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Plants have evolved an intricate immune system to protect themselves from potential
pathogens. They rely on their innate immunity, composed of cell surface and intracellular
receptors, to detect the conserved molecular signatures (pathogen-associated molecular pat-
terns [PAMPs]) of potential pathogens. This so-called PAMP-triggered immunity mounts
an effective immune response against a vast majority of potential pathogens. However,
pathogens can infect plants by subduing the immune response using their effectors, i.e.,
small proteins secreted into the host cell cytoplasm. In response, plants have evolved
intracellular receptors called NLR receptors to detect these effectors and activate effector-
triggered immunity [1,2]. This interaction between effectors and the plant immune network
determines the outcome of plant-pathogen interactions regarding susceptibility or resis-
tance. The plant immune system is a dynamic system that is constantly evolving to protect
plants from potential environmental threats.

This Special Issue delves into the molecular genetics and genomics of these complex
plant—pathogen interactions and has garnered a significant number of submissions, encom-
passing scope-specific topics such as pathogenomics, genomics of emerging pathogens of
crops, effector biology, virulence/pathogenicity, plant disease resistance and genetic sources
of disease resistance, molecular mechanisms underlying plant-pathogen interactions, tech-
nologies for dissecting plant disease resistance and pathogen virulence/pathogenicity,
the omics (genomics, transcriptomics and proteomics) of plant-pathogen interactions and
genetic dissection of crop resistance. Two of the nine articles published are centered on
viral pathogens (tomato leaf curl New Delhi virus-ES and pecan mosaic virus); three focus
on bacterial pathogens (Klebsiella pneumoniae, Xanthomonas citri pv. Citri, Candidatus Liberib-
acter asiaticus and Erwinia-Pantoea clade bacteria); and three discuss fungal pathogens
(Colletotrichum spp., Puccinia striiformis f. sp. tritici and Botrytis cinerea) and their interactions
with hosts. The remaining article describes an enabling technology for high-throughput
gene function assays in plants.

Vo and colleagues investigated the infectivity of two clones of the Tomato leaf curl New
Delhi virus (ToLCNDV) in cucumbers, which resulted in opposite symptom appearance.
They compared the transcriptomes of TOLCNDV-infected and mock-inoculated cucumber
plants to identify disease-associated genes that could contribute to symptom development.
Differentially expressed genes were higher in TOLCNDV-India-infected plants than in the
ToLCNDV-ES-infected samples. The researchers found that flavonoid pathway-related
genes were induced in TOLCNDV-ES-infected cucumber plants, but some were repressed
in TOLCNDV-India-infected cucumber plants, indicating their role in resistance during
ToLCNDYV infections. This research offers initial data from RNA-Seq that can be used to
explore various TOLCNDV infections in more detail.

The pecan leaf-variegated plant infected with the novel badnavirus pecan mosaic virus
(PMV) is an excellent model plant for studying the mechanisms that lead to the retention
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of greenery or chlorosis of virus-infected leaves. Zhang et al. found that PMV infection
induces both PAMP-triggered immunity and effector-triggered immunity in pecan leaves.
The fatty acid-derived signaling pathway is critical in response to PMYV infection, as the
virus suppresses key genes implicated in fatty acid biosynthesis. Additionally, the sali-
cylic acid biosynthesis pathway is blocked, while cytokinin biosynthesis and signaling are
remarkably strengthened in PMV-infected green leaves. The enhanced cytokinin accumula-
tion in green leaves activated plant immune responses and induced partial salicylic acid
biosynthesis, leading to comparatively higher systemic acquired resistance compared to
that of yellow leaves. These findings provide new insights into the molecular mechanisms
underlying antiviral immunity in pecans and suggest potential targets for developing
effective strategies to manage PMV infections in pecan plants.

K. pneumoniae is a pathogen that can infect both humans and animals, and can be
transmitted through food [3,4]. Huang and colleagues discovered that this pathogen
can also infect plants, such as maize, banana and pomegranate. The study uncovered
a specific strain of K. pneumoniae isolated from maize found to have various virulence
and resistance genes contributing to its ability to disrupt plant defense mechanisms. Of
particular interest is the rcsB gene, which is responsible for disease in both plants and
animals. This finding shed light on the molecular mechanisms involved in plant-pathogen
interactions, highlighting the need for further research on the functions of these genes.

The ETHYLENE INSENSITIVE3-LIKE (EIL) family of transcription factors plays a
critical role in various plant physiological and biochemical processes [5]. Su et al. analyzed
ten EIL transcription factors in sweet orange and found that they are involved in plant
development and responses to biotic and abiotic stress. The EIL transcription factor-coding
genes were expressed in different organs of sweet orange and responded to high and
low temperatures, NaCl treatment and ethylene-dependent transcription. Additionally,
some genes showed pronounced upregulation in response to citrus canker and Citrus
Huanglongbing. These findings offer insights into the potential roles of the EIL family in
disease resistance.

Tomar and colleagues investigated Yop] effectors from phytopathogens [6-8], which
revealed the ways in which these proteins modify and suppress their host defense targets.
However, the related group of effectors (e.g., Eopls) has been relatively neglected. This is
surprising given their widespread presence in the Erwinia-Pantoea clade, which contains
phytopathogens, non-pathogens and potential biocontrol agents. Our team conducted a
comprehensive comparative analysis of Eop1 group effectors using AlphaFold modeling
in planta transient expressions and targeted mutational analyses. The results shed light
on several new findings, including putative binding sites for inositol hexakisphosphate
and acetyl coenzyme A, and newly postulated target-binding domains. Additionally, the
study raises questions about whether these effectors function through a catalytic triad
mechanism and suggests that some Eopls may use a catalytic dyad acetylation mechanism
promoted by the electronegative environment around the active site. This research provides
insights into the roles of these understudied effectors and has important implications for
agroecological and pathological adaptations.

Bhadauria et al. reviewed the role of minichromosomes in fungal virulence, investi-
gating three Colletotrichum spp. (C. graminicola, C. higginsianum and C. lentis). Anthracnose
disease caused by Colletotrichum spp. is a significant threat to many economically important
crops. These fungi have genomes distributed among ten core chromosomes and two to
three minichromosomes, but the involvement of the latter in fungal growth, development
and virulence is still uncertain. Recent studies have outlined the unique characteristics of
the minichromosomes of three hemibiotrophic Colletotrichum pathogens. These pathogens
harbor one conditionally dispensable minichromosome, which is indispensable for fungal
virulence. The minichromosomes are highly compartmentalized into AT-rich and GC-rich
blocks, which may help protect them from erosion of already-scarce genes, thereby helping
Colletotrichum pathogens maintain adaptability to hosts [9-11]. These findings may pave
the way for new strategies to control anthracnose disease in crops.
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Wheat production is significantly limited by stripe rust disease caused by the biotrophic
fungus P. striiformis f. sp. tritici (Pst) [12]. However, to combat Pst, plants have evolved
complex defense mechanisms, such as programmed cell death and hypersensitive re-
sponse (HR). Transcription factors (TFs) are known to play critical roles in plant defense
response [13,14], and Myeloblastosis (MYB) TFs are among the largest TFs families involved
in this mechanism [15]. Hawku and colleagues identified a new R2R3 MYB TF from wheat,
called TaMYB391, and characterized its functional role during wheat-Pst interaction. The
study concluded that TaMYB391 is upregulated following Pst infection and the exogenous
application of salicylic acid (SA) and abscisic acid. Moreover, TaMYB391 functions as a
positive regulator of HR-associated cell death and confers the resistance of wheat to the
stripe rust fungus by regulating certain pathogenesis-related genes, possibly through SA
signaling pathways. This study represents a significant advancement toward decipher-
ing the mechanisms of MYB TFs during wheat—Pst interactions and provides promising
insights for developing new strategies to enhance wheat resistance to the stripe rust fungus.

B. cinerea, the pathogen responsible for the gray mold disease, is a major threat to
cherry tomato crops, causing significant economic loss. Fludioxonil is a widely used
fungicide that has been effective in controlling this disease. However, the emergence
of resistant strains has made control more difficult. Liu et al. used RNA sequencing to
identify genes that play a role in fludioxonil resistance in B. cinerea. They found several
genes, including transporters and HOG pathway homologs, differentially expressed in
fludioxonil-resistant strains. These findings provide valuable insights into the molecular
mechanisms of resistance and can be used to develop more effective strategies to control
this devastating disease.

Agrobacterium-mediated transient expression (AMTE) is a powerful tool for high-
throughput gene function assays in plants [16]. However, its application in monocots has
been limited due to low expression efficiency. Xu and colleagues optimized the AMTE
protocol for barley, wheat and rice plants by investigating the factors affecting the efficiency
of gene expression. They found that the vector pCBEP produced the highest expression
levels, and concurrent treatments with high humidity and darkness significantly increased
efficiency. The optimized AMTE approach was then used to construct a full-length cDNA
library of genes upregulated during the rice blast fungus infection and identify 15 can-
didate genes promoting the blast disease in barley plants. Four of these genes encoded
chloroplast-related proteins, and their constitutive overexpression conferred enhanced
disease susceptibility to C. higginsianum in Arabidopsis. These findings demonstrate the
power of the optimized AMTE approach to monocots as an effective tool for facilitating the
functional assays of genes mediating complex plant-microbe interactions.

Overall, the molecular genetics and genomics of plant-pathogen interactions are
extensively researched in this Special Issue, with studies on viral, bacterial and fungal
pathogens shedding light on the mechanisms underlying plant-pathogen interactions and
disease resistance.

Author Contributions: Conceptualization, V.B. and W.Z.; writing—original draft preparation, V.B.;
writing—review and editing, V.B. and W.Z.; project administration, V.B.; funding acquisition, V.B.
and W.Z. All authors have read and agreed to the published version of the manuscript.

Funding: This work was funded by the National Natural Science Foundation of China (grant
nos. 32172363 [V.B.] and U22A20463 [W.Z.]) and the Chinese Universities Scientific Fund (grant
no. 10092004; V.B.).

Acknowledgments: We thank all the authors who contributed to the special issue entitled “Molecular
Genetics and Genomics of Plant-Pathogen Interactions.

Conflicts of Interest: The authors declare no competing interests.

1.  Dangl, ].; Jones, J. Plant pathogens and integrated defence responses to infection. Nature 2001, 411, 826-833. [CrossRef] [PubMed]
2. Jonmes,].; Dangl, ]. The plant immune system. Nature 2006, 444, 323-329. [CrossRef] [PubMed]


https://doi.org/10.1038/35081161
https://www.ncbi.nlm.nih.gov/pubmed/11459065
https://doi.org/10.1038/nature05286
https://www.ncbi.nlm.nih.gov/pubmed/17108957

Int. J. Mol. Sci. 2024, 25, 3970 4of4

10.

11.

12.

13.

14.

15.

16.

Tsai, S.S.; Huang, J.C.; Chen, S.T,; Sun, ] H,; Wang, C.C,; Lin, S.F,; Hsu, R.S,; Lin, ].D.; Huang, S.Y.; Huang, Y.Y. Characteristics of
Klebsiella pneumoniae bacteremia in community-acquired and nosocomial infections in diabetic patients. Chang Gung Med. J. 2010,
33, 532. [PubMed]

Cubero, M.; Grau, I; Tubau, F,; Pallarés, R.; Dominguez, M.A.; Linares, J.; Ardanuy, C. Molecular epidemiology of Klebsiella
pneumoniae strains causing bloodstream infections in adults. Microb. Drug Resist. 2018, 24, 949-957. [CrossRef] [PubMed]

Shi, Y,; Tian, S.; Hou, L.; Huang, X.; Zhang, X.; Guo, H.; Yang, S. Ethylene signaling negatively regulates freezing tolerance by
repressing expression of CBF and type-A ARR genes in Arabidopsis. Plant Cell 2012, 24, 2578-2595. [CrossRef] [PubMed]

Orth, K.; Xu, Z.; Mudgett, M.B.; Bao, Z.Q.; Palmer, L.E.; Bliska, ].B.; Mangel, W.E,; Staskawicz, B.; Dixon, J.E. Disruption of
signaling by Yersinia effector Yop], a ubiquitin-like protein protease. Scierice 2000, 290, 1594-1597. [CrossRef] [PubMed]

Lewis, ].D.; Lee, A.; Ma, W.; Zhou, H.; Guttman, D.S.; Desveaux, D. The Yop] superfamily in plant-associated bacteria. Mol. Plant
Pathol. 2011, 12, 928-937. [CrossRef] [PubMed]

Ma, K.W.; Ma, W. Yop] family effectors promote bacterial infection through a unique acetyltransferase activity. Microbiol. Mol.
Biol. Rev. 2016, 80, 1011-1027. [CrossRef] [PubMed]

Bhadauria, V.; MacLachlan, R.; Pozniak, C.; Cohen-Skalie, A.; Li, L.; Halliday, J.; Banniza, S. Genetic map-guided genome
assembly reveals a virulence-governing minichromosome in the lentil anthracnose pathogen Colletotrichum lentis. New Phytol.
2019, 221, 431-445. [CrossRef] [PubMed]

Ma, W.; Yang, ].; Ding, J.; Duan, C.; Zhao, W.; Peng, Y.; Bhadauria, V. CRISPR/Cas9-mediated deletion of large chromosomal
segments identifies a minichromosome modulating the Colletotrichum graminicola virulence on maize. Int. J. Biol. Macromol. 2023,
245,125462. [CrossRef] [PubMed]

Dallery, ].E; Lapalu, N.; Zampounis, A.; Pigné, S.; Luyten, I.; Amselem, J.; Wittenberg, A.; Zhou, S.; de Queiroz, M.V.; Robin, G.P;
et al. Gapless genome assembly of Colletotrichum higginsianum reveals chromosome structure and association of transposable
elements with secondary metabolite gene clusters. BMC Genom. 2017, 18, 667. [CrossRef] [PubMed]

Chen, X. Pathogens which threaten food security: Puccinia striiformis, the wheat stripe rust pathogen. Food Secur. 2020, 12, 239-251.
[CrossRef]

Wang, F; Lin, R;; Li, Y.; Wang, P.; Feng, ].; Chen, W.; Xu, S. TabZIP74 acts as a positive regulator in wheat stripe rust resistance and
involves root development by mRNA splicing. Front. Plant. Sci. 2019, 10, 1551. [CrossRef] [PubMed]

Bai, X.; Zhan, G.; Tian, S.; Peng, H.; Cui, X.; Islam, M.A.; Goher, F.; Ma, Y,; Kang, Z.; Xu, Z.S. Transcription factor BZR2 activates
chitinase Cht20.2 transcription to confer resistance to wheat stripe rust. Plant Physiol. 2021, 187, 2749-2762. [CrossRef] [PubMed]
Ma, R,; Liu, B.; Geng, X,; Ding, X.; Yan, N.; Sun, X,; Wang, W.; Sun, X.; Zheng, C. Biological function and stress response
mechanism of MYB transcription factor family genes. J. Plant Growth Regul. 2023, 42, 83-95. [CrossRef]

Zhang, Y.; Chen, M.; Siemiatkowska, B.; Toleco, M.R.; Jing, Y.; Strotmann, V.; Zhang, J.; Stahl, Y.; Fernie, A.R. A highly efficient
Agrobacterium-mediated method for transient gene expression and functional studies in multiple plant species. Plant Commun.
2020, 1, 100028. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.ncbi.nlm.nih.gov/pubmed/20979704
https://doi.org/10.1089/mdr.2017.0107
https://www.ncbi.nlm.nih.gov/pubmed/29227744
https://doi.org/10.1105/tpc.112.098640
https://www.ncbi.nlm.nih.gov/pubmed/22706288
https://doi.org/10.1126/science.290.5496.1594
https://www.ncbi.nlm.nih.gov/pubmed/11090361
https://doi.org/10.1111/j.1364-3703.2011.00719.x
https://www.ncbi.nlm.nih.gov/pubmed/21726386
https://doi.org/10.1128/MMBR.00032-16
https://www.ncbi.nlm.nih.gov/pubmed/27784797
https://doi.org/10.1111/nph.15369
https://www.ncbi.nlm.nih.gov/pubmed/30076781
https://doi.org/10.1016/j.ijbiomac.2023.125462
https://www.ncbi.nlm.nih.gov/pubmed/37336378
https://doi.org/10.1186/s12864-017-4083-x
https://www.ncbi.nlm.nih.gov/pubmed/28851275
https://doi.org/10.1007/s12571-020-01016-z
https://doi.org/10.3389/fpls.2019.01551
https://www.ncbi.nlm.nih.gov/pubmed/31921229
https://doi.org/10.1093/plphys/kiab383
https://www.ncbi.nlm.nih.gov/pubmed/34618056
https://doi.org/10.1007/s00344-021-10557-2
https://doi.org/10.1016/j.xplc.2020.100028
https://www.ncbi.nlm.nih.gov/pubmed/33367253

	References

