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f.sp.tritici in Longnan Region of Gansu,China

LU Ning-hai'*, ZHENG Wen-ming’, WANG Jian-feng'?, ZHAN Gang-ming', HUANG Li-li',
KANG Zhen-sheng'~

(‘College of Plant Protection, Northwest Agricultural and Forestry University, Yangling 712100, Shaanxi; “Shaanxi Key Laboratory
of Molecular Biology for Agriculture, Northwest Agricultural and Forestry University, Yangling 712100, Shaanxi; *College of Life
Sciences, Henan Agricultural University, Zhengzhou 450002)

Abstract: [Objective] As Longnan region of Gansu province is one of the largest and most important over-summering areas
of Puccinia striiformis f. sp. tritici in China, the objective of this study is to determine the genetic structure of P. striiformis f. sp.
tritici populations in this region. [Method] Population genetic diversity of the P. striiformis f.sp. tritici population containing 409
isolates collected from 8 different areas in Longnan, Gansu province was investigated with TP-M13-SSR technique. [Result] For
the Longnan population, the average number of alleles (Na) per locus was 1.95, and the effective number of alleles (Ne) was 1.43.
The Nei's gene diversity (H) and Shannon's information index (I) were 0.27 and 0.41, respectively. The genetic diversity of Wudu,
Wenxian and Qingcheng populations was much higher than that of Huixian, Chengxian and Xihe populations. Analysis of AMOVA
showed that there were about 12.5% of the total variations among the collections, 87.5% of the total variation presented within
collections. Gen flow (Nm) was 1.83. [Conclusion] The important conclusion is that the populations of P. striifornis f. sp. tritici
possessed relatively high levels of genetic diversity but a lower genetic differentiation in Longnan of Gansu. The main genetic
variation presented within collections. There is an extensive gene flow and migration of pathogen among the regions in Longnan of
Gansu.
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(Puccinia striiformis f.sp.tritici) 5 1 mAL R EG
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FRB AR, IR TA] KN R S0 B 2R ) 3 A
7F DNA £, Hovmeller 285BI SR A FF . JefH .
7 [ R [ VG AR ) o B REAATEAT T AFLP 40 #T, &5
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BN B RAEARIEAT Y, IR S B AT SO0 T i
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EE. HIE, FER/INHLERE AT B 2 104 3 R
()53 ¥ A% 2 FEIE 23 A A B T 17 R DX 33 A 0 TR IR A 45
ey LA B T (AR S LRI RN ) AT BN, el X
BRIAT FHZEAY DGR DX (1 3B B o0 2. HT,
X HP ] /N A2 44 R IRUA T DK B R DX H R B e B KR AR 1)
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AHEFORE A SSR BRI H AT Bl g X 1) /A 28 1T
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TNEZFRAFERRAE, Hrh aFsas. S, 7g
FEL BB B KM, Bz w, Lk
1% 409 AMbstt. IR MEERAL. &P
ST RO EEEE . BN L BT Rk
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Table 1 The location, elevation, code and number of samples

of P.striifornis f. sp. tritici collected from Longnan in

Gansu

KA Hb A5 Kot HiTZ7 ETRe
Location Number of isolates Elevation (m) Code
i Chengxian 30 1100~1200  CX

#E Huixian 38 1100~1200  HX

FEFI Xihe 41 1500~1600  XH

KA Wudou 50 1700~1850 WD
SCEH Wenxian 50 1600~1900 WX
FH Maiji 75 1200~1500  MJ

Z I Qincheng 75 1500~1750  QC

%% Qin’an 50 1500~1600 QA

3T Total 409

1.2 IEXFENTESRE

PEHT 7~10 d FAE /N 221805 i b B2 5F 169, UMD
IR, SRR 10 KL, 220 — At s gt
5, BRI 6 fk. BRI — K, THIEAT RS
P, phybhirt B R A0, BT s 4R G A
R 15 h, WS R 13~15°C. ZEEFIET N8k T
B Ab R, DR T RABWER SR . it
PR 4B RARRE I, FHAEEAIET PRI T R
TR R, BREREK S, BT ORI AT R R
24h, WEN 13~15C, RGHBREHAENES
RWio W HBAERES, B5L2Z R0, R HRE
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1 RRAR I B Ur AR, n R e s, B kAT s 4,
PR G 13~15d, Hephnt AT~ R 2. 4
Sl RSO A R B R s BB, 2R A
e R BRI T AR, — 70 CIRA7 %
1.3 Z X 4H DNA IREUAA %

FEN 2 DNA 422 6 Wang 2519 77 7EP B S~
10 mg it /N2 485 R Z A+ T 1.5 ml eppendorf 2.0
B, N ZE M 50 wls FHFL RS InF B AR A
i (UK R, BRI 300 pl HARZEME, W IR
A BEE N 30 pl 20%(%) SDS. 20 ul 5 mol-L™! NaCl
30 ul CTAB/NaCl %K, HifElV5, 65°CiiAE 1h (20
min FIE KD 5 SRR (350 ubD) (2RE: S
SRR, SRR A, 12 500 r/min, 4°C 250 12 min;
HCEIEWL N300 pl &7, BEGHENES S 12 500
r/min, 4°CEZ.0 10 min; B EWERINAZEARFR K 55 A
B (P4, —20CJHCE 1~2 h; 13 000 r/min, 4°C

B0 15 min, FEAE, N 70% 40 (CHA) 400 pl i
Ve 2 W, BRRUEIE 4°CEL 10 min, ARJE I T
Jn 30 ul TE, ‘& 4°C#ifi, —20°CLRA7. I 4 ul RNaseA
Wil 37°Cilt & 3~4 h, MEAEF VT BENRS )G, 4°C
10 000 r/min £5.0, B B3 —20°CIRA7. K ND-
1000 UV-Vis Tl 40 vl W45 BT (NanoDrop
ND-1000 Spectrophotometer) & DNA 4fi & FIR & .
FEAREUAI R DNA #FEh 50 ngpl ™ £5H
1.4 TP-M13-SSR {&ZBY SSR 514%0 M13 31 4RY

=34

AWFFCRA T 11 %F SSR 514, BEXF 51910 1E B
AT T 9 6hrid. o, RIS, RJ20. RJ21. RJ24
Al RJ27 2% Enjalbert®; CPS15. CPS34. CPS36.
CPS08. CPS09 1 CPS10 J& AU 2 BE i IF A1 o
TP-M13-SSR (Tailed Primer-M13-SSR) 51#¥) )4 .
7t TP-M13-SSR frill &4, H 3 459k 1E4T PCR

F2 SSREIPFAMIS RSB, FF. EEHT. RABREFMBHRET KN

Table 2 Sequences of SSR and M13 primers used in this study and repeat motif, annealing temperature and product size

ElE R 51¥51 53 R HRIT Bk RIS PN
Primer name Primer sequence Repeat motif Tm (C) Product size (bp)
IR-labeled M13 CACGACGTTGTAAAACGAC

TP-M13 CACGACGTTGTAAAACGAC

CPSO08F TP-M13 TP-M13-GATAAGAAACAAGGGACAGC (CAG)14 55 196~216
CPSO08R CAGTGAACCCAATTACTCAG

TP-M13-CPS09F TP-M13-CGGGAGAAGACCTGAGC (GTT)o 58 234~256
CPSO09R AGAAAACGGAATGTAATGTG

TP-M13-CPS10F TP-M13-TCTACTGGGCAGACTGGTC (TAG)s 56 315~330
CPS10R CGGTTTGTTTTGTCGTTTC

TP-M13CPS15F TP-M13-GATGGGGAA AAGTAAGAAGT (TTC)4 55 236~245
CPSPI5R GGTGGGGGATGTAAGTATGTA

TP-M13CPS34 F TP-M13-GTTGGCTACGAGTGGTCATC (TC)y 55 131~140
CPS34R TAACACTACACA AAAGGGGTC

TP-M13CPS36F TP-M13-TCCAGGCAGTAAATCAGACGC (GAC)s 55 145~149
CPS36R ATCAGCAGGTGTAGCCCCATC

TP-M13RI27F TP-M13-CGTCCCGACTAATCTGGTCC (TC)1o 52 225~237
RJ27R ATGAGTTAGTTTAGATCAGGTCGAC

TP-M13RIJ18F TP-M13-CTGCCCATGCTCTTCGTC (TGT)s 52 330~356
RJI8R GATGAAGTGGGTGCTGCTG

TP-M13RIJ20F TP-M13-AGAAGATCGACGCACCCG (CAG)4 52 280~289
RJ20R CCTCCGATTGGCTTAGGC

TP-M13RI21F TP-M13-TTCCTGGATTGAATTCGTCG (GTT)s 52 170~206
RJ21R CAGTTCTCACTCGGACCCAG

TP-M13RI24F TP-M13-TTGCTGAGTAGTTTGCGGTGAG (GTT)s+9 52 280~295

RJ24R CTCAAGCCCATCCTCCAACC
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P38 5 1 4T 1R AR SSR SIS H i IE 1] 5]
P M13 (1 ) 5 AR i A M13 R B 5
Y, BRZ TP-M13; #5451 EIEH K SSR 1]
s =45 IRDye 800 % OGHRIC I
M13£-29 iF [1] 5|4 (IR-labeled M 13 primer) . IR-labeled
M13 primer <6514 (IRD800) Hi5E[E LICOR /A
HHG HEARTOGE S 1) il B AR TR TR
55T BR A 7
1.5 TP-M13-SSR PCR ¥/ #& &4

TP-M13-SSR K NAAR 10 ul, 2% LICOR-4300
Tailed Primer PCR Protocol(Genetic Analysis Manual):
10X Reaction Buffer 1.0 pl, MgCl,(25 mmol-L™") 0.8 ul,
dNTPs(2.5 mmol-L™") 1.0 pl, TP-M13 (10 pmol-L™) 0.5
ul, A5G (10 pmol-L™) 0.5 pl, IR-labeled M13
primer (10 pmol'ml™) 0.5 ul, Taq polymerase (5 U-ul™)
0.15 pl, FEfi DNA (50 ng-pl™) 1.0 pl, ddH,0 4.55 pl.

¥4 ) N AE PTC-200 (BIO-RAD) _#E4T, PCR
P8 VAR 94°CAEYE 4 min; 94°CAEME 455, 64°C
Bk 45 s, BHEA—IKEE0.7°C, T2°CHEM 45 s, 10
AMEIR; 94°CAEME: 455, 54TIR K 455, 72°CHEf 45 s,
25 MEHR; 72°CAEfH 10 min, 4CZ IRV,
1.6 PCR # $& =4 &9 B ki

FEARIL TN A B I =2 6.5% A8 V5 TN 4 1t
JE eI VK o 85, r R bR AEE H] 2 6 AR id DNA
Marker 50-700 Sizing Standard . H Jk i FE 7F
LICOR-4300 DNA 1343 #711% (LICOR Biotechnology
Division, Lincoln, NE) _E#47T.
1.7 SHitHHh

HLK P35 T R s — 2 A A — Aok sl JF
RE—NT LG AL REREL S5 FE vt 3
FTLU R Mk : OFFALL T Hardy-Weinberg ~F-f;
@ge 4 N FRVKGT RS A R 4 23 G 3L A
2l LA H DNA R B =4 . il Syngene
Genetools #f}: (Synoptics Ltd.) X4 HEAT i,
WA, JFE 0 7R, HEBRBORIANE
e ACVEAER bR IR AR S 0, 1 el shk

FIH POPGENE version 1.32 #%{PHHHLL NS
e WS ZDFRGEE S (1) 280
£ 8 NP (Number of polymorphic loci) F1Z 275 H
/3% P (Proportion of polymorphic loci) ; (ii) Z&Ef7
FEDULI %L Na (Observed number of alleles) F145 245
f7FERI#L Ne (Effective number of alleles) . Jx MFE[H]
MG RMEESH: (1) Nei (1973) JERZFF

M4 H (Gene diversity) , (ii) Shannon {5 Ef&
#( | (Shannon's information index) o ¢ BRFERIZH 2 5
Nei [FJisifE#E 2 D (Genetic distances) o IBLitfE4)
TRESE: W Nei (1973) UOREIN 2 J8 i B4R 4
16 R % Gst (coefficient of gene differentiation among
population within species) , Gst=Dst/Ht, H:H' Dst = Ht
- Hs, Ht A Rigtfe ZHE0E, Hs AN st 2 4
Pk, Dst g BEAA 5 AE 2 FEME . 1288 Wright 1) Fst 751
VS S IR LRI R ) J AR A T A 2 (Nm)D 35K
ZAA: Fst=1/ (1+4Nm) , Nm (W) = (1-Fst) /4 Fst,
TEMG, Fst i A %E[R] T Gst.

FIH DCFALL Gl A P54 4 SSR 3
RIFR SRR B 2577 (8%, IRGEiHBEfA
[ HL=E SSR ARILAL KA K Hhi . FIH Arlequin3.11 4%
IR ) AMOVA  (Analysis of Molecular Variance)
BT > T I7 22000, e IR R AR N I T 22 T
ZEor R NOTHERAS, M A VRO BE DS 2 R A AR AR ]
FIREAR PN ) 22 ATk . Hii8% POPGENE version 1.32
BAT S AL B, F) NTSYSpe-2.11F %A
HEAT $0 4% 4 M1, Al SHAN F2 ¥ # [1 UPGMA
(Unweighted Pair-Group Mean Average, AEINAUEA
SPRIERIE) IR T RIS, TRl Tree plot Btk
RIS,
2 GBR5SH
2.1 SSR 3|47 PCR #1845 R

11X} SSR 57T 409 />3 B IR DRI 20 Hh 347 14
40 M, Hrh 2PN 38 Ay, 2T EN
95.00%. 7 5 |W TR (R 1A 22 AR KA AR ARTE],
Hrb14) CPS09 1 RJ24 #4478 %2, CPSI5.
CPS36 A1 RI27 § 44> (NP=2) , ~FahE—
X1 SGHE A 3.64 NokATT, 3.45 DM .
2.2 B X/NEFFEBFERIEED FMHKT

Bere /D 22 B gL MR R . AERKE
b, BRI AL (Na) b 1.95, A 355 3L 4L
H (Ne) 25 1.43, Nei's (1973) JERZFEMEFRE (HD
4 0.27, Shannon {7 E45%L (1D 4 041, TERHAAIK
b, ZEMAESE (P) h 70.00%~87.50%, 13
N 78.75%, MEAFAIFERIEL (Na) Jy 1.65~1.88, ~F
Bk 176, ARGEMEEEH (Ned 4 1.35~1.44,
Pk 139, Nei's (1973) SR ZFEMERREC (H) b
0.21~0.26, “F¥24 0.23, Shannon {5 /R48% (D X
0.31~0.40, P340 0.35. Blirg A 505 R i A% 2 e
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3 i SSR 3|4RY PCR # 1L R

Table 3 Number of loci and number of polymorphic loci of
primers used in this study

5149 EEAVAE EZ A3
Primer Number of loci Number of polymorphic loci
CPS08 4 4
CPS09 7 7
CPS10 4 4
CPS15 2 2
CPS34 3 3
CPS36 2 2

RJ18 4 4

RJ20 3 3

RJ21 2 2

RJ24 5 5

RJ27 4 2

P14 Average 3.64 3.45
1t Total 40 38

x4 MrEHXNEFFERRMISZES KT

TEM X 2 (14— 52 R 0 2 7, e L 2P L DX i
SCELRANZRIRM RS AL 2 FE R, AL L L
PRI AR
2.3 INEFFEBAEEEMS S

SSR FRiC R G/ L B E ZFERE (HY FEF
RN Z R (Hs) 4331 0.27 A1 0.23 , BEfA
IR ZFEE (Dst) 4 0.04, BifE/MbR% (Gst)
H0.148, FEARANAR 55 AR SR IY 85.2%, HEA(ANGHE
ZREE T REAT 14.8%, BEAA P Z AR TR
ZAEME . I Arlequin AT 1) AMOVA 750 #i 4
FAWMFRI GR 5, NIRRT BRI R4 N #1047
TEA —E AR AL, BEARIR] (9 16 45 A8 S 7 RV S 1)
12.5% (P<<0.001) , FEARANEALA Y 87.5%, itk
AP AT T AR B
2.4 NEZFFEAEMEEMEEEBRNSEE

E

h T R0 3 W 455 R AR [R) PR st A% 2 AR

Table 4 Genetic diversity parameters of P. striiformis f.sp.tritici for 8 collections from Longnan of China’s Gansu

Collections ID Na® Ne® He 1 NP* P'%
A H Chengxian 1.65 1.36 022 0.33 29.00 72.50
#H: Huixian 1.70 1.35 0.21 0.31 28.00 70.00
ViR Xihe 1.73 1.35 0.21 0.33 30.00 75.00
A Wudu 1.85 1.44 0.25 0.40 34.00 85.00
H Wenxian 1.68 1.39 0.26 0.34 33.00 82.50
FH Maiji 1.80 1.40 0.24 0.36 32.00 80.00
ZY Qincheng 1.88 1.38 0.25 0.37 35.00 87.50
Z% Qin'an 1.78 1.41 0.23 0.36 31.00 77.50
YFhIKF- Species level 1.95 1.43 0.27 0.41 38.00 95.00
A K Population level 1.76 1.39 0.23 0.35 31.50 78.75

Na: WEEEEAIIER S Ne: FACEARENEH; H: Nei's (1973) FEFZAEMEIESG Y1 Shannon 15 EIR%L NP ZAMEAAEL PY%: £AM

SR S

*Na: Observed number of alleles; °Ne: Effective number of alleles; “H: Nei's gene diversity; *l:Shannon's Information index; °NP: Number of polymorphic loci;

P%: Proportion of polymorphic loci

R5 FEEIFIFEA S TERE AMOVA SHTER

Table 5 Analysis of molecular variance (AMOV A) among and within the populations

A7 5 K5 Source of variance H H % DF 7RSS MAEFEH 3% PV (%) P{i P value
J& 7] Among populations 15 322.86 12.5 <0.001
BEA P Within populations 393 1753.25 87.5 <0.001
KT Total 408 2076.11 100.0

T Nei's B —3 GS flstfEIER GD (% 6) ,
PEAR I AL — 3% 0.8898~0.9933, L IH 24

0.0067~0.1168, Vi WHFEAAR R P AFUFE BE 4% =y, AL
BN Hodr, e EL A L AR TR ALY (GS=
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Table 6 Nei’s unbiased genetic distances and genetic identities between collections

il A B VAL iV @A EL Z RU

Collections Chengxian Huixian Xihe Wudu Wenxian Maiji Qincheng Qin'an
%L Chengxian ok 0.9933 0.9839 0.9428 0.8898 0.9402 0.9578 0.9264
L Huixian 0.0067 i 0.9895 0.9394 0.8962 0.9374 0.9699 0.9247
PEFI Xihe 0.0162 0.0106 ok 0.9437 0.8980 0.9410 0.9619 0.9227
A Wudu 0.0589 0.0625 0.0580 ok 0.9551 0.9623 0.9424 0.9461
A Wenxian 0.1168 0.1096 0.1076 0.0459 ok 0.9497 0.9379 0.9461
21 Maij 0.0617 0.0647 0.0608 0.0384 0.0516 ko 0.9679 0.9752
ZW Qincheng 0.0431 0.0305 0.0389 0.0593 0.0642 0.0326 ook 0.9695
&% Qin'an 0.0765 0.0783 0.0804 0.0554 0.0455 0.0251 0.0310 ok

LI IBARAUREL, N5 NIRRT ES  Nei's genetic identity (above diagonal) and genetic distance (below diagonal)

0.9933) ff, WEERE (GD=0.0067) T, mH
PR SC ELRPIEZ [RIARALLYE (GI = 0.8898) fgefik, izt
fEFRE (GD=0.1168) ik,
2.5 BERERSH
RPGERRW, Perg H X N2 585 B RE AR
AKIIZERE, Group I H3CE. A8, ZHL. I
ZE o MREL A, Group IT HIBCEL o RS EL A P FIRf 21
oo Ho Group I X432k 2 AN HE Subgroup,
Subgroup I HHEZF . AN Z8 LR ELL AR, Subgroup 11
FH S BRI CAS MR B . R E RKHBIX 2R Z2 I AT
ZRZ () 3 ANFPEER N 1 ASERE, Ok A v X s
FSCEZEN 1A WRE . IR 3R W Hb R S AT (R A2
()G A B B AL/, AR AR R &, BEAAZ Tl fig
B AL o

Z£ % Qin'an

Subgroup [ L Maij
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Fig. 1 UPGMA dendrogram based on SSR data of P.
striiformis f.sp.tritici including 8 populations from
Longnan in Gansu province of China
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FERFCAR A T 3 S SRR BT I R o voRl, AR 1T
PR SR T P A A S T R
G, NG RT A BN Bl AR A ) 2
AT ISOR P2 RITRIA I, AR b AR
SIRITE, HARE ML AT . NS b
AL, LM R EST L, HB0 2 BN R
S K W BT S 2 2, T ELNE A BB B AR
ANy WL BEGRC, LR, TS,
FETHRERT, FLICHERPES) 2 %8 SO, et
1E— R LI T 0 4R B S 50T, i
TAEMFEIRIE, TS TARCHAR R Lk 4
BRIt T A TR, EEbR B2 I RN
SRR ARSI, (04 e 6 L SRS
AT A BRI 55 72 A PEA T, SN
SAB RO RER AR R D, X5 DK 1N 465
W RSB SUE b T ) ABFSCH R SSR 4
TR AR M /2 2 5 B30 4 45 R
WHEAT T R AT

WU B, BRI A2 4 W i A 2 R
HBE R, MR AR R B 5 SO i X
SABRREOR AL 2 R B 0 BN % —. B
B IASHE, AR, &7 R, TR,
SR RENE R B AL N2 F AR, 7RI AL A
% R TTLABRAC, FEAN R AR AE S R SRR, ik
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b X A 2 ] /NS 4 1 B ) AR X R NR R
Yt FAh, B X AR N RAE SR AR BT, K
151G A, B T E R U R R 2 AR,
VPR SR A B R A B, DR PR LA
1922 TOA RN 1 0 1R ARG AR TR DX 114 4% 475 o A
SRR EENE L —

RAGERIR, A R OB B ER B /N2 4%
BRI EL R BB, AR &, A —K. L
B4 W R e sk s, iR 445
WERAR T =ik ok G, SC BRI S AR L,
PRIRBEAI g S A ARAEL, SR B R Y Hb IR B R SR A
WM A, M AR E TR, B
WA, ASARRHAEFIHDEAEAE R ARAR L, A ASA
MBEPERAE S —41. N 2N G, mlia&kes
W LA AR T st e 2R R . X4 RS
WA 7Y R () R 7K b X e Y3 1D 1 X B AR Y41 X
NS IR A R 2L IR T RS 4R TR
KIS, R, ERARRK, &5
R AT RDER ST, LA B T A T, AR T
BT S (0P 2E, ARERY B, B4h, milEkiX
R BE (1) 58 AR RS 4 b T R i i v IR 1) o 9 A
2, UK B GEAR LG DR AR A7 FIAL 5, AT B 2x B
W A Z R

FIFH Arlequin #PEH ) AMOVA 5L Hrdh 3=
B, PR /INZ 458 TR TR R4 A A7 0 — 2 1)
B, BEARIR] SR A e T B R 12.5% (P
<0.001) , FHANIBAEE Y 87.5%, KWIPrgHX
SAB AL R R . FE RN T —A i 5 1)
e, SRR 7 @iy, e o iR R &
Ko AW AE F BRI RS Nm b 1.83, %
A 2 RIS AR TAC T T I, X — 45 /N
2 T T AT e X iR L DX AR T B
FE - LU DR b A, ml gk b 5 10 R AR R 32 6 T 4
TARE . NERE SR, BT
YER Rl DURYE F A 4%, X — 2518 R 3 R (K47
TERTIESE o BRI RS e g ma oh, AR
TR BRI R AN B A 11 T A 3 20 o Ah Al
RN RE . N2 AR 2 4B R IV TE AR K A7
16, FElEHOL N MEZ MG RS i, AR5 2R
B SRBEREIX R RUEAH T H A gL A e, AR
0T B ARTEAR IR A% 22 FF % 3 B A S e L X 2% 475 147
AFAERL R R R Y, XSRS ] ok 588 A%
SRR, BRSNS

PR BRIVR R AIOR, BEHE IR, 5 m B vy 25 A e B
4, S BRFAER RN, H47 %1%t
gk WAT/NELB RN, A T B s E0n
T SRR 1992 % 1993 (EHERAE ., L agi2e2s)
DUV A BPh S 90 3R A5 T A B0 )78 e 18T e
R, AT T AR E ST, S5 R, A
) /N P 25 ) BT 22 M e il R A A 1 AT
ECH AR, S AL

AWFFEH R T LA Sk TP-M13-SSR PCR #;
ARG 7N 22 5% 45 BRI B A4 Tt A% S R BEAT T WE AT .
TP-M13-SSR i H A BAT b my e L, 98 hs
0519 M13 BN, Rl —ktbad, BEYEER
Hp T S ISR SSR A SR, LU A A R U
K519, 6514 (MI13 labeled primer) T AF #E
WA G KSR TR, 1 FARRRE T AR,
AWFFE4E A TP-M13-SSR ALMIEA K Licor-4300 isif%
G3HT AT (R 2L A M I FH R (IR-D800) X SSR
PR PIAT T IO, XA B SRR R
i, VKGR SR, RBUES, HERTEL . PR
N FH A B, SSR-PCR 414 7= W 1) A L e ksn il o7 v
#on LU TP-M13-SSR #tknill frfAl, JoHiE &2
R 15 KBRS AR o 12T IEANA AR LKA
T7E A 1R — R AR 11 e o R i (o S i, A AS
PRI BEIRAT, rATE R . R, KRR
R AR A A4 B, 17 FL Licor-4300 i5i4% 43 Bt
PR R, RS0 E BER AR 4

4 i

SSR J3 W47 Hi Bl e DX /N2 S R TR AR A% 22
PEPEARE S, HIX 2 10— 225 Ak
St B SAAAE TR NS, AN X TR AE R DA R A0
A I A2 30 o

References

(1] Zisy, B30 HEVNEEN. Jeat PERLRHE, 2002,

Li Z Q, Zeng S M. Wheat Rusts in China. Beijing: China Agricultural
Press: 2002. (in Chinese)

[2] Chen X, Line R F, Leung H. Relationship between virulence variation
and DNA polymorphism in Puccinia striiformis. Phytopathology,
1993, 83(12): 1489-1497.

[3] Hovmeller M S, Justesen A F, Brown J K M. Clonality and
long-distancemigration of Puccinia striiformis f. sp. tritici in north-

west Europe. Plant Pathology, 2002, 51: 24-32.



2770 H &R B 2%

[4] Enjalbert J, Duan X, Giraud T. Isolation of twelve microsatellite loci, [17] Hovmeller M S, Yahyaou A H, Milus E A, Justesen A F. Rapid global
using an enrichment protocol in the phytopathogenic fungus Puccinia spread of two aggressive strains of a wheat rust fungus. Molecular
striiformis f. sp. tritici. Molecular Ecology Notes, 2002, 2: 563-565. Ecology, 2008, 17: 3818-3826.

[5] Enjalbert J, Duan X, Giraud T, Vautrin D, Hovmeller M S. Genetic [18] Hovmeller M S, Justesen A F. Appearance and interpretation of
evidence of local adaptation of wheat yellow rust (Puccinia striiformis atypical phenotypes of Puccinia striiformis f. sp. tritici in NW-Europe,
f. sp. tritici) within France. Molecular Ecology, 2005, 14: 2065-2073. Australian. Journal of Agricultural Research, 2007, 58: 518-524.

[6] Shan W X, Chen S Y, Kang Z S. Genetic diversity in Puccinia [19] Hovmeller M S, Justesen A F. Rates of evolution of avirulence
striiformis Westend. f. sp. tritici revealed by pathogen genome- specific phenotypes and DNA markers in a northwest European population of
repetitive sequence. Canadian Journal of Botany, 1998, 76: 587-595. Puccinia striiformis f. sp. tritici. Molecular Ecology, 2007, 16: 4637-4647.

(71 MICWI, BRRE, RERAE, EOBH, RAZA, AR TR RK s [20] BBE, BZHE, BARE, RN, R JRIE N5 R
X /NFE AR T AR TEIR DNA $REUHT. WIAIR, 2005, 24(2): B 2 [¥) DNA 8805087, BE2EldR, 1996, 41(15): 1427-1430
199-206. Shan W X, Chen S Y, Hui D W, Wu L R, Li Z Q. DNA fingerprint
Zheng WM, Chen S Y ,KangZS,WangY, WuLR,LiZQ.DNA analysis of pattern isolates of puccinia striiformis f. sp. tritici in China.
fingerprinting of natural population of puccinia striiformis f. sp. tritici Chinese Science Bulletin, 1996, 41(15): 1427-1430. (in Chinese)
in Tianshui area. Mycosystema, 2005, 24 (2): 199-206. (in Chinese) [21] B TE, BRs2w, RN FE/NERBRGAT N RAPD 43 #t

[8] Wang X J, Zheng W M, Tang C L, Kang Z S. The development of a thE R ELE, 1995, 28(5): 1-7.

PCR-based method for detecting Puccinia striiformis latent infections Shan W X, Chen S Y, Wu L R. RAPD analysis of epidemic races of
in wheat leaves. Europe Journal Plant Pathology, 2007, 9: 232-236. puccinia striiformis f. sp. tritici in China. Scientia Agriculture Sinica,

[91 YehF C, Yang R C, Boyle T B J. POPGENE, the user-friendly share 1995, 28(5): 1-7. (in Chinese)
are for population genetic analysis. Molecular Biotechnology Center, [23] FEMgAE, e, ARG, BRAMEEE N R R E AR IR
1997, 24: 112-118. R EE R, 1994, 25(4): 347-351.

[10] Nei M. Molecular Evolutionary Genetics. New York: Columbia Shang H S, Jing J X, Li Z Q. Mutations induced by ultraviolet
University Press, 1987. radiation affecting virulence of puccinia striiformis f. sp. tritici in

[11] Wright S. The genetical structure of population. Annual Eugenetics, China. Acta Phytopathologica Sinica, 1994, 25(4): 347-351. (in Chinese)
1951, 15: 323-354. 241 5 W, HERE, SR NERBER T IR E AN LA

[12] sKER, 5 A BERRE AOT U M Ede LBk 1. —RAPD FIBRIOBITL. PHALRI R Z2# ], 1993, 21(2): 97-99.

Bt AMOVA 38T, AEMZFENE, 2002, 10(4): 438-444. Ma Q, Kang Z S, Li Z Q. Study on tube integration of urediniospore
Zhang F M, Ge S . Data analysis in population genetics. I. Analysis of of puccinia striiformis f. sp. tritici on wheat leaf. Journal of Northwest
RAPD data with AMOVA. Biodiversity Science, 2002, 10(4): 438-444. Sci-Tech University of Agricultural and Forectry, 1993, 21(2): 97-99.
(in Chinese) (in Chinese)

[13] Excoffier L G, Laval, Schneider. Arlequin ver. 3. 0: An integrated [25] X&ERE, FRT, 2 #. TP-MI13-SSR R K ILAE F KL £ FF
software package for population genetics data analysis. Evolutionary PERFFUR N . FoKERE, 2007, 15(6): 10-15, 31.

Bioinformatics Online, 2005, 1: 47-50. LiuZ Z, Wang T'Y, Li Y. TP-M13-SSR technique and its applications

[14] Rohlf F J. NTSYS-pc Numerical Taxonomy and Multivariate Analysis in the analysis of genetic diversity in maize. Journal of Maize
System. State University of New York, Stony Brook, NY, Version 1. 8. Sciences, 2007, 15(6): 10-15, 31. (in Chinese)

1993. [26] T, ERF, B O, hia®w, RME, B 7. TP-MI13 A3)

[15] Justesen A F, Ridout C J, Hovmeller M S. The recent history of GENATITLAT G SSRFHE LA 70 S v KB . R A 30t £ 08 AR,
Puccinia striiformis f. sp. tritici in Denmark as revealed by disease 2005, 6(1): 68-70.
incidence and AFLP markers. Plant Pathology, 2002, 51: 13-23. LiHY, Wang TY, LiY, Shi Y S, Song Y C, Lu P. Application of the

[16] Lorys M A, Christian L, de Vallavieille-Pope C, Neema C. Genetic TP-M13 automated fluorescent-lablled system of SSR genotyping in

variability in Puccinia Striiformis f. sp. tritici populations sampled on
a local scale during natural epidemics. Applied Environment Microbe,

2002, 12: 6138-6145.

sorghum. Journal of Plant Genetic Resources, 2005, 6(1): 68-70. (in
Chinese)
(BTGt

C e



