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Supplementary information on deleterious mutations 
 

Fitness of the individuals during the simulations was assessed based on the frequency of deleterious 

variants. For this purpose, we used the Ensembl Variant Effect Predictor tool v.74 on the filtered 

VCF files to assess the nature of the variants (McLaren et al 2010). Variants with a SIFT score close 

to 0 that were identified as putatively deleterious were extracted (Kumar et al 2009). Two classes of 

deleterious variants within the populations were found: Homozygous, high-frequency (nearly) fixed 

deleterious variants, and low-frequency heterozygous deleterious variants. Even though the Pietrain 

pigs have higher heterozygosity levels throughout their genomes (see main text), the number of 

deleterious heterozygous variants per individual in Sus cebifrons is higher. The total number of 

homozygous deleterious variants per individual was much higher as well in Sus cebifrons than in 

Pietrain (figure S3).  

 

However, it is acknowledged that the SIFT score of the VEP is sensitive to the alleles that are 

present in the reference genome in such a way that these alleles are less likely to be predicted as 

deleterious. The functional predictions for sites where the genome reference carries the derived 

allele are often classified as benign, even though the overall population frequency would suggest 

otherwise. This phenomenon has been observed in human and maize as well (Simons 2014, 

Mezmouk and Ross-Ibarra 2014). In addition, the number of identified deleterious sites is highly 

dependent on the sequencing depth. The higher the depth, the more putative deleterious sites can be 

identified. In our analysis, all individuals are sequenced to a depth of ~10x, but we do acknowledge 

that we have not identified all deleterious alleles because of the unequal distribution of the 

sequencing depth. Because of these two biases we should be cautious with drawing conclusions on 

the number of identified deleterious variants directly from the data.  

 

Shared deleterious alleles 
Given the total number of unique deleterious homozygous sites in Sus cebifrons, most of the 

deleterious variants are fixed (table S1). This could be the result of past bottlenecks in the Sus 

cebifrons population as observed in the demographic analysis. We are aware of the bias of the 

predictors and use only the low-frequency deleterious alleles that were observed once or twice in 

heterozygous state, because this distribution of low-frequency small-effect deleterious alleles fits 

the Mukai-scenario best that we have used for our data (Mukai et al, 1972). We expect that the 

technology to identify deleterious mutations in the genome develops quickly. With better predictors 

not only the mutations causing an undesired effect, but also the magnitude of their effect can be 

implemented in our management simulations. 

 

For the Pietrain population, the list of deleterious sites was based on the deleterious sites that were 

actually called within 11 individuals; on average each individual contained 656 deleterious sites. 

Then the average number of shared deleterious sites between 2,3,4, … individuals was obtained, to 

be able to infer how many unique deleterious sites each individual would contribute to the total. The 

actual number of observed deleterious sites among the 11 individuals (=3468) was extrapolated by 

fitting a power curve to the number of unique contributions per extra individual, so that we 

expected with 48 individuals a total of ~10.000 deleterious sites (see figure S7). Then, 6532 more 

sites were randomly extracted from the genome and we assigned a deleterious effect to these sites. 

Then, for each individual 656 sites were randomly picked from this list, so that to some degree it 

fitted the observed distribution in the 11 re-sequenced individuals. These 10.000 markers and 

genotypes for 48 Pietrain pigs were added to the matrix containing the 60K markers for the 

management. For comparison: If we fit a power curve to the deleterious heterozygous sites in the 

Sus cebifrons population we end up with an average of 13504 unique deleterious sites with 48 

individuals (see figure S8). 



On the distribution of mutational effects 
The deleterious mutations were assumed to have mutational effects which followed a Gamma 

distribution with shape parameter 1 and mean effect 0.005. The Gamma distribution is a good 

choice as we can represent with it two extreme cases like mutations of large effect and mutations of 

small effect, by changing the shape of the distribution. A Gamma distribution with shape 1 is an 

exponential distribution. We chose it as it is linked with scenarios of many mutations of small effect 

(Caballero & Keightley, 1994; Fernandez & Caballero, 2001; de Cara et al, 2013) which lead to the 

accumulation of such mutations, as they are not easily removed by natural selection (Mukai et al, 

1972). 

The deleterious mutations in our study had mean effect 0.005 and mean dominance 0.35 or 0.5. In 

our Fortran code, we used the subroutine “random gamma” to draw the effect of each marker from a 

Gamma distribution with such mean and shape 1. We then followed the study by Caballero & 

Keightley (1994) whereby the dominance of each marker is a random number between 0 and 

exp(−k si), where k is a normalizing constant used to obtain the desired mean dominance and si is 

the effect of marker i. 

Fitness of each individual is then ∏𝑤𝑖where 𝑤𝑖is each marker fitness and is 1 for homozygous 

wild, for a heterozygous locus and for a homozygous deleterious locus. In figure S9, we show the 

theoretical distribution of effects and the actual distribution for one replicate in the Sus cebifrons 

population.  
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Figure S1A Relationship between the S. cebifrons individuals. S1A. Pedigree of the captive zoo 

population that the 5 re-sequenced individuals are sampled from. Inbreeding coefficients for 

breeding individuals are displayed below the number of the individual, and the number of non-

breeding offspring from a particular breeding couple is shown within squared boxes. Sampled 

individuals are indicated with a red dot. 



 

 

 

 

 

Figure S1B Relationship between the S. cebifrons individuals. S1B. Neighbor-joining 

phylogenetic tree of the 7 re-sequenced S. cebifrons individuals. Individuals highlighted in blue are 

from the San Diego Zoo and are used for the in silico management. 

 

 



 

 

Figure S2 Relationship between all Pietrain individuals. Neighbor-joining phylogenetic tree of 

all Pietrain individuals that were used for the in silico management. We used Large White and 

Landrace pigs as outgroup. 



 
 

Figure S3: Number of heterozygous and homozygous variants that are predicted to be deleterious 

for each re-sequenced individual. 

 

 

  





Figure S4. Runs of homozygosity in the Pietrain population. ROHs within individual genomes 

in the Pietrain population before the management are displayed per chromosome. The x-axis 

displays the full length of each chromosome in bp and individuals are listed on the y-axis so that 

each line represents the genome of one individual. ROHs are indicated in blue. 

 

  



 

 

 

 

Figure S5 Fitness and diversity during management of the Pietrain population. The change in 

fitness and observed heterozygosity (OH) during 10 generations of management is displayed for 5 

different management strategies. Fitness change over 10 generations of management when a 

dominance coefficient of 0.5 and selection coefficient of 0.005 is applied for the top panel, and 

fitness change over 10 generations of management when a dominance coefficient of 0.35 and 

selection coefficient of 0.005 is applied in the second panel. The lowest panel displays the observed 

heterozygosity during 10 generations of management.  

 

  





Figure S6. Effect of management on selective sweeps in the Pietrain population. Signatures of 

selection are measured as extended haplotype homozygosity (iHS signal) in the Pietrain population 

before and after management. S6A Genome-wide view of the correlation between the p-value of the 

iHS signal before management, and the magnitude of difference between iHS signal before and 

after management. The physical location on the chromosome in bp for each marker is indicated on 

the x-axis. The significance levels of the iHS signal before management are indicated in black, and 

displayed on the y-axis (-logp) and range between 0 and 4, so that markers with a signal >2 are 

considered to be significant. Differences in iHS signal per marker are indicated in grey and range 

from 0 to -5, with a strong negative number indicating a large difference. S6B displays a histogram 

of the difference in iHS signal for each marker before and after 5Mb segment-based, molecular-

based and genealogical-based management. The table displays numerical details about the 

distributions. 

  



 

 
 

Figure S7. Power curve fitted to the number of unique deleterious sites in the Pietrain population. 

The curves are based on the deleterious sites that were identified in the 11 re-sequenced individuals. 

“Lowest rank” corresponds to the best fit when the individuals are listed from lowest to highest 

number of identified deleterious sites (1..11). “Highest rank” corresponds to the curve fitted to the 

list of individuals when starting with the individual that has the most identified deleterious sites. 

“Average” is the curve fitted to the average between the highest and the lowest curve, with the 

optimal power formula as displayed in blue. Based on this formula, we end up with ~10.000 unique 

deleterious sites in a population of 48 Pietrain pigs. 
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Figure S8. Power curve fitted to the number of unique deleterious sites in the the Sus cebifrons 

population. The curves are based on the deleterious sites that were identified in the 5 re-sequenced 

Sus cebifrons individuals from Panay.  
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Figure S9: Theoretical Gamma distribution with shape 1 and mean 0.005 and actual distribution 

from one replicate used in the simulations for the Sus cebifrons population with those parameters. 

 

  



Table S1: Total and unique number of deleterious variants. The Sus cebifrons group consists of 5 

individuals, and the Pietrain group consists of 11 individuals. T means the total number of identified 

deleterious sites, and U corresponds to the total number of unique identified deleterious sites in the 

group.  

 

 

 

 

 

 

 

 

  

 Cebifrons Pietrain 

Heterzygous T 4430 8082 

Heterozygous U 2525 3468 

Homozygous T 16554 5285 

Homozygous U 4500 1722 





Table S2. GO-enrichment analysis of genes containing deleterious variants. List of gene-

ontology enrichment terms for Biological Process, Molecular Function and Protein Class. Those 

GO-terms are listed that were over- or under-represented in the list of genes that contained 

deleterious variants in the 5 re-sequenced S. cebifrons pigs and in the 11 re-sequenced Pietrain pigs. 

Shaded in grey are those GO-terms significant with p<0.05.  

 


