fE#%4R  ACTA AGRONOMICA SINICA 2010, 36(7): 1126-1134 http://www.chinacrops.org/zwxb/
ISSN 0496-3490; CODEN TSHPA9 E-mail: xbzw@chinajournal.net.cn

DOI: 10.3724/SP.J.1006.2010.01126

28 MMNEMIL OISR iR

T x| k! JEmal EHRES Ok M mxXFEY O AA#HY
! / / R
071001; , 066600
28 s 39 Thatcher
( ) , 8 )
, () 19 Lr ,
28 s 9 Lrl7 Lr2b Lrlda  Lr33; 4
Lr26 Lr36  Lr37; Lr2b  Lr34; Lrl; Lrl Lr10 Lr34; 9507
Lr10; 3 Lrl  Lr34; Lrl Lr34
Lrlda  Lr2b; Lr34;
96 Lr28; Lr34 Lrl6 Lrll Lr3bg Lr33; s 9 4
96 9507 ;
28 R Lr9 Lrl9 Lr20 Lr21 Lr24 Lr29 Lr35 Lr38 Lr47 R

i

Wheat Leaf Rust Resistance in 28 Chinese Wheat Mini-Core Collections

DING Yan-Hong', LIU Huan', SHI Li-Hong', WEN Xiao-Lei’, ZHANG Na', YANG Wen-Xiang"", and LIU
Da—Qunl’*

! 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, China; > Hebei Normal University of Science
& Technology, Qinhuangdao 066600, China

Abstract: Leaf rust of wheat caused by Puccinia triticina Eriks. is an important wheat disease worldwide. Application of resistant
cultivars is considered as the most economical, environment-friendly, and effective way to control this disease. Wheat (Triticum
aestivum L.) core collections act as an important germplasm resource for resistance breeding to leaf rust in China. To evaluate the
leaf rust resistance of Chinese wheat mini-core collections, we chose 28 accessions with a wide range of leaf rust reaction (R, SR,
MS, and S) were chosen for resistance identification in seedling and adult stages and gene postulation. Thirty-nine near isogenic
lines (or single gene lines) in Thatcher background with known leaf rust resistance genes were used as differential hosts. All
genotypes were inoculated with eight pathotypes of P. triticina at seedling stage. The results indicated that Lr2b, Lr3bg, Lr10,
Lrll, Lrlda, Lrl16, Lrl7, Lr20, Lr33, and some unknown resistance genes might exist in the 28 accessions. As revealed by 19
molecular markers closely that are closely linked or co-segregated with part of the known Lr genes, the 28 accessions from wheat
mini-core collections were postulated to carry 13 resistance genes, such as Lr17, Lr2b, Lrl4a, and Lr33 in Xinkehan 9; Lr26, Lr36,
and Lr37 in Xingyi 4; Lr2b and Lr34 in Zipi; Lrl in Dabaipi; Lrl, Lr10, and Lr34 in Bihongsui; Lr10 in Zhongyou 9507; Lrl and
Lr34 in Xiaobaimai, Hongli Dangnianlao, Laomai, Chanbuzhi, Sumai 3, and Chejianzi respectively, Lrl, Lr34, Lrl4a, and Lr2b in
Honghuazao; Lr34 in Jiangxizao, Paozimai, Sanyuehuang, Youmang Saogudan, Fuyanghong, Chengdu Guangtou, and Jiangmai;
Lr28 in Dunhua Chunmai and Gansu 96; Lr34, Lr16, Lrll, Lr3bg, and Lr33 in Orofen; Besides, Xinkehan 9, Xingyi 4,
Honghuazao, Hongli Dangnianlao, Orofen, Youmang Saogudan, Chengdu Guangtou, Gansu 96, Xiaohongpi, Dingxingzhai,
Zhongyou 9507, and Hongdongmai may carry un-known resistance genes to leaf rust. However, the specific bands for Lr9, Lr19,
Lr20, Lr21, Lr24, Lr29, Lr35, Lr38, and Lr47 can not be detected with the corresponding primers in the 28 accessions. This indi-
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cated that Lr9, Lr19, Lr20, Lr21, Lr24, Lr29, Lr35, Lr38, and Lr47 were not present in the 28 accessions. The occurrence degree
of leaf rust at adult stage showed that 17 of 28 tested materials may carry slow rusting resistance genes and adult resistance genes.
The results also indicated that the resistance genes in response to leaf rust disease is relatively richer in the 28 Chinese wheat
mini-core collections, and the Chinese wheat mini-core collections can be applied in breeding programs of leaf rust resistance.
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Table 1 Molecular markers used for the marker-assisted selection of leaf rust resistance genes
Lr Annealing t Size of fi
. . L nnealing temp. 1ze of frag-
Lr gene Marker type Primer Sequence of primer (5'-3") (C) ment (bp) Reference
WRO03F GGGACAGAGACCTTGGTGGA
Lrl STS 55 760 Qiu et al.”
WRO03R GACGATGATGATTTGCTGCTGG
SCS5-550F  TGCGCCTTCAAAGGAAG
Lr9 SCAR 65 550 Gupta et al.”!
SCS5-550R  TGCGCCCTTCTGAACTGTAT
113/1 TCCTTTTATTCCGCACGCCGG
Lr9 STS 66 1100 Schachermayr et al.¥
11372 CCACACTACCCCAAAGAGACG
F1.2245 GTGTAATGCATGCAGGTTCC
Lr10 STS 62 310 Schachermayr et al.””
Lr10-6/r2 AGGTGTGAGTGAGTTATGTT
SCS265-F GGCGGATAAGCAGAGCAGAG
Lr19 SCAR 65 512 Gupta et al. ¥
SCS265-R GGCGGATAAGTGGGTTATGG
STS638-L ACAGCGATGAAGCAATGA AA
Lr20 STS 60 542 Neu et al.l”)
STS638-R GTCCAGTTGGTTGATGGAAT
DI4-L CGCTTTTACCGAGATTGGTC .
Lr21 STS 65 1360 Huang et al.®!
DI14-R TCTGGTATCTCACGAAGCCTT
109/1 TCTAGTCTGTACATGGGGGC .
Lr24 STS 60 350 Schachermayr et al.””!
109/2 TGGCACATGAACTCCATACG
S1302-609F  F:CGCAGGTTCCAAATACTTTTC
Lr24 SCAR 54 607 Gupta et al.'”!
S1302-609R  R:CGCAGGTTCTACCTAATGCAA
) ACCTTCCTCATCTTTGTCCT ) .
Lr26 STS o-secalin 65 1067 Chai et al.™
CCGATGCCTATACCACTACT
O11B5 GGTACCAACAACAACAACCC . 12
Lr26 STS 65 636 Froidmont !'?
O11B3 GTTGCTGCTGAGGTTGGTTC
F  CGCAGGTTCCAAATACTTTTC
Lr28  SCAR SCS421570-F 60 570 Cherukuri et al"
SCS42157-R CGCAGGTTCTACCTAATGCAA
OPY10/1 GTGACCTCAGGCAATGCA "
Lr29 SCAR 59 850 Tar et al.l'!
OPY10/2 GTGACCTCAGAACCGATG
csLv34F GTT GGT TAA GAC TGG TGA TGG s
Lr34 STS 55 150 Lagudah et al.l"
csLv34R TGC TTG CTA TTG CTG AAT AGT
STS L34SPF GGGAGCATTATTTTTTTCCATCATG
L34DINTI3R2 ACTTTCCTGAAAATAATACAAGCA 6
Lr34 58 751 Lagudah et al.l'!
L34DINT9F  TTGATGAAACCAGTTTTTTTTCTA
L34MINUSR TATGCCATTTAACATAATCATGAA
Sr39 F2 AGAGAGAGTAGAAGAGCTGC .
Lr35 STS 65 900 Gold et al.'"
Sr39 R3 AGAGAGAGAGCATCCACC
VENTRIUP  AGGGGCTACTGACCAAGGCT "
Lr37 STS 55 259 Helguera et al.!'¥)
LN2 TGCAGCTACAGCAGTATGTACACAAAA
Y3sSCARgs;  GCTGAATCTGCGTATCGTCCC o
Lr38 SCAR 68 982 Yan et al.!"”)
GACTTGTTCTTCGGCGTGTTG
PSI0R GCT GAT GAC CCT GAC CGG T "
Lr47 STS 55 282 Helguera et al.*”

PS10L

TCT TCA TGC CCG GTCGGG T
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PCR 20 pL,  10x buffer (  Mg*") 2 9507 3
puL  dNTP 0.4 uL (10 mmol L™") 25 ng 28 96

DNA50ng 1UTaq PCR 94°C
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Table 2 Infection types in response to eight pathotypes of P. triticina of 39 Lr near isogenic lines (or single-gene lines ) and 28 acces-
sions from wheat mini-core collections in seedling stage

Lr Pathotype
Tester lines Lr gene or genotype THDS THST PHGQ THDN PHLS PHQR PCQR TCGT
RL6003 Lrl 3 4 3 3 3 3 3 3
RL6016 Lr2a 4 4 ;1 3 X 1 1; 3
RL6047 Lr2c 3 4 4 3 3 4 4 3
RL6002 Lr3 3+ 4 4 3 4 3 4 3
RL6010 Lr9 0 0; 0 0 0 0 0 0
RL6005 Lrl6 3+ 3 3 3 3 3 2 1
RL6040 Lr24 ; ;1 ;1 ; ;1 ;1 ;1 ;1
RL6078 Lr26 3 4 4 3 3 4 4 4
RL6007 Lr3ka ;1 4 ;1 ;1 3 3 3 ;1
RL6053 Lr1l ; 4 3 ;1 2 4 3 3
RL6008 Lrl7 4 4 2 4 2 2 2 2
RL6049 Lr30 1 V4 V4 V4 V4 z z V4
RL6051 LrB 4 4 4 4 4 3 3 3
RL6004 Lr10 3 4 4 1 3 3 4 3
RL6013 Lrlda 3 4 X 4 3 2 2 3
RL6009 Lr18 2 4 2 2 2 3 4 3-
RL6043 Lr21 1; 3- 3- 2 3- 2 2 2
RL6079 Lr28 0; 0 0 ; 0 0 0 0;
KS91WGRC11 Lr42 1; 1+ 1; 1 1 ;1 ;1 ;1
RL6019 Lr2b 4 4 2 3 3 2 4 3
RL6002 Lr3a 2 2 2 2 1 1 ;1 2
RL6042 Lr3bg 3 3 4 ;1 4 3 4 3-
RL6052 Lrl5 ;1 ;1 ; ;1 ;1 3 ; ;1
RL6040 Lr19 ; 0 ; 0; ; 0 ;1 ;1
RL6092 Lr20 ; 4 4 ;1 ;1 3 3 4
RL6012 Lr23 ; ; ;1 ; 3 2 2 ;1
RL6084 Lr25 4 4 4 3 3 3 3 3

RL6080 Lr29 3 ; ;1 ;1 ;1 1 ;1 ;
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(B 2)
Lr Pathotype
Tester lines Lr gene or genotype THDS THST PHGQ THDN PHLS PHQR PCQR TCGT

RL5497 Lr32 4 ;1 2 3 2 2 1 2
RL6057 Lr33 3 4 4 3 3 3 2 2
E84018 Lr36 ;1 ;1 1 ;1 1; 1 ;1 ;1
RL6097 Lr38 ; R ;1 ;1 ;1 1; ; ;1
KS86WGRCO02 Lr39 3- 3 3 R 3- 2 1; 2
KS86WGRCO07 Lr40 1; ;1 0 1; 1; 1 1; 1;
KS92WGRC23 Lr43 ; ;1 ;1 ;1 ;1 ;1 1;
RL7147 Lr44 2 2 2+ 2 2 2 1+ 2
RL6144 Lr45 4 4 3 3 4 1 1 3
Pavon76 Lr46 ;1 3 ; ;1 ;1 ; 1 1
KS96WGRC36 Lr50 3 4 4 ; 3 ; 4 3
Thatcher 4 4 4 4 4 4 4 4

H5 Bihongsui 4 4 4 3 4 3 4 3

H6 Xiaobaimai 4 4 4 4 4 4 4 4

H8 Dabaipi 4 4 4 4 4 4 4 4
H9 Xiaohongpi 4 4 4 4 4 4 4 4—

H10 Dingxingzhai 4 4 4 4 4 4 4 4
HIl Hongli Dangnianlao 4 2+ Z 4 2 2+ 2 2+

H32 Laomai 4 4 4 4 4 4 4 4

H34 9507 Zhongyou 9507 4 4 4 4 4 4 4 4

H48 Jiangxizao 4 4 4 4 4 4 4 4

H49 Honghuazao 4 4 2 4 3 2 2 4

H55 Chanbuzhi 4 4 4 4 4 4 4 4

H72 3 Sumai 3 4 4 4 4 4 4 4 4

H64 Chejianzi 4 4 4 4 4 3 4 3

H69 Paozimai 4 4 4 3 3 3 4 3

H80 Dunhua Chunmai 4 4 4 3 3 3 4 4

H84 9 Xinkehan 9 3 4 2 4 2 2 2— 2

H96 Orofen ; 2 Z ;1 ;1 3 1 ;1
H105 28 Villa Glori 3 4 3 3 3 3 3 3
H107 96 Gansu 96 3 4 3- 3 3 3 3 3
HI152 Sanyuehuang 4 4 4 4 3 3 4 4
HI159 Youmang Saogudan 4 4 3 3 2 4 4
H160 Fuyanghong 4 4 4 3 3 3 4 3
H222 4 Xingyi 4 1 1 ; ; R 1 ; ;
H227 Chengdu Guangtou 4 4 4 3 2 3 3 2+
H228 Jiangmai 4 4 4 3 3 4 4 3

H235 Zipi 4 4 2 4 4 2 3
H237 Hongmangzi 4 4 4 4 4 4 4 4
H249 Hongdongmai 4 4 4 4 4 4 4 4-
“ R ;0™ “r s
S , , ;2 R ; 437
s ;4 s NAS
;X

.,

“~7: Uredinia are slightly smaller than normal; “+”: Uredinia are slightly bigger than the normal; “0”: No symptom or uredinia; “;”:
hypersensitive flecks; “1”: small uredinia with necrosis; “2”: small uredinia with chlorosis; “3”: moderate size uredinia; “4”: larger uredinia
with chloros; “Z”: uredinia in different sizes arranged with larger uredinia on the tip of leaves; “X”: uredinia in different sizes distributed on

leaves randomly.



7 28 1131
TcLrl4a  TcLr2b , (IT= 1), TcLr9  TcLrl9
Lri4a Lr2b , , 4
9 TcLrl7 THDS  TcLr24  TcLr38 “
, Lrl7 , 4 “1” 4
9 TcLr2b TcLrld4a  TcLr33 , TcLr36 4 s
s 9 TcLr2b
Lr2b Lrl4a  Lr33, , Lr2b(  3)
, Lr16 Lrll Lrl0 Lr3bg 2.2
Lr20  Lr33, 4
F3 28NN EMZLHRETM ST
Table 3 Wheat leaf rust resistance of 28 cultivars of wheat mini-core collections
Seedling stage Adult stage
d
Germplasm Putative gen; \ o ’ DI ’ E;;zlilsl?;:l(::rel Sf Results of MAS Final results
Bihongsui N 4 29.0 SR Lrl, Lrl0,Lr34 Lrl,Lr10,Lr34
Xiaobaimai N 4 26.5 SR Lrl, Lr34 Lrl, Lr34
Dabaipi N 4 41.5 MS Lrl Lrl
Xiaohongpi N 4 2.7 SR None SR+
Dingxingzhai N 4 20.0 SR None SR+
Hongli Dangnianlao 4 25.0 SR Lrl, Lr34 Lrl, Lr34,+
Laomai N 4 1.9 SR Lrl, Lr34 Lrl, Lr34
9507 Zhongyou 9507 N H NIM Lr10 Lr10, +
Jiangxizao N 4 8.6 SR Lr34 Lr34
Honghuazao Lr2b, Lrl4a, + 3 10.6 SR Lrl, Lr34 Lrl, Lr34, Lrl4a, Lr2b, +
Chanbuzhi N 4 7.1 SR Lrl, Lr34 Lrl, Lr34
3 Sumai3 N 4 0.8 SR Lrl, Lr34 Lrl, Lr34
Chejianzi N 4 13.0 SR Lrl, Lr34 Lrl, Lr34
Paozimai N 4 3.5 SR Lr34 Lr34
Dunhua Chunmai N 1 R Lr28 Lr28
9 Xinkehan 9 Hgg , e NIM  None Lr17, Lr2b, Lrl4a, Lr33, +
oy g Lo
28 Villa Gloria N 4 96.0 S None None
96 Gansu 96 N 3 4.5 SR Lr28 Lr28, +
Sanyuehuang N 4 19.0 SR Lr34 Lr34
Youmang Saogudan 4 47.0 MS Lr34 Lr34 +
Fuyanghong N 3 14.5 SR Lr34 Lr34
4 Xingyi4 Lr36, + ; NIM Lr26, Lr37 Lr26, Lr37, Lr36, +
Chengdu Guangtou + ; NIM Lr34 Lr34, +
Jiangmai N 4 0.2 SR Lr34 Lr34
Zipi Lr2b 3 19.0 SR Lr34 Lr34, Lr2b
Hongmangzi N 4 86.0 S None None
Hongdongmai N ; NIM None
AN s ;P 2;Ce” D4R ; SR: ; MS: ; NIM: ; S:
* N means fail to postulation; “+” represents for unknown resistance gene; ° Infection types (ITs) described as in Table 2. © “~” denotes

absence of disease index (DI). ¢ R: resistant; SR: slow rusting; MS: moderately susceptible; NIM: nearly immune; S: susceptible.
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