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ABSTRACT

Although intraspecies researches within the black pine (Pinus nigra Arnold) have a long tradition, the intraspe-
cies taxonomy, classification and chorology are still unclear. Among the numerous reasons that have caused this
situation the most important are: the absence of a study that would completely cover the whole range of this spe-
cies, the impossibility of connection of results of the existing detailed studies of certain areas, and the high varia-
bility of traits which have been used so far. Since the characteristics of the molecular systematic techniques could
make possible the research free of the mentioned shortages, the intention of this study was to determine the rela-
tionships among nine populations of black pine using the random amplified polymorphic DNA (RAPD). The ob-
tained results were compared to the recent results of the morphological and anatomical analysis of the leaves of
the same populations. The RAPD results clearly divided the Croatian populations from populations of Austria
(subsp. nigra) and Turkey (subsp. pallasiana), while among Croatian populations, as in previous study, the exi-
stence of several groups (subsp. illyrica, subsp. dalmatica and transitional population between them) was noticed.
It is assumed that the optimisations conducted in this study will finally make possible estimating the relationships
on the level of the whole range of the black pine and the classification based on molecular traits that are probably
less dependent on environmental influences than it has been the case with the characteristics mostly used so far.
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INTRODUCTION

The distribution of black pine (Pinus nigra Arnold) is
tied to the Mediterranean Basin. In accordance with the ge-
ographic and topographic diversity of this region the black
pine has a discontinuous range (Fig. 1), and it is an extre-
mely variable species (Fukarek 1958; Vidakovi¢ 1991;
Gaussen et al. 1993).

Although the intraspecies researches within the black pi-
ne have a long tradition (e.g. Ronninger 1924; Georgescu
1937; Schwartz 1938; Delevoy 1949; Fukarek 1958; Gaus-
sen et al. 1964, 1993; Ivanov 1971; Arbez et al. 1974; Ni-
koli¢ and Tuci¢ 1983; Vidakovi¢ 1991; Scaltsoyiannes et
al. 1994; Raffii et al. 1996; Aguinagalde et al. 1997), intra-
species taxonomy, classification and chorology are still
unclear (Fukarek 1958; Vidakovi¢ 1991; Gaussen 1993;
Barbéro et al. 1998). Among the numerous possible rea-
sons for having the mentioned problems the most impor-
tant are: the absence of a research which would cover the
whole range of this species (Vidakovi¢ 1991, Barbéro et al.

1998), integrating of the present detailed studies of certain
areas is not possible because of the differences in samples
and methods (e.g. Hamrich et al. 1979), the black pine is
extremely variable in morphological and anatomical featu-
res that have been used in intraspecies taxonomy, classifi-
cation and chorology so far (e.g. Vidakovi¢ 1991; Gaussen
et al. 1993).

The mentioned problems are especially emphasized in
the eastern part of the range of the black pine, which is the
biggest but the least studied (Fig. 1). Although the territory
of Croatia as a region of the eastern range of the black pine
is characterized with a relatively great number of classifi-
cations (e.g. Schwartz 1938; Vidakovi¢ 1953, 1955, 1957,
1960, 1991; Fukarek 1958; Gaussen et al. 1964, 1993; Do-
mac 1965; Trinajstic 1986; Raus et al. 1992; Price et al.
1998) only two taxonomic researches have been done up to
now (Vidakovi¢ 1953; Liber et al. 2002). Although, accor-
ding to the mentioned classifications, on the territory of
Croatia we can distinguish two (P. nigra Arnold subsp. ni-
gra and P. nigra Arnold subsp. dalmatica (Vis.) Franco
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Fig. 1. Discontinuous range and distributions of six subspecies (mostly used classification today) of European black pine (A — Pinus nigra Arnold subsp.
mauretanica (Maire & Peyerimh) Heywood, B — P. nigra Arnold subsp. salzmannii (Dunal) Franco, C — P. nigra Arnold subsp. laricio (Poiret) Maire, D —
P. nigra Arnold subsp. nigra, E — P. nigra Arnold subsp. dalmatica (Vis.) Franco, F — P. nigra Arnold subsp. pallasiana (Lamb.) Holmboe); #a — black pi-

ne populations.

/endemic for Croatia/) (Fig. 1 and 2a) or even three subspe-
cies (P. nigra subsp. nigra, P. nigra subsp. dalmatica and
Pinus nigra subsp. illyrica (Vid.) Fukarek) (Fig. 2b and 2c¢)
and several varieties (Vidakovi¢ 1991; Gaussen et al.
1993), the situation in the field is not nearly that simple
and the taxonomic status, as well as distribution, of certain
taxa have not been clearly defined yet (Liber et al. 2002).
In the last ten years numerous molecular techniques that
enabled systematic researches have been applied (Hillis et
al. 1996; Soltis et al. 1998), especially after the polymerase
chain reaction (PCR) was developed (Mullis et al. 1986;
Wolfe and Liston 1998). Many of these techniques have
been applied to various taxa of genus Pinus (Price et al.
1998), but none for the intraspecies taxonomy, classifica-
tion and chorology of the black pine. Since the characteri-
stics of the molecular techniques could enable the research
free of shortages of the previous researches (Moritz and

o o w i w

Hillis 1996), the purpose of this research was to determine
the relationships among nine populations of the black pine
using RAPD-PCR technique (Welsh and McClelland 1990;
Williams et al. 1990). Since a similar sample of popula-
tions was taken for the previous taxonomic research based
on the morphological and anatomical traits (Liber et al.
2002), the choice of populations in this research seemed to
be suitable for the first evidence about the usefulness of
RAPD for solving taxonomic, classificatory and chorologi-
cal vagueness within black pine.

MATERIALS AND METHODS

Plant material

Seven natural populations of black pine from Croatia,
one natural population from Austria and one natural popu-
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Fig. 2. Distribution of different black pine taxa in Croatia a) adapted from Jalas and Suominen 1988, @ — Pinus nigra Arnold subsp. nigra, A — Pinus ni-
gra Arnold subsp. dalmatica (Vis.) Franco; b) adapted from Fukarek 1958; c) adapted from Liber et al. 2002, A — Pinus nigra subsp. dalmatica; B — Pinus
nigra subsp. nigra, c) — Pinus nigra subsp. illyrica, D — transitional population among A, B, and C.
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lation from Turkey were examined (Fig. 3). Every popula-
tion was represented by ten individuals. Every individual
was represented in RAPD analysis by one megagameto-
phyte. Individuals within each population were chosen so
as to try to cover transversely the whole population. All
studied plants were determinated according to their taxono-
mic status in the previous study (Liber et al. 2002) or if
they were not included in it, as was the case with the popu-
lation from Turkey and with the population from the Croa-
tian island of Korcula, they were determinated according to
Vidakovié’s key to identification of black pine subspecies
and varieties (Vidakovi¢ 1991) (Table 1).

DNA isolation

Total genomic DNA was isolated from a single megaga-
metophyte per individual tree. The wings were removed
from the seeds and after the seeds were thoroughly washed
with laundry detergent, tap and distilled water, they were
germinated in 1% hydrogen peroxide for 5 days. After ger-
mination the megagametophyte (approximately 30-40 mg)
was placed to the 1.5 ml test tube. Total genomic DNA iso-
lation was carried out using the CTAB DNA isolation pro-
cedure (Doyle and Doyle 1990) with some modifications.
The 200 pl of 4XxCTAB buffer was added to the test tube

with megagametophyte. The megagametophyte was cru-
shed with the help of an appropriate polypropylene pellet
pestle. The crushed tissue was thoroughly stirred and incu-
bated for 30 minutes at 55°C. The extractions were carried
out with phenol:chloroform:isoamyl alcohol (25:24:1), and
after that twice with chloroform:isoamyl alcohol (24:1).
After the last of three 10-minute centrifugations at 12 000
g, nucleic acids were precipitated from the top aqueous
phase with the addition of 2.5 volumes of the cold absolute
ethanol and pelleted by centrifugation (12 000 g for 2 min).
The precipitated nucleic acids were washed out at room
temperature keeping over night in wash buffer (76% (v/v)
ethanol, 10 mM ammonium acetate). After centrifugation
(12 000 g; 2 min) the supernatant was carefully discarded
while washed nucleic acids pellet was dried by keeping at
room temperature for about 30 minutes. The nucleic acids
were resuspended in 25 pl sterilized deionised water which
contained 10 pg/ml RNase A. RNA molecules were elimi-
nated by keeping at room temperature for 1 hour at least.
The quality and concentration of the total cellular DNAs
were established by electrophoresis in 0.8% agarose by
comparison with Ay, as a standard (Sambrook et al.
1989). DNA samples of particular individual were diluted
to the concentration of 50 ng/ul. Ten microlitres of total

TABLE 1. Nine black pine populations used in this RAPD study and their possible taxonomic status according to this study and according to morphology

and anatomy of leaves.

No Population

Possible taxon according to morphology and anatomy

Possible taxon according RAPD

Hocher Lindkogel (Austria) P. nigra subsp. nigra'
Denzili-Buldan (Turkey) P. nigra subsp. pallasiana*
V. Paklenica (Croatia) P. nigra subsp. illyrica

Bra¢ (Croatia) P. nigra subsp. dalmatica'
Hvar (Croatia) P. nigra subsp. dalmatica
Korcula (Croatia) P. nigra subsp. dalmatica®
Peljesac (Croatia) P. nigra subsp. dalmatica'
Grobnik (Croatia) P. nigra subsp. dalmatica
Biokovo (Croatia)
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nigra subsp. nigra

nigra subsp. pallasiana

nigra subsp. illyrica

nigra subsp. dalmatica

nigra subsp. dalmatica

nigra subsp. dalmatica

transitional form between subsp. dalmatica and illyrica
P. nigra subsp. illyrica

TTIII

transitional form among subsp. nigra, dalmatica and illyrica' P. nigra subsp. illyrica

laccording to Liber et al. 2002, 2 according to the key to identification of black pine subspecies and varieties (Vidakovi¢ 1991)
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DNA samples of every individual were mixed together into
the appropriate population DNA pool (Furman et al. 1997).
This population DNA pool, in which DNA concentration
was 50 ng/ul (the DNA concentration of each individual
was 5 ng/pl), represented the starting material for the
RAPD amplification.

DNA amplification

In total of 34 RAPD primers (Operon Technologies) we-
re used, 20 primers from kit B and primers OPA-06, -08, -
09, -12; OPE-08, -09, -12, -17; OPG-09, -10, -12; OPJ-01,
-08 and OPX-04. The amplification was carried out in total
volume of 25 pl which contained 50 ng of pooled DNA of
a particular population, 5 pmol of RAPD primer, 100
uM of each of the four dNTPs, 1 x PCR buffer, 2.5 mM
MgCl, and 0.8 unit of AmpliTaq DNA polymerase (Perkin
Elmer). One RAPD amplification with a defined primer in-
cluded 10 samples (9 populations of black pine and one
control sample without DNA). RAPD amplifications were
carried out in 40 cycles of the following parameters: 1 mi-
nute at 94°C, 1 minute at 36°C and 2 minutes at 72°C. At
the end the final cycle, which lasted 10 minutes at 72°C,
was carried out. All amplifications were done at Master-
cycler Personal Thermal Cycler (Eppendorf-Netheler-Hinz
GmbH). The amplified DNA fragments after horizontal
electrophoresis in 1.4% agarose were visualized by ethi-
dium bromide staining. The molecular weights of the
RAPD fragments were determined with the 100 bp PCR
standard (Bio-Rad).

Data analysis

In order to determine the relations among populations,
the obtaind RAPD results were analyzed using similarity
measures (Harris 1998) and multivariate statistics (Demeke
and Adams 1994). The RAPD fragments with the same
molecular weight and mobility were treated as identical
fragments. In the data matrices, the presence of a RAPD
fragment was coded as 1, whereas the absence of the frag-
ment was coded as 0. Because of the unknown reason why
RAPD products are absent pairwise genetic distances were
calculated using Nei and Li (Method 1 in TREECON pro-
gram; Nei and Li 1979) and Jaccard’s coefficient (Method
2 in TREECON program; Link et al., 1995), which measu-
re the proportion of shared product presences. Cluster ana-
lysis of these distances was conducted with neighbor joi-
ning (NJ) (Saitou and Nei 1987) and unweighted pair-gro-
up method with arithmetic means (UPGMA; Sneath and
Sokal 1973) using TREECON program (Van de Peer and
De Wachter, 1994). Statistical support of the branches was
tested with a bootstrap analysis (Felsenstein, 1985) with
1000 data resamples. Multivariate relationships among po-
pulations were revealed through a principal coordinate ana-
lysis (PCO) using NTSYSpc software Version 2.10
(http://www .ExeterSoftware.com).

RESULTS

In this research the so-called population DNA pooling
strategy was applied (Furman et al. 1997). Because in this
strategy the competition between products (between sites
within a genome, between genomes and between genoty-
pes) can lead to errors in genetic relatedness using RAPD
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Fig. 4. Accumulation of RAPD bands of ten individuals (primer OPB-18)
in pooled DNA of population. Lane: 1. 100 bp PCR standard (Bio-Rad), 2
— 11. RAPD profile of DNAs of ten individuals from the island of Hvar,
12. RAPD profile of the pooled DNA that represent population from the
island of Hvar.
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Fig. 5. Pooled DNAs of nine populations of black pine amplified by
OPB-08 primer (5’-GTCCACACGG). Lane 1. 100 bp PCR standard
(Bio-Rad); Lanes 2-10 populations: 2. Bra¢, 3. Hvar, 4. Korcula, 5. Pel-
jeSac, 6. Biokovo, 7. Velika Paklenica, 8. Grobnik, 9. Austria, 10. Turkey;
11. control without DNA; <— polymorphic DNA bands.

(Halldén et al. 1996) the optimization of the pooling DNA
strategy was used in this study. It was found that the poo-
ling DNA sample that consists of one haploid megagame-
tophyte per individual, as well as ten individuals per popu-
lation yield such RAPD amplifications in which all intensi-
ve RAPD bands of certain individuals were retained in
them, that is, not any competitions between products that
could lead to wrong genetic relatedness was determined
(Fig. 4).

From total of 34 RAPD primers used, 21 of them yielded
190 scorable polymorphic bands (Table 2). It means that
on average 9 polymorphic RAPD bands were generated per
primer (Fig. 5).

Pairwise values of Jaccard’s similarity coefficients ran-
ged from 0.225 for the most distant populations (Austria
and Turkey) to 0.552 for the most similar populations (Bio-
kovo and Grobnik) (Table 3). Except that populations from
Austria and Turkey showed the least mutual resemblance,
they were very different from any Croatian populations.
For that reason, and because of the fact that Phenetic analy-
ses (NJ and UPGMA analysis of Jaccard and Dice distan-
ces) resulted in trees not completely identical, but compati-
ble in their major features, only the NJ phenogram of Jac-
card distances rooted with the most distant Austrian and
Turkish populations, which emphasizes the relations
among Croatian populations, was shown (Fig. 6). Croatian
populations of black pine formed two groups. The first gro-
up comprised the island populations from Bra¢, Hvar and
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TABLE 2. RAPD primers that produced useful polymorphic bands
among nine black pine populations.

RAPD primers No. of Size of
polymorphic polymorphic

bands bands (bp)
OPA-08 (5’-GTGACGTAGG) 15 350-1650
OPA-09 (5’-GGGTAACGCC) 6 700-1400
OPB-01 (5’-GTTTCGCTCC) 12 450-1700
OPB-02 (5’-TGATCCCTGG) 4 650-850
OPB-03 (5’CGATCCCTGG) 7 400-1500
OPB-05 (5’-TGCGCCCTTC) 500-1350
OPB-07 (5’-GGTGACGCAG) 12 450-1500
OPB-08 (5’-GTCCACACGG) 9 350-1300
OPB-09 (5’-TGGGGGACTC) 2 750-1250
OPB-11 (5’-GTAGACCCGT) 11 300-1500
OPB-12 (5’-CCTTGACGCA) 7 550-1200
OPB-13 (5’-TTCCCCCGCT) 12 400-1600
OPB-14 (5’-TCCGCTCTGG) 10 500-1500
OPB-15 (5’-GGAGGGTGTT) 6 450-1100
OPB-18 (5’-CCACAGCAGT) 6 500-1550
OPB-19 (5’-ACCCCCGAAGQG) 14 350-1600
OPB-20 (5’-GGACCCTTAC) 10 450-1600
OPG-12 (5’-CAGCTCACGA) 10 450-1550
OPE-08 (5’-TCACCACGGT) 8 400-1300
OPE-12 (5’-TTATCGCCCC) 7 450-1350
OPX-04 (5’-CCGCTACCGA) 7 450-1050

—
Grobnik
50 Biokovo
43
a7 V. Paklenica
Peljes
51
Kor&ula
22
Hvar
87 Bra¢
Turkey
51 Austria

Fig. 6. Phenogram of neighbour joining analysis of Jaccard distances cal-
culated from 190 polymorphic RAPD bands among 9 black pine popula-
tions. The tree is rooted with Austrian and Turkish population. Bootstrap
values are given at a branching point denoting the % of bootstrap trees
comprising a cluster of the same composition.

Korcula, and the other consisted of populations from the
PeljeSac peninsula and the coastal populations from Velika
Paklenica, Biokovo and Grobnik.

In the PCO analysis populations were plotted by the first
three principal coordinates that accounted for nearly 50%
of the total variance in the similarity matrix (Fig. 7). The
first and second axes separated the most distant black pine
population from Turkey while the third axis separated the
black pine population from Austria. In the case of Croatian
populations, it was possible, combining the first and the se-
cond axes, to distinguish the two groups, as well as the
transitional population between them. The first group com-
prised the coastal populations (A), the second group the
island populations (B), whereas the population from the
PeljeSac peninsula manifested characteristics of a transitio-
nal population.
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Fig. 7. Principal coordinate analysis of nine black pine populations based
on RAPD data and Jaccard’s similarity matrix. A — coastal populations,
B — island populations.

DISCUSSION

Since so far no molecular method has been used for in-
traspecies taxonomy of the black pine, among the numero-
us methods suitable for the intraspecies level (SSR /Beck-
man and Soller 1990, Morgante et al. 1998; RAPD /Welsh
and McClelland 1990; Williams et al. 1990/, SSCP /Haya-
shi 1992; Jordan 1998/; AFLP /Vos et al. 1995; Matthes et
al. 1998/), the RAPD method was chosen for this study.
Decisive in choosing this method was the fact that both
simplicity and speed of data generation are incorporated in
it (Williams et al. 1990), but also the facts that none of the
other methods is universal and that each of them has some
serious negative properties (Harris 1998).

Because one of the main problems of the traditional in-
terspecies taxonomic research of black pine was how to
supply sufficient comparative materials from the whole
range (Vidakovi¢ 1991), and because it is not possible to
exchange RAPD results among laboratories (Jones et al.
1997), at the beginning of this research we tried to join two
things which at the first sight seem to be incompatible: the
sample from the whole range of black pine (Fig. 1) and the
RAPD research restricted to just one laboratory. According
to the results of this study, the solution could be the use of
black pine seeds as a source of tissue for DNA isolation
and application of the pooling DNA strategy (Furman et al.
1997). The first advantage of black pine seeds, in compari-
son to the other parts of the plant body are: their high resi-
stance to the outside conditions and their small volume.
Because of that black pine seeds represent the ideal mate-
rial for transportation from distant regions as well as for
building the collection from the whole range. The second
very important advantage of black pine seeds is that they
are a source of constantly fresh tissue for DNA isolation,
even when they are stored at room temperature for several
years. On the other hand, the use of pooled DNAs of the
populations is a kind of compromise, especially important
for the research restricted to only one laboratory, because it
reduces the research from the study of several thousand in-
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TABLE 3. Jaccard’s similarity coefficients based on the 190 polymorphic RAPD bands among nine black pine populations.

Liber Z. et al.

Population Brac Hvar Korc¢ula Peljesac Biokovo Paklenica Grobnik Austria
Hvar 0.4000

Korcula 0.4000 0.3884

Peljesac 0.4532 0.4126 0.4326

Biokovo 0.3169 0.4060 0.3955 0.4832

V. Paklenica 0.3379 0.3566 0.4370 0.5302 0.5435

Grobnik 0.3566 0.4344 0.4583 0.4929 0.5520 0.5227

Austria 0.3077 0.2977 0.2782 0.3161 0.3597 0.3803 0.3409

Turkey 0.2288 0.2719 0.3063 0.3066 0.3333 0.3359 0.2991 0.2250

dividuals (Nybom and Bartish 2000) to about a hundred of
populations without a complete loss of individual variabili-
ty (Darvasi and Soller 1994; Furman et al. 1997).

In order to optimize the RAPD research even more, the
well-known phenomena of competition between products
(Williams et al. 1993), which is especially expressive in
working with the pooled DNA samples (Michelmore et al.
1991; Yu and Pauls 1993), and can provide a false picture
about relatedness among the researched populations (Hall-
den et al. 1996), was also taken into consideration. Only
when a diploid embryo was cast away of the analysis, and
isolation of DNA was carried out from one haploid mega-
gametophyte per an individual, and when DNAs of 10 indi-
viduals were united in the DNA pool of populations, the
competition was reduced to such extent that all the high in-
tensity RAPD bands of certain individuals were detected in
the pooled DNAS of populations (Fig. 4). Detecting of high
intensity bands is especially important because only they
are recommended for scoring and yielding credible genetic
relatedness in the RAPD analysis (e.g. Staub et al. 1996).

The research set up in this way led to the results compa-
rable to the previous classifications in this region, especial-
ly to those, which emphasize higher diversity of the black
pine in the eastern part of its range (e.g. Vidakovi¢ 1953;
Fukarek 1958; Liber et al. 2002) (Fig. 2b and 2c). Conside-
ring all the nine studied populations it can be concluded
that the distribution of RAPD fragments was closely con-
nected to the geographical position of the populations. In
accordance with that, two geographically most distant po-
pulations from Austria and Turkey showed to be the most
diverse populations, whereas the Croatian populations, that
is geographically congruous, got settled between these two
populations (Table 3, Fig. 7). If we suppose that in this
analysis the clearly divided Austrian and Turkish popula-
tions represent separate subspecies (subsp. nigra and subsp.
pallasiana), then according to the obtained results the Cro-
atian populations form one, if no more, independent sub-
species (Fig. 6 and 7). This conclusion points to a basic si-
milarity of the RAPD results with the results of recently
conducted morphological and anatomical studies of leaves
of the same populations (Liber et al. 2002) (Table 1). In
both studies it was possible to distinguish two groups of
Croatian populations and a transitional population between
them. The base of the groups of the Croatian populations
established in both analyses represented the populations
from islands of Bra¢, Hvar and Korcula on one hand
(subsp. dalmatica), and the population from Velika Pakle-
nica on the other hand (subsp. ilyirica) (Table 1). The dif-
ferences between the two compared studies were related
only to locating certain adjacent populations from Croatia
into one or the other group of the Croatian populations. In

such a way, in the RAPD research populations from islands
of Bra¢, Hvar and Korcula represented an isolated group,
whereas in the morphological and anatomical analyses this
group was extended by populations from PeljeSac and
Grobnik. Contrary to that, in the RAPD study Illyric black
pine comprised populations from Velika Paklenica, Grob-
nik and Biokovo, while in the morphological and anatomi-
cal analyses this group was restricted just to the population
from Velika Paklenica. Finally, in the RAPD analysis the
transitional characteristics between the determined groups
of Croatian populations showed the population from the
Peljesac peninsula, whereas in the morphological and ana-
tomical analyses in this position was neighboring popula-
tion from the mountain Biokovo (Table 1; Fig. 2c and 8).
Since the obtained RAPD results have showed the simi-
larity to some of the previous classifications on this territo-
ry (Vidakovi¢ 1953; Fukarek 1958), as well as to the re-
sults of the morphological and anatomical analyses of the
same populations (Liber et al. 2002), it can be concluded
that the RAPD technique could be usefull for clarifying the
taxonomic and classificatory unclearness within the black
pine. It is assumed that the optimizations conducted in this
study (the pooled DNA population, seeds as a tissue source
for DNA isolation, an investigation adapted for only one
laboratory etc.), will overcome the main shortages of the
previous investigations because they could allow the esti-
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Fig. 8. Distribution of different black pine taxa in Croatia based on the
RAPD results A — Pinus nigra subsp. dalmatica; B — Pinus nigra subsp.
nigra, C — Pinus nigra subsp. illyrica, D — transitional population (penin-
sula Peljesac).
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mation of relationships on the level of the whole range of
the black pine and the intraspecies classification based on
molecular characteristics, probably less dependent on the
environmental influences than it has been the case with the
characteristics mostly used so far.
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WYZNACZNIKI RAPD
A WEWNATRZGATUNKOWA TAKSONOMIA SOSNY CZARNEJ (PINUS NIGRA ARNOLD)
— WYNIKI BADAN DZIEWIECIU POPULACIJI

STRESZCZENIE

Pomimo wieloletnich badah nad sosna czarna, wewnatrzgatunkowa taksonomia, klasyfikacja i chorologia
pozostaja wciaz niejasne. Poniewaz badania molekularne moga umozliwi¢ bardziej obiektywne studia, dlatego
celem pracy byto ustalenie zwiazkéw migdzy populacjami sosny czarnej przy uzyciu polimorficznego DNA
(RAPD). Uzyskane wyniki poréwnano z nowymi danymi o morfologicznych i anatomicznych wtasciwosciach
liSci badanych populacji. Wyniki RAPD wyraZnie oddzielity populacje chorwackie od austriackich (subsp. Nigra)
oraz tureckich (subsp. pallasiana); réwnoczesnie wsréd chorwackich populacji stwierdzono wystgpowanie kilku
grup (subsp. illyrica, subsp. dalmatica oraz populacje posrednie. Uzyskane w niniejszych badaniach pod-
sumowanie umozliwi ocen¢ zwigzkéw na poziomie catego zasiggu sosny czarnej oraz klasyfikacje jednostek
opartg na cechach molekularnych.

SLOWA KLUCZOWE: sosna czarna, rozmieszczenie, taksonomia wewnatrzgatunkowa, systematyka,
RAPD.
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