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Abstract

Aim: The objective of the present study is to investigate the molecular
characteristics of Sardinian grapevine cultivars to evaluate cases of
synonyms and false attributions to protect local agro-biodiversity.

Methodsand results The SSR andysis (13 loci) hasbeen used to define
the DNA fingerprint and the relationshipswith Sardinian grapevine cultivars
Results highlighted a high genetic variability anong the accessions, with
the Dice coefficients performing from 0to 0.8. Despite the genetic richness,
thirteen groups of redundant genotypeswere detected. Molecular andysis
refersof cultivars harbouring the same SSR profile but different berry
colours such as cultivars Licronaxu Bianco and Nero and Moscatello
Bianco and Nero. It could by hypothesized that Licronaxu and Moscatello
could derive from a specific retrotransposon-induced mutation event in
genes regulating anthocyanin biosynthes's.

Conclusion: Sardinian germplasm has a real problem of cultivar
identification probably dueto different factors such asthe absence of an
exhaugtive ampelography, problemsin thelanguageto namevarietiesand
theexistence of cultivars sengtiveto biotic and abiotic stresses producing
evident morphological modifications leading to mistakesin recognising
andidentifying properly the affected plants. However, our molecular results
suggest that high grape-biodiversity istill preserved inthisregion.

Significance and impact of study: Results of thiswork clarified the
relationships among grapevine cultivars and provided asolid basisto
improve aregiona grapevine collection.

Key words: biodiversity, molecular tool, nuclear SSR, Sardinia, Vitis
vinifera

Abbreviation: SSR = Simple Sequence Repesat

Résumé

Objectif : L'objectif de ceite étude est d' andyser les caractéristiques des
vignesdelaSardaigne pour évaluer lescas de synonymieset didentifications
erronées pour protéger I'agro-biodiversitélocae.

Méthodes et résultats: L'analyse SSR (13 loci) a été utilisée pour
caractériser lesempreintes génétiques et les relations entre les cépages
de Sardaigne. Lesréaultats mettent en évidence unegrande variabilité entre
les gpports avec des coefficients de Dice comprisentre 0 et 0.8. Magré
cette richesse génétique, treize groupes de génotypes redondants ont éé
identifiés dansleséchantillonsanaysés. Lesandyses moléculairessuggerent
que des cépages ont le méme profil SSR, mais des baies de couleurs
différentes, comme le Licronaxu blanc et noir et le Moscatello blanc et
noir. On peut supposer que cesderniers serait le résultat d'une mutation
spécifiqueinduite par retrotrasposon dans les genes de régulation dela
biosynthése des anthocyanines.

Conclusion : Legermoplasme Sarde présente un probléme didentification
des cépages, probablement enraison de différentsfacteurs, comme !’ absence
duneampé ographiecompléte, I' utilisation delangues et de didectes divers
pour dénommer lesvariétéset I existence de cultivars sengbles aux stress
abiotiqueset hiotiques qui modifient lamorphologie, cause didentifications
erronées. Nos analyses moléculaires permettent de conclure qu'une
hiodiversité élevée delavigne est encore préservée dans cette région.

Signification et impact del'éude: Lesrésultats du travail clarifient les
relations entre les variétés cultivées et fournissent une base solide pour
amédliorer lacollection régionale delavigne.

Motsclés: biodiversité, moléculairemarqueur, SSR nucléaire, Sardaigne,
Vitisvinifera
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DNA fingerprinting of Sardinian grapevine

INTRODUCTION

Itay ischaracterized by arich, complex and diversfied
viticulturd heritage (ALLEWELDT, 1997; CALOet al.,
2002), however, inthelast yearsthemgjority of thisrich
platform became on the brink of extinction, principally
in reason of the selection of few accessions for wine
production as an answer to market requirements. Asa
consequence, cultivarsof minor economicd interest have
been abandoned favouring internationa varietiessuch as
Cabernet Sauvignon, Chardonnay, Merlot, etc. Despite
economics, ancient typica varietieshave alongstanding
and interesting history related to the places where they
were usually grown, becoming well integrated in the
landscapes, inthetraditiond agricultural practicesandin
the history of the inhabitants (CALO et al., 2002).

In order to protect grapevine biodiversity and to
improve Italian viticulture and oenology an extensive
investigation on Itdian local varietiesisrequired. Inthis
frame, Sardinia(Italy), the second largest idandsin the
Mediterranean seg, representsaninteresting ltalian region
where to perform asimilar investigation. The spatial
isolation of theidand harboured and protected the genetic
richnessof grapevine access onslimiting the opportunities
of contamination from out-coming materid. Sardiniais
characterized by ahuge number of cultivars, performing
different morphological and chemical characteristics
(CASTIA etal., 1992; CALOet al., 2002), traditionaly
consdered aslocd varieties. Thisvariahility could bethe
result of an heterogeneous origin characterizing the
Sardinian grapevine platform. Someof these cultivarsare
considered to bethe product of different breeding events,
such as direct domestications from local wild grapes
(GRASSI et al., 2003) and others could have been
imported from elsewhere (REALE et al., 2006). The
Sardinian grapevine germplasm could aso have been
enriched through breeding events among local varieties
and wild plants present in the island spontaneous flora
(BAKELS, 2002; GRASS et al., 2003). ThisistheresUlts
of the complex higtory of Sardinianidand, colonized from
different populations each with their specific grapevine
varietiesand viticultura techniques. During thelron Age
theidand wasinterested from Phoenician commercial
networks (DAVISON, 1990; NEGBI, 1992). Around
500 B.C. Sardiniawas aCarthage colony, thereby entering
in the Punic period (BAKELS, 2002) and starting from
238 B.C. the Idland was a part of the Roman Empire.
Subsequently the idand wasinvaded by Mediterranean
civilizations belonging to nations such as Spain
(BLAZQUEZ, 2000). We can suppose that invaders
influenced theisland viticulture by new introductions
(CRESPAN et al., 2006), improving the congtitution of
thelocal germplasm, there where inhabitants may have,
in the mean time, aready started the domestication and
cultivation and of loca wild grapes.
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Despitethelargeand complex grapevine platform, a
lot of Sardinian cultivars were unknown and only few
varieties were commonly used for wine production. To
evaluate Sardinian grapevine biodiversity and to protect
theminor varietiesasuitable characterization of Sardinian
grapevine germplasm is necessary. The availability of
molecular tools to screen biodiversity among plant
genomes (KARPet al., 1998) providesan answer tothese
needs. Specificaly in grapevines, SSR (Simple Sequence
Repest) andlysishas been successfully used in genotyping
(BOWERSEet al., 1996, 1999; MERDINOGLU et al.,
2005) and in the eva uation of genetic relationshipsamong
cultivars (SEFC et al., 2001; LABRA et al., 2003;
COSTANTINI etal., 2005, LADOUKAKISet al., 2005).

The objective of the present study istoinvedtigatethe
molecular characteritics of local cultivarsgrowingin
the Sardinialdand to evaluate cases of synonyms and
fdseattributionsaiming to provideasolid bassto develop
aregional germplasm collection to protect local agro-
biodiversity.

MATERIALSAND METHODS

Plant material and morphological characterization

The 61 grapevine cultivars (Mtis vinifera subsp.
vinifera L.) listed in table 1 were obtained from CRAS
(Centro Regionde Agrario Sperimentde), Sardinia, Italy.
They include minor and major local cultivated varieties,
as well as ancient varieties from CRAS germplasm
collections. Table 1 lists names, berry colours, areas of
cultivation and ascale of cultivation for each variety.

DNA extraction and SSR analysis

Young leaflets were collected from rooted cuttings,
frozen in liquid nitrogen and ground to fine powder.
Genomic DNA was extracted from this powder as
described by LABRA (2001). Sampleswere genotyped
a 13 microsatdliteloci: VVS2 (THOMASand SCOTT,
1993), VVMD5, VVMD7 (BOWERS et al., 1996),
VVMD21, VVMD24, VVMD25, VVMD27 (BOWERS
et al., 1999), VrZAG21, VrZAGA47, VrZAG62,
VIrZAGH4, VrZAGE7 and VIZAGT79 (SEFC e al., 1999).
PCR was performed inavolumeof 20 pl containing 10-
20 ng of genomic DNA, 1X reaction buffer (200 mM
TrisHCl pH 8.0,500 mM KCl), .5mM MgCl2,02mM
of each dNTP, 0.2 uMol of each primer. PCRs were
carried out in aPTC 100 thermd cycler (MJResearch
Inc.), under the following cycling conditions: 2 min at
94 °C, followed by 35 cyclesof 30 sec at 94 °C, 30 sec
a50°Cand 60 secat 72 °C; and afina hold of 30 min
at 72 °C. Theforward primer, in each pair, was |abeled
with afluorescent dye (6-FAM, VIC, NED, and PET).
The fragment analysis was performed on an ABI 310
Genomic Analyser (Applera) using the POP-4 polymer
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and a47 cm-long capillary; alele szing was performed
with the GeneMapper software 3.7 (Applera).

Statistical analysis

Each microsatellite allele was scored as a binary
character for its absence (0) or presence (1) for all the
61 samples. Obtained data were analysed using the
software NTSY Spc. A matrix of similarities, based on
the Dice index (SNEATH and SOKAL, 1973), was
computed and used to draw aUPGMA tree.

The software IDENTITY (WAGNER and SEFC,
1999) was used to cd culate the number of dleles(n), the
expected (He) and observed (Ho) heterozygosity, the
egtimated frequency of null dleles(r) and the probability
of identity (PLI.).

RESULTS
SSR markers analysis

A total of 13 SSR markers have been used to
characterize Sardinian grapevine germplasm. Table 2
showsthe alele profiles obtained for each accession at
the analyzed SSR loci. Number of dleles(N), dlelesize
range, expected (He) and observed (Ho) heterozygosity,
frequencies of null aleles(r) and probability of identity
(PI.) of al genotypesarelisted for each locusin table 3.

80% 70% 60% 60% 40% 30% 20% 10% 0
t t y t t t T t

Figurel- Dendrogram based on the Dice similarity
index, showing the genetic relationship among
61 Sardinian cultivar sasdetermined by SSR analyses.
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The number of alleles detected ranged from 4
(VVMD24) to 11 (VrZAG67), with atotal of 98 aleles
overdl loci withan averagevaueof 7.5dldesper locus.
These SSR markers have already been used in other sats
of grapevine cultivars (SEFC et al., 2001; MARTIN et
al., 2003) however thisisthefirst application for the
characterization of Sardinian germplasm. In general the
level of polymorphism detected at the 13 analyzed loci
was high and confirmed data detected in previous
investigations (MARTIN et al., 2003; ROSSONI et al.,
2003; THIS et al., 2004).

The expected and observed heterozygosity values
were very high, ranging from 0.70 to 0.90, with the
exception of VVMD24 where only four alleleswere
detected and the expected and observed heterozygosity
vaueswere lower. The estimated frequencies of null
aldes(r) wasvery low, mostly negative, with the only
exceptionsof VVMD7 and VVMD24 loci. Thepostive
value detected for those two SSRshasnat to be consdered
necessarily asthe existence of null dlelesbut, only an
indication of this possibility (SEFC et al., 1998).

Vauesof Pl. ranged between 0.072 and 0.362, dmost
near and higher than thevaue of 0.05 a which agrapevine
microsatellite is considered hyper polymorphic (SEFC
etal., 2001).

The high number of deteceted alelesfor each SSR
locusand thelow PI (P1.=5.063 -10-11) supports, once
again, the high descriptive power of the chosen markers
for theinvestigation of grapevines.

Analysis of synonyms and false attributions

Thevisud inspection of table 2 and the IDENTITY
software were used to define synonyms and false
attributions. A totd of 13 groups of redundant genotypes
were detected in the analysed germpasm at the
13investigated SSR loci.

Thefirst group of synonyms (group 1) is composed
by Picciolo Rosso, Primidivu Nieddu, Pascale- Cagliari,
Nera Tomentosa, Pascde- Oliena, Pascale - Padria, Faso
Gregu, Nieddu Pedra Serraand Nieddu Mannu - Pattada.
All thesevarieties proved to have the same SSR profiles
and their identities were also confirmed by the sharing
of common morphologicd traits such as: large bunch
(moreor lessloose), great pental obate tomentose leaves
and the berry skin color, ranging from red-blue to dark
blue. Basing on these results we can consider these
accessions as genetic synonyms of the cultivar named
Pascde.

The second group is composed from the Monica
samples (group 2) with the exclusion of Monica -
Sorgono. Monicavarietiesaredl characterized by being
black varieties, with alarge bunch and penta obate leaves,
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performing characteristics suitable in the production of
different kind of red wines. Monicaisacultivar largely
diffused in Sardinia, usudly thein the variety name the
term Monica s followed by a name indicating the
cultivation area, or the place of supposed origin. Our
molecular investigation suggestsacommon genotype for
al accessions thus acommon place of origin. Referring
to our data, cultivar known as Monica- Sorgono hasto
be considered asan incorrect i dentification (wrong name)
because this accession performs common SSR profileand
morphologicd traitswith Nieddu Mannu - Pedria(group 3
of table 2).

In the case of Nuragus (group 4) only 3 accessions,
Nuragus Moscadeddu, Nuragus Rosso Rompizzollaand
NuragusMoscatdlo, proved to haveidentica SSR profiles
while Nuragus Arrubiu and Nuragus showed few different
dldes.

Another interesting example of synonyms (group 5)
isrepresented from the Vernaccia group: VernacciaS.
Rosdlia, Vernaccia, Aregu Biancu, Aregu Seulo, Granazza,
and Granaccia. These varieties share common
morphological traits such as the white berry colour, no
hairy leaves (nor erect or prodrate), yellow colour woody
shoots. In addition the names Vernaccia- Granaccia-
Granazza are very similar and in Sardinialsland are
commonly used to define the same varieties. However
Vernaccia- Escdgplano and Vernaccia- Solarussashowed
different SSR profiles suggesting thet the name Vernaccia
is related to a group of varieties showing similar
morphological traitssuch asberry colour but not always
with acommon genetic congtitution.

Two different casesof identity were observed between
the two black Cannonau ons(Cannonau Neroand
Cannonau) and between thetwo white Cannonau cultivars
(Cannonau Bianco - Triei and Cannonau Bianco - Oliena)
of group 6 and 7, respectively. The comparison between
white and black Cannonau cultivars showed that these
two groups share 50 % of alleles, suggesting a direct
relationship. Other synonymswere described in table 2.

Group 12 and 13, composed respectively from
Moscatello Nero - Moscatello Bianco and Licronaxu
Nero - Licronaxu Bianco are examples of varieties
showing different berry color but common SSR profiles.

Genetic relationships among cultivars

Basing on SSR markers an UPGMA analysiswas
performed. The resulting dendrogram (figure 1) defines
the genomic relaionshipsamong andyzed cultivars. The
Dice's coefficient among cultivars varies from O (full
genomic similarity) to 0,8 (high genomic dissimilarity)
thus demongtrating the high polymorphism of the andlyzed
genotypes. The synonym groups are evidenced in the
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dendrogram (figure 1) asdl the synonym varietiesshare
the same branch of the tree. Homonyms (cultivars
showing the same name but a different genetic
condtitution), such assome Moscato accessions, areadso
clearly scorablein the dendrogram.

DISCUSSION

SSR markers have dready been used to solve cases
of homonymsand synonyms (FOSSATI et al., 2001), to
fingerprint varieties, for germplasm exploitation, in the
definition of conservation strategies (ROSSONI et al.,
2003; MORAVCOVA et al., 2006), and in the
identification or confirmation of pedigreesfor grapevine
varieties (SEFC et al., 2001). In this specific case, the
analysisidentified ahigh genetic variability among the
Sardinian accessions, however dso alot of synonymsor
closerelated varietieswere observed. The 61 accessions
analyzed produced only 33 distinct SSR profiles. This
suggest that Sardinian germplasm hasared problem of
cultivar identification dueto different factors. Primarily,
the absence of an extensve ampe ographic investigation.
Thislack doesnot alow to identify synonymsand false
attributionsat the morphological level inthe proper way.
Thissituation is also complicated by the existences of
different languages, commonly known as dialects and
used by populationsliving in different placesinthe ldand.
Giving rise, during the centuries, to acons stent number
of different words describing the same thing (MORAL
etal., 1994; CAVALLI-SFORZA et al., 1994). Didectd
differences|ead to the production of distinct namesused
to describe the same grapevine cultivar. An exampleis
the case of Granazza-Granaccia-Vernaccia, indicating a
whitefinewineand the grapefromwhich it isproduced.
Our SSR analysis showed acommon SSR profile for
Granazza, Granaccia, VernacciaS. Rosdiaand Verneccia
- Oristano, confirming that, in Sardinia, these names
are used for the same cultivar. On the other hand the
comparison of morphologica characteristic and of SSR
profiles among the Sardinian Vernaccia - Garnaccia
(Group 5) with the Spanish accessions of Garnacha
(MARTIN et al., 2003) highlights clearly the existence
of differences. Thisindicatesthat Spanish Garnachahas
not to be confused with the Sardinian Vernaccia -
Garnaccia despite the smilaritiesin their names. In the
mean time we must stress that aso in Sardinia some of
the Veernaccia accessions (Vernaccia - Escalaplano and
Vernaccia- Solarussa) harbour differencesinther genetic
congtitution.

Previous considerations and results enable us to
conclude that similar namesfor Sardinian cultivars are
not dwaysgood indicatorsfor having identica genotypes.
An extensive DNA analysis should by used to clarify
synonyms and homonyms among semanticaly closely
related accessions.
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The high number of synonyms, detected among the
Sardinian grapevine germplasm, could dso be the result
of abiologica response, of the cultivars, to environmenta
changes. Some cultivars could be more sensitive than
othersto biotic and abiotic stresses | eading to evident
morphological modifications. In thisframe we could
explain some of the mistakes made in the identification
of cultivars such as the ones resulted as synonyms of
Pascale. This variety is grown in different places
characterized from dissimilar soil and climatic conditions
andisaso know with different names (Nera Tomentosa,
Picciolo Rosso, Primidivu Nieddu, etc.) used according
with the area of cultivation or morphological
characterigtics. The environmental characteristics could
be the reason of small morphological differences (leaf
tomentosity, berries size, etc) observed in the Pascale
accessons,

Our andysisaso showed cases of cultivarsharboring
the same SSR profile but different berry colours:
Licronaxu (Bianco and Nero) and Moscatello (Bianco
and Nero). The berry colour is determined by the
accumulation of anthocyanins. A recent research
(KOBAYASHI et al., 2004) showed that Myb-related
genes regulate anthocyanin biosynthesis and a
retrotransposon-induced mutation in these genes is
associated with the loss of pigmentation in cultivars of
Mtisvinifera L. Inhiswork, Kobayashi showed that some
red cultivarsare derived from white-skinned progenitors
by areversion in the Myb-genes mutation. Perhaps, it
could by hypothesized that the changesin berry colour
in Licronaxu and Moscatello could derive from a
retrotransposon-induced mutation event.

In conclusion we would stress that, considering the
originof Sardinian viticulture, an extensiveinvestigation
on the genetic relationshipsamong Sardiniavarietiesand
other countries (especially Greece and Spain) could be
of helpto verify theexistence of internationa synonyms
and to clarify thered history of Sardinian varietiesand
of the migration of grapevine varieties in the
Mediterranean Basin during the ancient times. One of the
mogt amazing cases capturing the attention of internationd
investigatorsis related to the Moscato cultivars, defined
from CRESPAN and MILANI (2001), COSTACURTA
and co-workers (2003) asacomplex family of varieties.
In Sardiniaalot of Moscato - Moscatdlone varietieswere
detected and analysed. Some of these resulted synonyms
while others showed clear genetic differences. This
complexity could betraced back to three centres of origin
referring to Moscato bianco (Greece), Moscato
d'Alessandria(Egypt) and Moscato gialo (Middle East)
fromwhichdl other varietieshave derived, either directly
or indirectly. Although our analysis does not consider
Moscato varieties from other regions, we can state that
the Moscato cultivars of Sardinia represent an

J. Int. &ci. Vigne Vin, 2007, 41, n°4, 175-184
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Table 3 - Genetic parameter sof the 13 SSR loci
analyzed within the 61 grapevinevarieties.

Locus N Allele (bp) H. H, r P.L
VVS2 8 133-155 0.810 0.887 -0.043 0.118
VVMDS5 10 222-246 0.840 0.920 -0.043 0.082
VVMD7 10 234-264 0.782 0.726 0.031 0.137
VVMD21 5  239-261 0.681 0774 -0.055 0.232
VVMD24 4  205-213 0.548 0.500 0.031 0.362
VVMD25 7  236-268 0.737 0.822 -0.049 0.198
VVMD27 6 179-195  0.693 0.790 -0.057 0.221
VIZAG21 6 188-212  0.747 0.790 -0.024 0.177
VIZAG47 7 155-170  0.685 0.839 -0.090 0.227
VIZAG62 8 186-204 0.771 0.870 -0.056 0.147
VIZAGo4 7 136-194 0.772 0951 -0.101 0.161
VIZAG67 9 121-164 0.780 0.854 -0.042 0.145
VIZAG79 11 240-262 0.853 0.887 -0.018 0.072

N: number of allelesdetected; Allele (bp): alelesizerange; Helo:
expected and observed heterozygosity; r: probability of null aleles,
P.1.: probability of identity.

heterogeneous group of varietiesrelaied oneto the others
only basing on common oenologica characterigtics. e.g.
alcohol, sweetness and specific aromatics, and often
leading to wines produced from overripe grapes with
different genetic profiles.

Findly, wewould like stress that a clear and correct
ampelographic characterisation is essential thiswork to
be considered as a contribution in the comprehension of
the intricate relationshipslinking grapevine accessions
and in the verification of cultivar identities. Our efforts
should lead to the protection of local grape biodiversity
by defining acharacterisation sysem combining molecular
and morphological investigations. All this could have a
sense especially if framed in future effortsleading to
the condtitution of agtandardizeinternationa SSR database
grouping varieties from different countries; this should
be made to identify once and forever synonyms,
homonyms and fal se attributions.
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