Microbial inoculation shapes local and systemic grapevine microbiota and wine metabolites
across ages and managements.
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Supplementary Figures
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Figure S1. Satellite image of the study area with the boundaries of the two vineyards analyzed in
this work. The delineated contours indicate the exact extent of each vineyard (VO, in yellow; VN in

light blue) selected for analyses. Google, Map Data @2024.
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Figure S2. Schematic overview of the experimental setup. In both vineyards (VN and VO), 100
plants were treated with a commercial bioinoculum (Treated) in March and June of 2022 and 2023,
while 100 untreated plants served as controls (Control). Root, soil, and rhizosphere samples were
collected in June and October, and grape samples in August in both years (2022, 2023). For each
condition (VN-Treated, VN-Control, VO-Treated, VO-Control), the following samples were obtained:
(a) leaves for ionome profiling by ICP-MS; (b) grapes for vinification, with grape must and wine
analyzed by NMR for metabolite profiling; additional grapes were pressed for DNA extraction and
metabarcoding analysis of 16S and 18S; (¢) roots and soils from five different plants pooled into one
biological replicate. The root endosphere was separated from the rhizosphere, and DNA was extracted
from root, soil, and rhizosphere for metabarcoding analysis of 16S and ITS; (d) soil samples for

chemical and physical property analyses.



GO0

273

gﬂﬂw

2000

Numbor of

Mumoer ot ASVE

0204

165 rONA libraries

&0 4 A
Libeary Sz freans ¥ 10000

Timepoint — 1w — 2p — 49 — Sip

ITS rDNA libraries

o

e
Library Sie r=nns x 1000

Timepoint — 1 — #p — 4 — &

Figure S3. Rarefaction
curves of 16S and ITS
rDNA libraries of soil,
rhizosphere and
endosphere samples. Each
plot represents the sample
per condition (vineyard,
compartment and timepoint).
Abbreviations: rt - root
endosphere, rz - rhizosphere,
sl - soil, 1tp and 4tp are
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while 2tp and 5tp are
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Figure S4. Shannon diversity index values (a-diversity) of grapevine microbial communities.

Plots are grouped by site (x-axis), treatment (color) and phenological stage (sub-plots) for prokaryotic

(a-¢) and fungal (d-f) amplicon libraries. Values from different root-associated compartments,

including bulk soil (a,d), rhizosphere (b,e) and root endosphere (c,f) are shown in different plots. In

each plot points represent values from each single library. Flowering phenological stage, BBCH stage

7 (June 2022-2023, flowering) and ripening phenological stage, BBCH stage 9 (October 2022-2023,

ripening) were studied. Boxplots display the median (horizontal line), the quartiles (boxes) and 1.5 x

interquartile range (whiskers). Letters indicate significant differences between sites and treatment

according to Tukey's post-hoc test after ANOVA (p < 0.05).



Bioimoculm Biomoculum

()

Bioinoculum Biomoculum

©
VN treated

VN treated

Figure S5. Differential abundance of prokaryotes and fungi in treated versus control in both
vineyards. (a-¢) Number of enriched bacterial ASVs in the three compartments considered (a, soil; b,
rhizosphere; c, endosphere). (d-f) Number of enriched fungal ASVs in the three compartments

considered (d, soil; e, rhizosphere; f, endosphere).
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Figure S6. Rarefaction curves of 16S and 18S rDNA libraries of grape samples. Each plot

represents the sample per condition (vineyard, treatment). Abbreviations: trt - Treated, ntr - Control.
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Figure S7. Quantification of the leaf ionome profile of Vitis vinifera var. Pigato under microbial
inoculum and control treatments in the two studied vineyards. Plots are grouped by site (x-axis)
and treatment (color). Values from each ion are shown in different plots. In each plot points represent
values from each single sample. Chemical elements are aluminium (Al), arsenic (As), boron (B),
barium (Ba), copper (Cu), potassium (K), magnesium (Mg), phosphorous (P), sulphur (S) and
strontium (Sr). Boxplots display the median (horizontal line), the quartiles (boxes) and 1.5 x
interquartile range (whiskers). Asterisks indicate significant differences between sites and treatment

according to Tukey's post hoc test after ANOVA (p < 0.05).
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Figure S8. Quantification of the must metabolites of Vitis vinifera var. Pigato under microbial
inoculum and control treatments in the two studied vineyards. Plots are grouped by condition (site
- treatment) (x-axis and color). Values from each metabolite are shown in different plots. Boxplots
display the median (horizontal line), the quartiles (boxes) and 1.5 x interquartile range (whiskers).
Asterisks indicate significant differences between sites and treatment according to Tukey's post hoc

test after ANOVA (p < 0.05).
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Figure S9. sPLS-DA model (DIABLO) tuning and diagnostics. (A) Selection of the optimal

number of components; classification error rates (balanced overall) are represented on the y-axis; the

number of components is reported on the x-axis for each prediction distance. (B) Sample plots for

each block based on the first two variates; points in scatter plots represent samples and are coloured

by treatment type; 95% confidence ellipses are shown. (C) Pairwise correlations of the first variate

across all blocks; in the upper panels, points in scatter plots show samples and are coloured by

treatment type; 95% confidence ellipse are shown, while the lower panels report the pairwise

correlation coefficients between the first variate of each block.
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Figure S10. Cross-block associations on higher-order components (2-4) of the DIABLO

(multiblock sPLS-DA). (A) Clustered image map (CIM) showing sample similarities (columns) and

inter-block (rows) variable correlations obtained from the DIABLO model on components 2—4 at >

0.7 correlation threshold. (B) Circos plot illustrating direct correlations between variables across

different blocks obtained from the DIABLO model on components 2—4; outer tracks indicate average

abundance of each variable within each block in Treated and Control samples: only inter-block

correlations higher than 0.7 are shown.

12



Table S1. Physico-chemical characterization of soils collected from both vineyard sites (VN and VO).

Supplementary Tables

Variables VO VN p-value | Signif.
pH 730+0.05 |7.54+0.01

Carbonates (%) 1132013 | 263026 |0.00001 | =
Total N (%) 021002 |015£001 |0.00115 | *
Organic C (%) 199+024 |148=013 |00113

C/N ratio 13.3 9.9 0.007 *ok
Available P (mg P kg™) 1837131 | 29.8+1.67 | 0.00000 | **x
Cation Exchange Capacity (meq/100g) | 9.13 + 1.01 7.47+0.43 | 0.00474 | **
Ca exchangeable (meq/100g) 1039074 | 848021 |0.00371 | **
Mg exchangeable (meq/100g) 1.24+£0.08 1.02+0.04 | 0.00731 | **
K exchangeable (meq/100g ) 0.7+ 0.04 0.92 +0.31 0.31730

Clay % (< 2 pm) 658+1.02 | 758072 | 0.06380

Fine Silt % (2-20 pm) 1494+154 | 147506 | 0.79100
Coarse Silt % (20-50 pm ) 8 = 0.88 858+ 135 | 0.40800

Fine Sand % (50-200 pm) 2299+428 |205+1.18 | 0.19440
Coarse Sand % (200-2000 pm) 4749+3.79 | 48.59+229 | 0.61580

Asterisks indicate significant differences between vineyards according to ANOVA with Tukey’s
pairwise post-hoc test (* p<0.05, ** p<0.01, *** p<0.001). Values were measured on 3 soil

subsamples, mean =+ standard deviation for each parameter is indicated.
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Table S2. PERMANOVA table (adonis, 9999 permutations) of the Bray-Curtis dissimilarities of

root-associated prokaryotic and fungal microbial communities.

Source of variation Df | SumOfSqs | R2 F p-value ‘]:::lﬂ::li::((l%) signif

Prokaryotes (16S)
treatment 1 0.19 0.0038 1.39 0.1684 0.39
phenological stage 1 0.59 0.0119 4.32 0.0012 1.19 *x
year 1 2.8 0.0567 | 20.47 | 0.0001 5.67 ok
site 1 5.68 0.115 41.51 | 0.0001 11.51 Rk
compartment 2 16.96 0.3436 | 61.98 | 0.0001 34.36 ok
Residual 169 | 23.13 0.4685 46.85
Total 175 | 49.37 1 100

Fungi (ITS2)

treatment 1 0.56 0.0093 2.37 0.0031 0.93 ok
phenological stage 1 0.55 0.0092 | 2.33 0.0029 0.92 *E
year 1 2.45 0.0406 10.28 | 0.0001 4.06 Rk
site 1 5.99 0.0994 | 25.18 | 0.0001 9.94 ok
compartment 2 10.46 0.1735 21.97 | 0.0001 17.35 Hokk
Residual 169 | 40.26 0.6676 66.76
Total 175 | 60.3 1 100

Significant results (p<0.05) are highlighted in bold type.
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Table S3. PERMANOVA table (adonis, 9999 permutations) of the Bray-Curtis dissimilarities for

grape-associated bacterial and fungal microbial communities.

Source of variation | Df | SumOfSqs | R2 F p-value f:ﬁ:ﬁ::((io %) signif
Prokaryotes (16S)
site 1 0.84 0.3617 9.12 0.0033 36.175 *E
treatment 1 0.3 0.131 3.3 0.0546 13.102
Residual 12 | 1.11 0.475 47.58
Total 14 | 233 1 100
Fungi (ITS2)
Site 1 0.41 0.1583 2.67 0.043 15.83 *
Treatment 1 0.18 0.0723 1.22 0.275 7.22
Residual 13 | 2.01 0.7694 79.94
Total 15 | 2.61 1 100

Significant results (p<0.05) are highlighted in bold type.
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Table S4. Differentially-abundant taxa of grapes-associated communities (Prokaryotes and Fungi) in treated vs control samples in both VN and VO sites

(DESeq2, FDR<0.05).

adjusted
ASVs baseMean | log,FC ! = Domain Taxonomy Species Site
(FDR)
ASV30 26.89 24.23 0.00000018 | Eukaryota | Ascomycota; Eurotiomycetes; Eurotiales; Aspergillaceae unclassified VO
ASV80 | 7.96 1845 | 0.00008192 | Bacteria | Firmicutes; Bacilli, Lactobacillales; Lactobacillaceae; Lactobacillus agilis VO
Lactobacillus
Proteobacteria; G teobacteria; Enterobacterales;
ASVI3 | 150.07 260 | 003416967 | Bacteria | Lo ccieria LAMMAPTOieObACieria; BRTETObACerates Escherichia-Shigella sp. | VO
Enterobacteriaceae; Escherichia-Shigella
Proteobacteria; Ge aproteobacteria; Xanth adales;
ASV29 | 5253 | -25.07 | 0.00000014 | Bacteria | . oo o DAMIMAPTOIEORICIEN: AMNHomonadaies Stenotrophomonas sp. | VN
Xanthomonadaceae; Stenotrophomonas
ASV80 | 7.96 2246 | 000000202 | Bacteria | Firmicutes; Bacilli; Lactobacillales; Lactobacillaceae; Lactobacillus agilis VN
Lactobacillus
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