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Abstract

:

Laurel is a medicinally important plant and is known to the world for its essential oil. Turkey is the main market in the laurel leaf trade by sharing about 90% of the world trade. Here we made an effort to elucidate genetic diversity and population structure of 94 Turkish laurel genotypes collected from 26 provinces and four geographical regions using inter-primer binding site (iPBS) retrotransposon markers. A total of 13 most polymorphic primers were selected which yielded 195 total bands, of which 84.10% were found polymorphic. Mean polymorphism information content (PIC) was (0.361) and diversity indices including mean effective number of alleles (1.36), mean Shannon’s information index (0.35) and overall gene diversity (0.22) revealed the existence of sufficient amount of genetic diversity in the studied plant material. Most diversity was found in genotypes collected from the Mediterranean region. Analysis of molecular variance (AMOVA) revealed that most of the variation (85%) in Turkish laurel germplasm is due to differences within populations. Model-based structure, principal coordinate analysis (PCoA) and neighbor-joining algorithms were found in agreement and clustered the studied germplasm according to their collection provinces and regions. This is a very first study exploring the genetic diversity and population structure of laurel germplasm using iPBS-retrotransposon marker system. We believe that information provided in this work will be helpful for the scientific community to take more interest in this forgotten but the medicinally important plant.






Keywords:


Laurus nobilis; medicinal plant; mobile genomic elements; germplasm characterization; Mediterranean region












1. Introduction


There is an estimation that the current loss of plant species is between 100 and 1000 times more than the expected natural extinction rate [1] and it is believed that an increase in genetic erosion will be observed during the upcoming years. The rapid expansion of plant breeding activities during the 20th century for the development of improved varieties replaced or minimized the utilization of conventional landraces and resulted in a lower level of genetic diversity in in crop species [2]. To minimize the genetic erosion and maintain sustainability in agriculture, the Global Crop Diversity Trust initiated a consultation process for the development of 30 global crops and made strategies for the ex situ conservation and utilization of germplasm [3]. Germplasm corresponds to the living tissues, which can be utilized for the generation of new plants and is therefore the most important component in the maintenance of plant genetic resources [4]. Gene banks comprise of plant germplasm in the form of seed collection, nursery, pollen and in vitro [5]. These gene banks are important by reflecting the genetic diversity of cultivated and wild relatives of various crops having unique phenotypic and genotypic characteristics [6]. Characterization of these genetic resources is one of the important alternatives for the scientific community to deal with the several challenges like food scarcity, various biotic and abiotic stresses through the investigation of genetic diversity [7,8].



Genetic diversity is the essence of the biological world and serves as a source of natural variations, which can be helpful to deal with various challenges to the world [7]. Medicinal plants kept the continuous attention from the human being through their multiple uses [9]. In 2008, WHO (World Health Organization) issued a report confirmıng the role of these plants in routine life and stated that 80% of the world population directly or indirectly depended on these plants as traditional medicine [10]. More than 1300 medicinal plants are in use by Europe and 90% of it is harvested from the wild and natural resources. Among the 150 topmost used drugs, 118 are based on the natural resources [11]. International Union for Conservation of Nature and the World Wildlife Fund stated in a report that between 50,000–80,000 flowering plant species are in use by the world for medicinal purposes. Nearly 15,000 of these flowering plants are threatened with extinction due to habitat destruction and over-harvesting [1]. There is a need to collect, characterize and conserve the plants having medicinal value to maintain sustainability in the ecosystem [12].



Mediterranean region contains a good diversity of plants and laurel (Laurus nobilis L.) is one of the important plants of this region [9]. Laurel belongs to the Asia and Balkan region and later it spread to various Mediterranean countries like Italy, Spain, Israel, France Corsica Island and North Africa [13]. Laurel belongs to the Lauraceae family and this family comprises of 2500–3000 species with a total of 50 genera mainly distributed in the tropic and subtropics of the world [9]. Laurus nobilis and L. azorica (Seub) Franco are two most economically important species. Laurel has been traditionally used for the treatment of epileptic events, neuralgia and Parkinsonism [14]. Laurel is very popular and well known due to its essential oil, which has been proven very effective for the treatment of epileptic, convulsion and flatulent colic problems [15,16]. Beside medicinal applications, laurel leaves are used as a flavoring agent and to improve the shelf life of food due to their high antimicrobial and antioxidant activities [15,16].



Turkey is considered the cradle of agriculture because it is the origin and distribution center for various crops, due to its geographic [7,17]. This plant arrived in Turkey in 1655 and was known by the name of “Daphne”. The Mediterranean, Aegean, West and Central Black Sea and Marmara region are the most important areas of Turkey where this plant naturally grows [18]. Turkey is ruling the laurel market and shares the 90% of world production [15,16,17,18,19]. According to Nadeem et al. [9], European countries imported 77% of laurel (HS code, 09109950) and 72% of these were imported from Turkey. As compared to the others plant, the laurel market is different because consumer herein is very concerned with the quality rather than the price [9].



Advancement in the molecular markers changed the fate of breeding and boost up the breeding activities. Several types of molecular markers have been developed by the scientific community according to their feasibility [20]. Retrotransposon, sometimes called the jumping element comprises 50%–90% of plant genome [21]. Long terminal repeat (LTR) and non-LTR retrotransposons are two types of retrotransposon, and the former are the most represented in plant genomes. However, Kalendar et al. [22] developed a new marker system named the “inter primer binding site (iPBS)” and suggested it a universal method for DNA fingerprinting, which can be employed both for plant and animals. This method overcomes all application limits of LTR and non-LTR retrotransposons. Inter primer binding sites primers are designed on the primer binding site (PBS) sequences having conserved parts of the tRNAs for reverse transcription during the replication cycle of retrotransposons [22,23]. These tRNAs complement primer binding sites (PBS) in LTR retrotransposons and are used as genomic regions during the PCR (polymerase chain reaction) amplification [22]. The universality of the iPBS-retrotransposon marker has been proven because it can be successfully utilized for any plant for the diversity assessment as well for the phylogenetic and evolutionary study [8,24,25]. Inter primer binding site (iPBS) markers are dominant markers. Previous studies have confirmed that the dominant marker system likely precludes obtaining unbiased estimates of many genetic parameters [26,27]. Besides of its dominant nature, it becomes the marker of choice for the genetic diversity assessment due to its universal nature [8,24,25]. Moreover, its lower cost gained the attentions of scientific laboratories having funding problems.



Very few efforts have been done to conserve the genetic resources of laurel and small germplasm collections are created and maintained by individual breeders. Most of the research is aimed to investigate the composition and effects of laurel essential oil. Yalçın et al. [28] collected the laurel leaves from Northern Cyprus and Caputo et al. [29] used the Italian laurel leaves for the investigation of composition and activities of essential oil. Arroyo-Garcia et al. [30] used the amplified fragment length polymorphism (AFLP) markers to investigate the genetic similarity in this important plant. Arroyo et al. [31] used the simple sequence repeats (SSR) markers for the characterization of genetic diversity among various species of the Lauraceae family. Rodríguez-Sánchez et al. [32] applied the chloroplast DNA (cpDNA) sequences to understand the phylogenetic history of laurel trees. Besides the germplasm characterization, almost nothing has been done regarding the breeding perspective of Laurel. There was a need to explore the genetic variation and investigate the population structure using a good number of germplasm. Therefore, we aimed to investigate the genetic diversity and population structure of Turkish laurel germplasm through the iPBS-retrotransposon marker system.




2. Materials and Methods


2.1. Plant Material and DNA Isolation


A total of 94 laurel genotypes collected from the 26 provinces from four geographical regions of Turkey were used as plant material for this study (Table S1; Figure 1). A nursery of collected germplasm was established at the Aegean Agricultural Research Institute of İzmir. Plant DNA was isolated by taking young and fresh leaves from each genotype. Genomic DNA was extracted by following the CTAB protocol [33] with some modifications [34]. Agarose gel (0.8%) was used for the assessment of DNA concentration and further quantification was done with NanoDrop (DeNovix DS-11 FX, USA). Five ng/μL was maintained as final DNA concentration for the further usage in a polymerase chain reaction (PCR).




2.2. iPBS-Retrotransposon Analysis


Eight laurel genotypes were selected randomly for the screening purpose and a total of 83 iPBS-retrotransposons primers were used in the screening. All these primers were derived from a study by Kalendar et al. [22]. From this screening, 13 of the most polymorphic primers producing perfect banding profiles were selected for the fingerprinting of 94 laurel genotypes. Table 1 explains the name, sequence and annealing temperature of iPBS primers used in this study. For the confirmation of reproducibility of iPBS-retrotransposon primers, PCR amplification was repeated two times for two primers (Figure S1). All PCR amplifications were performed in 20 μL reaction containing 4 uL template DNA, 2 µL dNTPs (Thermo Scientific, Waltham, MA, USA), 0.2 µL U Taq DNA polymerase (Thermo Scientific), 4 µL primer, 2 µL 1 × PCR buffer (Thermo Scientific), 1.8 µL MgCl2 and 6 µL distilled water. By following the protocol suggested by the Kalendar et al. [22], PCR conditions were arranged which contains denaturation at 95 °C for 3 min, followed by 30 cycles of denaturation at 95 °C for 15 s, annealing temperature 50–65 °C depending on primers used for 1 min; and a final extension at 72 °C 5 min. Amplified products were electrophoresed on a 2% (w/v) agarose gel, using 0.5 × Tris-borate-EDTA (TBE) buffer for 230 min; ethidium bromide was used for gel staining after electrophoresis and Imager Gel Doc XR+ system (Bio-Rad, Hercules, CA, USA) was used for the visualization and photographing. A 100 bp+ ladder was used as a molecular weight marker.




2.3. Data Analysis


PCR products were scored as binary fashion; 0 or 1 for the absence and presence of specific bands with respect to 100 bp+ DNA ladder (Figure S2) because iPBS-retrotransposon is a dominant marker system. Reproducibility of DNA profiles for iPBS-retrotransposon marker systems was investigated by repeating two times the PCR amplification with some of the selected primers. Polymorphism information contents (PICs) were calculated by following the criteria set by Baloch et al. [24]. To investigate the level of genetic variations in the 94 laurel genotypes, various diversity parameters like the number of effective alleles (Ne), gene diversity (h) and Shannon’s information index (I) and Nei’s genetic distance were measured by PopGene ver. 1.32 [35]. The germplasm evaluated in this work was collected from four Turkish regions i.e., the Mediterranean, Black Sea, Aegean and Marmara region. Therefore, various diversity metrics were calculated on a per-region basis using PopGene ver. 1.32 [35]. An analysis of molecular variance (AMOVA) and principal coordinate analysis (PCoA) were investigated through GenAlEx 6.5 software [36]. To understand the level of the relationship among the 94 laurel genotypes, neighbor-joining analysis was performed using the R statistical software (version 3.4.1, Vienna, Austria). To explore the population structure of Turkish laurel germplasm, the Bayesian clustering model was applied in STRUCTURE software (version 2.3.4, Stanford, CA, USA). A continuous series of K were tested from 1 to 10 in five independent runs. For each run, the initial burn-in period was set to 50,000 followed by 50,000 Markov Chain Monte Carlo (MCMC) iterations as stated by the Baloch et al. [17]. To determine the proper numbers of the cluster (number of K; the number of subpopulations), criteria set by Evanno et al. [37] was followed and plotted the number of clusters (K) against logarithm probability relative to the standard deviation (ΔK).





3. Results


To characterize the 94 laurel genotypes, 13 selected primers resulted in a total of 195 scoreable bands with an average of 15 bands for each primer (Table 2). Among the 195 bands, 84.10% (164) were found polymorphic with an average of 12.61 fragments per primer. iPBS2398 produced maximum (23) and iPBS2232 and iPBS2295 resulted minimum (11) numbers of total bands. iPBS2402 was found much informative because all 14 bands were found polymorphic and iPBS2295 was found least informative by producing minimum (8) number of polymorphic bands. These 13 primers resulted in an average of 83.98% polymorphism, which ranged from 72.72% to 100% for iPBS2295, and iPBS2256 and iPBS2402, respectively. PIC values ranged between 0.163–0.585 for the iPBS2277 and iPBS2230 and 0.361 was the average PIC value. The maximum (1.57) and the minimum (1.15) number of effective alleles were produced by iPBS2230 and iPBS2277, respectively, and 1.36 was the mean effective number of alleles. Maximum and minimum gene diversity was 0.33 and 0.12 reflected by iPBS2230 and iPBS2277 respectively, while 0.22 was the mean gene diversity. Shannon’s information index ranged between 0.4803 (iPBS2230) and 0.22 (iPBS2277) and 0.35 was the found average Shannon’s information index. Mean pairwise genetic distance for 94 laurel genotypes was 0.228. Maximum Nei’s genetic distance was 0.607 found between Canakkale1 and Mersin1 genotypes followed by Izmir6 and Mersin1 having 0.598 genetic distance. Bartin3 and Zonguldak3 genotypes reflected the minimum (0.089) Nei’s genetic distance and Kocaeli1 and Kocaeli2 followed them having 0.096 genetic distance. To confirm the reproducibility of DNA profiles for the iPBS-retrotransposon marker system, PCR was repeated for two primers and there were the same total and polymorphic bands (Figure S2).



Diversity indices were also calculated according to the collection regions of 94 laurel genotypes (Table 3). Genotypes from the Mediterranean region showed a higher number of effective alleles (1.41), gene diversity (0.24) and expected heterozygosity (0.19). Genotypes from the Marmara region showed a minimum number of effective alleles (1.426), gene diversity (0.16) and expected heterozygosity (0.11). Genotypes from the Aegean and Mediterranean region reflected the maximum (0.31) and minimum (0.24) Shannon’s information index respectively. Genotypes from the Mediterranean and Marmara regions reflected the maximum (0.28) and minimum (0.18) mean Nei’s genetic distance.



To understand the relationship among 94 laurel genotypes, the neighbor-joining clustering was performed, which separated the germplasm based on their geographical regions and provinces (Figure 2). Principal coordinate analysis (PCoA) also separated the 94 laurel genotypes based on their geographical regions (Figure 3). For the understanding of population structure of the Turkish laurel germplasm, Bayesian-based clustering algorithm was performed, which divided the genotypes into two main populations A and B (Figure 4). Population A contained mainly genotypes from the Marmara, Black Sea and Aegean region. Most of the genotypes from the Mediterranean region were present in population B. Analysis of molecular variance (AMOVA) was performed, which revealed higher variations (85%) within populations as compared to among the population (15%; Table 4).




4. Discussion


4.1. Polymorphism in Turkish Laurel Germplasm Revealed by iPB-Retrotransposon Primers


A total of 13 most polymorphic iPBS-retrotransposon primers were used to elucidate genetic diversity and population structure of Turkish laurel germplasm (Table 2). Total and polymorphic bands obtained in this study were found much higher than reported by Arroyo-Garcia et al. [30] using AFLP markers and Bulut et al. [38] using an SSR marker for laurel. The average number of polymorphic bands obtained in this study were found much greater than the reported by Baránek et al. [39] (7.1 bands), Guo et al. [23] (6.6 bands) and Nemli et al. [40] (3.8 bands). This could be due to laurel having a larger genome size as compared to plant genomes earlier studied. These results may also indicate that iPBS-retrotransposon are more conserved for laurel compared to guava [41], Cicer species [42] and saffron [43]. Additionally, we came to know that iPBS-retrotransposon markers are more informative as compared to other molecular marker systems, like inter-retrotransposon-amplified polymorphism (IRAP) [44], random amplification of polymorphic DNA (RAPD) and inter simple sequence repeat (ISSR) [45] and sequence-related amplified polymorphism (SRAP) [46] and can be suggested for any crop to elucidate genetic diversity.



Mean polymorphism obtained in this study was 83.98%, which varied from 72.72% to 100%. Mean polymorphism obtained in this study was found greater than reported by Sevindik [47] for laurel, Yaldiz et al. [25] for tobacco and Aydin and Baloch [48] using iPBS-retrotransposons and thus confirming greater variations in Turkish laurel germplasm. The PIC value is used to understand the efficiency of polymorphic loci for the identification of genetic diversity [43] and explore the discriminating power marker among genotypes [40]. In this study, the mean PIC value was 0.361 which varied 0.163–0.585. Mean PIC value obtained in this study was found much greater than reported by earlier studies using iPBS-retrotransposons markers [25,49].



Previous studies have proven iPBS-retrotransposon a highly reproducible, robust and trustable marker system [22,23,40,41]. Our earlier studies in wild emmer [8], pea [24], tobacco [25], common bean [48], pepper [50] and safflower [51] also found this marker system highly robust, and trustable, which can be used for the investigation of genetic diversity in any crop. Similarly, Mehmood et al. [41] also found this marker system highly reproducible, robust and trustable. Moreover, trustbility of this marker compared to another marker system has been proven by earlier studies as well. Cömertpay et al. [52] compared iPBS retrotransposons with SSR markers for rice germplasm and found parallel results with both marker system, which confirm trustbility of this marker system. Andeden et al. [42] used iPBS-retrotransposon and an ISSR marker system for the taxonomic evaluation of seven Cicer species. They found similar clustering for species and confirmed the trustbility and robustness of this marker system. Yildiz et al. [53] also checked the reproducibility of this marker system in okra by repeating PCR two times and stated that band profiles remains unchanged after PCR amplification. In this study, we also checked the reproducibility of the iPBS-retrotransposon marker system by repeating PCR two times for two primers. We found that band profiles remain unchanged after repeating the PCR amplification for both primers. Total and polymorphic numbers of bands remained unchanged (Figure S2) and these results were found similar to the previous studies [41,53]. These results are confirming the higher reproducibility of this marker system. Therefore, this marker system can be suggested as a marker of choice for the investigation of genetic diversity due to its highly reproducibility, robustness and lower cost.




4.2. Genetic Diversity and Population Evaluation for Turkish Laurel Germplasm


Various diversity indices were calculated to elucidate the genetic diversity in Turkish laurel germplasm (Table 2). The maximum number of effective alleles is always desirable because they show the existence of greater genetic variations. Mean effective number of alleles (1.36) found in this study were higher than the reported by previous studies in various crops using iPBS-retrotransposons markers [25,50]. Mean gene diversity (0.22) resulted in this study was found higher than the reported by earlier studies [25,48,50] and thus explains the presence of higher diversity in studied germplasm. Shannon’s information index is an important criterion to understand the variation as it distinguishes the genetic diversity in a population combining abundance and evenness [51]. Mean Shannon’s information index (0.35) was found greater than the reported by earlier studies using the same molecular marker [25,50]. Genetic distance was calculated among the 94 Turkish laurel genotypes and mean genetic distance was 0.228. Bartin3 and Zonguldak3 genotypes showed a higher level of similarity as they accounted for the minimum (0.089) genetic distance. Canakkale1 and Mersin1 genotypes were found genetically to be the most distinct genotypes as the maximum genetic distance (0.607) were present between these genotypes. Development of breeding material reflecting desirable attributes remained the central focus of the breeding community and Arystanbekkyzy et al. [8] stated that genetically distinct genotypes always acts as a source of breeding material. Therefore, Canakkale1 and Mersin1 genotypes can be suggested as candidate parents for the various laurel breeding activities.



To elucidate the genetic variations in Turkish laurel germplasm more comprehensively, various diversity indices were also calculated upon their collection regions (Table 3). Genotypes from the Mediterranean region showed a higher level of diversity as compared to the rest of the regions and the Marmara region was found to be the least diverse region. Cuttelod et al. [54] stated that the Mediterranean basin is one of the most diverse places on this planet and Nadeem et al. [9] stated that laurel is an important plant of this region and shows a good level of diversity in its phenotype and genotype. Hatay2 and Antalya5 were found to be the most diverse genotypes in the Mediterranean region, while Muğla1 and İzmir5 were distinct genotypes for the Aegean region. In the Black Sea region, Giresun2 and Sinop5 were distinct genotypes, while Sakarya1 and Bursa1 were distinct genotypes for the Marmara region. Therefore, these diverse genotypes can act as genetic stock for the breeding activities in laurel.



Analysis of molecular variance (AMOVA) revealed the existence of higher variations within the laurel genotypes and the percentage of the total variance was 85% (Table 4). Pour et al. [49] stated that higher variations within genotypes might be due to selection, adaptation, gene flow, genetic drift, variation in ecotypes and the pollination method. Moreover, human activities and environmental fluctuations over time might be responsible for higher variations [55]. Our findings were in line with Gramazio et al. [56], as they also found higher genetic variation within the population of Larix decidua using SSR markers. However, this factor should be accounted for that iPBS-retrotransposon is a dominant marker system. A marker of this nature may not provide the credible information about the selection and adaptation phenomenon that occurs in a plant species. Therefore, a co-dominant marker system should be used in future studies in laurel germplasm to evaluate the selection and adaptation factors. There were no statistically significant variations among the population (only 15%), therefore, most of the variation in Turkish laurel germplasm are due to differences within populations. Laurel male flower matures early when compared to the female flower and this condition is known as protandry, which ultimately ensures there is no self-pollination in this plant. This cross-fertilization ultimately is responsible for higher genetic diversity within the population [57].



The neighbor-joining analysis was performed to understand the relationship among 94 Turkish laurel genotypes, which grouped the germplasm according to their geographic regions and provinces (Figure 2). Genotypes belonging to the same region were present together and the same was the case for the genotypes belonging to their respective province. However, it was also observable that genotypes belonging to the Aegean region were also grouped with the rest of the provinces. Laurel is native to Mediterranean countries like Italy, Spain, Israel, France Corsica Island and North Africa [13]. Hatay, Kahramanmaraş, Adana, Mersin and Antalya provinces are present in the Mediterranean region of Turkey and native to this region [9]. However, due to its medicinal and essential oil importance, it gains the attention of Turkish farmers and spread to Black Sea and Marmara regions. Later, it was introduced into the Aegean region from all three regions. It is believed that a lot of seed mixing happens during laurel introduction to the Aegean region. Results of this study are also supporting this hypothesis because genotypes from the Aegean region are showing similarity to all provinces. There is a possibility of seed mixing, human selection and hybridization process when the seed was introduced to the Aegean region, which ultimately resulted in higher gene flow in the genotypes of this region. Bulut et al. [38] used an SSR marker to characterize Turkish laurel germplasm and they also found admixture of genotypes and concluded this possibly due to natural gene flow in genotypes reflecting similarity with other cluster genotypes. Principal coordinate analysis (PCoA) was also performed, which confirmed the result obtained by the neighbor-joining analysis (Figure 3). The principal coordinate analysis also divided the genotypes upon their collection regions. Similar to the neighbor-joining analysis, genotypes from Aegean regions were mixed with all three regions and supported the hypothesis of gene flow in this region.



The model-based structure algorithm has been found more informative and precise as compared to other clustering algorithms [7,51]. Therefore, the structure was taken as a clustering benchmark in this study. Using this algorithm, 94 Turkish laurel germplasms were partitioned into two populations, largely upon the basis of their provinces and respective region (Figure 4). Population A was found admixture of genotypes from all four regions. All genotypes from the Marmara and Black Sea region were present in population A. All genotypes from the Aegean region were present in population A except three genotypes (Mugla1, Mugla2 and Izmir5), which were present in population B on the basis of membership coefficients. Population B largely comprised of genotypes from the Mediterranean region. Three genotypes from the Mediterranean region were clustered in population A with genotypes from the Aegean region. The Aegean region is close to the Mediterranean region. Izmir and Mugla provinces are close to the Mediterranean region and there is a possibility of a seed exchange and hybridization event. Genetic diversity assessment is an important step towards the breeding activities as it provides a novel source of variations [58,59]. Various genetic diversity indices in this study revealed the existence of higher diversity in studied germplasm, which can be utilized for future laurel breeding activities. Similarly, various diversity indices confirmed the existence of higher genetic diversity in the genotypes from the Mediterranean region and it is believed that laurel was native to this region. Later, it was introduced to other regions of Turkey. Seed mixing and selection of germplasm for favorable traits lowers the genetic diversity in the Black Sea, Aegean and Marmara region. Therefore, genotypes from these regions reflected higher genetic similarity with each other and were grouped in population A.





5. Conclusions


The present study comprehensively explored the genetic diversity and population structure of Turkish laurel germplasm. This study confirmed iPBS-retrotransposon as a highly reproducible, trustable and robust marker system. An analysis of molecular variance (AMOVA) revealed that most variations in the studied germplasm are explained by the differences that existed within the populations. Neighbor joining analysis and PCoA analysis clustered the 94 Turkish laurel genotypes largely according to their collection provinces and regions. Genotypes from the Mediterranean region showed more diversity compared to the Black Sea, Aegean and Marmara region. We are confident that information derived from this study can be used for the deeper understanding of the genetic relationships in laurel germplasm, establishment of a reference collection and in the determination of appropriate breeding and conservation strategies.
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Figure 1. Collection points of 94 Turkish laurel genotypes. 
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Figure 2. Neighbor-joining clustering of Turkish laurel germplasm revealed by 13 iPBS-retrotransposon primers. 
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Figure 3. Principal coordinate analysis of Turkish laurel germplasm revealed by 13 iPBS-retrotransposon primers. 
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Figure 4. Structure-based clustering among 94 Turkish laurel genotypes using 13 iPBS-retrotransposon markers. 
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Table 1. List of 13 inter-primer binding site (iPBS)-retrotransposon primers with their sequence and annealing temperature used to elucidate genetic diversity among 94 Turkish laurel genotypes.
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	Primer Name 1
	Sequence (5′→3′)
	Annealing Temperature (°C)





	iPBS2228
	TCATGGCTCATGATACCA
	52



	iPBS2230
	TCTAGGCGTCTGATACCA
	50



	iPBS2232
	AGAGAGGCTCGGATACCA
	55



	iPBS2237
	CCCCTACCTGGCGTGCCA
	55



	iPBS2239
	ACCTAGGCTCGGATGCCA
	55



	iPBS2245
	GAGGTGGCTCTTATACCA
	50



	iPBS2253
	TCGAGGCTCTAGATACCA
	51



	iPBS2256
	GACCTAGCTCTAA