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Quorum sensing (QS) and clustered regularly interspaced short palindromic repeats (CRISPR) systems are envisaged as revolutionary in abating plant bacterial pathogens. Bacterial cell–cell communication and plant pathogen QSSMs (quorum sensing signaling molecules) are dissected for underlying mechanisms in prominent pathogens, viz., Pseudomonas syringae, Erwinia amylovora, and Xanthomonas campestris. Biofilm formation and virulence mechanisms are critically addressed to repurpose potential QS inhibition strategies. CRISPR technologies are combined with CRISPR engineering to produce enhanced disease-resistant varieties, with potential applications. QS-CRISPR interplay for deciphering the key interactive changes in plant health management is prioritized for deliberate future research outcomes. Sustainable agricultural practices are envisaged for successful lab-to-field authentic field trials and large-scale applicability across the globe. Potential technical limitations, the need for stringent agricultural laws, and future innovations are addressed. Moreover, the cost-effectiveness, enhanced crop production, yield, and productivity hindering the above key plant bacterial pathogens are comprehensively addressed against these plant bacterial pathogens. Furthermore, a future outlook characterized by extensive outreach and global implications is substantiated regardless of regional specificity, climate change, and global warming. A decade of research on advancements in adequate plant protection is revisited to incorporate augmented approaches, including artificial intelligence (AI) and machine learning, in sustainable agriculture. The significance of the present review is based on addressing QSSMs and plant protection strategies encompassing modern molecular biological techniques.
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1 Introduction

Quorum-sensing (QS) systems and plant bacterial pathogenesis have been recognized as a potential phenomenon in virulence, biofilm formation, and plant–pathogen interactions, which can aggravate plant health. Plant–pathogenic bacteria are characterized by possessing several QS signals comprising acyl-homoserine lactones (AHLs), diffusible signal factors (DSFs), and the second messenger cyclic di-guanosine monophosphate (cyclic di-GMP). Furthermore, the involvement of Rpf (regulation of pathogenicity factor) hybridized to cyclic di-GMP QS signaling in Xanthomonas spp. for escalated virulence and pathogenicity (Sundin et al., 2016). Frequent occurrences of the AHL-based QSSM, 3-oxo-C6-HSL, and C6-HSL have been documented in the majority of plant–pathogenic bacteria. However, DSF (cis-11-methyl-dodecenoic acid), BDSF (cis-2-dodecenoic acid), and CDSF (cis, cis-11-methyldodeca-2,5-dienoic acid) are reported as non-AHL molecules in plant pathogenesis (Helman and Chernin, 2015). Recently, bacterial phytopathogens involved in plant interactions have been targeted for autoinducer 1 QS inhibition (QSI) to arrest AHL production (Majdura et al., 2023). Biofilm formation and QS mechanisms for virulence in vascular plant bacterial pathogenesis are confronted by various regulatory mechanisms (Mina et al., 2019). Gene expression patterns (stress, motility, fimbriae, sulfur and tryptophan metabolism, etc.) and the type III secretion system (T3SS) involving effectors, exopolysaccharides (EPSs), and exoenzymes can be attributed to LuxI/LuxR homologues in most phytopathogenic bacteria (Mina et al., 2019; Khokhani et al., 2017; Perrier et al., 2018). Furthermore, bacterial phytopathogens are increasingly documented for disease management targeting QS systems (Sundin et al., 2016). Moreover, plant–pathogen holobiont interactions are addressed to gain deeper insights into plant immunity, and super networks generate the complexity of phytohormone-mediated immune signaling pathways (Nobori et al., 2018; Simas et al., 2025). Master signaling and inter-kingdom regulation have been reported for the involvement of LuxI/LuxR homologues such as ExpR1/ExpR2 and LasI/LasR QS systems, revealing evolutionary patterns in bacterial plant pathogens (Joshi et al., 2021). However, intrinsic and specific mechanisms and prevalence of QS systems corresponding to ubiquitous phytopathogens comprising Pseudomonas syringae, Erwinia amylovora, and Xanthomonas campestris have not been reported earlier concerning effective eradication management in crop plants. Thus, the present review aims to establish the basis of QS systems, QSSMs, CRISPR technology, and their subsequent interplay, emphasizing potential QS inhibitors and plant health. Moreover, plant health management and sustainable agriculture are congregated for the “plant health” perspective initiative by the Food and Agricultural Organization (FAO) (https://www.fao.org/plant-health-day/en).

CRISPR/Cas (clustered regularly interspaced short palindromic repeats –CRISPR-associated system) and plant bacterial pathogens have been harnessed in plant biology recently. Increased utilization for enhanced disease resistance against phytopathogens and targeted genome editing effectuates plant–pathogen interactions for optimal plant health (Ijaz et al., 2023). The production of disease-resistant crop varieties, encompassing rice, wheat, cucumber, cassava, cacao, grapes, citrus, apples, and bananas, has facilitated the rational development of disease resistance, surpassing conventional genetic engineering methods (Talakayala et al., 2022). The CRISPR/Cas mechanism involves the Cas endonuclease gene and short guide RNAs (sgRNAs) in the genome of the host plant for evolving targeted disease resistance to particular pathogen-resistant plants (Gosavi et al., 2020). Nevertheless, recent insights into the application of E. amylovora disease-resistant plants and phage resistance mechanisms require further studies to affirm the defense mechanism (Parcey et al., 2022). CRISPR technology has also been utilized for the precision diagnosis of bacterial diseases and plant genome engineering for plant disease management (Karmakar et al., 2022). Gene editing employing the CRISPR/Cas system has been ascertained for effective X. campestris disease resistance by knocking out susceptibility (S) genes in plant defense (Tripathi et al., 2022). CRISPR/CRISPR-associated protein 9 (Cas9) technology has been proven more effective than other methods involved in site-specific engineering [meganucleases, zinc finger nucleases (ZFNs), and transcription activator-like effector nucleases (TALENs)] (Borrelli et al., 2018). The major limitations of the above technique can be attributed to reduced sensitivity and specificity. Hence, modern molecular biology techniques are emphasized for abridging the limitations. Metabolic engineering and microbiome engineering can be foreseen as versatile applications of the CRISPR/Cas system in sustainable agriculture (Cho et al., 2018). Precise diagnosis of bacterial plant infections has also been proven effective, enabled by nano/biosensors (Zhang et al., 2022) (Figure 1). Consequently, interdisciplinary plant biology—encompassing synthetic biology, multiplex editing, and directed evolution—is employed to develop plants resistant to phytopathogens (Zhu et al., 2020). Moreover, disease resilience crops with enhanced agronomic traits will enable the technology to derive disease-resistant and resilient crops, mitigating both biotic and abiotic stresses. Consequently, interdisciplinary plant biology—encompassing synthetic biology, multiplex editing, and directed evolution—is employed to develop plants resistant to phytopathogens (Yadav et al., 2022). Thus, the significance of CRISPR/Cas systems can be foreseen for explicit management of sustainable crops with disease resistance and improved properties, ensuring food security and safety. Furthermore, this review compiles the critical interplay mechanisms between QS-CRISPR systems in the efficient management of plant bacterial pathogens. Pathogenesis and virulence of plant pathogenic bacteria have been studied mainly for QS mechanisms and associated complex interplay (Ansari and Ahmad, 2018). Therefore, QS inhibitors targeting plant bacterial pathogens will facilitate a comprehensive plant health management approach that emphasizes “plant health” (https://www.fao.org/plant-health-day/en) and, consequently, the overall health of the planet. As a “priority”, QS systems in ubiquitous plant pathogens P. syringae, E. amylovora, and X. campestris are critically compiled for future outlook and effective management (Figure 1).
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Figure 1 | Integrated QS systems in Pseudomonas syringae, Erwinia amylovora, and Xanthomonas campestris and inherent future outlook for plant health management and sustainable agriculture.

The significance of the pathogenesis profiles of the above pathogens reveals complex and intricate virulence mechanisms. Briefly, the bacterial pathogens chosen (P. syringae, E. amylovora, and X. campestris) are enumerated for significant molecular plant pathology. P. syringae represents various strains infecting a wide range of plant hosts from grass to arboreal plants (Baltrus et al., 2017). Pathogenic profiles include hrp/hrc gene clusters, syringomycin, syringolin, and mangotoxin clusters encoded by the T3SS system. The signal cross-talk has been elaborated for a vast range of host and bacterial cankers (Ruinelli et al., 2019). The strains belonging to the viable but not culturable (VBNC) category of P. syringae comprise several pathogenesis-associated factors. The inclusive mechanisms include ACE (acetosyringone); POX (peroxidase); MCP (methyl-accepting chemotaxis protein); NADH (nicotinamide adenine dinucleotide hydrite); ABC (ATP-binding cassette transporter system); T3SS; RND [resistance/nodulation/division family representing multidrug resistance (MDR) efflux pumps]; and MarR, LysR, and Lrp/AsnC transcription factors (Postnikova et al., 2015). E. amylovora infections are characterized by the T3SS system, EPS amylovoran, levan, cyclic di-GMP (c-di-GMP), and small, noncoding RNAs (sRNAs). Furthermore, Hfq-dependent sRNA OmrAB/Hrs6 (negative) and ArcZ/RprA (positive) are involved in regulating the ams operon (Kharadi et al., 2021). Moreover, LPS biosynthetic gene clusters are also involved in the pathogenicity of E. amylovora (Piqué et al., 2015). The key pathogenic components in X. campestris include cellulase, mannanase, pectinase, protease (T2SS), effector proteins, and EPSs (Liao et al., 2019). The notable T2SS (xps and xcs) and xps genes are associated with pathogenicity. The hrp gene cluster encoding a T3SS has largely corresponded to pathogenesis along with the rpf, gum, and wxc genes regulating xanthan gum and lipopolysaccharides in X. campestris (Vicente and Holub, 2013) (Figure 2). Thus, the pathogenesis profiles of the bacterial pathogens employed in the review are summarily discussed.
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Figure 2 | Genetic regulation of quorum-sensing systems in Pseudomonas syringae, Erwinia amylovora, and Xanthomonas campestris, fostering key genes for inter-species, intra-species, and inter-kingdom perspectives managing plant health.




2 QS systems in P. syringae

The phytopathogen P. syringae accounts for a complex and meticulous signal network cascade. The inherent two-component systems comprise RhpRS, GacAS, CvsRS, and AauRS. Furthermore, extracytoplasmic sigma factors, such as HrpL and AlgU, together with nucleotide-based secondary messengers and methyl-accepting chemotaxis sensors, are assembled into transduction networks (Xie et al., 2020). The potential pathovars are ubiquitous and cause enormous economic loss and severe threats to food safety and security (Xin et al., 2018). Moreover, the pathogen employs T3SS. CorRS TCS correlates to temperature changes involving CorR, which activates COR biosynthesis and hrpL expression (Peñaloza-Vázquez and Bender, 1998). GacAS TCS encompasses the accurate regulation of GacA concerning virulence-associated pathways, including AHL synthesis, T3SS, and swarming motility (O’Malley et al., 2020) (Figure 2). LOV-HK TCS is composed of blue light as a secondary messenger, reducing transcription of several alternative sigma factor genes (rpoN, rpoS, and rpoD), T3SS genes (hrpE, hopAA1-1, hrpL, and hopL1), and modulating swarming motility (Wang et al., 2013). RhpRS TCS involves the phosphorylation of RhpR, which suppresses the expression of hrpRS and lon. RhpR regulates twitching motility, c-di-GMP level, swimming motility, lipopolysaccharide production, and biofilm formation. Furthermore, phosphorylation alters RhpR regulation by alcohol dehydrogenase activity, anthranilate synthase activity, cytochrome c550 accumulation, and protease production (Xie et al., 2019; Deng et al., 2014; Zhou et al., 2016). CvsRS TCS comprises Ca2+ as a secondary messenger affecting bacterial virulence and metabolism (T3SS, alginate production, cell attachment, swimming, and swarming motility) (Fishman and Filiatrault, 2019; Anderson et al., 2014) (Figures 2 and 3). AauRS TCS corresponds to acidic amino acid activation of transcription of hrpRS and promotion of bacterial virulence in Arabidopsis (Yan et al., 2020). HrpL belongs to the ECF sigma factor, activating the expression of most T3SS genes. Nevertheless, HrpL accounts for the spontaneous negative regulation of gene expression (Waite et al., 2017). AlgU ECF sigma factor depends on external osmotic pressure for alginate production, flagella biosynthesis, T3SS, type VI secretion, and oxidative stress responses (Bao et al., 2020; Markel et al., 2016). The iron starvation ECF sigma factor enables secondary messengers, such as iron ions, to control the regulation and secretion of PSPTO_1203 and the uptake of pyoverdine AcsS (Psyr_2580), as well as the regulation and secretion of achromobactin (Greenwald et al., 2012). The nucleotide-based secondary messenger Chp8 utilizes c-di-GMP acting as a diguanylate cyclase to synthesize c-di-GMP. Furthermore, inhibition of flagellin production upregulates EPS synthesis. Thus, synthesized c-di-GMP empowers T3SS, flagellar assembly, EPS synthesis, siderophore biosynthesis, and oxidative stress resistance (Aragón et al., 2015). Similarly, BifA corresponds to the nucleotide-based secondary messenger c-di-GMP, contributing to BifA protein phosphodiesterase in c-di- GMP degradation, in vivo (Aragón et al., 2015). The RelA and SpoT act as (p)ppGpp signals using GTP and ATP. SpoT belongs to the bifunctional protein for the synthesis and hydrolysis of (p)ppGpp. Moreover, (p)ppGpp regulation involves multiple processes for virulence and survival (nucleotide/amino acid/fatty acid metabolism, EPSs production, type VI secretion system, phytotoxin production, T3SS, swarming motility, pyoverdine production, stress resistance, and cell sizes) (Wang et al., 2020) (Figure 2). PscA- MCP uses acidic amino acids to control swarming motility, biofilm formation, c-di-GMP production, and bacterial virulence (Cerna-Vargas et al., 2019). The Lon intracellular surveillance system Lon protease degrades T3SS activator HrpR. A cluster of T3SS effectors (AvrPto, HopPtoM, and HopPsyA) acts as a T3SS repressor. The DNA-binding transcriptional regulator Lon mediates copious metabolic pathways (1-dodecanol oxidation, glucokinase activity, and pyoverdine production). The Lon protease cleaves T3SS effectors (AvrB2, HrpW1, and HrcV) in KB and degrades metabolic factors like NuoI and NoxB) in MM (Zhou et al., 2016). The intracellular surveillance system (HrpR and HrpS) results in heterodimer formation and activates the transcription of hrpL. HrpS accounts for the regulation of T3SS, motility, and biofilm formation. Furthermore, the modification of the HrpS protein by sulforaphane and the suppression of the T3SS system attenuate bacterial virulence (Wang et al., 2020). QS system/OCS (AhlI–AhlR) involves 3-oxo-hexanoyl-homoserine lactone. AHL signaling results in stable complex formation with AhlR and, furthermore, the activation of the expression of ahlI. The AhlI–AhlR system is independently dependent on AefR and GacA activation (Quiñones et al., 2004).
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Figure 3 | Quorum-sensing signal molecules mediated disease manifestation in the phytopathogens (Pseudomonas syringae, Erwinia amylovora, and Xanthomonas campestris) and CRISPR/Cas technology for plant health augmentation.

P. syringae pathovar tabaci 11528 (P. syringae 11528) proved that the AHL-mediated QS system affirms plant–microbe interactions conferring potential attributes (flagella, chemotaxis, pilus, extracellular polysaccharides, secretion systems, and two-component system). Thus, early colonization and latency of pivotal infections are ascertained (Xie et al., 2020; Cheng et al., 2017) (Figure 2). The heterogeneity of QS systems is confirmed for the diffusible signal P. syringae for leaves with implications for successful evolutionary strategies (Pérez-Velázquez et al., 2015). Comparatively, three LuxR solos have been reported for emerging infections incited by P. syringae pv. actinidiae in kiwi fruit (Patel et al., 2014). Similarly, AHL homologues have been associated with effective virulence and pathogenicity in reconfiguring the phyllosphere in kiwi fruits (Cellini et al., 2020). AHLs comprising N-acyl-homoserine lactones escalate oxidative burst, hypersensitive response, cell wall strengthening, and metabolites for active plant defense, accounting for innate immunity (Cheng et al., 2018). The recent consolidation of QS systems has been attributed to the gene expression of rsmX and rsmY. Moreover, small non-coding RNAs, including P. syringae aggravations, decipher canonical stop codon for psyI in PtoDC3000 for AHL similarities (Nakatsu et al., 2019) (Figure 2). Linalool’s interactive perspectives reveal the modulation of the PsyI/PsyR QS system in addressing the virulence of P. syringae pv. tomato DC 3000 (Deepa et al., 2022). Similarly, GacS/GacA TCS indicated that rsmZ and rsmY transcription was hindered by bacterial QS mechanisms (Zhang et al., 2019). P. syringae pv. tabaci 11528 showed N-(3-oxo-hexanoyl)-homoserine lactone-based QS regulation and optimal gene expression profiling (Cheng et al., 2016). The complexity of exogenous QS signaling was enumerated by employing phage defense through OmpV expression regression in P. syringae pv. actinidiae (Ou et al., 2025). The SA signaling pathway was also redressed for AHL-mediated resistance priming in P. syringae pv. tomato DC3000 (PstDC3000), as indicated by 3-O-C8-HSL potentiation (Liu et al., 2020) (Table 1; Figures 2, 3). Thus, a critical assessment of P. syringae QS systems is summarized to elucidate the complexities of a holistic phenomenon and mechanistic signaling cascade.


Table 1 | Quorum-sensing inhibitors (QSIs) against plant pathogens Pseudomonas syringae, Erwinia amylovora, and Xanthomonas campestris. .
	S. no.
	Name of the QSI
	Quorum-sensing systems
	Mechanism of action
	References



	Pseudomonas syringae


	1.
	Phytochemicals
	AHL-based QS systems
	AHL degradation and disruption of QS signaling attributed to preliminary screening assessments
	TruChado et al., 2015


	2.
	QSI effects of Bacillus and Variovorax species
	N-tetradecanoyl homoserine lactone and N-hexanoyl homoserine lactone
	AHL degradation causes motility inhibition, biofilm formation, and arrest of virulence factors
	Jose et al., 2019


	3.
	Endophytic bacteria (Bacillus cereus Si-Ps1 and Pseudomonas azotoformans La-Pot3-3) mediated generalized QS inhibition
	aiiA gene degradation
	Quorum-quenching (QQ) activities against Pseudomonas syringae pv. syringae (Pss) B728a biofilms and AHL degradation due to the aiiA gene
	Akbari Kiarood et al., 2020


	4.
	Extracellular and intracellular AHL-lactonase
	AHL QS system
	Bacillus cereus INT1c biocontrol resulting in QQ activities
	Ananda et al., 2019


	5.
	Linalool
	PsyI/PsyR QS system
	Suppression of the AHL QS system in Pseudomonas syringae pv. Tomato DC 3000 virulence at 80 ppm and modulation
	Deepa et al., 2022


	6.
	Pseudomonas syringae pv. actinidiae (Psa) bacteriophages
	AHL QS system
	Repression of OmpV expression, indicating non-AHL QS signals
	Ou et al., 2025


	7.
	Hexanoic acid
	Type III secretion system
	Enhanced gene expression of cfl, cfa1, hrpL, hrpA, and avrPtoB contributing to virulence, survival, and pathogenicity attenuation
	Scalschi et al., 2014


	8.
	Potassium permanganate and P. syringae pv. syringae mangotoxin
	Leudiazen signals in AHL QS systems
	Organic farming mediated dissection of QS signaling at the preliminary level
	Sieber et al., 2021


	Erwinia amylovora


	9.
	HAMD-MOL and MeOH-MOL
	AHL system
	Decreased amylovoran synthesis, biofilm formation, and QS inhibition against E. amylovora
	Fontana et al., 2022


	10.
	Piericidin A and glucopiericidin from Streptomyces xanthocidicus KPP01532
	AHL system
	QS inhibition of virulence genes pelC, pehA, celV, and nip in Erwinia carotovora subsp. atroseptica
	Kang et al., 2016


	11.
	QSIs through the antagonistic activity of Pseudomonas protegens 59M
	AHL system
	The expression of phlD, pltC, pltB, and pltC involves siderophore production, IAA, HCN production, and AHL degradation
	Mikiciński et al., 2024


	12.
	Bacillus simplex
	AHL system
	QQ activities of the aiiA gene encoding zinc-dependent AHL silencing in E. amylovora sy69
	Hanano et al., 2014


	14.
	Antagonistic activity of Pseudomonas orientalis F9
	LasI/R and RhlI/R QS systems
	The pyoverdine, safracin, and phenazine mutations caused inhibition of E. amylovora in apple flowers.
	Santos Kron et al., 2020


	Xanthomonas campestris


	15.
	QSI activities of Burkholderia anthina HN-8
	DSF system
	11-methyl-2-dodecylene acid degradation by B. anthina HN-8 and QQ activities
	Ye et al., 2020


	16.
	Chumacin-1 and Chumacin-2
	DSF system
	rpfB-dependent QS regulation
	Song et al., 2022


	17.
	Trans-2-decenoic acid methyl ester
	DSF system
	DSF degradation by Cupriavidus sp.
	Ye et al., 2019a


	18.
	QSI of Acinetobacter lactucae QL-1
	DSF system
	Xcc virulence attenuation by QQ enzymes and plant protection against DSF-dependent pathogens
	Ye et al., 2019b


	19.
	Moringa oleifera Lam leaf extracts
	DSF system
	QS inhibition against Xanthomonas campestris pv. campestris (Xcc) (swarming motility, and biofilm formation)
	Fontana et al., 2021


	20.
	Thymol-loaded chitosan nanoparticles (TCNPs)
	DSF system
	QS inhibition through exopolysaccharides and xanthomonadin production against Xcc
	Sreelatha et al., 2022










3 QS systems in E. amylovora

E. amylovora belongs to the Enterobacteriaceae family, constituting Gram-negative phytopathogens affecting wide plant hosts in the Rosaceae (apple and pear), resulting in global consequences to plant health. The potential virulence factors include the QS systems, which are aggravated to the T3SS, the EPS amylovoran, biofilm formation, and motility. Furthermore, complexities are associated with bis-(3′-5′)-cyclic di-GMP (c-di-GMP), lipopolysaccharide biosynthetic gene clusters, and hrp genes conferring virulence (Piqué et al., 2015) (Figures 2 and 3). Antagonistic mechanisms like siderophore, IAA, and HCN production have also been considered in E. amylovora infections in pear fruitlets affected by fire blight (Mikiciński et al., 2024) (Table 1). Specific humidity and temperature aggravate the manifestation of fire blight by E. amylovora (Pedroncelli and Puopolo, 2024). Thus, deeper insights are to be shed on the emerging phytopathogen for the eradication of devastating fire blight disease and ecological impacts. 3-oxo-C6-AHL QS signaling was attributed to the aiiA gene (zinc-dependent N-acyl-l-homoserine lactonase) corresponding to AHL-based QS systems and silencing mechanisms in E. amylovora sy69, in vitro vitro and in planta (Hanano et al., 2014) (Figures 2, 3). Variable number of tandem repeat sequences (VNTRs) analysis revealed biofilm, siderophores, and biosurfactant production, motility, and environmental effects on growth in E. amylovora (Tafifet et al., 2020). Hence, the pathogen requires additional research based on modern molecular techniques, including CRISPR technology, to establish the intricate molecular mechanisms of pathogenicity and virulence (Figure 3). Furthermore, toxin–antitoxin (TA) systems in E. amylovora showed CbtA/CbeA, ParE/RHH, and Doc/PhD gene modules associated with plasmid stability, stress management, biofilm formation, and antibiotic persistence, revealing functional diversity and specificity (Shidore et al., 2019) (Figure 2). Inter-species interactions in the plant host holobiont have been stressed for E. amylovora and increased association of disease incidence and severity (Hassani et al., 2024). Nevertheless, E. amylovora was chosen in the present review for establishing the future prospective cross-disciplinary research among phytopathogens. Moreover, the inter-species, intra-species, and inter-kingdom prospects are necessitated for revitalizing the QS systems in floral phytopathogens and environmental spread in assuring plant health management. Horizontal gene transfer mechanisms can aggravate bacterial pathogenesis and complex virulence systems. Thus, QS system assessments for the pathogens are conducted for intricate mechanisms.




4 QS systems in X. campestris

DSF is the most reported QS system in X. campestris, followed by rpfABFCHG genes. Furthermore, the interplay between Rpf/DSF QS systems is mediated by phosphorelay mechanisms that are based on cyclic di-GMP levels. Moreover, sucrose and glucose levels enhance RpfB activity through the salicylic acid pathway, thereby increasing DSF signals (Zhang et al., 2019) (Figures 2 and 3). Thus, DSF biosynthetic enzymes, including DSF synthesis and RpfF protein based on glutamate, are associated with DSF signaling QS systems in X. campestris (Feng et al., 2023). The bacterial DSF belongs to a low-activity QS signal molecule that exhibits increased binding affinity to histidine kinase RpfC, thereby triggering RpfC autophosphorylation. Further breakdown of bacterial cells by RpfB suppresses the regulation of RpfC enzyme activities and homologous response regulator RpfG, encoding c-di-GMP hydrolase (Tian et al., 2022). Moreover, DSF signals are ascertained for priming plant immune responses against X. campestris pv. campestris (Xcc) involving jasmonic acid (JA) signaling in Brassica oleracea and Arabidopsis thaliana (Zhao et al., 2023) (Figure 2). The fabH gene was shown to be involved in DSF QS signaling, which contributes to the control of black rot disease in cruciferous vegetables caused by Xcc (Yu et al., 2016). Repressive regulation of the co-evolution of the DSF QS system-based plant innate immunity was evidenced by the EPS xanthan in X. campestris (Kakkar et al., 2015). FabG2, the fatty acid synthesis enzyme comprising 3-hydroxyacyl-acyl carrier protein (3-hydroxyacyl-ACP), conferred long-chain specificity for DSF signaling in Xcc (Hu et al., 2018). Furthermore, FabG3 involving 3-oxoacyl-ACP reductase was corroborated by xanthomonadin biosynthesis in Xcc virulence (Yu et al., 2019) (Table 1; Figure 2). Nonetheless, the FabA–FabB pathway was found to be associated with modulating DSF synthesis in Xcc (Yu et al., 2023). HepR and an RND (resistance-nodulation-cell division) family efflux pump HepABCD were depicted in Xcc involving salicylic acid efflux and sensor regulation encoding virulence (Song et al., 2024). RpoN1 and RpoN2 correspond to the homologous regulators correlating to the regulation of virulence, flagella synthesis, and basal metabolism in Xcc, revealing the specificity of transcription (Li et al., 2020). Apart from DSF signaling, RavS/RavR-dependent hypoxia sensors and cyclic di-GMP effectors were reported in Xcc (He et al., 2020). Plant–pathogen interactions in Xcc and host plants have been affirmed for salicylic acid activation of RpfB QS systems in Xcc (Song et al., 2022) (Figure 3). The complexity of Xcc virulence was also attributed to the light sensor mediated through the photoreceptor, bacteriophytochrome (Bonomi et al., 2016). The RelA and SpoT in ppGpp production were compromised to virulence, pathogenesis, stress tolerance, and growth regulation in Xcc (Bai et al., 2021). Hence, intricate insights for deciphering Xcc responses with plant holobiont interactions require further assessment. Therefore, the complex and widespread phenomenon of SA–JA cross-talk could be utilized in CRISPR-QS systems to prevent phytopathogenicity, ensuring plant health effectively. Hence, QSSMs and CRISPR systems, which enable potential scenarios for plant health, are addressed further.




5 QSSMs and CRISPR systems in plant health

Communication between bacteria and signaling molecules such as AHLs, AIPs, and AI-2 depicts the significance of pathogenesis. Nonetheless, the target genes for AHL, AIPs, AI-2 bacterial signal molecules, and QS systems emphasize the reality of CRISPR systems in confirming plant health (Filik and Filik, 2023) (Figure 3). Rice (Oryza sativa) remains an extensively researched crop, establishing the potent applications of CRISPR systems in augmenting plant performance, biofortification, and combating dysbiosis (biotic and abiotic stress tolerance) (Ricroch et al., 2017). Microbe–plant interactions involving microbiome and rhizobiome engineering dissect sustainable agriculture for plant protection and plant growth promotion (PGP) in the era of CRISPR tools (Shelake et al., 2019) (Figure 1). Disease-resistant plant engineering has been made at ease employing CRISPR-Cas9 technology, stressing pathogen-associated molecular pattern (PAMP)-triggered immunity (PTI) and/or effector-triggered immunity (ETI) (Tyagi et al., 2021). CRISPR/Cas9-targeted modification has foreseen escalated applications utilizing meganucleases, ZFNs, TALENs, and CRISPR/Cas9. Moreover, genetic manipulations against the majority of crops, including rice, tomato, wheat, and citrus, are given prominent importance (Borrelli et al., 2018). CRISPR genome editing provides evidence of both climate resilience and disease resistance, ensuring plant health. Thus, the future of food safety, security, and crop protection is primarily attributed to CRISPR technology (Zaidi et al., 2020). CRISPR/Cas genome editing technology is applied for enhanced yield production, productivity, disease resistance, herbicide resistance, plant breeding, and fast-tracked domestication (Zhu et al., 2020). The genome editing using CRISPR technology will be utilized for generating bio-editing and plant breeding in sustainable agriculture (Langner et al., 2018). Nevertheless, nanotechnology incorporations with CRISPR technology could revolutionize the development of climate change-resilient crops in the future (Demirer et al., 2021). However, ethical issues and stringent global laws are envisaged for application perspectives of CRISPR technology (Zhang et al., 2020). Moreover, global agriculture is emphasized for improved plant health and food security (Tyagi et al., 2020) (Figures 1 and 3). Therefore, QS-CRISPR interplay could aggravate the closing in of effective plant health management and the future of sustainable agriculture.




6 QS and CRISPR interplay and plant health management

Plant health management involving the exploration of plant–microbe interactions has been stressed for sustainability in agricultural practices using CRISPR technology (Shelake et al., 2019). Furthermore, the emphasis on CRISPR/Cas9 technology was adjudicated as the potential tool in the establishment of PGP, plant protection, and climate-resilient farming practices (Prabhukarthikeyan et al., 2020). The advantages of using CRISPR/Cas technology were foreseen as an explicit disease management strategy owing to escalated precision, robust technique, minimal off-targets, and focusing multiple targets (Bansal et al., 2022). Food safety, security, and plant disease management protocols are foreseen as a potential future in terms of cost-effectiveness, specificity, and sensitivity using CRISPR/Cas technology (Wagh et al., 2021). Engineering microbiomes for large-scale applications with disease resistance has been emphasized by employing high-throughput gene editing technology, augmenting disease resistance. Hence, the futuristic implications of CRISPR/Cas9 technology rely on plant defense engineering to ensure global food safety (Tyagi et al., 2021). Nevertheless, a complex interplay of phytopathogens involving host plants, bacteria, and viruses is stressed in sustainable agriculture. Hence, soil health, biogeochemical cycling, food security, and transgenesis using CRISPR technology pose pivotal significance (Astapati and Nath, 2023). Preharvest and postharvest management of agricultural losses and economic food security at global levels are enriched for environmental-friendliness concerning plant–pathogen interactions (Ezrari et al., 2024).

A holistic mechanism of CRISPR technology involves plant protection, abiotic stress management (including drought, salinity, and heat), and PGP. Hence, empirical systems biology in the elucidation of microbial, genetic, and metabolic interactions comprises signaling pathways underlying plant–microbe interactions (Manzar et al., 2022). Food loss and the circular economy approach rely upon CRISPR technology. Thus, a multifaceted gene editing strategy can facilitate water valorization and food and feed production, and minimize greenhouse gas (GHG) emissions (Hemalatha et al., 2023). CRISPR/Cas9 technology gene editing has been witnessed as an effective horizon for crop improvement and plant stress mitigation (Patra et al., 2024). RNAi-induced double-stranded RNA (dsRNA) technology reveals potent development of biopesticides and disease-resistant plants (Halder et al., 2022). The increasing global demand for food and the escalating levels of crop production and productivity necessitate the utilization of CRISPR genome engineering technology (Ali et al., 2022). Furthermore, abiotic stress management relies highly on the CRISPR/Cas9 gene editing strategy (Kumar et al., 2023). An update on CRISPR/Cas9 gene editing in tomatoes outlined dysbiosis management involving abiotic and biotic stresses (Chandrasekaran et al., 2021). The CRISPR strategy could enable nano-biofertilizers/nano-pesticides to decipher interplay with plant-associated microbiomes (Ahmed et al., 2023). Hence, multi-omics approaches and CRISPR technology can facilitate the deciphering of rhizobiomes contributing to plant health and resilient agricultural practices (Dukare et al., 2022). However, challenges and limitations require a broad-spectrum viewpoint in evaluating the effectiveness of QS systems and CRISPR cross-talk in mitigating the spread of phytopathogenic bacteria (Figure 3).

CRISPR technology, harnessing QS, can be utilized to interfere with plant pathogens at the inter-kingdom level (Joshi et al., 2021). Furthermore, biotic stresses can be hindered by biocontrol agents engineered for determining plant protection (Ayaz et al., 2023). Broad host-range (BHR) plasmids were proposed for genome engineering in affirming plant–microbiome interactions using CRISPR systems for efficient plant growth (Ke et al., 2021). The CRISPR/Cas system has been utilized for QS-based disease control and plant health management in Xanthomonas citri (Martins et al., 2024) and E. amylovora involving phage biocontrol (Parcey et al., 2022). Novel plant varieties can be developed using rhizosphere engineering of QS molecules (Li et al., 2023) and phyto-microbiome engineering utilizing CRISPR technology (Patyal et al., 2025). CRISPR interference can be used in climate-resilient agricultural engineering for generating plant holobionts and novel sustenance (Portal-Gonzalez et al., 2025). Similarly, CRISPR technology was affirmed for PGPR (plant growth-promoting rhizobacteria) engineering and plant interactions in Green Revolution 2.0 (Singh and Ramakrishna, 2021) (Figure 3). Thus, CRISPR technology in plant–microbe interactions concerning QS systems will pose a novel thrust in the future.




7 QS inhibitors against plant bacterial pathogens

QS I has gained attraction in the effective arrest of phytopathogenic bacteria. Natural product research and quorum quenching (QQ) mechanisms largely rely on elimination in lab- and field-scale approaches. Plant extracts and phytochemicals disrupt bacterial pathogenesis and down-regulate QSSMs (TruChado et al., 2015). Auto-inducers like N-acyl-homoserine lactones (AHLs) are emphasized in inter-kingdom QS signaling. Hence, QQ and QSI, which target LuxR solo genes, are utilized by plant growth-promoting bacteria (PGPB) for potential biocontrol (Hartmann et al., 2021) (Figure 3). QS inhibitors are stressed as anti-pathogens, enabling wide-scale field trials in treating plant infections (Kalia et al., 2019). Natural compounds inhibiting QS systems are addressed to biofilms, hydrolytic enzymes, toxins, and plasmids contributing to virulence (Gutierrez-Pacheco et al., 2019). Pre-harvest and post-harvest microbial control is often signified by natural compounds preventing spoilage and preservation through QSI (MaChado et al., 2020). Phytopathogens utilize AHLs, DSF, and 3-OH-PAME/3-OH-MAME molecules for QS regulation, establishing virulence and subsequent QQ mechanisms for plant protection (Baltenneck et al., 2021). Moreover, QSI has also been highlighted in Mediterranean plant essential oils belonging to the Lamiaceae and Verbanaceae families, which combat phytopathogens (Camele et al., 2019). QS interference against P. syringae pv. passiflorae was affirmed by Bacillus and Variovorax species degrading AHLs, conferring plant protection (Jose et al., 2019). Endophytic bacteria (Bacillus cereus Si-Ps1 and Pseudomonas azotoformans La-Pot3-3) Citrus sinensis and C. sinensis var. Thomson’s leaf cultivars revealed QQ activities against P. syringae pv. syringae (Pss) B728a. The corresponding mechanisms were attributed to reduced biofilms and AHL degradation as evident from the presence of the aiiA gene (Akbari Kiarood et al., 2020). Similarly, P. syringae was inhibited by QQ mechanisms containing AHL-lactonase from B. cereus INT1c, depicting competitive inhibition (Ananda et al., 2019). Linalool suppressed the AHL QS system in P. syringae pv. Tomato DC 3000, which contributed to reduced virulence at 80 parts per million (ppm). Moreover, the computational assessment showed the modulation of the PsyI/PsyR QS system (Deepa et al., 2022). P. syringae pv. actinidiae (Psa) bacteriophages were effectively proven for repression of OmpV expression showing non-AHL QS signal involvement (Ou et al., 2025) (Table 1; Figure 3). P. syringae pathovars’ anti-QS mechanisms are summarized for symbiosis, pathogenicity, competence, conjugation, antibiotics, motility, sporulation, and biofilm inhibition (Manikandan et al., 2023). Hexanoic acid acts as an inducer of resistance in attenuating P. syringae pv. tomato DC3000 virulence, survival, and pathogenicity (Scalschi et al., 2014). P. syringae pv. syringae mangotoxin signaling molecules were mitigated using a combinatorial strategy employing potassium permanganate and organic farming, degrading the leudiazen signals (Sieber et al., 2021). 3-O-C6-HSL QSSM was fostered for AHL degradation in P. syringae pv. tabaci 11528 (Cheng et al., 2016). The endophytic fungus Alternaria leptinellae E138 was depicted for P. syringae QSI in tomato (García-Latorre et al., 2024). Thymus vulgaris (thyme)- and Origanum vulgare (oregano)-derived essential oils inhibited P. syringae and showed potential QSI (biofilm formation, coronatine, syringomycin, and tabtoxin production).Furthermore, it was designed to inhibit TA systems and prevent virulence (Carezzano et al., 2017). Pseudomonas aeruginosa PAO1 was inhibited by Artemisia argyi leaf extracts, posing QSI of pyocyanin, elastase, and rhamnolipid virulence factors. Moreover, upregulation of the CsrA gene established oxidative stress and hindered homeostasis of proteins underlying the mechanism of QSI (Kong et al., 2021). Diazeniumdiolate and leudiazen signal antagonism contributed to mangotoxin QSI in P. syringae pv. syringae in tomato (Mas-Rosello et al., 2024). Moreover, P. syringae pv. actinidiae causing citrus canker was affirmed for the non-ribosomal peptides’ antagonism. The corresponding genes were confronted to the AHL acylase gene (pvdQ), a glucose-6-phosphate dehydrogenase gene (zwf), and an mbtH-like gene from the endophytic bacterium, P. synxantha (Tontou et al., 2016). Gunpowder green tea extracts showed virulence inhibition of P. syringae pv. actinidiae virulence mechanisms and QSI (Lovato et al., 2019). Similarly, EPSs from P. syringae pv. actinidiae NZ V-13 were inhibited by the bactericidal compound kasugamycin in kiwi fruit (Ghods et al., 2015) (Table 1). Thus, P. syringae QS inhibitors are assessed critically for their comprehensive complexity variation patterns, reflecting a decade of research.

The emerging infectious agent E. amylovora was characterized by a QQ mechanism involving EaAiiA lactonase degradation of QSI (Ya’ar Bar et al., 2021). Moringa oleifera leaf extracts indicated diminished amylovoran synthesis, biofilm formation, and QSI against E. amylovora (Fontana et al., 2022). Streptomyces rubradiris NBRC 14000 inhibited the biofilm formation, pyocyanin and rhamnolipid production, swimming motility, and virulence against E. amylovora (Xiaoyu et al., 2024). Erwinia carotovora subsp. atroseptica was inhibited by the QS inhibitors derived from Streptomyces xanthocidicus KPP01532 (piericidin A and glucopiericidin) as evident from the expression of virulence genes (pelC, pehA, celV, and nip) (Kang et al., 2016). E. amylovora was inhibited by P. protegens 59M through the phlD, pltC, pltB, and pltC gene expression and showed potent QSI (Table 1). Hence, the mechanisms were corroborated by antagonism, siderophore production, IAA, HCN production, and AHL degradation (Mikiciński et al., 2024). The Bacillus simplex showed QQ activities by the aiiA gene, which encodes zinc-dependent AHL silencing in E. amylovora sy69 (Hanano et al., 2014). Mutations in pyoverdine, safracin, and phenazine from Pseudomonas orientalis F9 have demonstrated antagonism against E. amylovora in apple flowers, in vitro (Santos Kron et al., 2020). Pantoea ananatis BCA19 depicted potent biocontrol against E. amylovora QSI (siderophore, arimid, arylpolyene, and carotenoid-related terpene gene clusters) (Lee et al., 2024) (Table 1). Hence, E. amylovora QSI needs repurposing research to prevent crop loss, particularly apple and pear plants.

X. campestris accounts for a ubiquitous and versatile phytopathogen of global threat. Burkholderia anthina strain HN-8, a novel DSF-degrading bacterium, was identified as a biocontrol agent for black rot disease, caused by Xcc. The severity of black rot disease in Chinese cabbage and radishes revealed biocontrol activity upon inoculation of the strain HN-8 (Ye et al., 2020). Chumacin-1 and Chumacin-2, produced by P. aeruginosa strain CGK-KS-1, demonstrate DSF inhibition activity in Xanthomonas oryzae pv. oryzae (Kanugala et al., 2019). Infection with X. campestris pv. campestris in the cabbage plant produces high SA. The turnover of the DSF family QS signal in a pH-dependent way directs the QS system in X. campestris pv. campestris virulence (Song et al., 2022). Cupriavidus sp. reduced black rot caused by Xcc. A novel DSF-degrading strain, HN-2, from contaminated soil decreased the severity and proved to be a potent biocontrol agent. Thus, DSF-dependent bacterial infections underlying the biochemical basis were unraveled (Ye et al., 2019a). Acinetobacter lactucae QL-1 attenuated Xcc virulence through QQ enzymes and revealed the promising potential of plant protection against DSF-dependent pathogens (Ye et al., 2019b). M. oleifera Lam leaf extracts depicted QSI against Xcc by inhibiting swarming motility and biofilm formation (Fontana et al., 2021). Similarly, M. oleifera leaf extracts indicated flavonoids and phenols, revealing effective QSI through biofilm inhibition in Xcc (Fontana et al., 2023). Thymol-loaded chitosan nanoparticles (TCNPs) suppressed the growth of biofilm formation and QSI through EPSs and xanthomonadin production against Xcc (Sreelatha et al., 2022) (Table 1). Hence, the QSI profiles against Xcc were critically compiled for intricate properties.




8 Challenges and limitations

The incorporation of technology in field applications requires advanced genome editing protocols. Cost-effectiveness and environmental-friendliness, envisaging authentic and reproducible results, are necessitated. Real-world lab-to-field applications and case studies are necessary for accurate outcomes in plant health management. Stringent regulatory and global laws are necessary for ensuring food safety and security. CRISPR/Cas9 technology has been regarded as a cost-effective protocol and robust strategy. Further selectivity and random off-target mutations, as well as homologous recombination, necessitate the implementation of resistance gene knock-out protocols to ensure precision and sensitivity (Wang et al., 2022). CRISPR technology cannot be applied for large-scale field trials and the effectiveness of increased resistance combating phytopathogenic bacteria (Ijaz et al., 2023). Furthermore, ethical issues related to CRISPR/Cas9 technology require global impact and surveillance in sustainable agricultural practices. The flexible regulations are implicated in countries such as the USA, Canada, Argentina, and Australia. Nevertheless, the European Union (EU) and developing nations, such as India, are still a long way from achieving strategic management (Tyagi et al., 2021). Plant–pathogen interactions have been reported to employ CRISPR technology for genome editing in phytopathogenic bacteria (Gosavi et al., 2020). A high level of resistance to the citrus canker disease was conferred by genome editing the promoter region of the S gene CsLOB1 in citrus, which is the target of TALE from X. citri pv. citri (Peng et al., 2017). DMR6 is essential for A. thaliana’s resistance to downy mildew. CRISPR/SpCas9 knocked out homolog SIDMR6-1 in tomatoes, rendering resistance to a variety of bacterial diseases, such as P. syringae, P. capsica, and Xanthomonas spp. (Thomazella et al., 2016). Additionally, the CRISPR/SpCas9-generated SlJAZ2Δjas tomato germplasm offered resistance to P. syringae pv. tomato DC3000 without changing its defense response against the necrotrophic fungal disease Botrytis cinerea (Ortigosa et al., 2019). However, CRISPR technology has not been reported to be fruitful against ubiquitous phytopathogens. Thus, limitations are summarized, which need to be addressed in the future.




9 Conclusion and future directions

QS and CRISPR systems in plant protection against selected bacterial pathogens, viz, P. syringae, E. amylovora, and X. campestris, were critically revisited for periodic updates. CRISPR engineering, QS-CRISPR interplay, and limitations in sustainable agricultural practices are outlined for further research. The QS systems in phytopathogenic bacteria are categorized into AHLs, DSFs, and the second messenger cyclic di-GMP. The two-component systems in P. syringae consist of RhpRS, GacAS, CvsRS, and AauRS. Moreover, the pathogen employsT3SS s like CorRS TCS, GacAS TCS, LOV-HK TCS, RhpRS TCS, CvsRS TCS, AauRS TCS, and AhlI–AhlR QS systems. E. amylovora revealed a T3SS, the EPS amylovoran, biofilm formation, and motility. Complex interaction depicts bis-(3′-5′)-cyclic di-GMP (c-di-GMP), lipopolysaccharide biosynthetic gene clusters, and hrp genes confronting virulence. Further TA systems like CbtA/CbeA, ParE/RHH, and Doc/PhD establish severity in plant–microbe interactions. The most frequently reported QS system in X. campestris belongs to DSF signals, followed by rpfABFCHG genes. Furthermore, phosphorelay processes based on cyclic di-GMP levels provide interaction between Rpf/DSF QS systems. Additionally, the salicylic acid pathway, sucrose, and glucose levels raise RpfB activity, which in turn raises DSF signals. The interaction between QS and CRISPR may make it more challenging to regulate plant health effectively and ensure sustainable agriculture in the future. CRISPR/Cas9 technology might be used to create climate-resilient farming methods, plant protection, and plant growth enhancement. Furthermore, QS inhibitors concerned with P. syringae, E. amylovora, and X. campestris were assessed for variability profiles. The future prospective research relies largely upon economic and environmental sustainability. Furthermore, in-depth mechanisms involving plant immunity pathways like salicylic acid– jasmonic acid cross-talk can provoke metabolomics and interactomes involving QSSMs. Elicitors and receptors that contribute to plant immunity, such as systemic acquired resistance (SAR) and induced systemic resistance (ISR), recognize molecular patterns in response to these stimuli, and have been a classical plant mechanism for furthering critical plant growth outcomes (Abdul Malik et al., 2020). Moreover, QSSMs in augmenting phytopathogens inter-kingdom signaling interference are foreseen as the latest realm of research (Joshi et al., 2021). Thus, plant patterns and basic attributes for interaction–interplay in plant immunity are necessitated. Furthermore, DSF-associated signals need to be revisited for deciphering either positive or negative interactions in plant–microbe interaction patterns (Li et al., 2024). QS systems involving SA–JA–ET signaling systems are necessitated for QSSMs and pathogenicity of phytopathogens in the near future (Alagarasan et al., 2017). CRISPR/Cas gene editing offers potential for disease-resistant plants by employing plant immunity mechanisms, such as PTI and/or ETI (Tyagi et al., 2021). Moreover, the technology is also being applied to engineer crop plants resistant to multiple plant pathogens (Zaynab et al., 2020). Harnessing pan-genomes of crop plants and their allelomorphs will aid in the development of climate-resilient and disease-resistant plants with augmented immunity (Kim et al., 2021). CRISPR interference (CRISPRi) of plant pathogens can provide escalated benefits for plants in the future (Arora, 2024). Furthermore, CRISPR technology holds promise for plant defense, breeding, and metabolic engineering (Joshi et al., 2021). Hence, CRISPR editing in the future will enable food safety and security globally. Moreover, microbiome engineering, enhanced plant growth, and disease resistance properties can minimize the impending danger of plant pathogens. Phyto-microbiome engineering through CRISPR/Cas gene editing is expected to improve QSSM-mediated plant immunity, highlighting the interactive roles between plants and microbes (Chaudhary et al., 2021). The future research thrust comprises systems biology and metabolic engineering of signal molecules for dissecting plant–microbe interaction dynamics (Kumar et al., 2016). QQ mechanisms and CRISPR technology stress the need to effectively combat plant pathogens to achieve plant immunity (Sharma et al., 2023).

Genome editing using CRISPR/Cas technology could revolutionize the usage of genetically modified organisms in plant protection globally. Nevertheless, crop improvement and plant performance that abate biotic and abiotic stresses will necessitate explicit research (Wang et al., 2022). Disease-resistant plants with high yields can be combined with CRISPR/Cas9 technology, next-generation sequencing, and multi-omics protocols (Ahmad et al., 2020). The specificity and sensitivity need to be unraveled for increased disease resistance and minimizing off-target mutations (Ijaz et al., 2023). Potential plant breeding can involve CRISPR/Cas9-mediated genome engineering and successive field trials (Sharma et al., 2023). Metabolic engineering using CRISPR technology can aid in disease-resistant and improved varieties (Tyagi et al., 2021). The CRISPR/Cas system and its derivatives provide a novel approach to exploring the complex realm of plant–pathogen interactions (Gosavi et al., 2020). CRISPR/Cas9 technology offers molecular biologists, geneticists, and plant virologists the opportunity to develop crops with increased yields, disease resistance, and plant health (Ahmad et al., 2020). Thus, QS-CRISPR systems in improved plant health management and sustainable agriculture are recapitulated for further prospects.





Author contributions

MA: Conceptualization, Formal analysis, Funding acquisition, Supervision, Writing – original draft, Writing – review & editing. AV: Conceptualization, Data curation, Formal analysis, Visualization, Writing – original draft, Writing – review & editing. A-QJ: Formal analysis, Funding acquisition, Supervision, Visualization, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This work was supported by the Hainan Province Science and Technology Special Fund (ZDYF2024SHFZ103), the National Natural Science Foundation of China (82160664), and the Hainan Province Clinical Medical Center.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





References

	 Abdul Malik N. A., Kumar I. S., Nadarajah K. (2020). Elicitor and receptor molecules: orchestrators of plant defense and immunity. Int. J. Mol. Sci. 21, 963. doi: 10.3390/ijms21030963


	 Ahmad S., Wei X., Sheng Z., Hu P., Tang S. (2020). CRISPR/Cas9 for development of disease resistance in plants: recent progress, limitations and future prospects. Briefings Funct. Genomics 19, 26–39. doi: 10.1093/bfgp/elz041


	 Ahmed T., Noman M., Gardea-Torresdey J. L., White J. C., Li B. (2023). Dynamic interplay between nano-enabled agrochemicals and the plant-associated microbiome. Trends Plant Sci. 28, 1310–1325. doi: 10.1016/j.tplants.2023.06.001


	 Akbari Kiarood S. L., Rahnama K., Golmohammadi M., Nasrollanejad S. (2020). Quorum-quenching endophytic bacteria inhibit disease caused by Pseudomonas syringae pv. syringae in Citrus cultivars. J. Basic Microbiol. 60, 746–757. doi: 10.1002/jobm.202000038


	 Alagarasan G., Aswathy K. S., Madhaiyan M. (2017). Shoot the message, not the messenger—combating pathogenic virulence in plants by inhibiting quorum sensing mediated signaling molecules. Front. Plant Sci. 8, 556. doi: 10.3389/fpls.2017.00556


	 Ali Q., Yu C., Hussain A., Ali M., Ahmar S., Sohail M. A., et al. (2022). Genome engineering technology for durable disease resistance: Recent progress and future outlooks for sustainable agriculture. Front. Plant Sci. 13, 860281. doi: 10.3389/fpls.2022.860281


	 Ananda M., Rusmana I., Akhdiya A. (2019). “Quorum quenching of Bacillus cereus INT1c against Pseudomonas syringae,” in Journal of Physics: Conference Series, Vol. 1277. 012010 (England: IOP Publishing).


	 Anderson J. C., Wan Y., Kim Y. M., Pasa-Tolic L., Metz T. O., Peck S. C. (2014). Decreased abundance of type III secretion system-inducing signals in Arabidopsis mkp1 enhances resistance against Pseudomonas syringae. Proc. Natl. Acad. Sci. 111, 6846–6851. doi: 10.1073/pnas.1403248111


	 Ansari F. A., Ahmad I. (2018). Quorum sensing in phytopathogenic bacteria and its relevance in plant health. Biotechnol. Appl. Quorum Sens. Inhibitors, 351–370. doi: 10.1007/978-981-10-9026-417 


	 Aragón I. M., Pérez-Mendoza D., Gallegos M. T., Ramos C. (2015). The c-di-GMP phosphodiesterase BifA is involved in the virulence of bacteria from the P seudomonas syringae complex. Mol. Plant Pathol. 16, 604–615. doi: 10.1111/mpp.12218


	 Arora A. (2024). “Crispri-mediated gene silencing in biofilm cycle and quorum sensing,” in Gene Editing in Plants: Crispr-Cas and Its Applications (Springer Nature Singapore, Singapore), 139–178.


	 Astapati A. D., Nath S. (2023). The complex interplay between plant-microbe and virus interactions in sustainable agriculture: Harnessing phytomicrobiomes for enhanced soil health, designer plants, resource use efficiency, and food security. Crop Design 2, 100028. doi: 10.1016/j.cropd.2023.100028


	 Santos Kron A., Zengerer V., Bieri M., Dreyfuss V., Sostizzo T., Schmid M., et al. (2020). Pseudomonas orientalis F9 pyoverdine, safracin, and phenazine mutants remain effective antagonists against Erwinia amylovora in apple flowers. Applied and Environmental Microbiology 86, e02620–19


	 Ayaz M., Li C. H., Ali Q., Zhao W., Chi Y. K., Shafiq M., et al. (2023). Bacterial and fungal biocontrol agents for plant disease protection: Journey from lab to field, current status, challenges, and global perspectives. Molecules 28, 6735. doi: 10.3390/molecules28186735


	 Bai K., Yan H., Chen X., Lyu Q., Jiang N., Li J., et al. (2021). The role of RelA and SpoT on ppGpp production, stress response, growth regulation, and pathogenicity in Xanthomonas campestris pv. campestris. Microbiol. Spectrum. 9, e02057–e02021. doi: 10.1128/spectrum.02057-21


	 Baltenneck J., Reverchon S., Hommais F. (2021). Quorum sensing regulation in phytopathogenic bacteria. Microorganisms 9, 239. doi: 10.3390/microorganisms9020239


	 Baltrus D. A., McCann H. C., Guttman D. S. (2017). Evolution, genomics and epidemiology of Pseudomonas syringae: challenges in bacterial molecular plant pathology. Mol. Plant Pathol. 18, 152–168. doi: 10.1111/mpp.12506


	 Bansal S., Balamurugan A., Achary V. M., Kumar A., Reddy M. K., Prakash G. (2022). “Editing plant genome with CRISPR/Cas: a sustainable strategy for disease management,” in Next-generation plant breeding approaches for stress resilience in cereal crops (Springer Nature Singapore, Singapore), 369–396.


	 Bao Z., Wei H. L., Ma X., Swingle B. (2020). Pseudomonas syringae AlgU downregulates flagellin gene expression, helping evade plant immunity. J. Bacteriol. 202, 10–128. doi: 10.1128/JB.00418-19


	 Bonomi H. R., Toum L., Sycz G., Sieira R., Toscani A. M., Gudesblat G. E., et al. (2016). Xanthomonas campestris attenuates virulence by sensing light through a bacteriophytochrome photoreceptor. EMBO Rep. 17, 1565–1577. doi: 10.15252/embr.201541691


	 Borrelli V. M., Brambilla V., Rogowsky P., Marocco A., Lanubile A. (2018). The enhancement of plant disease resistance using CRISPR/Cas9 technology. Front. Plant Sci. 9, 1245. doi: 10.3389/fpls.2018.01245


	 Camele I., Elshafie H. S., Caputo L., De Feo V. (2019). Anti-quorum sensing and antimicrobial effect of Mediterranean plant essential oils against phytopathogenic bacteria. Front. Microbiol. 10, 2619. doi: 10.3389/fmicb.2019.02619


	 Carezzano M. E., Sotelo J. P., Primo E., Reinoso E. B., Paletti Rovey M. F., Demo M. S., et al. (2017). Inhibitory effect of Thymus vulgaris and Origanum vulgare essential oils on virulence factors of phytopathogenic Pseudomonas syringae strains. Plant Biol. 19, 599–607. doi: 10.1111/plb.12572


	 Cellini A., Donati I., Fiorentini L., Vandelle E., Polverari A., Venturi V., et al. (2020). N-Acyl homoserine lactones and lux solos regulate social behaviour and virulence of Pseudomonas syringae pv. actinidiae. Microbial Ecol. 79, 383–396. doi: 10.1007/s00248-019-01416-5


	 Cerna-Vargas J. P., Santamaría-Hernando S., Matilla M. A., Rodríguez-Herva J. J., Daddaoua A., Rodríguez-Palenzuela P., et al. (2019). Chemoperception of specific amino acids controls phytopathogenicity in Pseudomonas syringae pv. tomato. MBio 10, 10–128. doi: 10.1128/mBio.01868-19


	 Chandrasekaran M., Boopathi T., Paramasivan M. (2021). A status-quo review on CRISPR/Cas9 gene editing applications in tomato. Int. J. Biol. Macromol. 190, 120–129. doi: 10.1016/j.ijbiomac.2021.08.169


	 Chaudhary T., Gera R., Shukla1 P. (2021). Emerging molecular tools for engineering phytomicrobiome. Indian J. Microbiol. 61, 116–124. doi: 10.1007/s12088-020-00915-1


	 Cheng F., Ma A., Luo J., Zhuang X., Zhuang G. (2017). N-acylhomoserine lactone-regulation of genes mediating motility and pathogenicity in Pseudomonas syringae pathovar tabaci 11528. Microbiol. Open 6, e00440. doi: 10.1002/mbo3.440


	 Cheng F., Ma A., Zhuang G., Fray R. G. (2018). Exogenous N-acyl-homoserine lactones enhance the expression of flagella of Pseudomonas syringae and activate defence responses in plants. Mol. Plant Pathol. 19, 104–115. doi: 10.1111/mpp.12502


	 Cheng F., Ma A., Zhuang X., He X., Zhuang G. (2016). N-(3-oxo-hexanoyl)-homoserine lactone has a critical contribution to the quorum-sensing-dependent regulation in phytopathogen Pseudomonas syringae pv. tabaci 11528. Microbiol. Lett. 363, fnw265. doi: 10.1093/femsle/fnw265


	 Cho S., Shin J., Cho B. K. (2018). Applications of CRISPR/Cas system to bacterial metabolic engineering. Int. J. Mol. Sci. 19, 1089. doi: 10.3390/ijms19041089


	 Deepa N., Chauhan S., Kumari P., Rai A. K., Tandon S., Singh A. (2022). Linalool reduces the virulence of Pseudomonas syringae pv. tomato DC 3000 by modulating the PsyI/PsyR quorum-sensing system. Microbial Pathogen. 173, 105884. doi: 10.1016/j.micpath.2022.105884


	 Demirer G. S., Silva T. N., Jackson C. T., Thomas J. B., W. Ehrhardt D., Rhee S. Y., et al. (2021). Nanotechnology to advance CRISPR–Cas genetic engineering of plants. Nat. Nanotechnol. 16, 243–250. doi: 10.1038/s41565-021-00854-y


	 Deng X., Liang H., Chen K., He C., Lan L., Tang X. (2014). Molecular mechanisms of two-component system RhpRS regulating type III secretion system in Pseudomonas syringae. Nucleic Acids Res. 42, 11472–11486. doi: 10.1093/nar/gku865


	 Dukare A., Mhatre P., Maheshwari H. S., Bagul S., Manjunatha B. S., Khade Y., et al. (2022). Delineation of mechanistic approaches of rhizosphere microorganisms facilitated plant health and resilience under challenging conditions. 3 Biotech. 12, 57. doi: 10.1007/s13205-022-03115-4


	 Ezrari S., Legrifi I., Taoussi M., Khadiri M., Belabess Z., Lahlali R. (2024). “Plant–pathogen interactions and global food security,” in Plant Pathogen Interaction (Springer Nature Singapore, Singapore), 11–52.


	 Feng Y. M., Long Z. Q., Xiang H. M., Ran J. N., Zhou X., Yang S. (2023). Research on diffusible signal factor-mediated quorum sensing in Xanthomonas: a mini-review. Molecules 28, 876. doi: 10.3390/molecules28020876


	 Filik N., Filik F. (2023). Bacteria-to-bacteria communication, Signaling Molecules: AHLs, AIPs and AI-2, I can’t talk now matey, gone to pathogenesis! Int. J. Secondary Metabol. 10, 590–604. doi: 10.21448/ijsm.1248987 


	 Fishman M. R., Filiatrault M. J. (2019). Prevention of surface-associated calcium phosphate by the Pseudomonas syringae two-component system CvsSR. J. Bacteriol. 201, 10–128. doi: 10.1128/JB.00584-18


	 Fontana R., Caproni A., Buzzi R., Sicurella M., Buratto M., Salvatori F., et al. (2021). Effects of Moringa oleifera Leaf Extracts on Xanthomonas campestris pv. campestris. Microorganisms 9, 2244. doi: 10.3390/microorganisms9112244


	 Fontana R., Caproni A., Sicurella M., Manfredini S., Baldisserotto A., Marconi P. (2023). Effects of Flavonoids and Phenols from Moringa oleifera Leaf Extracts on Biofilm Processes in Xanthomonas campestris pv. campestris. Plants 12, 1508. doi: 10.3390/plants12071508


	 Fontana R., Macchi G., Caproni A., Sicurella M., Buratto M., Salvatori F., et al. (2022). Control of Erwinia amylovora growth by Moringa oleifera leaf extracts: In vitro and in planta effects. Plants 11, 957. doi: 10.3390/plants11070957


	 García-Latorre C., Rodrigo S., Santamaria O. (2024). Biological Control of Pseudomonas syringae in Tomato Using Filtrates and Extracts Produced by Alternaria leptinellae. Horticulturae 10, 334. doi: 10.3390/horticulturae10040334


	 Ghods S., Sims I. M., Moradali M. F., Rehm B. H. (2015). Bactericidal compounds controlling growth of the plant pathogen Pseudomonas syringae pv. actinidiae, which forms biofilms composed of a novel exopolysaccharide. Appl. Environ. Microbiol. 81, 4026–4036. doi: 10.1128/AEM.00194-15


	 Gosavi G., Yan F., Ren B., Kuang Y., Yan D., Zhou X., et al. (2020). Applications of CRISPR technology in studying plant-pathogen interactions: overview and perspective. Phytopathol. Res. 2, 21. doi: 10.1186/s42483-020-00060-z


	 Greenwald J. W., Greenwald C. J., Philmus B. J., Begley T. P., Gross D. C. (2012). RNA-seq analysis reveals that an ECF σ factor, AcsS, regulates achromobactin biosynthesis in Pseudomonas syringae pv. syringae B728a. PloS One 7, e34804. doi: 10.1371/journal.pone.0034804


	 Gutiérrez-Pacheco M. M., Bernal-Mercado A. T., Vázquez-Armenta F. J., González-Aguilar G. A., Lizardi-Mendoza J., Madera-Santana T. J., et al. (2019). Quorum sensing interruption as a tool to control virulence of plant pathogenic bacteria. Physiol. Mol. Plant Pathol. 106, 281–291. doi: 10.1016/j.pmpp.2019.04.002


	 Halder K., Chaudhuri A., Abdin M. Z., Majee M., Datta A. (2022). RNA interference for improving disease resistance in plants and its relevance in this clustered regularly interspaced short palindromic repeats-dominated era in terms of dsRNA-based biopesticides. Front. Plant Sci. 13, 885128. doi: 10.3389/fpls.2022.885128


	 Hanano A., Harba M., Al-Ali M., Ammouneh H. (2014). Silencing of Erwinia amylovora sy69 AHL-quorum sensing by a Bacillus simplex AHL-inducible aiiA gene encoding a zinc-dependent N-acyl-homoserine lactonase. Plant Pathol. 63, 773–783. doi: 10.1111/ppa.12142


	 Hartmann A., Klink S., Rothballer M. (2021). Importance of N-acyl-homoserine lactone-based quorum sensing and quorum quenching in pathogen control and plant growth promotion. Pathogens 10, 1561. doi: 10.3390/pathogens10121561


	 Hassani M. A., Cui Z., LaReau J., Huntley R. B., Steven B., Zeng Q. (2024). Inter-species interactions between two bacterial flower commensals and a floral pathogen reduce disease incidence and alter pathogen activity. Mbio 15, e00213–e00224. doi: 10.1128/mbio.00213-24


	 He Y. W., Qian W., Chou S. H. (2020). Cyclic di-GMP Signaling in the Phytopathogen Xanthomonas campestris pv. campestris. Microbial Cyclic Di-Nucleotide Signaling, 427–442.  doi: 10.1007/978-3-030-33308-925 


	 Helman Y., Chernin L. (2015). Silencing the mob: disrupting quorum sensing as a means to fight plant disease. Mol. Plant Pathol. 16, 316–329. doi: 10.1111/mpp.12180


	 Hemalatha P., Abda E. M., Shah S., Prabhu S. V., Jayakumar M., Karmegam N., et al. (2023). Multi-faceted CRISPR-Cas9 strategy to reduce plant based food loss and waste for sustainable bio-economy–a review. J. Environ. Management. 332, 117382. doi: 10.1016/j.jenvman.2023.117382


	 Hu Z., Dong H., Ma J. C., Yu Y., Li K. H., Guo Q. Q., et al. (2018). Novel Xanthomonas campestris long-chain-specific 3-oxoacyl-acyl carrier protein reductase involved in diffusible signal factor synthesis. MBio 9, 10–128. doi: 10.1128/mBio.00596-18


	 Ijaz M., Khan F., Zaki H. E., Khan M. M., Radwan K. S., Jiang Y., et al. (2023). Recent trends and advancements in CRISPR-based tools for enhancing resistance against plant pathogens. Plants 12, 1911. doi: 10.3390/plants12091911


	 Jose P. A., Krishnamoorthy R., Kwon S. W., Janahiraman V., Senthilkumar M., Gopal N. O., et al. (2019). Interference in quorum sensing and virulence of the phytopathogen Pseudomonas syringae pv. passiflorae by Bacillus and Variovorax species. BioControl 64, 423–433. doi: 10.1007/s10526-019-09932-6


	 Joshi J. R., Khazanov N., Charkowski A., Faigenboim A., Senderowitz H., Yedidia I. (2021). Interkingdom signaling interference: the effect of plant-derived small molecules on quorum sensing in plant-pathogenic bacteria. Annu. Rev. Phytopathol. 59, 153–190. doi: 10.1146/annurev-phyto-020620-095740


	 Kakkar A., Nizampatnam N. R., Kondreddy A., Pradhan B. B., Chatterjee S. (2015). Xanthomonas campestris cell–cell signaling molecule DSF (diffusible signal factor) elicits innate immunity in plants and is suppressed by the exopolysaccharide xanthan. J. Exp. Bot. 66, 6697–6714. doi: 10.1093/jxb/erv377


	 Kalia V. C., Patel S. K., Kang Y. C., Lee J. K. (2019). Quorum sensing inhibitors as antipathogens: biotechnological applications. Biotechnol. Adv. 37, 68–90. doi: 10.1016/j.biotechadv.2018.11.006


	 Kang J. E., Han J. W., Jeon B. J., Kim B. S. (2016). Efficacies of quorum sensing inhibitors, piericidin A and glucopiericidin A, produced by Streptomyces xanthocidicus KPP01532 for the control of potato soft rot caused by Erwinia carotovora subsp. Atroseptica Microbiol. Res. 184, 32–41. doi: 10.1016/j.micres.2015.12.005


	 Kanugala S., Kumar C. G., Rachamalla H. K., Palakeeti B., Kallaganti V. S., Nimmu N. V., et al. (2019). Chumacin-1 and Chumacin-2 from Pseudomonas aeruginosa strain CGK-KS-1 as novel quorum-sensing signaling inhibitors for biocontrol of bacterial blight of rice. Microbiol. Res. 228, 126301. doi: 10.1016/j.micres.2019.126301


	 Karmakar S., Das P., Panda D., Xie K., Baig M. J., Molla K. A. (2022). A detailed landscape of CRISPR-Cas-mediated plant disease and pest management. Plant Sci. 323, 111376. doi: 10.1016/j.plantsci.2022.111376


	 Ke J., Wang B., Yoshikuni Y. (2021). Microbiome engineering: synthetic biology of plant-associated microbiomes in sustainable agriculture. Trends Biotechnol. 39, 244–261. doi: 10.1016/j.tibtech.2020.07.008


	 Kharadi R. R., Schachterle J. K., Yuan X., Castiblanco L. F., Peng J., Slack S. M., et al. (2021). Genetic dissection of the Erwinia amylovora disease cycle. Annu. Rev. Phytopathol. 59, 191–212. doi: 10.1146/annurev-phyto-020620-095540


	 Khokhani D., Lowe-Power T. M., Tran T. M., Allen C. (2017). A single regulator mediates strategic switching between attachment/spread and growth/virulence in the plant pathogen Ralstonia solanacearum. MBio 8, e00895–e00817. doi: 10.1128/mBio.00895-17


	 Kim J. H., Hilleary R., Seroka A., He S. Y. (2021). Crops of the future: building a climate-resilient plant immune system. Curr. Opin. Plant Biol. 60, 101997. doi: 10.1016/j.pbi.2020.101997


	 Kong J., Wang Y., Xia K., Zang N., Zhang H., Liang X. (2021). New insights into the antibacterial and quorum-sensing inhibition mechanism of Artemisia argyi leaf extracts towards Pseudomonas aeruginosa PAO1. 3 Biotech. 11, 1–5. doi: 10.1007/s13205-021-02663-5


	 Kumar V., Baweja M., Singh P. K., Shukla P. (2016). Recent developments in systems biology and metabolic engineering of plant–microbe interactions. Front. Plant Sci. 7, 1421. doi: 10.3389/fpls.2016.01421


	 Kumar M., Prusty M. R., Pandey M. K., Singh P. K., Bohra A., Guo B., et al. (2023). Application of CRISPR/Cas9-mediated gene editing for abiotic stress management in crop plants. Front. Plant Sci. 14, 1157678. doi: 10.3389/fpls.2023.1157678


	 Langner T., Kamoun S., Belhaj K. (2018). CRISPR crops: plant genome editing toward disease resistance. Annu. Rev. Phytopathol. 56, 479–512. doi: 10.1146/annurev-phyto-080417-050158


	 Lee J., Jung W. K., Ahsan S. M., Jung H. Y., Choi H. W. (2024). Identification of Pantoea ananatis strain BCA19 as a potential biological control agent against Erwinia amylovora. Front. Microbiol. 15, 1493430. doi: 10.3389/fmicb.2024.1493430


	 Li K., Ma C., Zhou X., Xiong C., Wang B., Wang Y., et al. (2024). Regulatory effects of diverse DSF family quorum-sensing signals in plant-associated bacteria. Mol. Plant-Microbe Interact. 37, 6–14. doi: 10.1094/MPMI-05-23-0074-CR


	 Li K., Wu G., Liao Y., Zeng Q., Wang H., Liu F. (2020). RpoN1 and RpoN2 play different regulatory roles in virulence traits, flagellar biosynthesis, and basal metabolism in Xanthomonas campestris. Mol. Plant Pathol. 21, 907–922. doi: 10.1111/mpp.12938


	 Li J., Yang C., Jousset A., Yang K., Wang X., Xu Z., et al. (2023). Engineering multifunctional rhizosphere probiotics using consortia of Bacillus amyloliquefaciens transposon insertion mutants. Elife 12, e90726. doi: 10.7554/eLife.90726


	 Liao C. T., Chiang Y. C., Hsiao Y. M. (2019). Functional characterization and proteomic analysis of lolA in Xanthomonas campestri s pv. campestris. BMC Microbiol. 19, 1–8. doi: 10.1186/s12866-019-1387-9


	 Liu F., Zhao Q., Jia Z., Song C., Huang Y., Ma H., et al. (2020). N-3-oxo-octanoyl-homoserine lactone-mediated priming of resistance to Pseudomonas syringae requires the salicylic acid signaling pathway in Arabidopsis thaliana. BMC Plant Biol. 20, 1–3. doi: 10.1186/s12870-019-2228-6


	 Lovato A., Pignatti A., Vitulo N., Vandelle E., Polverari A. (2019). Inhibition of virulence-related traits in Pseudomonas syringae pv. actinidiae by gunpowder green tea extracts. Front. Microbiol. 10, 2362. doi: 10.3389/fmicb.2019.02362


	 MaChado I., Silva L. R., Giaouris E. D., Melo L. F., Simões M. (2020). Quorum sensing in food spoilage and natural-based strategies for its inhibition. Food Res. Int. 127, 108754. doi: 10.1016/j.foodres.2019.108754


	 Majdura J., Jankiewicz U., Gałązka A., Orzechowski S. (2023). The role of quorum sensing molecules in bacterial-plant interactions. Metabolites 13, 114. doi: 10.3390/metabo13010114


	 Manikandan A., Anandham R., Arul Jose P., Krishnamoorthy R., Senthilkumar M., Johnson I., et al. (2023). “Plant disease management using anti-quorum sensing cues with an emphasis on pseudomonas syringae pathovars,” in Microbial Biocontrol: Molecular Perspective in Plant Disease Management (Springer Nature Singapore, Singapore), 283–302.


	 Manzar N., Jayaswal D., Kishan G., Chauhan S., Joshi D., Singh J., et al. (2022). “Application of molecular ecology approaches in sustainable agriculture for a better understanding of plant–microbiome interactions,” in Rhizosphere Microbes: Biotic Stress Management (Springer Nature Singapore, Singapore), 71–91.


	 Markel E., Stodghill P., Bao Z., Myers C. R., Swingle B. (2016). AlgU controls expression of virulence genes in Pseudomonas syringae pv. tomato DC3000. J. Bacteriol. 198, 2330–2344. doi: 10.1128/JB.00276-16


	 Martins P. M., Granato L. M., Morgan T., Nalin J. L., Takita M. A., Alfenas-Zerbini P., et al. (2024). Analysis of CRISPR–Cas loci distribution in Xanthomonas citri and its possible control by the quorum sensing system. FEMS Microbiol. Lett. 371, fnae005. doi: 10.1093/femsle/fnae005


	 Mas-Rosello J., Mathew A., Avramenko V., Ren J., Steiner T., Sieber S., et al. (2024). Signal antagonists suppress pseudomonas syringae pathogenicity. bioRxiv. 2024.06.10.598192. doi: 10.1101/2024.06.10.598192 


	 Mikiciński A., Puławska J., Molzhigitova A., Sobiczewski P. (2024). Evaluation of antagonistic mechanisms of bacterial species for their biocontrol activity against fire blight (Erwinia amylovora). J. Plant Pathol. 12, 1–1. doi: 10.1007/s42161-024-01601-7


	 Mina I. R., Jara N. P., Criollo J. E., Castillo J. A. (2019). The critical role of biofilms in bacterial vascular plant pathogenesis. Plant Pathol. 68, 1439–1447. doi: 10.1111/ppa.13073


	 Nakatsu Y., Matsui H., Yamamoto M., Noutoshi Y., Toyoda K., Ichinose Y. (2019). Quorum-dependent expression of rsmX and rsmY, small non-coding RNAs, in Pseudomonas syringae. Microbiol. Res. 223, 72–78. doi: 10.1016/j.micres.2019.04.004


	 Nobori T., Mine A., Tsuda K. (2018). Molecular networks in plant–pathogen holobiont. FEBS Lett. 592, 1937–1953. doi: 10.1002/1873-3468.13071


	 O’Malley M. R., Chien C. F., Peck S. C., Lin N. C., Anderson J. C. (2020). A revised model for the role of GacS/GacA in regulating type III secretion by Pseudomonas syringae pv. tomato DC3000. Mol. Plant Pathol. 21, 139–144. doi: 10.1111/mpp.12876


	 Ortigosa A., Gimenez-Ibanez S., Leonhardt N., Solano R. (2019). Design of a bacterial speck resistant tomato by CRISPR/Cas9-mediated editing of SlJAZ2. Plant Biotechnol. J. 17, 665–673. doi: 10.1111/pbi.13006


	 Ou J., Zhang S., Zhang M., Zhang J., Xu J., Zhang N., et al. (2025). Responding to exogenous quorum-sensing signals promotes defense against phages by repressing OmpV expression in Pseudomonas syringae pv. actinidiae. Microbiol. Res. 20, 128074. doi: 10.1016/j.micres.2025.128074


	 Parcey M., Gayder S., Castle A. J., Svircev A. M. (2022). Function and application of the CRISPR-Cas system in the plant pathogen Erwinia amylovora. Appl. Environ. Microbiol. 88, e02513–e02521. doi: 10.1128/aem.02513-21


	 Patel H. K., Ferrante P., Covaceuszach S., Lamba D., Scortichini M., Venturi V. (2014). The kiwifruit emerging pathogen Pseudomonas syringae pv. actinidiae does not produce AHLs but possesses three luxR solos. PloS One 9, e87862. doi: 10.1371/journal.pone.0087862


	 Patra S., Chatterjee D., Basak S., Sen S., Mandal A. (2024). CRISPR/Cas9 opens new horizon of crop improvement under stress condition. Biochim. Biophys. Acta (BBA)-General Subj. 1868, 130685. doi: 10.1016/j.bbagen.2024.130685


	 Patyal U., Bala R., Kaur M., Faizan M., Alam P. (2025). Phyto-microbiome engineering: Designing plant-microbe interactions for improved crop performance. Microbe 22, 100272. doi: 10.1016/j.microb.2025.100272


	 Pedroncelli A., Puopolo G. (2024). This tree is on fire: a review on the ecology of Erwinia amylovora, the causal agent of fire blight disease. J. Plant Pathol. 106 (3), 823–837. doi: 10.1007/s42161-023-01397-y


	 Peng A., Chen S., Lei T., Xu L., He Y., Wu L., et al. (2017). Engineering canker-resistant plants through CRISPR/Cas9-targeted editing of the susceptibility gene CsLOB1 promoter in citrus. Plant Biotechnol. J. 15, 1509–1519. doi: 10.1111/pbi.12733


	 Peñaloza-Vázquez A., Bender C. L. (1998). Characterization of CorR, a transcriptional activator which is required for biosynthesis of the phytotoxin coronatine. J. Bacteriol. 180 (23), 6252–6259. doi: 10.1128/jb.180.23.6252-6259.1998


	 Pérez-Velázquez J., Quiñones B., Hense B. A., Kuttler C. (2015). A mathematical model to investigate quorum sensing regulation and its heterogeneity in Pseudomonas syringae on leaves. Ecol. Complexity 21, 128–141. doi: 10.1016/j.ecocom.2014.12.003


	 Perrier A., Barlet X., Peyraud R., Rengel D., Guidot A., Genin S. (2018). Comparative transcriptomic studies identify specific expression patterns of virulence factors under the control of the master regulator PhcA in the Ralstonia solanacearum species complex. Microbial Pathogenesis 116, 273–278. doi: 10.1016/j.micpath.2018.01.028


	 Piqué N., Miñana-Galbis D., Merino S., Tomás J. M. (2015). Virulence factors of Erwinia amylovora: a review. Int. J. Mol. Sci. 16, 12836–12854. doi: 10.3390/ijms160612836


	 Portal-Gonzalez N., Wang W., He W., Santos-Bermudez R. (2025). Engineering plant holobionts for climate-resilient agriculture. ISME J. 19, wraf158. doi: 10.1093/ismejo/wraf158


	 Postnikova O. A., Shao J., Mock N. M., Baker C. J., Nemchinov L. G. (2015). Gene expression profiling in viable but nonculturable (VBNC) cells of Pseudomonas syringae pv. syringae. Front. Microbiol. 6, 1419. doi: 10.3389/fmicb.2015.01419


	 Prabhu Karthikeyan S. R., Parameswaran C., Keerthana U., Teli B., Jagannadham P. T., Cayalvizhi B., et al. (2020). Understanding the plant-microbe interactions in CRISPR/Cas9 era: indeed a sprinting start in marathon. Curr. Genomics 21, 429–443. doi: 10.2174/1389202921999200716110853


	 Quiñones B., Pujol C. J., Lindow S. E. (2004). Regulation of AHL production and its contribution to epiphytic fitness in Pseudomonas syringae. Mol. Plant-Microbe Interact. 17, 521–531. doi: 10.1094/MPMI.2004.17.5.521


	 Ricroch A., Clairand P., Harwood W. (2017). Use of CRISPR systems in plant genome editing: toward new opportunities in agriculture. Emerging Topics Life Sci. 1, 169–182. doi: 10.1042/ETLS20170085


	 Ruinelli M., Blom J., Smits T. H., Pothier J. F. (2019). Comparative genomics and pathogenicity potential of members of the Pseudomonas syringae species complex on Prunus spp. BMC Genomics 20, 1–6. doi: 10.1186/s12864-019-5555-y


	 Scalschi L., Camanes G., Llorens E., Fernandez-Crespo E., López M. M., García-Agustín P., et al. (2014). Resistance inducers modulate Pseudomonas syringae pv. tomato strain DC3000 response in tomato plants. PloS One 9, e106429. doi: 10.1371/journal.pone.0106429


	 Sharma A., Gupta A. K., Devi B. (2023). Current trends in management of bacterial pathogens infecting plants. Antonie Van Leeuwenhoek 116, 303–326. doi: 10.1007/s10482-023-01809-0


	 Shelake R. M., Pramanik D., Kim J. Y. (2019). Exploration of plant-microbe interactions for sustainable agriculture in CRISPR era. Microorganisms 7, 269. doi: 10.3390/microorganisms7080269


	 Shidore T., Zeng Q., Triplett L. R. (2019). Survey of toxin–antitoxin systems in Erwinia amylovora reveals insights into diversity and functional specificity. Toxins 11, 206. doi: 10.3390/toxins11040206


	 Sieber S., Mathew A., Jenul C., Kohler T., Bär M., Carrión V. J., et al. (2021). Mitigation of Pseudomonas syringae virulence by signal inactivation. Sci. Adv. 7, eabg2293. doi: 10.1126/sciadv.abg2293


	 Simas D. L., Chagas F. O., da Silva A. J. (2025). Plant–pathogen interaction: chemical mediation in plant signalling and defence. Phytochem. Rev. 14, 1–7. doi: 10.1007/s11101-025-10091-z


	 Singh S., Ramakrishna W. (2021). Application of CRISPR–Cas9 in plant–plant growth-promoting rhizobacteria interactions for the next Green Revolution. 3 Biotech. 11, 492. doi: 10.1007/s13205-021-03041-x


	 Song K., Chen B., Cui Y., Zhou L., Chan K. G., Zhang H. Y., et al. (2022). The plant defense signal salicylic acid activates the RpfB-dependent quorum sensing signal turnover via altering the culture and cytoplasmic pH in the phytopathogen Xanthomonas campestris. mBio 13, e03644–e03621. doi: 10.1128/mbio.03644-21


	 Song K., Li R., Cui Y., Chen B., Zhou L., Han W., et al. (2024). The phytopathogen Xanthomonas campestris senses and effluxes salicylic acid via a sensor HepR and an RND family efflux pump to promote virulence in host plants. mLife 3, 430–444. doi: 10.1002/mlf2.12140


	 Sreelatha S., Kumar N., Rajani S. (2022). Biological effects of Thymol-loaded chitosan nanoparticles (TCNPs) on bacterial plant pathogen Xanthomonas campestris pv. campestris. Front. Microbiol. 13. doi: 10.3389/fmicb.2022.1085113


	 Sundin G. W., Castiblanco L. F., Yuan X., Zeng Q., Yang C. H. (2016). Bacterial disease management: challenges, experience, innovation and future prospects: challenges in bacterial molecular plant pathology. Mol. Plant Pathol. 17, 1506–1518. doi: 10.1111/mpp.12436


	 Tafifet L., Raio A., Holeva M. C., Dikhai R., Kouskoussa C. O., Cesbron S., et al. (2020). Molecular characterization of Algerian Erwinia amylovora strains by VNTR analysis and biocontrol efficacy of Bacillus spp. and Pseudomonas brassicacearum antagonists. Eur. J. Plant Pathol. 156, 867–883. doi: 10.1007/s10658-020-01938-6


	 Talakayala A., Ankanagari S., Garladinne M. (2022). Harnessing CRISPR/Cas tools for installing virus resistance in cereals: an overview. Next-Generation Plant Breed. Approaches Stress Resilience Cereal Crops (Singapore). doi: 10.1007/978-981-19-1445-4_13


	 Thomazella DPdT., Brail Q., Dahlbeck D., Staskawicz B. (2016). CRISPR-Cas9 mediated mutagenesis of a DMR6 ortholog in tomato confers broad-spectrum disease resistance. BioRxiv, 064824. doi: 10.1101/064824


	 Tian X. Q., Wu Y., Cai Z., Qian W. (2022). BDSF is a degradation-prone quorum-sensing signal detected by the histidine kinase RpfC of Xanthomonas campestris pv. campestris. Appl. Environ. Microbiol. 88, e00031–e00022. doi: 10.1128/aem.00031-22


	 Tontou R., Gaggia F., Baffoni L., Devescovi G., Venturi V., Giovanardi D., et al. (2016). Molecular characterisation of an endophyte showing a strong antagonistic activity against Pseudomonas syringae pv. actinidiae. Plant Soil. 405, 97–106. doi: 10.1007/s11104-015-2624-0


	 Tripathi L., Ntui V. O., Tripathi J. N. (2022). Control of bacterial diseases of banana using CRISPR/Cas-based gene editing. Int. J. Mol. Sci. 23, 3619. doi: 10.3390/ijms23073619


	 TruChado P., Larrosa M., Castro-Ibáñez I., Allende A. (2015). Plant food extracts and phytochemicals: their role as quorum sensing inhibitors. Trends Food Sci. Technol. 43, 189–204. doi: 10.1016/j.tifs.2015.02.009


	 Tyagi S., Kumar R., Das A., Won S. Y., Shukla P. (2020). CRISPR-Cas9 system: a genome-editing tool with endless possibilities. J. Biotechnol. 319, 36–53. doi: 10.1016/j.jbiotec.2020.05.008


	 Tyagi S., Kumar R., Kumar V., Won S. Y., Shukla P. (2021). Engineering disease resistant plants through CRISPR-Cas9 technology. GM Crops Food. 12, 125–144. doi: 10.1080/21645698.2020.1831729


	 Vicente J. G., Holub E. B. (2013). X anthomonas campestris pv. campestris (cause of black rot of crucifers) in the genomic era is still a worldwide threat to brassica crops. Mol. Plant Pathol. 14, 2–18. doi: 10.1111/j.1364-3703.2012.00833.x


	 Wagh S. G., Pohare M. B., Kale R. R. (2021). “CRISPR/cas in food security and plant disease management,” in Food Security and Plant Disease Management (United Kingdom: Woodhead Publishing), 171–191.


	 Waite C., Schumacher J., Jovanovic M., Bennett M., Buck M. (2017). Negative autogenous control of the master type III secretion system regulator HrpL in Pseudomonas syringae. MBio 8, 10–128. doi: 10.1128/mBio.02273-16


	 Wang B., Grant R. A., Laub M. T. (2020). ppGpp coordinates nucleotide and amino-acid synthesis in E. coli during starvation. Mol. Cell. 80 (1), 29–42. doi: 10.1016/j.molcel.2020.08.005


	 Wang D., Chen G., Lyu Y., Feng E., Zhu L., Pan C., et al. (2022). A CRISPR/Cas12a-based DNAzyme visualization system for rapid, non-electrically dependent detection of Bacillus anthracis. Emerg. Microbes Infect. 11 (1), 429–438. doi: 10.1080/22221751.2021.2012091


	 Wang G., Guo X., Hong W., Liu Q., Wei T., Lu C., et al. (2013). Critical regulation of miR-200/ZEB2 pathway in Oct4/Sox2-induced mesenchymal-to-epithelial transition and induced pluripotent stem cell generation. Proc. Natl. Acad. Sci. 110, 2858–2863. doi: 10.1073/pnas.1212769110


	 Xiaoyu B., Liying Z., Huifang B., Ling J., Jing Z., Meiying G., et al. (2024). Screening and identification of a Streptomyces strain with quorum sensing inhibitory activity and effect of the crude extracts on virulence factors of Erwinia amylovora. Xinjiang Agricul. Sci. 61 (4), 1011–1020. doi: 10.6048/j.issn.1001-4330.2024.04.026


	 Xie Y., Liu W., Shao X., Zhang W., Deng X. (2020). Signal transduction schemes in Pseudomonas syringae. Comput. Struct. Biotechnol. J. 18, 3415–3424. doi: 10.1016/j.csbj.2020.10.039


	 Xie Y., Shao X., Deng X. (2019). Regulation of type III secretion system in Pseudomonas syringae. Environ. Microbiol. 21 (12), 4465–4477. doi: 10.1111/1462-2920.14779


	 Xin X. F., Kvitko B., He S. Y. (2018). Pseudomonas syringae: what it takes to be a pathogen. Nat. Rev. Microbiol. 16, 316–328. doi: 10.1038/nrmicro.2018.17


	 Ya’ar Bar S., Dor S., Erov M., Afriat-Jurnou L. (2021). Identification and characterization of a new quorum-quenching N-acyl homoserine lactonase in the plant pathogen Erwinia amylovora. J. Agric. Food Chem. 69, 5652–5662. doi: 10.1021/acs.jafc.1c00366


	 Yadav S. S., Arya A., Singh V., Singh Y. (2023). Elicitation of native bio protective microbial agents associated systemic defense responses and plant growth promotion against bacterial stalk rot pathogen in sorghum (Sorghum bicolor). Phytopathol. Res. 5, 47. doi: 10.1186/s42483-023-00202-z


	 Yan Q., Rogan C. J., Pang Y. Y., Davis E. W., Anderson J. C. (2020). Ancient co-option of an amino acid ABC transporter locus in Pseudomonas syringae for host signal-dependent virulence gene regulation. PloS Pathogens. 16, e1008680. doi: 10.1371/journal.ppat.1008680


	 Ye T., Zhang W., Feng Z., Fan X., Xu X., Mishra S., et al. (2020). Characterization of a novel quorum-quenching bacterial strain, Burkholderia anthina HN-8, and its biocontrol potential against black rot disease caused by Xanthomonas campestris pv. campestris. Microorganisms 8, 1485. doi: 10.3390/microorganisms8101485


	 Ye T., Zhou T., Fan X., Bhatt P., Zhang L., Chen S. (2019a). Acinetobacter lactucae strain QL-1, a novel quorum quenching candidate against bacterial pathogen Xanthomonas campestris pv. campestris. Front. Microbiol. 10, 2867. doi: 10.3389/fmicb.2019.02867


	 Ye T., Zhou T., Li Q., Xu X., Fan X., Zhang L., et al. (2019b). Cupriavidus sp. HN-2, a novel quorum quenching bacterial isolate, is a potent biocontrol agent against Xanthomonas campestris pv. campestris. Microorganisms 8, 45. doi: 10.3390/microorganisms8010045


	 Yu Y. H., Chen C., Ma J. R., Zhang Y. Y., Yan M. F., Zhang W. B., et al. (2023). The FabA-FabB pathway is not essential for unsaturated fatty acid synthesis but modulates diffusible signal factor synthesis in Xanthomonas campestris pv. campestris. Mol. Plant-Microbe Interact. 36, 119–130. doi: 10.1094/MPMI-09-22-0182-R


	 Yu Y. H., Hu Z., Dong H. J., Ma J. C., Wang H. H. (2016). Xanthomonas campestris FabH is required for branched-chain fatty acid and DSF-family quorum sensing signal biosynthesis. Sci. Rep. 6, 32811. doi: 10.1038/srep32811


	 Yu Y., Ma J., Guo Q., Ma J., Wang H. (2019). A novel 3-oxoacyl-ACP reductase (FabG3) is involved in the xanthomonadin biosynthesis of Xanthomonas campestris pv. campestris. Mol. Plant Pathol. 20, 1696–1709. doi: 10.1111/mpp.12871


	 Zaidi S. S. E. A., Mahas A., Vanderschuren H., Mahfouz M. M. (2020). Engineering crops of the future: CRISPR approaches to develop climate-resilient and disease-resistant plants. Genome Biol. 21, 289. doi: 10.1186/s13059-020-02204-y


	 Zaynab M., Sharif Y., Fatima M., Afzal M. Z., Aslam M. M., Raza M. F., et al. (2020). CRISPR/Cas9 to generate plant immunity against pathogen. Microbial Pathogenes. 141, 103996. doi: 10.1016/j.micpath.2020.103996


	 Zhang X., Shi Y., Chen G., Wu D., Wu Y., Li G. (2022). CRISPR/Cas systems-inspired nano/biosensors for detecting infectious viruses and pathogenic bacteria. Small Methods 6, 2200794. doi: 10.1002/smtd.202200794


	 Zhang D., Hussain A., Manghwar H., Xie K., Xie S., Zhao S., et al. (2020). Genome editing with the CRISPR-Cas system: an art, ethics and global regulatory perspective. Plant Biotechnol. J. 18, 1651–1669. doi: 10.1111/pbi.13383


	 Zhang B., Zhang Y., Liang F., Ma Y., Wu X. (2019). An extract produced by Bacillus sp. BR3 influences the function of the GacS/GacA two-component system in Pseudomonas syringae pv. tomato DC3000. Front. Microbiol. 10. doi: 10.3389/fmicb.2019.02005


	 Zhao Q., Liu F., Song C., Zhai T., He Z., Ma L., et al. (2023). Diffusible signal factor primes plant immunity against Xanthomonas campestris pv. campestris (Xcc) via JA signaling in Arabidopsis and Brassica oleracea. Front. Cell. Infection Microbiol. 13. doi: 10.3389/fcimb.2023.1203582


	 Zhou T., Yin C., Zhang Y., Shi H., Wang J., Sun L., et al. (2016). Lon protease is involved in RhpRS-mediated regulation of type III secretion in Pseudomonas syringae. Mol. Plant-Microbe Interact. 29, 807–814. doi: 10.1094/MPMI-06-16-0114-R


	 Zhu H., Li C., Gao C. (2020). Applications of CRISPR–Cas in agriculture and plant biotechnology. Nat. Rev. Mol. Cell Biol. 21, 661–677. doi: 10.1038/s41580-020-00288-9







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Anwar, Vinothkanna and Jia. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpls-16-1602573-g001.jpg
Crop yield
Plant production

Plant performance

Quorum sensing inhibitors
against phytopathogenic bacteria
(P. syringae, E.amylovora and

Xcc etc...)
Dysbiosis N
(biotic and abiotic & Plant productivity
stress tolerance) Quorum Quenching and

quorum quelling mechanisms

~
Microbiome engineering CRISPRIC2SS tachnol Plant protection
as9 technology
~
Plant health

management &
Sustainable Agriculture

Rhizobiome engineering
CRSIPR-based gene &
genome engineering

m

Plant growth promotion





OEBPS/Images/fpls-16-1602573-g002.jpg
Genetic requlation in Disease resistance

QS Systems in Pseudomonas syringae

Two-component systems comprise
RhpRS, GacAS, CvsRS and AauRS
Extracytoplasmic sigma factors like
HrpL and AlgU

Nucleotide-based secondary
messengers, methyl-accepting
chemotaxis sensors transduction
networks

Type lll secretion systems (T3SS)
[CorRS TCS, GacAS TCS, LOV-HK
TCS, RhpRS TCS, CvsRS TCS, AauRS
TCS]

ALGU ECF sigma factor
Nucleotide-based secondary
messenger Chp8

BifA protein phosphodiesterase
RelA, and SpoT as (p)ppGpp signals
PscA- MCP

Lon intracellular surveillance system
Lon protease

Intracellular surveillance system
(HrpR and Hrp$S)

Quorum sensing system/OCS (AhlI-
AhIR)

LuxR Solos

Psyl/PsyR quorum-sensing system
SA signalling and AHL-mediated
resistance-priming

QS Systems in Erwinia amylovora
Type lll secretion system (T3SS)

Exopolysaccharide (EPS)
Amylovoran

bis-(3'-5")-cyclic di-GMP (c-di-GMP),

Lipopolysaccharide biosynthetic
gene clusters

hrp genes

3-ox0-C6-AHL QS signalling

aiiA gene (zinc-dependant N-acyl-L-

homoserine lactonase)
Toxin-antitoxin (TA) systems
CbtA/CbeA, ParE/RHH and
Doc/PhD gene modules

QS Systems in Xanthomonas

campesteris
Diffusible signal factor (DSF)

signals

rpfABFCHG genes

Rpf/DSF Qs interplay and
phosphorelay using cyclic di-
GMP

Jasmonic acid (JA) signalling ).
fabH gene

FabG2FabG3

FabA-FabB Pathway

HepR and an RND (resistance-
nodulation-cell division) family
efflux pump
HepABCDRavS/RavR-dependent
hypoxia sensors and cyclic di-
GMP effectors

RelA and SpoT in ppGpp
production

Inter-species, intra-species
and inter-kingdom prospects
cross-disciplinary research
plant health management






OEBPS/Images/fpls-16-1602573-g003.jpg
Plant Pathogens

(—/%

Pseudomonas syringae

Acylated homoserine
lactones (AHL)

Erwinia amylovora

Acylated homoserine lactones
(AHL) and Autoinducer-2 (Al-2)

Pectinase synthesis  Biofilm formation Matility Carbapenem antiblotic

M

Diseased plant by pathogen infection

Xanthomonas campestris

Diffusible signal factors (DSF)

85

XMM&XWC-M l \m‘

EPS synthesis  uptake, MDR M (F'-edl-r

A%’;gmgf ot
Ny ey

CRISPR Cas9 Systems

}

Degradation or inactivation of
quorum sensing signal molecules

Fosters plant growth and health
management






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpls.2025.1602573_cover.jpg
& frontiers | Frontiers in Plant Science

Fostering plant protection against certain
bacterial diseases through quorum-sensing
signal molecules: a critical review





