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ABSTRACT 13 

The effects of the stearoyl-CoA desaturase (SCD; AY487830:g.2228T>C) and leptin 14 

receptor (LEPR; NM_001024587:g.1987C>T) polymorphisms on fat content and fatty 15 

acid (FA) composition were investigated throughout fattening. Samples of Longissimus 16 

thoracis (LT) and subcutaneous fat (SF) from 214 Duroc barrows were collected from 17 

160 days to slaughter age (220 days) using a longitudinal design. Results indicated that 18 

the positive effect of the T allele at the SCD gene on monounsaturated FA and of the T 19 

allele at the LEPR gene on saturated FA are maintained throughout the growing-20 

finishing period, both in LT and SF. In LEPR, however, compositional changes, 21 

particularly in SF, are a result of increased fatness. There is very limited evidence of 22 

genotype by age interaction, and thus it is concluded that the combined selection for the 23 

SCD T and LEPR C alleles is a good strategy to increase the MUFA/SFA ratio 24 

regardless of the age at slaughter. 25 

 26 
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 28 

 29 

Highlights: 30 

 31 

• The effect of age on two SNPs affecting fat composition in Duroc pigs is examined.  32 

• The SNP at the SCD gene increased monounsaturated fatty acid content. 33 

• The SNP at the LEPR gene increased fatness and saturated fatty acid content. 34 

• The effects of both SNPs are maintained throughout fattening.  35 

  36 



1. Introduction 37 

 38 

The pig industry mostly relates carcass quality to lean content and conformation. 39 

However, there is a constant increase of consumers who attach greater importance to 40 

pork quality. Meat quality is not straightforward to define (Wood et al., 2004) and 41 

depends on a number of meat attributes. Among them,  intramuscular fat (IMF) content 42 

has a beneficial impact on tenderness, texture, taste and flavour intensity of pork, 43 

particularly for premium fresh pork niches and dry-cured products (Fernandez, Monin, 44 

Talmant, Mourot, & Lebret, 1999; Fortin, Robertson, & Tong, 2005; Jeleníková, Pipek, 45 

& Miyahara, 2008). Recently, mainly due to health promotion policies, the fatty acid 46 

(FA) composition has also entered as a new feature for pork quality. A dietary 47 

substitution of saturated fatty acids (SFA) for monounsaturated fatty acids (MUFA) 48 

may not only be beneficial against dyslipidemias (Gillingham, Harris-Janz, & Jones, 49 

2011; Roche, 2001) but may also improve organoleptic properties and overall 50 

acceptability of pork (Cameron et al., 2000; Cameron & Enser, 1991; Tikk et al., 2007).  51 

Due to the importance of fat content and composition for the meat industry, 52 

genes involved in lipid metabolism have been an important target of research in animal 53 

breeding. The leptin receptor (LEPR) and the stearoyl-CoA desaturase (SCD) are two of 54 

these genes. LEPR, as a mediator of the satiety effect of the leptin hormone, influences 55 

overall fatness (Houseknecht, Baile, Matteri, & Spurlock, 1998), while SCD,  the rate-56 

limiting enzyme required for the biosynthesis of MUFA from SFA, affects fatty acid 57 

composition (Ntambi & Miyazaki, 2004). In pigs, a non-synonymous exonic 58 

polymorphism in the LEPR gene has been reported to be strongly associated with 59 

fatness in an Iberian x Landrace (Óvilo et al., 2005) and in Duroc × Landrace/Large 60 

White (Galve et al., 2012) crossbreds. Similarly, a polymorphism has been reported in 61 



the promoter region of the SCD gene affecting MUFA content in both IMF and 62 

subcutaneous fat (SF) of purebred and crossbred Duroc animals (Estany, Ros-Freixedes, 63 

Tor, & Pena, 2014; Henriquez-Rodriguez, Tor, Pena, & Estany, 2015). A recent 64 

genome-wide association study confirmed SCD and LEPR as the two main loci 65 

influencing IMF and FA composition in Duroc (Ros-Freixedes et al., 2016).  66 

In a previous work, Bosch, Tor, Reixach, & Estany (2012) estimated the 67 

evolution of fat content and composition in both IMF and SF throughout the growing–68 

finishing period in pigs from a Duroc line used for high-quality production. These 69 

authors showed that the age-related increase of IMF and SF is associated to 70 

modifications in the fatty acid profile, with major changes occurring in MUFA and 71 

PUFA. Therefore, the objective of this paper was to examine whether the effects of the 72 

SCD and LEPR polymorphisms on fat content and composition affect each other and/or 73 

change with age.  74 

 75 

2. Material and methods 76 

 77 

2.1. Animals and experimental procedures 78 

All experimental procedures were approved by the Ethics Committee for Animal 79 

Experimentation of the University of Lleida (Agreement 2/01, March 2001) and all 80 

animal procedures and care performed in accordance with authorization AE2374 issued 81 

by the Catalan Ministry of Agriculture, Livestock, and Fisheries, Spain. 82 

A total of 214 purebred barrows from a Duroc line (Selección Batallé, 83 

Riudarenes, Girona, Spain) were used for this research (Bosch et al. 2012). The line was 84 

closed in 1991 and since then it has been selected for an index including body weight, 85 

backfat thickness and intramuscular fat content with the primarily objective of 86 



producing premium pork and high quality dry-cured hams (Solanes et al., 2009). Pigs 87 

were produced by 102 sows and 36 boars and raised up to slaughter in three separate 88 

batches in a commercial farm. They were allocated in pens of 12 individuals and were 89 

given ad libitum access to feed. A pelleted growing and finishing diet were given from 90 

110 to 160 days and from 160 to 220 days, respectively (Table 1). Pigs used in the 91 

experiment were subjected to repeated sampling for muscle and subcutaneous fat (SF) 92 

specimens throughout the finishing period. A biopsy of m. Longissimus thoracis (LT) 93 

and of SF was taken in 191 pigs at around 185 days (183, SD 4.3). Additionally, 94 

samples of both tissues were also taken at 160 days (158.0, SD 6.9; n=81) and at 210 95 

days (207.9, SD 3.0; n=60). Before taking biopsies, the live body weight was measured 96 

and backfat thickness (BT) and loin-muscle thickness at 5 cm of the midline between 97 

the third and fourth last ribs ultrasonically recorded using the portable equipment Piglog 98 

105 (SFK-Technology, Herlev, Denmark). Biopsies were taken 5 cm deep at the same 99 

location where BT was measured and were extracted using 8-mm cannula inserted into 100 

spring-loaded biopsy device (PPB-U Biotech, Nitra, Slovakia) as described in Oksbjerg, 101 

Henckel, Andersen, Pedersen, & Nielsen (2004). All the necessary measures were taken 102 

to prevent animal discomfort during and after the process (Bosch, Tor, Villalba, 103 

Puigvert, & Estany, 2003). Muscle and fat samples were trimmed from skin and 104 

separately frozen in liquid nitrogen until analysis 1 to 5 months later. Pigs were 105 

slaughtered at 220 days (222, SD 3.8) in a commercial slaughterhouse equipped with a 106 

carbon dioxide stunning system (Butina ApS, Holbaek, Denmark), where BT and loin-107 

muscle thickness at 6 cm off the midline between the third and fourth last ribs were 108 

measured using the Autofom automatic carcass grading (SFK-Technology, Herlev, 109 

Denmark). After slaughter, the carcass weight and the carcass length were measured. 110 

The carcass length was measured from the anterior edge of the symphysis pubic to the 111 



recess of the first rib. The carcass lean percentage was estimated on the basis of 35 112 

measurements of AutoFOM points by using the official approved equation (decision 113 

2001/775/CE, 2001) and the lean weight from carcass weight and lean percentage. After 114 

chilling for about 24 h at 2°C, each carcass was divided into primal cuts and the left side 115 

ham was weighed. Each ham was trimmed according to customary procedure used for 116 

manufacturing traditional dry-cured Spanish ham. Immediately after quartering, a 117 

sample of m. Gluteus medius from the left side ham was taken. In around 30 pigs per 118 

batch a sample of LT and SF at the level of the third and fourth ribs was also collected. 119 

These samples were immediately vacuum packaged and stored at –20°C until required 120 

for IMF and FA determinations.  121 

 122 

2.2. Determination of IMF content and fatty acid composition 123 

Frozen samples were removed from the nitrogen tank or the freezer 12 h prior to 124 

laboratory analyses. Biopsy specimens were directly freeze-dried and thereafter 125 

thoroughly homogenized by mixing with sand using a glass stirring rod. Due to their 126 

small size, dry matter in these samples was calculated as the weight difference before 127 

and after freeze-drying, and then the whole sample used for subsequent analyses. Post-128 

mortem samples of LT and m. Gluteus medius were completely defrosted, vacuum drip 129 

losses were eliminated and muscle and subcutaneous fat were dissected out separately. 130 

Once minced, a small quantity of each was used to determine dry matter by drying 24 h 131 

at 100 to 102 °C in air oven whereas the rest of the sample was freeze-dried and 132 

pulverized using an electric grinder. A representative aliquot from the pulverized freeze-133 

dried specimens was used for chemical analyses.  134 

IMF content was estimated by quantitative determination of the fatty acids by 135 

gas chromatography following the methodology described in Bosch, Tor, Reixach, & 136 



Estany (2009). Fatty acid methyl esters of both IMF and SF were directly obtained by 137 

transesterification using a solution of boron trifluoride 20% in methanol (Rule, 1997). 138 

Analysis of fatty acid methyl esters were performed by gas chromatography with a 139 

capillary column SP2330 (Supelco, Tres Cantos, Madrid) and a flame ionization 140 

detector with helium as the carrier gas at 1 mL/min. The oven temperature program 141 

increased from 150 to 225 °C at 7 °C per min, and the injector and detector 142 

temperatures were both 250 °C (Tor, Estany, Francesch, & Cubiló, 2005). The 143 

quantification was carried out through area normalization by adding into each sample 1, 144 

2, 3-Tripentadecanoylglycerol as internal standard before transesterification. IMF was 145 

calculated as the sum of each individual fatty acid expressed as triglyceride equivalents 146 

(AOAC, 2000) on a dry tissue basis. IMF and SF fatty acid composition was calculated 147 

as the percentage of each individual fatty acid relative to total fatty acids, and expressed 148 

as mg/g fatty acid. The proportion of SFA (C14:0; C16:0; C18:0 and C20:0), MUFA 149 

(C16:1n−9; C18:1 and C20:1n−9) and PUFA (C18:2n−6; C18:3n−3; C20:2n−6 and 150 

C20:4n−6) fatty acid contents were calculated.  151 

 152 

2.3. Isolation of genomic DNA and genotyping 153 

The isolation of genomic DNA was carried out from muscle samples stored at -154 

80ºC. Samples were lysed in the presence of proteinase K and DNA was purified 155 

through extraction with phenol: chloroform, followed by ethanol precipitation. Finally, 156 

DNA was re-suspended and stored in TE buffer. The quantification and estimation of 157 

the quality and purity of genomic DNA was performed using a Nanodrop N-1000 158 

spectrophotometer; DNA integrity was tested through electrophoresis in a 1% agarose 159 

gel.  160 



All pigs were genotyped for the LEPR NM_001024587:g.1987C>T and the SCD 161 

AY487830:g.2228T>C single nucleotide polymorphisms (SNP), which serve as tag 162 

SNPs for capturing the variance associated to LEPR and SCD genes, respectively. The 163 

LEPR NM_001024587:g.1987C>T SNP at exon 14 (Óvilo et al., 2005) was genotyped 164 

by High Resolution Melt analysis (Luminaris Color HRM Master Mix, Thermo 165 

Scientific) in a real time thermocycler (CFX-100, Bio-Rad) using 10 ng of genomic 166 

DNA and 0.4 µM of each of the following primers: LEPR-F, 5´-167 

CAGAGGACCTGAATTTTGGAG-3´; LEPR-R, 5´- 168 

CATAAAAATCAGAAATACCTTCCAG-3´. The SCD AY487830:g.2228T>C SNP 169 

was genotyped using an allelic discrimination assay with the primers and probes 170 

indicated in Estany et al. (2014). The reaction mix contained 1x Universal TaqMan 171 

master mix (LifeTechnologies, Grand Island, NY), 0.2 µM Primer mix, 0.8 µM Probe 172 

mix and 10 ng of DNA in a final volume of 5 µl. 173 

 174 

2.4. Statistical analyses 175 

 The effect of the SCD and LEPR genotypes by age on body weight, BT, loin-176 

muscle thickness, IMF and FA of LT and SF were estimated on data from biopsies 177 

taken at 160, 185, and 210 days of age using a linear mixed model which included the 178 

batch (3 levels), the age at measurement (160, 185, and 210 days), the SCD genotype 179 

(TT, CT and CC), the LEPR genotype (CC, CT and TT) and the interaction of genotype 180 

by age at measurement as fixed effects and the pig and the residual as random effects. 181 

Moreover, data from either biopsies or carcass, were also analyzed independently at 182 

each age using a fixed model with the effects of the batch, the SCD and LEPR 183 

genotypes and age, this latter considered here as a deviation from the target age in each 184 

time-point (160, 185, 210, and at slaughter at 220 days). As in Bosch et al. (2009), in 185 



both approaches the potential bias due to the biopsy size on IMF and FA composition 186 

was corrected including in the model for these traits a quadratic polynomial on sample 187 

weight. The interaction between genotypes was tested including in the model the 188 

corresponding term. The effect of the genotypes was tested following an F-test and 189 

multiple pairwise comparisons were done using the Tukey test. All the analyses were 190 

performed using the statistical package JMP 8 (SAS Institute Inc., Cary, NC).  191 

 192 

3. Results  193 

 194 

The average effects of the SCD and LEPR genotypes on body weight, BT, loin-195 

muscle thickness, IMF and FA composition in both muscle and subcutaneous fat during 196 

the finishing period are given in Tables 2 and 3, respectively. The effect of both 197 

genotypes on LT and SF was consistent across tissues and throughout the finishing 198 

period. Thus, pigs carrying the T allele at SCD increased MUFA content (452.0 mg /g 199 

FA, for TT, and 428.9 mg/g FA, for CC, P<0.05, in LT; and 414.3 mg/g FA, for TT, 200 

and 400.7 mg/g FA for CC, P<0.05, in SF) while the T allele at LEPR increased SFA 201 

(423.9 mg/g FA, for TT, and 409.8 mg/g FA, for CC, P<0.05, in LT; and 420.6 mg/g 202 

FA, for TT, and 410.6 mg/g FA, in SF). In general, the effect of the SCD genotypes on 203 

the FA profile was greater than for LEPR genotypes and in LT than in SF. The T allele 204 

at LEPR also increased BT (20.9 mm, for TT, and 19.4, for CC, P<0.05). The SCD 205 

genotype did not affect neither BT nor IMF. A significant interaction of SCD with age 206 

was observed for BT and PUFA, both in LT and SF, and of LEPR with age for SFA in 207 

LT (P<0.05).  208 

In order to dissect out these interactions, the data were independently analyzed at 209 

each age of measurement. The effects of the SCD and LEPR genotypes on SFA, MUFA 210 



and PUFA in LT by age are depicted in Figures 1 and 2, respectively. As expected 211 

from previous works (Bosch et al., 2012), MUFA increased during the finishing period 212 

while PUFA decreased. Similar results were obtained for BT and for FA composition in 213 

SF and therefore they are not shown. It can be seen from these figures that the 214 

interaction between genotype and age was minor and limited to small changes in 215 

magnitude for SFA in LEPR. On the whole, the effect of the genotypes on SFA, MUFA, 216 

and PUFA showed the same pattern throughout the finishing period, with the T allele at 217 

SCD increasing MUFA and the T allele at LEPR increasing SFA. The joint effect of 218 

both genes is accounted for in Figure 3 using the MUFA/SFA ratio as a target trait. 219 

Both in LT and in SF, the proportion of MUFA with respect to SFA was around 15% 220 

higher in the TTC- (TT, for SCD, and CC or CT, for LEPR) as compared to the CCTT 221 

(CC, for SCD, and TT, for LEPR) pigs (1.16 and 1.07, for TTC-, and 1.01 and 0.94, for 222 

CCTT, in LT and SF, respectively; P<0.05). The difference between this two extreme 223 

genotypes for BT, IMF and body weight was not significant (P>0.05; data not shown).  224 

The effect of the SCD and LEPR genotypes on carcass traits, as well as on IMF 225 

content and FA composition of the Gluteus medius muscle, are presented in Table 4. In 226 

agreement with results obtained with live measurements, the most striking effects were 227 

on FA composition. Thus, pigs carrying the T allele at the SCD gene had higher MUFA 228 

(471.7 mg/g FA, for TT, and 456.2 mg/g FA, for CC, P<0.05) and pigs with the T allele 229 

at the LEPR gene higher SFA content (417.5 mg/g FA, for TT, and 402.4 mg/g FA, for 230 

CC, P<0.05). In contrast to the SCD-T allele, the LEPR-T led to higher levels of IMF 231 

(22.5% DM, for TT, and 19.5% DM, for CC, P<0.05). Neither of the two genotypes 232 

affected BT, loin-muscle thickness, and lean content. Evidence of synergic effects 233 

between both genes was limited, with BT and C20:2n-6 being the only traits for which 234 

the interaction between SCD and LEPR was significant (P<0.05).  235 



 236 

4. Discussion  237 

 238 

In this study we investigated the effects of two tag polymorphisms, one at the 239 

promoter of the SCD gene (AY487830:g.2228T>C) and another at exon 14 of the LEPR 240 

gene (NM_001024587:g.1987C>T), on fat content and composition during the growing-241 

finishing period. In line with earlier research in Duroc pigs (Estany et al., 2014; 242 

Henriquez-Rodriguez et al., 2015), the results obtained confirmed the beneficial effect 243 

of the T allele at SCD gene on MUFA content and provided new evidence that the T 244 

allele at LEPR, which is segregating in Duroc, is positively associated with fatness and 245 

SFA content, both in muscle and SF. This is in agreement with previous findings with 246 

the LEPR gene in both Iberian (Muñoz et al., 2009; Óvilo et al., 2010) and Duroc-sired 247 

crossbreds (Galve et al., 2012; Muñoz et al., 2011). Also in line with previous reports 248 

(Gol et al., 2015), the allelic frequency of the T allele in this study was 0.41, for SCD, 249 

and 0.48, for LEPR, suggesting that both polymorphisms are present at intermediate 250 

frequencies in purebred Duroc. Such segregation pattern gives enough scope for using 251 

both SNPs to reduce the heterogeneity of Duroc-sired pig products. 252 

The polymorphism at the SCD gene did not show relevant undesirable effects, 253 

particularly on carcass traits and composition. Contrarily, the LEPR polymorphism, 254 

although had a positive impact on IMF, it also affected overall fatness. It has been 255 

suggested that the effects of LEPR can be an indirect consequence of increased feed 256 

intake (Óvilo et al., 2005), since the leptin receptor mediates the satiety effect of leptin 257 

(Barb, Hausman, & Houseknecht, 2001; Houseknecht et al., 1998). This hypothesis was 258 

corroborated by the results reported by Rodríguez et al. (2010), who found a positive 259 

effect of the T allele on body weight and voluntary feed intake. In the present study we 260 



found an effect of LEPR on BT and IMF, but not on body weight. However, dealing 261 

with a larger dataset on production and carcass traits from the same line used here, Gol 262 

et al. (2015) were able to detect that LEPR not only affect BT and IMF but also body 263 

and carcass weight. These results would confirm that, although subjected to variations 264 

due to sampling location, muscle or equipment of measurement, the T allele at LEPR, 265 

likely through increased feed intake, results in heavier and fatter pigs. Although BT is 266 

easy to modify with conventional breeding, it is always interesting to have available for 267 

use in genetic evaluations a genetic marker explaining a significant percentage of the 268 

genetic variation of IMF content and composition (Ros-Freixedes et al., 2016) and of 269 

the unfavorable correlation of BT with these traits (Ros-Freixedes et al, 2014). 270 

Several authors have shown that the fatty acid profile of muscle and SF changes 271 

during fattening.  Bosch et al. (2012), using the same Duroc as here, reported increased 272 

SFA and MUFA content while decreased PUFA content from 5.5 to 7.5 months of age. 273 

The same trend was observed in commercial crossbreds by Lo Fiego, Macchioni, 274 

Minelli, & Santoro (2010), from 6 to 9.5 months, and by Virgili et al. (2003), from 8 to 275 

10 months. The results obtained here reflect the same evolution as in these experiments 276 

regardless of the markers. Interestingly, however, the effect of the markers may offset 277 

the effect of age in terms of fatty acid composition. Thus, for example, the CC pigs at 278 

the SCD gene had more SFA in LT at 160 days (415.9±4.1 mg/g FA) than the TT at 220 279 

days (405.8±4.2 mg/g FA), or similarly, the TT pigs at the LEPR gene had more SFA at 280 

160 days (424.4 ±4.8 mg/g FA) than the other two genotypes at 220 days (CC: 281 

404.8±3.4 mg/g FA; CT: 411.0±2.3 mg/g FA). The combined effect of the SCD and 282 

LEPR markers was analyzed for the MUFA/SFA ratio, a trait commonly used to assess 283 

the impact of dietary fat on health (Pacheco et al., 2006; Voisin et al., 2015). Both in 284 

muscle and SF, the MUFA/SFA ratio was on average 15% higher in pigs jointly 285 



displaying the beneficial SCD TT and LEPR C- genotypes as compared to pigs with the 286 

CCTT genotype. This result shows that the combined use of both markers could be 287 

useful to produce healthier meat. However, the use of the LEPR C- genotype, which is 288 

associated to lower IMF and higher PUFA, may affect negatively the technological and 289 

sensory attributes of dry-cured hams production (Ruiz-Carrascal, Ventanas, Cava, 290 

Andrés, & García, 2000;  Gandemer,2009).  291 

The effects of the SCD and LEPR SNPs have proved to be consistent throughout 292 

the whole finishing period and in both LT and SF. Rodríguez et al. (2010) observed that 293 

the magnitude of the effect of LEPR on feed intake and average daily gain increased 294 

with age. In this study, however, we did not observe an interaction pattern between 295 

genotype and age. It should be noted, however, that we have only investigated the age 296 

interval covering the late fattening period, from 95 to 130 kg, where the effect of LEPR 297 

genotypes on body composition are already manifested. In fact, Rodríguez et al. (2010) 298 

did not find any effect of LEPR on body weight and feed intake until 65 kg. The effect 299 

of both polymorphisms on fat composition was in general more relevant in muscle than 300 

in SF, which is in accordance with the fact that the composition of neutral lipids in IMF 301 

is more aligned to endogenous fatty acid synthesis and remodeling rather than to dietary 302 

fat (Wood et al., 2008). Not only age but fat content determine fatty composition. For 303 

SFA in particular, Bosch et al. (2012) showed that fat content is what most influences 304 

SFA. To test whether the effect of LEPR was mainly a matter of scale, the difference 305 

between genotypes for SFA was adjusted for IMF (in Gluteus medius and LT) and BT 306 

(in SF). The effect of LEPR on SFA at constant fat content was lower, still significant 307 

(P<0.05) in Gluteus medius and LT but not in SF (410.5±3.4 mg/g FA, for CC; 308 

408.1±2.3 mg/g FA, for CT; and 417.5±3.4 mg/g FA, for TT). This suggests that with 309 



regards to LEPR, compositional changes, particularly in SF, are due to overall increased 310 

fatness.   311 

In a previous research we showed that the T allele at SCD behaved additively 312 

(Estany et al., 2014), but results are less clear and more controversial for LEPR, in part 313 

because only some experiments included the three genotypes. Thus, while LEPR effects 314 

were found to be mainly additive (Rodríguez et al., 2010; Galve et al., 2012), complete 315 

dominance is not discarded (Pérez-Montarelo et al., 2012; Uemoto et al., 2012). Even 316 

though we have not tested specifically for dominance, the results obtained (see, for 317 

instance, Figure 1) would support the existence of a dominant effect with allele T 318 

acting as recessive, in line with other results in purebred Duroc (Uemoto et al., 2012; 319 

Gol et al., 2015). The statistical gene-gene interactions can lead to changes in magnitude 320 

or direction of the effects observed phenotypically (Mackay, 2014). Evidence of 321 

epistatic interaction between LEPR and SCD are minor and constrained to small-322 

magnitude changes in BT, in line with the interaction of LEPR with other genes related 323 

to fat metabolism, such as the leptin (Perez-Montarelo et al., 2012) or the MC4R (Galve 324 

et al., 2012) genes. However, there are recent reports providing clues for possible 325 

dominant by additive interactions of LEPR with the SCD (Gol et al., 2015) and 326 

PRKAG3 (López-Buesa, Burgos, Galve, & Varona, 2013) genes. More powerful 327 

designs are needed to detect and confirm these potential dominant and epistatic effects. 328 

 329 

5. Conclusions 330 

 331 

The present research confirms the positive effect of the T allele at the SCD gene 332 

(AY487830:g.2228T>C) on MUFA and provides new evidence on the positive effect of 333 

the T allele at the LEPR gene (NM_001024587:g.1987C>T) on SFA, both in LT and SF 334 



in Duroc pigs. However, contrarily to SCD, our findings show that the effect of LEPR, 335 

particularly in SF, is due to increased overall fatness. There is limited evidence of 336 

synergic effects between SCD and LEPR genes and of the interaction between them and 337 

age. Accordingly, their join effects are mostly additive and remain stable throughout all 338 

the finishing period. It is concluded that the combined selection for the SCD T and the 339 

LEPR C alleles is a good strategy to increase the MUFA/SFA ratio regardless of the age 340 

at slaughter.  341 
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Table 1. Composition of the diets (g/kg) 
 
 

Item Growing Finishing 

Dry matter 893.2 886.1 
Crude lipid 56.3 61 
Crude protein 193.6 181.2 
Ash 60.4 69.8 
Crude fiber 57.1 61.7 
Nitrogen free extract 525.8 512.4 
ME, MJ/kg 13.4 12.7 
Fatty acids, mg/g fatty acid A   
   C12:0, lauric 4.8 3.2 
   C14:0, myristic 18.3 16.2 
   C16:0, palmitic 220.8 229.8 
   C18:0, stearic 77.4 81.7 
   SFA 321.3 330.9 
   C16:1n−9, palmitoleic 22.6 23.6 
   C18:1n−9, oleic 301.1 294.7 
   C20:1n−9, eicosenoic 3.7 6.8 
   MUFA 327.4 325.1 
   C18:2n−6, linoleic 327.7 311.7 
   C18:3n−3, linolenic 15.5 19.7 
   C20:2n−6, eicosadienoic 2.8 3.1 
   C20:4n−6, arachidonic 1.1 1.3 
   PUFA 347.1 353.8 

 
A SFA, saturated fatty acids (C12:0+C14:0+C16:0+C18:0; MUFA, 
monounsaturated fatty acids (C16:1n-9+C18:1n-9+C20:1n-9); PUFA, 
polyunsaturated fatty acids (C18:2n-6+C18:3n-3+C20:2n-6+C20:4n-6).  
 
 



Table 2. Least square means (±SE) for production traits, intramuscular fat content (IMF) and fatty acid composition in m. Longissimus thoracis and 

subcutaneous fat by SCD genotype during the finishing period (from 160 to 210 days of age) and interaction of the SCD genotype with age A 

 

 m. Longissimus thoracis  
 

Subcutaneous fat   

 TT CT CC SCD*age 

 

TT CT CC SCD*age 

No of data 51 164 99 

  

51 159 98 

 Body weight, kg 111.2±1.7 113.0±0.9 115.3±1.2      
 Backfat thickness, mm 19.2±0.6 20.3±0.3 19.8±0.4 *      

Loin thickness, mm 43.2±0.6 44.1±0.3 44.8±0.4       
IMF, % DM 16.8±0.9 17.4±0.5 16.8±0.7       
C14:0 14.0±0.8 13.8±0.5 13.1±0.6   17.6±0.4 16.6±0.2 17.0±0.3  
C16:0 255.5±2.2 258.1±1.2 257.8±1.6   246.9±2.4ab 246.0±1.3b 251.8±1.8a  
C18:0 133.8±1.8c 141.7±1.0b 148.8±1.3a   139.5±2.4b 143.9±1.3b 153.8±1.7a  
C20:0 1.7±0.1 1.76±0.1 1.79±0.1   1.7±0.2 1.8±0.1 1.8±0.1  
SFA, mg/g FA 404.6±3.7b 415.2±2.0a 421.3±2.7a   406.0±4.2b 408.2±2.3b 424.3±3.2a  
C16:1n-9 34.0±1.1a 32.1±0.6a 28.8±0.8b   22.4±1.1a 20.8±0.6ab 18.4±0.8b  
C18:1 408.7±3.2a 402.5±1.7a 391.6±2.3b   380.3±3.0ab 378.7±1.6a 372.0±2.2b  
C20:1n-9 9.2±0.2a 8.59±0.1b 8.42±0.2b   11.3±0.3 10.8±0.2 10.5±0.2 * 
MUFA, mg/g FA 452.0±3.5a 443.2±1.9a 428.9±2.6b   414.3±3.1a 410.4±1.7a 400.7±2.3b  
C18:2n-6 123.2±3.6 122.3±2.0 129.9±2.7 *  158.2±3.0 157.5±1.7 153.7±2.2 * 
C18:3n-3 7.7±0.2 7.46±0.1 7.76±0.2   11.9±0.5ab 12.5±0.3a 11.2±0.4b  
C20:2n-6 5.8±0.2 5.66±0.1 5.80±0.1   8.5±0.4 8.5±0.2 7.9±0.3  
C20:4n-6 6.1±0.4 5.9±0.2 6.34±0.3   2.4±0.1 2.5±0.1 2.3±0.1  
PUFA, mg/g FA 142.9±4.1 141.5±2.3 149.9±3.0 *  181.5±3.5 181,1±1.9 175.1±2.6 * 
C18:1/C18:0 3.18±0.05a 2.86±0.03b 2.65±0.04c   2.74±0.05a 2.66±0.03a 2.45±0.04b  
C16:1n-9/C16:0 0.13±0.00a 0.12±0.00a 0.11±0.00b   0.09±0.00a 0.09±0.00a 0.07±0.00b  
MUFA/SFA 1.12±0.01a 1.07±0.01b 1.02±0.01c   1.02±0.02a 1.01±0.01a 0.95±0.01b  
MUFA/PUFA 3.29±0.10ab 3.24±0.05a 3.04±0.07b   2.33±0.05 2.31±0.03 2.34±0.04 * 
SFA/PUFA 2.95±0.10 3.04±0.05 2.97±0.07   2.28±0.07b 2.29±0.04b 2.48±0.05a  
A SFA: C14:0+C16:0+C18:0+C20:0; MUFA: C16:1n-9+C18:1+C20:1n-9; PUFA: C18:2n-6+C18:3n-3+C20:2n-6+C20:4n-6; C18:1:C18:1n-9+C18:1n-7;  
* Interaction between SCD genotype and age significant at p<0.05; * a.b.c Within row and factor, means with different superscripts differ significantly (P<0.05). 

 
   
 Table 3. Least square means (±SE) for production traits, intramuscular fat content (IMF) and fatty acid composition in m. Longissimus thoracis and 

subcutaneous fat by LEPR genotype during the finishing period (from 160 to 210 days of age) and interaction of the LEPR genotype with age A 



 

 

 m. Longissimus thoracis  
 

Subcutaneous fat   

 CC CT TT LEPR*age 

 

CC CT TT LEPR*age 

No of data 82 156 76   80 153 75  
Body weight, kg 110.8±1.4 113.5±1.0 115.1±1.4       
Backfat thickness, mm 19.4±0.5b 19.0±0.3b 20.9±0.5a       
Loin thickness, mm 43.7±0.5 44.8±0.3 43.6±0.5       
IMF, % DM 16.2±0.7 16.5±0.5 18.3±0.7       
C14:0 13.6±0.7ab 12.6±0.5b 14.8±0.7a   17.2±0.4 16.9±0.2 17.0±0,4  
C16:0 256.5±1.8ab 253.0±1.3b 261.8±1.8a *  246.7±2.0ab 245.4±1.4b 252.6±2.0a  
C18:0 138.32±1.52b 140.1±1.0b 145.9±1.5a   144.4±2.0 143.8±1.3 149.0±2.0  
C20:0 1.6±0.1 1.8±0.1 1.8±0.1   1.9±0.1 1.7±0.1 1.7±0.1  
SFA, mg/g FA 409.8±3.0b 407.4±2.1b 423.9±3.0a *  410.6±3.5ab 407.4±2.4b 420.6±3.5a  
C16:1n-9 32.2±0.9 31.8±0.6 30.8±0.9   21.0±0.9 21.0±0.6 19.5±0.9  
C18:1 404.4±2.6 402.2±1.8 396.2±2.6   378.5±2.5 379.3±1.7 373.2±2.4  
C20:1n-9 8.6±0.2 8.7±0.1 8.9±0.2   10.7±0.3 10.7±0.2 11.1±0.3  
MUFA, mg/g FA 445.4±2.9a 442.8±2.0ab 435.9±2.9b   410.5±2.6 410.9±1.8 403.9±2.6  
C18:2n-6 124.9±3.0 129.5±2.1 121.1±3.0   156.3±2.5 159.0±1.7 154.2±2.5  
C18:3n-3 7.6±0.2 7.8±0.1 7.4±0.2   11.9±0.4 11.9±0.3 11.8±0.4  
C20:2n-6 5.8±0.1 5.9±0.1 5.6±0.1   8.5±0.4 8.1±0.2 8.3±0.3  
C20:4n-6 6.4±0.4 6.4±0.2 5.5±0.4   2.5±0.1ab 2.6±0.1a 2.2±0.1b  
PUFA, mg/g FA 144.9±3.4ab 149.8±2.3a 139.6±3.4b   179.7±2.9 181.6±2.0 176.3±2.9  
C18:1/C18:0 2.96±0.04a 2.90±0.03a 2.74±0.04b   2.65±0.04ab 2.78±0.03a 2.52±0.04b  
C16:1n-9/C16:0 0.13±0.00 0.13±0.00 0.12±0.00   0.09±0.00 0.09±0.00 0.08±0.00  
MUFA/SFA 1.09±0.01a 1.09±0.01a 1.03±0.01b   1.01±0.01ab 1.02±0.01a 0.96±0.01b  
MUFA/PUFA 3.21±0.08 3.10±0.05 3.27±0.08   2.33±0.04 2.31±0.03 2.34±0.04  
SFA/PUFA 2.94±0.08ab 2.84±0.06b 3.17±0.08a   2.33±0.06 2.29±0.04 2.44±0.06  
A See fatty acid abbreviations in Table 2; * Interaction between LEPR genotype and age significant at p<0.05; * a.b.c Within row and factor, means with different 
superscripts differ significantly (P<0.05).   
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Table 4. Least square means (±SE) for carcass traits, intramuscular fat  content (IMF) and fatty acid composition in m. Gluteus medius at slaughter (220 

days of age) by SCD and LEPR genotypes A 

 
SCD genotype 

  
LEPR genotype 

 SCD*LEPR  

 
TT CT CC 

 

CC CT TT 
No of pigs  33 110 71   58 104 50 

  Carcass weight, kg 102.2±2.6 104.18±1.1 104.33±1.5   101.1±2.3 105.5±1.2 104.1±1.9   
Carcass backfat thickness, mm 24.2±0.9 24.5±0.4 23.2±0.5   24.0±0.8 23.7±0.4 24.1±0.6  * 
Carcass loin thickness, mm 42.9±2.3 43.1±1.0 44.6±1.3   43.8±2.0 44.2±1.0 42.7±1.6   
Carcass length, cm 86.9±0.9 87.2±0.4 87.4±0.7   86.9±0.9 87.6±0.4 87.0±0.8   
Lean, % 42.0±1.2 41.7±0.5 43.0±0.7   42.0±1.1 42.8±0.5 42.0±0.8   
Lean weight, kg  42.8±1.4 43.3±0.6 44.5±0.8   42.3±1.2 44.9±0.6 43.4±1.0   
Ham weight, kg  12.6±0.3 13.0±0.1 13.3±0.2   12.9±0.3 13.3±0.2 12.7±0.3   
IMF, % DM 20.3±1.3 20.8±0.6 20.5±0.7   19.5±1.2ab 19.6±0.6b 22.5±0.9a   
C14:0 16.3±1.0 15.4±0.4 14.6±0.6   15.7±0.9ab 14.1±0.4b 16.6±0.7a   
C16:0 256.7±2.3 253.6±1.0 254.3±1.3   253.3±2.1b 251.2±1.1b 260.0±1.6a   
C18:0 127.0±2.3c 135.0±1.0b 142.2±1.3a   131.6±2.1b 133.4±1.0b 139.2±1.6a   
C20:0 1.54±0.2 1.52±0.1 1.71±0.1   1.6±0.1 1.5±0.1 1.6±0.1   
SFA, mg/g FA 401.7±4.4ab 405.5±1.9b 412.8±2.5a   402.2±4.0b 400.3±2.0b 417.5±3.0a   
C16:1n-9 42.2±1.4a 40.0±0.6a 37.7±0.8b   40.1±1.2 40.4±0.6 39.4±0.9   
C18:1 420.6±4.4ab 419.9±1.9a 410.2±2.5b   418.2±4.0 417.8±2.0 414.6±3.1   
C20:1n-9 8.9±0.3 8.6±0.1 8.4±0.1   8.4±0.2ab 8.4±0.1b 9.0±0.2a   
MUFA, mg/g FA 471.7±4.4a 468.5±1.9a 456.2±2.5b   466.7±4.0 466.7±2.0 463.1±3.0   
C18:2n-6 108.1±3.8 107.0±1.7 111.4±2.2   111.5±3.5ab 113.1±1.7a 101.8±2.7b   
C18:3n-3 6.2±0.3 5.9±0.1 6.1±0.1   6.3±0.2 6.1±0.1 5.8±0.2   
C20:2n-6 5.0±0.2 5.1±0.1 5.2±0.1   5.0±0.2 5.3±0.1 5.0±0.1  * 
C20:4n-6 7.3±0.7 8.0±0.3 8.3±0.4   8.2±0.6ab 8.5±0.3a 6.8±0.5b   
PUFA, mg/g FA 126.6±4.6 126.0±2.0 131.0±2.6   131.1±4.2ab 133.1±2.1a 119.5±3.2b   
C18:1/C18:0 3.34±0.08a 3.14±0.04b 2.90±0.05c   3.22±0.07a 3.26±0.04a 3.00±0.06b   
C16:1n-9/C16:0 0.16±0.01a 0.16±0.00a 0.15±0.00b   0.16±0.00 0.16±0.00 0.15±0.00   
MUFA/SFA 1.18±0.02a 1.16±0.01a 1.11±0.01b   1.16±0.02a 1.17±0.01a 1.11±0.01b   
MUFA/PUFA 3.81±0.13 3.8±0.06 3.61±0.08   3.65±0.12ab 3.61±0.06b 3.95±0.09a   
SFA/PUFA 3.26±0.12 3.3±0.05 3.26±0.07    3.15±0.11b 3.11±0.06b 3.56±0.09a   
A See fatty acid abbreviations in Table 2; * Interaction between SCD ad LEPR genotypes significant  at p<0.05;  a.b.c Within row and factor, means with different superscripts differ 
significantly (P<0.05) 

 



Figure 1. Effect of the SCD genotype on SFA, MUFA and PUFA in m. Longissimus 508 

thoracis by age. Means with different letters within age differ significantly (P<0.05). 509 

 510 

Figure 2. Effect of the LEPR genotype on SFA, MUFA and PUFA in m. Longissimus 511 

thoracis by age. Means with different letters within age differ significantly (P<0.05). 512 

 513 

Figure 3. Least square means for the monounsaturated to saturated fatty acid ratio 514 

(MUFA/SFA) in m. Longissimus thoracis (LT) and subcutaneous fat (SF) the during 515 

finishing period (from 160 to 210 days of age) in the two extreme genotypes at SCD 516 

(first) and LEPR (second) genes. Means with different letters within tissues differ 517 

significantly (P<0.05). 518 



 
 

 
 

 
 

 



 
 
 
 

 
 

 
 
 

 



 
 

 


