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Abstract: Stripe rust is an airborne disease that can spread thousands of kilometers through the atmosphere,
spreading from the United States to Canada and even intercontinental, posing a serious challenge to wheat
production worldwide and threatening global food security. Over the past half-century, a wealth of wheat resistance
loci against stripe rust have been mapped, and 11 crucial resistance genes have been cloned, providing powerful
tools for wheat breeding against stripe rust. In the early stages, significant stripe rust epidemics in our country often
caused considerable losses in China. However, in 2019, effective control was achieved, marking that China has
reached a stage of "effective prevention and control" over stripe rust. The pathogen continues to evolve, and the
resistance of many early effective resistance genes is gradually lost; climate change brings much uncertainty to the
prevention and control of stripe rust, so the basic research and breeding work of resistance to stripe rust cannot be
relaxed momentarily. Fortunately, the decoding of the wheat genome has accelerated the cloning of resistance genes,
pan-genome research, and the collection and utilization of wild germplasm resources have enriched the sources of
resistance genes, and emerging technologies such as gene editing, intelligent breeding, haploid breeding, and rapid
breeding have given birth to new ways of wheat research and breeding against stripe rust. This review will briefly
review the symbolic achievements of stripe rust research, discuss strategies to integrate resources to promote the
coordinated improvement of wheat resistance and high yield, and discuss the path for wheat basic research and

breeding against stripe rust to prepare for the future and move towards "prevention" to meet the future climate

change.
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/NG (Triticum aestivum L.) Je PR EEM &
TEW, RNZEERAE KL 18% IBE &A1 19% & A
Jii (http://www.fao.org/faostat/en/#data/FBS). 4EKF

88% II/INZ AL 7= X 42 B B gy s S B
FEHAALTE TR IR P N KA R E

Aicd, JbELR B EGRAE GRRER) HaEh
PR3 “HLEZW, ZMWELME, HEER", 5
INFZ R . BREAARIN AN, A ERE KINE 60 2 A4
[ KI5 255 R . /N3 2545 0 7 R 0% 113
22T /N W IR TV RSO [ T 6 38 8 1) 52 7 1
AR 4“4 7 (stripe rust B & yellow rust),
JF NS TS B (Puccinia striiformis f. sp. tritici,
Pst)o 5585 B 32 BEAE S5 B SR T 1R /N 22 Pl X
KA, FERPRARHEY), W@/ NE (Triticum
aestivum) T8 ¥i /NZZ (T turgidum var. durum). F%
R RURL /N (T dicoccum Schrank). B4 ki /N3 (T
dicoccoides Kor) FI/NBH (Triticosecale. Pst)™. It
Ak, 2585 B I T DB Y Bt i S 55 K 57 (Hordeum
vulgare) F1 2.5 (Secale cereale), {HIX i {E¥yiE
WA SR ERRATH, B E ATy )
ﬁE\E [3,4]

/N 2% TR LA i SRS R 8 ) TR AS [ ) 1
THrE: AT BT AT Sl mEfaT,
I3 AN NLINZE A B B TN, R0 RN TP E B

FE B T S B A4 B A RO R AR o B
PEFL T (pycnial stage), SEAZHIPEA THAA, I
P b AN [R) B AL P 5 IR A S R R 22, AR
%@A %F&@A%&ﬂﬁi%w INITE S
FEREEREM, RABEIEE AR (&
ﬁ)¢ﬂ$%ﬁm%%%of§@¥%,2@¥ﬁ
RN, BT URCAENFEHT
A B ULAMAHIIX,  anin S oK v b X 4% 55 T 4 RS
S5 E P EB, TN 55 K 25 3 i (X 25455 B L R DL 35
B AR, RO ik 1 I DX I A 4R R ) R 1 R 5
RARTAT I E R A P,
FERRKRATEIERERGE, TFHUER
SRR 10%~70%, AL, H v B R T B
K, BELERAE XA EME HE™E RN
B RAT, 0 RAAE 19500 1964, 1990,
2002 F1 2017 45, /N &R0 T BUE 5.5 42 A B,
RPE R EIA 1380 JiM. fE— IR KR
1T RAEAE 2019 4, R AR S IA 200 J5 AU,
FARBEFER, %A EREE SR, Hik,
i sk TRERE AR RETE, ZRE/ND
7 [ — A R
FAXS AR 2B 96, PRI S /N2 50 2 R F)
Tolt 2 B ARG 25 593 15 2K 1) O 448 B 5 ORI 858 A Ui ) 5
. TEAEBIIREI T, SRR =& v DL BE
55%~64%, T P P i AR PR AL R B 1% H
2000 4F 38 Bk 5 R AR PstST 4655 /N N 1R LK,
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INEERADNZ AT FAFIRIFI 5 SRR kX
Bl R AR 38 48 A\ 2019 45 24 v v LA R 7T/ 22
ORRE AR, PRI FH AR 1 2R B5 0 S A8, selkob T
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2.1 MEIFFHRIRER

INFEFUEHIRFE R LA Yr (yellow rust resistance)
w4, HETCH 86 Miamd, FESNEAEFM
U9 PE (all-stage resistance, ASR) 1 J¥ & 1 1 95 14
(adult-plant resistance, APR) k2 'Y, ASR # % H
NP AT, TR B IR G T, P (24 /M)
A A SN BB REUR N (HR) 3 fE T8 B — R I
NP EEAEYEAR, RS, gAY S
4R NLR 24 ; 1T NLR 25 A F iR &85 10
FEAES> T, PRt ASR 1] 4 2% 85 11 ROl gk A 1y o Al
B 5 A 2 ASR 23 DA i 773 KT B ok 2% 45 B
FIBEAEFTR £, WM 2015 G K I 2655 1 B i

CiteSpace, v. 6.2.R3 {84.bil
fugust2z, Joz2169:50 P ST

: Ci miDes
Timespan: 1950.2034 (Stice =)
Soloction Critoria: g-index (k=25}, LRF=3.0, LIN=10, LBY=5, 0=1.0
Network: N=376, E=559 {Density=0.0079)
Larges( CC: 295 78%)

Laboed: 1.0%

Pruning: Pathtinder
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il s H AT ST RE R APR 5 [K £ 4 10 2R (AN i s
HH, MAFRZSENEA) S, HPURE
2 H R G 2 Pilk, H 2013 k232
K (B D)o FEXF AT AT B A 3 INFR R BT
i, B Ah 153 4322 S L APR itEN T, [
BLH Rz 2 I APR PR 0 & RN 1
SR1M APR 7E & Fi b A RBR M, T 7R Bk 39
RAEVEH . B mR A RO GE 7= A 5 it 55
254 ASR F APR W B Ul R L 25, BE&EZ2 A
APR L ASR, ZHURERE M FMEMH, L& EH
TR R AR S T g 1,
22 IEMEFHRERNTESIERLE
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SRR LI PP 5E B AR B 22 28 . R IR
ks (B ). BRTCS a4 7l 80 MiKkis
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BFE NI GNP RIS AR @ N, oK
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HAfAE 11 NP s g e ke, K255
i NLR EH (B 2). Yrsa. Yr5h H1 Yr7 5@ 1E Mut-
RenSeq /7 ¥5 ve B RE R, 4mfid i) & A NLR F
B g F ik (BED) RilA FIRFIR I 20, 0t F4E Bl Y
MR ZHE " Y9 FYr10 4y Rk E TR
% (Secale cereale L.) FI51@ /N, Hor Yrl0 Zwfid i
4 B AT {457 1) CC-NBS-LRR 45 #4318, J& F ASR
rik, Xt E A RAT N CYR33 F1 CYR34 4
IR R N Y27 A R R R 2 2
R BT I A 1 2 DR 4L T o o 1) — AN B 2R IR, i
— AL NLR s MR H, AMEFUR M
P g5m ( SHRm P IE N Lrl3 2550035 ),
Yr27 WFFUAREL T 5 R AR R oA A B ot
FIHESNE FH ", YrAS2388 J2 i it [ for 20 I8 T Bt
SR NLR 2E[H, RIS T35 5@ /22 D 2R 4 it
R 1L 2E B (Aegilops tauschii L.) W4T 2685k 3£ A,
ZHER A EE N 3 RBIEX, ERETURTIEEN
ek s WAk, AR Yrder672 BRI BAG KA EL 3
REUPEX, PIFE T LU E A Yr28 JE K AN [F] #
ﬁ}@ [20,21]0

INFEPLAREE T R R IR T DL 4w Ag A NLR 2870 &
M, WEAWEMLIEES, #59E NLR &AM

stbe
Yr46/Lr67/Sr55

Yl 8/Lr34/Sr57IPm38
L4

YEF ML A N 2845 3 TIRABIBETE . Yr36 2k
VETH A ki NG (Triticum turgidum L. subsp. Dicoccoides)
IR U EE R, gt B S N i 22 R / 75
IR e 45 R 3OR C 3 ) START £ /48, ALtk
Wi 45 WHEAT KINASE START 1 (WKS1)., WKS1
A DL RR AL — R AR R 1R 4 (ROS) A &R -
hnig PsbO FEfig, HERER IDGA RABURAE T
2K TR T I A AL, (Rt A TR I
et VA (H0,) + ISR AR PUIA iR 1 A4k
Vil (tAPX), ¥/ H,0, 73+ HyO, A Z s 41 i
HETZ, AR5t B SR AR T AN 58 A R AR SRR IR
(jasmonates, JA) JERIE )45, 5l K REEAE, 74
PrmRA B2, vl it —AN B HR R AR A B
4k fJ 1, (wheat tandem kinase, WTK) (iR & H, %
FERRYE T84 — ki /N (wild emmer wheat, Triticum
turgidum L. var. dicoccoides), F&— ] WP
B, Yrls Je—Z 55 WTK 1R (41 Lr9) 1
SRR T HRE A 2S5 EUR . s
s E MR — N 2 AR EER, AR
-5 995 2 250 — 52 (M BL e (Yr18/Lr34/Sr57/Pm3S),
ity — N ABC izt 1, W ik iE B A i ik R
(abscisic acid, ABA) iz e /), A& AT Uiz

E2 NEFKFERHREENRRLE



544 B EY RS TN A

374

TR, [RHERRRMRR, Bngn e oY,
Yr46 g — N R ORI IZE N, R IER O
WER 2 B U I 22 AR, $ R i2 D) Re,
AF T B RERIRAG, 0 859 AT 450t B B
4V (Yr46/Lr67/Sr55).
23 NEMERFREERNEMHED

HAFE I, YrI8. Yr36 il Yrd6 J& T S0
APR JE[H, M 20 40 50 AR DAk CL 4 7 B P BF A
INGE PRI RSB, IR, Ptk Fr
A, BRMER 5 B2, BAERSBM N GE 40
Pk ps et P2 Bl 245 B LR 8 0/ R A
Wit B, o B ) B AR R 45 7 BT NLR R —
ASR B[R 17N 22 it B b s 25 SR 2T PG, R &
RPUE, AR AT BRI 4% 45 0 0 A K R 1 R
KB WMT Yri8. Yr36 F Yrd6 (AE A MLEIA [,
HAEDhREE MM, HILEESEZ /N APR B EH Y
ASR fii A AW = LR AL TP, W
Yri8+Yr28+Yr36 55, Yri8+Yr36 40476 i sk i~
RIS, BRSSP RE
BERE P, LRPURI R TR BURHLE T
FUE M G IR FE AR RN PUR LRI AR &
FHERAL T OGS B AL i

3 RFKNEMFFHES S~ ER RS
TSR

B 5 /N2 8% AU T 7 AN B IR, e
LA AR AL il 52 7 9 B — R 50 5 B B 2k
RIS PAse b, BCORHHESD 1 /N2 Pim 2 mbiaf 7. {2
A&, MR T B B i B R IE 7 v il — 2
2
3.1 MREFENTEEHRANS R

T 090 1 R 9 B 4 L P R B AR i A 11 A2
1k, Wi ROS MRS, X8R A4 F i 4% 1IE W A
Kb, SFEAEK - PURKPATFI2) (growth-defense
trade-off) Bl % ', RPM1 J&—AN LN NLR Fii i
EE, AR RN T A R MU (Pseudomonas
syringae L.) RN R T Avepm1 F1 AveB, 005 N i
&g AR RU N, I FBUE EHEY RIS ;
A2, ETOW R T, #5597 RPMI HE R 1) fE
W ot TR P B A 9% K A (Oryza sativa L.)
PigmR K 45 ff) NLR 8 (A 5 A6 72 26 T 1% bt
P, HHFSERESBEMOKER & FEEH
PigmS 7] 5 PigmR J¥ B — SRARHIHIHT0 DI6E, i B
NAZ I 7o PigmS w5 B H 34k, R B0 PigmR

FFmEIER, R PigmR/PigmS 414 7T LA BP9
EE N EI R B BRI BT N2 MLO (mildew resistance
locus O ) 5&— MBI EER, @R MLO $2 /N2t
OB RE ST, (H R FEAR s A R R R
#1304 kb, IR — A S E MR E RO
(tonoplast monosaccharide transporter 3, TaTMT3B),
A SEELBUR AN B AR B R, IR
T A P FHAILAR, 1 A S SR, T I e Mg A%
R AEROE DAL 2 S W R E A6 T B A v ikt
T3 R R 7 R AR R
3.2 SR RAHEEFI R X TR R

A BRAARAR N SR TR B0 =i T 32 PE AN BT
WA TR BRI B R R IR T A B T %
PEI A, B R A B U0 A s m S
{5 3 BN B JE T R it UIRIR A B, &SRR
ANTE o X E A R HBIX 2585 1 B AR B,
8 25 5 TR A oxe i R P o A B N N, A A
FERE T A 28 3 e 48 1 A6 3 B M B A W I 1) 3 A0
o RWIAS RSB T LU g 5% 45 B A 2R AL R o
/N FZ P02 B THI IR B Pk ke % B RS B8 0t /)
FPUSRA AN = 7 R AN € R 3R, 7840 KRR (B
MERE L H IR ) v LB Z iR a2 -2, H
e AR AR R I R 5 AR, R UCGREBE R K B
BEAIK 30%, AMEF LR SR AR &5, 1 H K%
P AIRIE L, B RN 6%. IR XL 5%
PERIBE TN B B D5 T E 1 B FUVEAT 5T
ST S — D B N BT ST T, RN
FOAR IR N BR ) 5 i APR B PR R E D RE O HLA, 40
R . B IR, EA B, i
S AN E AL B R RE R T
LR E R, SRR AT BRI BR ) /N 22 APR
TN & RCEREA R TN, A B IE MR %A
TR IR RS R i B ey g
3.3 HUREESRIRAFRFEMBYF A

B3 A F A 5T 5 35 /D 22 U B ) A
59— R R AR R AU A 5T, AL T A
LS b A B A A VR AR A . b T M — M RE 8 T
Z LA AMAEEY I E, JFAERBA R RS
O OR R AR P B KT AR AR R R, BRI
B F AN T Tz K R A R E [k, H
M7 S A ATS SR B RT DALE AR B b A AR 5 45
P FE R M NG RS B de. Tauschii (DD)
HIRNEE & A VF 2 S5 35 03 JUR G R 2L ],
ARSI 122 427 whih 32T U )1 7
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ANZZ R I 4, R O X A S P R AR S 1 et A A
A BRIERH R BRI 0 B THERA T 3 R R 10 B A5
W B, NP RN N Aegilopsis. Elymus. Lolium.
Dasypyrum. Thinopyrum R Triticum 5 1E FF K & &
IR/ R P B R S B 2R e A
WS KB ELZ R EATESG R, HERhUmRE &
KR a5 /N2, THAI T /N2 1B 2 R 2k 28 58 B
B, JFE GRS BUR. LR CONME” RS
A
3.4 REFREER &AM RN R GH

INFERIZR B HAE R EAEZANZIR, INE
NLR &5 5198 8 R 1 2% 55 B RFAE 7 TR IG i )
I, 9 B AT DAIE e 2R A N O O . —
J7 T, s R E I Ak AT DA % NLR S5t & E 1)
Wl 53— J7H, ADNEROREE “HFT ME A
RRAR, ARZFEfw - E, (He B Rkt
R A Bt~ A T 56 72 20852 BT 9 [ BA i 30 2% 475 1R 40
WAL~ PsSpgl, AJ 5 /N5 1 g TaPsIPK1 £
G, S RN U PR O 2 ON A M A%, R Ak R 4
TaCBF 1d % 3 AP0 S S 5 368 3 25k R s 66 o
B JE% 3 = K] TaPsIPK1, W] LAAR i/ 2 o e /)2
Regmireg ¥, KB HEIESRIEMER Y SRR
T+ A ROS KRR A4l o BE s fb M BE 1, DA &
TRERES . SRR ANNE A BT M) 25 45 R W 2 i is
PR B A DG Te A s DA B B N B AR R
N AR S5 R0 35 R g 6 PO S 5 PR A, i B ) 5
NS, fRBRAASSwT/NEE (“HEEGHL” ) dE ],
PEEAREBINIT 52, 75 T i T I AN 2 3 s e N
PR BT FRATTIION, B i R ) ik R AN R
I B AR T M v Ak, PR A AT RE B NLR R85 H 1)
PURTESE IR, U E Mg 1 EA A
3.5 BB SINFIF R IR

AR B 5N AT UL Rt e sl /N 22 b 2 85 2
WHBFFEA B S (B 3). N - KR E/E RS
H Al = A 2T e i, S R R
I E R T AT Bk AR RS, K
B RGN TR KRR 51 GFP 8 R &7~ 11
Y1 K ST /N 22 X5 4% 5 A 1 i L AT AR S AR i AR 4 B,
CRISPR/Cas9 i i 3G it k2 57, IR 1 /A&
MR M REEE R A . VP2 B E MR B AL IR
Z A (SNPs) F1 “ 557 By “ " S5 A FL 1) 52 m,
B Gt B 5 5K o 8 455 AP 8 5 32 ] ) A T 4
IXAE I TR Fo V7R 40 I TR RS 3 g /N 22 ZE R 4
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E3 RKNEZMFZHHFARNE MHHIREE

BT AR R NG W, 37 FE R 4y A ASME ] B
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FiWLZs, W PLAI 1 CENH3 %5, 523% P51k % £
JiiE (g &6 RBUREEE R ) FK J ol R
RSP G0 T S A R B R E /N B R R 2
RE, JELXEEA (DH) A, A8 E E
ANFETUR S R P2 A AN B R R PR,

4 ZEip

N RN H KN Z R R, D
ZHUR . PEMARIEN AE D EREE ., RE/NE
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R FERTH BRI A WA PR A F13HE3h N 22 5126 559
WHFC. 7 RN ZEDUIm 2 A (AR R A S Fd
ALY AR ) R B R B MR ek, AT
St (0 B AR A RN B AR R R T B b
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