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Genetics and Breeding

Characterization of as ara t c a isolates from Bulgaria with microsatellite markers

1 2 3 1
. osev , I. Simeonov , G. Djakova , Ts. Hvarleva *

1Agrobioinstitute, Agricultural Academy, 8 Dragan Tsankov, 1164 Sofia, Bulgaria
2Instiute of iticulture and Enology, Agricultural Academy, 5800 Pleven, Bulgaria
3Institute of Agriculture and Seed Science, Agricultural Academy, 7007 Rousse, Bulgaria

Abstract. The fungus Plasmopara viticola is the causal agent of downy mildew, one of the most severe grapevine diseases. The genetic diversity of this 
pathogen in Bulgaria has not yet been investigated. In order to assess the polymorphism among P. viticola isolates in Bulgaria six samples collected in different 
regions of the country were genotyped with 7 SSRs. The genetic polymorphism revealed by the used microsatelite markers allowed discrimination of P. viticola 
isolates originating from the different areas of Bulgaria. All samples were found to have a unique microsatellite profile.  One sample was found to have a 
multiallelic profile at three out of seven loci and was excluded from the calculation of genetic diversity parameters. The number of alleles per locus varied 
between 2 and 6 with a mean value of 3.5 alleles per locus. The obtained values of observed heterozygosity ranged from 0.2 to 0.8 with an estimated average 
value of 0.46±0.13, which is a bit lower than the mean expected heterozygosity – 0.53±0.07. With this study the characterization of population structure of P. 
viticola pathogen in Bulgaria was initiated.

Keywords: grapevine, downy mildew, Plasmopara viticola isolates, SSRs
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Introduction different locations in Bulgaria  emen, Galabnik, Dobromirka, 
Ruse, Pleven and Sofia ( igure 1). The samples were extracted from 
the leaves using filter tips and vacuum pump. Extraction of DNA was Downy mildew, caused by the omycete Plasmopara viticola 
carried out with Analytic jena Uniprep plant DNA kit. The following 9 (Berk. and Curt.) Berl. and de Toni., is one of the most devastating 
microsatellite loci were used for the microsatellite profiling: Pv65, diseases in grapevine in temperate climate zones in the whole world. 
Pv101, Pv137, Pv140, Pv143, Pv144 and Pv147 (Rouxel et al., The pathogen spores overwinter in fallen leaves and initiate infection 
2012). PCR reaction was carried out in 15 l final volume including in spring when temperature is 18  20 C and humidity is around 90  
MyTaq HS Mix 2x, Bioline, 0.1 M of a dye-labeled forward primer (Lafon and Clerjeau, 1988  Gessler et al., 2011). Downy mildew can 
and an unlabeled reverse primer. PCR cycles were performed in cause severe defoliation and crop loss (Lafon and Clerjeau, 1988  

B-96, L B PCR system according to Rouxel et al. (2012) with the Gessler et al., 2011). Currently, fungal disease is controlled by the 
following conditions: an initial denaturation at 94°C for 4 min and 38 application of fungicides, where the fungicidal treatments can reach 
cycles of 30 s at 94°C, 30 s at the appropriate annealing up to 14 per year. The application of agrochemicals for plant 
temperature, and 35 s at 72°C, ending with a 5-min extension at protection in viticulture causes substantial increase of the production 
72°C. ragment analysis was carried out in ABI prism 3130 Genetic costs, ecological problems and reduction of the quality of grape and 
Analyzer. Alleles were scored with Genemapper v.4 software from wine. Recently it was shown that P. viticola can overcome resistance 

in some resistant cultivars (Peressotti et al., 2010). In order to keep 
track of P. viticola populations and genetic diversity, a strategy 
utilizing Simple Sequence Repeats (SSR) markers was proposed 
(Gobin et al., 2003a, b  Gobin et al., 2005 ). urther development of 
the SSR markers for P. viticola was done by Delmotte et al., 2006 a, 
b  Rouxel et al., 2012). The populations of P. viticola in Bulgaria and 
their virulence have not yet been studied. 

In this paper microsatellite analysis was used for 
characterization of 6 samples of P. viticola collected from six regions 
of Bulgaria  emen, Galabnik, Dobromirka, Ruse, Pleven and 
Sofia. These six samples were genotyped with a set of seven SSR. 

ur aim is to assess the genetic diversity of the pathogen in the 
country.

Material and methods

Infected grapevine leaves were collected from the field in six 
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Figure 1. Physical map of Bulgaria showing regions where 
P. viticola isolates were collected
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Applied Biosystems. For Calculation of allele frequencies, expected profile.
and observed heterozygosity, probability of null alleles and The selected SSR markers revealed a high degree of 
probability of identity software GenAlex (Peakall and Smouse, 2006) polymorphism among the tested isolates, which is in consistence 
was used. with the high genetic variability of P. viticola pathogen determined in 

a number of studies (Gobin et al., 2003a, b; Delmotte et al., 2006 a, 
b; Rouxel et al., 2012). The results from the calculated genetic 
diversity parameters are shown in Table 2. One sample from Results and discussion
Galabnik was found to have a multiallelic profile at three out of seven 
loci and was excluded from the calculation of genetic diversity Samples of P. viticola collected from six regions of Bulgaria 
parameters. were genotyped with seven SSR markers. The obtained 

The number of alleles per locus varied between 2 and 6 with a microsatellite profiles of the six studied isolates are presented in 
mean value of 3.5 alleles per locus. Three loci, PV65, PV101 and Table 1. All samples were found to have a unique microsatellite 

Table 2. Genetic diversity parameters in the group of 5 isolates of P. viticola: N – number of samples, Na – number of 
alleles, Ne – number of effective alleles, Ho – observed heterozygosity, He – expected heterozygosity, PI – probability of 
identity

Na Ne Ho He PIN

PV137 

PV140 

PV144 

PV65 

PV143 

Pv147

Pv101

Total 

Mean 

5 

5 

5 

5 

5 

5 

5 

5 

5 

2 

3 

6 

2 

4 

3 

2 

22 

3.143±0.6 

1.923 

2.941 

4.167 

1.471 

2.778 

1.515

2.000

16.794

2.399±0.4 

0.400 

0.800 

0.800 

0.000 

0.800 

0.200 

0.200

0.457±0.1 

0.480 

0.660 

0.760 

0.320 

0.640 

0.340 

0.500

0.529±0.1 

-13.9x10  
-11.9x10  
-28.8x10  
-15.1x10  
-11.9x10  
-14.6x10  
-13.8x10  
-41.1x10  

Table1. Microsatellite profiles of six P. viticola isolates. Allele sizes are given in bp.

Origin \ Name
of primerse PV137 PV137 PV140 PV140 PV144 PV144 PV65 PV65 PV143 PV143 PV147 PV147 PV101 PV101

Zemen 

Galabnik

Dobromirka

Ruse

Pleven

Sofia

259

254/256

259

256

256

256

259

259

259

259

259

256

199

199/203

195

199

195

195

203

206

199

203

195

203

180

172/180

172

172

178

172

201

199

199

199

199

199

201

201

199

199

199

199

130

130

134

134

138

128

134

138

138

138

138

138

217

217

217

217

198

217

217

217

217

217

204

217

267

267

267

270

270

267

270

267

267

270

270

267

186

184

172

182

184

186

PV137 showed low number of alleles, only two, while the highest markers allowed discrimination of P. viticola isolates originating from 
number of alleles, six, was observed at locus PV144. Calculated different areas of Bulgaria. This result is in agreement with the 
values of genetic diversity per locus ranged between 0.32 at locus current findings that the spread of different P. viticola genotypes is 
PV65 and 0.76 at locus PV144 with a mean value of 0.53±0.07, restricted to short distances by spatial barriers (Gobin et al., 2005).  
which values are similar to those found in other studies (Gobbin et Furthermore, only a few genotypes are responsible for an epidemic 
al., 2003a; Delmotte et al., 2006a) The most informative marker for through asexual multiplication (Gobin et al., 2003a,b). These 
the investigated set of P. viticola isolates was found to be PV144 with genotypes are probably favored by natural selection of genotypes 

-2 adapted to specific environments. 6 alleles and PI value 8.8x10 . The obtained values of observed 
Five out of six samples analyzed in this study showed diploid heterozygosity ranged from 0.2 to 0.8 with an estimated average 

genetic profile, while the sixth sample had a multiallelic  profile with value of 0.46±0.13, which is a bit lower than the mean expected 
three alleles at three loci. Because P. viticola is diploid, this profile heterozygosity. Heterozygote deficiency was observed for four out 
could be due to the presence of a triploid or tetraploid individuals or of seven microsatellite markers (PV65, PV101, PV137, PV147), 
to a mixed infection of two diploid individuals. The persistence of which is probably due to the presence of null alleles. The values of 
polyploid genotypes in P. viticola populations collected on Greek observed heterozygosity are comparable with the corresponding 
islands was reported by Rumbou et al. (2006). Authors suppose that values of observed heterozygosity for the same loci reported in 
these polyploid genotypes could be a result of natural selection in Rouxel et al. (2012). 
conditions of isolation or chemical treatments rather than mixed The genetic polymorphism revealed by the used microsatellite 
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infection in one lesion. disease management. Phytopathologia Mediterranea, 50, 3-44.
With this study the characterization of population structure of Gobbin D, Jermini M, Loskill B, Pertot I, Raynal M and Gessler C, 

P.viticola pathogen in Bulgaria was initiated. Understanding the 2005. Importance of secondary inoculum of Plasmopara viticola to 
genetic structure of the population could help us develop better epidemics of grapevine downy mildew. Plant Pathology, 54, 522-
strategies for protection. 534.
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Gobbin D, Jermini M, Loskill B, Pertot I, Raynal M and Gessler C, investigated isolates of P.viticola showed that the used set of 
2005. Importance of secondary inoculum of Plasmopara viticola to microsatellite markers were proper for discrimination of the 
epidemics of grapevine downy mildew. Plant Pathology, 54, 522-investigated samples of P. viticola. More samples from the same and 
534. different geographical and climate regions of Bulgaria are necessary 
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