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a b s t r a c t

The aims of this study were to perform morphological and molecular characterization of Fusarium
species within the Liseola section isolated from corn grains from different geographic regions in Brazil,
and to evaluate their potential for fumonisins production. The results showed that Fusarium verticillioides
is the predominant species (99%) associated with corn grains, and other toxigenic species, Fusarium
proliferatum, was incidental in Brazilian corn. Although there was a high variability in the total fumonisin
production among the isolates (0.01e2.39 mg g�1), all fifty isolates analyzed produce fumonisins. The
level of total fumonisin production was not correlated with the geographic origin of the isolates.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Brazil is the third largest producer of corn in the world with an
average production of 77 million tonnes in the crop year 2012/2013
(Agrianual, 2013; CONAB, 2013). However, the average corn yields
in Brazil is still low (4.77 tons per hectare), particularly considering
the high-yielding hybrids available on the market.

Diseases are a major factor limiting the increase of corn yields in
the tropical humid climate in Brazil (Oliveira et al., 2004). Among
themost important pathogens of corn in Brazil are different species
of the genus Fusarium and these are of great concern to technicians
and producers (Oliveira et al., 2004; Munkvold and Desjardins,
1997). Among the Fusarium species complex (teleomorph Gibber-
ella fujikuroi), which comprises more than 50 species, Fusarium
verticillioides, Fusarium proliferatum and Fusarium subglutinans are
the main species that infect corn kernels (Krska et al., 1997; Leslie
et al., 2006). F. verticillioides is the most common fumonisin-
producing Fusarium species infecting corn kernels (Madania et al.,

2013; Rahjoo et al., 2008; Orsi et al., 2000; Munkvold and
Desjardins, 1997). Fusarium spp. causes a variety of diseases in
corn such as root rot, stem rot, ear rot, and rot grain (Munkvold,
2003; Munkvold and Desjardins, 1997). In addition to yield dam-
ages caused by Fusarium spp., they also produce a variety of sec-
ondary metabolites highly toxic to humans and other animals
(Munkvold and Desjardins, 1997). Among themycotoxins produced
by Fusarium spp., fumonisins are considered the most significant
problems due to their high incidence, levels of production, and
toxicity (V€olkel et al., 2011; Munkvold and Desjardins, 1997).
Fumonisins are involved in the inhibition of sphingolipids with
serious consequences to the cell structure of eukaryotic organisms
(Marasas et al., 2004; Wang et al., 1991). The ingestion of
fumonisin-contaminated corn can lead to serious diseases in ani-
mals, such as horse leukoencephalomalacia (Giannitti et al., 2011;
Marasas et al., 1988), pulmonary edema in swine (Harrison et al.,
1990), and hepatotoxicity in rats (Gelderblom et al., 1996). Fumo-
nisins are also directly related to human esophageal cancer and
defects in neural tube formation in fetuses (Doi and Uetsuka, 2011;
V€olkel et al., 2011; Jackson and Jablonski, 2004; Ueno, 2000).

The identification of Fusarium species is important for epide-
miological purposes andmay become absolutely necessary because
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corn kernels infected by Fusarium are often asymptomatic and the
levels mycotoxin may vary from very low to very high, depending
upon the contaminant species (Munkvold, 2003). Therefore, the
prompt detection and correct identification of Fusarium species in
corn grains is important to monitor and prevent ear rot disease and
the input of mycotoxins in the food chain (Jackson and Jablonski,
2004). The morphological identification of Fusarium species may
not be sufficient for reliable identification of species (Madania et al.,
2013; Rahjoo et al., 2008). DNA sequence-based molecular tools are
increasingly used to enable accurate Fusarium species determina-
tion (Balajee et al., 2009;Wang et al., 2011). For example, AFLP, TEF-
1a partial gene sequencing and PCR based on MAT alleles and real
time RT-PCR technique based on FUM1 and FUM19 genes were
used for identifying Fusarium species and to estimate production
levels of fumonisins B1 and B2 in one Brazilian corn hybrid planted
in four localities (Rocha et al., 2011). However, these approaches are
costly, time-consuming and not readily available in all laboratories
(Wang et al., 2011). Thus, the analysis of rRNA genes and the use of
species-specific primers for species identification are more
frequently used (Covarelli et al., 2012; Mul�e et al., 2004; Rahjoo
et al., 2008).

In the present study, morphological characters and PCR with
species-specific primers were used for rapid identification of
Fusarium species from section Liseola associated with corn grains
isolated from thirteen Brazilian hybrids planted in the fifteenmajor
maize production regions, and a low cost immunoaffinity chro-
matography was used to characterize the potential for total fumo-
nisin production of these Fusarium spp.

2. Materials and methods

This study was performed in the Plant Pathology laboratory at
the National Maize and Sorghum Research Center e CNPMS e

EMBRAPA, Sete Lagoas e MG, Brazil. The identification of the
Fusarium species consisted of morphological characterization and
molecular confirmation of species.

Two corn cobs with both asymptomatic and symptomatic ker-
nels (radial streaks, centered on the stylar canal or kernel rot,
typical of Fusarium infection) were collected from each of the 15
major corn producing regions in Brazil. These regions are charac-
terized by a great diversity of climatic conditions (Fig. 1).

In the laboratory, the cobs were thrashed; homogenized and
200 grains per sample were randomly selected to perform the
Blotter test. The grains were surface desinfested by immersion in 2%
sodium hypochlorite for five minutes and then washed twice with
sterile distilled water. Afterward, each grain sample was equally
distributed in eight germination boxes containing a filter paper
moistened with 5% agar-water (w/v) according to Pinto et al.
(2007). The germination boxes were maintained at room temper-
ature under continuous light for 24 h to stimulate germination, and
then transferred to a freezer at�5 �C for a period of 24 h. Thereafter,
the germination boxes were incubated at 25 �C with 12 h photo-
period for 10 days. The morphological identification, based on
colony morphology (cottony white to pinkish mycelium and pres-
ence of microconidia) and quantification of the pathogens growing
on grains were made with the aid of a stereoscopic microscope and
a binocular microscope. Grains showing characteristic colonies of
Fusarium spp. were transferred to Petri dishes containing PDA
medium (potato dextrose agar) to obtain monoconidial cultures.
We obtained 230 single spore isolates of Fusarium, and each
monosporic culturewas categorized based on the date of collection,
corn genotype and geographic location of the sample. Pre-cultured
isolates in PDA medium were preserved by the addition of mineral
oil on the top of the culture and stored at 25 �C in the dark.

For morphological identification, all isolates were grown on PDA
and incubated at 25 �C with 12 h photoperiod for 14 days. The
macroscopic characteristics of the colony were analyzed with the
aid of a dissecting and a compound microscope. The morphology of
microconidia, macroconidia, conidiogenous cells (phialides) and
chlamydospores of each species were identified according to the
criteria proposed by Leslie et al. (2006).

For molecular identification, the isolates were cultured in PD
(potato dextrose) broth for 3 days on an orbital shaker at 90 rpm
under continuous fluorescent light. After this period the mycelium
was collected with the aid of sterile gauze and frozen in liquid ni-
trogen. Total DNA was extracted using the protocol described by
Murray and Thompson (1980). The species-specific primer pairs
VER1/VER2, PRO1/PRO2 and SUB1/SUB2, designed by Mul�e et al.
(2004), were used for F. verticillioides, F. proliferatum, and
F. subglutinans identification, respectively. PCR reactions were
performed separately for each set of primers containing 200 mM
TriseHCl (pH 8.4), 500 mM KCl, 1.5 mMMgCl2, 0.5 mM each primer,

Fig. 1. Brazilian corn planting areas sampled for Fusarium species in the present study (C) and Rocha et al. (2011) (:).
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