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Genetic structure of Plasmopara viticola based on SSR markers in Yunnan
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Abstract To clarify the population genetic structure of Plasmopara viticola in Yunnan province, the population
genetic diversity of 155 strains of Plasmopara viticola collected from three regions was studied by seven pairs of
SSR markers, and the relationship between population genetic structure and region was analyzed. A total of 41
alleles and 114 distinct genotypes were identified. Shannon’s information index and Nei’s unbiased gene diversity
index were 0. 942 and 0. 600, respectively. The analysis of molecular variance and population linkage imbalance
showed that there were considerable genetic variations among different populations. Based on genetic
differentiation index, gene flow and Structure analysis, Yuanmou population had a high gene flow with Binchuan
and Xundian populations, while Binchuan and Xundian populations showed genetic differentiation to some extent.
In conclusion, there was a high level of genetic diversity in the populations of Plasmopara viticola in Yunnan, and
there was a correlation between the population genetic structure and geographical distance to some degree.
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Table 1 SSR primers for PCR in this study
GIE7 %S S5 (5'-3" EVCESH FEhRIC Ji BER/IN/ bp
Primer name Primer sequence Repeat unit Fluorescent marker Product size
Pvl4 F:CAGAAACGCACAAGGTCTGA (TG)H8 HEX 120~128
R: AATTGCATACTGCAGCAACG
Pv61 F: TCTTCAGGTAGATGCGACCA (CA)9 FAM 181~187
R:GGTGACTCCTCGGACGAATA
Pv65 F.CTTTGGCCCACGTCATAGTT (TO)9 FAM 196~202
R:CGCTTTCGGTAGGTCCATTA
Pv93 F: TAGCACCGGACTAGGCGTAT (GT)6 HEX 147~151
R: TGTACCCTGTTGCCCTCTTC
Pv138 F:.CGTGGATCATGACGTTTGTC (TA)9 HEX 22655=2/35
R:CGACGAATCAGGGACAAGAT
Pv139 F:GACCCGGACAATGGACTCTA (AC)8 FAM 126~133
R:CCGCCATGTATTGAACAGTG
ISA F:ATTAGCGGCATGGACGTT (TO11 FAM 118~144
R:GAGAAGTTCCGCCAAGTACA
BRI E
1.3 HEZRITS5HH ) BERENR

ffiF] GenAIEx 6. 51b2 (Microsoft office Excel
IO TG Z RS A5 55 0 5L R 8K
(observed number of alleles, Na) , % & v 3 K%L
(effective number of alleles, Ne) , 554 25y 3 R %
(number of private alleles, PA),Shannon’s 1§ B35
%t (Shannon’s information index, I), B4 FF
(expected heterozygosity, He), & & 73 16 & 3
(genetic differentiation index, Fst), fiti & £ & i
(gene flow, Nm) , #1753 FJ7 2253 #r (analysis of
molecular variance, AMOVA),

fift I R #1441 poppr A B R AR T 5
BT IE , #E T I A 22 A i 2k P U 4 H (number of
multilocus genotypes observed, MLG) , 2/ /53 H
R H W 22{H (the number of expected MLG at the
smallest sample size, eMLG) , Nei JG{i & K 22 R4
(Nei’s unbiased gene diversity, Hexp) . br 4k %
138 £¢ (the standardized index of association,
rbarD) , i ZME K- (P-value, P),

{8 /] Structure 2. 3. 4 JEFTREARSS AR 00 4
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AAR SRR DR B bR il R — 97 I 24Kk
E KE RO TEE N 2~6, 1% E “length of bur-
nin period” 2}y 10 000, #R J5 £ 5 /R BE & 545 R I
(MCMO) # 847 10 000 Yk, Be5E B4 K
AT 5 WL HoAt S 80 R BN R B R i
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PLEEREL H A 4 ~8 A, 3 S AL B IR 5. 857
Ao XFRRAN R B A 7 FE PR A T LB 2 R I
LI R Pv138(Na=28) , ZFEVEf /D (1) J& Pv6l
(Na=4), 51¥#iH 7% & EE (He) Ji FI{E 0. 554 ~
0. 684 Z ], &5 |2 A 2 G B 25 R K S8 A
MR EE

%2 SSRIIMEHEBEBRERGTHS TN

Table 2 Polymorphism of SSR loci in Plasmopara

viticola populations

5149 EMEERE/ S AREENEREY S WA
Primer Na Ne He
Pvl4 5 2.702 0. 627
Pv61 4 3.234 0. 684
Pv65 6 2.399 0. 574
Pv93 5 2.170 0.571
Pv138 8 2.531 0. 554
Pv139 6 2.158 0. 651

ISA 7 2. 461 0. 583

1) Na: S HFEG Ne: BREENEFEG He: WHAGE.
Na: Observed number of alleles; Ne: Effective number of al-
leles; He: Expected heterozygosity.
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Table 3 Genetic diversity of Plasmopara viticola populations in three regions of Yunnan

HEARATR

. N/#k MLG/A> eMLG Na Ne PA/A~ I Hexp rbarD 2
Population
)1 Binchuan 55 55 14 5. 000 2.294 10 0. 995 0.535 0.014 0. 164
JGi¥  Yuanmou 47 47 14 4. 429 2.371 4 1.014 0. 559 0. 062 0. 001
S8 Xundian 14 14 14 2.714 2. 135 0 0. 817 0.536 0. 029 0. 149
it Total 116 114 13. 970 4. 048 2.267 14 0.942 0. 600 0.042 0. 001

D N: RN B EREG MLG: 200 S M BB H WME ; eMLG: 2 5 3 B H W2 Na:

SENTIEIEG Ne: B3R

B PA: WA %3R5 1. Shannon’s {5 B 8% Hexp: Nei TRIENZHENE : rbarD: SREAEBIREG P: RBUGTEHIBIRAE.

N: Number of isolated strains in population; MLG: Number of multilocus genotypes observed; eMLG: Number of expected MLG at the smallest

sample size; Na: Observed number of alleles; Ne: Effective number of alleles; PA: Number of private alleles; I: Shannon’s information index;

Hexp: Nei’s unbiased gene diversity; rbarD: The standardized index of association; P: Probability value of hypothesis test.
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Fig. 1 Linkage disequilibrium analysis of Plasmopara viticola populations in three regions of Yunnan province
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Table 4 Analysis of molecular variance of Plasmopara viticola populations in three regions of Yunnan

SR i B MEFIM MR gk pm
.. egree O Sum of Sum of squares Estimate .
Source of variation . . Proportion P-value
freedom squares of deviations variance
BEKE] Among populations 2 41, 808 20. 904 0. 563 28 <0. 001
BEAP  Within population 113 160. 166 1. 417 1. 417 72
BR  Total 115 201. 974 22.321 1. 981 100
®5 ZEAREHBEREBEGTEESEE 2.4 AREMXRFEESRENFEESEESEY
S RBIEETR Structure FEAAR I8 1% 45 14 ¢ W R 14 1) 382 1% 45 44
Table 5 Pairwise comparisons of genetic differentiation S5 X 2z HA —Z L8, B K=2, ’Iﬂ‘%% el
coefficients and gene flow among different Plasmopara BRI AP BE (] 2) ., Hirp, 244 Hikk
viticola populations in Yunnan 14 #, IEEMZIKE/‘J 12.1% s cluster 1 (@,) 58 % , £E$
Pofﬂiion Bii:lllan Yuj:ﬁou Xjfjan Aty 50.0%0; C}uSter 2Ok @) 44 fRe o BE R Y
%JI| Binchuan 3.014 2.007 37.9% ., TR T 90. 990 2 cluster 1R ),
JE#  Yuanmou 0.077 2.748 9. 1Y TR AT IE s TCIEREIA T 14, 9% /2 cluster 1(22
S4  Xundian 0.111 0. 083 {8),14. 9% IR A HEMK, 70. 2% 42 cluster 200K {8) ; 5
1) Ferh L FHOU R TIR E  R sk e FUTFIRTR 78,6000 cluster 20K (), 14. 300 )R A AT
PP P ] P B, 7. 1% 02 cluster 1CZBAR) , 3 ANEEIR] AL 45 F 1T

The values below the diagonal represents genetic differentiation

== [S— s ~ S N =
coefficients between populations. and those above the diagonal 7{ /“Eiﬁ ’ El%ﬁ'ﬁgr/n *QXU%L;%EE%%EE =
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Tested strain

BERBE AR 1~55R A FE)I]; S6~102R ATGHE 103~116R H S o BERAG PHEE 0.8/ B AR M JH A Cluster 1 (B4a); BERMEHMEIRT0. 20 AR B I
Cluster 2 (JK5); BE3RALHAE A TF0.2~0.8 Y T Ak V3 AT & T bk

1-55: Strains were collected from Binchuan; 56-102: Strains were collected from Yuanmou; 103-116: Strains were collected from Xundian. Strains with
probability estimates greater than 0.8 are classified as cluster 1 (dark); Strains with probability estimates lower than 0.2 are classified as cluster 2 (grey); Strains
with probability estimates between 0.2 and 0.8 are classified as mixed strains
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Fig. 2 Plot of posterior probabilities to two subgroups of Plasmopara viticola populations
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