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Abstract The Hungarian pear gene bank, located
and founded in Keszthely in 1981, contains 210 pear
cultivars including regional cultivars, cultivars of
foreign origin and standard commercial cultivars.
There are some cultivars with synonym names in the
pear gene bank and in other pear growing areas within
the Hungary. The aim of our work was to systemat-
ically analyse the genotypes of Hungarian cultivars in
the pear gene bank and to set up a robust protocol for
molecular identification and the interpretation of data.
Eighty-eight cultivars were analysed employing eight
SSR primers resulting in a total of 216 alleles.
Seventy-seven cultivars were thoroughly analysed.
Among the samples 29 were considered to be diploids
and 59 triploids. A genetic diversity analysis was
computed based on a Neighbour-Joining algorithm
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and combined with a PCA indicating close genetic
relationship and an overall high amount of genetic
diversity among the samples tested. Similarities and
very close relations were verified in our studies
between different pear cultivar variants: ’Korai
szagos’ A and B, which were planted with the same
name in the gene bank. Six different *Cséaszar korte’
and three *Kdcsog korte’ cultivars were compared. It
was important to establish how close their relationship
was. Some cultivars originating from the same regions
were compared. The "Mez6kovesdi 2’ and *3’ are in the
same main branch, however their distance is larger, the
number of common alleles is less than those of the two
’Erdélyi korte’ cultivars.

Keywords Genetic diversity - Relationship - Pear -
Gene bank

Introduction

The leading pear (Pyrus communis L.) growing
countries in Europe are Italy (700,000 t), Spain
(400,000 t), Belgium and the Netherlands. In the
countries of the European Union production is
stable at 2—-2.5 million tonnes. The most widespread
cultivars are ’Conference’ and *Williams’, with about
14% each, followed by ’Abbé Fétel’. *Williams’
production has been steady between 250,000 and
300,000 ha in the last few years. ’Abbé Fétel’, mostly
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produced in Italy, is over 250,000 tonnes, whereas the
production of the Spanish ’Blanquilla’ has been over
200,000 tonnes in the last years.

The more than 100,000-ton annual production of
Hungary of the 1980s has decreased to 30—40,000 tons
today. About 4500 ha of Hungary’s territory are
suitable for growing pears because most of the
cultivars that we grow come from the cooler and
more humid areas of Western Europe, but production
takes place only on 2350 ha. Pears can be produced
successfully in two regions of the country: in Zala
County and Szabolcs- Szatmar-Bereg County. Of the
many different cultivars the production of two culti-
vars dominates: *Beurré Bosc’ (32%) and *Williams’
(20%) are grown at the highest rate. Other cultivars
such as *Conference’, "Packham s Triumph’, *Clapp’s
favourite’ and ’Beurré d’ Hardenpont’ are cultivated at
a smaller rate (Ledd 2016). In order to extend the
choice of cultivars in Hungary, it would be important
to spread those which are resistant to bacterial branch
decay caused by Erwinia amylovora, e.g. ’Harrow
Sweet’ and *Concorde’ (Gondorné 2000).

In Western Europe one of the biggest pear gene
banks can be found at the University of Milan. As
many as 309 of these varieties are models of different
pear varieties. With another 231 models from different
sources, about 500 pear varieties are represented. This
collection shows the great number of pear varieties
grown in Northern Italy 150 years ago. (Eccher and
Pontirolo 2005). In Italy 780 varieties of pears can be
found in both the private and state pear collections
(Bellini et al. 2003). Probably the biggest pear gene
bank in the world can be found in Oregon, maintained
by the US Department of Agriculture, Agricultural
Research Service (USDA-ARS), where there are more
than 2,500 unique clones and seedlings. Seed and
seedling collections usually represent species popula-
tions from distinct geographic locations rather than
unique genotypes (Postman 2019).

In Hungary Brozik started to collect the different
species and varieties of fruits in the Experimental
Stock Orchard of the University of Horticulture in
Kamaraerdo. He collected nearly 1000 genotypes
(Brozik et al. 1976). In 1976 he proposed to establish a
pear gene bank in Keszthely, as he found the growing
area of Zala County optimal (Ivancsics 1994).

Brozik gave great help to collect the material of the
gene bank in Keszthely (located on the western shore
of Lake Balaton) in 1981. Today there are 250 pear
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cultivars in our pear gene bank in Hungary. The gene
bank started to plant pears in Keszthely in 1981.
Among these pear cultivars we can find a lot of
Hungarian regional cultivars, which are under contin-
uous screening. Many regional cultivars in the country
and the orchard of our gene bank have the same names.

The conservation of natural genetic material with
special or valuable horticultural characters for future
plant breeding can be carried out in suitable gene
banks. From 1990 onwards, efforts have been made to
establish a central database and a national collection of
native genetic resources in Hungary (Labuschagne
et al. 2011).

The protection of natural gene resources and the
storage of the genotypes and cultivars of valuable
biological and production features for the future
improvement tasks is only possible in suitable gene
banks. Detailed data collection is carried out concern-
ing the items of the gene banks, recording more than
25 features and measured data, which are suitable for
their identification, central registration, and they are
accessible to local and foreign researchers, lecturers,
improvers and others who are interested (Kocsisné
2006).

The aim of our work was to systematically analyse
the genotypes of Hungarian cultivars in the pear gene
bank and to set up a robust protocol for molecular
identification and the interpretation of data. Based on
our results we will be able to establish the relationships
and genetic diversity of the pear cultivars and
genotypes. SSRs have become markers of choice
because they are highly informative, reliable, and easy
to use for cultivar identification, thereby improving the
management of collections by enabling the identifica-
tion of duplicates, synonyms, and homonyms. They
are also valuable tools to understand the origins of
local varieties, and to ascertain the importance of
introgression, polyploidy, and hybridization in their
evolution (Queiroz et al. 2019).

Genetic maps are essential tools for pear genetics
and genomics research. Integrated simple sequence
repeat (SSR) and single nucleotide polymorphism
(SNP)-based consensus genetic maps for pear based
on common SSR markers between nine published
maps were studied by Li et al. (2017). A total of 5085
markers, including 1232 SSRs and 3853 SNPs, were
localized on a consensus map spanning 3266.0 cM in
total, with an average marker interval of 0.64 cM,
which represents the highest density consensus map of
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pear to date. The integrated high-density SSR and
SNP-based consensus genetic map provided new
insights into the genetic structure patterns of pears
(Li et al. 2017).

Kim et al. (2015) aim was to determinate the
taxonomic relationship among pear cultivars. Twenty-
six European pears (Pyrus spinosa Forssk., Pyrus
communis L., Pyrus elaeagrifolia Pall., Pyrus x nivalis
Jacq.), 18 Asian pears Pyrus pyrifolia (Burm.f.) Nakai,
and 4 hybrids (P. communis x P. pyrifolia) were
classified and identified using seven simple sequenced
repeats 7 SSR markers. Unweighed pair-group method
of arithmetic averages cluster analysis results were
classified into two main groups. The first group
included Asian pear P. pyrifolia and some hybrids.
The second group contained European pear (P.
communis) and also P. x nivalis and P. spinosa was
on the outside of it.

Material and methods
Plant material

The plant material of 81 cultivars were obtained from
the pear gene bank at the University of Pannonia,
Georgikon Faculty, Department of Horticulture in
Keszthely, Hungary. The collection contained auto-
chthone cultivars, cultivars of foreign origin, and
commercial cultivars (Table 1). Seven cultivars from
the practical station from BOKU in Jedlersdorf,
Austria were additionally included in the analysis.
They were chosen as standards to compare the allele
sizes to other studies (Sehic et al. 2012).

DNA extraction

Young leaves were collected of each variety, snap
frozen and stored at — 20 °C until the DNA extrac-
tion. Genomic DNA was extracted using the E.Z.N.A.
SP Plant DNA Miniprep Kit (Omega Biotek, Dorav-
ille, USA) following the manufacturer’s instructions
with one modification: prolonging the incubation step
to 30 min according to Barth et al. (2009).

SSR analysis

DNA and technical replicates were included in the
analysis to provide evidence of the reproducibility of

the method. Simple sequence repeat (SSR) markers
were chosen as suggested by the European Coopera-
tive Program for Plant Genetic Recourses (ECPGR)
(Evans et al. 2009). PCR reactions were carried out in
a total volume of 10 pl containing 20 ng total genomic
DNA as a template, 2.5 pM forward and reverse
primers (Sigma Aldrich, St. Louis, Missouri, US), 0.3
U of DNA Taq polymerase (Promega, Madison,
Wisconsin, US) and 2 mM dNTPs in a Peqlab
thermocycler (Erlangen, Germany). The thermocycler
program was as follows: (1) 94 °C for 5 min, (2) 10
cycles of: 94 °C for 30 s, 55-50 °C (— 0.5 °C/cycle)
for 45 s, 72 °C for 1 min, (3) 25 cycles of: 94 °C for
30 s,50 °Cfor45 s,72 °C for 1 min and (4) 72 °C for
15 min. Detecting and displaying the results happened
on a Fragment Analyzer (Advanced Analytical, Hei-
delberg, Germany) with the ProSize program (Ad-
vanced Analytical, Heidelberg, Germany).

Analysis of the genetic structures

To display the data statistically we used the DarWin
(Perrier and Jacquemoud-Collet 2006) statistical pro-
gram. Heterozygosity was observed and calculated as
published in Forneck et al. (2015). Since we found
accessions which had different ploidy stadium, we had
to transfer the SSR Data into a binary matrix. If the
allele is present a (1), and if not present a (0).
A Factorial analysis using Principal Coordinates
Analysis (PCoA) was used. To calculate an
Unweighted Neighbor Joining Tree after Saitou and
Nei (1987) and Gascuel (1997) all 88 cultivars were
used to calculate the tree distances involving the
observed dissimilarities.

Results and discussion
Evaluation of SSR polymorphism

88 pear cultivars were tested by eight SSR markers to
give 8 x 88 =704 results to be evaluated. Only
eleven of these were not suitable for evaluation. In
those cases where only one fragment could be
identified the cultivar was considered homozygous
for that loci. Because the null alleles cannot be
excluded, heterozygous values may be underesti-
mated. A total of 216 polymorphic fragments were
amplified with the eight primer pairs. The average

@ Springer



1758

Genet Resour Crop Evol (2020) 67:1755-1763

Table 1 Cultivars obtained from the pear gene bank in Keszthely at the University of Pannonia, Georgikon Faculty, Department of
Horticulture in Hungary and the collection of BOKU at Jedlersdorf, Austria

Hungarian regional
cultivars

Korai szagos, Kiss Margit, Fehérvari korte 1., Nyari korte Dunaf6ldvar, Piros nyari korte Bicske, Kocsog
korte VK 3, Sziicsi II., Csakvari nyari 010, Oszi korte Leanyfalu, Mézes korte, Citrom korte, Kocsog

VK 2, Bikacsi nagy szegfli, Révész Balint A, Kocsog korte, Nyari zold kobak, Zsambéki 214, Magyar
kobak, Selmeci korte II., Fehérvari korte, Szentendrei csaszar, Csaszar korte, Lednyfalusi piros,

Macskafej, Sziicsi IV., Sziicsi szegfii tipus, Szlicsi korte Bore tipus, Erdélyi II., 1/7 Réackeve, Oszi

csaszar korte Torokbalint, Mandula vajkorte, Nagy szegfii korte, 395 Z6ld Magdolna, Mezokovesdi 3,
Téli Kalman, Nyari kiraly korte, Mori csaszar, Erdélyi III., Fert6di rozsdas, Szlicsi IIL., Oszi palinka,
Szobi legkorabbi, Solymari cukor, Mezékovesdi 2, Mosolygd, Miklds, Fujtds korte, Mogyorddi 6Orids,

Piroska,

Cultivars of foreign

Hertich Bergamottja, Arpdval éré, Nyari Kdlman, Bella di Giugno, Hoka, Nydri esperes, Tarjdni kérte,

origin Maria Lujza,, Totyakos csaszar, Favrené, Aromata de Bistrica, Amanlis vaj Pakozd, Mell6 bar6nd,
Pittmastoni hercegnd, Miniszter Lucius, Drouard elndk, Stossel Tabornok, Marianna hercegnd, Pap
korte igen botermd Sarospatak, Orient, Moon Geon, Izambert, Malinéri Jozefin

Standard cultivars at
Keszthely
Standard cultivars at

BOKU Flaschenbirne), Gute Louise

Beurré Bosc (Bosc kobakja), Williams (Vilmos), Beurré d” Anjou, Hosui

Abbé Fetel, Williams, Uta 12a, Packham’s Triumph, Alexander Lucas, Beurré Bosc (Bosc

number of alleles were counted for 27/loci. The fewest
alleles (11) were obtained with the CH04e03 primer
pair, while the most (44) with CHO03g07. Expected
heterozygosity (He) was formed between 0.72
(CHO04e03) and 0.95 (CHO3g07), while the mean
was (0.88. Observed heterozygosity (Ho) was formed
between 0.01 (CHO 4 e03) and 1.00 (GD147), with an
average of 0.80 (Table 2). The estimated frequency of
null alleles gave positive results in three cases
(CH04e03, CHO03d12, CH3g07), but this only indi-
cates the possibility of their presence.

Sehic et al. (2012), Gasi et al. (2013) and Queiroz
et al. (2015), with similar markers, obtained a different
result for the number of alleles. The number of found
alleles was 104, 159, and 68, and the number of alleles
per loci was 10.4, 14.5, and 11.3. The expected
average heterozygosity was 0.78 and 0.806 (Gasi et al.
2013) and the observed heterozygosity was 0.74, 0.81
and 0.852. The intervals of allele sizes were obtained
by Puskas et al. (2015), we have seen similar values for
four loci (EMPc11, EMPc117, CHO5¢06, CH01d09).
The other four loci (CH03g07, CHO03d12, GD147,
CHO04e03) showed greater differences (Table 2).

The frequency of the measured fragment lengths
per loci was also observed. The most frequent alleles
are considered “wild type”, and the other alleles could
be formed by mutation. Big alleles with a frequency
above 0.1 are highlighted.
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The frequencies of alleles detected on the eight loci
were divided into four categories. Only 6 (2.8%)
alleles belong to the very frequent category (0.2 and
above). There were 40 alleles in the frequent category
(18.5%) which shows 0.05-0.2 allele frequency. There
were 109 alleles (50.5%) in the rare category ranging
from 0.01 to 0.05. Besides the 261 polymorphisms, 68
alleles were unique; they occurred only once. There
were also very rare alleles below the frequency of
0.01, the number of these was 61 (28.2%) and the
seven pieces of rare alleles were put in this category in
the case of the CHO04e03 locus. The number of
individual alleles per locus varied between three and
20. Sehic et al. (2012) found 20 unique alleles during
their examinations of 86 samples with 10 markers. The
large number of frequent and rare alleles and the wide
range of varieties in dendrograms confirm that the
varieties tested have great value in terms of genetic
diversity.

Cultivars that amplify one or two fragments per
locus are considered diploid. This condition, in all
eight loci, was only satisfied by 29 cultivars. Based on
allele composition, 59 species appeared to be triploid.
Three different alleles were detected on these loci,
number1-4. The presence of more than two alleles per
locus does not necessarily mean that the cultivar is
polyploid. This may be due to measurement error and
chimeric presence.
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Table 2 Characterization of eight SSR loci based on 88 cultivars and the comparison of intervals

Loci Loci reference Number of allels Allel size intervals He Ho n

our data Puskas et al. (2015)

CHO04e03 Liebhard et al. (2002) 11 114-205 169-229 0.7206 0.0114 0.4122
CHO03d12 Liebhard et al. (2002) 17 94-125  83-159 0.8628 0.6023 0.1399
GD147 Hokanson et al. (1998) 17 114-131 123-167 0.8551 1.0000 — 0.0781
EMPcll  Fernandez-Fernandez et al. (2006) 26 133-159 127-174 0.9138 09773 — 0.0332
CHO05c06 Liebhard et al. (2002) 28 78-118  76-128 0.8827 0.9545 — 0.0381
EMPc117 Fernandez-Fernandez et al. (2006) 36 86-135  85-140 0.9296 0.9773 — 0.0247
CHO1d09 Liebhard et al. (2002) 37 124-170  120-179 0.9418 0.9886 — 0.0241
CHO03g07 Liebhard et al. (2002) 44 191-309 119-284 0.9458 0.9205 0.0130

Genetic diversity among the pear cultivars

We found different compositions of alleles in all 88
genotypes in our study. Cultivars were compared in
the following groups during the evaluation.

Comparison of ,reference” cultivars with the data
of other literature and comparison of same cultivars
obtained from Hungary, from the University of
Pannonia in Keszthely, and from Austria from the
University of Natural Resources and Life Sciences in
Vienna like: *Williams’ (hungarian name: *Vilmos’),
’Beurré Bosc’ (hungarian name: ’Bosc kobakja’-
german name: "Bosc Flaschenbirne’).

Comparison of cultivars with the same names from
Hungary: *Korai szagos’ A and B, "Mell6 baréné’ A
and B, ’Nyari esperes’ A and B, 'Fehérvar korte’ A
and B, *Csaszar korte’ A and B.

Comparison of cultivars within the same types
(Clones?): *Fehérvari korte’, "Kocsog korte’ *Csaszar
korte’ types.

Comparison of cultivars whose names refer to the
same place of the origin: erdélyi, mezokovesdi, sziicsi
or leanyfalusi.

The cluster analysis did not show significant
clusters among the samples studied, possibly due to
the high genetic diversity found in the study. In
combination with the PCA some trends may be
discussed (Fig. 1).

For example, according to our measurements,
’Nyari korte Dunafoldvar’, is the farthest away from
the common point, only about 50% of the alleles
correspond to common ancestral alleles. Similarly, the
distances of other types can be read. Even if

differences were found, the dendrograms did not show
clear clustering (Fig. 2).

Allele lengths of ,standard” cultivars *Williams’
and ’Beurré Bosc’ derived from BOKU were com-
pared to Puskds et al. (2015) and we found 1-9 bp
difference. This may be due to the use of chemicals
and uses of different instruments. Later on, we
employed these references as an ,,internal standard”
to compare the allele lengths of our measurements
with the already known data. We got the same results
with a difference of 1-3 bp for some loci as compared
to the internal standard. All further results were
standardized.

The allelic compositions of ’Williams® (from
BOKU Vienna and from Keszthely) were shown to
be the same genotype with only 1 bp difference, as it
can be seen in the dendrogram. The alleles of *Beurré
Bosc’ (from Keszthely and from Vienna were also
similar but one more allele was found at three loci.
They are closely according to the dendrogram of
course. The two variants (A and B) of the ’Korai
szagos’ cultivar can be closely according to the
dendrogram; 1 bp difference was found between their
alleles. Probably they are the same cultivar from
different regions in Hungary. Similar results were
found in the case of *Nyari esperes’, ’Mell6 barén6’
and ’Csaszar korte’ A and B variants. Only 1 and 2 bp
differences were found too, which can also be due to
an error in measurement. These differences are not
significant, so these cultivars can be considered the
same. Variants A and B of the ’Fehérvari korte’,
however, belong to the two main groups of the
dendrogram, variant B shows three different loci
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Fig. 1 Principal coordinates analysis with 88 pear samples analysed with 10 SSR loci plotted on the first two coordinates. Hungarian
regional cultivars (black), Cultivars of foreign origin, Standard cultivars in Hungary and in Austria (blue). (Color figure online)

divergences of 1 bp and has two loci with three alleles.
Therefore, these variants are considered to be separate
cultivars.

All six cultivars of *Csaszar korte’ belong to the
same main branch of the dendrogram. A close
relationship can be found between *Csaszar korte’,
’Mori csaszar’ and ’Szentendrei csaszar’. The other
two closely related cultivars, the *Totyakos csaszar’
and *Oszi csdszar korte Torokbalint’, are on the other
branch. According to Szani (2012), the name of
’Csaszar korte’ is an old-fashioned name, a kind of
‘brand’ of high quality pears. ’Csdszar korte’ has
several types with similar names. The three types of
"Kocsog korte” are closely related, with only two
different loci in the number of alleles.

’Erdélyi korte II" and "Erdélyi korte III” were on
different main branches of the dendrogram, so there is
no close relationship between them.
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The "Mez6kovesdi 2’ and "Mezdékovesdi 3’ are on
the same main branch, however their distance is larger,
the number of common alleles is less than those of the
two "Erdélyi korte’, so their relationship connection is
very loose. Among the cultivars with Sziicsi names,
like *Sziicsi II.”, *Sziicsi III.” and * Sziicsi szegfi’ the
relationship is very close. ’Sziicsi IV.” and the ’Sziicsi
korte Bore tipus’ were found on separate main
branches, so they do not have a close relationship
with each other, neither with the other Sziicsi type. The
two ’Ledanyfalusi’ types are not closely related,
because they are located in two separate main
branches. Among the Szegfii korte types, ’Bikacsi
Nagy szegfti’ and 'Nagy szegfli korte’ were next to
each other on the dendrogram, so their relationship is
close. The ’Szlicsi szegfli korte’ is in another main
branch.



Genet Resour Crop Evol (2020) 67:1755-1763 1761

Fig. 2 Unweighted Szentendrel_cadezar
Neighbor-Joining tree of 88 |_|—'|
pear cultivars. Hungarian L Caaezir xorte A
regional cultivars (black), szlcsl IV
Cultivars of foreign origin, — SzUcel_W
Standard cultivars in P e s B,
Hungary and in Austria l:,orzuom_s
(blue). (Color figure online) Ric “;Bnul 'c‘n_m_wu
MOr_casezar
4'_' Miniszter Lucius
Alxanosr_Lucas
Bosc_kobakja
—[_' Sz0csl korts Bors_tipus
Bosc Flasch ne
Guts_Loulss
Leanyfalusi_piros

Sz0cel_szegf0_tipus

Drouard_einok

[ Nyari_ssperss_B

L Nyan_sepéres A

Beurré @ Anlou
Aromata

Maria_Lujza

Pap xorte_igen_botermo_Sarospatak
Tarjani_korts
Solymari_cukor
Mandula_va)korte
Bella_ai_Glugno
Macskafs

Amanlis va| Pakozd
Nyari_korte_Dunafoidvar
Nyar_Kaiman

0 ———1

@ Springer



1762

Genet Resour Crop Evol (2020) 67:1755-1763

The "Hosui’ cultivar does not form a separate group
in the dendrogram, although it is not the P. communis
species but Pyrus pyrifolia. Postman et al. (2013)
published a figure which shows the "Hosui’ cultivar is
on another branch in the dendrogram, different from
the Pyrus communis cultivars. There is a closer
relationship between the "Hosui’ and some Hungarian
cultivars, like *Erdélyi II. °, *Nyari z6ld kobak’ and
’Nagy szegfl korte’ in our results.

The results clearly show the benefit and need of
genetic identification of gene bank genotypes and
cultivars. The developed protocol for molecular
identification of pear cultivars stresses the need to
implement reference samples that are firstly to define
for each gene bank. In the case of the Hungarian Pear
Gene Bank this is especially important (and laborious)
since the genetic background exceeds the range of
other gene banks due to historical reasons.
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