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Identification of stripe rust resistance in the seedling and detection of
resistance genes in 217 einkorn wheats

ZHAO Xiaoqian', FENG Jing"?*, WANG Fengtao'*, XU Xiaowei', TONG Chaoyang',
LIN Ruiming"?*, XU Shichang'

(1. State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy
of Agricultural Sciences, Beijing 100193, China; 2. National Agricultural Experimental Station for Plant Protection
at Gangu , Ministry of Agriculture and Rural Affairs, Tianshui 741000, China)

Abstract Wheat stripe rust is one of the important diseases affecting wheat production. Exploring new disease-
resistant genes and cultivating new disease-resistant varieties are green and effective measures. As the secondary
genepool of common wheat ( Triticum aestivum L.), einkorn wheat also contains rich disease-resistance
resources. In order to discover new discase-resistant genes and promote the utilization of einkorn wheat, the
resistance of 217 accessions to stripe rust were identified at the seedling stage and disease-resistant genes on A
genome were detected using molecular markers. The results showed that 55 materials exhibited resistance to
CYR32 at the seedling stage, accounting for 25. 35% , and there were 26, 22, 16 and 34 materials carrying Yrl1,
Yr34/Yrd8, Yr69 and Yr76. respectively. A total of four materials with immune or high resistance carried two
resistance genes simultaneously: two materials carried Y769 and Y734, and two materials carried Yr1 and Yr34.
The gene Yr17 was not detected in the test materials. In addition, 23 materials were not detected for any of the
five resistance genes, seven of which showed high resistance or immunity, and might carry other known or new
stripe rust resistance genes. This study provides reference information for the utilization of einkorn wheat.
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98 CASPE 10 $,50~65CiR k 10 s, 72 CIEfH 15 s,
30~35 MEFF; 72 CLEf 2 min, 4 CHEAF; 10 pl X
MAKRZ :1. 1 XT3 Super PCR Mix 8 pl; I, T3]
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Table 1 Molecular markers and primer sequences for detection of stripe rust resistance genes

Yr B GIE7 2 Gk S5 (5'-3" Ji BER/N/bp B/ C
Yr gene Primer name Primer type Primer sequence Fragment size ~ Annealing temperature
Yr 10161 Xgwm311 SSR TCACGTGGAAGACGCTCC 120 60
CTACGTGCACCACCATTTTG
Yr17007] SC-385 SCAR CTGAATACAAACAGCAAACCAG 385 53
ACAGAAAGTGATCATTTCCATC
Yr34/Yr48L18] sun712 STS AGAGAAGCGAGCAACTGAGG 900 56
GGGTGGGGAGTATTGGAAAT
Yr69L19] 2AS111 EST TCCTGTCCGCTGTATGATCG 286 57
TTGTGGCTCTGGTGTTGTAATC
Yr76020] Xwmc532 SSR GATACATCAAGATCGTGCCAAA 176 62

GGGAGAAATCATTAACGAAGGG

SESAURINER 2 B, M 55 AR 28 R B

st E TE

2 BERSAMH PO » 5 BEA R 25. 3500, Horp 2 il A 8.4.13.30

2.1 #HRAMBERRESREE Tkt CYR32 BN S IR it s L o
AT CYR32 Xf 217 s BT i BRSO R0 3. 69061, 8404.5. 997013 824,

®2 HoMiiv R EPERESREERBRERRNER"

Table 2 Identification of stripe rust resistance and Yr gene detection in some test materials

L7 Ji A1 A6 1
2 - ?ﬁ‘rilqu Dclccli(?rl; J?f%c:j;‘r}lic genes
Code Name Resistance level
Yrl Yr17 Yr34/Yr48 Y69 Yr76
1 PI 428186 HS = — — — _
2 PI 428196 MR — — — — e
3 PI 428198 HR — — — — e
4 PT 428200 MS = — - — +
5 PI 428201 MS — — — — .
6 PI 428203 MR — — — — _
7 PT 428209 HS = — — — +
8 PI 428214 MS = — — — +
9 PI 428218 MR aF — — — _
10 PI 428219 HS + — — — e
11 PI 428225 MR = — — — +
12 PI 428227 MS — — — — L
13 PI 428232 HR — — — — e
14 PI 428233 HS — — — — e
15 PT 428240 MR = — = — _
16 PI 428245 HS aF — — — _
17 PI 428246 MR — — — — _
18 PT 428249 HS = — — — +
19 PI 428252 I == — — _ _
20 PI 428255 1 — — — — _
21 PI 428257 MR + — — — _
22 PI 428261 HS = — — — +
23 PI 428262 MS - — — -~ 4
24 PI 428263-1 MR — — — — e
2 PI 428265 MR — — — — _
26 PI 428274 HS = — — — +
27 PI 428283 1 — — — — e
28 PI 428284 HS — — — — e
28 PI 428292 MS — — — — e
30 PI 428294 MS = — - — +
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453K 2 Table 2(Continued)

i 35 DAL AG
o A ?ﬁ,‘ﬁﬂ(ﬂz Detectiﬂﬁ%e[;[:;ﬁie genes
Code Name Resistance level
Yrl Yr17 Yr34/Yr48 Yr69 Yr76
31 PI 428299 MS = — — — e
32 PI 428303 MS = — — — +
33 PI 428305 HS = — — — +
34 PI 428309 HS — — — = e
35 PI 428310 HS — — = — _
36 PI 428318 HS 4 — — = o
37 PI 428338 HS == — — _ _
38 PI 428339 MR - — = + _
39 PI 487266 MS — — = — _
40 PI 538724 MR — — + i _
41 PI 538730 HS = — — _ _
42 PI 538732 HS —+ — — — _
43 PI 538733 MS -+ — — — _
44 PI 538735 HS aF — — — .
45 PI 538742 HS aF — — — _
46 PI 554599 HS —+ — — — _
47 PI 538744-1 MS — — — — e
48 PI 428325 MR = — — _ _
49 PI 662227 MS — — e — _
50 PI 538744-2 HS — — — — e
51 CITR 17672 MS = — o _ _
&2 PI 272519 MS — — L — _
53 PI 277123-1 1 = — L — _
54 PI 306526 MR — — — — _
55 PI 352504 MR — — — — _
56 PI 352505 HR — — — e _
57 PI 381063 HR = — — I _
58 PI 401408 I ~ — _ 4 _
59 PI 401412 MS = — e + _
60 PI 401416 HR — — — e _
61 PI 418580 HR — — — — _
62 PI 427948 NIM — — — — _
63 PI 427996 HR — — — e .
64 PI 427999 1 — — e e _
65 PI 487249 MR — — — e _
66 PI 471744 MR — — — — _
67 PI 428010 MR = — + i _
68 PI 503578 HR = — = — _
69 PI 554518 MR — — — — _
70 PI 554519 MR — — — — _
71 P1 542475 MR = — L _ _
72 PI 427760 HR — — — e _
73 PI 428204 HS = — o _ _
74 PI 428321 1 4 — — _ _
75 CITR 17741-1 MR — — e — _
76 PI 272520 MR — — — e _
77 PI 277121 HR = — o + _
78 PI 277123-2 MR — — L — _
79 PI 330527-1 MR = — — — _
80 PI 306532 HR -+ — + — _
81 PI 352269-1 HR == — = _ _

82 PI 352501-1 MR = — — — _
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475K 2 Table 2(Continued)

) 3 N |
o il }j’ﬁ‘ﬁzkﬁz Detectii@%eli]iﬁaﬁ!ie genes
Code Name Resistance level
Yrl Yr17 Yr34/Yr48 Yr69 Yr76
83 PI 352501-2 MR = — = — —
84 PI 355453 NIM = — = — _
85 PI 427990 NIM — — — — _
86 PI 428002-1 HS == — o — _
87 PI 614650-1 1 — — — — _
88 PI 428189 MR = — = — _
89 PI 428212 MS == — — — +
90 PI 428213-1 HS - — — = +
91 PI 428215 HS = — — — +
92 PT 428238 HS = — e — _
93 PI 428254-2 HS = — — + _
94 PI 428278-1 MS = — — — L
95 PI 428286 HS = — — — +
96 PI 428296-1 MS = — — — +
97 PI 428301 HS == — = — _
98 PI 428311-2 MS — — — — L
99 PI 428340-2 HS == — = — _
100 CITR 17741-2 MR == — e _ _
101 PI 352269-2 HS = — o + _
102 PI 427992 MS = — L _ _
103 PI 428002-2 HS == — = — _
104 PI 614650-2 NIM + — = _ _
105 PI 330527-2 HR —+ — e — _
106 PI 352269-3 MR = — = — _
107 PI 428278-2 MR = — — — _

D ZFEHR R 217 (3R T AU A B A A PR S 0 SR .+ RTEPUR L BERHIET s — . RAFFEPUR L HAFRET ; 1. fgss
NIM: #54% ; HR: &40 MR: 51 MS: G HS: &,
In the table, 217 materials with resistance to stripe rust at seedling stage and resistance genes detected are shown. -+ : Specific resistant

band is present; —: Specific resistance band is absent; I; Immune; NIM: Nearly immune; HR: Highly resistant; MR: Moderately resist-
ant; MS. Moderately susceptible; HS: Highly susceptible.
2.2 HRERESFARICKEN FEFRE BB D, AvsYrINILOY- D A] L4 3 120 bp
2.2.1 Yrl 4F#0 Y BAPESAT A T B A R A 26 43 T LAY 3 H

FIH SSR ARic Xgwm311 Al bk Yrl 9 RS (GR 20, nTREHE Yo 1, AbCRDRHTY 11. 9874,

M P N 1 2 3 4 5 6 7

8 9 10 11 12 13 14
R . _ ma

15 16 17 18 19 20 21 22

RS-

- -

M: DNA Marker I (For Page); P: AvSYrINIL (Yr1); N: 4% 169 (Mingxian 169); 1: PI 538732; 2: P1 538733; 3: PI 538734; 4: PI 538735; 5: PI 538738; 6: P1
538739; 7: P1 538740; 8: PI 538742; 9: P1 538743; 10: PI 538744-1; 11: PI 538749; 12: P1 554599; 13: P1 428319; 14: P1 428325; 15: P1 662222; 16: PI 662224;
17: P1 662226-1; 18: P1 662227; 19: CITR 17672; 20: PI 272519; 21: P1 277123-1; 22: PI1 306526.

1 5|4 Xgwm311 &0 Yr1 BJERS BBk 45 R
Fig. 1 Partial electrophoresis result from primer Xgwm311 for Yr1

2.2.2 Yr17 4-F 4 INFE RS L (] 2) s AvSY 1 7NIL(Y717) A] DA
FIF SCAR #pic SC-385 i Yr17 £ — ki & iy 385 bp WYBHMESHT - FTAS I B4 44 k) FR 38 R B
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B BN 2R (R 2) UL TR I A R AT BEANEEAY Yr17 B

bp M P N 1 2 3 4 5 6 7 8 9

500
400

300

M: DNA Marker 1 ;P: AvSYr17NIL (Yrl17); N: 44%% 169 (Mingxian 169); 1: P1 381063; 2: P1 401408; 3: P1 401412; 4: P1401416;
5: P1 427996; 6: P1 427999; 7: PI 487249; 8: P1 471744; 9: P1 428010,

2 514 SC-385 i ill Yr17 HIER S BRIk L5 R
Fig. 2 Partial electrophoresis result of Yr17 detected by primer SC-385

2.2.3 Yr34/Yrd8 4 LA 900 bp iy BHAE & Al AT R ILA 22
HIH] STS ARiC sun712 45l Yr34/Yrd8 fE—KL 3 al LA™ 3 i H 59 5% (& 2), Al REHE 4l Yr34/
FANZ RO (B 3) B IR R B R RT Yrd8, SAUKRTRY 10. 1400,

bp M 1 2 3 4 5 6 7 8 9 10 11 12

1500

1000
800

M: 100 bp Plus [ DNA Ladder; 1: PI 538743; 2: PI 538744-1; 3: PI 538749; 4: PI 554599; 5: P1 428319; 6: P1 428325; 7: PI 662222; 8: PI 662224;
9: P1 662227, 10: CITR 17672; 11: P1 272519; 12: P1 277123-1.

E 3 5|4 sun712 % Yr34/Yr48 M5 IR R
Fig. 3 Partial electrophoresis result of Yr34/Yr48 detected by primer sun712

2.2.4 Yr69 25 AT RAY S 286 bp MBH A& A I A R A

FIF EST #ric 2AS111 450 Yr69 7E—ki &/ 16y al LAY 48 H 1 25415 (6 2), nl #5417 Yr69,
F s SO (B 1) Yr69 BRI G Fh ¢ CH70867 AR 7. 37%,

bp M P N 1 2 3 4 5 P 6 7 8 9_ 10 11 12 13 14 15 16 17 18
e - - - - —
- _ EmE=
T e TR
- - - - -
- -
200 — -

M: 100 bp DNA Marker I (For Page); P: CH7086 (Yr69); N: £% % 169 (Mingxian 169); 1: PI 662225-2; 2: CITR 17741-2; 3: PI 352269-2; 4: P1 427992; 5: P1 330527-2;
6: PI 352269-3; 7: P1 428213-2; 8: P1 428275; 9: PI 428276; 10: P1 428278-2; 11: P1 428263-2; 12: P1 428296-2; 13: PI 487268-2; 14: P1 352271; 15: P1 418580; 16: PI
427948; 17: P1428254-2; 18: P1 428002-2.

B 4 5[4 2AS111 &7 Yre9 BIARSY BRIk 45 R
Fig. 4 Partial electrophoresis result of Yr69 detected by primer 2AS111

2.2.5 Yr76 50 AN G DL (B 5), Yr76 i 244 5 Ff* Tyee’
HMIH] SSR #Ric Xwmeb32 Al Yr76 fE—kiF AT HEH 176 bp 59 BRI AT A A9 Bk S Ay
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AR AT LAY HE H H 4l (B8 2), W BB Y 76,
bp M P N 1 2

200

100

HRHABOR 15. 670

4 5 6 7 8 9 10

M: DNA Marker 1 ;P: Tyee(Yr76); N: 4% 169 (Mingxian 169); 1: PI1 428299; 2: PI 428303; 3: PI 428304; 4: P1 428305; 5: PI 428306;

6: P1428309; 7: PI1 428310; 8: P1 428312; 9: P1 428313; 10: PI 428314,

B 5 54 Xwmces32 1l Yr76 BIERS Rk 45 R
Fig. 5 Partial electrophoresis result of Yr76 detected by primer XwmcS532

TERA RN AR 36 14 (i ARHE A A 1R
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Rz, B RT3 Y R A% 8 AT N
CYR32.CYR33 fl CYR34 T4 J4k (i SR A
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10 Mg Yrl JER /N SRR ALY 5. 520,
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4 B BT 3L R L X 24 W1 45455 o A BN
HAT—EPihE™ . FEsk/ NMBAES R ) 95 0y 7 it
BN SR A T8V AR R S Yr17, 78 iy
VU ZNZE B R b L 3T 5820 A A4 ) ] RE 45 417
Yr17%9 ) Yr17 SR B A H W RE AR N BT
R 4 S N O B o L Nl YA N e Sl N
2 Yrl7,

Y4B R Yr34 Fil Yr48 3k B33 —hi/NE
T. monococcum , 38 32 Y (0K 5 o7 1 A B 38538 /N2
JE [l — AP 3 R 0T 33 R A 3 R B4 ok — T
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Ay F R & B, 93 3ok B T R A 22 X ) /N B
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Wrp 22 A RS Yr34/Yra8, Horp A7 11 4y 34 K}
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AIRERL TTBE S A Yr 1. Yr17.Yr69 F1 Yr76 b H
A ECR AT Yr JEPR A 11 3 B4 R 21 2
XU S A . Yr48 55 Ho Aty A I %) 2 PN 28 5t 3000
A FERT I B 2 A F PR A R 78. 57 %0 B
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BHEA Yra8 B,

Yr69 IR T AL AR B Thinopyrum ponti-
cum , X3 H AT 24~ 5585 T AR 3L/ 3 B s Bt
T, S E SR T A T/ VR A R T BE A
AWFSER Yr69 By EBIARIC 2AS111 78 217 4344
BHRRNE] 16 4 AR 34 1 5 B i R BOR [R] K
B 45 A DU R R e A5 2R A 3 kR
PRI B S AT BB Yr69 Sy At XA R 25 45
A B R BT IRR B I AN ] 3 B oA 577 Yr 69
f 13 (e A0Rk AT LS T B R bt & F

Yr76 eI T8N ) A A B AU T
ANTR] R AN [] 2% 55 A5 /N i o] DG 2 1 401 e th S
A FENNE R JEIRZ IR A5 L, Yr 76 AT5 A 8 i btk
IR T v [ RS R 20 4% 5 1 A BN £
#5 CYR32, CYR33 1 CYR34, & % &£ Hpr 2,
18 217 ARk —hL R /N i AT 34 1 4R BR0AG: T 3]
Yr76, o 3 Rl B A 2 AN (Yr1+Yr76)
31 AATIN BN H Ay 4 4> Yr JEIHL 6 3 B FH R B AT
i, Hoh 3 4 A4 R (PT 428198, PI 428232 Al PI
428283) I N =B MK 6 fy kL b & A BR AT
GERTIN A 5 A3 R LA AT BB

TE/NAE B RO RO AL T A H R 2
BORAGAN [7] 28 Y 1) Bt M 5 AT R 1 AR A5 R APTIA
PR, AR AEDY RSB YrS 5180 5L
Yr18 B4 Al W W R U p e, K — 1 5E )
110 iy Z 1 A AR PV S E 5P AR 7 7
RGN 53 BT 5 05 B B B0 903 7K T I 7 2% 5 9 0 2 ik
R REEHE 5B mE % FJb, 22
TEAHSG . BV O 2200 21l /N 2k LT i SE 1A
I 5 A L AT BE 2 B 9k R B B ML A Yr9 4
Yr175% ARSI 14 ARV 2 A B
Hor 3 iy MARHRIIN & A Yr 1 F0 Yr 76, {H 24 36 9%
i BB Yr 1 F Y7 76 S5 N RERG SR BT P 5 [ I 25
A Yr69 F Yr3d4 BRI 6 )y, 2 43 (PI 427999
FPL 277121 R H: 5 BRI & Yrl A
Yr34,3 43 (PI 306532, CITR 17741-2 F1 PI 330527-
2)RIBUI o AIrTAI T B B BT Ak P O3 A
O AR A HUR L, 52 5 U 56 R ) T 5 2 A
TR T e PR B e A IR ) ) A AR

S 3k
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