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Abstract

The primary challenge facing modern agriculture, including viticulture, is the impact of
climate change. The scientific community recommends exploring and utilizing both inter-
varietal and intra-varietal variability of local grapevines within each region. The goal is to
prioritize planting local varieties over international and imported ones to mitigate the effects
of climate change. Within this context, La Palma Island has undertaken a comprehensive
assessment evaluating its viticultural heritage. A total of 96 individuals were collected and
subjected to genotyping utilizing 20 simple sequence repeats (SSRs). This analysis yielded
44 unique molecular profiles, of which 3 represent new varieties reported for the first time
(Aromatica Eufrosina, Cagarruta de oveja, and Viñarda rosada). Additionally, fourteen
previously unreported mutations were identified, of which two contain triallelic SSRs.
Consequently, the present population of local grapevines on La Palma Island comprises
seven varieties (Albillo criollo, Aromatica Eufrosina, Bienmesabe tinto, Cagarruta de oveja,
Gual Mazo, Sabro, and Viñarda rosada). The Bienmesabe tinto variety is possibly an
interspecific cross. The varieties Aromatica Eufrosina and Viñarda rosada also presented
somewhat particular behavior. The distinctiveness of this grapevine population from La
Palma Island reinforces the notion that the Canary Archipelago represents a significant
center of grapevine biodiversity. The volcanic activity of Tajogaite (2021) did not have a
significant impact on grapevine biodiversity on the island.

Keywords: Vitis vinifera L.; SSR; microsatellite; characterization; identification; volcanic;
Canary Islands; La Palma Island

1. Introduction
Vitis vinifera L., a diploid species with 19 chromosome pairs and a genome of approxi-

mately 500 Mb [1], is among the oldest and most globally cultivated crops. Over centuries,
human selection and adaptation to diverse environments have endowed grapevine pop-
ulations with remarkable genetic diversity [1,2]. This genetic variability is increasingly
important in the context of climate change, as rising global temperatures threaten tradi-
tional cultivation patterns, increase vulnerability to pests and diseases, and alter grape and
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wine quality [3,4]. Traditional or lesser-known grapevine varieties are therefore a critical
resource—not only for environmental resilience and breeding but also for producing wines
with distinct profiles that can provide commercial differentiation [5].

The Canary Islands (IC), a Spanish volcanic archipelago in the Macaronesia region
(which also includes the Azores, Madeira, the Savage Islands, and Cape Verde), are of
special interest for viticultural research due to their geological and geographic isolation
(Figure 1a). The archipelago includes eight main islands: El Hierro (HI), La Palma (LP), La
Gomera (LG), Tenerife, Gran Canaria, Fuerteventura (FT), Lanzarote (LZ), and La Graciosa
(Figure 1b). Viticulture in this region began in the 15th century with the arrival of European
settlers [6]. The islands’ volcanic soils, inhospitable to phylloxera (Daktulosphaira vitifoliae),
have allowed for the preservation of ungrafted vines and local varieties that have evolved
uniquely over centuries [7]. These conditions make the IC, and LP in particular, a unique
site for the study of grapevine biodiversity.

 
Figure 1. (a) Map of Macaronesia [8]; (b) Canary Islands Archipelago and La Palma Island [9].

La Palma (28◦40′ N, 17◦52′ W) is the second highest island in the archipelago, covering
708.32 km2 and reaching elevations of 2426 m at Roque de los Muchachos [10] (Figure 2a).
Its complex topography and climatic variability create diverse viticultural terroirs [11],
with influences such as altitude, prevailing trade winds, variable rainfall, and sun exposure
contributing to wines with unique organoleptic qualities [12]. The island’s Appellation
d’Origine Contrôlée/Protégée (AOC/AOP La Palma), established in 1994 [13], organizes
viticulture into three subzones based on geographic and microclimatic traits (Figure 2b).
The North subzone has fertile, non-sandy soils and uses terrace cultivation on steep slopes,
where vines are often grown in goblet form at elevations ranging from 100 to 2000 m [14].
In Hoyo de Mazo (eastern LP), vines are grown on slopes covered with volcanic stones or
fine gravel, between 200 and 700 m in elevation [15]. Fuencaliente, the island’s hottest and
driest region, features vineyards grown on deep volcanic ash layers (often more than two
meters thick), using dry-stone windbreaks and terraces at 200–1900 m [16]. It remains a key
zone for cultivating Malvasia grapes.



Horticulturae 2025, 11, 983 3 of 27

 
Figure 2. (a) Topographic map of La Palma Island [17]; (b) viticultural production zones of La
Palma [18]; (c) mapped map of lava flow and extent [19].

LP’s geographic isolation, traditional farming methods, and minimal introduction of
external plant material have preserved a rich diversity of local grapevine varieties, many of
which are not cataloged in international databases [20]. Among red varieties, Negramoll
(Principal name (PN): Mollar cano) is the most widespread, followed by Listan negro (a
local Canary variety), Bastardo negro (PN: Trousseau noir), and minor cultivars like Tintilla.
For white grapes, prominent varieties include Gual (PN: Malvasia fina), Malvasia (PN:
Malvasia Dubrovacka), Verdello (PN: Verdelho branco), and the local Albillo criollo. Other
cultivated white varieties include Bastardo blanco (PN: Samarrinho), Bermejuela, Bujariego
(or Vijariego blanco), Listan blanco de Canarias (PN: Palomino Fino), and Sabro, a local
LP variety. Rarely found cultivars on the island include several pre-phylloxera European
and Spanish varieties: red grapes like Alfrocheiro, Flot rouge, Molar, Muscat Hamburg,
De Rey, Ferral, and Listan prieto; and white grapes such as Chasselas blanc, Morskoi 94,
Muscat of Alexandria, and Beba [21]. These vines, many of them ancient and adapted to
LP’s microclimates, produce wines with pronounced typicity, strongly influenced by the
island’s volcanic soil. This soil imparts unique mineral and saline characteristics to the
wine, contributing to its distinct sensory profile. Although highly valuable, the genetic
documentation of these cultivars remains limited, hindering conservation and adaptation
strategies [22].

Volcanic activity has also influenced LP’s agricultural and genetic biodiversity. Among
the IC, LP has experienced the highest frequency of historical eruptions, all along the
Cumbre Vieja Ridge, an active volcanic zone in the island’s south [23,24]. The most recent
eruption—the Tajogaite volcano in 2021 (Figure 2c)—lasted 85 days and affected over
1200 hectares, including 370 hectares of crops and many vineyards [25–27]. This and
other eruptions have likely reduced LP’s grapevine genetic diversity, with the island now
believed to host fewer genetically distinct varieties compared to its neighbors [21].

Despite these challenges, viticulture remains central to the island’s agriculture. The
AOC/AOP La Palma unites producers and regulates grape growing and winemaking [28–31].
Wines produced include reds, whites, rosés, and sweet wines. Especially noteworthy are
naturally sweet wines from Malvasia aromatica, primarily from Fuencaliente and Villa de
Mazo. These are made from overripe grapes with high sugar and alcohol content [32].
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In this context, the current study aims to genetically characterize LP’s cultivated
grapevine population, with particular emphasis on areas such as Fuencaliente, where
extreme conditions prevail. These areas may be key to identifying genotypes with high
tolerance to heat and drought—traits vital under climate change. The study sets out three
main objectives: (1) To document the island’s genetic diversity, both inter-varietal and,
where possible, intra-varietal. (2) To clarify varietal identities, correcting mislabeling and
identifying synonymies or unique genotypes. To analyze genetic structure, evaluating
how LP’s grapevine population behaves and differentiates from others. Furthermore,
this research includes an essential conservation component: it examines plant material
collected before the 2021 eruption, especially from areas affected by volcanic ash. This
offers a rare opportunity to preserve potentially valuable genotypes that might otherwise
be lost or obscured beneath volcanic deposits. The findings will not only help clarify LP’s
unique genetic contributions to Vitis vinifera L. diversity but also provide valuable insights
for climate adaptation and the development of distinct wines. In line with Wolkovich
et al. [4], this work emphasizes the need to explore and protect grapevine diversity, both to
buffer the effects of climate change through intra-varietal resilience and to counteract wine
industry homogenization through inter-varietal innovation. Ultimately, the discovery and
preservation of unique LP varieties open the door to creating single-varietal wines with
unmatched sensory profiles and ecological adaptation.

2. Materials and Methods
2.1. Plant Material Collection

A total of 96 grapevine (Vitis vinifera L.) cane samples were collected from different
cultivated plants across LP Island. The material was selected using a mass selection strategy
in collaboration with various local winegrowers and under the supervision of technicians
from the AOC/AOP “Vinos de La Palma” and the Consejería de Agricultura, Ganadería,
Pesca y Soberanía Alimentaria del Cabildo Insular de la Isla de La Palma.

Sampling was conducted during vine dormancy, at the time of winter pruning, ensur-
ing that the vines were physiologically mature and free of visible disease symptoms. After
collection, the samples were transported under refrigerated conditions to Rovira i Virgili
University and subsequently stored at −20 ◦C until laboratory processing. Specific infor-
mation for each accession, including geographical location, local name, and preliminary
phenotypic observations, is provided in Table S1.

2.2. Sample Preparation and DNA Extraction

The cane samples were processed through selective plant tissue preparation, carefully
removing the outer woody bark (rhytidome) and the central pith to minimize the presence
of contaminants that interfere with DNA extraction, such as lignin, tannins, polyphenols,
and polysaccharides. Only the green cortical zone corresponding to the phloem and young
vascular tissues were retained. The selected tissue fragments were immediately frozen
and ground into a fine, homogeneous powder in the presence of liquid nitrogen (−196 ◦C).
Aliquots of 0.2 g of powdered tissue were weighed and stored in Eppendorf tubes at −20 ◦C
until use.

Genomic DNA was extracted following a modified protocol based on Fort et al. [33],
and later optimized by Marsal et al. [34,35] for woody tissues. The procedure included
two chloroform–isoamyl alcohol washes to enhance the removal of protein contaminants.
DNA quality and concentration were assessed using spectrophotometry (NanoDrop™
1000, Thermo Fisher Scientific, Wilmington, DE, USA). Extracts with an A260/A280 ratio
between 1.8 and 2.0 and an A260/A230 ratio above 1.8 were considered optimal. Samples
not meeting these criteria were either discarded or re-purified.
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2.3. Selection of Microsatellite Markers (SSR)

A total of 20 highly polymorphic nuclear SSR markers were employed, selected for
their proven efficacy and discriminating power in varietal identification and genetic diver-
sity studies in Vitis vinifera L. These markers were chosen based on their high heterozygosity,
reproducibility, and wide distribution across the grapevine genome: VVS2, VVS3, and
VVS29 [36]; VVMD5, VVMD6, and VVMD7 [37]; VVMD27, VVMD28, and VVMD36 [38];
VrZAG21, VrZAG47, VrZAG62, VrZAG64, VrZAG79, and VrZAG83 [39]; SCU06vv [40];
VvUCH11, VvUCH12, and VvUCH19 [41]; and VChr19a [42].

Among these, VrZAG47 and VVMD27 are not independent markers, as they target the
same genomic region using different primer pairs [43]. Additionally, 7 of the 9 SSR reference
markers internationally accepted for grapevine varietal identification were included in
this study [44]. Detailed information on primer sequences, genomic loci, fluorophores,
and technical specifications is provided in Table S2, while their consensus location on the
genetic map is illustrated in Figure S1.

2.4. DNA Amplification by Polymerase Chain Reaction (PCR)

The amplification of specific DNA regions was performed using the polymerase chain
reaction (PCR) technique, employing the set of 20 previously described nuclear microsatel-
lite (SSR) markers. Reactions were performed using the AmpliTaq DNA polymerase kit
(Applied Biosystems, Foster City, CA, USA) in a final volume of 12.5 µL, containing 4 ng of
genomic DNA, 1 µM of each primer (Fw and Rv), 1.25 µL of buffer, 2 µL of dNTPs, 0.125 µL
of deionized formamide, and 0.0625 µL of Taq polymerase.

Forward primers were labeled with specific fluorochromes for subsequent detec-
tion via capillary electrophoresis (6-FAM: VVS3, VVMD7, VVMD28, VVMD36, VrZAG47,
VrZAG62, VrZAG83, VvUCH11, and VvUCH19; HEX: VVS2, VVS29, VVMD6, VVMD27,
VrZAG21, VrZAG79, and VChr19a; NED: VVMD5, VrZAG64, SCU06vv, and VvUCH12).
SSRs were grouped according to their annealing temperature (Ta), which ranged between
50 and 58 ◦C (Table S2). PCRs were performed using an Applied Biosystems™ 2720 thermal
cycler (Foster City, CA, USA) with the following cycling conditions: initial denaturation at
95 ◦C for 5 min; followed by 40 cycles of 95 ◦C for 45 s, specific annealing temperature for
30 s, and 72 ◦C for 90 s; with a final extension step at 72 ◦C for 7 min.

2.5. Capillary Electrophoresis and Fragment Analysis

PCR products were prepared for capillary electrophoresis by adding 20.5 µL of deion-
ized formamide and 0.25 µL of the internal size standard GeneScan™ ROX 500 (Applied
Biosystems, Foster City, CA, USA) to each sample. Different volumes of amplified product
were added depending on the fluorophore used: 2 µL for HEX, 4 µL for 6-FAM, and 6 µL
for NED. The plates were briefly denatured at 95 ◦C for 3 min before loading onto the ABI
PRISM 3730® Genetic Analyzer (Applied Biosystems, Foster City, CA, USA).

Fragment separation by size and fluorescent signal detection enabled the generation
of electropherograms, which were analyzed using Peak Scanner™ Software v.1.0 (Ap-
plied Biosystems, Sparta, NJ, USA) to determine precise fragment lengths in base pairs
(bp), allowing allele calling at each locus. Each sample was analyzed at least twice from
independent DNA extractions to minimize genotyping errors.
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2.6. Genotyping and Varietal Identification

Allelic profiles were compared with a local database developed by the TECNENOL
Research Group [20,45–50]. Genotypes that did not match any component of our database
were compared with entries in a much larger database, the Vitis International Variety
Catalogue (VIVC) [51]. This approach also allows the detection of synonymous cultivar
names and possible allelic mutations.

2.7. Analysis of Genetic Data

The genetic profiles obtained from the SSR markers were analyzed to characterize
both intra- and inter-varietal genetic diversity among the Vitis vinifera L. accessions, and
to infer phylogenetic relationships and population structure. For this purpose, a suite of
well-established statistical and bioinformatics tools commonly used in population genetics
studies was employed.

First, a multilocus genotype matrix was constructed and formatted for analysis in
GenAlEx v6.5 [52,53]. Several genetic diversity parameters were calculated to assess the
efficiency and reliability of the 20 SSR markers, including the number of alleles per locus
(Na), effective number of alleles (Ne), observed heterozygosity (Ho), expected heterozy-
gosity (He), fixation index (F), and probability of identity (PI). The software also facilitated
the identification of genetically identical individuals, permitting the removal of redundant
accessions and the detection of somatic mutations.

To investigate the underlying genetic structure of the collection, STRUCTURE 2.3 [54,55]
was used. This Bayesian clustering method estimates the probability of individual member-
ship in one or more genetic clusters (K), defined by allele frequencies at each locus under
Hardy–Weinberg equilibrium. Simulations were conducted for K values ranging from 1
to 7, using an admixture model with correlated allele frequencies. Each run consisted of a
burn-in period of 100,000 iterations followed by 1,000,000 additional MCMC iterations. The
optimal number of genetic clusters (K) was determined using the ∆K method described
by Evanno et al. [56], which calculates the second-order rate of change in the likelihood
function across successive K values. Individuals were assigned to a genetic cluster if their
coefficient (q) was ≥85%; individuals with lower values were considered admixed.

Assignment tests were subsequently performed in GenAlEx v6.5 to verify the dis-
tribution of individuals across structure-derived populations based on observed allele
frequencies [57]. The log-likelihood probability of each individual’s membership to each
subpopulation was calculated, and individuals were assigned to the group with the highest
log-likelihood value. GenAlEx was also used to calculate the genetic differentiation coeffi-
cient (Fst) between populations through an Analysis of Molecular Variance (AMOVA), using
999 permutations and assuming the infinite allele model for SSR genotypes. Additionally, a
Principal Coordinates Analysis (PCoA) was conducted based on standardized covariance of
genetic distances derived from codominant markers, enabling graphical two-dimensional
representations at both the individual and population levels. For three-dimensional vi-
sualization of the PCoA, the Python 3.5 programming [58] and the Matplotlib 2.0 library
were used to generate spatial representations that enhanced the interpretation of clustering
patterns and the identification of relationships among individuals and populations.

Furthermore, phylogenetic relationships and clustering designs were inferred using
MEGA v7.0 software [59], applying the Neighbor-Joining algorithm [60], which groups
genetic samples based on profile similarity. This approach enabled the construction of
phylogenetic trees and circular dendrograms to detect consistent groupings and potential
kinship relationships among the accessions, thereby providing deeper insights into their
genetic structure and interrelationships.
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3. Results
A total of 96 grapevine accessions from LP Island were genotyped (Table S1) using the

set of 20 SSR markers that the TECNENOL Research Group has been applying [20,45–50]
(Table S2 and Figure S1). This study evaluated the performance of the SSR kit for this
population and investigated the presence of synonyms, homonyms, and identification
errors among the samples. Understanding the extent of inter-varietal variability was one
of the primary objectives, with the goal of assessing the grapevine biodiversity on this
island. Finally, studying the singularity of the local variety population would highlight the
significance of the viticultural heritage of LP Island.

3.1. SSR Polymorphism

The molecular profile (MP-SSR) found for each of the 96 individuals analyzed allowed
the detection of identical accessions. Thus, the first normalization of the data obtained for
this grapevine population consisted of eliminating redundant MP-SSRs. Consequently,
52 accessions were removed. Table S3 presents the 44 unique profiles found in this popula-
tion, as well as two sport samples (same MP-SSR but with a change in berry color) that are
also exceptionally included in this table. With the population of the 44 unique MP-SSRs,
the study of the statistical parameters began, which would demonstrate the efficacy of the
selected SSR kit for carrying out the present work.

Table S4 shows the main evaluated statistical parameters. The average number of
alleles (Na) present in this grapevine population from LP Island was 11.2 alleles. The
SSR markers that exhibited the highest number of alleles (Na) and the greatest capacity
to discriminate among genotypes were VVMD36 (18 alleles), ZAG79 (17 alleles), and
VVMD27 (16 alleles), while the SSRs with the lowest Na were VVS3 and VVS29 (5 alleles),
ZAG62 (7 alleles), and UCH19 (8 alleles). The average effective number of alleles (Ne)
for this population was 5.2, with the best-performing SSRs being VVMD27 (9.410) and
ZAG79 (8.620), while the poorest performers were VVS29 (1.371) and VVS3 (1.739). The
averages for observed heterozygosity (Ho) and expected heterozygosity (gene diversity
index) (He) were 0.783 and 0.746, respectively. The SSR with the highest Ho was ZAG79
(0.953, followed by VChr19a (0.930), and VVS2, VVMD7, and VVMD27, all with values of
0.907. At the opposite extreme, the lowest values were observed in VVS29 (0.256), VVS3
(0.442), and UCH19 (0.488). The SSR with the highest He was VVMD27 (0.894) followed
by ZAG79 (0.884) and VVMD36 (0.874), while the lowest results were observed for VVS29
(0.270), VVS3 (0.425), and UCH19 (0.555). The SSRs with the worst fixation index (or
probability of null alleles) were UCH19 (0.120), ZAG83 (0.106), and VVS29 (0.054), while
the others showed very acceptable performance. Overall, the SSR kit showed a cumulative
probability of identity (PI) of 2.0 × 10−23 for this LP population. The SSRs with the highest
PI values were VVMD27 (2.0 × 10−2), ZAG79 (2.3 × 10−2), and VVMD36 (2.6 × 10−2),
while the worst values corresponded to VVS29 (5.5 × 10−1), VVS3 (3.7 × 10−1), and UCH19
(2.3 × 10−1).

3.2. Grapevine Variety Analysis

Table S1 presents all the original information as well as the data obtained in this study
for each of the 96 genotyped accessions. A total of 31 varieties and 2 color sports were
identified using the TECNENOL database [20,45–50] and the VIVC database [51]. Table S3
details the 44 individuals with unique MP-SSR profiles, including their genetic profile
based on the seven international SSR markers. Exceptionally, MP-SSR profiles for the two
sports in this collection were also included.
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The population of local peninsular varieties from Spain comprised 34 accessions cor-
responding to seven varieties registered in the VIVC. Of these, De Rey [2] and Ferral were
each represented by a single accession with no observed allelic differences. The variety Beba
included three samples: two consistent with known profiles and one displaying a novel
mutation at the second allele of SSR marker VVS3 (designated VVS3-2). All five Listan
prieto accessions exhibited known variations, VVS3-2 and VVMD28-1 [49,61], while all eight
Mollar cano samples shared the VVS3-2 mutation, previously reported in other IC [47–49].
Among the 12 Palomino Fino accessions, the majority matched the common TECNENOL
profile, while three exhibited a novel VVMD27-2 variation. Notably, accession P-69 showed
four variations: VVS3-2, VVMD27-2, and triallelic profiles at markers ZAG64 and VChr19a.
The variety Vijariego blanco, represented by four accessions, showed considerable genetic
variation. Individual P-08 aligned with a previously reported LZ profile (VVS3-2 and
ZAG64-2) [47,61], whereas P-60 exhibited a novel combination (VVMD28-1 and ZAG64-
2). Accessions P-57 and P-68 shared a new composite profile (VVS3-2, VVMD28-1, and
ZAG64-2).

The Portuguese group included 13 individuals from the varieties Alfrocheiro, Mal-
vasia fina, Molar, Samarrinho, and Verdelho branco. The single Alfrocheiro accession
exhibited novel variations at VVS3-2 and VVMD7-1. Malvasia fina had two individuals
with variations (P-12 at VVS3-2, and P-13 at VVS3-2 and VVMD36-2), and its rosé sport
(Malvasia fina roxa) included one individual with a variation at VVS3-2. Among the four
Molar accessions, one (P-75) matched the reference profile, while three carried a novel
mutation at VVS3-2. The three Samarrinho samples showed the most common profile,
and therefore no variations. Lastly, Verdelho branco had one non-mutated individual and
another with a newly described variation at VVS3-2.

Among non-Iberian varieties, French cultivars Flot rouge and Trousseau noir, both
with two accessions, exhibited no allelic variation. Similarly, Muscat of Alexandria (Greece),
Muscat d’Hamburg (UK), and Morskoi 94 (Ukraine) displayed no mutations.

Two varieties of uncertain origin were also studied. Chasselas blanc showed a triallelic
pattern at VVMD36, suggesting somatic variation or hybrid ancestry. Malvasia Dubrovacka,
erroneously listed as Spanish in the VIVC [51], was represented by four accessions with
three MP-SSR profiles. P-81 matched the reference, while P-16 and P-35 shared the VVS3-2
mutation known from LG [50]. A fourth accession, P-48, exhibited a new combination of
three mutations (VVS3-2, UCH12, SCU06-2).

The collection also included five local varieties to another IC: Bermejuela, Forastera
gomerae, Listan negro, Malvasia volcanica, and Torrontes volcanico. While Bermejuela,
Forastera gomerae, and Torrontes volcanico showed no variation, Listan negro had
three accessions, two of which carried the VVS3-2 mutation, consistent with previous
findings [47,49,50,61]. Among four Malvasia volcanica accessions, three exhibited the
VVS3-2 mutation noted in LZ [46,61]; one aligned with the reference. Additionally, a sport
variety, Malvasia di Sardegna rose, included two unmutated individuals and one with a
novel dual-mutation profile (VVS3-2 and SCU06-2).

Seven local varieties were unique to LP Island. Three, Albillo criollo, Bienmesabe
tinto, and Gual Mazo, were each represented by a single, no variation accession [20,62,63],
while Sabro, with eight individuals, also showed no variation. Three newly described
local varieties, Aromatica Eufrosina, Cagarruta de oveja, and Viñarda rosada, were each
represented by two genetically distinct individuals, constituting new varietal entities.
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At the lexicographic level, the registration status of accession names (Table S1) was as
follows: 12 accessions matched the PN in VIVC (in black); 31 were registered under syn-
onyms recorded in VIVC (black and bold); 14 samples with first-time described variations
were assigned new names proposed by the authors (green and bold); 14 new synonyms
for varieties already registered in VIVC (brown and bold); 8 had erroneous names (red);
1 accession was registered under a synonym belonging to another variety but was con-
sidered to also describe the variety it was registered under (fuchsia); 14 were labeled as
“unknown” or with generic names indicating lack of knowledge (light green), such as
Tintilla; and 1 individual, corresponding to one of the new varieties, presented a new regis-
tration name, proposed as a new PN (turquoise blue). Therefore, this study contributes at
the lexicographic level: 3 new PN for the new local varieties (turquoise blue), 14 new names
defining individuals with first-time described variations (green and bold), 9 new synonyms
for varieties already registered in VIVC (brown and bold), 1 existing synonym name for a
given variety proposed also for another variety by the authors (fuchsia), 8 MP-SSR profiles
registered erroneously, and 4 accessions with names indicating lack of knowledge about
the corresponding variety. Table S3 summarizes this information exclusively for the unique
MP-SSR profiles.

3.3. La Palma Grapevine Population Genetic Structure

Before proceeding with the study of the genetic structure of the samples that would
define the final population of LP Island, a new data normalization step was performed.
From the 44 unique MP-SSR profiles, accessions corresponding to sport mutations and to
variations relative to the principal or most widespread MP-SSR profiles in the databases
were removed. Thus, the final collection of cultivated grapevines on LP Island consisted of
representatives from 31 varieties, 28 previously known and 3 described here for the first
time. It should be noted that among the representatives of these 31 varieties, 5 corresponded
to individuals with variations. Specifically, the varieties Mollar cano and Malvasia fina
were represented by individuals who presented a variability of 97.5% in our MP-SSR, while
Vijariego blanco, Listan prieto, and Alfrocheiro were represented by individuals exhibiting
a 95% variation.

The program STRUCTURE 2.3 allowed us to classify the 31 varieties into 3 populations
(K = 3) after testing combinations from K = 1 to K = 7, as shown in Figure S2. Each
population was assigned a representative color, and its members were classified based on
the q parameter. In our study, we adopted the arbitrary threshold of 85% [64], so that q
values ≥ 85% corresponded to pure individuals of a given population, while q values < 85%
indicated admixed individuals within the same population. Figure 3 shows the population
structure diagram for LP Island, with an assignment accuracy of 89%, and Figure S3
presents all individuals classified according to their q membership values.

POP1 was composed of 15 varieties (48%), of which 9 (60%) were considered pure
(Mollar cano-97.5%, Beba, Vijariego blanco-95%, Ferral, Morskoi 94, Torrontes volcanico, De
Rey, Sabro, and Gual Mazo), while 6 (40%) were considered admixed (Cagarruta de oveja,
Listan negro, Malvasia volcanica, Malvasia Dubrovacka, Listan prieto-95%, and Palomino
fino). Among pure varieties, 55.5% were Spanish, 22.2% local to LP, 11.1% from the IC,
and 11.1% Ukrainian. Most pure varieties (77.8%) were white, with 55.6% used for dual
purposes (table and winemaking) and 44.4% exclusively for winemaking. Among admixed
varieties, 33.3% were Spanish, 33.3% from IC, 16.7% from LP, and 16.7% of unknown origin.
White varieties constituted 66.6% of this group, used for wine (50%), dual-purpose (33.3%),
and as table grapes (16.7%).
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Figure 3. La Palma grapevine varieties population (unique molecular profiles). Structure 3.2. diagram:
K = 3 distribution for pure and admixed individuals.

POP2 comprised nine varieties (29%), of which six (67%) were classified as pure
(Verdelho branco, Trousseau noir, Molar, Samarrinho, Forastera gomerae, and Alfrocheiro-
95%) and three (33%) as admixed (Albillo criollo, Malvasia fina-97.5%, and Aromatica
Eufrosina). Among pure varieties, 66.7% were Portuguese, 16.7% French, and 16.7% from
IC. Half were white, primarily used for winemaking (66.7%) and dual-purpose (33.3%). The
admixed varieties in this population originated from LP (66.7%, including a new variety)
and Portugal (33.3%). All were white and used for winemaking.

POP3 included seven varieties (23%), with four (57%) pure (Bienmesabe tinto, Muscat
d’Hamburg, Flot rouge, and Viñarda rosada) and three (43%) admixed (Bermejuela, Muscat
of Alexandria, and Chasselas blanc). Among pure varieties, 75% were red and 25% rosé,
and were used for winemaking (50%), one for dual-purpose (25%), and one with an unde-
termined use (25%). All admixed varieties were white; 66.7% were used for winemaking,
and 33.3% for triple use (table, raisin, and wine production).

Figure 4 shows the population structure analysis of the three cultivated grapevine
populations in LP based on their Nei’s Genetic Distances. For this analysis, a third nor-
malization step was applied, excluding admixed individuals, reducing the dataset to
19 varieties (Figures 3 and S3). Figure 4a (bidimensional PCoA by populations) displays
the distribution of these three populations. Coordinate 1, which accounts for 56.40% of
the variation, clearly separates POP1 (right quadrants) from POP2 and POP3 (both in the
left quadrants). Coordinate 2 (43.60% goodness), distinguishes POP1 and POP3 (upper
quadrants) from POP2 (lower quadrant). According to the Fst parameter, POP1 was the
most genetically distinct population. The distribution of individuals shown in Figure 4b
(two-dimensional) and Figure 4c (three-dimensional) show the same pattern observed in
Figure 4a.
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Figure 4. PCoA representation of the grapevine varieties population from La Palma Island normalized
for K = 3. (a) Two-dimensional representation of the 3 populations. Values of the Fst statistic for
each population. (b) Two-dimensional representation of the 3 populations by individuals. (c) Three-
dimensional representation of the 3 populations by individuals.

3.4. Relation of La Palma Grapevine Population to the Canary Archipelago Population

To explore the genetic relationship between the grapevine population of LP and the
rest of the IC, the seven local LP varieties identified in this study were analyzed alongside
33 varieties previously described as local to the archipelago [20,47–50,62,63], obtaining
a total of 40 varieties. These were grouped into six insular populations. The IC group
comprised four varieties (10%): Vallera (Tenerife), Albillo Monte Lentiscal (Gran Canaria),
and two widespread varieties across the archipelago (Listan negro and Bermejuela). The
LZ group included 12 varieties (30%): Blanca de la granja del Cabildo, Burra chinija, Diego
chinija, Lemes de El Cabezo, Malvasia alistanada fina, Sinforiano chano, Uvillón negro,
Vijariego blanco de la granja, Uva de año, Malvasia volcanica, Torrontes volcanico, and
Breval negro. HI included 11 varieties (27%): Burra volcanica, Uvalero volcanico, Huevo de
gallo, Verijadiego, Verijadiego negro, Pinar negro, Uval negro, Seis de Carlos, Verdello de
El Hierro, Uval piñero, and Tesoro blanco. The sole representative of FT was Majorera (3%).
LG was represented by five varieties (13%): Forastera gomerae, Barrerita negra, Coello
blanca, Malvasia periquin gomerae, and Verdello gomerae. Lastly, the LP population (17%)
included four previously described varieties (Bienmesabe tinto, Albillo criollo, Sabro, and
Gual Mazo) and three newly identified ones (Cagarruta de oveja, Aromatica Eufrosina, and
Viñarda rosada).

Population structure was assessed using STRUCTURE 2.3, testing K values from 1
to 7. Based on the Evanno method [56], the optimal structure was achieved with K = 5,
corresponding to 5 ancestral populations for the 40 individuals studied (Figure S4). As
in the previous case, each individual was assigned to a specific population and position
within that population based on the q parameter. This parameter allowed us to identify
pure individuals (q ≥ 85%) and admixed individuals (q < 85%).
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Figure 5 presents the graphical representation of the optimal distribution for the
40 varieties of the Canary Archipelago, corresponding to five ancestral populations. In
addition, Figure S5 shows the distribution of these 40 varieties among the five populations
according to their q values.

Figure 5. Canary grapevine varieties population (unique molecular profiles). Structure 2.3 Diagram:
K = 5 distribution for pure and admixed individuals.

In this analysis, POP1 comprised eight varieties (20%), equally split between pure and
admixed. Pure varieties included Malvasia periquin gomerae and Verdello gomerae (LG),
and Lemes de El Cabezo and Sinforiano Chano (LZ). The admixed group were Malvasia
volcanica, Malvasia alistanada fina, and Torrontes volcanico (LZ), and Bermejuela (IC).
POP2 included six varieties (15%), also evenly split between pure and admixed. Pure
individuals were Uvalero volcanico, Uval piñero, and Pinar negro (HI), while admixed
ones included Verdello de El Hierro and Seis de Carlos (HI), and Burra chinija (LZ). POP3
contained nine varieties (22%), with 56% pure individuals (Huevo de gallo, Uval negro,
and Burra volcanica (HI), and Diego chinija and Vijariego blanco de la granja (LZ)) and
44% admixed (Verijadiego and Verijadiego Negro (HI), and Cagarruta de oveja and Sabro
(LP)). POP4 was the largest group, with 11 varieties (28%). Pure individuals (64%) included
Bienmesabe tinto, Viñarda rosada, and Aromatica Eufrosina (LP), Blanca de la granja del
Cabildo and Breval negro (LZ), Majorera (FT), and Barrerita negra (LG). The admixed
varieties (36%) were Uva de año (LZ), Tesoro blanco (HI), Albillo monte Lentiscal (IC), and
Gual Mazo (LP). POP5 included six varieties (15%), again split evenly. The pure group
included Listan negro and Vallera (IC), and Albillo criollo (LP). Admixed individuals were
Forastera gomerae and Coello blanco (LG), and Uvillón negro (LZ).
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For the population structure analysis, 18 admixed individuals were removed, resulting
in a set of 22 pure varieties (Figures 5 and S5). The initial assignment quality (86%)
was improved to 100% by reassigning three individuals from POP4 to more appropriate
populations (POP1, POP2, and POP3). In the two-dimensional population PCoA (Figure 6a),
Coordinate 1 (32.12% variance) clearly separated POP5 (upper right quadrant) from POP1
(upper left quadrant). The remaining populations were more closely clustered: POP3 and
POP4 appeared near the origin in the lower right quadrant, with POP2 slightly apart in the
lower left quadrant. Fst values confirmed that POP1 and POP5 were the most genetically
distant, while POP2, POP3, and POP4 were more closely related. The individual level
PCoA (Figure 6b,c) showed lower resolution and was less conclusive. Only POP1 remained
clearly distinct and consistently separated. POP2, POP3, POP4, and to a lesser extent POP5,
showed some degree of overlap, with several outliers. Notably, Bienmesabe tinto from LP
appeared clearly differentiated from all other individuals.

Figure 6. Population of varieties of the Canary Islands (22 pure varieties). (a) Two-dimensional
representation of the 5 populations of the Canary Islands by population. Values of the Fst statis-
tic for each population. (b) Two-dimensional representation of the 5 populations by individuals.
(c) Three-dimensional representation of the 5 populations by individuals.

3.5. Relation of La Palma Grapevine Population to the World Population

To study the seven grapevine genotypes from LP in the context of global diversity, two
complementary approaches were employed: a genetic and a geographic strategy.

3.5.1. Genetic Strategy

This approach involved compiling a worldwide dataset of Vitis vinifera varieties from
natural crosses (from the TECNENOL database [20,45–50]) into a single dataset, regardless
of known parentage, totaling 319 genotypes from approximately 23 countries, including
those from LP. Using STRUCTURE 2.3, we tested K values from 1 to 7, with the optimal
solution revealing two ancestral groups (K = 2) (Figures 7a and S6), based on the q coefficient
(Figure S7), differentiating between pure (q ≥ 85%) and admixed (q < 85%).
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Figure 7. World population (319 individuals) distributed in 2 populations. (a) Graphical repre-
sentation of K = 2 according to Structure 2.3 (with pure and admixed individuals) (b) Circular
Neighbor-Joining dendrogram of the world population 268 pure individuals, (c) Pure individuals
world population phylogenetic tree.

POP1 contained 135 varieties (42%), and POP2 had 184 (58%). All IC varieties clustered
in POP1. A total of 53 admixed varieties (16.6%) were removed to normalize the dataset:
31 from POP1 and 22 from POP2. Among these, three were from IC (Malvasia periquin
gomerae (LG), Malvasia alistanada fina (LZ), and Coello blanco (LG)) and two from LP (Al-
billo criollo and Aromatica Eufrosina). After normalization, POP1 comprised 104 varieties:
71 Spanish, 10 of unknown origin (including Malvasia Dubrovacka [65]), 9 Italian, 4 French,
3 Portuguese, 3 Greek, and 1 each from Bulgaria, Croatia, Lebanon, and Serbia. POP2
included 162 varieties: 51 Italian, 39 French, 24 Spanish, 12 Portuguese, 11 Greek, 4 Croa-
tian, 4 unknown, 2 each from Slovenia, Germany, Bulgaria, Hungary, and Bosnia and
Herzegovina, and 1 each from Turkey, Montenegro, Switzerland, Israel, Ukraine, Georgia,
and Algeria. Assignment precision reached 99%, and after reassigning one misclassified
variety, accuracy was 100% with a final normalized dataset of 266 pure varieties.

To evaluate the LP and IC populations more specifically, these individuals were ex-
tracted from POP1 and reclassified into two new populations: LP (POP3) and IC (POP4).
IC remained normalized, while the two previously excluded admixed LP varieties (Al-
billo criollo and Aromatica Eufrosina) were reinstated. This slightly reduced the overall
assignment accuracy to 88% (compared to 89% if LP had remained fully normalized).

The circular dendrogram (Figure 7b) illustrates the distribution of the 268 pure varieties
(including the two admixed LP varieties) across four clusters: POP1 (70), POP2 (161), IC
(30), and LP (seven: five pure and two admixed). The IC population, nested within POP1,
formed two sub-branches (in yellow). Within one of these, a further differentiation emerges,
forming two smaller sub-branches, one of which comprised six LP varieties (in blue). The
exception was Bienmesabe tinto, which clustered separately with POP2. This pattern also
appeared in the phylogenetic tree (Figure 7c).



Horticulturae 2025, 11, 983 15 of 27

Figure 8 presents the PCoA analysis. In the population-level plot (Figure 8a), Co-
ordinate 1 (76.79% of variance) separated POP2 (right quadrants) from all others (left),
while Coordinate 2 (21.06%) distinguished POP1 (upper quadrants) from IC and LP (lower
quadrants). Thus, POP2 appeared isolated (upper right), POP1 in the upper left, and IC
and LP in the lower left. Fst values supported these patterns. At the individual level
(Figure 8b), most POP2 varieties grouped on the left, while other populations clustered
on the right. Coordinate 1 explained 5.64% of variance and Coordinate 2 explained 3.57%,
providing limited resolution. However, LP varieties consistently appeared in the lower
right quadrant, close to the Coordinate 1 axis. The three-dimensional PCoA (Figure 8c) did
not provide additional insights beyond those revealed in the two-dimensional represen-
tation, though Bienmesabe tinto from LP remained clearly separated from all others, and
Aromatica Eufrosina appeared in the upper region of POP2.

Figure 8. PCoA representation of La Palma Island, Canary Islands, and worldwide population,
normalized for K = 2. (a) Two-dimensional representation of the 4 populations per population, and
values of the Fst statistic for each population, (b) two-dimensional representation of the 4 populations
per individual. (c) three-dimensional representation of the 4 populations per individual.

3.5.2. Geographic Strategy

To validate the previous results, a geographic criterion was applied to the global
grapevine dataset (319 varieties), grouping varieties into seven regions based on their
countries of origin according to the VIVC database [51]. The decision to group by areas
rather than individual countries was made because some countries were represented by
only a single variety. The regions defined (Figure S8) were EASTMED-CAU (Algeria,
Cyprus, Georgia, Israel, Lebanon, Tunisia, and Turkey), BP (Bosnia and Herzegovina,
Bulgaria, Croatia, Greece, Serbia, Slovenia, and Montenegro), ITA (Italy), FRA-CE (Austria,
France, Germany, Hungary, Ukraine, and Switzerland), IP (Spain and Portugal), IC, and LP.
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An assignment test in GenAlEx 6.5 yielded a 60% accuracy rate, allowing for the
identification of misassigned and admixed individuals. The group compositions were as
follows: EASTMED-CAU (12 varieties, 4%) contained 42% pure (5) and 58% admixed (7);
BP (28 varieties, 9%) contained 50% pure (14) and 50% admixed (14); ITA (73 varieties, 23%)
contained 53% pure (39) and 47% admixed (34); FRA-CE (61 varieties, 19%) contained 69%
pure (42) and 31% admixed (19); IP (105 varieties, 33%) contained 65% pure (68) and 35%
admixed (37); IC (33 varieties, 10%) contained 70% pure (23) and 30% admixed (10); and LP
(7 varieties, 2%), where all individuals were retained including admixed varieties.

After removing 122 admixed or misassigned individuals (except from LP), the nor-
malized dataset comprised 197 well-assigned or pure varieties. A second assignment test
improved accuracy to 87%.

Figure 9 shows a circular dendrogram (Figure 9a) and phylogenetic tree (Figure 9b)
based on this geographic grouping. In both representations, IC and LP stood out clearly,
always clustering within the IP domain and forming a major sub-branch. Notably, LP also
formed a distinct sub-branch within IC. Under these conditions, Bienmesabe tinto was fully
integrated into the LP group.

Figure 9. World population (197 individuals) distributed in populations corresponding to 7 geo-
graphical areas. (a) Circular Neighbor-Joining dendrogram of the 197 pure individuals of the world
population and La Palma, (b) phylogenetic tree of 7 populations distribution with all their individuals.

Figure 10 presents the graphical representation of the PCoA applied to the global popula-
tion (197 individuals), distributed across seven arbitrary regions based on geographic criteria.
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Figure 10. PCoA representation of La Palma Island, Canary Islands, and world population for the
geographical criterion. (a) Two-dimensional representation of the 7 populations per population.
Values of the Fst statistic for each population, (b) two-dimensional representation of the 7 populations
per individual. (c) Three-dimensional representation of the 7 populations per individual.

In the two-dimensional population-level plot (Figure 10a), Coordinate 1 (42.32% of
variance) separated IP-related groups (IP, IC, LP) into the left quadrants. Coordinate 2
(21.85%) slightly differentiated IP and separated BP, ITA, and FRA-CE from IC, LP, and
EASTMED-CAU. The most distant cluster was EASTMED-CAU (lower right quadrant).
Furthermore, two main clusters can be identified: (1) BP, ITA, FRA-CE (upper right), and
(2) IP, LP, and, to a lesser extent, IC (central left). These groupings were supported by
Fst values.

The two-dimensional individual-level plot (Figure 10b) reflected the same structure,
with a rotation of the first coordinate axis. Coordinate 1 (6.05% of variance) separated
EASTMED-CAU, BP, ITA, and FRA-CE (left) from IP, IC, and LP (right). Coordinate 2
(3.91%) does not reveal any discernible structure. Within LP, Albillo criollo and Aromatica
Eufrosina were slightly divergent, while Bienmesabe tinto clustered with the rest.

The three-dimensional PCoA plot (Figure 10c) supports these observations. EASTMED-
CAU, BP, ITA, and FRA-CE occupied the lower/internal space, while IP, IC, and LP
appeared toward the front/upper space. Within LP, Albillo criollo, Aromatica Eufrosina,
and Bienmesabe tinto were clearly separated, with the latter showing the greatest degree of
differentiation from the other varieties included in the overall study.

4. Discussion
This study represents the first exhaustive genetic characterization of Vitis vinifera ssp.

vinifera in LP using SSR markers. The results confirm that, despite the island’s small size
and a history marked by frequent volcanic disturbances, LP preserves a genetically diverse
and unique grapevine germplasm. This genetic resource should be considered of high
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value for both the conservation of viticulture heritage and for its potential use in adaptation
strategies against climate change.

4.1. Analysis of Grapevine Varieties

The study conducted on LP Island represents a comprehensive genetic survey of
its cultivated grapevine population. A total of 96 vine accessions were collected across
the island’s principal viticultural zones: Northern, Hoyo de Mazo, and Fuencaliente.
After genotyping using SSR markers and comparing against the TECNENOL database,
52 redundant profiles were removed. This level of redundancy (54.2%) is consistent with
that of another IC: similar to HI (52.9%), slightly below LG (56.67%) and LZ (55%), but
notably higher than FT (37.5%). Ultimately, 44 unique multilocus profiles (MP-SSR) were
identified (Table S3). Among these, 28 were known varieties referenced in the TECNENOL
and/or VIVC databases, while three remained unidentified. Notably, several profiles exhib-
ited minor allelic variations when compared to their standard references. To distinguish
between mutants and new varieties, the study adopted a similarity threshold of 87.5%, i.e.,
up to five allele differences across 20 SSR loci were considered mutations, whereas greater
divergence indicated a new variety. This follows strategies previously outlined by Ibáñez
et al. [66], Vélez [67], and Cabezas et al. [68].

The grapevine varieties on LP Island were found to originate from nine distinct
regions. Spanish varieties, most genetically related to Heben, included Beba, De Rey,
Ferral, Listán prieto (95% similarity), Mollar cano (97.5%), Palomino fino, and Vijariego
blanco. Portuguese varieties, primarily related to Savagnin blanc, included Alfrocheiro
(95%), Malvasia fina (97.5%), Molar, Samarrinho, and Verdelho branco. Other international
varieties found included Trousseau noir and Flot rouge (France), Chasselas blanc (possibly
Central European [69]), Malvasia Dubrovacka (likely Balkan [65]), Muscat of Alexandria
(Greece), Muscat d’Hamburg (England), and Morskoi 94 (Ukraine), which corresponds to
“Unknown No. 5” from Rodríguez-Torres [62]. The local IC varieties included Bermejuela,
Forastera gomerae, Listan negro, Malvasia volcanica, and Torrontes volcanico. In addition,
LP is home to local varieties such as Albillo criollo, Bienmesabe tinto (likely an interspecific
hybrid [20]), Gual Mazo (erroneously listed as Italian in VIVC [51,63]), and Sabro. Two
previously known color sports were also recorded: Malvasia di Sardegna rosada (Canary
Island) and Malvasia fina roxa (Portugal). Three entirely new varieties were identified—
Aromatica Eufrosina, Cagarruta de oveja, and Viñarda Rosada—bringing the total to
31 distinct varieties cultivated on LP.

Significant intra-varietal diversity was detected (Tables S1 and S3). Forty accessions
showed such variation, leading to 20 unique MP-SSR profiles. Several variants corre-
sponded to those found on other islands: Listán negro santanero (variation in VVS3-2,
first described in LZ [47,49,50,61]), Listán prieto de Vega (VVS3-2 and VVMD28-1, from
FT [49,61]), Malvasia blanca de Agulo (LG [50]), Malvasia volcánica cabezuda (LZ [47,61]),
Mollar Bonilla (LZ [47,49]), and Diego de El Raso (VVS3-2 and ZAG64-2, LZ [47,61]). The
study adheres to the VIVC [51] practice of naming somatic mutations (e.g., Pinot meunier
from Pinot noir). Thus, 14 new names were proposed for detected mutants: Alfrocheiro
palmero, Beba de Bienes, Malvasia de Mazo, Malvasia rosada de Breña, Gual de Fuen-
caliente, Gual Jeremias, Gual rosado de Armas, Molar de Bienes, Listan blanco menudo,
Verdello palmero, Bujariego de Fuencaliente, Bujariego palmero, Chasselas palmero (a trial-
lelic variant), and Albillo baboso palmero (which showed two SSR mutations and two cases
of triallelism). Additionally, 8 misidentified accessions (marked in red) and 14 unknown
to local growers (light green) were identified. One notable case was P-35, locally called
Malvasia blanca (fuchsia in Table S1), a VIVC synonym for Alarije, commonly mistaken for
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“Malvasia”, although it matched Malvasia Dubrovacka genetically. The authors argue the
synonym is better reserved for a true “Malvasia” [65].

The initial sampling was conducted shortly before the 2021 eruption of the Tajogaite
volcano. Fourteen accessions were buried by lava or ash (Table S1), including repre-
sentatives of De Rey, Flot rouge, Forastera gomerae, Muscat of Alexandria, Samarrinho,
Trousseau noir, and Sabro, with no variants among them. Of the four variants affected,
Malvasia volcanica cabezuda and Mollar Bonilla were collected and preserved previously
on the LZ island. Only the sport known as Malvasia fina roxa was lost. Therefore, the
impact of the eruption on grapevine biodiversity was much smaller than anticipated.

The authors propose several additions to the VIVC ampelographic catalog: (1) the
three new variety names (in turquoise): Aromatica Eufrosina, Cagarruta de oveja, and
Viñarda rosada; (2) the 14 newly named somatic variants (dark green); and (3) twelve new
synonyms (brown), including Gallo (PN: Beba), Tintilla palmera (PN: Flot rouge), Almuñeco
blanco (PN: Forastera gomera), Almuñeco negro and Muñeco (PN: Listan negro/mutation:
Listán negro santanero), Tinta milrera (PN: Listan prieto/mutation: Listan prieto de Vega),
Valenciana (PN: Mollar cano/mutation: Mollar Bonilla), Dulzal (PN: Morskoi 94), Moscatel
antiguo (PN: Muscat of Alexandria), Listan blanco alto (PN: Palomino fino), Verdello
grande (PN: Sabro), and Baboso blanco (PN: Samarrinho). These names were submitted
to VIVC for inclusion in 2023 [48]. Hence LP Island’s grapevine population demonstrates
remarkable genetic diversity, with 31 distinct varieties and numerous somatic variants. This
richness is of great relevance for both conservation and viticultural innovation, particularly
considering climate stress and volcanic challenges. The authors emphasize the need to
preserve and study these genotypes further, recognizing LP as a valuable genetic reservoir
within the global Vitis vinifera L. landscape.

4.2. Genetic Structure of the Grapevine Population in La Palma

Before delving into the analysis of population genetic structure, three methodological
clarifications are necessary. First, the program Structure 2.3 was used to assess popula-
tion structure. This involved determining the most accurate distribution of grapevine
individuals, with membership evaluated via the q statistic, which estimates the degree of
genetic affiliation to each population. Based on q, individuals were classified as “pure” or
“admixed.” To ensure consistency and reduce analytical noise, admixed were excluded from
downstream analyses (Principal Coordinates Analysis (PCoA), dendrograms, and phyloge-
netic trees) so as to better understand the genetic identity of LP’s cultivated grapevines.
Second, the use of 20 SSR markers generated up to 40 allelic data points per diploid sample.
Although this allows for highly accurate classification, full precision in PCoA would require
40 dimensions, which is not feasible. Since graphical representations are limited to two or
three dimensions, some data distortion is inevitable, particularly as sample size increases.
This limitation, however, is widely recognized in the literature, and PCoA is typically used
to interpret overall patterns rather than precise placement [70,71]. Third, pedigree and
origin data for known varieties and their crosses were sourced primarily from the VIVC
database [51].

Analysis using Structure 2.3 (Figure 3, Figures S2 and S3) on 31 non-redundant Vitis
vinifera ssp. vinifera varieties revealed three ancestral populations with 89% confidence.
Population 1 (POP1) included 15 varieties, predominantly of Spanish origin. Notable
members include Beba, Mollar cano (97.5%), Vijariego blanco (95%), Ferral, and Sabro, all
presumed descendants of the Spanish variety Heben [69]. Also grouped here were De
Rey, Torrontes volcanico (IC), Gual Mazo (LP), Malvasia Dubrovacka (likely Balkan [65]),
and the Ukrainian Morskoi 94. Several admixed with Spanish heritage also clustered
here: Listan negro, Listan prieto (95%), Malvasia volcanica, and local LP varieties like
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Cagarruta de oveja. This distribution underscores a dominant Iberian lineage in LP’s
grapevines. Population 2 (POP2) encompassed mostly Portuguese varieties or those with
a strong Savagnin blanc ancestry. Pure accessions included Verdelho branco, Trousseau
noir, Samarrinho, Molar, Alfrocheiro (95%), and the Canary Island Forastera gomerae
(a Palomino fino × Verdelho branco cross). LP’s Albillo criollo, Malvasia fina (97.5%),
and the new variety Aromatica Eufrosina were also grouped here, suggesting Portuguese
or broader European ancestry. The influence of Savagnin blanc, believed to have been
introduced to northern Iberia via the Camino de Santiago [72], is evident throughout
this cluster. Population 3 (POP3) brought together genetically divergent or ambiguous
varieties. These included Flot rouge, a complex interspecific cross, Muscat Hamburg (a
breeder-developed cross between Schiava grossa and Muscat of Alexandria), and LP’s
Bienmesabe tinto, which likely has interspecific origins. New variety Viñarda rosada
also clustered here, lacking a known pedigree. Admixed varieties in this group include
Chasselas blanc (likely Central European), Bermejuela (parent of Malvasia volcanica), and
Muscat of Alexandria. These population assignments suggest a nuanced picture of LP’s
grapevine heritage. Varieties like Sabro, Cagarruta de oveja, and Gual Mazo are more
strongly tied to Spanish ancestry. In contrast, Albillo criollo and Aromatica Eufrosina reflect
connections to Portuguese or continental lineages. The positions of Bienmesabe tinto and
Viñarda rosada remain speculative, pending further genetic and historical investigation.

The PCoA results, shown in Figure 4, further support this structure. Figure 4a, based
on Nei’s Genetic Distance, displays the clear separation of the three populations, each
occupying distinct quadrants with 100% confidence. POP3, the most genetically distinct,
showed higher internal diversity. This trend continues in Figure 4b (27.56% confidence)
and Figure 4c (36.5%), where POP3 individuals are more widely dispersed. The greatest
outliers included Flot rouge, Bienmesabe tinto, Muscat d’Hamburg, and Viñarda rosada,
all of which exhibit complex or interspecific backgrounds.

In this way it can be hypothesized that LP’s cultivated grapevine population ap-
pears to derive from two primary historical sources. The first is linked to the Iberian
Peninsula (mainly Spain), likely introduced during the island’s colonization under the
Castilian Crown. The second reflects Portuguese influence, possibly through settlers from
Madeira [73] or the historical introduction of Savagnin blanc-related cultivars. A third,
less defined genetic input may stem from the introduction of Direct Producer Hybrids
(DPH) during the phylloxera crisis or more recent introductions by professional breeders.
Together, these findings highlight the unique and diverse nature of LP’s grapevines and
support their relevance for conservation, breeding, and further genetic study.

4.3. Relationship of the La Palma Grapevine Population with the Canary Islands

To explore the genetic relationship between the seven local grapevine varieties from
LP and those from the rest of the IC, a reference group of 33 individuals from across the
archipelago was analyzed. This included 12 from LZ, 11 from HI, 5 from LG, 4 generic IC
types, and 1 Majorera variety from FT, along with the seven LP varieties under investigation.
All individuals were assigned to specific population groups using a consistent methodology
(Figures S4 and S5).

The genetic structure revealed five main populations (POP1–POP5), with Figure 5
displaying the distribution of 40 varieties. However, limited historical and genetic data on
many of these cultivars, some recently described, restricted the depth of analysis. POP1
includes eight varieties largely associated with the “Malvasia” group. This cluster is mainly
composed of individuals from LZ, including Malvasia volcanica, a known cross of Malvasia
Dubrovacka and Bermejuela. Two other varieties in this group also contain “Malvasia”
in their names, reflecting their genetic closeness [47,50]. Some accessions from LG were
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also present. POP2 is composed almost exclusively of HI varieties, with Verdello de El
Hierro being the only one with documented parentage (Verijadiego × Alfrocheiro). The
genetic data suggests a potential Portuguese or Central European connection in this group.
POP3 holds nine varieties, most of Spanish origin. Many in this group are closely related
to Vijariego blanco (also known as Diego in IC), which has Heben as a parent. Sabro,
another variety with Heben lineage, appears as an admixed member. Two LP varieties,
Cagarruta de oveja and Sabro, are also included here as admixed individuals indicating
shared ancestry. POP4, the largest group with 11 accessions, includes varieties derived
from unusual parentages or interspecific hybridizations. Notably, three pure LP varieties,
Bienmesabe tinto, Viñarda rosada, and Aromatica Eufrosina, are included here. Other
members such as Gual Mazo, Majorera (FT), Blanca de la granja del Cabildo (LZ), and
Tesoro blanco (HI) have been characterized as genetic outliers in earlier studies [48–50].
POP5, comprising six members, cluster varieties are genetically related to Palomino fino, a
Spanish cultivar. This group includes Listan negro (IC), Albillo criollo (LP), and Forastera
gomerae (LG), all genetically linked through shared parentage. The study confirms a
genetic connection between the Spanish variety Heben and the LP cultivars Cagarruta de
oveja and Sabro. It also reinforces the close relationship among Bienmesabe tinto, Viñarda
rosada, and Aromatica Eufrosina.

To enhance structural analysis, admixed individuals were excluded, yielding a refined
dataset of 22 IC varieties. This initially resulted in an 86% assignment accuracy, which
was improved to 100% following reassignment of misclassified varieties. Figure 6 presents
Principal Coordinate Analysis (PCoA) outcomes. The 2D distribution (Figure 6a) reveals
POP1 and POP5 as the most genetically distinct, supported by Fst statistics and a 63.36%
explained variance. POP2 remains distinct, while POP3 and POP4 form a more central,
overlapping cluster. Figure 6b,c, illustrating two- and three-dimensional individual-level
PCoA plots (21.88% and 30.78% goodness, respectively), confirm these trends. POP1, POP2,
and POP5 appear more genetically cohesive, while POP3 and particularly POP4 show
greater diversity. Bienmesabe tinto and Viñarda rosada stand out for their unique genetic
profiles, likely due to distinct hybridization events.

4.4. Relationship of La Palma Population with the Global Diversity

This final section evaluates the distinctiveness of the LP grapevine population in
relation to globally distributed varieties. The primary objective was to clarify the genetic
identity and potential affinities of the seven local LP varieties. Two complementary strate-
gies were employed: one based purely on genetic analysis and another incorporating a
geographic component. In both approaches, the LP population was kept intact (unnor-
malized) to preserve individual variety behaviors, despite a slight decrease in assignment
accuracy. The dataset used included 319 MP-SSR profiles from varieties originating in
23 countries, all resulting from natural crosses, regardless of known parentage.

In the genetic approach, the varieties were initially grouped into two ancestral popula-
tions (Figures S6, S7 and 7a). Population 1 (POP1), largely composed of Iberian Peninsula
(IP) varieties, mostly Spanish, contained all LP accessions and members of the IC group. Af-
ter removing admixed individuals (except Albillo criollo and Aromatica Eufrosina), POP1
had 106 accessions, while POP2 had 162, for a total of 268 varieties with 99% assignment
accuracy. Reclassifying one misassigned variety raised accuracy to 100%. For more precise
analysis, POP1 was subdivided into IC and LP clusters, which slightly lowered assignment
accuracy to 88%. The geo-genetic approach normalized the dataset by removing misallo-
cated varieties in the VIVC database, resulting in 197 total profiles: 190 from global sources
and the 7 LP accessions. These were divided into seven populations: EASTMED-CAU, BP,
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ITA, FRA-CE, IP, IC, and LP. Assignment accuracy improved significantly from 60% to 87%
following this normalization.

Circular dendrograms (Figures 7b and 9a) illustrated that LP varieties formed a
distinct group within the broader IC and IP populations. One notable exception was
Bienmesabe tinto, which appeared as an outlier in the genetic dendrogram (Figure 7b), but
clustered with other LP accessions in the geographic dendrogram (Figure 9a). These trends
were further supported by phylogenetic trees (Figures 7c and 9b), where LP accessions
consistently retained a distinct genetic position. Principal Coordinate Analysis (PCoA) plots
by population (Figures 8a and 10a) showed coherent clustering. In the genetic approach,
97.85% of goodness was explained, while in the geographic method, the explained goodness
was lower at 64.17%, likely due to the presence of more population groups. Spanish origin
populations clustered on the left of the PCoA space, while non-Spanish groups (POP2)
appeared on the right. The geographic analysis further split POP2 into four subpopulations,
with EASTMED-CAU emerging as the most genetically distant. At the individual level
(Figures 8b,c and 10b,c), clustering patterns were similar. While Bienmesabe tinto grouped
with LP accessions in 2D space, its separation in 3D suggested a unique origin. The
remaining six LP varieties followed two trends: Cagarruta de oveja, Gual Mazo, and Sabro
clustered with Spanish varieties (implying Iberian ancestry), whereas Viñarda rosada,
Albillo criollo, and Aromatica Eufrosina aligned more closely with non-Iberian groups, and
showing Aromatica Eufrosina a strong divergence.

In conclusion, (1) LP varieties are genetically distinct from IC, IP, and global varieties;
(2) Bienmesabe tinto is likely an interspecific hybrid; (3) some LP varieties show connections
to Central European lineages; and (4) others have probable Spanish ancestry, which could
be from the progenitor Heben or not.

5. Conclusions
This study represents the first comprehensive genetic characterization of the cultivated

grapevine population on LP island, using a robust SSR-based methodology. The SSR kit
previously used on other IC has again proven efficient and effective.

Among the 96 accessions collected across the island, 44 unique MP-SSRs were iden-
tified, including 3 entirely new varieties previously unknown to science: Cagarruta de
oveja, Viñarda rosada, and Aromatica Eufrosina. In addition, 14 new mutations exclusive
to this island were identified, including 3 cases of triallelism. Additionally, 8 accessions
were determined to be labeling or sampling errors, and 14 accessions unknown by either
growers or technicians could be identified.

LP’s contribution also holds lexicographic value. Thus, inclusion in the VIVC is
proposed for (1) the three new varieties PN (Aromatica Eufrosina, Cagarru-ta de oveja,
Viñarda rosada), along with their SSR profiles; (2) the 14 novel mutant names listed above;
and (3) 12 new synonyms drawn from local viticultural tradition, referring either to existing
varieties or specific mutations.

Of the 14 accessions affected by lava or ash during the Tajogaite volcanic eruption, only
1 was permanently lost, a mutated individual of Malvasia fina roxa, making the overall
biodiversity loss far lower than initially feared.

Regarding LP’s genetic structure, results support the existence of seven representative
varieties. Four had already been described while three are new, representing a major
finding. These varieties likely originate from Spanish or broader European lineages, with
genetic traits suggesting unique evolutionary paths. These genotypes represent an irreplace-
able component of LP’s viticultural heritage and should be prioritized for conservation,
morphological and oenological characterization, and integration into principal germplasm
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collections. Their genetic and adaptive uniqueness highlights the need to incorporate them
into regional and national strategies for plant genetic resource conservation.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/horticulturae11080983/s1, Table S1. Information on 96 accessions
from La Palma (Original and Conclusive); Table S2. List of 20 primers used for the amplification
of the selected microsatellite regions. Characteristics; Figure S1. Approximation of the genomic
SSR map used in this study. Consensus location of each of the regions selected for molecular
characterization; Table S3. Unique molecular profile of 44 accessions (and 2 sport) corresponding
to 31 varieties and 2 sport (color mutations) collected during the La Palma Island prospection.
International SSR coincides with the SSR of TECNENOL; Table S4. Statistical characterization of
the twenty microsatellite markers used in this study; Figure S2. The four steps of the graphical
method of Evanno et al. [56], allowing the estimation of the true number of ancestral K groups
for a population with 31 individuals from La Palma Island; Figure S3. Genetic structure of La
Palma Island population. Distribution K = 3 (Individuals belonging to each group or population).
Details of the ratio of pure and admixed individuals according to the value of q (pure (q ≥ 85%)
and admixed (q < 85%)); Figure S4. The four steps of the graphical method of Evanno et al. [56],
allowing the estimation of the true number of ancestral K groups for a population with 40 individuals
from Canary Islands collection (IC including La Palma Island); Figure S5. Genetic structure of the
Canary Islands population (40 varieties). Distribution K = 5 (Individuals belonging to each group or
population). Details of the ratio of pure and admixed individuals according to the value of q (pure
(q ≥ 85%) and admixed (q < 85%)). Population structure; Figure S6. The four steps of the graphical
method of Evanno et al. [56], allowing the estimation of the true number of ancestral K groups
for a population with 319 individuals from the TECNENOL database (including La Palma Island);
Figure S7. Genetic structure of the world population. Distribution K = 2 (Individuals belonging to
each group or population). Detail the proportion of pure and admixed individuals as a function
of q value. Nationalities that make up pure and admixed groups; Figure S8. Genetic structure of
the world population (319 individuals). Distribution in 7 geographical areas. Detail of the ratio of
well-assigned (pure) and misassigned (admixed) individuals. Nationalities that make up each of the
groups: EASTMED-CAU (Algeria, Cyprus, Georgia, Israel, Lebanon, Tunisia and Turkey), BP (Bosnia
and Herzegovina, Bulgaria, Croatia, Greece, Serbia, Slovenia and Montenegro), ITA (Italy), FRA-CEU
(Austria, France, Germany, Hungary, Switzerland and Ukraine), IP (Spain and Portugal), IC (Canary
archipelago) and LP (La Palma island).
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