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Abstract

Introduction: With the rapid growth of the global population and the increasing constraints on water and soil
resources, achieving sustainable food security-particularly for strategic crops such as rice has emerged as one of
the major challenges in agricultural development. Stem lodging is a critical limiting factor affecting grain yield
and quality in many local and improved rice cultivars, significantly reducing harvest efficiency and yield loss.
Enhancing culm diameter represents one of the most effective genetic strategies for improving lodging resistance,
and the identification of genes and alleles influencing this trait can play a pivotal role in enhancing breeding
efficiency. In this context, the STRONG CULM2 (SCM2) gene has attracted considerable attention due to its
pleiotropic effects on increasing culm diameter, spikelet number, and lodging resistance. The objective of this
study was to identify and classify rice genotypes based on the presence or absence of the SCM2 allele and to
evaluate the efficiency of a functional molecular marker associated with this gene for screening genotypes for
culm diameter.

Materials and Methods: For this purpose, 50 rice genotypes, including local, improved, and imported cultivars
from the rice germplasm collection of the Rice Research Institute of Iran, were evaluated in a randomized complete
block design with three replications under field conditions in 2021-2022 growing season. Culm diameter was
measured 20 days after the onset of flowering at the fourth internode. For molecular evaluation, genomic DNA
was extracted from young leaves, and genotypes were screened using a specific functional marker linked to the
SCM2 gene. Molecular data were scored based on the presence or absence of the relevant gene allele, and
independent t test, cluster analysis, and mean comparison were applied to analyze the association between
phenotypic and molecular data.

Results: The results showed that the SCM2 molecular marker effectively segregated the studied genotypes into
two distinct groups: Genotypes carrying SCM2 gene allele, which had a larger culm diameter, and genotypes
lacking the SCM2 allele, which had a smaller culm diameter. Of the 50 genotypes, 31 possessed the SCM2 allele,
while 19 did not. Phenotypic evaluations showed strong consistency with molecular data, and independent t test
analysis confirmed a positive and significant relationship between the presence of the SCM2 allele and increased
culm diameter, with the statistical model showing over 95%, prediction accuracy, indicating the marker's
appropriate precision and efficiency. Additionally, the dendrogram derived from cluster analysis revealed a strong
correlation between allele presence and culm diameter, with genotypes clustering logically according to allelic
status and phenotypic values.

Conclusion: Overall, the results demonstrate that the SCM2 functional marker is a precise, efficient, and reliable
tool for the rapid screening of rice genotypes for culm diameter. Its integration into breeding programs can
accelerate the identification of superior genotypes, reduce time and costs associated with breeding, and enhance
selection efficiency in early generations, thereby contributing significantly to the development of high-yielding,
lodging-resistant cultivars through advanced breeding techniques.
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'NCBIlcols ;I AP003628.3 55 (ssbils b (5,.5,L)
&l ool )90 sl 55T iolosT ol yo 050 ,5 pladl
7355 PCR 5l ool b 1) oles axkad SCM2 5 I
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Jiw) "'\J"LSA Cawsddy 6.\.».]9.: dxlad t5”9" 9 005.0.3 J.M
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PCR Products results

10-119 bp product from linear template Untitled.
TTGGTTTGTCTCAGCTCTGATCTGTTATTCTATGCATTTTTATTTTTATTTTTTGCAC
ACGGCAGTGGTTGATTTTAAACAATTTGTTGGACAGTGTTCATCATTTC

55T b gadgy askss Jlgi - S

ool Sy b 65l 5 oy YBT3 51 Gl

Oryza sativa Indica Group cultivar Shuhui498 chromosome 6, partial sequence
Sequence ID: CPO18162.1 Length: 32465040 MNumber of Matches: 1

Range 1: 28898885 to 28899002 GenBank Graphics

Score Expect Tdentities Gaps Strand
143 bits(77) Se-30 107/119(90%) 12/119(10%) Plus/Plus

Query 1 TTGGTTTGTCTCAGC TCTGATCTGTTATTCTATG C - — — - — —— — — — — — TTT:TT&TT:TT& as

Sbjct 28898885 TTGGTTTGTCTCAGCTCTGATCTGTTATTCTATGCATTTTTATTTTTATTTTTATTTTTA 28898944

Query a9 Tttt EtGCACACGGCAGTGGTTGAT TTTAAACAATTTGTTGGACAGTGTTCATCATTTC 187

Sbjct 28898945 TTTTTTGCACACGGCAGTGGTTGATTTTAAACAATTTGTTGGACAGTGTTCATCATTTC 288995003

(bl oo LT 51 (S o0 B> Ceoadd oy abaiis bylas) DNA (Alignment) 3l yied Sudl,F JSb —F S

1 https://www.ncbi.nlm.nih.gov/nuccore/AP003628.3?report=fasta
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100bp

117bp 100bp
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