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This work aimed at investigating the expression of nine functional candidate genes of abdominal 
fat weight and percentage in chicken livers. The study was conducted on 92 medium-growing 
chickens from the crossing of the Cobb strain and the native Green-legged Partridge breed. Both 
the peroxisome proliferator-activated receptor gamma gene (PPARG) and the high-mobility group 
AT-hook 1 (HMG1A) in the «fatty» group were up-regulated with an average ratio of 4.26 (P≤0.01) 
and 3.10 (P≤0.01), respectively, relative to the «lean» group. Expression of the HMG1A gene was 
highly correlated with abdominal fat content (0.81, P≤0.01) and abdominal fat weight (0.76, P≤0.01). 
The correlation of the PPARG gene expression was significant both with the abdominal fat content 
(0.68, P≤0.01), and abdominal fat weight (0.61, P≤0.05). In contrast, no significant differences were 
detected in the expression of the FABP1, FAPB2, FABP3, MC4R, PPARGC1A, POMC and PTPN1 
genes. Our results show that the high mobility group AT-hook1 and PPARG may be candidate 
genes for abdominal fat deposition in the chicken and their expression may be useful markers of fat 
deposition in chickens.
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One of the main purposes in poultry genetic improvement programs is to improve 
meat performance traits. [Kawka et al. 2010, 2012, Parada et al. 2012, Mosca et al. 
2018]. During the last decades intensive genetic selection has resulted in increased 
body weight gains, growth rate and feed conversion efficiency in broiler chickens 
[Hocking, 2014; Wang et al. 2012]. However, selection for rapid growth has had 
unintended side effects such as excess fat deposition. The main phenotypic indicators 
of fat traits are abdominal fat and body fat percentage. Meat quality and carcass traits 
have low heritability, which hinders their genetic improvement. In turn, abdominal fat 
has higher heritability (h2=0.62 for abdominal fat weight, and h2=0.24 for abdominal 
fat percentage) [Chen et al. 2005].

Fatty acids in birds are synthesised in the liver. Then they are transported by 
lipoproteins or chylomicrons to fatty tissues and stored as triglycerides [Hermier, 
1997]. Studies of molecular mechanisms underlying abdominal fat deposition in 
chicken have yielded ambiguous results. [Wu et al. 2016] reported that in the livers 
of the Northeast Agricultural University broiler lines, expression levels of the KDR 
(kinase insert domain receptor) gene, the TUSC3 (tumor suppressor candidate 3) gene 
and the PPAT (phosphoribosyl pyrophosphate amidotransferase) gene are significantly 
correlated with abdominal fat weight and percentage. Completely different genes (e.g. 
AATF, ABCB11, DOC2B, GRB14, LRP2, LY75, PIGW, PLA2R1, SLC25A12, TRIM37, 
in total 18 genes on GGA7 and 23 genes on GGA19) have been reported by [Roux 
et al. 2014] and EGLN1, FAM120B, GGPS1, GNPAT, THBS2 genes [Moreira et al. 
2015] as involved in the lipid metabolism. Discrepancies between the obtained results 
may be caused by different chicken breeds, feeding, methods of analysis and others. 
Our previous research performed on livers of Isa 15 broilers showed that the HMG1A 
and PPARG genes were up-regulated [Larkina et al. 2011].

The aim of the study was to analyse expression profiling of nine most probable 
functional candidate genes in livers of lean and fatty chickens and correlations between 
gene expression and chicken fatness.

Materials and methods

Animals

Research was conducted on medium-growing crossbreed Cobb (C) x native Green-
legged Partridge (GP) chickens, that came from the BIOFOOD project (innovative, 
functional products of animal origin) agreement of the Ethical Committee no. 27/2009. 
All birds were kept under the same controlled environmental conditions and received 
the same diets. Chickens received a starter diet of 3080 kcal ME/kg and 21.3% crude 
protein until 2 weeks of age. Between 3 and 4 weeks of age they received a grower 1 
feed of 3160 kcal ME/kg and 20.8% CP and next (in 4 and 5 weeks of age) a grower 
2 diet of 3180 kcal ME/kg and 19.9% CP. From 6 weeks of age birds were fed a 
finisher diet of 3200 kcal ME/kg and 19% CP. Feed and drinking water were offered 
ad libitum.  The two broiler lines with a total of 425 birds (48 in the «fatty» group and 
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44 in the «lean» group) were randomly selected in accordance with a high (4-6.6%) and 
low (0.88-2.54%) percentage contents of abdominal fat. At the 63rd day chickens from 
each group were taken according to mean body weight for the group. After fasting for 
12 h they were sacrificed by electrical stunning in a water bath (120 mA, 50 Hz) for 2 
s, and slaughtered by cutting the cervical blood vessels and bled out for ca. 3-4 min.

Samples were collected from each bird during slaughter and next frozen and 
stored at -80°C. The characteristics of the two groups of birds used for expression 
quantification are given in Table 1.

RNA isolation

Total RNA was extracted with a TRI Reagent (Sigma-Aldrich, St. Louis, MO, 
USA) according to the manufacturer’s recommendations [Farrell 1998]. About 100 
mg of liver tissue were homogenised in 1 ml of TRI Reagent and then incubated for 
5 minutes at room temperature. Next, 0.2 ml of chloroform was added, the sample 
was vortexed and again incubated at room temperature for 15 minutes. The obtained 
mixture was centrifuged at 12.000 g for 15 minutes at 4 °C. The upper phase was 
transferred to a fresh tube and RNA was precipitated  with isopropanol. Obtained RNA 
was stored at -80°C. The concentration and purity of the extracted RNA was measured 
using a NanoDrop 2000 spectrophotometer (Thermo Scientific, Waltham, MA, USA). 
RNA integrity was checked electrophoretically in a 1.5% agarose gel [Malewski et al. 
2015]. Only samples with high integrity were used in further experiments.

An enhanced Avian HS RT-PCR Kit (Sigma-Aldrich, St. Louis, MO, USA) was 
used for reverse transcription, following the manufacturer’s instructions. The total 
RNA was treated with RNase free DNase I (Sigma-Aldrich, St. Louis, MO, USA). 
1 µg of RNA was treated with 1 U of DNase I for 15 min at room temperature. The 
reaction was stopped by adding a stop solution and DNase I was inactivated at 70°C 
for 10 min. After incubation for 10 min at 70°C all the remaining components were 
added and the reaction was run at 45°C for 50 min. The obtained cDNA was used 
immediately in the PCR or stored at -20°C.

qPCR

Expression profiling of nine functional candidate genes: fatty acid binding 
proteins (FABP1, FABP2, FABP3), the high mobility group AT-hook 1 (HMG1A), 
melanocortin 4 receptor (MC4R), pro-opiomelanocotin (POMC), peroxisome 
proliferator-activated receptor gamma (PPARG), peroxisome proliferator-activated 
receptor gamma coactivator 1 alpha (PPARGC1A) and tyrosine phosphatase, non-
receptor type 1 (PTPN1), was performed by qPCR. Primers were the same as in a 
study of Larkina et al. [2011]. GAPDH was used as a reference gene, analogously 
as in our previous experiments. The RotorGene 6000 system and the LuminoCt 
SYBR Green qPCR Master Mix (Sigma-Aldrich, Milwaukee, WI, USA) were used 
for real-time PCRs. Cycle threshold (Ct) estimates were obtained using the relative 
quantification module in the software package. The final PCR product was obtained 
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from 20 µl reactions using 1 µl of cDNA sample, 2.0 µl of the primer mix (5 µM of 
each primer), 10 µl of the 2 x LuminoCt SYBR Green qPCR Master Mix, and 7 µl 
of H2O. All PCR reactions were performed as follows: the initial denaturation step at 
95°C for 3 min, followed by 40 cycles at 95°C for 30 sec, 55°C for 30 sec and 72°C 
for 30 sec. After amplification the melting-curve analysis was performed as follows: 
initial denaturation at 95°C for 60 sec, cooling to 72°C followed by gradual raising of 
temperature to 95°C with increments of 0.5°C in each step. Fluorescence data were 
analysed using the Tm calling module in the RotorGene 6000 software.

The qRT-PCR analysis was performed in triplicate. The 2∆∆Ct method [Schmittgen 
and Livak 2008] was used to calculate the relative ratio, with correction for 
amplification efficiency. To compute the final efficiency value of the PCR reaction, 
nonlinear regression and weighted average analysis were used (Real-time PCR miner; 
www.miner.ewindup.info) [Zhao and Fernald 2005]. Differences between groups in 
target gene expression were estimated byStudent’s t-test. The Relationships between 
gene expression and abdominal fat content were  estimated with the use of the Pearson 
correlation.. Results with P<0.05 were statistically significant, while those with 
P<0.01 were highly significant.

Results and discussion

In mammals lipogenesis takes place in the adipose tissue and the liver, whereas 
in birds the main lipogenic site is the liver. Expression patterns of adipogenic 
transcription factors are different in vitro and in vivo between mammals and avian 
species [Matsubara et al. 2005]. The four proteins are part of the HMGA family: 
HMGA1a, HMGA1b, HMGA1c and HMGA2. The first three are products of the 
HMGA1 gene [Fedele et al. 2001]. The increase of HMGA1 protein levels is associated 
with adipocyte differentiation in the 3T3 L1 cell line, while the block of HMGA1 
synthesis suppresses adipocyte differentiation [Pierantoni et al. 2003]. High-mobility 
group A1 protein can interact with peroxisome proliferator-activated receptor gamma 
in vascular cells [Bloch et al. 2012]. The HMGA1 gene was up-regulated in livers of 
the “fatty” group from the Isa 15 breed about threefold and its expression correlated 
with relative abdominal fat content and abdominal fat weight [Larkina et al. 2011], 
which is consistent with our results. Obtained data suggest that up-regulation of 
HMGA1 in the liver is associated with metabolism rather than chicken breed.

Characteristics of the fatty and lean groups of chickens are presented in Table 1. 
Deposition of abdominal fat was about two-fold higher in the fatty group, while the 
percentage of abdominal fat over 2.5-fold higher comparing with the lean group of 
chickens.

Expression of nine functional candidate genes was investigated by qPCR in livers 
of fatty and lean chicken groups. Results obtained in our study showed that all the 
investigated genes were expressed in the liver (Fig. 1). The HMGA1 and PPARG genes 
were differentially expressed between the lean and fatty groups, with the expression 
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levels higher in fat chickens. Only in the case of the PPARGC1A gene, the expression 
level in fatty birds was significantly lower than that of lean chickens. For the other 
studied genes: FABP1, FAPB2, FABP3, MC4R, POMC and PTPN1, no significant 
differences in the mRNA level of these genes were observed in the liver tissue 
between the fatty and lean groups. The HMGA proteins are involved among others 
in the regulation of chromatin structure [Cleynen and Van de Ven 2008]. They code 
for a small, nonhistone, chromatin-associated protein that can modulate transcription 
by altering the chromatin architecture. The HMGA1 gene encodes a non-histone 
chromatin protein involved in many cellular processes, among others regulation of 
inducible gene transcription, DNA replication and heterochromatin organization. In 
our study the HMGA1 gene in chicken livers was up-regulated with an average ratio 
of 3.10 (P≤0.01) in the fatty group relative to the lean group. As shown in Table 1, 
in the fatty chickens abdominal fat content was 4.2±0.77 %, while abdominal fat 
weight 89.0±20.32 g, whereas in the lean group of birds the abdominal fat content 
was  2.2±0.49% and abdominal fat weight 41.0±8.98 g. Similarly, the PPARG gene 
expression was up-regulated in the liver with an average ratio of 4.26 (P≤0.01) in the 
fatty group relative to the lean group.

Candidate genes expression in liver chickens

Fig. 1. Comparison of expression profiling in liver tissue between fatty and lean chickens.

 Table 1. Characteristics of the two groups of chicken used in the experiment 
(means and their standard deviations) 

 

Trait  Fatty group  Lean group 
 mean SD  mean SD 

Live body weight (g)  2840 215.40  2516 241.55  
Carcass weight (g)  2102 211.55  1862 254.65  
Abdominal fat (g)  89.0 20.32  41.0 8.98 
Abdominal fat of carcass (%)  4.2 0.77  2.2 0.49 
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PPARs (peroxisome proliferator-activated receptors) are transcription factors 
activated by a ligand. They belong to the nuclear hormone receptor family, comprising 
three isoforms (α, β or δ, γ) [Michalik et al. 2006]. PPARG is involved in adipose 
development and function [Gray et al. 2005, Lefterova et al. 2008], among others 
insulin sensitivity, lipid storage and energy dissipation [Koutnikova et al. 2003, 
Rangwala and Lazar 2004]. The PPARG gene encodes PPAR gamma participating in 
adipocyte differentiation. Several studies have showed that SNPs in the PPARG gene 
are linked with obesity in the Han Chinese [Chen et al. 2009]. PPARG mediates in the 
expression of fat-specific genes and activates the adipocyte differentiation program 
[Hindle et al. 2009]. PPARG1 expression was also detected at lower levels in the 
liver, spleen and the heart. Vidal-Puig et al. [1996] showed a marked effect of fasting 
to reduce PPAR gamma protein levels in adipose tissue. Wang et al. [2008] showed 
that transfection of in vitro synthesised small-interference PPARG RNA (siPPARG) 
in cultivated preadipocytes of 12 d chicken significantly inhibited differentiation and 
stimulated proliferation of preadipocytes. Sato et al. [2004] also reported s connection 
of PPARG expression with fat deposition in broilers. This gene was also found in 
adipose tissue in different broiler lines [Wang et al. 2009]. It was shown that  PPARG 
affects chicken fat metabolism and could be used in marker assisted selection (MAS) 
[Meng et al. 2005]. Up-regulated expression of PPARG was also found in livers of the 
Isa 15 breed [Larkina et al. 2011].

Correlation coefficients  between nine gene expression levels and abdominal fat 
weight and percentage in livers of chickens are given in Table 2. Expression levels 
of four genes: FABP2, HMGA1, and PPARG, in liver tissue of studied chickens were 
positively correlated both with abdominal fat weight and abdominal fat percentage. 
Up-regulated expression of HMGA1 and PPARG was significantly positively 
correlated with abdominal fat content (0.81, P≤0.01 and 0.68, P≤0.01, respectively) 
and with abdominal fat weight (0.76, P≤0.01 and 0.61, P≤0.05, respectively) (Tab. 2). 
In contrast, FABP1, FABP3, MC4R and PTPN1 expression levels in liver tissues were 
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 Table 2. Correlation of gene expression with abdominal 
fat weight and abdominal fat percentage in liver 
of chickens 

 

Gene 
 Pearson correlation coefficient 
 With abdominal 

fat weight  With abdominal 
fat percentage 

FABP1  -0.04  -0.01 
FABP2  0.38  0.51 
FABP3  -0.12  -0.42 
HMGA1  0.81**  0.76** 
MC4R  -0.52  -0.43 
POMC  0.12  -0.08 
PPARG  0.68**  0.61* 
PPARGC1A  -0.12  0.02 
PTPN1  -0.43  -0.26 

 
*P≤0.05, **P≤0.01. 
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negatively correlated with abdominal fat weight and abdominal fat percentage. In 
turn, the expression level of the POMC gene was positively correlated with abdominal 
fat weight, but negatively with abdominal fat percentage. The opposite was true for 
the PPARGC1A gene, which was negatively correlated with abdominal fat weight and 
positively correlated with abdominal fat percentage.

Our study provides insight into gene expression levels in liver tissue in chickens 
coming from two different breeds. We know that the adipose tissue of humans and 
chickens have certain similar physiological characteristics and gene homology. 
Results obtained in our study regarding chicken liver tissue may be potentially useful 
for research on obesity in humans. 

Our results show that the high mobility group AT-hook 1 and peroxisome 
proliferator-activated receptor gamma may be candidate genes for abdominal fat 
deposition in chickens. Expression of the HMG1A and PPARG genes may serve as 
useful markers of chicken fat deposition. Both these candidate genes are responsible 
for adipocyte proliferation.
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