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Identification and Analysis of Leaf Rust Resistance Genes in 12 Main
Wheat Cultivars ( Lines ) from Hebei Province

ZHANG Xiao-ling, ZHANG Huan-huan, XU Xin-yu, YANG Hua-li,

DUAN Zhen-ying, YAO Zhan-jun
( College of Agronomy , Agricultural University of Hebei / North China Key Laboratory for Germplasm

Resources of China Education Ministry, Baoding 071001 )

Abstract: In order to identify the resistance and leaf rust resistance genes of 12 wheat cultivars from
Hebei province, we conducted tests for leaf rust resistance using 20 Puccinia triticina Erikss. pathotypes
at the seedling stage of 12 wheat cultivars ( lines ) as well as 37 cultivars ( lines ) , which are the resistant
donors with known leaf rust resistance genes. Meanwhile, marker-assisted identification using 11 molecular
markers closely linked were performed. In order to identify the adult plant leaf rust resistance, the diseases
severity of the tested materials was investigated by field trails in 2014-2015 and 2015-2016 cropping seasons
at Zhoukou, Henan Province and Baoding, Hebei Province. Four leaf rust resistance genes including Lr/,
Lr26, LrB and Lr46, were detected in 12 wheat cultivars ( lines ) , and eight cultivars ( lines ) may carry Lr26.
These cultivars Shixin 618, Gaoyou 2018 and Ji 5265 may carry Lrl, LrB, Lr46 respectively. As indicated
by field identification in two field growing seasons, Shixin 733, Gaoyou 2018 and Shiyou 17 showed slow
delayed establishment of leaf rust disease symptom rusting, and they can be used as the resistance donors for
breeding.
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JIINZE R R /N2 5 1R ( Puccinia triticina
Erikss. ) 512 A% BN 3, 7E42dL 8k b X
HFH A 3 AT AR 03 1T X B 5%~15% HZ K
PEERRRIR T AR A I E AR
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Povb R 2 124 2358008 Lel2 Lrl3 Lr22a.,
Lr22b Lr34  Lr35 Lr37 Lr46 . Lr48 . Lr49 Lr67 .
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1.1

B 12 A/ R R (R ) Yok AL
BANE TR, AR REWNER 3, 37 EAE
SV It 45 9 5 DA 0 A o ARl L JE X Rt A A
5389 FIB IR 455 X) HE A Saar £ finf bl K2
INZE MR OY AR, AR T A Y 20 A1
WA R DL R (Rl i T TR & A /N R ( THTS
THTQ ., PHPS Fl THTT ) 4 iy B0 53 B 4l i, ff
FEF IR R 2E N R = . /N AR
& Long 251 T 12
1.2 HERHFHELERERES

AL 2 /NS (R) 37T EAE
PHIBL A5 s 35 TR 10 27 i o R g X BERS M 5389 3
50 Uy R RE, 4 5 R T IR E W B W Sk, A
BEFp 5~7 KL, JeFEFP 20 £, H/NERKE] 1010
B, SR N TR 43 0K 20 A4S /N 22 455 TR T
Yo A BN M R b SRS AN 24 hJE R
B A IR 2 N 85 55 12~14 d, 77 805 %) 1R b S
M 5389 F5 43 K i 5 , #ie IR Roelfs 25117 (43 2 b v
PEATR YL U % 5, Hovr 0~2+ SRR R P IS, 3~4
R R A KRR Dubin 251 B M 4 5 ) %
12 A (R ) BT3RS
1.3 FEREAIM S E

2014 4 F1 2015 4F 11 H b A) B 12 43 /) 2 43t
TR RE 12 B % I b Saar FEORT 4T HR G AR N
5389 43 A AR AE T AL ARl KA il 5 H (115.47° E,
38.85° N ) FIinl pg J&] 113056 FH ( 114.53° E, 33.80° N ),
K AL F R A7 1.5 m, 4785 0.2 m, 45 10 177
F 1 A7 S AR 5389 1 X BR, A0 3 7 b
T AR 5389 VB AiEAAT, DU R R R A
1To WA 4 H A b H (B2 8 1 Fb ( THTS .
THTQ.PHPS 1 THTT ) %5 # K A, il i 0.3~0.5 g/L
B IF W (A 0.03% 135 20 ), W 55 35 70 T 7
RAT, ARG 12~16 h J&5 , Rk, 28 X ]
SRR FE A3 R I, 23 B L 250 1 )y B HEA T FH ) 9
2y, [RI A IC kR Y R ™ R R R e I
TRE TR R = T x TR R,
14 HHERWNSFEE

K] CTAB ¥ 4 iU 2 4y £ 2 DNA,
FI A3 66 BE A AL & DNA [ 5 Fnali i, 11
F ddH,O ¥ DNA J5 % 7 B8 B ik 5 ok 40 ng/uL 1)
PCR TAEW %M., %M 11 AR B S5him-45 5%
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A = 20 %

LD R T B AR S A A, RO AR DL
F 1, PCRIKZ N 20 uL,f345 2 uL 40 ng/uL DNA
B .2 pL 4 mol/pL 5] 4. 10 pL 2 x Tap PCR Mix

R1 SFIRIEHSIMFTIR PCR ¥ 82T

Table 1 Primer sequences and PCR amplification procedures

A1 6 uL ddH,O , R IEY 14 F= 4 43 F 5 1) K/ N3l
1.5% B RE WK 12% AR 75 B8 Y Tk e Ve Jic o, Tk 2
ke, P iR a4y A 2 IR,

PricEnl

FEPA Bk SIFE (5" —3") SRR Mark Z:7% SOk
arker
Gene Primer Sequence of primer (5" — 3" ) Cycle condition . Reference
ype
Lrl WRO003 F GGGACAGAGACCTTGGTGGA 94 °C 5 min; 35cycles (94 °C 1 min; 65 °C 1 min;  STS [21]
WRO003 R GACGATGATGATTTGCTGCTGG 72 °C 1 min ); 72 °C 10 min; 10 °C, forever
Lr9 J1311 TCCTTTTATTCCGCACGCCGG 94 °C. 6 min; 35cycles (94 °C 1 min; 68.5°C 1 min;  STS [22]
J13/2 CCACACTACCCCAAAGAGACG 72 C 2 min ); 72 °C 10 min; 10 °C,, forever
Lrl0 F1.2245 GTGTAATGCATGCAGGTTCC 94 C. 3 min; 35¢cycles (94 °C 45s; 60 °C 45s;72 °C STS [23]
Lr10-6/12 AGGTGTGAGTGAGTTATGTT 30s ); 72 °C 3 min; 10 °C, forever
Lri9 SCS265 F GGCGGATAAGCAGAGCAGAG 94 °C 5 min; 35cycles (94 °C 1 min; 65 °C 1 min;  SCAR [24]
SCS265 R GGCGGATAAGTGGGTTATGG 72 °C 2 min ); 72 °C 10 min; 10 °C, forever
Lri9 SCS253 F GCTGGTTCCACAAAGCAAA 94 °C. 5 min; 35cycles (94 °C 1 min; 60 C 1 min;  SCAR [24]
SCS253 R GGCTGGTTCCTTAGATAGGTG 72 °C 2 min ); 72 °C 10 min; 10 °C, forever
Lr20 STS638 L ACAGCGATGAAGCAATGAAA 94 °C. 5 min; 35cycles(94 °C 1 min; 60 °C 1 min;  STS [25]
STS638 R GTCCAGTTGGTTGATGGAAT 72 °C 2 min ); 72 °C 10 min; 10 °C, forever
Lr24 J9/1 TCTAGTCTGTACATGGGGGC 94 °C 5 min; 35cycles(94 °C 1 min; 60 °C 1 min;  STS [26]
19/2 TGGCACATGAACTCCATACG 72 °C 2 min ); 72 °C 10 min; 10 °C, forever
Lr26 w -secalin F ACCTTCCTCATCTTTGTCCT 94 °C. 5 min; 35cycles(94 °C 1 min; 65 C 1 min;  STS [27]
w -secalin R CCGATGCCTATACCACTACT 72 °C 2 min ); 72 °C 10 min; 10 °C, forever
Lr26 Glu-B3 F GGTACCAACAACAACAACCC 94 °C 5 min; 35cycles (94 °C 1 min; 65 °C 1 min;  STS [28]
Glu-B3 R GTTGCTGCTGAGGTTGGTTC 72 °C 2 min ); 72 °C 10 min; 10 °C, forever
Lr34 csLV34 F GTTGGTTAAGACTGGTGATGG 94 °C 5 min; 35cycles (94 °C 1 min; 55 °C 1 min;  STS [29]
csLV34 R TGCTTGCTATTGCTGAATAGT 72 °C 2 min ); 72 °C 10 min; 10 °C, forever
Lr46 csLV46G22 F TCGACTTTGGAATGGAGTTGC 94 °C 5 min; 35cycles (94 °C 1 min; 60 °C 1 min;  STS [30]

csLV46G22 R GGCGAAGATGCCATCATCCACCG

72 °C 2 min ); 72 °C 10 min; 10 °C, forever

2 FERESH

BN LEENERES

37 A BRI e R R AR R 12
Oy R (2R ) B8 X BRI 5389 7 1 1112
PRI M 25 R LR 2, B A WOR, 37 A R FR
W HERE Lr9 Lr24 Lrl5 Lrl19 Lr20 Lr28 . Lr29.
Lr42  Lrd7 F1 Lr51 1 10 DA SR B A /Nh 14
TR HOG, W HES Lr2e . Lr3 F1 Lrll (2544 5 Fh
XA /R4 R I , B 13 S8 i o BT 485
BT 5 L PR JC i i SE PR T e, HAs 24
ANHEHT A AN [RIBL 6555 35 R 1 2 A L bk 20 A
B R R AT BORTE . b, A8 618 A
B 733 UL 35 AR 827 i 136 14 16 . FL 5265,
L7 26 T Lr26 3 A% i Fh X PBIJN, PBGB ., PGGJ

2.1

PGKN.PGGT.PGQT.TBGT Hl KGTT iX 8§ 4>/}l
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2.2 HWERERSFa

FHTE Y 11 A~ 55 /N2 -5 5k PR 5 785 3
[ STS 11 SCAR 43 F#nic X Lrl  Lr9 Lr10 . Lrl19.
Lr20 Lr24 Lr26 Lr34 Lrd6 $E47 50 TR (] 1.,
3 ), AR NIR AERES A A G Ll Lr26
I Lr46 1R 2% B R B, R 38 Lro  Lrl0,
Lrl19 Lr20 Lr24 F1 Lr34 W Fe 2 M H 0 A B, H
5 Lrl FEHFRICE 19 WR003 764187 618 Him]
P14 AR RS B, RIAORT 618 FIRE S AT

Lrl; 5 Lr26 SESH IEAH & FARE 51 w-secalin
TE A8 618 A 733 i WL 35 90) A 827 ., iy 136,
A1 42 163 5265 FIEFLA: 26 g4 3 th FF = Pk
B, T 36 6 i PR 7E B A DG 43 F iR il O BEFE & A
H AL D S Fph 3 B e R B A sl )
Glu-B3 ¥R 3 14 RE S0k 7 B, R IX 8 A i
FlrC R ) FTREAETED TR RE ] Lr26 ;5 AU 5265 RT3
th Lr46 WRR S0 B, I  AT BURp J
Lr46,

R3 R2MERM(R)WRERATESAENAMFEHEEREESR

Table 3 The pedigree and outcome of marker-assisted resistance genes for leaf rust resistance of 12 wheat cultivars ( lines )

e R FEDHHE 45 Fric A 45 R LR SELs R
Cultivar Pedigree Lr gene based. on Lr gene based or? gene Comprehensive
gene postulation marker detection result
Fi3#f 618 Shixin 618 (4512/523)/735-10 Lrl, Lr26 Lrl, Lr26 Lrl, Lr26
138 733 Shixin 733 KRG / A58 163 Lr26 Lr26 Lr26
#i W 35 Hengguan 35 1 84 W, 749/ i 87-263 Lr26, + Lr26 Lr26, +
A4 827 Henong 827 IIfi3E 95-3091/ £7 4185 Lr26,+ Lr26 Lr26,+
#2018 Gaoyou 2018 9411/98172 LrB,+ LB, +
Fifft 17 Shiyou 17 T 935-352/ B3 21 + - +
#if 136 Heng 136 fi7 4119/ AFFE 1 5 Lr26, + Lr26 Lr26, +
7 6003 Cang 6003 %y 6154/ F4 32 + +
£ 16 Shimai 16 B4 31/ £1 96-4495 Lr26 Lr26 Lr26
3% 6358 Ji 6358 KA BBk + - +
#5265 Ji 5265 B 5006/ BH4& 9204 Lr26,+ Lr26, Lrd6 Lr26, Lrd6, +
L 26 Jimai 26 (BRI x 3EIM 10 5 ) F/ 1 5 Lr26 Lr26 Lr26

o A AR RE 5 - ARAERZI ST S A

+: unknown resistance genes, -: no resistance gene detected

2.3 HERGEHRRESEE

2014-2015 4F Ji #12015-2016 4F i 12 4> /N #
At (2R ) M2 HE AR Saar FIESIXT RE SRR
5389 FERRIAXHER A/ VTS e 45 R I3 4, R
P b N RAEFTE AT AR HE (NY/ZB 592.2-2007 ),
1RYHL Sy 3~4 B, FURIEFEEUNT 30% 19 5 Fh k18
M PEAL AR 2 4F 2 s5 A0 H ) S8 R 25 R I, A 8T
733 A 2018 AL 17 FERARIPIXHE A /Nih ¥y 2
PRI  TE R DR TE T £ 53 0 17.81% .3.13%
F110.21%, A 125 AT,

3 itig

A 12 MR/ A (2R ) e
A REHEANS Lrl  Lr26 . LrB R Lr46 % 4 DH LI

Ho 8 NS AN (R ) & Lr26, Lr26 FE A H B R
Bk 66.67%, 1 Lr26 R URT 547 IRS e oA ity 2
42,20 th2d 70 ARA0HT, BRI R K T I M G R4
HEEA AR R AT B RGH ) HIffh
R B —FL IR )72 38 K, BT B e Jeh Tt
Lrl (UAF1E T 618 1, Cloutier 25 R 5EIEIA,
R L] F R TR [ (85 000 1 120 T AT, (HL 2
P HEA BN, B 5 Lri3a %3 B AER ]
PEE/NEZ P EETE . I, 08T 618 Al i B
RO ITRIMUAFIH o Lr34 1 Lrd6 I8 85I H ,
HAF AP, A p i S A A Lr34 5
Lr46 [ i R ( F ) FBF A7 He 913406, Bl e T Jb 48 JF
KA R, HRT Lr34 C v o sape ™,
HAAEHTIG B I A =5 R T
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T4 7E2014-2015 FEFN2015-2016 F£F 12 NMMERZFH( R )VIEHEXTER Saar F1RFEXTEREBM 5389 MKk HHHR & /A

RRE HRARECEEREEL

Table 4 Infection types( IT ) to Puccinia triticina Erikss. pathotype mixed species, final disease severity ( FDS ) and disease

index in the field experiments in the 2014-2015 and 2015-2016 growing seasons for 12 wheat cultivars ( lines ), slow

rusting cultivar Saar and susceptible cultivar Zhengzhou 5389

JRCHR SR 5 /Nl PROE ™ ERE (%) JA L (%) TPIEET R
SR 42 R et Baoding FDS Zhoukou FDS Pt (%) (%)
Cultivar name Seedling ITto 20142015 4£f  2015-2016 4E#  2014-2015 4EHF  2015-2016 4E/  Average ~ Disease

mixed pathotypes 20142015 In2015-2016  In2014-2015  In2015-2016 FDS index
Saar 3 1.00 3.00 1.00 3.00 2.00 2.00
¥ 618 Shixin 618 4 50.00 50.00 70.00 90.00 65.00 55.25
¥t 733 Shixin 733 4 7.50 17.50 20.00 30.00 18.75 17.81
#0035 Hengguan 35 3 10.00 60.00 70.00 60.00 50.00 40.00
A4 827 Henong 827 4 30.00 90.00 80.00 60.00 65.00 57.20
#i 4 2018 Gaoyou 2018 3 7.50 1.00 3.00 1.00 3.13 3.13
Fil 17 Shiyou 17 4 15.00 3.00 15.00 10.00 10.75 10.21
#7136 Heng 136 3 35.00 80.00 80.00 90.00 71.25 65.55
#r 6003 Cang 6003 4 20.00 30.00 30.00 40.00 30.00 30.00
1% 16 Shimai 16 4 20.00 45.00 70.00 30.00 41.25 39.60
3 6358 Ji 6358 3 40.00 50.00 80.00 60.00 57.50 54.05
3 5265 Ji 5265 4 10.00 80.00 90.00 90.00 67.50 58.05
3% 26 Jimai 26 3 20.00 60.00 80.00 80.00 60.00 58.80
HE M 5389 Zhengzhou 5389 4 80.00 95.00 95.00 95.00 91.25 83.95
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