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CrossMark

N chickens, the breast and thigh weights are the most essential meat traits that are needed

for production efficiency and economic benefits by affecting the appearance of the carcass.
It is necessary to identify the specific genetic markers associated with such carcass traits. The
use of gene expression is a desirable and reliable process for this purpose. The present study
aimed to evaluate the effects of expression levels of five genes, FABP7, TPD52L1, NCOA7,
GJA1, and ASF1A on breast and thigh weights in native Dokki-4 breed, hybrid Mamourah and
Inshas breeds and imported Leghorn breed. Compared to the native breed Dokki-4, the results
indicated that the high expression of GJA1 and ASF1A, genes in Mamourah breed as well as
the up-regulation of ASF1A gene expression in Inshas and Leghorn breeds were pronounced
to be associated with high breast weight. Moreover, the overexpression of FABP7 and GJA1
genes in Mamourah breed and high expression of GJA1 in Inshas and Leghorn breeds were
found to be correlated with increasing thigh weight. Whereas, in the native Dokki-4 breed, the
high expression of TPD52L1 and NCOA7 genes in breast muscle and ASF1A gene in thigh
muscle were accompanied by reducing the weights of such muscles as compared to hybrid and
imported chicken breeds.
In conclusion, the present findings confirmed that the expressions of these genes can be useful
genetic markers in chicken breed selection for improving carcass traits through increasing the
breast and thigh weights.

Keywords: Chickens, Breast and thigh weights, mRNA expression, Genes.

Introduction

The improvement of carcass traits in chickens was
revealed to be important for production efficiency
and economic benefits for animal production
Farms and breeders. This improvement has
become very necessary for meeting human
needs and the development of food industries in
Egypt and several countries of the world [1, 2].
The utilization of traditional chicken breeding
programs for the enhancement of favorable

carcass traits takes more time and a big effort
because these traits are complex and controlled
by multiple genes [3]. So, it is necessary to
understand the genetic basis that affects carcass
traits to identify the specific genetic parameters or
markers that are considered major agents for rapid
improvement. Gene expression analyses were
found to be an important one of such parameters
[4-6]. The use of gene expression is a desirable
and reliable procedure that allows the detection
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of the favorable genes that are correlated with the
determination of the interest of economic carcass
traits [5-7]. The assaying of expression levels of
the valuable genes had been found to exhibit the
best levels that judge the essential chicken traits
[3.8,9].

The most important genes whose expressions
were implemented to be linked with improving
the chicken carcass traits were those associated
with encoding and generating protein profiles,
such as FABP7, GJA1l, ASF1, NCOA7, and
TPD52L1. FABP7 (Fatty acid-binding protein7)
gene, belongs to the FABP gene family that was
demonstrated to encode the cluster of intercel-
lular lipid-binding proteins and transport them
to body organs for lipid metabolism or storage.
These proteins were clarified to play various roles
in metabolism regulation and can protect the dif-
ferent body tissues against peroxide formation as
antioxidant-type behavior [6,10].

GJAT (gap junction protein alpha 1) gene, was
revealed to encode and generate one of the most
abundant connexin proteins (Connexin 43) that
have 43 kDa molecular weight. These proteins
were found to be a major factor that affects
different muscle development and growth traits in
chickens [11].

ASF1 (anti-silencing function 1) gene, is
known as a well-conserved protein from yeast
to humans. The protein of the vertebrate ASF1
gene was confirmed to act as a histone chaperone
that participates in different chromatin-mediated
cellular processes and is necessary for cell
proliferation [12]. Also, Liu et al. [7] reported in
chickens that the protein of the ASF1 gene was
revealed to be essential for breast muscle weight.

NCOAT7 (The nuclear receptor coactivator 7)
gene was shown to encode the coactivator proteins
that are used for the reduction of oxidative lesions
on DNA inside the nucleus. These proteins were
found to contain domains that have similar
functions to those identified in the mitochondrial
OXR-1 protein. The expression of the NCOA7
gene was revealed to be predominantly in breast
tissues and neuroblastoma cells [13].

TPD52L1 (Tumor protein D52-likel protein)
gene was established to be responsible for
encoding a member of the protein family that
includes coiled-coil domains forming hetero-
or homomers. These proteins are involved in
calcium signaling and cell proliferation [7]. So,
the goal of the present study was conducted to
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exhibit the effects of expression levels of FABP7,
GJA1, ASF1, NCOA7, and TPD52L1 genes on
carcass traits, especially breast and thigh muscle
weights, to develop molecular parameters for
improving such favorable types of interest
economical meat production of different chicken
breeds in Egypt.

Material and Methods

Chicken breeds

Four chicken breeds, including the Egyptian
native strain (Dokki-4), one imported strain
(White Leghorn), and two hybrid strains
(Mamourah and Inshas) were selected. The
Mamourah strain is an inferred strain as a result
of the intermarriage of males of the Alexandria
strain (Egyptian native) with females of Dokki-4
strain (Egyptian native). Inshas strain had
been developed as a result of mating between
Sinai (Egyptian native) and White Plymouth
Rock (imported) strains. These chicken breeds
were raised under the same environment and
management. The broilers were fed yellow
maize, soybean cake, full fat extruded soybean,
guar Korma cape, calcium phosphate, mixed
vitamins, and minerals hydroxymethionine,
analog calcium, sodium bicarbonate, calcium
carbonate table salt. The nutritional analysis of
the above ingredients clarified that the crude
protein was not less than 23%; crude fat was
not less than 5.76%; crude fiber was not more
than 4.2% and representative energy of not
less than 3000 kcal/kg diet. Chickens were
slaughtered at 30 days and the carcass was
eviscerated, weighed, and dissected. Breast
(boneless, skinless breast fillet) and thigh, were
isolated and weighed. 140 samples of chicken
were distributed as 25 samples of breast and 10
samples of the thigh were collected from each
breed. Tissues including breast and thigh were
rapidly removed, snap-frozen in liquid nitrogen,
and stored at -80°C until use.

Gene expression analysis

RNA Extraction

Total RNA was extracted from the tissues
using TRIzol® reagent kit (Invitrogen,
Germany) according to the manufacturers
protocol of the kit. Briefly, 50 mg of tissues
had been separately homogenized in 750 ul of
TRIzol® reagent in an autoclaved mortar and
incubated for 5 min at room temperature. After
incubation, 140 pl chloroform was added to the
homogenized samples; the mixture was shaken
vigorously, and centrifuged at 12,000xg for
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15 min at 4°C. Then, the RNA in the aqueous
phase was carefully separated, precipitated
by adding 600 pl of 100% isopropyl alcohol,
and centrifuged at 12,000xg for 10 min at 4°C.
The RNA pellet was washed with 70% DEPC
ethanol and dissolved in RNase-free water at
60°C. A nanodrop-1000 spectrophotometer
(Thermo Scientific, Rockford, IL, USA)
was used to measure RNA concentration and
determine its quality. The ratio of absorbance
at 260/280 nm was determined between 1.8
and 2.1 for the samples. All samples of RNA
were treated with DNase I according to the
manufacturer protocol (Grisp, Portugal) to
degrade any contamination with genomic
DNA, then stored at -80°C until use.

Complementary DNA (cDNA) synthesis

To synthesize the complementary DNA,
isolated total RNA was reverse transcribed into
cDNA using oligo (dT), primer Maxime™ RT
PreMix Kit (iNtRON Biotechnology, Korea,
Cat. No.25081/96 tubes). The reaction volume
was carried out in 20 pl and prepared according
to the kit instruction. The reverse transcription
(RT) reaction was performed for 60 min at 45°C,
RTase inactivation step was terminated for 5 min
at 95°C. PCR products containing the cDNA were
kept at -20°C until used for DNA amplification [5,
6, 14]. Primers for the genes FABP7, TPD52L1,
NCOA7, GJA1l, ASFl, and p-actin gene
(housekeeping gene) were designed according to
Liu et al. [7] (Table 1).

Relative quantification of mRNA expression

Real-Time PCR was performed using TOP}
real™ gPCR 2X PreMIX (SYBR Green with
low ROX) (enzynomics Korea) to study the relat
tive mRNA expression of FABP7, GJA1, ASF1,
NCOA7, and TPD52L1 genes. The final con-
centration of the primers was 10 pmol. The total
volume of the reaction consisted of 20 pl [1 pl of
cDNA, 1 ul of each primer set, 10 pl of SYBR
green master mix, and 7 pl water].

A Step One Plus instrument (Agilent Strstagene
mx3000p) was used, and the enzyme was activated
at 95°C for 15 min. denaturation was done at 95°C
for 10 sec. and annealing/extension was carried
out at 60°C for 15sec. and elongation at 72°C for
30 sec. with forty amplification cycles. Melting
curve analysis was also carried out for each target
marker. The endogenous control B-actin was used
to normalize the Ct values, where ACt = (Ct gene
of interest - Ct of reference gene). The evaluation
of the expression of mRNA of each sample was
determined by using the 2-44°T method.

Statistical analysis

All data including weights of carcass, breast,
and thigh as well as gene expression assay were
analyzed using General Linear Models (GLM)
procedure of the Statistical Analysis System
(SAS) [15] followed by Scheffe-test to assess
significant differences between groups. The values
are expressed as meantSEM. All statements of
significance were based on the probability of
P<0.05.

TABLE 1. Forward and reverse primers for FABP7, TPD52L1, NCOA7, GJAIL, ASF1 and [-actin genes.

Gene Sequence Product Accession number
size (bp)

FABP7 F:5-CGTGATCAGGACTCAGAGCA-3 158 NM_205308.2
R: 5-TCTCTTTGCCATCCCATTTC-3

TPD52L1 F: 5-TCAGCGTACAAGAAGACGCA-3 152 NM_204215.1
R: 5-GGCATGCTTATGGAATGGCG-3

NCOA7  F:5-CAATTGTTCCAGGCCAGATT-3 137 NM_001012878.1
R: 5-TCTTGCCAAATCAGCATCAG-3

GJA1L F: 5-CATCAGCAGCGCCAATATC-3 171 NM_204586.2
R: 5-TTCATCTCCCCAAGCAGACT-3

ASFIA  F: 5-GACCTGTCGGAAGATTTGGA-3 158 NM_001044690.1
R: 5-GGAATAAGCCCTGGGTTAGG-3

B-actin  F:-SGAGAAATTGTGCGTGACATCA-3 152 NM 205518

R: 5-CCTGAACCTCTCATTGCCA-3

*F: Forward *R: Reverse
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Results

The results of carcass, breast, and thigh
weights of four different chicken breeds were
recorded in Table 2. After normalization and
statistical analysis of five genes (FABP7,
TPD52L1, NCOA7, GJAIL, and ASF1A), mRNA
expression levels were identified in breast and
thigh muscle tissues of the studied chicken
breeds (Tables 3, 4 and Figures 1, 2).

Breast weight and gene expression of native
Dokki-4 breed and hybrid Mamourah and Inshas
breeds

The results showed a significant increase
(P<0.05) in the breast weight of Mamourah
breed (57.9+3.24) compared to Dokki-4 breed
(23.1£3.2). Mamourah breed showed high
expressions of GJA1 (0.39+0.07) and ASFIA
(0.35+£0.11) genes, and low expression of
TPD52L1 (0.17+0.07) and NCOA7 (0.14+0.06)
genes as corresponding to GJA1 (0.17+0.09),
ASF1A (0.15£0.05), TPD52L1 (0.29+0.12) and
NCOA7 (022+0.08) genes of Dokki-4 breed, in
contrast to the expression of FABP7 gene that
possessed no significant difference between
Mamourah breed (0.47+0.13) and Dokki-4
breed (0.48+0.15). Also, Inshas breed possessed

a significant increase (P<0.01) in the breast
weight (90.8+£17.6) compared to Dokki-4 breed
(23.1£3.2). Inshas breed was discriminated with
higher expression of ASFI1A gene (0.17+0.05)
and lower expressions of FABP7 (0.14+0.02),
TPD52L1 (0.02+0.01), NOCA7 (0.09+0.02) and
GJAT (0.12+0.03) genes than those observed in
ASF1A (0.15+0.05), FABP7 (0.48+0.15) and
TPD52L1 (0.2940.12) genes in Dokki-4 breed
(Tables 2, 3 and Fig. 1).

Breast weight and gene expression of imported
Leghorn breed

The results clarified a significant increase
(P<0.05) in the breast weight of Leghorn breed
(52.48+£5.92) compared to that identified of
Dokki-4 breed (23.1£3.2). The Leghorn breed
was characterized by overexpression of ASF1A
gene (0.31+0.13) and low expression of FABP7
(0.19+£0.04) and NCOA7 (0.05£0.02) genes
concerning those genes (ASF1A (0.15+0.05),
FABP7 (0.48+0.15) and NCOA7 (0.22+0.1))
that detected in Dokki-4 breed. On the other
hand, there was no significant difference in
the expression of TPD52L1 (0.05+0.01) and
GJAL (0.14£0.04) genes of Leghorn breed and
TPD52L1 (0.2940.12) and GJA1 (0.17+0.09)
genes of Dokki-4 breed (Tables 2, 3 and Fig. 1).

TABLE 2. Carcass, breast and thigh weights of different chicken breeds at 30 days old.

Breed Carcass wt. Breast fillet wt. Thigh wt.
Mamourah 266.2+5.39° 27.9+3.24° 25.8+1.7°
Dokki-4 108.8+7.0° 23.1£3.2¢ 15.46£1.3
Inshas 391£16.27¢ 90.8£17.6° 41.242.9°
leghorn 299.2+15.7° 52.4845.92° 30.52+2.8°

*wt.= weight. Breast fillet= boneless, skinless breast fillet. All data are expressed as mean+=SEM; a, b, ¢, means with

different letters are significantly different (P<0.05).

TABLE 3. mRNA expression levels of five genes, FABP7, TPD52LL1, NCOA7, GJA1 and ASF1A in breast fillet t

muscle of different chicken breeds at 30 days old.

Gene Expression in breast muscle

Breed FABP7 TPD52L1 NCOA7 GJA1 ASF1A
Mamourah 0.47+0.132 0.17+0.07* 0.14+0.06 0.39+0.17* 0.35+0.11°
Dokki-4 0.48+0.15* 0.29+0.12° 0.22+0.08* 0.17+0.09* 0.15+0.05°
Inshas 0.14+0.02° 0.02+0.01* 0.09+0.02 0.12+0.03° 0.17+0.05°
Leghorn 0.19+0.04% 0.05+0.01%® 0.05+0.022 0.14:+0.04% 0.31+0.13

*All data are expressed as mean+SEM; a, b, means with different letters are significantly different (P<0.05).
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Fig. 1. mRNA expression levels of five genes in breast fillet muscle of four chicken breeds
(Mamourah, Dokki-4, Inshas and Leghorn) at 30 days old.

Thigh weight and gene expression of native Dok-
ki-4 and hyprid Mamourah and Inshas breeds

The present results (Tables 2, 4 and Figure 2)
identified a significant increase (P<0.05) in the
thigh weight of Mamourah breed (25.8+1.7) com-
pared to that found in Dokki-4 breed (15.46+1.3).
Mamourah breed showed up-regulation in the
expression of FABP7 (0.76+0.01) and GJAI
(0.25+0.01) genes and down-regulation in the ex-
pression of ASF1A (0.55+0.01) gene compared
with those observed (FABP (0.48+0.01), GJA1
(0.03+£0.02) and ASF1A (0.7+0.07)) in Dokki-4
breed. Also, the results confirmed a high value
with a highly significant increase (P<0.01) in the
thigh weight of Inshas breed (41.242.9) than that
recorded in Dokki-4 breed (15.46+1.3). Inshas
breed was discriminated with the increased rate of
GJALI gene expression (0.09+0.01) and down-reg-
ulation in the expression of ASF1A (0.01+0.004)
and FABP7 (0.18+0.03) genes as compared to
those determined (GJA1 (0.03+0.02), ASF1A
(0.740.7) and FABP7 (0.48+0.01), respectively)
in Dokki-4 breed. In contrary to the expression of
TPD52L1 and NCOA7 genes of Mamourah and
Inshas that demonstrated no significant differenc-
es compared to Dokki-4 breed.

Thigh weight and gene expression of imported
Leghorn breed

The results (Tables 2, 4 and Fig. 2) observed
significant increases (P<0.05) in the thigh weight
(30.5242.8) of Leghorn breed to that established
of Dokki-4 breed (15.46+1.3). Leghorn breed
was discriminated with up-regulation of GJAI1
gene expression (0.3+£0.1) and down-regulation

in the expression of TPD52L1 (0.08+0.02) and
NCOA7 (0.16+£0.1) genes in comparison with
GJA1: 0.03£0.02, TPD52L1 (0.17+0.02) and
NCOA7 (0.37+0.09) in Dokki-4 breed, whereas
the expression of FABP (0.37+0.1) and ASF1A
(0.51+0.15) genes did not show any significant
differences compared to Dokki-4 breed (0.48+0.01
and 0.7+0.07, respectively).

Discussion

The five candidate genes, NCOA7, TPD52L1,
FABP7, GJA1, and ASFIA were detected to be
located near or they were clustered within the
important region (61/83Mb-68.57Mb) on chick-
en (Gallus gallus, GGA3) chromosome 3, this
GGA3 region was revealed to be associated with
breast muscle weight (BrW) and breast muscle
percentage (BrP) in the genome-wide association
studies (GWAS) [7].

Previously, several studies used GWAS,
in the animal breeding field, and successfully
confirmed that the loci or narrow regions were
found to affect complex traits such as growth rate,
milk production, and fertility in cattle [16-18],
meat color, intramuscular fat content and body
composition in pigs [19,20], and rates of growth
and quality of eggs in chicken [21].

In chickens, breast and thigh muscle yields
were demonstrated to be the most important meat
traits, because they were revealed to be crucial
for the efficiency of the production and economic
benefit through their affecting the appearance of
the carcass [3].
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Fig. 2. mRNA expression levels of five genes in thigh muscles of four chicken breeds (Mamourah,
Dokki-4, Inshas and Leghorn) at 30 days old.

TABLE 4. mRNA expression levels of five genes in thigh muscle of different chicken breeds at 30 days old.

Breed/Genes FABP7 TPD52L1 NCOA7 GJA1 ASF1A
Mamourah 0.76+0.01¢ 0.19+0.06* 0.49+0.05° 0.25+0.01* 0.55+0.11°
Dokki-4 0.48+0.01° 0.17+0.02? 0.37+0.09° 0.03+0.022 0.7+0.07¢
Inshas 0.18+0.03¢ 0.05+0.02 0.16+0.03< 0.09+0.01° 0.01+0.004*
leghorn 0.37+0.1% 0.08+0.02? 0.16+0.1% 0.3+0.05%¢ 0.51£0.15¢

*All data are expressed as mean = SEM; a, b, ¢, d, means with different letters are significantly different (P<0.05).

So, the present work studied the effect of
expression levels of five candidate genes, NCOA7,
TPD52L1, FABP7, GJA1, and ASF1A, on carcass
traits, especially breast and thigh weights in four
chicken breeds including Mamourah, Dokki-4,
Inshas, and Leghorn strains. The expression levels
of the mentioned five genes differed between
chicken strains. Some gene expressions were up-
regulations and others were down-regulations.
These gene expressions were found to affect
breast and thigh weights.

Our findings were similar to that reported in
another study by Tan et al. [3] who compared the
gene expressions between two lines of Jingxing
yellow chicken breed involving one original
(without human-driven selection) line and the
other selected one (selected according to increase
intramuscular fat content). Their results clarified
the expression levels of the IGF2BP1 and some
HOXB2 family genes had differed between the
two lines. Where, 2424 differentially expressed
genes were defined, involving 482 down-
regulations and 2012 up-regulations. The up-
regulation of the IGF2BP1 gene was associated
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with high breast weight in chickens. Interestingly,
the down-regulation of HOXB2 gene expressions
was revealed to be positively associated with
breast muscle weight. Additionally, Kang et al.
[9] used large-scale transcription sequencing and
analyzed by three regularizing linear regression
models (LMM, LASSO, and EN) to identify the
expressions of candidate genes affecting breast
muscle weight in Tiannong partridge chickens.
LMM (Linear mixed model), LASSO (the least
absolute shrinkage and selection operator), and
EN (elastic net) methods exhibited 43 candidate
genes with different expression levels. Some
gene expressions had positive effects and others
had negative effects on breast muscle weights.
By using LMM method, only FOXO3 gene
expression was found to have a significant
association with the breast muscles, while by using
LASSO method, the expressions of candidate
genes were revealed to possess a positive effect
on breast muscle weights, except PABPCI,
AMY 1A, and SERPINB6L gene expressions.
However, by using EN method, the levels of 43
gene expressions were observed to have negative
effects on breast muscle weights.
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Concerning the association between high gene
expressions and high weights of a chicken body,
our results indicated that the high expression,
especially of GJA1 and ASF1A in Mamourah
breed as well as the up-regulation of ASF1A gene
expressions in each of Inshas and Leghorn breeds
had been associated with high breast weight. On
the other hand, the overexpression of FABP7 and
GJA1 gene in Mamourah birds and high expression
of GJA1 gene in both Inshas and Leghorn breeds
were correlated with increasing thigh weight.
These results were supported by Liu et al. [7] who
studied in Beijing-You chicken breed (Chinese
chickens) the expressions of five candidate
genes (NCOA7, TPD52L1, FABP7, GJA1, and
ASF1A) and their relationships with improving
breast muscle weight. Their results showed only a
highly significant (P<0.001) association between
overexpression of GJA1 gene and elevation of
breast muscle weights, these authors suggested
that the GJA1 gene expression has a possibility for
the development of breast muscle in the chickens.
Also, in Korean chicken breeds (ROSS-308), Park
et al. [22] found by Real-time PCR that FABP7
gene expressions were down-regulated in the low
body weight group as compared to those observed
in the high body weight group, and these authors
postulated that the increased expression of FABP7
gene might be associated with the increasing of
chicken body weight.

Other studies clarified the functions of the
FABP gene expressions in the chickens that were
found to be essential for the inactivation of lipid
peroxidation in the cell membrane, participation
in the absorption of long-chain fatty acids after
digestion in the small intestine into the cells of
intestinal epithelial and transport these fatty acids
to the organisms for synthesis of triglyceride
[10, 23]. So, the down-regulation of FABP
gene expressions might lead to a decrease in
the concentration of plasma triglyceride and
consequently affect the body weight including
various muscle weights [10, 24].

Moreover, in another study, the correlation
between the highly significant expressions of
LCORL and MAPT genes and the large breast
muscle of the chickens had been established by
Liuetal. [8]. Also, Kubota et al. [25] demonstrated
significant linkages between the increased
expressions of MC4R, CAPN1, and ADSL genes
and high body weights (including breast and
thigh weights) in Korat chickens of Thailand.
Furthermore, D"Andre et al. [26] observed high

significant expression of LPL (Lipoprotein lipase)
gene in fast-growing chickens (White Recessive
Rock) than those found in slow-growing chickens
(Xinghua). This elevation of LPL gene expression
was demonstrated to have a positive effect on
lipid metabolism and transport it into different
body organs affecting body weight.

Regarding the correlation between high
expressions, of TPD52L1 and NCOA7 genes
and reduction in breast weights observed in the
native Dokki-4 breed in this study. These results
were supported by the study of Ka et al. [27] who
clarified overexpression with the high significance
of MC4R gene in low body weights of some
chicken breeds, as compared to that shown in high
body weights in other breeds. Also, Piorkowska
et al. [28] detected different expressions of the
CAPNI gene in two lines of chickens, including
fast- and slow-growing birds. A highly significant
increase in CAPN1 gene expression was observed
in low-weight breast muscles in fast-growing
chickens, as compared to that found in the high-
weight breast muscles in slow-growing broilers.

Regarding to the low gene expressions and
their association with high weights of breast or
thigh muscles, the present study noted that the
down-regulation of the expressions of TPD52L1
and NCOA7 genes was accompanied by high
breast muscle weight in Mamourah, Inshas, and
Leghorn breeds. In addition, down-regulation in
the expression of TPD52L1 gene (in Mamourah
breed), TPD52L1 and ASF1A genes (in Inshas
breed), and TPD52L1 and NCOA?7 (in Leghorn
breed) was associated with high-weight muscles
of the thigh. This corresponds with Li et al. [29]
study who found a down-regulation of expression
levels of calpain and calpastatin genes through
neonatal pigs’ development, which correlated
with high-protein accumulation in animal body
organs.

In conclusion, the present results proved
that the expressions of GJA1l, ASF1A FABP7,
TPD52L1, and NCOA7 genes could be important
genetic markers in chicken breed selection for the
improvement of carcass traits through increasing
the breast and thigh weights.
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