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Identification of Major QTL for Head Smut Resistance Based on
Donor Chromosome Segment Introgression Line and
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JI Haidian' WENG JianHfeng' LV Xiangding’ WANG Zhen-hua® XIE Chuan—iao'
ZHANG Shi-huang' LI Xin-hai'
(' The National Key Facility for Crop Gene Resources and Genetic Improvement/Institute of
Crop Sciences Chinese Academy of Agricultural Sciences Beijing 100081 College of Agronomy Northeast
Agricultural University Harbin 150030;° College of Agronomy Shenyang Agricultural University Shenyang 110161)

Abstract: Mol7 and SH15 two head smut resistant inbred lines as donor parents were chosen to produce BC,

F, and BC,F, populations of Huangzao4 X ( Huangzao4 x Mol7) and Chang7-2 x ( Chang7-2 x SH15) with two
susceptible inbred lines Huangzao4 and Chang7-2 as recurrent parents respectively. These populations were evalua—
ted for head smut resistance with artificial inoculation under field condition. The disease incidence for BC,F, popu—
lations of Huangzao4 x ( Huangzao4 x Mol7) was higher than that of BC;F, population. The disease incidence was
found different for the BC,F, populations of Huangzaod x ( Huangzao4 x Mol7) and Chang7-2 x ( Chang7-2 x
SH15) . The resistant individuals were genotyped by SSR markers on maize bins 2. 09 and 3. 04. The number of do-
nor introgrssion segments in BC,F, resistant plants was becoming less than that in BC;F, and also varied between
populations. Using linkage disequilibrium analysis two major QTL for head smut resistance were identified which
are on bin 2.09 and bin 3.04 linked with umc2077 and phio53 \bnlgl965 respectively. The results obtained pro—
vided both useful genetic information and materials for QTL mapping and marker assisted selection for head smut re—
sistance in maize.
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2005 x ( x Mol7) BC,F,
QTL. 11% ;2006 BC,F, 52% ;
P<0.0001, 2006 72 x( 72 x SH15) BC,F,
77% o x ( x Mol7)
2 BC,F, BC, F, ;
2.1 ( BC,F,)
( Do
1
Table 1 Ealuation for disease resistance in backcross introgression populations
(%)
Year Backcross population Generation No. of plants No. of infected plants Disease incidence
2005 x ( x Mol7) BC;F, 860 95 11
2006 x ( x Mol7) BC,F, 144 75 52
2006 72 x(  7-2xSHIS5) BC,F, 270 209 77
2.2 2.09 3.04 SSR x (
2.09 3.04 ~3.05 x Mol7) BC,F, BC, F,
Mo7 22 72 SHI15 ( 1- 4); 72x( 72 xSHI5)
18 72 BC,F, x ( x Mol7) BC,F,
x ( x Mol7) BC,F, BC,F, ( 5. 6),
72 x( 72 xSHI15) BC,F, ;
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Fig.1 Donor introgression segment drawing in 30 resistant plants of Huangzao 4 x
(Huangzao4 x Mol17) BC,F, population on bin 2. 09
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A B F U represents recurrent parents fragments

homozygote donors fragments heterozygote fragments and missing fragments respectively, The same as below
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Fig.2 Donor introgression segment drawing in 30 resistant plants of Huangzao
4 x (Huangzao4 x Mol7) BC,F, population on bin 3. 04
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Fig.3 Donor introgression segment drawing in 17 resistant plants in Huangzao
4 x ( Huangzaod4 x Mol7 ) BC,F, population on bin 2. 09
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2 BC,F, 209 3.04  SSR

Table 2 Gene frenquencies and effects for SSR markers on 2. 09 and 3. 04 in 34 resistant plants of BC,F, generation

Population Marker Bin Coordinate Chi-Squ Het¥req Introg¥req GA
x ( x Mol7) bnlg198 2.09 518.04 11.95 0 0.12
umcl516 2.09 584.3 2.53 0. 06 0.09
bnlg1520 2.09 596. 55 28.98 0 0.18 A
umel525 2.09 601. 62 11.95 0 0.12
bnlg1893 2.09 654.8 6.39 0.12 0.12
umcl207 2.09 665. 37 11.95 0 0.12
umc2077 2.09 692. 4 88. 60 0.35 0.35 PD
umc2184 2.09 692. 4 14. 14 0.18 0.15 PD
umcl012 3.04 159 0. 68 0. 06 0.03
umcl729 3.04 163.5 0. 84 0 0
umcl772 3.04 163.5 0.84 0 0
bnlg2136 3.04 168. 02 0. 84 0 0
umcl965 3.04 168. 02 258. 81 0.71 0.41 PD
bnlg1957 3.04 266. 03 0.68 0. 06 0.03
umcl616 3.04 279.32 11.95 0 0.12
umel773 3.04 280. 4 2.53 0. 06 0.09
phi053 3.04 297.9 18. 64 0.21 0.20 PD
umcl174 3.04 299.2 0.68 0. 06 0.03
bnlgl456 3.04 299. 63 0.79 0 0
bnlgl601 3.04 306. 1 0.84 0 0
bnlgl035 3.04 313.4 0.84 0 0
bnlgd20 3.04 345.99 2.56 0 0.06
72 x( 72 xSHI5) umcl516 2.09 584.3 0.79 0 0
bnlgl1520 2.09 596. 55 2.56 0 0. 06
umcl525 2.09 601. 62 0. 84 0 0
bnlg1893 2.09 654.8 0.95 0.07 0.04
umcl207 2.09 665. 37 0.84 0 0
umc2077 2.09 692. 4 65.31 0.38 0.25 PD
umcl012 3.04 159 51.29 0.29 0.26 PD
bnlg2136 3.04 168. 02 2.53 0. 06 0.09
bnlg1957 3.04 266.03 68. 94 0.29 0.32 PD
umel616 3.04 279.32 89.27 0.43 0.36 PD
umcl773 3.04 280. 4 119.21 0.25 0.44 PD
phi053 3.04 297.9 261.49 0 0.53 A
umcl174 3.04 299.2 88. 60 0.35 0.35 PD
bnlgl601 3.04 306. 1 74.20 0.31 0.34 PD
umel1102 3.04 312.8 151. 67 0.24 0.47 PD
bnlg1035 3.04 313.4 114.02 0.35 0.41 PD
bnlgd20 3.04 345.99 94.24 0.29 0.38 PD
SSR o X BC,F, « GA: QTL .
A: ; OD: ;€D PD:
« P=0.001.0.0001  ¥* 13.8  18.4

The frequency indicates the frequency of introgression at each marker and Xz coefficient was obtained based on the deviations of the observed genotypic fre—
quencies in the selected ILs from the expectations in BC, F, population. Values at significance levels of p =0. 001 and 0. 0001 are 13. 8 and 18. 4 respective—
ly. Gene actions( GA) is inferred based on the observed genotypic frequencies of the selected ILs in which additivity( A) is suggested by excess donor homozy—

gote complete or partial dominance( CD or PD) by excess of both donor homozygote and heterozygote and overdominance( OD) by excess heterozygote

X umc2077 ; 20% - 72 x( 72 xSHI5) BC,F, X
phi053 53%
25% ( 1.6%) QTL.
umc2077 1 QTL. X
( x Mol7) BC,F, 3.04 X 3
umc1965

41% phi053
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