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Rice is not only a model plant for molecular studies of other 
monocots, but is also one of the most important crops world-
wide. Jasmonic acid (JA) and its derivatives such as amino acid 
conjugates and methyl ester of JA function as plant signaling 
molecules involved in the regulation of many stress responses 
and developments.1-3 It is also well known that JA plays an 
important role in rice defense responses.4-8 In addition, it has 
been revealed that JA treatment causes the accumulation of 
plant volatile compounds in rice.9-11

Plant volatile compounds, such as terpenoids and C
6
 vola-

tiles, are emitted from microbe-infected or wounded plant 
sites, and are potential signal compounds that induce defenses 
against tissue damage from herbivores and plant patho-
gens.12-15 In addition to the function as a signaling molecule, 
some volatile compounds have antimicrobial activities against 
plant pathogens.16-21 When hydroperoxide lyase, which is a key 
enzyme to produce the C

6
 and C

9
 volatiles, was overexpressed 

in rice and Arabidopsis, these plants exhibited increased resis-
tance against pathogens.21,22 Furthermore, some defense-related 
genes were upregulated by vapor treatment with a C

6
 volatile, 

(E)-2-hexenal, in rice and Arabidopsis.21,23 Among terpenoids, 
monoterpenes and sesquiterpenes are one of the universal vola-
tile components of plant. These volatile terpenoids are emitted 
from damaged plant tissues by attack of herbivores.24 Some of 
these volatile terpenoids are also emitted from plant tissues after 
treatment with elicitors and inoculation with fungal patho-
gen in rice.9 We recently demonstrated that the JA-responsive 
monoterpene linalool functions as a signal molecule involved 
in the JA-induced resistance against Xanthomonas oryzae pv. 

oryzae (Xoo) in rice.11 Taken together, it is indicated that plant 
volatile compounds have an important role in stress and defense 
responses in plants. However, the function of individual vola-
tiles in plant defense remains unclear. We recently identified 
7 JA-responsive volatile compounds, 2,4-heptadienal, linalool, 
β-cyclocitral, β-elemene, β-caryophyllene, methyl salicylate, 
and β-ionone, in rice leaf blades.11 These volatile compounds 
reproducibly accumulated in response to treatment of 100 µM 
JA for 24  h in rice leaf blades.11 Although there was no sta-
tistical difference between WT and JA-treated rice, the levels 
of 2,4-heptadienal tended to accumulate more in JA-treated 
rice than in the WT.11 In addition, further study revealed that 
2,4-heptadienal was (E,E) type of 2,4-heptadienal (data not 
shown). Here, we focus on these volatile compounds and dis-
cuss the role of a volatile compound, (E,E)-2,4-heptadienal, in 
the defense response of rice.

When these compounds were treated to Xoo, (E,E)-2,4-
heptadienal showed a significant antibacterial activity against 
Xoo (Fig. 1). Linalool and β-elemene have been reported to have 
no effect against Xoo.11,25 In this study, we focused on (E,E)-2,4-
heptadienal and characterized its properties in detail because 
there is currently no information available on its physiological 
function in the JA-responsive defense response in rice. In addi-
tion to negative effect to Xoo growth, treatment with (E,E)-2,4-
heptadienal showed significant inhibitory activity toward spore 
germination of the rice fungal pathogen Magnaporthe oryzae 
(Fig. 2). However, linalool had no significant effect on spore 
germination of M. oryzae (Fig. 2). Treatment with linalool to 
rice upregulates the expression of defense-related genes.11 We 
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The plant hormone jasmonic acid (JA) has a crucial role in defense responses against pathogens in rice. We recently 
reported that some volatile compounds accumulate in response to JA treatment, and that the monoterpene linalool 
plays an important role in JA-induced resistance to rice bacterial blight caused by Xanthomonas oryzae pv. oryzae (Xoo) 
in rice. One of the JA-responsive volatiles, (E,E)-2,4-heptadienal, has both antibacterial and antifungal activity against 
Xoo, and the rice fungal pathogen Magnaporthe oryzae. In addition, (E,E)-2,4-heptadienal was toxic to rice plants. These 
phenomena were not observed when linalool was treated. These results indicate that accumulation of the (E,E)-2,4-hep-
tadienal in response to JA is a double-edged sword, but it is essential for survival against pathogen attacks in rice.
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investigated expression of 14 defense-related genes, which were 
previously identified as JA-responsive PR genes by microarray 
analysis,7 after treatment with 10 µM (E,E)-2,4-heptadienal 
for 24  h by qRT-PCR. As a result, treatment with (E,E)-2,4-
heptadienal caused no upregulation of expression of these genes 
(data not shown). It has recently been reported that JA enhances 
M. oryzae resistance in rice.5,26 Transgenic rice plants overexpress-
ing allene oxide synthase 2 (OsAOS2), which is a key enzyme to 
produce JA, exhibited resistance against rice blast disease caused 
by M. oryzae.5 Furthermore, 2 jasmonate-deficient rice mutants, 
cpm2 and hebiba, exhibited increased susceptibility to an incom-
patible strain of M. oryzae.26 These results suggest that (E,E)-2,4-
heptadienal has both antibacterial and antifungal activity against 
rice pathogens and its accumulation in response to JA is impor-
tant for protection against invasion by pathogens in rice.

There is no information on the biosynthesis of (E,E)-2,4-
heptadienal in rice, although some studies have reported the 
emission of (E,E)-2,4-heptadienal in rice.11,27,28 (E,E)-2,4-
Heptadienal is a C

7
 volatile compound produced from linolenic 

acid via lipoxygenase (LOX) pathway in leek.29 Our previous 
study revealed the upregulation of 2 LOX genes in response to 
JA,7 suggesting that these genes may be involved in biosynthesis 
of the JA-responsive (E,E)-2,4-heptadienal. Further analyses are 
needed to determine the detailed biosynthetic pathway of (E,E)-
2,4-heptadienal in rice.

(E,E)-2,4-Heptadienal has an inhibitory activity on seed ger-
mination in some plants,30 indicating that it is a toxic compound 
not only to pathogens but also to plants themselves. We con-
firmed its inhibitory activity on seed germination in rice (data not 
shown). Rice plants died when exposed to (E,E)-2,4-heptadienal 
for 24 h (Fig. 3). In contrast, linalool had no significant effect 
on rice plants (Fig.  3). Treatment with (E,E)-2,4-heptadienal 
induced reduction in growth rate and cell membrane disruption, 
along with chlorophyll degradation, and changes in cell size and 
granulosity in some phytoplanktons.31 There is no information 
regarding the mechanism of the cell death induced by (E,E)-2,4-
heptadienal in rice. Thus, further studies are needed. In sum-
mary, (E,E)-2,4-heptadienal is a toxic but essential compound in 
JA-induced disease resistance in rice.

We have revealed a new role for some plant volatile com-
pounds in defense systems in rice. In addition to these volatile 
compounds, we found other volatile compounds accumulated by 
treatment with JA in rice.11 However, the functions of these vola-
tile compounds remain ambiguous. Functional analyses of these 
volatiles may reveal novel molecular mechanisms in JA-induced 
disease resistance against rice pathogens.
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Figure 1. Effect of JA-responsive volatiles on Xoo. Evaluation of the anti-
bacterial activity of JA-responsive volatiles was performed according to 
Taniguchi et al.25 Increases in O.D600 are presented for cultures treated 
with JA-responsive volatile compounds at 50 µM for 8 h. Values are the 
means ± SE of 4 independent experiments. (E)-2-Hexenal was used as a 
positive control.21 Asterisks represent statistically significant difference 
from a mock-treated control at P < 0.05 (the Student t-test).

Figure  2. Effect of (E,E)-2,4-heptadienal on M. oryzae. Assay of the 
antifungal activity of volatile compounds was performed according to 
Taniguchi et al.25 Rate of spore germination after treatment with (E,E)-
2,4-heptadienal and linalool for 6 h is indicated. Values are the means ± 
SE of 4 independent experiments (n = 100 spores per one experiment).
Asterisks represent statistically significant difference from a mock-
treated control at P < 0.05 (the Student t-test).

Figure 3. Effect of (E,E)-2,4-heptadienal on rice plants. Rice plants were 
grown to the 5-leaf stage, and treatment with volatile compounds was 
performed according to Taniguchi et al.11 Rice plants were exposed to 
10 µM of (E,E)-2,4-heptadienal and linalool for 24 h at 25 °C and then 
photographed.
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