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A B S T R A C T

Fumonisins contamination of food commodities is a worldwide problem, especially for maize. The ability to
produce fumonisinsis a trait of several species of Fusarium, mainly F. verticillioides and F. proliferatum on
maize, and some Aspergillus species. A. niger and its sister species A. welwitschiae, can contribute to fumonisin B2

(FB2) accumulation in maize kernels, although to a lesser extent than fumonisin-producing Fusarium species.
Fumonisins risk monitoring represents an effective strategy in the integrated approach for mycotoxin risk

management and reduction. The availability of a user-friendlymolecular assay for the detection oftoxigenic
fungal species represents a valuable tool in understanding and managing upcoming mycotoxin contamination.

In this study, we developed a LAMP assay, based on the detection of fum10, for a rapid and specific molecular
detection of FB2-producing A. niger and A. welwistchiae, potentially useful to perform monitoring directly “on
site” in maize chain. Results showed that very low amounts of conidia are suitable to detect the presence of the
target gene, thus providing information about the presence of FB2-producing Aspergillus species and the possible
upcoming fumonisins contamination in maize. The assay was combined with a suitable protocol for “in field”
crude DNA extraction and a colorimetric method for easy naked-eye evaluationof results, offering a reliable and
user-friendly tool to support effective reduction strategies of mycotoxin contamination in crop management
programs.

1. Introduction

Maize kernels are commonly infected by toxigenic fungi belonging
to the genera Aspergillus and Fusarium, which can cause maize spoilage
and mycotoxin contamination in the kernels. Among the different my-
cotoxins, fumonisins are the most common in maize-growing regions of
the world and contamination of maize grains by fumonisinsis con-
sidered a serious problem due to its association with diseases of live-
stock and humans (Desjardins, 2006; Munkvold, 2003).

The fumonisins are responsible for equine leukoencephalomalacia, a
serious and usually fatal disease in horses, and porcine pulmonary
edema, an often fatal disease in swine (Desjardins, 2006). In humans,
there is a link between high consumption of maize contaminated by
fumonisins and the occurrence of oesophageal cancer in some areas of
the world, and fumonisins also have been reported as potential risk
factors for neural tube defects, craniofacial anomalies, and other birth
defects arising from neural crest cells (Marasas et al.,2004).

The fumonisins, mainly fumonisin B1, B2 and B3, can accumulate at
harmful levels in maize kernels when environmental conditions favor
the development of Fusarium kernel rot, caused by several species of

Fusarium (e.g. Fusarium verticillioides and F. proliferatum). Moreover,
natural occurrence of fumonisin B2 has been reported in red wine from
Italy (Logrieco et al., 2010). In a survey on maize carried out in Central
Italy (Logrieco et al., 2014), 17 maize kernel samples showed F. verti-
cillioides and/or F. proliferatum at a level ranging from 13% to 100% of
kernels. However, 10 out of 17 samples were also contaminated by
Aspergillus section Nigri with a range from 6% to 68% of kernels,
showing a significant inverse logarithmic relationship between levels of
Fusarium and Aspergillus contamination. The discovery of putative fu-
monisin biosynthesis gene clusters, and production of fumonisin B2

(FB2) and B4 (FB4), in some strains of Aspergillus sect. Nigri (Frisvad
et al.,2011; Mogensen et al.,2010), has led to concern about the con-
tribution of these fungi to fumonisin contamination in agricultural
products (including maize grain) that they infect or colonize.

Among species of the black aspergilli, only A. niger and its sister
species A. welwitschiae have been reported to produce fumonisin (FB)
(Frisvad et al., 2007, 2011; Mogensen et al., 2010) and can contribute
to FB2 accumulation in maize kernels, although their levels of pro-
duction and occurrence on maize are lower than those of fumonisin-
producing Fusarium species.
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The genomes of three strains of A. niger have already been fully
sequenced: ATCC 1015, NRRL 3 and CBS 513.88 (Baker, 2006; Pel
et al., 2007; Andersen et al., 2011).

Those strains have subsequently been examined intensively using
transcriptomics and metabolomics to explore and understand growth,
differentiation, chemistry and physiology of the species (Nielsen et al.,
2009; Andersen et al., 2008a, 2008b; Jorgensen et al., 2009;
Guillemette et al., 2007; Sun et al., 2007). All three strains have a fu-
monisin gene cluster similar to the one responsible for the production of
the known fumonisin mycotoxins by Fusarium verticillioides (Brown
et al., 2005; Proctor et al., 2003). A. niger strains produce fumonisins
B2, B4, and B6 but not FB1 (Frisvad et al., 2007; Månsson et al., 2010).

Species of Aspergillus do not possess orthologs of all genes in the
Fusarium fumonisin cluster; in particular, they lack an ortholog of the
Fusarium gene fum2, which is required for production of the fumonisin
analogs fumonisins B1 (FB1) and B3 (FB3), but not the analog fumonisin
B2 (FB2) (Susca et al., 2010).

Although FB2 production has been reported in both A. niger and A.
welwitschiae, not all strains of these species produce the mycotoxin
(Susca et al.,2010, 2014a; Varga et al.,2010; Frisvad et al., 2011; Storari
et al., 2012; Palumbo et al., 2013; Gherbawy et al., 2015; Massi et al.,
2016). PCR, Southern blot analysis and genome sequence data indicate
that FB non-producing strains of A. welwitschiae have a partially deleted
FUM cluster (ITEM 7468, KJ934796; ITEM 11945, KJ934798). Analysis
of a collection of FB non-producing isolates of A. welwitschiae indicated
that all the isolates exhibited the same gene deletion pattern within the
FUM cluster (Fig. 1). Deletion occurred for genes fum21, fum14, fum13,
fum8, fum3, fum7 and fum10. Conversely, FB non-producing isolates of
A. niger had an intact fumonisin biosynthetic gene cluster (A. niger ITEM
10355, KJ934797), and are therefore considered potentially producing
isolates. (Susca et al., 2014b).

These findings suggested that the genetic basis for FB non-produc-
tion could be exploited in order to set up a diagnostic tool for the early
detection of fumonsin-producing Aspergillus species on crops.

Current diagnostic systems for toxigenic fungi are based mainly on
microbial isolation and subsequent identification through morpholo-
gical and PCR-based methods.

These approaches require a fully equipped laboratory and are ex-
pensive and time consuming. To overcome these limitations, the
availability of diagnostic tools for rapid, simple, and cost-effective de-
tection of toxigenic food-borne fungi is advantageous, especially if ap-
plicable directly “on-site” in food chain production or directly “in
field”.

As an alternative to PCR-based methods, loop-mediated isothermal
amplification (LAMP) (Notomi et al., 2000) has been described as an
easy and rapid molecular diagnostic tool. LAMP reaction is based on
application of four primers with six different binding sites in the target
DNA which are required to bind properly in order to initiate DNA
amplification by a thermophilic DNA polymerase with high strand
displacement activity (Notomi et al., 2000). The further application of
additional loop primers speeds up the amplification reaction reducing
time of execution up to half time (Nagamine et al., 2002). In addition to
high specificity and sensitivity, LAMP amplification has a relatively low
sensitive to inhibitors, such as polyphenols or polysaccharides that can
be very abundant especially in the food matrices (Kaneko et al., 2007).
Therefore the LAMP technique is widely applied or the detection of

pathogenic and mycotoxin-producing fungi, such as Fusarium grami-
nearum, Aspergillus carbonarius, A. niger and three species of Aspergillus
section Flavi, Penicillium nordicum (Niessen and Vogel, 2010; Luo et al.,
2012; Storari et al., 2013; Ferrara et al., 2015).

Amplification products generated by LAMP can be visualized in
different ways such as increase of turbidity, fluorescence or by com-
plexometric dyes (Mori et al., 2001; Hill et al.,2008; Goto et al., 2009;
Tomita et al., 2008). Moreover, aiming at developing a detection
system that provides an easy readable result based on a visible color
change that is not a prerogative of expert scientists, Tanner et al. (2015)
proposed a colorimetric detection system based on the pH shift that
occurs due to the release of protons during DNA synthesis. In a weak
buffer system, pH is allowed to drop from pH 8.7 to mild acidity which
leads to a color change of pH-indicators such as neutral red or phenol
red. Since the method is quite new, only few assays involving potential
mycotoxin producers have recently been based on these promising vi-
sual detection system (Niessen et al., 2017; Vogt et al., 2017; Frisch
et al., 2019).

The objective of the current study was to develop a simple and rapid
LAMP-based assay, applicable by mais chain operators straight on site,
for the detection of fumonisin-producing Aspergillus species on maize
samples.

2. Material and methods

2.1. Fungal cultures and DNA extraction

A collection of 24 fungal strains from Agri-Food Toxigenic Fungi
Culture Collection of the Institute of Sciences of Food Production (ISPA-
CNR, Bari, IT, http://server.ispa.cnr.it/ITEM/Collection/) were used
for the set up of LAMP assay (Table 1). The A. niger (3) and A. wel-
witschiae (9) strains were selected according to genomic information
about the presence/absence of the biosynthetic fum10 gene and their
ability to produce FB2 (Susca et al., 2014a, 2016). Other strains (12)
were selected for non-target species frequently isolated from maize or
able to produce fumonisins and thus potentially having genetic simi-
larities with the target gene. Working cultures were maintained on PDA
medium (Conda Laboratories, Spain) at 25 °C for 5–7 days and stored as
conidial suspension in 15% v/v glycerol at −20 °C. Total genomic DNA
was extracted from mycelium grown in Wickerham medium (dextrose
4% w/v, peptone 0.5% w/v, yeast extract 0.3% w/v, malt extract 0.3%
w/v, sterilized at 110 °C for 15 min) at 25 °C for 72–96 h. Mycelium was
collected by filtration on sterile Whatman paper (No.4) and DNA was
extracted from 100 mg of mycelium by using the Wizard Magnetic DNA
Purification System for Food kit (Promega, USA), according to the
manufacturer's instructions. Quality and concentration of DNA were
determined by agarose gel electrophoresis and spectrophotometric
analysis using NanoDrop ND-1000 (Thermo Fisher Scientific, Waltham,
USA).

2.2. Primer design and LAMP reaction

LAMP assay was specifically designed on A. niger fum10 gene
(GenBank accession no. XM_001389070) coding for a peroxisomal-
coenzyme A synthetase previously reported to be involved in fumoni-
sins biosynthesis (Susca et al., 2016).

Fig. 1. Organization of genes in the FUM
cluster region of FB2-producing and non-
producing strains of black Aspergillus spe-
cies. Blue square indicates cluster region
with possible gene deletion. (For inter-
pretation of the references to color in this
figure legend, the reader is referred to the
Web version of this article.)
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Specific primers were designed using the PrimerExplorer V. 4 soft-
ware tool (http://primerexplorer.jp/e/.jp/e/) provided by Eiken
Chemical Co., Ltd. (Tokyo, Japan). Sequence analysis resulted in sev-
eral sets of primers for fum10 gene. The specificity of primers was tested
in silico using the nucleotide BLAST search tool against the NCBI nt
sequence database (Altschul et al., 1997).

Primers designed were outer primers Fum10-F3 and Fum10-B3,
inner primers Fum10-FIP and Fum10-BIP and loop primers Fum10-
LoopF and Fum10-LoopB (Table 2).

In order to select the optimal temperature, LAMP reaction was
tested in a temperature gradient. Reactions were set up as follows:
2.5 μl 10x thermopol buffer (New England Biolabs, Hertfordshire, UK),
8 mM MgSO4 (Sigma-Aldrich, Munich, Germany), 0.8 M betaine
(Sigma-Aldrich, Munich, Germany), 1.6 mM dNTPs (Euroclone), 1.6
μMeach of FIP and BIP (HPLC-purified, Invitrogen), 0.2 μMeach of F3
and B3, 20 ng of ITEM 9568 genomic DNA, 8 U of the Bst 2.0
WarmStart DNA polymerase (New England Biolabs, MA, USA) and
sterile deionized water up to 25 μl.The reaction mix was incubated,
using an Eppendorf Mastercycler pro 384 (Eppendorf AG, Germany), in
a temperature gradient between 63 and 68 °C for 60 min and final
heating at 85 °C for 2 min to terminate the reaction.

Optimal temperature and reaction mixture were selected when the
highest amount of amplicons for target DNA was generated.

To confirm the specific region targeted by LAMP assay, a PCR am-
plification of genomic DNA of type strains A. niger ITEM 9568 and A.
welwitschiae ITEM 11945 was performed by using the F3 and B3 outer
LAMP primers. The PCR reaction was carried out in 25 μl reaction
mixture containing Platinum Hot Start SuperFi PCR 2x Master Mix

(Invitrogen, Carlsbad, CA, USA), 500 nM of each primers and 20 ng of
template DNA from ITEM 9568 or ITEM 11945. PCR amplification
conditions were: 98 °C for 30 s, 30 cycles of 98 °C for 10 s, 55 °C for
15 s, and 72 °C for 30sec, followed by a final extension at 72 °C for
5 min. LAMP and PCR amplification products were separated by 2%
(w/v) agarose gel electrophoresis and stained with GelRed (Biotium,
USA). PCR products were sequenced with an ABI PRISM 3730 Genetic
Analyzer (Applied Biosystems, USA) to confirm the nucleotide sequence
of targeted gene.

2.3. Specificity and sensitivity of LAMP assay

The specificity of the selected primer set was verified using DNA
isolated from fungal strains listed in Table 1. LAMP assay was con-
ducted as reported above at the optimal temperature of 67 °C.

LAMP products were analyzed using 2% (w/v) agarose gel electro-
phoresis and stained with GelRed (Biotium, USA).

Moreover, the sensitivity of LAMP assay was tested on crude DNA
isolated from 10-fold serial dilutions of A. niger ITEM 9568 conidial
suspensions. The conidial suspensions were obtained by scraping the
surface of a PDA plate inoculated with ITEM 9568 after 7 days of in-
cubation at 25 °C. Conidia were suspended in sterile distilled water and
the concentration was determined by using a “Thoma” chamber. Crude
DNA was extracted from 100 μL aliquots of conidial suspensions, ran-
ging from 102 to 106 conidia/total volume, with ION-Liquid Force
Extraction buffer (Generon Spa, MO, Italy) according to the manufac-
turer's instructions, and 5 μL of crude DNA extracts, were directly used
for LAMP assay. A colorimetric assay for naked-eye evaluation of po-
sitive and negative reactions has been implemented. The colorimetric
assay was based on phenol red (CAS n. 34,487-61-1). Accordingly, the
LAMP reaction was set up as described above except for Bst 2.0 reaction
buffer. The phenol red modified Bst 2.0 reaction buffer (pH ~8.6–8.8)
was prepared as fallow: 10 mM (NH4)2SO4, 8 mM MgSO4, 50 mM KCl,
0.1% v/v Tween 20, 0.8 M Betaine, 1.4 mM dNTP solution mix, phenol
Red 0.1 mM. Crude DNA extraction and amplification reactions were
performed in triplicates using a H2O3-PROIII programmable portable
thermoblock (Coyote Bioscience, CA, USA). Positive and negative re-
actions were recorded according to color transition from red (negative)
to yellow (positive). Limit of detection was defined as the lowest con-
idia amount that induced recognizable color change of phenol red from
red to yellow.

2.4. Implementation of LAMP assay on food crop material

A specific protocol for the implementation of LAMP assay on food
crop material was set up. In details, 200 g of maize kernels were soaked
(25% w/v) with sterile distilled water and incubated overnight at room
temperature. Next, soaked maize kernels were sterilized at 121 °C for
15 min and incubated at room temperature for additional 2 days.
Sterilized maize kernels were divided in 10 g aliquots and inoculated
separately with 1 mL of a conidial suspension of A. niger ITEM 9568 in
order to obtain a final contamination rate ranging from 104 to 10
conidia/g of kernels. Inoculated maize kernels aliquots were dried for
12 h at room temperature under a sterile hood. Then, each inoculated
aliquots was washed with 10 mL of 0.1% (v/v) Tween 20 sterile solu-
tion. Washing solutions were filtered on 45 mm sterile 0.22 μm ni-
trocellulose filters (Merck Spa, Darmstadt, Germany). Filters were than
washed with 1 mL of ION-Liquid Force Extraction buffer, incubated at
98 °C for 10 min and extraction mixture was than diluted 1:10 (v/v)
with sterile distilled water. After crude DNA extraction, 5 μL of crude
extracts were used as template for the FUM10 specific LAMP assay. As
positive controls, 5 μL of crude DNA from 102 conidial suspension of
ITEM 9568 extracted with ION-Liquid Force Extraction buffer (as pre-
viously described) and 20 ng of genomic DNA of ITEM 9568 were in-
cluded. Reactions were performed in triplicates.

Table 1
Fungal strains used for evaluation species specificity (o crossreactivity) of the
developed LAMP.

Genus Species Strain FUM10 FB2 LAMP reaction

Aspergillus niger ITEM 9568 + + +
niger ITEM 4501 + + +
niger ITEM 10927 + + +
welwitschiae ITEM 4552 – – –
welwitschiae ITEM 6142 – – –
welwitschiae ITEM 7097 + + +
welwitschiae ITEM 10353 – – –
welwitschiae ITEM 10935 + + +
welwitschiae ITEM 14303 + + +
welwitschiae ITEM 11945 + + +
welwitschiae ITEM 11778 – – –
welwitschiae ITEM 11943 – – –
tubingensis ITEM 7040 – – –
flavus ITEM 8115 – – –

Fusarium verticillioides ITEM 231 + + –
proliferatum ITEM 5351 + + –
fujikuroi ITEM 7584 + + –
subglutinans ITEM 4400 – + –
poae ITEM 9138 – – –
sporotrichioides ITEM 7637 – – –
equiseti ITEM 11296 – – –
graminearum ITEM 8600 – – –

Penicillium chrysogenum ITEM 4518 – – –
Alternaria alternata ITEM 752 – – –

Table 2
List of LAMP primers for fum10 gene. Degenerate base is defined as R (G/A).

PRIMER NAME 5’ > 3′ OLIGONUCLEOTIDE SEQUENCE

FUM10-F3 CGGTAGCGATCTTTCTCCG
FUM10-B3 CGTCTGGATGRTTTCCTGC
FUM10-FIP ATAGCCGGTGCTGTTTCTGTCA-GCCTTCATGAGCTTGGGAC
FUM10-BIP TTGACAGTTCGATGCGCCGG-TCTACCCTCGCTTGGGAG
FUM10-LOOPF CCCGTAGACCTCAATTACTTGC
FUM10-LOOPB TGGCACACTACCCTATCGCATC
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3. Results

3.1. LAMP primer set

Primer set Fum10-ID27was selected among primer sets generated
for fum10 gene. The other predicted primer sets were discarded due to
inadequate primer stability at the 3’ end and the possible risk of sec-
ondary structures formation as self dimers or cross dimers. Positions of

the selected primers within the target fum10 nucleotide sequence of A.
niger are shown in Fig. 2.

Specificity of the primers was tested in silico using the nucleotide
BLAST search tool on the NCBI sequence database (http://blast.ncbi.
nlm.nih.gov/Blast.cgi). No significant hits different from fum10 gene
were detected, confirming high primer specificity for the target se-
quence. Optimization of LAMP reaction conditions resulted in the se-
lection of 67 °C as the optimal temperature. Positive amplification re-
action resulted in the production of the typical ladder like pattern of
DNA fragments ranging approximately from 200 to several thousand
base pairs (Fig. 3).

3.2. Specificity and sensitivity of LAMP assays

Specificity of the primer set for the detection of fumonisin-produ-
cing Aspergillus species was analyzed using DNA isolated from pure
cultures of 12 fungal strains listed in Table 1, after 60 min reaction time
at 67 °C. No amplification was observed from non-producing Aspergillus
isolates of the two analyzed species (Fig. 4). Moreover, specificity of the
molecular assay was verified on 12 non target species belonging to
Fusarium, Aspergillus, Penicillium and Alternaria genera (Table 1, Fig. 5).
The sensitivity of LAMP assays for FBs-producing strains was tested
against 10-fold serial dilutions of A. niger ITEM 9568 conidial suspen-
sions ranging from 105 to 10 conidia/reaction. The colorimetric LAMP
assay was performed according to the optimized protocol for phenol
red.

Fig. 2. Multiple alignment of a partial fum10 gene sequence (240 nt) in fumonis in producing A. niger and A. welwitschiae. Nucleotides corresponding to annealing
sites of LAMP primers (F3, F2, F1c, B3, B2, B1c) and loop primers (LoopF and LoopB) are marked in bold. Position marked in yellow indicates sequence variation
between the 2species. Arrowheads indicate orientation of the primers (→ = forward primer, ← = reverse primer). (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)

Fig. 3. Optimization of LAMP reaction conditions. Amplification pattern is
displayed for each temperature tested. NTC = no template control; M = 1 Kb
DNA ladder.

Fig. 4. Specificity of LAMP assay for Fum10-ID27
primer set: M = Marker 100 bp (ThermoFisher
Scientific); Lane 1 = ITEM 11943; 2 = ITEM 6142;
3 = ITEM 10927; 4 = ITEM 11945; 5 = ITEM 9568;
6 = ITEM 10935; 7 = ITEM 10353; 8 = ITEM
11778; 9 = ITEM 4501; 10 = ITEM 7097;
11 = ITEM 4552; 12 = ITEM 14303; 13 = no
template control.
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The limit of detection for LAMP assay was 10 conidia/reaction
(Fig. 6). The color intensity of positive reactions was not correlated to
DNA concentration and color variation was clear also at the lowest
conidia concentrations. No intermediate colors between red and yellow
were observed. Negative control samples without template showed no
color variation under the selected reaction conditions.

3.3. Implementation on maize of LAMP assay for detection of fumonisin-
producing Aspergillus species

A rapid and user-friendly protocol suitable for “in field” execution of
LAMP assay on food crop material has been implemented (Fig. 7).

The developed protocol was effective to achieve positive LAMP re-
sults in all the tested inoculation rates (Fig. 8). The assay was suitable

Fig. 5. LAMP assay for Fum10-ID27 specificity on
non target species: M = Marker 1 kb (ThermoFisher
Scientific): 1 = Aspergillus niger ITEM 9568;
2 = Aspergillus welwitschiae ITEM 11945;
3 = Fusarium fujikuroi ITEM 7584; 4 = Fusarium
subglutinans ITEM 4400; 5 = Fusarium sporo-
trichioides ITEM 7637; 6 = Fusarium verticillioides
ITEM 231; 7 = Fusarium proliferatum ITEM 5351;
8 = Fusarium equiseti ITEM 11296; 9 = Fusarium
poae ITEM 9138; 10 = Fusarium graminearum ITEM
8600; 11 = Aspergillus flavus ITEM 8115;
12 = Aspergillus tubingensis ITEM 7040;
13 = Penicillium chrysogenum ITEM 4518;
14 = Alternaria alternata ITEM 752; 15 = no tem-
plate control.

Fig. 6. Sensitivity of colorimetric LAMP assay on different conidia concentra-
tion of A. niger ITEM 9568. (1) 105conidia; (2) 104conidia; (3)103conidia; (4)
102conidia; (5) 10 conidia; (6) no template reaction control; (7) genomic DNA
of ITEM 9568.

Fig. 7. Schematic representation of the developed
protocol for LAMP assay on food crop material.
Maize kernels are washed in sterile bags (panel 1).
Washing solutions are filtered on sterile filters (panel
2). Crude DNA is extracted from collected material
on filters (panel 3). Colorometric LAMP assay is
conducted on a portable thermoblock (panel 4).
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for the detection of FBs producers species up to a contamination kernels
rate of 10 conidia/g. The new colorimetric assay was effective to detect
positive reactions. Positive target amplification determined color tran-
sition from red to yellow, while negative reactions remained red. No
intermediate color transition was observed.

4. Discussion

Species of Aspergillus section Nigri are commonly associated with
maize kernels, and some strains can produce fumonisin mycotoxins.
However, there is little information about the extent to which these
fungi contribute to fumonisin contamination in grain, the damage they
cause to maize ears, or their effects on maize seed germination and
seedling health. FBs contribute in natural maize sample is not mea-
surable, because Aspergillus A. niger and A. welwistchiae co-occurr with
Fusarium FBs-producing spp. However, the evidence of their contribute
has been deduced analyzing the ratio of FB2/FB1 contamination in the
maize samples, where high values can be explained by Aspergillus sec-
tion Nigri contribution to FB2 accumulation. Hence, a continuous survey
of fumonisin-producing Aspergillus species directly in the field, during
the different maturation stages of maize crop, could support safety as-
surance in maize production and in the food chain.

In this study, for the first time, a user-friendly LAMP assay has been
set up for the detection of FB2-producing Aspergillus niger and A. wel-
witschiae. The rapid molecular assay is based on the detection of fum10
gene, a structural gene of fumonisin cluster in Aspergillus toxigenic
species, affected by deletion in strains non-producing FB2. To date, no

tests are available for the detection of FB2-producing strains of the two
species in a specific, rapid and robust way, which would avoid the need
of sophisticated laboratory equipment, giving the opportunity to po-
tentially execute the molecular essay directly on-site in maize chain
production.

The developed LAMP assay can be used to rapidly detect the pre-
sence of fumonisins-producing strains of Aspergillus species on maize
kernels. Since Aspergillus species are saprophytic fungi known to be
secondary pathogens in maize crop, the prediction of an up-coming
fumonisin contamination could be achieved by the molecular detection
on maize surface of fumonisin-producing Aspergillus species. Its sensi-
tivity and low susceptibility to DNA impurities offer the possibility to be
applied directly on conidia or with crude DNA extracts. Therefore, no
fungal neither maize DNA isolation are needed to perform this LAMP
assay.

The specificity of the LAMP assay was demonstrated in rapidly de-
tecting (about 1 h) selectively between FBs-producing Aspergillus strains
among non-producing strains, that is A. niger and A. welwitschiae.

Additionally, based on our knowledge, the occurrence of A. niger
isolates not able to produce FBs is very rare, as well as possible fumo-
nisins production inducibility should be further studiedfor those A. niger
isolates with intact FUM cluster but not able to produce FBs in standard
laboratory conditions. Possible further speculations could be focused on
other genetic or regulatory elements linked to their incapability to
synthetize FBs. Above all, we should consider that, similarly to other
DNA-based detection techniques, LAMP is only informative about the
presence of the fungal target and does not give any information about
the real presence of FB2 in the sample.

In order to set up a molecular assay suitable for “in field” analysis, a
protocol for crude DNA extraction from contaminated maize kernels has
been set up and optimized for LAMP assay. The DNA extraction and
reaction amplification were performed in a programmable portable
device, provided with a long life battery for the execution of extraction
and amplification steps directly in the field.

The application of an in-tube colorimetric detection method avoids
additional handling of tubes after reaction and reduces potential cross-
contaminations between samples. Moreover, the use of phenol red as
colorimetric indicator offers the possibility of a simple and clear posi-
tive/negative reading of results by non-qualified staff without the need
of any UV illumination equipment or sophisticated image analyzer.
These aspects contribute to improve the potential transferability of the
assay directly “in the field”, offering the opportunity to monitor the
safety of food products during crucial steps of maize production.

Results showed that very low amounts of conidia are suitable to
detect the presence of the target gene, thus providing an early in-
formation about a possible upcoming fumonisin contamination in
maize and/or the presence of fumonisin-producing Aspergillus species.
Although the described LAMP assay has been developed and optimized
on maize, it could be potentially applied also for the detection of FB2-
producing Aspergillus species on grapes. In our opinion, the developed
LAMP assay represents, in fumonisins risk monitoring, a reliable and
promising molecular tool supporting crop management for application
of appropriate and effective reduction strategies of contamination.

5. Conclusions

A user-friendly LAMP assay has been set up for the detection of FB2-
producing Aspergillus niger and A. welwistchiae. Results revealed that the
fum10 gene could be a reliable target to detect the presence of fumo-
nisin-producing Aspergillus species on maize kernels within about
60 min. The optimization of a suitable protocol for crude DNA extrac-
tion from artificially contaminated maize kernels together with the use
of a portable device make the assay potentially suitable for “in field”.
Moreover, visual detection of results under daylight conditions enables
fast and easy discrimination of positive/negative results. These aspects
make the developed LAMP assay a reliable and promising molecular

Fig. 8. LAMP assay on food crop material. In tube colorimetric assay (panel a)
and the respective reaction on 2% agarose gel (panel b). (1) extraction buffer
(2–5) maize kernels inoculated with 104 (2), 103 (3), 102 (4), 10 (5) conidia/g
(6) crude DNA from 102 conidia of ITEM 9568 (7) no template reaction control
(8) genomic DNA of ITEM 9568.
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tool for monitoring toxigenic risk during the maturation steps of maize
crop and could be implemented as diagnostic tool in crop management
strategies.
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