
Preservation of genetic resources in plants must

include both cultivated species and wild relatives

of crop plants. Wild relatives can be very useful in

breeding programmes as sources of genetic vari-

ability, with potentials to exchange genes with the

cultivated varieties. They often have genes that

can provide desirable qualities, such as disease re-

sistance or tolerance to unfavourable soil condi-

tions (Palombi et al. 2007) The European pear

cultivars (Pyrus communis L.) were formed by hy-

bridization of many natural European and Asian

pear species. One of these basic species was wild

pear (Pyrus pyraster (L.) Burgsd., syn.

P. communis var. pyraster L.). This species is na-

tive to central, western and southern European

countries, and grows often at the margins of hard-

wood forests in stands mixed with beech (Stephan

et al. 2003). Currently, taxonomic studies of wild

pear may turn out to be a challenge to scientists.

Plants identified as P. pyraster in fact may

represent various stages of hybridization between

original P. pyraster and P. communis (Dolatowski

et al. 2004). These hybrids are defined as

P. × amphigenea Domin ex Dostálek (Dostálek

1989). In such a case, the traditional morphologi-

cal methods for taxonomical studies are no longer

useful, and more powerful molecular techniques

are needed. In the gametophytic self-incompatibil-

ity fertilization system (GSI) in the family

Rosaceae, pollination is determined by a single

polymorphic gene on the S-locus. The products of

the S-locus in pistils are glycoproteins with RNase

activity, called S-RNase, while in the pollen tubes,

the F-box gene is expressed. The process of in-

compatible pollen seed recognition and rejection

takes place by interactions of these proteins during

pollen tube growth through the pistil (McClure

and Franklin-Tong 2006). The alignment analysis
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of amino acid S-RNase sequences showed 5 con-

served regions and a hypervariable (HV) domain

that has highly diversified sequences (Kim et al.

2002). The HV region plays a crucial role in the

recognition of incompatible pollen tubes

(McClure and Franklin-Tong 2006). This region

and the intron inserted within HV region showed

conspicuous variation and could give new insight

into the phylogeny of pear species (Richman and

Kohn 2000; Ma and Oliveira 2002; Kim et al.

2006). The evolutionary consequence of self-in-

compatibility mechanisms is maintenance of a

large number of different S-alleles within popula-

tions, preservation against elimination of rare al-

leles, and very long persistence in populations and

species. S-alleles, which become rare in popula-

tions, will, on average, more frequently encounter

compatible mates and, therefore, will tend to in-

crease their frequency in populations (Richman

and Kohn 2000). Recently, Holderegger et al.

(2008) determined mate availability on the basis

of S-genotypes in small populations of P. pyraster

in Switzerland, north of the Alps. Those authors

detected a high S-allele diversity (ranging from

9 alleles, in a population of 8 trees, to 21 alleles, in

a population of 51 trees) and no mate limitation.

The aim of this study was to identify the

self-incompatibility genotypes of 7 wild pear trees

from various parts of Poland: central (trees 1–3),

eastern (tree 4), western (tree 5), and northeastern

(trees 6–7) (Table 1). DNA was purified from

young leaves (1 g) according to the method de-

scribed by Williams et al. (1990), with modifica-

tions. PCR was used to amplify a genomic region

of the S-RNase gene containing the HV region.

The primers used were designed for annealing at

2 conserved regions of the gene: “FTQQYQ”

(TTT ACG CAG CAA TAT CAG) and

“IIWPNV” (AC(A/G) TTC GGC CAA ATA

ATT) (Ishimizu et al. 1999). The PCR amplifica-

tion was carried out in the following conditions:

5 min at 94°C for pre-denaturing; 10 cycles of 15 s

at 94°C, 30 s at 50°C, and 2 min at 70°C; 20 cycles

of 15 s at 94°C, 30 s at 50°C, and 2.5 min at 70°C;

followed by 5 min at 70°C. For amplification, 2 ×

PCR Master MIX (Fermentas, Canada) was used,

containing: Taq DNA polymerase in reaction

buffer (0.5 unit in 1 �L of mixture), MgCl2

(4 mM), and dNTP (0.4 mM). Next, the same frag-

ments were cloned and sequenced. For the cloning

process, primers were extended by 5’-Sal I restric-

tion site (ACGCGTCGAC). PCR products were

hydrolysed overnight with Sal I, and joined to vec-

tor pGem 5Zf(+) (Promega, USA). The ligation

mix was used for the transformation of E. coli

TOP10 competent cells (Invitrogen, USA).

Twenty clones ware chosen for selection by insert

PCR amplification and polyacrylamide in 10% gel

electrophoresis. Four clones were selected for se-

quencing per every tree. Sequencing was carried

out by means of DYEnamic ET dye terminator kit

MegaBase (GE Healthcare, USA).
The majority of fragments were of similar

length (c. 350-380 bp), with only fragments S23
and S24 being distinctly longer (c. 480–500 bp)
(not shown). All 7 pear trees yielded 14 success-
fully sequenced clones, 9 of which turned out to be
novel alleles. Previously, the GenBank database
contained 21 sequences of P. pyraster S-RNase
gene (accession nos. DQ394811-DQ394831, clas-
sified as S1-S21) and these sequences were in-
cluded in analyses. The 4 sequences from trees
4–6 were identical or showed only differences in
intron regions, as compared with previously pub-
lished wild pear alleles. The 9 sequences differed
from other P. pyraster S-RNase alleles and, as dis-
tinct alleles, were submitted to the GenBank data-
base (accession nos. EU596462-EU596470,
classified as S22-S30). Allele S26 occurred in
trees 4 and 7. The alignment of all obtained alleles
to the GenBank sequence database with Blast soft-
ware showed a high degree of similarity to
S-RNase genes of P. communis, P. ussuriensis
Maxim., P. syriaca Boiss., P. pyrifolia Nakai,
P. × bretschneideri Rehder, P. sinkiangensis
T.T.Yu, and Malus domestica Borkh. (Table 1).

For the S29 allele intron and coding sequences,
separate amino acid interpretation alignment anal-
yses were performed. The coding sequences
showed the same high degree of homology (93%)
to the S11 allele of P. communis and the S41 allele
of P. ussuriensis, while intron sequences revealed
only 78% similarity to S11 of P. communis and, at
the same time, they displayed 100% similarity
with S41 allele of P. ussuriensis. In this case, the
separate analysis of intron and coding sequences
allowed to demonstrate that the S29 allele derives
from the Asiatic P. ussuriensis rather than from
the European P. communis.

The presented research conducted on a limited
pool of available S-RNase alleles constitutes only
the first insight into S-RNase gene polymorphisms
in wild populations. The limited data does not ar-
gue for the cross hybridization theory of the origin
of this species. Numerous alleles of the wild pear
display a high degree of homology with the alleles
specific for P. communis varieties (S2, S12, S13,
S22, S23, S26, S28, S30), but they are, in the most
part, not identical with them, hence their transfer
must have taken place a long time ago (Table 1).
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The wild pear is an interesting and rarely-stud-
ied plant species. Due to its potential significance
as a gene pool for enriching the characteristics of
cultivars, wild pear deserves more attention from
the research community. Additionally, wild pear
populations seem to provide excellent material for
analysing interesting issues in the evolution of
self-incompatibility genes. For all of those reasons,
we consider the studies discussed in this article as
an introduction to a large-scale, comprehensive
population research on wild pear in Poland.
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Table 1. Genotypes of the studied P. pyraster trees, compared with closely related species

Tree location S-genotype Accession no. Homology % of identity

1. Rogów near £ódŸ S22N EU596462 P. communis Sn
P. × bretschneideri S27

99
96

S23N EU596463 P. communis Sb
M. × domestica S20

98
91

2. Sierznia near £ódŸ S24N EU596464 P. pyrifolia S12
P. communis S36

95
95

S25N EU596465 P. ussuriensis S35
P. communis S8

97
97

3. Poddêbice near £ódŸ S28N EU596468 P. communis S8
P. ussuriensis S35

95
95

S29N EU596469 P. ussuriensis S41
P. communis S11

96
80

4. Supraœl near Bia³ystok S26N EU596466 P. communis Sr
P. syriaca S3

98
98

S11* DQ394821 P. pyrifolia S4
P. communis S11

100
95

5. Biedrusko near Poznañ S2 DQ394812 P. communis Sp
P. communis S9

100
99

S12* DQ394822 P. ussuriensis S35
P. communis Sd

98
98

6. £opuchowo near Suwa³ki S13 DQ394823 P. communis S37
P. ussuriensis S35

98
94

S30N EU596470 P. syriaca S3
P. communis Sr

100
100

7. Suwa³ki Landscape Park S26N EU596466 P. communis Sr
P. syriaca S3

98
98

S27N EU596467 P. sinkiangensis S35
M. × domestica S26

97
91

*differences in intron sequences; Nnovel alleles


