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Introduction 

Boar taint is primarily derived from the accumulation of skatole and androstenone in adipose 
tissue. Skatole is a derivative of the amino-acid tryptophan produced in the intestine of the 
pigs by gut bacteria. Androstenone is a steroid hormone produced in the testis of male pigs 
through the same metabolic pathway as androgens and estrogens. The odour and flavour of 
the two compounds is faecal and urine-like, respectively. As the production level and 
accumulation of these compounds depends on the sexual maturation of the male pigs, 
castration is used to avoid the off-taste and smell (reviewed in Robic et al. (2008)). Due to 
animal welfare castration of male pigs is prohibited in Norway (Moe et al. (2009)) and 
probably will be in other EU-countries as well. New and effective ways to reduce boar taint 
is hence needed. 
 
One procedure for characterising the complexity of these compounds is to associate their 
levels as traits to genetic variability in the pigs and then use the candidate gene approach to 
detect the genes (Zamaratskaia and Squires (2009)). Few quantitative trait loci (QTL) have 
been reported (Robic et al. (2008)) and candidate genes have been identified (reviewed in 
Moe et al. (2009)). The aim of this study is to match known candidate genes to the 
associations found in 923 Duroc, Danish Landrace and Yorkshire boars. As different alleles 
are expected to be fixed in different breeds (Zamaratskaia and Squires (2009)) the 
associations are not necessarily expected to overlap. 

 

Material and methods 

Animals. The 923 pigs used in the study comprehend boars of three breeds. A total of 265 
Duroc (D), 265 Yorkshire (Y) and 393 Danish Landrace (L) boars was used. They were all 
raised under the same conditions on a single farm in Denmark. The boars were slaughtered 
from week 41 in 2006 to week 20 in 2007 when the pig reached a weight of 100 kg. At 
slaughter tissue samples of muscle, liver, testis and fat were collected and stored at -20oC.  
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Chemical analysis. Skatole (DK) values were measured in adipose tissue from all boars 
after slaughter. In addition, skatole (NO), androstenone and indole were also measured by 
the Norwegian School of Veterinary Sciences (NVH) on a subset of the animals (180 D, 259 
L and 132 Y). Adipose tissue was examined by high performance liquid chromatography to 
measure levels of skatole and indole (Tuomola et al. (1996)). Levels of androstenone were 
analysed by modified time-resolved floroimmunoassay (Tuomola et al. (1997)), using an 
antibody produced at NVH (Andersen (1974)). 

 
Genotyping and data validation. Genomic DNA was isolated from all specimens by 
treatment with proteinase K followed by sodium chloride precipitation (Sambrook et al. 
(1989)) Single Nucleotide Polymorphisms (SNPs) of all boars were genotyped on the 
PorcineSNP60 (Ramos et al. (2009)) Illumina iSelect BeadChip according to protocol 
(Steemers and Gunderson (2007)). Thereafter, data were analysed by the Haploview 4.2 
software to account for low minor allele frequency (MAF > 0.05) and deviation from Hardy-
Weinberg-equilibrium (threshold = 0.001) (Wigginton et al. (2005)). The analysis was 
performed on one breed at a time as the association analysis did not account for population 
stratification which would be introduced by analysing the breeds together. Tag SNP sets 
were selected by Haploview 4.2's implementation of Tagger (de Bakker et al. (2005)) to 
generate a less conservative Bonferroni significance level for the association analysis. The 
SNP sequences were then mapped to pre-Ensembl version 9 release 56 of the porcine 
genome. 

Association analysis. Skatole, indole and androstenone were associated to the three breeds 
by the total association implemented in QTDT version 2.5.1 (Abecasis et al. (2000)). The 
datasets had an Overall Bonferroni significance level of p<0.0327 except for the skatole trait 
performed by NVH on Yorkshire (p=0.3729). As the skatole analysis performed by the two 
methods were highly correlated (Pearson’s correlation coefficient, r=0.83) only the Danish 
measurements were used for the Yorkshire boars. 

Matching genes and associations. Genes known to affect the metabolism of skatole and 
androstenone (reviewed in Zamaratskaia and Squires (2009)) and the genes collected by Moe 
et al. (2009) were used as candidate genes in this study. Only genes that could be mapped 
directly to the pre-Ensembl version 9 release 56 of the porcine genome was considered, 
except for one gene (see Result). 

Results and discussion 

A total of 27,451, 30,396 and 30,497 SNPs were validated and used in the analysis of Duroc, 
Yorkshire and Danish Landrace, respectively. The numbers of tag SNPs for the three breeds 
were 11,494 for Duroc, 13,469 for Danish Landrace and 13,121 for Yorkshire. The genome-
wide Bonferroni significance levels for the three breeds were found to be p=4.35x10-6, 
p=3.71x10-6 and p=3.81x10-6, respectively. Chromosome-wide Bonferroni significance 
levels were calculated from the amount of SNPs representing the different chromosomes. 
The levels varied between p=0.0002 and p=3x10-5 depending of the breed and chromosome 
size.  



Table 1: Breed specific association to boar taint trait on the different porcine 

chromosomes. D, L and Y is Duroc, Danish Landrace and Yorkshire, respectively. 

SSC 1 3 4 5 6 7 9 10 11 12 13 14 16 17 18 
Skatole, DK     D* 

Y* 
Y*   D¤ L* 

D** 
 Y** D* 

Y* 
Y*  

Skatole, NO D* D**   L*   D* L*   D*   D* D* 

Indole  D*      D*,¤   Y¤ Y** Y**   

Androstenone L* D** L* L¤   L**  Y*  Y¤ L*,**  Y¤ L* L¤ 
*,** 5 % and 1 % Bonferroni genome-wide significance, ¤ 5 % Bonferroni chromosome-wide significance 

A total of 36 associations were found to boar taint in the three breeds of which seven were 
significant at the 5% genome-wide significance level (Table 1). A total of 18 associations 
were found to associate to skatole, six to indole and 12 to androstenone. 

 

In total, seven candidate genes could be matched to the region of the significant associations. 
The genome-wide significant association between androstenone and Yorkshire on Sus scrofa 
chromosome (SSC) 16 might be due to the gene SRD5A1, that catalyses testosterone to 
androgen (Figure 1). In addition, the type 2 isozyme (SRD5A2) is previously found to be 
involved in the final step of androsterone formation (reviewed in Moe et al. (2009)). Four 
other genes were matched in relation to androstenone. The CYB5 and CREBZF (ZF) gene 
was mapped within associations in Danish Landrace on SSC 1 and 9, respectively. A high 
level of CYB5 has been shown to cause an overproduction of androstenone by the testis 
(reviewed in Robic et al. (2008)). Furthermore, one of the AKR1C genes, located close 
together on chromosome 10p15.1 in humans, could be the cause of the association in   

 
 

Figure 1: Sus scrofa chromosome 16. A genome-wide significant (dotted line) 

association between androstenone and Yorkshire is illustrated. The candidate gene 

SRD5A1 is located within the association.  
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Yorkshire on SSC 10. The isoform AKR1C4 has previously been found to be differentially 
expressed regarding levels of androstenone in pig testes (Moe et al. (2009)). Another gene 
that could be responsible for an association is NR4A1 (NGFIB) which is expected to be 
located within the genome-wide significant association found between Danish Landrace and 
androstenone on SSC 5. This gene is involved in transcriptional regulation of steroidogenic 
genes and has previously been found to cause an association to androstenone in a Norwegian 
Duroc population (Moe et al. (2009)).  
 
On SSC 3 an association between skatole and Duroc might be caused by the gene SULT1A1 
that is involved in the hepatic metabolism of skatole. Finally, CYP2E1 is found to be located 
within associations of both skatole and indole for the Yorkshire breed on SSC 14. The genes 
CYP2E1 is like SULT1A1 involved in the hepatic metabolism of skatole (reviewed in 
Zamaratskaia and Squires (2009)).  
 
 

Conclusion 

A total of seven genes have been mapped to different associations found in the three breeds. 
We have shown that an animal material consisting of three breeds can give a broader picture 
of the mechanism underlying the traits in question.  
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