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Abstract

Background:Reactive oxygen species (ROS) are used by plants as signaling molecules during stress and dev
Given the amount of possible challenges a plant face from their environment, plants need to activate and priori
between potentially conflicting defense signaling pathways. Until recently, most studies on signal interactions h
focused on phytohormone interaction, such as the antagonistic relationship between salicylic acid (SA)-jasmon
and cytokinin-auxin.

Results:In this study, we report an antagonistic interaction between SA signaling and apoplastic ROS signaling
Treatment with ozone (O3) leads to a ROS burst in the apoplast and induces extensive changes in gene express
and elevation of defense hormones. However,Arabidopsis thaliana dnd1(defense no death1) exhibited an attenuated
response to O3. In addition, thednd1mutant displayed constitutive expression of defense genes and spontaneous
death. To determine the exact process which blocks the apoplastic ROS signaling, double and triple mutants in
in various signaling pathway were generated indnd1background. Simultaneous elimination of SA-dependent and
SA-independent signaling components fromdnd1restored its responsiveness to O3. Conversely, pre-treatment of
plants with SA or using mutants that constitutively activate SA signaling led to an attenuation of changes in gen
expression elicited by O3.

Conclusions:Based upon these findings, we conclude that plants are able to prioritize the response between RO
SA via an antagonistic action of SA and SA signaling on apoplastic ROS signaling.
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Background
As sessile organisms, plants have evolved a hig
sophisticated and elaborate signaling network to respo
and adapt to various biotic and abiotic stresses.
precisely respond to diverse stimuli in different tissu
or developmental stages, the defense signaling netw
must be orchestrated within a larger physiological an
developmental context. Numerous data from large sca
transcriptome profiling analysis strongly support th
existence of regulatory interactions and coordinatio
between signaling networks, rather than linear pathwa
[1,2]. To some extent the signaling components of th
intricate network to biotic and abiotic stresses a
universal [3,4]. Comparing multiple gene expression e
periments performed on the Affymetrix ATH1 platform
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has identified a universal stress response transcripto
[5]. In addition to a general stress response, there
also several studies that indicate that plants are able
prioritize between different stresses and that a combinati
of stresses leads to unique gene expression profiles [6-
Execution of an appropriate defense response is linked
multiple interacting components, including a rapid an
transient Reactive Oxygen Species (ROS) burst, alte
cytoplasmic and chloroplastic Ca2+ transients, plant hor-
mones including salicylic acid (SA), jasmonic acid (J
abscisic acid (ABA), ethylene, and transcriptional repr
gramming [11-13].

Activation of a ROS burst is a common response
both biotic and abiotic stress [14,15]. In addition, RO
are signaling molecules involved in control and regul
tion of other biological processes, such as aging, c
death, and development [16,17]. Exposure of plants w
the gaseous ROS ozone (O3) triggers an apoplastic RO
production, which is similar to the ROS burst observe
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