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ABSTRACT

Previously, we described a priming effect of «-linolenic acid (LnA) on anti-herbivore defense response in
maize seedlings.” We showed that exogenous application of LnA stimulated higher jasmonic acid (JA)
accumulation and herbivore-induced plant volatile (HIPV) emission after treatment with insect elicitor (IE).
To further investigate the specificity of LnA’s priming effect, we incubated maize seedlings in palmitoleic
acid (PeicA), y-linolenic acid (y LnA) and stearic acid (StA) solutions, and analyzed HIPV emission in
response to IE. Seedlings incubated in PeicA and y LnA had 3 and 1.8 times higher HIPV release when
compared to controls. In contrast, treatment with StA did not up-regulate HIPV release. We propose that
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the elevated level and/or the presence of unsaturated fatty acids sensitize the defense signaling system,
which in turn augments the defense response of maize when under insect herbivore attack.

The deployment of defense response in a plant generally comes
at the expense of growth.> Priming of defense response offers
an alternative, where the major cost for defense can be forgone;
however, when under attack by pests and pathogens primed
plants are more efficient in the activation of defenses resulting
in a stronger and/or faster response.’ Green leaf volatiles
(GLV) are a group of plant volatiles that are rapidly released in
quantity from leaf tissue upon damage.*> GLV’s ability to
prime defense response in maize was first described by
Engelberth et al.° There, GLV exposure augmented the defense
response of maize seedlings challenged with IE by enhancing
JA and HIPV production relative to controls. Since then, simi-
lar results have been reported for several plant species,”'® sug-
gesting a universal role of GLVs in defense priming.

JA plays a key role in regulating plant defense against insect
herbivore attack by activating the biosynthesis of toxic second-
ary compounds,'’ protease inhibitors'> and HIPV."> Produced
from LnA (18:3) through the octadecanoid pathway,"" JA is the
key regulator in the synthesis and release of various HIPV,'>'*
which can function as attractants for the enemies of attacking
insect herbivores or as a repellant for other insects.'>'® There-
fore, the accumulation of JA and/or up-regulation of HIPV
emission can be considered as reliable biomarkers for
priming."°

Recently, we reported an increase in unsaturated free fatty
acids in both monocot and dicot plants after GLV exposure.'
These results suggested that increases in unsaturated free fatty
acids were a common response to GLV treatment among dif-
ferent plant species. Using maize as model, we established a
positive relationship between free LnA levels and defense prim-
ing, whereby LnA-treated plants had higher JA accumulation
and HIPV emission after treatment with IE when compared to

their respective controls.' In contrast, physical movements
such as a shaking reduced free LnA levels thereby decreasing
JA accumulation and compromising the priming effect. To fur-
ther characterize the role of free fatty acids on IE-induced
defense responses we selected 3 different fatty acids and tested
them for their effects on plant defense responses at concentra-
tions corresponding to those used for LnA' and monitored
IE-induced HIPV release as our biomarker.

To verify that exogenous LnA does not serve as additional
substrate for the octadecanoid pathway, we tested 3 different
fatty acids, which cannot easily be transformed into LnA, for
their priming effects in maize. We selected PeicA and yLnA, 2
unsaturated fatty acids, and StA, a saturated fatty acid, and
treated maize seedlings as described previously.! After treat-
ment with IE HIPV were collected and analyzed by GC/MS.
Maize seedlings incubated in unsaturated fatty acids (PeicA
and yLnA) showed up-regulated HIPV release, with PeicA
treated plants 3 times and yLnA group 1.8 times higher than
their respective controls (Tukey’s test, p < 0.05) (Fig. 1). By
contrast, seedlings incubated in StA did not show a priming
effect when compared with the control group and HIPV release
was similar to that observed in control plants after treatment
with IE.

The increased emission of HIPV demonstrated a priming
effect stimulated by non-JA producing unsaturated fatty acids.
These results 1) validate our previous findings that the JA pro-
duced after LnA priming was not synthesized from exogenous
LnA, and 2) supported our hypothesis that a priming effect
may arise given the presence of unsaturated fatty acids that are
not precursors of JA. Taken together, these suggest the elevated
level/presence of unsaturated fatty acid, like LnA, PeicA
and yLnA, may sensitize the defense response of plants and
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Figure 1. Herbivore-induced plant volatiles (HIPV) released from maize seedlings pre-treated with (A) palmitoleic acid (PeicA), (B) y-linolenic acid (y LnA) and (C) stearic
acid (StA) and challenged with insect elicitor (IE), volicitin. Plants seedlings were incubated in 300mM aqueous solutions of the respective fatty acid overnight. Application
of volicitin on wounded site mimicked insect herbivore feeding, as described by Li et al." Controls incubated in water and wounded mechanically, without the application
of volicitin on the damage sites. For better comparison HIPV are showed as relative amounts with HIPV released from water incubated and volicitin treated seedlings set
as 1 (h*1*gFW’1). Plant volatiles were collected 4 hours after volicitin treatments for 1h. Different letters above each bar indicate statistical difference determined by
ANOVA analysis followed by Tukey tests where appropriate (p < 0.05). Error bar represent standard deviation. N = 6.

facilitated stronger signaling, leading to a priming effect. Free
fatty acids, in particular unsaturated ones, have previously been
shown to affects defense-related processes. For example, LnA
was shown to inhibit callose synthase'” and may thus alter
long-distance signaling events by keeping plasmodesmata
open. Also, certain free fatty acids can modulate the activity of
specific ion channels,'"® thereby potentially changing
IE-induced signaling events resulting in increased responses.
However, to date we have no evidence for any of these potential
activities of free fatty acids in maize, and further research is
required to elucidate the role of these alterations in free fatty
acid levels in this and other plants.

We have shown previously that treatment of maize seedling
with volatile GLV rapidly changes the free fatty acid composi-
tion in these plants. We have further demonstrated that these
changes in free fatty acids correlate well with IE-induced
responses and concluded that mainly long distance signaling
events are affected by free fatty acids and that they do not
appear to serve as substrates for the biosynthetic pathway lead-
ing to the production of JA as the most important signaling
compound in herbivore-induced defenses. This priming effect
was further supported by the results presented herein showing
that unsaturated free fatty acids that cannot be transformed
easily into a precursor for JA biosynthesis show the same prim-
ing effect on IE-induced defense responses, while treatment
with a saturated fatty acid did not. Therefore, other forms of
modulations of signaling pathways by unsaturated free fatty
acids, in particular those affecting long distance signaling and
resulting in enhanced defense responses must therefore be con-
sidered. The elucidation of these pathways is likely to be key for
our understanding of how plants prime their defense responses.
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