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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.
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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., 20105
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., 20205
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
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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 RKMVERT’s Ranchi research

farm over three Rabi seasons (2017-18, 2018-19, and 2019-20). A total
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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 (FEast, 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.
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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.

Formula: Mid — parent heterosis (%) = [(F, - MP )/ MP] x 100

Here, F; 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.

Formula: Better — parent heterosis (% ) = [(F; -BP)/BP] x 100

Here, F,; 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.

Formula: Standard heterosis (%) = [( F; —check)/check] x 100

Here, F; 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 RKMLI 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.
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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

10.3389/fpls.2023.1238870

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 D” statistic, indicating significant

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

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%* 1.97
5 Leaf Width (cm) 10.41 5.10%% 0.9
6 No. of primary Branches 1.14 2.73%* 0.49
7 Petiole Length (cm) 0.24 3.88** 0.42
8 Days to first flowering (DAT) 49.6 313.76 83
9 Days to 50 flowering (DAT) 91.34 308.15%* 9.71
10 Fruit Initiation (DAT) 72.72 325.73** 23.43
11 Fruit Length (cm) 9.45 52.55%* 2.99
12 Fruit Diameter (cm) 2 104.21%* 8.46
13 Peduncle Length (cm) 4.23 4.23%* 0.61
14 Fruits per plant (number) 5.79 262.74% 20.55
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 Plant Survival Rate (%) 824.43 560.86** 256.4

*** significant at 5% and 1% levels, respectively; DF, degree of freedom.
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FIGURE 1

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

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.

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

Clusters

No. of Genotypes

3. 1T 2
4. v 4
5. v 6

Clustering of genotype on the basis of SSR markers/UPGMA
RKML- 1

RKML-2

RKML-3 and RKML-4

RKML-5, RKML-6, RKML-7 and RKML-26

Pusa Purple Cluster (PPC), Pusa Purple Long (PPL), SwarnaPratibha and RKML-34

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
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FIGURE 2

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.

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.

Frontiers in Plant Science

07

frontiersin.org


https://doi.org/10.3389/fpls.2023.1238870
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Rajan et al. 10.3389/fpls.2023.1238870

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

Hybrids YPP MYPP TY
Mid. Het. Bet. Het. Std. Het. Mid. Het. Bet. Het. Std. Het. Mid. Het. Bet. Het. = STD. Het.
LIXT1 4532 25.70* 2.14 4645 15.32 -18.55 98.25%* 97.54%* 42.15%
LIXT2 44,50 42.40* -13.01 58.92%* 39.91* -25.32* 73.17%* 62.71* 16.25
LIXT3 22.84 7.04 -14.52 38.51* 14.92 -29.23** 60.53* 57.77* 16.74
L1XT4 47.18** 17.24 17.24 50.90** 6.09 6.09 50.46* 28.98 28.98
L2XT1 14.07 -1.62 -20.05 9.44 -5.43 -33.21%* 60.02* 53.32 10.34
L2XT2 -4.76 -6.46 -42.86%* -4.77 -6.50 -50.09%* 25.83 22.85 -18.99
L2XT3 -32.15* -41.04%* -52.92%¢ 2426 -30.50 -57.20%* -7.55 -12.58 -35.32
L2XT4 43.57* 14.08 14.08 38.12%* 4.58 4.58 88.87** 56.70** 56.70**
L3XT1 -33.56** -33.66** -45.93*¢ -32.72%* -34.42* -51.22%* 2.74 241 21.95
L3XT2 -45.19%* -52.05%* -60.92%* 4177 -49.99** -62.80%* -24.08 3222 -45.79*
L3XT3 -33.17%* -33.85%* -46.08%* -27.16* -33.43* -50.48** 233 -1.50 21.22
L3XT4 -28.61%¢ 3521 -35.21%¢ 27.17%* -36.50%* -36.50%* 3.06 -7.25 725
L4XT1 1278 27.95%¢ -10.23 -8.88 -22.96* 21.25% 34.17 8.59 26.31
L4XT2 -20.66* -40.88** -26.33* -21.09 -39.94%* -38.61%* 15.36 -11.17 333
L4XT3 -34.23*¢ -46.04** 32.77%* -30.85%* -44.59** -43.36** -1.48 -19.40 -6.25
L4XT4 -0.42 -10.25 11.83 -0.02 -1.10 1.09 4821 37.81* 60.30"*
L5XT1 -7.47 -21.83* -7.89 -11.56 -26.14** 22.17* 56.18"* 34.39 34.13
L5XT2 12.36 -14.69 0.52 14.87 -13.47 -8.82 76.63** 43.90* 43.62*
L5XT3 11.76 -6.25 10.46 18.01 -6.52 -1.49 82.53** 58.93** 58.62**
L5XT4 51.15%¢ -54.84%¢ -46.79%* -52.08%* -53.30%* -50.79** -25.16 2523 2523
L6XT1 31.91%¢ -33.31%* -43.48%¢ -30.40** -35.87%* -46.26** 2.20 7.79 -17.52
L6XT2 -38.56** -47.13** -55.19%* -39.11%* -50.17%* -58.24** 2554 -36.62 -43.31%
L6XT3 25.71% -27.86* -38.86** -24.37 -34.40% -45.02%* 5.80 334 -13.53
L6XT4 -6.93 -14.03 -14.03 -5.52 -13.17 -13.17 2291 16.42 16.42
L7XT1 -1.88 -9.74 -12.66 -1.26 -8.09 24.67* 52.02* 37.39 22.44
L7XT2 12.20 -8.49 -11.44 11.24 -8.16 24.72* 62.96** 38.91 23.80
L7XT3 13.00 3.13 -0.21 3.63 -9.25 -25.62* 67.93** 53.69* 36.96
L7XT4 -5.70 7.22 7.22 -9.02 -17.23 -17.23 3245 25.25 25.25
L11XT1 29.84** 3.53 41.46** 27.53* 0.44 23.33* 91.25%* 45.88** 99.78**
L11XT2 -10.45 -35.20%* -11.46 9.44 -35.04 -20.24 25.38 -8.55 25.24
L11XT3 -14.28 -32.09%* 721 791 -30.86** -15.10 24.47 -4.14 31.28
L11XT4 -39.50*¢ -47.61%* 2841 -38.31%* -44.03** -31.28%* -14.79 -26.29 0.95
126 XT1 61.61°* 29.18** 75.37%¢ 62.15%* 23.44** 66.86** 96.53** 48.63** 108.67**
L26XT2 -12.85 -36.82%* -14.22 -12.25 -38.80%* -17.27 22.00 -11.71 23.95
L26XT3 3042+ 357 40.60* 31.45%* -4.34 29.32%* 72.72%* 31.88* 85.15%*
L26XT4 -13.18 24.61%¢ 235 -13.17 24,47 2.10 24.38 6.49 49.50*
L34XT1 35.26%* 11.51 39.68%* 32.02%* 4.62 26.32* 88.40%* 45.49** 92.29%*
L34XT2 35.39%¢ 0.71 26.15* 30.51%* -5.90 13.62 79.97%* 32.75* 75.45%%
(Continued)
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TABLE 4 Continued

10.3389/fpls.2023.1238870

Hybrids YPP MYPP TY

Mid. Het. Bet. Het. Std. Het. Mid. Het. Bet. Het. Std. Het. Mid. Het. Bet. Het. = STD. Het.
L34XT3 25.26** 256 2847+ 2929 -2.38 17.87 69.94** 32.54* 75.18*
L34XT4 15.18 357 29.73* 16.80* 6.77 2891 5325 34.61* 77.90*
SE 180.24 208.13 208.13 170.76 197.18 197.18 6.35 7.33 7.33

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

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

TABLE 5 Relationship of Genetic distance and per-se performance with heterosis for fruit yield in F; hybrids of brinjal.

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 L1XT2 5.9 Moderate 41.95 73.17% 6271 16.25
3 LIXT3 5.8 Moderate 42.12 60.53* 57.77* 16.74
4 L1XT4 6.9 Moderate 46.54 50.46* 28.98 28.98
5 L2XT1 8.0 High 39.81 60.02* 53.32 10.34
6 L2XT2 5.56 Moderate 29.23 25.83 22.85 -18.99
7 L2XT3 5.92 Moderate 23.34 -7.55 -12.58 -35.32
8 L2XT4 4.95 Moderate 56.54 88.87** 56.70%* 56.70%*
9 L3XT1 8.0 High 28.16 2.74 241 -21.95
10 L3XT2 5.67 Moderate 19.56 -24.08 -32.22 -45.79%
11 L3XT3 5.7 Moderate 28.43 233 -1.50 21.22
12 L3XT4 5.2 Moderate 33.47 3.06 -7.25 -7.25

13 L4XT1 6.99 Moderate 4558 34.17 8.59 2631
14 L4XT2 6.06 Moderate 37.28 15.36 -11.17 333

15 L4XT3 4.84 Moderate 33.83 -1.48 -19.40 -6.25

16 L4XT4 7.56 High 57.84 4821 37.81* 60.30%*
17 L5XT1 8.03 Moderate 484 56.18** 34.39 34.13
18 L5XT2 6.49 Moderate 51.82 76.63* 43.90* 43.62*
19 L5XT3 72 High 57.24 8253 58.93** 58.62**
20 L5XT4 7.28 High 26.98 -25.16 -25.23 -25.23

(Continued)
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TABLE 5 Continued

10.3389/fpls.2023.1238870

Parents/ Genetic Ranking on the Total Yield (g/ha) Mid Better Parent Standard
\[o Hybrids Distance basis of GD Parent Heterosis Heterosis Heterosis
(GD) (%) (%) (%)
21 L6XT1 8.1 High 29.76 220 -7.79 -17.52
22 L6XT2 6.66 Moderate 20.46 -25.54 -36.62 -4331%
23 L6XT3 7.01 High 312 5.80 -3.34 -13.53
24 L6XT4 5.49 Moderate 42,01 2291 16.42 16.42
25 L7XT1 591 Moderate 44.18 52.02¢ 37.39 22.44
26 L7XT2 5.63 Moderate 44.67 62.96"* 3891 23.80
27 L7XT3 518 Moderate 49.42 67.93* 53.69* 36.96
28 L7XT4 743 High 4519 32.45 25.25 25.25
29 L11XT1 697 Moderate 72.09 91.25* 45.88* 99.78**
30 L11XT2 6.78 Moderate 45.19 25.38 -8.55 25.24
31 L11XT3 532 Moderate 47.37 24.47 -4.14 31.28
32 L11XT4 8.04 High 36.43 -14.79 2629 0.95
33 126 XT1 5.69 Moderate 75.29 96.53** 48.63* 108.67%
34 L26XT2 6.11 Moderate 4473 22.00 1171 23.95
35 L26XT3 537 Moderate 66.81 72.72%% 31.88* 85.15%
36 L26XT4 6.0 Moderate 53.94 24.38 6.49 49.50*
37 L34XT1 6.75 Moderate 69.38 88.40*¢ 45.49%* 92.20%*
38 L34XT2 7 Moderate 63.31 79.97%¢ 32.75* 75.45%
39 L34XT3 5.44 Moderate 6321 69.94% 32.54* 75.18%
40 L34XT4 8.1 High 64.19 53.25% 34.61* 77.90%

performance but also showed a substantial genetic distance
between them.

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
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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
Mufoz-Falcon 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 IIT
and IV displayed the most elevated cluster means for nine and five
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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; Mufoz-Falcon 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 RKMLI 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 F; hybrid vigor being our
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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.
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