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Abstract. This article describes development of multilocus SSR-markers 
sets for genotyping Pyrus, Prunus, and Malus from various genetic 
collections of the South of Russia. Generated multiplex sets of SSR-markers 
were used in the certification of cultivated varieties and in the analysis of the 
genetic structure of Pyrus, Prunus and Malus species collections. The results 
of SSR genotyping of pear, apple, plum and sweet cherry made it possible 
to establish genetic relationships between varieties, including groups of 
modern varieties of Russian and foreign breeding and, in turn, local 
autochthonous varieties. In general, the use of these multiplexes has 
confirmed their effectiveness in solving the assigned tasks. 

1 Introduction 
At the present stage of development of selection and genetic research of the gene pool of 
cultivated plants, including fruit crops, special attention is paid to the use of methods that 
allows in a short time and with a high level of accuracy to characterize the studied gene pool. 
This concerns both methods for assessing a complex of phenotypic traits and methods that 
allows to assess genotypic variability. DNA marker analysis, based on the use of molecular 
genetic methods, makes it possible to effectively characterize the genotypes of the studied 
plant objects - both breeding forms and samples from collections of genetic resources. The 
main areas of application of molecular genetic methods when working with genetic resources 
can be defined as the following: mapping and identification of genes that determine 
economically valuable traits, DNA-fingerprinting and certification of genotypes (varieties, 
hybrids), study of genetic relationships between samples/groups of samples, and also the 
study of the genetic structure of the gene pool of the species, the formation of so-called core 
collections, including the most genetically heterogeneous samples from main collection. 

Among the methods based on the use of DNA marker technologies, one of the most 
informative is the method based on the analysis of polymorphism of microsatellite genome 
sequences. Their advantages include codominance, multi-allele, locus-specificity, 
distribution throughout the genome, and a high level of reproducibility of results. This 
determines the relevance and high prospects of their use in the DNA certification of the gene 
pool and the study of genetic diversity. Over the past ten years, a significant amount of 
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research has been carried out on the gene pools of the genera Pyrus, Malus, and Prunus using 
SSR-markers. 

Thus, the genetic collection of Italian apple varieties of 418 apple genotypes, including 
383 samples of Italian selection and 35 world varieties, was analyzed using 15 SSRs [1]. 
Also, 16 SSR-markers were used to assess the genetic diversity of 87 apple samples from 
three Portuguese genetic collections [2]. Along with the data on the genetic structure of the 
collections, SSR-fingerprints of the studied cultivars were obtained. In a larger study, 16 
SSR-markers were used to study 391 samples from the Chinese collection of the Academy 
of Agricultural Sciences, including samples of the species Malus x domestica Borkh., as well 
as its wild relatives - Malus baccata, Malus prunifolia, Malus robusta, and Malus sieversii. 
The study made it possible to suggest that the M. domestica varieties from the former Soviet 
republics are most closely related to M. sieversii and may represent an independent line of 
domesticated apples, different from the varieties of Western Europe and North America [3]. 
Research using SSR markers within the Malus genus has not been limited to cultural forms. 
In particular, a set of SSR markers was used to study the genetic diversity and population 
structure of wild representatives of the genus Malus, including the Himalayan apple trees [M. 
baccata (L.) Borkh. and M. sikkimensis (Wenzig) Koehne ex C. Schneider] [4]. Another 
study used SSRs to assess the genetic relationships between 15 biotypes of Malus prunifolia. 
Data clustering showed that some of the grouped biotypes largely coincided in geographic 
distribution [5]. 

SSR-markers have also been widely used in genetic studies of members of the Pyrus 
genus. A team of researchers analyzed the genotypes of Hungarian pear varieties and 
developed a protocol for molecular identification and interpretation of data on varieties [6]. 
The national Portuguese genetic collections have a wide variety of traditional pear varieties. 
Eleven markers were used to assess the genetic diversity of 130 local varieties [7]. The aim 
of the research team was to determine the taxonomic relationship between pear varieties 
using the 7 SSRs. The study was carried out on the genotypes of twenty-six pears from 
Europe (Pyrus spinosa Forssk., Pyrus communis L., Pyrus elaeagrifolia Pall., Pyrus nivalis 
Jacq.), 18 Asian Pyrus pyrifolia (Burm.f.) Nakai pears and 4 of their hybrids (P communis × 
P. pyrifolia) [8]. The genetic diversity of 478 Pyrus accessions, including ancient Chinese 
cultivars, breeding cultivars and wild accessions, as well as introduced pear cultivars from 
Japan and Korea, were studied using a set of 17 SSRs markers distributed across all 17 
linkage groups of the pear genome [9]. 

Among the recent works on genotyping Prunus collections based on microsatellite 
polymorphism, a number of studies can be distinguished. In 2020, data were published on 
the successful testing of EST-SSR on the peach gene pool [10], and in the current year, the 
results of evaluating 104 samples of domestic plum from various European collections [11] 
were published. In 2019, a group of researchers reported on the results of genotyping of local 
plum species in Tunisia, genetic diversity was assessed by the polymorphism of 
microsatellite loci and the S-gene [12], another research team in a 2019 article outlined the 
results of a genetic study of almonds from various ecological-geographical regions [13]. It is 
worth noting a number of studies using SSR markers carried out on sweet cherry genotypes 
and cherry species, including the work of Russian scientists [14, 15, 16]. 

It is obvious that microsatellite markers represent an important genetic tool in the study 
of the genetic diversity of fruit crops. In this regard, given the high relevance of research in 
this area in the world, as evidenced by a significant number of scientific publications in 
international rating journals, we set the task of studying the genetic diversity and DNA-
certification of the gene pool of fruit crops in southern Russia using microsatellite DNA-
markers. 

In accordance with the goal, the tasks of our research include: 
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- improving the methodology of DNA-marker certification of fruit crops through the use 
of multiplex SSR-analysis; 

- performing DNA-certification based on the analysis of microsatellite loci and studying 
the genetic structure of the gene pool of fruit crops. 

2 Materials and research methods 
The object of the study is autochthonous and modern varieties of apple, pear, sweet cherry, 
peach, apricot, cherry plum, domestic plum from the collections of genetic resources of the 
South of Russia, as well as species samples and interspecific hybrids of the genera Malus, 
Prunus, Pyrus. DNA extraction is carried out using the CTAB method with minor 
modifications [1]. PCR according to the following program: denaturation for 3 minutes at 
94 °C; then 35 cycles: 10 seconds at 94 °С denaturation, 45 seconds at Ta - primer annealing, 
45 seconds at 72 °С - elongation; the final elongation cycle is 5 minutes at 72 °C. The primer 
annealing temperature (Ta) varied depending on the primer. The following standardized 
concentrations of the components of the reaction mixture were used: 0.05 mM 
deoxynucleotide triphosphates, 0.3 μM each primer, 2.5 μl PCR buffer, and 1 unit. Taq DNA 
polymerase (SibEnzyme LLC), 50 ng DNA. PCR was performed in a total volume of 25 μl. 
A preliminary analysis of the amplification quality was carried out using electrophoresis in 
2% agarose or 8% polyacrylamide gel. The analysis of the size of the amplified fragments 
was carried out using an automatic genetic analyzer ABIprism 3130. 

3 Results and discussion 
At the stage of selection of DNA markers for research, the following parameters were taken 
into account: 
- the level of polymorphism in the study of foreign gene plasma of target species, in 
accordance with data from the world scientific literature; 
- the level of reproducibility (the possibility of obtaining reliably reproducible analysis 
results) in different species within the genus (for SSR markers of the genus Prunus) and 
between genera (for the genera Malus and Pyrus); 
- the degree of use of DNA markers in the study of the world gene pool of target species (the 
priority in the selection was the DNA markers with the highest degree of use in the research 
of the world gene pool of fruit plants); 
- primer annealing temperature and size of synthesized PCR fragments - for more efficient 
formation of multiplex sets; 

Figure 1 shows the results of testing the microsatellite marker CH03d07 (the results of 
electrophoresis of amplification products in 8% polyacrylamide gel are shown). 

The main task in optimizing PCR parameters was to obtain maximum synthesis of target 
fragments with minimum synthesis of nonspecific amplificates. In addition, in order to reduce 
the time spent in performing genotyping of a larger number of samples and to simplify the 
algorithm of work, one or two unified PCR protocols were developed for all SSR markers 
used in the work and, accordingly, for all multiplex sets. As a result, for most of the SSR 
markers used in the work, the most optimal PCR program was adopted, which is given in the 
section “Material and research methods”. 

The used DNA markers were grouped into multiplex sets according to the size of the 
amplified fragments in such a way that SSR markers with non-overlapping ranges of 
amplified sequence sizes were included in each set. This is necessary to prevent overlapping 
of the fluorescence spectra of amplification fragments when analyzing their sizes using 
capillary electrophoresis on the ABIprism3130 genetic analyzer. 
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M       1       2      3       4      5      6      7      8      9      10     11    12    13    14    15     16    M 

M – DNA-ladder (molecular weight marker); apple varieties: 1-Sun, 2-Kurnakovskoe, 3-Secret, 4-
Zephyr, 5-Talida, 6-Lyubava, 7-Feya, 8-Ekaterinodarskoe, 9- Nocturne, 10- Talisman, 11-Orlovskoe 
woodlands, 12- Soyuz, 13-Start, 14-Aphrodite, 15-Imrus, 16-Prima 

Fig. 1. Testing of SSR DNA marker CH03d07 (visualization in 8% polyacrylamide gel). 

For each marker in the multiplex set, a specific fluorescent dye was used: 
carboxyfluorescein (FAM), 6-carboxyrodamine (R6G), carboxy-X-rhodamine (ROX), 
tetramethylcarboxyrodamine (TAMRA). Each of these fluorophores has different optical 
spectra, which makes it possible to simultaneously identify several fragments synthesized 
using primers labeled with different dyes in one reaction. Figures 2 and 3 show the results of 
a fragmentary analysis of the studied samples of fruit crops using some multiplex sets of SSR 
markers formed during the research. The results are presented in the working window of the 
GeneMapper 4.1 program. 

 

 
Fig. 2. Results of fragment analysis of peach cultivars Ranniy Kubani (A) and Pamyat Simirenko (B) 
using a multiplex set including SSR-markers CPSCT004, BPPCT007, BPPCT028. 

Two peaks / fragments for markers CPSCT004 in the peach cultivar Ranniy Kubani and 
BPPCT028 in both cultivars indicate the heterozygosity of microsatellite loci, the presence 
of only one fragment (CPSCT004 in cultivar Pamyat Simirenko, BPPCT007 in both 
cultivars) indicates homozygosity. Locus BPPCT037 is heterozygous in the presented 
varieties, loci UDP98-412 and BPPCT023 are homozygous.     
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Fig. 3. The results of the fragment analysis of the Krasnodarskaya ranniaya cherry cultivar based on 
the multiplex set, including SSR-markers UDP98-022, EMPaS06, UDP96-018. 

The presence of two peaks/two fragments of the same color on the electrophoregram 
(UDP98-022, EMPaS06) indicates heterozygosity of microsatellite loci, the presence of only 
one fragment (UDP96-018) indicates homozygosity. 

In the course of research carried out from 2011-2012, a total of about 40 multiplex sets 
were formed. The number of SSR-markers included in these sets is as follows: for the genus 
Malus - 26 markers / 8 multiplexes; for the genus Pyrus - 23 markers / 7 multiplexes; for the 
genus Prunus - 93 markers / 25 multiplexes. At the moment, microsatellite genotyping of 
significant samples of samples has been carried out: apple tree - about 530 samples; pear - 
about 300 samples; stone fruit crops (including peach, apricot, sweet cherry, house plum, 
cherry plum) - about 400 samples. 

The genotyping results are accumulated in the working database for the accumulation of 
SSR genotyping results. A print screen of a part of the database is shown in Figure 4. The 
database contains the size of the amplified fragments identified for each test sample for a 
specific marker. For each SSR-marker, the color used is the fluorochrome used.  
At the moment, according to the results of SSR genotyping for two fruit crops (apple and 
sweet cherry), the state registration of databases of DNA fingerprints of varieties has been 
completed: №2015620372 "Databank of DNA fingerprints of apple varieties based on the 
results of analysis of polymorphism of microsatellite genome loci"; # 2016620116 "Database 
of SSR-fingerprints of sweet cherry varieties". Similar databases for pear and peach are in 
the process of registration. 

Based on SSR genotyping for crops - objects of research, the study of genetic 
relationships, including between groups of modern varieties of both Russian and foreign 
breeding and local autochthonous varieties, was carried out. Data on close genetic 
relationships of autochthonous pear varieties of the North Caucasus and samples of 
Caucasian pears, selected in natural populations, were obtained. This fact testifies in favor of 
the fact that the selection of autochthonous pear varieties on the territory of the North 
Caucasus was carried out, first of all, through selection from local populations. This fact 
indicates the existence of an independent center for pear domestication in the North Caucasus 
[17]. When studying the genetic relationships of modern apple varieties and autochthonous 
varieties of southern Russia, complex genetic relationships were revealed between the 
autochthonous varieties of the Crimea and the Caucasus. Analysis of the structure of the 
collection of the sweet cherry gene pool showed a high level of genetic relationship between 
some varieties of Ukrainian selection and varieties of the selection of the FSBSI 
NCFSCHVW. This is consistent with the fact that Ukrainian varieties were widely involved 

UDP96-018 EMPaS06 UDP98-022 
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in the breeding process at the research center. The study carried out on the domestic plum 
made it possible to establish the intervarietal relationship of the studied samples, as well as 
to identify two main groups from which the gene pool of the species was formed: thorns and 
cultivars [18]. 

 

 
Fig. 4. Printscreen of SSR-fingerprint data accumulation database.  

4 Conclusion 
Thus, based on the above, we have adapted the SSR-marking methods for genetic analysis of 
the gene pools of fruit crops in the South of Russia. From the SSR-markers selected in the 
literature, multiplex sets were formed to work within individual genera Pyrus, Malus, and 
Prunus. In total, we selected approximately 40 multiplex kits for the genera Malus, Pyrus 
and Prunus, a total of 142 markers were used to create multiplexes. The markers formed in 
multiplex sets made it possible to carry out mass genotyping of the collections of the fruit 
crops most demanded in the South of Russia. The carried out DNA certification made it 
possible to form databases of DNA fingerprints. In the future, these databases will be 
involved in work on varietal identification. On the other hand, the developed multiplex sets 
were used to assess the genetic structure of collections of fruit crops and related wild species 
in the South of Russia. The analysis of fruit gene pools carried out by the SSR made it 
possible to establish related ties between varieties in various crops of cherry, apple, plum and 
pear. Thus, the data obtained on the basis of the use of SSR-markers made it possible to 
establish family ties between the gene pools of the Ukrainian and Kuban cherries, reveal the 
isolated position of the autochthonous pear varieties of the North Caucasus relative to the 
world gene plasma, determine the genetic structure of the domestic plum collection and 
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clarify the complex genetic relationships between the autochthonous apple varieties of the 
Crimea and the Caucasus. The obtained information will allow in the future to more 
effectively use the genetic potential of fruit collections for breeding purposes. 
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