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Abstract: The mechanical strength of rice culms plays a critical role in plant growth and development and
is directly associated with lodging resistance. Brittle culm mutants serve as valuable genetic resources for
dissecting the molecular mechanisms underlying culm strength regulation. In this study, a brittle culm mu-
tant, named ebc (extreme brittle culm), was isolated from a T-DNA insertion population of the indica variety
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‘Guangluai 4’ (GLA4). The causal gene was mapped using TAIL-PCR and MutMap"* approaches, and its
identity and expression pattern were further characterized by RNA-seq and qRT-PCR. The results showed
that, compared with the wild type, ebc was characterized by brittleness in all examined organs, accompa-
nied by abnormal secondary cell wall structure and composition; meanwhile, no significant differences
were observed in key agronomic traits including plant height, per-plant grain yield, seed setting rate, and
grain shape between ebc and wild-type GLA4. Genetic analysis indicated that the brittle phenotype is con-
trolled by a single recessive nuclear gene. TAIL-PCR analysis confirmed that the T-DNA insertion was locat-
ed in an intergenic region, with no causal relationship to the brittle phenotype. MutMap® mapping identified
a candidate causal mutation in BRITTLE CULM 1 (BC1): a single guanine (G) deletion at codon 427 of its
third exon (CGG—CG). This mutation triggers a frameshift mutation and disrupts the C-terminal functional
domain including the conserved GPI modification site. qRT-PCR showed that the expression level of BC7 in
the culms and leaves of ebc was significantly decreased. Complementation of the mutant with the BC17
whole genomic region restored the wild-type phenotype, confirming that ebc is a novel allelic mutant of
BC1. Transcriptome analysis revealed that differentially expressed genes (DEGs) were primarily involved in
biological processes such as transmembrane transport and carbohydrate metabolism, were significantly
associated with cellular components including the plasma membrane, and were enriched in pathways re-
lated to secondary metabolite biosynthesis and phenylpropanoid biosynthesis. qRT-PCR validation showed
that the expression levels of multiple key enzyme-encoding genes involved in lignin biosynthesis within the
phenylpropanoid pathway were significantly altered in ebc, consistent with the trends observed in the tran-
scriptome data. In conclusion, the brittle culm gene ebc is a novel allele of BC7. BCT may participate in the
coordinated assembly of cell wall components through feedback regulation of the phenylpropanoid path-
way, providing a new basis for further elucidating its molecular mechanism.
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Table 1 Agronomic traits of wild-type and ebc mutant
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Fig. 2 Mechanical strength of culms and leaves of wild-type and ebc mutant
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Table 2 Information on variant sites within the candidate region on chromosome 3

AR S A AT AR SRR BRI P R A A(SNP-index) R
chr03:16772468 G-T 52x 24x 0.83 FEA A X
chr03:17205469 G—A 35x% 11x 0.82 FE A A] X
¢chr03:17061703 C—A 83x 57x 0.78 B ) [X
chr03:17261979 CGG—CG 129x 51x 0.78 BCIH =AM+
chr03:17064093 G—T 66 27x 0.73 R [A] X
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Fig. 7 Sequencing and genetic complementation validation
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140 150 160 170 180 190
VSAYGQDPAGSVSAFQVSVGLAGT TNKTVKLE TNFTLAGPGPGYTCGPAT IVP STVYLTPDRRRR
VSAYGQDPAGSVSAFQVSVGLAGTTNKTVKLP TNFETLAGPGPGYTCGPATIVESTVYLTPDRRRR

200 210 220 230 240 250 260
TQALMTWTVTCTYSQQLASRYP/TCCVSESSFYNSTIVPCARCACGCGHDGYRGNGGGGKNARAGD

TQALMTWTVTCTYSQQLASRYPTCCVSFSSFYNSTIVPCARCACGCGHDGYRGNGGGGKNARAGD

27(? 28(? 29(? 30? 31? 32?
GRSRRNSGGGGGHSGGTECIMGDSKRALSAGVNTPRKDGAPLLQCTSHMCPIRVHWHVKLNYKDY|
GRSRRNSGGGGGHSGGTECIMGDSKRALSAGVNTPRKDGAPLLOCTSHMCPIRVHWHVKLNYKDY|

33(_) 34(? 359 36(? 379 38? 39(?

WRAKIAITNFNYRMNYTOWTLVAQHPNLNNVTEVFSFQYKPLLPYGNINDTGMFYGLKFYNDLLM
WRAKIAITNFNYRMNYTOWTLVAQHPNLNNVTEVFSFQYKPLLPYGNINDTGMFYGLKF YNDLLM)

G deletion w-site
400 410 420 430 440 * 450

1o :Nedhaled MAVAORSH ATAH L0:3:9 0l 4 b o DS ole} 1V B BV SR AW (GDECKMPPPDS Y)Y LI3NSAP I[PPRSVAA
1 NP NNAR A SN 099 S E P D PAN) P VPPV ERPPIATSARCRRRTP TIJT YIJTP LRS[ERRVPWPP

C-terminal

460

AASATILVVLLLVA . ¢ ¢ ¢ cc o ooeoesosoossosossssssssssssssssss
PPRRSWWCSSWWHDQKNVPFCFVFLIIPTCLESSVGRGILVYSYWMFSQRGNL
_——

hydrophobic tail

[El8 BCT15ebctmis REELFFIXILL
Fig. 8 Alignment of the amino acid sequences encoded by BCT and ebc

BCIHA K @8 RF HN#HAT T Ik, CCVSEA. CitaGPUSHT A o- L S0 KB, R EF T AH—HFF.




740 TP A B 244 www.plant-physiology.com

=7

1.2

1.01
[IEH
] 0.8

0.67

BC1#EX} %]

0.4f

0.2 skek

-

WT ebc

A

1.2

1.0t

H

il
K gl

Aok
0.6f

H

BC1#ExI%

0.4

0.2y

0 WT ebc

E9 BC1HERZ rebchHIRIZEL L
Fig. 9 Expression level of BCT in the ebc mutant
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B EEPE(EI10-C) o g i BE AL) 5 42 36 465 1 1k 22 i
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AR R A BT ISR . HE—2 i kI,
ARG R T 2 5 TR R R SR G N Ok
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S b PR il 2 Rl OsPAL 1 M OsPAL4 () 332, fd
WK AR 17 2K A e 3 42 A e 52 B, 368 Bl ke 463 i
YIRS o AU OB & T 1 S0,
TR E, S FECEEF AR RIIRE D B
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3 g

ZEFF BB B 2 /K R B (B AR A v 7= 1) kA,
2 3 4 i BE 2H 53 AR ) 45 0 A DR R K 25 G S
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i), — &5 5A0MBEEY) & il B B TR A%
O BE DR 4 T v I 5 AT, SRR, A M BE AR Dy —
AN A B AR AL B A 1, g it
FEATY A W 2 BRI AL AN A

TE A2 PR A L RE A BRIV R 7 R, BCIRE R 9
fith— Fifi 2 COBRA 52 1 (1) 4 55 5 R 15 L B (GP) £
F1(Li%$2003), %8 Al R a5 G 4 m e i R
K25 Y A 5%, 50 20 I BE D) 2 1 g (L%
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HAN: RAMKDbcI-1, 5 =AM 5 T425% 00 1 4b
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Fig. 10 GO analysis of differentially expressed genes
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Fig. 11 KEGG enrichment analysis of differentially expressed genes
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Table 3 Representative differentially expressed genes in the phenylpropanoid metabolic pathway in ebc

FLR 4 Tk FHID log,(Fold change) iRe ik
OsCCRI14 050820441500 1.12 P RERE i BE AL [5G THE
OsCCRI19 0s09g0419200 1.65 PAIAE I 410 P A D F i
OsC3'Hl1 050520494000 1.68 X Fr SRS AL AN
OsCAId5H]1 0s10g0512400 2.78 R B R S-FR AL B ThE
OsCADI 0s10g0194200 1.09 PRI A e it S AN
OsCAD?2 0s02g0187800 1.04 AL e I i TheE
OsPALI 05020626100 -1.17 KN AR A FEAIS
OsPALA4 050220627100 -1.93 RNE IR A FEAIS
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genes identified by RNA-seq
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