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Introduction

The Nguni cattle breed is widely utilised by smallholder farmers due to its resilience and
tolerance to harsh environmental conditions, requiring minimal production inputs
(Nyamushamba et al., 2017). This breed is primarily kept for meat and milk production in
remote areas, making it pivotal to food security, particularly in low-resource communities.
Despite its importance, the production and reproduction traits of the Nguni breed have not been
extensively studied. However, several studies have explored its genomic architecture. These
include investigations into genetic diversity among ecotypes (Madilindi et al., 2020), the
prevalence of copy number variations (CNVs) and structural variants (Wang et al., 2015), and
genome-wide association studies identifying single nucleotide polymorphisms (SNPs) linked
to coat colour patterns (Kunene et al., 2022). This study aimed to identify runs of homozygosity
(ROH) in purebred Nguni and F2 Nguni populations. ROH is a measure used to understand the
influence of selection; consequently understand the continuous homozygous genomic regions
inherited from both parents through identity by descent (IBD) (Purfield ef al., 2012;
Mastrangelo et al., 2018). Analysing ROH enables the tracing of ancestry to common
progenitors and the inference of past population demography. Furthermore, ROH patterns
reflect genomic signatures left by natural or artificial selection, and their lengths provide
insights into the recency of such selection events (Howrigan et al., 2011; Gutiérrez-Gil et al.,
2015; Goszczynski et al., 2018; Szmatota et al., 2019). Consequently, detailed investigation of
ROH in indigenous breeds is essential, as these populations exhibit unique adaptive traits that
enable survival under harsh environmental conditions.

Materials & Methods

Two hundred and sixteen (216) of F2 Nguni and four hundred and twelve (412) Nguni cattle
were genotyped using Bovine 150K SNP chip assay from Illumina at the Agricultural research
council Biotechnology Platform and Neogen Company. Quality control of the data was
conducted using Plink 1.9 (Chang et al., 2014). Quality control criteria included the exclusion
of markers with MAF < 0.02, SNP call rates <0.95, HWE deviation < 0.0001 and animals with
a call rate <0.90. DetectRuns by Biscarini ef al. (2018) was used to detect ROH in both Nguni
and F2 Nguni using the windowSize approach (slidingRuns). For downstream analysis e.g.,
computing hotspot regions, runs >1MB and >50 SNPs were kept for further analysis. The
distribution of ROH in each population was determined and hotspot regions were defined using
a criterion of 0.05 per ROH. Public repository PANTHER was used to determine a subset of
genes found in the hotspot regions.

Results & Discussion

PCA of Nguni and F2 Nguni and the distribution of ROH. After quality control, a total of
412/40044 and 216/112036 animals and SNPs remained for Nguni and F2 Nguni, respectively.
To determine clustering of the populations, a principal component analysis was conducted
using the Nguni and F2. Clustering of the Nguni was explained by PCA2 (2.09%), while the
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F2 was explained by PCA1 (7.78%) which captures variation, an expected outcome since this
is an F2 population thus carrying an increased level of genetic diversity (Figure 1A). The
number of runs detected for Nguni population was 82,708 with an average ROH of
approximately 200 per individual. Characterisation of ROH showed that the longest ROH
across the Nguni population was on BTA1 (Figure 1B) from 67.73Mb to 154.9Mb (87.2Mb);
and consisted of 1468 SNPs. While the shortest was on BTA14, from 6.62Mb to 7.18Mb
(560kb); consisting of 21 SNPs. The number of runs detected in the F2 Nguni was 80,575 with
an average ROH of approximately 400 runs per individual. Similarly, characterisation of ROH
revealed that across the population, the longest ROH was on BTA4 (Figure 1C) from 7.03 to
118.68Mb (111.65Mb) with a total of 4652 SNPs. The shortest ROH length across the
population was on BTA18 with average length of 250kb from 65.3Mb to 65.5Mb; consisting
of 22 SNPs.
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Figure 1: A) Principal Component Analysis. ROH distribution of the B) Nguni and C) F2
Nguni the whole genome



ROH hotspots and candidate genes across genome of Nguni and F2 Nguni. Runs of
homozygosity hotspots represent regions where ROH occur with a high frequency, thus
indicating presence of selection signatures. We identified eight (8) hotspot regions across the
genome of the Nguni on BTA4, BTAS, BTA6, BTA7, BTAS, BTA11, BTA12 and BTA21
(Figure 2A). While on F2 Nguni, we detected eleven (11) hotspot regions; these were on BTAI,
BTAS, BTA7, BTA9, BTA10, BTA11, BTA16, BTA17, BTA18, BTA19 and BTA21 (Figure
2B). Four of the chromosomes where hotspots were detected were common between the
populations. A variation of genes associated with various functions were identifies and the
most prevalent were genes associated with adaptation and disease resistance in Nguni and
production in F2 Nguni (Table 1).
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Figure 2. ROH hotspots across the genome of A) Nguni and B) F2 Nguni populations

Table 1. A subset of genes identified within ROH hotspot regions

Number of Genes associated
Population Chromosome SNPs with the region
Neuni BTAI11 450 NRNI, TMEM10S8, LLPH, PMEL
BTA21 210 NUDT21, NUDTI16, TAFS
BTAS 350 TOP2B, SPACA3, FAM170B
F2 Nguni BTA9 200 TYRPI, DCT, RABI1A4
BTA17 350 MREG, HPS5, EDNRA
BTA21 383 LSMS, AHSP, SOCS5




Conclusions

The presence of ROH in both Nguni and F2 Nguni populations indicates regions of the genome
that may have undergone selection, potentially reflecting adaptation to local environmental
conditions and management practices. Identified genes within hotspots were associated with
biological regulation, metabolic processes and reproduction, thus displaying evidence of
adaptative characteristics in the breed. This research adds to the body of work that is done on
indigenous cattle breeds. Moreover, the study reveals the genomic architecture and the
important genomic regions that are not fully explored to improve the indigenous cattle breed.
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