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Introduction 

Selection signatures are distinct patterns in the genome that develop because of natural or 

artificial selection processes (Gouveia et al., 2014). These genetic footprints reflect past and 

continuing selective pressures on populations and can be identified by differences in allele 

frequencies, haplotype structure, or levels of population divergence. Innovations in high 

throughput genotyping technologies and the development of robust statistical approaches 

have significantly improved the ability to discover and analyse selection signatures in 

domestic animal species (Dong et al., 2013; Makina, 2015). Despite this, comparative 

genome-wide selection scans using a consistent high-density SNP platform and multiple 

complementary selection methods across both indigenous and commercial breeds remain 

limited. Selection signatures in South African beef cattle can be investigated using a range of 

population-genetic approaches that are designed to identify genomic regions subjected to 

natural or artificial selection (Scholtz, 2010). The methods include FST (Fixation Index), a 

statistical measure of genetic differentiation among populations that quantifies allele 

frequency divergence and enables the detection of genomic regions influenced by population-

specific selection pressures (MacNeil and Matjuda, 2008). The current study aims to identify 

selection signatures and candidate genes for unique traits in four South African beef cattle 

breeds using FST statistical analysis. 

 

Materials & Methods 

Ninety-six semen samples from South African cattle breeds: Bonsmara (n = 21), Nguni (n = 

28), Simmental (n = 25), and Angus (n = 22) were genotyped using the Illumina BovineSNP 

150K BeadChip. Quality control filtering excluded SNPs with a genotyping rate < 95% and 

minor allele frequency < 0.05, remaining 105,675 SNPs across 78 individuals for analysis. 

Selection signatures between cattle breeds was detected for fixation index (FST) in R Studio 

environment using packages: data. table, qqman, biomaRt, clusterProfiler (Yu, 2024), and 

org.Bt.eg.db, and statistically significant loci were identified using a Bonferroni-adjusted 

significance threshold (P < 0.05/N) to control for multiple testing. Candidate genes located 

within significant SNP regions were annotated using the biomaRt package and subsequently 

converted to Entrez gene identifiers using org.Bt.eg.db for downstream functional analysis. 

Gene Ontology enrichment analysis was performed using the clusterProfiler packages to 

identify significantly overrepresented biological processes. 

 

Results 

The FST Manhattan plot identified multiple genomic regions for Bonsmara vs Nguni, 

significant differentiated regions were detected on BTA 5, 9, 11, 14, 20, and 28, with notable 

SNP markers harbouring candidate genes on BTA 5: (BovineHD0500007004) and BTA 9 

(ARS-BFGL-NGS-2280) (Figure 1A). For Angus vs Simmental, significant differentiation 

was observed on BTA 5, 6, 7, 13, 18, 19, 21, and 27 (Figure 1B).  
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Figure 1: Pairwise population differentiation based on fixation index (FST) among Angus vs 

Simmental and Bonsmara vs Nguni.  

 

Bonsmara vs Angus revealed strong genetic differentiation, with significant SNPs identified 

on BTA 8, 11, 17, 20, 26, and 28, with candidate gene associated SNP located on BTA 8 

(ARS-BFGL-NGS-22801) (Figure 2A). For Nguni vs Simmental, significantly differentiated 

genomic regions were detected on BTA 8, 20, and 23, with candidate gene associated SNPs 

identified at BTA 20 (ARS-BFGL-NGS-78613) (Figure 2B). 

Genetic differentiation revealed varying levels of genetic differentiation among the studied 

cattle populations. Lower differentiation was observed in The Bonsmara vs Nguni (FST = 

0.02; mean = 0.03ᵃ; n = 10 SNPs), indicating relatively low genetic divergence between these 

breeds. Moderate differentiation was observed in Angus vs Simmental (FST = 0.09; mean = 

0.11ᵇ; n = 10 SNPs), while higher levels of differentiation were detected in both the 

Bonsmara vs Angus (FST = 0.10; mean = 0.13ᶜ; n = 7 SNPs) and Nguni vs Simmental (FST = 

0.11; mean = 0.13ᶜ; n = 3 SNPs) comparisons (Table 1) 

 

Table 1. Mean and weighted FST values and the number of chromosomes containing 

significant SNPs across breed comparisons. 

Breeds Mean FST Weighted FST No. of chromosomes 

with significant SNPs 

Bonsmara vs Nguni 0.02 0.03ᵃ 10 

Angus vs Simmental 0.09 0.11ᵇ 10 

Bonsmara vs Angus 0.10 0.13c 7 

Nguni vs Simmental  0.11 0.13c 3 

A 
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Figure 2: Pairwise population differentiation based on fixation index (FST) among Bosmara 

vs Angus and Nguni vs Simmental 

 

The candidate genes identified revealed that GRIK2 (Glutamate ionotropic receptor kainate 

type subunit 2) and GALNTL6 (Polypeptide N-acetylgalactosaminyltransferase like 6) were 

associated with bovine tuberculosis susceptibility, while PLXNC1(plexin C1) was linked to 

anti-Müllerian hormone levels related to fertility, and ADAMTS12 (ADAM metallopeptidase 

with thrombospondin type 1 motif 12) to body weight (Table 2). 

 

Table 2. Genomic differentiation and population-specific selection revealed by FST analysis 
Breed Gene BTA Position (Mbp) Trait 
Bonsmara vs Nguni GRIK2 9 47.8892 Bovine tuberculosis susceptibility 

and insemination per conception 

 PLXNC1 5 23.9158 Anti-Müllerian hormone level 
Bonsmara vs Angus GALNTL6 8 4.4864 Bovine tuberculosis susceptibility 

 
Nguni vs Simmental ADAMTS12 20 39.8731 Body weight 
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Discussion 

The analyses revealed extensive genomic differentiation among beef cattle breeds in this 

study, consistent with previous genome-wide studies in cattle populations. For example, 

multiple genomic regions differentiating taurine and indicine cattle have been reported using 

Fst scans, revealed breed formation and population history (Zhao et al., 2015). The low 

differentiation between Bonsmara and Nguni suggests shared adaptive backgrounds. This 

shared genomic regions under selection may reflect selection pressures arising from similar 

production environments, overlapping breeding objectives, or historical gene flow between 

geographically proximate populations (Xu et al., 2018; Nayak et al., 2023).Whereas higher 

differentiation in Bonsmara vs Angus and Nguni vs Simmental indicates divergence due to 

selection for growth and environmental adaptability. The detection of candidate genes such 

as GRIK2, GALNTL6, PLXNC1, and ADAMTS12 further highlights the contribution of 

disease resistance, fertility, and body weight traits to the observed genomic differentiation 

among the breeds. 

 

Conclusions 

In conclusion, the FST analysis revealed clear genomic differentiation among Bonsmara, 

Nguni, Angus, and Simmental cattle, reflecting differences in adaptation, selection history, 

and production objectives and further showed candidate (GRIK2, GALNTL6, PLXNC1, 

ADAMTS12) related to disease resistance, fertility, and body weight. 
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