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CHAPTER |

In this chapter, | introduce the basic knowledge on plant immune system, types of induced resistance, and
chemically induced resistance by plant activators. It also provides a brief overview of the historical trait of
saccharin from a common artificial sugar to an active metabolite of probenazole (PBZ) and the known mode of
saccharin action as a plant activator. Generally, plant activators are compounds that lead to the improved plant
protection to pathogen attacks by inducing the plant’s own defense mechanisms, thereby not resulting in drug
resistance development of pathogens, side effects on non-target organisms, and polluted environment. In the
current study, we attempt to elucidate the molecular mechanism and efficacy saccharin and PBZ acting as the plant
activators of effective defenses against bacterial and fungal pathogens in both dicot and monocot plants.

CHAPTER II

This chapter describes attempts to further elucidate the mechanism underlying saccharin- and PBZ-induced
resistance using the pathosystem of dicot model plant Arabidopsis thaliana and different bacterial and fungal
pathogens. We show that exogenous application of saccharin and PBZ to the wild-type Arabidopsis plant triggered
resistance to the hemibiotrophic bacterium Pseudomonas syringae pv. tomato DC3000 (Pto DC3000), but not to
a necrotrophic bacterium Pectobacterium carotovorum subsp. carotovorum, and a hemibiotrophic fungus
Colletotrichum higginsianum, and in the case of the necrotrophic fungus Botrytis cinerea, they enhanced
susceptibility. Analysis of gene expression profile revealed that activation of SA-regulated genes (PR1, PR2) and
the concomitant suppression of JA-regulated genes (LOX2, VSP2, PDF1.2) by saccharin and PBZ might be the
contributing event which accounted for induced resistance to Pto DC3000 and increased susceptibility to B.
cinerea. By using Arabidopsis mutants, we reconfirm and complement the current knowledge in that resistance
induced by saccharin and PBZ against Pto DC3000 is mainly via activation of SA-signaling, possibly resulting in
suppression of JA/ET-signaling and vice versa. Moreover, both saccharin and PBZ upregulated expression of other
defense-related genes and accelerated the deposition of callose in Arabidopsis plants, suggesting the additive roles
of multiple defense outcomes in resistance to Pto DC3000.

CHAPTER III

The chapter presents our next efforts to gain more inside into the molecular mechanism of resistance induced by
saccharin and PBZ in a monocot plant. Pretreatment of wheat seedlings with saccharin or PBZ results in a
significant reduction in powdery mildew disease caused by a strictly biotrophic fungus Blumeria graminis f.sp.
tritici, a causal agent of powdery mildew disease. Transcriptional analysis revealed expression profile of 15
defense-related genes in wheat seedlings exposed to either saccharin or PBZ. Indeed, saccharin and PBZ induced
expression of multiple defense-related genes such as PR genes (PR1.1, PR2, PR4, CHI3, CHI4), genes associated
with SA signaling and biosynthesis (NPR1, PAL), genes involved in JA biosynthesis (LOX, AOS), wheat
chemically induced genes (WCI2, WCI3), and a transcription factor encoding gene (WRKY72a/b). The enhanced
expression of those defense genes in wheat treated with saccharin or PBZ is closely correlated to the conferred
resistance to B. graminis.

CHAPTER IV
This final chapter of the thesis summarizes the results and discussions obtained from chapters 11 and I1lI.
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