BALTIC FORESTRY
POPULATION STRUCTURE OF PEDUNCULATE OAK /.../

A. PLIÛRA ET AL.

ARTICLES

Population Structure of Pedunculate Oak (Quercus robur
L.) in Lithuania Based on Analysis of Chloroplast DNA
Haplotypes and Adaptive Traits
ALFAS PLIÛRA 1,2, DAINIS RUNGIS3 AND VIRGILIJUS BALIUCKAS 1,2
Lithuanian Forest Research Institute, Department of Genetics and Tree Breeding
Liepø 1, Girionys, LT-53101 Kaunas distr., Lithuania; e-mail:genetsk@mi.lt
2
Lithuanian University of Agriculture, Studentø 13, LT-53361 Akademija, Kaunas distr., Lithuania
3
Latvian State Forest Institute Silava, Plant Genetic Resource Centre, Rigas str.111, Salaspils LV-2169, Latvia

1

Pliûra, A., Rungis, D. and Baliuckas, V. 2009. Population Structure of Pedunculate Oak (Quercus robur L.) in
Lithuania Based on Aalysis of Chloroplast DNA Haplotypes and Adaptive Traits. Baltic Forestry, 15 (1): 212.
Abstract
Present climate change and increased amplitude of its variation, increasing damages of pedunculate oak stands and
plantations caused by spring frosts, fungi and insect outbreaks, threatens the survival of populations and rises the concern
for gene conservation and tree breeding. This study aimed at defining the role of postglacial migration routes and origin
of populations on population structure and genetic variation in relation to possibilities for genetic adaptation for uncertain
future climate, gene conservation and tree breeding. The PCR-RFLP analysis of chloroplast DNA of samples from 7
trees from each of 29 Lithuanian pedunculate oak populations revealed three distinct groups of populations. East Lithuanian
populations Semeliðkës (Trakai), Dûkðtos and Paeþeriai (Vilnius) and Ignalina belong to the cpDNA haplotype 2 from C
lineage that migrated to Lithuania from South Italian glacial refuge zone. Haplotype 7 from A lineage of the northern
Balkans origin dominates in Central-South Lithuania, while haplotypes 5 and 6 from A lineage originating from the
South-East Balkans are typical for West-North Lithuanian populations. This haplotype distribution in Lithuania well
corresponds to the oak provenance regions that have been defined based on oak stands productivity and morphologic
traits and on eco-climatic parameters of geographic regions. It indicates that separate migration routes of pedunculate
oak from different ice age refuge populations across Lithuania contributed to formation of large scale patchy geographical
structure, provenance regions in Lithuania and probably reflect features of the former ice age populations that survived
in refuge zones in southern Europe. However, no similarities were found with population structure that was defined by
analysis of phenology, most important adaptive trait. The latest was probably conditioned by adaptive processes that
modified the features of populations. The Jûrava, Bijutiðkis, Siesikai, Kulûpënai, Gustonys and Seirijai populations consist
of genotypes of three cpDNA haplotypes which indicate that these stands were established artificially and with mixture
of seeds from different populations. While populations with predominance of haplotype 2 or 7 or combination of
haplotypes 5 and 6 can be considered as autochthonous. The coefficient of genetic variation of adaptive traits was from
10.8 to 32.3% and varied in different populations from 0 to 51.8 % thus reflecting differing adaptation possibilities of
populations. However, a certain amount of additive genetic variation of adaptive traits cannot be attributed to particular
cpDNA haplotype. The identified comparatively large chloroplast DNA haplotype diversity and genetic variation of
adaptive traits suggests that species have a potential for genetic adaptation to changes of climate and environment and
indicate good possibilities for gene conservation and tree breeding in Lithuania when using the Multiple Population
Breeding System.
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Introduction
During the 16th century, pedunculate oak accounted for about 1520% of the total Lithuanian forest area
(Lukinas 1967). However, during last centuries pedunculate oak had declined significantly due to various
2009, Vol. 15, No. 1 (28)
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natural and anthropogenic reasons (Karazija 1997). In
2005, the damage of pedunculate oak stands exceeded 9 thou. ha, which amounted to 22.3% of all oak
forests in Lithuania (Gustienë and Vasiliauskas 2006).
This recent dieback of pedunculate oak stands in
Lithuania, increased damage of plantations caused by
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spring frosts, fungi and insect outbreaks probably are
related to climate change and increased amplitude of
its variation and may threaten the survival of populations. This situation raises the concern for gene conservation and tree breeding. It is widely recognized,
that the potential for genetic adaptation to changes
of climate and environment depends on inter- and intra-population genetic variation. The observed dieback
and low sustainability of the population could be related to the insufficient genetic diversity due to restricted migration of oak after the last ice-age and due
to shortage of time for building up of sufficient adaptedness. During the last glacial period many plant species, including oak, vanished from central and northern Europe and became restricted to the southern
Europe, where climate allowed survival of the species.
When the climate in Europe improved, recolonisation
of central and northern Europe started from these iceage refuge zones in southern Europe. From studies on
pollen deposits it is assumed that oak had migrated
to Lithuanian territory earlier than 8000 BP. Climatic
conditions for the growth of broad-leaved trees including Quercus robur were probably optimal about 5000
4000 BP (Kaibailiene 1990).
Extensive eco-genetic studies of Lithuanian oak
populations have been performed (Baliuckas and Pliura 1999, 2000, 2003 ) under the State budget funded long
term projects Ecogenetic variation of broadleaved forest tree species and conservation of forest genetic resources (1999-2003) and Expression of genetic features of broadleaved tree species under changing environmental conditions, estimation of its adaptive and
genetic potential (2004-2008). Inter- and intra-population genetic variation of adaptive and growth traits, heritability, phenogenetic plasticity, genotype by environment interaction, ecovalency and other genetic characteristics were estimated based on studies of half sib
progenies from many pedunculate oak Lithuanian populations in 1999, 2000 and 2001 year series of progeny
trials being established in different ecoclimatic regions
of the country (Baliuckas and Pliura 1999, 2000, 2003).
These studies on genetic variation of populations progenies have indicated that the extent of genetic variation of adaptive traits and thus the possibilities for adaptation to future climate change are different for different Lithuanian pedunculate oak populations. Based
on these studies and on the analysis of extensive data
of national forest inventory the provenance regions of
pedunculate oak were delimited and approved for developing conservation of forest genetic resources, tree
breeding and seed management, for national documenting of forest reproductive and control of its movement
(Order of the Environment Minister of LR No. 317 June
14, 2002). However, DNA marker data on population
2009, Vol. 15, No. 1 (28)
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structure were not available and were not used in the
delineation of provenance regions.
During the last decade many studies on population structure of forest trees in Europe or in some regions of Europe have been conducted using a variety
of DNA methods (Ferris et al. 1995, 1998, DumolinLapègue et al. 1997, Johnk et al. 1997, Bordacs et al.
2002, Brewer et al. 2002, Csaikl et al. 2002 a, b, Cottrell et al. 2002, Fineschi et al. 2002, Jensen et al. 2002,
König et al. 2002, Petit et al. 2002a,b,c, Heuertz et al.
2001, 2003, 2004a, b ). These studies aimed at evaluating genetic diversity of oaks in Europe, defining ice
age refuge zones and postglacial migration routes,
estimating its role on the present pattern of population distribution and genetic diversity and its future
implications in relation to present global changes in
climate and the environment. Chloroplast DNA of
broadleaved forest tree species is about 150 kb in size
and contains a lot of coding DNA sequences. It is of
maternal inheritance, genome is rather conservative
with small changes. PCR/RFLP analysis of approximately 10% of the chloroplast genome in the AS, CD,
DT and TF regions is sufficient to distinguish the
haplotypes of different lineages found in the refugial
areas and track the migration of populations via seed
(Petit et al. 2002a, b, c). Thus methods of cpDNA
analysis are very suitable for studies of population
structure and interpopulation genetic diversity.
A pilot DNA study on population structure of pedunculate oak in Lithuania was done by including samples from 5 Lithuanian populations into European-wide
studies of Quercus robur L. and Q.petraea Liebl., based
on chloroplast DNA analysis (FAIROAK, Synthetic
maps of gene diversity and provenance performance for
utilization and conservation of oak genetic resources
in Europe, Csaikl et al. 2002b, Petit et al. 2002a, b).
This pilot study of 6 Lithuanian populations has identified 4 haplotypes from two haplotype lineages C and
A, former consisting of haplotypes 5, 6, and 7. Haplotype lineage A migrated to Lithuania from glacial refuge zone in Balkans, while lineage C (the Dûkðtos population) originates from Italian refuge zone. Haplotype
6 from lineage A was identified as rare in the Baltic region. These results indicated differing origin of Lithuanian pedunculate oak populations and the existence of
genetic diversity in maternal lines. Unfortunately these
studies were fragmental as covered only a small number
of Lithuanian populations, while coverage of other
European countries was much denser. Thus many of
Lithuanian populations were not studied and their cpDNA haplotype remained unknown, fine scale population structure and geographical distribution of genetic
variation remains unrevealed. Also it remains unknown
where this cpDNA haplotype diversity is reflected in
ISSN 1392-1355
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genetic diversity of adaptive traits. Also it is questionable whether the existence of haplotypes from lineage
B is possible which have been found in neighbouring
Poland and rare haplotypes E8, E11, E22, and E50 that
have been found in Latvia and Estonia. If these E haplotypes are found in Lithuania then it would indicate
its natural migration across the territories of the present
Baltic States but not an artificial introduction from Germany or other countries. This information on population structure and genetic diversity would be of importance in developing national network of in situ and ex
situ gene conservation populations under rapid changes
in climate and the environment, structuring tree breeding and seed management. The possible considerations
might be the following: populations for including into
gene conservation population network may be sampled
to represent all haplotypes, separate breeding populations may be established for each haplotype distribution zone, haplotype composition could be a key for the
identification of reproductive material population origin, etc.
Present study aimed at genotyping the pedunculate oak populations in Lithuania, estimating of genetic diversity, its geographical distribution and population structure, defining the role of postglacial migration
routes and origin of populations on population structure and genetic variation in relation to the possibilities for genetic adaptation for uncertain future climate,
gene conservation and tree breeding. Population structure defined with cpDNA markers was compared with
one defined based on adaptive traits of progenies and
attempts to associate certain haplotypes with adaptive
traits of populations were made. The autochtonity of
populations was evaluated.

Material and methods
Material
Chloroplast haplotyping
A total of 28 Lithuanian pedunculate oak populations from all provenance regions were sampled. Sampling of 23 populations was done in progeny trials of
2000, 2001, and 2003 year series established in Dubrava
Experimental Forest Enterprise. Each population was
represented by samples from 7 trees from different families. Totally 196 samples were collected. Five populations were sampled directly from stands from trees of
different age as progeny from these populations was
absent in progeny trials. Minimum distance between
sampled trees was 50 m to avoid relatedness.
Study of adaptive traits
Material for study of adaptive traits consisted of
120 open pollination families from 14 Lithuanian pedunculate oak populations. Each population was rep2009, Vol. 15, No. 1 (28)
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resented by a half-sib progeny from 6 to 10 seed trees
sampled in mature stands. Seedlings were raised in
nursery for 4 years and then transplanted to three
progeny field trials located in Panevëþys, Ðilutë, and
Dubrava forest enterprises in different adaptive environments, the provenance regions of pedunculate oak
1.1, 3, and 4, respectively (Fig. 1). Each progeny trial
was established in a randomized complete block design, with 6 blocks consisting of 10 to 15 single-tree
plots of each family in each block. Trees were planted
in rows, 2.5 m between rows and 1.5 m between trees.
Tree height was measured for each tree at 7 years of
age and bud flushing class (from 1  late flushing to
5  early flushing) and leaf colouring class (from 1 
green leaves to 5  completely yellow and dropped)
were recorded at 6 years of age.
Methods
Chloroplast haplotyping
Cuttings of 5-10 cm long with 5-6 leaves were
collected and put into plastic bags and kept in thermophore till transportation to laboratory on the same
day.
The PCR-RFLP analysis was done strictly following the one used in EC FP5 project FAIROAK in order to make results comparable (Petit et al. 2002a, b).
DNA was extracted from leaves using the Genomic
DNA Purification Kit (Fermentas) with minor modifications.
Four primer pairs, that were used previously to
identify oak chloroplast haplotypes, were utilised  DT,
CD, AS and TF (Dumolin-Lapegue et al. 1997, Csaikl
et al. 2002a, b). Primer sequences are available from
Taberlet et al. (1991) and Demesure et al. (1995).
PCR conditions were the following: 950C for 5 min,
35 cycles of 950 C for 30 sec, 550 C  30 sec, 72 0C  90
sec; 720C - 10 min; in a total volume of reaction 20 ml
containing 50 ng template DNA, 1x PCR buffer, 2.5 μM
MgCl2 , 0.2 μM dNTP mix, 0.5 U Taq polymerase (Fermentas), 0.5 μ M of forward and reverse primers.
PCR products of primer combinations CD and DT
were digested with TaqI, combination TF with AluI, and
AS with HinfI. Enzymes were supplied by Fermentas
(Lithuania).
Digestion fragments were separated on a 2% agarose gel (1xTBE), run at 80V for 5-10 hours. Gels were
stained with ethidium bromide and visualised via an
UV light source.
The haplotype nomenclatures defined by Petit et
al. (2002a, b, c) were utilised.
To characterise the cpDNA haplotype diversity in
each population, the number of haplotypes per population, the number of effective haplotypes, unbiased
haplotype diversity, and Shannons information index
were computed. The Shannon index measures the diISSN 1392-1355
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Figure 1. Pedunculate oak (Quercus robur L.) chloroplast DNA haplotype distribution in Lithuania. Haplotype 2 from C
lineage, haplotypes 5, 6, and 7 from A lineage. Haplotype nomenclature and colors after Petit et al. (2002a, b)

versity in categorical data and takes into account the
number of haplotypes and the evenness of the haplotype occurrence (how equal the haplotype composition are numerically). SAS software procedure CORR
was used to compute correlation among cpDNA haplotype diversity parameters and CV A of adaptive traits.
To estimate genetic population structure, the Factor analysis of data on occurrence of each cpDNA
haplotype in populations was done applying the method of Principal component using FACTOR procedure
in SAS software package. Scoring of data was done
to obtain principal components for each population
mean. Then generated data for 3 principal components
of population means were processed with PROC TREE
and PROC CLUSTER by using the method of Average
to draw dendrograms.
Study of adaptive traits
Variance analysis of data on adaptive traits, i.e.
bud flushing phenology, tree height and leaf colour2009, Vol. 15, No. 1 (28)

ing phenology was conducted using the MIXED procedure in SAS Software (SAS Institute, Inc., SAS/STAT
software Release 8). Mixed model equations (MME)
and the restricted maximum likelihood (REML) method were used to estimate the significance of effects
of different factors (population, family, etc.) and their
interactions, and to compute variance components of
random effects. Z tests were carried out to determine
where random effects were significantly different from
zero. Analysis of variance was done using methods
described by Falconer (1989) and following statistical
model was applied for separate analysis of data in each
individual progeny field trial:

y jlmn = μ + b j + p m + s ( p ) lm + pbmj + s ( p )blmj + ε jlmn
where y jlmn is an observation on the nth tree from the
l-th family in the m-th population, m-is the field trial
mean, b j is the fixed effect of j-th block, p m is the ranISSN 1392-1355
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dom effect of the m-th population, s(p) lm is the random effect of the l-th family in the m-th population,
p(b)mj is the random effect of interaction between the
m-th population and the j-th block, s(p)b lmj is the random effect of interaction between the l-th family in mth population and j-th block, e jlmn is the random residuals.
The model assumes that the random effects are
normally distributed with expectation zero and corresponding variances σ 2p , σ p2*b , σ s2 , σ s2*b and σ e2 .
Genetic parameters of adaptive traits, the population variance component and the coefficient of genetic variation were estimated using variances and
covariances obtained from the SAS Mixed procedure.
Genetic parameters were estimated for each progeny
field trial. The variance components of random effects
of population was computed from corresponding variances and expressed in percent of the total phenotypic variation:
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were identified: haplotype 2 from lineage C, and haplotypes 5, 6, 7 from lineage A (Fig. 1). Haplotype 2 was
found in 16% of trees while haplotype 7 in 44% of trees
(Fig. 2). No other haplotypes or their modifications
were found. The average number of haplotypes per
population was 1.8±0.16, the number of haplotypes
varied from 1 to 3 (Table 1). The average number of
effective haplotypes (Ne) was 1.54±0.11, Shannons
information index (I) was 0.42±0.08 , unbiased haplotype diversity (uh) was 0.32±0.05.

vc p = σ p2 /(σ p2 + σ 2p*b + σ s2 + σ s2*b + σ e2 ) * 100
where vc p is the variance component of populations,
σ p2 is the population variance, σ s2*b is the variance of
interaction between populations and blocks, σ 2p*b is the
family variance, σ s2 is the variance of interaction between families and blocks, σ e2 is the variance of random residuals.
The additive coefficient of genetic variation was
calculated for each population in each field trial using the formula:
2

CV A = 4 ⋅σ s ⋅ 100 / X

where σ s2 is the family variance in population, X is
the phenotypic mean of population (Falconer 1989).
Estimated additive coefficient of genetic variation
of adaptive traits was analyzed and compared to parameters of genetic variation of cpDNA markers.
To estimate population structure based on adaptive traits, Factor analysis of data on bud flushing
phenology of progenies of populations in three progeny trials was done using the method of Principal
component using FACTOR procedure in SAS software
package. Scoring of data was done to obtain principal components for each population mean. Then generated data for 3 principal components of population
means were processed with PROC TREE and PROC
CLUSTER using the method of Average to draw dendrograms.

Results and discussion
The same four cpDNA haplotypes previously
found in Lithuanian populations (Csaikl et al. 2002b)
2009, Vol. 15, No. 1 (28)
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Figure 2. Proportions of chloroplast DNA haplotypes in
the studied stands of pedunculate oak in Lithuania

Cluster analysis of cpDNA haplotype data revealed three distinct groups of populations: the largest consisting of 13 populations with prevailing haplotype 7, second group of 11 populations with prevailing haplotypes 5 and 6, and third group consisting of
4 populations with prevailing haplotype 2 (Fig. 4). East
Lithuanian populations Semeliðkës (Trakai), Dûkðtos
and Paeþeriai (Vilnius) and Ignalina belong to the cpDNA haplotype 2 from C lineage that migrated to
Lithuania from South Italian glacial refuge zone. In
previous study haplotype 2 was not found in Poland,
Latvia or Estonia (Csaikl et al. 2002b). Haplotype 7 from
A lineage of the northern Balkans origin dominates in
Central-South Lithuania (Fig.1 and 3). Previous studies of oak population structure in the Baltic region
showed that haplotype 7 is most common also in Poland (31% of samples) and in Estonia (51% of the samples) while in Latvia it represents only 15% of the
samples (Csaikl et al. 2002b). Haplotype 7 is among
most frequent haplotypes in Europe and has a distribution ranging from the Pyrenees to the Baltic countries and to Romania (Petit et al. 2002a, b, c).
Haplotypes 5 and 6 from A lineage originating
from the southern Balkans are typical of many WestNorth Lithuanian populations. In previous study,
haplotype 5 was the most frequent haplotype in
ISSN 1392-1355
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Table 1. Chloroplast DNA genetic diversity characteristics:
sample size (N), number of
haplotypes (Na), number of effective haplotypes (Ne), Shannons information index (I),
haplotype diversity (h) and
unbiased haplotype diversity
(uh) and additive coefficient of
genetic variation (CVA) of adaptive traits of half-sib progenies
of pedunculate oak Lithuanian
populations

Population
Alytaus
Anciškio
Anykèiø
Bijutiškio
Buktos
Dubravos
Dûkðtø
Dušnioniø
Gustaniø
Ignalinos
Josvainiø
Jûravos
Kaltinënø
Kûlupënø
Mikoliðkiø
N. Ûtos
Paeþeriø
Pagëgiø
Pakruojo
Rambyno
Seirijø
Semeliðkiø
Siesikø
Šëtos
Viduklës
Vityèio
Zarasø
Þieþmariø
Total mean
±SE

Haplotypes
7
6,5*
5
6,5,7
7,5,6
7,5
2,6
7
5,6,7
2
7
5,6,7
5,6
5,6,7
6,5
7
2
7
5,6
7,5
6,5,7
2
6,5,7
7
7,6
7,5
7
7

Chloroplast DNA genetic diversity characteristics
N

Na

Ne

I

h

Uh

5
9
4
6
6
6
7
7
4
4
6
5
7
4
5
7
9
5
5
6
11
6
7
6
4
4
5
6
5.9

1
2
1
3
3
2
2
1
3
1
1
3
2
3
2
1
1
1
2
2
3
1
3
1
2
2
1
1
1.8
0.2

1.000
1.800
1.000
2.571
2.000
1.385
1.324
1.000
2.667
1.000
1.000
2.273
1.960
2.667
1.923
1.000
1.000
1.000
1.923
1.385
2.283
1.000
1.815
1.000
1.600
1.600
1.000
1.000
1.542
0.110

0.000
0.637
0.000
1.011
0.868
0.451
0.410
0.000
1.040
0.000
0.000
0.950
0.683
1.040
0.673
0.000
0.000
0.000
0.673
0.451
0.916
0.000
0.796
0.000
0.562
0.562
0.000
0.000
0.419
0.076

0.000
0.444
0.000
0.611
0.500
0.278
0.245
0.000
0.625
0.000
0.000
0.560
0.490
0.625
0.480
0.000
0.000
0.000
0.480
0.278
0.562
0.000
0.449
0.000
0.375
0.375
0.000
0.000
0.263
0.047

0.000
0.500
0.000
0.733
0.600
0.333
0.286
0.000
0.833
0.000
0.000
0.700
0.571
0.833
0.600
0.000
0.000
0.000
0.600
0.333
0.618
0.000
0.524
0.000
0.500
0.500
0.000
0.000
0.324
0.059

CVA of adaptive traits, %
Tree
Autumn
Bud
height
leaf
flushcolouring
ing
50.4

18.8

29.6

3.7

8.5

13.3

33.3
39.7

15.5
8.1

16.7
11.6

27.9
29.6
11.7
44.4

6.4
0.0
7.0
10.8

19.6
9.7
22.8
23.0

39.4

20.9

27.4

23.3

7.3

17.8

51.8

15.0

19.3

32.3

10.8

19.2

* - haplotypes listed in order of decreasing frequency in population


Population:
Alytaus
Duðnioni ø
Josvaini ø
Nauj . Ûtos
Pagëgi ø
Zarasø
Ðëtos
Þieþmari ø
Dubravos
Rambyno
Viðtyèio
Buktos
Viduklës
Anciðkio
Mikoliðkiø
Bijutiðk io
Seirijø
Siesikø
Gustoniø
Kûlup ënø
Jûravos
Kaltinë nø
Pakruo jo
Anykðèiø
Dûkðtø
Ignalin o s
Paeþeri ø
Semeli ðkiø
1.6

1.4

1.2

1.0

0.8

0.6

0.4

Averag
e distancebetween
between cluster
s
Average
distance
clusters

0.2

Hapl.7

Hap.5,6

Hapl.2

0.0

Figure 4. Grouping of Lithuanian populations of pedunculate oak into clusters based on principal component analysis of data on presence and proportions of 4 chloroplast
DNA haplotypes in populations

Figure 3. Postglacial migration routes of pedunculate oak
of different cpDNA haplotypes (2, 5, 6, and 7) to Lithuania
from populations in glacial refuge zones in South Italy,
northern and southern Balkans (after Petit et al. 2002a, b).
Dot and haplotype number indicate its glacial refuge zone
2009, Vol. 15, No. 1 (28)

Latvia where it was presented in 35% of the samples
and was present in 21 and 17% of the Polish and
Lithuanian samples respectively but was entirely
absent from Estonia (Csaikl et al. 2002b). Haplotype
5 is also widespread in Europe with distribution ranging from southern Italy to Finland and from Romania
ISSN 1392-1355
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to Germany (Petit et al. 2002a, b, c) while haplotype
6 among Baltic States was found exclusively in
Lithuania (Csaikl et al. 2002b). As show the results
from previous study, it most likely migrated to Lithuania westwards from eastern Belorussia (Petit et al.
2002a, b, c). Haplotype 1 from lineage C is found all
around the Baltic Sea (Jensen et al. 2002, Konig et
al. 2002). Nevertheless we did not find this haplotype in western Lithuania.
Surprisingly, the haplotype distribution in Lithuania well corresponds to the oak provenance regions
that have been defined based on oak stands productivity and morphologic traits and on eco-climatic parameters of geographic regions. It shows that postglacial spreading and distribution of pedunculate oak
was influenced by environmental conditions in different regions of the country and contributed to formation of the present population structure. In general, it
was concluded that in spite of the historical anthropogenic influences in the Baltic States as well as in
Poland, clear tracks of recolonisation could be identified (Csaikl et al. 2002b). Obtained results analyzed
in combination with the results from previous studies
in the Baltic region indicate that certain haplotypes
migrated through certain geographical regions: haplotype 7 entered Lithuania from the south-west and
spread in southern-central Lithuania; haplotype 5
probably migrated also through south-west edge of the
country and then spread in western and northern
Lithuania intermixing with haplotype 6 which migrated from northern-eastern border of Lithuania (Fig. 3).
Haplotype 2 most likely migrated from North-West
Belorussia entering and spreading in South-East Lithuania. These separate migration routes of pedunculate
oak from different ice age refuge populations across
Lithuania contributed to formation of large scale
patchy geographical structure reflected in provenance
regions of pedunculate oak in Lithuania which were
identified in combined analysis of multitude growth,
phenology and morphology traits. Probably this complex of populations features typical of certain provenance regions in Lithuania is a reflection of features
of the former ice age populations that survived in refuge zones in southern Europe.
However, no similarities can be seen between
population structure that was defined by cpDNA haplotype diversity and one defined by analysis of most
important adaptive trait, bud flushing phenology in
different progeny trials (Fig. 4 vs Fig. 5). It can be seen
that rather close populations of the same haplotype
(e.g. the Josvainiai and Ðëta populations, haplotype
7) are of very different phenology (Fig. 6). Most likely present phenology of populations was determined
not by specific phenology of populations of a certain
2009, Vol. 15, No. 1 (28)
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haplotype from certain ice-age refuge zone but was to
the great extent due to founder effect and to adaptation to local environment conditions. Another possibility is that there could be some hidden population
structure that has not been found with these markers,
and which might be uncovered with use of different
or more markers.
The Jûrava, Bijutiðkis, Siesikai, Kulûpënai, Gustonys and Seirijai populations consist of genotypes
of three cpDNA haplotypes with presence of not typical haplotype of particular provenance region which
indicates that these stands have been established artificially and with mixture of seeds from different populations (Fig.1). Populations with predominance of haplotype 2 or 7 or combination of haplotypes 5 and 6
can
be considered as autochthonous.


Population:
Anc iðk oi
Bijutiðk io
J os vainiø
D uðnioniø
R amby no
Seirijø
Sem eliðk iø
Pagëg iø
Buk tos
Jûravos
D ubravo s
Ðëtos
Nauj.Û tos
Dûkð tø
Kalt inënø
Kûlupënø
Þieþm ariø

1. 4

1.3

1.2

1.1 

1.0

0.9

0.8 

0.7

0.6

0 .5

0.4

0.3

0 .2

0.1

0.0

Aver agdistance
e dista nce bet
we en clusters
Average
between
clusters

Figure 5. Grouping of Lithuanian populations of pedunculate oak into clusters based on bud flushing phenology in 3
individual progeny trials

Variance analysis in each individual progeny trial
indicated significant population effect for bud flushing phenology in all three trials (probability based on
Z-test, P Z = 0.015-0.023) and for tree height in two trials (P Z = 0.10-0.05). Population variation component
for bud flushing phenology was high reaching from
14.5± 7.3 to 25.3± 11.6% thus indicating large population differentiation of pedunculate oak in Lithuania.
The family effect was significant for all adaptive
traits studied, i.e. bud flushing phenology (P Z = 0.0070.013), leaf colouring phenology (P Z = 0.021-0.046), and
tree height (PZ = 0.005-0.089). This allowed estimation
of coefficient of additive genetic variation (CVA ). Chloroplast DNA genetic diversity characteristics and genetic variation of adaptive traits of half-sib progenies
of pedunculate oak Lithuanian populations are presented in Table 1. The additive coefficient of genetic variISSN 1392-1355
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Figure 6. Bud flushing phenology of progenies of Lithuanian populations of pedunculate oak (Quercus robur L.). The
more filed circles the more progress in bud flushing (earlier bud flushing)

ation of adaptive traits was from 10.8 to 32.3% and
varied in different populations from 0 to 51.8 % thus
reflecting differing adaptation possibilities of populations. However, the amount of additive genetic variation of adaptive traits cannot be attributed to a certain
haplotype and it varied substantially among populations of the same haplotype (e.g. for haplotype 7 CVA
of bud flushing varied from 23.3 to 51.8%). Correlations
among CV A estimates of adaptive traits and chloroplast
DNA genetic diversity characteristics were negative, but
weak and insignificant (r = -0.16  -0.37) while correlation among CV A estimates of adaptive traits was moderate to high and significant (r = 0.39  0.72). The absence of correlation is due to adaptive traits regulated
by genes of nucleus genome while haplotypes represent chloroplast genome. Nowakowska et al. (2007) in
her studies of the Polish pedunculate oak populations
has found that populations of higher haplotype diversity were of better health status. Our studies also show
a tendency, that populations consisting of admixture of
two or three cpDNA haplotypes were of better health
than populations of one single haplotype. However,
2009, Vol. 15, No. 1 (28)

more extended studies are needed to draw generalised
conclusions on adaptive features of populations of
different haplotypes or lineages.
The populations N. Ûta (haplotype 7), Paeþeriai
(Vilnius, haplotype 2) and Anciðkis (mixture of haplotype 5 and 6) are proposed to be included into the
European Forest Genetic Resources Program (EUFORGEN) European-wide gene conservation population
network as best representing Lithuanian pedunculate
oak populations cpDNA haplotype diversity and
populations of provenance regions 4, 2, and 1, respectively. The Paeþeriai and Anciðkis populations exclusively represent haplotypes 2 and 6 for the Baltic
States as these haplotypes were found neither in
Latvia nor in Estonia.
As certain haplotypes (e.g. 7 or 2) or haplotype
combination (5 and 6) is typical of individual pedunculate oak provenance regions in Lithuania (except for
region 3), this cpDNA haplotyping allows for rather
precise molecular description, documenting and control of usage and movement of forest reproductive
material, thus facilitating better implementing and fulISSN 1392-1355

9

BALTIC FORESTRY
A. PLIÛRA ET AL.

POPULATION STRUCTURE OF PEDUNCULATE OAK /.../

filment of European Council Directive 1999/105/EC of
22 December 1999 on the Marketing of Forest Reproductive Material and national Regulation on Forest
Reproductive Material (08 12 2007 edition).
The Jûrava (Jurbarkas), Semeliðkës (Trakai) and
Zarasai pedunculate oak populations differ in haplotypes or its composition from their typical provenance
regions. This gives indication on need to introduce
some corrections into present delineation of provenance regions that was based mainly on stand productivity, morphologic traits and ecological parameters
of certain geographical regions (Delineation of pedunculate oak provenance regions, the order of LR Environment minister No. 317, 14 06 2002 m. and new edition of forest tree species delineation of provenance
regions, order No.D1-651, 2007 12 08). Haplotype 2
found in the Semeliðkës population shows that pedunculate oak forests of Trakai forest enterprise should
be assigned to neighbouring 2nd provenance region.
Haplotypes 5 and 6 dominating in the Jûrava population indicate that oak stands of Tauragë should be
assigned to 1.1 provenance region, while the only
haplotype 7 found in the Zarasai population is not
typical neither of 1.1 nor 2 nd provenance region of
pedunculate oak. The historic information on the origin of this population shows that it is not autochtonuous. To adjust provenance regions of pedunculate
oak, 2-3 additional populations should be sampled and
cpDNA haplotyped in the Trakai, Tauragë and Zarasai forests. However, the adaptive significance of haplotypes remains unrevealed and thus the question
remains whether the haplotype of population can be
used as the main indicator for delimiting provenance
regions.

Conclusions
Three distinct groups of populations have been
identified in chloroplast DNA PCR-RFLP analysis of
samples from 28 pedunculate oak Lithuanian populations: the largest consisting of 13 populations with
prevailing haplotype 7, the second group of 11 populations with prevailing haplotypes 5 and 6, and the
third group consisting of 4 populations of haplotype
2. East Lithuanian populations of pedunculate oak
belong to cpDNA haplotype 2 from C lineage that
migrated to Lithuania from South Italian glacial refuge
zone, haplotype 7 from A lineage of the northern Balkans origin dominates in Central-South Lithuania,
while haplotypes 5 and 6 from A lineage originating
from the South-East Balkans are typical of West-North
Lithuanian populations.
Haplotype distribution in Lithuania well corresponds to the oak provenance regions that have been
2009, Vol. 15, No. 1 (28)
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defined based on oak stands productivity and morphologic traits and on eco-climatic parameters of geographic regions. It indicates that separate migration routes
of pedunculate oak from different ice age refuge populations across Lithuania contributed to formation of
large scale patchy geographical structure expressed
itself in the structure of provenance regions of pedunculate oak in Lithuania. Probably this complex of populations features typical of certain provenance regions
in Lithuania is a reflection of features of the former
ice age populations that survived in refuge zones in
southern Europe.
However, no similarities were found with population structure that was defined by analysis of bud
flushing phenology, most important adaptive trait.
Most likely present phenology of populations was
determined not by specific phenology of populations
of certain haplotype from a certain ice-age refuge zone
but was to the great extent due to founder effect and
adaptation to local environment conditions.
The Jûrava, Bijutiðkis, Siesikai, Kulûpënai, Gustonys and Seirijai pedunculate oak populations consist of genotypes of three cpDNA haplotypes with
presence of atypical haplotype of a particular provenance region which indicate that these stands were
established artificially and with mixture of seeds from
different populations.
The additive genetic variation of adaptive traits
varied substantially in different populations thus reflecting differing adaptation possibilities of populations. However, the certain amount of additive genetic variation of adaptive traits cannot be attributed to
particular cpDNA haplotype.
The identified comparatively large chloroplast
DNA haplotype diversity that shows diverse postglacial origin of populations, and large inter- and intrapopulation genetic variation of adaptive traits suggests that species have a potential for genetic adaptation to changes in climate and the environment and
indicate good possibilities for gene conservation and
tree breeding in Lithuania when using the Multiple
Population Breeding System.
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ÏÎÏÓËßÖÈÎÍÍÀß ÑÒÐÓÊÒÓÐÀ ×ÅÐÅØ×ÀÒÎÃÎ ÄÓÁÀ (QUERCUS ROBUR L.) Â
ËÈÒÂÅ, ÓÑÒÀÍÎÂËÅÍÍÀß ÏÐÈ ÏÎÌÎÙÈ ÃÀÏËÎÒÈÏÎÂ ÄÍÊ ÕËÎÐÎÏËÀÑÒÀ
È ÀÄÀÏÒÈÂÍÛÕ ÏÐÈÇÍÀÊÎÂ
À. Ïëþðà, Ä. Ðóíãèñ è Â. Áàëþöêàñ
Ðåçþìå
Íàáëþäàåìûå èçìåíåíèÿ êëèìàòà è óâåëè÷åíèå àìïëèòóäû òåìïåðàòóðíîãî êîëåáàíèÿ îòðàçèëèñü íà ñîñòîÿíèè
äóáðàâ, â îñîáåííîñòè, ýòî âûçâàíî ïîâðåæäåíèÿìè îò âåñåííèõ çàìîðîçîê, ìèêîáèîòîé è íàñåêîìûõ. Ýòî óãðîæàåò
âûæèâàíèþ ïîïóëÿöèé äóáà, à òàêæå óñèëèâàåò àêòóàëüíîñòü ñîõðàíåíèÿ ãåíîôîíäà è âåäåíèÿ ëåñíîé ñåëåêöèè.
Äàííîå èññëåäîâàíèå íàïðàâëåíî íà óñòàíîâëåíèå ðîëè ïîñëåëåäíèêîâûõ ìèãðàöèîííûõ ïóòåé è ìåñò ïðîèñõîæäåíèÿ
ïîïóëÿöèé íà ãåíåòè÷åñêóþ âàðèàöèþ. Ïîëó÷åííûå ðåçóëüòàòû áûëè èñïîëüçîâàíû äëÿ óñòàíîâëåíèÿ âîçìîæíîñòåé
ïîïóëÿöèé àäàïòèðîâàòüñÿ ãåíåòè÷åñêè ê èçìåíåíèÿì êëèìàòà, à òàêæå ïðåäóñìîòðåíî èñïîëüçîâàíèå ãåíåòè÷åñêèõ
ðåñóðñîâ ñîâìåñòíî ñ ñåëåêöèåé. Äëÿ àíàëèçà ÄÍÊ õëîðîïëàñòà ìåòîäîì PCR-RFLP áûëè ñîáðàíû îáðàçöû ëèñòüåâ îò
29 ïîïóëÿöèé (7 äåðåâüåâ ñ êàæäîé) äóáà â Ëèòâå. Ïî ãàïëîòèïàì õëîðîïëàñòà ïîïóëÿöèè ðàçäåëèëèñü íà òðè ãðóïïû.
Ïîïóëÿöèè â âîñòî÷íîé ÷àñòè Ëèòâû ñîâìåñòèìû ñî âòîðûì ãàïëîòèïîì, êîòîðûé ìèãðèðîâàë â âåòâè Ñ èç çîíû
óáåæèùà Þæíîé Èòàëèè. Ñåäüìîé ãàïëîòèï, ïðåîáëàäàþùèé â ïîïóëÿöèÿõ Öåíòðàëüíîé è Þæíîé Ëèòâû,
ìèãðèðîâàë â âåòâè À è ÿâëÿåòñÿ Áàëêàíñêîãî ïðîèñõîæäåíèÿ. Ïÿòûé è øåñòîé ãàïëîòèïû ïðèíàäëåæàò òîé æå
ñàìîé ìèãðàöèîííîé âåòâè À, òîëüêî ìèãðèðîâàëè èç Þæíûõ Áàëêàí. Ýòè ãàïëîòèïû âñòðå÷àþòñÿ â Ñåâåðíîé è
Çàïàäíîé Ëèòâå. Ðàñïðîñòðàíåíèå ãàïëîòèïîâ â ïîïóëÿöèÿõ õîðîøî ñõîäÿòñÿ ñ ñåìåííûìè ðàéîíàìè äóáà â Ëèòâå.
Ñåìåííûå ðàéîíû áûëè îïðåäåëåíû ïî ïðîäóêòèâíîñòè äðåâîñòîåâ, íåêîòîðûì ìîðôîëîãè÷åñêèì ïðèçíàêàì è
êëèìàòè÷åñêèì ïîêàçàòåëÿì ãåîãðàôè÷åñêèõ ðåãèîíîâ. Ýòî îáñòîÿòåëüñòâî óêàçûâàåò íà òî, ÷òî ðàçíûå ìèãðàöèîííûå
âåòâè ïîâëèÿëè íà ãåîãðàôè÷åñêóþ ñòðóêòóðó è ðåãèîíîâ ïðîèñõîæäåíèÿ â Ëèòâå. Âîçìîæíî, íåêîòîðûå ïðèçíàêè
ïîïóëÿöèé ëåäíèêîâîãî ïåðèîäà â Þæíîé Åâðîïå ìîãóò îòðàæàòüñÿ è â ñåãîäíÿøíèõ ïîïóëÿöèÿõ. Ñîâìåñòíûé àíàëèç
ïîïóëÿöèîííûõ ôåíîëîãè÷åñêèõ ïðèçíàêîâ è ïîïóëÿöèîííîé ñòðóêòóðû âûÿâèë, ÷òî ìåæäó íèìè íåò ñóùåñòâåííîãî
ñõîäñòâà. Ïðèñóòñòâèå òð¸õ õàïëîòèïîâ â íåêîòîðûõ ïîïóëÿöèÿõ óêàçûâàåò íà èõ èññêóñòâåííîå ïðîèñõîæäåíèå.
Ïîïóëÿöèè, ãäå íàéäåíû âòîðîé è ñåäüìîé èëè ïÿòûé è øåñòîé õàïëîòèïû, ìîæíî îòíåñòè ê ðÿäó àâòîõòîííûõ
ïîïóëÿöèé. Êîýôôèöèåíò ãåíåòè÷åñêîé âàðèàöèè àäàïòàöèîííûõ ïðèçíàêîâ â ðàçíûõ íàñàæäåíèÿõ âàðúèðîâàë îò 10.8
% äî 32.3 %, à äëÿ ïîïóëÿöèé - îò 0 % äî 51.8 %. Ðåçóëüòàòû ïîäñ÷¸òîâ óêàçûâàþò íà ðàçíûå àäàïòàöèîííûå
âîçìîæíîñòè ïîïóëÿöèé. Íî îïðåäåë¸ííîå êîëè÷åñòâî àääèòèâíîé âàðèàöèè íåâîçìîæíî îòíåñòè ê êîíêðåòíîìó
ãàïëîòèïó. Äîñòàòî÷íî áîëüøîå ðàçíîîáðàçèå ãàïëîòèïîâ ÄÍÊ õëîðîïëàñòà è ãåíåòè÷åñêàÿ âàðèàöèÿ àäàïòàöèîííûõ
ïðèçíàêîâ óêàçûâàåò íà õîðîøèé ïîòåíöèàë äóáà êàê âèäà àäàïòèðîâàòüñÿ â ìåíÿþùèõñÿ ýêîëîãè÷åñêèõ óñëîâèÿõ.
Ìóëòèïîïóëÿöèîííàÿ ñèñòåìà ñåëåêöèè íàèëó÷øèì îáðàçîì ïîäõîäèò äëÿ ðåøåíèÿ çàäà÷ â êîíñåðâàöèè ãåíåòè÷åñêèõ
ðåñóðñîâ è ñåëåêöèè.
Êëþ÷åâûå ñëîâà: Quercus robur, ïîïóëÿöèîííàÿ ñòðóêòóðà, õàïëîòèï ÄÍÊ õëîðîïëàñòà, ãåíåòè÷åñêàÿ
âàðèàöèÿ, àäàïòàöèîííûå ïðèçíàêè
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