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The gene IGF1 has been shown to have a significant influence on the size of  individuals, 
including animals of  the Canidae family. In this study we determined SNP mutations of  
the IGF1 gene in dogs, raccoon dogs and farmed and free-living red foxes from Poland 
and Canada. No SNP mutations were noted in dogs or raccoon dogs, but a total of  14 
single nucleotide polymorphisms were identified in foxes, including 12 substitutions, 
as well as one new mutation missense variant (exon 6) in wild Polish foxes and one 
synonymous mutation variant in wild foxes from Canada. We identified specific SNP 
profiles characteristic only for farmed foxes and only for wild foxes, as well as specific 
SNP profiles or wild foxes from North America (Canada) and from Europe (Poland).  
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INTRODUCTION

The Canidae are a family of  over thirty currently living species, differing substantially in 
size. Among many genes influencing the size of  individuals, an important role is played 
by IGF1 (insulin-like growth factor 1, somatomedin C), which encodes specific proteins 
whose structure and function are similar to that of  insulin and which are included in 
the family of  proteins having a significant effect on growth and development [1]. The 
production of  proteins with properties similar to those of  insulin is stimulated by the 
activity of  growth hormone (GH) in the liver. In response to GH activity, liver cells 
induce a protein called insulin-like growth factor 1 (IGF-1) to be produced [2]. This 
protein stimulates skeletal growth and cell maturation in numerous tissues, as well as 
the processes of  chondrogenesis and osteogenesis in cartilage of  bones [3]. IGF-1 
affects hormone metabolism and regulates the growth of  many tissues through pre- 
and postnatal autocrine/paracrine activity. It stimulates growth by binding and 
activating transmembrane tyrosine kinase receptors (IGF-1R). The complex of  
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IGF-1 and IGF-1R causes autophosphorylation of  the cytoplasmic domain, which 
in turn initiates a signal transmission cascade, leading to increased growth [4-6]. It has 
been shown that the more protein produced by the IGF1 gene is contained in the 
blood, the larger the individual. Mice with a damaged IGF1 gene have been shown to 
attain a very small size, while humans with a deletion in this gene are born with a body 
length considerably below the norm [7]. The IGF1 gene has a substantial effect on 
the size of  individuals in some breeds of  pig [8], cattle [9], as well as in canids 
[10,11]. Single nucleotide polymorphism is a very good molecular marker enabling 
characterization of  nucleotide variation between wild and farmed individuals. 
The aim of  the study was to determine the nucleotide sequence of  fragments of  
the IGF1 gene in farmed and wild individuals of  the Canidae family, and to identify 
any polymorphisms occurring in the nucleotide sequence. This will provide a better 
understanding of  the role of  this gene in heredity of  morphometric traits in species 
of  this family. 

MATERIAL AND METHODS

DNA was isolated from a total 125 samples – from the blood of  dogs - 25 samples, farmed 
raccoon dogs - 25 samples (from Poland), and farm red foxes (Vulpes vulpes) - 25 samples 
(from Poland), and from raw skins of  wild foxes (25 samples from Poland and - 25 samples 
Canada), using a QIAgen commercial extraction kit (QIAamp DNA Blood Mini Kit or 
Kit-DNeasy Blood &Tissue Kit) according to the producer’s instructions. There were 
25 individuals in each group. The gene IFG1 (insulin-like growth factor 1), (NCBI - 
ID: 610255) was examined. The primers (F: AAGTAGCCTGAGTAAGATTTGACT 
and R: AGCAATCTACCAACTCCAGGACCA) were designed using Primer3Plus 
software [12] to amplify a region of  IGF1 (exon 6). The first amplification was 
performed using Ampli Taq Gold 360 DNA Polymerase (Applied Biosystems). The 
second amplification (sequencing PCR) – bidirectional sequencing – was carried out 
using the BigDye® Terminator v3.1 CycleSequencing Kit (Applied Biosystems) 
procedure (Labcycler, SensoQuest). PCR products were purified in a biorobot 
(QIAcube) using a DyeEx Spin Kit (Qiagen). PCR products were sequenced using a 
3100-Avant Genetic Analyzer (Applied Biosystems). Sequencing results were aligned 
using BLAST. The sequencing data were then compared with the dog (NC_006597.3) 
sequences registered in the NCBI database. The SNP positions of  wild and farmed 
individuals were compared using MEGA4. Individual SNP profiles frequencies were 
calculated using the SAS statistical package. An SNP profile was defined as a set of  
single nucleotide polymorphisms (SNPs) obtained by sequencing with respect to each 
of  the gene fragments investigated. 

Statistical analysis

 The chi-square test for goodness of  fit between observed and predicted genotype 
frequencies was employed to test Hardy-Weinberg.
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The protocol was approved by the 2nd Lublin Local Ethical Commission for Animal 
Experiments (Permit Number 83/2009 of  08/12/2009).

RESULTS AND DISCUSION

The length of  the IGF1 fragment examined was 419 bp in the dog, 393 bp in the raccoon 
dog and 305 bp in the fox. SNP was noted only in the fox. Among 19 individuals 
(8 wild Polish, 5 wild Canadian and 6 farmed), 14 single nucleotide polymorphisms 
(SNPs) were detected (Figure 1), including eight transitions, at positions c.8071, c.8283 
and c.8290 (A>G), c.8178 and c.8366 (G>A), c.8226 (T>C), c.8278 (C>T) and c.8314 
(T>C,Y), and six transversions, at c.8066 and c.8232 (T>A), c.8077 (G>T), c.8281 
and c.8307 (G>C) and c.8358 (C>A). A change at position 8232 caused a serine-to-
arginine amino acid change (p.S198R).

The analysis showed 8 SNP profiles (A-H) (Table 1). Profiles A, C, D and G were 
present only in wild Polish individuals. Wild Canadian foxes had profiles B and 
H. Only farmed individuals had profile F, which may be an indication of  selective 
breeding aimed at obtaining varieties with particular body dimensions that would not 
have arisen in natural conditions. Profile E was present in all individuals, suggesting 
that this mutation is inherited in both farmed and wild animals [13,14].
The completion of  the dog genome sequencing project has made it possible to find 
SNPs in the genomes of  animals of  the Canidae family. Sacks and Louie [15] used 
various primer pairs designed using random fragments of  the dog genome to sequence 

Figure 1. Localization SNPs in IGF1 gene (Vulpes vulpes). In red: mutation in exon 6 - missense 
mutation and synonymous mutation 
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80-88% of  loci in the coyote (Canis latrans), the gray wolf  (Urocyon cinereoargenteus) and 
the red fox (Vulpes vulpes). The presence of  SNP profiles noted only in farmed foxes 
or only in wild foxes may be due to the animals’ different living conditions, and may 
also be an indication of  selective breeding making it possible to obtain varieties with 
particular traits which would not have arisen in natural conditions.

Table 1. The types and frequencies of  SNP profiles in the IGF1 gene of  foxes

Gene SNP 
profiles

Frequency of   
SNP profiles

Frequency of  SNP profiles

Farm Wild (Poland) Wild (Canada)

IGF1

A 0.04 0.12

B 0.05 0.16

C 0.04 0.12

D 0.04 0.12

E 0.67 0.80 0.52 0.68

F 0.07 0.20

G 0.04 0.12

H 0.05 0.16

The alleles’ frequencies were in Hardy-Weinberg equilibrium.

SNPs were noted in the amplified IGF1 gene fragments. Specific SNP profiles 
characteristic only for farmed foxes and only for wild foxes were obtained. At the 
same time, specific SNP profiles were noted for wild foxes from North America and 
from Europe. The diversity of  phenotypes occurring among wild and farmed animals 
is a significant factor enabling variation between species and groups of  animals [14].
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POLIMORFIZAM IGF1 GENA U ODABRANIM VRSTAMA 
KANIDA

JAKUBCZAK Andrzej, GRYZINSKA Magdalena, HORECKA Beata,  
JEZEWSKA-WITKOWSKA Grazyna

IGF1 gen značajno utiče na veličinu tela, uključujući i vrste Canidae familije. U studiji 
je obavljeno ispitivanja SNP mutacija IGF1 gena kod pasa, rakuna, lisica u uzgoju i u 
slobodnoj prirodi na teritoriji Poljske i Kanade. Nisu ustanovljene SNP mutacije kod 
pasa ili rakuna ali je uočeno 14 jediničnih polimorfizama nukleotida kod lisica, koji 
su obuhvatali 12 substitucija kao i jednu novu mutaciju (exon 6) kod divljih lisica u 
Poljskoj i jednu sličnu mutaciju kod divljih lisica Kanade. Identifikovani su specifični 
SNP profili koji su karakteristični samo za lisice koje se drže u uzgoju kao i za lisice na 
slobodi. Isto tako identifikovani su specifični SNP profili divljih lisica Severne Amerike 
(Kanade) i u Evropi (Poljska).


