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Abstract Molecular characterization was carried out on samples of historical grapevine populations that were gathered
from within and around the medieval walls of Siena. Forty-nine grapevines were selected based on their age, historical site of
growth, grapevines’ ampelography, and for being relict accessions, obsolete to cultivation. SSR profiling data were compared
to 44 known grapevines, revealing six functional genetic groups with significant similarity to grapevine types generally grown
in Tuscany. The Sienese germplasm is enriched with rare grapevines at risk of extinction, such as Zuccaccio, Gorgottesco,
Tenerone, Prugnolo gentile, Occhio di Pernice, Procanico, Rossone, Mammolo, and Canina. Population genetics analysis

revealed the existence of five subpopulations structure (-k5) in analogy with cluster analysis.

Rita Vignani and Monica Scali have contributed equally to the
present work.

Significance statement: A multidisciplinary study, including
genetic characterization of the grapevine (Vitis vinifera L.)
germplasm in the urban area of Siena (Italy), revealed the
existence of rare strains and a high degree of biodiversity.
Population genetics showed the existence of population sub-
structures.
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especially by local communities and governmental entities
to contrast the erosion of grapevine genetic diversity. In
this view, many researchers nowadays focus on recovering
abandoned, regional, relict varieties [5—7]. The local sites
in Siena appear to be of extraordinary historic importance,
even if they are only a small proportion of the numerous
locations in Tuscany hosting local, uncharacterized ancient
grapevine strains which deserve to be studied and protected.

Within a multidisciplinary study involving the prospec-
tion of local, historical vineyards in Siena and its peri-urban
spaces, here, we demonstrate genetic evidence of the exist-
ence of rare grapevines at risk of extinction, branching from
functional groups characterized by predominant similarities
with known main grapevine strains mainly found in Tuscany.

Keywords Local grapevines - SSR-based genotyping -
Germplasm biodiversity - Resilient natural populations

Introduction

The importance of characterizing the traditional grapevine
germplasm was recently reaffirmed by the EU directives
(prm_leg_future_prm-study_swd-2021-90(3).pdf). The
study aimed to enhance the indigenous viticultural heritage
and the historical forms of cultivation of the grapevines in
the walled city of Siena (Tuscany, Italy) and its suburban
spaces. Siena is a privileged setting since it has preserved
small areas of vineyard landscapes of historical origin. The
"land units” are generally limited green spaces, such as
cloistered convents or private gardens, characterized by the
presence of historical grapevines of considerable age.

The implementation of genetic breeding programs
requires the maintenance of a high degree of genetic diver-
sity in the grapevine germplasm that should, hopefully,
include resilient individuals that had survived over the years
with no intensive care by man. Local, resilient grapevines
represent a potential added value for the economy and tour-
ism as they present a low environmental impact in favor of
environmental and agricultural sustainability.

Molecular markers have been widely used for studies of
the population structure, demographic history, dynamics,
and the evolution of plants’ genetic populations [1-4]. The
recovery of the ancient varieties is a recent trend, promoted

Material and Methods
Plant Material

Ninety-three accessions from the Vitis spp. were analyzed;
49 from different sites within the medieval walls of Siena or
in the immediate surroundings of the Town (Fig. 1), namely:
Strada di Istieto (IS), Strada Certosa di Maggiano (CM),
Strada Cassia Sud (CS), Istituto San Girolamo (ISG), Orto
de’ Pecci (OdP), Porta San Marco (PSM), Convento San
Domenico (CSD), Strada di Busseto—Podere Ponticini (PP),
Strada del Linaiolo (SLI), Via Aretina (VAR), Via Peruzzi
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Fig.1 Sampling areas at
Siena’s urban (white) and
peri-urban areas (yellow). The
historical toponyms in the
sampling areas are also shown
on the map

(BP), Belriguardo (BLR), Palazzo Sergardi Biringucci (PSE),
Strada di Ventena (VE).
Grapevines used as varietal references for genetic com-

parison derive from the Italian National Varietal Register
(Table 1).

DNA Extraction and Genotyping

DNA extraction and genotyping at SSR loci: VVMD21 [8],
VVMD31, VVMD36, ViZAG47, VVMD25, VVMD27 [9],
VVS2[10], VVMDT7 [11] were carried out according to Vig-
nani et al. [12].

Cluster analysis of the grapevines was performed by the
UPGMA (unweighted pair group arithmetic means average)
method using the SAHN subprogram of NTSYS 2.0 software
(Exeter Software, East Setauket, NY).

Genetic Diversity Analyses

GenAlex v. 6.5 was used for descriptive statistics: alleles per
locus (Na), the effective number of alleles per locus (Ne),
allele frequency, any Wahlund effect, observed heterozygo-
sity (HO), expected heterozygosity (HE), Fixation index (F),

PORTA S:MARCO %
EAVIGNA .7

Principal Coordinates Analysis (PCoA), private alleles (Pa),
[13, 14], and the hierarchical analysis of molecular variance
(AMOVA).

Population Structure Analysis

STRUCTURE v. 2.3.4 was used for population analysis [15].
All simulations were performed with 100,000 replicates for
burn-in and 1,000,000 replicates for Markov chain Monte
Carlo (MCMC) processes in 10 independent runs. The
number of K clusters was determined firstly by simulating a
range of K-values from 1 to 10, without putative population
origin for each individual. Since after K=2, there were no
other appreciable peaks, STRUCTURE was run again with
10 runs for K-values ranging from 1 to 11, with putative pop-
ulation origin for each individual following the 6 functional
genetic groups identified by the dendrogram of similarity.
The STRUCTURE outputs were analyzed by Structure
Harvester [16] and CLUMPAK [17]. Principal coordinate
analysis (PCoA) was run via a Covariance matrix with data
standardization to infer the distribution of grapevine acces-
sions among structure groups.
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Table 1 List of grapevines

@ Springer

1 42 BP LF 48 8CM LF
2 43 BP LF 49 9CM LF
3 44 BLR LF 50 10 CM LF
4 45 BLR LF 51 11 CM LF
5 46 PSE LF 52 12CM LF
6 47 VE LF 53 13 CM LF
7 48 VE LF 54 14 CM LF
8 49 VE LF 55 15 CS LF
9 SANGIOVESE v 56 16 CS LF
10 21 ISG LF 57 17 CS LF
11 22 ISG LF 58 18 CS LF
12 23 ISG LF 59 19 CS LF
13 24 1SG LF 60 20 CS LF
14 25 OdP LF 61 MOSCATO BIANCO v
15 26 OdP LF 62 ABRUSCO v
16 27 OdP LF 63 ABROSTINE v
17 28 OdP LF 64 GORGOTTESCO v
18 29 PSM LF 65 OCCHIO DI PERNICE v
19 30 PSM LF 66 POVERINA v
20 31 PSM LF 67 ROSSONE v
21 32 PSM LF 68 SANG. PICCOLO PRECOCE v
22 33 CSD LF 69 TENERONE v
23 34 CSD LF 70 VAIANO v
24 35CSD LF 71 ZUCCACCIO v
25 36 PP LF 72 MALVASIA BIANCA LUNGA v
26 37 PP LF 73 SANGIOVESE v
27 38 PP LF 74 RIESLING v
28 39 SLI LF 75 SANGIOVESE v
29 40 SLI LF 76 SAUVIGNON BLANC v
30 41 VAR LF 77 COLORINO AMERICANO v
31 CANAIOLO BIANCO v 78 COLORINO VAL D’ARNO v
32 PROCANICO v 79 COLORINO AREZZO v
33 PRUGNOLINO MEDIO v 80 COLORINO PISA v
34 PRUGNOLO GENTILE v 81 COLORINO v
35 BIANCONE v 82 MAMMOLO v
36 ANSONICA D’ARCILLE \Y% 83 UVA AMERICANA v
37 ANSONICA FOLLONICA v 84 GIACCHE v
38 CANAIOLO NERO \% 85 PISCIONA \
39 GRANOIR v 86 UVA VECCHIA BIANCA v
40 MALVESIA NERA \Y% 87 CANINA \
41 11S LF 88 PISCIANCIONE \
42 21S LF 89 PISCIANCIO FIRENZE v
43 31S LF 90 PISCIANCIO PISA v
44 418 LF 91 SAN COLOMBANO \
45 51S LF 92 PROMATICCIO BIANCO v
46 6 1S LF 93 MOSCATELLO NERO v
47 7CM LF v

Ninety-three grapevine accessions. Forty-nine from Siena (Local Forms=LF) and 44 used as varietal refer-
ences (Varieties=V) with the indication of assigned progressive numbers (with dots) used for population
genetics analysis. The Sienese grapevines depict the respective original names (number + acronym), where
the acronyms derive from the fourteen sampling areas (BP, BLR, PSE, VE, ISG, OdP, PSM, CSD, PP, SLI,
VAR, IS, CM, CS) (Fig. 1); the varietal vines used as controls are in capital letters. The Sangiovese n. 9,
73, and 75 are clones taken from different geographical areas
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Fig. 2 UPMGA clustering dendrogram. On the right: a Population genetic by STRUCTURE for K=5. b Various simulations for each value of
K summarized using CLUMPAK, show five clusters corresponding to the functional groups in the dendrogram

Results and Discussion
Cluster Analysis

Grapevines were selected based on their unusual phenotypic
traits that seemed to deviate from the standard morphology
of main Tuscan grapevine types according to OIV ampelo-
graphic determination (data not shown).

The genetic variability of the Sienese grapevines is
graphically represented in Fig. 2. A threshold of significance
seems to be deductible in agreement with ampelography
observations done on the same plants. Only five grapevines
were highly related genetically to known references (>90%),
while the majority ranged from 40 to 70% similarity with
known grapevines. The high degree of grapevine diversity
may be explained by considering the “land units” have acted
as "time capsules"” for grapevine diversity conservation.

Six main similarity groups were detected. Namely:

(i) The homologs of white-berry Tuscan grapes Procan-
ico, Ansonica d’Arcille, and Ansonica were used as
controls for identity. There was only one vine from
the Northern area—42 BP—while the remaining—40
SLI, 22 ISG, 35 CSD, and 29 PSM—were from the
town of Siena or its Southern peri-urban area. These

are white-berry grapevines genetically homolog to

Trebbiano, considered an endemic variety in Tuscany;

The homologs of Sangiovese, including Prugnolo

Gentile and Sangiovese Piccolo Precoce, were used

as controls, ranging from a minimum of 80% identify-

ing with Sangiovese (Sangiovese numbers 9, 73, and

75 in Table 1). 30 PSM is related to Prugnolo Gentile

and Sangiovese Piccolo Precoce, 5 IS is a Sangiovese,

and 23 ISG, 28 OdP are about 85% similar to San-
giovese. 26 OdP is very close to Rossone, while 2 IS,

3 IS, 15 CS were found in this group close to Mam-

molo (Mammolo 2ISV, number 82 in Table 1). Only

three grapevines from the Northern area of Siena were

found in this group: 44 BLR, 46 PSE, and 49 VE. 46

PSE is an ancient grapevine over 100 years old; it was

taken from an inner garden located at Sergardi Birin-

gucci Palace, a noble residence built in the eighteenth
century (1744) along the path of the Via Francigena.

23 ISG was isolated from a convent (Istituto di San

Girolamo), and 5 IS, 21 IS, 31 IS, 15 CS and 26 OdP

were from the Southern area of Siena;

(iii) and (iv) Heterogeneous, traditional Tuscan grape-
vines that include some red-berry aromatic grapevines
as controls, such as Occhio di Pernice, Moscatello
Nero, Malvasia nera, and several aromatic white-
berry grapevines such as Moscato Bianco di Lucca,

(i1)
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Deltak = mean(|L"(K)|) / sd(L(K))

30|

Fig. 3 a Best K as determined by calculating In(K) and AK using tering visualization of the Structure results at K=2. The number
STRUCTURE HARVESTER. Best K=2. b Bayesian clustering in Bayesian clustering results (b) refers to the grapevine samples
results were obtained using STRUCTURE and ¢ CLUMPAK clus- (Table 1)

DeltaK = mean(|L"(K)|) / sd(L(K))
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Fig. 4 a Best K as determined by calculating In(K) and AK using STRUCTURE HARVESTER. Best K=5. b A close-up of the Bayesian clus-
tering results was obtained using STRUCTURE. Colors and numbers from 1 to 5 correspond to specific clusters
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and Malvasia Bianca. Only two accessions from the
Northern suburban area, 45 BLR and 47 VE, cluster
with low genetic similarity with the standards in this
group. Two accessions from the Northern suburban
area, 45 BLR and 47 VE, cluster with low genetic
similarity to the standards in this group. 24 ISG found
at the Convent of San Girolamo (Siena) is highly
related to Occhio di Pernice which is still used for Vin
Santo, a sweet wine used for religious celebrations.
16 CS found along the Francigena road is genetically
identical to Tenerone. 25 ODP and 34 CSD are >90%
related to 14 CM, where CM refers to Certosa di Mag-
giano, an ancient charterhouse founded in 1314.

(v) and (vi) The most important details are that 33
CSD, 13 CM, and 9 CM are 80% genetically related to
the red-berry grapevine Gorgottesco, 36 PP branches
with 60% homology with the Gorgottesco, Zuccaccio,
and Canaiolo Nero, and 12 CM is 77% genetically
similar to the "Canina". 32 PSM and 38 PP are close
to Giacche, while 43 BP appears unrelated to any con-
trol. The Giacche shows some rare alleles (141 bp at
the VVS2 locus, 270 bp at VVMD36, and 238 bp at
VVMD?21), and its biological origin and correlation
with non-vinifera and color-releasing grapes remain
uncertain.

In the (v) and (vi) groups, we found accessions that were
genetically and morphologically similar to American non-
vinifera grapevines. These might be natural hybrids from V.
vinifera X non-vinifera spp. widely used as rootstocks.

Interestingly, the identified accessions relate to grape-
vines that are listed in the Tuscan germplasm collection as
rare grapevine types, such as Mammolo, Zuccaccio, Canina,
Rossone, Salamanna, Gorgottesco, Occhio di Pernice and
Tenerone, some of them being classified as varieties risking
extinction. These traditional varieties have been neglected
over the years due to several features, mainly related to
scarce productivity that conversely was a priority trait dur-
ing clonal selection starting from the eighties. The increment
of grapevine biodiversity can be a strategic resource to face
climate change, proving how the selection criterion has been
modified over the years.

Population Structure

STRUCTURE analysis suggested K=2 (Fig. 3) and K=5
(Fig. 4) as the uppermost hierarchical levels of structure
[20]. A membership coefficient (g-value) threshold of 0.7
for genetic sub-population assignment SSR-group 1 and
SSR-group 2 was considered for K=2. 48 (51.6%) and 40
(43%) genotypes were assigned to SSR-group 1 and SSR-
group 2, respectively. The percentage of admixed genotypes
was 5.4% corresponding to five genotypes: 45 BLR, 47 VE,
33 CSD, “Vaiano,” “Uva Vecchia Bianca” (Fig. 3). SSR-
group 1 is composed of Italian varieties including mostly
red-berry grapevines such as ‘Sangiovese’ and local grape-
vine strains that are widely distributed in Tuscany as major
cultivars for PDO wine production, such as Prugnolo, Mal-
vasia nera, Mammolo, Poverina, Rossone, Tenerone, and
Pisciancio. Furthermore, among the white berry grapevines
Ansonica, Procanico, Biancone, and Zuccaccio are found
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Fig. 6 Allele frequencies were observed in the two grapevine groups

Table 2 Several different alleles (Na) were observed in both groups

Population Siena grapevines Varietal references
Na 77 99

Na freq. >5% 37,000 40,000

Ne 22,000 40,000

No. LComm alleles (<25%) 0.000 0.000

No. LComm alleles (< 50%) 0.000 0.000

Na for Siena grapevines was lower than in the varietal references.
Ne: number of effective alleles; Na Freq. > 5%: Numbers of different
alleles with a frequency >5%; No. LComm Alleles (< 25%): number
of locally common alleles (Freq.> 5%) found in 25% or fewer pop-
ulations; No. LComm Alleles (< 50%): number of locally common
alleles (Freq.> 5%) found in 50% or fewer populations

in SSR-group 1. SSR-group 2 includes “Color” grapevine
types, such as members of the Colorino family, and con-
trol vines closely related to the non-Vinifera species like the
“uva Americana” (V. Labrusca). Among the local strains are
Gorgottesco, Abrusco/Abrostine, Occhio di Pernice, Canina,
Pisciancione, and Giacche.

According to K=15 stratification, genotypes are divided
into five major genetic groups and almost exactly overlap the
functional groups in the dendrogram, except for groups v)
and vi) that merged (Figs. 2, 4). The population stratification
observed may be due to local agronomical practices such as
clonal asexual propagation that allowed the conservation of
traditional grapevines by fixing genetic traits in the respec-
tive strains.

The two-dimensional projections of PCoA analysis
(Fig. 5) were plotted in a 2-D dimension scattered plot.
PCoA1 and PCoA2 explained 11.76 and 9.42% of the total
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variation, respectively. SSR-groups 1 and SSR-group 2
members were partially discriminated by this analysis; along
the PCoA1, the majority of Sienese grapevines were found
in the SSR-group 1 with the varietal control that include the
Sangiovese family. The highest molecular variation asso-
ciated with the Sangiovese can be explained based on the
wide diffusion of this variety in the region of Tuscany. San-
giovese, which is considered a “difficult” variety on an inter-
national basis, is well adapted to the climate of Tuscany and
central Italian regions which explained the wide diffusion of
this variety for the red wine-making industry of Chianti and
other renowned DOC and DOCG wines from central Italy.
Several local grapevine strains (Pisciancio, Tenerone, Mal-
vasia, Canina, Canaiolo, Occhio di Pernice, Vaiano, Bian-
cone, and Procanico) belonged to the SSR-group 2, together
with the Colorino family, and Gorgottesco.

Along the PCoA2, the population showed a lower degree
of differentiation, even if the Sangiovese and Colorino fami-
lies are clustering together.

Genetic Diversity

The allelic frequencies (Fig. 6) distinguished the local
vines from the varietal references. Some alleles, namely
135 at the VVS2 locus, 241 at the locus VVMD25, 246 at
the VVMD7, 160 at the locus Zag47 and 183 at the locus
VVMD?27 approximately showed a doubled frequency in the
Siena grapevines with respect to the references, a phenom-
enon that expresses a certain tendency to genetic fixation. In
other words, among the 176 alleles observed overall in the
two groups, some appeared more frequently in Siena vines
compared to the total control group.
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Fig. 7 Allelic patterns across the two analyzed groups. Na=No. of
Different Alleles; Na (Freq >5%)=No. of Different Alleles with
a Frequency >5%; Ne=No. of Effective Alleles=1/(Sum pi’2);
I=Shannon’s Information Index= —1* Sum (pi * Ln (pi)); No. Pri-

Table 3 Diversity indices estimate at 8 SSR loci

vate Alleles=No. of Alleles Unique to a Single Population; There
aren’t common alleles with a frequency over 5% linked to at least
25% of grapevines taken from the meta-group (Siena grapevines, con-
trol grapevines)

Pop 42BP VVMD27 VVS2 VVMD25 VVMD21 VVMD31 VVMD36 Zagd7 VVMD7 Grand mean and
SD over Popos and
Loci
Siena grapevines N 48 48 49 47 49 49 49 46 Total
Na 10 7 12 8 8 12 8 12 N Mean 45,063
Ne 5473 1942 3153 2812 3413 4802 5336 7306 SE 0.859
| 1835 1036 1504 1338 1529 1916 1808 2158 Na Mean 11,000
He 0.708 0.479 0.776 0.702 0.531 0.490 0918  0.826 SE 0.683
He 1.817 0.485 0.683 0.644 0.707 0.792 0.813  0.863 Ne Mean 4725
uHe 0.826 0.490 0.690 0.651 0.714 0.800 0.821  0.873 SE 0.427
F 0.133 0.012 -0.136 —0.090 0.249 0.381 —0.130 0.043 I Mean 1778
Varietal references N 44 42 42 40 41 43 44 40 SE 0.081
Na 9 16 13 13 10 13 10 16 Ho Mean 0.721
Ne 5423 4820 4886 4886 3214 3998 6276 8533 SE 0.035
i 1839 2069 1899 1899 1574 1795 1982 2367 He Mean 0.758
He 0.864 0.762 0.714 0.700 0.585 0.698 0.909  0.875 SE 0.025
He 0.816 0.793  0.795 0.763 0.689 0.750 0.841 0.883 uHe Mean 0.767
UFe  0.825 0.802 0.805 0.772 0.697 0.759 0.850  0.894 SE 0.025
F —0.059 0.039 0.102 0.082 0.150 0.070 —0.081 0.009 F Mean 0.048
SE 0.0.35

N Sample size; Na number of different alleles; Ne number of effective alleles; / information index; Ho observed heterozygosity; He expected het-

erozygosity; uHe unbiased expected heterozygosity; F fixation index

The number of different alleles (Na) for Siena grapevines
was lower than the varietal references, 77 versus 99, while
the values of alleles with a frequency of more than 5% were
comparable between the two groups (37 and 40, respec-
tively) (Table 2).

Several Private Alleles (No. Private Alleles) were asso-
ciated selectively with each group, wherein the varietal
references the No. was approximately doubled that in the
Siena grapevines: mean values 5.5 and 2.75, respectively.
The list of Private Alleles per locus in each accession is
reported in the Supplementary material (S1). Analysis

of molecular variance (AMOVA) for Siena grapevines
and varietal accessions is reported in the supplementary
material (S2). The average Expected Heterozygosity (He)
shown in the auxiliary vertical axis varies between 0.66
(Siena vines) and 0.82 (varietal references). The diversity
expressed by the I value, the Shannon index (a measure
of the proportion of individuals belonging to the same
genotype) is comparable for the Siena vines and the con-
trol (Fig. 7).

The diversity indices calculated for distinct genotypes
of historical Siena vines and control grapes are shown in
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Table 3. Most of the markers were highly polymorphic in the
two groups. In the Siena grapevines, the observed number of
effective alleles (Ne) differed from 1.942 (VVS2) to 7.309
(VVMD7), and an average number of 4.725 effective alleles
was obtained for SSR markers over the two groups, and loci.

The observed heterozygosity (Ho) in the historical
local grapevines varied between 0.479 (VVS2) and 0.918
(Zag49); the lowest expected heterozygosity (He) was
detected at the VVS2 locus with 0.485, and the highest
one at VVMD7 locus with 0.863. The varietal references
showed values of Ho ranging from 0.585 (VVMD31)
to 0.909 (Zag47) and He values varying between 0.689
(VVMD31) and 0.883 (VVMD7). In both groups, most
loci showed Ho values lower than He values under the
HWE, suggesting a prevalent deficiency of heterozy-
gous, also confirmed by a comparison between the two
parameters based on the inbreeding coefficient (F, (He-
Ho)/He =1 - (Ho/He). The F value describes the statis-
tically expected degree of a reduction in heterozygosity
when compared to HWE (Hardy—Weinberg Equilibrium)
expectation. The F value is used to gauge the strength of
inbreeding, and specifically F is the probability that two
alleles in an individual are identical by descent (IBD). In
Sienese vines, three loci showed elevated levels of het-
erozygosity (VVMD25, F=-0.13; VVMD21, F= —0.09;
Zagdl, F= —0.13); five loci (VVMD?27, VVS2, VVMD31,
VVMD36, VVMD7) showed signs of heterozygote defi-
ciency (F>0.011).

Given the peculiar genetic connotations of the two
grapevine groups (Siena and varietal references), the
population genetics proved that the Sienese vines seemed
to still be able to crossbreed with the most common vines.
This agreed with evolutionary biological timing that is
quite long if compared to secondary local domestication
processes.

Conclusion

Tuscany has great historical and geographical value as
regards viticulture. Studies from all over the world are being
used to create databanks and gathering genotypes to preserve
and prevent old cultivars from genetic erosion [21, 22].

The multidisciplinary approach applied to the urban area
of Siena and its surroundings revealed the existence of a
high degree of unexpected genetic variability in the local
grapevine germplasm. Non-intensive local vineyards in
Mediterranean countries are a cradle of unexplored biodi-
versity that deserve scientific efforts and attention in order
to safeguard grapevine biodiversity [23-30].

The recovery and characterization of the old local varie-
ties of Vitis vinifera in Siena and its surrounding areas are
still going on in the study. Over the years, new cultivars have
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been identified and preserved in the germplasm bank, while
some others remain still unknown to established genetic and
ampelographic databases.

This study conducted on Siena’s antique grapevines, in
addition to having scientific importance can also be seen as
a positive premise for future tourism development plans. It
could be a path to organizing wine-based trekking trails,
alternating exploring and tasting, allowing consumers dis-
cover unknown varieties.

One of the long-term objectives of this study is, in fact,
to improve the economy of local communities linked to tra-
ditional landscapes and crops, including the perspective to
promote local wines that use recovered, local grapevines
for cultivation.

The genetic importance and consequent recovery of rare,
traditional grapevine strains can be seen as an important key
factor favoring the biological future of these varieties.
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