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During previous years, regarding the shifts in climate conditions in temperate region, such as occurrence of high
temperatures and prolonged drought, increased occurrence frequencies of Aspergillus flavus and aflatoxins in cereal
grains were recorded. A reliable and accurate identification of the fungi is of great importance for evaluating the
microbiological risks of contamination. The essential point of the present investigation was molecular characterisation
and identification of A. flavus isolates originating from common wheat and spelt grains collected after harvest during
the period of three years (2015-2017) in Northern Serbia. A holistic approach that included PCR amplification of
two DNA genomic regions and PCR-RFLP assay followed by fragment length analysis, provided complete and
comprehensive characterisation of A. flavus isolated from wheat grains. The presented results indicate that there was
no difference among the tested Aspergillus isolates on the molecular—genetic level. All 38 strains were identified as
A. flavus by sequencing of combined ITS region and B-tubulin gene fragments (acc. no.: MH582473 to MH582510).
PCR-RFLP method in combination with a Lab-on-a-chip (LoaC) electrophoresis can be successfully used to rapidly
identify A. flavus isolates.
Keywords: wheat, A. flavus, molecular characterisation, PCR, RFLP

Wheat (Triticum aestivum L.) is a widely cultivated cereal in Serbia, with average production
of approximately 4.3 t ha™ in the period from 2015 to 2017 (Statistical Yearbook of the
Republic of Serbia, 2018). The main growing area for wheat production in Serbia is Vojvodina
(Northern Province of Serbia), where average total production of wheat for the mentioned
three-year period amounted to 1 526 425 t. In the recent years, an ancient wheat subspecies
— spelt (Triticum aestivum ssp. spelta L. Thell) — has received growing production interest
due to its superior nutritional and pro-health properties.

According to IARC classification, aflatoxins are in the first group as carcinogen
compounds for humans and animals (IARC, 2002). Aspergillus flavus and associated toxins
have occurred mainly on maize in temperate regions of Serbia when the weather conditions
were dry and warm (Kos et al. , 2013; JaNi¢-HaINAL et al., 2017). However, a high incidence
of A. flavus (45.8%) on wheat was recorded in 2012 as the result of high temperatures and
extreme dry conditions during the summer (LEVIC et al., 2013). Two A. flavus isolates
collected from wheat in 2015 have shown the potential for aflatoxin B, biosynthesis (KRULJ
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et al., 2016). The recent study indicated the occurrence of A. flavus on spelt wheat in Serbia
after harvest in 2016 (KruLs et al., 2017). Comparing the resistance of different wheat
species, spelt wheat showed the strongest response to the artificial field infection with A.
flavus and AFB, biosynthesis (KrRULJ et al., 2018). Therefore, there is a potential for the
occurrence of these fungi and their toxins in cereals such as wheat, which can pose health
hazards to humans and animals.

Reliable and accurate identification of the fungi has a great importance for facilitating
better assessment of contamination. Classical morphological-based methods for identification
and distinguishing of the main toxigenic fungi occurring in foods and feeds present numerous
confinements, such as labour-demanding aspects and significant specialised aptitude. Taking
into account that morphological characters could be very volatile depending on the media
and culture properties, misclassification of fungal species including Aspergillus spp. based on
morphological attributes is not unusual (WANG et al., 2001). Therefore, most identification
methodologies are now based on DNA detection by using polymerase chain reaction (PCR)
methods. The ITS region is considered to be a universal and primary molecular marker for
identification of fungi (WHITE et al., 1990). However, each genus has its own specificity, and
within the genus Aspergillus, calmodulin and B-tubulin genes are often used as secondary
molecular markers (RODRIGUES et al., 2007). B-tubulin is a conserved gene, which provides a
high level of interspecies variability, consequently it is often used for phylogenetic studies of
Aspergillus (PETERSON, 2008). SAMSON and VARGA (2009) suggested at least two genomic
sequences for the description and identification of the species using a multilocus approach.

PCR-restriction fragment length polymorphism (PCR-RFLP) is a simple, cost effective
and quick tool for rapid detection of specific differences in DNA sequences of Aspergillus
species (SOMASHEKAR et al., 2004).

The subject of the present research was a molecular characterisation of 38 A. flavus
isolates from common wheat and spelt grains collected during the three-year period (2015—
2017) in Northern Serbia. Molecular approaches, based on PCR amplification of individual
and combined sequences of ITS and B-tubulin, then PCR-RFLP method followed by the
fragment length analysis, provide complete and comprehensive characterisation of A. flavus
isolated from wheat grains.

1. Materials and methods

1.1. Isolates

A. flavus cultures isolated from common wheat and spelt grain samples were collected during
the three-year period (2015-2017) in Northern Serbia. Aspergillus cultures, purified by the
single spore method and developed on potato dextrose agar (PDA), were afterwards grown
on Czapek-Dox agar (CDA) medium at 25 °C for 7 days. On Aspergillus flavus and parasiticus
agar (AFPA), specific medium for the identification of species from Flavi group, cultivations
of the isolates were done at 30 °C for 3 days (P1TT et al., 1983). A. flavus isolates were first
identified by morphology (microscopic and macroscopic characteristics of the colonies)
based on descriptions of KrLicH (2002) and SAMsON and co-workers (2010).

1.2. Molecular identification of the isolates

Complete genomic DNA was extracted from mycelia using the DNA Isolation Kit (Agilent
Technologies, Santa Clara, CA). The rDNA-ITS region was amplified applying the universal
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fungal primers ITS1 and ITS4 (WHITE et al., 1990). B-tubulin, a gene specific for the
identification of Aspergillus species, is amplified by the pair of Bt2a/Bt2b primers, as well as
by AflaFor/Bt2b. PCR was performed in a thermal cycler (Sure Cycles 8800; Agilent
Technologies, Santa Clara, CA, USA) programmed for the appropriate cycling parameters
(NASRI et al., 2015; BAROSEVIC et al., 2016). Amplified PCR products were purified using
silica-membrane-based columns of the QIA quick PCR Purification kit (Qiagen, Chadstone,
Australia) as indicated by the manufacturer’s guidelines. After purification, DNA fragments
were measured by the Agilent Bioanalyzer 2100 with LabChip DNA1000 (Agilent
Technologies, CA, USA). Purified rDNAs, amplified by AflaFor/Bt2b, were sequenced and
identified using BLAST programs at NCBI database.

1.3. Restriction enzyme digestion

The PCR products, amplified by the primers ITS1/ITS4, were digested with the Hhal and
Mwol (HpyF10VI) enzymes (Thermo Scientific, USA). Digestion was performed by
incubating a 10 pl aliquot of PCR product with 2 ul of 10 x Fast Digest buffer and 1 pl of
Fast Digest enzyme, in a final reaction volume of 30 pl. Incubation was performed at 37 °C
for 10 min. The digestion was heat-terminated at 80 °C for 20 min after incubation performed
with Mwol, while the thermal inactivation to PCR products digested with the Hhal was not
applied. The amplicons of B-tubulin gene (primers Bt2a/Bt2b) were digested with Alwl
(BspPI) enzyme (Thermo Scientific, USA) for 4 h at 55 °C and heat-terminated at 80 °C for
20 min. The reaction mixture contained 10 pl of PCR amplicons, 2 pl of 10 x Buffer Tango,
1 pl of AlwI (BspPI) restriction enzyme, and 18 pl nuclease free-water. Visualisation of the
restriction fragments was carried out by capillary electrophoresis at Agilent Bioanalyzer
2100 with Lab Chip DNA1000 (Agilent Technologies, CA, USA).

All above mentioned analyses performed on the tested isolates were carried out parallel
to the A. flavus ATCC® 9643 reference strain in order to compare and confirm the identification.

2. Results and discussion

A. flavus isolates were first identified according to the macroscopic and microscopic
morphological characteristics of their colonies (KLicH, 2002). AFPA (Aspergillus flavus and
parasiticus agar) and CDA (Czapek-Dox agar) were used as specific media for A. flavus
identification. AFPA (Aspergillus flavus and parasiticus agar) is a selective medium for the
rapid identification of Aspergillus of section Flavi (P1TT et al., 1983). The possibility of
distinguishing Aspergillus species from the Flavi section is based on intense orange colony
reverse when grown on AFPA. An intense orange colour was observed for all tested isolates
(Figs 1A and 1B). None of the isolates showed a cream or brown reverse side on AFPA,
which would correspond to A. oryzae and A. tamarii species, respectively (RODRIGUES et al.,
2009). The conidia ornamentation and colour of the colonies on Czapek-Dox agar (CDA)
were important features in identification. In this study, A. flavus colonies grown on Czapek-
Dox agar were yellow-green (Figure 1C), while the colour of A. parasiticus colonies was
dark green (KricH, 2002). All yellow-green colonies had finely rough, round to elliptical
conidia with thin walls, while dark green colonies showed extremely rough, more spherical
conidia of thicker walls. These criteria have been applied as important principles for
differentiation of A. flavus and A. parasiticus.
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Fig. 1. A. flavus on: AFPA (3 days, 30 °C): A: colony surface; B: colony reverse; C: CDA (7 days, 25 °C).
AFPA: Aspergillus flavus and parasiticus agar; CDA: Czapek-Dox agar

Taxonomically, A. flavus conidia are mostly produced from heads bearing both metulae
and phialides, while the most heads of A. parasiticus bear phialides alone (KricH, 2002).

In general, morphological features are still widely used for identification of Aspergillus
spp. This method is commonly used and is an essential tool for categorisation of fungal
isolates in groups or sections, that allows further identification by other methods. Regardless
of the morphological characteristics defined, this study has found variations within the A.
flavus species related to the shade of colour, the structure of the colonies, and the possibility
of forming sclerotia during the cultivation of isolates under the same conditions (Fig. 2).

Fig. 2. Colony morphology of A. flavus isolates (PDA, 7 days, 25 °C) A: ATCC® 9643 reference strain, B: isolate
Acc.No. MH582473, C: isolate Acc.No. MH582474; PDA: potato dextrose agar

Since the classical microbiological identification methods did not completely enable the
precise and clearly defined classification of A. flavus, the implementation of molecular
methods was necessary for the reliable and accurate identification of the tested isolates.

After DNA extraction from tested A. flavus isolates, PCR reactions were conducted with
different primer pairs: ITS1/ITS4, AflaFor/Bt2b, and Bt2a/Bt2b. The products of the PCR
reactions amplified by the pair of primers AflaFor/Bt2b were purified and sequenced. The
nucleotide sequences have been submitted to the GenBank (accession numbers: MH582473
to MH582510). BLAST analysis showed that sequences from 38 A. flavus isolates shared
99% nucleotide identity with A. flavus species available from the GenBank database.
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The fragment size obtained by PCR reaction with primers ITS1/ITS4 was 600 bp for all
isolates, as well as the reference strain, which corresponds to the results of DiBa and co-
workers (2014). The fragment size obtained by PCR reaction using the primer pair AflaFor/
Bt2b was 447 bp, while the fragment size amplified by the primers Bt2a/Bt2b was 565 bp
(Table 1). Those results were in accordance with studies of Nasr1 and co-workers (2015) and
BAROSEVIC and co-workers (2016).

Table 1. Reference and obtained fragment sizes of PCR products amplified by the different primer pairs

Primers Gen Sequences of primers Reference fragment size ~ Obtained

fragment
s1ze

ITS1 ITS region  5’-TTCGTAGGTGAACCTGCGG-3’ 600 bp"  WHITE et al., 600

ITS4 5’-TCCTCCGTCTATTGATATGC-3’ 1990

AflaFor  ITS region/ 5’- GTGTCCTGTTATATCTGCCACAT -3° - BAROSEVIC et 447

Bt2b B-tubulin  5°- ACCCTCAGTGTAGTGACCCTTGGC -3’ al,, 2016

Bt2a B-tubulin  5-GGTAACCAAATCGGTGCTGCTTTC-3'  550bp  Nasrietal., 565

Bt2b 5’- ACCCTCAGTGTAGTGACCCTTGGC -3’ 2015

Fbp: base pair

The presented results indicated that there was no difference among the tested Aspergillus
isolates on the molecular—genetic level. The separation of amplified PCR products of different
A. flavus strains by Lab-on-a-chip electrophoresis was confirmed by sequencing. Therefore,
the PCR method in combination with the Lab-on-a-chip electrophoresis can be successfully
used for rapid differentiations of Aspergillus species.

Several studies have shown that the PCR-RFLP method might be valuable for the
identification of numerous fungal species (SOMASHEKAR et al., 2004; Atrour & EL KHOURY,
2016). The digestion of PCR products performed by the use of restriction enzymes Hhal,
Mwol, and AlwI, resulted in a number of fragments of characteristic sizes (Fig. 3). Gel image
for Alwl is not shown. According to the fragment analysis, there are three restriction places
for Hhal in the sequence of A. flavus that separated the PCR products into four fragments of
200 bp, 194 bp, 163 bp, and 112 bp. Also, the restriction enzyme Mwol was managed to cut
the PCR product of A. flavus at three places resulting in four fragments of 318 bp, 115 bp, 81
bp, and 51 bp. Contrary to that, there was only one restriction place for Alwl in the sequence
of A. flavus yielding two fragments of 287 bp and 245 bp. Nasr1 and co-workers (2015)
claimed that B-tubulin gene digestion, due to its own specificity, allowed a more discriminating
RFLP assay for species distinction of clinically important Aspergillus spp.

Digestion of the PCR products by the use of restriction enzymes produced same patterns
of fragments among the isolates revealing genetic similarity. By comparing the number and
the fragment size of the tested isolates with the profile of reference strain obtained by
digestion with the same enzymes, it can be concluded that differences were not observed.
A. flavus and A. parasiticus have shown to possess high degree of genetic similarity and
related genome size. Minor nucleotide variations in DNA sequence can be detected by PCR-
RFLP analyses (Atour & EL KHOURY, 2016). Regarding literature data, the use of restriction
enzymes indicated the possibility of clear distinguishment of A. parasiticus and A. flavus.
Analysis of RFLP products in agarose gel showed restriction profiles that clearly showed
differences both in the number of fragments and in their size between the analysed samples
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of these two species (SOMASHEKAR et al., 2004; Atour & EL KHOURY, 2016). Study of
MirHENDI and co-workers (2007) showed that the size of PCR fragments amplified by ITS1/
ITS4 primers prior to digestion was 595 bp, which corresponds to the results obtained in this
study (600 bp). On the other hand, the size of the fragments obtained after digestion with the
Hhal enzyme according to the studies of these authors were 184 bp, 179 bp, 143 b,p and 89
bp. Differences in the size of fragments obtained using the same enzyme can be due to the
application of different methods of electrophoresis. The same authors (MIRHENDI et al., 2007)
applied the agarose gel electrophoresis for separation of the PCR products, while in our tests
separation was performed with Lab-on-a-chip electrophoresis. Similar differences were
observed in the application of the Mwol when comparing the results of our tests with the
results of DiBA and co-workers (2014), who tested the possibility of using this enzyme for
identification and molecular characterisation of medically important Aspergillus species.
Study of NAsrI and co-workers (2015) obtained the RFLP profile of Alwl with two fragments
(296 bp and 254 bp) for used reference strains and investigated isolates. In this investigation,
identification of A. flavus isolates based on RFLP assay of ITS region and B-tubulin gene was
absolutely in accordance with sequencing pattern and results based on morphological criteria.

[bp] [bp]
Ladder A. flavus Ladder A. flavus
isolate isolate
1500 — 1500 —
400 — m— 400 —
300 — =— 300 =
200 — —— 200 -
150 — w— 150 =
100 = s— 100 —
o = o0 — «
ani— =
A L B L

Fig. 3. Gel image of the electrophoretically separated PCR products digested with restriction enzymes:
A: Hhal-RFLP of ITS-PCR products; B: MwoI-RFLP of ITS-PCR products; L: 25-1000 bp DNA ladder.
Fragments labelled with 15 bp and 1500 bp are internal calibration markers
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By comparing the phenotypic grouping of the isolates using colony colour on AFPA and
CDA and conidia ornamentation with the molecular identification achieved by the B-tubulin
and ITS sequence analysis and PCR-RFLP analysis, we could observe that the two approaches
are complementary to one another.

3. Conclusions

Molecular methods are gaining increased significance in species identification due to their
high sensitivity, specificity, reproducibility, and performance speed. PCR-RFLP assay, as an
effective, reliable, and quick method, gives the opportunity for faster identification and
differentiation of the Aspergillus species than standard culturing methods and conventional
sequencing of PCR products. In order to provide a more holistic approach, molecular
characterisation of 38 Aspergillus isolates obtained from wheat and spelt grains over the
three-year period in Northern Serbia was done. All analysed isolates were identified as A.
flavus — the main agent responsible for aflatoxin contamination of cereals and other crops. So
far, there is no report of aflatoxin contamination of wheat in Serbia. Nevertheless, the
occurrence of toxigenic species such as A. flavus in the present study suggested that there is
the potential risk of aflatoxin contamination of wheat grains used for the production of wheat-
based food products.

This study was funded by the Ministry of Education, Science and Technological Development of the Republic of
Serbia (451-03-68/2020-14/200222).
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