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Introduction 

Plants have to cope with a variety of biotic stresses, including insect 
herbivory and pathogen attack. To minimize damage caused by pathogen or 
insect attack, plants have evolved sophisticated defense mechanisms. 
Hormones such as jasmonic acid (JA), ethylene (ET), salicylic acid (SA), and 
abscisic acid (ABA) are important players for determining the proper defense 
mechanism by the plant. To understand how plants integrate pathogen- and 
insect-induced signals into specific defense responses, we monitored the 
dynamics of SA, JA, and ET signaling in Arabidopsis after attack by a set of 
microbial pathogens and herbivorous insects with different modes of attack. 
Arabidopsis plants were exposed to a pathogenic leaf bacterium 
(Pseudomonas syringae pv. tomato), a pathogenic leaf fungus (Alternaria 
brassicicola), tissue-chewing caterpillars (Pieris rapae), cell-content-feeding 
thrips (Frankliniella occidentalis), or phloem-feeding aphids (Myzus 
persicae) (De Vos et al., 2005). Monitoring the signal signature in each plant-
attacker combination showed that the kinetics of SA, JA, and ET production 
varies greatly in both quantity and timing. Analysis of global gene expression 
profiles demonstrated that the signal signature characteristic of each 
Arabidopsis-attacker combination is orchestrated into a surprisingly complex 
set of transcriptional alterations. For instance, although A. brassicicola, P. 
rapae, and F. occidentalis all stimulated JA biosynthesis, the majority of the 
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changes in JA-responsive gene expression was attacker-specific (De Vos et 
al. 2005). A nice example is the expression of the JA-responsive genes 
PDF1.2 and VSP2 (Fig. 1). A. brassicicola and F. occidentalis both induce 
PDF1.2 and not VSP2, while P. rapae induces VSP2 and not PDF1.2 Here, 
we investigated the molecular mechanism underlying this differential 
activation of the JA response.   

Unraveling the Arabidopsis-Pieris rapae interaction 

Plants possess inducible defense mechanisms to cope with attack by 
herbivorous insects. These involve direct defenses, such as the production of 
proteinase inhibitors that affect insect feeding, and indirect defenses, such as 
the production of volatiles that attract parasitoids and predators of the 
herbivores that feed on the plant (Kessler and Baldwin, 2002; Van Poecke 
and Dicke, 2004). The plant hormone jasmonic acid (JA) and its oxylipin 
derivatives are key players in the regulation of these induced plant responses 
against herbivory (Howe, 2004). Continuing co-evolution between plants and 
herbivores has provided the latter with mechanisms to avoid, suppress, or 
eliminate host defenses (Musser et al., 2002; Zarate et al., 2007). Larvae of 
the specialist insect herbivore P. rapae (cabbage white butterfly) feed 
exclusively on crucifers and are well adapted to the induced defenses of 
Brassicaceous species. For instance, by detoxifying the glucosinolates that are 
released by the herbivore-triggered ‘mustard oil bomb’, P. rapae caterpillars 

 
 

Fig. 1. Expression of JA-responsive VSP2 and PDF1.2 in wild-type Col-0 during 
attack by the necrotrophic pathogen Alternaria brassicicola, the tissue-chewing insect 
Pieris rapae and the cell-content-feeding insect Frankliniella occidentalis.  
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Fig. 2. Expression of JA-responsive AtMYC2-induced VSP2 and AtMYC2-suppressed 
PDF1.2 in wild-type Col-0 (A) and AtMYC2 impaired jin1-2 (B) plants 0, 6, 12, 24 and 
48 hours after the removal of caterpillars that had been feeding for 24 hours on these 
genotypes. 

efficiently avoid exposure to these highly toxic chemicals that are released 
upon herbivory (Ratzka et al., 2002). P. rapae has been reported to feed on 
many Brassicaceous species in the field, including Arabidopsis (Yano and 
Ohsaki, 1993). In Arabidopsis, herbivory by P. rapae leads to increased 
production of JAs and extensive reprogramming of the expression of JA-
responsive genes, many of which are associated with plant defense (Reymond 
et al., 2004; De Vos et al., 2005). However, the P. rapae-induced 
transcriptional changes suggest that insect-derived cues play an important 
role in the modulation of the plant’s transcriptional response to herbivory.  

PDF1.2 transcription is suppressed during herbivory  
by P. rapae 

We selected the Arabidopsis marker genes PDF1.2 and VSP2 from a 
microarray data search for JA-responsive genes that are differentially 
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expressed upon mechanical wounding or P. rapae feeding, and monitored its 
expression in Arabidopsis upon herbivory. Figure 2A shows that P. rapae 
feeding results in a differential activation of the JA response, resulting a a 
strong activation of the VSP2 marker gene, whereas PDF1.2 was only mildly 
induced. Previously, AtMYC2 was demonstrated to differentially regulate 
two branches of the JA-response pathway (Lorenzo et al., 2004), which are 
exemplified by the JA-responsive genes PDF1.2 (suppressed by AtMYC2) 
and VSP2 (induced by AtMYC2). To investigate whether AtMYC2 plays a 
role in the differential activation of the JA response during P. rapae feeding, 
we monitored the expression VSP2 and PDF1.2 in mutant jin1-2, which is 
impaired in the AtMYC2 gene (Lorenzo et al., 2004). Figure 2B shows that in 
the AtMYC2 mutant jin1-2, PDF1.2 was strongly induced upon P. rapae 
feeding, whereas VSP2 was only mildly induced.  These results indicate that 
during P. rapae feeding on wild-type plants, AtMYC2 is involved in 
suppressing the PDF1.2 branch of the JA-response pathway. 

AtMYC2 is up-regulated in Arabidopsis  
upon P. rapae herbivory 

If AtMYC2 plays a role in the suppression of the PDF1.2 branch of the JA 
response, then one would expect that P. rapae feeding activates the AtMYC2 
gene. To test this hypothesis we monitored the expression of AtMYC2 during P. 
rapae feeding. In a time course experiment, in which first-instar larvae of P. 
rapae were allowed to feed on 5-week-old Arabidopsis plants for 24 hours, 
infested leaves were harvested at 0, 6, 12, 24 and 48 hours after caterpillar 
removal. Subsequently, AtMYC2 gene expression was assessed using qRT-PCR. 
Fig. 3 shows that AtMYC2 mRNA levels were highly up-regulated upon P. rapae 
infestation.  

P. rapae feeding results in enhanced resistance  
to secondary P. rapae attack, but has no effect on resistance  
against the necrotrophic pathogen Alternaria brassicicola 

P. rapae and A. brassicicola are both sensitive to JA-dependent defenses. 
To investigate whether P. rapae feeding induces resistance against both P. 
rapae itself and A. brassicicola, induced resistance assays were performed. 
Interestingly, P. rapae feeding resulted in a systemic defense response that 
significantly reduced growth of P. rapae caterpillars. However, this type of 
induced resistance was not effective against A. brassicicola (De Vos et al., 
2006). 
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Fig. 3. QRT-PCR analysis of AtMYC2 transcript levels (relative to control) in P. rapae-
infested Arabidopsis Col-0 plants 0, 6, 12, 24 and 48 hours after the removal of 
caterpillars that had been feeding for 24 hours on these plants.  

Conclusion 

Taken together, these results indicate that in plants attacked by the 
specialist herbivore P. rapae a branch of the JA response (exemplified by 
PDF1.2) is repressed. The master regulator protein AtMYC2 is required for 
this phenomenon, because suppression of PDF1.2 was alleviated in AtMYC2-
impaired jin1-2 mutant plants. We hypothesize that activation of the VSP2 
branch of the JA-response, such as during herbivory by P. rapae, leads to 
enhanced defense against herbivory, while activation of the PDF1.2 branch 
of the JA response confers resistance against necrotrophic pathogens such as 
A. brassicicola. 
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