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Associations of the IGF2 gene with growth

and meat efficiency in Large White pigs
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Abstract. The insulin-like growth factor 2 gene (IGF2) has been described in several
studies as a candidate gene for meat efficiency in pigs. IGF2 is a member of the growth
factors family and has an effect on development of muscle tissue. The effect of IGF2
gene polymorphism on meat efficiency was analysed in a population of 121 Large
White pigs. A PCR-based test and RFLP methods were used for detection of genotypes.
Allele A, lacking the restriction site, was characterised by the presence of a 0.9-kb frag-
ment. In allele B, the amplimer was cut into a 0.8-kb fragment and some barely detect-
able fragments. The statistical analysis was carried out according to the General Linear
Model procedure. The genotype frequencies observed were: 1.65%, 33.88%, 64.46%
for AA, AB and BB genotypes, respectively. There was a significant difference
(P � 0.05) between the AB and BB genotypes in live weight before the test. A signifi-
cant association between AB and BB genotypes and body weight before the test was
found. No significant difference in other traits of growth and meat efficiency was ob-
served (P � 0.05).
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Growth as a biological phenomenon is controlled by a complex of endo-, para-,
and autocrine control mechanisms. The insulin growth factor (IGF) complex
plays a key role in growth regulation together with insulin, thyroid hormones, sex
steroids, and the growth hormone.

The IGF system consists of two insulin-like growth factors (IGF1 and IGF2),
two receptors, and six binding proteins (IGFBP-1 to -6). IGFs are
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growth-promoting peptides, which are structurally homologous with insulin
and also their biological effects are similar to those of insulin. Insulin is synthe-
sised exclusively in the pancreatic islets of Langerhans, while IGFs are synthe-
sised in tissues throughout the body (NEDBAL et al. 2000).

Relationships between growth and reproduction of pigs have been studied.
The IGF1 and IGF2 concentrations are associated with backfat thickness and with
fewer days to 100 kg (LAMBERSON et al. 1996, OWENS et al. 1999). However,
IGF2 concentration in the blood serum is not associated with growth or reproduc-
tion (STERLE et al. 1995).

The human and mouse IGF2 gene is expressed during embryo development,
and its activity is regulated by maternal imprinting. Only the paternal allele is acti-
vated and expressed. This monoallelic expression is important for normal devel-
opment of muscular tissue (PEDONE et al. 1994). On the contrary,
the corresponding receptor gene IGF2R is paternally imprinted and expressed
when transmitted by the mother.

In pigs, the IGF2 gene, localised on chromosome 2 (SSC2), appears maternally
imprinted and expressed only via the sire (NEZER et al. 1999). A G�A substitu-
tion in exon 2 has been detected (KNOLL et al. 2000). This substitution caused
an increase in lean meat yield in the F2 population of hybrids between Large
White (LW) and Pietrain (P) pigs (NEZER et al. 1999). This gene was marked as
a candidate gene for muscle mass (skeletal and cardiac) and fat deposition (NEZER

et al. 1999, JEON et al. 1999) while there could be Mendelian expression in tissues
playing a role in fertility (HORÁK et al. 2001), as Black Pied Pøeštice sows
of the genotypes AB and BB had larger litters.

The genomic imprinting of the four QTL in pigs has been confirmed (de
KONIG et al. 2000). Paternal expression of the IGF2 (SSC2) region was estab-
lished. That analysis did not exclude IGF2 as a candidate gene. However, the re-
sults indicated the presence of another imprinted QTL for muscle depth, which is
located more proximally on the same chromosome.

The aim of this study was to analyse the association of IGF2 gene polymor-
phism with growth and meat efficiency in pigs of the LW breed.

The analysis included 121 LW pigs (60 hogs and 61 gilts from 7 sires
and 20 dams) from one herd. Pigs were tested for 9 weeks. Average daily gain
(ADG), average gain in test (AGT), feed intake for 1 kg of gain in test (FI), % lean
meat (LM), backfat thickness (BT), muscle thickness (MT), and body weight
were measured fivefold (body weight before beginning of the test = BWT, body
weight at the beginning of the test = BWS, body weight at the middle of the test =
BWM, body weight at the finishing of the test = BWF and body weight before
slaughter = BWC).

The PCR-RFLP methods (KNOLL et al. 2000) were used to detect the geno-
types of the IGF2 gene. Genomic DNA was extracted from white cells isolated
from blood. The restriction enzyme (NciI) cut the 1.6 kb amplimer into several
fragments. Allele A, lacking the polymorphic restriction site, was characterised
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by an approximately 0.9-kb fragment, while allele B, with the polymorphic re-
striction site, was cut into a 0.8-kb fragment and shorter ones, barely detectable on
2% agarose gel.

All data of genotyped pigs were analysed on the basis of the general linear
model, GLM (SAS, 2000). The linear model included the following fixed effects:
IGF2 gene, sex, and group of sires.

A low frequency of allele A (0.18) was observed. The genotype frequencies for
AA, AB and BB were: 1.65% (2 animals), 33.88% (41 animals), and 64.46%
(78 animals), respectively. HORÁK et al. (2001) examined the IGF2 gene poly-
morphism in 90 Black Pied Pøeštice sows. The frequency of allele A was 0.33.
The differences between allele frequencies are caused by differences between
breeds. Also congeniality can play a role in the observed population.

There was a significant difference between sexes in average daily gain, aver-
age gain in test, feed intake for 1 kg of gain in test, % of lean meat, backfat thick-
ness, body weight at the middle of the test, body weight at the finishing of the test,
and body weight before slaughtered. The effect of sires was significant on body
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Table 1. Associations between the growth and meat efficiency traits and IGF2 genotypes
(LSM SE, least-square mean, standard error) in Large White pigs

Trait
IGF2 genotype

AA AB BB

BWT 11.52 ± 2.18 15.59 a ± 0.48 14.26 a ± 0.39

BWS 36.01 ± 3.05 34.43 ± 0.68 34.98 ± 0.54

BWM 62.54 ± 5.45 67.16 ± 1.21 64.87 ± 0.97

BWF 95.00 ± 6.00 94.93 ± 1.33 96.09 ± 1.07

BWC 105.91± 6.41 105.35 ± 1.42 105.94 ± 1.14

ADG 630.05 ± 39.28 631.36 ± 8.70 641.98 ± 7.00

AGT 867.63 ± 64.91 884.25 ± 14.38 894.66 ± 11.57

BT 13.91 ± 1.71 12.98 ± 0.38 12.99 ± 0.30

MT 54.00 ± 5.09 53.91 ± 1.13 55.02 ± 0.91

LM 57.49 ± 1.68 58.34 ± 0.37 58.47 ± 0.29

FI 2.45 ± 0.19 2.54 ± 0.043 2.52 ± 0.03

n = number of pigs; values with the same exponents in a row show significant differences: a P � 0.05
[body weight before beginning of the test = BWT, body weight at the beginning of the test = BWS, body weight
at the middle of the test = BWM, body weight at the finishing of the test = BWF, body weight before slaugh-
ter = BWC, average daily gain = ADG, average gain in test = AGT, backfat thickness = BT, muscle thick-
ness = MT, % of lean meat = LM, feed intake for 1 kg of gain in test = FI]



weight throughout the test (BWS, BWM, BWF), backfat thickness and percentage
of lean meat.

The results of the GLM analysis of association between the IGF2 gene
and meat efficiency in pigs are summarised in Table 1. The effect of the IGF2
gene was significant (P � 0.05) only for body weight before the beginning
of the test. There was a significant difference between AB and BB genotypes.
No other associations between genotypes and traits studied were found.

NEZER et al. (1999) described differences between IGF2 genotypes under con-
ditions of Mendelian expression of the alleles in the F2 hybrid population
(LW × P). These differences were not significant but a higher percentage of lean
meat and a lower backfat thickness was observed in pigs of BB genotypes.

Our results indicate weight differences (P � 0.05) between groups of pigs
of AB and BB genotypes at the beginning of the test. However, later measurements
did not confirm the permanent character. No significantly higher growth intensity,
average daily gain, average daily gain in test, muscle thickness and lower feed in-
take for 1 kg of gain in test was observed in the group of the BB genotypes. Fur-
thermore, the average selling price of pigs of the BB genotype was about 110 CZK
better than that of pigs of the AB genotype.

To assess more precisely the influence of IGF2 polymorphism on meat effi-
ciency and growth, it would be necessary to analyse an equally large population
consisting of a different breed and hybrid populations used for pork meat produc-
tion.
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