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Abstract

The estimation of genetic diversity using molecular markers
is a major component of genetic conservation programs. In its
range, Maritime pine has been extensively studied using differ-
ent molecular markers and quantitative traits. However,
Moroccan populations have been usually represented only by a
few typical locations in the Middle Atlas (e.g., Tamjout). To
describe the genetic structure and variability of maritime pine
in Morocco, eleven populations of this species comprising all
major geographic regions (Rif, Middle Atlas and High Atlas)
were studied using allozyme markers. A total of 471 samples
were analyzed using polyacrylamide gel electrophoresis
(PAGE) of eight enzyme systems encoded by 19 loci. Genetic
variation was lower in Morocco than in other ranges of the
species. However, genetic diversity was structured and a high
differentiation among populations (� = 10.44%) and a moderate
correlation between genetic and geographic distances were
found (0.350). Three main groups of populations can be distin-
guished based on genetic distances: (i) Mediterranean Coastal,
(ii) Occidental Rif and Middle Atlas and (iii) High Atlas. The
populations from Middle Atlas presented the lowest values of
allelic richness and gene diversity whereas the populations
from Rif showed a considerable amount of genetic variability.
Human impact and isolation are major factors explaining popu-
lation genetic structure of maritime pine in Morocco. Overex-
ploitation of the forest by intensive cattle grazing and land
speculation are suggested to be active mechanisms currently
deploying the genetic resources of this species. 

Key words: Pinus pinaster, genetic structure, genetic diversity, genetic
conservation,  allozymes , Morocco, maritime pine.

Introduction

The distribution of genetic variation among and within popu-
lations is a major concern in plant population genetics. The
presence of natural genetic variation is a key factor for the
adaptation of forest trees to environmental changes. The sce-
narios for global climatic warming in the Mediterranean region
foresee an important increase of temperatures in the next
decades (~4.5°C by 2050) and changes in the amount of precipi-
tation as high as a 50% with respect to the rainfall over the
last 30 years (HULME 1999). Marginal populations (i.e. those
growing at the edges of their range or those restricted to singu-
lar environments) might contain original gene complexes and
trees adapted to growing in extreme environments or showing
disease or pest resistance, thus providing valuable base materi-
al for current and future breeding programs of forest trees

(HARFOUCHE et al., 1995, 2000; NGUYEN-QUEYRENS et al., 1995).
Moreover, the conservation and management of genetic diversi-
ty are integral parts of forest planning (RAFFIN, 1999;
SAVOLAINEN, 2000) and can influence forest management deci-
sions, such as the selection of the cutting regime. However, the
absence of basic information on diversity and genetic structure
in many tree species and the restriction of the available studies
to particular ranges limit the development of effective policies
for the conservation and use of forest genetic resources (ROGERS

and LEDIG, 1996). Range-wide surveys of genetic diversity
based on genetic markers can be useful to provide basic deci-
sion tools and to define forest-planning policies (e.g., PETIT et
al., 1998). 

Isozyme analysis has been used over the past two decades to
investigate the population genetic structure of a large number
of organisms, from fruit flies and wild herbs to humans (NEVO,
1978). In forest trees, isozyme markers have been largely used
to assess genetic diversity (HAMRICK and GODT, 1990; MÜLLER-
STARCK et al., 1992). Reviews on isozyme variation of plants
have disclosed that conifers are one of the most variable groups
of plant species and that the populations of most of the species
store high levels of genetic variability (HAMRICK et al., 1979;
LOVELESS and HAMRICK, 1984). This variability is generally
attributed to the open wind-pollinated monoecious reproduc-
tive system, the long life-cycles and the distribution in large
continuous populations of most conifer species.

Maritime pine (Pinus pinaster Aiton) is a conifer native to
the western part of the Mediterranean basin, including conti-
nental France and Corsica, the Iberian Peninsula (Spain and
Portugal), Italy (including Pantelleria island) and northwest-
ern Africa (Morocco, Algeria and Tunisia). Recent studies based
on mtDNA-RFLP analysis have identified three maternal lin-
eages in maritime pine (BURBAN and PETIT, 2003). The eastern
mtDNA lineage is distributed in northeastern Spain (only one
population, located at Catalonia), southeastern France, Corsi-
ca, Italy (including Pantelleria Island), Tunisia and Algeria.
The western mtDNA lineage includes populations found in the
remaining Iberian Peninsula, continental France and Punta
Cires (northern Morocco). The Moroccan lineage is specific of
Morocco. Different maternal lineages in maritime pine may
represent different isolated glacial refugia of the species. Sev-
eral lines of arguments have lead to the hypothesis that the
quaternary glaciations have played a major role in the genetic
structuring of maritime pine (BARADAT and MARPEAU, 1988;
SALVADOR et al., 2000; CARRIÓN et al., 2000). In addition, a
recent review of molecular marker (allozymes, chloroplast and
nuclear microsatellites and amplified fragment length polymor-
phisms) and quantitative trait (i.e., common garden experi-
ments) studies showed that a differentiation of the three
maternal lineages can still be found using these different kind
of chloroplastic and nuclear genome traits (GONZÁLEZ-MARTÍNEZ

et al., 2004 and references therein). 

In Morocco, maritime pine is a frequent tree species and an
important natural resource in terms of both economic benefit
and land protection. Nowadays, this species covers approxi-
mately 12 000.00 hectares and, although it is not widespread,
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it is found in most forested regions: the High Atlas, the Middle
Atlas, the Rif and the Mediterranean coastal region. It is the
second species used in term of reforestation and its range cov-
ers an extremely wide variety of soil types and climatic condi-
tions. The present-day size of native populations varies consid-
erably (26–286 ha), though never reaching the big extensions
of continuous forest of other ranges such as Portugal or Central
Spain (DESTREMAU et al., 1976). The population size of Moroc-
can maritime pine forests, though reflecting general factors
related to their ecology, is often linked to human impact. The
comparison of forest inventories conducted in 1976 (DESTREMAU

et al., 1976) and 1997 (Deutsche Gesellschaft für Technische
Zusammenarbeit and Ministère de l’Agriculture, Administra-
tion des Eaux et Forêts, Royaume du Maroc) showed the disap-
pearance of some populations along the Moroccan range of
maritime pine. Surviving stands are characterized by their
fragility, instability and frequent degradation. Human popula-
tion growth has led to overexploitation and accelerated degra-
dation of forest resources. In the north, along the Mediter-
ranean coast, fires, land speculation and uncontrolled recre-
ational activities are having serious repercussion in the preser-
vation of maritime pine stands, recently becoming a matter of
concern for both government and general public (M’HIRIT,
1999). Recently, a general interest in the preservation of forest
resources have aroused changes in Moroccan forest policy that
require managers to introduce alternative reforestation sys-
tems into maritime pine plantations and limit genetic erosion
to provide greater structural diversity and so enhance aesthetic
conservation and environmental benefits (M’HIRIT and MAGH-
NOUJ, 1994; M’HIRIT et al., 1997). 

Moroccan populations of maritime pine may represent a
unique genetic resource. However, genetic sampling of this
region has been generally poor and based on a few populations
(typically Tamjout and in some cases Tamrabta, both located at
the Middle Atlas). Only one single study has exclusively
focused on Moroccan populations of maritime pine. EL-ALAMI et
al. (1997) studied the enzymatic polymorphism in five native
Moroccan populations using starch gel electrophoresis of
isozyme systems encoded by seven loci. Taking base on prelimi-
nary results, EL-ALAMI et al. (1997) reported no clear evidence
of population genetic structure or differences in genetic diversi-
ty among populations. The limited sample size of this study
highlights the necessity of more extensive ones. 

Accordingly, the aim of this study is to analyze population
genetic structure and variability in 11 natural populations of
maritime pine (Pinus pinaster Aiton), covering the range of the
species in Morocco. Spatial analysis and information about the
distribution of gene diversity among populations will complete
the picture already available on other ranges of the species.
Recommendations about the management of forest genetic
resources of maritime pine in Morocco are also provided.

Materials and Methods

Plant material

Samples of maritime pine were collected from 11 natural
populations in Morocco (Figure 1 and Table 1). Trees sampled
were randomly chosen at least 50 m apart from each other
along North-South transects following climatic gradients mate-
rialized by the altitude and the exposure. Extracted Seedlots
were placed in Petri dishes on top of filter paper disks moist-
ened with distilled water. The seeds were incubated at
25°C/17°C day/night, with 16h /8h light/darkness regime
(15 000.00 lux). Seeds were considered for enzyme extraction
when showing a small radicula. An average of 41 (36 48) germi-
nated seeds were analyzed separately to detect isoenzyme poly-

morphism (a total of 451 seeds). As total seeds (megagameto-
phytes + embryos) were used for enzyme extraction, we
obtained multilocus diploid genotypes for each seed. 

Isozyme analysis

Newly germinated seeds were placed individually in 0.4 ml
of extraction buffer (1.6% Tris, 0.04% bovine serum albumin,
0.4% polyvinylpyrrolidone, 2% polyethylene-glycol, 0.05%
dithiothreitol, 15% glycerol, and 1% ß-mercaptoethanol) at
pH = 7.2. Seeds were homogenized by hand using a chilled pes-
tle and mortar. Homogenates were centrifuged at 20 000.00 g
and 2°C, and the clear supernatants were stored for 2 to 4 days
at –20 °C until used for electrophoresis.

Polyacrylamide gel electrophoresis (10%) of the following
eight enzyme systems was conducted: glutamate-oxaloacetate
transaminase (Got; EC. 2.6.1.1), isocitrate dehydrogenase (Idh;
E.C. 1.1.1.42), leucine aminopeptidase (Lap; E.C.3.4.11.1), ala-
nine aminopeptidase (Aap; E.C.3.4.11.1), 6-phosphogluconic

Figure 1. – Location map of 11 native maritime pine populations sam-
pled in this study.

Table 1. – Location, stand area and climatic parameters of 11 native
populations of maritime pine in Morocco. Tmax and Tmin stand for
mean maximum temperature and mean minimum temperature, respec-
tively.
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dehydrogenase (6Pgd; E.C.1.1.1.44), phosphoglucomutase
(Pgm; E.C.2.7.5.1), phosphoglucoisomerase (Pgi; E.C.5.3.1.9)
and shikimate dehydrogenase (Skd; E.C.1.1.1.25). A total of 19
isozyme loci were resolved. Vertical electrophoresis was carried
out at a constant voltage of 200 V (50 mA) using a Tris-Glycine
buffer. The separation of isozyme products was achieved after
2–3 hours of electrophoresis at 4°C. For each enzyme system,
the loci were sequentially numbered from the most cathodal to
the most anodal. Recipes for the extraction buffer, isozyme
staining and polyacrylamide gels can be found elsewhere
(CONKLE et al., 1982; CHELIAK and PITEL, 1984; KEPHART, 1990;
ROTHE, 1994). 

cope with uneven population sample sizes. Population genetic
structure was investigated using F-statistics as estimated by
WEIR (1990). Confidence intervals for F-statistics were comput-
ed by bootstrapping 1,000 times over loci. NEI’s unbiased genet-
ic distance (d) was also computed and a dendrogram was con-
structed using the UPGMA method. In addition, a Mantel test
between genetic and geographic distances was done.

All analysis were conducted using PopGene ver. 1.31 (YEH et
al., 1997), GenePop ver. 3.4. (RAYMOND and ROUSSET, 1995),
Contrib (RÉMY J. PETIT, INRA, Bordeaux) and GDA ver. 1.0.
(LEWIS and ZAYKIN, 2001).

Results

A total of 471 samples from 11 populations were successfully
analyzed using eight isozyme systems encoded by 19 loci.
Twelve loci (6Pgd-1, 6Pgd-2, Got-1, Got-2, Got-3, Got-4, Idh-1,
Skd-2, Aap-1, Pgm-2, Pgi-1 and Pgi-3) were consistently
monomorphic in all populations, producing considerably low
estimates of the number of polymorphic loci at population level
(average of 28.78%). Locus Pgi-2 was excluded from genetic
analysis because it was not satisfactorily resolved in some pop-
ulations. Zymograms for the six remaining polymorphic loci
(Skd-1, Aap-2, Aap-3, Lap-1, Lap-2 and Pgm-1) are given in
Figure 2. 

Table 2. – Allelic richness, genetic diversity (only polymorphic loci
considered), and coefficient of inbreeding within populations, f, in 
P. pinaster populations from Morocco. 

a Low95 and Up95 are the lower and upper 95% confidence interval,
respectively, computed using bootstrap re-sampling over loci (1,000
bootstraps).

Genetic analysis

Interpretation of zymograms (see Table 2) was done based on
all populations studied and previous work by SALVADOR et al.
(2000) and GONZÁLEZ-MARTÍNEZ et al. (2001). Only polymorphic
loci with unambiguous patterns were retained and individual
multilocus genotypes were obtained for the calculation of
genetic parameters. Genetic variability was described by the
following parameters: percentage of polymorphic loci (P), allelic
richness (A) and the observed and expected heterozygosity (Ho
and He, respectively). Expected heterozygosity was calculated
following NEI (NEI, 1973). Allelic richness, i.e. the number of
alleles found in a given population, is highly dependent on
effective population size and is more sensitive to past demo-
graphic changes than average heterozygosity, being a useful
measure in conservation genetics (NEI et al., 1975; PETIT et al.,
1998). The contribution of single populations to global genetic
diversity and allelic richness has been analyzed following PETIT

et al. (1998). This method allows to distinguish between two
components: the contribution due to the population’s own
diversity/allelic richness and the contribution due to its diver-
gence from the diversity/allelic composition of the rest of the
populations. When contributions to allelic richness were calcu-
lated, the rarefaction method of HURLBERT (1971) was used to

Figure 2. – Observed allozyme products and interpretation for Skd, Aap,
Lap and Pgm systems encoded by six loci showing polymorphism in
Moroccan native populations of maritime pine.

A total number of 28 alleles (average of 1.56 alleles per locus)
has been found in native Moroccan populations of maritime
pine. Only one population, Punta Cires (PC), showed a private
allele (Skd-1, allele 4). Two other alleles (Aap-2, allele 1; and
Lap-1, allele 2) were absent from three out of four populations
analyzed in Middle Atlas (respectively, Talaghine, Tamrabta
and Zaouia Ifrane, and Talaghine, Tamjout and Zaouia Ifrane).
Allelic richness, genetic variability for polymorphic loci and
inbreeding coefficients (f ) are presented in Table 2. The popula-
tions from Middle Atlas showed less allelic richness than popu-
lations from Rif or High Atlas. In particular, Talaghine (TAL)
and Zaouia Ifrane (ZI), both located in Middle Atlas, had the
lowest number of alleles (24). The contribution of individual
populations to total allelic richness is low, except for Punta
Cires population, that contributes a 3.17%, based mostly on a
divergence component (Figure 3, top). 

Genetic diversity estimates (He) were also lower for Middle
Atlas populations. In this case, Tamrabta (TAMR) showed the
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lowest value (0.251). The highest values of diversity were found
in Adeldhal (ADL, 0.395) and Madisouka (MAD, 0.411), both in
the Rif region. Genetic diversity was intermediate at Sidi
Meskour (SM, 0.332), the only population analyzed from High
Atlas. A clear pattern of individual contributions to total genet-
ic diversity was also present (Figure 3, bottom): most popula-
tions from Rif contributed positively to total genetic diversity
whereas most populations from Middle Atlas had negative con-
tributions. Sidi Meskour had an important contribution to total
genetic diversity, 1.33%, mostly based in its divergence from
the rest of the populations. Remarkably, the inbreeding coeffi-
cient was significantly higher than zero in most of Rif ’s popula-
tions (four out of six) with an average of 0.190.  

Genetic differentiation is high in Moroccan maritime pine
populations. Partitioning of variation within and among-popu-
lations using F-statistics showed a � value of 0.1044, signifi-
cantly different from zero as shown by a bootstrapping proce-
dure (95% CI: 0.0729, 0.1384). Interpopulation differentiation
is clearly found at loci Aap-3, Lap-1 and Lap-2. Moreover,
genetic and geographic distances are correlated in maritime
pine populations from Morocco (Figure 4). This correlation is
marginally significant as shown by a Mantel test (r = 0.350, p =
0.085). Figure 5 shows an UPGMA phylogenetic tree based on
NEI’s unbiased genetic distance. The maximum (0.045) and
minimum (0.003) pair wise genetic distances (d) were found
between Tamrabta (Middle Atlas) and Sidi Meskour (High
Atlas), and Tamjout (Middle Atlas) and Jbel Bouhacheme
(Occidental Rif), respectively. At the level of genetic distance, d,
of 0.026 three groups can be differentiated. One cluster com-
prises populations from Mediterranean Coastal (Punta Cires
and Koudiat Erramla) together with a population from Middle
Atlas (Talaghine). The second cluster includes the populations
from Occidental Rif (Jbel Bouhacheme, Madisouka, and Adeld-
hal) and the rest of the populations from Middle Atlas (Tam-
rabta, Tamjout, and Zaouia Ifrane). This cluster is further sub-
divided differentiating Madisouka and Adeldhal populations,
both located in Occidental Rif, from the rest. Finally, a third
cluster including one population from Occidental Rif
(Tadouine) and the only population from High Atlas, Sidi
Meskour, was present. Only populations Tadouine from Occi-
dental Rif and Talaghine from Middle Atlas were clearly inte-
grated in groups not corresponding with their geographic loca-
tion. 

Discussion

Surveys of genetic variation in maritime pine have been con-
ducted in the last few decades using different kind of markers
and traits (see review in GONZÁLEZ-MARTÍNEZ et al., 2004).
Despite the importance of the Moroccan range of the species,
sampling in this region has been incomplete and typically rep-
resented by just a few populations located at Middle Atlas,
such as Tamjout  and only a single study has focused exclusive-
ly in this distribution range (EL-ALAMI et al., 1997). 

Electrophoretic variation in Morocco is lower than in other
ranges of the species. The average number of polymorphic loci
in our study was half that found in the Iberian Peninsula
(28.79% and 58.80%, respectively; SALVADOR et al., 2000) and

Figure 3. – Contributions of individual populations to total allelic rich-
ness (top), and to total genetic diversity (bottom) of 11 maritime pine
populations. The contribution of each population is partitioned in two
components: the contribution due to its own diversity/richness, and the
contribution due to its divergence from the rest of populations.

Figure 4. – Correlation between Nei’s unbiased genetic distance and
geographic distance. A linear trend line is also shown.

Figure 5. – UPGMA phylogenetic tree based on Nei’s unbiased genetic
distance for 11 native populations of maritime pine in Morocco.
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one population, Zaouia Ifrane, had a value of 16.67%, much
lower than the minimum value ever found in the Iberian
Peninsula (40.00% in the marginal population of Las Gabar-
ras, northeastern Spain; our unpublished data). This happens
even when the technique used in this study (PAGE) is more
suitable than conventional starch gel procedures for the sepa-
ration of complex associations of multiple forms of enzymes
such as those of non-specific enzyme systems (GOTTLIEB, 1981). 

One possible explanation for the low level of polymorphism
found in Morocco might be the choice of enzyme systems used
in this analysis. However, one population included in this
study, Tamjout, has also showed very low values of allozyme
variation in wide-range studies (BARBA et al., 2001; GONZÁLEZ-
MARTÍNEZ et al., 2004). On the other hand, in North Africa
(M’HIRIT, 1999) and particularly in Morocco (BENABID, 1985;
M’HIRIT and MAGHNOUJ, 1994), the increase of population
inhabiting the region has led to overexploitation and accelerat-
ed degradation of forest resources. The disappearance of many
ecosystems and species in Morocco has recently become a major
concern. The degradation of some existing forest stands has
dramatically impoverished the genetic pools of several species.
This situation has been extensively described and analyzed by
several authors (e.g., TOMASELLI, 1976; FAO, 1993; SKOURI,
1994). Moreover, CAUVIN et al. (1997) identified two main caus-
es eventually conducive to stand depletion of Moroccan mar-
itime pine: (i) intensive littering and woodland grazing by cat-
tle and (ii) difficulties in the natural regeneration of this
species, in particular when cattle grazing is involved. Hence, a
more feasible explanation of the low diversity level found in
Moroccan populations of maritime pine is related to the reduc-
tion of effective population size due to human impact. Data
related to maritime pine exploitation are inexistent. However,
fifty years ago, it has been estimated that the forest covers in
the Rif region 4.300.000 ha wile too recently; it covers about
3.275.000 ha (BOUDY, 1951; BEDHRI, 1992). Moreover, the annu-
al rate of the deforestation in the period 1981–1990 in North
Africa was of 114,000 ha (M’HIRIT, 1999). Actually, as shown in
table 1, maritime pine population’s size in Morocco varied from
270 to 20 ha.

Marginal populations comprising few individuals or severely
harvested show a significant reduction in genetic variation and
the loss of rare alleles (YEH and LAYTON, 1979; LAMY et al.,
1999). Genetic drift has been widely reported as the main
cause of the reduction of genetic variability in marginal or iso-
lated populations of conifers (LEDIG and CONKLE, 1983; HAMRIK

et al., 1992; FALLOUR et al., 1997). Genetic drift along with
restricted gene flow might also explain the high differentiation
found in Moroccan populations of maritime pine (� = 10.44%).
Genetic differentiation in Morocco is within the upper limit
reported in the literature for conifer species (average Fst =
6.50% in genus Pinus; HAMRICK et al., 1992). PETIT et al. (1995)
reported Fst values of around 16% in six geographical origins
of Pinus pinaster from the wide-range distribution. Regional
genetic differentiation estimates in other ranges of the species
varied from around � = 2% in Portugal (estimated both with
allozymes and cpSSRs; RIBEIRO et al., 2001 and references
therein), where population structure was eroded by extensive
gene flow, to Gst = 7.7% in Spain (SALVADOR et al., 2000), where
different glacial refugia and ancient isolation of populations
have been described. High values of genetic differentiation
have often been associated to populations located at the edge of
their range or to depleted populations with low effective popu-
lation sizes. For instance, an Fst value of 11.30% was found in
Picea glauca populations located at its northern range limit
(TREMBLAY et al., 1989). 

The existence of a population genetic structure has a main
role in adaptation to local environmental variation. A moderate
geographical structure is present in Moroccan maritime pine.
Three main groups of populations can be distinguished: (i)
Mediterranean Coastal, (ii) Occidental Rif and Middle Atlas
and (iii) High Atlas. BURBAN and PETIT (2003) comparing
cpDNA and mtDNA data suggested pollen flow across the
straight of Gibraltar and the native status of Punta Cires pop-
ulation. Our results are consistent with this interpretation as
Punta Cires is the only population that has a private allele and
its contribution to total allelic richness is high (3.17%, due
mostly to the divergence component). Populations from Rif
(both Mediterranean Coastal and Occidental) are characterized
by high levels of diversity and a significant inbreeding coeffi-
cient. Partial selfing or parental inbreeding due to low effective
population size could explain the deficiency of heterozygotes
found at most loci in the Rif region. A possible Wahlund effect
due to differences in allele frequencies in the effective pollen
pool of each tree within single populations or to gene flow
among populations, including long-distance gene flow across
the straits of Gibraltar, could also explain our results. Howev-
er, inbreeding does not appear to be an important process lead-
ing to subpopulation structuring in maritime pine (DUREL et
al., 1996). Populations from Middle Atlas are characterized by
low levels of allelic richness and gene diversity (both at the
number of polymorphic loci and expected heterozygosity).
Talaghine (TAL) population consists of an isolated stand of
reduced size (20 ha) growing at high altitude (1840 m), which
could explain the low number of alleles found in this popula-
tion (24). In the case of Zaouia Ifrane (ZI) a bias in diversity
estimates is possible due to cones being harvested from only
eight individual trees. The only population sampled from High
Atlas (Sidi Meskour) maintains considerable levels of polymor-
phism and a number of alleles higher than average. Moreover,
this is the only population with a significant contribution to
total diversity based on the divergent component and should be
considered for conservation programs. 

In conclusion, this paper reflects high levels of differentia-
tion among populations and a moderate level of geographic
structure of maritime pine populations in Morocco using
enzyme markers. Populations located at Middle Atlas have
been frequently included in genetic surveys of this species (e.g.,
Tamjout). However, this region presented the lowest level of
allelic richness and genetic diversity found in Morocco. In order
to reduce sampling biases, we recommend completing these
surveys with populations from the main geographic groups
described in this study: Mediterranean Coastal, Occidental Rif,
Middle Atlas and High Atlas. One of the goals of conservation
genetics is to use the information provided by genetic markers
to implement conservation policies. In the case of maritime
pine in Morocco this is an urgent necessity as overexploitation
of the forest and land speculation are active mechanisms cur-
rently deploying the genetic resources of this species. In this
paper, we have identified some populations of high interest for
conservation (e.g., Sidi Meskour) and provided basic data to be
combined with ecological and socioeconomic information in
implementing conservation programs for maritime pine in
Morocco. 
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Abstract

Using PCR-RFLP analysis, a comparative study on the
restriction site polymorphism within 8 genes and regions of the
Abies chloroplast DNA has been conducted covering 15 Asian, 6
North American and 7 Mediterranean species. A variable
degree of divergence was observed among individual species of
a given region as well as between geographical groups. A group
of the Mediterranean firs, consisting of closely related species,
differed profoundly from both Asian and North American repre-
sentatives. Although a higher level of restriction site variants
was detected among the Asian firs, two thirds of them were
allocated to the difference between A. mariesii and the other
Asian firs. The North American species exhibited the highest
level of polymorphism resulting in several subgroups on a
cladogram. At the individual species level, the Asian species A.
mariesii and the North American species A. lasiocarpa

diverged conspicuously from their counterparts in their respec-
tive regions. The results of restriction site polymorphism
analysis are discussed with ragard to crossability and taxo-
nomic status of individual species.

Key words: Abies, chloroplast DNA, restriction site variation, relation-
ships, species differentiation.

Introduction

The genus Abies is a prominent representative of the
Pinaceae in Northern Hemisphere. According to the taxonomic
account by LIU (1971) the genus comprises 39 species, 23 vari-
eties and 8 natural hybrids between sympatric species growing
in different parts of the world. A more recent classification FAR-
JON and RUSHFORTH (1989) proposed the existence of as many
as 49 species, 23 varieties and 1 natural hybrid in Abies.

Based on the karyological evidence of SAX and SAX (1933)
and the crossability data by ROHMEDER and EISENHUT (1961), a
close genetic relationship within the genus has been suggested
(KIELLANDER, 1962; KLAEHN and WINIESKI, 1962). Extensive
experiments with artificial cross-pollination of Abies spp. have
however only partially validated this conclusion. A high degree
of mutual crossability has been proved unequivocally only
among the Mediterranean firs (GREGUSS, 1984; KORMUTAK,
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