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Mapping and Effect Validation of QTL qCR5/¢qACS for Grain
Chalkiness and Amylose Content in Rice
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Abstract: To identify quantitative trait loci (QTL) associated with rice grain appearance and cooking/eating
quality, a recombinant inbred line (RIL) population consisting of 181 lines was developed by crossing indica
rice 9311 and tropical japonica rice Cypress. A high-density genetic linkage map was constructed using
resequencing data, and QTL mapping was performed based on evaluations of chalky grain rate, chalkiness
degree, and amylose content in 2018 and 2019. A total of four QTLs for chalky grain rate, five QTLs for
chalkiness degree, and six QTLs for amylose content were detected. A novel locus gCR5/qACS5, simultaneously
affecting chalky grain rate and amylose content, was consistently detected within the chromosomal interval
18397268-20398241 bp on chromosome 5. In 2018 and 2019, the LOD values for chalky grain rate were 3.11
and 3.82 and the additive effects were —5.54 and —6.12, respectively. In 2018 and 2019, the LOD values for
amylose content were 3.76 and 3.82, and the additive effects were —1.06 and —1.05, respectively. And the 9311
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genotype of gCR5/gACS5 simultaneously increased both chalky grain rate and amylose content. Near-isogenic

lines (NILs) with the 9311 genetic background were developed through backcrossing, and the genetic effects of

qCR5/qACS5 were validated using BC;F, segregation population. This locus accounted for 20.9% of the

phenotypic variation in chalky grain rate and 18.6% in amylose content. These findings lay a solid foundation for

the fine mapping of gCR5/gAC5 and hold significant implications for genetic improvement of rice grain quality.
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Table 1 QTL for chalkiness and amylose content detected in the RIL population of 9311/Cypress

2018 4F Year 2018 2019 4F Year 2019
PER o785, WA (bp)
Traits Locus Physical position LODME  Jdhskly REITIHRR (%)  LODH  JNMERLN  RABTTHRR (%)
LOD value Add PVE LOD value Add PVE

RAEE T qCRS 18397268~20398241 3.11 -5.54 6.3 3.82 -6.12 7.4

CR qCR8a 2139540~2382490 4.99 7.12 9.8
qCR8b 2596373~3114815 3.71 6.16 7.4
gCRI2 25529422~26120518 3.22 5.67 6.2

L qCDI 23099704~25258692 3.46 3.28 8.0

cb qCD5 18397268~20398241 3.07 -1.90 6.2
qCD8a 2139540~2382490 2.83 1.84 5.7
qCD8b 2596373~3114815 3.05 1.89 6.1
¢CDI2 25529422~26120518 3.56 2.06 72

B SR gAC4a 6661532~10787873 3.18 0.99 52

AC qAC4b 14050316~17286310 3.18 0.98 53
gACS 18397268~20398241 3.76 -1.06 6.2 3.82 -1.05 6.2
gAC6a 603599~2775818 8.77 1.69 15.4 8.86 1.67 155
qAC6b 23991099~24878175 2.73 -0.88 4.4
gACY 20953059~21114157 2.92 -0.93 47 2.50 -0.81 4.1

IIAZON 7 IEAR 7R 1%L . Cypress kR R0 A EHRE AT, Fy S (E FR 1207 5 9311 JE I BT AR R 5 Py RL 8 X BE H A 22
FLF ] (MSU v7.0, https://rice.uga.edw/) ; T [F]

Positive additive effect indicates that the allele from Cypress increases the trait value, negative additive effect indicates that the allele from 9311
increases the trait value; Physical position refers to the rice Nipponbare reference genome (MSU v7.0, https://rice.uga.edu/) ; LOD: Logarithm of

the odds; Add: Additive effect; PVE: Phenotypic variation explained; The same as below
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Fig. 2 Distribution of QTL for chalky grain rate, chalkiness degree, and amylose content on the genetic linkage map
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Table 2 Genetic effects of gCR5/qACS in the BC,F, population
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Dom: Dominance effect
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