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AB ST RACT  
 

The evolution of mung bean, from its ancient domestication to the forefront of genetic and genomic 
advancements, illustrates a remarkable journey of agricultural and scientific progress. Originating as a crucial 
crop in early agricultural societies, mung bean has undergone significant transformations driven by both 
traditional breeding practices and modern technological innovations. This review provides a comprehensive 
overview of mung bean’s evolution, highlighting the transition from ancient selection methods to contemporary 
genetic and genomic approaches. It explores the historical domestication process, the development of diverse 
varieties through classical and modern breeding techniques, and the integration of cutting-edge technologies 
such as high-throughput phenotyping, next-generation sequencing, and gene-editing tools. These advancements 
have not only enhanced our understanding of mung bean genetics but have also led to the creation of improved 
varieties with traits such as disease resistance, drought tolerance, and increased nutritional quality. Despite 
these achievements, challenges such as genetic diversity and sustainable practices persist, requiring ongoing 
research and innovation. The review concludes by emphasizing the potential of emerging technologies and 
collaborative efforts in shaping the future of mung bean research and contributing to global food security. 
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INTRODUCTION 

 
 Mung bean (Vigna radiata), an important legume in 
the agricultural sector, holds significant historical and 
economic value across various regions. Native to South 
Asia, it has been cultivated for over 4,000 years, 
demonstrating a long-standing role in the diets of many 
cultures and in sustainable agriculture (Kumar & 
Sharma, 2019). This small but nutritious crop is valued 
for its high protein content, ease of cultivation, and 
adaptability to different climates, making it a crucial 
component of food security in many developing 
countries (Siddique et al., 2020). 
 The domestication of mung bean is a remarkable 
example of how early agricultural practices shaped the 
development of crops. Archaeological evidence 
suggests that mung bean was first domesticated in the 
Indian subcontinent, with early cultivation practices 
reflecting a sophisticated understanding of plant 
breeding and selection (Varshney et al., 2018). The 

ancient domestication process involved selecting for 
desirable traits such as seed size, pod number, and 
growth habits, which laid the foundation for the 
diverse varieties available today (Singh et al., 2020). 
These early varieties were primarily used for their 
edible seeds, which were an essential protein source in 
many traditional diets. 
 As agricultural practices evolved, so did mung 
bean cultivation. Historical breeding practices were 
primarily empirical, focusing on selecting plants that 
performed well under local conditions. These practices 
led to the development of regional varieties, each 
adapted to specific environmental conditions and 
cultural preferences. For example, varieties from 
Southeast Asia are often more resistant to high 
humidity, while those from arid regions exhibit 
drought tolerance (Bhatia et al., 2021). This 
adaptability has been a key factor in the widespread 
distribution and continued relevance of mung bean 
cultivation. 
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 In recent decades, advancements in genetic and 
genomic research have revolutionized our 
understanding of mung bean and its potential for 
improvement. Early genetic studies, including the 
development of molecular markers and genetic maps, 
provided crucial insights into the genetic basis of 
important traits such as disease resistance and yield 
(Sharma et al., 2021). These foundational studies paved 
the way for more advanced genomic technologies, 
including genome sequencing and functional genomics. 
 Modern genetic innovations have significantly 
enhanced our ability to improve mung bean varieties. 
The advent of genome sequencing technologies has 
allowed researchers to identify and characterize genes 
associated with key traits. For instance, recent studies 
have mapped the mung bean genome and identified 
genes related to drought resistance, disease resistance, 
and seed quality (Li et al., 2022). These discoveries have 
facilitated the development of molecular markers for 
marker-assisted selection, which accelerates the 
breeding process and enhances the efficiency of 
developing new varieties. 
 One of the most transformative developments in 
recent years has been the application of CRISPR/Cas9 
gene-editing technology to mung bean research. This 
technology enables precise modifications to the plant 
genome, allowing researchers to target specific genes 
responsible for desirable traits. For example, 
CRISPR/Cas9 has been used to enhance resistance to 
diseases such as mung bean yellow mosaic virus and 
improve nutrient content (Kumar et al., 2023). These 
advances hold great promise for developing mung 
bean varieties that are better suited to changing 
environmental conditions and increasing agricultural 
productivity. 
 Furthermore, the integration of genomic selection 
techniques has revolutionized mung bean breeding. 
Genomic selection leverages high-density genetic 
markers to predict the performance of new varieties, 
enabling breeders to make more informed decisions 
and reduce the time required to develop new cultivars 
(Thakur et al., 2023). This approach has shown 
significant potential in improving traits such as yield, 
disease resistance, and adaptation to diverse 
environmental conditions. 
 Despite these advancements, challenges remain in 
translating genetic and genomic innovations into 
practical applications. Issues such as limited genetic 
diversity, complex trait interactions, and the need for 
sustainable farming practices continue to pose 
obstacles (Singh et al., 2022). Addressing these 
challenges requires a multidisciplinary approach that 
combines advances in genetics with a deep 
understanding of agronomy and crop management. 
 The evolution of mung bean from ancient 
domestication to modern genetic and genomic 
innovations reflects a dynamic and ongoing process of 
agricultural improvement. The integration of traditional 
breeding practices with cutting-edge technologies has 

significantly enhanced our ability to develop mung 
bean varieties that meet the needs of contemporary 
agriculture. Understanding this evolution is crucial for 
leveraging genetic and genomic advancements to 
address future challenges and ensure the continued 
success of mung bean cultivation worldwide. 
 
Ancient Domestication 
 The ancient domestication of mung bean (Vigna 
radiata) represents a pivotal chapter in the history of 
agriculture, marking the beginning of its journey from a 
wild plant to a staple crop in various parts of the world. 
Mung bean's origins can be traced back to the Indian 
subcontinent, where it has been cultivated for over 
4,000 years (Varshney et al., 2018). Archaeological 
evidence indicates that mung bean was one of the 
earliest leguminous crops to be domesticated, 
alongside other staple legumes such as lentils and 
chickpeas (Zhao et al., 2019). The domestication of 
mung bean reflects a complex interplay between 
human selection and environmental adaptation, which 
played a crucial role in shaping the crop’s development 
and distribution. 
 Early cultivation of mung bean was deeply 
intertwined with the agricultural practices of ancient 
civilizations. The earliest evidence of mung bean 
cultivation comes from archaeological sites in India, 
where remains of mung bean seeds have been found in 
ancient agricultural layers dating back to around 2000 
BCE (Kumar & Sharma, 2019). These early farmers 
selected mung bean for its desirable traits, such as its 
fast growth cycle, high protein content, and 
adaptability to various soil types. The selection process 
was likely based on empirical observations and practical 
needs, leading to the development of early 
domesticated varieties that were suited to local 
environmental conditions. 
 Traditional farming practices in ancient times were 
characterized by a combination of cultivation 
techniques and selective breeding. Ancient farmers 
practiced a form of crop rotation and intercropping, 
which helped to maintain soil fertility and control pests 
(Singh et al., 2020). Mung bean was often grown in 
rotation with other crops such as rice and wheat, 
benefiting from the nutrient-fixing properties of 
legumes. This practice not only improved soil health 
but also enhanced the overall productivity of ancient 
agricultural systems. 
 The domestication process involved selecting 
mung bean plants that exhibited desirable traits such 
as larger seed size, more uniform pod development, 
and better yield (Zhao et al., 2019). Over time, these 
selections led to the establishment of distinct varieties 
that were adapted to specific environmental conditions 
and agricultural practices. For instance, varieties 
developed in the arid regions of India were selected for 
their drought tolerance, while those from more 
temperate regions exhibited traits that allowed them 
to thrive in cooler climates (Kumar & Sharma, 2019). 
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 The spread of mung bean cultivation from its 
center of origin in India to other parts of Asia and 
beyond is a testament to its adaptability and the skill of 
ancient farmers. Historical records and archaeological 
findings suggest that mung bean was introduced to 
Southeast Asia, China, and eventually to other regions 
through trade routes and migration (Singh et al., 2020). 
This dissemination was facilitated by the crop's 
versatility and the exchange of agricultural knowledge 
between different cultures. 
 In addition to its role as a staple food crop, mung 
bean also held cultural and economic significance in 
ancient societies. It was valued not only for its 
nutritional benefits but also for its role in traditional 
medicine and religious practices (Varshney et al., 2018). 
In many cultures, mung bean was considered a symbol 
of prosperity and health, further enhancing its 
importance in ancient agricultural systems. 
 The early domestication of mung bean laid the 
foundation for its continued evolution and 
improvement over millennia. The practices and 
selections made by ancient farmers set the stage for 
the development of modern varieties and breeding 
programs. Understanding this historical context is 
crucial for appreciating the current genetic and 
genomic advancements in mung bean research, as it 
provides insights into the long-standing relationship 
between humans and this important legume (Zhao et 
al., 2019). 
 
Evolution of Mung Bean Varieties 
 The evolution of mung bean varieties is a 
fascinating journey that reflects the interplay between 
agricultural practices and environmental adaptation 
over centuries. From its ancient origins to modern 
times, the development of mung bean varieties has 
been driven by both natural and human-induced 
factors, leading to a diverse array of cultivars adapted 
to different climatic and soil conditions. 
 Historically, the evolution of mung bean varieties 
began with early agricultural practices that involved 
selective breeding based on empirical observations. 
Ancient farmers in the Indian subcontinent identified 
and propagated plants with desirable traits such as 
larger seed size, higher yield, and resistance to pests 
and diseases (Kumar & Sharma, 2019). These early 
selections laid the groundwork for the development of 
the first domesticated mung bean varieties. The 
process of selecting and breeding plants based on 
observable traits continued for centuries, leading to 
the gradual improvement of mung bean varieties. 
 As agricultural practices evolved, so did the 
methods used for breeding and selection. In the 
classical breeding era, which began around the 19th 
century, scientists and agronomists employed more 
systematic approaches to develop new mung bean 
varieties. These methods included cross-breeding 
different varieties to combine desirable traits and 
improve overall crop performance (Singh et al., 2020). 

The introduction of formal plant breeding techniques, 
such as controlled pollination and pedigree selection, 
allowed breeders to create new varieties with specific 
attributes, such as increased resistance to diseases and 
improved yield. 
 One significant milestone in the evolution of mung 
bean varieties was the development of varieties 
adapted to different environmental conditions. For 
instance, mung bean varieties from arid and semi-arid 
regions were selected for their drought tolerance, 
while those from more humid regions were bred for 
resistance to fungal diseases (Bhatia et al., 2021). This 
adaptation to diverse climates and soil types was 
crucial for the widespread cultivation of mung bean 
across various regions, from the Indian subcontinent to 
Southeast Asia and beyond. 
 The 20th century saw the advent of modern 
breeding technologies and scientific advancements 
that revolutionized mung bean variety development. 
The use of genetic mapping and molecular markers 
allowed breeders to identify and select plants with 
specific genetic traits more efficiently (Sharma et al., 
2021). This period also marked the beginning of 
hybridization programs, which aimed to combine the 
best traits of different varieties to produce high-
yielding and disease-resistant cultivars. Hybrid varieties 
of mung bean, developed through controlled cross-
breeding, offered improved performance and 
adaptability compared to traditional varieties. 
 In recent decades, the integration of 
biotechnology and genomics into mung bean breeding 
has led to significant advancements in variety 
development. The sequencing of the mung bean 
genome has provided valuable insights into the genetic 
basis of important traits, such as drought resistance, 
disease resistance, and seed quality (Li et al., 2022). This 
genomic information has facilitated the development 
of molecular markers for marker-assisted selection, 
which accelerates the breeding process and enhances 
the precision of selecting desirable traits. 
 The application of gene-editing technologies, such 
as CRISPR/Cas9, has further advanced mung bean 
variety development. CRISPR/Cas9 allows for precise 
modifications of the plant genome, enabling 
researchers to target specific genes responsible for 
important traits (Kumar et al., 2023). For example, 
CRISPR/Cas9 has been used to enhance resistance to 
diseases such as mung bean yellow mosaic virus and 
improve nutrient content, leading to the creation of 
new varieties with enhanced traits (Kumar et al., 2023). 
 Despite these advancements, challenges remain 
in the evolution of mung bean varieties. Issues such as 
limited genetic diversity, the complexity of trait 
interactions, and the need for sustainable farming 
practices continue to pose obstacles (Singh et al., 
2022). Addressing these challenges requires ongoing 
research and innovation, as well as a collaborative 
approach involving breeders, researchers, and 
farmers. 
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Genetic and Genomic Advances 
 The field of mung bean research has undergone a 
profound transformation with the advent of genetic 
and genomic technologies. These advancements have 
not only enhanced our understanding of the crop’s 
genetic makeup but also revolutionized breeding 
practices, enabling the development of improved mung 
bean varieties with desirable traits. 
 The early genetic studies on mung bean laid the 
groundwork for modern research by providing 
fundamental insights into the crop’s genetic diversity 
and trait inheritance. Initial genetic mapping efforts 
involved identifying and cataloging genetic markers 
associated with important agronomic traits such as 
yield, disease resistance, and seed quality (Singh et al., 
2020). These studies established a baseline for 
understanding the genetic architecture of mung bean 
and provided valuable tools for subsequent research. 
 The introduction of molecular markers represented 
a significant leap forward in mung bean genetics. 
Molecular markers, such as simple sequence repeats 
(SSRs) and single nucleotide polymorphisms (SNPs), 
allowed researchers to track specific genetic variations 
associated with key traits (Sharma et al., 2021). The 
development of these markers enabled more precise 
selection of desirable traits in breeding programs, 
leading to the creation of improved varieties with 
enhanced performance and resilience. 
 One of the most transformative advancements in 
mung bean research has been the sequencing of the 
mung bean genome. The completion of the mung bean 
genome sequence has provided a comprehensive view 
of its genetic content, including genes associated with 
important traits such as drought tolerance, disease 
resistance, and seed nutritional quality (Li et al., 2022). 
This genomic information has facilitated the 
identification of candidate genes and pathways 
involved in these traits, providing a foundation for 
targeted breeding and genetic improvement. 
 Functional genomics has further advanced our 
understanding of mung bean by elucidating the roles of 
specific genes and regulatory networks. Techniques 
such as gene expression analysis, RNA sequencing, and 
transcriptome profiling have been employed to study 
the expression patterns of genes under various 
conditions (Kumar et al., 2023). These studies have 
revealed the molecular mechanisms underlying key 
traits, such as how mung bean responds to abiotic 
stress or how it develops resistance to diseases. 
Insights gained from functional genomics have 
informed the design of breeding strategies and the 
development of new varieties with enhanced traits. 
 The application of advanced genomic technologies, 
such as genome-wide association studies (GWAS), has 
provided additional insights into the genetic basis of 
complex traits in mung bean. GWAS involves analyzing 
genetic variation across populations to identify 
associations between specific genetic markers and 
phenotypic traits (Bhatia et al., 2021). This approach has 

identified genetic loci associated with important traits 
such as yield, disease resistance, and stress tolerance, 
enabling breeders to target these loci in their breeding 
programs. 
 In addition to genome sequencing and GWAS, the 
integration of genomic selection has revolutionized 
mung bean breeding. Genomic selection utilizes high-
density genetic markers to predict the performance of 
new varieties based on their genetic profiles (Thakur et 
al., 2023). This approach allows breeders to make more 
informed decisions and accelerate the development of 
new cultivars with desirable traits. The application of 
genomic selection has led to significant improvements 
in mung bean breeding efficiency and effectiveness. 
 The use of gene-editing technologies, such as 
CRISPR/Cas9, has further enhanced the potential for 
genetic and genomic innovations in mung bean 
research. CRISPR/Cas9 enables precise modifications of 
the plant genome, allowing researchers to introduce or 
edit specific genes associated with important traits 
(Kumar et al., 2023). For example, CRISPR/Cas9 has 
been used to enhance resistance to diseases, improve 
nutrient content, and optimize growth characteristics 
in mung bean. These advancements offer exciting 
possibilities for developing mung bean varieties that 
are better suited to changing environmental conditions 
and increasing agricultural productivity. 
 Despite these advancements, challenges remain in 
the application of genetic and genomic technologies to 
mung bean breeding. Issues such as limited genetic 
diversity, complex trait interactions, and the need for 
sustainable breeding practices continue to pose 
obstacles (Singh et al., 2022). Addressing these 
challenges requires ongoing research and collaboration 
among scientists, breeders, and farmers to ensure the 
successful application of these technologies in mung 
bean improvement. 
 
Cutting-Edge Technologies and Their Applications 
 The integration of cutting-edge technologies into 
mung bean research and breeding has significantly 
transformed the field, leading to remarkable 
advancements in crop improvement and management. 
These technologies, including high-throughput 
phenotyping, advanced genomic tools, and artificial 
intelligence, are reshaping the landscape of mung bean 
agriculture by enhancing our ability to develop high-
performing varieties and optimize cultivation practices. 
 High-throughput phenotyping has emerged as a 
powerful tool for assessing the growth, development, 
and physiological traits of mung bean plants on a large 
scale. Traditional phenotyping methods, which often 
involve manual measurements and observations, can 
be time-consuming and labor-intensive. In contrast, 
high-throughput phenotyping employs automated 
systems and imaging technologies to collect detailed 
data on plant traits rapidly and accurately (Fiorani & 
Schurr, 2013). Techniques such as drone-based aerial 
imaging and ground-based robotic systems provide 
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real-time data on plant health, growth patterns, and 
stress responses. This technology enables researchers 
and breeders to evaluate large numbers of plants 
efficiently, facilitating the identification of desirable 
traits and accelerating the breeding process. 
 Advanced genomic tools, including next-
generation sequencing (NGS) and genome editing 
technologies, have revolutionized our understanding of 
mung bean genetics and improved the precision of 
breeding programs. NGS technologies, such as whole-
genome sequencing and RNA sequencing, allow for 
comprehensive analysis of the mung bean genome and 
transcriptome (Li et al., 2022). These tools provide 
insights into the genetic basis of important traits, 
enabling the identification of candidate genes and 
genomic regions associated with traits such as drought 
tolerance and disease resistance. The data generated 
from NGS also facilitates the development of high-
density genetic maps and molecular markers for 
marker-assisted selection (MAS), which enhances the 
efficiency of breeding programs. 
 Gene-editing technologies, such as CRISPR/Cas9 
and TALENs (Transcription Activator-Like Effector 
Nucleases), have further advanced mung bean research 
by allowing precise modifications of the plant genome. 
CRISPR/Cas9, in particular, has gained prominence for 
its simplicity and versatility in generating targeted 
mutations (Kumar et al., 2023). This technology has 
been used to enhance mung bean traits such as disease 
resistance, nutrient content, and stress tolerance. For 
example, CRISPR/Cas9 has been employed to introduce 
resistance genes against mung bean yellow mosaic 
virus and to improve the plant’s ability to withstand 
abiotic stresses such as drought and salinity (Kumar et 
al., 2023). These advancements hold promise for 
developing mung bean varieties with enhanced 
performance and resilience in diverse environmental 
conditions. 
 Artificial intelligence (AI) and machine learning are 
increasingly being integrated into mung bean research 
and breeding to analyze complex datasets and make 
informed decisions. AI algorithms can process large 
volumes of data generated from high-throughput 
phenotyping, genomics, and environmental monitoring 
to identify patterns and correlations that may not be 
apparent through traditional analysis methods (Zhang 
et al., 2021). Machine learning models can predict plant 
performance, optimize breeding strategies, and even 
forecast the impact of environmental changes on crop 
growth. By leveraging AI, researchers and breeders can 
enhance their ability to develop high-yielding and 
resilient mung bean varieties. 
 The application of remote sensing technologies, 
such as satellite imagery and sensor networks, has also 
improved the management of mung bean crops in the 
field. Remote sensing provides valuable information on 
crop health, growth status, and environmental 
conditions, allowing for precision agriculture practices 
(Cullen et al., 2018). For example, satellite-based 

observations can monitor plant stress levels and 
predict yield potential, enabling farmers to make timely 
decisions regarding irrigation, fertilization, and pest 
management. This data-driven approach helps optimize 
resource use and enhance crop productivity while 
minimizing environmental impact. 
 Moreover, the integration of biotechnology and 
molecular breeding techniques has facilitated the 
development of mung bean varieties with specific traits 
tailored to the needs of different regions. For instance, 
varieties with improved nutritional quality, such as 
higher protein content and enhanced micronutrient 
levels, have been developed to address nutritional 
deficiencies in various populations (Ghosh et al., 2021). 
Additionally, varieties with resistance to emerging 
diseases and pests have been introduced to safeguard 
mung bean production from threats posed by climate 
change and evolving pathogens. 
 Despite the significant progress made, challenges 
remain in the adoption and implementation of these 
cutting-edge technologies. Issues such as high costs, 
technical expertise requirements, and regulatory 
hurdles can limit the widespread application of these 
innovations (Zhang et al., 2021). Addressing these 
challenges requires collaboration among researchers, 
policymakers, and industry stakeholders to ensure that 
these technologies are accessible and beneficial to all 
sectors of mung bean agriculture. 
 
Conclusion 
 The journey of mung bean from its ancient 
domestication to the present day showcases a 
remarkable evolution driven by both traditional 
agricultural practices and cutting-edge scientific 
advancements. From its origins as a vital crop in early 
agricultural societies to its current status as a subject of 
intensive research and innovation, mung bean has 
undergone significant transformations that reflect 
broader trends in crop improvement and agricultural 
science. 
 The process of ancient domestication laid the 
foundation for modern mung bean varieties, with early 
farmers selecting plants based on observable traits and 
gradually developing cultivars suited to diverse 
environmental conditions. This historical context 
highlights the long-standing importance of mung bean 
as a staple crop and provides insight into the initial 
steps of its evolution. 
 The evolution of mung bean varieties has been 
characterized by systematic breeding practices, from 
classical methods of cross-breeding to modern 
approaches involving genetic mapping and molecular 
markers. Each phase of this evolution has contributed 
to the development of varieties with enhanced yield, 
disease resistance, and adaptability. The integration of 
advanced technologies, such as genomic sequencing 
and gene-editing tools, has further accelerated this 
progress, enabling precise modifications and targeted 
improvements. 
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 Cutting-edge technologies, including high-
throughput phenotyping, artificial intelligence, and 
remote sensing, have transformed mung bean research 
and breeding. These innovations have enhanced our 
ability to assess plant traits, analyze complex datasets, 
and optimize cultivation practices. The application of 
these technologies has led to the development of high-
performing mung bean varieties with improved traits, 
such as disease resistance, drought tolerance, and 
nutritional quality. 
 Despite the significant advancements achieved, 
challenges remain in the field of mung bean research 
and breeding. Issues such as limited genetic diversity, 
the complexity of trait interactions, and the need for 
sustainable practices continue to pose obstacles. 
Addressing these challenges requires ongoing 
research, collaboration among scientists, and the 
effective application of emerging technologies. 
 Looking ahead, the future of mung bean research 
holds great promise. Continued advancements in 
genetic and genomic technologies, coupled with 
innovative approaches to breeding and crop 
management, will play a critical role in addressing the 
evolving needs of agriculture. By leveraging these tools 
and overcoming existing challenges, researchers and 
breeders can further enhance the resilience and 
productivity of mung bean, ensuring its continued 
importance as a vital crop in global food systems. 
 In conclusion, the evolution of mung bean is a 
testament to the dynamic interplay between traditional 
practices and modern scientific innovations. As we 
move forward, the integration of cutting-edge 
technologies and a commitment to addressing 
challenges will shape the future of mung bean research 
and contribute to the development of sustainable and 
resilient agricultural systems. 
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