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Abstract The suitability of DNA present in olive oil for
PCR analysis has been reported by several authors. How-
ever, low concentration, degradation, and the possible
presence of additional alleles due to paternal contribution
in oils extracted from entire drupes, should be taken into
consideration when comparing the amplification profiles of
leaves with the corresponding oils for varietal traceability
purposes. The aim of this work was to assess, by capillary
electrophoresis of microsatellite markers, the phenetic
relationships among seven certified Olea europaea L.
cultivars, and to verify the genomic equality between leaf
DNA and the corresponding monovarietal oil DNA.
Moreover, the aim was to establish an identification key to
distinguish all the types of oil among them with the min-
imum number of markers. The results referred to oil DNA,
obtained in 70 PCR experiments, confirmed the possibility,
in 85.7% of cases, of extracting DNA suitable for the
analysis of microsatellites. Ninety percent of the successful
amplifications led to identical patterns for leaves and oil
DNA. Cima di Melfi shared only 20% of the alleles with
the other cultivars. Toscanina and Leccino, showed the
highest similarity (about 60%). A single microsatellite was
able to distinguish the seven types of oil.
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Introduction

Olive (Olea europaea L.) is one of the most ancient
crops typical of the Mediterranean basin. Olive oil con-
sumption is increasing throughout the entire world,
especially due to its beneficial health effects [1].
Depending on the acidity level, virgin olive oils may be
classified as extra-virgin (<0.8), virgin (<2.0), or
“lampante” (>2.0) [2]. Among them, extra-virgin cate-
gory shows the highest quality from the chemical and
sensory point of view, with a total absence of defects. In
particular, many extra-virgin olive oils, because of their
healthiness and typicality, have obtained marks of pro-
tected designation of origin (PDO) at a European level
according to EC Regulation 2081/92. Thus, the concept
of “typicality” implies excellent and peculiar sensory
features which determine a higher economic value to
PDO products with respect to non-PDO foodstuffs.
Consequently, certification of the origin of raw materials
and industrial processes to obtain the final product is of
primary importance for the protection of consumers, in
particular for fraud prevention [3].

The fundamental goal is to accurately identify and
characterize the numerous commercial cultivars existing in
Italy, and more generally, all over the Mediterranean basin.
Because morphological traits and chemical analyses are not
sufficient to verify olive oil varietal authenticity, DNA
markers, which have already been used to identify olive
cultivars, are increasingly been applied to solve traceability
and provenance issues [4]. Microsatellites, or simple
sequence repeats (SSR), are among the most suitable
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markers since they are characterized by a high polymor-
phism level, due to variations of the number of repeats [5].

Significant amounts of DNA are present in olive oil
obtained solely by mechanical treatments [1], and its
suitability for PCR analysis has been reported by several
authors [6-9]. However, low oil DNA concentrations and
nuclease degradation, could cause the lack of amplification
of some alleles, and in some cases additional alleles due to
paternal contribution in oils extracted from entire drupes
[4]. These issues need to be taken into account when
comparing the profiles of olive leaves with the corre-
sponding oil for varietal traceability purposes.

The recent use of fluorescent labeled primer pairs in the
amplification protocols let the PCR products to be analyzed
on automatic sequencers, which are known to be less time-
consuming than classical electrophoretic methods, i.e. by
agarose or polyacrylamide gels, and have minor health
implications for operators. Besides, the use of automatic
sequencer is more effective, because capillary electropho-
resis allows to distinguish alleles with very small differences
in molecular weight, and has a higher resolutive power than
classical methods. Moreover, its sensibility allows to evi-
dence also weak signals, such as those that could come from
olive oil DNA, known to be partially degraded [3, 10].

Finally, another problem in the characterization and
identification of olive cultivars is the lack of official stan-
dard varieties, as well as the presence of different clones
within the same cultivar (multiclonal populations). On the
other hand, olive is submitted to certain procedures for
plant material marketing and has to satisfy the require-
ments of the Community Directives n. 92/34/EEC of 28
April 1992 and n. 93/48/EEC of 23 June 1993 about the
conditions to be met by fruit plant propagating material and
fruit plants intended for fruit production [11, 12]. The use
of certified material should be taken in account to validate
the results when setting up varietal traceability methods.

The goal of this research was to verify, by capillary
electrophoresis of microsatellite markers, the phenetic
relationships among seven certified O. europaea cultivars,
and to verify the genomic equality between leaf DNA and
the corresponding monovarietal oil DNA. All the cultivars
chosen were included in the list of starting materials to
obtain some Italian PDO oils. Another aim was to establish
an identification key with the minimum number of markers
to distinguish all the cultivars.

Materials and methods
Plant material and DNA extraction

Fresh leaves of seven cultivars (Coratina, Picholine, Tos-
canina, Cima di Melfi, Frantoio, Leccino, Cellina di
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Nardo)—diffused in Italy and included in the process to
obtain PDO recognition—were sampled from the Olive
Pre-multiplication Centre field “Concadoro” at Palagiano
(Taranto, Italy). The genetic correspondence and sanitary
state of the olive trees were certified, according to the
requirements of the Dir. 92/34/EEC of 28 April 1992 [11]
and Dir. 93/48/EEC of 23 June 1993 [12]. The field was
spatially isolated respect to other olive cultivation, in order
to limit contamination caused by pollen flow and fly vec-
tors only to cultivars present in the same field. For each
clone, a total amount of 3 kg of drupes were collected to
obtain monovarietal oils. Oil extraction was performed
with an experimental oil mill almost similar to those
employed for industrial purposes, the details of which are
reported in previous papers [3, 8].

Genomic DNA from fresh leaves was extracted according
to Doyle and Doyle protocol [13]. DNA was also extracted
by means of Gene Elute Plant Kit (Sigma, St. Louis, MO)
from cellular residuals obtained by centrifuging 250 ml of
each monovarietal oil at 10,000 rpm for 5 min. The DNA
extracted was checked in terms of quality and concentration
by means both of 0.8% agarose gel electrophoresis and of a
spectrophotometer (Ultrospec 2100 pro, Biochrom, Cam-
bridge) at 260 nm. In particular, DNA from fresh leaves
resulted to have optimal quality and a concentration of
100 ng/pl, while DNA extracted from oil had lower con-
centration (5 ng/ml) and was partially degraded.

Molecular analysis

Ten microsatellite primer pairs (Table 1), labeled either with
fluorochromes FAM or HEX [14], were used. These primer
pairs are available in current literature [15-18] and were
chosen, after a screening of 18 microsatellite markers carried
out in previous works [8], for their high polymorphism and
low complexity in pattern profiles. Amplification reactions
were performed in an I-Cycler programmable thermal cycler
(Bio-Rad Laboratories, Hercules, CA) in a reaction mix with
50 ng of DNA, 1 x PCR buffer, 2.4 uM MgCl,,2 uM dNTP,
2.5 uM primer forward and reverse each, and 1 U of Tag
DNA polymerase (Sigma, St. Louis, MO), in a total volume
of 25 pL. The amplification conditions were: 5 min at 94 °C;
35 cycles composed of 30 s at 94 °C, 30 s at the appropriate
annealing temperature as reported in Table 1, and 30 s at
72 °C; final elongation at 72 °C for 60 min. The amplifica-
tion products were first denatured at 94 °C for 5 min and then
separated by capillary electrophoresis on an ABI PRISM®
3100 Avant Genetic Analyzer (Applied Biosystems). The
obtained electrophoregrams were acquired and analyzed by
the software GeneMapper 3.7 (Applied Biosystems). Each
PCR procedure was reproduced at least twice for each DNA
sample and the electropherograms were scored by two dif-
ferent operators.
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Table 1 Primer sequences, repeat motif, size range, number of alleles and power of discrimination (PD), observed (H,) and expected (H.)
heterozygosity of ten microsatellites used in the present analysis

SSR denomination ~ Repeat motif Primer sequences (5* — 3%) T, (°C) Size range No. alleles PD H, H,
recorded

DCA 03 (GA) 9 cccaagcggaggtgtatattgttac 50 231-253 5 082 086 0.73
tgcttttgtcgtgtttgagatgttg

DCA 04? (GA)6 cttaactttgtgcttctccatatcc 55 128-188 6 082 - -
agtgacaaaagcaaaagactaaagc

DCA 07* (AG)9 ggacataaaacatagagtgctgggg 60 121-169 10 082 - -
agggtagtccaactgctaatagacg

DCA 14 (CA)3A¢(TAA), aattttttaatgcactataatttac 50 145-190 5 0.78 0.57 0.62
ttgaggtctctatatctcccagggg

DCA 15 (CA);G(AC) 14 gatcttgtctgtatatccacac 50 244-267 4 0.69 0.71 0.68
tataccttttccatcttgacge

DCA 18 (CA)4CT(CA);(GA) o aagaaagaaaaaggcagaattaagc 50 167-195 4 0.74 0.71 0.68
gttttcgtetctetacataagtgac

GAPU 103* (TC)y6 tgaatttaactttaaacccacaca 52 132-196 10 086 - -
gcatcgctcgatttttatce

EMO 90 (CA) 1o catccggatttettgetttt 55 183-193 4 0.69 0.86 0.68
agccgaatgtagetttgeatgt

EMO L (GA), ctttccaatatgggctctcg 55 192-212 4 0.69 0.71 0.58
atggcactttacgggaaaaa

UDO 43* (GT)1» tcggctttacaacccattte 50 141-218 12 0.86 - -
tgccaattatggggctaact

% H, and H, were not determined since some cultivars yielded three or more different amplified products. The attribution of alleles to any locus

has not been attempted, in the absence of segregation data
Statistical analysis

For studying the informative potential of the microsatel-
lites, the observed (H,) and expected (H,.) heterozygosities
were calculated using the software POPGENE ver. 1.31
[19]. H. values were estimated using the formula proposed
by Nei [20]:

H.=1-3p?

where p; is the frequency of the ith allele.

The power of discrimination (PD) [21] of microsatellite
primer pairs was calculated as reported by Cipriani et al.
[16], where the allele frequency of the H. formula is
replaced by the genotype frequency.

Cultivars showing only one fragment amplified by a
primer pair were conventionally considered to be homo-
zygous at that locus. As a consequence the genetic diver-
sity could be underestimated, if null alleles occurred.

Microsatellite polymorphic profiles were used to create
ten matrices, one for each primer pair, where fragments
were scored as either present (1) or absent (0). Finally the
data were grouped in one single matrix. NTSYS-PC ver.
2.0 [22] was used to calculate genetic similarity among
cultivars using Jaccard index [23]. The Unweighted Pair
Group Method using Arithmetic Averages (UPGMA)

procedure was used for cluster analysis and to generate
both a dendrogram and an identification key.

Results and discussion

Ten SSR primer pairs were analyzed on the set of leaves
and oil samples from seven cultivars. They revealed a total
of 64 alleles ranging from 4 to 12 alleles per primer pair
(Table 1). We considered as reliable those amplifications
that resulted repeatable and unambiguous in their inter-
pretation. In general, the primer pairs employed gave
acceptable amplifications (Fig. 1) both on leaf and oil
DNA, apart for few cases, reported in Table 2, when the
oils missed to amplify. This could be due to the fact that the
target DNA of SSR markers is represented by short frag-
ments, that are easily detectable, on not degraded DNA, but
could be undetectable on high degraded DNA as the case of
DNA from oil [3, 4, 9].

For these reasons SSRs are suitable tools for the analysis
of DNA extracted from processed food, but sometimes is
very difficult to obtain a reliable amplification, even if the
DNA extraction and amplification experiments are repe-
ated several times. This can be caused by the low con-
centration of DNA and by the nature of SSR markers,
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Fig. 1 Two different capillary electrophoregrams showing two
additional alleles detected in oil DNA of Toscanina (right), with
GAPU103, respect to leaf DNA (left) (internal size standard—ROX

which do not anneal when the flanking regions result
extremely degraded. In particular, for what concerns oil
samples, on a total of 70 PCR reactions (10 primer
pairs x 7 oil samples) we failed in ten cases, with a per-
centage of failure of 14.3%. This result is similar to that
obtained by Breton [9] (20%). Despite this “physiological
lost of data”, on the whole, the technique is efficient and
feasible for the traceability of olive oil.

Observing the data on Table 2, it is possible to evidence
that, discarding the ten failed PCR, 90% of the experiments
showed identical patterns between leaves and oil DNA. In
particular, in many cases, also complex electrophoretic
patterns composed of multiple alleles resulted reproduc-
ible. This is the case of Toscanina cultivar which, when
amplified with DCAO7, showed five alleles (121, 131, 139,
146 and 163 bp) both in leaf and oil DNA. In particular, the
monovarietal oil extracted from Cima di Melfi showed
several mismatchings with leaves, such as the lost of the
186-bp allele with DCAOQ4, the lost of the 121 and 169-bp
alleles, and the appearance of an additional 163-bp allele
with DCAOQ7, and that of the 184 and 204-bp alleles with
GAPU103.

Other mismatchings were encountered for the Leccino
oil (lost of the 254-bp allele with DCA15), Toscanina oil
(additional 184 and 192-bp alleles with GAPU103), and
Cellina di Nardo (additional 192-bp allele with EMO L). In
our previous works [3, 8] these non-complete concordances
between leaves and oil DNA did not emerged, probably
due to the methods employed to screen amplification
products (i.e. agarose electrophoresis, PAGE), which are
known to have lower resolving power and sensitivity than
capillary electrophoresis. The loss of some peaks in oil
profiles could be due to a degraded DNA for the process of
olive crushing for mechanic oil extraction, to a low signal
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500). X-axis indicates fragment lenght (bp), while Y-axis indicates
relative fluorescent units (RFU) that are proportional to the amount of
PCR product

of the amplicons, or to troublesome working conditions for
the polymerase. The disappearance of some peaks is par-
ticularly evident in SSR markers with a complex profile (4—
5 peaks), where the simultaneous analysis of different
regions of the genome could be compromised by the deg-
radation of DNA template.

On the other hand, the appearance of additional alleles
in oil profiles with respect to leaf DNA could not be due to
wrong denominations of the cultivars or to the occurrence
of somaclonal mutations, since the cultivars examined have
a certified origin and the leaves and drupe samples belong
to the same clone. But they could derive from a paternal
contribution of embryo in our oil samples, extracted from
entire drupes, although at this regard there is not a com-
plete concordance in literature. Muzzalupo et al. [24] did
not found differences comparing destoned and conven-
tional olive oil from the cultivar “Ogliarola Salentina”. On
the contrary, Doveri et al. [4] observed diverse profiles in
oil and plant tissues of the cultivar “Leccino”, suggesting
that additional alleles in oil profiles can have a non-
maternal origin that must have arisen from out-crossing.
Anyway, both researches focused their investigation on
single putative self-sterile cultivars. This discordance in
terms of results could be ascribed to: different field location
and composition, low number of cultivars investigated,
different set of SSR markers employed in the two resear-
ches, different PCR and electrophoretic conditions and
tools.

A confirmation of the hypothesis that a paternal con-
tribution could be occurred, derives from the molecular
weight of all the scored additional alleles, which, even if
mismatching from leaf DNA, can be found in the electro-
phoretic profiles of the other cultivars. An example is given
by Cima di Melfi oil profile obtained with DCAQ7, where
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Table 2 Fragment size of ten microsatellites on leaf DNA and monovarietal oil DNA of seven cultivars diffused in Italy

Amplified fragment size (bp) Amplified fragment size (bp)

Leaf DNA Monovarietal oil DNA Leaf DNA Monovarietal oil DNA
DCA 03 DCA 18
Coratina 239, 243 239, 243 Coratina 173, 176 n.a.
Picholine 231, 253 231, 253 Picholine 167, 176 167, 176
Toscanina 243 243 Toscanina 167, 176 167, 176
Cima di Melfi 243, 253 243, 253 Cima di Melfi 173, 176 n.a.
Frantoio 237, 243 237, 243 Frantoio 173 173
Leccino 243, 253 243, 253 Leccino 173 173
Cellina di Nardo 231, 239 231, 239 Cellina di Nardo 167, 195 167, 195
DCA 04 GAPU 103
Coratina 128, 130, 162 128, 130, 162 Coratina 132, 160 n.a.
Picholine 128, 130, 160 128, 130, 160 Picholine 147, 184, 192 147, 184, 192
Toscanina 128, 130, 162, 188 128, 130, 162, 188 Toscanina 147, 157 147, 157, 184, 192
Cima di Melfi 130, /86 130 Cima di Melfi 132, 160, 170, 196 132, 160, 170, 184, 196, 204
Frantoio 128, 130 128, 130 Frantoio 160, 172 n.a.
Leccino 128, 130 128, 130 Leccino 172, 184 172, 184
Cellina di Nardo 130 130 Cellina di Nardo 172 172
DCA 07 EMO 90
Coratina 121, 148 121, 148 Coratina 183, 189 183, 189
Picholine 121, 133, 148, 163 121, 133, 148, 163 Picholine 183, 185 183, 185
Toscanina 121, 131, 139, 146, 163 121, 131, 139, 146, 163 Toscanina 183, 193 183, 193
Cima di Melfi 121, 133, 148, 169 133, 148, 163 Cima di Melfi 185 185
Frantoio 121, 131, 139, 146, 163 121, 131, 139, 146, 163 Frantoio 183, 189 183, 189
Leccino 121, 131, 139, 146, 163 121, 131, 139, 146, 163 Leccino 183, 189 183, 189
Cellina di Nardo 121, 129, 135, 148, 163 121, 129, 135, 148, 163 Cellina di Nardo 183, 185 183, 185
DCAl4 EMO L
Coratina 179, 186 n.a. Coratina 192, 198 192, 198
Picholine 186 n.a. Picholine 192, 198 192, 198
Toscanina 186 186 Toscanina 198 198
Cima di Melfi 186, 190 n.a. Cima di Melfi 192, 200 192, 200
Frantoio 179, 186 179, 186 Frantoio 192, 198 192, 198
Leccino 177 n.a. Leccino 198 198
Cellina di Nardo 145, 186 145, 186 Cellina di Nardo 198, 212 192, 198, 212
DCAIS UDO 43
Coratina 244 n.a. Coratina 175 175
Picholine 244, 264 244, 264 Picholine 209, 218 209, 218
Toscanina 244, 267 n.a. Toscanina 171, 215 171, 215
Cima di Melfi 244 244 Cima di Melfi 141, 157, 171, 175, 198 141, 157, 171, 175, 198
Frantoio 244, 264 244, 264 Frantoio 175, 213 175, 213
Leccino 244, 254, 264 244, 264 Leccino 157, 211, 215 157, 211, 215
Cellina di Nardo 244, 264 244, 264 Cellina di Nardo 173, 179 173, 179

Values in italics amplicons different between Leaf DNA and monovarietal oil DNA samples

n.a. not amplified

the additional allele 163 bp is present also in all the other  other profiles. Probably, the origin of this allele derives
cultivars, except for Coratina. This is true for all the scored  from a paternal contribution of cultivars not included in
additional alleles except for the allele 204 bp scored on this report but present in the same pre-multiplication field.
Cima di Melfi with GAPU103, which is absent in all the In addition, the high rate of additional alleles scored in
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Cima di Melfi can be due to the central position of the tree
in the pre-multiplication field and, probably, to a longer
flowering duration which overlaps the flowering period of
the other cultivars. Another example of additional alleles is
given in Fig. 1, where the cultivar Toscanina shows the
presence of two paternal alleles in the oil profile. In par-
ticular, the 184 bp allele was also scored in Picholine,
Cima di Melfi and Leccino, while the allele 192 bp was
detected in Picholine, whose pollen probably out-crossed
bringing the two alleles. Anyway, the confirmation of this
hypothesis should be obtained by setting up a cross-
breeding experiment in all the pre-multiplication field, in
order to have a precise identification of the origin of the
additional alleles in oil profiles and to ascertain if these
additional alleles can be ascribed to one or more cultivars.

The Leccino is considered by breeders as a self-sterile
cultivar, suggesting that additional alleles in oil profile could
be present as a consequence of out-crossing pollination [4].
However, Leccino presented no additional allele in the oil
DNA samples for all the primer pairs analyzed, suggesting
that probably the absence of additional alleles could be jus-
tified by the out-cross with pollinators that present the same
electrophoretic profile of the Leccino itself, or by a minimum
selfing percentage, which is known to occur also in a cultivar
considered to be self-incompatible [25].

The calculation of the genotypic frequency revealed a
minimum number of four allele combinations (in case of
DCAL15, DCA18, EM090, and EMOL) and a maximum of
seven different combinations, one for each cultivar (in
UDO43 and GAPU103) (Table 1). A high value of geno-
typic frequency is usually strictly related to a remarkably
high PD of the molecular marker. The PD was calculated
on the results obtained from the amplification of leaf DNA,
since some monovarietal oil DNA failed to amplify, as
reported in Table 2. PD expresses the efficiency of primer
pairs in terms of the ability to distinguish between culti-
vars, and ranged from 0.69 to 0.86, with the highest value
for markers with a high genotypic frequency.

For the identification of these seven oils with the lowest
number of analyses, the microsatellites having the greater
PD were used to create an identification key. UDO43 and
GAPU103 showed the highest PD value (0.86) (Table 1),
but the latter was discarded because of the failed amplifi-
cations. Consequently, a graphic identification key (Fig. 2),
based on UDO43 was obtained. To this goal, even if
UDOA43 amplified 12 alleles, six of them were sufficient to
distinguish all the cultivars.

The expected (H.) and observed (H,) heterozygosities
were calculated only for single-locus primer pairs and
varied between 0.58 and 0.73 (0.66 + 0.05) and 0.57 and
0.86 (0.74 £ 0.11), respectively. In all cases, except one
(DCA14) H, resulted higher than H., revealing a high
genetic variability among the cultivars investigated. For
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Leccino
UDO43 141
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Toscanina

171

Ce llina di Nardo
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——Frantoio
213

175

Coratina

Picholine

Fig. 2 Identification key of seven olive oil cultivars diffused in Italy
based on the SSR marker UDO43. The key was built distinguishing in
a dichotomic way cultivars showing the presence of a certain band
from those where the band was absent. Each branch corresponds to a
different allelic profile, with the upper part corresponding to presence
and the lower to absence of the band reported on each branch. Allele
sizes are reported in base pairs

what concerns DCA04, DCAO07, GAPU 103 and UDO43,
they were not considered for H, and H, calculation since
they generated multiple bands and, consequently, the
attribution of alleles to any locus has not been attempted, in
the absence of segregation data. In our study the average
expected heterozygosity amounted to 0.66, in line with
Diaz et al. [25] who reported how, on the whole, the
microsatellites developed in olive, and more in general for
the majority of out-cross species which are clonally prop-
agated, seem to be characterized by medium levels of
heterozygosity, i.e. never higher than 0.66.

More in general, comparing the obtained allelic profiles
of the seven Italian olive cultivars to what reported by other
authors, emerged a lack of data referred to the same culti-
vars analyzed with the same SSRs. Anyway, certain culti-
vars and SSRs were comparable and our findings resulted
consistent to what reported in literature, in other cases a
discordance was revealed. An example of complete con-
cordance to what reported on the database http://www.
oleadb.eu/ [26], exclusively for those cultivars for which
data are available, is given by DCAO3. In other cases,
mismatching referred to the number of amplified loci and
molecular weights per cultivar were encountered when
comparing our results with certain reports. On the contrary,
the same results were consistent with other researches. An
example is given by the cultivar Frantoio, that revealed a
single heterozygotous locus 183-189 by applying EMO90
(Table 2). These results are in line with De la Rosa et al.
[27], but discordant from [26] that reported, for the cultivar
Frantoio, the single heterozygotous locus 188/194 by
applying EMO90. Furthermore, in this research DCA07
scored some alleles that were not concordant to [26], while
they are reported in other studies of genetic diversity in
olive [28], revealing the existence of non-homogeneous,
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Fig. 3 Dendrogram of genetic Coratina Leaf
similarity among seven leaf
DNA and seven monovarietal Coratina Oil
oil DNA cultivars diffused in .
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ambiguous or, for some of the cultivars examined in this
report, not complete or missing data in the literature.
However, intravarietal variation, as reported in some olive
cultivars [16, 29, 30], could probably justify, in some cases,
these differences in the pattern profiles among reports.
Finally, using data from all the ten microsatellites, a
dendrogram was generated to assess the phenetic rela-
tionships among cultivars. Moreover, to verify the corre-
spondence between leaf and oil DNA, the dendrogram
was obtained by considering each leaf or oil sample as a
single genotype. The reported allele mismatchings and the
failed amplifications explain the differences for some
cultivars between leaf and oil DNA (data not shown). In
particular, three cultivars (Coratina, Frantoio, and Picho-
line) showed a Jaccard similarity index of 1 between leaf
and oil samples, reflecting what reported in Table 2,
where is clearly evident the correspondence of leaf and
oil profiles for all the primer pairs. Moreover, as expec-
ted, the lower Jaccard index between leaf and oil profiles
was showed by the cultivar Cima di Melfi, caused by the
mismatches and the failed PCR for DCA14 and DCA18.
In order to eliminate the effect of not reliable data, a new
cluster analysis was conducted based on six primer pairs,
by excluding those ones that failed to amplificate in any
cultivar, i.e. DCA14, DCA15, DCA18 and GAPUI103.
The obtained dendrogram, reported in Fig. 3, showed how
the cultivars Leccino and Toscanina had a whole corre-
spondence between leaf and oil profile, demonstrating that
the differences observed in the first analysis could be

ascribed to missing data deriving from failed PCR.
Instead, for Cellina di Nardo and Cima di Melfi the dif-
ferences between leaf and oil profiles did not change,
since they were due to the lost or to the appearance of
additional alleles.

In general, the dendrogram reported in Fig. 3 evidenced
that no wrong denomination or cases of synonymy occur-
red, but all the cultivars were distinguishable among them.
In particular, Cima di Melfi shared only 20% of the alleles
with the other cultivars, representing a single cluster. Two
clusters formed at 27%: a first cluster comprised Picholine
and Cellina di Nardo, that differed at 40% similarity. A
second cluster divided in two subclusters at 40% similarity,
in the first of which Coratina was present alone, while the
second subcluster was composed by Frantoio (55% simi-
larity), and by Toscanina and Leccino, that showed about
60% similarity.

In conclusion, the study confirmed the possibility to
amplify DNA extracted from cell residues present in mo-
novarietal olive oils obtained by processes of mechanic
extraction. Anyway, in some cases DNA resulted degraded
and thus not amplifiable. The use of capillary electropho-
resis by an automatic sequencer facilitated the identifica-
tion of specific alleles, even for weak signals, so that DNA
microsatellites were able to distinguish and identify olive
oils from different cultivars.
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