HREYFI 2026,46(4) :425—432
Journal of Triticeae Crops doi: 10.7606/3.issn.1009-1041.2026.04.01

28 4 iR B [B] - 2026-03-16
[ 2% H B b 41k hteps: //link. enki. net/urlid/61. 1359. s. 20260313. 1807. 006

412 A~/ ZE it 5 D R BUTE %5 55 DR DL RS

IFHECREAN . 2E2H/ K B FATL B4 K,
EWERLERM L EGS ,ETE!
UL THIA 22 AN TR BT 0 /B A2 B 28 R B A0 72 B 595 s TS M1 450046
2. B 1 24 /48 6 B2 R TR BRI O TR 450001)

W ZE.Z 9% (black point disease, BP) 2T #wm /& A & AR B B A2 K 52 BP L F 6 £ 28k,
MR BEZ KRR Y EBP KR, AKRFBPHRARR . ARELER N EBPRAKBEH LRE T
W% 38 (Bi polaris sorokiniana) 3¢ 412 4y £ AP R TR BATHE B 2,50 L aRiE 6 16 A BP k48 £ 47T
STRBFH TN, EREAW AL HBEAMB P RELARSZEA R ADERAPRA.0%) . B PREF
B g A F 1 95 W (23.1%).209 (50, 7%) 5 104 4 (25.2%), 16 ARt F,13 MR B A#H 20 %
AM,5 BP & RA 3 A, Awmel 70 . BP-4A-d20 5 Xbarcl0, % %) & #. BP 1% % QBP-Usq. 2A .QBB.
hau-1A 5 QBB. hau-5A ¥ # 44792 ;QBB. hau-4A ¥ R B A BB L LR AERE L L ERES, TUEF
Mefiko & 2R % (P<<0.01), 4 & F4#4# LR 530070,2C223.05CV078 5 by & 38) TT4E 4 4 & BP 4 M &
B # K ARICBP-4A-d20 3T B T 4 BP & #F,

KHW: & B HARE R T AR A 4 T AR T

FESFES:S512.1;S330 XERARIRED : A M EHS:1009-1041(2026)04-0425-08

Identification of Wheat Germplasm Resistance to Black Point

Disease and Molecular Detection of Resistance Loci

WANG Lugian', SONG Gaili' , JIANG Yumei' , ZHANG Feng’, TANG Jiangwei' ,
DONG Chunhao', YUAN Yuhao', HUANG Zhenpu', YIN Guihong', LI Qiaoyun'

(1. National Engineering Research Centre for Wheat/College of Agronomy/State Key Laboratory of High-Efficiency
Production of Wheat-Maize Double Cropping, Henan Agricultural University, Zhengzhou, Henan 450046, China;
2. Henan Saide Seed Co. , Ltd. /Engineering and Technology Research Center of Wheat Breeding for High

Resistance to Powdery Mildew in Henan Province, Zhengzhou, Henan 450001, China)

Abstract : Black point disease(BP) severely affects wheat production, and planting disease-resistant va-
rieties is an important measure to mitigate the damage caused by BP. However, the current lack of re-
sistance sources restricts the improvement of BP resistance. To obtain superior resistance sources for
BP, this study inoculated 412 wheat germplasm with the dominant pathogen of BP in the Huanghuai
wheat region, Bipolaris sorokiniana , and conducted molecular testing using 16 reported BP resist-
ance-related markers. The results showed that among the 412 tested materials, there were no immune
or highly resistant germplasm; 4 showed moderate resistance(1. 0%) , while 95(23.1%), 209(50.7%), and
104(25. 2%) exhibited mild susceptibility, moderate susceptibility, and high susceptibility, respec-
tively. Of the 16 markers, 13 showed polymorphism among different materials, with only 3 tightly
linked to BP resistance: wmcl70 , BP-4A-d20, and Xbarcl0. These correspond to the resistance loci
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QBP-Usq. 2A , QBB. hau-4A , and QBB. hau-5A , respectively, with QBB. hau-4A exhibiting a better

disease resistance effect. Its presence alone or in combination with other loci can significantly reduce

the black point rate in wheat (P <C0. 01). The 4 moderately resistant materials (Shannong 530070,

7C223, 05CV078, and Shannong 38) can serve as resistance sources for improving BP resistance in

wheat, and BP-4A-d20 marker can be used for BP resistance breeding.

Keywords: Wheat; Black point; Bipolaris sorokiniana ; Resistant germplasm; Molecular marker
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Table 1 16 molecular markers related to QTL for black point resistance

qri ek g Forn i Recw BAEE b 29 ik

Chr. Marker (5'—3") (5'—3") Tm/C Product/bp Sources Reference
QBP Usq. 25 1D wmei20 E;,((};EQAA(}ATTTTCATTT— (}Q’?(A}SCA(}(‘/TT(}AAA/\— 70 207 Tacman C24]
QBP-Usq. 1A 2A  wmeizo  SSALCCACCTITATGTT - IRGOT TGCTCAACGTT: 58.5 229 Cascades [24]
QBPUsq. 1D 2B gwmsor QQCTATCTCTOGCGETA- TCCACAAACAAG: 60.0 172 Sunco [24]
QP Usq.3D 2D gwmiss  ACATCOCTCTTCACAMC: AGTTCCGGTCATG- 610 45 Caseades [24]
QBP-Usq. 2D 3A  wms? SE\X((‘;/%A("CCTGT("AT’ Eﬁ?{&}&ﬁ” 57.0 127 P1610750 [24]
QBP-Usq. 24 3D gwm34l 'é‘%zgéxg@grmcc; SK%ACATCTCATGGATC 62.0 153 Sunco [24]
QP Us.7A  AA gwmsry CIGCCTTCTCCATGGTTT- AATGGCCAAAGGTTAT- 500 L7 Sunco [24]
QBB hauwtA A BPaAdzo MANCCTOAATGEATC geperacToAceTCCTG 58,0 292 o fnjgl B 25
QBB. hau-5A.1 5A  Wms304 éﬁgi\\ﬁﬁ} ATCOCGG égX?ETGTGGGGAAT’ 55.0 217 PZSCL6 [26]
QBB hau5B.1 5B BP5B-di GCTCCCACGGCTTGTTG gé{c\tégg%ﬁp'rl"l‘cgc 57.0 252 Yuyou 1 [26]
QBB hau5B.2 5B BP-5B-dé TAAGGATTGTGCCTGCG 8&‘5‘&?}"*CACCGC'I‘CC’G’ 55.0 225 Yuyou 1 [26]
QB bawsD 1 5D Newmizs CGGTTCCTATCTGGTA-  GACACACATGTTCCTGC- 550 120 Yayou 1 (267
QBB. hau5D.2 5D Xwmc799 EE@TA(S(';TACGCCTGTAC’ ‘2?3%??%83(‘(””” 61.0 364 Yuyou 1 [26]
QBP. hau3A  TA  gwm60 TGTCCTACACGGACCACGT SgégTGACAGATGCA’ 59.5 210 Cascades [24]
OBP. hau7D 7D wms295 GLGAAGCAGACCCACAA (A CGGOTGCGACGTAGAG  63.0 259 PI610750 [24]
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Bs: 380 B. sorokiniana Wk Ta-BP33; CK. Wi K [ 2 18K 69 % 1 .

Bs: Inoculated with Ta-BP33 of B. sorokiniana; CK: Treated with sterilized distilled water(control).

1
Fig. 1

M B, sorokiniana HIHL (B/NEFH R

Resistant and susceptible germplasms inoculated with B. sorokiniana
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Table 2 Resistance of wheat germplasms to black point
Btk -3 il T §

ARG oo BPI H b D /INZE i
BPI range/ % " Mean of Germlplasms Wheat germplasms
anCe BPI/Y (ratio/%)
2.0~4.9 MR 4.4D 4 (1.0) 05CV078.,ZC223 114 530079 (Shannong 530070 , 1114 38(Shannong 38)

Y0869 PG4 238 T A 95 1A 35 M4 136,19 93 g 15 #8901, i K 8 U & 19
TR 95 RA 10 5 ,04ZP17 R B 66T A 13T 4 20, Wk A 4 5 Ak 725 T & 24 R
3164 915 84K 916 %4 0711 VE 4 803, 3L 4 765, /1L 5 5 B A 906 AETE 6 5 TG4
585 B A% 905,18 66 I H 21 .CIM-15. P44k 528 564 66 # 366 KK 2011 584 19 4%
02-12 . # 4% 922, 11-696 V¥ BF 5 5 . #8 % 668, 3 & 21 & 15,45 % 827.CA0816 . JF % 44,
SP1777-1-2 A% 198, [l % 257, 7 08-30 F) R 1 %5 FEMEL S 1Lk 4143, 11K 607,

71 0869, Xinong 238, Ningmai 9, Yumai 35, Zhengmai 136, Wang 93, Bima 1, Gao 8901,
Wenmai 8, Zhoumai 19, Pumai 9, Wenmai 10, 04ZP17, Liangxing 66, Ningmai 13, Ningmai
20, Jimai 4, Quanmai 725, Ningmai 24, Xuke 316, Yunong 915, Yunong 916, Annong 0711,
Wangmai 803, Jimai 765, Shengxuan 5, Yunong 906, Shengxuan 6, Xinong 585, Yunong
905, Womai 66, Huaimai 21, CIM-15, Xinong 528, Wanmai 66, Zhengmai 366, Nongda
2011, Wanmai 19, Mianzi 02-12, Yunong 922, 11-696, Xuyan 5, Yumai 668, Jimai 21,
Yangmai 15, Mianmai 827, CA0816, Jimai 44, SP1777-1-2, Huayu 198, Tunmai 257, Ning
08-30, Yubao 1, Saidemai 5, Shannong 4143, Bainong 607.

FIAE A 85 BEA 305, LA 68, 114 28 %5 CIM-1. Fifl 9415.%8 1204, 95 K B fk 5218 J& 42
40 B8R 211, T 27 457 158 4 0772, T 2 4% 119,38 K 607 . Add 4v, 114K 29 5 \FkB] 1 %5 i
# 186,CIM-22 , ZF1F 818 BT 481k 149 €M 187.11-239, PG 4% 9112, 1L 4k 737 ik 1 5 A K
1306 . K% 518 P54k 239 i3 145 \SP1776-5-1,12 KBk Wi 511.5-257 5% % 22, Bk 22 )8 %%
22 % FH# 545 \15HN008,10M8,N553,04ZP16 5 % 1326 . CIM-16 K 753,76 4k 926,481/274
i 35, YN926B,10M16 NMAS001 35 % 6 5 [ YN919 %4 988 x4 0029, & & 36 K% 7698,
P 529 87 & 1817 B & 4110, | A& 419, B K 810§ L H 2-3,09X15, X A& 298, i1 & 33,
13DP33, R 4 802, B84k 611, YNO45 B F| 2 %5 i 42 170,385 5265, YN909 PIC421 k4 35,4
115 384 31 FEA7 A 21 /M2 22 400 18 .54k ik 37-1. 14 01 ,NMAS004,
Fengdecunmai 8, Zhumai 305, Weimai 68, Shannong 28, CIM-1., Gaoyou 9415, Wan 1204,
15.0~30.0 MS 21.5B 209 (50.7) Sufu, Gaoyou 5218, Zhoumai 40, YN 211, Ningmai 27, Yangmai 158, Huanmai 0772, Ning-
mai 119, YN 607, Add 4v. Shannong 29. Chenming 1, Hangmai 186. CIM-22, Xinhua 818,
Afu, Lunxuan 149, Laizhou 187, 11-239, Xinong 9112, Shannong 737, Wuhan 1, Bainong
1306, Taixue 518, Xinong 239, Haomai 1, SP1776-5-1, 12]ialian, Xinong 511, 5-257, Jimai
22, Guinong 22, Zhoumai 22, Yikemai 5, 15HN008, 10M8, N553, 04ZP16, Wanmai 1326,
CIM-16, Nongda 753, Xinong 926, 481/274, Hengguan 35, YN926B, 10M16, NMAS001,
Fengmai 6, YN919, Wanmai 988, Xunong 0029, Zhoumai 36, Zhengmai 7698, Xinong 529,
Xinmai 1817, Yanzhan 4110, Bainong 419, YN 810, KXC2-3, 09X15, Dengmai 298,
Zhongjin 33, 13DP33., Xunmai 802, YN611, YN945, Zhili 2, Zhongmai 170, Jimai 5265,
YN909, PIC421, Xumai 35, Pingan 11, Luomai 31, Fengdecunmai 21, Xiaoyan 22, Jinyou
18, KXC37-1, Gang 01, NMAS004.

FEJR A 15 (H35 WYHYS B4k 931, % 0821,10M23 i % 1689 Kk 13.11-229 A % 20,
B 806 25 3 5\ 11-504 B & 23, TR B 67, 1K 981 #k 201,45 % 14 45 F 6097, B K
516,124 5 5 £ 29, Wheatear i 2% 10 %558 270, BP57-1, 4 % 1860, JA % 16, % 1 31,
CIM-18 /' 1023 4% 4 20 ,PICA20 552 2 5 A& 13,4 4399,06CT461,10M33, P4
622 5 3% 166, Chancellor ZEf2 11, #& 1123 14 182,11-275 £ % 1938 5 19, Fi & 7
818,1.01378 1L 6 % . F° 4 13.YN35096, YN177 i % 28 %% = 66, YN4446 [ F 168, 3% 5
28 M1 22 KKF R A 9169 B 170 BB 1 5 P 135,14 206, %4 7959 . 1% & 38 . B &
50 AA 107 L RTA P& 23 AERE 8 5 E®R AV JAE 115 % 52, Yuma & 4 L YNO4L,
10M24 Hrgi it 37-2 B JEIR IR VYNO44 IR 4-168. 50 % 170,504 526 .8 % 0821,
Wanyuanbai 1, H35, WYHYS, YN 931, Zi 0821, 10M23, Wenmai 168, Luofulin 13, 11-
229. Zhengmai 20, YN 806, Zhenmai 3. 11-504, Jinmai 23, Ningnaizi 67, Shannong 981,
YN201, Yangmai 14, Zhumai 6097, YN 516, Puxing 5, Huaimai 29, Wheatear., Puxing 10,
Wang 270, BP57-1, Zhengmai 1860, Zhoumai 16, Jinan 31, CIM-18, Zhongyu 1023, Yang-
mai 20, PIC420, Jicheng 2, Fengdecunmai 13, Heng 4399, 06CT461, 10M33, Xinong 622,
Lunxuan 166, Chancellor, SDM 11, Zhongyu 1123, Xiangmai 182, 11-275, SDM 19, Luohan
19, Xinaizao 818, 1.01378, Zhengyou 6, Ningmai 13, YN35096, YN177, Xinmai 28, Aifeng
66, YN4446, Yanfeng 168, Luohan 28, Helandazi, Xumai 9169, Yanfeng 170, SDM 1,
Longmai 135, Pumai 206, Annong 7959, Luomai 38, Yumai 50, Bainong 107. Shangianmai,
Zhongmai 23, Huapei 8., AimengniuV, Zhoumai 11, Wanmai 52, Yuma. AMN, YNO941,
10M24, KXC37-2, Afuluoer, YN944, Luomai 4-168, Emai 170, Emai 526, Xunmai 0821.

BPI: BIR3 734 BPIEUE G KRS 7R AN A 258 ] 22 5 0 3 (P<<0. 01D 5 7 Lb i A B H S 412 A B A 43 L.
BPI. Black point incidence. Different uppercases following data of mean of BPI indicate significant difference between different types
of germplasms(P<C0.01). Ratio means the percentages of the number of same type accounting for the total 412 germplasms.

5.0~14.9 SS 10. 3C 95 (23. D

>>30.0 HS 37.8A 104 (25.2)

R3 AMPRBREFNMEHRHEIEREER

Table 3 Main agronomic traits of the four wheat germplasms resistant to black point

w2 ZERLIE
N MR EKSIE St T SRR fibs &R REE TRE BG
Wheat Black point  Growth Frost height/ Anthesis  Powdery Stripe ~ White ears 1 000-grain Seed
germplasm incidence/%  habit  resistance %n (month-day) mildew rust  of Fusarium weight/g  color
¢ crown rot
114 530070 Shannong 530070 4.7 2 3.0 71.4 4-16 2 3 7 44.1 H
7C223 4.5 3 3.0 90. 9 4-15 2 5 4 45.2 4N
05CV078 3.9 2 3.0 78.0 4-19 5 2 1 41. 8 H
1 4¢ 38 Shannong 38 4.7 2 3.0 78. 4 4-19 4 3 1 44.5 H
Jil % 18 Zhoumai 18 16.3 2 3.0 75.5 4-19 3 3 3 47.5 M
B 4% 207 Bainong 207 18.1 2 3.0 79.6 4-21 3 3 1 43.8 H

Ji 2 18 54 207 J& I FE 44 /A2 & F el s op i 4 HR

Zhoumai 18 and Bainong 207 are the control in wheat cultivar approvel in Henan Province.
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%%gﬁ/ﬁf R1.R2.R3 fl R4 4¥ 52 it 2ZC223 . ik 38.,05CV078 FILli4k 530070;S1,S2.S3 Hl S4 43 i & s F B 58 J&2 11 1
5 H35.Wheatear 5 WYH iz .
M: DNA ladder; R1, R2, R3, and R4 indicate the resistant wheat germplams ZC223, Shannong 38, 05CV078, and Shannong
530070, respectively; Sl, S2, S3, and S4 indicate the susceptible germplams Wanyuanbai 1, H35, Wheatear, and WYHYS, respectively.
B2 #ARENE ENEMRNSFRN

Fig. 2 PCR amplification profiles ofthe resistant and susceptible wheat germplasms using five markers
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M. DNA ladder;1—40: Wheat germplasms. Arrows indicate DNA fragments of the resistant genotype.
B 3 4 F#RiBwmcl70 (a) Xbarcl0 (b) 5BP-4A-d20 (c) M54y /N E MR 1 E
Fig.3 PCR amplification profiles of the markers wmc170 (a), Xbarcl0 (b), and BP-4A-d20 (c) in some wheat germplasms
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Table 4 Black point incidence carrying the QTLs for resistance to black point disease

QTL {i FE i 5 MK # Black point incidence/ %
Quantit t" t‘t loci Germplasm Ratio/ %
uantitative trai ocl1 number atio 2023 2024 Mean
QBP-Usq. 2A 60 14. 6 19.841.3" 21.04+1.7 20.441.4
QBB. hau-4A 19 4.6 17.1£2.0" 15.5+1.0" " 16.3+1.7"
QBB. hau-5A 119 28.9 22.740.8 23.6+1.1 23.240.9
QBB. hau-4A +QBP-Usq. 2A 7 1.7 17.1+1.7" 18.041.9" 17.5+1.4"
QBP-Usq. 2A +QBB. hau-5A 44 10. 7 20.3%+1.5 19.8%1.6 20.441.4
QBB. hau-1A +QBB. hau-5A 8 1.9 17.241.7" 15.84+1.1"" 16.4+1.6"
QBB. hau-4A +QBP-Usq. 2A + QBB. hau-5A 3 0.7 15.940.6" " 16.54+1.8" 16.2+1.6"
None 152 36.9 25.8%+1.0 25.9+1.1 25.94+1.2

SRR ARG R I AR x5 % x IRIRTE 0.05 5 0. 01 KF E5J0% QTL MRl Bl 22 57 B34 .

Data of black point incidence are expressed as mean == S. E; * and * x . Significant differences compared to the genotypes without

the resistance QTLs at 0. 05 and 0. 01 levels, respectively.
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