
 

Journal homepage: http://www.sasas.co.za/journals 
 
 
 

South African Journal of Animal Science 2019, 49 (No. 2) 

 

 

 
 
URL: http://www.sasas.co.za  
ISSN 0375-1589 (print), ISSN 2221-4062 (online)  
Publisher: South African Society for Animal Science  http://dx.doi.org/10.4314/sajas.v49i2.8 

Genetic variability in a population of Letelle sheep in South Africa 
 

L. van der Westhuizen1,2#, T. Magwaba3, J.P Grobler3, H. Bindeman3,  
C. du Plessis3, E. van Marle-Köster4 & F.W.C. Neser1 

1 Department of Animal, Wildlife and Grassland Sciences, University of the Free State, Bloemfontein 9300, South Africa 
2 ARC-Animal Production Institute, Irene 0062, South Africa 

3 Department of Genetics, University of the Free State, Bloemfontein 9300, South Africa 

4 Department of Animal and Wildlife Sciences, University of Pretoria, Pretoria 0028, South Africa 

 
 

(Received 13 June 2018; Accepted 13 November 2018; First published online 11 April 2019) 
 

Copyright resides with the authors in terms of the Creative Commons Attribution 4.0 South African Licence. 
See: http://creativecommons.org/licenses/by/4.0/za 

Condition of use: The user may copy, distribute, transmit and adapt the work, but must recognise the authors and  
the South African Journal of Animal Science. 

______________________________________________________________________________________ 
Abstract 

The purpose of the study was to gain insight into the genetic variability of the Letelle sheep breed, a 
breed that has been managed as a closed population for 90 years, with no new genetic material being 
permitted into the breed. The Letelle is a South African developed dual-purpose sheep breed and is 
classified as a Merino type with a Spanish Merino origin. The breed exhibits good fine wool characteristics 
and yields high-quality mutton. Line-breeding, family-breeding, and inbreeding are applied, and multiple sire 
matings are practised to prevent a sire from having a large influence on the national flock. Ear samples were 
collected from 10 animals each from 10 commercial and 11 seed-stock flocks and genotyped using 17 
microsatellite markers. Unbiased heterozygosity ranged from 0.58 to 0.68 and the observed heterozygosity 
from 0.52 to 0.65. The estimated effective population size (Ne) was 228.2 - 321.9. Results from analysis of 
molecular variance (AMOVA), a Bayesian assignment test, and a neighbour-joining (NJ) tree suggested that 
no genetic sub-structure existed within this population and that the seed-stock and commercial flocks could 
be regarded as one genetic population. The average within flock (FIS) and within breed (FIT) inbreeding 
coefficients were 10.1% and 14.5%, respectively. Despite the level of inbreeding, levels of genetic diversity 
were moderate and potentially provide opportunities for future selection and adaptation. Further testing could 
identify flocks in which conservation management is required as well as those with high genetic variability, 
which would provide the best reservoir for selection to adapt to future climatic challenges. 
______________________________________________________________________________________ 
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Introduction  
The Letelle is a South African-developed Merino-type sheep breed, with a Spanish Merino 

background. Merino breeds that have been locally developed are classified into two groups, namely those 
characterized by coarse wool (for example the Dormer) and those characterized by fine wool, as found in the 
SA Merino, SA Landsheep, Dohne Merino, Afrino and Letelle (Rege et al., 1996; Soma et al., 2012; Snyman, 
2014a, 2014b, 2014c, 2014d, 2014e). The selection aims for the Letelle breed date back 90 years and 
included characteristics such as a medium-frame polled ewe with high fertility, quality mutton and fine wool, 
all of which remain applicable today (Letelle Breeders’ Society). From the time of establishment, no new 
genetic material has been permitted into the breed and a breeding policy of line, family and inbreeding was 
applied. Multiple sire mating was practised to prevent a sire from having a large influence on the national 
flock (Letelle Breeders’ Society). Currently, the breed consists of 12 registered breeders, with approximately 
3 000 registered ewes and ± 100 rams. Breeders often keep separate seed-stock and commercial flocks on 
the same properties. The average seed-stock flock consists of approximately 200 - 250 ewes and 10 rams. 

Because Letelle flocks generally consist of small breeding herds, inbreeding poses a danger, which is 
increased by the founding history of the breed. The effects of inbreeding depression, such as impairment of 
growth, production, reproduction, health and survival, are well documented (Van Wyk et al., 2009). 
Restricting inbreeding is therefore an important management goal to prevent loss of fitness and ensure the 
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viability of the breed (Fernández et al., 2005). Since levels of inbreeding have never been evaluated in the 
Letelle breed, it was considered essential to determine the current status of the national flock to assist the 
society to set up selection and breeding policies for future improvement and reduce the effect of inbreeding 
in the small flocks.  

Conservation of genetic diversity in the Letelle breed is also a priority to allow for future adaptability. 
Climate change is expected to have adverse effects on the southern African agricultural industry, which will 
include extreme fluctuating weather conditions (Scholtz et al., 2013), characterized by droughts and poor 
quality forage, and outbreaks of disease (Hammond, 2000; Buduram, 2004; Peters et al., 2010). Adequate 
genetic variability will allow for selection and survival within the breed. Thus estimation of within-breed 
genetic variability forms part of the recommendations of the Food and Agriculture Organization (FAO) for the 
maintenance of genetic diversity and conservation of farm animal resources (FAO, 2015).  

In developing countries such as South Africa, the cost of genotyping with single nucleotide 
polymorphisms (SNPs) is unaffordable for many projects, and microsatellite markers are still frequently used 
to quantify levels of diversity and differentiation within and among breeds. A number of studies have been 
performed to characterize southern African sheep breeds. This work includes indigenous (Qwabe et al., 
2013; Kunene et al., 2014; Gwala et al., 2015), composite (Peters et al., 2010), and commercial breeds 
(Sandenbergh, 2015), and a survey that included all of these categories (Soma et al., 2012). These studies 
have primarily used microsatellite markers, except for the work of Sandenbergh (2015), which was based on 
the OvineSNP50 BeadChip.  

Against this background, the specific objectives of the current study were first to estimate the levels of 
genetic diversity and inbreeding within the Letelle breed, then to compare the levels of genetic diversity in 
seed-stock and commercial flocks and finally to determine whether seed-stock and commercial flocks are 
genetically different. 

 
Materials and Methods  

Ten animals were randomly sampled from 21 flocks each in four provinces of South Africa, which 
included the Eastern Cape (actual town of Barkley East), Free State (Dealesvillle, Heilbron, Vrede and 
Smithfield), Northern Cape (Britstown, Hanover, Strydenburg and Sutherland) and Western Cape (Porterville 
and Riversdale). Samples from both seed-stock and commercial flocks were collected from each area, 
except for the Dealesville locality, where only seed-stock samples were collected. In the interest of 
confidentiality, flock names were replaced with alphabetic codes A - K, with abbreviations ‘S’ and ‘C’ being 
used to denote seed-stock and commercial groups.  

Clippings were taken from the ears of sheep, with the area and instrument being sterilized before 
collection. Samples were stored in 95% ethanol (EtOH). DNA was extracted from samples using the High 
Pure PCR Template Preparation Kit (Roche Applied Science), following the manufacturer’s instructions. The 
eluted DNA was stored at -20 °C for later analysis. A panel of 17 microsatellite loci were selected from the 
recommended list of International Society of Animal Genetics (ISAG) and FAO program. Loci selection 
aimed to ensure a good spread across the genome and a high level of polymorphism. Marker names, origin, 
primer sequences, annealing temperature and expected size range are presented in Table 1. 

PCR amplification was performed in a reaction volume of 15 µL. The reaction mixtures contained 6 µL 
of 2X KAPA 2G Robust Hotstart Readymix (KAPA Biosystems, Boston, USA), 6.4 µL PCR grade water, 0.3 
µL forward primer, 0.3 µL reverse primer and 2 µL genomic DNA (at ~25 ng/µL) for all the microsatellite 
markers. However, the OarFCB20 reaction mix was optimized to 0.5 µL of the forward primer, 0.5 µL reverse 
primer, 6 µL PCR grade water and 6 µL of 2X KAPA 2G Robust Hotstart Readymix. The amplification was 
carried out using a G-storm thermocycler (G-storm, Somerton, UK). The conditions for amplification were an 
initial denaturation step at 95 °C for 3 minutes, denaturation at 95 °C for 15 seconds, annealing for 15 
seconds at the temperature optimized for each microsatellite marker (Table 1), and elongation at 72 °C for 
15 seconds, run for 35 cycles, with a final extension at 72 °C for 10 min. The amplified products were 
analysed on an AB 3130 xl Genetic Analyser (Applied Biosystems, Foster City, USA) and the sizes of the 
fragments were determined using GeneMarker® Genotyping Software (Johathan Liu et al., 2011). 

GenAlEx software (Peakall & Smouse, 2006; 2012) was used to quantify levels of population genetic 
diversity and inbreeding, and test for conformation to Hardy-Weinberg equilibrium (HWE). Diversity within 
flocks was calculated as unbiased heterozygosity (Hz), observed heterozygosity (Ho), mean number of alleles 
(Na) and effective number of alleles or allelic richness (Rs). F-statistics were calculated as the mean within-
flock inbreeding coefficient (FIS) and the total departure from HWE within and across populations (FIT) 
(Wright, 1951; Weir & Cockerham, 1984), using FSTAT (Goudet, 2002).  

A standard analysis of molecular variance (AMOVA) was computed to determine the hierarchical 
distribution of overall genetic diversity in the seed-stock and commercial flocks, using ARLEQUIN version 3.5 
(Excoffier & Lischer, 2010). For this analysis, seed-stock and commercial flocks were assigned to two 
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separate groups. The effective population sizes (Ne) of the overall seed-stock population, commercial 
population and all sheep combined were determined using LdNe (Waples, 2006).  

STRUCTURE software (Pritchard et al., 2000; Falush et al., 2003) was used to perform a Bayesian-
based assignment test to identify the true number of populations (K) and assign individuals probabilistically 
to each cluster. The analysis was conducted with an assumption of admixed ancestry and correlated allele 
frequencies, and was run for K values of 1–11 with five independent runs for each K, and with a burn-in 
period of 20 000 steps followed by 100 000 Markov Chain Monte Carlo (MCMC) steps.  

Nei’s genetic distances (DA) (Nei et al., 1983) among the 21 seed-stock and commercial herds were 
estimated using Dispan (Ota, 1993). The distance matrix generated by TreeFit was used to create an input 
file for MEGA6 software (Tamura et al., 2013) and this software was used to construct an unrooted 
neighbour-joining (NJ) tree.  

 
 

Table 1 Characteristics of microsatellite loci used in the current study 
 

Marker Chr. Tm 
(°C) 

Reported 
allele size 

range 
(bp) 

Primer sequence (5’ to 3’) Reference 

      

BM7160 22 
(Caprine) 55 160–190 F: TGGATTTTTAAACACAGAATGTGG 

R: TCAGCTTCTCTTTAAATTTCTCTGG 
Stone et al., 

1995 

CSRD247  14 
(Ovine) 55 219–245 F: GGACTTGCCAGAACTCTGCAAT 

R: CACTGTGGTTTGTATTAGTCAGG 
Kemp et al., 

1993 

ETH10  5 
(Bovine) 55 203–209 F: GTTCAGGACTGGCCCTGCTAACA 

R: CCTCCAGCCCACTTTCTCTTCTC 
Solinas-Toldo 

et al.,1993 

ETH225  9 
(Bovine) 55 134–142 F: GATCACCTTGCCACTATTTCCT 

R: ACATGACAGCCAGCTGCTACT 
Steffen et al., 

1993 

ILSTS011  14 
(Bovine) 55 260–280 F: GCTTGCTACATGGAAAGTGC 

R: CTAAAATGCAGAGCCCTACC 
Brezinsky et 
al., 1993b 

ILSTS005  10 
(Bovine) 55 176–190 F: GGAAGCAATGAAATCTATAGCC 

R: TGTTCTGTGAGTTTGTAAGC 
Brezinsky et 
al., 1993a 

INRA063  18 
(Bovine) 55 165–199 F: ATTTGCACAAGCTAAATCTAACC 

R: AAACCACAGAAATGCTTGGAAG 
Vaiman et al., 

1994 

INRABERN192  7 
(Caprine) 55 178–198 F: AGACCTTTACAGCCACCTCTTC 

R: GTCCCAGAAACTGACCATTTTA 
Ihara et al., 

2004 

MAF65  15 
(Ovine) 55 118–160 F: AAAGGCCAGAGTATGCAATTAGGAG 

R: CCACTCCTCCTGAGAATATAACATG 
Buchanan et 

al., 1992 

MAF209  17 
(Ovine) 55 104–108 F: TCATGCACTTAAGTATGTAGGATGCTG 

R: GATCACAAAAAGTTGGATACAACCGTGG 

Buchanan & 
Crawford, 

1992 

McM527  5 
(Ovine) 58 157–177 F: GTCCATTGCCTCAAATCAATTC 

R: AAACCACTTGACTACTCCCCAA 
Hulme et al., 

1994 

OarFCB20 2 
(Ovine) 55 92–126 F: AAATGTGTTTAAGATTCCATACAGTG 

R: GGAAAACCCCCATATATACCTATAC 
Buchanan et 

al., 1994 

OarFCB48 17 
(Ovine) 55 151–175 F: GACTCTAGAGGATCGCAAAGAACCAG 

R: GAGTTAGTACAAGGATGACAAGAGGCAC 
Buchanan et 

al., 1994 

OarFCB128 2 
(Ovine) 60 96–104 F: ATTAAGCATCTTCTCTTTATTTCCTCGC 

R: CAGCTGAGCAACTAAGACATACATGCG 

Buchanan & 
Crawford, 

1993 

SR-CRSP-5  18 
(Caprine) 55 161–181 F: GGACTCTACCAACTGAGCTACAAG 

R: TGAAATGAAGCTAAAGCAATGC 
Arevalo et al., 

1994 

SR-CRSP-8 6 
(Caprine) 55 209-245 F: TGCGGTCTGGTTCTGATTTCAC 

R: GTTTCTTCCTGCATGAGAAAGTCGATGCTTAG 
Bhebhe et al., 

1994 

SR-CRSP-9 12 
(Caprine) 55 113–143 F: AGAGGATCTGGAAATGGAATC 

R: GCACTCTTTTCAGCCCTAATG 
Bhebhe et al., 

1994 
      
      

Chr: chromosomal position and species, Tm (°C): annealing temperature  
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Results and Discussion 
Allelic polymorphism was observed at 94% of the loci, with only BM7160 fixed for a single allele. The 

number of alleles per locus at polymorphic loci varied significantly from three (ETH10) to 18 (MAF209). The 
average number of alleles per locus across all flocks was 9.4. The unbiased heterozygosity (Hz), observed 
heterozygosity (Ho), mean number of alleles (Na), allelic richness (Rs), and within-flock inbreeding coefficient 
(FIS) for each group are presented in Table 2. Values are presented for individual flocks, and for the 
combined sheep population from each locality (seed-stock + commercial pooled). Overall, values calculated 
for the groups varied within a narrow range. 

 
 

Table 2 Genetic diversity of Letelle seed-stock flock, commercial flocks and combined flock (bold) based on 
17 microsatellite markers from each locality 
 

Flock Na Rs Ho He Hz FIS D-HWE 
        

A(S) 4.235 ± 0.450 3.121 ± 0.339 0.571 ± 0.059 0.598 ± 0.055 0.629 ± 0.058 0.098 2 
A(C) 4.765 ± 0.518 3.367 ± 0.414 0.559 ± 0.064 0.602 ± 0.058 0.634 ± 0.061 0.124 1 
 5.471 + 0.654 3.612 + 0.464 0.565 + 0.052 0.623 + 0.058 0.639 + 0.059 0.118  
B(S) 5.235 ± 0.532 3.786 ± 0.422 0.618 ± 0.065 0.642 ± 0.061 0.676 ± 0.064 0.090 2 
B(C) 4.588 ± 0.549 3.281 ± 0.366 0.571 ± 0.066 0.608 ± 0.060 0.640 ± 0.063 0.114 4 
 6.294 + 0.751 3.881 + 0.483 0.594 + 0.060 0.643 + 0.062 0.660 + 0.064 0.102  
C(S) 4.588 ± 0.412 3.160 ± 0.299 0.588 ± 0.064 0.616 ± 0.052 0.649 ± 0.055 0.098 2 
 4.588 + 0.412 3.160 + 0.299 0.588 + 0.064 0.616 + 0.052 0.649 + 0.055 0.098  
D(S) 3.882 ± 0.445 2.718 ± 0.279 0.535 ± 0.062 0.550 ± 0.055 0.579 ± 0.058 0.079 1 
D(C) 4.412 ± 0.493 3.045 ± 0.295 0.576 ± 0.063 0.612 ± 0.047 0.644 ± 0.049 0.110 0 
 5.000 + 0.618 3.118 + 0.330 0.556 + 0.052 0.606 + 0.050 0.622 + 0.051 0.109  
E(S) 4.000 ± 0.500 2.560 ± 0.215 0.553 ± 0.054 0.554 ± 0.046 0.583 ± 0.048 0.054 2 
E(C) 4.412 ± 0.412 3.389 ± 0.340 0.612 ± 0.065 0.634 ± 0.052 0.667 ± 0.055 0.087 2 
 5.118 + 0.562 3.178 + 0.311 0.582 + 0.050 0.618 + 0.050 0.634 + 0.051 0.083  
F(S) 4.118 ± 0.484 2.879 ± 0.303 0.547 ± 0.059 0.576 ± 0.054 0.606 ± 0.057 0.102 3 
F(C) 4.353 ± 0.420 3.024 ± 0.281 0.535 ± 0.061 0.595 ± 0.056 0.627 ± 0.059 0.153 3 
 5.294 + 0.640 3.254 + 0.345 0.541 + 0.056 0.607 + 0.058 0.623 + 0.059 0.134  
G(S) 3.765 ± 0.359 2.805 ± 0.254 0.576 ± 0.057 0.583 ± 0.048 0.614 ± 0.050 0.064 1 
G(C) 4.294 ± 0.506 3.315 ± 0.358 0.600 ± 0.064 0.623 ± 0.052 0.656 ± 0.055 0.089 1 
 4.824 + 0.570 3.331 + 0.340 0.588 + 0.055 0.633 + 0.050 0.649 + 0.051 0.096  
H(S) 4.529 ± 0.447 3.213 ± 0.329 0.541 ± 0.061 0.613 ± 0.056 0.645 ± 0.059 0.168 4 
H(C) 4.588 ± 0.500 3.105 ± 0.289 0.524 ± 0.068 0.607 ± 0.053 0.639 ± 0.056 0.188 3 
 5.412 + 0.613 3.506 + 0.364 0.532 + 0.062 0.634 + 0.056 0.651 + 0.058 0.186  
I(S) 4.059 ± 0.473 2.969 ± 0.343 0.559 ± 0.055 0.587 ± 0.049 0.618 ± 0.052 0.100 0 
I(C) 4.412 ± 0.515 3.208 ± 0.346 0.647 ± 0.058 0.609 ± 0.053 0.641 ± 0.056 -0.010 2 
 5.176 + 0.682 3.341 + 0.396 0.603 + 0.052 0.621 + 0.052 0.637 + 0.053 0.054  
J(S) 4.000 ± 0.429 2.909 ± 0.321 0.535 ± 0.060 0.585 ± 0.048 0.615 ± 0.050 0.137 4 
J(C) 4.588 ± 0.588 3.002 ± 0.354 0.588 ± 0.059 0.589 ± 0.049 0.620 ± 0.052 0.055 1 
 5.235 + 0.678 3.026 + 0.299 0.562 + 0.056 0.608 + 0.047 0.623 + 0.048 0.101  
K(S) 4.353 ± 0.469 2.842 ± 0.253 0.565 ± 0.061 0.587 ± 0.048 0.61 ± 0.050 0.091 3 
K(C) 4.588 ± 0.508 3.218 ± 0.371 0.571 ± 0.062 0.609 ± 0.053 0.641 ± 0.056 0.116 0 
 5.412 + 0.625 3.310 + 0.343 0.568 + 0.053 0.628 + 0.050 0.644 + 0.051 0.122  

        
        

Na: mean number of alleles, Rs: effective number of alleles (allelic richness): Hz unbiased heterozygosity:  
Ho observed heterozygosity: FIS within herd inbreeding coefficient, D-HWE: the number of loci that deviate  
significantly (P <0.05) from expected Hardy-Weinberg equilibrium of genotypes 
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Unbiased heterozygosity values within individual flocks ranged from 0.58 to 0.68, with average Hz 
values of 0.62 and 0.64 in the seed-stock and commercial groups, respectively. Observed heterozygosity 
ranged from 0.52 to 0.65, with averages of 0.56 and 0.58 in the seed-stock and commercial groups, 
respectively. The mean number of alleles varied from 3.76 to 5.24, with an average of 4.25 alleles per locus 
in the seed-stock groups and 4.50 in the commercial groups. None of the value ranges for seed-stock and 
commercial groups were significantly different (P <0.05), based on a two-sample t-test, assuming unequal 
variances. 

To estimate levels of inbreeding, FIS and FIT were used, with the assumption that values of 0 to -1 
were indicative of an excess of heterozygotes, whereas values between 0 and +1 suggested an excess of 
homozygotes, following Paiva et al. (2011a) and Waples (2014). Only one flock (a commercial flock) 
displayed the signature of an excess of heterozygotes with a negative FIS value, with all other flocks 
displaying an excess of homozygotes (Table 2). The average within-flock (FIS) and within breed (FIT) 
inbreeding coefficients were 10.1% and 14.5%, respectively. With the commercial and seed-stock flocks from 
each breeder grouped together, values were FIS = 11% and FIT = 14.7%. 

The number of loci in which the proportion of genotypes deviated significantly (P <0.05) from expected 
HWE in each flock is also presented in Table 2. In seed-stock flocks, an average of 2.18 loci per flock did not 
conform to expected HWE, whereas an average of 1.70 loci deviated from expected HWE proportions in 
commercial flocks. Genotypes for one locus (OarFCB48) were out of HWE in a large proportion of flocks 
(47.6%), with the remaining loci not conforming to HWE in 0% - 23.8% of flocks. Of 41 deviations from 
expected HWE, 37 (90.2%) were due to a deficit of heterozygotes. 

By computing a standard AMOVA, the hierarchical distribution of overall genetic diversity revealed a 
lack of variation between the seed-stock and commercial groups (Table 3), with a value of FST = -0.31% for 
this hierarchical level. The largest percentage of variation exists within the separate flocks, at 94.67%; with 
5.63 % of variation found among individual seed-stock flocks or among commercial flocks.  

 
 

Table 3 Analysis of molecular variance for overall genetic diversity in seed-stock- and commercial herds  
 
Source of variation Sum of squares Variance 

components Percentage variation (%) 
    
Among groups 
(among seed-stock and commercial flocks) 8.082 -0.01745 -0.31 

Among flocks within groups 223.041 0.31898 5.63 
Within flocks 2138.400 5.35940 94.67 
    

 
 
The estimated effective population size (Ne) of the overall seed-stock population, based on lowest 

allele frequencies of 0.05, 0.02 and 0.01, with 95% CIs, were 161.8 (111.1 - 270.8), 165.4 (116.5 - 264.3), 
and 192.9 (131.8 - 329.7). Values for the commercial population were 263.0 (159.1 - 634.2), 298.9  
(191.5 - 616.3), and 332.9 (203.0 - 803.5). 

Results from STRUCTURE suggest a true population structure of K = 1. At this value, mean LnP(K) 
value is higher compared with the next two K values, and the standard deviation of LnP(K) is 0.16, compared 
with much higher values of (82.7 - 507.1) for K values of 2 - 10 (Figure 1). Finally, the proportion of 
membership of each individual to different clusters was highly symmetrical across all flocks for all values 
bigger than K = 1, suggesting that no real population sub-structure exists.  

Relationships among flocks (seed-stock and commercial combined), from Nei’s DA are presented in 
an unrooted NJ tree in Figure 2. No consistent correlation could be inferred between the clustering of flocks 
and the origin of groups. Seed stock and commercial flocks from the same farms clustered together in some 
instances, but not all. Furthermore, flocks that originated from different provinces grouped together in some 
instances. 

The main purpose of this study was to obtain insight into the genetic variability of the Letelle sheep 
breed, considering the nature of the breeding policy. Numbers of alleles and heterozygosity values were 
comparatively similar in all flocks. In fact, the coefficient of variation (CV) for heterozygosity values was only 
5.6% (Ho) and 3.9% (both He and Hz) over all 21 flocks. For numbers of alleles, actual count and corrected 
for sample size, CV was somewhat higher at 7.8% and 8.9%, which is still not indicative of significant loss or 
gain of alleles in any flock. 
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Figure 1 Mean log likelihood of the data (L(K)) suggesting a population structure of K = 1 (± 0.16) for seed-
stocks and commercial stocks combined 

 
 

Figure 2 Unrooted neighbour-joining tree based on genetic distances among flocks of the Letelle sheep 
breed of South Africa  
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The magnitude of diversity estimates was comparable with values published by Soma et al. (2012) for 
seven South African Merino type sheep breeds, based on microsatellite markers. These were Afrino, 
Dormer, Dohne, SA Mutton Merino, SA Landsheep and SA Merino, and a sample of 34 Letelle sheep. These 
authors found Hz values of 0.59 - 0.71 for the first six breeds and 0.64 for the Letelle, compared with Hz 
values of 0.58 - 0.68 in the current studies. For Ho, values for these same categories were 0.48 - 0.64 and 
0.54, with Ho = 0.52 - 0.65 in the current study, and 2.7 - 3.3; 3.0; and 2.6 - 3.8 for Rs. All diversity estimates 
were compared between seed-stock and commercial flocks. None of the values differed significantly (P 
<0.05) and it was concluded that the two groups contributed almost equally to the genetic variability of the 
breed.  

The average inbreeding levels of flocks and the breed calculated in the current study (FIS = 10.1% and 
FIT = 14.5%) suggest a moderate to high degree of inbreeding. In addition, when the commercial and seed-
stock flocks from the various breeders were grouped together, the FIS (11%) and FIT (14.7%) values remained 
relatively similar. By comparison, Van Wyk et al. (2009) used pedigree information to calculate an inbreeding 
coefficient (F) of 16% for a South African Dormer stud. Based on SNPs, Sandenbergh et al. (2015) 
determined inbreeding levels of above 10% for the Namaqua Afrikaner, Dorper and South African Mutton 
Merino. Comparatively high levels of inbreeding in other sheep breeds are well documented. An average 
inbreeding coefficient of 14.2% has been reported in Moroccan native breeds (Gaouar et al., 2016). 
Blackburn et al. (2011) estimated FIS values ranging from -0.1 to a high of 26.4% among 28 US sheep 
breeds. Paiva et al. (2011b) used US and Brazilian datasets and determined FIS values ranging from -10.7% 
and 32.6%.  

Such heterozygote deficiency has been observed in Indian breeds, including Magra (15.9%) (Arora & 
Bhatia, 2006), Muzzafarnagri (5.8%) (Arora & Bhatia, 2004), Shahabadi (21.5%) (Panday et al., 2010), 
Tibetan (30.2%) (Sharma et al., 2016), Vembur (29.4%) (Pramod et al., 2009), Sarda sheep from Italy (19%) 
(Pariset et al., 2003) and 29 European sheep breeds (mean of 12.1%) (Lawson Handley et al., 2007).  

Hedrick (2013) suggested the high inbreeding levels seen in sheep breeds globally are likely to be the 
result of heterogeneity in allele frequencies or population structure, and also small sample sizes. Therefore, 
the inbreeding levels in the current study and others should be interpreted with caution. Keller & Waller 
(2002) and Hedrick (2013) suggested that using a small number of samples in many herds or flocks within a 
breed is ideal when describing genetic variability, but a small number of samples is not an ideal approach 
when estimating inbreeding. Pruett & Winker (2008) suggested a sample size of at least 20 - 30 individuals 
to measure genetic variability. Since the authors’ main aim was to determine levels of inbreeding and 
heterozygosity of the Letelle population as a whole, they suggest that the current results are a good 
indication of flock-based diversity and overall inbreeding in the breed. 

The Bayesian-based assignment test and frequency-based genetic distance showed no population 
sub-structure among the 11 flocks. On the one hand, this is contrary to expectations, since breeders tend to 
exchange animals within their province borders to reduce distance travelled and allow for the adaptation of 
the animal to climate and quality of nutrition. However, Letelle breeders tend to acquire animals from other 
provinces to improve diversity, which evidently resulted in a homogenizing effect. 

 
Conclusions 

Overall, there is no pattern of geographic differentiation in the Letelle breed or greatly reduced levels 
of diversity in an individual flock. Genetic diversity across all flocks varied within a narrow range, and there 
was little differentiation among seed-stock and commercial groups, or among geographically separated 
groups. Inbreeding is one of the main components of the breeding structure of the Letelle, but heterozygosity 
loss seems to be moderate and inbreeding is comparable with or lower than other breeds. A reservoir of 
allelic diversity thus exists to allow for future adaptability, selection, and sustainability.  
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