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Analysis of Leaf Rust Resistance Genes in 15 Wheat Landraces

XU Xin-yu, DUAN Zhen-ying, ZHANG Xiao-ling, YAO Zhan-jun
( College of Agronomy , Agricultural University of Hebei/North China Key Laboratory for
Germplasm Resources of China Education Ministry, Baoding 071001 )

Abstract: The objective of this study is to determine the potential resistance genes in wheat landraces and
provide reference information for the selection and utilization of leaf rust resistance resources. In this study,
15 wheat landraces, susceptible control Zhengzhou 5389 and 36 resistance donor lines were tested for leaf
rust resistance. The genotypes were tested in the greenhouse to 19 Puccinia triticina pathotypes for a seedling
resistance, and in the field to a mixed pathotypes for slow rusting resistance in two cropping seasons ( 2016-2017
and 2017-2018 ) in Baoding, Hebei province. Meanwhile, twelve molecular markers targeting the resistance loci
were used for genotyping in wheat cultivars. Resulted from the resistance spectra and marker analysis, seven leaf
rust resistance genes were detected in 15 landraces. For instance, the landrace Honggoudou may contain both Lr/
and Lr46; Huanghuamai may have both Lr/3 and Lr34; Dabaimai may carry Lr14b and Lr26; Yangmai may carry
Lr37 and Lr46; Chengduguangtou may carry Lr34 and Lr46. Two resistance genes Lr26 and Lr46 were found to
be present in genotypes Motuomai and Xishanbiansui. Furthermore, the slowing rust resistance gene Lr34 was
detected in Tongjiabaxiaomai, Wudubaijianer, Bianbachunmai-6 and Baihuamai, while another partial resistance
gene Lr46 was detected in Honggiangmai, Baibiansui and Baihuomai. These genotypes effective against leaf rust
might provide resistance genes for disease-resistant breeding in hexaploid wheat.
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INZE W SR /N EE R AT FRL T R
U B 25 () — e R NEE M B T ( Puccinia
tirticina ) 1RSI, 32 BAG F/INA M R, S WA AR ) 1
A AE R, DT S B/ 22 7 it 00 B AT 8 ™
5%~15% , ™ B I 57 0 1k 40% 2, /INAE I
PR AETEREHR VLA N A AZ X MR A 22 IR
PUR A& IX L BvA /N2 40 i 7 vk £ 4k
2B iR ARG a4 2B iR EARRSCR AT (B AL
ENEAEREE B7N:

FREHUIR A R/ INE MBI B R T 4
AR RN 22 T 2 TR IE A 44
2 Lr79" R T 45 T AR BN A AR D S A B
—BUE SRR R R, KA NPT SR
LI, ANA Lr9  Lrl9  Lr24  Lr38 %5 K A
TR BA B R

W E/NERZ M F IR, R E AR L
U, BB ORI . E g T A 2
e TR LA SRt o 5 H A R S A A R BT
S, R IAHES A 7 S R, A R H A SN
Fo & s L SRR S PTAAS R EEA . ACE I
SRR 5105/ AR SR AR LRI 14 A4
PO s . B 450 18 233 /N E R K A
T i 38 11 99 By A2 45 A, AT UL, AR S i LE B
RAA PRI T2 s AL el A FE W
J70 905 i DRI 125 37 i PR A SR 10T PR I ) R R
EATHU 5505 JL PR A3 AT 6N T B B A

M4 Brown' " 2 AL ORI B SIS , AR
M 95 AN/ NAE R G fb A R ER B AR ZEMRIRIE R
BRI o ARG 15 A/ N A, X
FCEAT B I AR A A A DA S b 4
[P S, WA T DU P i B 1 % mT e 7 A e
WL, AT /N BT B AR HE L ST
1 MRE5RE
1.1 Rl

RIS AR R 15 A /NS ARG Rl 36 A4 3k
il ol S X S AR ORS M 5389 K i ek 1 45 Yot R
i SAAR; FE PR 4fE 5 B FH Y 19 > i 455 T8 /N B LA
T H [] 422 ot F 9 TR & 2 3N FR( THTT . THTS
A PHTT ), 24 fh T b Al K2 /N 22 i 45 i ik 58 ==
Pt NPy 4 2 B8 Long ' ' #1455 5 4y 4

1.2 HPELALTEREFRES

W 2 2R 10 15 MER/NZE R FZ AP 36 4
A BT 9 3 DR B 28R it o e o BEDES
5389 At 52 My pFRMK I IE R IR E B W& fRh
A EE IO, SR AT 43 I 45 R R
YIS RN I R b RGP 14~16 h )5
A 12~14 h IR ZE N E , A9 IE0 XF 5h Fh
M 5389 FE4r &G (2914 d), B Roelfs' '
PRUEHEATIR YL RIS 5E |, FH45 R Dubin 281 AL R HE
SR AT, a3 /N A R AT B B
e TS
1.3 Bk SRRk o

43 9 F 2016 45,2017 4F 10 H b~ A% 15 4>
P/ 22 R R R 2 5 X6 B R SAAR R
Xof B i A K M 5389 4 A T T b Al K A7 52 55
(115.47°E. 38.85°N ), Flie Jr 2ok 44K 1% AT K
251 m, A2 0.25 m, B 10 15 FPAE 1 47 /80 %) 1R
fl PR N 5389, HK5 AR N 5389 5 AL i il 2 1 A
HVE IR, TR 4 A BRI % 2 3
5 TR TR 5 A 3L/ NP, 1o S8 W IR K 95 78 43 B, AR
P8 Li 25 07 g AT T R A, O SR e A
( FDS, final disease severity ). f% %% % (IT, infection
types ) FlI35 3k % ( GR, general rate ), 3 1158 H & %

224 ( DI, disease index ).

14 BHARMFEENS FR

/INFZ JE D 41 DNA 19 $2 BUR A ek B i CTAB
U I G E BTG IR 5 DNA Bk 32 2l
BEo MR 12 A 5P 5 35k R 81 1 4> Fhic it
TR, PCR K Z M 20 uL, 7% 2 puL 40 ng/uL DNA
FEHR .2 uL 4 mol/uL 5 4. 10 puL 2 x Tap PCR Mix
M1 6 uL ddH,0. Lr46 ¥ H4r=HH 12% AEE 1R
75 O e M P K A T A I 3B, FLAx B B = 44
WEEA 1.5% BB ARGE R LUK ARSI

2 HERE5HH

R £ E

A3 9T 2016-2017 4F . 2017-2018 4FEAE V] AL A4 5
XF 15 A /N ARG R AT R T S e (R 1),
Mg hAe N RAEFET Tk ARE (NY/ZB592.2-2007 ),
IR Y AT 3 S U R FE BN T 30% 1)
m OB SRR, PRI 15 AN/ NERE R,
e th B AR KA & R AL G B -6,
BRI SFN kA 3 6 MBS,

2.1
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Table 1 The disease index of 15 wheat landrace cultivars at adult stage

A ?E%/bﬁ@y‘bﬂ 2016-2017 4F/™H i 2017-2018 4F™H i TR R R
Cultivar Infection types of 1 62017 FDS 2017-2018 FDS Average (%) (%)
mixed races FDS GR DI
SAAR 3 2 2 2 100 2
214 5. Honggoudou 3+ 45 60 52.5 100 52.5
T f¢ # Huanghuamai 3 5 1 3 100 3
K% Dabaimai 3 1 1 1 100 1
A3 Motuomai 3+ 40 60 50 100 50
7111 F# Xishanbiansui 4 45 35 40 100 40
[RIZ /N Tongjiabaxiaomai 3 35 50 42.5 100 42.5
BT )L Wudubaijianer 3+ 1 1 1 100 1
M FZ -6Bianbachunmai-6 3 5 1 3 100 3
H4E4 Baihuamai 3 50 40 45 100 45
W Yangmai 3 35 40 375 100 375
21465 Honggiangmai 3 50 55 52.5 98 51.45
574 Baiqimai 3 80 70 75 100 75
WGk Chengduguangtou 3+ 10 10 10 100 10
{4 i # Baibiansui 3 80 80 80 100 80
[k 7 Baihuomai 3 5 5 5 100 5
FRM 5389Zhengzhou 5389 4 100 90 95 100 95

FDS: Final Disease Severity, GR: General Rate, DI: Disease Index

22 BHHMMERERES SN
19 />4 1 A= B/ INFROGE 36 A2k AR S R 15 A4S
IINZE AR GR i o B SR K BE RO 5389 114 1 T
PEUEGE R IR 2, 18 36 DaIR SRR 9 5
Fft (RL6010, RL6064 . RL6040 . RL6079 . RL6080 .
KS91WGEC11,RAVON76,C78.5,98M71 ) %f 19 4~
% T AR B NSRBI, 7 S (RL6047
RL6002,RL6005. RL6051 . RL6042 . RL6012 .
RL6057 ) X} 19 A 455 1] A= BN 247 3 30 J8os
DA I3 16 A4 il B T H 70T A 035 32 DR TG o 3 )
e P AGI 5 H Ay 20 A SRR A N R
B S R BTPE, AT A 3 R HE vk AT b &
W R, R G R 2000 S5 5 A Lel BOZR AR & i
HA MR BB, 2002/ N 22 0 Bl T BE HEAHF
rl, EAEAE FE A Lrl3 0 380 i ol 34 60 0 ik T
#k FHGQ™ . PHGN , FHIR il FHBR % ¥ & ¥t 1k,
FIZ SR T RS A U B S Lel3; KEAZ
FHE AT Lr14b 1) 244 & B ¥4 % PHGL #il TGKS
BUPUYE , HEZ S A P T BE S Lrl4b; SRS AR
FI 22 BRI PG L B A& Lr26 B3 A i A 2

Xof 45 T A= B /INFR FGKQ . FHBQ il TGKS # H1I%
{RYLY, R 3 AT RE AT Lr26, [RIZEH/N
Z A AIL BB -6 AL TR Lk
FE S22 e PEs 5 4t iy 2R S Aotk
YA 225 R ULHEN 38 7 A5 R e e GE & A AR A
UL o R (R AR k22X 19 A5
Az R/ IR I R Ry A G A DAL 3 3
FPAS B 2 JRNHT 75 i e DR sy R e i ]

2.3 HMHSHERERER S FE

SRR AN PR 7 i AN JE R4 R i

B YRR, HE— 25 R 12 A5 B 045 0w L 4
BEEB 0 TARMCRT 15 AS/NER R ST E TR
W, 25 R 018 1, A0 2] Lrl (760 bp ). Lr26 (1076
bp ). Lr34( 150 bp ). Lr37(259 bp ) A1 Lr46 (520 bp )
5 AN FE DA AR SR B, R A E Lr9 (1100
bp ). Lri0(310bp ). Lri9( 525 bp ). Lr20( 542 bp ) Hl
Lr24 (315 bp ) AHBLA RS A B, HA FHEE D 4
Ty AT AR 5 NS U N AZ R
BB B PR . 20 G S AR
Bl Ll AR PR S0 7 B, R Wz Al 5e & A
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A B

M/ILrlZ 1 2 3 45 67 8 9 10 11 12 13 14 15

736 bp

MLrI0Z 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 MLr20Z 1 2 3 4 5 6 7 8 9 10111213 1415

MLr24Z 1 2 3 4 5 6 7 8 910 11 12 13 14 15 MLr347 1 2 3 4 5 6 7 8 9 101112 131415

250 bp

MLr26Z 1

-

2 3 45 6 7 8 9 101112131415

TR ®o<—1076 bpess s =
—
—

K L
MLr37Z1 2 3 4 5 6 7 8 910 11 12 13 14 15 MLr46Z 1 2 3 4 5 6 7 8 9 1011 12 13 14 15
622bp - —— - e .-
B -84 -8 =
404 bp > 520 pr
[ 410bp
123 b AR By menw o
P8 b

M : DM2000marker &, pBR322DNAmarker; Z: ¥ 5389; 1-15: ZI 5 #eAbA: R ARIAS 76 1Lk A R INAE
RIS E RSIINE S I NEV (X IE 2 IAE - N E b N1 % 5 O NE) - NED &2
M: DM2000marker or pPBR322DNAmarker, Z: Zhengzhou5389, 1-15: Honggoudou . Huanghuamai . Dabaimai ., Motuomai . Xishanbiansui
Tongjiabaxiaomai . Wudubaijianer , Bianbachunmai-6 . Baihuamai . Yangmai . Honggiangmai , Baigimai, Chengduguangtou , Baibiansui , Baihuomai,
A:Lrl,B:Lr9,Cand D: Lri9,E:Lri0,F.Lr20,G:Lr24,H: Lr34,1and J: Lr26,K: Lr37,L: Lr46
1 SFHRIEE 15 NMIERFK @M PR NS R

Fig.1 PCR amplification of 15 landrace cultivars with the markers
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EAYFER , JERHE 2 B AT /N P s ist
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DR AV 45 TR 2R B S 0], 1 o 5 5 45 SRS 8
J T RN E R R A B AR 124518
I 5 22 DR B 3 ) o R e X R A et
FIFRIC AN, 277 1k R A% TR AS T HR X AR T 5
A IPURIEA (5 32 2R S ERIC ARG . FHTR AR
PRIABT AR LB S BT R T4
IEEE HARE K W 3R A R TH TR P2
FIVEAN , BA B iRt ™ AR e 3 424
TR S R N ( THTT . THTS . PHTT )", %
R EHEAT T 2 AERPihEse e . SR Gl R N A
S RIS RSP TYE 3 FR Ok G4 T
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AR 45 A SR T 5 o Fhmic kil g ik, 7E
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Lr26 Lr34  Lr37 ¥l Lr46, B WG 5 1 48 15 1Y 45 51
—H, Lrl W2 /N2 i Bl Malakoff H1 & B, 17
F/hZZ SDL Jetafk o H piriz ik B 36 1 2400
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FEAET AT 4R 2 v, Al i S P R A 7 2
MNHTHRE R, Lri3 3K H T /N i Frontana,
i F/NAE 2BS Yt fk 120 Ry bk b SN %
SERAEE R A0 T SR B LTk R
5 H A SR & AA7AE Al BEsR B A7 B — 2 i F
FEM B Lri4b KI5 T3 # /N4 Bowie, fii T 7BL
Yegafh 102 HUR T S R PIE 5L A Rt — 2 1
ko Lr26 i T IRS Yetoiiml %5m /N4 1BL Y
Ak b, 5 Yr9. Sr31 . Pm8 F1 Lr33 451, &30 [F 20
g 80 AR FEPLIR, Lr34 5 1 DRI
(525 TS I N N ) o (DR P A E R 2 2 SR SE IR e
2 5 M /NE i #h Frontana Fl Terenzio FPAG N E] 2,
LT 7DS Yetafh b NS Yri8, Pm38 Fil Sr37
SEEY, HRE BRI Tepe . Lr37 RIEF/NE 4k
Br S AR VPML, R kR BT SE ) A F 2AS G fafk
b ZEEH G Yr17 FSr38 B 05 Lrl7 A
J% 12 Lrd6 B RN SR PG EF AR G R Pavon76 &
B, 0T IBL Jetafh 112 N . %2R B
RSP AE R AT AP , 5 A J2E D4 (] B A7 A B
AIRARHR = 77 EhitE . IR AN AS il 1 i B 2
ZH R, Has 1 S LR R e, RO AN FE
5, T LR 1o A i) R A S R Y AR TR
HEFRAEE T HERE . AR S H 0 4 4
i L8 (Lrl  Lr13  Lrl4b F1 Lr26 ) (2545
R LU & K /NEE 5 Bl Thatcher 8t 15 5 (1)
RN R, SIRELR S FIICE R , Nl 25
ISP RNEER 2 L L 4 DNPUR SR — e A TR K
AT

FRETE 20 el 80 ARG HE T L AR R 1Y
INFE - FRIZ IBL/IRS Gy & Fh i, g B MR ) 12l
LS 8CH B EE A Lr26 HIURAR
SR 20 BRI ES AT R IR AR
WG RN RE 4 1) R INE SR (R D) T T 2580,
ZER G RIX 3 AN B AN SRR SRR
B ERAR, H Lr2e B R . BT A 8
AINPIEE P 9 AR S R — e P R R, H T
Lr26 BB HR 2000 > A5 & R T4 R
I AHAAT R AP S5 I, T 550 KA 7 o
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