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Abstract: [Objective] Grain weight and grain shape are important factors influencing grain yield and quality in rice.
There are quantitative traits controlled by a large number of quantitative trait loci (QTL) that vary greatly in effect, but
not much attention has been paid to minor QTL. This study was conducted to detect minor QTL for grain weight and
shape in the absence of major-QTL segregation. [Method] Following results of a previous QTL mapping study, a
residual heterozygous plant was identified from the original population. The new population derived was homozygous in
regions where major QTL for grain weight and shape were detected in the previous study, but segregated in 13 segments
of other genomic regions. The population was planted in Hangzhou, Zhejiang and Lingshui, Hainan. Thousand-grain
weight, grain length and grain width were tested and used for QTL analysis using Windows QTL Cartographer 2.5.
[Result] Atotal of 22 QTL were detected, distributing on 12 intervals of 10 chromosomes. Ten of them were significant
in both locations, and the other two were detected in Hangzhou only. One plant that was only heterozygous in four of the
12 QTL regions was identified, from which one new population was constructed and tested. The QTL effects of the four
regions were well validated. [Conclusion] Our results indicate that the power of detecting minor QTL could be
efficiently increased by eliminating the influence of major-QTL segregation. It is also suggested that minor QTL could
have a stable effect though it is believed that they are generally subjected to large influence of the genetic background and
environmental conditions. Our results also lay a foundation for fine mapping, cloning and marker-assisted selection of
minor QTL for grain weight and grain shape in rice.
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Table 1. Phenotypic performance of 1000-grain weight(TGW), grain length(GL) and grain width(GW) in Ti52-2 population.

SEZS Parent

PR Hefk S RS CPHE EE BRRH BRUH (s ;3
Trait Population Location No.oflines Mean  SD cv Range  Skewness Kurtosis Tti%:g IRBB52
THE Ti52-2 7K Lingshui 251 24.98 0.51 0.020 23.77-26.32 -0.03 -021 25.53 24.87
TGW /g Ti52-2 UM Hangzhou 251 21.83 0.42 0.019 20.78-23.00 025 -0.46 23.55 23.14
ZC8 FuMl Hangzhou 179 22.18 0.27 0.012 21.46-22.93 0.29 0.09 22.95 23.52
PR Ti52-2 F%7K Lingshui 251 8.009 0.104 0.013 7.742-8.382 021 021 7.541 9.026
GL/mm Ti52-2 UMl Hangzhou 251 7.821 0.094 0.012 7.567-8.053 0.14 -0.29 7.417 8.911
ZC8 i Hangzhou 179 8.137  0.053 0.007 8.016-8.342 0.22 0.36 7.650 9.122
bA A Ti52-2 7K Lingshui 251 2.890 0.039 0.013 2.777-2.997 -0.11 0.00 3.216 2.720
GW/mm Ti52-2 UM Hangzhou 251 2579 0.028 0.011 2.491-2.652 0.05 —0.09 2.891 2.395
ZC8 UM Hangzhou 179 2.688 0.016 0.006 2.646-2.728 020 -0.34 2917 2510
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Table 2. QTL for 1000-grain weight, grain length and grain width detected in the Ti52-2 population.
/ASEEREN X [f] HiM Hangzhou %7K Lingshui
Cchr Interval ot LOD A D R%/% LOD A D R%/%
1 RM12210 qGL1 5.69 0.029 -0.004 451 455 0.033 0.004 476
3 RM14302-RM14383 qGL3.1 4.90 0.025 0.003 352 8.12 0.044 0.013 9.22
qGW3 ns 5.29 -0.015 0.001 6.93
RM232 qGL3.2 5.21 0.029 -0.004 3.79 ns
4 RM16252-RM335 qTGW4 6.65 -0.15 0.09 6.66 5.03 -0.20 -0.03 7.14
qGW4 9.78 -0.014 0.003 11.50 6.79 -0.017 0.001 9.02
5 RM18927-RM3321 qTGW5 2238 0.34 -0.04 27.44 ns
qGL5 38.86 0.092 -0.022  40.16 6.84 0.044 0.004 7.72
6 RM469—-RM587 qTGW6.1 ns 291 0.13 0.11 3.98
qGL6 13.27 0.047 0.001 11.20 10.50 0.055 0.001 11.93
qGWe6.1 12.63 -0.016 0.006 14.78 ns
6 RM20731 qTGW6.2 464 -0.14 0.04 4.62 ns
qGW6.2 5.65 -0.011 0.002 6.31 5.78 -0.015 -0.006 7.31
8 RM22755-RM210 qTGW8 3.84 0.12 0.02 3.55 4.49 0.17 -0.09 6.29
qGL8 5.45 0.028 0.005 4.09 5.15 0.027 -0.030 5.70
9 RM5688-RM219 qTGW9 12.30 0.23 0.05 14.23 ns
qGW9 10.54 0.014 0.004  13.16 ns
10  RM6704-RM6100 qTGW10 6.54 0.16 -0.05 6.44 ns
qGL10 9.17 0.037 -0.001 7.47 6.43 0.030 0.029 6.24
11 RMI1233-RM5926 qTGW11 ns 4.08 -0.17 0.09 6.13
qGW11 4.4 -0.008 —0.005 479 7.46 -0.020 0.003 10.09
12 RM3246-Pita qGL12 3.33 -0.021 -0.002 2.31 10.36 -0.051 -0.010 11.67

AP, $E—A IRBB52 Sk R HURRF 5 S (5 R TP AL (K AL 00 D- BT RO-TTiik3e, RAEN. QTL Ffd R ifihsk

R EMHE]: ns— AR R 3HMGES 5RMEM.

A, Additive effect measured as the genetic effect when the Teqing allele is replaced with the IRBB52 allele; D, Dominance effect; R?, Proportion
of phenotypic variation explained by the QTL effect. ns, Not significant. Abbreviations are the same as in Table 3.
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Fig. 1. Chromosomal regions of QTL for the 1000-grain weight (TGW), grain length (GL) and grain width (GW) detected in

the Ti52-2 population.
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Table 3. QTL for 1000-grain weight, grain length and grain width detected in the ZC8 population.

Yetifi Chr X[d] Interval QTL LOD A D R%/%
6 RM20731 qTGW6.2 2.52 -0.08 0.01 5.08
qGW6.2 431 —0.006 -0.000 8.03

8 RM22755-RM210 qTGW8 6.52 0.16 -0.01 16.32
qGL8 5.71 0.026 -0.013 11.92

10 RM1108-RM7300 qGL10 4.70 0.024 0.000 9.27

12 RM3246-Pita qTGW12 2.75 0.08 0.05 5.49
qGL12 3.58 -0.019 0.008 6.79

qGW12 3.70 0.006 0.001 6.85
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