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Analysis of Additive and AE Interaction Effects of QTLs Controlling
Plant Height Heading Date and Panicle Number
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Abstract Plant height PH heading date HD and productive panicle number PN are important agronomic traits in rice.
Appropriate plant height heading date and panicle number are prerequisites for the desired high and stable yield level in rice
breeding programs. A recombinant inbred line RIL population consisting of 304 individuals was derived from a cross between in-
dica varieties Zhongl56 and Gumei2 from which a linkage map consisting of 168 RFLP SSLP RAPD and RGA markers that dis-
tribute on all the 12 rice chromosomes was constructed and covers 1447.9 ¢M of the rice genome.

The parents and 304 F, lines were grown in the paddy field in China National Rice Research Institute CNRRI Hangzhou
China in 2001. The experiments were carried out in two seasons followed a randomized complete block design. QTLMapper 1.01
was applied to detect QTLs and QTL x environment QE interaction for HD heading data PH plant height and PN pani-
cle number and conditional mapping for PH and PN was performed as well.

A total of 15 QTLs with significant additive effects were detected among which 4 QTLs had significant QF interaction. Ten
QTLs with additive x additive epistatic effects for PH HD and PN were detected among which none showed significant epistatisis
x environment interaction. These QTLs explained 12.12% 1.38% and 5.00% of the total phenotypic variance for PH HD and
PN respectively and contributions were generally lower due to the strong epistatic effects.

In conditional QTL analysis the numbers of QTLs showing significant additive and epistatic effects were 7 and 6 for PH and 3
and 3 for PN respectively. Among the QTLs having significant additive effects for PH qPH7-2 showed both additive effects and QE
interaction qPH7-1 and gPHI0 showed QF interaction only and the remaining 4 QTLs showed additive effects only. Each of the 3
QTLs having significant additive effects for PN did not display significant QF interaction. No epistatic JF interactions was detect-
ed. In addition conditional QTL analysis indicated that the expression of QTLs for PH and PN may vary depending on the QTLs for
HD.
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Table 1 Phenotypic behavior of Zhong156/Gumei2 RIL population

Parents RIL RIL population
156 2
Environment
Zhong156 Gumei2 Mean Max Min Stdev Skewness Kurtosis
Single season
PH 104.15 128.34 102.86 145.00 73.00 13.41 -0.36 -0.90
HD 76.00 83.00 73.73 91.00 63.00 6.35 0.22 -0.51
PN 15.00 10.00 12.24 22.00 6.25 2.70 0.67 0.33
Late season
PH 99.14 105.23 97.89 124.00 68.00 9.33 -0.22 0.98
HD 65.00 74.00 64.34 97.00 52.00 7.04 0.66 1.35
PN 14.10 9.25 10.73 21.00 4.50 2.76 0.74 0.69
2.2 QTL
7 5 3 QTL 2
6 2 2 3
QTL QTL 1
2 156/ 2 RIL 3 QTLs

Table 2 QTLs of additive and QF interaction for three traits in RIL population of Zhongl56 and Gumei2

2 LOD
Trait QTL Marker cM LOD score A A l I AEL
% AElL %

qPHI-4 RM212-PK34-1 4 2.69 -1.55"" 1.04

PH qPH2-4 RZ717-RG252 0 7.61 -1.50"" 1.28
qPH3 S2A-12-RM22 2 17.44 3.67° " 7.71
qPH4 RM273-RZ675 6 6.30 1.36" " 1.05
qPH7-1 RG678-PK12-2 0 86.90 6.21"" 22.04 1.67°" 3.18
qPH7-2 RZ626-RG650 2 11.12 -2.27"" 2.95
gPHIO RG241B-S2A1-4 0 86.90 -5.04"" 14.49
qHD3 S2A1-2-RM22 4 44.42 1.67" " 1.5

HD qHD7-1 RG678-PK12-2 0 44.42 4.41°" 10.48 2.00"" 4.32
qHD7-2 PKI2-2-RM214 0 64.26 5.17° " 14.36 2.24* " 5.42
qHD7-3 S2A3-6-RZ471 2 4.73 1.01" " 0.55
qHDI10 RG241B-S2A1-4 4 30.88 -3.23"" 5.63 -0.93"" 0.46
qPN2-1 RM110-RM233 14 4.04 -0.49"" 3.25

PN qPN2-3 RZ961-PK34-4 4 5.61 0.58" " 4.53
qPN7-2 PKI2-2-RM214 2 5.84 -0.37"" 1.88

* ¥ P<0.005 1 AE, 2 QTL LOD

1 AE; represented the effect of QTL x environment under single season AE, in late season is the reverse of AE; but value is the same 2 Genetic distance be-

tween the most likely positive of the putative QTL and the left-hand side marker.



10 QTL 903
3 Zhongl56/Gumei2 RIL 3 X
Table 3 Additive x additive epistatic effects for three traits in RIL populations of Zhongl56 and Gumei2
! ' LoD 2
. H? AA
Trait QTL Marker 1 cM QTL Marker 2 cM LOD score AA o
‘0
qPHI-1 S2A1-5-XN-5 2 qPH2-1 RG509-RG144 0 4.19 1.77° " 1.80
PH qPH2-2 RM27-RM29a 0 qPH4 RM273-RZ6754 [§ 6.30 —-1.42"" 1.15
qPH3 S2A1-2-RM22 2 qPHII-3 XN-6-PK34-8 8 17.44 1.63° " 1.52
qPH7-1 RG678-PK12-2 0 qPHIO RG241B-S2A1-4 4 86.90 2,73 4.27
qPH7-2 RZ626-RG650 2 qPH9 RM257-CG54 0 11.12 1.52" " 1.33
qPHS-2 RG978-G104 3 qPHII-5 PK34-2-RM21 0 5.55 -1.90"" 2.05
qHD3 S2A1-2-RM22 4 qHD7-1 RG678-PK12-2 0 44.42 1.30° " 0.91
HD qHD7-3 S2A3-6-R7Z471 2 qHDI11 RZ797A-PK34-2 4.73 0.93"" 0.47
qPNI PK34-3-RM1 0 qPN2-2 RGI20-AS13-1 44.42 0.44" " 2.60
PN qPN6-1 RM253-RZ588 4 qPN7-2 PK12-2-RM214 2 4.73 -0.42"" 2.40
* % P<0.005 1 QTL LOD 2 > >

1 Genetic distance between the most likely positive of the putative QTL and the left-hand side marker 2 direction of effect positive value parent type > recom-

binant type negative value recombinant type > parent type.
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Table 4 QTLs with additive and/or additive x environment effects for PH PN trait detected in RIL populations
of Zhongl56 and Gumei2 under conditional QTL mapping
2 LOD
) P A ! P AEL
Trait QTL Marker cM LOD score A
% AElL %
qPHI-2 RM283-RG532 8 4.35 -1.39"" 2.14
PH qPH2-3 AS13-1-Clrr-3 0 9.81 -2.07"" 4.80
qPH2-4 AS13-1-Clrr-3 4 9.32 211" 4.97
qPH5-1 RM169-AS13-4 0 9.81 .35 2.02
qPH7-1 RG678-PK12-2 0 8.31 1.387 " 4.27
qPH7-2 RZ264-RZ395 4 19.18 -2.62"" 7.66 1.33"" 3.92
qPHIO RG241B-S2A1-4 4 13.22 -1.06" 1.26
qPN2-3 RZ961-PK34-4 4 7.24 0.61"" 4.56
PN qPN7-1 RG678-PK12-2 0 7.23 -0.49" " 2.87
qPNIO RG241B-S2A1-4 4 6.26 0.64" " 4.96
* % P<0.005 1 AE,; 2 QTL LOD

1 AE, represented the effect of QTL x environment under singleseason AE, in late season is the reverse of AE; but value is the same 2 Genetic distance be-

tween the most likely positive of the putative QTL and the lefi-hand side marker.

5

Table 5 QTLs with epistasis and epistasis x environment interaction effects for PH PN trait detected in
RIL populations of Zhongl56 and Gumei2 under conditional QTL mapping

X

i

i

1

LOD

2

Trait QTLi Marker 1 cM QTLj Marker 2 cM LOD score AA I 0/1:A
qPHI-1 S2A1-5-XN-5 gPHI2 RM309-RG54 4 4.52 1.6777 3.11

PH gPHI-3 Xlrr-7-RM259 qPH7-1 RG678-PKI2-2 0 8.31 -1.35"" 2.04

qPH2-1 D3-RG509 10 qPHS5-2 RM39-RM164 0 5.89 -1.44"" 2.31

qPH7-1 RG678-PKI2-2 0 qPHIO RG241B-S2A1-4 4 4.00 1.94" " 4.20

qPHS-1 G104-RM210 0 gPH11-4 RZ797A-PK34-2 4 4.74 -1.30" " 1.90

gPHI1-1 DI0b-RZ525 20 qPHI1-6 S2A1-8-D2 4 4.73 -1.647 "7 2.98

qPN5-1 RM169-AS13-4 0 qPNI2-1 HI1-DI0a 2 4.51 -0.52"" 3.26

PN gPN6-2 RM111-RM253 2 gPN7-1 RG678-PKI2-2 0 7.23 0.54"" 3.48
gPN8 G104-RM210 gPN11 CGI8b-RGI103 8 4.32 0.57"" 3.96

* * P<0.005 1 QTL LOD 2 > >

1 Genetic distance between the most likely positive of the putative QTL and the left-hand side marker 2 direction of effect positive value parent type > recom-

binant type negative value recombinant type > parent type.
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