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This study characterizes the genetic diversity of common ash (Fraxinus excelsior L.) in Polish and Lithuanian
provenances using random amplified polymorphic DNA (RAPD) markers. A total of 183 ash trees were genotyped with
twelve Operon primers. In Polish samples, the average and effective numbers of alleles per 97.0 % polymorphic loci
were n a =1.970 and n e =1.301, respectively, whereas 95.2 % polymorphic loci and na =1.952 and n e =1.337 characterized
Lithuanian ash samples. The high genetic variability was detected within Polish and Lithuanian populations (H S =0.166
and H S =0.195, respectively) with G S T =0.198 for Polish and G S T=0.122 for Lithuanian stands. These coefficients were
lower than the coefficients of population diversity HT=0.207 in Poland and H T=0.222 in Lithuania. We found that four
ash populations from the Northern, Southern and Northwest of Poland were clustered apart from one population from
the Northeast of the country. These results are discussed in comparison with genetic variation data from social broad
leaves species such as oak and beech.
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Introduction
Common ash (Fraxinus excelsior L., Oleaceae) is
a temperate tree species occurring in mixed deciduous
forests throughout Europe. In Poland, F. excelsior
occurs throughout the country, especially in lowlands
forest, preferring fertile moist soils rich in humus, but
it can also be found on dry and poor sites, in the
mountains below 1000 m altitude (Fober 1995, Boratynska 1995, Dolatowski 1995). Ash ecotype is various, in floodplain forests it occurs very often with
black alder and elms. In fertile mixed broadleaved forests, ash is often associated with oak, hornbeam and
maple (Thill 1970, Claessens et al. 1994). A great economic importance of common ash was the main cause
of its mass cutting in the past. Natural latifolious forests with a considerable percentage of this species are
very rare nowadays (Denisiuk 1995).
The capacity of Forest tree species to survive in
changing environmental conditions largely depends on
their adaptive potential determined by genetic diver2004, Vol. 10, No. 1 (18)

sity. Since the conference in Rio de Janeiro in 1992,
many research programs deal with gene reserve conservation and concentrate on genetic diversity determination (Kremer 1994, Barbault 1997). In forest tree
species, known for their longevity and adaptation
potential to changing environmental conditions, the
genetic differentiation assessment is crucial for all
programs of in-situ and ex-situ gene resource conservation (Primack 1998). The genome organization of
forest trees is complex and stores the highest genetic
diversity among the plant kingdom (Arbrez 1994, Hamrick et al. 1992). This fact is probably due to restricted range of distribution of tree species during the last
glacial period 18 000 BC in a few refugia in Southern
Europe (Kremer 1994, Petit et al. 1997). Post-glacial recolonization of the European continent increased within-population diversity rather than among population
differentiation (Kremer 1994, Kremer et al. 2002).
Many approaches to the diversity conservation,
the exploration of plant genetic resources and the
design of plant improvement programmes require a
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detailed knowledge of the amount and distribution of
genetic diversity within species.
Previous studies based on analyses of chloroplast
and nuclear DNA markers showed some genetic variation in European common ash populations (Heuertz
2003). A study of 36 different common ash provenances
with five nuclear microsatellite loci revealed different
genetic patterns between Western and Southeastern
populations. Polish and Lithuanian F. excelsior provenances appeared to share the Western pattern of genetic variation observed in Ireland, England, France,
Germany, Switzerland, Hungary and Slovakia (Heuertz
2003). Based on genetic variation of four allozyme loci,
six main genotypes were characterized in seven populations of common ash in Poland (Krzakowa and Przybyl 2002).
The present investigation attempts to evaluate the
level of genetic diversity in Polish and Lithuanian ash
provenances with the use of RAPD markers. All analyses were focused on the determination of within and
among population diversity coefficients and on the
construction of the genetic distance dendrogram based
on UPGMA (unweighted pair-group method of arithmetic averages) clustering method.

Materials and methods
Sample collection. Samples (buds) were harvested by shooting from 183 adult trees of ten forest districts in Poland and three forest districts in Lithuania
(Table 1, Fig. 1) and stored at 75°C before the DNA
extraction.
Genomic DNA isolation. After collection, 100 mg
of frozen buds were ground to a fine powder in liquid
nitrogen and DNA was then extracted according to the
QIAGEN procedure using DNeasy 250 Plant Mini Kit.
The quality of the DNA was checked by electrophoreTable 1. Provenance description of studied common ash
stands
Provenance
location
Bartoszyce
Choszczno
Elblag
Jamy / Bialochowo
Jamy / Chelmno
Jawor
Nowogard
Szczecinek
Tulowice
Zloty Potok
Kedainiai
Nemencine
Pakruojis

Latitude / Longitude

54°20´N / 20°55´E
53°10´40"N / 15°18´09"E
54°10´N / 19°24´E
53°32´59"N / 15°18´09"E
53 °20´59"N / 18°23´52"E
50°58´58"N / 16°12´23"E
53°38´27"N / 15°05´27"E
53°44´35"N / 16°42´28"E
50 °40´41"N / 17°29´36"E
50°47´07"N / 19°29´17"E
55°11´22"N / 24°00´01"E
54°59´03"N / 25°29´43"E
56°16´20"N / 24°02´56"E

Seed microzones*

Number of Mean
sampled
age
trees
(years)

201 (PL)
151 (PL)
103 (PL)
356 (PL)
356 (PL)
752 (PL)
151 (PL)
155 (PL)
554 (PL)
655 (PL)
4 (LT)
3 (LT)
2 (LT)

8
15
10
11
13
15
14
25
20
22
10
10
10

113
93
83
85
111
128
113
104
133
113
91
71
73

* According to Polish (PL) seed micro-zones and Lithuanian (LT) provenance regions
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Pakruojis
Nemencine
Kedainiai
Szczecinek

Elblag Bartoszyce

Choszczno

Zloty Potok

Figure 1. Geographic localization Polish and Lithuanian
Fraxinus excelsior provenances i.e. in Poland: Bartoszyce,
Elblag, Szczecinek, Choszczno, Zloty Potok and in Lithuania: Kedainiai, Nemencine and Pakruojis

sis on a 1 % agarose gel containing ethidium bromide
(0.5 mg/ml) in 1x TBE (45 mM Tris-borate, pH 8.3, 1
mM EDTA). Gel DocTM 2000 Imaging System (BioRad) quantified the amount of DNA in each sample.
DNA amplification. Preliminarily, all trees were
examined with OPA-05, OPA-06, OPA-08, OPA-09, OPA11, OPA-16, OPB-08, OPB-13, OPC-04, OPD-12, OPE08, OPE-12, OPE-17, OPF-07, OPG-09, OPG-10, OPG-12,
OPJ-01 and OPJ-08 (OPERON Technologies) RAPD
primers. The different primers used for RAPD reactions
were chosen in order to generate clear and scorable
bands of DNA in Polish and Lithuanian ash samples
and were established empirically after preliminary
screening. Finally, the following primers (OPERON
Technologies) were chosen for the Polish common ash
PCR amplification: OPA-08, OPA-09, OPA-11, OPB-08,
OPE-08, and OPG-12. Lithuanian ash DNA was amplified with OPA-06, OPB-05, OPB-13, OPD-12, OPE-12 and
OPF-07 primers. The PCR amplification was carried out
in 25 µl of mix containing: 100 ng of DNA in TE buffer
(pH 7.0); 1x reaction buffer; 3.5 mM MgCl2; 1x Q solution; 200 µM dNTPs; 0.6 µM of primer; 0.8 units of
Taq Polymerase (QIAGEN Master Kit). After an initial
denaturation step at 94°C for 4 min, 45 cycles of 1 min
at 94°C, 2 min at 35°C and 2 min at 72°C were performed
in T Personal thermocycler (Biometra). The final elongation step consisted in 5-min incubation at 72°C followed by 1 min at 25°C. Every PCR reaction was repeated at least three times. All PCR products were
analysed by migration on 1,8 % agarose gel in 1x TBE
ISSN 1392-1355
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buffer under 70V to be further analysed in Gel Doc TM
2000 Imaging System (Bio-Rad).
RAPD product analysis. The amplified RAPD fragments of each sample were scored independently only
for reproducible and clear bands. For each sample, the
presence and absence of different DNA fragments were
recorded as 1 or 0, respectively, and treated as discrete characters. Pair-wise comparison of banding
patters was evaluated using BIO-PROFIL Bio-Gene
Windows Application V99.05 (Vilber Lourmat) program.
The data were analysed to generate similarity coefficients with the Pop-Gene v. 1.32 software (Yeh and
Boyle 1997) using UPGMA (unweighted pair-group
method of arithmetic averages) and then presented as
dendrograms of genetic distances (Nei and Li 1979, Nei
1987). The Chi-square test was carried out with the
Pop-Gene software in order to evaluate the frequencies of gene homogeneity across provenances.

Results
RAPD analysis. Data on the genetic diversity in
5 Polish and 3 Lithuanian population samples of common ash are presented in Table 2 and Table 3. In total, 183 sampled trees examined with the Operon primers listed above gave successful DNA amplification
in 106 samples. In Jamy/Bialochowo, Jamy/Chelmno,
Jawor, Nowogard and Tulowice provenances we obtained very weak banding pattern (2-6 bands per tree)
probably related to a very bad health condition of
collected buds from these stands. Successful DNA
amplification was achieved for other ash provenances (Bartoszyce, Choszczno, Elblag, Szczecinek, Zloty
Potok, Kedainiai, Nemencine and Pakruojis, Table 2 and
Table 3) probably because of better quality of extracted
Table 2: Genetic diversity analysis in Fraxinus excelsior
Polish provenances
Provenance

Percentage of
polymorphic
loci

na

ne

I

h

Bartoszyce
Choszczno
Elblag
Szczecinek
Zloty Potok

45.3
65.5
55.2
74.4
69.5

1.453
1.655
1.551
1.744
1.694

1.221
1.249
1.244
1.309
1.256

0.216
0.264
0.246
0.320
0.275

0.138
0.164
0.156
0.201
0.169

All Polish
provenances:

97.0

1.970

1.301

0.342

H T=0.207
HS=0.166
GST =0.198

The degree of polymorphism were assessed by calculation of:
n a  average number of alleles, ne  effective number of alleles,
I Shannon index (Lewontin 1972), h  within population Neis
genetic diversity, H S  average diversity within populations, H T
- genetic differentiation within all provenances, and G ST  relative differentiation between populations (Nei 1987).
2004, Vol. 10, No. 1 (18)
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Table 3. Genetic diversity analysis in Fraxinus excelsior
Lithuanian provenances
Provenance

Percentage of
polymorphic
loci

na

ne

I

h

Kedainiai
Nemencine
Pakruojis

66.9
73.5
62.0

1.669
1.735
1.621

1.316
1.339
1.276

0.307
0.338
0.270

0.197
0.216
0.172

All Lithuanian
provenances:

95.2

1.952

1.337

0.356

H T=0.222
H S=0.195
GST =0.122

Explanation as in Table 2

DNA. In these populations, RAPD primers yielded 369
reproducible fragments reflecting putative loci. The size
of the fragments ranged from 244 bp to 4300 bp,
whereas the percentage of polymorphic loci ranged
from 45.3 % (Bartoszyce provenance) to 74.4 % (Szczecinek provenance, Table 2). The Chi-square test revealed 77 % of homogeneity among amplified loci from
Polish ash samples, which means that 23 % of analysed loci are substantially different (p<0.05). For
Lithuanian loci, Chi-square test revealed 92 % of homogeneous fragments, so that 8 % of loci are significantly different (p<0.05).
Genetic variation between and within populations. Genetic relationships based on calculations of
Neis genetic distance and variation are presented as
population averages in Table 2 and Table 3.
The mean observed number of alleles varied from
na =1.453 (Bartoszyce provenance) to n a =1.744 (Szczecinek provenance) with the overall mean of na=1.970
for Polish and na =1.952 for Lithuanian stands. The
mean expected number of alleles varied from n e=1.221
(Bartoszyce population) to ne=1.339 (Nemencine population) with the mean of ne =1.301 for all Polish and
ne =1.337 for all Lithuanian populations (Table 2 and
Table 3). The lowest Shannon index was found for the
Bartoszyce population (I=0.216) and the highest for
Nemencine provenance (I=0.338, Table 2 and Table 3).
Genetic variation among populations was significant for p<0.05. The lowest diversity h=0.138 was
observed for Bartoszyce provenance and the highest
h=0.216 was found in Nemencine provenance. In Poland, the average F. excelsior intra-population diversity was estimated as H S=0.166 and the genetic differentiation within all provenances as HT=0.207. The latest one was higher than the overall gene diversity GST
= 0.198. Lithuanian provenances showed the following values: HS=0.195, HT =0.222 and GST = 0.122.
Strong geographic differentiation was apparent
from the UPGMA analysis of genetic distances (Fig.
2 and 3). Two major clusters of populations characISSN 1392-1355

59

BALTIC FORESTRY
GENETIC VARIABILITY WITHIN /.../ POPULATIONS OF COMMON ASH /.../

terized Polish populations: one cluster joined provenances from the Northern and Southern parts of Poland (Elblag and Zloty Potok); another cluster grouped
the Northeastern provenances (Szczecinek and
Choszczno). The genetic distance of D N =0.087 separated Bartoszyce population from both groups (Fig. 2).
We cannot observe clustering of geographically close
populations, as the groups of provenances separated
by low genetic distances were more than 300 km apart
(e.g. Elblag, Zùoty Potok, Szczecinek and Choszczno,
Fig. 1 and Fig. 2).
0.087

0.036

0

Elblag
Zloty Potok
Szczecinek
Choszczno
Bartoszyce
Figure 2. Dendrogram of genetic distances according to the
UPGMA clustering analysis (Nei 1987) calculated for 5
Polish Fraxinus excelsior provenances

The dendrogram built by genetic distances for
Lithuanian populations of common ash suggests that
Nemencine and Pakruojas provenances are much more
genetically related than the Kedainiai one (Fig. 3).
0.02

0.014

0

Kedainiai
Nemencine
Pakruojis
Figure 3. Dendrogram of genetic distances according to
UPGMA clustering analysis (Nei 1987) calculated for 3
Lithuanian Fraxinus excelsior provenances

Discussion
This study evaluates the genetic relationship
between Polish and Lithuanian native common ash
provenances.
2004, Vol. 10, No. 1 (18)
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The level of population differentiation tends to be
relatively high in the studied Polish and Lithuanian ash
provenances (G ST=0.198 and G ST =0.122, respectively,
Table 3) and suggests fragmentation of common ash
provenances in these countries in the past. According to Hamrick (1992) mean G ST and H T found in Angiosperms are 0.110 and 0.287, respectively.
The within-population variation is large (HT=0.207
and HT =0.222 for Polish and Lithuanian provenances
respectively), probably as a result of the out breeding mating system of Fraxinus excelsior. Genetic diversity level found in populations of other deciduous
out breeding species such as Quercus petraea
(HT =0.233, Le Corre et al. 1997) and Fagus sylvatica
(HT=0.291, Troggio et al. 1996) are also comparable to
our data for Fraxinus excelsior. The H T values are
slightly lower than genetic variation found in conifer
species e.g. Scots pine in Poland (HT =0.262, Nowakowska 2003), Scots pine in Lithuania (H T =0.252,
vingila et al. 2002), Norway spruce in France
(HT =0.296, Collignon et al. 2002) and Norway spruce
in Poland (HT =0.298, Nowakowska et al., submitted).
Genetic diversity for all common ash Polish and Lithuanian provenances (H T=0.207 and HT =0.222, respectively) were higher than the intra-population differentiation coefficient (G ST=0.198 and G ST=0.122, Table 3) in
agreement with data found in other forest tree species
(Heuertz et al. 2001).
Nei diversity coefficients (h) estimated from
RAPD analysis for Polish Zloty Potok and Choszczno
provenances were significantly less different (h=0.169
and h=0.164, respectively, Table 2) than the Wright
fixation index (FST=-0.176 and F ST=-0.800) respectively
obtained from the peroxidase allozyme study for the
same provenances (Krzakowa and Przybyl 2002). Nevertheless, the negative F ST values were due to the
excess of heterozygotes observed among the peroxidase allozyme variation (Krzakowa and Przybyl 2002).
In general, RAPD markers detect higher polymorphism
because they cover a large part of genome and are not
restricted to the coding sequences (Skov 1998). RAPD
has been frequently used for the assessment of the
genetic population structure in many tree species e.g.
Quercus, Populus, Pinus, Picea, Ulmus, Citrus, Eucalyptus, Malus, Prunus, Olea and Fraxinus (Heinze
et al. 1996, Jeandroz et al. 1996, Barret et al. 1997,
DeVerno and Mosseler 1997, Hick et al. 1998, Coleman
2000, Belaj et al. 2002, Ratkiewicz and Borkowska 2002,
Nkongolo et al. 2002, Collignon et al. 2002, Þvingila
et al. 2002, Rajora et al. 2003).
The genetic variation by microsatellite DNA markers observed in Northeastern and Southeastern common ash populations in Europe (F ST =0.090 and
F ST=0.088, respectively), indicates the high conservaISSN 1392-1355
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tion level of ash resources in these regions (Heuertz
et al. 2001, Heuertz 2003). Other deciduous species
examined with microsatellites present very various
genetic differentiation level, e.g. F ST =0.178 (elm),
F ST =0.100 (chestnut), F ST =0.018-0.071 (walnut),
G ST=0.024 (oak) and G ST=0.054 (beech) (Comps et al.
1990, Zanetto et al. 1994, Pliûra and Heuertz 2003,
Heuertz 2003 and references cited within).
Higher levels of G ST values from our RAPD data
comparing to another markers may be explained either
by genetic drift in fragmented ash populations or by
the influence of some diversifying action of selection
on some RAPD loci. Comparing genetic diversity assessed with two nuclear markers in Pinus flexilis James,
Latta and Mitton (1997) found that F ST values obtained
for RAPD markers were much more higher (F ST>0.100)
than F ST=0.016 from allozyme study, suggesting a selective pressure on the RAPD studied loci. During evolution, some alleles can drift to high frequency of
heterogeneity in one population giving high F ST estimates, while at other loci alleles may drift to high frequency in two populations simultaneously giving low
F ST values (Latta and Mitton 1997). The Polish and
Lithuanian common ash investigated populations are
geographically distant at least 100 km, and we can exclude any pollen flow between them. So we can presume that some strong selection forces or genetic drift
probably influenced evolution of our populations in the
past, such as fragmentation by deforestation. Forest
management practices as well as natural climate disturbances can significantly impact the genetic variability
in forest populations. High levels of genetic diversity
are generally considered to be essential for facilitating
the adaptive responses required to adjust species survival to any change (Mosseler et al. 2003).
The UPGMA analysis of genetic distances revealed relationships between Polish and Lithuanian
ash tree provenances (Fig.2 and Fig. 3). Two groups
of provenances, Elblag and Zloty Potok, as well as
Szczecinek and Choszczno, were separated from each
other by the mean distance of D N =0.036 (Fig. 2). Only
Bartoszyce population (Northeast of Poland, Fig. 1)
was separated from the other provenances by the highest genetic distance (D N =0.087, Fig. 2). Besides this
clustering, there was no association between genetic
distance values and geographical distances between
sites (data not shown), as Elblag and Zloty Potok
provenances are quite distant geographically, as well
as Szczecinek and Choszczno provenances (Fig. 1). A
similar founding was observed in a common beech
differentiation study (Gallois et al. 1998) and in the
Polish Scots pine RAPD variation (Nowakowska 2003).
Our RAPD data are concordant with the chloroplast microsatellite cpDNA analysis of Polish F. ex2004, Vol. 10, No. 1 (18)
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celsior populations: Choszczno, Jawor, Jamy/Chelmno, Jamy/Bialochowo, Nowogard and Szczecinek
(Heuertz 2003). In Poland, there is a transition zone
between two distinct ash cpDNA haplotypes. Common
ash populations from the North-Western Poland (Szczecinek, Choszczno) seem to be originated from a
Northern Carpathian refuge, whereas other ash provenances (Jawor, Jamy/Chelmno and Jamy/Bialochowo)
are originated from the Alps (Heuertz 2003). This result is supported by the UPGMA dendrogram built
from Neis genetic distances for Szczecinek and
Choszczno provenances clustered together (Fig. 2).
Lithuanian provenances were much less related
genetically, the distance D N =0.014 separated Nemencine and Pakruojas populations, both distant from
Kedainiai by DN =0.020 (Fig. 3). There was no correlation between this founding and geographic location
of Lithuanian provenances (not shown).
Many symptoms of serious ash dieback have been
observed throughout Poland since 1990, independently
of class age of common ash stands (Grzywacz 1995).
Especially young 1-5 year-old ash trees are subjected
to necrosis lesions and brown discoloration of shoot
apices resembling to the bark necrosis disease. There
was found 31 common ash trees associated with disease changes of apical shoots (Przybyl 2002a). Over
26 species of fungi were identified to be associated
with a decay of the thin roots of F. excelsior plants
in Poland. As we have not achieved a positive DNA
amplification in plant material from five Polish F. excelsior stands, Jamy/Bialochowo, Jamy/Chelmno, Jawor, Nowogard and Tulowice provenances, we presumed that it was mainly due to the bad health state
of harvested buds. At Jamy Forest District the symptoms of apical shoot disease and death of twigs were
studied in details by Przybyl (2002b). As it was demonstrated in the case of oak and elm decline in Europe, many abiotic (drought, frost, pesticides and salt
pollution of soils) and biotic factors (insects, fungi)
are responsible for weakening of ash tree condition,
and fungi development is probably the second cause
of dieback (Karolewski 1995, Przybyl 2002b).
The development of fast and repeatable DNA
analysis may help assess the genetic structure of Polish
ash populations in order to find the resistant genotype of this species in the future as it was demonstrated in the case of plant breeding material subjected to
some stress factors, like pathogen or insect diseases
(Leibenguth and Shoghi 1998). In spring wheat cultivars (Triticum aestivum L.), Sun et al. (2003) found 3
RAPD markers significantly associated with Fusarium
resistant genotypes. The molecular differentiation
study among the California red oak (Quercus section
Lobatae) populations infected by Phytophtora ramoISSN 1392-1355
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rum suggested that the pathogen tolerance or susceptibility were rather due to some ecological factors than
to genetic diversity level (Dodd and Kashani 2003).
The disease and insect resistance depend on allelic
richness, and RAPD markers due to their dominant
nature may underestimate the real genetic basis of the
resistance (Sun et al. 2003). In forest tree species, the
mechanism of resistance is probably more complex
because of higher genome size and higher genetic
diversity level. In our study, it was difficult to compare the health state of analysed ash populations with
the degree of their genetic variability.
The present distribution of genetic diversity in
many forest tree species was strongly affected by the
last ice age and the postglacial re-colonization period
in Europe (Petit et al. 1997, Kremer et al. 2002, Palmé
et al. 2003). Additionally, the presence of the ash trees
in the landscape of Poland and Lithuania largely depends on present and on going social-economic
changes, e.g. privatization, increased demand for wood,
deforestation, grazing and development of technical
infrastructure (Falinski and Pawlaczyk 1995, Pliura and
Heuertz 2003). During history, the surfaces of natural
forest stands have often declined significantly due to
the high anthropogenic pressure. Our further investigations will be focused on genetic diversity assessment using chloroplastic DNA markers, e.g. PCR-RFLP
of variable introns or microsatellites (Lefort et al. 1999,
Raquin et al. 2002, Heuertz 2003) in order to better
highlight the history of genetic structure of Polish and
Lithuanian common ash provenances.
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ÃÅÍÅÒÈ×ÅÑÊÀß ÈÇÌÅÍ×ÈÂÎÑÒÜ ÂÍÓÒÐÈ È ÌÅÆÄÓ ÏÎÏÓËßÖÈßÌÈ ßÑÅÍß
ÎÁÛÊÍÎÂÅÍÍÎÃÎ (FRAXINUS EXCELSIOR L.) Â ÏÎËÜÑÊÈÕ È ËÈÒÎÂÑÊÈÕ
ÏÎÏÓËßÖÈßÕ, ÎÑÍÎÂÀÍÍÛÕ ÍÀ ÀÍÀËÈÇÅ RAPD
Þ. Íîâàêîâñêà, Ñ. ßáëîíñêèé, Ð. Ìîöêåëþíàéòå, É. Áåíåê
Ðåçþìå
Ýòà ðàáîòà õàðàêòåðèçóåò ãåíåòè÷åñêîå ðàçíîîáðàçèå ïðîèñõîæäåíèÿ ÿñåíÿ îáûêíîâåííîãî ìåòîäîì ìàðêåðîâ
ïðîèçâîëüíîé àìïëèôèêàöèé ÄÍÊ (RAPD). Âñåãî 183 äåðåâüÿ ÿñåíÿ áûëè ãåíîòèïèçèðîâàíû ñ 12 ïðàéìåðîâ
äåðåâüåâ Operon. Â ïîëüñêèõ îáðàçöàõ ñðåäíåå ÷èñëî è ýôôåêòèâíîå ÷èñëî àëëåëü â 97% ïîëèìîðôè÷åñêèõ ëîêóñàõ
áûëî na=1.970 è ne=1.301, â ëèòîâñêèõ îáðàçöàõ, ñîîòâåòñòâåííî, â 95.2% ïîëèìîðôè÷åñêèõ ëîêóñàõ áûëî na=1.952 and
ne=1.337 ñðåäíåå ÷èñëî è ýôôåêòèâíîå ÷èñëî àëëåëü. Âûñîêàÿ ãåíåòè÷åñêàÿ èçìåí÷èâîñòü áûëà îáíàðóæåíà êàê è
ïîëüñêèõ (H S=0.166 è GST=0.198), òàê è â ëèòîâñêèõ (ñîîòâåòñòâåííî, HS=0.195 è GST =0.122) ïîïóëÿöèÿõ. Ýòè
êîýôèöèåíòû áûëè íèæå ïî ñâîåìó çíà÷åíèþ êîýôèöèåíòîâ ðàçíîîáðàçèÿ ïîïóëÿöèè (H T=0.207 â ïîëüñêèõ è,
ñîîòâåòñòâåííî, HT=0.222  â ëèòîâñêèõ). Áûëî îáíàðóæåíî, ÷òî ÷åòûðå ïîïóëÿöèè ÿñåíÿ èç ñåâåðíûõ, þæíûõ è
ñåâåðî-çàïàäíûõ ðåãèîíîâ Ïîëüøû îòëè÷àëèñü îò îäíîé ïîïóëÿöèè èç ñåâåðî-âîñòîêà ñòðàíû. Ýòè ðåçóëüòàòû áûëè
îáñóæäåíû ñðàâíèâaÿ ñ äàííûìè ãåíåòè÷åñêîé èçìåí÷èâîñòè èç áàçû äàííûõ ëèñòüåâ äóáà è áóêà.
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