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Abstract 
This article delves into the exploration of genomic variants and selective sweeps in livestock, leveraging 

advanced technologies and bioinformatics tools to deepen our understanding. Through the utilization of 
next-generation sequencing (NGS), the identification of single nucleotide polymorphisms (SNPs) and 

insertions/deletions (Indels) is elucidated, underscoring their pivotal role in genetic analyses and breeding 
programs. Particularly, the spotlight is on whole-genome sequencing in goats, accompanied by an 

exhaustive overview of bioinformatics tools, accentuating their indispensable contribution to such 
endeavors. Moving forward, the discussion shifts to the profound impact of animal domestication on 

genetic diversity, shedding light on the detection of selection signatures and the classification of selective 
sweeps. This segment of the article highlights the various methodologies employed to identify selection 

signatures, ranging from population genetics approaches to landscape genomics analyses. By employing 
these diverse approaches, a nuanced understanding of livestock genetics and the intricate dynamics of 

selection for breeding and conservation purposes is achieved, providing valuable insights for future 
research and practical applications in livestock management. 
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Introduction  

In recent years, the advent of next-generation sequencing (NGS) technology has been 

instrumental in advancing genetic studies of complex traits in domestic animals. Whole-

genome sequencing (WGS) approaches have particularly revolutionized these endeavors, 

offering novel avenues for discerning genomic variants among diverse livestock breeds 

adapted to various biogeographic regions and production environments (Weldenegodguad et 

al., 2019) [3]. By comprehensively mapping the entire genome sequence of a species through 

diverse sequencing and assembly alignment methodologies, WGS facilitates the exploration of 

genetic diversity, identification of selection signals, and elucidation of the origins and 

evolutionary trajectories of representative individuals or groups, thus constructing a 

comprehensive whole-genome genetic variation map (Wang et al., 2016) [2]. The imprints of 

selection processes, both natural and artificial, have left distinct signatures across the genome. 

These signatures, termed as selection signatures, manifest as alterations in genetic variation 

within genomic regions proximal to causal variants, induced by the selective pressures exerted 

by natural or artificial factors (Nielsen, 2005; Jensen et al., 2016) [14, 18]. These variants often 

influence multiple traits, ultimately contributing to the distinctive characteristics observed 

within breeds, encompassing a spectrum of phenotypic features such as size, color, horn 

morphology, and various production, reproductive, and adaptive traits. The process by which 

the frequency of a selectively favored variant escalates within a population is known as 

selective sweep (Maynard and Haigh, 2007) [4]. The emergence of species-specific genomic 

tools, such as single nucleotide polymorphism (SNP) arrays, has further propelled whole-  
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genome analyses in livestock species. These tools enable 

researchers to delve into various facets of genetic diversity, 

including the elucidation of signatures left by selection 

processes.  

 

Genomic Variants 

Variations occur both within and between populations, 

resulting in polymorphism that could be associated with 

genetic traits or phenotypes, influenced by environmental 

factors. With the advent of next-generation sequencing (NGS) 

technologies, the identification of numerous genomic variants, 

including single nucleotide polymorphisms (SNPs) and 

insertions and deletions (Indels), has become feasible in 

livestock (Mullen et al., 2012) [6]. SNPs are classified as 

variants occurring at the single base pair level, with a 

frequency of more than 1% in the population. While 

multiallelic SNPs do exist, the majority are biallelic, 

characterized by the occurrence of two alternate bases (Wang 

et al., 1998) [19]. Indel variants entail changes in DNA 

genomes due to the insertion or deletion of nucleotides within 

a small length, typically less than 1000 bp (Sehn, 2015) [20]. 

SNPs represent the most prevalent form of variation in the 

genome and are extensively utilized to explore genetic 

disparities among individuals and populations. These SNPs 

may instigate alterations in the genomic sequence, affecting 

coding regions (exons), intergenic regions, or noncoding 

regions (introns) (Dijk et al., 2014; Ahmad et al., 2018) [21, 22]. 

 

Identification of genomic variants using whole genome 

sequence anlysis  

With the advancement of high-throughput deep sequencing 

technology, researchers now have the capability to analyze 

and sequence the entire genome of animals, thereby detecting 

genomic variants based on reference genomes, which serve as 

valuable resources for genetic analyses (Weldenegodguad et 

al., 2019) [3]. These sequences are currently archived in 

publicly accessible databases, such as GenBank, established 

by the National Center for Biotechnology Information (NCBI) 

(Bai et al., 2012) [8]. Various species have been subject to the 

identification of variants, such as SNPs and INDELs, through 

whole-genome sequencing data. For instance, a previous 

study on goat species reported the detection of millions of 

variants across eight different goat breeds (Wang et al., 2016) 

[1]. Although there is limited information available on whole-

genome re-sequencing in indigenous goat breeds, Chowdhury 

et al. (2019) [9] documented studies on the Black Bengal goat 

breed. The recent advancements in sequencing technologies, 

coupled with their increased cost-effectiveness, have 

facilitated the identification of high-quality variants. 

 

Bioinformatic tools for the identification of genomic 

variants 

To ensure the identification of high-quality variants, it is 

imperative to employ bioinformatics tools that guarantee 

reliability, accuracy, consistency, efficiency, and cost-

effectiveness, given the inherent susceptibility of NGS 

technology to technological errors (Mielczarek and Szyda, 

2016) [10]. A plethora of tools are accessible within the variant 

calling pipeline, spanning from quality assessment to the 

identification of pristine, high-quality variants, as elaborated 

below. 

 
Table 1: Important list of bioinformatics tools for the identification of genomic variants 

 

SL. No Tool Functions 

1. Fast QC Quality control 

2. Trimmomatic Quality filtering, adapter removal 

3. Fastp Adapter trimming and quality filtering 

4. Fastx Trimming the read data 

5. PRINSEQ Trimming of the read 

6. Cutadapt Finds and removes adapter sequences 

7. Burrows Wheel Aligner (BWA) 

Mapping the sequence against referencegenome 

8. Bowtie 1 

9. Bowtie 2 

10. Novoalign 

11. GEM 

12. Samtools Conversion of BAM to SAM, sorting and manipulation of files 

13. Picard tool Removes duplicates 

14. VCFtools Filtering the raw data, Manipulation of VCF files, statistics calculation in SNP 

15. GATK Toolkit used for variant calling 

16. 

Annovar 

Annotation of the variant Variant Effect Predictor 

SnpEff 

 

Selective sweeps 

The process of animal domestication has exerted significant 

influence on human socioeconomics and cultural identity. As 

animals underwent domestication, they underwent various 

changes in physical attributes, behavior, and production traits 

due to both natural and artificial selection, ultimately leading 

to the emergence of new breeds (Flori et al., 2009) [11]. These 

processes of natural and artificial selection deviate from the 

patterns of molecular variation predicted by the neutral 

theory, as each type of selection uniquely affects both the 

selected loci and the neutral loci linked to them (Kreitman, 

2000) [12]. 

When a newly developed allele conferring a selective 

advantage undergoes positive selection, it tends to increase in 

frequency within the population and carry linked neutral 

alleles along with it. This phenomenon is commonly referred 

to as selective sweeps or hitchhiking effects (Maynard-Smith 

and Haigh, 1974; Charlesworth, 2007) [4, 23]. Detection of 

selection signatures has become a primary focus for animal 

geneticists, as these signatures can unveil genes and 

advantageous mutations that confer selective advantages 

within specific livestock populations (Zhao et al., 2015) [13]. 

The identification of selection signatures has significantly 

advanced our understanding of the evolutionary processes that 

shape genetic and genomic variability. It has also contributed 
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to the development of methods for selection and conservation 

(Nielsen, 2005) [14]. Maynard-Smith and Haigh proposed three 

distinct patterns that emerge locally surrounding the location 

of an advantageous mutation. These include a reduction in 

segregating sites density in adjacent regions to decrease 

heterozygosity, a skewness in the site frequency spectrum 

(SFS) towards extreme frequencies, and an increase in 

haplotype linkage disequilibrium (LD) around the positively 

selected allele compared to neutral expectations (Maynard-

Smith and Haigh, 1974) [4]. 

In recent years, the search for genes or genomic regions 

associated with economically significant traits favored by 

selection has garnered increased interest among researchers. 

This heightened interest has been fueled by advancements in 

next-generation sequencing (NGS) technologies, improved 

statistical tools, enhanced availability of genomics data, and 

the proliferation of bioinformatics tools. 

 

Types of selective sweeps 

Selective sweeps come in various types, including hard or 

soft, complete, or partial, contingent upon the origin, nature, 

and frequency of mutation. 

Hard/classic selective sweep: In this scenario, the adaptive 

allele undergoes an increase in frequency across subsequent 

generations, eventually achieving fixation within the 

population. This process leads to a reduction in genetic 

variation both upstream and downstream of the favorable 

alleles, termed as a selective sweep (Pritchard et al., 2010) [15]. 

Soft selective sweep: Soft selective sweeps can be categorized 

into two types based on the presence of beneficial alleles, 

namely single-origin and multiple-origin soft sweeps 

(Hermisson and Pennings, 2017) [16]. 

In a single-origin soft sweep, the selection process acts upon 

standing genetic variation, which was previously either 

neutral or deleterious. The signatures left by selection in such 

cases tend to be less apparent initially but eventually become 

fixed due to environmental influences or genetic changes over 

time (Hermisson and Pennings, 2005) [16]. In contrast, 

multiple-origin soft sweeps involve the emergence of 

numerous advantageous mutations at a single locus across 

various genomic backgrounds. These mutations 

simultaneously increase in frequency, preventing any one of 

them from reaching fixation individually during the selective 

sweep (Saravanan et al., 2020) [17]. 

 

Different approaches used for identification of selection 

signatures 

Site Frequency Spectrum 

The Site Frequency Spectrum (SFS) constitutes a set of tests 

reliant on the distribution of allele frequencies within a 

population (Achaz, 2009; Ronen et al., 2013) [24, 25]. Various 

methods, including Tajima's D (Tajima, 1989), Fay and Wu's 

H statistic (Fay and Wu, 2000), and the composite likelihood 

ratio test (CLR) (Lindsay, 1988), are employed to discern 

selected regions. 

 

Linkage Disequilibrium 

Linkage Disequilibrium (LD) methods gauge prolonged 

homozygous regions characterized by haplotypes with high 

frequencies engendered by selective sweeps. Techniques such 

as Long Range Haplotype (LRH), Extended Haplotype 

Homozygosity (EHH), Relative Extended Haplotype 

Homozygosity (REHH) (Sabeti et al., 2002) [26], and 

integrated haplotype score (iHS) (Voight et al., 2006) [27] are 

utilized for this purpose. 

 

Reduced local variability 

Reduced local variability methodologies target the 

identification of genomic regions exhibiting diminished 

variation relative to the genome average. Approaches such as 

runs of homozygosity (ROH) (McQuillan et al., 2008) [28] and 

pooled heterozygosity (Hp) (Rubin et al., 2010) [29] are 

employed in this regard.  

  

Population Differentiation 

Population differentiation incorporates two approaches: 

fixation index (FST) (Wright, 1949) [30] and FLK (Bonhomme 

et al., 2010) [31], within differentiation-based methodologies. 

 

Conclusion 

The integration of next-generation sequencing (NGS) 

technology, particularly whole-genome sequencing (WGS), 

has significantly propelled genetic studies in domestic 

animals. By leveraging diverse sequencing and assembly 

alignment methodologies, WGS has enabled the 

comprehensive mapping of entire genome sequences, 

facilitating the exploration of genetic diversity and the 

identification of selection signals. Selection signatures, 

resulting from natural and artificial selection processes, 

manifest as alterations in genetic variation within specific 

genomic regions, ultimately shaping various phenotypic traits 

observed within breeds. The emergence of species-specific 

genomic tools, such as single nucleotide polymorphism (SNP) 

arrays, further enhances the elucidation of genetic disparities 

and selection signatures. Additionally, the identification of 

genomic variants, including SNPs and insertions/deletions 

(Indels), through whole-genome sequencing analysis, offers 

valuable insights into genetic traits and population diversity. 

To ensure the accuracy and reliability of variant 

identification, the utilization of bioinformatics tools within the 

variant calling pipeline is essential. Overall, the utilization of 

advanced genomic technologies and bioinformatics tools has 

revolutionized genetic analyses in livestock, paving the way 

for comprehensive understanding and practical applications in 

breeding and conservation efforts. 
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