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Abstract

Taxus baccata L. is extinct species in natural stands of Lithuania and rare in neighbouring states. The paper presents
a study of genetic diversity of Taxus baccata growing in natural populations close allocated to Lithuanian border in
neighbouring Baltic Sea countries. The main aim of this investigation was to assess genetic based possibilities of
regeneration of Taxus baccata population in Lithuanian forests. In this study we used RAPD markers to assess genetic
diversity of 58 7. baccata samples of provenances from Latvia, Lithuania, Poland and Russian Kaliningrad region. We
identified 58 RAPD profiles on the basis of 64 amplified DNA fragments. 73.4% of RAPD bands were polymorphic.
Four provenance specific bands were identified. Results demonstrate rather high level of DNA polymorphism and genetic

differentiation of studied 7. baccata provenances.
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Introduction

English yew (Taxus baccata L., Taxaceae) is a
species notable for specific ecological demands. Al-
though the area of the species extends from South
Scandinavia to Greece and from North-West Africa
to the Baltic States, this species is entered in the Red
Data Books of several countries (Navasaitis 2004).
This is strictly outcrossing dioecious plant, which
pollen is transported by wind and seeds are mainly
spread by birds (Hilfiker et al. 2004a). The biologi-
cal peculiarities of this species allow to call it “an
old rare species” (Holderegger 1997) that is thought
to be adapted to the isolated type of habitats and
grows as individual trees or in groups under the shade
of other trees.

In Lithuania the English yew, according to the
literature, disappeared in the 19" century (Natkevicaite
1932, Lietuvos TSR flora 1959, Navys 2000). Taxus
baccata specimens were described in Svék§na and
collected in the herbarium of J. Pabréza. In 1823
Prof. J. Jundzill took part in an expedition in Zemaitija
(West Lithuania) to study forests in the environs of
Svéksna town and indicated this species too

(Natkevicaite 1932, Regelis 1936). The last date when
it was mentioned growing as natural habitants - 1863
in Trakai district (Navys 2000). Since ancient times,
because of the valuable wood of Taxus baccata, it was
used in production of furniture and weapons, daily
needs and folk medicine. Alkaloid taxol that is reck-
oned by some authors as very efficient anti-tumour
agent is synthesized in the plants of Taxus (Wani et
al. 1971, Croteau et al. 2006).

Remains of natural populations of this species are
observed in the Baltic Sea countries — Lithuania’s neigh-
bours (Latvia, Poland, and Russian Kaliningrad Region).
Ecological conditions in certain areas (forests) of
Lithuania are suitable for regeneration of population of
this species flourishing in maritime climate (Navys 2000).
Two oldest examples of English yew growing in Lithua-
nian parks (Svéksna and Sateikiai) are nearly 200-years
old and could be the remnants of population that ex-
isted formerly in Lithuania. Moreover, the English yew
is grown as a decorative plant in some parks of Lithua-
nia, as well as botanical gardens and numerous private
gardens in all regions of this Baltic state.

Main purpose of this work was to conduct genetic
diversity studies of remnants of natural English yew
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populations in the neighbouring Baltic Sea countries
in areas allocated nearest to the Lithuanian border in
order the results of this investigation could be used
for elaboration and implementation of the programme
for regeneration of natural population of this species
in Lithuania. Especially important for elaboration of
such a programme is selection of parental plant mate-
rial. Collecting genetic material from low numbers or
improperly chosen individuals can cause low effective
population size and inbreeding depression, as well as
reduce the adaptive evolutional potential of such pop-
ulation (Barret and Kohn 1991). Indeed the same prob-
lems occur in the natural English yew populations in
Baltic Sea countries, which are critically small and
rather isolated geographically.

Methods of molecular markers are among the most
efficient modern ways to assess genetic diversity and
determine the genetic structure of a population. Now-
adays molecular methods are rather widely used in for-
est regeneration works (Zhang et al. 2006, Blakesley
et al. 2004, Romero-Severson et al. 2003). One of these
methods - the RAPD [random amplified polymorphic
DNA] technique is at the moment very popular. It is
based on PCR [polymerase chain reaction] - one of PCR
modifications (Williams et al. 1990). Last year RAPD
markers have been used for definition of variation
found between Taxus species, identification of inter-
specific hybrids (Collins ef al. 2003), determination of
T. baccata population genetic structure and dynam-
ics (Hilfiker et al. 2004 a, Hilfinker et al. 2004 b).

Due to even random distribution of the RAPD
markers within a genome and higher polymorphism de-
tected this assay method is superior to allozyme anal-
ysis; moreover, its simplicity and lower expenditures
for investigations overcome the microsatellite markers.
Despite some criticism, mainly for lack of reproduci-
bility, it is suggested that after proper optimization,
the RAPD is a reliable sensitive and reproducible as-
say (Atienzar and Tha 2006). Therefore, the RAPD is
widely applied in plant populations investigation (Ny-
bom 2004, Nybom and Bartish 2000). Another limita-
tion of RAPD markers is their dominant nature (Wil-
iams et al. 1990). This peculiarity of the RAPDs im-
pedes direct estimations of allele frequency and can
bias calculations of population differentiation (Lynch
and Miligan 1994). This problem can be overcome by
using analysis of molecular variance (AMOVA), which
is not influenced by the dominance problem (Huff et
al. 1993, Diaz et al. 2001).

The objective of our study was to evaluate, quan-
tify and compare genetic diversity in provenances of
T. baccata growing in different countries (Latvia,
Lithuania, Poland, Russian Kaliningrad region).

Matterial and methods

Plant material. Four provenances of 7. baccata
from Poland, Latvia, Kaliningrad and Lithuania region
were analyzed in this study (Fig. 1; Table 1). Number
of individuals analyzed per provenance ranged from 2
to 28. Fresh leaf material of individual’s (plants) was
collected and kept on the ice. Then this plant material
was stored at -40°C up to extraction of DNA. In total,
58 samples were applied for DNA analysis.

Estonia

Russia

Baltie
oga

Belarus

Poland

Figure 1. Locations of four studied provenances of Taxus
baccata L. Provenances designations are following: Latvia (S1
- Slitere, Em - Embreksi, Ze - Zentene, Da - Daiki), Lithua-
nia (Sv - Svéksna, Sa - Sateikiai), Kaliningrad (Za - Zaicev,
Ce — Celau), Poland (Cz — Czeski, CJ — Cisowy Jar, W —
Wezewo)

Table 1. Number of investigated Taxus baccata L. samples
in different provenances

Numbers of sampled

Provenance Site
plants

Slitere 11
Embreksi
Zentene
Daiki
Zaicev
Celau
Czeszki
Cisowy Jar 15 17
Wezewo
Sateikiai
Svéksna

Latvia 28

o W=

Kaliningrad

—[s

Poland

—_ | —

Lithuania

DNA extraction. Genomic DNA was extracted us-
ing a CTAB protocol (Doyle and Doyle 1990). DNA
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concentration and quality were measured using Eppen-
dorf BioPhotometer.

RAPD-PCR. Decamer primers purchased from Carl
Roth GmbH were used. Six primers were selected for
further analysis (Table 2). Reactions were performed
in 25 ul volumes and consisted of 2.5 ul 10x 7aq reac-
tion buffer, 3.0 mM MgCl, 0.2 mM dNTP, 1 uM prim-
er, 1 U 7Tag DNA polymerase (MBI Fermentas) and 50
ng/ul genomic DNA. PCRs were conducted using Bio-
metra TPersonal thermocycler according to the follow-
ing program: 4 min at 94°C, followed by 35 cycles of
60 s at 94°C, 60 s annealing at 36°C, 2 min extension at
72°C and last extension cycle for 5 min at 72°C.

bp (Table 2). Every one of primers generated between
9 and 13 DNA fragments with a mean of 10.7. 73.4 %
of the RAPD bands were polymorphic, which is simi-
lar to the value obtained by Collins ef al. (2003). These
authors considered a species separation of 7. bacca-
ta, T. canadensis and T. cuspidata and origins of their
hybrids on the basis of the RAPD and cpDNA data.
The highest number of polymorphic bands was estab-
lished in the 7. baccata group (86.5% polymorphism).
The average number of species polymorphic loci de-
termined in our study was 47 (Table 2). Fifty eight
unique RAPD banding patterns were observed, i.e. any
of the samples have not signified an identical band-

Table 2. Primers used in RAPD

Numbers of  Numbers of Percentage of DNA bands

. Primer Primers sequence No. of DNA . . . .
analyses, numbers and size of gen- (Carl Roth) 50 3 bands monolm(?rphlc POIY;IIO?PhIC Pollyfl{l(()g)?lc Sll(ebré;f)lge
oci oci oci (% P
erated bands 170-04  CGC ATT CCG C 12 2 10 833 5001680
170-05 GAG ATC CGC G 9 4 5 55.6 450-1300
170-08 CTGTACCCCC 9 2 7 77.8 400-1250
170-10 CAGACACGGC 12 3 9 75 640-2000
380-01 ACG CGC CAG G 13 2 11 84.6 500-2300
380-03 GGC CCC ATCG 9 4 5 55.6 450-2000
Total: 64 17 47 73.4 400-2300

Amplification products were separated on 1.5%
agarose gel in 1.0x TBE buffer and visualized by stain-
ing with ethydium bromide and photographed over UV
light using BioDocAnalyze system (Biometra). Each
reaction was performed at least twice in independent
experiments. Only clear and reproducible bands were
taken for data analysis.

Data analysis. Data were organized in a binary
matrix with 1 indicating band presence and 0 indicat-
ing band absence. This matrix was analyzed using
TREECON for Windows (Van De Peer and De Wachter
1994). Genetic distance matrix was generated accord-
ing to Nei and Li (Nei and Li 1979). Clustering analy-
sis was performed using Unweighted Pair - Group
Method of arithmetic Averages (UPGMA) method al-
gorithm. The significance level of dendrogram branches
was determined using 1000 bootstrap replicates. The
Shannon index of diversity (I), Nei (1973) gene diver-
sity (h), coefficient of gene differentiation (Gg,) and
effective number of alleles (n ) were calculated using
POPGENE v.1.32 (Yeh et al. 1999).

Principal coordinate analysis (PCA) and distribu-
tion of DNA fragments in 7. baccata provenances was
performed using software package GenAlEx v.6. Mean
heterozygosity was calculated assuming Hardy —
Wainberg equilibrium for each polymorphic locus (Nei,
1978) using GenAlEx v.6 (Peakall and Smouse 2006).

Results and discussions

The 6 chosen primers amplified a total of 58 sc-
orable RAPD bands that ranged in size from 400 to 2300

ing pattern and UPGMA cluster analysis based on
GDxy values indicated patterns of genetic relationship
among individual plants from different provenances
(Fig. 2). This demonstrates the existence of genetic
variation in the studied plant groups.

The Nei’s gene diversity (h) within studied plant
group provenances of 7. baccata ranged from 0.1901
Kaliningrad provenances to 0.3751 Latvian provenanc-
es (Table 3).

Table 3. Calculated values of genetic diversity indices in
provenances of Taxus baccata

Polymorphism Nurpber of Nei's gene S hannoq’s
Provenance effective alleles, . , information
(%) diversity, h .

ne index, I
Poland 78.72 1.5162 0.2913 0.4288
Kaliningrad 53.19 1.3173 0.1901 0.2849
Latvia 87.23 1.6840 0.3751 0.5392

Mean = SD 73.05 1.5058 + 0.2855 + 0.4176 £
B 17.71 0.184 0.093 0.127

The coefficient of gene differentiation among
studied plant groups was 0.218. This indicated that
21.8% of the total genetic diversity existed among
groups, while 78.2% existed within groups. This result
indicates the genetic specificity of T baccata germ-
plasm from different countries. The level of genetic
differentiation established in our study was higher
than one detected by Hilfiker et al. (2004 b). The mean
value of molecular variance established in that study
ranged from 4.34 in the small populations to 5.02 in
the large populations. This discrepancy could be ex-
plained by less isolation of 7. baccata populations in
Switzerland than in the Baltic Region.
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Genetic analysis of material collected from two
oldest in Lithuania Taxus baccata specimens (grow-
ing in Sateikiai and Svéksna parks, West Lithuania) has
been also performed. Comparison of studied material
demonstrated that analyzed Lithuanian samples resem-
bled with some of the examples from the Kaliningrad
provenances, as indicated in the dendrogram (Fig. 2).
However, we cannot make statistically reliable conclu-
sions about the genetic relationship of the oldest

04 0.3

Lithuanian individuals to those in Latvian and Kalin-
ingrad Region provenances, since the material we have
tested is not sufficient. That is why other genetic
parameters of 7. baccata from Lithuanian provenance
are not given in the paper, as is known the genetic
diversity correlates to the size of population (Frankham
1996). Nevertheless, the investigations carried out do
not dispose the possibility that the English yew indi-
viduals in the parks of Sateikiai and Svéksna can be

Dll 0.1
T

GDxy
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Figure 2. Bootstrapped
(1000 iterations) cluster

|
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analysis (UPGMA) of 3
provenances based on the
genetic distance among
58 Taxus baccata plants
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(Nei and Li’s 1979)
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remnants of the former natural Lithuanian population.
Especially that some literature sources (Natkevicaité
1932, Regelis 1936) have mentioned facts of still nat-
urally growing English yew in forest adjacent to Svéks-
na in the first half of the 19" century.

The genetic structure of investigated 7. baccata
provenances is illustrated by PCA (Fig. 3). It shows that
the most plants from Poland and Kaliningrad provenanc-
es tend to group together and are more genetically sim-
ilar than individuals from Latvian provenances.

A &
)
ML““
2] A Fy o
= Y & &
= A & o}
g & A‘é & S5
S [ PRy T ¢ @roo
& A
i A i OOQ &
- b
=] sl
o
Coord. 1

OF dland O K aliringrad &L atva

Figure 3. Two-dimensional representation of principal co-
ordinate analysis of Taxus baccata provenances. Coordinate
1 extracted 31.78% of the variance and Coordinate 2 extract-
ed 19.67% of the variance

The study of mean heterozygosity level within 7
baccata provenances demonstrates that the highest
one — was in Latvia provenance (0.37) and the lowest
one was in Kaliningrad provenances (0.19). A few
private bands only were detected: one in Kaliningrad
provenance and three in Latvian provenance (Fig. 4).
This rather low frequency of individual bands indi-
cates that most of the divergence between populations
derives from band frequency differences. Nowadays
is taken a view that the higher heterozygosity causes
the better adaptation (David 1998). Our observations
indirectly consist with this point of view. In Latvia
provenance, with the highest level of mean heterozy-
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Figure 4. The level of average expected heterozygosity in
the study populations of Taxus baccata

gosity, were observed numerous individuals of Eng-
lish yew in-fruit, more healthy and by far larger. Where-
as those studied in Kaliningrad Region were notable
for worse morphology, scrubby and less productive
(data not shown). In order to regenerate the English
yew population in Lithuanian forests, it would be more
expedient to take the parental propagation material from
yews growing in Latvia.

Conclusions

1.The study of Taxus baccata L. provenances
reported in this paper provides a more detailed insight
into genetic constitution of autochthonous specimens
that survived until nowadays in areas adjacent to
Lithuania.

2.The results of our investigation demonstrate a
rather high level of DNA polymorphism and genetic
differentiation of 7. baccata provenances in Latvia,
Poland and Russian Kaliningrad region.

3.Examples of Polish and Kaliningrad regions 7.
baccata provenances are closer genetically related.
The level of mean heterozygosity of examples from
Latvian provenance is higher.

4. For potential regeneration of 7. baccata popu-
lation in Lithuania, the parental material for propaga-
tion seems to be better fitting from Latvia. Its higher
heterozygosity is related to higher flexibility of plants
and their wider potential for adaptation under more
diverse ecological conditions.
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RAPD AHAJIN3 TEHETHYECKOI'O NIOJIUMOP®U3MA B IIPOBEHAHIUAX TAXUS

BACCATA L.

T. Kyiicuc, D. Hayrikemuc, A. Cxpunaiina, C. Kununckaiite u JI. 7/KBunruna

Pesome

Tuc esponeiickuii (Taxus baccata L.) saBisieTcsl peKMM HCUE3AOIIUM BUIOM B cocenHuX ¢ JIuTeoii ctpanax. B Jlutse
9TOT BUJ cunTaercs ncuesHyBmuM B XIX B. J{yst onenky renerudeckoro noauMopduima B 58 obpasax T, baccata n3 JINTBEI,
Jlareuu, [Monpmu u Kanuaunrpanckoii oonactu PO mbr ucnonb3oBanu Meton RAPD — ananusa ¢ miecTbio mpaiiMepamu. Ha
ocHoBe 64 RAPD nokycos 0butn onpenenensl 58 RAPD crekTpa, 4To 1MOKa3bIBaeT TeHETHYECKUE Pa3IMnine MEKTy BCEMH
HCCIIeN0BaHHEIME oOpa3uamu. Ypoens nonmumopdusma JJHK cocraBun 73,4%. RAPD — ananu3 mokasai, 4To CyIIecTBYeT
JIOBOJIBHO BBICOKAst TeHeTHuecKas JuddepeHipanys Mex 1y IPOBEHEHIIMSIMH THCA Pa3HOTO IPOUCXOXKICHHUSI.

KawueBsbie caoBa: Taxus baccata L., renetnueckuii momumoppusm, RAPD ananu3
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