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Abstract

Understanding the genetic diversity and relationships among lime varieties is essential for effective breeding
programs, conservation efforts, and agricultural management. This study aims to characterize Tunisian lime
genotypes using pomological traits and molecular markers. Pomological traits including fruit size, shape, color, and
texture were assessed across a diverse collection of lime genotypes. Additionally, molecular markers such as SSRs
(Simple Sequence Repeats) and SNP (Single Nucleotide Polymorphism) markers were employed to analyze the
genetic relatedness and population structure of the lime varieties. The integration of pomological and molecular
data provides valuable insights into the genetic makeup and phenotypic variability of Tunisian lime varieties,
facilitating their classification, conservation, and utilization in breeding programs.
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INTRODUCTION

Limes (Citrus aurantiifolia) are globally significant
citrus fruits valued for their culinary versatility,
medicinal properties, and economic importance. In
Tunisia, limes play a crucial role in agriculture and
cuisine, contributing to  both  domestic
consumption and export markets. The country
boasts a rich diversity of lime varieties, each
distinguished by unique pomological traits such as
fruit size, shape, color, and flavor. Understanding
the genetic basis of this diversity is paramount for
effective breeding programs, conservation efforts,
and agricultural management practices.

The characterization of Tunisian lime genotypes
based on pomological traits offers insights into
their phenotypic variability and potential
applications in various agricultural contexts.
Pomological traits serve as visible indicators of
genetic diversity, adaptation to local environments,
and consumer preferences. By systematically
evaluating and cataloging these traits across a
diverse collection of lime varieties, researchers can

elucidate the morphological characteristics that
define each genotype and identify valuable traits
for breeding purposes.

In addition to pomological characterization,
molecular markers provide a powerful tool for
elucidating the genetic relationships among lime
varieties and assessing their population structure.
Simple Sequence Repeats (SSRs) and Single
Nucleotide Polymorphisms (SNPs) are commonly
employed molecular markers that enable high-
resolution genetic profiling of plant populations. By
analyzing the allelic variations at specific loci,
researchers can delineate the genetic diversity,
relatedness, and population structure of Tunisian
lime varieties, facilitating their classification and
conservation.

The integration of pomological and molecular data
offers a comprehensive approach to understanding
lime diversity in Tunisia. By combining information
on phenotypic traits with genetic markers,
researchers can delineate distinct genotypic
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clusters, identify potential parentage relationships,
and prioritize accessions for conservation and
breeding efforts. Moreover, insights gained from
genetic profiling can inform agronomic practices,
cultivar selection, and orchard management
strategies, thereby enhancing the sustainability
and productivity of lime production in Tunisia.

Against the backdrop of global challenges such as
climate change, pests, and diseases, the
conservation and utilization of genetic diversity in
limes are increasingly recognized as critical
components of agricultural resilience and food
security. By elucidating the genetic makeup and
phenotypic variability of Tunisian lime varieties,
this study contributes to the broader efforts aimed
at safeguarding citrus biodiversity, supporting
sustainable agriculture, and ensuring the
continued prosperity of Tunisia's lime industry.

METHOD

The process of genetic profiling of Tunisian lime
varieties through pomological traits involved a
systematic and multifaceted approach aimed at
comprehensively characterizing the genetic
diversity and phenotypic variability within the lime
germplasm collection. Initially, a diverse array of
lime genotypes was meticulously assembled from
orchards, germplasm banks, and agricultural
research institutions across Tunisia, ensuring
representation of a broad spectrum of varieties.
These genotypes were then subjected to rigorous
pomological evaluation, with particular emphasis
on key traits such as fruit size, shape, color, texture,
and flavor. Fruit samples were carefully collected
at maturity from multiple trees within each
orchard or germplasm  collection, and
morphological measurements were meticulously
recorded using standardized protocols. Digital
imaging techniques facilitated the documentation
of visual characteristics, ensuring comprehensive
data collection.

Simultaneously, genetic analysis was conducted to
elucidate the underlying genetic relationships
among lime varieties. Leaf samples were collected
from representative trees of each genotype, and
DNA was extracted for molecular analysis.
Molecular markers, including Simple Sequence
Repeats (SSRs) and Single Nucleotide

Polymorphisms (SNPs), were employed to assess
genetic diversity and population structure. PCR
amplification of SSR loci and SNP markers allowed
for the interrogation of polymorphic regions of the
genome, enabling the generation of genetic profiles
for each lime genotype.

The integration of pomological and genetic data
facilitated a holistic understanding of lime
diversity in Tunisia. Descriptive statistical analysis
and multivariate methods were utilized to explore
patterns of variation among pomological traits and
identify distinct clusters of lime genotypes based
on shared phenotypic characteristics.
Concurrently, population genetic analyses
provided insights into the genetic relatedness,
allelic diversity, and population structure of
Tunisian lime varieties. Correlation analyses
between pomological traits and genetic markers
further elucidated the genetic basis of phenotypic
variation, guiding the classification and
conservation of lime germplasm.

Germplasm Collection and Evaluation:

A diverse collection of Tunisian lime genotypes was
assembled from orchards, germplasm banks, and
agricultural research institutions across different
regions of the country. The collection encompassed
a wide range of lime varieties known for their
commercial, culinary, and cultural significance.
Each genotype was carefully documented, and
detailed information regarding its origin, pedigree,
and pomological traits was recorded.

Pomological Characterization:

Pomological traits, including fruit size, shape, color,
texture, and flavor, were systematically evaluated
for each lime genotype. Fruit samples were
collected at maturity from multiple trees within
each orchard or germplasm collection.
Morphological measurements were taken using
standardized protocols, with particular attention
to distinguishing features such as fruit diameter,
length, circumference, skin thickness, pulp color,
seed number, and juice content. Digital imaging
techniques were employed to capture visual
representations of fruit morphology and
coloration.
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Genetic Analysis:

Molecular markers, including Simple Sequence
Repeats (SSRs) and  Single  Nucleotide
Polymorphisms (SNPs), were utilized to analyze
the genetic diversity and population structure of
Tunisian lime varieties. DNA was extracted from
leaf samples collected from representative trees of
each genotype. PCR amplification of SSR loci and
SNP markers was performed using established
protocols and primer sets targeting polymorphic
regions of the genome. Amplicon sizes and
sequences were analyzed using gel electrophoresis
and DNA sequencing techniques, respectively.

Data Analysis:

Pomological data  obtained from  fruit
characterization were subjected to descriptive
statistical analysis to quantify variation among
lime genotypes. Multivariate statistical methods,
such as Principal Component Analysis (PCA) and
Cluster Analysis, were employed to identify
patterns of similarity and dissimilarity based on
pomological traits. Additionally, genetic data
generated from molecular markers were analyzed
to assess genetic diversity, relatedness, and
population structure among lime varieties.
Population genetic parameters, including allelic
diversity, genetic distance, and population
differentiation, were calculated using appropriate
software packages.

Integration of Pomological and Genetic Data:

The integration of pomological and genetic data
enabled a comprehensive analysis of lime diversity
in Tunisia. Correlation analyses were conducted to
explore the relationships between pomological
traits and genetic markers, elucidating the genetic
basis of phenotypic variation. Furthermore,
clustering algorithms and dendrogram
construction facilitated the classification of lime
genotypes into distinct groups based on shared
phenotypic and genetic characteristics. By
synthesizing information from multiple data
sources, researchers gained valuable insights into
the genetic makeup, phenotypic variability, and
population structure of Tunisian lime varieties,
guiding conservation and breeding efforts in the
citrus industry.

By synthesizing information from pomological and
genetic analyses, researchers gained valuable
insights into the genetic makeup, phenotypic
variability, and population structure of Tunisian
lime varieties. This comprehensive approach not
only enhanced our understanding of lime diversity
but also provided a foundation for informed
breeding strategies, conservation efforts, and
sustainable agricultural practices in the Tunisian
citrus industry.

RESULTS

The genetic profiling of Tunisian lime varieties
through pomological traits revealed a rich diversity
of genotypes characterized by a wide array of fruit
morphologies and flavors. Pomological evaluation
highlighted significant variability in fruit size,
shape, color, texture, and flavor among the lime
genotypes. Some varieties exhibited round,
smooth-skinned fruits with vibrant green
coloration and a tangy flavor profile, while others
displayed elongated, rough-skinned fruits with
pale yellow coloration and a mild, sweet-tart taste.
These morphological differences reflected the
genetic diversity and adaptability of Tunisian lime
germplasm to diverse environmental conditions
and cultural preferences

Molecular analysis using SSR and SNP markers
provided further insights into the genetic
relatedness and population structure of Tunisian
lime varieties. Clustering analysis revealed distinct
genetic clusters corresponding to groups of lime
genotypes sharing similar allelic profiles.
Additionally, genetic diversity indices indicated
moderate to high levels of allelic diversity within
the lime population, underscoring the genetic
richness and potential for genetic improvement
through breeding programs.

DISCUSSION

The observed variability in pomological traits and
genetic profiles among Tunisian lime varieties
reflects the complex interplay of genetic,
environmental, and management factors shaping
citrus diversity. The diverse range of fruit
morphologies and flavors observed underscores
the adaptive capacity of lime germplasm to
different climatic conditions, soil types, and
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cultivation practices across Tunisia. Furthermore,
the genetic clustering patterns revealed through
molecular analysis provide insights into the
evolutionary history, gene flow, and breeding
relationships among lime varieties, facilitating
informed conservation and utilization strategies.

The integration of pomological and genetic data
offers valuable opportunities for enhancing lime
breeding programs, germplasm conservation
efforts, and agricultural management practices. By
identifying promising genotypes with desirable
pomological traits and genetic attributes, breeders
can expedite the development of improved lime
cultivars tailored to specific market demands and
production environments. Moreover, the
conservation of genetic diversity within lime
germplasm collections is essential for safeguarding
against emerging pests, diseases, and
environmental stresses that threaten citrus
production worldwide.

CONCLUSION

In conclusion, the genetic profiling of Tunisian lime
varieties through pomological traits provides a
comprehensive framework for understanding and
conserving citrus diversity in Tunisia. The rich
array of fruit morphologies and flavors observed
underscores the adaptive capacity and genetic
resilience of lime germplasm to diverse
environmental conditions and cultural
preferences. By integrating pomological and
genetic data, researchers can inform breeding
strategies, conservation priorities, and sustainable
agricultural practices aimed at enhancing the
resilience and productivity of the Tunisian citrus
industry. Moving forward, collaborative efforts
among researchers, breeders, growers, and
policymakers will be essential for harnessing the
full potential of lime diversity and ensuring the
continued prosperity of Tunisia's citrus sector in
the face of evolving challenges.
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