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Summary

The arachidonic acid (C20:4, n6) is related to a wide range of biological effects including
lipid homeostasis. The fatty acid desaturase-2 (FADS2) gene encodes for the delta-6-
desaturase that is involved in the biosynthesis of C20:4. In Duroc pigs, there are some known
polymorphisms in the promoter region of FADS2 that can be potentially associated with fat
mass. The purpose of this study was to evaluate the association of one of them
(FJ263685.1:g.7468A>G) with C20:4 and to investigate its correlated effects on lean growth
and fat distribution. A total of 1,086 Duroc barrows with records on carcass traits and
intramuscular fat (IMF) content and composition were genotyped. The polymorphism was
found to be associated with C20:4 content both in m. gluteus medius (GM) and m.
longissimus (LM), with pigs carrying the G allele showing a lower level of C20:4 in muscle.
No association was detected with lean growth, although the analysis evidenced a positive
effect of the G allele on IMF in GM, in line with the negative correlation observed between
C20:4 and IMF. Taken together, the results indicate that the FJ263685.1:g.7468A>G SNP at
the FADS2 gene could be a useful marker to increase IMF without altering lean growth in
Duroc.
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Introduction

The arachidonic acid (C20:4, n6) is required as substrate for eicosanoid synthesis, a set of
biomolecules that are related to a wide range of biological effects including lipid homeostasis.
Mainly esterified into phospholipids, they play a key role in maintaining membrane fluidity
and on cell signaling. The fatty acid desaturase 2 (FADS2), also known as delta-6-desaturase,
is the enzyme responsible for catalyzing the first and rate-limiting step for the biosynthesis of
C20:4, where linoleic acid (C18:2, n6) is desaturated to γ-linolenic acid (C18:3, n6). The lack
of FADS2 leads to obesity resistance and, as reported by Stoffel et al. (2014) with
auxotrophic mice mutants, it activates a surrogate reaction in which C18:2 is elongated to
eicosadienoic acid (C20:2, n6) but not to C20:4. In pigs, the FADS2 gene is located in the
chromosome region 2:9632454-9667044:-1 (assembly Sscrofa11.1). In Duroc, several
polymorphisms in the promoter of the FADS2 have been identified to be potentially
associated with fat-related traits (Pena et al., 2014), in line with recent results of a genome-
wide association study in the same population (Ros-Freixedes et al., 2016). In Erhualian pigs,
Zhang et al., (2016) provide evidence that the region containing the FADS2 gene was
associated with C20:4 in loin. The aim of this work was to confirm the presence of a
polymorphism in the promoter region of the FADS2 gene of Duroc pigs influencing C20:4
and to investigate whether this effect results also in changes in lean growth and fat
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distribution.



Material and methods

Animals and phenotypes

A total of 1,086 barrows from a Duroc line were used in this experiment. Pigs were raised in
18 batches from 75 days of age until slaughter at 210 days. Pigs had ad libitum access to
commercial diets and were slaughtered in the same abattoir, where carcass weight (CW),
carcass backfat (BT) and loin (LT) thickness at 6 cm off the midline between the third and
fourth last ribs were measured by an on-line ultrasound automatic scanner (AutoFOM, SFK-
Technology, Denmark). After chilling for about 24 h at 2°C, samples of the muscles gluteus
medius (GM) and longissimus (LM) were collected, vacuum packaged, and stored at -20ºC.
Intramuscular fat (IMF) content and composition was determined in both muscles by gas
chromatography (Bosch et al., 2009). In particular, C18:2, C20:2 and C20:4 fatty acids were
determined and their ratios were calculated as indicators of the FADS2 activity.

Genotyping

The DNA was extracted from the muscle samples using a standard protocol. The proximal
promoter of the FADS2 gene was sequenced and six single nucleotide polymorphisms (SNP)
were identified. One of them, the FJ263685.1:g.7468A>G substitution, was selected as a
quick RFLP-PCR genotyping protocol with the enzyme AvaI. Two other SNPs known to
influence fat content and composition in this line (the g.2228T>C SNP at the stearoyl-CoA
desaturase gene and the g.1987C>T SNP at the leptin receptor gene) were also genotyped as
described in Ros-Freixedes et al. (2016).

Statistical analysis

The association analysis of FADS2 genotypes with fatty acid content or ratios was performed
using a model including the batch (18 levels), the FADS2 genotype (3 levels), the SCD
genotype (3 levels), the LEPR genotypes (3 levels), with IMF as a covariate. Additivity was
tested replacing the genotype effect by the covariate a [1, 0, -1] for the AA, AG, and GG
genotypes respectively. The same model was used for the other traits but using the age at
slaughter as a covariate instead of IMF. The models were solved using the JMP Pro 12
package (SAS Institute Inc., Cary, NC). The differences between FADS2 genotypes were
compared using the Tukey test.

Results and discussion

The frequency of the A allele at the FADS2 g.7468A>G SNP was 0.31. As the SNPs at the
SCD and LEPR genes segregated at intermediate frequencies, all possible genotypes across
the three genes were observed. Results in Table 1 indicate that the FADS2 g.7468A>G SNP
affect fatty acid composition both in GM and LM, with the A allele showing a positive
additive effect on C20:4 (0.09±0.02 and 0.12±0.02, P<0.001, for GM and LM, respectively).
The SNP is able to capture 2.2 % and 5.6% of the phenotypic variance of C20:4 in GM and
LM, respectively. As expected, the A allele did not affect C18:2 but increased the
C20:4/C18:2 ratio (values x 10; 0.08±0.01 and 0.10±0.02, P<0.001, for GM and LM,
respectively), supporting the hypothesis that the A allele is involved in boosting FADS2 gene
expression and therefore the biosynthesis of highly unsaturated fatty acids from C18:2.



Interestingly, the A allele had also a negative effect on C20:0 and C20:2/C18:2, although only
in GM. This result is in line with previous findings (Stoffel et al., 2014) indicating that a lack
of FADS2 can trigger a surrogate reaction diverting C18:2 to C20:2 instead of C18:3, n6, the
first intermediate fatty acid in the canonical endogenous synthesis of C20:4.

Table 1. Linoleic acid (C18:2, n6), eicosadienoic acid (C20:2, n6) and arachidonic acid
(C20:4, n6) content and associated ratios by FADS2 genotype and muscle.

FADS2 genotype1

Muscle p-value AA AG GG

m. gluteus medius
No. of pigs 110 454 509
C18:2, % 0.24 10.08 ± 0.12 10.29 ± 0.06 10.30 ± 0.06
C20:2, % <0.001 0.46 ± 0.02b 0.50 ± 0.01a 0.50 ± 0.01a

C20:4, % <0.001 1.55 ± 0.04a 1.48 ± 0.02a 1.38 ± 0.02b

C20:4/C18:2 (x10) <0.001 1.53 ± 0.03a 1.45 ± 0.02a 1.37 ± 0.01b

C20:2/C18:2 (x100) <0.001 4.69 ± 0.16b 4.80 ± 0.08b 4.88 ± 0.08a

C20:4/C20:2 <0.001 3.38 ± 0.07a 3.09 ± 0.04b 2.84 ± 0.04c

m. longissimus

No. of pigs 47 210 262

C18:2, % 0.70 8.23 ± 0.13 8.06 ± 0.07 8.06 ± 0.06
C20:2, % 0.58 0.37 ± 0.01 0.36 ± 0.00 0.37 ± 0.00
C20:4, % <0.001 1.81 ± 0.05a 1.72 ± 0.02a 1.59 ± 0.02b

C20:4/C18:2 (x10) <0.001 2.06 ± 0.04a 2.06 ± 0.02a 1.92 ± 0.02b

C20:2/C18:2 (x100) 0.54 4.62 ± 0.10 4.51 ± 0.05 4.54 ± 0.04
C20:4/C20:2 <0.001 4.85 ± 0.17a 4.70 ± 0.09a 4.26 ± 0.08b
1 Within row, means with different superscripts differ significantly (P<0.05).

Small changes in C20:4 may give rise to big signaling responses. If excessive, they can shift
‘healthy physiology towards pathophysiology’ (Lands, 2017). However, neither CW, BT and
LT nor lean weight were affected by the polymorphism (Table 2). Although C20:4 was
negatively correlated with CW (-0.36 and -0.40, p<0.01, for GM and LM, respectively) and
BT (-0.22 and -0.23, p<0.01, for GM and LM, respectively), the effect of the FADS2 SNP on
C20:4 was not high enough to modify overall fatness. In contrast, results indicate that it can
be sufficient to influence IMF, at least in some muscles (-0.53±0.22, p<0.05, for the A allele
in GM). The different behavior of the FADS2 SNP in GM and LM could be attributed to the
differential partitioning of C20:4 between neutral lipids and phospholipids across muscles
(Wood et al., 2004), but also to the hyperbolic nature of the reactions mediated by signaling
receptors. Thus, the negative non-linear relationship of C20:4 with IMF could explain why
the G allele (negative for C20:4) had a positive impact on IMF and why it was only observed
in GM (with 15% less C20:4 than LM). Renaville et al. (2013), using data from four
commercial genetic types, found that a SNP in the exon 3 of FADS2 was associated with both
C20:4 and IMF, but only in LM and not in m. biceps femoris. In line with our results, the
favorable effect on IMF was associated with the negative allele for 20:4 and evidenced in the
muscle with the lowest C20:4. In conclusion, results at hand indicate that the studied SNP
could be a useful marker to increase IMF without altering lean growth.



Table 2. Carcass traits and intramuscular fat content by FADS2 genotype
FADS2 genotype1

Muscle p-value AA AG GG

Carcass weight, kg 0.28 96.8 ± 0.9 98.3 ± 0.5 97.9 ± 0.5
Backfat thickness, mm 0.78 26.0 ± 0.4 26.3 ± 0.2 26.3 ± 0.2
Loin thickness, mm 0.35 43.4 ± 0.8 44.4 ± 0.4 43.8 ± 0.4
Lean weight, kg 0.43 39.5 ± 0.5 40.2 ± 0.3 40.0 ± 0.3
Intramuscular fat, % DM

m. gluteus medius <0.05 17.4 ± 0.5b 18.2 ± 0.2ab 18.6 ± 0.2a

m. longissimus 0.95 13.7 ± 0.5 13.6 ± 0.3 13.6 ± 0.2
1 Within row, means with different superscripts differ significantly (P<0.05).
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