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Two phytohormones, jasmonic acid (JA) and salicylic acid (SA) 
play important roles in transducing the activation of plant defense 
systems against pathogen attacks. SA usually induces resistance 
mechanisms which are active against biotrophic and hemi-bio-
trophic pathogens, whereas JA induces resistance against necro-
trophic phathogens.1 In most cases, JA and SA defense signaling 
pathways are mutually antagonistic in dicotyledonous species.2,3 
In Arabidopsis, SA downregulates the expression of JA-responsive 
marker genes such as PDF1.2 and VSP1 as well as genes encoding 
key enzymes in the JA biosynthesis pathway, such as LOX2, AOS, 
AOC2 and OPR3.4 On the one hand, this antagonistic crosstalk 
between JA and SA-dependent defense signaling is unclear in 
rice, which serves as a model for molecular studies of other mono-
cotyledonous species. A previous study reported that the expres-
sion of PR genes and overall resistance to Magnaporthe oryzae 
were higher in OsAOS2-overexpression rice plants, even though 
M. oryzae is a hemi-biotrophic pathogen.5 In addition, our recent 
study demonstrated that exogenous JA application induces resis-
tance to Xanthomonas oryzae pv oryzae (Xoo) in rice, though Xoo 
is a biotrophic pathogen.6 These results indicate that JA and its 
signaling pathway make important contributions to both hemi-
biotrophic or biotrophic pathogen defense response in rice. These 
results are supported by a number of previous reports.7,8 Recently, 
it has been demonstrated a positive contribution of JA and SA sig-
naling in the immunity against both biotrophic and necrotrophic 
pathogens in Arabidopsis.9 Here, we discuss JA and SA signaling 
crosstalk and propose that a common defense system is activated 
by both JA and SA in rice.

Jasmonic acid (JA) and salicylic acid (SA) play important roles in plant defense systems. JA and SA signaling pathways 
interact antagonistically in dicotyledonous plants, but, the status of crosstalk between JA and SA signaling is unknown 
in monocots. Our rice microarray analysis showed that more than half of the genes upregulated by the SA analog BTH 
are also upregulated by JA, suggesting that a major portion of the SA-upregulated genes are regulated by JA-dependent 
signaling in rice. A common defense system that is activated by both JA and SA is thus proposed which plays an important 
role in pathogen defense responses in rice.
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It has been reported that 313 BTH-upregulated genes were 
identified by microarray analysis in rice.10 Because BTH is 
a functional analog of SA, these 313 genes are very likely the 
genes responsible for SA defense signaling in rice. Our resent 
study explored JA-responsive genes using microarray analysis and 
demonstrated that 1,320 genes were upregulated in response to 
JA in rice.6 To determine if there is crosstalk between JA and 
SA-transducing pathways in rice, we measured the expression of 
BTH-upregulated genes after JA treatment. Although a third of 
BTH-upregulated genes were downregulated by JA, more than 
half were upregulated (Fig. 1), suggesting that much of the SA 
signaling pathway is independent of JA downregulation. In addi-
tion, expression of about a fifth of SA-upregulated genes doubled 
in response to JA, suggesting that JA and SA signaling coor-
dinately interact during induction of a defense response. The 
expression of rice PR1b gene, a commonly used marker of disease 
resistance, is induced by treatment of JA or SA,11 suggesting that 
there is a common defense system, or at least a partly shared sig-
nal transduction pathway used for both JA and SA signaling in 
rice. OsWRKY45 is a BTH-up-regulated gene and is a key protein 
in BTH-induced resistance to M. oryzae and Xoo.10,12 Microarray 
analysis showed that expression of OsWRKY45 nearly doubled in 
response to JA treatment,6 supporting our hypothesis that JA and 
SA signaling, or at least a critical part of the signaling cascade, 
interacts coordinately in rice defense response.

Rice has high endogenous SA levels (> 1 μgg-1 fresh weight in 
leaves).13 To understand the relationship between JA and SA sig-
naling on the rice immune system, it is important to understand 
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No distinct antagonistic interaction between JA and SA sig-
naling could be verified in the defense response in rice, although 
JA and SA synthesis may be regulated antagonistically. Rather, 
our results suggest that some common defense signaling system 
plays a crucial role in the rice defense response (Fig. 3). Because 
high endogenous SA concentrations are maintained under nor-
mal conditions, SA signaling contributes mainly to the basal 
defense in rice. Once the JA signal is activated, endogenous SA 
levels would dramatically decrease and SA signaling would be 
suppressed. JA would then activate the common defense system 
instead of SA in rice (Fig. 3). In fact, JA-Ile, a bioactive form 
of JA, is accumulated following inoculation with M. oryzae.14 
Because the JA and SA-activated common defense system is 
critical to the pathogen defense response, JA signaling must be 
able to induce resistance against the biotrophic pathogen, Xoo, 
in rice.

Materials and Methods

Rice growth condition and JA treatment. To examine the effects 
of JA on SA content in rice leaf blades, rice plants were grown 
to the four-leaf stage in a growth chamber according to Yamada 
et al.6 Treatment with 100 μM JA was performed according to 
Yamada et al.6

Quantitation of SA. Quantitation of free SA was performed 
essentially as described.15 SA was analyzed by HPLC equipped 
with a Symmetry C

18
 (4.6 mm by 25 cm) column maintained at 

40°C and a fluorescence detector (Model RF-550A, Shimadzu). 
Isocratic separation was done with 23% (v/v) methanol in 20 mM 
sodium acetate, pH 5.0, at a flow rate of 1 ml/min. All data were 
corrected for losses.
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the dynamics of endogenous JA and SA relative concentration. 
However, it is not known whether endogenous SA concentra-
tions are affected by exogenous JA application in rice. We mea-
sured the effect of exogenous application of JA on SA contents 
and found that SA dramatically decreased in response to exog-
enous JA (Fig. 2). This result suggests that SA signaling is sup-
pressed by JA because of a decrease in tissue SA concentrations.

Figure 1. Categories of BTH-upregulated genes after JA treatment 
in rice. Percentage of BTH-upregulated genes that are also upregu-
lated by JA are shown with the qualifying induction change. “No-
hit” indicates BTH-upregulated genes that were not correlated with 
a corresponding gene in our microarray data.6 BTH-upregulated 
genes refer Shimono et al.10

Figure 2. SA content after JA treatment in rice. Free SA content after 
100 μM JA treatment for 24 h in the fourth leaf blades of rice. Values are 
means ± SE (n = 3 for Mock, 4 for JA). An asterisk represents a statisti-
cally significant difference from the mock-treated control at p < 0.05 
(Student’s t-test).
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Figure 3. Schematic overview of the common defense system activated by JA and SA in rice. Parallel models of the activation scheme of a common 
defense system either when endogenous JA is low (JA signal off) or high (JA signal on). Solid lines indicate putative active signaling pathways. Dashed 
lines indicate putative inactive signaling pathways under the JA signaling condition of the model.




