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Summary

In previous work by our group, regions of both single marker effects and epistatic
interactions were identified as associated with various fatty acid measurements taken
from Angus sired cattle. With access to whole genome sequence, it became possible to
further investigate regions previously reported to identify potential causative variants,
and better understand the extent of epistasis. Two regions that harbor Fatty acid synthase
gene (FASN) and Thyroid hormone responsive gene (THRSP) were imputed to whole
genome sequence using FImpute, and then analyzed for epistatic interactions with
epiSNPmpi. These two regions were chosen based on their importance to fatty acids and
presence in both single marker and epistatic studies. Single markers in these two regions
that were associated with fatty acid content were all located in intergenic or intronic
regions, yet none were located within the initial candidate genes FASN or THRSP. SNP
by SNP interactions were filtered on a minimum of 50 individuals per genotype
combination across 22 traits from two categories: 11 total weight percentage (WP) and 11
Triacylglyceride (TAG). A total of 10 significant epistatic interactions were identified, all
within the TAG traits. All interactions were dominant x additive in type, and were found
only within four of the TAG fatty acid traits. Eight of these interactions were within the
same location on chromosome 19, and were all within two kilo-bases on chromosome 29.
This set of interactions common between fatty acid traits medium chain fatty acids
(MCFA) and long chain fatty acids (LCFA), may indicate that the true interaction
between the previously identified regions may actually be between previously
unsuspecting genes CHMP6 and TENM4.
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Introduction

Fatty acids have been shown to have biological effects, e.g. anchoring proteins to the cell
membrane (citation) or activating transcription factor (citation), as well as, impact meat
quality and flavor (citation). As such, it would be beneficial for the beef industry to
understand the genetic variation in fatty acid content such that selection for improved
traits can occur.

Previous investigation into fatty acid epistasis looked at interactions across the
whole genome to identify regions of the genome that interacted with on another (Kramer
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et al. 2016). With the availability of whole genome sequence, the opportunity to delve
deeper into these regions of genetic association becomes an attractive option. By looking
into regions already known to be associated with fatty acid traits, it becomes possible to
potentially identify causal variation. Previous work done with this set of phenotypes
identified two regions on two different chromosomes of the UMD3.1 build of bos taurus.
Chromosome 19, mega-base 51, harbors the fatty acid synthase gene (FASN) known to
take part in the synthesis of fatty acid chains (Zhang et al. 2008), while chromosome 29,
mega-base 18, harbors the Thyroid hormone responsive gene (THRSP) which has been
associated with fatty acid composition (La et al. 2013). This study aims to identify
epistatic interactions present in these previously identified regions to more finely
determine the associated regions with fatty acid epistasis. This study evaluated 11 fatty
acid traits (12:0, 14:0, 16:0, 18:0, 20:0, 22:0, monounsaturated fatty acids [MUFA],
polyunsaturated fatty acids [PUFA], saturated fatty acids [SFA], medium chain fatty
acids [MCFA], long chain fatty acids [LCFA]) across two fatty acid categories, whole fat
percentage (WP) and triacylglyceride fatty acid (TAG), in order to identify potentially
causal variants within these two well known fatty acid associated regions of the genome.

Materials and Methods

Population

Individuals in this study come from an ISU/industry Angus population as previously
noted by Garmyn et al. (2011). Two subsets of this population were chosen based on
phenotypic data availability: 1818 individuals for Triacylglyceride (TAG) fatty acids, and
2162 individuals for total weight percentage (WP). All animals fall under IACUC
protocols as described in Saatchi et al. (2013)

Genotype and phenotypic Data

Whole genome sequence was obtained by imputing individuals with 770k genotypes
using 255 Angus bulls from the 1000 bulls genome project (run 4) and from within the
ISU herd (Daetwyler et al. 2014). Imputation was performed with FImpute (Sargolzaei et
al. 2014). The WGS utilized was in 3Mb windows that surrounded FASN and THRSP
genes (Chr19:51Mb, Chr29:18Mb). Markers were removed if their minor allele
frequency was below 0.1. Collection, processing, and recording of phenotype data are
described in Saatchi et al. (2013).

Analysis of single marker and pairwise SNP epistatic interactions

The program epiSNPmpi was used to test for epistatic interactions between the
aforementioned two 3Mb windows as described in Ma el al. (2008). Optimization of
epiSNPmpi is described in Weeks et al. (2016). 10,000 pairwise SNP interactions were
obtained for each fatty acid trait. Intra-chromosomal interactions were removed from
analysis to prevent false identification due to LD. Inter-chromosomal interactions
required 50 individuals to exhibit each genotype combination to consider it as real. This
required a proportion of animals per genotype of 2.75E-02 for TAG fatty acids, and
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2.31E-02 for WP. Additionally, epiSNPmpi provides the top 1000 single marker effects
per trait, which were filtered on a bonferroni correction of 4.7E-7.

To correct for multiple testing, a FDR correction (<0.05) was applied by ranking
interactions on nominal p-values, and then calculated corrected p-values by:

(1)

Results and Discussion

10 significant epistatic interactions were identified after filtering for a corrected FDR
(<0.05) and 50 individuals per genotype combination. All 10 of the significant
interactions were additive x dominant in type and only in TAG fatty acid traits. No
significant epistatic interactions were found within the WP fatty acid traits (Table 1).

Table 1. Number of significantly identified epistatic interactions by fatty acid category
and trait.

1LCFA: Long chain fatty acids
2MCFA: Medium chain fatty acids
3SFA: Saturated fatty acids

Of these significant interactions, the four within TAG LCFA were identical to those
in MCFA (Table 2). The variant on chromosome 19 that was associated with LCFA and
MCFA is located within the first intron of gene CHMP6. The variants on chromosome
29, which were with 1.3 kilo-bases of each other, are located within the TENM4 gene.
While these genes are not directly related to fatty acids, TENM4 has increased expression
levels in adipose and subcutaneous fat tissues relative to other tissues with bos taurus
(epidb.animalgenome.org). CHMP6 is a core component of the ESCRT-III transport
system, and TENM4 itself is a transmembrane protein, indicating the two may interact
within the cellular system.

Table 2. Significant interactions shared between MCFA and LCFA.

The top 1000 single marker effects had their –log10 p-values plotted across the
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three megabase region. Interestingly, those markers that were significant after a
bonferroni correction did not appear to be near either FASN on chromosome 19 (figure
1), or THRSP on chromosome 29 (figure 2). This may indicate that the causal variants
may not be associated with either FASN or THRSP.

Conclusion

The interactions detected by epiSNPmpi indicate that epistatic interactions exist between
chromosome 19 and 29. Initially suspected to be between FASN and THRSP, this
interaction may potentially be between CHMP6 and TENM4. These two genes may be
interacting based on current annotation, and the increased expression level of TENM4 in
adipose and subcutaneous may indicate a connection between these regions and fatty acid
traits. Although whole genome sequence allows for finer precision on the location of
epistatic interactions, findings still must be tempered, as the actual presence of an
interaction between the CHMP6 and TENM4 cannot be proven beyond the existence of
statistical epistatic interactions. Investigation into single marker effects also may indicate
that other genes than FASN and THRSP are being associated with fatty acid traits in
TAG and WP categories. Further analysis with more fatty acid traits may better define
epistatic interactions between various regions of the bos taurus genome and lead to better
understanding on which genes are potentially interacting.
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Figure 1: 339 single marker effects within the megabase 50 to 53 region of chromosome
19 for TAG 16:0, with a –log10(P) cutoff of 6.327. FASN gene location shown
relative to single marker effects.
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Figure 2: 661 single marker effects within the megabase 17 to 20 region of chromosome
29 for TAG 16:0, with a –log10(P) cutoff of 6.327. THRSP gene location shown
relative to single marker effects.


