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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 CHO2cll. High genetic polymorphism was demonstrated by genetic
relationship and heterozygosity analysis among accessions. Lower H_ than H  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 local extinctions of wild pear trees (Petrokas 2007). P.

pyraster is considered an important relative of culti-

Wild pear (Pyrus pyraster (L.) Burgsd.) is insect
pollinated and rare wild fruit tree species. The spe-
cies 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 com-
mon in the Western regions where only single indi-
viduals 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 iso-
lation and self-incompatibility are the main causes of

vated pear (Pyrus communis L.) and is of interest for
breeding activities because of the adaptability char-
acteristics, 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 clas-
sified 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) culti-
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vated pear (P. communis) clones, and 3) hybrid clones.
However, further evaluation of additional morpholog-
ical 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 culti-
vars 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 hy-
bridization. Several different types of DNA markers
have been successfully applied for Pyrus cultivar iden-
tification and the analysis of genetic relationships.
Genetic relationships between cultivated pear and re-
lated wild species have been investigated using mic-
rosatellite, also known as simple sequence repeats
(SSR) (Wolko et al. 2010), randomly amplified polymor-
phic DNA (RAPD) (Monte-Corvo et al. 2000), ampli-
fied 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 individu-
al plants or cultivars and exploring genetic relation-
ship between accessions. Over 100 of microsatelite
markers were developed and characterized from ge-
nomic DNA of various Pyrus species (Yamamoto et al.
2002, Nishitani et al, 2009, Ferndndez-Fernindez et al.
2006). The microsatellite markers were used for iden-
tification 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 polymor-
phism and suitability for species specific identification.
Investigation of genetic polymorphism of the pear

germplasm collection would provide information about
genetic structure of local pear population.

Materials and methods

Plant material. Eighty-four accessions from col-
lection 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) acces-
sions collected by P. Petryla in different parts of
Lithuania during several expeditions in the 1960’s and
1970°s (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, char-
acteristics 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 accord-
ing 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 acces-
sions 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°C until used.
Genomic DNA was isolated from 100 mg of frozen
leaves using “DNeasy Plant Mini kit” (“Qiagen” Ltd.)
and manufacturer instructions. Genomic DNA main-
tained in TE solution (100 mM Tris-HCI, 10 mM EDTA,
pH-8.0) at -20°C. Characteristics of nine microsatellite
loci were assessed using PCR primers: NB109a,
NHO025a, (Yamamoto et al. 2002), EMPc11; EMPc105,
EMPc106, EMPc115, EMPc117 (Ferndndez-Fernandez
et al. 2006), CH01d03, CHO2c11 (Liebhard et al. 2002).
The multiplex PCR reaction mix was adopted from
Horne et al. (2004): 10 pl reaction volume included 60
ng genomic DNA, 1% polyvinylpyrrolidone, 10 mM
dithiothreitol, 0.16 mM dNTP, 1x 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 Statis-
tica software v.10.0. Expected (#,) and observed (H )
heterozygosity, polymorphism information content
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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 esti-
mated by F = (H, - H)/H . Power of differentiation
(PD) and effective number of alleles (Ae) was calcu-
lated 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 acces-
sions. Assessment of thirteen morphological parame-
ters 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.

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 round-
ed (20%), oblong (30%), egg-shaped (6%), reverse
egg-shaped (18%) and elliptic (26%).

Leaf hairiness was characteristic to 15% of acces-
sions. Thorns on shoots were observed at medium
(42%) and high degree (5%).

Correlation analysis among the morphological pa-
rameters demonstrated significant correlation at low to
moderate degree (+=0.30-0.67, p<0.035) among the six
parameters related to leaf shape: leaf length, width, ra-
tio 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 correla-
tions 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,

] ] . Number of Table 1. Alleles, characteristic for pears
Loci Alleles in bp, (frequency in %) alleles (A) in the studied microsatellite loci. Alleles
EMPc11 115(1); 137(8); 139(5); 141(14); 143(25); 145(12); 146(1) 12 observed with frequency higher than 10%

147(13); 151(14); 153(1); 155(3); 159(2)

are shown in bold

EMPios  145(3) 155(14); 161 (1); 163(1); 165(5); 169(2) 171(2); 175(14); 17
177(13); 179(5) 181(2); 183(5); 185(8); 187(2); 189 (5); 193(5);
195(11).

EMPC106  94(2); 101(2) 103(8) 105(12); 107(5); 109(2) 111(6) 113(7); 115(9); 20
117(2) 119(11); 121(1); 123(6) 127(8); 131(5); 133(3); 139(3); 141(2);
145(5); 146(1).

EMPCIS 17707y, 175(2); 179(15); 181(23); 183(4); 185(27); 187(2) 189(3); 13
191(5) 199(4) 201(4); 203(3); 209(2)

EMPc117  92(1); 96(4); 98(10); 100(11); 102 (4); 106(7); 108(5); 110(11); 112(4); 20
114(4); 116(8) 118(3); 120(7); 122(5) 124(5); 126(2)
128(1); 132(1) 134(1); 136(3)

NB109a  129(4); 137(2); 139(5); 145(11); 151(5); 153(2); 155(2); 157(8); 159(4) 20
161(3); 163(10); 165(6); 167(4); 169(2); 171(14); 173(7) 175(5);
177(1), 179(1); 181(4).

NHO25a  24(4): 73(7), 75(5); 79(18); 81(15); 83(7); 85(11); 87(1); 91(1); 93(3); 13
95(4); 97(22); 99(5)

CHO1d03  125(1); 129(4); 131(1); 133(4); 135(16); 139(2); 141(4); 143(7); 19
145(10); 147 (4); 149(1) 151(14); 157(16); 159(3); 161(6); 163(2);
165(4); 169(1); 171(3).

CHO2c11 199 18

(%
233(5); 235
253(4);

(1)
217(10); 221(4);, 223(1); 225(13); 227(6); 229(10); 231(4);
(2); 237(2); 239(8); 241(17); 243(4); 245(1); 247(5); 249(2);
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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 sur-
veyed for the 84 pear accessions, and 152 polymor-
phic 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 ef-
fective number of alleles (Ae) varied from 6.18 to 14.37
(Table 2).

sis and high degree of variation of values of morpho-
logical 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 morpholog-
ical traits to distinguish between the two pear species,
as well as, genetic structure of the population of wild

Table 2. Genetic parameters of pear ac- Characteristics
cessions in the studied microsatellite loci Allele  Number Effective ~ Number of  Expected Observed  Inbreeding
S8R locus size of number of  genotypes heterozygosi  heterozy-  coefficient
range alleles  alleles (Ag) ty (He) gosity (Ho) F
A)
EMPc11 115-159 12 6.95 33 0.86 0.42 0.51
EMPc105 145-195 17 10.77 37 0.91 0.41 0.55
EMPc106 94-146 20 14.05 54 0.93 0.89 0.04
EMPc115 175-209 13 6.18 28 0.84 0.49 0.42
EMPc117 92-136 20 14.37 51 0.93 0.70 0.25
NB109a 129-181 20 13.72 59 0.93 0.60 0.35
NHO025a 71-99 13 7.42 37 0.87 0.77 0.1
CHO01d03 125-171 19 10.33 44 0.90 0.66 0.27
CHO02c11 199-253 18 11.14 53 0,91 0.83 0.09
Mean value 17.00 10.55 44 0.90 0.64 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 EMPcl1, EMPc105 and
EMPc115, while the lowest number was found at
EMPc106 and CHO2c11. 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 (1112601, 23, 24, 168, 232, 180 213, 166, B69,
136B) had one homozygous locus. The most polymor-
phic microsatellite loci were EMPc117 (PIC value 0.93),
EMPc106 and NB109a (PIC value 0.92).

Observed heterozygosity H_ varied from 0.41 to
0.89 with the average value of 0.64. Expected hetero-
zygosity H, value varied from 0.84 to 0.93 with the
average of 0.90. H value was lower than H value at
all investigated loci. Difference between H, and H
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 analy-
sis of genetic relationship among the accessions re-
vealed high genetic polymorphism among the cultivars
in agreement with results of the heterozygosity analy-

(free growing) Pyrus in Lithuania. Only several acces-
sions 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 morpho-
logical traits assessed in the studies had no species
associated values and reflected only quantitative var-
iation of traits independent of the genetic relationship
of the pear accessions. On the other hand, presump-
tion could be made that species specific morphologi-
cal parameters were not applicable due to highly het-
erogeneous structure of the population of free grow-
ing 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 spe-
cies specific values of the morphological traits.

In agreement with the previous studies, our eval-
uation 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 assump-
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among distribution of values of different morpholog-
ical 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 mor-
phological traits independent of the genetic relation-
ship, low degree of correlation could be expected.

223

The correlation analysis among the morphological
traits demonstrated that moderate correlation was
present only among the directly related parameters as-
sociated 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 ex-
pected, putative morphology of wild pear was charac-
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teristic of clone 110 in agreement with both of the pre-
vious 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 previ-
ous 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 compari-
son of the molecular marker data. The results of clus-
ter analysis (Figure 1) demonstrated large genetic dis-
tance among these putative wild pear clones. Since
molecular marker data that represents genetic relation-
ship did not support the results of morphological anal-
ysis, the similarities of the values of morphological traits
could be interpreted as coincidence.

High level of polymorphism among the pear ac-
cessions was revealed by cluster analysis of the mic-
rosatellite 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 asso-
ciated 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 inter-
specific 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 characteri-
zation provides basic features of the ecotypes, it is
not sufficient to assess genetic diversity of pear gen-
otypes 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 micros-
atellite primer pairs identified 152 polymorphic alleles.
The majority (121) of alleles had frequency lower than
10%. For all markers except EMPcl1, amplified frag-
ments were found to be of similar size range for most
of the unique and common alleles. For EMPc11 mark-
er allele No. 115 characteristic of wild pears, DNA frag-
ment 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”
Cluster Geno Leaf Leaf Proportion of Shape  Shape Leaf Incisions Leaf Leaf Fruit o
type  length, widh, leaf Ier_wgth and of leaf of shape of Iea_nf colour  hairiness Thoms setting welg*ht, number**
mm mm width base apex margin
[ 230 55 3.4 1.6 2 2 2 2 2 1 1 0 70 6
| 237 5.8 3.3 1.8 2 2 2 1 1 1 1 0 45 6
[ 228 44 3.1 1.4 2 1 2 3 4 1 1 0 70 6
1l 144 4.0 3.8 1.1 4 3 1 3 2 1 2 0 16 8
1l 146 4.6 4.1 1.1 3 3 1 4 1 1 1 4 30 7
1] 234 5.3 3.7 1.4 2 2 5 2 4 1 1 0 90 4
1] 96 6.0 4.1 1.5 3 1 2 3 4 1 2 1 22 7
\% 205 3.9 3.3 1.2 3 2 3 4 1 1 2 0 26 7
\% 206A 4.0 3.2 1.3 2 2 4 4 2 1 2 1 25 7
\% 213 4.1 3.2 1.3 3 2 2 1 4 1 2 1 - -
\% BG3 6.5 4.7 1.4 2 2 5 1 4 1 1 1 - -
\ 157 6.2 3.8 1.6 2 2 2 4 5 1 1 0 40 7
VI 156 71 52 1.4 2 2 2 4 3 1 1 1 42 7
Vil 117 5.0 4.6 1.1 4 2 2 4 2 1 2 0 12 4
Vil 224 5.9 4.3 1.4 3 2 5 2 1 1 1 1 7 -

*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
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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 (Lukosevi-
ciute et al. in press).

Mean observed heterozygosity H was consider-
ably lower as compared to expected heterozygosity H .
It corresponds well with the studies of Pyrus usurien-
sis (Katayama et al. 2007) and different Pyrus geno-
types (Yakovin et al. 2011). The values of H and H,
and difference between the two values vary among the
loci and genotypes. In our study, respective values
of H, and H 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 H, and H ) 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 homolo-
gous 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, ob-
served heterozygosity was lower than expected het-
erozygosity H, 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 pre-
vented through a self-incompatibility mechanism. Low
expected heterozygosity and high inbreeding coeffi-
cient for a cross pollinating species like Pyrus ob-
served in our study experiments could mean that self-
incompatibility 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 high-
est 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 possi-
bilities are lower.

Conclusions

Assessment of genetic polymorphism of the col-
lection of wild (free growing) pear originating from
different parts of Lithuania and surrounding regions
using morphological and microsatellite markers sup-

ported previous observations of highly heterogenei-
ty of pear populations. High degree of variation of
morphological parameters was observed among the
pear accessions. Based on results of correlation anal-
ysis among the morphological traits and comparison
to microsatellite analysis data, we conclude that mor-
phological parameters were found to be unreliable in-
dicators of genetic background and could not be used
to explicitly identify pear species; meanwhile the mo-
lecular markers were useful to describe genetic diver-
sity of the wild population of pear.

Using a set of 9 microsatellite markers, 152 poly-
morphic alleles (12 to 20 alleles per locus) among the
84 studied accessions were identified. The most pol-
ymorphic microsatellite loci were EMPc106, EMPc117,
NB109a and CHO2c11. 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 pres-
ence 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 grow-
ing 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 restora-
tion 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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TEHETUYECKHU MMOJUMOP®U3M NMONYJISIUA JAUKOW I'PYIIN B JUTBE

P. Pyruenwc, A. baaxute, B. JlykomsBuuwrte, 0. b. llukmuauuene, b. ®pepukc,
J. T'eisonayckuene, b. I'eiBonayckuc, A. Cacnayckac, /I. banoauc nu B. Cranuc

Pesiome

Juxopactymas necHas rpyma (Pyrus pyraster (L.) Burgsd.) — Bux pacnpoctpaHeHHBIH B JIUTBEe U pOICTBEHHBII
KYJIETUBHPYEMOil 0OBIKHOBEHHOI# rpyiue (Pyrus communis L.). Hexotopsle pactenus, nneHtuduimpoBansie kak P. Pyraster,
SIBJISIIOTCSL pa3HOW CTerneHH rubpunamu Mexny P. pyraster u P. communis. Vicxons W3 TOro, TpaHHIla MEXTy THOpHIaMH U
BHJAaMH TPYIIN BeChbMa pacIuibiByara. MH(opManus o reHeTHYeCKoll BapHalllu M CTPYKType nomymsuuit P. pyraster
HEJJOCTaTOYHA.

I'eneTndeckue pecypchl IpylIM HEJOCTAaTOUYHO M3YyYeHbI M3-3a Majoi Mopdomorundeckoi M3MEHUHMBOCTHU, HEJOCTAaTKa
nudGepeHINUPYIOMUX TPU3HAKOB MEXIY BHAAMH U YacTOTO B3aMMHOTO CKpel[MBaHUs. TpaaHIMOHHBIE METOIBI
OIpezeIeHNs] BUIOB, OCHOBAHHBIE HA arpOHOMUYECKHX M MOP(OJIOTHYECKHX MapaMeTpax, 3aBHCAT OT BIIMSHUS YCIIOBHH
OKpyXalollen cpensl u ¢enomorndeckoir ¢asel pacrennit. [losToMy HCIONB30BaHNE MOJIEKYISIPHBIX METOIOB JAaeT
BO3MOJKHOCTB OoJiee TITyOOKOro MMO3HAHMS TeHETHIECKUX OCHOB AUKUX IOMYISIAI U IPOHCXOXKACHHS THOPUIOB TPyIIIH.

Llensio ucnenoBaHuil ObIIO XapaKTepH30BaTh MUKPOCATEIUINTHBIE JIOKYCBHI CBOOOIHO MPOU3POCTAIOUINX 00pa3IoB
IPYIIH, COOPAaHHBIX B Pa3HBIX MECTHOCTAX JIMTBBEI U COAEPKUBAEMBIX B KOJUIEKIMOHHBIX cajax MHCTHTyTa CaloBOACTBA U
OBomesoacra Jlutosckoro Llentpa Arpapaeix u JlecHpix Hayk u oLleHUTh BO3MOXKHBIE CBA3HM MEXIY I'€HETHYECKHMHU U
MOP(}OIOTHISCKUMH MapKepaMH TPYIIH.

MuKkpocaTeIUTHEIA aHaIn3 BEIIONHEH HA 84 KIIOHAX TPyMIN KOTOPHIE COTJIACHO MpeoOIaJaronyM MOp(hOIOTHIe CKIM
MpHU3HaKaM OBbLIM pacrpeereHbl Ha TPH IPYMIbL: JUKYI0, KyIbTUBHPYEMYIO U THOPUAHYIO Ipymry. B neBaTu monumMophHbBIX
MHKPOCATEJUIUTHBIX JIOKYCax IPYIIN HACHTU(HIMPOBaHbl 153 monumopduele amienn. Yucno aniesneil OTAeIbHOro JoKyca
BapsupoBaino ot 12 no 20. Unentuduuuposansl Hanboiaee moanMophHeIe MUKpocaTeuTHbIE JoKkychl (EMPcl106,
EMPc117, NB109a u CHO2c11) n yHUKaJIbHEIE QJUIENH, XapaKTepHBI KaXXIOW U3 yIOMSHYTBIX TpeX rpymil. PesymbraTs
aHaNM3a reTepO3UTOTHOCTH M TeHETHUYECKUX CBA3EH MMOKa3al BEICOKHI TeHeTHIECKHI MOIMMOP(U3M H3ydeHHBIX 00pa3IoB.
VnentuduimpoBanHoe Oosiee HU3Koe 3HaYeHHEe Ho, yeM He yka3bIBaeT Ha CPABHUTENIBHO YacThIE CIIy4ad CaMOOIBLICHUS
€CTECTBEHHO MPOU3PACTAIOIINX IPYIII.

IMoka3aHo, 4to Mopdonoruyeckas U3MEHUYHBOCTh 00pa3loB B poje Pyrus cnabo OTpa)xaeT UX T'eHEeTHUECKYIO
U3MEHAMBOCTh. Takue NpU3HAKU KaK BeC ILUIOJOB M BOPCUCTOCTH MOJIOJBIX JIUCTBEB MOXKHO HCIOJB30BaTh KaK
Mopdomornueckrue MapKkepsl TeHETHIECKOTO POACTBA KOJUICKIIMOHHEIX 00pa3IioB.

KiioueBble cjI0Ba: TeHETHYECKHE PECYpPCHl, TeHETHUECKUI MOTMMOp(H3M, AUKOpACTyIas Tpylla, KyJIsTUBHpyeMas
rpymia, THOpuAHas rpylia, MHKPOCATEeIUIUTHBIH aHaIH3
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