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Mapping QTLs and Epistasis for Seedling Vigor in Rice (Oryza sativa L. )
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Abstract A double haploid (DH) population derived from across between a japonica male parent Azucena
and indica female parents IR64, was used for detecting QTLs with additive effects and their epistasis for
seedling vigor related traits of rice. Under low temperature and moderate temperature germination condi-
tion, the length of mesocotyl, celeoptile, shoots and roots of 109 DH lines were measured. QTLs analysis
was conducted by the software QTL mapper. Four QTLs with additive effects and two pairs of QTLs with
epistatic effects controlled mesocotyl length. There are nine QTLs with additive effects and five pairs of
QTLs with epistatic for celeoptile length, six QTLs with additive effects and six pairs of QTLs with
epistatic for root length, five QTLs with additive effects and four pairs of QTLs with epistatic effects for
shoot length, respectively. Some additive X environment and epistasis X environment interaction effects of

QTLs for seedling vigor related traits are also detected.
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QTLs Azucena , 0.10 cm,
Table 1 Positions of QTLs for seedling vigor related traits 0. 93 % , 4. 12
1 TL
Trait cl Marker Distance Q
QL interval (eM)! s 0.63% 0.55%.
1 gMLI-1  RZ276-RG146 3
Mesocotyl length 1 qML1-2 RZ19-RG690 5 °
3 qML3 RZ403-RG179 0 2 6
6 qML6 Amp—3-Est—2 0 TI
s 2. 4.5, 8,10, 12
7 gML7-1  RG511-RG477 2 Q ’ Yoy Uy Py A
7 gML7-2  CDO38-RG351 9 , qgRL8 gqRL10 s Azucena
8  qML8 AI18A1120-TGMSL. 2 11
: : QTL . 2,4, 5,12
12 gML12Z  RGY58-RG181 5
1 qCL1 RG246-K5 4 QTLs . IR64
Coleoptile length 2 qCL2 RZ213-RZ123 0
P g 1 QTL s s 2
3 qCL3-1  RG100-RG191 0
3 qCL3-2  RZ284-RZ394 6 QTL R
3 qCL3-3  RZ337A-RZ448 6
L QTL . 3.4, 8,12
3 qCL3-4  RZ448-RZ519 2
4 qCL4-1  RGT788-RZ565 0 5 QTLs
1 ¢CL4-2  RG214-RG143 0 9 QTLs QE
6 qCL6  GG213-Amp_3 8 o7
7 qCL7 RG773-RG769 0 s
8 qCL8 RGI78-RG1 0
10 qCL10-1  CDO93-CDO98 2 °
10 qCL10-2  CDO98-G2155 0 2.3
12 qCL12-1  RZ816-RG341 2
K 7 DH 2
12 qCL2-2 Sdh-1-RG463 0
2 gRL2-1 CDO686-AmylAC 0 X « 3,
Root length 2 qRL2-2  RG256-AZ213 1
€ ! 7 2.27% 21.62%, 3. 7,12 3
3 qRL3-1 RG100-RG191 0
3 gRL3-2  RZ403-RG179 0 s qM13 gML7-1
4 qRL4-1  RG218-RZ262 0 21.62%
1 qRL4-2  RZ262-RG190 6 ) 0
4 gRL4-3  RG143-RG620 4 s X s 2
5 RL5-1 RG229-RG13 6
v A ” QTL gML3, gML7-1
5  qRL5-2 RZ67-RZ70 0
8 qRLS AI18A1120-TGMSI. 2 8 , 1 2
10 RL10 RG134-RZ500 0
K ? QTL o 2
11 gRLI1  RZ536-Npb186 2
12 gRL12-1 RG57-RZ816 8 X ,
12 qRL12-2  RZ816-RG34 16 4.94%  9.18¢
2 qSL2 pal-RZ58 4 L9426, 9.18%
Shoot length 3 qSL3-1 RZ678-RZ574 3 °
3 ¢SL3-2 RZ284-RZ394 13
! 5 X
4 qSL4 RZ262-RG190 0
6 qSL6 AmP_ 3-Est_ 2 0 QTLs 3 ,
7 qSL7 RG773-RG769 0
' « X . 5
8§  oSL81 AGS_ Aro-RZ6117 0
8§  ¢SL82  RGI-Amy3DE 1 QTLs . 2
11 oSLI1  RGI1109-RZ536 0 1
12 qSL12-1  Amp_3-Est_2 4 ’
12 gSL12-2 RG457-Sdh-1 1 s 4
1 QTL LOD R
1 Genetic distance between the most likely position of the puta- s 10. 98% y
tive QTL and the left-hand side marker
o
9 QTLs, 4 X QTLs .
2. 3.4, 10, 12 s qCL 3- 2 s 2
3 IR 64 . )
0. 45 cm, 17.29%, qCL3-1 ,
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Table 2 Additive and additive X environment interaction effects of QTLs for seedling vigor related traits
LOD
Trait QTL LOD score A H2(A) Y% AE] H2(AE) %
gML1-1 4.19 0.10* ** 3.45
Mesocotyl length gqML3 3.67 0.21*** 11.32 0. 08" 0. 41
gqML7-1 3.67 —0.26" " 17.55
qML8 4. 87 0.10* ** 4.59 0.07* 0.02
qCL2 3.91 0. 09" 0. 74
Coleoptile length qCL3-1 5.77 —0.10"" 0.93
qCL3-2 3.91 —0.08" 0. 01
qCL3-3 3.34 0.45* ** 17.29
qCL3-4 4. 06 0.07" 0. 01
qCL4-1 4. 77 0.14** 1.61 —0.09" 0.63
qCL4-2 7.10 0.13** 1. 49
qCL10-2 6.19 —0.10* 0.01
qCL12-2 5.77 0.18** 2.27 —0.08" 0.55
qRL2-2 3.21 0.52* 0.5
Root length qRL4-1 3. 14 0.35* 0.22
qRL4-2 2.79 0.53** 0.51
qRL5-1 4.53 0.36" 0. 20
qRLS8 5.16 —0.75" " 1.02 0.24~ 0. 05
qRL10 5.16 —0.45" 0. 41
gRL12-1 5.06 —0.39" 0.28
qSL3-2 3.85 —0.24" 0. 60
Shoot length qSL4 4.57 —0.27** 0. 40
qSL8-2 3.85 —0.19* 1. 15
qSL12-1 4.57 0.51" " 1.34 —0.28" 0. 44
qSL3-2 3.48 0.38** 1. 14 —0.26" 0. 29
1) AE, s s o
RN E P<C0.05, P<C0.005, P<C0. 001,

1) AE; represented the effect of QTL X environment under moderate temperature, AE, in low temperature is the reverse of AE;.

%, % % and % % % represent the siginificance level P<C0. 05, P<C0. 005, P<C0. 05, P<C0. 001, respectively.
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Table 3 Epistasis and epistasis X environment interaction effects of QTLs for seedling vigor related traits
i j LOD 2 !
Trait QTLi QTLj LOD score AA? H2(AA % AAE! H2(AAE D%
qML3 gqML7-1 3.67 —0.29* %~ 21.62 —0.10** 4.49
Mesocotyl length qML7-2 qML12 4. 27 —0.10** 2.27
gML1-2 qML6 3.93 —0.14" "~ 9.18
qCL2 qCL3-2 3.91 —0.09* 0.10
Coleoptile length qCL3-4 qCL8 4. 06 0.18* * 2.75
qCL4-2 qCL12-2 7.10 0.15*** 1.88 —0.09" 0.10
qCL6 qCL7 3.74 0.28*** 6.53 —0.24% %~ 10.13
qCL10-2 qCL12-1 6.19 0.33* "~ 9.45 —0.25* %~ 10. 98
qRL2-1 qRL2-2 3.21 —0.86" " 1.33
Root length qRL3-2 qRL12 5.06 —0.80** 1. 15
qRL4-2 gRL11 2.79 —0.97* "~ 1.71
qRL4-3 qRL12-2 3.67 1. 06 2.05
qRL5-1 qRL5-2 4.53 0.76" " 1. 05
qRLS8 qRL10 5.16 1.66% "~ 5.03
qSL2 qSL6 5. 66 0.56* "~ 1.77
Shoot length qSL3-1 qSL7 4.34 —0.41"*~ 0. 95 —0.33" 0.48
qSL-2 qSL8-2 3.85 —0.52" " 1.49 0. 366" 0.59
qSL8-1 gqSL11 5.82 0.49* "~ 1.31
1) AAE, s s B
2) : s > : s > o
RN E, P<C0. 05, P<<0.005, P<C0. 001,

1) AAE, represented the effect of QTL Xenvironment under moderate temperature, AAE; in low temperature is the reverse of AAE;.

2) direction of effect: positive value, parent type>recombinant type: negativevalue, recombinant type>> parent type.

%, % x and * % x represent thesiginificance level P<C0. 05, P<C0. 005, P<C0. 05, P<C0. 001, respectively.
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