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QTL Mapping for Wheat Powdery Mildew
Resistance at the Adult Stage

HUI Jian, BAI Hai-bo, MA Si-shuang, CHEN Xiao-jun, LYU Xue-lian, LI Shu-hua
( Agricultural Bio-Technology Centre, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750002 )

Abstract: This study reported a quantitative trait locus ( QTL ) mapping for identifying the adult-stage
powdery mildew resistance genes in a recombinant inbred line ( RIL ) population of common wheat ( Triticum
aestivum L. ). This population was derived from the highly susceptible variety Ningchun 4 crossing with
the highly resistant variety Ningchun 27, and genotyped using genotyping-by-sequencing ( GBS ) approach.
The results showed that the additive-epistatic genetic model using four pairs of major genes was suitable for
identifying the powdery mildew resistance loci. Two resistance-conferring loci QPm.naafs-4D and QPm.naafs-7D
have been identified from Ningchun 27 and Ningchun 4, respectively. Out of them, QPm.naafs-4D represented a
LOD value of 5.9 to 15.4 at multiple environmental conditions ( additive effects: —1.1 to —1.2 ), and contributed
to a phenotypic variation of 18.6% to 34.5%. This locus was delimited to a genetic distance of 4 cM harboring
the durable poly-resistance gene Pm46/Lr67/Yr46/Sr55. There is a long-lasting multi-resistance gene Pm46/Lr67/
Yr46/Sr55 in this region, which can be directly used in marker-assisted breeding for powdery mildew resistance
in wheat.
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period, 2019, 2020 respectively represent the year, the same as below
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Fig.1 Frequenty ( column ), mixed ( solid line, theoretical ) and genetic component( dotted line ) of probability density
distributions for wheat powdery mildew traits in RIL
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Table 1 AIC value, fitness test and contribution rate of major genes of alternative genetic model for powdery mildew of RIL
population in wheat

HORA - o
L " (ISR A s LT A PESE Fitness test parameter
i 285 Tl i ES
] Log max BEEN ] (%)
Number Environment  Model o Major gene o
likelihood AIC var Heritability P(UZ?) P(U2) P(US) P(,W?) P(D,)
value
1 E12019 4AMG-AL -50.79 141.57 5.97 99.96 0.917 0.784 0.487 0.140 0.063
3MG-AI -188.62 395.25 5.94 99.55 0.782 0.620 0.362 0.128 0.046
3MG-CEA  -253.21 512.41 5.75 96.30 0.944 0.851 0.633 0.085 0.009
2 E2 2019 4AMG-AL -101.02 242.05 5.78 99.88 0.904 0.899 0.329 0.087 0.025
3MG-AI -233.82 485.65 5.69 98.30 0.796 0.892 0.647 0.067 0.015
2MG-AI -245.52 501.03 5.61 96.80 0.915 0.973 0.584 0.056 0.007
3 E12020 4AMG-AL -170.87 381.74 4.12 99.55 0.906 0915 0.376 0.167 0.108
4AMG-CEA  -254.24 514.47 3.83 92.49 0.951 0.829 0.530 0.122 0.044
IMG-A -258.80 523.60 3.08 74.47 0.873 0.820 0.774 0.164 0.080
4 E2 2020 4AMG-AL -42.69 125.37 291 99.91 0912 0.975 0.304 0.094 0.003
3MG-AL -140.46 298.92 2.90 99.55 0.765 0.931 0.439 0.048 0.026
2MG-DE -244.42 494.85 1.62 55.60 0.960 0.873 0.656 0.088 0.011

MG: ZHEH 5 AL: B ; CEA: 5855 s A RN ; DE: B0
{5 SCRT L2 BT (4 1)
MG : Major gene model, Al: Additive-epistasis, CEA: Completely equally additive, A: Addivtive effect, DE: Duplicate effect, 4MG-AI means two

o BN AMG-AT 7R 4 X0F TR R AL b A PR, AR

major genes of additive epistasis effects model. The definition of the other models can be reference to the previous example
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Fig.2 Genetic linkage map of recombinant inbred lines of wheat
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Table 2 QTL for powdery mildew resistance in a recombinant inbred line population

QTL &%k 78 o' LOD LA R R BB R U5
QTL symbols Environment Site Peak LOD Add. (% )PVE Source of resistance gene
OPm.naafs-4D E12019 23 5.9 -1.1 18.9 TH21 S
E22019 24 7.4 -1.2 18.6 TH 275
El 2020 25 13.5 -1.2 34.5 TH2T S
E2 2020 23 15.4 -1.2 31.3 TH2Y
OPm.naafs-7D E2 2019 3 2.9 0.7 6.9 TH4 S
E2 2020 2 4.1 0.5 6.8 TH45
— (7D) E1 2020 34 29 0.5 5.9 TH4S
— (7B) E22019 2 4.0 -0.8 9.4 TH2 Y

— : FUR QTL EIM 2, AT

— : indicates unstable QTL and is not named

A B
oM 4D oM 7D
. Marker6824562 Marker16347030
QLo = Marker9663264
& 08 Marker5534460
218 —— S 2{ 0.4 e Marker9018478
S 08 Marker3036017
R
\? 4 Marker5608126 S 303
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129.3
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A @ 55K 2019 4FHE E1LVE2 BREE T QTL 7EH IRAINIE ; A L O4MIZIR 2020 4E1 E1 L E2 BIF QTL FEYL (A RAYN: B 5 = Fon il
A ,® indicate QTL on chromosomes under the E1 and E2 environments in 2019, respectively, A, O indicate QTL on chromosomes under the
E1 and E2 environments in2020, respectively, = indicates truncation
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Fig.3 Linkage map of powdery mildew resistance in RIL population of wheat
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