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Current status and future strategy in breeding wheat for
resistance to stripe rust in China
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Abstract Wheat is an important staple food, which suffers considerable yield loss due to fungal foliar diseases like
stripe rust caused by Puccinia striiformis West. f.sp. tritici Eriks. & Henn. (Pst). The management and sustain-
able control of the disease has been studied and great progress has been achieved since the founding of new China.
Abundant resistance genes in wheat germplasms were identified. However, only a few race-specific resistance
genes can be used for improving stripe rust resistance in commercially cultivars because of the undesirable agro-
nomic traits or lack of efficient molecular markers. The mono-resistance gene in wheat varieties resulted in rapidly
emerging new races of stripe rust pathogens and losing the R gene-mediated disease resistance of wheat cultivars.
By retrospective historical events of “boom-bust cycle” of the resistance sources of 1B/1R (Yr9) and Yr24/Yr26,

the over used resistance genes for stripe rust in China, the experiences and lessons were summarized. In addition,
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the strategies for durable (long-lasting) disease resistance are discussed.

Key words breeding wheat for stripe rust resistance;

lasting resistance
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Table 1 Officially named stripe rust resistance genes

BEPH K HA BEH R EERUNTRLATES P2l HEYRIC E=PEN

Gene and location Origin Cultivar/line Resistance type Linked marker Reference
Yr1(2AL) T. aestivum Chinese 166 RS, AS Xstm673acag Lupton and Macer, 1962014
Yr2(7B) T. aestivum Heines VII RS, AS Xwmc364 Lupton and Macer, 196214
Yr3a(5BL) T. aestivum Cappelle Desprez RS, AS — Lupton and Macer, 1962014
Yr3b6(5BL) T. aestivum Hybrid 46 RS, AS — Lupton and Macer, 1962014]
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43R 1 Table 1(Continued)
LR B HA PR R ESRUNTELTES B HEBIRIC E=PUN
Gene and location Origin Cultivar/line Resistance type Linked marker Reference
Yr3c(5BL) T. aestivum Minister RS, AS — Lupton and Macer, 1962014
Yr4a(3B) T. aestivum Cappelle Desprez RS, AS — Lupton and Macer, 196214
Yr4b(3B) T. aestivum Hybrid 46 RS, AS — Lupton and Macer, 196214
Yr5(2BL) T. spelta album T. spelta Album RS, AS STS7/8-Xbarc349 Macer, 1966L15
Yr6(7BS) T. aestivum Heines Kolben RS, AS Xwwmc76, Xwmc276 Macer, 1966115
Yr7(2BL) T. durum Lee RS, AS Xgwmb526 Macer, 196615
Yr8(2M/2D)  Ae. comosa Compair RS, AS OP-D111265 Riley, et al, 196816
Yr9(1RS) S. cereale Clement RS, AS AF1/AF4 Macer, 197517)
Yr10(1BS) T. aestivum Moro RS, AS Xpsp3000 Macer, 197517
Yr11(—) T. aestivum Joss Cambier RS, AP = Meclntosh, 1988[18]
Yr12(—) T. aestivum Mega RS, AP = MclIntosh, 1988[18]
Yr13(—) T. aestivum Maris Huntsman RS, AP — MclIntosh, 1988L18]
Yr1d4(—) T. aestivum Hobbit RS, AP — MeclIntosh, 1988181
Yr15(1BS) T. dicoccoides G-25 RS, AS Xgwmd13-Xbarc8 Gerechter-Amitai, et al, 1989(19]
Yr16(2DL)  T. aestivum Cappelle Desprez NRS, AP Xpsr641-Xpsr681 Worland and Law, 1986201
Yr17(2AS)  Ae. ventricosa VPM1 RS, AS SCG-Y15 Bariana and McIntosh, 199321
Yr18(7DS) T. aestivum Jupateco 73R NRS, HTAP  Xecssfrl-7 Singh, 1992(22]
Yr19(5B) Ae. speltoids Compair RS, AS — Chen and Line, 1995L23
Yr20(6D) T. aestivum Fielder RS, AS — Chen and Line 1995231
Yr21(1BL)  T. aestivum Lembhi RS, AS Ppslem Chen and Line, 199523
Yr22(4D) T. aestivum Lee RS, AS — Chen and Line, 1995(23
Yr23(6D) T. aestivum Lee RS, AS — Chen and Line 199523
Yr24(1BS) T. durum K773 RS, AS Xwel73 MeclIntosh and Lagudah, 200024
Yr25(1D) T. aestivum Strubes Dickkopf RS, AS = Calonnec and Johnson, 200225
Yr26(1BL)  T.turgidum R55 RS, AS Xwel73-STSBQ33 Ma, et al, 200126
Yr27(2BS) T. aestivum Ciano 79 RS, AS Xedod05-Xbed 152 McDonald, et al, 2004:27]
Yr28(4DS)  Ae. tauschii W7984 RS, AS Xwmg634 Singh et al, 200028
Yr29(1BL) T. aestivum Pavon 76 NRS, AP Xwmcdd William, et al, 2003[29]
Yr30(3BS) T. aestivum Opata 85 NRS, AP Xgwm389 Singh, et al, 200028
Yr31(2BS)  T. aestivum Pastor RS, AS Lr13-Lr23 Singh, et al, 200353]
Yr32(2AS) T. aestivum Carstens V RS, AS Xwmc198 Eriksen, et al, 200431
Yr33(7DL) T. aestivum Batavia RS, AS Xwmcd37-Xwmce111 Zahravi, et al, 2003032
Yr34(5AL) T. aestivum WAWHT2046 NRS, AP Bl1, Xgwm410 Bariana, et al, 2006033
Yr35(6BS)  T. dicoccoides 98M71 RS, AS Xcfdl Marais, et al, 200354
Yr36(6BS) T. dicoccoides RSL65 NRS, HTAP  Xucwl13-Xucwl27 Uauy, et al, 200535
Yr37(2DL)  Ae. kotschyi S14 RS, AS — Marais, et al, 2005036
Yr38(6AS)  Ae. sharonensis Line 03524 RS, AS — Marais, et al, 2006(37]
Yr39(7BL) T. aestivum Alpowa NRS, HTAP Xwgpd5-Xwgp36 Lin and Chen, 2007(38]
Yr40(5DS)  Ae. geniculata T5DL. 5DS-5MgS RS, AS = Kuraparthy, et al, 20070391
Yr41(2BS) T. aestivum Chuannong 19 RS, AS Xgwm4dl0 Luo et al, 2005010
Yr42(6AL)  Ae. neglecta 03M119-71A RS, AS Marais, et al, 2009411
Yr43(2BL) T. aestivum 1IDO377s RS, AS Xwgpll0-Xwgp103 Cheng and Chen, 20100421
Yr44(2BL) T. aestivum Zak RS, AS XpWB5/N1R1-Xwgp100  Sui, et al, 2009L43]
Yr45(3DL) T. aestivum PI 181434 RS, AS Xwgpll8-Xwgplls Li, et al, 201104]
Yr46(4DL) T. aestivum RL6007 NRS, AP Xguwml65, Xguwml92 Herrera-Foessel, 2011045
Yr47(5BS) T. aestivum AUS28183 RS, AS Xsunl80-Xgwwm?234 Bansal, 2011046
Yr48(5AL) T. aestivum PI 610750 AP XwmcT727-Xguwm291 Lowe et al, 2011L7]
Yr49(3DS) T. aestivum Chuanmai 18 AP Xwgp7321-Xgwm161 g/lpcizlrz)etfzr?;?li&;%m
Yr50(4BL) Th. intermedium  CH223 RS, AS Xbarc1096-Xwmc47 Liu, et al, 2013048]
Yr51(4AL)  T. aestivum AUS27858 RS, AS Owm45F3R3-Sun104 Randhawa, et al, 2014049
Yr52(7BL) T. aestivum PI 183527 NRS,HTAP  Xwgp5258-Xbarc182 Ren, et al, 2012050
Yr53 (2BL)  T. durum PI 480148 RS, A5 Numcldl-XLRRreo/ Xu, et al, 2013051
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43R 1 Table 1(Continued)
e IR e HA HEPER A EERUNTELVES Pl HEHHRL E = BTN
Gene and location Origin Cultivar/line Resistance type Linked marker Reference
Yr54 (2DL) T. aestivum Quaiu 3 AP wPr667162-wPr-667054 Basnet, et al, 2014052
Yr55(2DL) T. aestivum Frelon, AUS38882 RS, AS Xmag4089-Xmag 3385 Meclntosh, et al, 201453
Yr56(2AS) T. durum Wollaroi AP Xsunl67-Xsun168 Melntosh, et al, 201453
Yr57(3BS) T. aestivum AUS27858 RS, AS BS00062676-X gwm 389 Randhawa., et al, 201554
Yr58(3BS) T. aestivum AUS19292 AP 3023704 -sun476 Chhetri, et al, 201655
Yr59(7BL) T. aestivum PI 178759 NRS, HTAP  Xwgp5175-Xbarc32 Zhou, et al, 2014%6]
Yr60(4AL) T. aestivum Almop NRS, AP XwmcT776-Xwme313 Herrera-Foessel, 201557
Yr61(7AS) T. aestivum Pindong 34 RS, AS Xwgp57650-Xwp5467 Zhou, et al, 2014C58]
Yr62(4BL) T. aestivum PI 192252 NRS, HTAP Xgwm251-Xgwm192 Lu, et al, 2014059
Yr63(7BS) / AUS27955 / IWB33120-IWB52844 Mclntosh, et al, 2014653
Yr64(1BS) T. durum PI 331260 RS, AS Xgwmidl3-Xgdm33 Cheng, et al, 2014L60]
Yr65(1BS) T. durum PI 480016 RS, AS Xguwml8-Xgwmll Cheng, et al, 2014L60]
Yr66(3DS) / MSP4543. 1 RS, AS IWBA47165-1WB18087 MclIntosh & #
Xmag1714-Xbarc182 Li, et al, 2009C61]
Yr67(7BL) T. aestivum AGGY1585WHEA RS, AS IWB§2/175*IWB71995 Melntosh, et al, 20140537
Yr68(4BL) / AGGI1587WHEA1 AP IWB74301-1WB28394 Meclntosh, et al, 201662]
Yr69(2AS) Th. ponticum CH7086 RS, AS X2AS33-Xmag 3807 Hou, et al, 201663
Yr70(5DS) Ae. umbellulata IL 3934 AS Xgwml190 Bansal, et al, 2017L64]
Yr71(3DL) T. aestivum Sunco AP Lr24/Sr24, Xgwmlldb Bariana, et al, 201665
Yr72(2BL) / AUS27507 / Xsund81-IWB12294 Meclntosh, et al, 2016L62]
Yr73(3DL) T. aestivum Avocet R RS, AS DArT-Seq markers Dracatos, et al, 201666
Yr74(5BL) T. aestivum Avocet R RS, AS DAr»T-Seq markers Dracatos, et al, 201666
Yr75(7AL) / Nyabing-3 AP Xc fa2016-IWB36240 Meclntosh, et al, 201662]
Yr76(3AS) T. aestivum Tyee RS, AS Xwmel-Xwmc532 Xiang, et al, 2016L67]
Yr77(6DS) / PI 322118 AP Xbarc54-Xc fd188 Mclntosh, et al, 2017L68]
Yr78(6BS) T. aestivum PI 519805 AP IWAT7257-Xwmc737 Dong, et al, 201769
Yr79(7BL) T. aestivum PI 182103 HTAP Xbarc72-Xwme335 Feng., et al, 201870]
Yr80(3BL) T. aestivum Aus27284 AP KASP_65624-KASP_53113 Nsabiyera, et al, 2018(71J

1 RS: BALhills AS: AT AP kMBI HTAP. @l sk iyt .

RS: Race specific resistance; AS: All-stage resistance; AP: Adult plant resistance; HTAP; High-temperature adult plant resistance.
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Table 2 The iteration of elite wheat cultivars(Yr genes)vs the emerging races of stripe rust
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