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Abstract The study of domesticated legumes holds significant importance due to their role in global food security and sustainable
agriculture. The study aims to elucidate the phylogenetic relationships and genetic diversity among major domesticated legume
species. Initially, the study presents a historical perspective on legume domestication, drawing on archaeological and evolutionary
evidence. Subsequently, the study explores phylogenetic relationships using molecular markers and computational approaches,
focusing on species such as the common bean (Phaseolus vulgaris), chickpea (Cicer arietinum), lentil (Lens culinaris), and soybean
(Glycine max). The genetic diversity within and between these species is examined, highlighting sources of variation and their
implications for crop improvement and conservation. A detailed case study on the common bean underscores the practical
applications of phylogenetic and genetic diversity insights. Additionally, the study discusses the molecular tools and techniques
employed in these studies, including high-throughput sequencing and bioinformatics analysis. The environmental and agricultural
implications of genetic diversity and phylogenetics are considered, emphasizing their impact on crop resilience and sustainable
agricultural practices. Finally, the study outlines future research directions and challenges, advocating for an integrative approach that
combines traditional knowledge with modern scientific techniques. This comprehensive study underscores the critical role of
understanding phylogenetic relationships and genetic diversity in advancing legume crop productivity and sustainability.
Keywords Domesticated legumes; Phylogenetics; Genetic diversity; Crop improvement; Sustainable agriculture

1 Introduction
Legumes, belonging to the Fabaceae family, are of paramount importance both economically and nutritionally.
They represent the second most significant family of crop plants after the Poaceae family, contributing
substantially to global food security and agricultural sustainability. Grain legumes alone account for 27% of the
world's crop production and provide 33% of the dietary protein consumed by humans. Additionally, pasture and
forage legumes are vital for animal feed, underscoring their multifaceted role in agriculture (Smýkal et al., 2015).
The domestication of legumes dates back to ancient civilizations, with crops such as soybean, chickpea, lentil, and
common bean being among the earliest cultivated plants. These crops have been integral to human diets and
agricultural systems across various regions, including China, the Fertile Crescent, Africa, and the Americas (Raina
et al., 2019).

Understanding the phylogenetic relationships and genetic diversity among domesticated legumes is crucial for
several reasons. Phylogenetics provides insights into the evolutionary history and relationships among different
legume species, which is essential for tracing their domestication pathways and identifying genetic traits that have
been selected over time (Jansen et al., 2008; Schmutz et al., 2014). Genetic diversity, on the other hand, is a key
factor in crop improvement programs. It allows for the identification of valuable traits such as disease resistance,
drought tolerance, and nutritional quality, which can be harnessed to develop superior legume varieties through
breeding programs (Varshney et al., 2013; Gujaria-Verma et al., 2014; Varshney, 2016). Advances in genomic
technologies have facilitated the sequencing of complete genomes of several legume species, providing a wealth
of data that can be used to explore genetic diversity and phylogenetic relationships in greater detail (Kreplak et al.,
2019).
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This study aims to combine phylogenetic and genetic diversity approaches to better illustrate the origin,
domestication history, and preserved germplasm of major legume crops. Specifically, the objectives are to
elucidate the phylogenetic relationships among domesticated legumes using comprehensive genomic data, to
assess the genetic diversity within and between different legume species, and to identify key genetic traits that
have been selected during domestication. Additionally, the study seeks to provide insights into the potential for
future crop improvement through the integration of phylogenetic and genetic diversity data, thereby enhancing the
resilience and nutritional quality of legume crops. By achieving these objectives, this study will contribute to a
deeper understanding of the evolutionary and genetic foundations of domesticated legumes, paving the way for
more effective and sustainable agricultural practices.

2 Historical Perspective on Legume Domestication
2.1 Early domestication events
The domestication of legumes began around 12 000 years ago, coinciding with the advent of Neolithic agriculture.
This period marked the transformation of wild species into cultivated crops through human selection for desirable
traits such as taste, yield, and ease of cultivation (Ambika et al., 2022; Bohra et al., 2022). Legumes were among
the earliest domesticated plants, paralleling the domestication of cereals. Key legume crops such as soybean, lentil,
chickpea, and pea were first cultivated in regions like the Fertile Crescent, China, and the Indian subcontinent
(Smýkal et al., 2015). The domestication process involved significant genetic changes, including the loss of seed
dormancy and shattering resistance, which were crucial for the development of stable and high-yielding crops
(Rendón-Anaya et al., 2017).

2.2 Archaeological and historical evidence of legume cultivation
Archaeological evidence provides critical insights into the history of legume domestication. For instance, lentils
were first cultivated in Southwest Asia around 8 000~10 000 years ago, although the exact number of independent
domestication events remains unclear (Liber et al., 2021). Similarly, the domestication of common beans in
Mesoamerica and the Andes has been traced back through genetic and archaeological studies, revealing distinct
domestication events in these regions (Nanni et al., 2011; Rendón-Anaya et al., 2017). The Indus Valley
civilization also played a significant role in the domestication of various legumes, including pigeon pea and black
gram (Figure 1) (Ambika et al., 2022). These findings are supported by radiocarbon dating of plant remains and
the geographical distribution of wild relatives, which help reconstruct the domestication timeline and migration
patterns of these crops (Fuller, 2007).

Figure 1 Time divergence of major legume clades (Adopted from Ambika et al., 2022)
Image caption: Values inside the brackets are the estimated time of divergence based on phylogenomic studies (Adopted from
Ambika et al., 2022)

2.3 Evolutionary implications of domestication
The domestication of legumes has had profound evolutionary implications. The process led to a severe genetic
bottleneck, resulting in a significant loss of genetic diversity in domesticated varieties compared to their wild
ancestors (Smýkal et al., 2015; Ambika et al., 2022). This reduction in genetic variability has implications for crop
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resilience and adaptability. However, the identification of domestication-responsive loci and the use of modern
genomic tools, such as whole genome sequencing and gene-editing technologies, offer opportunities to
reintroduce genetic diversity and improve crop traits (Bohra et al., 2022). Additionally, the study of phylogenetic
relationships among legume species has revealed complex evolutionary histories, including instances of
polyploidy and hybridization, which have contributed to the diversification and success of legume crops (Delêtre
et al., 2017; Koenen et al., 2020). Understanding these evolutionary processes is crucial for developing strategies
to enhance the genetic diversity and resilience of modern legume cultivars.

3 Phylogenetic Relationships among Domesticated Legumes
3.1 Methods for constructing phylogenetic trees
Molecular markers and DNA sequencing are fundamental tools in constructing phylogenetic trees. Various types
of molecular markers, such as microsatellites (SSR) and single nucleotide polymorphisms (SNPs), are used to
assess genetic diversity and relationships among legume species. For instance, microsatellite markers have been
effectively used to evaluate the genetic diversity of Vigna stipulacea, revealing significant variation and clustering
accessions into distinct clades (Gore et al., 2022). Additionally, sequencing of specific genes, such as the plastid
matK gene, has provided high-resolution phylogenetic trees for legumes, supporting well-resolved subclades
within the family (Wojciechowski et al., 2004).

Computational approaches play a crucial role in analyzing large-scale genomic data to infer phylogenetic
relationships. Methods such as maximum likelihood, Bayesian inference, and multispecies coalescent models are
commonly employed. For example, a study utilizing 72 chloroplast genes and 7 621 nuclear-encoded proteins
across 157 taxa employed these computational methods to resolve deep divergences in the legume phylogeny,
despite challenges like incomplete lineage sorting (Figure 2) (Koenen et al., 2019). These approaches help in
constructing robust phylogenetic frameworks and understanding evolutionary processes.

3.2 Phylogenetic analysis of major domesticated legume species
The common bean has been extensively studied for its phylogenetic relationships and genetic diversity.
Genotyping-by-sequencing (GBS) has revealed the presence of two major gene pools, Mesoamerican and Andean,
with evidence of hybridization events between them (Lioi et al., 2019). Additionally, the assembly of the common
bean genome and comparison with the soybean genome have provided insights into the genetic changes
associated with domestication (Schmutz et al., 2014). Chickpea phylogenetic studies often focus on its genetic
diversity and domestication history. Molecular markers and sequencing data have been used to trace the
evolutionary relationships and divergence times within the species, contributing to a better understanding of its
domestication and adaptation processes (Smýkal et al., 2015). Lentil phylogenetic analysis involves the use of
molecular markers to assess genetic diversity and relationships among different accessions. These studies help in
identifying key traits and understanding the evolutionary history of lentils, which is crucial for breeding and
conservation efforts. Soybean phylogenetic studies have utilized both molecular markers and whole-genome
sequencing. Comparative genomic analyses between soybean and other legumes, such as Medicago truncatula,
have highlighted the conservation and divergence of genomic regions, providing insights into the evolutionary
history and domestication of soybean (Choi et al., 2004; Pfeil et al., 2005).

3.3 Phylogenetic insights into legume evolution
Phylogenetic studies have provided significant insights into the divergence times and evolutionary relationships
among legume species. For example, the simultaneous origin of all six subfamilies of legumes suggests a rapid
speciation event, challenging the traditional view of basal and early-diverging subfamilies (Koenen et al., 2019).
Additionally, the reconstruction of ancestral genomes has revealed the chromosomal evolution history of legumes,
indicating a common ancestor with nine chromosomes (Ren et al., 2019).

The phylogenetic insights gained from these studies have important implications for the classification and
taxonomy of legumes. For instance, the reestablishment of the tribe Diocleae within the Millettioid clade based on
molecular phylogenetic analysis has clarified the higher-level phylogeny and generic relationships within this
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group (Queiroz et al., 2015). These findings contribute to a more accurate and robust classification system for
legumes, aiding in the understanding of their evolutionary history and diversity.

Figure 2 Phylogeny of legumes based on Bayesian analyses of 72 protein-coding chloroplast genes under the CATGTR model in
PHYLOBAYES (Adopted from Koenen et al., 2019)
Image caption: (a) Majority-rule consensus tree of the amino acid alignment, showing only the Fabales portion of the tree, outgroup
taxa pruned; (b) Complete tree including outgroup taxa; (c) Simplified tree showing support for subfamily relationships with different
inference methods (ML, maximum likelihood; BI, Bayesian inference) andsequence types (aa, amino acids; nt, nucleotides). In (a)
and (b), coloured circles indicate node support in posterior probabilities (PP) (Adopted from Koenen et al., 2019)
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4 Genetic Diversity in Domesticated Legumes
4.1 Genetic variation within and between species
Genetic diversity in domesticated legumes arises from various sources, including wild relatives, landraces, and
exotic germplasm. Wild relatives, in particular, harbor a wealth of genetic variation that has been shaped by
natural selection in diverse environments. This genetic reservoir is crucial for introducing novel traits into
domesticated species (Coyne et al., 2020; Pratap et al., 2021). Additionally, the use of molecular markers such as
microsatellites has revealed significant allelic diversity within legume species, indicating a relatively wide genetic
base (Smýkal et al., 2015).

Population genetics studies have been instrumental in assessing the genetic diversity within and between legume
species. For instance, the use of SSR markers in Vigna stipulacea has shown high genetic diversity among
accessions, which is essential for breeding programs. Similarly, genome-wide analyses of common bean have
identified distinct genetic pools resulting from independent domestication events, highlighting the genetic
differentiation within the species (Schmutz et al., 2014).

4.2 Role of genetic diversity in crop improvement
Breeding strategies that leverage genetic diversity are vital for crop improvement. Introgression breeding, which
involves the incorporation of genes from wild relatives into domesticated species, has been successful in
developing improved cultivars with enhanced traits such as disease resistance and stress tolerance (Figure 3)
(Pratap et al., 2021). The use of pre-breeding programs to develop new gene pools with a broad genetic base is
also crucial for the genetic enhancement of grain legumes (Sharma et al., 2013).

Conserving genetic diversity is essential for sustainable crop improvement. Ex situ and in situ conservation
methods are employed to preserve the genetic resources of wild relatives and landraces. These conserved genetic
resources serve as a reservoir for future breeding efforts, ensuring the availability of diverse alleles for crop
improvement (Coyne et al., 2020; Ambika et al., 2022).

4.3 Comparative analysis of genetic diversity in wild and domesticated legumes
Domestication bottlenecks have led to a significant reduction in genetic diversity in domesticated legumes
compared to their wild counterparts. This loss of diversity is attributed to the selection of specific traits during
domestication, which narrows the genetic base of cultivated species (Ambika et al., 2022). For example, the
domestication of common bean involved two independent events, each resulting in a distinct genetic pool with
limited shared genetic material (Schmutz et al., 2014).

Gene flow between wild and cultivated populations can introduce new genetic variation into domesticated species,
enhancing their adaptability and resilience. Hybrid populations created through the introgression of wild alleles
into cultivated backgrounds provide valuable genetic resources for breeding programs (Coyne et al., 2020; Pratap
et al., 2021). This gene flow is facilitated by the use of modern genomics and systematic phenotyping, which help
identify and harness beneficial alleles from wild relatives. In summary, understanding and leveraging genetic
diversity in domesticated legumes is crucial for crop improvement. By utilizing genetic resources from wild
relatives and employing advanced breeding strategies, it is possible to develop cultivars with enhanced traits and
ensure the sustainability of legume crops (Kreplak et al., 2019; Gore et al., 2022).

5 Case Study: Genetic Diversity and Phylogenetics of Common Bean (Phaseolus vulgaris)
5.1 Importance of common bean as a global food source
The common bean (Phaseolus vulgaris L.) is a crucial legume crop globally, serving as a fundamental source of
protein, particularly in rural societies. It is the most important grain legume for human consumption and plays a
significant role in sustainable agriculture due to its ability to fix atmospheric nitrogen (Scarano et al., 2014;
Schmutz et al., 2014; Assefa et al., 2019). In regions like Southern Italy and Brazil, common bean cultivation is
integral to local economies and diets, highlighting its importance as a staple food (Burle et al., 2010).



Legume Genomics and Genetics 2024, Vol.15, No.4, 187-198
http://cropscipublisher.com/index.php/lgg

192

Figure 3 Scheme for gene introgression for improvement of food legumes (Adopted from Pratap et al., 2021)
Image caption: Left, Hybridization using GP-I as donor with good agronomic base as recipient. Right, Pre-breeding for trait
introgression using GP-II and/or GP-III (Adopted from Pratap et al., 2021)

5.2 Phylogenetic relationships within the Phaseolus genus
Phylogenetic studies have revealed that the common bean has undergone two independent domestication events in
geographically distinct areas: Mesoamerica and the Andes. These events have led to the formation of two major
gene pools, each with unique genetic characteristics (Mamidi et al., 2011; Bitocchi et al., 2013; Schmutz et al.,
2014). The genetic differentiation between these gene pools is significant, with less than 10% of the
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domestication-related genetic sequences being shared between them. This dual domestication has provided a rich
framework for studying the evolutionary history and genetic diversity of the species.

5.3 Analysis of genetic diversity in domesticated and wild common bean
Genetic diversity in common bean has been extensively studied using various molecular markers, including SSRs
and SNPs. Studies have shown a reduction in genetic diversity from wild to domesticated populations, with a
more pronounced bottleneck effect observed in the Mesoamerican gene pool compared to the Andean gene pool
(Mamidi et al., 2011; Bitocchi et al., 2013; Gioia et al., 2019). In regions like Southern Italy and Brazil,
significant phenotypic and genetic diversity has been observed among local landraces, indicating the presence of a
wide-ranging variation that is crucial for breeding programs (Burle et al., 2010; Scarano et al., 2014). Additionally,
the use of SNP genotyping platforms has revealed genetic similarities and differences among germplasm entries,
aiding in the identification of duplicated lines and ensuring germplasm purity (Raatz et al., 2019).

5.4 Implications for breeding and conservation
The genetic diversity observed in common bean landraces and wild populations has important implications for
breeding and conservation. The presence of significant intra-varietal differences and the identification of genes
linked with desirable traits such as increased leaf and seed size provide valuable resources for genomics-enabled
crop improvement (Scarano et al., 2014; Schmutz et al., 2014; Gioia et al., 2019). Conservation efforts, such as
on-farm management and the establishment of core collections, are essential to preserve this genetic variability
and ensure the sustainability of common bean cultivation (Rivera et al., 2018). Moreover, the development of
marker-assisted breeding methods and the use of genomic resources can enhance the efficiency and effectiveness
of breeding programs, addressing both biotic and abiotic stresses (Assefa et al., 2019; Raatz et al., 2019).

6 Molecular Tools and Techniques for Studying Phylogenetics and Genetic Diversity
6.1 High-throughput sequencing technologies
Next-generation sequencing (NGS) has revolutionized the field of legume genomics by enabling the rapid and
cost-effective sequencing of entire genomes and transcriptomes. This technology has been instrumental in
uncovering the genetic basis of important traits and understanding the evolutionary history of legumes. For
instance, NGS has facilitated the analysis of the soybean transcriptome, revealing insights into seed development
and nutrient utilization (O’Rourke et al., 2014). Additionally, NGS has been used to generate large-scale genomic
datasets that resolve deep phylogenetic relationships within the legume family, despite challenges such as
incomplete lineage sorting (Koenen et al., 2019). The integration of NGS data from different germplasm
collections has also provided valuable information on the genetic diversity and evolutionary history of crops like
peas (Pavan et al., 2022).

Whole-genome sequencing (WGS) provides a comprehensive view of the genetic makeup of an organism,
allowing for detailed studies of genome structure, function, and evolution. In legumes, WGS has been used to
assemble high-quality reference genomes for species such as common bean and soybean, which are essential for
comparative genomics and breeding programs (Schmutz et al., 2014). The availability of these reference genomes
has enabled researchers to identify genomic regions associated with domestication and important agronomic traits,
thereby facilitating crop improvement efforts (Kumar et al., 2014). Furthermore, WGS has revealed the extent of
genome conservation and structural variation among different legume species, highlighting the evolutionary
processes that have shaped their genomes (Choi et al., 2004).

6.2 Bioinformatics tools for data analysis
Phylogenetic tree construction is a critical step in understanding the evolutionary relationships among legume
species. Software tools such as maximum likelihood and Bayesian inference methods have been employed to
analyze large genomic datasets and construct robust phylogenetic trees. These tools have been used to resolve the
deepest divergences in the legume phylogeny and to test alternative evolutionary hypotheses (Koenen et al., 2019).
Additionally, multispecies coalescent methods have been applied to account for gene tree discordance and
incomplete lineage sorting, providing a more accurate picture of legume evolution (Crameri et al., 2021).
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Population genetics tools are essential for analyzing genetic diversity and structure within and between legume
populations. Techniques such as genotyping-by-sequencing (GBS) and single nucleotide polymorphism (SNP)
analysis have been used to study the genetic variation in crops like peas and to infer their evolutionary history
(Pavan et al., 2022). These tools have also been employed to identify selective sweeps and genomic regions
associated with domestication and breeding, providing insights into the genetic basis of important traits (Egan and
Vatanparast, 2019). Moreover, population genomic analyses have revealed the existence of cryptic species and
highlighted the need for conservation efforts in economically significant legume species.

6.3 Integrative approaches combining phylogenetics and genomics
Integrative approaches that combine phylogenetic and genomic data are increasingly being used to study the
evolution and genetic diversity of legumes. By integrating data from whole-genome sequencing, transcriptomics,
and population genetics, researchers can gain a comprehensive understanding of the genetic basis of important
traits and the evolutionary processes that have shaped legume genomes. For example, the integration of genomic
and phylogenetic data has provided insights into the role of whole-genome duplication events in legume evolution
and the genetic changes associated with domestication (Kumar et al., 2014). Additionally, these approaches have
been used to study the genetic diversity and phylogenetic relationships of economically important legume species,
informing breeding and conservation strategies (Smýkal et al., 2015).

7 Environmental and Agricultural Implications
7.1 Impact of genetic diversity on crop resilience
Genetic diversity plays a crucial role in enhancing the resilience of legume crops to various environmental stresses.
For instance, the ability of legumes to fix atmospheric nitrogen not only contributes to soil fertility but also helps
them adapt to nutrient-poor conditions (Schmutz et al., 2014). Additionally, the genetic diversity found in wild
relatives of legumes offers a reservoir of traits that can be harnessed to improve stress tolerance in domesticated
varieties. This includes resistance to drought, salinity, and extreme temperatures, which are becoming increasingly
important due to climate change (Abdelrahman et al., 2018; Coyne et al., 2020; Yung et al., 2022). Epigenetic
mechanisms, such as DNA methylation and histone modification, also play a significant role in regulating gene
expression in response to abiotic stresses, further enhancing the adaptability of legumes.

The genetic diversity within legume species is also vital for developing resistance to pests and diseases. Modern
breeding programs often face challenges due to the narrow genetic base of cultivated varieties, making them more
susceptible to biotic stresses. However, the incorporation of genetic material from wild relatives can introduce
new resistance genes, thereby enhancing the overall resilience of the crop (Coyne et al., 2020). For example,
studies have shown that specific genes linked to disease resistance can be identified and utilized in breeding
programs to develop more robust legume varieties (Schmutz et al., 2014; Smýkal et al., 2015).

7.2 Role of phylogenetics in sustainable agriculture
Phylogenetic studies provide valuable insights into the evolutionary relationships among legume species, which
can be leveraged to design effective crop rotation and diversification strategies. By understanding the genetic and
evolutionary backgrounds of different legume species, farmers can select complementary crops that enhance soil
health and reduce pest and disease pressures (Smýkal et al., 2015). This approach not only improves yield stability
but also contributes to sustainable agricultural practices by minimizing the need for chemical inputs (Duc et al.,
2015).

Legumes play a significant role in enhancing ecosystem services, such as soil fertility and biodiversity. Their
ability to fix atmospheric nitrogen reduces the need for synthetic fertilizers, thereby lowering greenhouse gas
emissions and improving soil health (Schmutz et al., 2014). Additionally, the presence of diverse legume species
in agricultural systems can support a wide range of beneficial soil microorganisms, which further contribute to
soil fertility and plant health (Prudent et al., 2019). Phylogenetic studies can help identify legume species that are
particularly effective in providing these ecosystem services, thereby guiding the development of more sustainable
agricultural systems (Smýkal et al., 2015).
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7.3 Future directions and challenges
One of the major challenges facing legume cultivation is the impact of climate change. Future research should
focus on identifying and breeding legume varieties that are resilient to the changing climate. This includes
developing cultivars that can withstand extreme weather conditions, such as drought and heat, as well as those that
can adapt to new pest and disease pressures (Araújo et al., 2015; Thudi et al., 2020). Advances in genomic
technologies, such as next-generation sequencing and marker-assisted selection, offer promising tools for
accelerating the development of climate-resilient legume varieties.

Integrating traditional agricultural knowledge with modern scientific approaches can provide a holistic strategy
for improving legume cultivation. Traditional knowledge often includes valuable insights into local crop varieties
and farming practices that have been optimized over generations. Combining this knowledge with modern
genomic and breeding techniques can lead to the development of legume varieties that are not only high-yielding
and resilient but also culturally and regionally appropriate (Coyne et al., 2020; Bohra et al., 2022). This integrative
approach can help address the complex challenges of modern agriculture, ensuring food security and sustainability
for future generations.

8 Concluding Remarks
This study has explored the phylogenetic relationships and genetic diversity among domesticated legumes,
revealing several critical insights. Legumes, belonging to the Fabaceae family, are economically significant,
providing essential dietary proteins and animal feed. The phylogenetic analysis of various legume species, such as
Pisum (peas), Lens (lentils), and Phaseolus (common beans), has highlighted their evolutionary trajectories and
genetic diversity. The research underscores the importance of wild relatives as reservoirs of genetic variation,
which can be harnessed for crop improvement. Additionally, the study has shown that the domestication of
legumes involved multiple independent events and significant genetic bottlenecks, which have shaped the current
genetic landscape of these crops.

The findings of this study have several implications for future research and agricultural practices. Firstly, the
genetic diversity present in wild legume species should be further explored and conserved, as it holds potential for
breeding programs aimed at improving yield, quality, and stress tolerance in domesticated varieties. Secondly, the
use of advanced genomic tools and techniques, such as whole genome sequencing and gene editing, can accelerate
the domestication and improvement of legume crops without significant loss of genetic diversity. Additionally,
understanding the phylogenetic relationships among legume species can inform strategies for the conservation of
genetic resources and the development of new cultivars with desirable traits.

Understanding the phylogenetic relationships and genetic diversity in domesticated legumes is crucial for several
reasons. It provides insights into the evolutionary history and domestication processes of these vital crops, which
can inform breeding strategies and conservation efforts. Moreover, the genetic diversity within and among legume
species is a valuable resource for developing resilient and high-yielding cultivars, essential for ensuring food
security and sustainable agriculture. As legumes play a significant role in human and animal nutrition, as well as
in maintaining soil fertility through nitrogen fixation, preserving their genetic diversity and understanding their
evolutionary relationships is of paramount importance for future agricultural advancements.
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