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Abstract As a widely cultivated crop worldwide, barley (Hordeum vulgare) has a long history of domestication and has had a
profound impact on agricultural production and human life. With the development of molecular biology technology, research on
nucleotide diversity in barley has gradually deepened, providing important basis for understanding the genetic structure and
domestication mechanism of barley. This study aims to analyze the impact of domestication on nucleotide diversity in barley. By
comparing and analyzing the nucleotide diversity of wild barley and cultivated barley, it is found that population bottlenecks and
targeted breeding during domestication have a profound impact on genetic structure. Meanwhile, the changes in adaptive genes
and genomic structure of barley caused by domestication were explored, revealing the impact of domestication mechanisms on
crop genetics. This study aims to enhance the understanding of the genetic mechanism of barley domestication, and provide
scientific basis for variety improvement and genetic resource protection. In addition, it has reference value for other crop
domestication and genetic diversity research, and is of great significance for promoting the development of agricultural
biotechnology.
Keywords Barley (Hordeum vulgare)，Domestication of barley; Nucleotide diversity; Genetic diversity; Targeted breeding

Domestication is the process by which wild species are adapted to human needs through selective breeding. This
process has been pivotal in the development of agriculture, transforming wild plants and animals into forms that
are more useful to humans. Domestication has led to significant changes in the genetic makeup of species,
resulting in traits that enhance yield, ease of harvest, and suitability for cultivation. These changes are often
referred to as the "domestication syndrome," which includes traits such as reduced seed dispersal, increased seed
size, and changes in plant architecture (Smýkal et al., 2018).

Barley (Hordeum vulgare) is one of the oldest and most important cereal crops, with evidence of its cultivation
dating back over 10 000 years in the Fertile Crescent (Kilian et al., 2006). It has played a crucial role in the
development of agriculture and human societies. Barley is highly adaptable to different environmental conditions,
making it a valuable crop in diverse agro-ecological zones. It is used for various purposes, including food, animal
feed, and brewing, and continues to be a staple crop in many parts of the world (Dawson et al., 2015).

Nucleotide diversity refers to the variation in DNA sequences among individuals of a species. This genetic
diversity is essential for the adaptability and resilience of crops. High nucleotide diversity allows for a greater
range of traits that can be selected for breeding, enabling the development of new varieties that can withstand
environmental stresses, diseases, and changing climatic conditions. In the context of domestication, however,
there is often a reduction in nucleotide diversity due to selective breeding practices that favor specific traits,
leading to genetic bottlenecks (Kilian et al., 2006). Understanding and preserving nucleotide diversity is therefore
critical for the continued improvement and sustainability of crop species (Haas et al., 2020).

The aim of this study is to review the impact of domestication on barley nucleotide diversity, explore the changes
in barley genetic structure during domestication, and the impact of these changes on crop breeding and genetic
resource conservation. Through in-depth research on the genetic mechanisms of barley domestication, the genetic
resources of barley can be better utilized, providing higher quality seeds and more efficient breeding methods for
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agricultural production. At the same time, it provides reference and inspiration for the domestication and genetic
diversity research of other crops.

1 The History and Background of Domestication of Barley
1.1 Origin and distribution of barley
The origin of barley is closely linked to the Fertile Crescent, where wild progenitors of several key agricultural
cereal species, including barley, are endemic. Archaeological evidence suggests that barley was domesticated in
this region, particularly in the Jordan Valley. This domestication process led to a reduction in genetic diversity, as
evidenced by the comparison of haplotypes between wild barley (Hordeum. vulgare subsp. spontaneum) and
domesticated barley (Hordeum vulgare). For instance, domesticated barley lines show a significant reduction in
the number of haplotypes and nucleotide diversity compared to their wild counterparts (Kilian et al., 2006).

Further studies have shown that the domesticated gene pools of barley were derived from multiple wild ancestors,
indicating a complex domestication process. The distribution of recombination events along barley chromosomes
is uneven, with reduced diversity in the pericentromeric regions of both cultivars and landraces compared to wild
barley. This pattern suggests that domesticated barley underwent significant genetic bottlenecks, which reduced
its genetic diversity (Chen et al., 2020).

1.2 The historical process of domestication of barley
The domestication of barley involved a series of genetic and evolutionary changes that were driven by both
natural and human selection. Initially, wild barley exhibited a brittle rachis, which allowed seeds to disperse
naturally. However, for early farmers, this trait was undesirable as it made harvesting difficult. Mutations in two
adjacent, dominant, and complementary genes led to the development of a non-brittle rachis, which retained
grains on the inflorescence at maturity, thus enabling effective harvesting (Pourkheirandish et al., 2015).

Genetic studies have shown that domesticated barley lines exhibit significantly reduced nucleotide diversity
compared to their wild counterparts. For instance, the number of haplotypes and average nucleotide diversity were
markedly lower in domesticated barley, indicating a loss of genetic variation due to domestication bottlenecks
(Kilian et al., 2006). This reduction in diversity was observed across multiple loci, with some loci becoming
monomorphic in domesticated lines (Kilian et al., 2006).

Interestingly, the domestication process was not uniform across all regions. Independent selections of germplasm
with non-brittle rachis were made in different parts of the Levant, suggesting that barley domestication occurred
in multiple locations within the Fertile Crescent (Pourkheirandish et al., 2015). This regional variation in
domestication events contributed to the genetic diversity observed in modern barley cultivars.

Furthermore, the domestication of barley also involved changes in the pericentromeric regions of chromosomes,
which are typically low in recombination events. These regions showed dramatically reduced diversity in
domesticated barley compared to wild barley, indicating that domesticated gene pools were derived from multiple
wild ancestors (Figure 1) (Chen et al., 2022). The evolutionary patterns of these regions were shaped by linkage
disequilibrium and domestication, highlighting the complex genetic landscape of barley domestication (Chen et al., 2022).

Chen et al. (2022) demonstrated the variation of barley varieties, local varieties, and wild barley on different
genomic segments (Figure 1). By analyzing the positive sweep signal, they revealed that specific regions of the
genome were strongly selected during domestication. The study found that wild barley displayed strong positive
sweep signals in different chromosomal regions, indicating that domestication gene pools may have originated
from multiple wild ancestors.

1.3 Genetic structural changes in barley during domestication process
Domestication has led to a significant reduction in genetic diversity in barley. Studies comparing wild and
domesticated barley have shown a marked decrease in nucleotide diversity and haplotype number in domesticated
lines (Kilian et al., 2006). For instance, the number of haplotypes and average nucleotide diversity (π) were
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significantly lower in domesticated barley compared to its wild counterpart (Kilian et al., 2006). This reduction in
diversity is attributed to bottlenecks during domestication and subsequent breeding processes (Kilian et al., 2006).
Additionally, structural variations such as copy number variations (CNVs) have been observed, with higher levels
of CNV diversity present in wild barley compared to cultivated forms (Muñoz‐Amatriaín et al., 2013). These
CNVs are often associated with genes involved in disease resistance and other agronomically important traits
(Muñoz‐Amatriaín et al., 2013).

Figure 1 Signatures of positive selection in barley differentiated by chromosome and zone (Adopted from Chen et al., 2022)
Image caption: (a) Selective sweep signal (μ) of barley genomes. Red colours represent genomic regions with μ values above the
95th percentile. The top track shows the chromosome diagrams, with the gradient of blue colours representing zone 1 (light blue),
zone 2 (medium blue) and zone 3 (dark blue) regions, and the red bars representing the centromere; (b) Distribution of μ values by
chromosome for different barley groups; (c) μ values by zone (data from all seven chromosomes combined) for different barley
groups (Adopted from Chen et al., 2022)

The domestication process also involved changes in specific genes that contributed to the agronomic traits
selected by early farmers. For example, the HvWAK1 gene, which is involved in root proliferation, showed
reduced sequence diversity in domesticated barley, suggesting selection for particular cis-regulatory variants that
may have indirectly influenced seed size through increased plant vigor (Czajkowska et al., 2019). Furthermore,
the evolution of the grain dispersal system in barley involved mutations in two adjacent genes that converted the
brittle rachis of wild barley into a tough, non-brittle form, facilitating effective harvesting (Pourkheirandish et
al., 2015).

2 Nucleotide Diversity and Research Methods
2.1 Nucleotide diversity and measurement
Nucleotide diversity is a measure of genetic variation within a population. It quantifies the degree of
polymorphism at the nucleotide level, providing insights into the genetic health, evolutionary history, and
adaptive potential of a species. Nucleotide diversity is typically represented by the symbol π (pi) and is calculated
as the average number of nucleotide differences per site between any two DNA sequences chosen randomly from
the population.
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Nucleotide diversity refers to the variation at the nucleotide level within a population. It is a measure of genetic
variation and is crucial for understanding the evolutionary processes and genetic health of a species. Nucleotide
diversity is typically quantified using metrics such as the average number of nucleotide differences per site
between two DNA sequences chosen randomly from the population. This measure helps in identifying regions of
the genome that are under selection and those that are neutral (Russell et al., 2011).

2.2 Development and application of genome sequencing technology
Genomic sequencing technology refers to the technique of sequencing the entire genome of an organism. With the
continuous development of sequencing technology, from the first generation sequencing technology to the second
and third generation sequencing technology, the throughput, accuracy, and speed of sequencing have been greatly
improved, enabling a deeper understanding of the genome structure, function, and evolutionary process of
organisms. The application of genome sequencing technology is very extensive, including research on human
genetic diseases, animal and plant genes, genomic medicine, drug development, and other fields.

The advent of genome sequencing technologies has revolutionized the study of nucleotide diversity.
High-throughput sequencing methods, such as RNA sequencing, allow for the comprehensive analysis of genetic
variation across the entire genome. These technologies enable the identification of single nucleotide
polymorphisms (SNPs) and other genetic markers at an unprecedented scale and resolution. For instance, deep
transcriptome sequencing has been used to explore sequence variations in transcribed sequences of barley,
revealing tens of thousands of SNPs and their genome-wide distribution (Takahagi et al., 2016). This approach is
particularly useful for species with large and complex genomes, such as barley (Takahagi et al., 2016).

2.3 Detection and analysis of single nucleotide polymorphism (SNP)
Single nucleotide polymorphism (SNP) refers to the genetic marker formed by the variation of a single nucleotide
in the genome. This variation is widely present in the human genome, with an average of 1 SNP per 500~1 000
base pairs. SNPs have significant implications in human genetic diseases, differences in drug response, and
human evolution.

SNPs are the most common type of genetic variation among individuals of a species. They are single base-pair
changes in the DNA sequence and serve as valuable markers for genetic studies. The detection and analysis of
SNPs involve sequencing DNA from multiple individuals and comparing the sequences to identify variations. In
barley, SNP platforms have been employed to assess the evolution and domestication processes. For example, a
study using an oligonucleotide pool assay SNP platform analyzed over 1 000 SNPs in geographically matched
samples of landrace and wild barley, providing insights into the genetic differentiation and hybridization events in
barley populations (Russell et al., 2011). Another study sequenced alleles at multiple loci in barley, identifying
numerous SNPs and using them to construct phylogenetic trees and analyze genetic relationships.

2.4 Application of molecular markers in nucleotide diversity research
Molecular markers refer to DNA sequence variations that can be stably inherited and easily detected. In the study
of nucleotide diversity, molecular markers are widely used in population genetic structure analysis, phylogenetic
identification, gene mapping, and other aspects. Common molecular markers include restriction fragment length
polymorphism (RFLP), randomly amplified polymorphic DNA (RAPD), amplified fragment length
polymorphism (AFLP), and SNP. These markers have different characteristics and applicability, and suitable
marker types can be selected based on specific research objectives and conditions.

Molecular markers, such as SNPs, are essential tools in nucleotide diversity research. They enable the
identification of genetic variations associated with important traits and the study of evolutionary relationships. In
barley, molecular markers have been used to investigate the genetic basis of domestication and adaptation. For
instance, SNP data have been utilized to differentiate between landrace and wild barley, identify regions of the
genome under selection, and suggest possible hybridization events that contribute to the continued adaptation of
barley under cultivation (Russell et al., 2011). Additionally, the use of SNP markers has facilitated the study of
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genome-scale properties of sub-populations in barley, revealing distinct genomic variations between oriental and
occidental barley populations (Takahagi et al., 2016).

3 Impact of Domestication on Nucleotide Diversity in Barley
3.1 The impact of domestication on genetic diversity of barley
Domestication has significantly affected the genetic diversity of barley. Research shows that compared with wild
barley, the nucleotide diversity of domesticated barley has been significantly reduced. For example, the genetic
diversity loss between wild barley and domesticated cultivated barley varies with different chromosomes, and the
difference of 5H chromosome is the largest, which is 35.29% (Table 1) (Yan et al., 2015). This reduction in
diversity is consistent with the research results of other crops such as wheat and rice, where domestication leads to
a significant reduction in genetic variation (Haudry et al., 2007; Zhu et al., 2007).

Table 1 Genetic diversity and diversity ratio in domesticated and non-domesticated gene regions of barley chromosomes (Adapted
from Yan et al., 2015)

Chromosome Domestication or not Wild types Cultivated types Diversity Ratio (%)
1H Domesticated region 0.613 0.379 38.24

Undomesticated region 0.762 0.615 19.30
2H Domesticated region 0.542 0.407 24.83

Undomesticated region 0.842 0.635 24.61
3H Domesticated region 0.515 0.611 -18.77

Undomesticated region 0.744 0.485 34.91
4H Domesticated region 0.757 0.519 31.44

Undomesticated region 0.811 0.550 32.22
5H Domesticated region 0.482 0.231 52.06

Undomesticated region 0.638 0.443 30.53
7H Domesticated region 0.464 0.277 40.27

Undomesticated region 0.815, 0.603 26.04
Average domesticated region Domesticated region 0.558 0.370 33.73
Average undomesticated Undomesticated region 0.741 0.536 27.56

Note: diversity ratio = (diversity of wild type - diversity of cultivated type)/diversity of wild typex100% (Adapted fromYan et al., 2015)

The domestication process often involves genetic bottlenecks, which result in a reduced effective population size
and a loss of genetic diversity. In barley, this bottleneck effect is evident, with significant reductions in genetic
diversity observed in domesticated regions of the genome (Yan et al., 2015). Similar bottlenecks have been
documented in other crops, such as maize and rice, where the founding populations during domestication were
relatively small, leading to a severe reduction in genetic diversity (Tenaillon et al., 2004, Zhu et al., 2007).

Genetic drift and selection pressure during domestication have further shaped the genetic landscape of barley. The
reduction in effective population size due to bottlenecks increases the impact of genetic drift, altering genotype
frequencies and reducing overall diversity (Smýkal et al., 2018). Additionally, selection for agronomically
important traits has led to directional selection at specific loci, further reducing genetic diversity in domesticated
barley(Tenaillon et al., 2004; Beissinger et al., 2015).

3.2 The impact of domestication on the adaptive genes of barley
Domestication has also influenced the adaptive genes in barley. The process has led to changes in gene regulation
and expression, particularly in response to environmental stresses. For example, studies have shown that
domestication has resulted in a reduction of sequence diversity in genes and regulatory regions, impacting the
expression of adaptive genes under stress conditions (Haas et al., 2020).

Adaptive genes play a crucial role in determining crop yield, quality, and other important traits. The selection of
favorable haplotypes around these genes during domestication has created genetic valleys with low diversity,
which can affect traits such as grain softness and end-use quality (Haudry et al., 2007). Understanding the
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correlation between adaptive genes and these traits is essential for improving crop performance and resilience
(Haudry et al., 2007).

The knowledge of adaptive genes and their regulation can be applied in crop breeding to enhance desirable traits.
For instance, genes regulated in cis are more likely to be expressed consistently in new genetic backgrounds,
making them valuable targets for crop improvement using wild relatives (Haas et al., 2020). This approach can
help in developing barley varieties with improved stress tolerance and yield.

Haas et al. (2020) compared the transcriptional level differences between unidirectional and bidirectional non
coding RNAs using two different statistical methods, limma and binary, under both cold and hot conditions. The
study revealed the expression patterns of these genes under different conditions by comparing the differences
in cis regulation and possible trans regulation, as well as the data from the control group and the cold
treatment group . It was found that cis regulated genes have characteristics such as stability, predictability,
and direct effects.

3.3 The impact of domestication on the genome structure of barley
Domestication has led to changes in the genome structure of barley, including alterations in recombination rates
and genomic variation. The reduction in genetic diversity due to bottlenecks and selection has impacted the
overall genomic landscape, with certain regions showing higher divergence between wild and domesticated forms
(Yan et al., 2015).

The domestication process has also resulted in changes in chromosome structure. Comparative studies have
shown that domesticated barley exhibits different patterns of genetic diversity across chromosomes, with some
regions experiencing more significant changes than others (Yan et al., 2015). These structural changes can
influence gene expression and the overall adaptability of the crop.

Copy number variation (CNV) and gene expression are also affected by domestication. The loss of nucleotide
diversity can impact regulatory elements, leading to changes in the expression balance of gene isoforms. For
example, domesticated sorghum shows less variation in isoform expression balance compared to its wild relatives,
suggesting that domestication can lead to more homogenous gene expression patterns (Ranwez et al., 2017).

4 Case Analysis of the Impact of Domestication on Nucleotide Diversity in Barley
4.1 Research cases on domestication of barley at home and abroad
The domestication of barley (Hordeum vulgare) has been a subject of extensive research, revealing significant
insights into the genetic and evolutionary consequences of this process. Domestication has led to a marked
reduction in nucleotide diversity, a phenomenon observed in various studies.

The study conducted by Kilian et al. (2026) examined the haplotype structure of seven barley genes and compared
them with the haplotypes at the same loci of 25 wild forms collected within and outside the Fertile Crescent. The
research found a significant reduction in nucleotide diversity in domesticated barley, with the number of
haplotypes dropping from 70 in wild forms to 17 in domesticated lines. This reduction was attributed to
bottlenecks during domestication and subsequent breeding processes, which significantly decreased genetic
diversity at most loci.

The research by Smýkal et al. (2018) on genetic changes during crop domestication has highlighted the broader
implications of these processes. Domestication often involves selective sweeps, where favorable haplotypes are
retained around selected genes, leading to a genetic valley with extremely low genetic diversity. This phenomenon
has been observed in barley, where selection for traits such as seed size and retention has resulted in reduced
genetic diversity. The study also noted that genetic bottlenecks during domestication or founding events, as crops
moved away from their centers of origin, further altered gene pools, contributing to the reduced nucleotide
diversity observed in domesticated barley.
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Additionally, the domestication of barley has involved changes in morphological features, such as seed size and
inflorescence architecture. The identification of genes like SIX-ROWED SPIKE 1 (VRS1) and
INTERMEDIUM-C (INT-C), which are involved in these morphological changes, underscores the genetic
modifications that have occurred during domestication. These genes have been linked to variations in lateral
spikelet fertility, further illustrating the genetic impact of domestication on barley (Ramsay et al., 2011).

4.2 Nucleotide diversity analysis of specific genes or genomic regions
The impact of domestication on nucleotide diversity can be further understood by analyzing specific genes or
genomic regions. For instance, the Rrs2 scald resistance gene region in barley showed more nucleotide diversity
in wild barley compared to cultivated barley, with three distinct haplotype groups detected across samples from
different countries and regions (Fu, 2012). This indicates that domestication has led to a reduction in genetic
diversity in this specific genomic region.

The analysis of single nucleotide polymorphisms (SNPs) in barley conducted by Russell et al. (2011) revealed
significant chromosome-level differences in diversity around domestication genes, indicating that certain genomic
regions have been more affected by domestication than others. This study also provided evidence that
hybridization serves as a mechanism for the continued adaptation of landrace barley under cultivation conditions
(Russell et al., 2011).

Moreover, a study on the genetic divergence in domesticated and non-domesticated gene regions of barley
chromosomes found that domesticated regions on chromosomes 5H, 1H, and 7H had higher diversity ratios
compared to non-domesticated regions (Yan et al., 2015). This indicates that domestication has led to a more
pronounced reduction in nucleotide diversity in specific genomic regions associated with domestication traits
(Yan et al., 2015).

4.3 Comparative study on the effects of domestication on nucleotide diversity in barley
Domestication has led to significant genetic differentiation between wild and cultivated barley. A study using over
1 000 single nucleotide polymorphisms (SNPs) in geographically matched samples of landrace and wild barley
from Jordan and Syria revealed clear genetic differentiation between the two groups, with limited secondary
contact (Russell et al., 2011). This differentiation is indicative of the genetic bottleneck that occurred during
domestication, which reduced nucleotide diversity in cultivated barley.

The impact of domestication on nucleotide diversity varies across different chromosomal regions. Yan et al. (2015)
investigated the genetic divergence in domesticated and non-domesticated gene regions of barley chromosomes
and found that chromosome 5H exhibited the highest divergence, with a 35.29% reduction in diversity, followed
by chromosomes 3H, 7H, 4H, 2H, and 6H. This study emphasizes that domesticated regions generally show a
higher loss of diversity compared to non-domesticated regions, with an average diversity reduction of 33.73% in
domesticated regions versus 27.56% in non-domesticated regions.

Domestication has also affected gene regulation and expression in barley. An investigation into the contribution of
cis- and trans-acting variants to gene regulation in wild and domesticated barley under cold stress conditions
found that most genes have conserved regulation, with a notable absence of trans effects (Haas et al., 2020). This
stability in gene regulation suggests that domestication has not drastically altered the regulatory mechanisms in
barley, although the overall sequence diversity has been reduced.

Comparative studies with other crops, such as common bean and wheat, provide additional insights into the
effects of domestication on nucleotide diversity. For instance, domestication in common bean resulted in a 60%
loss of nucleotide diversity and an 18% reduction in gene expression diversity (Bellucci et al., 2014). Similarly,
wheat experienced a significant reduction in nucleotide diversity, with bread wheat losing 69% and durum wheat
losing 84% of its diversity during domestication. These findings underscore the common trend of reduced genetic
diversity following domestication across different crop species.
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Despite the reduction in nucleotide diversity, domesticated barley has adapted to a wide range of agricultural
environments. Exome sequencing of geographically diverse barley landraces and wild relatives revealed that
patterns of genetic variation are strongly shaped by geography, with significant correlations between genetic traits
and environmental variables such as temperature and dryness (Russell et al., 2016). This adaptation is facilitated
by the extensive sequence variation in flowering-associated genes, which exhibit strong geographical structuring
and contribute to regional success.

5 The Significance and Challenges of Domestication on Nucleotide Diversity in Barley
Domestication has played a crucial role in shaping the genetic makeup of barley, one of the oldest cultivated crops.
The process of domestication, which began around 10 500 years ago in the Fertile Crescent, involved selecting
traits favorable for agriculture, such as increased seed size and non-shattering spikes (Kilian et al., 2006). This
selection process, while beneficial for crop yield and ease of harvest, has led to a significant reduction in
nucleotide diversity. For instance, domesticated barley shows a marked decrease in haplotype number and
nucleotide diversity compared to its wild progenitors (Kilian et al., 2006). This reduction in genetic diversity
poses challenges for crop resilience and adaptability, as it limits the genetic pool available for breeding programs
aimed at improving disease resistance and environmental stress tolerance (Smýkal et al., 2018).

5.1 Inspiration for crop breeding and genetic improvement
The study of domestication genes in barley provides valuable insights for crop breeding and genetic improvement.
Key domestication traits, such as the six-rowed spike, have been linked to specific genetic changes, offering a
framework for understanding and manipulating these traits in modern breeding programs (Ramsay et al., 2011).
The identification of genes like SIX-ROWED SPIKE 1 (VRS1) and its modifiers, such as INTERMEDIUM-C
(INT-C), which is an ortholog of the maize domestication gene TEOSINTE BRANCHED 1, highlights the
potential for using genetic knowledge to enhance barley yields and adaptability (Ramsay et al., 2011). Moreover,
the discovery of photoperiod-response genes shared between barley and rice suggests that similar genetic
networks can be targeted across different crops to improve agricultural productivity.

5.2 Impact on diversity and sustainability of agricultural ecosystems
The reduction in nucleotide diversity due to domestication has significant implications for the sustainability of
agricultural ecosystems. Lower genetic diversity in domesticated barley can lead to increased vulnerability to
pests, diseases, and changing environmental conditions (Smýkal et al., 2018). This genetic bottleneck effect,
observed in both barley and other crops like wheat, underscores the importance of maintaining and utilizing wild
relatives and landraces in breeding programs to reintroduce lost genetic variation (Russell et al., 2011). The
ongoing adaptation of landrace barley through hybridization with wild types, as evidenced by secondary contact
and chromosome-level differences in diversity, suggests that maintaining a diverse genetic pool is crucial for the
long-term sustainability of barley cultivation (Russell et al., 2011).

5.3 Challenges and future research directions
One of the primary challenges in barley domestication research is understanding the complex interplay between
selection, genetic drift, and gene flow. The significant reduction in genetic diversity observed in domesticated
barley necessitates a comprehensive approach to identify and preserve beneficial alleles from wild populations
(Kilian et al., 2006, Smýkal et al., 2018). Future research should focus on leveraging advanced molecular
technologies, such as genome sequencing and SNP analysis, to map the genetic architecture of domestication
traits and identify regions of the genome under selection (Russell et al., 2011, Smýkal et al., 2018). Additionally,
exploring the demographic histories of barley domestication through population-level molecular analyses can
provide insights into the origins and spread of domesticated barley, informing strategies for genetic conservation
and improvement (Smýkal et al., 2018). Addressing these challenges will be critical for enhancing the resilience
and productivity of barley in the face of global agricultural demands.

6 Concluding Remarks
This study discusses the impact of domestication on the nucleotide diversity and genetic structure of barley,
revealing the loss of genetic diversity in barley during domestication, especially the loss of alleles and the
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decrease in nucleotide diversity. It further explores the diversity changes in specific gene regions during
domestication and analyzes how these changes affect the genetic structure of barley. These findings not only
enhance the understanding of the domestication history of barley, but also provide new perspectives for genetic
improvement and breeding of barley.

The study of the impact of domestication on barley nucleotide diversity is not only an academic pursuit, but also
an important practice in ensuring food security and addressing global challenges. Through in-depth research and
interdisciplinary cooperation, it is expected to unlock the genetic potential of barley, cultivate new varieties that
are more adaptable to the environment, yield higher, and have better quality, and provide solid food security for
the future of humanity.

As mentioned in this study, domestication often accompanies a decrease in genetic diversity and targeted selection
of specific genes. However, it is these choices that have gradually adapted barley to different growth
environments and human needs. Therefore, future research should focus on the changes of specific genes during
domestication and their response to environmental stress, in order to better understand the adaptability of barley.
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