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Introduction 

Obesity represents a major risk factor for several serious disorders and excessive amount of 
fat is an unwanted component of growth in livestock. Identification of FTO (fat mass and 
obesity associated gene) as an obesity–susceptibility gene by genome-wide association 
analyses in humans has advanced our knowledge of genetic basis of fatness-related traits 
(Loos, R., and Bouchard, C. 2008). In humans, the first intron of FTO contains several 
variants exhibiting highly significant association with obesity (homozygotes for risk allele 
weigh on average 3-4 kg more) in various populations of European descent including adults 
and children. FTO appears to exert its effect by regulating food intake and/or lipolytic 
activity in adipose tissue (Fischer, J., Koch, L., Emmerling, C. et al. 2009) though its 
functional role is still not fully understood. In livestock species, most studies have so far 
been published for the pig FTO. An SNP association study (Fontanesi, L., Scotti, E., 
Buttazzoni, L. et al. 2009) was carried out in several pig breeds and in sib-tested Italian 
Large White pigs - only feed to gain ratio was found significantly associated with an FTO 
SNP in this study. However, in Italian Large White pigs and Italian Duroc breed for which 
only animals with extreme intermuscular fat were genotyped did show significant differences 
in allele frequencies suggesting association between FTO SNP and intermuscular fat 
deposition. Another study (Zhang, L., Miao, X., Hua, X. et al. 2009) in Jinhua x Pietrain F2 
reference population identified a SNP in the promoter region of FTO with significant 
association with intramuscular fat content, but not with the backfat thickness, leaf-fat weight 
or daily gain. In the experiment using the pig Berkshire and Yorkshire reference population, 
one FTO haplotype proved favourable for growth rate, whereas another haplotype was 
associated with significant decrease in intramuscular fatness traits. However, in a follow up 
study using the same Berkshire and Yorkshire reference population, no associations between 
a single FTO SNP and various growth-related, body composition and meat quality traits were 
detected (Du, Z., Fan, B., Zhao, X. et al. 2009) 
 
In cattle, no association studies between FTO polymorphism and fatness traits have yet been 
reported. However, given that the bovine FTO protein is very highly conserved (Fan, B., Du, 
Z., and Rothschild, M. 2009) with the ortholog in the human, mouse and other livestock 
species (except chickens), it is expected that FTO might exert detectable effects on fatness 
traits in the cattle as well. We aimed here to identify polymorphisms in various segments of 
the FTO gene to develop SNP markers for testing associations with growth and carcass traits 
in paternal half-sib families of the Slovenian Simmental cattle. 
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Material and methods 

Animals and traits. Animals were selected from the National progeny test programme for 
Slovenian Simmental cattle. A test was carried out on half-sib sons (groups of 10-12 per sire) 
in a central progeny testing station in Rogoza and Lenart, Slovenia. Here, growth traits were 
evaluated under controlled environmental conditions for a period of approximately 
15 months. At the end of the test, bulls were slaughtered in a commercial abattoir and 6 half-
sibs per sire were transported into experimental slaughter facility, where carcasses were 
dissected into muscle, fat, bone and tendon. Three growth-related and five carcass traits were 
recorded in order to predict the breeding value of a candidate bull. For the genotype-
phenotype association analysis presented here, we used 31 sire-bulls and 171 half-sib sons. 
 
SNP marker identification and genotyping. Sequencing of a DNA panel of sires was 
performed for various segments of the FTO gene (including already known SNP loci from 
NCBI or ENSEMBL databases) to identify polymorphisms in our population. Primers and 
probes for the TaqMan SNP assay (Applied Biosystems) were designed following BLAST 
and Repeat masker analysis. Primers for the PCR-RFLP assays were designed with Primer3 
software and diagnostic restriction enzymes searched using Webcutter v2.0 program. DNA 
was extracted (Qiagen DNA extraction kit for animal tissues) from the frozen semen or 
muscle tissue of progeny tested half – sib sons and their fathers (sire-bulls). 
 
Statistical analyses. Statistical package SAS/STAT (SAS User's Guide, 1990) was used for 
statistical analyses – procedures MEANS for calculating basic statistics, FREQ for frequency 
analysis, UNIVARIATE for parametric and non-parametric tests, GLM for basic models 
with fixed effects. To test the association between the genotypes at the FTO gene and the 
selected traits procedure MIXED and the model below was employed: 
 
yij = µ + Si + Gj + b(uij - ū) + fk + eijkl 
 
where yij represents the analysed trait, µ trait average, S season (1-6), G genotype (for SNPs 
1-12), b regression coefficient for sire slaughter weight, uij sire slaughter weight, ū average 
sire slaughter weight, fk random effect of father (sire) and eijkl unexplained parameter. 
 
miRNA target searches. Conserved miRNA target sites were searched using the TargetScan 
program (release 5.1). 
 

Results and discussion 

 
A total of 23 polymorphic SNP markers were identified within the FTO gene in Slovenian 
Simmental study population (Figure 1). Eight of these have previously been reported in 
databases (marked in colour, Figure 1), whereas 15 were identified by resequencing a panel 
of DNAs from Slovenian Simmental bulls (labelled in black, Figure 1). 12 SNP that were 
most informative were selected for genotyping a full panel of progeny and their sires 
(arrows, Figure 1). 



 
 
Figure 1 SNPs identified within the FTO locus in the Slovenian Simmental cattle 

population; blue (Ensembl SNP), red (NCBI SNP), black (identified by sequencing). 

Twelve most informative SNPs (arrows) were selected for genotyping. 
 
Results of the association analyses are reported in Tables 1 and 2, respectively. The effect of 
SNP rs41636320 A>T showed a significant effect on Carcass Fat % (P> 0.0127) as well as 
on some other correlated traits (Carcass Fat (kg), Lean Tissue % and Lean : Fat ratio). This 
SNP showed an overdominant mode of inheritance whereby heterozygotes exhibited 
decreased Carcass Fat %, Carcass Fat (kg), or increased Lean Tissue % and Lean : Fat ratio. 
Further analyses in a larger sample size of this SNP and newly identified closely linked SNPs 
are required to confirm the result. However, some support for possible overdominance of 
some FTO SNPs is provided from an independent study (Fontanesi, L., Scotti, E., 
Buttazzoni, L. et al. 2010) demonstrating that the FTO SNP (g.276T/G) exhibited 
overdominance with heterozygotes having decreased amounts of intermuscular fat in pigs – 
this result confirmed an earlier observation of overdominant mode of inheritance for this 
SNP (Fontanesi, L., Scotti, E., Buttazzoni, L. et al. 2009). 
 
Table 1: Association analysis between the SNP genotypes “rs41636320 A>T” and some 

fatness-related traits in the Slovenian Simmental cattle
a 

 
 AA (n=109)   TT (n=51)    AT (n=10)       P 

Carcass Fat (%) 12.609 (0.260) 12.816 (0.651) 11.611 (0.340) 0.0127 
Lean Tissue (%) 69.342 (0.246) 69.579 (0.653) 70.314 (0.330) 0.0229 
Carcass Fat (kg) 22.222 (0.439) 22.348 (1.113) 20.590 (0.576) 0.0206 
Lean : Fat ratio 5.649 (0.145) 5.603 (0.364) 6.296 (0.190) 0.0036 
a 

Reported are least square means and standard errors (parentheses).  



Additive genetic and dominance effects for the FTO SNP“rs41636320 A>T” were also 
computed (Table 2). The ratio between the absolute dominance and additive values were 
used to evaluate gene effects – a ratio of 1.2 was regarded as indicative of overdominance 
(Edwards, M., Stuber, C., and Wendel, J. 1987). For all traits enlisted in Table 2, this ratio 
was much larger than 1.2 hence confirming the overdominant inheritance of 
SNP“rs41636320 A>T. 
 
Table 2: Additive and dominance effects (standard errors in parenthesis: SE) with P 

values obtained for FTO marker “rs41636320 A>T” in the Slovenian Simmental cattle.  
 
     Additive P Dominance        P 

Carcass Fat (%)  +0.104 (0.323) 0.7483 -1.101 (0.435) 0.0127 
Lean Tissue (%) +0.118 (0.328) 0.7188 +0.854 (0.442) 0.0556 
Carcass Fat (kg) +0.634 (0.553) 0.9089 -1.695 (0.745) 0.0247 
Lean : Fat ratio -0.023 (0.180) 0.9002 +0.670 (0.244) 0.0068 
 
Conserved miRNA target sites were identified within the bovine FTO gene, but none 
overlapped with our SNP sites. However, identified miRNA sites suggest that FTO gene in 
cattle might be regulated by miRNAs which requires experimental testing in future studies. 

Conclusion 

Associations between the FTO gene polymorphisms and fatness traits have already been 
reported in the human, mouse and pigs. Our study demonstrates that such associations also 
hold true for the bovine FTO confirming an important role of this gene in fatness regulation. 
This gene can be regarded as a candidate for the marker assisted selection programs in 
crossbred and pure-bred cattle populations. Future studies in cattle might also reveal novel 
role of the FTO gene in fatness control of mammals and identify new approaches for 
breeding leaner cattle. 
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