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Introduction
Plants are constantly challenged by a wide range of pathogens, 

including bacteria, fungi, viruses, and insects. To survive these threats, 
plants rely on an innate immune system capable of detecting invading 
organisms and activating effective defense responses. Central to 
this system are plant immune receptors, which perceive pathogen-
derived signals and initiate downstream signaling cascades. Plant 
immune receptor signaling forms the foundation of plant defense 
and is critical for disease resistance, crop protection, and sustainable 
agriculture [1,2].

Discussion
Plant immune receptor signaling operates through two 

interconnected layers: pattern-triggered immunity (PTI) and 
effector-triggered immunity (ETI). PTI is initiated when cell-
surface receptors known as pattern recognition receptors (PRRs) 
detect conserved microbial molecules called pathogen-associated 
molecular patterns (PAMPs), such as bacterial flagellin or fungal 
chitin. PRRs, including receptor-like kinases (RLKs) and receptor-like 
proteins (RLPs), activate signaling pathways that lead to rapid defense 
responses. These include calcium influx, production of reactive 
oxygen species (ROS), activation of mitogen-activated protein kinase 
(MAPK) cascades, and expression of defense-related genes [3,4].

ETI represents a second, more robust layer of immunity mediated 

by intracellular immune receptors, primarily nucleotide-binding 
leucine-rich repeat (NLR) proteins. NLRs recognize specific 
pathogen effector proteins either directly or indirectly by monitoring 
modifications to host proteins. Upon activation, NLRs trigger strong 
immune responses, often including localized programmed cell death 
known as the hypersensitive response, which restricts pathogen 
spread. Recent research has shown that ETI amplifies and sustains PTI 
signaling, highlighting the integration between these two immune 
layers [5].

Plant immune receptor signaling is tightly regulated to balance 
defense and growth. Hormonal pathways involving salicylic acid, 
jasmonic acid, and ethylene modulate immune signaling depending 
on the type of pathogen encountered. Transcription factors such 
as WRKY and NAC families play key roles in translating receptor 
activation into appropriate gene expression responses. Additionally, 
post-translational modifications, protein complexes, and subcellular 
localization contribute to the fine-tuning of immune signaling.

Advances in molecular biology and genomics have greatly 
expanded our understanding of immune receptor diversity and 
function. This knowledge is being applied to crop improvement 
through breeding, gene pyramiding, and genome editing approaches 
aimed at enhancing disease resistance without compromising yield.

Conclusion
Plant immune receptor signaling is a sophisticated and dynamic 

system that enables plants to detect pathogens and activate effective 
defense responses. Through coordinated action of surface and 
intracellular receptors, plants mount multilayered immunity while 
maintaining growth and development. Continued research into 
immune receptor signaling will support the development of disease-
resistant crops, reduce chemical pesticide use, and contribute to 
sustainable agricultural systems worldwide.

References
1.	 Abrams R (1984) Genetic studies of the schizoaffective syndrome: a selective 

review. Schizophr Bull 10: 26-29.

2.	 Aron AR (2007) The neural basis of inhibition in cognitive control. The 
neuroscientist 13: 214-228.

3.	 Aron AR (2011) From reactive to proactive and selective control: developing 
a richer model for stopping inappropriate responses. Biol psychiatry 69: 
e55-e68.

4.	 Badcock JC, Michie PT, Johnson L, Combrinck J (2002) Acts of control in 
schizophrenia: dissociating the components of inhibition. Psychol Med 32: 
287-297.

5.	 Bannon S, Gonsalvez CJ, Croft RJ, Boyce PM (2002) Response inhibition 
deficits in obsessive–compulsive disorder. Psychiatry Res 110: 165-174.

Editorial 

Omar, J Plant Physiol Pathol 2025, 13:6

Journal of Plant
Physiology & Pathology

https://psycnet.apa.org/record/2005-09719-007
https://psycnet.apa.org/record/2005-09719-007
https://journals.sagepub.com/doi/abs/10.1177/1073858407299288?journalCode=nroa
https://www.sciencedirect.com/science/article/abs/pii/S0006322310008103
https://www.sciencedirect.com/science/article/abs/pii/S0006322310008103
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/acts-of-control-in-schizophrenia-dissociating-the-components-of-inhibition/CCD0BF65A1A7600483F0C1BD10C7E648
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/acts-of-control-in-schizophrenia-dissociating-the-components-of-inhibition/CCD0BF65A1A7600483F0C1BD10C7E648
https://www.sciencedirect.com/science/article/abs/pii/S016517810200104X
https://www.sciencedirect.com/science/article/abs/pii/S016517810200104X

