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Abstract
Wild pear (Pyrus pyraster (L.) Burgsd.) is pear species growing naturally in Lithuania and is related to cultivated
pear (Pyrus communis L.). In some cases, plants identified as P. pyraster represent various stages of hybridization between
original P. pyraster and P. communis. Therefore a boundary between cultivated pear, naturalized plants and wild pear is
ambiguous. There is limited information on genetic variation and structure of P. pyraster population. The aim of our
study was to characterize morphological traits and microsatellite loci of pear originally collected from different localities
of Lithuania as naturally growing specimens, presently grown in germplasm collection at the Institute of Horticulture
Lithuanian, Research Centre for Agriculture and Forestry (IH LRCAF), and establish capacity of the markers to assess
genetic structure of the pear population and suitability for species specific identification. Assessment of thirteen
morphological parameters revealed high variation among Pyrus accessions. Morphological differences among the accessions
were quantitative rather than qualitative. Characterization of 9 polymorphic microsatellite loci of 84 pear accessions
identified 152 polymorphic alleles. The allele number per locus ranged from 12 to 20. The most polymorphic microsatellite
loci were EMPc106, EMPc117, NB109a and CH02c11. High genetic polymorphism was demonstrated by genetic
relationship and heterozygosity analysis among accessions. Lower H o than H e values indicated possible occurrence of self
fertilisation in naturally growing pears. It was shown that morphological variability of Pyrus accessions weakly reflects
genetic variation among them. The results of the molecular marker analysis of the accessions of free growing pear
collection provided information about genetic background of local pear population that would be useful for restoration
and maintaining of genetic diversity of forests.
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Introduction
Wild pear (Pyrus pyraster (L.) Burgsd.) is insect
pollinated and rare wild fruit tree species. The species is native to the Central, Western and Southern
Europe but with a very scattered occurrence, and it
often grows at the margins of hardwood forests in
stands mixed with beech (Stephan et al. 2003). It is the
only pear species native to Lithuania, which occurs
mostly in the South-Eastern regions. It is less common in the Western regions where only single individuals or small groups can be found (Petrokas 2002).
The average density of pear is only 30 trees per 1000
ha in the forests of South-Western Lithuania. The
absence of cross-pollination owing to territorial isolation and self-incompatibility are the main causes of
2013, Vol. 19, No. 1 (36)

local extinctions of wild pear trees (Petrokas 2007). P.
pyraster is considered an important relative of cultivated pear (Pyrus communis L.) and is of interest for
breeding activities because of the adaptability characteristics, such as growth in heavy clay soils and
drought tolerance (Palombi et al. 2007).
In the past, only morphological characters were
used for Pyrus identification. The genetic variation and
structure of P. pyraster is not yet known in detail and
requires extensive study (Stephan et al. 2003). Pyrus
accessions maintained at the germplasm collection at
the IH, LRCAF originated from different regions of
Lithuania (Petryla 1973, Petrokas 2002) and were classified by collector P. Petryla (Petryla 1973) according
to morphological trait of fruit weight into 3 groups: 1)
wild pear (P. pyraster ssp. pyraster) clones, 2) cultiISSN 2029-9230
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vated pear (P. communis) clones, and 3) hybrid clones.
However, further evaluation of additional morphological traits (bud and fruit parameters, presence of thorns
on shoots) and leaf peroxidase isoforms by R. Petrokas
(Petrokas et al. 2007) revealed only several matches
to the classification by P. Petryla (Petryla 1973).
An employment of molecular biology tools would
provide deeper understanding of genetic background
of the wild populations and hybrids of the crop. These
new tools include molecular marker techniques, which
have been proven useful in identification of the cultivars and hybrids of various crops, including fruit trees
(Wunsch and Hormaza 2002). Molecular techniques
have been used to elucidate the genetic relationship
among Pyrus species and cultivars in Portugal, and
among genotypes of the Asian and European pear
(Monte-Corvo et al. 2000, Teng et al. 2002, Kimura et
al. 2003). Genetic analyses based on DNA markers may
provide information regarding the immediate ancestor
of cultivated pear, and regarding the influence of hybridization. Several different types of DNA markers
have been successfully applied for Pyrus cultivar identification and the analysis of genetic relationships.
Genetic relationships between cultivated pear and related wild species have been investigated using microsatellite, also known as simple sequence repeats
(SSR) (Wolko et al. 2010), randomly amplified polymorphic DNA (RAPD) (Monte-Corvo et al. 2000), amplified fragment length polymorphism (AFLP) markers
(Monte-Corvo et al. 2000, Dolatowski et al. 2004).
Microsatelite markers are highly polymorphic and
codominant, these markers have advantages over other
molecular markers because of their robustness and
reproducibility. Microsatellite marker analysis provides
information that is useful for genotyping of individual plants or cultivars and exploring genetic relationship between accessions. Over 100 of microsatelite
markers were developed and characterized from genomic DNA of various Pyrus species (Yamamoto et al.
2002, Nishitani et al, 2009, Fernández-Fernández et al.
2006). The microsatellite markers were used for identification and characterization of genetic polymorphism
of pear cultivars in Europe, North America, Asia and
Australia (Basil and Postman 2010, Gasic et al. 2009,
Ahmed et al. 2010, Yakovin et al. 2011, Smith
et al. 2009).
Free growing Pyrus in Lithuania have not been
characterized by molecular markers. The aim of our
study was to characterize pear accessions maintained
at the IH, LRCAF collection based on morphological
parameters and using microsatellite markers, and to
establish their capacity to assess genetic polymorphism and suitability for species specific identification.
Investigation of genetic polymorphism of the pear
2013, Vol. 19, No. 1 (36)
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germplasm collection would provide information about
genetic structure of local pear population.

Materials and methods
Plant material. Eighty-four accessions from collection Pyrus sp. maintained in germplasm collection
at the Institute of Horticulture, Lithuanian Research
Centre for Agriculture and Forestry, Babtai, Lithuania.
The collection consists of wild (free growing) accessions collected by P. Petryla in different parts of
Lithuania during several expeditions in the 1960s and
1970s (Petryla 1973). Accessions No 224 and No 225
were received from Morna, Estonia, No 222 and 223 
from Loshica, Belarus.
Morphological characterization. Morphological
parameters were investigated in July of 2011 for the
set of 84 accessions and included parameters of length
and width of leaf, ratio of leaf length and width, characteristics of leaf blade (shape of apex, shape of base
and incisions of margin), leaf color, leaf hairiness and
presence of thorns on shoots were described according to descriptors used in UPOV (2000), as well as, leaf
shape and glossiness of leaf according to Tuinyla et
al. (1990). In addition, data of fruit weight, seed number
and fruit setting (five degree score) collected by P.
Petryla (1973; and unpublished report) for 50 accessions were included in the analysis.
Microsatellite marker analysis. Fresh leaves of
the 84 wild pear clones were sampled in 2010-2011. Leaf
samples were frozen and stored at -70 oC until used.
Genomic DNA was isolated from 100 mg of frozen
leaves using DNeasy Plant Mini kit (Qiagen Ltd.)
and manufacturer instructions. Genomic DNA maintained in TE solution (100 mM Tris-HCl, 10 mM EDTA,
pH-8.0) at -20 oC. Characteristics of nine microsatellite
loci were assessed using PCR primers: NB109a,
NH025a, (Yamamoto et al. 2002), EMPc11; EMPc105,
EMPc106, EMPc115, EMPc117 (Fernández-Fernández
et al. 2006), CH01d03, CH02c11 (Liebhard et al. 2002).
The multiplex PCR reaction mix was adopted from
Horne et al. (2004): 10 µl reaction volume included 60
ng genomic DNA, 1% polyvinylpyrrolidone, 10 mM
dithiothreitol, 0.16 mM dNTP, 1× PCR reaction buffer,
0.2 U Titan Taq DNA polymerase (BioAtlas Ltd), 0.35
mM for each primer. Conditions for PCR amplification
followed Clarke and Tobutt (2003). Fragment analysis
was performed using 3130 Genetic Analyzer (Applied
Biosystems Ltd), and data were analyzed appying
GeneMapper software v.4.0 (Applied Biosystems Ltd.).
Data analysis. Correlation analysis among the
morphological parameters was performed using Statistica software v.10.0. Expected (He ) and observed (H o)
heterozygosity, polymorphism information content
ISSN 2029-9230
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(PIC) of the microsatellite markers were calculated for
each primer pair using PowerMarker software v.3.25
(Liu and Muse 2005). Inbreeding coefficient was estimated by F = (He  Ho)/He . Power of differentiation
(PD) and effective number of alleles (Ae) was calculated according to Garkava-Gustavsson et al. (2008).
Genetic distances were calculated according to Nei et
al. (1983). Subsequent cluster analysis was based on
the UPGMA method using PowerMarker software, the
dendrogram was constructed and visualized using
TreeView software v.1.6.6 (Page 1996).

Results
Morphological characteristics of pear accessions. Assessment of thirteen morphological parameters revealed high variation among Pyrus accessions.
Intervals of variation for the leaf length, width and the
ratio of leaf length and width were 2.7-5.9 mm (on
average 3.8 mm), 2.9-8.6 mm (5.1 mm) and 0.9-1.8 (1.4),
respectively. Fruit weight number varied from 5 to 90 g
(on average 31.7 g) and seed number was from 2 to 9
(on average 6). Approximately half (48%) of assessed
accessions were without fruits, and fruit setting score
value varied from 1 to 4 for remaining accessions as
38%, 8%, 2% and 6%, respectively.
For qualitative leaf characteristics, the leaf color
varied from very light green (23%), to light green
(33%), greyish-green (2%), green (19%), dark green
(19%) and very dark green (4%), and leaf surface of
approximately 98% of accessions were glossy.
Loci

EMPc105
EMPc106

EMPc115

EMPc117

NB109a

NH025a

115(1); 137(8); 139(5); 141(14); 143(25); 145(12); 146(1)
147(13); 151(14); 153(1); 155(3); 159(2)
145(3); 155(14); 161 (1); 163(1); 165(5); 169(2) 171(2); 175(14);
177(13); 179(5) 181(2); 183(5); 185(8); 187(2); 189 (5); 193(5);
195(11).
94(2); 101(2) 103(8) 105(12); 107(5); 109(2) 111(6) 113(7); 115(9);
117(2) 119(11); 121(1); 123(6) 127(8); 131(5); 133(3); 139(3); 141(2);
145(5); 146(1).
177(7); 175(2); 179(15); 181(23); 183(4); 185(27); 187(2) 189(3);
191(5) 199(4) 201(4); 203(3); 209(2)
92(1); 96(4); 98(10); 100(11); 102 (4); 106(7); 108(5); 110(11); 112(4);
114(4); 116(6) 118(3); 120(7); 122(5) 124(5); 126(2)
128(1); 132(1) 134(1); 136(3)
129(4); 137(2); 139(5); 145(11); 151(5); 153(2); 155(2); 157(8); 159(4)
161(3); 163(10); 165(6); 167(4); 169(2); 171(14); 173(7) 175(5);
177(1); 179(1); 181(4).
71(1); 73(7); 75(5); 79(18); 81(15); 83(7); 85(11); 87(1); 91(1); 93(3);
95(4); 97(22); 99(5)

CH01d03

CH02c11



Based on characteristics of the leaf blade, 8%, 73%,
18% and 1% of accessions had acute, right-angle,
obtuse and rounded shape of apex, respectively; 36%,
38%, 24 and 2% of accessions had right-angle, obtuse,
rounded and cordate shape of base, respectively. The
incisions of margin were absent for 26% of accessions,
and varied from crenate (22%) to bluntly serrate (18%)
and sharply serrate (34%). The leaf shape was rounded (20%), oblong (30%), egg-shaped (6%), reverse
egg-shaped (18%) and elliptic (26%).
Leaf hairiness was characteristic to 15% of accessions. Thorns on shoots were observed at medium
(42%) and high degree (5%).
Correlation analysis among the morphological parameters demonstrated significant correlation at low to
moderate degree (r=0.30-0.67, p<0.035) among the six
parameters related to leaf shape: leaf length, width, ratio of leaf length and width, shape of leaf blade apex
and base, leaf shape. The parameter of leaf glossiness
was not included in the analysis because of very low
variation (approximately 98% of accessions were
glossy).
Among the remaining parameters, weak correlations were found between parameters of leaf hairiness
and shape of incisions of leaf blade margin (r=0.34,
p=0.014), leaf hairiness and shape of blade base
(r=0.30, p=0.037), leaf hairiness and fruit setting
(r=0.34, p<0.001), leaf length and presence of thorns
on shoots (r=0.39, p=0.005).
Based on the morphological parameters that
showed weak correlation, putative morphology of wild
pear (presence of leaf hairiness and thorns on shoots,

Alleles in bp, (frequency in %)

EMPc11

125(1); 129(4); 131(1); 133(4); 135(16); 139(2); 141(4); 143(7);
145(10); 147 (4); 149(1) 151(14); 157(16); 159(3); 161(6); 163(2);
165(4); 169(1); 171(3).
199(1); 217(10); 221(4); 223(1); 225(13); 227(6); 229(10); 231(4);
233(5); 235(2); 237(2); 239(8); 241(17); 243(4); 245(1); 247(5); 249(2);
253(4);
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Number of
alleles (A)
12
17

Table 1. Alleles, characteristic for pears
in the studied microsatellite loci. Alleles
observed with frequency higher than 10%
are shown in bold

20

13

20

20

13

19

18
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absence of incisions of margin and obtuse shape of
leaf base, length of leaf £ 5 cm, poor fruit setting) was
characteristic of clones 3, 110, 168 and 189 (except
absence of thorns on shoots).
Genetic polymorphism of microsatellite marker
loci. Nine polymorphic microsatellite loci were surveyed for the 84 pear accessions, and 152 polymorphic alleles were identified. Only 28 alleles (18.4%)
occurred in frequency more than 10% (Table 1). The
allele number per locus varied from 12 to 20. The effective number of alleles (Ae) varied from 6.18 to 14.37
(Table 2).
Table 2. Genetic parameters of pear accessions in the studied microsatellite loci

sis and high degree of variation of values of morphological parameters among the accessions. Only seven
small clusters including two to three closely related
accessions were defined in the dendrogram (Fig. 1).

Discussion
The results of previous studies on classification
of Pyrus accessions collected by P. Petryla (Petryla
1973) raised questions about suitability of morphological traits to distinguish between the two pear species,
as well as, genetic structure of the population of wild
Characteristics

SSR locus

Allele
size
range

Number
of
alleles
(A)

Effective
number of
alleles (Ae)

Number of
genotypes

Expected
heterozygosi
ty (He)

Observed
heterozygosity (Ho)

Inbreeding
coefficient
F
0.51

EMPc11

115-159

12

6.95

33

0.86

0.42

EMPc105

145-195

17

10.77

37

0.91

0.41

0.55

EMPc106
EMPc115
EMPc117
NB109a
NH025a
CH01d03
CH02c11
Mean value

94-146
175-209
92-136
129-181
71-99
125-171
199-253

20
13
20
20
13
19
18
17.00

14.05
6.18
14.37
13.72
7.42
10.33
11.14
10.55

54
28
51
59
37
44
53
44

0.93
0.84
0.93
0.93
0.87
0.90
0,91
0.90

0.89
0.49
0.70
0.60
0.77
0.66
0.83
0.64

0.04
0.42
0.25
0.35
0.11
0.27
0.09
0.29



Microsatellite markers that yield PCR product of
only one size were presumed to represent homozygous
loci. Seven to forty-nine homozygous genotypes per
locus were identified for the studied set of genotypes.
The highest number of homozygous genotypes was
identified at the loci of EMPc11, EMPc105 and
EMPc115, while the lowest number was found at
EMPc106 and CH02c11. Among the 84 accessions,
number of homozygous loci varied between 0 and 7.
Accessions 144, 183 and 224 had the highest number
of homozygous loci (7, 6 and 6, respectively). Ten
accessions (III2601, 23, 24, 168, 232, 180 213, 166, B69,
136B) had one homozygous locus. The most polymorphic microsatellite loci were EMPc117 (PIC value 0.93),
EMPc106 and NB109a (PIC value 0.92).
Observed heterozygosity H o varied from 0.41 to
0.89 with the average value of 0.64. Expected heterozygosity H e value varied from 0.84 to 0.93 with the
average of 0.90. Ho value was lower than He value at
all investigated loci. Difference between H e and H o
values was highest for EMPc105 locus and lowest for
EMPc106. Inbreeding coefficient F varied from 0.04 to
0.55 accordingly (0.29 on average).
Cluster analysis of genetic relationship of pear
accessions. Microsatellite marker based cluster analysis of genetic relationship among the accessions revealed high genetic polymorphism among the cultivars
in agreement with results of the heterozygosity analy2013, Vol. 19, No. 1 (36)
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(free growing) Pyrus in Lithuania. Only several accessions identified by P. Petryla (Petryla 1973) as wild or
cultivated pear species were confirmed in later study
using different morphological traits (bud and fruit
parameters, presence of thorns on shoots) and leaf
peroxidase isoforms (Petrokas et al. 2007). Only the
clone 110 had all traits characteristic to wild pear in
the study. In addition, several clones were identified
as cultivated pear (clones 157, 168 and 206).
The inability to group the accessions based on
morphological markers could suggest that the morphological traits assessed in the studies had no species
associated values and reflected only quantitative variation of traits independent of the genetic relationship
of the pear accessions. On the other hand, presumption could be made that species specific morphological parameters were not applicable due to highly heterogeneous structure of the population of free growing pear. To solve this ambiguity, we employed a
brought spectrum of morphological traits and highly
polymorphic molecular markers to establish genetic
diversity of the pear population and to assess species specific values of the morphological traits.
In agreement with the previous studies, our evaluation demonstrated a high degree of variation of
values of the morphological traits among the Pyrus
accessions. To assess presence of species specific
values of the morphological traits, we made assumpISSN 2029-9230
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Figure 1. Genetic relationship of pear accessions. Clusters of closely
related accessions are indicated by Roman numerals.
Accessions identified as
putative wild pear genotypes based on morphological traits are underlined

tion that there should be species specific association
among distribution of values of different morphological parameters. Therefore this relationship should be
manifested by correlation of the values among the pear
accessions of wild and cultivated pear. Meanwhile, in
case of highly heterogeneous group of accessions
with only quantitative variation of values of the morphological traits independent of the genetic relationship, low degree of correlation could be expected.
2013, Vol. 19, No. 1 (36)

The correlation analysis among the morphological
traits demonstrated that moderate correlation was
present only among the directly related parameters associated to shape of leaf (leaf length, width, ratio of
leaf length and width, shape of leaf blade apex and base,
leaf shape). For unrelated parameters, only six weak
correlations were found and accessions with putative
species specific traits could be distinguished. As expected, putative morphology of wild pear was characISSN 2029-9230
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teristic of clone 110 in agreement with both of the previous studies (Petryla 1973, Petrokas et al. 2007). In
addition, wild pear morphology was observed for clone
168 that was identified as cultivated pear by the previous studies. However, significance of the correlation
between the parameters with low level of variation of
values, such as in case of leaf hairiness (absence of
trichomes was characteristic of 85% of accessions), is
uncertain. Further ambiguity was brought by comparison of the molecular marker data. The results of cluster analysis (Figure 1) demonstrated large genetic distance among these putative wild pear clones. Since
molecular marker data that represents genetic relationship did not support the results of morphological analysis, the similarities of the values of morphological traits
could be interpreted as coincidence.
High level of polymorphism among the pear accessions was revealed by cluster analysis of the microsatellite marker data. Only seven small clusters of
two to three closely related genotypes were identified
that included 15 accessions (Figure 1). The remaining
pear accessions were highly heterogeneous. One could
expect that similar values of morphological traits
among accessions of the same cluster could be associated with genetic relationship among the accessions.
Although similarity of the accessions within clusters
was obvious, match of values of morphological traits
was inconsistent (Table 3).
It has been demonstrated that plants of genus
Pyrus have undergone extensive historical dispersal,

leading to generation of numerous ambiguous interspecific hybrids with limited phenotypic variation
(Yamamoto et al. 2002). In agreement, our molecular
marker data demonstrated that the population of free
growing pear in Lithuania is highly heterogeneous.
Although morphological and phenological characterization provides basic features of the ecotypes, it is
not sufficient to assess genetic diversity of pear genotypes because of the low phenotypic variation among
species and varieties (Ahmed et al. 2010).
Molecular markers provide resolution sufficient to
distinguish specific genotypes and to assess genetic
diversity between germplasm pools (Smith et al. 2009,
Stanys et al. 2012, Sikorskaite et al. 2012). Martinelli
et al. (2008) report the value of discrimination power
(D) 0.8288 for microsatellite markers as compared to
morphological characters 0.5019. In this study, the
analysis of genetic polymorphism of microsatellite loci
proved the efficiency of microsatellite markers for the
assessment of genetic diversity. The assessment of
genetic diversity of Pyrus accessions using 9 microsatellite primer pairs identified 152 polymorphic alleles.
The majority (121) of alleles had frequency lower than
10%. For all markers except EMPc11, amplified fragments were found to be of similar size range for most
of the unique and common alleles. For EMPc11 marker allele No. 115 characteristic of wild pears, DNA fragment size was considerably smaller than the size of
other alleles of this locus. The loci EMPc106 and
EMPc117 were found most informative for the popu-

Table 3. Morphological parameters of closely related and putative wild accessions of Pyrus collection
Character*
Incisions
Leaf
of leaf
colour
margin

Leaf
hairiness

Thorns

Fruit
setting

Fruit
weight,
g**

Seed
number**

2
1
4

1
1
1

1
1
1

0
0
0

70
45
70

6
6
6

3
4

2
1

1
1

2
1

0
4

16
30

8
7

5
2

2
3

4
4

1
1

1
2

0
1

90
22

4
7

2
2

3
4

4
4

1
2

1
1

2
2

0
1

26
25

7
7

3
2

2
2

2
5

1
1

4
4

1
1

2
1

1
1

-

-

1.6
1.4

2
2

2
2

2
2

4
4

5
3

1
1

1
1

0
1

40
42

7
7

1.1
1.4

4
3

2
2

2
5

4
2

2
1

1
1

2
1

0
1

12
7

4
-

Cluster

Geno
type

Leaf
length,
mm

Leaf
widh,
mm

Proportion of
leaf length and
width

Shape
of leaf
base

Shape
of
apex

Leaf
shape

I
I
I

230
237
228

5.5
5.8
4.4

3.4
3.3
3.1

1.6
1.8
1.4

2
2
2

2
2
1

2
2
2

2
1
3

II
II

144
146

4.0
4.6

3.8
4.1

1.1
1.1

4
3

3
3

1
1

III
III

234
96

5.3
6.0

3.7
4.1

1.4
1.5

2
3

2
1

IV
IV

205
206A

3.9
4.0

3.3
3.2

1.2
1.3

3
2

V
V

213
BG3

4.1
6.5

3.2
4.7

1.3
1.4

VI
VI

157
156

6.2
7.1

3.8
5.2

VII
VII

117
224

5.0
5.9

4.6
4.3


*Values of morphological characters: shape of leaf base: 1  acute, 2  right-angled, 3  obtuse, 4  truncate, 5  cordate;
shape of apex: 1  acute, 2  right -angled, 3  obtuse, 4  rounded; leaf shape: 1  rounded, 2  oblong, 3  egg-shaped,
4  reverse egg-shaped, 5  elliptic; incisions of leaf margin: 1  absent, 2  crenate, 3  blunty serrate, 4  sharply serrate;
leaf color: 1  very light green, 2  light green, 3  greyish-green, 4  green, 5  dark green, 6  very dark green; thorns on
the shoots: 1  absent, 2  present; fruit setting 0-5 scale (0  no fruits, 5  very many fruits)
**Data according Petryla, 1973 and unpublished report
2013, Vol. 19, No. 1 (36)
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lation of the wild pear. In agreement, these loci were
identified as most informative in our previous study
on traditional and standard pear cultivars (Lukoseviciute et al. in press).
Mean observed heterozygosity Ho was considerably lower as compared to expected heterozygosity He.
It corresponds well with the studies of Pyrus usuriensis (Katayama et al. 2007) and different Pyrus genotypes (Yakovin et al. 2011). The values of Ho and He
and difference between the two values vary among the
loci and genotypes. In our study, respective values
of He and Ho values were 0.91 and 0.41 for locus
EMPc105, while 0.93 and 0.89 for EMPc106. In the study
of European pears by Fernandez-Fernandez et al.
(2006), the corresponding values were 0.90 and 0.75
for locus EMPc105, and 0.91 (equal He and Ho ) for
EMPc106.
The difference between observed and expected
heterozygosity obtained in our study could be caused
by the presence of null alleles in one of the homologous chromosomes in some cultivars (Brookfield 1996)
or linkage of these loci with functional genes subjected
to natural or artificial selection. However, it is very
likely that this phenomenon was associated with the
existence of genetically isolated groups within pear
populations (Yakovin et al. 2011). In such cases, observed heterozygosity was lower than expected heterozygosity He due to the limited number of alleles or
limited gene flow.
Most of the pear cultivars are cross-pollinating.
Self-pollination is eliminated and inbreeding is prevented through a self-incompatibility mechanism. Low
expected heterozygosity and high inbreeding coefficient for a cross pollinating species like Pyrus observed in our study experiments could mean that selfincompatibility barrier might be overcome in several
cases in pedigree of investigated pears or inbreeding
took place more often than expected in outbreeders.
Such phenomenon could be explained by the fact that
wild pears in Lithuania occurs as isolated single trees
or small groups consisting of close relatives (Petrokas
et al. 2007). This implication is supported by the highest number of homozygous loci found in accession No
224 which comes from Polli research station Estonia.
Density of wild pear tree population in Estonia is even
lower than in Lithuania and cross pollination possibilities are lower.

Conclusions
Assessment of genetic polymorphism of the collection of wild (free growing) pear originating from
different parts of Lithuania and surrounding regions
using morphological and microsatellite markers sup2013, Vol. 19, No. 1 (36)
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ported previous observations of highly heterogeneity of pear populations. High degree of variation of
morphological parameters was observed among the
pear accessions. Based on results of correlation analysis among the morphological traits and comparison
to microsatellite analysis data, we conclude that morphological parameters were found to be unreliable indicators of genetic background and could not be used
to explicitly identify pear species; meanwhile the molecular markers were useful to describe genetic diversity of the wild population of pear.
Using a set of 9 microsatellite markers, 152 polymorphic alleles (12 to 20 alleles per locus) among the
84 studied accessions were identified. The most polymorphic microsatellite loci were EMPc106, EMPc117,
NB109a and CH02c11. Among the polymorphic alleles,
18.4% occurred in frequency more than 10%. High
genetic polymorphism was demonstrated by analysis
of heterozygosity and genetic relationship among the
accessions. Lower Ho than He values indicates a presence of self fertilisation consanguineous mating in
naturally growing pears that may be due to the low
population density.
The diversity of genetic background of free growing pear population revealed by the results of the
microsatellite marker analysis represents important
guidelines for restoration and maintaining of genetic
diversity of forests. Estimate of genetic relationship
among the accessions highlighted genetic uniqueness
of the majority accessions stored in the collection of
wild pear that would be of high value for the restoration of population of free growing pear in Lithuania.
To represent genetic structure of current population,
a high number of different genotypes should be used
in restoration of forest diversity.
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ÃÅÍÅÒÈ×ÅÑÊÈÉ ÏÎËÈÌÎÐÔÈÇÌ ÏÎÏÓËßÖÈÈ ÄÈÊÎÉ ÃÐÓØÈ Â ËÈÒÂÅ
Ð. Ðóãèåíþñ, A. Áëàæèòå, Â. Ëóêîøÿâè÷þòå, Þ. Á. Øèêøíÿíèåíå, Á. Ôðåðöêñ,
Ä. Ãåëâîíàóñêèåíå, Á. Ãåëâîíàóñêèñ, A. Ñàñíàóñêàñ, Ä. Áàíþëèñ è Â. Ñòàíèñ
Ðåçþìå
Äèêîðàñòóùàÿ ëåñíàÿ ãðóøà (Pyrus pyraster (L.) Burgsd.)  âèä ðàñïðîñòðaíåííûé â Ëèòâå è ðîäñòâåííûé
êóëüòèâèðóåìîé îáûêíîâåííîé ãðóøå (Pyrus communis L.). Íåêîòîðûå ðàñòåíèÿ, èäåíòèôèöèðîâàíûå êàê P. Pyraster,
ÿâëÿþòñÿ ðàçíîé ñòåïåíè ãèáðèäàìè ìåæäó P. pyraster è P. communis. Èñõîäÿ èç òîãî, ãðàíèöà ìåæäó ãèáðèäàìè è
âèäàìè ãðóøè âåñúìà ðàñïëûâ÷àòà. Èíôîðìàöèÿ î ãåíåòè÷åñêîé âàðèàöèè è ñòðóêòóðå ïîïóëÿöèé P. pyraster
íåäîñòàòî÷íà.
Ãåíåòè÷åñêèå ðåñóðñû ãðóøè íåäîñòàòî÷íî èçó÷åíû èç-çà ìàëîé ìîðôîëîãè÷åñêîé èçìåí÷èâîñòè, íåäîñòàòêà
äèôôåðåíöèèðóþùèõ ïðèçíàêîâ ìåæäó âèäàìè è ÷àñòîãî âçàèìíîãî ñêðåùèâàíèÿ. Òðàäèöèîííûå ìåòîäû
îïðåäåëåíèÿ âèäîâ, îñíîâàííûå íà àãðîíîìè÷åñêèõ è ìîðôîëîãè÷åñêèõ ïàðàìåòðàõ, çàâèñÿò îò âëèÿíèÿ óñëîâèé
îêðóæàþùåè ñðåäû è ôåíîëîãè÷åñêîé ôàçû ðàñòåíèé. Ïîýòîìó èñïîëúçîâàíèå ìîëåêóëÿðíûõ ìåòîäîâ äàåò
âîçìîæíîñòü áîëåå ãëóáîêîãî ïîçíàíèÿ ãåíåòè÷åñêèõ îñíîâ äèêèõ ïîïóëÿöèé è ïðîèñõîæäåíèÿ ãèáðèäîâ ãðóøè.
Öåëüþ èñëåäîâàíèé áûëî õàðàêòåðèçîâàòü ìèêðîñàòåëëèòíûå ëîêóñû ñâîáîäíî ïðîèçðîñòàþùèõ îáðàçöîâ
ãðóøè, ñîáðàííûõ â ðàçíûõ ìåñòíîñòÿõ Ëèòâû è ñîäåðæèâàåìûõ â êîëëåêöèîííûõ ñàäàõ èíñòèòóòà Ñàäîâîäñòâà è
Îâîùåâîäñòâà Ëèòîâñêîãî Öåíòðà Àãðàðíûõ è Ëåñíûõ Íàóê è îöåíèòü âîçìîæíûå ñâÿçè ìåæäó ãåíåòè÷åñêèìè è
ìîðôîëîãè÷åñêèìè ìàðêåðàìè ãðóøè.
Ìèêðîñàòåëëèòíûé àíàëèç âûïîëíåí íà 84 êëîíàõ ãðóøè êîòîðûå ñîãëàñíî ïðåîáëàäàþùèì ìîðôîëîãè÷åñêèì
ïðèçíàêàì áûëè ðàñïðåäåëåíû íà òðè ãðóïïû: äèêóþ, êóëüòèâèðóåìóþ è ãèáðèäíóþ ãðóøó. Â äåâÿòè ïîëèìîðôíûõ
ìèêðîñàòåëëèòíûõ ëîêóñàõ ãðóøè èäåíòèôèöèðîâàíû 153 ïîëèìîðôíûå àëëåëè. ×èñëî àëëåëåé îòäåëüíîãî ëîêóñà
âàðüèðîâàëî îò 12 äî 20. Èäåíòèôèöèðîâàíû íàèáîëåå ïîëèìîðôíûå ìèêðîñàòåëëèòíûå ëîêóñû (EMPc106,
EMPc117, NB109a è CH02c11) è óíèêàëüíûå àëëåëè, õàðàêòåðíû êàæäîé èç óïîìÿíóòûõ òðåõ ãðóïï. Ðåçóëüòàòû
àíàëèçà ãåòåðîçèãîòíîñòè è ãåíåòè÷åñêèõ ñâÿçåé ïîêàçàëè âûñîêèé ãåíåòè÷åñêèé ïîëèìîðôèçì èçó÷åííûõ îáðàçöîâ.
Èäåíòèôèöèðîâàííîå áîëåå íèçêîå çíà÷åíèå Ho, ÷åì He óêàçûâàåò íà ñðàâíèòåëüíî ÷àñòûå ñëó÷àè ñàìîîïûëåíèÿ
åñòåñòâåííî ïðîèçðàñòàþùèõ ãðóø.
Ïîêàçàíî, ÷òî ìîðôîëîãè÷åñêàÿ èçìåí÷èâîñòü îáðàçöîâ â ðîäå Pyrus ñëàáî îòðàæàåò èõ ãåíåòè÷åñêóþ
èçìåíÿèâîñòü. Òàêèå ïðèçíàêè êàê âåñ ïëîäîâ è âîðñèñòîñòü ìîëîäûõ ëèñòüåâ ìîæíî èñïîëüçîâàòü êàê
ìîðôîëîãè÷åñêèå ìàðêåðû ãåíåòè÷åñêîãî ðîäñòâà êîëëåêöèîííûõ îáðàçöîâ.
Êëþ÷åâûå ñëîâà: ãåíåòè÷åñêèå ðåñóðñû, ãåíåòè÷åñêèé ïîëèìîðôèçì, äèêîðàñòóùàÿ ãðóøà, êóëüòèâèðóåìàÿ
ãðóøà, ãèáðèäíàÿ ãðóøà, ìèêðîñàòåëëèòíûé àíàëèç

2013, Vol. 19, No. 1 (36)

ISSN 2029-9230

21

