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Abstract

Fusarium species are widespread phytopathogenic fungi that pose threats to agriculture, ecosystems,
and food safety due to their ability to produce harmful mycotoxins. This study aimed to assess the
species diversity and toxigenic potential of Fusarium isolates obtained from wild grasses in wheat and
barley fields in western Iran. A total of 264 Fusarium isolates were identified morphologically, and
20 representative isolates were selected for multilocus phylogenetic analysis using the TEF-1a and
CAL1 gene regions. Phylogenetic reconstruction identified nine distinct Fusarium species, including
F. solani, F. proliferatum, F. oxysporum, F. avenaceum, F. acuminatum, F. culmorum, F.
brachygibbosum, F. incarnatum, and F. equiseti. PCR assays using gene-specific primers detected
FUML1 and PKS4 genes in 50% of F. proliferatum and 32% of F. equiseti isolates, respectively,
indicating their potential to produce fumonisins and zearalenone. The highest frequency of toxigenic
isolates was observed in Kermanshah, Hamedan, and Lorestan provinces. These results underscore
the phylogenetic diversity and toxigenic capacity of Fusarium populations in natural habitats and
highlight the importance of monitoring native fungal communities to reduce potential agricultural and
health risks.
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Introduction

Fusarium species are prevalent in nearly all the world’s bioclimatic zones and have had significant social and
economic impacts that persist to the present day .This genus is classified within the phylum Ascomycota, subphylum
Pezizomycotina, class Sordariomycetes, subclass Hypocreomycetidae, order Hypocreales, and family Nectriaceae.
It was initially described by Link in 1809. The genus Fusarium encompasses a diverse array of fungal species that
produce mycotoxins and act as saprophytes, endophytes, and plant pathogens, posing a threat to both humans and
domestic animals. The historical context of research on Fusarium highlights the considerable economic importance
of these fungi, particularly species associated with agricultural crops. However, it is logical to hypothesize that
many Fusarium species associated with cultivated plants have emerged from populations within their natural
habitats. Studying the diverse range of Fusarium species in natural populations and their interactions within the
agricultural ecosystem could provide significant insights. Surveys of grass endophytes in natural settings have led
to the discovery of new Fusarium species. The transfer of plant filamentous fungi from agricultural land to wild
regions has consequences for both agricultural productivity and the conservation of biodiversity. This transmission
of fungi from one host to another, known as “spillover,” can substantially impact the prevalence of fungi and greatly
influence host communities. Fusarium species can colonize plants during their entire growth cycle, acting as harmful
plant pathogens or secondary invaders. Additionally, they can produce and accumulate various secondary toxic
substances, known as mycotoxins, within plant tissues (Desjardins, 2006). Examples of mycotoxins associated with
Fusarium species include fumonisins (FUM), deoxynivalenol (DON), HT2-toxin, T2-toxin, and zearalenone (ZEA).
Fumonisins are highly poisonous and carcinogenic mycotoxins, initially identified in 1988. Fumonisin B1 is the
most significant and naturally abundant type of fumonisin found in plants infected with Fusarium, and it is primarily
produced by F. verticillioides and F. proliferatum. Consumption of fumonisins has been linked to the occurrence of
esophageal cancer in humans, as well as certain malignancies in animals. Zearalenone, a phenolic resorcyclic acid
lactone, originates from several Fusarium species, including F. graminearum, F. culmorum, F. crookwellense, and
F. equiseti. The detrimental effects of ZEA are mainly attributed to its estrogenic activity, which can cause hormonal
disruptions, particularly in pigs, cattle, and sheep.

Currently, there is a lack of research on Fusarium spp. in grass species in western Iran. The aims of this study were
to: (i) develop a reliable checklist by conducting a multi-gene phylogenetic study of Fusarium species associated
with wild grasses in Iran, and (ii) determine if isolated Fusarium spp. possess the genetic capability to produce
fumonisins and zearalenone.

Materials and methods

From 2019 to 2021, over two agricultural cycles, samples of Fusarium isolates were collected from both
symptomatic and apparently healthy leaves and stems of wild grasses. The fragmented material was surface-
sterilized in two cycles using 70% ethanol, each lasting 1 minute. Subsequently, the sterilized material was
meticulously deposited on PCNB-PPA media, following the procedure outlined by Leslie and Summerell (2008).
The media were then incubated at 25 °C for 7 days to isolate fungi. For single spore isolation and morphological
identification, four media types were utilized: potato dextrose agar (PDA), potato sucrose agar (PSA), carnation leaf
agar (CLA), and water agar (WA), as described in the Fusarium Laboratory Manual. Morphological identification
was conducted based on the macroscopic and microscopic characteristics of the Fusarium isolates, as detailed in
the manual. A total of 20 monosporic Fusarium strains, representative of the isolates, were selected for molecular
investigations. Prior to molecular analyses, the isolates were grown on potato dextrose agar at 25 °C in the absence
of light for five days. Approximately 100 mg of fungal mycelium was harvested from uncontaminated cultures. The
genomic DNA was isolated from the fungal specimen using a modified CTAB procedure, as specified by Guo et al.
(2000). Specific DNA loci were amplified using primer sets and PCR conditions described in O’Donnell et al.
(1998) for EF-1a, and for calmodulin gene sequences, previously amplified and sequenced with the primer pair
CL1/CL2A (O’Donnell et al., 2000). Each PCR reaction was carried out in a 25 pl volume using a thermal cycler
(MyCycler, Bio-Rad, Foster, CA, USA). The PCR products were then sent to Bioneer for sequencing. Following
sequencing, the nucleotide sequences were edited using BioEdit Sequence Alignment Editor version 7.2.5 software
(Hall, 1999). Similar sequences were searched in NCBI using the BLAST service (http://blast.ncbi.nlm.nih.gov).
To investigate the toxigenic capacity of the Fusarium spp. isolates, PCR-based molecular studies were conducted
to assess test their ability to produce fumonisin B1 and zearalenone. Specific primer pairs (PKS4F and PKS4R, and
FUM1F and FUM1R) were used to target genes involved in the synthesis of mycotoxins: PKS4 (zearalenone) and
FUML1 (fumonisin), respectively.
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Discussion of Results & Conclusions

In this study, an extensive species diversity within the genus Fusarium was elucidated by integrating morphological
and molecular datasets from samples obtained from indigenous wheat and barley fields. Phylogenetic analyses,
based on sequences of two gene loci, TEF-1a and CALI, facilitated the delineation of nine distinct Fusarium
species, each supported by robust statistical validation. Furthermore, the investigation of chemotypes and the
detection of genes implicated in mycotoxin biosynthesis provided additional insights. The presence of the FUM1
gene, a key determinant of fumonisin production, was identified in 50% of F. proliferatum isolates, highlighting
the significant mycotoxigenic potential of this species. Furthermore, the presence of PKS4 genes, which are
associated with zearalenone biosynthesis, in 32% of F. equiseti isolates, highlights the importance of these fungi as
potential sources of biocontaminants in agricultural produce. Spatial analysis revealed that the highest prevalence
of fumonisin-producing isolates was found in the Kermanshah (66%) and Hamedan (34%) regions (Table 2), while
zearalenone-producing isolates were predominantly found in Kermanshah (62%) and Lorestan (38%).

Conclusion

This comprehensive investigation, integrating morphological and molecular phylogenetic analyses of TEF-1a and
CALL1 gene sequences, successfully delineated nine distinct species within the genus Fusarium sampled from
indigenous wheat and barley fields. The study further characterized these species based on their chemotypes and
the presence of critical mycotoxin biosynthesis genes. Notably, the FUM1 gene, essential for fumonisin production,
was detected in approximately 50% of F. proliferatum isolates, indicating a significant potential for fumonisin
contamination. Similarly, the identification of PKS4 genes, linked to zearalenone biosynthesis, in 32% of F. equiseti
isolates highlights this species’ potential mycotoxigenic capacity. Geographically, spatial analysis identified
Kermanshah and Hamedan as hotspots for fumonisin-producing isolates, whereas Kermanshah and Lorestan
showed the highest incidence of zearalenone-producing isolates. These findings collectively emphasize the urgent
necessity for targeted monitoring and management strategies to mitigate the adverse effects of toxigenic Fusarium
species on agricultural commodities and food safety.
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Table 2. Characterization of primers utilized for assessing the potential of fumonisin and zearalenone production.
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Figure 2. The phylogenetic tree drawn by the maximum parsimony method, obtained from the combined analysis of CAL1
and TEF1 sequence data. Bootstrap support values MP/BI at the nodes are indicated. The phylogenetic tree was rooted with

Nectria cinnabarina CBS 189987.
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Figure 3. PCR-based identification of fumonisin-producing isolates with FUM1F/FUM1R primers
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Figure 4. PCR-based identification of zearalenone-producing isolates with PKS4F/PKS4R primers.
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Table 3. Characteristics of the examined samples in phylogenetic studies assay.
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Table 3. Characteristics of sampling regions for F. proliferatum and F. equiseti isolates.
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