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Abstract A linkage map consisting of 131 markers was constructed by using a recombinant inbred line (RIL)
population derived from the indica-indica rice cross Minghui86xJiafuzhan. Quantitative trait loci (QTLs) was lo-
cated with a mixed linear model (QTLmapperl.6) based on the grain shape parameters such as grain length (GL),
grain width (GW) and length-width ratio (L/W), and made analysis of additive effects, epistatic, and the interaction
effects of QTL-by-environment (QE). Six, four and four QTLs were detected to have significant additive effects for
GL, GW and L/W, and the contribution rate were 23.67% .21.41% and 25.78%, respectively. Eight, five and two
pairs of epistatic QTLs with significant additive-by-additive (AA) interaction effects were identified for three traits,
and the contribution rate were 16.75% .22.36% and 7.55%, respectively. Significant QE interactions were found
for nine additive QTLs and seven pairs of epistatic QTLs. The results indicated that the epistatic effects played an
important role on the inheritance of grain shape, and the environmental factor had certain effects on the three traits.
Keywords Rice (Oryza sativa L.), Quantitative trait loci (QTLs), Epistatic effects, QTL-by-environment interac-
tion effects
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Table 1 The phenotype for grain characteristics of the MJ-RIL and parents in different environments
Season Traits Female parent Male parent Max. Min. Mean Kurtosis Skewness
2006 GL (mm) 7.16 8.07 8.46 5.81 7.51 1.915 -0.579
Late in 2006 year GW (mm) 247 2.08 2.70 1.99 2.26 1.028 0.321
L/W 2.90 3.89 3.92 2.28 3.33 3.787 -0.794
2007 GL (mm) 7.01 8.01 8.17 5.90 7.36 2.030 -0.641
Early in 2007 year ~ GW (mm)  2.58 2.06 2.60 2.07 2.33 -0.080 -0.139
L/'wW 2.72 3.89 3.69 2.27 3.16 2.593 -0.733
1 GL: ; GW: ; L/IW: ;

Note: GL: Grain length; GW: Grain width; L/W: Length-width ratio; The same as below
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Figure 1 Distributions of grain characteristics in MJ-RIL in different environments

2 MJ-RIL QTL QE
Table 2 Additive QTLs and QE interaction for grain characteristics based on MJ-RIL

QTL LOD (%) QE QE (%)
Trait Marker interval A? H? (A) (%) AE? H? (AE) (%)
GL qGL-1-1 RM1-RM84 7.00 -0.0853 4.81 -0.033 1.46
qGL-2-1 RM250-RM318 5.14 -0.073 6 3.65 0.029 1.12
qGL-3-1 RM282-RM563 10.65 -0.099 2 6.53
qGL-8 RM1376-RM407 3.01 -0.058 7 2.32
qGL-9-1 RM242-RM278 5.69 -0.0733 3.55 -0.009 0.11
qGL-12 RM270-RM235 3.39 0.065 4 2.81 -0.021 0.54
GW qGW=-2-1 RM211-RM423 5.46 0.023 5 4.53 0.007 0.80
qGW=-2-2 RM521-RM324 7.35 0.024 8 5.36 -0.006 0.52
qGW-2-3 RM318-RM526 1091 -0.032 6 9.33
qGW-5-1 RM507-RM122 3.38 0.016 2 2.19 0.009 1.53
L/'W qL/W-1-1 RM81-RM449 7.36 -0.0719 9.76
qL/W-1-2 RMI1-RM&4 8.27 -0.060 0 6.78 -0.005 0.10
qL/W-2 RM154-RM110 6.28 -0.047 6 4.34 -0.002 0.01
gL/W -8 RM1376-RM407 6.29 -0.051'5 4.90
CA: ;a: R 86 S
;b AE 2006 ,2007

b

s

Note: A: Additive effects; a: Positive A values implies that the parent Minghui86 takes positive effect value for the additive effect,
while the parent Jiafuzhan takes the negative effect, and vice versa; b: AE represented the effects of QE in 2006, equal to he effects of
QE in 2007, but in reverse direction
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Figure 2 QTLs of grain characteristics based on MJ-RIL and the linkage groups they located
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Table 3 Epistatic QTLs of AA interaction and QE interaction for grain characteristics based on MJ-RIL
QTL i QTL j LOD H? (AA) (%) AAE" H?(AAE) (%)
Trait Marker interval i Marker interval j AA®
GL  ¢GL-1-2 RMS5I13-RMS8L  ¢GL-5-1 RM267-RM507 3.91 0.068 7 3.09 0.023 0.76
qCL-1-3  RM449-RM595  4GL-4 RMI85-RM307 396 0.0574 2.11 -0.029 1.04
qGL-2-2  RM423-RM71  4GL-6-1 RM3587-RM510  3.66  0.060 7 2.42 0.026 0.86
gGL-2-3 ~ RM207-RM266 ¢GL-3-1% RM282-RM563 17.14 0.0399 1.04 0.015 0.27
¢qGL-3-2  RMS570-RMS85  4GL-10 RM496-RM590 947  0.080 4 4.16 -0.028 0.96
qGL-5-2  RM31-RM480  4GL-12% RM270-RM235 458 0.0495 1.63 -0.008 0.07
qGL-6-2  RM253-RM276 4GL-7 RM248-RM234  6.00 0.0440 1.26
qGL-9-1% RM242-RM278  (GL-9-2 RM201-RM553  6.12 0.0405 1.04
GW  ¢GW-1I RM237-RM246  4GW-3 RM569-RM22 460 -0.0181 2.73
qGW-2-4 RMT71-RM521 gGW-2-3%¥ RM318-RM526 2224 0.0222 4.08
gGW-2-4 RM7I-RM521  4GW-2-5 RM475-RM240 10.82 0.0177 2.73
qGW-3-1 RM218-RM569 ¢GW-3-2 RMS514-RM148 415 -0.0153 1.90
qGW-5-2  RM480-RM274  4GW-7 RM18-RM346 6.23 -0.0356 10.92 -0.007 1.10
LW qL/W-3 RM565-RM227  4I/W-10 RM228-RM496 898 0.0512 4.95
qL/W-6 RM253-RM276  4L/W-7 RM214-RM500 477 0.0374 2.60
ra: s 2 R N ; b:
QTL 2006 ,2007 , ;% QTL

Note: a: A positive AA value implies that the two-locus genotypes from the same parent Minghui86 or Jiafuzhan take the positive ef-
fects, while the two-locus genotypes of recombination from the parent Minghui86 and Jiafuzhan take the negative effects, the case of
negative AA values is just the opposite; b: The AAE is the predicted interaction effects between the epistasis (between QTLs i and j)
and environment in 2006, equal to that in 2007, but in reverse direction; *: The QTLs exhibit independently additive effects
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