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Abstract: Appropriate knowledge of the parental cultivars is a pre-requisite for a successful breeding program. This study characterized fruit yield, quality attributes, and molecular variations of ten tomato cultivars during three consecutive generations under greenhouse conditions. Peto 86, Castle Rock, and Red Star cultivars showed the highest fruit yield (kg/plant), total phenolic compounds (TPC), and sap acidity. Principal component analysis categorized the evaluated fruit yield into three groups based on their quality attributes. A robust positive correlation appeared among traits inside each group. A positive correlation was likewise noticed between the first and the second groups. However, a negative correlation was detected between the first, the second and the third group. Molecular profiling, using seven inter-simple sequence repeat (ISSR) primers, produced 60 loci, including 49 polymorphic loci. The molecular analysis also pinpointed the highest genetic similarity (0.92) between P73 and Moneymaker, while the lowest genetic similarity (0.46) was observed between Castle Rock and Moneymaker. The cultivars P73 and Moneymaker showed the lowest genetic distance (2.24), while the highest genetic distance (5.92) was observed between Super Marmand and Peto86, on the one hand, and between Castle Rock and Moneymaker, on the other hand. The chemical analysis of fruit sap indicated the highest levels of TPC, total flavonoids, anthocyanin, ascorbic acid and total soluble solids in Peto 86 and Castle Rock cultivars. Phylogeny analysis of tomato cultivars based on morphological and molecular attributes indicated four distinct clades. Peto 86, Castle Rock, and Red star cultivars can be recommended for the tomato hybridization breeding programs in the future, with other tomato cultivars as potentially high-yielding parents.
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1  Introduction

Tomato (Solanum lycopersicum L.) is ranked as the 2nd most-produced and consumed vegetable crop after potato and a rich source of vital minerals and antioxidants [1]. Besides its global nutritional and economic value in agriculture as a vegetable crop, tomato is a suitable model for studying the genetics of flowering plants [2,3]. In the research studies, the morphological attributes of tomatoes should be combined with the relevant physicochemical and molecular characteristics, particularly in studies aimed to minimize the effects of environmental conditions under which the plant genotype is grown [4]. For example, different plant characteristics such as fruit weight, inflorescence length, number of flowers and fruits per inflorescence can influence the total tomato yield [5]. In addition, developmental processes, including inflorescence formation, floral development, and fruit ripening also considerably impact tomato yield [6].

Recently, breeding for fruit quality, including flavor and morphological features, has attracted the attention of seed producers due to its significant influence on consumers’ demand and choice [7–9]. In the past decades, tomato breeding has passed through three main goals: breeding for yield, prolonged shelf-life, and fruit taste. Recently, tomato breeders started to put more efforts to develop new tomato cultivars with high nutritional value [7,10]. Conventional plant breeding based on morphological selection and progeny testing effectively improved crop quality and quantity during the past several decades [6,11]. However, conventional breeding approaches are tedious and extravagant, therefore alternate approaches, such as use of molecular markers, have been successfully employed to speed-up conventional breeding approaches. The use of molecular markers is an effective approach for rapid and accurate estimation of genetic diversity and genetic similarity among different crop cultivars for specific traits. Inter-varietal genetic diversity of different tomato varieties has been successfully studied using many PCR-based DNA markers such as random amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), simple sequence repeats (SSRs), inter-simple sequence repeat polymorphism (ISSR) and others [12]. Comparatively, ISSR-based molecular markers provide a robust analysis of genetic variations and has been efficiently used to study the genetic variability at very low levels [1]. The ISSR is an attractive method to generate molecular genetic markers and, thus, molecular profiling by combining most of the advantages of simple sequence repeat (SSR) and amplified fragment length polymorphism (AFLP) to random amplified polymorphic DNA (RAPD) [13]. Furthermore, using long primers enables the ISSR technique to employ higher annealing temperatures, achieving high annealing specificity [14]. Practically, knowing yield and quality attributes and using molecular markers and marker-assisted selection can facilitate the breeding of tomatoes, leading to new distinct hybrids with improved features such as quality and yield [15].

This study aimed to compare ten featured tomato cultivars for their yield-related molecular, morphological, and physicochemical profiles. The potentially generated information is supposed to support the subsequent yield and quality-targeted breeding programs and hybrid seed production.

2  Materials and Methods

2.1 Plant Materials

All cultivars were selected based on their advantages relevant to hybrid seed production, e.g., earliness, resistance to diseases, good yield, and sweet flavor. The seeds of ten international tomato cultivars, i.e., UC 97-3 (USA), Super Marmande (France), Super Queen (USA), Castel Rock (USA), Super Strain B (USA), Red Star (USA), Peto 86 (USA), and Strain B (USA) were obtained from the Egyptian National Gene Bank, while the seeds of Moneymaker and P73 cultivars were obtained from Spain. The plants were cultivated for three consecutive generations (September 2018, March 2019, and September 2019) at the greenhouse.

2.2 Experiment Design

Forty seeds of each cultivar were sown in peat moss. Twelve days old seedlings were transplanted into 5.0 L pots filled with peat moss and silt soil mixture at the rate of 50:50 (V:V). Three replicates were used per treatment, and the completely randomized design (CRD) was followed. The plants were irrigated as needed and fertilized every week with 0.82 g/l Ca(NO3)2, 0.24 g/L MgSO4, 0.2 g/L KNO3, 0.35 g/L K2SO4, 0.15 g/L H3PO4.

2.3 Data Collection

Morphological data of tomato genotypes, i.e., plant height (cm), number of leaves/plant, and number of inflorescences/plant, were calculated in 10 randomly selected plants per cultivar. The fruit weight (g) was recorded as the average of 100 fruits collected from 10 plants. The plant yield (kg/plant) was calculated by multiplying the number of fruits by the average fruit weight of 10 plants per cultivar. Physicochemical data, i.e., total phenolic compounds (TPC) (mg/100 g), total flavonoids (TF) (mg/100 g), anthocyanin (mg/g), lycopene (mg/100 g), β-carotene (mg/100 g), pH, acidity (mg/100 g), ascorbic acid (mg/100 g), total soluble solids (TSS) (%) and total sugars (TS) (g/100 g) were calculated. All data were recorded at the complete maturity stage (Fig. 1).
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Figure 1: Graphical illustration of data collection and experimental objectives

2.4 DNA Extraction

Young leaves (~0.5 g) from ten tomato cultivars were collected and used to extract genomic DNA using Plant DNeasy Mini Kit (Qiagen, Santa Clarita, CA) according to the provided protocol from the manufacturer. DNA extracts were subjected to RNase-A (100 mg/ml, Sigma, USA) treatment for 30 min at 37°C [16]. The extracted DNA concentration was quantified by a Nano Drop 2000 (Thermo Scientific™, Waltham, MA, USA) and adjusted to 50 ng/μl using TrisEDTA (TE) buffer and subsequently employed for PCR amplifications.

2.5 PCR Amplification

PCR amplification was performed on the extracted tomato genomic DNA using seven ISSR primers (Table 1). The reactions were performed in a thermal cycler (Veriti™ 96-Well Fast) with 25 μl reaction mixture containing 3 μl genomic DNA (50 ng/μl), 1.5 μl of each primer (5 μM), 2.5 μl of 10x reaction buffer, 2 units of Taq DNA polymerase (Promega) (5 U/μl), 0.5 mM dNTPs, and 5 mM MgCl2. The following amplification program was followed: incubation for 5 min at 95°C for initial denaturation, then 30 cycles at 95°C for 30 s for denaturation, 30 s at annealing temperature (Table 1), 2 min at 72°C for extension, followed by five minutes final extension at the same temperature [17].
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2.6 Gel Electrophoresis

The amplified PCR products were separated at 90 volts for 30 min using electrophoresis on a 1.5% agarose gel containing ethidium bromide (MP Biomedicals, Goddard Irvine, CA, USA) for staining. A ladder of 100 bp (GeneRuler 100 bp Plus DNA Ladder, Thermo Fischer Scientific, USA) was used as a standard to identify the molecular sizes of the amplicons. The resultant amplicons were visualized using Gel doc apparatus (BIO-RAD Gel DOCTM EZ Imager).

2.7 Physicochemical Analyses

2.7.1 Preparation of Tomato Extracts

Approximately, 200 g of each tomato fruit sample were dried at 50°C and finely ground to make powder. The tomato powder (10 g) was mixed with 100 mL of 50% ethanol (1:10) and the mixture was agitated for 3 h at room temperature before filtering through Whatman No. 1 paper [18]. The solvent in the filtrate was recovered using a rotary evaporator, and for later analysis, the concentration of the free solvent extracts was set at 100 mg/mL. The samples were stored at 4°C for the subsequent use.

2.7.2 Physicochemical Characterization

A pH meter was used to determine the pH of tomato extracts. The Abbe Refractometer was utilized to determine the TSS concentration (Brix%) of the extracts. Citric acid (%) was used to determine the titratable acidity [19]. Following AOAC, ascorbic acid was determined by redox titration with iodine. Following Saad et al. [18], the TS, TF and TPC were determined in the samples. For beta-carotene measurement, One gram of tomato samples was carefully weighed in a glass test tube and the tube was then filled with 5 mL of cold acetone and maintained at 4°C for 15 min with periodic shaking before being vortexed at high speed for 10 min and centrifuged at 1300 xg for 10 min. The supernatant was transferred to a separate test tube, and the desired component was re-extracted using 5 mL of acetone followed by another centrifugation step. All supernatants were combined and filtered using Whatman filter paper No. 42. The absorbance was measured at 449 nm using a UV-Vis spectrophotometer [20]. For lycopene quantification, juice extract from the tomato samples was mixed with a solvent combination of hexane: ethanol: acetone (1:8, v:v) and incubated in the dark for 10 min as described by Popescu et al. [21]. After adding water, the mixture was settled for 10 min at room temperature before taking the top layers to measure the absorbance at 503 nm.

2.8 Data Analyses

Morphological and yield measurements were recorded. Data were subjected to analysis of variance (Two way ANOVA) to locate the significant differences among means squares. The significant differences among mean values at p < 0.05 were obtained by L.S.D0.05 according to Snedecor et al. [22] using Statistix 9 software. Principal component analysis (PCA) was performed using the statistical program R version 3.6on the means of the studied traits to identify their relationship.

For each treatment, the ISSR-based PCR locus detection was scored as present (1) or absent (0), comparing the band patterns across all genotypes allowed for the determination of genetic diversity. The levels of polymorphism were calculated by dividing the total number of scored loci by the number of polymorphic loci according to Dice coefficient measurement [23]. The genetic similarities among cultivars were calculated using IBM SPSS statistics software [24]. The phylogeny dendrogram was generated by the clustering analysis [25] in STATISTICA 8 software [26].

3  Results

3.1 Analysis of Morphological and Yield Characters

Ten tomato cultivars were cultivated in the greenhouse and evaluated for morphological and yield characteristics as shown in Fig. 2. The significant differences were found for morphological and yield characters between the ten tomato cultivars based on the LSD values. The analysis of variance of morphological and yield characters revealed that the differences among the ten cultivars were highly significant (p < 0.001) for all studied traits, the differences among the three cultivation generations were insignificant (p > 0.05) for all traits. The analysis also revealed that the interaction between genotypes and seasons was not significant for all traits (p > 0.05) in Table 2. According to L.S.D0.05 analysis, the tested cultivars showed highly significant differences for plant height except for three cases, i.e., Super Marmande vs. UC 97-3, Moneymaker vs. Super Queen vs. Red Star, and Peto 86 vs. Strain B vs. Super Strain B cultivars, which showed non-significant differences. Similarly, all cultivars showed statistically significant differences for the number of leaves/plants, with three exceptions recorded between Super Marmande vs. Super Queen, P73 vs. Peto 86 vs. Strain B, and Super Strain B vs. Peto 86 vs. Strain B. The differences for the number of inflorescences/plant among all cultivars were not highly significant except Super Strain B and Money Maker (10 inflorescences/plant) (Fig. 2C). Nevertheless, the number of fruits showed significant differences among all cultivars except between Super Marmande, Castle Rock, and Moneymaker; Super Marmande and Super Queen; Red Star and both of Strain B and P73; Super Queen and both of Strain B and P73; Super Strain B and both of Castle Rock and Moneymaker; Super Queen, Strain B, and P73 (Fig. 2D). For average fruit weight, the cultivar Red Star produced significant results with the highest fruit weight as compared to all other cultivars, for which the average fruit weights were significantly or non-significantly different from each other (Fig. 2E).The cultivar Pet 86 produced the highest average plant yield, which was significant from all other cultivars (Fig. 2F).
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Figure 2: Mean values of morphological and yield characters of ten tomato cultivars measured under greenhouse conditions during three consecutive generations. (A) Plant height. (B) Numbers of leaves/plant. (C) Numbers of inflorescences/plant. (D) Numbers of fruits/plant. (E) Fruit weight. (F) Plant yield
Notes: Values with the same letter in the same character are not significantly different at p < 0.05.
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3.2 Diversity Analysis of Physicochemical Characters

Physicochemical characters TPC, TF, Anthocyanin, lycopene, β-carotene, pH, acidity, ascorbic acid, TSS and TS were recorded to measure the fruit quality of the ten studied tomato cultivars. The analysis of variance of physicochemical characters revealed that the differences among the ten cultivars were highly significant (p < 0.001) for all studied traits, except for pH and acidity, the differences among the three cultivation generations were insignificant (p > 0.05) for all traits. The analysis also revealed that the interaction between genotypes and seasons was not significant for all traits (p > 0.05) in Table 3. According to L.S.D0.05 analysis, the accumulation of total phenol contents (TPC, TF, and anthocyanin) were highly significant in Peto 86 and Castle Rock with relative increases of 43% and 42%, respectively (Figs. 3A–3C). The lycopene content was also significantly higher in Peto 86 (7.2 mg/100 g), Red Star (6.7 mg/100 g) and Castle Rock (6.5 mg/100 g). Nevertheless, β carotene content was significantly higher in P73 (1.3 mg/100 mg) and Super Queen (1.1 mg/100 mg). Differences in pH values among all cultivars were presented in Fig. 3F. It was observed that the pH value of P73 was significantly higher among all cultivars while significantly lowest pH value was found in Castle Rock. However, Super Marmande and super strain B cultivars were more acidic with Super Marmande showing significantly highest values for acidity among all tomato cultivars (Fig. 3G). The accumulation of ascorbic acid content was found significantly higher in Castle Rock (66 mg/100 g), Peto 86 (62 mg/100 g), Red Star (55 mg/100 g), and Super Marmande (52 mg/100 g) (Fig. 3H). TSS value determined the firmness and freshness of the fruits. Fruits that contain a low TSS value can be used in juices production, while hard fruits can be used to manufacture ketchup. The cultivar Castle Rock, Peto 86, Super Strain B, and Strain Bshowed the significantly highest TSS value, while Super Strain B, Strain B, and Super Marmande had the significantly lowest TS content among all the cultivars (Figs. 3I and 3J).
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Figure 3: Mean values of physicochemical characters of fresh juice of ten tomato cultivars grown under greenhouse conditions during three consecutive generations. (A) TPC (mg/100 g). (B) TF (mg/100 g). (C) Anthocyanin (mg/g). (D) Lycopene (mg/100 g). (E) β-carotene (mg/100 g). (F) pH. (G) Acidity (mg/100 g). (H) Ascorbic acid (mg/100 g). (I) TSS (%). (J) TS (g/100 g)
Notes: Values with the same letter in the same character are not significantly different at p > 0.05.

3.3 Interrelationship among Evaluated Characters

Principal component analysis (PCA) was performed to illustrate the association among different traits of the tomato cultivars. The PC1 and PC2 displayed the most variance, registering around 77.41% (65.37% and 12.04% by PC1 and PC2, respectively), and were used to construct the PC-biplot (Fig. 4). The character vectors form acute angles, implying positive correlations. The measured characters could be classified into three groups. Group 1 included No. of fruits/ plant, TSS, TF, TPC, anthocyanin, ascorbic acid, plant yield, lycopene, and average fruit weight. Group 2 consisted of plant height, No. of leaves/plant, and TS, while Group 3 comprised no. of inflorescences/plant, acidity, β-carotene, and pH. There was a clear positive correlation between the traits in each group. The first and second groups showed a positive correlation, while the third group showed a negative correlation with the first and the second groups (Fig. 4B).
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Figure 4: Biplot of the principal components (PC1 and PC2) of ten tomato cultivars. (A) PC1 and PC2for yield and quality traits without cultivars. (B) PC1 and PC2, including cultivars

Interestingly, there was a strong positive correlation between plant yield and its components (no. of fruits/plant and average fruit weight). These results are essential for plant breeders when building their selection criteria on strong, positively correlated characters. Notably, PC1 (65.73%) analysis divided the ten tomato cultivars according to their yield and quality parameters into two groups; the first group included Castel Rock, Red Star, UC97-3, Super Queen, and P73 cultivars, while the second group included Peta 86, Super strain B, Super Marmand, Strain B, and Moneymaker cultivars. On the other hand, PC2 (12.04%) divided the cultivars as Peto 86, Castel Rock, and Red Star in one group and the rest of the cultivars in another group.

3.4 Molecular Profiling

Genetic divergence analysis of ten tomato genotypes using seven ISSR primers showed a total of 60 loci with 49 polymorphic, while only 11 were monomorphic loci. The number of amplified loci per single primer varied from 5 to 12, with an average of 8.57 loci per primer (Table 4). All the tested primers successfully generated reliable polymorphic bands within all studied genotypes (Fig. 5A). The polymorphism ranged from 50% (with ISSR3 primer) to 100% (with ISSR4, ISSR6, and ISSR7 primers) (Table 4). The ISSR markers used in this study, especially ISSR4, ISSR6, and ISSR7, can be considered highly effective in determining genetic diversity and distinguishing genotypes according to the levels of their polymorphic bands. These primers also provide important clues in understanding the origin and relationships between species. The phylogeny analysis (Fig. 5B) shows four clusters according to the data scored from the seven ISSR primers, and clustering analysis grouped the ten tomato cultivars into four groups (Fig. 5B). Super Marmande formed a separate cluster (cluster I), while both Super Queen and UC 97-3 cultivars were grouped into cluster II while Cluster III included Castle Rock and Red Star cultivars. Cluster IV included Super Strain B, Strain B, P73, and Moneymaker cultivars. The cluster analysis showed that genotypes from the exact origin were grouped in one cluster (cluster II, cluster III), while in some cases, they were placed in different clusters (Super Strain B). In this context, the Super Marmande genotype is clustered independently due to its different origins (France).
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Figure 5: (A) ISSR-PCR banding patterns of ten S. lycopersicon cultivars. Lane M is showing a 100 bp ladder. (B) Phylogenetic tree (Linkage dendrogram) of the ten tomato cultivars based on differences in ISSR-PCR profiles

3.5 Genetic Distances and Similarities

Studying ISSR-PCR-based variation among tomato genotypes indicated the highest genetic similarity (0.92) between P73 and Moneymaker, while the lowest (0.46) was noted between Castle Rock and Moneymaker cultivars (Table 5). Ultimately, the least genetic distance (2.24) was observed between P73 and Moneymaker cultivars. Maximum genetic distance (5.92) was observed between Super Marmande and Peto 86 cultivars, on the one hand and between Castle Rock and Moneymaker cultivars on the other hand (Table 5).
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3.6 Phylogeny Analysis

The data recorded from morphological and physicochemical characters were combined and used to construct a dendrogram (Fig. 6), qualifying the relatedness distance among the tested tomato cultivars. The clustering analysis of morphological and physicochemical data grouped the tomato cultivars into four clusters (I, II, III, and IV). Cluster I included Super Marmande, UC 97-3, and Super Queen, while four cultivars Super Strain B, P73, Strain B, and Moneymaker were included into cluster II, respectively. Interestingly, cluster III comprised only Peto 86, while cluster IV included Castle Rock and Red Star, which showed less similarity with the other cultivars tested. On the other hand, generally, the conducted analysis did not show the exact clustering pattern according to the origin of the cultivars. The cluster analysis makes it evident that cultivars from the same origin could be clustered, while in some cases, they were placed in different clusters.
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Figure 6: Phylogenetic tree of ten tomato genotypes based on their morphological and physicochemical attributes

4  Discussion

The assessment of the genetic diversity based on the measuring of morphological characteristics [5]. To design a breeding program for a specific character in tomato especially plant yield, the variation in plant yield is crucial among the available cultivars. Analysis of variance revealed significant differences (Table 2) among the studied cultivars for all the traits. Development of high yield tomato cultivars is one of the most important breeding targets in Egypt to match the huge usage of tomato in daily life. Among the studied cultivars, Peto 86, Castle Rock and Red Star showed highest fruit yield. Therefore, these cultivars can be used in cultivars development programs. Similar results were reported by Islam et al. [5]; they found that the genotypes, GPB0107 and GPB0120 showed early flowering and early fruiting characteristics that qualify them to be used as parents in cultivars development programs.

The phenotypic and physicochemical characterization may require additional approaches, such as molecular studies, for confirmation and precision. Molecular profiling can be reliably used in plant improvement and breeding programs and in elucidating the genetic diversity among organisms [27]. The significant differences among cultivars may support the breeding and crop improvement programs [28,29].

In this study, the morphological, physiochemical and molecular attributes of the ten tomato cultivars revealed considerable phenotypic variability among them. The cultivars Peto 86, Castle Rock, and Red Star were distinctly featured in their morphological, yield and physicochemical attributes. Total phenolic compounds are natural antibiotics due to antioxidant activity and their potential role in specific defense mechanisms against phytopathogens [30]. Tomato fruits are considered one of the essential sources of phenolic compounds along with other vital nutrients in the human diet [31]. Lycopene and β-carotene are the major constituents of antioxidants produced by tomatoes. Agricultural practices, biotic and abiotic stresses, genetic variations, environmental conditions, cultivation technologies, and postharvest storage significantly affect the chemical composition of tomato fruits [32]. The commercial potential of tomato fruits is of significant interest in tomato breeding, although for fresh consumption, the primary factors attracting customers are those with visual impacts, such as size, shape, color and flavor. In the current study, highly significant levels of phenolic compounds were detected in the cultivars Peto 86 and Castle Rock. In an analysis performed by George et al. [33], the values of phenolic compounds varied as a genotype-related function from 188 to 465 mg/100 g. Since tomato fruits of all cultivars were harvested at the ripening stage in the current investigation, the pH should surpass the 4.5 value, according to El-Attar et al. [34]. Contrarily, the pH of tomato fruits ranged from 4 to 4.4 in our study (Fig. 2), where Castle Rock showed the lowest pH value among all other cultivars. A pH lower than 4.5 is a good feature because it increases the antimicrobial activity of the fruits and presents well-quality sustenance [35,36]. Moreover, the best flavor requires a high acidity value and Super Marmande surpass all the cultivars for high acidity value. High fruit acidity is advantageous as it protects the fruits against fungal infections [37]. Moreover, tomatoes with high sugar and low acid content produced best flavor [38] and vice versa [39]. Ascorbic acid (or vitamin C) is present in fruits and vegetables and is important for human health. Its primary activities include scurvy prevention and skin and blood vessel maintenance [40]. Ascorbic acid (mg/100 g) and citric acid contents were cultivar dependent. Peto 86, Castle Rock and Red Star performed significantly better for acidic properties among all cultivars and thus can be suitable parents in the breeding program to improve these traits in tomato.

Some quality parameters, such as fruit form and size, lycopene concentration, vitamin C, and soluble solids, are strongly linked to genotypes. These parameters have different heritability and are highly dependent on genotype expression in conjunction with the environment (crop peculiarities). The genetic makeup of a tomato cultivar is cumulatively influenced by its genetic background and the surrounding environment [41]. The most significant quality parameters for tomatoes are red color, firmness, juicy texture, and good flavor [39]. Additionally, TSS, juice content, acidity, vitamin C content, and other factors contribute to these qualities. The TSS range of fresh tomatoes is 4.5% to 8.5% of their fresh weight. The main components of soluble solids are glucose and fructose. When the goal is dehydration, pulp concentration, or both, TSS is critical for industrialization since product yield is directly connected to Brix. Lycopene, ascorbic acid (vitamin C), and potassium are some of the essential nutrients in tomatoes that positively impact human health [38].

The data on genetic distance and similarity between cultivars is beneficial in breeding programs as it helps to select suitable parental cultivars for hybridization and development of plant populations [42,43]. In this study, the clustering analysis revealed clear relationships between the studied tomato cultivars (Table 3 and Figs. 4 and 5). The results of clustering analysis and phylogeny have great importance in determining the genetic association between the crop cultivars [6,44–47] and selecting the most appropriate parents in hybrid production programs based on a low similarity coefficient as in the case of Red star and Strain B (0.89) or a vast genetic distance as in the case of Red Star and Strain B (51.5). Tomato hybrids are not exclusively produced to benefit from heterosis per se but also to support the investment of breeders via combining valuable features such as disease resistance and cultivar production with ripening attenuating genes in the heterozygous state [48]. However, heterosis in tomatoes has been reported for many vital traits [48].

Increasing tomato fruit quality and yield is a global aim of most current tomato improvement experiments. The best way to accomplish this is to choose additional advantageous features, such as abiotic tolerance, disease resistance and earliness. For example, in the breeding for fresh market tomato production, increasing fruit yield has been combined with heat tolerance breeding through cultivation under humid and hot conditions [49]. However, breeders frequently designate particular factors that may uncertainly contribute to production and emphasis the selection for such traits. Therefore, selection for yield is rarely very effective. The correlation analysis may play an essential role in predicting the performance of some positively correlated traits to another trait in the indirect selection and vice versa. Hence, one or more traits in the same group would be a reliable parameter for the selection of plants having desirable content of the other positively correlated traits [50]. In the same context, a trait that negatively correlates with other traits would also be a reliable indicator as a de-selection criterion. On the other hand, identifying molecular profiles potentially and considerably associated with fruit yield and quality may enable reliable early selection of inbred lines or hybrids with more reliably predictable high fruit yield and quality based on the presence or the absence of a specific molecular profile.

The association between molecular profiles and morphological and physicochemical traits was previously investigated in several studies [51,52], showing a significant association between molecular markers (quantitative trait loci) and morphological and physicochemical traits [53].

The current study supports the genetic improvement of tomato cultivars through traditional breeding programs. However, more recent approaches such genome editing approaches [54,55], molecular markers, bioinformatics and phylogeny analysis [56–59], and using of mutagens [60] could effectively be utilized to breed and develop tomato for many desirable traits.

5  Conclusions

This study comprehensively characterized ten tomato cultivars based on morphological, physicochemical, and molecular profiles. Peto 86, Castle Rock, and Red Star cultivars showed the highest fruit yield (kg/plant), TPC, and sap acidity. The results also showed that the cultivars had several specific features relevant to their use in local markets, processing, and genetic improvement and breeding programs. Peto 86, Castle Rock and Red star cultivars may get considerable attention because of their richness of total phenolic compounds, high acidity, low pH, and increased plant yield (kg/plant). Significant differences were also observed in pH values between P73, Super Queen, Castle Rock, Strain B, Super Marmande, Castle Rock and UC 97-3, Super Strain B, and Moneymaker cultivars. Molecular profiling showed that the lowest genetic distance (2.24) was between P73 and Moneymaker cultivars, while the highest (5.92) was observed between Super Marmand and Peto 86, on the one hand, and between Castle Rock and Moneymaker on the other hand. Finally, it is concluded that Peto 86, Castle Rock, and Red star can be recommended as featured parents in future tomato breeding programs.
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Table 1: ISSR primers with their sequences for DNA amplification of the selected tomato cultivars

Primer name Primer sequence (5'-3") Tm  Annealing Primer length GC content (%)
(°C) temperature (°C)

ISSR1 CTCTCTCTCTCTCTCTTG 57 57 18 50%

ISSR2 GAGGAGGAGGCGGA 63 50 14 72.73%

ISSR3 GAGAGAGAGAGACC 52 53 14 71%

ISSR4 CACACACACACAAG 53 53 14 50%

ISSR5 CACACACACACAAC 53 53 14 46.15%

ISSR6 CACACACACACAGT 54 54 14 50%

ISSR7 CTCTCTCTCTCTCTCTAC 56 56 18 50%,
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Table 3: Analysis of variance (mean square) physicochemical traits of 10 tomato cultivars

Sources of variation TPC TF Anthocyanin Lycopene B-carotene
(mg/100 g) (mg/100 g) (mg/g) (mg/100 g) (mg/100 g)
df Mean  Probability Mean  Probability Mean  Probability Mean  Probability Mean  Probability
squares squares squares squares squares
Replication 2 131.0 0.07 11.26  0.06 0.12 0.10 2.76 0.06 0.16 0.06
Genotype (G) 9 25315 <0.001 250.2  <0.001 0.97 <0.001 1490 <0.001 0.32 <0.001
Season (S) 2 1255 0.08 4.00 0.35 0.03 0.51 0.81 0.42 0.07 0.29
GX%S 18 9.72 1.00 0.35 1.00 0.00 1.00 0.17 1.00 0.01 1.00
Error 58 4743 3.77 0.05 0.93 0.05
Total 89 2599 28.17 0.13 2.23 0.07
Sources of variation pH Acidity Ascorbic acid TSS TS
(mg/100 g) (mg/100 g) (%) (g/100 g)
df Mean  Probability Mean  Probability Mean  Probability Mean  Probability Mean  Probability
squares squares squares squares squares
Replication 2 1.06 0.13 7.87 0.64 58.80  0.23 1.80 0.09 0.10 0.06
Genotype (G) 9 0.70 0.26 18.26 0.42 5859  <0.001 5.35 <0.001 0.16 <0.001
Season (S) 2 045 0.42 14.63 044 5.84 0.86 0.22 0.73 0.08 0.12
GX%S 18 0.08 1.00 17.15 049 5.77 1.00 0.10 1.00 0.01 1.00
Error 58 0.51 17.47 38.51 0.71 0.04

Total 89 0.45 17.20 86.97 1.07 0.05
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Table 4: Band scoring of different bands generated by seven ISSR primers in a set of ten tomato cultivars
and the associated polymorphism (%)

Primer Number of Polymorphic Unique  Monomorphic Polymorphism

bands bands bands bands (%)
ISSR1 8 7 0 1 87
ISSR2 8 5 0 3 62
ISSR3 12 6 2 6 50
ISSR4 9 9 3 0 100
ISSR5 9 8 0 1 88
ISSR6 9 9 1 0 100
ISSR7 5 5 1 0 100
Average 8.57 7 1.14 1.57 83.85
Total 60 49 8 11 —
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Table 2: Analysis of variance (mean square) for morphological and yield traits of 10 tomato cultivars

Sources of Plant height (cm) No. of leaves per plant Inflorescences
variation df Mean squares Probability Mean squares Probability Mean squares Probability
Replication 2 2291 0.099 18.10 0.090 3.88 0.065
Genotype (G) 9 471.5 <0.001 1590 <0.001 6.75 <0.001
Season (S) 2 17.78 0.163 2.03 0.756 2.18 0.208
GxS 18 1.80 1.000 3.41 0.960 0.55 0.981
Error 58 9.50 7.21 1.35
Total 89 55.16 166.7 1.81
Sources of No. of fruits per plant Average fruit weight (g) Plant yield
variation

df Mean squares Probability Mean squares Probability Mean squares Probability
Replication 2 1.36 0.893 141.2 0.052 0.5381 0.072
Genotype (G) 9 62.00 <0.001 1324 <0.001 4.6103 <0.001
Season (S) 2 410 0.713 0.90 0.980 0.0003 1.000
GxS 18 0.78 1.000 2.11 1.000 0.0047 1.000
Error 58 12.04 45.21 0.1955
Total 89 14.40 167.0 0.6067
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Table 5: Similarity coefficient (Dice Similarity Measure) and genetic distance of ten tomato genotypes
based on ISSR profiles

Cultivars S. Marmande UC97-3 S. Queen C. Rock S. Strain B R. Star Strain B P73 Moneymaker Peto 86
Similarity coefficient
S. Marmande 1.00

ucC97-3 0.54 1.00

S. Queen 0.63 0.71 1.00

C. Rock 0.64 0.61 0.74 1.00

S. Strain B 0.64 0.69 0.70 0.66 1.00

R. Star 0.67 0.58 0.68 0.79 0.74 1.00

Strain B 0.57 0.61 0.68 0.61 0.88 0.64 1.00

P73 0.56 0.60 0.61 0.51 0.84 0.57 0.90 1.00

Moneymaker 0.54 0.58 0.56 0.46 0.83 0.58 0.86 0.92 1.00

Peto 86 0.53 0.57 0.64 0.63 0.74 0.60 0.84 0.78 0.73 1.00

Genetic distance
S. Marmande 0.00

ucC97-3 5.83 0.00

S. Queen 5.29 4.24 0.00

C. Rock 5.20 5.00 4.12 0.00

S. Strain B 5.48 4.69 4.69 5.00 0.00

R. Star 5.00 5.20 4.58 3.74 4.36 0.00

Strain B 5.74 5.00 4.58 5.10 3.00 4.90 0.00

P73 5.74 5.00 5.00 5.66 3.32 5.29 2.45 0.00
Moneymaker 5.83 5.10 5.29 3.92 3.46 5.20 3.00 2.24 0.00

Peto 86 3.92 5.20 4.80 4.90 4.36 5.10 3.16 3.74 4.12 0.00
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