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Summary  
After being transported into Europe during the Neolithic, mouflon (Ovis aries 

musimon) became extinct from mainland Europe, but remnant populations 

persisted and became feral on the Mediterranean islands of Corsica and Sardinia. 

These populations have been used for reintroductions across continental Europe 

during the last 200 years. This thesis aimed to investigate the global and local 

ancestry of European mouflon and domestic sheep, to investigate signals of 

artificial and natural selection in their genomes, and to develop analytical 

frameworks and informatic tools to aid similar analyses using SNP array data. I 

describe the development of software that allows rapid investigation of genome-

wide SNP data to infer effective population size trajectories using patterns of 

linkage disequilibrium. I inferred the absence of widespread sheep introgression 

in extant European mouflon populations although signals of recent introgression 

were recorded in one enclosed Sardinian mouflon population. By applying a 

novel approach to aid the investigation of local genomic ancestry data, signals of 

mouflon ancestry in sheep could be inferred and were found to be related to 

biological functions involved with innate immunity processes with bitter taste 

recognition being identified in two breeds known for their broad dietary choices. 

By investigating signals of positive selection and local adaptation in feral and 

domestic sheep using novel locus-specific empirical p-value inference, traits with 

selection signatures such as fertility, pigmentation and behaviour were identified 

in sheep, while traits involved with stature - probably related to mating success 

- were found in mouflon. Signals of local adaptation to environmental variables 

were not detected, which is likely to be due to the inadequate sample available, 

determined by post-hoc analysis. 
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2.1 Abstract 
Effective population size (Ne) is a key population genetic parameter that 

describes the amount of genetic drift in a population. Estimating Ne has been 

subject to much research over the last 80 years. Methods to estimate Ne from 

linkage disequilibrium (LD) were developed ~40 years ago but depend on the 

availability of large amounts of genetic marker data that only the most recent 

advances in DNA technology have made available. Here we introduce SNeP, a 

multithreaded tool to perform the estimate of Ne using LD using the standard 

PLINK input file format (.ped and .map files) or by using LD values calculated 

using other software. Through SNeP the user can apply several corrections to 

take account of sample size, mutation, phasing and recombination rate. Each 

variable involved in the computation such as the binning parameters or the 

chromosomes to include in the analysis can be modified. When applied to 

published datasets, SNeP produced results closely comparable with those 

obtained in the original studies. The use of SNeP to estimate Ne trends can 

improve understanding of population demography in the recent past, provided a 

sufficient number of SNPs and their physical position in the genome are available. 



https://sourceforge.net/projects/snepnetrends/
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past, gave very similar results. The largest difference (50) was obtained for the 

SBS breed. 

 

Figure 2-2 Comparison between recent Ne values calculated at the 29th generation in this work 
and Burren et al. (2014) for 6 Swiss sheep breeds. 

 

Figure 2-3 Comparison of Ne trends of six Swiss sheep breeds according to Burren et al. (2014) 
(dashed lines) and this work (solid lines). 
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of Mbole-Kariuki and colleagues (2014) although our point estimates of Ne were 

larger than those described for the data (Mbole-Kariuki et al., 2014). The 

discrepancy between these two results reflects that Burren and colleagues 

produced their r2 estimates using PLINK (the standard software for large scale 

SNP data manipulation) which uses the same approach used to estimate r2 by 

SNeP, while Mbole-Kariuki et al. followed Hao and colleagues (Hao et al., 2007) 

for r2 estimation. The use of different estimates for LD is critical for the 

quantitative aspect of the Ne curve, where due to the hyperbolic correlation 

between Ne and r2, a decrease in r2 on its range closer to 0 can lead to a very large 

change in Ne estimates, while differences in estimates are less significant when 

the r2 value is high, i.e., closer to 1. Therefore, although in one of the datasets the 

Ne values where substantially different, in both cases the Ne curves overlapped 

with those originally published. 

As already suggested by other authors, the reliability of the quantitative 

estimates obtained with this method must be taken with caution, especially for 

Ne values related to the most recent and the oldest generations (Corbin et al., 

2012) because for recent generations, large values of c are involved, not fitting 

the theoretical implications that Hayes proposed to estimate a variable Ne over 

time (Hayes et al., 2003). Estimates for the oldest generations might also be 

unreliable as coalescent theory shows that no SNP can be reliably sampled after 

4Ne generations in the past (Corbin et al., 2012). Further, Ne estimates, and 

especially those related to generations further in the past, are strongly affected 

by data manipulation factors, such as the choice of MAF and alpha values. 

Additionally, the binning strategy applied can interfere with the general 

precision of the method, for example where an insufficient number of pairwise 

comparisons are used to populate each bin. 

One of the applications of method is to compare breed demographies. In this case 

the shape of the Ne curves would be the optimal tool to differentiate different 

demographic histories, more than their numerical values, by using them as a 

potential demographic fingerprint for that breed or species, yet taking into 

consideration that mutation, migration, and selection can influence the Ne 

estimation through LD (Waples and Do, 2008). Additionally, careful 
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consideration of the data analysed with SNeP (and other software to estimate Ne) 

is very important, as the presence of confounding factors such as admixture, may 

result in biased estimates of Ne (Orozco-Terwengel and Bruford, 2014). 

The aim of SNeP is therefore to provide a fast and reliable tool to apply LD 

methods to estimate Ne using high throughput genotypic data in a more 

consistent way. It allows two different r2 estimation approaches plus the option 

of using r2 estimates from external software. The use of SNeP does not overcome 

the limits of the method and the theory behind it, yet it allows the user to apply 

the theory using all corrections suggested to date. 
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