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Summary

A study was conducted using HAPFLK and Bayescan to identify selection signatures in
purebred Dorper, Namaqua Afrikaner and South African Mutton Merino sheep breeds.
Selection signatures obtained using HAPFLK identified 26 significant SNP markers with
selective sweeps on chromosome 1 and chromosome 2. Heat shock protein 28 (DNAJC28)
were under selection on chromosome 1 and genes on chromosome 2 were gonadotropin
releasing hormone (GNRH1), melanoregulin (MREG), spermatogenesis associated protein
31C2 –like and testis-expressed sequence 10 protein –like. The Bayescan method suggested
92 loci that were under selection. A signature was found on chromosome 10 in
relaxin/insulin-like family peptide receptor 2 (RXFP2) that plays a role in the absence of
horns (polledness) in sheep. This study suggested that some important genes for reproduction
and adaptation to heat stress as suggested by HAPFLK, whereas the Bayescan confirmed
traits like polledness and keratin that indicates ancient selection.
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Introduction

Selection signature analyses are used to determine regions of the genome, candidate
genes and putative phenotypes that have been subjected to strong recent selection in
populations. It is a reverse genetic approach allowing the inference of selected mutations and
their associated phenotypes (Ross-Ibarra et al., 2007). Different statistical methods can be
used to detect selection signatures, including the Fst and more recently FLK approaches
(Fariello et al., 2013). The Fst outlier approach has commonly been used in selection
signature studies (Kijas et al., 2012); however, there are some limitations to only using Fst
measures. Fst does not account for sampling errors in terms of unequal sample sizes, whereas
FLK accounts for sample size, admixture and hierarchal structures between populations
(Fariello et al., 2013). Kijas et al., (2012) used the Fst approach to identify selection
signatures in world sheep populations and predicted 31 genomic regions to be under selection.
Selection signature studies have been widely applied in cattle, goats and pigs (Ramey et al.,
2013; Ai et al., 2013; Ma et al., 2015; Kim et al., 2016). Limited research has been
performed to identify selection signatures in South African sheep populations.

Knowledge concerning how sheep populations have differentiated is of potential value
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to the further improvement of sheep breeding schemes. The objective of this study was to
compare HAPFLK and Bayesian Fst implementation to detect selection signatures related to
physiological pathways putatively linked to robustness traits that have been under strong
recent selection in the South African sheep breeds.

Material and methods

The sites of sample collection were the Nortier Research Farm, South Africa. Ethical
approval was obtained from the Departmental Ethics Committee for Research on Animals
(DECRA). Nortier is located at 32º 5' 32.0833" S, 18º 18' 18.3000" E. Nortier is located in
the West Coast district and are classified under the Succulent Karoo Biome, described by
Acocks (1988). The succulent Karoo mainly consists of succulent plants and is a winter
rainfall area. Altitude ranges from sea level to 1500 m and the annual rainfall range between
20 and 350 mm.

The DNA samples were genotyped using the OvineSNP50 Bead Chip. Genotypic data
were analysed using PLINK (Purcell et al., 2007). Data for 307 individuals were analysed.
Quality control was conducted by setting thresholds for minor allele frequency <0.01,
genotype call rate per animal at 95% across all breeds. The data were pruned according to
these criteria and 48078 SNPs for 193 sheep were retained and used in the analyses.

Population structure was investigated using fastSTRUCTURE (Raj et al., 2014) to
identify admixed animals. Admixed animals were excluded from the dataset and analyses
were run for four breeds, the Dorper (46), Namaqua Afrikaner (48), South African Mutton
Merino (26) and Australian Merino (51), using the Valais Blacknose Sheep as an outgroup
(24) for the HAPFLK analysis. The Australian Merino and Valais Blacknose sheep data were
obtained from the HAPMAP sheep data (Kijas et al., 2009, Kijas et al., 2012). Bayescan 2.1
was used to apply the Fst test to the same dataset. A q-value threshold of 0.01 were applied to
reduce the number of false positives for both analysis. The SNPs detected as being under
selection were further investigated to identify genes which may harbour selected variants that
were in linkage disequilibrium with the selected SNP loci. The identification of genes
associated with the significant SNPs was conducted using the NCBI map viewer for Ovis
Aries annotation release 102, considering the genomic regions 1Mb upstream or downstream
of the markers identified as being under selection.

Results and discussion

From the HAPFLK analysis, 26 SNPs were predicted to have been under strong selection.
Figure 1 shows markers under selection located on chromosomes 1 and 2. Heat shock protein
(DNAJC28) were under selection on chromosome 1 which plays an important role in the
adaptation of sheep in extreme heat situations (Edwards & Hansen, 1996) and gonadotropin
releasing hormone (GNRH1), melanoregulin (MREG), spermatogenesis associated protein
31C2 –like and testis-expressed sequence 10 protein –like on chromosome 2.

The reason why only a few of the genomic regions predicted as being under selection in
this study overlap with those previously reported in the literature using the same method may
be due to the fact that the dataset used by Fariello et al. (2014) included 32 breeds which
excluded South African breeds. The South African breeds used in the current study are likely
to have been selected for traits that differ to the other populations worldwide. SNP
ascertainment bias could also contribute to this finding, as South African breeds were not
included in the development of the OvineSNP50 BeadChip.
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Results from the Bayesian Fst test indicated that 92 loci were under selection as
indicated in Figure 1. The locus with the highest Fst value (0.574) was OAR3_130491628.1
located on chromosome 3. Genes in close proximity to this locus included plexin C1
(PLXNC1), centrosomal protein 83 (CEP83) and transmembrane and coiled-coil domain
family 3 (TMCC3). A selection signature for relaxin/insulin-like family peptide receptor 2
(RXFP2) that plays a role in the absence of horns (polledness) in sheep was identified on
chromosome 10 at 29,546,872 bp. This was also found by Kijas et al. (2012) and Fariello et
al. (2014). This result was expected, as South African Mutton Merino are polled animals. A
signature of selection was also indicated for the KITLG gene located on chromosome 3 at
124, 569,037 bp. This gene plays two very diverse roles in cattle: the roan coat colour
phenotype (Seitz et al., 1999) and in ovarian follicular development (Parrot & Skinner,
1998).

Figure 1 Manhattan plot of SNP –log10P-values generated by Bayescan suggesting
selection signatures for each chromosome.

Most of the regions predicted to be under selection differed between the two
approaches. The reasons for the differences in regions identified by the two methods may be
linked to the fact that Fst analysis can produce false positive results in subpopulations that
share a high correlation in allele frequencies (Bierne et al., 2013). Negative selection against
deleterious mutations can also increase Fst values (Bierne et al., 2013). HapFLK also detect
recent events of selection, whereas Fst detect ancient selective sweeps. An issue with both
approaches is that it is difficult to identify the specific target of selection, since there are
numerous genes and regulatory regions located near the SNPs identified as being under strong
selection. Further, the functions of many sheep genes are not fully understood and more
investigation is necessary to elucidate their functions in this species.

Conclusion
Selective sweep have been identified on regions of chromosome 1 and 2 that has been
selected for adaptation to heat and reproduction respectively. Candidate genes under strong
selection in South African sheep populations identified include pigmentation (KITLG);
selection appears to have been applied to variation in relaxin/insulin-like family peptide
receptor 2 (RXFP2) and keratin genes. These selected regions concur with the observation
that artificial selection has been placed on traits such as colour/pigmentation and growth in
the development of the Dorper and on wool and growth traits in the South African Mutton
Merino and Australian Merino. Natural selection has also occurred for traits related to
adaptability.
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