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Molecular Marker-assisted Selection of Wheat Lines with
Resistance to Fusarium Head Blight

LIU Fangfang , ZHANG Qiqi, WAN Yingxiu, CAO Wenxin, LI Yao, LI Yan,ZHANG Pingzhi
(Crop Research Institute, Anhui Academy of Agricultural Sciences/ Anhui Provincial

Key Laboratory of Crop Quality Improvement, Hefei 230031)

Abstract: Fusarium head blight (FHB) is a devastating disease of wheat, which seriously reduces grain
yield and quality. It is an effective way to prevent the damage of FHB by introducing resistant genes into wheat
varieties. In this study, the wheat line L06486 that carries the FHB resistance genes Fhbl, Fhb2, Fhb4 and
Fhb5, was used as the donor and crossed with the variety Jimai 24, which was high-yield and widely adaptive
across the Huanghuai area of wheat planting, but highly susceptible to FHB. Then the acquired plants were
crossed with the dwarf wheat line 206A. A large spray facility was used to carry out the fog-way inoculation of
spore-fluid through scab on the ears of wheat, across F; to F; multiple generations and populations. The
resistance of the selected F, stable lines was validated by floret-inoculation and their resistant genes composition
was identified with specific markers for Fhbl, Fhb2, Fhb4 and Fhb5. It showed that 106 F, lines had improved
resistance to FHB in comparing with the recipient parent Jimai 24. Out of these 106 lines, 98 lines showed a
range of moderate susceptible to high resistance, and 105 lines carried 1 to 4 FHB resistance genes each. The
frequencies of Fhbl, Fhb2, Fhb4 and Fhb5 presence were 96.23%, 41.51%, 18.87% and 87.74%, respectively.
Lines with single or multiple FAb genes showed higher resistance to FHB than those with none of Fhb gene; the
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more Fhb genes it carried, the higher resistance to FHB. Altogether, these selected lines will be valuable in

improving the FHB resistance in Huanghuai wheat planting region in the future.

Key words: wheat; fusarium head blight; molecular detection; genetic improvement
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Tablel Information of the molecular markers for FHB resistance genes

I e RIS (53 RS (53) B
Gene Marker name Forward primer sequence(5'-3") Reverse primer sequence(5'-3") Tm
Fhbl His-indel ATGCGTGCGCTGTACTT CGTCACAGAGTCCAGTGAAA 62
Fhb2 Wmc398 GGAGATTGACCGAGTGGAT CGTGAGAGCGGTTCTTTG 60
Wgrb969 ATGCCTGCTTGCTCACTG TCCTATGCGTTCGGTTGG 61
Fhb4 Gwm513 ATCCGTAGCACCTACTGGTCA GGTCTGTTCATGCCACATTG 60
Gwm149 CATTGTTTTCTGCCTCTAGCC CTAGCATCGAACCTGAACAAG 55
Fhb5 Werb0629 CACGTATATGTGATGGTACTAC TATGTGGATGCTAACAGC 55
Mag9482 CATGATTGATTCGATGACTATAATATCTT TCTTTCTCCCGTTGCAATGT 52
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Fig.1 Breeding process of 106 wheat lines
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Fig.2 FHB resistance of parents and F, progeny
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Table2 Results of FHB resistance identification and genes detection in 106 wheat lines

EIES) PEERE BT TR A AR TEIES) FEESE B RLeE
Cultivar Average Resistance Postulated gene Cultivar Average Resistance Postulated gene
(Line) severity evaluation Fpp7 Fhb2 Fhbd  Fhbs||(Line) severity  evaluation gpp; Fhb2 Fhbd  Fhbs
L06486 1.00 R + + + + [[21-7148 2.10 MR + + - +
VFAZ 24 Jimai 24 3.60 S - - - - ||21-7149 2.10 MR + + - +
#3595 Sumai 3 1.00 R + + - + [|21-7150 2.10 MR + + - +
21-7115 1.30 MR + + - + ||21-7151 2.10 MR + + - +
21-7116 1.30 MR + + - + ||121-7152 2.10 MR + - + +
21-7117 1.30 MR + + - - |[21-7153 2.10 MR + - - +
21-7118 1.30 MR + - + + ||121-7154 2.10 MR + - - +
21-7119 1.30 MR + - - + ||121-7155 2.10 MR + - - +
21-7120 1.40 MR + + + + ||21-7156 2.20 MR + + - +
21-7121 1.40 MR + + - + ||21-7157 2.20 MR + + - +
21-7122 1.40 MR + + - + ||121-7158 2.20 MR + + - +
21-7123 1.40 MR + + - - |[21-7159 2.20 MR + + - +
21-7124 1.40 MR + - + + 1|121-7160 2.20 MR + + - +
21-7125 1.50 MR + + + + ||21-7161 2.20 MR + - - +
21-7126 1.50 MR + + - - |[21-7162 2.20 MR + - - +
21-7127 1.50 MR + - + + 1|121-7163 2.20 MR + - - +
21-7128 1.50 MR + - - + ||21-7164 2.20 MR + - - +
21-7129 1.60 MR + + - + |[FB# 9023 2.20 MR - - - -
Zhengmai 9023

21-7130 1.70 MR + - + + ||121-7165 2.30 MS + + - +
21-7131 1.90 MR + + - + ||21-7166 2.30 MS + - + +
21-7132 1.90 MR + - - + ||121-7167 2.30 MS + - + +
21-7133 2.00 MR + + + + 21-7168 2.30 MS + - + +
21-7134 2.00 MR + + - + [[21-7169 2.30 MS + - - +
21-7135 2.00 MR + + - + 21-7170 2.30 MS + - - +
21-7136 2.00 MR + + - + ||121-7171 2.30 MS + - - +
21-7137 2.00 MR + + - = |[21-7172 2.30 MS - + - +
21-7138 2.00 MR + - + + 1|121-7173 2.40 MS + - + +
21-7139 2.00 MR + - + + ||21-7174 2.40 MS + - + +
21-7140 2.00 MR + - - + 1|121-7175 2.40 MS + - + +
21-7141 2.00 MR + - - + 1|121-7176 2.40 MS + - - +
21-7142 2.00 MR + - - + 1|121-7177 2.50 MS + + - +
21-7143 2.00 MR + - - + [[21-7178 2.50 MS + + - -
21-7144 2.00 MR + - N + 1|121-7179 2.50 MS + - - +
21-7145 2.00 MR + - - + [[21-7180 2.50 MS - + - +
21-7146 2.00 MR + - - + 1|121-7181 2.60 MS + + - +
21-7147 2.00 MR + - - + [[21-7182 2.60 MS + + - +
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SR (R) PR BT FIREE AT LN HANCR) PR BT FIRE AT A
Cultivar Average Resistance Postulated gene Cultivar Average Resistance Postulated gene
(Line) severity  evaluation fpp; Fhb2 Fhb4d  Fhbs||(Line) severity evaluation fgpp; Fhb2 Fhbd  Fhbs
21-7183 2.60 MS + - + + 1|121-7203 3.10 MS + + - +
21-7184 2.60 MS + - + + |[21-7204 3.10 MS + - + +
21-7185 2.60 MS + - - + |[21-7205 3.10 MS + - - +
21-7186 2.60 MS + - - + |[21-7206 3.10 MS + - - -
21-7187 2.70 MS + + - + |[21-7207 3.10 MS + - - -
21-7188 2.70 MS + + - + |[21-7208 3.20 MS + + - -
21-7189 2.70 MS + + - + 1|121-7209 3.20 MS + - - +
21-7190 2.70 MS + - - + 1|121-7210 3.20 MS + - - +
21-7191 2.70 MS + - - + |[21-7211 3.20 MS + - - +
21-7192 2.70 MS + - - + [|121-7212 3.20 MS + - - -
21-7193 2.70 MS + - - + ||MEE20 3.20 MS - - - -
Huaimai 20
21-7194 2.80 MS + + - + |[21-7213 3.30 S + + - +
21-7195 2.80 MS + - + + 1|121-7214 3.30 S + + - -
21-7196 2.80 MS + - - + |[21-7215 3.30 S + - - +
21-7197 2.90 MS + - - + |[21-7216 3.30 S + - - +
21-7198 2.90 MS + - - - ||21-7217 3.50 S - - - -
21-7199 3.00 MS + + - + 1|121-7218 3.40 S + + - -
21-7200 3.00 MS + - - + |[21-7219 3.30 S - - - +
21-7201 3.00 MS + - - + |[21-7220 3.80 S + + - +
21-7202 3.00 MS + 4 - + || %Ak 8455 4.00 S - - - -
Annong 8455

+ FORRLIN B A EE R 5 — SRR AAGIE Bl EEE o R PO s MR: 0 MS : U S < 8 s - [7)

+ indicates that gene was detected; - indicates that no gene was detected. R: Resistant; MR: Moderately resistant; MS: Moderately susceptible;

S: Susceptible; The same as below
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Pk 3L PR 3% K Fhb1+Fhb2 > Fhb1+Fhb5 > Fhb2+
Fhb5, FAYYERN Fhbl > Fhb2 > Fhb5, TEHE7 3
ASodE L R A A A b, BbE S R BN R Fhbl+
Fhb2+Fhb5 > Fhbl+Fhb4+Fhb5, i B Ht 1k %k I
Fhb2 > Fhb4. 25 bl Prrksii Fhbl feos , Fok
K Fhb2 , Fhb4 F1 Fhb5 %08 AXTEN

ST UL A s R AR L A R e R
AP FE R () /NAZ i B8 B - 24 7 o S ARG .
WHT SRR 2 | ™ E R ARG, R BotE ah R
A A AR R 0P SR B 2B R B i R AT LA
AR R BT IR B K
25 MAEERHHRAOKREERS

X 106 1 L0 e 50 43 Hr BT AR 2500 i R T
J& H B R R 2 R 2= N5 R, DL ERIE 22 XK T
TR A AT A2 22 Jp Xt BE AL AN G5 R (R 4) . 7E

®3 TEMERFNIRERCRASERL

TRCE 51T, 40 0 /NAZ i R B R TR A2 22,1047
55032 22 A s FERR = 1T, 29 00 S AR T 22 22
TEREK T, A 50y 500 32 22 o3, oAy 451
By /N T 225 A/ NI TR, A 6 ST A
2B EES, A4 M B/ NTU 22, 16 Hl
KBTI, A 2y 2w T U4 22, 6 (0 U4 22 8%
SR s e/ B T B 103 B TR A2 225
PRI 8 W R T 42 22, 16y i 42
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Table3 Combination of different resistance gene loci in resistant and susceptible lines

Gene i i No. of varieties Average severity BRI (%)
Gene locus rh rp R JiK i Y S| Effect of resistance genes
MR MS S Total Mean Range
‘44 8455 Annong 8455 4.00a —
None 0 0 1 1 3.50a — -12.50
Fhb5 0 0 1 1 3.30b — -17.50
Fhbl 0 4 0 4 3.08b 2.9~3.2 -23.00
Fhbl+ Fhb2 4 2 2 8 2.33c 1.3~3.4 -41.75
Fhbl+ Fhb5 18 19 2 39 2.36¢ 1.3~3.3 -41.00
Fhb2+ Fhb5 0 2 0 2 2.40c 2.3~2.5 -40.00
Fhbl+ Fhb2+ Fhb5 18 11 2 31 2.20c 1.3~3.8 -45.00
Fhbi+ Fhb4+ FhbS 7 10 0 17 2.31c 1.3~3.1 -42.25
Fhbl+ Fhb2+ Fhb4+ Fhb5 3 0 0 3 1.63d 1.4~2.0 -59.25

None F/R A EHUHEIER AL AL 5 AR/ NG TR HIRRTE P<0.05 KF F22 R 3, TIH

None indicates no gene locus was detected ; Different lowercase letters indicate significant differences at P<0.05 level, the same as below
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Table 4 Agronomic traits of wheat lines with moderate resistance to FHB

THE (g)

N3 /N

it () _ B (em) K (em) _ TR 4 it (kg/hm?)
. . 1000-grain . . Spikelets per . Spikelet .
Cultivar (Line) . Plant height Spike length . Kernel per spike . Yield
weight spike density

V42 22 Jimai 22 44.00c 80.33b 9.33a 21.33a 47.67b 2.29 9379.50b
21-7115 45.20b 83.00b 8.33b 19.00b 38.00c 2.29b 9671.55b
21-7116 48.44a 81.67b 8.67b 19.33b 29.33d 2.23b 8738.65¢
21-7117 45.16b 76.67¢c 8.33b 18.33¢ 45.67c 2.21b 9592.50b
21-7118 47.20b 81.33b 7.67c 18.67b 34.00c 2.44b 8537.55¢




1812 Mo om w2 i 24 %

®4(2)
SR THR® pom) #k(em) e Bk PBEE et )
Cultivar (Line) 1000-.gra1n Plant height Spike length Splkel.ets pet Kernel per spike Splkélet Yield
weight spike density

21-7119 43.36¢ 81.00b 7.50¢ 18.33¢ 38.00c 2.45b 8437.55¢
21-7120 45.56b 82.33b 8.33b 19.67b 49.67b 2.36b 8437.55¢
21-7121 46.64b 83.00b 7.83¢ 19.00b 44.67¢ 2.42b 9704.85b
21-7122 47.24b 78.33¢ 8.33b 20.00b 47.33b 2.40b 10772.05a
21-7123 44.32¢ 77.33¢ 8.33b 19.00b 44.00c 2.29b 10005.00b
21-7124 48.84a 77.67¢ 9.17a 19.67b 39.67¢ 2.15b 9404.70b
21-7125 48.72a 80.00b 8.00¢ 20.00b 41.00¢c 2.50a 9671.50b
21-7126 45.36b 81.67b 8.33b 19.33b 38.00c 2.32b 10171.75a
21-7127 45.16b 77.33¢ 9.17a 21.00a 40.67¢ 2.29b 9271.30b
21-7128 45.68b 75.67¢ 8.33b 19.00b 36.00c 2.29b 8137.40d
21-7129 45.36b 79.00¢ 9.33a 20.33b 44.33¢ 2.18b 9638.15b
21-7130 46.92b 79.33¢ 9.33a 19.67b 35.00¢c 2.13b 10772.05a
21-7131 47.04b 77.00c 8.00c 19.00b 35.00c 2.38b 8237.45d
21-7132 48.96a 77.33¢ 9.00b 17.67¢ 40.67¢c 1.97¢ 8270.80c
21-7133 49.80a 74.33¢ 8.83b 21.00a 62.00a 2.38b 9237.95b
21-7134 47.80a 76.33¢ 7.17¢ 19.00b 43.33¢ 2.65a 9137.90c
21-7135 46.40b 86.33¢ 8.33b 18.33¢ 41.67c 2.21b 9792.00b
21-7136 44.32¢ 83.67¢c 8.50b 20.33b 45.67¢c 2.40b 8337.50¢
21-7137 47.76a 79.67¢ 7.17¢ 18.00¢c 34.33¢ 2.51a 8170.75d
21-7138 47.80a 77.33¢ 8.83b 19.33b 39.00¢ 2.20b 9137.90c
21-7139 48.12a 77.67¢c 9.17a 21.00a 51.00b 2.29b 9604.80b
21-7140 48.16a 81.00b 7.83¢ 17.67¢ 38.00c 2.26b 9304.65b
21-7141 47.76a 80.67b 8.33b 20.00b 38.00c 2.41b 8437.55¢
21-7142 48.00a 81.67b 8.00¢ 20.67b 48.33b 2.60a 7503.75d
21-7143 44.24¢ 79.00¢ 7.50¢ 18.33¢ 40.00c 2.45b 7537.10d
21-7144 43.76¢ 79.00c 7.33¢c 17.67¢ 39.00c 2.42b 8771.05¢
21-7145 41.40¢ 81.00b 8.07¢ 19.00b 41.67¢c 2.38b 8604.30c
21-7146 44.44¢ 81.67b 7.67¢ 18.00¢ 40.33¢ 2.35b 8204.10d
21-7147 44.96¢ 83.67b 8.67b 19.33b 43.00c 2.24b 8637.65¢
21-7148 47.92a 78.67¢ 8.50b 21.67a 47.67b 2.55a 8671.00c
21-7149 45.96b 77.67¢ 7.33¢ 18.00c 39.67¢ 2.46b 8170.75d
21-7150 44.80c 78.33¢ 7.67¢ 17.33¢ 43.33¢ 2.27b 9459.00b
21-7151 48.80a 80.67b 9.00b 22.67a 65.67a 2.52a 8404.20c
21-7152 48.00a 77.00¢ 7.67¢ 18.67b 44.33¢ 2.44b 10371.85a
21-7153 47.92a 77.33¢ 8.17b 19.00.b 38.00c 2.33b 8937.80c
21-7154 48.28a 78.00¢ 8.00¢c 19.33b 46.33¢ 2.42b 8904.45¢
21-7155 45.20b 79.33¢ 7.00d 17.67¢ 37.33¢ 2.52a 9237.95b

21-7156 46.92b 76.33¢ 7.83c 19.33b 43.33¢ 2.48b 9603.00b
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Cultivar (Line) lOOO-Igram Plant height Spike length Splkel.ets pet Kernel per spike Splkélet Yield
weight spike density
21-7157 46.64b 78.33¢ 7.67¢ 20.00b 39.33¢ 2.63a 8570.95¢
21-7158 48.92a 85.00b 6.83d 17.67¢ 37.33¢ 2.59a 9738.20b
21-7159 48.96a 83.00b 8.00c 18.00c 41.67¢c 2.26b 9204.60b
21-7160 48.80a 79.33¢ 8.33b 20.00b 46.33¢ 2.41b 8404.20c
21-7161 46.80b 76.33¢ 7.33¢ 19.33b 40.00c 2.64a 10438.55a
21-7162 46.64b 82.00b 8.33b 17.00¢c 38.00c 2.05b 10938.80a
21-7163 45.56b 82.67b 8.83b 22.33a 48.67b 2.52a 10305.15a
21-7164 44.16¢ 77.00¢ 7.50¢ 18.67b 40.67¢ 2.49b 10171.75a
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