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Summary

Seed material from 20 circum-Mediterranean Pinus
halepensis MILL (Aleppo pine) populations and 32 Pinus brutia
TEN. Subsp. brutia populations of range-wide distribution in
Turkey was used to analyze the genetic diversity and structure
of the species, by applying the starch gel electrophoresis
technique to isoenzymes extracted from the seed megagameto-
phytes. 

The results show that not all the enzyme systems were
resolved equally in the two species, therefore, data for several
loci are not available for one or the other species. Significant
differences between the two species in the overall average of
allele frequencies in many loci can be observed. The largest dif-
ferences occurred in the Aco, Acp, Adh2, Gdh, Got1, Mdh1, Pgm2,
Pgi2, 6Pgd2 and 6Pgd3 enzyme systems and loci. In these
enzyme systems allele frequencies alternated between the first
and second locus in the two species.

In Aleppo pine, statistical analysis of allele frequency data
revealed that the mean number of alleles per locus ranged be-
tween 1.3 and 2.0; the percentages of polymorphic loci at the
0.95 criterion ranged between 16.0 and 44.0; the direct count
mean heterozygosity ranged between 0.025 and 0.144; and
HARDY-WEINBERG expected heterozygosity ranged between
0.052 and 0.188. A UPGMA dendrogram based on the genetic
distance-Wagner procedure aggregated the 20 Aleppo pine
populations mainly into three geographically distinct groups,
namely: a western Mediterranean group that includes popula-
tions from Morocco, Spain and France; an eastern European
group comprising Greek and Italian populations; and an
eastern Mediterranean group comprising populations from
Turkey, Jordan and Israel. The four Tunisian Aleppo pine
populations were divided, according to allele frequencies in
several enzyme systems, between the eastern and the western
Mediterranean groups. Significant differences among the
groups were found also in several genotype frequencies but
especially in those of the Aap 1-1, Lap 0-1 and 2-2 genotypes.

In Pinus brutia TEN. The results revealed that the number of
alleles per locus ranged from 1.95 to 2.40 with an average of
2.16; the percentage of polymorphic loci, by the 95% criterion,
ranged from 65% to 75% averaging 68%; the effective number
of alleles per locus ranged from 1.41 to 1.60, with an average of
1.49. Consequently, the observed and expected heterozygosities
were 0.191 (ranging from 0.144 to 0.267) and 0.271 (ranging
from 0.233 to 0.312), respectively. 
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Introduction

The availability of Aleppo pine (Pinus halepensis MILL.) seed
material, collected within the framework of the IUFRO-FAO
project on Mediterranean pine species (MORANDINI, 1976), was
the basis of the genetic diversity analysis, done by means of the
isoenzyme starch gel electrophoresis technique (CONKLE et al.,
1982), among 19 circum-Mediterranean populations of Aleppo
pine and 10 Pinus brutia TEN. populations (SCHILLER et al.,
1986; CONKLE et al., 1988). Subsequent studies that utilized the
same technique concerned themselves only with the regional
distribution of the genetic diversity in Aleppo and Brutia pines
(e.g., GRUNWALD et al., 1986; TEISSEIRE et al., 1995; AGUNDEZ et
al., 1997; KOROL and SCHILLER, 1996; AGUNDEZ et al., 1999;
PUGLISI et al., 1999; KARA, et al., 1997; PANETSOS et al., 1998;
GANI-GULBABA and OZKURT, 2000). Several other studies used
biochemical traits as genetic markers, such as resin monoter-
pene composition analyzed with the gas chromatography
technique, to evaluate the genetic diversity among populations
of Aleppo pine (e.g., SCHILLER and GRUNWALD, 1986, 1987;
BARADAT et al., 1989, 1995). Recently high levels of genetic
diversity among circum-Mediterranean populations of Aleppo
pine was revealed by means of the chloroplast microsatellites
technique (e.g., BUCCI et al. 1998; MORGANTE et al., 1998;
VENDRAMIN et al., 1998). 

The aim of the present study was to extend our knowledge of
the intra- and intergenetic diversity and the phylogenetic rela-
tionships among circum-Mediterranean occurrences (prove-
nances) of Aleppo and Brutia pines by means of the isoenzyme
technique. To compare the results echived on P. halepensis



36

MILL. with those achieved in a different study on P. brutia TEN.
The availability of several old and new seed material collec-
tions of Pinus halepensis and Pinus brutia served for new
analysis of within and among species inter and intra prove-
nances genetic diversity 

This study was carried out within the framework of the
European Union INCO-DC research project on “Global, physio-
logical and molecular responses to climatic stresses of three
Mediterranean conifers”.

Materials and Methods

a. Seed Materials

Aleppo pine seeds from bulked seed lots originated in
overseas natural forest populations (provenances), and from
non-bulked single-tree seed collections within the Israeli native
populations were used to analyze the genetic diversity and
structure of Aleppo pine (Table 1). 

Table 1. – Geographic locations of the seed sources analyzed.

b. Electrophoresis

Aleppo pine seeds were germinated and enzymes were
extracted from the megagametophyte (maternal) tissue that
was homogenized in a griding plate together with 75 µl of
0.2 M phosphate buffer pH 7.5, 0.1 Triton x-100, 1% BSA, 0.1
b-mercatoethanol, for all enzyme systems (KELLY and ADAMS,
1977). Horizontal starch gel electrophoresis was performed
according to CONKLE et al. (1982). Four different electrophore-
sis buffer systems were used to analyze the 15 enzyme systems
according to KOROL and SCHILLER (1996) (Table 2). Analyses
were performed with eight haploid megagametophytes per
mother tree (probability of detecting a heterozygous tree is
0.992). 

Table 2. – Enzyme systems analyzed, E.C. numbers and buffer systems
used

c. Data analysis 

By applying the BIOSYS-1 computer program, version 1.7
(e.g., SWOFFORD and SELANDER, 1981) calculations of intra- and
interpopulation genetic diversity were performed.

Results 

a. Description of isoenzyme patterns

15 enzyme systems were examined by means of starch gel
electrophoresis (Table 2). In enzymes with more than one zone
of activity, alleles were numbered according to their frequen-
cies, the most common allele, being numbered as “1”. Excep-
tions in numbering were in the loci Mdh2, Mdh4, Mnr1 and
Pgm2, which were numbered as in previous studies (KOROL and
SCHILLER, 1996). Of the 27 loci analyzed, Pgi1, Pgm1 and 6Pgd1
were monomorphic; the SKDH system did not resolved on the
gels for P. halepensis. Several loci revealed the existence of a
second, third or fourth allele in only one or a few of the 20
populations analyzed. Allele frequencies in each of the popula-
tions and enzyme systems analyzed are presented in Table 3.

b. Genetic variability

A UPGMA dendrogram based on genetic distance measures
(ROGERS, 1972) obtained with the distance-Wagner procedure,
which, according to WESTFALL and CONKLE (1992) is better for
visualizing clines, is presented in Figure 1. Four main popula-
tion assemblages are presented: a. western Mediterranean
including Morocco, Spain and France; b. eastern Mediterranean
including Israel, Jordan and Turkey; and c. eastern European
including Italy and Greece. d. the four populations growing in
Tunisia that are the first at the branching dichotomy, divided
between the two branching directions: two populations are at
the origin of the eastern European group, and two at the origin
of the eastern Mediterranean group. The same phenomenon
was found during the analysis of the data by means of NEI’s
(1972) genetic distance or similarity procedures. The split of
the Tunisian population is due to large differences in allele
frequencies in the Aap, Adh2, Cat2, Mdh3, Mdh4 and Pgm2 loci,
although the geographical data indicate that the distances
separating the four populations are not large. Allele frequen-
cies in the loci mentioned above, in the Selloum and Takrouna
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Table 3. – Allele frequencies in each of the enzyme systems and populations analyzed
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populations, are more similar to those appearing in the
western Mediterranean group, whereas allele frequencies in
the Birino and Oum Dejour populations are more similar to
those in the eastern Mediterranean group.

The Aleppo pine populations analyzed were grouped into four
groups, according to the mean allele frequencies in each locus.
Group one include six populations from France, Spain and
Morocco. The second group include four populations from Greece
and Italy. The third group include four populations from
Tunisia, and the fourth group comprise six populations, from
Turkey, Jordan and Israel. The overall means of the allele
frequencies in each locus analyzed in the four groups are pre-
sented in Table 4. Differences among the four groups occurred
in most of the loci, with significant differences in the Aap, Aco,
Adh2, Cat2, Got3, Lap1, Mdh2, Mdh4, Mnr1, Pgm2 and 6Pgd3 loci.
In comparison with the other groups the eastern Mediterranean
group had high allele frequencies in the second loci of the Aap,
Cat2 and Got3. The Greek-Italian group differed from the other
ones mainly in allele frequencies in the Aap, Aco, Adh1, Adh2,
Gdh, Lap, Mdh4, Pgi2, and 6Pgd2 loci; in many enzyme systems
the third and fourth allele was present only in the Greek-
Italian populations. 

In the analyzed populations the same four groups, as mention-
ed above, could also be distinguished on the basis of some geno-
type frequencies. Populations in the first group showed high

levels of homogeneity in several enzyme systems. The locus
Aap clearly indicated differences among the groups: genotype
1-1 was the most frequent in the first group, with an average
frequency of 0.965, whereas in other groups its mean frequency
was not more than 0.450 (Figure 2). The Aap 1-1 genotype fre-
quencies in the first group also differed significantly (P<0.001)
from the other three groups. The Aap 2-2 genotype was the
most frequent one (0.452) in group four, that differed signifi-
cantly from group one (P<0.0001), from group two (P<0.054)
and from group three (P<0.161). Populations from other
regions appeared to be less homogeneous. The Aap 3-3 geno-
type was detected only in the second group (the Greek-Italian
group), its average frequency was 0.117; this genotype was
never detected in trees from other regions. High frequencies of
the Adh11-2 and the Lap 2-2 genotypes also characterized the
Greek-Italian group. The Lap 2-2 and the Aap 3-3 genotypes
were detected only in the second group. The Lap 0-1 genotype
was found only in the fourth group, being very frequent in the
Israeli populations (Table 5). In both, the eastern Mediterranean
and the Tunisian populations the Cat2 1-2 genotype was the
most frequent, while it was not detected in the other groups. 

Low levels of polymorphism among individuals within the
same population were found in some cases. Also in this feature,
the four groups could be distinguished according to several
parameters. The western Mediterranean group showed the

Figure 1. – Wagner tree produced by rooting at midpoint of longest path

a.

b.

c.
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Table 4. – Avarage allele frequencies in four geographie groups pf Pinus halepensis and in Pinus brutia from Turkey.
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Discussion

The new seed collections of Pinus halepensis MILL. and the
Pinus brutia TEN. have enabled additional biochemical analysis
to be performed to reveal the genetic diversity within and
among populations, and between the two species. The results of
the present study differ significantly from those of an earlier
study by SCHILLER et al. (1986) in the number of loci revealed in
the enzyme systems analyzed and, hence, in the number of
polymorphic enzyme systems. SCHILLER et al. (1986) revealed
only two alleles in all of the enzyme systems, and found only
nine enzyme systems to be polymorphic. In the present study
more then two alleles were revealed in many of the loci, and 17
loci were polymorphic according to the 95% criterion. These
new findings also changed other genetic parameters such as
the overall mean number of alleles per locus, the overall mean
percentage of polymorphic loci and the overall mean expected
heterozygosity. In the former study (SCHILLER et al., 1986) these
data were 1.10, 15.0, and 0.040 respectively; whereas the pres-
ent study yielded values of 1.53, 32.6 and 0.110, respectively. 

In spite of the above-mentioned differences, cluster analysis
based on NEI’s (1972) genetic distance or similarity procedures,
or on distance-Wagner or CAVALLI-SFORZA and Edwards (1967)
procedures, revealed geographic aggregations that were very
similar to the cluster published in the earlier study by SCHIL-
LER et al. (1986); but there were also some differences that
resulted from the availability of seeds from Tunisia that were
not available before. In the previous study Aleppo pine growing
in Israel, i.e., the eastern Mediterranean group, differed from
the western Mediterranean group mainly by the frequencies of
allele two in the Cat2 and the Aap loci; the Turkish population
available at that time was thought to be an old-time artificial

lowest degree of diversity within populations (Table 6). The
mean numbers of alleles per locus ranged between 1.2 and 1.4
in the first group, between 1.8 and 2.0 in the second group, be-
tween 1.5 and 1.6 in the third group, and between 1.3 and 1.8
in the fourth group. The percentages of polymorphic loci
according to the 95% criterion were between 16 and 20% in the
first group, between 44 and 52% in the second group, between
32 and 36% in the third group, and between 12 and 44% in 
the fourth group. Direct count heterozygosity (observed
heterozygosity = Hobs) and expected heterozygosity (HARDY-
WEINBERG expectations = Hexp) ranged between 0.025 and
0.051, and between 0.052 and 0.068, respectively, in the first
group; between 0.126 and 0.144 and between 0.177 and 0.188,
respectively, in the second group; between 0.059 and 0.088, and
between 0.076 and 0.129, respectively, in the third group; be-
tween 0.049 and 0.124 and between 0.054 and 0.156, respec-
tively, in the fourth group. 

There was great interest in the possibility of comparing the
overall mean allele frequencies in the 20 circum-Mediterranean
populations of Pinus halepensis MILL. with these in 32 natural
elite seed stands of Pinus brutia TEN. subsp. brutia (NAHEL,
1983) of a range-wide distribution in Turkey (Table 4). Table 4
shows that, although the same technique was used, not all the
enzyme systems were resolved equally in the two species,
therefore, in one or the other species, data for several loci are
not available. Significant differences between the two species
in the overall average frequencies of alleles in many loci can be
observed. The largest differences occurred in the Aco, Acp,
Adh2, Gdh, Got1, Mdh1, Pgm2, Pgi2, 6Pgd2 and 6Pgd3 enzyme
systems and loci. In these enzyme systems, higher and lower
allele frequencies alternated between the first and second loci
in the two species.  

Table 6. – Genetic variability at 25 loci in 20 circum-Mediterranean
populations.

* A locus is considered polymorphic if the frequency of the most com-
mon allele does not exceed 0.95

** Unbiased estimate (see NEI, 1978)

Turkey (TUR)

Ajlun (JOR)

Figure 2. – Aap 1-1 genotype frequencies in the four groups

Table 5. – Lap 0-1 and Lap 2-2 genotype frequencies in the four P.
halepensis geographic groups.

1
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one, resembling Moroccan populations; and it was concluded
that Aleppo pine migrated to the eastern Mediterranean from
North Africa. In the present study the eastern Mediterranean
group was enlarged by including the Jordanian and Turkish
populations, which implies that all natural Aleppo pine popula-
tions in the eastern Mediterranean, i.e., Turkey, Lebanon,
Syria, Israel and Jordan belong to the same group. Connections
to Tunisian populations were found as the result of similarities
mainly in the frequencies of the Aap and Cat2 allele number
two, which strengthens former conclusions about the migration
path of the Aleppo pine into the eastern Mediterranean coun-
tries. A split among the Tunisian populations was also evident
from the results presented in previous studies by SCHILLER and
GRUNWALD (1987) and BARADAT et al. (1995) using resin mono-
terpene composition as a genetic marker. In their study “On
geographical variation in the terpene composition of Pinus
halepensis MILL.” BARADAT et al. (1995) concluded that the
Chiavari and Vico del Gargano populations were similar in
their terpene compositions and they placed their origin in the
Middle East. The results of the present study, too, point to a
high similarity in allele frequencies between these two popula-
tions. But, contrary to the conclusions of BARADAT et al. (1995),
they are strongly tied to the natural populations of the Balkan
Peninsula; this implies that the Italian Chiavari population
might be an artificial one. According to SCHILLER et al. (1986)
the Albanian, Greek and Italian-Gargano Peninsula Aleppo
pine populations were considered as the eastern-European
subgroup of the western-Mediterranean group, and that they
include introgression from Pinus brutia. The results presented
in Table 4 imply that this is not the case, because in the
enzyme systems where the third allele is unique to the eastern-
European populations, no more than three alleles were detect-
ed, whereas in Pinus brutia four or five alleles were revealed.
In spite of the few similarities between P. halepensis and P.
brutia in allele frequencies (Aap), the idea of SCHILLER and
MENDEL (1995) that Aleppo pine in the Balkan peninsula is “a
direct descendent of Tertiary Aleppo pine in central Europe,
that migrated into the Balkan peninsula due to climate chan-
ges, keeping their relative high heterozygosity” might be more
plausible. Such an idea is supported by the findings of
MORGANTE et al. (1998), who categorically rejected the idea of
introgression because of their results gained by chloroplast
microsatellites analysis.

Since the beginning of botanical-genetical research within
and among Mediterranean pine species, there has been great
interest in the relations between the two vicarious species, P.
halepensis and P. brutia. Our present analysis of genetic diver-
sity in these species used large sample sizes (20 populations of
P. halepensis and 32 populations of P. brutia) and the same
methods, and therefore enables a partial comparison. Overall
mean allele frequencies in the 15 enzyme systems and 18 loci
differed significantly (Table 4). Among the two pine species,
allele frequencies alternated between the first, second and
third alleles in 11 of the 18 loci analyzed. In P. brutia the
second and third alleles had considerably higher frequencies,
and the first allele much lower frequencies than in P. halepen-
sis. These results are similar to those presented by CONKLE et
al. (1988), who stated that “Allozymes indicate a highly signifi-
cant divergence between P. brutia and P. halepensis”.

To conclude, the results of allozyme analysis obtained in the
present study strengthen conclusions formed previously about
the genetic diversity and the relations among circum-Medi-
terranean P. halepensis populations, and between P. halepensis
and P. brutia. These conclusions are that each is a different
species not only in morphological characters but also in bioche-
mical and molecular characters. 
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