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Identification of Leaf Rust Resistance
in 63 Wheat Advanced Lines

DONG Rui, WANG Jia-rong, ZHANG Jing, GAO Pu,
ZHANG Pei-pei, LI Zai-feng, LIU Da-qun
( College of Plant Protection, Agticultural University of Hebei , Baoding 071001 )

Abstract: Wheat Leaf rust seriously distablizes the wheat production in China. Breeding wheat cultivars
with durable resistance is considered as one of the most economical and effective methods in disease control.
In this study, the Leaf rust resistance in 63 advanced wheat lines were analyzed by combining marker-assisted
identification of known resistance genes, pedigree analysis and the field test upon Leaf rust infection. These
genotypes together with 36 donor lines ( carrying known Leaf rust resistance genes ) were inoculated with 17
Puccinia triticina ( Pt ) races with specific virulence at the seedling stage, and also genotyed using 10 molecular
markers associating with known resistance genes. Moreover, these 63 wheat advanced lines were evaluated for
Leaf rust severity in Zhoukou city of Henan province and Baoding of Hebei province in the crop season ( 2018-
2019 ), followed by analyzing variance and calculating the LSD value to identify wheat lines that showed adult
plant resistance. Out of 63 lines, 18 lines were detected with Lr26, 14 harboring Lr45, 11 harboring Lr17, as well
as 10 lines harboring LrI. Any of three genes Lr10, Lr1l, and Lr46 was found in 2 lines, while either of Lr2a,
Lr2b, Lrl5 and Lr37 was present in one line. Interestingly, a total of 17 lines showed slow rusting resistance
at adult plant stage. Altogether, this study identified many wheat advanced breeding lines containing Leaf rust
resistance genes, thus valuable in genetic improvement of wheat cultivars showing Leaf rust resistance.
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Table 1 Primer information and PCR annealing temperature of the molecular markers used
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HN o R EILZEA (bp) et fi Jr51(5-3") () S5 30k
Gene  Marker type Primer P . Chr. Sequence ( 5'-3") Annealing  Reference
Sequence size
temperature
Lrl STS WRO03F 760 5DL GGGACAGAGACCTTGGTGGA 55 [19]
WRO03R GACGATGATGATTTGCTGCTGG
Lr9 STS J13/1 1100 6BL TCCTTTTATTCCGCACGCCGG 68.5 [20]
J13/2 CCACACTACCCCAAAGAGACG
Lr10 STS Lrk10D1 282 1AS GAAGCCCTTCGTCTCATCTG 60 [21]
Lrk10D2 TTGATTCATTGCAGATGAGATCACG
Lrl9 SCAR SCS265-F 512 7DL GGCGGATAAGCAGAGCAGAG 65 [22]
SCS265-R GGCGGATAAGTGGGTTATGG
Lri19 SCAR SCS253-F 736 7DL GCTGGTTCCACAAAGCAAA 60 [22]
SCS253-R GGCTGGTTCCTTAGATAGGTG
Lr20 STS STS638-L 542 7AL ACAGCGATGAAGCAATGAAA 60 [23]
STS638-R GTCCAGTTGGTTGATGGAAT
Lr24 STS J09/1 310 6BL TCTAGTCTGTACATGGGGGC 60 [24]
10972 TGGCACATGAACTCCATACG
Lr26 STS w-secalinF 1076 1BL ACCTTCCTCATCTTTGTCCT 65 [25]
w-secalinR CCGATGCCTATACCACTACT
Lr26 STS Glu-B3F 636 IBL GGTACCAACAACAACAACCC 65 [25]
Glu-B3R GTTGCTGCTGAGGTTGGTTC
Lr34 STS csLv34F 150/249 7DS GTTGGTTAAGACTGGTGATGG 55 [26]
csLv34R TGCTTGCTATTGCTGAATAGT
Lr37 STS VENTRIUP 259 2AS AGGGGCTACTGACCAAGGCT 57 [27]
LN2 TGCAGCTACAGCAGTATGTACACAAAA
Lr46 CAPS csLV46G22-F 335 IBL - - [28]
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MR XYZ 251, XYZ 265. XYZ 266. XYZ 286
XYZ 291.XYZ 304, XYZ 305.XYZ 308.XYZ 309
XYZ 310 J& 5% Lrl /) 25 44 &b B 35 X5 14 4> A 20N
fl' FGJQ.FHJQ.FHIT . FHJR . FHIQ D .FHJQ @,
FHSQ.FHGS .FHBS.FHGS O .FHDQ.FHIS .
FGIQ @ 1 FGDQ & Bt H 1% £ 44 74, X HAth /N Fib
TR, L 10 A A& &A Lel; il &
XYZ 304 i Al GEE A Lrl5  Lr2a Lr2b, A5 & Lrl
() BRI Ll W25 (1),

MLl Z 1 2 3 4 5 6 7 8 9

760 bp

Z: FBIN 5389, I ; 1: K 3665
Z: Zhengzhou 5389, M: DL2000; the same as below.

1: Zhengmai 366, 2: XYZ 306, 3: XYZ 266, 4: XYZ 251,
5:XYZ 286,6:XYZ304,7:XYZ305,8:XYZ292,9:XYZ293
Bl 1 Lrl &% PCR FRIZHETIEKE
Fig.1 PCR amplification of part of wheat
lines with the marker Lrl

Lr10 X} THDL A= BN BT , X HiAth /)N
PRI AR . MR e 45 5L 7E XY Z 254
1 XYZ 274 3£ 2 A R HES I Lrlo, i,

ML9 Z 1 2 3 4 5 6 7 8 9

1100 bp

ML20 Z 1 2 3 4 5 6 7 8 9

542 bp

M Lr24 Z 1 2 3

310 bp

229 bp
150 bp

M Lr37 Z 1 2 3 4 5 6 7 8

259 bp

XYZ 254 #EF AL S B YU AR Lrl0, Fric ks 45
R HAESE TR HES R (F 2).

Lr26 X4 #/NF FGIQ . FGIQ @ . FGDQ £ B
RARAR G 8, X6 HA /NP R B m AR G A, &R
XYZ 257.XYZ 258 Fl XYZ 259 X} 17 /N 5
Lr26 Z5 AR S A AR R R R N AY 1% 3 A & P sl
F N Lr26, 15 R R XYZ 251, XYZ 261,
XYZ 262.XYZ 263 . XYZ 264 .XYZ265.XYZ 266 .
XYZ 286.XYZ 291 .XYZ292.XYZ 304.XYZ 305,
XYZ 308.XYZ 309 F1 XYZ 310 %4 3F/Nfh FGIQ .
FGIQ @ .FGDQ LA F HoAth S 73 A B /NFh 2 B0 AIK
RYLH R I Bk 5 RS Lr26 BRI, B8 S H
HAWHOR RN . i #5717 Lr26 WM B2 AR i K
WM Lr26 BYRES 407 (3 ),

M Lrl0Z 1 2 3

4 5 6 7 8 9

282 bp

1: XYZ 254,2:XYZ274,3: XYZ 263, 4: XYZ 364,
5:XYZ265,6:XYZ266,7:XYZ267,8: XYZ268,9: XYZ 265
B2 Lr10#% PCR ARICHINE K E
Fig.2 PCR amplification of part of wheat
lines with the marker Lr10

MLFAI9(H)Z 1 2 3 4 5 6 7 8 9

512 bp

MLr99Z 1 2 3 4

5 6 7 8 9

736 bp

ML26(HZ 1 2 3 4 5 6 7 8 9

1076 bp

M Lr26()Z 1

2 3 4 5 6 7 8 9

636 bp

+:A;-:J0; 1: XYZ261,2: XYZ262,3:XYZ263,4:XYZ364,5: XYZ 265,
6: XYZ266,7: XYZ267,8: XYZ268,9: XYZ 269,
+: have, -:no, 1: XYZ 261,2: XYZ262,3: XYZ263,4:XYZ364,5: XYZ 265,
6: XYZ266,7:XYZ267,8:XYZ268,9: XYZ269
B3 Lr9 Lr19(+) Lr19(-).Lr20 Lr24,Lr26( +),Lr26( - ). Lr34 F1 Lr37 &}4> PCR FRI2H:NIEE K E
Fig.3 PCR amplification of part of wheat lines with the markers Lr9, Lr19( +), Lr19( -),
Lr20,Lr24,Lr26( +),Lr26(-), Lr34 and Lr37
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Lr45 X34 B/ FGIQ, FHIQ . FHIT . FHIQ @
FFHSQ 2 30 I 4R G 7Y, X A /N b 28 B0k 55
1RYe 14 MRS R XYZ 251, XYZ 265, XYZ
266.XYZ 267 .XYZ 273 . XYZ 283 . XYZ 286 .XYZ
291,XYZ 292.XYZ 304, XYZ 305,XYZ 308, XYZ
309 F1 XYZ 310 XiF Lr45 1A H/NFP 2L HAD S 2
ANFP BRI IR L 3R ah RBR & Lrd5 3
A, 38 S HAp BT S (Hodr 11 45 & T R
EHLrl7 ),

AN, ZFmic Rl , B A /N AR R AN
Lr9 . Lr19 Lr20 Lr24 Fl L34,/ % XYZ 265 &H
Lr37( & 3), i & XYZ 274 M1 XYZ 277 & A Lr46
(K4),

22 RBHEIMREEER

2550 B E TSR Bon  TEAR A Y R ] BR AT
(] 12 ity R SR [ Y R B B B R 25 5%, /NZ2 i &R
FE B A BT Pk 52 PR 5 AL B A L RVE T (6 4),

T X I 5389 AE 1l 1 J&] 1 AT JL AR 2 2 AN 3A
B2 T 1) e 287 5 B 43l R 80% 1 90% , H ] 9 72
I3 S S5 AT R I8 AN IR A SAAR TE 2 4>
WEET BT E R 500 R 1% 1 3% , R38R W ik
P . U I e 2 ™ T B e 2 SRR, /)N
B 17 N REAESEM (RS ),

VA 1 2 3 4 5 6 7
SRE Mt abad LT

g : 4

120bp— o -

M1: PBR 322 DNA/Masp marker, 1: XYZ 274,
2:XYZ277,3:XYZ271,4:XYZ272,
5:XYZ273,6:XYZ275,7:XYZ 276
4 Lr46 B4y PCR HRiCH I K
Fig.4 Part of PCR amplification of foreign
wheat cultivars with the marker Lr46

T4 3INNERBUKIZFHITER SAAR FNREFRFITHR IR 5389 HRLTEREHFEDH(2018-2019 £ )

Table 4 Anaysis of variance for the fina disease severity of the 63 wheat lines, slow rusting check SAAR and susceptible

check Zhengzhou 5389 ( In 2018-2019 )

ZH 2255 H B Y52 FAa P
Parameter Source of variation df MS F value
L ih % Line 64 3045.7342 57.09° <0.0001
FDS FRHE Environment 1 25106.2509 470.63' <0.0001
H & Replication 1 3265.5767 6.22 8.36
fhZ& x PABE Line x Environment 64 705.5663 13.23 <0.0001
M x X Line x Replication 64 105.5536 1.98 3.53
1%2% Error 64 37.3456

" HE 0.05 MESRKOP R 2 5 i 3
" Significant at 0.05 level of probability

x5 THNEFERRSNMNEHFRESER/NINEBELA NG HBRLT™EE (2018-2019 £ )

Table 5 Seedling infection types and final disease severity of 17 wheat lines with slow rusting resistance inoculated with

mixed Pf pathotypes in the field ( In 2018-2019 )

R T IR BN (R PRI 2™ T (% ) FDS at adult stage
Line name Infection types of mixed Pf races at seedling stage JE 11 Zhoukou {45 Baoding
XYZ 251 3+ 3 3
XYZ 254 3+ 5 3
XYZ 258 3+ 1 3
XYZ 259 4 1 3
XYZ 261 4 5 5
XYZ 264 4 1 3
XYZ 265 3+ 3 3
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R, TR A A BN P R SR 2 FE (% ) FDS at adult stage
Line name Infection types of mixed Pf races at seedling stage JE 11 Zhoukou {44 Baoding
XYZ276 3 3 3

XYZ 277 3 3 3

XYZ 295 3 3 3

XYZ 300 3+ 1 3

XYZ 302 3+ 3 3

XYZ 303 3 1 5

XYZ 304 3+ 3 3

XYZ 308 3+ 1 1

XYZ 312 3+ 3 3

XYZ 313 4 3 3
SAAR 3+ 1 3

FBIM 5389 Zhengzhou 5389 3+ 80 90

3 it

ARG 63 AR/ N T R TS E R 10 A4
REA Lel, IS, 20 H20 30 448, Mains
2129 ) e ok /NS Rl Maakoff $E7 7R 53 I 2% B0
R PESLE Lel, 31 B Cloutier 25 78 21 1 42 w1 %+
e 7 3] 5D et R 19 oK ity . 3 3 4 bR g
K25 6 R AT, R BEEAT Ll () 9 /N &R
XYZ 265.XYZ 266 . XYZ 286 . XYZ 291 . XYZ 304
XYZ 305.XYZ 308.XYZ 309 F1XYZ 310 3¢ B
F 60/ FILAE | F 366 F,, FIFh 2 60// #5403 1 45
# 366F, I sc 4y, R TEARA KA 366, KAk
AU SRR 22 366 A Ll LN, 55 AR X
Az 366 FEAT 4> F AR iR & B LA S5 Ll
R 9 AN R TP S 1 Lel Sk [ THFRZZ 366, 24
TSGR AE W, Ll 23R S I3 A 8 1 v e
AR RE I 2 ARHIESE S R A TR 4 S —3

3 3 5 R 4 0k R AR e R A R A 18
AR R ER T Lr26, & RiG0HT, K
i FR XYZ 263 Fl XYZ 264 BEAHRA J& % 18, 1%
R 3 % B R 2 18 HEA LR 126, AR
g R —8, Lr26 RT3 1BL/IRS i &5
Y19 Sr3l Ml Pm8 Fi S B w81 % B &
BRSPS R Ah b S A PR AP AR A
E 20 A/ NE B R TAE AT,
R o 3 ZE O e X R [ /N A A e DR
TFRFFEIT R P, 5L K Lr26 B 43826 T it , &

5 A R R RR A REA AR/ N e Y
e ANELE A I DR 1 B A Sy LA Dk 2D T e 1
EETT AR R s R pivk s, HETCE k40
PR IER F24E Lrl Lr3 Lrl0 Lrll (Lrl6 . Lrida
Fil Lr3bg 45170 Lrl BARTE 63 B /N bRt B0
W HAE SR A = Lel S eyt e &
P 2H G 5 A AR R BT A R TR LR PR B
EP S

FUHT Lr9 Lr19 ., Lr24 Xf BT A A /N 24 3 31
EPL, B T AR R (X S B R Bk 3 T4
U8, J& TARTF Fhurk, 224 s A AR eI 21, A<
IR 63 43 /N2 bRk 24 A ARG 3] i3 S A%
PR, A J5 I Xof A R 2 R R R H

AR P 25 BT 4 0 s s A Y00 380 358 0 o e 48
WA ZA/NEPUT R R, Qi & XYZ 304 547
Lrl Lr26 Lr2a Lrl7 Lrl5 Lr45 Lr2b, i T H$1T
PEIERSE T R SRR A 2, 3k 2L R T AT DA
FrRic kil 551 =2 A1, 38 T AR A st 4% 20 B S PR
P THE— L IE . A 2 DU R AT AR & 5
PR IA AT LA PR B PR 0 754, SRR A X670
E AU RTHIOE TS

AWFFER TR, 63 /hEE i FEKA 91
HAERZR, WA A R Fr & 58 FAS A, 13X 0T R
B B B T Ly L, RIE PR
Tl G AE LI 3~ B ARSI X470 58 A1 7 2 ke 4l By
YEHL, AR T RGP B iR /NE 8N . AT
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FEHPA LE AL R B A R — ARG B S A
[, PPk 2e 5 2, RIS e A BUm R B T
IrE

TE v, ZENHE 455 70 TARICRERG AR I tH 15
I 28 T 5 RGO D, HLHAT AN 52 3R 85 TR 3R R
AP ORR AT, 7 FH o) b g TR 5 T i, %o
TR A R TRV TE , IR N2 S B F AT, BERE A
T EA RIS BRI A R o FEASTES A A I 3]
17 />l 2 T RESE A IOMRAB 5L TN SX SERPRHER T 4%
A RS E RE R 22 A, AT RE I #5717 A7 oAt 1
PRISEEEEIN i Bt — 2 AT HE DRI A E 7 12
B DR H B R APUNE, R HAT 18 B L [ A b1
BT LU TR B R ADTIE A RPN A2 -850 o

4 it

iz FHIEHE S o0 FAmic Al 2R 550 H AR ik
WP (T X 63 3 /N2 i &R B
FERHEAT 0T, 7 25 A R P AR R R 11 A~ S A
WM IE N, Lrl (Lr2a  Lr2b Lrl0. Lrll Lrl5.
Lrl7 Lr26 Lr37 . Lr45 1 Lr46, 18 I~ #F kB b & &
Lr26, 14 NFORHEN LrdS, &4 Lrel7 A 11 D
BE, 10 N A R AT RE S A Ll A Lrl0 Ll F
Lr46 (44 2 DM B 54 Lr2a  Lr2b  Lrl5 R
PRBUPEFEDN Lr37 094 1 MR AR H H) 48 5 45
B RBT A R EA S A R YR
FPRAL T SRR AP
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