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ABSTRACT: Previously, we reported the identification of 
genomic regions associated with variation in fatty acid 
composition of beef. In this study, we use the same animal 
population to identify epistatic interactions that are 
associated with variation in fatty acid composition. EpiSNP 
was utilized to evaluate all pairwise SNP comparisons for 
additive and dominance interactions. After filtering for a 
minimum of 5 animals per genotype combination and only 
SNP interactions that spanned chromosomes, 9274 
interactions with a FDR > 0.05 and 378 interactions after 
Bonferonni correction (adj p< 0.05) were detected. Additive 
by additive interactions were the predominant epistatic 
effect detected. Interestingly, large numbers of interactions 
were observed between chromosomes 6 and 14, 9 and 20, 
and 5, 14, and 23. These results indicate that a number of 
epistatic interactions might control some of the variation in 
fatty acid composition. 
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Introduction 
 

 In the current climate of diet and nutrition, people 
are increasingly aware of what they eat and put into their 
bodies more than ever before. Of all the nutritional 
components of foods, fatty acids have dominated the scene 
and become a major focus of nutritional health. Beef is 
known for being a protein rich source, but also contains a 
wide array of fatty acids associated with varying health 
effects. In order to improve beef’s fatty acid healthfulness 
for consumers, researchers have investigated the ability to 
alter fatty acids in beef cattle using traditional and molecular 
breeding methods. These studies have determined that 
unhealthy fats can be reduced and healthy fats can be 
increased while providing a tasty food source for the more 
nutritionally minded. As such, breeding strategies can be 
used to reduce the amount of saturated fatty acids while 
increasing the quantity of polyunsaturated fatty acids as one 
means to improve the healthfulness of beef. 
 
 Previous studies have been carried out in order to 
identify SNP markers that are associated with fatty acid 
composition, and would allow for selection in order to alter 
the concentration of these various fatty acids within beef. A 
variable amount of phenotypic variation due to these SNPs 
was detected, ranging from low (0.06) to high (>0.49) 
(Saatchi et al. (2013)). Therefore, the potential exists to 
select upon SNP markers for fatty acids to further improve 
upon the concentration of these nutritional components. 

This study aims to further understand the effects and 
interactions of those more highly heritably fatty acids 
determined by Saatchi et. al (2013), with the hopes that a 
larger portion of the heritability can be explained by the 
inclusion of epistatic interactions utilizing the previously 
genotyped SNPs. In this study, fatty acids 14:0, 14:1, 16:0, 
16:1, 18:0, cis-9 18:1, and MUFA were chosen due to their 
high heritability and potential to have larger epistatic 
interactions that can be identified. 
 

Materials and Methods 
 

Population: The 1721 animals used in this study 
are a subset of the population described in Garmyn et al. 
2011. Animals were selected as described by Saatchi et al. 
(2013), and then further selected based on whether triacyl-
glyceride (TAG) fatty acid phenotype data had been 
characterized for the animals. All animals were cared for 
following standard IACUC protocols as described (Saatchi 
et al., 2013). 

 
Genotype & Phenotypic Data: SNP genotyping 

was performed using the BovineSNP50 BeadChip 
(Illumina, San Diego, CA) by GeneSeek (Lincoln, NE). 
SNP genotypes were broken into individual chromosomes 
with GenSel, and SNPs that GenSel did not have enough 
information on were removed. Individual chromosome files 
were formatted for EpiSNPmpi using in-house shell scripts, 
and R scripts to calculate minor allele frequencies (MAF) 
for each SNP. SNPs with a MAF of less than 0.1 were 
removed from the study. The UMD3.1 map positions were 
used to assign SNP markers to genomic coordinates. 
Collection and processing of all fatty acid phenotypic data 
were as described by Saatchi et al. (2013). 

 
Analysis of pairwise SNP epistatic interactions:  

EpiSNPmpi was used to calculate epistatic interactions 
among the SNPs of the 1721 animals (Ma et al. 2008). The 
top 10,000 pairwise SNP interactions were obtained for each 
trait. Interactions between SNPs on the same chromosome 
were removed from our analysis. In order to ensure that 
there was a minimum of 5 animals per genotype 
combination, SNP interactions genotype frequencies were 
examined and any interaction containing a frequency of less 
than 2.9E-03 was removed. After filtering for genotype 
frequencies, 30,363 SNP interactions remained. 
  
 Multiple testing correction: FDR and Bonferonni 
corrections were applied to the remaining interactions to 



correct for multiple testing with significance levels set at 
FDR < 0.05 and Bonferonni adjusted p <0.05. Only 
interactions that occurred between SNPs on two different 
chromosomes were taken into consideration in order to 
minimize the chance of estimating SNP interactions that 
may be due to linkage disequilibrium on the same 
chromosome. 
 

Results and Discussion 
 

A final count of 9274 interactions were detected 
which could be fit by both FDR and Bonferonni, and 378 
interactions being fit by the Bonferonni correction alone. A 
breakdown of the number of additive by additive, additive 
by dominance, dominance by additive, and dominance by 
dominance relationships exceeding statistical significance 
following multiple testing correction are presented in Table 
1. A clear trend toward more additive by additive 
interactions can be seen by the number of significant 
interactions that fall within any of these four tests, as would 
be expected due to a general lack of effect due to dominance 
interactions on phenotype. 

 
Table 1. Percentage of significant SNP by SNP 
interactions corrected for False Discovery Rate (FDR) 
within epistasis test types. 

Test Type# # Significant 
interactions 

Percentage of total 
significant 

interactions*, % 
AxA 6370 68.69 

AxD & DxA 1682 28.92 
DxD 222 2.39 

#Interaction Types 
AxA = Additive by Additive interaction 
AxD = Additive by Dominance interaction 
DxA = Dominance by Dominance interaction 
DxD = Dominance by Dominance interaction 
*FDR corrected at 0.05  

 
 

The total number of epistatic interactions per fatty 
acid trait varied considerably. Of particular note is the single 
additive by dominance interaction for the fatty acid 18:1C9. 
This fatty acid was associated with only one single 
interaction that passed our haplotype frequency correction. 
This lack of trait 18:1C9 could be due to an underlying 
genetic architectural difference compared to other fatty 
acids. The next lowest number of associations was with the 
fatty acid 16:0, which accounted for 3.2% of the total 
significant interactions. Table 2 shows the break up of fatty 
acid traits by their participation in the total interactions 
identified. Aside from 18:1C9, the unsaturated fatty acids 
account for a comparable percentage of the total FDR 
corrected interactions. The saturated fatty acids 14:0, 16:0, 
and 18:0, however, demonstrate a large amount of 
variability, ranging from 48.35% of the interactions down to 
only 3.2%. All significant interactions whose markers 
mapped to UMD3.1 chromosomes were plotted with ggplot 
in R to observe chromosomal interactions, of particular note 

are the interactions between chromosomes 5 and 14, and 9 
and 20 (Figure 1). These chromosomes contain a large 
number of interactions that appear to not spread across a 
large region of the chromosome. This may indicate 
interaction hot spots for specific genomic regions that are 
highly connected to other portions of the genome to 
influence fatty acid variation. 

 
Table 2. Number of significant SNP interactions for fatty 
acid traits# adjusted by False Discovery Rate (FDR) and 
Bonferonni correction. 

Trait # Significant 
interactions 

by FDR 

Percentage 
Total, % 

# Bonferonni 
corrected 

14:0 4484 48.35 5 
14:1 1332 14.36 0 
16:0 297 3.20 297 
16:1 1130 12.18 20 
18:0 1241 13.38 54 

18:1C9 1 0.01 1 
MUFA 789 8.51 1 

 9274 100 373 
#Saturated fatty acids: 14:0, 16:0, 18:0 
#Unsaturated fatty acids: 14:1, 16:1, 18:1, MUFA. 

 
 

 
Figure 1. Total SNP interactions across cattle genome 
after False Discovery Rate correction. 
The outer circle signifies chromosomal genomic coordinates. 
The numbers inside the genomic coordinates above grey boxes 
refer to individual chromosome numbers. 
Blue lines represent pairwise SNP interactions between various 
chromosomes. 

 
 
Different fatty acid traits had very different 

proportions of specific types of epistatic interactions. Some 
traits showed little evidence of epistasis (i.e. 18:1C9 with 1 
significant interaction), while other traits had many epistatic 
interactions (14:0 with 4484 significant interactions). 
Between traits, the type of interactions also varies 
considerable as seen in Table 3. Fatty acids 14:0, 14:1, and 
MUFA have over 75% of their interactions as additive by 
additive, while 16:0, 16:1, 18:0, and 18:1C9 are over 75% 



additive by dominance. Of interest is fatty acid 16:0, of 
which all 297 of its interaction estimates are additive by 
dominance.  16:0 is also the trait that fit all 297 of its 
interactions with Bonferonni, and accounts for nearly 80% 
of the Bonferonni corrected interaction estimates. A 
preliminary test to fit traits for 50 animals in each haplotype 
detects 2766 interactions for FDR and 16 for Bonferonni 
correction, but further research is needed to understand what 
these even more conservative filters may be piecing out. 

 
Table 3. Interaction test types# by trait. 

Trait AxA, % AxD & DxA, % DxD, % 
14:0 92 6 2 
14:1 83 12 5 
16:0 0 100 0 
16:1 24 75 2 
18:0 22 78 9 

18:1C9 0 100 0 
MUFA 77 16 6 

#Interaction Types 
AxA = Additive by Additive interaction 
AxD = Additive by Dominance interaction 
DxA = Dominance by Additive interaction 
DxD = Dominance by Dominance interaction 

 
 

Conclusion 
 

The interactions detected with EpiSNPmpi indicate 
the possibility of epistatic interactions for these seven fatty 
acid traits of interest. While the estimates show a trend 
towards additive by additive interactions, this trend does not 
hold true across all seven traits. Preliminary work to filter 
interactions for higher genotype frequencies shows a 
decrease in both FDR and Bonferonni corrected interactions 
as expected, but more work is needed to determine which 
interactions may indeed be significant versus just reporting 
a haplotype interaction. Additional work will focus on 
trying to elucidate the molecular mechanisms behind which 
SNPs appear to have an interaction, and will strive to 
describe what these interactions signify for fatty acids. 
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