcation of the Fusarium core trichothecene gene clus-
ter. Fungal Genet Biol. 2004; 41:454-62.

Lee T, Han YK, Kim KH, Yun SH, Lee YW. Tri13 and Tri7 determine de-
oxynivalenol- and nivalenol-producing chemotypes of Gibberella
zeae. Appl Environ Microbiol 2002; 68(5):2148-54.

45.

46.

47.

48.

49.

50.

51.

Jennings P, Coates ME, Walsh K, Turner JA, Nicholson P. Determina-
tion of deoxynivalenol- and nivalenol-producing chemotypes of
Fusarium graminearum isolated from wheat crops in England and
Wales. Plant Pathol 2004; 53:643-52.

Jennings P, Coates ME, Turner JA, Chandler EA, Nicholson P. Deter-
mination of deoxynivalenol and nivalenol chemotypes of Fusari-
um culmorum isolates from England and Wales by PCR assay. Plant
Pathol 2004; 53:182-90.

Haratian M, Sharifnabi B, Alizadeh A, Safaie N. PCR analysis of the
Tri13 gene to determine the genetic potential of Fusarium gramin-
earum isolates from Iran to produce nivalenol and deoxynivalenol.
Mycopathologia 2008; 166:109-16.

Tunali B, Nicol J, Erol FY, Altiparmak G. Pathogenicity of Turkish
crown and head scab isolates on stem bases on winter wheat un-
der greenhouse conditions. Plant Pathol J 2006; 5(2):143-9.

Tunali B, Ozseven I, Biiyiik O, Erdurmus D, Demirci A. Fusarium
head blight and deoxynivalenol accumulation of wheat in Marma-
ra region and reactions of wheat cultivars and lines to F. gramin-
earum and F. culmorum. Plant Pathol J 2006; 5(2):150-6.

Mert-Turk F and Gencer R Distribution of the 3-AcDON, 15-AcDON,
and NIV chemotypes of Fusarium culmorum in the North-West of
Turkey. Plant Prot Sci 2013; 49(2):57-64.

Tok FM and Arslan M. Distribution and genetic chemotyping of
Fusarium graminearum and Fusarium culmorum populations in
wheat fields in the eastern Mediterranean region of Turkey. Bio-
technol Biotechnol Equip 2016; 30(2):254-60.



