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Identification and Molecular Mapping of Adult-plant
Stripe Rust Resistance in Synthetic Wheat CI184

ZHANG Miao'? ,ZHANG Zengyan® ,PU Zongjun®’, YE Xingguo®? ,ZHENG Jianmin®,
XU Shichang' ,FENG Jing', WEI Xuening” , MA Lingjian'"
(1 College of Agronomy, Northwest A&F University, Yangling, Shaanxi 712100, China; 2 The National Key Facility for Crop
Gene Resources and Genetic Improvement, Institute of Crop Science,Chinese Academy of Agricultural Sciences, Beijing 100081,
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Abstract: A synthetic wheat line CI184, susceptible wheat cultivar Mingxian169, the F, reciprocal crosses
between CI184 and Mingxianl69, F; and F,,; populations originated from the cross CI184/Mingxianl69
were used as the plant materials to explore the genetic basis of the resistance in CI184. Simple sequence re-

peat(SSR) ,bulked segregant analysis(BSA) and the F; population’s disease data were used to map the re-
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sistance gene/locus in CI184. (1) The result of resistance test indicated that CI184 showed resistance to 30

isolates of Pst except V26 at seedling stage and showed resistance to Chinese prevailing isolates of Pst.in-
cluding CYR32,CYR33,CY-Su4,CY-Su5,CY-Su7 and V26 at adult-stage. (2) The genetic analysis indica-

ted that the stripe rust resistance in CI184 was mainly controlled by a recessive locus. (3)In this study,only

one QTL was found on chromosome 1B, named Qyr. zz_ 1B, explaining 13. 36% of phenotypic variance in
Sichuan Province and 18. 07 % in Beijing. It was flanked by Xgwm18 and Xwmc626. (4) Three SSR markers
linked with Qyr. zz_1B and one SSR marker for Y15 could discriminate Qyr. zz_1B from the other resistant
genes on 1B,such as Yr15,Yr24 and Yr26/YrCH42. This locus maybe potentially applied in wheat resist-

ance breeding to stripe rust.

Key words: synthetic wheat; Puccinia strii formis {. sp. tritici;stripe rust resistance gene;recessive gene lo-

cus;simple sequence repeat(SSR) marker
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Table 1 Infection types of 7 wheat cultivars/lines to 31 races of Puccinia strii formis f. sp. tritici
# B Cultivar/line
S A N

Pst isolate/ race Clss Yel5/6XAVS  Yi24/3XAYS  Yi26/3XAVS Nz s ﬁ;@x}ﬁ "
58893 0;" 0 0; 0;7" 0; 4
59791 0;+ 0 03,1 0,1 0 4
60105 1 0 0;+ 0;+ 0; 4
61009 2~ 03 03 03 0,03 4
68009 2 0; 0; 0; 0; 4
72107 0;+ 0 037,17 0;7,1 0;7,1 4
74187 1 0 03 03 03 4
75078 2- 0 2t 2t,3 2t,3 4
76088 1 0 0 0 03 4
76093 1 0 031 0; 0; 4
78028 0;" 0 03 03 0,0; 4
78080 1 0 03 03 03 4
80551 0;" 0 03 03 03 4
82061 2" 0; 0; 0; 0; 4
82517 0; " 0 05" 057" 05" 4
85019 2~ 0 03 0,1 0;.,1 4
86036 1+ 0 05" 05" 0; 4
86094 0; " 0 03,1 0 03 4
86106 2~ 0 0; 0; 0;" 4
86107 2- 0 03 03 03 4
PE92 0; " 0 0; " 03 0; " 4
CYRI17 1 N 0 N 0; 4
CYR26 2- 0 0 03 0 4
CYR27 0;" 03 03 03 0,0; 4
CYR28 05" N 0 0 0; 4
CYR29 0;+ 0 0; 0; 0; 4
CYR30 0,0;" 0 0 0 0 4
CYR31 0,05 1 1 1 0; 4
CYR32 0,0;" 0 03 0; " 0; " 4

CYR-Su-1 1 0 0 0,0; 0; 4
V26 | 03 3.4 0342 | 4
F2 BERE 6 NMINEMBNEZIERES /N K WeAh, J7 250 B 6 B L 2 B A Rk 22 B A (MDS) 7E

Table 2

Infection types of 6 wheat cultivars/lines to mix

races of P. strii formis {. sp. tritici at adult-stage

ZEE)

Cultivar/line

S

Infection type

Hidt

Resistibility

CI184

Yr15/6 X AvS
Yr24/3X AvS
Yr26/3X AvS

JII# 42 Chuanmai 42
£ %% 169 Mingxian 169

i Resistant
J& Susceptible
J& Susceptible
J& Susceptible
& Susceptible

J& Susceptible

ANTRIBR 2R AN R B0 B 35 PR 780 55 B0 058 B A () 25 5 1
IR FIRR R K F (GR 3D 4 5 Je K™ E 2 (MDS)
BT SLast A% I3 0. 78, B WA R A H [1] 35 B0 780 0 4
(A 30k

FEW . N T A /N E CI184 X 4% 85 1 A B/
Tl V26 34 3% B IR . T R R 0T ) 2 B AT, R W
CI184 J&— > B AU f) 25 55 8 RUR BT /N M BE,
Pl 1 Rl C1184 76 it A B9 R 3145 T H: MDS 4 7E
S AT M BH Bt 1697 W AH X4 v . 7E 85 0 A2 A
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Table 3 Analysis of variance of MDS scores for Xgwml18.Xwmc626 Fl Xwme619. FIix 6 % 2| ¥4

F,.; lines derived from CI184/Mingxianl69 M 114 A4 Fzs?ﬁ%ﬁﬁlﬁ% 5 quﬂ‘] E(Jﬂ%j(}mz

S S R G 1 K [ A A [ AR 08 T QTL Tei-

FEEE Gene 113 1210 5.76% * Mapping ?F/K#FXUL Qyr. zz_1B ﬁﬁ?ﬂi@] (H 2, Qyr.

54 Environment 1 4550 21.67% " zz_1B(LOD>2. 5) fif T Xgwml8 il Xwmc626 Z

X Replication 1 5423 25,827~ [, Qyr.zz 1B BT 13.36% (PU i) F1 18. 07%

RUOR Geneenirnment 135 0T G R TR HE R BRI XgwmlS
o =z A1 Xwme626 #4745 6 1 10 b 0k AN 3 7

oo« {0 P<0.01 MR EKF, 2.4 ASFHIERS IBHEGREER

Note: * * represent the significance level at P<C0.01. . W .
5 Qyr. zz_ 1B % % 81 19 SSR #r it Xg-

O b5 Beijing M PY)1| Sichuan

169

351 Mingxian 169 B, B, Py Py "_ R
30 S T R
]
£25 B, B, P, P, j¢—— R —ple— —»{
8520 SR LU EEEEEE TR
W55t =&
o
=
E10f
Z s K3 BEESDTARIC Xewml8(A)FI
0 Xwmc626(B) 3 2k
5 15 25 3545 55 65 75 85 95 N . B . .
Y N Hi Sk PO H AR s Br. HUI s Be. B s Pr. PO R A
Stripe rust MDS/% (CI184) s P, J8 36 A (45 0% 169) s R, HUibk & 5 S. ik &
B 1 CII84/44 W% 169 Foy 5 ZAE L st AP 1| Fig. 3 Electrophoresis of PCR products of Xgwm18(A) and
2 AR5 v 4% 4 0 Ji e 7 o E T (i 4 A 0 22 Xwmc626(B) markers closely linked to the resistance gene

The arrow indicates the target band for resistance; Bg. Resistant bulk;

B,. Susceptible bulk;Pg. Resistant parent(CI184) ; P,. Susceptible

Fig. 1 Frequency distribution of stripe rust maximum
disease severities(MDS) for F, ; lines from the

. . . . . parent(Mingxian169) ; R. Resistant line;S. Susceptible line
cross CI184/Mingxianl69 in Beijing and Sichuan

o 1 2 3 B 0 2 4 6 8
Xwme694 M x LOD score Xwme694 M i 1.OD score
11.25
11.25
Xgwmll Xgwml1
0.43 0.43
Xbar0118% 387 Xbarcl§7 —
Xgwml8 | : XgWmlg_/'
2.19 s 2.19 8.83
Xwmc626 Xwme626
5.81 \ S5l
Xwmc619 — Xwme619 —
Chromosome 1B Chromosome 1B

B2 CI84/44% 169 Foy K HR QTL 4445 5 (LOD {2 2. 5)
FE 4 X [ B i (CIMD X CI184 /47 %% 169 Fo.o K R MEAT A HTHUNE QTL AT 5 AL )11 475 B. Jbat
Fig. 2 Logarithm of odds(LLOD) contours of CI184/Mingxian169 F, ; lines(LOD thresholds is 2. 5)
Composite interval mapping(CIM) for quantitative traits locus(QTL) that reduce stripe rust severities

in CI184/Mingxianl169 F,,; lines; A. Sichuan Province; B. Beijing
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A

& 4 LI SSR #rif Xgwml18(A) Fl Xgwm33(B)
AT 1B b BT A 85k
Br. HU5 1 5 Be. S8 W 5 Pr. HUWE A (CT184) 5 Py JgR 2 A
BB 169) 5 3k 200 Qur. zz IBCA) I Yr 15(B) 45 5
Fig. 4 Analysis on the resistant genes on 1B
by SSR marker Xgwml18(A) and Xgwm33(B)

Bg. Resistant bulk;Bs. Susceptible bulk;Pg. Resistant

parent(CI184) ; P,. Susceptible parent(Mingxian169) ; Arrow
indicates Qyr. zz_1B(A) and Yr15(B) specific band, respectively

wml8,Xgwmll, Xbarcl87 % 5] Qyr. zz_1B 5 1B
Qe fh b H AP A Ak B Yr15.Yr24 Hl Yr26/
YrCHA2 LR (E 4, M), 258 KW, Qyr. 2z_1B
SWAEF Yrl5,.Yr24 1 Yr26/YrCH42, 5
Yr15 %% % 81 SSR Fric Xgwm33 X 1B 4L {k I
Fof Bt 25 65 e K& R e AT 0 BT, 25 AN 4B R,
Qyr. zz 1B ¥R ANE T Yrls f1 Yr26/YrCHA42,
XEEHOR WG /R Qyr. zz_ 1B W fEAF T 1B Ay X
AR SIE B3 e S

3w

NG 2% e T FE MR /INFD I AR S Al R R D
W NN 22 427 78 091 A8 AR AR AE R H008 & Rl 2 R
H s A0 — BE B F R AT AR R A/ BUIE 8 AE /D
EWAGRBE M RET EEMEM. K. A 2010
AR /INE S5 0 W T B /N R V26 LUK, I
427 B R BUEIRY . 24 1k, MR W26 T
V26 /NFER R HREE . B BT V26 8 B /N R
A B X F/NEHL R B E AR 2. A
FE L B —A4 CIMMYT A T4 f/h# Cl184,
XoF Y AT NRR AR 32, 4% 33 A KK IR
4 KR 5 KR 7 F1 V26 RILEARSTME . AL BSA
:.SSR FRic e CI184/“ #4%t 1697 1) F, BEIARIEATAE
Blar #4821 A QTL 7 £ Qur. zz_ 1B, 3 & 7
T 1B Y 4 {& SSR 45 it Xgwm 1 8 Fll Xwmc 626 Z

SE 3k

4], Qyr.zz 1B A fif B C1184 1 13. 36 % (PO JI]) FiI
18.07 % (At 30) 19 STk % . CIL84 1y B Ak H7L 1 £ 2%
ARESTE/NED AR E M R EREZENIEM.

FIH BSA A 55 He i ik PR 55 %% 3% B Y 4 1
Pric i @ h Bl i S Ak REE AT R 2, — )
5~10 Mt A REMKREB L 2, 0 Fhrid
FEDT B 7] 2 8 M R AR BUwm BRI 8 o) &R 45
IR RECH D TAE S SR A A FX H
PREEDE Y O 2 . AR AE Fo A4 B13E 10 4
R AT AR SERATT e g e et (SRS 3] — S B PR AL
o WO FE By AR I 5 AR BT FR IR bR 2R
AT FL IR RS A 2 A B A7 AR A A )
— A BUPE AL B A s s R TR R Y N T
20% . XATRERH Tk s M E R L, 1
BRI REAELE ML QTL L 8 £k ik A Ttk —
AR I o

WFFRE R W] s BB — RO AR NP AL . R
— AU L R M R R
B T HE A B BE L B PR 4B A PR A I R R
ik X — B E RN E R R EE B AR T
N TR AR o PRI A T B BRI
TEN 7 TEA B m iR R . B T )14t v
FE] 45 55 9 R A RN A T AR B Y DX TR bt A AT Y 3
BUOR A /N eosr CT184 #1697 ) HiE e s Fy AR
CI184/ ¥4t 169”7 F, BERFN Fos KR WA 7E U 1|
AL 2 AR AT BUBR P 26, Horp B, AR
FEF DU . 35245 4 B & B, C1184 Fi“ 45 W% 1697 1Y
1ERAEFy BRI XA 45 32, Zh 33 UK 4,
JKUE 5 KU 7 F V26 BR G/l 3 B R o L 114
PR F, fHMRIEA 36 BRETIGHLAR FN 78 AR S AT bk , Ul
B] CI184 [ BUARBLPE FTRE H — D BRPE AL AL Qur. 22
IB ¥, PSS Yr15.Yr24 F1 Yr26/YrCH42
HAL T 1B Ye R b, HAGE AT, A5
Qyr. zz_1B ] 3 4~ SSR #Rid A1 Yr15 () 1 4~ SSR #x
WX 1B Gk b B 4% 5 e ik TR AT % L 45
LW, Qyr. zz_1B W HUHE 45 7 AL 6] T Yr15,
Yr24 #1 Yr26/YrCH42, X P45 5 7~ Qyr. zz_ 1B
ATREAN IR FiX £ 1BS F e F Mt A AN . H
A AR 1Y 4500 00 5 5 2 S IR Bk .
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