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Editorial on the Research Topic
Disease and pest resistance in rice

Rice (Oryza sativa L.), as one of the most important crops worldwide, has been widely
adopted as a model for studying cereal crops and monocot plants. Rice production is
severely threatened by pathogens and pests during the entire growth season, causing an
estimated 10%-30% yield loss annually (Douglas, 2018; Savary et al,, 2019). Therefore,
disease and pest resistance has been one of the major goals in rice breeding. However, rice
improvement has encountered a bottleneck largely due to the lack of useful disease
resistance (R) genes and molecular approaches in breeding programs. Most R genes have
limited application because of race-specificity. Therefore, the identification and application
of novel R genes with broad-spectrum resistance have been a big challenge.

Among many rice diseases, those causing the most relevant yield losses include the rice
fungal blast caused by Magnaporthe oryzae (M. oryzae), bacterial blight caused by
Xanthomonas oryzae pv. oryzae (Xoo), sheath blight caused by the necrotrophic fungus
Rhizoctonia solani (R. solani), false smut caused by the obligate biotrophic fungus
Ustilaginoidea virens (Cke.) Tak (U. virens), and viral diseases including rice tungro
virus and rice stripe virus. In addition, insect pests and plant parasitic nematodes have also
caused huge yield loss of rice. Over the past 30 years, impressive advancements have been
achieved in R gene discovery and molecular mechanisms of disease resistance and growth-
defense trade-offs (Deng et al., 2020; Li et al, 2020). These achievements have greatly
facilitated the breeding of new disease and pest resistance cultivars.

Within this specific topic on ‘Disease and Pest Resistance in Rice’, we aim to provide
new knowledge on R gene discovery, mechanisms of rice immunity and resistance against
pathogens and insects, and technology for rice improvement. Launched in Oct, 2021, this
topic received 16 manuscripts in total and ultimately published 5 papers after peer-view,
including four research articles and one review. We also regret that other submissions were
not accepted for publication after reviewing.
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Rice blast has been the most devastating crop fungal disease
worldwide (Dean et al., 2012). During the past decade, tremendous
progress has been made on molecular mechanisms of rice defense
responses against M. oryzae. Luo et al. reported that the rice
FERONIA-like receptor (FLR) is involved in resistance against M.
oryzae. They observed enhanced susceptibility to M. oryzae in the
fIrl mutant, associated with the suppression of defense-related gene
expression. Thus, FLR1 positively regulates blast resistance. A low
concentration of Ca’" induced FLRI expression, and the Ca%*
content in the fIrImutant was significantly lower than that in
wild-type plants. Some of the differentially expressed genes
(DEGS) in the flr] mutant revealed by RNA sequencing were
found to play a role in cellular metal ion homeostasis and
transition metal ion homeostasis, suggesting that FLR1 regulates
Ca®* homeostasis. Therefore, FLR1 mediates resistance to M. oryzae
through modulating Ca** homeostasis. This study links FLR-
mediated immune response with Ca** signaling, advancing our
understanding of rice-M. oryzae interaction.

Most blast resistance (Pi) genes encode nucleotide-binding and
leucine-rich repeat (NLR) receptors that trigger effector-triggered
immunity (ETI) and have been widely deployed in rice blast
resistance breeding (Deng et al., 2020; Li et al, 2020). Pigm
confers broad-spectrum and durable blast resistance without
affecting grain yield by balancing the effects of a pair of
antagonistic genes, PigmR and PigmS (Deng et al, 2017). The
Shimin Zuo laboratory at Yangzhou University developed new
elite rice varieties using the Pigm gene (Feng et al.). Using
breeding strategies such as backcross and marker-assisted
selection (MAS), they introduced Pigm into two good-quality
japonica cultivars, Huageng 8/HG8 and Wuyungeng 32/WYG32,
to obtain advanced backcross lines (ABLs) with Pigm, along with
ABLs containing other 13 known Pi gene loci. All these ABLs
displayed stronger resistance both in seedling-inoculation assay
using 184 isolates collected from the lower region of Yangtze
River, and in panicle- inoculation assay using mixed isolates, than
the corresponding recurrent parent, which was further confirmed in
natural nursery trails. Of note, no change was observed in
agronomically important morphological traits. One Pigm line
Yangnonggeng 3091, with excellent performance on blast
resistance and grain yield and quality, was authorized as a new
commercial variety in Jiangsu province in 2021. Taken together, this
study demonstrated the advantage of Pigm in developing new
disease resistance rice cultivars without growth penalty (Feng et al.).

Xoo, the causal agent of bacterial leaf blight (BLB) specifically
infects the vascular system through wounding and hydathodes, and
colonizes in xylem vessels, resulting in systemic spread and
infection of Xoo. Over the last three decades, more than 40 BLB
resistance genes/loci (Xa) have been identified. In the review of
Yang et al., the progress on cloning and functional study of 44 Xa
genes is summarized. Among them, 28 were dominant and 16 were
recessive. 15 genes, including Xal, Xa2/Xa31, Xa3/Xa26, Xa4, xa5,
Xa7, Xal0, xal3, Xal4, Xa2l, Xa23, xa25, Xa27, xa41, and Xa45,
have been cloned and characterized. In particular, the first cloned
Xa gene, Xa2l, encodes a receptor-like kinase (RLK) that triggers
pattern-triggered immunity (PTI) via perceiving RaxX and
activating downstream XB signaling components.
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Among the Xa genes, only the Xal/Xa2/Xal4/Xa31/Xa45 alleles
and Xa47 encode typical NLRs (Ji et al., 2020; Lu et al., 2022; Yang
et al; Yoshimura et al., 1998). Plants have evolved the vascular-
specific immunity to combat Xoo (Lin et al., 2022). It has been
suggested that the long coevolution has shaped the race-cultivar
specificity of rice-Xoo interactions and their reciprocal adaptation,
characterized by differentiation among Xoo races corresponding to
indica and japonica rice accessions (Zhang et al., 2021).
Intriguingly, most functional Xa genes/loci were isolated from
wild relatives or recessive xa mutations of susceptibility genes.
However, whether these genetic phenomena reflect negative
selection on the Xa loci keeps unknown.

The recent outbreak of other diseases threatens rice production
in some regions. For instance, brown spot of rice (BSR), mainly
caused by the fungal pathogens Bipolaris oryzae and Exserohilum
rostratum, is threating rice production in sub-Saharan Africa.
Additionally, 80% rice field is infected by BSR in western Burkina
Faso. A genomic study of Bipolaris oryzae and Exserohilum
rostratum that cause brown spot disease of rice in Burkina Faso
revealed critical information on the biology and population
structures of the two major fungi, providing a genetic basis for
studying disease resistance against the pathogens (Kabore et al.).

Rice insect pests are generally classified as chewing and
piercing-sucking insects based on their feeding modes. Chewing
insects such as leaf folders and stem borers directly damage plant by
cutting and chewing important plant organs including leaves and
stems. Piercing-sucking insects, for instance, brown planthopper
(Nilaparvata lugens, BPH) and small brown planthopper
(Laodelphax striatellus, SBPH), feed on vascular tissues and
secrete salivary effectors into the host during feeding, causing
wilting and death of rice plants (Cheng et al, 2013). Fu et al.
reported that H,O, burst and callose deposition form a common
defensive mechanism against piercing-sucking insects. Calmodulin
(CaM), secreted by BPH salivary gland, suppresses the
accumulation of H,O, and callose. CaM-silenced BPH and SBPH
failed to penetrate the phloem. In planta expression of CaM
suppressed while CaM-silenced BPH and SBPH nymphs
promoted defense response such as H,0O, accumulation and
callose deposition, adding new information to our understanding
of molecular plant-insect interactions.

Our understanding of the mechanisms and signaling pathways
of rice immunity is still limited, in comparison with extensive
studies in the dicot model plant Arabidopsis. Exploiting rice
immune signaling is critical for breeding disease resistance rice
varieties to combat pathogens and insect pests. This topic on
Disease and Pest Resistance in Rice certainly provides new
knowledge and technology for developing more resilient rice
cultivars to diseases and pests.
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