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ABSTRACT

Pseudomonas syringae pv. tomato, a bacterial plant pathogen, poses a significant threat to crop production
and often leads to considerable yield losses. Due to its infectivity in Arabidopsis thaliana, a widely studied
plant model, P. syringae serves as an exemplary model organism for studying the intricacies of infection
processes. This short communication offers a molecular biology-based overview of bacterial pathogenesis and
highlights the interplay between the virulence factors of the pathogen and the defence mechanisms of the host.
Phytohormones, central regulators of the immune response, and the methylation status of the host are of central
importance for plant defence. Wide genome methylation changes are dynamic under the influence of
pathogens, and it is hypothesised that loss of DNA methylation in the host plant (Arabidopsis thaliana Col-0)
plays a role in resistance to bacteria. This overview tackles the multiple functions of these important defence
mechanisms and examines how the pathogen subverts their functions to facilitate the progression of infection.
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INTRODUCTION

The endorsement of monocultures in agriculture, primarily due to their higher yields and economic benefits,
has favoured the widespread dissemination of pathogens (Ciarroni ef al., 2015). These cultivation practices
have played a pivotal role in limiting the range of available plant varieties with resistance genes. It is difficult
to quantify the threat and the damage this could bring to global food security and hence it is important to
understand the plant-pathogen interactions as much as possible (Pennisi, 2010; Jones, 2013). Pseudomonas
syringae pv. tomato, a Gram-negative, rod-shaped bacterium, stands out among bacterial plant pathogens that
can cause significant crop yield losses. With its haemibiotrophic properties, polar flagellation and ability to
cause various symptoms in plants, this pathogen poses a significant threat to crops such as tomatoes (Solanum
lycopersicum) and cruciferous plants. Infection with P. syringae pv. tomato (Pto) DC3000 can cause severe
damage, resulting in brown-black leaf spots surrounded by chlorotic edges and dark spots on the fruit, which
may be sunken and show zones of delayed ripening (Vanneste et al., 2014). Young plants may experience
stunting, yield loss and reduced market value. As Pto DC3000 is able to cause diseases in Arabidopsis
thaliana, a widely used model plant, it serves as an excellent system for understanding interactions that can
subsequently be transferred to relevant crops (Zeng et al., 2011; Xin and He, 2013). A response that a host
plant can offer is related also to DNA methylation. It has been reported that the loss of DNA methylation
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enhances resistance to pathogen bacteria in a non-specific manner (Xie and Duan, 2023; Saijo and Reimer-
Michalski, 2013). By studying the methylation status of the host plant (Arabidopsis thaliana Col-0) once
infected with Pto DC3000, we can gain an insight in further understanding the intricate interplay between the

pathogen and its host (Zhang et al., 2018).

THE RESPONSE OF PLANT DEFENCE AGAINST PSEUDOMONAS SYRINGAE.
EVOLUTIONARY ARM RACE

The interaction between Pseudomonas syringae pv. tomato (Pto) and Arabidopsis thaliana has become
a valuable model system for the study of plant-pathogen interactions. This interaction is controlled by two
important branches of plant immunity: pattern-Triggered Immunity (PTI) and Effector-Triggered Immunity
(ETI) (Anderson and Singh, 2011). Pattern-Triggered Immunity (PTI) serves as the first line of defence against
invading pathogens. Upon recognition of conserved microbial molecules known as pathogen-associated
molecular patterns (PAMPs) by pattern recognition receptors (PRRs), plants activate a broad-spectrum
immune response aimed at limiting pathogen invasion and colonization (Schwessinger and Zipfel, 2008;
Jones and Dangl, 2006). In the case of Pto, the recognition of PAMPs, such as bacterial flagellin
or lipopolysaccharides, triggers PTI in Arabidopsis (Zipfel et al., 2004; Melotto et al., 2006). Effector-
triggered immunity (ETI), on the other hand, is a more specific and robust form of immunity that is triggered
by the recognition of pathogen effector proteins by plant resistance proteins (R). Arabidopsis possesses
a variety of R proteins that can specifically recognize and bind to effectors delivered by Pto during infection
(Boller and Falix, 2009). Upon recognition, the R proteins initiate a signalling cascade that leads to a rapid
and often hypersensitive response characterized by localized cell death known as the hypersensitive response
(HR). This localized cell death limits the spread of the pathogen and activates systemic defence responses,
conferring resistance to Pto and other pathogens expressing the recognized effectors (Jones and Dangl, 2006).
The interaction between Pto and the PTI and ETI pathways of Arabidopsis is complex and dynamic,
with the pathogen employing different virulence strategies to evade or suppress plant immunity (Hulak

and Gonzalez Plaza, 2015).

METHYLATION CHANGES UPON PSEUDOMONAS SYRINGAE ATTACK

A fascinating aspect of this plant-pathogen interaction is the role of DNA methylation in modulating the plant's
response to pathogen attack. Research has shown that Pto infection induces changes in the DNA methylation
patterns of Arabidopsis (Yu et al., 2013). These changes in DNA methylation can affect the expression of
genes involved in plant defence responses and thus influence the outcome of the interaction. For example,
certain defence-related genes may be hypermethylated, leading to their repression, while others may be
hypomethylated, leading to their upregulation. The effects of DNA methylation on gene expression during
Pto infection are complex and context-dependent. Studies have shown both positive and negative correlations
between DNA methylation changes and gene expression levels in response to pathogen attack (Pavet et al,,

2006, Laird, 2010; Dowen et al.,2012). This suggests that DNA methylation acts as a dynamic regulatory
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mechanism that fine-tunes plant defence responses to optimize survival under different environmental
conditions. Furthermore, the role of DNA methylation in plant immunity goes beyond the direct regulation of
gene expression. It has been proposed that DNA methylation can also influence the structure and accessibility
of chromatin, modulating the accessibility of defence-related genes to transcription factors and other
regulatory proteins (Gong et al., 2002; Huettel ez al., 2007; Metzke et al., 2009). Interestingly, Pto has evolved
mechanisms to manipulate the host DNA methylation machinery to promote its own survival and proliferation
in the plant. For example, it has been reported how certain bacterial effectors target components of the plant's
DNA methylation machinery (Canonne and Rivas, 2012) resulting in changes in DNA methylation patterns
that promote bacterial colonization and disease progression (Marois et al, 2002). Overall, the interplay
between Pto and Arabidopsis thaliana provides a fascinating context for studying the role of DNA methylation
in plant immunity. Further research in this area promises to deepen our understanding of the molecular
mechanisms underlying plant-pathogen interactions and may ultimately lead to the development of novel

strategies to improve plant resistance to bacterial pathogens.

CONCLUSION

Biological control strategies targeting Pto have received relatively little attention compared to efforts aimed
at controlling other bacterial and viral foliar pathogens. However, a deeper understanding of this intricate
interaction is essential to increase both the quality and quantity of crop yields, especially in the context of
increasing global food demand. The ongoing evolutionary arms race between host plants and pathogens
underscores the dynamic nature of their interactions, with each side constantly adapting to counter the defence
and attack strategies of the other. Effector proteins prove to be central components in the pathogen's arsenal
and facilitate the establishment of infection, as shown by numerous studies highlighting their importance
in pathogenesis. The methylation status of Arabidopsis thaliana, especially under the influence of Pto,
provides interesting insights into the complex dynamics and epigenetic influence of plant-pathogen
interactions. Changes in DNA methylation patterns serve as a molecular fingerprint of the plant's response to
pathogen invasion and provide insight into the underlying regulatory mechanisms controlling defence
responses. By studying the methylation landscape of Arabidopsis, researchers can decipher the extent to which
the pathogen disrupts the host's epigenetic machinery to facilitate infection. The dialog between the plant
and the pathogen provides to be valuable to unravel the interaction of plant immunity and pathogen virulence.
The study of methylation status in Arabidopsis thaliana during infection with Pseudomonas syringae pv.
tomato therefore offers a promising avenue to improve our understanding of this interactions at the epigenetic

level.

REFERENCES
Anderson, J. P., Gleason, C. A., Foley, R. C., Thrall, P. H., Burdon, J. B., Singh, K.B. (2010): Plants versus

pathogens: An evolutionary arms race. Functional Plant Biology, 37, 499-512.

138



Boller, T., Felix, G. (2009): A renaissance of elicitors: Perception of microbe-associated molecular patterns

and danger signals by pattern-recognition receptors. Annu Rev Plant Biol, 60, 379-407.

Canonne, J., Rivas, S. (2012): Bacterial effectors target the plant cell nucleus to subvert host transcription.

Plant signaling & behavior, 7(2), 217-221.

Ciarroni, S., Gallipoli, L., Taratufolo, M. C., Butler, M. 1., Poulter, R. T. M., Pourcel, C., Vergnaud, G.,
Balestra, G. M., Mazzaglia, A. (2015): Development of a Multiple Loci Variable Number of Tandem Repeats
Analysis (MLVA) to Unravel the Intra- Pathovar Structure of Pseudomonas syringae pv. actinidiae

Populations Worldwide. PLoS ONE, 10, e0135310.

Dowen, R. H., Pelizzola, M, Schmitz, R. J., Lister, R, Dowen, J. M., Nery, J. R., Dixon, J. E., Ecker, J. R.
(2012): Widespread dynamic DNA methylation in response to biotic stress. Proc Natl Acad Sci U S A,
109(32):E2183-91.

Gong, Z., Morales-Ruiz, T., Ariza, R. R., Roldan-Arjona, T., David, L., Zhu, J. K. (2002): ROSI, a repressor
of transcriptional gene silencing in Arabidopsis, encodes a DNA glycosylase/lyase. Cell, 13;111(6):803-14.

Huettel, B., Kanno, T., Daxinger, L., Bucher, E., van der Winden, J., Matzke, A .J., Matzke, M. (2007): RNA-
directed DNA methylation mediated by DRDI1 and Pol IVb: a versatile pathway for transcriptional gene
silencing in plants. Biochim Biophys Acta, 1769(5-6):358-74.

Hulak, N., Gonzalez Plaza, J. J. (2015): 'Plant-Pathogen Interactions: A Brief Insight into a Complicated
Story', Agriculturae Conspectus Scientificus, 80(4), pg. 217-222.

Jones, J. D. G., Dangl, J. L. (2006): Th e plant immune system. Nature, 444, 323-329.

Jones, N. (2013): Planetary disasters: It could happen one night. Nature, 493, 154—156.

Laird, P. W. (2010): Principles and Challenges of Genomewide DNA Methylation Analysis. Nat Rev Genet.,
11(3):191-203.

Marois, E., Van den Ackerveken, G., Bonas, U. (2002): The xanthomonas type III effector protein AvrBs3
modulates plant gene expression and induces cell hypertrophy in the susceptible host. Mol Plant Microbe

Interact., 15(7):637-46.

Matzke, M., Kanno, T., Daxinger, L., Huettel, B., Matzke, A. J. (2009): RNA-mediated chromatin-based
silencing in plants. Curr Opin Cell Biol., 21(3):367-376.

Melotto, M., Underwood, W., Koczan, J., Nomura, K., He, S.Y. (2006): Plant Stomata Function in Innate

Immunity against Bacterial Invasion. Cell, 126, 969-980.

Pavet, V., Quintero, C., Cecchini, N. M,. Rosa, A. L., Alvarez, M. E. (2006): Arabidopsis displays centromeric
DNA hypomethylation and cytological alterations of heterochromatin upon attack by pseudomonas syringae.

Mol Plant Microbe Interact., 19(6):577-587.

139



Pennisi, E. (2010): Armed and dangerous. Science, (New York, NY), 327, 804.

Saijo, Y., Reimer-Michalski, E. M. (2013): Epigenetic Control of Plant Immunity. In: Grafi, G., Ohad, N.
(eds) Epigenetic Memory and Control in Plants. Signaling and Communication in Plants, vol 18. Springer,

Berlin, Heidelberg.

Schwessinger, B., Zipfel, C. (2008): News from the frontline: recent insights into PAMP-triggered immunity
in plants. Curr Opin Plant Biol, 11, 389-395.

Vanneste, J., Cornish, D., Yu, J., Stokes, C. (2014): First Report of Pseudomonas syringae pv. actinidiae the
Causal Agent of Bacterial Canker of Kiwifruit on Actinidia arguta Vines in New Zealand. Plant Disease 98,

418-418.

Xie, S. S., Duan, C. G. (2023): Epigenetic regulation of plant immunity: from chromatin codes to plant disease

resistance. aBIOTECH 4, 124-139.

Xin, X. F., He, S. Y. (2013): Pseudomonas syringae pv. tomato DC3000: a model pathogen for probing disease
susceptibility and hormone signaling in plants. Annu. Rev. Phytopathol., 51, 473—498.

Yu, A., Lepere, G., Jay, F., Wang, J., Bapaume, L., Wang, Y., Abraham, A. L., Penterman, J., Fischer, R. L.,
Voinnet, O., Navarro, L. (2013): Dynamics and biological relevance of DNA demethylation in Arabidopsis
antibacterial defense. Proceedings of the National Academy of Sciences of the United States of America,

110(6), 2389-2394.

Zeng, W., Brutus, A., Kremer, J. M., Withers, J. C., Gao, X., Jones, A. D. and He, S. Y. (2011): A genetic
screen reveals Arabidopsis stomatal and/or apoplastic defenses against Pseudomonas syringae pv. tomato

DC3000. PLoS Pathog., 7, €1002291.

Zhang, W., Zhao, F., Jiang, L., Chen, C., Wu, L., Liu, Z. (2018): Different Pathogen Defense Strategies in
Arabidopsis: More than Pathogen Recognition. Cells, 7(12):252.

Zipfel, C., Robatzek, S., Navarro, L., Oakeley, E. J., Jones, J. D.,G., Felix, G., Boller, T. (2004). Bacterial
disease resistance in Arabidopsis through fl agellin perception. Nature, 428, 764—767.

Contact Information: NatasSa Hulak, University of Zagreb Faculty of Agriculture, SvetoSimunska 25,
10000 Zagreb, Croatia, e-mail: nhulak@agr.hr

140



