HREWEM 2025,45(12) 1664 —1672
Journal of Triticeae Crops doi: 10.7606/j.issn.1009-1041.2025.12.10

%) £t hig B[] < 2025-11-07
[ 24 1 R AL < hetps: //link. enki. net/urlid/61. 1359, S. 20251106. 1504. 002

72 TR AR R DUVE 3 e S B A4 0 2k

ﬁ%@@l’zaﬁﬂ Eﬁ%l’z,XBfE% 1,2,|3/iﬁ “?29%} ‘}%195\(@%%}29
TORLBE BT e L P ER KB REZ®

L RITR AR WAL 4340255 2. WAL A R AL B4 BEAR B A WF 5, Wb i 4300645
3. o [ Al B2 B AR P B 24 BE ST BT L AL 3T 100081

W E.AEEMA T £ Ik E 9% (Fusarium head blight, FHB) A R % R , e be 3% B Ar 42, A B A 4
1022 D& Sfb () AMF E 20222024 FESBAFEERAEL B EF P LARBELEETRFER
Fork % &, B B 454 Fhbl Fhb2 Fhbd #eFhbs Hm R B 69 7 Ao F Azt it ir A W A nl, F A S # &, AR
HFETFREEKR, ZREAV.1 022 A RXMA P . H A At FER-FHBRDRES 15450~
18.81% b K FHEFHR SN HF £ 35, @BEFhb] LA M,1 022 5 2 HH+ A 106 4 Fhbl A B,
EF w4 E 2 51.76% M BEFAKT RAFhD] MAted 5% AR E(61.19%) . R EF kb 48 H-F#Hm
REJICT 300 B A, E o F AR RN, AP A 13 M S I A RBEAE 1 A ST 2 AR
VA Lk A B AFhb2+Fhb5 A4 3% s 4 16 A4 RAbml b ik A B 7R A L 4 52 40 bk, 4 ) °T 46 4
AR, AR HEBARET L . ZAXF SR AL R ABERL R R L HRGKEFHAH,

KER: FER;AREZ ;> TAHFR;REBR;#HRFTR

FESFES:S512.1;S330 XERARIRED : A X EHS:1009-1041(2025)12-1664-09

Evaluation the Resistance to Fusarium Head Blight and
Screening of Resistant Wheat Germplasm

YANG Yuanyuan'*, HU Ziman'~’, DENG Yuankai'*, CHEN Ling’, XU Rui' , LIU Yike’, NING Qiang’ ,

CHEN Sheng”, DING Fugong' ., FANG Zhengwu' , ZHANG Jinpeng®, ZHU Zhanwang’
(1. College of Agriculture, Yangtze University, Jingzhou, Hubei 434025, China; 2. Hubei Academy of Agricultural Sciences
Institute of Food Crops, Wuhan, Hubei 430064, China; 3. Institute of Crop Sciences, Chinese Academy of Agricultural
Sciences(CAAS) , Beijing 100081, China)

Abstract: To identify elite wheat germplasm resistant to Fusarium head blight (FHB) and accelerate
resistance breeding, 1 022 wheat accessions from domestic and international sources were evaluated.
Single floret injection and grain spawn inoculation were employed across four field environments over
two consecutive growing seasons (2022—2024) to assess FHB resistance. Genotype was conducted using
seven molecular markers associated with the resistance genes Fhbl , Fhb2 , Fhb4 , and Fhb5 , while ag-
ronomic traits such as plant height, spikelet number, and thousand-kernel weight were also investigated. A-
mong the 1 022 accessions, four lines with percentage of scabbed spikelets ranging from 15.45% to 18. 81 %
showed resistance comparable to the highly resistant cultivar Sumai 3. Genotyping results revealed
that 106 accessions carried FhbI , with a mean discased spikelets rate of 51. 76 %, which was signifi-

cantly lower than that of FhbI-absent accessions(61.19%). In total 48 accessions exhibited stable and
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high levels of resistance, with percentage of scabbed spikelets below 30% ; Molecular marker analysis

indicated that among these, 13 carried one resistance gene, 19 possessed two or more gene combina-

tions

most frequently Fhb2 +Fhb5, and 16 lacked known resistance genes, suggesting the presence

of novel resistance sources. From these 48 accessions, eight lines combining strong FHB resistance

with favorable agronomic traits were identified, sunch as Laogianmai and Sanyuehuang and othe land-

races.

Keywords: Fusarium head blight; Resistance evaluation; Molecular markers; Agronomic traits;

Germplasm resources
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Table 1 Four environments for wheat Fusarium head blight resistance phenotyping
o . Uk 25 1 i
B e B0 E0 e % 1 ey Incrcijsi }Elllﬁflidit

Environment Year Experimental conditions Inoculation method R Y
with misting system

El 2022—2023 KM Field + F O Z AL Grain-spawn & Yes

E2 2023—2024 K H Field + F WO F B Grain-spawn J& Yes

E3 2023—2024 KH Greenhouse PP T Single-floretinjection & Yes

E4 2022—2023 K H Field BAAEIE Single-floretinjection 7 No
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Table 2 Molecular markers linked to FHB resistance genes
A eI R 5| ¥ F %) Primer sequence(5' —3") B RN ok
(i;ene Marker Fragment 'I‘m/m:Cx
a F R size/bp

Fhbl His-Indel™?) ATGCGTGCGCTGTACTTG CGTCACAGAGTCCAGTGAAA 1309 65

Wme398 (13 GGAGATTGACCGAGTGGAT CGTGAGAGCGGTTCTTTG 160 60
Fhb2

Wgrb969 1) ATGCCTGCTTGCTCACTG TCCTATGCGTTCGGTTGG 173 61

Gwm149 15! CATTGTTTTCTGCCTCTAGCC CTAGCATCGAACCTGAACAAG 160 55
Fhb4

Guwm513H°] ATCCGTAGCACCTACTGGTCA GGTCTGTTCATGCCACATTG 160 60

Wme752 (16 CCGATTGTAGATCAAAAGCC TCTAGAGAGTCTTTTTCCCGAGC 170 61
Fhb5

Mag948211")  CATGATTGAT TCGATGACTATAATATCTT TCTTTCTCCCGTTGCAATGT 250 52
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M:DL200031: 52 3 %532 224K 845553 B[ 4 WRIAAZ 55 B WM /NAZ 56 T 425 7 Sk AR 5 8 MR A2 59 TE2 /A2 510 80 1

i1l =%,

M. DL2000; 1: Sumai 3; 2: Annong 8455; 3. Huangpi; 4: Wugongmai; 5: Laowugongxiaomai; 6: Heshangmai; 7: Duantou-

baiheshang; 8: Lubanmai; 9: Wumangxiaomai; 10: Jianzimai; 11: Sanyuehuang.
B 1 #|HMEE His-Indel FRi2H IEER

Fig. 1 Amplification profiles of marker His-Indel in partial wheat materials

90r -

80 E—
70 I :I:
60 I
S0
401

RECTAH s

Percenttage of scabbed spikelet/%

30
20
10
0 1 J
Fhbl* Fhbl”
Fhbl* FmR & Fhb1 , Fhb]l = FRAEFhbI; * * :P<{0.01,
FhbI ™ indicates the presence of Fhbl, and Fhbl~ indicates
the absence of Fhbl; * * . P<C0,001.
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Fig.2 Variation in Fusarium head blight resistance among

wheat germplasms harboring different Fhbl1 alleles
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Wmc398 Wgrb969

34 5 6 7 8 910 23 4 5 6 7 8 910

250 bp

100 bp

M:DL2000;1: 3K 52 955 3 533 TR 54 MRUAZE 55 IR /NI 56 RN 5 7 Sk AR 5 8 AB AR 9. TE T8 /NEE510. 81 T2 .
[ 5,
M. DL2000; 1. Wangshuibai; 2: Sumai 3; 3: Huangpi; 4: Wugongmai; 5: Laowugongxiaomai; 6: Heshangmai; 7: Duantou-
baiheshang; 8: Lubanmai; 9: Wumangmai; 10: Jianzimai. The same in Fig. 5.
B 3 Fhb2 EE B D FHRIEWmc398 F1Warb969 3t R4y M #1845 R
Fig. 3 Amplification profiles of marker Wmc398 and Wgrb969 of Fhb2 gene in partial wheat materials

Gwmi49 Gwm513
M 1 2 3 4 5 6 7 8 9 5 6

250 bp

100 bp

L :[ SN S R S
M:DL2000; 1 /K 525 B 53 WRIAZE s 4 BIRIA/INGE 5 I 22 56 50 Sk ARG s 7 A8 AR EE 8. B /NEE ;9. 81T 2.
M. DL2000; 1. Wangshuibai; 2. Huangpi; 3: Wugongmai; 4: Laowugongxiaomai; 5: Heshangmai; 6. Duantoubaiheshang; 7:
Lubanmai; 8: Wumangxiaomai; 9: Jianzimai.

B 4 Fhbd EEK S TARIEGwmI49 MGwms13 3 EH# RIp T g R
Fig. 4 Amplification profiles of marker Gwmi49 and Gwm513 of Fhb4 gene in partial wheat materials

Wmc752 Mag9482
M 1 2 3 4 5 6 7 M 1 2 3 4 5 6 7

250 bp

100 bp

B 5 Fhb5 B E K5 FHRIEWmce752 MMag9482 335> R 7 1 45 R
Fig. 5 Amplification profiles of marker Wmc752 and Mag9482 of Fhb5 gene in partial wheat materials
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Table 3 Percentage of scabbed spikelet of the 48 resistant wheat lines and the postulated disease resistance genes

N L. S AT i 3% &l A~ 4
P yR= SR B = -S4y 5 /Nl R ﬁ[EEﬁnﬁE’]
Source Code Name Place of origin Percentage of BN
b g scabbed spikelet/%  Postulated gene
E N China ZMO011500 21754 Hongxuzai )" & B F Raoping, Guangdong 15. 48 Fhb5
W FE A8 Al B 7 B
ZM023139 H 54 Kenbo-54 Hunan Provincial Academy 24. 65 Fhbl +Fhb2
of Agricultural Sciences
ZM020105 =H # Sanyuehuang At 28 Hubei Shennongjia 28. 66 Fhb2
e : RE YR
ZMO010674 /NET# Xiaohongmai Yuansa County. Inner Mongolia 26.48 Fhb2
PR VT R T M X AR T
ZMO014773 M4 8451378 Heifu 8451378 Heihe Regional Agricultural 24.09 —
Science Institute, Heilongjiang
SBIE VLA B B & b T
Breeding Institute
ZM022119  Je 4R 86-40043 Longfu 86-40043 Heilongjiang Provincial 24.70 —
Agricultural Science Institute
. [0 N _— < . N N
ZM019086 Quzhuomugongzhuo-7 P4 J 55 38 Cuona, Tibet 29.70 Fhb2 +Fhb4
ST
CH K& P .
ZM019960 Renqinggangbaimai ViV %4 Yadong, Tibet 23. 60 Fhb2
ZM012246 A% T % Bendilaogianmai [ 75 45 3F Zhenping, Shaanxi 29.43 —
B 7 45 A Bl Bt /I 22 T
- . < - Wheat Center, o
ZMO024773 B 757 B Shaan 757 zao Shaanxi Provincial Academy 28. 40
of Agricultural Sciences
5 - . B VG 45 I v b DX B i
ZMO024747 Hq(nizf fa 8}{5 ?3 65372772 Hanzhong Regional 23.04 -
¢ ong ¢ Jia o Agricultural Institute, Shaanxi
WiV 2% 1 4B
ZMO015154 Sz 95 Jiamai 95 Jiaxing Agricultural 18.68 —
Science Institute, Zhejiang
- . . WiV
ZM010888 Tt /NFE Wumangxiaomai Yuanzhenhai. Zhejiang 25.24 Fhbl +Fhb2
ZM010924  FEBRIA/NE Laowugongxiaomai  WiVLVE% Chun’an, Zhejiang 29.57 Fhbl +Fhb2 +Fhb5
ZMO010965 i % Heshangmai WivT K 2% Changxing, Zhejiang 25. 26 Fhbl +Fhb2
ZM010971 $|F# Jianzimai WL Pinghu, Zhejiang 29.71 Fhb2 +Fhb5
ZM010972 K Yangdahu Wil I & Shangyu. Zhejiang 18. 81 Fhbl +Fhb2 +Fhb5
ZM010973 /N4 Yangxiaomai Wil & Shangyu. Zhejiang 21. 66 Fhbl +Fhb2 +Fhb5
ZM010981 # [ Huangpi WVLAHE Yuyao, Zhejiang 28.95 Fhbl +Fhb2 +Fhb5
ZM010987 443k [ Fl# Duantoubaiheshang WYLk 5 Yongjia, Zhejiang 26.12 Fhb4 +Fhb5
ZM010989 WA Wugongmai WTAKT Yongji, Zhejiang 29.77 Fhbl +Fhb5
ZM010999 Atk % Lubanmai WiilHi £ Tongxiang, Zhejiang 28.22 Fhb2 +Fhb5
ZM011044 /NF Xiaomai VLVY % Gao’an, Jiangxi 27.69 Fhb4 +Fhb5
ZMO011059 217517 Hongxumai VL¥E %4 % Dongxiang. Jiangxi 20. 04 Fhb2 +Fhb5
ZM011070 il % Heshangmai YILVY 5 % Gao’an, Jiangxi 26. 68 Fhb2 +Fhb4 +Fhb5
ZMO011085  #EAEYE/NAE Lianhuatangxiaomao VLVG {#% Dexing, Jiangxi 25.10 Fhb2 +Fhb5
ZM011092 21751 % Hongxumai VLVE % Dexing, Jiangxi 26.75 Fhb2 +Fhb5
ZM010810 K PUZT Changsihong VL7 E 1l Kunshan, Jiangsu 27.16 Fhbl +Fhb4
ZM010834 384k 14-532 Yaohuamen 14-532  JL.75F§ 50 Nanjing, Jiangsu 28. 30 Fhbl
ZM010835 384k[] 14-603 Yaohuamen 14-603 YL75F§ 5t Nanjing. Jiangsu 27.77 Fhb4
ZM010837 384k[] 14-725 Yaohuamen 14-752 VL7755t Nanjing, Jiangsu 26.28 Fhbl +Fhb2 +Fhb5
ZM020077 W% Gangmai VLH I Yancheng, Jiangsu 29. 87 Fhb4
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(42K 3 Continued table 3)
S A7 % B A et
scabbed spikelet/ % Postulated gene
[E#p Foreign MY010032 C.1. 15798 % [H United States 27.00 Fhb5
MY005002 C. 1. 12316 & [ United States 27.08 Fhb4
MY005587 Framce 2 [H United States 18. 68 Fhb4
MY006765 Minn 2764 2% [# United States 29. 83 —
MY008977 1-39-17 Z [® United States 28. 88 —
MY010371 Fan 1 P45 EF Mexico 25.52 Fhb2
MY013172 F3IND. WA 33199 A VG EF Mexico 29.52 Fhbl
MY013267 Hege-196-89 f# [ Germany 24, 81 Fhb4
MY013274 Hege-280-89 f#[E Germany 29. 30 —
MY004690 Buck Atlantico BT 4E Argentina 29.61 —
MY004768 Caereu/Man-Bapet X Rap-Bapet 22 BT HRAE Argentina 24. 20 —
MY008150 Sparrow*S”-Grajo BT 4E Argentina 29.75 —
MY004730 BW 90 RL 4476 JingE K Canada 24.43 —
MY011965 T 8020 W& Norway 27.96 —
MY013152 Enroy YR ZEMR LI Ethiopia 23. 87 —
MY005647 Ghenhea(Utility) KM Unknown 20. 50 —
R4 IRMBHRRZERBERFERERF
Table 4 Varieties with relatively excellent agronomic traits in disease-resistant materials
%55 T4 B s R TR PRE g e
Code Germplasm name ;)g sepiek:: perersnpeilse grainov?zzéii;ht/g heig}?tn/cm Postulated gene
MY010371 Fan 1 17 42 34. 36 91 Fhb2
MY013172 F3IND. WA 33199 20 43 34. 07 107 Fhbl
ZMO012246 Iieﬁf%a?;iai 20 37 34.50 113 -
ZM014773 iﬁ'ﬁu Sare 18 11 36. 04 119 —
ZMO015154 fnZZ 95 Jiamai 95 17 - 42. 24 106 —
ZM020105 = H # Sanyuchuang 17 46 34. 28 114 Fhb2
ZM024747 Haily‘zlif; gﬁsu ]?5633252 23 73 36. 86 89 —
ZM024773 [ 757 F Shaan 757 zao 20 - 45. 87 91 —

R H A, IF7E > M 40 R B & Rl A8 T OC B
Ve, BT, 85 AFhbI KT & B Pk
i B HE A 2 TR B A R AR AT SR B, AR
WFFEXT 1 022 {5 i3 41 K BE AT Fhbl KU, AL A
106 4w iz LA, ot 65 Mk B KL FUiEE
X . & A FhbI [ BHTE SR T A & i 3 5 1)
B, X — 45 R 5ok — g EY R 45 e — 2.
BA I 2 R FH BAAE TR T IE X 454 0y bR AT B
A L & BB — P S X v AFRDT 5% e B A i
REZSAPUERLFE T — LW bk, kL

SEUURITIE T WS A M E 81 YLk R LIRSS A
PRACAS I e B 45 47 DT 2 DR A il R0 /) B R IR
FART A PO DAY b & G T 5 R
BRI . FEARBTT X A8 Dy HUm b RE AT 43
TR, A 19 MRS A 2 KL SRR
B R EE RS AR THIUIE DT W A0 0T . AR R BT
Vi T 22 56 DAUBCRE MR B — S5 DR DL S B i K
P L R TE N R TS R RS 2 ROk
sHRIPLIE QTL. Ltk 7 AR ic A &, £ TH &
R RCR IR B /N A B 18 77 BEAR
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TEAR ZVEARTT T /N 22 B4 /N 3 2 R
G AR BT A OC Y . e R R R R
I U OCE T T R B R R R S AR
TFREFF &L AL A BT 5T R 2 BOM R Bk e
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