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B /NEZEMEFESESAREESEE

F B WEET' Hert X T OMEH ZTRA"

(1. PEALAMBHCR A R 2B, XA R [ 5 S0, BV A 7121005
2. BT ARG, BRPY R 712000)

HE . AT RIED L D& Q% 18 Blumeria graminis £. sp. tritici FEAR SR AE T FH L, A
A 324 Ede it G B R A B D e AP (R AT 2013 47 2014 -1 0 5 /) & G0 A BRAR G 45 ik AT
m T, IR Y HE R B K E % A M (amplified fragment length polymorphism, AFLP) #7323t 2014 4
e G 4 5T R AT IR LR A TR T K mhAR 69 H G ROR T S AN A G B ARk
118 G4 B B ARSAT I AF S HE 4T, H M BN 2 R B 7, 89500 & &8 18 BHIK AT Pmlc.Pm2 .
Pm3d. Pm4a.Pm4b . Pm5b.Pmi3,Pm2l.,Pm24,Pm30,Pm2+6.Pm2+Mld,Pm2+6+7?,Pm4b+5b,
Pm4+? ,Pm5+6 9 -F 35 Z MR A 0~17.23% Z_ 18], F R 3% 26 K B 0 M AR 30T 5 5 Pmila . Pm3b .,
Pm3c,Pm3e.Pm3f.Pm7 .Pm8 .Pm19.PmI+2+9 &4 -F 3 Z 30 F AT 69.17%~99.60% Z_ 18] , F B X
AR EER, AL Be) 6 AFLPAR I T 3 83 IA S AL 5, 5L 5T 5 A
94.86%; /1 % B A BRI AR £ AR B A=A RAZ B8 E 571 4 0.1151 42 0.2036, % T 7 £ &%
BT RN E o BRI A B R A 4.7939, £ SAS D Z @ A BRR R R B LA T2 BRRA) 1
HJE B A 226 B W B H EA X

KEIR: N E; abA; FREM, BESHEE, THARKE S SR

Virulence and genetic diversity of Blumeria graminis f. sp. tritici
collected from Shaanxi Province

Li Qiang' Shen Xuexue' Yang Jinye'! Wu Lei' Shao Yujuan® Wang Baotong'
(1. State Key Laboratory for Crop Stress Biology in Arid Areas, College of Plant Protection,
Northwest A&F University, Yangling 712100, Shaanxi Province, China; 2. Xianyang Station

of Plant Quarantine, Xianyang 712000, Shaanxi Province, China)

Abstract: To characterize the virulence and genetic diversity of Blumeria graminis f. sp. tritici (Bgt)
population in Shaanxi Province, a total of 238 isolates collected from the province were tested against
32 wheat cultivars (lines) with known powdery mildew resistance genes in 2013 and 2014; the genetic
diversity of 118 isolates from five geographical populations in Xi’ an City, Xianyang City, Weinan City
and Baoji City of Shaanxi Province and Tianshui City of Gansu Province was analyzed in 2014 with am-
plified fragment length polymorphism (AFLP) markers. The mean virulence frequencies of the resis-
tance genes Pmlc, Pm2, Pm3d, Pm4a, Pm4b, Pm5b, Pmi13, Pm21, Pm24, Pm30, Pm2+6, Pm2+MId,
Pm2+6+?, Pm4b+5b, Pm4+? and Pm5+6 were 0-17.23%, indicating that these genes were still effec-
tively resistant to Bgt, whereas those of Pmla, Pm3b, Pm3c, Pm3e, Pm3f, Pm7, Pm8, Pm19 and Pmi+
249 were 69.17%-99.60%, suggesting that these genes had lost their resistance in Shaanxi Province. A
total of 831 polymorphic bands were identified by six AFLP markers, with a diversity frequency of
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94.86%. The Nei’ s gene diversity and Shannon’ s information index of Bgt populations were 0.1151

and 0.2036, respectively. The genetic variation of Bgt isolates mainly occurred within the population.

The gene flow values of the five geographical populations were 4.7939, which indicated that the suffi-

cient exchange of genes happened among these populations. Moreover, there was a significant positive

correlation between their geographic distances and genetic diversity.

Key words: wheat; Blumeria graminis f. sp. tritici; virulence structure; genetic diversity; amplified

fragment length polymorphism (AFLP)

INZE IR A2 L P AF AL TR Blumeria graminis
f. sp. tritici 5|2 B AL L P F (] K 55,
1998) . M 20 22 70 AFAR IR , B /N2 AT
A KL S B i, o) 2 SR 2L 1ML 2% 1B/
IR & Pm& HE DA G A A R T ARE) ™, R /INAZ R
R T AR 5 R P — BB E — DR K-
MR b A2 BRI T 22 5F AT RO A i A
Tt TN FUB G REE E  BEA s S A
BEMEIRAFRE L, PO R T RRUE) R 3~5 4R 32
RAURTE, DI, BB/ INAZ PR IR PR PESS R0/ NAE
PO B R SR G B A HE R L RN
o Jg ST A B A B AL A , RIS
FURY TR R AR 1382 £ 22 R, Bt DX T g T ) I
FEVRSZIRL , R E— 25 Tk OB A AT KL A
I Bl A SR HAT R S

1T FE] A A1 g SR P — 2 e 1 i ALt Ao
(R PEAT /N IR RIRF R FEPESS A Il o Parks et
al.(2008) Fl EI-Shamy et al.(2016) 43513 i 16 > Fi1
214 BRI R BRI T 2003—2005 4F
S EZR M HR AN 2013—2014 4F 3% Jo/INAZ R T 0 1
PRTEEESEA . [ Y ITARE R X RS (2R IE£155,2012) |
PO CRFR A, 2015) VHOA (B EESE,2015) RIEIT
(ZEH 0I5, 2015) (AR (FFEEAE, 2016) R (£ 4k
FEAF,2017) A5/ A F2 8™ DX/INAZ K R ) R PR 4G AL
WIFIE T KRBT, FEAUIH 125 M/ 2 R Y
BEMEBL DRI BT LA

Bl DNA 73 TARC AR A PR & i, FEALY 4
Z 514 DNA (random amplified polymorphic DNA,
RAPD) . fiij B 5 & J¥ 41| IX [H] (inter-simple sequence
repeat, ISSR) . fi] . H &Z J¥ | (simple sequence re-
peats, SSR) "3 i Br K i 2 M (amplified frag-
ment length polymorphism, AFLP) AH G4 1 £
A P (sequence - related amplified polymorphisms,
SRAPs) Il L% 11 IR 2 75 1 (single nucleotide poly-
morphism, SNP) SFARiCE AR O &4 2 T/ NE A
A B L ZREE I ITSE (Brown & Simpson 1994; Wy-

and & Brown 2003 ; 5% /D845 ,2007) . W FHLL F4)
FARICHE AR, H A% (2009) . Xu et al. (2014) 1
Liu et al.(2015) 73 %t 52 M | 75 6 A1 00 )1 44 1 /N4
I3 PR AR 35 1 Z AR R AT T i 5 B = A
(2010) A58 2555 (2013) FIACHEHE 45 (2015) 43 1%t
RS AR R AE S AR AL X B4 /N2 Ry TR AR st
G ZREPERETT TIESE . Ak, 2B = A5 (2010) Hrgs
T ISSR Fl AFLP I Rl Az {0 6 (1083 T8 B A4 18t 4% 2 4
PEAS I () A 25 S R SR W] 2 bR iC RS T
WAL ZREME 0T, /B AFLP L ISSR B R 6.

BV /N AFRME T AR ZY 108 J5 hm?, T4k
/NFE PR S T T RRURIRE 2 3 ks 4, 8 2015—
2018 4EBk VG A M A4 S SE T, 18R AE Y % Ak T
T2y 46 J1 hm?, 5 /NZZ PR T AR 1/2 2247, U H®
ZIRILREIT LML IX, B AR e ER R E, LW
T-45(2009) X 2008 41 B2 P4 45 /INAZ PRy B R E AR B P
SERIEAT T W B XS A 2R RS TS .
WA AR SR BG4 7 INAE UK DR R B P 25 H) R st 1
AR S B, R FH 32 A4S B AT F R o 3k DR A R <2
2013 4FF1 2014 4148 /N2 RS TR B BFAR B 4544
I AFLP FRic X BE VG 45 P4 2 i s BH T L JH B
T G T RN 2R 1248 R H R KoK T 5 AN/ N2
W R IE Tt % ZRE 0T, I /N STR B
Fofr | it 5 AT SR A S s B s B LR 22 A -

1 MBS RFE
1.1 w8

BERFE R ALY - 2013 4EH1 2014 4 F/NE 8
Joa AR W1 I 2 B (4 H W1—S5 H hdg) 23 51 Bk PY
AR PR mREAEEE R R =R
B R R E DOk X e A B
B WA B E GEE G B AR BRI,
FAGTHBREX JE B g LB AR KBS B () A
] S B FH BRI /INAZ LSRR /N UM R BRAE o /)N
2 FURBY BRI 9 20 5 Al AR R T FH/INZ SRl N 1R
I S A FE ELT R P LR MR KA R
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e/ INAS o UL B D S P s e e e a f it .
TEEMESEE 1Y 32 C RN VR BE DR /N 22 b
( & ) f1 4% Axminster/8Cc ,MIN, Ulka/8Cc, Asosan/
8Cc. Chul/8Cc. Sonora/8Cc. Kolibri, W150, Mich.
Amber/8Cc . Khapli/8Cc . Armada ., Aquila, Timgalen
Coker 747.CI14189 . Kavkaz,R4A . Amigo. XX186.
g 4% 9918, ik A A& . 5P27. C112632, Maris Dove.
Maris Huntsman ,Kenguia 1,Mission, [ ¢ 3 5 . Cok-
er 983 . Normandie . Era , /)]s 44 32 5 2 N80 /N 22 X
HE S Fh Bl < 1 Chancellor, LA Sh R (R ) LA F
SRS BT H R FOK T 19 MR/ N2 RS TR T
By v AL B2 BEAE I RAP BIETE T /N2 Ry 5
Bt

0.45% /K B AR I 5L BUIE B 0.9 g K85 1K
200 mL.0.012 g AEIf-bRmk

I S ALES : Tag W , N5 K MBI Fermentas 23
A ;dNTP . PCR-Mix, A= T A4 TR (i) Befn A B
/N H] 3 AFLP Digest-Ligation Buffer , AFLP Digest-Li-
gation Enzyme Mix PN UIFI T4 4451 , A S84 Y)
FR (A 50 A PR 7 5 70 5 5 W A5 Liz-500, 36 [
ABI 2 F] s Hg iR 20 (7 73 Hr4li . BioSpec-na-
no U 43T, H AR B HEA F] 5 Quantumst 4 #E
J A% Z 46 , 2 [ Vilber /A #] 5 TY-SPCT 7K F- Ha ik
R, AE SR BT AUk s A BRZ Rl 5 3730XL Il
1, L E ABIAF].
1.2 FHi&
121 N EapEe s B iR g

2 MR = A5 (2010) J5 1A %) 2013 4FF1 2014 4F
i R AL /INAE VYRR EA T 20 B 2k, 23Sl 4 2
125 BRAT 113 PR AL T HERIR o Ao St 7 M T ik
PRAFAE S b FiorE 20 b, T 4°CukAR IR
F1,30~40 d B4 1 k. TR FNIg % ZHREPE AT
ZH R FITA B HE TR AR 20 ] A v R
R LT AR AT 8 AR B R A Y o A 1
T RE .
1.2.2 R E & QB AR Ak 25 AT

G BG4S PU T R T T R TR S T
2013 4FAY 125 B/ BT R ARCRT 2014 49 113 £k
INAE AR DA MR A TRE R G5 A AT o SR A
B Rh J7 2 I R /N2 18 T A R PR (B 7 55
85,2012) o 45 BT R EE R A 324>/ A2 i b
(FR) 1 2 AN /N2 Xof BRI 2 I 43 31 7% o 1)
10 em /NMERN B 1AM (R), 4
15~20 R+, FFAIEER 1 it R s 2RI s L AE

R TAE G BT 7 [ A i BE 3 om, AR
T 8 emx8 em JrIEREFR LAY 0.45% 7K g 15 77 4
(55 60 mg/L IZASPIRIE ) , BN PRIAR 3 IRE R . %
T IR SR ML TR B ST, K WA B 1) B~ M
L 00070 & o (a2 LE S [ SIE AN S B v B - A AN A
Pl (Z2) KBt BE AP L 365 T 17°CO IR R 5%
FENE IR, A HOLIR 16 h ZBIE 8 ho A ER X IR/
2 A IR Ay KR e, i BRI A (1992) 43 RAnifE
1 T AT AL/ N2 Rl RO s Y, e, 0,05
1.2 e O AL, 3 4 Sk 8 R i A AR A =53
AT 2013 45 F1 2014 4F /N2 OB TR I FEPEAIAR , SR
Je TR 2 AR R A, BRI = ) B AR/HE T
FEx100% .
1.2.3 A #DNAFEIC AFLPY ¥ fePCRAE M

/INFZ FA RS BT A DNA B3R HC: BG4 2014 4F
Sy ESAiALIY 113 BRFAIE T BEAILBEH 99 &, Hrh Py e
7200k BT 32k TE R T 22 K XS T 25 8%, 0
LTINS H RS KT 19 BRTRRE , £ 54
HPRREAR 118 BR AR ] T/ N2 Uy R IR 548 2 4F
PR R 118 BRI MR TEME B2l 9 Sl e oy
A Al , Il FH CTAB i 43 5l £ HU DNA (5 7K %
2006) . LA 1% Byt BE i F ik A1 BioSpec-nano 43-1]
R DNA F9 40 B v B

AFLP £ M (4% 3L R 5190 : EcoR T 453k 1 F1 2
(5 -CTCGTAGACTGCGTACC-3"/5" -AATTGGTA -
CGCAGTCTAC-3") ,Mse I $:3 1 F12(5'-GACGA-
TGAGTCCTGAG-3"/5'-TACTCAGGACTCAT-3" ),
E 5% : E00(5' -GACTGCGTACCAATTC-3' ) .E42
(5"-GACTGCGTACCAATTCAGT-3") .E45(5'-GA-
CTGCGTACCAATTCATG-3" ) ,E47(5' -GACTGC-
GTACCAATTCCAA-3") \E78(5'-GACTGCGTAC-
CAATTCGTT-3" ) &M 5|4 : MO0 (5" - GATGAG-
TCCTGAGTAA-3") M47(5'-GATGAGTCCTGAG-
TAACAA-3') M49(5' -GATGAGTCCTGAGTAA-
CAG-3") .M64(5' -GATGAGTCCTGAGTAAGAC-
3") .M65 (5" -GATGAGTCCTGAGTAAGAG-3" ) .
MS86(5' -GATGAGTCCTGAGTAATCT-3" ), ¥ 4=
TAEY TR B A BRA R G . AFLP {5
BaVES 2% Vos et al.(1995) /7. EcoR 1/Mse 1 X[t
Y1 BU) SO 5 42 SO [/ 203847 . 20 pL fg ) 5 3%
F WA Z 10 pmol/L EcoR 14235 1 uL. 10 pmol/L
Mse 1 #3k 1 uL . 10x AFLP Digest-Ligation Buffer
2 uL . AFLP Digest-Ligation Enzyme Mix 1.8 pL i
Hz DNA 5 pL.ddH.0 9.2 pL. i) — i 4 =2 i 51
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J25°CHLT 5 h, 1% SRR B EL KA

20 pL Uy 4 f2 W 44 & : 20 pmol/L E00 1 pL .
20 pmol/L M00 1 pL .2xPCR Mix 10 pL . i) -4 4
Mt DNA 4 uL.ddH.0 4 uL. PCRYHFEFE :94C
AP 3 min; 94°CAEPE 30 s, 50°C &2 130 s, 72°C 4E
11 min, 30MEFR. 20 uL BEEMY 1A FR :20 umol/L
E5 %1 uL.20 pmol/L M54 1 pL . 2xPCR Mix 10 pL.,
Bt DNA 5 WL (T 3875 B 20 /%) \ddHO 3 L.
PCR 4" B4 2% : 95°C 22 P 5 min; 95°C AL 35 s,
65°CHPE35 s(BEFRFE(L 0.7°C) , 72°CHEfH 1 min,
12 MG R 5 94°C A8 30 s, 56 °C 521 30 s, 72°C ZE A
1 min, 23 MEFR . $4 100 1 FRFL LK B kG 5 5
T i AR Liz-500 127, SR 5 B 15 uL A b
M, A1 ul F B 10 £% 19 PCR 7= 9, d¢ I
3730XL MFALHA T B A4 FIK
1.2.4 B4 Z AR BRI AE LA RS AT

i af N R AR B B, ik E42M65
E45M86 . E47M47 .E47M49 . E78M64 il E78M86 iX
6 X Z AR5 1AL A, R 6 %5 [5x4t
118 BRI AR AL K 20 DNA #E17%¢ 6 AFLP 4% . A
FHl GeneMarker 2.2 X EXF 118 AL & 6 X 51 14 &
P17 Wy AR B 0 SR GG BOE ST AT B A5 Tk
TE P51 BRI B 5 A S B A A T L
BOAT AR R BER/IN. FARYRE O LA 9 1 Ol 5%
0.1 ZoeBdiRF R . Giitas g1 A GY 8
2 SR B 2 AR S RN iRl A R
MR E R, LB E S R=2BMN R
AL X 100%

FIH POPGENE 32 J {41155 /N22 FUR BT 5 A4 b
PR A (%) 25 37 3 R B V. A 30505 7 L DR VL B TR
ZREPERR B H AR BI85 Pt 2 S
B Nei’ s Bt L #0285 Fs AL —30% . AR Nei’ s it /%
#E2, FHAE AL 4L -3 3 (unweighted pair - group
method with arithmetic means, UPGMA ) Xt /N2 [ ¥y
RS M U AR A T SR 2 00T 5 Sl W b L 2 0 A
PRI st R B A2 M) L 3 FH SPSS AR (A7 745 B
A TA] F0) 8 A 1 8 0 b LR B A R SEME 20T o

K H Arlequin 3.1 24T 3= A% 900 BB G,
Gw=Dy/H,, Ds=H~H,, 2\ DA RER] 515 2R,
HOR R 200 HORER N s 2. K8
Wright(1951) %15t (55310 RECFIE R A Fae , 24 0<
G.<0.05, F /s FEIAR ] L85 , 0.05<Ga<0.15, TN
H 25004k 50.15<Ga<0.25, Fom 3 E ik 5 G>0.25,
FREE b FERR No 2 F AL B R aE 1] 3L A

AR BE (Nei, 19755 Slatkin, 1987) , AR # 2S R Ak
B LRI Novy No=0.5% (1= G) /Gao £5 Na<l, 321 3
RIS JE DAAIG I A B AR 5 | R i st A% oAk, AR 28
T AL AL B TEBE 5 25 No>1, 28 WA 8] 6 TR 3
7K R TRIE AL 3 AN 5 2 No>4, R
A [10) 1) 5 P 52 o A 7848, 545 40 AL HE /N (Whit-
lock & McCauley,1999) .,

2 HER55H

2.1 BEEA/NEZEMEARESHELEY

2013 4F-F1 2014 4F B P4 48 U 22l i FH T JJE R
TR AT 125 BR A 113 Bk /NAE R B 6 Pmla
Pm3b .Pm3c.Pm3e .Pm3f.Pm7 .Pm8.Pml19 .Pmil+2+
PRI A AT B B AR A T 69.17%~99.60% Z.
(], 2% B3 Sefp R 56 [ 2 3% A A A E 5 X Pm3a.
Pm6 . Pm17.Pm4+8.Pm“Era” ,Pm“XBD" $i 14 % K
(- B TR R A T 20.17%~44.40% 22 [6] , F2 0 3%
S B A A — 2 B R AN, (EAS S B ol
AL NS e i SR 45 G R s X Pmic, Pm2.,
Pm3d. Pm4a. Pm4b. Pm5b, Pmil3. Pm24. Pm30.
Pm2+6.Pm2+Mld, Pm2+6+? . Pm4b+5b . Pm4+? .
Pm5+6., Pm21 UYL 3L F 197 35 5 PR MR A T 0~
17.23% 22 [, % B 30 B 40P 3 RS A5 48 s 9 R A
H(FE1),
22 SPMNMNEEMEEKEESHEEST
221 SAVNEGHRAERAFLPS |4 % S MR EHH

E42M65 . E45M86 . E4ATM47 . E47TM49 . E78M64
FTE78MS86 X 6 % 5| Y2054 15 ) 22 8k S 4K
I T 98~186 Z [ , Z & M H 45 % H 93.33%~
96.88% , Z2 Ak 45 K/NK 35~493 bp. 6 X5 121
ALY 831 A AN AR S 1S
138.54 , 2L 5 H 43 LR 94.86%
222 SANDEEGBRABARSTEAE SR

PULEREAR sl PHAEA T BRI L XS BRI R
TRBEAR 54 /INZ AR TR BEARTE DRI A B 457 A
DRI A S5 o SE PR SR T 2 PR 2 AR A5 R

ORI 2 25 PR A 43 43 51 R 1.9486,1.1653

0.1151,0.2036 F1194.86% . A [m] 1t B R4 ] 15 1% £
FEESBAATE 2 S, o VORI st % ZHE R K
e, AR DRI AT RIS o BE R B R R 2
T8 5 A AT B AR BORM 2 A 5 E 3 4 il
1.6724.1.2099 .0.1384,0.2283 F167.24% ; K IKBEA |
T BB RIE PHBE AR ., XS ARRAR (£ 2) .
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R1 ETRACHAREMFRERNERM(R)H2013 £52014 FRRAZNEAME AR FERENELR
Table 1 Virulence frequencies of Blumeria graminia f. sp. tritici collected from Shaanxi Province in 2013 and 2014

based on 32 wheat cultivars (lines) with known powdery mildew resistance genes

FEMESH K Virulence frequency (%)

i (5R) PivEFEN
Wheat cultivar (line) Resistance gene 2013 2014 V1 Mean
Axminster/8Cc Pmla 84.80 85.84 85.32
MIN Pmlc 8.80 25.66 17.23
Ulka/8Cc Pm?2 15.20 16.81 16.01
Asosan/8Cc Pm3a 19.20 30.97 25.09
Chul/8Cc Pm3b 64.00 74.34 69.17
Sonora/8Cc Pm3c 76.80 83.19 79.99
Kolibri Pm3d 12.00 8.85 10.42
W150 Pm3e 80.65 86.73 83.69
Mich. Amber/8Cc Pm3f 87.10 91.15 89.12
Khapli/8Cc Pmda 20.80 11.50 16.15
Armada Pmd4b 20.80 9.73 15.27
Aquila Pm5b 2.40 5.31 3.85
Timgalen Pmé6 30.40 58.41 44.40
Coker 747 Pmé6 35.20 45.13 40.17
CI14189 Pm7 99.20 100.00 99.60
Kavkaz Pm8 88.80 87.61 88.21
R4A Pmli3 3.20 0.00 1.60
Amigo Pml7 27.20 18.58 22.89
XX186 Pm1i9 61.29 83.19 72.24
FA4% 9918 Nannong 9918 Pm21 0.00 0.00 0.00
IR A Chiyacao Pm24 2.48 1.77 2.12
5pP27 Pm30 22.69 11.50 17.10
CI12632 Pm2+6 5.00 4.42 4.71
Maris Dove Pm2+Mld 1.64 1.77 1.70
Maris Huntsman Pm2+6+? 4.84 0.88 2.86
Kenguia 1 Pm4+8 26.67 30.09 28.38
Mission Pm4b+5b 15.32 8.85 12.09
H 4 3% Baimian 3 Pmd+? 12.10 5.31 8.70
Coker 983 Pm5+6 4.84 14.16 9.50
Normandie Pml+2+9 66.13 90.27 78.20
Era Pm*“Era” 12.10 42.48 27.29
INAAF Xiaobaidongmai Pm“XBD” 12.90 27.43 20.17
B % Funo (CK) ~ 100.00 100.00 100.00

Chancellor (CK) - 100.00 100.00 100.00
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Table 2 Genetic diversity parameters of five Blumeria graminis f. sp. tritici populations

from Shaanxi Province and the adjacent Gansu Province

y FE it i " B Sipe PAa% Cokp 7 5k HAalL
TN FEREL JSE e
. Sample No. of Gene No. of Percentage of
Population . No. of . . . Shannon . .
size effective diversity . polymorphic polymorphic
alleles . index . .
alleles index loci loci (%)

[iif7giERIN 20 1.6724 1.2099 0.1384 0.2283 589 67.24
Xi’an population
Jo P4 32 1.5331 1.1485 0.0968 0.1612 467 53.31
Xianyang population
THmREA 22 1.5685 1.1535 0.1036 0.1748 498 56.85
Weinan population
FAGHHA 25 1.4600 1.1300 0.0847 0.1409 403 46.00
Baoji population
RAKHEMA 19 1.6153 1.1549 0.1103 0.1895 539 61.53
Tianshui population
SR - 1.5699 1.1594 0.1068 0.1789 499 56.99
Average
YyFhsK S 118 1.9486 1.1653 0.1151 0.2036 831 94.86

Species level

223 SANDEOBABREAEIE B —HE
PULEREAR s PHAEAR T B REIAR L XS B RITR
IKFEAR S AN /INZZ 1R TR A ) SR 35t 4% R B8 A
0.0010~0.0244 Z 1] , 515 —FELE 0.9759~0.9990 Z
[, 2 BT R AL 1 B30T, 1A — B0 R . PRVE
FXGTER VUL R SRR R AR 4 4 /N2

FR BRI 22 [0 (10 28 4 1 3 i /N T H S5 R A
FIKFEUR 2 6] (Rt A B 5, A0 52 RS TR S5 P e R IR
Jak B TRE A R T o T A At A% B S 40501 M 0.0114
0.0103 F10.0120, Ifii T AGFEAR 5 H i 4 ROKFEAR Y
M I B R 0.0244 38t % — BRI 5 38k A4 B 5 1Y) 245
FHI(F3).

®3 BRAARMOSHFEL S M N EAMEREREERMEE-—HE

Table 3 Genetic distances and identity among five Blumeria graminis f. sp. tritici populations from Shaanxi and Gansu provinces

LN FAGHHA PO REA

Population Baoji population  Xi’an population
EAREE - 0.9887
Baoji population
PHSBEA 0.0114 -
Xi’ an population
@Bﬁﬁﬂz{x . 0.0103 0.0030
Xianyang population
UL 0.0120 0.0041
Weinan population
SRR 0.0244 0.0238

Tianshui population

JRFH A HERaRGAE KoK
Xianyang population ~ Weinan population Tianshui population
0.9897 0.9880 0.9759
0.9970 0.9959 0.9764

- 0.9990 0.9783
0.0010 - 0.9836
0.0219 0.0165 -

KHALELUT Mt i, XHAZRLL L Ristfe—EU% . Genetic distance is below diagonal, and genetic identity is above diagonal.

AL R BN 0.96 B, PU L2 FEAAR il PHERA
FAREIR G FEAFI R K B 5 AN /N VR TRTREAAR
R 228 R B P 45 (0 PE 2R IR R R T
R RI XS BRI — 2 (1), HIR A KoK
PRI —2s o /INAZ OB BRI AR () b B 5 53
T A B B A SR A M4l R o, AL R S S b P
PR 5 I OE R OG A G M R B 0.8350 (P=

0.0050) .

224 SADNEEGBHRRAFREESNLRZHSE AR
FXGHER VYL REAR S BHAF A 8 mE AR

KBRS NS/ E P IR St Z 1R
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Fig. 1 Cluster analysis of five Blumeria graminis f. sp. tritici populations from Shaanxi and Gansu provinces

based on unweighted pair-group method with arithmetic means
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