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ABSTRACT

Genetic polymorphisms along with expression patterns of /GF-I gene were studied in 300-day-old chicks of three
different broiler strains (Cobb, Avian, and Ross) with 100 birds each. Blood samples were collected from chicks of each
strain for DNA extraction and serum analysis of IGF-I. PCR-Ps/I digestion of 621-bp for a fragment of 5" untranslated
region of /GF-I gene revealed a monomorphic pattern for genotype AA; where one undigested fragment (621-bp) was
attained in all strains. Liver of randomly selected ten female chicks from each strain was collected for RNA extraction
and quantitative real time PCR (RT-PCR) genetic assessment. Expression patterns of /GF-I gene revealed a significant
up-regulation in Avian than Cobb and Ross breeds as shown by significant lower values of ACT. Serum analysis results
were in coincidence with /GF-I gene expression; where Avian strain had a higher level of IGF-I than Cobb and Ross
strains. It could be concluded that genetic /GF-I-PstI locus polymorphism could not be used as a genetic marker (MAS)
for growth traits in commercial broiler strains. However, changes in /GF-I expression patterns could be a proxy marker
to follow up and improve growth performance of broiler chickens.
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INTRODUCTION Growth is regulated by numerous endocrine
pathways and sets of complex genes (Zhang et al. 2008).
Poultry industry has become of greater Therefore, using a candidate gene is a prevgiling
importance as it is a major source of animal proteins that approach for genetic improvement. This may give rise to
alleviates and overcomes protein gap and malnutrition the best efficacy in selecting favourable traits required to
(Windhorst, 2006). In broiler strains, increasing body ameliora}te production. Insu!in—}ike growth.factor—l (IGF-
weight and improvement of feed utilization could be 1) gene is one of the most significant candidate genes for
easier; this may be attributed to applications of new growth in chickens (Kaya and Ylldl? 2008). )
technologies in nutritional manipulations and genetics ) IGF'I belgng; to polyPeptlde hor.mone.:s family,
level. Consequently, broiler strains have higher prepro-insulin, which is comprised of proinsulin, IGF-I,
performances than before (Tavarez and Santos, 2016). IGF-II and C peptide with multiple metabolic and
Traditional selection methods could increase anabolic functions. It has beneficial effects during post-
growth rate and carcass yield in poultry farming; delivery growth and its production in the liver is under
however, this process has undesirable effects, including the effect of growth hormone and nutritional conditions.
health issues and increased rate of sudden death IGF-I can stimulate endocrine, autocrine and/or paracrine
(Nicholson 1998). It is suitable to use molecular markers growth functions. The IGF-I biological actions are
associated with traits to improve production traits and mediated.by a group of cell surface receptors, IGF-I
health concurrently. Due to complex genetic control of receptor, insulin receptor, and IGF-II receptor (Scanes et
growth, the discovery of molecular mechanisms will help al. 1989).
in efficient selection of broiler chickens (Deeb and Avian IGF-I was recognized as a biological
Lamont 2002). Molecular markers have the advantage of candidate gene responsible for body composition, growth
earlier selecting for a specific trait in animals. There is no rate, fat deposition and metabolism (Kadlec ez al. 2011).
need to wait any longer for the organism to reach a It regulates proliferation of satellite cell and skeletal
certain stage for phenotypically observing the trait, which muscle hypertrophy (Zanou and Gailly 2013). There was
in turn results in overwhelming a major hurdle for the a positive correlation between the concentration of IGF-1
animal breeder via early culling of unfavorable animals and body weight in broiler c.hicken.s as IGF —.I stimulate.s
and managing to save breeding costs (El-Shafaey et al. skeletal muscle growth by increasing protein synthesis
2017). rate (Boschiero er al. 2013; Scanes 2009; Wen et al.
2014).
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Restriction Fragment Length Polymorphism
(RFLP) has been a significant genetic marker used in
medicine, forensic science, paternity tests and genetic
studies. It was used to differentiate genetically between
organisms and recognize interspecie variation by the
analysis of wunique patterns in DNA fragments
(Cheriyedath 2018). Real time PCR (RT-PCR) is a very
sensitive and flexible method used to quantify the mRNA
transcriptional level (Weis et al. 1992). It analyses
various samples attained from as little as one cell in the
same experiment (Wang and Brown 1999).

Many studies explored the association between
the polymorphisms in [GF-I gene and growth
performance traits in chickens; however controversies
were found (Ali et al. 2016; Kadlec et al. 2011;
Promwatee et al. 2013; Wang et al. 2004). Moreover,
previous studies reported /GF-I expression pattern in
chicken tissues within the same breed (Abdalhag et al.
2016; Xiao et al. 2017); however the expression pattern
comparisons among different broiler breeds/strains and
the utilization of the variation in such expression as
biomarker for selection of favourable growth
performance breed/strain are scarcely reported (Giachetto
et al. 2004; Pechrkong et al. 2017).

Therefore, this study aimed to reveal the Pstl
polymorphism of a fragment of 5’ untranslated region of
IGF-I gene using PCR-RFLP and to clarify the gene
expression pattern as well as the serum concentration of
IGF-I of in three broiler strains (Cobb, Avian and Ross).

MATERIALS AND METHODS

Experimental birds: A total of 300-day-old broiler
chicks of both sexes from three different strains (Cobb,
Avian and Ross) 100 birds each were used to conduct the
study. The chicks were purchased from a commercial
hatchery. The collection of samples and care of the
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animals used in this study followed guidelines for
experimental animals established by Research Ethics
Committee, Faculty of Veterinary Medicine; Mansoura
University, Egypt

Experimental samples

Blood samples: Two blood samples were taken from
wing vein of each bird, one sample in EDTA containing
vacutainer tubes for DNA extraction and the other sample
was collected without any anticoagulant into a clean tube,
was left to clot at room temperature before centrifugation
at 3000 rpm for 5 min for serum collection. The obtained
serum was cooled and kept at -20°C until biochemically
analysed.

Tissue samples: Ten female chicks from each strain were
randomly selected and sacrificed for liver samples
collection. Liver samples were collected under
sterilization, then phosphate buffer saline (PBS) was used
to wash them. Afterwards, they were snap frozen in
liquid nitrogen before storing at -80°C for gene
expression quantification.

PCR-RFLP for IGF-I gene: For amplification of a
fragment of 5’ untranslated region of IGF-I gene, PCR
was performed. The Amplicon size was expected to be
621-bp when the primers described by Leveque et al.
(2003) were used.
Forward: 5'-GAC TAT ACA GA A AGA ACC CAC-3'
Reverse: 5'-TAT CAC TCA AGT GGC TCA AGT-3’
Polymerase chain reaction mixture was done in
a 25 ul consisted of: 2ul DNA, 12 pl PCR master mix
(Jena Bioscience, Germany), 1ul of each primer, and 9ul
H,O (distilled water). A thermal cycler was used to
obtain the final reaction mixture. The temperature
schedule of the PCR was programmed as described in
Table 1.

Table 1. Conditions of polymerase chain reaction (PCR) for the amplified genes.

Initial No. of . Annealing . Final
Gene . Denaturation Extension .
denaturation Cycles Temperature extension
IGF-I o . o o 72°C 72°C/ 10
(part of 5" untranslated region) 94°C/5 min 33 94°C /45 s STC /45 s /1min min

Pstl Fast digestion enzyme (Thermo scientific)
was used for digesting the amplified DNA fragments of
IGF-I gene at a temperature of 37°C for 30 min. The
volume of the reaction was about 30 ul with the
following composition: 10pul PCR product, 2pul 10x fast
digest green buffer, 1ul fast digest restriction enzyme,
and 17pl H,O (distilled water). Then, detection of the
cleaved fragments was done wusing agarose gel
electrophoresis for visualizing the fragment patterns
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under U.V using gel documentation system (Gel Doc,
Alpha-Chem, Umager, USA).

Total RNA extraction, reverse transcription and
quantitative real time PCR: Total RNA was extracted
from liver tissues in the one-day-old broiler chicks using
Trizol reagent following the manufacturer instructions
(RNeasy Mini Ki, Catalogue no.74104). The recovered
RNA was reverse-transcribed into cDNA following the
manufacture  protocol (Thermo  Fisher, Catalog
number: EP0441). ¢cDNA was amplified by real-time
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PCR using SYBR Green PCR Master Mix (Quantitect
SYBR green PCR kit, Catalog no, 204141). The qPCR
was done with a reaction volume of 25uL consisting of 3
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Table 2: The thermal cycler condition used during
real time PCR.

ul total RNA, 0.25 pl reverse transcriptase, 12.5 pl 2x Gene IGF1 P. Actin
Quantitect SYBR green PCR master mix, 0.5 pl of each Reverse transcription 50°C 50°C
primer, and 8.25 pl RNase free-water. A thermal cycler 30 min. 30 min.
was used to obtain the final reaction mixture and Primary denaturation 94°C 94°C
programmed as described in Table 2. Afterwards, a 15 min. 15 min.
melting curve analysis was done to verify the specificity Secondary 94°C 94°C
of the PCR product. The B-actin gene was selected as a denaturation 15 sec. 15 sec.
reference gene for expression analysis. Primer sequences Amplification Annealing 65°C 51°C
are shown in Table 3. ACT was determined for /GF-I (40 cycles)  (Optics on) 30 sec. 30 sec.
gene using threshold cycle (CT) values that was . 72°C 72°C
normalized to those of the - actin housekeeping in each Extension 30 sec. 30 sec.
sample. Lower ACT indicates increased expression Secondary 94°C 94°C
(Livak and Schmittgen 2001; Pfaffl 2001). . L denaturation 1 min. 1 min.
Dissociation o o
. 65°C 51°C
curve (1 Annealing | mi L mi
cycle) . i i
Final 94°C 94°C
denaturation 1 min. 1 min.
Table 3. Primers sequence of the IGF-I and fi. Actin genes in real time PCR.
Gene Primers sequence Product length Accession Reference
(bp) number
IGF-1 F: 5-CAGAGCAGATAGAGCCTGCG-3’ 655 M74176 Amills et al.
R: 5’-TCTGCAGATGGCACATTCAT-3’ (2003)
p-Actin F: 5’-CCACCGCAAATGCTTCTAAAC-3’ 152 NM_205518.1 Yuan et al.
R: 5’-AAGACTGCTGCTGACACCTTC-3’ (2007)

Biochemical serum analysis for determination of IGF-
I: Insulin like growth factor-1 concentration was
determined according to Alberti et al. (2011). The kit was
purchased from (Siemens health diagnostics — USA). The
producer depends on using IMMULITE/IMMULITE
1000 (IGF-1), which is a solid-phase, enzyme labeled
chemiluminescent immunometric assay. The solid phase
(bead) was coated with monoclonal murine anti-(IGF-1)
antibody. The liquid phase composition was alkaline
phosphatase (bovine calf intestine) in conjugation with
polyclonal sheep anti-(IGF-1) antibody and alkaline
phosphatase (bovine calf intestine) in conjugation with
monoclonal murine anti-(IGF-1) antibody. The sample
and reagent were incubated with the coated bead for 60
minutes. Meanwhile, (IGF-1) in the sample formed the
antibody sandwich complex with the monoclonal murine
anti-(IGF-1) antibody on the bead, enzyme conjugated
polyclonal sheep anti-(IGF-1) antibody and enzyme
conjugated monoclonal murine anti-(IGF-1) antibody in
the reagent. After that, unbound sample and enzyme
conjugate were removed by centrifugal washes. At the
end, chemiluminescent substrate was added to the test
unit that contained the bead and the signal was produced
in proportion

n to the bound enzyme.
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Statistical analysis: The standard error of the mean was
used to express the results. Comparisons were made
using one-way analysis of variance (ANOVA) to
examine all groups' unpaired values. Differences were
considered to be significant at the level of (P<0.05).
Statistical analysis was carried out using the Graph Pad
Prism (SAS Institute, Inc., USA) according to the
techniques described by Dawson and Trapp (2004).

RESULTS

Effect of IGF-I gene polymorphism: Genomic DNA of
chicks from each breed was used for amplifying specific
DNA fragments 621-bp of 5" untranslated region of /GF-/
gene. Restriction analysis of 621-bp PCR products
digested with Ps¢I gave a monorphic undigested fragment
(621-bp) for one genotype AA in all studied strains
(Figure 1).

Expression pattern of IGF-I gene: Gene expression
level of liver /GF-I in the Avian was significantly higher
than Cobb and Ross strains. This is shown by the
significantly lower value of ACT indicating increased
expression (Figure 2).
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Figure 1: Representative samples of RFLP banding
pattern of IGF-I gene (621 bp) from three
strains (Cobb 500, Ross 308 and Avian 48)
after digestion with Pst I enzyme, M: 100 bp
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Figure 2: Relative expression of IGF-I gene in liver of
chicken strains. The B-actin gene was used as
a reference gene to normalize the data and
shown as ACT + SE. Lower ACT values
indicate increased expressions.

Biochemical serum analysis of IGF-I: Data shown in
figure 3 illustrated serum level of /GF-I in three different
broiler strains. The data revealed that, there is a
significant difference; where Avian was higher in serum
level of /GF-I than Cobb and Ross strains.
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Figure 3: Serum level of IGF-I in the Cobb, Ross and
Avian strains shown as means £SE.
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DISCUSSION

In this study, /GF-I gene polymorphism in the
studied chicken breeds using PCR-RFLP-Pstl revealed a
monomorphic undigested fragment (621-bp) representing
one genotype AA. This is contrary to the findings of Ali
et al. (2016) who investigated the polymorphism in /GF-1
gene in Pakistani native Desi chicken using PCR-RFLP-
Pstl and found three genotypes (AA, AB, and BB) with
frequencies 0.12, 0.64, and 0.24, respectively. AA
individuals had the highest body weight followed by AB
and BB genotypes, respectively. The /GF-I-Pstl genetic
polymorphism could be attributed to various genetic
backgrounds of strains and the number of chickens in
these studies. Many studies reported the dependency of
the variation in growth performance phenotype on /GF-I
gene polymorphisms. For instance, Kadlec et al. (2011)
reported that there was a relatedness of IGF-I gene
polymorphism with growth and slaughter characteristics
in two different broiler chicken breeds (Cobb 500 and
Ross 308). Promwatee et al. (2013) also elicited that
there was association between /GF-I gene polymorphism
and growth and carcass traits in Thai synthetic chickens.
On contrary, Wang et al. (2004) reported no differences
between polymorphisms in /GF-I gene and growth traits
in six broiler chicken breeds.

In this context, real time PCR was carried out to
quantify /GF-I mRNA level in the liver of the three
studied strains. Our results revealed that, the expression
pattern in Avian is significantly higher than both Cobb
and Ross strains indicating that Avian is the best strain
regarding growth performance. This is shown by
significantly lower ACT value. Previous studies reported
IGF-I expression pattern in chicken tissues within the
same breed (Abdalhag et al. 2016; Xiao et al. 2017).
Abdalhag et al. (2016) indicated a similar /GF-I gene
expression level between males and females of Jinghai
yellow chickens in all tissues except the breast and leg
muscles. Xiao et al. (2017) also observed decreased /GF-
1 expressions in slow-growing Ross broilers relative to
fast-growing  broilers. The  expression  pattern
comparisons among different broiler strains and the
utilization of the wvariation in such expression as
biomarker for selection of favourable growth
performance breed are scarcely reported (Giachetto et al.
2004; Pechrkong et al. 2017). Giachetto et al. (2004)
indicated that the changes in liver IGF-I mRNA
expression in three broiler chicken strains with different
growth rate were independent of chicken strain, but
varied depending on chicken age. Pechrkong et al. (2017)
elicited that IGF-1 expression has no effect on growth
performances in Thai indigenous chicken and commercial
broilers but might affect with muscle fiber type.

In this study, the findings of /GF-I serum level
are consistent with the findings of Duclos (2005) and
Xiao et al. (2017) who cited that, there was a positive
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correlation between serum level of /GF-I and growth
rate. Both serum analysis and gene expression results of
IGF-I are compatible reflecting that Avian has higher
growth rate than Cobb and Ross strains respectively.

Conclusion: PCR-RFLP of fragment of 5’ untranslated
region of /GF-I gene using Ps¢] restriction enzyme was
monomorphic among the studied strains. Therefore, /GF-
I- Pstl locus could not be used as marker for marker
assisted selection for growth performance traits in broiler
chicken. However, quantitative real time PCR can
analyse variable /GF-I gene expression patterns which
could be used as a biomarker to follow up and improve
growth performance of chickens. This was indicated by
higher expression pattern of IGF-I gene in Avian than
both Cobb and Aves breeds. Serum analysis of /IGF-I
could be used to confirm gene expression results which in
this study revealed that Avian is the best one of all
studied strains regarding growth performance. The
association of numerous polymorphisms in diverse
regions of the /GF-I gene and other chicken breeds
should be discovered in future studies.
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