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Temporal dynamics of the population genetic structure of grapevine downy mildew
pathogen Plasmopara viticola under open field and rain-shelter cultivation
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Abstract: In order to determine the genetic structure and diversity levels of grapevine downy mildew
pathgen Plasmopara viticola populations under open field and rain-shelter cultivations, their genotypes,
genetic diversity and genetic differentiation were analyzed by using the samples collected from the two
cultivations in 2014—2015 with six pairs of SSR primers. The results showed that the Nei’s genetic diver-
sity index and Shannon’ s information index of P. viticola populations under open field and rain-shelter
cultivations were more than 0.14 and 0.32, respectively, indicating the existence of rich genetic diversity
in the two populations. Rain-shelter could significantly reduce population allele number and allele fre-
quency. The epidemic pattern of downy mildew under open field cultivation showed moderate level of
asexual reproduction. The primary and secondary infections contributed 26.1% and 73.9% to the epidem-
ic of downy mildew, respectively. The epidemic pattern of downy mildew under rain-shelter cultivation
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showed high level asexual reproduction. The primary and secondary infections contributed 4.3% and

95.7% to the epidemic of downy mildew, respectively. Oospores played a key role in genetic variation

and effective overwintering of grape downy mildew. From 2014 to 2015, the main epidemic genotypes

contributed 44.5% and 51.8% to the disease epidemic, respectively, while the contribution rate under

rain-shelter cultivation were 84.2% and 87.1%, respectively. The main epidemic genotypes of the patho-

gen population were the same under open field and rain-sheltered cultivation in the same year. There

was a significant positive correlation in the allele frequencies and frequent gene exchange was observed

between the two populations. It was speculated that the primary infection of downy mildew in grape un-

der rain-shelter cultivation mode originated from sporangial dispersion caused by reinfection on the

pathogen plants in open field cultivation near rain-shelter facilities.

Key words: grape downy mildew; rain shelter; disease epidemiology; population genetics

7 R A THE SR PN 3 e 2 () — R 2
S, FE 98 [ RO A5 22 T I DX E A T
(Gessler et al.,2011) , Hoip5 J5 7 45 25 P 55 25 Plas-
mopara viticola P2 LA AR Fr, 15 B R fE A
W&, SRR , IR Y ALy SRS
PR R, 3 A28 , AR BI00 ™ PT 3K 209%~80% (4%
4,2004) . 154K 1k, % FE AR B BT G LU i
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AL AT A R A I TR T AR 2 s ) AN
PRI R RV A 5 (RISt T S 25 688 {1 e R 410 P A AR e
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2017) o bR B A5 2 R e S ] A U AE
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2016)
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BREhAS 22 5 Y Bk s i DA SR A T A T
R AL I A e R B AW A G T2 AR b R bR
BN M FR R R R AR T H X —
i 5 2203 T AT A B AR . SR TR T A
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Gobbin et al. (2003) . Kennelly et al. (2007) il Yin et
al.(2014) 4R AR IR B (14 47) 12 Y FE TR L R PR e
PRI o) T A Jre PR ALK TR , 447 60 2 R 2 R A
G328 3 FRATIAL, ZERC e R R AR R Z
Hosi g e o TR AR A RS b S5 0 Jo Pk S
K-, B T A 2 A A 2R N RS A R, X
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(1972) BYECBOARTF , BIVRT A ARAS 1 816 X555 3 Ui
A v B RS A EE LA T 5 SRR A TR B2 | e T ol 2 )
b DX CUn s 1 5 R RRINE AT RS EE ) s o B = KT
8 JC P A, 4 TR 22 A B 3 v A R
K I 75 (Rumbou & Gessler, 2006; Koopman et al.,
2007 ; Gobbin et al.,2010) . {H H Fi i A UL A SCkEF
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SRk 3% X A 2 R R TR R A i % 70 S B A i Y fF
5%, 10 HL AR ARF R 5 0t A 3 TR REAA 9 5t A5 78 5
FRAE 25 5 gh A RERR R 3 R S R M AR 2 [A) TR
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A ST ERETR E AR A i 2 e B i 4 32 X ——
T BHTIAE A 3 AT W X, 2014—2015 4F 3442 2 4F
S A SRAE I 2 i b A ke RR R 1 2 AR i A
FRER B ERE , R SSR 2> Thric i xd e e #r A
17 Rk 5 X 7 ) 1 8 D A A A A5 A T 1) B 25
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IRAR S SRR, PR B R AR A T e T W)
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EHR R AR
1 MR 57*®
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JBIRHFE AR A I T A AR R B RS T

IR S AES - pH 8.0 Y 100 mmol /L Tris-HC1,pH
8.0 i) 20 mmol /L EDTA . 1.4 mol NaCl, 2% CTAB,
2% PVP 1% B-%iKk 1% RNase 7 . 10% B R4 |
95% LI SXTBE UK LR \AgNO, NaOH  HH %5, A=
THAY TR(EE)ABRA A ; Tag DNA R AT ANTP
TRA W Marker, AR AR (LA FRA ] HE
RN A =43 Hr 4l . MM300 = 38 - 2H U S 2
¥ Retsch /A 7 ; DY Y-12 HLIKAY , AL BN —AUAS)
EC3 Imaging System B¢ % &40, £ [FE UVP A H
2720 A PCRAY, 3E[H Applied Biosystems 23 Al
1.2 FHi&
1.2.1 XIS BAERE

T M A A AR AL T A A B B 1 e
HIFERE IR TZ e DR A o e X R 43k i b
R Rk R R 3 2 AR N X Aol TR R
VU, 9 DXAH B 9 m, H (] Fb b /=5 470 7 2 0 o
DU VAEAE R AR AP T . BB/ IX K 25
m, % 5 m, &k 1AEA K 400 %, 478K BB 0.6 mx
0.5 m. HEFTHI R ANZEHE) , TR0 S AT B, 7 MEist (] Ay
BAES iz 10 5 BA), 2 m, #5755 0.5 m, 5
JE5m. 91T 2014454 F 28 A FI2015 44 J 25
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218 Gobbin et al.(2003) R4 7 =X A& Bk .
RAERHI ARG WIRBE = A R B AR B A
WIZE R BT dORBR LUK . X878 7 A B T AL
0.5~1.0 o5}, {1 FH 75% W5 RS 1 75 ) (0 F R 35 5 25
— PR BV AL s O — PR B B TR B AR ORI
FEPRI R R T 1T DAAE/NX AR A . 0 SRR
ATBCRIR B E R R AR/ NX N AR R . AR AR
L A 22 5, R 2 FlOREE T 3 2 kA
REIRHT CBRARSE-EIR BN T 5A4) , R AE/NX N
JIr A7 AT UL 9 B, B 4238 R A J7 X (total sampling
strategies, TSS) ; 24955 5 & A5 R4 = B CEAPRF- 49
BERTF 545, W HHB 7924 77 20 (partial sampling
strategies, PSS) , RIFE &R~ A& i A kL Bl BL 5T B 3 4>
BT, PR AR BERCAE 1.5 mL B0,
I T-80CIR-TF
122 # % 5% 595 DNA IR A PCR ¥ 3%

2 1® Gobbin et al.(2003) J5 1 % R 42 2] 1 s
PEAT 38 A JF SR B CTAB 2 $2 BURE i (1) B
DNA. #FH Delmotte et al.(2006)35 3114 7 % SSR 7|
Y (Pv7.Pv13.Pv14.Pv16.Pv17.Pv31 fil Pv39) X 4
HUH ) 75 559 1 DNA #E 47 PCR Y14 (R 1), 51493y
A TA TR () BRA RIS . 15 pL PCR R
O B Z B DNA 1.0 uL, 10xPCR Buffer 1.5 ulL .
25 mmol/L MgCl,0.45 pL .10 mmol/L dNTPs 0.2 pL .
5 U/uL Tag DNA %45 0.5 pL .10 pmol/L | 751
Y145 0.2 uL, Jin ddH,0 #M 2 % 15 pL. PCR Wi FE ¥
K :94°C A 5 min; 95°C7AE 1 30 s,60°CIE & 30 s,
T2°CHEAH 30 5535 MG ; 72°CHEM 10 min, §7 55
Y1 I 8% 5 VN e Tk g 5 sk L V7K, >R FH AR % vk i s o
PRI T 2 AR TR i S A T T
AL S 73T -

123 HEHFEFRE AR AL E B A TTakFagn 2

FT Gobbin et al. (2003 ) X 4 2 75 559 B 3 4]
RIS kAT o 2% A AR TR L PR R A s B
T[] — IR 96 T W2 G I 1 e i X i 2
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FH IR AR YL BE , 1 i A -5 A 7] 35 PR 75
P AW A= 8 B ™ A 118 96 72 5 | R 1) P-4 e o
BE . 2 B Gobbin et al. (2005) fl Koopman et al.
(2007) 5775 K FE PR L 532k 504 7 3L PR A (A pp—
AR N 2T IEGE T 50 IR BRI AL ) LR
AT IER Y (FE . — A K FR A B 1 R S A
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) FEOCHA TR R (R B — AR R N S B
AR T 50 WHYFEN Y ) o R — A R =y H B
R BT 3 ARA T HE DR R e B AR Y 1 44
EHFER L G, IRACFSER B G, FIER 3 fLFAS A 2
Gyo ANBIFFERE 8 40 R R TR TR A SO T S 7E
HE DRI BN, AT B DR R T A T A8 BTk
JeTE— 7 I E] A (1 U8l A i [A] g B — A R 2R ) 1%
FLPN I SR BRI G iR R R BRI 3

PR G X 3 1) DR A LR i T35 PR AR B
R I PR ARG BEER Y BT BL 5 PR e X 5 1Y) DTk
2Ry FEOA T DR TR R S 5 DR R BRF A o 4 i
RIRREBEE A H 43 b 2 1, 2 B8 Rossi et al. (2009)
D7 AR R 042 Y X 1) o R R K 8 2 R A
PR RERIAT 28 R4 Sl 3 28, BTk R >50% MRS 7K
IO BT, 25%< BT R FE<50% F AR KETotE
B, DTHRSR<25% by R K- JCE 0

=1 AiRBEET A 733 SSR 5|4

Table 1 The codes and the sequences of seven SSR primers in this study

L
s BRS FIFFI(s - 3) TS A Amealing 0
Primer  Accession no. Primer sequence(5’ - 3") Repeat motif temperature/ °C fze range o
alleles/bp
Pv7 DQ217575  F: TCTTCCGAAAAGGGACGTAA  (TG), 60 289-297
R: GCGTCACTGCATCTACGAAA
Pvi3 DQ217576  F: CGATGAAGTGGACCCTCATT (TG), 61 214-220
R: CCGGTAGTCAATTGCACCTT
Pvl4  DQ217577 F: CAGAAACGCACAAGGTCTGA  (TG), 65 120-128
R: AATTGCATACTGCAGCAACG
Pv16 DQ217578 F: TAAAAATATGGTGGCGTCAG (TGC),TGT(TGC), 57 248-251
R: CCAGCAGTCTCCGTCTCATCAG
Pv17 DQ217579 F: CAGAGTCGAACAAGTACAT TG(TC),, 59 160-172
R: CTTTGTCGCCTTCTAACAAC
Pv31 DQ217580 F: TCCCCATGCTGAAGAGTTTC (CA), 60 241-247
R: TTCTTTCTAAGGCCGTGTGG
Pv39 DQ217581 F: ACGCATGGCGAACACGTAAG  (CA), 61 174-176
R: CAGACGGGAAGAAGTTGCTC
1.2.4  # & EFR A BRI F M ToE AT R R e T3 B, 2014 AEF1 2015 4E 1R %

P TCHEMER AR TN B S5 HERR 5, AR 48 ra Dk &
Tk b SR A o B AN TR SR R R S . SR
PopGene 1.32 3411454 i W6 PRV i FRR L 1 35 A%
SHURIE R Z AT I 354 S50, i L 338 XL
SR A RIS A, AR I K
/N Das TR S BE VB P, s Jo #5845 Nei” s 2 [
ZREAEFR R H WG G B H, U2 & BE H T
e ZREPEFERCL. FIFINTSYSpe 2.1e #4144 SSR
I 2 BAE B8 PIC, /T A6 7 T & T R sk
2 FEVE . R FSTAT 2.9.3.2 B F 154 g w7 45
FH A TR PRI AL o0 AU AR B I S50, A 36 4 o7 S TR B
R MIEHFFN,
2 BERG5HMH
2.1 HEESHESSRYEBER

PN T SSR 5|y Hh i 146 H 4 1 St 1 T ) 6 XoF
5191, 43 9 J& Pv7. . Pvl3 . Pv14 Pv16.Pv17 fl Pv31,
X} 2014 4F-F1 2015 4 58 H A1k R 2 Pl 55 AT
% 75 B 18 1) DNA 47 PCR U 38 , BR 10% #245 %
£E YRR A PR TG 7R 3R A 2 B 19 PCR =9 s H g R A

AR 409 3 21514 182/ kErhRH
AT 2 955/ F13 749 AR s Akt M AR HR AT
1IN 1 806 1NFI T 575 M HZERTS 1 6151F1
1333/ AI(F2),
22 FEBRERERBARRENMRERITHTEH

2014—2015 4 5% Hh 4% 15 455 2T 4 248 6 208 1
R TP AL IE R R G, A 754 D F1T 1204, 4391 5%
TR 25.5% F1129.9% ; IR HIEF R G, A 3824~ F1
4314, 05 R Y 12.9% F111.5% ;55 3 A 3k
(K17 G, 47 180 1389 1>, 43l (I AR 1Y 6.1% Fil
10.4% 5 HL U AT PR 43 531 | A BEAAR (1) 26.69% F1I
25.6% 3 TE U AT 3L R AR 43 1] 7 i BEAA ) 28.9% Fil
22.6%. Pk T 8 M AR 55 A T B B A AR R
T A KOF Jo P B, b BRI AT IR AL (G, +
G,+G,) X 95 F AT 19 BTk R 5 ) 44.5% i
51.8% , Fa B2 PR YL X9 3 AT Y T kR 4301 o
73.4% F1 74.4% , 2 4E STHR AR IAE R 73.9% ; TR {2 B4
XTI AT I BTRR RS 1 26.6% F125.6% , 2 4F 5T
k2 IAE 1 26.1%(362) .

SRR A L, 2014—2015 AR BERR AR AR
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AR R BT IE R R G A7 523 4 F1566 4, 43
) R Y 32.4% F148.1%; AL AL R B G, 4
428 M F1303 4, 23 A EAA 1 26.5% F125.8%; 5
3EBILH A G A 409 411554, 2051 5 i BEAR 1)
25.3% H113.2%; B AT 5L R Y 29 0] 5 A fE AR A
3.5% M1 5.19%; FEUA TR L0 3] Az B AR 12.3%

18.7%. REMIARBAEX T E M TR T
ACEIEHEZSE , Horp R0 TR AL (G +G,+G,) X
FWATHITTER R ] Y 84.2% H187.1% , Fa 255 FH1%
X s A T B BR300  96.5% F1194.9% , 2 4T
DURRRIAE N 95.7% 5 TRIR G X1 T AT I DTk oR
{3005 3.5% F15.1% , 2 4E TR I 4.3% (3R 2) .

F2 20142015 FEMFBERFHER TEEEERMEAREFEEEE R EMEZSETL

Table 2 Sampling, genotypes and temporal dynamics of Plasmopara viticola under open field and

rain shelter cultivations during 2014—2015

_ N % AS 55310 e s
T R R ARD i e ORGSR
. H -6 I ' . . . . FEPR [PSELA
Cultiva- . Dominant Second domi- Third dominant .
. Date  Collecting No. of No. of Single Other
tion mode . genotype nant genotype genotype
method lesions genotypes genotype  genotypes
G, G, G,
2014 7-07 TSS 1 1 1(100.0%) - - - - 0.00
S 7-14 TSS 52 47 4(8.5%) 3(6.4%) 2(43%)  38(80.9%) 0(0.0%) 0.46
- 7-21 TSS 206 198 21(10.6%)  17(8.6%) 10(5.1%)  92(46.5%) 58(29.3%) 0.55
AR 7-28 TSS 329 287 56(16.5%)  31(10.8%)  22(7.7%) 102(35.5%) 76(26.5%) 0.62
Open 8-04 PSS 634 574 143(24.9%)  67(11.7%) 33(5.7%)  189(32.9%) 142(24.7%) 0.64
field 8-11 PSS 908 844  235(27.8%) 114(13.5%) 51(6.0%)  150(17.8%)294(34.8%) 0.76
in 2014 8-18 PSS 557 531 158(29.8%)  78(14.7%)  33(6.2%)  111(20.9%) 151(28.4%) 0.82
8-25 PSS 395 357 101(28.3%)  55(15.4%)  22(6.2%) 78(21.8%) 101(28.3%) 0.58
9-01 PSS 133 116 35(30.2%)  17(14.7%) 7(6.0%) 26(22.4%) 31(26.7%) 0.51
41t Total 3215 2955  754(25.5%) 382(12.9%) 180(6.1%)  786(26.6%) 853(28.9%) 0.63
2015 7-01 TSS 1 1 1(100.0%) - - - - 0.00
L 7-08 TSS 86 78 12(15.4%) 5(6.4%) 2(2.6%) 59(75.6%) - 0.52
b 7-15 TSS 335 298 38(12.8%)  17(5.7%) 15(5.0%)  132(44.3%) 96(32.2%) 0.57
g 7-22 TSS 482 427 83(19.4%)  37(8.7%) 26(6.1%)  158(37.0%) 123(28.8%) 0.64
Open 7-29 PSS 595 518 146(282%)  51(9.8%) 45(8.7%)  169(32.6%) 107(20.7%) 0.69
field 8-05 PSS 852 783 272(34.7%)  98(12.5%) 94(12.0%) 201(25.7%) 118(15.1%) 0.72
in 2015 8-12 PSS 1095 982  364(37.1%) 126(12.8%) 126(12.8%) 147(15.0%)219(22.3%) 0.79
8-19 PSS 458 414 117(283%)  64(15.5%) 57(13.8%)  63(15.2%) 113(27.3%) 0.85
8-26 PSS 195 174 62(35.6%)  25(14.4%) 18(10.3%)  21(12.1%) 48(27.6%) 0.62
9-02 PSS 83 74 25(33.8%) 8(10.8%) 6(8.1%) 11(14.9%) 24(32.4%) 0.51
& Total 4182 3749 1120(29.9%) 431(11.5%) 389(10.4%) 961(25.6%) 848(22.6%) 0.71
2014 7-25 TSS 3 2 - - 2(100.0%) - - 0.00
BERN 8-01 TSS 19 15 2(13.3%) 5(33.3%) 7(46.7%) 1(6.7%)  0(0.0%) 0.13
ok 8-08 TSS 96 88 12(13.6%) 24(27.3%)  32(36.4%) 5(5.7%) 15(17.0%) 0.28
] 8-15 TSS 143 126 23(18.3%) 35(27.8%)  43(34.1%) 6(4.8%) 19(15.1%) 0.33
Rain 8-22 TSS 275 247 85(34.4%) 59(23.9%)  65(26.3%) 11(4.5%) 27(10.9%) 0.38
shelter 8-29 PSS 369 325 124(38.2%) 78(24.0%)  72(22.2%) 9(2.8%) 42(12.9%) 0.39
in2014 9-05 PSS 482 439 142(32.3%)  131(29.8%) 97(22.1%)  12(2.7%) 57(13.0%) 0.43
9-12 PSS 238 211 78(37.0%) 55(26.1%)  53(25.1%) 7(33%) 18(8.5%) 0.36
9-19 PSS 181 162 57(35.2%) 41(253%)  38(23.5%) 5(3.1%) 21(13.0%) 0.32
41t Total 1806 1615 523(32.4%) 428(26.5%) 407(253%)  56(3.5%) 199(12.3%) 0.25
2015 7-29 TSS 2 2 2(100.0%) - - - - 0.00
W 8-05 TSS 15 11 5(45.5%) 3(27.3%) 2(18.2%) 1(9.1%) 0(0.0%) 0.21
ok 8-12 TSS 87 65 26(40.0%) 11(16.9%) 7(10.8%) 6(92%) 15(23.1%) 0.32
i 8-19 TSS 158 139 57(41.0%) 35(252%)  18(12.9%)  12(8.6%) 17(12.2%) 0.36
Rain 8-26 PSS 319 272 124(45.6%) 68(25.0%)  31(11.4%) 9(3.3%) 40(14.7%) 0.42
shelter 9-02 PSS 452 394 168(42.6%) 95(24.1%) 51(12.9%)  13(3.3%) 67(17.0%) 0.48
in 2015 9-09 PSS 317 256 107(41.8%) 54(21.1%) 27(10.5%) 8(3.1%) 60(23.4%) 0.41
9-16 PSS 225 194 77(39.7%) 37(19.1%) 19(9.8%) 11(5.7%) 50(25.8%) 0.35
A1 Total 1575 1333  566(48.1%) 303(25.8%) 155(132%)  60(5.1%) 249(18.7%) 0.32

TSS: RERRAEFRNE ; PSS: FITRENM; I ARSI F55 B & BRI A 70 . TSS: total sampling strate-

gy; PSS: partial sampling strategy; /: Shannon’s information index. Numbers in bracket represent the percentage of each genotype.
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ZRA 2014—20154F 2 4F 50 Mk A, TR R AR
WEIRKRI (T A LAIET AT, 4 R
RUFP R AL D B Z FEEFR BT ARG,
0~0.57; HE A E B &I (7T H TRIZS HHa]) i
R 2 DR PR b A RS0 34 0 S o, R AR A 1 A 2
PR 19 0.55~0.85; i HEHF A FRIHB H TE
9 H L)), 9 bR 5L PR A R R B 38 B S A
A ZREVEFEECA BT/, 14 0.51~0.58., 78 R A%
BRI A TR B A Z R AR RO R 1
174 0~0.48 , BEUR M 3512 Z AR PRI, o T 2 R A

JEFNEC: IR 5N T TR 3 8 MR 5 KO, Horp 2 Rk
FebixUF 09 ERORAT I AL (G, .G, 1 G,) Fh A [
FI ] ShASAE AR —B(F2)
24 AEFHBEEX THIRERHEEE SN
2014 412015 4F 55 i AR 35 A 8 240 6 B
BEREAT BIARAS 32 N F1 34 NS0 B, BN 3R
PRI RS SE B 2.61~5.47 F12.46~4.58,
B 2 A FE 4 1R 0.38~0.56 F10.32~0.61, Tl Z4 &
JE M9 K 0.41~0.57 F10.38~0.53 , e ZREVETR B>
5174 0.51~0.82 110.43~0.85, Nei” s KK AR5
1174 0.32~0.53 F110.27~0.49(F3) .

R3 20142015 EEMFEERFIESERX THEEESRE AT EESEE

Table 3 Genetic diversity of Plasmopara viticola populations under open field and rain shelter cultivations in 2014 and 2015

2014 e Hh ok B Pv7 7 5.06 292.2 3 0.53 0.76 0.38 0.57 0.77
Open field Pvi3 6 4.52 216.3 1 0.32 0.56 0.45 0.43 0.51
Pvi4 5 4.05 121.4 1 0.38 0.82 0.56 0.52 0.82

Pv16 4 2.61 249.1 1 0.33 0.43 0.43 0.48 0.72

Pv17 4 3.59 161.3 0 0.32 0.81 0.39 0.45 0.68

Pv31 6 5.47 242.2 1 0.53 0.66 0.43 0.41 0.57

T Y R Pv7 5 3.75 292.2 0 0.24 0.65 0.29 0.36 0.38
Rain shelter Pvi3 4 349 2163 0 026 059 035 031 035
Pvi4 4 3.21 121.4 1 0.26 0.65 0.44 0.41 0.63

Pv16 3 1.32 249.1 0 0.14 0.38 0.25 0.21 0.35

Pvl7 3 2.38 161.3 0 0.21 0.58 0.32 0.27 0.38

Pv31 5 425 242.2 0 0.18 0.72 0.28 0.31 0.33

2015 Fa AT Pv7 8 4.58 292.3 4 0.49 0.58 0.32 0.53 0.62
Open field Pvl3 6 3.84 216.5 2 0.31 0.68 0.41 0.38 0.43
Pvi4 5 422 122.8 2 0.41 0.75 0.61 0.55 0.85

Pv16 4 2.46 2493 1 0.29 0.25 0.46 0.45 0.68

Pv17 5 4.42 161.3 1 0.27 0.73 0.43 0.49 0.66

Pv31 6 6.13 241.9 0 0.44 0.58 0.41 0.44 0.61

S Pv7 4 3.47 292.3 0 0.21 0.72 0.26 0.33 0.33
Rain shelter Pvi3 4 3.61 216.5 0 0.23 0.72 0.37 0.31 0.33
Pv14 3 2.57 122.8 0 0.29 0.73 0.42 0.43 0.65

Pv16 3 115 2493 0 0.15 0.42 0.22 0.24 0.41

Pv17 3 2.15 161.3 0 0.20 0.53 0.34 0.31 0.39

Pv31 5 439 241.9 0 0.17 0.55 0.26 0.29 0.31

A: EOFHEFEG A, AEENFEF L Das: RHRGEFEF KN P R G B ; H: Nei’s JEF TR
PIC: (58 &t H: WEINETE; H,. TG [. FREHIEFEH. A: Number of alleles; 4,: number of effective al-

leles; Das: dominant allele size; P,: number of private alleles; H: Nei’s gene diversity; PIC: polymorphism information content;

H,: observed heterozygosity; H,: expected heterozygosity; /: Shannon’s information index.
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FRBEIA TR SR BRI 1 2l 2 2B 175

2014 47 F1 2015 45 3k TR Ak 355458 =X T 7 % 76 55 %
BRREUR S SARAS 24 4 F1 22 AN EE (0 SE 1R, A 5 3
15 1A RS BB 01 R 1.32~4.42 F11.15~4.39,
NEL A FE 35K 0.25~0.44 F10.22~0.42 , i 24 &
JEA3 14 0.21~0.41 F110.24~0.43 , T SRS B0
5124 0.33~0.63 F10.31~0.65, Nei’ s K& [K Z #E T8 %L
A3 590 0.14~0.26 F10.15~0.29 (£ 3) . ARHEXT b 4
AT R A S S PR A RO SR R 2 AR E S
TR AR TR BT M, A A AR R A TR R T
B 1) 2 A8, (A BR bRk AR e TR A AR 1 st
ZRE 2 v TR AR AR AR A 6 SRR
A RS FE R B R Nei " s FE R ZREMEFE BT %0, 64>
SSR S50 5 PRI pii [B] 1) 35t 4% A48 S5 pR s IR IR
Pv7.Pv31.Pv13.Pv14 .Pv17.Pvl6,

25 FAEHEEATEHARSHFHEEES L
2014—2015 4 &5 Hb Ak 35 F1RE FR R 35 A R

Pv7.Pv13.Pv14 Pv16.Pv17 Pv31 25 SN 14
PRI NEEA—F, Hi 20 14 AEARHA GG FE A
FANAIN 121.4~292.3,2015 4435124 122.8~292.3
I3 HIAE 2014—2015 4 5 MR B X T 420 FR AR I
AR PRI 2] 7 4> F1 10 NREAT SEA L] 1T 6 8E
F IR, AUAE 2014 4511 Py 14 85037 A7 05 1
R 38 1 AR S DR, B D R R R A X
(F23), UL 3RE R R B SRR AR T R R A a5t 1
IHAERREE

ENGIE 3 S W pr i N e SR RTA R A
S 2 A (14 b AR N R A 4 R R
PRI F B 3504 0.03 F10.05 , 25 v J5 PR 2 2 ] 4
2 TEAH G s FE DR N, (6 537 R 6.81 F116.37, 16
§2 b R AR 15 A5 X S TRTRE R ) A2 A 2 P SR 1A
T (F4),

R4 20142015 FRMFNBEMBISEX THHRSREA K EZESMLRBF,GHAL T ) FEERN, AL FIr)
Table 4 Estimation of pair-wise F, (below diagonal) and gene flow values N, (above diagonal) averaged over six microsatellite

loci in four Plasmopara viticola populations under open field and rain shelter cultivations in 2014 and 2015

. . 2014 4F #8 Hh H 1% 2015 4 & H 1 2014 4 3 FR R 15 2015 4 i FR AL 1
BEK Population ) , . . . .
Open field in 2014 Open field in 2015 Rain shelter in 2014 Rain shelter in 2015

2014 4F FE AR

Eﬁ.ﬁ” 6.81 4.08
Open field in 2014
2015 4F5x Hik 1% :

. 0.25™ 4.52 6.37
Open field in 2015
2014 473k AR BT .
0.03 )
Rain shelter in 2014
2015 4 RERT AR .
. . 0.05 0.11™

Rain shelter in 2015

*. 7E0.05 K F T BEIE; ns: 0.05 K AR EI; o: JEIG7 K, *. Significant correlations at 0.05 level; ns represents

no significant correlations at 0.05 level; co: infinity.

3 it

ABEFER I 6 %F SSR 75| WIS Fa M il R AL 45
A5 T 25 76 B R A% 4l A S LI (] Bl A5 R
b, 5 3R] LR 51 W Re 3G s i 454, B
YEF B 51 W B A B n 2280 T T 2 AR AN
PRERIB AL AT . AIR S R0, vk BH T 28 M AR
RN R BRI L Z PR VKPR, 4 R A
9o R AT A0 1 A8 SV T, O B RS TR B IR
KT —EXMEE . Rumbou & Gessler (2006) | Koop-
man et al. (2007) . Li et al. (2016) #& il B3 4 - 0] 7£
F 3G 1AL B XX RN | A A [ X
AR IATERSR T ESIMEH . WiiEg 24

LD TR R S AS AT 2 B, R & AT o] 28 R R e
PR3 DR R AT A B, 3T BB SR P TR BH L X
FEV I A B 4 7 AR 203 TR G TR A A R R T 22
f4) 7 MR 4%, A BE LA BB 461 5€ 1 4 (Gobbin
et al.,2005) , 15 B LA FH T 48 26 1 B s T DG 125 38 o 76
TF-HEFNPA 2217 77 2B 4C , A RE LA DR 58 iR 4 .
AR 45 TR, 2014—2015 4F 52 bk 546 =
TR 2 R R TR A TR R P SO oM B
A DBIE R (G, .G, M G,) Al 78 F 8] i B2 A2 s |
R A L CELFE X (] — 5 b L RT3 A 1) (B
), e 4E 5 5 Gobbin et al. (2010) & KM Hb XA
WS GE AW &, RITERRIN R 2802 b b, (R
1~2 />3 R AU 0] 7 B — A K 2 P B 22 R 14
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E 47 %

Yy i HE PRI 3 AT I 5T KR 4%~95% . Li
et al.(2016)WF5Y F A TR K 22140 ™ X Fa 2 b Fh
BB TP IOt B, SRS 25 AP —E 25
S T AR P 2 S ) 3 D PR e P o A Il 1 PR AR
TR AR R e A5 DR AN () i ol L i) e B
PP Ui R AN R RN R B A L P A A R A
Jiti FE Y57 0T A 350 AV RS 2 R RS TR A T 2R R A L
R RGTL,  E H A FR R T PR AR, K
K AR TC I 258 /K F (Kennelly et al.,2007) . ASHfF
FELE IR BRI A R A TR e
SR O BT, W AR Y R AR G X A TR BT
BRI 02 15 4.3% F1195.7% , it W 3k R ok B A5 =X, ]
W Sl R AP RE R TR A % 2RV Fs A% 43 Ak
FREE , HL PR 5 2R 3 PR AR B 2T A0 et ) 2 1k
IRBEROEE N T i o AR 3 S, S RE A A
PO AT AT LUOE A 8i2 4, 1245 35 Hug (2005)
F1 Koopman et al.(2007) B9 FE 45 —2, BIRRA IR
Be (R A B A B R 25 ) A R+ 38 R
A DB ) S DR AR R i A 25

R R RN PR R Y RO AT R AL (G, LG,
G, & F AT E 2 8 oy, vl RE o Z A5 AR
SRR AR B 28 A (Dick, 1972) , JR Al i 55
B B U (0 PR (388 i s TR 11958 1z M (Yin
etal.,2014) . [F]—4F @b Akt F AR BN A4
B AR AR ) S L PR Bt B IR A G, HL 3
Z AR B ) L DR AE T 5 24545 8 1 Rl A 5 A
2R 0 R B DA T B ] Sl A AR e (b R A B A5
I FR BRI AR A I (AL A R MR R 1A ), HE
ARG AR MR YR 20k A T
AR IR T FE RO AR b AT RO
0, [ B At E S T 6 WA SR T AR AL 1 3
A o AR 2 R B 1 & A R s R R LA,
T BII6 TR W « 16 58 R 5 B 4 4 R A
AW (6 H NAIZETH LA REUE k42571 b
16, VAR B PR R by B 242 8 10~20 m, 7 DA
TR B R B A L X 525 b AFI3BE R A 1A o B VR
FLIBR AR B 2 WAR Oy, 75k R AR AR
EUH R H T aIZE S H LA AT 10 d &% ik R A
PR A 7 AR RS TR St O P 2R TR R, LS B 4L
TR A AR 1 H 1 .
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