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Abstract: The genus Elytrigia (Thinopyrum) exhibit outstanding disease resistance and serve as important members of the
tertiary gene pool of wheat. The exploration and application of disease-resistant genes from Elytrigia have provided critical support for
the wheat improvement in disease resistance. As early as the 1920s, reports on distant hybridization between wheat and Elytrigia
emerged. Over the past century, numerous disease-resistant genes have been identified in Elytrigia species and multiple
disease-resistant germplasms have been developed by distant hybridization and molecular chromosome engineering and breeding of
high-yielding and disease-resistant cultivars such as Xiaoyan 6, which has made significant contributions to wheat breeding and food
security. This article systematically reviews the general of Elytrigia genus species, the research progress on genes resistant to common
fungal diseases such as stripe rust, leaf rust, stem rust, powdery mildew, Fusarium head blight, and crown rot, and summarizes

advances in creating novel germplasm and breeding applications of disease-resistant genes through distant hybridization and molecular

' RS EER: 2025-09-19 4% bl EHA -
URL: https://doi.org/10.13430/j.cnki.jpgr.20250919003

E—EBW T /N MR EIHT, E-mail : wifxy001@163.com
BIEESE: BEE, S5 MEZ T YA TR, E-mail : yangguotang@sdau.edu.cn

EEWH: EXARFFEESHELS (324018300 ; RINFHEHELFIHA (tsqnz20240802)
Foundation projects: The Youth Program of National Natural Science Foundation of China (32401830); Taishan Scholars Young Expert Program

(tsqnz20240802)



chromosome engineering. Furthermore, it discusses challenges in the exploration and application of disease-resistant genes from
Elytrigia, and prospects future research directions. This review is structured into the aforementioned five sections, aiming to provide a
scientific basis for in-depth analysis of the mechanisms of exogenous disease-resistant genes and enhance their utilization efficiency in
wheat breeding programs.
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Wil (Triticum aestivum L., 2n=6x=42) & A, B M D =EWHERA, Ro/NERE (Triticum)
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B2 BB AE YR R AR N E 2 A A, 1933 4F Nevski FIFH RS0 2006 18 2 508 WAL S vk
W& (Agropyron) Wy R, MBI, TG, HEMEY 5 IEEFK AL ZEAIR O T %5 2K
Jivk. (BEEJEMYERIRAE 40 RF0, Hrbh, KEELZE, fiaELR, BEEZRE (E trichophora) .
MRS (E. smithii) FBEFEZE (E. juncea) SEW) 12 NI FUS. i IAMEZZ BE TN, 1K RYE
H BRI LA AN IR SR o S A s, DU RS RT3 56 3 2. e (B2 5y RAE i, B i
B R 25, AR, — bk 1.2~1.8 m, FHK 20~40 cm, ARHEUNERL 20~30 4, BENEAER 5~9 4,
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HE 2025 FIE, EFEEN BAKEEZREE (E elongata, 54N Th. elongatum, 2n = 2x = 14, EE)
M AMEZ B (2n = 6x = 42, SStVVID) HFERFEIH S A2, BiFtEoR, ERFEHNy 4.78 Gb, EEFFHIL
Hoh 81.29%, HRE T 44747 NE BRI, S5/ AL B A1 D BRI Y BATREF R SL LR 2], fa] E S
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INFE SR M S4R T (Puccinia striiformis f. sp. tritici) 51 H)—FE BRI E . 2% FLEIUR IR H X
WAT, TREFZNER R HAT,  CORE SRR T [ 2 R A R AL 1 A IE A 44 2
Yr50, LhRe 4 i a4 36 R YrCH-1BS s YrT14 YrL693 WCBPIM-231, v, Yr50 1E/MEZE#ii5 & CH223
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L693, @ik iR A43E (SSH, suppression subtractive hybridization) $ A3k, HEME YrL693 i—AMiEik
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IS4 LR YrCH-1BS AT BEIIE T rh B 22 5 3AT Yot k2, YrT14 SRS T /N2 55 vh ()8 2 5 S N £
TAI-14 B0 i (B 22 B gL fk 7 (B8R 71%) , EALT 636.7~724.8 Mb W B IX [H]23,  [EFE, 1E- A KR
BEEDBIERGL T 1 MIESEHRER Yr69 M1 3 M dr ZFEE YrTpl . YrTp2 M YrxY2427, Hrh, Yr69
FE/AMEZZ 5 Z CHT086 g A7 T 2A YLt AR B K, /T X24533 F Xmag3807 Fric A2, BVEIEN YrTpl
MR R YrTp2 35 R I T /N2 5 KA E Z Hin 558 )5 X A-3, YrTpl sEAL T 2B e ki i, AT wMC477
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FE/NZE S R/IME 6 5 sE AL T/ 4B Yethtk, 5 Xgwm 07 B AERE RN 7.08 cMES1, thAh, 5@/ 51U
AR KAE R ¥ (E. elongata, 549 Th. elongatum, 2n = 4x =28, EEEE) 4E (4D) f{#: % K16-730-3 H1if
A 1A AT IR R YrdEL, ZREFERL T 4E Yo KR,
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NG A AR B (Puccinia recondita f. sp. tritici) 5 HEH)—Fh BB, ™ B B /INE 1 A 72 2
Ao WRGE, WHEER TR LG 1S% /N AR, R R AT IA 50%28 . I B E BLE ORI I |
WL (PR ep AR KO, pl TR B IS N R R, O AL T Y B LU SRR R FF R R S K, iz
AR RAUEAR R, M AT X R IEEY K@ . Hir, EREEZRERIER G4 T Lr19. Lr24
N Lr29 55 3 MUt aE AR, fErh EEZ R EX G4 T 1 AU R EER Lr3s?o30, Hrp, Lr19 KILT
NESKBERE LY AL R Agatha, AT TAe#l Gt KE R, Xu S50 — D0 HE A T KB Kb id
XsdauK3734 Ml XsdauK2839 2 [8]. Lr24 sefr T /N2 5KIEZZH 501 7 Agent [1) 3Ae#] Jet A KERI3,
Lr29 KT TD/TAe#l G, 1T TAe#l etk D435), Lr38 e /32 5 [aE 2 5 5 1 & W49 1)
TA#2 PR KR, phah, fEhEEKBUER T 5Ag (5D) R RM SAg Yetatkhifiimt a4 17 1 A
R FE R Lr5Aghl,
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INEFTERIR L AT B (Puccinia graminis f. sp. tritici) SIHSH—F I BH 2, % H BN 8B
. Hul, ERKBEZERIERMGA T Sr24. Sr25. Sr26. Sr43 M Sr44 55 5 NMUFFAERILN, £ aES
W IER 4 T 1 NPT ER LR Sred, TESTEMEE S (E. junceum, 5474 Thinopyrum junceum) H1IEZ
w7 1N SRR Sr68. Sr24 RINT/INE S KABELZ B 500 R Agent, [T 3Ae#l JtafR{ R3],
Sr25 R T/INE S KBUEE B 547 & Agatha, f7T TAe#] Yeto ik KEERI, Sr26 el KT /N2 5 KAES
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BIRILT /N5 B2 5 R M I & TAF2d, f7F 7Ai-1 Qe R 8 in K ui0o 41, Sr68 T /N2 51T
OME R BRI N R HD3505 () 4E Ye ik KB Me), §p24 5 Lr24 SHEB, Sr25 5 Lr19 E8E, Ff H Sr25.
Sr26. Sr43. Sr44. Sr61 1 Sr68 X Ug99 A B /NFR HAHIME (hitps://rusttracker.cimmyt.org/?page id=6745).
Hr, Sr26. Sr43 Al Sr61 O IERTIHE . Sr26 Al Sr61 43 A 4wt A ) NLR & (0, Sr43 gafi— 4
A AR NG5 AL B B T .
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INEEANYR B EAKE (Blumeria graminis £. sp. tritici) 512K —F E B FE, FHEENE 5%~40%
(Frr= ik, PRER IR 62%47. HEl, ERBEZETIERGA T | MR REEE Pms1, fEraEE
FAIER A4 1 2 ML AsIEIEE Pmd0 M Pm43. Forb, Pm51 18/ 22 5 KAEMEZ FHTE R CHT086 H17EfL
T 2B Btk KB, AT hric Xwmce332 1 BO246670 2 [8]48), Pm40 JL-T/N32 5 i [alE 2 5L#ii% & GRY19,
SERLT TB Y AR I, SHRIC Xewm297 1 Xwme335 F653 B, Pm43 5E LT/ 5 rp Al B 5 Sls 2
CH5025 f) 2D Jettfh &8, AT Hric Xwmedl Rl Xbarcll 2[5O, $hAh, FEKAER F ARG 4 7 14
PrEkR AR, e EZ R PG d A T 4 MR EER, B RIT N S KEEEZ R SAg (5D)
R F PYS814, BN T KBE L H SAg Yot fh B Pm5AgET: RILT /N2 5 B2 BT 5 &R CHO9WS3,
TN T 4B Pt fR KB FRIC Xgwm251 Fl Xwmce652 Z (A1) pmCHS3B; 52 AT #i7% & CH7124 (1) 2B i
WK FRIL XgewmS01 Fl Xbarc101 Z [8][f) PmCH712452; K ILF#ii5 % CHOOWS9, I3 1+ 4B Jetafhkk
EFRIE Xwme310 F1 Xwmel25 Z 8] pm CHEYSIFIE AL T2 £ L692 (1) 2B Guto A4 %0 8 R v bs i Xwme314
M1 BE443737 Z [8]1] PmL69254,
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INFE IR B e HARB MR (Fusarium graminearum) 55 22 PP J )0 51 RS /N Z2AE5008 5, ™ B B 4=
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Kl fE 2 BACH R K2620, IFE AL T Tel G oA K 51, Guo SFLOIHE — B4 HAE 41 %€ AL T XsdauK66 Fl
Xcfa2240 WiAFRICZ 1] . Wang S50 IO S0 pE, RIL Fhb7 Gafi— A BEH IS A0 i, M8 o A
PR OB 1) FE PR S BE T SE I DON I REfif . 7E AR KAEAE S 7L 7E Ytk b, [RIVESERE T Fhb7 155 B A
Fhb7me257; ANEIGI 6y 4 1 DMAREIRIER Fhb7-7ELSS), 2D R KRB i, [FRER L 7B Jett ik
Wrr PUAR IR B R, R FR e Bt Fhb7 (ST E N TTE7E-Fhb 719, BeAh, /N 5K AE 22 B 2 e 58
JEREBITEAR 511, AL T 2 ANPUREERAL S QFhb.nwafu-5B A1 QFhb.nwafu-74, EMIX 2 ANPUHELL AT
RS IR T K AR 27 R R 411001,
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RIIRE . Horb, Wang SU2VEHL Fhb7 AMUBA FRERPUNE, tRAZERERIINE. Ceoloni ORI —ff
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Table 1 The major fungal disease resistance genes in Elytrigia

7S KIF PO et g L EEPUN
Genes Sources Resistance characteristics Chromosomal localizations References
Yr50 rh[a] (B 22 5 LA 4B [19]
YrL693 rh[a] B 22 55 LA 1B [20]
WCBP1 rh[a] B 22 55 LA 1B [21]
YrCH-1BS rh[a] (B 2 5 T 3Ai [22]
YrTi4 o ) B e T 7] 8 7) [23]
Yr69 AR KA E A B TR 2A [24]
Yripl AR K AE A T 2B [25]
YrTp2 AR KA E A B T 7B [25]
YrXY AR KA E A B T 4B [26]
Yr4EL VU 5 A K AR 22 7L T 4E [27]
Lrl9 TR KA E S Pt TAe#1 [29-30]
Lr24 TR A A 2 U599 3Aet#l [31-33]
Lr29 TR KA E S Pt TAc#1 [34-35]
Lrs5Ag i A A S P-4 5Ag (371
Lr38 o il 2 U TAi#2 [36]
Sr24 T A A 2 ERGR A 3Aet#l [31-33]
Sr25 A A R A T TAe#l [29]
Sr26 ERERNN (e T 6Aet] [10, 38]
Sr43 AR KA E A B U 59 Tely [11, 39-43]
Sr61 TR KA E S BT 595 6AcH3 [10, 44]
Sr44 o il 2 T 7Ai-1 [36, 45]
Sr68 AR (5 EARA Ko 4E [46]
Pm51 AR KA E A HLE K 2B [48]
Pm5Ag A A R B LB 5Ag (371
Pm40 r[a] {8 22 55 A=k s 7B [49]
Pm43 rh[a] (B 2 5 HLE K 2D [50]
pmCHS83 rh[a] B 22 55 HLE K 4B [51]
PmCH7124 o Al 22 B TLEH 2B [52]
pmCHS89 rh[a] B 22 55 A=k s 4B [53]
PmL692 r[a] {8 22 55 A=k s 2B [54]

Fhb7 R A A 2 PUAREER . PUIETR el [12]




TTE7E-Fhb7 DU i K il 1 27 LR FE TE [59]

Fhb7me TR KA LR B 7E [571
Fhb7-7EL AR R 2 PR DU 7E [58, 61]
QFhb.nwafu-5B TR KA I 5B [60]
OFhb.nwafu-74 TR KA LR B TA [60]

Geto f g fL— 2 K/ 22 Qe (R R AR (B 2 BEPUR L RIE N B /b 22 e (0
The wheat chromosome in the chromosome location column refers to the wheat chromosome into which the disease-resistant gene from Elytrigia was

introgressed.
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B 20 tH4l 30 4548, [ A AT 048 8 1 78 25 44 58 N e €0 f T RE B G b 97 AR (R 02, o, B
LA AL R e A I M & 5 5 E /N 28 AL, BT —it “i” T RIS H/MEZSE, RILH L1
T AN AR T U 03651, el [ o 2 e P AL AL A i R P KA 2 B % il N AR AE, BT “AME” RN
AR, L AR AMY R AR T 8 22 73 0] 5B 22 B, v a8 22 B A S G Y — 4t )\ A/ IME 22 L7681,
DL A (8 2 B A 7 B R ) N2 R e B T AR RE

SR AR Gt p b A AR S 3 DRI S B 2. IR, s A FLagtAE B0 i /IME 22 N &
R ZR DU RMEER, EEMEBEPEASFIH. flin, RIAHEKZEFHE b7 7R850\ fE ik ME
ZANHIH TENKEZ RIS, Hrh TAI-23 S§UT 85, TAI-25 st 85l FHin & WTASS il
AR U B0, LU T RIS T K ARME 2 B3 6 #54) [ YRR e (o pk ), /M2 B n 32 /ME 85 it
R Ug99, HAUHERT RERIE T KA T4 1 5 [FURAE G tafht 700, /MBS 5Ag (5D) AUt & PY5814
FSMR I s O R R, SR I TRV T SAg Bt kBT, MEZZ 5 AL R RWG33 Fl RWG34
AT BT AR E IR Sr4313), Gyfr & 1-40 A1 9-80 #E7H5 HUH AR HER Lr19B%, B 22 WTT26 T {13k S e -5
Wi, PP RIS T rhIAME 22 55 70 Gt fkU, /MEZZ#TE R SN0293-2 A1 SN0293-7 Rkl Bt Fok s »
HHUE AT BRI T KARE R T2,
3.2 EMFA

23 FE R ARG ISR PUR ML, T2 20 2D 50 4RAR,  DAZRIR A Bt L AR M E Py RHE SOF a7
N KB PIEEZ RAE G AT BT 2025 FIK, OHE HEMPURMEIRIL R KN 5 R,
AR E SRR 2 A R TTRR . b, SN OR8N S M E R RS B R 1 5
WF 2T, e 3 T AN/, MBS R 2SR G /N S (RS R B T A BT 8
SR 9 5. BIRA S AN E SKEELZ EAEEE HAME 6 5, ZmA LR BuR. iR
RS R, T 1981 ARId B A4 AR AAE D) R e E 2 e B E . BUIME 6 SOy BB EERE A H R/
anAf 2 IL 80 RS, BRI THIAE 0.2 12 ha, $E/NEEIE 750 )3 (), Gl G AR TREME R E MR E

pai



JRIK/NKEE 33, Remre. Zhi. RBMENE SR, T 1995 . w503 B E A MR 48
AP SR 2, 20T 1997 4F L 1998 4RI Ik B 76 45 FIVAT AL 48 it b o 8 2% DR 23 B g ), ER 511 43930 T 2015
12018 4RI Bl 748 RIE ZARAED) P e B B 8, PR, CENL 2 AT RERIE T KR E £ 5
(K30 775 QTLs OFhb.nwafu-5B F QFhb.nwafu-7A%, 2021 4Eiid 111 R 48 5 52 I 114 48, 28 Mg Pk
FFHEDR] Fhb7 (/N R, Za R PR B . TR 166 #53 A5 KB E RE Fhb7-7EL B,
AR EE R, T 2022 FEIE I E KRR E 2 A S Y. FEE AL, ROCFIE E R SR A R 6 A
Sr26 WIS AL Z 9A-1 B L J BUATEE T i A Eaglel™l,
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IR 2 W R A SO SE I T, 4 B 22 g R F 280, HEB /N o B R R SR . AT
B W@ EY R AIER, CIZRIH0R R R0kl — A, 822 50 509 5= R (¥ BF 8RS P 475 1 1 — 2
W — 7T, EERR Y R POR S RS BUR A R LRI R AT B, R RE
HEBAARBMFERPE, HEAEED | NPURIER Yre9. BRI TSR AT Mo T G ik TR,
Sl 2 A E PR MBS H M BT, (BB RIEA ik — k. 7 %8 MNP E R AR
A 3APUFFEERIEEEIR | AU R e e, HOCT HAE I NLHIRT S8 D . 50—, 5 fu 2
({2 S etk BUFFEIEBL R B, mB R R AYEIRA G fae, 53U 2 50 & 0 56 A 2R 8
%, HAT, 358 HH O A E 2 SPUR BN 0 R R > o Rk, T bRt 57 e 8 22 b (T 56 11, Ik
v RN TN B0 7 AT 224 i 2 R A7 5 DR 424 AR ) PR 1

B G 5 /N Y AR AN 5 R A e i PR Se i, R) FH 8 00 o e 6 R A PR o
B AR AR E A B A S B AL 7 e A, /N 2 R PR LR N2 B R AL TR RS, Iz a2
MFEREDE B R RIGE, B AW = AT 2E, 41 MutRenSeq!'”). MutlsoSeq!®l. STAMI7IZE, K
I PR BRI A2 L ) ) o SR AR Pk S8 Ty v AR o o M1 5 B S O B DR 2 oK 1 BT (IDLIB . 7E B0 B P 7
FIRIJTHE, AL G ik TR AR SHOBRFBARG & . R 2L et pie TR AR, R TE 8 1 B
B ARETEREFHOHANR S, R PRI A . A5 E S, SEHLZ G A3 S5 AR DROB Al £ o e 0080,
B ST R ITIR N, 8 22 55 R A FE /N2 388 o5 R v (A S B SRR L, /N8 — e = 4R
e 3T 1 °EE TR
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