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Abstract

Fusarium culmorum is an important pathogen of wheat and known to produce mycotoxins which are potential
health hazard for both humans and animals. This study was carried out to identify and characterize 14 Syrian
isolates of F. culmorum and to detect trichothecene-producing isolates. The isolates were recovered from crowns
and roots of wheat plants, showing typical symptoms, collected from four Syrian provinces. Each isolate was
taxonomically identified using both morphological and molecular techniques. The results showed that the most
important causal agent of root and crown rot on wheat in the investigated region was identified as £ culmorum
based on morphological characteristics, amplification of specific primers and TEF1-a sequences. All fourteen
isolates were analyzed by PCR for trichothecene producing ability using Tri-5 gene-based primers. The results
showed that all isolates had a Tri-5 gene and amplified the expected DNA fragment of 544 bp. Identification of
the Fusarium species that infect wheat in Syria and, what is more important, their ability to produce mycotoxins,
is needed to estimate the risk of mycotoxin contamination and to develop strategies to reduce the incidence of
Fusarium diseases and mycotoxin contamination of food and feed.
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Introduction

Fusarium culmorum (W.G. Smith) Saccardo is a soil-borne fungus able to cause root rot, crown rot and Fusarium
head blight on different small-grain cereals, in particular wheat and barley (Scherm et al., 2013) .

F culmorum belongs to section Discolour, along with £ graminearum, F. sambucinum, F. crookwellense,
F. trichothecioides and F. heterosporum (Joffe, 1974; Nelson et al., 1983; Ismail et al., 2015). It causes
severe damage on yield quality and quantity and results in contamination of the grain with mycotoxins
(Goswami and Kistler, 2004; Matny, 2015).

The major mycotoxins produced by F culmorum are trichothecenes, zearalenone, moniliformin and fusarins
(Leslie and Summerell, 2006; Demeke et al., 2005). These mycotoxins threat humans and animals consuming
contaminated food or feed (Leslie and Summerell, 2006; Matny, 2015), so detection and control of Fusarium
species is crucial to prevent toxins entering the food chain (Jurado et al., 2006).

Many methods have been used for Fusarium identification including morphological and molecular methods.
The morphological criteria that are useful for identification of Fusarium species include: primary characters
which include shape of the macroconidia, presence or absence of microconidia, their shape and mode of their
formation, nature of the conidiogenous cells bearing microconidia, and secondary characters such as colony
morphology, growth rate and pigmentation (Burgess et al., 1994; Leslie and Summerell, 2006).

Polymerase chain reaction (PCR) can be also used for the identification and confirmation of Fusarium species
and for detection of mycotoxin-synthesis-pathway genes to determine the ability of the isolates to produce
mycotoxins.

Several diagnostic PCR assays have been developed for F. culmorum. Schilling et al. (1996) and Nicholson et
al. (1998) designed specific primer. In addition, for Fusarium species identification, sequence determinations of
the translation elongation factor 1-alpha (TEF 7-a) gene have commonly been used and sequences for this gene
are available through GenBank and through the FUSARIUM-ID databases (Geiser et al., 2004).

The trichothecene pathway is well explored, and several trichothecene biosynthetic genes have been
characterized (Desjardins et al., 1993). Many researchers targeted the gene TRI5 (Doohan et al., 1999) and the
gene TRI6 (Bluhm et al., 2002, 2004) which are involved in trichothecene biosynthesis to detect trichothecene-
producing Fusarium spp.

The main objectives of this study are the identification of F culmorum based on morphological characteristics
followed by molecular analysis confirmation and detection of the presence of TRI5 gene producing isolates by
using specific primers.
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Materials and Methods

-Sample collection: Infected wheat plants were collected from different regions of four Syrian provinces
[Tartous, Latakia, Hama (Al-Ghab plain), and Sweida], during 2017 and 2018. Each sample was stored in a paper
envelope. In the laboratory, roots and crowns of diseased samples were washed under running tap water and
cut into small pieces (~ 3cm) for fungal isolation.

-Isolation of F. culmorum: Pieces of infected roots and crowns were surface-sterilized with 1% sodium
hypochlorite for 3 min, rinsed in sterile distilled water and dried in a laminar flow cabinet, then placed separately
on potato dextrose agar (PDA) with 0.3 g L™! streptomycin and neomycin sulphate and incubated at 22+1°C in
the dark for 7 days. lIsolates of Fusarium species from infected parts of the roots were purified. A total of 14
Fusarium isolates were recovered from wheat samples collected from four Syrian provinces.

-Morphological identification of £ culmorum: The isolates were identified based on the morphological
characteristics of single-spore isolates as described by (Nelson et al., 1983; Burgess et al., 1994). Single-spore
cultures were grown on PDA in the dark at 25°C and 30°C for 72 h to study the growth rate as described by
Burgess et al. (1994). Two media were used for the identification study: Potato Dextrose Agar (PDA) to study
the growth rate and cultural appearances (colony colour and pigmentations); and Carnation Leaf Agar (CLA) to
investigate microscopic characteristics as described by Burgess et al. (1994) and Leslie and Summerell (2006).
The morphological characters of the isolates were compared with the original morphological species description
as outlined in Burgess et al. (1994), and Leslie and Summerell (2006).

Molecular identification of F culmorum:

-DNA extraction: Fungal isolates were grown on PDA medium and incubated for 3-7 days at 25°C. The
mycelium was harvested, transferred to a micro-centrifuge tube and suspended in 400ul extraction buffer (1.4 M
sodium chloride, 0.1M Tris HCI, pH = 8, 20 mM EDTA Ethylenediaminetetraacetic acid, 2% CTAB Cetyl rimethyl
ammonium bromide, 1% PVP polyvinyl pyrrolidon, 1% B-mercaptoethanol). Lysis of the mycelium was achieved
by the addition of acid washed 0.4-0.6 mm diameter glass beadsand 400ul phenol/chloroform/iso-amyl alcohol
(Phe/Chl/IAA) (25:24:1). The mixture was vortexed for 10 min, centrifuged at 14000 rpm for 5 min, and 500 pl
of supernatant were transferred to a new micro-centrifuge tube. 1000 ul of ice-cold ethanol 100% were added,
mixed gently, incubated at -20°C for 1 h and centrifuged at 12000 rpm for 10 min to pellet the DNA. Supernatant
was decanted, and DNA pellet was washed with 1000 pl of 70% ethanol. DNA pellet was air dried and dissolved
in 50-75 pl TE buffer (10 mMTris-HCI pH 8.0, 0.1 mM EDTA). 2ul RNase was added to DNA samples, mixed and
incubated at 37 °C for 45 min (Zidan et al., In press).

The DNA concentration was measured using NanoDrop Spectrophotometers (Thermo Scientific), and was
adjusted to 100 ng/uL. DNA was then used as template for subsequent amplification using PCR.
-Species-specific PCR: Species-specific PCR amplifications were carried out using primers FcO1F
(5-ATGGTGAACTCGTCGTGGC -3’) and FcO1R (5’-CCCTTCTTACGCCAATCTCG-3’) for the detection of F
culmorum (Nicholson et al., 1998). The PCR reaction, in a total volume of 25 pl, included 12.5 yl Dream Taq
Green PCR Master Mix (2X) (Thermo Scientific), 7.5 ul RNase-free water, 1.5 yl of each primers (10 yM) and 2
pl of DNA. The following PCR program conditions were applied: 95 °C for 5 min, 5 cycles (95°C for 30 sec, 66°C
for 30 sec, 72°C for 30 sec), 5 cycles (95°C for 30 sec, 64°C for 30 sec, 72°C for 30 sec), 25 cycles (95°C for 30
sec, 62°C for 30 sec, 72°C for 30 sec), and final extension at 72 °C for 8 min.

Amplified products were analyzed using 1% agarose gel electrophoresis, and visualized under a UV
transilluminator.

Identification of F culmorum using partial translation elongation factor 1-a (TEF1-a) sequence:
Partial TEF-1a gene sequence was amplified using primers EF1 (ATGGGTAAGGAGGACAAGAC) and EF2
(GGAAGTACCAGTGATC ATGTT) (O’Donnell et al.,1998). The TEF partial sequence region was amplified in
a 25 pl reaction mixture containing 12.5 pyl DreamTaq Green PCR Master Mix (2X)(Thermo Scientific), 7.5 pl
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RNase-free water, 1.5 pl of each primer (10 uM)and 2 ul of DNA. The PCR conditions were as follows: pre-
denaturation at 95 °C for 3 min; 10 cycles of denaturation at 94 °C for 1 min, annealing at 53 °C for 1 min, and
extension at 72 °C for 2 min and final extension at 72 °C for 10 min.

Amplified products were analyzed using 1% agarose gel electrophoresis, and visualized under a UV
transilluminator. Amplified samples showing discrete bands were subjected to automated DNA sequencing.
-Detection of the potential of F culmorum isolates to produce trichothecene using specific primers.
Species-specific PCR amplifications were carried out using primers Tri5F (5’-AGCGACTACAGGCTTCCCTC-3’)
and Tri5R (5’- AAACCATCCAGT TCTC CATCTG-3’) for the detection of Tri-5 gene producing isolates which
encodes the key enzyme in trichothecene production (Doohan et al., 1999). The PCR reaction, in a total volume
of 25 I, included 12.5 yl Dream Tag Green PCR Master Mix (2X) (Thermo Scientific), 7.5 yl RNase-free water,
1.5 ul of each primer (10 uM) and 2 ul of DNA. The PCR conditions were as follows: pre-denaturation at 95 °C for
3 min; 30 cycles of denaturation at 95 °C for 30 sec, annealing at 62 °C for 20 sec, and extension at 72 °C for 45
sec and final extension at 72 °C for 10 min.

Amplified products were analyzed using1% agarose gel electrophoresis, and visualized under a UV transilluminator

Results
-Morphological characterization: A total of fourteen isolates of Fusarium (FTZ14, FTZ16, FTZ18, FTZ27,
FTZ43) from Tartous, (FLZ20) from Latakia, (FGZ9, FGZ10, FGZ21, FGZ29, FGZ40) from Hama, (FSZ59, FSZ61,
FSZ70) from Sweida, were recovered from infected roots and crowns of wheat plants. They were identified as £
culmorum based on morphological characteristics .
On potato dextrose agar, growth was rapid at the optimum temperature of 25°C, the colony diameter ranged
from 5.8 - 6.1cm at 25°C and 1.8- 2.4 cm at 30°C after incubation in the dark for 3 days.
Some isolates produced dense aerial mycelium, white, rose or light yellow (Fig.1A, B, C), and others produced
yellow mycelium around the central spore mass and white at the apex (Fig.1D). Abundant yellow or orange
sporodochia developed in some isolates as the culture ages (Fig.2). These isolates formed rose and yellow or
rose to burgundy pigments in the agar (Fig.1E, F, G, H).
Macroconidia were produced in sporodochia from branched monophialides on carnation leaf agar (Fig.3D).
They were short and stout, curved, usually 3-5 septate (Fig.3A), with blunt (rounded) apical cells (Fig.3B), or
slightly papillate (Fig.3C), the basal cells were blunt or notched. Microconidia were absent. Chlamydospores
were formed, intercalary in the hyphae, solitary, in pairs, in chains or in clumps (Fig.3E).

Figure 1. Colonies of some F.culmorum isolates on PDA medium. (A, B, C, D): upper surfaces, (E, F, G, H):
lower surfaces.
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Figure 3. Morphological characteristics of F.culmorum: (A) macroconidia, (B) macroconidia with a blunt
apical cell, (C) macroconidia with a papillate apical cell, (D) branched monophialides, (E) chlamydospores.

Molecular identification of F culmorum

-Detection of £ culmorum using specific primers: |dentification of the fourteen isolates was conducted by
using specific primers FcO1F/R. The PCR has amplified a single fragment with size approximately 570 bp in all
isolates except FLZ20 (Fig.4).

FGZ9 FGZ10 FTZ1S FTZI6 FTZ18 FLZX FGZ21 FTZYT FGZI29 FGZ40 FTZ43 FSIS FSE6L FSITO

giiil (gl

Figure 4. Amplification with species primers FcO1F/R.
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-Detection of F. culmorum using (TEF1-a) gene: DNA from the FLZ20 isolate which showed no positive signal
in the species-specific PCR assay was taken for further amplification of the TEF region using EF1 and EF2
primers.

Successful PCR amplification of TEF-1a, showing a single band of ~ 700 bp, was obtained in this isolate, and the
PCR product was later sequenced for verification.

DNA sequence-based identification of the isolate FLZ20 was achieved. Based on the BLAST (http://blast.ncbi.
nim.nih.gov/Blast.cgi) search of translation elongation factor 1-alpha (TEF1-a) sequences, this isolate showed
99,42 similarity with £ culmorum . Sequencing result confirmed our morphological identification of FLZ20 as F
culmorum.

-Detection of the potential of F culmorum isolates to produce trichothecene using specific primers.
Detection of potential trichothecene producers was positive for all F. culmorum isolates, the amplification yielded
the expected band (size 544 bp) (Fig.5).

FGZ9 FGZ10 FTZ1S FTZI6 FTZ18 FLZ20 FGZ21 FTZ17 FGI29 FGZ4 FTZA2 FSLZS9FSZ6]1 FSIT0

Figure 5. PCR analysis for the trichothecene - producing Fusarium isolates genomic DNA using Tri5F/R primers.

Discussion

Several species of Fusarium were found in association with wheat crop worldwide. Together with F graminearum
and F. pseudograminearum, F culmorum have been reported as of the main pathogens of wheat worldwide
(Goswami and Kistler, 2004; Wang et al., 2006; Wagacha and Muthomi, 2007; Hogg et al., 2010).

In our study and based on the descriptions in the Laboratory Manual for Fusarium Research (Burgess et al.,
1994), and the Fusarium Laboratory Manual (Leslie and Summerell, 2006), the fourteen isolates of Fusarium
recovered from infected crowns and roots of wheat were identified to be as £ culmorum.

Fusarium culmorum is most likely to be confused with other species like F sambucinum, as they can be isolated
from similar hosts and climatic regions (Burgess et al., 1994; Leslie and Summerell, 2006).

The macroconidia of some isolates of £ culmorum show some similarity with macroconidia produced by isolates
of F sambucinum, the apical cell of F culmorum is usually blunt but in some isolates it is slightly papillate
which can lead to confusion with those of £ sambucinum. However, the rapid growth rate of £ culmorum on
potato dextrose agar distinguishes it from F sambucinum, which grows slowly. In addition, the macroconidia
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of F. culmorum are usually shorter and wider than those of F. sambucinum (Burgess et al., 1994; Leslie and
Summerell, 2006).

In order to protect human and animal health, the precise identification of the Fusarium species is critical to
predict the potential mycotoxigenic risk of the isolates, so there is a need for accurate methods which permit a
rapid and reliable specific diagnosis of Fusarium species.

Polymerase chain reaction (PCR) and real-time PCR tools have been developed for the detection and/or
quantification of £ culmorum in culture and in naturally infected plant tissue (Scherm et al., 2013).

In our study we use two molecular methods to confirm the identification of our isolates after the morphological
characterization. Species-specific primers for £ culmorum, FcO1F/R were used. Thirteen isolates of the total
fourteen were confirmed as F. culmorum, but we could not confirm the morphological identification for FLZ20
isolate. Species-specific primers have been developed and used for PCR detection as well as screening of
Fusarium spp. (Spanic et al., 2010; Abedi-Tizaki and Sabbagh, 2012). Schilling et al. (1996) used Species-
specific primers ( OPT18F/R) for the detection of F culmorum, this pair amplified as expected from template of
65 out of 69 isolates of F. culmorum obtained from various countries and continents. Rahjoo et al. (2008) stated
that some species-specific PCR primers have been developed, but in most cases they have yet to be more widely
tested, and their reliability for analyses of strains from various crops and/or geographic locations is unproven.
Due to the fact that using morphological characteristics and species-specific primers can result in misidentification
according to Rahjoo et al. (2008), there was a need for another molecular method as an additional criteria to
support morphological identification of Fusarium spp. The method of choice by several research groups is the
characterization of Fusarium isolates based on the TEF1-a gene sequences.

Our result based on the partial DNA sequence of the TEF region in the FLZ20 isolate, initially identified as F
culmorum by morphological characterization but could not be identified using the FCO1F/R primer pair, showed
that it was F. culmorum.

Mycotoxins are secondary metabolites produced by fungi which are harmful to both animals and humans. The
major mycotoxins produced by F culmorum are trichotecens, zearalenone and fusarins (Summerell and Leslie,
2011).

In our study we targeted the TRI5 gene that encodes trichodiene synthase, which catalyzes the first step in
the trichothecene biosynthetic pathway (Doohan et al., 1999). TriSF/ Tri5R primer set was used to determine
the potential of the analyzed isolates to produce trichothecenes. The 14 isolates produced the expected DNA
fragment, that indicates the presence of the TRI5 gene in these isolates. The development of TRI5 gene specific
primers has allowed trichothecene producing Fusarium spp. to be distinguished from nonproducing species
using PCR-based assays (Niessen and Vogel, 1998).

Fusarium spp. are among the most economically important fungal pathogens and can produce several mycotoxins
which able to cause a variety of toxic effects, so we should pay more attention to them.
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