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Abstract

For plants and animals to survive against infections, immunity is a crucial evolutionary adaptation. Despite having
split from a common unicellular ancestor more than a billion years ago, both plant and animal lineages have
evolved sophisticated immune systems that are adapted to their unique biological and ecological environments.
The origin, evolutionary paths, mechanisms, and contemporary functional differences between the immune
systems of plants and animals are examined in this review. Molecular recognition, signalling pathways, and
systemic responses are highlighted in a comparative analysis of the divergent and convergent immunological
strategies. Knowing these differences offers a framework for translational research in biomedicine and agriculture
as well as insight into host-pathogen interactions.
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1. Introduction

An essential biological system, the immune system is in charge of identifying and neutralizing harmful threats.
In contrast to mammals, who have both innate and adaptive immunity, plants only have innate immunity. Their
different evolutionary forces and physiological structures are reflected in the difference of their immunological
systems. This essay explores the genesis, development, workings, and contemporary distinctions between the

immune systems of plants and animals.

2. Origin of Immune Systems

2.1 Common Ancestral Mechanisms

Basic pathogen recognition machinery is shared by a eukaryotic ancestor of both plants and animals [1]. Among
them are conserved pattern recognition receptors (PRRs) that may identify MAMPs (microbe-associated
molecular patterns) [2].

2.2 Divergence and Lineage-Specific Evolution

Immune strategies evolved separately as a result of the evolutionary division between the kingdoms of plants and
animals. Adaptive immunity in animals began with the appearance of mobile phagocytes and then lymphocytes.

However, plants developed cell-autonomous defences and structural barriers [3].

3. Evolution of Immune Mechanisms

3.1 Plants

A very complex two-layered defensive system makes up plant immunity. When pattern recognition receptors
(PRRs) on the cell surface identify conserved microbial characteristics known as microbe-associated molecular
patterns (MAMPs), such bacterial flagellin or fungal chitin, the first layer, known as Pattern-Triggered Immunity
(PTI), is triggered [4]. Reactive oxygen species (ROS) generation, transcriptional reprogramming, and MAPK
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cascades are examples of downstream signaling processes that result from this. Plants trigger a second layer called
Effector-Triggered Immunity (ETI) when pathogens get around PTI by introducing effectors into host cells.
Intracellular nucleotide-binding leucine-rich repeat (NLR) proteins regulate ETI by identifying these effectors and
triggering a strong, frequently localized, hypersensitive reaction that results in systemic acquired resistance and
programmed cell death [5].

3.2 Animals

The animal immune system exhibits remarkable complexity through its bifurcated structure comprising innate
and adaptive immunity. Innate immunity serves as the first line of defence and includes non-specific mechanisms
such as phagocytosis by macrophages, antigen presentation by dendritic cells, and activation of pattern recognition
receptors like Toll-like receptors [6]. This arm provides immediate, but general, protection. In contrast, adaptive
immunity—exclusive to jawed vertebrates—is highly specific and features immunological memory. It relies on
somatic recombination of antigen receptor genes in B and T lymphocytes via V(D)J recombination, generating
diverse antigen recognition capabilities. These components enable lifelong protection and vaccine-based

immunity.

4. Functional Components

Table 1. Comparative Overview of Plant and Animal Immune Systems

ISSN NO:0376-8163

Component Plants Animals References
Recognition PRRs (e.g., FLS2), intracellular NLRs | PRRs (e.g., TLRs), BCRs, TCRs [4,5][7]
receptors
Signaling MAPK cascades, calcium flux, | NF-xB, JAK-STAT, -cytokine | [7, 8]
pathways salicylic acid and jasmonic acid | signaling
signaling
Effector Reactive oxygen species (ROS), | Phagocytosis, antigen presentation, | [7, 9]
response phytoalexins, cell wall reinforcement, | antibody secretion, cytotoxic killing
hypersensitive response (HR)
Memory Priming (no true memory; | Long-lasting immunological | [7, 9]
epigenetically regulated) memory via B and T cells
Systemic Systemic acquired resistance (SAR), | Systemic inflammation, | [7, 8, 10]
response mediated by mobile signals (e.g., | lymphocyte migration via the
methyl salicylate) circulatory and lymphatic systems
Cellular Static cells; no mobile immune cells Mobile immune cells (e.g., | [10][7]
mobility macrophages, neutrophils,
lymphocytes)
Receptor Germline-encoded PRRs and NLRs, | Somatic recombination in BCRs | [7, 11]
diversity some diversification via gene | and TCRs enables immense
duplication diversity
Immune Innate immunity only, multi-layered | Innate and adaptive immunity [3,5]17]
strategy (PTI and ETI)
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Table 1. presents a side-by-side comparison of key immunological components in plants and animals. It highlights

differences in recognition, signaling, response strategies, and systemic coordination across both kingdoms.

5. Current Functional Status

Plant and animal immune systems, despite having evolved independently, are remarkably complicated in their
current functional architecture. These variations reflect the organism's physiology, motility, evolutionary
restrictions, and environmental stresses.

5.1 Complexity and Specialization

High levels of compartmentalization and organizational complexity define the animal immune system. The
growth, activation, and circulation of immune cells, such as macrophages, dendritic cells, and lymphocytes, are
supported by specialized organs such the bone marrow, thymus, spleen, and lymph nodes [7]. Rapid, systemic
immune responses are made possible by the vascular and lymphatic network that connects these mobile cells.
Plant cells, on the other hand, have solid cell walls that prevent them from moving, thus each cell must recognize
and react to infections on its own. However, plants need a complex set of signaling processes to compensate.
Long-distance signals including salicylic acid, jasmonic acid, azelaic acid, and reactive oxygen species enhance
intercellular communication through plasmodesmata [8, 12]. These signals coordinate systemic acquired
resistance (SAR), allowing plants to mount whole-organism defences despite structural immobility.

5.2 Immune Memory and Learning

The ability of vertebrate adaptive immunity to retain immunological memory—in which memory B and T cells
survive an infection and facilitate quick, targeted reactions when the same antigen is encountered again—is one
of its defining characteristics. Vaccine tactics are based on this long-term protection. On the other hand, plants
can experience "defense priming," a process whereby exposure to pathogens or elicitors strengthens the plant's
future defensive ability, even if they lack clonal growth and antigen-specific memory. Epigenetic changes like
histone acetylation or DNA methylation are frequently responsible for this primed state, which can last for a long
period [9, 13]. While not as accurate as adaptive immunity, this significantly increases plant resilience in a manner
similar to memory.

5.3 Pathogen Counter-Strategies

Co-evolution is fueled by pathogens' selective pressure on host immune systems. Numerous bacterial and fungal
pathogens in plants release effector proteins that directly block intracellular nucleotide-binding leucine-rich repeat
(NLR) proteins or pattern recognition receptors (PRRs), thereby blocking the PTI and ETI pathways [5, 14].
Similar mechanisms have been evolved by pathogens in animals: bacterial effectors, like Salmonella's AvrA and
Yersinia's YopJ, acetylate or degrade components of innate immune pathways, preventing antigen presentation,
NF-«B activation, or Toll-like receptor (TLR) signalling [15, 16]. By downregulating MHC molecules or altering
epitopes to prevent T-cell recognition, viral pathogens frequently elude immune detection. The evolutionary arms

race between host immunity and pathogen virulence strategies is highlighted by these advanced countermeasures.

6. Comparative Immunity: Key Differences
6.1 Cellular Mobility
Cellular mobility is the most obvious difference between plant and animal immunity. Specialized leukocytes, such

as neutrophils, macrophages, dendritic cells, natural killer cells, and lymphocytes, are found in vertebrates. These
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cells move through blood and lymph constantly to examine tissues, quickly move to infection sites, and mount
systemic defenses (Murphy & Weaver, 2016). Millions of cells can be recruited on a minute scale through
chemokine gradients, integrin-mediated adhesion, and endothelial extravasation; this frequently results in the
clonal expansion of antigen-specific T and B cells [17]. In contrast, immune surveillance is cell-autonomous in
plants because they are sessile organisms with fixed cells inside rigid cell walls. Each cell triggers pattern-
triggered immunity (PTI) when it detects danger, and it may use vascular or airborne signals like salicylic acid,
pipecolic acid, and methyl jasmonate to boost defences systemically [10, 12]. All following defence reactions take
place in situ, but warning messages can also be sent via electrical waves and calcium fluxes at speeds that are
comparable to those of animal nerves. Glutamate-triggered calcium waves are used by plants as quick defensive
signals that go through their bodies at a speed comparable to nerve impulses [18]. Calcium channels and electrical
signals play a part in long-distance signaling after injury [19]. ROS and calcium in systemic fast signaling, which

has transmission speed similarities to animal nervous systems [20]

6.2 Molecular Diversity

The molecular diversity of recognition receptors is a second difference. Vertebrates use somatic V(D)J
recombination and junctional diversification in immunoglobulin and T-cell receptor genes to achieve remarkable
receptor breadth, estimated at 10713 specificities [21]. Plants, on the other hand, have germline-encoded
intracellular nucleotide-binding leucine-rich repeat (NLR) proteins and lack lymphocyte-like mechanisms.
Through gene duplication, unequal crossing-over, and domain reshuffling, diversity develops over evolutionary
rather than somatic time, creating "integrated decoys" that imitate effector targets Plant populations maintain
broad surveillance through large NLR repertoires and presence/absence polymorphisms, despite the fact that this
strategy cannot customize receptors to each new infection within an individual's lifetime [22].

6.3 Evolutionary Innovation

And finally, there are fundamental differences in evolutionary innovation. About 500 million years ago, whole-
genome duplications and horizontal capture of recombinase genes from transposons are thought to have produced
the dual-arm (innate + adaptive) immune architecture that is specific to jawed vertebrates[23, 24]. Comparative
genomics shows that all of the major angiosperm clades already had hundreds of NLR loci, indicating convergent
evolution toward modular sensors long before animals developed adaptive immunity. In contrast, plants expanded
their NLR superfamily much earlier[25, 26]. These disparate inventions highlight how life experiences and

mobility limitations shape unique but equally potent immune responses.

7. Applications and Translational Relevance

Understanding the evolution and mechanisms of plant and animal immunity offers vast translational applications
in both agriculture and human health. In crop science, leveraging plant immune components like pattern
recognition receptors (PRRs) and NLR genes has facilitated the creation of transgenic and genome-edited plants
with durable resistance to pathogens[27, 28] In biomedical research, animal immunology has led to breakthroughs
in monoclonal antibody therapies, vaccines, and cancer immunotherapies[7, 29]. Synthetic biology now bridges
both systems, enabling the transfer of immune traits across kingdoms to develop sustainable disease control

strategies [30, 31].
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8. Conclusion

Animals and plants have evolved complex immune systems tailored to their respective lives, despite following
different evolutionary trajectories. Comparative immunology identifies both distinctive adaptations and common
ancestral traits. Plants acquired robust, multi-layered innate defences, whereas mammals evolved an adaptive
immune system that allowed for memory and specificity. Understanding these distinctions promotes creative

approaches to agriculture and health while also deepening our understanding of immunity.
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