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Analysis of Plant Height Heterosis Based on QTL Mapping in Wheat
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Abstract: Plant height (PH) is an important indicator for plant type, population size, biomass, and resistance to lodging. Besides,
it is also associated with grain yield in cereal crops. Thus, it is a constant focus in genetics and heterosis of wheat (Triticum aesti-
vum L.). This study aimed at studying the molecular genetic basis of plant height heterosis in wheat. From a set of doubled haploid
(DH) lines derived from Huapei 3 x Yumai 57, an “immortalized F,” population was constructed with 168 single crosses. The DH
lines, IF, population, and the parents were evaluated for plant height in three environments, i.e., in Tai’an, Shandong Province in
2007 and 2008 cropping seasons and in Jiyuan, Henan Province in 2008 cropping season. Based on the genetic map of quantita-
tive trait locus (QTL) constructed in our previous study, we analyzed the heterosis of PH of wheat using the composite interval
mapping method. A total of three additive QTLs, two dominance QTLs, four pairs of epistatic QTLs (including additive x additive,
additive x dominance, dominance x additive, dominance x dominance), and 20 heterotic loci were detected for PH in the three
environments. Two QTLs, QPh2D and QPh4D, were detected on chromosomes 2D and 4D with minor interaction of additive by
environment. In addition, several other heterotic loci for PH were also identified on chromosome 2D in very close regions with
similar marker intervals. Of them, QTLs QPh2D-2 and QPh2D-7 explained the variance of PH by 29.77% and 55.77%, respec-
tively. Another QTL associated with PH heterosis, QPh7D-2, was mapped in the marker interval between Xwmc273.2 and
Xcfd175 on chromosome 7D in the three environments. The results indicated that a few QTLs on chromosomes 2D, 4D, and 7D
play an important role in PH heterosis in wheat. These loci have potential use for the improvement of PH in wheat breeding as-
sisted with molecular markers.
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Table1  Plant height of parents, DH lines, and IF, population in three environments

Parent Fi DH  DH lines IF, IF, population HV
i P1 P2
Environ.
Mean Mean Range Mean Range
cm cm
(cm)  (cm) (cm) HV (cm) (cm) (cm) (cm) Skew  Kurt Mean Range

El 68.20 7130 83.45 13.70  67.15 33.70-102.20 71.62 39.20-98.10 -0.19 -0.54 2.06 -28.25t0 27.10
E2 66.87 70.77  81.84 13.02 6559 38.80-92.63 70.66 40.47-92.37 -0.34 -0.18 4.27 -22.38t032.73
E3 77.90 80.63  90.37 11.11 7461 39.86-120.43 83.45 45.23-111.47 -0.24 -0.01 5.77 -30.27 to 37.82

P1: 3 ;P2 57 E1:2007 ; E2: 2008 ; E3: 2008
P1: Huapei 3; P2: Yumai 57. HV: heterosis value. E1: Tai’an site in 2007; E2: Tai’an site in 2008; E3: Jiyuan site in 2008.
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Fig. 1 Distribution of plant height of IF, population in three environments
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Table 2 Position, effect, and contribution of PH-QTL in IF, population
Additive AE Dominance DE
QTL Marker interval Position (cM) A H2 (%) AE; AE, H?(%) D H? (%) DE, H? (%) d
QPh2D  Xbarc349.1-Xcfd161 95.8 7.01 2.64 -1.61 0.31 9.35 372 -4.43 1.06 ob
QPh4D  XbarcC334-Xwmc331 3.0 4.85 4.01 153 -2.27 0.99 2.82 0.30 PD
QPh5B2 Xgdm116—Xbarc232 23.0 —2.44 4.19
(A) 3 (D) ) H? ; AE
, 3 ; DE , 1 3 ; 1 2007 ,
2 2008 , 3 2008 : PD (D/A<1.00), OD (D/IA>1.00)

A positive value of additive effect A denotes an allele from Huapei 3 for increasing plant height; A positive value of dominant effect D
denotes the heterozygote higher than the homozygote; H? is the percentage of contribution to phenotypic variation; AE is the interaction be-
tween an additive locus and environment, which is not observed in environment 3; DE is the interaction between a dominant locus and envi-
ronment, which is not observed in environments 1 and 3; E1, E2, and E3 represent the environments of Tai’an site in 2007, Tai’an site in 2008,
and Jiyuan site in 2008, respectively. In genotypic effect (d), partial dominance (D/A < 1.00) and overdominance (D/A > 1.00) are abbreviated
with PD and OD, respectively.

F 3 IR BHARE LA R R E
Table 3 Estimated epistasis and contributions of PH-QTL in IF, population

AA AD DA DD
QTL . Position QTL . Position
Marker interval (cM) Marker interval (cM) AA H? (%) AD H?(%) DA H*(%) DD H? (%)
QPh1B Xcfe026.2-Xbarc061 69.8 QPh5ALl Xcfe223-Xwmc273.3  97.0 2.20 0.04 8.95 257 -139 359
QPh2A Xwmc382.1-Xbarc380 0.0 QPh4B Xwmc657-Xwmc48 16.7 096 0.04 -7.49 5.92 -2.74 0.10
QPh4A Xwmc313-Xwmc497 31.5 QPh6B Xbarcl129-Xcfa2257  40.9 -8.27 0.03 -893 184 -655 048
QPh4A Xwmc313-Xwmc497 31.5 QPh6B Xwmc415-Glub 53.2 103 096 391 067 -7.07 020 -174 143
, , H? ; (AA)
(AD) (DA) (DD)

A positive or negative value of epistasis denotes the parental types higher than the recombinants or the recombinants higher than the
parental types, respectively; H? is the percentage of contribution to phenotypic variation; Epistasis includes interactions of additive by addi-
tive (AA), additive by dominance (AD), dominance by additive (DA), and dominance by dominance (DD).
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Table 4 Interval, dominant effects and contributions of HL for plant height in IF,
Environ. HL Marker interval LOD D H? (%) Marker interval LOD D H? (%)
El QPh1A-1 Xgwm498-Xcwem6.2 414 -3.79 441  QPh2D-3 Xcfd161-Xcfd50 12.56 5.01 7.74
QPh1B  Xwmc766-Xswes650 1443 581 10.79  QPh3A  Xwmc489.3-Xwmc527  21.18 5.66 9.74
QPh2D-1 Xwmc18-Xgwm539 593 -4.47 6.31 QPh6D-1 Xcfa2129-Xbarc080 9.57 -3.81 5.71
QPh2D-2 Xwmc41l-Xbarc349.1 5.29 9.61 29.77
E2 QPh2B  Xwmc770-Xwmcl179 3.53 4.43 3.73  QPh7D-1 Xbarc244-Xgwm295 4.17 4.39 3.59
QPh2D-4 Xbarc129.2-Xgwm311.1 9.04 -4.97 475  QPh7D-2 Xwmc273.2-Xcfd175 6.20 -4.87 4.70
QPh5A1  Xgwm186-Xwmc273.3  9.36 3.89 3.14
E3 QPh1A-2 Xbarc269-Xwmcl163 6.99 10.51 9.42  QPh2D-7 Xgwm31l.1-Xwmcl70.1 9.61 -25.30 55.77
QPh1A-1 Xgwm498-Xcwem6.2 573 -6.62 3.72  QPh6A  Xbarc023-Xbarc1165 3.77 -5.53 2.62
QPh2D-5 Xcfd50-Xwmc658.1 3.22 7.58 5.05 QPh6D-2 Xgwm133.2-Xgwm681 3.54 6.91 3.77
QPh2D-6 Xgwm311.1-Xwmc658.1 7.38 13.47 1548  QPh7D-2 Xwmc273.2-Xcfd175 6.89 10.59 9.81
E1: 2007 ; E2: 2008 ; E3: 2008 ; HL:

E1l: Tai’an site in 2007; E2: Tai’an site in 2008; E3: Jiyuan site
phenotypic variation; R: dominance effect.

in 2008; HL: heterotic locus. H?: percentage of contribution to

IF, 6.31%~55.77%, , , ,
QPh2D-2 QPph2D-3 QPh2D-5 QPh2D-6
HL, 9.61 5.01 7.58 ,
13.47 cm; QPh2D-1 QPh2D-4 QPh2D-7 , 1R, DH RIL
HL, 447 4.97 )
25.30 cm 2 3 F, , IF,
7D Xwmc273.2  Xcfd175 HL,
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470%  4.87%; IF,
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