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Abstract: To characterize the virulence and race frequencies of the stripe rust pathogen, Puccinia striifor-
mis f. sp. tritici (Pst) population and effectiveness of resistance genes to wheat stripe rust in Yunnan Prov-
ince, a total of 136 isolates were collected from nine regions, and the virulence of all strains was identified
using a set of 18 Yr near-isogenic lines, and races were named by octal code. The results showed that the
Pst population in Yunnan was highly variable in races and virulence. Totally, 64 races were characterized
and the top two most frequent races were 550273 (28.68%) and 550073 (11.76%), and the remaining rac-
es had frequencies less than 4.41%. No virulences was found for Yr5, Yr10, Yrl5, and Yr32. The viru-
lence frequencies to Yr24, YrTrl, Yr8, and Yr17 ranged from 0.74% to 11.76% . The eight genes are
thought as effective genes in Yunnan at present. The virulence frequency to Y27 was 52.94%; and those
to Yrl, Yré, Yr7, Yr9, Yr43, Yrd44, YrSP, YrExp2, and YrTye ranged from 77.94% to 91.91%, indicating
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that the resistance of these ten genes to wheat yellow rust was declining and disappearing, and these

genes were non-effective currently in Yunnan Province.

Key words: wheat; Puccinia striiformis f. sp. tritici; physiological race; virulence; resistance gene to

yellow rust

1 S5 AR 55 T /N 22 L A6 B Puccinia striiformis
f. sp. tritici(Pst) 5 |2 I 55500 02 A sk k7™ J Jg /s
R G A P ) AT MR (R PRI A 3
2002;Chen,2005) . HEUEHSA F/NE SR &R
TR K i 0 AR ™ EE 1 I 5K, 20 4l 50 4R
DI, 55 A1 R A T AR 2 400 5 hm, /N2 k™
1012 kg LA I+ (Chen et al., 2009; [% 5 AL %5, 2013)
TE B FIRMEBRS S AR A AR 2R R 2 T R AR
IR . SR, T/ NAZ S Rl Z B AR v
3~5 A Je HApT g 1 S s FE I Ak, DT T —
R E RIAT . BFERI S B TR TRV
()7 A FUR SR R BUNE AL ke 2k 51 R 2%
B AT F2 R DR (2R IR U F RS 30, 20025 R T
FLAF,2013) o X /IR R 2B Sh A AT IS, AT 3
WS W IRAT , T R BTe & Fh S o 22 R F 42
BER

23 T A8 LA T [ VG i ke 08 S RO L ik
oI M S0 A 2%, TR AR AR 22 Bk, SRR 2P 24
INESRTIRTE R B oy RS SR R 2, A
HZREMK 8 (7261, 2003) %W AN 5 1S 22 1
/INZZ PP T HoR TR E N Hb ) K2 X e it
TRUAT WA e R IR (R 4 45, 2006 5 PR JT AL A
2013) X R E/INZE SRR I R X i T A 28 G T
AIFEF . T, S Eh P S A3 L X, 40 3 iy
W JRWUR Kb E R RN R AR IR G
(Alietal.,2014), HIt, mrAEH R/ NE KGR
AR AL Bl v ELAT T AT, A B e A TR kS
B —, 55 = B/ INGE SRR AR M S i ok
B DA S AN B R A B R A 2
F AR , TR 3 BE Wa I /NFf i) 7= A RN R
R TR IR IR S AL AR e

Az B/ NP R R e — A R B S R DR A
FEM . BT HUI SRS RS BFFOKTE Ss s
SE2E 5 ANTR) [ SR b X SR N [) S50 2 3 KR
A 24 AT /NP BRI Y o RN 28 IR
W AR ES s AR E R e R AE R [ R A E
R 25 3] 2 RN 4 00 27 A — S S I A 3Rl
FH R E B 240 (B kR ) #6147/ N i 4 5 B
JESRFH A B S 27 32 5 36 E A& AR A SE

YT OF %R, 2003) , 3% 0] 7 gt vk it AT e 44
B SE S 25 3 5 18 ML AR BT AF L 2 (Wan &
Chen,2014) . & E A9 %0025 TR BCE L, e )5
FRIE /NI AEACAE T LU IR, B4R FH %) S5 531 2
F AL 194 SRR RE, F2 I I 2 ) 2 R4 7 A 44 (B
/NP2, 2014) , H AT A 44 3 CYR34 (X1 16 45
2017) . Z 20144F, 2 [E/INE 5085 A 38/ VPP W 2
R R E 303 AN/ NRh i EOR Y

BrAb e S 27 40, EHPr LA R R H T %
MR AR B SERR AN I, A
()5 230 A & R ASE (7 %2R, 2003) o T
FE 25 5 O A P2 — 2 148 SR (R 19/
FPASHE B3 S BT SR A5 B . I HL, 7E TR [ b
ERFHEBMAR T S A 0 5 EAHEA
YT AR Z2/INFIE L S P R R IA 2 B RO R
SA LA 2 F A8 /N2 S o A B/ NRR R AT 9
TR, A LA R EIRRE N . TER
(2003) 84 F 1L, R I 55 3L P R AE S0 25 &, RE B
W45 3 DR A S5 tRab , A 2 = S i i B3
fI15 . ; Wellings (2007)UEBI LA Avocet S g5 5% 43T
S5 I R ZR S ) B T T X A SR R /NP REE
T A4 S S B/ NFI T RO R PR IR . S i B
b 20 R X A S A R RN 2 AR T
FIFEMEAR S o UK % & 181~ LL Avocet S Ky
B ViOEIR gl PSRl I D& W |
A [ N A L T AT 4545 S TR (Wan et al.,
2016) , %5 rf ] 5 1) 2 2 T R 4 T Ml S B A B SE A
FRAE S I, B T A 500 g (NI AE, 2012) o

T, ARG LR E R FEH T aMA
INFE SR TR TR AT BT, BB Y A AR T A
PEIRI BT A G SE R A 5, DI R IR /N2 bt
G P BT i DS A PR LR S AR
1 MRl5REE
1.1 #F#

PR/ NEE SR FRFE 78 2016 4E43 2R F =/
BRI ER B R G S 2 i
i 4 9 A4S M T (23°22138"~27°19'30" N, 99°14'35"~
104°30'59" E) , R VL H 1 450~2 140 m. FrfER&E



1 WAL . /N AT B 18 PR IE L R R TR T 77

R/ INZE AT B N RS 22 11 S5 22 17 9542 19 3%
2006-45 .3 2006-46 . ¥ 2015-1 %5 2015-3 . = 4% 47 .
D52 5 54 . 542106, & 15D4-4 . = 15D4-6. &~
126-8 . =A% 12 It & 6 5 A 33 R 17-7-2 'H &
001, 2001-1, % 15-1 /142 001 . ## 14-31 . % 16-5.
J-91.J-235.J-370 3F6 . F49-71 A Mz )11 % 1| F2
54 122 107 3% AR 10 38 T bR 13 P 22K 18,
P 22 B A9 ML 155 W E 4T WAL 54K
AN YN ERIN I SN E N PN Z N G TN
00062 JI| & 55871 454 55 5 2 158 JKIE 115
IR 4% 169 5 = f— L F Fh s AR SR M 44
H Y 1 NZE s A5 ] Rl Avocet S*6/Yr1 . Avocet S*6/
Yr5. Avocet S*6/Yr6. Avocet S*6/Yr7. Avocet S*6/
Yr9. Avocet S*6/Yrl7 . Avocet S*6/Yri8 . Avocet S*6/
Yr26 ., Avecet *6/YrSp . £ '5t 169*6/Yr10 ., Mega , Cap-
pelle Desprez ., Kalyansona ., Reichersberg42 . McNair
701 . Strubes Dickkopf, Suwon 92/Omar, Alba. Su-
won 85.F49-71 Moro.Heines Peko.,Compare . Maris
Huntsman , Triumph 64 ,Morrocco . Chancellor %5, #7
PRFER B 728 S LGS, IR BN [R) /A2 i A B A 4R
TRYLA R s ok F R AR 7= SR, BB g AR
HIEES1 000 m PL b AR R AN R AR RS IX
ANTRIEEAR MR /INAE ol , A RE AR T AR R

PR/ INZE SR ALEE Yl YrS Yr6 Yr7 Yr8 Y9,
Yri0.Yrl5 . Yri7 Yr24 . Yr27 Yr32 . Yr43 . Yr44 . YrSP.
YrTrl  YrExp2 . YrTye 3t 18 4~L) Avocet S N5 5 1T
SERED R Y 2Y 325 1M B 400 27 5 Hybrid 46, 42
JEXT R Avocet S 12 =y /8% Al Nugaines, T ik Nz
s A R S Rl BB 37 2 R B B B B AL
1.2 A&
12,1 PEESH O ERER

FEAZAP T 1A B = BN & PP Nugaines #5 T
HEN10 em AN, B TR FRE LK R
110 I R AR /N SR B AR R R B SR L v
PR 6~12 h, L MRFEE T L MR FRILN . FF5RES
WA BRSPS B A M
FRTE 1 IO ZZ MM i Lo s FH A W SR EE R
B R R AR B SE HAZ Y . SRJGTE 10°CHY RIF S
ST 24 h, R AR E IR . Wi MR
M 02:00 B 4°CiZ 20 1 THE 14:00 i 1 20°C 225
TFRERE 2 K 02:00 I 4°C, GIR 16 hy /NI
RIRFE T WO R i iR S A1, A TR M
122 DEFHHAGFRER

Z: I8 Wan & Chen (2014 ) J5 15Xt /IN 22 25455 T 18
PRI TREVESEE o %00 3 32 S Aot BR (3204~

MR T2, B S~7 b R & LI L
WA, B AT S AR 1:20 19 HL IR &34
57, PO AR AE A B S 0 2 b B I
B S R TR R A RN R B ) A5 — B, RS 18~
20 dfF %000 5 F 000 K0 L 4% 0~9 AR HEHEA T IE
C#, Hrh 0~6 N ToREME (A) , 7~9 oA F
(V). MG R ICEEE RN, BB 4555 Bk X 18
APUARGE I H  BEE A 2, SR 5 e B\ A X/
Fh AT B0 4y 4% (Wan et al., 2016) . [A ], B 4%
BRRTE i B % 1) 25 3 Hybrid 46 | BB

2 BERE5HM

2.1 MEEXFERSHETELER

AR E T 20164 FR A =B 9 M
0 136 A~ T bk, 2R 58 1 64 /B, 25 /N R
M 4 5, W/ 000001 X 14T 4545 3
A7, /N 571277 %F 13 N0 4485 1 A 15
J1o /NFP 550273 Fi/NFR 550073 fiY HE B R i 2
D7, 535 9 28.68% K 11.76% , ZAS 4F B (AN #4434
AN LB /IR BRI 4.41% LU, i ARAE
FERIUCEL /IR B3 e WU A R )0z, /R
550273 76 AT 9 IR EEMLIX 334 /NEE S Bl B354
A3, ANFH 550073 434 T 7 ALK 144 SRR 5 TR
BN AE 1~3 D HBIX Y 1~5 4§ f IF A
i o B f i /R 550273 X 10 M TARE
A B 7, IS BB e 1/ VR s SR TS e T8 1Y
INF 571277 HIRARAUN 0.74% (F 1) o %2 M1
FOINFR 550273 B B R AE 4 BI 451 7 32 Hybrid 46 I
(RN AN — AT T TR S ICEE T BRI LA 35245
F— M F N 550073 X Hybrid 46 Y9 E 5 17
22 INEEFEBENRESERNSENME

2 P /INEE SR AR A5 DA B R 11 B 10
REERRW] | B WEREARXS YrS  Yr10.Yr15 . Yr32 1Y
PSR T IR 0, UL =
BN S R R BB AR e i BESE [ 5 X Y24,
YrTrl | Yr8. Yrl7 V930 55 45 5k 5 A 25 0 00 32
0.74%~11.76% ; Wi XF Yr27 (7 FI40R N 52.94% , %t
Yri Yr6 . Yr7.Yr9.Yrd3 . Yr44 . YrSP. YrExp2. YrIye
ISP I T SR K 77.94%~91.91% . Wk
SRS X Yr24 A5 JI B RRIUAT 1A, 0 A AELL
05 XF YrTrl A 55 7 0 BRRR 73 A1 7 G U L 21T R
5 X5 Yr8 RN Yr17 A FE J7 B9 PR AT 3 B AR AR
11.76% AL M3 A3 A 388, 76 6 A HL X 3047 43 A7 5 4
Yr27 . Yrl  Yr6.Yr7.Yr9.Yr43 . Yr44.YrSP. YrExp?2 .



78

N7/

Eale O 14 454

YrTye B 5 S BRI S B A TEARAE B R
K1 2016 EZHENEELFH/NHHEIRRS %

Table 1 Race frequency of Puccinia striiformis f. sp. tritici and its distribution in Yunnan Province in 2016

BT HLIX A A (R 2) o

N
i At LR LA N
) Frequency Geographical .
Octal Virulence formula L Wheat cultivar
(%) distribution
code
550273 1,6,7,9,27,43,44,SP, 28.68 KM, YX, JF33.E 15-1 3 2006-45 %5 2006-46 W 17-7-2 . =F 54 . =
Exp2, Tye CX, DL, #%12.lfi% 6% J14-31. 2 15D4-4 'HZ 001 AP 11.)117 54,
LC., ws, JZE 107 ¥ 7k 2419.)1100062 117 55871 %7 158 1%
HH, QJ, K13 Avocet S*6/Yr1 , Avocet S*6/Yr5 . Avocet S*6/Yr9  Avocet
7T S*6/Yr17.Avocet S*6/Yrl8 Mingxian 169/Yr10 . Avecet *6/YrSp .
Compare ,Cappelle Desprez . Strubes Dickkopf,Alba.Suwon 85,
Reichersberg42
Fengmai 33, Yu 15-1,Jing 2006-45,Jing 2006-46,Feng 17-7-2,
Yunmai 54, Yunza 12,Linmai 6,Chu 14-31, Yun 15D4-4, Yimai
001,Mianyang 11, Chuanmai 54, Chuanmai 107, Early premium,
Mentana, Chuan 00062, Chuanyu 55871, Yangmai 158, Lovrin 13
550073 1,6,7,9,43,44,SP,Exp2, 11.76  KM,YX, ‘H2011-1.i# 6% %E 15-1.J)11% 107 .3F6. 2 126-8 %% 169 |
Tye CX, DL, 5422 =&  Avocet S*6/Yr26 Heines Peko ,Maris
LC,HH, Huntsman McNair 701 ,Suwon 92/Omar
QJ Yi2011-1,Linmai 6, Yu 15-1,Chuanmai 107, Yun 126-8,
Mingxian169, Guinong 22 ,Kavkaz
540273 1,6,7,27,43,44,SP,Exp2, 441 KM,YX, % 54,7 52 Kalgansona,Reichersbergd2 Mega
Tye HH Jinmai 54, Yunmai 52
550272 1,6,7,9,27,43,44,SP, 3.68  KM,YX, A2 001 .3k 4% 169, Avocet S*6/Yr6 . Avocet S*6/Yr7
Exp2 WS Shimai 001, Funo,Mingxian 169
550233 1,6,7,9,27,44,SP,Exp2, 221 CX,LC, =Hs54lfk%E6*
Tye ZT Yunmai 54, Linmai 6
570073 1,6,7,8,9,43,44,SP, 221 KM, LC, JI|Z£107.Suwon 92/Omar 7 Chuanmai 107
Exp2,Tye HH
550271 1,6,7,9,43,44,SP,Tye 147 WS, YX  £17£001,%6 Shimai 001,Fan6
550033 1,6,7,9,44,SP,Tye 1.47 KM, QJ VA 19, M4 15 Jingmai 19, Yannong 15
550072 1,6,7,9,43,44,SP,Exp2 1.47 CX,YX 7 5% Morrocco Yangmai 5
561262 1,6,7,8,17,27,43,44,Exp2 147 CX #14-31 Chu 14-31
550003 1,6,7,9,Exp2,Tye 1.47 KM, YX Triumph 64,Avocet S*6/Yri17
550031 1,6,7,9,44,SP,Tye 1.47 KM, QJ  Cappelle Desprez
551273 1,6,7,9,17,43,44,SP, 0.74 KM #4'0t 169 Mingxian 169
Exp2,Tye
550263 1,6,7,9,27,43,44,Exp2, 0.74 KM £4'5% 169 Mingxian 169
Tye
561062 1,6,7,8,17,43,44,Exp2 0.74 CX #14-31 Chu 14-31
550277 1,6,7,9,27,43,44,SP,Trl, 0.74 LC 7% 106 Yunmai 106
Exp2,Tye
050233 7,9,27,44,SP,Exp2, Tye 074 WS JIIZ Chuanmai
150223 6,7,9,27,44,Exp2,Tye 0.74 WS JI|Z Chuanmai
410220 1,9,27,44 0.74 DL Z37% 54 Yunmai 54
571277 1,6,7,8,9,17,27,43,44, 074 HH JII# 107 Chuanmai 107
SP,Trl,Exp2, Tye
530003 1,6,7,Exp2,Tye 074  YX B[ Abbondanza
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Octal code (%) distribution
040040 7,43 0.74 KM Moro
556272 1,6,7,9,17,27,43,44,SP,Exp2 0.74 YX FUM 16 Jingshuang 16
470270 1,7,8,9,27,43,44,SP 0.74 DL Z 15D4-6 Yun 15D4-6
561766 1,6,7,8,17,43,44,Trl,Exp2 0.74 CcX K1 unknown
561066 1,6,7,8,17,43,44,Trl,Exp2 0.74 CX #14-31 Chu 14-31
110071 6,9,43,44,SP, Tye 0.74 KM 1 unknown
001051 17,43,SP, Tye 0.74 HH JI13£ 107 Chuanmai 107
050040 7,9,43 0.74 KM ¥ K 18 Lantian 18
566262 1,6,7,8,17,27,43,44,Exp2 0.74 CX 4 16-5 Chu 16-5
000230 27,44,SP 0.74 HH Z7 54 Yunmai 54
010060 9,43,44 0.74 KM Morrocco
510011 1,6,9,SP, Tye 0.74 KM 7KJE 11 Suwon 11
540043 1,6,7,43,Exp2,Tye 0.74 KM Chancellor
541273 1,6,7,17,27,43,44,SP,Exp2, Tye 0.74 KM 5% 49 Yumai 49
100025 6,44,Trl, Tye 0.74 LC 1-370
050070 7,9,43,44,SP 0.74 KM 2 47 Jinmai 47
150051 6,7,9,43,Tye 0.74 LC %2 6 = Linmai 6
000001 Tye 0.74 QJ 3 2015-3 Jing 2015-3
170072 6,7,8,9,43,44,SP,Exp2 0.74 DL Avocet S*6/Yr]
150071 6,7,9,27,43,44,SP, Tye 0.74 QJ 357 17 Jingmai 17
150061 6,7,9,43,44,Tye 0.74 LC %% 65 Linmai 6
450021 1,7,9,44, Tye 0.74 HH 7 47 Yunmai 47
400040 1,43 0.74 HH % 47 Yunmai 47
450231 1,7,9,27,44,SP, Tye 0.74 HH JI1# 107 Chuanmai 107
450033 1,7,9,44,SP,Exp2,Tye 0.74 QJ 3 2015-1 Jing 2015-1
540073 1,6,7,17,43,44,SP,Exp2, Tye 0.74 QJ U2 11 Jingmai 11
550035 1,6,7,9,44,SP,Trl, Tye 0.74 LC J-235
551001 1,6,7,9,17, Tye 0.74 LC J-91
550021 1,6,7,9,44,Exp2,Tye 0.74 KM 514¢ 22 Guinong 22
550053 1,6,7,9,44,SP,Exp2, Tye 0.74 KM Y FAK 10 Lovrin 10
550023 1,6,7,9,44,Exp2, Tye 0.74 HH K Hlunknown
550071 1,6,7,9,43,44,SP, Tye 0.74 LC 1% 6 5 Linmai 6
550075 1,6,7,9,43,44,SP,Trl, Tye 0.74 HH 757 47 Yunmai 47
551233 1,6,7,9,17,27,44,SP, Tye 0.74 LC % 6 5 Linmai 6
570471 1,6,7,8,9,24,43,44,SP, Tye 0.74 HH JI1# 107 Chuanmai 107
571273 1,6,7,8,9,17,27,43,44,SP,Exp2, Tye 0.74 HH 7477 49 Yumai 49
570273 1,6,7,8,9,27,43,44,SP,Exp2, Tye 0.74 ZT A Local wheat
551073 1,6,7,9,17,43,44,SP,Exp2, Tye 0.74 KM F49-71
040003 7,Exp2, Tye 0.74 KM % Yupi
150073 6,7,9,43,44,SP,Exp2, Tye 0.74 KM Avocet S*6/Yr5
510033 1,6,9,44,SP,Exp2, Tye 0.74 KM 5% 169*6/Yr10 Mingxian 169%6/Yr10
100072 6,43,44,SP,Exp2 0.74 KM Suwon 92/Omar
170262 6,7,8,9,27,43,44,Exp2 0.74 KM Strubes Dickkopf
St Total 100.00

KM.YX .CX.DL.LC WS HH.QJ.ZT 4 HIfCK R W] i JEME KRB I SCil 00 s RIGE . KM, YX, CX,
DL,LC,WS,HH, QJ and ZT stand for Kunming, Yuxi, Chuxiong, Dali, Lincang, Wenshan, Honghe, Qujing and Zhaotong, respec-

tively.
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Table 2 Virulence frequencies of Puccinia striiformis f. sp. tritici to Yr genes in Yunnan Province in 2016

PRGN BIREL B (%) PRy AT
Yr gene No. of isolates Virulence frequency Geographical distribution
Yrs 0 0.00 None
Yrio 0 0.00 None
Yris 0 0.00 None
Yr32 0 0.00 None
Yr24 1 0.74 HH
YrTri 7 5.12 LC,HH,CX
Yr8 16 11.76 KM,CX,HH,LC,DL,ZT
Yri7 16 11.76 KM,CX,HH,LC,YX,QJ
Yr27 72 52.94 KM,LC,WS,ZT,DL,CX,YX,HH,QJ
Yri 117 86.03 KM,CX,DL,YX,HH,LC,QJ,WS,ZT
Yro 121 88.97 KM,CX,DL,YX,HH,LC,QJ,WS,ZT
Yr7 125 91.91 KM, CX,DL,YX,HH,LC,QJ,WS,ZT
Yr9 112 82.35 KM,DL,CX,YX,HH,LC,QJ,WS,ZT
Yr43 108 79.41 KM,CX,DL,YX,HH,LC,QJ,WS,ZT
Yr44 123 90.44 KM,DL,CX,YX,HH,LC,QJ,WS,ZT
YrSP 109 80.15 KM,CX,DL,YX,HH,LC,QJ,WS,ZT
YrExp?2 106 77.94 KM,CX,DL,YX,HH,LC,QJ,WS,ZT
Yriye 111 81.62 KM,DL,CX,YX,HH,LC,QJ,WS,ZT

KM.YX.CX .DL.LC.WS . HH.QJ.ZT 73 R R R38R ME ORI G Sl (20 s A iE . KM, YX,CX, DL,
LC,WS,HH,QJ and ZT indicate Kunming, Yuxi, Chuxiong, Dali, Lincang, Wenshan, Honghe, Qujing,and Zhaotong, respectively.

3 iFig

AWFFE AR T 2 F 4 2016 45 /N3 2555 W AR
BN Fl & 550273 K 550073, Hi RS R 4 S N
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T B 8 O R0 4 T b S R BT 45455 2 R A 1 10
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IX 1) 39 AN 25455 B 2R 0 I b 56 A v [ 6 1) 27 2
FE N 24 FNO NFEMEZRAL, R /INA SRR B R
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3 L RS A 32, SRR BN AR
FEARTEVEDT o8 75 28, oA T 5 D7 50 BRI HE LA K.
BRI D), AR LAE RS, SR FHAL
I S FF 32 5 v L S A S RIB A DL SE LT IH
AL VE

AWFFERM /N SR W REAR X Yr5. Yrl0,
Yri5 . Yr32 DU B0 555 3 D A0 2 103 35 R 0, X
Yr24 YrTrl Yr8 . Yrl7 VUL 4555 3L K (1) 57 1 %
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11.76% , (A B4y A 45, 78 6 b X Y4 40 A,
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