P Sellier 
  
L Maignel 
  
J P Bidanel 
  
Genetic parameters for tissue and fatty acid composition of backfat, perirenal fat and longissimus muscle in Large White and Landrace pigs

Keywords: pig, genetic parameters, compositional traits, adipose tissue, muscle quality

Genetic parameters pertaining to the same chemical characteristics of three porcine tissues, that is backfat (BF), perirenal fat (PF) and longissimus muscle (LM), were estimated in centrally tested Large White and Landrace pigs. Animals were fed ad libitum. They were slaughtered at an average BW of 99.6 kg, and samples of BF (both inner and outer layers) and LM were removed at the 13th to 14th rib level of the carcass on the day after slaughter. The data set included 2483 animals recorded for average daily gain (ADG; 35 to 100 kg), estimated carcass lean percentage (LEAN) and lean tissue growth rate (LTGR). Among these animals, around 950 pigs were recorded for lipid content (L%) and water content (W%) of BF and LM and for fatty acid composition (FAC) of BF, whereas FAC of LM was measured on 297 pigs and L%, W%, and FAC of PF on around 210 pigs. Heritabilities (h 2 ) and genetic correlations (r a ) were estimated using REML-animal model methodology. Estimates of h 2 for L%, W% and FAC of BF, PF and LM were of moderate-to-high magnitude: for example 0.47 6 0.09 for L% of LM, 0.59 6 0.11 for W% of BF, 0.45 6 0.08 for the ratio of polyunsaturated to saturated fatty acids (P/S) of BF, 0.61 6 0.15 and 0.29 6 0.10 for the coefficient of unsaturation of lipids (UNSAT, average number of double bonds of unsaturated fatty acids) of PF and LM, respectively. Genetic correlations of L% with P/S or UNSAT were strongly negative (from 20.4 to 20.9) in BF and LM, but not in PF. The 'between-tissue' genetic correlations for homologous compositional traits were far from being unity (e.g. r a 5 0.57 6 0.05 'between' BF and PF for UNSAT). Genetic relationships between ADG and tissue compositional traits were globally weak. By contrast, genetic correlations were moderate-to-high between carcass leanness and tissue compositional traits, especially those of fat depots: for example 20.66 6 0.14 between LEAN and L% of BF, 0.50 6 0.07 between LEAN and UNSAT of PF, 20.44 6 0.08 between LEAN and L% of LM, and 0.27 6 0.03 between LEAN and UNSAT of LM. On the basis of the parameter estimates found here, breeding for higher LTGR is expected to increase the ratio of water to lipids and the unsaturation degree of lipids in subcutaneous BF and, to a lesser extent, in PF. Tissue composition and FAC of LM would be less affected.

Implications

Reducing fat quantity in the carcass has been a primary objective of pig farmers for a long time and considerable improvements have been accomplished in this domain. Increasing attention, including from a genetic point of view, has been devoted in the last few decades to the qualitative characteristics of the fat compartment of pig carcasses. Potential interest for pig meat industry and consumer acceptability refers to three main items, namely eating

Introduction

Along with the advances performed in pig nutrition and management, breeding effort has largely proven to be effective since the years 1950 to 1960 for reducing the whole fatness of pig carcasses. A lot of early results from breed comparisons or selection experiments (e.g. [START_REF] Wood | Fatty acid composition of backfat in Large White pigs selected for low backfat thickness[END_REF] a Present address: Canadian Centre for Swine Improvement, Central Experimental Building 54, Ottawa (Ontario) K1A0C6, Canada.

-E-mail: Pierre.Sellier@jouy.inra.fr [START_REF] Scott | Fatty acid composition of adipose tissue from lean and obese swine[END_REF] have rapidly shown that this quantitative decrease of fat deposition is accompanied by a number of more or less undesirable changes in composition and quality of fat depots throughout the body. Research workers have also addressed the question of to what extent carcass leanness is genetically correlated with quantitative development and chemical composition of intramuscular fat, as reviewed by [START_REF] Sellier | Genetics of meat and carcass traits[END_REF]. However, the amount of information remains fairly limited on the genetic parameters of most traits of interest in this field. In particular, studies dealing with the 'between-tissue' genetic relationships for homologous compositional traits are very scarce.

The purpose of our investigation mainly consisted of examining the genetic parameters (heritabilities (h 2 ) and genetic correlations (r a )) for compositional traits of three porcine tissues (subcutaneous back fat (BF), body cavity perirenal fat (PF) and longissimus muscle (LM)) in the widely used Large White (LW) and Landrace (LR) breeds.

Material and methods

Animals

Data for this study were collected on LW and LR female pig and castrated male pigs tested in four French central sibtesting stations. An 'all in-all out' (batch) system was practised in these stations. All batches comprised both LW and LR pigs. Some of the batches comprised both females and castrated males, but most batches consisted of either females or castrated males. A contemporary group was, therefore, defined here as a group of animals of the same gender and reared in the same barn and period.

A total of 2483 pigs (1882 LW and 601 LR) were reared in pens of two animals (two full-sibs, as a general rule) from 35 to 100 kg body weight (BW). Pigs were fed ad libitum a pelleted diet based on barley, wheat and soybean meal and containing 9.0 MJ/kg net energy and 170 g/kg crude protein. Data for lipid content (L%) and water content (W%) of BF and LM and fatty acid composition (FAC) of BF were collected on a subsample of 948 to 959 animals. In addition, 297 animals were recorded for FAC of muscle lipids and 209 to 215 animals for lipid content, water content and FAC of PF. Animals included in the various subsamples were chosen in order to have datasets with the most appropriate familial structure for an optimal estimation of genetic parameters.

Traits

Pigs were slaughtered at an average BW of 99.6 kg (s.d. 5 4.3 kg). After 24 h at 48C, cold carcass was weighed, and weights of seven cuts resulting from a standardised cutting of the left-hand side of the carcass (ham, loin, shoulder, belly, BF, PF, and feet) were recorded. Carcass lean percentage (LEAN) was estimated by the following formula: LEAN 5 20.75 1 80 H 1 106 L 1 48 B 2 50 BF 2 66 PF, where H, L, B, BF and PF are the ratios of ham, loin, belly, backfat and perirenal fat weights to half-carcass weight, respectively. Lean tissue growth rate (LTGR) was calculated from average daily gain (ADG) from 35 to 100 kg BW, killing out percentage and LEAN, under the assumption that the ratio of lean tissue weight to empty BW remains unchanged during the test period [START_REF] Fowler | Objectives in pig breeding[END_REF].

At the time of carcass cutting, samples of around 100 g of subcutaneous BF (both inner and outer layers) and around 100 g of LM were removed at the 13th to 14th rib level. Around 100 g of PF were also taken on a proportion of pigs. These tissue samples were stored at 2208C for subsequent laboratory analyses.

Total lipid content of adipose tissues was determined by using the refractometric method described by [START_REF] Arneth | Uber die Refraktometrische Schnellfettbestimmung nach Rudisher in Fleisch und Fleischwaren[END_REF]. Water content was calculated from the weight loss of a 10 g sample of fat after drying at 1058C for 2 h. After extraction of lipids by chloroform, methylation of fatty acids was performed on an aliquot of 50 mg of lipids [START_REF] Christopherson | Preparation of milk fat methyl esters by alcoholysis in an essentially nonalcoholic solution[END_REF]. FAC was determined using a Delsi Di-700 gas chromatography apparatus (Delsi-Nermag Instruments, Argentenil, France), equipped with a flame ionisation detector.

Regarding muscle tissue, total lipid content was determined on a 10 g sample following [START_REF] Arneth | Uber die Refraktometrische Schnellfettbestimmung nach Rudisher in Fleisch und Fleischwaren[END_REF] and water content was calculated from the weight loss of a 5 g sample after drying at 1058C for 24 h. FAC of muscle lipids was determined by gas chromatography of methyl esters as above. Total lipids were extracted according to [START_REF] Maxwell | Determination of total fat in meat and meat products by a rapid, dry column method[END_REF]. Methyl esters of fatty acids were prepared using a modification of the method proposed by [START_REF] Pelick | Lipid derivatives and gas liquid chromatography[END_REF] with petroleum ether and hexane replacing benzene and diethyl ether, respectively.

Lipid and water contents were expressed as gram per 100 g of fresh tissue. The traits analysed to account for FAC of fat and muscle lipids were:

> proportions of the major fatty acids (C14:0, C16:0, C16:1, C18:0, C18:1, C18:2, C18:3 and C20:4), expressed as percentages of total identified fatty acids, > percentages of saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA), taking into account the above-cited major fatty acids and all identified minor fatty acids of the three classes (i.e. C10:0, C12:0, C15:0, C17:0 and C20:0 for SFA; C17:1 and C20:1 for MUFA; C20:2, C20:3, C22:4, C22:5 and C22:6 for PUFA), > coefficient of unsaturation of lipids (UNSAT), defined as the average number of double bounds of unsaturated fatty acids, and > ratio of polyunsaturated to saturated fatty acids (P/S).

Statistical analyses

Table 1 gives the means and s.d. of the tissue compositional traits under study. Breed means were estimated using an ANOVA model including the fixed effects of breed and contemporary group and the slaughter weight as a covariate. The average number of animals per contemporary group was 17.9 for PF traits and 19.8 for BF and LM traits.

Variance-covariance components were estimated using the restricted maximum likelihood methodology applied to a multiple-trait animal model. Analyses were performed with the VCE software package (Neumaier and Groeneveld, Sellier, Maignel and Bidanel 1998). The mixed linear model comprised the same fixed effects and covariate as above, the random effect of litter of birth and the random additive genetic effect of the animal. The number of animals in the pedigree file ranged from 950 to 7653 depending on the group of traits under analysis. Phenotypic correlations among traits (r p ) were calculated from the sums of litter, animal and residual components of variances and covariances, that is on a within breed, batch and slaughter weight basis. Approximate standard errors of estimated heritabilities (h 2 ) and genetic correlations (r a ) were obtained from an approximation of the Hessian matrix when convergence was reached.

Results and discussion

Differences between tissues

As could be expected, large differences in chemical composition were found between the three tissues dealt with in this study (Table 1), and these differences are in general agreement with the findings of previous studies (e.g. [START_REF] Malmfors | Fatty acid composition of porcine back fat and muscle lipids as affected by sex, weight and anatomical location[END_REF][START_REF] Wood | The chemical composition of fat tissues in the pig: effects of castration and feeding treatment[END_REF][START_REF] Monziols | Comparison of the lipid content and fatty acid composition of intermuscular and subcutaneous adipose tissues in pig carcasses[END_REF]. PF as compared with BF contains more lipids, and these lipids exhibit a lower ratio of MUFA to SFA. The high lipid content displayed by PF is likely to be partly because of the higher activities of lipogenic enzymes in this adipose tissue compared with subcutaneous fat [START_REF] Anderson | Lipogenic enzyme activities and cellularity of porcine adipose tissue from various anatomical locations[END_REF], although the preferential sites of lipid storage could differ from preferential sites of lipid synthesis according to [START_REF] Mourot | Comparative study of in vitro lipogenesis in various adipose tissues in the growing pig (Sus domesticus)[END_REF].

The average value of intramuscular fat content (1.23%) was low in this study compared with other studies dealing with the LM. This fact may be partly explained by the anatomical location of muscle sampling (13th to 14th rib level) where the minimal marbling within the LM is exhibited according to [START_REF] Faucitano | Distribution of intramuscular fat content and marbling within the longissimus muscle in pigs[END_REF].

It has been known for a long time that the degree of saturation of fatty acids increases from the outside to the inside of the body. This point is well illustrated by the compared FAC of subcutaneous BF and internal PF. Regarding the markedly lower C18:1 content of PF, the lower activity of D9 fatty acid desaturase (stearoyl-CoA-desaturase) in this adipose tissue [START_REF] Thompson | Relationship between stearic acid desaturase and fatty acid composition[END_REF]) is primarily involved. The difference in temperature between the subcutaneous area and internal body cavity could play a role as the activity of D9 fatty acid desaturase is negatively linked to temperature (Kouba et al., 1999). As far as extrinsic factors are concerned, the wide range observed among studies for the average linoleic acid content of fat depots is to be ascribed to differences in slaughter weight and gender/castration status of the animals (e.g. [START_REF] Malmfors | Fatty acid composition of porcine back fat and muscle lipids as affected by sex, weight and anatomical location[END_REF][START_REF] Wood | The chemical composition of fat tissues in the pig: effects of castration and feeding treatment[END_REF] and, predominantly, to differences in dietary linoleic acid level (e.g. [START_REF] Brooks | Fatty acid composition of pork lipids as affected by basal diet, fat source and fat level[END_REF].

The comparatively high-PUFA content of intramuscular lipids is essentially linked to the phospholipid fraction of total muscle lipids. The PUFA percentage of phospholipids (major components of cell membranes) is indeed 35% to 45% compared with 7% to 15% for triacylglycerols in the pig, as reviewed by [START_REF] Smet | Meat fatty acid composition as affected by fatness and genetic factors: a review[END_REF]. This increase in PUFA percentage is essentially made at the expense of MUFA percentage, which is around 20% in phospholipids and 50% in triacylglycerols [START_REF] Sharma | Comparative lipid composition of porcine muscles at different anatomical locations[END_REF].

It may also be noted from Table 1 that s.d. of FAC traits are consistently larger in muscle than in fat depots. The most likely reason lies in the strong dependence of FAC of muscle lipids upon intramuscular lipid content (see below) and the high coefficient of variation (37%) of the latter trait.

Breed differences

Differences between LW and LR breeds were in general of small-to-moderate magnitude, whereas being statistically significant for a number of traits (data not shown). LTGR was higher in LW (377 g/day) than in LR pigs (352 g/day), owing to higher performance levels for both daily weight gain (120 g/day) and carcass lean content (11.3 percentage units). Minor breed differences were found for lipid and water contents in the three tissues studied. Regarding FAC, the prominent feature is that the proportion of MUFA was greater in all three tissues in LR compared with LW pigs (e.g. 48.5 6 0.13 and 47.5 6 0.09, respectively, in BF). The higher proportion of MUFA was mainly caused by more C18:1 in LR than in LW pigs. Our findings are in accordance with the results reported by Gue ´blez et al. (1993) for BF in the same two populations. A greater activity of the D9 fatty acid desaturase in the LR could be at the origin of the breed difference in concentration of C18:1. Heritabilities Heritability estimates found here for production traits (from 0.39 to 0.67) were within the usual range of literature Composition of fat and muscle tissues in pigs values. Our h 2 estimate for LTGR (0.65 6 0.04) was, however, greater than the previously reported values of around 0.4 to 0.5, because of the relatively high heritability estimates for both ADG and killing out percentage in this study.

Table 2 shows h 2 estimates for compositional traits of BF, PF and LM. Water and lipid contents of the three tissues were moderately to highly heritable (range of h 2 estimates: 0.26 to 0.65). Regarding the heritability of water content of BF, [START_REF] Cameron | Genetic and phenotypic parameters for carcass traits, meat and eating quality traits in pigs[END_REF] reported a value (0.27), which is lower than our estimate while being comparable with our h 2 estimate for water content of PF. The value of 0.46 found here for the heritability of intramuscular fat content is very close to the average literature value quoted by [START_REF] Sellier | Genetics of meat and carcass traits[END_REF]. Furthermore, our h 2 estimate for water content of LM was of the same order as those reported by [START_REF] Cameron | Genetic and phenotypic parameters for carcass traits, meat and eating quality traits in pigs[END_REF], [START_REF] Lo | Genetic analyses of growth, real-time ultrasound, carcass, and pork quality traits in Duroc and Landrace pigs: II. Heritabilities and correlations[END_REF] and [START_REF] Larzul | Phenotypic and genetic parameters for longissimus muscle fiber characteristics in relation to growth, carcass, and meat quality traits in Large White pigs[END_REF].

Our h 2 estimates for the variables pertaining to FAC of the two fat depots were medium-to-high, with most estimates in the range from 0.40 to 0.70. This pattern of h 2 values is in good agreement with that reported by Schwo ¨rer et al. (1988), [START_REF] Cameron | Genetic and phenotypic parameters for carcass traits, meat and eating quality traits in pigs[END_REF] and [START_REF] Suzuki | Genetic correlations among fatty acid compositions in different sites of fat tissues, meat production, and meat quality traits in Duroc pigs[END_REF]. Standard errors of the h 2 estimates relating to PF are rather large in this study but there is a consistent trend for higher h 2 of linoleic acid content, PUFA percentage, UNSAT and P/S in PF compared with BF. Four different fat depots (inner and outer layers of BF, PF and belly fat) were investigated by Schwo ¨rer et al. ( 1988) and h 2 estimates for concentrations of major fatty acids were found to be globally comparable between these sites of fat deposition. A similar situation was found by [START_REF] Suzuki | Genetic correlations among fatty acid compositions in different sites of fat tissues, meat production, and meat quality traits in Duroc pigs[END_REF] for h 2 estimates relating to the fatty acid profile of intermuscular fat and inner and outer layers of BF.

Most of h 2 estimates reported in Table 2 for fatty acid percentages of intramuscular lipids are below 0.40 and, therefore, tend to be lower than those of PF and, to a lesser extent, BF. About the same pattern of h 2 estimates as in this study were found in the few genetic studies dealing with the FAC of intramuscular lipids. Previous studies referred to LR and Duroc pigs [START_REF] Cameron | Fatty acid composition of lipid in Longissimus dorsi muscle of Duroc and British Landrace pigs and its relationship with eating quality[END_REF], Duroc pigs (Suzuki et al., 2006) and crossbred pigs having an LW 3 LR 3 Pietrain genetic background [START_REF] Colman | Genetic parameters for intramuscular fatty acid composition and metabolism in pork[END_REF]. Unweighted means of the h 2 estimates found in the three above-cited studies and the current one amount to 0.33, 0.37, 0.35, 0.37, 0.40 and 0.24 for palmitic, stearic, palmitoleic, oleic, linoleic and arachidonic acid contents of total muscle lipids, respectively. Furthermore, [START_REF] Colman | Genetic parameters for intramuscular fatty acid composition and metabolism in pork[END_REF] stated that genetic variation in FAC of muscle lipids is partly independent from intramuscular lipid content.

Within-tissue relationships among compositional traits Table 3 gives estimates of phenotypic and genetic correlations among some compositional traits of the same tissue. The opposition between lipid content and water content was stronger for adipose depots than for muscle in this study. It should, however, be pointed out that [START_REF] Cameron | Genetic and phenotypic parameters for carcass traits, meat and eating quality traits in pigs[END_REF] and [START_REF] Larzul | Phenotypic and genetic parameters for longissimus muscle fiber characteristics in relation to growth, carcass, and meat quality traits in Large White pigs[END_REF] reported a genetic correlation amounting to around 20.7 between lipid and water contents of LM.

Phenotypic correlations of lipid content with UNSAT and P/S were significantly negative in all tissues and ranged from 20.16 to 20.39. Corresponding estimates of genetic correlations were also negative, but lipid content and FAC of PF were poorly correlated at the genetic level. The strongly negative phenotypic (20.50) and genetic (20.90) correlations reported by [START_REF] Suzuki | Genetic correlations among fatty acid compositions in different sites of fat tissues, meat production, and meat quality traits in Duroc pigs[END_REF] between lipid content and C18:2 content in LM from Duroc pigs denote a closer association between the two traits than in our study. The genetic trends observed in a five-generation selection experiment for increased intramuscular content in Duroc pigs also showed a substantial correlated response consisting of a decrease in linoleic acid content in loin muscle, whereas other fatty acids were essentially unaffected [START_REF] Burkett | Correlated response in fatty acid composition of selection for intramuscular fat in Duroc pigs[END_REF]. This antagonistic relation between intramuscular lipid content and PUFA percentage is to be connected with the augmentation of triacylglycerols in comparison to phospholipids in muscle lipids from animals having higher levels of intramuscular fat. Phospholipid content indeed shows a low variability among individuals in a given muscle. [START_REF] Sharma | Comparative lipid composition of porcine muscles at different anatomical locations[END_REF] reported a mean of 0.6 g (s.d. 5 0.1 g) per 100 g of wet tissue for phospholipids v. a mean of 1.4 g (s.d. 5 1.0 g) for triacylglycerols in the LM of LW pigs. As a consequence, the variation among individuals in intramuscular fat content merely results from the more or less pronounced accumulation of triacylglycerols.

Regarding the relationships among the three families of fatty acids (SFA, MUFA and PUFA), genetic correlations were generally of the same order as phenotypic correlations. It appears that MUFA shows a stronger opposition to SFA than to PUFA in BF and, to a lesser extent, in PF. This pattern of relationships was also observed for subcutaneous fat of Iberian pigs by [START_REF] Fernandez | Genetic parameters for meat and fat quality and carcass composition traits in Iberian pigs[END_REF]. By contrast, MUFA reveals to be more opposed to PUFA than to SFA in intramuscular fat, for which the opposition of PUFA to both SFA and MUFA is prevalent. Phenotypic correlations found by [START_REF] Cameron | Fatty acid composition of lipid in Longissimus dorsi muscle of Duroc and British Landrace pigs and its relationship with eating quality[END_REF] among the major fatty acids of intramuscular fat (C16:0, C18:0, C18:1 and C18:2) show the same associations as above, with strongly negative correlations of C18:2 with both C18:1 and C16:0. 'Between-tissue' relationships among homologous compositional traits Phenotypic and genetic correlations between homologous compositional traits of the three tissues are reported in Table 4.

Significant positive phenotypic correlations 'between' back and PF depots were found for lipid content, water content and FAC, but they were far from being unity. For example, there was a correlation of around 0.50, at both phenotypic and genetic levels, between the coefficients of unsaturation of the two fat tissues. Positive genetic correlations of equivalent or even higher magnitude were reported by [START_REF] Suzuki | Genetic correlations among fatty acid compositions in different sites of fat tissues, meat production, and meat quality traits in Duroc pigs[END_REF] between homologous fatty acid contents of subcutaneous fat and intermuscular fat.

Phenotypic correlations between the characteristics of adipose depots and the homologous characteristics of muscle were found to be low in this study. A safe interpretation of the corresponding genetic correlations is made difficult by the large standard errors of most estimates. Positive phenotypic correlations 'between' LM and inner BF layer were reported by [START_REF] Cameron | Fatty acid composition of lipid in Longissimus dorsi muscle of Duroc and British Landrace pigs and its relationship with eating quality[END_REF] for contents of major fatty acids, with closer correlations for saturated fatty acids (0.4 to 0.5) than for unsaturated fatty acids (0.2 to 0.3). Interestingly, [START_REF] Suzuki | Genetic correlations among fatty acid compositions in different sites of fat tissues, meat production, and meat quality traits in Duroc pigs[END_REF] found that genetic correlations 'between' subcutaneous or intermuscular adipose tissues and LM ranged from 0.4 to 0.8 for C16:0, C18:0 and C18:1 concentrations but fell to less than 0.2 for C18:2 concentration. The latter result for C18:2 is in fairly good agreement with our own results for both UNSAT and P/S that are very closely linked to C18:2 content.

As a general rule, few quantitative trait loci (QTL) have been so far found to simultaneously affect the FAC of different fat depots, which is consistent with the fairly moderate genetic relationships 'between' tissues for that trait. However, [START_REF] Nii | Quantitative trait loci mapping for fatty acid composition traits in perirenal and back fat using a Japanese wild boar 3 Large White intercross[END_REF] reported that two QTL located on pig chromosomes (SSC) 4 and 5 influence C18:2 and longchain PUFA content, respectively, in both PF and inner layer of BF. A SSC7 QTL affecting C18:2 content and P/S in both intramuscular and abdominal (belly) fat depots has also been detected by [START_REF] Guo | Quantitative trait loci for fatty acid composition in longissimus dorsi and abdominal fat: results from a White Duroc 3 Erhualian intercross F 2 population[END_REF].

Recent findings have provided increasing evidence that lipid metabolism and other biological features displayed by skeletal muscle adipocytes differ from those displayed by subcutaneous, intermuscular or visceral adipocytes in the pig (e.g. [START_REF] Gardan | Lipid metabolism and secretory function of porcine intramuscular adipocytes compared with subcutaneous and perirenal adipocytes[END_REF][START_REF] Gondret | Regional differences in porcine adipocytes isolated from skeletal muscle and adipose tissues as identified by a proteomic approach[END_REF].

Relationships between tissue compositional traits and production traits Table 5 gives estimates of phenotypic and genetic correlations between three production traits (ADG, LEAN and LTGR) and four tissue compositional traits (lipid and water contents, UNSAT and P/S). BF 5 backfat; PF 5 perirenal fat; LM 5 longissimus muscle; r p 5 phenotypic correlation; r a 5 genetic correlation; UNSAT 5 coefficient of unsaturation of lipids; P/S 5 ratio of polyunsaturated to saturated fatty acids.

Average daily gain. Phenotypic and genetic correlations of ADG with lipid and water contents of adipose depots and

Composition of fat and muscle tissues in pigs LM were close to zero or of small magnitude. De [START_REF] Vries | Genetic parameters of pork quality and production traits in Yorkshire populations[END_REF] also reported that intramuscular fat content is genetically independent from ADG. Nevertheless, moderately positive genetic correlations between the two traits were found by [START_REF] Hovenier | Genetic parameters of pig meat quality traits in a halothane negative population[END_REF], [START_REF] Lo | Genetic analyses of growth, real-time ultrasound, carcass, and pork quality traits in Duroc and Landrace pigs: II. Heritabilities and correlations[END_REF] and in early studies reviewed by [START_REF] Schwo ¨rer | Genetic parameters of intramuscular fat content and fatty acids of pork fat[END_REF].

Relationships between ADG and FAC traits were of lowto-moderate magnitude, both phenotypically and genetically, in this study. A higher ADG tended to be genetically associated with a lower unsaturation degree of adipose depots, in accordance with the negative values (20.18 to 20.51) reported by [START_REF] Suzuki | Genetic correlations among fatty acid compositions in different sites of fat tissues, meat production, and meat quality traits in Duroc pigs[END_REF] between ADG and palmitoleic and linoleic acid contents in various fat depots. It should be kept in mind that a similar association occurs when variation in ADG is induced by system of feeding (ad libitum v. restricted feed allocation) as shown by [START_REF] Cameron | Fatty acid composition of lipid in Longissimus dorsi muscle of Duroc and British Landrace pigs and its relationship with eating quality[END_REF] for muscle lipids and by [START_REF] Affentranger | Growth and carcass characteristics as well as meat and fat quality of three types of pigs under different feeding regimens[END_REF] for BF lipids. As for the genetic correlations of ADG with and P/S values of muscle lipids, the moderately negative values found here agree with the results reported for C18:2 content by [START_REF] Suzuki | Genetic correlations among fatty acid compositions in different sites of fat tissues, meat production, and meat quality traits in Duroc pigs[END_REF].

Carcass leanness. Relationships implying LEAN were much closer than those implying ADG and were globally consistent for the three tissues dealt with in this study.

Higher carcass leanness is genetically associated with lower lipid content, higher water content and increased unsaturation of adipose depots, which is a well-established feature in the pig (e.g. [START_REF] Scott | Fatty acid composition of adipose tissue from lean and obese swine[END_REF][START_REF] Schwo ¨rer | Genetic parameters of fatty acids of pork fat[END_REF][START_REF] Cameron | Genetic and phenotypic parameters for carcass traits, meat and eating quality traits in pigs[END_REF][START_REF] Suzuki | Genetic correlations among fatty acid compositions in different sites of fat tissues, meat production, and meat quality traits in Duroc pigs[END_REF]. This pattern of within-population genetic relationships between carcass leanness and chemical composition of fat depots is also found at the betweenpopulation level in the frame of breed comparisons (e.g. Bout et al., 1989; Warriss et al., 1990). More generally, any factor, genetic or non-genetic, contributing to a reduced whole fatness of pig carcasses generates correlated modifications of the properties of fat depots, namely an augmentation of water to lipid ratio and unsaturation of constituent fatty acids and, consequently, a decreased firmness and an increased risk of oxidation. The changes in fatty acid profile in fat depots of leaner animals results from a smaller contribution of de novo synthesised fatty acids (free from C18.2 and other PUFA in the pig) and, conversely, a greater contribution of dietary fatty acids, which are of vegetable origin in standard pig diets and, hence, contain C18:2 and other PUFA [START_REF] Scott | Fatty acid composition of adipose tissue from lean and obese swine[END_REF].

The genetic relationships of LEAN with muscle compositional characteristics followed about the same pattern as above, though the relationships were less close. There exist many literature estimates of the genetic correlation between carcass lean to fat ratio and intramuscular content, as reviewed by [START_REF] Schwo ¨rer | Genetic parameters of intramuscular fat content and fatty acids of pork fat[END_REF] and [START_REF] Sellier | Genetics of meat and carcass traits[END_REF]. Our estimate of the genetic correlation between LEAN and lipid content of LM (20.44 6 0.08) is slightly higher, in absolute value, than most estimates previously reported. As for the association of LEAN with the unsaturation degree of muscle fatty acids, our positive r a estimates are generally in line with the findings of [START_REF] Cameron | Fatty acid composition of lipid in Longissimus dorsi muscle of Duroc and British Landrace pigs and its relationship with eating quality[END_REF], [START_REF] Suzuki | Genetic correlations among fatty acid compositions in different sites of fat tissues, meat production, and meat quality traits in Duroc pigs[END_REF] and [START_REF] Colman | Genetic parameters for intramuscular fatty acid composition and metabolism in pork[END_REF]. This association is likely to operate mainly through the variation in intramuscular lipid content, a trait which is genetically linked to the same extent to both LEAN and UNSAT (or P/S), and the above-mentioned correlative change in the ratio of phospholipids to triacylglycerols among total muscle lipids.

Lean tissue growth rate. LTGR is a compound trait of interest as it roughly corresponds to the major selection objective of past and current pig breeding schemes in the area of growing animal characters [START_REF] Nguyen | Genetic selection strategies for efficient lean growth in pigs[END_REF].

Phenotypic and genetic correlations between LTGR and chemical composition traits of adipose and muscle tissues were low-to-moderate in this study. The traits being most closely associated with LTGR at the genetic level referred to subcutaneous BF with absolute values of r a estimates ranging from 0.20 to 0.33. On this basis, breeding for LTGR would therefore lead to an increase in water to lipid ratio It is worth mentioning here that the realised genetic trends resulting from 20 years of selection mainly based on ADG and BF thickness (hence, approximately for better LTGR) in the French LW breed [START_REF] Tribout | Estimation, par utilisation de semence congele ´e, du progre `s ge ´ne ´tique re ´alise ´en France entre 1977 et 1998 dans la race porcine Large White: re ´sultats pour quelques caracte `res de production et de qualite ´des tissus gras et maigres[END_REF] were the followings: 77 6 27 g for ADG (P , 0.01), 8.6 6 1.7% for LEAN (P , 0.001), 4.6 6 1.0% for water content of BF (P , 0.001), 0.033 6 0.013 for UNSAT of BF (P , 0.05), 2.6 6 0.8% for PUFA content of BF (P , 0.01), 22.3 6 0.8% for SFA content of BF (P , 0.01), 0.07 6 0.28% for water content of LM (P 5 0.82), and 0.19 6 0.63% for lipid content of LM (P 5 0.63). The genetic trends pertaining to tissue compositional traits are in fairly good agreement, in sign and in compared magnitude, with the present r a estimates involving LTGR, except for the lack of significant change in intramuscular fat content. The latter discrepancy could partly result from the fact that the anatomical location of LM sampling differed between the two studies (13th to 14th v. 6th to 7th rib level).

Conclusions

This study confirms that the chemical composition of porcine fat and muscle tissues show a moderate-to-high within-breed additive genetic variation. Genetic correlations between these traits and growth rate are globally of small magnitude. On the contrary, tissue compositional traits are significantly correlated at the genetic level with carcass leanness. Breeding for leaner pigs is, therefore, expected to cause an increase in the ratio of water to lipids and the unsaturation degree of lipids, thus leading to a higher occurrence of the 'soft fat' condition and to a greater risk of lipid oxidation. The positive relationship between carcass leanness and lipid unsaturation mainly operates through the underlying variation in the ratio of de novo synthesised to dietary fatty acids in subcutaneous and visceral fats and through the respective importance of the phospholipid and triacylglycerol fractions among muscle lipids. Moreover, the highest genetic correlation 'between' back and perirenal sites of fat deposition for the same compositional traits does not exceed 0.6 and is therefore far from being unity. This finding supports the view that fat is not a unique tissue throughout the body. The lack of actually close relationships 'between' tissues for the unsaturation degree of constituent lipids is still more evident when separable depot fats, on one hand, and intramuscular fat, in contrast, are considered. Further research is needed for investigating muscles other than the widely studied LM in order to dispose of an 'across-muscle' knowledge of the fat component of muscle tissue in the pig.

Table 1

 1 Means and residual standard deviations for tissue compositional traits a

		BF		PF			LM
	Compositional trait Mean r.s.d. Mean r.s.d. Mean r.s.d
	% Lipids	81.6	4.9	87.0	4.8	1.23 0.46
	% Water	9.3	2.2	8.2	2.7	74.5	0.9
	% C14:0	1.2	0.1	1.2	0.2	1.1	0.3
	% C16:0	25.3	1.2	26.3	1.4	24.9	2.0
	% C16:1	1.8	0.5	1.9	0.4	3.2	0.8
	% C18:0	15.3	1.7	22.3	2.0	13.7	1.7
	% C18:1	44.8	2.1	37.3	2.3	42.8	4.0
	% C18:2	8.6	1.0	8.3	1.8	9.1	3.3
	% C18:3	0.6	0.2	0.6	0.2	0.3	0.2
	% C20:4	,0.1	-,0.1	-	2.1	1.5
	% SFA	42.4	2.3	50.5	2.5	40.4	3.1
	% MUFA	47.8	2.1	39.9	2.4	47.0	4.3
	% PUFA	9.8	1.3	9.5	2.0	12.6	5.0
	UNSAT	1.183 0.024	1.210 0.042 1.295 0.136
	P/S	0.232 0.038	0.187 0.044 0.319 0.140

BF 5 backfat; PF 5 perirenal fat; LM 5 longissimus muscle; r.s.d. 5 residual standard deviation; SFA 5 saturated fatty acids; MUFA 5 monounsaturated fatty acids; PUFA 5 polyunsaturated fatty acids; UNSAT 5 coefficient of unsaturation of lipids; P/S 5 ratio of polyunsaturated to saturated fatty acids. a r.s.d. were calculated from the error mean square of the ANOVA model with breed and batch as fixed effects and slaughter BW as a covariate.

Table 2

 2 Heritability estimates (s.e. in brackets) for tissue compositional traits

	Trait	BF	PF	LM
	% Lipids	0.26 (0.10)	0.65 (0.14)	0.47 (0.09)
	% Water	0.59 (0.11)	0.32 (0.13)	0.31 (0.10)
	C14:0	0.75 (0.11)	0.44 (0.16)	0.01 (0.18)
	C16:0	0.60 (0.11)	0.65 (0.14)	0.52 (0.17)
	C16:1	0.72 (0.10)	0.66 (0.14)	0.16 (0.14)
	C18:0	0.42 (0.10)	0.27 (0.14)	0.15 (0.10)
	C18:1	0.55 (0.10)	0.69 (0.13)	0.26 (0.11)
	C18:2	0.47 (0.10)	0.81 (0.11)	0.35 (0.12)
	C18:3	0.03 (0.05)	0.13 (0.21)	n.e.
	C20:4	n.e.	n.e	0.15 (0.18)
	SFA	0.50 (0.10)	0.66 (0.15)	0.43 (0.14)
	MUFA	0.59 (0.10)	0.63 (0.12)	0.14 (0.11)
	PUFA	0.44 (0.10)	0.70 (0.10)	0.33 (0.15)
	UNSAT	0.38 (0.09)	0.61 (0.15)	0.29 (0.10)
	P/S	0.45 (0.08)	0.61 (0.16)	0.36 (0.14)

BF 5 backfat; PF 5 perirenal fat; LM 5 longissimus muscle; SFA 5 saturated fatty acids; MUFA 5 monounsaturated fatty acids; PUFA 5 polyunsaturated fatty acids; UNSAT 5 coefficient of unsaturation of lipids; P/S 5 ratio of polyunsaturated to saturated fatty acids; n.e. 5 not estimable.

Table 3

 3 Within-tissue r p and r a correlations between some compositional traits

		BF		PF		LM	
	Couple of traits	r p	r a (s.e.)	r p	r a (s.e.)	r p	r a (s.e.)

Table 4

 4 The r p and r a correlations between homologous traits of backfat, perirenal fat and longissimus muscle

		BF 3 PF			BF 3 LM		PF 3 LM
	Trait	r p	r a (s.e.)	r p	r a (s.e.)	r p	r a (s.e.)
	% Lipids	0.25**	0.14 (0.11)	0.13*	0.74 (0.15)	20.11	20.48 (0.31)
	% Water	0.34**	0.33 (0.06)	0.08	0.25 (0.18)	20.11	20.33 (0.16)
	UNSAT	0.48**	0.57 (0.05)	0.13*	0.22 (0.23)	0.08	0.08 (0.08)
	P/S	0.43**	0.40 (0.03)	0.09	0.15 (0.25)	0.19*	0.38 (0.29)

Table 5

 5 The r p and r a correlations between production traits and compositional traits of backfat, perirenal fat and longissimus muscle phenotypic correlation; r a 5 genetic correlation; ADG 5 average daily gain; LEAN 5 carcass lean percentage; LTGR 5 lean tissue growth rate; BF 5 backfat; PF 5 perirenal fat; LM 5 longissimus muscle; UNSAT 5 coefficient of unsaturation of lipids; P/S 5 ratio of polyunsaturated to saturated fatty acids.Sellier, Maignel and Bidanel and UNSAT in the BF depot. Moreover, we found a tendency to a negative genetic correlation (20.19 6 0.10) between LTGR and lipid accretion in the LM, whereas most estimates quoted by[START_REF] Schwo ¨rer | Genetic parameters of intramuscular fat content and fatty acids of pork fat[END_REF] are moderately positive.

				ADG		LEAN		LTGR
	Compositional trait	Tissue	r p	r a (s.e.)	r p	r a (s.e.)	r p	r a (s.e.)
	% Lipids	BF	0.01	0.02 (0.03)	20.50**	20.66 (0.14)	20.17**	20.31 (0.06)
		PF	0.00	0.01 (0.02)	20.26**	20.23 (0.06)	20.11	20.07 (0.04)
		LM	0.00	0.09 (0.10)	20.15**	20.44 (0.08)	20.07	20.19 (0.10)
	% Water	BF	20.01	20.02 (0.03)	0.39**	0.35 (0.05)	0.18**	0.20 (0.05)
		PF	20.03	20.01 (0.02)	0.37**	0.42 (0.07)	0.03	0.05 (0.03)
		LM	0.01	0.01 (0.09)	0.13**	0.05 (0.09)	0.06	0.01 (0.06)
	UNSAT	BF	20.04	20.15 (0.12)	0.48**	0.63 (0.06)	0.20**	0.33 (0.06)
		PF	20.22**	20.25 (0.04)	0.44**	0.50 (0.07)	0.18*	0.18 (0.09)
		LM	20.12	20.14 (0.02)	0.23**	0.27 (0.03)	0.02	0.03 (0.02)
	P/S	BF	20.09	20.27 (0.09)	0.57**	0.64 (0.04)	0.21**	0.31 (0.06)
		PF	20.03	20.04 (0.02)	0.58**	0.65 (0.05)	0.12	0.16 (0.04)
		LM	20.14*	20.37 (0.24)	0.20**	0.26 (0.20)	20.07	20.14 (0.18)
	r p 5							
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