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Abstract

:

This study aimed to analyze the genetic diversity of selected cultivars and clones of Lonicera sp. (edible honeysuckle) from two countries with different climatic and soil conditions. Accordingly, the determination of total polyphenols content (TPC) and total antioxidant activity (TAA) in fruits of Lonicera sp. in 2018–2019 was performed. Applied statistical methods evaluating TPC and TAA were: correlation and regression, ANOVA, and agglomerative hierarchical clustering. The neighbor-joining method and gel images analysis (PyElph software, Pavel and Vasile, Bucharest, Romania) were used for genetic analysis. The average TPC of all cultivars and clones was 5.32 mg L−1 in the year 2018 and 3.78 mg L−1 in 2019. The average TAA values of all samples in 2018 were 8.24 mg L−1, and 9.27 mg L−1 in 2019. Statistically significant correlations between years and cultivars and clones were found. Based on the lengths and number of fragments by random amplified polymorphic DNA (RAPD)-PCR’s, it was found that ‘clone 5’ and ‘clone 7’ were genetically close to the grown cultivars from the Czech Republic. Therefore, edible honeysuckle fruits are a valuable source of important nutrients for the human body and its health.
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1. Introduction


The edible honeysuckle and its fruits, except for their valuable properties, have been underutilized fruit species in Europe. Edible honeysuckle represents shrubs native to the northern hemisphere, especially Russia and Japan. Due to unique antibacterial and anti-inflammatory properties, flowers, buds, leaves, barks, and fruit have been widely utilized for centuries in folk medicine [1]. Edible honeysuckle fruits were found to be rich in phenolic acids, flavonoids (quercetin, rutin, anthocyanins), and ascorbic acid [1,2]. Bioactive compounds’ determination has been essential for the inclusion of edible honeysuckle in the group of functional food [3]. Blue honeysuckle fruit extract possessed suitable properties for use as a potent hepatoprotective medicinal food [4]. One of the unique traits is high frost resistance, and the others are resistant to plant diseases and pests [2,5]. Furthermore, the growing season’s length is significantly reduced due to the early flowering period [1,3].



Analysis of genetic aspects relative to the content of antioxidants in Lonicera kamtschatica (Sevast.) Pojark has been limitedly explored [6,7]. The taxonomic classification of the whole section Caerulea Rehder have not been satisfactorily solved, and it is a matter of the taxonomist’s view. The most common concept is to consider only one fruit species L. caerulea L. within the section. The authors decided to accept section subdivision to smaller species and use L. kamtschatica (Sevast.) Pojark., and L. edulis Turcz. ex Freyn. A lot of historical small species are considered synonymous. In terms of taxonomic classification, phylogenetic analyses of breeding plants are necessary [8]. Bioactive substances are produced by plants as secondary metabolites for their defense. In particular, these substances have fungicidal, bactericidal, and biocidal activity, e.g., the protection of plant embryos against harmful UV radiation [9]. These bioactive substances can protect the human body against exogenous and endogenous free radicals [10].



Over the past years, plant breeding has been aimed at the production of large-fruited cultivars with regular fertility, and higher content of polyphenol substances combined with vitamin C. Various breeding programs have been carried out in Europe, USA, and Canada to breed Lonicera kamtschatica plants [11]. Nowadays, scientists have developed several molecular marker methodological procedures for the determination of genetic diversity of genus Lonicera, including random amplified polymorphic DNA (RAPD) [6]; sequence characterized amplified region (SCAR) [8]; inter-simple sequence repeat (ISSR) [9,12]; sequence related amplified polymorphism (SRAP) [13]; etc.



The results of the RAPD analysis revealed significant differences among wild populations and elite bred varieties. Similarly, differences in the DNA of L. caerulea, L. stenantha (Pojark.), and L. kamtschatica (Sevast.) Pojark. were also confirmed [6]. The discovery of the fact that DNA molecule carries genetic information has had an incredible impact on modern breeding methods [14]. The basic chromosome number of the genus Lonicera was described as (n = x = 9). However, in the conditions of Russia, there were found edible diploids (2n = 2x = 18) or tetraploids (2n = 4x = 36) [15]. Other strategies that could be used to develop traits in native plants include interspecific hybridization and polyploidization. Genomic mutations are any deviations from the basic diploid (2n) chromosome number of somatic cell or haploid (n) chromosome number of sex cells, and collectively are called heteroploid or polyploid. In another study, the numbers of chromosomes and karyomorphology of 11 cultivars through four species and the DNA content of 10 cultivars representing six species of Lonicera were analyzed. Between them, the chromosome number of nine cultivars were reported for the first time. Discovered results showed that the basic chromosome number of x = 9 was constant, and chromosome numbers of 2n = 2x = 18, 27, 36, or 54 were observed, indicating that polyploids exist in the genus Lonicera. Five cultivars were diploids with 2n = 2x = 18; one cultivar was triploid, four were tetraploids, and one was hexaploid [16]. Similarly, high polymorphism (up to 83.2%) of edible honeysuckle—L. caerulea, L. stenantha, and L. kamtschatica—was also pointed out, based on the study of specific RAPD markers [6,17].



Our study aimed to investigate the genetic diversity of selected cultivars and clones of edible honeysuckle plants, according to the predominant group of biologically active ingredients, summarized as the total polyphenols content (TPC) and total antioxidant activity (TAA) of the fruit. The attributes of TPC and TAA were statistically analyzed in the years 2018 and 2019. Finally, this study compared two localities of cultivation in terms of different weather and soil conditions.




2. Materials and Methods


The presented research study evaluated the genetic variability of edible honeysuckles in 5 clones, grown in the Slovak Republic, and 5 cultivars, grown in the Czech Republic. Moreover, the content of bioactive substances was determined, relative to genetic variability monitored by RAPD analyses.



2.1. Biological Material


The biological material that was tested for this study included cultivars and clones of species Lonicera kamtschatica (Sevast.) Pojark and Lonicera edulis Turcz. Ex Freyn. Biological material for analysis was collected at the beginning of June 2018 and 2019. To obtain representative samples, it was important to collect berries from different parts of the plants (i.e., top, middle, and bottom) and it was picked about 100 g of fruits from each bush. The experimental area Žabčice (Czech Republic) is located at an altitude of 177 m above sea level with a long-term average annual temperature of 9.7 °C and an average yearly rainfall of 525.0 mm. The second experimental area Nitra (Slovak Republic), is located at an altitude of 167 m above sea level, with a long-term average annual temperature of 9.4 °C and an average yearly rainfall of 598.3 mm.



In this research, the following cultivars and clones of edible honeysuckle were chosen: ‘Clone 2’, ‘Clone 3’, ‘Clone 5’, ‘Clone 6’, ‘Clone 7’ (Slovak republic), ‘Pruhonicky 55’, ‘Gerda’, ‘Morena’, ‘Goluboe vreteno’, ‘Bakcharskaya’ (Czech Republic).



Cultivar ‘Goluboe vreteno’ was cultivated as the first variety of Lonicera kamtschatica (Sevast. Pojark) in Russia. Cultivar ‘Bakcharskaya’ was cultivated in Russia too, but as a Lonicera turczaninowii. The advantage of Russian cultivars is a relatively uniform term of harvesting, due to the uniform ripening of the berries, high productivity, and early ripening of the berries. However, the fruits are elongated in shape and weight less than 1 g, which is often considered a disadvantage. Cultivars ‘Gerda’ and ‘Morena’ were cultivated as varieties of Lonicera caerulea and Lonicera kamtschatica in Sweden. The fruits of the Swedish variety Lonicera kamtschatica are 1.3 to 2.0 cm long, with a weight of 1.5–2.0 g, and they ripen in mid-May. Fruits contain 6–8% carbohydrates, 2–3% organic acids, and 40–70 mg vitamin C/100 g. ‘Gerda’ was created by crossing cultivar ‘Sinnaja ptica’, with a mixture of pollen of Lonicera kamtschatica in Research Institute of Fruit “Sady Sibiri”. Shrubs form a round and compact dense shape. It is characterized by high frost resistance. The fruits are elongated, smooth with thin skin and sour-sweet taste and matures medium early; the average fertility per bush is 0.56 kg [18].



Another set of Lonicera sp. clones was obtained from Herbaton s.r.o., Klčov, Slovakia and another one from VUOOD from Bojnice, Slovakia. In 1989 company Herbaton Klčov brought hybrid seed Lonicera kamtschatica from the Research Institute of Genetics in Siberia by M. Lisavenko in Barnaul, Russia. Over the years 1996–2000, a selection base of 2500 mother plants was formed, from which 143 plants were described after achieving fertility. Five of them were chosen for this research.




2.2. DNA Extraction


For the RAPD method, the leaves were harvested without visible damage. DNA from 100 mg of fresh young leaves was isolated using the CTAB protocol [19]. The quantity and quality of extracted DNA was measured by Nanophotometer P-Class (Implen, Munich, Germany).




2.3. RAPD Amplification


RAPD-PCR’s were performed in duplicate volumes of 15 µL, containing 50 ng of DNA, 7.5 µL Combi mastermix (Top-Bio, Vestec, Czech Republic), 1 µL primer and 5.5 µL water. The thermal cycler (My Cycler, BioRad, Berkeley, California) was programmed for one cycle of 5 min at 94 °C, followed by 40 cycles of 1 min at 94 °C, 1 min at 36 °C and 2 min at 72 °C, and finally by one cycle of 5 min at 72 °C.




2.4. Amplicon Analysis


Amplification products were separated by electrophoresis (BioRad, Berkeley, California) in 6% PAGE (30% acrylamide, 5xTBE, 10% APS, TEMED). Gels were stained with GelRed (Biotium, San Francisco, USA), visualized by Transilluminator UVP (Fisher Scientific, Leicestershire, England) with documentation system G-Box SynGene and analytic software GeneSnap, (Fisher Scientific, Leicestershire, England) SynGene (Fisher Scientific, Leicestershire, England). Marker GeneRulerTM DNA Ladder Mix (MBI Fermentas, 100 bp, Vilnius, Lithuania) was used to determine the size of the DNA fragments. Ten Lonicera plants were analyzed using two RAPD primers (5′ACCGCGAAGG3′ and 5′GGACCCAACC3′), based on the previous results of polymorphic data for tested RAPD primers (data not shown). Only reproducible polymorphic loci of amplified RAPD profiles were scored further to construct dendrograms.




2.5. Determination of Total Polyphenols Content (TPC) and Total Antioxidant Activity (TAA)


For both analyses, we used the harvested fruits of honeysuckle. The antioxidant activity was determined by the DPPH method [20], which consists of the sample with DPPH (stable free radical 1,1-diphenyl-2-picrylhydrazyl) by method [5]. We prepared the DPPH stock solution, which contained 0.024 g DPPH in 100 mL methanol. After, we prepared DPPH working solution (10 mL DPPH stock solution and 45 mL methanol). Then, we added 450 μL of sample extract and 8.55 mL working solution to the beaker, well mixed and left in the dark for 60 min. The samples were repeated twice. The measurement took place at λ = 515 nm on spectrometer (Lambda 25 UV/VIS Spectrometer, PerkinElmer, Cleveland, USA).



The determination of total polyphenols content by the Folin–Ciocalteu method was performed with Folin–Ciocalteu reagent, 1.5 mL 20% Na2CO3. As first, we made a blanc sample. To a 10 mL volumetric flask, we added about 5 mL of distilled water, 0.5 mL Folin–Ciocalteu reagent, 1.5 mL of 20% Na2CO3, and make up to the mark with distilled water. For our own measurement of samples: to a 10 mL volumetric flask, we added about 5 mL of distilled water, 0.1 mL (100 μL) extract sample or standard, 0.5 mL of Folin–Ciocalteu reagent, 1.5 mL of 20% Na2CO3 with distilled water to mark. After 30 min, the samples were measured. The samples were repeated twice again [21]. The measurement was conducted by λ = 765 nm on spectrometer PerkinElmer (Lambda 25 UV/VIS Spectrometer).




2.6. Statistical Analysis


Gel images were analyzed with the use of PyElph software (Project Admins Pavel and Vasile, 2012, version 1.4, Bucharest, Romania) [22]. The homology between the DNA sequences was computed and used to generate phylogenetic trees, that are useful for population genetic studies and taxonomic classification. The values we acquired were recalculated using neighbor-joining [23]. Through the clustering method, we transformed data to create a phylogenetic tree. The distance matrix was used as input. The UPGMA statistical method was used to evaluate this study [22]. PIC (polymorphic information content) marker attributes were scored based on the formula [24]


pic = 1 − ∑pij2.



(1)




The values of TAA and TPC were transformed as statistical data for regression and correlation, ANOVA, for the last agglomerative hierarchical clustering method. Data were analyzed by NCSS 2019 software to construct the dendrograms.





3. Results


The results showed that the highest total polyphenols content (TPC) in the year 2018 (Figure 1) was measured in the cultivar ‘Gerda’ (6.27 mg L−1), and the lowest value was determined in the ‘clone 3’ (4.53 mg L−1). In the year 2019, there was the highest TPC in the cultivar ‘Goluboe vreteno’ (5.70 mg L−1); on the other hand, ‘clone 6’ showed the lowest content (2.36 mg L−1). Average total polyphenols content of all cultivars and clones was 5.32 mg L−1 in the year 2018, and there was the average value of TPC 3.78 mg L−1 in 2019. This statistical model was appropriate, which has been demonstrated by regression analysis. There was 31.45% of explained variability R2, which describe the practical value of the statistical model. The correlation analysis showed the mean rate interdependence between statistical units as a medium. However, there is a positive direct dependence between all pairs. It was found that the level of impact factor of the year is statistically significant (p ≤ 0.05) by two-factor ANOVA.



Determination of total antioxidant activity (equivalent to TROLOX mg L−1) has shown the following values for the year 2018 (Figure 2): the highest-TAA-‘Bakcharskaya’ (10.24 mg L−1) and the lowest-TAA-clone 7 (6.07 mg L−1). In the year 2019, the highest values of TAA were measured at the cultivar ‘Gerda’ (20.85 mg L−1), and lowest TAA was determined in the ‘clone 3’ (5.87 mg L−1). The average TAA value of all samples in 2018 was 8.24 mg L−1, and in 2019, there was 9.27 mg L−1. The model is statistically suitable based on the regression analysis. We also found that there has been 44.55% of the explained variability R2, thus demonstrating the practical value of the statistical model. The correlation analysis showed the medium degree of interdependence between varieties and years for TAA. Thus, like TPC, TAA between all pairs has a positive direct relationship. It was observed that neither cultivar nor year have a statistically significant effect on antioxidant activity by ANOVA.



Cluster analysis based on TPC (2018) distinguished the cultivars into 3 clusters: Cluster 1-‘Pruhonicky 55’, ‘Morena’, ‘clone 3’; Cluster 2-‘Gerda’, ‘Bakcharskaya’ and Cluster 3-‘Goluboe vreteno’, ‘clone 2’, ‘clone 5’, ‘clone 6’, ‘clone 7’ (Figure 3a). According to the TPC (2019) cluster analysis three clusters formed, as follows: Cluster 1-‘Pruhonicky 55’, ‘Morena’, ‘clone 3’; Cluster 2-‘Gerda’, ‘Bakcharskaya’ and Cluster 3-’Goluboe vreteno’, ‘clone 2’, ‘clone 5’, ‘clone 6’, ‘clone 7’ (Figure 3b). To sum up, constructed dendrograms were identical in both years, and thus, different soil and climatic conditions did not affect the TPC. Consequently, the plant species can be considered as a factor that influences the TPC in the fruit of the test plants.



Cluster analysis based on TAA (2018) creates 3 clusters: Cluster 1-‘clone 3’, ‘clone 7’; Cluster 2: ‘Gerda’, ‘Bakcharskaya’, ‘Clone 5’ and Cluster 3-‘Pruhonicky 55’, ‘Morena’, ‘Goluboe vreteno’, ‘clone 2’, ‘clone 6’ (Figure 4a). According to the variable TAA (2019), three clusters were formed, namely: Cluster 1-‘clone 3’, ‘clone 7’; Cluster 2: ‘Gerda’, ‘Bakcharskaya’, ‘Clone 5’ and Cluster 3-‘Pruhonicky 55’, ‘Morena’, ‘Goluboe vreteno’, ‘clone 2’, ‘clone 6’ (Figure 4b). It can be deduced that the plant species can be considered as a factor affecting TAA.



The genetic diversity of edible honeysuckles was analyzed by the RAPD-PCR’s method (Figure 5 and Figure 6). The size of amplicons ranged from 141 to 1 187 bp. The average number of fragments per sample was 6.3, with polymorphism detecting 98–100% (5′ACCGCGAAGG3′) and 6.3 with the same range of polymorphism percentage (5′GGACCCAACC3′) (Table 1 and Table 2). Polymorphism information content (PIC) value is a reflection of allele diversity and frequency among the varieties. PIC value of both of the RAPD markers were evaluated on the basis of its alleles. In the present study, the level of polymorphism among the analyzed Lonicera genotypes were 0.93 (5′ACCGCGAAGG3′) and 0.85 (5 ′GGACCCAACC3′). These values revealed that chosen RAPD markers are effective in the screening of these Lonicera genotypes. The values higher than 0.5 exist for the multiple dominant markers in the case, that equal distribution of amplified alleles was obtained, as the PIC value depends on the distribution frequency of the alleles [25]. The tested cultivars and clones of Lonicera sp. were separated into several clusters. A low count of differences between the results gained by two distinct primers was found. Agglomerative hierarchical clustering has shown that, in both cases, 5 clusters were formed. In the first case (used primer 5′ACCGCGAAGG3′, Figure 7a), there was separated clusters, namely: Cluster 1-‘Pruhonicky 55’, ‘Morena’, ‘Gerda’; Cluster 2-‘Bakcharskaya’, ‘Goluboe vreteno’; Cluster 3- ‘clone 5’, ‘clone 7’; Cluster 4-‘clone 6’, ‘clone 3’and Cluster 5-‘clone 2’. In the second case (used primer 5′GGACCCAACC3′, Figure 7b), there was formed clusters: Cluster 1-‘Pruhonicky 55’, ‘Morena’, ‘Gerda’; Cluster 2-‘Bakcharskaya’, ‘Goluboe vreteno’, ‘clone 5’, ‘clone 7’; Cluster 3-‘clone 6’; Cluster 4-‘clone 3’; Cluster 5: ‘clone 2’.




4. Discussion


In this research, the genetic diversity of plants of the same origin, introduced into two countries with different climatic and soil conditions, was analyzed. It was observed that cultivars from the Czech Republic were separated in one or two clusters, and clones from the Slovak Republic were formed in the other two clusters. This can be caused by different conditions of cultivation (temperature, soil, rainfall) after introduction and by the cross-breeding of different species of Lonicera sp. There are differences in the structure of genotype clusters. Unexpected differences can occur in the case of various polymorphism levels or markers. Therefore, the importance of the number of loci and their coverage of the whole genome is emphasized, in order to obtain reliable genetic information, properties, and relationships between individual cultivars and clones [26]. In our study, we detected small differences between used RAPD markers, which may be caused by levels of polymorphism. RAPD method was recommended by other studies for genetic analysis of Lonicera sp. This method can be easily optimized by increasing the number of RAPD markers (more primers). It involves greater opportunities to detect more reliable genetic relationships between genotypes and taxonomic groups [27,28].



Moreover, primers used in this research revealed a sufficient number of detected bands, and RAPD markers ensured the identification of species. There may be some problems with the methodology used to construct the dendrogram from the calculated distances. One of the limits can be a low level of repeatability of band pattern when the amplification reactions are not optimized [8].



Due to the phenotypic plasticity, the ability to hybridize, and distribution across different ecological areas, it is not straightforward to include honeysuckles in botanical taxonomy [26]. Unfortunately, the genetic diversity of the Lonicera genus was explored only in case of decorative species of Lonicera genus—Lonicera japonica and Lonicera confuse. A genetic diversity analysis of L. japonica varieties using RAPD marker was similar to the traditional morphological marker, and both the morphological and RAPD markers were suitable for the genetic diversity evaluation of L. japonica [8]. In another study, specific SCAR markers for the identification of the medicinal plants of L. japonica have been successfully developed. For genetic identification, improved RAPD analysis proved to be a potential suitable molecular technique for profiling the DNA of any species. More specific molecular markers may be RAPD fragments that are cloned and generated into SCAR markers [29]. To evaluate genetic diversity, an experiment was performed between the different germplasm of Lonicera japonica Thunb. materials by using botanical characteristics and RAPD markers. The aim was to elucidate genetic information about the germplasm to breed new varieties. RAPD analysis also clustered these varieties into three distinct groups, of which the first one included ‘Xianglei Lonicera’ and ‘Lonicera confuse’; the second included ‘Jufeng 1’ and ‘Jinta 1’, while the third one contained ‘Jiufeng 1’, ‘Lufengjufeng’ and ‘Jinhua 3’. The result of genetic diversity analysis of L. japonica varieties using the RAPD marker was similar to the morphological marker. The morphological and RAPD markers were applied for the genetic diversity analysis of L. japonica germplasm resources [30].



The polyphenol compounds were validated and quantified based on a representative polyphenol standard of the same group. The antioxidant activity of the polyphenol mixtures of the three tissues was determined. The antioxidant activity of the leaves was higher than that of the flowers and stems [31]. In another study, the statistically significant correlation between TPC and TAA assayed 20 cultivars of Lonicera kamtschatica, originating from the area of Žabčice (r2 = 0.998), was observed [32]. In the Czech Republic, the TPCs of cultivars which originated from the same area were analyzed. The TPC values ranged from 57.50 to 90.30 mg/GAE/L FW of fruits of different Lonicera kamtschatica [33]. Our research contained a comparison between the years 2018 and 2019, and we demonstrated a statistically significant correlation between two years with various weather. A similar study proved that the content of ascorbic acid and anthocyanins was statistically significant, according to the years 2005–2007 [34]. The effect of the length of sunlight, the amount of total rainfall, and average monthly temperature caused the different content of bioactive compounds in the fruits of edible honeysuckle. Online LC-DPPH and LC Q-TOF MS/MS analysis methods were developed to evaluate the quality of Flos Lonicerae. These methods can provide much more information on chemical properties, as well as information on antioxidant content and antioxidant activity. It is also possible to apply these methods to identify and evaluate plants that are used in medicine.



In comparison with conventional methods, the quantitative method integrated with antioxidant activity may reflect the real quality associated with biological activity. The current opinion can be applied not only to Lonicera plants, but also to other plant species. The online LC-DPPH method would provide a useful and meaningful tool for performing the comprehensive quality control of complex herbal medicines [32].



Here, the traditional approaches were confirmed as still functional ones for the overall diversity characteristics of genomically less known species. Universal markers such as RAPD are still used for different plant species [35] and are chosen not only as a part of different analysis, but as the solo one, too.




5. Conclusions


Statistically significant differences and strong correlations between cultivars and clones and the content of TPC and TAA were found. The second statistical factor was the year, thus, we demonstrated statistically significant relations, too. In 2018, higher TPC values than in the year 2019 were determined. Otherwise, in that year 2019, it was observed that TAA values were higher than in 2018. This can be caused by different soil-climatic constraints of the habitat and plant species. Based on phylogenetic trees, we noted that ‘clone 5’ and ‘clone 7’ were separated in close clusters to cultivars from the Czech Republic.
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Figure 1. Total polyphenols content (TPC) (polyphenols to gallic acid mg L−1) in fruits of edible honeysuckle cultivars and clones, in the years 2018 and 2019. 
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Figure 2. Antioxidant activity (TAA) (equivalent to TROLOX mg L−1) in fruits of edible honeysuckle cultivars and clones in the years 2018–2019. 
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Figure 3. Cluster analysis based on TPC (polyphenols to gallic acid mg L−1) values, year 2018 (a) and 2019 (b). 
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Figure 4. Cluster analysis based on TAA (equivalent to TROLOX mg L−1) values, year 2018 (a) and 2019 (b). 
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Figure 5. Amplification analysis of the obtained profiles using random amplified polymorphic DNA (RAPD) primer 5′ACCGCGAAGG3′ (from left to right—‘Clone 2’, ‘Clone 3’, ‘Clone 5’, ‘Clone 6’, ‘Clone 7’ (Slovak Republic), ‘Pruhonicky 55’, ‘Gerda’, ‘Morena’, ‘Goluboe vreteno’, ‘Bakcharskaya’). 
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Figure 6. Amplification analysis of the obtained profiles using RAPD primer 5′GGACCCAACC3′ (from left to right—‘Clone 2’, ‘Clone 3’, ‘Clone 5’, ‘Clone 6’, ‘Clone 7’ (Slovak Republic), ‘Pruhonicky 55’, ‘Gerda’, ‘Morena’, ‘Goluboe vreteno’, ‘Bakcharskaya’). 
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Figure 7. Phylogenetic tree of 10 Lonicera sp. cultivars and clones created by used RAPD primer 5′ACCGCGAAGG3′ (a) and 5′GGACCCAACC3′ (b). 
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Table 1. Comparison of the lengths of the amplified fragments using the 5′ACCGCGAAGG3′ RAPD primer.






Table 1. Comparison of the lengths of the amplified fragments using the 5′ACCGCGAAGG3′ RAPD primer.





	Sample
	No. of Fragments/(%) Polymorhism
	Length of Amplified Fragments (bp)





	Clone 2
	6/100
	344, 477, 578, 648, 785, 886



	Clone 3
	4/99
	141, 344, 477, 656



	Clone 5
	6/100
	141, 348, 473, 664, 718, 910



	Clone 6
	5/100
	141, 360, 461, 656, 718



	Clone 7
	5/100
	133, 363, 457, 664, 718



	Pruhonicky 55
	4/100
	375, 488, 715, 867



	Gerda
	9/98
	215, 375, 488, 555, 730, 824, 867, 952, 999



	Morena
	8/100
	293, 379, 477, 582, 730, 867, 1101, 1183



	Goluboe vreteno
	9/100
	215, 289, 375, 477, 586, 629, 734, 847, 1011



	Bakcharskaya
	7/100
	227, 293, 500, 594, 668, 757, 917
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Table 2. Comparison of the lengths of the amplified fragments using the 5′GGACCCAACC3′ RAPD primer.
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	Sample
	No. of Fragments/(%) Polymorhism
	Length of Amplified Fragments (bp)





	Clone 2
	7/99
	177, 230, 313, 459, 618, 755, 1156



	Clone 3
	5/98
	269, 383, 564, 1046, 1174



	Clone 5
	8/100
	244, 398, 586, 705, 766, 986, 1040, 1168



	Clone 6
	6/98
	303, 358, 602, 645, 778, 1181



	Clone 7
	6/98
	313, 623, 812, 939, 1070, 1187



	Pruhonicky 55
	10/98
	82, 132, 244, 287, 421, 482, 551, 604, 680, 806



	Gerda
	7/100
	302, 482, 560, 701, 761, 926, 1117



	Morena
	3/100
	368, 417, 560



	Goluboe vreteno
	5/100
	438, 486, 778, 926, 1035



	Bakcharskaya
	6/100
	181, 280, 379, 532, 869, 1401











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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