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Abstract

:

Viticulture is globally an important economic activity, and grapevine microbiomes hold a significant role in influencing yield and quality. Earlier studies showed that cultivar and agronomic management affect grapevine microbiome structure and, potentially, the quality of the end product. While microbial dynamics and ecology were established on some grapevine tissues, i.e., leaves and grapes, there is less knowledge deciphering microbiomes on other tissues, i.e., barks and buds. Moreover, although the impact on the microbiome of the so-called “vitivinicultural terroir” is well established, there are limited data considering microbiomes of genetically diverse cultivars within the same environment. Our study aims to explore microbiome diversity on bud and bark tissues of 37 different grapevine cultivars under the same environment and agronomic management. We targeted the V2-9 regions of the 16S rRNA gene of the microbiomes in bark and buds at the onset of new vegetation and bud expansion using Ion Torrent sequencing technology. Our results show that these tissues display high bacterial diversity regardless of cultivars’ use. Proteobacteria, Bacteroidetes, and Actinobacteria were the most prevalent among 11 detected phyla. The genotype of the cultivar seems to affect bacterial diversity and structure (p < 0.001) within the same environment. Our approach highlights the efficiency of high-throughput sequencing to unfold microbiomes of several grapevine parts that could be an important source of microbial inoculation and an important molecular fingerprint of the wine and grape end products.
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1. Introduction


Viticulture is an economically important crop spanning an area of 7.5 mha with a total production exceeding 78 × 106 tons and a revenue of more than 30 billion Euros of wine [1].



Therefore understating the dynamics of product quality are of great economic importance [1]. Due to their abundance and activity, Vitis vinifera associated microbes are key in regulating growth, plant health, and grape and wine quality [2,3,4]. Even beneficial microbes in wine production, i.e., lactic acid bacteria, can cause undesirable changes in wine flavor under certain conditions, rendering the wine undrinkable. Similarly, several associated bacteria can cause some serious wine spoilage [5]. Despite the great progress in describing grapevine microbiomes and their implications on their growth, yield, and product quality, little is known about how different cultivars (as microbial hosts) can shape associated microbial assemblage.



A grapevine’s successful establishment depends mainly on the selection of the appropriate cultivar. The trunk bark, as a permanent part of the vine and microbial host, is of much importance not only as a potential source of microbial inoculums for leaves and grapes but also as an indicator for microbial diversity in vineyards [6,7]. Despite the importance of trunk bark in microbial dynamics, the majority of studies have focused on soil, leaves, berries, and wine associated microbial communities [4,8,9,10,11,12,13,14,15,16,17,18]. Current perceptions entail that trunk bark could be an additional source of grape berry pathogenic fungi, i.e., Uncinulanecator [19,20,21], Botrytis cinerea, Fusarium laterium, Penicillium spp., Phomopsis viticola [13,22]. Important pathogenic bacteria, Xylella fastidiosa, Agrobacterium tumefaciens, and Xylophilus ampelinus, belonging to Proteobacteria, were also detected in trunk bark, causing pierce’s, crown gall, and blight disease, respectively [6]. Very few studies have uncovered the presence of bacteria in grapevine buds, such as Xylophilus ampelinus spp. that have the ability to overwinter in the axillary buds [23]. However, although Pseudomonas syringae (Proteobacteria), which causes leaf spots, necrotic lesions, loss of inflorescences, etc., was found latent in the grapevine suckers/shoots [24], others proved its ability to overwinter not only in shoots but also in buds and other parts of many fruit crops [25].



Cultivar selection is an essential decision affecting product yield and quality; therefore, deciphering the abundance and diversity of vine-associated microbes requires systematic investigation. Previous research explored the abundance of specific pathogenic strains due to their economic importance in grape production and winemaking [13]. Fewer attempts have been made to describe the microbial diversity of V. vinifera, and those revealed the dominance of Acidobacteria, Actinobacteria, Bacteroidetes, Verrucomicrobia, and Chloroflexi microbial groups in Merlot, Dolcetto, and Sangiovese [6,7]. Some studies suggest that grape varieties themselves condition the microbial population of grapes, and therefore the microbial structure during fermentation [4,26]. Herein, we aim to decipher Vitis vinifera microbial community composition and diversity to assess the role of cultivar-genotype in shaping the microbial community. Thus, bark tissue and buds were collected to explore the cultivar’s bacterial community and its relationships with a wide selection of important national and international cultivars exploiting 16S rRNA gene sequencing on Vitis barks and buds samples. The aim of the study was to assess the microbial community of bark tissue and buds in a grapevine collection consisting of thirty-seven international and domestic cultivars.




2. Materials and Methods


2.1. Vine Cultivars and Sampling


A total of 37 grapevine cultivars (Table 1) were investigated in this study, collected from the Vine Cultivar Collection (VCC) curated by the Lab. of Viticulture, School of Agriculture, Aristotle University of Thessaloniki (AUTh) at Thermi, 570 01 Thessaloniki, Greece (N40.53829, E22.99633). The collection is established in a calcareous sandy loam soil. A semi-conventional system, with low-input agrochemicals is applied to the collection. Specifically, the collection had not received any chemical input the winter before the collection of samples.



Samples were collected from fourteen (14) well-known cosmopolitan cultivars, as well as 24 domestic Greek cultivars presented in Table 1. One cane (40 cm long) was cut from 5 independent vines (trees) from each cultivar. The canes were pooled together and treated as a single sample. From each sample, buds were cut off, and bark peeled off the cane; 10 g from both organs were collected aseptically, equally mixed, and stored at −80 °C for further analyses.




2.2. DNA Extraction


Frozen plant samples were mixed vigorously (10 min at max speed) with 25 mL of TENP buffer. The supernatant (20 mL) was collected by centrifugation (3000× g; 5 min) in a new 50 mL tube. The supernatant was centrifuged at 14,500 rpm for 10 min and the pellet was collected and stored at −80 °C for DNA extraction [11]. DNA was extracted using a NucleoSpin® Plant II kit (Macherey-Nagel GmbH, Dylan, Germany) according to the manufacturer’s instructions. All DNA samples were kept at −20 °C for further use. Samples DNA quantity and quality were assessed by NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific, Inc., Walsham, MA, USA) and visualized in 1.0% agarose gel electrophoresis.




2.3. High-Throughput Sequencing and Statistical Analysis


Samples were analyzed for bacterial taxonomy using the Ion 16S™ Metagenomics Kit according to the manufacturer’s instructions (#A26216, Thermo Fisher Scientific, Inc., Walsham, MA, USA). Briefly, the 16S rDNA metagenomic library consisted of pooled and tagged (Ion Xpress Barcode Adapters, #4471250, #4474009, #4474518, Thermo Fisher Scientific, Inc., Walsham, MA, USA) amplicons targeting V2–4–8 and V3–6, 7–9 sets; the combination of the two primer pools allows for sequence-based identification of broad range of bacteria within a mixed population [27]. Briefly, 3 ng of high-quality DNA was amplified using 2X Environmental Master Mix with the provided 10X 16S Primer Sets (Thermo Fisher Scientific, Inc., Walsham, MA, USA). PCR products were purified with AMPure® XP beads solution (#A63881, Beckman Coulter, Breia, CA, USA), quantified, pooled, and end-repaired using Ion Plus Fragment Library Kit (#4471252, Thermo Fisher Scientific, Inc., Walsham, MA, USA). Then, amplicons were adapter-ligated, nick repaired, quantified using an Ion Universal Library Quantitation Kit (#A26217, Thermo Fisher Scientific, Inc., Walsham, MA, USA), and the library was pooled and diluted to the required concentration. The library template was prepared using Ion 520™ & Ion 530™ Kit–OT2 (#A27751, Thermo Fisher Scientific, Inc., Walsham, MA, USA) and was loaded on a Ion 520™ Chip (#A27762, Thermo Fisher Scientific, Inc., Walsham, MA, USA). Sequencing was done at the Plant Genetics and Breeding Lab of AUTH on a GeneStudio S5 platform using Ion Torrent™ sequencing technology (Thermo Fisher Scientific, Inc., Walsham, MA, USA). Sequencing progress and raw sequences were processed through the Ion Torrent Suite (ver. 5.12.2, Thermo Fisher Scientific, Inc., Walsham, MA, USA), then BAM files were uploaded to the Ion Reporter Platform to obtain Ion 16S Metagenomics report through Ion 16S Metagenomics Workflow (Thermo Fisher Scientific, Inc., Walsham, MA, USA). Ion 16S Metagenomics Workflow uses a premium curated Applied Biosystems™ MicroSEQ™ ID 16S rRNA database and a curated Greengenes database, that are not user customizable (i.e., thresholds and cut-off values). Therefore, Fastq files (QC-, adaptor-, and barcode trimmed) were exported using the FileExporter plugin through Ion Torrent Suite and uploaded on the MG-RAST server [28] under the project number mgp91606. After MG-RAST QC (dynamic error removal (DRISEE), dynamic trimming (DYNAMICTRIM), denoising and normalization (FASTQ-MCF); see details on MG-RAST under Processing Information per submitted sample) taxonomy was assigned using Greengenes database (v.13_8) at 97% identity (e value 10−5). The resulting taxonomy matrix (OTUs Table; not shown) was used for all subsequent analysis. Descriptive diversity indices (α-diversity, rarefaction curves) and statistics (PCoA, Clustering based on Bray-Curtis and UPGMA, PERMANOVA, and ANOSIM) were calculated using PAST3 software [29]. Venn diagrams were carried out according to Heberle et al. [30].





3. Results


3.1. Sequence Analysis


High-throughput sequencing was performed using an Ion Torrent platform GENE STUDIO S5 at the Laboratory of Plant Genetics and Breeding, School of Agriculture, Aristotle University of Thessaloniki, Greece. Seven hypervariable regions (V2, V3, V4, V6, V7, V8, and V9) of the 16S rRNA gene were amplified and sequenced. Sequencing yielded 3,836,209 reads in total, with an average of 15,775 classified sequences per cultivar with an average read length of 234 bp. Accordingly, V3 provided the greatest sequencing depth that is the number of reads generated per sample (33% of total reads), followed by V6 and 7 (20%), V4 (18%), V8 (18%), V2 (10%), and, V9 (>0.1%) for profiling the bacterial diversity. The proportion of the unclassified reads ranged from the lowest of Limniona (60%) to the highest of Mavro (97%) with an average of 84% and were excluded from further analyses. Though the rarefaction curve was not parallel with the x-axis, the Good’s coverage of bacterial diversity reached 99.9%, with the majority of microbial diversity being captured (Figure S1).



A 463 bacterial distinct OTUs were detected excluding singletons (with a threshold of 97% similarity; Greengenesv. 13_8); identifying 11 phyla, 22 classes, 42 orders, 98 families, and 204 genera (Figure 1).




3.2. Microbial Diversity among Cultivars


Among the 11 phyla present in 37 cultivars, Proteobacteria, Bacteroidetes, and Actinobacteria were the most dominant, comprising 99% of the total OTUs (Figure 2). The proportion of the aforementioned phyla varied among the cultivars, ranging from 94% for Mavro to 100% for Karabraimis, with an average of 99% (Figure 2).



Microbial diversity indices varied among cultivars. Richness (Chao1) scores ranged among the cultivars from 183 to 544 (Table 2). Specifically, Cabernet Sauvignon held the lowest and Korinthiaki the highest Chao1 score. Regarding OTUs, the highest value was obtained by Limniona (266 and 164), both including and excluding singletons, respectively. The lowest values were shown by Cabernet Sauvignon with singletons (88), and by Grenache (37) excluding singletons (Table 2). Shannon diversity ranged from 1.2 (for Syrah) to 3.1 (for Mavrokorakas). Simpson’s evenness index ranged from 0.45 to 0.92 for Savvatiano and Mavrokorakas, respectively.




3.3. Cultivar Genotype May Influence Bacterial Community Structure


Different Vitis vinifera cultivars planted in the same field exhibited distinctly different microbial composition. Noteworthy, PCoA (principal coordinate analysis) revealed one distantly apart cluster composed of Syrah, Cardinal, Soultanina, and Vertzami (Figure 3) diverged by 67% from other cultivars based on Bray–Curtis dissimilarities calculated for the composition of the bacterial communities at the genus level.



The first two PCoA axes (1 and 2) explain 35% of the total variation (Figure 3). Six groups were separated by hierarchical clustering (Figure 4). Significant differences in the microbial community structure were confirmed by PERMANOVA (p < 0.001 and F = 6.617) and ANOSIM (p < 0.001 and R = 0.6964) statistical analyses. Based on Venn diagram analyses (data not shown), 26 of the 37 cultivars showed the presence of cultivar-specific bacterial genera. The abundance of cultivar-specific genera ranged from 1–13 (Table 3), forming six distinct groups of cultivars. These six groups comprise 64 bacterial genera; interestingly, each cultivar had a unique bacterial fingerprint. While the remaining 11 cultivars from one group share 140 bacterial genera (Table 3).



Of the total 204 bacterial genera identified, the following eleven: Curtobacterium, Fischerella, Frigoribacterium, Hymenobacter, Kineococcus, Massilia, Pantoea, Pseudomonas, Pedobacter, Rathayibacter, and Sphingomonas were present in all cultivars, except the Riesling. In the latter, the Pantoea genus was absent. The above-mentioned 11 genera are considered as a core microbiome. The relative abundance of this core microbiome ranged from 68–99%, with Limniona harboring the lowest and Robola the highest, respectively (Figure 5).




3.4. Assessment of Vine Bacteria of Economic Importance


The study revealed well-known bacteria with economic implications for viticulture and winemaking. Of all the studied cultivars, only seven cultivars presented such bacteria. Agrobacterium vitis and A. tumefaciens, which are responsible for crown and cane gall disease, were detected in Tsaousi and Riesling cultivars. Riesling cultivar harbored both A. vitis and A. tumefaciens, with the former presented in a 12-fold species abundance compared to Tsaousi, while Tsaousi contained only A. tumefaciens. Lactic acid bacteria (LAB), including Lactobacillus and Pediococcus, and acetic acid bacteria (AAC), such as Gluconobacter associated with wine production, were detected in low abundance. Specifically, Lactobacillus sp. was observed in Vidiano, Limniona, Voidomatis, and Kakotrygis, and Pediococcus spp. were only discovered in Mavro, while Gluconobacter was observed only in Serifiotiko cultivar.





4. Discussion


The aim of this study was to investigate the roles that Vitis vinifera cultivars might play, as microbial hosts, in shaping the differentiation of associated microbiomes. The hypothesis in the study was that if there is any influence of the genotype in the bacterial assemblage that overwinter on the vine canes, this should be evident as differences in the bacterial populations detected early in the spring on vines of different genotypes in the same vineyard, same soil and environment, and cultivated with the same agricultural practices. Here, we specifically focused on one-season-old canes’ barks and buds, which to our knowledge, no other study compared their associated microbiomes yet. High-throughput sequencing revealed rich microbiomes on these parts from several cultivars, supporting that trunk bark is an important microbial host (microbial terroir [7]). Interestingly, cane samples hosted several taxa that are typically identified in many studies across the world. On the other hand, a great portion of our sequencing data revealed unclassified microbial sequences. However, it is not uncommon for sequencing studies to result in high numbers of valid but unclassified reads. It could be due to experimental noise and richer microbiomes with some organisms less well described in the different databases [31]. Also, the differences in the microbiomes of the studied cultivars partly support the idea that vineyards consisting of different grape cultivars appear to harbor more diverse microbiomes. A possible selection pressure imposed on the microbiome by grapevine genotype might be one explanation, as indicated in other studies [4].



A multiple variable region 16S amplicon approach was applied to target seven hypervariable regions of the 16S rRNA gene in Vitis microbiomes, contrary to other previous studies focusing on a single region [4,6,7,11,12,16,26,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50]. The use of multiple variable regions of the bacterial 16S rRNA gene provides clear advantages compared to traditional single variable region approaches, particularly regarding detection specificity, and can better describe microbial diversity, i.e., higher resolution for lower-rank taxa [27,51]. A multiple variable region 16S amplicon approach could be incorporated in current workflows of Illumina [27] and Thermo Ion sequencing technologies (Ion 16S Metagenomics Kit, #A26216, Thermo Fisher Scientific Inc., USA) without any subsequent modifications after amplicon amplification and purification. Among the seven hypervariable regions of the 16S rRNA gene analyzed, the V3 region provided the greatest sequencing depth for profiling bacterial diversity, followed by V6-7 and V4. The later region (V4) also provided greater sequencing depth compared to the V5 region in another Vitis study [46]. Therefore, sequencing V3-4 regions, with high specificity primers excluding co-amplification of mitochondrial/chloroplast DNA, could be an effective alternative for future Vitis related studies.



Proteobacteria, Bacteroidetes, and Actinobacteria were the most abundant phyla. These phyla are considered as phyllosphere-associated generalists and have been detected in large numbers in several plant species [52,53] and soil samples as well [54,55]. Although their dominance detected in our study was in accordance with the findings of others [4,7,11,12,18,37,38,39,40,44,45,56,57,58,59,60,61], however, their niches were entirely neglected. The rest of the phyla that had a low presence were also detected in other studies in different amounts. For instance, the prevalence of Cyanobacteria was very low (0.5%) compared to 80% reported by [4], who examined phylosphere and carposphere, probably due to the different tissues examined. In addition, the detected phyla of Firmicutes, Chlamydiae, Acidobacteria, Verrucomicrobia, Chlorobi, Planctomycetes, Fusobacteria, Nitrospirae, and Spirochaetes were also reported in other Vitis studies [7,11,18].



Patterns of microbiome divergence among cultivars became evident, and the majority of Vitis microbiomes grouped close to the lower part of the plot (Figure 3). Interestingly, Vertzami, Cardinal, Soultanina, and Syrah cultivars formed a distinct group. Similar patterns of microbe divergence were also detected in other studies with different cultivars [4,62]. Moreover, the results of Venn diagrams revealed that Limniona hosted unique bacterial genera ranging from 40 to 72% of the total taxa when compared to Victoria and Grenache, respectively. Considering free-living microbes, it is well documented how geography and environment shape microbial community structure. In vineyard ecosystems it was recently demonstrated that microbial variability correlates with the geographic location of the cultivars, environmental characteristics and agronomic systems [63,64]. In a recent biogeographic investigation, geographic distance and environment appear to be important factors shaping Vitis associated Saccharomyces cerevisiae diversity [65]. In our study, geographic distance was not a factor controlling microbial diversity, because all cultivars were from the same vineyard. Interestingly, the genotype of the cultivars appeared to have a drastic impact on the bacterial community, influencing the fitness of certain V. vinifera associated microbes.



The detected genera (Hymenobacter, Massilia, Frigoribacterium, Sphingomonas, Pseudomonas, Pedobacter, Pantoea, etc.) in the vineyard are known to have distinct beneficial and pathogenic roles. For instance, among Pseudomonas spp., Ps. putida had a presence of 11% among the other species of this genus and is known for its growth-promoting role [66,67]. Moreover, Ps. fluorescens (12%) and Ps. aeruginosa (0.02%) suppress different pathogens [68,69]. However, other Pseudomonas spp. such as Ps. viridiflava (15%) and Ps. syringae (0.4%) [68,69] are known for their pathogenicity. Only Massilia timonae was detected in this study, which is known for its plant-growth-promoting and protection in the rhizosphere and seed surface [70]. Massilia taxa have been reported in the phyllosphere of different plants, including lettuce and apple [71,72,73,74,75]. Moreover, the genus Sphingomonas generally acts as a plant-protective by suppressing disease symptoms and decreasing pathogen growth [53]. Researchers have demonstrated that the leaf bacterium Sphingomonas spp. can protect plants against the leaf-pathogenic Ps. syringae through substrate competition [74]. Also, Sphingomonas spp. are known for their plant growth-promoting through the production of plant growth-stimulating factors [75]. However, S. melonis was described as the causative agent of the brown-spot disease of yellow Spanish melons (Cucumis melo) [76] and was also detected with a presence of 97% among the other species of this genus. Furthermore, members of Pantoea act as biocontrol agents or plant-growth promoters [75], including Pantoea agglomerans (95%). This species works against different pathogens like Erwinia amylovora, causing fire blight disease of pear and apple fruit trees [77]. Some economically important bacterial genera such as Agrobacterium, Acetobacter, Gluconobacter, Pediococcus, Lactobacillus spp. were observed in trivial abundance. Although no observable effect is anticipated during this stage of the grapevine lifecycle, they might later be inoculants for the grapevine itself or its products, causing economic losses if the conditions are suitable. From our study, it is evident that cane tissues host both beneficial and pathogenic taxa, with important economic implications in viticulture. Thus, the dynamics of beneficial and pathogenic taxa through seasonal grapevine growth remain unclear. Future studies should investigate V. vinifera microbiomes at a greater temporal resolution to better understand the control and factors affecting the trade-off balance between beneficial and pathogenic taxa in vineyards.



Results of this study may be helpful to investigate the origin of the grapevine associated microbiomes in other tissues. Previous studies indicated that grapevine microbiomes on leaves and grapes originated primarily from the adjacent soil microbiome [6,7,37,39,47,78]. This could be due to the direct dissemination of soil particles or any other form of passive transportation, e.g., displacements of plant surface. Another concept of microbial inoculation considers direct inoculation of various vine parts through buds. Trunk bark was also considered as a permanent habitat and source of inoculation in a vineyard [6,7,79]. Hence, the buds, which are responsible for the annual growth cycle of grapevines [80], together with the barks of the one-season-old canes, could be the direct source of inoculants because they are in closer contact with leaves, inflorescences, and grapes than any other sources. The origin and mode of inoculation require further investigation and could potentially help us understand the importance of the local environment and cultivar selection in controlling microbial dynamics on V. vinifera cultivars.




5. Conclusions


Metagenomics mining revealed that a core microbiome is hosted by all studied V. vinifera cultivars conserved in the same environment. On the other hand, unique metagenomics fingerprints were unraveled for each cultivar, suggesting a role of cultivars’ genotype in shaping the associated microbial community. The vine microbiome’s complexity and diversity were highlighted, although a percentage of sequence data still remains unassigned. Thus, further microbial metagenomics research is vital for complete coverage of the microbial genome available in vineyards. The host-associated microbes require further investigation in greater temporal and spatial patterns to assess the importance of grapevine microbiomes to delineate the wines regional character and provide further tools for sustainable agriculture.
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Figure 1. The abundance of bacteria among all grapevines based on the classified reads at the phylum level. 
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Figure 2. The relative abundance of the 11 bacterial phyla of each grapevine based on the classified reads. 
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Figure 3. PCoA constructed using Bray–Curtis at the genus level for 37 grapevines. 
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Figure 4. Hierarchical cluster constructed using Bray–Curtis at the genus level for 37 grapevines. 
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Figure 5. The relative abundance of the top 11 bacterial genera among the 37 cultivars. 
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Table 1. List of cultivars analyzed. Fruit color is presented as B, black; R, red; W, white.
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Classification

	
Cultivar

	
Main Purpose of Use

	
Fruit Color






	
Greek

	
Agiorgitiko

	
Wine

	
B




	
Assyrtiko

	
Wine

	
W




	
Fraoula

	
Table grapes

	
R




	
Kakotrygis

	
Wine

	
R




	
Karabraimis

	
Wine

	
Β




	
Korinthiaki

	
Wine, raisins

	
B




	
Kotselina

	
Wine

	
B




	
Limniona

	
Wine

	
Β




	
Mavro (from Cyprus)

	
Wine

	
B




	
Mavrodafni

	
Wine

	
Β




	
Mavrokorakas

	
Wine

	
B




	
Moschofilero

	
Wine

	
B




	
Moschatolefko

	
Wine

	
W




	
Razaki

	
Table grapes

	
W




	
Robola

	
Wine

	
W




	
Roditis

	
Wine

	
R




	
Savvatiano

	
Wine

	
W




	
Serifiotiko

	
Wine

	
B




	
Tsaousi

	
Wine

	
W




	
Voidomatis

	
Wine

	
B




	
Vertzami

	
Wine

	
B




	
Vidiano

	
Wine

	
W




	
Xinomavro

	
Wine

	
B




	
Malagouzia

	
Wine

	
W




	
International

	
Cabernet Sauvignon

	
Wine

	
B




	
Cardinal

	
Table grapes

	
B




	
Crimson

	
Table grapes

	
R




	
Grenache

	
Wine

	
B




	
Italia

	
Table grapes

	
W




	
Merlot

	
Wine

	
B




	
Perlette

	
Table grapes

	
W




	
Ralli

	
Table grapes

	
R




	
Riesling

	
Wine

	
W




	
Sauvignon Blanc

	
Wine

	
W




	
Soultanina

	
Table grapes, raisins

	
W




	
Syrah

	
Wine

	
B




	
Victoria

	
Table grapes

	
W
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Table 2. The richness and diversity indices of bacterial communities among the studied grapevines. The highest values in each column are in bold and lowest in italics.
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	Cultivar
	Good’s Coverage
	OTUs Excluding Singletons
	Chao-1
	OTUs Including Singletons
	Shannon-H
	Simpson-1D
	Reads Obtained





	Limniona
	0.997
	164
	422.1
	266
	2.85
	0.891
	31,399



	Voidomatis
	0.997
	109
	489.3
	230
	1.80
	0.587
	38,102



	Victoria
	0.992
	113
	399.0
	217
	2.71
	0.866
	12,826



	Vertzami
	0.996
	101
	453.6
	207
	2.38
	0.808
	23,965



	Karabraimis
	0.996
	105
	364.4
	197
	2.85
	0.886
	24,956



	Crimson
	0.995
	96
	471.0
	196
	2.44
	0.837
	19,410



	Tsaousi
	0.992
	96
	357.9
	194
	2.92
	0.908
	11,580



	Xinomavro
	0.996
	100
	424.6
	192
	2.71
	0.884
	24,394



	Malagouzia
	0.997
	86
	451.0
	191
	2.20
	0.828
	31,896



	Serifiotiko
	0.988
	82
	353.4
	178
	2.61
	0.843
	7839



	Mavrokorakas
	0.983
	79
	373.3
	175
	3.05
	0.920
	5798



	Vidiano
	0.983
	77
	310.0
	165
	2.38
	0.814
	5271



	Mavrodafni
	0.996
	84
	334.2
	163
	2.64
	0.887
	19,820



	Roditis
	0.994
	88
	290.6
	162
	2.74
	0.887
	11,964



	Merlot
	0.993
	80
	341.0
	161
	2.56
	0.872
	11,869



	Cardinal
	0.997
	81
	352.6
	160
	1.76
	0.620
	25,021



	Razaki
	0.997
	82
	303.1
	157
	2.21
	0.794
	22,208



	Italia
	0.994
	68
	403.5
	148
	2.31
	0.805
	14,163



	Kotselina
	0.995
	81
	274.6
	148
	2.74
	0.898
	13,264



	Soultanina
	0.997
	67
	434.3
	147
	1.85
	0.704
	27,181



	Korinthiaki
	0.994
	62
	543.7
	147
	2.11
	0.748
	14,552



	Moschatolefko
	0.992
	64
	379.4
	147
	2.28
	0.823
	9944



	Ralli
	0.989
	60
	379.2
	142
	2.03
	0.712
	7139



	Savvatiano
	0.999
	72
	246.5
	137
	1.23
	0.452
	44,328



	Kakotrygis
	0.990
	53
	284.8
	125
	2.37
	0.847
	7182



	Assyrtiko
	0.992
	60
	255.1
	120
	2.42
	0.852
	7637



	Fraoula
	0.995
	71
	188.2
	119
	2.34
	0.802
	9883



	Perlette
	0.988
	49
	292.2
	117
	2.27
	0.829
	5587



	Agiorgitiko
	0.993
	48
	321.0
	113
	2.05
	0.786
	9735



	Sauvignon Blanc
	0.990
	49
	239.0
	106
	1.87
	0.665
	5480



	Riesling
	0.991
	44
	410.0
	105
	2.11
	0.783
	6821



	Moschofilero
	0.993
	50
	217.8
	103
	2.37
	0.821
	7154



	Mavro
	0.977
	51
	191.4
	103
	2.82
	0.889
	2301



	Syrah
	0.998
	45
	193.8
	102
	1.21
	0.537
	30,409



	Robola
	0.997
	49
	204.1
	96
	1.77
	0.738
	15,095



	Grenache
	0.987
	37
	215.3
	90
	2.06
	0.791
	4158



	Cabernet Sauvignon
	0.993
	52
	183.1
	88
	2.55
	0.884
	5188
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Table 3. The number of unique genera detected for the studied grapevines.
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	Cultivar
	# of Unique Genera Detected
	Unique Genera





	Moschofilero, Robola, Cabernet Sauvignon, Moschatolefko, Riesling, Sauvignon Blanc, Korinthiaki, Mavrodafni, Grenache, Agiorgitiko, Kakotrygis
	Zero
	---



	Tsaousi
	One
	Rhodobacter



	Italia
	One
	Myroides



	Savvatiano
	One
	Zymomonas



	Mavro
	One
	Pediococcus



	Ralli
	One
	Oceanobacillus



	Serifiotiko
	One
	Gluconobacter



	Perlette
	One
	Pigmentiphaga



	Vertzami
	One
	Buchnera



	Asyrtiko
	One
	Janibacter



	Fraoula
	Two
	Verminephrobacter, Pseudochrobactrum



	Soultanina
	Two
	Spiroplasma, Sodalis



	Cardinal
	Two
	Cellulophaga, Azotobacter



	Vidiano
	Two
	Symploca, Enterococcus



	Kotselina
	Two
	Taylorella, Megamonas



	Syrah
	Two
	Ralstonia, Methylophilus



	Crimson
	Two
	Tetragenococcus, Aerococcus



	Razaki
	Two
	Nonomuraea, Brochothrix



	Karabraimis
	Two
	Pectobacterium, Mobiluncus



	Malagouzia
	Three
	Ureibacillus, Oxalobacter, Acidithiobacillus



	Mavrokorakas
	Three
	Geobacillus, CandidatusSolibacter, CandidatusPhytoplasma



	Roditis
	Three
	Saccharothrix, Rhodothalassium, Renibacterium



	Voidomatis
	Three
	Serinicoccus, Lysinibacillus, Bradyrhizobium



	Xinomavro
	Four
	Promicromonospora, Microcystis, Herminiimonas, CandidatusAmoebophilus



	Victoria
	Eight
	Williamsia, Treponema, Terrimonas, Porphyromonas, Granulicatella, Gemella, Fusobacterium, Abiotrophia



	Limniona
	Thirteen
	Tetrathiobacter, Streptoalloteichus, Streptacidiphilus, Pseudonocardia, Planomicrobium, Nesterenkonia, Lechevalieria, Halorhodospira, Gordonia, Deinococcus, Candidatus, Cardinium, Brachybacterium, Anabaenopsis
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