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ABSTRACT: The association of Fusarium sp. with agricultural seeds is a limiting factor for the uniform establishment of the
crop. The aim of this work was to identify six isolates of Fusarium at the species level, based on morphological and molecular
markers (TEF-1a and Btub); and to verify the pathogenicity of these isolates to the seeds of Crambe abyssinica (crambe). The
pathogenicity test was carried out through the contact of the seeds with the fungal culture for 48 hours, followed by sowing in sand.
The variables evaluated were: percentage of emergence at 30 days and damping off. The Fusarium species identified were F.
solani (FCal3, FCa/7.2 and FCa/10) and F. oxysporum (FCal4, FCa/2 and FCa/8). The FCa/3, FCa/4 and FCa/7.2 isolates were
pathogenic to crambe seedlings, causing reduction in the percentage of emergence and damping off.
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Fusarium solani e F. oxysporum: Agentes etioldgicos de damping off em crambe

RESUMO: A associa¢do de Fusarium sp. com sementes agricolas € um fator limitante para o estabelecimento uniforme da
cultura. Objetivou-se com este trabalho identificar seis isolados de Fusarium em nivel de espécie, com base em marcadores
morfologicos e moleculares (TEF-1a e Btub); e verificar a patogenicidade desses isolados a sementes de Crambe abyssinica
(crambe). O teste de patogenicidade foi realizado através do contato das sementes com a cultura fangica por 48 h, seguida de
semeadura em areia. As variaveis avaliadas foram: porcentagem de emergéncia aos 30 dias e tombamento de plantulas. As
espécies de Fusarium identificadas foram F. solani (FCa/3, FCa/7.2 e FCa/10) e F. oxysporum (FCal4, FCa/2 e FCal8), sendo
que os isolados FCa/3, FCa/4 e FCa/7.2 mostraram-se patogénicos ao crambe, causando reducdo no percentual de emergéncia
e tombamento de plantulas.

Palavras-chave: Btub; Crambe abyssinica; fungos; macroconidios; TEF-1a
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Introduction

Crambe (Crambe abyssinica Hochst. Ex R.E. Fries) has
potential for the production of biodiesel and may be an option
for crop rotation in practically all regions of Brazil (Pilau et al.,
2012). Belonging to the botanical family Brassicaceae, this
plant originates in the Mediterranean region (Souza et al.,
2009). It tolerates drought and low temperatures and easily
adapts to both tropical and subtropical regions (Reginato et
al., 2013). Crambe seeds contain between 26 and 38% of oil
and a high concentration of proteins (Masetto et al., 2013).

As in other agricultural crops, several diseases can
affect crambe, with the seeds being an efficient form of
dissemination of phytopathogens. In this sense, a complex
of soil and seed pathogens, whose occurrence can be
combined or isolated, can cause damping off of pre- or post-
emergence of seedlings (Chitarra et al., 2009), damaging the
establishment of crambe cultures in the field.

Among the etiological agents that can affect the crambe,
fungi of the genus Fusarium play an important role.
Represented by several species, these pathogens can cause
damping off, wilting, root rot, and diseases of the storage
organs (Bedendo, 2011), and their dissemination and
transmission can occur through seeds. Moers et al. (2012)
accompanying the development of crambe plants in west of
Parana, observed the incidence of damping off in the young
phase of the crop (50 days after sowing), and Fusarium sp.
was identified as a pathogen.

Considering the importance of the characterization of
Fusarium spp. related to damping off in crambe cultivation,
the use of morphological and molecular characters is
essential for species differentiation. Some morphological
characteristics can separate and group Fusarium isolates,
signaling possible differences and similarities at the genetic
level. The sequencing of regions such as TEF-1a (Lazarotto et
al., 2014) and Btub (Maciel et al., 2013) provides reliability
for the identification of complexes of Fusarium species.

In this context, the objective of the present study was: i)
to verify the pathogenicity of Fusarium spp. on crambe; ii)
to identify, through morphological markers, the isolates of
Fusarium spp. pathogenic to crambe; and iii) to characterize
the pathogenicisolates through TEF-1a and Btub sequences.

Material and Methods

Symptoms of collar rot were observed in the crambe
cv. 'FMT Brilhante’. Samples of symptomatic plants were
collected and fragments of the collar of these plants
were disinfested with 70% ethanol for 1 min, 1% sodium
hypochlorite for 1 min, and washed in sterile distilled water
three times. Posteriorly, the fragments were placed in
Gerbox boxes with sterilized and moistened filter paper and
subsequently incubated for 48 h at 25 + 2°C, under a 12 h
photoperiod, in a BOD incubator.

The stereoscopic and optical microscopes were used to
identify reproductive structures of Fusarium sp. The presence
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of the fungus was also observed in symptomatic seedlings
in a germination test conducted with crambe seeds of the
same cultivar. Six isolates of Fusarium sp. were obtained:
FCa/2, FCa/3, FCa/4, and FCa/7.2 from the root fragments,
and FCa/8 and FCa/10 from crambe seeds.

The pathogenicity of Fusarium isolates in crambe seeds
was determined by inoculating the seeds with the pathogens.
Initially, the seeds were sterilized with a solution of 70%
(v/v) alcohol for 30 s and then with a solution of sodium
hypochlorite (1% v/v) for 1 minute. They were subsequently
washed with sterile distilled water and dried on sterile filter
paper. After the incubation period of the fungus (seven
days at 25 * 2 °C with a photoperiod of 12 h light/dark),
inoculation was carried out by keeping the seeds in contact
with the fungal culture for 36 h at 25 + 2 °C and 12 h light/
dark photoperiod (when there was radicular protrusion on
the first seed). For the control, seeds were exposed only to
the Potato-Dextrose-Agar (PDA) medium under the same
conditions.

After inoculation, the test of emergence in sand was
performed, in which the seeds were placed in plastic boxes
(11 x 11 x 3.5 cm) containing sifted sand as a substrate; the
sand was sterilized by autoclaving for 2 h (with interval of 24
h) 1 atm and 120 °C. The material remained incubated in a
temperature-controlled room at 25 + 2 °C and with manual
irrigation where necessary. During the experiment, the
presence or absence of symptoms of damping off (pre- and
post-emergence) was recorded and, at 30 days after sowing
(DAS), seedling emergence was evaluated.

After the pathogenicity tests, only the isolates with
pathogenic potential were identified morphologically and
molecularly. To obtain pure cultures and for subsequent
identification, the structures of Fusarium sp. were removed
from the symptomatic tissues to PDA culture medium.
Monosporic cultures were obtained according to the
methodology of Leslie & Summerell (2006) and stored in the
mycological collection of the Laboratory of Plant Pathology,
Federal University of Santa Maria, Santa Maria, RS, Brazil.

For morphological characterization, sterilized leaf
fragments (~¥3-5 mm?) of carnation (Dianthus caryophyllus)
were infected with colonies of the pure isolates on 2% culture
medium agar (Nelson et al., 1983; Ventura, 1999; Maciel et
al., 2017) and incubated for 14 days at 25 + 2 °C under 12
h light/dark photoperiod, for scaling and photography of
reproductive structures. After this period, the microstructures
of the fungus were observed in a stereoscopic and optical
microscope and the species were identified according to
identification keys (Gerlach & Nirenberg, 1982; Nelson et al.,
1983; Leslie & Summerell, 2006).

For molecular characterization of the fungal isolates,
mycelium and spores were collected from the cultures
grown on potato-dextrose (PD) medium for 10 days at 25 +
2 °C under 12 h light/dark photoperiod. The DNA from the
pathogen was extracted following the Doyle & Doyle (1990)
protocol. In the polymerase chain reaction (PCR), we used
the primer pair EF1-T (ATGGGTAAGGARGACAAGAC) and EF1-
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1567R (ACHGTRCCRATACCACCRATCTT) (Rehner & Buckley,
2005); Btub-F 35 (AAGGGHCAYTAYACYGARGG) and Btub-R
(CATGTTGGACTCDGCCTC) (Developed by Instituto Bioldgico
- Sdo Paulo, SP).

The reaction totaled 25 pL, containing approximately
30 ug DNA, 10X buffer (10 mM Tris-HCI, pH 8,3; 50 mM KCl;
0,1% tween 10; 2,5 mM MgCl,), 2,5 uM dNTP mixer, 20 nM
MgCL, 25 nmol of each oligonucleotide primers (Biogen),
5 U Taqg DNA polymerase (Invitrogen™ Life Technologies),
and autoclaved MiliQ water to bring the solution up to
volume. The reactions were carried out in a thermal cycler
MJ Research, INC. PTC - 100MT, under the following cycling
conditions: 94 °C for 2 min, 30 cycles of denaturation at 94
°Cfor45s,55°Cfor30s,72°Cfor35s,and 72 °C for 10 min.
At the end of the reaction, the PCR products were stored
at 4 °C. A negative control, without DNA, was included in
the PCR amplifications. The PCR products obtained were
purified using polyethylene glycol 8000 (PEG 8000 — 13%).
In the sequencing reactions for the coding regions of TEF-
la and Btub, 1,100 bp and 900 bp fragments were used,
respectively.

The obtained sequences were compared to those of
Fusarium, available in the GenBank. The sequences from the
GenBank that showed the highest scores were selected and
aligned with the sequences of the amplified products by the
ClustalW algorithm (Thompson et al., 1994). Furthermore,
phylogenetic analysis was conducted, adopting the Neighbor-
joining method with 5,000 replicates in the MEGA program
version 6.0 (Tamura et al., 2013). The similarity of the
nucleotide sequences between the isolates was calculated

using the Basic Local Alignment Search Tool-BLAST (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). For the construction of the
dendrograms, the sequences of Fusarium spp., presented in
Tables 1 and 2, were used.

The trials were conducted in a completely randomized
design composed of six treatments (Fusarium sp. isolates)
distributed in four replicates each; each repetition consisted
of one plastic box containing 25 seeds. Comparison on
means was performed by Tukey’s test at 5% probability using
the software package SISVAR 5.0 (Ferreira, 2010).

Results and Discussion

The isolates FCa/3, FCa/4, and FCa/7.2 were pathogenic
to crambe, reducing the seed germination percentage and
causing pre- and post-emergence damping off (Figure 1). The
effects were significantly different from those in the control
(Table 3).

Mendonga et al. (2012) identified Fusarium, Penicillium,
Alternaria, Aspergillus, Cladosporium, and Curvularia,
associated with crambe seeds, through the sanity test in
BDA culture medium. Yet in this culture, Cruz et al. (2013)
verified the presence of the genera Cladosporium, Fusarium,
Penicillium, and Alternaria in seeds through the blotter test.

Moers et al. (2012) identified Fusarium sp. as the
etiological agent of damping off in crambe in the western
region of Parand. Pathogens that cause these diseases are
aggressive and unspecific; in contact with host tissue, they
release enzymes capable of destroying plant tissue and
lead to seedling to death in a short time (Bedendo, 2011).

Table 1. Access codes on GenBank for Fusarium spp. (TEF-1a region) used in this study.

China Fusarium solani FS-01403 KI572787 Guan & Gao (2014a)
Spain Fusarium solani2205 | HQ731053 Jimenez-Fernandes et al, (2011)
China Fusarium solaniYQC-C4 KF939495 Cong & Yang (2013)
United States of America Fusarium solani NRRL 52798 JF740866 O’Donnell et al. (2012)
United States of America Fusarium solaniNRRL 52778 JF740846 O’Donnell et al. (2012)
China Fusarium oxysporum FO— 02911 KJ127285 Guan & Gao (2014b)
China Fusarium oxysporum FSY — 0935 1Q965456 Zhang & Gao (2012a)
China Fusarium oxysporum FXM — 0830 JQ965439 Zhang & Gao (2012b)
China Fusarium oxysporum F0418 JQ965441 Zhang & Gao (2012c)
India Fusarium oxysporum NRRL 32158 FJ538245 Gurjar et al. (2009)
Poland Fusarium equiseti KF1017 JF966252 Stepien et al. (2012)

Table 2. Access codes on GenBank for Fusarium spp. (B-tubulin region) used in this study.

South Korea Fusarium solani MAFF 7445

Argentina Fusarium solaniMR386
Argentina Fusarium solani MR140
South Africa Fusarium solaniFCC3782
Japan Fusarium solaniNRBC8505
China Fusarium oxysporum FFS0814
Colombia Fusarium oxysporum Pil5a
Malaysia Fusarium oxysporum DEB5
Malaysia Fusarium oxysporum DE3
Malaysia Fusarium oxysporum DEB27
China Fusarium acuminatum FA-02622

DQ092481 Lee & Min (2005)
GQ121903 Casasnovas et al. (2009a)
GQ121892 Casasnovas et al. (2009b)
DQ220245 Bogale et al. (2005)
AB674261 Watanabe et al. (2011)
JQ965464 Zhang & Gao (2012d)
JX465152 Rodriguez et al. (2012)
KF918544 Wafa & Latiffah (2013a)
KJ001537 Wafa & Latiffah (2013b)
KJ001541 Wafa & Latiffah (2013c)
KJ572784 Wang et al. (2016)
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Figure 1. Fusarium spp. vs. Crambe abyssinica: installation
of the sand pathogenicity test (A); symptoms in post-
emergence seedlings (B and D); and pathogen recovery on
filter paper (C).

Table 3. Total emergence of crambe seedlings, cv. 'FMS
Brilhante', at 30 days after sowing (DAS) and pre and post-
emergence damping off in seeds inoculated with Fusarium
spp. through the method of direct contact with the fungal
culture.

FCa/2 84 ab! 5ns 11 ab**
FCa/3 71 ab 12 17 ab
FCa/4 60 b 21 19a
FCa/7.2 62 b 26 12 ab
FCa/8 87 ab 7 6 bc
FCa/10 87 ab 2 11 ab
Control 90a 10 Oc

!Means followed by the same letter in the column do not differ statistically from each
other, by the Tukey test at 5% probability. ™ not significant.

The genus Fusarium is associated with vascular wilt in
other species of the Brassicaceae family, with F. oxysporum
being identified in Argentina (Gaetan, 2005) and causing
productivity losses in canola.

The moisture and temperature conditions used in
the seedling emergence test favor the development of
phytopathogens that are seed external or internal. Two isolates
obtained from seeds (FCa/8 and FCa/10) had no pathogenic
potential, with high values of seedling emergence (87%).

Based on the morphological characteristics, the isolates
FCa/3 and FCa/7.2 were allocated in the Martiella section,
while the isolate FCa/4 was classified in the Elegans section.
These sections are differentiated through the morphological
characteristics of the species (Gerlach & Nirenberg, 1982;
Nelson et al., 1983) and provide guidance during the
process of morphological identification. The isolates FCa/3
and FCa/7.2 as well as FCa/4 were identified as Fusarium
solani and Fusarium oxysporum, respectively. However, the
confirmation of species became possible with molecular
identification through the sequencing of TEF-1la and Btub
regions (Figures 2 and 3).

Regarding the morphological characterization of
Fusarium sp., in the isolates FCa/3 and FCa/7.2, characterized
as F. solani, the macroconidia formed in sporodochia could
be observed in FCA medium, being relatively short and thin
and with the number of septa varying between 3 and 4. The
shape of the apical cell is rounded, while the basal cell is
pedicellate, with a notched or rounded end. In this species,
microconidia are abundant, organized in "false heads", with a
shape varying between oval, reniform, ellipsoid, or fusiform.
Chlamydospores were abundant and may be intercalated in
the hyphae or their lateral branches (Leslie & Summerell,
2006).

@ FCa/7.2-EF
@ FCa/10-EF
638 | @ FCa/3-EF
Fusarium solani (KJ572787)
60| Fusarium solani JF740866)
100 ||! Fusarium solani (KF939495)

| Fusarium solani (HQ731053)
Fusarium solani (JF'740846)
| 91| @ FCa/4-EF
0] L @ FCas-EF
@ FCa/2-EF
| Fusarium oxysporum (JOQ965441)

100 Fusarium oxysporum (JQ965439)

Fusarium oxysporum (KJ127285)
Fusarium oxysporum (JQ965456)
Fusarium oxysporum (FJ538245 )
Fusarium equiseti (JI'966252)

0.02
Figure 2. Phylogenetic dendrogram based on the Neighbor-

Joining method derived from the sequences of the TEF-1a
region, based on 5000 bootstrap replicates of the isolates
FCa/7.2, FCa/10, FCa/3 (Fusarium solani); and FCa/2, FCa/4
and FCa/8 (Fusarium oxysporum) and sequences obtained in
GenBank from different Fusarium spp.

Table 4. Morphological characteristics of the isolates (1) of Fusarium sp. pathogenic to crambe, obtained from symptomatic plants.

FCa/3 63,89 9,13 39,57 5,68
FCa/4 75,61 10,80 30,44 5,32
FCa/7.2 72,11 10,30 43,72 5,49

3 Orange cream white +
lou3 Dark purple white +
3o0u4d Light cream white +

* Maximum Petri dish size: 80 mm; D (mm): colony diameter at seventh day; ** MGR (mm/ day): Micelial Growth Rate, calculated from the colony diameter at the end of the
evaluation / day of the last evaluation; " L (um): length; ™ W (um): width; * Potato-Dextrose-Agar culture medium; 2Carnation leaf-Agar culture medium; ® Presence (+) and absence (-).
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65 | Fusarium solani (DQ220245)
Fusarium solani (AB674261)
Fusarium solani (DQ092481)
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@ FCa/3-Btub
91 - @ FCa/7.2-Btub
Fusarium solani (GQ121903)
Fusarium solani (GQ121892)
65 | Fusarium oxysporum (JQ965464)
ﬁ Fusarium oxysporum (JX465152)
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27|
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Fusarium oxysporum (KJ001537)
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Figure 3. Phylogenetic dendrogram based on the Neighbor-
Joining method derived from the sequences of the Btub
region, based on 5000 bootstrap replicates of the isolates
FCa/7.2, FCa/10, FCa/3 (Fusarium solani); and FCa/2, FCa/4
and FCa/8 (Fusarium oxysporum) and sequences obtained in
GenBank from different Fusarium spp.

The pigmentation of the colony in PDA medium varied
between orange cream (FCa/3) and light cream (FCa/7.2),
with a whitish aerial mycelium for both. After seven days of
incubation, final colony size was 6.38 and 7.21 cm for the
isolates FCa/3 and FCa/7.2, respectively. Pathogenic F. solani
isolates submitted to the same conditions of temperature and
luminosity showed an average growth of 6.78 cm after seven
days of incubation in PDA medium (Silva & Teixeira, 2012).

For the FCa/4 isolate (F. oxysporum), macroconidia were
short (30.44 x 5.32 um), with a pedicellate basal cell. The
apical cell was short and hook-shaped. The pigmentation in
PDA culture medium corresponded to dark purple, with a
mean colony size of 7.56 cm after seven days of incubation.
Gupta et al. (2010) reported that Fusarium oxysporum f.sp.
psidii and Fusarium solani showed a maximum size of 7.25
cm at a temperature of 28 °C after seven days of incubation.

Through amplification, sequencing, and comparison with
other sequences of the TEF-1a and Btub regions available in
GenBank, phylogenetic dendrograms were constructed for
Fusarium sp. (Figures 2 and 3).

The isolates FCa/7.2, FCa/10, and FCa/3 were allocated
with proximity to Fusarium solani, while FCa/4, FCa/8, and
FCa/2 are compatible with F. oxysporum, independently
of the sequenced region. These results corroborate with
the morphological characterization carried out for isolates
pathogenic to crambe.

The molecular markers ITS and TEF-1a are considered fast
and efficient tools for the discrimination and identification
of Fusarium spp. (Arif et al.,, 2012). Walker et al. (2016)
concluded the identification of Fusarium acuminatum and
F. verticillioides, pathogenic to Cordia americana, based on
these regions. Maciel et al. (2017) also used these tools to
characterize isolates of Fusarium sp., pathogenic to Pinus
elliottii. Thus, markers based on the TEF-1 a and Btub
regions enable fast and accurate characterization of fungi
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of the genus Fusarium, complementing the identification of
species based on morphological characters.

Conclusions

The isolates of Fusarium spp. identified from crambe
seedlings with damping off symptoms, based on
morphological and molecular characteristics, are compatible
with Fusarium solani (FCa/3, FCa/7.2, and FCa/10) and F.
oxysporum (FCa/4, FCa/2, and FCa/8).

The isolates FCa/3, FCa/4, and FCa/7.2 are pathogenic
to Crambe abyssinica, causing a reduction in seedling
emergence.
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