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Plant diseases caused by fungal, bacterial, viral, and nematode
pathogens incur serious economic losses to crops every year, with
yield losses estimated to be approximately 16% worldwide, and
pose a major threat to global food and nutritional security (Oerke
et al. 2006). Importantly, monocultures of susceptible varieties
enhance agroecosystem vulnerability and would require intense
and costly disease management strategies in the event of severe
epidemics. Farmers’ reliance on repeated chemical sprays raises
environmental and food safety concerns and can potentially lead
to emergence of new chemical resistant pathogen strains. Utiliza-
tion of host disease resistance is considered the most sustainable
approach to protect plants against various pathogens (Khan and
Korban 2022).

Identification and utilization of resistance mechanisms that can
be used in plant breeding programs remains one of the most thriving
research areas of the plant pathology field. This has been supported
by recent developments of novel technologies and their applica-
tion in plant pathology including lost-cost and high throughput
genome sequencing (Hamim et al. 2022), artificial intelligence
(Sperschneider 2020), and CRISPR genome editing (Wheatley and
Yang 2021), which expedite the laborious and time-consuming pro-
cess of identification of novel genes underlying disease resistance
and development of disease resistant cultivars.

There is a growing interest within the scientific community in
developing durable and sustainable disease management strate-
gies for current and future climate change, as well as cultural
practice scenarios centered on resistant cultivars. Understanding
plant disease resistance mechanisms is critical for such a task.
Significant progress has been made in understanding the gene-for-
gene model, effector-triggered immunity, and pathogen-associated
molecular pattern triggered immunity. At the same time, advances
have been made in understanding cell death, production of reactive
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oxygen species (ROS) and secondary metabolites, pathogenesis-
related genes, systemic defense responses, and callose deposition
in disease resistance. Furthermore, links have been established
between plant−pathogen interactions and different modes of resis-
tance and susceptibility. These breakthroughs continuously result
in novel approaches to reshaping and engineering plant resistance.

Plant disease resistance research is entering a new era, facili-
tated by new technologies and multidisciplinary interactions that are
transforming our understanding of host resistance for long-term sus-
tainable disease management. Plant disease resistance is the topic
of the May issue of Phytopathology. This Focus Issue solicited and
encouraged submission of research and review articles on topics
related to plant disease resistance described above.

A review article by Amas et al. (2023) summarizes key advances
in the era of genomics-assisted disease resistance improvement of
Brassica species. This review discusses how genomics has paved
the way for understanding the complex genomes of Brassica spp.,
which has been critical in dissecting the genetic underpinnings of
traits and for the development of superior cultivars. This review also
discusses advances in the development of genomic resources for
Brassica spp., such as long-read sequencing and pangenome assem-
blies, as well as developments in pathogen genomics, pathogenicity
factor discovery, and disease resistance gene identification in the
host. Finally, this review considers how combining these key ad-
vances with new breeding techniques and improved phenotyping
through the use of advanced data analysis platforms will make dis-
ease resistance improvement in Brassica spp. more efficient and
responsive to current and future demands.

The field of metabolomics has also seen much technical improve-
ment. The review by Muñoz-Hoyos and Stam (2023) summarizes
the progress on secondary metabolite research in plant defense
against pathogens. Firstly, the authors described major historically
described secondary metabolites and their role in immune responses
during plant−pathogen interactions. The authors classified them
into constitutive (phytoanticipins) and inducible (phytoalexins) sec-
ondary metabolites and presented detailed introduction on saponins,
glucosinolates, cyanogenic glycosides, benzoxazinone glycosides,
benzoxazolinones, phenylalanine-derived phytoalexins, terpenes,
terpenoids, indole phytoalexins, and oxylipins. Furthermore, the
authors reviewed how targeted and untargeted metabolomics have
been used in investigating secondary metabolites in plant−microbe
interactions and how advances in these technologies can speed up

756 PHYTOPATHOLOGY®

https://doi.org/10.1094/PHYTO-03-23-0108-FI
https://orcid.org/0000-0002-0424-7727
https://orcid.org/0000-0001-9342-3595
https://orcid.org/0000-0003-1119-4464
https://orcid.org/0000-0002-3318-4171
https://orcid.org/0000-0002-9482-3133
https://orcid.org/0000-0002-3444-6954
https://orcid.org/0000-0001-7743-0728
mailto:awais.khan@cornell.edu
mailto:roib@volcani.agri.gov.il
mailto:JRichards@agcenter.lsu.edu
mailto:urmil.bansal@sydney.edu.au
mailto:wangcongli@iga.ac.cn
mailto:Curt.McCartney@umanitoba.ca
mailto:remco.stam@phytomed.uni-kiel.de
mailto:nianwang@ufl.edu


the discovery of new compounds. They also pointed out the promise
of integrating multi-omics approaches with new advances in omics
technologies to help identify functional compounds and the associ-
ated genes, to allow using these finding in future resistance breeding
efforts.

This special issue includes four papers on identification of resis-
tance genes or loci. Verma et al. (2023) reported the discovery of
a major-effect quantitative trait loci (QTL) linked to begomovirus
resistance in pumpkin (Cucurbita moschata Duchesne), which is
a major cause of quantitative and qualitative losses. To identify
the genomic region linked to begomovirus resistance, they pheno-
typed 229 F2:3 progeny plants derived from a resistant source and
performed whole-genome resequencing of resistant and susceptible
bulks together with their parents. Two genomic regions with signifi-
cant associations to begomovirus resistance were identified: one was
a 1.52 Mb region on chromosome 7 and the other a 0.87 Mb region
on chromosome 17. The highly significant QTL on chromosome
7 region had nine polymorphic single nucleotide polymorphisms
(SNP) that were converted into KASP markers. The QTL interval on
chromosome 7 was reduced by KASP genotyping of F2 individuals.
One of the KASP markers can accurately predict disease reaction
in 91% of diverse Cucurbita genotypes. These results will con-
tribute to the understanding of genetic mechanism of begomovirus
resistance and marker-assisted breeding in C. moschata.

The research article by Essenberg et al. (2023) demonstrated that
the bacterial blight resistance gene B5 confers strong and broad-
spectrum resistance to bacterial blight and increases the production
of sesquiterpenoid phytoalexins in cotton (Gossypium hirsutum).
The authors generated a near-isogenic line (NIL), AcB5, with B5 in
a bacterial blight-susceptible genetic background. Under field con-
ditions, test cross segregation patterns revealed that AcB5 is likely
homozygous for resistance at two loci with partial dominance gene
action. Two of the four copies of B5 were required for effective
resistance in a controlled environment. AcB5 conferred high resis-
tance to isogenic strains of Xanthomonas citri subsp. malvacearum
carrying cloned five avirulence genes and weaker resistance to one
strain carrying a different avirulence gene, contrary to gene-for-gene
theory predictions. The authors also investigated the production of
sesquiterpenoid phytoalexins in five NILs carrying different B genes
by measuring cadalene and lacinilene phytoalexins during resistant
responses.

Rasool et al. (2023) used a 50K Axiom SNP Array to dissect
the genetic basis and identify marker-trait associations (MTAs) for
Fusarium wilt, a devastating disease of chickpea (Cicer arietinum
L.) caused by Fusarium oxysporum f. sp. ciceri. In this study, 179
chickpea genotypes were tested for Fusarium wilt response under
field and controlled conditions at seedling and reproductive stages.
Genotyping with the Axiom® CicerSNP Array and trait data iden-
tified 26 significant MTAs for Fusarium wilt resistance, with these
MTAs explaining 11.75 to 15.86% of phenotypic variation. Five
MTAs were designated as major, explaining more than 15% of the
phenotypic variation in Fusarium wilt, and two MTAs were des-
ignated as stable. The study suggests that these stable and major
MTAs can be used in chickpea breeding programs.

Newman et al. (2023) utilized association mapping and genome
sequencing data to characterize the genetic basis of Sclerotinia
stem rot, caused by the necrotrophic fungal pathogen Sclerotinia
sclerotiorum, which can significantly reduce the yield of canola
(Brassica napus). They identified regions in the B. napus genome
significantly associated with resistance to Sclerotinia stem rot and
validated the contribution of these genomic regions to resistance
through additional disease screening experiments. These screening
experiments also confirmed the high levels of Sclerotinia stem rot
resistance in previously studied genotypes. Subsequently, they used
publicly available whole-genome sequencing data from a panel of
83 B. napus genotypes and identified non-synonymous polymor-
phisms linked to the Sclerotinia stem rot resistance loci. Addition-
ally, they utilized qPCR to demonstrate that two of the genes con-

taining these polymorphisms were transcriptionally responsive to
S. sclerotiorum infection. These candidate genomic loci associ-
ated with resistance will be useful to breed canola varieties with
improved genetic resistance to Sclerotinia stem rot.

Screening of disease resistant resources is critical for resis-
tance breeding and identification of resistance genes. Hamershlak
et al. (2023) evaluated the resistance of 97 carrot accessions to
the phloem-colonizing bacterial pathogen ‘Candidatus Liberibac-
ter solanacearum’ in both field trials and controlled conditions.
‘Ca. L. solanacearum’, like many other ‘Ca. Liberibacter’ species,
such as ‘Ca. L. asiaticus’ has been expanding to new locations
worldwide (Wang et al. 2017). The authors identified five acces-
sions showing significantly lower disease incidence compared with
the reference cultivar, which provide a useful resource for resistance
breeding programs and for better understanding of the resistance
mechanisms to ‘Ca. L. solanacearum’.

Ma et al. (2023) made use of a broad set of available genetic
resources to screen for new resistances. They screened 260 melon
accessions for their resistance against Gummy stem blight (GSB)
caused by Didymella bryoniae, a devastating ascomycete fungus
disease. In their study, they identified a tentative major resistance
gene that they dubbed Gsb-7(t). Using an F2 mapping population of
resistance and susceptible bulk, they narrowed down the resistance
locus to a 140-kb region that contains 10 candidate genes. Using
transcription analyses, they show that the T2 splice variant of one of
the genes, a putative wall-associated receptor kinase (WAK) gene
MELO3C010403, is highly upregulated after infection in resistant,
but not in susceptible accessions, making it the most likely R-gene
candidate.

Lathyrus sativus (grass pea) is an important legume crop as
food, fodder, and forage. Martins and colleagues investigated the
resistance of 189 grass pea accessions against powdery mildew
pathogens Erysiphe pisi and E. trifolii (Martins et al. 2023). The
authors combined grass pea disease severity with SNP identified
previously via the genotype-by-sequencing approach. This study
revealed putative common and unique genetic components respon-
sible for the partial resistance against E. pisi and E. trifolii and
provided a useful resource for breeding disease resistant grass pea.

In addition to resistance genes, susceptibility genes also play criti-
cal roles in determining the outcome of plant−pathogen interactions
and knocking out of susceptibility genes has shown promises in gen-
erating disease resistant plants. By using several molecular biology
techniques, R. Li et al. (2023) characterized the function of a newly
identified susceptibility factor of wheat, which makes it susceptible
against the mildew fungus Blumeria graminis f. sp. tritici (Bgt).
They cloned the so-called TaPOD70 gene, which codes for a class
III peroxidase. Using transient assays in Nicotiana benthamiana,
they show that the protein is translocated to the cell membrane and
able to inhibit BAX-induced cell death. TaPOD70 is strongly tran-
scriptionally upregulated in a susceptible wheat cultivar, whereas
virus induced gene silencing increased the resistance against Bgt
and was coupled to increased H2O2 levels in the cell. Combined,
this shows that TaPOD70 is a genuine susceptibility factor and thus
important to account for in Bgt resistance breeding programs.

How advances in molecular biology can help improve under-
standing for resistance breeding is further illustrated by Y. Li et al.
(2023). They conducted a quantitative analysis of ROS accumula-
tion in the apoplast (apoROS) and in the cytosol (intraROS) during
the Bgt life cycles across a panel of wheat accessions that carry dif-
ferent powdery mildew (Pm) resistance genes. The authors studied
ROS accumulation and cell death processes in response to infec-
tion with virulent and avirulent Bgt isolates on wheat carrying major
R gene compared with their susceptible counterparts. This research
is basically derived from microscopic observations of Bgt infec-
tions in wheat leaf tissues and stained for ROS accumulation and
localized cell death. Authors found that compared with apoROS,
intraROS activation significantly triggers hypersensitive response
(HR)-mediated cell death of the infected cells and upregulated
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pathogenesis-related (PR) gene expression in resistant wheat lines.
Y. Li et al. (2023) concluded that HR response followed by in-
traROS accumulation is part of the resistance mechanism activated
by NLR genes with exception of some unconventional Pm genes
generating different immune responses. This paper sheds new light
on the contribution of cytosolic intraROS-mediated localized cell
death due to the activation of R gene(s) and the resultant wheat local
resistance immune signal responses against Bgt.

Figueiredo et al. (2023) used an innovative approach to charac-
terize the proteomes of grapevine and Plasmopara viticola in the
apoplast during early infection. A downy mildew tolerant grapevine
cultivar was inoculated with P. viticola and apoplastic fluid was
extracted at 6 h postinoculation. Comparison of the apoplastic
proteomes of inoculated and mock-inoculated grapevine revealed
a total of 264 differentially accumulated proteins. A suite of host
proteins involved in signaling, oomycete recognition, stress re-
sponses, transport, and ROS production were found. Additionally,
60 proteins belonging to P. viticola were identified, including 32 pre-
dicted effector proteins. These results reveal early events occurring
during grapevine−P. viticola interactions in the extracellular space
and may provide novel targets for breeding programs or disease
management tactics.

CRISPR/Cas9-mediated gene editing has the potential to trans-
form crop productivity and resistance. Shnaider et al. (2023) used
CRISPR/Cas9 to disrupt the CsaMLO8 powdery mildew suscep-
tibility gene in cucumber. The authors designed three sgRNA se-
quences to target different CsaML08 exons and incorporated them
into a single construct. A susceptible cucumber cultivar was trans-
formed and one transgenic T0 line was identified and backcrossed
to the susceptible cultivar. Two mutants were selected, one harbor-
ing a 5-bp deletion in exon 1 which results in a premature stop
codon and another mutant that had a 10 bp insertion and a 1,280 bp
between exons 1 and 5. Following removal of the transgene via
backcrossing, the mutant plants were phenotyped and found to be
resistant to powdery mildew. This research illustrates the utility
of CRISPR/Cas9 for susceptibility gene disruption and provides a
promising approach for resistant cultivar development.

Pyramiding host resistance genes has been deemed as a durable
and effective strategy to manage crop diseases. Zhang et al. (2023)
examined the CIMMYT wheat line Parula, which is resistant to
multiple rust diseases, using genetic approaches to characterize the
deployed resistance gene pyramid. The authors developed a double
haploid population derived from a cross of Parula × Thatcher and
genotyped the population with the Infinium iSelect 90K wheat chip.
Construction of a high-density genetic map and subsequent QTL
mapping identified rust resistance gene loci Lr34, Lr46, Sr2, and
Lr68 derived from Parula. Additionally, two novel rust resistance
QTL were identified from Parula. Grouping individuals based on
the presence or absence of specific QTL identified specific combi-
nations of resistance loci that provided stable resistance against all
three rust diseases.

Zhu et al. (2023) developed an efficient method that will allow
cotton breeders to assess resistance to F. oxysporum f. sp. vasin-
fectum race 4 at the seed germination stage. Fusarium wilt is an
important vascular disease that limits cotton production around the
world. Four inoculation methods were compared based on a disease
severity rating of the taproot. Taproot dipping after seed germination
accurately differentiated resistant and susceptible cotton genotypes.
The assay takes 2 weeks to complete and is scalable for testing large
numbers of lines in a breeding program.

Overall, this Focus Issue includes 13 research and 2 review arti-
cles covering various aspects of 15 diseases that cause significant
economic losses to crops. These articles will be of great interest
to the plant pathology, genetics, and breeding community in the
development of sustainable disease management strategies based
on resistant cultivars. The issue features articles ranging from the
characterization of resistance mechanisms, identification of the re-
sistance gene loci, to the deployment of host disease resistance

in plant breeding programs. To identify and utilize disease resis-
tance mechanisms and develop resistant cultivars, these articles de-
scribe cutting-edge technologies such as genome sequencing, high-
throughput genotyping platforms, comparative genomics, transcrip-
tomics, marker assisted selection, and CRISPR/Cas9-based genome
editing. This Focus Issue also highlights significant progress in
understanding plant disease resistance mechanisms, including the
gene-for-gene model, quantitative resistance, and susceptibility
genes, and encourages multidisciplinary research to characterize
and utilize host genetics for developing disease-resistant cultivars.
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