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ABSTRACT 

Random amplified polymorphic DNAs (RAPDs) and amplified fragment length polymorphisms (AFLPs) 
were used to estimate the genetic diversity between and within 21 populations of Pinus brutiu collected 
from five different regions of Syria. After screening 400 Operon Primers, only nine were able to detect 
polymorphism between the tree samples. The AFLP analysis also confirmed the low genetic variability. 
Even after digestion of monomorphic RAPD fragments with three restriction enzymes, no increased 
polymorphism between samples was revealed. The total number of identified polymorphic fragments (loci) 
between the 31 1 trees was 11 1 (74 RAPDs and 37 AFLPs). The highest level of genetic diversity was 
detected in the region of Latakia and the lowest one was detected in the region of Idleb. The genetic 
diversity detected within populations was higher than the one detected between populations. A 
dendrogram based on the' results of the polymorphic RAPD and AFLP fragments reflecting the genetic 
distance between the analyzed Pi brutia populations was developed. Our results showed that the general 
level of genetic variability in I? brutiu populations collected in Syria was low. Relative uniformity of the 
landscape in the North Western part of Syria might add to the low genetic variability observed. 
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INTRODUCTION 

Pinus is the largest genus in the family Pinaceae, 2n 
= 24 chromosomes with about 110-120 species. In 
the Mediterranean Basin the pine flora includes ten 
pine species. Although these Mediterranean pine 
forests cover only 5 0/;, of the total area of the Medi- 
terranean Basin, they comprise around 25 0/;, of the 
forested area. Of these, Pinus halepensis Mill. and 
Pinus brutia Ten. are the most common species 
(BARBERO et al. 1998). 

The natural distribution of R brutia is confined 
mainly to the Eastern Mediterranean region cover- 

ing NE Greece, the Black Sea, Turkey, Crete, 
Cyprus, Syria, Lebanon and Iraq. It tolerates a 
broad range of Mediterranean climates (EMBERGER 
et al. 1963), grows from sea level to 1500 m a.s.1. on 
a wide range of soil types (SELIK 1958; MIROV 
1967), and is recognized for its adaptation to 
drought and alkaline soils (SPENCER 2001). 

f? brutia is considered as a highly invasive 
species, occupying open disturbed sites e.g. through 
(fires). Due to the extreme Mediterranean climate 
and/or continuous human interaction, the relatively 
short-lived R brutia trees are able to form stable 
pine vegetation associated with broad-leaved species 
(ZOHARY 1973; BARBERO et al. 1998). These criteria 
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have let to an increased interest in this species for 
commercial plantations during the last decennia, 
illustrated by breeding and provenance trails carried 
out in various countries in the Mediterranean region 
(PANETSOS 198 1; ISIK 1986; BARITEAU 1992) and 
even outside (SOUVANNAVONG et al. 1995; SPENCER 
1985 and 2001). 

It is worryng however, that the 49 brutia forests 
in Syria are not included in any of the above men- 
tioned studies. Moreover, publications about these 
populations are scarce and have a general descrip- 
tive tendency (BARBERO et al. 1976; NAHAL 1983 
and 1984). The Syrian forests of 49 brutia play a 
vital role in the protection of the environment as 
they are part of it. Furthermore, it is a valuable seed 
source for the national reforestation program. Yet, 
the annual reoccurrence of fires and the continuing 
conversion of forest areas into agriculture have a 
negative impact on these natural resources. 

Random Amplified Polymorphic DNA (RAPD) 
markers can be used for fast screening of nuclear 
genome variation (WILLIAMS et al. 1990; WELSH & 
MCCLELLAND 1990). Despite the frequent use of 
RAPD markers in crop species for various purposes, 
e.g. germplasm characterization (ZHANG et al. 1996; 
CHOUMANE et al. 1998; FERGUSON et al. 1998), the 
construction of genetic linkage maps (BAI et al. 
1997; EUJAYL et al. 1998a; EUJAYL et al. 1999; 
HOQUE et al. 2002), and for the estimation of 
genetic diversity within and between species (RO- 
DRIGUEZ et al. 1999; MIGNOUNA et al. 1999; VIDAL 
et al. 1999), there are relatively few published re- 
ports of RAPD for forest trees (CARLSON et al. 
1991, GRATTAPAGLIA et al. 1992; DALE et al. 1992, 
TULSIERAM et al. 1992; NELSON et al. 1993; KAYA 
& NEALE 1993; BINELLI & BUCCI 1994; 
GRATTAPAGLIA & SEDEROFF 1994; KAYA & 
NEALE, 1995; LU et al. 1995; ADAMS & TURUSPEK- 
ov 1998). 

The amplified fragment length polymorphism 
(AFLP) is another useful marker technology devel- 
oped by VOS et al. (1995). AFLPs are robust and 
reliable because stringent reaction conditions are 
used for primer annealing. The AFLP technique 
combines the reliability of the restriction fragment 
length polymorphism (RFLP) with the power of the 
PCR techniques .This technique was widely used for 
germplasm characterization and genetic mapping in 
plants over the last five years (MAUGHAN et al. 
1996; HILL et al. 1996; HE &PRAKASH 1997; 
HONGTRAKUL et al. 1997, EUJAYL et al. 1998a and 
b; ANGIOLILLO et al. 1999; GRACIA-MAS et al. 2000, 
TEULAT et al. 2000) but only few reports exist on its 
application in forest trees (AKERMAN et al. 1996, 

Figure 1. Collection sites of P. brutiu on geographic map 
of Syria. 

LERCETEAU & SZMIDT 1999, HAYASHI et al. 2001, 
YIN et al. 2003). 

This study is, as far as we know, the first attempt 
to better understand the genetic processes operating 
within and between I? brutia populations in Syria, 
which is critical for successful preservation of the 
ecosystems they live in. For this purpose, RAPD 
and AFLP markers were used to evaluate the genetic 
variability within and between Syrian 49 brutia 
populations. 

MATERIAL & METHODS 
Plant Material 
Based on an ecogeographical survey, the distribu- 
tion of 49 brutia was mapped in Syria (IPGRI, 
unpublished). Five distinct and geographically 
separated regions with different climatic conditions 
were selected. They were Latakia, Aleppo, Hama, 
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Homs and Idleb (names are derived from the prov- 
ince in which the largest part of the populations 
occur, Figure 1). 

In each of these regions, sample sites were 
selected with distinct environmental conditions 
(altitude, soil, associate vegetation, different popula- 
tion characteristics), or separated by effective gene 
flow barriers (distance, mountains), (Table 1). 
Minimum distance between the sampled trees was 
150 meter. 

DNA extraction 
In total 3 1 1 samples of young needles were collected 
and lyophilized. Genomic DNA was extracted from 
individual plants. Needles were ground in liquid 
nitrogen and DNA extraction was performed ac- 
cording to the modified protocol of DOYLE & 
DOYLE (1 990). 

RAPD analysis 
The protocol of WILLIAMS et al. (1 990) for RAPD 
analysis was employed with minor modifications. A 
total of 400 decamer primers obtained from Operon 
Technologies, Alameda, Calif. USA (Kits A to X), 
were used to screen the DNA samples for polymor- 
phism. All amplification reactions were performed 
using a DNA thermocycler Perkin Elmer 9600. The 
final reaction volume was 15pl and contained 10 
pmol of the 10-mer Operon primers, 25ng of tem- 
plate DNA, 200 pM of each dNTPs, 1.5 mM MgCl, 
and 0.8 unit of Tag DNA polymerase. After initial 
denaturation for 4 min. at 94 "C, the reaction was 
subjected to 35 cycles of 30 sec. at 94 "C, 1 min. at 
36 "C and 2 min. at 72 "C , followed by 10 min. at 
72 "C. Amplification products were separated by 
electrophoresis on 1.5 (!h agarose gels made in 1X 
TAE buffer (40 mM Tris-Acetate, 1mM EDTA, pH 
= 8) and were visualized by ethidium bromide 
staining. Preliminary tests with one sample for each 
of the five different regions of Syria were conducted 
to select the RAPD (as well as AFLP) primers able 
to detect polymorphism. 

AFLP analysis 
The protocol for the AFLP assay was carried out as 
described by VOS et al. (1995) with minor modifica- 
tions. 0.5 yg of DNA was digested with the restric- 
tion enzymes PstI and MseI. Pre-amplification and 
selective amplifications were performed as described 
in the original protocol. Thirteen primer combina- 
tions were tested to screen for polymorphism be- 
tween the DNA samples. The primer combination 
P 1 OOlM3O 1, where PstI- 100 has four selective 

nucleotides (S'GACTGCGTACATGCAG + 
AACC) and MseI-30 1 has also four selective nucleo- 
tides 

(S'GATGAGTCCTGAGTAA + TATA), was 
selected to analyze the 3 1 1 samples. The PCR profile 
for the pre-amplification program was: 30 sec. at 94 
"C, 30 sec. at 60 OC, 1 min. at 72 OC, for 30 cycles. 
The pro-gram for selective amplification was the 
following: 30 sec. at 94 "C, 30 sec. at 65 "C, 1 min. 
at 72 "C, for one cycle. This was followed by 1 1 
cycles over which the annealing temperature was 
decreased by 0.7 "C per cycle followed by 30 sec. at 
94 "C, 30 sec. at 56 "C, 1 min. at 72 "C, for 23 
cycles. The amplified fragments were electrophores- 
ed on 6% polyacrylamide gels and stained with silver 
nitrate (BASSAM et al. 199 1). The presence and the 
absence of the bands were visually recorded. 

Data analysis 
For each marker system (AFLP and RAPD), a 
matrix of all fragments (bands) scored in the 31 1 
trees was generated using " 1" when the band was 
present and "0" when the band was absent. Frag- 
ments of the same molecular weight were scored as 
identical. Each fragment was presumed to represent 
a single genetic locus. Genes diversity at each RAPD 
and AFLP locus and genic variation statistics for all 
loci were estimated by the software package POP- 
GENE, version 1.32 (YEH et al. 1997 ). Analysis of 
genetic diversity (GD) was calculated following the 
formula of NEI (1987): 

where n is the number of samples and p is the fre- 
quency of one allele. 

Gene diversity was calculated as follows: 

where p,  is the frequency of jth allele generated with 
the primer i. 

In the total population, gene diversity (H,) was 
divided into the gene diversities within (H,) and 
among (D,,) populations in the different regions, 
thus 

Genetic differentiation (G,,) relative to the total 
population was calculated using the coefficient of 
gene differentiation (NEI 1973; 1987): 



G,y, can take value between 0 (no differentiation 
between subpopulations) and 1 .O (complete differen- 
tiation between subpopulations. 

The amount of gene flow between populations, 
Nm, where N is the population size and m is the 
fraction of individuals in a population that are 
migrants, was estimated using the following formula 
(BOEGER et al., 1993): 

among populations and migration is more important 
than genetic drift (WRIGHT 1951). 

A dendrogram of genetic distance between 21 
populations was constructed using the Unweighted 
Pair Group Mean Average Method (UPGMA) 
(SNEATH & SOUL 1973) of the software pakage 
Numerical Taxonomy and Multivariate Analysis 
System, version 2.0 1 (NTSYS-pc, ROHLF 1997). 

Nm = 0.5 [(I 1GJ - 11 RESULTS 

If Nm < 1, then local populations tend to differenti- RAPD analysis 
ate; if Nm > 1, there will be little differentiation Out of 400 Operon primers tested on five samples 

Table 2. Number of polymorphic fragments in 21 P. brutia populations based on RAPD and AFLP data. 

Population # of Number of polymorphic loci (fragments) per Total 
and region trees number 

RAPD - Operon primers AFLP ofpolym 
fragments 

B-04 B-20 C-01 C-13 F-15 J-01 P-05 P-14 V-04 

1 Aleppo 14 2 7 6 2 4 6 2 7 7 19 62 
2 15 2 6 7 3 4 7 2 6 7 22 6 6 
3 15 2 6 9 2 4 6 4 6 8 11 58 

Aleppo 44 2 7 9 3 4 7 4 7 9 25 77 

1 Homs 15 4 5 8 2 7 7 3 9 7 17 69 
2 14 3 7 5 2 2 6 3 7 6 16 57 

Horns 29 5 8 9 2 7 8 4 10 8 2 3 84 
-- 

1 Latakia 15 3 4 4 2 5 7 4 4 8 20 6 1 
2 15 3 5 5 3 4 6 4 2 4 18 54 
3 15 4 5 4 3 5 7 3 7 8 18 64 
4 15 4 7 5 2 4 8 3 6 7 20 6 6 
5 15 3 6 5 2 3 9 2 7 8 17 62 
6 15 3 7 6 2 5 7 2 8 6 22 6 8 
7 15 5 5 5 2 2 7 4 7 8 14 5 9 
8 15 4 8 6 3 2 7 5 5 6 16 62 
9 15 3 5 5 1 4 4 4 5 8 10 49 
10 15 5 5 5 2 4 6 4 4 6 2 1 62 
1 1  15 2 5 6 2 4 6 5 7 6 24 67 
12 15 2 5 4 2 4 5 3 5 6 24 6 0 

Latakia 180 7 9 9 4 6 9 6 10 10 32 102 

Idleb 15 4 4 5 2 4 6 3 2 5 2 7 62 

The whole 31 1 7 9 9 5 7 10 6 10 11 74 111 
collection 
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Table 3. Digestion of monomorphic RAPD fragments and restriction enzymes used. 

Operon primers Restriction Enzymes 
producing 
monomorphic fragments Sites for EcoR V Sites for HiizJl Sites for TuyI 

OPA- 1 8 
OPD-20 
OPE-02 
OPF-09 
OPG- 1 6 
OPH- 12 
OPN-03 
OPS-09 
OPS-13 
OPT-08 
OPW-12 
OPW-13 

AFLP were calculated (Table 4). Clear difference 
between the data based on RAPD and those based 
on AFLP can be seen. In most populations, the level 
of polymorphism detected with RAPD marker was 
higher than the one detected with AFLP. The mean 
of polymorphic RAPD loci over all regions was 
57.6%, where this mean was 48.8% for AFLP loci. 
We will focus on the results obtained for the com- 
bined data (RAPD and AFLP data) because they 
reflect in a better way, the genetic variability be- 
tween the samples. The number of polymorphic 
fragments (loci) varied between populations. It 
ranged from 42 (in population 3 of Hama) to 69 (in 
population 1 of Homs) (Table 4). No region specific 
loci were detected. All loci were presented in all 
populations but with different frequency. The value 
of gene diversity varied from 0.15 in the population 
3 of Hama to 0.26 in the population 11 of Latakia. 
The comparison between the 21 populations showed 
that the observed number of alleles varied from 1.38 
in the population 3 of Hama to 1.61 in the popula- 
tion 6 of Latakia. 

In order to understand the population structure 
and to estimate the genetic diversity within and 
between regions, the different populations were 
regrouped according to the collection regions (Lata- 
kia, Aleppo, Hama, Homs and Idleb) . For each 
region the values of the observed number of alleles 
(n,,), the effective number of alleles (n,), the gene 
diversity (h) ,  and Shanon's information index (I) 
were calculated (Table 5). The lowest values for 
observed and effective number of alleles were in the 
region of Idleb (1.5586 and 1.383 1, respectively) 
while the highest numbers were in the region of 
Latakia (1.91 89, and 1.4843, respectively). The high 

values of standard deviation (SD) observed in all 
parameters showed that the variations within the 
regions were more important than among the 
regions. 

Total gene diversity (HI)  including the gene 
diversities within populations (H,) and among 
populations (D,,), and the amount of gene flow, Nm, 
between populations, were estimated for each region 
and over the all regions (Table 6). The higher value 
of total gene diversity was detected in the region of 
Latakia (HI = 0.2887, SD = 0.028) while the lowest 
value was detected in Idleb (H, = 0.2183, SD = 
0.0447). Concerning the amount of gene flow, the 
Nm values varied from 1.693 in Latakia to 3.266 in 
Aleppo, showing the little differentiations among 
populations in one region and over all regions. 

The combined data of the 11 1 polymorphic 
fragments derived from RAPD and AFLP analysis 
was used for the estimation of the Nei's genetic 
similarity and genetic distance between the 21 
populations (Table 7). The highest genetic similarity 
was detected between populations 3 and 4 from 
Latakia (0.9694) while the lowest genetic similarity 
(0.8508) was between population2 from Homs and 
population12 from Latakia, which means that the 
biggest genetic distance (0.16 16) was between these 
two populations (Table 7) . 

Cluster analysis 
A dendrogram based on Nei's genetic distance using 
UPGMA is presented in Fig. 4. It showed that the 
21 populations were clustered together into 2 dis- 
tinct groups. The first group includes the popula- 
tions 10, 1 1, and 12 from latakia with the unique 
population 21 from Idleb, while the second group 
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contained the 17 other popu- 
lations. Three distinct sub- 
groups were identified in the 
second group. The first sub- 
group contained two popula- 
tions from Aleppo (Popula- 
tions 1 and 2), the second 
contained three populations 
from Latakia (populations 7, 
8 and 9), and the third sub- 
group contained 12 popula- 
tions from 4 different regions 
(6 from Latakia, 3 from 
Hama, 2 from Homs and 1 
from Aleppo). Within sub- 
group 3, the populations 1, 2, 
3, 4, 5 and 6 from Latakia 
were closely regrouped to- 
gether with the population 2 
of Hama. The populations 
Hama 1, Aleppo 3 and Homs 
1 formed another cluster 
while the populations Homs 2 
and Hama 3 were relatively 
isolated in this subgroup. 

DISCUSSION 

Genetic diversity between and 
within I? brutia populations 
collected from five different 
regions of Syria was evaluated 
using DNA markers. The 
analysis of these populations 
with RAPD and AFLP mark- 
ers showed different level of 
polymorphism and genetic 
diversity. The fact that out of 
400 Operon primers tested 
only nine were able to detect 
polymorphism between the 
samples, suggests that the 
level of similarity of the de- 
tected loci between the sam- 
ples was high. 

s m  Even the digestion of s 2 ,x> 
a, .5; . -  RAPD fragments with restric- 
7 b tion enzymes failed to in- 

0 % .? '3 
a cd crease the level of polymor- 

phism detected, confirming g g &e 
C& 

the high level of genetic simi- 
z $&.: larity at the sequence level in 

-j G o the Syrian populations of P 2 g m c  
P&:, c brutia. Similar results were 
O II II 4 obtained by KAVA & NEALE 
; g 2 "1995) where they found that 
9 * * 8 
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Table 6. Analysis of gene diversity in five regions of collections. 

Regions Number RAPD + ALFP 
of trees 

HI HT DS, G,s, Nm # of % of 
polymorph. polymorph. 

loci loci 

Aleppo 44 Mean 
St. dev. 

Hama 43 Mean 
St. dev. 

Homs 29 Mean 
St. dev. 

Latakia 180 Mean 
St. dev. 

Idleb 15 Mean 
St. dev. 

All 31 1 Mean 
regions St. dev. 

H,: gene diversity in total population 
H,: gene diversity within populations 
D,,: gene diversity among populations 
Nm* = estimate of gene flow from G ,,,, e. g., Nm = 0.5 (1 - GJG,, 

Idleb I 

~atakial I 
Latakial2-- 
1'' l ' ' ' ' l ' ' ' ' l ' r ' ' I  " " I  

0.01 0.03 0.05 0.06 0.08 0. I (  

Coefficient of GD- Sahn 

Figure 4. Genetic distance between trees from 21 Syrian populations based on AFLP and RAPD data. 

high proportion of RAPD loci detected in Turkish of the Northeastern Aegean sea (PANETSOS et ale 
red pine (R brutia) was monomorphic. These results 1998). In that study, the level of genetic diversity 
are in disagreement with a study based on isoenzym- detected was higher than the values detected in our 
es carried out on accessions originating from islands populations of Syria. Previous studies on the species 
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of II  brutia based on mor- 
phological, anatomical, 
protein, allozymes and 
resin characteristic have 
revealed the existence of 
considerable variation of 
growth characteristic of 
this species (ARBEZ 1974; 
CALAMASSI et al. 1988; 
ISIK 1986; CONKLE et al. 
1988). But, variation of 
most of these characteris- 
tics appeared to be related 
mostly to altitude andl or 
climatic factors. In our 
study no relationship was 
identified between the 
variations in morphologi- 
cal characters (as crown 
shape, needles, angle of 
the stems, height to the 
first fork, height to the 
first branch, bends in the 
stem) and the altitude, the 
soil and mother rock, or 
climatic factors (data not 
presented). 

Genetic diversity within 
and between populations in 
the same area 

The gene diversity within 
and between populations 
in each region was esti- 
mated separately. The 
comparison of these values 
showed that this diversity 
varied from one popula- 
tion to another within the 
same region. For example, 
the difference in gene di- 
versity values was higher 
between populations from 
Hama than those from 
Aleppo. The highest level 
of gene diversity was de- 
tected in the region of 
Latakia followed by 
Homs, Aleppo, Hama and 
the lowest value was in 
Idleb (Table 5). The detec- 
tion of more diversity in Latakia 
populations could be due 
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to the high number of samples analyzed (1 80), which 
are collected from 12 different sites, and to the 
surface on which these collections were dispersed. 
On the other side, the variability within the popula- 
tions was high which could be noticed from the high 
value of SD for each region (Table 5). This suggests 
that variation existing within populations and 
consequently within regions was more important 
than the values detected between regions. 

Gene diversity between populations of different 
regions 
The analysis demonstrated higher level of intra- 
population diversity compared to inter-populations. 
Region specific alleles were absent. All alleles 
detected in this study were present in all populations 
and all regions but with different frequency, some 
alleles (OPB-20.4 and OPC- 13.4) were very frequent, 
they were present in 99.8% of the samples while 
others were rare (OPJ-1.10) and were present in 4% 
of the total samples (data not presented). 

The majority of the gene diversity was detected 
within the P brutia populations (93.2%, whereas 
only 6.8% exists between the populations (Table 6). 
This is in accordance with others studies based on 
different markers, although the percentages can vary 
considerably (KAYA & NEALE 1993; KARA et al. 
1997; PANETSOS et al. 1998; KOROL et al. 2002). 

The small value of genetic differentiation and 
gene flow in the different regions ( 0.1328 in Aleppo 
to 0.228 in Latakia, and 1.693 in Latakia to 3.266 in 
Aleppo, repectively) showed the little differentiation 
between populations from the different regions. 

At the country level, the values of genetic diver- 
sity and genetic distance were calculated for the 21 
population sites (Table 7). The highest value of 
genetic diversity was between populations Latakia 
12 and Homs 2 and the smallest value was between 
populations Latakia 3 and 4. 

The dendrogram based on the genetic distance 
(Fig. 4) showed that the 21 sites (populations) were 
clustered close to each other and regrouped into two 
distinguished groups. The most distant group 
comprises three sites of Latakia (sites 10, 11 and 12) 
which represent sites localized close to each other 
and in a relatively separated area of Latakia (Fig. 1) 
with one site of Idleb. The second group comprises 
three subgroups, the first one includes the popula- 
tions 1 and 2 from Aleppo, the second one com- 
prised the three populations from Lata-kia (7,8 and 
9) while the other populations of Latakia were in the 
third subgroup with the populations from Aleppo 
and Hama and Homs. The populations 1, 2, 3,4, 5 

and 6 from Latakia were more close to each others 
than the others populations of Latakia. We could 
notice that in Latakia, the populations which were 
clustered close to each others in the dendrogram 
were collected from sites geographically close to 
each others (eg. Populations land 2, then 3,4,5, and 
6, then 7, 8, and 9). The high level of similarity 
estimated between the population of Idleb and the 
populations 10, 11, and 12 of Latakia, and their 
clustering in the same group in the dendrogram 
could be due to the geographically close locations 
(Fig. 1). The situation is completely different for 
samples collected from Homs. Although the two 
sites in Homs are much more close to each other 
than to the other sites of Syria, the two populations 
analyzed have relatively high values of genetic 
distance (0.096) and have higher values of similarity 
with populations from distant sites (Table 7). For 
the regions of Aleppo, two of the three populations 
analyzed (1 and 2) were clustered in the same sub- 
group and were close to each other geographically. 
The third population, although it is geographically 
close to the other populations, was clustered with 
the population of Hama collected from a very 
distant place. The populations 1, 2 and 3 of Hama 
were the most dispersed populations. There were all 
in the same group but in three different subgroups 
(Fig. 4). 

We could conclude from our analysis that 
although the genetic diversity within populations is 
higher than that between populations, the general 
level of genetic variability detected in the Syrian P 
brutia was not high. Similar results were obtained on 
Turkish P brutia and it was noted that the geno- 
types originated from distantly located geographic 
regions, with unfavorable ecological conditions for 
growth, had low value in proportion of polymorphic 
loci (KAYA & NEALE 1993, 1995). The low genetic 
variability seems to be a character of P brutia where 
the same information was obtained using the 
isozymes analysis (KARA et al. 1997). 

The genetic variability detected within popula- 
tions of Syria is more important than the one de- 
tected between populations. These results confirm 
the results obtained with isozyme markers on P 
brutia in the in the Aegean island, Greece popula- 
tions (PANETSOS et al. 1998). Similar results were 
obtained through the analysis with SSR markers 
(ELHANS 200 1). 

The limited level of genetic diversity revealed by 
RAPD and AFLP markers in the Syrian popula- 
tions of P brutia could be explained by the fact that 
these trees were collected from relatively close areas. 
Seemingly they were subjected to similar conditions 



of selection pressures imposed by common environ- 
mental influences. The recent development of SSR 
markers from species of Pinus like I? halapensis 
(KEYS et al. 2000, SHEPHERD et al. 2002) and even 
from P brutia (ELHANS 2001) could help to reveal 
higher levels of variations in the Syrian populations. 
The detection of higher level of genetic diversity and 
the identification of specific population alleles would 
provide good information about the genetic struc- 
ture of the Syrian I? brutia populations and could 
help in selecting the most variable genotypes to 
conserve and use them as a source for the national 
forestation program of 19 brutia. 
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