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Summary

This study reports characteristics of pink-berried
mutants found in the clone population of the Croatian
red wine cultivar 'Plavac mali' on the basis of compara-
tive ampelographic and DNA marker (SSR and GretI)
analysis. The pink-berried accession, also called 'Pla-
vac mali sivi' (Croatian: sivi = English: grey or French:
gris), along with the other 58 'Plavac mali' accessions
of standard blue-black berry skin color, has been char-
acterized for the first time using OIV descriptors and
molecular markers. Using a set of 9 simple sequence
repeat (SSR) markers, an identical SSR profile for all
the analyzed accessions was revealed, indicating their
monozygotic status. The analysis of Gretl insertion
within the V'wMYBAI locus revealed no DNA polymor-
phism responsible for the pink-berried phenotype. Sur-
face color of the berry skin was measured with the CIE-
Lab technique using a reflectance spectrophotometer at
full ripeness. The results of colorimetric variables (L*,
a* and b*) suggest a significantly lower accumulation of
anthocyanins in the pink-berried accession compared
to the standard blue-black berries. The pink-berried
accession shares all assessed morphological and genetic
traits of 'Plavac mali', with the only difference being
the color of the berry skin. This suggests that the pink-
berried genotype is the result of a spontaneous muta-
tion of a standard 'Plavac mali' genotype.

Key words: clone, ampelography, anthocyanins, micro-
satellites, CIELab, Gretl.

Introduction

The process of vegetative propagation of grapevines,
in most cases, produces genetically identical offspring of a
parent vine. However, spontaneous mutation of regenera-
tive cells can occur within populations of traditional culti-
vars, leading to irreversible morphological and physiologi-
cal differences among vines. Over the years, vine grow-
ers and winemakers have been selecting and propagating
specific mutants (more often called clones) with unique
and superior traits. Usually, different clones of a variety
share the majority of varietal characteristics, and their ap-
pearance and performance are not easily distinguishable.
In some cases, however, such as the accumulation of an-

thocyanins in the berry skin, they are clearly visible and
can significantly affect the quality of wine.

There is a wide range of berry colors in grapes from
yellow-green to blue-black. Pigmentation of blue-black
and red cultivars results from vacuolar accumulation of an-
thocyanins in the berry skin cells.

After many studies, it is widely accepted that SSR
markers are the most suitable and reliable tool for identifi-
cation of cultivars and detection of synonyms and homo-
nyms among them (MALETIC et al. 1999, THis et al. 2004).
At the same time they were not so efficient in clone dif-
ferentiation (SErc et al. 2009), even though some SSR loci
have been shown to have a good potential for distinguish-
ing clones within a cultivar (Riaz et al. 2002, MoNCcADA et
al. 2006, PELsy et al. 2010).

One of the old examples of berry color variation is the
‘Pinot’” family (noir/gris/blanc). They share very similar
morphological and genetic characteristics. The analysis of
numerous ‘Pinot’ clones on a large number of SSR loci
has discovered the triallelic state of some loci, which is
attributed to chimerism (HocQuiGnNy et al. 2004). They also
concluded that ‘Pinot meunier’ arose from 'Pinot noir', in-
dicating chimerism as an important source of intravarietal
diversity in grape cultivars, which is in line with previous
finding of FrRANKS et al. (2002).

The occurrence of different skin colors from the original
one for a particular cultivar is well known in international
cultivars such as 'Cabernet Sauvignon' (bronze/white) or
'Grenache' (noir/gris/white) (WALKER et al. 2006, THis et
al. 2006). Recently, pink- and green-berried mutants have
been reported for 'Sangiovese' (RaMazzoTTI ef al. 2008).

There are a number of other traits in grapevines that
are changed by different types of mutation. These poly-
morphisms include very important agronomic traits such
as earlier or later ripening, cluster density, and limited pro-
ductivity (WorLPERT 1996). Clonal selection procedures and
certification have given rise to various superior individu-
als or "new cultivars", which differ from the population at
least in one important characteristic. Clones usually retain
the original cultivar name and acquire an identifying clone
name. However, some of the berry color mutants are classi-
fied as new cultivars with regard to their quite different and
new oenological value compared to the original cultivar.

'Plavac mali' is the major red wine cultivar in Croatia,
grown in the coastal and insular area of central and south
Dalmatia, and among the rare ones that have a determined
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parentage (MALETIC ef al. 2004). It has gained the great-
est popularity among other native cultivars because of its
good agronomic properties (low susceptibility to diseases,
suitability for growing on slopes, and good fruit compo-
sition). Recently, a project of clonal selection of the cul-
tivar 'Plavac mali' was started. One of the first steps was
to collect all divergent phenotypes within the population
and establish an ex situ collection that will enable reliable
study of their morphological and genetic profiles (Zpuni¢
etal. 2007). The pink-berried phenotype ('Plavac mali sivi'
- PMS) showed apparent clonal variation within the popu-
lation of 'Plavac mali'. Since 'Plavac mali' is suited to the
unique Dalmatian viticultural climate (terroir), many wine
growers from the region believe that a pink-berried mutant
might keep its distinctive varietal characteristics, and could
be very valuable for white wine production.

The very first notification of this 'Plavac mali' mutant
was recorded by JELaska (1960) who unfortunately never
completed and published his research. The second attempt
to evaluate this mutant accession was done by MIROSEVIC
(1988), who found a vine with a mutated shoot (bearing
clusters expressing the pink-berried phenotype) on the is-
land of Korcula in 1983. He succeeded to propagate the
original vine into five grafts of PMS and five grafts of
standard black-berried 'Plavac mali'. He came to the con-
clusion that PMS does not morphologically differ from the
standard 'Plavac mali'. However, identification of the pink-
berried mutant and its thorough comparison with other di-
vergent genotypes of 'Plavac mali' has not been conducted
so far. Therefore, the purpose of this study is (i) to identify
the pink-berried mutant within the population of 'Plavac
mali' using ampelographic analysis and SSR markers, and
further (ii) to screen for presence of the Gret/ retrotrans-
poson at the V'vMYBA berry color locus among pink- and
blue-black-berried accessions. The information presented
in this study will help the preservation of biodiversity
within a population of traditional cultivars and facilitate
the process of clonal selection.

Material and Methods

Plant material: Plant material includes 59 ac-
cessions of 'Plavac mali', including a pink-berried mutant
(PMS). These acessions were previously selected to repre-
sent the overall 'Plavac mali' phenotypic variation found
across its growing area. The PMS originates from the is-
land of Korc¢ula and is a clonal offspring of PMS used in
the previous study of Mirosevic (1988). Each accession
is represented by six vines derived from a clonally propa-
gated single parent plant that was planted in 2005 on the
experimental ground of the Institute for Adriatic Crops
and Karst Reclamation in Split, Croatia, where they were
grown using the same viticultural practices (ZpuNi¢ et al.
2007). Ampelographic and genetic evaluation of acces-
sions in ex situ collection began in 2007.

Ampelographic characterization: In
the period between the fruit setting and veraison, a repre-
sentative sample of 10 fully grown leaves was taken from
the middle third of a shoot for each genotype. Qualitative

descriptors recommended in a project Genres081 (http://
www.genres.de/vitis.htm) were recorded (OIV codes: 051,
053, 067, 068, 070, 072, 074, 075, 076, 079, 080, 081, 083,
084 and 087). Leaves were photographed with a digital
camera (Olympus, model SP-500UZ), and Superampelo
computer program (SoLpavini et al. 2009) was used to
measure the leaf variables which were used to construct
the scheme of the average leaf.

At full ripeness, characteristics of the grape and the
berries were registered (OIV codes: 208, 223 and 225).

Berry skin color measurements: Apart
from the visual classification of the berry skin color ac-
cording to the OIV descriptor (OIV-225), the differences
between the PMS and standard 'Plavac mali' phenotype
were quantified using the CIELab technique (CARRENO
etal. 1995). The color of the PMS and 11 blue-black
phenotypes (0b036, ob071, ob078, 0b095, 0b097, 0b202,
0b219, 0b228, 0b259, 0b262 and 0b286) that showed the
greatest variability by visual evaluation were compared.

In the period of full ripeness of grapes, 100 berries
were collected from different parts of clusters from each
of six vines for each genotype. To avoid irregularities in
the measurement of color due to dust and/or the remains
of pesticides, the grapes were carefully cleaned with a
cotton cloth. The color was measured with a colorimeter
(CR-400, Konica Minolta, Japan) in combination with a
computer program SpectraMagic NX Lite, ver. 2.0. The
colorimeter was calibrated with a standard calibration plate
before use.

According to the CIELab scale, L* values define light-
ness (0 = black to 100 = white), a* defines redness-gree-
ness (+a =red to —a = green), while b* defines yellow-blue
value (+b = yellow to —b = blue). The chroma value (C)
was calculated as C = [(a**+ b*?)]% and the hue (h) value
as h = arctang b*/a*. Based on these variables, the color
index for red grapes (CIRG) was calculated according to
CARRENO et al. (1995).

SSR analysis: Young leaf samples from 59 ac-
cessions were collected from the ex sifu collection vine-
yard of the Institute for Adriatic Crops and Karst Reclama-
tion in Split, Croatia. In order to establish the standard SSR
genotype of 'Plavac mali' and to identify the pink-berried
genotype, nine microsatellites (SSRs): VVS2 (THomas and
Scort 1993); VVMDS5, VVMD7, VVMD25, VVMD27,
VVMD28, VVMD32 (Bowers et al. 1999), ViZAG-62 and
VIZAG-79 (Serc et al. 1999) were screened. These SSR
loci were proposed as a standard set for cultivar identifi-
cation by the consortium of GrapeGen06 project (http://
www l.montpellier.inra.fr/grapegen06/accueil.php).

Total genomic DNA was extracted with Qiagen
DNeasy® Plant Mini Kit (Qiagen, Valencia, CA, USA),
following the manufacturer’s protocol.

PCR amplification was conducted in the Veriti™ Ther-
mal Cycler (Applied Biosystems, Foster City, California,
USA) using fluorescent labelled primers. All PCR amplifi-
cations were done as described in ViLanova ef al. (2009).
Amplified products were size-separated by capillary elec-
trophoresis performed on an ABI 3130 Genetic Analyzer
(Applied Biosystems) together with GeneScan 500-LIZ
size standard. The data were analyzed using the software
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package GeneMapper 4.0 (Applied Biosystems) and algo-
ritham "2" Order Least Square".

The analysis of Gretl retrotranspo-
son: In order to check for the presence of the Gret/ ret-
rotransposon in the standard and pink-berried mutant of
'Plavac mali', the V'vMYBAI locus was genotyped using
three published primers: a, b and ¢ (KoBavasHi et al. 2004).
20 ng of genomic DNA was used as a template in a 20-pL
reaction with 2 pL of 10x PCR buffer (including 15 mM
MgClL,), 1 pL of 2 mM dNTP mix, 0.2 pL of Taq polymer-
ase (GoTaq®, 5 U/uL, Promega, Madison, USA) and 2 puL
of 2 uM primers (combinations: ac or bc). The cycling con-
ditions were as follows: 94 °C for 5 min, 35 cycles at 94 °C
for 30 s, 60 °C for 30 s, 72 °C for 90 s and 72 °C for 2 min.
The products were separated by electrophoresis using 1 %
(w/v) agarose gel and stained with ethidium bromide.

Statistical analysis: The differences be-
tween mean values of colorimetric variables were analyzed
using the analysis of variance (ANOVA) and cluster analy-
sis (Ward's method). Statistical analysis was done using
Statistica 8.0 software (StatSoft, Inc., USA).

Results

Ampelographic characteristics: Quali-
tative ampelographic characteristics of leaf and grape
were defined for the standard and pink-berried phenotype
of 'Plavac mali' (Tab. 1). They share the same qualitative

characteristics, and the only difference is visible in the
OIV code for the color of berry skin, blue-black for the
standard, and pink for the PMS. The colour of a young leaf
is green with the medium intensity of prostrate hairs be-
tween the veins on the lower side. Fully grown leaves have
pentagonal blades and five lobes with clearly visible up-
per and lower lateral sinuses. The main veins on the lower
side of the leaf show only slight anthocyanin coloring, only
around the petiole. Goffering or blistering of blades was
weak, and the profile of the leaf was revolute. Teeth of the
leaves were rectilinear. The sinus of the petiole was open,
U-shaped, and inside the petiole sinus teeth can often be
detected, while at the base of the upper wide sinuses this
is not the case. The density of prostrate hairs between the
main veins on the lower side of the leaf was medium, while
on the main veins it was weak. The clusters of grapes were
conical, and very often have one wing. The density of the
clusters varied significantly among the investigated acces-
sions of ‘Plavac mali’, from very dense to very loose (data
not shown). The PMS accession had clusters of medium
density. Berries were of round shape.

Fig. 1 shows typical leaf morphology of standard and
pink-berried phenotypes of 'Plavac mali', and includes the
main variables on which the scheme was based.

Color characteristics: Meanvaluesofcolor-
imetric variables of 11 accessions with standard blue-black
and one with pink skin colour are shown in Tab. 3. Signifi-
cant differences were determined (p < 0.05) between the
mean values of PMS and other accessions in all colorimet-

Table 1

Ampelographic characteristics of standard (PM) and pink-berried (PMS) phenotypes of 'Plavac mali'. Standard phenotype of 'Plavac
mali' was obtained on the basis of 58 blue-black berried accessions in the ex situ collection vineyard of the Institute for Adriatic
Crops and Karst Reclamation, Split, Croatia

OIV code Characteristic PM PMS
OIV-225 Berry: color of skin 6.0 (blue-black) 2.0 (rose)
OIV-208 Bunch: shape 2.0 (narrow conical)
OIV-223 Berry: shape 2.0 (roundish)
OIV-051 Young leaf: colour of the upper side (leaf 4) 1.0 (green)
OIV-053 Young leaf: density of prostrate hairs between 5.0 (medium)
veins at the lower side of leaf
OIV-067 Mature leaf: shape of blade 3.0 (pentagonal)
OIV-068 Mature leaf: number of lobes 3.0 (five)
OIV-070 Mature leaf: anthocyanin coloration of the main 2.0 (petiole point red)
veins on the upper side of the blade
OIV-072 Mature leaf: goffering of blade 3.0 (weak)
OIV-074 Mature leaf: profile 4.0 (revolute)
OIV-075 Mature leaf: blistering of upper side 3.0 (weak)
OIV-076 Mature leaf: shape of teeth 2.0 (rectilinear)
OIV-079 Mature leaf: degree of petiole sinus opening 4.0 (slightly overlapping)
OIV-080 Mature leaf: shape of base of petiole sinus 1.0 (U-shaped)
OIV-081-1  Mature leaf: presence of teeth in the petiole 2.0 (occurrence of 1 or 2 teeth)
sinus
OIV-081-2  Mature leaf: petiole sinus limited by veins 3.0 (both sides)
OIV-083-2  Mature leaf: presence of teeth at the base of the 1.0 (none)
upper leaf sinuses
OIV-084 Mature leaf: density of prostrate hairs between 5.0 (medium)
the main veins (lower side)
OIV-087 Mature leaf: density of erect hairs on the main 3.0 (weak)

veins (lower side)
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Table 2

Statistical parameters of angle (°) variables calculated from the mature leaves measured on 59 accessions of 'Plavac mali'

OIV code Variables Mean Min Max SD CV (%)
607 Angle between N1 and 475 441 512 1.8 3.8
N2 measured at the first
ramification
608 Angle between N2 and 46.7 405 583 34 7.2
N3 measured at the first
ramification
609 Angle between N3 and N4 58.6 499 657 3.6 6.2
610 Angle between N3 and tangent ~ 51.7 455 604 3.1 6.0

between petiole point and the
tooth tip of N5

Means, Minimum (Min), Maximum (Max), standard deviation (SD) and coefficient of variation (CV).

ric variables except lightness (L*). PMS had significantly
more red (a* = 5.20) and less blue (b* = 3.72) than the
other accessions. The color index for red grapes (CIRG)
was significantly lower for the PMS (4.17) compared to
all other accessions (from 6.86 to 8.31). Also, a significant
variability among the accessions with blue-black color was
found in all colorimetric variables.

Microsatellite analysis: All 59 accessions
showed identical genetic profiles in 9 tested microsatellite
loci, including the PMS. All the loci showed heterozygos-
ity, except VVMD27, which showed only one allele, in-
dicating the homozygous state of this locus, or null allele
locus. There was no triallelic state observed at any of the
analyzed loci.

Gretl locus: In order to determine the Gretl
genotype at the VvMYBAI locus, possibly responsible
for the establishment of the pink-berried phenotype, we
applied the published a, b and ¢ primer set of KoBAYASHI
et al. (2004). Our results show that PMS has one copy of
Gretl retrotransposon inserted in just one VvMYBA allele,
which is the case for the standard clone 'Plavac mali' as
well (Fig. 3). Therefore we can conclude that both PMS
and 'Plavac mali' exhibit a heterozygous allelic state in re-

spect to the Gretl insertion, having one "red" allele and
one "white" allele. This result showed that PMS shares its
heterozygous Gretl genotype at the V'vMYBAI locus with
cultivars like 'Cabernet Sauvignon' and 'Pinot noir' (WALK-
ER et al. 2006), which is an important prerequisite for gen-
eration of periclinal chimeras.

Discussion

Ampelographic characteristics: The
parent vine of PMS on which the mutation occurred has
not been preserved and sufficiently documented, as was
the case with the 'Sangiovese' mutant (RaMAZZOTTI ef al.
2008). Moreover, its presence in different studies (JELASKA
1960, MiroSEVIC 1988) leads to the conclusion that this
type of mutation is naturally occuring in some frequency.
Also, genetic stability of PMS phenotype can be confirmed
with accurate transfer of this mutation through generations
of clonal offspring.

Typical morphology of a leaf of PMS does not dif-
fer from the standard ‘Plavac mali’. Reconstructed mean
leaves (Fig. 1) clearly show identical pentagonal shapes of
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Fig. 1: Reconstructed mean leaves of a) standard (PM) and b) pink-berried (PMS) phenotype of 'Plavac mali' following the method of
SoLpavini ef al. (2009). Standard phenotype of 'Plavac mali' is represented by 58 clonal lines.
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Table 3

Mean and standard deviation (SD) values of the colorimetric variables (lightness, L*; red-green, a*; yellow-blue, b*; chroma, C; hue
angle, h°; color index for red grapes, CIRG) for twelve accessions of 'Plavac mali' analyzed in 2010

L* a* b* C h CIRG
Clone Mean  SD Mean SD Mean SD Mean SD Mean  SD Mean SD
ob036 28.59 275 b 122 081 fg -2.88 1.13 330 090 b -6430 20.07 ef 771 0.63 i
ob071 25.07 093 ¢ 155 081 d -006 049 g 164 080 g 312 1971 ¢ 6.86 0.65 h
ob078 25.10 1.01 e 127 045 cf -0.09 053 g 135 051 e -2.83  18.67 g 691 0.62 gh
o0b095 28.00 2.81 d 1.00 0.75 eg -2.17 111 e 262 0.79 f -61.41 2392 ¢ 791 0.61 de
0b097 26.00 1.09 ¢ 1.21 053 fg -0.61 061 b 149 051 eg -2633 2450 b 7.50 079 f
0b202 2521 2.09 e 190 144 b -099 1.00 d 243 132 £ -31.56 2648 bc 7.69 094 fi
ob219 2490 138 e .51 057 d -022 065 g 1.65 059 g -7.55 21.03 ¢ 7.06 0.63 g
0b228 28.02 3.06 d 079 078 ¢ -262 117 £ 290 1.00 ¢ -69.67 1988 f 8.15 0.78 bc
ob259 2476 147 ¢ 147 0.65 cd -1.12 074 4 195 076 d -3580 19.27 ¢ 8.10 0.68 cd
0b262 26.39 1.71 ¢ 082 037 e -157 09 ¢ 192 071 d -5526 2471 d 831 062 b
0b286 2735 265 a 1.18 0.69 fg -2.01 1.37 e 2.57 1.08 f -52.75 2649 d 7.81 0.63 ei
pink-berried 2842 129 bd 520 1.34 a 3.72 1.30 a 650 146 a 3537 10.36 a 417 046 a

'Means followed by the same letter are not significantly different by LSD test, p < 0.05

the leaf blade with only slightly more open sinus of the
petiole in PMS. Qualitative descriptors of leaves are also
identical, and they cannot be used as a mean discrimina-
tion from the standard 'Plavac mali'. Morphology of leaves
and shoots have been used in many ampelographic studies
as a reliable and complementary method to SSR markers
for identification and differentation of cultivars (DETWEIL-
ER et al. 2000, OrtiZ et al. 2004, SaNTIAGO et al. 2005),
and sometimes for cultivars derived from the same clonal
source (REiscH ef al. 1993). There is little evidence for
such differences on a clonal level. This is in line with the
assumption that PMS is very likely a consequence of a sin-
gle gene mutation without visible pleiotropic effects.

A significant variability among 'Plavac mali' acces-
sions was detected using the variables of the main vein an-
gles on the leaves. The size of the angles is considered one
of the highly stable parameters for differentiation of culti-
vars (Tomazi¢c and Koro$ec-Koruza 2003). In this study,
taking into account that the studied genotypes represent the
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Fig. 2: Dendrogram for twelve accessions of 'Plavac mali' ob-
tained by cluster analysis of the CIELab parameters and CIRG
colour index using Ward's method.

clonal offspring of one cultivar, the variability of the main
angles was unexpectedly quite high. A possible reason for
this variability, apart from genetic factors, could be viral
infections, since they can significantly change the mor-
phology of leaves (WALTER and MARTELLI 1998). However,
looking for a possible discrepancy of PMS genotype in
regard to differences in vein angles, cluster analysis (data
not shown) confirmed PMS was quite average in regard
to variation of this trait. Generally, we observed that dif-
ferences in angles did not have a significant influence on
the leaf morphology, and their stability and efficiency in
detection of intravarietal variability should be investigated
further through several vegetative seasons.

The main difference between PMS and other accesions
of 'Plavac mali' was in the surface color of the berry skin.
The color was quantified using CIELab parameters, and
visual differences were confirmed, with the lowest CIRG
for PMS (4.17). The standard blue-black accessions varied
from 6.86 for ob071 to 8.13 for ob262, which indicates
significantly different content of anthocyanins, taking into

Fig. 3: Gretl-specific amplicons at the V'vMYBAI locus of 'Plavac
mali' (PM) and 'Plavac mali sivi' (PMS). Lanes 1 and 3: ac primer
combination ("white" allele ~ 1.7 kb); lanes 2 and 4: bc primer
combination ("red" allele ~ 0.85 kb); M1: lambda Hind 111 marker
(arrow indicates the position of the 564-bp fragment), M2: 1500-
10 000 bp DNA ladder (arrow indicates the 1500-bp fragment).
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consideration a strong correlation between CIRG and the
content of anthocyanins analyzed using standard chemical
methods (CARRENO ef al. 1996, RoLLE and Guipont 2007).
While the very different level of content of anthocyanins
among PMS and standard 'Plavac mali' was expected (con-
sidering the very obvious difference in berry skin color),
the observed level of anthocyanins among other referenced
11 standard genotypes became quite intriguing (Fig. 2).
These differences, if confirmed to be genetically stable,
might be of great importance for future clonal selection
of 'Plavac mali'. This fact has been observed previously in
grapes of 'Tempranillo' and 'Barbera’ clones (REvILLA et al.
2009, FErranDpINO and Guipont 2010).

Molecular differences: The SSR analysis
confirmed the uniform genotype of 'Plavac mali' and the
monozygotic status of all accessions. Among nine analyzed
loci, there were two (VVS2 and VVMD32) out of five that
had strong polymorphism and were recommended for the
detection of clones within a cultivar (PELsY et al. 2010); but
in this research they did not show any difference among
the tested accessions of 'Plavac mali'. The uniform SSR
genotype at six SSR loci was also obtained in the study
of berry color mutation for 'Garnacha Blanca', 'Garnacha
Gris' and 'Garnacha Negra' (OrTiz et al. 2004), and gener-
ally low level of polymorphism at clone level by MoncaADA
et al. (2006). Along with many other similar studies, our
study confirms SSR markers as being very good for valida-
tion of cultivar/variety status, but not so efficient for clone
differentiation.

Considering the particular mutation responsible for
berry skin color, a more direct way is the analysis of genes
responsible for the synthesis of anthocyanins. However,
in this study, we performed the preliminary analysis of
one berry color-related locus (VvMYBAI) in respect to
the presence of the Gret! retrotransposon. We showed the
heterozygous state of the Gret/ insertion in both 'Plavac
mali' and PMS. WaLKER ef al. (2006) have demonstrated
that the deletion of a large region that includes both genes
(VWwMYBAI and VvMYBA?2) is a genetic basis that caused
the appearance of pink (Malian) and white (Shalistin) color
of berries in 'Cabernet Sauvignon”. The authors proposed
a similar mechanism, involving a smaller deletion, to ex-
plain the appearance of pink ('Pinot gris') and white ('Pi-
not blanc') color in 'Pinot'. It seems that the mechanism
of genetic changes in the clones with changed berry color
is fairly complex. Since 'Plavac mali' is heterozygous for
the V'wMYBAI locus, similar to 'Cabernet Sauvignon' and
'Pinot noir', it could be that PMS arises by an analogous
mechanism: inactivation/deletion of the remaining func-
tional V'wMYBAI allele in the L2 cell layer. However, this
hypothesis should be further tested experimentally, includ-
ing the VvMYBA?2 locus as well (WALKER et al. 2007).

The results of this study prove PMS as being geneti-
cally stable and a quite distinctive mutant of the cultivar
'Plavac mali'. The type of mutation that caused the PMS
phenotype and its locus are still unknown. SSR profiling,
ampelographical description, and morphometry made so
far provide sufficient data necessary for adding 'Plavac
mali sivi' (PMS) on the official Croatian cultivar list.
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