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Abstract 10 

In southern Africa, the Nguni cattle breed is classified as an indigenous and transboundary animal genetic resource 11 

that manifests unique adaptation abilities across distinct agroecological zones. The genetic integrity of various 12 

ecotypes is under potential threat due to both indiscriminate crossbreeding and uncontrolled inbreeding. The aim 13 

of this study was to assess the genetic diversity and autozygosity that exists both across countries (ES: eSwatini; 14 

SA: South Africa) and within-country (SA), between purebred stud animals (SA-S) and research herds (SA-R). 15 

Subsets of 96 ES, 96 SA-S and 96 SA-R genotyped for 40 930 common SNPs were used to study inbreeding, runs 16 

of homozygosity (ROH) and heterozygosity (ROHet) profiles as well as population structure. The highest 17 

proportion (0.513) of the 3 595 ROH was <4Mb in length, while the majority (0.560) of the 4 409 ROHet segments 18 

fell within the 0.5-1Mb length category. Inbreeding coefficients indicated low inbreeding (FROH range: 0.025 for 19 

SA-S to 0.029 for SA-R). Principal component (PCA) and population structure (K=5) analyses illustrated genomic 20 

distinctiveness between SA and ES populations, greater admixture for SA-R (meanstandard deviation proportion 21 

shared=0.6310.353) compared to SA-S (meanstandard deviation proportion shared=0.7410.123), and three 22 

subpopulations for ES. Overall, results illustrated that genetic distinctiveness in the Nguni resulted from both 23 

geographic isolation and exposure to different production strategies. Although no impending threat to genetic 24 

diversity was observed, further loss should be monitored to prevent endangerment of unique and beneficial 25 

indigenous resources. 26 

Keywords: animal genetic resources, diversity, cattle, inbreeding, indigenous 27 

 28 

Introduction 29 

The Nguni cattle breed is one of more than 150 recognized breeds indigenous to the African continent (Mwai et 30 

al., 2015). Classified as a Sanga breed (Bos taurus africanus), these small to medium-framed cattle have an 31 

admixed genetic composition that is intermediate between Bos taurus and Bos indicus subspecies (Hanotte et al., 32 

2002). Nguni cattle are known for relatively low maintenance requirements (Musemwa et al., 2010), longevity 33 

and high calving rates (Matjuda et al., 2014). Their heat tolerance (Katiyatiya et al., 2017), as well as resistance 34 

to ticks and tick-borne diseases (Muchenje et al., 2008; Mapholi et al., 2014) deem them adaptable to the diverse 35 

production environments characteristic of southern Africa. 36 

Accompanying the settlement of several ethnic groups in different geographic and climatic regions of South 37 

Africa, distinct Sanga cattle ecotypes, phenotypically distinguishable by coat colour variations, developed over 38 

time (Bester et al., 2003) which include the Shangaan, Pedi and Nkone (van Marle-Köster et al., 2021). In the 39 

early 1930’s, Nguni cattle populations were classified as non-descript and an official breed society was only 40 

established in 1986. The SA Nguni as a breed has a relatively short history of animal recording and objective 41 

selection (van Marle-Köster et al., 2021).  42 

Currently, the breed is farmed throughout South Africa, but is most popular in the regions with higher temperature 43 

and humidity in both commercial and smallholder production systems. In rural communities Nguni cattle are 44 

milked for household consumption and play an integral role in cultural and religious ceremonies and are often 45 

only marketed when cash is required (Mapiye et al., 2019). Due to their smaller frame sizes, and relatively slower 46 

growth, Nguni weaners are undesirable and fetch lower prices on the commercial level (i.e. in feedlots; Leeuw & 47 

Jiyana, 2020). There are approximately 240 stud farmers taking part in animal recording and genetic evaluations 48 

(SA Studbook Annual Report, 2016). Genetic characterisation of SA Nguni ecotypes is limited to one study based 49 
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on microsatellite markers (Sanarana et al., 2016) and another using the 50 000-SNP genotyping panel but with 50 

limited sample size (Makina et al., 2014).  51 

In eSwatini, Nguni are found in all six ecological regions of the country where they play a significant role in the 52 

economy of rural communities, contributing more than 70% to the livelihoods of communities dependent on 53 

livestock (Vilakati, 1994). Indigenous eSwatini Nguni cattle are noted as an important heritage of the eMaswati 54 

(people of the kingdom of eSwatini) and has been previously listed as an endangered breed (Scherf, 2000), but no 55 

genetic characterisation has been performed to date. More than two decades ago, four conservation and breeding 56 

stations were established for conservation of the eSwatini Nguni. The mandate of these farm units in 1975 has 57 

changed from conservation alone to a combined focus on conservation and improvement for beef cattle 58 

production. The improvement program consists of inter-crossing of the six different indigenous lines for 59 

multiplication purposes and up-grading of selected populations with exotic breeds that include the Angus and 60 

Brahman (FAO, 2004). Uncontrolled breeding and the approved influx of exotic genetic material for 61 

crossbreeding and up-grading of indigenous populations is considered a threat to the adapted local breeds such as 62 

the Nguni (Keller and Waller, 2002; Taberlet et al., 2008). 63 

Advancements in SNP-based methodologies have allowed the identification of homozygosity and heterozygosity-64 

rich regions to study both genetic uniformity and diversity. Runs of homozygosity (ROH) may be used to describe 65 

the inbreeding status (in terms of degree and age) of populations or to identify genomic regions under selection 66 

(Biscarini et al., 2020). Runs of heterozygosity (ROHet) are genomic regions where diversity might be beneficial 67 

(e.g. adaptive traits) and may indicate balancing selection events (Biscarini et al., 2020). These and other 68 

inbreeding and diversity parameters may assist in evaluating current genetic characteristics and for endangerment 69 

risk assessment of southern African Nguni populations. This study aimed to assess the genetic diversity and 70 

autozygosity that exists both across countries (ES: eSwatini; SA: South Africa) and within-country (SA), between 71 

purebred stud animals (SA-S) and research herds (SA-R). 72 

 73 

Materials and Methods 74 

 75 

Subsets of 96 SA purebred stud animals (SA-S), 96 SA animals from research stations (SA-R) and 96 eSwatini 76 

cattle from three governmental breeding stations (ES) were studied. DNA was extracted from hair (ES, and SA-77 

S) and/or blood samples (SA-R). The ES and SA-R populations were genotyped with the Illumina® Bovine 78 

SNP50 version 2 genotyping panel (54 609 SNPs), while the SA-S population was genotyped with the GeneSeek® 79 

Genomic ProfilerTM uHD bovine genotyping panel (141 716 SNPs). A common set of 40 930 autosomal SNPs 80 

were retained for each population after the exclusion of SNPs on non-autosomal chromosomes, unmapped SNPs 81 

and SNPs that had duplicated genomic positions. Using PLINK software (Purcell et al., 2007) exclusion of 82 

samples and SNPs was based on sample call rate (<90%), SNP call rate (<95%), low minor allele frequency 83 

(MAF<1%) and Hardy-Weinberg Equilibrium (P<0.001). Liberal linkage disequilibrium (LD) based filtering was 84 

additionally employed (r2>0.5) before genetic relatedness and population structure analyses. For the estimation 85 

of extended homozygous and heterozygous fragments (discussed hereafter), separate data sets with no MAF nor 86 

LD filtering applied were used in concordance with guidelines provided by Meyermans et al. (2020). 87 

Runs of homozygosity (ROH) and heterozygosity (ROHet) were identified using the R package detectRUNS 88 

(Biscarini et al., 2018) by executing the consecutive-SNP-based detection method (Marras et al., 2015) using data 89 

sets For ROH and ROHet, a minimum of 45 and 20 SNPs, respectively, as well as 1Mb was required to constitute 90 

a segment. A maximum number of one opposite (heterozygous for ROH and homozygous for ROHet) and two 91 

missing genotypes were allowed with a maximum inter-segment gap of 1Mb. Two coefficients of inbreeding were 92 

calculated: 1) FSNP, which was a SNP-by-SNP based estimation of excess in homozygosity as implemented in 93 

PLINK and 2) FROH, which was a ROH based coefficient. The FROH coefficient was calculated as 𝑆𝑅𝑂𝐻/𝐿𝐺𝐸𝑁, 94 

where 𝑆𝑅𝑂𝐻 represented the summed length of ROH per animals and 𝐿𝐺𝐸𝑁 represented the base pair length of the 95 

genome covered by SNPs. 96 

To assess the genetic relatedness between individuals, a genomic relationship matrix (GRM) was constructed 97 

using GCTA (Genome-wide Complex Trait Analysis; Yang et al., 2011) and used in principal component analysis 98 

(PCA) to estimate eigenvectors per individual. The cross-validation (CV) procedure was used to identify the ideal 99 

number of ancestral populations (K) in ADMIXTURE software (Alexander et al., 2009); the K-value producing 100 
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the lowest CV error was considered ideal. For visualization, population structure bar plots were produced with 101 

GENESIS software (Buchmann & Hazelhurst, 2014).  102 

 103 

Results and discussion 104 

 105 

A total of 3 595 ROH segments were identified, ranging from 1 105 segments for ES to 1 325 segments for SA-106 

R. The sub-totals of ROHet segments were 1 629, 1 467 and 1 313 for the ES, SA-R and SA-S populations, 107 

respectively, which was similar to per-population numbers observed in other studies (e.g. 1 702 for Montana 108 

Tropical composite; Mulim et al., 2021). The mean ROH and ROHet segment lengths were 6.47Mb versus 109 

0.61Mb across the three populations. Albeit complex to compare (due to differing criteria for defining ROH and 110 

ROHet segments), mean lengths were similar to those reported for ROH (8.55Mb) and ROHet (0.70Mb) by 111 

Biscarini et al. (2020) for semi-feral Maremanna cattle. As illustrated in Fig. 1, the highest proportion of ROH 112 

segments (range: 0.500-0.525) were <4Mb in size, which translates to the majority of inbreeding effects occurring 113 

up to 12.5 generations ago (Howrigan et al., 2011). Similar to Biscarini et al. (2020), the 0.5-1Mb length category 114 

ranked the highest in terms of mean proportion of ROHet segments (0.560 across populations). 115 

 116 

Fig. 1 The proportion of runs of homozygosity (ROH; a) and runs of heterozygosity (ROHet; b) within different 117 

segment length categories 118 

 119 

The highest occurring consensus ROH and ROHet runs were identified only in the SA-R population, and are 120 

summarized in Table 1. The most prevalent consensus ROH region encompasses 24 Ensembl protein-coding genes 121 

assembled to the ARS-UCD 1.2 cattle assembly, whereas the ROHet consensus region contained nine. The 122 

1.24Mb ROH region includes, among others, genes involved in inflammatory response (e.g. HDAC3), collagen 123 

binding (e.g. RELL2) and integrated stress response (e.g. DELE1), which causes an upregulation of genes in 124 

response to internal or environmental stressors. The 0.48Mb ROHet region includes genes that may play a role in 125 

myogenesis (e.g. ZNF609 and TRIP4) and endocytosis (e.g. CSNK1G1).  126 

 127 

Table 1 Description and frequency of most prevalent consensus runs of homozygosity and heterozygosity across 128 

populations 129 

 BTA Start (bp) End (bp) N SNPs Frequency 

ROH 7 52 224 595 53 468 463 11 ~20% 

ROHet  10 45 351 906  45 834 171 8 ~19% 

 130 

The inbreeding coefficients indicated low but positive levels of inbreeding. The SA-S population ranked the 131 

highest for the FIS coefficient (mean±standard deviation=0.017±0.046) and the ES population the lowest 132 

(0.001±0.037), which was in concordance with higher FIS estimates previously observed for populations under 133 

high selections pressures (e.g. 0.086 for Hereford versus -0.017 for Montana Tropical composite; Mulim et al., 134 

2021). Although also low positive, the FROH coefficients ranked marginally different with the SA-R population 135 

the highest (FROH=0.029) and SA-S the lowest (FROH=0.025) and this may be due to the frequency distribution 136 

(Fig. 2). For ES and SA-S, there were few highly inbred animals with FROH>0.1 (three and five, respectively) and 137 

this could be a sampling effect or the result of increased over usage of high-impact animals (especially for SA-S). 138 

The distinct and more uniform distribution of FROH for SA-R, and lowest proportion of >32Mb segments, 139 

conveyed a lesser risk of more recent increases in inbreeding. 140 

 141 

Fig. 2 Violin plots illustrating the distribution of FROH values per Nguni population 142 

 143 

The PCA analysis (Fig. 3a) indicated a clear separation of ES and SA populations, with more dispersion observed 144 

within the ES population than the overall SA population, and is consistent with a longer history of methodic 145 

within-breed selection for SA overall (since 1986) compared to a longer history of indiscriminate crossbreeding 146 

with exotic breeds for ES (since 1975). The tighter cluster observed for SA-S than SA-R supports more intense 147 

exposure to artificial selection and the utilization of high-impact animals across herds. Population structure results 148 

(Fig. 3b) supported the clustering patterns depicted in the PCA. The ideal number of ancestral populations (K) 149 
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estimated, with the lowest cross-validation error (CV=0.499), for the merged Nguni data set was five. The 150 

genomic composition of the SA Nguni population was largely derived from two ancestral populations, with SA-151 

S being more uniform (mean proportion shared=0.741) and SA-R displaying a higher degree of admixture 152 

(meanstandard deviation proportion shared=0.6310.353). The three distinct ancestral contributors observed for 153 

ES (shared genetics=0.404 for yellow, 0.249 for pink and 0.286 for green) supported the existence of three separate 154 

breeding lines (consistent with sampling), however, the degree of admixture illustrated increased crossbreeding 155 

across lines and individual ecotypes could be at risk of genetic erosion. 156 

 157 

Fig. 3 Genetic structure of South African cattle breeds, according to principal component analysis (a), and model-158 
based clustering (b) 159 

 160 
In conclusion, the genomic information proved useful to provide insight into the genomic diversity and inbreeding 161 

among the three Nguni populations. The SA and ES populations could be distinguished as separate clusters and 162 

require further investigation for potential ecotyopes. Breeding strategies for ES populations should be monitored 163 

to prevent genetic erosion of subpopulations. Higher resolution genomic profiling (e.g. with whole-genome 164 

sequencing information) of Nguni populations, will provide a more comprehensive picture of the genes included 165 

in consensus ROH and ROHet regions.  166 
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Figures

Figure 1

The proportion of runs of homozygosity (ROH; a) and runs of heterozygosity (ROHet; b) within different
segment length categories



Figure 2

Violin plots illustrating the distribution of FROH values per Nguni population

Figure 3

Genetic structure of South African cattle breeds, according to principal component analysis (a), and
model-based clustering (b)


