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Abstract. Three-hundred and eighteen female swine representing contemporary commercial 
swine breeds (34 Chester White, 43 Large White, 42 Landrace, 40 Yorkshire, and 159 four-breed 
crossbreeds) were used to evaluate genetic variation between and within breeds for levels ofplasma 
cholesterol and plasma triglycerides. Blood was sampled from all pigs after a 16-hr fast at 154 
days of age. Plasma cholesterol was measured in all pigs and triglycerides were measured in 232 
pigs. Paternal half-sib heritabilities ( h2) for plasma cholesterol and plasma triglycerides were 0.45 
k 0.23 and 1.04 k 0.32, respectively. Breed differences were not apparent for either trait. Phenotypic 
and paternal half-sib genetic correlations between the two traits were 0.16 and 0.66, respectively. 
Neither body weight nor backfat depth were important in affecting the estimate of h2 for either 
trait. The relatively high h2 of total plasma cholesterol and of total triglycerides offers the possibility 
of developing, through selection, populations of hypercholesterolemic or hypertriglyceridemic 
swine useful as models for studies directed toward further understanding of human cardiovascular 
disease. 0 1986 Society for Experimental Biology and Medicine. 

The importance of plasma cholesterol con- 
centration as a factor in coronary artery disease 
in humans is well documented (1, 2). The 
known forms of familial hyperlipidemia 
(Types I, 11,111, IV, V) represent subsets of the 
population at risk of developing atherosclerosis 
(3). One might predict variable responses of a 
sample of the genetically widely diverse United 
States population to diets of differing com- 
position, yet no such systematic study has been 
reported. The pig is accepted as an appropriate 
animal model for studying this relationship 
(4-9). The genetic diversity of the pig offers 
the opportunity of assessing interrelationships 
between genetic background and cardiovas- 
cular response to diet. Estimates of heritability 
of 0.25 (10) and 0.29 (1 1) for total serum cho- 
lesterol concentration in swine suggest that se- 
lection for this trait would be effective. The 
purposes of the present report are to determine 
the genetic variation in total plasma choles- 
terol and total plasma triglyceride among and 
within commercially available breeds of swine 
and their four-way crosses. The relationships 
between plasma concentrations of each of 
these constituents and body weight and body 
composition as indicated by subcutaneous 
backfat thickness were also estimated. 

Materials and Methods. Three-hundred 
and eighteen contemporary female swine rep- 

resenting commercial swine breeds (34 Chester 
White, 43 Large White, 42 Landrace, 40 
Yorkshire, and 1 59 four-breed crossbreeds) 
were used. All pigs were fed a standard maize- 
soybean meal type diet (16% protein, 3% fat, 
0% cholesterol) ad libitum from weaning at 5 
weeks of age. They were housed in 16 pens in 
one building. Blood was sampled (heparinized 
syringe) from the anterior vena cava of each 
pig at 154 days of age after a 16-hr fast, cen- 
trifuged, and the plasma stored at - 15 "C until 
analyzed for cholesterol and triglycerides. 
Cholesterol was determined by an enzymatic 
procedure ( 12) with cholesterol esterase and 
cholesterol oxidase to yield hydrogen peroxide 
which was reacted with phenol and 4-ami- 
noantipyrine to yield a red color, detected 
spectrophotometrically (reagents obtained 
from Alpkem Corp., Clockamus, Oreg.). Tri- 
glycerides were determined after saponifica- 
tion as glycerol which was oxidized by perio- 
date to yield formaldehyde which was detected 
colorirnetrically after reaction with acetylace- 
tone to yield diacetyldihydrolutidine ( 13). For 
triglycerides, only 232 samples were available 
for analysis (29 Chester White, 33 Large 
White, 28 Landrace, 29 Yorkshire, and 113 
crossbred). Backfat (mean of three measure- 
ments 5 cm off the dorsal midline over the 
shoulder, midback, and rump) estimated ul- 
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trasonically and body weight were recorded 
for each animal when blood was sampled ( 154 
days). 

Data were analyzed by least-squares pro- 
cedures (14) with a model that included breed 
group, sire within breed group and dam within 
sire within breed group. Sire and dam were 
considered random. The effects of body weight 
and backfat thickness on plasma cholesterol 
and triglycerides were evaluated by adding 
them as covariates in separate models. Her- 
itabilities and genetic correlations were cal- 
culated from estimated genetic variances and 
covariances based on sire components of vari- 
ance. Phenotypic correlations were also esti- 
mated. 

Results. Breed group means, analyses of 
variance, and heritability estimates based on 
sire components of variance are shown in Ta- 
ble I for plasma cholesterol and triglycerides. 
Sire (P < 0.05) and dam (P < O.Ol), but not 
breed, affected plasma cholesterol. Body 
weight and backfat were not significant as co- 
variates. Overall breed group means f SE 
ranged from 109.8 f 2.9 mg/dl for Landrace 
to 1 17.0 f 3.2 mg/dl for Yorkshire with other 
breeds and crossbreeds intermediate (overall 
mean, 1 13.6 f 1.4 mg/dl). The paternal half- 
sib estimate of h2, 0.45 * 0.23, is higher than 
literature estimates (10, 1 1). 

Sire (P < 0.0 1) affected plasma triglycerides 
while, unlike the case with cholesterol, dam 
had no effect and the breed group effect was 
marginal (P < 0.10). Neither body weight nor 
backfat significantly affected components of 
variance compared with values obtained when 
no covariate was used in the analysis for either 
cholesterol or triglycerides. Crossbreeds had 
the lowest mean triglycerides (55.3 k 4.1 mg/ 
dl) and Yorkshires the highest (72.6 f 7.4) 
with other breeds intermediate (overall mean 
= 64.6 f 3.1 mg/dl). 

As in the case of h2 estimates for plasma 
cholesterol and triglycerides, the use of body 
weight or backfat as a covariate failed to affect 
phenotypic and genetic correlations between 
these two traits. The paternal half-sib genetic 
correlation was 0.66 f 0.31 and the pheno- 
typic correlation was 0.16, indicating a weak 
positive association between cholesterol and 
triglycerides in the population studied. 

Discussion. The paternal half-sib estimate 
of 0.45 k 0.23 for h2 of plasma cholesterol 
obtained in this study is similar to the estimate 
of 0.39 obtained by Reetz et al. (1 l), but con- 
siderably larger than the estimate of 0.10 ob- 
tained by Rothschild and Chapman (10). 
Rothschild and Chapman ( 10) considered that 
their best estimate of h2 was 0.29 based on 
regression of offspring on sire. Rothschild and 

TABLE I. ANALYSES OF VARIANCE, HERITABILITY ESTIMATES, AND BREED GROUP MEANS FOR LEVELS OF 
CHOLESTEROL (mg/dl) AND TRIGLYCERIDES (mg/dl)" 

Cholesterol Triglycerides 

Proba- 
source df square bility df square bility 

Mean Analysis of variance Mean Proba- 

Breed group (BG) 4 
Sire within BG (S/BG) 46 
Dam within S/BG 67 
Remainder 200 

Heritability estimate 

Breed group means * SE (N) 

h2 Paternal half-sib 

Yorkshire 
Landrace 
Large white 
Chester white 
Crossbreed 
Overall mean 

492 0.3 1 
396 0.05 
253 0.0 1 
107 

0.45 f 0.23 

117.0 f 3.2 (40) 
109.8 f 2.9 (42) 
115.9 f 3.0 (43) 
114.4 f 3.4 (34) 
11 1.2 f 1.8 (159) 
113.6 f 1.4 (318) 

4 3048 0.09 
43 1385 0.0 1 
40 540 0.23 

144 468 

1.04 f 0.32 

72.6 * 7.4 (29) 
70.1 f 6.7 (28) 
68.5 k 6.6 (33) 
56.6 f 6.6 (29) 
53.3 k 4.1 (113) 
64.6 f 3.1 (232) 

a Mean body weight was 82.4 f 5.8 kg; mean total of three backfat probes was 5 1.8 f 7.3 mm. 
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Chapman ( 10) used a population of 144 1 un- 
selected male, female, and castrated male 
Yorkshire pigs at 56 days of age that were 
progeny of parents selected for high or low 
serum cholesterol, while Reetz et al. (1 1) used 
648 female German Landrace pigs averaging 
100 kg body wt and raised as progeny groups 
at production testing stations in Germany. The 
variation in estimates of h2 may be related to 
variation in age at measurement, breeds used, 
diets, sampling, or testing facilities. Heritability 
estimates of plasma or serum cholesterol in 
other species range from 0.30 in chickens ( 15) 
to 0.5 1 in mice ( 16- 18) and 0.80 in cattle ( 19). 
There appear to be limited direct estimates of 
h2 of plasma cholesterol in humans, although 
there are well-documented forms of genetically 
determined hyperlipidemia, of which Type I1 
represents a subgroup known to have hyper- 
cholesterolemia. Genetic components, in- 
cluding polygenic effects as well as the mutant 
allele responsible for familial hypercholester- 
olemia may account for as much as 40% of 
the total variability in plasma cholesterol in 
humans (3). Elevated low density lipoprotein 
cholesterol (LDL) is particularly associated 
with an increased risk of coronary artery dis- 
ease, but the heritability of LDL in humans is 
not clearly established. 

No estimates are available of the heritabil- 
ity of LDL or other plasma lipoprotein frac- 
tions in swine. Rapacz et al. (20) reported ge- 
netic differences among swine in response of 
the aorta to a high fat diet; these differences 
were associated with genetic polymorphism, 
whereby swine either hetero- or homozygous 
for the Lpps gene had a greater tendency to 
develop elevated LDL-lipid when fed a high 
fat diet than those with the Lpps gene. 

The relatively high h2 of total plasma cho- 
lesterol observed in the present study offers 
the possibility of developing, through selection, 
populations of swine hyper- or hypocholester- 
olemic relative to unselected populations. 
Such animals would be useful models in stud- 
ies directed toward human cardiovascular dis- 
ease and in further efforts to characterize 
plasma lipoprotein fractions in hyper- and hy- 
pocholesterolemic swine with respect to ge- 
netic susceptibility to atherosclerosis and to 
interactions between plasma lipoprotein pro- 
file and coronary artery disease. Future efforts 
to develop hyperlipemic populations of swine 

should include measurements of LDL and 
HDL cholesterol as well as total cholesterol 
and triglycerides in the plasma and the changes 
in lipoprotein profile in response to diet. 

The failure of body weight as a covariate to 
affect the heritability estimate for plasma cho- 
lesterol in the present study is in contrast to 
the observation of Rothschild and Chapman 
(10) in prepubertal pigs and of Weibust (16) 
and Eapen et al. (2 1) in mice at 60 days of age 
in which positive correlations between body 
weight and plasma cholesterol were recorded. 
Fasting serum cholesterol of pigs selected for 
six generations for rapid body weight gain and 
leanness was greater than that of pigs selected 
for slow weight gain and fatness (22). On the 
other hand, selection for body fatness in swine 
(23) is not necessarily associated with changes 
in plasma cholesterol or triglyceride (24), or 
in susceptibility to atherosclerosis (25). 

We are unaware of data in swine for herita- 
bility of plasma triglyceride other than the 
current estimate. The high paternal half-sib 
estimate of h2 = 1.04 k 0.32 suggests that rapid 
progress could result from selection for high 
or low plasma triglycerides in swine. The low 
genetic and phenotypic correlations between 
plasma cholesterol and triglycerides suggests 
that genetic control of the metabolism of these 
two lipid classes is not closely linked. These 
data in swine suggest that genetic selection for 
hypercholesterolemia in swine would not be 
accompanied by associated shifts in plasma 
triglycerides. 

Hypertriglyceridemia and hypercholester- 
olemia in humans are not highly related in 
subgroups of hyperlipidemia (Types I, 11, 111, 
IV, V), in which each Type differs from others 
in the lipid profile. The correlation between 
plasma concentrations of cholesterol and tri- 
glyceride in the general population is not 
clearly defined. 
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