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Abstract: To accurately evaluate the resistance of wheat varieties in Huanghuai wheat area to the cur-
rent circulating wheat stripe rust races, and to understand the disease resistance genes in the high-
generation lines and their distribution in the wheat area, a total of 194 high-generation wheat lines
from Hebei, Henan, Shandong and Anhui Provinces were collected from 2022 to 2023. CYR34 was
used to identify the resistance of stripe rust fungus at seedling stage. Mixed races(CYR32, CYR33,
and CYR34), artificial inoculation nurseries( Yangling, Shaanxi, YL) and natural disease nurseries
(Jiangyou, Sichuan, JY) were set up to identify the resistance at the adult plant stage. Seventeen

SNP markers of the 14 known disease resistance genes were used for molecular detection, and the
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genes that may be contained in the wheat lines were speculated. The result showed that 149(76.40%)
of the materials showed resistance to CYR34 at seedling stage. For the results of adult plant identifi-
cation, 137(70.62%) materials showed resistance in YL; 174(86. 60%) materials showed resistance
in JY, and 124 materials(63. 92%) showed disease resistance in both YL and JY environments. The
results of molecular marker detection showed that the disease resistance genes carried in the lines were
Yr6, Yr7, Yr9, YrZHS84, YrSP , YrAS1676, Yr29, Yr30, Yr78, Yr86, and YrLTZ26, among which
Yr6, Yr9, YrZH84, Yr30, and YrL T26 had a significant effect on the disease resistance of the lines,
yet no materials containing Yri8 or Yr85 were detected in the lines. The combination of Yr7+ Yr29+
Yr9, Yr7+Yr29+YrZH84 ,Yr7+Yr29+YrZH84+YrSP ,Yr7+Yr29+ Yr9+ YrZH84-+ YrSP and oth-
er resistance genes had good disease resistance in the field, which could be used as a reference in the
breeding process. Compared with the results of stripe rust resistance in the wheat area in the past ten
years, the resistance of wheat lines in the northern Huanghuai area was significantly enhanced, with
63.92% of the lines showing resistance. The level of disease resistance breeding still needs to be improved.

Keyword : Wheat; Huanghuai wheat region; High-generation lines; Wheat stripe rust; Disease resistance; Yr genes
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Fig. 1 Frequency distribution of the resistance genes
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Table 2 Effect of single resistance genes on
disease severity of lines to stripe rust

FEH 78 U gt i fif e %
Gene Environment U statistic PVE(R?)

Yr6 Y 5312.07 0. 605

Yr9 JY 2535.5"" 0.362

Yr30 YL 6 677.0" " 0. 710

Y 5576.5" 0.593

VeLT26 YL 5362.0" 0.595

JY 6 293.5° " 0.699

YrZH84 JY 1287.5"" 0.262

YL M8 TY 7T s % . P<<0.05; » % . P<C0.01, LAFEZFEM,
YL:Yangling; JY:Jiangyou; * :P<C0.05; % % ; P<C0,01.

The same in the following tables and Figures.
RI3I 2EFHRFERYESRAREHEXYE

Table 3 Correlation between resistance gene number and
disease resistance of the wheat lines

LIPS 4

73 LD Correlation coefficient H 4iil &

Environment  Index H statistic
Pearson Spearman

YL 1T —0.438**  —0.442** 50.498* "

DS —0.431"*  —0.420" " 48.179* "

JY 1T —0.232*" —0.203** 10.719**

DS —0.161" —0.121 10. 168 *
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Fig. 2 Relationship between DS value of the wheat

lines in Yangling and the number of ASR genes
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Table 4 Gene combination types and their resistance performance

R

Resistance performance

it Z

Line number

HE T ReEH
Combination number Combination type
1 Yr29
Il Yr7 +Yr29
I Yr7 +Yr29 +Yr9
v Yr7 +Yr29 +YrSP
Vv Yr7 +Yr29 +YrZHS84
Vi Yr7 +Yr29 +Yr9 +YrSP
M Yr7 +Yr29 +Yr9 +YrZHS84
i Yr7 +Yr29 +YrZHS84 + YrSP
IX Yr7 +Yr29 +Yr9 +YrZH84 + YrSP
B Total

R(12.5%) . MS(12.5%).S(75%)

8

R(7.8%) .MR(21.6%) .MS(19.6%) .S(51 %) 51
R(60%) .MR(36 %), MS(4%) 25
R(3.8%) MR(33. 96 %) .MS(45. 28%) .S(17%) 27
R(16.7%) MR(66.7%).S(16.6%) 6
R(16.7%) MR(50%) . MS(16. 6 %) .S(16. 7 %) 6
R(15%) MR(75%) 4
R(87.5%) MR(12.5%) 8
R(100%) 6
R(8%) MR(25%) MS(37.5%).S(29. 5%) 88

POV AR 15 45 5 A B0 B A L 1R

The values in the brackets after different resistances are proportion of lines to the total wheat lines of each combination type.
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IT and DS value differences among lines with different resistance gene combination
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Table 5 Identification results of stripe rust resistance and detection results of resistance genes of partial wheat lines
SRR
S 14 Adult plant stage o i 24 25 D
Line Seedling stage PN Postulated genes
YL 1Y =]
Total
ANO1 4 R(20%) MR(20%) MR Yr7 +Yr29 +Yr30 + YrLT26
ANO3 5 MR(50%) R(20%) MR Yr6 + Yr7 +Yr29 +Yr30 +Yr78 + YrLT26
ANO5 1 MR(50%) MR(40%) MR Yr6 + Yr7 + YrSP + Yr29 + Yr30 + Yr78 + YrLT26
ANO7 2 MR(50%) MR(40%) MR Yr6 + YrSP +Yr29 + Yr30 + Yr78 + YrLT26
ANO8 0 MR(40%) MR(30%) MR Yr6 +Yr7 +Yr29 +Yr30 + YrLT26
ANO9 0 MR(60%) MR(10%) MR Yr7 + YrSP +Yr29 +Yr30 +YrLT26
AN10 1 R(30%)  R(10%) R Yr6 +Yr7 +Yr29 + Yr30 + Yr78 + YrLT26
AN11 7 R(30%)  R(30%) R Yr7 +Yr9 + YrAS1676 + YrSP + Yr29 + Yr30 + YrLT26
AN17 0 MR(50%) MS(30%) SR Yr7 + YrSP +Yr29 + Yr86 + YrLT26
AN18 1 MR(70%) MR(10%) MR Yr7 +YrASI1676 +YrSP +Yr29 +YrLT26
AN19 0 MR(30%) R(10%) MR  Yr6 +Yr7 +YrASI676 +YrSP + Yr29 + Yr78 + YrLT26
AN22 1 MS(50%) MR(30%) SR YrSP + Yr29 + YrLT26
F 4069 Han 4069 4 R(20%) MR(30%) MR Yr6 +Yr7 +Yr9 +YrAS1676 +Yr29 +Yr78 + Yr86
I8 4084 Han 4084 0 MR(30%) MR(30%) MR Yr6 +Yr7 +Yr9 +YrAS1676 +Yr29 +Yr78
[ 4085 Han 4085 0 MR(40%) MR(40%) MR Yr6 +Yr7 +Yr9 + YrASI676 + YrSP + Yr29 + Yr78
HE 204235 6 R(20%) R(10%) R Yr6 + Yr7 & YrASI676 + Yr29 + Yr30 + Yr86 + YrLT26
Han 204235 0 0 I r A T. I I riL
M4 T215028 0 M(R30%) R(20%) MR Yr7 + YrASI676 + YrSP + Yr29 + Yr30 + YrL T26
Hengmai T215028
A T215603 . . . .
Hengmai T215603 0 R(20%)  R(30%) R Yr7 +YrAS1676 +YrSP +Yr29 +YrLT26
fliZ T215691 0 MR(60%) MR(30%) MR Yr6 + Yr7 + Yr29 + Yr30 + Y78 + YrLT26
Hengmai T21561
fif 2 H214043 “ho ) .
Hengmai H214043 1 MR(50%) MR(20%) MR Yr7 + YrSP + Yr29 + Yr30
4 T215114 0 MS(10%) MR(30%) SR Yr6 +Yr7 +YrAS1676 + YrSP +Yr29 + YrLT26
Hengmai T215114
& T215419 . .
Hengmai T215119 1 MS(40%) MR(10%) SR Yr6 + Yr7 +Yr29 + Yr30 + YrLT26
#f 2215351 0 .
Heng 2215351 1 MS(40%)  R(10%) SR Yr7 + YrSP + Yr29 + Yr30
48 216087 < in ) . y g
Hengfu 216087 2 MS(40%)  R(20%) SR Yr7 +YrASI676 + YrSP + Yr29 + Yr30 + Yr78
#4 1215187 6 MR(40%) MR(60%) MR Yr6 - Yi7 + Yr29 + YrLT26
Hengmai 1.215187
5% 1215243 0 R(20%) MR(40%) MR Yr7 4 Yr9 + Yr29 + Yr30 + YrLT26
Hengmai 1.215243
% 1215263 1 R(20%) R(20%) R Yr7 £ Yr9 + Yr29 - Yr86 + YrLT26
Hengmai 1.215263
ik 1216013 0 MS(50%) MS(20%) SR Yr7 4+ Yr29 4+ YrLT26
Hengmai 1.216013 " " b -
22 1215015 2 S(70%) MR(60%) SR Yr6 + Y7 + YrASI6 76 + Yr29 + Yr30 + YrLT26
Hengmai 215015
11242-85-3-3-8-4-1 0 R(1%) R0%) Yr7 +Yr9 +YrAS1676 +YrSP + YrZHS84 +Yr29
11242-85-25-4-2-4-1 5 R0%) R(10%) R Yr7 +Yr9 +YrSP + YrZHS4 + Yr29 4+ Yr30
12331-4-2-6-3-2-1 2 R(10%) MR(20%) MR YrSP +Yr29 + YrLT26
12331-1-2-6-4-7-4-2 2 MR(30%) MR(30%) MR Yr29 +Yr?
12331-1-2-6-4-7-5-4 0 R(10%) MR(30%) MR YrAS1676 +Yr29 +Yr78




11 BRI A < B Db 22 X/ e A R A A B S A S U IR 3 . 1489 -

(42K 5 Continued table 5)

IR 1A
e i 190 Adult plant stage T 7 47 1 3
Variety(line) Seedling stage PN Postulated genes
YL JY R
Total
10324-2-9-3-1 5 R(10%) R(10%) R YrAS1676 + YrSP -+ YrZHS4 -+ Yr29
10324-2-9-3-2-1 2 R(20%) R(10%) R Yr7 + YrASI676 + YrSP + Yr29 + Yr78
10324-2-9-3-2-4 0 R(10%) R(10%) R Yr7 + YrAS1676 + YrSP + YrZHS4 -+ Yr29 + Yr78
10324-2-13-2-2 0 R(20%) R(10%) R Yr7 + YrASI1676 + YrSP + YrZHS4 -+ Yr29 + Yr78
10324-2-13-2-3 0 R(20%) MR(10%) MR Yr7 + YrSP + YrZHS84 + Yr29 + Y78
13211-8-2-5 2 R(10%)  ROY%) R Yr6 + Y9 + Yr29 + Yr78
13252-37-2-4 2 MS(80%) MR(30%) SR Y16 + Y7 + Yr9 + YeSP -+ Yr29 + YrL T26
#RlE
Rz 2222 6 MR(10%) MR(20%) MR Yr6 +Yi7 + YrASI676 + YrSP + Yr29 + Yr30 + YrLT26
Taikemai 2222
Rl
FRH 2223 5 MR(70%) MR(30%) MR Y16 + YrASI676 + YrSP + Yr29 + Y78
Taikemai 2223
R
BRL A 2225 2 MR(50%) MR(410%) MR Yr29 + YL T26
Taikemai 2225
2040588 2 MS(50%) MR(50%) SR Yr7 +YrSP + Yr29 +Yr30 4+ YrL T26
2040912 2 R(20%) R(30%) R Yr7 +YrSP +Yr29 +YrLT26
2040768 0 MS(60%) MR(80%) MR YrAS1676 +Yr29 +Yr30 +YrLT26
2040155 1 MS(50%) MR(30%) MR Yr7 + YrSP + Yr29 + YrLT26

155 B BB T

The values in the braskets are DS values.
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Table6 Correlation and significance analysis of type

of gene aggregation and lines disease resistance

Ay L5 Ei22) LEES %4
Year Environment  Index Correlation coefficient

2023 YL 1T —0.257*"

DS —0.315"~

1Y 1T —0.235""

DS —0.309" "

2024 YL 1T —0.275" "

DS —0.274" "

JY 1T —0.259" "

DS —0.180*"*
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