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Summary
Sheep (Ovis aries) genomic structure and diversity and the role of selection programs in
breed formation could be useful in genomic prediction programs and maximizing realized
genetic gain. In South Africa, sheep commercial farmers rely on several industrial breeds but
on smallholder farms, extensively raised breeds predominate. Sheep breeds have been
developed for different production systems ranging from mutton, wool, pelt and some dual
purpose and non-descript breeds kept by smallholder farmers. Most breeds have been
developed for adaptive and functional traits leading to a diverse array of phenotypically
distinct breeds. This study investigated genetic diversity, population genetic structure and
divergence between breeds in order to gain an insight into breed history and genomic
architecture of the various sheep breeds of South Africa. The study used the Illumina
OvineSNP50k BeadChip array to estimate and compare heterozygosity, FIS and the level
population clustering and divergence among 400 individuals belonging to 11 South African
sheep populations representing mutton (23 Dorper, 14 Blackhead Persian, 48 Meatmaster, 30
Nguni, 10 South African Mutton Merino and 12 Namaqua Afrikaner animals), pelt (96
Swakara animals) and mutton and wool dual purpose (56 South African Merino, 50 Dohne
Merino and 51 Afrino animals) breeds. Across breeds, genetic diversity ranged from HO =
0.621 (Dohne Merino) to HO = 0.749 (Namaquar Afrikaner) with an overall mean of 0.688.
The Nguni (F = 0.274) and White Sub-Vital and Vital Swakaras (F = 0.229 and 0.209,
respectively) were the most inbred breeds. The Blackhead Persian (F = -0.077) and Karakul
(F = -0.034) were the least inbred. The first principal component grouped the Merinos,
Swakara, and the other breeds into separate clusters. The first principal component explained
approximately 25.24% of the total variation and clustered the breeds according to their
function and historical origin splitting the different Merino specialised breeds and
distinguishing the Nguni, Namaqua Afrikaner, Blackhead Persian, Afrino and Dorper breeds.
Signature of selection analysis revealed divergence between the Namaqua Afrikaner and the
(i) Merino and the Merino-derivative group of sheep such as Afrino and (i) Dorper (ii)
Meatmaster and (iii) Nguni on SNPs on chromosomes 3 and 6. The study overall
demonstrated production system driven population sub-structuring and some selection
pressures associated with the different breeding goals and objectives.
Key words: ovine SNP50K genotypes, population structure, selection signatures, sheep, South
Africa.

Introduction
The vibrant sheep (Ovis aries) industry in South Africa contributes significantly to
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the total livestock gross domestic product (Cloete et al., 2014). Extensive differences in the
geographical landscape and a wide array of management programs for feeding, breeding and
health improvement has shaped the phenotypic and genetic differences among sheep breeds
in South Africa. Rapid phenotypic diversification has occurred resulting in a spectrum of
contemporary sheep breeds that are adapted to a diverse range of environments and
exhibiting the specialised production of wool, meat, milk and pelts. Several industrial breeds
are reared mainly on commercial farms. Smallholder communal farmers keep non-descript
uncharacterised breeds for multiple purposes ranging from being a source of meat, income
generated through sales and as a source of security.
South Africa has numerous sheep breeds consisting of indigenous and exotic types.
The South African Meat Merino or SAMM is a wool and meat sheep originating in South
Africa, but now found throughout the world. The South African Merino was developed from
the German Merino and is a dual purpose breed used primarily for wool but also for meat
production. The Dohne Merino is a breed of domestic sheep from South Africa. The breed
was started in the late 1930s by the South African Department of Agriculture. It was
developed by interbreeding Peppin-style Merino ewes and German Mutton Merino rams. The
Dorper is a composite derived from Dorset Horn and Persian breeds and used for meat
production the (Cloete and Olivier 2010). The Dorper breed is now numerically the second
largest breed in South Africa. Although the Dorper breed was declared indigenous to South
Africa, it has found its way all over the world.
In the present study, we investigated 11 South African exotic and indigenous breeds
that represent the 4 main sheep types (mutton, wool, dual-purpose and pelt) in South Africa
using the Illumina Ovine SNP50k Genotyping BeadChip. The aim was to analyse the
population structure and the impact of genome selection among these South African sheep
breeds.

Materials and methods
Animal Material
A total of 400 animals belonging to 11 breeds consisting of mutton, pelt and wool
breeds were used in this study. The mutton breeds were of South African Merino (n=56),
Mutton Merino (n = 10), Dohne Merino (n = 50), Meatmaster (n = 48), Blackhead Persian (n
=14) and Namaqua Afrikaner (n = 12). The four pelt-coulor Swakara subpopulations of Grey
(n = 22); Black (n = 16); White-vital (n = 41) and White-subvital (n =17) where used as local
pelt producing breed while the Karakul (n =10) was sampled from Halle as an ancestral
population of the Southern African Swakara breeds. Dual purpose breeds used for both
mutton and wool of Dorper (n = 23); Afrino (n = 51) and unimproved Nguni sheep (n =30)
were also used (Table 1). The commercial meat and wool breeds were obtained from
Grootfonetin Agricultural Development Institute (GADI) and other commercial farms in the
Eastern Cape and Northern Cape provinces of the South Africa. The Swakara sheep where
sampled from Swakara pelt farming farms in Namibia as well as from the Northern Cape
provinces of South Africa. The Nguni breed is a non-descript indigenous sheep of South
Africa raised by communal farmers in the KwaZulu-Natal region of South Africa.
Genotyping & SNP Quality Control
The 400 sheep were genotyped using the Illumina OvineSNP50 BeadChip using the
infinium assay platform at the Agricultural Research Council-Biotechnology Platform in
South Africa. SNP genotypes were called using genotyping module integrated in
GenomeStudio™ V2010.1 (Illumina Inc.). SNPs were pruned for missing genotypes
(GENO) > 0.95, genotype calling (MIND) > 0.95, minor allele frequency (MAF) > 0.01 and
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deviation from Hardy Weinberg Equilibrium (HWE > 0.0001) resulting in 36,975 markers
and 400 individuals remaining for further analysis using PLINK (Purcell et al., 2007).
Closely related animals as inferred by kinship estimate (identity by descent of > 0.45) were
filtered out together with SNPs in high LD at a threshold of r2 > 0.45 to generate a dataset
used for PCA analysis.
Inbreeding coefficients and population structure analysis
Inbreeding co-efficient was estimated in Golden Helix SVS software (Golden Helix
Inc., Bozeman, MT, 2012) using the formula: ; where O = the number of observed
homozygotes; E is the number of expected homozygotes and L = the number of genotyped
autosomal markers. Population structure was determined using Principle Component
Analysis implemented in Golden Helix SVS software (Golden Helix Inc., Bozeman, MT,
2012).
Detection of genomic regions under selection
To detect selection signatures, we used SHAPEIT v2.r790 (Delaneau et al. 2012) to
phase and then used the REHH package in R developed by Gautier & Vitalis (2012) to
calculated iHS and Rsb statistics as suggested by Sabeti et al. (2002).

Results and discussion
Heterozygosity estimates and inbreeding coefficients
Across breeds, genetic diversity ranged from HO = 0.621 (Dohne Merino) to HO =
0.749 (Namaquar Afrikaner) with an overall mean of 0.688. The Nguni (F = 0.274) and
White Sub-Vital and Vital Swakaras (F = 0.229 and 0.209, respectively) were the most
inbred breeds. The Blackhead Persian (F = -0.077) and Karakul (F = -0.034) were the least
inbred (Table 1).
Population clustering based on PCA analysis
The first principal component clustered the breeds according to their function and
historical origin splitting the different Merino specialised breeds and distinguishing Namaqua
Afrikaner, Blackhead Persian, Afrino and Dorper breeds (Figure 1) and explained 25.24% of
the total variation. The second principal component explained approximately 21.54% of the
total variation and grouped animals into four main clusters of (i) Merinos and Afrino, (ii) the
Swakaras, and (iii) Nguni and (iv) other breeds (Dorper, Namaqua Afrikaner, Blackhead
Persian and Meatmaster).
Pairwise population divergence and signatures of selection
Signature of selection analysis revealed divergence (-log10(P) >6 ) between the Merino and
the Merino-derivative group of sheep such as Afrino and (i) Dorper (ii) Meatmaster and (iii)
Nguni on SNPs on chromosomes 3 and 6 (Supplementary Figure 2).

Conclusion
The study overall demonstrated production system driven population sub-structuring and
some selection pressures associated with the different breeding goals and objectives.
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Table 1: Population sample size, heterozygosities and inbreeding coefficient.
Breed
No. animals
F
HO
HE
Merino
56
0.053
0.636
0.615
SA Mutton Merino
10
0.127
0.664
0.615
Dohne Merino
50
0.016
0.621
0.615
Meatmaster
48
0.065
0.641
0.616
Dorper
23
0.167
0.679
0.615
Afrino
51
0.067
0.641
0.615
Namaqua Africana
12
0.154
0.749
0.703
Blackhead Persian
14
-0.077
0.746
0.765
Nguni
30
0.274
0.721
0.615
White Vital Swakara
41
0.209
0.700
0.615
White Sub-Vital Swakara
17
0.229
0.704
0.615
Black Swakara
16
0.162
0.679
0.616
Grey Swakara
22
0.142
0.670
0.615
Karakul
10
-0.034
0.717
0.726
Overall
400
0.172
0.688
0.623

Fig 1: PCA based population structure
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Appendices

Fig 2. Manhattan plots of 26 autosomes for iHS on the pure breeds. Rsb between
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Merino/Dorper, between BHP/Dorper, Nguni/Dorper SDs, respectively.
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