Unraveling the Plant's Immune Symphony: How RONS and
Phytohormones Orchestrate Defense

A deeper look into the intricate communication network governing plant protection

The survival of plants in a world teeming with pathogens and environmental stressors hinges on a remarkably sophisticated immune system. At its core,
this defense mechanism relies on an intricate dialogue between Reactive Oxygen and Nitrogen Species (RONS) and phytohormones. This crosstalk is
not merely a series of independent reactions but a finely tuned symphony, where RONS act as immediate messengers and modulators, influencing the
long-term, systemic responses orchestrated by phytohormones. Understanding this dynamic interplay is crucial for developing resilient crops and
ensuring global food security.

Key Insights into Plant Immunity Crosstalk

* RONS as Dual-Role Signals: RONS, including Reactive Oxygen Species (ROS) like hydrogen peroxide (H202) and superoxide (Oz"), and Reactive
Nitrogen Species (RNS) like nitric oxide (NO), serve a dual purpose. At low concentrations, they are vital signaling molecules activating defense
pathways, while at high concentrations, they can induce programmed cell death (hypersensitive response) to quarantine infections.

« Phytohormone Networks as Orchestrators: Phytohormones like Salicylic Acid (SA), Jasmonic Acid (JA), and Ethylene (ET) form complex networks
that dictate the type and intensity of immune responses. SA is crucial for defending against biotrophic pathogens, while JA and ET are vital for
necrotrophic pathogen and herbivore defense. Other hormones like Abscisic Acid (ABA), Auxins, Cytokinins, Gibberellins, Brassinosteroids, and
Strigolactones also play significant roles, balancing growth with defense.

« Bidirectional and Integrated Signaling: The interaction between RONS and phytohormones is not unidirectional. Hormones can trigger RONS
production, and in turn, RONS can modulate hormone biosynthesis, signaling, and distribution. This creates intricate regulatory loops, allowing
plants to finely tune their defense mechanisms and adapt to diverse threats, ensuring efficient and tailored immune responses.

Plants are constantly under threat from diverse pathogens and environmental stresses. To combat these challenges, they have evolved a complex and
highly effective immune system. A central element of this system is the sophisticated communication, or "crosstalk," between Reactive Oxygen and
Nitrogen Species (RONS) and various phytohormones. This intricate interplay allows plants to detect threats, initiate appropriate defense responses, and
balance growth with immunity.

The Dynamic Duo: RONS and Phytohormones in Plant Defense

RONS are highly reactive molecules that include both Reactive Oxygen Species (ROS) such as hydrogen peroxide (H202) and superoxide (Oz), and
Reactive Nitrogen Species (RNS) like nitric oxide (NO). Phytohormones, on the other hand, are organic compounds produced by plants that regulate
their growth, development, and responses to environmental stimuli. In the context of immunity, these two classes of molecules work in concert to
orchestrate a robust defense.

RONS: The Immediate Responders and Signaling Hubs

Upon pathogen recognition, plants exhibit a rapid burst of RONS, often initiated by enzymes like NADPH oxidases (RBOHSs). This RONS burst is not
merely a consequence of infection but a deliberate signaling event. These molecules act as crucial second messengers, initiating a cascade of events
that lead to defense activation. RONS influence several key cellular processes:

« Modulation of Protein Function: RONS can modify proteins through redox reactions, influencing the activity of transcription factors and
protein-phosphorylation pathways. This allows for rapid changes in gene expression and cellular machinery.

« Hypersensitive Response (HR): At higher concentrations, RONS can trigger programmed cell death (PCD) at the site of infection. This localized
cell death, known as the Hypersensitive Response, effectively isolates the pathogen and prevents its spread throughout the plant.

« Activation of Downstream Defenses: RONS contribute to the production of pathogenesis-related (PR) proteins, which have antimicrobial
properties, and the strengthening of cell walls, forming a physical barrier against pathogen invasion. They also activate the production of
antimicrobial phytochemicals.
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This radar chart illustrates the perceived relative contributions of RONS and phytohormones across various aspects of plant immunity. While RONS excel
in immediate signal amplification and redox regulation, phytohormones are central to pathway activation and systemic signaling, and both contribute
significantly to balancing growth and defense.

Phytohormones: The Orchestrators of Sustained Defense

While RONS provide the initial alarm, phytohormones coordinate the plant's long-term and systemic defense responses. A complex network of these
chemical messengers allows plants to tailor their immunity to specific threats. Key phytohormones involved in defense include:

« Salicylic Acid (SA): Primarily associated with resistance against biotrophic pathogens (which feed on living plant tissue). SA is crucial for initiating
Systemic Acquired Resistance (SAR), a long-lasting, broad-spectrum immunity throughout the plant.

« Jasmonic Acid (JA) and Ethylene (ET): These hormones often work synergistically to defend against necrotrophic pathogens (which kill host
tissue) and herbivorous insects. They regulate the production of defense compounds and proteinase inhibitors.

« Abscisic Acid (ABA): Plays a multifaceted role, often modulating the balance between growth and defense, and influencing stomatal closure to
prevent pathogen entry.

« Growth Hormones (Auxins, Cytokinins, Gibberellins, Brassinosteroids, Strigolactones): While primarily involved in growth and development, these
hormones also significantly impact immunity. They can either promote or suppress defense responses, depending on the context, often interacting
with the core defense hormones to balance resource allocation.

The Intricate Dance of Crosstalk: Mechanisms and Examples

The interaction between RONS and phytohormones is highly dynamic and bidirectional, forming intricate feedback loops. This crosstalk occurs at
multiple levels, from gene expression to protein modification.

Hormones Induce RONS Production

Phytohormones can directly or indirectly trigger the production of RONS. For example, some hormone signaling pathways activate NADPH oxidases
(RBOHs), leading to a RONS burst. This ensures that the initial defense signal is robust and rapid.

RONS Modulate Hormone Pathways

Conversely, RONS significantly impact the biosynthesis, signaling, and distribution of various hormones. This modulation can occur through several
mechanisms:

< Direct Modification of Hormone-Related Proteins: RONS can modify key proteins in hormone signaling pathways, altering their activity or stability.
For instance, S-nitrosylation by NO can change the function of proteins involved in ABA and auxin signaling.

« Regulation of Gene Expression: RONS can influence the activity of transcription factors that regulate hormone biosynthesis genes or genes
involved in hormone signal transduction.

» Redox Status and Hormone Sensitivity: The redox state of the cell, influenced by RONS, can determine the plant's sensitivity to certain hormones.
For example, the SA signaling component NPR1 is redox-regulated, highlighting the direct link between RONS and SA pathways.

Specific Crosstalk Examples

The interplay between RONS and phytohormones is highly context-dependent and leads to fine-tuned responses against different threats:

Hormone/RONS Interaction Role in Plant Immunity Specific Mechanism/Outcome
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This table summarizes key interactions between RONS and various phytohormones, highlighting their roles and specific mechanisms in plant immunity.
The Role of RONS and Hormones in Systemic Acquired Resistance (SAR)

SAR is a broad-spectrum, long-lasting resistance mechanism that protects the entire plant against subsequent pathogen attacks. RONS play a crucial
role in the establishment of SAR by acting as mobile signals that help propagate defense responses throughout the plant. This involves complex
interactions with SA, where RONS can influence the redox status of key regulators like NPR1, a central protein in SA signaling. This systemic signaling
ensures that even uninfected parts of the plant are primed for defense.
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The image above provides a conceptual overview of ROS signaling within plant cells, illustrating how different cellular compartments contribute to the
generation and perception of these crucial signaling molecules.

Balancing Growth and Defense: A Constant Trade-off

A critical aspect of RONS-phytohormone crosstalk is its role in balancing growth and defense. Plants have limited resources, and investing heavily in
defense can come at the cost of growth and reproduction. This trade-off is managed through intricate hormonal interactions:



+ Antagonistic Relationships: For example, SA, which promotes defense, can sometimes antagonize growth-promoting hormones like auxin and
gibberellins. This ensures that during an infection, resources are prioritized for immunity.

* Integration of Signals: Transcription factors like MYC2 and ORA59 act as crucial hubs, integrating signals from both RONS and multiple hormones

(e.g., JA and ET) to fine-tune defense responses and manage the growth-defense balance.

+ Pathogen Manipulation: Pathogens often exploit these hormonal crosstalk mechanisms to suppress plant immunity and promote their own
proliferation. For instance, some pathogens manipulate auxin signaling to aid infection. Plants, in turn, leverage RONS-hormone interactions to

counteract such manipulations.

This image depicts stomata, small pores on the leaf surface, which are crucial entry points for pathogens. The regulation of stomatal aperture is a key
defense mechanism often influenced by both RONS and phytohormones, illustrating the balance between gas exchange for photosynthesis and defense
against invasion.

To further illustrate the complex relationships and mutual influences between RONS and phytohormones in plant immunity, the following mindmap
provides a visual representation of their intricate network. Each node represents a key component or process, with connections indicating direct or
indirect interactions.
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This mindmap illustrates the complex and interconnected relationships between RONS, various phytohormones, and their combined roles in
orchestrating plant immunity. It highlights the bidirectional nature of their crosstalk and the diverse mechanisms involved.

A deep understanding of RONS-phytohormone crosstalk offers significant avenues for enhancing crop protection and resilience:

+ Priming and Elicitation: Applying exogenous RONS donors (like H202 or NO) or specific hormone mimics (e.g., BR or JA inducers) can prime plant
defenses, making them more resistant to future attacks without constant high-level activation.

+ Genetic Engineering and Breeding: Modifying genes involved in RONS production (like RBOH activity) or antioxidant systems can optimize the
RONS signal-to-noise ratio. Similarly, targeting key crosstalk nodes (e.g., NPR1, MYC2, DELLA-JAZ complexes) through breeding or genetic
engineering can help balance SA/JA/ET pathways and growth hormones, leading to broad-spectrum resistance with minimal yield penalty.

+ Integrated Stress Management: Recognizing how abiotic stresses (drought, heat, salinity) precondition RONS levels allows for better coordination
of ABA with SA and JA pathways, preventing maladaptive immunity suppression during combined stress conditions.
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This bar chart visually represents the perceived strength of influence between RONS and phytohormones across different aspects of plant immunity,
scored from 0 to 10. It highlights their mutual impact on SA and JA/ET pathways, ABA modulation, systemic signaling, and the critical balance between
growth and defense.

Youtube Video: Deeper Dive into Plant Immunity

To further contextualize the discussion on RONS and phytohormone crosstalk, this video from The Sainsbury Laboratory offers a general overview of
plant immune systems and their complexities. While not solely focused on RONS-hormone interactions, it provides an excellent foundation by explaining
how plants recognize and defend against pathogens, setting the stage for understanding the molecular intricacies discussed in this document. The video
touches upon the remarkable similarity and differences between plant and animal immune responses, emphasizing the sophisticated nature of plant
defense mechanisms.

[Video removed for PDF]

This video, "Plants have an immune system... and it's complicated," from The Sainsbury Laboratory, explores the fascinating world of plant immunity,
offering a broader perspective on how plants defend themselves against various threats.

Frequently Asked Questions

What are RONS and why are they important in plant immunity?
RONS, or Reactive Oxygen and Nitrogen Species, are highly reactive molecules such as hydrogen peroxide (H20:z), superoxide (Oz), and nitric

oxide (NO). In plant immunity, they act as crucial signaling molecules that initiate and modulate defense responses. At low concentrations, they are
vital messengers, but at high concentrations, they can trigger programmed cell death to contain infections.

Which phytohormones are most critical for plant defense?
Salicylic Acid (SA), Jasmonic Acid (JA), and Ethylene (ET) are considered the core defense phytohormones. SA is essential for defending against

biotrophic pathogens and inducing systemic resistance, while JA and ET are key for protection against necrotrophic pathogens and herbivores.
Other hormones like Abscisic Acid (ABA), Auxins, and Cytokinins also play significant modulatory roles.

How do RONS and phytohormones interact?
The interaction is bidirectional. Phytohormones can induce the production of RONS, for instance, by activating NADPH oxidases. In turn, RONS can

affect hormone biosynthesis, signaling, and distribution by modifying hormone-related proteins or influencing gene expression. This creates a
complex regulatory network that allows plants to fine-tune their immune responses.

What is the Hypersensitive Response (HR) and how do RONS contribute to it?
The Hypersensitive Response (HR) is a rapid, localized cell death that occurs at the site of pathogen infection in plants. It serves to quarantine the

pathogen and prevent its spread. RONS, particularly at high concentrations, are key inducers of this programmed cell death, making them integral to
the HR mechanism.

How do plants balance growth and defense through RONS and hormone crosstalk?
Plants have limited resources, so there is a trade-off between growth and defense. RONS and phytohormones manage this balance. For example,

defense-promoting hormones like SA can antagonize growth-promoting hormones, shifting resources towards immunity during an attack.
Transcription factors integrate signals from both RONS and hormones to make these resource allocation decisions.

Can pathogens manipulate this RONS-hormone crosstalk?

Yes, pathogens often evolve strategies to manipulate host hormone signaling pathways and RONS levels to suppress plant immunity and facilitate
their own infection. Plants, however, counter these manipulations by leveraging the same RONS-hormone crosstalk to maintain defense integrity.



What are the practical applications of understanding this crosstalk for agriculture?

Understanding RONS-hormone crosstalk allows for strategies like priming plant defenses with exogenous RONS donors or hormone mimics. It also
informs genetic engineering and breeding efforts to optimize RONS production and signaling, leading to crops with enhanced resistance against
pathogens and greater resilience to environmental stresses, without compromising yield.

Conclusion

The crosstalk between Reactive Oxygen and Nitrogen Species (RONS) and phytohormones is a cornerstone of plant immunity, providing a dynamic and
adaptable defense system. RONS act as essential early warning signals and modulators, triggering immediate cellular responses and influencing the
redox state critical for signal transduction. Phytohormones, in turn, orchestrate the plant's long-term and systemic defense strategies, tailoring responses
to specific threats while balancing the crucial trade-off between growth and immunity. This intricate communication network, involving both direct
biochemical interactions and complex regulatory feedback loops, allows plants to mount highly efficient and context-specific immune responses. Further
unraveling the nuances of this crosstalk holds immense potential for developing novel strategies to enhance crop resilience and ensure sustainable
agriculture in the face of ever-evolving environmental and pathogenic pressures.
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