
Introduction

Obesity is an extensively studied human syn-

drome since it has become a serious health prob-

lem in many populations. Among various factors,

also hereditary predisposition to this disease is

analysed. Genome scanning has revealed the pres-

ence of quantitative trait loci (QTL) for obesity on

all human chromosomes, except the Y chromo-

some (for a review, see Mutch and Clement 2006),

and a total number of candidate genes for

monogenic or polygenic obesity exceeds 120

(Martinez-Hernandez et al. 2007; Dahlman and

Arner 2007; Ichihara and Yamada 2008).
Genetic control of fat tissue accumulation is

also an important issue in pig breeding and pro-
duction, due to its relationship with meat quality
(including its nutritive value). The search for QTL
for fatness traits has revealed a large number (over
400) of such regions in the pig genome
(Rothschild et al. 2007). Unfortunately, no gene
mutations are known to be responsible for fat ac-
cumulation or the fatty acid profile. It can be fore-

seen that the completing of the pig genome se-
quencing, probably in the middle of 2009
(Archibald, personal communication), and the de-
velopment of the 60K SNP microarray
(Croojmans et al. 2008), will make these efforts
more efficient in the near future.

Since the pig is considered a useful animal

model also for human obesity (Lunney 2007;

Clarke 2008), studies on mapping and polymor-

phism of candidate genes in this species are of in-

terest, also from the comparative point of view.

Knowledge on the location of the porcine genes

encoding proteins playing a crucial role in

adipogenesis, lipid metabolism and transport, as

well as adipokines, is rapidly developing. Re-

cently, we have mapped genes encoding the tran-

scription factors involved in adipogenesis control

(Szczerbal et al. 2007a; Szczerbal and

Chmurzynska 2008), as well as a gene family of

fatty-acid-binding proteins (Szczerbal et al.

2007b).

The objective of the present study was the

cytogenetic localization of the selected candidate
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genes for human obesity, encoding proteins in-

volved in lipid metabolism and energy homeosta-

sis in the pig genome. Moreover, the chromosomal

position of these genes in relation to known QTL

for fatness traits was also considered.

Materials and methods

Chromosome preparations were obtained from

short-term lymphocyte cultures. The preparations

were Q-banded prior to FISH. Porcine bacterial ar-

tificial chromosome (BAC) clones were obtained

from the CHORI-242 Porcine BAC and RPCI-44

Male Porcine BAC Libraries (http://bacpac.chori.

org/libraries.php). The clones were selected by us-

ing information on BAC-end sequences (BES)

(http://www.sanger.ac.uk/Projects/S_scrofa/BES.

shtml, Table 1). It was not possible to select sepa-

rate BAC clones for the UCP2 and UCP3 genes,

due to their proximity in both human and pig

genomes. Thus we used a clone (CH242-14J14)

containing sequences of both the genes. Each

clone was verified to contain the studied gene with

PCR.

The isolated BAC DNA was labelled by ran-

dom priming with the use of biotin 16-dUTP or

digoxigenin-11dUTP (for dual colour FISH) and

applied as a probe in the FISH experiment as pre-

viously described (Szczerbal et al. 2007a).

The avidin-FITC and anti-avidin system or avidin-

FITC and anti-digoxigenin-rhodamine (for dual

colour FISH) were applied to detect the signals

and DAPI was used for slide staining. A fluores-

cence microscope (Nikon E600 Eclipse) equipped

with a cooled digital CCD camera and Lucia soft-

ware, were used for image analysis. International

nomenclature of pig chromosomes was applied

(Gustavsson 1988). Location of QTL regions for fat-

ness traits originated from the pig QTL database

(http://www.animalgenome.org/QTLdb/pig.html).

Results and discussion

PCR confirmed that the selected BAC clones con-

tained the studied genes (data not shown). The use

of the BACs as probes facilitated the successful

assignment of all the genes to the porcine chromo-

somes (SSC) by FISH (Table 1, Figure 1a–d).

In this study, we present 6 novel chromosomal lo-

cations of the following genes: NR3C1, GNB3,

ADRB1, ADRB2, ADRB3 and UCP1. Some of the

studied genes were earlier mapped on specific

chromosomes by somatic cell hybridization

(LIPIN1, UCP2 and UCP3) or by radiation map-
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Table 1. Chromosomal location of the studied genes in the pig genome and functions of encoded proteins

Gene symbol and name BAC clone ID Protein function Location in pig genome

this study earlier data

INSIG2 - insulin-induced
protein 2

CH242-503B15 blocks processing of
sterol-regulatory-element-binding protein
(SREBP) and mediates control of cholesterol
synthesis

15q12 15q14-q15a (RH)

LIPIN1 - lipin 1 CH242-523C8 plays an important role in adipocyte differen-
tiation

3q26 3q21-27b (SCH)

NR3C1 - nuclear receptor
subfamily 3, group C, member
1 (glucocorticoid receptor)

CH242-105G5 essential for hyperinsulinaemia development
and subsequent fat deposition

2q29 no data

PLIN – perilipin RP44-332F18 modulator of adipocyte lipid metabolism 7q15 SSC7c (RH)

GNB3 - guanine nucleo-
tide-binding protein
(G protein)

CH242-452E23 involved in energy homeostasis and promo-
tion of lipolysis

5q21 no data

NAMPT - nicotinamide
phosphoribosyltransferase

CH242-32M2 rate-limiting component in mammalian NAD
biosynthesis pathway

9q23 SSC9d (RH)

ADIPOQ - adiponectin
precursor

CH242-43M14 involved in control of fat metabolism and in-
sulin sensitivity

13q41 13q36-41e (RH)

ADRB1 - adrenergic, beta-1,
receptor

CH242-243L18 induces activation of adenylate cyclase by
means of G proteins

14q28 no data

ADRB2 - adrenergic, beta-2,
receptor

RP44-422H7 major lipolytic receptor in human fat cell al-
tered in obesity

2q29 no data

ADRB3 - adrenergic, beta-3,
receptor

CH242-411B13 involved in regulation of lipolysis and
thermogenesis

15q13-14 no data

UCP1 - uncoupling protein 1 CH242-45K23 mitochondrial membrane transporters in-
volved in regulation of energy metabolism

8q21-22 no data

UCP2 - uncoupling protein 2 CH242-14J14 9p24 9p21-p24f (SCH)

UCP3 - uncoupling protein 3

RH = radiation mapping, SCH = somatic cell hybridization mapping; aQiu et al. (2005); bHe et al. (2008); cTao et al. (2008); dKarnuah et al.

(2001); eDai et al. (2006); fWerner et al. (1999).
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Figure 1. Localization of the 2 tightly linked UCP genes (UCP2 and UCP3) on SSC9q24: (a) Q-banding, (b) the same

metaphase spread after dual-colour FISH (UCP1 = yellow, UCP2 and UCP3 = red); and localization of the INSIG2 gene

on SSC15q2: (c) Q-banding, (d) FISH; and (e) an ideogram showing chromosomal location of the studied genes and

known QTL regions for fatness traits (AF = abdominal fat; BFT = backfat thickness; MARB = marbling; 1310THRIBBF

= backfat at 10th rib measured at 13 weeks of age; IMF = intramuscular fat; LIPID CONTEN = lipid content;

10THRIBBF = backfat at 10th rib; DIAMF = diameter of muscle fibre; FATCP = fat-cut percentage; FRIBBF = first rib

backfat; red bars represent significant QTL, while blue ones, suggestive QTL, based on

http://www.animalgenome.org/QTLdb/pig.html).



ping (INSIG2, PLIN, ADIPOQ, NAMPT). For

those genes, we present here a verified or more

precise chromosomal location. The INSIG2 locus

has proved to be outside the indicated earlier frag-

ment SSC15q14-q15. We localized this gene on

SSC15q12. The NAMPT gene was previously

mapped to chromosome SSC9 and we narrowed

the locus position to SSC9q23. Similarly, the

PLIN gene, earlier assigned to SSC7, was found on

SSC7q15. The location of the other 4 genes

(LIPIN1, ADIPOQ, UCP2 and UCP3) was within

the chromosome fragments indicated earlier.

All the localizations presented in this study were in

agreement with their physical positions in the hu-

man genome, based on the human-pig comparative

chromosome-painting map (Goureau et al. 1996).

Among the studied genes there were 2 gene

families (UCP and ADRB) whose genomic organi-

zation differs. The UCP genes were localized on

2 different chromosomes by dual-colour FISH,

and the UCP1 was assigned to SSC8q21-22, while

the others (UCP2 and UCP3) to SSC9p24

(Figure 1a–b). A similar situation was described in

the human genome, where the UCP1 gene was

mapped on chromosome HSA4q31 (Cassard et al.

1990) and the closely linked UCP2 and UCP3 on

chromosome HSA11q13 (Solanes et al. 1997). On

the other hand, the 3 ADRB genes were assigned to

different porcine chromosomes: 14q28 (ADRB1),

2q29 (ADRB2), and 15q13-14 (ADRB3). Also in the

human genome, loci of these genes reside on sepa-

rate chromosomes: HSA10q24-26, HSA5q32-34

and HSA8p, respectively (Yang-Feng et al. 1990;

Bruskiewich et al. 1996).

A majority of the studied genes were located

within or near QTL for fatness traits (Figure 1).

Among the numerous known QTL for backfat

thickness, some harboured or were close to the fol-

lowing candidate genes: NR3C1 (SSC2), ADRB2

(SSC2), LIPIN1 (SSC3), GNB3 (SSC5), PLIN

(SSC7), UCP1 (SSC8) and ADIPOQ (SSC13).

The studied genes were also mapped within QTL

for other carcass traits, e.g. diameter of muscle fi-

bre (NAMPT on SSC9 and ADRB1 on SSC14);

marbling (UCP1 on SSC8); lipid content (UCP2

and UCP3 on SSC9); and fat-cut percentage

(ADRB1 on SSC1). Moreover, some of them were

localized near suggestive QTL for intramuscular

fat (UCP2 and UCP3 on SSC9) and abdominal fat

and backfat thickness (INSIG2 and ADRB3 on

SSC15).

Extensive studies of candidate gene polymor-

phism for the pig fatness and growth traits con-

cerned also genes included in this report. He et al.

(2008) analysed the LIPIN 1 gene polymorphism

and suggested that a single SNP, causing a silent

substitution in exon 2, was associated with a lower

percentage of leaf fat and intramuscular fat. Nu-

merous SNPs and InDels were found in the UCP2

and UCP3 genes (Li et al. 2005, 2007). The InDels

showed an association with body weight (Li et al.

2007). Recently, associations between poly-

morphisms of 2 other genes and pig production

traits have been reported. In the INSIG2 gene, 13

polymorphisms (12 SNPs and a microsatellite)

were described by Pertek et al. (2008).

The polymorphisms segregated as 4 haplotypes,

which were associated with fatty acid composi-

tion. Another report concerned an association of a

single SNP in intron 9 of the NAMPT gene, encod-

ing visfatin, with numerous fatness traits (Cepica

et al. 2008).

We conclude that the studied genes can be con-

sidered as good candidates for the pig fatness traits

due to the biological function of the encoded pro-

teins and their mapping within or very close to

QTL regions for such traits. Moreover, reports in-

dicating an association between polymorphism of

these genes and fatness, support this opinion.
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