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Introduction

This study explored the molecular characterization of 14 eggplant (brinjal) genotypes to evaluate their genetic diversity and the impact of heterosis. As eggplant is a vital horticultural crop with substantial economic and nutritional value, a comprehensive understanding of its genetic makeup and heterosis effects is essential for effective breeding strategies. Our aim was not only to dissect the genetic diversity among these genotypes but also to determine how genetic distance impacts heterotic patterns, which could ultimately help improve hybrid breeding programs.





Methods

Genetic diversity was assessed using 20 SSR markers, and the parental lines were grouped into five clusters based on the Unweighted Pair Group Method of Arithmetic Means (UPGMA). Heterosis was examined through yield and yield-related traits among parents and hybrids.





Results

Polymorphisms were detected in eight out of the twenty SSR markers across the parental lines. Notably, a high genetic distance was observed between some parents. The analysis of yield and yield-related traits demonstrated significant heterosis over mid, superior, and standard parents, particularly in fruit yield per plant. Two crosses (RKML-26 X PPC and RKML1 X PPC) displayed substantial heterosis over mid and better parents, respectively. However, the positive correlation between genetic distance and heterosis was only up to a certain threshold; moderate genetic distance often resulted in higher heterosis compared to very high genetic distance.





Discussion

These findings emphasize the critical role of parental selection in hybrid breeding programs. The results contribute to the understanding of the relationship between genetic distance and heterosis, and it is suggested that future research should delve into the genetic mechanisms that drive heterosis and the effect of genetic distance variance on heterosis. The insights drawn from this study can be harnessed to enhance crop yield and economic value in breeding programs.
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Introduction

The recent progress in genetic technologies has provided unparalleled prospects to enhance the genetic variability of eggplant. Marker-assisted selection (MAS) techniques have been developed to facilitate the identification, selection, and crossing of plants with desirable traits by breeders. These techniques have been found to be highly efficient in achieving this goal. The utilisation of these techniques may facilitate an increased comprehension of the eggplant’s genetic composition and expedite the breeding procedure to augment the crop’s efficacy and durability (Nunome et al., 2009; Wang et al., 2010; Adeniji et al., 2012). The utilisation of SSR markers has proven to be an indispensable technique in the field of diversity studies. This is attributed to their remarkable polymorphism, co-dominance, and facile detection through Polymerase Chain Reaction (PCR) methods (Gantait et al., 2014; Debnath and Guha, 2015; Chourey et al., 2017).

Recent technological advancements have facilitated a more in-depth exploration of the mechanisms that underlie heterosis, also known as hybrid vigor. This phenomenon is characterised by the superior traits exhibited by the first generation of hybrid offspring, surpassing those of the most proficient parent (Schnable and Springer, 2013; Huang et al., 2015; Wallace et al., 2018; Tomkowiak et al., 2020; Monforte, 2021; Chakraborty et al., 2022). The phenomenon of heterosis, which is widely acknowledged to be intricate, is thought to be impacted by modifications in the structure of the genome, including the prevalence and distribution of particular gene families (Song and Messing, 2003; Huang et al., 2015). Nonetheless, the implications for the amelioration of crops are significant. The phenomenon of hybridization in plants has been observed to result in enhanced growth, yield, and resilience, surpassing those of the parental plants. This characteristic of hybrid plants could be exploited to augment the productivity and nutritional quality of aubergine.

The diversification of eggplant’s genetic composition is not solely a scientific pursuit, but also a crucial economic necessity. Eggplant, a vegetable with origins traced back to India, is a significant contributor to agricultural land usage and yield in the country. According to Sharma and Kaushik (2021), eggplant accounts for 8.14% of agricultural land usage and contributes to 9% of the total yield. Notwithstanding the cultural and nutritional importance of the plant, aubergine cultivation is not bereft of obstacles. Numerous aubergine cultivars exhibit susceptibility to various pests and diseases, while their nutritional composition displays considerable variability. Augmenting genetic diversity can potentially mitigate these concerns by endowing the crop with the capacity to endure adversities and furnish reliable, superior nourishment (Satpathy et al., 2021).

Therefore, the presence of genetic diversity is an indispensable resource in our efforts to address the issue of food insecurity and enhance nutritional achievements. The utilisation of this technique enables the augmentation of the robustness, yield, and nourishing properties of significant cultivars such as Solanum melongena. The utilisation of genetic technologies and a comprehensive comprehension of mechanisms such as heterosis can enable the exploitation of eggplant’s complete genetic diversity to the advantage of farmers, consumers, and the environment. Given the concurrent challenges of population expansion and climate change, the significance of this research cannot be overemphasized.

The present investigation aims to elucidate the complex interplay between genetic similarity and hybrid vigor in Solanum melongena (brinjal or aubergine), with the ultimate goal of devising more accurate predictive models for heterosis effects in hybrid cultivars. The present study entails a comprehensive investigation of the copious genetic variability present in brinjal, specifically in India, which is one of its primary centres of origin. The objective is to harness this diversity for the amelioration of brinjal cultivars via heterosis breeding. The present investigation integrates the utilisation of molecular markers, particularly Simple Sequence Repeats (SSRs), to expedite a more efficient breeding methodology. The primary aim of this study is to utilise the obtained results to augment crop efficacy, amplify output, boost immunity against diseases, and thereby aid in worldwide efforts to tackle food scarcity by creating resilient, high-capacity eggplant varieties.





Materials and methods

In this study, the methodology was designed around three primary areas of focus: plant materials, morphological characterization, molecular characterization, and heterosis estimation.




Plant materials

The investigation took place at the RKMVERI’s Ranchi research farm over three Rabi seasons (2017-18, 2018-19, and 2019-20). A total of 35 indigenous brinjal lines sourced from various locations in Jharkhand were used, alongside four high-yielding genotypes, selected as testers. These lines were carefully chosen from a core collection pool for their distinctive characteristics and their adherence to the DUS (distinctness, uniformity, and stability) standards as prescribed by the Authority for the Protection of Plant Varieties and Farmers’ Rights, under the Indian Ministry of Agriculture and Farmers Welfare. Post-classification and further evaluation, these lines are slated for registration (Guidelines for the conduct of the test for DUS on Brinjal/Egg plant, 2009; Rajan et al., 2020).





Morphological characterization

A Randomized Block Design was used to conduct the experiment thrice, considering 19 quantitative characteristics as outlined by DUS guidelines. Four-week-old seedlings were transplanted into the main field with a spacing of 75 X 50 cm. Each plot comprised 20 plants across a 9 m2 area, and five randomly chosen plants from each plot were assessed for all quantitative traits across all replications. Exceptions were the days to flower initiation, days to 50% flowering, and days to fruit initiation, which were monitored at the plot level. The mean of each trait was computed over the three replications, and a Euclidean dissimilarity matrix was generated using these traits. Accessions were then clustered using Ward’s method, facilitated by the R ‘cluster’ package.





Molecular characterization

The genetic diversity of ten indigenous brinjal lines and four testers were evaluated using 20 SSR (Simple Sequence Repeats) markers (Nunome et al., 2003). DNA was isolated from fresh leaves using the CTAB extraction technique (Doyle, 1990). The PCR process involved an initial denaturation at 94°C for 4 minutes, 35 cycles of denaturation at 94°C for 30 seconds, annealing at 65°C for 30 seconds, extension at 72°C for 1 minute, and a final extension at 72°C for 7 minutes. The amplified fragments were separated and visualized using 2% agarose gel and Ethidium Bromide staining. Each genotype was scored based on the presence (1) or absence (0) of the indicated allele for each primer. A dendrogram was then generated using the unweighted pair group method with arithmetic average (UPGMA), and the genetic relationship between the 14 genotypes was assessed. Data analysis was carried out using the NTYSYS-pc program (Rohlf, 2000), and polymorphism information content (PIC) and gene diversity were estimated using Power Marker ver. 3.25 (Liu and Muse, 2005).





Estimation of heterosis

The assessment of heterosis, also known as hybrid vigor, is a crucial aspect in augmenting agricultural productivity and acclimatising to alterations in the environment (East, 1936; Shull, 1952). The current investigation was designed to assess heterosis in brinjal crops using a well-documented mating strategy known as the Line X Tester design. This approach involves selecting specific parent lines (lines) and crossing them with chosen tester lines (testers). In a Line x Tester design, the ‘line’ is typically a group of inbred lines, and the ‘tester’ is a group of genetically distinct inbred lines. The lines are crossed with the testers, and the offspring from these crosses (hybrids) are evaluated for their performance. To facilitate this, we selected parental lines, both female (lines) and male (testers), based on their distinct traits and genetic variability. Each of the selected ‘lines’ was mated with each of the ‘testers’ in a systematic manner. The resulting crosses or hybrids were then grown and evaluated for their heterotic performance. (Sprague and Tatum, 1942; Kempthorne, 1969; Chand et al., 2022). Heterosis, or hybrid vigor, is calculated by comparing the hybrid’s performance to its parents’ performance. There are a few different ways heterosis can be calculated, depending on what aspect of parental performance are of interest. Here are three commonly used formulas for calculating heterosis:




Mid-parent heterosis

This is calculated by comparing the performance of the hybrid to the average performance of its parents.

	

Here, F1 represents the value of the trait in the hybrid, and MP represents the average value of the trait in the parents.





Better-parent heterosis (or best-parent heterosis)

This is calculated by comparing the performance of the hybrid to the performance of the better-performing parent.

	

Here, F1 is the value of the trait in the hybrid, and BP is the value of the trait in the better-performing parent.





Standard Heterosis

This is calculated by comparing the performance of the hybrid to a standard cultivar or check variety.

	

Here, F1 represents the value of the trait in the hybrid, and ‘check’ represents the value of the trait in the standard cultivar. These formulas allow the heterosis for a specific trait to be expressed as a percentage, which can be helpful in comparing the degree of heterosis across different hybrids or different traits.

Ten indigenous brinjal lines were selected from a pool of 35 lines sourced from different locations in Jharkhand, based on their cluster affiliations. The chosen lines were found to be representative of all four clusters, namely RKML1 for Cluster 1, RKML 2, 3, 6 & 26 for Cluster 2, RKML4, 7, 11 & 34 for Cluster 3, and RKML 5 for Cluster 4. This selection was made to ensure a diverse genetic foundation for the study. In accordance with the study conducted by earlier workers (Kamalakkannan et al., 2007), four unique and currently existing genotypes, recognised for their broad genetic base and with wider adaptability, were selected as testers. These genotypes include Pusa Purple Cluster, Pusa Purple Long, Swarna Pratibha, and Swarna Shyamli.

A series of crosses were performed between ten genetically distinct lines and four tester lines. In order to achieve a bountiful and thriving harvest, customary cultural procedures were executed in accordance with the guidelines established by Birsa Agricultural University (BAU), a well-established methodology for enhancing agricultural output (Birsa Agricultural University, Kanke, Ranchi, Jharkhand and Central Research Institute for Dry Land Agriculture (CRIDA), HYDERABAD, 2019).

The present investigation concerns a heterosis study, wherein multiple quantitative traits were assessed on a sample of five arbitrarily chosen plants in every treatment. The study encompassed an analysis of various traits, namely the number of primary branches, leaf length, leaf width, petiole length, fruit length, fruit diameter, number of fruits per plant, number of marketable fruits per plant, single fruit weight, seeds per fruit, yield per plant, marketable yield per plant, and total yield per hectare. The assessment of traits is a crucial aspect in the identification of exceptional hybrids within plant breeding initiatives (Falconer and Mackay, 1996).

Phenological traits, including the duration of time until the initiation of flowering, the duration of time until 50% of flowering, and the duration of time until the initiation of fruiting, were observed and documented on a complete plot level. The prompt and accurate observation of these traits is of utmost importance as they have a direct impact on the crop’s productivity and adaptability to particular cultivation conditions (Craufurd and Wheeler, 2009).

The present study aimed to estimate heterosis and assess the potential of selected brinjal lines crossed with specific testers for further use in breeding programmes, by analysing hybrid vigor. The aforementioned endeavours were aimed at providing insights into methodologies for enhancing the quality of brinjal crops, thereby aiding in the resolution of the worldwide issue of insufficient food supply, as emphasised by the International Treaty on Plant Genetic Resources for Food and Agriculture (Moore and Tymowski, 2005).







Results




Divergence in parental lines

Significant differences were observed across all investigated traits among the 39 indigenous brinjal lines through variance analysis, as presented in Table 1. Six distinct clusters were identified based on the D2 statistic, indicating significant divergence among the lines (refer to Figure 1). The study revealed that the genetic divergence of germplasms did not exhibit a strong correlation with their geographical origins, as evidenced by the mean values that were distributed across the clusters, as presented in Table 2.


Table 1 | Summary of Analysis of Variance for quantitative characters indicating considerable diversity for all 19 quantitative traits of 39 brinjal landraces.






Figure 1 | Grouping of 39 genotypes of brinjal into six different clusters on the basis of Euclidean Distance matrix.




Table 2 | Cluster-wise mean values for 19 characters under study.



The preeminent assemblage, Cluster II, was comprised of a total of 12 genotypes. Among these, four genotypes (namely, RKML-2, 3, 6, and 26) were chosen for the purpose of hybridization. The genotypes in Clusters III and V were both comprised of seven members. Four genotypes, namely RKML-7, 4, 11, and 34, were identified as potential candidates for further crossing from cluster III. Cluster I comprised six distinct genotypes, and the RKML-1 genotype was selected as the representative line for this cluster. Cluster IV comprised of four distinct genotypes, among which the RKML-5 line was chosen for the purpose of crossing. The present study reports the identification of three genotypes, namely Pusa Purple Cluster, Pusa Purple Long, and S. Pratibha, which were classified under Cluster VI. These genotypes were utilised as testers during the hybridization process. One of the testers from Cluster II, S. Shyamli, was chosen for the hybridization process. The selected lines and testers were sourced from separate clusters, indicating a significant divergence among the parental lines. This is a critical factor for future crossbreeding initiatives.

Distinct trait combinations were observed in each cluster. Cluster III, comprising of RKML-4, 7, 11, and 34, exhibited the most elevated cluster mean for nine distinct traits. On the other hand, Cluster IV, consisting of RKML-5, demonstrated the highest cluster mean for five distinct characteristics. In addition, the genotypes encompassed in this cluster exhibited the least amount of time required to attain 50% flowering and fruit initiation. The results of the study indicate that Cluster I exhibited the greatest seed count per fruit, whereas Cluster II (comprising of RKML-2, 3, 6, and 26) exhibited the shortest duration to flowering. Cluster V was observed to display the maximum count of fruits per plant, thereby indicating a superior level of productivity. The aforementioned observations provide evidence for the existence of significant genetic variation among the chosen parental strains, which is a crucial factor in achieving successful heterosis breeding.





Genetic divergence based on SSR markers

A molecular characterization study was conducted on 14 genotypes to assess the genetic diversity among the parental lines. A total of twenty markers were employed in the study, revealing the presence of polymorphisms in eight of the 14 parental lines, thereby indicating the existence of genetic diversity (refer to Supplementary Table 1). The amplification profiles of DNA markers EM-131, EM-140, EM-155, EM-141, EM-117, EM-133, and EM-145 have been presented in Supplementary Figures 2–8. The markers utilised in this study revealed a total of nineteen distinct alleles, resulting in an average of 2.37 alleles per locus. The allelic frequencies were observed to range from 0.66 to 0.93, with an average of 0.83. Within the set of primers tested, EM-133 was found to possess the highest Polymorphism Information Content (PIC) value of 0.32, with EM-145 following closely behind with a PIC value of 0.27. The present study reveals a mean polymorphism of 56.25% within the parental population.

The population’s genetic diversity was observed to vary between 0.14 and 0.41, with an average value of 0.24, as presented in Table 3. The locus EM-133 exhibited the highest gene diversity (0.41), whereas the locus EM 120 displayed the lowest gene diversity (0.14). The application of the Unweighted Pair Group Method of Arithmetic Means (UPGMA) to the dataset resulted in the identification of five distinct clusters comprising the 14 genotypes under investigation, as presented in Table 3 and Supplementary Figure 1.


Table 3 | Distribution of Lines and Testers of Brinjal into five different clusters on the basis of UPGMA cluster analysis.



The present study reports on the classification of six cultivars into Cluster V, which is the largest cluster. The cultivars included in this cluster are Pusa Purple Cluster, Pusa Purple Long, S. Shyamli, S. Pratibha, RKML-11, and 34. The fourth cluster comprised of specimens RKML-5, RKML-6, RKML-7, and RKML-26. Cluster III was established through the amalgamation of two distinct genotypes, namely RKML-3 and RKML-4. Conversely, Clusters I and II were found to be monotypic, consisting solely of RKML-1 and RKML-2, respectively. It is noteworthy that genotypes that pertain to a common cluster exhibit a higher degree of genetic proximity in comparison to those that are classified into distinct clusters. The comprehension of this concept is crucial in the identification of appropriate parental lines for the implementation of crossbreeding initiatives, with the objective of augmenting favourable characteristics in brinjal varieties.





Magnitude of heterosis

In this study, we analysed the yield and related characteristics of fourteen parental lines, as depicted in Figure 2, along with forty hybrids. In our study, the primary objective was to elucidate the magnitude of heterosis for a variety of traits. Upon examination, we observed that heterosis was significant across all traits, as evidenced in Table 4. To ensure full understanding of our results, it is important to clarify the terms ‘mid-parent’, ‘superior parent’, and ‘standard check’:




Figure 2 | Selection of parents for Line X Tester mating design from six different clusters constructed on the basis of Euclidean Distance matrix for the present study.




Table 4 | Estimates of percent Heterosis based on mid parent, better parent and standard parent of 40 Brinjal hybrids of yield characters.



‘Mid-parent’ refers to the mean value of a particular trait derived from both parent plants. This value serves as an essential benchmark for evaluating whether the hybrid offspring displays any superior performance over its parents.

‘Superior parent’ is the term assigned to the parent plant that exhibits superior performance for the trait in focus. Comparison with the superior parent enables us to ascertain whether the hybrid offspring has the capacity to exceed the best parent’s trait performance.

‘Standard check’ is a term used to denote a benchmark or reference variety that is widely recognized and against which all other varieties are compared during trials. This comparison allows us to comprehend the performance of a hybrid in relation to a well-established variety. Here, we used HABR 21, a popular genotype of the Jharkhand region as standard check.

Notably, the trait of ‘fruit yield per plant’ emerged as a critical area of interest. We observed that the heterosis extent for this particular trait was remarkably significant, thereby underscoring its pivotal role in heterosis breeding programmes.

The present study reports significant positive heterosis over the mid-parent for yield per plant and marketable yield per plant in ten hybrids. The present study investigated the phenomenon of heterosis in the hybrid RKML-26 X PPC. The results revealed that this hybrid exhibited a significant positive heterosis over the mid-parent for the traits yield per plant and marketable yield per plant. The magnitude of heterosis for yield per plant and marketable yield per plant was found to be 61.61% and 62.15%, respectively, which is quite remarkable. Significant heterosis was detected in seven hybrids for yield per plant and five hybrids for marketable yield per plant, when compared to the standard check. The present study reports on the significant positive heterosis observed in the hybrid RKML-26 X PPC for yield per plant (75.37%) and marketable yield (66.86%) over the superior parent.

Considerable positive heterobeltiosis was observed in three hybrids with respect to yield per plant, and in two hybrids for marketable yield per plant. The hybridization of RKML-1 and PPL resulted in the manifestation of the highest heterotic value, which was recorded at 42.40% and 39.91%. The present study investigated the total yield of the hybrid RKML1 X PPC and observed a significant positive heterosis of 98.25% over the mid-parent and 97.54% over the superior parent. In this study, a total of twenty hybrids were analysed for their trait expression and exhibited a notable degree of heterosis over the mid-parent. Additionally, fifteen of the hybrids displayed a statistically significant increase in positive heterobeltiosis. The present study reports the significant standard heterosis of twelve hybrids, among which the hybrid RKML-26 X PPC exhibited the highest degree of 108.67%. The results of this study suggest that there is a significant level of exploitable heterosis in brinjal. This highlights the potential of utilising heterosis breeding techniques to enhance the yield and other related traits in brinjal cultivars.





Relationship between genetic distance and heterosis

While previous studies suggest that hybrid performance isn’t solely dependent on genetic distance, the relationship between heterosis and genetic distance is valid up to a specific threshold of genetic divergence (Satya and Debnath, 2009; Singh and Gupta, 2019; Sreewongchai et al., 2021). Heterosis can be derived from crosses between different genotypes of both cross-pollinated and self-pollinated species (Poehlman and Sleper, 1995; Satya and Debnath, 2009).

In this study, as presented in Table 5, a similar relationship between genetic distance and heterosis has been observed. When RKML-1 was crossed with PPC, the resulting hybrids demonstrated the highest degree of mid-parent heterosis and heterobeltiosis, correlated with a considerable measure of genetic distance. Conversely, when RKML-26 was crossed with PPC, the resulting hybrids not only displayed remarkable standard heterosis and performance but also showed a substantial genetic distance between them.


Table 5 | Relationship of Genetic distance and per-se performance with heterosis for fruit yield in F1 hybrids of brinjal.



Positive correlations (r=0.29, 0.036) were estimated between genetic distance and better parent and standard heterosis, considering only the significant cases. These results indicate that when striving for normal heterosis, it may be beneficial to select hybrids that produce superior hybrids.

When comparing the yield assessment of hybrids with the genetic distance grouping of parent plants, it was observed that hybrids derived from crosses between parents with the highest genetic distance exhibited a higher degree of heterosis than those resulting from crosses between parents with the least genetic distance. This relationship further reinforces the importance of considering genetic distance in the pursuit of maximizing heterosis and yield potential in brinjal cultivation.






Discussion

The crop of aubergine, which is highly variable in India, presents a multitude of landraces and commercial cultivars that showcase diverse morphological traits, specifically in relation to fruit characteristics (Tiwari et al., 2016). The present level of diversity observed in the population under consideration is deemed to be conducive for the purpose of selecting suitable parents possessing the desired traits, which is considered to be a crucial factor for the successful implementation of breeding programmes (Debnath et al., 2022). The inclusion of indigenous genotypes in breeding programmes can potentially augment the genetic diversity and improve hybrid vigor, as reported by Boyaci et al. (2015) and Muñoz-Falcón et al. (2009a). Table 1 displays the significant diversity observed in 39 brinjal landraces across 19 quantitative traits, as discovered in the present study. A cohort of ten lines, derived from separate clusters, was chosen based on their diversity and potential for use in future crossbreeding initiatives. The four testers were also selected for their distinct origins. This selection process was conducted with the aim of maximising the genetic variability of the resulting progeny.

The study conducted by Premabati et al. (2016) provides evidence that the crossing of genotypes from distant clusters results in a considerable level of heterotic response. Clusters III and IV displayed the most elevated cluster means for nine and five traits, respectively. This suggests that genotypes originating from these clusters would demonstrate substantial heterosis and genetic diversity for economically significant brinjal traits, as reported by Hazra et al. (2010); Madhavi et al. (2015), and Tiwari et al. (2016).

The molecular characterization of high-quality germplasm is an essential aspect of formulating breeding tactics and recognising exceptional complementary lineages. The utilisation of molecular markers, such as Simple Sequence Repeats (SSRs), for the purpose of genetic diversity analysis has been deemed a cost-effective approach. This is due to the high variability, enhanced genome coverage, repeatability, automation potential, neutrality, and immunity to environmental disturbances that SSRs offer (Prohens et al., 2008; Muñoz-Falcón et al., 2009b; Adeniji et al., 2012; Hurtado et al., 2012; Bhandari et al., 2017). The present study reports lower average PIC value and genetic diversity compared to earlier investigations, which may be attributed to variations in sample size, materials, and marker count as previously suggested (Hurtado et al., 2012; Ge et al., 2013; Chourey et al., 2017).

The phenomenon of heterosis is characterised by the enhanced performance of hybrid progeny in multiple domains, including but not limited to yield, adaptability, resistance to pests and diseases, overall robustness, and quality. The present investigation evaluated the performance of hybrid RKML1 X PPC. Results showed that this hybrid manifested the most noteworthy positive effect over the mid-parent and better parent. Approximately 50% of the crosses displayed considerable heterosis over the mid-parent, while 37% exhibited significant heterobeltosis in a positive direction. These findings were reported by Patel et al. (2013) and Mistry et al. (2018). The findings of Singh et al. (2023) indicate that the presence of favourable heterosis in hybrids may offer opportunities for the utilisation of genes that can facilitate the development of cultivars with superior yield potential.

The comprehension of the correlation between genetic diversity and heterosis is of great significance for the advancement of inbred lines and plant breeding, with the aim of enhancing the efficacy of germplasm utilisation (Mindaye et al., 2015; Chand et al., 2022). Several investigations have documented conflicting outcomes regarding the correlation between genetic divergence and heterosis in instances where the genetic divergence is substantial (Pandey et al., 2015; Tomkowiak et al., 2020). The investigation conducted by Sreewongchai et al. (2021), Silva et al. (2020), and Hazra et al. (2010) has confirmed that the hybrids produced from the crosses between RKML-1 and PPC exhibit the greatest levels of mid-parent heterosis, heterobeltiosis, and a high genetic distance for fruit production. Conversely, the hybrids generated from RKML 26 and PPC display the highest standard heterosis and per se performance for fruit yield, despite their modest genetic distance. The present study elucidates the possibility of enhancing heterosis in brinjal breeding by employing divergent lines with moderate genetic divergence.





Conclusion

Our understanding of heterosis and its underlying mechanisms remains limited, with the exploitation of F1 hybrid vigor being our primary approach for generating heterosis. Therefore, Simple Sequence Repeats (SSRs) present an advantageous method for identifying parental components contributing to heterotic effects due to their high polymorphism, which allows differentiation even among closely related individuals. The study provided compelling evidence that economically superior hybrids are typically a product of more genetically distinct parents. However, in the case of brinjal, a remarkable observation was that hybrids derived from crossings between parents with moderate genetic distance exhibited more heterosis than those resulting from parents with a very high genetic distance. These findings suggest that genetic distance can serve as a reliable predictor of heterosis in parents, but only up to a certain threshold. As we look towards the future, a key area of focus should be a deeper exploration of the relationship between genetic distance and heterosis. Additionally, understanding the precise genetic mechanisms and factors driving heterosis could lead to more predictive and strategic hybrid breeding programs. Furthermore, studying the interplay of genetic diversity with environmental factors may offer insights into how to increase crop yield stability under variable conditions. Lastly, advancing molecular marker technology, such as SSRs, and integrating it with advanced genomic and bioinformatic tools could provide a more nuanced understanding of the heterotic effect, eventually leading to more effective and efficient strategies for crop improvement.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Author contributions

SD and NR: conceptualization, data curation, investigation, supervision, and manuscript writing and editing. KP, FK, BP, AS, MK VS, VK, PJP and ML: data analysis, investigation, manuscript writing and editing. All authors contributed to the article and approved the submitted version.




Acknowledgments

The first author wishes to express her gratitude to Visva-Bharati University for providing facilities and assistance for her thesis, “Heterosis and combining ability analysis for yield, quality, disease, and pest incidence in indigenous lines of brinjal (Solanum melongena L.).” Authors would also like to acknowledge the support provided by Researcher Supporting Project Number RSP2023R358, King Saud University, Riyadh, Saudi Arabia.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpls.2023.1238870/full#supplementary-material




References

 Adeniji, O. T., Kusolwa, P., Reuben, S. O. W. M., and Deo, P. (2012). Molecular diversity among seven Solanum (eggplant and relatives) species assessed by simple sequence repeats (SSRs) markers. Afr. J. Biotechnol. 11 (90), 15643–15653. doi: 10.5897/AJB12.1206

 Guidelines for the conduct of the test for DUS on Brinjal/Egg plant (2009). (Protection of Plant Varieties and Farmers’ Right Authority, Ministry of Agriculture and Farmers Welfare, Government of India). Available at: https://plantauthority.gov.in/sites/default/files/fbrinjal.pdf.

 Birsa Agricultural University, Kanke, Ranchi, Jharkhand and Central Research Institute for Dry Land Agriculture (CRIDA), and HYDERABAD (2019) DISTRICT AGRICULTURE CONTINGENCY PLAN (DACP) - 2019. Available at: https://www.bauranchi.org/files/dacp/dacps-south-chhotanagpur-division-1.pdf.

 Bhandari, H. R., Bhanu, A. N., Srivastava, K., Singh, M. N., and Shreya, H. A. (2017). Assessment of genetic diversity in crop plants-an overview. Adv. Plants Agric. Res. 7 (3), 279–286. doi: 10.15406/apar.2017.07.00255

 Boyaci, H. F., Topcu, V., Akin, T. E. P. E., Yildirim, I. K., Mehmet, O. T. E. N., and Aktas, A. (2015). Morphological and molecular characterization and relationships of Turkish local eggplant heirlooms. NotulaeBotanicaeHortiAgrobotanici. Cluj-Napoca. 43 (1), 100–107. doi: 10.15835/nbha4319773

 Chakraborty, N. R., Lakshman, S. S., Debnath, S., and Rahimi, M. (2022). Yield stability and economic heterosis analysis in newly bred sunflower hybrids throughout diverse agro-ecological zones. BMC Plant Biol. 22 (1), 1–13. doi: 10.1186/s12870-022-03983-1

 Chand, S. P., Debnath, S., Rahimi, M., Ashraf, M., Bhatt, P., and Rahin, S. A. (2022). Contextualization of trait nexus and gene action for quantitative and qualitative characteristics in Indian mustard. J. Food Qual. 2022, 24. doi: 10.1155/2022/4387318

 Chourey, S. K., Solanki, S., Gaikwad, A. B., Pandey, C. D., and Archak, S. (2017). SSR marker analysis points to population admixture and continuum of genetic variation among Indian landraces of brinjal (Solanum melongena L.). ScientiaHorticulturae 224, 68–73. doi: 10.1016/j.scienta.2017.06.001

 Craufurd, P. Q., and Wheeler, T. R. (2009). Climate change and the flowering time of annual crops. J. Exp. Bot. 60 (9), 2529–2539. doi: 10.1093/jxb/erp196

 Debnath, S., and Guha, S. (2015). “Breeding methods for quality improvement in horticultural crops,” in Value addition of horticultural crops: recent trends and future directions (New Delhi: Springer), 201–211. doi: 10.1007/978-81-322-2262-0_12

 Debnath, S., Sarkar, A., Perveen, K., Bukhari, N. A., Kesari, K. K., Verma, A., et al. (2022). Principal component and path analysis for trait selection based on the assessment of diverse lentil populations developed by gamma-irradiated physical mutation. BioMed. Res. Int. 2022, 14. doi: 10.1155/2022/9679181

 Doyle, J. J. (1990). Isolation of plant DNA from fresh tissue. Focus 12, 13–15.

 East, E. M. (1936). Heterosis. Genetics 21 (4), 375–397.

 Falconer, D. S., and Mackay, T. F. C. (1996). Introduction to quantitative genetics. 4th edition (Harlow: Addison Wesley Longman).

 Gantait, S., Debnath, S., and Ali, N. (2014). Genomic profile of the plants with pharmaceutical value. 3 Biotech. 4 (6), 563–578. doi: 10.1007/s13205-014-0218-9

 Ge, H., Liu, Y., Jiang, M., Zhang, J., Han, H., and Chen, H. (2013). Analysis of genetic diversity and structure of eggplant populations (Solanum melongena L.) in China using simple sequence repeat markers. ScientiaHorticulturae 162, 71–75. doi: 10.1016/j.scienta.2013.08.004

 Hazra, P., Sahu, P. K., Roy, U., Dutta, R., Roy, T., and Chattopadhyay, A. (2010). Heterosis in relation to multivariate genetic divergence in brinjal (Solanum melongena). Indian J. Agric. Sci. 80 (2), 119–124. 

 Huang, X., Yang, S., Gong, J., Zhao, Y., Feng, Q., Gong, H., et al. (2015). Genomic analysis of hybrid rice varieties reveals numerous superior alleles that contribute to heterosis. Nat. Commun. 6 (1), 1–9. doi: 10.1038/ncomms7258

 Hurtado, M., Vilanova, S., Plazas, M., Gramazio, P., Fonseka, H. H., Fonseka, R., et al. (2012). Diversity and relationships of eggplants from three geographically distant secondary centers of diversity. PloS One 7 (7), e41748. doi: 10.1371/journal.pone.0041748

 Kamalakkannan, T., Karuppaiah, P., Sekar, K., and Senthilkumar, P. (2007). Line x tester analysis in brinjal for yield and shoot and fruit borer tolerance. Indian J. Hortic. 64 (4), 420–424.

 Kempthorne, O. (1969). An introduction to genetic statistics (Ames: Iowa Univ. Press).

 Liu, K., and Muse, S. V. (2005). PowerMarker: an integrated analysis environment for genetic marker analysis. Bioinformatics 21 (9), 2128–2129. doi: 10.1093/bioinformatics/bti282

 Madhavi, N., Mishra, A. C., Pushpavathi, Y., and Kumari, V. L. P. (2015). Genetic diversity in brinjal (Solanum melongena L.) under temperate hills of Uttarakhand, India. Plant Arch. 15 (2), 1107–1110.

 Mindaye, T. T., Mace, E. S., Godwin, I. D., and Jordan, D. R. (2015). Genetic differentiation analysis for the identification of complementary parental pools for sorghum hybrid breeding in Ethiopia. Theor. Appl. Genet. 128 (9), 1765–1775. doi: 10.1007/s00122-015-2545-6

 Mistry, C. R., Kathiria, K. B., Sabolu, S., and Kumar, S. (2018). Heterosis and inbreeding depression for fruit yield attributing traits in eggplant. Curr. Plant Biol. 16, 27–31. doi: 10.1016/j.cpb.2018.10.004

 Monforte, A. J. (2021). Heterosis goes underground. J. Exp. Bot. 72 (18), 6081–6083. doi: 10.1093/jxb/erab394

 Moore, G. K., and Tymowski, W. (2005). Explanatory guide to the international treaty on plant genetic resources for food and agriculture (No. 57) (Gland, Switzerland and Campbridge, UK: IUCN). Xii + 212 pp.

 Muñoz-Falcón, J. E., Prohens, J., Vilanova, S., and Nuez, F. (2009a). Diversity in commercial varieties and landraces of black eggplants and implications for broadening the breeders’ gene pool. Ann. Appl. Biol. 154 (3), 453–465. doi: 10.1111/j.1744-7348.2009.00314.x

 Muñoz-Falcón, J. E., Prohens, J., Vilanova, S., Ribas, F., Castro, A., and Nuez, F. (2009b). Distinguishing a protected geographical indication vegetable (Almagro eggplant) from closely related varieties with selected morphological traits and molecular markers. J. Sci. Food Agric. 89 (2), 320–328. doi: 10.1002/jsfa.3452

 Nunome, T., Negoro, S., Kono, I., Kanamori, H., Miyatake, K., Yamaguchi, H., et al. (2009). Development of SSR markers derived from SSR-enriched genomic library of eggplant (Solanum melongena L.). Theor. Appl. Genet. 119 (6), 1143–1153. doi: 10.1007/s00122-009-1116-0

 Nunome, T., Suwabe, K., Iketani, H., Hirai, M., and Wricke, G. (2003). Identification and characterization of microsatellites in eggplant. Plant Breed. 122 (3), 256–262. doi: 10.1046/j.1439-0523.2003.00816.x

 Pandey, P., Pandey, V. R., Kumar, A., Yadav, S., Tiwari, D., and Kumar, R. (2015). Relationship between heterosis and genetic diversity in Indian pigeonpea [Cajanuscajan (L.) Millspaugh] accessions using multivariate cluster analysis and heterotic grouping. Aust. J. Crop Sci. 9 (6), 494–503.

 Patel, J. P., Singh, U., Kashyap, S. P., Tiwari, S. K., Singh, D. K., and Singh, M. (2013). Hetrosis for productivity traits in brinjal (Solanum melongena L.). Vegetable. Sci. 40 (1), 80–82.

 Poehlmann, J. M., and Sleper, D. A. (1995). Breeding field crops Vol. XV (Ames: Iowa State University Press), 494.

 Premabati, D. C., Munshi, A. D., Behera, T. K., Choudhary, H., and Saha, P. (2016). Characterisation of cultivated breeding lines of eggplant (Solanummelongena L.) and related wild Solanum species from India. J. Hortic. Sci. Biotechnol. 91 (1), 87–92. doi: 10.1080/14620316.2015.1110996

 Prohens, J., Muñoz-Falcón, J. E., Vilanova, S., and Nuez, F. (2008). Use of molecular markers for the enhancement of local varieties of vegetables for Protected Designations of Origin and Geographical Indications. Bull. Univ. Agric. Sci. Veterinary. Med. Cluj-Napoca. Horticult. 65 (1), 16–20.

 Rajan, N., Debnath, S., Dutta, A. K., Pandey, B., and Singh, A. K. (2020). Characterization of indigenous brinjal (Solanum melongena L.) lines using morphological traits under Jharkhand condition. Ann. Plant Soil Res. 22 (4), 425–431. doi: 10.47815/apsr.2020.10016

 Rohlf, F. J. (2000). NTSYS-pc: numerical taxonomy and multivariate analysis system (New York: Exeter Publishing, Ltd. Setauket).

 Satpathy, S., Debnath, S., and Mishra, A. (2021). Study on character association in Lens culinaris medik. Electronic. J. Plant Breed. 12 (1), 58–65.

 Satya, P., and Debnath, S. (2009). Hybrid rice: a two-way solution for food security and economic improvement. Int. J. Agric. Environ. Biotechnol. 2 (4), 489–491.

 Schnable, P. S., and Springer, N. M. (2013). Progress toward understanding heterosis in crop plants. Annu. Rev. Plant Biol. 64, 71–88. doi: 10.1146/annurev-arplant-042110-103827

 Sharma, M., and Kaushik, P. (2021). Biochemical composition of eggplant fruits: A review. Appl. Sci. 11 (15), 7078. doi: 10.3390/app11157078

 Shull, G. H. (1952). Beginnings of the heterosis concept. Heterosis 23, 31–33.

 Silva, K. J. D., Pastina, M. M., Guimarães, C. T., Magalhães, J. V., Pimentel, L. D., Schaffert, R. E., et al. (2020). Genetic diversity and heterotic grouping of sorghum lines using SNP markers. Sci. Agricola. 78 (6), 9. doi: 10.1590/1678-992X-2020-0039

 Singh, S., and Gupta, S. K. (2019). Formation of heterotic pools and understanding relationship between molecular divergence and heterosis in pearl millet [Pennisetum glaucum (L.) R. Br.]. PloS One 14 (5), e0207463. doi: 10.1371/journal.pone.0207463

 Singh, H., Sekhon, B. S., Kumar, P., Dhall, R. K., Devi, R., Dhillon, T. S., et al. (2023). Genetic mechanisms for hybrid  breeding in vegetable crops. Plants  12, 2294. doi: 10.3390/plants12122294

 Song, R., and Messing, J. (2003). Gene expression of a gene family in maize based on noncollinear haplotypes. Proc. Natl. Acad. Sci. 100 (15), 9055–9060. doi: 10.1073/pnas.1032999100

 Sprague, G. F., and Tatum, L. A. (1942). General vs. specific combining ability in single crosses of corn 1. Agron. J. 34 (10), 923–932.

 Sreewongchai, T., Sripichitt, P., and Matthayatthaworn, W. (2021). Parental genetic distance and combining ability analyses in relation to heterosis in various rice origins. J. Crop Sci. Biotechnol. 24 (3), 327–336. doi: 10.1007/s12892-020-00081-2

 Tiwari, S. K., Bisht, I. S., Kumar, G., and Karihaloo, J. L. (2016). Diversity in brinjal (Solanum melongena L.) landraces for morphological traits of evolutionary significance. Vegetable. Sci. 43 (1), 106–111.

 Tomkowiak, A., Bocianowski, J., Kwiatek, M., and Kowalczewski, P. Ł. (2020). Dependence of the heterosis effect on genetic distance, determined using various molecular markers. Open Life Sci. 15 (1), 1–11. doi: 10.1515/biol-2020-0001

 Wallace, J. G., Rodgers-Melnick, E., and Buckler, E. S. (2018). On the road to breeding 4.0: unraveling the good, the bad, and the boring of crop quantitative genomics. Annu. Rev. Genet. 52 (1), 421–444. doi: 10.1146/annurev-genet-120116-024846

 Wang, Q. J., Zhao, F. K., Sun, Q. P., and Yang, A. Z. (2010). “Genetic diversity of eggplant revealed by SSR markers,” in 2010 4th International conference on bioinformatics and biomedical engineering (Manhattan, New York City, U.S.: IEEE), 1–4. doi: 10.1109/ICBBE.2010.5516520




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Rajan, Debnath, Perveen, Khan, Pandey, Srivastava, Khanam, Subramaniyan, Kumarasamy, Paul and Lal. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpls-14-1238870-g002.jpg
g
2 2 7 o
L S § & e
8 © & § J
T & o
o o & ng’ %
o
> &vﬂ-
Cluslers \
@ Custer 1(6)
© Chster2012)
9 Clster3(7)
A Custerd (4)
4 Custer5(7)
Cluster 6 (3)

RiKML-29
e~
Lo
e"‘m\a
N
("N
@ AN
d





OEBPS/Images/M2.jpg
‘Better — parent heterosis (% ) = (F, =BP)/BP| x 100





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Optimizing hybrid vigor: a comprehensive analysis of genetic distance and heterosis in eggplant landraces

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Discussion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Plant materials

          



          		

            Morphological characterization

          



          		

            Molecular characterization

          



          		

            Estimation of heterosis

          

            		

              Mid-parent heterosis

            



            		

              Better-parent heterosis (or best-parent heterosis)

            



            		

              Standard Heterosis

            



          



          



        



        



        		

          Results

        

          		

            Divergence in parental lines

          



          		

            Genetic divergence based on SSR markers

          



          		

            Magnitude of heterosis

          



          		

            Relationship between genetic distance and heterosis

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpls.2023.1238870_cover.jpg
& frontiers | Frontiers in Plant science

Optimizing hybrid vigor: a comprehensive
analysis of genetic distance and heterosis in
eggplant landraces





OEBPS/Images/fpls-14-1238870-g001.jpg
w
o
-
z
°
c
[T
©
-
°
[}
2

RKML-1,
RKML-10,
RKML-13,
RKML-15,
RKML-17,
RKML-25

RKML-2,
RKML-3,
RKML-6,
RKML-26,
RKML-27,
RKML-28,
RKML-29,
RKML-30,
RKML-31,
RKML-32,
RKML-33,
Swarna
Shyamli

RKML-4,
RKML-7,
RKML-8,
RKML-9,
RKML-11,
RKML-34,
RKML-35

RKML-S,
RKML-12,
RKML-14,
RKML-16

RKML-18,
RKML-19,
RKML-20,
RKML-21,
RKML-22,
RKML-23,
RKML-24

Pusa
Purple
Cluster
(PPC),
Pusa
Purple
Long
(PPL),
Swarna
Pratibha

Clusters —





OEBPS/Images/table2.jpg
Clusters DF DFsy  FD Fl LL NPB  PH PL PSEW  PSNS FL FPP Fw PDL Pl PSR SPF YPP
Cluster I 7828 | 87.33 1882 9300 | 1347 | 869 383 5586 294 6229 58.99 1497 1678 8118 470 5586 7667 | 250639 1471 1062.10
Cluster IT 6044 69.03 1838 77.81 1386 | 834 411 5563 299 6691 64.13 1073 | 1549 | 8692 360 5563 7184 189436 1607 | 93583
Cluster Il 8138 8662 2800 9452 1619 144 562 6391 502 7515 70.50 1702 | 804 18880 594 6391 8857 221852 2345 1450.14
Cluster IV 8433 9292 2439 9958 1433 | 990 5.00 6091 348 6668 6270 1723 1035 15708 455 6091 8542 98217 2041 1378.50
Cluster V- 7838 86.81 1435 9595 1466 | 925 4.00 5817 333 7510 69.42 922 3038 4302 384 5817 87.04 198348 17.96 1013.33
Cluster VI 6200 6822 1432 7456 1540 1000 533 66.18 | 607 7372 64.42 1906 | 2040 8546 648 6618 9222 160078 23.00 1293.22

DF, days to flowerings DES0 days o 50% flowering; FI, fruit initiation; LL leaf length (cm); LW, leaf width (e
marketable fruit per plant; FW, fruit weight (g); YPP, yield per plant (g); MYPP, marketable yield per plant (g);

PB, number of primary branch
PE, number of seed per fruits

Pl petiole length (cm); FL, fruit length (cm); FD, fruit diameter (cm); FPP, number of fruit per plant; MFPP, number of
TY, total yield (ton/ha).






OEBPS/Images/table4.jpg
Hybrids

LIXT1

LIXT2

LIXT3

L1XT4

L2XT1

L2XT2

L2XT3

L2XT4

L3XT1

L3XT2

L3XT3

L3XT4

L4XT1

L4XT2

L4XT3

L4XT4

L5XT1

L5XT2

L5XT3

L5XT4

L6XT1

L6XT2

L6XT3

L6XT4

L7XT1

L7XT2

L7XT3

L7XT4

L1IXT1

L11XT2

L11XT3

L11XT4

126 XT1

L26XT2

L26XT3

L26XT4

L34XT1

L34XT2

L34XT3

L34XT4

SE

*** Significant at 5% and 1% levels, respectively; YPP, yield per plant (g); MYPP, marketable yield per plant (g); TY, total yield (ton/ha).

Mid. Het.

45.32%

44.50*%

22.84

47.18**

14.07

-4.76

~32:15%

43.57*

-33.56**

-45.19*%

-33.17*

-28.61**

-12.78

-20.66*

-34.23**

-0.42

-7.47

12.36

11.76

-51.15%%

-31.91%

-38.56*

-25.71*

-6.93

-1.88

12.20

13.00

-5.70

29.84**

-10.45

-14.28

-39.50*%

61.61°*

-12.85

3042

-13.18

35.26™

3539

2526

15.18

180.24

YPP

Bet. Het.

25.70*

42.40*

7.04

17.24

-1.62

-6.46

-41.04%

14.08

-33.66**

-52.054*

-33.85%

-35.21%%

-27.95**

-40.88**

-46.04**

-10.25

-21.83*

-14.69

-6.25

-54.84*%

-33.317

-47.13*%

-27.86*

-14.03

-9.74

-8.49

3.13

-7.22

3.53

-35.20%*

-32.09*

-47.61**

29.18**

-36.82*%

3.57

-24.61*

11.51

208.13

Std. Het.

2.14

-13.01

-14.52

17.24

-20.05

-42.86"*

-52.92**

14.08

-45.93**

-60.92*

-46.08*

-35.21%*

-10.23

-26.33*

~32.77+*

11.83

-7.89

0.52

10.46

-46.79**

-43.48*

-55.19**

-38.86"*

-14.03

-12.66

-11.44

-0.21

-722

41.46%*

-11.46

-7.21

-28.41**

7537

-14.22

40.60**

2.35

39.68*

26.15*

2847

29.73*

208.13

Mid. Het.

46.45**

58.92*

38.51%

50.90*

9.44

-4.77

-24.26

38.12%

-32.72%

-41.77%*

-27.16*

-27.17%

-8.88

-21.09

-30.85

-0.02

-11.56

14.87

18.01

-52.08**

-30.40*

-39.11%

-24.37

-5.52

-1.26

11.24

3.63

-9.02

27.53**

-9.44

-791

-38.31%

62.15**

-1225

3145

-13.17

32.02**

3051

29.29"

16.80%

170.76

MYPP

Bet. Het.

1532

B991¥

14.92

-543

-6.50

-30.50

4.58

-34.42*

-49.99**

-3343*

-36.50**

-22.96*

-39.94**

-44.59**

-1.10

-26.14*

-1347

-6.52

-53.30*%

-35.87**

-50.17*%

-34.40%%

-13.17

-8.09

-8.16

-9.25

-17.23

0.44

-35.04*

-30.86**

-44,03**

2344

-38.80**

-4.34

-24.47*

4.62

-5.90

-2.38

677

197.18

Std. Het.
-18.55
-25.32%
<29.23%*

609
3321
-50.09%
-57.20**

4.58
-51.22**
-62.80*
-50.48°*
-36.50"*

-21.25%
-38.61**
-43.36**
109
2217

-8.82

-149
-50.79"*
-46.26**
-58.24%*
45,02

-13.17
-24.67*
-24.72*
-25.62*
-17.23
2333
-20.24
-15.10
-31.28**
66.86*
-17.27
29.32%
2.10
26.32*
13.62
17.87
2891%

197.18

Mid. Het.
98.25%*
73.17**
60.53*
50.46*
60.02*

25.83
-7.55
88.87*%
274
-24.08
233
3.06
34.17
15.36
-1.48
48.21**
56.18**
76.63**
82.53*
-25.16
220
-25.54
5.80
2291
52.02¢
62.96**
67.93**
3245
91.25%*
25.38
2447
-14.79
96.53**
22.00
72.72%*
24.38
88.40**
79.97%*
69.94**
5325

6.35

Y.
Bet. Het.
97.54**
62.71*
57.77*
28.98
53.32
2285
-12.58
56.70%*
-241
3222
-150
-7.25
8.59
-11.17
-19.40
37.81%
3439
43.90*
58.93**
2523
-7.79
-36.62
334
16.42
37.39
3891
53.69*
2525
45.88*
-8.55
-4.14
2629
48.63*
1171
31.88*
6.49
45.49**
3275°
32.54*
3461%

7.33

STD. Het.
42.15*
16.25
16.74
2898
1034
-18.99
-35.32
56.70**
-21.95
-45.79*
2122
-7.25
26.31
335
-6.25
60.30*
34.13
43.62*
58.62**
2523
-17.52
-4331*
-13.53
16.42
2244
23.80
36.96
2525
99.78**
25.24
31.28
095
108.67*
2395
85.15
49.50%
N2
75.45%
75.18
77.90

7.33






OEBPS/Images/table3.jpg
Clusters No. of Genotypes Clustering of genotype on the basis of SSR markers/UPGMA

1. 1 1 RKML- 1

2. I 1 RKML-2

3. 11 2 RKML-3 and RKML-4

4. v 4 RKML-5, RKML-6, RKML-7 and RKML-26

5. v 6 Pusa Purple Cluster (PPC), Pusa Purple Long (PPL), SwarnaPratibha and RKML-34





OEBPS/Images/M3.jpg
‘Standard heterosis ( %

-check)/check| x 100





OEBPS/Images/logo.jpg
, frontiers ‘ Frontiers in Plant Science





OEBPS/Images/M1.jpg
— parent heterosis ( %

F; =MP )/ MP| x 100





OEBPS/Images/table1.jpg
Characters Sources of variation

Replication Genotypes

DF 2 38 76
1 Plant Height (cm) 96.9 79.60%* 26.61
2 Plant Spread North to South (cm) 368.36 96.84** 13.23
3 Plant Spread East to West (cm) 428.56 178.08** 37.8
4 Leaf Length (cm) 21.69 3.91%* 197
3 Leaf Width (cm) 1041 5.10** 0.9
6 No. of primary Branches 1.14 273 049
7 Petiole Length (cm) 0.24 3.88* 0.42
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15 Fruit Weight (gram) 935.45 12006.53** 2008.02
16 Yield per plant (gram) 92781.37 408509.85** 101819.01
17 Total Yield (ton/ha) 57.53 129.22** 25.13
18 Seed per fruit (number) 65226.93 1431676.71** 24765.21
19 I Plant Survival Rate (%) 824.43 560.86** 256.4

** significant at 5% and 1% levels, respectively; DE, degree of freedom.
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Parents/ Genetic Ranking on the Total Yield (g/ha) Mid Better Parent Standard
Hybrids Distance basis of GD Parent Heterosis Heterosis Heterosis
(GD) (%) (%) (%)
1 LIXT1 8.78 High 51.29 98.25 97,54 42.15*
2 LIXT2 59 Moderate 41.95 7317 6271 16.25
3 LIXT3 58 Moderate 212 60.53* 57.77 16.74
4 LIXT4 69 Moderate 46.54 50.46" 28.98 2898
5 L2XT1 8.0 High 39.81 60.02 5332 10.34
6 L2XT2 5.56 Moderate 29.23 25.83 22.85 -18.99
7 L2XT3 592 Moderate 2334 755 -12.58 -35.32
8 L2XT4 495 Moderate 56.54 88.87° 56.70* 56.70*
9 L3XT1 8.0 High 28.16 2.74 241 2195
10 L3XT2 5.67 Moderate 19.56 -24.08 -32.22 -45.79%
11 L3XT3 57 Moderate 28.43 233 -150 2122
12 L3XT4 52 Moderate 33.47 3.06 -7.25 -7.25
13 LAXT1 699 Moderate 45.58 34.17 8.59 26.31
14 LAXT2 6.06 Moderate 37.28 15.36 -1117 333
15 L4XT3 484 Moderate 33.83 -148 -19.40 625
16 LAXT4 7.56 High 57.84 4821 37.81% 60.30"
17 L5XT1 8.03 Moderate 484 56.18* 3439 34.13
18 L5XT2 6.49 Moderate 51.82 76,63 43.90° 43.62*
19 L5XT3 72 High 57.24 82,53 58.93%% 58.62%
20 L5XT4 7.28 High 26.98 -25.16 -25.23 2523
21 L6XT1 8.1 High 29.76 220 779 -17.52
22 L6XT2 6.66 Moderate 20.46 -25.54 -36.62 43317
23 L6XT3 7.01 High 312 5.80 334 -1353
24 L6XT4 549 Moderate 42.01 2291 16.42 16.42
25 L7XT1 591 Moderate 44.18 52,02 37.39 2244
26 L7XT2 563 Moderate 44.67 62.96" 38.91 23.80
27 L7XT3 518 Moderate 49.42 67.93 53.69* 36.96
28 L7XT4 743 High 45.19 3245 2525 2525
29 LIIXT1 697 Moderate 72.09 9125 4588 99.78**
30 LIIXT2 678 Moderate 45.19 2538 -8.55 2524
31 LI1IXT3 532 Moderate 4737 2447 -4.14 3128
32 L11XT4 8.04 High 36.43 -14.79 2629 095
33 126 XT1 569 Moderate 75.29 96.53* 48,63 108.67*
34 L26XT2 611 Moderate 4.73 22.00 -1171 23.95
35 126XT3 537 Moderate 66.81 72728 31.88* 85.15%
36 L26XT4 60 Moderate 53.94 2438 6.49 49.50*
37 L34XT1 675 Moderate 69.38 88.40 4549 92.29*
38 L34XT2 7 Moderate 6331 79.97% 32.75% 75.45%
39 L34XT3 544 Moderate 63.21 69.94° 32.54% 75.18*%
40 L34XT4 8.1 High 64.19 53.25% 34.61% 7790





