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Abstract
Genetic diversity and population structure are fundamental aspects of evolutionary biology, with implications for understanding human health, 
biodiversity conservation and agricultural sustainability. Next-generation sequencing (NGS) technologies have revolutionized our ability to explore 
genetic variation within and between populations at unprecedented resolution. In this mini-review, we highlight recent advances in the application 
of NGS techniques for elucidating genetic diversity and population structure across diverse taxa. We discuss the utility of whole-genome 
sequencing, genotyping-by-sequencing and related methodologies for characterizing genetic variation, detecting population differentiation and 
inferring demographic history. Furthermore, we explore the challenges and opportunities associated with NGS-based approaches for studying 
genetic diversity and population structure and discuss future directions in the field.
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Introduction
Genetic diversity, the variety of genetic traits within and between 

populations, serves as the raw material for evolution and adaptation. 
Understanding patterns of genetic diversity and population structure is crucial 
for addressing a wide range of biological questions, including the origins of 
species, the spread of infectious diseases and the conservation of endangered 
taxa. Traditional molecular techniques, such as PCR-based markers and 
microsatellites, have provided valuable insights into genetic variation and 
population differentiation [1]. However, these methods are often limited in their 
scalability, resolution and genome-wide coverage.

The advent of next-generation sequencing (NGS) technologies has 
revolutionized the field of population genetics by enabling high-throughput, 
cost-effective analysis of genetic variation across entire genomes. Whole-
genome sequencing (WGS) allows for comprehensive characterization 
of genetic diversity, including single nucleotide polymorphisms (SNPs), 
insertions/deletions (indels) and structural variants, with base-pair resolution. 
Genotyping-by-sequencing (GBS) and related reduced-representation 
sequencing approaches offer a targeted, cost-effective alternative for 
genotyping large numbers of individuals across diverse populations [2].

In this mini-review, we survey recent advances in the application of NGS 
techniques for exploring genetic diversity and population structure across a 
broad range of organisms, including humans, plants, animals and microbes. 
We discuss the utility of WGS and GBS for characterizing genetic variation, 
detecting signatures of selection and inferring demographic history within 
and between populations. Furthermore, we explore the challenges and 
opportunities associated with NGS-based approaches for studying genetic 
diversity and population structure and discuss future directions in the field.

Literature Review 
NGS technologies have transformed our ability to explore genetic diversity 

and population structure across diverse taxa, providing unprecedented insights 
into the evolutionary processes that shape biological diversity. WGS offers a 
powerful tool for comprehensive characterization of genetic variation, enabling 
the identification of rare variants, structural rearrangements and novel genomic 
features. By sequencing entire genomes, researchers can capture the full 
spectrum of genetic diversity within and between populations, facilitating more 
accurate estimates of population differentiation, demographic history and 
evolutionary relationships.

Furthermore, GBS and related reduced-representation sequencing 
approaches provide a cost-effective alternative for genotyping large numbers 
of individuals across diverse populations. By targeting specific regions of the 
genome, such as restriction enzyme sites or transcriptome-derived sequences, 
GBS allows for efficient discovery and genotyping of SNPs and other genetic 
markers [3]. This enables population genomic studies in non-model organisms 
with limited genomic resources, opening new avenues for research in ecology, 
evolution and conservation biology.

NGS-based approaches have been applied to a wide range of organisms, 
from humans and model organisms to crop plants, livestock and microbial 
communities. In humans, population genomic studies have shed light on the 
genetic architecture of complex traits, disease susceptibility and population 
history, with implications for personalized medicine and public health [4]. In 
plants, NGS has been instrumental in elucidating the genetic basis of agronomic 
traits, crop domestication and adaptation to environmental stressors, informing 
breeding strategies for crop improvement and food security.

In animals, population genomic studies have provided insights into the 
evolutionary history, genetic diversity and conservation status of endangered 
species, guiding efforts to preserve biodiversity and mitigate the impact of 
habitat loss, climate change and invasive species. In microbial communities, 
NGS has revolutionized our understanding of microbial diversity, community 
structure and functional interactions in diverse ecosystems, from soil and water 
to the human gut microbiome.

Discussion
Despite the transformative impact of NGS technologies on population 
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genetics, several challenges remain to be addressed. These include issues 
related to data quality, computational analysis and interpretation of complex 
genomic data. As sequencing technologies continue to evolve, researchers 
must develop robust bioinformatics pipelines and statistical methods for 
processing and analyzing NGS data, integrating information across multiple 
scales, from individual genomes to entire populations [5,6].

Furthermore, ethical and regulatory considerations must be taken into 
account in the design and implementation of population genomic studies, 
particularly in human populations. Ensuring privacy, informed consent and 
equitable access to genomic data is paramount to the responsible conduct of 
research and the fair distribution of benefits derived from genomic discoveries. 
Collaboration between researchers, policymakers and stakeholders is 
essential to address these challenges and maximize the potential of NGS-
based approaches for studying genetic diversity and population structure.

Conclusion
In conclusion, next-generation sequencing technologies have 

revolutionized our ability to explore genetic diversity and population structure 
across diverse taxa, offering unprecedented insights into the evolutionary 
processes that shape biological diversity. WGS and GBS provide powerful tools 
for comprehensive characterization of genetic variation within and between 
populations, enabling more accurate estimates of population differentiation, 
demographic history and evolutionary relationships.

Despite the transformative impact of NGS technologies, several 
challenges remain to be addressed, including issues related to data quality, 
computational analysis and ethical considerations. By addressing these 
challenges and embracing interdisciplinary approaches, researchers can 
harness the full potential of NGS-based approaches for studying genetic 
diversity and population structure, advancing our understanding of evolution, 
ecology and conservation biology.

Moving forward, continued innovation in sequencing technologies, 
bioinformatics methods and ethical frameworks will be essential to unlock new 
frontiers in population genetics and address pressing societal challenges, from 
human health and food security to biodiversity conservation and environmental 
sustainability. By leveraging the power of NGS, we can unravel the mysteries of 
genetic diversity and population structure, bridging the gap between genotype 
and phenotype in the tapestry of life.
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