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Abstract: Heat tolerance is one of the most important traits in rice (Oryza sativa L.). A double haploid (DH) population derived
from a cross between a japonica male parent Azucena and indica female parent IR64 , was used for detecting additive effect (A) of
quantitative trait loci(QTLs) and their additive Xadditive epistasis(AA) under field and greenhouse experimental environments for rice
heat tolerance . The spikelet fertility SF of 109 DH lines was measured. QTL analysis was conducted based on the constructed
molecular linkage map and software QTL mapper 1.0. Six additive effect QTLs were detected on chromosomes 1 3 4 8 and 11
respectively, among which two additive effect QTLs for heat tolerance on rice chromosomes 1, 3 were coming from Azucena, which
enhancing 9.5% and 6.64% of SF, their variance explained was 19.15% and 2.86%. Four additive effect QTLs on other three rice
chromosomes were coming from IR64, which enhancing 4.33%~10.37% of SF. Eight pairs epistasis effects QTLs were detected on
chromosomes 1 2 3 4 5 7 8 and 11. Their variance explained was 2.27%~8.13%. Molecular marker-assisted selection for heat
tolerance in rice is also discussed.
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Table 1 Phenotypic behavior of spikelet fertility of IR64/Azucena population in 1999 and 2000 /%
Parents DH DH population
Environment IR64 Azucena Mean Max Min SD Skewness Kurtosis
Hangzhou in 1999 6.21 38.08 32.64 91.1 0.11 23.81 0.83 -0.17
Hangzhou in 2000 8.97 31.74 34.68 91.9 0.30 24.50 0.65 -0.51
2.2 QTL (8] QTL
175  RFLP QTL mapper 1.0 QTLs
12 20 QTLs 69 10 12
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Table 2 QTLs of additive effects for heat tolerance in IR64/Azucena DH population

/eM"  LOD 1%
QTL Marker interval ~ Distance LOD score Additive effect(A)  Contribution rate (H(A))
qhrl RG381-RZ19 23 10.18 -9.50 19.15
qhr3-1 RZ892-rg100 2 6.35 -6.46 2.86
ghr4-3 RG214-RG143 0 6.35 433 1.28
ghr8-1 RGI978-RG1G978 11 5.22 5.03 1.73
ghrl1-1 RZ400-RG118 13 6.96 8.49 4.94
ghrl1-2 RG118-Adh 1 10.65 10.37 22.81

1) QTL LOD

1) genetic distance between the most likely positive of the LOD score of the putative QTL and the left-hand side marker.

2.3 ghrl1-4 2 8.13%
DH 8 X 10.89%
3 2.27%~ 6 =1 I < 10
8.13% 1234572811 8 =0 1 1
7 ghr-1 11
3 IR64/Azucena DH X

Table 3 Additivexadditive epistasis effects for heat tolerance in IR64/Azucena DH population

/eMP /eM"  LOD 2 /%

QTL  Markerinterval Distance =~ QTL Marker interval ~ Distance LOD score Epistasis effects AA  Contribution rate  H(AA)

ghrlR  G381-RZ19 23 ghr11-3 Npb44-RG247 0 1147 -5.76 227
ghr2-1 CDO686 AmyAC 6 ghr4-2  RG190-RG908 9 545 -10.14 7.04
ghr2-2 RGY5-RG654 8 ghr7-2 RZ978-CDO38 2 5.89 10.09 6.98
ghr2-3 RGG654-RG256 5 ghrd-1 RG218-RZ262 0 451 653 2.92
ghr3-1  RZ892-rg100 1 ghr4-3 RG214-RG143 0 6.35 7.33 3.68
ghr3-3 RG179-CDO337 3 ghr5-1 Rgl3-CDO105 1 432 -6.77 3.14
ghr5-2  CDO105-RZ649 0 ghr8-2 Amp 2-CDO99 0 522 8.04 444
ghr7-1 RZ337B-CD0497 2 ghrl1-4 RG247-RG103 1 5.38 -10.89 8.13
DQTL  LOD 2) > ; >

1) genetic distance between the most likely positive of the LOD score of the putative QTL and the left-hand side marker;2) direction of effect positive

value expresses parent type> recombinant type ;negative value expresses recombinant type>parent type.
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