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ABSTRACT. Myrtle is an evergreen shrub or small tree widespread
throughout the Mediterranean region. In Turkey, both cultivated and
wild forms, differing in plant and fruit size and fruit composition, can
be found. These differences may have resulted from the domestication
of the cultivated form over a long period of time. We investigated
whether wild and cultivated forms of myrtle differ in karyological
features (i.e., number of somatic chromosomes and relative genome
size). We sampled two wild forms and six cultivated types of myrtle.
All the samples had the same chromosome number (21 = 2x = 22). The
results were confirmed by 4°,6-diamidino-2-phenylindole (DAPT) flow
cytometry. Only negligible variation (~3%) in relative fluorescence
intensity was observed among the different myrtle accessions, with
wild genotypes having the smallest values. We concluded that despite
considerable morphological differentiation, cultivated and wild myrtle
genotypes in Turkey have similar karyological features.
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INTRODUCTION

Myrtle, Myrtus communis L. (Myrtaceae), is a diploid (2n = 2x = 22) (Canhoto et al.,
1999) woody plant native to southern Europe and North Africa. Being widespread throughout
the Mediterranean region, the species is one of the most important evergreen shrubs in the Medi-
terranean maquis. Their leaves are 3-5 cm long and contain tannins, flavonoids and volatile oils
(Baytop, 1999). Myrtle has been used for medical, food and spice purposes since ancient times.
Other uses of its leaves include cattle feed, production of liqueur, cut foliage, and potted plants
(Bruna et al., 2007). The flowers have five petals and sepals, with a large number of stamens. They
are pollinated by insects, and birds are the most common agent of seed dispersal, although some
mammals have been reported to consume and disperse their seeds, as well (Aronne and Russo,
1997). Flower biology including secretory cavities, unicellular papillae and hair trichomes have
also been studied morphologically, anatomically and histochemically (Ciccarelli et al., 2008).

There are two major fruit morphologies based on fruit color, i.e., whether dark or white. In
the dark form, the fruits turn pale yellow and eventually dark blue on maturation during mid-fall to
early winter. On the other hand, the fruit either remains white or turns pale yellow, but never turns
blue in the white-fruited form. The dark-colored form is far more common than the white-colored
one. This color polymorphism has been reported for many regions (Traveset et al., 2001).

In Turkey, myrtle is widespread in the Mediterranean and Aegean regions (Baytop,
1997). Myrtle leaves as well as fruits have been used as an antiseptic medicine in villages,
while essential oil from leaves is utilized in perfumery (Baytop, 1999). Both color morphs
are present in Turkey, with the white morph being rare just as in other countries. In addition,
there are also cultivated white-colored types, which yield much larger fruits than their wild
counterparts. In Turkish, the wild form is called “mersin” or “murt”, while the cultivated form
is called “hambeles”. There are small orchards in Hatay where this crop is marketed locally as
table fruits. These orchards are established by seedling-grown plants since myrtle cuttings are
highly subject to rot when they are prepared during the winter (Klein et al., 2000).

Polyploidy, i.e., the presence of more than two genomes per cell, has long been rec-
ognized as an important force in plant evolution. Recent estimates suggest that about 70% of
angiosperms and up to 95% of pteridophytes underwent one or more rounds of genome dupli-
cation in their evolutionary history (Soltis and Soltis, 1999). The incidence of polyploidy in
crop plants may be even higher. For example, Grant (1963) estimated that 78% of crop species
are polyploid. When compared to their diploid counterparts, polyploids usually have larger
cell size, increased enzyme activity and higher heterozygosity (Hancock, 2005).

The objective of this study was to assess whether wild and cultivated forms of myrtle,
differing considerably in plant and fruit characteristics, also show divergence in karyological
features such as the number of somatic chromosomes and relative genome size (i.e., whether
or not genome duplication played a role in myrtle domestication).

MATERIAL AND METHODS

Two forms of myrtle genotypes were studied: 1) cultivated types with large, white-col-
ored fruits (Nos. 31-01, 31-02, 31-03, 31-06, 31-07, and 31-08), and ii) wild genotypes with small,
dark-colored (31-04) and white (31-05) fruits. The genotypes were sampled from the Hatay Prov-
ince located in the eastern part of the Mediterranean region of Turkey. The horticultural practices
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in cultivated forms were limited to pruning and training, weed management, and soil cultivation.
To evaluate the fruit characteristics, 100 mature berries were harvested from each of three ran-
domly selected plants in October 2007. Fruits and their seeds were weighed using a balance with
a precision of + 0.01 g. Fruit size and seed cavity size were measured using a digital caliper. Total
soluble solids and titratable acidity were assessed in juice obtained from 100 fruits per sample.
Total soluble solids content was determined with a refractometer (Atago, Model ATC-1E) and
titratable acidity by titration of 5 mL fruit juice with 0.1 N NaOH, pH 8.1, and expressed as g
malic acid per 100 mL juice. Juice pH was measured using a pH-meter (InoLab, Model WTW).
For chromosome counting, several cuttings from each genotype were first rooted, and
newly formed roots were used in the analysis. The cytogenetic analysis was conducted accord-
ing to Canhoto et al. (1999). At least 10 independent metaphase spreads of each sample were
examined. Relative fluorescence intensity (relative genome size) was determined in fresh leaf
samples using 4’,6-diamidino-2-phenylindole (DAPI) flow cytometry as described by Suda et
al. (2007). Glycine max L. ‘Polanka’ (2C = 2.50 pg; Dolezel et al., 1994) was selected as an in-
ternal reference standard. Glycine max was selected since it is a well-established standard with
reliably determined genome size and low level of secondary metabolites, giving high-resolution
histograms; it has a genome size suitable for analyses of myrtle, which does not overlap with
that of myrtle and is not substantially different, avoiding potential instrument non-linearity.

RESULTS AND DISCUSSION

The results of the fruit characteristics are summarized in Table 1. Obviously, there was
a considerable variation within both cultivated and wild genotypes, with coefficient of varia-
tion (CV) values ranging from 7 to 33% and 2 to 13%, respectively. For example, the mean
fruit weight in the cultivated genotype 31-08 was only 8.3 g while that of 31-07 was nearly
2-fold higher (16.3 g). Similarly, the fruit length within the cultivated genotypes ranged from
12.9 mm (31-08) to 16.8 mm (31-07). In addition, mean acidity in cultivated genotypes also
varied more than 2-fold (1.6-3.7%). Considerable differences were also observed between the
two wild genotypes studied. For example, fruit weight in 31-05 was higher than in 31-04 (3.5
vs 2.8 g), and the weight of 10 seeds followed the same pattern (0.8 vs 0.5 g).

Table 1. Means and standard deviations of several fruit characteristics for cultivated and wild myrtle genotypes
(100 fruits from each of three randomly selected individuals per genotype were evaluated).

Genotype Fruit Fruit Fruit Seed cavity ~ Seed cavity Seed weight ~ Soluble pH Acidity
weight (g)  width (mm) length (mm) width (mm) length (mm) (g/10seeds) solids (%)
Cultivated
31-01 123+0.1 12.0+0.6 14.7+0.2 7.8+0.3 85+0.2 1.3+0.1 15.8+08 50+0.1 33+03

31-02 145+0.8 12.1+0.3 153+0.4 85+0.3 9.2+0.3 1.7£0.2 155+1.0 5301 25+0.1
31-03 10.3+0.3 12.1+0.3 14.6 0.1 7.6+0.1 82402 1.3+£0.1 17.6 £0.1 58+0.1 3.6+03

31-06 149406 135402  16.6+0.3 8.6+ 0.4 9.6+0.3 19401 186+05 52+01 3.7+04
3107 163+14 137402 168407  83+03 92403 19401 139404 60401 1.6+02
31-08 83+03 115402 129403  7.2+0.1 7940.1 L1401 126401 60+01 1.6+0.1
Mean 128429 125409 15214  8.0+0.6 8.8+0.7 15403 157422 55404 27+09
CV (%) 23 7 9 8 8 20 14 7 33
wild

31-04 28402  7.9+02 9.5+0.4 55402 59402 05+0.1 21.1+01 59401 74+0.1
31-05 3.540.1 76403  104+0.1 57402 67403 08+0.1 149400 60+0.1 6.6+0.1
Mean 32404 77403 9.9+0.5 56402 63+0.5 06402 18.0+44 59+01 7.0+06
CV (%) 13 4 5 4 8 33 24 2 9

CV = coefficient of variation.
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Regardless of the intra-group variation, the mean values of the measured characters
unambiguously differed between wild and cultivated types, except for soluble solids and pH.
For instance, the mean fruit weight, width and length as well as seed weight of cultivated
plants were much higher than those of wild genotypes. The mean size of the seed cavity was
also larger for cultivated genotypes, albeit to a lesser extent compared to the aforementioned
characters. However, mean acidity was about 40% lower in the cultivated group when com-
pared to its wild counterpart. Indeed, the same accessions were previously compared based on
pomological and molecular data (Serge et al., 2008). The analyses unambiguously separated
the wild and cultivated types, indicating a genetic differentiation between these accessions.

Somatic number of chromosomes and relative genome size were determined in all myr-
tle accessions. Figure 1 shows metaphase plates for both wild and cultivated plants. All geno-
types had the same chromosome number (2n = 2x = 22) regardless of type (i.e., wild vs cultivated
and/or white- vs dark-fruited). Flow cytometric analyses yielded histograms with two distinct
peaks corresponding to the myrtle sample and internal reference standard (Figure 2).
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Figure 1. Metaphase chromosomes of cultivated (No. 31-01) and wild (No. 31-04) myrtle genotypes. Bars indicate 5.00 pm.
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Figure 2. Flow cytometric histogram of DAPI-stained nuclei isolated from wild myrtle (No. 31-05) and internal
reference standard (Glycine max).
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CVs for the internal standard varied from 2.39 to 2.90%; CVs for the sample were
much larger, perhaps due to the presence of secondary metabolites of polyphenolic nature,
and varied from 6.13 to 8.92%. Relative fluorescence intensities (setting Glycine max as a unit
value) in six cultivated genotypes ranged from 0.232 (in 31-06) to 0.238 (in 31-02), while the
two wild genotypes both showed a fluorescence value of 0.231. The intraspecific variation
was thus negligible and amounted to about 3%. Interestingly, wild genotypes showed slightly
lower fluorescence values than their cultivated counterparts. Nevertheless, more representa-
tive myrtle sampling and higher resolution of flow cytometric analyses would be necessary to
interpret the results as a genuine divergence in genome size.

Our findings indicate that the domestication processes such as selection over time
have resulted in differences between cultivated and wild forms of myrtle. During this process,
white-fruited types with large and less acidic berries were preferred. Both wild and cultivated
genotypes show similar karyological characteristics, indicating that genome duplication and/
or divergence in the number of chromosomes is not associated with myrtle domestication.
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