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1 Pm21 1B A~ B s 3 P BH P X6 BE Fh Ulka
Sonara/ 8cc . KHapli/ 8cc.Kavkaz R4A 17 5/Sub. 6v
HNBEVEXT R, /NE Pmd Fl Pm13 FE K B PEXT IR
s AR R E R BT A R R R RO R
5 BE VR 0 IR I T /N 2 R A 5 AR R PRS2

T R L #H F 1 47
Wi B AR AE
1.1.2 X314 6 X/NEDTE 8K E K

PCR #5519 i A T AW TR Rl Bn A R
NAEIEGH R D,

x1 MNEFEMREESIMFIIER

519 FH(5 ~3" 38 B/ bp 225 ik
Pm2 F:AGCTGTTTGGGTACAAGGTG 498 [5]
R:GCCATCGTTTTCTACTAG
Pm3 F:CGCCGTGAAGCCAAGAAGAAT 721 [6]
R:CATTGAGATTGTAGGCTGCCCT
Pm4 F:GTGGTGTATCAAATGTCATCAGTACTAC 470 [7]
R: TCCAGTGACCCCATCTGCTCATAC
Pm8 F:GGAGACATCATGAAACATTTG 1500 [8]
R:CTGTTGTTGGGCAGAAAG
Pml3 F:CGCCAGCCAATTATCTCCATGA 564 [9]
R:AGCCATGCGCGGTGTCATGTGAA
Pm21 F.:CACTCTCCTCCACTAACAGAGG 1260 [10]
R:GTTTGTTCACGTTGAATGAATTC
1.2 Ak BIO-RAD ¥Efig i 1% & 4t (BIO-RAD, 3 [®) F8 4]
.2.1 awmmAd REWEAMKRAKRER  Foild

L L MR R & T B B N A P A R
WPTERS. 1ARE R (BTN .3 R E BT
UM AR FE BB A VR B 5 AR 3R h T (A ik
MR A — e ) L 7 A0 R B AR AR A
BRZREE .9 A0 5 B R R 43 ik H & M A
FRHATIRED) , BARPUR U GB/ T 19557. 2—2004
UNZEH R DUS 3846 B 2647 .

1.2.2 DNA @983 R CTAB ! 4 542
B A HER B R BE I 40 DNA L S 7 B A5 46 I
E S MERA T L B AR 2 BRI 3 BRI L T
o I FC T 1R g B PR 2R

1.2.3 S xnaHmARS Firekn PCR
AR Z YR 25 pL A DNA 50 ngepl. ', 10X
buffer 2 pL.,dNTP(25 pmol+L ')0. 2 pL, i
ARSI 9 (5 plmols L") 4% 1 pl, Tag DNA ®
G0 1 U I ZE KA RV AR R 2 25 pl,
PCR W2 F A 94 CTAEYE 5 min; 94 °C Ak
30~60 5,52 ‘CiR 2k 45~60 5,72 ‘C ZEfH 30~90 s,
35 NMEH ;72 CHEMH 5 min; 4 CHRAF. PCR #
¥R AL A TC-512 (Techne, % ), ¥ 54 7= ¥ /i
Sub-cellR Modell192 & i & H, 1k # (BIO-RAD,
FEDTE 1.5 Y0 BEREMEE e rh iE AT F UK 2 2% vp A
%N 1 X TAE %, 120 V B JEH K 30~50 min,

2

2 HR550
2.1 #iX/NZEREPABFRBETEN
EREST AN AR ERAE, h
2 AT, AE 251 By R W B /N A2 AL iR R
19 By M RE R I G, 5 (M B 7. 57 %0527 1
MRS T, 54 M RER B HT, 61 MR R
PR B L 90 13 B4 RE 2 Bk 8%, 43 ) o AR A
BHY 7.57%.10. 76 % .21. 51 % .24. 30 ¥ Fl 35. 86 %,
*2 BEHIERAMFEREAMLEELR

Pt LCRe) 3GEHD 5 7O IGEED
B 19 27 54 61 90
L/ %% 7.57 10.76  21.51  24.30  35.86

2.2 iR/ ERMEABKIRCERELTE
HE /NEZIABRIER Pm2.Pm3 . Pmd
Pm8 . Pm13 1 Pm21 %t 251 &k % Wi /N2 it 47
FE RIS e A SE AR FR 43 /N 22 i Bl ) 7 1 45
UL 1~5, 7F 251 MR Wi/ b, S kA
Pm2 EBRIFRCA 227 £ (90, 44 Y0) 738 H 47
HHUw L Pm3b ESARICA 227 4 (90. 44 %0)
YW SR AL Pmd BEBINFRICAH 26 1
(10. 36 YO P ¥4 &ty , S PR EE R Pm8 iE BN
FRICA 14 13 (5. 58 %) ¥ 88 47 . 5 bum 3 A



14 R A R T A D E A A A AR B AR B 2R 4 AT

Pml3 ESARICH 145 4y (57. 77Y%) ¥ 84 1 4%
WL SPURIEE Pm21 EESPRIC A PR A
W(E 3D,

1. Ulka; 2. ZXM1; 3. ZXM3; 4. ZXM2;
5. ZXM5; 6. ZXM6; 7. ZXMT7; 8. ZXMS;
9. ZXM9; 10. ZXM10;11. ZXM11; 12. ZXM12,

B 1 #BA/NERBG Pm2 B RGN K EKE &

1000 bp—p =
750 bp—p

1. Sonara/8cc; 2. ZXM2; 3. ZXM3; 4. ZXM1;
5.ZXM5; 6. ZXM6; 7. ZXM7; 8. ZXMS;
9. ZXM9; 10. ZXM10; 11. ZXM11; 12. ZXM12,
2 EBHINERM Pm3bo B E KN A K E T

M 1228 486 7 89 WU B

1. ZXM1;2. ZXM2;3. ZXM334. ZXM45. ZXM5;
6. ZXM6;7. ZXM7;8. ZXMS88:9. ZXM89;
10. ZXM91;11. ZXM11;12. ZXM12,
3 EINERF Pma B E A B K E

1. ZXM15; 2. ZXM16; 3. Kavkas; 4. ZXM17; 5. ZXM18;
6. ZXM19; 7. ZXM20; 8. ZXM17; 9. ZXM18; 10. ZXM21;
11. ZXM22; 12. ZXM24; 13, ZXM42,

B4 S NERB Pms EE N A Ak B i

M1 3 9894 867 89U BB

1. ZXM15; 2. ZXM16; 3. Kavkass 4. ZXM17; 5. ZXM18;
6. ZXM19; 7. ZXM20; 8. ZXM17; 9. ZXM18; 10. ZXM21;
11. ZXM22; 12, ZXM24; 13. ZXM42,

B 5 ESNERB Pmls EEENREKXE L

®3 HEFHMEIEMFREERAM

FEHEM Pm2 Pm3b Pmda Pm8 Pml3 Pm21 T
B 227 227 26 14 145 0 6
e/ %  90.44 90.44 10.36 5.58 57.77 0 2.39

2.3 MAMKFERERSHINESRMPNSH
2.3.1 #HXafPrRanmARGS>H HES
AR FEHER Y 251 AR % W /N 22 b Bl b L B0
WS JE R A3 A SR R W], Hoh Pm2 R Pm3b 4y
A 95 R i MR R 90, 44 %6 ok B Pml3 s
YRR A 57, 77 % i L Pmd , 43 A 55N
10. 36 %, Pm8 FHEF Y 43 i 45 38y 5. 58 %6, i 7E
B W F /N E PR R Pm21 . %A 6 44k
WA R AR AR .
2.3.2 HAOHBABRMALSLERT D XS P
oA R A VL ER S I 251 AR R
Bl /INZE B R R L A A S 15 FhS AT, Hodp
116 3 /NZZ SR LA Pm2 /Pm3/Pmi13 R (&t
W f% &, N 46. 22% 3 Pm2/Pm3 25t 5 6 K
23.90% ; Pm2/Pm3/Pm4 RKIFT 5 Lol 4. 78 %5
Pm2/Pm3/Pmd/Pml3 5 R &5 LBk 4. 38%05
Pm2 25 Wi 5 B 3. 59% s Pm3 Ml Pm2/
Pm13 FERIFT &5 HeBI ¥R 2. 79% s Pm3/Pmi13
Pm2/Pm3/Pm8 KR tefl oy 2. 39% s Pm2/
Pm3/Pm4/Pm8 F1 Pm2/Pm3/Pm8/Pml3 &
AP & H I8 1. 20 % s Pm13 28R o o5 oy
0.79%; Pm2/Pm8 . Pm3/Pm4/Pml3 1 Pm3/
Pm8/Pm13 Fr 5 HeAdl 5] 4 0. 40 % ; 53 56T 6 437N
AR R IR LA B 2.39%
®4 BEMENENABFRERAASS

R 2 A K e/ %

Pm2 9 3.58
Pm3 7 2.79
Pml3 2 0.79
Pm2/Pm3 60 23.90
Pm2/Pm8 1 0. 40
Pm2/Pml3 7 2.79
Pm3/Pml3 6 2.39
Pm2/Pm3/Pm4d 12 4.78
Pm2/Pm3/Pm8 6 2.39
Pm2/Pm3/Pml3 116 46. 22
Pm3/Pm4/Pml3 1 0. 40
Pm3/Pm8/Pml3 1 0. 40
Pm2/Pm3/Pmd/Pm8 3 1. 20
Pm2/Pm3/Pm4/Pml3 11 4,38
Pm2/Pm3/Pm8/Pml3 3 1. 20

o 6 2.39
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b= Y S A & S - 1 #1

2.3.3 BRI ERHahRABEZRLAR
e MY 251 fy /822 AP TR IR I JR]
HAR KW T itk % &, 24 5 Fdit
R (R 5 B (PURERN D @ Pt (Bis
YN 3D PPN SE IR 5) JBR (PUR S R
NGRS DR

®5 AEMEMBASERENRAESIF

A FRA U S R
B g wP R R ER
Pm2 9 0 0 2 2 5
Pm3 7 1 0 1 1 4
Pml3 2 0 0 0 1 1
Pm2/Pm3 60 8 5 10 20 17
Pm2/Pm8 1 0 0 1 0 0
Pm2/Pml3 7 1 1 2 1 2
Pm3/Pml3 6 0 1 2 0 3
Pm2/Pm3/Pm4d 12 0 5 2 3 2
Pm2/Pm3/Pm8 6 1 1 0 1 3
Pm2/Pm3/Pm13 116 6 13 30 21 46
Pm3/Pm4/Pml3 1 0 0 0 1 0
Pm3/Pm8/Pml3 1 0 0 0 1 0
Pm2/Pm3/Pmd/Pm8 3 2 0 1 0 0
Pm2/Pm3/Pm4/Pml3 11 0 0 2 5 4
Pm2/Pm3/Pm8/Pm13 3 0 0 0 1 2
e 6 0 1 1 3 1
#it 251 19 27 54 61 90

M 5 Al AT, 19 Oy Ho k2 30k S0 P22 1Y i o Bk
K %l Pm3 SR BIAE 15 Pm2/Pm3 3&H
B8 iy Pm2/Pml13 N 1 {y, Pm2/Pm3/ PmS
FRAB 14y Pm2/Pm3/Pml3 R:HA 6 44y . Pm2/
Pm3/Pm4/Pm8 FHE 2 iy,

27 3 DU R B B R 2 P2/
Pm3 EHEBWA 51 .Pm2/Pml13 FHE 1 {4,
Pm3/Pml13 3N 1 {5, Pm2/Pm3/Pm4 3K
B 5 . Pm2/Pm3/Pm8 F:H# 1 4. Pm2/
Pm3/Pml13 BN 13 {7 A FHORIERT 1 4.

54 4 T R L Bh 0 38 A R P2 3
KA 2 5. Pm3 3EHA 1 5. Pm2/Pm3 3K A
10 0y . Pm2/Pm8 H KN 1 44y . Pm2/Pml3 & H
B2 4y  Pm3/Pml13 JEN B 2 {fy . Pm2/Pm3/
Pmd JEHB 2 4y .\ Pm2/Pm3/Pml3 EH A 30 4y
Pm2/Pm3/Pm4/Pm8 3EH B 1 /5. Pm2/Pm3/
Pmd/Pml13 BN 2 {3 AFHURAERE 1 4,

4

61 13 J8% 4 0 ot o %) 3 DRV 2 B Ry Pom2 3 A
T2 oy, Pm3 R A 1 4y, Pm13 R B 1 4y,
Pm2/Pm3 3ER KL 20 {5y \Pm2/Pmi3 JEPH AL 1 {4y,
Pm2/Pm3/Pm4 $ B 3 4y, Pm2/Pm3/Pm8
FHNB 1 iy, Pm2/Pm3/Pml3 FH B 21 {4,
Pm3/Pm4/Pml3 3% 1 . Pm3/Pm8/
Pmi13 3B 1 5y . Pm2/Pm3/Pm4/Pml13 &K
5 4y . Pm2/Pm3/Pm8/Pml3 FF I 1 4, A~
TYURRE A 3 M,

90 14 i S R R 0 6 R ALk P2 3
KA 5y \Pm3 FER AL 4 Y . Pm13 FEHR A1 4y,
Pm2/Pm3 N B 17 {4y . Pm2/Pml13 &K # 2 453,
Pm3/Pml13 3R 3 )y, Pm2/Pm3/Pm4 KA
B2 45y, Pm2/Pm3/Pm8 #: A & 3 fiy. Pm2/
Pm3/Pml13 3 N % 46 {4y, Pm2/Pm3/Pm4/
Pmi13 F:H A 4 4y . Pm2/Pm3/Pm8/Pml13 H: A
B2 0y AN EPURAER T
3 wig

AP FE B R TE 251 MR W /N4
Fpeb A7 7E 5 B 3 B 28 AR 15 Fhims i B 41
& . KoLl Pm2 M Pm3 BT & 50 A5 90 R 05
M Ny 90, 44 %0, R A BT B K Pml3 , 43
ABRN 57,775, L Fe W Pmd 53 A B3R h
10. 36 %  Pm8 FHePH 43 A i3 Ry 5. 58 %6 , M Bt s
B Pm2l TERP B /NE DA KRR, H 6 4
MOEHE A K S A LIRS RIE . RS
FIH (8] 5 9R 9m  F2 RL S 52 R B A 19 i RL R
BUALE L 27 Dy bR R BB B . 54 3y M RE R I e
61 13 b4 3 B g JE L 90 03 A4 R 36 B v IR 43
Wi 5 AR 7. 57% .10, 76 % . 21, 51% .24, 30%
M 35.86% . LIRMRE Wi AR /NS i FRBL R R AL
PR] 235 0 AT R s 5 PR T VAR b 5 D A AE B
25 WP RN PUR R G TR
ENEZ ARP W/ TH Pmd W, BTN
ENEA Pmd e P Wi /N Pms 3L
L i T R IE VLA /N2 [R) IR 2 J i Ao v A A
G e AR P IR R 5 b 3 A
o R B T RS A Pm2 A Pm3 B 6T
WAL ML T8 /N P 5 I L] & 4 L 8
FEEUY L RIS N SRR BA FE
IR B BE R, R DL BB VT AR /N 22 Bt R e st
5 i KB R A A
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o

E NIRRT AN v X R
2L BRI LN 0 Pm2/Pm3 . Pm2/Pm3/
Pml13 .Pm2/Pm3/Pm4/Pm8 ., 3 ¥ %5 it 1 3= I
My e LB e R R T A Sy S 22 0 R Bt
TR AR FH S DA T 2 R /N 22 04 £ PO
(R AR5 TR e B A ARG DM S ) — o i ) — 2
D] sl 56 PR 2 2 A v [R) P AT — o O A SR s
Fe T S N BT A R 3X SR B AT AR5 e
R i 6 A0 5L AR IE B9 A BT A B S bRt
Sk, WAE 116 4 PN Pm2/Pm3/Pml13 2&
RIS A 19 R R Sy s mbt. A 97 1)
I3 R B A TR T | S B e R X — R S
PRI B0« (1) 3 BIASWT T B ks i 9 478 191 463 g 4 R
5 R BTN 2 18] B AT AR S 19 AH OGP L X 28 4T 1 Ay
9 i R AT BE X A 1l IX P B 0 3 A7 /Nl O A B 4t
P 5 (2 M2 Wy 51 /N2 i ol b AT o8 S DX 10K 9
TAT /Nl G 5 R B A G i b e AR TE
HAbC in 2 09, 805 2B APt e B N, X
B LA BB 5 v it — 20 W 19 303

VT JUAF B 4 BR AU A8 102 L [ R 7 L B 1 A2
o BRIEITAELZ X EHBWA B SmEmEYE,
WL R, i T X AR AL A 22 XCBLAE T AT 19 8
ANFR R 2 A8 5 = BIF ST, N T A R LR AN B
RS i I E = S S APV W= I N '
B U/INZZ R a8 AL B A L a8t 2 R M
/N BUPERE T RRART . R TR N R
RY AT AL 22 O 32 3 BB 50 45 R e HOH
DX b B 45 B 55 PR e VTR /N 77 DX L L R
T8I AT 53 0 0 25 R PR VLA SR A A /N 22 RS
R BUVE L B AN RO T L AL S A A
F AR S0 00 S A /N 22 T B 9 0, 02 8 & 2R e VT
/N2 BTG UR B 22 REE O8N 22 R gt A B
il ) B AT
4 G5k

KBS 6 B 50169 1 FUB 5 BE i a
2 7 51 B AR /N R R I L O 25 G P v R
I3HT s e AR A b S A S R R e S AN
15 P A A 5 . Horp ot s — R R &, o
A AR A 155 S Pm2 (90, 44 %0) , A K 0 1] 471 975 2%
K Pm21, FERNMHAEGHEMFm, LI Pm2/Pm3/
Pml13 25 RBPT 5 L) 5 (46, 2200) . Pm2/
Pm8 .Pm3/Pm4/Pml13 1 Pm3/Pm8/Pml3

B AR (0. 40%0) o & BT 18399 e 928 58 B i

PR BLIRPE S 6 A 38 D AR 10 AN 47 76 AH OGPk L 1 8k
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Detection and Composition Analysis of Powdery Mildew Resistance

Genes Introduced from Russian Spring Wheat

LIU Wenlin', ZHANG Hongji', SUN Yan', TANG Jingquan', YANG Shuping', LI Yuyao’,
SHANG Jiawei' ,LIU Ying’

(1. Crop Resource Institute, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China; 2. Heilongjiang
Academy of Agricultural Sciences, Harbin 150086, China; 3. Tenihe Co. L.td, Hulunbuir State Farm Group,
Hulunbuir 021024, China)

Abstract: In order to understand the composition and distribution of powdery mildew resistance genes in Russian
spring wheat, 251 spring wheat cultivars introduced from Russia were detected and analyzed by using the
markers Pm2, Pm3b, Pm4, Pm8, Pml3 and Pm21. The results showed that 5 powdery mildew resistance
genes are distributed in 251 wheat varieties, and the distribution frequencies of Pm2 and Pm3 were 90. 44 %.
The second gene was Pml13 (57.77%), then the disease resistance gene Pm4 (10.36%), and the lowest gene
was Pm8 (5.58%). The disease resistance gene Pm21 was not distributed in Russian spring wheat, and 6
materials were not detected to contain the above gene markers. There were 15 powdery mildew resistance gene
combinations among 251 spring wheat varieties. Among 116 wheat varieties, Pm2/Pm3/Pml3 had the highest
proportion (46.22%). The proportions of the other 14 types were as follows: Pm2/Pm3 type accounted for
23.90% ;3 Pm2/Pm3/Pm4 accounted for 4. 78% ; The proportion of Pm2/Pm3/Pm4/Pml3 was 4. 38% ;
Pm?2 type accounted for 3.58% ; Pm3 and Pm2/Pml3 accounted for 2.79%. Pm3/Pml3 and Pm2/Pm3/PmS
accounted for 2. 39%. The proportion of Pm2/Pm3/Pm4/Pm8 and Pm2/Pm3/Pm8/Pml3 was 1. 20%.
Pml3 types accounted for 0. 8% ; The proportions of Pm2/Pm8, Pm3/Pm4/Pml3 and Pm3/Pm8/Pml3
were all 0. 40%. This study clarified the composition and distribution frequency of powdery mildew resistance
genes in Russian spring wheat, providing theoretical guidance for wheat powdery mildew resistance breeding.
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