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Abstract
Identification of Pinus brutia TEN., P. halepensis MILL. and
their putative interspecific natural hybrids was studied in
Rhodes island, Greece by using morphological, anatomical and
isoenzymatic markers. Twentytwo morphological and anatomical characteristics and 3 loci (GDH-A, LAP-A, IDH-A) were
used for identification of the above species and their hybrids.
Among the 22 tested morphological and anatomical characteristics, 19 (all except three: peduncle, seed width and teeth
per centimeter) presented higher mean values in trees regarded as P. brutia, while 14 (all except eight: needle thickness,
stomata rows, teeth per centimeter, resin ducts, cone width,
seed width, cone length, and length of seed plus wing) presented intermediate mean values in trees regarded as interspecific
natural hybrids. The three tested loci, were proved to be useful
markers for the discrimination of both pine species and their
interspecific hybrids. An agreement among the clusters of the
morphological analysis and the species characterization by the
biochemical analysis, was noticed.
Key words: identification, Pinus brutia, Pinus halepensis, natural
hybrids, morphological-anatomical-isoenzymatic markers.
FDC: 165.71; 165.3; 164; 174.7 Pinus brutia; 174.7 Pinus halepensis;
(495).

Introduction
Aleppo pine (Pinus halepensis MILL.) and Brutia pine (Pinus
brutia TEN.), form a distinct group within the Eurasian hard
pines and their combined geographic distribution reflects their
prominence among low elevation Mediterranean forest species.
P. halepensis has a wide distribution ranging from southern
Europe and Morocco in the West, to Syria in the Southeast and
mainland Greece in the North-East of the Mediterranean basin
(PANETSOS, 1981). P. brutia presents a more restricted distribution ranging from Iraq in the East, to Greece in the West, in
particular being present in Thrace and in the islands of the
eastern Aegean sea including Crete. Isolated occurrences of one
species inside the range of the other have been attributed to
human interference’s (PANETSOS, 1981). As it can be appreciated, the eastern limits of P. halepensis and the western limits of
P. brutia come close in Greece. The two species, besides spatial
isolation, have developed other kinds of barriers, such as
prevention of fertilization when P. halepensis is the female
parent, reduced embryo viability in hybrid seeds, low temperature tolerance, as well as differences in blooming time. They
should be therefore considered, as two well established pine
species (PANETSOS, 1986).

In Rhodes island in particular, P. halepensis is considered to
have been introduced about one hundred years ago (PANETSOS,
1975), at the northwest of the island. Initially, P. halepensis
and P. brutia were separated by a broad belt of natural
Cupressus sempervirens stands, but due to human activity this
zone ceased to exist. Several intermediate forms have been
observed in a broad area located between the two species and
the existence of hybridization and active introgression among
the two species has been verified by an analysis of morphological variation (PANETSOS, 1975). In this investigation, the pine
populations of Rhodes island are being studied employing two
approaches, morphological and enzymatic. These approaches
are being compared in order to appreciate their relative efficiencies in assessing the patterns of hybrid introgression.
Materials and Methods
The sampled areas were: the Apolakia area of the old
P. halepensis introduction, the Profitis Elias area, considered
as a pure P. brutia stand, and an area located between the two
above mentioned sites which is considered to be the area of the
putative hybrids (PANETSOS, 1975). Within each area, care was
taken to sample individuals which phenotypically corresponded
to P. brutia, P. halepensis and their hybrids respectively.
A total of 112 individuals were sampled, 28 of which came
from the Apolakia area, 25 from the Profitis Elias area and 59
from the intermediate zone. Trees were chosen to be at least

Table 1. – Morphological and anatomical characteristics measured in
Pinus brutia, P. halepensis and their putative hybrids.

However, artificial hybridization has revealed that the two
species can be successfully crossed, and even that natural
hybrids are formed in areas where the two species come in
contact, due to human interference (PANETSOS, 1975; MOULALIS
et al., 1976).
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Table 2. – Descriptive statistics of morphological and anatomical characteristics in P. brutia, P. halepensis and their putative hybrids.

normality was investigated in the 22 characters measured
by using the SHAPIRO-WILKS statistic. In the cases where
deviations from normality were detected, the logarithmic
transformation was successfully employed. Correlation between characters were not very high and PEARSON’s r did not
exceed 0.85. In order to reduce the dimension of the space
while classifying individuals, a principal component analysis
(PIMENTEL, 1979) was performed to give a hierarchy of the most
discriminant traits.
Subsequently Euclidean distances between individuals were
computed from a matrix of the “n’’ first principal components,
the number of which was judged by the percent of variation
explained and the deflection point of a plot of eigenvalues. In
general, the Euclidean distance between individuals i an j
based upon p variables is:

(PIMENTEL, 1979). The dissimilarity matrix formed was then
subjected to a hierarchical cluster analysis, by using the
average linkage clustering method. In particular, the unweighted pair group algorithm using arithmetic averages
(UPGMA) was employed (PIMENTEL, 1979). A hierarchical tree
based on the generated average distances was produced, by
using the STATISTICA® software package.
50 m apart so as to avoid sampling from related individuals.
Five vigorous branches were collected from each tree within
the center of the crown of trees more than twenty years old.
Ten separate measurements were made concerning 22 morphological and anatomical characteristics which are presented in
table 1. Three additional composite variables that were
introduced by summation of individual variables are also
presented in table 1. Statistical analysis of the data
was carried out using SAS software (SAS, 1985). Univariate
statistics of the morphological data were computed. Data
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In order to enhance and verify the above morphological
analysis, a subset of the sampled populations was used for
isoenzyme analysis. Three enzyme systems were employed:
GDH (E.C. 1.4.1.2.), IDH (E.C. 1.1.1.42), and LAP (E.C.
3.4.11.1.). The above enzyme systems were chosen because they
have been proved to provide species specific gene markers
between the two species. This finding, originally reported by
CONKLE et al. (1988) and used by KOROL et al. (1995) to identify
potential F1 hybrids in an artificial plantation, was also
detected in this study. In particular, in the GDH enzyme
system the A1 and A 2 alleles were specific to P. brutia, while

Figure 1. – Hierarchical tree of Pinus individuals based on the UPGMA clustering procedure of morphological data with superimposed species and
hybrid designations by biochemical markers (O: P. brutia, X: hybrid, T: P. halepensis.

Table 3. – Eigenvalues and percent of trace calculated from the principal component analysis of Pinus morphological data.

systems, gel composition, electrode buffers and staining recipes
were prepared according to CHELIAK and PITEL (1984) except for
the staining recipe for LAP which was prepared according to
CONKLE et al. (1982). Gels were run under refrigeration (4 °C)
and constant amperage (60 mA) with the exception that voltage was not allowed to exceed 320 V. The loci and alleles at each
locus were numbered in decreasing order of anodal mobility.
Seven endosperms per tree were used in order to reveal the
underlying multilocus genotype with a sufficient statistical
confidence.
Results and Discussion

the A3 allele was specific to P. halepensis. In the IDH enzyme
system the A2 and A3 alleles were specific to P. brutia while
the A1 allele to P. halepensis. In the LAP enzyme system, the
A1 allele was characteristic of P. brutia and the A2 allele of
P. halepensis.
Electrophoresis was carried out on haploid endosperms.
Seeds were stratified at 4 °C for one week. They were subsequently placed on moist filter paper in Petri dishes in a seed
germinator provided with a 16 h photoperiod. Germination
(radicle length of 1 mm to 2 mm) normally occurred within a
week. Endosperms (megagametophytes) were dissected from
germinated seeds and were homogenized individually with a
pestle and mortar by adding the 0.20 M phosphate extraction
buffer of CONKLE et al. (1982). The homogenates were analyzed
for the enzyme systems mentioned above in a horizontal
electrophoresis system with 10.5 % Sigma starch. Buffer

The mean values, standard deviations and coefficients of
variation of the morphological variables are presented in
table 2. As it can be appreciated from this table, the trees
from the Profitis Elias area (considered as P. brutia), presented higher mean values in their morphological characteristics
when compared to the trees of the Apolakia area (considered
as P. halepensis). This was evident for all characteristics
but tree: peduncle length, seed width, and teeth per centimeter.
The trees from the area between Profitis Elias and Apolakia,
which are considered as putative hybrids, presented intermediate mean values in 14 out of 22 morphological measured
characteristics; in four characteristics (needle thickness,
stomata rows of the convex side of the needle, teeth per
centimeter, and resin ducts of the convex side of the needle) the
mean values were closer to the values of the Profitis Elias
population. In two characteristics (cone width, and seed width)
the mean values were closer to the Apolakia population and in
two others (cone length, and length of seed and wing) the mean
values of the individuals from the intermediate zone were
lower than the mean values of either the Profitis Elias or the
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Table 4. – Genotypes and designation of Pinus individuals inferred by 3 species-specific gene markers.

*) b: Profitis Elias
h: Apolakia
f: Intermediate Zone

Apolakia populations. A possible explanation for the above
results would be that the putative hybrid population (intermediate sampling zone) consisted of a mixture of individuals
resulting from F1 or advanced generations and backcrosses.
At this point, it should be noted that some morphological
variables presented high values for the coefficient of variation
(CV), in the samples of the populations from the intermediate
zone and the Apolakia areas. This outcome can be attributed to
the finding that, as it was proved by the morphological
multivariate analysis (see Fig. 1) as well as the biochemical
analysis (see results and discussion below), these populations
contain mixtures of P. brutia, P. halepensis individuals and
individuals of hybrid origin. The presence of individuals from
different species within each group, resulted in higher variability in morphological characters.
The results of the principal components analysis of morphological and anatomical variables are presented in table 3. The
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first 12 principal components accounting for 95 % of the total
variability are shown. According to these results more than
half of the total variability (60 %) is explained in low principal
space, in particular by the first three axes. All components
were bipolar. The first component was characterized by high
loadings in the eigenvector matrix in cone and needle
characters, such as sheath length, the number of rows of
stomata, cone length, cone width needle length and needle
width. The second component characterized by a high eigenvector value of the total number of stomata per cm. The third
component was constituted mainly by seed variables, in
particular seed length, seed width and length of seed and wing.
Based on the above results and the deflection point of a plot
of eigenvalues it was judged to employ the matrix of the first
seven principal components, accounting for 83 % of the total
variability for the calculation of Eucledian distances among
individuals and the construction of a hierarchical dendrogram
(Fig. 1). As it can be observed in figure 1, two distinct classes
exist. The larger cluster (individuals h16 to f61) was considered
as representing mainly the P. brutia trees and consisted of all
trees from the Profitis Elias area and a large number of individuals from the intermediate zone of sampling. The second
cluster (individuals f 29 to b11) was considered as representing
mainly the P. halepensis trees and incorporated individuals
from the Apolakia area as well as individuals from the intermediate zone.
The fact that a large number of individuals from the intermediate zone area appeared sequentially in the left branches of
the P. brutia cluster and the right branches of the
P. halepensis cluster, is in agreement with the results of
PANETSOS (1975), who showed that hybridization and active
introgression occurs in the vicinity of the area where the two
species come in contact.
The results of the biochemical analysis are presented in
table 4. Electrophoretic phenotypes are schematized in
figure 2. As it can be seen in this table, all individuals from
the Profitis Elias area were designated as P. brutia since
their multilocus genotypes only contain allelic characteristics
to P. brutia. On the contrary, in the Apolakia area, not all
individuals were designated as P. halepensis; some were
proven to be hybrids according to the above presented explanation of their occurrence. In the intermediate zone, all potential
cases occurred: individuals were determined as P. brutia,
P. halepensis or of hybrid origin.
In order to compare the morphological and biochemical
analyses, we superimposed the biochemical results on the
cluster analysis dendrogram (Fig. 1). There was an agreement

Figure 2. – Banding patterns of zymogram and assignment of alleles in
the enzyme systems studied in Pinus individuals.

among the clusters of the morphological analysis and the
species characterization from the isoenzyme analysis. High
concordance between morphological and biochemical characteristics in a study where pure species and their putative
interspecific hybrids were evaluated, has also been observed by
YEH et al. (1986) in two Picea species and their hybrids. Similar
results have been observed in two other conifers, in particular
Larix laricina (DICKINSON et al., 1988) and Picea abies (LAGERCRANZ and RYMAN, 1990). Similar patterns of variation between
morphological and alloenzyme data sets have been observed in
a number of other studies as well (MICHEVICH and JOHNSON,
1976).
Conclusion
When comparing the morphological data and the isoenzyme
data approaches in the study of natural hybridization and
introgression, the effectiveness of the isoenzyme analysis,
especially when informative gene markers are available, is
evident. The use of both approaches in the study of putative
hybrids and potential introgression can be essential in
clarifying relationships between and among species and populations. The morphological analysis allowed the visualization of
the interspecific hybridization and introgression while the
isoenzymatic analysis provided similar results but with less
data “noise” due to environmental variation. The isoenzymatic
analysis achieved to show the existence of backcrosses in the
hybrid swarm population, and in this respect, it elucidated in a
more clarifying way the phenomenon and the dynamics of
introgression.
It is clear that the study of introgressive populations
requires large sample sizes and a high number of speciesspecific gene markers in order to reveal in elucidating detail
the magnitude and patterns of introgression in general, and in
the case of Rhodes island in particular.
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