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A SCAR Marker for Leaf Rust Resistance Gene Lr45

Y AN Hong-fei, LIU Chun-yan, GAO Shi-gang, YANG Wen-xiang, LIU Da-qun

(Department of Plant Pathology, Agricultural University of Hebei, Biological Control Center of Plant Diseases and Plant Pests of
Hebei Province, Baoding 071001, Hebei)

Abstract: [Objective] The objective was to develop a SCAR(sequenced characterized amplified region) marker for wheat
leaf rust resistance gene Lr45. [Method] Wheat leaf rust resistance near isogenic lines of TcLr45 and its susceptible control
Thatcher were employed. PCR was carried out with the OPH20, which is a specific RAPD primer of rye. The amplified 1.5kb
fragment from TcLr45 was cloned and sequenced. Subsequently a pair of specific primers (LRYR, LRYF) were designed for the
amplifying F, population derived from TcLr45xThatcher, and then linkage was analyzed between the marker and Lr45. [Result] A
unique band was obtained only in TcLr45 with a length of 1 272 bp. And the marker was named as Ypsc20H,,7,. The linkage
distance of the SCAR marker with Lr45 was 8.2 cM. [ Conclusion] The RAPD marker was successfully converted into a SCAR
marker for Lr45.
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2.1 RAPD 3|43 1%
RAPD 5[#) OPH20 fE/NEHimt- i 5L N R 44
K} TeLrdS 5ILHfE 1 500 8l Thatcher #5641 4% 47
I, o —40 K4 750 bp 477 9 LA 464, Ik
SNEPURM F TeLrdS Hd 4 18 H — 420 1.5 kb K/
Z%itr, A TeLrd5 Afefs, H5 OPH20 5147F B4
BT HGE Ry R —5% (KD .
2.2 TclLr45 4575 RAPD FER el MFSFSIEEx
Xf TeLrd5 FEA 1R 1.5 kb (¥ 4 BedEAT 0, 4R 5 7

M: DL2000 marker; T: Thatcher; R: TcLr45

1 OPH20 7£ Thatcher 5 TclLr45 FRAg# 1%
Fig. 1 The amplification with the RAPD primer OPH20 for

BEDR, 345 1 495 bp A KFEH (B2) o #HizfF
Y|#F NCBI GenBank F 3 T)FAILLR), i En5E
IERFE) PSC20H (GenBank 45 AF305943) —3
PEik 96%, FWHiZF515 PSC20H KAl —FF41; 4ok
FEH S ERIER 1 456 bp (KK EEFY
PSC20H-1(GenBank %i 5 EF165547.1)— 813k 97%,
H B KJEARSE, SEHE/NE (Triticum turgidum) =
P EAERAIEK (HMW glutenin A gene) J¥ 4
(GenBank %5 AY494981.1) 278899-280385 £/ i [F]

PEYEIE 81%; H¥im/NAZ (Triticum aestivum) BAC
CEEFEA (DQ537335.1) 34125-32640 47 s [l P ik
80%:; S5 /RIEI/NFE (Triticum urartu) BAC SCEF
%] (EF081029.1) 20098- 18613 47 s[RI ik 80%.
2.3 BRI S 2 FRRCIE

h3RAT TeLrd5 BARE M 73 Fhrid, 4L EP 5
Wit T 14 5E 5 PCR 514 LRYR(5-ATGACGGCAAG
CATCGTGATT-3") , LRYF (5-TCACTGATCACAA
GAGCTTG-3") , SI¥EFHIKJE 1272 bp.

FIFAZAL S 140 TeLrd5 KIS 5e84KL Thatchetr
HEAT PCR Y1, ¥ WA R KR PHfie i F: SCAR ¢
RN AR 20 ul, HAP RS 6 mmol- L' dNTPs,
LRYR. LRYF 51#J# 3.5 umol-L", 2.0 ul 10XPCR
buffer, 0.3 U Taq DNA E45HEF1 60 ng Bt DNA.
PCR FEE0: 94°C 5min, 1 MEH: SR)5 35 MEHF
B+594°C 1.5 min, 68C 1 min, 72°C 1 min; /)5
72°CHEM 8 min, 4°CLRAF. 4 TcLrds FIRGH—F"

Ihatcher and TeLrds W, TTAESLIESOM R Thateher UGS 145 .

GGGAGACATCTGTTGTTGGGCAGAAAGGTCGACATCTITCACTGATCACAAGAGCTTGAAGTACATCTTCACACAGCCGCACCTGAACCTCCGCCAGA
CTCGTTGGGTCGAGATGATCCAAGAGTACAACCCCAGCATTGAATACACTCCAAGCAAGGCGAATGTGATTGCAGATGCTTTGAGCAGAAAGGCATAT
TGCAACAGCCTTCTTATCAAGCCACACCAGCCTGAGCTTTGTGAAGCATTCAGGAAGCTCAACCTTCAAGTTGTTCCGCAGGGTTTTCTTGCTAATCTC
CAAATTGCTCCTACCTTGGAAGATCAAGTCCGTGAGGCCCAGCTCAGTGATACCATGGTGAAGAAGGTGAAACATGGGATTGCAAAGGGCACTCCAAA
ATACAAGTGCTTCCGTGTTGATGAGAGAGATACCTTGTTCTTCGAGGACAGACTCGTTGTTCCCAAAGGTGATCTCAGGAAGCTCATAATGGAAGAAGC
TCATGATTCTCTCCTTTCCATTCATCCTGGCAGTTCAAAGATGTATCAAGATCTCAAGCAATCTTACTGGTGGACACGCATGAAAAGGGAGATTGCCCAA
TTCGTGAATGAATGTGATGTATGCAGAAGAGCGAAAGCAGAACATCAACGTCCAGTCGGTCTTCTCCAACCTCTTCCTATTCCCGAGTGGAAGTTCGAC
CACATTGAAATGGACTTCGTCACTGGCTTTCCTAAATCCAAGCGAGGAAATGATGCTATCTTTGTGGAGTTTGACAAGCTTACCAAAGTCGCTCACTTTC
TTCCAGTCAAAGAATCAATCAATGCAGCTCAACTTGCAGAGCTGTACACTTCCAGAATTGTGTCCCTACATGGCATTCCTCAAGTGATATCCTCAGACCG
TGGCAGCTTGTTCACATCAAGGTTCTGGGACTCCTTTCAGTCCGCCATGGGCACGAAGATCAGGTTCAGCACTGCCATTCATCCTCAGACTAGTGGTCAA
GTCGAGCGTGTGAATCAGATTCTAGAAGACATGCTCAGAGCCTGTGTCATCTCCTTCAGCATGAAATGGGAAGACTGCCTTCCATTTGCCGAGTTCTCTT
ACAACAACAGCTTTCAAGCAAGTGCAGGCAAAGCACCATTTGAAATTCTCTATGGCAGAAAGTGCCGTACCCCTCTCAACTGGTCTGAAACAGGCGAAC
GCCAACTTCTTGGCGATGACTTGATCTCTGAAGCCGAAAAAATGTGCAAAGTCATACGTGAGAATCTCAAGGCCGCTCAGTCGCGTCAGAAGAGCTACT
[ATGACGGCAAGCATCGTGATTITGGCTTTCGACATCGGTGATCATGTATATCTCCGAGTGTCTCCGATGAAAGGAACCCAAAGATTCGGTATCAAAGGAAAA
CTTGCTCCTAGATACGTCGGGCCTTTCAAGATTCTTGGCAAAAGAGGCGATCTAGCCTATCAGCTCGAGCTCCCTTCCAACTTTGCAAATGTTCATGATGTC
TCCC

FRILES A OPH20 HIIE. S Fe8l, JrHERR 2y 514 LRYR. LRYF WL TR P51
The forward and backward sequences of OPH20 are underlined, the primers LRYR and LRYF are framed

2 OPH20 7£ Telr4b Hif 1845 5= R EIZHER T 5
Fig. 2 The nucleotide sequence of specific band amplified with OPH20 primer in TcLr45
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BE— DRI RS 0 47 A/NEPUHARIT 3 R R ik
AT SR, 25 AR S5 LR M B} TeLr26 g4
ZREFACAT, WINPT S N R M R A
MW B E 3 Froa. L5 W 169 ¥k
TcLr45 X Thatcher F, {04 BSBEAAHLIE DNA #RLIEAT
oo, S5 HRAT 102 NPUR R A 7 BRIP4
7 7E 67 AN AR AT 9 BEY 1Y th 5 Ui S A AR ]
R4k (B 4) o 4 Mapmarker3.0 50T 15H4%
BT, ZhRIC S Lrd5 FERBHERE RN 8.2 oM,
WliZbRic oA LrdS 8¢ SCAR Fric.

= o o D
5 2 wn cu-n§m-n-\£ S =T TN O D
259 = o oo — e e e e e e e e = e
EEREEEEEEEREEEEEKKKKEKE
[ TS T S TS T S T S S S S D D S S D S
b= R O I S =N = S S = S S SRS SRS S =

Marker: DL2000

3 SCAR #RICERSMIEZFEE A4
Fig. 3 The amplified result of the SCAR marker with some

wheat leaf rust near isogenic lines
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Marker: DL2000, 1~9: $Hififi Fo ARBEA; 10~18: & Fo [RBEIA
Marker: DL2000, 1-9: The resistance F, populations; 10-18: The susceptible
F, populations

El4 SCAR FRICERS F. HAEHAARN
Fig. 4 The amplified result of the SCAR marker with some

F, populations

2.4 SCAR FRiC¥ R EMRE. MFS5FT LTS
1
XHZHE 51 18 BOl 3k 1272 bp 1741,
SN BoR/N—3 (B 2) , ¥i% SCAR Frid v 44
5115 RAPD ¥ H43R1G 741, ARALPEIR 97%, KB A AH

[A] 7 %1; A Blastn £F GenBank Hf i i Bt 45 5 55
T 34311 RAPD FRic 4 o v Bt Lok 85 SR AR — 3,
H 5338 /N2 (Triticum aestivum) BAC 3L JE 51
(DQ537335.1) JPHUARKILIFENE, RUZFE 2519
XA T3S A By 5 OPH20 75 TeLrds H 3431441
hBEGE TR T, nTH T IX oy R R N A
PR,
2.5 SCAR #RICHIBEZRBIREMOHT
FIHZEE 5 A A% “HE%E” -Imperial 23
Fiin& CSDAIR-7R DK B EAMBLIATY 1Y, K
WA ZMINR 7 A e, #Ay =Y, H5RE
SRAM Y W4 —8, KW SCAR Frid /A T2
& IR F TR 7 SGe etk b (E5) .
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Marker: DL2000

5 SCAR#RIZEBEZREIK LRIELN
Fig. 5 The SCAR marker location on the 1R to 7R chromosome
of rye
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Flavell SFPHRIEABRRIEY T, BEFLITHIN
TR, S 92%. Hh, 26%[K B E TR
ENERMRKERA, 18%5 /N, 30% 2 B0
DR 24 5 1. Appel 28 PHRIE AR /N LN AL P, R
FEAL s 75%L b, iR 1 Y 51k /N2 AR
FIA, AL 16% TSP H0 0 N2 B KA TR
AR SR FH B2 (R S P11 RAPD brid At
TcLr45 5 Thatcher #£47 PCR 73, K45 T Wiy 18
417, —4< N 1.5 kb J74, by TeLrdS Fifsf H5 Kot
WE B B, RN BRERAWES S, JHE
50T TeLrd5 & A G E AR DA v BERLAy , B E SE
Lrd5 s B FZ 3 Nl /N 88— 38 By
750 bp, & TcLr45 5 Thatcher 3445 /541, #Eilli% RAPD
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ST RefE N IE e A AL, EABOE A
M NI M E S P A — DR

RAPD Fbrid % kB tebric, HHGAREE, 8
PEZE5E 5 510, SCAR #7105 RAPD ALK T — %}
HKG AR # ) PCR 4 A, 348 464 K kb
HEZEL, § 45585 TR B e Ry 4404
AU BRI, bR IC AR TN KR AT P
i AN S, T E— D SN A kA,
SCAR K Bt A 3T PCR i AK#rit (PCR-based
marker) , FJAE P I L A B R E R X
BT B 1 S e b HAT AR s AR T AR
FUFF Ko™ 31311 RAPD A i 17— 5 5 1 4 9F
#EAL T TeLrd5 [f] SCAR Fbric, XAE TcLrd5 H3k 3
—P L&A, W 8T TeLrd5 5 Thatcher 7] 11 22 7254,
FERH 1Zbr1E % TeLrd5 X Thatcher B Fp AABEARIE T4
T, A B HARIRAT T RS e AL B
gE9, AL, 1% SCAR ARt sithds ly Lras
FEDRIH 5 B B9 58 — 5 (2Ll

RAPD #rict OPH20 7EEZETHY 1Y Fr Be 4 I fi A%
ASTTAFSL N A0 A T BB 3 IR &8 TR Yo A iy gk e i A
A=A X IR BT 00, A ER P A
B0, ARWESUR I b [ #-Imperial $2f04k IR £ 7R
(1 7 ANNEZ GO RMEEATY 8, & A IR &
TR MR PR T 45 R, RS H IR 2
TR B QAR A bR ICAFAE, MIfiRIH] PCR
JFVEUESE T PR 458, R Wi% SCAR FRidP
515 RAPD #iic OPH20 8111 —8hE, BRItk oA
TR QA OARA ) — A m P W 40 B 51 5h,
% SCAR #3155 Lrdb BHEEBIIEE N 8.2 M, iifh
PR BB AR B EE BB RRId . WTHES SCAR A
W B E P A EAE RS G Ak )iz 90 A A
P& ULBUS AT 5% 0 A, Nagy 2621 Lee 45122 Hsam!®),
Seo 24, BRI S PIVE TR R ¢ YR E R A bR
I IR, K A bR 5 T R S g e LT I 3
IR T igAe.

bR NP E I SR R TeLr26 1
5 TeLrds AHRIIACHE . Lr26 R T4, 4 1B/IR
i F, T FTERAF I SCAR FRi0 kS22 YLt AR 21 () 53
TFhrid, EARC P R R AR ) 2 A, T
SRS IR G 1 85 ity S R A A 2 DX 38 B A R A
A AP, B, 7 Lr26 Freef 1B/AR Sh47 v Bt
A Z e DU P4 ) BET RE R OR, AR S
(2 AR IESE TIX— . Mk, VIP#iZ 1% SCAR b

LR AT RE O B R 4L I I E E ¥4 . Igbal
26051 Brunell 260, Gallego 25" 2\ 5 Zh (1% 1] RAPD
BRSNS s N I BB e 0 TSy o AHEST T A
Bl TeLrds 4 i B3 2R Ytk Gy frmiok, I ERZ )
RAPD HRic Kb @ AR 1) B 22 Y O TR 5) s 3k
T, IR R ARC LN T SCAR HRid. %
SCAR FRICTE TeLrd5 Fp 4 H 5 7 H B/ — 301
Fi Bt FWIFRIC T LA T TeLrd5 mh M2 Sy e o4k
(ARSI, AR SE T ¥ B 741 (1) RAPD bric ik
A SCAR Fic LLE Y F TR /N 22 7 55 Lrd5 FE[RIAH
SN S5 A Y AR (R T AT

4 i

RWFFORAF T 5 AT B2 G AR o) IR /N 2 b5
ISR M B TeLedS $557 (1 RAPD brid, JF¥i%
PrRid LA T SCAR brid. MHTiZ SCAR Aric X
TcLr45 X Thatcher F, AAUREARZEATRIIN, ifLHEES 8.2
M, W E/NEPUHEIER Lrd5 EBUR S ThRIC. %
Pric Lrds BiL IR BT, SiZbric P By BEER
J 5 B A s et Ak LI A . BN
47 ML R AT PCR 788, 45 RRW %R
I ] /N2 Hp S e €6 A B S R 43 TROAS N

Bigt: R B A NI &G b B A-Tmperial 2 & W in
% CSDAIR-TR #H#, R TREHIHE.
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