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ABSTRACT: The strawberry crop (Fragaria x ananassa Duch.) originated in Europe and has a wide geographical distribution. In
Brazil, cultivation is predominant in the southern regions of the country. Foliar diseases are one of the main problems of the crop and
are caused by fungal species of different genera. Recently, Cercospora spp. has been reported as a causal agent of cercosporiosis
on strawberry leaves. Thus, the objective of this study was to evaluate the pathogenicity and to morphophysiologically and
molecularly characterize isolates of Cercospora spp. obtained from strawberry leaves. Pathogenicity was evaluated on detached
leaves, morphophysiological characterization on different culture media, and molecular identification by the actin and elongation
factor1-alpha regions. The morphological characteristics were similar to those found in species of the genus Cercospora.
Cercosporiosis in strawberry is caused by a complex of species of the genus Cercospora, among them C. kikuchii.
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Caracterizagao morfofisiolégica e molecular
de Cercospora spp. em Fragaria x ananassa Duch.

RESUMO: A cultura do morangueiro (Fragaria x ananassa Duch.) é originaria da Europa e apresenta ampla distribuicdo
geografica. No Brasil, o cultivo é predominante nas regies sul do pais. As doencas foliares sdo um dos principais problemas
da cultura e sdo causadas por espécies de fungos de diferentes géneros. Recentemente, Cercospora spp. foi relatado como
agente causal de cercosporiose em folhas de morangueiro. Dessa forma, o objetivo deste estudo foi avaliar a patogenicidade e
caracterizar morfofisioldgica e molecularmente isolados de Cercospora spp. obtidos de folhas de morangueiro. A patogenicidade
foi avaliada em folhas destacadas, a caracterizagdo morfofisioldgica em diferentes meios de culturas e a identificagdo molecular
pelas regides actina e fator de elongagao1-alfa. As caracteristicas morfologicas foram semelhantes as encontradas em espécies
do género Cercospora. A cercosporiose em morangueiro € causada por um complexo de espécies do género Cercospora, entre
essas C. kikuchii.
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Morphophysiological and molecular characterization of Cercospora spp. in Fragaria x ananassa Duch.

Introduction

Strawberry (Fragaria x ananassa Duch.) is cultivated on
all continents. The area planted to this fruit worldwide is
estimated to be 384,668 hectares (ha) (FAOSTAT, 2020). Brazil
has favorable climatic conditions for the development of
strawberry because it has subtropical climate regions, which
provides a good adaptation of the different cultivars available
on the market (Rosa et al., 2013).

In Brazil, the area planted with strawberry is approximately
5,200 ha, with a production of over 200,000 tons (Antunes
et al., 2021). This production is predominantly in small
family-based areas, with the participation of available labor
supplemented by occasional contracts in periods of greater
demand (Madail, 2016).

The productivity and quality of strawberries are influenced
by different factors. These can be of abiotic or biotic origin,
and among the biotic factors are the pathogenic fungi, causal
agents of different diseases that affect the strawberry crop.
Foliar diseases are one of the main problems of the crop and
are caused by fungal species of different genera. Recently,
Krahn et al. (2022) reported the occurrence of a new leaf spot
in the strawberry crop, called cercosporiosis, caused by the
fungus Cercospora cf. malloti.

The symptoms of cercosporiosis in strawberry are observed
on the leaves during the entire cycle of the crop, especially
during the reproductive period. The leaves present circular
spots with an initial reddish-purple to dark brown coloration,
which later increase in size, presenting the center of the lesion
with a whitish coloration (Krahn et al., 2022).

Thus, the objective of this study was to evaluate the
pathogenicity and to morphophysiologically and molecularly
characterize isolates of Cercospora spp. obtained from
strawberry leaves.

Materials and Methods

Obtaining isolates of Cercospora spp.

Leaves with characteristic symptoms of cercosporiosis
were collected between the months of April and October 2019,
in strawberry producing properties in several municipalities of
Rio Grande do Sul state, Brazil, and in the municipality of Sao
Jodo do Oeste, Santa Catarina state, Brazil.

The collected leaves were stored in plastic bags under
refrigeration and sent to the Laboratério de Fitopatologia
Elocy Minussi, at the Universidade Federal de Santa Maria,
to perform the identification and isolation of the pathogen.
Thus, direct isolation was performed by transferring part
of the fungal structures from the leaf lesion to Petri plates
containing PDA culture medium (potato - dextrose - agar) and
0.05 mg of streptomycin 100mL™* of medium, and then the
plates were placed in an incubator with a 12 hour photoperiod
and temperature of 25 + 2 °C for 15 days. After identification
and isolation of the pathogen, monospore cultures were
performed to obtain purified isolates (Fernandes, 1993). From
the collections 13 isolates were obtained, as shown in Table 1.
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Table 1. Isolates of Cercospora spp. from strawberry (Fragaria
x ananassa Duch.) crops in different municipalities of Rio
Grande do Sul and Santa Catarina states, Brazil.

Morphophysiological characterization

To evaluate morphological characteristics such as colony
coloration, size and number of conidial septa, and the final
colony diameter (FCD) and sporulation of all isolates, PDA
medium discs with 6 mm diameter of Cercospora spp.
isolates, obtained from colonies with 15 days of growth, were
transferred to other plates with PDA medium and kept at 25
+ 2 °C, with 12 hours of photoperiod, in a climate-controlled
incubator, for a period of 15 days. For this, five repetitions
were used, each consisting of one plate. The mycelial growth
of each isolate was evaluated at 15 days of incubation by
measuring the average colony diameter in two diametrically
opposite directions. Next, colony staining was determined by
observation and comparison of the top surface of the Petri
dishes, aided by the Munsell color chart (Munsell Color, 2009).

The sporulation was evaluated at 20 days of incubation,
15 days with temperature at 25 + 2 °C and photoperiod of 12
hours, and the other days with continuous ultraviolet light.
For each isolate, the length and width of 10 conidia, as well as
the number of septa were measured with the aid of an optical
microscope, with micrometer attached, at 40x magnification.

For the evaluation of physiological characteristics, such
as mycelial growth and sporulation, two pathogen isolates
were grown on different media. Discs of PDA medium, 6 mm
in diameter containing mycelium of Cercospora spp. obtained
from colonies with 15 days of growth were transferred to
plates containing the malt culture medium (malt extract,
agar and distilled water), carrot medium (CAR: carrot extract,
agar and distilled water) and vegetable juice medium (V8:
commercial V8 juice, CaCO,, agar and distilled water). The
plates with the isolates were kept at 25 * 2 °C, with 12 hours
of photoperiod, in a climate-controlled incubator, for a period
of 15 days for the evaluation of FCD.

The sporulation was evaluated at 20 days of incubation,
15 days with temperature at 25 + 2 °C and photoperiod of 12
hours, and the other days with continuous ultraviolet light.
On each plate, 10 mL of sterile distilled water was added,
plus one drop of the emulsifier Tween 80®, after which the
colonies were scraped off and sieved through a double layer
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of gauze. The suspension was stirred for 30 seconds and, with
the help of a micropipette, 1 mL was removed and spread
in the Neubauer chamber for the subsequent estimation of
conidia concentration (conidia mL?). Data were subjected to
analysis of variance and means were compared by Scott-Knott
test using SISVAR 5.3 software (Ferreira, 2019).

Molecular characterization

DNA extraction and sequencing of the isolates was
performed at the Instituto Bioldgico de Sdo Paulo, according
to the method described by Doyle & Doyle (1987) from
mycelium grown in culture medium. The extracted genomic
DNA sample was submitted to polymerase chain reaction
(PCR) for amplification of the internal transcribed spacer (ITS)
region of the rDNA and segments of calmodulin, elongation
factor 1-alpha, and actin genes. The primer oligonucleotides
for the ITS region were SR6R and LR1 (Muniz et al., 2010), for
the calmodulin gene were CAL-228F and CAL-737R, for the
elongation factor gene were EF1-728F and EF1-986R, and for
the actin gene were ACT-512F and ACT-783R (Carbone & Kohn
1999). The sequenced fragments were analyzed using BioEdit
software (Hall, 1999). The nucleotide sequences obtained
were compared with those already existing for Cercospora
spp. in GenBank using the Basic Local Alignment Search
Tool (BLAST). The sequences from GenBank that presented
the highest scores were selected and aligned with those
from the isolates, by the ClustalW algorithm, in addition,
the phylogenetic analysis was conducted by adopting the
Maximum Likelihood method, by the Kimura 2-parameter
model, with 1,000 replicates by MEGA version 10 software
(Kumar et al., 2018).

Pathogenicity test

For the pathogenicity test, detached leaves of strawberry
cv. Camarosa and six isolates of Cercospora spp. were used
(Rosa & Menezes, 2001). The asepsis of the leaves was done by

immersion in a 70% alcohol solution for 30 seconds, followed
by immersion in 0.5% sodium hypochlorite for 30 seconds,
and finally rinsed in sterilized distilled water for another 30
seconds and dried in a laminar flow chamber. After asepsis,
the leaves were placed in “gerbox” boxes, with two sheets of
“germitest” paper moistened with sterilized distilled water.

The experimental design used was entirely randomized,
with three repetitions consisting of two leaves. Each leaf
received nine discs of PDA medium containing the mycelium of
the fungus from 20-day-old colonies. Wounds were made on
the leaves using a histological needle. After inoculations, the
boxes were closed and stored in a climate controlled chamber
at 25 + 2 °C and a 12 hour photoperiod for 14 days. The
evaluation took place on the fourteenth day post-inoculation.
The inoculated site was measured orthogonally to obtain the
diameter of the lesions (mm) and considered infected when
the necrotic spots were significantly larger than the control.
The leaves of the control treatment were wounded with
a histological needle and PDA discs without the pathogen
were added. The incidence of infection was calculated by the
formula [Incidence (%) = (infected sites / inoculated sites) x
100] (Poletto, 2022).

Results and Discussion

Morphological characterization

The 13 isolates of Cercospora spp. were characterized
for daily mycelial growth and then the final colony diameter
(FCD) and daily mycelial growth rate (MGR) were determined,
as well as sporulation and conidia size. The isolates were
registered in the Sisgen by the number: A57AE19.

Table 2 shows the means of the analyzed variables and,
by the mean comparison test, it can be seen that there was a
statistical difference between the isolates. Statistical analysis
allowed the isolates to be grouped into four groups for the
FCD and MGR variables, while for sporulation, three.

Table 2. Morphological characters of Cercospora spp. isolates on PDA culture medium.

* Averages followed by the same letter in the column do not differ statistically by the Scott-Knott test (p > 0.05%); CV - coefficient of variation; FCD - final colony diameter; MGR -

mycelial growth rate.

Rev. Bras. Cienc. Agrar., Recife, v.17, n.4, 2745, 2022
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The group with the highest mean FCD scores was composed
of Cercospora isolates M1, M7, and M11, and the group with
the lowest average was M6 alone. Consequently, the TCM was
also proportional to these isolates, with values of 3.56, 3.49,
and 3.76 mm day?, for M1, M7, and M11, respectively, and
the lowest was 2.44 mm day for isolate M6 (Table 2).

The isolates M3, M4, M5, M10, M11, M12, and M13
formed the group with the highest sporulation, in which, the
isolate M4 stood out (1.9 x 10° conidia mL?). The isolate M6
alone showed the lowest sporulation: 2.1 x 10* conidia mL?,
while the other isolates showed intermediate sporulation.
Also in Table 2, the variables conidia width, length, and
number of septa showed variation among the isolates. In
addition to these evaluated characteristics, the presence of
conidiophores was observed (Figure 1A).

In general, the isolates had slow growth with formation
of aerial mycelium, pinkish in color, and, as the colony aged,
they showed grayish color. Li et al. (2021), also observed
isolates of Cercospora cf. citrulina with slow growth, however,
the mycelium coloration was white to gray. Although, it is a
characteristic of the genus Cercospora, Pittner et al. (2016),
studying the development of Cercospora beticola reported a
more accelerated mycelial growth of the colony, as in seven
days the final colony diameter ranged from 30.75 to 46.50
mm. The differences in morphological and physiological
characters found in the present study may be related to the
conditions of the culture medium, as well as related to the
natural variability of populations of the genus Cercospora.

The conidia were hyaline, monoseptate to multiseptate
with various shapes, ranging from filiform, straight to slightly
curved. The average size of the conidia was distinct among
the isolates, as was the number of septa. For the isolate M6
it was 4.1 x 10.7 um and an average of 3.6 septa. M11 in turn
showed larger conidia, 13.3 x 84.4 um and an average number
of 16.6 septa. These characteristics are consistent with fungi
of the genus Cercospora. Andrade (2016), reports that he
found a wide variation in the size of Cercospora spp. conidia

Figure 1. Conidiophores of Cercospora spp. on PDA medium
(A), conidia and conidiophores (B), and different conidium
sizes (C). Bar: 10 um.

Rev. Bras. Cienc. Agrar., Recife, v.17, n.4, 2745, 2022

on cucurbits, with width measurements 4 to 8 um and length
ranging from 40 to 216 um. The number of septa found in the
author study ranged from 3 to 20 and varied in shape. Similar
results were also found by Queiroz et al. (2020), in conidia of
C. apii that were 2.5 to 4 um width and 92 to 210 um length.

After morphological characterization, the data related to
mycelial growth (FCD, MGR) and sporulation (conidia size:
width and length, number of septa, and sporulation) were
submitted to the UPGMA (Unweighted Pair Group Method
with Arithmetic Average) grouping method, and through
the generated dendrogram, the isolates were grouped into
three groups by the similarity between the averages of the
characters, based on these, molecular identification and the
pathogenicity test of two isolates per group were performed
(Table 3).

Table 3. Groups of Cercospora spp. isolates obtained from
strawberry leaves, based on the UPGMA (Unweighted Pair
Group Method with Arithmetic Average) grouping method.

* |solates used for pathogenicity testing and molecularly identified.

Pathogenicity test

Isolates M2, M6, M7, M8, M11, and M13 of Cercospora spp.
were pathogenic to strawberry (Fragaria x ananassa Duch.)
leaves. The first symptoms observed were small circular spots,
initially light brown in color with a yellowish halo (Figure 2C).
At the end of the test, the leaves had brown to purple spots
and cream to whitish-colored lesion centers (Figure 2D), with
an average lesion diameter ranging from 2.52 to 3.08 mm
among isolates. The incidence of the disease was 100%, since
all inoculated sites had a lesion. Leaves that were inoculated
with culture medium alone showed no symptom:s.

Chai et al. (2021) observed similar symptoms on leaves
of Abelmoschus esculentus when infected by Cercospora cf.

Figure 2. Witness with discs of culture medium without the
pathogen (A), isolate M6 on strawberry leaves (B), lesions
after 15 days of incubation with isolate M6 (C), and lesion
caused by Cercospora spp. (D).
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flagerallis. These symptoms are characteristic of the genus
Cercospora, due to the ability of some species to produce
a metabolite called cercosporin, which is toxic to plants
and responsible for the purple coloration of leaves (Santos,

isolates and therefore will not be presented. Figures 3 and 4
represent the phylogenetic trees obtained by aligning isolates
M2, M6, M7, M8, M11, and M13 with the actin (ACT) region
(Figure 3) and elongation factor 1-alpha (Tef-1) (Figure 4)

2015).

Molecular characterization
The ITS (internal transcribed spacer) regions of rDNA and
the partial calmodulin gene (CAL) were inconclusive for all

sequences of Cercospora isolates from the GenBank database.

Only isolates M2 and M6 were identified as C. kikuchii, as
they were allocated in a distinct clade with C. kikuchii isolates
with bootstrap support value of 96% for ACT region and 84%
for Tef-1. For the ACT and Tef-1 region, isolates M7, M8, M11,

The numbers on the branches indicate the percentage of bootstrap analysis replicates in which the replicates were observed (1,000 replicates).

Figure 3. Phylogenetic tree obtained from the actin gene sequence (ACT) of isolates of Cercospora spp. associated with
strawberry (Fragaria x ananassa Duch.) leaves, showing the phylogenetic relationships among species according to the
Maximum Likelihood statistical method, with the Kimura 2-parameter model.

Rev. Bras. Cienc. Agrar., Recife, v.17, n.4, 2745, 2022
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Figure 4. Phylogenetic tree obtained from the sequence of the elongation factor 1-alpha gene of isolates of Cercospora spp.
associated with strawberry (Fragaria x ananassa Duch.) leaves, showing the phylogenetic relationships among species according
to the Maximum Likelihood statistical method, with the Kimura 2-parameter model.

and M13 were grouped into clades with species sequences of
C. cf. flagerallis, C. cf. brunkii and C. armoraciae, C. zebrina,
C. nicotianae, and Cercospora sp. species identification was
inconclusive. However, it can be said that they belong to the
genus Cercospora.

C. kikuchii is known as the causal agent of Cercospora leaf
spot on leaves and purple spot on soybean (Glycine max)
seeds. Recent studies have confirmed that these diseases

Rev. Bras. Cienc. Agrar., Recife, v.17, n.4, 2745, 2022

are caused by a complex of different Cercospora species,
including: C. kikuchii, C. cf. flagellaris, C. cf. sigesbeckiae, and
C. nicotianae (Soares et al., 2015; Albu et al., 2016). Therefore,
isolates with inconclusive identification may form a complex
of species that cause cercosporiosis on strawberry.

Table 4 shows the accession codes of Cercospora spp.
isolates deposited in Genbank for the actin and elongation
factor 1-alpha regions.
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Table 4. Genbank accession codes of Cercospora spp. isolates
for the actin (ACT) and elongation factor 1-alpha (Tef-1) regions.

Morphophysiological characterization

For morphophysiological characterization on different
culture media, isolates M6 and M11 were selected, due to
their distinct characteristics, such as FCD, sporulation, and
conidia size on PDA medium.

On the different culture media tested, the isolates
showed distinct behaviors regarding FCD, sporulation, and
the production of cercosporin. However, the V8 juice medium
provided the best development conditions for M6 and M11,
getting a FCD of 47.39 and 56.03 mm, respectively. As for
sporulation it was 1.12 x 10° conidia mL? for M6 and 5.06 x
10* conidia mL! for M1 (Table 5).

Production of cercosporin was observed in both isolates
of Cercospora spp. with the V8 medium providing the highest
production of the toxin (Figure 5). This may be related to the
composition of the medium, which is rich in micronutrients,
and also to the ability of each isolate to metabolize the toxin,
since not all Cercospora species produce the toxin (Swiderska
etal., 2020).

The V8 juice medium is a rich carbohydrate medium,
because its composition includes different types of vegetables

Figure 5. Production of cercosporin in V8 culture medium.
Colony of isolate M6 (C. kikuchii) on V8 culture medium (A),
and colony of isolate M11 (Cercospora spp.) on V8 culture
medium (B).

rich in sugars. Thus, it is considered a medium that provides
good mycelial growth and sporulation of different species of
the genus Cercospora (Hanada et al., 2002; Beckman & Payne,
1983). Ramirez et al. (2019) in a recent study, evaluating
the sporulation of cercosporoid fungi with different culture
media, reported that media composed with V8 juice provided
the best conditions for sporulation of isolates of Cercospora
sp. and Pseudocercospora fumosa, corroborating with the
results obtained in the present study. Therefore, the culture
medium with vegetable juice can be used for the development
of new studies involving Cercospora isolates, as it provided
the best conditions for growth, sporulation, and cercosporin
production.

Conclusions

The isolates were pathogenic to Fragaria x ananassa
Duch. cv. Camarosa. Morphologically, on PDA medium, the
colonies showed slow growth with aerial mycelium of pinkish
to grayish color.

The morphological characteristics are similar to those
described for the identification of cercosporid fungi, which
was confirmed by molecular characterization.

Cercospora in strawberry is caused by a complex of species
of the genus Cercospora, among them C. kikuchii.

The culture medium with vegetable juice provided the best
condition for growth, sporulation, and cercosporin production
of Cercospora sp. isolates.
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