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Summary

This research demonstrates that Muscat of Hamburg,

a fine black table grape variety with muscat flavour, is the

progeny of Schiava Grossa x Muscat of Alexandria. Two

isozymes (GPI and PGM), 30 nuclear and 5 chloroplastic

microsatellite markers were used. Two highly informative

microsatellite markers from VMC (‘Vitis Microsatellite

Consortium’) are suggested to enlarge the minimum set of

loci selected for grapevine identification in the frame of the

European Project GenRes 081.

K e y   w o r d s :  Muscat of Hamburg parentage, nuclear
microsatellites, chloroplast microsatellite markers, identification.

Introduction

For a long while the Muscats attracted and interested
ampelographers, although a classification and listing of this
great family was difficult due to the abundance of different
vines. Recently new technologies, particularly those linked
to molecular biology, offered new and valuable tools, flank-
ing classical ampelographic methods of variety characteri-
zation and identification. DNA analysis by microsatellite
markers revealed to be a very useful approach to clarify
synonyms, homonyms and for pedigree analyses (THOMAS

et al. 1994; BOWERS and MEREDITH 1997; SEFC et al. 1997;
BOWERS et al. 1999 a).

Muscat of Hamburg is a black table grape grown in many
parts of Europe, highly appreciated for its beautiful bunches
and for the fair muscat flavour. For these valuable character-
istics it has been used by breeders as a parent to obtain new
table grape varieties. Information about its origin is very
poor: the only fact which seems to be sure is that it appeared
first in England in the second half of the 19th century. VIALA

and VERMOREL (1901) assert that it is a very ancient vine
variety, sunken into oblivion and rediscovered by a gar-
dener, M. SNOW, of West Park (England), who thought to
have found a new variety and named it Snow’s Muscat Ham-
burg. The same happened to M. VENN, near Bristol (Eng-
land), who commercialised it as Venn’s Seedling.

In 1948 PIROVANO declared that this variety originated
from the North of Europe and from the cross of Zibibbo x
Frankenthal. Zibibbo is one of the synonyms of Muscat of
Alexandria (MOLON 1906) and Frankenthal is also known as
Trollinger or Schiava Grossa (BRANAS and TRUEL 1965). Since
Pirovano did not support his opinion by any proof, the
French ampelographer GALET (1964) stated that the origin of
this variety remains completely unknown. In a previous work

(CRESPAN and MILANI 2001) we observed that in fact a par-
ent-offspring link existed for Muscat of Hamburg and Mus-
cat of Alexandria; thus the early indication by PIROVANO is
object of the present research.

The molecular analysis was performed with 30 nuclear
microsatellite markers. Twenty of them, i.e. VVS, VVMD and
VrZAG loci are well known for their polymorphism and were
largely employed in numerous works by many groups of
researchers. For the three ISV loci and other 7 derived from
the work of different members of VMC, the results of a sta-
tistical analysis, performed with the Identity 1.0 software
(WAGNER and SEFC 1999), are presented. Their informative
power was evaluated on a set of heterogeneous table and
wine varieties (Vitis vinifera L).

The present research includes also the analysis of
5 chloroplastic microsatellite loci, ccmp2, ccmp3, ccmp4,
ccmp6 and ccmp10 (WEISING and GARDNER 1999), with the
goal to determine the maternal parent. As in most
angiosperms, chloroplasts of grapevine are inherited from
the mother: it was shown by STREFELER et al. (1992) by ana-
lysing progenies of interspecific hybrids and, very recently,
by ARROYO-GARCIA et al. (2002) by testing 20 offsprings de-
rived from a controlled cross between two table grape
cultivars.

Material and Methods

P l a n t   m a t e r i a l :  All varieties were obtained from
the collections of the Istituto Sperimentale per la Viticoltura
of Conegliano (Italy). For Schiava Grossa, Muscat of Alex-
andria and Muscat of Hamburg two different accessions for
each variety were analysed.

D N A   e x t r a c t i o n   a n d   a n a l y s i s :  DNA was
extracted from young leaflets according to DELLAPORTA et al.
(1983) as modified by CRESPAN et al. (1999).

Thirty nuclear microsatellite loci were analysed: VVS1
and VVS2 (THOMAS and SCOTT 1993), VVS29 (THOMAS, CSIRO
Plant Industry, Adelaide, Australia, pers. comm.), VVMD5,
VVMD7, VVMD8 (BOWERS et al. 1996), VVMD17, VVMD21,
VVMD24, VVMD25, VVMD26, VVMD27, VVMD28,
VVMD31, VVMD32, VVMD36 (BOWERS et al. 1999), VrZAG21,
VrZAG62, VrZAG64, VrZAG79 (SEFC et al. 1999), ISV2
(VMC 6e1), ISV3 (VMC 6f1), ISV4 (VMC 6g1) isolated by the
Istituto Sperimentale per la Viticoltura as a member of the
‘Vitis Microsatellite Consortium’ (primers are given in Tab. 1)
and 7 additional microsatellite loci from other members:
VMC 2g2 (for primer sequences see DI GASPERO et al. 2000),
VMC 1e12, VMC NG 4b9, VMC 4g6, VMC 6e10, VMC 3d7
and VMC 2h9. Five chloroplast microsatellite loci were ana-
lysed by using the consensus primer pairs designed by



T a b l e  1

Primer sequences for the ISV microsatellite loci

Locus forward primer (5' → 3') reverse primer (5' → 3')

ISV2 (VMC 6e1) CAC TGG CCT GTT GGG AGA TAA T CCT TCA ACT GGA AAA GCC TGT C
ISV3 (VMC 6f1) AAG GAG GAG TTG AGA TGT AGT A GAG TAA GAG AGA AGC AAG AAA A
ISV4 (VMC 6g1) TGC ATA GTG CTG TAG GCC ATT G TCT GTC ATT GCT GTC CCT TTC A

T a b l e  2

Characteristics of the three ISV and of  seven additional microsatellite markers from VMC

Locus* Number of Allele size Observed Expected Estimated Probability Number of
detected range (bp) hetero- hetero- frequency of of identity analysed
alleles zygosity zygosity null alleles cultivars

ISV2 (VMC 6e1) 13 133 - 171 0.918 0.834 -0.045 0.089 110

ISV3 (VMC 6f1) 6 131 - 145 0.855 0.635 -0.134 0.334 83
ISV4 (VMC 6g1) 8 169 - 197 0.795 0.772 -0.012 0.155 93
VMC 1e12 9 240 - 260 0.775 0.791 0.009 0.135 40
VMC NG 4b9 11 140 - 178 0.857 0.811 -0.025 0.090 35

VMC 2g2 7 125 - 143 0.885 0.784 -0.056 0.147 35
VMC 4g6 5 117 - 125 0.695 0.717 0.012 0.229 23
VMC 6e10 6 159 - 175 0.826 0.707 -0.069 0.226 23
VMC 3d7 7 119 - 141 0.756 0.756 0 0.172 37
VMC 2h9 12 93 - 129 0.843 0.880 0.019 0.048 32

*The most interesting loci are in bold.

WEISING and GARDNER (1999) for ccmp2, ccmp3, ccmp4, ccmp6
and ccmp10.

The PCR reaction mixture (25 µl final volume) for nuclear
microsatellites contained 20 ng total DNA, 0.5 U Taq DNA
polymerase with relative reaction buffer (Polymed, Florence,
Italy), 1.5 mM MgCl2, 200 µM of each dNTP and 20 pmoles
of each primer. In the reaction mixture for chloroplast
microsatellite markers the amount of MgCl2 was increased
to 2.5 mM.

The PCR was performed in an AB 9700 thermal cycler
with the following steps: 5 min at 95 °C; 40 cycles at 95 °C for
1 min, 55 °C for 30 s, 72 °C for 30 s; 72 °C for 10 min and a final
step of 8 °C for at least 10 min to stop the reaction.

Five µl of the PCR product were tested on 2 % agarose
gel. On the basis of signal intensity, 1-2 µl of amplified DNA
were used for electrophoresis. Samples were denatured at
94 °C for 3 min in a buffer containing formamide and loaded
on to a sequencing gel (5 % polyacrylamide, TBE 1 x,
urea 7 M). Amplification products of cultivars with alleles of
known molecular size were used as references for allele siz-
ing.

Bands on the gel were revealed by silver staining, as
indicated in CRESPAN and MILANI (2001). The gels were scored
by eye at least twice.

D a t a   a n a l  y s i s :  The freeware program “Identity
1.0” by WAGNER and SEFC (1999) was used for data process-
ing (http://www.boku.ac.at/zag/forsch/MANUAL.rtf).

Results

C h a r a c t e r i s a t i o n   o f   I S V   a n d   7  o t h e r   V M C
m i c r o s a t e l l i t e   m a r k e r s :  From 23 to 110 different
grape varieties were analysed to evaluate the characteris-
tics of 7 additional microsatellite markers, together with 3 ISV
loci. Statistical elaboration of data was performed with the
identity 1.0 program and results are exposed in Tab. 2. All
ten loci showed very clear patterns and revealed to be use-
ful for parentage analysis. The number of detected alleles
ranged from 5 to 13; the observed heterozygosity from 0.695
to 0.918, with an average of 0.820; the probability of null
alleles was very low or absent. Therefore the use of these
additional markers increased the solidity of the whole data
acquired to test the initial hypothesis about the parentage
of Muscat of Hamburg. Moreover two of them, ISV2 and
VMC NG 4b9, revealed to be particularly informative for iden-
tification purposes, due to the great number of alleles found,
the absence of null alleles and the low probability of identity
(see Tab. 2).

V e r i f y i n g   t h e   h y p o t h e s i s e d   p a r e n t a g e
o f   M u s c a t   o f   H a m b u r g :  The GPI and PGM data
were obtained from the archive of Istituto Sperimentale per
la Viticoltura. Molecular data are shown in Tab. 3 and are
compatible with the preliminary hypothesis, since at each
locus Muscat of Hamburg has one allele derived from
Schiava Grossa and the other from Muscat of Alexandria. In
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T a b l e  3

Isozyme (GPI and PGM) patterns and microsatellite data at 30 nuclear and 5 chloroplastic loci. Allele lengths are in base pairs

Varieties Schiava Grossa Muscat of Hamburg Muscat of Alexandria
Berry color* N N B
GPI** ab (2) aa (1) aa (1)
PGM aa (1) ab (4) ab (4)

Nuclear microsatellite markers
   VVS1 181 190 181 190 181 180
   VVS2 135 155 135 149 133 149
   VVS29 171 179 171 179 171 179
   VVMD5 236 238 232 238 228 232
   VVMD7 247 247 247 249 249 251
   VVMD8 157 167 141 157 141 141
   VVMD17 222 222 220 222 220 220
   VVMD21 249 249 249 256 256 266
   VVMD24 210 214 214 214 214 214
   VVMD25 245 259 253 259 253 253
   VVMD26 249 251 249 251 249 251
   VVMD27 181 185 179 185 179 194
   VVMD28 239 247 239 247 247 271
   VVMD31 212 212 212 216 216 224
   VVMD32 253 273 273 273 265 273
   VVMD36 264 298 254 298 254 264
   VRZAG21 202 206 190 206 190 206
   VRZAG62 191 193 185 191 185 203
   VRZAG64 159 191 139 191 139 141
   VRZAG79 238 258 238 254 246 254
   ISV2 (VMC 6e1) 161 165 141 161 141 143
   ISV3 (VMC 6f1) 139 141 139 139 133 139
   ISV4 (VMC 6g1) 177 187 169 187 169 195
   VMC 1e12 246 246 246 248 248 260
   VMC NG 4b9 158 178 158 158 158 158
   VMC 2g2 121 123 123 125 125 125
   VMC 4g6 143 143 129 143 127 129
   VMC 6e10 97 113 99 113 99 113
   VMC 3d7 169 171 161 169 161 161
   VMC 2h9 119 121 121 123 123 123
Chloroplastic microsatellite markers
   ccmp2 208 208 208
   ccmp3 107 107 106
   ccmp4 128 128 128
   ccmp6 107 107 107
   ccmp10 115 115 115

* B = blanc; N = noir.
** GPI and PGM patterns are expressed as combined alleles in letters and as code numbers in brackets.

The codes refer to CALÒ et al. 1989.

Tab. 4 the cumulative likelihood ratios are reported of Mus-
cat of Hamburg being the cross between Schiava Grossa
and Muscat of Alexandria vs. alternative parents, including
close relatives. The ratios were computed by using the ob-
served allele frequencies and the 95% upper confidence lim-
its. These data demonstrate clearly that the putative parents
of Muscat of Hamburg are Schiava Grossa and Muscat of
Alexandria, since other possible cross combinations are
highly less probable. The two parents of Muscat of Ham-
burg exhibited a polymorphism at ccmp3 locus (Tab. 3) and

so it was possible to determine the direction of the cross: as
Muscat of Hamburg showed the haplotype of Schiava
Grossa, this last is the female parent and the male is Muscat
of Alexandria.

Discussion

Additional microsatellite data here provided confirm that
Muscat of Hamburg derived from Muscat of Alexandria, as
previously reported (CRESPAN and MILANI 2001). The other
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parent was demonstrated to be Schiava Grossa. Chloroplast
microsatellite markers, when polymorphic, may give a fur-
ther contribution for a more precise determination of pedi-
gree relationships among varieties, by clarifying the cross
direction, otherwise impossible with nuclear markers. In this
case, the only polymorphism found at locus ccmp3 was use-
ful to establish the maternal parent.

In a previous work (CRESPAN and MILANI 2001) Muscat
of Hamburg showed the same microsatellite profile as Mus-
cat of Madresfield Court (only one accession available),
which is a known cross between Muscat of Alexandria and
Black Morocco (VIALA and VERMOREL 1991). The question
of this presumed identity remains open even in the light of
the results here presented, since the two cultivars share one
parent, Muscat of Alexandria, and the identity of Black
Morocco is highly uncertain, because this name is used as
synonym of many different varieties, such as Alphonse
Lavallée, Augster Blau, Coarna Rosie, Geisdutte Blau,
Damaszener Blau, Maroc Gros, Marocain Noir (E. MAUL,
pers. comm.).

Two microsatellite markers from VMC, ISV2 and VMC
NG 4b9, revealed to be very interesting for their clear pat-
terns and highly informative power. Therefore we suggest
their employment in addition to the six most suitable (VVS2,
VVMD5, VVMD7, VVMD27, VrZAG62 and VrZAG79) se-
lected for grapevine by the research groups working in the
European Project Genres 081 (THIS and DETTWEILER 2002), as
in some cases closely related varieties may not be distin-
guished with only those six markers (MARTÍN et al. 2003).

References

ARROYO-GARCÍA, R.; LEFORT, F.; DE ANDRÉS, M. T.; IBAÑEZ, J.; BORREGO, J.;
JOUVE, N.; CABELLO, F.; MARTÍNEZ-ZAPATER, J. M.; 2002: Chloroplast
microsatellite polymorphisms in Vitis species. Genome 45,

1142-1149.
BOWERS, J. E.; DANGL, G. S.; VIGNANI, R.; MEREDITH, C. P.; 1996: Isolation

and characterisation of the new polymorphic simple sequence
repeat loci in grape (Vitis vinifera L.). Genome 39, 628-633.

BOWERS, J. E.; MEREDITH, C. P.; 1997: The parentage of a classic wine
grape, Cabernet Sauvignon. Nat. Genet. 16, 84-87.

BOWERS, J.  E.; BOURSIQUOT, J. M.; THIS, P.; CHU, K; JOHANSSON, H.; MEREDITH,
C. P.; 1999 a: Historical genetics: The parentage of Chardonnay,
Gamay, and other wine grapes of northeastern France. Science
285, 1562-1565.

BOWERS, J. E.; DANGL, G. S.; MEREDITH, C. P.; 1999 b: Development and
characterisation of additional microsatellite DNA markers for
grape. Am. J. Enol. Vitic. 50, 243-246.

BRANAS, J.; TRUEL, P.; 1965: Variétés de raisins de table. Tome I. Ed. Le
Progrès Agricole et Viticole, Montpellier (France).

CALÒ, A.; COSTACURTA, A.; PALUDETTI, G.; CALÒ, G.; ARULSEKAR, S.; 1989:
The use of isozyme markers to characterize grape cultivars. Riv.
Vitic. Enol. 1, 15-22

CRESPAN, M.; BOTTA, R.; MILANI, N.; 1999: Molecular characterisation
of twenty seeded and seedless table cultivars (Vitis vinifera L.).
Vitis 38, 87-92.

CRESPAN, M.; MILANI, N.; 2001: The Muscats: A molecular analysis of
synonyms, homonyms and genetic relationships within a large
family of grapevine cultivars. Vitis 40, 23-30.

DELLAPORTA, S. L.; WOOD, J.; HICKS, J. B.; 1983: A plant DNA
minipreparation: version II. Plant Mol. Biol. Rep. 1, 19-21.

DI GASPERO, G.; PETERLUNGER, E.; TESTOLIN, R.; EDWARDS, K. J.; CIPRIANI, G.;
2000: Conservation of microsatellite loci within the genus Vitis.
Theor. Appl. Genet. 101, 301-308.

GALET, P.; 1964: Cépages et Vignobles de France. Tome IV. Ed. by
Paysan du Midi, Montpellier.

LEFORT, F.; ROUBELAKIS-ANGELAKIS, K. A.; 2001: Genetic comparison of
Greek cultivars of Vitis vinifera L. by nuclear microsatellite pro-
filing. Am. J. Enol. Vitic. 52, 101-108.

MARTÍN, J. P.; BORREGO, J.; CABELLO, F.; ORTIZ, J. M.; 2003: Characteriza-
tion of Spanish grapevine cultivar diversity using sequence-tagged
microsatellite site markers. Genome 46, 10-18.

MOLON, G.; 1906: Ampelografia. Ed. Ulrico Hoepli.
PIROVANO, A.; 1948: Il Moscato d’Amburgo e la sua valorizzazione

come uva da tavola. Riv. Vitic. Enol. 2, 38-42.
REGNER, F.; WIEDECK, E.; STADLBAUER, A.; 2000: Differentiation and iden-

tification of White Riesling clones by genetic markers. Vitis 39,
103-107.

SEFC, K. M.; STEINKELLNER, H.; WAGNER, H. W.; GLÖSSL, J.; REGNER, F.;
1997: Application of microsatellite markers to parentage stud-
ies in grapevine. Vitis 36, 179-183.

STREFELER, M. S.; WEEDEN, N. F.; REISCH, B. I.; 1992: Inheritance of
chloroplast DNA in two full-sib Vitis populations. Vitis 31,
183-187.

THIS, P.; DETTWEILER, E.; 2002: EU-Project Genres CT96 No81: Euro-
pean Vitis database and results regarding the use of a common set
of microsatellite markers, 59-66. Proceedings of the VIIIth In-
ternational Conference on Grape Genetics and Breeding,
Kecskemét/Hungary, 26-31 August 2002.

THOMAS, M. R.; SCOTT, N. S.; 1993: Microsatellite repeats in grapevine
reveal DNA polymorphisms when analysed as sequence-tagged
sites (STSs). Theor. Appl. Genet. 86, 985-990.

T a b l e  4

Cumulative likelihood ratios of  Muscat of Hamburg being the cross between Schiava Grossa (1) and Muscat of Alexandria (2) versus
alternative parents, including close relatives, calculated over 30 nuclear microsatellite loci. The reference database for allele frequency

computation ranged from 23 to 295 different varieties, depending from the locus*

Parents combinations X x Y (1) x X rel (2) x (1) (2) x X rel (1) x (2)
with observed allele
   frequencies 3.48 x 1024 1.45 x 1017 1.18 x 105 1.08 x 1014 3.69 x 104

with 95 % upper
   confidence limits for
   allele frequencies 5.93 x 1016 9.98 x 1012 1.34 x 104 2.17 x 1010 4.41 x 103

* VVS1 = 144, VVS2 =  295, VVS29 = 65, VVMD5 = 295, VVMD7 = 295, VVMD8 = 65, VVMD17 = 27,
VVMD21 = 35, VVMD24 = 36, VVMD25 = 37, VVMD26 = 35, VVMD27 = 280, VVMD28 = 134,
VVMD31 = 41, VVMD32 = 66, VVMD36 = 92, VRZAG21 = 223, VRZAG62 = 292, VRZAG64 = 217,
VRZAG79 = 287, ISV2 = 110, ISV3 = 83, ISV4 = 93, VMC1e12 = 40, VMC NG 4b9 = 35, VMC 2g2 = 35,
VMC 4g6 = 23, VMC 6e10 =23, VMC 3d7 = 37, VMC 2h9 = 32.
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