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Silencing OsMAPK20-5 has different effects on rice pests in the field
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ABSTRACT
Mitogen-activated protein kinases (MAPKs) play important roles in plant development and adaptive responses
to biotic and abiotic stresses. Recently, a rice MAPK gene,OsMAPK20-5, has been reported to protect rice plants
against autotoxicity by suppressing herbivore-induced ethylene and nitric oxide signaling. In this context, we
observed that silencing OsMAPK20-5 increased the percentage of leaf roll caused by leaf folder Cnaphalocrocis
medinalis and the severity of rice blast causedbyMagnaporthe griseabutdecreased the severity of sheathblight
caused by Rhizoctonia solani. These findings show that silencing OsMAPK20-5 has different effects on rice pests
in the field, and these differences have important implications for the evolution and exploitation of resistance
strategies in plants.
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Plants have evolved strategies to protect themselves from biotic
stresses, including pathogens and herbivorous insects.1,2 Of these
defense strategies, induced plant defense is the most important.
After recognizing herbivore-related signals, plants activate
defense-related signaling pathways mainly mediated by mitogen-
activated protein kinase (MAPK), jasmonic acid (JA), salicylic acid
(SA), and ethylene.3,4 These pathways collectively regulate the
transcription of defense-related genes and the production of
defense compounds, allowing the plant to resist these biotic
stresses.2,5 MAPK cascades, conserved in all eukaryotes, have
been reported to play crucial roles in plant growth and in
developing responses to biotic and abiotic stresses.6–8 Recently,
we found that OsMAPK20-5, which is induced by the infestation
of the gravid brown planthopper (BPH) females, Nilaparvata
lugens, negatively regulated ethylene and nitric oxide (NO) accu-
mulation in rice plants following such an infestation, thereby
decreasing rice resistance to adult BPH and their oviposited
eggs.9 Although this negative regulation by OsMAPK20-5 of ethy-
lene and NO levels is regarded as a strategy plants use to prevent
defense response-related autotoxicity, whether and how
OsMAPK20-5 influences the performance of other rice pests
remains unknown.

Rice, one of themost important staple crops worldwide, suffers
heavily from many pests, the most destructive of which in China
are the rice planthoppers, BPH and white-backed planthopper
Sogatella furcifera, striped stem borer (SSB) Chilo suppressalis,
leaf folder (LF) Cnaphalocrocis medinalis, rice blast caused by
hemibiotrophic fungus Magnaporthe grisea, and sheath blight
caused by necrotrophic fungus Rhizoctonia solani.10,11 Previous
studies have revealed that rice has developed differentmechanisms

against these pests.12–18 For instance, JA- and ethylene-mediated
signaling pathways positively regulate the resistance of rice to SSB
but negatively mediate its resistance to BPH.16,17 Thus, we inves-
tigated the influence of rice lines with silencing of OsMAPK20-5
(ir-MAPK20-5 lines, ir-34, and ir-39), which were obtained by
inserting an inverted-repeat orientation (irMAPK20-5) vector into
the rice variety Xiushui 11 using Agrobacterium tumefaciens-
mediated transformation,9 on these pests in the field.

In this study, plant growth conditions, plant age and lines used
for experiments, and the design of the field experiment were the
same as those described in Li et al.9 The severity of rice sheath
blight and rice blast was investigated at the peak of disease follow-
ing standardmethods described in the International Rice Research
Institute.19 For the investigation of damage levels caused by LF, we
sampled 15hills of plants in eachplot at each time interval; for each
hill, the number of leaves rolled by LF and the total number of
leaves were recorded and then the percentage of leaf roll was
calculated. The result showed that silencing OsMAPK20-5
decreased the severity of rice sheath blight on modified plants
compared to wild-type (WT) plants (Figure 1(a)). In contrast,
the percentage of leaf roll caused by LF was significantly higher
on ir-MAPK20-5 lines than on WT plants at one investigation
time (August 16, 2014), although no difference was observed at
two other investigation times (Figure 1(b)). Moreover, the severity
of rice blast was obviously higher on ir-MAPK20-5 lines than on
WT plants (Figure 1(c)). Previously, OsMAPK20-5 was reported
to suppress the production of oviposition-induced ethylene and
NO in rice damaged by BPH, thereby decreasing the resistance of
rice plants to BPH and protecting them from autotoxicity.9 These
findings suggest that silencing OsMAPK20-5 has different
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ecological consequences for various rice pathogens and herbivores
in the field, highlighting the specificity of plant resistancemechan-
isms in response to different pests.18 It has been well documented
that JA, SA, and ethylene all positively regulate the resistance of
rice to M. grisea and R. solani.20–22 Moreover, NO has been
reported to positively regulate the resistance in beans and tomatoes
to R. solani.23,24 These data may explain why silencing
OsMAPK20-5 enhances the resistance of rice to R. solani but fails
to explain why silencing OsMAPK20-5 decreases resistance
to M. grisea. Perhaps silencing OsMAPK20-5 affects defense
responses in rice plants differently depending on the pathogens
and herbivores the plants confront. An example of a defense
strategy that varies according to the pest can be seen in a rice
1-aminocyclopropane-1-carboxylic acid (ACC) synthase gene,
OsACS2. Silencing OsACS2 was found to decrease volatile emis-
sion from rice plants infested by SSB but enhance volatile release
from plants infested by gravid BPH females.25 Further research
should elucidate why OsMAPK20-5-mediated defenses have dif-
ferent effects on these rice pests.

In nature, plants are always attacked simultaneously by multi-
ple pathogens and herbivore species. Thus, the result displayed in
this study – namely, that OsMAPK20-5-mediated rice defenses
had different ecological consequences for various pests – indicates
that the evolution of plant resistance strategies may be divergent
and community dependent in nature, underlying the importance
of the trade-offs plants must make between resistance to various
biotic stresses. From the perspective of the application, the differ-
ent ecological consequences for various pests suggest that it is
important and necessary when breeding resistant crop varieties

to identify the main pest species in the crop system and to under-
stand their interactions each other and with each crop plant.
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Figure 1. OsMAPK20-5 has different effects on various pests in the field.
Wild-type (WT) and ir-MAPK20-5 (ir-34, ir-39) plants were planted in an experimental field in 2014. (a and c) Mean severity (+SE, n = 3) of rice sheath blight (a) and
rice blast (c) on ir-MAPK20-5 and WT plants during the investigation period. (b) Mean percentage (+SE, n = 3) of leaf roll on irMAPK20-5 and WT plants during the
investigated period (*p < 0.05; **p < 0.01, Dunnett-t post hoc tests).
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