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Abstract: Grain traits have a direct impact on the yield and quality of rice. Therefore, understanding the
genetic mechanism underlying these traits is crucial for improving rice yield and quality. In this study, Ludao and
Guangbaixiangzhan (GBXZ) , which exhibit significant differences in grain traits, were used as parent plants to
create a segregating population. Using the 1 K mGPS rice SNP chip, the targeted population was genotyped and
a high-density genetic map containing 770 Bin markers was constructed. Through QTL mapping analysis, a total
of 17 QTLs related grain traits were detected, including 4 QTLs for grain length, 3 QTLs for grain width, 3
QTLs for grain thickness, 2 QTLs for length-to-width ratio of grain, and 5 QTLs for 1000-grain weight. The
phenotypic variation explained by these QTLs ranged from 4.73% to 29.63% with the LOD values ranging from
2.55 to 42.44. Of these 17 QTLs, 9 QTLs were known loci related to grain size, and 8 QTLs might be newly
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identified. Among the 8 new QTLs, ¢GL6 was related to grain length, gGW5, gGW10 and gGW12 were related
to grain width, ¢GT10 was related to grain thickness, gGLWRS5-2 was related to length-to-width ratio of grain,

qTGWI10 and qTGWII were related to 1000-grain weight. Based on the gene annotation, Arabidopsis

homologous gene comparison, spatiotemporal expression analysis, hormone response analysis, and sequence

analysis of the candidate genes in the definite gGW5 region, a candidate gene Os05¢0195101 encoding a CCCH-

like zinc-finger protein for regulating rice grain width was finally screened. This study lays the foundation for

further cloning of rice grain trait genes and analyzing the genetic regulation of grain traits.

Key words: grain traits; 1000-grain weight; QTL ; high density genetic map
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Table 1 Descriptive statistical analysis of grain traits in parents and their offspring

PEAR Gy JNEEC

HEIK Population

; - AR E A B ZE K G
Traits Ludao GBXZ ﬁ{ﬁi*ﬂ_\‘(ﬁi prm R#/z%\ﬁ mJ—E ﬁg
Mean+SD Range (%) CV Kurtosis Skewness
AL (mm) GL 8.00% 8.75 7.86+0.37 7.16~8.89 4.75 -0.06 0.44
Fi5E (mm) GW 3.28%* 2.17 3.14+0.19 2.39~3.55 5.99 2.09 -0.70
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®1(%)
_ FEA Population
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A Y iy paiy % EE9
Traits Ludao GBXZ PEhRifE2E gl A2 5 RN U RE P BE

Mean+SD Range (%) cv Kurtosis Skewness
kiJE(mm) GT 2.03* 1.87 2.06+0.10 1.83~2.34 4.75 -0.02 -0.11
K- %% b GLWR 2.44%* 4.02 2.51+0.21 2.13~3.69 8.55 8.38 1.80
THRiHE (g) TGW 26.35%* 20.33 23.34+3.61 15.55~29.83 15.48 -1.05 -0.30

*FORIE0.05 /K22 573 B35 FRRTE 0.0 KPS B TR
*: Significant differences at P<0.05; **: Significant differences at P<0.01; The same as below; GL: Grain length; GW: Grain width; GT: Grain
thickness; GLWR: Length-to-width ratio of grain; TGW: 1000-grain-weight; GBXZ : Guangbaixiangzhan
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Fig.1 Histogram distribution and correlation analysis of grain traits in the F, population derived
from Ludao and Guangbaixiangzhan
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Fig.3 Distribution of QTLs on rice chromosomes

3 QTLsTEXBLEBME EMASH

x2 R/ BEGFEEE HKEFRIEXER QTLs
Table 2 QTLs for grain size-related traits detected in F, population from Ludao/GBXZ
PR Belbfs Rl R mmlE p) Lo WA
Traits Trait locus Chr. Marker interval Physical position LOD score PVE effect
ik GL qGL1 1 M1-247~M1-249 38071600~38384186 4.81 10.26 0.07
qGL2-1 2 M2-49~M2-53 9390988~9522378 3.20 10.36 -0.04
qGL2-2 2 M2-246~M2-247 33882074~33882090 2.55 4.73 0.06
qGL6 6 M6-27~M6-29 6752887~7468174 7.05 18.86 -0.22
HFLTE GW qGW5 5 M5-48~M5-51 5622115~5864159 8.06 23.88 0.12
qGW10 10 M10-92~M10-94 13528116~13697787 4.74 12.35 0.10
qGW12 12 M12-17~M12-22 2967494~4033357 4.19 11.51 0.08
RS GT qGT4 4 M4-145~M4-147 31579302~34369506 3.05 10.30 -0.04
qGT5 M5-51~M5-55 5864159~6882067 2.60 15.27 0.01
qGT10 10 M10-120~M10-121 17073329~17676114 2.82 10.80 -0.004

K5 GLWR qGLWRS5-1 5 M5-44~M5-47 5376335~5622064 38.30 12.38 0.54
qGLWRS-2 5 M5-48~M5-51 5622115~5864159 42.44 17.94 -0.64
ThiHE TGW qTGW2 2 M2-237~M2-244 33108703~33780161 3.48 10.26 0.69
qTGW4 4 M4-147~-M4-151 34369506~35126298 13.59 29.63 -2.52
qTGWS5 5 M5-36~M5-38 3340447~3439916 4.28 7.28 1.28
qTGW10 10 M10-116~M10-117 16082917~16082999 3.53 7.62 0.75
qTGW11 11 M11-195~M11-196 27781543~27993044 4.04 6.83 1.20

PVE : Phenotypic variation explained
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0s505g0191500
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