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Abstract

Plant diseases control is usually based on the usage of bactericides, fungicides and lethal to host invaders, causal agents of plants.
Though, the harmful consequence of these synthetic pesticides on the environment and health of humans strongly enforces the
exploration for new, safety means of plant disease management. Plants are continuously risked by phytopathogens, disturbing
main crops conceding food safety. They have developed several mechanisms to defense pathogen disease, containing the of gene
cascades, encoding several receptors, effectors, production of secondary metabolites, peptides and proteins having antimicrobial
action and indicating and defensive compounds. Among these, production of pathogenesis related (PR) proteins from host plants
in active resistance and their overexpression has directed to improved resistance to adverse situations is definite significant as PR
proteins are an crucial constituent of innate immune reactions in host plants in abiotic or biotic pressure situations. Response
proteins might also be enzymes in biosynthetic pathways for the synthesis of phytoalexins or lignification of cell walls, low
molecular weight lethal compounds that inhibit the pathogens. Induction of PR proteins has been described in several plant types
containing to several families signifying a common part for these prot PR proteins in variation to abiotic stress / biotic stress
situations. The PR genes (defensin, thaumatin, glucanase, thionin, and chitinase) overexpression has significantly enhanced the
level of resistance response in plants to a varied variety of phytopathogens, either independently or in combination.
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Introduction

The plant development and growth are caused by stresses
like biotic and abiotic and they have possible toward
pointedly decrease farming yield. Biotic pressures are
affected by several phytopathogens (fungi, viruses and
bacteria) (Cramer et al., 2011; Teixeira et al., 2019). These
phytopathogens main to major decrease in yearly crop yield
in addition to pose severe danger to the impending food
safety. Hosts defend these pathogens by means of a

collection of resistance machineries in directive toward
persist or maintain their capability (Singh et al., 2023; Roux
et al., 2014). Abiotic stresses because of excesses in salinity,
temperature, heavy metals and drought. These are not
measured inducers of PR proteins, though some
noninfectious physiological situations (toxin induced
necrosis or chlorosis) often elicit stimulation of definite PR
proteins (Khan et al, 2022). Plants use preformed
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(biochemical and structural) and inducible resistance
reactions to control several biotic pressures (Wani et al.,
2018; Slusarenko et al., 2000). The active resistance
structures contains waxes, cutin, deposition of lignin, and
secretion of antipathogenic compounds like phytoanticipins
and usually measured as primary route of resistance to stop
more attack from phytopathogens (Osbourn, 1996). Induced
protection apparatuses are intricate from the transduction of
many indications intricate in the reactive oxygen species
(ROS) synthesis, phytoalexin synthesis, strengthening of cell
walls of host and the increase of the PR proteins, some acts
as antipathogenic characteristics (Huffaker et al., 2011; Dos
Santos and Franco 2023).

In host plants, induced resistance proteins have been defined
upon diseased with viruses, bacteria, fungi, oomycetes or
occurrence of insect and attended by improved production of
resistance proteins often indicated to as pathogenesis related
proteins (Gahlowt et al., 2023). The term “PR proteins”
shows an collection of varied proteins influenced by
phytopathogens  also  resistance  related  indicating
compounds. The small proteins multigene classes,
recognized as PR proteins are known for implementing a
collection of biochemical reactions (Kumar et al., 2025;
Javed et al., 2025; Bishi et al., 2025). After pathogen attack,
stimulation of resistance indicating pathways such as,
salicylic acid (SA) and jasmonic acid (JA) take place which
more primes toward the buildup of pathogenesis related
proteins that reduces infection onset or phytopathogen
capacity in host healthy organs. The pathogenesis related
proteins were initialy revealed in leaves of tobacco
responding hypersensitively to TMV. Primarily, simply five
main PR proteins classes such as PR1- PRS were described
from tobacco host plants recognized based on the molecular
and biochemical methods (Sharma et al., 2021; Bol et al.,
1990). The pathogenesis related proteins are a varied cluster
of host proteins that are measured to show key parts in host
plant infection tolerance (Zribi et al., 2024). The low
molecular weight PR proteins are, acid soluble compounds,
these are comparatively resistant to endogenous plants and
protease tolerance which accrues in developed plants through
discordant connections from fungi, viruses, and bacteria
(Adam et al., 2014). The PR-proteins can be basic or acidic
compounds based on their isoelectric points, but they have
similar functions. These are formed in the diseased and
adjacent tissues as well as in the distant uninfected materials
of the plant. The PR-proteins occur in intercellular spaces of
host cells and subcellularly, mainly from the cell walls of
several plant tissues (Shobade et al., 2025; Agrios, 2005;
Ganguly et al., 2024; van Loon et al., 2006). Maximum acid
PR-proteins are situated in the subcellular sections, while the
basic PR-proteins are establish from plant vacuole. The

39

numerous groups of pathogenesis related proteins are
categorized according to their serological association, role,
molecular weight, sequences of amino acids, and some
additional characteristics. The signal mixtures accountable
for stimulation of pathogenesis related proteins contain
ethylene, SA, polypeptide systemin, xylanase, JA etc.
(Ouyang et al., 2024; Kheemji et al., 2026).

Currently, the pathogenesis related proteins are categorized
into 19 families according to their sequence similarity,
properties, and functions counting ribosome inactivating
proteins, chitinases, thionins, B-1,3-glucanases, thaumatin-
like proteins, peroxidases, defensins, oxalate oxidase like
proteins and nonspecific lipid transfer proteins (Wang et al.,
2011; Sels et al., 2008; Van Loon et al., 2006; Bai et al.,
2013; Dobnik et al., 2013; Boccardo et al., 2019; Kaur et al.,
2022; Cristiane dos Santos 2023; Islam et al., 2023; Javed et
al., 2025) (Figure 1). These PR proteins contain PR-1 is
unknown function, PR-2 is B-1,3- glucanase, PR3-4, PR-8
and PR-11 are endochitinases (Dos Santos and Franco 2023),
PR-5 is thaumatin-like proteins, PR-6 is proteinase
inhibitors, PR-7 is proteinase, PR-9 is peroxidase (Dos
Santos and Franco, 2023), PR-10 is ribonuclease-like
proteins, PR-12 is defensins, PR-13 is thionins, PR-14 is
lipid transfer proteins, PR-15 and PR-16 are oxalate oxidase-
like proteins and PR-17 is unknown function. The
pathogenesis  related proteins are stimulated by
phytopathogen attack was described in wheat plant (Li et al.,
2001), banana plant (Harish et al., 2009), apple plant (Li et
al., 2014), mango tree (Ebrahim et al., 2011), grapevine plant
(Hatmi et al., 2013), and European plum tree (El-kereamy et
al., 2011). The PR-proteins like PR-1, PR-2, and PR-5 were
stimulated in wheat plants after SA treatment was described
by Niu et al., (2007), while PR-3, PR-4, PR-9 and PR-10
stimulated by JA activates (Perrot et al., 2022; Duan et al.,
2014; Chen et al., 2023; Longsaward et al., 2023).

The families of pathogenesis related proteins have been
described three antimicrobial peptides, specifically, PR-12 to
PR-14 (van Loon et al., 2006). The PR-10 proteins acts
directly on fungal plant pathogens (PR1-5, PR-8 and PR11-
14), and the PR-1 and PR-5 families are antagonistic active
towards oomycetes (Sharma et al., 2021; Campos et al.,
2008; Han et al., 2023a). Usually, antimicrobial peptides are
abundant and perform an important role of plant resistance to
a wide-ranging of phytopathogens and insect pests in several
existing types extending of microorganisms from hosts
(Mehraj et al., 2024; Egorov et al., 2005). The pathogenesis
related proteins family PR-2 is glucanases breaks existing
fungal pathogenic cell wall and PR3, PR4, PR8 and PR11
proteins are acts as endo chitinases, that breaks cell wall
chitin from fungal pathogens (Perrot et al., 2022; Mahajan et
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al., 2025). The PR proteins displays antimicrobial properties
target and damage the cell wall of phytopathogens and
plasma membrane of plant pathogens; few of them target
subcellular or make the enzyme production in microbes
causing infections (Varma and Meena, 2020). The
antimicrobial peptides (AMPs) from the PR-13, PR-12, and
PR-14 proteins are categorized as thionins defensins, and
lipid transfer proteins, correspondingly, action as recognized
membrane disruption with antibacterial and antifungal
actions (Lacerda et al., 2016; Shafee et al., 2017; Melnikova
et al., 2022). The class PR-5 proteins, named osmotins, acts
as glucan binding proteins and membrane permeabilizers that
donate in encoded cell death and glucan degradation,
correspondingly (Osmond et al., 2001; Sharma et al., 2021).
Thus pathogenesis related proteins show vital role in the
development of disease resistance, improves germination of
seeds and facilitates the plants to adapt to the living and non
living stress situations (Ngou et al., 2022; Ali et al., 2017,
2018).

There are two types of plant pathogens such as biotrophic
(parasitic in nature) and necrotrophic pathogen, the primary
biotrophic stimulates the salicylic acid pathway that excites
the transcription of non-expressor of PR genel (NPRI1),
these indications to stimulation and buildup SA signal gene
products in addition of steadily important to systemic
acquired resistance (SAR) (Spoel et al., 2012). The
necrotrophic phytopathogen activates JA signaling pathway
that brings the activation of JA signal genes and indications
to collection of their produce nearby and therefore deals
individual local acquired resistance (LAR) (Okmen et al.,
2014; Ali et al., 2017; Yu et al., 2022). The SAR delivers
improved defense to a varied variety of phytopathogens (Fu
and Dong, 2013). Transcriptomic experiments have
discovered that pathogenesis related genes are expressively
stimulated by abiotic and biotic pressures and sorts them one
of the greatest capable genes for developing numerous stress
resistant crop types (Jiang et al., 2015; Kamran et al., 2025;
Gupta et al., 2013; Fountain et al., 2010; Dai et al., 2016;
Kumari et al.,, 2025; Ali et al., 2017, 2018). Genes
accountable for the presence of PR proteins was expressively
enhanced the defense against several phytopathogens from
various agricultural yields (Ryals et al., 1994). The genes of
B-1,3-glucanase include a great gene class that was divided
to 3 main classes established on their main constructions
(Ward et al., 1991) and described that hosts direct the B-
glucanase genes in reaction to microbial diseases (Zavaliev
et al., 2011; Dobnik et al., 2013). In this chapter, we
highlighted on studies of differential expression and
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induction of pathogenesis related proteins in reaction to
different phytopathogens (Figure 1).

PR proteins as signaling indicators of plant defense

Plants release a combination of plant hormones, such as JA,
ethylene (ET), SA and xylanase in reaction to plant diseases
(Table 1). The magnitude, conformation and development of
these ingenious hormones mainly vary inside plants and are
dependent on the mode, existence of microbial infection
(Ngou et al., 2022; Shobade et al., 2025). Characteristically,
SA signaling pathways deliver encounter against pathogens
like biotrophic, while JA/ET signaling pathways enable
defense to pathogens like necrotrophic also to pests like
herbivorous (Bari and Jones, 2009). The pathogenesis related
proteins are measured as marker genes from pathways of JA
and SA from several agricultural crops. The PR1, PR2 and
PR5 expression genes among PR genes are extremely
stimulate upon pathogen attack through biotrophics (Delaure
et al., 2008). The PR1, PR2, and PR5 symbolizes stimulation
of salicylic acid indicating pathway (Zhang et al., 2010; Ali
et al.,, 2017; Teng et al., 2026) and these PRs are used as
indicators of the salicylic

acid pathway. Transcription of PR proteins and additional
compounds induced is improved afterward JA or SA
treatment subsequent in wide spectrum antimicrobial
properties (Kaur et al., 2016). Also, SA mutants for example
niml, nprl and sail, nahG transgenic Arabidopsis with
excluded expression of PR gene, a NPRI1 locus was
recognized (Shah et al., 1997). Afterwords, the NPR1 was
establishing a dominant device of salicylic acid interceded
host resistance. The presence of above 98% of salicylic acid
controlled genes is reliant on NPR1 (Wang et al., 2006).
Increased expressions of PR4, PR3 and PR-12 signify
stimulation of pathway of jasmonic acid (JA) signaling from
Arabidopsis plant. Remarkably, jasmonic acid mutants such
as fad3/7/8, jarland coil, unsuccessful to make the
appearance of PR12, PR4, PR3 and were occur designate
vulnerable toward a great amount of phytopathogens (Ali et
al., 2017). Several researchers have revealed that the plants
JA and SA expressing PR genes central improved defense
against a wide spectrum of phytopathogens (Kaur et al.,
2016). Also resistance phytohormones such as SA and JA,
and additional phytohormones for example auxins,
brassinosteroids gibberellins, abscisic acid, and cytokinins,
have been revealed to modify the host resistant system but
the molecular mechanism residues mainly secretive (Dos
Santos and Franco, 2023; Pieterse et al., 2012).
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Figure 1 Different classification of PR proteins based on their properties, sequence similarity and functions

Differential expression and induction of PR-proteins in
response to bacterial phytopathogens

The interaction between hosts and bacteria among greatest
remarkable associations and useful or detrimental to the
plants. Plants associated with bacterial pathogens are
identified since a period, nonetheless the initial established
infection by bacteria was fire blight from pears and apples on
1878 (Burrill, 1878). In several types, infections associated
bacteria rapidly move to the plant, for instance, stomata,
lenticels, feeding insects and cuts, with the instruction of
compounds on plant leaves. Afterwards, numerous bacterial
phytopathogens were documented from several agronomic
produces key to enormous crop damages. Plant pathogenic
bacteria have been categorized into 3 families:
Pseudomonaceae, Xantomonadaceae, and
Enterobacteriaceae. Most of them belong to the following
genera: Acidovorax, Erwinia, Agrobacterium,
Pectobacterium, Pantoea, Spiroplasma, Pseudomonas,
Burkholderia,  Xanthomonas, Clavibacter,  Ralstonia,
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Streptomyces, Phytoplasma and Xylella (Agrios, 2005). The
pathogenesis related proteins are well identified defense to
bacterial plant pathogens which was used to improve
resistant plants against bacteria. The antibacterial activity of
the pathogenesis related proteins like PR10, PR12, PR13 and
PR14 was shown numerous in vitro studies (Park et al.,
2004; Jiang et al, 2015; Patkar and Chattoo, 2006).
Numerous in vitro investigations presented the antimicrobial
potential of PR proteins, for instance, ribonuclease-like
proteins, lipid transfer proteins, and defensins, thionins
(Jiang et al., 2015; Park et al., 2004). The P. syringae, A.
radiobacter, S. marcescens A. tumefaciens and P.
aureofaciens are between the microbes; PR10 shows wide
variety antagonism against antibacteria (Ganguly et al.,
2024; Jiang et al., 2015).

Bacterial pathogens are important pathogens, which cause
huge yield loss in numerous crop plants. Afterward, an
amount of bacteriological phytopathogens were identified in
various significant agronomically yields primary to crop
damages. They enter to the host through wounds, stomata;
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mechanical injury or pest suckling on plants lenticels, also
chemical captivate. Bacteria entered is primary line of
resistance towards bacterial phytopathogen stimulates main
immune reactions in plant viz. pattern recognition receptors
(PPR) resulting in activation of pathogen associated
molecular patterns (PAMPs) such as patterns triggered
immunity (PTI) and effector trigger immunity (ETI). The
infections were detected early and efficiently by PAMP and
stop the pathogen from receiving recognized from the plants
(Ali et al., 2024; Chen et al., 2025). The ETI clues to
initiation of several indicating cascades such as stimulation
of pathway of SA and SAR activation well as making of PR-
proteins. The activation of SAR, SA pathways and PR-
proteins are inclined by effector activate immunity (Jones
and Dangl, 2006). Remarkably, immune reactions activated
by PAMPa are an initial and active way to stop diseases
priors the infection formation in the plant (Ngou et al.,
2022).

Several in vitro experiments have exposed that activities of
the PR-proteins like PR12, PR10, PR13 and PR14 are have
capably confirmed their capacity to defend bacterial
phytopathogens (Jiang et al., 2015). One of the PR proteins,
antibacterial activity of PR-10 indications wide range of to
Serratia  marcescens,  Pseudomonas  syringae, P.
aureofaciens, — Agrobacterium  tumefaciens, and A.
radiobacter (Jiang et al., 2015; Xie et al., 2010; Lonjon et
al., 2024). Greater expression in rice hosts, PR14 enhanced
confrontation defense against bacterial pathogens and fungal
phytopathogens (Patkar and Chattoo, 2006). The PR6 can
prevent the activity of proteinases enzyme formed by
different bacterial phytopathogens, proteinase obstruction
was established toward control Xanthomonas campestris and
P. syringae (Koiwa et al., 1997). Enzymatic activities, for
example PR-2, PR-3, PR-4, PR-8, PR-11, PR-7 and PR-9 or
PR-10 and hold both antibacterial and antifungal action (van
Loon et al., 2006; Edreva, 2005). The pathogenesis related
proteins from C. annuum was influenced by X. campestris
infection (Jung and Hwang 2000) and gene have resistance
was triggered differentially in pepper plant leaves injected
with TMV (Huang et al., 2025; Shin et al., 200). Wheat
endosperm Purothionin act against the pathogenic bacteria
like P. solanacearum, X. phaseoli, X. campestris, C.
fascians, C. michiganese, C. sepedonicum C. poinsettiae and
C. flaccumfaciens (De Caleya et al.,, 1972). The PR-13
thionins is used against bacteria P. syringae from tomato
plants (Rayapuram et al., 2008). Antimicrobial peptide
G3KL has been showed as a antimicrobial against P.
aeruginosa and A baumannii (Silva et al., 2016). The
defensin, an antimicrobial peptide from 7. castaneium
presented both in vivo and in vitro activity against S. aureus
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by disturbing the bacterial cell membrane (Lewies et al.,
2017).

Differential expression and induction of PR-proteins in
response to fungal phytopathogens

Fungi are among main destructive phytopathogens which
produce severe crop damages in maximum agronomically
significant yields around the globally (Dean et al., 2012).
The common of harmful plant pathogens are fungi diseased
from numerous significant agricultural crops that activate
considerable losses of crop yield (Dean et al., 2012). Based
on existence of fungi, pathogens are classified into 3 types
dependent on their existence such as, biotrophs
hemibiotrophs and necrotrophs. To increase appearance, the
fungal phytopathogens usually generate degrading enzymes
such as pectinases, proteases, cutinases, and cellulases those
lysis cell walls of plant. The fungi infecting plants gain
access into its host by hydrolyzing the cell wall of fungal
pathogens by production of variety of hydrolytic enzymes
extracellularly like cellulases, proteases cutinases, and
pectinases that degrades cell walls of the host. To protect
from fungal phytopathogens, hosts utilise several resistant
approaches initial from observation of pathogen, resistance
indicator pathway activation and synthesis of molecules
against fungal pathogens like pathogenesis related proteins,
which additional control fungal infection, and its duplication
(Sels et al.,, 2008). The genomic conversion of significant
resistance compounds suggestions alternative approach
intended for stopping diseases caused by fungi. One of
pathogenesis related proteins that are excellent objectives for
making strong and wide range infection, defense yield ranges
to fungal phytopathogens (Ali et al., 2017, 2018).

The pathogenesis related proteins was helpful by way of
numerous of PR proteins degrade fungal cell walls making
death of the cell. Maximum active proteins against fungi
establish from host plants was recognized under in vitro
studies, for instance PR1- PR5, PR11, PR8, PR13 and PR12,
effective antifungal proteins (Table 1). These PR proteins are
utilised to improve extensive period and wide variety
resistance to phytofungal from different crop plants (Ali et
al., 2017). The PR genes overexpression, lone or mixture
from numerous plants indications toward improve resistance
to necrotrophic, biotrophic fungal pathogens (Wally and
Punja, 2010; Dai et al., 2016; Jiang et al., 2015). Moreover,
PR proteins affect the fungal cell walls; degrade in in vitro
situations, important to death of fungal cell (Ali et al., 2017).

Several transcriptional reports have revealed the upregulation
of PR genes from numerous agricultural crops later fungous
contagions, additional expose their part in infection
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tolerance. The PR proteins are brilliant compounds formed
by hosts in reaction to pathogenic infection, which helps in
forming extensive and enduring broad-spectrum resistance
against fungal pathogens (Ahuja et al., 2012; Ali et al., 2017,
2018). PR-genes display basal level expression but afterward
fungal contagion, they upsurges affectedly after fungal attack
both at indigenous diseased spot in addition to in healthy
parts of the plant thus triggering SAR pathway in control
environments (Ali et al., 2017; Ahuja et al., 2012). The PR1
protein from tobacco and tomato showed antagonistic
activity to P. infestans under in vivo trials, which showed
reduced infected leaf disk surface and in vitro test, the
inhibition of zoospore germination was identified (Munzert
and Engelsdorf, 2025). The effective pathogenesis related
proteins rated as excellent antagonistic activity against
fungal agents such as PR2- PRS, and PR12 was indicated as
the strong proteins against fungai from different hosts (Dai et
al., 2016; Jiang et al., 2015). Also, improved PR genes
expression solitary or in combination helps the plants to
found in several crops mains to greater infection resistance to
fungal tonecrotrophic and biotrophic plant pathogens (Dai et
al., 2016; Jiang et al., 2015). Family PR1 has been related
through antagonistic action to oomycetes (van Loon et al.,
2006). From tea plant comprising overexpression of endol,
3-d-glucanase gene maintaining a glucanase in potato
developed tolelence to Exobasidium vexans, causes blister
blight infection (Ranjit Singh et al., 2018).

Certain PR proteins groups such as PR3, PR4, PR8 and PR11
have activity of chitinase and canister influence on
development and persistence of several fungi due to chitin is
the main constituent from fungal cell wall (Kauffmann et al.,
1987; Kasprzewska, 2003). Ceaser and Ignacimuthu (2012)
effectively transformed chill from rice in the regulator of
maize ubiquitin promotor, discussing improved tolerance to
leaf blast pathogen Pyricularia oryzae. The total 33chitinase
genes from maize genome through sequence variety and
expression designs, 7 chitinase genes had alleles related
through improved defense to increase of aflatoxin and fungus
A. flavus contamination under field experiment. The PRS
protein was described to prevent spore germination and
growth of mycelia from pathogenic fungi (Acharya et al.,
2013). The PRI proteins in tomato plants, PR1a, and PR1b
from tobacco plants showed antagonistic activity against P.
infestans. The expression of PRla proteins in transgenic
tobacco host pointedly inhibited P. tabacina; the causative
fungus causes blue mold disease (Sinha and Shukla, 2019).
Additionally, G. boninense resistance from oil palm was
supported by overexpression of glucanase from Medicago
sativa (Hanin et al., 2020).
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The PR-10 protein -CsPR10 from C. sativus with RNase
action was revealed connected in the control development of
several phytopathogens, for example F. oxysporum V.
dahilae, and Penicillium sp. (Gomez—Gomez et al., 2011).
PR-10 protein also identified in Jatropha curcus (JcPR10),
exhibited both antifungal and RNase activities (Agarwal et
al., 2013). The Radhajeyalakshmi et al., (2005), detected that
greater activity of glucanase from leaves of tomato after
treatment of A. solani. Mahatma et al., (2008) similarly
reported the greater action of enzyme was B-1,3 glucanase
from downy mildew leaves resistant pearl millet plants.
Arabidopsis overexpressiion grapevine [-1,3-glucanase-
VvGHF17 showed resistance against C. higginsianum and B.
cinerea (Fujimori et al., 2016). The overexpression of gene
LcCHI2 was increased the activity of chitinase from maize
and tobacco plants, increasing defense to A. alternata, C.
lunata, and E. turcicum (Liu et al., 2020).

The defense mechanism against several fungal
phytopathogens from different plants because of B-1,3-
glucanase overexpression, was detected against R. solani
pathogen (Dong et al., 2007), Phytophthora infestans
(Borkowska et al., 1998), Fusarium sp. (Wrdbel-
Kwiatkowskaa et al., 2004), 4. flavus and C. arachidicola
pathogen (Sundaresha et al., 2010). Antifungal pathogenesis
related proteins have a different resistance from plant
structure as PRs are triggered through SAR and
hypersensitive (Ahuja et al., 2012). The expression of PRs
generate upon exterior application of plant hormones or
introduction to stress situation both abiotic and biotic
(Sabater-Jara et al., 2011). Two PR-potein genes were
combined in Populas tomentosa containing of motherwort
lipid transfer protein-LJAMP2 and B. bassiana chitinase
Bbchitl, resistance showing important greater decrease by A.
alternata (Huang et al., 2012). The family PR1 protein from
sugarcane plant shows a vital part for improving tolerance to
fungal phytopathogens, S. scitamineum and Phytophthora,
by creating epigenetic alterations, for instance increased
H3K4me3, decreased H3K27me3 and reduced DNA
methylation. These changes increase the SsnpPR1 expression
genes, enhancing protection to smut infection (Javed et al.,
2024; Souza et al., 2017).

The wheat as transgenic plant, expression of rice chitinase
gene with artificially induced, deliberated improved defense
in wheat against P. striiformis causes stripe rust (Huang et
al., 2013). Then Lacerda et al.,, (2016) described the
antagonistic action of the defensin protein gene (rDrr230a)
from transgenic P. pastoris to F. tucumaniae and C. gossypii
and expressively repressed germination of spores and both
fungal growth. Overexpression of thaumatine-like protein
(TLPs) frim plants has showed antagonistic against fungi and
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resistance to defferent fungal phytopathogens (Wang et al.,
2011; Liu et al., 2012; Singh et al., 2013). The thaumatine-
like protein (AdTLP) expression from tobacco plant
improved the defense to R. solani (Singh et al., 2013). The
antagonistic activity of thaumatine like protein like the
osmotins main to improved defense to Fusarium sp.,
Bipolaris sp., Verticillium sp., Alternaria sp., and
Phytophthora sp. from barley, maize, oats, arabidopsis,
parsley, and brassicae. Thaumatin like proteins have showed
in vitro antifungal action to Fusarium sp, Rhizoctonia sp,
Botrytis sp. and Sclerotinia sp. (Koiwa et al., 1997). The
WRKY proteins from sugarcane plants, for example
ScWRKY1-3, control protection apparatuses to numerous
fungal phytopathogens, counting C. falcatum, S. scitamineum
over epigenomic variations (Lopez-Galiano et al., 2018;
Wang et al., 2024).

In mulberry plants, expression of the tobacco osmotin gene
in the management of cauliflower mosaic virus 35S
(CAM35S)  deliberated  better defense to  fungal
phytopathogens F. pallidoroseum, C. dematium and C.
gloeosporioides (Das et al.,, 2011). Overexpression of
glucanase gene from tobacco reported from groundnut plant
tolerance against C. arachidicola and A. flavus (Sundaresha
et al., 2010). The hevein like peptides (HLPs) was obtained
in the Hevea brasiliensis, a rubber tree and it exhibited major
antagonistic properties against fungi during in vitro studies.
The hevein like peptides domain was described from
numerous host lectins like pseudo hevein, Urtica dioica
agglutinin, wheat germ agglutinin and AMPs (Choi et al.,
2012). The Rs-AFP2 defensin gene overexpression from R.
sativus presented antagonistic properties against fungi such
as R. solani and M. oryzae (Jha and Chatto, 2010). Partridge
Telenko et al., (2011) proved, oxalate oxidase expression
gene from peanut deliberated improved resistance against
blight caused by Sclerotinia. The transgenic rice oxalate
oxidase 4 gene Osoxo4 was disruptions the important oxalic
acid virulence factor produced by R. solani causes sheath
blight disease. Similarly, many RNA-seq research discovered
PR10 activated expression counting the ABR17 gene from
A.hypogaea diseased by A. flavus (Soni et al., 2021), Betvl,
RSPR10, PR10a, PBZ1, PR10b from Thai rice diseased
infection as blast (Ngernmuen et al., 2020), numerous PR10
transcripts from L. angustifolius infected by Diaporthe toxica
pathogen (Ksigzkiewicz et al., 2021), PR10 transcripts from
B. distachyon plant infected by M. oryzae pathogen (Zanini
et al.,, 2021) and RrPR10-1, RrPR10-3 from R. roxburghii
fruit causes top rot disease (Wang et al., 2024).

The transgenic rice plants exhibited greater oxalate oxidase
enzyme activity and protection linked genes upregulation
likened to non transformed hosts and strong defense to

sheath blight disacase (Molla et al., 2013). The AceAMP1
gene in Allium cepa was overexpressed in R. hybrida, T.
aestivum, O. sativa to deliberate defense to S. pannosa
pathogen (Li et al., 2003), N. indica, B. graminis (Roy
Barman et al., 2000), R. solani, M. grisea correspondingly
(Patkar and Chattoo 2006). The class PR1 was revealed to be
stops the P. parasitica, under laboratory antagonistic activity
against fungi, pathogenesis related protein glucanase was
exhibited to P. infestans, F. solani, A. solani T. viridae, and
C. fulvum and establish designate exact effectiveness
(Selitrennikoff, 2001). Snaking —1, 2 (StSN1 and 2) was
reported to inhibit fungal pathogens such as F. culmorum, F.
solani, B. cinerea, F. oxysporum, C. graminicola, P.
cucumerina, C. lagenarium, A. flavus and B. maydis
(Berrocal-Lobo et al., 2002). The PR5 ObTLP1 in O.
basilicum was operatively labeled and its expression from
Arabidopsis  hosts developed resistance against S.
sclerotiorum, B. cinerea disaeases (Misra et al., 2016).
Significance of the pathogenesis related proteins in plant
resistance and transgenic expertise for over expression of
various categories of induced or established antifungal
proteins against phytopathogenic fungi (Ceasar and
Ignacimuthu, 2012; Wally and Punja 2010; Filipenko et al.,
2013). Various studies of gene expression was exposed PR10
increase through infection of fungi from plants, for instance
V. dahliae treatment fast elicited GhPR10 together with
protective genes from G. hirsutum (He et al., 2018),
ZmPR10 from NK7328 maize plant antagonistic activity
against F. verticillioides (Tran et al., 2021), PbrPRI10,
PbrMLP from P. bretschneideri plant antagonistic activity
against pear anthracnose affected by C. fructicola pathogen
(Su et al., 2024) and LhSorPR10-2 from L. orientalis
diseased by B. elliptica and F. oxysporum pathogens
(Wenting et al., 2023).

The enzymes like B-1, 3-glucanase, chitinases were occur in
extensive range of plants such as, tobacco, peanut, chickpea
etc. and have defense against numerous fungal phytopathogs
for instance, 4. parasiticus, C. lagenarium, T. sioyaensis, A.
flavs, M. phaseolina, F. oxysporum, Blumeria graminis, F.
culmorum and F. udum (Hong and Meng, 2004; Wrobel-
Kwiatkowska et al., 2004, Liang et al., 2005; Roy-Barman et
al., 2006). Chitin binding protein (CBP) expressions showed
antagonistic activity against Aspergillus sp., C. beticola, X.
campestris and several fungal phytopathogens (Vaaje-
Kolstad et al., 2005). The basrai antifungal amphotericin B
and Thaumatin like protein showed improved antagonistic
activity against against 4. fumigatus pathogen (Yasmin et al.,
2017). Thionin genes (AT1G12660 and AT1G12663) acts as
antifungal activity from A. thaliana plant was used to
produce transgenic potato that was defensive to fungal
pathogens like F. solani and F. oxysporum (Hammad et al.,
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2017). Thionins are detected in both and expressed in several
tissues in plants like roots, seeds, leaves. The thionins from
dicots and monocots becomes expressed during microbial
infections and also through release of methyl jasmonate
hormone during microbial attack or wounding (Lai and Gallo
2009). The a-purothionin is showed against R. solani (Oard
et al., 2004); viscotoxin B and A3 in stems and leaves from
Viscum album plant, was presented against F. solani, S.
sclerotiorum, P. infestans (Giudici et al., 2004). The AsPR
genes are putatively encoding PR1-PRS from A. sativum;
these genes were acts as plant protection against Fusarium
infection (Anisimova et al., 2021). The PR10 -GbPR10-5D1
may support host resistance to V. dahlia for it influence
suberin and wax creation in addition to function from
metabolism of lipid (Guo et al., 2022a).

The Thionins from pearl millet is known to act against the
fungi S. graminicala (Chandrashekhara et al., 2010); T.
aestivum has represented against the fungi F. solani and AX1
in Beta vulgaris is described to act against fungi C. beticola
(Kragh et al., 1995). The transgenic plants like rice and
orange, PR5 influenced improved resistance to R. solani and
P. citrophthora respectively (Fagoaga et al., 2001), whereas
potato PR2 and PR3 overexpression was enhanced defense to
P. infestans (Bachmann et al., 1998). The 12 clones
demonstrating transcriptions intricate in oxidation decrease
developments from wheat plants inoculated with P. triticina
pathogen (Dmochowska-Boguta et al., 2015). The enzyme
chitinase was described that intricate from wheat defence
against stripe rust disease (Chen et al., 2013). The MeJA
treatment stimulates the defense mechanism from banana
plants and improved expression of PR1 (Tang et al., 2010).
While from mandarins, the MeJA improved the PR5 and
other PR proteins expression antagonist to P. digitatum
pathogen (Wang et al., 2021). The fungicidal activity of N.
alata  defensinl-NaD1  was  chiefly  because of
permeabilization of F. oxysporum hyphae into the cellular
cytoplasm and induce ROS stress (Hughes et al., 2000). The
association of the wheat PR-1, Lr35 determined mature host
defense against leaf rust affected by P. triticina pathogen and
PR-2 was described in wheat mature plant defense to P.
triticina (Li et al., 2016). The PR1 and 3 proteins families
have direct actions against Oomycete pathogens (Cui et al.,
2024).

The different AMPs like defensins, Glycine rich proteins,
lipid transfer proteins (LTPs), 2S albumin, Snakin, and
Napid other fruit AMPs are reported from various fruits
(Sani et al., 2019). Campos-Bermudez et al., (2013) studied
the differential expression of chitinase from maize and silk
representative to certain gene was kernel specific or as a
minimum expressed from silk. The of enzyme (-1, 3-
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glucanase from V. flexuosa plant was differentially induced
and reliant against the fungal pathogens containing E.
ampelina, B. cinerea, C. acutatum, and R. vitis (Soon Young
Ahn et al., 2014). PR-2 and PR-5 proteins were solitary
rapidly activated through the wheat blast (Ha et al., 2016).
The puroindolines — PIN A and B isoforms are found from
wheat and described to display antifungal activity against B.
cinerea, A. brassicola, V. dahliae, F. culmorum, C.
heterostrophus, A. pisi, (Zhang et al., 2011). Sterol
auxotroph phytopathogens for example the Phytophthora are
mainly subtle to PR1 and plants enhanced PR1 expression
are mainly well resistance against Oomycete (Gamir et al.,
2017). The PR1.2 transcript was influenced expressively
from wheat Sumai 3 defense against F. graminearum
pathogen (Soltanloo et al., 2010; Ray et al., 2003). Chitinases
have important antifungal actions against Bipolaris oryzae,
F. udum, B. cinerea, Curvularia lunata, P. theae, Alternaria
sp., R. solani M. arachidicola, and F. oxysporum (Chu and
Ng, 2005; Saikia et al., 2005; Kirubakaran and Sakthivel
2006). Ha et al. (2016) demonstrated genes for [B-1,3-
glucanase (PR2), peroxidase (Pox2), chitinase (Chi2), and
plant defensin homolog (PRPI) are strongly upregulated in
response to Fusarium head blight disease than by
Magnaporthe wheat blast individually against the defense
against the fungal pathogen. The PRS improve defense
against S. scitamineum and C. falcatum controlled through
epigenetic alterations for instance DNA hypomethylation and
histone acetylation (Sathyabhama et al., 2016).

Differential expression and induction of PR-proteins in
response to viral phytopathogens

Plants are infested through different viruses that are obligate
biotrophic phytopathogens capture the plant mechanism and
affect the plant health by destroying the resistant reaction.
From reaction against viral infection, yield of plants a range
of antiviral components for example ribosome inactivating
proteins (RIPs), RNA binding proteins (RBPs) and
pathogenesis related proteins these can role as viral growth
inhibitors (Ali et al., 2018; Liang et al., 2025). Later viral
contagion, AMPs or pathogenesis related proteins get
collected from healthy tissues thus stops more virus
proliferation. Numerous studies have revealed that PR-2a
and PR-3 which are generally identified as antifungal PR
proteins in N. tabacum exhibited antagonistic activity against
TMV (Sindelarova and Sindelar, 2005). The antiviral
activities of PR proteins under in vitro studies, such as
defensins, peroxidase, and lipid transfer proteins and thionins
(Oskar et al., 2017).
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Table 1 Classification, molecular functions of pathogenesis related proteins and roles in plant defenses

Family type /

Activity/

member TE oo Properties/Functions References
Han et al., 2023b;
Akbudak et al., 2020;
Pecenkova et al., 2023;
Abundant proteins from the apoplast through pathogen plant [Almeida-Silva et al.,
Immune communication and prevent growth of phytopathogens, antifungal |2022; Sung et al., 2021;
PR-1 si naliin and antivirus activity. PR1 has strong proteolytically sliced to |Guo et al., 2022b; Chen
ghalng, produce a signaling peptide, important target of various fungal |et al., 2023; Zhu and
PR-1a,b,c Lipid-binding : . . ;
> Antifuneal effector proteins, create extra pathogenesis related proteins, counting |[Gao 2025; Han and
& thaumatin like proteins and lipid transfer proteins, to rise pathogen [Schneiter, 2024; Javed
tolerance. Inhibition of viral coat protein receptor binding. et al., 2025; Anuradha et
al., 2024; Zhao et al.,
2024; Wufuerjiang et
al., 2025.
Th; hydr.01y51s.0f B-1,3—glucgq in p!apt. cell wall and shows Anisimova et al., 2021;
antibacterial, antifungal and antivirus activities. Degrade endogenous . ’
PR-2 . . Rabie et al, 2024;
substrates to produce elicitors and start defense responses. ABA :
PR-2 a, b, c |B-1,3- . . .. Bozbuga, 2021; Perrot et
influences pathogen reactive callose deposition through PR2 )
(Classes: I, II, |glucanase .. . e . . al., 2022; Wang et al.,
transcriptional regulation. Initiation in plants delivers them ) ’
and I1I) . . . . . . 2024; Zhu et al., 2024;
resistance to biotrophic fungi and is controlled by SA to activate
SAR. Kumar et al., 2025.
Chitinase
) (GH19) . .
PR.3. Chitin Hydrolysis of chitin in plant cell wall, decomposition of fungal cell Fukafmzo. aud Shmyaf
Chitinase type | _. .. . . . . . 2019; Poria et al., 2021;
binding wall, antifungal, antibacterial and salt tolerance. PR3 is recognized )
I I, IV, V, VI, o ) . Bozbuga, 2021; Omar et
Chitinase to confer tolerance in response to necrotrophs and is controlled ’ .
VII . al., 2022; Mahajan et al.,
Endochitinase (GH18) through JA and ET to activate ISR. 2005
Chitinase ’
(GH18)
Inhibition of fungal spore germination, suppression of hyphal
development and assistance of degradation of cell wall
PR-4 Chitinase tvoe Ribonuclease activity induced not only by pathogens but furthermore (Maia et al., 2021;
T l_) R ypH through ethylene and peach plants and O3 in Arabidopsis plants. The [Chouhan et al.,, 2023;
PI(;-Z;CE c ’ F:n dochitinase PR4 BARWIN homologs of numerous plant types were connected |Singh et al., 2024.
> with the plant reactions against fungal disaese and automatic
wounding. PR4 aids in the deterioration of cell walls and may have
RNase and DNase activity.
The antifungal activity and cause osmotic separation of fungal
plasma membrane. Overexpression in plants has usually improved [Zhang et al., 2018; de
Thaumatin disease tolerance in several plant types. Usually utilize antifungal [Jesus-Pires et al., 2020;
PR-5 anti?n al ’ activity through degrade the lipid bilayer and creating pores in [Bashir et al, 2020;
Tobacco S: PR- osm(;lti rff ’ transmembrane from the pathogens plasma membrane, subsequent in [Bozbuga, 2021; Sharma
50 I 2 7 amati,n and P quick and dramatic rise in permeability. Prevents pathogen |et al., 2021; Anisimova
peermatin indication transduction pathways, rising fungal cell vulnerability. [et al., 2021; Aseel et al.,

Repeatedly induced through ripening of fruit from fruit types for
instance cherries, grapes, bananas, tomatoes, suggesting a potential

secondary role from ripening. Prevents development of fungal

2022; Singh et al., 2024;
Han and Schneiter, 2024
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hyphae and germination of spore through producing fungal cell
leakiness and disturbing of plasma membrane function receptor
compounds intricate in signaling of cAMP/RAS.

Inhibition of pathogen protease, slice exopeptidases created via

Rawlings et al.,, 2018;

PR-6 Pro't case fungus insects, and bacteria and prevention of degradation host cell. Reswtopretionisy G
inhibitor >, . . = . lal., 2020; Kaur et al.,
Tomato Antiinsect and antinematode properties by deactivating the proteins .
e MEROPS . . . 2022 Yarullina et al.,
inhibitor I . produced by these parasites from attacked plant materials. Inhibitors
family of proteinase in host microbe and plant insect connections 2024, Han and
p p ) Schneiter, 2024.
Figueiredo et al., 2018;
. . . . . . Rodriguez-Sifuentes et
Mechanism of action in antimicrobial such as degradation of 1 i 1
. athogenic cell wall. Antifungal auxiliary protein that gives to the iy AL Vg & el
PR-7 Endoproteina P . . .. .~ [2023; Kaur et al., 2022;
. damage of fungal cell wall proteins, glucanases and chitinases. Main ’
Tomato P69 se, Proteinase . . . . Sabnam et al., 2023;
pathogen inducible protein from tomatoes, degradation of fungal Abdelkhalek ot al
structural proteins and damage of cell wall integrity. 2021; Bozbuga, 2022:
Wang et al., 2024.
Cucumber Gene coding designed for proteins counting class III chitinase, [Liu et al., 2013;
. lysozyme with hydrolysis action on bacterial cell walls. Most |Chouhan et al., 2023;
chitinase, .. . .
PR-8 s (s plenteous chitinase from infected shares and cucumbers structural [Derikvand et al., 2023;
I relationships with a lysozyme that can disturb a bacterial contagion. |Dos Santos and Franco,
En’dochitinase Triggered in reaction of apple fruit to microorganisms and the |2023; Kumar et al.,
capacity of effectors of B. cinerea to inhibit with the reaction. 2025.
The catalyze hydrogen peroxide oxidation on organic and inorganic
substrates. The ROS concentration variation, lignin mediated cell
wall strengthen}ng and. creation 'of' cytotoxic radl.cal. Asmsta'xnce qf Nawrot et al., 2014; Liu
plants repel disease in a variation of behaviors, counting (i) ; .
PR-9 . . i 2 %7 let al.,, 2018; Cesarino,
Heme- reinforcement plant cell walls over the lignin deposition, which is .
Tobacco .. . . . . 2019; Kim et al., 2020;
" . containing supposed designate a general protection mechanism against a .
lignin-forming . . . .. . . |Sellami et al., 2022;
croxidase" Peroxidase extensive variety of phytopathogens, and (ii) the formation of toxic Wang et al., 2025a
P radicals like hydrogen peroxide. In certain potato varieties, PR9 is ?
lone locally induced and its initiation pattern is extremely related to
that of peroxidases complicated from R gene mediated tolerance.
Regulate ROS concentration; donate to lignification in cell wall.
The PR10 damage RNA, programmed cell death through [Choi et al, 2012;
hypersensitivity response, antifungal activity, antibacterial activity, [Fernandes et al., 2013;
secondary metabolite biosynthesis regulation, antinematode activity |Peng et al., 2017; Aglas
Ribonuclease- [and antivirus activity and slat and cold stress resistance. Promoter |et al., 2020; Mahmoud
PR-10 like, large |driven actions were likewise perceived in vascular and floral tissue |et al., 2020; Morris et
Parsley "PR1" |hydrophobic [in plants, furthermore been established twas developmentally |al., 2021; Lopes et al.,
cavity controlled. PR10 proteins developed the capacity for catalytic or/and |2023; Regner et al.,
ligand binding activities because of selective pressure and play main [2022; Wang et al.,
parts in non living pressure. RNA degradation that might damage in [2025b; Kumari et al.,
viruses. 2025.
PR-11 Chitinase, It is aids in cell wall degradation, hydrolysis of B-1, 4-chitin |Anisimova et al., 2021;
Tobacco "class [type I |glycosidic bond, disruption of hyphal structure, inhibition of spore [Chouhan et al., 2023;
V" chitinase Endochitinase |germination and pathogen protection improvement. Han et al., 2024.
PR12 acts as ntimicrobial activity, systemic protection potentiation, [Tam et al., 2015; Ali et
PR-12 Plant .. RO .
. . pore formation in membrane and inhibition of pathogen protease. |al., 2018; Parisi et al.,
Radish Rs- |defensing, o . - .
AFP3 defensin Formed constitutively in plant structures such as leaves, tubers, [2019; Westrick et al.,

flowers, and seeds, pods. Improved plenty through interaction

2021; Anisimova et al.,
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between plant and pathogen. Improved expression of PR3, PR4,
and PR12 from Arabidopsis plant shows initiation of pathway
related to JA, cold stress expressively induces the expression of
AMps, specifically PR12 and PR13 from oxytropis and wheat plants,
the overexpression of AMPs like PR12 and PR13 also improved
disease tolerance against a wide variety of phytopathogens.
Antifungal activity and antibacterial activity through relating with
the biological membrane of the board bacterium, resultant in
changed membrane permeability.

2021; Kumar et al.,
2025; Zribi et al., 2021;
Hawamda et al., 2022.

The plant cell wall distribution, vacuole and protein bodies and

= X . . . . am et al., ; Ali e
PR-13 T t al., 2015; Ali et
) resistance against an extensive variety of phytopathogens. Directly R
(Classes: 1, 1II, .. R . . 2 . al., 2018; Hong et al,
Thionin enters pathogen lipid bilayers, antibacterial activity and antifungal )
I and IV) . . . . . 2021; Zhang et al,
. . activity by relating with the biological membrane of the target > ’
Arabidopsis : . . 2021; Li et al., 2021;
bacterium, resultant in changed membrane permeability. Damage | .
THI2.1 . Srivastava et al., 2021.
connected molecular pattern function
. The nonspecific lipids transfer proteins (ns-LTPs), synthesis of |, .
Non-specific . P P P ( ), Sy . Liu et al., 2015; Bao et
. cuticle, and are connected through plant cell wall and resistance to
lipid-transfer . . al., 2018; Fleury et al,,
. an extensive variety of phytopathogens. Degraded pathogens
protein . . . . . .. 2019; Wang et al., 2021;
membranes; the mechanism is unidentified, antibacterial activity and .
PR-14 Protease . .. . . . . . McLaughlin et al., 2021;
L antifungal activity through interrelating with the biological
Barley LTP4 inhibitor, . . Gao et al, 2022;
membrane of the target bacterium, subsequent in changed .
Seed storage o ... . . [Melnikova et al., 2022;
e permeability of membrane. Participation of membrane biosynthesis,
Lipid-transfer |\,. . . P Kaur et al., 2022; Islam
. disruption of pathogen membrane, modulation of lipid signals and
protein . . et al., 2023.
SAR network interaction
PR-15

Barley Oxalate

Oxalate

Regulates the development of ROS, antimicrobial activities.

Li et al., 2015; Haider et
al., 2021; Kaur et al.,

0x1da§e oxidase 2022
(germin)
Krishna et al., 2015; Hu
Controls the formation of ROS, antimicrobial properties. |et al., 2018; Farvardin et
Oxalate Development of ROS instantly once pathogen attack, which was [al., 2020; Farvardin et

PR-16, Barley
OxOLP

oxidase
Oxalate
oxidase-like

antimicrobial action. Inhibition of fungal toxin, scavenging of SO
mediated superoxide, activation of defense gene, H,O, dependent
cell wall protection, improvement of ABA sensitivity, degradation of
pathogen wall.

al., 2020; Kaur et al.,
2020; Joshi et al., 2021;
Haider et al., 2021; Kaur
et al., 2022; Govindan et
al., 2024,

Putative Resemblances with aminopeptidase such as that found from bacteria .
. . . . . .. Joshi et al., 2021; Kaur
PR-17 aminopeptida |and eukaryotes, secretory protein, proteolytic action and antiviral
.. ; . etal., 2022.
se activity and antifungal activity
PR-17 .. . . . .
. Extracellular protease activity, proteinase function is probable; [Christensen et al., 2002;
Tobacco Antifungal . . . . . .
= mechanism is unidentified. Proteolytic enzyme functions an (Kaur et al., 2022
NtPRp27 g important part from fungal and viral defense
(Q9XIY9) P P & :
PR-18 Car by Carbohydrate oxidases properties, substrate specificity resultant in
oxidases, . . . . . |Kaur et al., 2022
Carbohydrate . hydrogen peroxide as among reaction produces and antibacterial
. generating .
oxidases ROS action. It regulates the development of ROS.
PR_.19. . ant%fu.ngall / PR19 binds to fungal glucans, antimicrobial activity, altering cell Gl G5 el Ik (o
ikl il wall organization and producing hypha morphological alteration SIS RN BEED AEY
protein protein g P £p TPRoTog ) Kaur et al., 2022.
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The PR9 protein (peroxidase) also possesses antiviral action
(Nawrot et al., 2014). Preceding research was revealed that
phosphorylation from Capsicum annuum PR10 (CaPR10)
expressively improved antagonistic activity against TMV
pathogen (Park et al., 2004). Previous reports have revealed
that PRIb protein overexpression from tobacco plants
indications that to improved defense against TMV (Cutt et
al., 2005). The PR12-14 knottin and hevein peptides were
recognized to presented antagonistic activity against viral
action. The PR12-14 knottin and hevein peptides molecules
not only prevent fusion of cell viral but also against virus
envelope thus producing pores from the viral envelope and
lastly the pathogen lysis (Nawrot et al., 2014). Furthermore,
PR-12-PR-14 prevents fusion of viral cell; numerous pores
produced and eradicate the viral pathogen (Nawrot et al.,
2014). McKenzie et al., (2002) reported that, expression of
pathogenesis related proteins for example chitinase, f -1,
3-glucanase, peroxidase increased stored to a greater level in
reaction to Gemini virus infection and Bemisia tabaci
contagion in tomato.

The peroxidase (PR-9) can acts from strengthening of cell
wall by lignification mechanism, important to developed
defense against several viral pathogens (Passardi et al.,
2004), while certain PR10 proteins  display a low

The investigation data connecting to defensing role of PR
proteins formed by plants diseased with parasitic nematodes
are insufficient and conflicting. Certain Pattern Recognition
Receptors are suitable for detecting apoplastic plant parasitic
nematodes effectors and inducing pattern triggered immunity
(Yusuf and Bello, 2025). Important alterations from the
infection apparatuses from beet cyst and root knot nematodes
control, PR protein creation and utilization inside vulnerable
hosts (Hamamouch et al., 2011). Considerably study
documentation supports the deficiency of PR protein release
from plants attacked by pathogenic nematodes. Nevertheless
the chitinase induction from soybean varieties developed
greater defence to Meloidogyne incognita. The defensive
function of chitinase could be because of its action against
chitin it is significant constituent from cell walls of nematode
and egg shells of nematode. Protection associated peptides
for example host thionins, defensins and cysteine rich
peptides contribute directly to inhibition of nematode growth
through disturbing of membrane integrity or disturbing with
nourishing place formation (Saberi Riseh et al., 2025). From
Arabidopsis, the expression of PR1, PR2, and PRS were
showed SA dependent systemic acquired resistance was
produced from both the leaves, roots in diseased hosts
throughout H. schachtii present in host (Hamamouch et al.,
2011).
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ribonuclease action, signifying a part in resistance to
different viral plant pathogens (Park et al., 2004). Tobacco
PR1b, wheat PR4a, and L. radiata amino acids (LrPR4) are
intricated in activity of RNase, for instance R7 from wheat
winl, H11, D92, and H113 even though the small association
initiate among these proteins (Caporale et al., 2004). The
tobacco senescent was revealing the accretion of PR proteins
transcriptions capacity to connected to the wusage of
senescence and destruction of cellular mechanisms (van
Loon et al., 2006), so that expression of pathogenesis related
proteins may have a part from the association of nutrients
from the tissues of virus spoiled or resistance to destruction
of viral cells (Espinoza et al., 2007). Nonetheless, the action
of ribonuclease of two histidine remains to the PR4 (Bertini
et al., 2009). The PR4 has shown antagonistic activity
against viral pathogens, its DNase delivers that the
degradation of DNA, RNA through stress situations of the
viral pathogen or necrosis might collect remains of the
substance of the RNA and DNA inside the viral cell and PR4
protein into extracellular places. Furthermore, PR9 member
of PR family also retains action against viral pathogens
(Nawrot et al., 2014).

Differential expression and induction of PR-proteins in
response to nematodes

The class PR6 may confer antiinsect and antinematode
activity, disabling the proteins formed by insect and
nematode parasites from the attacked plant tissues.

The capacity of PR 5, PR12- PR14 showed plasma
membrane permeabilization, lysis of plasma membrane and
destruction of different nematodes, preventing their growth
and development (Selitrennikoff, 2001). Bent (2022)
reported from soybean plant, Rhgl and Rhg4 loci encode
amino acid carrier and serine hydrox-ymethyltransferase,
correspondingly, operative in performance to deliver
resistance against soybean cyst of H. glycines.

The cyclotides was reported and extracted from plants from
different families such as Violaceae, Rubiaceae, Poaceae
and Cucurbitaceae (Gruber, 2010). The cyclotide peptides
were designated to ensure immense biotic activities like
antihelminthic, insecticidal, molluscidal, anti-viral and
antimicrobial properties (Craik, 2010). The cyclotides like
kalata (B1 and B2) obtained in Oldenlandia affinis plant
revealed nematicidal, antibacterial, insecticidal activities
(Craik, 2012); cyrulinA and cyrulinB found in Collinsia
parviflora plant showed antiviral, nematicidal and
antibacterial actions and cycloviolacin in Viola odorata
inhibited bacterial pathogens (Pranting et al., 2010).
Antinematode activity has been described for PR10 proteins
from Calcaritis pallida roots indications nematicide and
nematostatic properties to M. incognita causes root knot
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nematode by preventing the papain- like enzymes existing
from digestive tube and cuticles of nematodes (Flores et al.,
2002). The transcription genes encoding PR10-SAM?22 was
improved 5-10 times after 12 days of infection and continued
maximum after 10 weeks of infection (Andrade et al., 2010).
The expression of PR10 was better defense from pine trees
than in vulnerable host at 7 and 14 days after treatment of
pine wood nematode Bursaphelenchus xylophilus (Ibrahim et
al.,, 2011). The Combined expression of peroxidase with
PR10 from resistant trees shows peroxidase gene can be
stimulated through reactive oxygen species for example
H»O; or this may functions as proteinase to certain enzymes
for instance pectate lyases, cellulases, B-1, 3-glucanase, these
are formed from pine wood nematode (Hirao et al., 2012).
The disease from Arabidopsis plant roots by the Heterodera
schachtii is beet cyst nematode, induces the existence of
PR1, PR2 and PRS5 from the roots of host and PR1 from
shoots (Wubben et al., 2008).
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