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Reduced sensitivity to azoxystrobin is stable in Monilinia fructicola isolates

Isabela Vescove Primiano!*, Juan Pablo Edwards Molina!, Louise Larissa May De Mio?, Natalia Aparecida Peres3, Lilian Amorim!

"University of Sao Paulo/ESALQ - Dept. of Plant Pathology
and Nematology, Av. Padua Dias, 11 - 13418-900 -
Piracicaba, SP - Brazil.

2Federal University of Parana — Dept. of Crop Science, R. dos
Funcionarios, 1540 - 80035-050 - Curitiba, PR - Brazil.
3University of Florida/Institute of Food and Agricultural
Sciences — Gulf Coast Research and Education Center —
14625 CR 672 - 33598 - Wimauma, FL — USA.
*Corresponding author <isabela.primiano@usp.br>

Edited by: Emerson Medeiros Del Ponte

Received December 02, 2015

ABSTRACT: A shift towards declining azoxystrobin sensitivity has been previously documented
in a collection of Brazilian Monilinia fructicola isolates, but information on the stability of this
trait after in vitro sub-culturing is not available. In this study, one highly-sensitive isolate and two
isolates with reduced sensitivity to azoxystrobin, not exhibiting point mutations at codons 129,
137 and 143 in the target gene of cytochrome b were used. Two independent experiments con-
sisted of 10 weekly transfers of each strain in potato dextrose agar (PDA). Conidial production
and germination were quantified in the initial culture and, again, after the third, sixth and tenth
transfer. Measures of mycelial growth were obtained in colonies growing on PDA amended with
azoxystrobin at 1 ug mL-! and salicylhydroxamic acid at 100 pg mL-!. Data were normalized to
mycelial growth rate after each of the 10 transfers. The colony diameter in the less sensitive
isolates was stable across the transfers in the PDA amended with the fungicide. The conidial
production and mycelial growth rate did not decrease in non-amended media either. Our results
suggest that the trait of reduced sensitivity to azoxystrobin is stable under no selection pressure
for azoxystrobin.
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Introduction

Monilinia fructicola is the main causal agent of
brown rot of peach in Brazil (Martins et al., 2005; May
De Mio et al., 2014). To manage the disease, Sao Paulo
State growers spray triazoles alternated with strobilurin
fungicides (Amiri et al., 2010; May De Mio et al., 2011).
The intensive use of these fungicides selects for resist-
ance to triazoles and reduced-sensitivity to azoxystrobin
in M. fructicola isolates (May De Mio et al., 2011). Resist-
ance instability has been reported for M. fructicola iso-
lates with reduced sensitivity to propiconazole without
a corresponding point mutation in the cytochrome P450
sterol 14a-demythylase gene (CYP5I1) (Cox et al., 2007).
The levels of sensitivity to propiconazole increased in
M. fructicola isolates after successive transfers in vitro
and under different storage procedures, such as glycerol,
filter paper, mineral oil and silica gel at low or ultra-
low temperatures (Cox et al., 2007; Zhu et al., 2012).
Two azoxystrobin-resistant M. fructicola isolates, without
point mutation in the target gene cytochrome b (cyt b),
were detected in China and exhibited similar behavior
with increased sensitivity to the fungicide after five
transfers. The EC,, values of the resistant isolates signifi-
cantly decreased from 19.6 and 9.1 pg mL-!, respective-
ly, to 0.56 pg mL-! for both isolates (Chen et al., 2014).

Information about the stability of reduced sensi-
tivity to azoxystrobin in M. fructicola is important for
both methodological and practical issues (Koller et al.,
1991). While a decreasing sensitivity in the population
could lead to increasing doses of fungicides, potential
loss of resistance upon continuous fungus transfer in
non-amended media should be considered in resistance
and fitness studies (Cox et al., 2007).
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This study aimed to investigate whether consec-
utive transfers affect selected fitness-related traits and
the stability of M. fructicola isolates that exhibit a re-
duced-sensitivity to azoxystrobin.

Materials and Methods

Two isolates (SP09-839 and SP08-345) with re-
duced-sensitivity to azoxystrobin and one highly sensitive
isolate (PR09-638) were stored for one year on sterile fil-
ter paper at 4 °C and cultured on PDA plates. The EC,,
for azoxystrobin, determined by the spore germination in
water agar with increasing concentrations of azoxystrob-
in (from 0.05 to 3.32 pg mL-!) plus salicylhydroxamic
acid (SHAM) were 1.38 and 1.54 pg mL~?, respectively
for SP09-839 and SP08-345 isolates. Isolates considered
sensitive to azoxystrobin were not able to grow at doses
equal or greater than 0.3 pg mL-' (May De Mio et al.,
2011) or 1 pg mL~! (Amiri et al., 2009). The reduced sensi-
tivity isolates exhibited conidial germination rates higher
than 50 % at the azoxystrobin-discriminatory dose of 1
pg mL-'and presented a group I intron 1166 bp down-
stream of codon 143 without a point mutation at codons
129, 137 and 143 in previous experiments. Five-millime-
ter plugs of SP09-839 and SP08-345 isolates were trans-
ferred to the center of 9 cm diameter PDA plates amend-
ed with 1 pg mL-! of azoxystrobin and 100 pg mL-" of
SHAM (Sigma-Aldrich, St. Louis). SHAM was dissolved
in 100 % methanol (Schnabel et al., 2003). After 15 days,
the reduced-sensitive isolates were transferred to azox-
ystrobin-free PDA media. Seven-day-old cultures of all
isolates were transferred 10 consecutive times at weekly
intervals to PDA and the mycelial diameter growth was
measured daily. Conidial production, conidial germina-
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tion and fungicide sensitivity (mycelial diameter in azox-
ystrobin-amended PDA) were assessed four times, at the
initial culture (T0), third (T3), sixth (T6) and tenth (T10-
last) transfers. Petri dishes were incubated at 22 °C in
the dark. To assess conidial production, a 5-mm mycelial
plug taken 1 cm away from the center of each dish was
collected and vortexed with 5 mL of distilled water and
1 % of tween for 30 s. The number of conidia was count-
ed three times for each tube using a hemocytometer. For
conidial germination, three 40 uL droplets from each co-
nidial suspension replicate were placed in a polystyrene
Petri dish. After incubating for 12 h at 22 °C in the dark,
conidial germination was stopped using lactoglycerol, and
the conidia were examined. The percentage of conidial
germination was evaluated by counting 100 conidia per
droplet, and the mean of three drops was considered a
single replicate. A conidium was considered germinated
when the germ tube was twice or more the length of the
conidium. To assess fungicide sensitivity, a 5-mm mycelial
plug from the colony periphery was placed at the center
of a Petri dish with PDA, 1 ng mL~! of azoxystrobin, and
100 pg mL-! of SHAM, and the mycelial diameters were
measured after incubating for 4 days in the dark at 22 °C.
The experiment was performed twice using a completely
randomized design with ten plates per isolate.

Homogeneity of variances was checked for each
variable with F-test for both experiments. After confirm-
ing there was no significance (p > 0.05) in the variance
ratios, all further analysis was performed with pooled
data. Arcsine-square root and square root transformations
were applied to conidia germination and conidia produc-
tion, respectively, for stabilizing variances. ANOVA was
conducted to test the significance of transfers, isolates
and their interaction for each variable. A t-test tested the
hypothesis that mycelial diameter in fungicide-amended
media did not differ between the initial culturing and af-
ter the last transfer. A linear regression model was fitted
to data in the original scale. All statistical analyses were
conducted using R software (version 3.2.1).

PR09-638

SP08-345

Results and Discussion

The isolate x transfer interaction was not signifi-
cant (p > 0.26) for all variables, meaning that differences
between isolates did not depend on the transfers. The
mycelial growth rate in PDA was not affected by trans-
fers, as the angular coefficients of the regressions were
not significant (p > 0.05) (Figure 1A-C). However, the
sensitive isolate (PR09-638, Figure 1A) exhibited a high-
er mycelial growth rate than reduced sensitivity isolates
(p < 0.001, Figure 1B and C).

Conidial germination did not differ between the
isolates (p > 0.05) but was affected by transfer (p < 0.01,
Figure 2A-C). On average, conidial germination declined
at a rate of 2 % during each transfer for the reduced
sensitivity and sensitive isolates. Although significant
(p < 0.01), this decline in conidial germination was not
of major impact as the minimum germination remained
above 50 % for the isolates, including the sensitive iso-
late (Figure 2A-C).

High variability in conidia production was ob-
served across transfers for all isolates. However, con-
sidering all transfers, similar average values for conid-
ia production were observed for all isolates (p = 0.17).
Conidial production did not differ between the two re-
duced sensitivity isolates and was not affected by trans-
fer (Figure 2D-F).

The level of sensitivity to azoxystrobin did not
change between the initial culture and after the 10%
transfer of M. fructicola isolates SP09-839 (p = 0.10)
and SP08-345 (p = 0.073, Figure 2G-I). The angular co-
efficient of the regression was not significant for SP08-
345; however, for the SP09-839 isolate a positive slope
between transfers and mycelial diameter was observed
(p = 0.013, Figure 2I).

An approach to estimating the stability of resist-
ance and fitness is the comparison of two data points:
the current situation (we call here "the initial culture”)
with the last transfer (Bardas et al., 2008; Chen et al.,
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Figure 1 — Mycelial daily growth rate on non-amended media of Monilinia fructicola sensitive (PR09-638, A) and reduced sensitivity isolates (SPO8-
345, B, and SP09-839, C) determined in all transfers. Bars represent the mean standard errors.
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Figure 2 — Conidial germination (A, B and C) and conidial production (D, E and F) on non-amended media, and mycelial diameter on amended
media with azoxystrobin at 1 yg mL-! and salicylhydroxamic acid at 100 pg mL-! (G, H and 1) in four evaluations (the initial culture - O -, the
third - 3 -, the sixth - 6 - and the last transfer - 10) of Monilinia fructicola PR09-638 (A, D, and G), SP08-345 (B, E, and H) and SP09-839 (C, F,

and |) isolates. Bars represent the mean standard errors.

2014; Karaoglanidis and Thanassoulopoulos, 2002;
Kim and Xiao, 2011; Vega and Dewdney, 2014}, but
additional data in different time point of transfers will
provide a better understanding of the process (Zhan
and McDonald, 2013). There is a high degree of vari-
ability in conidia production and usually the number

of conidia shows linear and gradual changes between
transfers (Cox et al., 2007; Fan et al., 2015; Laleve et
al., 2014; Vega and Dewdney, 2014). This high varia-
bility has also been observed in M. fructicola isolates
with reduced sensitivity to propiconazole (Cox et al.,
2007).
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In most studies on Qol-resistant fungi, patho-
gens with a mutation at codon 143 showed, qualita-
tively, stable resistance following successive transfers
in non-amended media, such as in azoxystrobin-re-
sistant Magnaporthe grisea (Avila-Adame and Koller,
2003), Didymella bryoniae isolates (Finger et al., 2013)
and pyraclostrobin-resistant Venturia inaequalis iso-
lates (Frederick et al., 2014). Botrytis cinerea isolates
resistant to boscalid and pyraclostrobin exhibited sta-
ble resistance after as many as 20 transfers (Kim and
Xiao, 2011). However, this behavior contrasts with a
study with two Chinese M. fructicola isolates with low
azoxystrobin sensitivity, which showed unstable re-
sistance after five transfers (Chen et al., 2014). These
isolates also showed no cytochrome b mutation asso-
ciated with Qol resistance. These isolates were also
evaluated for stability through mycelial growth in
a culture medium with fungicide; however, a lower
SHAM concentration was added to the media (Chen
et al., 2014). Although M. fructicola has low risk of re-
sistance to Qol fungicide due to the absence of G143A
point mutation (Luo et al., 2010), the shift toward de-
clining azoxystrobin sensitivity should be considered
in further studies.

Propiconazole-resistant M. fructicola isolates (tri-
azoles chemical group) showed instability in resistance
after successive transfer in vitro, but no differences
were observed in germination, mycelial growth and
sporulation (Cox et al., 2007; Zhu et al., 2012). For the
M. fructicola isolates, propiconazole resistance was not
related to mutations in the target gene but rather with
overexpression of the gene due to the 'Mona’ element
near this gene (Cox et al., 2007, Luo and Schnabel,
2008). Apparently, this overexpression produces an
adaptive cost to the pathogen if the fungus is only re-
sistant to propiconazole. However, it has been reported
that M. fructicola isolates resistant to both thiophanate-
methyl and propiconazole were not affected by fitness
penalties (Chen et al., 2013).

In conclusion, this study showed that transfer-
ring M. fructicola isolates in culture media without
azoxystrobin did not affect their sensitivity nor cultur-
al characteristics. These experiments are critical to the
maintainance of isolates with reduced sensitivity to
azoxystrobin in the laboratory. It may also have impor-
tant implications for the management of brown rot in
Brazil over the long term as the decreasing sensitivity
of isolates could lead to increasing doses of fungicide to
control this disease.
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