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Evaluation and Identification of Adult Resistance to Stripe Rust
from 400 Wheat Varieties ( Lines )
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Seed Creation Shaanxi Scientific Observation And Experimental Station , Shaanxi Yangling 712100 )

Abstract: Exploring new sources of resistance and widening genetic resources of disease resistance are
important strategic reserves to ensure the sustainable development of agricultural production. In order to get it
clear about the resistance to stripe rust and the distribution of stripe rust resistance genes in 400 wheat varieties
(lines ), the resistance to stripe rust was identified on adult plants in the field by using the dominant mixed races
(CYR31,CYR32 and CYR33 ), and Y75, Yr9, Yri0, Yrl5, Yri7, Yri8 and Yr26 which are known as stripe rust
resistance genes were detected and screened by molecular markers in this study for comprehensive analysis of
resistance genes that may be carried by tested materials. The results showed that out of the 400 materials, 177
(44.25% ) were highly resistance to immunity ( IT=0-1 ) to mixed races at adult stage, 62 ( 15.5% ) were moderate
resistance ( IT=2 ) and 161 ( 40.25% ) were medium or high susceptible (IT=3/4 ). Combined with disease
resistance performance and molecular analysis of known Y7 gene, the results showed that Yr5 was carried by 121
(30.25% ) wheat materials, Y79 was carried by 96 ( 24% ) materials, Y710 was carried by 10 ( 2.5% ) materials,
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Yrl5 was carried by 19(4.75% ) materials, Yr17 was carried by 150 ( 37.5% ) materials, Y718 was detected in
15( 3.75% ) materials, and Y726 was detected in 127 ( 31.75% ) materials, respectively. But Yr5, Y9, Yri0,
Yri5, Yrl7, Yri8 and Yr26 were not found in 25 materials such as Dingxi 24 and N7187 among the 400, they

might contain other unknown resistance genes or new genes. The results of the study established the identification

and evaluation system of resistance to wheat stripe rust, and 177 resistant materials with different resistance

characteristics were selected out, of which 25 might contain new resistance sources, which laid a foundation for

further cultivation of new varieties resistant to stripe rust.

Key words: wheat; stripe rust; adult plant; resistance gene; molecular detection
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Table 1 Molecular markers and primer sequences for stripe rust resistance genes

BRI FBOUh IBJGREE(C)

LR I ARIE Bik72dl . 275 3k
. (ecM) (bp) Annealing
Yr gene Markers Primers sequence . . References
Distance Size temperature
Yrs S19M93-100 TAATTGGGACCGAGAGACG 0.54 +100 62 [12]
TTCTTGCAGCTCCAAAACCT
Xbarc349 CGAATAGCCGCTGCACAAG 0.4 +105 46 [13]

TATGCATGCCTTTCTTTACAAT
Yr9 H20 GTTGGGCAGAAAGGTCGACATC * +1598 60 [14]

GTTGGAAGGGAGCTCGAGCTG

AF1/4 GGAGACATCATGAAACATTTG +1500 [15]
CTGTTGTTGGGCAGAAAG
Yrl0 YrI0R1 GTGATGATTACCCACTTCCTC * +755 64 [16]
Yri0 F1 TTGGAATTGGCGACAAGCGT
YriOR TGGCCTACATGAACTCTGGAT +543
YrI0F TCAAAGACATCAAGAGCCGC
Yris Y15K1-F2/ GGAGATAGAGCACATTACAGAC * +936 60 [17]
uhw301R TTTCGCATCCCACCCTACTG
Xbare$ GCGGGGGCGAAACATACACATAAAAACA 42 280 50 [13]
GCGGGAATCATGCATAGGAAAACAGAA +250
Yrl7 VENTRIUP AGGGGCTACTGACCAAGGCT * +262 65 (18]
LN2 TGCAGCTACAGCAGTATGTACACAAAA
URIC/LN2 GGTCGCCCTGGCTTGCACCT +285 64
TGCAGCTACAGCAGTATGTACACAAAA 275
Yri8 L34DINTI13R2 ACTTTCCTGAAAATAATACAAGCA * +751 58 [19]
L34SPF GGGAGCATTATTTTTTTCCATCATG
csLV34 TGCTTGCTATTGCTGAATAGT 0.4 229 57 [20]
GTTGGTTAAGACTGGTGATGG +150
Y126 WE33 TAAACCAAGTCCCCCAAA 1.47 +450 55 [21]
GGAGTCCATCTTCACCGA
WEL73 GAGAGTTCCAAGCAGAACAC 1.4 780
GGGACAAGGGGAGTTGAAGC +650

R A - N

*: Gene specific, +: Have, —: No have
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Table 2 Evaluation of resistance to stripe rust for 400 wheat varieties ( lines ) at adult stage

T VY P A DX R (R )

Varieties ( lines ) of the Southwest

HP LA XA (R )
Varieties ( lines ) of the Northern

G

1] Introduced varieties P43
[ China winter wheat area China winter wheat area Bt
IT - - Total
Bt (%) i (%) i dilt (%)
Quantity Proportion Quantity Proportion Quantity Proportion
0.0; .1 88 42.31 66 45.52 21 50.00 175
2 40 19.23 12 8.28 10 23.81 62
3 58 27.88 48 33.10 8 19.05 114
4 22 10.58 19 13.10 3 7.14 44
22 MEFEES TR 222 Y95 F#M  FIH SCAR FRic AF1/4'"

221 Yr5 5 FRM B STS #rid S19M93-100
X R A MRS T Yrs BRI, & A 1 2 62 45
122 0y Sh AP (R ) AT P38 Y 5 Yr5/6% Avocet S — 2§
FIRAAE S5 (1), FIL B APERRIC Xbarc349 £
Yrs, % IRFFEL YrS/6* Avocet S 55 A YrS BRI
P39 105 bp PYRHIESRAT 450 126 Ak FH
PR, PIbRIC LT A 121 A RHE A Y5,
30.25%.

M: DL2000; 1: Yr5/6%Avocet S; 2: JI| 4 62; 3: B&fl 2861;

4 THE T 5 B 18455 6: HiE 2657 )11 535 8: TR 3217;
9: B 94155 10: 7E VY 24;
11: G4 4199; 12: IIF 6 5

M: DL2000, 1: Yr5/6*Avocet S, 2: Chuanmai62, 3: Hanyou2861, 4:

Anmai7, 5: Bimail8, 6: Changmai26, 7: Chuanmai53,
8: Bainong3217, 9: Gaoyou9415, 10: Dingxi24, 11: Bainong4199,
12 : Chuanyu6
1 5[% S19M93-100 %l Yr5 B K E
Fig.1 The PCR products of S19M93-100 for Yr5 detection

5| H20' ™ HE AT Yr9 9 K T, 7E Yr9/6* Avocet
S A E Iz AR AT 4309 R /N 1500 bp
(1812 F1 1598 bp i B A7, AN 5% Yr9 e [A I 3%
FARLARAT o PIAR ISR ZS R —35, 247 96 13
(%) #5 vr9, 5 24%,

M 1 2 3 4 5 6 7 8 9 10

2000 bp

1500 bp

1000 bp

M: DL2000; 1: Yr9/6*Avocet S; 2: J&4T 58; 3: /Il 24 55 4: HLFE
2115 5: AR 085; 6: He2z 1853 7. JI142 535 8: T4k 3217 9: Hifft
94155 10: ZEVH 245 11: T14€ 4199; 12: )IIF 6 %5
M: DL2000, 1: Yr9/6*Avocet S, 2: Aikang58, 3: Chuanyu24,
4:Jimai2ll, 5: Henong085, 6: Bimail8, 7: Chuanmai53,

8: Bainong3217, 9: Gaoyou9415, 10: Dingxi24, 11: Bainong4199,
12: Chuanyu6
2 5% AF1/4 &3 Yr9 BIRE K E
Fig.2 The PCR products of AF1/4 for Yr9 detection

223 YriooFwed  FIHWAS Yrio B85 %8t

() 5 S5 M bR 0 YrI0 F/R R YrIO-FIRTVC(FE 1),
FHHXHER/NE S Fh (R ) 304720 R0, BH Xt
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HE K BA PR L R mT 23 34— 2% 543 bp (& 3) Al
755 bp I 5%, B XS BE M B R S AR T 45
ZER RN A SW554 45 10 i Fh ( R ) FHMFRICE
AEAS I 245 Sl L 15 2.5%, & & PZ15-5 I N8256
L Yr10 F/R RJ KGN EREAE , 1 fh 22 CD0151829-3
1 15S2033-5 {X YrI0-FURL 9™ 5 T ¢ 1F 4, K
X 4 A R OR SR & A Yr10 (3 U hitp: //d01
org.10.13430/j.cnki.jpgr. 20191009001, [ 1),

12
nll! *

M: DL2000; 1: Yrl0/6*Avocet S;2: SW554; 3 Parsee; 4: Glenlea;
5 ZIMNT; 6: LIS 7: )11 535 8: AR 3217; 9: Fifh 9415;
10: ZEVG 245 11: AR 4199; 12: IIF 6 5
M: DL2000, 1: Yr10/6*Avocet S, 2: SW554, 3: Parsee, 4: Glenlea,
5: Hongyouzi, 6: Hongquanmang, 7: Chuanmai53, 8: Bainong3217,
9: Gaoyou9415, 10: Dingxi24, 11: Bainong4199, 12: Chuanyu6
B3 A Yrl0 F/R &0 Yrl0 BikE
Fig.3 The PCR products of Yr10 F/R for Yr10 detection

P" N

750 bp e -'
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224 WISHFRM  ARiC Y15K1-F2/uhw301R 7
ARG A A B e UR Y15 B AR ICTE YIS
IRARK RE K2 Yr15/6% Avocet S HP R 18 HY K /)N 936
bp FIHFIE 2571 , A& B 1Z 500 (F 4), B &K
% 65 1y B4 K] B8 & A Yrl5, 1 ] SSR Frid
Xbarc8 ¥t , NG 20 1M BLRFE Yrl5/6*% Avocet
S AR A, BIRRICILTR L 1 19 0 4R} AT BEHE AT
Yris, 5 4.75%.

2000 M 1 2 3 4 5 6 9 10 11 M
o — ’

p EE 3 g ?
1000 b

936 pp__::__._,..h & — -ﬂ-

750 bp — e

M: DL2000; 1: Yr/5/6*Avocet S; 2: 4 2 55 3: Gondveld; 4: &
YE2%5:5:G15-14;6: 14 /£ 26;7: JI|7% 53; 8: HAR 3217;9: #54l
94153 10: 5E P4 245 11: [ 4199
M: DL2000, 1: Yr15/6*Avocet S, 2: Fengkang2, 3: Gondveld,

4. Hezuo2, 5: G15-14, 6: 14 zhan 26, 7: Chuanmai53,

8: Bainong3217, 9: Gaoyou9415, 10: Dingxi24, 11: Bainong4199
B 4 A Y15K1-F2/uhw301R #&il Yri5 Bk E
Fig. 4 The PCR products of Y15K1-F2/uhw301R for YrI5
detection

225 YrI7 3 FMN A5 AR IC URIC/LN2 K
W Yrl7, S A 2 FE B R R AT P38 — 4% 285 bp 1Y

BHAE 45407 , AN Yl 7 (98 RE ) S — 4% 275 bp K
INEYZes (Bl S ) 5 5 —#5id VENTRIUP/LN2 7£ FH

PRt 5!’*4'437# B Y — 2524 262 bp (2547, FAPEXS IR
HRUEAT 25 %%Em,ﬁﬂl q 24 555 150 {3 #t

BLATRE A Yrl7, 5 37.5% (o 45 K 2 806 kL ok
H AR 242 X, 30T 134 147 ),

M 1 2 3 4 5 6 7 8 9 10 11 12
st l“'lllllll.
275 bp—>
250 bp — e r o

as

M: DL2000; 1: JI1ZZ 62;2: JI|F 24 55 3: 1637 1168; 4: [k 085;
5: 564 18 %55 6: Bureka; 7: JI14 53; 8: 4K 3217; 9: #afl; 9415;
10: 287G 245 11: A4 4199; 12: )I|F 6 5
M: DL2000, 1: Chuanmai62, 2: Chuanyu24, 3: Huamail 168,

4: Henong085, 5: Bimail8, 6: Eureka, 7: Chuanmai53, 8: Bainong3217,
9: Gaoyou9415, 10: Dingxi24, 11: Bainong4199, 12: Chuanyu6
5 F URIC/LN2 #&ill Yr17 B8k E
Fig. 5 The PCR products of URIC/LN2 for Yr17 detection

226 Yri8 5y FHI i H STS FRic csLv34 £l
Yrl8, 255 ML PR AT 419 Y 150 bp /N B 45
ANE SR 255 bp K/MR AT (B 6), e 2l &) 15
MPRLSA Yri8, [RIEHHIFRIC L34SPF\L34DINT13R2
i, 7 B R AT A3 — 2524 750 bp HYFREIE
25, BT B AR AN S A0 4500 0 23 1 bkt
FIRESTA Yri8. L8550HT, 15 MBI e A Yri8,
i 3.75% (Horh 8 5k H RSN X ),

7
= 2550p -8

10 11 12

8 9
S e DS -

M 1 2 3 4 5 6
250 bp > m

150 bp —>

100 bp i “
M: DL2000; 1: Jupateco R; 2: Claudia; 3: Mexifen; 4: %Ki %2 ; 5. 1
ER 5 6: RHEAE 7 JI1HE 5358 AR 32175 9: HiAJ 94155 10: &V
245 11: HAR 4199; 12: IIF 6 %5
M: DL2000, 1: Jupateco R, 2: Claudia, 3: Mexifen, 4: Ailiduo,
5: Baiyupi, 6: Caijiangmai, 7: Chuanmai53, 8: Bainong3217,

9: Gaoyou9415, 10: Dingxi24, 11: Bainong4199, 12 : Chuanyu6
E 6 F csLV34 il Yri8 BikE
Fig. 6 The PCR products of csLV34 for Yr18 detection

22.7 Y264 F & il WEI73 L) M WE33 & 5

Yr26 % 55 3 AR kR g I WELT3 £ I Y26,
TE FH P4 X6 BB Yr26/6* Avocet S LA K & Yr26 1) #4 H) vh

ALK B — 45 24 650 bp #5571, A & % A R A #1
A Ay — 4% 25780 bp 25 iy (& 7), & W A 127 #y
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M 1 2 3 4 5 6 7
1000 bp—>: W
-
750 bp — =8 :
650 bp —
500 bp —= M

M: DL2000; 1: Yr26/6*Avocet S; 2: JIIEZ 1455 3. )11 37 61 ASEITARY 7 A GO R T
: s L rr vocet 5 2: RN 5 = wer. 1
4.RC69;5: AU2002-11; 6:N301; 7: JI[F 53; 8: FA 3217; 9 Hafl PR RO KL BIZERILZR 30 530, e Y

OB RT AR S Yr26 B A, 31.75%., ] WE33 K

8 9 10 11 12
" " M Yr26, 42 93 14y #4 4 mT A6 I 21 5 BH 4 X B8 — 2
[ 25 450 bp K /N1 BH A% 2547 . WE173 78 5i A WF
-

gE R T Sz e KGR I L WELT3 45

94155 10: 5P 245 11: F17K 41993 12: Il 6 5 P A A2 IX AL T3 28 22 DRI | ol Aol o e 5 256 AT ) %
M: DL2000, 1: Yr26/6*Avocet S, 2: Chuanshuangmail , EOMTEM LT 40 AR LG T 08 2] 43 1 AR HKm 3)

3:Chuanmai61,4:RC69, 5:AU2002-11,6:N301,7: Chuanmai53, Lﬁ%[ﬁ’ﬂﬂ'ﬂ@( w%‘:_{ 1 )’;H\:EF’ 25 'fﬁ#:d‘*‘:l‘}:&*ﬂi/ﬂ)ﬂ%‘:{

8: Bainong3217, 9: Gaoyou9415, 10: Dingxi24, 11: Bainong4199,

12; Chuanyu6 RIAE P KEa DL | (2 5), DA 7] fEHEH R
7 F WE173 87 Yr26 k& FIaCH R BTPEEA .

Fig.7 The PCR products of WE173 for Yr26 detection

x3 400 phERM(R)AEERAREEAS

Table 3 Resistance genes and genetic combinations for 400 wheat varieties ( lines )

e $ok () || PREISRALE sk gt (%)
Resistance genes or gene . . Resistance genes or gene . .
o Quantity Proportion L Quantity Proportion
combination combination
Yrs 121 30.25 Yro+Yri7 43 10.75
Yr9 96 24.00 Yri0+Yri8 1 0.25
Yrio 10 2.50 Yris+Yrl7 3 0.75
Yris 19 4.75 Yri7+Yri8 1 0.25
Yril7 150 37.50 Yri7+Yr26 11 2.75
Yri8 15 3.75 Yr5+Yro+Yrils 2 0.50
Yr26 127 31.75 Yr5+Yr9+Yrl7 5 1.25
Yr5+Yr9 9 2.25 Yr5+Yri0+Yri8 1 0.25
Yr5+Yri0 2 0.50 Yr5+Yri7+Yr26 15 3.75
Yr5+Yris 2 0.50 Yro+Yris+Yri7 3 0.75
Yr5+Yrl7 9 2.25 Yr9+Yri7+Yr26 4 1.00
Yr5+Yri8 5 1.25 Yro+Yri5+Yri7+Yr26 1 0.25
Yr5+Yr26 31 7.75 None 43 10.75
Yro+Yrls 1 0.25 J31 Total 400 100.00

None: A& YrS Y19 Yrl0, YrlS Yrl7 ., Yri8 Fl Yr26
None: Without Yr5, Yr9, Yri0, Yrl5, Yrl7, Yrl8 and Yr26

R4 TREGREEETEAR. A EERUREIMEREES HRLELH]
Table 4 Distribution and proportion of 7 resistance genes to stripe rust in the Southwest\Northern winter wheat area of
China and foreign regions

PP PR A AR (R ) AL A Z KR (R) ALk
b 2 L Varieties ( lin'es ) of the Southwest China Varieties ( lirTes ) of the Northern China Introduced varicties
winter wheat area winter wheat area

reene Wi (%) Bk (%) Wit ()

Quantity Proportion Quantity Proportion Quantity Proportion
Yrs 28 13.46 69 47.59 23 54.76
Yr9 57 27.40 35 24.14 3 7.14
Yrio 1 0.48 5 3.45 4 9.52
Yris 13 6.25 3 2.07 2 4.76
Yri7 134 64.42 9 6.21 6 14.29
Yri8 2 0.96 5 3.45 8 19.05
Yr26 78 37.50 47 32.41 2 4.76
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x5 25MARAFEARANEFER/NMERM ( R ) NEBERRIERI KR

Table 5 Performances of the adult-plant resistance and source for 25 wheat varieties ( lines )
Fre AR (R ) JE 7= Hy A U TSR 5 7R
No. Varieties ( lines ) Place of origin or source IT of the adult-plant
1 PZ15-2 BNV QN 0
2 RC63 e O RS 2
3 CD0151944-2 P A B MR A 5 T 2
4 Cp02-23-1-1-1-1-2F11 rhE gV B BeAE P PR B ST T 0
5 Cp06-66-1-2-2-3-1F9 rhE OV B BEAE P R R 0
6 Cp06-73-2-2-1-1F6 rhE RV B B A P R R 0;
7 Cp08-19-4-1-1-2F7 rhE OV B BEAE P R R 2
8 Cp08-19-8-1-1-1F7 rhE OV B BEAE P R R 0;
9 Cp09-35-1-2-4F7 O B B A SR 5 T 0
10 Cp09-3-1-1-2-1F7 rhE L B BEAE P O SR 1
11 13YF349.1 AL MR A I P R 5 0
12 cau3l ROl R 0
13 LS117TL R ARG 0
14 HA 4199 o T R R S 0
15 N7187 o B 0;
16 NB5118 r B 0
17 NBS8155 rh E Y 2
18 NB868 r i B 0
19 SETY 24 SNEERE i) 0
20 90921 CIMMYT-ICARD 0
21 SONMEZ CIMMYT-ICARD 1
22 CADILLAC IEVN 2
23 €591 E[BE 2
24 FG-1 % 2
25 Jacui [Aii] 0

3 it A/ NEVUR B M IFREOE T MR

PR ) I e 2 BN E PR B E R T
Y, ZINZE IR ST BT P 2 A R DU fz ket 7 2 o ek
BTG K-, BEAE Ay S A 7= o e B LS Y 1
R IS5 SR, 400 LR AR T I 60%
AN (R ) X SRAFIR G A PRI R AT Jf 4
177 Oy BRI R I = B = AR

53 T hR i A BRI S5 e Y BE R A TR 1 B
W ERL s Y9 . Yrl0 . Yrl5 Yrl7  Yrl8 il
Yr26 2 B i E WMz b B IR A
RO 4B LN, 8 R R R R AT 0 2, & B
FIA A (R T 90% FR RS AT R 2] — A4 sk 2
APUAREFE R, N E XA (R ) TS ik
SER Y B 2 SRR R AR R,

Yr5 S B NG AL TR 4 R F Wb 3
PIERL AR, vrs X IR AR AR 309 S 5 445
R4 RE (1T=0 ), 43 F K 25 A 121 15 41 k) BE U
el Yrs., Hodr 5 NBO117 %5 40 15 k4R AR
TP/ R OB 1), 2 BT B Rl R S b e ik
) B0 G2 w3 TR F ] S O R R ek (R HE R
SRR IR 6 7 A R DA B Ay TR P (B ) PR R4 1)
KA. Yr9 &R T A& HS Pm8, Lr26 Fl Sr31 %
R ABAR AR (G40 ) R RPUIRX S AT AT
INFREFERBTIE, PSR g Ay ag 2 g
43 1 % 1980-2002 4F [H] ¥ 1 4 2 X & AL 1Y 89 1
F AP (FR) F12003-2007 4F 8 ik 22 X A4 77 1
() 126 17 3% 5 Bl RS & SRR I, &30 Yr9 1953
A W43 91 K 42% F1 41.3% , I R A T Y 145 453



43

JRHERIAE - 400 7/NA SRl (&R ) 285 bR BT ESE 2 ST 853

B GEIL TAEZ X B (R) A 3SHhTaes A
Yr9, 5 24.14%, L BilA T 01 W FEAK. Yrio 1 Yrl5
B3R IR L A0 8 4 A AP S R EL B /K PR
BT A P A e R N E B AL e
R Yr10 F01 Yr15 GE , 100 RS I 21 AT B4 A1
Yr10 F YrI5 (9 SR (R ) 43008 10 43 F 19 433, 43
I 5 BB 4.75% 1 2.5% , LT SEARAR , B A 5
ALY R X S RE TP B R, LA SR R 2R
B ERYURAERR . Yr17 JR— A2 H R NFE, et
BEGFEER L HCRTAESCIESE S N 20042014 4EHY
74 >4 E/INAZ AR UK E] 4 A SRR A
Yrl7, 25050 R E e 107 4y 3 4% 5 F K s AR £
HRGIN S 17 635 Yrl7 ZEIR, 5 HEIRE I BT AS IR
AELOLT 0010 AEAF 54 G DU E AR (RO R, &
M 27.8% WIAERLC15 1) 85447 Y7, W] Yrl7 751U
NI LR CFR D) ARG oA, AEAE 7 22 IX K5 [
Bl LEAR D X SAGK IO I 2 SR A — 5, T
Yrl7 B2 584 T2 205 % V26/CMA2 (i tE, 4 )5
XFPU IR 208 i A R A s P 2 i =, &
PERIH . YrIS/Lr34/Pm38 Je— STt IR
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