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QTL Mapping for Grain Yield and Spike Related Traits in Common Wheat
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Abstract: Grain yield and spike related traits are complex traits in wheat (Triticum aestivum L.). They are often influenced by
environmental factors and show a high genotype-environment interaction. Thus, determination of the number, locations, and ef-
fects of these polygenes is desired for obtaining optimal genotypes in breeding practice. To detect QTLs associated with wheat
yield, such as grain yield, spike length, grains per spike, spikelets per spike, compactness, fertile spikelets per spike, 1000-grain
weight, and grain diameter a set of 168 doubled haploid (DH) lines derived from the cross between Huapei 3 and Yumai 57 were
used with 305 SSR markers covering the whole wheat genome. The DH population and the parents were evaluated for grain yield
and spike related traits in 2005 and 2006 cropping seasons in Tai’an, Shandong province and in 2006 cropping season in Suzhou,
Anhui province. QTL analyses were performed using the software of QTLNetwork version 2.0 based on the mixed linear model.
A total of 27 additive QTLs and 13 pairs of epistatic QTLs were detected for grain yield and spike related traits. Of these, eight
additive QTLs had significant interactions with environments. Many of the traits shared the same QTL, which was consistent with
its high phenotypic correlations and showed tight linkages or pleiotropisms. The Xwmc215-Xgdm63 interval on chromosome 5D
had the same direction of additive effects on grain yield, grains pr spike, spikelets per spike, compactness, and fertile spikelets per
spike with high contribution, which showed pleiotropisms and could be used in marker-assisted selection. And the favorable al-
leles were contributed by Yumai 57. The QTLs for 1000-grain weight were located on different intervals from the QTLs for grains
per spike, which was beneficial to genetic recombinant for them in wheat breeding programs.
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Table 1 Henotypic performance of grain yield and spike related traits in 168 DH lines derived from a cross of Huapei 3 x Yumai 57
in the three environments

Parent DH DH population
Trait 3 57
Huapei 3 Yumai 57 Mean Maximum  Minimum SD Skewness  Kurtosis
Grain yield (g m?) 681.51 791.84 641.95 854.06 426.41 78.02 0.18 -0.05
Grains per spike 33.6 44.8 40.4 54.0 27.0 4.9 0.24 0.06
Spike length (cm) 9.8 8.2 8.6 10.9 6.7 0.9 0.08 -0.51
Spikelets per spike 16.4. 21.1 19.1 22.0 16.0 1.3 -0.04 0.08
Compactness 17.3 25.7 215 28.6 14.3 2.6 0.19 —-0.05
Fertile spikelets per spike 16.4 18.1 19.2 23.0 16.0 1.5 0.01 -0.20
1000-grain weight (g) 56.7 40.7 43.9 66.0 30.2 5.2 0.53 0.96
Grain diameter (cm) 2.9 2.4 25 3.2 1.9 0.3 -0.22 -0.81
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Fig. 1 Frequency distribution of grain yield and spike related traits in 168 doubled haploid lines derived from the cross of Huapei 3
x Yumai 57 evaluated at 3 environments

w2 PR~ ERTERMAEX R E R XS

Table 2 Coefficients of pairwise correlations of the mean values of grain yield and spike related traits in the three environments

. - Grains per . . . Fertile spikelets 1000-
Trait Grain yield spike Spike length  Spikelets per spike  Compactness per spike grain weight
Grains per spike 0.885™
Spike length -0.803" -0.795"
. . 0.478"™ 0.481" 0.100
Spikelets per spike
Compactness  0.872" 0.895" -0.803™ 0.478™
o ) 0.377" 0.372" 0.131 0.833” 0.377"
Fertile spikelets per spike
N -0.037 -0.052 -0.290 -0.137 -0.037 -0.212"
1000-grain weight
Grain diameter -0.030 -0.018 -0.153" -0.257" 0.001 -0.351" 0.747"
(r —0.803, P<0.01), work o p<0.005
(r -0.037), 27 13
2.1.3 A Z EAARIAR A MK QTL FALAK 8 ( 3

L5 HF BT QTLNet- 4)
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Table 4 Estimated epistasis (AA) of QTLs for grain yield and spike related traits in the three environments

Trait QL Flanking marker P?(s::\t/il;)n QTL Flanking marker P(()z:\t/:;)n AA H%(%)
Grain yield qGY2A Xwmc401-Xbarc353 70.8 qGY4D Xgwm34-Xbarc376 1.0 17.59 2.25
qGY2Db Xgwm311.2-Xcfd50 145.1 qGY3B Xgwm194-Xcfa2173 67.0 23.52 4.03
qGY6A Xwmc553-Xgwm732 58.3 qGY6B Xcfa2187-Xgwm219 1.0 2991 6.51
Grains per pike gqSgn2A Xbarc296—-Xwmc582 69.7 gSgn3A Xcfd40-Xbarc1097 24 1.13 3.47
Spikelets per spike qSps2A Xbarc296- Xwmc582 69.4 qSps2B Xbarc373-Xwmc477 76.6 0.43 4.99
Compactness qSc2A Xbarc296—-Xwmc582 69.7 qSc3A Xcfd40-Xbarc1097 2.4 0.59 3.33
qFsps1B Xwmc406—Xbarc156 24.7 qFsps1D Xcfd19-Xwmc93 49.9 -0.45 5.75
Fertile spikelets per spike gFsps2B Xwmc770-Xwmcl79  58.6 qFsps6D  Xbarc054-Xgwms5 774 ~0.37 377
1000-grain weight qTgw2D Xbarc129.2-Xcfd50 127.4 qTgwsD Xwme630.2-Xcfd40 2.0 1.43 5.37
gqTgw6Aa Xbarc023-Xbarc1077 345 qTgw7A Xbarc049-Xwmc530 75.7 -1.69 7.42
Grain diameter qGd 2D Xwmc18-Xwmc170.2 60.9 qGd 7Db Xgwm437-Xwmc630.1  127.6 -0.07 4.10
qGd 6B Xcfa2187-Xgwm219 4.0 qGd 7A Xbarc259-Xwmc596 54.7 0.08 5.43
qGd 6D Xgwm55-Xgwm133.2 82.9 qGd 7Da Xbarc244-Xbarc352 56.6 1.44 5.37
3 QTL , 1D 4A  13.83% 1.22%( 3 2), qSps5D
5D , 14.07% 4.52% , 13.83% qSps1B  gSps5D
10.32%( 3 2), 3 , 23.60% 1
57, 57 QTL, 2A-2B ( 4),
qGY5D 4.99% ,
, 11.28% 3
QTL , 2A-4D 2D-3B 3 QTL, 2D 4D
6A-6B( 4), 2.25% 4.03% 6.51% 5D , 11.41%
: 5.22% 12.26%( 3 2), qSc5D
3 QTL, 2D 4D 5D , 12.26% qSc4D
, 12.24% 5.06% 3, 2
11.67%( 3 2) qSgn2D , 57 qSc5D ,
12.24% qSgn4D 13.18% 1
3, 2 QTL, 2A-3A( 4), 3.33%
57 gSgn5D ) )
10.25% 1 QTL, 2 QTL, 4A 5D
2A-3A( 4, 3.47% , , 5.02%
10.22% (3 2), 2
5 QTL, 2B 2D 4D 5D 57, gFsps5D ,
6B , QTL 2.68%~ 16.22% 2 QTL,
15.63%( 3 2), qSI2D , 1B-1D  2B-6D ( 4), 5.75%
15.63% , gsl4D 3.77% ,
57, 4
3 gsl2B , 3 QTL, 3B 4B 6A
6.28% QTL , 3.36% 4.39%
4 QTL, 1B 4A 5D 7A  14.64% ( 3 2), qTgwBAb ,

, 1.48% 4.37% 14.64% 3
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Fig. 2 Positions of additive QTLs conferring grain yield and spike related traits in 168 doubled haploid lines derived from the cross

of Huapei 3 x Yumai 57 evaluated in the three environments
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