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Wheat Leaf Rust Resistance Genes of Eight Wheat Breeding Parents

HU Ya-ya',SUN Yi' ,ZHANG He-shan' , WEI Xue-jun', DU Dong-dong' ,
YANG Wen-xiang' ,LIU Da-qun' ,LU He-ping’
(' Department of Plant Pathology, Agricultural University of Hebei / Biological Control Center of Plant Diseases and Plant Pests of
Hebei Province / National Engineering Research Center for Agriculture in Northern Mountainous Areas, Baoding 071001 ;
>College of Plant Protection ,Northwest A & F University , Yangling 712100)

Abstract: Resistance evaluation and gene postulation of the eight wheat breeding parents were carried out by
using 19 Puccinia triticina races with different virulent patterns at seedling stage and adult stage. 31 molecular mark-
ers closely linked or co-segregated with 24 wheat leaf rust resistance genes were used to test the 8 wheat breeding
parents. The results indicated that lines L.83#-5 and L83#-6 carried Lrl, might contain Lr2¢ or Lr42. 1./P12003-1
carried Lrl ,might contain Lr2c¢,Lr28 or Lr42. Guinong 13 might contain Lr28. Line 92R137 might contain Lr2¢ or
Lr28. Line 1201 carried Lrl ,might contain Li2¢,Lrl6 or Lr28. TM carried Lr41 and unknown resistance genes. The
results also indicated that the resistance of TM was the strongest in the 8 wheat accessions,and would be a good ac-
cession in wheat leaf rust resistance breeding programs.

Key words: wheat breeding parents ;resistance gene to wheat leaf rust;gene postulation ;molecular detection
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1.1 IEMHENEHFER
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A& 775 B 13 B 1201 92R137 F1 T™ H PG LA bk

BhEE K 22 0 Wy 08 49 2 B 38 fE 8O X R
Thatcher 39 4~ A T F140 45 3 R A9 /)N 22 3T &5 Fik
IR (BRI R ) DL 19 A 455 T 00 24 8 B30 TR
% (THTT .PHTP .PHKS .PHTT .FHTT .NHMT , THPT .
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1.2 7%
1.2.1 HHERMEREERERES ERE
KSR L ISR R (AR R ) U E Fh
SEAR DA BB %] R Thatcher 3 48 A~ 2P 36 70 T
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HFERD 19 B(HE3 DA . TENER 1 iF5Ee
JEFFIT , SR IOy 42 b, 42/ 1 DB A,
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20 £5 CHIRENEFE 12 ~ 14 d, #%18 A. P. Roelfs
R O g N R bR R UEAT R e R S, IR AR
H. T. Dubin %" B ik AT HOR S R4 S
1.2.2 HEEHKBARMHEREE 7E 2011 £/
2012 4E 10 A4, 53 50K 8 A~/INZE B Fp R AR
T Al KR8 1L A8 30 em A7 2 m, T HL
THRERATFIAR Thatcher fE HHEFPAT, WAE 4 H 18
HBE 19 A/ 22 85 DA T Pl 45 ik TR A, ik 0.3 ~
0.5 g/L fil T2IFM(IMA 0.03% i 20) , Wi % 3
FiFReftT, BESEE 16 h )5, HARER, 15/
HEAFLBIN 2 A. P. Roelfs %514 % bR 1795
EPHA B AR REALIEL 50 F R, 0 38
AMRYAY 10 d JETHESE 2 IR,
1.2.3 NETHFERMNSFERU  H CTAB &
FEHL 8 N/ NEF P EA Thatcher K 39 NI %5 5L A
Z (BN R ) AL ZH DNA, F 0. 8% Brt B A BE I
FL UK LSS AP G BE TR I 5 i B A2l .
TE #i B 50 ng/pl £ H .

RS 24 APt L B8 i E S s I B
31N arFhRid (3R 1) AT HU 5 L 1 4y Fhnid 48
o SIWH A T A TR (L) B A BRA R4
B, R Y. EE 3 K, PCR WK R K
20 pL, H:H 10 x buffer (Mg®* )2 pL dNTP 1.2 pL
(10 mmol/L) \E2551%) 4 ng B DNA 50 ng . Taq
FAEM 1 U, PCR M FRJFH 95 CHlAEE 5 ming
95 CZ%%: 1 min, 50 ~68 CiE kK 1 min,72 °C ZEfH
2 min, 3£ 35 PMEER ;72 CHEH 10 min; 10 C AT,
PHEEIA 1. 5% ~ 2. 0% B IEH6E I i Tk B 10%
RV e P e o G P Dk A
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Table 1 The molecular markers used to detect the wheat resistance genes

Lr [ (N ElR/E2N FIMFFI(5'-3") ALHE (M) RBR/AN(bp)  BHEICHK
Lr gene Marker type Primer name Primersequence (5'-3") Genetic distance Size of fragment Reference
Lrl STS WROO03F GGGACAGAGACCTTGGTGGA 0 760 [3]
WROO03R GACGATGATGATTTGCTGCTGG
Li2c SSR Xgwm261F CTCCCTGTACGCCTAAGGC 1.9 176 [4]
Xgwm261R CTCGCGCTACTAGCCATTG
Lr9 SCAR SCS5-550F TGCGCCTTCAAAGGAAG 0.8 £0. 008 550 [5]
SCS5-550R TGCGCCCTTCTGAACTGTAT
Lr9 RFLP J13/1 TCCTTTTATTCCGCACGCCGG 8+2.4 1100 [6]
1372 CCACACTACCCCAAAGAGACG
Lri0 STS FL 2245 GTGTAATGCATGCAGGTTCC 0 282 [7]
Lr10-6/12 AGGTGTGAGTGAGTTATGTT
Lri2 SSR Xgwm251F CAACTGGTTGCTACACAAGCA 0.9 120 [8]
Xgwm251R GGGATGTCTGTTCCATCTTAG
Lrl6 SSR Wmc764F CCTCGAACCTGAAGCTCTGA 1.0 156 [9]
Wmc764R TTCGCAAGGACTCCGTAACA
Lr19 SCAR SCS265F GGCGGATAAGCAGAGCAGAG 2.9 +0.016 512 [10]
SCS265R GGCGGATAAGTGGGTTATGG
Lr19 SCAR SCS253F GCTGGTTCCACAAAGCAAA 0 736 [10]
SCS253R GGCTGGTTCCTTAGATAGGTG
Lr20 STS STS638L ACAGCGATGAAGCAATGAAA 0 542 [11]
STS638R GTCCAGTTGGTTGATGGAAT
Lr21 STS D14L CGCTTTTACCGAGATTGGTC 0 669 [12]
D14R TCTGGTATCTCACGAAGCCTT
Lr24 STS J09/1 TCTAGTCTGTACATGGGGGC 0 310 [13]
J09/2 TGGCACATGAACTCCATACG
Lr24 SCAR S1302-609F CGCAGGTTCCAAATACTTTTC 0 607 [14]
S1302-609R CGCAGGTTCTACCTAATGCAA
Lr25 SSR Xgwm251F GCATTTCGGGTGAACCC 3.8 124 [15]
Xgwm251R GTTGCATGTATACGTTAAGCGG
Lr26 STS w-secalinF ACCTTCCTCATCTTTGTCCT — 1076 [16]
w-secalinR CCGATGCCTATACCACTACT
Lr26 STS O11B5 GGTACCAACAACAACAACCC — 636 [17]
011B3 GTTGCTGCTGAGGTTGGTTC
L28 SCAR SCS421 5,0 F ACAAGGTAAGTCTCCAACCA 11.1 £0. 06 570 [18]
SCS421450 R AGTCGACCGAGATTTTAACC
Lr29 SCAR OPY10/1 GTGACCTCAGGCAATGCA 11.5 850 [19]
OPY10/2 GTGACCTCAGAACCGATG
Lr32 SSR Xbarcl135F ATCGCCATCTCCTCTACCA 0.6 273 [20]
Xbarc135R GCGAACCCATGTGCTAAGT
Lr34 STS csLv34F GTTGGTTAAGACTGGTGATGG 0.4 150 [21]
csLv34R TGCTTGCTATTGCTGAATAGT
Lr34 STS L34SPF GGGAGCATTATTTTTTTCCATCATG 0 751 [22]
L34DINT13R2 ACTTTCCTGAAAATAATACAAGCA
L34DINTOF TTGATGAAACCAGTTTTTTTTCTA
L34MINUSR TATGCCATTTAACATAATCATGAA
Lr35 SCAR Sr39F2 AGAGAGAGTAGAAGAGCTGC 0 900 [23]
Sr39R3 AGAGAGAGAGCATCCACC
Lr37 STS VENTRIUP AGGGGCTACTGACCAAGGCT — 259 [24]
LN2 TGCAGCTACAGCAGTATGTACACAAAA
Lr38 SCAR Y33 SCARgg, GCTGAATCTGCGTATCGTCCC 0.6 982 [25]
Y33 SCARgg, R GACTTGTTCTTCGGCGTGTTG
Lrdl SSR Xbarc124F TGCACCCCTTCCAAATCT 1.0 261 [26]
Xbarc124R TGCGAGTCGTGTGGTTGT
Lr42 SSR Wme432F ATGACACCAGATCTAGCAC 0.8 204 [27]
Wme432R AATATTGGCATGATTACACA
Lr47 STS PSI0R GCTGATGACCCTGACCGGT — 282 [28]
PS10L TCTTCATGCCCGGTCGGGT
Lr48 RAPD S3 CATCCCCCTG 2.7 500 [29]
Lr48 RAPD S336 TCCCCATCAC 8.6 750 [29]
LrZH84 SSR Xgwm582F AAGCACTACGAAAATATGAC 3.9 — [30]
Xgwm582R TCTTAAGGGGTGTTATCATA
LrZH84 STS Hbsf-1F GTCTGCAAACTTGAAGGAAG 0.7 1006 [31]
Hbsf-1R GCAGATTTCAGTTCATCCTC

— : ZHE PR A T HEAE  —:Data were not listed in the references
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Table 2 Seedling infection types on 39 differential lines with different Lr genes, Thatcher,and 8 wheat breeding parents to 19
pathotypes of P. triticinia

HJi 21 Pathotype

SA(E) T P P P F N T T T T T T T R K T F S T
) ) H H H H H H H H H H H H H H H D D H H
Variety (Line) T T K T T M P T S S J D S D J S ] J S
T P S T T T T S Q L R S T M R R T P R

TeLrl -RL6003 (Lrl) 4 4 4 4 1 4 4 4 4 4 4 4 4 3 5 3, 4 4
Tcli2a-R1L6016 (Lr2a) 4 5 ; ; ;1 ; 4 4 4 4 4 4 4 3 3 3 ; 4 4
Tceli2e-RL6047 (Lr2c) 4 4 4 4 4 4 4 4 4 4 4 4 4 ; 4 4 4 4 4
Tclxr3-RL6002 (Lr3) 4 4 4 4 4 ; 4 4 4 4 4 3 4 3 4 4 4 ; 4
Tel19-R16010 (1r9) C s s s
TclLrl6-RL6005 (Lrl6) 4 3 4 4 3 4 4 4 4 4 4 4 3 4 4 4 4 4
Tcli26-R1L6078 (Lr26) 4 4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Tcla3ka-RL6007 ( Lr3ka) 3 4 ; 4 3 4 4 4 4 4 ; ; 4 ; ; 4 ; ; 4
TcelLrl1-RL6053 (Lrll) 3 4 4 4 4 ; ; 4 4 4 4 ; 4 ; 3 4 4 3 4
Tclrl7-RL6008 (Lrl7) 4 4 4 4 3 ; 4 4 4 4 4 4 4 4 4 4 4 4 4
Tclr30-R1L6049 ( Lr30) 4 4 4 4 4 3 4 3 ; ;1 ; ; ;1 ; ; ; ; H 3
TclrB-RL6051 (LrB) 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 4
TclLrl0-RL6004 (Lr10) 4 ; 4 4 4 4 4 4 4 4 4 3 4 ; 4 4 4 5 4
Tclrl4a-RL6013 (Lri4a) 4 4 4 4 4 4 4 4 1 1; ;1 4 4 ; ;1 ; 4 4 ;
Telr18-R16009 (LrI8) 304 1 3 4 3 4 1 1 1 3 1 4 3 3 3 4 3 4
TeLi21-RL6043 (Lr21) 3 4 4 4 4 3 4 4 sl 5l sl 5 sl 4 4 4y
TeLi28-R16079 (Lr28) s s s s 5151, 4 4 1, 4 4 4 4 4 4 5 4 4
KS9OWGRC10 (Lrd]) T S S
KSOIWGRCI1 (L42) 30041 4 4433 1 gl sl s s sl
Teli3bg-RL6042 (Lr3bg) 4 3 4 4 4 3 3 4 4 4 4 3 4 3 4 4 4 3 4
Tclrl4b-RL6006 (Lri4b) 4 4 4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4
Tcelrl5-R16052 (Lrl5) 1 4 ;1 4 4 4 4 4 4 4 4 ;1 ;1 ;1 ; ; 51 5 4
TcLr19-R16040 (Lr19) ;1 ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
Tcli20-RL6092 ( Lr20) 4 3 ;1 4 3 3 3 4 ; ;1 ;1 4 ;1 ;1 ; ; ; ;1 4
Tcli23-R16012 (Lr23) 4 4 4 4 3 4 4 4 4 4 3 4 3 4 4 4 4 4 4
Tcli25-R16084 ( Lr25) 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Tclr29-RL6080 ( Lr29) 4 4 4 4 4 3 4 4 4 4 4 4 ; ; ; 4 4 4 4
Tclx32-R16086 (Lr32) 4 4 4 4 4 4 4 4 4 4 3 4 4 ; 4 4 4 ; 4
Tclr33-R16057 (Lr33) 3 4 1 4 ; 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Tclr36-E84018 (Lr36) 4 4 4 3 4 4 3 4 4 3 ;1 4 4 4 4 4 4 5 4
TeLi38-RL6097 (Lr38) e e
KS86 WGRCO02 (Lr39) 3 5 4 4 4 3 4 ; 51 ;1 ;1 ; ;1 H H H H H H
KSS9WGRCO7 ( Lr40) 4 H 4 4 4 4 4 H 5 H 1 H 1 H H | H H 1 H 1 H H 1 H
TeLid4-R1L6147 (Lrdd) 4 ;4 4 4 4 4 3 3 3 3 4 4 4 4 4 4 4 4
TcLr45-R16144 (Lr45) 4 4 3 3 1 1 1 4 4 4 4 4 4 4 4 4 4 4 4
Pavon76 ( Lr46> 4 H H 4 H H H 4 H 1 ;] H H | 4 H H H H H H
90H450 (Lr47) ; 4 ; ; ; ; 4 ; ; ; ; ; ; ; ; ; ; ; ;
KS96WGRC36 (Lr50) 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 4 4
Thatcher 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
L/P12003-1 4 4 ; 4 4 3 3 4 4 4 4 4 4 4 4 4 4 4 4
183#-5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1.83#-6 4 4 4 4 1 4 4 4 4 4 4 4 4 4 2 4 2 4 4
AR 775 Guinong 775 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
#4132 Guinong 13 4 4 41 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1201 4 4 4 4 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4
92R137 3 ; ; 4 3 3 3 2 4 4 4 4 4 ; ; 4 ; 4 4
™ ; ; ; ; ; 0 ; ; ; ; ; ; ; ; ; ; ; ;

“0" AR A T HE PR SEBES SRS 1 BT HRAY N R SRR AR AE R R 52 - ST /N B
1 JE BT SR SRR 37 LA T HE AN SR B SO SRR I (LA B S s <4 - SLAR T T 25 A P 01 ST B s 5
BE, BAHES: L2 = Lrd0'1) 1639 = Lrd1 ™) E il A6 15 ORI, 203 B3 (R

3 wqn

“0” :No flecks or uredinia, “ ;" : Hypersensitive flecks,“1” :Small uredinia with necrosis, “2” ; Small uredinia with chlorosis, “3” : Moderate size uredinia

with chlorosis, “4” ; Larger uredinia without necrosis or chlorosis. Here Lr40 and Lr41 were kept to use for the different background might effect the infec-

tion type, although they were reported Li21 = Lr40''?! and Lr39 = Lr41!*]



4 4] WANEAE 55+ 8 A~/INAE T FORA GO 5 2 A B 807

®3 SMNEFMRANEHEEES BKREHMHSES TS FRNER
Table 3 Postulation and molecular validation of leaf rust resistance genes at seedling stage and resistance identification at a-

dult stage in 8 wheat breeding parents

B R TP 3 R 4 JEEIAPTE Resistance at adult stage S3 TR T
Postulation of resistance  {RYeB  SEHEEE (% ) PEH Molecular marker

Variety ( Line) Final result

gene at seedling stage 1T Average severity Evaluation detection

L/P12003-1 N ;3 12.5 SR Lrl Lr2¢,Lr28 ,Lr42 Lrl Lr2¢,Lr28 ,Lr42

L83#-5 N ;34 12.5 SR Lrl Lr2¢,Lr42 Lrl Lr2¢,Lr42

183#-6 Lrl ;3 12.5 SR Lrl L2¢c,Li42 Lrl ,Lr2¢,Lr42

B 775 N 134 43.8 MS N N, +

"R 135 N ;34 40.0 MS Lr28 Lr28

1201 N ;34 38.3 MS Lrl ,Lr2¢,Lrl6 1128 Lrl ,Lr2¢,Lrl6 ,Li28

92R137 N ;34 23.3 SR Lr2¢,Lr28 Lr2c,Lr28

™ Lr9,Lr19 ,Lr24 5% Lr38, + ; - NIM Lrdl1 L4l , +

NARREIE ; + HES S A ARMEER ;- TR ETEE; NIM SR MS 4353875 T G g 18 45 i1 g
N: Unknown wheat leaf rust resistance gene, + : Presence of unknown resistance gene,—: Average severity not available ,NIM, SR and MS; Nearly immune,

slow rusting and moderately susceptible, respectively

a b
()MlLrIT12345678 ®

MILr28T 1 2 3 4 5 6 7 8

1000bp___.
250bp—|

M2 Lrdl T 1 2 3 4 5 6 7 8
302bp —>

242bp —
()
242bp*>

238bp__
217bp—>

201bp—>

—_

L/PL2003 — 12,1834 —5;3.1.83# — 634 . 54 775 ( Guinong 775) ;5 : 5e4¢ 13 2 ( Guinong 13) ;6:1201;7 :92R137;8 . TM;
T Thatcher ; M1 ; Marker 2000 ; M2 : pBR322
B 1 Lri(a) . Lr28(b) Lr2c(c) Lrl6(d) Lr4l (e) ¥ Lr42 (f) Xt 8 NINEBMERN S FHNZER
Fig. 1 The results of the 8 wheat breeding parents based on molecular markers of Lrl (a) ,Lr28(b),
Lr2¢(c) ,Lr16(d) ,Lr4l(e)and Lr42(f)
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