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Abstract

A set of 178 grape accessions collected in Emilia Romagna, from widely cultivated to nearly extinct and thus
maintained in ex-situ regional repositories, were analyzed at ten microsatellite (SSR) markers with the aim of
their correct identification. Ampelographic and local historical information were also gathered. Varietal identity
was established through the comparison with reference SSR profiles often supported by vine morphology. The
work demonstrated the presence in the region, under local (often confusing) names, of varieties in common with
other regions/countries, but also identified a large amount of local, unique genotypes highly worthy of being
preserved. Forty-nine percent of the investigated varieties corresponded to cultivars included in the lItalian
National Catalogue of Grape Varieties or were of likely foreign origin, while 62 out of the 122 unigue genotypes
are not reported or described in the literature, unless mentioned in historical documents. Yet they likely belong

to local germplasm, possibly native to the area. Some of these neglected grapes, like Pellegrina, Biondello and
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Rossiola, are prospective candidates for market exploitation of varietal wines. The approach applied, based on
varietal identification by markers supported by ampelography and historical evidence, represents one of the key

steps in local cultivated grapevine studies and development.

Key words: Vitis vinifera, DNA, microsatellite, genetic diversity, genetic resources, germplasm analysis.

Introduction
Italy is one of the top wine producers in the world (49.2 x 10° hL of wine produced on average in the three years
2015-2017) with 652,000 ha of area under vines and € 5.98 x 108 of wine export values according to the

Ismeamercati website (www.ismeamercati.it). Emilia-Romagna is a traditional wine grape growing region

located in northern Italy (Fig. 1) and characterized by great soil diversity and climatic variability due to its
geographical position between the Po river in the north, the Apennine mountains in the south and Adriatic Sea in
the east. Viticulture in the area dates back to Roman times as reported by Columella (Calzecchi Onesti 1977) if
not before, so there is a long wine-making tradition. Emilia-Romagna is today the third largest wine-producing

region in Italy (ISTAT 2018, www.istat.it/it/agricoltura), being suitable for the growth of 99 currently authorized

wine-grape cultivars. Numerous minor varieties moderately cultivated, neglected or nearly extinct are also
present in the region as residues of the long grape growing tradition. This source of genetic diversity has been
collected thanks to regional funding, which has allowed the ex-situ conservation of many of these accessions,
preventing them from disappearing. In addition, several varieties have been maintained on farms by generations
of families.

It is widely recognized that local grape diversity is a valuable resource to be protected and maintained both for
breeding programs and for marketing of original wines related to unique terroirs, bringing local economic

benefit (see WineMosaic project: http://www.winemosaic.org/en/; Maul et al. 2018).

Moreover, in the current climate warming context the promotion of local grapevines naturally adapted and
resilient to environmental constraints may further improve the recovery, evaluation and use of varietal diversity

(Gisbert et al. 2018).
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One of the first steps towards grape variety study and use lies in the correct identification of the recovered
accessions, a difficult task due to the vast number of synonyms, homonyms and mistaken names involving both
local and important grape varieties spread across Italy and Europe.

Grape morphological descriptions, usually applied to the characterization of species and varieties of the Vitis
genus, have been associated to Simple Sequence Repeats (SSR) markers since the 1990s, when they were
applied to varietal fingerprint (Thomas et al. 1993), becoming increasingly widely used for vine identification.
Nine SSR were selected (This et al. 2004, Maul et al. 2012) and recommended that they be shared and used by
the scientific community to allow the comparison of published variety profiles within molecular databases or
publications focused on local germplasm from various areas (to name a few examples, Sefc et al. 2009; Ghaffari
et al. 2013, Zulj Mihaljevié et al. 2013, Schneider et al. 2014). All this information is merged in the periodically
updated and highly useful International Vitis Database (VIVC) (Maul and Topfer 2015).

This study aims at the first comprehensive molecular characterization of Emilia-Romagna grapevine diversity,
providing the SSR profiles of 178 accessions and their correct identification via comparison with reference
genotypes. This allowed to demonstrate the presence of unique, never reported genotypes, as well as the
introduction of materials from abroad, currently cultivated in the region under different names. Historical and
ampelographic clues help to establish a clear, unambiguous classification when local names, synonyms,
homonyms or mistaken designations occur. We also briefly speculate on the potential opportunity for

commercial exploitation of some rarer local varieties.

Material and methods

The genetic profiles of 178 accessions (Table 1) rescued in Emilia-Romagna and known as local traditional
varieties were examined. The accessions were retrieved from five grapevine collections recognized by Emilia-
Romagna Regional Administration (Det. n. 8396, 21/06/2012): Astra Innovazione e Sviluppo (Tebano di Faenza,
RA), Mossi Aziende Agricole Vitivinicole (Ziano Piacentino, PC), A.U.B. Azienda Agraria Alma Mater
Studiorum - Universita di Bologna (Bologna), Istituto d’Istruzione Superiore “A. Zanelli” and Azienda Agricola

Bargello di Rinaldi Aldo (Reggio Emilia) that were formed in the last years during ampelographic scouting.
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DNA was extracted from young leaves sampled in the field and then lyophilized, following the procedure
described by Mercado et al. 1999. Samples were genotyped using a set of 10 nuclear SSR loci, nine of them
developed as common markers for international use (Maul et al. 2012). The 10 markers were VvS2, VVMD?5,
VvMD7, VVMD?25, VvMD27, VvMD28, VVMD32, VIZAG62, VIZAG79 and VvVMDG6 (for detailed information
on markers see www.eu-vitis.de/index.php and www.vitisdb.it/descriptors/microsatellites). PCR products were
then analyzed on an ABI 3730 DNA Analyzer (Applied Biosystems, Foster City, CA, USA). Data were
processed using Peak Scanner Software (ver. 1.0; Applied Biosystems), and alleles were defined by their size in
base pairs, by comparison with the standard size (GeneScan™ 500 LIZ™ dye Size Standard, Applied
Biosystems).

To evaluate the markers used, the following statistical parameters were calculated for every locus on genotypes
with unique profiles using CERVUS (ver. 3.0.7; Field Genetics Ltd; www.fieldgenetics.com): numbers of
alleles, observed (Hearne et al. 1992) and expected heterozygosity (Nei 1987), estimated frequency of null
alleles (Pemberton et al. 1995), polymorphic information content (PIC) and probability of identity (PI) for
overall loci. The PIC of each marker was calculated from allele frequency in the population and provides a
measure of informativeness based on expected heterozygosity (Hearne et al. 1992). The Pl is the probability that
two individuals drawn at random from a population will have the same genotype at multiple loci (Waits et al.
2001).

For varietal identification, the obtained SSR profiles were compared with an internal nSSR database (CNR —
IPSP that includes more than 900 unique grapevine genotypes, unpublished), as well as other national and
international on-line sources: the Italian Vitis Database (IVD, www.vitisdb.it), the European Vitis Database
(EVD, WWW.eu-vitis.de), the National Clonal Germplasm Repository (NCGR-Davis,

www.ars.usda.gov/Main/docs.htm? docid=13743), Pl@nt Grape (from France, plantgrape.plantnet-project.org),

the Swiss Vitis Microsatellite Database (SVMD, http://www1.unine.ch/svmd/) and the Vitis International Variety

Catalogue (VIVC, http://www.vivc.de/). Grapevine nSSR published genotypes from other literature sources

were also included. Before comparison, the allele size of each marker in our dataset was adjusted to that of each

source through common genotypes, usually international varieties used as standards. Because of possible
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genotyping errors, a maximum threshold of two discrepancies on the total 20 alleles was accepted (two in the
case of 9 common markers, and one when there were 6 common nSSR loci), providing also the good matching
with vine morphological profile (through photos or notations) when available (see below).

When not yet included in the Regional Inventory of genetic resources for food and agriculture (available on line

at: https://agricoltura.regione.emilia-romagna.it/agriturismo-agricultura/temi/agrobiodiversita/schede-specie-

vegetali/vite ), the morphological profiles of the investigated grapevines were detected (including photos)
following the list of primary descriptors in the European Vitis Database (http:.//www.eu-

vitis.de/docs/descriptors/mcpd/Descriptors_EUVitisDB_11Jan12.pdf), or the OIV Priority descriptor list

(http://www.oiv.int/en/technical-standards-and-documents/description-of-grape-varieties/oiv-descriptor-list-for-

grape-varieties-and-vitis-species-2nd-edition). Plant morphological features corroborated the varietal identity

suggested by DNA profiling. They also played a key role in understanding historical documents.

Results

The SSR analyses performed on the 178 grapevine accessions (Table 1) revealed the presence of 122 unique
genotypes (Supplemental Table 1), so that internal synonyms (i.e. synonyms within the analyzed dataset)
accounted for 30% of the total.

Statistics on these unique profiles indicated 105 total alleles, ranging from 7 (VVMDS6) to 14 (VVMD32), with
an average of 10.5 alleles per locus (Supplemental Table 2). The expected heterozygosity varied between 69.1%
and 85.2%, while observed heterozygosity was between 74.6% and 90.2%, with averages of 81% and 80%
respectively. The probability of null alleles was very close to 0, mean polymorphic information content was 0.77
and the total combined non-exclusion probability of identity was 1.133 x 102, Therefore, exactly matching
accessions were considered mutants or synonyms, in turn identified by vine morphology observations.
Comparison of the 122 unique molecular profiles with the molecular data in the national and international
databases and/or in the literature gave rise to the detection of several external synonymies, leading to the true
varietal identity being established for many accessions. Table 2 reports the 52 accessions identified with

cultivars registered in the ltalian Grape Variety Catalogue (Table 2A), mostly corresponding to varieties
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authorized to be grown in Emilia-Romagna (36 profiles), while 8 matched non-Italian cultivars (Table 2B). The
remaining 62 genotypes were thus ascribed to local, not officially registered grapes. These profiles were
therefore compared with molecular data in the literature examining local, neglected varieties of the area. A
genetic correspondence was found for 20 out of the 62 (Table 3A), while 42 profiles were accessions never
reported in previous studies (Table 3B), so were unique genetic material. Most of this local germplasm is grown

locally, but often highly threatened.

Discussion

Although the proportion of internal synonyms was moderate, accounting for 30% of the nearly 200 investigated
accessions, the amount of presumed novel, original material was greatly reduced by the recognition of many
accessions as cultivars already reported/described, or even included in the national Catalogue. The screening of
the collected materials by DNA profiling, thanks to available true to type references, is therefore a key step in
local grapevine germplasm studies. It is thus essential to perform reliable genotyping. In this work, the nSSR
profile matching with references was mostly 100%. The comparison of photos or notations on the major plant

organs (leaves and bunches) of both questionable accession and reference, usefully supports genetics.

Homonym varieties

The accession Cor d’usel, identified as Grechetto gentile B. (a variety also known in other Italian regions as
Grechetto di Todi), resulted spread under the synonyms of Pignolo, Pignoletto or Ribolla in as many as nine
areas of eastern Romagna, from Bologna to Forli, Ravenna and Rimini (Table 2A and Table 1). Since the 1960s
this grape has been widely planted on the Bologna hills as Pignoletto, but the denomination Rebola/Ribolla was
documented in the region from the 14" century by the statute of Savignano (Delucca and Carli 1994). In our
dataset, however, the name Ribolla is in common with two other distinct accessions, Ribolla R17 and Ribolla
R24 (Table 3B), matching neither Grechetto gentile B. nor Ribolla gialla B. included in the Italian Grape Variety
Catalogue. In addition, Rebula stara (old Rebula) from the Balkans was identified according to VIVC as

Heunisch Weiss (alias Gouais blanc), thereby adding another homonym to the group. Many distinct varieties
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named Rebola/Ribolla attest to the great appeal that the homonym wine had in the past in north-eastern Italy as
well as in the nearby Balkan regions. Moreover, they suggest prudence in the interpretation of historical reports
of grapes as homonyms, due to the uncertain attribution of the true varietal identity. The same is true for the
homonyms Malvasia and Lambrusco.

The three accessions sharing the name Lambrusco (Table 2A and Table 3B), showed different molecular
profiles. Lambrusco di Fiorano (Table 2A) was registered in the Italian Catalogue in 2016 as Lambrusco del
Pellegrino N.; Lambrusco picol ross (Table 2A) and Lambrusco di Corbelli (Table 3A) did not match any of the
twelve different cultivars sharing the name Lambrusco in the Catalogue. The former, a traditional grapevine
from Reggio Emilia province, was confirmed as being a synonym of Terrano N. (Meglioraldi et al. 2013),
locally named Cagnina, while Lambrusco di Corbelli was likely a unique, unreported genotype. Instead, two
other accessions included in our study, Gialmona and Scorzamara recovered in Reggio Emilia province (where
Lambruscos are widely cultivated) were identified as the very common Lambrusco Marani N. and Lambrusco
Grasparossa N. respectively (Table 2A). The names Gialmona and Scorzamara were likely mistaken, as

according to historical reports they should refer to different varieties.

Varieties imported or present elsewhere

Many investigated accessions corresponded to cultivars typical of regions bordering Emilia-Romagna, like
Tuscany (Vernaccia di San Gimignano B., Bonamico N., Ciliegiolo N.), Lombardy (Schiava N., Mornasca N.),
Veneto (Moscato giallo B., Marzemina bianca B., Verdicchio bianco B. known as Trebbiano di Soave B.,
Verduzzo trevigiano B.) and Marche (Verdicchio bianco B., Mostosa B.). Their presence in Emilia-Romagna
could derive from a former introduction or a wider spread in the past. They are currently known in the region
under local names or misnomers, so their true identity is of interest to local growers and the wine industry.

Foreign grapes too, casually introduced sometimes from distant areas, were discovered under local and often
confusing or incorrect names. Two Colorino accessions (Colorino meaning “deeply colored grapes”), Colorino

(Ricci) and Colorino (Siba Ladino) both flesh-colored, were found to correspond to the interspecific hybrid
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Seibel 1077 and to a grape grown in Piedmont under the name of Teinturier ad acino rotondo respectively (Table
2B and Table 3A).

We also found grapes in common with the varietal assortment of other neighboring countries. Rossa di Monte
Castello corresponds to Glaciere once cultivated in Provence, while Stciucaera bianca is the synonym of Blanc
des Hombes, a little-known variety mentioned in Switzerland (Table 2B). These findings confirm a flow of
varieties across the Alps, probably occurring on several occasions in the past. A truly imported cultivar is
Jacquez (a Vitis aestivalis hybrid originating in the USA), that spread from France to Italy in 19" century and is
grown in Emilia Romagna as Fogarina or Nibiol, both obviously incorrect names. Furthermore, genotypes from
North Africa (Sbebbi nero synonym of Bezoul El Khadem d’Algerie), Eastern Europe (Uva picciona, synonym
of Coarna alba from Moldova) and Southern Europe (Uva di S. Andrea alias Palomino fino from Spain, and
Malvasia di Rimini identical to Thrapsathiri from Greece) attest to the wide circulation of materials in the
Mediterranean basin during former times.

As to the last example, Thrapsathiri alias Malvasia di Rimini, one of the seven homonym Malvasia included in
this work (Table 1), this is probably the most northern accession of this cultivar, typical of the Aegean islands
and currently part of the Malvasia wine blend from Crete. Yet the question remains whether this variety was
spread across the Adriatic Sea by none other than the ancient Greeks, as previously reported for Malvasia delle
Lipari (Crespan et al. 2006), or was a more recent arrival. Regarding this, it is worth mentioning that the
promontory of Focara located at the Romagna border was often visited in ancient times by Greek merchants

going to the renowned emporium of Spina (Braccesi 1969).

Regional varieties not listed in the National Catalogue

Sixty-two accessions analyzed in this study corresponded to varieties typical of Emilia Romagna. As already
mentioned, many local synonyms were found within this regional germplasm, indicating a rather intense
cultivation of local varieties in the past, and their spread under different names (Table 3).

Besides the internal synonyms, 20 out of the 62 regional varieties showed the same profile as cultivars already

reported as typical of the region (Table 3A). As many as 42 were genotypes not matching with any reference,
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nor previously described (Table 3B). Most of them are threatened with extinction. Their conservation in regional
repositories is thus highly recommended.

Among these lesser known local varieties (Table 3B), some show merit for potential exploitation. Pellegrina, for
example, was wrongly reported as a synonym of Spergola and Sauvignon blanc (Cosmo and Polsinelli, 1961).
Our findings clearly showed the two genotypes called Pellegrina, although distinct from one another, do not
correspond to either Spergola or to Sauvignon blanc. Pellegrina (Bonfatti), currently grown in a small area
although not officially authorized, is ideal for producing sparkling wines thanks to its high acidity (Fontana et al.
2014).

Biondello is another local variety not listed in the Catalogue that preliminary tests show has remarkable
agronomic traits (good vigor and yield, high basal bud fertility, low sensitivity to downy and powdery mildew)
and juice quality (appropriate sugar content, high acidic levels), making it suitable to produce sparkling wines
even in warm climate conditions.

The red berry Rossiola, also known as Uva rosa or Uva tosca, was shown to be a different genotype from the two
almost homonym white varieties Rossola (Tebano) and Rossola di Bertinoro, thus excluding a possible common
origin by mutation (Table 3B). The red Rossiola, recovered in an old vineyard on the sandy coastal area of
Ferrara province and in the past confused with the better known cv Fortana N. (Casazza, 1845), maintains a good
level of acidity in the grapes even if grown in one of the hottest areas of Emilia-Romagna. It gives fine varietal
rosé wines of distinctive aroma, or could go into the blend of typical wines from coastal sandy soils.

The last three mentioned cultivars deserve to be considered for their addition in the Catalogue, and admitted to

cultivation according to the European rules.

Correct accession nhaming

Forty-nine percent of the accessions investigated proved identical to grape varieties included in the National
Catalogue or were of foreign origin, therefore already known and described. As the study was addressed to local,
often neglected or threatened resources, identification with known varieties (though of minor importance) was

highly relevant either for conservation policy or commercial exploitation. Indeed, the study revealed that major
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Italian cultivars such as Trebbiano toscano (alias Ugni blanc), Vernaccia di San Gimignano, Ciliegiolo and
others, are grown in the region under local names like Albanella, Bianchino, Santa Maria nera, etc., therefore
should not be considered endangered resources, but rather a source of intra-varietal diversity.

Looking at the accession denominations, it is worth underlining that 22% were correctly named (true names),
55% were synonyms, either local (used by farmers — 27%) or historical (i.e. reported in historical documents —
28%), while wrong designations (mistaken names because referring to different already-described and known
cultivars) accounted for as much as 23% of the identified accessions (Table 2).

Examples of historical synonyms were Barbesino and Spergola B. (Filippetti et al. 2001), Cor d’Usel and
Grechetto gentile B. (Silvestroni et al. 1985), Uva d’oro and Fortana N. (Rossi 2017), while Negretta, Bianca
toscana and Lambrusco picol ross were local synonyms of Negretto N., Malvasia di Candia aromatica B. and
Terrano N. respectively (Table 2A).

To distinguish variety homonyms is another key point of identification. The names of the five accessions Albana
del paniere, Albana nera (Montanari), Albana nera (Monte Trebbio), Albana nera (Tebano) and Albana rossa
(Table 1) refer to white Albana B., one of the most traditional grapes in Romagna used for Albana appellation
wines. Thus, although sharing large-sized and long clusters with Albana B., none of these accessions matched
with Albana B.: two were misnomers (Table 2A) and three were actually unknown (Table 3B). Similarly,
Malvasia di Rimini, Malvasia profumata di Parma 1, Moscatellone nero, Moscato nero, Moscatello nero and
Moscatone (Table 1) mostly sharing an aromatic profile similar to Malvasias and Moscatos, were erroneously
assimilated to these cultivars, while instead all were misnomers or local synonyms of known flavored grapes,
like Aleatico N. and Moscato giallo B. (Table 2A and 2B). Thus, following the process of varietal identification,
understanding if an accession name is an acceptable local synonym or a mistaken, ambiguous or confusing

denomination, is crucial for the further use and exploitation of that resource.

Conclusions
The study presents the results of varietal identification of a large set of minors, neglected and threatened

grapevine accessions collected in Emilia-Romagna during 20 years of germplasm recovery and gathering



263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

projects, which also led to the constitution of the grapevine collections. The work was based on DNA profiling
supported by vine morphology observations and historical research. Out of the total 178 investigated accessions
122 unique genotypes were found, 62 of which corresponded to little known grapes, never described, and
possibly native to Emilia-Romagna. These resources should be considered unique, therefore highly worthy of
preservation. Their management as original genetic resources should be improved, increasing the number of
maintained vine for each genotype or establishing duplicates in different places to avoid the threat of extinction.
Some of them with peculiar traits deserve future evaluations aimed at commercial exploitation of varietal wines,
also due to their resilience to the ongoing climate change conditions. Moreover, since SSR data of local and
unique genotypes have been carefully checked, their profiles will soon be included in National and International
databases, thus available to the scientific community.

The approach followed in this work allows the varietal diversity to be estimated correctly, unraveling erroneous
denominations (often handed down from the past), and revealing the presence of genotypes that, despite
belonging to already known cultivars, could be an important genetic resource in terms of intra-varietal
variability, being cultivated and well-adapted to Emilia-Romagna climatic and environmental conditions.
Varietal identification and correct naming indeed represent one of the key steps in local cultivated grapevine

germplasm investigations, safeguard and exploitation.

Literature Cited
1. Braccesi L. 1969. La piu antica navigazione greca in Adriatico. Studi Classici e Orientali 18: 129-
147. University Press, Pisa.
2. Casazza A. 1845. Stato agrario economico del Ferrarese. Taddei, Ferrara.
3. Calzecchi Onesti R. 1977. L’arte dell’agricoltura e libro sugli alberi. Giulio Einaudi Editore, Torino.
4. Cosmo |, Polsinelli M. 1961. Sauvignon. Principali vitigni da vino coltivati in Italia, vol. V.

Ministero Agricoltura e Foreste, Roma.



287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

10.

11.

12.

13.

14.

15.

Crespan M, Cabello F, Giannietto S, Ibanez J, Kontic JK, Maletic E, Pejic I, Rodriguez-Torres I,
Antonacci D. 2006. Malvasia delle Lipari, Malvasia di Sardegna, Greco di Gerace, Malvasia de
Sitges and Malvasia dubrovacka—synonyms of an old and famous grape cultivar. Vitis 45:69-73.
Delucca O, Carli G. 1994. La vite e il vino nel riminese. Regione Emilia-Romagna, Rimini.
Filippetti I, Silvestroni O, Ramazzotti S, Intrieri C. 2001. Caratterizzazione morfologica e genetica
dei vitigni bianchi Spergola, Sauvignon e Sémillon. Rivista di Frutticultura e di Ortofloricoltura n.
12: 83-87.

Fontana M, Filippetti I, Pastore C. 2014. Dall’uva Pellegrina il vino di viandanti e marinai.
Agricoltura 12:52-53.

Gallo A. (1564) — Le Dieci Giornate della vera agricoltura, e piaceri della villa. In Brescia, appesso
Gio. Battista Bozzola.

Ghaffari S, Hashaoui N, Zinelabidine LH, Ferchichi A, Martinez Zapater JM, lbafiez J. 2013.
Genetic identification and origin of grapevine cultivars (Vitis vinifera L.) in Tunisia. Am. J. Enol.
Vitic. 64: 538-544.

Gisbert C, Peir6 R, San Pedro T, Olmos A, Jiménez C, Garcia J. 2018. Recovering ancient grapevine
varieties. In: Jorddo A.M., Grapes and Wines. Advances in Production, Processing, Analysis and
Valorization. InTechOpen.

Hearne CM, Ghosh S, Todd, JA. 1992. Microsatellites for linkage analysis of genetic traits. Trends
Ecol. Evol. 8: 288-294.

Lacombe T, Boursiquot JM, Laucou V, Di Vecchi-Staraz M, Péros JP, This P. 2012. Large-scale
parentage analysis in an extended set of grapevine cultivars (Vitis vinifera L.). Theor. Appl. Genet.
126:401-414.

Maul E and Topfer R. 2015. Vitis International Variety Catalogue (VIVC): A cultivar database
referenced by genetic profiles and morphology. BIO Web of Conferences 5, 01009.

Maul E, Schreiber T, Carka F, Cunha J, Eiras Dias JEJ, Gardiman M, Gazivoda A, IvaniSevi¢ D,

Koop L, Lipman E, Maggioni L, Maleti¢ E, Mara$ V, Martinez MC, Muiioz Organero G, Nikoli¢ D,



313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

16.

17.

18.

19.

20.

21.

22.

23.

Regner F, Rockel F, Schneider A, Tépfer R, Zduni¢ G, Ziegler M, Lacombe T. 2018. Preservation
via utilization: Minor grape varieties on-farm. Acta Hortic. 1248, 55-62.

Maul E, Sudharma KN, Kecke S, Marx G, Miller C, Audeguin L, Boselli M, Boursiquot JM,
Bucchetti B, Cabello F, Carraro F, Crespan M, De Andrés MT, Dias JE, Ekhvaia J, Gaforio L,
Gardiman M, Grando MS, Gyropoulos, D, Jandurova O, Kiss E, Kontic J, Kozma P, Lacombe T,
Laucou V, Legrand D, Maghradze D, Marinoni D, Maletic E, Moreira MF, Mufioz-Organero G,
Nakhutsrishvili G, Pejic I, Peterlunger E, Pitsoli D, Pospisilova D, Preiner D, Raimondi S, Regner,
F, Savin G, Savvides S, Schneider A, Sereno C, Simon S, Staraz M, Zulini L, Bacilieri R, This P.
2012. The European Vitis Database (www.eu-vitis.de): a technical innovation through an online
uploading and interactive modification system. Vitis 51(2): 79-85.

Meglioraldi S, Ruffa P, Raimondi S, Storchi P, Torello Marinoni D, Vingione M, Boccacci P,
Schneider A. 2013. Conoscere il patrimonio viticolo per tutelarlo. L informatore Agrario 13:50-54.
Mercado JA, ElI Mansouri I, Jiménez-Bermldez S, Pliego-Alfaro F, Quesada MA. 1999. A
convenient protocol for extraction and purification of DNA from Fragaria. Vitr. Cell. Dev. Biol.
Plant. 35:152-153.

Nei M. 1987. Molecular Evolutionary Genetics. Columbia University Press: New York.

Pemberton JM, Slate J, Bancroft DR, Barrett JA. 1995. Non-amplifying alleles at microsatellite loci:
a caution for parentage and population studies. Mol. Ecol. 4: 249-252.

Rossi G. 2017. Dell’acqua e del vino. Fortana nel territorio ferrarese. Associazione Italiana
Sommelier, AIS Emilia.

Schneider A, Raimondi S, Pirolo CS, Marinoni DT, Ruffa P, Venerito P, La Notte, P. 2014. Genetic
characterization of grape cultivars from Apulia (Southern Italy) and synonymies in other
Mediterranean regions. Am. J. Enol. Vitic. 65:244-249.

Sefc K, Peji¢ I, Maleti¢ E, Thomas M, Lefort F. 2009 Microsatellite markers for grapevine: tools for
cultivar identification & pedigree reconstruction. In: Roubelakis-Angelakis K.A. (eds) Grapevine

molecular physiology & biotechnology. Springer, Dordrecht.



339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355
356

357

358

359

24,

25.

26.

27.

28.

Silvestroni O, Marangoni B, Faccioli F. 1985. Identificazione e conservazione dei vitigni locali
(Vitis vinifera L.) in Emilia Romagna. Atti del 4° simposio internazionale di genetica della vite,
Verona: pp. 95-100.

This P, Jung A, Boccacci P, Borrego J, Botta R, Costantini L, Crespan M, Dangl GS, Eisenheld C,
Ferreira-Monteiro F, Grando S, Ibafiez, J, Lacombe T, Laucou V, Magalhdes R, Meredith CP,
Milani N, Peterlunger E, Regner F, Zulini L, Maul E. 2004. Development of a standard set of
microsatellite reference alleles for identification of grape cultivars. Theor. Appl. Genet. 109:1448-
1458.

Thomas MR, Scott NS. 1993. Microsatellite repeats in grapevine reveal DNA polymorphisms when
analyzed as sequence tagged sites (STSs). Theor. Appl. Genet. 86:985-990.

Waits LP, Luikart G, Taberlet P. 2001. Estimating the probability of identity among genotypes in
natural populations: cautions and guidelines. Mol. Ecol. 10(1), 249-256.

Zulj Mihaljevi¢ M, Simon S, Peji¢ I, Carka F, Sevo R, Koji¢ A, Gasi F, Tomi¢ L, Jovanovi¢
Cvetkovi¢ T, Maleti¢ E, Preiner D, Bozinovi¢ Z, Savin G, Cornea V, Mara§ V, Tomi¢ Mugosa M,
Botu M, Popa A, Beleski K. 2013. Molecular characterization of old local grapevine varieties from

South East European countries. Vitis, 52 (2): 69-76.

SN
o «Q
(¢4 Ql\&\(\

Figure 1. Location of the Emilia-Romagna region in the Italian peninsula and its administrative division in 9

provinces.



360 Table 1. The 178 grape cultivars/accessions examined in this study: berry color, use, cultural area.

Sample A . a Berry . Cultural Area
ccession name b Use : o
code color (Province or Region)
1 Albana del paniere B W FC
2 Albana nera (Montanari) N w RA
3 Albana nera (Monte Trebbio) N w FC
4 Albana nera (Tebano) N w RA
5 Albana rossa N w RA
6 Albanella (Cadriano) B W BO
7 Albanella (Tellarini) B w RA
8 Albanina nera N W RA
9 Aleatico (Tebano) N w BO
10 Aleatico (Zauli) N w RA
11 Aleatico di S. Valentino N w RE
12 Angela B w BO
13 Balsamina N W RA
14 Balzamino N w RA
15 Barbesino B w PC
16 Basgana N T-W FE
17 Basoleina N W RE
18 Bermestone N T FE
19 Bertinora B T-W FC
20 Berzemino capolico N wW RE
21 Besgano bianco B T PC
22 Besgano rosso N T PC
23 Bianca toscana B w FC
24 Bianchetta di Bacedasco B w PC
25 Bianchetta di Diolo B w PC
26 Bianchino B W FC
27 Bianchino (Vignoli) B w RA
28 Biondello B W FC
29 Bottona B w BO
30 Brumesta N T-W FE
31 Bsolla B W RA
32 Bucalo B w PC
33 Burghisana N T RA
34 Calora B W PC
35 Canino B W RN
36 Cargarello B w RN
37 Cavazzina N W RE
38 Caveccia B w RA
39 Caveccia (Sant'Andrea) B w RA
40 Cavecia (Bordone) B w RA
41 Ciocca (Plessi) B w MO
42 Ciocca (Tebano) B w BO
43 Cioccherella B W MO
44 Ciurlese B W RN
45 Colombina B W PC
46 Colorino (Ricci) N W RN
47 Colorino (Siba Ladino) N W FC
48 Cor d'Usel B W RA
49 Cornacchia (Ercolani) N w RA
50 Cornacchia (Tebano) N w RA
51 Cornona \Y T RE
52 Covra N W RE
53 Covretto N W RE
54 Crova N W PC
55 Crovarina N W PC
56 Dorata di Fontevivo B T-W PR
57 Duraguzza N W PC




58 Durella B w RE
59 Famoso (Bragagni) B w RA
60 Famoso (Conventino) B W Marche region
61 Festasio N w MO
62 Fogarina (Tebano) N w RA
63 Fogarina di Gualtieri N w RE
64 Fogliona B W-T MO
65 Forcella (Bordone) B W BO
66 Forcella (Tebano) B w BO
67 Forcella (Tedeschini) B w BO
68 Forcella (centenaria di Imola) B wW BO
69 Fortana CAB1 N w FE
70 Frattini N w RA
71 Fruttano N W PC
72 Gialmona N w RE
73 Giottina B w RE
74 Graplen B w RA
75 Grattacoppa N W RA
76 Gravarena N W PC
77 Grillone N T RA
78 Lambrusco di Corbelli N w RE
79 Lambrusco di Fiorano N w MO
80 Lambrusco picol ross N w RE
81 Lanzesa B W-T RA
82 Leck B w PC
83 Liedga (centenaria "La Palazza™) B T FC
84 Lisora B w PC
85 Madalona N w RA
86 Maligia (Monari) B w BO
87 Maligia (Tebano) B w BO
88 Malvasia aromatica di Parma B w PR
(Casalini)
89 Malvasia bianca B w RA
90 Malvasia bolognese B w BO
91 Malvasia di Rimini B W RN
92 Malvasia parmense B w PR
93 Malvasia profumata di Parma 1 B w RE
94 Malvasia profumata di Parma 2 B w RE
95 Melara B w PC
96 Molinelli B W PC
97 Mollona B T RE
98 Moscatello B w FC
99 Moscatello nero N w RA
100 Moscatellone nero N T FC
101 Moscato nero N T FC
102 Moscatone B W-T RN
103 Mostarino N w PC
104 Negretta 1 N w MO
105 Negretta 2 N W MO
106 Negrettino (Converselle) N W FC
107 Negrettino (Sharzalia) N w RA
108 Negrettino (Torretta) N w RA
109 Nero di Gonzaga N w RA
110 Nibiol N W RE
111 Paradisa B w BO
112 Pargulona N T FC
113 Pellegrina (Bonfatti) B w MO
114 Pellegrina (Cadriano) B w MO
115 Pignoletto (Rubini) B w BO
116 Pignoletto (Tersi) B w FC
117 Pignoletto (Zola) B w BO




118 Pignolo B wW FC
119 Pignolo di Forli B w FC
120 Plissona N W PC
121 Prunella N W RA
122 Redga B W RE
123 Ribolla 30 B W RN
124 Ribolla 31 B W RN
125 Ribolla R17 B W RN
126 Ribolla R23 B W RN
127 Ribolla R24 B W RN
128 Ribolla R3 B W RN
129 Rossa di Monte Castello R W-T FC
130 Rossara N W RE
131 Rossiola R W FE
133 Rossola (Tebano) B W-T FC
132 Rossola di Bertinoro B W-T RA
134 Santa Maria B W PC
135 Santa Maria nera N W FC
136 Sauvignon rosso N w RA
137 Shebbi nero N T FC
138 Scacco B W FC
139 Scarsafoglia B wW RE
140 Sconosciuta di Castellarano N W RE
141 Scorzamara (Neviani) N w RE
142 Scorzamara (Rinaldi) N w RE
143 Scorzamara val d'Enza N W RE
144 Sgavetta N W PC
145 Simonina (Cadriano) N w MO
146 Simonina (Rinaldi) N w RE
147 Spaltarina N w RE
148 Squarciafoglia B wW MO
149 Stciucaera bianca B W PC
150 Stciucaera rossa B W PC
151 Termarina bianca B T-W PR
152 Termarina rossa N T-W PR
153 Tonda di S. Secondo N T-W PR
154 Tosca N W RE
155 Trasforini B W-T FE
156 Trebbiano di Spagna B w MO
157 Uva aceto B W FE
158 Uva ciocca B W MO
159 Uva d’oro 1 N W FE
160 Uva d’oro 2 N W MO
161 Uva d’0ro raspo rosso N W RA
162 Uva del prato N w MO
163 Uva di S. Andrea B T-W FC
164 Uva morta G W RA
165 Uva nebbia B W FC
166 Uva picciona B T PR
167 Uva rosa N W RA
168 Uva rosa (Agnoletti) Rs T PR
169 Uva tosca (Tebano) N w RE
170 Uva vacca B W RN-FC
171 Varon N W FE
172 Verdea B T-W PC
173 Verdetto B W RN
174 Verdicchio B W MO
175 Vernaccia B W FC
176 Vernaccina B W RN
177 Verrucchiese N W RN
178 Vite badia S. Andrea N W FC
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2 Geographic or farmer’s names are in brackets, useful to discriminate homonym accessions.
® According to OIV descriptor 225: B = white, R = red, Rs = rose, V = dark red-violet, G= Grey, N= blue-black.
¢W, wine grape; T, table grape.
4 Emilia-Romagna provinces: Bologna (BO), Ferrara (FE), Forli-Cesena (FC), Modena (MO), Parma (PR), Piacenza (PC),

Ravenna (RA), Rimini (RN), Reggio Emilia (RE).

Table 2. Matching genetic profiles within the sample set (internal synonyms) and/or with cultivars
authorized to be grown in Italy listed in the Italian Grape Variety Catalogue (A) (followed by berry
color B = white, N= blue-black) and with non-Italian cultivars (B).

A
sample _ Matching cu_Itivars listed in the
code Accession names? Internal synonyms? Itgllan Grape
Variety Catalogue
2 Albana nera (Montanari) (mis) Frugizod%ﬂ)r'aggg rdo:sr(;) (2sy(;§/n)’ Fortana N.*
3 Albana nera (Monte Trebbio) (mis) Neglrzgztrfrmt;a(%'cglr?gtfe{)n()éyn) Negretto N.*
6 Albanella (Cadriano) (mis) Trebbiano toscano B.*
7 Albanella (Tellarini) (syn) Colombina (syn) Marzemina bianca B.
9 Aleatico (Zauli) (true),
Aleatico (Tebano) (true) Neg/:rgfgﬁfI(Igon:\;ce)rggfeiy(rzlis), Aleatico N.
Vite badia S. Andrea (loc syn)
15 Barbesino (syn) Spergola B.*
23 Bianca toscana (loc syn) Malvasia parmense (loc syn), Malvasia Malvasia di Candia aromatica B.*
profumata di Parma 2 (loc syn)
26 Bianchino (mis) Vernaccia di S. Gimignano B.
27 Bianchino (Vignoli) (mis) Tocai friulano B.*
34 Calora (loc syn) Cortese B.
48 Pignoletto (Tersi) (true), Pignoletto (Zola)
. true), Pignolo (syn), Pignolo di Forli (syn), .
Cor d'Usel (loc syn) (Ribglla gO (syrg),)/R)ibol?a 31 (syn), Rif)glla)l Grechetto gentile B.*
R23 (syn), Ribolla R3 (syn)
50 Cornacchia (Tebano) (true) Cornacchia (ErCOI:;r'])) (true), Varon (loc Cornacchia N.*
56 Dorata di Fontevivo (loc syn) Dorona B.
57 Duraguzza (loc syn) Mornasca N.
59 Famoso (Bragagni) (true) Famoso (Conventino) (true) Famoso B.*
61 Festasio (true) Festasio N.*
63 Fogarina di Gualtieri (true) Fogarina N.*
70 Frattini (loc syn) Piedirosso N.
72 Gialmona (mis) Lambrusco Marani N.*
75 Grattacoppa (loc syn) Uva del Tundé N.*
76 Gravarena (loc syn) Stciucaera rossa (loc syn) Erbanno N Rossara N.,
Schiava N.
79 Lambrusco di Fiorano (syn) Lambrusco del Pellegrino N.*
80 Lambrusco picol ross (loc syn) Terrano N.*
81 Lanzesa (true) Lanzesa B.*
83 Liedga (centenaria "La Palazza™) (syn) S. Anna di Lipsia B.
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375
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383

84 Lisora (syn) Liseiret B. (Heunisch weiss,
Gouais blanc)
88 Malvasia aromatl((;?uil) Parma (Casalini) Malvasia Casalini B.*
89 Malvasia Bianca (syn) Malvasia bianca di Candia B. *
93 Malvasia profumata di Parma 1 (mis) Moscatone (loc syn) Moscato giallo B.
97 Mollona (loc syn) Invernenga B.
98 Moscatello (syn) Moscato bianco B.*
100 Moscatellone nero (mis) Cardinal N.
101 Moscato nero (mis) Moscato d’Amburgo N.
104 Negretta 1 (mis) Negrettino (Sbarzalia) (mis) Marzemino N.*
111 Paradisa (syn) Verdea (true) Verdea B.*
114 Pellegrina (Cadriano) (mis) Verduzzo trevigiano B.
134 Santa Maria (true) Santa Maria B.*
135 Santa Maria nera (mis) Ciliegiolo N.*
136 Sauvignon rosso (syn) Centesimino N.*
139 Scarsafoglia (true) Squarciafoglia (syn) Scarsafoglia B.*, Scimiscia B.*
142 Scorzamara (Rinaldi) (mis) Lambrusco grasparossa N.*
144 Sgavetta (true) Sgavetta N.*
151 Termarina bianca (syn) Passeretta B.*
152 Termarina rossa (true) Termarina N.*
153 Tonda di S. Secondo (loc syn) Bonamico N.
154 Tosca (true) Uva tosca N.*
155 Trasforini (loc syn) Angela B.*
156 Trebbiano di Spagna (syn) Trebbianina B.*
170 Uva vacca (syn) Mostosa B. *
174 Verdicchio (true) Verdicchio bianco B.*
176 Vernaccina (syn) Vernaccina B.*
177 Verrucchiese (syn) Veruccese B.*
B
Accession hames? Internal synonyms? Matching non-Italian cultivars®
46 . C Seibel 1077
Colorino (Ricci) (mis) (Jaeger 70 x Aramon) vivc
62 Fogarina (Tebano) (mis) Nibiol (mis) Jacquez evo)
ot Malvasia di Rimini (mis) Thrapsathiri evo)
129 Rossa di Monte Castello (mis) Glaciére (Lacombe etal. 2012)
137 Shebbi nero (loc syn) Bezoul El Khadem de Tunisie v
149 Stciucaera bianca (loc syn) Blanc des Hombes svmp)
163 Uva di S. Andrea (loc syn) Palomino fino evp)— Listan wvivo)
166 Uva picciona (loc syn) Coarna Alba Evo)

2 |n brackets after accession names remarks to the accession names: syn = synonym, loc syn = local synonym, true = true

name, mis = misnomer.

*Cultivar authorized to be cultivated in Emilia Romagna.

b Reference databases: VIVC = Vitis International Variety Catalogue, EVD = European Vitis Database, SVMD = Swiss

Vitis Microsatellite Database.
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Table 3. Local grape accessions from Emilia Romagna not officially registered (not included in Italian
Grape Variety Catalogue), their internal synonyms, their varietal correspondence with local genetic
resources reported in databases or literature (A) and unique, unreported genetic profiles (B).

A

Cultural
Sample Accession names Internal synonyms Matching pr_ofiles n relevap(_:e in
code databases or literature? Emilia
Romagna®
8 Albanina nera Negretta (veglioraldi et al. 2013) HT
11 Aleatico di S. Valentino Al_eat|co di San LD
Valentino (vegtioraldi et al. 2013)
17 Basoleina Scorzamara (Neviani) Basoleina (meglioraldi et al. 2013) HT
20 Berzemino capolico Nero di Gonzaga, Scorzamara (Meglioraldi et al. LD
Scorzamara val d'Enza 2013)
22 Besgano rosso Burghisana, Grillone Besgano Nero (vive) RD
29 Bottona Tognona (vive) HT
32 Bucalo Vernassa Bianca vivc) HT
36 Cargarello Drupeggio (vive) LD
37 Cavazzina Cavazzina (Meglioraldi et al. 2013) HT
47 Colorino (Siba Ladino) Teinturier ad acino HT
rotondo gvoy
52 Covra Uva Crova (vivc) HT
53 Covretto Crova, Crovarina, Plissona Brugl(?era (w_vef;fzﬁgssara HT
58 Durella Durella megtioradi et al. 2013) HT
68 Forcella (centenaria di Forcella wivo LD
Imola)
78 Lambrusco di Corbelli Lam(tgru_sco_;iil %?Sgbelli HT
82 Leck Melara Salamandola evo) LD
96 Molinelli Obi (EVD) LD
122 Redga Retica (vive HT
Sconosciuta di
140 Sconosciuta di Castellarano Castellarano egioriicta HT
2013)
168 Uva rosa (Agnoletti) Angelo Pir(gv\ga;mo (ILP.2) HT
B
Matching profiles in Cultural
Accession names Internal synonyms . nat_ional and relevapge in
international databases Emilia
or the literature? Romagna®
1 Albana del paniere Caveccia, Cav_eccia (Sant'Andrea), no match LD
Cavecia (Bordone)
4 Albana nera (Tebano) no match HT
5 Albana rossa no match HT
12 Angela no match LD
13 Balsamina no match LD
14 Balzamino no match HT
16 Basgana no match HT
18 Bermestone Brumesta, Cornona, Pargulona no match RD
19 Bertinora Rossola di Bertinoro no match LD
21 Besgano bianco no match LD
24 Bianchetta di Bacedasco no match LD
25 Bianchetta di Diolo no match LD
28 Biondello no match HT
31 Bsolla no match HT
35 Canino Verdetto no match LD




41 Ciocca (Plessi) Uva ciocca no match HT
42 Ciocca (Tebano) no match HT
43 Cioccherella Uva aceto no match HT
44 Ciurlese no match HT
64 Fogliona no match HT
65 Forcella (Bordone) no match LD
67 Forcella (Tedeschini) Forcella (Tebano) no match LD
69 Fortana CAB1 Uvad’oro 1 no match LD
73 Giottina no match HT
74 Graplen no match HT
85 Madalona no match HT
86 Maligia (Monari) Maligia (Tebano) no match LD
90 Malvasia Bolognese no match HT
103 Mostarino no match HT
113 Pellegrina (Bonfatti) no match LD
115 Pignoletto (Rubini) no match HT
121 Prunella no match LD
125 Ribolla R17 Vernaccia no match HT
127 Ribolla R24 no match HT
130 Rossara no match HT
131 Rossiola Uva rosa, Uva tosca (Tebano) no match LD
133 Rossola Scacco no match HT
145 Simonina (Cadriano) Simonina (Rinaldi) no match LD
147 Spaltarina no match HT
162 Uva del prato no match HT
164 Uva morta no match HT
165 Uva nebbia no match HT

388  =2Reference database: VIVC = Vitis International Variety Catalogue, EVD = European Vitis Database, IVD =
389 Italian Vitis Database.

390  PHT, highly threatened (on farm or ex situ conservation); LD, local diffusion; RD, regional diffusion.
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406  Supplemental Table 1. Genetic profiles at 10 nSSR loci (alleles size in bp) of the 122 unique genotypes.



’::' azesion wms | wems | vwsT | v
1 Alana del panere 5 s 33 247
2 ARana nera (Mantanar] 15 Bl 247 =2
3 Amana nera (Mante Trebbia) 15 n1 247 =T
2 Amana nera (Tehana) 15 ns 247 =2
B Amana ress 213 ;3 33 247
5 ARanelia (Cadriana) 15 n1 242 =2
7 ARancl (Tellarini) 15 nT ze =2
= Amanna nera 231 ;3 38 33
E) Aleaticn (Tebana ) 15 7 E=2) 242
u Aleatica di5. Valenting 213 ;3 248 33
1z Anges 277 ;1 248 33
1 Eaksamina 277 ;1 247 23
1 Balzamina 213 ;1 247 247
15 Harhesna 231 243 248 23
16 231 ;1 248 33
17 277 zm1 247 3
1= 231 ;3 243 243
13 213 ;3 247 247
m 213 17 247 57
n 213 17 33 247
z 277 ;3 33 247
n 277 17 33 33
ET] 215 17 247 228
= 215 ;s 38 38
= 213 ;3 38 228
2l 277 17 38 57
= 213 ;3 248 33
= 277 17 33 38
EY 213 ;3 247 33
E-] 213 ;3 38 228
ET] 215 ;3 248 228
ES] m ;3 38 33
ES 277 ;3 38 228
Exl Cavazmna 213 ;1 247 57
41 Clocaa {Plessi] 15 s 247 =2
a2 Ooca (Tebana) 15 s 243 247
= Cacchereia 231 243 38 38
Curiese 215 17 38 247
25 Cobrina (Ried) 231 =1 ze =1
a7 Colaring (Sba Ladna) 233 nT ] 247
= card'usel 213 243 248 23
] Carmacchia {Tebana) 231 nBs ze 247
52 v 213 ;3 247 247
E Cavrern 233 ;3 243 247
E Daram di Fontevia 231 zm1 243 228
57 Duragwz 213 17 38 247
E Durelia 213 ;1 33 33
-] Famaoso (Bragagni] 215 7 9 247
61 Festaso 213 17 38 247
&2 Fogarina (Tebana) 237 243 7 9
El Foganna di Guakien 277 ;3 33 38
E Foghama 215 zm1 248 3
& Farcelia (Bardane] 15 s =3 247
&7 Forcella (Tedeschind] 15 s 45 247
] Forcelia (centenania dilmaia) 227 n1 =3 zs
El Forana CAHL 231 ;1 247 33
k] Fragini 231 ;3 248 23
k] Eaimona 237 ;3 33 38
7 Samna 231 243 247 228
£ Graplen 5 s 247 33
T Gramacoppa 227 =1 247 33
75 Gravarena 213 ;3 38 33
7= Lambrusca di Corbel 277 17 38 23
k] Lambrusca di Fiorana 213 ;1 38 33
= Lambrusea pical oz 5 7 247 228
5 anzen 215 ;3 33 247
£ Leck 277 ;1 38 228
= Liedga (centenana “La Palaza”) 237 -5 247 247
= o 233 ;3 38 228
= Madalara 213 ;1 33 23
% Maligia (Marnari] 215 1 249 249
ZE  Malvasia aromatica di Parma (Cazalini] 227 nBs 2 247
= Makvasia bianca 215 17 248 F=
E Mahasia bolognese 213 17 248 228
=1 Makvasia di Remini 237 243 38 247
= Makvask profumata di Parma 1 227 ;3 38 228
E Manelm 233 ;3 33 23
El Mallara 213 ;3 38 243
= Masaeih 277 ;3 33 228
100 MascateBane nera 215 ;3 248 228
101 Mosc@m nera 231 17 247 228
102 Maganna 213 ;1 247 228
104 Megretta 1 5 =1 38 23
1 Faradsa 233 ;3 247 247
u3 Pellegrina (Banfatti) 231 1 9 =7
12 Pellegrina (Cadriana) 215 7 247 253
us Pignaleto (Rubini] 15 5 247 249
121 Prunciia 215 ;3 38 243
12 Red@ 231 ;1 38 243
13 Ribosa R17 213 17 248 33
17 Ribola R24 213 ;3 38 228
19 Rossa di Mante Castelia 231 ;3 243 243
120 Rossara 213 ;3 247 33
131 Rassioa 215 ;s 247 247
123 Rosiala (Tebana) 15 243 E=2) E=2)
124 Santa Mara 213 243 23 23
13 Tanta Mara nera 213 ;3 247 23
135 Sauvgnanrassa 213 ;3 248 23
17 Snehbinera 237 17 38 228
FEC) saratogi 213 ;3 38 33
140 Sconaschra di stelarana 277 ;1 57 57
42 Scorzamara (Rinalkdi) 231 Bl E=2) 242
180 Sgavern 231 ;3 38 247
45 Simoning (Cadriana 233 243 247 3
147 Spaktasrina 231 =1 38 247
148 Swucena bianca 213 ;3 247 247
151 Termarina banc 235 B3 243 =3
152 Termarina ross 213 17 38 247
153 Tonda di 5. Secanda 215 17 3 F=
154 Tasca (Rnakdi) 231 n1 247 =T
155 Trastarni 213 ;1 247 247
156 Trenbano di Spagna 5 =1 247 23
162 Uva ded prata 5 =1 247 23
163 W di 5. Andrea 277 ;3 38 228
154 Uvamanta 213 ;3 33 33
165 aneabia 215 17 38 F=
166 W picciona 237 245 38 38
158 U rosa (Agnolemi] 231 -5 247 247
1m0 wavaca 213 243 243 247
17 Verdichia 277 ;3 38 247
176 Verracana 213 ;3 38 38
407 77 Verrucchiese 215 17 38 247
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Supplemental Table 2. Genetic diversity statistics obtained from evaluating 122 unique genotypes with 10

nSSR markers.

3 Heterozigosity observed; PHeterozigosity expected; ¢ Polymorphic information content; ¢ Null allele frequencies.

SSR

Number

marker | of alleles | 1% | e’ PIC® | F(Null)’
VVMD5 11 0.779 0.795 0.766 0.01
VVMD7 11 0.803 0.830 0.804 0.0118
VVMD?25 11 0.787 0.746 0.702 -0.0286
VVMD27 9 0.811 0.815 0.789 0.0026
VVMD?28 13 0.869 0.852 0.831 -0.0115
VVMD32 14 0.902 0.839 0.817 -0.0432
VVS2 9 0.746 0.751 0.722 0.0073
ZAG62 10 0.861 0.851 0.830 -0.0093
ZAGT79 10 0.828 0.819 0.799 -0.013
VVMD6 7 0.746 0.691 0.642 -0.0383
Average 10.5 0.8132 | 0.7989 | 0.7702 | -0.01122




