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Summary

An existing 11 microsatellite marker database that resulted from parentage verification in
response to requests from industry, was used to assess genetic diversity among nine breeds of
cattle. These breeds were drawn from B. indicus (Boran (BOR) and Brahman (BRA)), B.
taurus (Angus (ANG) and Simmental (SIM)), and B. taurus africanus (Afrikaner (AFR),
Bonsmara (BON), Drakensberger (DRA), Nguni (NGU), and Tuli (TUL)). Due to the cost of
genotyping, genetic diversity studies using SNPs rely on relatively low numbers of animals to
represent each of the breeds. Large numbers of animals have been genotyped for parentage
verification using microsatellite markers, therefore, the microsatellite information on large
numbers of animals has the potential to provide more accurate estimates of genomic diversity.
A minimum of 300 animals were randomly chosen from each breed and were used to assess
within- and between breed genetic diversity. All breeds had high levels of heterozygosity and
minimal inbreeding. There were distinct differences among the three groups of cattle, but also
support for the notion of taurine influence in some of the Sanga and Sanga-derived breeds.
There is a notable similarity of results observed here using a limited number of genetic
markers and large numbers of animals with the results of studies with similar objectives
which used substantial greater numbers of markers but much fewer animals.
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Introduction

Genetic drift due to small effective population sizes and founder effects, and natural and
artificial selection have caused the development of distinct breeds (MacHugh, 1996). Breeds
of Africa include the indigenous livestock cattle breeds of southern Africa that are Sanga
(African hump-less Bos taurus x humped Bos indicus) and Sanga derived cattle. Sanga cattle,
especially those that are indigenous to southern Africa, have cervico-thoracic humps and
classified as Bos taurus africanus (Meyer, 1984). These breeds include the Afrikaner, Nguni,
Drakensberger, and Tuli; as well as Sanga derived composite breeds such as the Bonsmara.
They are well adapted to the harsh climatic and other environmental conditions encountered
under extensive ranching in South Africa (Schoeman, 1989). However, they are relatively
poorly characterized at the genomic level in comparison to many taurine and indicine breeds.

Using genotypes at microsatellite loci, Greyling et al. (2008), Pienaar (2014), and
Sanarana et al. (2015) characterized individual populations of Bonsmara, Afrikaner, and
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Nguni, respectively. Genetic diversity within and between Afrikaner, Bonsmara,
Drakensberger, and Nguni cattle and their genetic distances from Bos taurus breeds has also
been assessed using the Illumina BovineSNP50 (Illumina, San Diego, California, USA)
(Makina et al., 2014; Zwane et al., 2016; Makina et al., 2016). Due to the cost of genotyping,
such studies rely on relatively low numbers of animals (i.e., ≤ 50) to represent each of the
breeds. Large numbers of animals have been genotyped for parentage verification using
microsatellite markers, therefore, the microsatellite information on large numbers of animals
has the potential to provide more accurate estimates of genomic diversity. Thus, the present
study made use of one such database (provided by Breeders’ Societies) to investigate the
genetic relationships between nine South African Sanga and exotic cattle breeds.

Material and methods

Data

Animals were genotyped, in response to requests from industry for parentage
verification oven the past two decades, by the Animal Genetics Laboratory of the Agricultural
Research Council at Irene, South Africa. The laboratory used 11 microsatellite markers
recommended by the International Society of Animal Genetics (ISAG) for parentage testing.
Loci used during the analyses were BM1824, BM2113, SPS115, ETH3, ETH10, ETH225,
INRA23, TGLA53, TGLA122, TGLA126, and TGLA127. The breeds that were considered
included five Sanga and Sanga-derived breeds: Afrikaner (AFR, 638 animals (number of
animals in raw data)), Bonsmara (BON, 1850 animals), Drakensberger (DRA, 3579 animals),
Nguni (NGU, 1237), and Tuli (TUL, 511); two Bos indicus breeds Boran (BOR, 937 animals)
and Brahman (BRA, 892 animals); and two Bos taurus breeds: Angus (ANG, 1320) and
Simmental (SIM, 744 animals). To represent each breed, at least 300 animals (independent
numbers are provided within Table 1) were randomly chosen from those available that had no
more than two loci with a missing genotype.

Analyses of data

Unbiased heterozygosity (Hz), mean number of alleles (MNA), unbiased F-statistics
(FIS), and allelic richness (Rs) were calculated using Microsatellite-Toolkit (MSToolkit) (Park,
2001), and FSTAT (Goudet, 2002). Bayesian multi-locus clustering, implemented by
STRUCTURE (Pritchard et al., 2000) was used to describe the genetic structure and
relationships between breeds. The analyses consisted of 15 replicate runs at K=1-10 with all
runs consisting of a burn-in period of 100 000 Markov Chain Monte Carlo (MCMC)
iterations followed by an additional 200 000 MCMC iterations from which the results were
extracted. Structure Harvester v0.6.93 (Earl & vonHoldt, 2012) was used to determine the
most appropriate number of clusters (K) using DeltaK (ΔK). Nei’s DA genetic distances
amongst the nine breeds were estimated using allele frequencies where a genetic distance
matrix was used to summarize the data within TreeFit (Kalinowski, 2009) and subsequently
used to construct an unrooted Neighbor-joining (NJ) tree with MEGA6 software (Tamura et
al., 2013).

Results and Discussion

Existing microsatellite marker data from 11 loci were used to characterize nine beef
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cattle breeds that were drawn from B. indicus, B. taurus, and B. taurus africanus. It was
previously shown that animals representative of Angus, Hereford, Jersey, Kerry, and
Simmental could be assigned to their respective breeds with accuracies of > 99 % using only
eight microsatellites (MacHugh et al., 1994).

Genetic variability within breeds

Across the 11 loci used herein, within-breed variation was described by Hz, MNA, Rs, FIS, and
standard deviations thereof, which indicated meaningful results (Table 1). The frequencies of
unbiased heterozygosity estimates in AFR and BOR were less than 0.70, and greater than
0.74 in BON and DRA. AFR and BON also had, on average, fewer alleles and less allelic
richness at each locus. In contrast, the BRA and NGU exhibited the greatest allelic diversity.
For Nguni, Sanarana et al. (2016) found similar levels of heterozygosity, while Pienaar
(2014) found higher estimates of heterozygosity in the Afrikaner. For Columbian Brahman
and Bonsmara cattle, Gómez et al. (2013) and Greyling et al. (2008), respectively, found
slightly less heterozygosity levels than the present estimate. Inbreeding (FIS) estimates was
close to zero consistent with previous findings for AFR (Pienaar, 2014), BON (Greyling et
al., 2008), BRA (Gómez et al., 2013), ANG and SIM (MacNeil et al., 2017) breeds. The
current levels in these seven breeds are not high enough to problematic in the future.
Consequently, the Sanga and Sanga-derived breeds appear to have adequate levels of genetic
diversity since Makina et al. 2014 used 50k single nucleotide polymorphism (SNP) genotypes
to estimate the diversity of Afrikaner, Bonsmara, Drakensberger, and Nguni cattle and found
similar results.

Relationship between breeds

The most likely number of clusters required to describe the between-breed variation that
was present in these data was 2. AFR, BRA, BOR, NGU, and TUL clustered together with
each breed having a probability of membership in that cluster greater than 0.86. Likewise,
ANG and SIM clustered together with a probability of membership in that second cluster
greater than 0.95. The BON and DRA had probabilities of membership in both clusters that
were greater than 0.35, indicating that they were intermediate types. These results are
consistent with the development of the BON breed with the Bos taurus influence (5/8
Afrikaner, 3/16 Shorthorn, and 3/16 Hereford) (http://www.bonsmara.co.za) and the
popularly speculated infusion of ANG into DRA.

At K=3, the Bos indicus breeds formed a distinct cluster in which all the other breeds
had probabilities of membership of < 0.10 (Table 3). Again, the ANG and SIM were
members of a second distinct cluster with probabilities > 0.96. The Sanga and Sanga-derived
breeds were all primarily represented in a third cluster. However, both BON and DRA also
retained probabilities of membership in the cluster with ANG and SIM > 0.10 (Makina et al.,
2014; Zwane et al., 2016). The NJ dendrogram (Fig.1) also illustrates the distances between
the three groups of cattle, with the Sanga cattle grouping separately for the indicine and
taurine breeds.

Conclusion

There is a notable similarity of results observed here using a limited number of genetic
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markers and large numbers of animals with the results of studies with similar objectives
which used substantial greater numbers of markers but much fewer animals (e.g., Makina et
al., 2014; Makina et al., 2016; Zwane et al., 2016). Thus, opportunities that arise to explore
genetic diversity in both the livestock and wildlife industries may capitalize on microsatellite
marker databases which remain cost-effective and accessible due to their continued use for
parentage verification.
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Table 1. Genetic variability estimates of nine beef cattle breeds in South Africa. The
parameters included unbiased heterozygosity (Hz), mean number of alleles (MNA), allelic
richness (Rs), standard deviation (SD), and within breed inbreeding (FIS).

Breed N Hz ± SD MNA ± SD Rs ± SD FIS
AFR 550 0.569 ± 0.055 8.818 ± 2.639 7.646 ± 2.177 0.013
ANG 550 0.703 ± 0.022 11.455 ± 3.417 9.552 ± 2.524 0.028
BON 550 0.741 ± 0.039 10.273 ± 2.901 9.489 ± 2.783 0.025
BRA 550 0.707 ± 0.036 11.091 ± 3.506 10.170 ± 3.422 0.050
DRA 550 0.740 ± 0.036 10.636 ± 3.171 9.927 ± 2.765 0.005
NGU 550 0.731 ± 0.041 11.182 ± 3.371 10.326 ± 3.260 0.024
SIM 550 0.712 ± 0.028 10.909 ± 3.534 9.374 ± 3.176 -0.001
BOR 321 0.696 ± 0.033 9.000 ± 2.490 8.536 ± 2.301 0.005
TUL 511 0.720 ± 0.028 11.000 ± 3.435 9.662 ± 2.644 0.020

Table 2. Proportion of membership of
each breed to two identified clusters
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(K=2).

Breed Inferred clusters
1 2

AFR 0.958 0.042
BOR 0.929 0.071
BRA 0.928 0.072
NGU 0.881 0.119
TUL 0.868 0.132
BON 0.635 0.365
DRA 0.462 0.538
ANG 0.044 0.956
SIM 0.045 0.955
Table 3. Proportion of membership of
each breed to three identified clusters
(K=3).

Breed Inferred clusters
1 2 3

AFR 0.959 0.027 0.014
TUL 0.910 0.040 0.050
NGU 0.814 0.129 0.057
BON 0.775 0.041 0.185
DRA 0.562 0.077 0.361
BRA 0.023 0.947 0.030
BOR 0.181 0.780 0.039
SIM 0.023 0.016 0.961
ANG 0.021 0.019 0.961
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