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Abstract

:

Pistacia lentiscus L. is a dioecious shrub or small tree with high drought resistance, native in the entire Mediterranean basin. The variety ‘Chia’ (mastic tree) is cultivated for the production of mastic gum (a resin produced after wounding of the trunks and thick branches) in the Island of Chios (Greece), but it also has a significant ornamental value. In the present study, ten male and ten female genotypes of P. lentiscus var. Chia from the natural habitats of Chios were selected and examined with respect to the rooting efficiency of their shoot cuttings. The germination ability of the seeds was also tested. The 20 plants were morphologically described, mainly with respect to traits related to their ornamental value. Furthermore, leaves were collected from the 20 genotypes, from which genomic DNA (gDNA) was isolated, followed by amplification of gDNA fragments using the polymerase chain reaction (PCR) and inter simple sequence repeat (ISSR) primers. This was done aiming both at the determination of their genetic distance and the establishment of possible correlations between the amplified bands and certain morphological traits. The results of the study showed that there were differences among the genotypes for both methods of propagation. Regarding the rooting of the shoot cuttings, the best genotype was 8M (cv. ‘Psilophyllos’), achieving a rooting rate of 62.5% in winter with the application of indolebutyric acid (potassium salt of IBA), while regarding the seed germination capacity the genotype 2F exhibited the highest germination rate (57%). Genetic analysis using ISSRs separated the plants into four groups, one group consisting of male genotypes, one of the female genotypes, one consisting of members from both genders and a fourth containing a single male genotype. The genetic analysis of the male genotypes only produced a dendrogram showing the cultivars clustering in three different groups. Regardless of the genetic analysis, it seems that there were correlations between the ISSR markers and the leaf traits and also the gender and the asexual propagation. These correlations can assist future breeding programs of P. lentiscus var. Chia.
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1. Introduction


The genus Pistacia (Anacardiaceae) comprises nine species and five subspecies [1]. The members of the genus are dioecious evergreen or deciduous and resin-bearing shrubs or small trees, which are characterized as xerophytic species [2]. Pistacia lentiscus L. (known as lentisk) is one of the most characteristic component of the maquis communities in the Mediterranean basin [3]. It is an evergreen shrub, 2–3 m in height, or sometimes a small tree up to 3–4 m in height.



On the Chios Island of Greece, an economically important variety of P. lentiscus named ‘Chia’ (known as the mastic tree) is cultivated and, according to Browicz [4], differs from the wild species due to its tree-like growth. The P. lentiscus L. var. Chia trees, which secrete a substance of resin composition, known locally as “mastiha”, are cultivated by farmers in dry and warm environments in the southern part of Chios. “Mastiha” is collected, traded and exploited under the “Chios Mastic Gum Growers Association” supervision. It is a dry resinous secondary metabolite produced as a reaction of the plant to wounding (or “kentima” as it is called on Chios) of stems and thick branches. “Mastiha”, which is traditionally used in confectionery and perfumery, contains a variety of bioactive phytochemicals and also has been scientifically proven that it has important medicinal properties [5,6].



P. lentiscus var. Chia, with dark-green dense, leathery foliage, is highly resistant to water stress and salinity [7,8] and, thus, can be a suitable landscaping choice in the arid and semi-arid environments of the Mediterranean basin, even in the urban residential landscapes. The female plants have an extra valuable trait, which is red to dark–red fruits contrasting to green foliage, a very interesting feature well known by artists of floral arrangements [9]. Thus, with such morphological characteristics and ecophysiological properties, the mastic tree could be introduced into production for ornamental use. In this case, an efficient propagation protocol of selected genotypes with desirable ornamental traits is the first step for the introduction of this species into horticultural practice.



The mode of propagation of P. lentiscus in nature occurs through seed germination. For many species, propagation from seeds is the most common and the cheapest method used in nurseries [10]. As a further benefit, seed propagation promotes genetic diversity, which constitutes the basis for the creation of new varieties. Despite the fact that this procedure is simple, seed dormancy is one of the biggest hurdles that must be overcome and often is a challenge for the propagator. In the relevant literature, there is conflicting information regarding the dormancy of P. lentiscus seeds. According to Piotto et al. [11], the seeds of P. lentiscus are surrounded by a hard endocarp that may reduce the rate of imbibition and, thus, the germination process. For this reason, they proposed mechanical scarification or, alternatively, a short period of cold stratification of seeds as an auxiliary method to overcome this dormancy. However, in a previous report, Piotto [12] stated that the treatment of P. lentiscus seeds with scarification or cold stratification increases the speed of the germination process significantly but does not affect the final germination percentage. On the other hand, Abu-Qaoud [13] concluded that the scarification treatment, followed by cold stratification or gibberellic acid (GA3) application, significantly improved the germination percentages, as well as the speed of the germination of P. lentiscus seeds. In contrast with the previous references, Garcia-Fayos and Verdu [14], as well as Isfendiyaroglu [15], stated that the seeds of P. lentiscus did not exhibit any dormancy and, consequently, no treatment was needed. They concluded that pulp removal was the only necessary treatment for a successful germination event. Mulas et al. [16] found significant differences among 33 female genotypes of P. lentiscus, which were related to the length of two-year-old shoot, fruit number per branch, fruit and seed size, germination percentage and speed of germination. Taking into account this information, the selection of genotypes producing a high percentage of viable seeds and the application of necessary treatments will be useful for the production of P. lentiscus plants in a nursery.



Propagation by seeds cannot be applied when high homogeneity of the produced plants is required. For this reason, it would be advisable the selection of suitable genotypes of high propagation capacity through cuttings and also the improvement of the asexual propagation methods used. Traditionally, the mastic trees are propagated vegetatively by hardwood shoot cuttings, which are planted directly to the soil where the tree plantation will be established [4]. However, according to Joley and Opitz [17], the rooting of shoot cuttings of P. lentiscus is considered very difficult. The successful rooting of shoot cuttings is affected by several factors, which could be divided into two general categories: those occurring before the removal of shoot cuttings from the mother plant (pre-removal) and those occurring afterward (post-removal) [10]. In an effort to improve the rooting capacity of mastic tree shoot cuttings, various treatments were used. According to Kostas et al. [18], the plant genotype, the application of potassium salt of indolebutyric acid (K-IBA), the rooting substrate and the season of cuttings collection significantly influenced the adventitious root formation of the mastic tree shoot cuttings. In addition, it was found that winter was the proper season for shoot cutting collection [18].



There is limited work regarding the classification of P. lentiscus var. Chia. Thus, much effort should be put into this by using ISSR molecular markers, which are considered the most suitable for genetic identification when intraspecific genetic variations are studied. There is only one report concerning plant material originating from the Island of Chios, while two other reports refer to genotypes from Turkey. Zografou et al. [19] investigated the genetic diversity of ten genotypes derived from Chios, using random amplified polymorphic DNA (RAPD) and ISSR molecular markers. They concluded that the cultivars ‘Mavroschinos’ and ‘Votomos’ are closer genetically, although their data show clearly that members of ‘Mavroschinos’ are genetically heterogeneous. In addition, they concluded that the cultivar ‘Maroulitis’ is distinct from both ‘Mavroschinos’ and ‘Votomos’. In addition, a female tree was grouped separately from the male genotypes [19]. In another work, Abuduli et al. [20], using more molecular markers [ISSR, simple sequence repeat (SSR), RAPD and internal transcribed spacer (ITS)], separated genetically 24 genotypes of P. lentiscus from Turkey (including only one genotype from Chios, Greece). The results indicated that the male and female genotypes were distinctly separated from each other and that the ISSR markers were suitable for the analysis of intraspecific variations of P. lentiscus trees. In a recent study, carried out on P. lentiscus in Turkey [21], ISSR and inter retrotransposon amplified polymorphism (IRAP) markers were used to evaluate the intraspecific variation and phylogenetic relationships in 31 native genotypes (including one from Chios and one from Crete, Greece). The results showed that the 31 P. lentiscus genotypes were segregated on three different main clusters and that there exhibited very high ratios of intraspecific variation. In addition, Kafkas and Perl-Treves [22] and Kafkas [23] reported taxonomical relations of Turkish Pistacia species based on RAPD and amplified fragment length polymorphism (AFLP) markers, respectively.



The aim of the present study was to select genotypes of P. lentiscus var. Chia for ornamental use. For this purpose, genetic analyses and biometric measurements of the selected individuals were used. The ability to reproduce plants from shoot cuttings and/or seeds was also investigated. Furthermore, this study aimed to identify correlations existing between morphological traits and ISSR markers for exploiting those in future breeding programs.




2. Materials and Methods


2.1. Plant Material


Twenty genotypes of P. lentiscus var. Chia from Chios Island were selected based on the criteria of their morphology (appearance) and their ornamental value (such as the good shape of the plant, the rich and dense canopy, the size of the leaves, etc.) and also their geographical location in the area of Southern Chios. The plants were grown in various natural habitats, far from each other, with the purpose of achieving a representative distribution over a wider geographical range. The names of the regions of the selected genotypes, as well as their geographical locations, are presented in Table 1 and Supplementary Figure S1. The selected plant material included ten male and ten female trees. The male trees are more productive in mastic gum and, thus, are preferable for cultivation by the mastic growers of Chios, whereas the female trees are less productive and usually are not cultivated. In addition, for the selection of the ten male trees, their classification into five main local cultivars (two plants per cultivar) was taken into consideration. The names of the selected cultivars were ‘Mavroschinos’ (MV), ‘Psilophyllos’ (PS), ‘Maroulitis’ (ML), ‘Platiphyllos’ (PL) and ‘Votomos’ (V), as they are called by the local producers, classified empirically according to their morphological characteristics. All selected trees (males and females) were 30–35 years old. Mature composite leaves from the 20 selected plants were collected in July from Chios and kept in the herbarium of the Laboratory of Floriculture in Thermi (Thessaloniki, Greece), with code numbers PL1901–PL1920.




2.2. Rooting of Shoot Cuttings


Apical shoots of the selected P. lentiscus var. Chia trees, 15 cm in length, were cut during winter and kept at 4 °C for one day. The selected season was chosen as the most suitable for rooting of P. lentiscus shoot cuttings, according to previous research of Kostas et al. [18]. Afterward, the cut of the basal part of the shoot cutting was renewed, leading to a final length of 12 cm, while the leaves of the base of the shoot cuttings were removed. Thus, each cutting had 2–3 composite leaves on the top. Furthermore, the basal portion of the shoot cutting, about 1.5–2 cm in length, was dipped into different concentrations (0, 4, 8 or 16 g·L−1) of K-IBA (Sigma-Aldrich, St. Louis, MO, USA) for 10 s and planted in 9 L volume plastic boxes (with holes at their base for drainage) filled with perlite (Isocon, Agios Ioannis, Greece) (Figure 1A). Afterward, the shoot cuttings were transferred for rooting in a fog system, with the relative humidity (RH) adjusted to 93–95% (Figure 1B). Forty shoot cuttings were used for each K-IBA treatment. At the end of a 4-month period, rooting (%), as well as number and length (cm) of roots, were evaluated (Figure 1C).



The experiment was conducted in a completely randomized design, with forty replicates per treatment in each genotype. The rooting percentages were subjected to arcsine transformation prior to statistical analysis and were transformed back to percentages for presentation in tables [24]. The transformed data were checked for normality and homogeneity and then analyzed based on analysis of variance (ANOVA). The means were compared using Duncan’s multiple range test [25]. The statistical analysis was carried out using the statistical package SPSS 25 (IBM, Armonk, NY, USA).




2.3. Germination of Seeds


Ripe fruits from each of the ten selected female genotypes of P. lentiscus var. Chia were harvested in three different time-periods (15 October, 30 November and 15 January). All the fruit samples were immediately transported to Thessaloniki from the Island of Chios and stored at the Laboratory of Floriculture, School of Agriculture, Aristotle University. Afterward, the fruits (one-seeded drupe consisted of exocarp, mesocarp and a stony endocarp enclosing the seed) of each genotype were pulped separately manually, and the exocarp and mesocarp were removed using sieves and running tap water. Then, the clean seeds (endocarp plus true seed) were immersed in tap water, and any floating seeds were removed and counted. It was ascertained that these seeds were inappropriate for germination since they had malformed embryos. The viable submerged seeds were counted (Figure 1D), spread out on filter papers and left to dry for 3 days under laboratory conditions. After drying, they were used for the germination experiments. In the present study, the term “seed” refers to the true seed plus the endocarp.



To determine the effect of the scarification using sulphuric acid (H2SO4) on germination of seeds of each genotype, seeds collected in the middle of the collection period (30 November) were immersed in a beaker containing concentrated (96%) (H2SO4) (three volumes of H2SO4 per volume of seeds) for 0 (control), 2.5, 5 or 10 min under gentle stirring. From preliminary experiments (data not shown), it was observed that immersing time in H2SO4 longer than 10 min destroyed the seeds. Afterward, the seeds were gently removed from the H2SO4 and washed initially five times with tap water and finally once with distilled water under continuous stirring. In another experiment, in order to determine the effect of the fruit harvesting period on germination, seeds from each selected genotype from the three collections (15 October, 30 November and 15 January) were immersed in concentrated (96%) H2SO4 for 2.5 min following the same procedure as previously described.



Furthermore, the seeds of both experiments were placed on sterilized river sand moistened with distilled water in 9 cm plastic Petri dishes and were transferred to growth chambers, with the temperature adjusted to 23 ± 0.1 °C and the photoperiod to 12 h (Figure 1E). The Petri dishes were randomly arranged on the growth chamber shelves, and the sand was rewetted with distilled water when needed. Germinated seeds were recorded every week for a 4-week period (Figure 1F).



In both experiments, a completely randomized design was applied. For each treatment, there were four replications of 25 seeds each. Seeds were considered to have been germinated when at least a 2 mm long radicle has emerged [26]. Finally, for each treatment, the germination percentage was calculated as the average of the four replications. The germination percentages data were firstly arcsine-square-root-transformed, checked for normality and homogeneity of variances [24] and then were analyzed by one-way ANOVA. The means were compared using Duncan’s multiple range test [25], and the statistical analysis was carried out using the statistical package SPSS 25 (IBM, Armonk, NY, USA).




2.4. Morphological Traits Recording


The twenty selected plants were morphologically recorded, based on the description/analysis of morphological traits of the relative species of Pistacia vera conducted by Barone et al. [27], with some modifications. The selection and recording of the morphological traits of the genotypes of P. lentiscus var. Chia was focused on the properties that were mainly related to their ornamental value. The 13 traits that were recorded were: growth habit, leaf length, leaf width, number of leaflets, terminal leaflets length, terminal leaflets width, terminal leaflets shape, terminal leaflets apex, terminal leaflets base, plant height, plant diameter and in the female genotypes fruit yielding and seed size as well. The recorded morphological traits and the variations of each of them are shown in Table 2 and in more detail in the Supplementary Table S1. For traits No. 1 and 10–12, the recorded values were based on personal experience and observation and determined by an experienced agronomist, a member of the scientific/research team of the Chios Mastic Gum Growers Association. For traits No. 2–9 (leaves and leaflets measurements), 20 composite leaves were collected at the adult stage from each genotype, coming from the middle height of the plant canopy. The leaves were collected at the end of July, and the various traits were measured using a digital caliper with a sensitivity of ±0.1 mm or in cases that were based on comparisons with leaflets patterns, as described in the Supplementary Table S1 [27]. All the measurements of a trait were made on the same date to avoid differences from the environmental conditions and/or developmental stages of the plant. The statistical analysis of the data was based on ANOVA with the use of the statistical package SPSS 25 (IBM, Armonk, NY, USA), while the separation of the means was made with Duncan’s multiple range test. The Pearson’s correlation test was performed to determine the relationships among the morphological traits.




2.5. Genomic DNA Extraction and PCR Amplification Conditions


Genomic DNA was extracted from the leaves of the 20 selected P. lentiscus var. Chia plants with NucleoSpin Plant II kit (Macherey–Nagel, Düren, Germany). The genomic DNA’s quantity and quality were determined using a Q3000 UV Spectrophotometer (Quawell Technology Inc., San Jose, CA, USA). DNA samples were stored at −20 °C, until further use.



Twenty-one ISSR primers were initially tested, and based on preliminary results, eight of them (UBC 827, 807, 818, 811, 856, 808, 834, 841) [28,29,30] which gave reproducible results, were selected for further use (Table S2). The ISSR amplification reactions were performed each in a final volume of 10 μL containing 50 ng total DNA with the use of KAPA2G fast PCR kit (Kapa Biosystems, Cape Town, South Africa) following the supplier’s instructions.



The PCR reactions were performed in a thermal cycler (Mastercycler® gradient, Eppendorf AG, Hamburg, Germany) using the following amplification profile: an initial denaturation step at 95 °C for 3 min was followed by 30 cycles of 15 s denaturation at 95 °C for 15 s, annealing at 60 °C for 15 s and extension at 72 °C for 45 s. This was followed by a final extension step at 72 °C for 3 min. DNA amplification fragments were separated in a 1.5% agarose gel with 1X TAE buffer, stained with ethidium bromide (0.5 μg·mL−1) and analyzed using the Kodak 1D analysis software (Eastman Kodak Company, Rochester, NY, USA). The size of the amplification products was calculated based on molecular mass 1Kb DNA ladder plus DNA ladder (Nippon Genetics Europe, Dueren, Germany). Two independent PCR amplification reactions were performed for each sample.



For the ISSR profiles, the fragments ranging from 150 to 3000 bp were scored as present or absent. Scoring was based on the formula: the number of genotypes analyzed X number of band classes produced with all eight ISSR primers. After calculation of the average number of polymorphic bands per primer, the data were used to detect the relationship among the 20 genotypes. These data were converted by cluster analysis based on the Nei genetic distance [31] and used for the construction of the principal coordinate analysis (PCoA) with the implementation of GenAlEx 6.501 program, or data were analyzed using MEGA 4 v.4.1 software [32] for the construction of an unweighted paired group method of cluster analysis (UPGMA). For the detection of any genetic changes, all ISSR results were compared to each other for all DNA samples. The data for each molecular marker was entered into a computer file as a binary table, and then tables were analyzed by genetic analysis in Excel with the cross-platform package GenAlEx 6 [33]. The similarity of the qualitative data was calculated using the similarity index of Nei and Li [34], and the results were presented by the principal coordinates analysis (PCoA). The similarity coefficients calculated by GenAlEx 6 were converted to MEGA 4 v.4.1 software [32], and the resulting complexes were expressed in the form of a dendrogram, where similarity estimates were analyzed using the unweighted pair group method with arithmetic means (UPGMA). The polymorphism information content (PIC) for each primer locus was calculated from the number of bands per primer using the formula PIC = 1 − Σ(Pi)2, where Pi is the frequency of the ith band in the genotype examined [35]




2.6. Correlation of Morphological Traits with ISSR Markers


The estimation of the association between the ISSR indices and the quantitative morphological characteristics was calculated through the stepwise multiple regression analysis (MRA) using the stepwise linear regression of statistical package SPSS 25 (IBM, Armonk, NY, USA). With this method, each ISSR marker was treated as an independent variable, while each quantitative or qualitative characteristic was treated as a dependent variable. The analysis was based on a model that correlates the dependence of the dependent variable with a linear function of the set of independent variables, representing ISSR markers [36]. Values of the F with 0.045 and 0.099 probabilities were used to enter and remove, respectively, the selected independent variables for the regression equation [37]. The R2 denotes the square of r, the multiple correlation coefficient and the beta value are defined as the standardized regression coefficient [38,39].





3. Results and Discussion


3.1. Asexual Propagation


Τhe application of K-IBA greatly influenced the rooting of the shoot cuttings of the selected genotypes with the concentration of 4 g·L−1 found to be significantly the best, especially for the genotypes 3F, 7M, 8M and 21M (rooting 27.5, 55.0, 62.5 and 45.0%, respectively) (Figure 1C and Figure 2). Similarly, the concentrations of 8 and 16 g·L−1 of K-IBA significantly increased the percentages of rooting in most genotypes, with the exception of the genotypes 3F, 8F, 12F, 19F, 7M, 15M, 21M and 3F, 8F, 10F, 1M, 7M, 8M, 21M, 36M, 61M, respectively (Figure 2). There were no differences between the concentrations of 4 and 8 g·L−1 of K-IBA on rooting of the genotypes 2F, 6F, 7F, 10F, 14F, 16F, 1M, 6M, 10M, 18M, 36M and 61M, as well as between 4 and 16 g·L−1 of K-IBA on rooting of the genotypes 2F, 6F, 12F 16F, 19F, 6M, 10M, 15M and 18M. On the other hand, in treatments without application of K-IBA, the shoot cuttings rooted poorly (rooting 7.5–15.0%) (Figure 1C and Figure 2) or not at all (e.g., in genotypes 3F, 6F, 7F, 8F, 10F, 12F, 14F, 16F, 10M, 18M, 21M and 61M). It is known that the plant growth regulators of the auxin type, such as K-IBA, indolebutyric acid (IBA) and a-naphthalene acetic acid (NAA), favor the rooting of shoot cuttings in the majority of plant species. Although rooting of P. lentiscus shoot cuttings is considered to be very difficult [17,40], there are reports on successful rooting of shoot cuttings of this species with the aid of various plant growth regulators and concentrations [18,41]. Isfendiyaroglu [41] used IBA (dissolved in 50% isopropanol) with the best results at the concentration of 20 g·L−1, in contrast to our best concentration of 4 g·L−1 K-IBA (dissolved in water). This discrepancy could be attributed to the different genotypes and physiological status of the shoot cuttings used, as well as to the different experimental conditions applied.



It seems that the genotype is an important factor for the rooting of P. lentiscus var. Chia shoot cuttings. Without the application of K-IBA, the rooting percentage was low, while a number of genotypes did not root at all (Table S3). With the application of 4 g·L−1 K-IBA the highest rooting rates were observed in the genotypes 7M (62.5%) and 8M (55.0%) (Table S3), which both belong to cultivar ‘Psilophyllos’, followed, without a statistical difference, by the genotype 61Μ (52.5%, cultivar ‘Votomos’). The lowest rooting rate (15.0%) was found in genotype 18M, which belongs to cultivar ‘Votomos’. In treatments with 8 g·L−1 of K-IBA, the highest percentages (50.0%, 47.5% and 42.5%) were noticed in genotypes 61M (‘Votomos’), 8M (‘Psilophyllos’) and 1M (‘Mavroschinos’), respectively, whereas the lowest percentages (10.0% and 7.5%) were noticed in genotypes 15M (‘Platiphyllos’) and 18M (‘Maroulitis’). The application of K-IBA at a concentration of 16 g·L−1 gave rooting rates under 30% in all genotypes. The highest percentages were observed in genotypes 6M, 10M and 15M and the lowest in the 18M and 36M (Table S3). The results showed that the genotype gender did not influence the rooting ability of the shoot cuttings. Thus, in both male and female plants, the genotype was the crucial factor, while a large variation in rooting rates (7.5–62.5%) was noticed between them (Table S3). The significant role of the genotype on the rooting of P. lentiscus shoot cuttings was also mentioned by Kostas et al. [18] and Isfendiyaroglu [41]. Figure 1G,I show plantlets grew from rooted shoot cuttings of P. lentiscus var. Chia.



The application of K-IBA positively influenced the number and length of new roots formed as compared with the control (zero K-IBA) in all genotypes (Table 3). In most cases, the application of K-IBA over doubled the number of roots formed (average 4.6 roots/cutting) in comparison with the control (average 2.2 roots/cutting) (Table 3, Figure 1C). However, there were no statistical differences concerning the number of roots formed among the genotypes in the three concentrations of K-IBA applied (Table 3). The same trend was also noticed for the effect of the K-IBA on the length of the roots formed on the shoot cuttings, which, however, was two-fold (average 5.8 cm) over the length of the control (average 2.9 cm) (Table 3). Differentiations concerning the length of roots were observed among genotypes. Thus, the genotypes 8M, 21M and 61M had longer roots than the genotype 15M at 4 g·L−1 Κ-IΒA, while the genotypes 7M and 15M had longer roots as compared with the genotype 18M at 16 g·L−1 Κ-IΒA. The number and length of roots could be one of the criteria for evaluating the rooting system of a shoot cutting in the genotypes of P. lentiscus var. Chia (Figure 3). Kostas et al. [18] also reported the formation of a greater number and length of roots in P. lentiscus var. Chia shoot cuttings with the application of K-IBA in comparison with the control. Similarly, Isfendiyaroglu [41], working with other genotypes of P. lentiscus, reported also more and longer roots formed on the shoot cuttings by using IBA with a large variation among the genotypes tested.




3.2. Sexual Propagation


The effect of the collection time and scarification with H2SO4 on seed germination varied among P. lentiscus var. Chia genotypes. In the first experiment, the scarification of seeds with H2SO4 had a significant effect on germination (%) of the genotypes 7F and 12F only, whereas, in the rest eight genotypes, the seed germination was not positively affected by the scarification (Figure 4). In the genotypes, 2F, 6F, 10F, 16F and 19F (germination 10–55%), no significant differences were observed in germination percentages between control and seeds scarified for 2.5 min. These results demonstrated that in these genotypes, the endocarp plus seed coat did not inhibit the imbibition and consequently the germination process. Moreover, in the first week, the treatment with H2SO4 increased the number of germinated seeds in comparison with the control (Table S4). It is possible that the scarified seeds imbibed water faster, and therefore the germination process was accelerated. The same evidence was also provided by Piotto [12], who found that the scarification treatment on P. lentiscus seeds significantly increased the speed of the germination process, but the final germination percentage was not affected. Furthermore, Garcia-Fayos and Verdu [14] and Isfendiyaroglu [15] stated that it is not needed any treatment for the germination of P. lentiscus seeds as they do not show dormancy. In contrast, Abu-Qaoud [13] claimed that 15-min scarification with H2SO4 followed by either a 1-month period of cold stratification or treatment with 1000 ppm GA3 significantly improved the germination percentages of P. lentiscus seeds. However, in the present study, scarification with H2SO4 for 2.5 min or for 2.5 and 5 min resulted in higher germination percentages than without scarification only in genotypes 7F and 12F, respectively. Fruits of some species of the Anacardiaceae family have physical dormancy because the endocarp is impermeable to water [42]. Furthermore, Pipinis et al. [43,44], studying the germination of Cotinus coggygria and Rhus corriaria seeds (both species belong to the Anacardiaceae family), reported that the scarification with H2SO4 was necessary to break the physical dormancy of seeds of both species. In the present study, only in the genotypes 7F and 12F, out of the ten studied ones, the endocarp seemed to be impermeable to water and to inhibit the germination process. According to Baskin and Baskin [42], the seed coat has the same genetic composition as the maternal parent. Thus, the genotype of the maternal parent has a significant effect on germination, and therefore the knowledge of the genetics of the maternal parent is very useful in predicting the germination behavior of P. lentiscus var. Chia seeds.



The treatment with H2SO4 of the seeds for 10 min resulted in a significant reduction of the number of germinated seeds in the genotypes 10F, 12F and 19F, while in the other seven genotypes, it inhibited their seed germination. Possibly, the prolonged duration of H2SO4 treatment caused the loss of seed viability. In the genotypes 3F, 8F and 14F, where no effect of scarification with H2SO4 on seed germination was observed, the germination percentages were very low (ranged from 2 to 8%). Seed abortion and parthenocarpy are the main causes for the low percentages of germination in P. lentiscus species. Mulas et al. [16], studying 33 female individuals of P. lentiscus, found significant differences among them concerning the germination percentage and the speed of germination. Specifically, the seed germination percentages ranged from 0 to 56% and in 15 individuals out of 33, no germination occurred. It is obvious that the selection of genotypes with a high percentage of seed germination is very important for the sexual propagation of P. lentiscus var. Chia.



In the second experiment, the collection period did not affect the percentage of germinated seeds in 2F, 3F, 7F, 8F, 14F, 16F and 19F genotypes of the mastic tree (Figure 5). In the genotypes, 6F and 10F, the seeds collected on 15 January exhibited the lowest germination percentage, whereas no significant differences were observed in the germination percentage between the other two collection periods. In contrast, the seeds of the genotype 12F, which were collected on 15 October, exhibited the lowest germination percentage, whereas no significant differences were found between the other two collection periods in the germination percentage (Figure 5).



The findings of this work showed that there was great heterogeneity in seed germination among the P. lentiscus var. Chia genotypes tested. This corroborates the fact that the selection of the genotype is an important factor for the sexual propagation of P. lentiscus var. Chia plants. Furthermore, the scarification using H2SO4 for 2.5 min was found to have a positive effect on seed germination for some genotypes and neutral for others. As far as the collection time-period is concerned, this factor did not seem to have much significance on the seed germination, at least in certain genotypes, while in some others, it was found that the seed collection in winter (January) had a negative effect. Figure 1H shows young plantlets produced from germinated seeds of P. lentiscus var. Chia.




3.3. Morphological Analysis of the Traits


In most of the recorded morphological traits of the plants, a significant variation was observed among the 20 examined genotypes of P. lentiscus var. Chia grown in the Island of Chios, while for other traits, several similarities were noticed. A first observation was that there were no significant differences between male and female plants. A detailed presentation of the measurements of the traits is given in the Supplementary Table S5. For the trait of “growth habit”, all genotypes were evaluated as “spreading”. The genotypes 8F and 6F had the biggest composite leaves as concerned their “length” and “width”, while the genotypes 2F, 16F and 19F had the smallest ones (Figure 6A,B). For the trait of “number of leaflets”, the genotype 6M had 7.5 leaflets and differed significantly from the other genotypes, while the lowest values were observed in the genotypes 7F, 15M and 36M (Figure 6C). The “terminal leaflets length” was bigger in the genotypes 6F and 15M than in the other genotypes, while the genotype 15M also had the biggest “terminal leaflets width” (Figure 6D,E). The traits of the “terminal leaflets shape”, “terminal leaflets apex,” and “terminal leaflets base” were different among the genotypes without any correlation with the plant gender (Table S5). There were differences among the genotypes for the traits of “plant height” and “plant diameter”, basic elements that are interested in gardening as they affect the shape of the canopy of the tree. Finally, for the traits of “fruit yielding” and “seed size”, characteristics measured in female plants, there were found significant differences (Table S5).



Subsequently, the recorded morphological data were matched with those of the male genotypes of P. lentiscus var. Chia belonging to the local cultivars of ‘Mavroschinos’ (MV), ‘Psilophyllos’ (PS), ‘Maroulitis’ (ML), ‘Platiphyllos’ (PL) and ‘Votomos’ (V). In ‘Mavroschinos’, the main morphological characteristics are the dark-gray color of the tree branches (trait not recorded) and the medium size of the leaflets with a sharp angle to the edge. The genotypes 1M and 6M, which both belong to ‘Mavroschinos’, had medium-size leaflets. In relation to the other studied morphological traits, the genotypes 1M and 6M did not have statistically significant differences except for the “number of leaflets”, “terminal leaflets apex” and “terminal leaflets base”, as shown in the Supplementary Table S5. ‘Psilophyllos’ is distinguished by the other cultivars for its small leaflets, and for this reason is called ‘Psilophyllos’, which means “small leaf” (Figure 7). Consequently, the “terminal leaflets length” and “terminal leaflets width” of the genotypes 8M and 18M, which belong to ‘Psilophyllos’, had the smallest values among the male genotypes, while in the other traits, there were no differences between them except for the “terminal leaflets apex”, “terminal leaflets base”, “plant height” and “plant diameter”. Regarding the genotypes 7M and 61M of ‘Votomos’, significant differences were observed for the traits of the “leaf width”, “terminal leaflets length”, and “plant height” and similarities for the others. The other two cultivars, ‘Platiphyllos’ and ‘Maroulitis’, are characterized for their large leaflets with differences, however, between them (Figure 7). In ‘Maroulitis’, the leaflet is of heart-shape at the edge, while ‘Platiphyllos’ (which means “wide leaf”) has the widest leaflets and the fewest leaflets per compound leaf. The measurements of the traits confirmed the morphological characteristics of the plants as the genotypes 15M and 36M of ‘Platiphyllos’ had the largest “terminal leaflets width”, but the smaller “number of leaflets” per composite leaf than the other genotypes (Table S5). The “terminal leaflet apex” of the genotypes 10M and 21M, belonging to ‘Maroulitis’, is heart-shaped (Figure 7, Table S5). From the above, it appears that despite the apparent uniformity among the cultivars, in their main traits, there were significant differences for many of them. Thus, for an in-depth study of the phenotypic variability that existed among the cultivars of P. lentiscus var. Chia, more traits should be studied in a larger number of individual plants.



Regarding the traits that are of interest for using P. lentiscus var. Chia as a plant with ornamental properties, these may not be the same for every use in gardening or in landscaping, e.g., the big size of the plant is desirable for a large open area like a park, but not for a small garden. Thus, some desirable traits of P. lentiscus var. Chia, which could be exploited in gardening, are plant robustness, small to medium size canopy, slow growth for avoiding frequent pruning, rich foliage, dark-green leaves, etc. In some cases, the presence of red fruits is also desirable, so female plants can be preferred. Combining these properties and according to Supplementary Table S5, the most suitable female genotype for ornamental use is 6F, a medium-sized plant, which moreover has the biggest values in leaf length, leaf width, number of leaflets and terminal leaflets length. From the male genotypes, an option could be genotype 1M, which has the largest leaflets, but the smallest number of leaflets per compound leaf. Additional options are the genotypes 6M and 61M, plants of medium size and rich foliage.



The results of Pearson’s correlation analysis are presented in the Supplementary Table S6. A high correlation level (p < 0.01) was determined in a number of pairs of the morphological traits, with the highest correlation (r = 0.917) to be between “terminal leaflet length” and “leaf width”. In addition, “leaf length” and “leaf width” showed a high correlation (r = 0.702). Similarly, Turhan-Serttas and Ozcan [21] recorded the morphological characteristics of P. lentiscus and found high correlation levels among the traits, with the most significant being the pair of “leaf width” and “leaflet size”.




3.4. Genetic Analysis of the Genotypes


Twenty-one ISSR primers, chosen from the University of British Columbia collection, were tested initially on genomic DNA extracted from 20 P. lentiscus var. Chia genotypes, while only eight of them gave reproducible and clear results and therefore were selected for use (Table 4 and Table S2). Hence, these eight primers resulted in the generation of multiple banding patterns (Table 4, Figure 8). The number of amplified bands ranged from 14 (primer UBC 818) to 27 (primers UBC 807 and UBC 811). The total number of bands produced using the eight ISSR primers was 3260, and 2700 of them were polymorphic, accounting for a polymorphism of 83.50% (Table 4). The markers had an average number of polymorphic bands of 16.87 per primer and were used to detect the relationship among the 20 genotypes.



According to the ISSR assay, the average PIC value was calculated as 0.30. When polymorphism is at a high-level PIC value is >0.5, while if it is between 0.25 and 0.5, as in the present study, the polymorphism is normal [35]. The PIC values ranged from 0.26 to 0.40, and according to these values, the most informative markers were UBC 834 and UBC 818 (Table 4). The PCoA-ISSR data showed that 22.51% of the variation is explained by the coordinates 1 and 2, with the first coordinates explaining 12.62% and the second one 9.89% of total variation (Figure 9). The ten female and the ten male P. lentiscus var. Chia genotypes were segregated in the PCoA. Although the female genotypes are in the red circle and the males in the blue circle, some genotypes (1M and 2F) belonged to both circles, indicating that there was an area in the center of the PCοA where plants cannot be separated into males and females. In addition, the ISSR marker-based PCοA results showed that the female genotypes 10F, 12F, 14F, 16F, 19F fell into the same subpopulation and 6F, 7F, 8F into another one, while the male genotypes were more scattered in the PCοA space and cannot be divided into subpopulations (Figure 9).



Similar results were observed in the presentation of the data of the amplified DNA bands in the form of a dendrogram, where the 20 P. lentiscus var. Chia genotypes clustered into four groups: in two major clusters containing eight female and eight male genotypes (Figure 10, Group 1 and Group 2, respectively), in one smaller cluster containing two female and one male genotype (Figure 10, Group 3) and in a fourth group consisting of a single male genotype (Figure 10, Group 4). These findings showed that in this case, no complete separation between male and female individuals could be made, as the female and male genotypes 3F, 61M and 2F clustered in the same group, while 15M constitutes a separate group. Thus, the conclusion that may arise is that the particular set of ISSR markets may be used to discriminate most, but not all, male plants from female ones. The results are, in part, contradictory to the ones of Abuduli et al. [20], who also separated the male and female genotypes using ISSRs. In their study, ISSR markers indicated that 24 P. lentiscus genotypes mainly from Turkey were segregated into five major groups, two of which included exclusively female plants, while the remaining three groups contained only male genotypes. This may be due to the fact that in this study, the authors used plant material originating almost exclusively from Turkey, except for just one sample originating from Chios Island. In the present study, the plant material originated solely from Chios Island. In another study, Zografou et al. [19] separated male and female genotypes of P. lentiscus from Chios, but in this case, only one female genotype was used, and therefore, no safe conclusion can be drawn.



The data from the ISSR molecular markers analysis of the ten males of P. lentiscus var. Chia genotypes were also used separately to determine the genetic distance among them. These data were recorded in a dendrogram to determine whether our results of the genetic analysis were in agreement with the results of the phenotypic measurements that identify the cultivars of P. lentiscus var. Chia [‘Mavroschinos’ (MV), ‘Psilophyllos’ (PS), ‘Maroulitis’ (ML), ‘Platiphyllos’ (PL) and ‘Votomos’ (V)]. To this end, the names of genotypes were converted from 1M, 6M, 7M, 8M, 10M, 15M, 18M, 21M, 36M and 61M, to MV1, MV6, V7, PS8, ML10, PL15, PS18, ML21, PL36 and V61, respectively, in order to facilitate their presentation in the figure. The results of the dendrogram (Figure 11) separated the genotypes into three different groups. Groups 1 and 2 include genotypes belonging to different morphological cultivars: Group 1 contains genotypes belonging to ‘Mavroschinos’, ‘Psilophyllos’ and ‘Maroulitis’, while group 2 includes members of ‘Platiphyllos’, ‘Votomos’ and ‘Mavroschinos’. Group 3 consists of a single plant belonging to the cultivar ‘Platiphyllos’. These findings establish the existence of genetic heterogeneity in most morphological cultivars and are in partial agreement with the results of Zografou et al. [19], who used RAPD and ISSR analysis on 11 plants (ten male and one female) and reported that the cultivars were separated genetically, but the members of the cultivars were not genetically homogeneous. In order to better understand the genetic classification of P. lentiscus var. Chia, more genotypes should be examined, and more markers should be applied so that a safe conclusion can be drawn from the analysis of the data.




3.5. Correlation of Morphological Traits with ISSR Markers


Multiple regression analysis (MRA) was applied to estimate the relationships among some morphological traits of the 20 P. lentiscus var. Chia genotypes with the ISSR bands. In MRA, the ISSR markers were independent variables and showed significantly positive or negative correlations with dependent variables, the morphological traits (Table 5). Five bands were diagnosed to be affiliated with the trait of “terminal leaflet length”. Four of them encompassing the UBC841440, UBC856320, UBC811130 and UBC8561340 had a positive correlation, whereas the UBC808750 had a negative correlation. High beta and t values, which are interpreted with a higher marker-trait correlation, were observed in the UBC841440 band with values of 0.531 and 6.253, respectively. In the trait of “number of leaflets” probability, 85.7% (R2 = 0.857) occurred with the presence of the bands UBC8563300 and UBC834720 and the absence of the UBC827980 and UBC856260. The highest value of the beta coefficient was observed in the marker UBC827980, which had the highest value of t = −7.467 compared to the other markers (Table 5). A negative sign for the UBC827980 means that there was an inverse correlation between the marker and the “number of leaflets”, so the absence of the band enables high prices in this trait. A combination of five markers accounted for up to 98.6% of the variation in the trait of “terminal leaflet apex”. Three of these markers were linked positively and two negatively with this trait and showed a highly significant correlation, especially for the ISSR marker UBC841730 with the most important beta coefficient value (β = 0.459), P and t values (p < 0.000, t = 5.233). In addition, for the P. lentiscus var. Chia gender, a 97.2% (R2 = 0.972) probability was detected by the presence of the band UBC811250 and the absence of the bands UBC8412370, UBC856570, UBC8081350 and UBC808750. The most important from these bands was the UBC8412370, which had a negative correlation with this trait of beta coefficient 0.048 and t = −0.763. Finally, a correlation was observed between the absence of ISSR band UBC8341490 and the presence of UBC827680 and UBC807600 and the rooting of shoot cuttings with 8 g·L−1 K-IBA. The combination of these markers provides high rooting possibilities (95.6%, R2 = 0.956) with this manipulation, while the most important marker was UBC8341490 with standardized beta coefficients −1.081 and t value −11.348 (Table 5). There have been no previous studies in P. lentiscus var. Chia that have detected correlations between morphological traits and ISSR markers. However, there are reports for other species, like mulberry and cherry, where correlations have been found between ISSR markers and morpho-physiological traits [38,39].





4. Conclusions


This study underlined the effectiveness of the K-IBA on the rooting of shoot cuttings in the winter of P. lentiscus var. Chia genotypes selected for their ornamental value. The most efficient concentrations proved to be 4 and 8 g·L−1. Furthermore, scarification of seeds with H2SO4 for 2.5 min increased the percentage of germination in two genotypes (7F and 12F) and accelerated the time of germination in most of them. However, differences were observed among the used genotypes, both for their shoot cuttings rooting and seed germination. The best genotype based on rooting ability was 8M (62.5%), while based on seed germination, the most prolific genotype was 2F (57%). From the standpoint of exploiting the morphological traits for ornamental use, the genotype 3F (female) had the largest leaves with a good medium size canopy (bearing red fruits) suitable for gardening and fair cutting rooting (27.5%) and seed germination (37%). From the male plants, the genotype 61M had a medium size canopy with dense foliage and a high rooting capacity of its shoot cuttings (52.5%). ISSR markers used in the present study separated the examined genotypes into four groups, one group consisting exclusively of male, one of female, one consisting of members from both genders and a fourth containing a single male genotype. Furthermore, the results indicated correlations between the traits of “terminal leaflets length” and “leaf width” and between bands of the ISSR markers and the traits of “terminal leaflets length”, “number of leaflets”, “terminal leaflets apex”, the “gender” and the “rooting of cuttings with 8 g·L −1 K-IBA”. These correlations could be exploited as tools for future breading of P. lentiscus var. Chia for ornamental use.
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	Gibberellic acid
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Figure 1. Shoot cuttings of P. lentiscus var. Chia planted for rooting in perlite (A), shoot cuttings in 9 L volume plastic boxes in the fog system (B), rooted shoot cuttings with the application of 4 g·L−1K-IBA (on the left) and without K-IBA (on the right), respectively (C), seed incision of P. lentiscus var. Chia with a healthy embryo (green) (D), Petri dish 9 cm containing sterilized sand and 25 seeds of genotype 19F (Ε), germinated seed (genotype 2F) of P. lentiscus var. Chia, two weeks after seed sowing (F), plantlets derived from rooted shoot cuttings, two months after transplanting into 1.5 L pots (G), young seedlings, three months after seed germination (H), P. lentiscus var. Chia plantlets produced from rooted shoot cuttings six months after transplantation (I). 






Figure 1. Shoot cuttings of P. lentiscus var. Chia planted for rooting in perlite (A), shoot cuttings in 9 L volume plastic boxes in the fog system (B), rooted shoot cuttings with the application of 4 g·L−1K-IBA (on the left) and without K-IBA (on the right), respectively (C), seed incision of P. lentiscus var. Chia with a healthy embryo (green) (D), Petri dish 9 cm containing sterilized sand and 25 seeds of genotype 19F (Ε), germinated seed (genotype 2F) of P. lentiscus var. Chia, two weeks after seed sowing (F), plantlets derived from rooted shoot cuttings, two months after transplanting into 1.5 L pots (G), young seedlings, three months after seed germination (H), P. lentiscus var. Chia plantlets produced from rooted shoot cuttings six months after transplantation (I).
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Figure 2. Effect of different concentrations of K-IBA on rooting (%) of shoot cuttings of ten male and ten female genotypes of P. lentiscus var. Chia in winter. Different letters in each genotype indicate statistically significant differences among the concentrations of K-IBA tested according to Duncan’s multiple range test at p ≤ 0.05. 
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Figure 3. Cluster analysis of the number of roots (vertical) and length of roots (horizontal) of female (red) and male (blue) genotypes of P. lentiscus var. Chia shoot cuttings rooted in winter, with the application of 4 g·L−1 K-IBA. The genotypes on the upper part and to the right are the most successful in rooting, as they form more and longer roots. 
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Figure 4. Effect of scarification using H2SO4, at different time-durations (2.5, 5 or 10 min), on seed germination of ten genotypes of P. lentiscus var. Chia, three weeks from the sowing day. Different letters in each genotype indicate statistically significant differences according to Duncan’s multiple range test at p ≤ 0.05. 
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Figure 5. Effect of different time-periods of seed harvesting (15 October, 30 November or 15 January) on germination of ten female genotypes of P. lentiscus var. Chia, three weeks from the day of sowing. Different letters in each genotype indicate statistically significant differences according to Duncan’s multiple range test at p ≤ 0.05. 
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Figure 6. Mean values for 5 out of 13 morphological traits of ornamental interest [leaf length (cm), leaf width (cm), number of leaflets, terminal leaflets length (cm) and terminal leaflets width (cm)] measured on the 20 selected genotypes of P. lentiscus var. Chia. The means of the remaining 8 traits are presented in the Supplementary Table S5. Different letters in columns for each of the traits indicate statistically significant differences according to Duncan’s multiple range test at p ≤ 0.05. 
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Figure 7. Composite leaves of the five cultivars ‘Mavroschinos’ (MV), ‘Psilophyllos’ (PS), ‘Votomos’ (V), ‘Maroulitis’ (ML) and ‘Platiphyllos’ (PL) of P. lentiscus var. Chia. 
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Figure 8. Representative gel electrophoretic pattern of the amplification reactions performed using DNA from P. lentiscus var. Chia genotypes (F2 to F19 and M18 to F19) and primers UBC 841 and UBC 808. Τhe size of the amplified zones was calculated using 1kb DNA ladder plus. 
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Figure 9. Principal coordinates analysis (PCoA) derived from bands amplified by eight ISSR primers among the 20 P. lentiscus var. Chia genotypes, ten female and ten male, from Chios Island. 
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Figure 10. Dendrogram based on Nei [31] standard genetic distance using UPGMA method generated by eight ISSR primers among 20 P. lentiscus var. Chia genotypes, ten female and ten male, from Chios Island. 
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Figure 11. Dendrogram of ten male P. lentiscus var. Chia genotypes [‘Mavroschinos’ (MV), ‘Psilophyllos’ (PS), ‘Maroulitis’ (ML), ‘Platiphyllos’ (PL) and ‘Votomos’ (V)] from Chios Island based on ISSR data using the UPGMA method. 
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Table 1. Plant collection areas in Southern Chios Island, coding and coordinates of ten female (F) and ten male (M) selected genotypes of P. lentiscus var. Chia.
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	Code
	Area
	Gender
	Cultivar
	Coordinates Χ
	Coordinates Y





	2F
	Sikilia
	Female
	-
	680268Ε
	4237306Ν



	3F
	Kadi Petra
	Female
	-
	680051Ε
	4236549Ν



	6F
	Fragma
	Female
	-
	679009Ε
	4234120Ν



	7F
	Fragma
	Female
	-
	679005Ε
	4234099Ν



	8F
	Fragma
	Female
	-
	678999Ε
	4234138Ν



	10F
	Kini
	Female
	-
	679736Ε
	4235717Ν



	12F
	Lilika
	Female
	-
	680375Ε
	4231255Ν



	14F
	Agios Nikolaos
	Female
	-
	681586Ε
	4232578Ν



	16F
	Kataraktis
	Female
	-
	683195Ε
	4237363Ν



	19F
	Pyrgi
	Female
	-
	675817Ε
	4232291Ν



	1M
	Metochi
	Male
	‘Mavroschinos’
	677700E
	4230294N



	6M
	Rouchouni
	Male
	‘Mavroschinos’
	682558E
	4236737N



	7M
	AgiosGiannis
	Male
	‘Votomos’
	679714E
	4235678N



	8M
	Loupadiotis
	Male
	‘Psilophyllos’
	680325E
	4234579N



	10M
	Schinari
	Male
	‘Maroulitis’
	684075E
	4240009N



	15M
	Kroulos
	Male
	‘Platiphyllos’
	675399E
	4231913N



	18M
	Grapti
	Male
	‘Psilophyllos’
	680694E
	4237690N



	21M
	Agios Minas
	Male
	‘Maroulitis’
	684897E
	4241130N



	36M
	DitiaMonastiri
	Male
	‘Platiphyllos’
	676043E
	4226922N



	61M
	P. Monolia
	Male
	‘Votomos’
	681112E
	4235848N










[image: Table] 





Table 2. Morphological traits presentation for the 20 selected genotypes of P. lentiscus var. Chia focusing on properties related mainly to the appearance of the trees and their ornamental value.
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Description




	
Morphological Traits

	
1

	
2

	
3

	
4

	
5






	
1. Growth habit

	
Erect

	
Semi-erect

	
Spreading

	
Drooping

	




	
2. Leaf length

	
In cm, measured from the base of petiole to the tip of terminal leaflets




	
3. Leaf width

	
In cm, measured at the widest part




	
4. Number of leaflets

	
Number of leaflets of composite leaf




	
5. Terminal leaflets length

	
In cm, measured from the base to the tip of terminal leaflets




	
6. Terminal leaflets width

	
In cm, measured at the widest part of terminal leaflets




	
7. Terminal leaflets shape

	
Broad lanceolate

	
Elliptic

	
Ovate

	
Round ovate

	
Roundish




	
8. Terminal leaflets apex

	
Acuminate

	
Mucronate

	
Mucronulate

	
Obtuse

	
Retuse




	
9. Terminal leaflets base

	
Attenuate

	
Obtuse

	
Truncate

	
Oblique

	




	
10. Plant height

	
Small

	
Medium

	
Big

	

	




	
11. Plant diameter

	
Small

	
Medium

	
Big

	

	




	
12. Fruit yielding, in females

	
Low

	
Medium

	
High

	

	




	
13. Seed size, in females

	
In mm, measured at the longest part
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Table 3. Effect of different concentrations of K-IBA on the root number and length (cm) of the 20 genotypes of P. lentiscus var. Chia shoot cuttings rooted in winter.
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Number of Roots

	
Length of Roots (cm)




	

	
K-IBA Concentration (g·L−1)

	
K-IBA Concentration (g·L−1)




	
Genotype

	
0 (Control)

	
4

	
8

	
16

	
0 (Control)

	
4

	
8

	
16






	
1M

	
1.80b*

	
4.72a

	
4.41a

	
4.89a

	
3.20b*

	
6.11a

	
5.88a

	
5.78a




	
6M

	
1.67b

	
4.60a

	
3.91a

	
4.36a

	
2.33b

	
6.00a

	
4.55a

	
5.36a




	
7M

	
2.00b

	
5.23a

	
4.71a

	
4.38a

	
2.50b

	
5.91a

	
6.00a

	
6.38a




	
8M

	
2.00b

	
4.64a

	
4.95a

	
5.00a

	
2.00b

	
6.28a

	
6.32a

	
6.14a




	
10M

	
-

	
4.88a

	
4.10a

	
4.55a

	
-

	
4.75a

	
5.70a

	
5.64a




	
15M

	
1.67b

	
3.73a

	
4.50a

	
4.80a

	
2.67c

	
4.09b

	
4.50ab

	
6.20a




	
18M

	
-

	
4.83a

	
3.33a

	
4.50a

	
-

	
4.83a

	
5.67a

	
4.25a




	
21M

	
-

	
4.72a

	
4.50a

	
5.17a

	
-

	
6.28a

	
6.33a

	
5.33a




	
36M

	
1.75b

	
4.25a

	
5.15a

	
4.40a

	
2.25b

	
6.00a

	
6.08a

	
5.20a




	
61M

	
-

	
4.62a

	
4.85a

	
4.22a

	
-

	
6.33a

	
6.25a

	
6.00a




	
2F

	
2.00b

	
5.00a

	
4.43a

	
4.20a

	
3.00b

	
5.65a

	
6.29a

	
6.00a




	
3F

	
-

	
4.36a

	
4.20a

	
4.75a

	
-

	
5.91a

	
5.80a

	
6.25a




	
6F

	
-

	
4.56a

	
4.91a

	
4.91a

	
-

	
6.44a

	
6.09a

	
5.45a




	
7F

	
-

	
4.25a

	
5.60a

	
-

	
-

	
5.75a

	
5.80a

	
-




	
8F

	
-

	
5.00a

	
-

	
-

	
-

	
6.00a

	
-

	
-




	
10F

	
-

	
4.29a

	
4.60a

	
-

	
-

	
5.43a

	
6.00a

	
-




	
12F

	
-

	
3.78a

	
4.86a

	
4.82a

	
-

	
5.71a

	
5.57a

	
5.88a




	
14F

	
-

	
4.60a

	
4.50a

	
5.09a

	
-

	
5.40a

	
5.88a

	
6.35a




	
16F

	
-

	
4.67a

	
4.00a

	
5.00a

	
-

	
6.22a

	
6.13a

	
6.38a




	
19F

	
1.83b

	
4.75a

	
4.67a

	
4.36a

	
3.50b

	
5.88a

	
6.22a

	
6.21a




	
Average

	
2.19b

	
4.57a

	
4.54a

	
4.67a

	
2.94b

	
5.75a

	
5.84a

	
5.85a








* Different letters in each line of the number of roots and in each line of the length of roots indicate statistically significant differences according to Duncan’s multiple range test at p ≤ 0.05. The symbol “-”means no rooting.
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Table 4. Profiles of the eight selected inter simple sequence repeat (ISSR) primers (amplified and polymorphic bands, percentages of polymorphism, PIC values) used for the genetic analysis of the 20 genotypes of P. lentiscus var. Chia.
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	Primer
	Sequence
	Nt
	Tm (°C)
	Size Min–Max (bp)
	No. of Amplified Bands
	No. of Polymorphic Bands
	Polymorphic Ratio
	PIC





	UBC 807
	AGAGAGAGAGAGAGAGT
	17
	50.4
	50–3230
	27
	20
	74%
	0.27



	UBC 808
	AGAGAGAGAGAGAGAGC
	17
	52.8
	250–2440
	17
	13
	76%
	0.26



	UBC 811
	GAGAGAGAGAGAGAGAC
	17
	52.8
	130–2290
	27
	23
	85%
	0.31



	UBC 818
	CACACACACACACACAG
	17
	52.8
	180–1350
	14
	14
	100%
	0.35



	UBC 827
	ACACACACACACACACG
	17
	52.8
	270–2370
	16
	12
	75%
	0.26



	UBC 834
	GAGAGAGAGAGAGAGAYT
	18
	52.6
	240–2280
	18
	18
	100%
	0.40



	UBC 841
	GAGAGAGAGAGAGAGAYC
	18
	54.8
	110–2370
	19
	14
	74%
	0.26



	UBC 856
	ACACACACACACACACYA
	18
	52.5
	220–3300
	25
	21
	84%
	0.29
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Table 5. Association of ISSR markers and various traits, gender and rooting of cuttings of P. lentiscus var. Chia genotypes as revealed by stepwise multiple regression analysis (MRA) and coefficients.
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ISSR Markers

(alleles)

	
r

	
R2

	
Standard

Error

	
Standardized Beta

Coefficients

	
t Value

	
p Value






	
Terminal leaflets

length

	
UBC841440

	
0.717

	
0.514

	
0.072

	
0.531

	
6.253

	
0.000




	
+UBC856320

	
0.840

	
0.706

	
0.056

	
0.302

	
3.982

	
0.001




	
+UBC808750

	
0.894

	
0.799

	
0.063

	
−0.393

	
−5.021

	
0.000




	
+UBC811130

	
0.940

	
0.884

	
0.090

	
0.252

	
3.423

	
0.004




	
+UBC8561340

	
0.967

	
0.935

	
0.059

	
0.254

	
3.300

	
0.005




	
Number of leaflets

	
UBC827980

	
0.509

	
0.259

	
0.188

	
−0.790

	
−7.467

	
0.000




	
+UBC8563300

	
0.671

	
0.451

	
0.413

	
0.702

	
6.354

	
0.000




	
+UBC834720

	
0.861

	
0.741

	
0.166

	
0.542

	
5.356

	
0.000




	
+UBC856260

	
0.926

	
0.857

	
0.164

	
−0.352

	
−3.491

	
0.003




	
Terminal leaflets apex

	
UBC811250

	
0.566

	
0.320

	
0.257

	
0.367

	
3.577

	
0.003




	
+UBC841730

	
0.760

	
0.578

	
0.253

	
0.459

	
5.233

	
0.000




	
+UBC818330

	
0.862

	
0.743

	
0.269

	
−0.330

	
−3.829

	
0.002




	
+UBC8111450

	
0.914

	
0.836

	
0.329

	
0.414

	
4.397

	
0.001




	
+UBC841570

	
0.949

	
0.901

	
0.306

	
−0.322

	
−3.038

	
0.009




	
Gender

	
UBC8412370

	
0.734

	
0.538

	
0.048

	
−0.763

	
−16.543

	
0.000




	
+UBC856570

	
0.863

	
0.744

	
0.053

	
−0.537

	
−11.149

	
0.000




	
+UBC8081350

	
0.929

	
0.863

	
0.052

	
−0.323

	
−6.786

	
0.000




	
+UBC811250

	
0.974

	
0.949

	
0.049

	
0.356

	
7.286

	
0.000




	
+UBC808750

	
0.986

	
0.972

	
0.056

	
−0.172

	
−3.378

	
0.005




	
Rooting of cuttings

with 8 g·L−1 K-IBA

	
UBC8341490

	
0.828

	
0.685

	
2.906

	
−1.081

	
−11.348

	
0.000




	
+UBC827680

	
0.939

	
0.883

	
2.906

	
0.449

	
4.711

	
0.003




	
+UBC807600

	
0.978

	
0.956

	
2.466

	
0.281

	
3.187

	
0.019
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