T A LR 412 2017 ,18(4) :676-684
Journal of Plant Genetic Resources DOI:10. 13430/j. cnki. jpgr. 2017.04.010

IR 12 A R D2 bl (&) SUrEE5 5 Br

G S| A= T - 3 S S/ P T U = S S S P
(LA KR A5 5L LAl TR ARG/ WL B A 52 A i TR R BFIEh.L (RE 071000
R AR B BT Al M /N P 5 A 0 T 0920 /e TR 5T RS0, A 250100)

WE . AT EERNFLAL RADEEREA(R)RHHRARTEAR, h DR 568258 TR &
BRI T AP FRARARIE . AR 2015 SFR AL R B 65 5 AN E TS H AT DA R A DA T AR AT R R
MR IS AN EH R AR DA R RS (R RATEHEARIRES FARE 4 AN ERTFEEAREFTEP(RESH) WY
30 AaTFAResT R AR AR T, SRETF,LEAEL 2 AR EBA(R) G 2015 F49 5 Kot
GHRASRT YIS ERR, BT ARIEFESFAMNEI,Fd 17 8 L6, %4558 Fo.h R 20 &4 Lr26, 45
X A5 AR EZF REERINFIARA(R)HYRENE A RARITH B, Wb, AFFAREF LR L 3AEZRBARITT
i), ZER A I, P X 175 AT AR Lrl Fo Lr37 2 F SRR B 88 & 38 RARM B Lr26, i & 20 Kbl 3] B4k X A7
WHB, BAALER WAL ITHDERMN(R)IERTEARFE AL, LA RESA 2T X B D £t AT DA A 2L
HRAEAR, B3I RGEEM, 5B AR ETIAL R THELAR R GHRTHH,

KEIF D F R AR A B S 5T

Analysis of Leaf Rust Resistance in 12 Main Wheat
Cultivars( Lines ) in Shandong

ZHANG Lin' ,ZHANG Meng-ya' ,GAO Ying',XU Huan-ping' ,LIU Cheng’,
LIU Jian-jun®, YAN Hong-fei' , LIU Da-qun'
(" College of Plant Protection ,Agricultural University of Hebei/National Engineering Research Center for Agriculture
in Northern Mountainous Areas/Biological Control Center of Plant Diseases and Plant Pests of Hebei Province ,Baoding 071000

?Crop Research Institute ,Shandong Academy of Agricultural Sciences/Key Laboratory of Wheat Biology and Genetic Improvement in
the North Yellow & Huai River Valley ,Ministry of Agriculture/National Engineering Laboratory for Wheat & Maize , Jinan 250100 )

Abstract ; The objective of this study was to determine the leaf rust resistance and leaf rust resistance genes of
twelve main wheat cultivars (lines ) in Shandong Province to provide theoretical basis for the promotion and reasona-
ble layout,leaf rust control and resistance breeding. The resistance evaluation of twelve main wheat cultivars( lines)
was carried out by using five mixed races of Puccinia iriticina at the seedling stage. Meanwhile , fifteen Puccinia triti-
cina races with different virulence patterns were used for gene postulation in seedling stage. In addition , thirty molec-
ular markers closely linked or co-segregated with 24 wheat leaf rust resistance genes were used to detect these wheat
cultivars(lines) . The results showed that these cultivars ( lines) were highly susceptible to the mixed races. Gene
postulation and molecular detection indicated that Ji'nan 17 carried Lri6, Aikang 58 and Shannong 20 carried Lr26.

However, leaf rust resistance genes were not detected in the remaining nine cultivars(lines) . In addition, this study
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also carried out the detection of three non main cultivars in Shandong. And the results showed that Zhongmai 175

carried Lrl and the adult-plant resistance gene Lr37, Wanmai 38 carried Lr26. And leaf rust resistance genes were

not detected in Jimai 20. Comprehensive above results, the abundance of leaf rust resistance genes in these main

wheat cultivars(lines) was low,and no effective resistance genes were detected in them to against the main races of

P. triticina in China,which need to be paid more attention. New leaf rust resistance genes should be introduced into

new wheat cultivars to improve the leaf rust resistance.

Key words: Triticum aestivum ; wheat leaf rust; resistance genes; gene postulation; molecular detection
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R1 40 NEERIF E  Thatcher KB 5389 #0115 MN/NERH (FR) X 15 MNEMHFEE SR LR
Table 1 Seedling infection types on 40 differential lines with different Lr genes, Thatcher ,Zhengzhou 5389 and 15 wheat cul-

tivars( lines) to 15 races of P. triticinia

MRl (5R) HRZEE Pathotype
Cultivar(line) THSS PHJT FHLS THKT PHTS MHTS PHST THTT FHJT FHNS PHTT PHRT PHQT FHST THJT

TeLrl -RL6003 ( Lrl ) 3 3 ; 3 3 3 3 3 ; ; 3 3 3 ; 3
Teli2a-RL6016 ( Lr2a) 3 i1 i1 3 ; ; i1 3 ;1 ; i1 ; ;1 ; 3
TeLi2¢-RL6047 ( Lr2c) 3 3 3 3 3 ;1 3 3 3 3 3 3 3 3 3
TeLi3-RL6002 (Lr3 ) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
TeLr9-RL6010( Lr9) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TeLrl6-RL6005 ( Lr16) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
TeLi24-RL6064 ( Lr24) ;1 i1 i1 i1 i1 ;1 i1 i1 ;1 ; ; i1 ;1 S|
Teli26-RL6078 ( Lr26) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
TeLi3Ka-RL6007 (Li3Ka) 3 i1 3 ;1 3 3 3 3 ;1 3 3 3 3 30 51
TeLrl1-RL6053 (Lrl1) 3 3 2 3 3 3 3 3 3 1; 3 3 3 3 3
TeLrl7-RL6008 ( Lrl7) 3 3 2 3 3 3 3 3 3 3 3 2 ;2 3 3
TeLi30-RL6049 ( Lr30) ;1 ;1 ;1 3 3 3 ;1 3 ;1 ; 3 3 ; i1 i1
TeLrB-RL6051 ( LrB) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
TeLrl0-RL6004 ( Lrl0) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
TeLrl4a-RL6013 (Lri4a) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
TeLr18-RL6009 ( Lrl8) ;1 3 2 3 i1 ;1 3 3 3 1 3 3 3 3 3
Teli21-RL6043 (Lr21) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
TcLi28-RL6079 ( Lr28) ; ; ; ;1 ; ; ; ; ; ; ; ; 0 ; 0
KS91WGRC11 (Lr42) ; 3 ; 3 ; ; ; 3 ;1 3 ; ; ; ; ;
TeLi2b-RL6019 ( Lr2b) 3 3 3 3 3 ; 3 3 3 3 i1 3 3 3 3
TeLi3bg-RL6042 (Lr3bg) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
TcLrl4b-R16006 (Lri4b) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
TeLr15-RL6052 (Lrl5) 3 3 ;1 i1 i1 ;1 i1 3 ;1 i1 i1 ; ;1 ; i1
TeLr19-RL6040 ( Lr19) ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
TeLi20-RL6092 ( Lr20) 3 3 i1 ; i1 3 i1 ; ;1 ; ; ; i1 3
TeLi23-RL6012 ( Lr23) 3 3 3 3 3 3 3 3 3 3 3 3 3 30 51
Teli25-RL6084 ( Lr25) ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
TeLi29-RL6080 ( Lr29) i1 i1 i1 i1 i1 i1 i1 i1 ;1 3 i1 3 ;1 3051
Tcli32-RL5479 (1r32) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
TeLi33-RL6057 (Lr33) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
TeLi36-E84018 ( Lr36) 3 3 3 3 3 3 3 3 3 3 3 3 ;1 3 3
TeLi38-RL6097 ( Lr38) ;1 i1 i1 i1 i1 ;1 i1 i1 ;1 i1 ; i1 ;1 ; ;1
TeLi37-RL6081 ( Lr37) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
KS9OWGRC10( Lr41 ) ; ; i1 ; ; ;1 ; i1 ; i1 i1 ; ;1 ; i1
TeLrd4-RL6147 (Lrd4) 3 i1 3 3 3 ; 3 3 3 3 3 3 ;1 3051
TeLrd5-RL6144 ( Lr45) ;1 i1 ;1 3 i1 ;1 i1 i1 ;1 ;1 ;1 ; ;1 S|
90H450 ( Lr47) ; ; ; ; i1 ; ; ; ; i1 ; ; ; ; ;

KS96WGRC36 ( Lr50) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
C78.5(Lr51) i1 i1 i1 i1 i1 i1 i1 i1 ;1 i1 i1 i1 ;1 1 51
-98M71(Lr53) ; ; i1 i1 ; ; ; ; ; ; ; ; ; ; i1
Thatcher 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
FIM 5389 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
M4 1212 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
£ 5 502 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
FEPL 58 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
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xR1(&)

T ES Ho A Pathotype

Cultivar(line) THSS PHJT FHLS THKT PHTS MHTS PHST THTT FHJT FHNS PHTT PHRT PHQT FHST THJT
whife 20 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
A 18 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
21 3 3 3 3 3 3 3 3 ;1 ; 3 3 3 3 3
WM 17 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
JH4 999 3 3 3 3 3 3 ;1 3 3 3 1+ 3 3 3 3
e 21 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
K AL 99 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
KA 66 3 3 3 3 3 3 3 3 3 3 i1 3 3 3 3
i 22 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
i3 175 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
WA 20 3 3 3 3 3 3 3 3 3 3 2 ;1 3 2 3
e 38 3 3 3 3 3 3 3 3 ;1 3 3 3 3 3 3
0. JCRER s 5 AT R AT, ARG SEBE SR RN 1 B A FHEAR /N, ELR B AR SE RN ; 3« L AFHEh 45 KN, B ki gk
0:No chlorotic flecks or uredinia, ; :No uredinia, but flecks or chlorosis, 1:Small uredinia with necrosis, 3 : Moderate size uredinia with slight chlorosis

x2 LNV ERM(R)IMHSEHLEENS FRNER

Table 2 The results of leaf rust resistance identification and molecular detection of the 15 wheat cultivars ( lines)

RE/NFMZYR PO EE1E HIZEAES ST ARICAR AR

i (&) ik i i . LREaiR
Cultivar( line) Pediaree Infection type of Leaf rust ~ Gene postulation at  Results tested with Final result
mixed races resistance seedling stage molecular markers
JHA 1212 — 3 B N N +
5 502 9940168/ %77 19 3 i N N +
BT 58 32 49/ M 8960,/ JF1Z 11 3 B N Lr26 Lr26
14 20 PH82-2-2/954072 3 R N Lr26 Lr26
#4118 M 137/ 369-7 3 B N N +
T 21 865186/ J114¢ K 84-1109/ /%L 84-5418 3 Ra + N +
ERE 17 I %5 5064/ 43 13 3 R N Lri6 Lr16
A 999 HAEE 2 5/ 9511F, // 4 BLU14-15 3:1 R + N .
14 21 SEM 137/ 4% 188 3 B N N +
KA 99 T 91102/% 7 14//PH85-16 3 RA) N N +
KA 66 B 91102/ 935031 3 RYT) + N +
WA 22 935024,/935106 3 RE) N N +
thi 175 BPM27/ 5% 411 3 RS N Lrl Lr37 Lrl Lr37
5 20 BE 14/8 % 884187 3 B + N +
ez 38 K 144/85-15-9 3 RET) + Lr26 Lr26

N AR A BB, + A T RS

N :Failed to postulate or detect resistance genes, + :Presence of unknown resistance gene

S FARICTERE 15 A/NERPEH A 38 4 ADBe BT Lrie FRid K/NA 135 bp BFRERAA (B11B)
PSR Lrl \Lr16 \Lr26 R Lr37 (RS 250 (B 1) = R A ol 68 S A Bunt 85 5 18 Leie s R L26
R Lr26 PR, 20% , T 175 PG A FHRIC -secalin-F/R TEREHT 58 (1L 20 FlfE &
T Lrl hRid K/NA 753 bp (B TA) F Lr37 FRiCK/N - 38 g 35 T 1076 bp 4¢5-2541 (81 1C) 11 Lr26
4259 bp BIRES F BB TE) , R B & R o] fE TR ()5 —4> FHRiC IB-F/R IRTEIX 3 A5 R b 4 4 oy
A A YIS IEN Lel B Le37 ;76550 17 'K 210 bp AUERR 454 (K 1D) |, PN ThRic 4 - —
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21 M4 999 1lige 21 R A 99 KA 66 3 A 22

MTcLrlTCK1 2 3 4 5 6 7 8 9101112131415

750 bp—>
500 bp — [y

2000 bp
1000 bp
750 bp

TcLr37

FIGE A2 20) BIAAG I B AR, Pt A/ A2 b
PP 85 2 P Rl S8 A R 25 15 /N2 il il
() ARG U EEN TARCR AR IR 2,

Tch16
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B glw!l!!!Il !ll!!l!
aﬂ
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Ewbp_»:: '-"l.:'i..‘i.!"'

bp—>i—

TcLr26
M TCK1 2 3 45 6 7 8 9101112 131415

M:DM2000 marker ¥, pBR322 DNA marker;T: Thatcher; CK:H,0;1 ~ 15 %84¢ 1212 &7 502 H 3 175,
BB 58 (LLIAR 20 FE4% 18 WY 20 B 21 BFEE 17 JMAR 999 e 38 1Lk 21 R AL 99 R A 66 FIYFE 22
M:DM2000 marker or pBR322 DNA marker, T Thatcher, CK:H,0,1-15; Yannong 1212, Luyuan 502, Zhongmai 175,
Aikang 58 , Shannong 20, Tainong 18 , Jimai 20, Jimai 21 , Jinan 17, Yannong 999 , Wanmai 38 , Shannong 21 , Liangxing 99 , Liangxing 66 and Jimai 22
B 1 Lrl(A).Lrl16(B) Lr26(C.D)# Lr37(E) 5 FHRIEE 15 NN ERM (R ) REOTIBER
Fig.1 Banding patterns amplified by specific markers for Lrl (A) ,Lri6(B),
Lr26(C,D)and Lr37(E) genes in 15 wheat cultivars( lines)
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