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Abstract

Plants possess inducible defence mechanisms to protect themselves against different types
of microbial pathogens and herbivorous insects. Defences induced against pathogens and
insects are often incompatible. A major question in plant defence research is: how are plants

capable of integrating signals induced by either microbial pathogens or insects into defences

that are specifically active against the attacker? Three plant signalling molecules play a dom-

inant role in the regulation of defences against both microbial pathogens and insects: salicyl-

ic acid (SA), jasmonic acid (JA) and ethylene (ET). Cross-talk between SA-, JA- and ET-

dependent signalling pathways is thought to be involved in fine-tuning the defence reaction,
leading to activation of an optimal mix of defences to counteract the intruder. Here we stud-
ied the effect of herbivore-induced resistance in Arabidopsis thaliana against a range of

microbial pathogens.

Introduction

In Arabidopsis, the signal molecules JA, ET and SA have been shown to play important roles

in defence against both microbial pathogens and herbivorous insects 121. Therefore, it is postulat-

ed that resistance against insects and pathogens functions partly via similar defence signalling

pathways. In this study, we examined the spectrum of effectiveness of herbivore-induced resis-

tance against a set of microbial pathogens. To this end, Arabidopsis plants were infested by larvae

of the cabbage white butterfly Pieris rapae. Subsequently, we monitored the production of JA. ET

and SA in time and tested the effectiveness of P rapae-induced defence against the bacterial leaf

pathogens Pseudomonas syringae pv. tomato DC3000 (Pst) and Xanthomonas campestris pv.
armoraciae (Xca), the fungal leaf pathogen Alternaria brassicicola, and the viral pathogen Tur-
nip crinkle virus (TCV).

Signal signature of Pieris rapae-induced Arabidopsis

To activate herbivore-induced resistance, five first-instar (LI ) larvae of P rapae were al-
lowed to feed for 48 hours on 5-week-old Arabidopsis Col-0 plants as described previously [61
(Fig. IA). Subsequently, the production of JA, ET and SA was monitored as described previ-
ously [3). Feeding hy P rapae resulted in a slight increase in ET production and a significant
increase in the level of JA, while SA levels did not differ from control plants (Table I). Further-
more, analysis of the mRNA levels of the SA-, JA- and/or ET-responsive genes PR-I, VSP2,

PDF1.2 and HEL revealed that P. rapae feeding predominantly activates a JA -dependent sig-

nalling pathway (Fig. I B).
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Table I. JA, ET and SA accumulation in response to infestation by 5 first-instar larvae of P rapae

Signal molecule Treatment Hours after infestation

0 12 24 48

JA. ng/g FW Control 7.9 83 9.9 5.5

P. rapae 7.9 49.5 25.3 104.9

ET", nl/g FW Control 0 29.8 31.9 44.9

P. rapae 0 39.0 43.9 63.9

SA, ng/g FW Control 155.9 47.2 93.8 60.4

P. rapae 155.9 43.3 92.4 63.1

Cumulative ET production in time.
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Fig. I. A: Damage caused by P rapae during 48 hrs of feeding. B: Transcript levels of SA-

responsive PR-I, 1A-responsive VSP2, ET-responsive HEL and JA/ET-responsive PDFI.2 in

control and P rapae infested plants.

Local herbivore-induced resistance against bacterial pathogens

To assess the effectiveness of P rapae-induced defence against the bacterial pathogens Pst

and Xca, P rapae LI caterpillars were allowed to feed for 24 hours on the leaves of 5-week-old
Col-0 plants. Subsequently, the larvae were removed and the leaves were challenge inoculated

with either Psi or Xca as described previously [5]. Three days later, the severity of the disease

symptoms were assessed for both local (= primary damaged) and systemic (= induced, undam-

aged) leaves. Fig. 2 shows that P rapae-induced defence resulted in a significant reduction of

A Pst

70

60 -

50

40 -

30

20

10

a

6 .;
e>ss caq ,e

60

50

40

30

20

10

Xca

6
cp

no

a
caq

es,
6,

>ss

ae
(PC' q

41

a

Fig. 2. Disease severity in control
and P.rapae-induced plants at 3
days after inoculation with Pst (A)
or Xca (B). Induced resistance
against Pst and Xca is only appar-
ent locally (P.rapae loc), while
undamaged leaves of Prapae-in-
duced plants (Prapae syst) were
not protected. Different letters in-
dicate significant differences be-

, tween treatments (Fisher's LSD
test, a = 0.05).
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disease symptoms caused by both Pst and Xca. However, the effect was only apparent in local,

primary damaged leaves and not in the systemic leaf tissues, suggesting that the resistance at-
tained is only expressed locally.

Systemic herbivore-induced resistance against TCV

To assess the effectiveness of P rapae-induced defence against TCV, P rapae LI caterpillars
were allowed to feed for 24 h on leaves of 5-week-old Di-0 plants. Subsequently, the larvae were

removed and the leaves were challenge inoculated with TCV as described previously [5]. Three
days later, lesion diameter was measured and RNA was extracted to quantify the level of TCV
multiplication. P rapae feeding triggered a significant reduction of the TCV-induced lesion di-
ameter (Fig. 3A) and clearly inhibited TCV multiplication (Fig. 3B). This effect was apparent
both locally and systemically.
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Fig. 3. A: Disease severity mea-
sured as lesion diameter caused by
the TCV-induced hypersensitive
response of Arabidopsis accession
Di-0 . Different letters indicate sta-
tistically significant differences be-
tween treatments (Fisher's LSD test,

= 0.05).
B: Northern blot analysis of TCV
RNA . C = non-induced leaves; L =
P.rapae induced local (damaged)
leaves; S = P.rapae induced system-

ic (undamaged) leaves.

Herbivore-induced defence is not effective against Alternaria brassicicola

To determine the effectiveness of herbivore-induced defence against the fungus A. bras-
sicicola, pad3- I plants (in Col-0 background) were infested by P rapae as described above.

Subsequently, induced and non-induced plants were challenged with the fungal pathogen A.
brassicicola and assayed for disease severity as described previously [4, 51. We found that the

disease rating of A. brassicicola infection did not differ between induced and non-induced
plants, indicating that P rapae-induced defences are not effective against this pathogen (data

not shown).

Discussion

Previously, we studied the effectiveness of JA/ET-dependent, Pseudornonas fluorescens-in-
duced systemic resistance (ISR), and SA-dependent, pathogen-induced systemic acquired resis-
tance (SAR) against Pst, Xca, A. brassicicola and TCV [5]. Here we show the effectiveness of
herbivore-induced resistance against these pathogens. We provide evidence that P rapae triggers

a defence response that is effective locally against Pst and Xca and both locally and systemically

against TCV. In contrast, P rapae-induced defence was not effective against A. brassicicola.
These results seem to contradict previous findings. First of all, P rapae-induced defence is asso-
ciated with enhanced JA production, which has been shown to be effective against A. brassicicola
[4, 5]. However, in our experiments, this effect was not apparent. A possible explanation is that
the amounts of JA produced are not sufficient to inhibit A. brassicicola infection. Secondly, resis-
tance against TCV has been shown to be regulated through SA-dependent defences 11, 5]. How-
ever, P rapae infestation neither resulted in the enhanced accumulation of SA, nor in the in-
creased expression of SA-responsive PR-I gene expression. Apparently, other unknown defence
mechanisms can contribute to resistance against TCV as well.
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