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Abstract: [Objective] Leaf rust is an important wheat disease and it has a great influence on wheat yield. Breeding durable
resistant cultivars can economically and effectively control the disease. The objective of this study is to identify leaf rust resistance
genes in 30 wheat cultivars from China by gene postulation, molecular marker-assisted selection, adult plant resistance identification
and pedigree analysis. [Method] The cultivars were tested for seedling responses in the greenhouse to 18 Puccinia triticina
pathotypes (PHGQ, THIT, PHJT, KHIS, PHJS, THTTQ@, KHHT, FHRT, FHJQ, PHTT, THTT®), PHTT, FHTR, FHHTQ®, FHHT®),
TGGT, FHTT, FGMT) and to a mixed pathotypes (FHRT, THTT, THJT) for slow leaf rusting resistance in the field in 2014-2015 and
2015-2016 cropping seasons in Zhoukou, Henan Province and Baoding, Hebei Province. CIMMYT line SAAR, with typical slow
rusting resistance and Zhengzhou 5389, a highly susceptible line were used as slow rusting and susceptible checks, respectively.
Differential sets containing 36 near-isogenic lines (NILs) in a background of Thatcher with known leaf rust resistance genes were
used to compare the infection types of the cultivars at seedling stage. The software IBM SPSS Statistics 19.0 was used for analysis of
variance (ANOVA) and for determining least standard deviations (LSDs) for comparing the FDS (the final diseases severity) among
the wheat cultivars. Cultivars which were susceptible to the mixed pathotypes and had lower or non-significantly higher values of
FDS than those of the slow rusting check in field trials were considered to be slow rusting cultivars. [Result] Gene postulation
combined with pedigree analysis, and markers detection results showed that four cultivars, viz. Een 5, Emai 14, Shaan 229, and
Xinong 979 contained LrI; 10 cultivars (Een 1, Een 5, Een 6, Guinong 16, Shaan 225, Shaan 354, Shaan 715, Shaanhe 6, Shaanmai
509 and Shaannong 7859) carried Lr26, two cultivars (Shaan 225 and Xiaoyan 81) contained slow rust resistance gene Lr46 by
molecular marker detection; three varieties (Xinong 979, Shaan 229, and Guinong 16) might contain Lr/3. All cultivars didn’t carry
resistance genes, viz. Lr9, Lrl10, Lrl19, Lr20, Lr24, and Lr34. Based on the leaf rust resistance phenotype data in the field through
four environments, a total of 18 cultivars showed slow rusting resistance. The variance analysis results showed that the
genotypes-years interactions and the genotypes-locations were highly significant differences but genotypes-replicates interaction was
not significant. At the same time, highly significant differences were found for wheat genotypes and environment (seasons and
locations) for FDS in the field trials, but its effect on variation was much less than the genotypic differences. Therefore, these
suggested that the expression of wheat leaf rust resistance was mainly influenced by genotypes and environments. [ Conclusion ] Four
resistance genes, viz. Lr1, Lr26, Lr13, and Lr46 were found in 14 wheat cultivars among 30 released winter wheat cultivars in China,
but known leaf resistance genes could not be detected in other 16 cultivars. A total of 18 cultivars might carry slow rust resistance
genes according to the field resistance data. All slow rusting materials may contain unknown plant leaf rust resistance genes, which
need further genetic identification.

Key words: wheat leaf rust; gene postulation; adult plant resistance; molecular marker-assisted selection
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Table 1 Origins, pedigree and probable genes for leaf rust resistance in 30 wheat cultivars

BN PRV E DR 45 FRiC A 25 4 (ESEE P S
Cultivars Origin Pedigree Lr gene based on Lr gene based on gene Comprehensive
(Lines) gene postulation marker detection result
wE 15 W BRI 10/761) Fi/955E 3 5 Lr26, + Lr26 Lr26, +
Een 1 Hubei (Luofulin 10/761) F,/Sumai 3

SRS S WL 881-66/1097 Lrl, Lr26, + Lrl, Lr26 Lrl, Lr26, +
Een 5 Hubei

R e Wik “89-289"REA, “89-1012"XAZATH i, 41544911017 Lr26, + Lr26 Lr26, +
Een 6 Hubei £ (89-289) /(89-1012) &

T 11 ikl KB BHRAG NEERA, BT ZRAREGRLEERIEL T + None +

Emai 11 Hubei TaiGu sterile lines

T 14 WAL % 6/MEK 72-629 Lrl, + Lrl Lrl, +
Emai 14 Hubei Fan 6/Yanda 72-629

T 15 Wk [882-852/(5B & 1 5 /Nppp-2)l/ s 4 11 5 + None +

Emai 15 Hubei [882-852/(Een 1/Nppp-2)]/Guinong 11

g 21 b/l #1507 RIEH K + None +

Emai 21 Hubei From ‘Huanggang 150 breeding

T 23 Wik 2078/)114% 8539/ 4k 64 + None +

Emai 23 Hubei 2078/Chuannong 8539//Bainong 64

& 27 Wik 5 00-123/554 25 + None +

Emai 27 Hubei Yang 00-123/Emai 25

TR 352 B 4 89-46/72103//4£:57 8 &5 + None +

Emai 352 Hubei Mian 89-46/72103//Huamai 8

B 596 WAL HF 9023/58% 12144 75 + None +

Emai 596 Hubei Zhengmai 9023/Emai 12//Fengyou 7

T 16 Gl JhF 35 X HhG] C39 MEREAS, 4] P38 ALA Lrl3, Lr26, + Lr26 Lri3, Lr26, +
Guinong 16 ~ Guizhou Sumai3x( % C39/P388)

[k 225 Bt Lr26, + Lr26, Lrd6 Lr26, Lrd6, +
Shaan 225 Shaanxi

Bk 229 ey Bk 7853/80356 Lrl, Lrl3, + Lrl Lrl, Lrl3, +
Shaan 229 Shaanxi  Shaan 7853/80356

bk 354 Bkt Bk 213 FEREA, &N 167-6-4 1ESLARIRAE Fe Lr26, + Lr26 Lr26, +
Shaan 354 Shaanxi (% Shaan213x163-6-4 6 ) Fs

B 715 5] 88119-19-3-5-10/wx8911 Lr26, + Lr26 Lr26, +
Shaan 715 Shaanxi

[k 89150 e v + None +

Shaan 89150 Shaanxi

PR 8675 BRI Kl 131 X Vi 81206 + None +
Shaanhan Shaanxi Changwu 131xXizhi 81206

8675

Bz 65 Bkig FEM 24 A8 SR Lr26, + Lr26 Lr26, +
Shaanhe 6 Shaanxi  Zhengzhou 24 variants

Bk 509 ey BEA Vp145., 86585 SCA(/ME 693x il /M) Lr26, + Lr26 Lr26, +
Shaanmai 509 Shaanxi Vp145/ 8 86585 (Xiaooyan 693xCommon wheat)

Bk 94 By 9229-2-2-3//H LT + None +
Shaanmai 94 Shaanxi  9229-2-2-3//The optimal hybridization

Bk 7859 B 7576/327/68811(2)-2 Lr26, + Lr26 Lr26, +
Shaannong  Shaanxi

7859

Bl 225 e /ME 6 5/NS2761 + None +

Shaanyou 225 Shaanxi Xiaoyan 6/NS2761

Pifk 1376 Bl PR 84G6 TEREAL L 16 MESCAIAT + None +

Xinong 1376 Shaanxi ¢ Xinong84G6/ & Bil6

Tk 881 e v /ME 6/75R 65/83 (2)-3-3 + None +

Xinong 881  Shaanxi Xiaoyan 6/Xinong 65/83(2)-3-3

74 979 vy ViR 2611 fEREA,  (918X95 ik 1) F {504 Lrl, Lrl3, + Lrl Lrl, Lri3, +
Xinong 979  Shaanxi % Xinong 2611/(918x95) F; &

555 Bl 8811/51 4 24-7//%8 % 19 + None +

Xiangmai 55 Hubei 8811/Guinong 24-7//Emai 19

ME6T Bk (ST2422/464) //ME 96 + None +
Xiaoyan 6 Shaanxi  (ST2422/464)/Xiaoyan 96

/ME 81 Bt /IMIE 54X 8602 + Lr46 Lrd46, +
Xiaoyan 81  Shaanxi Xiaoyan 54x8602

Kk 134 By K 131/ B4R 96/F /K 131/F4/521E 3 5/NS2761/F, + None +

Changwu 134 Shaanxi Changwu 131/Triticale 96/F,/Changwu 131/F4/Jinghua 3/NS2761/F,
+: ARANFE Unknown resistance genes
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Table 2 Primer sequences and PCR amplification programs for different primer combinations

Lr 514 Primer SRR 22 3Lk
4% Name J¥-51 Sequence (5-3') Cycle condition Reference

Lrl WROO03F GGGACAGAGACCTTGGTGGA 94°C 5 min; 35 cycles (94°C 1 min; 55°C 1 min; 72 QIU et al.'*)
WRO03R GACGATGATGATTTGCTGCTGG ~ C 1min); 72°C 10 min;10°C forever

Lr9 113/1 TCCTTTTATTCCGCACGCCGG 94°C 6 min; 35 cycles (94°C 1 min; 68.5C 1 min; SCHACHERMAYR et al.*!
132 CCACACTACCCCAAAGAGACG ~ /2°C 2min); 72°C 10 min; 10°C forever

Lrl0 F1.2245 GTGTAATGCATGCAGGTTCC 94°C 3 min; 35 cycles (94°C 45s; 60°C 455;72°C  SCHACHERMAYR et al.'*!
Lr10-6/r2 AGGTGTGAGTGAGTTATGTT 305); 72°C 3 min; 10°C forever

Lrl9 SCS265-F GGCGGATAAGCAGAGCAGAG 94°C 5 min; 35 cycles (94°C 1 min; 65°C 1 min; 72 GUPTA ez al.*®!
SCS265-R GGCGGATAAGTGGGTTATGG C 2min); 72°C 10 min; 10°C forever

Lrl9 SCS253-F GCTGGTTCCACAAAGCAAA 94°C 5 min; 35 cycles (94°C 1 min; 60°C 1 min; 72 GUPTA ez al.*®!
SCS253-R GGCTGGTTCCTTAGATAGGTG C 2min); 72°C 10 min; 10°C forever

Lr20 STS638-L ACAGCGATGAAGCAATGAAA 94°C 5 min; 35 cycles (94°C 1 min; 60°C 1 min; 72 NEU ez al.*”!
STS638-R GTCCAGTTGGTTGATGGAAT C 2min); 72°C 10 min; 10°C forever

Lr24 J09/1 TCTAGTCTGTACATGGGGGC 94°C 5 min; 35 cycles (94°C 1 min; 60°C 1 min; 72 SCHACHERMAYR et al.*®
309/2 TGGCACATGAACTCCATACG C 2min); 72°C 10 min; 10°C forever

Lr26 o-secalinF ACCTTCCTCATCTTTGTCCT 94°C 5 min; 35 cycles (94°C 1 min; 65°C 1 min; 72 CHAI et al.*
w-secalilR  CCGATGCCTATACCACTACT C 2min); 72°C 10 min; 10°C forever

Lr26 O11B5 GGTACCAACAACAACAACCC 94°C 5 min; 35 cycles (94°C 1 min; 65°C 1 min; 72 FROIDMONTE"!
O11B3 GTTGCTGCTGAGGTTGGTTC C 2min); 72°C 10 min; 10°C forever

Lr34 csLv34F GTTGGTTAAGACTGGTGATGG 94°C 5 min; 35 cycles (94°C 1 min; 55°C 1 min; 72 LAGUDAH ez al.*"!
csLv34R TGCTTGCTATTGCTGAATAGT C 2min); 72°C 10 min; 10°C forever

Lr46 csLV46G22-F  TCGACTTTGGAATGGAGTTGC 94°C 5 min; 35 cycles (94°C 1 min; 60°C 1 min; 72 SUENAGA et al.*?
sLV46G22-R  GGCGAAGATGCCATCATCCACCAG C 2min); 72°C 10 min; 10°C Forever

) 4m M TGGT AN INFHRBLUER, X H A 16 AS/MVrR DL

fn

2.1 HENBHELEESERES

Fefh 36 AN/NEFUH B R EAR S (R | 30 4
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PHGQ.FHRT.TGGT Fl FGMT iX 4 /Nl B0 ,
A NFh R DU ; Lr45 %F/NPh FHRT A1 TGGT 3%
PR, TR A N R IR « 30 AN/INEEAE =
X 18 ANNZ AR T MR I AR HerE (R 3) o 4
SEERRGISE 23, GhA 15, FEFE 55, HFF 352, Bk
89150, B2 21. B3 11 RIS 8675 25 8 A~/
PO BT A7 R R IR A, X MR A S 2
ST I 455 9 55 DR Bl 486 A R RN BT 2 R s Ll %)/ b
KHJS. KHHT. FHRT. FHIQ. FHTR. FHHTO®.

FHHT®. FHTT Al FGMT FIRZ LA G, b
BBk 229, A 14, SRS S AR 979 X T H
Lrl JCEE /RS R IR, SR WX L kL v 4 oy
Lrl; Lri3 %%i*5 PHTT. FHHT®. FHTT fil FGMT
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FRIRAZ AT 1), BE 229, BiAk 16 FIPEA 979 4%
3 NER G 4 AN NP R BRI IRR S 2, Ui
XEeR R ATRE A Lrl3: Lr26 /A TGGT
FGMT #ILR M (2) , T/hESF (R) HE 1
T g S 5. SRR 645, Uk 164 B 225, Bk 354
Bk 715, Bty 6 5. B 509 FIBRA 7859 XA Lr26
TLFEM/ PR RILPTME, RYIX LR R T GEHE 1 A
Lr26 (£1) .
2.2 HEIRHFERFEEEE

2014—2015 F1 2015—2016 E[FIEL: 2 LR L
LR FYA] B o 1 2 ARG s S BT T bkt
MRS IE, 7 25 5 BT 4 SR I A5 i R [R) A R 22 5
WM, PR ZE S B, WS R R R
SR 22 S A g R S A AR ST R A
W, IXR N R BT ) 1A 52 e DR R AR
HAESLFBEm (R 4) o dbah, MR 2 45 2 AR %
JE, TN SAAR BRIL W ErE (R 5) .

£: IBM SPSS Statistics 19.0 #4041 & IUAE 30 ANz
AP SRR 18 AN SR FDS 5124856 ¥ FDS 2%
SR, HILR G BT B R A NP R BB
R e B R BB (RS .
2.3 SFHN

30 AN FPEE— R 11 AN R id i TR
W (F2), HRMEB Lrl. Lr26 A1 Lr46 HE T H
FEB(E 1 B2, TR Lr9y Lrl0. Lri9.
Lr20. Lr24 F1 Lr34 MNRF A (B 1D o 503
14, Bk 229, Pl 979 FIGEREL 5 545 S A R R e Ll
SRR RS S B 6 . B 6 5. TiAR 16,
Bk 225, Bk 354, Bk 715, B3 509 FIBRAC 7859 %5k
Rkl 20 5 Lr26 AHFMAT S, B 225 FI/ME 81 Py
ARSI 5 Lrg6 3 DA R (0 2L, LR K S i)
KA Lrde (B 2) o S Fhaickmss fI0LE 1,
A g R B R oy TRl S SRR T e g R —

R 4 30 NMNERFNRIBEE SAAR FABUF X BB IE 2014—2015 F12015—2016 S M ERESANRAREEEEN A ENH

Table 4 Analysis of variance of relative area final disease severity (FDS) in 30 wheat cultivars including slow rusting cultivar
SAAR and susceptible checks tested in the 2014-2015 and 2015-2016 growing seasons

AP 5K Source of variation “FJ5 SS i df Ji 7 MS F {8 F value P {H P value
ffh Cultivar 63178.500 31 2038.016 18.823%* <0.001
5 Location 11489.160 1 11489.160 106.115%* <0.001
£} Season 475.785 1 475.785 4.394% 0.038
H4 Replicate 4.000 1 4.000 0.037 0.848
SRR X i CultivarxLocation 17750.527 31 572.598 5.289%* <0.001
SRl X 4E4 CultivarxSeason 11587.777 31 373.799 3.452%% <0.001
fFP X FEA CultivarxReplicate 922.062 31 29.744 0.275 1.000
%% Error 13858.625 128 108.271

B Total 293364.000 256

KEIE &3 Corrected total 119266.438 255

R*=0.884 Cifi%% R*=0.769); **FK7xZHik 0.01 53 /KF Significance at the 0.01 probability

3 itig

ABIFFEGS B He HE bR IR I, JL%E th Ll
Lri3. Lr26 F1 Lr46 250U PO IR, v [H
NFE R U R DR B, T ELZ A R B SE A
H A1 A DI UAPUR LR Lr9 Lr19. Lr24 Lr28.
Lr47. Lr51 F1 Lr53 28X PrA g/ MR I &P, H
XU ELPRIAE A = A e R T V2 N, PR AS S N g
— ISP E R TAE, A SR AT 2 o

BCPUIRSE RRA N R IRAT . AWFFUT B 225
F/ME 81 il K4 Lr46, {HHL H [a] 55
I3 15%H 57%, I FEBTI A i BB, R B
Lrd6 SAAEAERT, ROV LRSS, 755 E T 2 Mok
SN, A figak B S AT 0 sk o o

SRS GBI 10/761) Fy 5953 3 S48
M, AWM 10 SHPURIER Lr26™Y, it
WASEAE 1 S5 Lr26 T fEK A T KM 105
14 % 6/ME K 72-629 RATIEF M, HopA% 6
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£S5 RANERMISFEMIP R BRI EHE S/ A R BRI 2014—2015 ££F0 2015—2016 FHIRLERFE
TEE
Table 5 Infection types (IT) in the seedling test with P. triticina pathotype mixed species and mean final disease severity (FDS) in
the field experiments with the same pathotype in the 2014-2015 and 2015-2016 growing seasons for 32 wheat genotypes
with slow rusting resistance to leaf rust

5 WM WHIXHES M 2014—2015 2015—2016 2014—2015 2015—2016 P RSP ME

Code  Cultivar Ptk PR ™ R PR ™ R Ji JA Average FDS
Seedling ITto  FDS of Baoding  FDS of Baoding  FDS of Zhoukou FDS of Zhoukou (%)

mix species (%) (%) (%) (%)

1 SAAR® 4 3.00 5.00 1.00 1.00 2.50
2 % 354" Shaan 354 4 6.25 17.50 12.50 15.00 12.81
3 5% 159 Emai 15 4 3.75 20.00 8.75 20.00 13.13
4 B 5 5 ¢ Een 5° 4 3.00 25.00 13.75 16.25 14.50
5 7 94 Shaanmai 944 4 10.00 27.50 12.50 8.75 14.69
6 sk 225¢ Shaan 225¢ 4 12.50 15.00 15.00 17.50 15.00
7 325 559 Xiangmai 55¢ 4 20.00 18.75 11.25 12.50 15.63
8 288 6 5 Y Een 6° 4 17.50 16.25 15.00 15.00 15.94
9 3 509 Shaanmai 509° 4 15.00 16.25 22.50 16.25 17.50
10 % 715¢ Shaan 715° 4 8.75 37.50 12.50 12.50 17.81
11 B4R 225¢ Shaanyou 225¢ 4 22.50 16.25 16.25 17.50 18.13
12 25 352 Emai 352¢ 4 16.25 27.50 12.50 17.50 18.44
13 205 119 Emai 11¢ 4 23.75 18.75 22.50 10.00 18.75
14 % 229° Shaan 229° 4 11.25 28.75 15.00 22.50 19.38
15 74 979¢ Xinong 979° 4 10.00 40.00 12.50 15.00 19.38
16 #4¢ 16° Guinong 16° 4 10.00 13.75 22.50 32.50 19.69
17 5% 27° Emai 27 4 11.25 25.00 20.00 25.00 20.31
18 754 881¢ Xinong 881¢ 4 22.50 27.50 12.50 20.00 20.63
19 25 596" Emai 596° 4 15.00 28.75 18.75 25.00 21.88
20 987 14 Emai 14 4 15.00 57.50 16.25 5.00 23.44
21 [ 89150 Shaan 89150 4 20.00 40.00 20.00 15.00 23.75
22 (5% 21 Emai 21 4 12.50 50.00 22.50 17.50 25.63
23 74 1376 Xinong 1376 4 35.00 47.50 8.75 13.75 2625
24 5% 23 Emai 23 4 7.50 57.50 25.00 16.25 26.56
25 /ME 6 %5 Xiaoyan 6 3 10.00 80.00 17.50 18.75 31.56
26 & 15 Eenl 4 55.00 40.00 17.50 30.00 35.63
27 [ 4 7859 Shaannong 7859 4 13.75 40.00 22.50 80.00 39.06
28 B4 6 5 Shaanhe 6 3 6.25 70.00 3.00 90.00 42.31
29 i 134 Changwu 134 4 20.00 60.00 52.50 77.50 52.50
30 [ 5L 8675 Shaanhan 8675 4 27.50 60.00 67.50 60.00 53.75
31 /ME 81 Xiaoyan 81 4 17.50 80.00 50.00 80.00 56.88
32 S 5389° Zhengzhou 5389° 4 75.00 90.00 80.00 75.00 80.00
LSD 20.60

=)

a: 250 I Slow rusting control; b: JEJi X} B Susceptible control; d: #1245 Fl Slow rusting cultivars
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M: DL 2000; Z: XM 5389 Zhengzhou 5389; 1: %fZ 23 Emai 23; 2: %§Z% 15 Emai 15; 3: % 6 5 Een 6; 4: F£3 55 Xiangmai 55; 5: Bk# 94
Shaanmai 94; 6: V54 881 Xinong 881; 7: 3% 352 Emai 352; 8: %37 27 Emai 27; 9: Pk 229 Shaan 229; 10: VG4 1376 Xinong 1376; 11: Bk&r 6
5 Shaanhe 6; 12: /ME 81 Xiaoyan 81; 13: Bk 225 Shaan 225; 14: P37 509 Shaanmai 509; 15: 54X 16 Guinong 16; 16: %f# 596 Emai 596; 17:
5R3Z 14 Emai 14; 18: kAR 7859 Shaannong 7859; 19: /M 6 %5 Xiaoyan 6; 20: Pk 89150 Shaan 89150; 21: 5B 5 Ben 5; 22: %3 21 %5 Emai 21;
23: Bk 354 Shaan 354; 24: 5% 11 Emai 11; 25: Bk 715 Shaan 715; 26: B 8675 Shaanhan 8675; 27: Bkff 225 Shaanyou 225; 28: Kl 134 Changwu

134; 29: 5B 15 Eenl; 30: Fi4k 979 Xinong 979

1 B Lrle Lr9. Lr10. Lr19. Lr20. Lr24. Lr26F0 Lr341RIBHMN 30 NN RFNBIER S Bk ER
Fig. 1 Part of PCR amplification of 30 Chinese wheat cultivars with the markers Lr1, Lr9, Lr10, Lr19, Lr20, Lr24, Lr26, and Lr34

I 1413B01828/NP824/3/ 11— 4/ LB Sk 7 b
/e 483/4/A 2813 /BT, LA BT R S
LrIPY, ISR 14 FIOPURIER Ll AT EER [ 16
Fes EAR 979 HISEAPEAR 2611 JELABK 229 VEREA . (84
<14>43X83<<2>3) X (PR 65X /ME 6 5) 1ER
ARIAT RGN, HARBE 229 FR IR Lrl JCER4 R it
AR BRI 979 1 Ll 2K [Tk 229, 1545
7E 2003 4R IS AR, BEINgR . LA BERIR] 3¢ SR IR 46
T IS PSRN Lr26, AT
Lr26 1) 4 A SRR A 7859 B3 509 Bk 354 Flpk 715,
SRR Lr26 B TR A . 2 FERHE S T 4

AR 979, Bk 229 FISiA 16 nIREHE T AT L3, It 3 AN
FRAE FH R EEJE 0 19%, RIBEE P Lrl3 1%
A 22 RLA031 7E I R FE R 5%, PHAk 979, Bk
229 LA 16 AT Lrl3 A FRrt— 0 I 50
AWFFE IR L 5E B 18 AN FD ARG (1) i b, IX Leh4
B ] BEHE A AR KN RN EE LN, A J5 A Jst A%
Gy M4 Gy ARl I L R BT PR AL, [
XLERPRIAR PR H TR AP E R R IE E .
BEDAIHE T b A A Bk s 4 AR iC PR
A FASZIRBEACPE BRG], (0 50 48 s e iy
A, IR, S g R e s DS
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2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

123 —»

M: PBR322/Msp I Marker; 1: Lr46; 2: FBJH 5389 Zhengzhou 5389; 3: Pk 225 Shaan 225; 4: /]ME 81 Xiaoyan 815 5: 5§ 23 Emai23; 6: %%
15 Emai 15; 7: 582 6 5 Een 6; 8: A 55 Xiangmai 55; 9: BkZZ 94 Shaanmai 94; 10: 4R 881 Xinong 881; 11: %3¢ 352 Emai 352; 12: B
27 Emai 27; 13: B 229 Shaan 229; 14: V4K 1376 Xinong 1376; 15: Bk# 65 Shaanhe 6; 16: Bk3Z 509 Shaanmai 509; 17: HiAk 16 Guinong 16:
18: %7 596 Emai 596; 19: %F# 14 Emai 14; 20: BkA 7859 Shaannong 7859; 21: /ME 6 %5 Xiaoyan 6; 22: [k 89150 Shaan 89150; 23: %F/& 5 Een
5; 24: 983 21 5 Emai21; 25: Bk 354 Shaan 354; 26: %3 11 Emai 11; 27: [% 715 Shaan 715; 28: Bkt 8675 Shaanhan 8675; 29: BEAf 225 Shaanyou
225; 30: Kif{ 134 Changwu 134; 31: %0 15 Een1; 32: PGA& 979 Xinong 979

2 M cs/v46-622FRiBHEN 30 AN ERFIRY BIKE R
Fig.2 The PCR amplification of 30 Chinese wheat cultivars with the CAPS marker csiv46-G22

R . A2 AT R R P r 6K
FRHEAT 20 A7 FLg5 RUER, (055 52/ NPh S ) ) AN e Bst
1S SCER Z R, A% 25 2 BB . FEATEA
T IR 2 Fhm R e v s, REUEA RS I HH B R
DA, 1 L IR R T S AR DR I 45 IR — 8, s
UE T A R EENE . FR AR TS AR B kA
BAES H O AP B R, R IE 5 I P
FACH A, JE— DR I8 A% 3B R 43 78 A AR S
DRI EAT %8 A S R — S P 2 R, H AT AR
IR T LrzHS84" ) LrG98PY  LrXi® LrBil 6P
LrNJ97™, LrFun™, LrzH22V% 7 A8 i 5
FER, R VAT S FE A . SiAh, AR
AFFFC R FH T AL DR 41 S R0 ek Dok S s A A s T I
U 58 REMEASTIN VT I S U SRR, I AN BE AT H
PRAIGEDTRE IR, 1 FE T 308 3 e o i e 2 A /N o gt
ITHE, REMOARIN S RIS AR L DR . FEAIF S i ik
18 AN R T BE 5T BRSSP I [N, 1K e k)]
NI TN A P R B R AU S ROR BTG /N 22 0 o

4 i

MR B S DA HE S A 2 AR e A I 25 3L, 7E 30
AN (R A 14 MR (R R ResE
4 A CANPIABIR LN, B Lrl. Lrl3. Lr26 Rl Lr46,
KRS 10 AN fh (RD) &4 Lr26, R 5 54
W Lr26 F1 Lrl, S4¢ 16 #45 Lr26 F1 Lrl3, 5546 Lr26
Al Lrd6 SLIRIAAAET B 225 w1, RN EISH Lel G

4 AR (R, BT LIRS S 54k, Lel R Lrl3
JEFIAFAERE 229 RIPUAR 979, ARSI 14 NS
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