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Abstract
The Random Amplified Polymorphic DNA (RAPD) technique was used to assess the genetic polymorphism of
Fraxinus excelsior L. in three families (K-59, T-3, and N-5) obtained by mature embryo culture in vitro. Analysis of 15
offspring showed polymorphic DNA bands with 12 oligonucleotide primers. A total of 139 RAPD bands were scored, of
which 92% were polymorphic. These results confirm that the studied offspring exhibited high genetic variation between
three families of common ash. We have revealed nine primers, each of which, when used separately can identify all
studied genotypes.
The simple sequence repeat (microsatellites) method was established together with the necessary basic laboratory
techniques as developed by an Austrian lab. An assessment of genetic diversity of selected Fraxinus excelsior trees and
their offspring from Lithuania served as the case study. Results demonstrated that in contrast to RAPD, many more
alleles at each locus were present, and some offspring of individual trees grouped together after clustering.
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Introduction
Common ash (Fraxinus excelsior L., Oleaceae) is
one of the more important hardwood forestry species
in many European countries, often forming small discontinuous stands in European mixed deciduous forests. The populations of common ash are mostly natural and occupy about 1.8% of the territory covered
by forests in Lithuania (Lithuanian Statistical Yearbook
of Forestry 2010). Massive dieback of F. excelsior has
been observed not only in Lithuania, but in other
European countries as well (Pliûra 1999, Skuodienë
2005, Bakys et al. 2008). Forest trees are exposed to
many stress factors, such as pollution, climate change,
and habitat fragmentation, and assuring the potential
for adaptation must play an increasingly important role
in the plant species response. Jump and Penuelas
(2005) stated that in fragmented landscapes, rapid climate change has the potential to overwhelm the capacity for adaptation in many plant populations, and
to dramatically alter the genetic composition. As genetic diversity is the basis of the evolutionary potential of species to respond to environmental changes,
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the maintenance of this diversity has become the main
aim for conservation of forest genetic resources programmes (Palmberg-Lerche 2001, Toro and Caballero
2005).
Williams et al. (1990) first described the randomly amplified polymorphic DNA (RAPD) technique, and
is used frequently, as it is easily available in order to
acquire information on the genetic diversity of a species. The RAPD analysis was used to examine the
genetic diversity and structure of ten natural Lithuanian common ash (F. excelsior) populations (Þvingila
et al. 2005). The RAPD markers were also used to recognize two closely related European ash species, F.
excelsior and F. oxyphylla and their putative hybrids
(Jeandroz et al. 1996). The genetic diversity of common ash in five Polish and three Lithuanian populations was evaluated based on RAPD analysis by Nowakowska et al. (2004).
Microsatellites are highly polymorphic DNA markers with discrete loci and codominant alleles. Microsatellite markers have been developed in F. excelsior
initially by Lefort et al. (1999). Comprehensive studies of common ash Bulgarian and French populations
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were performed using the nuclear microsatellite markers (Heuertz et al. 2001, Morand et al. 2002). Genetic
variability of 31 Italian common ash populations was
evaluated using another similar set of six microsatellite markers (Ferrazzini et al. 2006). Heuertz et al. (2004)
studied genetic diversity between Western and Southeastern European common ash populations using the
nuclear microsatellites. The genetic diversity of 14
populations of F. excelsior in southern Germany was
analysed using nuclear and chloroplast microsatellites
(Hebel et al. 2006).
The aim of the present investigation was to evaluate the level of genetic diversity in Lithuanian common ash offspring using RAPD markers, and to assess
the genetic diversity of Lithuanian common ash offspring and maternal trees with the use of four polymorphic microsatellite loci.

Materials and methods
Plant material. The offspring of three different
Lithuanian common ash families [Këdainiai-59 (K-59),
Nemenèinë-5 (N-5), Telðiai-3 (T-3)] were analysed by
using RAPD markers. The biological material for genetic analysis was collected from plantlets grown in
isolated mature embryo culture at the early developmental stage (first true leave) (Mockeliunaite and
Kuusiene 2004). The original seeds had been selected
for sampling in November 2001 (previously: Lithuanian
forest genetic resources, seed and plant service, now:
Forest service). The 83 samples of one F. excelsior
Lithuanian population (Këdainiai, with three different
half-sib families: K-58, K-59, and K-60) were used for
the microsatellite analysis. The seeds were collected
in the same way as for RAPD, and material for this
DNA experiment was taken from leaves of seminal
(maternal) trees in June 2004.
Genomic DNA isolation. The DNA of the offspring of three different Lithuanian common ash populations for RAPD analysis was extracted using the
genomic DNA purification Kit (Fermentas, Lithuania),
applying the protocol recommended by the supplier
of the kit. The DNA was extracted from 15 plantlets of
three families which were propagated in isolated embryo culture. Then 80 samples of offspring DNA were
extracted from the embryos of three mother trees, and
the DNA of the mother trees was extracted from the
leaves. The DNA of embryos (from the seeds) was
extracted according to an Arabidopsis thaliana genomic DNA extraction method in the Lithuanian laboratory as follows: each embryo from seed was ground
in an Eppendorf tube with a tightly fitting plastic pestle, before addition of 400 ml extraction buffer (EB) and
vortexing, then centrifugation in a microcentrifuge for
2012, Vol. 18, No. 1 (34)

66

R. LUKÐIENË ET AL.

1 min at 14,000 rpm. The supernatant (300 ml) was transferred to a new tube, 300 ml of isopropanol was added
and the mix was incubated for 2 min at room temperature, then spun in a microcentrifuge for 10 min at 14,000
rpm. Finally, the supernatant was removed, the pellet
washed with 70% (ice cold) ethyl alcohol, spun for 1
min at full speed, after which the supernatant was again
removed, the pellet air-dried, and re-suspended in 100
ml water. The extracted DNA was carried to the Austrian laboratory in an ethanol-precipitated state and
was dissolved in TE buffer (10 mM Tris, 0.1 mM EDTA)
upon arrival.
PCR amplification. A total of 18 different RAPD
primers were chosen for the three Lithuanian ash populations (Table 1). The Polymerase Chain Reaction
(PCR) amplification was carried out in 25 µl of a mix
consisting of: 2 µl of extracted DNA, 2.5 µl 10x reaction buffer as supplied with the polymerase, 13.8 µl
ddH2O, 3 µl MgCl 2, 2.5 µl dNTP mix (2mM; obtained
from Fermentas, Lithuania), 0.2 µl Taq Polymerase
(Fermentas, Lithuania), and 1 µl primer (sources see
Table 1). Amplifications were performed in a DNA thermocycler TGradient (Biometra, Germany) as follows:
4 min of initial denaturation at 94°C, followed by 45
cycles of 1 min of denaturation at 94°C, 1 min of annealing at 35°C, 2 min of extension at 72°C, and a fiTable 1. Number of total and polymorphic DNA bands obtained with different RAPD primers used to assess genetic
diversity in Fraxinus excelsior offspring
RAPD
primer

Total bands1

Polymorphic
bands2
16

Size range of
DNA fragment
(bp)
630-2830

Genotypespecific
bands3
2

Roth 170-01

17

Roth 170-02

12

Roth 170-03

Uninformative

12

500-2800

1

-

-

Roth 170-04

-

Uninformative

-

-

-

Roth 170-05

Uninformative

-

-

-

Roth 170-06

1

1

3450

0

Roth 170-09

10

8

820-2800

2

Roth 170-10

5

4

1120-2800

0

Roth 370-01

9

8

830-2500

0

Roth 370-02

9

8

500-1750

0

Roth 370-03

Uninformative

-

-

-

Roth 370-04

12

10

1050-3100

1

Roth 370-05

18

17

400-3000

1

Roth 370-06

12

11

750-3000

0

Roth 370-07

Uninformative

-

-

-

Roth 370-08

16

15

500-3200

0

Roth 370-09

Uninformative

-

-

-

Roth 370-10

18

18

560-3100

0

 total number of scorable bands detected
 total number of bands detected as polymorphic in at least
one genotype
3
 number of possible genotype-specific bands, generated with
corresponding primer
1
2
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nal extension step after the cycles of 5 min at 72°C
(Þvingila et al. 2002). Every PCR reaction was repeated at least twice.
The PCR conditions for the other set of 83 samples for microsatellite analysis were conducted as in
the protocol of the host laboratory. For mother tree
and offspring parentage analysis, five highly polymorphic nuclear microsatellite markers (FEMSALT4, 11, 16,
19, and M2-30) were selected initially (Lefort et al.
1999). Those loci had shown the best results in the
host laboratory in Vienna, Austria. The PCR products
were tested using electrophoresis through 2.0% agarose gels. Gels were stained with ethidium bromide and
visualized using ultra-violet light. Polyacrylamide electrophoresis on large (40 x 20 cm) denaturing gels was
used for separating microsatellite alleles. Staining of
these large polyacrylamide gels was conducted by
using either SYBR-Gold or silver nitrate. Comparison
to 10 bp and 100 bp marker ladders (Invitrogen, Canada) determined the exact sizes of the microsatellite
fragments. The SYBR-Gold staining was preferred to
silver staining for time saving and easier gel removal,
so most data were obtained with SYBR-Gold staining.
All samples were analysed with four labelled primer
pairs (FEMSALT 4, 11, 16, and M2-30) using a dedicated sequencing automat (Beckman CEQ 8000, UK),
using standard procedures in the host laboratory
(Hecker and Roux 1996).
Data analysis. The amplified RAPD fragments of
each sample were scored independently, and only for
reproducible and clear bands. For each sample, the
presence or absence of DNA fragments were recorded as 1 or 0, respectively, and treated as discrete characters. A dendrogram was generated using the
TREECON for Windows software (Van de Peer and De
Wachter 1994). The data of the microsatellite analysis
was processed with the software GenAlEx 6 (Peakall
and Smouse 2006) and the Pop-Gene v. 1.31 Software
(Yeh et al. 1999).

Results
The genetic variability of common ash (F. excelsior L.) was assessed using RAPD molecular markers.
Of the 18 studied primers, six produced no amplification at all, while the other remaining primers amplified
polymorphic products (Table 1). The 12 informative
RAPD primers produced very different numbers of DNA
bands, and the size of amplified products ranged from
400 to 3450 bp. The highest number of bands resulted
from amplification with the primers Roth 370-05 and Roth
370-10, while the primer Roth 170-06 produced only one
band. The pattern of DNA polymorphism established
with primer Roth 170-01 was shown in Figure 1.
2012, Vol. 18, No. 1 (34)
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Figure 1. RAPD agarose gel electrophoresis profiles of 15
common ash offspring using primer Roth 170-01. Lines 1 to
15 represent the offspring listed in table 2. Size markers (M1
and M2) were given in base pairs (bp). The arrow indicated
genotype-specific RAPD bands

A closer examination of the RAPD gel patterns
showed a number of amplification products that were
genotype-specific and could also identify individual
offspring in this set. Genotype-specific bands were
revealed by the primers Roth 170-01, Roth 170-02, Roth
170-09, Roth 370-04, and Roth 370-05 (Table 1). The
primer Roth 170-01 identified a genotype-specific 990
bp band for offspring N-5/3 and another at 1030 bp
for offspring N-5/5. Two genotype-specific RAPD
bands were amplified for genotypes K-59/26 and K59/7 (primer Roth 170-09). One genotype-specific band
for K-59/4 was identified with primer Roth 170-02. Two
genotype-specific bands with the same primer (Roth
170-09) were identified in the investigation of genotypes K-59/26 and K-59/7. One genotype specific band
was amplified with the primers Roth 370-04 and Roth
370-05 for offspring K-59/6 and K-59/4, respectively.
The relationship between analysed offspring was
shown in the dendrogram (Fig. 2). The offspring of
families N-5 and K-59 appear in two separate clusters.
One offspring of family T-3 clusters apart from its family cluster.
The PCR products were obtained from most of the
samples of microsatellites. A small group of samples
which had been extracted from tissue culture embryos
consistently showed problems after amplification. After some initial technical difficulties, we managed to
pour and run polyacrylamide gels adequate for electrophoresis, staining, and scoring. We did not succeed,
however, in analysing all samples with the polyacrylamide gels. Therefore, we turned to the sequencer for
the rest of the samples. Data were presented as a simISSN 2029-9230
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ple allele frequency graph (Fig. 3), in order to check
Mendelian inheritance of the alleles from mother to
offspring. As the result, the K-59 offspring matched the
maternal tree at the highest rate of 64.8% (Table 2).

T-3/26
K-59/4
N-5/41
N-5/42
N-5/3
N-5/5
T-3/21

Table 2. Percentage of offspring microsatellite alleles of common ash which matched with the mother trees
K-58-mothertree
K-59-mothertree
K-60-mothertree

K-58-offspring

K-59-offspring

K-60-offspring

62.2±0.03%
57.7±0.03%
34.4±0.02%

48.4±0.02%
64.8±0.03%
36.0±0.02%

21.3±0.03%
31.2±0.03%
42.0±0.05%

K-59/7
K-59/6
K-59/26
K-59/8

Figure 2. Dendrogram of three Lithuanian families of plantlets (K-59, T-3, and N-5) of common ash RAPD fragments
obtained using UPGMA method

The dendrogram of offspring using microsatellites
showed separate clusters of analysed families similarly to RAPD experiment, but with more exceptions
(Fig. 4). The maternal trees of the three families made
up the different clusters with one or more offspring.
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Figure 3. Allele distributions at four selected microsatellite loci encountered for three offspring families of common ash
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Figure 4. Dendrogram of
three Lithuanian families
(K-58, K-59, and K-60)
for common ash microsatellite loci obtained using
UPGMA method
2012, Vol. 18, No. 1 (34)
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Discussion and conclusions
The RAPD method was used to assess genetic
diversity in common ash (F. excelsior L.) individuals
of three maternal trees from different populations of
Lithuania. Plantlets from mature embryo culture in
vitro were chosen randomly. The RAPD technique was
chosen for its simplicity and availability (Williams et
al. 1990) and was very effective in identifying genetic
differences between common ash offspring. All chosen informative primers showed polymorphic bands in
the studied genotypes. A total of 139 RAPD bands
were scored, of which 92% were polymorphic. This
percentage of polymorphic DNA fragments was almost
the same as the one estimated by Þvingila et al. (2005)
in the ten Lithuanian common ash populations (92.1%).
Nowakowska et al. (2004) showed that 97% of the loci
were polymorphic in Polish common ash populations
and 95.2% in Lithuanian populations. Our results confirmed that the analysed genotypes exhibited high
genetic variation between three families of common
ash. These results showed that the chosen RAPD technique was effective in revealing a high level of DNA
polymorphism in common ash offspring.
The dendrogram showed the genetic relationship
between common ash offspring in simplified form (Fig.
4). Some seeds or plantlets from certain families clustered away from the family. Similar observations were
reported for genetic diversity of common ash and
Norway spruce populations (Areðkevièienë et al. 2005,
Þvingila et al. 2005) The clustering patterns of the
populations was independent of the geographic distribution, and showed cases of larger genetic diversity over short geographic distances, as well as cases
of low genetic distance between geographically distant populations. Many tree species have been found
to harbour high genetic diversity within populations,
but low differentiation among populations (Hamrick et
al. 1992, Heuertz et al. 2001, Morand et al. 2002). Some
biological characteristics of tree species such as long
generation time and predominant wind pollination in
temperate areas (Hamrick and Godt 1989) can explain
this phenomenon. The fragmented nature of F. excelsior stands may add to this phenomenon in Lithuania. Single offspring not clustering with the bulk of
the family may result from long-distance pollinations.
We have identified genotype-specific DNA bands.
Five of the primers (Roth 170-01, Roth 170-02, Roth
170-09, Roth 370-04, and Roth 370-05) showed such
genotype-specific DNA bands, resulting in a total of
seven genotype-specific DNA fragments. The assumption can be made that these fragments were genotypespecific, but it was equally likely that these represent2012, Vol. 18, No. 1 (34)
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ed rare variants that may appear again in a wider set
of common ash offspring.
Depending on the microsatellite locus, different
patterns were obtained for the three different offspring
families. For example, offspring Këdainiai 60 (which had
the smallest number of samples) was clearly different
when locus FEMSATL 04 or M2-30 was considered.
The other two families can be distinguished by the
patterns in FEMSATL 11.
The microsatellite primers were also used for evaluation of genetic structure within and among Bulgarian populations of common ash (Heuertz et al. 2001),
in western and eastern European populations of common ash (Heuertz et al. 2004), e.g. showing a general
heterozygote deficiency in French common ash populations (Morand et al. 2002).
The fixation index, F ST , was expressed as the proportion of genetic diversity as a result of allele frequency differences among populations (in contrast to FIS ,
differentiation within a population). The genetic variation observed in Northeastern and Southeastern common ash populations in Europe by microsatellite DNA
markers (FST = 0.090 and FST = 0.088, respectively, Heuertz
et al. 2001, Heuertz et al. 2004) was higher than in our
samples (FST = 0.125). This could be explained by the
fact that we worked with one population consisting of
three subpopulations (the three families). This was in
line with the common finding that in forest trees, within-stand genetic diversity was often higher than amongpopulation diversity (Smith and Devey 1994). The fragmented nature and small size of the populations of
common ash may also contribute to this result.
The RAPD method was very efficient for detecting genetic differentiation of offspring, given its low
requirements for equipment, handling, and skills. Microsatellite markers were more precise for searching
parents of an individual, if clean amplification patterns
can be obtained. All microsatellite loci were shown to
be polymorphic in our samples from Lithuania, and we
will take this as a basis for future investigations.
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ÎÖÅÍÊÀ ÃÅÍÅÒÈ×ÅÑÊÎÃÎ ÐÀÇÍÎÎÁÐÀÇÈß ÎÒÎÁÐÀÍÍÛÕ ÄÅÐÅÂÜÅÂ
FRAXINUS EXCELSIOR L. È ÈÕ ÏÎÒÎÌÑÒÂÀ ÈÑÏÎËÜÇÓß ÌÅÒÎÄÛ RAPD È
ÌÈÊÐÎÑÀÒÅËËÈÒÎÂ
Ð. Ëóêøåíå, Á. Õýèíçå è Ñ. Êóóñåíå
Ðåçþìe
Äëÿ óñòàíîâëåíèÿ ãåíåòè÷åñêîãî ïîëèìîðôèçìà â òð¸õ ñåìåéñòâàõ Fraxinus excelsior L. (Ê-59, T-3 è Í-5) áûëa
èñïîëüçîâàíà òåõíèêà RAPD, èñïîëüçóÿ êóëüòóðó çðåëûõ ýìáðèîíîâ in vitro. Àíàëèç 15 îòïðûñêîâ ïîêàçàë
ïîëèìîðôèçì ÄÍÊ ñ 12-òè ïðàéìåðàõ. Âñåãî áûëî îáíàðóæåíî 139 RAPD ôðàãìåíòîâ, 92 % èç êîòîðûõ áûëè
ïîëèìîðôíûìè. Ýòè ðåçóëüòàòû ïîäòâåðæäàþò, ÷òî èññëåäîâàííûå îòïðûñêè îáëàäàþò âûñîêîé ãåíåòè÷åñêîé
âàðèàöèåé â òð¸õ ñåìåéñòâàõ ÿñåíÿ åâðîïåéñêîãî. Áûëî îáíàðóæåíî äåâÿòü ïðàéìåðîâ, ïðè èñïîëüçîâàíèè êîòîðûõ â
îòäåëüíîñòè ïîçâîëÿÿ èäåíòèôèöèðîâàòü âñå èññëåäîâàííûå ãåíîòèïû.
Äëÿ óñòàíîâêè íåêîòîðûõ îñíîâíûõ òåõíèê ðàáîòû ñ ìèêðîñàòåëèòàìè (ïðîñòîãî ïîâòîðåíèÿ ïîðÿäêà) è äëÿ èõ
ïðèìåíåíèÿ áûë èñïîëüçîâàí ìåòîä, êîòîðûé áûë ðàçðàáîòàí â Àâñòðèè äëÿ îöåíêè ãåíåòè÷åñêîãî ðàçíîîáðàçèÿ
îòïðûñêîâ Fraxinus excelsior è ìàòåðèíñêèõ äåðåâüåâ èç Ëèòâû. Ðàáîòà áûëà ïðîâåäåíà â 2006 ãîäó â Ãåíåòè÷åñêîì
Îòäåëå Ôåäåðàëüíîãî Ó÷ðåæäåíèÿ ïðè Öåíòðå Èññëåäîâàíèé Ëåñà, â Âåíå, Àâñòðèÿ. Ïî ñðàâíåíèþ ñ ìåòîäîì RAPD,
ìåòîä ìèêðîñàòåëëèòîâ âûÿâèë çíà÷èòåëüíî áîëüøåå êîëè÷åñòâî àëëåëåé â êàæäîì ëîêóñå. Ïîòîìñòâî îòäåëüíûõ
äåðåâüåâ ëó÷øå ãðóïïèðîâàëîñü â îòäåëüíûå êëàñòåðû.
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