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Abstract
Background: The mastic tree (formal name: Pistacia lentiscus var. Chia) is extensively cultivated on the southern part
of the Greek island of Chios. Its extensive cultivation is due to the production of a special resin, known as mastic gum,
or mastiha, which is widely used in several dietary, pharmaceutical and other products since ancient times. Mastic tree
is an evergreen, dioecious (consisting of male and female individuals), woody plant. Furthermore, a number of
morphological characteristics suggest the existence of several different plant groups, called here “morpho-varieties”,
but it is probable that there exist an unknown number of different, deviating genotypes on the island. Nevertheless, �ve
major morphologically determined morpho-varieties of mastic tree are mainly cultivated, namely “Votomos”,
“Maroulitis”, “Mavroschinos”, “Stenophyllos” and “Fardyphyllos”. The morpho-varieties exhibit mostly, but not always,
distinct morphology, on which their taxonomy was initially based. Since it is observed that different plant populations
differ in the quantity and quality of the produced resin, it is important to explore whether these differences have a
genetic basis, or are due to other factors, such as agricultural practices, or soil composition. To this end, the genetic
diversity among these �ve morpho-varieties and within each one of them was investigated in the present study, using in
a �rst approximation their Random Ampli�ed Polymorphic DNA pro�les and subsequently the sequence divergence of
their Internal Transcribed Spacer regions 1 and 2.

Results: The results con�rm the existence of a considerable genotypic diversity among the �ve morpho-varieties
studied and, furthermore, reveal the existence of genotypic diversity within each one of them, as well as the existence
of a number of further deviating genotypes. The possibility, this diversity to be partly a result of reticulate evolution
events is also discussed.

Conclusions: This study provides evidence that the population of cultivated mastic trees on the island of Chios
consists mainly of two species, i.e. Pistacia lentiscus and Pistacia x saportae, although it is clear that there also exist
genetically deviating mastic trees, as well as individual plants, probably produced through hybridization between the
two afore mentioned species.

Background
The mastic tree is an evergreen dioecious shrub or a small tree [1 and ref. therein]. It is cultivated exclusively on the
southern part of the Greek island of Chios [2]. Fossils of mastic tree leaves found on the island of Chios, indicating its
presence already 6.000 years ago, imply that it is a native plant of the island [3]. The male and female trees are
morphologically and genetically different and they also differ considerably in a quantitative and qualitative manner, in
respect to the produced resin. 

The mastic tree produces a special resin from its wounded trunk and thick branches, known as mastic gum and
carrying the commercial name “mastiha” (mastic), which was used since ancient times, among others, also as a
medicine (Herodotus, 5th century B.C.). The resin and the ethanol-soluble and acidic fractions of the essential oil of P.
lentiscus var. Chia have been analyzed by Gas chromatography - Mass spectroscopy (GC-MS) and the majority of their
components were identi�ed [4-6]. 

Recent studies have shown that both mastiha and its essential oil exhibit antibacterial activity against several
pathogens, such as Streptococcus sp. mutants [7], Helicobacter pylori [8], and other Gram positive and Gram negative
bacteria [9]. P. lentiscus’s resin has been traditionally regarded also as an anti-cancer agent [10], especially on tumors
of breast, liver, stomach, spleen and uterus [11]. Furthermore, recent studies demonstrated that Chios’s mastiha induces
apoptosis [12] and possesses antiproliferative activity [13] in colon cancer cells, while mastiha oil inhibits growth and
survival of human K562 leukemia cells and attenuates angiogenesis [14]. Furthermore, mastiha gum has also been
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associated with cardiovascular and hepatic protective activity, inhibiting human LDL oxidation in vitro [15] and, thanks
to the contained triterpenes, it also acts on peripheral blood mononuclear cells to elicit an antioxidant/ antiatherogenic
effect [16].

Regarding the taxonomy of mastic tree, it belongs to the Anacardiaceae family and it is generally considered as a
variety of the species Pistacia lentiscus L. (P. lentiscus). Its exact taxonomic position is though subject to controversy,
since it has been considered by some authors as a variety of P. lentiscus L., i.e. P. lentiscus var. chia, or as a cultivar
named P. lentiscus cv. Chia by Browicz [2 and references therein]. The name “chia” was �rst mentioned by Desfontaine
[17], while later, in 1809 Poiret described the mastic tree as a variation of the species P. lentiscus [2]. Browicz [2] was
the �rst to notice that the male trees on plantations were morphologically different, depending on the area, in which
they were cultivated. These distinct morphological characteristics imply the existence of different male genotypes,
which also differ in respect to the quantity and quality of the produced resin. There are �ve major morphologically
determined groups (called here morpho-varieties) of the cultivated mastic trees on the island of Chios: “Votomos”,
“Maroulitis”, “Mavroschinos”, “Fardyphyllos” and “Stenophyllos” (or “Siderakikos”, or “Psilophyllos”). These different
morpho-varieties may sometimes exhibit distinct phenotypes, but these morphological characters (e.g. shape and
number of lea�ets of the composite leaves) can sometimes be observed also on individuals considered to belong to a
different morpho-variety. There are only few reports concerned speci�cally with the molecular taxonomic analysis of
P. lentiscus. Zografou et al. [3] studied the genetic diversity mainly among male plants of P. lentiscus var. Chia, using
Randomly Ampli�ed Polymorphic DNA (RAPD) analysis and Inter-Simple Sequence Repeat (ISSR) markers. They
analyzed a limited number of plants belonging to four morpho-varieties, i.e. “Votomos”, “Maroulitis”, “Mavroschinos”
and “Stenophyllos”, as well as, a female tree and concluded that some morpho-varieties are genetically closer related
with each other (“Maroulitis” and “Mavroschinos”), than with others (“Siderakikos”). The female tree exhibited an even
more distant genetic relationship compared with the male trees. A second study, by Abuduli et al. [18], investigated the
genetic diversity and phylogenetic relationships of 12 male and 12 female P. lentiscus L. trees, originating from various
locations of Turkey and one plant from one location on Chios. They used four different techniques, i.e., Simple
Sequence Repeat (SSR), RAPD, ISSR and Internal Transcribed Sequence 1 (ITS1). The authors concluded that there
exists a great variability among the examined mastic tree genotypes. To a similar conclusion came also the authors
Turhan-Serttaş and Özcan [19] using ISSR and Inter-retrotransposon Ampli�ed Polymorphism (IRAP) markers, after
examination of specimens originating mainly from Anatolia (Turkey).

The objectives of the present study were: 1) to investigate the phylogenetic relationships among the different cultivated
morpho-varieties of male mastic trees, 2) to investigate the genetic diversity among different individuals within each
morphologically determined variety and 3) to compare our results with those of known related Pistacia species. To this
end and in a �rst approximation, RAPD analysis was employed. The initial results prompted us to use cloning and
sequencing of the Internal Transcribed Spacers (ITS) 1 and 2, located between the ribosomal genes (rDNA) [20-26]. The
latter method was expected to provide more detailed results, since these regions are not subjected to any natural
selection process and therefore are expected to carry a higher degree of variation. In this study, we present data, which
verify the existence of a considerable genetic variation, both among different morpho-varieties, and also within some of
the morpho-varieties. We further show that most plants examined in this study belong to two different species, i.e.
P. lentiscus L. and Pistacia x saportae (P. x saportae), although, there also exist some genotypes deviating from both
species. Notably, the ITS composition of at least one plant seems to be a hybrid between the two prevailing species
and this could be explained as a result of a reticulate evolution event. 

Results
RAPD-based taxonomic analysis 
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Total DNA was extracted from leaves of 25 different individual plants (5 plants from each of the morpho-varieties
“Votomos”, “Maroulitis”, “Mavroschinos”, “Stenophyllos” and “Fardyphyllos”) and was used as a template in RAPD
reactions. Only primer OPG2 yielded the most reliable results, in contrast to primers OPA2 and OPH13 (Table 1), which
yielded variable or very poor results (data not shown). Four representative �gures of RAPD gels loaded with the reaction
products using primer OPG2 are presented in Figures 1, 2, 3 and 4. Figure 1 clearly indicates the existence of at least
four distinct kinds of genotypes within “Votomos”. This �nding prompted us to examine more “Votomos” individuals
(s. below, “ITS-based taxonomic analysis”). In Figure 2 are presented the results obtained from the RAPD reactions
using primer OPG2 and DNA from �ve individuals belonging to “Maroulitis”. In this case, it is obvious that this morpho-
variety exhibits a genotypic uniformity. Figure 2 depicts also the results of a comparison of RAPD pro�les of
“Maroulitis” and “Mavroschinos” plants, where it is obvious that the pro�les of the two morpho-varieties differ
signi�cantly. Figure 3 presents the results of the ampli�cation of “Mavroschinos” DNA using primer OPG2. The results
indicate that individuals belonging to this morpho-variety exhibit a genotypic homogeneity in this assay. Furthermore,
the RAPD reactions with DNA from “Stenophyllos” and “Fardyphyllos”, using again primer OPG2, indicate that these
morpho-varieties differ from each other, but they also exhibit a limited genotypic variability within themselves (Fig. 4).
In speci�c, among the “Stenophyllos” plants, S1 and S3 exhibit similar pro�les, while plants S2 and S5 seem more
closely related to each other and different from all other plants of the same morphological variety (Fig. 4). Plant S4
gives rise to a RAPD pro�le, which differs from the pro�les of all other “Stenophyllos” plants. Concerning the plants
considered to belong to the morpho-variety “Fardyphyllos”, plants F1 and F2 give rise to identical RAPD pro�les, while
plants F3, F4 and F5 have RAPD pro�les dissimilar from each other and from the ones of plants F1 and F2.

Table 1 RAPD- and ITS- primers used in this study. 
Primer Sequence Source
OPA-2  (5 - TGC CGA GCT G - 3 ) [27] 
OPG-2   (5 - GGC ACT GAG G - 3 ) [27]
OPH-13  (5 - GAC GCC ACA C - 3 ) [27]
ITS 18S 5 - GTG AAC CTG CGG AAG GAT C - 3 This study
ITS 26S 5 - GTA ATC CCG CCT GAC CTG - 3 This study

 

ITS-based taxonomic analysis 

To verify or disprove the results of the RAPD analysis, a second approach was chosen, i.e. the determination of the
sequence of ITS regions 1 and 2. In addition, the apparent genetic heterogeneity of the “Votomos”-group observed in
the RAPD analysis, prompted us to examine four more “Votomos” individuals. To this end, total DNA from the same
individual plants of the �ve morpho-varieties (enriched with four additional individuals belonging to “Votomos”) was
extracted from young leaves and the ITS regions 1 and 2 of their rDNA, along with the 5.8S rRNA gene, were ampli�ed
by PCR, using speci�c primers (Table 1). The PCR products of the different samples, when separated in 1% (w/v)
agarose gels, all showed an approximately 650-bp band (data not shown). All puri�ed PCR products (except for the
“Stenophyllos” individual 5, which for unknown reasons could not be cloned) were cloned and sequenced. Alignment of
the sequences of both strands of each plasmid insert revealed full complementarity between the two strands for each
individual plasmid clone. Sequences were further processed and separated in their component regions ITS1-5.8S rRNA-
ITS2. Using the algorithm BLAST, all sequences were compared with sequences deposited in the data bank. Table 2
lists the accession numbers of the deposited sequences along with the accession numbers of the reference/out-group
sequences used in the bioinformatic analyses. The results of this search are presented in Tables 3, 4, 5, 6 and 7, which
present the combined results for both ITS sequences (1 and 2) for the individuals studied for each morpho-variety.
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Table 2 List of accession numbers of deposited sequences and the sequences of reference plants used in
this study.

Deposited ITS1 sequences Deposited ITS2 sequences
SUB7801037  S1MT790494 
SUB7801037  S2MT790495 
SUB7801037  S3MT790496 
SUB7801037  S4MT790497 
SUB7801037  Mx1MT790498 
SUB7801037  Mx2MT790499 
SUB7801037  Mx3MT790500 
SUB7801037  Mx4MT790501 
SUB7801037  Mx5MT790502 
SUB7801037  F1MT790503 
SUB7801037  F2MT790504 
SUB7801037  F3MT790505 
SUB7801037  F4MT790506 
SUB7801037  F5MT790507 
SUB7801037  Mr1MT790508 
SUB7801037  Mr2MT790509 
SUB7801037  Mr3MT790510 
SUB7801037  Mr4MT790511 
SUB7801037  Mr5MT790512 
SUB7801037  Bo1MT790513 
SUB7801037  Bo2MT790514 
SUB7801037  Bo3MT790515 
SUB7801037  Bo4MT790516 
SUB7801037  Bo5MT790517 
SUB7801037  Bo6MT790518 
SUB7801037  Bo7MT790519 
SUB7801037  Bo8MT790520 
SUB7801037  Bo9MT790521

SUB7813560  S1MT793048 
SUB7813560  S2MT793049 
SUB7813560  S3MT793050 
SUB7813560  S4MT793051 
SUB7813560  Mx1MT793052 
SUB7813560  Mx2MT793053 
SUB7813560  Mx3MT793054 
SUB7813560  Mx4MT793055 
SUB7813560  Mx5MT793056 
SUB7813560  F1MT793057 
SUB7813560  F2MT793058 
SUB7813560  F3MT793059 
SUB7813560  F4MT793060 
SUB7813560  F5MT793061 
SUB7813560  Mr1MT793062 
SUB7813560  Mr2MT793063 
SUB7813560  Mr3MT793064 
SUB7813560  Mr4MT793065 
SUB7813560  Mr5MT793066 
SUB7813560  Bo1MT793067 
SUB7813560  Bo2MT793068 
SUB7813560  Bo3MT793069 
SUB7813560  Bo4MT793070 
SUB7813560  Bo5MT793071 
SUB7813560  Bo6MT793072 
SUB7813560  Bo7MT793073 
SUB7813560  Bo8MT793074 
SUB7813560 Bo9MT793075 
 

P. lentiscus KY549574.1
P. x saportae  EF193103.1
P. terebinthus  EF193097.1
P. vera  MH444780.1

 

 

Table 3 Composition of the ITS1 and ITS2 sequences of plants belonging to “Votomos” (Bo).
Plant ITS1 

(%) identity
Relative species ITS2 

(%) identity
Relative species

Bo1 100 P. x saportae 99 P. x saportae
Bo2 100 P. x saportae 100 P. x saportae
Bo3 100 P. lentiscus voucher Golan,

P. lentiscus
100 P. x saportae

Bo4 100 P. x saportae 99 P. x saportae
Bo5 100 P. x saportae 100 P. x saportae
Bo6 100 P. lentiscus voucher Golan,

P. lentiscus
100 P. lentiscus voucher Golan

Bo7 100 P. x saportae 100 P. x saportae
Bo8 100 P. x saportae 100 P. x saportae
Bo9 99 P. lentiscus voucher Golan,

P. lentiscus
99 P. x saportae,

P. lentiscus

 
 

Table 4 Composition of the ITS1 and ITS2 sequences of plants belonging to “Maroulitis” (Mr).
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Plant ITS1 
(%) identity

Relative species ITS2 
(%) identity

Relative species

Mr1 100 P. lentiscus voucher Golan,
P. lentiscus

100 P. lentiscus voucher Golan

Mr2 99 P. lentiscus voucher Golan,
P. lentiscus

98 P. lentiscus voucher Golan

Mr3 99 P. lentiscus voucher Golan,
P. lentiscus

98 P. lentiscus voucher Golan

Mr4 100 P. lentiscus voucher Golan,
P. lentiscus

100 P. lentiscus voucher Golan

Mr5 100 P. lentiscus voucher Golan,
P. lentiscus

100 P. lentiscus voucher Golan

 
 

Table 5 Composition of the ITS1 and ITS2 sequences of plants belonging to “Mavroschinos” (Mx).
Plant ITS1 

(%) identity
Relative species ITS2 

(%) identity
Relative species

Mx1 100 P. x saportae 100 P. x saportae
Mx2 99 P. lentiscus voucher Golan,

P. lentiscus
99 P. lentiscus voucher Golan, P. lentiscus

Mx3 99 P. x saportae 100 P. x saportae
Mx4 100 P. lentiscus voucher Golan 99 P. lentiscus voucher Golan, P. lentiscus
Mx5 100 P. x saportae 99 P. x saportae, P. lentiscus

 
 

Table 6 Composition of the ITS1 and ITS2 sequences of plants belonging to “Stenophyllos” (S).
Plant ITS1 

(%)
identity

Relative species ITS2 
(%)
identity

Relative species

S1 100 P. lentiscus voucher Golan,  P.
lentiscus

100 P. lentiscus voucher Golan

S2 100 P. lentiscus voucher Golan,
P. lentiscus

99 P. lentiscus voucher Golan,  P.
lentiscus

S3 100 P. lentiscus voucher Golan,  P.
lentiscus

99 P. lentiscus voucher Golan,  P.
lentiscus

S4 100 P. lentiscus voucher Golan,
P. lentiscus

100 P. lentiscus voucher Golan

 
 

Table 7 Composition of the ITS1 and ITS2 sequences of plants belonging to “Fardyphyllos” (F).
Plant ITS1 

(%)
identity

Relative species ITS2 
(%)
identity

Relative species

F1 99 P. lentiscus voucher Golan,  P.
lentiscus

98 P. lentiscus voucher Golan,  P.
lentiscus

F2 99 P. lentiscus voucher Golan,
P. lentiscus

98 P. lentiscus voucher Golan,  P.
lentiscus

F3 100 P. lentiscus voucher Golan,  P.
lentiscus

99 P. lentiscus voucher Golan,  P.
lentiscus

F4 98 P. x saportae 98 P. x saportae, P. lentiscus 
F5 99 P. lentiscus voucher Golan,

P. lentiscus
98 P. lentiscus voucher Golan,

P. lentiscus
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Regarding the morpho-variety “Votomos”, the results presented in Table 3 show clearly that: i) the majority of the plants
(Bo1, Bo2, Bo4, Bo5, Bo7 and Bo8) belonging to the “Votomos” group, contain ITS1 sequences, which are 100%
identical with the corresponding one of P. x saportae [a hybrid between P. lentiscus and Pistacia terebinthus (P.
terebinthus); 25], while their ITS2 sequences are 99-100% identical with the ITS2 sequence of P. x saportae. Therefore,
they can be considered as members of a single group of genotypes, belonging to the hybrid species P. x saportae. ii)
One plant (Bo6) contains ITS1 and 2 sequences 100% identical with the corresponding ones of P. lentiscus voucher
Golan 1.1009 clone 1 and therefore is considered to belong to the species P. lentiscus. iii) Plants Bo3 and Bo9 both
contain ITS1 sequences, which are 99-100% identical with the corresponding ones of P. lentiscus voucher Golan
1.1009 clone 1 and P. lentiscus, while their ITS2 sequences are 99-100% identical with the corresponding one of
P. x saportae. These plants constitute a separate group. In the dendrogram of ITS sequences (Fig. 5), plant Bo3
clusters next to P. lentiscus, while plants Bo1, Bo2, Bo4, Bo5, Bo7 and Bo8 are closely related to P. x saportae. Plants
Bo3 and Bo9 form a separate clade located between P. lentiscus and P. x saportae. These results are further con�rmed
by the statistical analysis presented in the PCoA diagram (Fig. 6), where the “Votomos” plants appear separated in
three groups. Similarly the STRUCTURE analysis (Fig. 7) supports the existence of intervarietal genetic heterogeneity.

Concerning the group “Maroulitis”, plants Mr1, Mr4 and Mr5 contain ITS1 and ITS2 sequences, which are 100%
identical with the corresponding ones of P. lentiscus voucher Golan 1.1009 clone 1 (Table 4), while plants Mr2 and Mr3
contain ITS1 sequences, which are 99% identical with the corresponding region of P. lentiscus voucher Golan 1.1009
clone 1 and P. lentiscus, but their ITS2 sequences are only 98% identical with the corresponding region of P. lentiscus
voucher Golan 1.1009 clone 1. The dendrogram of ITS sequences (Fig. 5) re�ects the above-mentioned split of the
“Maroulitis” genotypes into two groups: plants Mr1, Mr4 and Mr5 constitute one group closely related to P. lentiscus,
while the second group (Mr2 and Mr3) are genetically closely related to each other (and to some “Fardyphyllos” plants)
but remoter related to P. lentiscus compared with the �rst “Maroulitis” group. In the PCoA diagram (Fig. 6), the degree
of genetic relatedness among “Maroulitis” plants is not presented as accurately as in the dendrogram, but still all
“Maroulitis” plants group together with P. lentiscus. STRUCTURE analysis (Fig. 7) lends further support to the grouping
of the PCo analysis, presenting all “Maroulitis” plants as a homogeneous population, closely related with P. lentiscus.

The morpho-variety “Mavroschinos”, in contrast to the RAPD analysis results, is a genetically heterogeneous
population, when the ITS analysis is taken into account (Table 5). According to the latter analysis, the “Mavroschinos”
plants constitute a genetically heterogeneous population, showing a division in two sub-groups: one of them
includes three plants, which are identical, or nearly identical, with P. x saportae, while two other plants contain ITS
sequences, which are identical, or nearly identical with P. lentiscus voucher Golan 1.1009 clone 1 and P. lentiscus. In
detail, plants Mx1, Mx3 and Mx5 contain ITS1 sequences, which are 100% identical with the corresponding one of P. x
saportae, while their ITS2 sequences are 99-100% identical with the corresponding one of P. x saportae as well. Two
other plants (Mx2 and Mx4) contain ITS1 and 2 sequences, which are 99-100% identical to the corresponding
sequences of P. lentiscus voucher Golan 1.1009 clone 1 and P. lentiscus. The same separation of the “Mavroschinos”
plants is also observed in the dendrogram of the ITS sequences (Fig. 5), in which Mx1, Mx3 and Mx5 are found in the
same cluster with P. x saportae, while Mx2 and Mx4 cluster along with P. lentiscus. The PCoA diagram (Fig. 6) though
differs from the above clustering, showing a division in three groups, a division also present in the diagram of the
STRUCTURE analysis (Fig. 7). 

All four plants (S1 to S4) belonging to “Stenophyllos” group contain ITS1 and ITS2 sequences 99-100% identical with
the corresponding ones of P. lentiscus voucher Golan 1.1009 clone 1 (Table 6). Similarly, in the dendrogram of the ITS
sequences (Fig. 5), all four “Stenophyllos” plants cluster together and along with the P. lentiscus reference plant. In the
PCoA diagram (Fig. 6) all four plants are included in the same group again together with the P. lentiscus reference
plant. The same degree of genetic homogeneity is also re�ected in the diagram of the STRUCTURE analysis (Fig. 7).
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Finally, three plants (F1, F2 and F5) of the morpho-variety “Fardyphyllos” contain ITS1 sequences 99-100% identical
with the ones of P. lentiscus voucher Golan 1.1009 clone 1 and P. lentiscus, while their ITS2 sequences are 98-99%
identical with the corresponding ones of the latter species (Table 7). Plant F3 is related to the plants F1, F2 and F5,
differing from them in respect to ITS1 in only one nucleotide (out of 262 nucleotides aligned, data not shown) and in
three positions (two nucleotides and one gap, out of 240 bps aligned, data not shown) in respect to the ITS2 sequences
(Table 7). All those four plants are genetically related to the P. lentiscus reference plant as it is apparent in: i) the
dendrogram of ITS sequences (Fig. 5), ii) the PCo analysis (Fig. 6) and iii) the STRUCTURE analysis (Fig. 7). To the
contrary, plant F4 contains an ITS1 sequence 98% identical with its counterpart of P. x saportae voucher T10 (clones 3
and 4), but its ITS2 is 98% identical with the corresponding sequences of various vouchers/clones of P. x saportae, and
also with the ITS2 of P. lentiscus (Table 7). This curious composition of its ITS sequences is also apparent in the
corresponding dendrogram (Fig. 5), in which F4 appears as a discrete genotype, clustering alone, apart from any
reference plant used in this study. This is not in agreement with the PCo analysis (Fig. 6), according to which, plant F4
groups together with the P. x saportae group of plants. This is not supported by the STRUCTURE analysis (Fig. 7),
which is in agreement with the dendrogram (Fig. 5).

Discussion
The plant P. lentiscus grows among other places also in the Mediterranean basin, where it is widely-spread. On the
island of Chios (Greece), P. lentiscus (also known as P. lentiscus var. Chia) is intensively cultivated on the southern
parts of the island and constitutes an important component of the island’s terrestrial environment. Furthermore, the tree
populations cultivated in the southern part of the island produce a resin called mastiha, which is processed to several
different products and makes a signi�cant contribution to the island’s economy. Thus, studying this plant is important
for both environmental and economic reasons.

Taxonomic analysis of the cultivated genotypes of the mastic tree is therefore an important aspect, of an accurate
certi�cation of this species and its products. Previous works have suggested that the cultivated genotypes are
members of different varieties [2] and others [3] have already detected genotypic diversity among the different
cultivated genotypes. To further investigate this diversity and since morphological analysis of the plants is sometimes
confusing, a dual approach was employed, involving RAPD-based and ITS-based molecular taxonomy.

RAPD-based analysis included a total of 25 plants (�ve plants of each of the morphologically determined varieties
“Votomos”, “Maroulitis”, “Mavroschinos”, “Stenophyllos” and “Fardyphyllos”; Figures 1, 2, 3 and 4). ITS-based analysis
included 28 plants (i.e. 24 of the above-mentioned plus four additional plants belonging to the group “Votomos”).

RAPD analysis of the “Votomos” group of plants revealed the existence of a strong genotypic variability (Fig. 1),
according to which each plant exhibits a different, unique pro�le. This �nding is not supported by the more detailed ITS
marker analysis, according to which, most “Votomos” plants (Bo1, Bo2, Bo4, Bo5, Bo7 and Bo8) are 99-100% identical
the corresponding regions of the hybrid species P. x saportae. Plants Bo6 and Bo9 are 99-100% identical with the
reference plants P. lentiscus voucher Golan and P. lentiscus. Plant Bo3, we consider as very interesting case, because
its ITS1 sequence is 100% identical with the ITS1 of P. lentiscus voucher Golan and P. lentiscus, while its ITS2
sequence is 100% identical with the ITS2 of P. x saportae (Table 3). This could be considered as a case, where an event
of reticulate evolution has taken place. This possibility is further discussed below.

The RAPD pro�les of the plants belonging to “Maroulitis” group are genotypically homogeneous at the intra-varietal
level (Fig. 2). This is in full agreement with the results of the ITS marker analysis according to which all �ve plants are
98-100% identical with the corresponding regions of the reference plants P. lentiscus voucher Golan and P. lentiscus
(Table 4). Therefore, it seems that the morpho-variety “Maroulitis” is relatively genetically homogeneous, although two
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plants (Mr2 and Mr3) are not 100% identical with the other three “Maroulitis” plants and with the reference plants. This
genetic homogeneity of the “Maroulitis” plants is also re�ected in the dendrogram of the ITS sequences, where all
plants appear genetically related to the reference plant P. lentiscus (Fig. 5). The PCoA diagram and the STRUCTURE
analysis (Fig. 6 and Fig. 7, respectively) are in agreement with the dendrogram.

Similarly, all �ve “Mavroschinos” plants exhibit identical RAPD pro�les but their banding patterns clearly differ from the
ones of the “Maroulitis” plants (Fig. 2 and 3). Again, this �nding of genetic homogeneity within the “Mavroschinos”
group of plants is not supported by the ITS analysis (Table 5, Fig. 5). According to the latter analysis, three
“Mavroschinos” plants are genetically related to P. x saportae, while two other plants are related to P. lentiscus.
Therefore, we consider the members of the “Mavroschinos” group constitute a mix of P. x saportae and P. lentiscus
plants. 

Among the plants belonging to the morphological variety “Stenophyllos”, RAPD analysis (Fig. 4) indicates that these
plants constitute a heterogeneous population, but this conclusion is not supported by the ITS analysis, according to
which all examined individuals belong to the species P. lentiscus (Table 6, Fig. 5, 6 and 7). Since the ITS sequence
analysis is a reliable taxonomic tool [20, 21], we consider the members of the “Stenophyllos” group as a homogeneous
P. lentiscus population.

Based on the RAPD analysis, the plants belonging to “Fardyphyllos” group exhibit also a genotypic variability (Fig. 4),
even though not as strong as the one of “Votomos” plants. This is in agreement with the ITS sequence analysis,
according to which, most “Fardyphyllos” plants (F1, F2, F3 and F5) belong to two different clades (Fig. 5) closely
related (98-100%), but not identical, with the corresponding regions of P. lentiscus, while plant F4 has a deviating, P. x
saportae - like genotype (Table 7), which is though not close enough to the hybrid species, in order to cluster along with
it in the dendrogram (Fig. 5).

All these observations support the notion that on the island of Chios exist many more genotypes, in addition to the
ones of P. lentiscus and P. x saportae, than the �ve morphologically different “P. lentiscus var. Chia” cultivated
populations known today. This plethora of genotypes may be due to regular mutation accumulation processes, but
also to reticular evolution processes, as it exempli�ed by plant Bo3. There are several other examples of plants for
which one could suspect the occurrence of reticulate evolution events. For example, plant Bo9 could also contain
hybrid ITS sequences originating from the ITS1 of P. lentiscus voucher Golan and an ITS2 from another, so far,
unknown genotype. Certainly, the case of plant Bo3 constitutes a strong indication for such an event. Furthermore, Yi et
al. [26] have already presented evidence for reticulate evolution within the genus Pistacia. In a different study, Chiang et
al. [28] detected, among others, genetic diversity of nuclear ITS sequences in experimental hybrids of Begonia x
taipeiensis. The authors suggested intermolecular genetic recombination as the molecular mechanism, which could
result in such a phenomenon. One possible way to explain the higher rate of reticulation of ITS sequences, in
comparison to other genomic areas may reside in the process of nucleolus formation and rDNA transcription. It is
known that during these processes many different chromosomes contribute their rDNA containing regions to form
nucleolus. Therefore, it is expected that highly homologous genes/sequences originating from different chromosomes
�nd themselves in a close spatial proximity within the nucleolus, a fact that leads to a high concentration of
homologous sequences and therefore, could favour intermolecular genetic recombination. Finally, our �ndings could
lead to a reconsideration of the generally accepted practice to determine the sequence of only one of the two ITS
regions and use for taxonomical purposes, since in cases of recombination between different species, this would lead
to erroneous conclusions.

Conclusions
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In conclusion, to our knowledge, this is the �rst report revealing the presence of the hybrid P. x saportae in the
cultivated population of mastic trees on the island of Chios. It is also the �rst report of such discordance in the
composition of ITS1/ITS2 sequences, i.e. the existence of reticulation events between species P. lentiscus and the
hybrid species P. x saportae. Furthermore, it is the �rst study, which establishes that the members of the
morphologically determined, cultivated varieties are not genetically homogeneous populations. 

Methods
Plant material 

Initially, young leaves were collected from �ve different male plants of each morphologically determined variety from
different randomly selected places on the island of Chios. At a later time were collected more leaf samples from four
individual plants, belonging to the morpho-variety “Votomos”, in order to verify the initial results. Collected young
leaves were washed, dried and frozen at -80 ºC until used.

Reagents, growth media and enzymes 

Inorganic and organic chemicals, growth media, molecular biology reagents and various enzymes were purchased
from several different suppliers. For RAPD ampli�cation reactions Taq DNA polymerase (Invitrogen, Carlsbad, CA, USA)
was used, while for ITS ampli�cation reactions was used Phusion (FINNZYMES, Espoo, Finland). As DNA molecular
mass markers, DNA of λ/HindIII [Marker 1 (M1); HT Biotechnology Limited, Cambridge, UK] and ladder DNA 1.0 kb-
[Marker 2 (M2); Invitrogen, Carlsbad, CA, USA] were used.

Primers 

All primers used in this study were synthesized by VBC-Biotech Service GmbH (Vienna, Austria) and their nucleotide
sequences are presented in Table 1.

DNA extraction 

Total DNA from young leaves was extracted using the method of Doyle and Doyle [29], modi�ed as follows:
Approximately 1 g of leaf tissue was frozen with liquid nitrogen and ground using cold (-20 oC) mortar and pestle, in
the presence of 0.15 g of polyvinylpyrolidone 40 (PVP-40). The resulting white powder was suspended in 5-7.5 ml of a
preheated (60 oC) modi�ed extraction buffer, containing: all other components as described by Doyle and Doyle [29],
except that the concentration of Cetyl-trimethyl ammonium bromide (CTAB) was doubled to 4% and was further
supplemented with 1.5% PVP-40 and 20 mg/ml Proteinase K. The resulting suspension was incubated at 60 oC, for one
hour. The procedure followed after this point was the one described originally by Doyle and Doyle [29]. 

RAPD reactions 

RAPD reactions were performed in a thermocycler (Mastercycler gradient, Eppendorf®, Germany) using approximately
100 ng of DNA, [1X] Taq DNA polymerase reaction buffer, 3.0 mM MgCl2, 0.27 mM of each deoxynucleotide
triphosphate (dNTP) and 1 U Taq DNA polymerase, in a �nal volume of 50 μL. In the course of a hot-start procedure at
85 °C, each primer was added to a �nal concentration of 0.2 μM. The cycling pro�le used was as follows: an initial
denaturation step of the template at 94 °C for 2 min, followed by 30 cycles consisting of a denaturation step at 94 °C
for 45 sec, an annealing step at 40 °C for 1 min and an extension step at 72 °C for 2 min. The reaction was completed
with a single �nal extension step at 72 °C for 7 min. For each individual plant triplicate RAPD reactions were performed.
Reaction products were separated in a 1.8% agarose gel in 1X Tis-acetate electrophoresis buffer (1X TAE), using
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published procedures [30] and documented using a Kodak EDAS 290 (© Eastman Kodak Company, Rochester, NY, USA)
documentation system.

PCR ampli�cation, cloning and sequencing of the ITS regions 

PCR reactions [31] were performed using approximately 25-125 ng of total DNA, 2.5 μL of each primer (each primer’s
�nal concentration: 1 μM) and 1 U of Phusion DNA polymerase, in a �nal volume of 25 μL, according to the
manufacturer’s recommendations. The ITS regions were ampli�ed using primers ITS 18S and ITS 26S (Table 1),
designed on the basis of sequences available in the GeneBank. Cycling pro�les used consisted of one cycle at 94 oC
for 10 min and 30 cycles of three steps each as follows: 94 oC for 30 sec, 63 oC for 1 min and 72 oC for 2 min. The �nal
extension cycle was at 72 oC for 10 min. Produced amplicons were electrophoresed in a 1.0% agarose gel, bands were
cut from the gel and the contained DNA was extracted using the GenecleanÒKIT BIO 101 Systems kit (Solon, OH, USA)
according to the manufacturer’s instructions. Gel-extracted amplicons were ligated to plasmid vector pBlueScript II SK
(+) (Stratagene, West Cedar Creek, TX, USA; Table 2), digested with the restriction enzyme SmaI, using standard
procedures [30]. Ligation products were introduced into Εscherichia coli (E. coli) DH5a cells (Table 8) by
electroporation. Five recombinant bacterial colonies from each clone studied were puri�ed and examined for the
inclusion of an insert of the correct size by restriction analysis. Both strands of the inserts were sequenced by VBC-
Biotech Service GmbH (Vienna, Austria), using plasmid speci�c primers. The ITS1 and ITS2 sequences obtained from
each individual plasmid clone were deposited in the GeneBank and their deposition numbers are presented in Table 2.

Table 8. Plasmids and bacterial strains used. 
Plasmids/Bacterial
strains

Properties/Genotype Source

Plasmid: Bluescript II
(SK+)

bla, f1 origin in + orientation Stratagene

Bacterial strains:
E.coli DH5α

supE44 ΔlacU169 (φ80 lacZ ΔΜ 15) hsdR17 recA1 endA1 gyrA96
thi-1 relA1 

 
[30]

 

Bioinformatic and statistical analyses of the ITS1 and ITS2 data

Comparison of inserts’ sequences with sequences deposited in the data banks was performed using algorithm Basic
Local Alignment Search Tool (BLAST; [32]). The intervening, between ITS1 and ITS2, 5.8S rRNA gene sequences of all
Pistacia species were deleted prior to the alignment of the ITS sequences, since they all are 100% identical and
therefore, they would mask the extent (percentage) of variability among aligned ITS sequences. The data of the ITS1
and ITS2 sequences were analyzed by genetic analysis in Excel with the cross-platform package GenAlEx 6.502 [33].
Similarity of qualitative data was calculated using the Nei and Li [34] similarity index. Similarity estimates were
analyzed using Unweighted Pair Group Method using Arithmetic Averages (UPGMA) and the resulting clusters were
expressed in form of a dendrogram (Fig. 5). The matrices of mutual coe�cients of similarity calculated by GenAlEx
6.502 and converted to MEGA 4 v.4.1 software [35]. Furthermore, the above similarity coe�cients were presented by the
PCoA analyzed by GenAlEx 6.502 [33].

To study how morphology-based groups re�ect the inter-individual similarity, genetically homogeneous populations
were identi�ed by an ad hoc designed clustering approach implemented in the software Structure 2.3.4 [36]. This
software places plants in K clusters that have distinct marker frequencies, where K is chosen in advance and can be
varied across different runs. Plants can have memberships in several clusters, with membership coe�cients equaling 1
across clusters. ITS1 and ITS2 data were analyzed by treating each class of genotypes, according to the software
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documentation. A no-admixture ancestry model was used and allele frequencies were correlated, with a burn-in length
of 30,000 followed by 100 000 runs at each K [37, 38].

Abbreviations
BLAST: Basic Local Alignment Search Tool
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ITS: Internal Transcribed Spacer 

PCοA: Principal Coordinates Analysis

PCR: Polymerase Chain Reaction

RAPD: Random Ampli�ed Polymorphic DNA
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Declarations
Authors’ Contributions

EH and IS conceptualized the study. EH designed the work. IS and TV assessed and collected the plant material. PK,
CZ-P, KP, AM and PM executed the laboratory experiments. SK and AV conducted bioinformatic and statistical analyses.
EH, AE, A-SA and SH interpreted the data. PK drafted the work. A-SA and SH revised the manuscript. EH and AE updated
and edited the �nal manuscript. EH, AE, A-SA, SH and SK were involved in funding acquisition. All authors read and
approved the �nal manuscript.

Funding

This research has been co-�nanced by the European Regional Development Fund of the European Union and Greek
national funds through the Operational Programme Competitiveness, Entrepreneurship and Innovation, under the call
“RESEARCH-CREATE-INNOVATE” (Project code: T1EDK-01133).

Availability of data and materials

The datasets in this paper are available from the corresponding author on reasonable request.

Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Competing interests



Page 13/18

The authors declare that they have no competing interests.

References
1. Albaladejo RG, Sebastiani F, Aparicio A, Buonamici A, Gonzalez-Martinez SC, Vendramin GG. Development and

characterization of eight polymorphic microsatellite loci from Pistacia lentiscus L. (Anacardiaceae). Mol Ecol
Resour. 2008;8:904-906.

2. Browicz K. Pistacia lentiscus cv. Chia (Anacardiaceae) on Chios Island. P1ant Syst Evol. 1987;155:189-195.

3. Zografou P, Linos A, Hagidimitriou M. Genetic diversity among different genotypes of Pistacia lentiscus var. Chia
(mastic tree). Options Méditerr. Ser A. 2010;94:159-163.

4. Papageorgiou VP, Bakola-Christianopoulou MN, Apazidou KK, Psarros EE. Gas chromatographic-mass
spectroscopic analysis of the acidic triterpenic fraction of mastic gum. J Chromatogr A. 1997;769:263-273.

5. Magiatis P, Melliou E, Skaltsounis AL, Chinou IB, Mitaku S. Chemical composition and antimicrobial activity of the
essential oils of Pistacia lentiscus var. Chia. Plant Med. 1999;65:749-752.

�. Koutsoudaki C, Krsek M, Rodger A. Chemical composition and antibacterial activity of the essential oil and the
gum of Pistacia lentiscus var. Chia. J Agric Food Chem. 2005; 53:7681-7685.

7. Aksoy A, Duran N, Koksal F. In vitro and in vivo antimicrobial effects of mastic chewing gum against Streptococcus
mutants and mutant streptococci. Arch Oral Biol. 2006;51:476-481.

�. Paraschos S, Magiatis P, Mitakou S, Petraki K, Kalliaropoulos A, Maragkoudakis P, Mentis A, Sgouras D,
Skaltsounis A-L.
In vitro and in vivo activities of Chios mastic gum extracts and constituents against Helicobacter pylori. Antimicrob
Agents Chemother. 2007;51:551-559.

9. Tassou CC, Nychas GJE. Antimicrobial activity of essential oil of mastic gum (Pistacia lentiscus var. Chia) on
Gram positive and Gram negative bacteria in broth and in model food system. Int Biodeter Biodegr. 1995;36:411-
420. 

10. Triantafyllou A, Chaviaras N, Sergentanis TN, Protopapa E, Tsaknis J. Chios mastic gum modulates serum
biochemical parameters in a human population. J Ethnopharm. 2007;111:43-49.

11. Assimopoulou AN, Papageorgiou VP. GC-MS analysis of penta- and tetra-cyclic triterpenes from resins of Pistacia
species. Part I. Pistacia lentiscus var. Chia. Biomed Chromatogr. 2005;19:285-311.

12. Balan KV, Demetzos C, Prince J, Dimas K, Cladaras M, Han Z, Wyche JH, Pantazis P. Induction of apoptosis in
human colon cancer HCT116 cells treated with an extract of the plant product, chios mastic gum. In Vivo.
2005;19:93-102.

13. Balan KV, Prince J, Han Z, Dimas K, Cladaras M, Wyche JH, Sitaras NM, Pantazis P. Antiproliferative activity and
induction of apoptosis in human colon cancer cells treated in vitro with constituents of a product derived from
Pistacia lentiscus var. Chia. Phytomedicine. 2007;14:263-272.

14. Loutrari H, Magkouta S, Pyriochou A, Koika V, Kolisis FN, Papapetropoulos A, Roussos S. Mastic oil
from Pistacia lentiscus var. Chia inhibits growth and survival of human K562 leukemia cells and attenuates
angiogenesis. Nutr Cancer. 2006;55:86-93.

15. Andrikopoulos NK, Kaliora AC, Assimopoulou AN, Papageorgiou VP. Biological activity of some naturally occurring
resins, gums and pigments against in vitro LDL oxidation. Phytother Res. 2003;17:501-507.

1�. Dedoussis GVZ, Kaliora AC, Psarras S, Chiou A, Mylona A, Papadopoulos NG, Andrikopoulos NK. Antiatherogenic
effect of Pistacia lentiscus via GSH restoration and downregulation of CD36 mRNA expression. Atherosclerosis
2004;174:293–303.



Page 14/18

17. Desfontaines R.L. Tableau de l’ École de botanique du muséum d’histoire naturelle. JA Brosson, Paris. 1804;238
pp. DOI:10.5962/bhl.title.13828.

1�. Abuduli A, Aydin Y, Sakiroglu M, Onay A, Ercisli S, Uncuoglu AA. Molecular evaluation of genetic diversity in wild-
type mastic tree (Pistacia lentiscus L.). Biochem Genet. 2016;54:619-35.

19. Turhan-Serttaş P, Özcan T. Intraspeci�c variations studied by ISSR and IRAP markers in mastic tree (Pistacia
lentiscus L.) from Turkey. Trakya Univ J Nat Sci. 2018;19:147-157.

20. White TJ, Bruns T, Lee S, Taylor J. Ampli�cation and direct sequencing of fungal ribosomal RNA genes for
phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ, editors. PCR Protocols: A guide to methods and
applications. San Diego:Academic Press; 1990.  p. 315-322.

21. Baldwin BG. Phylogenetic utility of the internal transcribed spacers of nuclear ribosomal DNA in plants: An
example from the Compositae. Mol Phylog Evol. 1992;1:3-16

22. Baldwin BG, Sanderson MJ, Porter JM, Wojciechowski MF, Campbell CS, Donoghue MJ. The ITS region of nuclear
ribosomal DNA: A valuable source of evidence on angiosperm phylogeny.  Ann Missouri Bot Gard. 1995;82:247-
277.

23. Jobes DV, Thien LB. A Conserved motif in the 5.8 S ribosomal RNA (rRNA) gene is a useful diagnostic marker for
plant internal transcribed spacer (ITS) sequences. Plant Mol Biol Rep. 1997;15:326-334.

24. Miller AJ, Young DA, Wen J. Phylogeny and biogeography of Rhus (Anacardiaceae) based on ITS sequence data.
Int J Plant Sci. 2001;162:1401-1407.

25. Alvarez I, Wendel JF. Ribosomal ITS sequences and plant phylogenetic inference. Mol Phylogenet Evol.
2003;29:417-434.

2�. Yi T, Wen J, Golan-Goldhirsh A, Par�tt DE. Phylogenetics and reticulate evolution in Pistacia (Anacardiaceae). Am J
Bot. 2008;95:241-251.

27. Katsiotis A, Hagidimitriou M, Drossou A, Pontikis C, Loukas M. Genetic relationships among species and cultivars
of Pistacia using RAPDs and AFLPs. Euphytica. 2003;132:279-286.

2�. Chiang T-Y, Hong K-H, Peng C-I. Experimental hybridization reveals biased inheritance of the internal transcribed
spacer of the nuclear ribosomal DNA in Begonia x taipeiensis. J Plant Res. 2001;114:343-351.

29. Doyle JJ, Doyle JL. A rapid DNA isolation procedure for small quantities of fresh leaf tissue. Phytochem Bull.
1987;19:11-15.

30. Sambrook JF, Russell DW. Molecular cloning: A laboratory manual. 3rd ed. New York: Cold Spring Harbour
Laboratory Press; 2001. p. 2344.

31. Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Horn GT, Mullis KB, Erlich HA. Primer-directed enzymatic
ampli�cation of DNA with a thermostable DNA polymerase. Science. 1988;239:487-491.

32. Altschul SF, Madden TL, Schäffer AA, Zhang J, Zhang Z, Miller W, Lipman DJ. Gapped BLAST and PSI-BLAST: a
new generation of protein database search programs. Nucleic Acids Res. 1997;25:3389-3402.

33. Peakall ROD, Smouse PE. GENALEX 6: Genetic analysis in Excel. Population genetic software for teaching and
research. Mol Ecol Notes. 2006;6:288-295.

34. Nei M, Li WH. Mathematical model for studying genetic variation in terms of restriction endonucleases. Proc Nat
Acad Sci. 1979;76:5269-5273.

35. Tamura K, Dudley J, Nei M,   Kumar S. MEGA 4: molecular evolutionary genetics analysis (MEGA) software version
4.0. Mol Biol Evol. 2007;24:1596-1599.

3�. Pritchard JK, Wen W, Falush D. Documentation for STRUCTURE software: version 2.3. Chicago: University of
Chicago; 2010. http://pritch.bsd.uchicago.edu/structure_software/release_versions/v2.3.3/html/structure.html.

https://en.wikipedia.org/wiki/Digital_object_identifier


Page 15/18

37. Baldoni L, Tosti N, Ricciolini C, Belaj A, Arcioni S, Pannelli G, Germana M-A, Mulas M,   Porceddu A. Genetic
structure of wild and cultivated olives in the central Mediterranean basin. Ann Bot. 2006;98:935-942.

3�. Ganopoulos IV, Kazantzis K, Chatzicharisis I, Karayiannis I, Tsaftaris AS. Genetic diversity, structure and fruit trait
associations in Greek sweet cherry cultivars using microsatellite based (SSR/ISSR) and morpho-physiological
markers. Euphytica. 2011;181:237-251.

Figures

Figure 1

RAPD ampli�cation pro�les of �ve individual plants belonging to “Votomos” using primer OPG2 and a hot-start
procedure. Duplicate samples from each individual were electrophoresed in a 1.8% agarose gel (1X TAE buffer). Lanes:
M2, molecular mass marker 1.0 kb- DNA ladder. Bo1, Bo2, Bo3, Bo4 and Bo5 are individual “Votomos” plants.

Figure 2

Comparative RAPD ampli�cation pro�les of individual plants belonging to “Maroulitis” (5 samples), “Mavroschinos” (5
samples) and “Votomos” (1 sample) using primer OPG2 and a hot-start procedure. Samples were electrophoresed in a
1.8% agarose gel (1X TAE buffer). Lanes: M1, DNA λ/HindIII. M2, 1.0 kb- DNA ladder. Mr1 to Mr5, are �ve “Maroulitis”
plants. Mx1 to Mx5 are �ve “Mavroschinos” plants. Bo5 is a “Votomos” plant.
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Figure 3

RAPD ampli�cation pro�les of �ve individual plants belonging to “Mavroschinos” using primer OPG2 and a hot-start
procedure. Duplicate samples from each individual were electrophoresed in a 1.8% agarose gel (1X TAE buffer). Lanes:
M2, 1.0 kb- DNA ladder. Mx1, Mx2, Mx3, Mx4 and Mx5 are individual “Mavroschinos” plants.

Figure 4

Comparative RAPD ampli�cation pro�les of individual plants belonging to “Stenophyllos” (samples S1 to S5) and
“Fardyphyllos” (samples F1 to F5) using primer OPG2 and a hot-start procedure. Samples were electrophoresed in a
1.8% agarose gel (1X TAE buffer). Lanes: S1 to S5 �ve plants belonging to “Stenophyllos”. M2: 1.0 kb-DNA ladder. F1 to
F5, are �ve plants belonging to “Fardyphyllos”.
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Figure 5

Genetic relationships of �ve cultivated, morphologically determined varieties of mastic tree [“Stenophyllos” (S),
“Mavroschinos” (Mx), “Fardyphyllos” (F), “Maroulitis” (Mr) and “Votomos” (Bo)], based on ITS1 and ITS2 markers.
Unweighted pair group method using arithmetic average (UPGMA) unrooted tree illustrating genetic relationships
among 28 individuals of mastic tree and four reference plants (P. lentiscus, P. terebinthus, P. vera and P. x saportae). In
this alignment, the ITS sequences of P. terebinthus subsp. palaestina and P. vera have served as out-groups.
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Figure 6

Principal coordinates analysis (PCoA) of 28 individuals in �ve phenotypes of P. lentiscus based on ITS1 and ITS2 data,
compared on four indicator plants. 63.82% of total variance accumulated on the �rst two components (axis 1 =
38.39%; axis 2 = 25.43%).

Figure 7

STRUCTURE analysis of the data from the �ve morpho-varieties of mastic trees based on ITS1 and ITS2 data, with K =
3 clusters. Each vertical bar represents a single plant (n = 32) and the probability of its membership in four clusters.
The �ve morpho-varieties “Stenophyllos”, “Mavroschinos”, “Fardyphyllos”, “Maroulitis” and “Votomos”, compared
genetically with the 4 reference plants P. lentiscus (P.le), P. terebinthus (P.te), P. vera (P.ve) and P. x saportae (P.xsap).


