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Molecular characterization of twenty seeded and seedless table grape cultivars
(Vitis vinifera L.)
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Summary: DNA and isoenzyme analyses were used to characterize 20 tahle grape cultivars including Moscato d” Amburgo, ltalia,
Sultanina, Bicane and some recently released new varieties. GPI and PGM isoenzyme systems were able to separate the cultivars into
9 groups whereas the 8 microsatellite loci that were analysed revealed a higher discriminating power. In fact, all the cultivars could be
distinguished by DNA profiles except Sugracne from its sport Sugrafive. Parentage analysis confirmed that the cultivar [talia was
obtained from the crossing Bicane x Moscato d’Amburgo. A difference was observed at one microsatellite locus between Sultanina and
the published data for Thompson Seedless, considered to be its synonym. The different microsatellite loci were evaluated for their

informativeness.
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Introduction

The EU Reg. No. 1592/96, distinguishing between the
grapevine cultivars destined for wine making and the varie-
ties for table grape consumption, stated that the latter are to
be considered as fruit crops and thus their planting is not
ruled by the limitations imposed for winegrapes within the
EU. As a consequence, table grape cultivars cannot be used
for wine making, except for a few limited areas.

The interest to cultivate new varieties is thus increas-
ing, particularly in Italy, the most important producer of ta-
ble grapes in the world, with an almost monovarietal cultiva-
tion. Despite the geod quality of cv. Italia, the request for
novelties has favoured, and will further favour, the produc-
tion of new varieties, in particular seedless ones which had
a larger diffusion, so far, in other parts of the world.

All this rises questions about the possibility of distin-
guishing and identifying table grape genotypes to avoid
law infringement, to protect breeders and to safeguard con-
sumers assuring quality products.

Molecular markers represent an objective tool for vari-
etal characterization and give a relevant, sometimes deci-
sive, contribution to identification (Bowers et al. 1993;
BuscHEr et al. 1994; Tscuammer and Zyprian 1994; BOURQUIN
et al. 1995; Bowers and MeremiTH 1997). Among marker
types, microsatellites analysed as Sequence Tagged Sites
(STMS) have the necessary reliability and informativeness
providing data easily exchangeable among the different re-
search institutes (THomas and Scort 1993; Cieriani et al.
1994; Bowers et al. 1996; Serc ef al. 1997, 1998).

Although DNA markers are usually preferred for geno-
type identification, the two isoenzymatic systems GPI (Glu-
cose Phosphate Isomerase, E.C. 5.3.1.9) and PGM (Phospho
Glucomutase, E.C. 5.4.2.2, ex E.C.2.7.5.1) proved to be reli-

able in comparative experiments (CALS ef al. 1989) and are
requested for the registration of the new cultivars in the
National Italian Catalogue of Cultivated Variety (Catalo-go
Nazionale delle Varieta di Viti), the official document which
lists the varieties authorized for growing in Italy.

By using these two kinds of markers, a group of 20
important seeded and seedless table grapes were analyzed;
12 of them were registered long time ago in the National
Italian Catalogue, while 7 are valuable crosses registered
more recently (D.M. 01.09.1997).

Material and Methods

Leaf samples were harvested from 20 grapevine cultivars
(Tab. 1) grown in the field collection of the Istituto Speri-
mentale per la Viticoltura in Conegliano. The listed cultivars
are grouped according to their origin: the first 4 varieties are
ancient, the following 9 are internationally known crosses
and the last 7 cultivars are crosses recently obtained by the
above mentioned institute (CaLo et al. 1998).

Isoenzymatic analysis: The isoenzymatic
analyses were performed on freshly collected leaves follow-
ing the method previously described by Crrspan et al. (1998),

STMS analysis: The procedure used for DNA
extraction was the same as in DELLAYORTA ef al, (1983) from
step 1 to 7, except for the extraction buffer composition,
which was integrated by adding polyvinylpyrrolidone
(m.w. 10,000) (2 % w/v) and cysteine (60 mM). In addition,
the DNA was further purified by two treatments with
phenol:chloroform (SamBrook et al. 1989) and cleaned from
RNA with RNase A.

The samples were analysed at the 8 microsatellite loci
VVSI1, VV82, VV84, VVE29 identified by THoMAs and
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Table ]
List of the analysed table grape cultivars and general indicaticons of their origin
Code No.* Cultivar Colour** Geographic or genetic onigin Reference
Old varieties
not registered Bicane w . unknown ViaLa and VErMoRreL 1991

517 Moscato d'Amburgo b Great Britain Ministero 1975
527 Regina w Anatolia Ministero 1975
531 Sultanina bianca w Anatolia Ministero 1975

Well known crosses
555 Conegliano precoce b Ttalia x Volta Istituto 1989
558 Conegliano 218 b Italia x Volta Istituto 1989
514 Italia w Bicane x Moscato d'Amburgo Istituto 1989
522 Perlette w Regina dei vigneti x Sultanina Marble  Istituto 1989
568 Perlon b Emperador x Perlette Istituto 1989
551 Red flame b Cardinal x Sultanina x Red Malaga x

Tifathi Ahmer x (Zibibbo x Sultanina) Frecon 1998

552 Ruby Seedless b Emperor x Sultana moscata
554 Sugraone w not declared, patent covered Istituto 1989
553 Sugrafive w sport of Sugraone, patent covered Istituto 1989

More recent crosses
578 Damina w not declared, patent pending CALO et al. 1998
579 Fiorenza w not declared, patent pending CavLo et al. 1998
580 Helena w not declared, patent pending CaLo et al. 1998
581 Lara w not declared, patent pending CaLo et al. 1998
582 Maxia w not declared, patent pending CaLo et al. 1998
583 Paula w not declared, patent pending CaLoO et al. 1998
584 Rubinia b not declared, patent pending CaL0 et al. 1998

* Number which identifies each variety registered in the Italian Catalogue.

** Berry colour: w = white, b = black.

Scort (1993) and by THoMmas et al. (1994), and VVDMS3,
VVMD$6, VVDM?7, VVDMS isolated and described by Bow-
ERS ef al. (1996). Amplification products were electro-
phoresed on a sequencing gel, then transferred onto a ny-
lon membrane by Southern blotting and hybridized with the
appropriate probe. The PCR reaction mixture (25 pl) con-
tained: 50 ng total DNA, 0.5 U Tag DNA polymerase
(HT Biotechnology, Cambridge, UK), 10 mM Tris HCI pH
9, 50 mM KCl, 0.01 % (w/v) gelatin, 0.1 % Triton X-100,
1.5 mM MgCl,, 200 uM of each dNTP, 10 pmoles of each
primer for the VVS5 loci and 20 pmoles for the VVMD loci.
The PCR was performed in a PTC-100 thermocycler (MJR)
at the following conditions: 5 min at 95 °C, 6 min at 80 °C,
then 25 cycles of denaturation (1 min at 94 °C), annealing
(50 s at 55 °C), extension {1 min at 72 °C) with a final
elongation step of 7 min at 72 °C,

For the electrophoresis 2.0 pl of each sample were
denatured at 34 °C for 3 min in 2.0 pl loading buffer containing
formamide and loaded on a sequencing gel (6 % polyacryl-
amide, TBE 1 x, urea 8 M).

Amplification products of cultivars having alleles of
known molecular weight (Tomas and ScotT 1993; BoTTa
et al. 1995) were used as reference molecular weight mark-
ers. Southern blotting was performed by capillary transfer

using a Hybond N+ (Amersham) nylon membrane on the
gel for 3 h. Bands were visualized by hybridization witb
either a (GA),, or a (GT),, probe, labelled with biotin at
the 5' end, depending on the locus. In the case of loci VVS1
and VVMD®6, amplifications were done using biotinilated
primers and hybridization was unnecessary. The chemilu-
minescence detection was performed with the Southern-
Light Chemiluminescent Detection System by Tropix
(Perkin Elmer, USA), according to the manufacturer's in-
structions. The membrane was exposed on a X-Omat Kodak
film for 1-4 h.

Data analysis: The informativeness of each
microsatellite locus in the studied group of cultivars was
evaluated by applying two indexes: n,, effective number of
alleles and &, that estimates the proportion of the popula-
tion that would carry different alleles at a locus {MORGANTE
et gl. 1994); they were computed by considering the ho-
mozygosity in the presence of single alleles at one locus.

Results and Discussion

Isoenzyme analysis: GPIand PGM patterns
found for each of the 20 table grape cultivars were listed
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Table 2

GPI and PGM codes of 20 table grape cultivars, according to
CaLt et al. 1989

Variety GPI PGM
Bicane 2 0
Maoscato d'Amburgo 1 4
Regina 2 1
~ Sultanina bianca 2 4
Conegliano precoce 1 5
Conegliano 218 4 5
Italia 2 3
Perlette 3 4
Perlon 2 3
Red flame 3 4
Ruby Seedless 2 3
Sugrafive 1 5
Sugraone 1 5
Damina 2 3
Fiorenza 1 3
Helena 3 3
Lara 1 5
Maxia 1 3
Paula 3 4
Rubinia 2 3

(Tab. 2) using the numbers of the coded profiles according
to CaLo er al. (1989) and were drawn in Fig. 1 where the
alleles, useful for comparing parents and crosses, were
marked with arrows. The PGM profile attributed to cv.
Bicane was indicated with **0” since, in spite of the repeated
attempts, the analysis revealed only the PGM-1 plastidial
band and no bands were detected for PGM-2.

The discriminating power of isoenzymes appeared im-
mediately very interesting, although not high enough for a
full resolution of the studied cultivars. They were in fact
divided into 9 different groups, 5 of which included a single
cultivar while the most numerous group (pattern GPI n. 2,
PGM n. 3) comprised 5 varieties.

The varietal characterization performed in the collec-
tions at the Istituto Sperimentale per la Viticoltura in
Conegliano allowed to identify 6 GPI-2 alleles and 6 PGM-2
alleles; in the studied table grape cultivars only three alleles
were found for each isoenzymatic system: data related to
allele frequencies computed on about 500 cultivars of table
and wine grapes (CaLo et al. 1991) showed that they are in
fact the most common.

STMS analysis: The results of the DNA analyses
(Fig. 2, Tabs. 3 and 4) performed on the 20 table grape
cultivars, allowed to identify all varieties, except Sugrafive
and Sugraone, which showed identical profiles for all the
analyzed loci. Sugrafive is known to be a sport of Sugraone
(FantarniiLo 1998) with smaller berry size and earlier ripen-
ing. The distinction of Sugrafive as a separate cultivar may
be an object of discussion since the two isoenzyme systems

GPI patterns allsles
GPl-1 | - -— — —
——— -— -— 1
GPI-2 -—
— — — *— 3
—
— — 4
pafiarn aurnbsr 1 2 3 4
PGM patterns allalea
PGM -1 —— —— — -— —
— — - 1
PGM -2
-— “— 3
— wm— — -« 5
patterm numbar 1 3 4 5 0

Fig. !: GPl and PGM patterns found by analysing 20 table grape
cultivars. The alleles are indicated by arrows.

1 23456 7891011211415

Fig. 2: Microsatellite STMS genotypes at the VVMDS5 locus. Lane

1: Size standard; 2: Italia, 3: Bicane; 4: Moscato d'Amburgo;

5: Regina; 6: Conegliano precoce; 7: Conegliano 218; 8: Sultanina;

9: Red flame; 10: Ruby Seedless; 11: Perlette; 12: Perlon;
13: Sugrafive; 14: Sugraone; 15: Size standard.

and the 8 SSR markers were not able to detect differences
between Sugraone and its sport. Yet, this does not contra-
dict the designation of Sugrafive as a different cultivar, since
it shows stable and distinctive traits of commercial and ag-
ronomical interest, thus fitting the definition of cultivar, as
stated in the International Code of Nomenclature for Culti-
vated Plants (FanigLiuLo 1995}

By comparing the DNA profiles of grapevines of an-
cient origin with those of crosses, it may be observed that
there is higher variability in the first group (33 different alleles
for 4 cultivars) in comparison with the second group (31 dif-
ferent alleles for 16 cultivars). This result can easily be ex-
plained, since these crosses often share some parents
{e.g. talia, Sultanina).

The present data on Sultanina bianca showed the pres-
ence of two alleles at the locus VVMDS instead of one, as
found by Bowers et al. (1996) in Thompson Seedless. This
result, which was confirmed on further three clones, may be
due to the detection of clonal polymeorphism at the locus or
may support the hypothesis that Thompson Seedless is a
cross obtained by Thompson between a ¥, vinifera cultivar
and Sultanina bianca, as reported in early papers (LonGo
1948). Further investigations should run Thompson Seed-
less and Sultanina samples on the same gel, to directly com-



Table 3

DNA profiles of 13 table grape cultivars analysed at § microsatellite loci; allele length in base pairs

Locus Bicane  Moscatc Regina  Sultanina Conegliano Conegliano Italia Perlette Perlon Red flame Ruby Seedless Sugraone  Sugrafive
d'Amburgo precoce 218
AR 190-162  190-181 188-181 181-188  181-162  181-162  190-162 183-188 181 181 181 181 181
Vvs2 137133 149-135  135-133  151-145 135133 151-133  149-133 145-133  135-133  151-133 151-133 135 135
Vv 175-168 175-168  175-169 175 175-168 168 175-168 175-168 175-168 175 175 175-168  175-168
VVED™ 181-171 179171 171 179-171 179171 1791711 181-171 179-171 176171 179-171 179-171 179-171 179-171
VVMDS 238226 238232  232-226 234 238236 238236 238232 236-234 2o 236234 236-228 236226 236226
VVMD6 214212 214212 212210 214212 2142212 214212 214212 214212 2122210 214-212 214212 214-212 214212
VVMD7 249243 249247 249239 253239 249243 249247 247243 253-247  247-243  253-239 249-239 249-239 249239
VVMDS 143 157-141 147-143  157-145 141 141 141 157-143 143 157 00 157-143  157-143
Table 4

DNA profiles of 7 recently released table grape cultivars analysed at 8 microsatellite loci; allele length in base pairs

Locus Damina Fiorenza Helena Lara Maxia Paula Rubinia
VVS1 162 190-188 181-162 181-190 181-162 181-162 181-162
Vvs2 135-133 133 151-149 135-133 135-133 151-133 135-133
Vv 175-168 175 175-168 175-168 168 175 175
VV329 181-171 179-171 71 179-171 181-171 179-171 171
VVMDS5 238 238-236 238228 238-236 238-226 236232 238-236
VVMD6 214212 214-212 214-212 214-212 214212 214-212 214-212
VVvMD7 243 253243 243-239 243-239 243-239 253-243 243-239
VVMDE 141 143 141 157 141-157 157 141
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INVTIAL ' N PUE YLLOE Y ‘NVdSTED) "I



Molecular characterization of table grapes 9N

Table 5

Informativeness of 7 grapevine microsatellite loci analysed
on 20 table grape cultivars

Locus n Re o

VVSI 4 2762 0671
VVi2 6 33584 0758
Vv 3 2000 0526
VVS29 3 2247 0583
VVMDS 6 4310 0807
VVMD6 3 2202 0574
VVMD7 5 4504 0818

n: number of alleles per locus;
#e: effective number of alleles per locus;
&7: within-population differentiation.

pare allele sizes, and analyse other loci to look for poly-
morphisms.

The values of n, and 8, indexes {Tab. 5) were com-
puted by considering the condition of homozygosity when
a single allele was detected at one locus; these indexes were
not calculated for VVMDBS locus for the probable pres-
ence of null alleles. The highest values of the indexes were
found for the loci VVS82, VVMDS3 and VVMD7 which thus
resulted the most informative while the locus VVS4 was
the least. As the number of individuals was low and as they
were not chosen at random, these evaluations are valid
strictly for the group of varictics analyzed here and may be
generalized only with caution.

Parentage analysis: Inthis study it was
possible to verify the parentage of the cultivar Italia (syno-
nyms Incrocio Pirovano 65 or Ideal in Franee), obtained
by Prof. Pirovano in 1911 by erossing Bicane x Moscato
d’Amburgo. The isoenzyme patterns of Italia for both sys-
tems were consistent with the expected comhinations in-
heritable from the parents and its DNA profile had at least
one allele in common with each of the parents with the
exception of locus VVMDS. In this case, in fact, Italia
shared the allele 141 with Moscato d’ Amburgo but showed
probably a null allele which could derive from Bicane. Al-
though it cannot be demonstrated with the present analy-
ses only, this hypothesis is highly probable since null alleles
at the locus VVMDS were found in Ruby Scedless and are
reported in the database by Bowers ¢t al. (1996) for Greek
cultivars,

Conclusions

Isoenzymes are useful markers for screening cultivars
which nced to be identified; they are interesting due to the
simplicity and speed of their analysis and for an appreciable
level of polymorphism and can be a precious, although not
conelusive, help to ampelography.

Mierosatellites, by having a higher discriminating power,
confirmed to be very good markers for varietal characteriza-
tion and identification, and also for verifying the origin of

crosses. In this case some caution must be taken in the choice
of the loci, to avoid null-allely cases; the definition of a
common set of loci to be used in cultivar characterization
and the construction of a reference molecular weight marker
will allow proper and comparable evaluation of the allele
sizes in all the analyscs. This is a prerequisite to the building
of a common international database.

Acknowledgements

Authors wish to thank Dr. Aziz Akxak for confirming the
results obtained for Sultanina at locus VVMDS on Algerian clones
of the cultivar;, Dr. Paoro Amone-Marsan for helpful suggestions
on data analysis; Dr. Mark Tomas for providing the unpublished
primer sequences of the locus VVS§29,

References

Botia, R.; Scort, N, 8. EvNagn, L; Tiomas, M. R,; 1995: Evaluation of
microsatellite sequence-tagged site markers for characterizing
Vitis vinifera cultivars. Vins 34, 99-102.

Bourouin, ). €. Orren, L WALTER, B, 1995 PCR-RFLP analysis of
¥itis, Ampelopsis and Parthenocissus and its application to the
identification of rootstocks, Vitis 34, 103-108.

Bowers, I. E.; Banoman, E. B, Meremitn, C. P 1993 DNA fingerprint
characterization of some wine grape cultivars. Amer. J. Enol.
Viticult. 44, 266-274.

- - DanocL, G. S, Vionans, R Merenion, ©, P 1996 Isolation and
characterization of the new polymorphic simple sequence re-
peat foci in grape (Vitis vinifera L.}, Genome 39, 328-633,

- -1 Mereorrn, Co P 1997 The parentage of a classic winc grape,
Cahernet Sauvignon. Nat. Gen, 16, 84-87.

BUscHER, N.; Zverian, E.; Bacimann, Q. BLaics, R.; 1994: On the origin
of the grapevine variety ‘Miiller-Thurgau® as investigated by the
inhcritance of random amplified poelymorphic DNA {RAPD).
Vitis 33, 15-17.

Caro, Ay CanceLuier, S.; Costacurta, A Catacano, V., [998: Nuove
varietd di uva da tavola, prodotte a Concgliano. Informat. Agr.
47, 57-58,

- -; CostacurTa, AL Partuokr, G Caro, G AruLsekar, S.; 1989: The use
of isozyme markers to characterize grape cultivars. Riv. Viticoll.
Enol. 1, 15-22,

- o - - - = ZAGo, S Maxain, Do 19910 Caratterizzazione di una
collezione di vitigni ad uva da tavola sulla base dell’analisi
wsoenzimatica dei sistemi GPI e PGM, 187-202. In: Atti Simposio
Internazionale sulle uve da mensa. Bari/Palermo, laly.

Creriant, G2 FRazza, Go; PeTerLUNGER, E.; TrsToLiv, R.; 1994; Grapevine
fingerprinting using microsatellite repeats. Vitis 33, 211-215,

Cresean, M. Mican, No; Zaco, S0 1998; Characterization of the most
important grapevine rootstocks hy using GPl and PGM
ispenzymatic systems. Riv. Viticolt. Enol. 2, 3-8,

DevLararta, S. L. Woon, J.; Hicks, 1. B, 1983: A plant DNA
minipreparation: Version 1. Plant Mol. Biol. Repir. 1, 19-21.

FaniGLinee, G.;, 1995: International Code of Nomenclature for Cultivated
Plants: Trehane ed., Quarterjack Publishing, Wimbhorne, UK.

- -3 1998: Problematiche agrenemiche ¢ prospettive delle nuove uve apirene.
Frutticoltura 2,2-25.

Frecon, M.; 1989: Viticoltura di Qualita. Ldizion: L'Informatore Agrario,
Verona, ftaly.

ISTITUTO SPLRIMENTALE PER 1A ViTicotrura; 1989: Le Uve da Tavola. Gratiche
Zoppelli. Dosson (TV), Italy.

Lonao, A, 1948: Viticoltura per le Uve da Tavola con Riferimento
anche ai Sistemi Colturali per le Uve da Vino. Ramo Editorialc
degli Agricoltor. Rome, ltaly.

Minis RO DELLAGRICOLTURA B ELLE FOREs1E; 19758 Principali Vitigni da
Tavola Coltivati in [talia. Tipografia Longo & Zoppelli, Treviso, ltaly,

Moraanti, M. RAFALSKY, A BiobLg, Py Tincey, 8., Ouvier, AL M. 1994:
Gienetic mapping and variahility of seven soyhean simple se-
quence repeat loei. Genome 37, 763-769.



92 M. Crespan, R. Botta and N, MiLant

Samprook, J.; Frorsch, E. E; Maniatis, T.; 1989: Moleculer Cloning. A
Laboratory Manual. 2nd ed. CSH Editor. USA.

Serc, K. M.; RuGner, F.; Grossl., J.; STEINKELLNER, H.; 1998: Genotyping of
grapevine and rootstock cultivars using microsatellite markers. Vitis
37,15-20.

- -; STEINKELLNER, H.; WaGNER, H. W.; Grosst, J.; Reoner F.; 1997: Applica-
tion of microsatellite markers to parentage studies in grapevine, Vitis
36, 179-183.

TiomMas, M. R.; Ca, P.; Scott, N. S.; 1994: DNA typing of grapevines: A
universal methodology and database for describing.cultivars and
evaluating genetic relatedness. Plant Mol. Biol. 25, 939-949.

- = Scorr, N. §.; 1993: Microsatellite repeats in grapevine reveal DNA
polymorphisms when analysed as sequence-tagged sites (STSs).
Theor. Appl. Genet. 86, 985-990.

TscuamMeR, I.; Zvprian, E; 1994: Molecular characterization of grapevine
cultivars of Riesling-type and of closely related Burgundies, Vitis 33,
249-250.

ViaLa, P, Vermorgl, V., 1991: Ampelographie: Jeanne Laffitte.
Réimpression de 1’édition de Paris, 1901-1910 de Masson éditeur.

Received May 7, 1999



	38_3_87_Seite_1
	38_3_87_Seite_2
	38_3_87_Seite_3
	38_3_87_Seite_4
	38_3_87_Seite_5
	38_3_87_Seite_6

