
7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

RELATIONSHIP OF IGF1, IGF2, LEP AND LEPR GENOTYPES WITH PLASMA 
IGF-1 AND LEPTIN CONCENTRATIONS AND PRODUCTION TRAITS IN PIGS 

 
 

J. Estany1, M. Tor1, M. Amills2, D. Villalba1, N. Jiménez2, J. L. Noguera3 and A. Sánchez2 

 

1 Departament de Producció Animal, UdL, 25198 Lleida, Spain 
2 Departament de Ciència Animal i dels Aliments, UAB, 08193 Bellaterra, Spain 

3 Area de Producció Animal, Centre UdL-IRTA, 25198 Lleida, Spain 
 

INTRODUCTION 
There are lines of evidence that demonstrate the influence of both the insuline-like growth 
factors IGF-1and IGF-2 (Hossner et al., 1997) and the hormone leptin and its receptor  
(Friedman and Halass, 1998) on growth and fat metabolism. The existence of between and 
within line genetic variation for serum concentration of IGF-1 and leptin has been reported in 
pigs (Ramsay et al., 1998 ; Cameron et al., 2000 ; Hermesch et al., 2001). In addition, several 
studies have characterised the polymorphism of the porcine IGF1 (Wintero et al., 1994), IGF2 
(Jeon et al., 1999), LEP (Stratil et al., 1997), and LEPR (Stratil et al., 1998) genes. The main 
objective of this work was to characterise IGF1, IGF2, LEP and LEPR gene polymorphisms in 
two Landrace lines. The association of these polymorphisms with plasma IGF-1 and leptin 
concentrations and several economic traits was explored as well. 
 
MATERIAL AND METHODS 
Animals and phenotypic measurements. The experiment was undertaken with a random 
sample of 116 halothane free male pigs from two Landrace lines (49 for line A and 67 for line 
B). The lines were of similar characteristics but line B was slightly leaner than line A. Pigs 
were from litters produced by 8 boars and 22 sows, for line A, and 9 boars and 29 sows, for 
line B. Pigs were raised in four batches until a weight of 108 kg. Two of the batches were 
tested on farm while the other two were tested on a test station, where feed intake was 
measured on a daily basis using an automatic feeding system. Pigs were weighed at weaning 
and at least four other times throughout the growing period. Ultrasonic backfat measurements 
were made at 4 cm off the mid-line. Blood samples were taken from on–farm tested pigs within 
the first week after weaning and during the week they reached 160 days of age. A 10 mL blood 
sample was obtained with a syringe and kept in tubes containing EDTA. All pigs were 
slaughtered in the same commercial slaughterhouse, where carcass and meat quality traits were 
measured. Phenotypic measurements and data recording were described in Tor et al. (2001).  
 
Laboratory analyses. Plasma was collected by centrifugation (3000 x g for 10 min) and 
frozen at –40ºC until required for assay. Genomic DNA was purified either from blood or 
muscle samples according to standard protocols.  
 
Plasma IGF-1 and leptin measurements. Plasma IGF-1 and leptin concentration was measured 
by commercially available ELISA kits. IGF-1 was determined using an antibody raised against 
human IGF-1 (Immunodiagnostic Systems Ltd, Boldon, UK) while leptin was determined 
using a polyclonal antibody raised against mouse leptin (Crystal Chem. Inc, Chicago, USA). A 

Session 03. Pig breeding Communication N° 03-27 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

total of 60 samples were analysed for IGF-1 but only 20 for leptin. Each sample was analysed 
in duplicate. Repeatability was  0.99 and 0.94 for the IGF-1and the leptin assay, respectively.   
 
Typing of IGF1 and IGF2 genes. Two microsatellites were used: the fist one was located in the 
first intron of the IGF1 gene (Wintero et al., 1993) whereas the second one mapped to the 
3’UTR of the IGF2 gene (Jeon et al., 1999). The PCR mixture contained 2.5 mM (IGF1) or 1.5 
mM (IGF2) MgCl2, 200 µM of each dNTP, 0.2 µM of each primer, 100 ng genomic DNA and 
0.5 U AmpliTaq Gold (Roche) in a 10 µl final volume. Primer sequences were: IGF1: Fw, 5’- 
GCT TGG ATG GAC CAT GTT G –3’ (Tet labeled at 5’); Rev, 5’-CAT ATT TTT CTG CAT 
AAC TTG AAC CT–3’; IGF2: Fw, 5’-GTT TCT CCT GTA CCC ACA CGC ATC CC–3’ 
(Fam labeled at 5’); Rev, 5’-CTA CAT AGC TGG GCT CAG GG. Samples were analysed in 
an ABI Perkin Elmer 3100 capillary electrophoresis device. 
 
Typing of leptin and leptin receptor genes. The porcine leptin gene was typed according to 
Stratil et al. (1997). The PCR mixture contained 1.5 mM MgCl2, 100 µM of each dNTP, 0.5 
µM of each primer (Fw: 5’-CTG TCT CCT CCA AAC AGA GGG TCA-3’ and Rev: 5’-CAG 
CAG CCA GGG CTG AGG TCC A-3’), 100 ng genomic DNA, 0.625 U of Taq DNA 
polymerase (Ecogen) in a 25 µl final volume. The PCR product was digested with 5 U HinfI 
(37º C/12 h.) and electrophoresed in a 3% agarose gel. The polymorphism of the porcine leptin 
receptor gene was analysed according to Stratil et al. (1998). The PCR mixture contained 1.5 
mM MgCl2, 200 µM of each dNTP, 0.2 µM of each primer (Fw: 5’- GGA AGG CAT TTG 
TTT CAG CAG TAA  -3’ and Rev: 5’- CAA GTC CTC TTT CAT CCA GCA CTG -3’), 200 
ng genomic DNA, 1.25 U of Taq DNA polymerase (Ecogen) in a 50 µl final volume. The PCR 
product was digested with 5 U HpaII (37º C/12 h.) and electrophoresed in a 1.5 % agarose gel. 
 
Statistical analyses. Data were analysed with SAS (SAS Inst. Inc., Cary, NC) using GLM 
procedure. The model contained the batch, the sire and the gene alleles (or genotypes) as fixed 
factors. Production and physiological traits were previously adjusted for age. A covariate was 
used to adjust carcass and meat quality traits for carcass weight. The additive effects of the 
IGF1 and IGF2 alleles were estimated with a gene substitution model in which the rare alleles 
(less than five copies per line) were pooled and treated as a single allele. The effects of the 
alleles on dependent variables were estimated by multiple regression analyses. Significance 
testing between genotypes was done by pairwise comparison of their least-squares means.  
 
RESULTS AND DISCUSSION  
The IGF1and IGF2 microsatellites displayed a remarkable degree of polymorphism. Five and 
eight alleles were segregating in the IGF1 and IGF2 loci, respectively. Allele frequencies of  
IGF1 and IGF2 alleles and their effect on a selected group of traits are given in Tables 1 and 2. 
Only overall allele frequencies are presented because they were not different between lines 
according to a chi-square test. A negative effect on plasma IGF-1 concentration at 160 d 
(IGF1-160) was found for the 195 bp IGF1 allele, which was consistent in both line (P<0.05). 
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Table 1. Gene substitution effects of microsatellite alleles in the IGF1 gene 
 

 Microsatellite allele, frequencies 
  195 203 Rare B  

Trait  LSM A (0.167) (0.083) (0.092) RSD 
Weight at 28 d (kg) 7.38 -0.04 0.35    -0.97 ** 1.23 
Weight at 170 d (kg) 109.04 -4.22 -0.81 -2.62 9.88 
Backfat depth at 170 d 
(mm) 

13.01 -0.35 -0.11 -0.43 1.30 

Feed conversion ratio  2.57 0.00 -0.10 -0.08 0.17 
IGF-1 at 28 d (ng/mL) 41.74 -5.24 3.94 1.51 16.81 
IGF-1 at 160 d (ng/mL)  167.16  -21.20 ** 19.48 -1.39 23.36 
Leptin at 28 d (ng/mL) 7.53 -0.62 -1.07 . 2.08 
Leptin at 160 d (ng/mL)  10.76 -1.57 -1.21 1.95 2.40 
Killing-out (%) 75.91    -0.84 ** 0.19 -0.41 1.19 
Carcass lean  (%) 53.51 -0.41 0.49 0.59 2.39 
Weight of hams (kg)  24.83     0.68 ** 0.13 -0.09 0.84 

A Homozygote least-squares mean for allele 199; B Alleles 197 and 201; ** p<0.01. 
 
Table 2. Gene substitution effects of microsatellite alleles in the IGF2 gene 
 

 Microsatellite allele, frequencies 
  239 247 249 Rare B  

Trait  LSM A (0.096) (0.109) (0.109) (0.143) RSD 
Weight at 28 d (kg) 7.21 -0.10 -0.15 -0.03 -0.09 1.29 
Weight at 170 d (kg) 101.18 2.36 -1.12 5.28 3.31 9.90 
Backfat depth at 170 d 
(mm) 

12.25 0.33 -0.38 0.23 0.22 1.29 

Feed conversion ratio  2.59 -0.04   -0.27** 0.12 -0.07 0.14 
IGF-1 at 28 d (ng/mL) 43.42 -2.97 -2.05 -0.24 -10.41 16.65 
IGF-1 at 160 d (ng/mL)  151.45 1.60 11.76 19.07 -0.30 24.21 
Leptin at 28 d (ng/mL) 7.57 0.43 0.54 -1.12 -1.57 2.09 
Leptin at 160 d (ng/mL)  11.30 -3.39 -0.56 0.02 1.83 1.54 
Killing-out (%) 75.20 0.26 0.20 0.43 0.48 1.25 
Carcass Lean  (%) 54.22 -0.07 -0.88 -0.23 -0.45 2.42 
Weight of hams (kg) 23.84 -0.28 0.28 -0.17 0.12 0.88 

A Homozygote least-squares mean for allele 241; B Alleles 243, 251, 253, and 257; ** p<0.01. 
 
IGF1-160 was positively correlated with live weight (+0.44) and backfat depth (+0.38) at 170 
d, as in Hermesh et al. (2001). However, we were only able to detect a suggestive effect of the 
195 bp allele on weight (p<0.10). Evidences of linkage between IGF1 genotypes and average 
daily gain were found by Casas-Carrillo et al. (1997). No association was observed between 
IGF1-160 and IGF-1 at 28 d, though a line-related effect was detected. Thus, line A showed 
higher IGF-1 concentrations at 160 d (20.3 ng/mL, p<0.05) whereas line B showed higher 
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values at 28 d (-12.7 ng/mL, p<0.05). This observation highlights the fact that plasma IGF-1 
concentration is age dependent and that the IGF-1 profile differs according to the maturity 
pattern. The 195 bp allele was negatively associated to the dressing percentage and positively 
to the ham weight but homozygotes for the 199 bp allele did not differ from carrier genotypes 
for the 195 bp allele. The 247 bp allele at the IGF2 locus was associated with a favourable feed 
conversion ratio, the effect being consistent within line. Jeon et al. (1999) found that the IGF2 
genotype was mainly associated with variables related to lean content. On the other hand, the 
HinfI site in the LEP gene (A : 355 bp ; B : 293-62 bp) and the HpaII site in the LEPR gene (A: 
2000 bp ; B : 1450-550 bp) were also polymorphic in both lines. Allele frequencies were 
different between lines for the LEP gene (0.750 and 0.963 for the allele A in lines A and B, 
respectively) but not for the LEPR gene (0.234 for allele A). No significant associations were 
found between LEPR genotypes and the traits studied. In contrast, pigs displaying the AA LEP 
genotype had a higher backfat than AB pigs (0.89 mm, p<0.05). No significant association was 
observed between LEP polymorphism and plasma leptin concentration, though the number of 
samples analysed for plasma leptin concentration was very small.  
 
CONCLUSION 
This work was planned as a prospective study and thus only preliminary conclusions should be 
drawn. At this point, results suggest that IGF1, IGF2 and LEP genotypes may be associated 
with carcass distribution, feed conversion and fatness, respectively. The identification of an 
allelic variant of the IGF1 locus related to plasma IGF-1 concentration might help to gain new 
insights into the physiological mechanisms by which IGF-1 regulates growth and fatness. 
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