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Rice blast, caused by Magnaporthe oryzae, is one of the most damaging diseases limiting rice production
worldwide. Developing and deploying resistant cultivars remains the most reliable strategy for managing the
rice blast disease. However, resistance in rice cultivars is often short-lived because the blast pathogen rapidly
evolves and adapts to newly released cultivars. This makes continuous surveillance of pathogen populations
and their virulence dynamics essential. To assess the current population structure and shifts in resistance
effectiveness in Korea, 736 isolates were collected from seven provinces between 2023 and 2024 and evalu-
ated for their pathogenic reactions on the susceptible cultivar ‘Lijiangxintuanheigu’ (LTH) and 27 LTH-based
monogenic resistance lines. The results showed that Piz-5 and Pita-CP1 exhibited over 90% resistance to rice
blast isolates collected in 2023 and 2024. The findings of this study improve our understanding of pathogen
population dynamics and provide valuable guidance for developing rice cultivars with enhanced blast resis-
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tance in Korea.
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Rice (Oryza sativa L.) serves as a staple food for more than
half of the world’s population, and maintaining stable yields
is essential for global food security. In Korea, rice production
represents a major component of the agricultural sector,
with a substantial proportion of farmers, over half engaged
in rice cultivation (Jeong et al.,, 2021). Among the biotic
stresses affecting rice cultivation, rice blast, caused by the
fungal pathogen Magnaporthe oryzae, is regarded as the
most destructive (Miah et al., 2017). Rice blast is capable
of infecting almost all growth stages, and under favorable
environmental conditions, it causes severe yield losses (Nal-
ley et al., 2016). Deploying resistant cultivars remains the
most practical and effective strategy for managing rice blast
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(Miah et al., 2013). However, the durability of resistance is
frequently compromised by the rapid evolution and regional
diversity of pathogen populations (Chung et al., 2022; Wang
etal, 2017).

In Korea, rice blast epidemics continue to emerge inter-
mittently, with notable outbreaks such as nationwide epi-
demics of rice blast disease, especially in Yeoju in 2020, and
widespread panicle blast in Jeonbuk state in 2021, reflecting
the high genetic diversity and adaptability of the pathogen
(Chung et al,, 2022, 2023; Lee et al,, 2022). As the previous
study, the isolates collected during the 2020 Yeoju outbreak
were predominantly avirulent to several resistance genes,
including Piz-t, Pik-h, Piz-5, Pi7(t), Pik-p, Pik-m, Pik, and Pita-
2 (Chung et al., 2022). The 2021 Jeonbuk state outbreak
was characterized by a different predominant race com-
position (Chung et al.,, 2023). These observations highlight
pronounced temporal and regional changes in pathogen
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populations, emphasizing that continuous monitoring of
race diversity and resistance gene effectiveness is essential
for maintaining stable resistance in rice cultivars (Kim et al.,
2017; Mutiga et al,, 2021; Shim et al,, 2012).

Rice blast resistance is governed by the dynamic interac-
tion between rice resistance genes and the corresponding
avirulence genes of Magnaporthe oryzae, as described by
the gene-for-gene theory (Silué et al.,, 1992). Based on this
concept, the International Rice Research Institute (IRRI)
and a collaborative research project with Japan developed
monogenic resistance lines to characterize the races of rice
blast fungus (Fukuta et al., 2004; Tsunematsu et al., 2000).
These monogenic resistance lines were developed using
the genetic background of the susceptible Japonica variety
Lijiangxintuanheigu (LTH) and collectively contain distinct
resistance genes (Fukuta et al., 2009). In resistance evalua-
tion, these lines serve as differential hosts to determine the
virulence patterns of rice blast isolates, allowing researchers
to identify the specific races present in a given population. By
testing rice blast isolates on this set of monogenic resistance
lines, it is possible to assess the effectiveness of individual re-
sistance genes and monitor changes in pathogen virulence
over time, providing crucial information for breeding pro-
grams aimed at deploying durable resistance in rice cultivars
(Khan et al,, 2016; Nguyet et al., 2020). Therefore, to investi-
gate the diversity and population dynamics of the rice blast
fungus in Korea, we collected isolates from seven major rice-
growing provinces between 2023 and 2024. Single spores
were isolated from rice leaves and panicles exhibiting typical
blast lesions. Spores were induced from infected tissues
by incubating them on water agar (15 g agar |) at room
temperature for 24 hr, as described by (Hayashi et al.,, 2009).
Single germinated conidia were isolated under a microscope
and transferred to potato dextrose agar (PDA; MB-P1102;
Kisanbio, Seoul, Korea) to obtain pure cultures. For long-term
preservation, each isolate was cultured on rice bran agar
(RBA; 20 g rice bran, 20 g sucrose, and 20 g agar |) at 26°C
for 5 days. Sterile Advantec paper discs were placed on the
RBA surface until overgrown by mycelia, then air-dried at
room temperature for 20-25 days and stored in Eppendorf
tubes at -80°C. In total, 736 single-spore isolates were
successfully obtained and maintained for further analyses
(Supplementary Table 1).

To assess the diversity of the rice blast pathogen, we
used a set of 27 monogenic resistance lines, as previously

described, each carrying a single Pi gene, to evaluate the
virulence spectrum of the collected isolates. The mono-
genic resistance lines each carry a distinct resistance gene,
including Pita-CP1, Piz-t, Piz-5, Pik-m, Pi20(t), Pi19(t), Pita-2-Pi,
Pik-h, Pi12(t), Pi9(t), Pita-K1, Pish-B, Pi7(t), Pik-p, Pik, Pit, Pi11(t),
Pita-CT2, Pi3(t), Pik-s-S, Pik-s-F5, Pita-2-Re, Pib, Pi5(t), Pish-S,
Pi1, and Piz (Supplementary Table 2). Seeds of each mono-
genic resistance line were sown in 72-cell seedling trays
filled with sterilized nursery soil and grown in a greenhouse
environment until the four-leaf stage, when plants were
used for inoculation experiments. Infection assays were con-
ducted on the monogenic resistance lines using individual
isolates. Each isolate was initially cultured on PDA for 7 days
and subsequently subcultured on RBA for 10 days. Conidia
production was induced by exposing the cultures to ultra-
violet light for 3 days. The harvested conidia were suspended
in sterile water containing 250 ppm Tween 20 (CAS: 9005-
64-5) and adjusted to a final concentration of 1x10° conidia/
ml. Rice plants were inoculated with the conidial suspen-
sion and incubated in a dew chamber at 26°C for 24 hr in
the dark, followed by growth in a greenhouse under a 16-
hr light/8-hr dark cycle. Disease severity was assessed seven
days post-inoculation using a 0-5 scale: score 0 (no visible
lesions), 1 (dark brown pinpoint lesions), 2 (small lesions
with darker brown margins and distinct tan centers), 3 (small
eyespot lesions approximately 2 mm in length, with tan
centers surrounded by dark brown margins), 4 (intermediate
eyespot lesions approximately 3-4 mm in length) and 5 (large
eyespot lesions approximately 5 mm in length) (Valent et
al, 1991). Scores of 0-3 were classified as a resistant reaction,
and scores of 4-5 were considered susceptible reactions. The
reactions of all 736 isolates evaluated on the monogenic re-
sistance lines are summarized in Supplementary Table 3.

In 2023, monogenic resistance lines carrying the Piz-t, Pita-
CP1, and Piz-5 showed resistance frequencies exceeding
90% against the collected isolates. However, by 2024, only
Piz-5 and Pita-CP1 maintained resistance levels above 90%.
In addition, three monogenic resistance lines (Pi1, Pi5(t), Pish-
S) exhibited more than 80% susceptibility in 2023, whereas
five lines (Pi5(t), Pik-s-F5, Pik-s-S, Pi1, and Pit) displayed over
80% susceptibility in 2024, further reflecting increased viru-
lence and diversification of the pathogen population (Fig. 1).

Although isolates were collected from seven provinces,
only five provinces were evaluated over the 2 years, while
Chungcheongnam-do and Gangwon state were evaluated
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Fig. 1. Proportion of the Magnaporthe oryzae isolates showing the resistant and susceptible reaction to the susceptible rice cultivar ‘Liji-
angxintuanheigu’ (LTH) and 27 monogenic resistance lines. A total of 404 isolates collected in 2023 and 332 isolates collected in 2024 were

evaluated their pathogenicity.

only in 2023. Regional evaluation of resistance reactions
revealed substantial year-to-year variation. In Gyeonggi-
do, only one monogenic resistance line (Pita-CP1) exhibited
>90% resistance in 2023, but this number increased sharply
to eight lines (Pik-h, Piz-5, Piz-t, Pi12(t), Pi7(t), Pik-p, Pish-B, and
Pita-CP1) in 2024. In Jeonbuk state, four lines (Piz-t, Pita-CP1,
Piz-5,and Pik-m) showed >90% resistance in 2023, compared

with 13 lines (Pik-h, Piz-t, Pi12(t), Pi19(t), Pita-CP1, Pik, Pish-B,
Pik-p, Piz-5, Pi7(t), Pik-m, Pita-2-Pi, and Pi9(t)) in 2024. In Jeolla-
nam-do, two lines (Piz-5 and Pita-CP1) consistently displayed
>90% resistance in both years. In Gyeongsangnam-do,
two lines (Piz-5 and Pita-CP1) exceeded the 90% resistance
threshold in 2023, increasing to five lines (Pita-CP1, Pik-m, Piz-
5, Pi12(t), and Pita-2-Pi) in 2024. In Gyeongsangbuk-do, three
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Fig. 2. Candidates of effective resistance genes and proportion of the isolates showing resistant reactions against the monogenic resistance
lines in different provinces. The value indicates more than 90% of the isolates showing resistant reactions against the monogenic resistance
lines. n=the number of the tested isolates collected from each province. Bold text highlights resistance genes that consistently showed
>90% effectiveness in both 2023 and 2024. GG, Gyeonggi-do; GW, Gangwon State; CCN, Chungcheongnam-do; GSB, Gyeongsangbuk-do;

JB, Jeonbuk State; GSN, Gyeongsangnam-do; JLN, Jeollanam-do.

lines (Piz-5, Piz-t, and Pita-CP1) in 2023 and four lines (Pita-
CP1, Piz-5, Piz-t, and Pik-m) in 2024 showed >90% resistance.
For provinces surveyed only in 2023, Chungcheongnam-
do and Gangwon state had four (Piz-t, Pita-CP1, Piz-5, and
Pi20(t)) and fourteen (Piz-5, Piz-t, Pita-K1, Pi19(t), Pik-m, Pita-
2-Pi, Pita-CP1, Pit, Pik-h, Pi3, Pi9(t), Pi11(t), Pi12(t), and Pi20(t))
highly resistant lines, respectively (Fig. 2). Overall, across the
2-year evaluation period, Piz-5, Pita-CP1 consistently exhib-
ited broad-spectrum and durable resistance, highlighting
their continued value for resistance deployment in Korea
rice breeding programs. In contrast, the effectiveness of
other resistance genes varied considerably among regions,
underscoring the importance of region-specific resistance
strategies.
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