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Abstract: [Objective] This study aims to elucidate the function and mechanism of the ERF transcription factor OSERF93
in rice sheath blight resistance, providing genetic resources for disease-resistant breeding. [ Method ] The expression pattern,
transcriptional regulatory function, and subcellular localization of OsERF93 were analyzed using RT-qPCR and
transcriptional activation assays in rice protoplasts. Transgenic overexpression and knockout lines were constructed to
investigate the role of OsERF93 in sheath blight resistance. Expression differences of salicylic acid (SA), jasmonic acid
(JA), and ethylene (ET)-related signaling genes were compared before and after inoculation in transgenic lines.
Additionally, agronomic traits of overexpression lines and controls were evaluated.l Result JOSERF93 was highly expressed
in rice leaves and leaf sheaths and induced by sheath blight fungus infection. The encoded protein localized to the nucleus
and cell membrane, exhibiting transcriptional activation activity. Overexpression of OSERF93 significantly enhanced
sheath blight resistance, while knockout lines showed reduced resistance. JA biosynthesis gene OsAOS2 and certain PR
genes were upregulated in overexpression lines and downregulated in knockout lines. Overexpression lines exhibited
slightly reduced plant height and thousand-grain weight compared to wild-type controls but had significantly higher grain
number per panicle. No significant differences were observed in tiller number, primary branch number, and panicle length
between overexpression lines and controls. [ Conclusion ] The results indicate that OSERF93 positively regulates rice sheath
blight resistance by activating the jasmonic acid signaling pathway, offering a novel genetic resource for rice disease-
resistant breeding.
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A, Phylogenetic tree analysis of the ERFs gene family, with the genes highlighted in red boxes showing differential expression in resistant and susceptible

materials after inoculation with R. Solani; B, Alignment of protein sequence of ERF family genes involved in sheath blight response.

Bl 1 KFEHE OsERF BEEFRERESHS OsERFI3 FETL RIEEBFFIEL 3
Fig. 1. Phylogenetic analysis of rice OsERFs gene family and protein sequence alignment of subfamily containing OSERF93

JA B TFIRERIE IR L, KL 4xUAS-LUC i
R AL KRR R AR TR, BL 35S:REN 1E
FAR . SEREOR, S5XHE GVL4-VP16 #LL, GVL4-
OsERF93-VP16 ] LUC/REN V&1 sy, i#E—AEH
OsERF93 1E/KfgH HA s e 3-C).
2.4 OsERF93 TFRIEMBFEM D FLEE
T R SR, AT Q% | OsERF93 Ji&
R e Rk AR B A R, O T Rl g Rk R
OsERF93 FER[MFRIEKN-, FATRH RT-qPCR f&
W TR T RIS FRIER R OsERFI3 13RI
K, g SRR IR AT FE B R R T 1K) OsERF93 ¥

I R B RIE (B 4-A). [FINSERATTN $RA5 10 32 [R] i
B R AT P30T, 4 H RS 5] 5 271 2% S (1
B RARAR(E] 4-C)o BATTRE— D IF T RS P /i
BRRAGRI R CAPS Anid: BFAER OsERF93 %
DRI 7E 4 N R AR ] B ACAFAE — AN PR N UIEE Rsa 1
AR FE P “GTAC”, 1M Rl Bk S AR AN BEH 1% N )
BRI E . X R 5 [T 5 Y b S B AT o
BT, KIN oserf93-1 HHFITRIESH N DU T 246 N A5
HIATE RIEBR ML 5], T oserf93-2 H BIBEIESER AN
I — AN EIEERL TR, 33 OsERF93 %A
[5G SR AT 2% 1B (K 4-E).



42 o E 7K FE R} 22 (Chin J Rice Sci) 5540 555 1 #1 (2026 41 H)
A -
21 OsERF93 B3r— Ao

-— ETH

15

10

G|
Relative expression level

LIRSS
Relative expression level

O 0 L L L L L
i E L -4 6 12 24
Root  Stem Leaf Panicle Leaf sheath

w

9
FEANI [7]

Hours after inoculation (h)

= Lemont-R. solani D [ — YSBRI-R. solani

== Lemont-Mock = YSBRI1-Mock

LI
)

X ek

H

H
Relative expression level
Relative expression level

0 . . . . o ,
0 12 24 48 0

FEAIRS ]

Hours after inoculation (h)

12 ‘ 24 48
FEFT ]

Hours after inoculation (h)

A: OsERF93 AV 315 B: OsERF93 % ETH Fll AOA WML C: J8%07 i Fh Lemont HEFh SOk 14 J5 AH X Rk 2484k D: Hufi i Fh YSBRI

RSO 5 M Rk B AR . B R, solani 9SEBR2H, Mock KXt R4,

A, Tissue-specific expression of OsERF93; B, Differential response of OsERF93 to ETH (Ethylene) and AOA (Aminocyclopropane-1-carboxylic acid); C,

Relative expression levels of the susceptible variety Lemont after inoculation with sheath blight pathogen; D, Relative expression levels of the resistant variety

YSBRI after inoculation with sheath blight pathogen. In the figures, R. solani represents the treatment group, and Mock represents the control group.

2 OsERF93 FSFRIFER I
Fig. 2. Analysis of OsERF93 expression pattern
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A, Subcellular localization of OSERF93 in rice cells(bar=10 pm), and NLS denoting the nuclear localization signal; B, Transcriptional activation activity verified

by yeast two-hybrid assay; C, Transient transformation of rice protoplasts, with VP16 serving as the transcriptional activation control. ** indicates a highly

significant difference as determined by a -test with P<0.01.
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Fig. 3. Analysis of transcriptional activation activity and subcellular localization of OSERF93
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o
® g 504 C
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0
WT 1 2 WT: .CGGACTCGTCGTCGTA CGACGGGTCCTCTTG!
OSERF930E CGGACTCGTCGTCOTATLGACGGGTCCTCTTE!
oserf93-1:
A i\ fi A
D oserf93 [ Hﬁ J Jm
WT Marker 1 2 L 120 L3 140
1000bp CGGHCTCGTCGTCGTA@GACGGGTCCTCTTGI
750 bp
250 bp oserf93-2:
E

>WT:
MTARSMLRNHPEASVLDTIRQHLLEEPRGGGGGEAAEASFGSLVADMWSDSLPF
RDDDADDMVVEFGAMRDAFSCGWLPDGVFAEVKPEPLLSPDSSSYDGSSCCEFGFA
DVSEPVTPSDAASGAAEAAAAAAAATAEHGKEEEAAAAVARGKHYRGVRQRPWG
KFAAEIRDPAKNGARVWLGTFDTAEDAALAYDRAAYRMRGSRALLNFPLRIGSE
IAAAAAAAAAAAAGDKRPSPEPATSESSFSSSSSCTTTTTSSSTSSSGSPKRRK
RGEAAAASMSMPLVPPPSQLNWPVQAWYPAAAPVEQVAITPRVEQLVI *

> oserf93-1:
MTARSMLRNHPEASVLDTIRQHLLEEPRGGGGGEAAEASFGSLVADMWSDSLPF
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RDDDADDMVVFEGAMRDAFSCGWLPDGVFAEVKPEPLLSPDSSS

A: WA OsERF93 i3 R iAWk Z T OsERF93 I/ F; B: OsERF93 JE[H45HIF1 CRISPR/Cas9 #EAUREE; C: %52 BB NS oserf93 A K
ERFAER P DNA JFFIXT; D: CAPS ARICHNIE oserf93 S G AR, 5IWFFIWHE 1, oserf93-1 Fl oserf93-1 Fr B 417 bp, HiA:
MY REYI G J BURBE 2 5008 248 bp A1 169 bp; E: HFPA T K PIANIEIR R OsERF93 JE[R S IR IERR 7 1 704 o

A, Transcript levels of OsERF93 in two OsERF93 overexpression lines; B, Schematic diagram of OsERF93 gene structure and CRISPR/Cas9 target sites; C,
DNA sequence alignment of the identified homozygous oserf93 mutants with the wild-type control; D, CAPS marker validation of oserf93 mutants and wild-
type, with primer sequences listed in Table S1, showing fragment lengths of 417 bp for oserf93-1 and oserf93-2, and the wild-type fragments being 248 bp and
169 bp after enzyme digestion; E, Amino acid sequence analysis of the OsERF93 gene encoded in the wild-type and two knockout lines.
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Fig. 4. Relative expression levels of the OsERF93 overexpression lines
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A and B respectively present the phenotypic photographs and statistical comparisons of lesion lengths at 5 days post-inoculation in the control and OsERF93-

related transgenic lines during the in vitro stem inoculation assay; C and D respectively display the phenotypic photographs and statistical comparisons of lesion

heights at 14 days post-inoculation in the OsERF93-related transgenic lines during the greenhouse adult plant inoculation assay. ** and * indicate statistical

significance levels of P<0.01 and P< 0.05, respectively.
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Fig. 5. Resistance evaluation of OsERF93 overexpression and knock-out lines to sheath blight disease
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A B SRR A LR 054082, FKBIREARIR ESE B OsPALT TEETAETIXIR K2 OsERF93 HIHE KL R PR SURG o B )5 (R IA A8 1k C M
D 2 LI5S HIRIERE 0sACOI F1 OsACSI FERFAETIFN OsERF93 AHKFEEL K REFDSRGH AT J5 10 FRIE B2 E M F 53 B9 feAe ¢ & A 2B
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A and B respectively depict the expression level changes of the jasmonic acid signal related gene OsAOS?2 and the salicylic acid pathway marker gene OsPAL1
in the wild-type control and OsERF93-related transgenic lines after inoculation with the sheath blight pathogen; C and D represent the expression changes of
ethylene signal related genes OsACO1 and OsACS! in wild-type and OsERF93-related transgenic lines after inoculation with the sheath blight pathogen; E and
F respectively show the expression level changes of the pathogenesis-related protein genes OsPBZI and OsPRla in the wild-type and OsERF93-related transgenic

lines after inoculation with the sheath blight pathogen. ** and * denote statistical significance levels of P<0.01 and P<0.05, respectively.
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Fig. 6. Expression changes of pathogenesis-related genes in OsERF93 overexpression and knock-out lines after inoculation with

sheath blight fungus
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A and B show comparisons of plant architecture and panicle morphology between the wild-type (WT), OsERF93 overexpression lines (OsERF93OE-1,
OsERF930E-2), and knockout lines (oserf93-1, oserf93-2). C-K present statistical comparisons of differences between the wild-type(WT), OsERF93
overexpression lines, and knockout lines for traits including plant height (C), tiller number (D), flag leaf length (E), flag leaf width (F), panicle length (G), primary
branch number (H), secondary branch number (I), grain number per panicle (J), and 1000-grain weight (K). ** and * indicate statistically significant differences
at P<0.01 and P< 0.05, respectively.
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Fig. 7. Comparison of some agronomic traits among WT, OsERF93 overexpression and knock-out transgenic lines
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